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[(# Z] HBH®M: HITEKEIE (EMPA) XRIEZR (DOX) ¥HSAROIER A (HD B % E
YER, JF MBI HAEFOLE . FEs: 24 2 6-7 JE kMt Wistar K BUBHHL 3 0 % BRAT (IE 5 2 e R B4k 35 1)
F#) . HI4 (#3 DOXES A AR HIFAE) M HI+HEMPA 4 (7 #372 DOX i $ A9 K B HI AR Y
6FJG, BHATRKRESE 10mg-kg ' EMPA, #ESHEE 14d), 48 H o RN L 3 FE
FHRBRABZWAHARNRE (LVIDs) . A=l % (LVEF) MAZE Mm% RE (LVFS), HE
1 Masson 4 0 0 58 45 4 R B L2 255 B 25 28 50RO L2 20 o e D 2 A T BRI D0, I8 4 A2 A A
MR K i e B B 5 00 dUTP 8k 1 K ddric (TUNEL) 35400 4 4R BU0 LN I T 0, i IBG S 2
WSS (ELISA) JAK DN 4 20 K B is thZLRR I &l lG (LDH) LR EE (CK) AKF . RHAIKR
O LA HOc2 AT IR M 5255 . RS #E 57 DOX W55 1 R BLO LA e B B & (DOX A1) o 4f g 52 56 43
H-14r M XA (Hc2 4 1E # 15 = A AT AL FE) . DOX A (H9c2 4HAERE F= ¥ in A 0. 1 pmol-L '
DOXAbFE 48 h, iSO RY) . DOX+HEMPAZL (H9e2 41 ks 3= W A 0. 1 pmol-L ™' DOX FiI
500 nmol-L.-" EMPA, 4bPE 48 h) H DOX-+EMPA+EX527 [UTEA5 B 944 B 74 X8 1 (SIRT1)
I ] 40 (H9e2 40 i 1% 35 W b i A 10 pmol- L' EX527 kb ¥ 1 h, 4RJ5 A 0. 1 pmol-L ' DOX Fl
500 nmol+ L. ' EMPA, 448 h). 400525 40 2H-2 4 A xd R4 (HO9c2 40 i 1E % 55 5 A T AT Ab B ) |
DOX 4 (HO9c2 43 32 W h A 0.1 pmol-L ' DOX 43 48 h, %S0 WA 45) F1 DOX+3h /s
SAMOCHE M L (Drp-1) S0l 4l (H9c2 40 i 5 32 W b A 75 pmol- L' Drp-1 0 il 5 Mdivi-1 7 4b #
2h, #RJ50.1pmol-L ' DOX 4 # 48 h) . R JHl Western blotting ¥ 46 l 45 20 41 g P [ W A0 G 26 (1 1
MHEREA 1R 3 (LC3) . AMERESTEEE: Atg6 W 2P BECLINL, Z R4 AHEAP62, SIRTL, o
A AL W TR 28 B 0 90 2 IR y TS 7 1a (PGC-1a) , Drp-1, kiR AE 1HEH (Fis-1) ki fh 2
BHTF (MFF) SEEARBKTE. G55 XA KOO WL 4EHE5 8 57, ] 5T oA UL B & 2 0F 40 i 12
TR R AR e TR S0 IR b, HIAL K B0 LEF 4 HES 25 L, AL\HJLI‘Eﬂ)ﬁ?fjt A DL 58 i 240 Ff 33 i
IR LF AU 5 HI g, HI+EMPA 2K EUG LA ZEHF 510 85 0 BR8] 57 oK U B I 2% 96 40 i
B2, WD B R AR . S A AR, HIALR RO 412! TUNEL [SB' A ECR LVIDs F+
fm (P<<0.05), LVEF M LVFSFEAL (P<<0.05), I LDH A CKAKFFE (P<<0.05), S5 HIH
I, HI+HEMPA 41 K02 TUNEL FHYE 48 L Z0m LVIDs eIk (P<<0.05), LVEF fMILVFS1
Fh (P<<0.05), MLy # LDH A CK K F &K (P<<0.05) . S5 X4 %, DOX 41 H9c2 41 fg
BELLINlEHi’%@J@%ﬂLL&I/LL3-]] el T (P<<0. 05), P62, SIRT1 M PGC-laZEHFEAKFE
Bk (P<<0.05), Drp-18EHEBAKFETE (P<0.05). 5 DOX4E, DOX+EMPA 44 H9¢2 41 ity
P BECLINT & FRAKFMLC3- T /LC3- 11 HEFEAL (P<<0.05), P62, SIRT1HIPGC-la i F#IAK
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TR (P<<0.05), Drp-1#E RSB FEEMEK (P<<0.05). 5DOX+EMPA4H#H, DOX+EMPA+
EX527 £ H9c2 4 i BECLINT K 4 ik K M LC3- T /LC3- 1 e Jh#m (P<<0.05), P62 F1 Drp-1
EHFRILKEBEE (P<0.05). SxFMR4 A, DOX 4 H9c2 41 Drp-1. Fis-1#1 MFF & 4 %A K
FTFE (P<<0.05); 5 DOXZH H#, DOX+ Drp-1 37 20 H9c2 40l th Fis-1 Fl MFF & 11 ik K F
FEME (P<<0.05). &5i: EMPA A% DOX 5 0y K BRC UG A8 FLC IE D 68 5%, B0 UL 248 Bt 04
oA EE, HALH ATEE S EMPA Ei# SIRT1 M PGC-lafE A £L . BEIKDrpl A RKBAH X,
[x@iR] PEHEZR; OIEHEN,; BIHG; SRR JURME B IR B FHOCH 1; o Ak
BB B Z ARy BEOE T Los B EMOCE L
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Improvement effect of empagliflozin on ameliorating
doxorubicin-induced myocardial injury rat model and
its mechanism

LI Jiawei', Adilijiang ?, WU Li', JIANG Yun'
(1. Department of Oncology and Cardiology, Affiliated Cancer Hospital, Xinjiang Medical University,

Urumqi 830000, China;2. Department of Respiratory Medicine, Karamay Central Hospital, Karamay
834000, China)

ABSTRACT Objective: To discuss the ameliorative effect of empagliflozin (EMPA) on the doxorubicin
(DOX) -induced heart injury (HI) model in the rats, and to clarify its mechanism of action.
Methods: Twenty-four 6-7-week-old male Wistar rats were randomly divided into control group (normal
healthy rats were maintained) , HI group (the DOX-induced rat HI model was established) , and HI+
EMPA group (after 6 weeks of establishing the DOX-induced rat HI model, the rats were given 10 mg-kg
EMPA daily by gavage for 14 consecutive days), with 8 rats in each group. Echocardiography was used to
detect the left ventricular internal diameter at end-systole (ILVIDs), left ventricular ejection fraction
(LVEF), and left ventricular fractional shortening (LVFS) of the rats in various groups; HE staining and
Masson staining were used to detect the pathomorphology of myocaridium tissue and collagen fibers in
myocardium tissue of the rats in various groups; terminal deoxynucleotidyl transferase-mediated dUTP nick
end labeling (TUNEL) method was used to analyze the apoptosis in the left ventricular myocardium cells of
the rats in various groups; enzyme-linked immunosorbent assay (ELISA) was used to detect the serum
levels of lactate dehydrogenase (LDH) and creatine kinase (CK) of the rats in various groups. Rat
myocardial H9¢2 cells were used for in vitro experiments. A DOX-induced rat cardiomyocyte injury model
was established in vitro (DOX group). Cell experiment grouping-1 was divided into control group (H9¢2
cells were cultured normally without any treatment) , DOX group (0.1 pmol:L ' DOX was added to the
H9¢2 cell culture medium for 48 h to induce cardiomyocyte injury), DOX-+EMPA group (0.1 pmol-L ™'
DOX and 500 nmol-L. ' EMPA were added to the H9¢2 cell culture medium for 48 h), and DOX-+EMPA +
sirtuin 1 (SIRT1) inhibitor (EX527) group (H9¢2 cells were pretreated with 10 pmol-L.~' EX527 for 1 h,
then 0.1 pmol-L~" DOX and 500 nmol-I.' EMPA were added for 48 h). Cell experiment grouping-2
was divided into control group (H9c2 cells were cultured normally without any treatment) , DOX group
(0.1 pmol+ L' DOX was added to the H9¢2 cell culture medium for 48 h to induce cardiomyocyte injury) ,
and DOX +dynamin-related protein 1 (Drp-1) inhibitor group (H9c2 cells were pretreated with 75 pmol-1. 7"
Drp-1 inhibitor Mdivi-1 for 2 h, then treated with 0. 1 pmol-L "' DOX for 48 h). Western blotting method

was used to determine the expression levels of autophagy-related proteins microtubule-associated protein 1
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light chain 3 (LLC3) , autophagy key molecule yeast Atg6 homolog BECLINI, and ubiquitin-binding
protein P62, SIRT1, peroxisome proliferator-activated receptor gamma coactivator 1l-alpha ( PGC-1a),
and Drp-1; mitochondrial fission 1 protein (Fis-1), and mitochondrial fission factor ( MFF ) proteins in
the cells in various groups. Results:In control group, the myocardial fibers of the rat hearts were arranged
neatly, and no obvious inflammatory cell infiltration or collagen fiber deposition was seen in the
interstitium; compared with control group, in HI group, the myocardial fibers of the rats were disordered,
the myocardial interstitium was enlarged, and inflammatory cell infiltration and collagen fiber deposition
were observed; compared with HI group, in HI=EMPA group, the myocardial fibers of the rats were
more regular, no obvious inflammatory cell infiltration was seen in the interstitium, and a small amount of
collagen fiber deposition was observed. The TUNEL staining results showed that compared with control
group, the number of TUNEL-positive cells in the myocardium tissue of the rats in HI group was increased
(P<<0.05). The echocardiography results showed that compared with control group, the LVIDs of the rats
in HI group was increased (P<C0.05), and the LVEF and LLVFS were decreased (P<Z0.05) ; compared
with HI group, the LVIDs of the rats in HI+EMPA group was decreased (P<C0.05), and the LVEF and
LVFS were increased (P<C0.05). The ELISA results showed that compared with control group, the serum
levels of LDH and CK of the rats in HI group were increased (P<C0.05) ; compared with HI group, the
serum levels of LDH and CK of the rats in HI+ EMPA group were decreased (P<C0.05). The Western
blotting results showed that compared with control group, the BECLIN1 protein expression level and LC3-1 /
LC3-1I ratio in the H9¢2 cells in DOX group were increased (P<C0.05) , the expression levels of P62,
SIRT1, and PGC-1la proteins were decreased (P<C0.05), and the expression level of Drp-1 protein was
increased (P<C0.05) ; compared with DOX group, the BECLIN1 protein expression level and 1.C3-1 /
LC3-1I ratio in the H9c2 cells in DOX+EMPA group were decreased (P<C0.05), the expression levels of
P62, SIRT1, and PGC-1la proteins were increased (P<C0.05) , and the expression level of Drp-1 protein
was decreased (P<C0.05) ; compared with DOX+EMPA group, the BECLINI protein expression level
and LC3- [ /LC3-1I ratio in the H9¢2 cells in DOX-+EMPA+EX527 group were increased (P<C0.05) ,
and the expression levels of P62 and Drp-1 proteins were decreased (P<C0.05). The Western blotting
results showed that compared with control group, the expression levels of Drp-1, Fis-1, and MFF proteins
in the H9¢2 cells in DOX group were increased (P<C0.05) ; compared with DOX group, the expression
levels of Fis-1 and MFF proteins in the H9¢2 cells in DOX-+Drp-1 inhibitor group were decreased (P<C0.05).
Conclusion: EEMPA can alleviate DOX-induced myocardial lesions and cardiac dysfunction in rats, and
reduce cardiomyocyte apoptosis and autophagy, and its mechanism may be related to the up-regulation of
SIRT1 and PGC-1a protein expressions and the down-regulation of Drp1 protein expression by EMPA.
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B E % (doxorubicin, DOX) . L HHE . £
C18 FOMMC R 20 %5 30 56 [ 8 A 24 5 1 48 B )
(Food and Drug Administration, FDA) it #E % H
Tl R RE IR IT B E B RIR b7 25 . Bk
259 0 500 K i R g Ry R O R A
ARRA ™, Hrh DOX %0 E Rk, |
A A A A X AS ] b e e R A A B, I AR X
TR 5T AT K 0k 52 DOX 75 5 10 IE 25 1 25 W)
KAy, Lok w0 & DOX Y 32 2 # A
JHHE G, 2ok 2 e e 65 02 DOX I 3 190 JUE 45 1

MIbRER, ATRBCONUAMIE T . SRBE . BRIE TR AN
BT - AR L2 1 (sodium-glucose
cotransporters, SGLTs) J&fF7E T AR Z Fh 4 il 5z
FEE i 8 B AR . o SGLT2 80 5
JINAE T i PR et U0 ) R 2 Y R SR DA OG . R
S0 B DR HE B R SGLT2 M5 (inihibitors of
SGLT2, iSGLTs) [R4&F1Hr . IKA4% 51 1 ol A%
¥ (empagliflozin, EMPA) 4] 2¥ia 97 h ik
5, HALHI AT BE 2 iISGLTs AE % 30 il B /1N X 3 %
GO NN (T (3111 N R 1 S G 2
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/N ISGLT2 B A WAL BERHLE, G5 FEAR.C )
T I R AR IO U . Bh A O T 1
(dynamin-related protein-1, Drp-1) J& — ff /¢ &
(O LA ffL) Zebi R 248 e P, IS AE O L
ML B SORLIAR F I L T RTIR B T R 4 G
PER Y . w303 o ot R A5 8 0R  BEF A OG Al
(silent information regulator, SIRT) FKi%, 5 £
5 SIRT1~7, 34 J& T — ZH AR5 A 15 M e P2 0 — 4%
T R (nicotinamide adenine dinucleotide, NAD" )
B T 220 36 11 5 S BEALEE  (histone deacetylases,
HDACs), 045 T4 M0 . 40 i o Aok fA v
I 2% HDACs (¥ T A 7] 43 5 14 1A )8 51 %% 44 45 14 A
B, BASWAREA 1D T4 5 NAD R
Rossmann 7 & 45 #4 ". Hoh 56 F SIRT1 A HF 5T
AR, H AR o W 1 S PR 4L (reactive
oxygen species, ROS) BY7KF | %% 5 i B+
SURE =N A7/ B RN T 7 QT N I G L R b
(peroxisome proliferator-activated receptor gamma
coactivator-1 alpha, PGC-la). {555 5 55 3
i ¥+ 3
transcription 3, STAT3) ., i BEJH L4 A &EH 1c

(sterol

(signal transducer and activator of

regulatory
SREBP-1c) . X 3k & % 5% A + O 1/3 (forkhead
box O 1/3, FoxO 1/3) Fl i 1 M2 i b & 11 3% i
(AMP-activated protein kinase, AMPK) ¥k & &
KRG, JFAE IR W SRR A= ) & A rh R i AR
R SR SIRTL 5 vl i i/ FH T itk A B8 1,
Z 5% % DOXIE S .0 RS M 0 AT E 1
R #7 DOX % 5 1y KB JE 1 f5 (heart injury,
HI) #8, ¥ EMPA @it Fil SIRT1 A PGC-1a
HEHMFRE, T Drp-1 HAMERE, B0 Ik
BOARTIRE, W0 WUAH B R T A g, PRI,
M3 DOX i F .0 EFE M2 F AL . AR B 7E
Sl PR 3 — 28 F) ] EMPA {300 L% 52 DOX i
S 018 0 JOE P AL TR A A 2 B2 1 ML R R
WA

1 HHET®

1.1 R . @E. E2XMNRNE 24167
i e Wistar KB, MR 210~240 g, 14 A 7 DL
fi (Aot EMEARGRAF, s A1F alE
. SCXK (7)) 2019-0010. K B0 WL 40 B &
H9c2 241 fe Wy 17 o8I0 3 i 98 4F 4w B 5 A BR A Wl .
Masson = {4t 0 % g 5 BRI 38 4 R A= W RH A TR

element-binding  protein-1c,

ANHEL RARE Y@ A At b e e AR B AR A
BRA W, e de e B N &R 3 A Y RHE A B
OS], AEROMEAZ T R R v B A% W A 2 1 dUTP 5
0 R ¥ bk oid ¥ (TdT-mediated dUTP nick end
labeling, TUNEL) gy A i3 = KAEYH
AKBHARAA, MEMHXEEA 1IR3
(microtubule-associated protein light chain 3, LC3) .
H W O 4> T BB Atg6 [Rl &4 BECLINT, 17 % 45
A A P62, SIRT1, PGC-la, Drp-1. £ hifA%d
A% 1% M (mitochondrial fission protein 1, Fis-1) .
2 ki 1K 24 7% [ T (mitochondrial fission factor,
MFF). TUBULIN fl HRP-kic IgG — 4 11 3 1
bu (L) REARAF . EEE8F R s
LWL (B15 . VINNO6GLAB) W ®AH# kB
(TR B BRA R, a2 B e (A% . BX43)
Mt B M EE (5. BX53) 40 [ e
(hED AHRAH .,

1.2 DOX#FRAHIBERH & EBRLH I
A KRB TER (21 °C~25°C)., fHIE (55%~
70%) . BL#E 12 h/12 h % BR /SR G 916 25 1) SPF 4% [
Bi, 4 HRB 1A BUGE . R R IR i mi 15 25 30 )
Tk, AT SR AR o R B N M A 3R 1
Ja, HREBE TR, 24 LR BB 4 B4
HI4UF HI+EMPA 4], #418 H . Xf B4 KEUE R
AeFE IR . HIG R B DOXAE S AR R HIB R
R ERUAE JE — R0 0O o AT 1RO B R, 4R T
1. 25 mg-kg 'R DOX, HLHE6H, iHSd
ST HUR BBERL . 6 J8 J5 3547 sh . e A R, e
L0 EINBEAE fb . HIFEMPA 20 K BU7E 7 S 2 7
HIB 6 8 )5, & H#EH 10 mg-kg ' EMPA, %
SeiEE 14d. IrA A HE , Tk H xR EETT
ORERE R, SR E R KRB # KN, JfR
HEME FIR AL FE R B, SRAEFLOME, &M, AR
) 0 0 AR A5 R R R K 2 B S bR = o AR 2 B
A E (S . LL-202309110001), ™ k&
P IR (LB sh s B A1) HEAT, REOE 3R BRI .
1.3 whRpEEFCHELMNESEXACEHE X
F S BEXTZ it AT ORI S, KRR £, %
FEFEREE R, A 4 R R R TR 2 Y
X FEHEAT A2 O 3 M B 55 1 il U0 T R A 0 N 5
Bl D7) TR L Bl A, 1 B M-mode # 75 EIER
WoE KRR A= I m RN AR
ventricular internal dimension, LVIDs) . Z& 2% & Ifi

(end-systolic left
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7 % (left ventricular ejection fraction, LVEF) #i
A% AW o4E R
shortening, LVFS) ZEf845 .
1.4 HE # & # Masson £ & LR L 40 kK &S LA
BREHEERS S IR PR L RITARE R
HE Jefa . REKHARBOMEALE, VAHREK
TFav ZRBHEEED, F4CTEEHBT48h, HlEAH
AU R (JBESpm). VRSB R . Bk, K
LI5, R IR ARE G4 W B¢ €4 3~5 min, g /K Wk 5
1% SR> 1 min, B EREREZA
1 min; PHL0YL I YL 4 3~5 min; 5 R W
RAb 3, M I E R, TR A N A . W
R AE KM% . Masson =y e . ¥ Ul kR
BRI T Masson A W E WS KR (£415h), 4K
J 4k S5 U1 F R T Masson A TP 65 CIE A H
30min, MK EHAWOME; HEEA
Masson B ¥ 5 Masson C ik 55 K BUR SN, =4
1 min, WAKMUE; 2 1% R 514 1 min,
WK e s U R R B A Masson D 2 44 6 min,
Masson E W 2 i 29 1 min, RNZK¥E, HiEA
Masson F g 4% 1 20~30 s, )5 28 — W 7K 1% B fb 4k
B, rhER R E R, PR WU T B . LSRN
FEER
1.5 TUNEL %4 &8 X XS MamEA =FR
WRRZAEZONHARY 7, &8 R . B Fk i
J& . W0 Proteinase K TAEW #HATE R, 02 4%
M TUNEL &, 37 C#tWaE 2h, 4, 6-
& L -2- 2K B | W (4, 6-diamino-2-phenylindole,
DAPI) JeyR G 40 M A% 30 min. 2456 i B Bk .
WK A MG . 45 R E0Ch AL TUNEL
Yo, P 20 BB AR SR O LA B PR TG 0 o B
BN TUNEL %% o BH M 40 i 800 4 4~ 9 B F
TUNEL L (A58t 40 i 4
1.6 KA XA &R &4 K R oA F T 5B DSBS
(lactate dehydrogenase, LDH) # AL B # &
(creatine kinase, CK) A F WHE KR MmE, FH
KB E LDH A1 CK 8K 5092 W Bl 58 (enzyme-
linked immunosorbent assay, ELISA) ¥ & Il i 7
EHEATINE o HARD TR B G U PR, &
JETEB A 450 nm TR A FLOGEE (A) {H. W48
R & A B A T S ST A v R S R A A A
fL A5 LDH R CK /K 7. LDH 5 off i 2 1 55
A I LDH /K =1 009X 4 L A {8 +211;

(left ventricular fractional

CKAREM 5 A miE CKKF =1 486X
%L AMH 4324,

1.7 @mpesdsc  KREO UL R HIc2 40 il 5 55 F
AT 10%0 B AR I3 R 106 7 -85 R W 58 4 A K
K FEagle #7 3% %
medium, DMEM) }#F#d, & T 5% CO,, 37°C
YL RNV Y 40 B0 B A P dE R 3R .

1.8 wmpEhymafa®Zy X KIS DOX A
S0 R SR LA B AR A A AR AR M S A -1 X
HREH (H9c2 40 IE W 85 FR AU AL B ) . DOX 2]
(H9c2 40 fil K55 2 H im A 0.1 pmol-L ™" DOX 4h B
48 h, WO N0 ) . DOX+EMPA 4
(H9c2 41 B 5 3% W 7 im A 0.1 pmol-L ' DOX FI
500 nmol-L ' EMPA, 4k # 48 h'™ ) il DOX+
EMPA+EX527 (SIRT1 5 ) 20 (H9c2 41
B WA 10 pmol-L ' EX527 fi4b#E 1 h, K5
JimA 0.1 pmol-L " DOX A1 500 nmol-L ' EMPA,
AEFERAS KM ) AUMRSIE Ay -2 XFHRAL (HO9c2 41
J E 5 R AR AT AR ) . DOX 4 (H9c2 40 i
BFw b in A 0.1 umol-L ' DOX 4b # 48 h, %S
O ) A1 DOX+Drp-13MHI5 40 [H9c2 44
B 55 3% W rhoim A 75 pmol- L' Mdivi-1 (Drp-1 410
il ) WAL 2 h Y SRFE A 0.1 pmol-L ' DOX
AbFR 48 ],

1.9 Western blotting & #: R & A fe F B A9 X
% & LC3.BECLIN1.,P62,SIRT1 #= PGC-la A &
% F ik T 49 % B F Drp-1.Fis-14= MFF & & & &
KR 3 o) i BRGS0 43 2 -1 R 240 S 5 43 4 -2
b PR AL, 0L 6 L AR 20 M BE SR A 1 mL i i
A A R A RIPA 287 0 24 o 40 M . 2 IR0
B, AT H AL o BB R N - IR N M I I O M
7k (sodium dodecyl sulfate polyacrylamide gel
electrophoresis, SDS-PAGE), 4 “C2& 300 mA 15
WL 1 he % PAGE I 28 (L4 B0 2 PVDF
FEE 1o FH 5% WRE W58 2 i =P 1 ho [ B I 3
—HTARW, 4 CWEF R R H )5 F i =4t
THE®R, EREME 1L h,. ABEAELRLEYD
(enhanced chemiluminescence, ECL) X H B &4
HEAT W5 o PUAK AR MR R - LC3(1: 1 500) |
BECLINT (1:2 000) ., P62 (1:1500) ., SIRTI
(1:1500) , PGC-1a(1:1 500) . Drp-1(1:1 500) .
Fis-1(1:1 500) . MFF (1:1 500) . TUBULIN
(1:2000) 1 HRP-#3ic IgG 4t (1:5000) . 41}

(Dulbecco’ s modified eagle
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SEYGAYAH-1: KM AE A AN LC3. BECLINT,
P62, SIRT1., PGC-la fil Drp-1 2 H ) 3 ik /K F ;
o B S 3 o 2H -2 K DU AE 2% 4 48 B v Drp-1. Fis-1
I MFF 8 1 3R i5KF . R W Z TUBULIN /9 K
FEAE T B 098 0 K BE R AT AR AL AL B, R oAl
Ja i B R AR K = B B8 AR K B/
M2 TUBULIN & 1 4l K BEAE ;. DhAnEfL b 315
X B2 H 0 B R B BE 5T 00—k, xR
R IRKE 1,005 HAh 43 2H A5 1k b B2 5 1Y
H i 8 (1 &5 K =H Al sy bR e b B /9 B Y
AR B/ RE A H BB R B

1.10 %% 2% KR GraphPad v8 # {4 ¥ 17 48
TF2E 01 o 4% 41 R RL.O IR 8 A5 K I A OG 48 bR
LVIDs. LVEF il LVFS, K. WL4 4 TUNEL
Yo A AL EF TUNEL PHE 400 %, 4541 K Bl i
LDH #l CK 7K F, £ 20 K B0 WL H9c2 4i jg
BECLIN1 fl P62 8 [ # ik 7K F, LC3-1 /LC3-1I Ik
{4 2L & SIRT1, PGC-la, Drp-1. Fis-1 fll MFF &
HRBAKFEHRMNIEEES M, UatsEn, £
2 [R)E A 35 B b AR B DR 3R T 26 431, 7 T 20 )
FEAR P BR 5 OB R H Turkey s K256 . L P<<0. 05
hESEGITFE L,

2 & B

2.1 SEBEEMNRZERXLKAGCESIE SXHE

Control

HE

Masson £

A, HI 4 Kk Bl LVIDs 7t & (P<<0.05) ,
LVEF Al LVFS &Mk (P<<0.05); 5 HI4 L%,
HI+EMPA #4 kK B LVIDs f% 8 (P<<0.05) ,
LVEF MILVFS % & (P<0.05), W& 1,

#£1 ZBHAKRLVIDs.LVEFMLVFS
Tab. 1 LVIDs, LVEF, and LVFS of rats iv various groups

(n=8, r5s)
Group LVIDs LVEF (n/%) LVFS (y/%)
Control 4.06+1.11 82.4+1.3 53.242.6
HI 5.824-0.83" 431+1.7 22.641.4"
HI+EMPA 4.24+1.77% 66.7+2.2" 51.4+2.1%
F 4.45 997.00 538.90
P <0.05 <0.05 <0.05

"P<C0.05 compared with control group; “P<C0.05 compared with
HI group.

2.2 BUHRACHARKELSEILFCIAR
PRESERBEL KON HE il Masson
Pt 25 R WoR o 0 BT R RO E O UL ZF 4 HE 51
FF, B A DB I 4 9 Vi R R D AT A TR
5% 2 e, HIA R B0 WLEFdEHE5 2= 6L, O
WUTRL SR 4 O, AT L 4 i 4 it 92 il 0 g D 4 44 T A
5 HIH %, HI+FEMPA 4 K B0 ILEF 4k HE 2 ¢
OB %= 151D UL SR - ck  UR T BT WA =173
JREF VTR, LI 1.

HI HI+EMPA

e rseeg

Bl &R B0 DL SUR BETE & 3R BURLO LA R o B R4 4 DLAR 1B 1L

Fig. 1 Pathomorphology of myocardium tissue and deposition of collagen fibers in myocardium tissue of rats in

various groups

2.3 B@KkAuPmBpATEL SXTRALE,
HIZH KB4 4 TUNEL 415 T 5 (P<<
0.05); HHIA L#, HI+EMPA 41 K B0 WL 4

ZUTUNEL FH M40 B 5 FEAIE (P<<0.05). LI 2,
2.4 BEXZhF¥LDHACKAE SxilE4A
Feds, HIZH K Bm g LDH A CK K EFm (P<
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T
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"P<0.05 compared with control group; “P<C0.05 compared with HI group.
B2 2HKROULHS MR TR (A) A4 TUNEL FH¥E: 40 $(B)

Fig. 2 Apoptosis of myocardium tissue cells (A) and number of TUNEL positive cells(B) of rats in various groups

0.05); HHIAIE, HI+EMPA 2 & R i i
LDH fll CK /K F-R#{E (P<<0.05)., W2,

£2 FHAKBRMEH LDHH CKKF
Tab. 2 Levels of serum LDH and CK of rats in various

groups (n=8,x+s, A,/(U-L™ 1]
Group Serum LDH Serum CK
Control 1967+213 1233+239

HI 3056261 4136+312
HI+EMPA 1745+188" 8754178

F 79.39 412.40

P <20.001 <20.001

"P<<0.05 compared with control group; “P~0.05 compared with

HI group.

2.5 &K RS W HIc2 % it F BECLIN] #= P62
FOREKRFEFRAZLC3-TI/LC3-TIiE SXMHEAH
I, DOX 41 #l DOX-+EMPA-+EX527 41 K K
H9c2 41 g 1 BECLINI & H % ik /K F F1 LC3- 1/
LC3-1 Wl Jh i (P<<0.05), DOX 4. DOX+
EMPA 4 # DOX+EMPA + EX527 20 H9c2 4l g
P62 % 11 % kK EREIE (P<<0.05); 5 DOX4
B, DOX-+EMPA 4 K il H9c2 4ii fig H* BECLIN1
EHERKAKFEMLC3-T/LC3-T LIE M (P<
0.05), P62HHKBKF-FHE (P<<0.05), DOX+
EMPA+EX527 41 H9c2 4 ig b LC3-1 /LC3-11 HAE
F&AR (P<<0.05); 5 DOX+EMPA 44, DOX+
EMPA+EX5274H K R H9c2 4 fig h BECLIN1 & H
FEAKFEMLC3-1 /LC3-1 e FH e (P<<0.05),

P62 H R IBAKFFEML (P<<0.05). WK 3.

2.6 &K &M HIc2 @i # SIRT1,PGC-1a
o Drp-1 & G R EARF SXTMHA LK, DOX 4
KBGO WL HC2 4 it SIRT1 F1 PGC-1a 25 11 % 34
K- FEAR (P<<0.05), DOX 4 fl DOX+EMPA+
EX527 41 H9c2 40 ifg tf Drp-1 8 H % ik K F It &
(P<<0.05); 5 DOXA L&, DOX+EMPA 4 i
DOX+EMPA-+EX527 41 K B0 WL HO9c2 40 g v
SIRT1 } PGC-la f H £ LK FF 5 (P<0.05),
Drp-1 # 1% KK FREAL (P<<0.05); 5 DOX+
EMPA 4 %, DOX+EMPA+EX527 4 K [l
WL H9c2 40 i Drp-1 #& 1 3R ik K F FEAL (P<
0.05), WK 4,

2.7 &4 K KM H9c2 %48 8 F Drp-1, Fis-1 f=
MFF & & & & KF  HXHA K, DOX 4L KR
O L H9e2 40 g 7 Drp-1. Fis-1 Al MFF % 4 % ik
KAFETHE (P<<0.05); 5 DOX 4 i, DOX+
Drp-1 #ll il 51 20 K B0 WL H9c2 4 Jfl  Fis-1 1
MFF 1R BAKFFEAL (P<<0.05), WIS,

3 %W i

F2 32 DOX IR IT W I T S5 47 8 B0 I 45 5 95 11
SRS KRB . DOX AT 75 5 50 & AR M 14 . iF A7 1k
FITETE SO0 M O LI A5 o O W 2 1 38 7E U IR T
LAE N DL LVEF BEARRYIE 2 85 0 WU T Be &
itk Jy sy, — BB BRI, 2950%
B HE S TE 24F NBETS Y. DOX YO JIE 25 1 AL 1
HA R, W R ZFHLE . DOX n] i i £k A7 14
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Lane 1: Control group; Lane 2: DOX group; Lane 3: DOX+EMPA group; Lane 4: DOX+EMPA+EX527 group. 1: Control group;
2: DOX group; 3: DOX+EMPA group; 4: DOX+EMPA-+EX527 group. "P<C0.05 compared with control group; “P<C0.05 compared

with DOX group; "P<C0.05 compared with DOX+EMPA group.

B3 FHKRELNHIc240H BECLINI.LC3-T . LC3-TfI P62 FEHRZHKE (A) REAE(B~D)
Fig. 3 Electrophoregram(A) and histograms(B—D) of expressions of BECLIN1, LC3-I , LC3-II , and P62 protein in

myocardial H9¢2 cells of rats in various groups
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Lane 1: Control group; Lane 2: DOX group; Lane 3: DOX+EMPA group; Lane 4

with DOX group; “P<C0.05 compared with DOX-+EMPA group.

B4 HHKRHI2HHEHH SIRT1,PGC-1a 1 Drp-13 AR BB IKE (A) R EKE (B~D)
Fig.4 FElectrophoregram(A) and histograms(B—D) of expressions of SIRT1, PGC-1la and Drp-1 proteins in myocardial

H9c2 cells of rats in various groups
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Lane 1: Control group; Lane 2: DOX group; Lane 3: DOX+Drp-1 inhibitor group. 1:Control group; 2:DOX group; 3: DOX+Drp-1

inhibitor group. "P<C0.05 compared with control group ; “P<20.05 compared with DOX group.
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Fig. 5 Electrophoregram (A) and histograms (B—D) of expressions of Drp-1, Fis-1 and MFF proteins in myocardial

H9c2 cells of rats in various groups
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