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Apigenin attenuates myocardial infarction-induced
cardiomyocyte injury by modulating Parkin-mediated
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We aimed to detect whether the effect of apigenin (Apig) on the myocardial infarction-induced cardiomyocyte injury of
mouse myocardial cells and acute myocardial infarction (AMI) mice was through regulating Parkin expression via
miR-103-1-5p. The myocardial infarction cardiomyocyte model (Hypoxia/reoxygenation) was ﬁrst constructed, then
the mouse myocardial cells were treated with Apig, and the expression of miR-103-1-5p was decreased and the
expression of Parkin was increased by qRT-PCR and Western blot. It was conﬁrmed by miRNA pulldown and
luciferase reporter system that miR-103-1-5p in mouse myocardial cells can bind to Parkin mRNA and inhibit Parkin
expression. Next, a lentiviral vector silenced Parkin and overexpressing miR-103-1-5p was constructed and transfected
into Apig-treated cells. Autophagy was detected by mitochondrial autophagy marker proteins [atypical protein kinase
C (aPKC)-interacting protein (p62) and bcl-2/Adenovirus E1B 19-kd interacting protein 3 (BNIP3)] via Western blot,
mitochondrial function was detected by JC-1 probe, and apoptosis was detected by ﬂow cytometry. It was conﬁrmed
that Apig regulated mitochondria autophagy through miR-103-1-5p and Parkin, which ultimately affected cardiomyocyte death. Finally, an AMI mouse model was constructed, and then the mice were treated with Apig. The
infarct size was detected by triphenyl tetrazolium chloride (TTC) staining, and the Apig relieved the myocardial
infarction. The expression of miR-103-1-5p was decreased and the expression of Parkin was increased by qRT-PCR
and Western blot. The above results simpliﬁed that the cardio protection of Apig and miR-103-1-5p against injury of
myocardial infarction cardiomyocyte by targeting Parkin. These results provided a novel treatment against myocardial
infarction cardiomyocyte.
Keywords. Apigenin; cardiomyocyte injury; microRNA-103-1-5p; mitochondrial autophagy; myocardial
infarction; Parkin
Abbreviations: 30 -UTR, 30 non-coding region; AMI, acute myocardial infarction; Apig, apigenin; aPKC,
atypical protein kinase C; BNIP3, bcl-2/Adenovirus E1B 19-kd interacting protein 3; FCM, ﬂow cytometry
assay; miRNA, microRNA; MMP, mitochondrial membrane potential; MUT, mutant; SD, standard deviation;
TTC, triphenyl tetrazolium chloride; WT, wild-type

1. Introduction
Acute myocardial infarction (AMI) is a very serious
type of ischemic heart disease (Dubrow et al. 1988). It
mainly refers to myocardial necrosis caused by acute
http://www.ias.ac.in/jbiosci

and persistent ischemia and hypoxia in coronary
arteries. It has become an increasing mortality rate in
cardiovascular diseases (Folts 1983). It is currently
believed that autophagy is associated with it, and regulation of autophagy may become a new treatment
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(Kanamori et al. 2011). Mitochondrial autophagy is a
speciﬁc autophagy in mitochondria that selectively
removes damaged mitochondria to avoid cell death
(Chang et al. 2017; Mao et al. 2013). The PINK1/
Parkin pathway is a speciﬁc mitochondrial autophagy
pathway in mammalian cells (Poole et al. 2008).
PINK1/Parkin recruited to the membrane potential to
damage the mitochondria by autophagosome clearance
(Eiyama and Okamoto 2015). It is very beneﬁcial to
maintain the imbalance of cell homeostasis caused by
hypoxia. In-depth study of MI-induced cardiomyocyte
autophagy mechanism can provide an effective new
target for intervention therapy and has important clinical guiding signiﬁcance.
MicroRNA (miRNA) is a class of endogenous noncoding single-stranded small RNA consisting of 18–25
ribonucleotides, which promotes target genes by
binding to the 30 non-coding region (30 -UTR) of the
target gene (Tsuchiya 2006). mRNA degradation, or
inhibition of translation of target genes, negatively
regulates the expression of target genes at the posttranscriptional level, and thus participates in the
pathophysiological processes of various cardiovascular
diseases (Wang et al. 2016). miR-103-1-5p is a common tumor suppressor that is highly conserved in
mammals (Wilfred et al. 2007). Studies have indicated
that miR-103-1-5p is abnormally expressed in MI-related processes such as myocardial ischemia/reperfusion injury and heart failure (Huang et al. 2013).
Related mechanism studies have shown that miR-1031-5p can reduce the apoptosis of cardiomyocytes
induced by ischemia/reperfusion injury (Kﬁrerenfeld
et al. 2016). These results suggest that miR-103-1-5p
may be involved in the process of myocardial apoptosis
under different pathological conditions, but the functional regulation mechanism and downstream regulatory pathway of miR-7a are not fully understood.
Apigenin (Apig), also known as versulin, is a natural
ﬂavonoid widely distributed in vegetables, fruits, spices and Chinese herbal medicines in the form of plant
yellow pigments, with the highest content in celery
(Ginwala et al. 2016). In vitro and animal studies have
found that Apig has a variety of pharmacological
activities, including anti-tumor, protection of cerebral
ischemic nerve damage and myocardial ischemia/
reperfusion injury, anti-inﬂammatory, blood pressure
lowering, antibacterial, anti-viral and anti-oxidation
effects (Wang et al. 2013). A previous study has found
that Apig can inhibit ROS production and inhibit
melanocyte apoptosis by inhibiting oxidative stressrelated signaling pathways (Lin et al. 2011). Among
the 35 plant constituents, Apig has the best

melanogenesis-promoting effect (Yang et al. 2015). It
has also been reported that Apig can inhibit eIF2a and
IRE1a signaling pathways in neuronal unfolded protein
responses and attenuate apoptosis induced by endoplasmic reticulum stress (Choi et al. 2010).
This study aims to study the protective effect of Apig
on acute myocardial infarction-induced myocardial
injury and its mechanism of action by constructing a
mouse model of acute myocardial infarction and mouse
cardiomyocyte injury model, and to understand the
therapeutic effect of Apig in detail for the induction of
acute myocardial infarction and provides new
treatments.
2. Materials and methods
2.1 Establish a hypoxia/reoxygenation(H/R) cell
model and cell treatment
The American Type Culture Collection (CRL-1446,
ATCC, USA) provided mouse myocardial cells were
cultured in DMEM (Sigma-Aldrich, USA) with 1%
penicillin/streptomycin and 10% fetal bovine serum
(Sigma-Aldrich, USA). The medium was replaced with
DMEM without serum when the cells reached
approximately 80%–85% which incubated at 37°C for
3 h at 95% N2 and 5% CO2. Then, cells were cultured
at 37°C for about 3 hin a humidiﬁed 5% CO2 and 95%
O2 atmosphere. After that, treatment of 100 lM of
Apig (Sigma-Aldrich, USA) for 48 h according to the
previous study (J Zhang et al. 2019) and transfection of
miR-103-1-5p mimic (50 nM), si-Parkin (50 nM) into
target cells by Lipofectamine 2000 (Invitrogen, Carlsbad, CA) according to the manufacturer’s instructions.
Api was diluted in DMSO to make the 4 mol storage
solution.

2.2 Acute myocardial infarction (AMI) model
Purchasing 20 adult male C57BL/6 mice weighing
20–25 g from the Animal Experiment Center of
Southern Medical University. Mice were cultivated in
standard conditions and provided weekly food and
water before experiment. All animal experiments were
approved by the Ethics Committee of Southern Medical University. Four groups were chosen in our
experiment, which was randomly divided by animals:
Sham group (n = 5), AMI group (n = 5), AMI? saline
group (n = 5) and AMI?Apig (40 mg/kg of tail vein
injection, 48 h) group (n = 5). The dose of Api was
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selected according to a previous study (L Weng et al.
2016). The rats except sham group were housed in
standard conditions for three days before the surgical
injury of AMI. The surgical method was performed in
accord with previous studies described (CV Asche et al.
2016). Release the slip and reperfusion of the myocardium for 2 h after 30 min of ischemia. Finally, blood
samples from the sacriﬁced rats were then collected for
biochemical analysis, and the hearts of the sacriﬁced
rats were collected for morphological and biochemical
tests.
2.3 qRT-PCR
qRT-PCR was used to detect the miR-103-1-5p
(ID000439) and Parkin mRNA expression. The total
RNA extracted by nano-magnetic beads was retrieved
into DNA by the MagBeads. Total RNA Extraction Kit
(TIANGEN, Beijing, China), and cDNA was synthesized by reverse transcription. Reaction conditions
were as follows: pre-denaturation at 95°C for 15 min;
deformation at 95°C for 5 s; annealing at 60°C for 30 s;
and 45 total cycles. The speciﬁcity of the primer was
determined by the dissolution curve of the PCR products, and the relative expression amount of RNA =
2-DDCt9100%. Primers used for the detection of Parkin mRNA were as follows: Park2 F:50 GACAGGGGG
TTCCAGCTGACC 30 , Park2 R:50 TCCCATATGGA
GCCCTCTGAG 30 .
2.4 Western blot analysis
Proteins were examined via Western blot by using a
monoclonal antibody against p62, BNIP3 and Parkin
proteins (1:1000, Santa Cruz, USA). GAPDH (1:5000,
Sigma, USA) served as a loading control. A horseradish peroxidase (HRP)-labeled secondary antibody
(1:1000, Santa Cruz, USA) was used and cultured with
the cells for 1 h at 25°C. Quantiﬁcation of band density
was performed using the LICOR Odyssey infrared
imaging system (LICOR Bio-science, Nebraska, USA).
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MUT or WT of Parkin 30 -UTR and NC-mimic/miR103-1-5p mimic were co-transfected into HEK293T
cells which cultured at 45% conﬂuence.After48 h, the
dual-luciferase assay system (Promega, Madison,
USA) was used to measure the luciferase activities,
which normalized to Renilla luciferase.
2.6 Determination of mitochondrial membrane
potential (MMP)
MMP was evaluated by using an MMP kit (Beyotime,
Haimen, China) including JC-1 (5,50 ,6,60 -tetrachloro1,10 ,3,30 -tetraethyl-imida carbocyanine iodide), a ﬂuorochrome that is incorporated into cells depending on
the MMP. Staining for reduced JC-1, which emits green
ﬂuorescence, indicates a disruption of the mitochondrial inner-membrane potential. Brieﬂy, the mouse
myocardial cells in a 6-well plate were processed as
described in previous experiments, were washed with
PBS and cultured with the JC-1 solution at 37 °C for 20
min in the dark, then the cells were washed twice with
PBS and resuspended in PBS (500 lL). Fluorescence
was evaluated by a ﬂow cytometer (BD FACSAria,
Franklin Lakes, NJ). The results were showed in terms
of the proportion of cells with a low MMP.
2.7 Flow cytometry Assay (FCM) for apoptosis
Annexin V/PI double staining kit was purchased from
Jiangsu KeyGEN Biotechnology Co., Ltd. (Jiangning,
Nanjing, China). The cells were suspended with precooled PBS, counted under a microscope, and centrifuged at 1000g for 5 min; subsequently, the
supernatant was discarded. Furthermore, 19 Annexin
V Buffer (500 lL) was added to the remaining cell
precipitation, and 5 9 105 cells/mL cell suspension was
prepared by mixing; each of propidium iodide and
Annexin V-FITC (5 lL) staining solution were added
to the cell suspension and subsequently gently mixed
and incubated at room temperature (25°C) for 15 min.
Fluorescence distribution at 488-nm excitation wavelength was detected by ﬂow cytometry.

2.5 Luciferase reporter assay
2.8 Measurement of myocardial infarct size
The mutant (MUT) Parkin 30 -UTR and wild-type (WT)
Parkin 130 -UTR containing miR-103-1-5p putative
binding site were synthesized and inserted into the
pmirGLO dual luciferase reporter vectors (YouBio,
Changsha, China). The reporter vectors containing the

The mouse hearts were stored at - 18°C for 15 min
and 5 uniform tissues were cut parallel to the line
below the heart ligature and the coronary sulcus.
Weighing all sections again and incubating those for 15
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min in Triphenyl tetrazolium chloride staining (TTC)
for pathological examination at 37°C in the dark. An
Image-Pro Plus image analysis software (Version 4.2,
Media Cybernetics, LP, USA) was used to analyze
white or pale non-TTC stained area and red TTC
infarctsize
9 100%
stained areas. Finally, the formula: totalheartarea
was used to calculate the proportion of infarcted
myocardium to the entire myocardial tissue.
2.9 Statistical analysis
The software GraphPad 8.0 was used to analyze the data.
All experiments were repeated three times and only the
mean ± standard deviation (SD) were used in the analyses. An ANOVA was used to determine whether marked
differences existed among the experimental groups, and
P\0.05 was regarded as the level of signiﬁcance.
3. Results
3.1 Effect of apigenin on the expression of miR103-1-5p and Parkin
To examine effect of Apig on the expression of miR103-1-5p and Parkin, we administered 100 lM of Apig
for 48 h in mouse myocardial cells. In H/R group, it was
evident by increase in miR-103-1-5p expressions and
decrease in Parkin levels (all P\0.001). Apigenin treatment signiﬁcantly reduced the expression of miR-103-15p and increased the levels of Parkin in H/R group (all
P\0.001) (ﬁgure 1A and B). Parkin was a putative target for miR-103-1-5p that was identiﬁed from microrna.org, MUT or WT 30 -UTR of Parkin containing miR103-1-5p binding site were cloned into the reporter
system (ﬁgure 1C). The dual luciferase gene reporter
assay veriﬁed the explicit targeting of the putative 30 UTR by miR-103-1-5p. As shown in ﬁgure 1C, luciferase activity was inhibited when the miR-103-1-5p
mimic was co-transfected with the WT- Parkin 30 -UTR
vector (P\0.001), while the MUT-Parkin 30 -UTR luciferase activity was not signiﬁcantly affected.
3.2 Apigenin increases the level of mitochondrial
autophagy
To knockdown Parkin, Parkin siRNA was synthesized,
and the efﬁciency of Parkin siRNA was detected by
qRT-PCR. Results showed that 50 nM Parkin siRNA
90 or Parkin siRNA 91 dramatically reduced Parkin

mRNA level (ﬁgure 2A), and Parkin siRNA 90 was
utilized in the following experiments. After treatment
with 100 lM Apig for 48 h, cell autophagy indicated
by t mitochondrial autophagy marker proteins p62 and
BNIP3 levels via western blot (ﬁgure 2B). Compared
with the control group, the levels of p62 and BNIP3 in
the H/R group were signiﬁcantly lower (P\0.01).
Compared with the H/R group, the levels of p62 and
BNIP3 in the H/R?Apig group were signiﬁcantly
increased (P\0.01). After miR-103-1-5p mimic and siParkin intervention, the levels of p62 and BNIP3 in
cardiomyocytes were lower than those in H/R?Apig
group (P\0.01, ﬁgure 2).
3.3 Apigenin alleviates H/R-impaired
mitochondrial function
After treating the cells with 100 lM Apig for 48 h, the
mouse myocardial cells were treated with the JC-1
probe, and then apoptosis was detected by ﬂow
cytometry. The decline of mitochondrial membrane
potential is an early landmark event of apoptosis.
Therefore, JC-1 probe was used to monitor the effect of
Apig on the mitochondrial membrane potential of
treated mouse myocardial cells. As depicted in ﬁgure 3A, the JC-1 polymerization/ JC-1 monomer indicating partial dissipation of the mitochondrial
membrane potential. In H/R group, JC-1 polymerization/JC-1 monomer was lower than that in control
group (P\0.001). Apig reversed the JC-1 polymerization/JC-1 monomer in the H/R?Apig group. After
miR-103-1-5p mimic and si-Parkin intervention, the
JC-1 polymerization/JC-1 monomer was markedly
decreased as compare to the H/R?Apig group
(P\0.01). In the H/R group, the cell apoptosis signiﬁcantly increased tested by ﬂow cytometry analysis as
compare to the control group (P\0.001). However,
Apig pretreatment dramatically inhibited cell apoptosis
compared with the H/R?Apig group (P\0.001). In
addition, miR-103-1-5p mimic and si-Parkin reversed
the ratio of cell apoptosis in the H/R?Apig?miR-1031-5p-mimic and H/R?Apig?si-Parkin, markedly
increased the cell apoptosis (P\0.01, ﬁgure 3B).
3.4 Apigenin restores AMI-induced myocardial
infarction through regulating miR-103-1-5p
and Parkin expression
After successful modeling of AMI, the tail vein was
injected with 40 mg/kg Apig, the heart was taken 48 h

Effect of Apig on AMI mice

Page 5 of 9

75

Figure 1. Effect of Apig on the expression of miR-103-1-5p and Parkin. (A) miR-103-1-5p mRNA expression was assessed
by qRT-PCR in each group, ***P\0.001 vs. control group, ###P\0.05 vs. H/R group. (B) Protein levels of Parkin was
assessed by western blot in each group, ***P\0.001 vs. control group, ###P\0.05 vs. H/R group. (C) miR-103-1-5p binding
site on the 30 -UTR of Parkin mRNA was predicted and the luciferase activity was determined in 293T cells, ***P\0.001 vs.
NC-mimic.

Figure 2. Effect of Apig on mitochondrial autophagy. (A) After transfection of siRNA NC or Parkin siRNA, Parkin mRNA
level was assessed by qRT-PCR in each group. (B) Detection of mitochondrial autophagy marker proteins p62 and BNIP3
levels by Western blot. ***P\0.001 vs. siRNA NC or control group, ##P\0.01, ###P\0.001 vs. H/R group, %%P\0.01 vs
H/R?Apig group.

later, and half of the sections were sliced and TTC stained
to detect the infarct size. AMI group exhibited a significant increase in myocardial infarction area compared
with the sham group (P\0.001). However, AMI?Apig
group exhibited a signiﬁcant decrease in myocardial
infarction area compared with the AMI?saline group
(P\0.01), as shown in ﬁgure 4A. We found the expression of miR-103-1-5p was signiﬁcantly increased in
AMI group as compare to sham group (P\0.001), while
AMI?Apig group decreased the miR-103-1-5p level as
compared to the AMI?saline group (P\0.001) (ﬁgure 4B). A signiﬁcant decrease of Parkin level was found

in AMI group as compare to the sham group (P\0.001).
Moreover, AMI?saline group continued to maintain this
down-regulation, while AMI?Apig group markedly
increased the expression levels of Parkin (P\0.001)
(ﬁgure 4C).
4. Discussion
The myocardial infarction cardiomyocyte model (H/R)
was ﬁrst constructed, then the mouse myocardial cells
were treated with apigenin (Apig), and the expression
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Figure 3. Effect of apigenin on mitochondrial function. (A) The mitochondrial membrane potential was determined by JC-1
probe, (a) control, (b) H/R, (c) H/R?Apig, (d) H/R?Apig?miR-103-1-5p-mimic, (e) H/R?Apig?si-Parkin. (B) The cells
apoptosis was examined by Annexin V-FITC/PI double staining in each group, (a) control, (b) H/R, (c) H/R?Apig, (d) H/
R?Apig?miR-103-1-5p-mimic, (e) H/R?Apig?si-Parkin. ***P\0.001 vs. control group, ###P\0.001 vs. H/R group,
%%
P\0.01 vs H/R?Apig group.

Figure 4. Apigenin can relieve myocardial infarction and regulate miR-103-1-5p and Parkin expression. (A) Comparison of
Triphenyl tetrazolium chloride staining (TTC) staining of myocardial infarct size in rats in each group. (B) miR-103-1-5p
mRNA expression was assessed by qRT-PCR in each group. (C) Protein levels of Parkin was assessed by western blot in each
group. ***P\0.001 vs sham group, ##P\0.01, ###P\0.001 vs. AMI?saline group.

Effect of Apig on AMI mice

of miR-103-1-5p was decreased and the expression of
Parkin was increased by qRT-PCR and Western blot. It
was conﬁrmed by miRNA pulldown and luciferase
reporter that miR-103-1-5p in mouse myocardial cells
can bind to Parkin mRNA and inhibit Parkin expression. Next, a lentiviral vector silenced Parkin and
overexpressing miR-103-1-5p was constructed and
transfected into Apig-treated cells. Autophagy was
detected by mitochondrial autophagy marker proteins
[atypical protein kinase C (aPKC)-interacting protein
(p62) and bcl-2/Adenovirus E1B 19-kd interacting
protein 3 (BNIP3)] via Western blot, mitochondrial
function was detected by JC-1 probe, and apoptosis
was detected by ﬂow cytometry. It was conﬁrmed that
Apig regulates mitochondria through miR-103-1-5p
and Parkin, ultimately affects cardiomyocyte death.
Finally, a mouse acute myocardial infarction model
(AMI) was constructed, and then the mice were treated
with Apig. The infarct size was detected by Triphenyl
tetrazolium chloride staining (TTC) staining, and the
Apig was relieved to relieve the myocardial infarction.
The expression of miR-103-1-5p was decreased and the
expression of Parkin was increased by qRT-PCR and
Western blot.
Myocardial infarction (MI) causes myocardial cell
damage, including cardiomyocyte death (Anversa et al.
1998; Moe and José 2016). Studies have shown that
apigenin can alleviate myocardial cell damage caused
by myocardial infarction (Du et al. 2015). In our present study, Apig treatment signiﬁcantly reduced the
expression of miR-103-1-5p and increased the levels of
Parkin in H/R group. Bioinformatics analysis found
that Parkin was a targeted gene of miR-103. Myocardial infarction can reduce the level of mitochondrial
autophagy (Durga Devi et al. 2017), Parkin is an
important effector of mitochondrial autophagy (Geisler
et al. 2010), and Parkin deﬁciency can aggravate
myocardial infarction injury (Durga Devi et al. 2017).
In addition, mitochondrial autophagy can alleviate
damage caused by myocardial infarction (Na et al.
2015). In animal model of sepsis and in clinical setting
of sepsis, cardiac autophagy is increased (Zang et al.
2014). Autophagy is also beneﬁcial for cardio protection during sepsis (Hsieh et al. 2011). We examined
autophagy by Western blot analyses of p62 and BNIP3.
As p62 and BNIP3 are markers of autophagy induction
in addition to be degraded by autophagy linking
ubiquitinated proteins to the autophagic machinery in
the lysosome (Bjorkoy et al. 2009). The levels of p62
and BNIP3 in the H/R group were signiﬁcantly
decreased. Apig enhanced p62 and BNIP3 protein
levels, while miR-103-1-5p mimic and si-Parkin
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intervention, the levels of p62 and BNIP3 in cardiomyocytes were lower than those in H/R?Apig
group. The level of mitochondrial function is highly
correlated with cell apoptosis (Heikaus et al. 2016).
Our results found that JC-1 polymerization/JC-1
monomer was decreased in H/R group. Apig reversed
the JC-1 polymerization/JC-1 monomer in the
H/R?Apig group. After miR-103-1-5p mimic and siParkin intervention, the JC-1 polymerization/JC-1
monomer was markedly decreased. In the H/R group,
the cell apoptosis signiﬁcantly increased tested by ﬂow
cytometry analysis. However, Apig treatment dramatically inhibited cell apoptosis compared with the
H/R?Apig group. In addition, miR-103-1-5p mimic
and si-Parkin reversed the ratio of cell apoptosis in the
H/R?Apig?miR-103-1-5p-mimic and H/R?Apig?siParkin groups, markedly increased the cell apoptosis.
AMI is an acute event caused by atheromatous
thrombosis and is a major cause of angiocardiopathic
mortality (Feistritzer et al. 2015). Myocardial ischemia/
reperfusion injuries reduced cardiac function and
malignant arrhythmia (Studer et al. 2012). An AMI
mouse model was used to verify that Apig signiﬁcantly
inhibited the infarct size and increased arterial pressure
in AMI vehicle mice. Our results showed that AMI
group exhibited a signiﬁcant increase in myocardial
infarction area. However, AMI?Apig group exhibited
a signiﬁcant decrease in myocardial infarction area. We
found the expression of miR-103-1-5p was signiﬁcantly increased in AMI group, while AMI?Apig
group decreased the miR-103-1-5p level. A signiﬁcant
decrease of Parkin level was found in AMI group,
while AMI?Apig group markedly increased the
expression levels of Parkin.
In summary, the above result simpliﬁed that the
cardio protection of miR-103-1-5p against injury of
myocardial infarction cardiomyocyte by targeting Parkin. These results provided a novel treatment against
myocardial infarction cardiomyocyte.
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