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1B I L MR T REcA = R IR iR D AL TR RV B R it e
WERde, K#RE, & B, EEX*, JPES*
(AR ZERER S RE R P, #EYi 261053)

O AR IEAOE, BRI AL (diabetic cardiomyopathy, DCM) A& —FhHE ki sy 1L 905« Jebik
BNk A LIS A2 (1) 00 25 T 7K e 4 Th RERRAS 500 . DCM KR R AT BE R BUOEE, 655 B3 1 S A fi
fRo LRRLAAMUAE QUL NSt RE R, T HILBEH 2S5 DCM FIR AR g, HIJRER IE s E R L4
PRFFIEF IO RE T E 2, AL EZEXT DCM AH 28 RiAR D) RE 7 5 R LML, DL RIS 3R 2k
BRI BERE DCM LI TERIR . 25 R RN KA D) Bl AG5 DCM (1)K JEAFAE B VIRE R, LRIk
WG, RRIRBN )2 M LR AE A AR AL ZRRAR AL Ca®" T 505 DL S R R i S 4
233 DCM, A FERIZ30 7 2T LT KRR DI RE, 2828 DCM R EFIR E. A58 DCM Y7 i
HETHL S AERE, RS DCM RiEsh b 5 R4t T BB AR .
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Research progress of exercise-regulated mitochondrial

function to improve diabetic cardiomyopathy

CHEN Ming-Hua, ZHANG Ming-Chen, YANG Han, WANG Xiao-Wen*, SUN Zhong-Guang*
(School of Rehabilitation Medicine, Shandong Second Medical University, Weifang 261053, China)

Abstract: As a complication of diabetes, diabetic cardiomyopathy (DCM) is a condition characterized by
ventricular diastolic or systolic dysfunction that occurs independently of hypertension, coronary artery disease, and
valvular heart disease. Long-term progression of DCM may lead to heart failure, adversely affecting the health.
Mitochondria not only supply energy to myocardial cells but also play a direct role in the onset and progression of
DCM. Proper mitochondrial function is crucial for maintaining normal myocardial activity. This review focuses on
the manifestation and mechanism of mitochondrial function abnormalities associated with DCM and explores the
mechanisms of exercise-regulated mitochondrial function to improve DCM. The findings indicate that mitochondrial
dysfunction is closely associated with the development of DCM, and mitochondrial autophagy disorder, imbalance
of mitochondrial dynamics, mitochondrial biosynthesis disorder, mitochondrial oxidative stress, abnormal
Ca”'regulation and energy metabolism may contribute to its onset. Furthermore, various forms of physical activity
can modulate mitochondrial functions, potentially delaying the onset and progression of DCM. This paper may
identify new targets and pathways for DCM treatment and provide a theoretical foundation for the scientific
formulating exercise prescription on DCM.
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BE PRI 0 NP FRIS AL, BD 1 AURE SR Al 2 2R
PRIV o T RME R R 228 E T, Filfiki 1) 2050
&, SHRLHE S RN BRI
B BRI R8O ML 008 ) R AR R ANAE T R v T
FEHE R P 20 tH40 70 4£4€, Rubler 25 P 4E
BRI 83 ORI T — MRk B, MmN
B JR 995 .0 BILJ (diabetic cardiomyopathy, DCM), +
FEANE T e o« I s R G A0 I 6 95 1) 4
PO UL, Bo1BRE R 2 BY0E R B
DCM 9 % 43 Hil #15 14.5% F135.0%. i 5 2 4K
T (insulin resistance, IR) A &y ML B IR 25 42 51 4 IR
I S O LA M 25 K A D e e S s BB ) F2 B
fa S R 2, 3X b EH OB R P 1R RO L R A 2
DCM [ EZ IR FI Y. DCM B3 10 LE AR X
NI B2 AN R R B2 &7 4 Dh Ref b, A9 AN
BRI IRTT, WS RIE RO I15E, BEEET: P,

H Al DCM 3577 SR 0E = 22 25 Wa 7 MER
WATEIT 4 Y, 40, PDES (phosphodiesterase 5)
P 7 PE A AR At IS E A ik fr AR A B A O
PRI R, AT OE s shae @ 2 MRR
AT LI S LA N % R 7 B2 A OCRF- 2 (Nuclear
factor erythroid 2-related factor 2, Nrf2) {5 5 il % K
2% DCM /I RO IE Lo LR ARk AE T 1) i SR
B TGF-B1/Smads 155, % NLRP3 # 1%
M, BEESHIG DI RERERS, 9D IR IE TR, g
O RE J B

AW TR B, DCM W R AR AR Je 50 LA
FZ PR Th e BB R %V, B OV, 28
AR R A A AL BB A 7= A2 ATP, D92 a1 45
Rt RE R,  HORT4ERRO R IR S A D RE
FCEE Y, R, ARk LLZR AR ¥ 45 R AN T
e R0 DCM i RIS 2 TG T

KEM V3T HE N — M2 e 25T
W5, AT DL ik iR S kL AR 1Y) 45 A R 1) e SR 3
DCM (RS KR IE ", Ik, A SRR B R
IS 5 DCM K &R, BIR LR AT REEA
Fizah Ak DCM R . A8 DCM
P IR IT R4 T AERE AL, I WTAE A IR DCM
BEREBINETTSEWKYE, HRE DCM &
HIONLThRE, REmEAERE.

1 ZRAINEER B FSDCMEEAE

LRLAR ) S5/ FI T BE S DCM % VJAH R, 1R
S A% H I P A 6 e 8 A O 45 A Y R A

EEA DR AT B RE S Y, 1L
ITH AN ATP 2, AU, 20
MATAE A A Thfe st a1 ZRhitk e A Ak
w52 NMEEEW AR, B4R
7 ZHBREE P L A B T AT DLSE 1 4 (reactive
oxygen species, ROS) 4= 2% U, 754 B LA L,
ORI 5 HBLDhReRRlS, 2330 ATP A EACH!
KL, MM ROS B4R . A5 A4S T DL
Rk EHWE . B A RN B J 2 TR RIS AE,
M5 BOWE PRI A1 I/ 5 0 FH G fa e PR 2% 1) A2
R&FES DM,
1.1 SRR B

S IR LN it =R N AP Rt A IS
WO T 421, Res. NMBUHE 55 S5, v LUk
PP HIIE BR 2 RS2 R 2 i, FE 40 N T4
R R BE A R 2R IE H AR ERTh g U R
) O RA Y RN Gy i Y A RS RN =N
VIMHOG. 4 M52 204 2 RIS, B 4 s itk R A
¥ 2 (B-cell lymphoma-2, Bel-2) K% H 1) 25 1 5t &
5 SR S R fid IS HmE AL, AMBFR 2k
A 5 AR b J 77 A — RPN, B 2B
AR T U, SRR T A RS 2 1 A v
BF5 Mg, T EU AR S AN AR S Bt IR A5
A RELRAABR R, ZMERAEN RZREL
R A2 i S F S R A I = R U B
ez Ak, 1 ek 1) SRR AT DL ek AR 4 A 15 R
RE, BRI LRARI YA R, 31T el Sl
AR PR, RI4HME B RIS 5 A& BOS S LRl
WIS R e R 1

£ DCM S35 1, 2ok i 0 N 7 iR A =2 0 JIE
Uiseis B L ERE R RIE. K28 DCM &3 10 fIF
XoF T B R R, O T YERR IR E R 4 DR
oA I DT R A Dy B Re ok . AH B TR 1)
A, BETRRA NS AT K AR, 1
o7 SRR B R FERS ERS . B, DCM &30
LA 2 H IR R0 AR [ W i, O JULASE 49 ol = A R 4
A SR 0] R 2 0 R B R AR Dy REFRAS, T B —
ANFAER, AW IR 4535 PN 1), 24 A
K7 IR A7 1 &R (streptozocin, STZ) 75 5 Kl bR I
R I, JIE 40 B W A% O 7 - (MAPILC3,
ATGS 1 ATG12 & ) FIZRil & H IR, R PINK1
H Parkin % #H ¢ 8 A 7K F . 22 B 4K, {2 BNIP3
WARKEAZL P g5 1, fERRBRER A,
JE MZ KA B WRAE T 2 KA SR, T Eee g
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H37%:

i, 75 DCM (R4 R R 22,
1.2 ZHEHEF

LRLAA T )15 2 L WA K A% D) e 1) 32 2L
R AR . K/ B DA IEASER AT LA
DA, SR FP AR 3 B R A R Ay BN T P
TE— RN KRR SMNEAT R BTN, 4
ML B ERAR TE S . AR — i R R E
JREEHGRA T 1. BRAR R 1. Zekiiks)
IR 49 L RLRSN 12 E A 51 P RiREA
#RAEB) JIFHFRE A 1 (dynamin-related protein 1, Drpl)
HE= N S E =R DAEEE S % A A S S R N i
XU (AT LASE4E Drpl, Mk 2k oy 24 B
A B () 2R AR 43 2R AT R T 4 1 e AR R A AR
EB), WICFPAMTE A AERE, 20X A B A
AR L 4 IE 8 R B Th e A i P 2R i
&% H 1/2 (mitofusin 1 and 2, Mfn1/2) FIRL #2235 45
H M 1 (optic atrophy 1, Opal) 7E 28R A filt & i 72
RIEEEAEM, W Mfnl/2 A UA T 40 48 AL 4
Ay, IR DMR R PR Ca™ HIEREL, Mfnl/2
T2 GRS AR IR A &R - WAL 2 [T,
DAL 42 A i 55t 75 2 4E — R A IEH BRI B
HEAT B0 TR AR R 2L A b E 1 I 2R L 4k e 2
T BA — AL, RIS AN AT e R 2 br

P
@ e >

\

M2 RS E . TR E AR R BRI R AR, T HE
AT DLR SRR 73 BC BN [F] IR 40 i d 2 18], s 40 A
Be1, AE T4 e s B

EECOR T PORE BRI 2 I R 2 BB A AH [R] (AR AIE,
EEEATEFIOIUET, GRiARE) )5 AR &
PEFMLEIAS & 52 A BB ). —T0 STZ %
(¥ 1 ZURE R SRR BT 7 S B, o PR/ R
O Ty e FEA NS, AH S S 1) 00 UL R A 73 2R 45 3
hn, X 2 DR g i S8 Ak P e A G BE 0 O S2 AR y 3
WG ) 1o (peroxisome proliferator-activated receptor
y coactivator-1, PGC-la) & i& N, ZEH EH M
Hil 2R A Sy R AER, AR T &8 Drpl %Kik
ZAME, FEZRAAR RGN, R, AT & ¢
DCM (4545, W DL A 3& 24 (1) B2 A4 43 2L 4100 ) 71
Kyl O WAL TS, DGR LR RAR I RE, AT ik
% DCM H.# (iR, Makino 25 P 5 50 R L, O
L4 H Mfnl A1 Opal (IRIATESBEARE TS T
W, Opal "4 % $ 1) B-N- £, Bt % ¥ % (O-linked
B-N-acetylglucosamine, O-GlcNAc) ¥l J 1k 12 11
SHGm, 3 EARL AR A FEAC. BRI AT BUAE
O-GlcNAc = FE AL (GlcNAcase) ik /> Opal K
PEIEAAEM, K LRRRRAIRS . 78 2 BUBE R
T2 DCM Zh) Y o, LS 3O LR KA 73 4

AMP/ATP]

v

G avpk  NAD/NADH{

PTEN% 55 5 1t 1 22 2H 25 FH (recombinant PTEN induced putative kinase 1, PINK1); AEXJHFRM: — F A & 2 (asymmetric
dimethylarginine, ADMA); £ 4 %% 3¢ K|+ A H 2 5 [F] (recombinant transcription factor A, mitochondrial, TFAM); U AH K&
1 3(microtubule-associated protein 1 light chain 3, MAP1LC3); & =185 & I (Bcl2/adenovirus E1B19kDa interacting protein3,
BNIP3); ZRhifkiz Zi%EHeMF(Parkin); 436714 1)) g % 5 (mitochondrial dysfunction)
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B ARG b, AHEALE S 1 AR R O LR A
[, 2 BUBE PRI 0L Mfn2 3155 DCM
JER 2 A OC, 2 Mfn2 RIE TN B, 12 K
db/db /)~ B0 I 2o S A ) B 4R 5 BE ) 0TS 24K
(peroxisome proliferators-activated receptors a,
PPARo) ZRIE NI, 5IRZRAR 2. HAL
NI 2, A& FEERAR BT FEROE, 4
R A4 Th B Rk AE BR S, AT {2 3F DCM ) & 4 B,
Mfn2 i RIE e dE R Rtk &, I A4E — R
5 PR R RN, i DCM R B,
Gawlowski 25 PV R 3L, (K7 & STZ % S 11 2 A B
PRI/ BRAE A = IR B I kAl b, O WL Drpl B
FHALBmIE N, PEREILR Dipl 5 GTP 4546 J5 #%
RPN i N 2 VAR o R % N NI 7S R A i
Ma %5 P HE B T I — W, 7 R R S B A )
& STZ FHRHME T, KEOULH I Zehifk 728
[ Drpl. Fisl [k i, R Eh4 8 E Ml/2
FKIETW, LRARTIEER RS
1.3 SRFEPER

BRAR AW B il 40 A= i JE S oh SRR & B
AR T B RE, i FEANM AT DA A Gk i AR
A, AT DMEGH M R 5 IR AR DI RE . FERE K
FHIR O MAEPIR T, Bk E )& il 2 T 5
O WLAE B LR A £ . AMPK/PGC-la {3 5 i B & 1
LKL EY) B B b 24T, W T AERF 2RI R
SRAHEZEMEH. 1E N PGC-1a JLHIE T, PPARs
WA FERRED G B HF2 5B RITR IS .
WU R B, BE R A B PGC-1a Fl PPARO. [f] mRNA
RIETWM, LR & e IR ™, kR
DCM % J#f, PPARs 55 PGC-la i #8 8L 17 H
TR B AR AR PE RS R R (asymmetric
dimethylarginine, ADMA) 1f 5 — S %A B 1 A I3
PEHIHIFFE DCM R AR ik B TF, HAMY AT DL A%
LRI RE, B SSeLE M, - T
DCM KU SEe &3, ADMA & & BRIk
PGC-loJE BT HIE P, M 0 e i A 44 i )

AR AW B BCLE 4 FF 200 R AR 28 R B Bl
DCM H B A LR GR AP E o {H DCM 2RI 2k
wAEYIE R, SRR ME IR . T
WZ A F 1 (nuclear respiratory factor 1, Nrfl) & E4) &K 4=
i FR R E AL S R, R LSO U R 2R A
N ¥ A F 4 H (recombinant transcription factor
A, mitochondrial, TFAM), {8 H it N 28 i 4k Py 355 2
Sk, 1M Nefl 52 PGC-lo [T, BF AR Y &

A DCM B}, PGC-la i B [F) i PR T Nrfl
Wris e, SRR R Y & R Rs MO D).
Ab, PR ON BRI Cat 1572 DCM (52, [fiE
NADH & & [1) T B LA A R A 10 2R 7, AMPK 0
SR, RIS fERE ATP & & R . IX B R 2 30 i
(¥ PGC-1a 21K R B& , M (o LR A A 5 i 25 L ™Y
14 Zhifk5Ca" TS

LR R SRR APk B, Ca”” AR ILIE B
A EIE . SO Ca®' B TR, 25
RLLRRIR Py Ca™ B, A AL B R fh L T2 A2 451 DL K%
ROS 840 ™, LR A 3 2 f& —# 4 Ca’ i i 445
s 2 N A N2 R N S e S PR Ny B o
SO T 2RI A ORI F o I T 2R I v T DL
LR AME B IG I, ZRRivhe Ca™ HUEthpE
2z EFt, Ca¥ it £ B GEL KA ThRERERT, A
SEAL NG UL B T4, JINE DCM [k e B,
TERRPIRA T, R LUK Ca®™ #eia AR T Rk
— R PENLS] . SR, KHE T s RRRAS, ATl
OISR Ca® H G, 8RR AR K AL
BEER L 2 H . Ca® B4R, 341 DCM & 9
A HCE 2).
1.5 ZRiASSEHRIH

LR R AA R SR A N B DCM R 1) S5 LA
2). B R T R A AL R IR RE S B ROS W
AR, REWRERRASGH ERRIL—ES SR
H B8 LR Ak AP I — i mT LA Ca® i ot 2%
KL P RP IR B A 251, AR/ R ERLAR R 1B A 3

NI
¥

ucpt

o

ROS? Ca?t|

| ! y

ATP| ROS? ATP| ROS?

&=

LilFESET
DCM

ALEX T
OAERCAT T

L BEEE 1
LAVBEEETIKThRE 4

E2 RSN, $5Fa75F a2 KIHXDCMAERT
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Thee o fE e 25 SR . — TR Rk 7 e 0 ),
AT A 5 2R LR SIS [ 8 3 MEPRAR, Ca™ i
B>, ATP S RG RS PERRIS, Bk ROS
RS 2. 382 1) ROS 280 L 40 M 1 Pt A AL Be
J1 NP, {2k DCM IR AR RE ;s ROS 24 2
ot — 0 T Ho0 UL M 52 457 F1 B h0 AR Dy e 2L
ZARRRIE 2, N ATP BE R B k=
AR RS S BE 1 — A kO LA A 0, 51
O WETREFERS,  BG 0 2 2 S 3 300 2 () AT RE A
AL, SAERE PR B AL, B PR RO L4
) ROS 7K AR 8w, A BT 3 B0 D g
AN, AR RIS SRR T O UL4E B RE
X VAV S RN g e el N S D S S = A (8
e E B JE A B,
1.6 ZehifkgeE R

AR ) Re AR '? DCM )& e #1AH 5% (B
2)o Lo JVLERLAA A IS o A7 AE AR K R 1 (uncoupling
proteins, UCPs), FJ LLYH [ 2K 4 P IS 125 gL i 4k, 2%
BREE, WLk ATP B)6 il UCPs J& ¢ 8 I i
THiEA, ELRET A FARBRET, A5
FEAL, LEORY A0 % 32 S8 AL N P RE R T
T BT EELEH . /SRR BB 7 30 1R
%, DCM E35 0L RAR 1) UCP v] DO 4B 1k

BAARBE, SECOUThAERERS . ATP 4 b B,

IbAh,  SeRik fR B B IL 2= A g D7 R AL, T AL
LA A5 IR, ATP & R/ b R il
TOMEEEALN, B T OV, SECOE
B 9RO FE DR B A i £ PRI AR . O T 4ERRE IR
AariEsh, OESREREERKR, o — PRk
DCM [k A FUR J& B4, A5 — T2 1 H PR K R
BRI 7T R BB, KRR PR KSF () UCP2 Al
UCP3 REEFEAIC ROS I/~ 4E, AT 535 SR A4 11
Aeo Mk, wEITHEE UCP2 F1 UCP3 7K 7Kk /b
AACRIBL,  RIL LR TIRE, TR BE PR A e
N DCM.

2 EEIFIEELRA TR EDCM

TE AR RE AR I R0 BT, KA T REAE
DCM (1) & Gp L Hh e a6 S E H - X T DCM K i3t
@m%m%ﬁ%%%ﬁ\ﬁEW%ﬁiﬁw,W%

SRS IR, BRI R AS T 1 2 TR
%wﬁﬂmMMmhﬂﬁm W PR 5B L 2R
AR ot P AR Ak 2 AT DU I IE BRIz BT 38
HAEE DCM [ fE v, BT 2o kiR B Wk
LRI )12 MR il R RIS R
ERASAMRERAWERE. A, ARMZEsTR
XKL D Re AN S AR, BlanbibRiZsh . il
J1ia5h%% (K 3).

BT

Q

Ca?*channelf SERCA1 Beclin-11  Drpl| Mfnl/2f OPAIT PGCl-af GLUT-1/41 ERK1/2|NF-kB |
Atgt \l' PPAR-a|
R
\
S KRGEE e, 2R YA HERAi FALRLE
~_ o o
™ IR OIIERERTRT 221
Bt Lﬂmn é&%gg{%’f’él & B OB AR

Eﬁﬁm MNA4EY

\\%

DCM

i

ﬁﬁéﬂ‘ﬂﬁﬁﬁkmyﬂﬂ

e

B3 EahFIETH&RA TR EDCMAIHLH
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2.1 ZRIFBEAESHREDCMARER
KEMAEH, DCM O LR 15 Th
BE O 2R EL, SRR W 52 40 ) B S R
AN, AR5z bR R R, T EE O UL
Bafs B & B IE 3T AT AR o UL A
g K, I o O L= AR E R . 40 Gongalves
OV RN, SXHRAMEE, mEESR0I
PN RAEIT ARG, HLR R B bR 2k
WA RAEMKE T IEH . DB (5 1% 5t
HBR B RO, T& 1 21 2] LS s sl oL
LRRLAR K, SR O L& R BE T X P T
O LR RLAR T Re i 0 (1) 38 SRk UE, & 1A A2 )
BT s OV RAA T BE . £ — DU PirE
TN 11 A S SLR R ORI, 50 L E bEAE
KM E A B LC3I. Atgl2, LA a-fiEEA. T
SEAG S AN 23 e H RO SR 28 B 25 T Y, X
R KA 8038 Bl 25 mT DASE 25 3w 2R b A 11 1 W T
Ao A ImMARBE R, 1230 W& B AT DL s
AMPK-mTOR-ULK1 {5 Sl g ik, 4Rk H
W, ARy E . Rk, LA AT s K
BT EE N A, O WLZR R B AR 4
1EH .
22 ZRANFEEREDCMHARIER
« ARRRA 2 DCM 1 £ R AR Th g 22 EL 1Y
FERHER I . M2 A 28R AR @A 1 AH K &
H, & PGC-lo [/ A 5. J8 i ke HA T 77 )1 25
Al DA PGC-1o 25 I R 1E5, PGC-la Kk E
TR0 T Mfn2 87K, AT 250 260K 4
A AN, IS S ZRAT B Mfn2 Al
Opal FEHARIE, %8 8hidnl LU 28 ki k43 24 & A
Drpl FIA T, BRI LA sl ) 5 AL SRk 28
Rk ThRERRS 0, Lehiid sl 715k n s A RIS Bl
REMEE, A8 Hn] i Mfnl 1 Mfn2 &
LA K N Drpl 85, 0 Sk pA i B 3R, Ik
DA 4tk . DCM & 7 R 2 S B0 R4
U AT Y- A0 BERFAE, 12 3 AT LAJE I 40| Drpl
HH G EE [ (1) R I8 PR AT 2R R AR 1A% 23 24 10 7 ) R
SO 7, Rk, Eahilgear IR E Lk
Kifhzh Ji2f, BEMcCE LG IFIThAE, IRTT M
i DCM & 2 FB .
2.3 ZRIREYEREEIKNEDCMHARER
BT AME AR A R, WA AT DARE
ik ROS /KP4 5 a0 L2 s 4 25 57 485 A IE 3 1)
AR FRTIRE . TR P R 2 2 IR A 40 A P H )

R4 4

LRRIR A RS, HAn SRR R, TR
WS SEE e R AT AR s T . £
Vi b AR R B A B A B (superoxide dismutase,
SOD) A] LA 4, & 7t 34 Ji o S Ak &L, T 4k
ST DR b g B A P R BB AR 5 b
REWM S FEERARTIRERRAT, T8O E N
KN HRER R, B RiEsh 5 0L PGC-la
N2 ()8 HKCEOEA DGR R, IS PGC-1a
S 19 10 42 R 44 th TEAM A1 Nrfl A 56 36 [ () % 3%,
17 Nrf2 R B0 5 B 2R kL A (R i 2R 1 A DA B
SRR RS, XA RO L SVE A SR T
[IES S U SR by LIV E <Ry et DN = 3.1
P PGC-la | (A MRIEE, $massigrifkm s
Wit saE 7T, IFH 8 J R AR T ia sk nf LD 0
WILROS A " IR TR I, A i Bk LR
RLRIP IR B AR TE S 12 3 B & % VIR,
BET P T R SRIECRE DI REAL, I R 5 2R A
WA gi b, KWEEN T TR DA 2 A
VARG B> DCM Bl A 2 5 58 2O L) ROS
AR, B DL REST, 4EFEIE R ThRE.
24 ZRAFREHEBESHEDCMFHER

2R R S AL B R S DCM B D LR 1)
F BRI, AT DS O JULEH i 0 T R0 4 A b S
FH DG 38 % 52 O LA B Th e, 38 2 A 4R R Ak
DNA S2mi U LA A A . a3 1T LAl #1484k
S ST S A S, X o AL A AN T e 3]
PAEH . —TC T RPN RO LR, s
ST LI BE PR 73 /N B NF-xB {5 5@ 8%, ok
SO LA S S N RN T ) S B TR B
SE) I o (TR Gl (5 YA N A A @ I T et
ERK1/2 {5 5 38 B (36 14, AT et O L 20 e R 1
AREE "™, %1 DCM B3, @830 n] A 40
PRE T8 B S B O L IR BE, s O R IR i
MErskThae, HEZFFRIZ TP LT &Rk
JiEE EL A 25 B AL AN ATP 4 B (10 3 1 5 . 48 Lk,
BB IZRmT DL I TR R A4 S A R B R
ORI RE .
2.5 RIS EDCM A RIER

Ca® B O AN B A ThRE RIS 55 S E
T, HS 54T AR g i fe Ak
PR, O ILERRIR Ca® ARSI AT LAR MO LU 45
Ihiig, +& DCM M EZERIwHLEI 2 —. AEE3)m]
PLIATT DCM ML 10 L Ca™ Fads, B o UL
&P 4E hie, BPCZR R R 15 4 B Ih g B ATz
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BT Ca® T, O LRI AR Ca®t KT AR
S SFHCO AR RE T, H U R SERE R U,
8 JAA iz s ZrhE s 5w K RO L Rk Cca® K
S, ik ca’ BRI 1E R, I DCM A 5%
e BENC AR ThBE . mBE S SO LT Ca®t K
PR, 5 e T B AR 1) I DD RE R AR
izzh ] PL_EIE UL R Ca® -ATP i (Sarco endoplasmic
reticulum Ca’*-ATPase, SERCA) [{] %35, /b L3
W RSB, RN ONLDIRE. B kO = RE
FI TS, LRk 7T 3 A SR IE Bl AT LAY T LR e A
Ca™ MR LR FFARZS, B3 DCM ML L
B4 DR RS .
2.6 ZniAgEENRBESHEDCMARER
DCM 35 QIR TR & 238 0, i % B S AL
AE IR, IXAEAR O LG RLAR IR T A G n, =
OO MEREAESR N, ORI TIRE R AR,
H DCM WK . %12 3 m] L i3k & bl 4% 18 iR
1 1 (glucose transporter 1, GLUT-1) f1 GLUT-4 [{14=
FSC, SR O LA i rh B BT B8 AR B S B T B 1 0
WLRE K P2, 45 4800 B 78 9 2 R v ot g 1 R 1) A
H R, 3B AT LA PPAR-o B0, I8 3 2k R 44 ot
A RE BRI A B e Ah, O LR R A R
DIREZ 405 e RAR i R I HG s A3 5%, & 8h i mT LA
e i i Be A ROS 2 [A] AR AR IG, 3§41 ATP fé &
A, RPUOMEIEE e g shae B ok, 12
B T0AT DABEG I 28 6 4 xof 4] 260 b 0 R0 DL R gk 2 o
JIE 107 B8 SR A PR S, AT 2032 DCML AH € (19 400 JIiE 45
FIFITRE .

3 A[EE&h 2B X Lk KR Th 88 AY U S A0 X
DCMAY 20

3.1 By

HfTA] AR I /78 3, B AR A
I 7 ik BT B A A BE o TR A7 S AN AT LU
O ThRE . S RGN, T HAE 2kt T fe 1y
A EAEREER. ARV, KEAKAH iz
] LA R LKA A, AT IR R TR R3]
YIHETS J1ia s T 5, Zekithk B W AH G 7 1 &
BB BT B AR A RO, T s sh T
DL 30E ROS/AMPK 3842 1 15 28 25 (1 1 FE 24K,
PRAEBRIVLET 2 1) 12 LA 5 A . h 255 B iR /732 3))
A A0 L PGC-1a £ 3R IAF1 mtDNA & &3 01,
BOR KRR A A RS S ™, fEIEH SRR EAR
OB S i e < R N i 1 2 DT R e = WY RS v

i ATP & B I S 1,  SG R ARAR RPN D RE, 42
ERRLAS I E ARENE . g EATR, fERIT
DCM )% Tiliz 2 s g o, v L e il 7 )11 2k 18 5
AR ThEE, TR FIE DCM R AEFUR JE .
32 PREE

PLBHIZ Bl 2 4R WL FE v IR 70K B 7 B 2R 47 1
iz, FEHPZNGENERNA . BRI )& .
Frittz b, HiFHIzzhid n] DO TRk Dhe i 1 .
RV SR B, BB s 3h AT DA AR 0 L 28
[KF TNF-a. IL-1B. IL-6 [{7KF, k0o LAH Tl
RE 2L Al Nrfl A1 TFAM 334 5 72 1E & O LD RE
Befii b, rbHig e DA bt E B 0 3E T, JF H
A S 2R AR o L B8 A0 2 B0/ P2 AR o JUL 40 9 T2 7K P o
P bz ZhAE G DLW 4 g R R, gk | &
R AR, R T IEmehiiA TR rfE A ™. 18
O RR R EAH 7 T, BrFHIZ 3 nT A
SIRT3 [#] ik, MM i 4% £k KP4k LCAD 1 b-HAD
WA BT, B0 UE A AR . 8
JA B 23 I RE 3G N 7 SRk SOD f v 4 LA A 411
il p38 MAPK. NF-kB p50 il NF-kB p65 ffj mRNA
Fik O, o R 3 kAT LA v OE H K R 4k
fil4 8 Mfnl, Mfn2 F1 Opal ff) ik /K, &
3 PR R 4 245 (1 Drpl. Fisl (R I& .
R SRR T SRS 3 AT BLEE DCM [ 26 R i
BNJFRI, HET S DCM R REIR o

4 HESRE

g5 bRk, SRALEIZ NI ZREE DCM i PE
RFEIERE PR T EEAER], MU SRS 7]
FooAWE. EMER. AANEL RS REE
RS, X+ DCM &4, 12ahid fe i 2ok ik T fig
WA REXHE B G RPE SN, X R RE B I 5)
IERAT IR it = v DA I R FRANAEAE K . IR %) 2
fRLRLATIRE 5 DCM KB & DA S A2 3 Tk 3 £k
R ThRE AL V69T DCM (G 8. A ST BT
PEAE 38 1 2R AR (14 Zh e # iz 38 T Fil 5 DCM A
HK A& flid 178 3l 5 2 b AR D RE 3% DCM 1Y
B LKA [R] 32 30 77 1906 SR 44 ) RE I 15 HI 1
AR IIB Bh6 T A e S 11t B A (1 22
WA

BE)FHIRTT DCM i T s A N Pk, 75 2
AW SEERAR R . BRI - (1) RoKE IR
UG R R LR I D B A2, ATTXS DCM i
S ANZ T 5 (2) AN 132 30 S R0 L™ AR 1



Eyhi

MREAfE, 2. sahifssoh vk oh 88 s Bl RO WL BT Fe 3t e

137

AN A RAB R, anqe] R B RS Rz Bl 2
B r= A R A ) 2 3RS T3 1A 2038 DCM. 2 0K B 2
(3) FE G R S B AR R AT Rz 3l 7 20 % SR 4 1)
REXT DCM (1) o435 58 A 2%, 2 75 o] BUAR #E DCM fir
F I H 2R T B B A SR 1) AN MR IR 2 Bl T
it o

(1]

(& £ X #
Guzman-Vilca WC, Carrillo-Larco RM. Number of people
with type 2 diabetes mellitus in 2035 and 2050: a
modelling study in 188 countries. Curr Diabetes Rev,
2024, 21:e120124225603
Tian X, Chen S, Xu Q, et al. Longitudinal cardiovascular
health measured by life's essential 8 metrics with incident
diabetes: a 13-year prospective cohort study. Diabetes
Metab Res Rev, 2024, 40: e3757
Rubler S, Dlugash J, Yuceoglu YZ, et al. New type of
cardiomyopathy associated with diabetic glomerulosclerosis.
Am J Cardiol, 1972, 30: 595-602
KR, BXTNAH, 2220, 5. b 2542 15 W T v
ORI T . R 252505, 2024, 49: 3714-24
Seferovi¢ PM, Paulus WJ, Rosano G, et al. Diabetic
myocardial disorder. A clinical consensus statement of the
Heart Failure Association of the ESC and the ESC
Working Group on Myocardial & Pericardial Diseases.
Eur J Heart fail, 2024, 26: 1893-903
Numata G, Takimoto E. Cyclic GMP and PKG signaling
in heart failure. Front Pharmacol, 2022, 13: 792798
Wang X, Chen X, Zhou W, et al. Ferroptosis is essential
for diabetic cardiomyopathy and is prevented by
sulforaphane via AMPK/NRF2 pathways. Acta Pharm Sin
B, 2022, 12: 708-22
Che H, Wang Y, Li H, et al. Melatonin alleviates cardiac
fibrosis via inhibiting Inc RNA MALAT1/miR-141-
mediated NLRP3 inflammasome and TGF-B1/Smads
signaling in diabetic cardiomyopathy. FASEB J, 2020, 34:
5282-98
Ketenci M, Zablocki D, Sadoshima J. Mitochondrial
quality control mechanisms during diabetic cardiomyopathy.
IMAJ, 2022, 5: 407-15
At TKEE, SKIRIE, 45, Ml G2 8 T Hp38MAPK A
U0 200 A T R 2 BN R /0 B LT 4R AL )
Je. i E RS R4 6, 2024, 39: 1417-29
TRl B, R, & AFIZ 3N 77 O 2800 R K B
WU R ) 2R Gk . BB PR 54, 2023, 26: 43-9
Tt R, X436, A, 18BN AL R GE B R
LU RO TERE . AR d a2, 2021, 33: 490-501
Ehibels, ARG, LRI D) e R RS LM PR 0o LG o 1
PRI FCE . 0 L RE R R 2 4 35, 2024, 33: 94-7
Kobroob A, Kumfu S, Chattipakorn N, et al. Modulation
of sirtuin 3 by N-acetylcysteine preserves mitochondrial
oxidative phosphorylation and restores bisphenol
A-induced kidney damage in high-fat-diet-fed rats. Curr
Issues Mol Biol, 2024, 46: 4935-50
W, FHESC, ERIE, 5. ZRiAR 3N 77 e RE IR L

[19]

(20]

[22]

(30]

[31]

(32]

JLS R AE T HE R o ML A 270 e, 2023, 44: 111115
Pang J, Hou J. Research progress of traditional chinese
medicine in the treatment of chronic heart failure. J
Contemp Med Sci, 2024, 6: 183-8

Quarato G, Mari L, Barrows JB, et al. Mitophagy restricts
BAX/BAK-independent, Parkin-mediated apoptosis. Sci
Adv, 2023, 9: eadg8156

Liu D, Qin H, Gao Y, et al. Cardiovascular disease:
mitochondrial dynamics and mitophagy crosstalk
mechanisms with novel programmed cell death and
macrophage polarisation. Pharmacol Res, 2024, 206:
107258

Liu L, Li L, Chen G, et al. Crosstalk between
mitochondrial biogenesis and mitophagy to maintain
mitochondrial homeostasis. J Biomed Sci, 2023, 30: 86
Zhao J, Peng Y, Fu W, et al. PLEKHM2 deficiency induces
impaired mitochondrial clearance and elevated ROS levels
in human iPSC-derived cardiomyocytes. Cell Death
Discov, 2024, 10: 142

Mihalovic M, Mikulenka P, Linkova H, et al. Tumor
necrosis factor-related apoptosis-inducing ligand (TRAIL)
in patients after acute stroke: relation to stroke severity,
myocardial injury, and impact on prognosis. J Clin Med,
2022, 11: 2552

Ghazal NA, Agamia YT, Meky BK, et al. Cinnamaldehyde
ameliorates STZ-induced diabetes through modulation of
autophagic process in adipocyte and hepatic tissues on
rats. Sci Rep, 2024, 14: 10053

Zhang S, Peng B, Qi Y, et al. Dual response Hstl@CBTC
hydrogel promoting diabetic wounds healing by improving
mitochondrial autophagy and inhibiting ferroptosis via
Nrf2/HO-1. Chem Eng J, 2024, 492: 152358

Yang L, Gao Z, Zhao H, et al. Resveratrol delays diabetic
cardiomyopathy fibrosis by regulating mitochondrial
autophagy. Altern Ther Health Med, 2025, 31: 143-9
Chang X, Li Y, Cai C, et al. Mitochondrial quality control
mechanisms as molecular targets in diabetic heart.
Metabolism, 2022, 137: 155313

Sygitowicz G, Sitkiewicz D. Mitochondrial quality
control: the role in cardiac injury. Front Biosci (Landmark
Ed), 2022, 27: 96

Li D, Li Y, Pan W, et al. Role of dynamin-related protein
1-dependent mitochondrial fission in drug-induced
toxicity. Pharmacol Res, 2024, 206: 107250

TEX, FEIETY, T kg, 5. ZORLRBN AR B UL
993 HR AR F AR AR E 24, 2024, 76: 128-36
Scheffer DDL, Garcia AA, Lee L, et al. Mitochondrial
fusion, fission, and mitophagy in cardiac diseases:
challenges and therapeutic opportunities. Antioxid Redox
Signal, 2022, 36: 844-63

TRANIE, BRI, SRAFH, &5, I8 B4 pe s s oA BRI
T A LR R AR 5/ R E 1 AR B 5 R T
KA. A, 2023, 43: 1317-22

Hu C, Shu L, Huang X, et al. OPA1 and MICOS regulate
mitochondrial crista dynamics and formation. Cell Death
Dis, 2020, 11: 940

Zhou L, Su W, Wang Y, et al. FOXO1 reduces STAT3



138

GRS

374

[35]

[38]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

activation and causes impaired mitochondrial quality
control in diabetic cardiomyopathy. Diabetes Obes Metab,
2024, 26: 732-44
Ding M, Feng N, Tang D, et al. Melatonin prevents Drpl-
mediated mitochondrial fission in diabetic hearts through
SIRT1-PGClo pathway. J Pineal Res , 2018, 65: 12491
Makino A, Suarez J, Gawlowski T, et al. Regulation of
mitochondrial morphology and function by O-GlcNAcylation
in neonatal cardiac myocytes. Am J Physiol Regul Integr
Comp Physiol, 2011, 300: R1296-302
Hu L, Ding M, Tang D, et al. Targeting mitochondrial
dynamics by regulating Mfn2 for therapeutic intervention
in diabetic cardiomyopathy. Theranostics, 2019, 9: 3687-
706
KR, BREG TkAE, 25 M2 708 s O LR Hh i 1
KA Tk . o G RO i R 5 4% 3K, 2024, 16:
882-5
Gawlowski T, Suarez J, Scott B, et al. Modulation of
dynamin-related protein 1 (DRP1) functionby increased
O-linked-a-N-acetylglucosamine modification
(O-GlcNAc) in cardiac myocytes. J Biol Chem, 2012,
287:30024-34
Ma T, Huang X, Zheng H, et al. SFRP2 improves
mitochondrial dynamics and mitochondrial biogenesis,
oxidative stress, and apoptosis in diabetic cardiomyopathy.
Oxid Med Cell Longev 2021, 2021: 9265016
BHEIT, BT, £, %. 3T PGC-10/PPAR(S 5 Il
PRI A UKL XS /O Bl 00 3 KB B B AR A ST i
A R R K 22224, 2024, DOIL: 10.13210/j.cnki.jhmu.
20240722. 001

Tk, BT, 20, 25, PPARSHEREH 7N iR 5 11
E’Jﬁt@%ﬂﬁﬂ&ﬁﬁﬁi&% 2 5 ImIR, 2022, 25:
1127-31
Lee Y, Singh J, Scott SR, et al. A recombinant
dimethylarginine dimethylaminohydrolase-1-based
biotherapeutics to pharmacologically lower asymmetric
dimethyl arginine, thus improving post ischemic cardiac
function and cardiomyocyte mitochondrial activity. Mol
Pharmacol, 2022, 101: 226-35
Wrid, sbf &, . 25T PPARY/PGC-1aifl #HR 1 11 2
BN R R 0 L K B0 LR 1 Ty B AR B2 M. 2
W HIRAR L, 2024, 35: 1329-36
AER, AR, WBHUR, & SRR DRERERT . BRI
WU B B 75 ). WL oK 224 4, 2024, 52: 416-
22
WAE, MW, EIE=%, 55 KR IH 1 AMPK/SIRT1/
PGC-1afz 5 38 1 X5 Bl F 9 Lo LI K B Lo L3 4% 1) 5
mi. op ] A 2E 4Rk, 2023, https://kns.cnki.net/kems?2/
detail/22.1126.R.20230607.1526.002.html
Bertero E, Popoiu AT, Maack C. Mitochondrial calcium in
cardiac ischemia/reperfusion injury and cardioprotection.
Basic Res Cardiol, 2024, 119: 569-85
Wu S, Lu Q, Ding Y, et al. Hyperglycemia-driven
inhibition of AMP-activated protein kinase a2 induces
diabetic cardiomyopathy by promoting mitochondria-
associated endoplasmic reticulum membranes in vivo.
Circulation, 2019, 139: 1913-36

[47]

[48]

[49]

[51]

[52]

[54]

[62]

Zhan J, Chen C, Wang DW, et al. Hyperglycemic memory
in diabetic cardiomyopathy. Front Med, 2022, 16: 25-38
Hu Y, Lin Y, Yang J, et al. Mitochondrial dysfunction and
oxidative stress in selective fetal growth restriction.
Placenta, 2024, 156: 46-54

Xie L, Yu QZ, Zhang R, et al. Phloridzin prevents diabetic
cardiomyopathy by reducing inflammation and oxidative
stress. Eur J Pharmacol, 2024, 984: 177032

Xu N, Liu S, Zhang Y, et al. Oxidative stress signaling in
the pathogenesis of diabetic cardiomyopathy and the
potential therapeutic role of antioxidant naringenin. Redox
Rep, 2023, 28: 2246720

Wu L, Gao J, Zhuang J, et al. Hypertension combined
with atherosclerosis increases the risk of heart failure in
patients with diabetes. Hypertens Res, 2024, 47: 921-33
Cater M, Krizan¢ié-Bombek L. Protective role of
mitochondrial uncoupling proteins against age-related
oxidative stress in type 2 diabetes mellitus. Antioxidants
(Basel), 2022, 11: 1473

Yu JL, Jin'Y, Cao XY, et al. Dexmedetomidine alleviates
doxorubicin cardiotoxicity byinhibiting mitochondrial
reactive oxygen species generation. Hum Cell, 2019, 33:
47-56

Cao X, Nguyen V, Tsai J, et al. The SARS-CoV-2 spike
protein induces long-term transcriptional perturbations of
mitochondrial metabolic genes, causes cardiac fibrosis,
and reduces myocardial contractile in obese mice. Mol
Metab, 2023, 74: 101756

Rukavina-Mikusic IA, Adan JS, Alvarez S, et al.
Melatonin prevents the cardiac mitochondrial dysfunction
associated to early type 1 diabetes. Free Radical Bio Med,
2023, 208: S78-9

Ko TH, Marquez JC, Kim HK, et al. Resistance exercise
improves cardiac function and mitochondrial efficiency in
diabetic rat hearts. Pflugers Arch, 2018, 470: 263-75
Searls YM, Smirnova IV, Fegley BR, et al. Exercise
attenuates diabetes-induced ultrastructural changes in rat
cardiac tissue. Med Sci Sports Exerc, 2004, 36: 1863-70
Mohammadkhani R, Komaki A, Karimi SA, et al.
Maternal high-intensity interval training as a suitable
approach for offspring's heart protection in rat: evidence
from oxidative stress and mitochondrial genes. Front
Physiol, 2023, 14: 1117666

Yang C, Xiao C, Ding Z, et al. Canagliflozin mitigates
diabetic cardiomyopathy through enhanced pink1-parkin
mitophagy. Int J Mol Sci. 2024, 25: 7008

Svagusa T, Sikiric S, Milavic M, et al. Heart failure in
patients is associated with downregulation of mitochondrial
quality control genes. Eur J Clin Invest, 2023, 53: ¢14054
Gongalves 10, Passos E, Diogo CV, et al. Exercise
mitigates mitochondrial permeability transition pore and
quality control mechanisms alterations in nonalcoholic
steatohepatitis. Appl Physiol Nutr Metab, 2016, 41: 298-
306

LIRS, W2s, EHOR, 55 AR R EEAN RN AR g 25
DS RPN Rl R O E | ﬂxﬁiﬁ%ﬂ’]?ﬁﬂﬁ T Ez s B
2k, 2016, 35: 2731-44



Eyhi

MREAfE, 2. sahifssoh vk oh 88 s Bl RO WL BT Fe 3t e

139

[63]

[64]

[68]

[69]

[70]

(71]

[72]

[73]

[74]

[75]

Fiuza-Luces C, Delmiro A, Soares-Miranda L, et al.
Exercise training can induce cardiac autophagy at end-
stage chronic conditions: insights from a graft-versus-
host-disease mouse model. Brain Behav Immun, 2014, 39:
56-60

Liu HT, Pan SS. Late exercise preconditioning promotes
autophagy against exhaustive exercise-induced myocardial
injury through the activation of the AMPK-mTOR-ULK1
pathway. Biomed Res Int, 2019, 2019: 5697380
Rostamzadeh F, Najafipour H, Aminizadeh S, et al.
Therapeutic effects of the combination of moderate-
intensity endurance training and MitoQ supplementation
in rats with isoproterenol-induced myocardial injury: the
role of mitochondrial fusion, fission, and mitophagy.
Biomed Pharmacother, 2024, 170: 116020

e, A8, TR, 5. A RIS 8ok 4o 12
1l 28 030 7 52 22 R B0 I A B B 0. rp [E A 41T
FEWTT, 2024, 28: 2534-41

Ruegsegger GN, Pataky MW, Simha S, et al. High-
intensity aerobic, but not resistance or combined, exercise
training improves both cardiometabolic health and skeletal
muscle mitochondrial dynamics. J Appl Physiol(1985),
2023, 135: 763-74

Michael B. The pathobiology of diabetic complications: a
unifying mechanism. Diabetes, 2005, 54: 1615-25
W, RTF, @25, %, SIRT1/PGC-1ofE mHHIRA T
SR LA A SR A B2 A MR A o R AR [
PHER S5 &5 B 2% 35, 2023, 24: 669-73

KT, SR, /M, 5. Nrf2-ARE(S 5 18 B 52 B
PRI O UURE BE S8 AL L B HLAIF 9. 55 PR S o7, 2023,
44:3021-4

B, W, EHL A G IS 0200 R R IE &
HEENLZAR AR IR BETh RERISE M. _EHEAR & 22 e o4,
2020, 44: 68-74

Greggio C, Jha P, Kulkarni SS, et al. Enhanced respiratory
chain supercomplex formation in response to exercise in
human skeletal muscle. Cell Metab, 2017, 25: 301-11

Qi J, Li RJ, Fu LY, et al. Exercise training attenuates
hypertension via suppressing ROS/MAPK/NF-kB/AT-1R
pathway in the hypothalamic paraventricular nucleus.
Nutrients, 2022, 14: 3968

Shang Q, Bian X, Zhu L, et al. Lactate mediates high-
intensity interval training-induced promotion of
hippocampal mitochondrial function through the GPR81-
ERK1/2 pathway. Antioxidants, 2023, 12: 2087

Wang X, Yan K, Wen C, et al. Simvastatin combined with

[76]

[77]

(78]

(83]

[85]

(86]

(87]

resistance training improves outcomes in patients with
chronic heart failure by modulating mitochondrial
membrane potential and the Janus kinase/signal transducer
and activator of transcription 3 signaling pathways.
Cardiovasc Ther, 2022, 2022: 8430733

Gao S, Yao W, Zhou R, et al. Exercise training affects
calcium ion transport by downregulating the CACNA2D1
protein to reduce hypertension-induced myocardial injury
in mice. iScience, 2024, 27: 109351

TLES, R, Motar, 5. 8Ji A SRRz Sh i fR
TR B ILES AR S e ST sk D RE B s e oh [ 12 5)
R0 &, 2021, 40: 475-83

da Silva VL, Mota GAF, de Souza SLB, et al. Aerobic
exercise training improves calcium handling and cardiac
function in rats with heart failure resulting from aortic
stenosis. Int J Mol Sci, 2023, 24: 12306

FES, MR, 230, 5 ialEsEQ/4ERZE
PESigshae oG R, EA R TR T, 2023, 27:
745-50

TR, EHEX R, A5, AR 58 L 18 3 TR e IR I
KB L WU S5t PORR 28R B ¥ miR-145-5p. KLFS,
PPAROZIA IS, H [ e B~ 2% &, 2023, 38: 589-99
Xu L, Zou X, Gao Z, et al. Improved fatty acid profile
reduces body fat and arterial stiffness in obese adolescents
upon combinatorial intervention with exercise and dietary
restriction. J Exerc Sci Fit, 2021, 19: 234-40

Li J, Zhang S, Li C, et al. Endurance exercise-induced
histone methylation modification involved in skeletal
muscle fiber type transition and mitochondrial biogenesis.
Sci Rep, 2024, 14: 21154

Lu K, Wang L, Wang C, et al. Effects of high-intensity
interval versus continuous moderate-intensity aerobic
exercise on apoptosis, oxidative stress and metabolism of
the infarcted myocardium in a rat model. Mol Med Rep,
2015, 12: 2374-82

WA, R, Ie B R LR A ) 222 AL T TT it .
Hh [E H AT, 2024, 28: 1767-71

KL, Z/NS. PIAESEICY) 5 HTRHAZ Bl AR R SR L
LKA RERI DRI E L. 2> TR T 7, 2024, 22: 7206-14
. PUHE shA T ALK R ILZ R A e AU b
HARE K2R, 2017, 40: 48-53

Rouholamini SF, Aminaei M, Aminizadeh S. The effect of
eight weeks of endurance training and MitoQ
supplementation on antioxidant capacity and the
expression of sestrin-2 and AMPK in cardiac tissue of
aged rats. Exp Gerontol, 2024, 196: 112572



