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Sevoflurane preconditioning inhibits cardiomyocyte injury
induced by oxygen-glucose deprivation by modulating TXNIP
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Abstract. The thioredoxin interaction protein (TXNIP) has
been reported to be closely related to cell oxidative stress,
apoptosis and inflammation. TXNIP is involved in the regula-
tion of oxidative stress in lung and renal injury. However, it is
unclear as to whether it participates in the protective effects of
sevoflurane preconditioning in cardiomyocyte injury caused by
oxidative stress in ischemia. In the present study, H9¢2 cardio-
myocytes were cultured with 0, 1.5, 2, 3.5, 5 or 6% sevoflurane
for 3 h, followed by exposure to oxygen and glucose deprivation.
The results demonstrated that oxygen and glucose deprivation
induced an increase in TXNIP expression, lactate dehydroge-
nase (LDH) release, caspase-3 activity, reactive oxygen species
and malondialdehyde production. Preconditioning of the H9c2
cells with 3.5% sevoflurane suppressed TXNIP expression,
LDH leakage, caspase-3 activity, reactive oxygen species and
malondialdehyde production, and it promoted cell viability.
TXNIP overexpression reversed the effects of 3.5% sevoflu-
rane preconditioning on caspase-3 activity, reactive oxygen
production and cell viability. Furthermore, TXNIP modulated
p27 expression via PKB (protein kinase B/AKT) phosphory-
lation following preconditioning with 3.5% sevoflurane, and
oxygen and glucose deprivation. On the whole these findings
indicated that sevoflurane preconditioning protected the H9¢c2
cells against injury induced by oxygen and glucose deprivation
by modulating TXNIP, AKT activation and p27 signaling.

Correspondence to: Dr Meina Ma, Department of Anesthesiology,
Cangzhou Central Hospital, 16 Xinhua West Road, Cangzhou,
Hebei 061001, P.R. China

E-mail: mmeinal001@163.com

Abbreviations: TXNIP, thioredoxin interaction protein; AKT/PKB,
protein kinase B; OGD, oxygen-glucose deprivation; LDH, lactate
dehydrogenase; DCFH-DA, 2'7'-dichlorodihydrofluorescein
diacetate; MTT, 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-
tetrazolium bromide; MDA, malondialdehyde

Key words: sevoflurane preconditioning, oxygen-glucose deprivation,
thioredoxin interaction protein, AKT, p27

Introduction

Myocardial ischemia is a major cause of cardiovascular
disease, and acute myocardial ischemia is the most common
form (1). Ischemia always gives rise to oxidative stress (2,3).
Studies have demonstrated that sevoflurane preconditioning
can lessen myocardial oxidative stress and reduce myocar-
dial damage (4,5). Moreover, sevoflurane has been shown
to reduce the myocardial infarct size in animal models and
in mice with diabetes mellitus, as it protects the heart via
AMPK-independent activation (6,7). Several randomized,
controlled trials have demonstrated that sevoflurane reduces the
levels of biomarkers of myocardial injury (6,8). In rat models of
myocardial ischemia-reperfusion, sevoflurane preconditioning
has been shown to alleviate ischemia-reperfusion damage by
inhibiting transcription factor SP1 (9). However, the molecular
mechanisms of sevoflurane preconditioning during oxidative
stress in cardiomyocytes remain unclear.

The thioredoxin interaction protein (TXNIP) is a
small-molecule protein with redox activity (5,10). TXNIP can
bind to various proteins, such as Trx, and has various physi-
ological functions, including regulating glucose metabolism
and angiogenesis, inducing oxidative stress, and promoting
apoptosis and inflammation (11-13). TXNIP plays a crucial role
in ameliorating oxidative injury in diabetic kidneys (14). The
inhibition of TXNIP suppresses oxidative stress and inflam-
mation in lipopolysaccharide-induced acute lung injury (15).
However, the role of TXNIP in the oxidative stress of cardio-
myocytes remains unclear, and no available studies to date have
evaluated whether TXNIP reduces oxidative stress following
sevoflurane preconditioning in cardiomyocytes, at least to the
best of our knowledge. In the present study, cardiomyocytes
were preconditioned with sevoflurane, and were then exposed
oxygen-glucose deprivation (OGD). Subsequently, the possible
molecular mechanisms underlying the protective effects of
sevoflurane against oxidative stress were investigated.

TXNIP exerts a regulatory effect on PKB (protein
kinase B/AKT) phosphorylation in pancreatic -cells, and
AKT signaling can cause p27 downregulation in tumor
cells (16,17). AKT is a serine/threonine protein kinase that
plays an important role in oxidative stress (18). AKT activation
promotes curcumin-mediated resistance to oxidative stress in
neurons (19). As a member of the cyclin-dependent kinase
inhibitor family, p27 (p27kipl) regulates the cell cycle, apop-
tosis and cellular proliferation (20,21), and it reportedly induces
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oxidative stress in liver cancer (22). The inhibition of oxidative
stress is accompanied by a decreased p27 expression (23), and
p27 has been demonstrated to protect cardiomyocytes from
sepsis by suppressing apoptosis (24).

The effect of p27 on oxidative stress in cardiomyocytes
remains unknown. It was hypothesized that TXNIP may
regulate p27 by activating AKT and then modulating oxida-
tive stress in cardiomyocytes that have been preconditioned
with sevoflurane. The present study focused on identifying the
role and molecular mechanisms of TXNIP by assessing the
expression of TXNIP in cardiomyocytes following sevoflurane
preconditioning. The data revealed that the downregulation of
TXNIP protected H9c2 cells against injury induced by oxida-
tive stress by modulating AKT and p27 following sevoflurane
preconditioning.

Materials and methods

Cells and cell culture. H9c2 cardiomyocytes (ATCC) were
cultured in Dulbecco's modified Eagle's medium (DMEM)
supplemented with 10% fetal bovine serum, G418 (80 ug/ml)
and hygromycin B (80 xg/ml) in an incubator with 5% CO,
at 37°C. The sevoflurane preconditioning of the H9¢2 cells was
achieved by culture with 0, 1.5, 2%, 3.5, 5 or 6% sevoflurane
dissolved in DMEM for 3 h. To inhibit AKT, H9¢c2 cells were
incubated with 10 M of AKT inhibitor, LY294002 (S1105;
Selleck Chemicals) for 12 h.

OGD. H9c2 cells exposed to OGD were cultured with Earle's
balanced salt solution in a humid atmosphere (95% N, and
5% CQO,) for 4 h and then cultured with Earle's balanced salt
solution supplemented with sugar in a non-hypoxic atmo-
sphere (95% air and 5% CO,) at 37°C for 9 h. Subsequently,
all media from the H9c2 cells were changed to DMEM
and cultured in 5% CO, at 37°C for 15 h, as previously
described (25). For indicated experiments, cells were precon-
ditioned with 0, 1.5, 2, 3.5, 5 or 6% sevoflurane for 3 h and
then subjected to OGD.

Western blot analysis. Cells were treated with lysis buffer
(Beyotime Institute of Biotechnology). Proteins were extracted
and then quantified using a BCA kit (Perbio Science). Proteins
(25 pg) were loaded and separated in 10% sodium dodecyl
sulfate polyacrylamide gel via electrophoresis. The separated
proteins were electro-transferred to a polyvinylidene-fluoride
membrane (Bio-Rad Laboratories, Inc.). The membrane
was blocked with 5% non-fat milk (Bio-Rad Laboratories,
Inc.) in phosphate-buffered saline for 1 h and blotted with
anti-TXNIP (1:800, sc-166234), anti-pan-AKT antibody
(1:500, sc-5298), phosphor-AKT (Serd73; 1:800, sc-293125),
and anti-p27 (1:800, sc-56338) antibodies (all from Santa
Cruz Biotechnology Inc.). The membrane then was incubated
overnight at 4°C, followed by exposure to horseradish-perox-
idase-conjugated secondary antibodies (1:1,000, sc-2005;
Santa Cruz Biotechnology Inc.) for 1.5 h at room temperature.
GAPDH was used as the internal control (1:2,000, sc-32233;
Santa Cruz Biotechnology). The immunoblot signals were
developed using an enhanced chemiluminescence kit (ECL
kit, EMD Millipore) and the intensities of each band were
measured by ImageJ 1.4.1 software (NIH).
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MTT and lactate dehydrogenase (LDH) detection. Cells
were cultured in a 96-well cell plate (1x10° cells per well)
in a humidified atmosphere of 5% CO, at 37°C for 12 h and
then subjected to a 3-(4,5-dimethyl-2-thiazolyl)-2,5-di-
phenyl-2-H-tetrazolium bromide (MTT) assay. Briefly, the
old medium was replaced with fresh medium plus 20 pl
of MTT solution (0.5 mg/ml) and incubated at 37°C for
5 h. The formazan crystals were dissolved using 160 pl of
dimethyl-sulfoxide per well. Optical density was measured at
490 nm. The solution was tested using a microplate analyzer
model MR 600 (Dynatech Laboratories, Inc.). Using an LDH
cytotoxicity detection kit (Takara Biotechnology, Inc.), the
membrane integrity of the treated as was detected. Briefly, the
transfected cells were incubated with chrysophanol for 24 h,
and LDH in the culture medium was detected according to the
standard instruction.

Caspase-3 activity assay. The caspase-3 activity of the cells
was measured in accordance with the instructions provided
with the Caspase-3 activity assay kit (Shanghai Haoran
Bio-Technology Co., Ltd.).

Measurement of reactive oxygen species (ROS). ROS release
was determined using 2',7'-dichlorodihydrofluorescein diace-
tate (DCFH-DA) (Molecular Probes, Inc.) according to the
specifications of the Reactive Oxygen Species Assay kit. Briefly,
the cells were incubated with 60 xM of DCFH-DA at 37°C for
45 min in the dark. Dichlorodihydrofluorescein fluorescence
was determined using a flow cytometer (FACSCalibur; BD
Biosciences) with an excitation wavelength of 485 nm and an
emission wavelength of 530 nm.

Detection of the malondialdehyde (MDA) concentration. The
MDA concentration in the culture medium was quantified
using MDA assay kits (Beyotime Institute of Biotechnology)
according to the manufacturer's instructions. The absorbance
was determined using an ELISA reader (MRX Microplate
Reader, Dynatech Laboratories, Inc.) at 532 nm.

Plasmid construction and cell transfection. The full-length
DNA of the TXNIP gene (GenBank accession no. NM023719)
and p27 gene (GenBank accession no. NM004064) were
amplified from the cDNA of cardiomyocytes using PCR.
The DNA was subsequently digested with restriction endo-
nucleases EcoRI and BamHI and inserted into the pcDNA.3.1
(Invitrogen; Thermo Fisher Scientific, Inc.), which was
cut with the same enzymes. Following transduction into
Escherichia coli DH50. (Gibco; Thermo Fisher Scientific, Inc.),
the recombinant plasmid was amplified overnight at 37°C.
The plasmids were then sequenced, and the correct ones were
designated as pcDNA.3.1-TXNIP and pcDNA.3.1-p27.

TXNIP C247S-pcDNA3.1 was obtained by in vitro
mutagenesis using a Site Directed Mutagenesis kit (Beyotime
Institute of Biotechnology), and full-length TXNIP-pcDNA3.1
was used as the template. All constructs were confirmed by
sequencing.

For cell transfection, the cells were seeded into 24-well
plates in a humidified atmosphere with 5% CO, at 37°C,
in accordance with the manufacturer's instructions for
TurboFect (Thermo Fisher Scientific, Inc.). A total of
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1.0 pg of the pcDNA.3.1-TXNIP, pcDNA.3.1-p27, mutant
pcDNA.3.1-TXNIP or pcDNA.3.1 were separately transfected
into the cells with 2 ul of TurboFect until cell fusion reached
80%. The cells were then cultured in 5% CO, at 37°C for 24 h.

Statistical analysis. Statistical analyses were performed using
SPSS version 22.0 software (SPSS, Inc.). The Mann-Whitney
U test was used to determine significant differences between
2 groups, and one-way ANOVA followed by a Bonferroni test
was used for multiple groups. In all the figures, the data points
and bar graphs represent the means of independent biological
replicates. The error bars represent the standard deviation in
graphs. A P-value <0.05 was considered to indicate a statisti-
cally significant difference. Each experiment was performed at
least in triplicate in 3 independent experiments.

Results

Sevoflurane preconditioning increases cell viability, and
inhibits apoptosis and LDH leakage in H9c2 cells exposed
to OGD. The H9c2 cells were cultured with 0, 1.5, 2, 3.5, 5
or 6% sevoflurane in DMEM for 3 h, followed by incubation
under OGD conditions. Cell viability and LDH leakage were
detected by an MTT assay and an LDH cytotoxicity detection
kit, respectively. The results revealed that compared with the
control (H9¢c2 cells without sevoflurane and OGD treatment),
OGD induced a decrease in cell viability (Fig. 1A) and an
increase in LDH leakage (Fig. 1B) and caspase-3 activity
(Fig. 1C). However, preconditioning with sevoflurane at 3.5,
5 and 6% increased cell viability (Fig. 1A) and suppressed
LDH leakage (Fig. 1B) compared to 0% sevoflurane precon-
ditioning. Caspase-3 activity also decreased by sevoflurane
preconditioning at 3.5, 5 and 6% compared with 0% sevoflu-
rane preconditioning (Fig. 1C).

Sevoflurane preconditioning reduces ROS production and the
MDA content in H9c2 cells exposed to OGD. H9c2 cells were
cultured under OGD conditions and then exposed to 3 h of
preconditioning with 0, 1.5, 2, 3.5, 5 or 6% sevoflurane. The
data demonstrated that OGD induced an increase in ROS
production (Fig. 2A) and the MDA content (Fig. 2B). However,
sevoflurane preconditioning at 3.5, 5 and 6% significantly
decreased the ROS levels (Fig. 2A) and the MDA content
(Fig. 2B), compared with 0% sevoflurane preconditioning.
Thus, sevoflurane preconditioning at 3.5% was selected for use
in subsequent experiments.

Sevoflurane preconditioning inhibits TXNIP expression in
HO9c2 cells exposed to OGD. The protein expression of TXNIP
in the H9¢2 cells exposed to sevoflurane preconditioning and
OGD was assessed. It was found that the protein expression
(Fig. 3A) of TXNIP increased following exposure to OGD
compared with the control. However, TXNIP expression
decreased in the H9¢c2 cells subjected to sevoflurane precon-
ditioning compared with the cells not subjected to sevoflurane
preconditioning.

TXNIP elevation promotes injury in H9c2 cells exposed to
sevoflurane preconditioning and OGD. TXNIP was overex-
pressed by transfection with pcDNA.3.1-TXNIP or a C247S
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Figure 1. Effects of sevoflurane preconditioning on cell viability, lactate
dehydrogenase leakage and apoptosis of H9¢c2 cells under exposed to OGD.
(A) Cell viability following sevoflurane preconditioning and OGD, as
measured by MTT assay. (B) LDH leakage following sevoflurane precon-
ditioning and oxygen and glucose deprivation, as measured using an LDH
cytotoxicity detection kit. (C) Apoptosis following sevoflurane precondi-
tioning and OGD, as measured by caspase-3 activity detection. H9¢c2 cells
were cultured in 0, 1.5, 2, 3.5, 5 or 6% sevoflurane for 3 h and then exposed
to OGD; n=3; "P<0.01 vs. the control group, “P<0.05 vs. the 0% group. OGD,
oxygen-glucose deprivation; LDH, lactate dehydrogenase.

TXNIP mutant plasmid under normal conditions or following
sevoflurane preconditioning and OGD. The data indicated that
the protein expression of TXNIP (Fig. 3B and C) following
transfection was significantly upregulated in the H9c2 cells.
It was also found that the overexpression of wild-type TXNIP
or the C247S mutant TXNIP significantly decreased cell
viability (Fig. 3D) and significantly elevated caspase-3 activity
(Fig. 3E) and ROS levels (Fig. 3F).

TXNIP regulates p27 by modulating AKT activation in H9¢2
cells exposed to sevoflurane preconditioning and OGD. AKT
phosphorylation and p27 expression were measured following
the overexpression of TXNIP in H9c2 cells subjected to
sevoflurane preconditioning and OGD. The data demonstrated
the elevated phosphorylation of AKT and the decreased
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Figure 2. ROS and MDA contents following sevoflurane preconditioning in H9¢2 cells exposed to OGD. (A) ROS and (B) MDA contents following sevoflurane
preconditioning and OGD, as measured using a ROS assay kit and MDA assay kit, respectively; n=3; “P<0.01 vs. the control group, “P<0.05 vs. the 0% group.
OGD, oxygen-glucose deprivation; MDA, malondialdehyde; ROS, reactive oxygen species.
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Figure 3. Effects of TXNIP upregulation on cell viability, apoptosis and ROS in H9¢2 cells exposed to sevoflurane preconditioning and oxygen and glucose
deprivation. (A) TXNIP protein expression in H9c2 cells with sevoflurane preconditioning and oxygen and glucose deprivation, as measured by western blot
analysis. (B) Relative protein expression of TXNIP following transfection with pcDAN3.1-TXNIP in H9¢2 cells under normal conditions or (C) in H9¢2 cells
subjected to sevoflurane preconditioning at 3.5% and OGD measured by western blot analysis. (D) Cell viability following transfection in H9c2 cells subjected
to sevoflurane preconditioning at 3.5% and OGD, as measured by MTT assay. (E) Apoptosis following transfection of H9c2 cells subjected to sevoflurane
preconditioning at 3.5% and OGD, as measured by caspase-3 activity detection. (F) ROS levels following transfection of H9c2 cells subjected to sevoflurane
preconditioning at 3.5% and OGD, as measured using a ROS assay kit. 3.5%+TXNIP, H9c2 cells transfected with pcDNA.3.1-TXNIP, TXNIP C247S mutant
or empty plasmid pcDNA3.1 following sevoflurane preconditioning at 3.5% and OGD; 3.5%+pcDNA.3.1, H9¢c2 cells transfected with pcDNA.3.1 following
sevoflurane preconditioning at 3.5% and OGD; n=3, **P<0.01 vs. the control group, ®®P<0.01 vs. the 0% group; "P<0.05 and ““P<0.01 vs. the 3.5% + pcDNA.3.1
group. TXNIP, thioredoxin interaction protein; OGD, oxygen-glucose deprivation; ROS, reactive oxygen species.
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Figure 4. TXNIP regulates p27 expression via p-AKT in H9c2 cells subjected to sevoflurane preconditioning and OGD. (A) Protein expression levels of p27
and p-AKT after TXNIP elevation in H9¢2 cells subjected to sevoflurane preconditioning at 3.5% and OGD, as measured by western blot analysis. (B) Protein
expression levels of p27 and p-AKT after TXNIP elevation and p-AKT inhibition in H9¢2 cells subjected to sevoflurane preconditioning at 3.5% and OGD,
as measured by western blot analysis. 3.5%+TXNIP+LY294002, HOc2 cells was incubated with LY294002 (10 xM) and transfected with pcDNA.3.1-TXNIP,
TXNIP C247S mutant or empty plasmid pcDNA3.1 following sevoflurane preconditioning at 3.5% and OGD; n=3; “P<0.01 vs. the 3.5%+pcDNA.3.1 group;
@@p<0.01 vs. the 3.5%+TXNIP group. TXNIP, thioredoxin interaction protein; OGD, oxygen-glucose deprivation.

expression of p27 following the overexpression of wild-type
TXNIP (Fig. 4A), while the overexpression of the C247S
TXNIP mutant exhibited no interaction with AKT (Fig. 4A).
Incubation with the AKT inhibitor, LY294002 (10 xM) (26,27),
suppressed AKT phosphorylation and upregulated p27 expres-
sion (Fig. 4B), indicating that the inhibition of AKT activation
reversed the effects of TXNIP on p27 expression in these cells.
Thus, TXNIP regulates p27 expression via AKT activation in
HOc2 cells exposed to sevoflurane preconditioning and OGD.

TXNIP expression mediated by sevoflurane preconditioning
protects H9c2 cells against injury induced by OGD by
modulating p27 expression. The p27 transfection efficiency
was examined by western blot analysis. The results revealed
that compared with the pcDNA3.1-transfected cells, the level
of p27 was markedly increased in the p27-transfected H9c2
cells (Fig. 5A). In the H9c2 cells or H9¢2 cells with sevoflu-
rane preconditioning and OGD exposure, p27 overexpression
was induced by pcDNA.3.1-p27 transfection following the
overexpression of TXNIP. It was found that compared with the
TXNIP- and pcDNA3.1-co-transfected cells, the level of p27
was markedly increased in the TXNIP- and p27-co-transfected

HOc?2 cells, indicating the successful overexpression of p27
(Fig. 5B). In addition, p27 protein expression increased in
the H9c2 cells subjected to sevoflurane preconditioning and
OGD exposure (Fig. 5C). The upregulation of p27 promoted
cell viability (Fig. 5D), and inhibited caspase-3 activity
(Fig. SE) and ROS production (Fig. 5F) to a greater extent in
TXNIP-overexpressing H9c2 cells subjected to sevoflurane
preconditioning and OGD injury than in H9¢2 cells subjected
to sevoflurane preconditioning and OGD exposure only. These
results indicated that sevoflurane preconditioning protects
HO9c2 cells against injury induced by OGD by modulating
TXNIP, AKT activation and p27 signaling (Fig. 6).

Discussion

Myocardial ischemia induces oxidative stress and wide-
spread damage to cells (28-30). Sevoflurane preconditioning
may protect the heart against this type of injury (31,32). In
the present study, cells were incubated with 0, 1.5, 2, 3.5,
5 or 6% sevoflurane and then exposed to OGD. The data
indicated that sevoflurane preconditioning at 3.5% markedly
inhibited caspase-3 activity, LDH leakage, and MDA and
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Figure 5. TXNIP regulates cell viability, apoptosis and ROS production via p27 in H9¢2 cells subjected to sevoflurane preconditioning and OGD. (A) Relative
protein expression of p27 following transfection with pcDNA3.1-p27 in H9c2 cells, as measured by western blot analysis. (B) Relative protein expression
of p27 following transfection with pcDNA.3.1-p27 and pcDNA.3.1-TXNIP in H9¢c2 cells under normal conditions or (C) in cells subjected to sevoflurane
preconditioning at 3.5% and OGD as measured by western blot analysis. (D) Cell viability following the overexpression of TXNIP and p27 in H9¢c2 cells
subjected to sevoflurane preconditioning at 3.5% and OGD, as measured by MTT assay. (E) Apoptosis following the overexpression of TXNIP and p27 in H9c2
cells subjected to sevoflurane preconditioning at 3.5% and OGD, as measured by caspase-3 activity detection. (F) ROS levels following the overexpression
of TXNIP and p27 in H9c2 cells subjected to sevoflurane preconditioning at 3.5% and OGD, as measured using a ROS assay kit. 3.5%+TXNIP+p27, H9c2
cells transfected with pcDNA.3.1-TXNIP and pcDNA.3.1-p27 following sevoflurane preconditioning at 3.5% and OGD; n=3; ®“P<0.01 vs. pcDNA3.1 group;
&&P<0.01 vs. the TXNIP+pcDNA3.1 group; "P<0.05 and "P<0.01 vs. the 3.5%+TXNIP group. TXNIP, thioredoxin interaction protein; OGD, oxygen-glucose

deprivation; ROS, reactive oxygen species.

ROS production, and increased cell viability. The molecular
mechanisms underlying the protective effects of sevoflurane
preconditioning were then investigated.

TXNIP plays a role in salidroside-mediated protection
against high-glucose-induced oxidative stress in rat glomerular
mesangial cells (33). Hou et a/ demonstrated that the inhibition
of TXNIP suppressed lipopolysaccharide-induced oxidative
stress and the apoptosis of vascular endothelial cells (34).
TXNIP overexpression has also been shown to induce cardio-
myocyte apoptosis and injury (35). Currently, to the best of
our knowledge, there is no available study to date on the role
of TXNIP in the OGD-induced oxidative stress of cardiomyo-
cytes following sevoflurane preconditioning. In the present

study, the results indicated that sevoflurane preconditioning
at 3.5% suppressed TXNIP expression in cardiomyocytes
exposed to OGD. Furthermore, the overexpression of TXNIP
by pcDNA.3.1-TXNIP transfection significantly increased
caspase-3 activity and ROS production, and it decreased the
viability of cardiomyocytes subjected to sevoflurane precon-
ditioning at 3.5% and OGD exposure. Previous studies have
reported that N-methyl-D-aspartic acid (NMDA) receptor is an
important target for analgesia of sevoflurane (36). In addition,
the blockade of NMDA receptor has been shown to dephos-
phorylate Forkhead box O1 (FOXO1) at Thr24 and induce
its nuclear translocation, thus increasing the transcription of
TXNIP (37). NMDA receptor blockade upregulates TXNIP,
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Figure 6. Schematic diagram depicting that sevoflurane preconditioning
protects H9c2 cells against injury induced by oxygen-glucose deprivation by
modulating TXNIP, AKT activation and p27 signaling. Sevoflurane precon-
ditioning inhibits TXNIP expression in H9¢2 exposed to OGD, leading to
a downregulation of p-AKT, while an upregulation of p27 in H9¢2 cells, as
well as the amelioration of cardiomyocyte injury. TXNIP, thioredoxin inter-
action protein; LDH, lactate dehydrogenase; ROS, reactive oxygen species.

where it binds thioredoxin and boosts antioxidant defenses
via the thioredoxin-peroxiredoxin system (38). Thus, it was
hypothesized that sevoflurane inhibits TXNIP expression
through the NMDA receptor and FOXOI. The present study,
to the best of our knowledge, is the first to demonstrate that the
downregulation of TXNIP is closely related to the protective
effects of sevoflurane preconditioning against oxidative stress
in cardiomyocytes.

TXNIP regulates AKT phosphorylation in pancreatic
B-cells, and AKT signaling can downregulate p27 in tumor
cells (16,17). Mahmoud et al demonstrated that AKT assists
in the prevention of lipid-induced endothelial damage and
oxidative stress (39). Zeng er al found that AKT is crucial in
alleviating H,0,-induced oxidative stress caused by thyroid
hormones in cardiomyocytes (40). In addition, p27 reportedly
lessens the toxic effects of B-amyloid 42 during oxidative
stress (41). Zhao et al demonstrated that p27 protects cardio-
myocytes from sepsis by inhibiting apoptosis (24).

The effects of p27 on oxidative stress in cardiomyocytes
subjected to sevoflurane preconditioning and OGD exposure
remain unclear, however. It was hypothesized that TXNIP
would regulate OGD-induced oxidative stress in cardiomyo-
cytes subjected to sevoflurane preconditioning via AKT/p27
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signaling. In the present study, TXNIP overexpression elevated
the phosphorylation of AKT and decreased the expression of
p27 in H9c2 cells exposed to sevoflurane preconditioning and
OGD. The suppression of AKT phosphorylation by LY294002
(10 pM) markedly increased the expression of p27 in H9¢c2 cells
with TXNIP overexpression. The results indicated that TXNIP
regulated p27 expression via AKT in cardiomyocytes exposed
to sevoflurane preconditioning and OGD. Moreover, p27 over-
expression induced by pcDNA.3.1-p27 promoted cell viability
and inhibited caspase-3 activity and ROS production, indi-
cating that p27 overexpression abolished the effects of TXNIP
on cell viability, caspase-3 and ROS in H9c2 cells subjected to
sevoflurane preconditioning and OGD exposure. Therefore, it
can be concluded that following sevoflurane preconditioning,
sevoflurane protected cardiomyocytes against OGD-induced
oxidative stress by regulating TXNIP/p27 expression.

In conclusion, the present study found that sevoflurane
preconditioning at 3.5% significantly inhibited TXNIP
expression, caspase-3 activity, LDH leakage, and MDA and
ROS production, and it increased the viability of H9¢c2 cells
that were exposed to OGD. TXNIP upregulation effectively
reversed the effects of sevoflurane preconditioning at 3.5%
on caspase-3 activity, ROS production and cell viability.
Moreover, the results indicated that TXNIP regulated p27
expression via AKT. Thus, sevoflurane preconditioning may
protect cardiomyocytes against oxidative stress, and this
effect may be modulated by TXNIP, AKT and p27 signaling
(Fig. 6).
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