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Hesperetin alleviates high glucose and high lipid induced mitochondrial
damage and apoptosis in AC16 cardiomyocytes via the AMPKa/SIRT1/
PGC-1a signaling pathway
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Abstract

Objective: To investigate the effect and mechanism of hesperetin (HES) on oxidative damage in-

duced by high glucose and high fat in AC16 cardiomyocytes. Methods: AC16 cardiomyocytes were
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cultured in vitro and treated with different concentrations of hesperetin for 24 h. The effect of hespere-
tin on cell viability was detected by CCK-8. A cellular damage model was established using 300 pmole
L ! palmitic acid and 4.5 g°L. ' D-glucose. After treating high glucose- and high fat-damaged cells
with different concentrations of hesperetin for 24 h, effective concentrations were selected based on
CCK-8 assay and ELISA measurement of lactate dehydrogenase (LDH) levels in the cell supernatant.
Subsequently, cells were randomly divided into 5 groups: control group, hesperetin alone group, high
glucose and high fat group, high glucose and high fat+hesperetin group, and high glucose and high
fat+hesperetin+ AMPK inhibitor Compound C (CC) group. Reactive oxygen species (ROS) accumu-
lation was detected by DHE staining, apoptosis rate was detected by TUNEL staining, mitochondrial
membrane potential was detected by JC-1 fluorescent probe staining, mitochondrial oxidative stress
was detected by MitoSOX Red fluorescent probe staining, malondialdehyde (MDA) levels and super-
oxide dismutase (SOD) activity in the cell supernatant were detected by ELISA, cellular ATP levels
were detected by an ATP assay kit, and protein expression of B-cell lymphoma 2 (Bcl-2), Bel-2-asso-
ciated X protein (Bax), AMPK, p-AMPK, silent information regulator 1 (SIRT1), peroxisome pro-
liferator-activated receptor gamma coactivator 1-alpha (PGC-1«), and uncoupling protein 3 (UCP3)
was detected by Western Blot. Results: Compared with the control group, the high glucose and high
fat group showed significantly reduced cardiomyocyte viability and increased levels of myocardial inju-
ry markers (P<C0. 05), as well as increased apoptosis, increased Bax but decreased Bel-2 levels, in-
creased reactive oxygen species, decreased mitochondrial membrane potential, increased mitochondri-
al oxidative stress, increased MDA levels, decreased SOD activity, decreased ATP levels
(P<<0.05), and decreased phosphorylation of AMPKa and expression of SIRT1, PGC - la, and
UCP3 (P<<0. 05). Compared with the high glucose and high fat group, the high glucose and high fat+
hesperetin group showed significantly increased cardiomyocyte viability and decreased levels of myo-
cardial injury markers (P<C0.05), as well as decreased apoptosis, decreased Bax but increased Bel-2
levels, decreased reactive oxygen species, increased mitochondrial membrane potential, decreased mi-
tochondrial oxidative stress, decreased MDA levels, increased SOD activity, increased ATP levels
(P<<0.05), and increased phosphorylation of AMPKa and expression of SIRT1, PGC-1a, and UCP3
(P<<0. 05). Furthermore, the use of the AMPK inhibitor Compound C attenuated the activating effect
of HES on the above pathway proteins (P<C0. 05). Conclusion: Hesperetin can ameliorate mitochon-
drial damage, oxidative stress, and apoptosis induced by high glucose and high fat in AC16 cardiomyo-
cytes, and its mechanism may involve the activation of the AMPKa/SIRT1/PGC -1a/UCP3 sig-
naling pathway.
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3 K R SRR DR A o JUL R A5 280 v B A 10 o 4R A 10 38
01240 i 94 T A B B4 1 D (E LA 1 L )
ARTEMB . AT T R A R
(9 ACT6 L JIL A vy 1 o5 i 4 45 52 8, 6 5 AMPK
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1 #R5FE

1.1 SRR R 40 B 3 5+

L1.1 SE%&A  ACL6.CMLYN M [ h E R
B 40 ffL 22 (o [ 27 ) 5 Dulbecco’s Modified Eagle
Medium/Nutrient Mixture F-12(DMEM/F12) ¥ 3¢
I K 4F 1ML 7 (fetal bovine serum, FBS) Il H 3%
GIBCO 2 7l ; #8 Jiz & (hesperetin) 1§ A I ¥ Med-
ChemExpress 2y #l 3 CCK-8 K il i 751 &5 | L 2 fid & il
(lactate dehydrogenase, LDH) & Il i 5] & . DHE #&
IR &  TUNEL A& 1358 & N — 8 (malondial-
dehyde, MDA) #3857 & 8 48016 4 B AL 1 (super-
oxide dismutase, SOD) & M X 5 & ATP 557 & .
JC-1 A 77 & MitoSOX 6 170 & 35 1 [/ 116
B RAEWHE AR R = % & M (polyvinyli-
dene fluoride, PVDF) i Il H 3 [# Millipore 23 7] , B
41 A K B 98 -2 (B-cell lymphoma 2, Bcl-2) B 4l g itk
B9 -2 A ¢ X & 11 (Bel-2-associated X protein,
Bax) i 401 1y 16 A 184 58 0 850 52 A y L0 TR -
la(peroxisome proliferator-activated receptor gamma
coactivator 1-alpha, PGC-1a) . fi# B¢ & A 3 (uncou-
pling protein 3, UCP3) . B-{# % & 1 (3-Tubulin) Ht {4
Ity B 37 Abclonal 23 & , AMPKa K H 4 51 Com-
pound C(CC) # 2tk AMPKa(p-AMPKa) . T 815
B [ F 1(silent information regulator 1,SIRT1)
Uik A EE CST A H .

1.1.2 e ACL6.0 LA fE FI 4 10% FBS
I DMEM/F12 }35 56T 37 °C 5% COREFA h 5%,
17 2 B %88 3K 70 %0 ~90 Yo Bl 42 BR 12 2 1 L A% X
1.2 SEWHE

1.2.1 CCK-8 k4 ml AC16 s Mm% 45 Fh
100 pLL 1 20 i 2 7 96 LA, BE 5% 24 h s, % 4%
20 240 6 35 A7 AR B b B L 24 bR AL CCK-8 1 T
10 pL W85 2 hs , H AR A0 5E 78 450 nm Ak 1 6
% & (optical density, OD) . i 8 LR 2 315 40 B
10 1 BTV A P = (S L ODfH — =5 1 4L

OD1E) /(X HEFL OD{H — 25 F14L ODA{E ) ] X 100% o
1.2.2 FRFVREF ZF &4 & M #F 509 ACL6
mpE N Hwm R 0.25.50.75 1 100 pmols
LAY B8 2 2 5 300 pmolsL ' AR A iR & 4.5 goL !
D~ %5 1 I [R5 40 o 24 h S CCK-8 92 46 1 41
JL3 M 5 16 5E 50 pmoleL ' g 5 2 SE R T
1.2.3 S%awm ¥ ACI6 LU BENL /> N 4
4 X} BRZH (Control 41 ) 1E % 15 9% , N AEAL B ; 18 iz %
21 (HES 41 ) 76 % B 41 35 5% B 5L Al 1 %8 in 50 pmol»
LB 2 &5 i B = BE 41 (high glucose and high lipid ,
HGHL 20 ) ¥ /in 300 pmol-L ' A5 # 2 5 4.5 gL~
D47 5 5 = 08 = g+ B 2 £ 44 (HGHL+HES 4)
FH 50 pmol-L ™" B2 F hin A 300 pmol-L ' #5 1H iR 5
4.5 gL' D~ % ¥ 5 &5 W= I + 8 2 R+ AMPK
0 ) 40 (HGHL+HES+CC 41 ) H 50 pmol-l !
#& Bz A 300 pmolelL 'BERE R 5 4.5 goL. ! D-H
HEE X CC.

1.2.4 @ LDH &R  41fd4E R T 96 fLAH , &
if BRSNS 32 AN R SR, A 150 pL
FH Wi 1R £h 2% w1 %% W (phosphate buffer saline, PBS) #i
B 10175 i3 ) & $2 At 9 LDH B iiatsn) , 5 1 h,
A3 SIS FLAY 35 W 120 pl, i A B — 57 19 96 FL AR
LB FLINA 60 u LDH KGN T AR, IR 2T, %5 iR
JE9% B 30 min, £E 490 nm Ak I 2 W% MR b i
Mt A A s i LDHE /7.

1.2.5 TUNEL # & ] PBS ¥ &b B 45 1 AC16
e APk 1k, 4% £ R HEE E 2 30 min,
PBS $E % 3K, 4K 5 min, il A % 0. 3% Triton X~
100 B PBS & ¥, Z 7 & 5 min, PBS VB 31K,
fm A 50 . TUNEL £l ¥ , 37 “C it & &
1h,PBS ¥k 3%, DAPTEF J 5 filf 36 38 42 W fl i
e 1 R AT

1.2.6 DHE#RA4 % & IESA UM, %5 PBS
Ve )5 L A 5 pmoleL ! DHE TAE# , T 37 “Cilt ot
I 30 min, PBS Pk 2 40 il % 18 K 45 & 1) DHE , #£
560 nm i 1 Ab i A 2R AR i BB AR IR A BRI A
i i Image J AR AFxf HoH 4k .

1.2.7 MDA SOD &t ml o ib B b 60 40 i 4%
MDA SOD il 328 71 5 156 B 45, 4 50 55 7 WA
TR G J5 I 22 A 2R i WO B2 (B 3 1 st 01
1.2.8 ATP4A 24wl b 3507 1) 4% 20 40 4% 16
BB T AW . BEREFH AT P AS I 24 A T AL B
R B U I TAE RN 15 5% 96 FLAR Al a2 4347 o
1.2.9 JC13RATEE  WUEESHYIM, 755758, PBS



5010 1 BT E  BEEE T AMPKa/SIRT1/PGC-1a 38 M0 3E B0 & i85 S0 AC16 O ILgR - - 1305

VERARM LU, A I mL B3 I mL JC 1 e T 98 hpui s (otks) Fom o 1EBE— B BGEH 0T AT,
W, FEMIRAT, T 37 C AR RS % CO B 7 A e 3l BRRE A K-SR 50 4 I B H ( E S P . A ) e
H 20 min, WRIR B, JC-1 Y (0 52 il Ve 2 IR . 10 25 5 B Al FH 2 A6 56, 22 A TR B30 11 b 5 i o
JIA 2 mL 555535, 78 488 nm . 560 nm i 1 &b FH 3 5 [H 2 J7 2270 B (One-way ANOVA) , % ] Tukey B 5
£ W N B I A IR 8 0 Image TR REAL . BRE., P<0.00R8REREAGHIT¥E L.
1.2.10 £ A4k ROS F & W 4 2440, K 20 Mg
55 pmolL. "' ) MitoSOX #£ 4t .5 pmol-L. ' i) Mito-
Tracker £ £ A1 5 pmol-l. ' Hoechst33342 4% ¥ & 2.1 ARREBEENSESEFSHOIAR
37 ‘CF #EOEEF 15 min, 4K 5 TG & 9 PBS ¥ k& FEAMEM  CCK-8Z5 B4R 1 4 41 AN [ e e A6 5 1
2~3 ¥, BK 3~5 min. f£405nm 488 nm.560 nm g g7 %2 F i AC16 4i i 24 h 5 , 25 pmoleL ! Al 50
WA A il AR B BB S B IR0 IR B ool R 2 R IR Je 2 % 2 2 e 2
Image J 5k . S Gt & X (P>0.05), 75 pmolsL. ! 1 100
1.2.11 Western Blot £ % 4B 3= )5 H pmolel. ' # Fz F& 5 X+ 40 AH b 40 Bt 7% Pk R AR
PBS YEU 2 00RO A RIPA ZEE W AL (P<<0. 05) (R TA) o 3 Sk B A i 90 592 6 245
i ) ) 24 B, AR A M R S A K L AT S B ACHEGE R 300 pmolel AR BRI A 4.5 gl !
fiff 150 . LM 5 2EAT @M B0 (12 000 remin ', 10 D-F 455K E AC16 41 i 2 FUBE FR e AR 00 48 0
min) , WA EIE W . BCA 2 5 il 5n) & i 2 F U, 5 0 RS A A K L 25~100 pmolL 5
HRIEEAWE., HAERR10% T MR R T W4 Y68 W48 5 4 M P (P<<0.01) .
B - YU I M E IE A UK (SDS-PAGE) JG ¥ 2= — 200 7R, 50,75 F1 100 pmolsL 48 fz 25 kb 3 41
PVDF & I, i fg 2F W5 & 1 h, im A —41(1:1 000) ) () 20 B3 M 2% 55 T ge 3 & 3 L (P>0.05) (K]
4°CHEE K. WHFRESWEEE =$0(1:10 000) %= 1B), A 3 8 50 pmoleL " E 0 5 2k 5256 A4+ i vk
HWE Lh)G , RAMAEECR AT . Image]  FF . [BEHE G52 W B S2 060 46 00 % B0, w0 4 25 i Ak 2
A 43 A7 B 1 4547, LA B-Tubulin N2 . FHIN T A0 R SR B LDH B9 R (P<<0. 001) 5
1.3 SitZ 54 1 SPSS &A% #4748 4 20 b A 117 50 pmolel ™ 18 iz 2 e Ab H AT 5 25 ALK o W s G 7
GraphPad Prism 10 K AHER, B PR L7 sc 8 509 LDHKF-Fh s (P<<0. 001) (1 1C) .
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105F 80f o 40f [
© e o
S 100p 2= =
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§ 90r = E
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5k 20 10
Y &S R SOy T e & &
S LSS N &o\ S N Qg’ € Qg)
ST W A CITSLFFHSFS - Sy T c
PY RY Y § S SY oY o
N oy B N \Q Q‘O
1 ¢ ZZHES HGHLA+HES

AL ORTRL e B B 48 B 3 (HES) T30 ACL6 4l it 24 h 5 40 i 3% Pk s B. R A1k 8 19 HES X @3 8l & s (HGHL) 5 %19 AC16
AR5 (520 5 CL 420 ACT6 4B LDH iy #3555 % . "P<C0.05,7P<C0.01,” " P<C0.001,ns. L& 2% 8 X ,n=6.
E1 AEREHYEREXNSESEFSHOINMERTEINZE

2.2 BEZRESHESEFSMNOIMESWL K HGHL-+HES 4 ¥ 1° % & HGHL 4 & % F# K
HMAAT DHE@ /R, 5% 44k, HGHL (P<<0.001) (K 2C .2D) ; b 4h , Western Blot 43 #7 &
2 B N ROS K P b 2 T i , B0 68 298 1y o, il B, HGHL 414 98 1~ 2 1 Bax K V58 4} B 41 & 3% Tt
HGHL+HES 41 ROS ¢ 5 B 8 HGHL 21 W] 2 ik i (P<<0.001) 1M Ht 4 1= 25 F1 Bel-2 7K 7 B 1 B A%
55 ( 2A 2B) ;R BF, TUNEL 42 {445 5 8 75, Con- (P<<0.001) , {8 HGHL+HES 4 Bax & 1 /K F %
trol 1 5 HES Ay 4l il i TR 22 R RSt & L, HGHL 2 . 3 F # (P<C0. 01) H Bel-2 % 114 /K *F ¥
B HGHL 20 ¥4 T 48 Jifg b f51] b 25 38 fin (P<<0. 001) , fii [\ FH(P<<0. 01) ([ 2E~2G) .
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D. 441 AC16 4lififl TUNEL B E. 441 AC16 4l ifd Bax Bel-2 2 11 ) Western Blot Kr il 25 5 s F. 4 41 AC16 411 it Bax A X} 25 1 % 5K

K5 G A2 ACL6 41 it Bel-2 A% 8 1635 K. DHE . TUNEL 3¢ (0455 . n=6; Western Blot 455 ,n=3;"P<C0.01, ""P<<0.001,
B2 FHEOINMBENEEFATER

2.3 BEZRESHESESSMO LR K
SN KNEBEBMARGREATPR Y A%
AR A A Y O R B MitoSOX K il & 3, 5
Control 4141 v , HGHL 4 #9 AC16 4 il MitoSOX 41
0, 58 St 3 B 5% 58 (P<<0.001) ; 1 HGHL-+HES 21
MitoSOX £ {8 5% 5t 5 B &b 3 9 2> (P<<0.001) (&l
3A3B) . AN B BR 43 M B8 L HGHL 41 MDA
T Control 41 3 T =5 (P<<0. 001) , SOD i 1 &
FH AR (P<<0.001) ;1 HGHL+HES 41 MDA & &
B HGHL 4 i # FAK (P<<0. 001),SOD i 1 &4 [1]
FH(P<<0.001) (E 3C.3D) o JC-1 Yoo PFAk 2R A 4 it
H, 7 78 Ak 1 &5 R R, HGHL 20 AC16 28 Jfd 1) 21 5,
26 (JC-1 R G W, W A7 1E bR ik ) 5 & 8. 298
(JC-1 H A, o 7 B AR b ) 53 3 FE (B %8 Control 41
i F B (P<<0.001) ; HGHL+HES % % I {8 %%
HGHL 48] & -7+ (P<<0. 001) (&l 3E.3F)., X441
0 ATP K40 B 7R, 5 Control ZHA4H e, HGHL
H ATP KT ;5 HGHL 41 b %, HGHL+HES
4 ATP KT (P<<0.001) (] 3G) .

24 BEZLRASHEEFTSHNONAR
AMPK/SIRTI/PGC-1la B BEHXER M EU
GEU R R e F AT O T AMPKo 8 5 41 i

EAL N B N . 3T, AR SR i 53 Western Blot
ST 5 A U0 R e 2R AE v R e BE U5 R I AC 16 4 Y ok
BRAMLM WG S, SR BR, 50 A M
I, HGHL 41 # # ik ft AMPKa (p- AMPKa)/ &
AMPKa(t-AMPKa) HAEFE K SIRT1 2 PGC-1la
1263k 7K 1 35 R B (P<<0. 05) 5 5 HGHL 414
. ,HGHLA+HES 4 ) p-AMPKa/t-AMPKo T} 5 .
SIRT1 #il PGC - la % 1 % ik K F & ¥ Jt

.
=}

=)
(P<C0.05) 5 [\ B}, % i AMPK 0 #l # J5 , 5
HGHL-+HES 4 # & , HGHL+HES+CC 4

p~AMPKa/t-AMPKa [#{% \SIRT1 fl PGC-1a % 1
FAR A B REAR (P<<0. 05) ([ 4) .

2.5 BEELASHSEFSHNOALZMEUCP3
AE PEHE", UCP3 5 AMPK/SIRT1/PGC-
Lof 38 B B VIAHOC . ik — DR 5008 | R 2
e AR G IR S 00 UL AR SR I A AL, AT 5T
i 1 Western Blot &l T UCP3 Ay ik K., &5
WoR, 5 X R M, HGHL 40 /9 UCP3 /& 1 £ ik
K FE T M (P<<0.05) ; 5 HGHL 41 #
HGHLA+HES 241 1) UCP3 % 11 % ik K F 5. % 7H 5
(P<<0.05) ;T HGHL+HES+CC 4 i UCP3 7k *F
W HGHL+HES 4 AL (P<<0.05) (& 5A .5B) .
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