
ORIGINAL ARTICLE

Dexmedetomidine alleviates hepatic injury via the inhibition of
oxidative stress and activation of the Nrf2/HO-1 signaling
pathway

Yuan Zhao, Gao-Yin Kong, Wan-Min Pei, Bo Zhou, Qin-Qin Zhang, Bing-Bing Pan

Department of Anesthesia (Clinical Research Center for Anesthesiology of ERAS in Hunan Province), Hunan provincial people’s hospital (First
Affiliated Hospital of Hunan Normal University), Changsha 410005, P.R.China

Correspondence: Dr. Bing-Bing Pan, Department of Anesthesia (Clinical Research Center for Anesthesiology of ERAS in Hunan Province),
Hunan provincial people’s hospital (First Affiliated Hospital of Hunan Normal University), No.61, West Jiefang Road, Furong District,
Changsha 410005, Hunan Province, P.R.China: B-B. Pan: B-B. Pan
<iceblue0619@126.com>

Accepted for publication August 4, 2019

To cite this article: Zhao Y, Kong GY, PeiWM, Zhou B, Zhang QQ, Pan BB. Dexmedetomidine alleviates hepatic injury via the inhibition of
oxidative stress and activation of the Nrf2/HO-1 signaling pathway. Eur. Cytokine Netw. 2019; 30(3): 88-97. doi: 10.1684/ecn.2019.0431

ABSTRACT. Background: Dexmedetomidine (Dex), frequently used as an effective sedative, was reported to play a
critical role in the protection of multiple organs. However, its underlying mechanism of a putative protective effect on
ischemia/reperfusion (I/R)-induced liver injury is still unclear. Methods: A hepatocyte injury model was established by
treating WRL-68 cells with oxygen and glucose deprivation/reoxygenation (OGD/R). Enzyme Linked Immunosorbent
Assay (ELISA) kits were used to determine the level of inflammatory factors (IL-6, IL-1b, and TNF-a), and oxidative
stress indicators (ROS, MDA, GSH-Px, and SOD). MTT assay and flow cytometry analysis were used to determine
the influence of Dex on cell viability and cell apoptosis. Expression of nuclear factor erythroid-derived 2- like 2 (Nrf2),
HO-1, and apoptosis-related proteins (Bax, Bcl-2, caspase3, and caspase9) were detected by qRT-PCR and western
blotting. Results: Dex promoted cell viability and suppressed cell apoptosis in OGD/R-treated WRL-68 cells.
Dex reduced TNF-a, IL-6, IL-1b, ROS, and MDA production, whereas it increased that of SOD and GSH-Px in
OGD/R-treated WRL-68 cells. Moreover, Nrf2, HO-1, and Bcl-2 expression was upregulated, whereas, in contrast,
transcripts for Bax, caspase3, and caspase9 were downregulated following Dex treatment under OGD/R. Knockdown
of Nrf2 reversed the Dex effects on cell proliferation, apoptosis, and expression of TNF-a, IL-6, IL-1b, ROS, MDA,
SOD, and GSH-Px. Conclusion: Dex protects WRL-68 cells against OGD/R-induced injury by inhibiting
inflammation, oxidative stress, and cell apoptosis via the activation of Nrf2/HO-1 signaling pathway, suggesting that
Dex may be a potential protector against hepatic injury.

Key words: Dexmedetomidine, hepatic injury, inflammation, oxidative stress, Nrf2/HO-1 signaling pathway

INTRODUCTION

The liver is one of the most easily injured organs of
human body in blunt or penetrating abdominal trauma
and ischemia/reperfusion (I/R), due to its anterior
location in the abdomen, large size in the abdominal
cavity, and fragile parenchyma [1, 2]. Data have shown
that hepatic injuries were accounting for more than 5%
of all trauma admissions, and it significantly contrib-

uted to the mortality [3, 4]. I/R-induced injury, defined
as the process in which injury exerts in initial hypoxia
followed by the recovery of oxygen supply, is a
common injury that may be caused by organ
transplantation, resection, and other clinical manip-
ulates [5, 6]. According to the American Association
for the Surgery of Trauma Hepatic Injury Scale, minor
hepatic injuries made up the majority of liver trauma
with more than 80% being grade I or II [3]. However,
mortality increase with the grade of hepatic injury, and
hepatic injury being grade VI was frequently consid-
ered fatal [7]. Up to now, hepatic injuries were still the
leading cause of death in abdominal trauma, account-
ing for approximately 10% to 15% mortality rate [3].
Oxidative stress, defined as an unbalance between the
production and elimination of free radicals, frequently
results from the accumulation of reactive oxygen
species (ROS), damaged antioxidant system, and
dysregulation of mitochondrion [8]. Accumulating
evidences have shown that oxidative stress may pose a
secondary injury to organ injuries by promoting cell
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Dex dexmedetomidine

ELISA enzyme linked immunosorbent assay

GSH-Px glutathione peroxidase

I/R ischemia/reperfusion

NC negative control

Nrf2 nuclear factor erythroid-derived 2-like 2

Nrf2 nuclear factor erythroid 2-related factor 2

OGD/R oxygen and glucose deprivation/reoxygenation

qRT-PCR quantitative real-time PCR

SOD superoxide dis-mutase
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apoptosis, suggesting its important roles in the therapy
of organ injuries [9]. Li H et al. reported that
anwulignan protected against D-galactose-induced
hepatic injury by increasing the activities of superoxide
dis-mutase (SOD) and glutathione peroxidase (GSH-
Px) via MAPK/p38 signaling pathway [10]. Moreover,
Zhang et al. demonstrated that taraxasterol protected
against ethanol-induced liver injury by attenuating the
inflammatory response via decreasing the production
of TNF-a and IL-6 [11]. This implied that inflamma-
tory response and ROS-mediated oxidative stress
might play an important role in liver injury.
Dexmedetomidine (Dex), a highly selective a2-adrener-
gic receptor agonist, is an adjuvant that frequently used
anesthesia in clinical practice [12, 13]. Due to its
properties in sedation, analgesia, and anti-inflamma-
tion, Dex exhibited protective functions in various
human diseases, such as posttraumatic stress disorder,
and acute lung injury [14-16]. In recent years, increasing
in vitro and in vivo studies reported that Dex might
exhibit potential protective effects on multiple organ
injuries, such as brain, kidney, lung, and heart injury
[17-19]. For instance, Dex showed a significant
neuroprotective effect on traumatically injured hippo-
campal cells [18]. Previous studies also demonstrated
that Dex showed protective effects on hepatic injuries
[19], but its potential mechanisms remain unknown.
Nuclear factor erythroid 2-related factor 2 (Nrf2) is a
critical transcription factor that is responsible for
cellular redox homeostasis. Once activated by oxida-
tive stress agents, Nrf2 would dissociate from its
endogenous suppressor Keap-1 and translocated into
the cell nucleus, and finally activating the transcrip-
tional process of defense-related targeted genes [20]. It
was reported that Nrf2 could participate in the
protective effects against foam cells formation by
modulating the production of antioxidant proteins
(HO-1 and Prxs), ATP-binding cassette efflux trans-
porters, and scavenger receptors [21]. The triterpenoid
CDDO-imidazolide was demonstrated to ameliorate
liver I/R injury by activating Nrf2/HO-1 pathway [22].
Furthermore, Nrf2 pathway was reported to mediate
the reducing effects of Dex on I/R injury in skeletal
muscle [23]. However, the regulatory relationship
between Dex and Nrf2/HO-1 pathway in liver injury
is still unclear.
In this study, we demonstrated that Dex protected
hepatocyte against OGD/R-induced injury by redu-
cing inflammation and oxidative stress, thereby
decreasing cell apoptosis. In mechanism, Nrf2/HO-1
signaling pathway was revealed to mediate the
protective effects of Dex on OGD/R-induced hepato-
cyte injury. Our findings revealed a critical role of Dex
in ameliorate of I/R-induced injury and it might be a
potential protector in hepatic injury.

METHODS

Cell culture and transfection

The normal humanhepatocytesWRL-68were obtained
from the American Type Culture Collection (ATCC,
Manassas, VA, USA), and maintained in the RPMI-
1640 (GIBCO,Grand Island,NY),which supplemented

with 1% penicillin/streptomycin and 10% fetal bovine
serum (FBS, Invitrogen,Carlsbad,USA).WRL-68 cells
were transfected with sh-Nrf2 (purchased from Gene-
ChemCorp., Shanghai,China) ornegative control (NC)
using Lipofectamine 2000 (Invitrogen, USA) according
to the manufacturer’s instruction.

Establishment of the cell model of I/R injury

WRL-68 cells were first treated with 0.01 nM or
0.1 nM Dex for 1 h, and then the I/R injury cell model
was performed by oxygen and glucose deprivation/
reoxygenation (OGD/R). WRL-68 cells were first
washed twice with phosphate-buffered saline and then
cultured with OGD medium (glucose-free and serum-
free RPMI-1640) under hypoxia conditions (5% CO2,
1% O2, and 94% N2) at 37 for 4 h, followed by re-
oxygenation (5% CO2, 95% O2) and the medium was
replaced with a regular medium for 8 h.

ELISA assay

The productions of TNF-a, IL-6, IL-1b, MDA, SOD,
and GSH-Px in the supernatant fluid of WRL-68 cells
were determined by corresponding commercial kits
according to the instructions obtained from the
manufacturers (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China).

MTT assay

MTT assay was applied to detect the cell viability of
treated WRL-68 cells. In brief, cells were seeded into
96-well plates at a density of 3 � 103 cells/well, and
cultured overnight at 37 with 5% CO2 and 95% O2.
Then the cells were incubated with 30 mL of MTT
reagent (5 mg/mL) and maintained for a further 4 h.
After being treated with 100 mL dimethyl sulfoxide for
15 min, the 96-well plates were analyzed by a
microplate reader (ThermoFisher Scientific,Waltham,
MA, USA) at 490 nm.

Apoptosis analysis

Flow cytometry analysis was used to analyze the
apoptosis of treated WRL-68 cells. Briefly, the cells
were harvested by trypsinization and washed with cold
PBS for three times. Subsequently, the cells were
stained with Annexin V-fluorescein isothiocyanate
(FITC, R&D Systems Inc, Minneapolis, USA) and
propidium iodide (PI, R&D Systems Inc, USA) for
15 min in the dark. Finally, the cells were subjected to
apoptosis analysis with a Becton-Dickinson FACS
Calibur Flow Cytometer.

Measurement of intracellular ROS (DCFH-DA assay)

Intracellular ROS levels of treated WRL-68 cells were
evaluated by the OxiSelect Intracellular ROS Assay
Kit (Cell Biolabs, STA342, USA) according to the
instructions provided by the manufacturers. In brief,
the cells were first incubated for 5 min with a cell
permeable fluorescent 20, 70-dichlorodihydrofluorescin
diacetate (DCFH-DA), which can be degraded into
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non-fluorescent 20, 70-DCFH. The DCFH could be
oxidized by cellular ROS into fluorescent dichlorodi-
hydrofluorescin (DCF). Thus, the fluorescent intensity
is proportional to the intracellular ROS levels. And
then the formation of DCF was detected by DCF
fluorescence intensity recorded at 520 nm via a
Spectramax M5 Microplate Reader (Molecular
Devices, Pennsylvania, USA). Results were presented
as DCF AFU (arbitrary fluorescence unit of DCF).

Quantitative real-time PCR (qRT-PCR)

Total RNAs of WRL-68 cells were prepared using
TRIzol reagent (Takara,Japan). A 2 mg aliquot of total
RNAs was applied to reverse transcribed into cDNA
viaTakara RT kit following the protocols provided by
the manufacturer. qRT-PCR was performed using an
ABI Prism 7700 sequence detection system (PE
Applied Biosystems, California, USA) with protocols
shown as follows: 95 8C, 4mins; 35 cycles of 95 8C 25 s,
62 8C 40 s, and 72 8C 90 s; 72 8C 10 mins. Sequence of
primers used in the present study was shown as
follows: b-actin: forward 50-TGGCACCCAGCAC-
AATGAAGA-30, reverse 50-GAAGCATTTGCG-
GTGGAC GAT-30; Nrf2: forward 50-
TGAGCCCAGTATCAGCAACA-30, reverse 50-
AGTGAAATGCCGGAGTCAGA-30; HO-1: for-
ward 50-GCTCAAAAAGATTG CCCAGA-30, re-
verse 50-GCTCTGGTCCTTGGTGTCAT-30. b-actin
was used as the internal control, and the expression of
each gene was calculated using the 2�DDCT method.

Western blot analysis

Proteins of WRP-68 cells were extracted using RIPA
buffer (0.5 M Tris, 250 Mm NaCl, 0.1% Nonidet P-40,
0.2 M Na3VO4, 0.2 M NaF) containing the protease
inhibitor (Roche, Mannheim, Germany). The concen-
tration of extracted proteins was determined by a BCA
kit (Pierce, Rockford, USA). Subsequently, 30 mg of
total proteins were isolated by 10% SDS-PAGE.
Targeted proteins were then electrophoretic transferred
into polyvinylidene difluoride (PVDF) membranes
(Millipore, Bedfordshire, UK). The nonspecific binding
sites were blocked by incubating membranes with 5%
skimmed milk at room temperature for 2 h. Primary
antibodies that against Nrf2 (Rabbit, 1:3000, ab62352,
abcam,UK), HO-1 (1:2000, ab13243, abcam,UK), Bax
(1:5000, ab32503, abcam, UK), Bcl-2 (1:2000,
ab182858, abcam, UK), caspase3 (1:500, ab13847,
abcam, UK), caspase9 (1:5000, ab32539, abcam,
UK), and GAPDH (1:3000, ab62352, abcam, UK)
were incubated with membranes overnight at 4. After
being washed with TBST twice, membranes were
incubated with horseradish peroxidase conjugated
donkey-anti-rabbit secondary antibodies (IgG-HRP,
ab6802, Abcam, 1:2000, UK) for 2 h. The signals were
visualized using the enhanced chemiluminescent
reagents (ECL, Germany).

Statistical analysis

All the experiments in this study were carried out for
three times. Data were expressed as mean � standard

deviation (SD), and analyzed using Graghpad (Graph-
Pad Prism Software, USA). Student’s t test (two tailed)
was utilized to compare the difference between the two
groups, and one-way analysis of variance was used for
multiple groups comparison, followed by the Tukey
post hoc test. A P value of less than 0.05 was
considered statistically significant.

RESULTS

Dex increased cell viability and inhibited apoptosis in
OGD/R treated WRL-68 cells.
We first established a cell injury model by treating
WRL-68 cells with OGD/R condition. In the cell
viability and apoptosis analysis, OGD/R treated
WRL-68 cells exhibited a significant down-regulation
of cell viability (figure 1A), and a remarkable up-
regulation of cell apoptosis (figure 1B-C). However,
these effects could be abolished by the application of
Dex, and high dose group (0.1 nM) exhibited better
reversed effects than low dose group (0.01 nM)
(figure 1A-C). These results demonstrated that Dex
might prevent liver injury by increasing hepatocyte
viability and inhibiting apoptosis.
Dex inhibited inflammation and oxidative stress caused
by OGD/R in WRL-68 cells.
The expression of inflammatory factors (TNF-a, IL-
1b, and IL-6) was significantly higher in OGD/R
treated WRL-68 cells, indicating that inflammation
played a critical role in I/R-induced hepatic injury
(figure 2A-C). However, their expression levels were
significantly reduced by the application of Dex under
OGD/R conditions (figure 2A-C). In addition, the
expression levels of ROS and MDA were significantly
up-regulated while antioxidase SOD andGSH-Px were
remarkably down-regulated in the OGD/R-induced
hepatocyte injury model group compared with normal
group, suggesting severe redox imbalance in I/R-
mediated liver injury (figure 2D-G). However, the up-
regulation of ROS andMDA and the down-regulation
of SOD and GSH-Px were reversed by the application
of low and high dose of Dex (figure 2D-G), illuminated
that Dex might alleviate I/R-induced oxidative stress
damage by elevating the antioxidase activity. These
results clearly showed that Dex might attenuate I/R-
induced liver injury by inhibiting the release of
inflammatory factors and ROS-mediated oxidative
stress.
Dex activated Nrf2/HO-1 signaling pathway in OGD/
R-treated WRL-68 cells.
To investigate whether Nrf2/HO-1 signaling pathway
involved in the protective effects of Dex on WRL-68
cells, we measured the relative mRNA and protein
expression of Nrf2 and HO-1 by qRT-PCR and
western blot assays, respectively. Results showed the
relative mRNA and protein expression of Nrf2 and
HO-1 were significantly down-regulated in the OGD/
R-induced hepatocyte injury model group compared
with normal group (figure 3A-D). Furthermore, this
OGD/R-induced down-regulation of Nrf2 and HO-1
was reversed in the Dex-treated groups, and high dose
group exhibited better reversed effects than low dose
group (figure 3A-D). In addition, Dex could reverse the
reduced expression of Bcl-2 and increased expression
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of Bax, caspase3, and caspase9 induced by OGD/R in
hepatocytes (figure 3E-F), indicating Dex could
decrease OGD/R-induced cell apoptosis by inhibiting
caspase signaling pathway.
Knockdown of Nrf2 attenuated the protective effects of
Dex on hepatocytes against I/R injury.
Next,Nrf2 knockdownwas carried out to determine the
exact roles of Nrf2 in OGD/R-induced hepatocyte
injury. The knockdown efficiency ofNrf2was evaluated
by qRT-PCR, results showed that Nrf2 expression was
significantly down-regulated in sh-Nrf2-treated cells
compared to those cells treated with sh-NC (figure 4A).
Dex significantly inhibited OGD/R-induced apoptosis
and decreased cell viability (figure 4B-D). However,
knockdown of Nrf2 could reverse this change, suggest-
ing thatDex could play a role in inhibiting liver injuryby
activating Nrf2 signaling.
Furthermore, the up-regulation of IL-6, IL-1b, and
TNF-a induced by OGD/R was significantly abolished
by Dex in WRL-68 cells, but knockdown of Nrf2
markedly attenuated the abolished effects of Dex
(figure 5A-C). In addition, knockdown of Nrf2 could
significantly reverse down-regulation of ROS and
MDA, as well as antioxidase up-regulation caused by
Dex (figure 5D-G). These results demonstrated that

Dex could inhibit inflammatory response and oxida-
tive stress damage in liver injury by activating Nrf2
signaling pathway.
Dex inhibited apoptosis-associated protein expression by
activating Nrf2/HO-1 signaling pathway in OGD/R-
treated WRL-68 cells.
As shown in figure 3A-3D, the down-regulation of Nrf2
and HO-1 induced by OGD/R was significantly
reversed by the application of Dex; however, these
reversed effects of Dex were significantly attenuated in
the sh-Nrf2-treated group (figure 6A-D). Additionally,
Dex could inhibit apoptosis-associated proteins ex-
pression of caspase3, caspase9, and Bax induced by
OGD/R in WRL-68 cells, but knockdown of Nrf2
significantly reversed this condition (figure 6E-F).
These results implied that Dex inhibited apoptosis-
associated caspase pathway by activating Nrf2/HO-1
signaling pathway, thereby alleviating OGD/R-in-
duced hepatocyte apoptosis.

DISCUSSION

Liver injuries, often occuring in the blunt and
penetrating abdominal trauma as well as I/R-induced
injury caused by liver transplantation or resection, are
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Figure 1
Dex increased cell viability and inhibited cell apoptosis under OGD/R condition. (A) MTT assay was used to examine the viability
of WRL-68 cells treated with OGD/R or Dex. (B) Representative pictures of WRL-68 cell apoptosis measured by flow cytometry.
(C) Apoptosis cells were quantified. All the results were shown as mean � SD (n = 3), which were three separate experiments
performed in triplicate. * p < 0.05 and ** p < 0.01.
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a leading cause of liver disease-related death [3]. The
protective effects of Dex were well documented in a
wide range of organ systems in accumulating preclini-
cal experiments, and Dex has already exhibited
promise in protecting organs against injuries in various
animal models of organ injuries [19, 24, 25]. Recently,
Dex was also demonstrated to show protective effects
on hepatic injury that was induced by partial
hepatectomy and I/R [19, 26, 27]. However, the
potential protective mechanisms of Dex in liver injury
remain largely undetermined. In the present study, we
explored the influence of Dex on inflammatory
response, oxidative stress, cell apoptosis, and prolifer-
ation in the hepatocyte injury model induced by OGD/
R. The results demonstrated that Dex could inhibit
inflammation, oxidative stress, and cell apoptosis by
activating Nrf2/HO-1 signaling pathway, thereby
protecting hepatocyte against OGD/R injury.
In the liver I/R injury, the return of blood supply may
lead to the release of inflammatory cytokines and
excessive ROS-mediated oxidative stress damage,

which could damage the structure and function of
liver, and even lead to liver failure [24]. The generated
ROS could be cleared by endogenous anti-oxidant
enzyme such as SOD and GSH-Px. The pathophysiol-
ogy of liver injuries is extremely complex, and
elucidating the underlying mechanisms contributes
to the development of novel protective measures.
Owing to the inhibitory effects on inflammatory
response and oxidative stress, Dex was reported to
exhibit protective effects on multiple organ injuries by
regulating multiple cellular inflammatory cytokines
and oxidative factors [19]. In our study, Dex was found
to reverse the OGD/R-induced up-regulation of TNF-
a, IL-1b, IL-6, ROS, and MDA, as well as the down-
regulation of GSH-Px and SOD in WRL-68 cells,
indicating that Dex might protect liver from I/R-
induced injury by inhibiting the release of inflamma-
tory cytokines and increasing the activity of antioxi-
dant enzymes.
Apoptosis is an irreversible cellular process, which
occurs in multiple pathophysiological contests, such as
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Figure 2
Dex attenuated inflammation and oxidative response in OGD/R-treated WRL-68 cells. ELISA assay was used to detect the release
level of IL-6 (A), IL-1b(B), TNF-a (C), ROS (D), MDA (E), SOD(F), and GSH-Px (G) in WRL-68 cells treated with OGD/R or
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hypoxia, toxicity, and trauma. Cell apoptosis that
occurs in liver diseases frequently results in long-term
alterations in organ structure and functions, affecting
the outcomes of various hepatic diseases [26].
Evidences suggested that excessive inflammatory
response and oxidative stress occurred in damaged

hepatocyte could activate multiple cellular signaling
pathways that lead to apoptosis, including caspase
and Bcl-2 [27]. Previous studies demonstrated that
Dex could reduce hepatocyte apoptosis against OGD/
R-induced injury by inhibiting caspase3 signal in
HL7702 cells [28]. Moreover, Dex protected against
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hepatic I/R injury in NLRC5-deficient mice through
suppression of apoptosis by inhibiting inflammation
and oxidative stress [15]. In the present study, we also
found that Dex could alleviate OGD/R-induced

apoptosis and inhibit the expression of Bax, caspase3,
and caspase9 while increasing Bcl-2 expression in
WRL-68 cells, indicating that Dex might exhibit its
inhibitory effects on OGD/R-induced cell apoptosis
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Figure 4
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by suppressing apoptosis-related caspase signaling
pathway.
Nrf2 initiated the transcription of multiple cyto-
protective genes under oxidative stress [28]. It played
as a primary defensive molecule against the hepato-
toxicity caused by multiple chemicals [29]. For
example, Ginsenoside Rg1 was demonstrated to
protect against acetaminophen-induced hepatic injury

by increasing Nrf2 nuclear translocation [30]. Umbel-
liferone was demonstrated to alleviate hepatic injury
by suppressing inflammatory response and promoting
Nrf2-mediated antioxidant via increasing the produc-
tion of SOD in diabetic db/db mice [31]. Moreover,
salvianolic acid A was revealed to abolish the
upregulation of MDA, TNF-a, IL-1b, and IL-6
induced by I/R treatment by activating Nrf2/HO-1
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signaling pathway [32]. In the present study, Dex could
protect hepatocytes from OGD/R-induced damage by
activating the Nrf2/HO-1 signaling pathway, and
knockdown of Nrf2 could attenuate this protective
effect of Dex on hepatocytes. These results fully
suggested that Dex alleviated OGD/R-induced hepa-
tocyte injury by activating Nrf2/HO-1 signaling
pathway.
In conclusion, we show that Dex protected against I/R
caused hepatocyte injury by inhibiting caspase signal-
ing-mediated cell apoptosis. Furthermore, Dex can
alleviate OGD/R-induced inflammatory response and
oxidative stress by decreasing inflammatory cytokines
level of TNF-a, IL-1b, and IL-6 and increasing the
activity of antioxidant factors of SOD and GSH-Px.
Additionally, the protective effects of Dex on hepa-
tocytes injury were demonstrated to be Nrf2/HO-1
dependent. These findings reveal that Dex might act as
a protective agent during hepatic injury by activating
Nrf2/HO-1 signaling pathway to alleviate hepatic
injury.
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Protective effect of dexmedetomidine in a rat model of alpha-

naphthylthiourea-induced acute lung injury. J Surg Res 2012;

178(1):424-30.

17. Ma S, Evans RG, Iguchi N, et al. Sepsis-induced acute kidney

injury: a disease of the microcirculation. Microcirculation 2018;

26(2):e12483.

18. Schoeler M, Loetscher PD, Rossaint R, et al. Dexmedetomidine

is neuroprotective in an in vitromodel for traumatic brain injury.

BMC Neurol 2012; 12 : 20.

19. Chen Z, Ding T, Ma CG. Dexmedetomidine (DEX) protects

against hepatic ischemia/reperfusion (I/R) injury by suppressing

inflammation and oxidative stress in NLRC5 deficient mice.

Biochem Biophys Res Commun 2017; 493(2):1143-50.

20. Iranshahy M, Iranshahi M, Abtahi SR, Karimi G. The role of

nuclear factor erythroid 2-related factor 2 in hepatoprotective

activity of natural products: a review. Food Chem Toxicol 2018;

120 : 261-76.

21. Ooi BK, Goh BH, Yap WH. Oxidative stress in cardiovascular

diseases: involvement of Nrf2 antioxidant redox signaling in

macrophage foam cells formation. Int J Mol Sci 2017; 18(11).

22. Xu D, Chen L, Chen X, et al. The triterpenoid CDDO-

imidazolide ameliorates mouse liver ischemia-reperfusion injury

through activating the Nrf2/HO-1 pathway enhanced autop-

hagy. Cell Death Dis 2017; 8(8):e2983.

23. Yuan PG, Xue BB, Lin B, et al. Nrf2/ARE pathwaymediates the

reducing effect of Dexmedeto-midine on ischemia/reperfusion

injury in skeletal muscle. Zhongguo Ying Yong Sheng Li Xue Za

Zhi 2016; 32(3):250-4.

24. Wang Y, Wang C, Zhang D, Wang H, Bo L, Deng X.

Dexmedetomidine protects against traumatic brain injury-

induced acute lung injury in mice. Med Sci Monit 2018; 24 :

4961-7.

25. Meng PZ, Liu J, Hu PS, Tong F. Protective effect of

dexmedetomidine on endotoxin-induced acute lung injury in

rats. Med Sci Monit 2018; 24 : 4869-75.

26. Lv M, Zeng H, He Y, Zhang J, Tan G. Dexmedetomidine

promotes liver regeneration in mice after 70% partial hepatecto-

my by suppressing NLRP3 inflammasome not TLR4/NFkap-

paB. Int Immunopharmacol 2018; 54 : 46-51.

27. Akpinar O, Naziroglu M, Akpinar H. Different doses of

dexmedetomidine reduce plasma cytokine production, brain

96 Yuan Zhao, et al.



oxidative injury, PARP and caspase expression levels but

increase liver oxidative toxicity in cerebral ischemia-induced

rats. Brain Res Bull 2017; 130 : 1-9.

28. Klaassen CD, Reisman SA. Nrf2 the rescue: effects of the

antioxidative/electrophilic response on the liver. Toxicol Appl

Pharmacol 2010; 244(1):57-65.

29. Liu J, Wu KC, Lu YF, Ekuase E, Klaassen CD. Nrf2 protection

against liver injury produced by various hepatotoxicants. Oxid

Med Cell Longev 2013; 2013 : 305861.

30. Ning C, GaoX,Wang C, et al. Ginsenoside Rg1 protects against

acetaminophen-induced liver injury via activating Nrf2 signaling

pathway in vivo and in vitro. Regul Toxicol Pharmacol 2018; 98 :

58-68.

31. Yin J, Wang H, Lu G. Umbelliferone alleviates hepatic injury in

diabetic db/db mice via inhibiting inflammatory response

and activating Nrf2-mediated antioxidant. Biosci Rep 2018;

38(4).

32. Zu G, Zhou T, Che N, Zhang X. Salvianolic acid a

protects against oxidative stress and apoptosis induced

by intestinal ischemia-reperfusion injury through activation

of Nrf2/HO-1 pathways. Cell Physiol Biochem 2018; 49(6):

2320-32.

Dex exhibited protective effects during hepatic injury 97



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


