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[ Abstract ] Objective  The clinical application of doxorubicin ( Dox) is limited by its dose-dependent
cardiotoxicity. This study was established to elucidate the mechanism by which Quercetin ( Que) acts in Dox-induced
cytotoxicity. Methods Mice were randomly divided into a Con group, Que group, Dox group and Dox-Que group.
Neonatal mouse cardiomyocytes were isolated and randomly divided into a Dox-Vehicle group, Dox-Que group, Dox-Que-SB
group, Dox-SB group and Dox-3 MA group. Cell viability was detected by CCK-8 kit, while ATP content and ROS
production were determined simultaneously. In addition, Western blot was used to determine the expression of mitophagy

marker proteins. Results In vivo studies confirmed that Que can reduce Dox-induced cardiotoxicity by inhibiting

[E£TBE ] HEKAKRFHEIES (81870216) .
[EER N ]FLL(1983—) , 2 WS T5 1) o D UEST . E-mail ; guo_hongxj@ 126. com
[EEMEE ] 45 (1984—) 5, B EAEEEH, Wit , BFIE 7 16 LWURS . E-mail ; bohua0O1@ 126. com



2 HE A R A

202247 ASE 3R EE 7TH  Chin ) Comp Med, July 2022,Vol. 32,No. 7

mitophagy and reducing myocardial fibrosis. In vitro studies showed that Dox treatment significantly reduced the cell activity

of neonatal mouse cardiomyocytes and ATP content, increased ROS production, and significantly activated mitophagy ( P<

0.05). Que pretreatment alleviated Dox-induced cardiomyocyte injury by inhibiting the activation of mitophagy while

reducing ROS production and increasing mitochondrial ATP content. Our study further confirmed that the inhibitory effect of

Que on mitophagy was mediated by the Pinkl/Parkin-dependent signaling pathway, and that SB treatment partially offset

the protective effect of Que on Dox-induced cardiotoxicity by activating mitophagy. Conclusions

Que can inhibit Pink1/

Parkin-mediated mitophagy activation, promote ATP production, reduce ROS production and alleviate Dox-induced

cardiotoxicity.
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50 mg/kg Que HEHALFE 1 A Bl G FE K LA 3 mg/kg
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pmol/L SB 4b3 24 h,
1.3.2  FLELOMUR A L0 2 35 5

KH Pierce JFAR O LANAE 3 25 A &0 5 1~
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Que JGYT 4L /N B O LIRS 285 T L AL &7 4t 1 & (1A
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Parkin {9 R B 1 (P<0. 05) , PR3P /NELC L
AP Dox 520 M EE M
2.3 Que/SB Xf nmCMs #AffiE S 5% LDH & 1EHY
=AU

&l 3A fit7n, 10 wmol/L Dox 43 6 h 7] UL 41
WL3E S1 8 R A Dox 5 Que 2H 5 FRAK, A 20
pmol/L THAL IR 5 | WI b 25 15 fin 48 L % J LA3s % Dox
2R A A0 EE MRS (P<0. 05) | T Que B &b I
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T A Que 4 Dox S0 AL SUB A R A AL, LFR HE Yo, F I 275% Masson Y468 B..O ILAN A R T AL, C o0 A7 4
LK D ROS K B BB R  FLATP A, SXIIRAMLL, * P<0. 05; S5Hit & Z4AMIL, *P<0.05,
1 Que AL EWER Dox BN HiAl, FRAK ROS A2 i 5 L8 MMP ATP & (n=5)

Note. A, Effects of Que on cardiac morphology and fibrosis in Dox-induced cardiomyopathy. The upper panel represents images with HE staining,

the lower panel indicates cardiac fibrosis with Masson’ s trichrome staining. B, Cardiomyocyte cross-sectional area. C, Cardiac fibrosis area. D,

ROS level. E, MMP production. F, ATP content. Compared with Con group, *P<0.05. Compared with Dox group, *P<0. 05.

Figure 1 Que treatment significantly attenuates Dox-induced cardiotoxicity, reducing ROS level and

increasing MMP and ATP content
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Con Que Dox Dox-Que Con Que Dox Dox-Que Con Que Dox Dox-Que
TE: A Western blot %J A [7] 2 A9 U ML 2R 1 PR 2E 45 2047 ; B~ F: Beclinl | Pink 1 Parkin P62 il LC3 B3Rk, SXTIRAAALL, " P<
0.05; 5t R AL, *P<0.05,
2 Que XU NUHBUHZRLAA A Wb S 1 RIB R (n=3~5)
Note. A, Representative protein images by Western blot from different groups. B ~F, Expression of Beclinl, Pinkl, Parkin, P62 and LC3.
Compared with Con group, * P<0. 05. Compared with Dox group, *P<0. 05.
Figure 2 Que alleviates mitophagy marker protein expression in myocardial
B C
1.2 60 . 1.2 -
gg 0.8 # 40 o8
= E *
23 2=
53 04 ﬂﬂ 20 ’_Y_”Ll[ 88 o4
o T T T T 0
+ [ 2 Dox 10 umol/L +  + 72 Dox 10 pmol/L o T o
- 4+ = 10 20 20 20 {72 Que pmol/L - - 10 20 20 20 i3 Que pmol/L o B2 ?H\.'iMI W
Vechile SB
TE:A:Dox #1 Que X AHAEIE J1 (150 ; B : Dox Fl Que %I LDH (&£ 1¥ 520 ; C: SB(SB-203580) X 4RI J1 (150, 53 IMALM L, "P<0.05;

S ZRAMIL, *P<0.05,

3 Dox,Que % SB X} 4jfii% 15 LDH fy

1S4
w

M (n=3~5)

Note. A, The effective of Dox and Que on cell viability. B, The effective of Dox and Que on LDH activity. C, The effective of SB on cell viability.

Compared with Vechile group, "P<0. 05. Compared with Dox group,

#P<0. 05.

Figure 3 Effect of Que, Dox and SB on cell viability and LDH activity

YRR I A R I A& B8 (& 3B) , Dox A 5
LDH ¥ B () 2 3480, A 20 pmol/L Que J& LDH
WA A Dox J&5 .35 FEAIK(P<0. 05) , {H 3 Ff
FEAR B IF AR Que WREEXG NN AE . BL4M,SB M
T A BRIF A IS nmCMs NS F1 (18 3C)
2.4 Que/SB X Dox ST nmCMs 4l i1 ROS 4
B MMP B 2RIk ATP & 5 2 8200

Kl 4A Frs , AT Dox 4, Que FiAL BT I,
AT LDH &5 (P<0.05) , 1M SB AN AU/ 4K T8

7 Que X LDH & PP 6l /5 H (P<0.05) . 4n &l
4B 7~ , 5 Dox ZHAH FL 3, Que THAL B ] i 25 [ AR
LRk ROS A= B, 17 SB WIFEAR T Que X ROS A= %,
FAMEI/EF (P<0.05) , B3l A SB 2 WL Dox Ab
AN ML ARAR ROS A= piAT 8 25 AR

AN 4C 4D) RIS S5 44T 4 MMP &2
ATP & B9 I % B, Que 51 4L B AT i 2% 14 Fin
nmCMs Zi/fd MMP 2 ATP 4 i ( P<0.05) , 1 SB A]
HBAMHETE Que XF MMP 2 ATP A= AR #E1E F ( P<
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0.05) . SB X Dox Zb ) nmCMs 4 il MMP 2 ATP
A B A D A
2.5 Pinkl/Parkin &k HI &R K B EXT Dox 5] %
KR SEREEEZENRATIER

WE 5 Frzs, nmCMs 41 143 51 LA Dox | Que 1{
SB AbHS , XA [ WA OCE AR TN & BE, Dox
Al S Pink 1/Parkin A2 SRR A W, 5 S
A4S, LA Que FHAL BRI ] 340 HETH Dox 75 5 1Y

AN XM O A PR T e 0 R ZORL AR 3 Y
ML B A . 1 SB W 3E i3 € 3 Pink1/Parkin
WG 2RI G 25 Que X Dox 75 A 41 7 1 A
TRAVET . AL, St SRR 3 e il 7] 3 MA Ak
H nmCMs A5 %3, Que Sz 3 MA 4 A] 2 25 1l
Dox 75 ZRL A F W, B LA M54 (181 6)
#2718 Que HIEHT Dox 75 T 1Y 40 M 75 R 2 38 i Pink1/
Parkin X 9 LR B WESZELRY

A B C D

60 1.5 60 *

a
S
°

LDH activities
Skt
ROS level

SUBYIRATES (UL)
e

NS
B got
¥

VE: A FLRR L EURGIE M 5 B ROS /KOF; C ZRRIIARE A7 A D ATP B i, SFUEERALMLL, * P<0.05; 5P R-Ml i RAMIL, *P<0.05,
E 4 Queilid %7 LDH ROS MMP f ATP & #4EHT Dox W3OS (n=3~5)
Note. A, LDH activities. B, ROS level. C, MMP production. D, ATP content. Compared with Dox group, * P<0.05. Compared with Dox-Que
group, *P<0.05.
Figure 4 Que protected nmCMs against Dox-induced cardiomyocytes injury via regulating LDH level ,
ROS level, MMP and ATP content

Parkin I -— —— . m——
T [——
i3
actin | ——

LC3IL
LC3I/LC3I

T A Western blot XA R4 f9fRFe M2 141 R IEAT /397 ; B~ F: Beclinl  Pink 1, Parkin P62 il LC3 Y1k, SBUERHAMIL, " P<
0. 05 ; 5 85 3% -k RALMILL, " P<0. 05,
B 5 Que @il M Pink1/Parkin /S HYLORAK A W, Z2f# Dox 1755 9.0 WUANE I (n=3~5)
Note. A, Representative protein images by Western blot from different groups. B ~F, Expression of Beclinl, Pinkl, Parkin, P62 and LC3.
Compared with Dox group, *P<0.05. Compared with Dox-Que group, *P<0. 05.
Figure 5 Que protects mitochondrial hemostasis by inhibiting Pink1/Parkin-dependent mitophagy against Dox-induced cardiotoxicity
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2 A Western blot XA [R14H AR M55 14 14 6177347 ; B~ F: Beclinl | Pink1 Parkin P62 1 LC3 f5E15, SERAMIL, * P<0.05,
6 Que & 3 MA ¥yu] B 20 Pink1/Parkin /S AILRIAK 1, 2% Dox ¥ M. WARMHI (n=3~5)

Note. A, Representative protein images by Western blot from different groups. B ~ F, Expression of Beclinl, Pinkl, Parkin, P62 and LC3.

Compared with Dox group, * P<0. 05.

Figure 6 Que and 3 MA significantly inhibited Pink1/Parkin-dependent mitophagy against Dox-induced cardiotoxicity
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ATP & B 38 ke ey, FRATT B iF 5% 45 SR ik
52, Pink1/Parkin -5 B9 26k K H WA B T Que £
NGO IR RE I KT Dox 75 1.0 WLEEE , T
FlE R 2R e 2%

Dox 755 1O WLV FEEHLH 2 —1F 5L ik
DIfeREfs A ¢, SN ROS 3 TFN S AL 3
2ok AR AN I B2 52 T Dox J5 3245 fi ™ 5 A4 200 it P 41
Muds , IR Dox R B EE N K Z — 2 5.0
RE B 2RI 856 0%, J5 3 C AT A RR 2R R 1)
ghH ThAE RERACM AN AE I Y L RATAIE S
UESE, Dox 5 1 W 35 FEARLO WLZH 21/ 41 i ATP %
I IMZE R ROS A2 B, 11T Que THUAL 3 AT 38 43 34
INERLAAR ATP 2R i S BRI ROS A2 iUAKHT Dox 55
1 05 o (TN 3 e e -

SRR F R — A HE AL ORST 0 240 i R R
ZERIIBER L AR LRI, LA AR 3R 2R Tl BE
A1, Pinkl & 2001 4F R HLIY—Fh 22 &R/ 8
TR W, RN S S A — A ORI B 1) S
( mitochondrial targeting sequence, MTS) , £ 5 J 4%
¥35, ( transmembrane domain, TMD) 5% 11 if 7 7E —
AN FR R R AR & 1 {5 5 (outer mitochondrial
localization signal, OMS) , Parkin J& 1998 4F & B f)
— B E3 2 RACE NG, 40D RE I TN B T 2R
PRNAT DD ) AR R [ A | Pink 1 1 2L 2
FRAEAKF, 78 40 B 33 475 B Pink 1 D) AR 2R F 2ok 1k
HMNBEFE L HP AR ZE Parkin T2 A DT 980S £k
REA T Pink 1 AR LA AR IR 200 =R 2
Pyt v B 1 SRR BUR SCHEVE Y . Lk
AR T e 4 ) X6 T MR ) B 98 1 K B L % s 45 43
RIERERKEZ, WAL UBISE)S , Parkin 4 AU 2K
KR B X O ME B A PR E T, B = Parkin (197N B
XU LA A B R, I O Uk v R R R T B 57
A —T0URE 55 & W, Pink 1/ Parkin 38548 A4 3806 7T 9 35
LRI A W YU REAE S 80RO D RERUG Y L
b, Pink/Parkin /1 S HUZRLIK F W 575 5 Dox 55
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O 121 62 T B AR v I o TR L NE 3D
P XRC R DR ) 44 A SEEAE A FRATAHE
FEAESE , Dox 155 0] 0 5 BTG 2ok A [ g, B R4k
BAK [ WEFR S  Pink1  Parkin M LC31T B340
il P62 B G 1, Que THAL BRI i 3 FEAIK Pink1 |
Parkin , 2 LC311 B35 51500 P62 i MKk &,
$E7R Pink1/Parkin /- 5 (9 20K A WEFE Que HKHT
Dox 5 S GRS A R s EE M,

Que JE—F R Z ML &Y, FERE T &&=
F5 . Que CHOUEMAX AR RG24 5 MIEH,
ALFEAEC M4 2R 48 Q0o JUE %) 46k 1L P82 33 (ischemic
reperfusion, I/R) 45 B B AR e o
Que X BIRAZ590155 T 1000 F 5 P sl A 2 AT .0
FE 75 P P b/ P 3 2 3 o e Sk Bt R AVE 3K
B HLE AR Z BIRIFFE UE S, 76 X WG 25 s
5T R & B, 7455 Dox F/il 5~7 d TR Que, AT 3
SR m A DRG0 WLRE P 20 1T 0B O Th B 4
TEXT SD KR A 2 B Dox JR97 A8, 78
FRIT T 15 d IFAE A7 1 E) R BB H 257 v R
Que , A Iip 5 B AV 1t it JUL IR 384 1 1) T it ( CK-MB ) 11
FLR M U ( LDH) 7K L), AP Dox 512 A0 2
REIG Y L BATAIFGT R, Que TIALHHTT LA
Dox 5519 ROS AE i3 hin K e i i ATP A
AR, Que FC ILER 4P/ FH A5 IE 55 5 22 fif Sk 1A D)
REif B AT A OCHED™ ) FRATAEIF 5T b & B,
Dox ] 75 .0 L2 20/ 41 i 28 i 1A 1 W3 A DG 28 1
Pink1 Parkin & LC3 [U#IG 5 P62 TEPEFEAK, Que
TAL PR 5 RT3 2%/ Dox AR, Pink1/Parkin
M ) SR A L I BT DR AP 2R A D) R f 32
Dox 753 (14 40 B 25 1 5 40, 17 3 DR 4V A nT e 2
A [ RS ) SB MR

FATHI W78 45 FAESL, Que X Dox 375 1.0 L
BEPE R R VE A LW e i R 1 R AL il 2 3
S Pink 1/ Parkin 4K # A0 26 604 5 W5 52 B0 A,
SB AR AT B4 HETH Que MIPRYEH, H 3 MA 5
Que AbFH A T f 25 B2 IGO0 JUL 200 A e A A4 1 I
I, Pink1/Parkin 45 A £ RLAA B 1T GE N Dox 15
SO WLEEPERE RIS, LA, T Que Sk
VB2 HO T35, % Que B0 WUR 3 4E FH A7
AWFFE A3 B IR LR 2540 Dox 5 1R 1.0 WL E:
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