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Peiminine Attenuates Acute Lung Injury Induced
by LPS Through Inhibiting Lipid Rafts Formation

Boxiang Du,1 Liang Cao,2 Kai Wang,3 Juanjuan Miu,1 Lei Yao,1 Zhihua Xu,2,4 and Jie Song1,4

Abstract—Acute lung injury (ALI) is a kind of lung serious disease which leads to the damage
of alveolar epithelial cells and capillary endothelial. Lipopolysaccharide (LPS) is one of the
common factors inducing ALI. The previous study has reported that the anti-inflammatory
effect of peiminine, but little is known about its effect on the ALI induced by LPS. The aim of
this study is to investigate the therapeutic effect of peiminine on LPS-induced acute lung
injury and potential mechanisms. Mice were given LPS through nasal cavity to establish ALI
model, and then the peiminine (1, 3, or 5 mg/kg) was injected into the mice as the
experimental group. In the present study, we would measure the W/D ratio, activity of
MPO, the histopathological changes, and the levels of cytokines. The results showed that
peiminine could reduce the W/D ratio and the MPO activity significantly. Furthermore, the
histopathological changes and the expression of TNF-α, IL-1β, and IL-6 were inhibited after
the peiminine treatment. In vitro, peiminine significantly inhibited LPS-induced IL-8 pro-
duction in A549 lung epithelial cells. Meanwhile, the activity of NF-κB signaling pathway
was suppressed obviously by peiminine with the western blot analysis. Also, peiminine
significantly attenuated LPS-induced AKTand PI3K phosphorylation. In addition, peiminine
was found to disrupt lipid rafts formation by attenuating the cholesterol content. In conclu-
sion, peiminine could attenuate LPS-induced ALI in mice and it may become a new approach
to treat ALI.
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INTRODUCTION

Inflammation is a process of the defensive reaction
between the immune system and the external stimulus [1].
When the body is stimulated, immune cells are attracted to
the damaged area to participate in the immune response
[2]. During the immune phase, the neutrophils and macro-
phages will secrete cytokines against the impaired factor,
and lots of cytokines also recruit more immune cells [3, 4].
Thus, the anti-inflammatory cytokines play a crucial role,
which include tumor necrosis factor alpha (TNF-α), inter-
leukin (IL)-1β, and IL-6 [5]. Acute lung injury (ALI) is a
kind of inflammatory disease in which alveolar cells are
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damaged [6]. ALI is often accompanied by pulmonary
edema, hypoxemia, and respiratory distress, and its severe
phase can develop into acute respiratory distress syndrome
(ARDS) [7]. ARDS has a high mortality rate and many
pathogenic factors [8].

Lipopolysaccharides (LPS) are a common pathogenic
factor for ALI and it is the main component of the cell wall
of Gram-negative bacteria [9]. The previous study has
demonstrated that LPS could stimulate the neutrophils
and macrophages to regulate the expression of cytokines
to induce the inflammatory reaction [10]. In the process,
NF-κB signaling pathway was activated to participate in
the immune response [11].

Peiminine is a natural product isolated from Fritillar-
ia plants [12]. There have been some reports about anti-
inflammatory properties of peiminine, especially its pro-
tection against the LPS-induced mastitis [13] and dopami-
nergic neurons cell death [14]. Furthermore, peiminine had
protective effects against DNCB-induced dermatitis
through attenuating inflammatory cytokine production
[15]. It is unclear about whether peiminine could protect
ALI induced by LPS; thus, in this study, we investigated
the regulating effect of peiminine on the acute lung injury
in mice and clarify the mechanism.

MATERIALS AND METHODS

Materials

Peiminine standard products (purity > 98%) were ob-
tained from China Institute of Pharmaceutical Biological
Products.MPO assay kits were manufactured by Jiancheng
Biological Engineering Institute (Jiancheng, Nanjing, Chi-
na). Alexa Fluor 488-conjugated Cholera toxin subunit B
(CTxB) was purchased from Invitrogen (CA, USA). Lipo-
polysaccharide (from Escherichia coli (055:B5)) and di-
methyl sulfoxide (DMSO) were purchased from Sigma
(USA). The ELISA assay kits of TNF-α, IL-1β, and IL-6
were manufactured by Biolegend (USA). The other agents
were supplied by the Beijing Chemical Industry.

Animals

Sixty adult male BALB/c mice weighing between 14
and 20 g were obtained from animal medical laboratory of
Nantong University. All the mice were fed freely in a
standard laboratory environment. The house temperature
was controlled at 23 ± 1 °C and the humidity was between
50 and 60%. The experimental protocol was conducted in

accordance with the Laboratory Animal Management
Regulations.

Murine Model of LPS-Induced ALI

Mice were divided into 5 groups (12 mice per group):
control group, LPS group, and three peiminine groups.
After fasting for 8 h, the LPS group and peiminine groups
inhaled LPS (500 μL/kg) through the nostrils, and the
control group mice were given 50 μL PBS respectively.
For 1 h after the LPS treatment, the peiminine groups were
intraperitoneally injected with peiminine (1, 3, 5 mg/kg).
The doses of peiminine used in this study were based on
previous study [16]. Accordingly, the control group and
LPS group were treated with the same volume of PBS.

Lung Wet-to-Dry Weight Ratio

Mice were sacrificed after LPS treatment for 7 h. A
part of lungs were washed by the PBS and drained the
surface with filter paper; thus, the tissues were weighed to
obtain the wet weight. Then the lung tissues were weighed
again after they were placed in an 80 °C incubator for 48 h
to get the dry weight. The wet-to-dry ratio was an impor-
tant index to measure pulmonary edema.

Collection of BALF and Cell Counting

The detached tracheas were applied with tracheal
cannula. The lungs were rinsed with 1.3 mL PBS through
the tracheal cannula in three times to obtain bronchoalve-
olar lavage fluid (BALF). The BALF was placed in a
centrifuge tube at 3000 RPM for 10 min. The supernatant
fluid was collected for the subsequent experiments and the
cells were stained with Wright-Giemsa. The cell counters
were used to count the number of cells, macrophages, and
neutrophils.

MPO Activity

Neutrophils and macrophages infiltrate under the LPS
stimulation, while MPO activity reflects the severity of
infiltration. MPO activity was measured with the MPO kits
which were used accordance with the manufacturer’s in-
structions. The microplate was set at 470 nm to measure
the number of OD to obtain the MPO activity level.

Histopathologic Evaluation of the Lung Tissue

Lung tissues of mice were immersed in 4% formal-
dehyde for 48 h; then, the tissue masses were dehydrated
successively in different concentrations of ethanol.
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Afterwards, the tissues were sectioned and stained with
hematoxylin and eosin. Histopathologic changes, such as
the thickness of the alveolar wall and the degree of cell
infiltration, can be observed from images under the micro-
scope. The histological changes in the lungs were scored as
previously described [17]. Each histological characteristic
was scored 0 to 5.

ELISA

ELISA kits were used to measure the content of TNF-
α, IL-1β, and IL-6 in BALF and the level of IL-8 in the
supernatants. The operation process was strictly in accor-
dance with the manufacturing instructions. In general, the
antigens are added to the primary antibody and then over-
laid with the secondary antibody to form a superimposed
pattern. Then after TMB colored, we measured the OD at
450 nm with microplate.

Western Blotting

A549 cells were washed with PBS and homog-
enized 1 h after LPS treatment. The supernatants
were left after centrifugation and the contents of
protein were assayed by the Protein Extraction Kit
(Thermo, USA). Samples were separated with 10%
sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE), and then, transferred onto the
polyvinylidene fluoride (PVDF) membranes. The
membranes were sealed in 5% skim milk for 2 h

and incubated with primary antibody overnight at
4 °C subsequently. Then the membranes were washed
with TBST buffer three times and incubated with
second antibody for 1 h at room temperature. Mem-
branes were then detected by an ECL detection kit
after washed with TBST buffer.

In vitro Study

A549 cells were cultured in DMEM medium
(Hyclone, USA) containing 10% FBS (Hyclone, USA) at
37 °C in a 5% CO2 atmosphere. The effects of peiminine
on cell viability were measured by MTT assay. The cells

Fig. 1. Effects of peiminine on the lung W/D ratio of LPS-induced ALI
mice. The values presented are the means ± SEM of three independent
experiments. #p < 0.01 vs. control group; *p < 0.05 and **p < 0.01 vs.
LPS group.

Fig. 2. Effects of peiminine on the number of inflammatory cells in the
BALF of LPS-induced ALI mice. The values presented are mean ± SEM
of three independent experiments. #p < 0.01 vs. control group; *p < 0.05
and **p < 0.01 vs. LPS group.
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were treated with peiminine 1 h before LPS treatment.
Twenty-four hours later, the production of IL-8 was mea-
sured by ELISA. One hour after LPS treatment, the ex-
pression of NF-κB, PI3K, and AKT were measured by
western blot analysis.

Lipid Rafts Staining

A549 cells were cultured and fixed in 4% formalde-
hyde. Then, the cells were stained with 5 μg/mL Alexa
Fluor 488-conjugated CTxB for 30 min. Finally, the cells
were stained with Hochest and observed using a scanning
confocal microscope (Olympus FluoView FV1000). Cho-
lesterol content in lipid raft was assayed by gas–liquid
chromatography as described previously.

Statistical Analyses

Measurement data conforming to normal distribution
and homogeneity of variance were expressed as means ±
SEM. One-way ANOVA and two-tailed Student’s t test
was used for comparison among groups. p < 0.05 indicated
that the difference was statistically significant.

RESULTS

Effects of Peiminine on Lung W/D Ratio in ALI Mice

The wet/dry lung ratio of mice can directly reflect the
severity of pulmonary edema. As shown in Fig. 1, theW/D
ratio significantly increased in the LPS group. Conversely,

Fig. 3. Effects of peiminine onMPO activity. The values presented are the
mean ± SEM of three independent experiments. #p < 0.01 vs. control
group; *p < 0.05 and **p < 0.01 vs. LPS group.

Fig. 4. Effects of peiminine on histopathological changes in lung tissues in LPS-induced ALI mice. Representative histological changes of lung obtained
from mice of different groups. a Control group. b LPS group. c LPS + peiminine (1 mg/kg) group. d LPS + peiminine (3 mg/kg) group. e LPS + peiminine
(5 mg/kg) group (hematoxylin and eosin staining, magnification × 200).
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the lung W/D ratio obviously reduced after the peiminine
treatment. The results showed that peiminine could inhibit
the lung W/D ratio in LPS-induced ALI in mice.

Effects of Peiminine on the Number of Inflammatory
Cells of BALF in ALI Mice

The BALF was collected and stained by Wright-
Giemsa to count the number of inflammatory cells.

As show in Fig. 2, the number of macrophages and
neutrophils in LPS group was higher than that in the
control group, while the numbers of peiminine
groups were reduced clearly compared with the LPS
group. The result indicated that peiminine could sup-
press the production of inflammatory cells, neutro-
phils, and macrophages.

Effects of Peiminine on MPO Activity in ALI Mice

The MPO measurements were made to measure
LPS infection. The MPO activity significantly in-
creased after LPS treatment, while the MPO activity
was reduced after peiminine treatment. In addition,
the amount of injection of peiminine was inversely
proportional to the activity of MPO. The result dem-
onstrated peiminine could downregulate the MPO
activity in ALI which was induced by LPS.

Fig. 5. Effects of peiminine on TNF-α, IL-1ß, and IL-6 production in the
BALF of LPS-induced ALI mice. The values presented are mean ± SEM
of three independent experiments. #p < 0.01 vs. control group, *p < 0.05
and **p < 0.01 vs. LPS group.

Fig. 6. Effects of peiminine on IL-8 production in LPS stimulated A549
cells. The values presented are mean ± SEM of three independent exper-
iments. #p < 0.01 vs. control group; *p < 0.05 and **p < 0.01 vs. LPS
group.

1114 Du, Cao, Wang, Miu, Yao, Xu, and Song



Effects of Peiminine on Histological Changes in ALI
Mice

Histological changes could reflect the cell damage
caused by LPS directly. We could observe the normal
situation in the control group and cell infiltration and cell
wall thickening in the LPS group from the microscope. In
peiminine groups, the histological changes were sup-
pressed, and the higher dose of peiminine, the less histo-
logical changes (Fig. 3).

Effects of Peiminine on Cytokines Production in ALI
Mice and A549 Cells

Inflammatory cytokines were crucial factors in mea-
suring inflammation. We used the ELISA kits to assay the
levels of TNF-α, IL-1β, and IL-6. As shown in Fig. 4, the
levels of inflammatory cytokines increased markedly after
LPS inhalation alone. As we expected, the levels reduced
after peiminine treatment, and as the dose of peiminine
increases, the reduction became more pronounced. In con-
clusion, the peiminine could limit the production of inflam-
matory cytokines in LPS-induced ALI mice (Fig. 5).
In vitro, we found peiminine at the concentrations of 10,

20, and 40 μg/mL did not affect the viability of A549 cells
(Fig. 6). Meanwhile, peiminine (10, 20, 40 μg/mL) signif-
icantly inhibited LPS-induced IL-8 production in A549
cells (Fig. 6).

Effects of Peiminine on NF-κBActivation in A549 Cells

Because of the importance of NF-κB signaling path-
way in the process of inflammation, we used the western
blotting to obtain the NF-κB activity changes. As shown in
Fig. 7, LPS promoted the activation of NF-κB signaling
pathways. On the contrary, peiminine inhibited this activa-
tion trend.

Effects of Peiminine on AKTand PI3K
Phosphorylation in A549 Cells

AKT and PI3K phosphorylation could lead to the
activation of NF-κB. Thus, we used the western blotting
to obtain the AKT and PI3K changes. As shown in Fig. 8,
LPS promoted the phosphorylation of PI3K and AKT. On
the contrary, peiminine inhibited this activation trend.
These results demonstrated that peiminine had the effect

Fig. 7. Peiminine inhibits LPS-inducedNF-κB activation. The values presented are themeans ± SEMof three independent experiments. #p < 0.01 vs. control
group; *p < 0.05 and **p < 0.01 vs. LPS group.
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to attenuate LPS-induced ALI in mice through PI3K/AKT/
NF-κB signaling pathways.

Effects of Peiminine on the Formation of Lipid Rafts in
A549 Cells by Depleting Cholesterol

Previous studies demonstrated that lipid rafts played a
critical role in the PI3K/AKT signaling pathway and
disrupting of lipid rafts could block PI3K/AKT signaling
pathway. We found the formation of lipid rafts was
disrupted (Fig. 9a) by peiminine through attenuating the
content of cholesterol in lipid rafts (Fig. 9b).

DISCUSSION

ALI is a clinically common pulmonary disease with
high mortality, which is often accompanied by pulmonary
edema, dyspnea, and other symptoms [18]. For a long time,
researchers have been trying to find effective drugs for
ALI. In the past studies, LPS-induced ALI model is often
used, because LPS is a common pathogenic factor [19].
LPS is the main component of the cell wall of Gram-
negative bacteria. When it stimulates the body, it will

produce a series of inflammatory reactions. Especially,
when LPS affects the lungs, it will induce lungs to develop
into ALI and then into ARDS in severe cases [20].

The previous study had demonstrated that peiminine
had the effect to protect against LPS-induced mastitis and
dopaminergic neurons by inhibiting the NF-κB signaling
pathway. In this study, we investigate the protective effect
of peiminine in ALI in mice, and we also used the LPS-
induced ALI model to explore the pharmacodynamic and
pathological responses of peiminine.

In the present study, we need to obtain some crucial
factors, including W/D ratio, histological changes, MPO
activity, the number of inflammatory cells, the inflamma-
tory cytokines production, and the NF-κB signaling path-
way. The W/D ratio is the most intuitive manifestation of
pulmonary edema and histopathological changes are ob-
served the change of inflammatory cells through a micro-
scope. The results showed peiminine could reduce theW/D
ratio and attenuate histopathological changes compared
with LPS treatment alone. When lung tissues were stimu-
lated by LPS, inflammatory cells including neutrophils and
macrophages were recruited, and the number of cells in-
creased significantly [21]. Neutrophil infiltration was often
accompanied by an increase in MPO activity, so MPO

Fig. 8. Effects of peiminine on phosphorylation of PI3K and AKT. The values presented are the means ± SEM of three independent experiments. #p < 0.01
vs. control group; *p < 0.05 and **p < 0.01 vs. LPS group.
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activity was also one of the indicators to measure LPS
infection [22]. In this study, peiminine distinctly inhibited
LPS-induced aggregation of inflammatory cells and en-
hanced MPO activity. It is acknowledged that LPS stimu-
late the body to produce inflammatory cytokines involved
in the immune response and excessive inflammatory fac-
tors will produce excessive inflammatory reactions [23].
The cytokines including TNF-α, IL-1β, and IL-6 signifi-
cantly increased after LPS inhalation, while peiminine
could inhibit the increase in this study. Furthermore, NF-
κB signaling pathway is also one of the crucial goals we
need to study [24]. Under normal circumstances, IκB and
NF-κB are bound to each other in the cell. When LPS

invades, IκB is phosphorylated to release the inhibition of
NF-κB, and then NF-κB dissociates into the nucleus, so
LPS will promote the activation of the NF-κB signaling
pathway [25]. In this study we found that the NF-κB signal-
ing pathway was inhibited by peiminine in vitro. AKT and
PI3K, the upstream molecules of NF-κB signaling pathway,
its phosphorylation could lead to the activation of NF-κB
[26]. In this study, we found peiminine attenuated phosphor-
ylation of PI3K and AKT, which indicated peiminine sup-
pressed LPS-induced ALI through attenuating PI3K/AKT/
NF-κB signaling pathway. Lipid rafts played a critical role
in the PI3K/AKT signaling pathway and studies showed
disrupting of lipid rafts could block PI3K/AKT signaling

Fig. 9. Effects of peiminine on the formation of lipid rafts (a) and cholesterol content (B). A, control group; B, LPS group; C, LPS + peiminine (10 μg/mL)
group; D, LPS + peiminine (20 μg/mL) group; E, LPS + peiminine (40 μg/mL) group. The values presented are the means ± SEM of three independent
experiments. #p < 0.01 vs. control group; *p < 0.05 and **p < 0.01 vs. LPS group.
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pathway. In this study we found peiminine could disrupt the
formation of lipid rafts by deleting cholesterol. This sug-
gested peiminine blocked PI3K/AKT/NF-κB signaling
pathway through disrupting lipid rafts.

In conclusion, the results demonstrated that peiminine
could reduce the damage of inflammatory response to the
body and the possibility of pulmonary edema. In particular,
peiminine could attenuate ALI induced by LPS through
inhibiting PI3K/AKT/NF-κB signaling pathway via
disrupting lipid rafts. This may provide a new scheme for
the clinical treatment of ALI.
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