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[ Abstract]  Objective To investigate whether hesperetin (Hes) alleviates doxorubicin (DOX)-induced
cardiomyocytotoxicity by reducing oxidative stress via regulating silent information regulator 1 (SIRT1)/nuclear
transcription factor E2-related factor 2 (NRF2) signaling in H9c2 cells. Methods H9c2 cells were treated with DOX to
establish the cardiotoxicity model and were randomly assigned to four groups, a control group (Control) and three
treatment groups, receiving respectively DOX (the DOX group), Hes+DOX (the DOX+Hes group), and Hes+SIRT1
inhibitor EX527+DOX (the DOX+Hes+EX527 group). Cellular morphology was observed by the light microscope. Cell
viability was evaluated by CCK-8. DOX-induced apoptosis in H9¢2 cells was examined by flow cytometry. The levels of
reactive oxygen species (ROS) in the H9c2 cells of the four groups were determied with 2'-7'-dichlorodihydrofluorescein
diacetate (DCFH-DA) staining. The activities of lactate dehydrogenase (LDH), superoxide dismutase (SOD), catalase
(CAT), and SIRT1 as well as the malondialdehyde (MDA) content were measured using ELISA kits. The expressions of
cleaved caspase-3, cytochrome ¢, SIRT1, Ac-FOXO1, NRF2, and heme oxygenase 1 (HO-1) were determined by Western
blot. Results Compared with the Control group, the DOX group showed swollen cellular morphology, decreased cell
density and viability, and increased LDH activity in the medium (P<0.01); both apoptosis and the expression of cleaved
caspase-3 and cytochrome c increased (P<0.01); the activities of CAT and SOD decreased while the contents of MDA and
ROS increased (P<0.01); the expression of SIRT1, NRF2, and HO-1 decreased, the activity of SIRT1 decreased, and the
expression of Ac-FOXOL1 increased (P<0.01). Compared with the DOX group, the DOX+Hes group showed improved
cellular morphology, increased cell density and viability, and decreased LDH activity in the medium (P<0.01); the
apoptosis and the expression of cleaved caspase-3 and cytochrome ¢ decreased (P<0.01); the activities of CAT and SOD
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increased while the levels of MDA and ROS decreased (P<0.01); the expression of SIRT1, NRF2, and HO-1 increased, the
activity of SIRT1 increased, and the expression of Ac-FOXO1 decreased (P<0.01). Comparison of the findings for the
DOX+Hes group and the DOX+Hes+EX527 group showed that EX527 could block the protective effects of Hes against
DOX-induced cell injury, oxidative stress, and SIRT1/NRF2 signaling. Conclusion Hes inhibits oxidative stress and

apoptosis via regulating SIRT1/NRF2 signaling, thereby reducing DOX-induced cardiotoxicity in H9¢2 cells.
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1 pmol/LIYDOXAbHI24 h, MR SCHkHH & DOX ., HesHl
EX527 MR EE
1.3 H92ZHRETE S144

AL AR, $5 555 35 O HO 4R M BE R 7E 96 F LR o ™
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(1:1000). Hicytochrome c(1 : 1000), PLSIRT1(1 :
1000) . HLAc-FOXO1(1 : 1000) ., FLNRF2(1 : 1000) . $i
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HRPFRICHY PR FIFE 2 h, Bio-Radfb2f K E R 5k
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BRI R IR R SR)G DI B A 2 AR R A Y
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SIRT 19 P A I 0] 5 U5 A3 A 2R, g R W R T A
il B AR S, SR AR ASCI 5 45 AR il WO A DT AR H A
o8 A Ry 25 LG 0 8 B
1.9 ZitFEFE

B RHIx + 3R, 22 8] BCR LN R 07 2247
H7(One-way ANOVA), F§FBonferronik L3 4[] 2%
5, P<0.05h 25 A Gei e Lo

2 #R

Hes® ZDOX35| E2HIHI2 4l B 5 4%
WE1 SR, fControlZHAH L, DOXZH 4 i 8 1 U
N, AT 25 B A4, 203 ) AR (P<0.01), B5 7 AR
FLDHIE IS N (P<0.01); 5 DOXZ1AH L, DOX+HesZH 4
Ji 2 S T, 20 MR S A0, AR A TS 3 i (P<0.01), B
F P LDHIE PEFE AR (P<0.01); i 5 DOX+Hes41AH L,
DOX+Hes+EX5274H 4 il 2% B ol /), 40 T 259040, 20 i
TG SRR (P<0.01), $5 3R E P LDHTG P fin (P<
0.01), XELE R Hes A 2035 DOX S L AYHIC2 41 /il
WRYVER], X —VEH S SIRTE 54 5%,
2.2 HesH#EDOX5|&rIHI2H A K ER

WE?2, 5 Control A Eb, A 4N AR FiWestern
blot45 R s, DOXAH AN I 114 2, PTG H
cleaved caspase-3fllcytochrome ¢k (P<0.01); 5
DOXZHAH It, DOX+HesZH 4 J 8 T /L, A T-AH G H
cleaved caspase-3Fllcytochrome ¢k &AL (P<0.01); 1M 5
DOX+HesZH Al Ht, DOX+Hes+EX52741 4l I -1 £, ¥4

2.1

Bl 1 Hes® ZEDOX3| &HIHIC2A MR
Fig 1 The alleviative effect of Hes on DOX-induced H9¢2 cell injury

" P<0.01, vs. Control group; ** P<0.01, vs. DOX group; ¥ P<0.01, vs. DOX+Hes group.
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Fig 2 The alleviative effect of Hes on DOX-induced apoptosis in H9¢c2 cells

A, Flow cytometry; B, Western blot. n=6. "~ P<0.01, vs. Control group; ** P<0.01, vs. DOX group; ““ P<0.01, vs. DOX+Hes group.
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il 4F &5, 5 ControlZHAH kb, Western blotZh 4 g
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RN (P<0.01), SIRT 1% PEF#{K (P<0.01); 5 DOX4IHH

60
*3k &&

40 +

Liiid

20 +

MDA activity (U/mg protein)

C D

DCFH-DA (x200)
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Fig 3 The alleviative effect of Hes on DOX-induced oxidative stress in H9c2 cells

CAT: catalase; SOD: superoxide dismutase; MDA: malondialdehyde. A, Control group; B, DOX group; C, DOX+Hes group; D, DOX+Hes+EX527 group. n=6.

" P<0.01, vs. A group; ** P<0.01, vs. B group; *P<0.01,vs. C group.
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Fig 4 Western blot was performed to determine the alleviative effect of Hes on DOX-induced SIRT1/NRF2 signaling in H9¢2 cells

A, Control group; B, DOX group; C, DOX+Hes group; D, DOX+Hes+EX527 group. n=6, " P<0.01, vs. A group; " P<0.01, vs. B group; 4P<0.01,vs. C group.
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Fig 5 ELISA assay was performed to determine the alleviative effect of
Hes on DOX-induced SIRT1 activity in H9¢2 cells
A, Control group; B, DOX group; C, DOX+Hes group; D,
DOX+Hes+EX527 group. n=6. " P<0.01, vs. A group; " P<0.01, vs. B group;
4P<0.01,vs. C group.
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