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Abstract: Objective: The aim of this study was to assess the protective effects of dexmedetomidine on acute lung 
injuries (ALI), examining its underlying mechanisms. Methods: A mouse ALI model was reproduced by intra-tracheal 
administration of lipopolysaccharide (LPS 2 mg/kg). Mice were randomly divided into four groups: control group; 
LPS group, LPS+dex 20 µg/kg group, and LPS+dex 40 µg/kg group. Lung wet/dry weight ratios were examined, as 
well as myeloperoxidase (MPO) activity. The content of malondialdehyde (MDA) and levels of superoxide dismutase 
(SOD) and glutathione (GSH) in lung tissues were also determined. In addition, levels of tumor necrosis factor-
alpha (TNF-α) and IL-6, as well as total protein concentrations in bronchoalveolar lavage fluid (BALF), were assayed. 
Results: The present study found that lung tissues from the LPS group were significantly damaged, while single-
dose dexmedetomidine treatment significantly and dose-dependently attenuated LPS-induced ALI with decreased 
histopathological damage, lung wet/dry weight ratios, and MPO activity. Levels of IL-6 and TNF-α, as well as total 
protein concentrations in BALF, were elevated by LPS challenge and dose-dependently alleviated by dexmedetomi-
dine treatment. The content of MDA was increased, while levels of SOD and GSH were decreased in LPS challenged 
lung tissues. These effects were partially reversed by dexmedetomidine treatment. Furthermore, dexmedetomidine 
inhibited TLR4 expression and activation of NF-κB in lung tissues. Conclusion: Present findings suggest that dexme-
detomidine may exert protective effects against LPS-induced ALI in mice by reducing inflammatory response and 
oxidative stress. TLR4/NF-κB pathway suppression may play a role in the underlying mechanisms. 
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Introduction

Acute lung injury (ALI)/acute respiratory dis-
tress syndrome (ARDS), characterized by refrac-
tory hypoxia, inflammation, increased vascular 
permeability, and decreased lung compliance, 
has been associated with high mortality despite 
major treatment efforts made over the past 
several decades [1]. A variety of clinical situa-
tions, such as hemorrhagic shock, multiple 
transfusions, inhalation of toxic gas, severe 
sepsis, and major trauma, may lead to the 
pathogenesis of ALI. However, gram-negative 
bacteria-induced sepsis is the most common 
contributor to ALI/ARDS. 

Lipopolysaccahrides (LPS), the primary compo-
nent of the outer membrane of gram-negative 

bacteria, has been frequently employed to 
establish animal models of sepsis for experi-
mental studies. At present, lungs are regarded 
as one of the most insulted organs during the 
development of multiple organ dysfunction syn-
drome caused by LPS-induced sepsis [2]. 

Data has revealed that excessive production of 
pro-inflammatory cytokines, resulting from acti-
vation of a number of signal transduction cas-
cades in lung cells, contributes to LPS-induced 
ALI [3]. Data has also shown that oxidative 
stress, due to the imbalance between exposed 
oxidants and endogenous antioxidants, plays  
a role in acute lung injury (ALI) and acute respi-
ratory distress syndrome (ARDS) [4, 5]. It  
has been established that oxidative stress  
and inflammation are interrelated biological 
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responses to detrimental stimulation [6-9]. In 
ALI patients, inflammation from lung tissue has 
a vicious impact on immune response, includ-
ing potential oxidative stress [10]. On the other 
hand, increased oxidant levels could aggravate 
lung inflammation [11]. It was reported that 
LPS decreased SOD activities and GSH levels 
with a significant increase of MDA content in 
lung tissues. This has been considered to be 
related with the condition of oxidative stress 
[12].To date, several studies have presented 
measures to relieve LPS-induced ALI, indicating 
that agents acting against either inflammation 
or oxidative stress may be beneficial for LPS-
induced ALI [3, 13]. 

Dexmedetomidine is known as a potent selec-
tive α2-adrenergic agonist with sedative, anal-
gesic, sympatholytic, and anxiolytic effects 
[14]. It protects against hemorrhagic shock or 
resuscitation relevant lung injuries by sup-
pressing inflammatory gene expression in lung 
tissues [15]. It reduces pro-inflammatory cyto-
kine production in septic patients and in experi-
mental animal models of endotoxemia and  
sepsis [16, 17]. It provides protection against 
oxidative stress caused by ionizing radiation 
[18]. It alleviates pulmonary edema and impro- 
ves oxygenation of mice with ALI induced by 
LPS [19]. Recently, an in vitro study showed 
that dexmedetomidine attenuated oxidative 
stress in lung alveolar epithelial cells [20].

NF-κB is the main transcription factor modulat-
ing inflammatory gene expression, exerting 
vital effects in the pathogenesis of ALI [21]. 
NF-κB has been reported to play a role in regu-
lating cardiac oxidative stress [22]. Moreover, 
in LPS-induced ALI, the toll-like receptor 4 
(TLR4), known as a transmembrane protein 
and signal transduction molecule, associating 
with innate and adaptive immune responses, is 
the upstream regulator of NF-κB [23]. Triggering 
of TLR4 leads to activation of NF-κB and subse-
quent regulation of pro-inflammatory factors 
[24]. However, whether the effects of dexme-
detomidine on inflammation and oxidative 
stress in LPS-induced ALI are linked to TLR4/
NF-κB pathways remains to be further elucidat-
ed. The present study investigated the effects 
of dexmedetomidine on mice with LPS-induced 
ALI. This study measured MPO activity, bio-
markers of oxidative stress, and extent of lung 
edema and lung histopathological damage in 
lung tissues, as well as pro-inflammatory cyto-

kines and protein concentrations in bronchoal-
veolar lavage fluid (BALF). In addition, this study 
explored the possible mechanisms of these 
effects by examining the activation of TLR4/
NF-κB pathways.

Material and methods

Animals and grouping

Male C57BL/6 mice, weighing 20-25 g, were 
used in the present study. All mice were pur-
chased from Wenzhou Medical University 
Animal Center and were housed in a tempera-
ture-controlled room (22-25°C) with relative 
humidity (55±5%) under a 12-hour light/dark 
environment. Animal care and experiments 
were approved by Wenzhou Medical University 
Ethics Committee and all procedures were per-
formed according to the Declaration of Helsinki 
of the World Medical Association. Twelve hours 
prior to model establishment, all mice began 
fasting with free access to water. 

There were two settings of experiment in our 
study. Intra-tracheal instillation of LPS was 
used to produce a mouse model of sepsis, as 
previous study described [25]. In the first set of 
experiments, forty-eight mice were randomly 
divided into four groups. In the control group, 
mice received intra-tracheal 50 μl phosphate-
buffered saline (PBS, pH=7.4). In the LPS group, 
mice received intra-tracheal instillation of PBS 
50 μl containing LPS 2 mg/kg to induce acute 
lung injury. In the LPS+dex 20 μg/kg group, 
mice received same dose of LPS as in LPS 
group and dex 20 μg/kg (i.p.) immediately after 
intra-tracheal LPS instillation. In the LPS+dex 
40 μg/kg group, mice received same dose of 
LPS as in LPS group and dex 40 μg/kg (i.p.) 
immediately after intra-tracheal LPS instilla-
tion. If mice died during the observation period, 
data of the dead mice were excluded. Make-up 
experiments were done to keep the number of 
mice at 12 in each group. The dose of dexme-
detomidine used was according to a pilot study 
and previous studies [26, 27]. Intraperitoneal 
(i.p.) pentobarbital sodium was used for anes-
thesia in all experimental mice.

Six hours after LPS administration, the right 
lung was excised and divided into 3 parts. The 
upper part was immersed in 10% formalin solu-
tion for histopathological examination. The mid-
dle part was for Western blot analysis of TLR4, 
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instillation. Western blot analysis was per-
formed to test levels of NF-κB p65, p-IκBα, and 
IκBα. Levels of TLR4 in lung tissues were also 
tested. Equal amounts of protein with 40 μg 
were loaded onto a 10% sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-
PAGE) and then transferred onto polyvinylidene 
fluoride (PVDF) membranes. Subsequently, the 
membranes were blocked with 5% fat-free milk 
for 2 hours, followed by overnight incubation 
with primary antibodies at 4°C. Afterward, the 
membranes were washed with TBS solution 
three times and then incubated with peroxi-
dase-conjugated secondary antibody (1:1000 
dilution) for 1 hour at room temperature. 
Following incubation with primary and second-
ary antibodies, bands on the membranes were 
visualized using an enhanced chemilumines-
cence (ECL) system. GelDoc-2000 Imaging 
System (Bio-Rad Company, USA) was used for 
quantitative analysis of density in each immu-
noblot bands.  

Analysis of myeloperoxidase (MPO) activity

Six hours after intra-tracheal instillation, tis-
sues from the right lower part of the lungs  
were collected, homogenized, and centrifuged 
(4°C, 12,000 × g, 30 minutes). MPO activity 
was assayed using the myeloperoxidase fluo- 
rometric activity assay kit from Nanjing Jian- 
cheng Bioengineering Institute (Nanjing, Jiang- 
su, China). Absorbance of the samples was 
measured with a spectrophotometer at 460 
nm. MPO activity of the lung tissues was 
expressed as units per gram of protein (U/g). 

Biomarkers of oxidative stress induced by LPS 
in lung tissues

Six hours after intra-tracheal instillation, tis-
sues were obtained from the right lower part of 
the lungs. They were homogenized and dis-
solved in extraction buffer. To evaluate the oxi-
dative status of LPS-challenged lung tissues, 
malondialdehyde (MDA) content and levels of 
super-oxide dismutase (SOD) and glutathione 
(GSH) in lung tissues were detected by corre-
sponding test kits, according to manufacturer 
instructions. 

W/D ratio

Six hours after intra-tracheal instillation, the 
left lung was excised and rinsed briefly in phos-

NF-κB p65, IκBα, and p-IκBα expression. The 
lower part was for analysis of MPO activity and 
oxidative stress biomarkers. The left lungs were 
used for calculation of wet/dry (W/D) weight 
ratios. 

In the second set of experiments, forty mice 
were also divided into the same four groups as 
described as above (n=10 in each group). Six 
hours after intra-tracheal instillation, BALF 
were recruited and tested for TNF-α and IL-6 
levels, as well as total protein concentrations. 
Mice were sacrificed at 6 hours after intra-tra-
cheal instillation because a previous study 
showed that peak concentrations of cytokines 
occur in the BALF by that time point [25].

Chemicals and reagents

Dexmedetomidine was obtained from Xinchen 
Pharmacy (Jiangsu, China). LPS (Escherichia 
coli 055: B5) and ELISA kits for analysis of 
TNF-α and IL-6 were purchased from BioLegend 
(CA, USA). Antibodies for TLR4, NF-κB p65, 
IκBα, and p-IκBα and protein extraction kits 
were purchased from Cell Signaling (MA, USA). 
All materials used in the process of sodium 
dodecyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE) were purchased from Bio- 
Rad (CA, USA). In addition, the MPO, MDA, SOD, 
and GSH testing kits and protein assay kits 
were purchased from Nanjing Jiancheng Bio-
engineering Institute (Nanjing, China).

Histological evaluation 

Six hours after intra-tracheal instillation, the 
upper right part of lungs was fixed in 4% forma-
lin for 24 hours, dehydrated, and embedded in 
paraffin. Paraffin-embedded lung tissues were 
then serially sectioned to 4-5 μm thickness in 
each unit and stained with hematoxylin-eosin 
(HE). An examiner, blinded to the animal group, 
assessed the histological changes of lung tis-
sues under a microscope and described the 
conditions of inflammatory cell infiltration, alve-
olar exudation, and alveolar hemorrhage [27]. 

WB analysis of TLR4 and NF-κB

Activation of TLR4/NF-κB pathways was exam-
ined. Using the nuclear and cytoplasmic pro-
teins extraction kit, samples were extracted 
from homogenized lung tissues obtained from 
right middle lobe at 6 hours after intra-tracheal 
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phate-buffered saline (PBS). It was blotted, 
then the “wet” weight was obtained. The lungs 
were then placed in an incubator at 80°C for  
72 hours to obtain the “dry” weight. The wet/
dry weight ratio (wet weight divided by the dry 
weight) of the lungs was calculated, represent-
ing the extent of lung edema. 

Cytokines and protein measurement in BALF 

In the second set of experiments, bronchoalve-
olar lavage (BAL) was performed by intra-tra-
cheal instillation of 0.5 mL ice-cold phosphate-
buffered saline (PBS) followed by gentle aspi- 
ration from the lungs. BAL fluid (BALF) was  
collected three times and the recovery ratio  
of the fluid was about 90%. The recruited fluid 
was then pooled and centrifuged (3000 rpm, 
10 minutes, 4°C). Supernatants were collected 
and levels of TNF-α and IL-6 were measured 
using enzyme-linked immuno-sorbent assay 
(ELISA) kits, following manufacturer instruc-
tions. The supernatants were also measured 
for total protein concentrations using the bicin-
choninic acid (BCA) protein assay kit. Total pro-
tein content was expressed as µg/mL. 

original magnification) showed integrated struc-
tures of lung tissues (a). However, the lung tis-
sues of the mice administered with LPS alone 
showed marked damage, including substantial 
inflammatory cell infiltration, abundant alveolar 
exudation, and hemorrhages, indicating the 
occurrence of ALI (b). After treatment with dex-
medetomidine 20 µg/kg (i.p.), inflammatory 
cells infiltration with mild exudation were visual-
ized (c). After treatment with dexmedetomidine 
40 μg/kg (i.p.), only mild inflammatory infiltra-
tion was visualized without alveolar exudation 
(d) (Figure 1). 

Effects of dexmedetomidine on LPS-induced 
expression of TLR4, phosphorylation of IκB-α, 
and NF-κB p65 nucleus translocation 

Expression of TLR4, IκBα phosphorylation, and 
NF-κB p65 nucleus translocation at 6 hours 
after intra-tracheal LPS challenge were assayed 
by Western blot. It was found that expression  
of TLR4, phosphorylation levels of IκBα, and 
translocation of NF-κB p65 into the nucleus 
were increased 6 hours after the LPS chal-
lenge, compared to the control group (P < 0.05). 

Figure 1. Effects of dexmedetomidine on LPS-induced histopathological 
changes of the lung tissue. LPS induced marked lung tissue damage, repre-
sented with substantial inflammatory cell infiltration and abundant alveolar 
exudation, as well as hemorrhages. However, these histopathological chang-
es induced by LPS were ameliorated by dexmedetomidine in lung tissues. 
Lung sections in 5µm were obtained and stained with hematoxylin eosin in 
each group 6 hours after LPS challenge. Images (magnification, ×200) of 
representative sections by light microscopy from mouse lungs stained with 
hematoxylin eosin after harvest from the four groups are shown. (A) Control 
group; (B) LPS group; (C) LPS+dex 20 µg/kg group; (D) LPS+dex 40 µg/kg 
group.

Statistical analysis

SPSS 15.0 (Chicago, IL, USA) 
was used for data analysis. 
Data were tested for normali-
ty and homogeneity of vari-
ances. Normally distributed 
quantitative data are expre- 
ssed as mean ± standard 
deviation. One-way analysis  
of variance (ANOVA), followed 
by Dunnett’s post-hoc test, 
were used to compare data 
among the different groups. 
Statistical significance is indi-
cated by P < 0.05. 

Results

Effects of dexmedetomidine 
on LPS-induced histopatho-
logical changes of lung tissue

Six hours after intra-tracheal 
instillation, histopathological 
changes of the lung tissues 
were examined. In the control 
group, H&E staining (200 × 
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However, these increases were attenuated by 
dexmedetomidine treatment at 20 μg/kg (i.p.) 
and 40 μg/kg (i.p.), respectively (P < 0.05). The 
higher-dose dexmedetomidine was more effec-
tive (P < 0.05) (Figure 2).

Effects of dexmedetomidine on MPO activity

MPO is a peroxidase enzyme, abundantly exist-
ing in neutrophil granulocytes, which plays an 
important role in ALI. The activity of MPO was 
evaluated to reflect the neutrophil accumula-
tion within pulmonary tissues 6 hours after 
intra-tracheal LPS challenge (Figure 3). Present 
results showed that MPO activity increased sig-
nificantly in the LPS group, compared with the 
control group (P < 0.05). However, the increased 

MPO activity was significantly attenuated by 
dexmedetomidine treatment at 20 μg/kg (i.p.) 
or 40 μg/kg (i.p.) (P < 0.05). The higher-dose 
dexmedetomidine was more effective (P < 
0.05, n=12 per group) (Figure 3).

Effects of dexmedetomidine on stress-related 
biomarkers

To evaluate the effects of dexmedetomidine on 
oxidative stress induced by LPS challenge in 
lung tissues, MDA content, levels of SOD, and 
levels of GSH were evaluated, following manu-
facturer instructions. Present data showed that 
MDA content increased significantly in the LPS 
group (a), while levels of SOD (b) and GSH (c) 
significantly declined in the LPS group, com-

Figure 2. Dexmedetomidine dose-dependently affected LPS-induced expression of TLR4, phosphorylation of IκB-α, 
and NF-κB p65 nucleus translocation. Expression of TLR4 (A), phosphorylation of IκB-α (B), expression of cytoplas-
mic (C) and nuclear NF-κB p65 (D) were detected by Western blotting. Data are shown as mean ± SD (n=12). *P < 
0.05 vs. control group, #P < 0.05 vs. LPS group, ^P < 0.05 vs. LPS+dex 20 µg/kg group. 
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pared with the control group. However, these 
changes were significantly attenuated by dex-
medetomidine treatment at 20 μg/kg (i.p.) or 
40 μg/kg (i.p.). The higher-dose dexmedetomi-
dine was more effective (P < 0.05) (Figure 4). 
All data are presented as mean ± SD (n=12 per 
group).

Effects of dexmedetomidine on lung wet/dry 
ratios 

Six hours after intra-tracheal LPS instillation, to 
evaluate the changes of lung water accumula-
tion, W/D weight ratios of the left lungs were 
analyzed. It was found that the mean W/D ratio 
in the LPS group was significantly increased, 
compared to the control group (P < 0.05). 
However, treatment with dexmedetomidine 20 
μg/kg (i.p.) or 40 μg/kg (i.p.) effectively attenu-
ated the increased water content of lungs (P < 
0.05). The higher-dose dexmedetomidine was 
more effective. (P < 0.05, n=12 per group) 
(Figure 5).

Effects of dexmedetomidine on change of pro-
inflammatory cytokine levels in BALF 

Six hours after intra-tracheal LPS instillation, to 
evaluate the condition of inflammation induced 
by LPS challenge, pro-inflammatory cytokine 
levels of TNF-α and IL-6 in BALF were measured 
by ELISA assays. It was found that the cytokine 
production in LPS group was significantly 
increased, compared to the control group. It 
was also found that dexmedetomidine signifi-

cantly reduced levels of TNF-α (a) and IL-6 (b)  
in BALF in the LPS+dex 20 μg/kg group or 
LPS+dex 40 μg/group in a dose-dependent 
manner, compared to the LPS group (P < 0.05) 
(Figure 6).

Effects of dexmedetomidine on protein con-
centrations in BALF

Six hours after intra-tracheal LPS instillation, to 
evaluate the reaction from LPS challenge, this 
study measured total protein concentrations in 
BALF. It was found that there were significantly 
increased protein concentrations in BALF 6 
hours after the LPS challenge, compared to the 
control group. However, treatment with 20 μg/
kg (i.p.) or 40 μg/kg (i.p.) dexmedetomidine 
dose-dependently reduced protein concentra-
tions in BALF (P < 0.05) (Figure 7).

Discussion

Sepsis is a life-threatening disorder that com-
monly results in respiratory and cardiovascular 
compromise, as well as central nervous system 
dysfunction. The lungs are the most vulnerable 
organs during sepsis-induced multiple organ 
dysfunction [26]. Dexmedetomidine, the highly 
selective α2 agonist, widely used as a sedative 
for critical ill patients, has been reported to 
modulate immune reaction following detrimen-
tal stimulation and reduce mortality for both 
patients and animals with sepsis [28, 29]. 
Dexmedetomidine has also been shown to pos-
sess pleiotropic biological properties, including 
anti-inflammatory and antioxidant effects [18, 
20, 26]. In the present study, a mouse sepsis 
model was produced by intra-tracheal instilla-
tion of LPS. It was used to investigate whether 
dexmedetomidine treatment has protective 
effects against LPS-induced ALI. Possible 
mechanisms were also explored. 

Present results demonstrate that dexmedeto-
midine could effectively alleviate histopatho-
logical lung damage, pulmonary edema, MPO 
activity, oxidative stress, and inflammatory 
response in LPS-induced ALI. Moreover, results 
show that dexmedetomidine administration 
inhibited activation of TLR4/NF-κB pathways in 
the pathogenesis of LPS-induced ALI. 

Pro-inflammatory cytokines appear in the early 
development of an inflammatory response pro-
cess, playing a critical role in the pathophysiol-

Figure 3. Dexmedetomidine alleviated MPO activity 
in mouse lung tissues 6 hours after LPS challenge. 
LPS induced elevated activity of MPO. However, it 
was dose-dependently ameliorated by dexmedeto-
midine in lung tissues. MPO activity is expressed as 
U/g. All data are presented as mean ± SD (n=12 per 
group). *P < 0.05 vs. control group, #P < 0.05 vs. 
LPS group, ^P < 0.05 vs. LPS+dex 20 µg/kg group.
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ogy of inflammation, contributing to the severity 
of lung injuries [30]. TNF-α and IL-6, the two 
characterized pro-inflammatory cytokines, are 
involved in the pathogenesis of ALI [30, 31]. A 
previous study showed that elevated levels of 
TNF-α and IL-6 have been presented in the 
bronchoalveolar lavage by LPS challenge [26]. 
Clinically, it has been noted that persistent  
elevation of these pro-inflammatory cytokines 
in patients with ALI is associated with more 
severe outcomes [32]. 

In LPS-induced acute lung injuries, LPS initi-
ates the production of pro-inflammatory cyto-

kines, such as TNF-α and IL-6, from damage of 
endothelium, epithelium, macrophages, and 
neutrophil activation [29, 33]. LPS increases 
vessel permeability and disrupts the alveolar-
capillary barrier, leading to lung edema. This is 
characterized by increased water content in the 
extracellular spaces of the lung tissue [34]. 
Furthermore, protein extravasation is a typical 
symptom of increased pulmonary vascular per-
meability due to both systemic and local inflam-
mation after LPS challenge [35]. In the present 
study, LPS caused significant increased levels 
of IL-6 and TNF-α in the BALF. This result is in 
agreement with previous studies [36, 37]. In 
addition, dexmedetomidine decreased the  
production of both IL-6 and TNF-α in the BALF, 
suggesting that it possesses potential anti-
inflammatory effects against LPS-induced ALI. 
Accordingly, dexmedetomidine reduced W/D 
ratios and effectively attenuated total protein 
concentrations in BALF. This was in parallel 
with histological damage of lung tissues, reveal-
ing that there was inflammatory cell infiltration 
and abundant alveolar exudation in lung tis-
sues of mice with LPS challenge. These were 
dose-dependently reduced by dexmedetomi-
dine treatment.

LPS-induced ALI is featured by bilateral neutro-
phils infiltration in the lungs caused by pro-
inflammatory cytokines [29]. Myeloperoxidase 
(MPO) is the most abundant enzyme in the 
granulocytes of neutrophils. It has been associ-
ated with tissue damage in pulmonary inflam-
mation. Hence, increased MPO activity is regar- 

Figure 4. Effects of dexmedetomidine on MDA (A), 
SOD (B), and GSH (C) in lung tissues of LPS-challeng-
es mice. Lung tissues were homogenized 6 hours 
after LPS challenge. LPS induced increased content 
of MDA (A) and declined levels of SOD (B) and GSH 
(C). However, these changes were dose-dependently 
attenuated by dexmedetomidine treatment. Data 
are presented as mean ± SD (n=12 per group). *P < 
0.05 vs. control group, #P < 0.05 vs. LPS group, ^P < 
0.05 vs. LPS+dex 20 µg/kg group.

Figure 5. Effects of dexmedetomidine on Wet/Dry 
weight ratios. Left lungs of mice were excised 6 
hours after LPS challenge and Wet/Dry weight ratios 
were calculated. LPS increased the Wet/Dry weight 
ratio of the lungs. However, this change was dose-
dependently attenuated by dexmedetomidine treat-
ment. All data are presented as mean ± SD (n=12 
per group). *P < 0.05 vs. control group, #P < 0.05 vs. 
LPS group, ^P < 0.05 vs. LPS+dex 20 µg/kg group. 
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ded as a major marker of neutrophil activation 
which releases inflammatory mediators, lead-
ing to further damage in lung tissues [38]. The 

present study found that dexmedetomidine 
decreased LPS-triggered MPO activity in lung 
tissues, implying that dexmedetomidine could 
inhibit the infiltration of neutrophils in injured 
lung tissues.

Another important aspect of ALI is oxidative 
stress, which generates from activated alveolar 
epithelial cells, endothelial cells, macrophages, 
and recruited neutrophils following airway stim-
ulation [9, 39, 40]. It has been revealed that 
oxidative stress can not only cause direct tis-
sue damage, but also affects molecular mecha-
nisms regulating the process of lung inflamma-
tion [41]. Oxidative stress may turn on NF-κB 
activation, resulting in a large production of 
pro-inflammatory cytokines which promptly 
propagate to further inflammation [42]. Oxi- 
dative stress is characterized by increased  
content of melondialdehyde (MDA) and reduced 
production of anti-oxidative enzymes, including 
superoxide dismutase (SOD) and glutathione 
(GSH) [11]. 

MDA is known as a marker of oxidative stress, 
produced from the breakdown of polyunsatu-
rated fatty acids by oxidation and an increase 
in free radicals, reflecting lipid peroxidation 
[43]. Therefore, it has served to indicate cell 
membrane impairment [44]. Under unstressed 
conditions, the activities of SOD and GSH con-
tribute to the amelioration of oxidative injury 
and maintain a balance of oxidants and antioxi-
dants in the organs, including the lungs [45]. 
SOD is one of the antioxidant enzymes that 
converts superoxide anions into hydrogen per-
oxide, while GSH acts as a major cellular anti-
oxidant defense system by scavenging free 
radicals and other intermediate product from 
reactive oxygen species (ROS) [46]. LPS-
induced oxidative stress, which is associated 
with an exaggerated production of cell dama- 
ge, can lead to formation of lipid peroxidation 
related MDA and depletion of GSH and SOD, 
aggravating LPS toxicity via diminution of the 
antioxidant defense [47]. In a previous study, 
anti-oxidant agent treatment was shown to 
reduce pulmonary hypertension, hypoxia, and 
microvascular permeability in an animal model 
[48]. 

In the present study, LPS increased MDA con-
tent, accompanied by decreased activity of 
SOD and GSH content in lung tissues. Further- 
more, this study demonstrated that treatment 

Figure 6. Dexmedetomidine ameliorated the pro-
duction of pro-inflammatory cytokines in BALF. LPS 
increased the levels of pro-inflammatory cytokine 
levels of TNF-α and IL-6 in BALF 6 hours after LPS 
challenge. However, these changes were dose-de-
pendently attenuated by dexmedetomidine treat-
ment. Pro-inflammatory cytokine levels of TNF-α and 
IL-6 were measured by ELISA assays 6 hours after 
LPS challenge. All the data are shown as mean ± SD 
(n=10 per group). *P < 0.05 vs. control group, #P < 
0.05 vs. LPS group, ^P < 0.05 vs. LPS+dex 20 µg/
kg group. 

Figure 7. Dexmedetomidine decreased protein con-
centrations in BALF. LPS increased total protein con-
centrations in BALF 6 hours after LPS change. How-
ever, this change was dose-dependently attenuated 
by dexmedetomidine treatment. Data are shown as 
mean ± SD (n=10 per group). *P < 0.05 vs. con-
trol group, #P < 0.05 vs. LPS group, ^P < 0.05 vs. 
LPS+dex 20 µg/kg group. 
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with dexmedetomidine dose-dependently re- 
duced MDA content and increased SOD activity 
and GSH content in LPS-challenged lung tis-
sues of mice. Present data suggests that dex-
medetomidine reduces LPS-induced ALI, not 
only by attenuating inflammation but also oxi-
dative stress in lung tissues.

Based on the above findings, to further illumi-
nate possible mechanisms of the protective 
effects of dexmedetomidine in LPS-induced 
ALI, this study investigated whether the anti-
inflammatory and anti-oxidant characteristics 
of dexmedetomidine were associated with 
TLR4/NF-κB signaling pathway activation. TLR4 
is known as an essential signaling receptor to 
LPS and exhibits immune responses to detri-
mental stimulation [49].TLR4 has been report-
ed as the upregulator of NF-κB, which is an 
important transcription factor associated with 
expression of several inflammatory genes and 
inducible enzymes, playing an important role  
in the development of ALI [50]. In physiological 
conditions, NF-κB exists in the cytosol and 
binds to the inhibitory part IκBα. Under certain 
stimulation, NF-κB is activated by phosphoryla-
tion with ubiquitination of the inhibitory subunit 
IκBα, enabling NF-κB p65 to translocate into 
the nucleus and promote the subsequent tran-
scription of immune and inflammatory genes/
factors, including tumor necrosis factor (TNF)-α 
and IL-6 [51]. In response to LPS challenge, 
TLR4 binds to LPS, triggering the subsequent 
activation of NF-κB, promoting the release of 
TNF-α and IL-6 and both the two pro-inflamma-
tory cytokines feedback to activate NF-κB. This 
positively amplifies the production of pro-
inflammatory cytokines [52, 53]. It has been 
reported that, in an LPS-induced ALI murine 
model, gene expression levels of TNF-α and 
IL-6 in lung tissue were significantly increased 
in wild-type mice, compared with TLR4-defici- 
ent mice [22]. Correspondingly, another study 
found that active LPS elicited no response in 
TLR4-deficient murine macrophage cells [54]. 
The present study examined expression of 
TLR4 and activation of NF-κB in mouse lung tis-
sues. Results showed increased levels of IL-6, 
TNF-α, TLR4, IκBα phosphorylation, and NF-κB 
p65 nucleus translocation by LPS challenge. 
However, these effects were partially reversed 
following treatment with dexmedetomidine. 
These findings further indicate that dexmedeto-
midine could protect against LPS-induced ALI 
by inhibition of both inflammation and oxidative 

stress. This effect was associated with the sup-
pression of TLR4/NF-κB pathways.

Conclusion

In conclusion, the present study demonstrated 
that dexmedetomidine treatment reduced the 
severity of LPS-induced ALI in mice. The bene- 
ficial effects of dexmedetomidine on LPS-
induced ALI may be attributed to the inhibition 
of both inflammation and oxidative stress, 
which have been associated with the suppres-
sion of LTR4/NF-κB signaling pathways. Pre- 
sent findings suggest that dexmedetomidine 
may be a promising choice of sedatives for ALI 
patients under attack from inflammation and 
oxidative stress.

Acknowledgements

This study was supported by grants from 
Wenzhou Science and Technology Bureau (No. 
Y20150019).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Xuezheng Zhang, 
Department of Anesthesiology, First Affiliated Hos- 
pital of Wenzhou Medical University, 637 South 
Baixiang Street, Wenzhou 325000, Zhejiang, China. 
E-mail: doctorxuezheng@126.com

References

[1]	 Han S and Mallampalli RK. The acute respira-
tory distress syndrome: from mechanism to 
translation. J Immunol 2015; 194: 855-860.

[2]	 Zhou P, Ma B, Xu S, Zhang S, Tang H, Zhu S, 
Xiao S, Ben D and Xia Z. Knockdown of Bur-
ton’s tyrosine kinase confers potent protection 
against sepsis-induced acute lung injury. Cell 
Biochem Biophys 2014; 70: 1265-1275.

[3]	 Guha M and Mackman N. LPS induction of 
gene expression in human monocytes. Cell Sig-
nal 2001; 13: 85-94.

[4]	 Ronchi CF, Ferreira AL, Campos FJ, Kurokawa 
CS, Carpi MF, Moraes MA, Bonatto RC, Yeum 
KJ and Fioretto JR. Interactive effects of me-
chanical ventilation, inhaled nitric oxide and 
oxidative stress in acute lung injury. Respir 
Physiol Neurobiol 2014; 190: 118-123.

[5]	 Lang JD, McArdle PJ, O’Reilly PJ and Matalon S. 
Oxidant-antioxidant balance in acute lung in-
jury. Chest 2002; 122: 314S-320S.

[6]	 Bian Q, Gao S, Zhou J, Qin J, Taylor A, Johnson 
EJ, Tang G, Sparrow JR, Gierhart D and Shang 

mailto:doctorxuezheng@126.com


Dexmedetomidine protects against LPS-induced lung injuries

3303	 Int J Clin Exp Med 2019;12(4):3294-3304

F. Lutein and zeaxanthin supplementation re-
duces photooxidative damage and modulates 
the expression of inflammation-related genes 
in retinal pigment epithelial cells. Free Radic 
Biol Med 2012; 53: 1298-1307.

[7]	 Nagato AC, Bezerra FS, Lanzetti M, Lopes AA, 
Silva MA, Porto LC and Valenca SS. Time 
course of inflammation, oxidative stress and 
tissue damage induced by hyperoxia in mouse 
lungs. Int J Exp Pathol 2012; 93: 269-278.

[8]	 Rahman I and Adcock IM. Oxidative stress and 
redox regulation of lung inflammation in COPD. 
Eur Respir J 2006; 28: 219-242.

[9]	 Tasaka S, Amaya F, Hashimoto S and Ishizaka 
A. Roles of oxidants and redox signaling in the 
pathogenesis of acute respiratory distress syn-
drome. Antioxid Redox Signal 2008; 10: 739-
753.

[10]	 Winterbourn CC, Buss IH, Chan TP, Plank LD, 
Clark MA and Windsor JA. Protein carbonyl 
measurements show evidence of early oxida-
tive stress in critically ill patients. Crit Care 
Med 2000; 28: 143-149.

[11]	 Sabarirajan J, Vijayaraj P and Nachiappan V. 
Induction of acute respiratory distress syn-
drome in rats by lipopolysaccharide and its ef-
fect on oxidative stress and antioxidant status 
in lung. Indian J Biochem Biophys 2010; 47: 
278-284.

[12]	 El-Agamy DS. Nilotinib ameliorates lipopoly-
saccharide-induced acute lung injury in rats. 
Toxicol Appl Pharmacol 2011; 253: 153-160.

[13]	 Abdelmageed ME, El-Awady MS and Suddek 
GM. Apocynin ameliorates endotoxin-induced 
acute lung injury in rats. Int Immunopharmacol 
2016; 30: 163-170.

[14]	 Li A, Yuen VM, Goulay-Dufay S and Kwok PC. 
Pharmacokinetics and pharmacodynamics of 
dexmedetomidine. Drug Dev Ind Pharm 2016; 
42: 1917-1927.

[15]	 Nakamura R, Inoue K, Kumada Y, Shimizu H, 
Takahashi T and Morimatsu H. 941: the effect 
of dexmedetomidine on lung injury induced by 
hemorrhagic shock and resuscitation in rats. 
Crit Care Med 2016; 44: 311.

[16]	 Memis D, Hekimoglu S, Vatan I, Yandim T, Yuk-
sel M and Sut N. Effects of midazolam and dex-
medetomidine on inflammatory responses and 
gastric intramucosal pH to sepsis, in critically 
ill patients. Br J Anaesth 2007; 98: 550-552.

[17]	 Yeh YC, Wu CY, Cheng YJ, Liu CM, Hsiao JK, 
Chan WS, Wu ZG, Yu LC and Sun WZ. Effects of 
dexmedetomidine on intestinal microcircula-
tion and intestinal epithelial barrier in endotox-
emic rats. Anesthesiology 2016; 125: 355-
367.

[18]	 Kutanis D, Erturk E, Besir A, Demirci Y, Kayir S, 
Akdogan A, Vanizor Kural B, Bahat Z, Cany-
ilmaz E and Kara H. Dexmedetomidine acts as 

an oxidative damage prophylactic in rats ex-
posed to ionizing radiation. J Clin Anesth 2016; 
34: 577-585.

[19]	 Jiang YX, Dai ZL, Zhang XP, Zhao W, Huang Q 
and Gao LK. Dexmedetomidine alleviates pul-
monary edema by upregulating AQP1 and 
AQP5 expression in rats with acute lung injury 
induced by lipopolysaccharide. J Huazhong 
Univ Sci Technolog Med Sci 2015; 35: 684-
688.

[20]	 Cui J, Zhao H, Wang C, Sun JJ, Lu K and Ma D. 
Dexmedetomidine attenuates oxidative stress 
induced lung alveolar epithelial cell apoptosis 
in vitro. Oxid Med Cell Longev 2015; 2015: 
358396.

[21]	 Rahman A and Fazal F. Blocking NF-κB: an in-
flammatory issue. Proc Am Thorac Soc 2011; 
8: 497-503.

[22]	 Bagul PK, Deepthi N, Sultana R and Banerjee 
SK. Resveratrol ameliorates cardiac oxidative 
stress in diabetes through deacetylation of 
NFκB-p65 and histone 3. J Nutr Biochem 
2015; 26: 1298-1307.

[23]	 Feng G, Sun B and Li TZ. Daidzein attenuates 
lipopolysaccharide-induced acute lung injury 
via toll-like receptor 4/NF-κB pathway. Int Im-
munopharmacol 2015; 26: 392-400.

[24]	 Irie T, Muta T and Takeshige K. TAK1 mediates 
an activation signal from toll-like receptor(s) to 
nuclear factor-κB in lipopolysaccharide-stimu-
lated macrophages. FEBS Lett 2000; 467: 
160-164.

[25]	 Jing W, Chunhua M and Shumin W. Effects of 
acteoside on lipopolysaccharide-induced in-
flammation in acute lung injury via regulation 
of NF-κB pathway in vivo and in vitro. Toxicol 
Appl Pharmacol 2015; 285: 128-135.

[26]	 Liu Z, Wang Y, Wang Y, Ning Q, Zhang Y, Gong 
C, Zhao W, Jing G and Wang Q. Dexmedetomi-
dine attenuates inflammatory reaction in the 
lung tissues of septic mice by activating cholin-
ergic anti-inflammatory pathway. Int Immuno-
pharmacol 2016; 35: 210-216.

[27]	 Chi X, Wei X, Gao W, Guan J, Yu X, Wang Y, Li X 
and Cai J. Dexmedetomidine ameliorates 
acute lung injury following orthotopic autolo-
gous liver transplantation in rats probably by 
inhibiting Toll-like receptor 4-nuclear factor 
kappa B signaling. J Transl Med 2015; 13: 
190.

[28]	 Zamani MM, Keshavarz-Fathi M, Fakhri-Bafghi 
MS, Hirbod-Mobarakeh A, Rezaei N, Bahrami A 
and Nader ND. Survival benefits of dexmedeto-
midine used for sedating septic patients in in-
tensive care setting: a systematic review. J Crit 
Care 2016; 32: 93-100.

[29]	 Taniguchi T, Kidani Y, Kanakura H, Takemoto Y 
and Yamamoto K. Effects of dexmedetomidine 
on mortality rate and inflammatory responses 



Dexmedetomidine protects against LPS-induced lung injuries

3304	 Int J Clin Exp Med 2019;12(4):3294-3304

to endotoxin-induced shock in rats. Critical 
Care Medicine 2004; 32: 1322-1326.

[30]	 Giebelen IA, van Westerloo DJ, LaRosa GJ, de 
Vos AF and van der Poll T. Local stimulation of 
alpha7 cholinergic receptors inhibits LPS-in-
duced TNF-alpha release in the mouse lung. 
Shock 2007; 28: 700-703.

[31]	 Goodman RB, Pugin J, Lee JS and Matthay MA. 
Cytokine-mediated inflammation in acute lung 
injury. Cytokine Growth Factor Rev 2003; 14: 
523-535.

[32]	 Faix JD. Biomarkers of sepsis. Crit Rev Clin Lab 
Sci 2013; 50: 23-36.

[33]	 Huo M, Cui X, Xue J, Chi G, Gao R, Deng X, 
Guan S, Wei J, Soromou LW, Feng H and Wang 
D. Anti-inflammatory effects of linalool in RAW 
264.7 macrophages and lipopolysaccharide-
induced lung injury model. J Surg Res 2013; 
180: e47-54.

[34]	 Qi B, Chen HL, Shang D, Dong Y, Zhang GX and 
Yu L. Effects of hypoxia-inducible factor-1α and 
matrix metalloproteinase-9 on alveolar-capil-
lary barrier disruption and lung edema in rat 
models of severe acute pancreatitis-associat-
ed lung injury. Exp Ther Med 2014; 8: 899-
906.

[35]	 Liu YL, Liu YJ, Liu Y, Li XS, Liu SH, Pan YG, 
Zhang J, Liu Q and Hao YY. Hydroxysafflor yel-
low A ameliorates lipopolysaccharide-induced 
acute lung injury in mice via modulating toll-
like receptor 4 signaling pathways. Int Immu-
nopharmacol 2014; 23: 649-657.

[36]	 Chen Z, Zhang X, Chu X, Zhang X, Song K, Jiang 
Y, Yu L and Deng X. Preventive effects of valne-
mulin on lipopolysaccharide-induced acute 
lung injury in mice. Inflammation 2010; 33: 
306-314.

[37]	 Shi JR, Mao LG, Jiang RA, Qian Y, Tang HF and 
Chen JQ. Monoammonium glycyrrhizinate in-
hibited the inflammation of LPS-induced acute 
lung injury in mice. Int Immunopharmacol 
2010; 10: 1235-1241.

[38]	 Wu H, Zhao G, Jiang K, Chen X, Zhu Z, Qiu C, Li 
C and Deng G. Plantamajoside ameliorates li-
popolysaccharide-induced acute lung injury 
via suppressing NF-κB and MAPK activation. 
Int Immunopharmacol 2016; 35: 315-322.

[39]	 Ward PA. Oxidative stress: acute and progres-
sive lung injury. Ann N Y Acad Sci 2010; 1203: 
53-59.

[40]	 Sarma JV and Ward PA. Oxidants and redox sig-
naling in acute lung injury. Compr Physiol 
2011; 1: 1365-1381.

[41]	 Crapo JD. Oxidative stress as an initiator of cy-
tokine release and cell damage. Eur Respir J 
Suppl 2003; 44: 4s-6s.

[42]	 Guo RF and Ward PA. Role of oxidants in lung 
injury during sepsis. Antioxid Redox Signal 
2007; 9: 1991-2002.

[43]	 Del Rio D, Stewart AJ and Pellegrini N. A review 
of recent studies on malondialdehyde as toxic 
molecule and biological marker of oxidative 
stress. Nutr Metab Cardiovasc Dis 2005; 15: 
316-328.

[44]	 Victor VM, Rocha M, Esplugues JV and De la 
Fuente M. Role of free radicals in sepsis: anti-
oxidant therapy. Curr Pharm Des 2005; 11: 
3141-3158.

[45]	 Chow CW, Herrera Abreu MT, Suzuki T and 
Downey GP. Oxidative stress and acute lung 
injury. Am J Respir Cell Mol Biol 2003; 29: 427-
431.

[46]	 Lv H, Yu Z, Zheng Y, Wang L, Qin X, Cheng G 
and Ci X. Isovitexin exerts anti-inflammatory 
and anti-oxidant activities on lipopolysaccha-
ride-induced acute lung injury by inhibiting 
MAPK and NF-κB and activating HO-1/Nrf2 
pathways. Int J Biol Sci 2016; 12: 72-86.

[47]	 Goraca A and Jozefowicz-Okonkwo G. Protec-
tive effects of early treatment with lipoic acid 
in LPS-induced lung injury in rats. J Physiol 
Pharmacol 2007; 58: 541-549.

[48]	 Weng TI, Wu HY, Kuo CW and Liu SH. Honokiol 
rescues sepsis-associated acute lung injury 
and lethality via the inhibition of oxidative 
stress and inflammation. Intensive Care Med 
2011; 37: 533-541.

[49]	 Roy A, Srivastava M, Saqib U, Liu D, Faisal SM, 
Sugathan S, Bishnoi S and Baig MS. Potential 
therapeutic targets for inflammation in toll-like 
receptor 4 (TLR4)-mediated signaling path-
ways. Int Immunopharmacol 2016; 40: 79-89.

[50]	 Baumgarten G, Knuefermann P, Wrigge H, 
Putensen C, Stapel H, Fink K, Meyer R, Hoeft A 
and Grohe C. Role of Toll-like receptor 4 for the 
pathogenesis of acute lung injury in Gram-neg-
ative sepsis. Eur J Anaesthesiol 2006; 23: 
1041-1048.

[51]	 Kang SR, Han DY, Park KI, Park HS, Cho YB, 
Lee HJ, Lee WS, Ryu CH, Ha YL, Lee DH, Kim JA 
and Kim GS. Suppressive effect on lipopoly-
saccharide-induced proinflammatory media-
tors by citrus aurantium L. in macrophage RAW 
264.7 cells via NF-κB signal pathway. Evid 
Based Complement Alternat Med 2011; 2011: 

[52]	 Liew FY, Xu D, Brint EK and O’Neill LA. Negative 
regulation of toll-like receptor-mediated im-
mune responses. Nat Rev Immunol 2005; 5: 
446-458.

[53]	 Sabroe I, Parker LC, Dower SK and Whyte MK. 
The role of TLR activation in inflammation. J 
Pathol 2008; 214: 126-135.

[54]	 Lorenz E, Patel DD, Hartung T and Schwartz 
DA. Toll-like receptor 4 (TLR4)-deficient murine 
macrophage cell line as an in vitro assay sys-
tem to show TLR4-independent signaling of 
Bacteroides fragilis lipopolysaccharide. Infect 
Immun 2002; 70: 4892-4896.


