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1 Introduction
Ivermectin (IVM), a mixture of more than 80% 

22,23-dihydroavermectin B1a and approximately 20% 22,23-dihydro-
avermectin B1b, was well-known anti-helminthic agent from 
the late-1970s (Yang  et  al., 2020). William C. Campbell and 
Satoshi Ömura was awarded by Nobel Prize in Physiology and 
Medicine because of their discoveries leading to ivermectin 
in 2015 (Ōmura, 2016). The IVM have extraordinary efficacy 
against parasitic diseases such as river blindness, elephantiasis 
and scabies (Ashour, 2019; Vos et al., 2012). In addition, IVM 
has the ability to re-treat new diseases and will continue to 
offer new clinical applications (Formiga et al., 2021). The report 
confirmed that IVM has great antiviral activity against West 
Nile virus (also flavivirus) even in the low dosage. Before the 
US Food and Drug Administration (FDA) recently approved 
moxidectin for the treatment of human onchocerciasis in June 
2018, IVM was the only member of ML approved for use in 
humans. The mechanism of IVM was caused accumulation 
of gamma amino butyric acid (GABA)-gated-Cl− channels, 
contributing a long-lasting hyperpolarization and paralysis of 
the infesting organism (Santos et al., 2009).

Although the use of IVM was significantly increased, there 
was no serious incident have been reported because of the use 
of IVM. However, there were reported that IVM may contribute 
to human headache, dizziness, muscle pain, nausea or diarrhea 
(Bai & Ogbourne, 2016). Also, the residue of IVM in meat, milk 
and other aninmal product was posed a risk potential to human 
healthy when used as pesticide (Escribano et al., 2012). In 2009, 
the European Union set a deadline for terminating IVM from 
edible organizations 49 days ago. Therefore, this purpose of this 
paper was to trace the mechanisms of mitophagy induced by IVM 
and characterize the disadvantages of IVM for human health.

Autophagy, a strictly regulated lysosomal-dependent 
protein degradation pathway that participates in the renewal of 
intracellular material and maintains cell homeostasis. Autophagy, a 
biological program in which cells degrade their internal senescent 
or damaged organelles, invading pathogens and misfolded 
proteins (Cheng et al., 2013). It is an indispensable part of the cell 
growth and development of multicellular organisms, structural 
reconstruction, and maintenance of cell homeostasis. Atg8/LC3 is 
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Abstract 
Ivermectin (IVM), a remarkable broad-spectrum anthelmintic and insecticides, which also contributes to clinical application. 
However, IVM induction of cytotoxicity through mitophagy has not been consistently proven in vitro. Here we investigate 
the cytotoxic effects of ivermectin in mammalian nontarget cells. We have used cck-8 assay to evaluate the cell viability. The 
Fluorescence labeling was detected the occurrence of autophagy and mitophagy. The ATP bioluminescence detection kit was 
used to detect changes in intracellular ATP levels. In addition, the western blot assay was applied to reflect the expression of 
autophagy-related and mitophagy- related proteins. Cellular calcium concentration analysis was captured with a flow cytometer. 
We also used western blot to reveal expression of the lysosomal membrane protein Lamp2. The expression of lysosomal cathepsin 
mRNA was evaluated by RT-PCR. The cell viability was significantly diminished in H9c2 cells and the number of autophagosomes 
increases in a dose-dependent way, at the same time, LC3-II / I ratio was increased. We also found that the H9c2 cellular ATP 
level was decreased and observed the mPTP opening. The co-localization of mitochondria and lysosomes was detected, also, 
we found the concentration of Ca2+, the expression of Lamp 2 and mRNA expression levels of Cathepsin B and Cathepsin L 
significantly increased in a dose-dependent way in H9c2 cells. Finally, the results of expression of PINK1 and Parkin protein 
increased simultaneously in H9c2 cells. IVM induced mitophagy in H9c2 cells via PINK1/Parkin signaling.
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Practical Application: Here, our study was revealed the underlying mechanism of IVM in H9c2 cells, which will construct a 
theoretical basis for us to find out the underlying molecular mechanism. We assesed whether IVM are able to regulate mitophagy 
through PINK1/Parkin signaling pathway. The results showed that IVM has potential cytotoxicity, which will have a risk of 
endanger mammalian health. Our work build a basis of potential molecular mechanism of IVM in non-targeted cells, which 
could provide more accurate view of IVM in other researches.
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an ubiquitin-like protein, which is converted from LC3-I to LC3-
II by post-translational modification (Gai et al., 2013). LC3-II is 
distributed in autophagy vesicles and autophagosomes, and is a 
biomarker of autophagy. The bilayer membrane of autophagic 
vesicles continues to extend and closes under the mediation 
of Atg8/LC3-II to form autophagosomes (Kuma et al., 2007).

Mitochondria are the major energy resource required for 
cell vital activity and play an important role of cell regulating 
metabolism. Mitophagy, a selective autophagy, which participates 
in damaged or excess mitochondria removal (Eiyama et al., 2013). 
When mitochondria under adverse conditions such as oxidative 
stress, nutrient deficiency, and reduction of growth factors, the 
mitochondrial permeability transition pore (mPTP) was opened 
and increased mitochondrial permeability, accompanied by 
depolarization of the mitochondrial outer membrane. membrane 
permeabilization, MOMP) (Cao et al., 2011). There is evidence 
that changes in mitochondrial permeability may be involved in the 
selective autophagy of mitochondria (Youle & Narendra, 2011). 
PTEN-induced virtual kinase 1 is a serine / threonine protein kinase 
which can recognize damaged mitochondria and accumulate in 
the depolarized outer mitochondrial membrane. Under normal 
circumstances, PINK1 is introduced into the mitochondria in 
a mitochondrial membrane potential-dependent manner, and 
its N-terminal transmembrane region is inserted into the inner 
mitochondrial membrane. In addition, it is cleaved by the protease 
PARL (presenilin-related rhombus) on the inner mitochondrial 
membrane, and the C-terminal fragment returns The cytoplasm 
is degraded by proteases. PINK1 can also be degraded in the 
mitochondrial matrix. When the mitochondria are depolarized, 
the introduction of PINK1 into the mitochondria is blocked 
and the accumulation of the outer mitochondrial membrane 
is followed by the recruitment of Parkin from cytoplasm to the 
outer mitochondrial membrane and phosphorylation. Parkin 
has ubiquitin E3 ligase activity and ubiquitinates a variety of 
mitochondrial outer membrane proteins (Bingol & Sheng, 2016).

In this work, we used as model the rat cardiomyocyte H9c2 cell 
line, it was used widely to evaluate cytotoxicity in vitro. In our 
context, we assesed whether IVM are able to regulate mitophagy 
through PINK1/Parkin signaling pathway. The results showed 
that IVM has potential cytotoxicity, which will have a risk of 
endanger mammalian health.

2 Materials and methods

2.1 Chemicals

Ivermectin (CAS: 70288-86-7, Sigma-Aldrich (St. Louis., 
MO, USA,Inc:PHR1380), monodansylcadaverine (MDC), RIPA 
lysis buffer, N,N,N’N’-tetramethylethylenediamine (TEMED), 
2-amino-2-(hydroxymethyl)-1,3-propanediol (Tris), and 
phenylmethylsulfonyl fluoride (PMSF) were purchased from 
Bio-Rad Laboratories, Inc.(NYSE:BIO); LC3, PINKI, Parkin, 
Lamp2 and β-actin antibodies were obtained from Sigma-Aldrich 
(St. Louis, MO, USA); Cell Counting Kit-8, ATP kit, Mito-Tracker 
Green, and Lyso-Tracker Red were obtained from Beyotime 
Institute of Biotechnology (Shanghai, China); TRNzol reagent 
and Secondary anti-rabbit antibody was bought from Sangon 
Biotech Co., Ltd (Shanghai, China); Reverse Transcription Kit 

and SYBR green qPCR Master Mix were obtained from Takara 
(Dalian, China); Other chemicals used were of analytical grade 
and purchased locally.

2.2 Cell culture

The H9c2 cell line was purchased from American Type 
Culture Collection (ATCC, CRL-1446, USA). We cultured cells 
at a 25 cm2 flask supplemented and incubated at 37 °C with 5% 
(v/v) CO2.The cell medium was used with Dulbecco’s Modified 
Eagle’s Medium, and 10% heat-inactivated FBS, 100 units/mL 
penicillin sodium, 100 mg/mL streptomycin solution (Gibco, 
Grand Island, NY, USA). Exponentially growing cells were used 
in all researches.

2.3 Cell viability assay

H9c2 suspensions were pipetted 100 μL to 96-well plate. After 
6 h of incubation, IVM were added for each well at 0, 1, 2, 4, 
8 μmol/L. Four hours prior to the assay, 10 μL of CCK-8 solution 
was added to each well. The solution was gently mixed in an 
orbital shaker for 1 minute to ensure a uniform distribution of 
colors. Then measure the optical density using a microplate reader 
(BioTek, Winooski, VT, USA) with a wavelength at 450 nm.

2.4 Fluorescence microscopy

H9c2 cell suspensions (1 × 106 cells/well) were seeded 
in 6 well culture plate (Nest Biotech, China) and incubated 
overnight and were treated with IVM at 0, 1, 2, 4, 8 μmol/L. 
Cells were washed with PBS and then loaded with MDC, Mito-
Tracker Green, and Lyso-Tracker Red to respectively detect 
the autophagosomes, mitochondria, and lysosomes of cells. 
The fluorescence microscope was used to observe the cells. 
(Leica, Wetzlar and Mannheim, Germany).

2.5 Western blot assay

After treatment with 0, 1, 2, 4, 8 μmol/L IVM for 6 h, 
H9c2 cells were washed twice with cold PBS, dissociated with 
RIPA buffer on 4 °C, then the cells were centrifuged at 12,000g, 
4 °C in centrifuging for half an hour. Cellular concentration 
of protein was reflectd by the BCA protein assay kit. Samples 
were equivalent segregate by 8% -12% SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) and then transferred to PVDF 
membranes. The membranes were blocked with 5% non-fat 
dry milk dissolved in TBST (10 mM Tris-HCl, 150 mM NaCl, 
0.1% Tween-20, pH 7.5) for 2 h at room temperature. Then, the 
bands were incubated overnight with HRP-binding secondary 
antibody using the primary antibody (1: 1000) diluted on ice 
and were visualized with enhanced chemiluminescence (ECL) 
reagent (Tanon, Shanghai, China).

2.6 ATP determination

The ATP bioluminescence detection kit was used to detect 
changes in intracellular ATP levels according to the protocol 
(BioTek, Winooski, VT, USA). H9c2 cells were seeded in a Φ10cm 
cell culture plate with 1×107 cells per dish. Incubate for 24 hours 
in the incubator, pour out the culture medium in each culture 
well. The control group was added with 7 mL of fresh medium, 

Original Article



Jia; Han; Wang

Food Sci. Technol, Campinas, v42, e65621, 2022 3

and the treatment group was added with an equal amount of 
medium containing spinosyn at a concentration of 0, 1, 2, 4, 
8 μmol/L respectively and 6 hours After incubation, the cells 
of each group were harvested by centrifugation, 500 μL of ATP 
detection lysate was added to the cell pellets of each group, and 
after full lysis, centrifuged at 12000 × g, 4 °C for 20 minutes to 
take the supernatant. The ATP detection reagent 1:9 with the 
ATP detection reagent diluent to obtain ATP detection working 
solution. 100 μL of ATP working solution was added to a black 
96-well plate at room temperature for 4 minutes. Add 10 μL of 
protein sample solution to each well, mix quickly, and place in 
a microplate reader to detect the intensity of self-luminescence.

2.7 Mitochondrial permeability transition pore(mPTP) 
assay

IVM was added to the cells at the concentrations of 0, 
1, 2, 4, 8 μmol/L. Then, the cells were loaded with 1 mmol/L 
calcein-AM at 37 °C for 0.5h and then add 1mmol/L CoCl2 at 
37 °C for 0.5h. After washed with PBS) twice, the fluorescence 
images were obtained through fluorescence microscope. (Leica, 
DM3000, Wetzlar and Mannheim, Germany).

2.8 Flow cytometry

Cellular calcium concentration analysis was captured with a 
flow cytometer (FACS Calibur, Becton Dickinson) recording to 
the method of Sawai and Domae. After incubated with IVM for 
6 h at 0,1,2,4,8 μmol/L, the cells were centrifuging and washing 
with cold PBS twice then resuspended in 500 mL binding buffer 
(10 μmol/L HEPES, 140 μmol/L NaCl, 2.5 μmol/L CaCl2, pH 
7.4). The cell suspension was incubated with 5 mL Fluo 3-AM 
at 37 °C for 30 min, after staining, cells were re-suspended in 
binding buffer and ascended using the flow cytometer with the 
accompanying Cell Quest software procedure.

2.9 Q-PCR analysis

After being treated with IVM for 6 h at 0, 1, 2, 4, 8 μmol/L, 
the TRNzol reagent was used to extract the RNA of cells 
according to protocol. The RNA concentration was analyzed by 
microplate reader (BioTek, Winooski, VT, USA). The Reverse 
Transcription Kit was used to reverse transcribed to cDNA. 
The templates of cDNA were detected with a SYBR Green PCR 
Kit by real-time PCR (BIO-RAD, USA). The expression gene 
data were normalized by b-actin expression.

2.10 Statistical analysis

The data are represented as mean ± standard deviation. 
One-way analysis was used to statistically significance of the 
difference of each sample. The significance of the difference 
between the groups was determined by T-test. p value below 
0.05 is considered as statistically significant.

3 Results

3.1 The effect of H9c2 cytotoxicity induced by IVM

The cell viability of H9c2 cells treated with IVM for 6 h was 
assessed by CCK-8 assay. The results showed that after being 

treated with IVM, the cell viability was significantly diminished 
when compared with the control group (Figure 1). The IC50 value 
of IVM treatments at 6 h was approximately 1.98 μmol/L as 
determined from the cell growth curve,. The result showed that 
the IVM could inhibited the cell viability.

3.2 IVM induced autophagy in H9c2 cells

MDC is an eosinophilic fluorescent stain that can stain 
acidic vacuoles in cells and presented distributed spots in the 
cytoplasm. The MDC is often used as a preliminary detection of 
autophagic lysosome formation. After treated with IVM for 6 h, 
the number of autophagosomes increases in a dose-dependent 
way as shown in Figure 2A. These data suggested IVM formed 
autophagosomes in H9c2 cells.

In addition, LC3 is considered as a marker protein of 
autophagosome membranes owing to its’ ability of binding 
to lipid molecules of autophagosomes and autophagosome 
membranes. In normal cells, LC3 existed in the form of LC3-II, 
which is dispersed throughout the cytoplasm. Once autophagy 
occurred, LC3-II is converted into LC3-I through lipidation 
and is recruited to the autophagosome membrane to promote 
the extension and maturation of the autophagosome. As shown 
in Figure  2B, the results confirmed that the LC3-II/I ratio 
increases in a dose-dependent way, and IVM induce autophagy 
by upregulating LC3-II expression levels. These results illustrate 
that IVM induced autophagy in H9c2 cells.

3.3 IVM induced mitochondrial damage in H9c2 cells

In the presence of ATP, firefly luciferase catalyzes the emission of 
photons from the luciferin substrate. Within a certain concentration 
range, the fluorescence intensity emitted is proportional to the 
concentration of ATP. The ATP bioluminescence detection kit 
was used to detect the changes in the ATP level in the cell lysis 
protein solution. As expected, the ATP level in H9c2 cells affected 
by IVM was significantly decreased. After being treated with 0, 
1, 2, 4, 8 μmol/L IVM for 6 hours, the content of cellular ATP 
decreased by 87.90%, 53.39%, 25.74%, 12.16% compared with 
the control group % (Figure 3A).

Figure 1. IVM inhibited the cell viability of H9c2 cells. each value 
is the mean ± SD. CK group: H9c2 cells cultured without IVM. *p < 
0.05, **p < 0.01. 
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The Calcein-AM/CoCl2 fluorescence experiment was used 
to detect the openness of mPTP. First, IVM was used to added to 
H9c2 cells for, respectively. With the prolongation of action time, 
the fluorescence in the mitochondria was increased, indicating 
that the concentration of Ca2+ in the mitochondria continued to 
increase and reached 4 μmol/L after the treatment. The increase of 
the Ca2+ concentration in the mitochondria contributed to mPTP 
opening, Ca2+ outflows from the mitochondria and the inflow 
of cytoplasmic Co2+, the fluorescence intensity of calcein in the 
mitochondria decreases (Figure 3B).These results demonstrated 
that IVM induced mitochondrial damage in H9c2 cells.

3.4 IVM induced mitophagy in H9c2 cells

The process of damaged and dysfunctional mitochondria 
is specific. Through the selective uptake of autophagosomes, 
mitochondria are finally transported to lysosomes for degradation. 
The results were shown in Figure 4. Mito-Tracker Green-labeled 
mitochondria and Lyso-Tracker Red-labeled lysosomes. We found 
that cells were separated, and the cells did not co-localize in the 
control group. After treated with 0, 1, 2, 4, 8 μmol/L IVM for 
6 h, the green fluorescence of the labeled mitochondria and the 
red fluorescence of the labeled lysosome were superimposed, 

Figure 2. IVM induced autophagy in H9c2 cells. (A) H9c2 cells were treated with IVM for 6 h and then incubated with MDC, the autophagosome 
were analyzed by fluorescence microscopy; (B) After treated with IVM for 6 h, the expression of autophagy-associated proteins LC3 in H9c2 
cells were detected by western blot; (C) Densitometry evaluation of three independent experiments was carried out, each value is the mean ± SD. 
*p < 0.05, **p < 0.01. The data shown are the mean from three independent experiments. Each value is the mean ± SD of three determinations.

Figure 3. IVM induced mitochondrial damage in H9c2 cells. (A) After treated with IVM for 6 h, ATP content was measured. All the experiments 
were performed in triplicates, each value is the mean ± SD. *p < 0.05, **p < 0.01; (B) After treated with IVM for 6 h, the mPTP opening was 
detected by co-loading with calcein-AM and CoCl2.
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representing a yellow fluorescent spot. Which indicated that co-
localized of autophagosomes and lysosomes, and the mitochondria 
would be degraded in the lysosome (Figure 4A).

When cells stimulated by intracellular and extracellular 
signals, which will leaded to an increase in the concentration 
of intracellular free Ca2+, which in turn triggers a series of 
Ca2+-dependent signal transduction. The result was shown 
in Figure 4B. After the H9c2 cells loaded with Fluo3-AM are 

subjected to IVM, the intracellular Ca2+ concentration instantly 
increases. This result confirmed that IVM-induced increase OF 
Ca2+ concentration in H9c2 cells.

Lamp 2 is a lysosomal transmembrane protein that exists 
in the process of autophagosome fusion with lysosome and the 
formation of autophagolysosome. H9c2 cells were treated with 
0, 1, 2, 4, 8 μmol/L IVM for 6 h and the test result was shown 
in Figure  4C. The expression of Lamp 2 was increased and 

Figure 4. IVM induced mitophagy in H9c2 cells. (A) After treated with IVM for 6 h, mitochondria and lysosomes were stained with Mito-
Tracker and Lyso Tracker Red, then detected by fluorescence microscopy; (B) The Ca2+ was labeled with Fluo 3-AM fluorescence probes and 
measured by microplate reader; (C) Fluo-3 fluorescence intensities; (D) After treated with IVM for 6 h, the expression of Lamp2 in H9c2 cells 
were detected by western blot; (E) The expression of Cathepsin B and Cathepsin L mRNA were evaluated by RT-PCR. Densitometry evaluation 
of three independent experiments was carried out. The data shown are the mean from three independent experiments. Each value is the mean 
± SD of three determinations. *p < 0.05, **p < 0.01.
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shown in a dose-dependent way. Which indicated the clearance 
of damaged mitochondria induced by IVM is related to the 
formation of autophagolysosomes.

Cathepsin is an important proteolytic enzyme system in 
lysosomes, mainly involved in the degradation of intracellular 
organelles and proteins. Cathepsin B and Cathepsin L were 
involved in the regulation of programmed cell death.We evaluated 
the expression of Cathepsin B and Cathepsin L at the mRNA 
level by RT-PCR, the result is shown in Figure 4E. As shown in 
Figure 4D, when H9c2 cells exposed to IVM 0, 1, 2, 4, 8 μmol/L 
respectively, the mRNA expression levels of Cathepsin B and 
Cathepsin L significantly increased in a dose-dependent way. 
This result suggested that IVM induced the increase the activity 
of lysosomes in H9c2 cells, which is beneficial to the removal 
of damaged mitochondria. Moreover, this result ensured IVM-
induced mitophagy in H9c2 cells at the molecular level.

3.5 Effects of IVM on PINK1/Parkin signaling pathways in 
H9c2 cells

PINK1 and Parkin proteins are important biological markers 
of mitophagy. In order to further confirm signaling pathways of 
IVM-induced mitophagy in H9c2 cells, Western blot was used 
to assess PINK1 and Parkin proteins expression. As shown in 
Figure 5, the expression of PINK1 and Parkin protein increased 
simultaneously in a dose-dependent way. This result revealed that 
IVM-induced PINK1/Parkin mitochondrial signal transduction 
pathway activated.

4 Discussion
Usually, most researchers believed that the advantages of 

IVM in global public health and socio-economic well-being are 
endless and still accumulating (Gupta et al., 2020; Tang et al., 
2021). With the increased worldwide use of IVM, the report 
showed that IVM has overcome many parasitic diseases infecting 
millions of people, such as strongyloidiasis and onchocerciasis 
(Martin et al., 2021). However, IVM is categorized as highly 
toxic with acute oral and dermal toxicity of category I and 
II respectively (Imperiale et al., 2004). The report noted that 
chronic and subchronic toxicity under low IVM exposure may 
be of greater concern (Laing  et  al., 2017). However, there is 
little known about the degree of potential toxicity to humans 
or higher animals, as there are currently no reliable studies. 
Hence, we studied that whether IVM has potential toxicity in 
mammal cells.

To evaluate its biological safety on mammalian cells, we 
analysis the cell viability of IVM on H9c2 cells by CCK-8. 
The results revealed that IVM decreased the cell viability a 
dose-dependent way (Figure 1). This illustrated that IVM has 
cytotoxicity to cells in vitro, this might be the basis for potential 
risks to mammals. Therefore, a wide range of concentrations 
and 6 hours were used to reflect the mitochondrial inducing 
effect of IVM on H9c2 cells. Autophagy is considered as a 
mechanism of cell survival, however, studies have also indicated 
that autophagy is associated with cell death recently (Jung et al., 
2008). Whether autophagy promotes cell survival or cell death 
depends on the intensity of the stimulation on cells. Our research 
found that IVM have induced autophagy in H9c2 cells, and 

Figure 5. IVM induced the Parkin/PINK1 signaling pathways in H9c2cells. After treated with IVM for 6 h, representative western blot analyses 
of phosphorylation of Parkin, PINK1in H9c2 cells were performed.
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the molecular mechanism has been preliminary explored. 
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increased the autophagy level of H9C2 cells. Western blot was 
used to visualize the expression of autophagy-related proteins, 
the results further confirmed the autophagy-inducing effect of 
IVM on H9c2 cells (Figure 2).

Mitochondria is a necessary organelle for cells to carry out 
energy conversion and metabolic regulation and play a vital role 
in a variety of life activities such as Ca2+ homeostasis, cell death, 
cell cycle regulation and the body’s natural immune response 
(Kim et al., 2007). Therefore, there is a strict mitochondrial quality 
control mechanism in cells to ensure the effective execution of 
metabolic functions and the timely start of programmed cell 
death. Mitophagy is the mitochondrial degradation pathway that 
depends on autophagy and is the core mechanism for mitochondrial 
quality control (Kobayashi & Liang, 2015). The results showed 
that the decrease in mitochondrial ATP content caused by 
IVM on H9c2 cells and the mPTP opened (Figure 3), which 
suggested that IVM induced mitochondrial damage. To further 
confirmed weather mitophagy was occurred, we detected the co-
localization of mitochondria and lysosomes, which is a preliminary 
judgment of the occurrence of mitophagy (Zhang et al., 2010). 
Lamp protein is important protein to maintain the stability of 
lysosomal membrane structure and participates in the process 
of fusion of mature autophagosomes and lysosomes, Lamp 2 has 
more significant effect. Recent research results show that many 
autophagosomes can be observed in Lamp 2 protein-deficient 
cells, and the degradation of long-lived proteins is reduced, 
confirming that the increase of autophagosomes is caused by 
slowing down of degradation, rather than increased production 
(Yoshii & Mizushima, 2015). We also detected the increase 
of Lamp 2 protein expression and the increase of cathepsin 
gene expression, suggesting that lysosomes are involved in the 
clearance process of damaged mitochondria. In addition, we 
evaluated the expression changes of Cathepsin B and Cathepsin 
L by RT-PCR at the mRNA level which confirmed that IVM 
induced mitophagy at molecular level (Figure 5).

The ubiquitination of PINK1 and Parkin proteins has attracted 
much attention in the regulation of mitochondrial recognition. 
In this study, western blot assay wea used to notice the increase 
in expression of PINK1 and Parkin proteins. This result also 
confirmed the process of selective envelopment of damaged 
mitochondria by autophagic vesicles and demonstrated a possible 
mechanism of IVM-induced mitophagy via the PINK1/ Parkin 
pathway in H9c2 cells.

In conclusion, we are the first one to demonstrated that 
IVM induce mitophagy in H9c2 cells via PINK1/Parkin 
signaling. Our results also build a basis of potential molecular 
mechanism of IVM in non-targeted cells, which could provide 
more accurate view of IVM in other researches. However, it turns 
out that our research has its limitations. We should further study 
other factors of the mitophagy pathways to fully understand 
mechanisms of IVM.
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