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A B S T R A C T

Acute lung injury (ALI), which is mainly triggered by infection, pneumonia, vasculitis, and sepsis, has no specific
and effective therapy except for primary supportive treatment or bedside care. Excessive inflammation caused by
innate immune cells is the major characteristic of ALI. Forsythoside B, a phenylethanoside compound, possesses
good antioxidant and anti-bacterial properties in vivo and in vitro. In this study, the therapeutic potential of
forsythoside B and its mechanism of action were investigated in a lipopolysaccharide (LPS)-induced ALI mouse
model. The results showed that LPS-induced edema exudation and lung pathological changes in mice were
significantly suppressed by forsythoside B pre-treatment. Furthermore, it also attenuated lung inflammation
caused by LPS stimulation, evidenced by decreased inflammatory cell infiltration and down-regulated expression
of cytokines, chemokines, and inducible enzymes. The anti-inflammation property of forsythoside B was con-
firmed in vitro using LPS-stimulated RAW 264.7 macrophages. Moreover, it alleviated LPS-induced inflammation
by inhibiting the activation of TLR4/NF-κB signaling pathway in vivo and in vitro. In conclusion, the results
demonstrated that forsythoside B protects against LPS-induced ALI by attenuating inflammatory cell infiltration
and suppressing TLR4/NF-κB-mediated lung inflammation. Therefore, it might be a potential therapeutic agent
for ALI caused by sepsis.

1. Introduction

Acute lung injury (ALI), which is characterized by hypoxic re-
spiratory dysfunction, diffused pulmonary interstitium, and alveolar
edema, is caused by factors such as infection, pneumonia, vasculitis,
and severe sepsis [1,2]. Currently, there is no specific and effective
treatment for septic ALI. Supportive therapies and bedside care, such as
mechanical ventilation and corticosteroid administration, are the
available treatment options; however, the survival benefit is limited
[3,4], and the associated mortality rate is up to 38% [5,6].

Excessive inflammatory cell infiltration and inflammation are the
main pathogenesis of ALI. Excessive infiltration contributes to patho-
logical damage to the pulmonary endothelium, increase in capillary
permeability, protein-rich cellular exudation, and pulmonary hyaline

membrane formation [7,8]. Moreover, the pathological features are
closely related to the cytokine cascades mediated by pro-inflammatory
cytokines that are secreted by excessive infiltration [9]. In addition, the
cytokine cascades aggravate the recruitment of neutrophils and
monocyte/macrophages, contributing to tissue damage by production
of reactive oxygen species (ROS) and nitrites [10,11]. Therefore, in-
hibiting the excessive inflammatory cell transmigration or inflamma-
tion might be an efficient approach to treat ALI [12].

Forsythoside B (FTS·B), a phenylethanoside distributed in several
plants, has neuroprotective [13], antibacterial [14], anti-oxidant [15],
and cardioprotective properties [16]. In addition, it has been reported
that the anti-inflammatory effect of FTS·B occurs due to reduced serum
lipopolysaccharide (LPS) activity and phosphorylated NF-κB expression
[17]. Therefore, we hypothesized that FTS·B might a potential
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compound against LPS-induced excessive inflammation and ALI via
suppression of the excessive activation of NF-κB. In the present study,
the anti-inflammatory effects and mechanism of action of FTS·B in LPS-
induced excessive inflammatory response condition were explored in
vitro and in vivo.

2. Materials and methods

2.1. Mice

SPF Balb/c mice (n=180) of either sex, weighing 18.0–22.0 g
(approximately 5–6weeks), were purchased from the Animal Center of
Guangzhou University of Chinese Medicine (Guangzhou, China). All
animal experiments were approved by the Laboratory Animal Services
Center at Guangzhou University of Chinese Medicine (Guangzhou,
China) (approval ID: SCXK (Guangdong) 2013–0034) and performed
according to the guidelines of Animal Welfare and Ethics of the
Institutional Animal Care and Use Committee (IACUC). All experiments
were carried out in a specific pathogen free (SPF) animal lab.

2.2. Materials

FTS·B (purity> 98%, chemical structure in Fig. 1) was purchased
from the National Institute for Food and Drug Control (Beijing, China).
It was endotoxin-free, as determined by the tachypleus amebocyte ly-
sate assay. Dexamethasone sodium phosphate injection was purchased
from Hubei Tianyao Pharmaceutical Co. Ltd. (Xiangyang, China). High-
glucose Dulbecco's Modified Eagle's Medium (DMEM) and fetal bovine
serum (FBS) were purchased from Gibco BRL (NY, USA). Lipopoly-
saccharide (from Escherichia coli O111:B4) and primers were purchased
from Invitrogen (CA, USA). Thermo RevertAid First Strand cDNA
Synthesis Kit and Pierce BCA Protein Assay Kit were procured from
Thermo Scientific (MA, USA). FastStart Universal SYBR Green Master
was purchased from Roche Applied Science (Mannheim, Germany). The
antibodies against TLR4, MyD88, NF-κB/p65, and p-p65 were pur-
chased from Abcam (Cambridge, England), and Iκκ, p-Iκκ, IκB, and p-

IκB were purchased from Santa Cruz Biotechnology Inc. (CA, USA).
Wright-Giemsa stain, Griess reagent kit, and myeloperoxidase (MPO)
Determination Kit were purchased from Nanjing Jiancheng Bioengi-
neering Institute (Nanjing, China). Enzyme linked immunosorbent
assay (ELISA) kits were purchased from Wuhan Beinglay Biological
Technology Co. Ltd. (Wuhan, China).

2.3. Cell viability assay and stimulation

RAW 264.7 mouse macrophages were obtained from the American
Type Culture Collection (Rockville, MD, USA) and cultured in DMEM
supplemented with 10% FBS, 2mM L-glutamine, 100 U/mL penicillin,
and 100 μg/mL streptomycin in a 5% CO2 humidified incubator at
37 °C. The safety concentration of FTS·B was determined by the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay
after 24 h of incubation of cells. Briefly, 20 μL of MTT (5mg/mL)
working solution was added to each well, and then incubated for 4 h.
The culture medium was then removed and 150 μL of dimethyl sulf-
oxide was added to dissolve the formazan crystals. Cell viability (%
control) was determined relative to untreated cells. Subsequently, the
cells were treated with safety concentration of FTS·B (40, 80, and
160 μg/mL) or DMEM 1 h before incubation with LPS (1 μg/mL), and
then for another 10 h for real time-polymerase chain reaction (RT-PCR)
and western blotting (WB), and the pro-inflammatory mediators were
detected 24 h after LPS incubation.

2.4. Nitrite analysis

After 24 h of incubation of cells with LPS, the production of NO was
assessed through the accumulation of nitrites (NO2−) in the super-
natants. Briefly, the nitrite concentration in 100μL of the supernatant
was measured by using a colorimetric reaction generated by the addi-
tion of 100 μL of Griess reagent, composed of equal volumes of 0.1% N-
(1-naphthyl)ethylenediamine dihydrochloride and 1.32% sulfanilamide
in 60% acetic acid. The absorbance of the samples was determined at
540nm with a spectrophotometer and interpolated by using a standard
curve of NaNO2 (1 to 10 μM) to calculate the nitrite concentration.

2.5. Mouse model of LPS-induced ALI

The mice were acclimated in their cages for one week before the
experiments. The temperature and relative humidity were 22 ± 2 °C
and 50 ± 10%, respectively, with the mice maintained on a 12-h light/
dark cycle. Food and water were provided ad libitum. Five groups of
mice were studied simultaneously; these groups included the control
group, the LPS group, the FTS·B (50 and 100mg/kg) groups, and the
dexamethasone sodium phosphate injection (DEX) group. Two hours
before LPS instillation, the mice in the FTS·B and dexamethasone
groups were intraperitoneally administered FTS·B (50 or 100mg/kg)

Table 1
the information of primers.

Genes Forward Reverse

IL-1β TGGGATAGGGCCTCTCTTGC CCATGGAATCCGTGTCTTC
IL-6 AGCAACAACATAAGCGTCAT TACTCGGCAAACCTAGTGCG
IFN-γ ACGGCACAGTCATTGAAAGC TCACCATCCTTTTGCCAGTTC
TNF-α ATGGCCTCCCTCTCATCAGT TGGTTTGCTACGACGTGGG
MCP-1 CCACTCACCTGCTGCTACTCAT TGGTGATCCTCTTGTAGCTCTCC
MIP-2 CAGTTAGCCTTGCCTTTGTTCAG CAGTGAGCTGCGCTGTCCAATG
COX-2 TCTCCAACCTCTCCTACTAC GCACGTAGTCTTCGATCACT
iNOS TGAGTTCCGAAGCAAGCCAA AGACCTCAACAGAGCCCTCA
GADPH GTTTTCAGGGATGAAGCGGC TGGGATAGGGCCTCTCTTGC

Fig. 2. Effects of FTS·B on lung exudation. The lung/Body weight (A), lung wet/dry weight ratio (B) and total protein concentration in BALF (C). Mice were
administrated FTS·B (50 or 100mg/kg) 2 h before intratracheal instillation of LPS, the edema were detected 24 h after LPS challenge. Data were analyzed by ANOVA,
and values are expressed as the means ± S.D. △ p < 0.05, △△ p < 0.01 compared to control; *p < 0.05, **p < 0.01 compared to ALI mice (n=10).
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and dexamethasone (2mg/kg), respectively. The mice in the control
and LPS groups were intraperitoneally administered equivalent vo-
lumes of sterile saline (0.2 mL/10 g). Then mice were anesthetized
using ether and received intratracheal instillation of 10 μg of LPS (in
50 μL of PBS) or vehicle (control group). The mice were placed in a
vertical position and rotated for 1min to distribute the instillation in
the lung. Mice were killed and the lungs were harvested 24 h post LPS
instillation for further analysis.

2.6. Lung edema assessment

Twenty-four hours after LPS instillation, the mice were anesthetized
with 1% pentobarbital sodium. The lungs were excised, blotted dry,
weighed to obtain the wet weight, and then placed in an oven at 80 °C
for 48 h to obtain the dry weight. The ratio of lung weight to body
weight and wet lung weight to dry lung weight was calculated to assess
tissue edema.

2.7. Cell counting in bronchial alveolar lavage fluid and MPO activity assay

The bronchial alveolar lavage fluid (BALF) was obtained 24 h after
LPS instillation. Briefly, the lung was lavaged with 500 μL of PBS three
times (total volume, 1.5 mL). The BALF samples were centrifuged at
300×g for 10min at 4 °C and the supernatant was stored at −80 °C to
determine the concentration of proteins using the BCA Protein Assay
Kit. The cell pellet was washed with red blood cell lysis solution for
1min, then centrifuged at 300×g for 10min, and resuspended in
200 μL of PBS. The total cell count was determined using a hemocyt-
ometer; differential cell count was determined by Wright-Giemsa
staining; and macrophages, neutrophils, and lymphocytes were quan-
tified by counting 200 cells per slide at 400×magnification. In addi-
tion, the activity of MPO in lung homogenate (lung was homogenized
with 9-fold volume of sterile saline, and then centrifuged at 1500×g at
4 °C for 15min) was determined using the ELISA kit.

2.8. Pro-inflammatory mediator measurements

Twenty-four hours after LPS challenge, the level of interleukin (IL)-
1β, IL-6, interferon (IFN)-γ, tumor necrosis factor (TNF)-α, monocyte
chemoattractant protein-1 (MCP-1), macrophage inflammatory protein-
2 (MIP-2), cyclooxygenase-2 (COX-2), and prostaglandin E2 (PGE2) in
RAW 264.7 cell culture medium or lung homogenate was determined
using the ELISA kit, according to the manufacturer's instructions.

2.9. Total RNA extraction and RT-PCR

Ten hours post LPS challenge, the total cellular RNA from cells was
extracted and converted to cDNA. Gene expression in the synthesized
cDNA was amplified using Roche Fast Start Universal SYBR Green
Master. The polymerase chain reaction (PCR) was carried out under the
following condition: 95 °C for 10min, 40 cycles of 95 °C for 15 s, and
final extension at 60 °C for 1min. GAPDH gene was used as control. The
sequence of primers used is presented in Table 1.

2.10. Western blotting

The expression of TLR4, MyD88, Iκκ, IκB, and p65 in LPS-challenged
cells and mouse lung was determined by western blotting. Briefly, the
sample was lysed in RIPA buffer and clarified by centrifugation at
10,000×g for 10min at 4 °C. Total protein after denaturation was se-
parated by 10% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis, transferred onto a polyvinylidene difluoride membrane,
blocked with 5% skim milk, and sequentially incubated with anti-TLR4,
MyD88, p65, Iκκ, mouse anti-IκB, and pIκB primary antibodies, fol-
lowed by incubation with a secondary antibody. The area and in-
tegrated optical density (IOD) of the bands were analyzed using Image-
Pro Plus 6.0 software.

2.11. Histopathology

The lungs of mice were harvested and fixed in 4% paraformalde-
hyde, dehydrated, embedded in paraffin, sectioned (thickness, 4 μm),

Fig. 3. Effects of FTS·B on lung histology. Control (A); LPS (B); DEX (C); FTS·B 100mg/kg (D); FTS·B 50mg/kg (E) and lung injury score (F). The images of
histopathological changes of lung from each group (magnification 200×, arrow: inflammatory cells infiltration; arrowhead: hemorrhage; red arrow: hyaline
membrane; asterisk: leakage; bar: 50 μm) 24 h after LPS challenge. Data were analyzed by rank-sum test in lung injury score.△ p < 0.05, △△ p < 0.01 compared
to control; *p < 0.05, **p < 0.01compared to ALI mice (n=6). (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)
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and stained with hematoxylin and eosin (H&E). The lung injury was
scored according to Smith scoring method by two pathologists [18].
The total lung injury score was the sum of lung edema, alveolar and
interstitial inflammation, alveolar and interstitial hemorrhage, atelec-
tasis, and hyaline membrane formation that were all scored from 1 to 4
points (extent< 25%: 1 point, 25–50%: 2 point, 50–75%: 3 point,>
75: 4 point), according to the standards of Smith scoring.

2.12. Statistical analyses

All results are expressed as mean ± standard deviation. Intergroup
differences were evaluated by the one-way analysis of variance
(ANOVA) or Dunnett's T3 when the data were not normally distributed.
The rank-sum test was used to identify pathological damage. The results
with P-values of ≤0.05 were considered statistically significant.

3. Results

3.1. Effects of FTS·B on lung edema induced by LPS

The wet lung/body weight ratio, lung wet/dry weight ratio, and
protein concentration in BALF were determined to evaluate edema and
pulmonary vascular permeability induced by LPS. As shown in Fig. 2,
the mice with LPS instillation alone presented a significant increase in
lung/body weight ratio, lung wet/dry weight ratio, and protein con-
centrations when compared with those of the control mice. In contrast,
the administration of FTS·B or dexamethasone significantly suppressed
the LPS-induced lung edema, and protein-rich leakage when compared
with those in the LPS group.

3.2. Effects of FTS·B on LPS-induced changes in lung histology

The histological changes in the lung were investigated by H&E
staining. As shown in Fig. 3, the lung tissue of mice from the control
group exhibited clear alveolar lobules and alveolar cavities, without
leakage and cell infiltration in the alveolar spaces or the interstitium.
However, the mice challenged with LPS exhibited alveolar septal wall
thickening, hemorrhage, and protein leakage in the alveolar cavity, as
well as increased number of neutrophil sequestration in the alveoli,
interstitium, and around the pulmonary vessel. The pathological da-
mages and lung injury score in dexamethasone- or FTS·B-treated mice
were notably reduced, with mild inflammatory cell infiltration, he-
morrhage, and protein leakage in the alveolar cavity.

3.3. Effects of FTS·B on cell infiltration in the lungs

To evaluate the effects of FTS·B on inflammatory cell infiltration, the
total and differential cells in the BALF were counted 24 h after LPS
challenge. The results revealed that the number of infiltrated cells, in-
cluding macrophages, lymphocytes, and neutrophils, was significantly
increased in the BALF from mice instilled with LPS. In contrast, the
increased recruitment of macrophages, lymphocytes, and neutrophils in
the BALF of FTS·B or dexamethasone treatment mice was significantly
reduced (Fig. 4).

3.4. Effects of FTS·B on pro-inflammatory mediators in the lungs and in
RAW 264.7 cells

When compared with control mice, LPS-challenged mice exhibited
increased levels of inflammatory cytokines (IL-1β, IL-6, IFN-γ, and TNF-
α), chemokines (MCP-1 and MIP-2), and elevated activation of in-
ducible enzymes COX-2 and nitric oxide synthase (iNOS) in the lungs
(Fig. 5). As expected, FTS·B, especially the 100mg/kg dose, or dex-
amethasone pre-treatment significantly suppressed these changes de-
veloped in ALI mice. FTS·B at a dose of 50mg/kg had similar effects;
however, the levels of MPO, IL-1β, and iNOS decreased withoutFi
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statistically significance.
The suppressive effects of FTS·B on LPS-induced inflammatory re-

sponse were further confirmed in vitro. Treatment with FTS·B sig-
nificantly decreased the concentrations of pro-inflammatory cytokines
and the level of activation of COX-2 and iNOS in LPS-stimulated RAW
264.7 cells (Fig. 6); however, the effects of FTS·B were not significant at
all concentrations of FTS·B. As shown in Fig. 6, the concentrations of IL-
1β, IL-6, IFN-γ, COX-2, and NO decreased significantly with 80 and
160 μg/mL of FTS·B, and only 160 μg/mL dose of FTS·B significantly
decreased TNF-α level. Further research found that the mRNA levels of
these inflammatory mediators were also suppressed in LPS-stimulated
RAW 264.7 cells (Fig. 7). The 80 and 160 μg/mL doses of FTS·B sig-
nificantly decreased the mRNA expression of these inflammatory genes,
while the effects of 40 μg/mL dose of FTS·B were relatively weak and
the decrease in MIP-2 and COX-2 was not statistically significant.

3.5. Effects of FTS·B on the activation of TLR4/NF-κB signaling pathway

To explore the signaling pathway through which FTS·B inhibited
lung inflammation in LPS-induced ALI, western blotting was performed
to evaluate the expression of proteins involved in the TLR4/NF-κB
pathway. As expected, LPS administration significantly increased the
expression of TLR4, MyD88, p-Iκκ, p-IκB, and p-p65 in the lung tissue.
However, pre-treatment with dexamethasone and FTS·B significantly
suppressed the increased expression of TLR4 and MyD88, as well as the
phosphorylation of Iκκ, IκB, and p65 in the lung tissue (Fig. 8). As ex-
pected, similar trends were found after treatment with FTS·B in LPS-
stimulated RAW 264.7 cells, in that the expression of TLR4, MyD88, p-
Iκκ, p-IκB, and p-p65 was significantly decreased (Fig. 9).

4. Discussion

It have been demonstrated that FTS·B exerts antioxidant and anti-
bacterial effects in vitro [14,15]. It also showed anti-inflammatory ef-
fects in LPS-challenged chicken, in rats that underwent caecal ligation
and puncture, and rats that underwent myocardial ischemia-reperfu-
sion. The mechanisms by which FTS·B exerted its anti-inflammatory
effects were found to correlate with the effect of reducing the biological
activity of serum LPS, reducing phosphorylated NF-κB expression, at-
tenuating neutrophil infiltration, reducing MPO activity, and inhibiting
the production of pro-inflammatory factors [16,17,19]. However, the
effect of FTS·B on LPS-induced inflammation and ALI is not known;
therefore, the present study was conducted. We demonstrated that
administration of FTS·B can effectively protect against LPS-induced
lung injury. In this study, lung edema, lung pathological changes, in-
flammatory cell infiltration, and MPO activity in the lung tissue were
significantly attenuated in mice treated with FTS·B. Further, we also
observed that FTS·B was able to decrease the level of PGE2, COX-2,
nitrite, iNOS, and pro-inflammatory meditators in the lung tissue and in
LPS-stimulated RAW 264.7 cells. The mechanisms by which FTS·B ex-
erted its anti-inflammatory effect were found to correlate with inhibi-
tion of TLR4 expression and the phosphorylation of NF-κB.

LPS, an important constituent of gram-negative bacteria, is a major
component of pathogens responsible for causing ALI. Intratracheal in-
stillation of LPS is a well-known model of ALI, which is characterized by
alveolar damage accompanied by infiltration of neutrophils and mac-
rophages, hyaline membranes, and protein-rich edema in the alveolar
space [1,20]. Although macrophages and neutrophils have beneficial
actions in eliminating microbial infections and serving as an essential
interface between innate and adaptive immunity during inflammatory
responses, excessive recruitment, together with the release of cytokines
and other pro-inflammatory mediators, contribute to increased vascular
permeability, leakage of protein and water from capillaries, and for-
mation of pulmonary hyaline membranes [21–23]. Moreover, alle-
viating excessive inflammatory cell transmigration and cytokine cas-
cade contributes to reducing pathological damage and the severity ofFi
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ALI symptoms [24,25]. In the present study, the results showed that the
number of macrophages and neutrophils in lung tissues are markedly
elevated and accompanied by protein-rich edema after LPS challenge.
In contrast, the effects of FTS·B on attenuating macrophage and neu-
trophil infiltration and MPO activity were found in mice treated with
FTS·B. In addition, ratios of the lung weight to body weight and of lung
wet to dry weight and protein concentration in the BALF were de-
creased in FTS·B treatment mice.

Pro-inflammatory cytokines play a critical role in the initiation of
inflammatory pathogenesis in LPS-induced ALI. Alveolar macrophages
and neutrophils are an important source of cytokines in ALI, and the
cytokines or chemokines secreted by them, such as IL-1β, IL-6, IL-8,
MCP-1, MIP-2, and TNF-α, in turn reinforcing the transmigration of
macrophages and neutrophils, amplifying the inflammatory cascade,
and aggravating lung injury [1,9,23,26]. The excessive infiltration sti-
mulated by cytokines in turn contributes to excessive production of
ROS, nitrites, and MPO, which exacerbates capillary permeability and
hemorrhage, and extends the time of neutrophil sequestration [27,28].
In the present study, the levels of IL-1β, IL-6, IL-8, IFN-γ, TNF-α, MCP-1,

and MIP-2 in lung tissues are markedly elevated along with an elevation
in MPO and nitrite levels after administration of LPS in vivo or in vitro.
In contrast, pretreatment with FTS·B dramatically decreased the levels
of these cytokines and chemokines. These results reveal that the effects
of FTS·B on LPS-induced ALI and inflammation are associated with in-
hibition of pro-inflammatory cytokines, and consistent with a decrease
in macrophage and neutrophil accumulation in lung tissues.

It has been confirmed that the activation of toll-like receptors
(TLRs), especially TLR4, is pivotal in pathogen recognition, immunity
activation, and inflammation [29–31]. As the receptor of LPS, TLR4
plays a principal role in the recognition of gram-negative bacteria.
Previous research demonstrated that LPS signals via TLR4 and MyD88
to activate NF-κB [32,33], which eventually leads to the expression of
many genes related to inflammation, such as IL-6, IL-1β, and TNF-α,
and the infiltration of neutrophils and macrophages in LPS-induced ALI
[34,35]. Meanwhile, attenuating the excessive activation of TLR4
contributes to alleviating inflammation and tissue damage [36,37]. In
addition, NF-κB is also closely related to the expression of iNOS and
COX-2 [38,39], which respectively associates to the production of NO

Fig. 8. FTS.B suppresses TLR4/NF-κB signaling activation in mice. Mice were administrated FTS.B (50 or 100mg/kg) 2 h before intratracheal instillation of LPS. All
mice were sacrificed 24 h after LPS challenge and lung tissues were harvested and analyzed by Western blot. Data were analyzed by ANOVA, and values are expressed
as the means± S.D. from three parallel test. △ p < 0.05, △△ p < 0.01 compared to control mice; *p < 0.05, **p < 0.01 compared to ALI mice.
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and PGE2 that leads to lung microvascular endothelial cell damage,
vasodilatation, increasing vascular permeability, and facilitating neu-
trophil transmembrane transmigration [25,28,40], which is involved in
protein-rich fluid exudation in alveoli and lung edema in ALI [41–43].
Therefore, inhibition of the activation of NF-κB might help mitigate
inflammation and further decrease the damages that are caused by
excessive inflammatory responses. Our data suggested that FTS·B sig-
nificantly inhibits TLR4 and MyD88 and the phosphorylation of Iκκ,
IκB, and p65 but does not influence their synthesis. This consequently
decreased the levels of pro-inflammatory cytokines, which are re-
sponsible for LPS-induced ALI. Additionally, FTS·B effectively decreased
the production of inflammatory cytokines in LPS-stimulated RAW 264.7
cells, which was consistent with the results of the inflammatory cyto-
kines generation in vivo. Collectively, our in vitro experiment verified
that FTS·B significantly downregulates the LPS-induced overexpression
of inflammatory genes and exerts anti-inflammatory activity through
the TLR4/NF-κB pathway.

In conclusion, pretreatment with FTS·B could attenuate the pul-
monary histological changes and lung edema, reduce inflammatory cell
infiltration in the lung, and inhibit the release of inflammatory cyto-
kines. In addition, FTS·B significantly suppresses the expression of TLR4
and the phosphorylation of Iκκ, IκB, and p65 elevated by LPS

stimulation in vivo and in vitro. These results revealed that FTS·B ex-
hibited anti-inflammatory effect against LPS-induced inflammation and
ALI through the TLR4/NF-κB pathway in vivo, suggesting that FTS·B
could be a potential candidate for the treatment of ALI or excessive
inflammation.

Conflicts of interest

The authors have no financial conflicts of interest.

Acknowledgments

This work were funded by the Specific Research Fund for TCM
Science and Technology of Guangdong Provincial Hospital of Chinese
Medicine (Nos. YN2015QN09 and YN2016QJ11), Major Program of
Guangdong Natural Science Foundation of China (No. S201230006598)
and State major research program for innovation team of Guangdong
Province (No. E1-KFD015151K02).

References

[1] A.P. Wheeler, G.R. Bernard, Acute lung injury and the acute respiratory distress

Fig. 9. FTS.B inactivation TLR4/NF-κB signaling in RAW 264.7 cells. The cells were pretreated with different concentrations of FTS.B (40, 80, 160 μg/mL) for 1 h and
stimulated with LPS for 10 h. Then the protein expressions were assessed by Western blot. Data were analyzed by ANOVA, and values are expressed as the
means ± S.D. from three parallel test. △ p < 0.05, △△ p < 0.01 compared to untreated cells; *p < 0.05, **p < 0.01 compared to LPS stimulation cells.

J.-x. Liu et al. International Immunopharmacology 66 (2019) 336–346

345



syndrome: a clinical review, Lancet 369 (2007) 1553–1564, https://doi.org/10.
1016/s0140-6736(07)60604-7.

[2] A.K. Yasmeen Butt, Timothy Craig Allen, Acute lung injury: a clinical and molecular
review, Arch. Pathol. Lab. Med. 140 (2016) 345–350, https://doi.org/10.5858/.

[3] G.U. Meduri, et al., AActivation and regulation of systemic inflammation in ARDS:
rationale for prolonged glucocorticoid therapy, Chest 136 (2009) 1631–1643,
https://doi.org/10.1378/chest.08-2408.

[4] Participants in the National Heart, L., Blood Institute ARDS Clinical Trials Network,
Efficacy and safety of corticosteroids for persistent acute respiratory distress syn-
drome, N. Engl. J. Med. 354 (2006) 1671–1684.

[5] D.F. McAuley, et al., Simvastatin in the Acute Respiratory Distress Syndrome, N.
Engl. J. Med. 371 (2014) 1695–1703, https://doi.org/10.1056/NEJMoa1403285.

[6] J. Phua, et al., Has mortality from acute respiratory distress syndrome decreased
over time? Am. J. Respir. Crit. Care Med. 179 (2009) 220–227, https://doi.org/10.
1164/rccm.200805-722OC.

[7] C.-S.C. Joanne Lomas-Neira, Mario Perl, Stephen Gregory, Walter Biffl,
Alfred Ayala, Role of alveolar macrophage and migrating neutrophils in hemor-
rhage-induced priming for ALI subsequent to septic challenge, Am. J. Phys. Lung
Cell. Mol. Phys. (2006) L51–L58, https://doi.org/10.1152/ajplung.00028.2005.-
Acute.

[8] R. Neil, L.S.K. Aggarwal, Franco R. D'Alessio, Diverse macrophage populations
mediate acute lung inflammation and resolution, Am. J. Phys. Lung Cell. Mol. Phys.
306 (2014) L709–L725, https://doi.org/10.1152/ajplung.00341.2013.-Acute.

[9] M. Bhatia, R.L. Zemans, S. Jeyaseelan, Role of chemokines in the pathogenesis of
acute lung injury, Am. J. Respir. Cell Mol. Biol. 46 (2012) 566–572, https://doi.
org/10.1165/rcmb.2011-0392TR.

[10] John B. Zamjahn, L.J.Q. Justin C. Mack, Charles W. Frevert, Steve Nelson, Gregory
J. Bagby, Differential flux of macrophage inflammatory protein-2 and cytokine-
induced neutrophil chemoattractant from the lung after intrapulmonary delivery,
Am. J. Phys. Lung Cell. Mol. Phys. 301 (2011) L568–L574, https://doi.org/10.
1152/ajplung.00340.2010.-Previously.

[11] U. Maus, et al., The role of CC chemokine receptor 2 in alveolar monocyte and
neutrophil immigration in intact mice, Am. J. Respir. Crit. Care Med. 166 (2002)
268–273, https://doi.org/10.1164/rccm.2112012.

[12] J.C. Deng, T.J. Standiford, Growth Factors and Cytokines in Acute Lung Injury,
(2010), https://doi.org/10.1002/cphy.c090011.

[13] F. Zhang, et al., Forsythoneosides A-D, neuroprotective Phenethanoid and flavone
glycoside heterodimers from the fruits of Forsythia suspensa, J. Nat. Prod. 78 (2015)
2390–2397, https://doi.org/10.1021/acs.jnatprod.5b00372.

[14] Æ, H.N.Æ.M.M.R.Æ.S.G., L.N.Æ.A.D.Æ.M.-A.G. Æ, and A.-H.T.Æ.S.D. Sarker,
Assessment of the antibacterial activity of phenylethanoid glycosides from Phlomis
lanceolata against multiple-drug-resistant strains of Staphylococcus aureus, J. Nat.
Med. 62 (2008) 91–95.

[15] G. Pintus, et al., Isolation, identification and activities of natural antioxidants from
Callicarpa kwangtungensis Chun, PLoS One 9 (2014) e93000, , https://doi.org/10.
1371/journal.pone.0093000.

[16] W.L. Jiang, et al., Cardioprotection with forsythoside B in rat myocardial ischemia-
reperfusion injury: relation to inflammation response, Phytomedicine 17 (2010)
635–639, https://doi.org/10.1016/j.phymed.2009.10.017.

[17] W.L. Jiang, et al., Forsythoside B protects against experimental sepsis by mod-
ulating inflammatory factors, Phytother. Res. 26 (2012) 981–987, https://doi.org/
10.1002/ptr.3668.

[18] K.M. Smith, J. M., S.C. Simonton, D.R. Bing, P.A. Meyers, J.E. Connett,
M.C. Mammel, Prolonged partial liquid ventilation using conventional and high-
frequency ventilatory techniques_ gas exchange and lung pathology in an animal
model of respiratory distress syndrome, Crit. Care Med. 25 (1997) 1888–1897.

[19] G. Cheng, et al., Forsythiaside attenuates lipopolysaccharide-induced inflammatory
responses in the bursa of Fabricius of chickens by downregulating the NF-kappaB
signaling pathway, Exp. Ther. Med. 7 (2014) 179–184, https://doi.org/10.3892/
etm.2013.1378.

[20] B.B. Magdalena Bakowitz1, Maureen McCunn, Acute lung injury and the acute
respiratory distress syndrome in the injured patient, Scand. J. Trauma Resusc.
Emerg. Med. 20 (2012) 54–64.

[21] J. Grommes, Oliver Soehnlein, Contribution of neutrophils to acute lung injury,
Mol. Med. 17 (2011) 1, https://doi.org/10.2119/molmed.2010.00138.

[22] Q.D. Xiaohong Zhou, Xinli Huang, Neutrophils in acute lung injury, Front. Biosci.
17 (2012) 2278–2283.

[23] L.K. Johnston, et al., Pulmonary macrophage subpopulations in the induction and
resolution of acute lung injury, Am. J. Respir. Cell Mol. Biol. 47 (2012) 417–426,
https://doi.org/10.1165/rcmb.2012-0090OC.

[24] W.T. Zhong, et al., Phillyrin attenuates LPS-induced pulmonary inflammation via
suppression of MAPK and NF-kappaB activation in acute lung injury mice,
Fitoterapia 90 (2013) 132–139, https://doi.org/10.1016/j.fitote.2013.06.003.

[25] N.O. Al-Harbi, et al., Dexamethasone attenuates LPS-induced acute lung injury
through inhibition of NF-kappaB, COX-2, and pro-inflammatory mediators,
Immunol. Investig. 45 (2016) 349–369, https://doi.org/10.3109/08820139.2016.
1157814.

[26] D. Huang, et al., PPAR-alpha agonist WY-14643 inhibits LPS-induced inflammation
in synovial fibroblasts via NF-kB pathway, J. Mol. Neurosci. 59 (2016) 544–553,
https://doi.org/10.1007/s12031-016-0775-y.

[27] S. Carnesecchi, J.-C. Pache, C. Barazzone-Argiroffo, NOX enzymes: potential target
for the treatment of acute lung injury, Cell. Mol. Life Sci. 69 (2012) 2373–2385,
https://doi.org/10.1007/s00018-012-1013-6.

[28] C.L. Speyer, et al., Regulatory effects of iNOS on acute lung inflammatory responses
in mice, Am. J. Pathol. 163 (2003) 2319–2328, https://doi.org/10.1016/s0002-
9440(10)63588-2.

[29] D.N. Cook, D.S. Pisetsky, D.A. Schwartz, Toll-like receptors in the pathogenesis of
human disease, Nat. Immunol. 5 (2004) 975–979, https://doi.org/10.1038/ni1116.

[30] X. Fang, et al., Breed-linked polymorphisms of porcine toll-like receptor 2 (TLR2)
and TLR4 and the primary investigation on their relationship with prevention
against Mycoplasma pneumoniae and bacterial LPS challenge, Immunogenetics 65
(2013) 829–834, https://doi.org/10.1007/s00251-013-0727-4.

[31] I.L. Calil, et al., Lipopolysaccharide induces inflammatory hyperalgesia triggering a
TLR4/MyD88-dependent cytokine cascade in the mice paw, PLoS One 9 (2014)
e90013, , https://doi.org/10.1371/journal.pone.0090013.

[32] L.C. Li, et al., Cross-talk between TLR4-MyD88-NF-kappaB and SCAP-SREBP2
pathways mediates macrophage foam cell formation, Am. J. Physiol. Heart Circ.
Physiol. 304 (2013) H874–H884, https://doi.org/10.1152/ajpheart.00096.2012.

[33] A. Larochelle, M.A. Bellavance, S. Rivest, Role of adaptor protein MyD88 in TLR-
mediated preconditioning and neuroprotection after acute excitotoxicity, Brain
Behav. Immun. 46 (2015) 221–231, https://doi.org/10.1016/j.bbi.2015.02.019.

[34] D. Karmarkar, K.L. Rock, Microbiota signalling through MyD88 is necessary for a
systemic neutrophilic inflammatory response, Immunology 140 (2013) 483–492,
https://doi.org/10.1111/imm.12159.

[35] A.J. Lee, K.J. Cho, J.H. Kim, MyD88-BLT2-dependent cascade contributes to LPS-
induced interleukin-6 production in mouse macrophage, Exp. Mol. Med. 47 (2015)
e156, https://doi.org/10.1038/emm.2015.8.

[36] G. Fan, et al., Anti-inflammatory activity of Tanshinone IIA in LPS-stimulated
RAW264.7 macrophages via miRNAs and TLR4-NF-kappaB pathway, Inflammation
39 (2016) 375–384, https://doi.org/10.1007/s10753-015-0259-1.

[37] J.L. Lai, et al., Indirubin inhibits LPS-induced inflammation via TLR4 abrogation
mediated by the NF-kB and MAPK signaling pathways, Inflammation 40 (2017)
1–12, https://doi.org/10.1007/s10753-016-0447-7.

[38] L. Chen, et al., Agrimonolide from Agrimonia pilosa suppresses inflammatory re-
sponses through down-regulation of COX-2/iNOS and inactivation of NF-kappaB in
lipopolysaccharide-stimulated macrophages, Phytomedicine 23 (2016) 846–855,
https://doi.org/10.1016/j.phymed.2016.03.016.

[39] D.J. Kwon, et al., Suppression of iNOS and COX-2 expression by flavokawain a via
blockade of NF-kappaB and AP-1 activation in RAW 264.7 macrophages, Food
Chem. Toxicol. 58 (2013) 479–486, https://doi.org/10.1016/j.fct.2013.05.031.

[40] L.F. Wang, et al., Role of inducible nitric oxide synthase in pulmonary micro-
vascular protein leak in murine sepsis, Am. J. Respir. Crit. Care Med. 165 (2002)
1634–1639, https://doi.org/10.1164/rccm.2110017.

[41] S.L. Tilley, T.M. Coffman, B.H. Koller, Mixed messages: modulation of inflammation
and immune responses by prostaglandins and thromboxanes, J. Clin. Investig. 108
(2001) 15–23, https://doi.org/10.1172/jci200113416.

[42] W. Li, et al., Protective effect of sanguinarine on LPS-induced endotoxic shock in
mice and its effect on LPS-induced COX-2 expression and COX-2 associated PGE2
release from peritoneal macrophages, Int. Immunopharmacol. 22 (2014) 311–317,
https://doi.org/10.1016/j.intimp.2014.07.017.

[43] G.J. Martínez-Colón, et al., Elevated prostaglandin E2 post–bone marrow transplant
mediates interleukin-1β-related lung injury, Mucosal Immunol. 108 (2017) 15–23,
https://doi.org/10.1038/mi.2017.51.

J.-x. Liu et al. International Immunopharmacology 66 (2019) 336–346

346

https://doi.org/10.1016/s0140-6736(07)60604-7
https://doi.org/10.1016/s0140-6736(07)60604-7
https://doi.org/10.5858/
https://doi.org/10.1378/chest.08-2408
http://refhub.elsevier.com/S1567-5769(18)30600-3/rf0020
http://refhub.elsevier.com/S1567-5769(18)30600-3/rf0020
http://refhub.elsevier.com/S1567-5769(18)30600-3/rf0020
https://doi.org/10.1056/NEJMoa1403285
https://doi.org/10.1164/rccm.200805-722OC
https://doi.org/10.1164/rccm.200805-722OC
https://doi.org/10.1152/ajplung.00028.2005.-Acute
https://doi.org/10.1152/ajplung.00028.2005.-Acute
https://doi.org/10.1152/ajplung.00341.2013.-Acute
https://doi.org/10.1165/rcmb.2011-0392TR
https://doi.org/10.1165/rcmb.2011-0392TR
https://doi.org/10.1152/ajplung.00340.2010.-Previously
https://doi.org/10.1152/ajplung.00340.2010.-Previously
https://doi.org/10.1164/rccm.2112012
https://doi.org/10.1002/cphy.c090011
https://doi.org/10.1021/acs.jnatprod.5b00372
http://refhub.elsevier.com/S1567-5769(18)30600-3/rf0070
http://refhub.elsevier.com/S1567-5769(18)30600-3/rf0070
http://refhub.elsevier.com/S1567-5769(18)30600-3/rf0070
http://refhub.elsevier.com/S1567-5769(18)30600-3/rf0070
https://doi.org/10.1371/journal.pone.0093000
https://doi.org/10.1371/journal.pone.0093000
https://doi.org/10.1016/j.phymed.2009.10.017
https://doi.org/10.1002/ptr.3668
https://doi.org/10.1002/ptr.3668
http://refhub.elsevier.com/S1567-5769(18)30600-3/rf0090
http://refhub.elsevier.com/S1567-5769(18)30600-3/rf0090
http://refhub.elsevier.com/S1567-5769(18)30600-3/rf0090
http://refhub.elsevier.com/S1567-5769(18)30600-3/rf0090
https://doi.org/10.3892/etm.2013.1378
https://doi.org/10.3892/etm.2013.1378
http://refhub.elsevier.com/S1567-5769(18)30600-3/rf0100
http://refhub.elsevier.com/S1567-5769(18)30600-3/rf0100
http://refhub.elsevier.com/S1567-5769(18)30600-3/rf0100
https://doi.org/10.2119/molmed.2010.00138
http://refhub.elsevier.com/S1567-5769(18)30600-3/rf0110
http://refhub.elsevier.com/S1567-5769(18)30600-3/rf0110
https://doi.org/10.1165/rcmb.2012-0090OC
https://doi.org/10.1016/j.fitote.2013.06.003
https://doi.org/10.3109/08820139.2016.1157814
https://doi.org/10.3109/08820139.2016.1157814
https://doi.org/10.1007/s12031-016-0775-y
https://doi.org/10.1007/s00018-012-1013-6
https://doi.org/10.1016/s0002-9440(10)63588-2
https://doi.org/10.1016/s0002-9440(10)63588-2
https://doi.org/10.1038/ni1116
https://doi.org/10.1007/s00251-013-0727-4
https://doi.org/10.1371/journal.pone.0090013
https://doi.org/10.1152/ajpheart.00096.2012
https://doi.org/10.1016/j.bbi.2015.02.019
https://doi.org/10.1111/imm.12159
https://doi.org/10.1038/emm.2015.8
https://doi.org/10.1007/s10753-015-0259-1
https://doi.org/10.1007/s10753-016-0447-7
https://doi.org/10.1016/j.phymed.2016.03.016
https://doi.org/10.1016/j.fct.2013.05.031
https://doi.org/10.1164/rccm.2110017
https://doi.org/10.1172/jci200113416
https://doi.org/10.1016/j.intimp.2014.07.017
https://doi.org/10.1038/mi.2017.51

	Protective effect of forsythoside B against lipopolysaccharide-induced acute lung injury by attenuating the TLR4/NF-κB pathway
	Introduction
	Materials and methods
	Mice
	Materials
	Cell viability assay and stimulation
	Nitrite analysis
	Mouse model of LPS-induced ALI
	Lung edema assessment
	Cell counting in bronchial alveolar lavage fluid and MPO activity assay
	Pro-inflammatory mediator measurements
	Total RNA extraction and RT-PCR
	Western blotting
	Histopathology
	Statistical analyses

	Results
	Effects of FTS·B on lung edema induced by LPS
	Effects of FTS·B on LPS-induced changes in lung histology
	Effects of FTS·B on cell infiltration in the lungs
	Effects of FTS·B on pro-inflammatory mediators in the lungs and in RAW 264.7 cells
	Effects of FTS·B on the activation of TLR4/NF-κB signaling pathway

	Discussion
	Conflicts of interest
	Acknowledgments
	References




