Journal of Anesthesia (2021) 35:394-404
https://doi.org/10.1007/s00540-021-02909-9

ORIGINAL ARTICLE q

Check for
updates

Dexmedetomidine ameliorates lipopolysaccharide-induced acute lung
injury by inhibiting the PI3K/Akt/FoxO1 signaling pathway

Haibin Cui' - Qian Zhang'

Received: 10 June 2020 / Accepted: 13 February 2021 / Published online: 5 April 2021
© Japanese Society of Anesthesiologists 2021

Abstract

Purpose Dexmedetomidine (DEX) has been associated with inflammation, oxidative stress, and apoptosis, but its effects
on lipopolysaccharide (LPS)-induced lung injury remain uncertain. The present study explored the effects of DEX on LPS-
induced lung injury and studied the possible molecular mechanisms by testing the effects of the phosphoinositide-3 kinase
(PI3K) inhibitor LY294002 and BEZ235.

Methods Seventy C57BL/6 mice were randomly divided into the control, LPS, LPS + DEX, LPS +1LY294002,
LPS +BEZ235, LPS + DEX +LY294002, and LPS + DEX + BEZ235groups. Lung samples were collected 48 h after LPS
treatment.

Results DEX significantly inhibited LPS-induced increases in the lung weight/body weight ratio and lung wet/dry weight
ratio, decreased inflammatory cell infiltration, and decreased the production of proinflammatory factors, such as interleukin-1f
(IL-1p), IL-6, and tumor necrosis factor o (TNF-a)in the lungs. DEX also markedly attenuated the increases in malondial-
dehyde 5 (MDA 5) and inositol-dependent enzyme a (IRE-a), attenuated the decrease in superoxide dismutase 1(SOD-1),
reversed the low expression of B-cell lymphoma-2 (Bcl-2), and the high expressions of Bax and Caspase-3. DEX also
decreased the expression of phosphorylated PI3K and phosphorylated Akt and increased the expression of phosphorylated
forkhead box-O transcription factor 1 (FoxO1). More interestingly, LY294002 or BEZ235 pretreatment significantly abolished
the inhibitory effects of DEX on LPS-induced lung inflammation, oxidative stress, and apoptosis.

Conclusions These data suggest that DEX ameliorates LPS-induced acute lung injury partly through the PI3K/Akt/FoxO1
signaling pathway.

Keywords Dexmedetomidine - Lipopolysaccharide - Acute lung injury - Oxidative stress - Inflammation - PI3K/Akt/FoxO1
signaling pathway

Introduction edema, gas exchange abnormalities, and alveolar septal

injury [1]. Unfortunately, there are few effective drugs to

Acute lung injury is a serious clinical complication that
is associated with high mortality and morbidity rates of
approximately 30% to 40%. Acute lung injury is usually
characterized by the aggregation of inflammatory cells, an
increase in vascular and epithelial permeability, interstitial
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treat acute lung injury. Lipopolysaccharide (LPS) is a com-
ponent of Gram-negative bacteria that usually leads to an
inflammatory response and lung injury. Lipopolysaccharide-
induced acute lung injury is a widely accepted animal model
of bacterial sepsis. In vivo experiments showed that intrana-
sal LPS administration dramatically increased inflammatory
cell infiltration, oxidative stress, and apoptosis [2, 3].
Phosphatidylinositol-3-kinase (PI3K) is an intracellular
phosphatidylinositol kinase, and Akt is the direct down-
stream effector of PI3K. Forkhead box-O transcription factor
1 (FoxO1) is a downstream protein target of Akt. Once Akt
is activated, phosphorylated FoxO1 (p-FoxO1) is dephos-
phorylated to form FoxO1, which is then transferred to the
nucleus. The PI3K/Akt/FoxO1 signaling pathway has been
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implicated in type 2 diabetes [4], breast cancer [5], kidney
injury [6], and ischemia/reperfusion injury [7, 8]. The PI3K
inhibitor LY294002 and the knockdown of PI3K by small
interfering RNA dramatically inhibited Akt phosphoryla-
tion, reduced the production of human heme oxygenase 1
(HO-1), and then abrogated the effects of hemin pretreat-
ment on LPS-induced lung injury in rats, suggesting that
the PI3K/Akt pathway protects lung tissue against oxidative
injury in the setting of sepsis [9]. Additionally, a previous
study reported that pretreatment with schisandrin allevi-
ated LPS-induced endothelium and epithelium injury of the
lungs, which was attributed to the inhibition of cell injury
and activation of cell regeneration via regulation of the Akt/
FoxO1 signaling pathway [10]. These studies suggest that
Akt/FoxO1 may be a key pathway that is involved in LPS-
induced acute lung injury. Therefore, targeting this pathway
may alleviate LPS-induced acute lung injury and associated
complications.

Dexmedetomidine (DEX), a highly selective agonist of
the a2-adrenergic receptor, is clinically used for the seda-
tion of ill patients. Clinical indications of DEX: it is used
for sedation during tracheal intubation and mechanical ven-
tilation in patients undergoing general anesthesia; and it is
also used for sedation of patients who start intubation and
use ventilator during intensive care. Continuous infusion of
DEX should not exceed 24 h. Clinically, the adult dose is
4 pg/kg, drip slowly for 10 min, and then maintain infusion
at 0.2-0.7 pg/kg/h [11]. DEX exerts sedative and analgesic
effects and has been reported to protect against LPS-induced
acute lung injury through antiinflammatory and immunereg-
ulatory actions [12, 13]. Several studies reported that pre-
treatment with DEX ameliorated LPS-induced acute lung
injury [14-16]. Moreover, DEX was reported to alleviate
sepsis-induced acute lung injury partly through suppres-
sion of the production of proinflammatory cytokines that are
regulated by the Toll-like receptor 4 (TLR-4)/nuclear factor
kB (NF-kB) signaling pathway [17]. However, unknown are
whether DEX ameliorates LPS-induced lung inflammation,
oxidative stress, and apoptosis and whether the protective
effect of DEX involves the PI3K/Akt/FoxO1 signaling path-
way. The present study investigated the effects of DEX on
LPS-induced lung injury and explored the possible mecha-
nisms of action.

Methods

Animals and experimental groups

Seventy male C57BL/6 mice (6-8 weeks old, 20-25 g)
were obtained from the Experimental Animal Department

of China Medical University. All of the mice were kept
in cages under standard laboratory conditions at a stable

temperature (20-24 °C) and humidity (55% +5%) with a
12 h/12 h light/dark cycle. Food and water were provided
ad libitum. Seventy mice were randomly divided into
seven groups (n=10/group): control, LPS, LPS + DEX,
LPS +1Y294002, LPS +BEZ235, LPS + DEX +1L.Y294002,
and LPS + DEX + BEZ235 groups. The intratracheal admin-
istration of 10 pg LPS (dissolved in 50 pl phosphate-buff-
ered saline [PBS]) was to induced acute lung injury [18].
The LPS + DEX and LPS + DEX 4+ LY294002 groups were
intraperitoneally injected with 50 pg /kg DEX 0.5 h before
LPS-induced acute lung injury [13]. LY294002 (5 pg/g) and
BEZ23530 (25 pg/g) 30 min were intraperitoneally injected
before exposed to LPS, respectively, [19, 20], and the con-
trol group was exposed only to normal room air. All of the
animal experiments were performed in accordance with the
Guide for the Care and Use of Laboratory Animals of the
National Institutes of Health and Academy of China Medi-
cal University.

Sample collection and processing

Forty-eight hours after LPS treatment, the mice were anes-
thetized by the intraperitoneal injection of 2% sodium
pentobarbital (50 mg/kg). All of the mice were sacrificed
to collect lung samples. The left lung was immersed in 10%
formalin buffer for histological analysis, and the upper lobe
of the right lung was dried with filter paper and weighed on
an analytical balance to determine the wet weight. After-
ward, the lung samples were dried in an oven at 60 °C for
72 h, and the dry weight was recorded. The wet weight/
dry weight (W/D) ratio was calculated to indicate edema
formation. The remaining lung tissues were frozen in liquid
nitrogen for protein analysis.

Histological analysis

For the histological analysis, the left lung was fixed in 10%
formaldehyde at room temperature, processed, and embed-
ded in paraffin blocks using a Leica Microsystem tissue
processor (ASP 300S, Germany). For histological staining,
4-pm-thick sections were sliced using a Leica Microsystem
microtome (Model RM 2265, Germany), which was stained
with hematoxylin and eosin (H&E).

Reactive oxygen species detection
Lung tissue was stained with dimethoxy 2,3—1,4-naphtho-
quinone (1:100; catalog no. D5439; Sigma, St. Louis, MO,

USA) for 15 min and then examined under a fluorescence
microscope (Olympus, Tokyo, Japan).
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TUNEL staining

Terminal deoxynucleotidyl transferase dUTP nick-end
labeling (TUNEL) staining was performed according to the
TUNEL kit manufacturer’s instructions (Abcam, UK). The
nuclei of apoptotic cells were stained brown. Five fields
were randomly selected under a high-power microscope
(400x magnification) to calculate the apoptotic index.

Immunofluorescence staining

Immunofluorescence staining was performed to detected
p-PI3K (1:200, Cell Signaling Technology, USA), p-Akt
(1:400, Cell Signaling Technology, USA), and p-FoxO1
(1:250, Abcam, UK) using appropriate antibodies. Lung
tissues were dewaxed with xylene, dehydrated through a
graded series of alcohol, incubated with 0.1% Triton X-100
for 30 min, and washed three times with PBS for 5 min each
time. Samples were blocked with 5% bovine serum albumin
and 10% goat serum for 30 min each, incubated with pri-
mary antibody overnight at 4 °C in a wet box, and stained
with a fluorescent secondary antibody. Finally, the samples
were observed and photographed under a microscope.

Western blot analysis

Lung tissues were lysed in complete RIPA buffer (10 mM
Tris—HCI [pH 7.4], 150 mM NacCl, 1% NP40, 0.1% sodium
dodecyl sulfate, 1 mM phenylmethylsulfonyl fluoride, and
1 X protease inhibitor cocktail) and homogenized using a

Sonic Dismembrator 100 (Fisher Scientific, Rockford IL,
USA). The protein concentration of the tissue homogenates
was measured, and equal amounts of soluble protein were
separated on 10% polyacrylamide gels and transferred onto
a nitrocellulose membrane, followed by routine Western blot
analysis using appropriate primary and secondary antibod-
ies (Table 1). Proteins were visualized using a ClarityTM
Western ECL Substrate and a Tanon 5200 Full automatic
chemiluminescence image analysis system (Tanon Science
and Technology, Shanghai, China).

Statistical analysis

The statistical analysis was performed using SPSS 26.0 soft-
ware (IBM, Armonk, NY, USA). The data are expressed as
mean + standard error of the mean (SEM) and were analyzed
using z-tests and one-way analysis of variance (ANOVA).
Two-tailed values of p <0.05 were considered statistically
significant.

Results

Dexmedetomidine ameliorated LPS-induced acute
lung injury in mice

No mouse was dead before 48 h. Compared with the con-
trol group, the lung weight/body weight ratio and W/D ratio
were significantly higher in the LPS group, and DEX sig-
nificantly inhibited these LPS-induced increases (Fig. la-b,

Table 1 Primary antibody and

i . Antibody Dilution Catalogue no Manufacturer
secondary antibody list

IL-1P 1:2000 sc7884 Santa Cruz Biotechnology, USA
TNF-« 1:2000 ab8348 Abcam, UK

IL-6 1:1000 ab83053 Abcam, UK

IL-10 1:2000 ab9969 Abcam, UK

MDA5 1:200 ab69983 Abcam, UK

IREa 1:2000 3294 Abcam, UK

SOD-1 1:1000 sc11407 Santa Cruz Biotechnology, USA
Bax 1:2000 5¢526 Santa Cruz Biotechnology, USA
Caspase 3 1:500 sc7148 Santa Cruz Biotechnology, USA
Bcl-2 1:1000 sc7382 Santa Cruz Biotechnology, USA
PI3K 1:1000 ab186612 Abcam, UK

p-PI3K 1:1000 4228S Cell Signaling Technology, USA
Akt 1:2000 ab32505 Abcam, USA

p-Akt 1:2000 4051S Cell Signaling Technology, USA
FoxO1 1:1000 2880 Cell Signaling Technology, USA
p-FoxO1 1:1000 ab131339 Abcam, UK

GAPDH 1:5000 sc32233 Santa Cruz Biotechnology, USA
Horseradish peroxidase-conju- 1: 4000 ab6789 Abcam, UK

gated goat anti-mouse IgG
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Fig. 1 Dexmedetomidine ameliorated LPS-induced acute lung injury.
a, b Lung weight/body weight ratio and wet/dry ratio. ¢ Representa-
tive histopathological images of each group (HE staining, scale

p <0.05). Compared with the control group, LPS treatment
caused significant lung injury, manifested as hemorrhage,
edema, inflammatory cell infiltration, and an increase in
Evans blue leakage, and these deleterious effects were signif-
icantly ameliorated by DEX treatment (Fig. 1c—d, p <0.05).

Dexmedetomidine attenuated the LPS-induced
production of proinflammatory factors in the lungs

It was reported that obviously lung edema, inflammatory
cells infiltration and apoptosis were observed in mice treated
with LPS for 48 h. Therefore, the protective effect and
mechanism of DEX on the lungs of mice treated with LPS
were studied. The LPS group exhibited significant increases
in interleukin-1f (IL-1p), IL-6, and tumor necrosis factor

bar=50 pm). d Evans blue staining was used to evaluate changes in
vascular permeability. *p <0.05, vs. control group; *p <0.05, vs. LPS

group

o (TNF-a) expression and a significant decrease in IL-10
expression compared with the control group. DEX treatment
significantly decreased IL-1f, IL-6, and TNF-a expression
and increased IL-10 expression compared with the LPS
group (Fig. 2, p<0.05).

Dexmedetomidine inhibited LPS-induced oxidative
stress in the lungs in mice

Compared with the control group, reactive oxygen spe-
cies (ROS) levels significantly increased in the LPS group,
while DEX decreased ROS expression (Fig. 3a). The LPS
group exhibited significant increases in malondialdehyde 5
(MDA 5) and inositol-dependent enzyme a (IRE-a) expres-
sion and a significant decrease in superoxide dismutase
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Fig.2 Dexmedetomidine attenuated LPS-induced inflammation in
the lungs. a Representative Western blot images and (b—e) quanti-
tative analysis of IL-1p, IL-6, IL-10, and TNF-a. All of the experi-
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ments were repeated at least three times. The results are expressed as
mean+SEM (n=10/group). *p <0.035, vs. control group; *p <0.05,
vs. LPS group
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Fig.3 Dexmedetomidine inhibited LPS-induced oxidative stress
in the lungs in mice. a Representative ROS images from lung tis-
sues (scale bar=50 pm). b—e Representative images and quantita-
tive analysis of MDAS, IREa, and SOD-1.All of the experiments

1 (SOD-1) compared with the control group. DEX treat-
ment significantly alleviated the LPS-induced increases
in MDAS and IRE-a expression and decrease in SOD-1
expression (Fig. 3b—e, p <0.05).

@ Springer

were repeated at least three times. The results are expressed as
mean+SEM (n=10/group). *p <0.05, vs. control group; *p <0.05,
vs. LPS group

Dexmedetomidine decreased LPS-induced
apoptosis in lung tissue in mice

The LPS group exhibited a significant increase in
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TUNEL-positive cells compared with the control group.
DEX treatment significantly attenuated the LPS-induced
increase in TUNEL-positive cells (Fig. 4a—b, p <0.05). The
LPS group also exhibited a significant decrease in Bcl-2 and
significant increases in Bax and Caspase-3 expression com-
pared with the control group. DEX treatment significantly
reversed the LPS-induced decrease in Bcl-2 expression
and increases in Bax and Caspase-3 expression (Fig. 4c—f,
p<0.05).

Dexmedetomidine reversed the effect of LPS
on the PI3K/Akt/Fox01 signaling pathway

The LPS group exhibited increases in p-PI3K and p-Akt
expression and a decrease in p-FoxO1 expression com-
pared with the control group. DEX treatment significantly
attenuated the LPS-induced increases in p-PI3K and p-Akt
expression and decrease in p-FoxO1 expression (Fig. 5a—d,
p <0.05). The LPS group exhibited significant increases in

p-PI3K- and p-Akt-positive cells and a significant decrease
in p-FoxO1-positive cells compared with the control group.
DEX significantly reversed the increases in p-PI3K- and
p-Akt-positive cells and the decrease in p-FoxO1-positive
cells (Fig. 5e—j, p <0.05).

LY294002 pretreatment abolished the effects of DEX
on LPS-induced acute lung injury

Compared with the LPS group, LY294002 pretreatment
significantly decreased the lung weight/body weight ratio
and W/D ratio, decreased the expression levels of p-PI3K,
p-Akt, p-FoxOl1, IL-1B, IL-6, TNF-a, MDAS, IRE-a, Bax
and Caspase-3, and increased the expression levels of
IL-10, SOD-1 and Bcl-2 expression (Fig. 6, p <0.05).
LY294002 pretreatment significantly abolished the inhibi-
tory effects of DEX on LPS-induced lung inflammation,
oxidative stress, and apoptosis (Fig. 6, p <0.05). These
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Fig.4 Dexmedetomidine decreased LPS-induced lung tissue apopto-
sis in mice. a, b Representative images and semiquantitative analy-
sis of lung tissue apoptosis (TUNEL staining, scale bar=50 pm). ¢—f
Representative Western blot images and quantitative analysis of Cas-

pase-3, Bcl-2, and Bax. All of the experiments were repeated at least
three times. The results are expressed as mean + SEM (n=10/group).
#p <0.05, vs. control group; *p <0.05, vs. LPS group
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data indicated that DEX ameliorated LPS-induced acute
lung injury partly through the PI3K/Akt/FoxO1 signaling
pathway.

BEZ235 pretreatment abolished the effects of DEX
on LPS-induced acute lung injury

LY294002 has an inhibitory effect of PI3K, but IC50 of
LY294002 is quite high, so, there always is a possibil-
ity of a non-specific effect. Therefore, a PI3K inhibitor
(BEZ235) was used to avoid the non-specific effects of
LY294002 on LPS-induced lung injury. Compared with
the LPS group, BEZ235, a PI3K inhibitor, pretreatment
significantly decreased the expression levels of p-PI3K,
p-Akt, p-FoxO1, IL-1p, IL-6, MDAS, IRE-a, Caspase-3
and Bax, and increased the expression levels of IL-10,
SOD-1 and Bcl-2 as compared to the LPS group (Fig. 7,
p <0.05). However, BEZ235 pretreatment significantly
abolished the inhibitory effects of DEX on LPS-induced
lung inflammation, oxidative stress, and apoptosis (Fig. 7,
p <0.05). These data indicated that DEX ameliorated LPS-
induced acute lung injury partly through the PI3K/Akt/
FoxO1 signaling pathway.
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and semiquantitative analysis of p-PI3K, p-Akt, and p-FoxOl1. All
of the experiments were repeated at least three times. The results
are expressed as mean+SEM (n=10/group). *p <0.05, vs. control
group; #p <0.05, vs. LPS group

Discussion

Inflammation and apoptosis have been reported to play
key roles in acute lung injury, which is often characterized
by leukocyte infiltration, principally neutrophils and mac-
rophages, in the lungs [21, 22]. Accumulating evidence sug-
gests that several pathological changes occur in the lungs
after LPS treatment, including inflammation, oxidative
stress, and apoptosis, which is a well-known experimental
model to assess the effects of drugs on acute lung injury
[23, 24]. The present study found that DEX significantly
inhibited LPS-induced increases in the lung weight/body
weight ratio and W/D ratio and alleviated inflammatory
cell infiltration and the production of proinflammatory fac-
tors, oxidative stress, and tissue apoptosis. DEX treatment
also decreased p-PI3K and p-Akt expression and increased
p-FoxOl1 expression. While LY294002 or BEZ235 pretreat-
ment significantly abolished the inhibitory effects of DEX on
LPS-induced lung inflammation, oxidative stress, and apop-
tosis. These data suggest that DEX ameliorates LPS-induced
acute lung injury partly through the PI3K/Akt/FoxO1 signal-
ing pathway.

Numerous preliminary results showed that lung resident
cells including alveolar macrophages and epithelial cells are
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Fig.6 LY294002 pretreatment abolished the effects of DEX on
LPS-induced acute lung injury. a, b Lung weight/body weight
ratio and wet/dry ratio. c—f Representative images of total PI3K
(t-PI3K), p-PI3K, total Akt (t-Akt), p-Akt, total FoxOl (t-FoxOl),
and p-FoxOl. g-k Representative images and quantitative analysis
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activated in the early phase of LPS treatment, which induced
up-regulation of pro-inflammatory cytokines including IL-6
and TNF-a [25, 26]. In the present study, DEX dramatically
inhibited LPS-induced inflammatory cell infiltration in the
lungs and the production of proinflammatory factors, oxi-
dative stress, and tissue apoptosis. Similarly, Liu et al. [15]
reported that DEX pretreatment decreased LPS-induced
lung injury scores, decreased myeloperoxidase activity,
and decreased inflammatory cell infiltration in the lungs.
DEX pretreatment also decreased the expression of Toll-like
receptor 4 (TLR-4) and NF-kB in the lungs, suggesting that
it protects against LPS-induced acute lung injury by sup-
pressing activation of the TLR-4/NF-«B signaling pathway.
Meanwhile, DEX pretreatment was previously reported to
attenuate lung injury and reduce the production of inflamma-
tory factors by decreasing the levels of NACHT, LRR, and
PYD domains containing protein 3 (NLRP3) and autocleav-
age of caspase-1 [16]. Moreover, DEX was also showed to

DEX+LY DEX+LY

quantitative analysis of MDAS, IREa, and SOD-1. p—s Representa-
tive images and quantitative analysis of Caspase-3, Bcl-2, and Bax.
All of the experiments were repeated at least three times. The results
are expressed as mean+SEM (n=10/group). *p<0.05, vs. control
group; *p <0.05, vs. LPS group

play a crucial role in LPS-induced acute lung injury, possible
via the high mobility group box 1-mediated TLR-4/NF-kB
and PI3K/Akt/mammalian/mechanistic target of rapamycin
pathways [27]. In addition to its antiinflammatory properties,
DEX pretreatment has been reported to reduce LPS-induced
human lung fibroblast apoptosis by inhibiting gap junction
proteins and reducing the protein expression of connexin-43
[28]. Apoptosis is essential for the selective elimination of
cells, and it plays an important role in the occurrence and
development of acute lung injury. The inhibition of lung
cells apoptosis might increase the animal survival rate in
LPS-induced acute lung injury [29]. DEX pretreatment
ameliorated LPS-induced lung inflammation and oxidative
stress by activating the Nrf2/Keapl signaling pathway and
regulating the expression of antioxidant genes [30]. These
data suggest that DEX effectively alleviates LPS-induced
lung inflammation, oxidative stress, and apoptosis.
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Fig.7 BEZ235 pretreatment abolished the effects of DEX on LPS-
induced acute lung injury. a—d Representative images and quantita-
tive analysis of total PI3K (t-PI3K), p-PI3K, total Akt (t-Akt), p-Akt,
total FoxO1 (t-FoxO1), and p-FoxO1. e-h Representative images and
quantitative analysis of IL-1f, IL-6 and IL-10. i-l1 Representative

It has been reported that activation of PI3K/Akt signal-
ing pathway protects tissues or cells against LPS- and CLP-
induced-acute lung injury through inhibiting cell apoptosis
[31, 32]. To further investigate whether DEX protects against
LPS-induced lung injury through the PI3K/Akt/FoxO1 sign-
aling pathway, we pretreated the samples with the PI3K/Akt
inhibitor LY294002 and BEZ235 before the induction of
LPS-induced lung injury. A study was reported by Antonia
Patruno et al. that pre-administration of LY294002 (a Akt
inhibitor) and PD980559 (a ERK inhibitor) significantly
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images and quantitative analysis of MDAS, IREa, and SOD-1. m—p
Representative images and quantitative analysis of Caspase-3, Bcl-2,
and Bax. All of the experiments were repeated at least three times.
The results are expressed as mean+SEM (n=10/group). *p <0.05,
vs. control group; #p <0.05, vs. LPS group

inhibited Nrf2 nuclear translocation and HO-1 protein
expression induced by LPS [33]. Moreover, administration
of artesunate (15 mg/kg) was found to significantly attenu-
ate the levels of IL-6, TNF-a, caspase 3, MDA, SOD and
GSH-Px as compared to the LPS group at 24 h, and this
attenuation was reversed by LY294002 [34]. In the present
study, our data demonstrated that DEX significantly amelio-
rated the LPS-induced activation of PI3K/Akt protein and
increased FoxO1 phosphorylation. LY294002 pretreatment
abolished the protective effects of DEX on LPS-induced
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inflammatory cell infiltration, oxidative stress, and apop-
tosis in the lungs. Similar to our results, a previous study
found that DEX significantly reduced lung injury in rats
with obstructive jaundice through activation of the PI3K/
Akt/HIF-1a signaling pathway [35]. DEX decreased the
expression of IL-6 and TNF-a in obstructive jaundice rats
[36]. DEX was also shown to protect against ischemia/rep-
erfusion-induced lung injury through activation of the PI3K/
Akt/HIF-1a signaling pathway [37]. Similar results were
reported by Li et al. [38] who found that DEX alleviated
renal ischemia/reperfusion-induced lung apoptosis, and sig-
nificantly increased p-Akt expression in the lungs, and these
effects were abolished by LY294002, suggesting that DEX
attenuates lung apoptosis that is induced by ischemia/rep-
erfusion injury possibly through the a2-adrenergic receptor
(02AR)/PI3K/Akt pathway. Additionally, Li et al. [39] found
that DEX dramatically attenuated post-cardiopulmonary
bypass surgery-induced lung injury partially through activa-
tion of the PI3K/Akt signaling pathway and the inhibition of
lung tissue apoptosis. More interestingly, our study showed
that BEZ235 pretreatment was also revealed to abolish the
inhibitory effects of DEX on LPS-induced lung inflamma-
tion, oxidative stress, and apoptosis. Consistent with these
findings, the present data indicated that LY294002 pretreat-
ment markedly abolished the protective effects of DEX
on LPS-induced lung inflammation, oxidative stress, and
apoptosis in mice. Several studies demonstrated that pre-
treatment with DEX ameliorated LPS-induced acute lung
injury [40—-42], and DEX was also reported to alleviate lung
ischemia-reperfusion-induced acute lung injury [43], and
to alleviate lung ventilation (OLV) during video-assisted
thoracoscopic surgery (VATS) lead to acute lung injury
partly through activating PI3K/Akt signaling pathway [44].
However, unknown are whether DEX ameliorates LPS-
induced lung inflammation, oxidative stress, and apoptosis
and whether the protective effect of DEX involves the PI3K/
Akt/FoxOl1 signaling pathway. Therefore, the novelty of this
study is to explore for the first time that DEX alleviates LPS-
induced lung injury by targeting PI3K/Akt/FoxO1 signaling
pathway. However, the limitation of this study is that the
dose of DEX is quite high and may have an effect on the
whole body. Moreover, DEX is usually given by continuous
infusion in the clinic, which is different from that of intra-
peritoneal injection in this study.

In summary, the present study suggests that DEX pro-
tects against LPS-induced acute lung injury, including
lung inflammation, oxidative stress, and apoptosis, and
these protective effects at least partially occurred through
the PI3K/Akt/FoxO1 signaling pathway.
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