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Abstract: Oxysophoridine (OSR) is an alkaloid with multiple pharmacological activities. This study aimed to inves-
tigate the protective effects and underlying mechanisms of OSR on lipopolysaccharide (LPS)-induced acute lung
injury (ALI) in mice. Here, we found that OSR treatment markedly mitigated LPS-induced body weight loss and sig-
nificant lung injury characterized by the deterioration of histopathology, histologic scores, wet-to-dry ratio, exduate
volume, and protein leakage. OSR dramatically attenuated LPS-induced lung inflammation, as evidenced by the
reduced levels of total cells, neutrophils, lymphocytes, and macrophages and pro-inflammatory cytokines (i.e., tumor
necrosis factor-a, interleukin (IL)-13, IL-6, and monocyte chemoattractant protein-1) in bronchoalveolar lavage fluid
and of their mRNA expression in lung tissues. OSR also inhibited LPS-induced expression and activation of nuclear
factor-kB p65 in pulmonary tissue. Additionally, OSR administration markedly prevented LPS-induced pulmonary
cell apoptosis in mice, as reflected by the decrease in expression of procaspase-8, procaspase-3, cleaved cas-
pase-8, and cleaved caspase-3, and Bcl-2-associated X/B-cell ymphoma 2 ratio. These results indicate that OSR is
a potential therapeutic drug for treating LPS-induced ALI.
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Introduction

Acute lung injury (ALI) and acute respiratory dis-
tress syndrome (ARDS), characterized by inter-
stitial edema, neutrophil recruitment, disrup-
tion of epithelial integrity, parenchymal injury,
and inflammatory stress-induced cell apopto-
sis, are life-threatening problems with signifi-
cant morbidity and mortality [1]. Despite con-
siderable research, the mechanism underlying
inflammation-induced ALl and appropriate
treatment approaches are still unknown.

ALl is generally defined as uncontrolled and
excessive production of inflammatory media-
tors, such as cytokines, chemokines, adhesion
molecules, and bioactive lipid products [2, 3].
Lipopolysaccharide (LPS), a pathogenic compo-
nent of endotoxin in the outer membrane of
Gram-negative bacteria, is widely used to
induce animal models of ALl by intratracheal

instillation. These animal models have charac-
teristics similar to human ALI, including lung
edema, endothelial and epithelial injury, neutro-
phil and macrophage accumulation, and pro-
inflammatory mediator release [4]. LPS can
induce an inflammatory response and disturb
the immune system when it enters into the
host by activating toll-like receptors (TLRs) [5,
6]. The binding of LPS to TLR4 leads to IkB-a
phosphorylation and degradation, promotes
nuclear translocation and activation of nuclear
factor-kappaB (NF-kB), and subsequently cau-
ses the excessive release of pro-inflammatory
cytokines, chemokines, and adhesion mole-
cules [(e.g., tumor necrosis factor-a (TNF-a),
interleukin (IL)-1B, IL-6, and monocyte chemoat-
tractant protein-1 (MCP-1)] [7, 8]. It has been
reported that increased epithelial/endothelial
cell apoptosis significantly promotes the dam-
age of the lung alveolar-capillary interface in ALI
[9]. LPS-induced ALl involves mitochondrial dys-
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Figure 1. Chemical structure of OSR. The molecu-
lar formula of OSR is C,.H,,N,0, and the molecular
weight is 264.3633.

function and cell apoptosis, and inhibition of
apoptosis increases the survival rate of ani-
mals [10, 11]. Together, LPS-induced inflamma-
tory and apoptotic responses are critical con-
tributors to the development of ALI.

Oxysophoridine (OSR), a derivative of sophori-
dine, with two piperidine rings (Figure 1), is a
natural alkaloid extracted from Siphocampylus
verticillatus. OSR has been shown to exhibit
various pharmacological activities, including
anti-depression [12], anti-nociception [13], an-
ti-inflammation [14], and anti-apoptosis [15].
Despite the several known protective effects of
OSR, few studies focused on the prevention of
ALI by this compound. Thus, the present study
was designed to evaluate the protective effects
of OSR administration on LPS-induced ALI in
mice by its anti-inflammatory and anti-apoptot-
ic activities.

Materials and methods
Reagents

OSR was supplied by Zi Jing Hua Pharmaceuti-
cal Co. (Yanchi, Ningxia, China). LPS (Escheri-
chia coli 055:B5) was purchased from Sigma-
Aldrich (St. Louis, MO, USA). OSR and LPS were
dissolved in sterile PBS (pH 7.4) before use.
Pentobarbital sodium was purchased from the
National Institutes for Food and Drug Control
(Beijing, China). Mouse TNF-a« and IL-13, IL-6,
and MCP-1 enzyme-linked immunosorbent
assay (ELISA) kits were purchased from R&D
(Minneapolis, MN, USA). Rabbit anti-mouse
NF-kB p65, IkB-a, procaspase-3, cleaved cas-
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pase-3, procaspase-8, and cleaved caspase-8
polyclonal antibodies (pAbs) were purchased
from Santa Cruz Biotechnology (Dallas, TX,
USA). Rabbit anti-mouse Bax and Bcl-2 pAbs
were obtained from Cell Signaling Technology
Inc. (Danvers, MA, USA). Rabbit anti-mouse
b-actin and histone-3 monoclonal antibodies
were from Sigma. Horseradish peroxidase-con-
jugated anti-rabbit 1gG was obtained from
Chemicon (Temecula, CA, USA). Other reagents
were purchased from Sigma unless otherwise
stated.

Animals

Male BALB/c mice (8 weeks age, weighing 22
g to 25 g) were obtained from Laboratory
Animal Center of Henan Province (Zhengzhou,
Henan, China). All animals were housed under
specific pathogen-free conditions with a 12 h
light/dark cycle at 22°C to 24°C. Standard
laboratory chow and tap water were obtained
ad libitum. All experimental protocols were
approved by the Laboratory Animal Committee
of Xinxiang Medical University. The mice were
sacrificed under anesthesia with pentobarbital
sodium, and all efforts were exerted to mini-
mize suffering.

LPS-induced ALl and OSR treatment

Mice were randomly divided into five groups (n
= 12/group): control group, vehicle group, and
three OSR-treated groups (60, 120, and 180
mg/kg). OSR was administered intragastrica-
lly once per day for seven consecutive days.
During this period, the control and vehicle
groups were given equal volume of PBS. At 1 h
after the last administration, ALI was induced
by intratracheal instillation of LPS, as previous-
ly described [16]. In brief, animals were anes-
thetized with pentobarbital sodium (50 mg/kg)
by intraperitoneal injection. The mice from the
vehicle and OSR-treated groups were orally
intubated with a sterile plastic catheter and
intratracheally given a single dose of 5 mg/kg
body weight LPS (2.5 mg/mL). Control mice
were given an equal volume of PBS. At 24 h
after LPS or PBS instillation, all animals were
euthanized with pentobarbital sodium in accor-
dance with the American Veterinary Medical
Association Guidelines on Euthanasia, June
2007. Mice were weighted once a day for 4
days to evaluate the body weight change after
LPS or PBS administration.
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Figure 2. OSR treatment ameliorates body weight loss and lung histopathological change in LPS-challenged mice.
Mice were treated with OSR (60, 120, and 180 mg/kg) once per day for 7 consecutive days prior to LPS or PBS
administration. A. Body weight change was measured once a day for 4 days. B. Lung tissues were stained with H&E
for histopathological evaluation at 24 h after LPS challenge. Scale bar: 5.0 mm. C. The slides were histopathologi-
cally assessed using a semi-quantitative scoring system based on the severity of lung damage. Data are expressed
as means * SD (n = 12 per group). **P < 0.01 vs. control (Ctrl) group; *P < 0.05 vs. vehicle (Veh) group; #P < 0.01
vs. Veh group.
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Figure 3. OSR treatment improves LPS-induced lung injury in mice. Mice were treated with 120 mg/kg OSR once
per day for 7 consecutive days prior to LPS or PBS administration. BALF and lung samples were harvested to evalu-
ate the hallmarks of lung injury at 24 h after LPS or PBS challenge. A. BALF exudate volume. B. Lung W/D weight
ratio. C. Protein leakage in the BALF. Data are means + SD (n = 12 per group). *P < 0.05 vs. Ctrl group; *P < 0.05
vs. Veh group.

Histopathological evaluation of the lung tis-
sues

At 24 h after LPS or PBS administration, the
lungs were harvested to observe the mor-
phologic changes. The tissue samples were
immersed in 10% formalin and fixed for 24 h at
room temperature, embedded in paraffin, and
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sectioned into 5 mm-thick slices. The sections
were deparaffinized, rehydrated gradually, and
stained with hematoxylin and eosin (HE). His-
tological changes were evaluated blindly by two
experienced pathologists. The degree of lung
injury was graded using a scoring system based
on histologic features, including edema, con-
gestion and hyperemia, tissue infiltration and
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Figure 4. OSR treatment reduces inflammatory cell in BALF of LPS-challenged mice. Mice were treated with 120
mg/kg OSR once per day for 7 consecutive days prior to LPS or PBS administration. BALF was collected to measure
the inflammatory cell counts at 24 h after LPS or PBS exposure. The number of (A) total cells, (B) neutrophils, (C)
lymphocytes, and (D) macrophages in BALF were measured by a hemocytometer. Data are expressed as means *
SD (n = 12 per group). *P < 0.05 vs. Ctrl group; **P < 0.01 vs. Ctrl group; *P < 0.05 vs. Veh group.

neutrophil margination, intraalveolar hemor-
rhage and debris, and cellular hyperplasia.
Each feature was graded as either absent = 0,
mild = 1, moderate = 2, or severe = 3. The total
score was obtained as the sum of a single eval-
uation of each animal [17].

Lung wet/dry (W/D) weight ratio

At 24 h after LPS or PBS challenge, lung W/D
weight ratio was measured to evaluate the
severity of pulmonary edema. After being har-
vested and cleaned from blood, the wet lung
was weighed, placed in an oven for 24 h at
80°C, weighed again when it dried. The lung
W/D ratio was then calculated [17].

Bronchoalveolar lavage fluid (BALF) collection
and cell counts

At 24 h after LPS or PBS administration, BALF
was obtained by intratracheal intubation as
previously described [18]. After the mice were
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anesthetized, the tracheas were cannulated,
and lungs were gently washed with 1 mL of
PBS. Lavage samples were centrifuged at 1000
g for 10 min at 4°C, and the supernatant was
stored at -20°C to measure protein leakage
and cytokine and chemokine levels. Cell pellets
were resuspended in PBS and then stained
with Dif-Quick for cytospin preparations [19].
The total cells, neutrophils, lymphocytes, and
macrophages were counted by a certified labo-
ratory technologist using a hemocytometer.

Protein leakage

The total protein in the BALF was determined
using a standard commercial kit (Bio-Rad
Laboratories, Hercules, CA, USA) and expressed
as milligram per milliliter of BALF.

Enzyme-linked immunosorbent assay (ELISA)
At 24 h after LPS or PBS administration, BALF

was harvested to determine the levels of TNF-
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Figure 5. OSR treatment inhibits IkB-a degradation and NF-kB p65 nuclear translocation in the lung of LPS-stimulat-
ed mice. Mice were treated with 120 mg/kg OSR once per day for 7 consecutive days prior to LPS or PBS challenge.
Western blot was used to analyze the expression of IkB-a« and NF-kB p65 in mouse lung at 24 h after LPS or PBS
treatment. A. Representative results of IkB-a expression in cytoplasm. B. Relative protein band densities of IkB-a
normalized against b-actin. C. Representative results of nuclear NF-kB p65 expression. D. Relative protein band
densities of NF-kB p65 normalized against histone-3. The respective densitometric analysis of protein bands was
obtained from 3 independent experiments. Data are expressed as means + SD (n = 12 per group). *P < 0.05 vs.

Ctrl group; #P < 0.05 vs. Veh group.

o, IL-1B, IL-6, and MCP-1 using commercial
ELISA kits from R&D Systems Inc. (Minneapo-
lis, MN, USA) according to the manufacturers’
instructions. The absorbance was read at 490
nm on an ELISA plate scanner (Molecular
Devices, Sunnyvale, CA, USA).

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

At 24 h after LPS or PBS treatment, total RNA
was extracted from the lung tissues using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA),
following the manufacturer’s instructions. cD-
NA was synthesized from total RNA using a
SuperScript Reverse Transcriptase kit (Invi-
trogen), and then used as a template to ampli-
fy TNF-a, IL-1B, IL-6, MCP-1, and b-actin (as
an internal standard) genes by PCR. The follow-
ing primers were used: TNF-a, 5-TTGACCTCA-
GCGCTGAGTTG-3' (forward) and 5-CC TGTA-
GCCCACGTCGTAGC-3’ (reverse); for IL-1j3, 5'-CA-
GGATGAGGACATGAGC ACC-3' (forward) and
5-CTCTGCAGACTCAAACTCCAC-3’ (reverse); for
IL-6, 5-GTACTCCAGAAGACCAGAGG-3’ (forwa-
rd) and 5-TGCTGGTGACAACCACGG CC-3’ (re-
verse); for MCP-1, 5-CCAGCACCAGCACCAGC-
CAA-3’ (forward) and 5-TGGATGCTCCAGCCG-
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GCAAC-3’ (reverse); and for b-actin, 5-TGAGA-
GGGAAATC GTGCGTG-3’ (forward) and 5-TTG-
CTGATCCACATCTGCTGG-3’ (reverse). The rela-
tive mRNA levels were calculated by the 22ACt
method [20].

Western blot analysis

At 24 h after LPS or PBS challenge, fresh lung
tissues were harvested and cytoplasmic and
nuclear protein extracts were prepared with a
cytoplasmic and nuclear extraction kit (Thermo
Scientific, Rockford, IL, USA) according to the
manufacturer’s instruction. The expression of
NF-kB p65 was quantified in nuclear fractions,
whereas the other protein levels were quanti-
fied in cytoplasmic fractions. Protein concen-
trations were determined using the BCA prote-
in assay kit (Beyotime, Haimen, China). Equal
amounts of protein were added per well for
10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis and transferred onto polyvinyli-
dene fluoride membranes (Roche, Mannheim,
Germany) through an electrophoresis system
(Bio-Rad Co., Ltd., Hercules, USA). The mem-
branes were rinsed in Tris-buffered saline with
Tween-20 (TBS-T, 0.05%) and blocked in 5%
skim milk at room temperature for 1 h on a
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Figure 6. OSR treatment reduces the levels of inflammatory mediators in BALF and lung tissues of LPS-challenged
mice. Mice were treated with 120 mg/kg OSR once per day for 7 consecutive days prior to LPS or PBS challenge. At
24 h after LPS or PBS treatment, the BALF and lung tissues were harvested to detect the levels of pro-inflammatory
cytokines and chemokines. ELISA was performed to measure the production of (A) TNF-a, (B) IL-1B, (C) IL-6, and
(D) MCP-1 in BALF. gRT-PCR was conducted to analyze the mRNA expression of (E) TNF-a, (F) IL-18, (G) IL-6, and (H)
MCP-1 in lung tissues. Data are expressed as means + SD (n = 12 per group). *P < 0.05 vs. Ctrl group; *P < 0.05
vs. Veh group.
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Figure 7. OSR treatment inhibits lung cell apoptosis in LPS-stimulated mice. Mice were treated with 120 mg/kg OSR
once per day for 7 consecutive days prior to LPS or PBS challenge. Lung tissues were collected to assess the expres-
sion of apoptosis-associated molecules at 24 h after LPS or PBS exposure. Western blot was performed to analyze
the expression of (A) procaspase-8 and cleaved caspase-8; (D) procaspase-3 and cleaved caspase-3; and (G) Bax
and Bcl-2. Protein bands were densitometrically quantiied and relative amounts of procaspase-8 (B), cleaved cas-
pase-8 (C), procaspase-3 (E), cleaved caspase-3 (F), Bax (H), and Bcl-2 (I) are shown. The respective densitometric
analysis of protein bands is from three separate experiments. Data are expressed as means + SD (n = 12 per group).
*P < 0.05 vs. Ctrl group; #*P < 0.05 vs. Veh group.
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shaker. Subsequently, the membranes were
incubated with primary antibodies (IkB-o, NF-
kB p65, procaspase-3, cleaved caspase-3, pro-
caspase-8, cleaved caspase-8, Bax, Bcl-2,
b-actin, and histone-3) at 4°C overnight, fol-
lowed by washing with TBS-T and incubating
with the peroxidase-conjugated secondary anti-
body at room temperature for 1 h. b-actin and
histone-3 were used as the internal loading
controls. Detection was performed with an en-
hanced chemiluminescence assay kit (Pierce,
Rockford, IL, USA). Protein bands were quanti-
fied using Quantity One software (BioRad, USA).

Statistical analysis

All data in the tests and figures were presented
as means + SD, except for histologic scores.
The histologic scores were analyzed with the
Kruskal-Wallis test, followed by the Mann-
Whitney U test with a Bonferroni correction. The
intergroup differences were tested by one-way
ANOVA, followed by the Tukey multiple compari-
son test. Survival data were calculated using
the Fisher exact probability test and are ex-
pressed as percentages. Statistical analyses
were accomplished by GraphPad Software (San
Diego, CA, USA). In all tests, P < 0.05 was con-
sidered to be statistically significant.

Results

OSR treatment reduces LPS-induced body
weight loss and lung damage in mice

In this study, we found that LPS challenge led to
significant body weight loss in mice (P < 0.01,
Figure 2A). Treatment with different doses of
OSR (60, 120, and 180 mg/kg) significantly
mitigated the loss caused by LPS (Figure 2A).
However, no significant change in body weight
was observed in control-treated mice (Figure
2A). We also investigated the effects of OSR on
lung histopathology in mice with either PBS or
LPS challenge. HE staining showed that LPS-
treated mice exhibited severe lung injury char-
acterized by interstitial edema, consolidation,
alveolar hemorrhage, alveolar wall thickening,
and prominent inflammatory cell infiltration into
the interstitial and alveolar spaces, which was
markedly improved by OSR administration
(Figure 2B). By contrast, no histologic change
was observed in the lungs from the control
group (Figure 2B). A scoring system was used
to grade the degree of lung injury. LPS-
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challenged mice showed a remarkable increase
in lung histologic scores but were reduced by
OSR treatment (Figure 2C). Collectively, 120
and 180 mg/kg OSR treatment showed more
protective effects on LPS-induced lung injury
than 60 mg/kg OSR did; however, no significant
difference was noted in the above two groups
(Figure 2A-C). Thus, we selected 120 mg/kg
OSR for further studies. Several well-known
hallmarks of lung injury such as BALF exudate
volume, lung W/D weight ratio, and protein
leakage in BALF were significantly increased in
LPS-stimulated mice compared with those in
the control group, which were remarkably re-
duced by OSR treatment (Figure 3A-C). These
results demonstrated that OSR treatment miti-
gated lung injury in LPS-challenged mice.

OSR treatment reduces inflammatory cells in
BALF of LPS-challenged mice

To confirm the efficacy of OSR treatment on
LPS-induced inflammatory response in lung,
the total cells, neutrophils, lymphocytes, and
macrophages in BALF were measured using a
hemocytometer. We found that LPS-treated
group showed significant increases in the total
cells (Figure 4A), neutrophils (Figure 4B), lym-
phocytes (Figure 4C), and macrophages (Figure
4D) in BALF compared with those of the control
group, which were hindered by OSR administra-
tion (Figure 4A-D). These results suggested
that OSR treatment reduced inflammatory cells
in BALF of LPS-treated mice.

OSR treatment inhibits LPS-induced lung NF-
KB p65 activation

NF-kB is a critical transcription factor required
for the expression of numerous pro-inflamma-
tory mediators in LPS-induced ALl [21]. To
explore the molecular mechanisms by which
OSR treatment ameliorates LPS-induced lung
injury, we evaluated the levels of IkB-a in the
cytoplasm and NF-kB p65 accumulation in the
nuclei. A basal level of IkB-a was observed in
the cytoplasm of lung samples in the control
group (Figure BA, 5B). The expression of IkB-a
substantially decreased in the lungs of LPS-
stimulated mice, which was significantly im-
proved by OSR treatment (Figure 5A, 5B). The
lung NF-kB p65 nuclear accumulation was sig-
nificantly elevated in LPS-challenged mice com-
pared with that in the control group. However,
OSR administration significantly reduced the
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level of nuclear NF-kB p65 after LPS stimula-
tion (Figure 5C, 5D). These results indicated
that OSR treatment inhibited LPS-induced
IkB-a degradation and NF-kB p65 nuclear
translocation in mouse lung.

OSR treatment reduces the levels of cytokines
and chemokines in BALF and lung tissues of
LPS-challenged mice

To analyze the effects of OSR treatment on the
LPS-stimulated expression and release of pro-
inflammatory cytokines and chemokines, we
measured the levels of TNF-a, IL-18, IL-6, and
MCP-1 in BALF by ELISA and of their mRNAs in
lung tissues by qRT-PCR. As shown in Figure 6,
LPS stimulation resulted in significant increas-
es in TNF-a, IL-1B, IL-6, and MCP-1 in BALF
when compared with the control group, which
was markedly reduced by OSR treatment
(Figure 6A-D). Similarly, the mRNA expression
of TNF-a, IL-1B, IL-6, and MCP-1 in the lung tis-
sues of LPS-treated mice was enhanced, which
was improved by OSR treatment (Figure 6E-H).
These results suggested that OSR treatment
significantly prevented the increases of pro-
inflammatory cytokine and chemokine in BALF
and of mRNA expression in lung tissues of LPS-
challenged mice.

OSR treatment inhibits LPS-induced lung cell
apoptosis in mice

Inflammatory stress often causes lung cell
apoptosis [22]. To evaluate the effect of OSR
treatment on lung cell apoptosis in LPS-ch-
allenged mice, the protein expressions of pro-
apoptotic (procaspase-8, cleaved caspase-8,
caspase-3, cleaved caspase-3, and Bax), and
anti-apoptotic (Bcl-2) in lung tissues was ana-
lyzed by Western blot. As shown in Figure 7A-C,
the expression of procaspase-8 and cleaved
caspase-8 was dramatically higher in the lungs
of LPS-stimulated mice than that in the control
group, whereas the increase was significantly
reduced by OSR treatment. Similar effects of
OSR on procaspase-3 and cleaved caspase-3
expression were observed in the lungs of LPS-
challenged mice (Figure 7D-F). In addition, LPS
stimulation markedly increased Bax expression
and decreased Bcl-2 expression in the lungs,
whereas the expression changes of the 2 pro-
teins were reversed by OSR treatment (Figure
7G-l). These results indicated that LPS chal-
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lenge increased lung cell apoptosis, which was
significantly alleviated by OSR treatment.

Discussion

ALl and ARDS are the two main causes of
disability and death in clinical settings because
of lacking effective therapy strategies [23].
Thus, identifying novel drugs with protective
effect against ALl are an urgent need. In this
study, we found that OSR treatment alleviated
LPS-induced ALl in mice via its anti-inflammato-
ry and anti-apoptotic effects. The key findings
are as follows. First, OSR treatment significant-
ly mitigated the body weight loss of LPS-
challenged mice. Second, OSR administration
improved LPS-induced lung injury, as evidenced
by the changes in histopathology, lung W/D
weight ratio, BALF exudate volume and protein
leakage, and the numbers of inflammatory cells
in BALF. Third, OSR administration inhibited
LPS-induced lung IkB-a degradation and NF-kB
p65 nuclear translocation. Fourth, the levels of
pro-inflammatory cytokine and chemokine in
BALF and of their mRNA expressions in lung tis-
sues in LPS-challenged mice were reduced by
OSR treatment. Finally, OSR treatment prevent-
ed lung cell apoptosis by downregulating pro-
apoptotic proteins (procaspase-8, caspase-8,
procaspase-3, caspase-3, and Bax) and upreg-
ulating anti-apoptotic protein Bcl-2 in the lungs
of LPS-stimulated mice.

LPS is a well-established pathogen leading to
ALl [24]. The characteristics of LPS-induced
mouse ALl by intratracheal instillation closely
resemble the observed symptoms in humans
[25]. Thus, we investigated the protective
effects of OSR on ALl using a mouse model
induced by intratracheal LPS instillation. As
expected, lung inflammatory responses and
injuries were observed in LPS-treated mice,
including lung edema, alveolar distortion, hya-
line membrane formation, hemorrhage, and
necrosis, which were weakened by OSR treat-
ment. In detail, OSR administration significantly
inhibited LPS-induced lung edema, as shown
by the decrease in BALF protein leakage and
exudate volume and lung W/D weight ratio.
Moreover, LPS challenge resulted in the infil-
tration of inflammatory cells, thereby causing
excessive production of inflammatory mediator
and ultimately leading to lung damage [26]. We
here demonstrated that LPS-challenged mice
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presented massive infiltration of inflammatory
cells, including neutrophils, lymphocytes, and
macrophages in BALF. However, OSR treatment
markedly reduced LPS-induced inflammatory
cell infiltration into lung. These results suggest-
ed that OSR exerted protective effects on LPS-
induced ALl in mice.

In LPS-induced ALI, neutrophils are the earliest
immune cells recruited into the injury sites.
After LPS instillation, neutrophils are activated
and cause the release of inflammatory cyto-
kines and chemokines. In neutrophils, LPS is
recognized by TLR4 and subsequently triggers
a signal cascade for NF-kB activation [7]. NF-kB
is a critical transcription factor in the pathogen-
esis of ALL. Once activated, NF-kB p65 dissoci-
ates from IkBs and translocates from the cyto-
plasm to the nucleus where it may trigger the
transcription of inflammatory cytokines and
chemokines, such as TNF-a, IL-1B, IL-6, and
MCP-1 [27]. Inactivation of NF-kB p65 prevents
inflammation-induced increase in edema, in-
flammatory cell infiltration, and pro-inflamma-
tory cytokine expression in the lungs [28]. We
showed that LPS activated NF-kB in lungs by
promoting IkB-a degradation and NF-kB p65
nuclear translocation, and subsequently the
release of inflammatory mediators in turn stim-
ulated neutrophils to migrate into the lung tis-
sues to initiate, enlarge, and perpetuate the
local or systematic inflammation, which ulti-
mately contributed to the overall outcome and
severity of ALl [29]. TNF-« is the earliest and
primary endogenous cytokine that elicits the
inflammatory cascade. Elevation of TNF-a re-
sults in vascular endothelial cell damage, in-
duces alveolar epithelial cells to produce other
cellular factors, leads to enzyme leakage out of
the organelle, and eventually damages the lung
parenchyma [30]. IL-1B3 can lead to surfactant
abnormalities and increase protein permeabili-
ty across the alveolar capillary barrier [31]. IL-6
has been shown to be an excellent predictor of
the severity of ALI [32]. MCP-1 is an important
chemokine in the recruitment and adherence
of monocytes and neutrophils to the endotheli-
um [16]. In the present study, OSR administra-
tion remarkably inhibited LPS-induced increase
in levels of TNF-«, IL-1B, IL-6, and MCP-1 in
BALF and of their mRNAs expression in lung tis-
sues, paralleling the decrease in NF-kB activa-
tion. Therefore, the inhibitory effects of OSR on
LPS-enhanced levels of TNF-a, IL-13, IL-6, and
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MCP-1 may be attributed to its suppression of
NF-kB activation.

Cell apoptosis also plays an essential role in
the pathogenesis of ALI [33]. LPS-triggered cell
apoptosis is partly dependent on the mitoch-
ondria pathway [11]. Mitochondria-mediated
apoptosis is steered by pro- and anti-apoptotic
Bcl-2 family proteins, specifically Bax and Bcl-2.
Bcl-2 prevents the release of cytochrome c into
the cytosol from mitochondria and subsequent
caspase-3 activation, whereas Bax has the
opposite function [34]. Caspase-3 is a key play-
er in the execution phase of cell apoptosis [35].
Caspase-8 as an important initiating caspase
of the death receptor-dependent pathway can
activate caspase-9, which is involved in the
process of caspase-3 activation [36]. A previ-
ous study showed that LPS enhances the
release of cytochrome ¢ from mitochondria to
the cytoplasm, which activates the caspase
cascade and ultimately leads to cell apoptosis
[37]. In this study, we found that OSR adminis-
tration markedly inhibited the enhancement of
the pro-apoptotic proteins (procaspase-8, pro-
caspase-3, cleaved caspase-8, cleaved cas-
pase-3, and Bax), and restored anti-apoptotic
protein Bcl-2 expression. These findings sug-
gested that OSR treatment prevent LPS-
induced ALl via its anti-apoptotic activity.

The results presented here showed that OSR
treatment ameliorated LPS-induced ALI in
mice. OSR administration significantly mitigat-
ed the body weight loss, improved lung histo-
pathology, decreased lung W/D weight ratio,
and reduced exudate volume and protein leak-
age and inflammatory cells in BALF in LPS-
stimulated mice. The levels of pro-inflammatory
cytokines and chemokines in BALF and lung tis-
sues of LPS-treated mice were significantly
reduced by OSR treatment, paralleling the inhi-
bition of NF-kB p65 activation in lung tissues.
Moreover, OSR treatment markedly downregu-
lated pro-apoptotic protein expression, where-
as it upregulated Bcl-2 expression in the lung
tissues of LPS-challenged mice. Together, OSR
exerts protective effect on LPS-induced ALI
possibly through its anti-inflammatory and anti-
apoptotic activities, which may be a potential
therapeutic agent for ALI.
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