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Background. The sedative anesthetic, propofol, is a cardioprotective agent for hyperglycemia-induced myocardial hypertrophy and
dysfunction in rats. However, the specific protective mechanism has not been clarified.Methods and Results. In this experiment, we
used H9c2 cells subjected to 22mM glucose lasting for 72 hours as an in vitro model of cardiomyocyte injury by hyperglycemia and
investigated the potential mechanism of propofol against hyperglycemic stress in cells. Propofol (5, 10, or 20 μM) was added to the
cell cultures before and during the high glucose culture phases. Cell viability and levels of ROS were measured. The levels of
proinflammatory cytokines were tested by ELISA. The levels of SIRT3, SOD2, PHD2, HIF-1α, Bcl-2, P53, and cleaved caspase-3
proteins were detected by western blotting. Our data showed that propofol attenuated high glucose-induced cell apoptosis
accompanied by a decrease in the level of reactive oxygen species (ROS) and proinflammatory cytokines. Meanwhile, propofol
decreased the apoptosis of H9c2 cells via increasing the expression of Bcl-2, SIRT3, SOD2, and PHD2 proteins and decreasing
the expression of cleaved caspase-3, P53, and HIF-1α. Real-time PCR analysis showed that propofol did not significantly change
the HIF-1α but increase PHD2 at mRNA level. HIF-1α silence significantly decreased apoptosis and inflammation in H9c2 cell
during high glucose stress. Pretreatment of IOX2 (the inhibitor of PHD2) inhibited cell viability until the concentration reached
200 μM during high glucose stress. However, 50μM TYP (the inhibitor of SIRT3) significantly inhibited cell viability during
high glucose stress. Delayed IOX2 treatment for 6 hours significantly inhibited cell viability during high glucose stress.
Conclusions. Propofol might alleviate cell apoptosis via SIRT3-HIF-1α axis during high glucose stress.

1. Introduction

Diabetes is one of the most common diseases affecting
human health and bringing a large economic burden in
modern society [1]. Studies have revealed that nearly 80%
of diabetes-associated death were caused by cardiovascular
diseases [2]. Previous studies have demonstrated that chronic
hyperglycemia frequently causes cardiomyocyte dysfunction
or apoptosis, eventually results in the development of heart
failure [3]. Hyperglycemia is the metabolic hallmark of
diabetes, which has been shown to promote excessive
production of reactive oxygen species (ROS) [4, 5] and

proinflammatory cytokines [6]. The ROS and inflammatory
cytokines induce impairment in cardiac contractile func-
tion, promote myocardial apoptosis, and eventually induce
the development of cardiac hypertrophy and heart failure
[7, 8]. Therefore, therapeutic strategies aimed at reducing
ROS levels through the inhibition of ROS production or
increase of ROS scavenging may provide a promising
method for the treatment of diabetic cardiovascular disease.

Propofol, one of the widely used intravenous anesthetics,
has been shown to possess pleiotropic effects such as anti-
oxidant, anti-inflammatory, and cardioprotective function
[9, 10]. It has been shown that propofol reduces oxidative
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stress and inhibits the release of proinflammatory cytokines
such as IL-6 and TNF-α in both in vitro and in vivo settings
[11, 12]. In addition, propofol has also been shown to
attenuate high glucose-induced hypertrophy and apoptosis
in cardiomyocytes and reduce levels of ROS and malon-
dialdehyde production [13]. Although the cardioprotective
effects of propofol have been clearly defined by our group
and others, the mechanism remains poorly described.

Sirtuins belong to a conserved family of NAD-dependent
ADP ribosyltransferases and protein deacetylases and has
been reported to be involved in many biological activities
and processes including metabolism, stress responses, and
longevity [14]. Sirtuin-3 (SIRT3), a mitochondria NAD+-
dependent deacetylase, is reported to destabilize HIF-1α via
PHD2 [15] and protect endothelial cells damage induced by
high glucose exposure [16]. To date, the connection between
propofol and SIRT3 and its downstream signaling pathways
during high glucose stress has not yet been established.
Therefore, we hypothesize that the cardioprotective effect of
propofol is at least partially attributed to its antioxidant prop-
erties via the regulation of the HIF-1α signal pathway. In this
study, we chose a high glucose medium-cultured H9c2 cell
line as a model of hyperglycemia-induced cardiomyocyte
injury and investigated the potential mechanism of propofol
against hyperglycemic stress in cells and evaluated the effect
of propofol on high glucose-induced apoptosis as well as
cellular ROS level and proinflammatory cytokines by investi-
gating the SIRT3/PHD2/HIF-1α signal pathway systemically.

2. Materials and Methods

2.1. Cell Culture. The H9c2 cells, a cardiomyoblast cell line
originally derived from the rat left ventricle, were purchased
from Shanghai Institute for Biological Sciences, Chinese
Academy of Sciences (Shanghai, China). The cells were cul-
tured in low glucose (5.5mM) minimum essential medium
(Gibco-Invitrogen, Grand Island, NY, USA) supplemented
with 10% fetal bovine serum (Gibco-Invitrogen, Grand
Island, NY, USA). Cells were maintained in a humidified
atmosphere consisting of 5% CO2 and 95% air at 37°C. The
medium was updated every 2 days. To establish high glucose-
(HG-) induced stress model in H9c2 cells, D-glucose
(Sinopharm Chemical Reagent Co. Ltd., Shanghai, China)
was added in culture medium to reach the final concentration
of 22mM glucose. The concentration of 5.5mM glucose was
used as the control group. A dose-dependent effect of propo-
fol was evaluated by adding 5, 10, 20, and 40μM of propofol
to the cells, respectively [17]. IOX2 was purchased from
Selleckchem and dissolved in DMSO at the concentration
of 100mM as a stock solution. The final concentration of
DMSO in culture medium is less than 0.5%. To evaluate the
effect of IOX2 on the protective of propofol, H9c2 cells were
seeded in 96-well cell culture plates 6 hours before or after
propofol treatment.

2.2. Cell Viability. Cell viability was determined by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay (Beyotime, Haimen, China). Briefly, 10μL of MTT
solution was added to cells to reach a final concentration

of 0.5mg/mL and incubated for 4 h at 37°C. After removing
the culture medium, 100μL of DMSO was added to dissolve
formazan crystals and the absorbance was read at 570 nm
using an AMR-100 automatic enzyme analyzer (Allsheng,
Hangzhou, China).

2.3. Detection of Intracellular ROS. Intracellular ROS levels
were assessed using 2′,7′-dichlorofluorescin diacetate (DCFH-
DA, Beyotime, Haimen, China), which forms dichlorofluor-
escein, fluorescent compound with ROS. Cells were pre-
loaded with 10μM DCFH-DA for 20min at 37°C, and
then the plates were washed using MEM without serum
five times at least. Fluorescence was determined using
microplate reader with excitation/emission wavelength at
488/525 nm.

2.4. IL-1β, IL-6, and TNF-α Measurement Using ELISA.
IL-1β, IL-6, and TNF-α production and secretion were
determined in by ELISA in cell culture supernatant fol-
lowing the manufacturer’s instructions (Beyotime Biotech-
nology, Shanghai, China). The results were from at least
three experiments.

2.5. Apoptosis Assessment Using Flow Cytometry. To explore
the rate of apoptosis in H9c2 cells during high glucose
stress, an Apoptosis Detection Kit (Beyotime Biotechnology,
Shanghai, China) was used following the procedures. Briefly,
cells were trypsinized and resuspended at a concentration of
1× 106/mL in diluted binding buffer and labeled with 10μL
of annexin V-FITC. Cells were incubated 30min at room
temperature in the dark, and 5μL of PI was added for
5min followed by adding 400μL of 1× binding buffer into
each tube. Flow cytometric analysis was performed to moni-
tor the annexin Vin green and the DNA bound PI in red.
Data acquisition and analysis were performed using the
FlowJo software.

2.6. Western Blotting. Protein were extracted using RIPA
buffer (50mM Tris, pH7.4, 150mM NaCl, 1% Triton
X-100, 1% sodium deoxycholate, 0.1% SDS) containing pro-
tease and phosphatase inhibitor cocktails (Roche, Germany).
The supernatants were collected after centrifugation, and
protein concentration was determined with bicinchoninic
acid (BCA) kit (Beyotime, Haimen, China) according to the
manufacturer’s instructions. Then 30μg of total protein was
loaded into 10% SDS-PAGE gel and transferred to polyviny-
lidene difluoride membranes (PVDF, Millipore, Billerica,
MA, USA), and 5% of the BSA in TBS containing 0.1%
Tween-20 (TBS-T) was used to block the membrane at room
temperature for 1 hour. Primary antibodies were added and
incubated at 4°C for overnight. Bcl-2, p53, and cleaved
caspase-3 antibodies were purchased from Cell Signaling
(Danvers, MA, USA); SIRT3, SOD2, PHD2, and HIF-1α
were obtained from Abcam (Cambridge, UK); GAPDH was
from Protein Tech Group (Chicago, IL, USA) and used as
an internal control. After primary antibody, the membranes
were washed in TBS-T for three times and horse radish
peroxidase-conjugated secondary antibodies (Protein Tech
Group, Chicago, IL, USA) were added to the membranes
at a dilution of 1: 5000 for 1 hour at room temperature.
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The density of immunoblotting bands was shown via
enhanced chemiluminescent (ECL) substrate (Thermo
Pierce, Rockford, IL, USA).

2.7. Quantitative Real-Time PCR. Total RNA from the cells
was extracted using TRIzol reagent (Wuhan Servicebio Tech-
nology Co. Ltd., Wuhan, China), and first-strand cDNA was
synthesized using a reverse transcription (RT) kit (Thermo,
USA). Quantitative real-time PCR was carried out on Step
One Plus Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA) using SYBR Green master mix
(FastStart Universal SYBR Green Master, ABI, USA). The
sequence of the primers is listed in Table 1. The relative gene
expression levels were analyzed using the 2−ΔΔCt method, and
all genes were normalized to GAPDH.

2.8. Short Interfering RNA (siRNA) Transfection for Hypoxia-
Inducible Factor-1α (HIF-1α) Silencing. H9c2 cells were
seeded in 6-well plates at a density of 5 × 106 cells/well 16
hours before transfection. Three pairs of siRNA (50nM)
against HIF-1αwere transfected into H9c2 cells with Lipofec-
tamine 2000 to knockdown HIF-1α. The scrambled siRNA
was used as control (provided by the Shanghai Tuo Ran
Biological Company). Six hours of posttransfection, fresh
growth medium was added to the cells for additional 3 days
with or without the treatment of propofol. Cells were then
harvested for detection of the mRNA and protein levels of
HIF-1α by real-time PCR and western blotting. All the
sequence of siRNAs is listed in Table 2.

2.9. Statistical Analysis.Data collected from 3~6 independent
experiments were used to calculate the mean value. The
results were presented as the mean ± standard error of mean
(SEM). Statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS, Chicago, IL, USA).
Quantitative data were analyzed by one-way analysis of
variance (ANOVA). The Student-Newman-Keuls test was
used for post hoc analysis to identify significant differ-
ences between groups. P < 0 05 was considered as statisti-
cally significant.

3. Results

3.1. The Effect of Propofol on the Cell Viability during High
Glucose Stress. Our data showed that with the addition of
11~44mM glucose to the medium for 72 h, the cell vitality
declined in a dose-dependent manner compared with normal
glucose group. Twenty-two mM glucose causes obvious sig-
nificant decrease in cell viability and 44mM glucose did not
further decrease it (Figure 1(a)). Therefore, we chose the con-
centration of 22mM glucose for the following experiments to
induce high glucose stress. The effect of propofol on the via-
bility of H9c2 cells was measured by MTT assay. Compared
to the high glucose only group, propofol increased cell viabil-
ity in a dose-dependent manner at the range of 5~20μM.
However, 40μM of propofol did not further improve cell
viability during high glucose insult (Figure 1(b)).

3.2. Propofol Decreases ROS Levels Induced by High Glucose
in H9c2 Cells. High glucose is known to induce oxidative
stress. Indeed, we confirmed that high glucose obviously
elevated intracellular ROS levels compared to the control
group, whereas high glucose-induced ROS level elevation
was obviously significantly inhibited with by the increasing
doses of propofol (Figure 1(c)). This is consistent with previ-
ous findings on how propofol decreases ROS levels induced
by OGD/R in H9c2 cells [17].

3.3. Propofol Decreases High Glucose-Induced Proinflammatory
Factor Secretion in H9c2 Cells. As shown in Figure 1(d),
after H9c2 cells were cultured with high glucose for 72 h,
the levels of IL-6, IL-1β, and TNF-α were significantly
increased in the media compared to the control group
(p < 0 01), whereas, pretreatment of propofol at concentra-
tions of 10 and 20μM significantly reduced these proin-
flammatory cytokine production (p < 0 01). Compared to
the 10μM propofol group, the 20μM propofol group
further inhibited inflammatory cytokines. These findings
suggested that propofol protects the H9c2 cells against high
glucose-induced cytotoxicity, through, at least in part, the
inhibition of inflammatory response.

Table 1: Primer sequences for real-time PCR.

Forward primer Reverse primer

HIF-1α ACACAGAAATGGCCCAGTGAG CACCTTCCACGTTGCTGACTT

PHD2 GCCAAGGTGAGCGGAGGTATT TTGCGTACCTTGTGGCGTATG

GAPDH TTCCTACCCCCAATGTATCCG CATGAGGTCCACCACCCTGTT

Table 2: The sequence of siRNAs.

Sense strand Antisense strand

Rn-HIF-1α-si-1 5′-GGAGGACGAUGAACAUCAAdTdT-3′ 5′-UUGAUGUUCAUCGUCCUCCdTdT-3′
Rn-HIF-1α-si-2 5′-GCAUUGAAGUUAGAGUCAAdTdT-3′ 5′-UUGACUCUAACUUCAAUGCdTdT-3′
Rn-HIF-1α-si-3 5-′GUGUGUGAAUUAUGUUGUATdT-3′ 5′-UACAACAUAAUUCACACACdTdT-3′
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3.4. The Effect of TYP and IOX2 on the Cell Viability during
High Glucose Stress. Our data showed that with the pretreat-
ment of 0~40μM propofol to the medium for 72 h under
non-HG conditions, propofol did not change cell viability
at the range of 5~20μM. However, 40μM of propofol
decreased cell viability slightly (Figure 2(a)), and 50μM
TYP pretreatment significantly inhibited cell viability during
high glucose stress (Figure 2(b)). Meanwhile, IOX2 pre-
treatment inhibited cell viability until the concentration
reaches 200μM during high glucose stress (Figure 2(c)).
If IOX2 treatment was delayed for 6 hours, cell viability
decreased in a dose-dependent manner during high glucose
stress (Figure 2(d)).

3.5. Propofol Inhibited Cell Apoptosis Induced by High
Glucose Stress in H9c2 Cells. Annexin V-PE is a sensitive
probe for identifying apoptotic cells. Annexin V-positive
staining cells (Q2 and Q3) have been regarded as undergoing

apoptosis. Our data showed that high glucose treatment
induces apoptosis in the H9c2 cells, whereas treatment of
propofol (5, 10, and 20μM) for 72 h markedly decreases the
apoptosis rates dose-dependently (Figure 3). We also found
that the level of Bcl-2, an antiapoptotic protein, is inhibited
by high glucose stress and propofol increases it dose-
dependently (Figures 4(a) and 4(d)). In consistent, the levels
of cleaved caspase-3 and p53, markers of apoptosis, were
increased with high glucose and propofol decreased them
dose-dependently (Figures 4(b)–4(d)). These results demon-
strated that propofol can inhibit cellular apoptosis induced
by high glucose stress.

3.6. Propofol Alleviated Apoptosis Induced by High Glucose
Stress through the Regulation of SIRT3, SOD2, PHD2, and
HIF-1α in H9c2 Cells.We evaluated target protein expression
by using the relative grey value/GAPDH in each group.
Compared to the control group, high glucose significantly
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Figure 1: Protective effects of propofol against high glucose stress in H9c2 cells. Propofol (5, 10, 20, and 40 μM) adopted during the entire
high glucose culture phase. The control group was defined as 100%. (a) Effect of different concentrations of glucose on cell viability in
H9c2 cells. Cell viability was assessed by measuring the MTT reduction. (b) Effects of different concentrations of propofol on cell viability
under high glucose conditions in H9c2 cells. (c) Effects of propofol on high glucose-induced intracellular ROS levels in H9c2 cells.
(d) Effects of different concentrations of propofol on the secretion of proinflammatory cytokines induced by high glucose in H9c2
cells. The results were shown as mean ± SEM from five independent experiments. ∗P < 0 05, ∗∗P < 0 01, and ∗∗∗P < 0 001 versus
control; #P < 0 05, ##P < 0 01, and ###P < 0 001 versus the high glucose-treated group without drugs. Ctrl = blank control group;
0 = high glucose model group; P5 = 5μM propofol pretreatment group; P10 = 10 μM propofol pretreatment group; P20 = 20μM
propofol pretreatment group; P40 = 40 μM propofol pretreatment group; and HG= 22mM high glucose culture.
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decreased the protein levels of SIRT3, SOD2, and PHD2 but
elevated the protein level of HIF-1α. As expected, compared
to the model group, the levels of SIRT3, SOD2, and PHD2
in the propofol groups were increased and the level of
HIF-1α was decreased in a dose-dependent manner
(Figures 5(a)–5(e)).

3.7. Effects of Propofol on the mRNA of HIF-1α and PHD2 in
H9c2 Cells during High Glucose Stress. To further character-
ize the mechanisms leading to reduced level of HIF-1α
during propofol treatment, we first analyzed the gene expres-
sion of HIF-1α. Q-PCR analysis showed that treatment with
or without propofol did not significantly change HIF-1α

mRNA levels in H9c2 cardiomyoblasts during high glucose
stress, when compared to the control group (Figure 6(a)).
This raised the question whether decreased level of HIF-1α
protein is a result of increased protein degradation, given
the fact that propofol increased protein level of PHD2, a
HIF prolyl hydroxylase that regulates the degradation of
HIF protein by proteolysis. So, we analyzed the mRNA level
of PHD2. Our results showed that in consistent with the
protein levels, high glucose significantly decreases PHD2
mRNA level in H9c2 cells, whereas treatment of propofol
increased PHD2 mRNA levels dose-dependently compared
to the high glucose group (Figure 6(b)). These results showed
that propofol treatment seems to decrease HIF-1α protein
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Figure 2: The effect of TYP and IOX2 on the cell viability during high glucose stress. (a) The effect of propofol on the cell viability under
non-HG conditions. Propofol (5, 10, 20, and 40μM) adopted during the entire no high glucose culture phase. P0 = 0 μM propofol
pretreatment group; P5 = 5μM propofol pretreatment group; P10 = 10 μM propofol pretreatment group; P20 = 20 μM propofol
pretreatment group; P40 = 40μM propofol pretreatment group; and non-HG= 5.5mM glucose culture. (b) Effects of different
concentrations of TYP (the inhibitor of SIRT3) on cell viability under high glucose conditions in H9c2 cells. Ctrl = blank control group;
0 = high glucose model group; TYP25 = 25 μM TYP pretreatment group; TYP50 = 50 μM TYP pretreatment group; TYP100 = 100 μM
TYP pretreatment group; TYP200 = 200μM TYP pretreatment group; and HG= 22mM high glucose culture. (c) Effects of different
concentrations of IOX2 (the inhibitor of PHD2) on cell viability under high glucose conditions in H9c2 cells. Ctrl = blank control group;
0 = high glucose model group; IOX25 = 25 μM IOX2 pretreatment group; IOX50 = 50 μM IOX2 pretreatment group; IOX100 = 100 μM
IOX2 pretreatment group; IOX200 = 200μM IOX2 pretreatment group; and HG= 22mM high glucose culture. (d) Effects of different
concentrations of IOX2 (delayed 6-hour treatment) on cell viability under high glucose conditions in H9c2 cells. Ctrl = blank control
group; 0 = high glucose model group; IOX25 = 25 μM IOX2 treatment group; IOX50 = 50 μM IOX2 treatment group; IOX100 = 100 μM
IOX2 treatment group; IOX200 = 200 μM IOX2 treatment group; and HG= 22mM high glucose culture. The results were shown as
mean ± SEM from five independent experiments. ∗P < 0 05, ∗∗P < 0 01, and ∗∗∗P < 0 001 versus control; #P < 0 05, ##P < 0 01, and
###P < 0 001 versus the high glucose-treated group without drugs.
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levels by increasing proline hydroxylase-dependent degra-
dation rather than by inhibiting transcription during high
glucose stress.

3.8. The Inhibition of HIF-1α Expression Decreased Apoptosis
and Inflammation in H9c2 Cells during High Glucose Stress.
To further elucidate the role of HIF-1α in the high glucose
stress damage in H9c2 cells, we silenced HIF-1α by using
HIF-1α-specific siRNAs and then reevaluated the effects of
propofol on high glucose-induced apoptosis and inflamma-
tion responses. Three pairs of siRNA-HIF-1α were trans-
fected onto the cells and we found that transfection with
50 nM siRNA-HIF-1α-3 markedly downregulates both the
mRNA and protein levels of HIF-1α (Figures 7(a) and
7(b)). Interestingly, after the significant silence of HIF-1α
gene, similar changes in the levels of apoptosis regulatory
proteins were observed (Figures 7(c)–7(e)). And the levels
of proinflammatory cytokines in the media in the siRNA-
HIF-1α-transfected H9c2 cells were also decreased during
high glucose stress (Figure 7(f)).

4. Discussion

Both in vivo and in vitro studies have shown that propofol
had protective effects against high glucose injury [13, 18, 19].
However, the mechanism of the cardioprotective effect of
propofol under high glucose stress remains poorly eluci-
dated. Here, our data revealed that propofol decreases cell
apoptosis induced by high glucose stress through the

inhibition of ROS and production of proinflammatory
cytokines. Our data also showed that these effects are at
least partially mediated through the induction of HIF-1α
degradation via upregulation of the SIRT3 and PHD2
signal pathways.

Increased oxidative stress is found to be associated with
type 2 diabetes and its complications. To investigate the
mechanism of the protective effect of propofol on myocardial
hyperglycemic injury, an in vitro model of myocardial cell
injury induced by high glucose was established. We showed
that treatment of propofol rescues the high glucose-induced
reduction in cell viability. The increased cell viability could
be a result from decreased cell death and/or induction of
proliferation. We first looked into the apoptosis rate in
propofol-treated cells, as it is known that high glucose
induces apoptosis. We demonstrated that treatment with
propofol (5-20μM) reduces cardiomyoblast apoptosis, and
this is associated with attenuated levels of ROS via increase
of ROS scavenging during high glucose stress in a dose-
dependent manner. Compared with MTT assays, flow
cytometry which can distinguish between apoptotic and
necrotic cells is a classical method for detecting cell apoptosis
with high sensitivity [20]. We also demonstrated that propo-
fol inhibited cell apoptosis during high glucose injury, which
is consistent with the previous study showing that propofol
has protective effect on cardiac myocytes [13].

As shown in Figure 8, one of the most important insults
from inflammation and oxidative stress induced by high glu-
cose stress is apoptosis of H9c2 cells [21]. The importance of
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inflammation in pathogenesis of diabetic cardiomyopathy
is well recognized. A growing body of evidence has dem-
onstrated that inflammation response also occurs in the
myocardium of diabetic patients [22]. The role of proin-
flammatory cytokines such as IL-6, IL-1β, and TNF-α in
acute high glucose-induced cardiotoxicity has also been
shown in an in vitromodel [23]. Previous studies have shown
that propofol inhibits inflammatory factor release in mono-
nuclear cells [24] and in microglia cells [25]. These findings
lead us to speculate that propofol might also protect the cells
against high glucose-induced inflammation. Indeed, our
results showed that high-glucose stimulation successfully
induces inflammation in H9c2 cells as evidenced by the
increased level of IL-6, IL-1β, and TNF-α in the media. Inter-
estingly, propofol attenuated the high glucose-induced
inflammation response by reducing the production of proin-
flammatory cytokines.

To further explore the mechanisms by which propofol
exerts antiapoptotic effects, we studied the markers and
inducers of cellular apoptosis. Bcl-2 is an antiapoptotic
protein; when it is highly expressed, the apoptosis of cells is
mostly inhibited [26]. Our study showed that high glucose

induced apoptosis by downregulating the protein level of
antiapoptotic Bcl-2 and upregulating proapoptotic proteins,
such as cleaved caspase-3. In contrast, cells that pretreated
with propofol showed upregulated levels of Bcl-2 and down-
regulated levels of cleaved caspase-3 compared to the high
glucose group, indicating that propofol protects cells from
apoptosis by modulating anti- and proapoptotic proteins.
p53 is involved in cell cycle arrest, cellular senescence, and
apoptosis via inhibiting proliferation. It has been shown that
hyperglycemia-induced cardiomyocyte apoptosis is associ-
ated with the elevation of p53 [27]. In consistent with these
findings, we also demonstrated that high glucose increases
protein level of p53 in H9c2 cells, whereas propofol decreases
the level of p53 induced by high glucose exposure. This indi-
cates that the suppression of p53 by propofol should also be
taken into account in the role of propofol in the inhibition
of high glucose-induced cardiomyocyte apoptosis.

Sirtuins are NAD-dependent deacetylases that share
homology to the yeast Sir2 protein. Of the three mito-
chondrial sirtuins, SIRT3 is the most well studied to date
and has been long considered as a tumor suppressor by
activating manganese superoxide dismutase (MnSOD), a
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Figure 4: The effects of propofol on the expression of apoptosis-related proteins in H9c2 cells during high glucose stress. The levels of Bcl-2,
cleaved caspase-3, and P53 were determined by western blotting, and GAPDH was used as positive control. (a) The effects of propofol
on Bcl-2 expression. (b) The effects of propofol on cleaved caspase-3 expression. (c) The effects of propofol on P53 expression. Data
were shown as mean ± SEM from five independent experiments. ∗P < 0 05, ∗∗P < 0 01, and ∗∗∗P < 0 001 versus control; #P < 0 05,
##P < 0 01, and ###P < 0 001 versus the high glucose-treated group without drugs. Ctrl = blank control group; 0 = high glucose model
group; P5 = 5 μM propofol pretreatment group; P10 = 10μM propofol pretreatment group; P20 = 20μM propofol pretreatment group;
and HG= 22mM high glucose culture.
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mitochondrial antioxidant enzyme, decreasing ROS levels
and maintaining the stabilization of HIF-1α [28, 29].
Recent studies highlight that expression and activity of
SIRT3 are decreased in type 2 diabetes, which is associated
with defects in glucose tolerance [30]. In contrast, overex-
pression of SIRT3 antagonizes high glucose-induced apopto-
sis in renal tubular epithelial cells [31]. Based on these, we
postulated that the protective role of propofol in high

glucose-induced mitochondrial oxidative stress and apopto-
sis is mediated through the activation of SIRT3. Indeed, in
the present study, we found that there was a significant
decrease in protein level of SIRT3 and SOD2 in H9c2 cells
after high glucose exposure, and propofol reversed it. We also
observed the high protein level of HIF-1α in H9c2 cells dur-
ing high glucose stress. Two independent studies have dem-
onstrated that SIRT3 destabilizes HIF-1α by promoting
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Figure 5: The effects of propofol on the levels of SIRT3, SOD2, PHD2, and HIF-1α in H9c2 cells during high glucose stress. The levels of
SIRT3, SOD2, PHD2, and HIF-1α were determined by western blotting, and GAPDH was used as positive control. The quantification of
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prolyl hydroxylase (PHD) via a mechanism dependent on a
decrease in cellular ROS levels under normoxia [29, 32].
Therefore, we speculate that propofol may alleviate high
glucose-induced apoptosis through SIRT3-mediated HIF-1α
destabilization in H9c2 cells (Figure 7). Since previous stud-
ies indicated that HIF-1α plays a central role in regulating
the glucose utilization in myocardial cells [33], we think that
SIRT3 may create a cellular environment favoring the
development of genomic stability by regulating HIF-1α
protein level during high glucose stress.

HIF-1α is a key transcription factor that controls the
adaptive response to hypoxic conditions in the cell through
regulating downstream target genes [34]. Normally, activity
of HIF-1α is depending on the amount of HIF-1α pro-
tein, which is markedly induced under hypoxia condition,
whereas HIF-1β protein is constitutively expressed in the
cells regardless of oxygen tension [35]. The protein level
of HIF-1α is determined by the kinetic balance between
protein synthesis and degradation. Under normoxia condi-
tion, the proline residue in the oxygen-dependent degrada-
tion (ODD) domain of HIF-1α is hydroxylated by PHD,
which promotes the interaction of HIF-1α and von Hippel-
Lindau protein-elongin B-elongin C complex, leading to the
ubiquitination and degradation in the proteasome with a
very short half-life [36, 37]. On the contrary, hypoxia impairs
PHD activity and suppresses the hydroxylation of HIF-1α,
resulting in reduced HIF-1α degradation and increased
accumulation of HIF-1α, which subsequently increases of
target gene transcription. It has been shown that in addi-
tion to the hypoxic stimuli, many other factors regulate
HIF-1α and PHD expression even under normoxic condi-
tion, for example, metabolic disturbance and oxidative stress
[38–41]. HIF-1α is usually regulated not only at the protein
level but also at the transcription level [42]. To investigate
the mechanism that causes decreased protein level of
HIF-1α accumulation during propofol treatment, we ana-
lyzed both mRNA and protein levels of HIF-1α in H9c2 cells
during high glucose insult. We found that propofol has no

significant effect on HIF-1α mRNA but significantly reduces
the protein level of HIF-1α, suggesting the regulation of
propofol on HIF-1α happened on the posttranslational but
not on the transcriptional level. In addition, our data also
showed that compared to the control group, high glucose
induces significantly decrease in both mRNA and protein
levels of PHD2, whereas treatment of propofol greatly
increases PHD2 levels in a dose-dependent manner com-
pared to the high glucose only group. This, together with
the reduced protein but not mRNA of HIF-1α, indicates that
propofol enhances the degradation process of HIF-1α
through the increase in both mRNA and protein levels of
PHD2 in H9c2 cells.

HIF-1α controls over 100 target genes involving angio-
genesis, metabolic adaptation, inflammation, and apoptosis
through directly binding to the promoter region of the tar-
gets. HIF-1α stabilization is critical to LPS-induced IL-1β
expression in macrophages [43]. HIF-1α deletion in myeloid
cells led to reduced proinflammatory cytokines such as IL-1,
IL-12, and TNF-α in the rat model of sepsis [44]. Further-
more, HIF-1α can induce apoptosis via increasing the
stability of p53 under hypoxia condition [45]. The increase
of HIF-1α can also downregulate the expression of Bcl-2,
an antiapoptotic protein, which in turn induces apoptosis
of human umbilical vein endothelial cells during hypoxia
[46], whereas the inhibition of HIF-1α expression can reduce
cleaved caspase-3 expression in the rat model of hemorrhagic
shock and alleviate the acute lung injury in rats [47]. Given
that persistent expression of HIF-1α is an important factor
for the deterioration of cell viability during high glucose
exposure, we detected the changes of antiapoptotic and proa-
poptotic proteins including Bcl-2 and cleaved caspase-3 after
knockdown of HIF-1α suing siRNA. We showed that, com-
pared to high glucose only group, knockdown of HIF-1α
significantly decreases the level of cleaved caspase-3 and
increases protein level of Bcl-2, suggesting reduction of
HIF-1α diminishes apoptosis induced by high glucose stress.
Interestingly, we found a comparable effect of propofol on
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Figure 6: The effects of propofol on the mRNA levels of HIF-1α and PHD2 in H9c2 cells during high glucose stress. (a) The relative mRNA
expressions of HIF-1α. (b) The relative mRNA expressions of PHD2. Data were shown as mean ± SEM from five independent experiments.
∗P < 0 05, ∗∗P < 0 01, and ∗∗∗P < 0 001 versus control; #P < 0 05, ##P < 0 01, and ###P < 0 001 versus the high glucose-treated group without
drugs. Ctrl = blank control group; 0 = high glucose model group; P5 = 5 μM propofol pretreatment group; P10 = 10 μMpropofol pretreatment
group; P20 = 20 μM propofol pretreatment group; P40 = 40μM propofol pretreatment group; and HG= 22mM high glucose culture.
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Figure 7: The HIF-1α silence mimicked the effect of propofol in H9c2 cells during high glucose stress. (a, b) Representative image of HIF-1α
silence vesicles in H9c2 cells, which was, respectively, transfected with 50 nM siRNA-HIF-1α-1, siRNA-HIF-1α-2, or siRNA-HIF-1α-3.
(c, d) Levels of Bcl-2 and cleaved caspase-3 in the high glucose-induced and siRNA-transfected H9c2 cells. (e) Western blotting of Bcl-2
and cleaved caspase-3 in H9c2 cells treated with 20μM propofol or HIF-1α silence. (f) Levels of proinflammatory cytokines in H9c2
cells treated with 20 μM propofol or HIF-1α silence. Data were shown as mean ± SEM from five independent experiments. ∗P < 0 05,
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these proteins in H9c2 cells after high glucose exposure,
indicating that the effects of propofol may be mediated
through HIF-1α. Our results also indicate that high
glucose-induced apoptosis in cardiomyocytes is mediated
through the high elevated expression of HIF-1α. We and
others have shown that increased proinflammatory cyto-
kine secretion is associated with the elevated apoptosis
induced by high glucose. To further define whether the
regulation of HIF-1α by propofol plays a vital role on
cytokine release during high glucose exposure, we examined
the proinflammatory cytokines by ELISA after knocking
down of HIF-1α. We observed that HIF-1α silence plays a
similar protective effect with propofol on suppressing proin-
flammatory cytokine secretion after high glucose exposure.
Since we think HIF-1α is the major transcriptional factor that
regulates high glucose-induced apoptosis and cytokine secre-
tion, it is not surprising to see that HIF-1α knockdown has
more significant effect on IL-6, TNF-α, and IL-1β secretion
than propofol treatment.

To further explore the effect of HIF-1α on cell damage
induced by high glucose stress in H9c2 cell, we evaluated
the inhibitor of PHD on cell viability before or after the high
glucose stress. Since the transfection time of HIF-1α siRNA
needs 6 hours, we also chose 6 hours as preincubation or after
incubation time to evaluate the effect of IOX2 during
high glucose stress. Preincubation with IOX2 significantly
decrease the cell damage during high glucose stress, while
IOX2 significantly aggravated cell damage after 6 hours of
retardation time during high glucose insult. These results
suggest that expression of HIF-1α at the given window

stage of oxidative stress may play a pivotal role on cell
survival during oxidative stress.

Despite the interesting findings, our study has several
limitations. Firstly, we just use mice H9c2 cells which are
nonhuman cells in our experiments. It should be prudent to
extrapolate it to human entity. Secondly, we only focused
on HIF-1 but not HIF-2 due to previous description that
HIF-1 regulates glucose metabolism in the control of apopto-
sis signaling and HIF-2 functions as an important regulator
of hepatic lipid metabolism.

5. Conclusion

Collectively, our current study demonstrated that propofol
protects cardiomyocytes from high glucose-induced apopto-
sis and proinflammatory cytokine production through the
regulation of HIF-1α protein stability. The increased HIF-
1α degradation and decreased protein level are due to the
upregulation of SIRT3 and ROS scavenging process, which
in turn induces the mRNA and protein levels of a HIF prolyl
hydroxylase, PHD2 in H9c2 cells. IOX2 significantly inhib-
ited cell viability during high glucose stress. Our study high-
lights the potential therapeutic effect of propofol against high
glucose-induced injury in rodent cardiomyocytes by target-
ing on the ROS scavenging and HIF-1α signaling pathways.

Data Availability

The experiment data used to support the findings of this
study are included within the article.
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