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Objective: To study the injury effect and molecular mechanism of high glucose on myocardial
cells. Methods: Myocardial cells H9c2 were cultured and divided into the control group treated
with DMEM containing 5.5 mmol/L glucose, the high glucose group treated with DMEM
containing 35 mmol/L glucose, and the N-acetylcysteine (NAC) group pre-treated with 1000
pmol/L. NAC and treated with DMEM containing 1000 pmol/L NAC and 35 mmol/L glucose.
The production of ROS and the expression of mitochondria pathway apoptosis molecules in
cells as well as the contents of collagen and collagen metabolism molecules were measured.
Results: After 8 h, 16 h and 24 h of treatment, ROS RFU as well as Bax, CytC, Caspase-3 and
Caspase-9 protein expression in cells and Col-I, Col-I1I, PINP and PIIINP protein levels in
culture medium of high glucose group were higher than those of control group, Bcl-2 protein
expression were lower than those of control group, but CTX-I protein levels in culture medium
were not significantly different from those of control group; after 24 h of treatment, Bax, CytC,
Caspase-3 and Caspase-9 protein expression in cells as well as Col-I, Col-1II, PINP and PITINP
protein levels in culture medium of NAC group were lower than those of high glucose group
whereas Bcl-2 protein expression was higher than that of high glucose group. Conclusions:
High glucose can induce myocardial cell apoptosis, increase collagen synthesis and accelerate
interstitial fibrosis by increasing the production of reactive oxygen species.

1. Introduction

fibrosis and cardiac vasomotor hypofunction. It can gradually

progress into heart failure, and is currently the clinical common

Diabetic cardiomyopathy (DCM) is one of the important
complications of diabetes, mainly characterized by myocardial cell
damage and intracellular mitochondrial dysfunction and clinically

manifested as ventricular hypertrophy, myocardial interstitial
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cause of disability and death for diabetic patients at present(1.2].
Research on diabetic complications in recent years has shown that
the increased reactive oxygen species (ROS) generation and the
oxidative stress reaction activation under high glucose environment

are the common bases of a variety of diabetic complications. The
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excessively generated ROS can cause cellular structural destruction
and functional damage and result in corresponding complications[3].
In the pathological process of DCM, myocardial cell injury is the
most outstanding performance, and the damaging effect of high
glucose on myocardial cells has also received more and more
attention[4]; however, it is still not clear whether high glucose cause
myocardial cell damage through increasing the ROS production
and activating the oxidative stress reaction or not. In the following
study, we specifically analyzed the damaging effect and molecular

mechanism of high glucose on myocardial cells.

2. Materials and methods

2.1. Experimental materials

Myocardial cell lines H9c2 was purchased from ATCC Cell
Company, the reagents for cell culture from Sigma Company and
the consumables for cell culture from Corning Company; the ROS
scavenger N-acetylcysteine (NAC) was purchased from Sigma
Company; the ROS detection kit was purchased from Thermo
Company, the Bax, CytC, Casaspe-3 and Casaspe-9 antibody
for Western blot from Santa Cruz Company, and enzyme-linked
immunosorbent assay kits and BCA quantitative kits from Shanghai

Westang Company.

2.2. Experimental methods

2.2.1. Cell culture medium treatment

Myocardial cells H9c2 were regularly cultured in DMEM
containing 10% fetal bovine serum, digested with trypsin and then
inoculated within the culture plate for treatment, and the methods
were as follows: (1) control group were treated with ordinary
DMEM containing 5.5 mmol/L glucose; (2) high glucose group
were treated with DMEM containing 35 mmol/L glucose; (3) NAC
group were pre-treated with DMEM containing 1000 pmol/L NAC
for 1 h, and then continuously treated with DMEM containing 1000
umol/L NAC and 35 mmol/L glucose.

2.2.2. ROS generation detection

The cells for ROS detection were inoculated within the 24-well
culture plate, and were treated to get rid of culture medium. Then
the GENMED staining fluid and the staining working fluid of
GENMED diluent were added and incubated for 20 min to drain
the fluid. After that the 37 °C preheating GENMED preserving fluid
was added, the fluorescence value of excitation wavelength 540 nm
and emission wavelength 590 nm were detected on fluorescence

microplate reader, and the ROS fluorescence value of control group

after 8 h of treatment was set as 1 (100%) to calculate the relative

fluorescence unit (RFU) of ROS of other groups.

2.2.3. Detection of protein expression in cells

The cells for protein expression detection were inoculated in 6-well
culture plate and treated with different conditions to abandon the
culture medium. In each well, 200 pL protein lysis buffer was added.
The protein in cells was isolated and then mixed with the sample
buffer. After 100 °C high-temperature degeneration the samples
were added in preconfigured polyacrylamide-SDS gel for vertical
electrophoresis and then the protein on the gel was transferred to NC
membrane by electrophoretic transfer. The NC membrane was closed
for 2 h by using 5% skim milk and then taken out to incubate the
Bcl-2, Bax, CytC, Caspase-3 and Caspase-9 antibodies for the night.
The next day, the HRP-labeled second antibody incubation was
done, and the protein band was finally developed on the visualizer.
The protein expression of control group after 8 h of treatment was set
as 1 (100%) to calculate the protein expression of Bcl-2, Bax, CytC,
Caspase-3 and Caspase-9 protein expression in the other groups of

cells.

2.2.4. Detection of protein levels in cell culture medium
The cells for ROS detection were inoculated in the 12-well culture

plate and treated to keep the culture medium, and Col-I , Col-[[[,
PI NP and P[[[ NP contents were determined by enzyme-linked
immunosorbent assay kit; the cells were kept and added in protein
lysis buffer to extract protein, and the total protein content was
determined by the BCA kit. The protein levels of Col-1, Col-][[, PI
NP and P[[| NP corresponding to the unit mass of total protein were

calculated.

2.3. Statistical methods

SPSS20.0 software was used to analyze data, the measurement
data were in terms of mean+SD and the measurement data analysis
between two groups was conducted by ¢ test, while the count data
among three groups was analyzed by variance analysis and pair-wise
comparison was by LSD-¢ test. P<0.05 meant statistical significance

in differences in test results.

3. Results

3.1. High glucose increased ROS generation in myocardial

cells

After 8 h, 16 h and 24 h of treatment, ROS RFU in high glucose
group of cells were (1.31+0.16), (1.88+0.24) and (2.64+0.33)
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respectively; ROS RFU in control group of cells were (1.00+0.16),
(1.04+0.13) and (1.06+0.18) respectively. After ¢ test, ROS RFU in
high glucose group of cells were significantly higher than those in

control group after 8 h, 16 h and 24 h of treatment (P<0.05).

3.2. High glucose promoted mitochondrial pathway apoptosis

in myocardial cells

After 8 h, 16 h and 24 h of treatment, Bax, CytC, Caspase-3
and Caspase-9 protein expression in high glucose group were
significantly higher than those of control group whereas Bcl-2
protein expression were significantly lower than those of control

group (P<0.05) (Table 1).

Table 1
Effect of high glucose on mitochondrial pathway apoptosis in myocardial
cells (mean+SD).

Groups Bcl-2 Bax CytC Caspase-3 Caspase-9
Control 8 1.00+0.15 1.00£0.15 1.00£0.17 1.00+0.11 1.00+0.15
16 1.05+0.18 0.98+0.17 1.03+0.15 0.97+0.16 0.99+0.13
24 1.03+£0.20 1.02+0.18 1.02+0.17 1.04+0.18 1.05+0.18
High 8 0.77+0.11" 1.84+0.27" 1.73x0.20- 1.80+0.23" 1.56+0.24"

glucose 16 0.56+0.09" 2.62+0.41" 2.49+0.38" 2.72+0.41" 2.1520.36"
24 0.34+0.07" 3.55+0.62" 3.16+0.52" 3.62+0.57" 2.92+0.41"

Compared with control group at the same point in time, "P<0.05.

3.3. High glucose promotes collagen synthests in myocardial

cells

After 8 h, 16 h and 24 h of treatment, Col-I (ng/mg total protein),
Col-][ (ng/mg total protein), PINP (pg/mg total protein) and P[]
NP (pg/mg total protein) protein levels in culture medium of high
glucose group were significantly higher than those of control group
(P<0.05), while CTX-I(pg/mg total protein) protein levels were not
significantly different from those of control group (P>0.05)(Table 2).

Table 2
Effect of high glucose on collagen and collagen metabolism molecule
contents (mean+SD).

Time
Groups ® Col- T Col-[[| P NP P[NP CTX- [
Control 8 9.39+1.15 1.88+0.24 65.39+9.39  18.35+2.35  23.65+2.85
16 9.55x1.24 1.93+0.29 66.51+8.38  26.41+£3.47  22.98+3.15
24 9.71£1.09 1.90+0.26 67.41+823  34.12+4.59  23.28+3.85
High 8 17.68+2.317 3.42+0.64° 152.32+20.35" 4541%7.69° 22.35+4.12
glucose 16 23.36+3.88" 5.49+0.71° 264.29+35.64" 67.3129.24" 24.22+3.56

24 30.29+5.47" 7.02+0.94" 384.51+52.93" 89.34+10.35" 23.17+4.31

Compared with control group at the same point in time, P<0.0 5.

3.4. NAC reduced promoting effect of high glucose on

mitochondrial pathway apoptosts in myocardial cells

After 24 h of treatment, Bax, CytC, Caspase-3 and Caspase-9
protein expression in high glucose group were significantly higher
than those of control group whereas Bcl-2 protein expression was
significantly lower than that of control group (P<0.05); Bax, CytC,
Caspase-3 and Caspase-9 protein expression in NAC group were
lower than those in high glucose group whereas Bcl-2 protein
expression was significantly higher than that in high glucose group
(P<0.05) (Table 3).

Table 3

Effect of NAC combined with high glucose on mitochondrial pathway
apoptosis expression in myocardial cells after 24 h of treatment (mean+SD).
Groups Bcl-2 Bax CytC Caspase-3 Caspase-9
Control 1.03+0.20 1.02+0.18 1.02+0.17 1.04+0.18 1.05+0.18
High glucose 0.34+0.07° 3.55+0.62" 3.16+0.52" 3.62+0.57 2.92+0.41"
NAC 0.790.09% 1.88+0.25% 1.38+0.21¢ 1.670.19% 1.59+0.23%

Compared with control group at the same point in time, "P<0.05; compared

with high glucose group at the same point in time, “P<0.05.

3.5. NAC reduced promoting effect of high glucose on

collagen synthesis in myocardial cells

After 24 h of treatment, Col- | (ng/mg total protein), Col-[[| (ng/
mg total protein), P | NP (pg/mg total protein) and P[[[ NP (pg/mg
total protein) protein levels in culture medium of high glucose group
were significantly higher than those of control group (P<0.05);
Col- T, Col-][[, P | NP and P[[[ NP protein levels in culture medium
of NAC group were significantly lower than those of high glucose
group (P<0.05) (Table 4).

Table 4
Effect of NAC combined with high glucose on collagen and collagen

metabolism molecule contents after 24 h of treatment (mean+SD).

Groups Col- | Col-[[| P NP P[NP
Control 9.71£1.09  1.90+026  67.41x823  34.12+4.59
High glucose 30.29+5.47°  7.02+0.94" 384.51x52.93" 89.34+10.35
NAC 15.69+2.37%  3.31+0.48 103.58+15.96% 50.39+7.75%

Compared with control group at the same point in time, "P<0.05; compared
with high glucose group at the same point in time, “P<0.05.

4. Discussion

DCM is one of the common complications of diabetes mellitus,
which is independent of diabetic vascular complications, and
mainly manifested as the damage of myocardial cell structure and

function. The decreased number, dysfunction and structural damage



66 Yu—Jun Wang et al./Asian Pacific Journal of Tropical Medicine 2018; 11(1): 63-67

of mitochondria in myocardial cells are the prominent pathological
changes in myocardial tissue of diabetic animal models, and also
accompanied by myocardial interstitial fibrosis[5.6]. The activated
oxidative stress reaction and increased ROS formation caused
by high glucose is one of the common pathogenesis of various
diabetic complications, and the continuously generated ROS can
cause cell damage within the target organ damage and result in
the corresponding complications[7.8]. The damaging effect of high
glucose on myocardial cells, endothelial cells and so on has been
confirmed by more and more studies[9,10], but in the pathological
process of DCM, it is still not clear whether high glucose causes
myocardial cell injury through the activation of oxidative stress.
In order to determine that, the ROS generation in the myocardial
cells was analyzed in the study after high glucose treatment, and
the results showed that ROS RFU in high glucose group of cells
were higher than those in control group. This indicates that the high
glucose condition can increase the generation of ROS in myocardial
cells, which in turn can cause myocardial cell damage by oxidative
stress response.

Mitochondrial pathway apoptosis is an important link in the
oxidative stress injury of myocardial cells, and ROS can cause
mitochondrial function disorder in cells, and thus activate
mitochondrial pathway of apoptosis[11-13]. Bax and Bcl-2 are the
key molecules on mitochondrial membrane that regulate CytC
permeability; the homodimer formed by Bax can be the channel for
CytC to leave mitochondria and enter into the cytoplasm, and the
Bcl-2 can form heterodimer with Bax and antagonize its biological
function(14,15]. The CytC from the mitochondria to the cytoplasm
can start apoptotic cascade activation reaction; it induces Apaf
allosterism and makes the caspase-9 precursor split into active
mature form, and then the activated caspase-9 can further activate
caspase-3 and induce apoptosis(16]. The analysis of the changes
in above mitochondrial pathway apoptosis molecule expression in
myocardial cells after high glucose processing in the study showed
that Bax, CytC, Caspase-3 and Caspase-9 protein expression in high
glucose group were higher than those of control group whereas Bcl-2
protein expression were lower than those of control group. This
indicates that high glucose can affect the Bcl-2/Bax balance, increase
CytC release and activate the Caspase cascade activation response to
activate the mitochondrial pathway apoptosis of myocardial cells.

In the pathological process of DCM, high glucose will not only
directly cause myocardial cell apoptosis, but will also cause
myocardial interstitial fibrosis and affect the cardiac diastolic
and systolic function so as to accelerate the occurrence of heart
failure[17.18]. The excessive proliferation of fibroblasts and the
abnormal accumulation of collagen in extracellular matrix are
important characteristics of myocardial interstitial fibrosis. Collagen
type | and type [[| are the main collagen components in the
myocardial extracellular matrix, and the increase of type | collagen
and type ]| collagen that are synthesized and secreted by myocardial

cells can cause the occurrence of myocardial fibrosis[19,20]. In

the transformation from procollagen to mature collagen, the split
of procollagen C-terminal polypeptide will form the by-products
P ] CP and P[]|CP, and the P | CP and P[] CP contents can reflect
the collagen anabolism process; in the process of mature collagen
degradation, the C-terminal split will generate CTX- | , and the
CTX- ] can reflect the collagen catabolism process. The analysis
of the changes in above collagen metabolism molecule contents in
myocardial cell after high glucose processing showed that Col- | ,
Col-[[I, P I NP and P][| NP protein levels in high glucose group
were higher than those of control group, and CTX- | protein levels
were not significantly different from those of control group. This
indicates that high glucose can promote the collagen anabolism in
myocardial cells without affecting the collagen catabolism so as to
promote collagen deposition and myocardial fibrosis.

The mitochondrial pathway apoptosis and collagen deposition
in myocardial cells are the important pathological changes in the
process of myocardial injury induced by high glucose. In recent
years, a growing number of studies have confirmed that the activated
oxidative stress reaction and the increased oxygen free radical
generation are closely related to the myocardial cell apoptosis and
myocardial interstitial fibrosis[21-23], but it is still not clear about
the roles that the oxidative stress play in high glucose-induced
myocardial cell apoptosis and collagen deposition. As mentioned
above, we have shown that high glucose can increase the production
of ROS within the myocardial cells, which can activate oxidative
stress response. In order to further clarify the roles of oxidative stress
reaction activation in high glucose-induced myocardial cell apoptosis
and collagen deposition, free radical scavenger NAC was used in the
study on the basis of high glucose processing, and comparison of the
changes in apoptosis molecule expression and collagen metabolism
molecule contents showed that Bax, CytC, Caspase-3 and Caspase-9
protein expression as well as Col- [, Col-[[[, P | NP and P[NP
protein levels in NAC group were lower than those in high glucose
group whereas Bcl-2 protein expression was higher than that in
high glucose group. It means that free radical scavenger can reverse
the high glucose effects on promoting the mitochondria pathway
apoptosis in myocardial cells and increasing the collagen deposition
in myocardial cells, which also confirms high glucose can increase
the generation of ROS to cause myocardial cell apoptosis, and
collagen deposition.

High glucose can increase the generation of ROS in myocardial
cells, cause the mitochondrial pathway apoptosis in cells and
increase collagen synthesis; increasing the production of ROS is
the molecular mechanism of high glucose to cause myocardial cell

apoptosis and increase collagen synthesis.
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