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Abstract

Background: Cardiovascular disease is associated with high morbidity and mortality. Doxorubicin (DOX) is an effective adjunct to
cancer chemotherapy but leads to cardiovascular-related side effects. Because coenzyme Q10 (CoQ10) has been shown to protect against
cardiac damage, this study was conducted to investigate the protective effects of CoQ10 against cardiac damage in mice. Methods: We
randomly divided six-week-old male C57BL/6 mice into four groups: control (n = 7), CoQ10 (n = 7), heart failure (HF) (n = 7), and
HF+CoQ10 (n = 6) groups. HF group was induced via intraperitoneal injections with DOX (5 mg/kg) once weekly for 4 weeks. CoQ10
was solube in corn oil. The mice of CoQ10 and HF+CoQ10 group were given CoQ10 (100 mg/kg) once a day for 8 weeks. All mice were
subjected to different treatment regimens for eight weeks. Metabolic characteristics, cardiac damage, oxidative stress markers (SIRT1,
SIRT3, eNOS, TE, P53, SIRT5, CAT, HO-1, and SOD), energy metabolism markers (PARP-1 and PPAR-γ), myocardial fibrosis markers
(Smad3 and TGF-β), and apoptosis markers (BAK, BCL-XL, and caspase-8) were analyzed at eight weeks after the different treatments.
Results: CoQ10 reduced the levels of molecules related to cardiac damage, oxidative stress, energy metabolism, and myocardial fibrosis
in mice with doxorubicin-induced HF. CoQ10 also exerted anti-apoptotic effects in HF mice. Conclusions: CoQ10 may be useful for
preventing cardiac damage in DOX-induced HF.
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1. Introduction
The American Heart Association/American College

of Cardiology guidelines define heart failure (HF) as “a
complex clinical syndrome that can result from any struc-
tural or functional cardiac disorder that impairs the ability
of the ventricle to fill or eject blood” [1]. HF is a global epi-
demic disease; although many treatments for HF have been
developed in recent years, the mortality rate remains high
[2].

The deaths of cancer survivors are typically at-
tributable to cardiac-related factors [3]. Doxorubicin
(DOX) belongs to the anthracycline class of drugs and is
widely used in chemotherapy for various cancers, such as
stomach cancer, breast cancer, and lung cancer [4,5]. DOX
causes cardiotoxicity as a side effect and is widely used
in animal studies to induce HF [6,7]. Oxidative stress,
lipid peroxidation, apoptosis, and autophagy disorders are
thought to be major factors associated with DOX-induced
cardiotoxicity [7–9]. HF is an important cause of high mor-
tality, high morbidity, and poor quality of life. However,
drugs that can reduce the cardiotoxicity of DOX are lack-
ing.

CoQ10 is a major cofactor involved in oxidative phos-
phorylation in mitochondria [10]. CoQ10, one of the syn-

thetic antioxidants in the body, was the first drug used to im-
prove mortality related to cardiac disease, reducing deaths
by 50% [11]. CoQ10, which exists in oxidized ubiquinone
and reduced ubiquinol forms, is produced in various tissues,
most commonly the cardiac, kidney, liver, and muscle tis-
sues [12]. CoQ , an intermediate state of CoQ oxidisation
“ubisemiquinone”, is also ubiquitous and present in all tis-
sues that have mitochondria [13]. CoQ10 is safe for treat-
ing cardiac failure and reducing major adverse cardiovas-
cular events [14]. Furthermore, Khan et al. [15] found
that CoQ10 protects the cardiac tissue of apoptotic mice
by downregulating apoptosis-related genes. Additionally,
CoQ10 relieves cardiac damage caused by hyperlipidemia
[16]. It is consistent with the beneficial effects of other nat-
ural compounds such as quercetin and ascorbic acid and
has great potential as a heart protectant in cancer patients
[17]. However, the mechanism by which CoQ10 attenuates
DOX-induced cardiotoxicity is unclear.

This study was conducted to determine the effect of
CoQ10 on DOX-induced cardiac damage. Our findings
improve the understanding of the mechanism and effect of
CoQ10 in DOX-induced HF.
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2. Materials and Methods
Six-week-old male C57BL/6 mice were purchased

from Liaoning Changsheng biotechnology CO, LTD
(Liaoning, China) and mice were allowed to adapt to one
week. All mice were randomly divided into four groups
as follows: a control group (n = 7), a HF group (n = 7), a
CoQ10 group (n = 7), a HF+CoQ10 group (n = 6). Four
groups mice were housed in a room under diurnal light-
ing conditions with a controlled temperature (24 °C). HF
group was induced via intraperitoneal injections with DOX
(5 mg/kg) once weekly for 4 weeks. CoQ10 was solube in
corn oil. The mice of CoQ10 and HF+CoQ10 group were
given CoQ10 (100 mg/kg) once a day for 8 weeks [18].
Mice in all groups were fed the appropriate diet for eight
weeks. Blood samples were acquired from eyeball blood in
serum tubes and stored at –80 °C until use. Heart tissues
were fixed in 10% formalin and embedded in paraffin for
histological evaluation. The remaining heart tissues were
snap-frozen in liquid nitrogen for Real-Time Reverse Tran-
scription Polymerase Chain Reaction (PCR) orWestern blot
analysis. All animal experiments were performed in accor-
dance with the Guide for the Care and Use of Laboratory
Animals and approved by the Ethics Committee of Dalian
Municipal Central Hospital.

2.1 Biochemical Measurements
Blood samples were collected, and serum was pre-

pared by centrifugation at 2500 g for 5min, after which
the supernatant was collected and used for lactate dehydro-
genase (LDH) and creatine kinase MB (CK-MB) measure-
ments using commercially available kits according to the
manufacturer’s instructions (Nanjing Jiancheng Bioengi-
neering Institute, Nanjing, China).

2.2 Histological Measurements
Heart tissue was immersed in 1:9mg/µL normal saline

to obtain homogenate, and centrifuged at 715 g for 20
min. N-terminal B-type natriuretic peptide (NT-proBNP),
Telomerase (TE), SIRT1, SIRT3, and endothelial nitric ox-
ide synthase (eNOS) were then measured using supernatant
using commercially available kits according to the manu-
facturer’s instructions (JiangsuMeibiaoBiotechnologyCo.,
Ltd., Jiangsu, China).

2.3 Histological Staining
Mice were anesthetized with isoflurane (1.5%) at the

beginning, when hearts were fixed by perfusion with 10%
buffered formalin and used isoflurane (4%) via a nozzle
placed over the nose. The hearts were fixed overnight
at room temperature, transferred into 70% ethanol, and
then embedded in paraffin. Paraffin-embedded heart tissue
slices were deparaffinized via immersion in xylene (three
times, 5 min each) rehydrated in a descending alcohol se-
ries (100%, 90%, 80%, and 70% alcohol, 5 min each),
Histological changes were detected by staining 5-µm-thick

sections with hematoxylin and eosin (HE) stain, Masson’s
trichrome stain, and FITC-conjugated wheat germ agglu-
tinin (WGA) stain using theHE staining kit (G1120; Beijing
Solarbio Science & Technology Co., Ltd.), Masson staining
kit (G1340; Beijing Solarbio Science & Technology Co.,
Ltd.) and WGA staining kit (L4895; Sigma-Aldrich, St.
Louis, MO, USA). Images were acquired microscopically
using a B× 40 upright light microscope (Olympus, Tokyo,
Japan).

2.4 Assessment of Apoptosis by TUNEL Staining
The hearts were embedded in paraffin, and serially

sectioned to 5 µm thickness. The sections were deparaf-
finized and hydrated in xylene and gradient concentrations
of ethanol, and then incubated in proteinase K (37 °C,
22 min) and stained using the Fluorescein TUNEL Cell
Apoptosis Detection kit (Servicebio Technology Co., Ltd.,
Wuhan, China). The images were captured using a fluores-
cence microscope (Nikon, Japan). Cells that were positive
for TUNEL staining and aligned with DAPI staining were
considered apoptotic cells and counted.

2.5 Immunohistochemistry Analysis (IHC)
Coronal sections of the heart tissues were fixed in

10% formalin, dehydrated in an ascending series of ethanol,
and embedded in paraffin for histological evaluation. For
immunohistochemical staining, the heart sections were
deparaffinized and rehydrated. Next, the sections were
blocked with 3% H2O2 in methanol for 15 min to inacti-
vate endogenous peroxidases and then incubated overnight
at 4 ℃ with one of the following primary antibodies:
BNP (rabbit anti-NPPB polyclonal antibody, 1:100; Solar-
bio, Beijing, China); SIRT3 (Rabbit Anti-SIRT3 Polyclonal
antibody, 1:50; Solarbio); HO-1 (Rabbit Anti-HMOX-
1 antibody, 1:100; Solarbio); SOD (Anti-SOD1 Polynal
antibody, 1:100; Solarbio); PARP-1 (Anti-PARP1 Rab-
bit mAb, 1:50; PTM BIO, Hangzhou, China); PPAR-γ
(PPARGamma Rabbit Polyclonal antibody, 1:200; Protein-
tech); SMAD3 (Anti-Phospho-Smad2-S465/467+Smad3-
S423/425, 1:200; Solarbio); TGF-β (Rabbit Anti- TGF-
β Polyclonal antibody, 1:300; Solarbio); interleukin (IL)-
1β (rabbit anti- IL-1β polyclonal antibody, 1:100; Protein-
tech); IL-6 (rabbit anti-IL-6 polyclonal antibody, 1:100;
Proteintech); IL-10 (rabbit anti-IL-10 polyclonal antibody,
1:100; Proteintech); BCL-XL (Rabbit Anti- BCL-XL Poly-
clonal antibody, 1:100; Solarbio); BAK (Aniti-BAK1
Polyclonal Antibody, 1:100; Solarbio); Caspase8 (Anti-
Caspase-8 Rabbit mAb, 1:50; PTM BIO). The sections
were then incubated for 30 min at room temperature with
a goat anti-rabbit HRP secondary antibody (antirat/rabbit
Universal Immunohistochemical Detection Kit; Protein-
tech). All sections were examined with an Olympus B ×
40 upright light microscope (Olympus, Tokyo, Japan).
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2.6 Western Blot Analysis
Proteins were extracted using radioimmunoprecipita-

tion assay buffer (P0013B; Beyotime, Shanghai, China).
Protein samples were first separated by 10% sodium do-
decyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), and then transferred to polyvinylidene fluoride
membranes (Immobilon, Millipore, Billerica, MA, USA).
The membranes were blocked with 5% skim milk in TBST
buffer (TBS containing 0.1% Tween-20) at room temper-
ature for 1 h, and then incubated with one of the follow-
ing primary antibodies at 4 °C overnight: PARP-1 (Anti-
PARP1 Rabbit mAb, 1:500; PTM BIO); PPAR-γ (PPAR
Gamma Rabbit Polyclonal antibody, 1:2000; Proteintech);
The immunoreactive proteins were quantified using NIH
ImageJ software. GAPDH (GAPDH Polyclonal antibody,
1:2000; Proteintech) was used as an internal control. The
protein levels are expressed as protein/GAPDH ratios.

2.7 RNA Isolation and Real-Time PCR (qPCR)
Total RNA was isolated from heart tissues and

complementary DNA (cDNA) was synthesized using the
TransScript One-Step gDNA Removal and cDNA Synthe-
sis SuperMix kit according to the manufacturer’s protocol.
Gene expression was quantitatively analyzed using qPCR
and the TransStart Top Green qPCR SuperMix kit (Super-
Script VILO cDNA synthesis kit; Thermo Fisher Scien-
tific, Inc.). The specific gene expression levels were quan-
titatively analyzed by performing qPCR using fluorescent
SYBR Green technology (Light Cycler; Roche Molecular
Diagnostics). β-actin cDNA was amplified and quantified
in each cDNA preparation to normalize the relative expres-
sion of target genes. The thermocycling conditions were as
follows: 95 °C for 3 min; 95 °C for 15 sec; 60 °C for 15 sec;
72 °C for 1 min (35 cycles); and 72 °C for 10 min. GAPDH
was amplified and quantitated in each reaction to normalize
the relative amounts of the target genes. Primer sequences
are listed in Table 1.

Table 1. Primer oligonucleotide sequences.
Gene Primers

GAPDH
F: 5′-CCTCGTCCCGTAGACAAAATG-3′
R: 5′-TGAGGTCAATGAAGGGGTCGT-3′

P53
F: 5′-CCCTCTGAGCCAGGAGACATT-3′
R: 5′-CCCAGGTGGAAGCCATAGTTG-3′

SIRT5
F: 5′-GTGTTGTAGACGAAAGCCTCCTG-3′
R: 5′-TCCAGTAACCTCCAGCGCCT-3′

CAT
F: 5′-CCAGCGACCAGATGAAGCAG-3′
R: 5′GTGACCTCAAAGTATCCAAAAGCA-3′

2.8 Statistical Analysis
All data are presented as mean ± SEM. The statisti-

cal analysis was performed using SPSS version 23.0 (SPSS
Inc., Chicago, IL, USA). The data was tested for normality.
Inter-group variation was measured by one-way analysis of
variance and a subsequent Tukey’s test. The minimal level
for significance was p < 0.05.

3. Results
3.1 Metabolic Characterization

The metabolic characteristics of the mice subjected
to the different treatments are summarized in Fig. 1. The
heart/body weight ratio did not significantly (p > 0.05)
differ among the four groups (Fig. 1A). Mice in the HF
group showed considerably increased serum NT-proBNP,
LDH, and CK-MB levels, whereas the levels of these pro-
teins were significantly decreased in the HF+CoQ10 group
(p < 0.01) (Fig. 1B). Compared with the HF group, the
HF+CoQ10 group showed significantly decreased expres-
sion of BNP in IHC staining performed to evaluate the ex-
pression levels of BNP (p < 0.01) (Fig. 1C,D).

Fig. 1. Metabolic data in different groups after treatment with
CoQ10. (A) Quantitative analysis of heart/body weight in differ-
ent groups. Data are shown as the means ± SEM. n = 6–7 per
group. (B) LDH, CK-MB, and NT-proBNP levels in the different
groups. Data are shown as the means ± SEM. n = 6–7 per group.
*p < 0.01 vs HF group. (C) Representative immunohistochemi-
cal staining results for BNP in cardiac tissues. (D) Quantification
of positive expression. Magnification 40×. The arrows indicate
positively stained cells. Data are shown as the means ± SEM.
n = 3 per group. *p < 0.01 vs HF group. Abbreviations: BNP,
bone natriuretic protein; CK-MB, creatinine kinase-MB; CoQ10,
coenzyme Q10; HF, heart failure; LDH, lactate dehydrogenase;
NT-proBNP, pro-hormone bone natriuretic protein.
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3.2 Cardiac Tissue Damage
Wheat-germ agglutinin and hematoxylin and eosin

staining revealed cardiomyocyte hypertrophy and inflam-
matory cell infiltration. Compared with the control group,
the HF group exhibited myocardial hypertrophy, as evi-
denced by an increase in the cross-sectional area of car-
diomyocytes (Fig. 2B) and inflammatory cell infiltration
(Fig. 2A), both of which were attenuated by CoQ10.

Fig. 2. Cardiac tissue damage in the different groups after
the treatment of CoQ10. (A) Effect of CoQ10 on DOX-induced
histopathological changes in the cardiac tissues. Histopathologi-
cal changes were evaluated using HE staining. Arrows indicate
positively stained cells. (B) WGA staining for quantitative anal-
ysis of cardiomyocyte cross-sectional area. (C) Quantification of
positive expression. Data are shown as the means ± SEM. n =
3 per group. *p < 0.05 vs HF group; **p < 0.01 vs HF group.
Abbreviations: CoQ10, coenzyme Q10; DOX, doxorubicin; HE,
hematoxylin and eosin; HF, heart failure; WGA, wheat germ ag-
glutinin.

3.3 CoQ10 Repressed DOX-Induced Cardiac Oxidative
Stress

The activity of heart biomarkers, such as SIRT1,
SIRT3, eNOS, and TE, was significantly decreased in
the HF group than control group and increased in the
HF+CoQ10 group than HF group (p < 0.01) (Fig. 3A).
Furthermore, the P53 level was significantly suppressed,
whereas SIRT5 and CAT expressions were significantly in-
creased in the HF+CoQ10 group compared with that in
the HF group (p < 0.01) (Fig. 3B). Immunohistochem-
istry analysis showed that compared with the HF group,
the HF+CoQ10 group exhibited significantly increased ex-
pression levels of HO-1, SIRT3, and SOD (p < 0.01)
(Fig. 3C,D).

3.4 CoQ10 Repressed DOX-Induced Cardiac Energy
Metabolism

Western blotting (Fig. 4A,B) and immunohistochem-
istry (Fig. 4C,D) was performed to evaluate the levels of
indicators related to energy metabolism. Compared to in
the HF group, the expression levels of PARP-1 and PPAR-
γ were decreased in the HF+CoQ10 group (p < 0.05).

Fig. 3. Cardiac oxidative stress in different groups after treat-
ment with CoQ10. (A) Histological quantification of SIRT1,
SIRT3, TE, and eNOS levels. Data are shown as the means ±
SEM. n = 6–7 per group. *p < 0.01 vs HF group. (B) Bar graph
showing P53, CAT, and SIRT5 mRNA expression levels. Data
are shown as the means ± SEM. n = 6–7 per group. *p < 0.01
vs HF group. (C) Representative immunohistochemistry results
for SIRT3, SOD, and HMOX1 in heart tissues. Arrows indicate
positively stained cells. (D) Quantification of positive expression.
Data are shown as the means ± SEM. n = 3 per group. *p < 0.01
vs HF group. Abbreviations: CoQ10, coenzyme Q10; HF, heart
failure.

3.5 CoQ10 Repressed DOX-Induced Cardiac Energy
Metabolism

Immunohistochemistry (Fig. 5A,B) was performed to
evaluate the levels of indicators related to inflammation.
The expression levels of IL-1β and IL-6 were significantly
decreased in the HF+CoQ10 group compared to in the HF
group (p < 0.01). In contrast, the expression of IL-10 was
significantly decreased in the HF group and increased in the
HF+CoQ10 group (p < 0.01).

3.6 CoQ10 Inhibited DOX-Induced Cardiac Fibrosis

To examine cardiac fibrosis in the mice of different
treatment groups, Masson and IHC staining was conducted
(Fig. 6). The results revealed increased collagen deposition
in the HF group compared with control group (p < 0.01)
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Fig. 4. Cardiac energy metabolism in different groups after
treatment with CoQ10. (A) Cardiac PARP-1 and PARP-γ levels
assessed using western blotting. (B) Relative protein expression
levels. Magnification 40×. Data are presented as the means ±
SEM. n = 6–7 per group. *p < 0.05 vs HF group; **p < 0.01
vs HF group. (C) Representative immunohistochemistry results
for PARP-1 and PARP-γ in cardiac tissues. Arrows indicate pos-
itively stained cells. (D) Quantification of positive expression.
Data are shown as the means ± SEM. n = 3 per group. **p <

0.01 vs HF group. Abbreviations: CoQ10, coenzyme Q10; HF,
heart failure.

Fig. 5. CoQ10 decreased inflammation in the heart of HF
mice. (A) Representative immunohistochemistry images showing
the levels of IL-1β, IL-6, and IL-10 in the heart tissues. Arrows
indicate positively stained cells. (B) Bar graphs show the levels
of IL-1β-, IL-6-, and IL-10-positive cells. Data are presented as
the means ± SEM. n = 3 per group. *p < 0.01 vs HF group. Ab-
breviations: CoQ10, coenzyme Q10; HF, heart failure.

(Fig. 6A). However, the expression of SMAD3 and TGF-β
was upregulated in the HF group, which was significantly
attenuated in the HF+CoQ10 group (p< 0.01) (Fig. 6B,C).

Fig. 6. CoQ10 decreases fibrosis in HF mice. (A) Masson’s
trichrome staining for collagen deposition in the heart tissue. Ar-
rows indicate positively stained cells. (B) Representative im-
munohistochemistry results for SMAD3 and TGF-β in the heart
tissues. Arrows indicate positively stained cells. (C) Bar graphs
show Masson, SMAD3, and TGF-β staining positive levels. Data
are shown as the means± SEM. n = 3 per group. *p< 0.01 vs HF
group. Abbreviations: CoQ10, coenzyme Q10; HF, heart failure.

3.7 CoQ10 Suppressed DOX-Induced Myocardial
Apoptosis

The number of TUNEL-positive cells increased in the
hearts of HF group mice compared to in those of control
group mice, whereas heart cell apoptosis was reduced in the
HF+CoQ10 group (Fig. 7A). Immunoblotting showed that
expression of the pro-apoptotic proteins BAK and caspase-
8 was significantly increased and that of BCL-XL was de-
creased in the HF group (p< 0.01) (Fig. 7B). CoQ10 treat-
ment reduced the BAK and caspase-8 levels and enhanced
the expression of BCL-XL in the HF+CoQ10 group. These
results indicate that CoQ10 prevents apoptosis in HF mice.

4. Discussion
Treatment with CoQ10 reduced cardiac damage as-

sociated with DOX-induced cardiac failure. Additionally,
cardiac dysfunction associated with DOX-induced HF was
due to the acceleration of cardiac tissue damage, oxidative
stress, myocardial fibrosis, and apoptosis. These findings
are summarized in Fig. 8.

DOX is a chemical widely used to treat cancer but
has cardiotoxic side effects, resulting in limited use [19].
The mechanism of DOX-induced cardiotoxicity is not com-
pletely understood. Furthermore, oxidative stress is consid-
ered the core mechanism of HF [20]. Recently, Tadokoro
et al. [21] showed that ferroptosis is the major form of
regulated cell death in DOX-induced cardiotoxicity. Re-
cent studies also confirmed that cardiac fibrosis, apoptosis,
coke death, autophagy, and acetylation are closely associ-
ated with DOX-induced cardiotoxicity [22–24].
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Fig. 7. CoQ10 decreases myocardial apoptosis in HF mice.
(A) TUNEL staining (green fluorescence) and DAPI staining
(blue fluorescence) photomicrographs to detect apoptosis in the
heart tissue. (B) Representative immunohistochemistry results for
BAK, caspase-8, and BCL-XL in the heart tissues. Arrows indi-
cate positively stained cells. (C–D) Bar graph shows the positive
levels. Data are shown as the means ± SEM. n = 3 per group. *p
< 0.01 vs HF group. Abbreviations: CoQ10, coenzyme Q10; HF,
heart failure.

Fig. 8. Schematic diagram showing how CoQ10 protects
against cardiac damage in HF mice. CoQ10 regimen prevented
cardiac dysfunction and reduced cardiac damage by reducing my-
ocardial oxidative stress, myocardial fibrosis, and apoptosis in HF
mice. Abbreviations: CoQ10, coenzyme Q10; HF, heart failure.

CoQ10 is closely related to cardiovascular disease and
plays an important role in protecting against these diseases,
such as hypertension, hyperlipidemia, myocardial infarc-
tion, and HF [13,25–27]. Complementary and integrative

medicine (CIM), such as G. lucidum and CoQ10, have a
potentially effective role in the treatment of cancer [28]. In
addition, CoQ10 influences the effects of adjuvant therapy
used for nervous system diseases and tumors [26,29]. How-
ever, the mechanism of the protective effect of CoQ10 on
DOX-induced HF is unclear.

The metabolic characteristics of NT-proBNP, LDH,
and CK-MB showed that our animal models were success-
fully prepared. HF is characterized by cardiac remodeling.
Our results revealed cardiac remodeling and inflammation
infiltration similar to those in HF. CoQ10 treatment effec-
tively reducedmyocardial remodeling and inflammation in-
filtration.

Oxidative stress is important in the pathophysiology
and pathogenesis of HF and is widely considered a cause
of DOX-induced cardiotoxicity [30,31]. CoQ10 is a co-
factor of oxidative phosphorylation in the mitochondria,
which are crucial for cellular energy production. Therefore,
CoQ10 is closely associated with oxidative stress and has a
high antioxidant capacity [13]. SIRT3 is a major mitochon-
drial deacetylase that participates in antioxidant oxidation
by regulating the acetylation of antioxidant enzymes [32].
Previous studies showed that SIRT3 regulates various types
of antioxidants. Moreover, a study confirmed that SIRT3
is involved in p53-mediated ferroptosis and that Sirt3 and
P53 play key roles in oxidative stress [33]. The endoge-
nous antioxidant HO-1 may be a target molecule for treat-
ing antioxidant stress injury in HF [34]. CoQ 10 improved
lipid peroxidation by decreasing malondialdehyde levels in
human cardiac cells [35]. In the present study, HF down-
regulated the expression of SIRT3 and HO-1 in myocardial
tissues, whereas treatment with CoQ10 increase their ex-
pression. The levels of SIRT1, SIRT3, SIRT5, eNOS, TE,
CAT, and P53 were significantly downregulated in the HF
mouse heart, and these levels were restored by CoQ10.

PPAR-γ is important in the progression of HF [36].
PARP-1 and PPAR-γ are transcription factors that pro-
mote antioxidant pathways in the endothelium [37]. In the
present study, CoQ10 reversed the heart energy metabolism
of PARP-1 and PPAR-γ in HFmice and exerted a protective
role in DOX-induced heart injury.

Anthracyclines cause severe cellular inflammation
that leads to cell death [38]. IL-1β and IL-6 are typi-
cal pro-inflammatory cytokines, whereas IL-10 is an anti-
inflammatory molecule [39]. CoQ10 has been shown to de-
crease the release of pro-inflammatory factors and increase
the release of anti-inflammatory factors, which is impor-
tant in fighting inflammation [40]. Also, our result indi-
cated that CoQ10 reduce inflammation in cardiac caused
by DOX.

Myocardial fibrosis is central to the pathology of HF.
CoQ10 may protect against lung fibroblast formation and
alleviate fibrosis by inhibiting TGF-β [41]. However,
whether CoQ10 can inhibit cardiac fibrosis in mice was un-
clear. Our results suggest that CoQ10 reduced cardiac fi-
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brosis by inhibiting TGF-β and SMAD3.
Apoptosis is a form of cell death mediated by cas-

pases. Inhibition of myocardial apoptosis can effectively
protect the heart from HF [42]. BAK is an endogenous
core regulator of apoptosis [43]. Salehpour et al. [44] re-
ported that CoQ10 reduced apoptosis by regulating BAK
and avoiding increased caspase activity. We found that the
number of apoptotic cells was significantly increased in HF
mice, whereas apoptosis was reduced in the HF+CoQ10
group.

The study has some limitations. First, although
CoQ10 has a variety of therapeutic applications, it is not
usually prescribed as a drug because of its low oral bioavail-
ability, which can affect its efficacy. Secondly, it should
be noted that the concentration of CoQ10 in cardiac tis-
sue on mice was not detected before and after treatment, so
complete absorption of CoQ10 was not proved in the study,
which is also the focus of future studies.

5. Conclusions
CoQ10 can alleviate DOX-induced cardiotoxicity, as

demonstrated by the downregulation of oxidative stress,
fibrosis, inflammation, energy metabolism, and apoptosis
markers. These findings suggest that CoQ10 can be used as
a therapeutic intervention to reduce the side effects of DOX.
We only evaluated control, HF, CoQ10, and HF+CoQ10
groups and did not examine different doses of CoQ10. In
addition, we did not validate cultured cells.
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