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Costunolide Reduces Doxorubicin-Induced Cardiomyocyte Injury
by Inhibiting Mitochondrial Apoptosis and Autophagy

WU Yu'*, LUO Zhi', HU Chunhua®
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*Department of Obstetrics, Mianyang People’s Hospital, Mianyang 621000, China)

Abstract This study was to investigate the protective effect and mechanism of Cos (costunolide) on DOX
(doxorubicin)-induced cardiomyocyte injury. In cell experiments, H9C2 cardiomyocytes were divided into normal
group, model group, low-dose group, medium-dose group and high-dose group, and DOX was used to establish in-
jury model. EDU was used to detect cell proliferation activity; flow cytometry was employed to precisely measure

the apoptosis rate of the cells, while immunofluorescence staining was utilized to accurately detect the expression
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of LC3 protein, providing valuable insights into the cellular physiological state. In the animal experiment, a total
of SD rats were randomly allocated into five distinct groups: Ctrl group, Model group, L-Cos group, M-Cos group,
and H-Cos group, with ten rats in each group. The cardiac function parameters of these rats were measured. Addi-
tionally, HE staining and Masson’s trichrome staining were employed to examine the pathological alterations in the
myocardial tissue. Western blot was meticulously employed to detect and analyze the expression levels of proteins
that were closely associated with apoptosis and autophagy processes, aiming to uncover the underlying molecular
mechanisms in the studied biological system. The number of autophagosomes in mitochondria of cardiomyocytes
was observed under electron microscope. (1) In the cellular experiment, the proportion of EDU-positive HOC2 cells
in the model group was notably decreased compared with that in the normal group (P<0.05). The rates of apopto-
sis and the fluorescence intensity of LC3 experienced a significant elevation (P<0.05). Compared with the model
group, the EDU positive rate of H9C2 cells in the low-dose group, middle-dose group and high-dose group was sig-
nificantly increased (P<0.05). The apoptosis rate and LC3 fluorescence intensity were significantly decreased in a
dose-dependent manner (P<0.05). (2) In animal experiments, compared with the Ctrl group, LVESD, LVEDD, p53,
Bax, and Bnip3 protein expression, LC3-1I/LC3-I ratio, and the count of mitochondrial autophagosomes within car-
diomyocytes were notably higher in the Model group (P<0.05). LVFS and LVEF, along with the protein expression
levels of Bel-2 and P62, were significantly reduced (P<0.05). Compared with the Model group, LVESD, LVEDD,
p53, Bax, and Bnip3 protein expression, LC3-II/LC3-I ratio, and the number of mitochondrial autophagosomes
in cardiomyocytes were significantly decreased in the L-Cos group, M-Cos group, and H-Cos group (P<0.05).
LVFS and LVEEF, Bcl-2 and P62 protein expression levels were significantly increased in a dose-dependent man-
ner (P<0.05). Cos can inhibit the process of excessive mitophagy in cardiomyocytes, block the apoptotic signaling
pathway, enhance the metabolic activity of cells and reduce the degree of myocardial fibrosis, and ultimately im-
prove cardiac function and effectively resist DOX-induced myocardial toxic injury.

Keywords  costunolide; doxorubicin; myocardial cell injury; apoptosis; autophagy
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Table 1 Comparison of proliferation activity of H9C2 cells in each group

2053
Group

EDURATE#/%
EDU positive rate /%

Normal group
Model group

Low dose group
Middle dose group
High dose group
Rapamycin group
F

P

49.95+5.06
15.73£2.41*
26.214£2.26*"
34.82+3.93%
41.58+2,10%%44
28.01+2.16%*
44326

<0.001

n=3,xks. *P<0.05, HIEW A, *P<0.05, HHETALLEL; ©P<0.05, SIEFAIEAHE; 4P<0.05, 5 iR LLE “P<0.05, 55 sl 4l L.
n=3, ¥+s. *P<0.05 compared with the normal group; “P<0.05 compared with the model group; ©“P<0.05 compared with the low dose group; 4P<0.05

compared with the middle dose group; “P<0.05 compared with the high dose group.

Normal group

Model group

Low dose group

Middle dose group

High dose group

Rapamycin group

Fig.1

DAPI EDU Merge

25 pm

25 um

25 um

25 um

E1l &KLAHIC24HAEETEEMAIELEL

Comparison of proliferation activity of HOC2 cells in each group
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Table 2 Comparison of apoptosis rate of H9C2 cells in each group
4151 I T %
Group Apoptosis rate /%
Normal group 3.35+0.27
Model group 19.17+£0.39%*
Low dose group 15.99+0.28*
Middle dose group 12.12+0.63*%
High dose group 5.64+0.30*"4
Rapamycin group 11.13£0.22%%Y
F 482.352
P <0.001

n=3,¥ts. *P<0.05, 5IEHHLE; 'P<0.05, HHAH L ~P<0.05, SIEFIEALLES 4P<0.05 Sl B4 e ¥P<0.05, 5 FI A LLE .
n=3, X+s. *P<0.05 compared with the normal group; *P<0.05 compared with the model group; “P<0.05 compared with the low dose group; #P<0.05

compared with the middle dose group; " P<0.05 compared with the high dose group.

Normal group Model group Low dose group
10° 3 10°3 10°3
iF1 F2 iF1 F2 3F1 F2
1 0.50% 1.30% 1232% 9.63% 1420% | 22.10%
10°7 1073 1073
=103 £ 10 2 10'
- [F4 ]
| 3:30%

ETA

1004

107

100 100 10 10° 10°

100 100 10° 100 1o 100108

Annexin V-FITC Annexin V-FITC Annexin V-FITC
Middle dose group High dose group Rapamycin group
103y F2 10°3F F2 107357 2
1 2.60% | 7.40% 1 2.90% 3.90% 1 249% | 3.56%
10%3 10773
~ 101=; *”\ ~ = 1011; g st
/34 ) e p— 2
1004 - 774 . 2.60% 1004 82.78% | 11.17%
100100 100 10° S0 100 100 108 100100 100 10°
Annexin V-FITC Annexin V-FITC Annexin V-FITC

E2 HHEHIC2HMAT LR
Fig.2 Comparison of apoptosis rate of H9C2 cells in each group
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A, KB AT YES B 50 A T UL . AT Model
2H, L-Cos#H. M-Cos#H }2 H-Cos#H 78 14 41 Mo 3z I 72
PR, MY K5 7 MAR DB P 0, IR R 4F
Yo 2N R . WS,
2.6 AREFRWEEXIPE RMA AR O EAET
SR

5 CtrlZH A B, ModelZH K B ) p53F1 Bax 25 [

Tk K BERN, Bel-24 A R iE K B3 AL
(P<0.05). 5 Model41AfiLt, L-Cos4l. M Cos4i
AT H-Cos#L K B 1 p53 A1 Bax 25 [ ik 7K 1 & 35 %
i, Bel-28 A REACF B 0, H 257 & 0o
(P<0.05). WL.3&5. K6.
2.7 KRERWEEXT S R4 KR O 4HRaLE R
A EERRFZ 0

5 CtrlZHAH Lt , Model41 K B (1) LC3-1I/LC3-I{H
A Bnip3 £ H 2358 7K1 B A O WL i 2 67 4 15 W A
B H BEG N, P62 1Rk /K i3 FEIK(P<0.05);
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Table 3 Comparison of the number of autophagosomes and autolysosomes in H9C2 cells of each group

415 /A8 B 7 i A B
Group Number of autophagosomes Number of autophagic lysosomes
Normal group 1.89+0.10 1.75+0.09

Model group 7.15+0.12% 8.32+0.21*

Low dose group 6.46+0.23%* 7.73+£0.22*%

Middle dose group 4.6240.27* 4.8240.23*%4

High dose group 3.81£0.23%%44 3.70+0.19*44

Rapamycin group 4.3940.21%" 4.554+0.25%4Y

F 260.511 440.347

P <0.001 <0.001

n=3,Xs. *P<0.05, 5IEH A HEL ©P<0.05, S ELES; 2 P<0.05, SRR A ELEL; 4P<0.05, 59l R4 7P<0.05, 5 @il R4 E.
n=3, ¥ts. *P<0.05 compared with the normal group; *P<0.05 compared with the model group; “P<0.05 compared with the low dose group; 4P<0.05

compared with the middle dose group; “P<0.05 compared with the high dose group.

Normal group

Model group

50 um

Low dose group

Middle dose group

High dose group

50 um

Rapamycin group

50 um

E3 AERABEXERFSHIHIC2HAE BRI

Fig.3 Effect of costunolide on adriamycin-induced autophagic flux in H9C2 cells

*4 BEKRFEOBEINREIEARAIELEL

Table 4 Comparison of cardiac function indexes of rats in each group

f‘rﬁﬂp LVESD /cm LVEDD /cm LVFS /% LVEF /%

Ctrl group 0.2740.01 0.49+0.05 40.03+1.64 82.61+4.02
Model group 0.78+0.05%* 0.97+0.07* 17.96+0.81* 39.97+2.49*
L-Cos group 0.65+0.03*" 0.814+0.06*" 22.15+0.99*" 48.93+3.16%*"
M-Cos group 0.49+0.04"4 0.64+0.05**4 27.59+1.37%% 61.46+3.52%4
H-Cos group 0.31+0.02%44 0.53+0.03%44 37.11+1.86"4 75.34+4.12%44
F 431.818 139.653 463.425 254.938

P <0.001 <0.001 <0.001 <0.001

n=10, ¥%s. *P<0.05, 5CtrlZH LLEL; "P<0.05, 5Model4LAHLL; #P<0.05, 5L-Cos#LLLEL; 4P<0.05, 5M-CostH L.
n=10, ¥ts. *P<0.05 compared with Ctrl group; *P<0.05 compared with the Model group; “P<0.05 compared with the L-Cos group; #P<0.05 com-

pared with the M-Cos group.
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Ctrl group Model group L-Cos group M-Cos group H-Cos group
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Fig.4 Effects of costunolide on cardiac function in adriamycin-injured rats

Ctrl group Model group L-Cos group M-Cos group H-Cos group

7 ——

[sa)
T
g
2
%
2 = 18 - N t
: = —yY 3 ;
Es ARERAEEXERRAARCIRET LS
Fig.5 Effects of costunolide on myocardial pathological changes in adriamycin-injured rats
5 SHEKRNRMATHEXERREKFENLE

Table S Comparison of expression levels of apoptosis-related proteins in rats of each group

ZH
A pS3 Bax Bcl-2

Group
Ctrl group 0.33+0.03 0.22+0.03 1.41+0.12
Model group 1.28+0.10* 1.25+0.09* 0.21+0.01*
L-Cos group 0.95+0.08** 0.99+0.07** 0.38+0.04**
M-Cos group 0.68+0.05*" 0.70+0.06*"4 0.67+0.04*%
H-Cos group 0.40+0.03*#24 0.40+£0.0*#04 1.10£0.11%#24
F 375.773 462.225 416.493
P <0.001 <0.001 <0.001

n=10, ¥ts. *P<0.05, 5Ctrl41 i “P<0.05, 5ModelZLAALL; #P<0.05, HL-Cos HLEE; 4P<0.05, 5M-CosifItl .
n=10, ¥+s. *P<0.05 compared with Ctrl group; “P<0.05 compared with the Model group; “P<0.05 compared with the L-Cos group; #P<0.05 com-
pared with the M-Cos group.
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Fig 6 Comparison of the expression levels of apoptosis-related proteins in each group of rats
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6 FHRREOHLLARL R B IR X & B RAK B BRI ELR
Table 6 Comparison of the expression levels of mitochondrial autophagy-related proteins and the number of autophagosomes
in myocardial cells of rats in each group

5 AR

GerJJp LE3-INLES P62 Bnip3 Eufltifa autophagosomes
Ctrl group 0.23+0.02 1.59+0.13 0.19+0.02 0.49+0.06

Model group 1.19+0.08* 0.20+0.01* 1.43+0.12% 3.19+£0.21*

L-Cos group 0.96+0.07** 0.37+0.02** 1.08+0.09%* 2.63+0.23*"

M-Cos group 0.60+0.05% 0.65+0.06* 0.82+0.06** 2.01+0.24%*

H-Cos group 0.30+0.03**4 1.10£0.09*44 0.410.04%44 0.85+0.09*4

F 570.298 549.777 444359 396.717

P <0.001 <0.001 <0.001 <0.001

n=10,¥ts. *P<0.05, 5CtrldH L “P<0.05, 5 ModelZHAH LE; #P<0.05, HL-Cos# L 4P<0.05, 5M-Coshli Lt
n=10, X+s. *P<0.05 compared with Ctrl group; *P<0.05 compared with the Model group; “P<0.05 compared with the L-Cos group; 4P<0.05 com-
pared with the M-Cos group.
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A: comparison of the expression levels of mitophagy-related proteins in cardiomyocytes of rats in each group; B: comparison of the formation of mi-
tophagosomes in cardiomyocytes of rats in each group. Red arrow points to autophagosomes.
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Fig.7 Effect of costunolide on mitophagy in adriamycin-injured rat cardiomyocytes
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