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ABSTRACT

Objective: To evaluate the anti-inflammatory activity of Crotalaria
ferruginea extract (CFE) and its mechanism.

Methods: An intratracheal lipopolysaccharide (LPS) instillation-
induced acute lung injury (ALI) model was used to study the anti-
inflammatory activity of CFE in vivo. The LPS-induced shock model
was used to analyze the effect of CFE on survival. LPS-stimulated
RAW264.7 cell model was used to investigate the anti-inflammatory
activity of CFE in vitro and the effects on mitogen-activated protein
kinase (MAPK) or nuclear factor-kB (NF-kB) signaling pathways.
Results: CFE administration decreased the number of inflammatory
cells, reduced the levels of tumor necrosis factor-a (TNF-a),
monocyte chemotactic protein-1 (MCP-1), interleukin-6 (IL-6), and
interferon-y, and diminished protein content in the bronchoalveolar
lavage fluid of mice. CFE also reduced lung wet-to-dry weight ratio,
myeloperoxidase, and lung tissue pathological injury. CFE pre-
administration improved the survival rate of mice challenged with a
lethal dose of LPS. CFE reduced LPS-activated RAW264.7 cells to
produce nitric oxide, TNF-a, MCP-1, and IL-6. Furthermore, CFE
inhibited nuclear translocation and phosphorylation of NF-kB P65,
extracellular signal-regulated kinase, c-Jun N-terminal kinases, and
P38 MAPKs.

Conclusions: CFE exhibits potent anti-inflammatory activity in
LPS-induced ALI mice, LPS-shock mice, and RAW264.7 cells, and
its mechanism may be associated with the inhibition of NF-xB and
MAPK signaling pathways. Crotalaria ferruginea may be a useful
therapeutic drug for the treatment of ALI and other respiratory

inflammations.
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1. Introduction

Acute lung injury (ALI) is an acute and progressive pulmonary
dysfunction caused by non-cardiogenic factors such as infection,
trauma, shock, and inhalation of toxic agents[1]. Symptoms of ALI
include pulmonary edema, hypoxemia, and dyspnea. However, even
with prompt treatment, many ALI patients develop severe acute
respiratory distress syndrome (ARDS) with a high mortality rate of
35%-50%I2.3]. Over-activated pulmonary inflammation that causes
abnormal gas exchange function is the center of the pathology of
ALI/ARDS[4-6]. Although considerable progress in understanding
the pathogenesis and pathophysiology of ALI/ARDS has been made,
the treatment remains limited.

The most important cause of ALI is bacterial sepsis, either as an
independent factor or a combined factor. A high level of plasma

lipopolysaccharide (LPS) was detected in sepsis patients[7].
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Moreover, LPS, an important component of the cell walls of Gram-
negative bacteria, stimulates inflammatory responses. ALI animal
model induced by intratracheal LPS installation is widely applied,
which well characterizes the pathological and inflammatory changes
found in ALI patients[8]. Specifically, LPS activates macrophages and
neutrophils to release inflammatory cytokines such as interleukin-6
(IL-6), tumor necrosis factor-a (TNF-a), monocyte chemotactic
protein-1 (MCP-1), interferon-y (IFN-y), nitric oxide (NO), and
myeloperoxidase (MPO) that are highly toxic to endothelial and
epithelial cells. These mediators disrupt the alveolar-capillary
membrane and cause lung edema and vascular leakage, dysfunction
of gas exchange, and ultimately leading to lung failure[9].

Studies have demonstrated that LPS activates macrophages to
release cytokines through nuclear factor-kB (NF-xB) and mitogen-
activated protein kinase (MAPK) pathways. In particular, LPS
binds to Toll-like receptors to activate MyD88 dependent pathways
including MAPKs [extracellular signal-regulated kinase (ERK),
c-Jun N-terminal kinases (JNK), and P38] and NF-«B[10]. It has been
identified that NF-kB is activated by dissociating from inhibitor
of kappa B (IxkB) and then translocates from the cytoplasm to the
nucleus[11]. Besides, NF-kB-DNA binding induces the expression
of pro-inflammatory genes, such as IL-6, TNF-a, and nitric oxide
synthase 2(NOS2)[12]. Meanwhile, MAPK signaling pathways are
activated in LPS-induced ALI mice to stimulate cytokine production.
Of note, the inhibition of NF-kB and MAPK signaling pathways
may be a suitable strategy for the treatment of LPS-induced ALI[10].

Currently, herbal medicine has received great continuous research
attention as an important source for drug discovery. Crotalaria
ferruginea (C. ferruginea) Grah is a herb that is widely used in
southwest China for the treatment of a variety of respiratory
inflammatory disorders, for instance, cough, pneumonia, and
asthma. It has been approved by Yunnan Province Food and
Drug Administration as a medicine for respiratory infections and
clearing heat and removing dampness[13]. This medical plant,
whose main antibacterial constituents are flavonoids, exerts
antibacterial activity against common pathogenic bacteria such as
Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus,
and Micrococcus luteus[14,15]. Previous studies have isolated and
characterized constituents of flavonoids from the herb, namely,
genistein, kaempferol, quercetin, and stigmasterol, which possess
inflammation-inhibitory activity[16-19]. C. ferruginea Grah has the
potential to reduce the mouse pinna swelling induced by xylene as
well as inhibit mice response to pain induced by the hot-plate or
acetum stimulus[20]. However, there is no report about the activity
of C. ferruginea Grah against respiratory inflammation. Therefore,
we used the LPS-induced ALI mouse model and LPS-induced
RAW264.7 cell model to systematically study the anti-inflammatory
properties of C. ferruginea Grah in order to provide a valuable

reference for this widely used resource.

2. Materials and methods

2.1. Reagents

LPS (Escherichia coli O55: BS) and 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Dexamethasone sodium
phosphate injection, cytometric bead array mouse inflammation
cytokine kit, and MPO activity test kit were acquired from
Baiyunshan Medicine Co, Ltd, China, BD Biosciences (New Jersey,
USA), and Nanjing Jiancheng Bioengineering Institute (Nanjing,
China), respectively. Additionally, p-P65, P65, p-P38, P38, p-ERK,
ERK, p-JNK, and JNK antibodies were obtained from Cell Signaling
Technology (Beverly, MA, USA). Finally, Griess reagent, BCA
Protein Assay Kit, RIPA lysis buffer and protease and phosphatase
inhibitor cocktail kits, a-tubulin, Lamin B3 antibodies as well as
HRP-conjugated secondary antibody, DAPI, Triton X-100, and
Alexa Fluor 488 IgG, nuclear and cytoplasmic protein extraction Kit,
were purchased from Beyotime Institute of Biotechnology (Jiangsu,
China). All other chemicals used were of the analytical grade

available.

2.2. Plant material

Raw plant materials were purchased from a traditional Chinese
medicine market in Yunnan Province. The plant was identified
as authentic by vice Prof. Wei-Feng Du, School of Pharmacy,
Zhejiang University of Traditional Chinese Medicine (Hangzhou,
China). A voucher specimen (AP201801) was deposited at the State
Key Laboratory of Safety Evaluation for New Drugs, Hangzhou
Medical College. The C. ferruginea Grah (500 g) was crushed and
extracted using 70% ethanol (6 Lx3 times) at room temperature
for 24 h each time, followed by filtration and concentration in vacuo,
eventually yielding a brownish extract with a mass-weight of 75.2 g.
The standard substance of genistein was obtained from Chengdu Must
Biotechnology Co, Ltd, China.

2.3. HPLC analysis of genistein in C. ferruginea extract
(CFE)

Using an HPLC system (Agilent Technologies, USA) equipped
with a Synersi C 18 column (250 mmx4.6 mm, 5 pm, Phenomenex),
we determined genistein in the CFE according to a previously
described method with minor modifications[15]. The mobile phase
used was composed of acetonitrile (A) and 1% acetic acid (B). The
gradient program was set as follows: 63% B (0-4.5 min), 63%-
52% B (4.5-13 min), 52%-37% B (13-13.10 min), 37% B (13.10-
20 min). The column temperature was maintained at 30 °C, while the
mobile phase flow rate was 1 mL/min. The measured absorbance

wavelength was 260 nm, whereas the injection volume was 20 pL.
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2.4. Evaluation of anti—inflammatory property in mice

2.4.1. Animals
Specific-pathogen-free female ICR mice (18-22 g, 6-8 weeks) were

obtained from Shanghai Slack Laboratory Animal Co. Ltd. The mice
were maintained in a barrier system with laboratory temperature
maintained at 20-25°C, 50%-70% relative humidity, and under a 12
h:12 h light: dark cycle. They were housed in micro isolator cages

and were provided food and water ad libitum.

2.4.2. Animal experiment design
Overall, 60 female mice were randomly divided into 6 groups,

namely: control, LPS, CFE (0.25, 0.5, and 1 g/kg) + LPS, and
dexamethasone (0.5 mg/kg, positive control) + LPS groups with
10 mice in each group. The mostly used dose of C. ferruginea on
an adult (60 kg) was 20 g once. According the conversion relationship
between human and mice, the corresponding equivalent dose for mice
was calculated to be 3.6 g/kg body weight, equal to the CFE extract dose
was 0.5 g /kg. This dose was set as middle dose in mice and the high dose
and low dose were set as 1.0 g/kg and 0.25 g/kg, respectively. On days
1-7, experimental mice in the control group received oral administration
of saline, while the CFE + LPS group received the designated dose
of CFE. On day 7, dexamethasone + LPS group mice were given
a single dose of 0.5 mg/kg dexamethasone intraperitoneally. All
mice were anesthetized by intraperitoneal administration with 0.5%
pentobarbital (30 mg/kg) and intratracheally administrated with 20
ug LPS in 50 pL saline except the control group, which was given
the same volume of saline[21]. On day 8, mice were sacrificed and
the right lung was ligated and removed. The right upper lung was
used to obtain the lung wet-to-dry weight ratio (W/D ratio), while
the right middle lung was homogenized to detect MPO activity.

2.4.3. Differential cell counts and analysis of cytokine,

protein levels in bronchoalveolar lavage fluid (BALF)
The mouse tracheae were surgically isolated and intubated with

a 24-gauge cannula. BALF was collected by cannulating the
trachea and infusing the left lung of mice thrice with 0.5 mL ice-
cold saline via intratracheal cannulation. Then, the BALF samples
were centrifuged at 2000 rpm for 5 min at 4°C. Upon resuspending
cells in saline, the total cells were counted using a hemacytometer,
while the differential leukocyte count was performed using Wright—
Giemsa staining. BALF supernatant was stored at —80°C until the
cytokine levels were detected with a mouse inflammation kit (BD™
Cytometric Array, USA) using the flow cytometer (BD FACS
Calibur™, USA). Lastly, we measured protein contents in BALF
using the bicinchoninic acid (BCA) method with a microplate reader
(Biotek synergy, USA).

2.4.4. Lung W/D ratio and MPO activity

To assess the lung edema degree, we excised and weighted the

lower lobe of the right lung. Then, the lungs were dried in an oven
at 80°C for 48 h to obtain lung dry weight. The lung W/D ratio was
calculated to indicate lung edema. The level of lung MPO activity
was determined using a colorimetric assay kit with a microplate

reader (Biotek Synergy) as per the manufacturer’s instructions.

2.4.5. Histopathologic evaluation of the lung tissue

The lower right lung was fixed with 10% buftered formalin for 48 h
at room temperature and embedded in paraffin. Then, tissue sections
were cut at 4 um thickness, stained with hematoxylin and eosin, and
scored for lung injury by two independent experienced pathologists
based on the criteria described elsewhere[10]: 0 = minimal (<1%); 1
= slight (1%-25%); 2 = moderate (26%-50%); 3 = moderate/severe
(51%-75%); and 4 = severe/high (76%-100%).

2.5. Endotoxin shock survival test

For endotoxin shock research, a total of 30 female ICR mice were
divided into three groups (n=10 per group). These included (A) LPS
group, (B) LPS + CFE 0.25 g/kg, and (C) LPS + CFE 1 g/kg. The
mice of A, B, and C groups received saline and CFE 0.25 or 1 g/kg
for 7 d. On day 7, 1 h after the last administration, the ICR mice were
intraperitoneally injected with 50 mg/kg LPS (0.2 mL/10 g body
weight, dissolved in saline). The survival of mice was monitored for 5

d22).

2.6. Cell viability

MTT cell viability assay was used to evaluate the cytotoxicity of
CFE. The RAW264.7 cells (Gefan Biotechnology Co. Ltd, China)
were seeded in 96 well plates at a density of 5x10° cells/mL for 24
h and treated with CFE at different concentrations of 25-400 pug/mL
for 24 h, the supernatant was discarded, followed by the addition of
0.5 mg/mL MTT. After 4 h, 100 uL. DMSO was added to dissolve
formazan crystals. Finally, the optical density value was quantified

using a microplate reader (Biotek synergy, USA) at 570 nm.

2.7. Measurement of NO, cytokine production in RAW264.7

supernatant

The amount of NO release was quantified in the form of nitrite
production. RAW264.7 cells were seeded in 96 well plates at
a concentration of 5x10* cells/well, pretreated with different
concentrations of CFE (50, 100, 200 pug/mL) for 2 h, followed by
LPS (1 pg/mL) administration for 18 h. Briefly, the culture media
were collected, mixed with an equal volume of Griess reagent, and
incubated at room temperature for 10 min. NaNO, was used to
generate a standard curve, and nitrite production was ascertained
by measuring the absorbance at 540 nm. The cytokines in the

supernatant of RAW264.7 cells were analyzed with a mouse
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inflammation kit using a flow cytometer. Three independent

experiments were performed (n=60).

2.8. Immunofluorescence

For this technique, RAW264.7 cells were seeded in 6 well plates at
a density of 5x10° cells/well and left overnight. Cells were pretreated
with CFE (200 pg/mL) for 24 h and then stimulated with LPS (1 pg/
mL) for 15 min. The cells were washed twice with cold PBS, fixed
with 4% formaldehyde for 15 min, and then permeabilized in 0.5%
Triton X-100 for 15 min. Upon blocking with goat serum for 30 min
at room temperature, the cells were incubated with primary anti-P65
antibody overnight at 4°C and then stained with secondary antibody
(Alexa Fluor 488 IgG) for 1 h. The nuclei were labeled with DAPI
for 15 min in the dark. Lastly, the cells were observed under a
fluorescence microscope (Leica DM4000B, Wetzlar, Germany) at
an excitation wavelength of 364 nm for DAPI and 495 nm for Alexa
Fluor 488[22].

2.9. Western blot analysis

RAW264.7 cells were seeded in 6 well plates (1x10° cells/well),
pretreated with different concentrations of CFE (50, 100, 200 pg/
mL) for 24 h, followed by LPS (1 pg/mL) administration for 30 min.
Cells in 6 well plates were washed with cold PBS three times, the
cells were lysed with RIPA buffer and a protease and phosphatase
inhibitor cocktail (Beyotime shanghai China), and then centrifuged
at 12000 rpm for 15 min at 4 °C. Protein concentrations were
determined by the BCA assay. The same mass of total protein was
loaded per well on 12% SDS-polyacrylamide gels with a-tubulin,
GAPDH, or Lamin B3 as internal loading control. After gel transfer,
PVDF membranes were blocked with 5% free-fat milk for 1 h at

room temperature and incubated overnight at 4 °C with primary
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antibodies to p-P65, P65, p-P38, P38, p-ERK, ERK, p-JNK, JNK
(1:1000), then the membranes were incubated with secondary
antibodies (1:2000) for 1 h. The protein bands were detected with an
enhanced chemiluminescence method, and the fluorescence intensity
was calculated using Image] software (National Institutes of Health,
USA).

2.10. Statistical analysts

Statistical analysis was performed by GraphPad Prism 5 (GraphPad
Software, Inc.). Data were expressed as mean + standard deviation
(mean + SD). Differences between groups were analyzed by one-
way analysis of variance (ANOVA) to work out the F value first.
When F-value was significant, post hoc analysis (Tukey's test) was

performed. A P-value < 0.05 was considered statistically significant.

2.11. Ethical statement

Study protocol was conducted in accordance with the Animal
Care and Use Committee of Hangzhou Medical College guidelines,
approved by the Ethics Committee of State Key Laboratory of Safety
Evaluation for New Drugs on December 6, 2019 (No. KY-2019-10).

3. Results

3.1. HPLC analysts of genistein in CFE
HPLC analysis of chemical compounds in ethanol extract of C.
Serruginea showed the presence of flavonoid monomers. Notably, the

retention time was 16.20 min (Figure 1), the content of genistein was
0.68 mg/g in CFE.
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Figure 1. The HPLC chromatogram detected at 260 nm from (A) standard substance of genistein and (B) Crotalaria ferruginea extract (CFE).
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3.2. Effect of CFE on inflammatory cell infiltration in LPS—
induced ALI mice

To identify CFE anti-inflammatory activity, cell count and
classification in BALF were analyzed. We noted that the total
number of BALF cells in model group mice increased after the
LPS challenge compared to the control group, indicating significant
recruitment of leukocytes into the alveolar space. In addition, CFE
or dexamethasone decreased total leukocyte cell number, neutrophil,
and macrophage number in BALF (P<0.05, Figures 2A-C). MPO
is a marker of neutrophil activation and degree of inflammation.
Notably, the activity of MPO was greater in LPS-treated mice than
in the control group mice. On the other hand, MPO activity was
reduced in dexamethasone as well as in the middle and high-dose
CFE groups (P<0.01, Figure 2D).
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3.3. Effects of CFE on inflammatory mediator levels in BALF
from LPS—induced mice

The inflammatory mediators, namely IL-6, MCP-1, TNF-a, and
IFN-y in BALF of model group mice increased after the LPS
challenge compared to the control group. Our findings revealed that
CFE (0.25, 0.5, 1 g/kg) or dexamethasone inhibited the IL-6, MCP-
1, TNF-a, and IFN-y in BALF release induced by LPS intratracheal
instillation (P<0.05, Figure 3).

3.4. Effects of CFE on lung W/D ratio and protein

concentration in BALF

Here, the lung W/D ratio and protein concentration in BALF were
examined to assess the LPS induced changes in alveolar-capillary

membrane permeability. Pulmonary edema in LPS-induced ALI

C D
254
- 60 s
E i 220 M
= = ok
% 40 £ 154
7] -5 sk sk
[}
g 10 wmlia
= @) 1
2 20. =
5 =
g 0.54
- | m
0 0.0 | 1
Con LPS 025 05 1 DEX Con LPS 025 0.5 1 DEX
CFE (g/kg> CFE (g/kg)

Figure 2. Effect of CFE on inflammatory cell infiltration in lipopolysaccharide (LPS)-induced acute lung injury (ALI) mice. (A-C) The number of total cells,

neutrophils, and macrophages in the bronchoalveolar lavage fluid (BALF). (D) Myeloperoxidase (MPO) activity of lung tissue. "P<0.05 and *"P<0.01 vs. the
LPS group, #P<0.01 vs. the control group. n=10 in each group. Con: control group; DEX: Dexamethasone.
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Figure 3. Inhibitory effect of CFE on LPS-stimulated production of pro-inflammatory cytokines. (A-D) Levels of interleukin-6 (IL-6), monocyte chemotactic
protein-1 (MCP-1), interferon-y (IFN-y), and tumor necrosis factor-o. (TNF-a) in BALF, respectively. (E) Representative flow cytometry plots showing BALF
cytokine levels. "P<0.05 and ""P<0.01 vs. the LPS group, #P<0.01 vs. the control group. n=10 in each group.
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mice was measured as W/D ratio. The results showed that the lung
W/D ratio increased in the LPS-induced model mice, while CFE
(0.5, 1 g/kg) or dexamethasone pre-treatment decreased the W/D
ratio significantly (P<0.05, Figure 4A). BALF protein content, which
reflects pulmonary vasculature permeability, was elevated after LPS
stimulation. Furthermore, mice that were given CFE (0.5, 1 g/kg) or
dexamethasone exhibited lower BALF protein levels than the LPS
group, meaning that the alveolar-capillary membrane integrity was
protected (P<0.01, Figure 4B).

3.5. Effects of CFE on lung histopathological changes in
LPS—induced ALI mice

Lung histopathology results of mice in the control group showed
alveolar structural integrity and clear alveolar cavity without
inflammatory cell infiltration. Neutrophils and macrophages
infiltration, alveolar wall thickening, and alveolar hemorrhage in
the lung of LPS-treated mice appeared to a larger extent than in the
control group (Figures SA-F). Notably, CFE (0.5, 1 g/kg) treatment
improved the above pathological changes in a dose-dependent
manner, leading to reduced lung injury scores (P<0.05, Figure
5G). Positive drug dexamethasone can partly alleviate pathological

damage. The Kaplan—Meier survival curve of endotoxemic mice in
all three groups (LPS group, LPS + CFE 0.25 g/kg, LPS + CFE 1
g/kg) was drawn. Finally, CFE (0.25, 1 g/kg) treatment profoundly
prolonged the survival compared to the animals pretreated with
saline, and the highest dose possessed greater protective capacity
(P<0.01, Figure 5H).

3.6. Effects of CFE on the LPS—induced IL-6, MCP-1,
TNF-o, and NO in RAW264.7 cells

CFE at 400 pg/mL maximum concentration for 24 h exhibited
no toxicity on RAW?264.7 cells according to the MTT test (Figure
6A). Therefore, the concentrations of CFE at 50, 100, and 200
pg/mL were selected for the following experiments to avoid the
cytotoxic effect on the RAW?264.7 cells. The concentrations of
inflammatory mediators were low or undetectable in the control
group. The levels of NO, IL-6, MCP-1, and TNF-a in cell culture
supernatants increased significantly after LPS stimulation, while
the pre-treatment of CFE suppressed these inflammatory cytokines
release in a concentration-dependent manner (P<0.01). Collectively,
these findings demonstrate that CFE had an anti-inflammatory effect
against LPS-induced stress in RAW264.7 macrophages (Figures 6B-
F).
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Figure 6. Effect of CFE on cytokine production in LPS-induced RAW264.7 cells. (A) Cell viabilities were evaluated using MTT assay. (B-E) NO, IL-6, MCP-
1, and TNF-a in the supernatant of RAW264.7 cells. (F) Representative flow cytometry plots showing cytokine levels of cell culture supernatants. = P<0.01 ps.

the LPS-treated group, *P<0.01 vs. the control group. n=10 in each group.
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3.7. Effects of CFE on the activities of NF—kB and MAPK
signaling in RAW264.7 cells

To explore the inhibitory effects of CFE on the nuclear translocation
of NF-«B, the immunofluorescence analysis was performed.
After RAW264.7 cells were stimulated by LPS, the fluorescence
intensity of P65 NF-kB in the nucleus was increased, implying the
translocation of P65 from the cytoplasm to the nucleus. Remarkably,
the CFE treatment (200 pg/mL) reduced the fluorescence intensity
of P65 NF-«B in the nucleus (Figure 7A). In order to further confirm

the effect of CFE on LPS-induced nuclear translocation of NF-xB
in RAW264.7 macrophages, the nuclear and cytoplasmic proteins of
RAW264.7 cells were extracted, the level of NF-xB P65 in nucleus
and cytoplasm was detected by Western blotting. The level of P65
in the nucleus increased significantly and P65 level in the cytoplasm
decreased significantly 30 min after LPS stimulation, indicating
that P65 transferred from the cytoplasm into the nucleus. After
RAW264.7 macrophages were treated with varying concentrations
of CFE (50, 100, 200 pg/mL), the decrease of P65 level in the
nucleus and the increase of P65 level in the cytoplasm indicated that
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Figure 7. Effect of CFE on the LPS-induced nuclear factor-kB (NF-kB) P65 nuclear translocation. (A) RAW264.7 macrophages were pre-treated with CFE (200
pg/mL) for 24 h, and NF-kB P65 nuclear translocation was analyzed by immunofluorescence microscopy. Immunoreactivity of NF-«B P65 is shown in green,
while the nuclei are stained with DAPI in blue. (B) Nuclear and cytoplasmic P65 levels were examined by Western blotting assays. (C) Ratios of nuclear P65/
cytoplasm (cyto) P65 were quantified by densitometry using ImagelJ software. Data from three independent experiments are shown. *P<0.01 vs. the control

group. " P<0.01 vs. the LPS-treated group.
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Figure 8. Effects of CFE on the LPS-induced phosphorylation of NF-kB P65 and mitogen-activated protein kinases (MAPKs) in RAW264.7 macrophages.

(A) Total and phosphorylated P65, P38, extracellular signal-regulated kinase (ERK), and c-Jun N-terminal kinases (JNK), were measured by Western blotting
assays. (B-E) Ratios of p-P65/P65, p-P38/P38, p-ERK/ERK, and p-JNK/JNK were quantified by densitometry using ImageJ software. Data from three
independent experiments are presented. #P<0.01 vs. the control group. "P<0.05, “P<0.01 vs. the LPS-treated group.
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the transfer of NF-kB P65 from the cytoplasm to the nucleus was
inhibited (Figures 7B-C).

To probe the involved mechanism by which CFE decreases the
production of inflammatory cytokines, the phosphorylation of NF-
«B and MAPK pathway molecules was measured using Western
blot analysis (Figure 8A). The results revealed that phosphorylation
of p-P65, as a marker of NF-kB activation, was inhibited markedly,
indicating that CFE can reduce inflammation by inactivating the NF-
kB signaling pathway (P<0.01, Figure 8B). As denoted in Figures
8C-E, the phosphorylation of P38, ERK, and JNK was suppressed
by CFE in a concentration-dependent pattern (P<0.05).

4. Discussion

In this study, we explored the effects of CFE on ALI model mice
induced by intratracheal LPS instillation. We also evaluated the anti-
inflammatory effects of CFE while dexamethasone was used as a
positive control. The findings uncovered that the administration of CFE
significantly improved the number of inflammatory cells infiltration,
alveolar hemorrhage, protein leakage in BALF, the degree of pulmonary
edema, and MPO levels in the lung injury mice. Additionally, CFE
treatment protected LPS-induced pulmonary tissue injury in mice, as
well as reduced mortality in mice treated with endotoxin (LPS) which
highlighted its beneficial effect in the inflammation-associated disorders.
Recent reports have enumerated that CFE significantly reduced xylene-
induced ear swelling and acetic acid-induced writhing response in mice,
indicating that CFE possessed anti-inflammatory and anti-nociceptive
activity[20].

Cytokines including TNF-a, IL-6, MCP-1, and IFN-y are important
in the development of lung inflammation in LPS-induced injury[5].
When LPS-induced ALI occurs, macrophages are activated to secrete
cytokines. Herein, we noted that the levels of TNF-a, MCP-1, IL-6, and
IFN-y increased in BALF from mice after intra-tracheal LPS installation
to induce ALI, which is consistent with the previous reports[23].
Elsewhere, TNF-a stimulates vascular endothelial cells to express
vascular cell adhesion molecule-1 to induce neutrophil recruitment and
tight adhesion|24], whereas MCP-1 recruits neutrophils to penetrate the
endothelial barrier to migrate and reside in the pulmonary interstitium
and alveoli[25]. As a result, activated neutrophils release MPO during the
degranulation process, eventually causing lung tissue damage[26]. IL-6
is capable of inhibiting the apoptosis of neutrophils as well as promoting
the activation of neutrophils and macrophages, thus plays a key role in
modulating acute and chronic inflammation[27]. Moreover, [FN-y induces
nitric oxide synthase 2 and secretes pro-inflammatory cytokines, hence
enhancing the macrophage NO release and inflammatory response. In
this work, our results outlined that CFE can reduce TNF-a, IL-6, [FN-y,
and MCP-1 levels in the BALF of LPS-induced mice. Furthermore, CFE
inhibited the production of pro-inflammatory cytokines, namely, TNF-a,
IL-6, and MCP-1 in LPS-stimulated RAW264.7 cells. This accords with
the findings of the animal test. Therefore, we suggest that the protective
effect of CFE on the ALI induced by LPS in mice may be ascribed to the
inhibition of macrophage inflammatory response.

According to the literature on the development of ALI, the NF-xB

and MAPK signaling pathways play a significant role in regulating
the inflammation reaction process[28]. However, excessive activation
of these signaling pathways may induce an inflammation response.
In particular, NF-xB is a nuclear transcription factor that regulates
immune-inflammatory response, which is usually inactive, existing in the
cytoplasm of resting cells, and binding to the IkB. After stimulation by
LPS, IkB-a is phosphorylated, releasing NF-kB P65. Activated NF-xB
translocates to the nucleus, transcripts a variety of inflammatory cytokine
genes such as TNF-a, MCP-1, and IL-6, which induce inflammation and
then promote the development of AL In this study, after LPS stimulation
in RAW264.7 cells, the NF-«B nuclear translocation and phosphorylation
levels increased, which concurs with the literature. In addition, CFE
treatment significantly reduced the phosphorylation levels of NF-kB in a
concentration-dependent manner, signifying that CFE can inhibit the NF-
«B pathway. Elsewhere, studies have elucidated that MAPK signaling
pathway plays an imperative role in the pro-inflammatory reaction[29].
The activation of the MAPK pathway increases the release of pro-
inflammatory cytokines. This pathway comprises extracellular regulated
kinases (ERK1/2), P38 MAPKSs, and JNK. Consistent with previous
findings, we observed that the phosphorylation of JNK, ERK1/2, and
P38 MAPK was significantly elevated after LPS stimulation. Finally,
CFE treatment decreased p-JNK, p-ERK1/2, and p-P38 MAPK levels,
therefore indicating that CFE can inhibit the MAPK pathway. In the
previous research on the mechanism of protective effect of th drug against
LPS-induced acute lung injury, the MAPK/NF-«B inhibition is consistent
with our results. The upstream signaling transducer of MAPK/NF-«xB
like TLR4, MyD88, TRAF6, and negative regulator like A20, DUSP1
were investigated[30.31], which deserves our subsequent exploration on C.
ferruginea.

In conclusion, this work demonstrates that CFE exhibited strong
anti-inflammatory activity in LPS-induced mice. The involved anti-
inflammatory mechanism may be associated with the inhibition of the
NF-«B and MAPK signaling pathways.
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