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Objective. In recent years, pulmonary fibrosis caused by paraquat poisoning is still concerned. However, no effective drugs have
been developed yet to treat paraquat-induced pulmonary fibrosis. The aim of our research is to investigate whether imrecoxib
can inhibit paraquat-induced pulmonary fibrosis and its possible mechanism. Methods. Extraction of primary pulmonary
fibrosis cells (PPF cells) in vitro by the method of trypsin digestion. RT-qPCR and western blot were employed to measure the
transcription level and protein expression of EMT related markers in paraquat-induced A549 cells. MTT, wound-healing, and
Transwell experiments were used to verify the effect of imrecoxib on the proliferation, migration, and invasion of PPF and
HFL1 cells. Results. Firstly, our results confirmed that paraquat can induce EMT and activate the NF-«B/snail signal pathway in
lung epithelial cell A549. Furthermore, experimental results showed that imrecoxib could repress the proliferation, migration,
and invasion of PPF and HFL1 cells. Finally, our study found that imrecoxib can inhibit EMT of paraquat-induced A549 cells
by the NF-xB/snail signal pathway. Conclusion. Imrecoxib can inhibit EMT of paraquat-induced A549 cells and alleviate
paraquat-caused pulmonary fibrosis through the NF-xB/snail signal pathway. Therefore, imrecoxib is a drug worthy of study in

the treatment of paraquat-induced pulmonary fibrosis.

1. Introduction

Human pulmonary fibrosis (PF), especially idiopathic pul-
monary fibrosis (IPF), is a fatal and chronic disease that
causes fibroblast proliferation and excessive deposition of rel-
ative protein, which in turn disrupts the lung structure and
function and eventually leads to respiratory failure [1-3]. In
recent years, the mortality of pulmonary fibrosis is increas-
ing, but the current drugs have no obvious therapeutic effect
[4, 5]. At present, the drugs used to treat pulmonary fibrosis
are either ineffective or have too many side effects. For exam-
ple, the drug nintedanib can be used to treat IPF, but it can
cause great hepatotoxicity to patients. Clinically, pirfenidone
can be used to treat mild or moderate idiopathic pulmonary
fibrosis, but it has many side effects, such as skin photosen-
sitivity, liver injury, vomiting, and gastrointestinal reaction.
Using glucocorticoids, such as dexamethasone, to treat pul-
monary fibrosis through anti-inflammation is a classic
treatment, but it can cause serious side effects such as the

liver and kidney dysfunction and osteoporosis [6-10].
Therefore, it is urgent to find a drug that can not only effec-
tively treat pulmonary fibrosis but also produce fewer side
effects on patients.

Paraquat is a nonselective, contact, low pollution, low
residue, broad-spectrum, and efficient herbicide, which is
widely used in agricultural production. Pulmonary fibrosis
is the main cause of death of paraquat poisoning. In recent
years, pulmonary fibrosis caused by paraquat poisoning is
still concerned. Many studies have proved that EMT is one
of the main causes of paraquat induced pulmonary fibrosis
and paraquat poisoning in humans and animals. Epithelial-
mesenchymal transition (EMT) is a specific procedure, caus-
ing cells phenotypes transformed. It plays an indispensable
function in embryonic, tissue reconstruction, cancer metas-
tasis, inflammation, and many fibrotic diseases. Its obvious
characteristics are the decrease of the expression of E-cad-
herin, the increase of vimentin, and the change of cells
morphology. During fibrosis, an EMT-like process occurs
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[11, 12]. As a very important factor of EMT, NF-«xB can
promote the release of a large number of inflammatory
related factors, such as TNF-q, IL, and TGF-f. Many stud-
ies have shown that TGF-p is related to pulmonary fibrosis.
For example, some studies have confirmed that doxycycline
can regulate the balance between epithelial cells and mesen-
chymal cells and affect the TGF-f signal pathway to
achieve the purpose of treating paraquat-induced pulmo-
nary fibrosis [13]. The epithelial-to-mesenchymal transition
of pulmonary fibrosis is induced through the TGEF-f/smad
signaling pathway [14]. Parthenolide is able to influence
the level of EMT-related proteins and to treat pulmonary
fibrosis by affecting the progression of pulmonary fibrosis
through the NF-«B/Snail signaling pathway [15]. Therefore,
EMT, NF-xB, and related inflammatory factors (TGF-J§5,
TNF-q, and IL) are very important in the evaluation of pul-
monary fibrosis.

Imrecoxib is a cyclooxygenase-2 (COX-2) inhibitor with
anti-inflammatory effect, mainly used in the treatment of
arthritis pain [16]. The drug was approved for marketing
by the State Food and Drug Administration (SFDA) on
May 20, 2011. Imrecoxib can not only inhibit inflammation
and pain but also reduce the risk of gastrointestinal tract
stimulation and cardiovascular injury [17]. The therapeutic
effect of imrecoxib arthritis has been confirmed, but there
are few studies on the effect of imrecoxib on pulmonary dis-
ease. There are research reports that cyclooxygenase-2
(COX-2) is associated with angiogenesis and lymphatic
metastasis of NSCLC [18]. For example, celecoxib and nime-
sulide, as COX-2 inhibitors, can repress the progression of
lung cancer [19, 20]. Only studies have shown that at the ani-
mal level, imrecoxib has a certain effect on lung adenocarci-
noma cells by affecting the invasion and metastasis.
However, there is no study on the effect of imrecoxib on pul-
monary fibrosis. The purpose of this research is to study the
effect of imrecoxib on pulmonary fibrosis and further study
the mechanism.

2. Materials and Methods

2.1. Reagents. Imrecoxib was acquired from Biofount Bio-
technology Co., Ltd. (Beijing, China). The antibodies were
all obtained from Abcam.

2.2. Isolation of Primary Pulmonary Fibrosis Cells. Mice
treated with paraquat were killed, and their lungs were taken
out and cut into small pieces. Then, we digested the lung
samples with pancreatin and isolated the pulmonary fibrosis
cells. Then, we cultured them and screened the primary pul-
monary fibrosis (PPF) cells which can proliferate stably
in vitro.

2.3. Cell Culture. HFLI cells were originated from Shanghai
Sixin Biotechnology Co., Ltd. HFL1 cells and isolated pri-
mary pulmonary fibrosis cells were cultured in DMEM
medium containing 10% fetal bovine serum (FBS) in a sterile
incubator at 37°C and in a 5% CO, atmosphere. Human lung
adenocarcinoma epithelial cell line A549 was cultured in
RPMI-1640 medium.
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2.4. Paraquat-Induced Lung Epithelial Cell A549 Assay. Lung
adenocarcinoma epithelial cell A549 was inoculated in a 6-
well plate and set to the control group and paraquat-
induced group. The control group was cultured with normal
RPMI-1640 medium, but the paraquat-induced group was
cultured in RPMI-1640 medium with 20 ymol/L paraquat.
A549 cells were cultured for 5 days at 37°C and in a 5%
CO, condition. On the third day, the medium of the control
group was substituted with fresh medium, and the medium
of the paraquat-induced group was substituted with fresh
culture medium with 20 gmol/L paraquat. A549 cells were
cultured until the 5th day.

2.5. MTT Assay. HFL1 cells and PPF cells with imrecoxib or
without imrecoxib were inoculated in 96-well plates and cul-
tured certain time at 37°C and in a 5% CO, condition. After
24 or 48 hours, MTT reagent was put in, and then the cells
were maintained for another 4-6 hours in dark. Thereafter,
DMSO was added to react for 10 minutes, and the 96-well
plates were shaken sufficiently to dissolve the crystal in the
cells. Then, at the wavelength of 570 nm, the light absorption
value of each well was measured by Microplate Reader. The
cell viability of the control group and the imrecoxib-treated
group was calculated by graphpad prism 5 software.

2.6. Wound-Healing Assays. Mark with a marker pen at the
bottom of sterile 6-well plate. Then, HFL1 or PPF cells were
added in a sterile 6-well plate and cultured overnight in an
incubator. When the cell confluency was close to 100%, a
straight line was scraped on the cell surface with a sterile
pipette tips. Then, the cells were cultured in serum-free
medium with or without imrecoxib for 24 hours, and the 6-
well plate were taken at 0, 6, 12, and 24 hours, respectively,
and the migration distance of cells in different groups at dif-
ferent time points was recorded.

2.7. Transwell Assay. Prepare Matrigel diluted with serum-
free medium in advance, put it into the upper chamber of
Transwell, and then add the cell suspension with imrecoxib
or without imrecoxib after the coagulation of Matrigel.
Serum-free medium was put into the upper part, and
medium containing serum was put into the lower chamber.
Culture the cells in the condition of 37°C, 5% CO, for 24
hours. Transwell chamber was removed and fixed with glu-
taraldehyde, and then the excess glutaraldehyde solution
was washed by PBS. Thereafter, cells were stained by hexam-
ethylpararosaniline and wiped off the upper cells with cotton
swabs. Finally, the invading cells were photographed under a
microscope, and the number of invading cells in different
group was recorded.

2.8. Real-Time Quantitative PCR Assay. Prepare treated or
untreated cell samples and extract RNA with Trizol reagent.
After the RNA concentration was determined, the PCR reac-
tion system was formulated based on the protocol of the fluo-
rescent RT-qPCR kit, and the PCR cycle was carried out. The
sequences of snail are F: 5'-TCGGAAGCCTAACTACAGC
GA', R: 5'-AGATAGCATTGGCAGCGAG-3'. The primer
sequences of f-actin are F: 5'-CCTGTACGCCAACACA
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FiGure 1: mRNA and protein expression of EMT markers in paraquat-induced lung epithelial cell A549. (a). The mRNA level of E-cadherin
in A549 cells of the control group and paraquat-induced group was measured by the RT-qPCR method. (b). The mRNA level of vimentin in
A549 cells of the control group and paraquat-induced group was measured by the RT-qPCR method.(c). The protein expression of E-
cadherin and vimentin in A549 cells of the control group and paraquat-induced group was measured by western blot. ***P < 0.001.

GTGC-3', R: 5'-ATACTCCTGCTTGCTGATCC-3'; the
primer sequences of E-cadherin are F: 5'-TGGACAGGG
AGGATTTTGAG-3', R: 5'-ACCTGAGGCTTTGGATTCC
T-3'. The primer sequences of vimentin are F: 5'-GAGA
ACTTTGCCGTTGAAGC-3', R: 5'-CTCAATGTCAAGGG
CCATCT-3'. The reaction conditions were as follows: 95°C
predenaturation for 10 min, 95°C for 10, 60°C for 60, and
40 cycles were performed. Three replicate wells were set for
each gene, and the gene expression was calculated using the
2744 method. The experiment was repeated three times.

2.9. Western Blot Assay. The treated or untreated cells were
placed on ice and treated with RIPA lysate for 20 minutes.
And the cells were collected in EP tubes and centrifuged to
obtain protein samples. All protein samples were adjusted
to the same concentration, and the polyacrylamide gel elec-
trophoresis step was performed to separate the proteins with
different molecular weights. Then, the protein on the gel was
transferred to the nitrocellulose (NC) film. The hydrophobic
binding sites on the nitrocellulose film were blocked with 5%
BSA. After blocking, the membrane was added with primary
antibody NF-«B (Abcam, 1: 1000), snail (Abcam, 1: 500), and
GAPDH (Abcam, 1: 2000) and incubate at 4°C overnight.
Then, added the corresponding horseradish peroxidase
labeled secondary antibody to react in the dark for 1 hour.
Finally, the protein was detected and photographed accord-
ing to the operation of the BeyoECL Plus chemiluminescence
kit (Beyotime).

2.10. Statistical Analysis. All the recorded data are analyzed
by SPSS19.0 software, and all the data are recorded by means
of mean + SD. A P value less than 0.05 is considered statisti-
cally significant.

3. Results

3.1. Paraquat Can Induce EMT in A549 Cells. To investigate
the effect of paraquat on epithelial-mesenchymal transitions
of A549 cells, we divided the cells of A549 into the control
group and paraquat-induced group. The RNA of two
groups of A549 cells was extracted for the RT-qPCR assay,
and the content of E-cadherin and vimentin in the two
groups of A549 cells was determined by western blot.
The data demonstrated that the expression of E-cadherin
in the paraquat-induced group was much lower, but on the
contrary, the expression of vimentin was significantly higher
(Figures 1(a)-1(c)). These results indicated that paraquat can
inhibit the expression of E-cadherin in A549 cells, while pro-
mote the vimentin expression, that is paraquat can induce
the epithelial-mesenchymal transitions of A549 cells.

3.2. Paraquat Can Induced the NF-xB/Snail Signaling
Pathway in Lung Epithelial Cell A549. NF-xB/snail is a very
important signaling pathway in the EMT process. In order
to study the efficacy of paraquat on the NF-xB/snail signaling
pathway in A549 cells, we extracted mRNA and protein from
the control group and the paraquat-induced group of A549
cells, respectively, and performed RT-qPCR and western blot



4
2.5 -
o ®3%
o
28 204 I
o Ay
2.9
o
o %
2
5z
RS
3 5
= =)
o
3
o =W
()
NEF-xB

Computational and Mathematical Methods in Medicine

2.5 -

=}

32 201 —

HCA

U o

£E 10

45(/)

<38 054

=4

0.0 -

— -
g =
g g
Q =
© <
(b)

— %

o

s Z

g e

o &

-

FIGURE 2: mRNA and protein expression of NF-«B and snail in paraquat-induced lung epithelial cell A549. (a). The mRNA level of NF-«B in
A549 cells of the control group and paraquat-induced group was measured by the RT-qPCR method. (b). The mRNA level of snail in A549
cells of the control group and paraquat induced group was measured by the RT-qPCR method. (c). The protein expression of NF-«B and snail
in A549 cells of the control group and paraquat-induced group was measured by the western blot method. **P < 0.01.

assay to study the effects of paraquat on mRNA and protein
of NF-«B and snail in A549 cells. Our data showed that the
level of mRNA of NF-xB and snail in A549 cells of the
paraquat-treated group was significantly higher than that of
the control group (Figures 2(a) and 2(b)). Furthermore, the
results of western blot also demonstrated that the protein
expression is a consistent trend with mRNA (Figure 2(c)).
The above results all confirmed that paraquat could induce
the NF-«B/snail signaling pathway in A549 cells.

3.3. Imrecoxib Can Inhibit the Proliferation and Migration of
PPF Cells. Primary pulmonary fibrosis cells (PPF cells) are a
kind of cells with mesenchymal phenotype, which are
extracted from the lungs of paraquat-treated mice. PPF cells
were set into two groups: control group and imrecoxib-
treated group. According to the results of MTT, the cell via-
bility of PPF cells treated with imrecoxib was lower than that
without imrecoxib (Figure 3(a)). The results showed that
imrecoxib could inhibit the proliferation of PPF cells.
Besides, the findings of cell wound-healing assays and trans-
well revealed that the invasion and migration ability of PPF
cells in the imrecoxib-treated group was much weaker when
compared with THE control group. In other words, imre-
coxib can significantly inhibit the invasion and migration
ability of PPF cells (Figure 3(b)). The above experiments
showed that imrecoxib can suppressed the proliferation,
migration, and invasion functions of PPF cells.

3.4. Imrecoxib Can Inhibit the Proliferation and Migration of
HFL]1 Cells. HFL1 cell is a human fetal pulmonary fibrosis cell
with mesenchymal phenotype. Similar to the result of imre-

coxib on PPF cells, MTT test showed that imrecoxib could
inhibit the proliferation of HFLI cells (Figure 4(a)), and the
wound-healing test showed that imrecoxib could inhibit the
migration of HFL1 cells (Figure 4(b)). These results indicated
that the drug imrecoxib can also inhibit the proliferation and
migration HFL1 cells.

3.5. Imrecoxib Can Inhibit Paraquat-Induced EMT in Lung
Epithelial Cell A549. We further studied the effect of
imrecoxib on EMT of A549 cells induced by paraquat. We
set three groups: control group (untreated A549 cells),
imrecoxib-treated group (paraquat-induced A549 cells were
treated with imrecoxib), paraquat-induced group (para-
quat-induced A549 cells).We measured the content of E-
cadherin and vimentin by western blot in three groups,
respectively. The results displayed that the E-cadherin level
of A549 cells in the control group was the highest, followed
by that in the imrecoxib-treated group and the lowest in the
paraquat-induced group. In contrast to the E-cadherin
expression, the vimentin expression of A549 cells in the con-
trol group was the lowest, the imrecoxib-treated group was
the second highest, and the vimentin expression of A549 cells
in the paraquat-induced group was the highest (Figure 5(a)).
The above experimental results show that imrecoxib can
affect the expression of EMT-related proteins; specifically,
imrecoxib can inhibit paraquat-induced EMT in lung epithe-
lial cell A549.

3.6. Imrecoxib Can Inhibit Paraquat-Induced the NF-
kB/Snail Signaling Pathway in Lung Epithelial Cell A549.
Our experiments have confirmed that paraquat can induce
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F1cure 3: Effects of imrecoxib on the proliferation and migration and of PPF cells in vitro. (a) The effect of imrecoxib on the proliferation
ability of PPF cells was measured by the MTT assay. (b). The effect of imrecoxib on the migration ability of PPF cells was measured by the
scratch test. (c) The effect of imrecoxib on the invasion ability of PPF cells was measured by transwell. **P < 0.01; ***P < 0.001.

the NF-«B/snail signal pathway of A549 cells. What we need
to study next is the relationship between imrecoxib and the
signal pathway. We divided A549 cells into three groups:
control group (untreated A549 cells), imrecoxib-treated
group (paraquat-induced A549 cells were treated with imre-
coxib), paraquat-induced group (paraquat-induced A549
cells). First, we measured the miRNA transcription level of
NF-xB and snail of A549 cells in three groups by RT-qPCR.
The results displayed the mRNA level of NF-«B and snail
in paraquat-induced group was the highest, that of the
mRNA level of the control group was the lowest, and that

of the mRNA level in the imrecoxib-treated group was
between that of the control group and paraquat-induced
group. The above results confirmed that imrecoxib could
suppress the mRNA level of NF-«B and snail in paraquat-
induced A549 cells (Figure 6(a)). We further studied the
effect of imrecoxib on NF-xB and snail protein in paraquat-
induced A549 cells by western blot, which showed that the
two protein content was the highest in the paraquat-
induced A549 cell group and the lowest in A549 cells of the
control group. The two protein levels in the imrecoxib-
treated group were between the control group and
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F1GURE 5: The effect of imrecoxib on the mRNA expression of E-cadherin and vimentin in paraquat-induced A549 cells was assessed by RT-

qPCR. #P < 0.05; **P < 0.01; ***P < 0.001.

paraquat-induced group. Our data showed that imrecoxib
could affect the expression of NF-«B and snail protein in
paraquat-induced A549 cells; specifically, imrecoxib could
inhibit the expression of NF-xB and snail protein in
paraquat-induced A549 cells (Figure 6(b)). The above exper-
imental results confirmed that imrecoxib can not only
inhibit the transcription levels of NF-xB and snail in
paraquat-induced A549 cells but also can inhibit the protein
expression levels.

4. Discussion

Imrecoxib is a kind of drug that can moderately inhibit COX-
2 to play an anti-inflammatory role. It has a good inhibition
of inflammation and pain, but also reduces the chance of gas-
trointestinal tract stimulation and cardiovascular damage
[16]. At present, only a few studies have confirmed that imre-
coxib can repress the invasion and metastasis of NSCLC, but
the mechanism is not clear. It is only speculated that the pos-
sible mechanism is to inhibit the inactivation of PTEN pro-

tein, interfere with PI3K/Akt signal transduction, block cell
cycle in the G1 phase, or promote apoptosis [21]. But at pres-
ent, there is almost no research on imrecoxib in the pulmo-
nary fibrosis field. For the sake of research on the effect of
imrecoxib on pulmonary fibrosis cells, we carried out MTT
and wound-healing assays. The current experimental results
demonstrated that imrecoxib can inhibit the proliferation,
migration, and invasion of PPF and HFL1 cells.

The main cause of paraquat poisoning is that it can cause
pulmonary fibrosis. There are many studies on the mecha-
nism of paraquat inducing pulmonary fibrosis. EMT plays
an important role in paraquat-induced pulmonary fibrosis
[22]. Tt has been confirmed that paraquat can activate the
Whnt/f-Catenin signal pathway and then induce EMT of type
IT alveolar epithelial cells, which is mainly manifested as the
decrease of the E-cadherin expression and the increase of
the vimentin expression [23]. More and more evidence
showed that cytokines play an essential role in EMT. For
example, transforming growth factor 8 (TGF-f) is consid-
ered to be one of the main cytokines in paraquat-induced
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F1GURE 6: The effect of imrecoxib on NF-«B and snail mRNA transcription and protein expression in paraquat-induced A549 cells. (a, b) The
effect of imrecoxib on the mRNA level of NF-«B and snail in paraquat-induced A549 cells was determined by the RT-qPCR method. (c) The
effect of imrecoxib on the protein expression of NF-«B and snail in paraquat-induced A549 cells was measured by the western blot method.

#P <0.05; **P < 0.01.

pulmonary fibrosis, and it is also a research hotspot of
scholars at home and abroad. Paraquat can induce EMT
and active TGF-3/Smad signal pathway [24, 25]. Our results
showed that paraquat can activate EMT by inhibiting E-
cadherin mRNA and protein expression of A549 cells and
promoting vimentin mRNA and protein expression. And
our experimental results indicated that imrecoxib can reduce
the inhibition on E-cadherin and promotion on vimentin in
paraquat-induced A549 cells and then inhibit the EMT
activated by paraquat, so as to treat paraquat-induced pul-
monary fibrosis.

Moreover, studies have shown that paraquat can activate
inflammatory related factors including TNFa, NF-«B, inter-
leukin 13, and IL-6, which in turn contribute to the develop-
ment of pulmonary fibrosis [26]. NF-x¥B is a crucial
transcription regulator, which plays an extremely important
function in the process of inflammation, immunity, and apo-
ptosis. In addition, NF-«B is also involved in the occurrence
and development of fibrosis by regulating transcription fac-
tors related to fiber growth, such as PDGF and TGF-f1.
The expression product of the snail gene is a transcription
factor that plays an important effect in the process of EMT.
We evaluated the expression of NF-xkB and snail mRNA
and protein in paraquat-induced A549 cells. The results

showed that paraquat could activate the transcription of
NF-«B and snail mRNA and protein in A549 cells. Moreover,
we further evaluated the effect of imrecoxib on NF-«B and
snail in paraquat-induced A549 cells. The results proved that
the level of miRNA transcription and protein expression of
NF-«B and snail in A549 cells activated by paraquat was
alleviated after treatment with imrecoxib. These results sug-
gest that imrecoxib can attenuate the activation of NF-«B
and snail induced by paraquat and thus play a role in the
treatment of pulmonary fibrosis. The NF-xB pathway acti-
vates the snail expression through transcriptional and post-
translational mechanisms. Moreover, NF-«B can be bind to
the promoter of snail, further to increase the transcription
of the snail. Therefore, imrecoxib can inhibit paraquat-
induced pulmonary fibrosis by inhibiting the NF-xB/snail
signal pathway.

To sum up, we first established the A549 cell model
induced by paraquat and confirmed that paraquat can
change the transcription and protein expression ability of
E-cadherin and vimentin in A549 cells at the level of gene
transcription and protein expression, indicating that para-
quat can activate the EMT of A549 cells. Then, by measuring
the mRNA and protein expression of NF-«B and snail in
A549 cells induced by paraquat, we proved that paraquat



activated the NF-«B/snail signal pathway in A549 cells. Next,
we assessed the influence of imrecoxib on PPF and HFLI
cells. The results showed that imrecoxib could suppress the
proliferation and migration of PPF and HFL1 cells. Finally,
we found that imrecoxib can activate the EMT in A549 cells
induced by paraquat, accompanied by the activation of the
NF-«B/snail signal pathway. Our study shows that imrecoxib
are expected to be an effective drug for paraquat-induced
pulmonary fibrosis. Therefore, our research not only pro-
vides a new idea to treat paraquat-induced pulmonary fibro-
sis but also intends the treatment methods of imrecoxib.
However, the effect or mechanism of imrecoxib in treating
pulmonary fibrosis needs further study.

5. Conclusion

Our results confirm that imrecoxib can inhibit EMT of
paraquat-induced A549 cells and alleviate paraquat-induced
pulmonary fibrosis through the NF-xB/snail signal pathway.
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