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Abstract. Hepatic ischemia/reperfusion (I/R) injury (HIRI)
often occurs following tissue resection, hemorrhagic shock or
transplantation surgery. Previous investigations showed that
sevoflurane (Sevo), an inhalation anesthetic, had protective
properties against different organ damage in animal models
including HIRI. This study is aimed to investigate the under-
lying mechanisms involved in the protective effects of Sevo
on HIRI. The present study results showed that treatment with
Sevo improved histologic damage, inflammatory response,
oxidative stress and apoptosis after hepatic I/R, indicating the
protective role of Sevo against liver I/R injury. Importantly, in
order to determine the molecular mechanism of Sevo in HIRI,
the focus of the study was on microRNA (miR) regulation.
By retrieving the microarray data in the Gene Expression
Omnibus dataset (GSE72315), miR-218-5p was found to be
significantly downregulated by Sevo. Moreover, miR-218-5p
overexpression using agomiR-218-5p reversed the protective
roles of Sevo against HIRI. Furthermore, GAB2, a posi-
tive regulator of PI3K/AKT signaling pathway, was found
as a target gene of miR-218-5p. It was also found that the
Sevo-mediated protective effects may be dependent on the acti-
vation of GAB2/PI3K/AKT. Collectively, these data revealed
that Sevo alleviated HIRI in mice by restraining apoptosis,
relieving oxidative stress and inflammatory response through
the miR-218-5p/GAB2/PI3K/AKT pathway, which helps in
understanding the novel mechanism of the hepatic-protection
of Sevo.
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Introduction

Hepatic ischemia/reperfusion (I/R) injury (HIRI) is a
pathophysiological condition post major liver surgeries or
transplantation (1). Although the understanding on the HIRI
mechanisms has advanced, no effective strategies have been
developed. Considerable studies have demonstrated that
inflammation and oxidative stress are the two most important
mechanisms during the early stages of HIRI when Kupffer
cells produce large amounts of reactive oxygen species
(ROS) and pro-inflammatory factors, such as tumor necrosis
factor (TNF)-a, interleukin (IL)-1, and IL-6 (2-4). During
later phases of I/R injury, these cytokines activate neutro-
phils, which further release cytokines, ROS, myeloperoxidase
(MPO), and a variety of factors that exacerbate tissue damage.
Therefore, it is important to identify effective strategies to
mitigate inflammatory and oxidative stress to protect the liver
from I/R injury.

Numerous studies have reported that volatile anesthetic
can provide protective effects in various tissues and organ
injury, including the liver (5-7). Sevoflurane (Sevo), a novel
volatile anesthetic, is widely used in anesthetic practice. For
example, Zhang et al (8) found that Sevo preconditioning
exhibited a significant protective effect against cerebral
I/R injury in a rat model. Ohsumi et al (9) showed that
Sevo improved I/R injury through suppressing inflam-
mation and apoptosis in a rat lung transplantation model.
Liu et al (10) demonstrated that Sevo improved intestinal
I/R injury by inhibiting intestinal inflammatory reaction in
rats. Zheng et al (11) reported that Sevo pretreatment has
the beneficial effects on renal I/R injury through enhancing
hypoxia-inducible factors-20. expression in mice. Recently,
several studies have indicated that Sevo can protect against
HIRI through several mechanisms, including inhibition of
apoptosis, production of ROS, and alleviating inflamma-
tory responses (12,13). More importantly, Sevo has been
widely used during hepatobiliary surgery and was reported
to improve clinical outcomes of liver resection with inflow
occlusion, presumably due to hepatocyte protection from
ischemic injury (14,15). However, it remains unknown how
Sevo regulates the inflammation and apoptosis in liver tissue
against ischemia/reperfusion injury.
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MicroRNAs (miRNAs/miRs) are a group of endogenous,
small non-coding RNAs that are of 19-22 nucleotides in
length, which have been certified as essential regulators
of gene expression at posttranscriptional levels (16,17). An
increasing body of evidence has supported that miRNAs are
associated with pathological events during HIRI. For example,
Xiao et al (18) showed that miR-219a-5p could attenuate
HIRI-induced hepatic cells apoptosis via impairing TP53BP2
in mice. Xing et al (19) found that miR-27a-5p upregulation
may alleviate the apoptosis of liver I/R injury in mice by
targeting Bachl. Numerous studies have shown that Sevo
exerts in vivo protection against I/R injury in different organs
by regulating miRNAs (20-22). For example, Sevo ameliorated
myocardial I/R injury in mice via upregulating miR-204 (23).
Liao er al (24) showed that Sevo exerts protective effects on
liver I/R injury by regulating NFKB3 expression via miR-9-5p.
However, whether the positive effect of Sevo on HIRI is asso-
ciated with miRNAs has not been fully explored.

The aim of the present study was to analyze the effects of
Sevo on apoptosis, oxidative stress and inflammatory response
in HIRI. Sevo treatment can suppress apoptosis, oxidative
stress and inflammatory response induced by I/R injury in
mice. The hepatic-protective effect mechanism of Sevo may be
associated with the miR-218-5p/GAB2/PI3K/AKT pathway.
These findings may provide more evidence to clear the effect
of Sevo on HIRI.

Materials and methods

Animals. Male BALB/c mice (age, 6-8 weeks; weight, 18-22 g)
were obtained from the Shanghai SLAC Laboratory Animal
Co. Ltd. All mice were housed at 22+1°C, 50+10% relative
humidity, at 12-h light/dark cycles, and with free access to food
and water. Animal procedures were approved by the Animal
Care and Use Committee of the Shanghai Jiao Tong University
School of Medicine (permit no. 2019-0033).

HIRI. All mice were fasted overnight before the ischemia/reper-
fusion operation. The animals were divided into three groups
(n=6): Sham, HIRI, and Sevo + HIRI groups. All mice were
anesthetized using an i.p. injection of sodium pentobarbital
(40 mg/kg body weight; Sigma-Aldrich; Merck KGaA) and
mice in the Sevo + HIRI group were then treated with 2%
Sevo for the full duration of the surgical intervention. Liver
ischemia was induced by clamping the portal vein, hepatic
artery and bile duct of the left and median for 45 min. At the
end of the ischemia period, the vascular clamp was removed,
and the liver was perfused for 2 h. After 2-h reperfusion,
0.5 ml cardiac blood was collected by sterile syringes without
anticoagulant and centrifuged at 3,000 x g for 5 min at 4°C
to separate the serum. Then, mice were euthanized by i.p.
injection of pentobarbital sodium (40 mg/kg; Sigma-Aldrich;
Merck KGaA), followed by cervical dislocation. Liver samples
were excised and immediately snap frozen in liquid nitrogen
or fixed in 10% formaldehyde for 24 h at 25°C.

Therapy with agomiR-218-5p in mouse model.
Agomir-218-5p (10 mg/kg) or agomiR-negative control (NC,
10 mg/kg) (Guangzhou RiboBio Co., Ltd.) was injected into
the mice using a glass micropipette (tip diameter, 20-40 pm)

by tail intravenous injection. Following injection (24 h),
45 min of ischemia and 2 h of reperfusion was performed.
The agomiR-218-5p (5'-UUGUGCUUGAUCUAACCA
UGU-3"), agomiR-NC (5'-UCACAACCUCCUAGAAAG
AGUAGA-3'"), antagomiR-218-5p (5'-AACACGAACUAG
AUUGGUACA-3") and antagomiR-NC (5'-UUGUACUAC
ACAAAAGUACUG-3") were synthesized by Shanghai
GenePharma Co., Ltd.

Biochemical indicator analysis. Alanine aminotransferase
(ALT; cat. no. C009-2-1), aspartate aminotransferase (AST; cat.
no. C010-2-1), superoxide dismutase (SOD; cat. no. A0O1-1-1),
malondialdehyde (MDA; cat. no. A003-1-2) levels and the
activity of lactate dehydrogenase (cat. no. A020-2-2) were
determined using commercial kits purchased from Jiancheng
Biotechnology Co., Ltd. Serum cytokines/chemokines IL-13
(cat. no. 96-403), IL-6 (cat. no. 96-407), IFN-a (cat. no. 96-416),
and IL-10 (cat. no. 96-408) were detected by enzyme-linked
immunosorbent assay (ELISA) kits obtained from Merck KGaA.

Immunohistochemistry (IHC) staining. For IHC staining, liver
tissues collected after ischemia/reperfusion injury in mice
were fixed with 10% neutral formalin for 24 h at room temper-
ature and then embedded in paraffin. Samples were sectioned
at a thickness of 4 ym, and the sections were dewaxed and
dehydrated. After antigen retrieval in citrate buffer at 95°C
for 15 min, the sections were blocked with 10% bovine serum
albumin (cat. no. A1933; Sigma-Aldrich; Merck KGaA) over-
night at 4°C. Then, the sections were incubated with primary
antibody against caspase-3 (cat. no. 9662; Cell Signaling
Technology, Inc.; 1:100) at 4°C overnight. Subsequently, the
sections were incubated with goat Anti-Rabbit IgG H&L
(Alexa Fluor® 488; cat. no. ab150081; 1:2,000; Abcam) for
30 min at 37°C. Finally, the immune-reactivity was visualized
by staining with diaminobenzidine (DAB; cat. no. D-5637;
Sigma-Aldrich; Merck KGaA) at room temperature for 3
min and analyzed using a light microscope (Olympus BX
microscope; magnification, x200).

miRNA microarrayassay.Microarray dataset was obtained from
theGene ExpressionOmnibus(GEO)database (https:/www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc=GSE72315) and the GEO
accession number is GSE72315. The GSE72315 dataset was
based on Illumina HiSeq 2000 (Mus musculus) platform.
GEO2R (www.ncbi.nlm.nih.gov/geo/geo2r/), an interactive web
tool, was applied to compare the samples between two different
groups under the same experimental condition. Differentially
expressed miRNAs (DE-miRNAs) were then identified based
on the fold change. The heat map of DE-miRNAs was created
using a method of hierarchical clustering by GeneSpring GX,
version 7.3 (Agilent Technologies, Inc.).

RNA isolation and reverse transcription-quantitative (RT-q)
PCR. Total RNA was extracted from liver tissues with a
miRNeasy Mini kit (Qiagen GmbH). RNA samples (10 ng)
were subjected to reverse transcription to cDNA using Tagman
MicroRNA Assays (Applied Biosystems; Thermo Fisher
Scientific, Inc.) at 42°C for 1 h. The U6 gene was used as a
reference control for miR-218-5p. The RT-PCR reactions for
the miRNAs was analyzed using SYBR® Premix Ex Taq™
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(Takara Bio, Inc.) on an ABI Prism 7900 HT (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The primers used
were as follows: miR-218-5p forward (F), 5'-CGAGTGCAT
TTGTGCTTGATCTA-3"; reverse miR-218-5p (R), 5'-TAA
TGGTCGAACGCCTAACGTC-3; miR-219a-5p F, 5'-GCA
GATGGCTCAGTTCAGCAG-3"; miR-219a-5p R, 5-GTGCAG
GGTCCGAGGT-3"; miR-93 F, 5"TGCGGTTTGGCACTA
GCACATT-3'; miR-93 R, 5'-CCAGTGCAGGGTCCGAGG
T-3'; miR-17 F, 5-GCCGCAAAGTGCTTACAGTG-3', miR-17
R, 5"TGCAGGGTCCGAGGTAT-3"; miR-200c F, 5'-GGTAAT
ACTGCCGGGTAAT-3'; miR-200c R, 5'-CAGTGCTGTCGT
GAGT-3"; U6 F, 5'-GCTTCGGCAGCACATATACTAAAA
T-3'; U6 R, 5-CGCTTCAGAATTTGCGTGTCAT-3". Relative
expression levels were calculated using the 2-4%°4 method (25).

Luciferase reporter assay. The luciferase reporter vectors
(pGL3-GAB2-3'UTR Wt and pGL3-GAB2-3'UTR Mut) were
synthesized by GenePharma. 293 cells (2x10%/well) were
seeded into 24-well plates and co-transfected with 0.2 ug
luciferase reporter vectors and 100 nM agromiR-218-5p or
antagromiR-218-5p using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). After 48 h, luciferase activity
was detected using the Dual-Luciferase Reporter Assay system
(Promega Corporation). The relative firefly luciferase activities
were measured by normalizing to Renilla luciferase activities.

Western blot analysis. Total cell protein was extracted using
radio-immunoprecipitation assay buffer (Beyotime Institute
of Biotechnology). The concentration of the protein was
measured by the BCA protein assay kit (Beyotime Institute
of Biotechnology). Protein samples (40 ug) extracted from
liver tissues were separated with 10% SDS-PAGE and
transferred onto PVDF (EMD Millipore) membranes. These
membranes were then blocked with 5% skim milk for 2 h at
room temperature. Subsequently, membranes were incubated
with primary antibodies against caspase-3 (cat. no. 9662),
cleaved-caspase-3 (cat. no. 9664), GAB2 (cat. no. 3884),
PI3K (p85) (cat. no. 17336), phosphorylated (p)-AKT (cat.
no. 4060), AKT (cat. no. 4691), p-mTOR (cat. no. 5536), nTOR
(cat. no. 2983) and B-actin (cat. no. 4970) (all antibodies were
obtained from Cell Signaling Technology, Inc.; all dilutions
were at 1:1,000) at 4°C overnight. Subsequently, the blots were
washed with TBST and further incubated at room temperature
with an anti-rabbit IgG, HRP-linked antibody (cat. no. 7074;
Cell Signaling Technology, Inc.; 1:2,000) for 1 h. The protein
bands were visualized using ECL kit (GE Healthcare) and
quantified with ImagelJ (version 1.46; Rawak Software, Inc.).

Statistical analysis. Statistical analysis was performed using
SPSS (version 13.0; SPSS, Inc.). Data were presented as
means + SD. One-way ANOVA followed by Tukey's post-hoc
tests was used to analyze the differences among multiple
groups. P<0.05 was considered to indicate a statistically
significant difference. Each experiment was repeated at least
three times.

Results

Protective effects of Sevo on HIRI. Sevo has been shown
to exhibit protective effects in different tissue models of

I/R injury (26-29). In the present study, a mouse model of
HIRI was used to evaluate the therapeutic effects of Sevo.
As shown in Fig. 1A-C, the serum ALT and AST levels, as
well as the activity of LDH, were significantly increased
following I/R injury. Meanwhile, the liver enzyme levels were
significantly decreased after Sevo pretreatment in mice; this
indicates that Sevo improves liver function following I/R
injury. Furthermore, the effects of Sevo on apoptosis were
examined. Immunohistochemistry (IHC) staining showed that
exposure of mice to I/R leads to a significant increase in the
caspase-3 expression levels. However, the elevated caspase-3
expression was significantly decreased after Sevo pretreatment
(Fig. 1D). It was also found that the increased expression of
cleaved caspase-3 protein caused by HIRI was decreased by
Sevo, as determined by western blot analysis (Fig. 1E). All
data suggest that the Sevo pretreatment may attenuate HIRI
through suppressing hepatocytes apoptosis in the mice.

Sevo treatment attenuates oxidative stress and inflammatory
response. Excessive oxidative stress and excessive inflam-
matory response are well recognized as another contributory
factor in the pathology of HIRI (30). Thus, the present study
examined the protective effects of Sevo on oxidative stress.
As shown in Fig. 2A and B, HIRI significantly increased
the MDA levels, and markedly decreased the SOD levels
compared with the Sham group. However, the MDA levels
were significantly decreased, and SOD levels were mark-
edly increased after Sevo pretreatment in mice. To further
investigate the anti-inflammatory effects of Sevo, the expres-
sion levels of inflammatory factors (IL-1f3, IL-6, IL-10 and
TNF-a) were determined via ELISA in the liver tissue. It was
shown that the TNF-a, IL-1f, IL-6 levels were significantly
increased, and anti-inflammatory factor IL-10 levels were
markedly decreased in HIRI group compared with the Sham
group, whereas Sevo decreased the release of TNF-a, IL-18,
and IL-6 and increased the levels of IL-10 in the liver tissue
(Fig. 2C-F). The results suggest that Sevo may exert protective
effect against HIRI through suppressing oxidative stress and
inflammatory response.

Impact of Sevo on miRNAs during HIRI. It is reported that a
number of miRNAs play important roles in Sevo protection in
several animal models of I/R injury (22,31). Thus, in order to
explore the molecular mechanism of Sevo in HIRI, the present
study focused on miRNA regulation. The DE-miRNAs were
first analyzed via retrieving the microarray data in the GEO
dataset (GSE72315). Custer analysis showed a significant
difference in the expression of miRNAs between HIRI and
Sham groups (Fig. 3A). Given published research has revealed
the involvement of six of the DE-miRNAs, including miR-93,
miR-133a-5p, miR-319-3p, miR-17, miR-200c and miR-218-5p,
in HIRI (18,32-35), they were selected and their expression was
validated in sham, HIRI, and HIRI + Sevo groups. Consistent
with the aforementioned studies, miR-93, miR-133a-5p,
miR-319-3p were significantly increased, while miR-17,
miR-200c and miR-218-5p were dramatically decreased in
HIRI group compared with Sham. Interestingly, the increased
expression level of miR-218-5p in the HIRI group was notably
decreased when pretreated with Sevo, whereas the expres-
sion levels of other five miRNAs were not altered following
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Figure 1. Sevo decreases HIRI. Mice were randomly divided into the sham, the HIRI and the HIRI + Sevo groups (n=6 mice/group). Animals in the I/R groups
underwent 45 min ischemia and 2 h reperfusion and mice in the HIRI + Sevo were administered 2% sevo for the duration of the surgery. (A-C) Liver enzyme assays
were performed in the three groups: Sham, HIRI and HIRI + Sevo groups (n=6/group). (D) The expression of caspase-3 was measured by immunohistochemistry.
Magnification, x200. (E) The expression level of cleaved caspase-3 was measured by western blotting. Data are expressed as mean + standard deviation and
analyzed by one-way analysis of variance. “P<0.01 vs. Sham group; #*P<0.01 vs. HIRI group. HIRI, hepatic ischemia/reperfusion injury.

Sevo treatment (Fig. 3B). These data suggest that Sevo may
exert protective effect against HIRI through regulation of
miR-218-5p.

miR-218-5p mediated the protective effect of Sevo through
the regulation of apoptosis. Since miR-218-5p was down-
regulated in response to Sevo treatment in mice model,
it was speculated that it may play an important role in the
protective effects of Sevo against HIRI. In order to test this,
agomir-218-5p or agomiR-NC was injected into the mice
model via tail intravenous injection. As show in Fig. 4A-C,
Sevo inhibited the serum ALT and AST levels, and the
activity of LDH in HIRI mice, whereas overexpression of
miR-218-5p by agomiR-218-5p attenuated the inhibitory
effect of Sevo on the serum ALT and AST levels, and the
activity of LDH. Furthermore, apoptosis-associated proteins
were evaluated using ITHC in Sevo-treated HIRI mice,
following agomir-miR-129-5p injection. IHC staining showed
that Sevo treatment suppressed the expression of caspase-3

in HIRI mice, while these effects of Sevo were reversed
by agomiR-218-5p (Fig. 4D). The similar effects were also
observed in the expression levels of cleaved caspase-3, deter-
mined by western blot analysis (Fig. 4E). Cumulatively, these
results suggested that miR-218-5p mediated the protective
effect of Sevo against HIRI in mice through the regulation
of apoptosis.

miR-218-5p mediates the protective effect of Sevo through the
regulation of oxidative stress and inflammatory response. It
was further evaluated whether the inhibitory effects of Sevo on
oxidative stress were mediated by miR-218-5p, by measuring
the MDA and SOD levels. As shown in Fig. 5A and B, Sevo
decreased MDA levels, and increased SOD levels in HIRI
mice, whereas the inhibitory effect of Sevo on oxidative stress
was attenuated by agomiR-218-5p. Furthermore, inflam-
matory cytokine production was evaluated using ELISA
in Sevo-treated HIRI mice following agomir-miR-129-5p
injection. It was found that Sevo suppressed the levels of
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Figure 2. Sevo attenuates oxidant stress and inflammatory response. Mice were randomly divided into the sham, the HIRI and the HIRI + Sevo groups
(n=6 rats/group). Animals in the ischemia/reperfusion groups underwent 45 min ischemia and 2 h reperfusion, and mice in the HIRI + Sevo were administered
2% sevo for the duration of the surgery. (A and B) The contents of MDA and SOD were measured by ELISA assays. (C-F) The inflammatory cytokines
including TNF-a, IL-1f3, IL-6 and IL-10, were evaluated by ELISA assays. Data are expressed as mean + standard deviation and analyzed by one-way analysis
of variance. “P<0.01 vs. Sham group; #P<0.01 vs. HIRI group. Sevo, sevoflurane; ELISA, enzyme-linked immunosorbent assay; HIRI, hepatic ischemia/reper-
fusion injury; MDA, malondialdehyde; SOD, superoxide dismutase; TNF, tumor necrosis factor; IL, interleukin.

TNF-a, IL-1p and IL-6, and increased IL-10 levels in HIRI
mice, while the inhibitory effect of Sevo on inflammatory
response were significantly reversed by agomiR-218-5p
(Fig. 5C-F). These results suggested that miR-218-5p mediated
the protective effect of Sevo through the regulation of oxida-
tive stress and inflammatory response.

GAB?2 is a direct target of miR-218-5p. To further inves-
tigate the mechanisms by which miR-218-5p mediated
the protective effect of Sevo against HIRI, the potential
target genes of miR-218-5p were determined using PicTar
version 2007 and TargetScan Release 7.0. As presented in
Fig. 6A, miR-218-5p contained a sequence complemen-
tary to GAB2. Subsequently, the transfection efficiency
of agomiR-218-5p and antagomir-218-5p was assessed by
RT-qPCR. As shown in Fig. 6B, agomiR-218-5p significantly
increased the miR-218-5p levels, while antagomir-218-5p
markedly decreased the miR-218-5p levels. Previous studies
have reported that GAB2 is a target of miR-218-5p in pros-
tate cancer (PCa) (36). To further validate these findings, a
luciferase assay was performed. As expected, agomiR-218-5p
effectively attenuated luciferase activity of GAB2-3'UTR wt,
while antagomiR-218-5p promoted the luciferase activity
of GAB2-3'UTR wt. However, either agomiR-218-5p or
antagomiR-218-5p had no effect on the luciferase activity of
GAB2-3'UTR mut (Fig. 6C). Subsequently, the influence of
miR-218-5p on GAB2 was measured at the mRNA level by

RT-qPCR analysis. As shown in Fig. 6D, miR-218-5p overex-
pression significantly downregulated the expression of GAB2,
while miR-218-5p knockdown upregulated its expression.
Taken together, these data indicate that miR-218/GAB2 axis
may play an important role in the protective effect of Sevo
against HIRI.

Sevo activated the PI3K/AKT pathway through miR-218/GAB2
axis. GAB2 has been shown to activate the PI3K/AKT
pathway (37), and PI3K/AKT has a key role in HIRI (38,39).
To investigate whether Sevo influences the PI3K/AKT activity,
the expression levels of downstream proteins in the PI3K/AKT
signaling pathway, namely PI3K (p85), p-AKT, p-mTOR and
mTOR, were evaluated in Sevo-treated HIRI mice following
agomir-miR-129-5p injection. The results showed that Sevo
significantly increased the GAB2, PI3K (p85), p-AKT and
p-mTOR expression levels in HIRI mice, while these promoting
effects were reversed by agomiR-218-5p (Fig. 7A and B).
Overall, these results demonstrate that Sevo promoted the
GAB2-mediated activation of PI3K/AKT pathway through
suppressing miR-218-5p.

Discussion
The present study findings revealed that Sevo improved

HIRI via its antioxidant, anti-inflammatory, and anti-apop-
totic activities in mice. Notably, the data indicated that
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Sevo exerts its protective role against HIRI through
miR-218-5p/GAB2/PI3K/AKT axis (Fig. 8). The present study
provides a novel mechanism for understanding the pharmaco-
logical effects of Sevo on HIRI.

A growing number of studies have suggested that apoptosis,
oxidative stress and inflammatory response are prominent
features of HIRI. Among these, oxidative stress refers to the
elevated production of intracellular ROS, which can induce
protein dysfunction, DNA damage and lipid peroxidation,
resulting in the apoptosis and death of hepatocytes, playing
a pivotal role in the process of HIRI. In this regard, different
interventions (pharmacological and nutritional) can attenuate
oxidative stress and/or increase the antioxidant response to
prevent liver ischemia/reperfusion injury. For example, N-3
polyunsaturated fatty acids (n-3 PUFA) alleviated liver IR-injury
through the suppression of oxidative stress in rats (40). Another
study also demonstrated that thyroid hormone (T;) adminis-
tration exerts significant protection against liver I/R injury
through decreasing liver oxidative stress in the rats (41). Sevo
as a volatile anesthetic, has been reported to exhibit protective
effect against various I/R injury including liver I/R injury,
due to its anti-apoptotic, antioxidant and anti-inflammatory
effects (42,43). For example, Yu et al (44) found that Sevo

protected rat hearts against cardiac I/R injury via ameliorating
mitochondrial impairment and oxidative stress. In the case of
liver, Mikrou et al (45) indicated that Sevo preconditioning
prevent rat livers from I/R injury through suppressing inflam-
matory response and oxidative stress. The results of the present
study revealed that Sevo markedly suppressed the apoptosis,
oxidative stress and inflammatory response in mice following
I/R injury, which is in accordance with the findings of studies
by Liao er al (24). These results suggested that Sevo exerts
protective effects against liver I/R injury in mice. Although a
number of studies have attempted to investigate the possible
mechanisms underlying the hepatic-protective effects of Sevo,
the complete mechanisms have not yet been elucidated.
Growing evidence demonstrated that several miRNAs play
key role in various types of I/R injury, while the protective
effects of Sevo that operate through targeting miRNAs have
also been widely reported. Huang et al (46) found that miR-155
is involved in Sevo-mediated cardioprotection against myocar-
dial I/R injury. Tan et al (23) showed that Sevo could upregulate
miR-204 to ameliorate myocardial ischemia/reperfusion (I/R)
injury in mice by inhibiting Cotl1 expression. In the present study,
a large set of miRNAs were found to be significantly deregu-
lated during HIRI and miR-218-5p was the most significantly
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downregulated miRNA by Sevo. Previous studies have
demonstrated that miR-218-5p displayed the protective effect in
various organs against injury, including I/R injury. For example,
Zhu et al (47) showed that miR-218-5p inhibition protected

against oxygen-glucose deprivation/reperfusion-induced
injuries in PC12 cells through decreasing inflammatory
cytokines secretion, oxidative stress status and apoptosis rate.
Su et al (48) found that miR-218 downregulation could alleviate
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high-glucose-induced renal proximal tubule injury by targeting
GPRC5A. Li and Zhao (49) demonstrated that downregulation
of miR-218 relieved neuropathic pain by regulating suppressor
of cytokine signaling 3 in a rat model of chronic constriction
injury. A recent study displayed that miR-218-5p was found to
be significantly upregulated in drug-induced acute liver injury
in mice (50). Thus, it was hypothesized that miR-218-5p was
involved in the protective effect of Sevo on HIRI. The present
study demonstrated that miR-218-5p overexpression reversed
the anti-apoptotic, anti-oxidant and anti-inflammatory effects of
Sevo on HIRI in mice. All these data suggest that miR-218-5p is
involved in the protective role of Sevo against HIRI. However,
the precise molecular mechanism needs further research to be
understood in more depth.

PI3K and its downstream protein AKT have been
regarded as a potential therapeutic target in HIRI (51,52)
which was positively regulated by GAB2, a member of the
GRB2-associated binder (Gab) family (53). Li et al (54)
showed that docosahexaenoic acid (DHA) ameliorated
I/R-induced injury by inhibiting pyroptosis of hepatocytes
through the PI3K/Akt pathway. Another study showed that
high concentrations of hydrogen (HCH) inhalation protect the
liver against I/R injury through the A,,-dependent PI3K/Akt
pathway in a mouse HIRI model (55). In the present study,
GAB2 was identified as a direct target of miR-218-5p, which

is consisted with a previous report (36). It is well reported that
miR-218 inhibited the tumor angiogenesis in human cancer
via regulating the GAB2/PI3K/AKT signaling pathway in
various cancer types (36,56). Thus, it was speculated that
Sevo may have protective effects on HIRI via modulating
the GAB2/AKT/mTOR signaling pathway by increasing
miR-218-5p expression. As expected, Sevo treatment could
inhibit the GAB2/AKT/mTOR signaling pathway in mice
following I/R injury, but it was reactivated by miR-218-5p
upregulation. Collectively, all these data suggest that Sevo
may improve HIRI through the miR-218-5p/GAB2/PI3K/Akt
pathway.

Accumulating evidence indicates that mitochondrial
dysfunction plays a key role in the physiopathology of
HIRI (57). It has been reported that mitochondrial dysfunc-
tion may lead to ATP production capacity to decrease or
disorder, which further results in excessive production
of ROS, finally causing structural damage to mitochon-
dria and even cell death, a hall marker of I/R injury (58).
Ortiz et al (59) reported that the co-administration of the lipid
metabolism modulator DHA and the antioxidant hydroxyty-
rosol prevented the development of liver steatosis through the
suppression of mitochondrial dysfunction induced by high-fat
diet. Okatani ef al (60) showed that edaravone, a potent free
radical scavenger, protected against mitochondrial injury,
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which prevents mitochondrial oxidative stress and improves
ischemia/reperfusion-induced hepatic energy metabolism.
In addition, Mukhopadhyay et al (61) demonstrated that
mitochondrial antioxidants, such as Mito-Q and Mito-CP,
could suppress HIR-induced apoptotic cell death and liver
dysfunction by decreasing mitochondrial damage. Therefore,
the potential effect of Sevo on the prevention of mitochon-
drial dysfunction in I/R injury will be studied in the future.

In conclusion, the present study findings indicated that
Sevo can ameliorate liver I/R injury, which is at least partially
associated with the miR-218-5p/GAB2-mediated PI3K-Akt
pathway activation. These results represent an in-depth study
of the molecular mechanism of Sevo in the treatment of HIRI
and offer strong proof for the clinical value of this volatile
anesthetic. Sevo and miRNAs may also provide a potential
therapeutic strategy for the clinical treatment of hepatic
disease.
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