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Doxorubicin (DOX) is widely used clinically for the treatment of various malignant tumors, but it is 
accompanied by severe body toxic reactions, especially cardiac toxicity. This article explores the effects 
of pilose antler peptide (PAP) on DOX-induced myocardial injury and related mechanisms through in 
vitro experiments. Different concentrations of DOX were used to treat H9c2 cells for 6, 12, 24, and 48 h, 
respectively, to determine the IC50. Different concentrations of PAP were treated to H9c2 cells for 24, 48, 
and 72 h to determine the effect of PAP on H9c2 cells. The experiment was divided into control group, 
DOX group, PAP group and DOX+PAP group. Lactate dehydrogenase (LDH) leakage and creatine kinase 
MB (CK-MB) level were used to detect cell viability, flow cytometry was used to detect cell cycle and 
apoptosis, and immunofluorescence was used to detect Bax and Bcl-2 expression. The protein levels of 
TGF-β / Smad / ERK signaling pathway were detected by Western blot. We found that PAP significantly 
increased cell viability after DOX-induced injury, reduced LDH, CK-MB levels, up-regulated Bcl-2 
expression and down-regulated Bax expression levels. In addition, PAP can delay cell G2/M phase arrest, 
reduce apoptosis, significantly reduce TGF-β1 protein levels and Smad2, Smad3, ERK phosphorylation 
levels. These results suggest that PAP can protect DOX-induced H9c2 damage by inhibiting the TGF-β / 
Smad / ERK signaling pathway.

INTRODUCTION

Cardiovascular disease is the most important disease 
that seriously threatens human life and health. Heart 

failure is a syndrome secondary to cardiovascular disease, 
which seriously affects the quality of life of patients. 
Studies showed that heart failure was often accompanied 
by myocardial apoptosis and myocardial fibrosis 
(Uchmanowicz et al., 2019). 

Doxorubicin (DOX) is widely used in clinical 
treatment of various malignant tumors, such as acute 
leukemia, lymphoma, breast cancer and so on. But it 
has strong cardiotoxicity, and it is easy to accumulate in 
myocardial cells which makes myocardial tissue more 
susceptible to damage by DOX. In additon, DOX has a 
dose-dependent irreversible damage characteristic, which 
also increases the prevalence of cardiovascular disease 
in cancer surviving patients (Xu et al., 2019). However, 
related studies have used it to replicate animal models 
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of heart failure, which can better simulate the state of 
myocardial apoptosis and myocardial fibrosis in heart 
failure (Xia et al., 2018). Nowadays, more and more 
traditional Chinese medicine and its extracts are being 
used in the treatment of cardiovascular diseases. Deer 
antler is a traditional Chinese medicine that has been used 
in China for more than 2000 years for the treatment of 
clinical heart disease in Chinese medicine. Pilose antler 
peptides (PAP) are a class of small protein substances 
extracted from pilose antler. It has been reported to have 
anti-inflammatory, anti-pulmonary fibrosis, and immunity 
enhancement effects, and there have been no reports of 
toxic reactions and side effects (Xu et al., 2018; Dong et 
al., 2018). This study observes the effect of PAP on DOX-
induced H9c2 cell injury.

TGF-β / Smad / ERK signaling pathway is closely 
related to myocardial apoptosis or fibrosis. When the 
myocardium is damaged, the expression of TGF-β1 
increases, which regulates the downstream Smad and ERK 
proteins to conduct signals through phosphorylation and 
induce myocardial cell decay (Khalil et al., 2018; Pardali 
and Dijke, 2012; Jin and Yu, 2019).

In this study, we observed the effects of PAP on 
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DOX-induced H9c2 cells injury in vitro and explored 
its mechanism with the TGF-β / Smad / ERK signaling 
pathway.

MATERIALS AND METHODS

Materials 
PAP was prepared by our lab (No.20190320). 

DOX was obtained from Shanghai Aladdin Biochemical 
Technology Co., Ltd (Shanghai, China). Assay kits of 
lactate dehydrogenase (LDH) and creatine kinase-MB 
(CK-MB) were purchased from Jiancheng Institute of 
Biotechnology (Nanjing, China). All antibodies were 
obtained from Proteintech Group, Inc. (Wuhan, China).

H9c2 cell culture and CCK-8 assay
H9c2 cell lines were obtained from kindly provided 

by Stem Cell Bank, Chinese Academy of Science 
(Shanghai, China). Cells were maintained in monolayer 
culture at 37°C and 5% CO2 in DMEM supplemented with 
fetal bovine serum (FBS) (10%), penicillin (100 U/mL), 
and streptomycin (100 U/ml).

There were 6×103 cells/well seeded in 96-well plates 
and incubated for 24 h. The cells were treated with 0.1, 
0.5, 1, 5, 10 and 20 µM of DOX for another 6, 12, 24, or 
48 h. Cell viability was monitored using cell counting kit-
8 according by the manufacturer’s instructions. The absor 
bance was measured at 450 nm using a SynergyTM H1 
instrument (BioTek, American). Effect of PAP on H9c2 
cell was measured as above for another 24, 48, 72 h. Each 
experiment was performed at least three times under each 
corresponding experimental condition.

Fig. 1. Effects of different concentrations and time points 
of DOX and PAP on H9c2 cell viability using the CCK-8 
assay. (A) DOX treatment concentrations were 0.08, 0.16, 
0.32, 0.63, 1.25, 2.5, 5, 10 and 20 μM, and DOX treatment 
time points were 6, 12, 24 and 48 h, respectively. (B) PAP 
treatment concentrations were 4.0, 8.0, 16.0, 32.0, 62.5, 
125, 250, 500 and 1000 μg/ml, and PAP treatment time 
points were 24, 48 and 72 h, respectively. 

As shown in Figure 1A and B, the CCK-8 assay 
demonstrated that H9c2 cell viability decreased with 

increasing DOX concentrations and times. However, 
different concentrations of PAP improved cell viability 
of H9c2 cell especially 16 μg/ml for 72 h. Therefore, 
treatment with DOX at 5 μM for 24 h was selected to 
establish the cardiotoxicity model in the present study.

 
Experimental grouping

The experimental groups were devided into 4 groups. 
Control group: cardiomyocytes grown in normal conditions; 
Dox group: cardiomyocytes treated with 5 μM DOX for 24 
h; PAP group: cardiomyocytes treated with 16 μg/ml PAP 
for 72 h; DOX+PAP group: cardiomyocytes treated with 5 
μM DOX for 24 h and 16 μg/ml PAP for 72 h.

Measurement of lactate dehydrogenase (LDH) leakage 
and CK-MB level in the culture medium

LDH and CK-MB levels in the supernatants after 
treatments were detected with LDH and CK-MB assay 
kit (Jiancheng, Nanjing, China). The experiment was 
performed according to manufacturer’s specifications 
using a microplate reader (Bio-Rad 680, Hercules, CA, 
USA). 

Assessment of apoptosis and cell cycle
1×106 cells were washed and resuspended in 1 ml 

of 1×binding buffer and centrifuged at 300 ×g for 10 
min. Cell pellets were resuspended in 1×binding buffer, 
and added by 10 μl of Annexin V-FITC. After incubating 
with Annexin V for 15 min, cells were added by 5 μl of 
phycoerythrin solution immediately prior to analysis by 
flow cytometry. 

Cells (1×106) were fixed with cold ethanol and rinsed 
with PBS for two times, then mixed with 100 μl PBS. Added 
with the final concentration of 50 g/ml propiridine iodide 
dye, which was reacted at 4°C in light for 30min. The cell 
cycle of H9c2 cells was detected by flow cytometry.

Detection of Bax and Bcl-2 activities
8×104 cells/well were seeded in 12-well plates and 

incubated for 24 h. After experimental grouping, 4% 
paraformaldehyde fixed for 30 min, 0.5% Triton X100 500 
µl permeate for 15 min, 3% BSA 500 µl blocked for 30 
min, antibodies of anti-Bax and anti-Bcl-2 (1:100) were 
added to each well and incubated at 4 °C overnight. Add 
secondary antibodies (1:100) and incubate for 1 h in the 
dark, add 500 μl DAPI to each well for 30 min, stain the 
slides with an anti-fluorescent quencher, and measure the 
fluorescence intensity with a laser confocal microscope. 
Washed 3 times with PBS for 5 min between steps.

Western blot assay
Total protein in H9c2 cells were extracted according to 
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the instructions on the protein extraction kits. Total protein 
was quantified with bicinchoninic acid (BCA) protein 
assay kits (Solarbio, Beijing, China). 20 μg protein were 
protein were loaded on an 8-12% SDS-polyacrylamide 
gel for electrophoresis. Blots were then transferred onto 
PVDF membranes and blocked in 5% skimmed milk 
at 25°C for 1 h on a shaking table. Membranes were 
incubated with the appropriate concentrations of specific 
antibodies at 4 °C overnight including TGF-β1 (1:1,000), 
Smad2 (1:6,000), p-Smad2 (1:2,000), Smad3 (1:1,000), 
p-Smad3 (1:1,000), ERK (1:4,000), p-ERK (1:1,000) and 
anti-GAPDH (1:40,000). On the second day and after 
three rounds of washing with TBST, the membranes were 
incubated with secondary anti-rabbit (1:10,000) at 25°C 
for 1 h. Finally, the immunoreactive bands were visualized 
with an enhanced chemiluminescence (ECL) kit on a gel 
imaging system.

Analysis of data
Data were represented as means ± standard deviations 

(SD), and obtained from at least three repeated experiments. 
Significant difference among data was assessed by one-
way ANOVA followed by Tukey’s post hoc test using 
Statistical Package for Social Science (SPSS) software 
(version 21.0; SPSS, USA), and a value of P<0.05 and 
P<0.01 were considered as statistically significant.

RESULTS

Effect of PAP on DOX-induced on H9c2 cells viability
To investigate cytotoxicity effects of DOX in 

cardiomyocytes, H9c2 cells viability were detected using 
the CCK-8 assay after exposed to different concentrations 
of DOX for 6, 12, 24, and 48 h. As shown in Figure 1A, 
DOX exhibited significant cytotoxic effects with an IC50 
value of 5 μM at 24 h. On the contrary, H9c2 cell viability 
was improved with different time and concentration of 
PAP, especially 0.16 mg/ml at 72 h as shown in Figure 
1B. In addition, PAP could enhance DOX-induced H9c2 
cell viability, as shown in Figure 2. The results showed 
that PAP could promote survival of H9c2 cells induced 
by DOX. In order to determine the mechanism of effect, 
treatment with 5μM DOX for 24 h and 0.16 mg/ml PAP for 
72 h were selected for the subsequent experiments.

Effects of PAP on DOX-induced LDH leakage and CK-MB 
level in H9c2 cells

LDH is an enzyme that exists in the cytoplasm and 
is released into the medium when the cell membrane is 
damaged (Tian et al., 2019). CK-MB which mainly 
distributes in the cardiomyocytes, is released extracellularly 
when myocardial damage occurs. LDH leakage and CK-

MB level were further detected to illustrate cell death. As 
shown in Figure 3, LDH leakage and CK-MB level in the 
medium increased significantly after incubation with DOX 
for 24 h compared with control group (P<0.01). Treatment 
with PAP effectively suppressed the LDH leakage and CK-
MB level compared with DOX group (P<0.01).

Fig. 2. Effect of PAP on H9c2 cells from DOX-induced 
cell death. PAP treatment concentrations were 4.0, 8.0, 
16.0, 32.0, 62.5, 125, 250, 500, 1000 μg/ml for 72 h and 
DOX treatment with 5 μM for 24 h.

Fig. 3. Effects of PAP on DOX-induced LDH leakage and 
CK-MB level in H9c2 cells. (A) LDH leakage and (B) CK-
MB level were detected in the cellular supernatant.

Effects of PAP on DOX-induced apoptosis and cell cycle 
in H9c2 cells

We detected the cell cycle and apoptosis by flow 
cytometry. The results showed that H9c2 cells in the DOX 
group were significantly apoptotic compared with control 
group, while the G2/M phase cells were significantly 
increased (P<0.01). However, there were no significant 
changes in the PAP group (P > 0.05). Compared with the 
DOX group, DOX+PAP group G2/M phase H9c2 cells 
arrest reduced and the number of apoptotic cells decreased 
significantly (P<0.05 or P<0.01), as shown in Figure 4.

Effect of PAP on DOX-induced Myocardial Injury 1789
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Fig. 4. Effects of PAP on DOX-induced Apoptosis and Cell Cycle in H9c2 cells. (A) Apoptosis and (B) Cell Cycle were detected 
by flow cytometry. (C) Cell Cycle progression and (D) apoptotic rate of H9c2 cells were presented in panel.

Fig. 5. Effects of PAP on DOX-induced Bax and Bcl-2 
expression in H9c2 cells. Bax and Bcl-2 expression were 
detected by Immunofluorescence. (A) Fluorescence images 
of cells showed Bcl-2 immunofluorescence (green), Bax 
immunofluorescence (red) and DAPI staining (blue). (B) 
Bar image represents Bax / Bcl-2 expression level.

Effects of PAP on DOX-induced Bax and Bcl-2 expression 
in H9c2 cells

Bax and Bcl-2 are homologous water-soluble 
related proteins. Bcl-2 can inhibit apoptosis, however 
overexpression of Bax can antagonize the protective effect 
of Bcl-2 and make cells tend to die. Immunofluorescence 
results show that compared with the control group, the 
expression of Bcl-2 in the DOX group decreased, while 
the expression of Bax increased obviously, besides the 
number of living cells also decreased. The value of Bcl-
2/Bax was significantly reduced (P<0.01). There was no 
significant change in the PAP group (P > 0.05). Compared 
with the DOX group, DOX + PAP group the expression 
of Bax decreased and Bcl-2 increased. The value of Bcl-
2/Bax was significantly increased (P<0.05), as shown in 
Figure 5.

Effects of PAP on DOX-induced protein level in the TGF-β/
SMAD/ERK pathway

TGF-β/SMAD/ERK pathway is a crucial mediator 
governing myocardial damage which we performed 
western blotting to determine the protein level. As shown 
in Figure 6, DOX induction caused an obvious elevation 
in the protein levels of TGF-β1 compared to levels found 
in the control group (P<0.01). There were no significant 
changes in Smad2, Smad3 and ERK, whereas their 
phosphorylation protein levels increased significantly 
(P<0.01). With treatment of PAP their phosphorylation 
protein levels decreased significantly compared with the 
DOX group (P<0.05 or P<0.01).

Fig. 6. Effects of PAP on DOX-induced protein level in 
the TGF-β/SMAD/ERK pathway. The protein levels 
of (A) TGF-β1, (B) SMAD2, p-SMAD2, (C) SMAD3, 
p-SMAD3, (D) ERK and p-ERK were detected by western 
blot. Bar images represent (E) TGF-β2 (F) p-SMAD2/
SMAD2, (G) p-SMAD3/SMAD3 and (H) p-ERK/ERK 
levels, respectively.
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DISCUSSION

Myocardial injury caused by various reasons, as the 
disease continues and the course of the disease is chronic, 
will lead to myocardial fibrosis and local myocardial cell 
apoptosis, leading to gradual decline of cardiac function, 
and eventually induce cardiac dysfunction, arrhythmia 
and even heart failure. Heart failure is a serious and end 
stage of various heart diseases and the most important 
chronic cardiovascular disease of the 21st century. It has a 
high mortality rate and a poor prognosis (Li et al., 2018). 
According to statistics, there are more than 10 million heart 
failure patients worldwide, and the prevalence increases 
significantly with age.

DOX is a highly effective anthracycline 
chemotherapeutic drug, and it is also a first-line drug 
for the treatment of a variety of cancers in the clinic. 
However, its induced cardiotoxicity has limited its 
application. Studies have reported that the cardiac 
tissue affinity of DOX is obvious. Higher than other 
tissues, and with the accumulation of DOX dose, it has 
a dose-dependent irreversible damage characteristic, 
such as increased myocardial fibrosis area and increased 
myocardial cell apoptosis (Abuosa et al., 2018; Wena 
et al., 2019). Based on this, DOX is also widely used in 
the replication of myocardial injury and animal models 
of myocardial fibrosis. At present, the mechanism of 
DOX cardiotoxicity mainly includes the production of a 
large number of reactive oxygen free radicals (ROS), the 
abnormal increase of intracellular calcium content, and the 
damage of cell structure and functional metabolism, cell 
autophagy or apoptosis. Wait. Pilose antler has been used 
in China for more than 2,000 years as a traditional Chinese 
medicine and has been used clinically for the treatment of 
heart disease (Xu et al., 2020; Imam et al., 2018). PAP is 
a small protein substance existing in pilose antler, which 
has pharmacological effects such as anti-inflammatory, 
anti-oxidant, strengthening the immune system and anti-
toxic (Bai et al., 2017; Ni et al., 2019). In this study, 
H9c2 cells were used as the research object to observe the 
protective effect and mechanism of pilose antler peptide 
on adriamycin-induced myocardial injury through in vitro 
experiments.

CCK-8 experiments showed that the IC50 of H9c2 
cells injury induced by DOX was 24 h and 5 µM, and 
PAP was non-toxic to H9c2 cells and had a certain effect 
of promoting proliferation. The optimal proliferation 
conditions were 16 µg/ml for 72 h. In summary, based 
on the above results, the experiment is divided into four 
groups, namely control, DOX, PAP, and DOX+PAP. 
The destruction of cell membrane structure caused 
by apoptosis or necrosis will cause enzymes in the 

cytoplasm to be released into the culture medium, 
including LDH, which has a relatively stable enzyme 
activity. The results of LDH research show that PAP 
can significantly reduce LDH leakage caused by 
DOX and reduce apoptosis. CK-MB mainly exists in 
cardiomyocytes. When cardiomyocyte injury occurs, 
cardiomyocytes undergo apoptosis, membrane integrity 
and permeability change, and macromolecules in cells 
escape. These macromolecular substances are therefore 
called myocardial injury markers. CK-MB is by far 
the best serum enzyme indicator for the diagnosis of 
myocardial infarction and has been widely used in 
clinical practice (Dai et al., 2018). CK-MB test results 
showed that PAP can reduce the apoptosis of H9c2 cells 
caused by DOX, and reduce the content of CK-MB in the 
supernatant. To further detect the occurrence of apoptosis, 
we used immunofluorescence technology to further 
detect the expression of apoptotic proteins Bax and Bcl-
2. We found that compared with the control group, Bax 
fluorescence intensity of H9c2 cells in the DOX group 
increased, and Bcl-2 expression decreased. After the 
administration of PAP, the fluorescence intensity of Bcl-
2 was significantly higher than that of Bax, the ratio of 
Bax / Bcl-2 was significantly reduced, and the apoptosis 
was reduced. Studies have shown that when heart failure 
or myocardial fibrosis occurs, cardiomyocytes undergo 
irreversible damage and block G2/M phases (Liu et al., 
2016). Further exploring the mechanism of the protective 
effect of PAP on DOX-induced H9c2 apoptosis, we found 
that DOX-induced H9c2 cells increased apoptosis and 
the cells in the G2/M phase increased significantly and 
blocked, which also meant that some cells had irreversible 
Apoptosis, and PAP can reduce the number of H9c2 cells 
in G2/M phase to a certain extent, and the cell cycle tends 
to be normal. ERK is the core of the signal network that 
regulates cell growth, development, and division, and 
can regulate the transformation of cells to G2/M phase 
and the formation of spindles (Ranjani et al., 2015). The 
results showed that PAP reduced DOX-induced H9c2 cell 
ERK protein phosphorylation, inhibited H9c2 cells from 
blocking at the G2/M phase, and significantly reduced 
apoptosis.

It has been reported that when myocardial injury or 
heart failure is induced by doxorubicin, myocardial cell 
apoptosis is often accompanied by myocardial fibrosis, 
and the TGF-β / SMADs signaling pathway is closely 
related to tissue fibrosis (Wang et al., 2019). Among 
them, Smads protein is the main effector molecule in 
the middle and lower reaches of the signaling pathway, 
and TGF-β receptor signals are transmitted through 
phosphorylated Smads proteins to regulate the expression 
of related genes and promote the development of fibrosis, 
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especially the levels of Smad2 and Smad3 proteins (Hanna 
and Frangogiannis, 2019; Zeng et al., 2019). The results 
show that PAP can significantly reduce the expression of 
TGF-β1 in H9c2 cells induced by DOX, and the levels of 
phosphorylation of Smad2 and Smad3. 

CONCLUSIONS

In summary, PAP can inhibit cell G2/M phase arrest 
by reducing the phosphorylation level of ERK protein, 
reduce H9c2 apoptosis caused by DOX, and reduce 
the expression level of TGF-β1 in cells, as well as the 
phosphorylation levels of Smad2, Smad3 and ERK which 
reduced degree of myocardial fibrosis. 
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