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into four groups of 10 rats each: a
a model + natural saline group (
mechanical ventilation, drug in
mechanical ventilation an istopathological changes and the wet/dry (W/D)
weight ratio of the pulmo dentified. The levels of tumor necrosis factor a
-N-terminal kinase (JNK) and phosphorylated c-Jun
N-terminal kinase' tected using immunohistochemistry.

group C, the pulmonary histopathology in groups M, N, and
es associated with COPD. Furthermore, the W/D weight ratio and
p-JNK in the pulmonary tissue increased in groups M, N, and D (P
cvels of IL-10 decreased (P < 0.05). Compared with group M, no
significant changes in the above indicators were detected in the pulmonary tissue

Conclusion: Doxofylline might attenuate pulmonary inflammatory responses in mechani-
cally ventilated rats with COPD, and the JNK/stress-activated protein kinase signaling
pathway is involved in doxofylline’s inhibition of inflammatory responses in the pulmonary
tissue of rats with COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is currently the fourth leading
cause of death worldwide, killing at least 3 million people globally each year,'
and it is predicted to become the third leading cause of death by 2030.% The airflow
limitation caused by COPD is usually progressive and is associated with an
abnormal inflammatory response of the pulmonary tissue to harmful gases or
particles. Patients with COPD experience local infections, injuries, and other
inflammatory lesions as well as systemic reactions. With advances in clinical
anesthesia and surgical techniques, there has been an increase in the number of
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patients with COPD undergoing surgery, during which
they are anesthetized and mechanically ventilated.® This
ventilation can lead to increased airway pressure and cause
an increased inflammatory response in the lungs.

Doxofylline, a xanthine derivative, has a good and
long-lasting bronchodilator effect. It inhibits the activity
of phosphodiesterases in the cells, thereby increasing the
intracellular concentration of cyclic adenosine monopho-
sphate and reducing the airway pressure and incidence of
air-pressure injury in mechanically ventilated patients.* Its
effects have been well demonstrated in patients with
asthma and COPD.>® A study by Zhang et al* showed
that doxofylline can also affect the progression of inflam-
mation and achieve anti-inflammatory effects. Compared
to aminophylline, doxofylline has a reduced affinity for the
adenosine Al and A2 receptors’ and has fewer adverse
cardiovascular effects, offering a better safety profile and
a better user experience. The results of a clinical meta-
analysis conducted by Cazzola et al® support these
findings.

Smoking is a major causative factor of COPD.
Lipopolysaccharide (LPS) can induce the release of
tumor necrosis factor oo (TNF-a) and other inflammatory
mediators in the pulmonary tissue in patients with CO
and promote the activation process of neutrophils an
eosinophils, which then promotes the infiltratigams

COPD.”!'! Preclinical

ed in modulating the
,'? which corresponds

Based on thi
aimed to provide a

earch background, the present study
coretical basis for the mechanism of
the action of doxofylline. To achieve this, it evaluated the
protective effect of doxofylline on the lungs of mechani-
cally ventilated rats with COPD by investigating the
inflammatory indicators in the pulmonary tissue in the
cigarette smoke- and LPS-induced COPD rat model. In
addition, it investigated the role of the c-Jun-N-terminal
kinase/stress-activated protein kinase (JNK/SAPK) signal-
ing pathway in reducing the inflammatory response

through the use of doxofylline in mechanically ventilated
rats with COPD.

Materials and Methods

Experimental Material

Experimental Material and Apparatus

The following materials and apparatus were used in this
study: doxofylline (batch number 20160115, Jiangsu Enhua
Pharmaceutical Co., China), Fu lJian cigarettes (Fujian
Province China Tobacco Industry Co., China), LPS (batch
number L2880-10MG, Sigma, USA [ '
linked immunosorbent assay (E
10 (IL-10) ELIS
Biotechnology Co., Chi

leukin Preferred

les (Shanghai Po Wan
), horseradish peroxidase-labeled
antibodies (Shanghai Biyuntian
nology, China), an Image-Pro Plus 6.0
are system (Media Cybernetics, USA),

of Animals

total of 64 eight-week-old clean-grade male Sprague
wley rats, weighing 200-250 g, were purchased from
uzhou Minhou County Wu’s Laboratory Animal Trade
Co. (laboratory animal certificate number: SCXK,
Shanghai, 2012-0002). The rats were kept in Quanzhou
Medical College’s animal center laboratory at a constant
temperature, with free access to food and water. All experi-
ments were evaluated and approved by the Ethics
Committee of the Fujian Medical University (No. 37,
2018) and complied with the National Institutes of Health
Guides for the Care and Use of Laboratory Animal Use.

Methods

Construction of the COPD Rat Model and Grouping
The rats were randomly divided into two groups: a control
group (n = 16) and a model group (n = 48). Using the
modeling method of Tang'® and Luo et al,'* the rats in the
model group were placed in a 4 L glass resin container and
exposed to smoke from three lit unfiltered cigarettes for 30
minutes a day for 60 days. They received 200 pg of LPS (200
pg/200 pL) intratracheally on day 1 and day 30. The rats in the
control group were kept in normoxia for 60 days and received
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0.2 mL of natural saline (NS) intratracheally on day 1 and day
30. The feeding conditions were the same in each group.

Mechanical Ventilation, Drug Intervention, and the
Extraction of the Experimental Material

After the successful construction of the model, 30 rats were
randomly selected from the surviving rats in the model
group and divided into a model group (group M), a model
+ natural saline group (group N), and a doxofylline group
(group D), with 10 rats in each group. A further 10 rats were
randomly selected from the surviving rats in the control
group to create a new control group (group C). All the rats
were anesthetized with 1% pentobarbital sodium (40 mg/kg)
by intraperitoneal injection and underwent intubation of the
right femoral vein. Intratracheal intubation was conducted
and connected to a small-animal artificial ventilator.

Sprague-Dawley Rats
(n=64)

Control group
(n=16)

Parameters for the mechanical ventilation: tidal volume
= 8 mL/kg, inhalation-to-expiration ratio = 1:1, frequency of
respiration = 80 times/min, inhaled oxygen concentration =
0.5, and positive end-expiratory pressure = 0 (Figure 1).

After intubation, the rats in group D were immedi-
ately given an intravenous injection of 50 mg/kg of
doxofylline (dissolved in 0.2 mL of NS), following
Rao et al,” while the rats in groups C and N were
immediately given an intravenous injection of an equal
volume of NS. The rats in group M were not given an

intravenous injection. All the

eriment was
Animal Ethics
al Unigersity (No. 37, 2018).

approved by
Committee of Kuj

Kept under normoxia fo

Cigarette smoke exposure and intra-tracheal
injection of LPS for 2 months

~
10 were randomly 30 were randomly
selected selected
| Randomly divided into M, N and D group
M group N group D group
(n=10) (n=10) (n=10)

Given intravenous
injection of doxofylline

Given intravenous
injection of saline

ch group were anesthetized, intubated with tracheal intubation and mechanically ventilated

\
Pathological JNK, P-JINK JNK, P-JNK
examination of lung were detected by were detected by W/D, TNF- (;1 andd
tissue Western blot immunohistochemistry IL-10 were detecte

Figure | Flowchart of the study design of the animal model.

International Journal of Chronic Obstructive Pulmonary Disease 2021:16

https:

2377

Dove!


https://www.dovepress.com
https://www.dovepress.com

Liu et al

Dove

Measurement of the Wet/Dry (W/D) Weight Ratio
and the Pathology of the Pulmonary Tissue
Following the full exposure of the thoracic and abdominal
cavities of the rats, the wet weight of the lung was deter-
mined by weighing the upper lobe of the right lung. This
lobe was then placed in a drying oven at 70°C for 24 hours
to reach a constant weight, and the dry weight of the lung
was weighed and the W/D ratio calculated. The separated
middle lobe of the right lung was fixed in 10% formalin
solution, embedded in paraffin, and serially sectioned into
three sets. One set was taken for routine hematoxylin and
eosin (H&E) staining to analyze and observe the histo-
pathological changes in the lung.

Determination of the TNF-a and IL-10
Concentrations via ELISA

The lower lobe of the right lung was removed from the
freezing tube, and the tissue homogenate was prepared.
Following the preparation of the standard solution, the
sample was added and the plate was washed. The working
solutions containing the primary antibody, the enzyme-
labeled antibody, the substrate, and the termination solu-
tion were added successively, and the absorbance value
was measured at 450 nm with a microplate reader.

Detection of the Changes in JNK and p-JNK via
Immunohistochemistry

A total of 30 mg of the lower lobe tissue o
was added to a sterile Eppendorf tube,
concentration of the lung tissue
a bicinchoninic acid assay. Ne

using the semi-dry m
the samples werg

goat anti-rabbit secoMary antibodies (1:5000) were added,
and the samples were incubated at room temperature.
Incubation with electrogenerated chemiluminescence solu-
tion, X-ray exposure and development, and washing was
then conducted. The gray value of the target protein was
represented by the ratio of the gray value of the target
protein to the gray value of the internal reference GAPDH.

Two sets of paraffin-embedded pulmonary tissue
underwent routine deparaffinization until hydration, and

the expression of JNK and p-JNK was detected according
to the instructions of the immunohistochemistry Kkit.
A total of 0.01 mmol/L of phosphate-buffered saline was
used instead of the primary antibody in the negative con-
trol group. A multifunctional true-color cell image analysis
and management system (Image-Pro Plus v. 5.1) selected
five visual fields, and the average optical density of each
field was calculated. These averages were used as the final
average optical density value of each slice.

Statistical Analysis
SPSS 20.0 software was used fe

ifferent, a post-test was used to
differences between the two groups in

was considered to be statistically

/D Ratio and Levels of TNF-a and IL-10
Compared with group C, the W/D ratio of the pulmon-

ary tissue and levels of TNF-a increased in groups M,
N, and D (P < 0.05), while the levels of IL-10 decreased
(P < 0.05). There was no statistical significance in the
above indicators between group M and group N (P >
0.05). Compared with group N, the W/D ratio of the
pulmonary tissue and levels of TNF-a in group
D decreased (P < 0.05), while the levels of IL-10
increased (P < 0.05). See Table 1.

Table | The Comparison of the Wet/Dry Weight Ratio, and the
Levels of TNF-a and IL-10 in the Pulmonary Tissue in Various
Groups of Rats (n=10, ts)

Groups WID Levels TNF-a (pg/mL) IL-10 (pg/mL)
Group C | 3.66%0.043 199.19£3.25 132.45£3.37
Group M | 4.80£0.10° 247.5816.01° 83.0749.50°
Group N | 4.83+0.08% 243.2242.06% 89.53+14.80°¢
Group D | 4.24£0.02°" 219.2618.41<" 113.23£5.84"

Notes: Compared with group C, “P < 0.05; compared with group N, "P < 0.05,
compared with group D, 4P<0.05.
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Changes to the Small-Airway

The structure of the small-airway mucqg

edema, a large nu
the airway muco

he histol0gical changes in groups M and N.
hibited reduced small-airway mucosal edema
and inflammatoi¥Pcell infiltration compared with group N,
with mild hyperplasia and hypertrophy of the submucosal
gland, a decreased number of alveoli, and the formation of

bullae by a few ruptured alveoli. See Figure 2.

JNK and p-JNK Expression

Figures 3 and 4 show the immunohistochemistry results, with
the brown—yellow particles representing the positive staining
cell components of immunohistochemistry. The average

density values of JNK and p-JNK in the lung tissue
of the rats in each group are shown in Table 2, while the
protein expression levels are shown in Figures 5 and 6.
Compared with group C, the expression of JNK and p-JNK
in the pulmonary tissue in groups M, N, and D were up-
regulated (P < 0.05), and the corresponding average optical
density increased (P < 0.05). There were no significant differ-
ences in the expression of JNK and p-JNK or the correspond-
ing average optical density in groups M and N (P > 0.05).
Compared with group N, the protein expression of JNK and
p-JNK in the pulmonary tissue in group D decreased (P
<0.05).

Discussion

Pathological changes are a key feature in the confirmation
of the development of COPD. A pathological examination
can determine whether the pathological changes in the
airway and lung parenchyma are in line with the typical
changes associated with COPD. The typical airway patho-
logical manifestations of COPD are as follows: airway
submucosal gland hyperplasia and hypertrophy, hyperse-
cretion, an increase in goblet cells, and focal hyperplasia
and squamous metaplasia of the mucosal epithelium. In

International Journal of Chronic Obstructive Pulmonary Disease 2021:16
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Figure 3 Measurement of JNK expression using the immunohistochemistry of lung tissue (m
protein components of immunohistochemistry. C: a control group (group C), M: a model gro|

group (group D).

bullae.!>!®

Compared with the cq

COPD, indicating tha
fully constructed

d increased alveolar—capillary perme-
id that passes through the endothelial
barrier and accumul®s in the pulmonary interstitium may
result in diffused edema of the pulmonary tissue, which
can manifest as an increase in the W/D ratio of the pul-
monary tissue. In the present study, the W/D ratios of
groups M, N, and D increased compared with those of
group C, indicating that the constructed rat model con-
formed to the edema of the pulmonary tissue in COPD.
The W/D ratio of the rats in group D after treatment

decreased compared with those in group N, indicating

at doxofylline was able to reduce the tissue edema
used by the pulmonary inflammation and have
a therapeutic effect on COPD.

TNF-o is mainly produced by the activation of
monocytes and macrophages. Excessive TNF-o can
increase the permeability of microvascular walls and
directly activate neutrophils and macrophages, leading
to the synthesis and excessive release of inflammatory
mediators such as IL-8, which mediates the continuous
accumulation of a large number of neutrophils in the
lungs and promotes the degranulation of neutrophils and
the release of elastase and metalloproteinases. This
causes local tissue damage, triggers the respiratory
storm of neutrophils, enhances local lymphocyte infiltra-
tion and proliferation in the inflammation, and kills
invading pathogens. Fu et al'” found that TNF-o directly
mediates the inflammatory response in COPD and that
the inflammatory mediators produced locally in the
lungs are transferred into blood circulation, which
causes pulmonary injury, aggravates the development
of emphysema, and ultimately leads to the remodeling
of the airway structure.
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200). Brownish-yellow particles indicate the positive staining
N: a model + natural saline group (group N), D: a doxofylline

of TNF-a and IL-10 in the pulmonary tissue in groups
M, N, and D increased compared with the control group,
while in group D they decreased compared with group
N. This indicates that doxofylline is able to reduce the
levels of the inflammatory factor TNF-a and increase the
levels of the anti-inflammatory cytokine IL-10 in rats
with COPD, thereby alleviating the pulmonary injury
caused by inflammation and improving the condition of
the rats.

mediators IL-10 and The JINK/SAPK signaling pathway is a member of the
factor B) increases, which  mitogen-activated protein kinase (MAPK) family of sig-

gulated, and the pro-

osuppression and reduces the naling systems. Inflammation, stress stimulation, and LPS
eaction. In the present study, the levels are among the conditions that can activate the JNK

Table 2 The Comparison of the Levels of JNK and p-JNK in the Pulmonary Tissue in Various Groups of Rats (n=10, +s)

Groups | The Relative Grayscale | The Relative Grayscale of | The Average Optical The Average Optical Density
of JNK p-JNK Density of JNK of p-JNK

Group C | 1.515+0.042 0.829+0.013 0.200+0.004 0.184+0.007

Group M | 1.930£0.088° 1.961+0.030° 0.384+0.005° 0.364+0.007¢

Group N | 1.897+0.071° 1.958+0.01 1 0.390+0.006° 0.363+0.011°

Group D | 1.636£0.025" 1.372+0.01 <" 0.278+0.01 1" 0.232+0.009°"

Notes: Compared with group C, °P < 0.05; compared with group N, "P < 0.05, compared with group D, P<0.05.
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JNK

B -actin

Figure 5 The protein expression levels of JNK were determined by the Western
blot. C: a control group (group C), M: a model group (group M), N: a model +
natural saline group (group N), D: a doxofylline group (group D).

C N D

P-INK

M
—

B -actin| «—

Figure 6 The protein expression levels of p-JNK were determined by the Western
blot. C: a control group (group C), M: a model group (group M), N: a model +
natural saline group (group N), D: a doxofylline group (group D).

signaling pathway. TNF-a and IL-6, which are secreted
the mononuclear macrophages under the action of exte
factors, can activate the MAPK signaling pathway throug
a three-stage enzymatic cascade reaction ig
upstream regulators of the JNK signaling 4

measured to inve@eate the extent of inflammatory injury
in rats with COPD 3
a protective effect on pulmonary inflammatory response.
The results showed that the expressions of JNK and p-JNK
in groups M, N, and D increased compared with those of

bk to identify whether doxofylline has

group C and that they were lower in group D than in group
N. This suggests that doxofylline has an inhibitory effect
on the JNK/MAPK pathway in COPD, improving the
INK/MAPK pathway-mediated inflammatory response
and alleviating the repeated airway remodeling process

caused by the activation and aggregation of neutrophils
in the airway mucosa. This then alleviates airflow restric-
tion and contributes to the control of COPD.

This experiment has a number of limitations. We did
not observe the effect of doxofylline on the mechanical
ventilation pressure during the mechanical ventilation of
the COPD rats nor the macrophages, lymphocytes, neutro-
phils, and eosinophils in the lung tissue. It is hoped that
the influence of the ratio of acidic granulocytes will be
further explored in future studies.

Conclusion
By constructing a COPD grat

of doxofylline into the
as pharmacological interven-
ological changes of the pul-
ach group of rats. The W/D ratio and
TNF-a, IL-10, JNK, and p-JNK in
tissue were detected. The results of

he W/D ratio and the levels of TNF-a, IL-10, JNK,
d p-JNK in the pulmonary tissue of the rats in
groups N and D, it was found that doxofylline might
attenuate the pulmonary tissue edema caused by
increased capillary permeability and edema fluid accu-
mulation in the pulmonary interstitium, which were
induced by the inflammatory response. In addition,
doxofylline might cause a decrease in the inflammatory
TNF-a and an
inflammatory cytokine IL-10, which would inhibit the

cytokine increase in the anti-
inflammatory process triggered by the JNK/SAPK
pathway, reduce small-airway inflammatory cell infil-
tration and airway mucus secretion, improve the small-
airway obstruction caused by mucus, alleviate airflow
limitation, and improve ventilation in patients with
COPD.

The JNK/SAPK signaling pathway might be involved
in the process of the control of doxofylline in the pulmon-
ary tissue inflammatory response and the reduction of the
small-airway inflammatory cell infiltration in rats with
COPD, which might be correlated with the mechanism of
the therapeutic effect of doxofylline on COPD.
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Animal Use.

Acknowledgments
We are particularly grateful to all the people who have
given us help on our article.

Funding

This study was funded by the Fujian Natural Science
Foundation (2017J01275) and Guiding (key) project of
social development in Fujian Province (2017Y0029).

Disclosure
The authors declare that they have no competing interests.

References

1. Schluger NW, Koppaka R. Lung disease in a global context. A call for
public health action. Ann Am Thorac Soc. 2014;11(3):4Q2-416.
doi:10.1513/AnnalsATS.201312-420PS

2. Givi ME, Redegeld FA, Folkerts G, Mortaz E. Dendritic gl
pathogenesis of COPD. Curr Pharm Des. 2012;18(16):2329
doi:10.2174/138161212800166068

3. Vestbo J, Hurd SS, Agusti AG, et al. Global strg

4. Zhang Y, Zeng K, Wang J, Gao
antiasthmatic target of do

Recognit.  2016;29

International Journal of Chronic Obstructive Pulmonary Disease

Publish your work in this journal

The International Journal of COPD is an international, peer-reviewed
journal of therapeutics and pharmacology focusing on concise rapid
reporting of clinical studies and reviews in COPD. Special focus is
given to the pathophysiological processes underlying the disease, inter-
vention programs, patient focused education, and self management

7. Rao RN, Prasad KG, Naidu C, Saida S, Agwane SB. Development of
a validated LC-MS/MS method for determination of doxofylline on
rat dried blood spots and urine: application to pharmacokinetics.
J Pharm Biomed Anal. 2013;78-79:211-216. doi:10.1016/j.
jpba.2013.02.017

8. Cazzola M, Calzetta L, Barnes PJ, et al. Efficacy and safety profile of
xanthines in COPD: a network meta-analysis. Eur Respir Rev.
2018;27(148):180010. doi:10.1183/16000617.0010-2018

9.Churg A, Cosio M, Wright JL. Mechanisms of cigarette
smoke-induced COPD: insights from animal models. Am J Physiol
Lung Cell Mol Physiol. 2008;294(4):L612-L631. doi:10.1152/
ajplung.00390.2007

10. Beckett EL, Stevens RL, Jarnicki AG, et al. A new short-term mouse
model of chronic obstructive pulmonary disease identifies a role for
/! in Immunol. 2013;131

1

—_

. Chen ZY, Zhang Y, Wu JH, et
hydrochloride and its effe

of penehyclidine
esponse of lung
disease during
mechanical ventilat Pulmon  Dis.
2021;16:877-885.

12. Riffo-Vasquez

uct

71021/jm5007534

C, Feng JT, Hu CP, Xie XY, Ma LJ. Downregulation
kocyte proteinase inhibitor in chronic obstructive lung
le of TGF-beta/Smads signaling pathways. Arch Med

JA, Aziz 1, Ojoo JC, Morice AH. Evaluation of impulse

i]lation system: comparison with forced oscillation technique and

body plethysmography. Eur Respir J. 2002;19(6):1214-1215.

doi:10.1183/09031936.02.01922001

16. Suki B. Fluctuations and power laws in pulmonary physiology. 4m
J Respir Crit Care Med. 2002;166(2):133-137. doi:10.1164/
rcem.200202-152PP

17. FulJ, McDonald VM, Baines KJ, Gibson PG. Airway IL-1p and systemic
inflammation as predictors of future exacerbation risk in asthma and
COPD. Chest. 2015;148(3):618-629. doi:10.1378/chest.14-2337

18. Duell BL, Tan CK, Carey AJ, Wu F, Cripps AW, Ulett GC. Recent
insights into microbial triggers of interleukin-10 production in the
host and the impact on infectious disease pathogenesis. FEMS
Immunol Med Microbiol. 2012;64(3):295-313. doi:10.1111/j.1574-
695X.2012.00931.x

19. Li C, Shi Q, Yan Y, et al. Recuperating lung decoction attenuates the
oxidative stress state of chronic obstructive pulmonary disease by
inhibiting the MAPK/AP-1 signal pathway and regulating y-GCS.
Evid Based Complement Alternat Med. 2017;2017:9264914.

Dove

protocols. This journal is indexed on PubMed Central, MedLine
and CAS. The manuscript management system is completely online
and includes a very quick and fair peer-review system, which is
all easy to use. Visit http://www.dovepress.com/testimonials.php to
read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-chronic-obstructive-pulmonary-disease-journal

International Journal of Chronic Obstructive Pulmonary Disease 2021:16

[ f] 2383

Tl in u Dove


https://doi.org/10.1513/AnnalsATS.201312-420PS
https://doi.org/10.2174/138161212800166068
https://doi.org/10.1164/rccm.201204-0596PP
https://doi.org/10.1002/jmr.2549
https://doi.org/10.1515/jbcpp-2015-0006
https://doi.org/10.1515/jbcpp-2015-0006
https://doi.org/10.2147/COPD.S150887
https://doi.org/10.1016/j.jpba.2013.02.017
https://doi.org/10.1016/j.jpba.2013.02.017
https://doi.org/10.1183/16000617.0010-2018
https://doi.org/10.1152/ajplung.00390.2007
https://doi.org/10.1152/ajplung.00390.2007
https://doi.org/10.1016/j.jaci.2012.11.053
https://doi.org/10.2147/COPD.S295329
https://doi.org/10.1016/j.pupt.2014.01.001
https://doi.org/10.1021/jm5007534
https://doi.org/10.1016/j.arcmed.2008.02.002
https://doi.org/10.1183/09031936.02.01922001
https://doi.org/10.1164/rccm.200202-152PP
https://doi.org/10.1164/rccm.200202-152PP
https://doi.org/10.1378/chest.14-2337
https://doi.org/10.1111/j.1574-695X.2012.00931.x
https://doi.org/10.1111/j.1574-695X.2012.00931.x
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Experimental Material
	Experimental Material and Apparatus
	Selection of Animals

	Methods
	Construction of the COPD Rat Model and Grouping
	Mechanical Ventilation, Drug Intervention, and the Extraction of the Experimental Material
	Measurement of the Wet/Dry (W/D) Weight Ratio and the Pathology of the Pulmonary Tissue
	Determination of the TNF-α and IL-10 Concentrations via ELISA
	Detection of the Changes in JNK and p-JNK via Immunohistochemistry

	Statistical Analysis

	Results
	W/D Ratio and Levels of TNF-α and IL-10
	Changes to the Small-Airway Mucosa
	JNK and p-JNK Expression

	Discussion
	Conclusion
	Ethics Approval and Consent to Participate
	Acknowledgments
	Funding
	Disclosure
	References

