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1 Introduction
The heart is the most energy-consuming organ in the 

human body, but the concentration of ATP in myocardial 
cells is relatively low, which means that myocardial cells must 
continuously synthesize ATP to maintain normal diastolic and 
contractile functions. Mitochondria are the most important place 
for intracellular oxidative phosphorylation and ATP synthesis. 
Cardiomyocytes contain a large number of mitochondria, a 
double-layer membrane-coated organelle that exists in most 
cells. It is the main structure for energy production in cells 
and the main place for cells to carry out aerobic respiration. 
In addition, mitochondria are also involved in cell apoptosis 
and signal transduction, cell proliferation, cell metabolism and 
other processes. Mitochondrial injury is the main pathogenesis 
that causes myocardial ischemia/reperfusion injury, which 
in turn leads to myocardial death, apoptosis and contractile 
failure. Therefore, mitochondrial dysfunction is a determinant 
of myocardial ischemia/reperfusion injury. Studies have found 
that autologous mitochondria transplantation, in which a 
person’s autologous healthy mitochondria is delivered to the 
ischemic area of damaged mitochondria through mitochondria in 
coronary arteries, can significantly improve myocardial function 

(Giorgio et al., 2018; Shin et al., 2019; Chiva-Blanch & Badimon, 
2017; Espinosa-Moncada et al., 2018; Vetrani et al., 2018).

Lycopene has a long-chain polyunsaturated olefin molecular 
structure, which gives it a strong capability to eliminate free 
radicals and antioxidant capacity. The current research on its 
biological effects mainly focuses on anti-oxidation, reducing 
the risk of cardiovascular disease, reducing genetic damage, 
and inhibiting the occurrence and development of tumors. 
Our research is to explore whether Lycopene can mitigate 
cardiac ischemia/reperfusion injury, and to further explore 
whether its underlying mechanism plays a role by inhibiting 
the opening of MPTP.

2 Methods
2.1 Cell grouping and CCK-8 to detect the viability of H9c2 
cells

H9c2 cells were obtained. Cell viability was determined 
according to the operation manual, and the OD value at 450 nm 
was measured. The groupings are as follows: A, the Control group, 
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in which the cells were grown in an incubator, without receiving 
sugar-free Earle’s medium replacement; B, the H/R group, in 
which the cells received sugar-free Earle’s medium and normal 
medium in sequence, meaning that the cells were treated with 
hypoxia for 12 h and reoxygenation for 1 h respectively; C, the 
low-dose drug group. After pretreatment with 5 μM Lycopene 
for 4 h, the cells received sugar-free Earle’s medium and normal 
medium, and then received 12 h hypoxia and 1 h reoxygenation 
treatment; D, the middle-dose drug group, the cells received 
4 h pretreatment with 10 µM Lycopene, other procedures are 
the same as group C; E, the high-dose drug group, the cells 
received pretreatment with 20 µM Lycopene for 4 h, with other 
procedures the same as group C.

2.2 Trypan blue staining method to determine the survival 
rate of H9c2 cells.

H9c2 cells were prepared. According to the operation 
procedure and principle of trypan blue staining: normal 
cardiomyocytes are not stained, only cardiomyocytes with loss 
of cell membrane integrity can be stained blue by trypan blue. 
Therefore, the calculation formula of cell survival rate is: cell 
survival rate = total number of unstained cells/total number of 
cells × 100%, and the grouping is the same as above.

2.3 LDH activity detection of H9c2 cell damage.

Following the instructions, the activity of LDH was calculated 
according to the formula: LDH (U/L) = (measured OD value 
- control OD value) / (standard OD value - blank OD value) × 
standard concentration × 1000.

2.4 Flow cytometry to measure the apoptosis rate of H9c2 
cells

The groups are as follows: A, the Control group; B, the H/R 
group; C group, the cells were pretreated with 20 µM Lycopene for 
4 h; and D group, the cells were pretreated with 20 µM Lycopene 
+ 20 µM Atractylodes carboxylate for 4 h. Flow cytometry was 
used for apoptosis detection.

2.5 Rhodamine 123 method to measure the changes of 
mitochondrial membrane potential of H9c2 cardiomyocytes.

According to the operation and dyeing principle of Rhodamine 
123, the stronger fluorescence intensity and denser fluorescence 
mean the less reduction of mitochondrial membrane potential. 
The weaker fluorescence intensity and sparser fluorescence 
suggest more reduction of mitochondrial membrane potential.

2.6 Calcium induction method to measure the opening 
degree of mitochondria of H9c2 cardiomyocytes.

H9c2 cardiomyocyte mitochondria were extracted. Buffer 
A of the 190 μL of MPTP detection kit was added to the 
mitochondrial pellets of each group. The microplate reader was 
used for continuous detection of the A540 from 0 min to 10 min. 
The samples were added with Buffer B of the 10 μL of MPTP 

detection kit. A microplate reader was used to measure once 
at A540 at an interval of 1 min, and continuously for 10 min.

2.7 Detection of protein expression by WB method.

After SDS-PAGE gel electrophoresis, membrane transfer, western 
blotting, chemiluminescence operation, the expressions of Bcl-2, 
Bax, cytochrome C, APAF-1, caspase 9 and caspase-3 proteins 
were determined.

2.8 Statistical analysis.

The data were analyzed using SPSS17.0 software. All data 
were expressed as mean ± standard deviation. Multi-sample 
comparisons of 3 or more groups were conducted using one-
way analysis of variance, and the least significant difference 
test was used for multiple comparison pairwise. If P < 0.05, it 
is considered a statistically significant difference.

3 Result
3.1 The effect of Lycopene on the vitality of hypoxia/
reoxygenation H9c2 cardiomyocytes.

Compared with the Control group, the A450 value 
of the H/R group was significantly reduced, and different 
concentrations of Lycopene can effectively improve the viability 
of H9c2 cardiomyocytes, as shown in Figure 1.

3.2 The effect of Lycopene on the survival rate of hypoxia/
reoxygenation H9c2 cardiomyocytes.

Compared with the Control group, the survival rate of the 
H/R group was significantly reduced. Different concentrations 
of Lycopene can significantly improve the survival rate of 
H9c2 cardiomyocytes, as shown in Figure 2.

3.3 The effect of Lycopene on hypoxia/reoxygenation H9c2 
cardiomyocyte damage.

Compared with the Control group, the LDH value of the H/R 
group was significantly higher. Different concentrations of Lycopene 
can effectively mitigate the damage of H9c2 cardiomyocytes, as 
shown in Figure 3.

Figure 1. H9c2 myocardial cell viability results.
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3.4 The effect of Lycopene on the apoptosis rate of hypoxia/
reoxygenation H9c2 cardiomyocytes.

Compared with the Control group, the apoptosis rate of 
the H/R group was significantly increased. Compared with 
the Lycopene group, the apoptosis rate measured in the H/R 
group was also significantly increased. Compared with the 
Control group, the protein expression level of the Lycopene + 
Atractylodes carboxylate group was significantly increased, as 
shown in Figure 4.

3.5 The effect of Lycopene on the changes of mitochondrial 
membrane potential of hypoxia/reoxygenation H9c2 
cardiomyocytes.

Rhodamine 123 is a fluorescent dye that can penetrate 
the mitochondrial membrane. The amount of Rhodamine 
123 entering the mitochondria is indeed closely related to the level 
of the mitochondrial membrane potential. If the mitochondrial 
membrane potential is high, more Rhodamine 123 will enter 
and retain, with strong fluorescence, and vice versa. Therefore, 
the fluorescence intensity of Rhodamine 123 reflected the level 
of mitochondrial membrane potential. Compared with the 
Control group, the mitochondria ΔΨm of the H/R group was 
significantly reduced. Compared with the Lycopene group, the 
mitochondria ΔΨm of the H/R group was significantly reduced, 
and the mitochondria ΔΨm of the Lycopene + Atractylodes 
carboxylate group was also significantly reduced, as shown in 
Figure 5.

3.6 The effect of Lycopene on the expression of pro-apoptotic 
factor protein in the mitochondrial apoptosis pathway.

Compared with the Control group, the protein expression 
level of the H/R group was significantly higher. Compared with 
the Lycopene group, the protein expression level of the H/R group 
was significantly increased, and the protein expression level 
of Lycopene + Atractylodes carboxylate was also significantly 
increased, as shown in Figure 6.

Compared with the Control group, the Bcl-2 expression of 
the H/R group was significantly reduced, the Bax expression was 
significantly increased, thus the Bcl-2/Bax protein ratio was greatly 
reduced. Compared with the Lycopene group, the expression 
level of Bcl-2 in the H/R group was significantly reduced, the 
expression level of Bax was significantly increased, so the ratio of 
Bcl-2/Bax was obviously reduced. The Bcl-2 expression level of 
the Lycopene + Atractylodes carboxylate group was significantly 
reduced, and the Bax expression level was also significantly 
increased, as shown in Figure 7.

Figure 2. Detection of H9c2 cardiomyocyte viability.

Figure 3. Detection of H9c2 cardiomyocyte damage.

Figure 4. Detection of H9c2 cardiomyocyte apoptosis.
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3.7 The effect of Lycopene on the opening degree 
of mitochondria of hypoxia/reoxygenation H9c2 
cardiomyocytes.

The samples of each group were continuously measured with 
a microplate reader at the A540 from 0 min to 10 min. The lower 
measured value means the higher sensitivity of MPTP to calcium, 
suggesting the higher openness of MPTP. The sensitivity of 
MPTP to calcium, that is, the opening degree of MPTP, which 
is reflected by the ratio of A540 (10 min) / A540 (0 min), is 

quantified. Because the value measured at A540 (0 min) is 
the highest, while the value measured at A540 (10 min) is the 
lowest, the ratio is expressed as min/max A540. The lower ratio 
of min/max A540 suggests the higher sensitivity of MPTP to 
calcium and the higher opening degree of MPTP, and vice versa. 
Our results showed that, compared with the Control group, the 
A540 value and min/max A540 value measured in the H/R group 
were significantly reduced. Compared with the administration 
group, the A540 value and min/max A540 value measured in 
the H/R group were significantly reduced, See Figure 8.

4 Discussion.
At present, substantive progress has been made in cellular 

events that may lead to fatal I/R injury following reperfusion after 
ischemia, and mitochondrial integrity is the core of this work. 
A number of mitochondrial-centric mechanisms are believed 
to play a role, such as the generation of reactive oxygen species 
(ROS), the opening of the mitochondrial permeability transition 
pore (MPTP), and the activation of endogenous apoptosis 
(Fan et al., 2017; Costabile et al., 2019; Brown et al., 2017).

The apoptotic pathway inherent in mitochondria is characterized 
by increased mitochondrial membrane permeability. This loss of 
mitochondrial outer membrane integrity is widely regarded as 
the “irreversible point” of apoptosis, and Bcl-2 family proteins 
(including Bax, Bak, and tBID) play an important role in this 
process. The translocation of DRP1 to mitochondria promotes 
Bax/Bak recruitment, oligomerization and pore formation at 
OMM, which triggers the release of cytochrome c. In addition, the 
recruitment of OMM by Bax/Bak is accompanied by the release 
of a new apoptotic factor (DDP/TIMM8a), which promotes the 
recruitment of DRP1 to the Bax/Bak site. DRP1 then passes 
through Bax/baki-dependent ubiquitination and stabilizes.

Mitochondria are the core participants in regulating 
cell homeostasis. They are essential for energy production. 
However, reactive oxygen species accumulate as by-products 
of the electron transport chain, causing mitochondrial damage. 
Oxidative stress-mediated ROS leads to rapid depolarization of 

Figure 5. Changes of ΔΨm in mitochondria of H9c2 cardiomyocytes.

Figure 6. The protein expressions of pro-apoptotic factors in H9c2 
cardiomyocytes.

Figure 7. The expression levels of Bcl-2 and Bax proteins in H9c2 
cardiomyocytes.
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2018; Sabbah et al., 2018; Collins et al., 2018; Yu et al., 2017; 
Coronado et al., 2018; Yu et al., 2019).

MPTP is a multi-protein giant channel complex that spans 
the inner and outer mitochondrial membranes, which basically 
allows small molecule communication between the matrix and 
the cytosol. The structural composition of pores is not well 
understood, which is a topic of ongoing debate. Preliminary studies 
have shown that the pore is composed of a voltage-dependent 
anion channel (VDAC) located in the outer mitochondrial 
membrane, adenine nucleotide transporter (ANT) in the inner 
mitochondrial membrane, and cyclophilin D (Cyp-D) in the 
matrix. However, subsequent gene deletion studies have shown 
that the formation of MPTP does not require ANT and VDAC, 
partly due to the presence of different subtypes of these putative 
pore components. Despite these observations, it is generally 
believed that Cyp-D is the main factor in the formation of MPTP 
(Zhou et al., 2019; Badi et al., 2019; Medak & Townsend, 2019).

In our research, it was found that Lycopene can inhibit 
the decrease of ΔΨm and reduce the sensitivity of MPTP to 
Ca2+, thus clarifying that Lycopene exerts an anti-apoptotic 
mechanism by inhibiting the opening of MPTP. On this basis, 
it is confirmed that Lycopene can achieve the regulation of 
MPTP through inhibiting BAX expression and promoting 
Bcl-2 expression. In order to further prove that Lycopene exerts 
myocardial protection by acting on MPTP and inhibiting the 
opening of MPTP, this study applied the MPTP opening agonist: 
Atractylidin. The experimental results showed that Atractylidin 
counteracts the effect of Lycopene in inhibiting cardiomyocyte 
apoptosis, and it was further found that Atractylidin counteracted 
the protective effect of Lycopene to stabilize mitochondria ΔΨm 
and reduce the sensitivity of MPTP to Ca2+.

5 Conclusion
In summary, it is concluded that Lycopene plays a protective 

role in mitigating MIRI by acting on MPTP and inhibiting the 
opening of MPTP.
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