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Nobiletin-Ameliorated Lipopolysaccharide-Induced
Inflammation in Acute Lung Injury by Suppression
of NF-κB Pathway In Vivo and Vitro
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Abstract— Nobiletin (NOB), a citrus polymethoxy flavonoid, has been reported to exhibit
anti-inflammatory, anti-cancer, and anti-insulin resistance activities. Although the anti-
inflammatory activity of NOB already reported, its involvement in lung protection has not
been reported. Thus, this study aimed to investigate the anti-inflammatory response of NOB
in lipopolysaccharide (LPS)-stimulated A549 cells and LPS-induced acute lung injury (ALI)
in mice. The animals were pre-treated with NOB (5, 10, and 20 mg/kg) or DEX (5 mg/kg) at
12 and 1 h before intranasal instillation of LPS. The severity of pulmonary injury was
evaluated 6 h after LPS administration. Results suggested that treatment with NOB dramat-
ically attenuated lung histopathological changes, wet-to-dry (W/D) ratio, myeloperoxidase
(MPO) activity, the numbers of inflammatory cells, and TNF-α, IL-6, and NO in BALF
induced by LPS. Furthermore, NOB also significantly inhibited the expression of iNOS and
the phosphorylation of NF-κBp65 and IκBα. In vitro, NOB inhibited NF-κB activation and
TNF-α, IL-6 production in LPS-stimulated A549 cells. Taken together, these results indicated
that NOB exhibited a protective effect on ALI, and the possible mechanism is involved in
inhibiting NF-κB activation, subsequently inhibiting LPS-induced inflammatory response.
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INTRODUCTION

Inflammation is a hallmark of many diseases and the
continuance of this process may lead to various diseases
related to acute or chronic inflammation, including acute
lung injury (ALI), arthritis, sepsis [1], atherosclerosis, and
even cancer [2]. ALI or acute respiratory distress syndrome

(ARDS), which is the severest form of injury, is a common
clinical problem associated with significant morbidity and
mortality [3, 4]. Both of them are characterized by the
disruption of endothelial and epithelial integrity, severe
hypoxemia, the accumulation and recruitment of polymor-
phonuclear neutrophils, and the release of several pro-
inflammatory cytokines and mediators. Despite the signif-
icant advances in anti-microbial therapy and supportive
care made in the past several years, there are few effective
measures or specific medicines recommend for ALI treat-
ment [5]. Thus, it is critical to discover definitive and
targeted drug therapies for ALI.

Lipopolysaccharide (LPS), a major constituent of the
outer membrane of Gram-negative bacteria, has been re-
ported to be an important risk for ALI and can induce a
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disturbance in immune and inflammatory responses [6].
Animal exposure to LPS has gained wide acceptance for
induction of animal models of ALI for its similar charac-
teristics of human ALI. Several previous studies have
reported that LPS can activate numerous inflammatory
cells and neutrophil infiltration and induce the release of
pro-inflammatory mediators such as tumor necrosis factor-
α (TNF-α), interleukin-6 (IL-6), and nitric oxide (NO).
The up-regulation of these mediators may contribute to the
pathogenesis of ALI [7]. Nuclear factor-kappa B (NF-κB)
is a transcription factor and plays a key role in modulating
the transcription of multiple inflammatory factors and cy-
tokines. In resting cells, heterodimers of NF-κB compo-
nents, mainly p50/p65, remain in the cytosol in inactive
form by interacting with a family of regulatory proteins, a
cytoplasmic inhibitor of NF-κB, IκB. Abundant researches
have confirmed that NF-κB is activated in response to
various inflammatory stimuli including LPS [8, 9]. The
activated NF-κB is then translocated into the nucleus and
induces the transcription of specific target genes, including
cytokines and iNOS [10]. Thus, the suppression of NF-κB
and inflammatory mediators may potentially have thera-
peutic effects in ALI.

Nobiletin (NOB, Fig. 1), one of the major compo-
nents of polymethoxyflavone family in citrus fruits, has
been reported to have anti-inflammatory [11, 12], anti-
cancer [13, 14], and anti-diabetes activities [15]. Several
studies have showed that NOB can interfere with the
production of prostaglandin E2 (PGE2) in human synovial
fibroblasts by selectively inhibiting cyclooxygenase-2
(COX-2) activity [11] and also can down-regulate the gene
expression of some cytokines like IL-6 and TNF-α in
mouse macrophages [12]. Furthermore, NOB was found
to have a protective effect on experimental colitis by re-
ducing inflammation and restoring impaired intestinal bar-
rier function [16]. However, there are few reports about the

protective effects of NOB on LPS-induced ALI. In this
study, we sought to assess the preventive effects and po-
tential mechanism of NOB on LPS-induced ALI in mice.

MATERIALS AND METHODS

Reagents

LPS (Escherichia coli serotype O55:B5) was ob-
tained from Sigma (St. Louis, MO). NOB was purchased
from Xi’an Xiaocao Botanical Development Co., Ltd.
(Xi’an, China) and identified by the Pharmacognosy
Laboratory, School of Pharmacy, Xi’ an Jiaotong Uni-
versity (Xi’an, China). Dexamethasone (DEX, as a pos-
itive control) was supplied by Xi’an Lijun Pharmaceu-
tical Company Limited (Xi’an, China). TNF-α and IL-6
ELISA kits for mouse/human were purchased from
R&D Systems (Minneapolis, MN, USA). The kit for
biochemical analysis of myeloperoxidase (MPO) was
provided by Jiancheng Bioengineering Institute (Nan-
jing, China). Griess reagent was purchased from Sigma
(St. Louis, MO, USA). All antibodies were purchased
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA,
USA). Other reagents were of commercially available
analytical grade.

In Vivo Study

Animals

Healthy male Kunming mice, weighing 18–22 g,
were purchased from the Experimental Animal Center,
Xi’an JiaotongUniversity (Xi’an, China). All animals were
kept in a room maintained at 23 ± 2 °C with 50 ± 10%
humidity and a 12-h light/dark cycle. All animals were
allowed free access to standard laboratory chow and water,
and they were acclimated in rooms for 1 week before the
initiation of the experiment. All experimental producers
were performed in accordance with the Guide for the Care
and Use of Laboratory Animals, published by the US
National Institutes of Health.

Mouse Model of LPS-Induced ALI

All mice were randomly divided into six groups (n =
12/group): control group; LPS (30 mg/kg) group; LPS +
NOB (5, 10, and 20 mg/kg) groups; LPS +DEX (5 mg/kg)
group. The chosen doses of these drugs were based on our
previous studies and preliminary experiments. Mice were
orally administrated with NOB (5, 10, or 20 mg/kg) or
equivalent volume of DEX (5mg/kg) at 12 and 1 h, prior toFig. 1. Chemical structure of nobiletin (NOB).
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the induction of ALI by intranasal administration of LPS.
The control and LPS groups were pre-treated with an equal
volume of 0.5% CMC-Na. Six hours after LPS adminis-
tration, bronchoalveolar lavage fluid (BALF) and lung
tissue were harvested for further study.

BALF Collection and Cell Count

For the BALF collection, tracheostomy was per-
formed and a plastic cannula inserted into the trachea.
The lungs were lavaged with 500 μL of sterile PBS (pH
7.2) three times (total volume 1.5 mL); the recovery ratio of
the fluid was about 90%. BALF samples were centrifuged
(4 °C, 1360 ×g, 10 min) to pellet the cells, and the super-
natants were harvested for cytokine assay. The cell pellets
were re-suspended in PBS for the total cell number using a
standard hemacytometer, and differences in cell numbers
were examined by counting on a smear prepared by
Wright-Giemsa staining.

Lung Wet-to-Dry Weight Ratio

At 6 h after LPS challenge, mice were euthanized, the
lungs were excised (the lung lobes were not lavaged) and
weighed to obtain the Bwet^ weight. Then, the lung tissue
was placed in an oven at 80 °C for 48 h to obtain the Bdry^
weight. The ratio of wet lung to dry lung was calculated to
assess tissue edema.

Cytokine Assay

The levels of TNF-α and IL-6 in BALF were evalu-
ated by mouse ELISA kits according to the manufacturer’s
directions. The absorbance was read at 450 nm and the
samples were detected three times. Accumulation in BALF
and lung homogenate of extracellular nitrites (NO2

−), an
indicator of NO synthase activity, was measured by the
Griess reaction. The absorbance was measured at 550 nm,
and results were expressed as μmol/L.

Myeloperoxidase Activity in the Lung Tissues

MPO activity was determined by MPO activity kit.
Briefly, lung tissues of 100 mg were homogenized and
fluidized in extraction buffer to obtain 5% homogenate.
The sample including 0.9 mL of homogenate and 0.1 mL
of reaction buffer was heated to 37 °C in water for 15 min.
The enzymatic activity was determined by measuring the
absorbance at 460 nm using spectrophotometer, and results
were expressed as U/mg protein.

Pulmonary Histopathology

Histopathologic examination was performed in mice
which were not subjected to BALF collection. Lung tissues
were fixed overnight in 10% buffered formalin, embedded
in paraffin, sliced, and then stained with hematoxylin and
eosin (H&E). After staining, pathological changes in the
lung tissues were observed with a light microscope. The
sections were assessed by an investigator who was blind to
the group arrangement.

Western Blot

Proteins of lung tissues were extracted with lysis
buffer (RIPA with protease and phosphatase inhibitor) on
ice for 10 min. Extractions of nuclear and cytoplasmic
proteins from the lungs were performed with nuclear and
cytoplasmic proteins extractions reagent kits (Beyotime
Institute of Biotechnology). Protein concentrations were
determined using a BCA protein assay kit. Samples were
separated on 10% SDS-PAGE and transferred to
polyvinylidene difluoride membranes. After blocked with
5% nonfat milk, the membranes were incubated with pri-
mary antibody (p-NF-κBp65, p-IκBα, NF-κBp65, IκBα,
and iNOS) and then incubated with the conjugated second-
ary antibodies. Immunodetection was performed using an
enhanced chemiluminescence detection kit. The GAPDH
was performed as an internal control of protein loading. All
Western blots were repeated three times from three differ-
ent experiments.

In Vitro Study

Cell Culture

A549 cells were purchased from Institute of radiation
and radiation research in Military Medical Science Acad-
emy of the PLA (Beijing, China) and cultured in
Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with antibiotics (100-U/ml penicillin and 100-U/
ml streptomycin) and 10% fetal bovine serum, at 37 °C in a
humidified incubator containing 5% CO2 and 95% air.

Cell Viability Assay

Cell viability was measured by MTT assay. Briefly,
A549 cells were seeded onto 96-well plates at a density of
1 × 105 cells/mL. Twenty-four hours after plating, the cells
were incubated for 24 h with different concentrations of
NOB (10−4, 10−3, 10−2 mg/mL), followed by stimulation
with 10-μg/mL LPS for 12 h. Then, 200-μLMTT (0.5 mg/
mL) was added to each well. After 4-h incubation, the

998 Li, Zhao, Wang, Liu, Zhao, Yao, Zhi, He, and Niu



supernatants were removed, and the formation of formazan
was resolved with 150 μL/well of DMSO. The optical
density (OD) was measured at a wavelength of 490 nm
using a Spectramax 250 microplate reader.

Cytokine Assays In Vitro (TNF-α, IL-6)

To investigate the effects of NOB on cytokines re-
sponses to LPS stimulation, A549 cells (1 × 105 cells/mL)
were plated onto 24-well plates and incubated for 24 h.
Then, cells were pre-treated with different concentrations
of NOB (10−4, 10−3, 10−2 mg/mL) for 4 h before
stimulation with LPS (10 μg/mL). The control group was
added equal volume of medium. Cell-free supernatants
were collected 12 h after LPS stimulation and cytokines
were assayed by human ELISA kit according to the man-
ufacturer’s instructions.

NF-κB Protein Expression in LPS-Induced A549 Cells

A549 cells were seeded into 6-well plates at concen-
trations of 1 × 106 cells/mL. After 24-h incubation, the cells
were incubated for 4 h with NOB and then stimulated with
10-μg/mL LPS for 12 h. Next, cells were washed three
times with cold PBS then lysed in cold lysis buffer (50-mM
Tris–HCl, pH 7.5, 150-mM NaCl, 1-mM EDTA, 20-mM
NaF, 0.5% NP-40, and 1% Triton X-100) containing a
protease inhibitor and phosphatase inhibitor cocktail for
40 min. The medium was centrifuged at 12,000 rpm for
10 min 4 °C, and then supernatant was harvested for p-
IκBα, p-NF-κBp65, IκBα, and NF-κBp65 analysis using
Western blot as shown in BWestern Blot.^

Statistical Analysis

Results were presented as mean ± SEM (standard er-
ror of mean). Statistical analysis was performed using the
GraphPad Software (CA, USA). Differences between
groups were analyzed by one-way ANOVA with Tukey
multiple comparison test, with p < 0.05 were considered to
be significant.

RESULTS

Effects of NOB on LPS-Induced Pulmonary Edema

LPS challenge produced a significant increase in cap-
illary leakage and result in pulmonary edema. In this study,
the severity of edema induced by LPS was reflected by
wet-to-dry weight (W/D) ratio. As shown in Fig. 2, the
lung W/D ratios were significantly higher than those in

control group. In contrast, pre-treatment with NOB (10 and
20mg/kg) and DEX (5mg/kg) efficiently reduced theW/D
ratios in LPS-induced ALI model. In addition, in low-dose
group of NOB, there was no marked difference in lung
W/D ratios from LPS group.

Effects of NOB on Inflammatory Cell Count in BALF

Six hours after LPS administration, the numbers of
total cells, neutrophils, and macrophages in BALF were
detected. Compared with control group, total cells, neutro-
phils, and macrophages were significantly increased in
mice challenged with LPS alone. Meanwhile, pre-
treatment with NOB and DEX induced a significant de-
crease of total cells (Fig. 3a), neutrophils (Fig. 3b), and
macrophages (Fig. 3c) in BALF of mice.

Effects of NOB on TNF-α, IL-6, and NO Production

To evaluate the inflammatory cytokine levels in re-
sponse to LPS stimulation, TNF-α and IL-6 in BALF were
measured using corresponding kits. As shown in Fig. 4,
LPS administration significantly increased TNF-α
(p < 0.001) and IL-6 (p < 0.01) production in comparison
to control group. In contrast, NOB intervention prevented
the release of these cytokines in a dose-dependent manner;
similar results were observed in DEX group. In the same
way, pre-treatment with NOB significantly reduced the
production of NO in BALF and lung homogenate.

Fig. 2. Effects of NOB on the lung W/D ratio in the LPS-induced ALI
mice. Mice were sacrificed 6 h after LPS instillation. The lungs were
excised and lung W/D ratio was examined. The results are expressed as
mean ± SEM. ##p < 0.01 compared with control group; **p < 0.01 and
*p < 0.05 compared with the LPS group.

999Nobiletin Ameliorated Lipopolysaccharide-Induced Inflammation



Effects of NOB on MPO Activity in Lung Tissues of
LPS-Challenged Mice

MPO, a marker of neutrophil infiltration, was mea-
sured in present study. As shown in Fig. 5, mice exposed to
LPS alone showed a significant increase of MPO activity
(p < 0.001). However, this increase in LPS-induced MPO
activity was found to be significantly inhibited in the NOB
and DEX group (p < 0.05 or p < 0.01).

Effects of NOB on Lung Histopathologic Changes

Lung histological changes were detected in this study.
As illustrated in Fig. 6a, no evident histological alteration
was observed in lung specimens of normal mice. In con-
trast, the lung specimens from LPS group showed marked
pathologic changes, such as infiltration of inflammatory
cells, alveolar wall thickening, and interstitial edema. Con-
versely, these pathological changes were improved by pre-
treatment with NOB (Fig. 6d–f) and DEX (Fig. 6c).

Effects of NOB on NF-κB Activation and iNOS Ex-
pression in ALI Model

In the inflammation response, the activation of NF-
κB signaling pathway is particularly important in the reg-
ulation of inflammatory cascade. To explore the potential
mechanism of NOB on ALI, we investigated the effect of
NOB on NF-κB activation in lung tissues. As shown in
Fig. 7, in LPS group, the phosphorylation levels of NF-κB
were increased significantly. However, the increased phos-
phorylations of NF-κBp65, IκBα were dramatically
blocked by NOB or DEX pre-treatment. iNOS, as a down-
stream protein of NF-κB signaling pathway, was also
increased in LPS group. In contrast, pre-treatment with
NOB significantly reduced iNOS expression and the pos-
itive group showed the similar effects.

Effects of NOB on Cell Viability

The MTT assay was used to evaluate changes in cell
viability after treatment with NOB and LPS. As shown in
Fig. 8, with NOB treated alone or in the presence of LPS
(10 μg/mL), NOB (10−4, 10−3, 10−2 mg/mL) did not
display any cellular toxicity against A549 cells over 24-h

Fig. 3. Effects of NOB on inflammatory cell accumulations in lung BA-
LF. The numbers of total cells (a), neutrophils (b), and macrophages (c) in
the BALF were counted. Data represented the mean ± SEM. ##p < 0.01
compared with control group; **p < 0.01 and *p < 0.05 compared with the
LPS group.
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incubation. Thus, the effects of NOB on A549 cells were
not attributable to cytotoxic effects.

Effects of NOB on TNF-α and IL-6 Production in LPS-
Stimulated A549 Cells

To investigate the effects of NOB on inflammatory
cytokines secretion in vitro, levels of TNF-α and IL-6 in
LPS-stimulated A549 cells were measured using ELISA
kits. As demonstrated in Fig. 9, LPS treatment markedly
increased TNF-α and IL-6 levels compared with non-
stimulated cells. However, NOB treatment significantly
inhibited the production of TNF-α and IL-6 (p < 0.05 or
p < 0.01).

Effects of NOB on NF-κB Pathway in LPS-Stimulated
A549 Cells

To further investigate the potential effect of NOB
in vitro, the expression of IκBα and NF-κBp65 protein in
A549 cells was determined by Western blot. As shown in
Fig. 10, NF-κB pathway was activated in LPS-induced
A549 cells and more importantly, NOB pre-treatment

Fig. 4. Effects of NOB on the production of TNF-α, IL-6, and NO. NOB (5, 10, or 20 mg/kg) was given to mice at 12 and 1 h before LPS treatment. The
values presented are the mean ± SEM. ##p < 0.01 and ###p < 0.001 compared with control group; **p < 0.01 and *p < 0.05 compared with the LPS group.

Fig. 5. Effects of NOB on LPS-induced MPO activity in lung tissues. Six
hours after LPS instillation, the lungs of mice were prepared for determi-
nation of MPO activity. The values presented are the mean ± SEM.
###p < 0.001 compared with control group; **p < 0.01 and *p < 0.05
compared with the LPS group.
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dramatically inhibited the phosphorylation of IκBα and
NF-κBp65 (p < 0.05 or p < 0.01).

DISCUSSION

In the present study, the anti-inflammatory activities
of NOB on LPS-induced ALI model and LPS-stimulated
A549 cells were examined. In vivo, NOB pre-treatment
decreased inflammatory cell count and pro-inflammatory
cytokine levels in BALF, neutrophil infiltration in lung, as
well as the pulmonary histological changes. NOB pre-
treatment also inhibited iNOS expression and NF-κB acti-
vation induced by LPS. In vitro, NOB inhibited NF-κB
activation and inflammatory cytokines induced by LPS.
Thus, NOB may be a potential agent for preventing LPS-
induced ALI.

ALI and ARDS are common syndromes with several
clinical disorders that affect both medical and surgical
patients. LPS, the principle component of the outer cell
wall of Gram-negative bacteria, has been referred to be an
important risk factor of ALI [17, 18]. LPS challenge in
mice can induce a clinically relevant model of ALI char-
acterized by the widespread destruction of the capillary
endothelium, the parenchymal infiltration of neutrophils
and macrophages, the release of inflammatory cytokines,
and other pulmonary inflammation [19–21]. NOB is a
bioactive component extracted from natural plants citrus
genus and possesses various pharmacological activities. In
our previous study, we have proved that NOB exerted a
protective effect on LPS-induced endotoxic shock model.
Here, we assessed the protective effects of NOB against
LPS-induced ALI. Mice treated with NOB at a dose of
20 mg/kg did not show any signs of acute toxicity, which
suggests that it is a safe dose for in vivo acute experimental

Fig. 6. Effects of NOB on histopathological changes in lung tissues in LPS-induced ALI mice. Lungs from each experimental group were processed for
histological evaluation at 6 h after LPS challenge. a The lung section from the control group. b The lung section from LPS-induced ALI model group. c The
lung section from the mice exposed to LPS and treatedwith DEX (5mg/kg). d, e, and f The lung section from themice exposed to LPS and treated with 5, 10,
and 20 mg/kg of NOB, respectively.
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protocols. It is well known that edema is a typical feature of
inflammation not only in systemic inflammation but also in
local inflammation [22]. Considering the fact that edema is
one of the major symptoms ALI, we firstly evaluated the
lung W/D weight ratio to quantify the magnitude of pul-
monary lung. Our result showed that the lung W/D ratio
was evidently higher after LPS challenge when compared
with the normal group. However, pre-treatment with NOB
(10 and 20 mg/kg) obviously decreased the W/D ratio,
which gave the first evidence for the protection of NOB
in ALI.

In humans and animals, neutrophil influx and vas-
cular leakage at the site of injury are hallmarks of ALI
[23]. The total inflammatory cells include neutrophils
and macrophages; both of them play a critical role
during inflammatory reaction. Clinical studies have
shown that neutrophilic granulocytes are important in-
flammatory cells and alveolar macrophages are one of

the main sources of inflammatory cytokines. In this
study, we found that prophylactic administration of
NOB significantly lowered the LPS-induced increase
in the number of total cells, neutrophils, and macro-
phages in BALF. Activated neutrophils contribute to
the occurrence and development of lung injury induced
by endotoxin or other stimuli. MPO, an enzyme located
mostly in the primary granules of neutrophils, is pro-
portional with the numbers of neutrophils in lung tissues
[24]. Our present data illustrated increased MPO activ-
ity in the lung tissue in LPS model, while pre-treatment
with NOB dramatically reduced MPO activity. In addi-
tion, histopathological analysis showed that NOB pre-
treatment attenuated neutrophil infiltration and patho-
logical changes in lung. These results suggest that the
effects of NOB on LPS-induced ALI are associated with
a decrease of inflammatory cells and neutrophil accu-
mulation in lung tissues.

Fig. 7. Effects of NOB on activity of NF-κB and iNOS in ALI model. Similar results were obtained in three independent experiments and one of the three
representative experiments is shown. The values presented are the means ± SEM. ###p < 0.001 and ##p < 0.01 when compared with the control group;
**p < 0.01 and *p < 0.05 when compared with the LPS group.
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One of the major causes of ALI is over-production of
pro-inflammatory cytokines with pleiotropic activities,
such as TNF-α and IL-6, which lead to inflammation
cascade followed by a series of pathologic responses
[25]. Increased levels of TNF-α and IL-6 in BALF have
been noted in patients with ALI and were related to the
poor outcomes [26]. TNF-α, as a first-line cytokine, plays
a fundamental role in inflammatory conditions through
triggering leukocyte activation and accumulation. IL-6 is
another crucial pro-inflammatory cytokine, and hyperpro-
duction of IL-6 can promote the release of active vascular
substances and neutrophils and cause a cascade effect of
inflammation to increase tissue injury [27, 28]. On the
other hand, the intense inflammatory response characteriz-
ing ALI is also associated with elevated iNOS expression
and increased NO production [29]. NO, a short-lived small
molecule, is involved in various important physiological
processes. Under pathophysiological conditions, NO de-
prived from iNOS may have disadvantaging effects. Pre-
vious work has demonstrated TNF-α can stimulate the
expression of iNOS [30], and NO production increased in
response to LPS-induced lung injury via induction of iNOS
[31]. These cytokines are important predictors in patients
with ALI and contribute to the severity of lung injury. To
investigate the protective and treatment mechanism of
NOB, the possible changes of TNF-α, IL-6, and NO in
the BALF and cell-free supernatants were detected. Our
results showed that the production of these inflammatory
mediators induced by LPS was obviously inhibited in
NOB-treatment group both in vivo and vitro. These results

suggest that the suppression of inflammation by NOB in
lung is associated with its inhibition on inflammatory
cytokine release.

Inflammation is a hallmark of many diseases and the
continuance of this process may lead to various diseases
related to acute or chronic inflammation. There are numer-
ous signaling pathways involved in inflammatory process;
MAPKs and PI3K/Akt have been considered as two major
signaling pathways that attenuate the translocation of NF-
κB in inflammation [32]. So far in mammalian cells in
LPS-stimulated inflammatory process, three subgroups of
MAPKs have been identified, including p38 MAPK, JNK,
and ERK 1/2. Once activated, MAPKs are phosphorylated
at specific sites and induced a series of inflammatory
mediators’ expression. In addition, activation of PI3K will
result in the phosphorylation of its main downstream

Fig. 8. Effects of NOB on viability of A549 cells. Cells were culturedwith
different concentrations of NOB (10−4, 10−3, 10−2 mg/mL) in the absence
or presence of 10-μg/mL LPS for 24 h. Cell viability was evaluated by
MTT assay. Data are presented as mean ± SEM of three independent
experiments.

Fig. 9. Effects of NOB on the secretion TNF-α (a) and IL-6 (b) in LPS-
stimulated A549 cells. The cells were pre-treated with different concen-
trations (10−4, 10−3, 10−2 mg/mL) of NOB for 4 h prior to stimulation with
10-μg/mL LPS for 12 h. The values presented are the mean ± SEM.
###p < 0.001 and ##p < 0.01 when compared with the control group;
**p < 0.01 and *p < 0.05 when compared with the LPS group.
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target, and Akt modulates various transcription factors
including NF-κB which further regulate the production of
inflammatory factors [33]. Accumulating evidence has
indicated that activated NF-κB often facilitates transcrip-
tion of numerous genes, including iNOS, TNF-α, and IL-6,
resulting in inflammation [34].

In our study, we chose to investigate the effects of
NOB on the activation of NF-κB signaling pathway. Under
normal conditions, NF-κB normally localizes to the cyto-
plasm by its inhibitor IκB proteins. Once stimulated with
LPS, the IκB protein is degraded. Then the freed NF-κB
translocates into the nucleus, regulating gene transcription
including the pro-inflammatory mediators such as iNOS
and TNF-α [35, 36]. Activation of the NF-κB transcription
factor is associated with nuclear translocation of the p65
component of the complex. Clinical research has revealed
that the degree of NF-κB activation was increased in

patients with sepsis or ALI [37]. Thus, NF-κB is regarded
as a great potential for the molecule therapy for lung injury.
In the present study, the phosphorylation of IκBα and NF-
κBp65 was markedly increased in mice challenged with
LPS. However, NOB pre-treatment significantly inhibited
the NF-κB activation. On the other hand, pre-treatment
with NOB can markedly decreased the levels of TNF-α,
IL-6, and NO. So, we presume that the protective effect of
NOB may be attributed to the suppression of NF-κB tran-
scription factor that results in inhibition of iNOS and the
production of pro-inflammatory cytokines (TNF-α, IL-6,
and NO).

In summary, we have demonstrated the protective
effects of NOB on lung injury induced by LPS. It is
evidenced by descending pro-inflammatory cytokine ex-
pression and inflammatory cell numbers in BALF, im-
provement of pulmonary changes, abate edema, and

Fig. 10. Effects of NOB on LPS-induced NF-κB activation in A549 cells. GAPDH was used to confirm equal protein loading. The values presented are the
mean ± SEM. ##p < 0.01 when compared with the control group; **p < 0.01 and *p < 0.05 when compared with the LPS group.
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neutrophil infiltration in LPS-challenged mice. Further-
more, NOB was shown to inhibit NF-κB pathway activa-
tion in vivo and in vitro. These findings suggest that NOB
has a protective effect on LPS-induced ALI in mice.
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