Int J Clin Exp Med 2015;8(4):5227-5235
www.ijcem.com /ISSN:1940-5901/1JCEM0005160

Original Article

Budesonide mitigates pathological changes in animal
model Of COPD through reducing neutrophil elastase
expression

Lihong Wang®", Bin Zhang?*, Zhu Li%, Junhong Li%, Qing Liu3, Wuzhuang Sun*

1Department of Respiratory Medicine, First Hospital of Hebei Medical University, China; 2Department of
Emergency, First Hospital of Hebei Medical University, China; >Department of Respiratory Medicine, Geriatrics
Hospitals in Hebei Province, China. “Equal contributors.

Received December 23, 2014; Accepted February 11, 2015; Epub April 15, 2015; Published April 30, 2015

Abstract: Objectives: This study was conducted to investigate a molecular mechanism by which budesonide inhala-
tion may mitigate pathological responses of cigarette smoke-induced COPD. Methods: Rats were exposed to air
(control) and cigarette smoke (smoking) in the presence and absence of budesonide. Cell count in bronchoalveolar
lavage fluid (BALF), lung function test, mean liner intercept in lung tissue, mean alveolar number, right ventricular hy-
pertrophy index (RVHI) and morphological changes in lungs were assessed, respectively. Alpha-1 antitrypsin (A1AT)
and neutrophil elastase (NE) mRNA expression in lung tissues and their protein productions in BALF were examined
as well. Results: Smoking rats showed significant changes in the above assessments as compared to those of the
control rats (all P < 0.01 or 0.05). Budesonide applied for the smoking rat significantly decreased differential cell
counts in BALF and ameliorated lung function and RVHI (P < 0.01 or 0.05) with mitigated peribronchiolar inflamma-
tion and pulmonary bullae formation in the smoke-exposed lungs. Treatment with budesonide resulted in obvious
decreases in NE mRNA and protein expression levels (both P < 0.05). Conclusion: Budesonide inhalation serves to
improve lung function and right ventricular dysfunction through attenuating pulmonary inflammatory response and
NE expression level in the diseased lungs.
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Introduction

Chronic obstructive pulmonary disease (COPD)
is a type of obstructive lung disease character-
ized by airflow limitation that is not fully revers-
ible but usually progressive and associated
with an inflammatory response of the lung [1].
The inflammatory cells involved mainly include
neutrophil granulocytes and macrophages, two
types of white blood cell [2, 3]. The primary risk
factor for COPD globally is tobacco smoking
which subsequently leads to a series of pulmo-
nary structure changes [4]. Moreover, advanced
COPD can lead to pulmonary hypertension due
to low oxygen levels in the alveoli and thereby
harm heart [5]. Though there is no known cure
for COPD that is an important cause of morbid-
ity, mortality and hospital admissions, the
symptoms are treatable and progression of the

disease can be delayed, and most cases of
COPD are potentially preventable.

Budesonide is a man-made glucocorticoid ste-
roid related to the naturally-occurring hormone,
cortisol or hydrocortisone which is produced in
the adrenal glands and has a potent anti-inflam-
matory action [6]. When used as an inhaler, the
agent goes directly to the inner lining of the
inflamed airways to exert its effects. Although
the role of many corticosteroids in COPD pati-
ents is controversial because of questionable
benefit and potentially significant drug toxicity
[7], regular treatment with budesonide inhala-
tion has been shown to reduce the frequency of
COPD exacerbation and improve health status
in patients [8]. Budesonide therefore has widely
been prescribed for COPD patients as the in-
haled steroid may treat stable symptoms of
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COPD that are slowly getting worse. Since COPD
is a multicomponent disease that includes air-
way inflammation, air flow limitation, airway
structural changes and an imbalance between
proteases and antiproteases found in the dis-
eased lung tissues [9], it would be valuable to
validate how this steroid may influence patho-
logical changes in COPD with a pharmacologi-
cal intervention applied for its clinical interest.

This study is to investigate the effect of inhaled
budesonide on cigarette smoke-induced COPD
with a possible mechanism by which this ste-
roid may attenuate pulmonary inflammatory
response, and functional and/or structural
impairments of lungs and heart in its therapeu-
tic effect.

Materials and methods
Animals and cigarette smoke exposure

Specific pathogen-free, male SD rats (6 wks)
weighing about 180 g were purchased from the
Experimental Centre of Animals at Hebei Me-
dical University. The rats were housed in an en-
vironmentally controlled animal facility of our
hospital for the duration of the experiments. All
studies were conducted in accordance with the
approval of Hospital Research Review Commi
ttee.

Rats were randomly divided into three groups
of 10 each and the protocol for making animal
model of cigarette smoke-induced COPD was
modified with different treatments during a
smoking period. The animal model of COPD
was established with mainstream smoke expo-
sure (20 cigarettes, twice a day) for 4 months in
a cigarette smoke chamber. 2.0 mg budesonide
(AstraZeneca, UK) dissolved in 2.0 ml phos-
phate buffered saline (PBS) was given by aero-
sol inhalation (once a day for a final month). The
cigarette smoke-exposed rats inhaled an equiv-
alent volume of PBS during the period of the
last month. Rats in the control group were
exposed to air and treated with aerosol of PBS
at the same volume in the indicated time.

Cell counts and preparation of BALF and organ
specimens

Experimental rats were sacrificed by blood loss
from opening femoral artery and left lung of the
rat lavaged 2 times with 3 ml of PBS via tra-
cheal cannulation after the right main bronchus
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was ligated. An equal volume of BALF was col-
lected and the BALF supernatants were
obtained with centrifuge (1500 rpm x 15 min)
at 4°C. The samples were stored at -70°C for
the enzyme-linked immunosorbent assays
(ELISA). The cell pellet collected from each
sample was applied to a glass slide using a
cytospin (1000 rpm x 10 min) and then the
slide was stained with Hema 3 Stain Set (Fisher
Scientific) for the differential count of cells. The
relative proportion of different cells counted
from a total of 300 cells/slide was factored to
the number (x10%/ml) of total BALF cells col-
lected in each group.

Following the collection of BALF, the right lung
and heart were harvested and blood accumu-
lated in the right atrium was completely
removed from the organ. Some of the lung tis-
sues were immediately snap frozen in liquid
nitrogen, then stored at -70°C until processed.
Some of the lung tissues and heart were placed
in a wide-mouth bottle filled up in 4% formalde-
hyde for histopathological examination. Briefly,
the lung tissues from groups were embedded in
paraffin and cut into a 4-um section. The lung
sections stained with hematoxylin and eosin
(H&E) solution were applied to a glass slide and
photographed by light microscope (Olympus,
Japan) at a maghnification of 400 for morpho-
logical analysis.

Measurement of lung function

Lung function was examined after rats were
anaesthetized by an intraperitoneal injection of
10% Chloral hydrate (3 ml/kg) and maintained
with an appropriate plane of the anesthesia.
The trachea was opened with an inverted
T-shaped incision in the position between the
2nd and the 3rd cartilage ring, rapidly intubat-
ed, and placed the animal into an apparatus for
measuring the volume of air inspired and
expired by the lungs. (Beijing Rambo Technology
Co. Ltd. Beijing, China). The one of the exports
of the T-typed cannula in the trachea was con-
nected to a pressure transducer applied to a
pulmonary mechanics analyzer and another
one was used for administration of air to expand
the lungs of rats.

A ratio of forced expiratory volume at 0.3 s and
forced vital capacity (FEVO.3/FVC), dynamic
lung compliance (Cdyn), and inspiratory (Ri) and
expiratory (Re) resistance were measured with
injecting 6.0 ml air into the T-typed cannula in
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the trachea of the anaesthetized rats and
parameters of lung function were automatically
recorded by the analyzer.

Morphometric study

Mean linear intercept (MLI) in lung tissue and
mean alveolar number (MAN) were examined
on two glass slides of each group in the same
size of the field of view. Using light microscopy,
MLI was determined for each region studied on
an overlay consisting of horizontal and vertical
lines. All intercepts with alveolar septal number
(ASN) were counted at the intersection point of
the two lines in the central field of the view
under microscope. The total length (L) of all the
lines together divided by the number of inter-
cepts gives the mean linear intercept for the
region studied. A formula is shown as MLI = L/
ASN, which is used to estimate an average
diameter of a single alveolus in size. MAN was
determined according to alveolar number (AN)
in each field of view and a square area (SA) of
the field. A formula is shown as MAN = AN/SA
(mm?2), which is an indicator for density of
alveoli.

The right ventricular free wall from its atrial,
septal and valve ring attachments was dissect-
ed and carefully removed epicardial fat. The
right ventricular free wall was then flattened
out (endocardial surface down) and blotted on
filter paper for mass determination by weight.
The left ventricle, including the septum (S), was
similarly weighed after removal of atrial and val-
vular attachments and epicardial fat. A right
ventricular hypertrophy index (RVHI) is shown
as RVHI = RV/(LV + S).

Determination of A1AT and NE mRNA and pro-
tein

A1AT and NE mRNA expression levels were
assessed by using SYBR Premix Ex TaqTM
(Takara, Japan). Briefly, the total RNA from lung
tissue was extracted using a tissue homogeniz-
er in Qiagen lysis buffer and purification of RNA
was performed with Qiagen RNeasy minicol-
umns following the manufacturer’s protocol.
RNA was quantified using the NanoDrop ND-
1000 spectrophotometer and amplified and
biotin-labeled with Nugen’'s Ovation System,
according to the manufacturer’s instructions
(NUGEN Technologies, Inc., San Carlos, CA).
The yield of total RNA per replicate varied from
0.6 gto 2.0 g. 50 ng of the RNA was added in a
SYBR gPCR master mix for real-time RT-PCR
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(gPCR) which allows easy reaction assembly by
simply adding primers, template and sterile dis-
tiled water, and therefore the intercalator-
based gPCR can be performed. Contents of
A1AT and NE mRNA were shown with a fold-
change as compared to an expression level of
the control sample.

The contents of A1AT and NE protein produc-
tions in the BALF were determined using anti-
bodies against the murine A1AT and NE from
Bio-Rad (Hercules, CAUS) according to the man-
ufacturer’s directions. Briefly, 100 pl of the sub-
strate solution was added to 100 pl of sample
in microliter plates and incubated for 30 min at
room temperature. The reaction was stopped
by adding 50 ul of 4 M sulfuric acid, and the
optical densities (OD) were read in a microtiter
autoreader at 450 nm.

Statistical analysis

Values were expressed Mean + Standard
Deviation (SD). Statistical analysis was per-
formed using Statistical Package for the Social
Science (SPSS, version 13.0). Comparisons
from groups were performed by one-way analy-
sis of variance (ANOVA). Student’s paired t-test
was used to compare measurements of indi-
vidual groups. P values less than 0.05 were
considered to be significant.

Results
Inflammatory cells in BALF

To clarify whether inhaled budesonide alone
influenced the development of lung remodel-
ing, we examined cellular composition of the
BALF in smoking rats in absence and presence
of the corticosteroid and the results are shown
Figure 1A-C. A significant increase in the num-
bers of leukocytes such as neutrophils and
macrophages was clearly observed in the
smoking rats as compared to those of the con-
trol rats. Treatment with budesonide inhalation
alone significantly decreased the numbers of
these cells in the smoking rats (both P < 0.01).
However, the budesonide-treated rats still show-
ed high levels of the inflammatory cell infiltrates
in the BALF as compared to the control animals
(both P < 0.01).

Change in lung function

FEV0.3/FVC and Cdyn were determined at the
end of the challenge procedure and the results
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Figure 1. Differential cells in BALF. Rats were exposed to air (control) and cigarette smoke (smoking) in presence
and absence of inhaled budesonide alone. The numbers of leukocytes (A) such as neutrophils (B) and macrophages
(C) in the BALF from the experimental rats were assessed. Data were expressed as Mean + SD (n = 10).
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Figure 2. Lung function testing. A ratio of forced expiratory volume at 0.3 s and forced vital capacity (FEVO.3 /FVC)
(A), dynamic lung compliance (Cdyn) (B) and respiratory resistance during expiratory (Re) (C) and inspiratory (Ri) (D)
phases of tidal breathing were examined in experimental rats exposed to air (control) and cigarette smoke (smok-
ing) in presence and absence of inhaled budesonide. Measurements were expressed as Mean + SD (n = 10).

are shown in Figure 2A, 2B. The average values 0.0028 in control rats, 35.8 + 6.7 and 0.0296
(%) for FVC/FVCO.3 and Cdyn (cmH,O.s.mi) + 0.0024 in smoking rats and 42.2 + 5.1 and
were shown as 52.8 + 8.1 and 0.0360 + 0.0324 + 0.0023 in the budesonide-treated
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Figure 3. Morphometry of lung and right ventricular mass. Size of air spaces and alveolar density in lungs from
rats exposed to air (control) and cigarette smoke (smoking) in presence and absence of inhaled budesonide was
evaluated in MLI (A) and MAN (B) measurement technique in microscopic vision of lung tissue. Right ventricular
hypertrophy index (RVHI) was examined by measuring mass of right and left ventricular wall and ventricle septal (C).
All measurements were expressed as Mean + SD (n = 10).

rats, respectively. In contrast, the values of
FVC/FVC0.3 and Cdyn in the smoking rats
treated with and without budesonide were
lower than those of the control animals (P <
0.01 or 0.05). Treatment with budesonide may
partly reverse the lowering FVC/FVC0.3 and
Cdyn with significant differences seen in both
measurements between the smoking rats
treated with and without budesonide (both P <
0.05).

Ri and Re were synchronously determined in
the rats and the results are shown in Figure 2C,
2D. The average values (cmH,0) for Re and Ri
were shown as 2.01 + 0.28 and 1.50 £ 0.14 in
control rats, 2.56 + 0.30 and 1.90 + 0.17 in
smoking rats and 2.29 £ 0.28 and 1.73 £ 0.18
in the budesonide-treated rats, respectively. In
contrast, Re and Ri in the smoking rats were
significantly increased over the control rats
(both P < 0.05). Treatment with budesonide
resulted in a decrease in Re but not Ri in the
smoking rats (P < 0.05).

Change in cardiopulmonary structure

Lungs were surgically removed from the experi-
mental rats and then applied to evaluate a
change in size of air spaces and alveolar den-
sity in the lungs using MLI and MAN measure-
ment technique. The results are shown in
Figure 3A, 3B. The average values of MLI (m)
and MAN (n/m?) were shown as 26.2 + 4.3 and
20.3 £ 2.5 in control rats, 36.5 £ 3.1 and 12.5
* 2.2 in smoking rats and 33.2 + 2.5 and 14.5
+ 2.5 in the budesonide-treated rats, respec-
tively. In contrast, enlargement of air spaces
and a decrease in alveolar density was obvi-
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ously observed in the lungs from smoking rats
as compared to either control or the bu-
desonide-treated rats (P < 0.01 or 0.05).
Treatment with budesonide may slightly alter
the values of MLI, MAN and BDW/D, but there
were no significant differences seen in these
measurements between the smoking rats
treated with and without budesonide inhala-
tion.

RVHI was determined in the rats and the results
are shown in Figure 3C. The values for RVHI
were shown as 0.221 + 0.028, 0.261 + 0.048
and 0.211 + 0.042 in control, smoking and
budesonide-treated rats, respectively. In con-
trast, the value for RVHI was significantly
increased in smoking rats as compared to con-
trol ones (P < 0.05). Treatment with budesonide
resulted in lowering the RVHI with a statistical
difference in the measurement between the
smoke- and the budesonide-exposed animals
(P < 0.05).

Histopathologic analysis of lungs

The lower lobe of right lung was removed from
experimental rats and sectional tissues of the
lung were photographed in absence and pres-
ence of budesonide (Figure 4). Morphologically,
rats in the control group showed a normal
structure of lungs with an intact epithelium
layer. Those rats were free of cellular infiltration
and mucus observed in the lung sections.
Examination by light microscope at x400 mag-
nification showed that an enlargement of alveo-
lar airspaces and destruction of septal walls of
alveoli with inflammatory cell infiltrates may be
observed in the sectional tissue of the smoking
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Figure 4. Morphological analysis in lungs. Histological structures of lungs, the status of airway epithelial layer and
alveolar septa, and inflammatory cell infiltration were observed on frozen sections of lung specimens from rats
exposed to air (A) and cigarette smoke (smoking) in absence (B) and presence (C) of inhaled budesonide. Histo-
pathologic examination was performed under a light microscopy at a magnification of x400.
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Figure 5. A1AT and NE mRNA and protein expression level. The A1AT and NE mRNA expression were assayed in
lungs form rats exposed to air (control) and cigarette smoke (smoking) in absence and presence of budesonide in-
halation. The data were represented as the fold change (Fc) of mRNA from the lungs of the treated rats. Expression
levels (Fc) of A1AT (A) and NE (B) mRNA in the lungs were calculated in reference to the mRNA expression level of
the control animals. A1AT (C) and NE (D) protein productions were determined in the BALF from the treated rats as
well. Measurements were expressed as Mean = SD (n = 10).
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rats. Treatment with budesonide may relieve
accumulation of inflammatory cells around the
airways, but focal emphysema still existed in
the lungs of the treated rats.

A1AT and NE mRNA and protein expression
levels

The A1AT and NE mRNA expression in right lung
tissues were assayed by transcriptional profil-
ing and represented as the fold change (Fc) of
mRNA from the tissues of rats in reference to
the mRNA expression level of the control ani-
mals. The results are shown in Figure 5A, 5B.
A1AT and NE mRNA expression levels were
shown as 1.00 and 1.00 in control rats, 0.55 *
0.06 and 5.15 + 1.15 in smoking rats, and 0.60
+ 0.08 and 2.75 £ 0.95 in the budesonide-
treated rats, respectively. ALAT mRNA expres-
sion in the smoking rats treated with and with-
out budesonide showed significant decreases
as compared to the control rats (both P < 0.01).
However, the NE mRNA expression in the smok-
ing rats treated with and without the steroid
showed 5.0- and 2.75-fold increases as com-
pared to the controls (P < 0.01 or 0.05).
Treatment with budesonide resulted in lowering
the expression level of NE but not AIAT mRNA
with a statistical difference observed between
the smoking rats treated with and without the
steroid (P < 0.05).

Levels of A1AT and NE protein productions in
the BALF were assessed in the treated rats and
the results are shown in Figure 5C, 5D. Contents
of A1AT (g/ml) and NE (pg/ml) protein in the
samples were 10.71 + 1.91 and 21.52 + 5.01
in control, 8.73 + 1.62 and 29.04 + 4.51 in
smoking and 8.83 + 1.61 and 24.51 + 3.52 in
the budesonide-treated rats, respectively. The
level of A1AT production in BALF from the smok-
ing rats in absence and presence of budesonide
showed a significant decrease as compared to
those of the control rats (both P < 0.05). How
ever, the level of NE production in BALF from
the smoking rats was obviously enhanced as
compared to the control animals (P < 0.01).
Budesonide inhalation significantly reduced NE
but not A1AT protein content in the BALF from
the challenged rats (P < 0.05).

Discussion
COPD is a deadly and costly disease with lots of

studies emerged from the susceptibility to
smoking-related lung functional damage [10-
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12]. In initial experiments, a rat COPD model
was established based on the observation that
a 4-month smoke challenge was able to model
the abnormal changes of lung function. Our
results revealed that this rat model was associ-
ated with a significant decrease in values of
FEVO.3/FVC and Cdyn concomitantly with an
obvious increase in Re as compared to the con-
trol animals. These findings demonstrated that
lung function decline with certain degree of
severity has been reached progressively with
the challenge time in this model. In the mea-
surements, the parameters of lung function
tests were recorded by injecting 6.0 ml air into
the lungs to expand chest of the animals. This
offers an advantage over the agonist stimula-
tion because the airflow response is more relat-
ed to the condition of in vivo airway obstruction
and/or narrowing. In terms of cell response,
smoking rats showed a large inflammatory infil-
trate, comprised mainly of leukocytes such as
neutrophils and macrophages, into the BALF,
clearly indicating that these cells were required
for cigarette smoke-driven airway inflammation
as the long-term remodeling effect associated
with COPD. It has been found that the lungs of
young smokers have an accumulation of mac-
rophages in the bronchiolar region and bronchi-
olitis [13, 14], which is considered as an impor-
tant defense mechanism with which the cells
may neutralize and clear the toxic particulate
fraction [3]. The key contribution of neutrophils
participated in the process of remodeling has
been highlighted as a crucial role of mediators
from the cells in animal models of COPD [15].
Furthermore, a change in an expression level of
enzymes in the diseased lung tissues has led
to understanding of neutrophils linked to devel-
opment of the disease [2]. Treatment with
inhaled budesonide not only partly reversed
lung function decline but also markedly amelio-
rated inflammatory cell infiltrate, indicating effi-
cacy of the anti-inflammatory steroid in treat-
ment of COPD. It is more likely that budesonide
protects lung function against the smoke-
induced lung function damage through attenu-
ating inflammatory response associated with
neutrophil infiltrate.

Having demonstrated a significant role for
budesonide in improving lung function damage
and inflammatory cell infiltrate, we were curi-
ous as to the relationship of the steroid with a
structural change in cardiopulmonary system.
To investigate this interaction, MLI and MAN
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were measured in understanding distal air
space size and alveolar density in the chal-
lenged lungs because the measurements of
both morphometric techniques have been
involved in the direct and unbiased estimation
for the quantitative analysis of lung structure
[16, 17]. The results showed that enlargement
of air spaces was obvious with a decreased
alveolar number detected in the cigarette
smoke-exposed lungs as compared to those of
the control animals, whereas treatment with
the steroid inhalation did not influence the
pathological changes in the lungs. The findings
led us to conclude that the glucocorticoid
effects were weak in altering structural lesions
of the lung tissues. Our data also showed a sig-
nificant increase in RVHI of the rats exposed to
cigarette smoke for a period of the months,
indicating right ventricular dysfunction associ-
ated with the disease progresses. Budesonide
successfully improved cardiac muscle dysfunc-
tion in the inhaled therapy, which is consistent
with clinical observations that COPD patients
treated with budesonide inhalation are less
likely to experience cardiovascular events [18,
19]. Since the steroid plays a protective role in
the smoke-induced heart damage, it is conceiv-
able that the corticosteroid therapy effect on
RVHI is achieved probably due to relieving pul-
monary cell infiltration which may promote
compression of small pulmonary vessels [20]
and induce pulmonary arterial hypertension as
a common cause of right ventricular hypertro-
phy [21].

In association with the above-stated findings,
photomicrograph of COPD-like changes in the
challenged lung tissues was examined as well.
The data showed peribronchiolar inflammation
including a large amount of inflammatory cells
infiltration around the small airways, an emphy-
sema-like airspace enlargement, destruction of
septal walls of alveoli and pulmonary bullae
formed in the lungs [22]. These provided a
direct evidence of lung injury, which was com-
pletely identical to the findings from the lung
function tests. With regard to the observed his-
topathological changes, it indicated that the rat
model of the cigarette smoke-induced COPD
was successfully established. Treatment with
budesonide slightly mitigated peribronchiolar
inflammation and morphological impairments
in the smoke-exposed lungs, suggesting that
this steroid may help delay but not stop lung
destruction in the progression of the disease.
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In order to understand the tenuous balance
between proteases and anti-proteases within
the smoke-exposed lungs, A1AT and NE mRNA
expression levels were assessed by transcrip-
tional profiling. Our data revealed that A1AT
and NE mRNA expression levels in the chal-
lenged lungs were down- and up-regulated in
reference to those of the control animals, not
only indicating that both gene products were
involved in the event of COPD but also dis-
played highly disparate expression of the gene
products. In contrast, the change in the expres-
sion level of NE mRNA was much more obvious
than that of A1AT in this model, suggesting that
the increase in the NE mRNA expression level
referred to tissue destruction at the site of NE
released since this may be an important factor
in facilitating cell migration through the tight
connective tissue matrix in the area of damage
[23]. In support of the findings, A1AT and NE
protein productions were determined in the
BALF from the smoke-exposed rats and the
results were completely identical to the findings
at the mRNA levels of both gene products.
These observations supported proteinase/anti-
proteinase theory of the pathogenesis of
emphysema that is now accepted widely as a
key mechanism of the disease development [9]
and firmly established NE as the proteinase
most responsible for tissue destruction in
COPD. It has been known that NE is released
from activated neutrophils which are increased
in the airways of smokers and COPD patients
[24], whereas experimental application of NE
can reproduce many of the features of COPD
patients [25]. Treatment with budesonide inha-
lation resulted in obvious influencing NE but not
A1AT mRNA and protein expression levels,
demonstrating that the glucocorticoid steroid
acts predominantly on NE and regulates pro-
teinase/antiproteinase imbalance through re-
ducing the NE expression level within the dis-
eased lungs. This finding provides a mecha-
nism by which inhaled budesonide protects
structure and function of heart and lungs
against the NE-producing damages.

In conclusion, treatment with budesonide inha-
lation ameliorates lung function damage and
right ventricular dysfunction through mitigating
inflammatory cell infiltrates and reducing the
NE expression level to mediate the proteinase/
antiproteinase balance in the smoke-exposed
lungs.
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