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To develop a stable chronic obstructive pulmonary disease (COPD) model in rats. Sprague-Dawley rats 
were treated with cigarette-smoke inhalation (CSI) for 12 weeks, repetitive bacterial infection (RBI) for 8 
weeks, or the combination of the two (CCR) for 12 weeks and followed up for the additional 20 weeks. Tidal 
volume (VT), peak expiratory flow (PEF) and 50% VT expiratory flow (EF50), histological changes in the 
lungs, and levels of the cytokines tumor necrosis factor (TNF)-α, interleukin (IL)-8, and IL-10 in serum and 
bronchial alveolar lavage fluid (BALF) were examined at intervals during the 32 week study period. The 
right ventricular hypertrophy index (RVHI) was also determined at the same times. VT, PEF, and EF50 were 
decreased in rats with COPD compared to the control. The expression of TNF-α, IL-8 and IL-10 increased 
in both serum and BALF with a similar trend. Bronchiole and arteriole wall thickness and the degree of 
bronchiole stenosis and alveolar size increased in COPD rats. RVHI was reduced gradually following the 
treatment. All of these changes were more pronounced in the CCR-treatment group than in the other groups. 
Our results have shown that CSI or RBI alone can induce COPD in rats, but that the combination of CSI 
with RBI induces a stable COPD that has more similarity to complications seen in patients with COPD. This 
combination may therefore provide a more appropriate model for study of human COPD.
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Chronic obstructive pulmonary disease (COPD) has been 
defined as a preventable and treatable pathologic condition 
characterized by partially reversible airflow limitation,1) and 
is a major cause of morbidity and mortality throughout the 
world.2) Its prevalence among the Chinese population aged 40 
or older is 8.2%.3) Development of COPD is slow and progres-
sive in humans, with occasional exacerbations caused by an 
inflammatory response to triggering substances such as nox-
ious gases,1) bacteria4–6) or viruses.7–11) Four abnormalities are 
present in chronic, stable COPD: emphysema, small airway 
remodeling, pulmonary hypertension, and chronic bronchitis.

Tobacco smoking and bacterial infection are the most 
common and important risk factors for COPD,1,12,13) and they 
have each been used to establish animal COPD models.14–16) 
Animal models have also used other noxious gases17–19) and 
Pneumocystis carinii infection20) in COPD induction. Short 
term induction protocols (days)17,21) have resulted in a pulmo-
nary inflammatory infiltrate, increased mucus production, and 
pulmonary edema. Long term induction protocols (weeks or 
months)15,17–19) have produced, in addition to the inflammatory 
infiltrate, emphysema and pulmonary remodeling character-
ized by fibrosis, and thickened bronchiole and arterial walls. 
Problems with animal models are that most of them are of 
short duration and the COPD produced does not correspond to 
the late chronic disease stage that is responsible for the mor-
bidity and mortality in humans. Another problem is that the 
disease produced by cigarette smoke in animals is mild, and 
probably similar to the early GOLD stage 1 and 2 of COPD 
in humans.

The occurrence of exacerbations, which are very often 

caused by bacterial or viral infections, increases the severity 
of COPD and causes a higher death rate in humans.22) Bacte-
rial infection is a common cause of exacerbations in the de-
velopment of COPD. The proportion of Gram negative bacilli, 
such as Klebsiella pneumoniae, infections is increasing among 
lung infections, especially in the elderly. Klebsiella pneumo-
niae is one of top three pathogens causing COPD deterioration 
and community acquired pneumonia,4–6) and has been used to 
prepare animal models of COPD at the stable stage15) and the 
acute exacerbation stage.23) Therefore, in the present study, 
Klebsiella pneumoniae was used in our rat COPD models to 
mimic the clinical pathology of human COPD. We hypothe-
sized that combining cigarette-smoke and repetitive bacterial 
infection in a rat model of COPD would produce a disease 
stage with more similarity to late stage human disease than 
models using only one initiator. In this study, a new model 
combining cigarette smoke inhalation (CSI) and repetitive 
bacterial infection (RBI) was established and its features 
compared to models using CSI or RBI alone in order to try to 
establish a new, more clinically relevant COPD model in rats.

MATERIALS AND METHODS

Animals  Eighty male and 80 female 8 week old 
Sprague-Dawley rats weighing (203.5± 8.4) g (Laboratory Ani-
mal Center of Henan Province, China) were randomly divided 
into the following four groups (20 male and 20 female rats 
in each group): control, cigarette-smoke inhalation (smoke), 
repetitive bacterial infection (bacteria), and smoke+ bacteria 
(smoke/bacteria) groups. Experimental protocols were ap-
proved by the Experimental Animal Care and Ethics Com-
mittees of the First Affiliated Hospital, Henan University of 
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Traditional Chinese Medicine. All rats arrived at the animal 
facility of the First Affiliated Hospital 7 d before the experi-
ment, were housed under standardized environmental condi-
tions, and given food and water ad libitum.

Klebsiella pneumoniae  Klebsiella pneumoniae (strain 
ID: 46114) was purchased from National Center For Medical 
Culture Collection of National Institute for the Control of 
Pharmaceutical and Biological Products (Beijing, China), and 
diluted in normal saline at a concentration of 6×108 colony 
forming units (CFU) per milliliter before administering to 
animals. The concentration of bacteria in the dilution was 
confirmed in pilot experiments.

Cigarettes  Hongqi Canal® Filter tip cigarette (tobacco 
type, tar: 14 mg, nicotine content: 1.2 mg, carbon monoxide: 
15 mg, Anyang Cigarette Factory, Henan Province).

COPD Models  Protocol for Cigarette Smoke Inhalation: 
Rats were exposed to tobacco smoke of 8 cigarettes per treat-
ment twice a day  during the first two weeks, and to tobacco 
smoke of 15 cigarettes per treatment, three times a day, from 
the third to the twelfth week. The rats were placed inside a 
closed box connected to the smoke source, and received two 
or three 30-min exposures per day with a three-hour interval 
between them.16,24–26)

Protocol for Repetitive Bacterial Infection: A Klebsiella 
pneumoniae dilution (6×108 CFU/mL, 0.1 mL) was slowly 
dropped in an alternate fashion into the rat’s two nostrils once 
a day every 5 d for 8 weeks.15)

Protocol for Cigarette Smoke+Repetitive Bacterial Infec-
tion: Rats were treated with a combination of the cigarette 
smoke inhalation and repetitive bacterial infection (CCR) pro-
tocols described above.

Pulmonary Function Measurements  Pulmonary func-
tion was measured in weeks 0, 8, 12, 16, 20, 24 and 32 after 
the initiation of treatment. To measure pulmonary function, 
rats were placed in a sealed unrestrained Whole Body Ple-
thysmograph (UWBP, Buxco Electronics, Troy, NY, U.S.A.) 
connected to a transducer and computer. As the animal 
breathes in and out, the up and down movement of the thorax 
cage changes the volume of the box. These changes in volume 
are then converted to electrical signals through a pressure 
transducer and amplifier, and processed by computer. The re-
spiratory curve is displayed on a computer screen, the graph-
ics analyzed by the software, and finally tidal volume (VT), 
peak expiratory flow (PEF) and 50% tidal volume expiratory 
flow (EF50) calculated.

Inflammatory Cytokines in Bronchoalveolar Lavage 
Fluid and in Serum  In weeks 8, 12, 16, 20, 24 and 32, rats 
were sacrificed, and levels of the cytokines TNF-α, IL-8 and 
IL-10 measured in serum and bronchoalveolar lavage fluid 
(BALF), using enzyme-linked immunosorbent assay (ELISA) 
kits (Boster Bio-Engineering Co., Ltd., Wuhan, China).

After exteriorization of the left lung, BALF was obtained 
by irrigating it three times with 3 mL of cold normal saline 
through a tracheal cannula, and finally collecting this fluid 
in a tube through a gauze filter. The coefficient of recovery 
was more than 80%. BALF was centrifuged at 2000 rpm for 
10 min, and the supernatant collected for cytokine measure-
ments.

Histological Changes in Lung, Bronchus and Arteriole  
In weeks 8, 12, 16, 20, 24 and 32 after treatment, lung tis-
sues from the sacrificed animals were removed under normal 

atmosphere and cut into slices along the maximum diameter 
of the right lower lobe, with a thickness of 3 mm, and fixed in 
4% paraformaldehyde solution for 72 h. The samples were then 
embedded in paraffin, sliced into 4-micron sections. The sec-
tions were stained with hematoxylin-eosin stain, and photo-
graphed. All images were taken using an Olympus PM-10AD 
optical microscope and photographic system (Olympus Optical 
Co., Ltd., Japan).

Determination of Bronchiole and Pulmonary Arteriole Wall 
Thickness: For wall thickness measurements, images were 
taken at a magnification of ×200 and analyzed with the Im-
age-Pro® Plus 6.0 professional image analysis system (Media 
Cybernetics, Inc., U.S.A.). For each section, the microscopy 
field was divided into 9 regions. Five of the 9 regions were 
then selected randomly, and the bronchiole and pulmonary 
arteries were examined. The bronchiole or pulmonary arterial 
wall thickness in each rat was determined from averaged data 
of 5 measurements from one section.

Assessment of Bronchiole Stenosis: The normal bronchiole 
lumen area was set to 1. Bronchiole stenosis was then graded 
on a scale of 0 to 3 according to the fraction of the normal 
area that was lost: Level 0: normal; Level 1: less than a quar-
ter (<1/4); Level 2: a quarter to a half (1/4 to 1/2); Level 3: 
more than a half (>1/2).

Evaluation of Alveolar Number and Size: Under microscopy 
(×100), 5 photographs were taken in each slice, the alveolar 
number in a quarter of the area was counted and the diameters 
measured with Image-Pro® Plus 6.0 software.

Right Ventricular Hypertrophy Index (RVHI)  After re-
moving the arterial and adipose tissue on the epicardium, the 
right ventricle (RV), left ventricle (LV) and interventricular 
septum (S) were separated and weighed. The RVHI was calcu-
lated through an equation: RVHI= RV/(LV+ S).27)

Statistical Analysis  Data from experimental measure-
ments were expressed as mean± S.D. For repeatedly measured 
data (body weight, tidal volume, peak expiratory flow, and 
50% tidal volume expiratory flow), generalized estimating 
equations (GEE) were applied to detect the difference in over-
all group effect as well as the linear trend over time of each 
experimental group compared to control group, after consider-
ing the correlation of data within the same rats. For serum and 
histological data from sacrificed rats, general linear models 
were applied to detect the difference in overall group effect 
as well as the linear trend over time of each experimental 
group compared to control group. The adjusted mean differ-
ence, which indicates the average difference of experimental 
group compared to control group after controlling for time 
and gender effects, was calculated. Statistical analyses were 
performed with SAS software version 9.2 (SAS Institute Inc., 
Cary, NC, U.S.A.). A two-tailed p<0.05 indicated statistical 
significance.

RESULTS

Animal Condition  Mortality: During the eight-month-
period, two rats died in the CSI-treated group, two in RBI-
treated group, and three in CCR-treated group (Table 1). Five 
rats died due to pulmonary abscesses, and two died due to 
foot and ear abscesses after fighting with other rats. One con-
trol rat died during the pulmonary function test procedure be-
cause of an operational error. In each group, there were more 
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than 6 animals qualified for analysis.
Body Weight: The 3 COPD groups gained weight at a slower 

rate than control (Fig. 1A), as shown by their linear trends in 
body weight with time (CCR vs. control p<0.0001, CSI vs. 
control p=0.0171, RBI vs. control p=0.0205). Weight gain was 
slowest in the CCR group and the linear trend for this group 
was significantly slower than that of the CSI (p=0.0418) or 

RBI (p=0.0307) groups. No difference was seen between CSI 
and RBI groups.

Pulmonary Function  Pulmonary function worsened with 
time in all 3 COPD groups, but did so to a greater extent in 
the CRR group. Tidal volume declined about 25–33% after 
8 weeks of treatment in all COPD groups (Fig. 1B), and the 
linear trends with time of these groups for this parameter 

Fig. 1. Temporal Changes in Body Weight (A), Tidal Volume (B), Peak Expiratory Flow (C), and 50% Tidal Volume Expiratory Flow (D) over a 
Period of 32 Weeks in Rats of the Control, CSI, RBI, or CCR Groups

Values are mean±S.D. Sample size in each group for each time point was listed below the figure. A slight separation of error-bars among groups within the same time 
point was made to avoid overlapping.
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were significantly different from control (CCR p<0.0001, CSI 
p<0.0001, RBI p=0.0005), but not from each other. The CCR 
group, after adjusting for time and gender, had a significantly 
lower mean tidal volume than the other 3 groups (adjusted 
mean difference: CCR vs. RBI, −0.2237 mL, p=0.0195; 
CCR vs. CSI, −0.2262 mL, p=0.0385; CCR vs. control, 
−0.2793 mL, p=0.0074).

Peak expiratory flow also decreased with time in all COPD 
groups (Fig. 1C) but not in control. The linear trend over time 
reached statistical significance compared to control in the 
CCR and RBI groups (linear trend over time: p<0.0001 and 
p=0.0002, respectively). In addition, a significant difference 
in linear trend was found between the CCR and CSI groups 
(p=0.0153). However, no significant difference in linear trend 
was seen between the RBI and CSI groups (p=0.7148). More-
over, the adjusted mean difference indicated that only CSI had 
a significantly lower mean peak expiratory flow than the RBI 
and control groups (CSI vs. RBI, −1.1164 mL/s, p=0.0442; 
CSI vs. control, −1.316 mL/s, p=0.0044).

As seen with tidal volume and peak expiratory flow, 50% 
tidal volume expiratory flow (Fig. 1D) decreased with time 
in all 3 COPD groups (linear trend over time vs. control, all 
p<0.0001). In addition, all COPD groups had significantly 
lower mean values for this parameter than to control (adjusted 
mean difference: CCR vs. control, −0.4187 mL/s, p<0.0001; 
CSI vs. control, −0.3057 mL/s, p<0.0001; RBI vs. control, 
−0.3022 mL/s, p<0.0001). However, no difference was found 
between the 3 COPD groups in either adjusted mean or linear 
trend.

Inflammatory Cytokines  All COPD groups had higher 
levels of TNF-α, IL-8, and IL-10 than control in both serum 
and BALF (Fig. 2). Cytokine levels decreased somewhat with 
time in all experimental groups, but these levels were higher 
in the CCR group than in the other 2 COPD groups at all 
times. The CCR group also had significantly higher mean lev-
els than the other COPD groups of all cytokines in both serum 
and BALF (all p-value<0.001).

For serum TNF-α (Fig. 2A), all treatment groups had linear 
trends with time that were significantly different from the 
control group (all p<0.0001) and significantly higher means 
compared to control (adjusted mean difference: CCR vs. con-
trol, 331 ng/L, p<0.0001; CSI vs. control, 197 ng/L, p<0.0001; 
RBI vs. control, 246 ng/L, p<0.0001). The results for other 
cytokines in serum and BALF (Fig. 2, Panels B to F) were 
similar to those for serum TNF-α. The overall group effects 
and linear trends over time of the 3 experimental groups were 
significantly different from control (all p<0.0001). In addition, 
the adjusted mean difference also showed CCR to have a 
significantly higher mean cytokine level than CSI and RBI in 
either serum or BALF (all p-value<0.001).

Airway Remodeling  Bronchiole wall thickness increased 
with time in all treated groups, and this increase was greatest 

in the CCR group (Fig. 3A). The CCR and RBI groups had 
significantly higher mean bronchiole wall thickness than both 
control (adjusted mean difference: CCR vs. control, 61.85 
pixels, p<0.0001; RBI vs. control, 43.61 pixels, p<0.0001) and 
CSI groups (adjusted mean difference: CCR vs. CSI, 54.01 
pixels, p<0.0001; RBI vs. CSI, 35.77 pixels, p=0.0002). No 
difference in this parameter was found between CCR and 
RBI, and linear trends over time of 3 experimental groups 
were not significantly different from control.

Airway Obstruction  Bronchiole stenosis increased with 
time in all treated groups, and this increase was greatest in 
the CCR group (Fig. 3B). After controlling for the time effect, 
CCR, CSI, and RBI had significantly higher mean bronchiole 
stenosis scores than control (adjusted mean difference: CCR 
vs. control, 2.42, p<0.0001; CSI vs. control, 1.43, p<0.0001; 
RBI vs. control, 2.50, p<0.0001). In addition the CCR and 
RBI groups had significantly higher mean scores of bronchiole 
stenosis than CSI (adjusted mean difference: CCR vs. CSI, 
0.983, p=0.0103; RBI vs. CSI, 1.067, p=0.0055). In addition, 
the linear trend over time of the RBI group was significantly 
different from that of control (p=0.0018).

Emphysema  Alveolar number decreased and alveolar di-
ameter increased with time, again with the most pronounced 
effect in the CCR group (Figs. 3C and D). Alveolar number 
was lower than control in the CCR group, but not the other 
two COPD groups (adjusted mean difference: CCR vs. control, 
−13.42, p<0.0001). The CCR group also had a significantly 
lower mean alveolar number than the CSI and RBI groups 
(adjusted mean difference: CCR vs. CSI, −8.235, p=0.0025; 
CCR vs. RBI, −9.897, p=0.0003). The linear trends over time 
of the 3 experimental groups were not significantly different 
from that of control, although the linear trend of the CCR 
group was significantly different from that of the RBI group 
(p=0.0459).

Alveolar diameters in COPD experimental groups were sig-
nificantly greater than control (adjusted mean difference: CCR 
vs. control, 235 pixels, p<0.0001; CSI vs. control, 233 pixels, 
p<0.0001; RBI vs. control, 170 pixels, p<0.0001) but were not 
significantly different from each other. The linear trends over 
time of the COPD groups were not significantly different from 
that of control. However, the linear trends of CCR and RBI 
were significantly different from that of CSI (p=0.0027 and 
p=0.0289, respectively).

Pulmonary Hypertension  Evidence of pulmonary hyper-
tension was evaluated by measuring arteriole wall thickness 
and RVHI. Arteriole wall thickness was increased in COPD 
rats, but RVHI, surprisingly, was decreased (Fig. 3E). All 
three COPD groups had significantly higher mean alveolar 
wall thickness than control (adjusted mean difference: CCR 
vs. control, 52.64 pixels, p<0.0001; CSI vs. control, 17.77 
pixels, p=0.0009; RBI vs. control, 42.02 pixels, p<0.0001). 
The CCR group also had a significantly higher mean alve-
olar wall thickness than the other 2 COPD groups (adjusted 
mean difference: CCR vs. CSI, 34.87 pixels, p<0.0001; CCR 
vs. RBI, 10.62 pixels, p=0.044). The linear trends over time 
of the 3 experimental groups were not significantly different 
from that of control. However, the linear trend was signifi-
cantly different between RBI and CSI (p=0.0101).

Mean RVHI was significantly lower in all 3 experimental 
groups than in control (Fig. 3F; adjusted mean difference: 
CCR vs. control, −0.12, p<0.0001; CSI vs. control, −0.07, 

Table 1. Mortality of Rats in 4 Different Groups

Group No. of rats No. of death Mortality

Control 40 1 2.5%
CSI 40 2 5.0%
RBI 40 2 5.0%
CCR 40 3 7.5%
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p=0.0077; RBI vs. control, −0.11, p<0.0001). No differences 
were seen among 3 experimental groups. The linear trend over 
time of RBI was significantly different from that of control 
(p=0.0171).

Lung Morphology  As shown in Fig. 4, clearly visible 
bronchiole stenosis, pulmonary bronchiole expansion, alveo-
lar destruction, and pulmonary small artery endothelial cell 
hypertrophy thickening could be seen in CSI-, RBI- and CCR-
treated rats after 8 weeks of treatment, with the greatest effect 
seen in CCR-treated rats. These abnormalities became more 
severe with time, especially in CCR-treated rats, who had 
multiple lesions, such as airway inflammation, emphysema, 
small airway and arteriolar remodeling. No damage was ob-
served in lung tissues of the control rats.

DISCUSSION

This is the first study to compare rat models of COPD 
using cigarette smoke exposure, repetitive bacterial infection, 
and the combination of the two protocols in order to find the 
most appropriate model for mimicking human COPD. All rats 
in each model exhibited COPD-like pathophysiological pul-
monary features; however, the CCR protocol produced more 
severe COPD than the cigarette smoke or bacterial infection 

models.
The poor weight gain in the three rat COPD models is 

related to the occurrence and development of airflow obstruc-
tion.28) Numerous studies have shown that COPD patients 
develop skeletal muscle atrophy and body weight loss, and the 
non-fat weight loss may influence the function of respiratory 
muscles and peripheral muscles, motor function, health state 
and prognosis of these patients.29–31) Reduction in body mass 
index (BMI) is an indicator of deteriorated nutrition, and has 
been found to increase the hospitalization rate in patients with 
COPD,32) elevate the rate of mechanical ventilation necessary, 
and increase mortality.33) In addition, the survival time of pa-
tients with COPD deterioration is highly related to the BMI. 
The reduction of motor function in COPD patients is associ-
ated not only with lung function but also with the dysfunction 
and atrophy of skeletal muscle.34)

It is well known that cigarette smoke and bacterial infec-
tions are the most important risk factors for COPD, and that 
each of them can accelerate the development of COPD in 
humans. In this study, we found that CCR treatment took a 
shorter time to cause COPD than CSI or RBI treatment and 
that by the first 8 weeks; it produced a significant reduction in 
pulmonary function, chronic bronchitis, and small airway ob-
struction, pulmonary small airway and arteriolar remodeling 

Fig. 2. Temporal Changes in TNF-α (A, B), IL-8 (C, D) and IL-10 (E, F) in Blood Serum (A, C, E) and Bronchoalveolar Lavage Fluid (B, D, F) over 
a Period of 32 Weeks in Rats of the Control, CSI, RBI, or CCR Groups

Values are mean±S.D. Sample size in each group for each time point was listed below the figure. A slight separation of error-bars among groups within the same time 
point was made to avoid overlapping.
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and even extensive emphysema. After the first 8 weeks, rats 
exposed to cigarette smoke alone showed clear chronic bron-
chitis and local emphysema associated with small airway re-
modeling, and the rats exposed to recurrent bacterial infection 
alone showed significant inflammatory cell infiltration, airway 
mucosal edema, an increase in mucus secretion, localized 
emphysema, gas cavity stenosis, and other pathological mani-
festations. A major finding in the study was that the combina-
tion treatment causes changes in pulmonary function (such as 
decreases in VT, PEF and EF50) as well as clear emphysema, 
small airway remodeling and chronic bronchitis, and histo-
logical changes such as pulmonary and airway inflammation, 
enlargement of lung air space, pulmonary hyperinflation, and 
pulmonary hypertension. The impaired pulmonary function 
was consistent with the pathological changes in the lungs and 
was irreversible over the 32 week observation period.

RVHI decreased in all three treatment groups in our study, 
although in other COPD studies RVHI has increased. In our 
study COPD was induced in a short time, 8 weeks. The rapid 
increase in afterload in the right ventricle that would occur 
during this short induction period would produce thinning and 
decompensation of the right ventricle and a decrease in RVHI. 
Later the RVHI decrease would gradually disappear as the 
disease became chronic and the ventricle stabilized and was 

able to compensate fully for the increased afterload. In a study 
by Li et al.23) the COPD model was established in 17 weeks, 9 
weeks longer than in our study, and the RVHI had a tendency 
to increase. Thus the changes in RVHI are closely related to 
the time for establishment of COPD and the intensity of the 
stimulus used to establish the animal model.

The development of COPD in an animal is a very complex 
process.35) Although several methods14,36–39) have been used 
to cause COPD or emphysema in animals, the complications 
seen in human COPD are frequently not found in these exper-
imental COPD animal models or their long term consistency 
over time has not been determined. Therefore, these animal 
models are only used in short-term observation and are not 
suitable for long term research and for clarifying the mecha-
nisms of COPD. The current findings suggest that the double 
treatment experimental COPD model might be a more useful 
pharmacological tool for developing therapeutic drugs for 
treating this disease.

Many irritants have been used to create COPD or emphy-
sema in animal models.35,40) In addition to smoking36,37,41,42) 
and bacterial infection43,44) exposure to particulate air pol-
lution,38,45) occupational dust, smoke27,46) and bio-fuels for 
cooking47) are also risk factors for COPD. Previous experi-
mental COPD or emphysema models have been developed in 

Fig. 3. Temporal Changes in Bronchiole Wall Thickness (A), the Scores of Bronchiole Stenosis (B), the Alveolar Number (C), Alveolar Diameter 
(D), Arteriola Wall Thickness (E) and Right Ventricular Hypertrophy Indexes (F) over a Period of 32 Weeks in Rats of the Control, CSI, RBI, or CCR 
Groups

Values are mean±S.D. Sample size in each group for each time point was listed below the figure. A slight separation of error-bars among groups within the same time 
point was made to avoid overlapping.
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guinea pigs.14) mice,36,37) rats,38) and dogs39) by exposing the 
animals to sulfur dioxide (SO2),17) smoke from solid fuel,19) 
cigarette smoke,14,24,42) lipopolysaccharide,39) proteases and 
their secretagogues, such as PAE, PPE, NE, proteinase 3, 
MMP,44,48,49) and the factors used can enhance the effect of 
each other.50,51)

However, the rat model seems to be more economical and 
more feasible, and smoke and bacterial infections appear to be 
the most frequently used initiators. Although all of the factors 

used can induce COPD or emphysema-like pathophysiological 
pulmonary features, they are not similar to the disease occur-
ring in patients with COPD. We, however, have developed a 
stable experimental COPD model in rats, using a combination 
of cigarette smoke inhalation and repeated Klebsiella pneu-
moniae infections, over a considerably shorter time period 
than animal models using cigarette smoke inhalation alone,52) 
providing more features of COPD and showing a longer con-
sistency period. The COPD model developed in this study has 

Fig. 4. Representative Pathological Changes in the Lungs, Stained by Hematoxylin–Eosin, in Rats of the Control, CSI, RBI, or CCR Groups
Alveolar and bronchiole morphological changes in the control, CSI-, RBI- and CCR-treated rats at the at 8th week, the first row, magnification ×200, at 12th week, 

the second row, magnification ×200 (the first two panels) or ×100 (the last two panels), at 16th week, the third row, magnification ×200 (the first three panels) or ×100 
(the last panel), at 20th week, the fourth row, magnification ×100, at 24th week, the fifth row, magnification ×100, and at 32nd week, the sixth row, magnification ×100.
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a similar profile to the processes that occur in COPD patients, 
and might be useful for elucidating the pathogenesis of COPD 
and be beneficial in the prevention and treatment of COPD.

COPD is a chronic disease significantly threatening the 
human health. It has a long disease course and often pro-
gresses within several decades in humans. Thus, to mimic 
the progression of human COPD in animals is very difficult. 
In previous COPD animal models, only pathology of COPD 
was observed in animals or the COPD in the animal model 
was observed for about 3 months, and long term observation 
of stable COPD was not carried out. Smoke exposure for 24 
weeks to induce COPD was not reported in previous studies, 
and the stability of the COPD animal model was not evaluated 
after smoke exposure.52) Thus, to investigate the long term ef-
fect of COPD in these animal models is not suitable.

In the present study, our results showed that, at 8 weeks 
after smoke exposure, animals presented with pathological 
features of COPD and reduction of lung function, and our 
observation continued to 24 weeks after smoke exposure. That 
is, after establishment of COPD animal model, the animals 
were observed for about half a year, and results demonstrated 
the favorable stability of this COPD model. Thus, we specu-
late that this COPD animal model is suitable for the investiga-
tion of long term effect of COPD.

In conclusion, CCR can be used to prepare a rat COPD 
model in a short time period. Lung function is markedly 
compromised and the characteristic pathology of COPD (such 
as chronic bronchitis, emphysema, airway remodeling, pul-
monary hypertension) is present. The COPD induced by CCR 
is more stable during a 32 week period than that induced by 
smoking or bacterial infection alone. In the present study, the 
CCR rat COPD model is more similar to the COPD seen in 
clinical practice than in other animal models, and is suitable 
for observation of both short and long term therapeutic effi-
cacy and for studies on the pathogenesis of COPD.

Acknowledgements We thank Dr. H Yu for designing the 
experiment, Dr. X. Yu, H. Wang and M. Wang for analyzing 
the data and preparing the manuscript. We also thank Dr. Q. 
Li and W. Liu for their technical assistance and Dr. Y. Wang 
for his useful suggestion in drafting the manuscript. This 
study was funded by China State Natural Science Funds Com-
mission (30973743; 81130062; 81173236).

REFERENCES

 1) Global Initiative for Chronic Obstructive Lung Disease. Global 
strategy of the diagnosis, management, and prevention of chronic 
obstructive pulmonary disease, revised 2011 (Online). “The Global 
Initiative for Chronic Obstructive Lung Disease.”: ‹http://www.
goldcopd.org/guidelines-global-strategy-for-diagnosis-management.
html›, Accessed 5 March, 2012.

 2) Lopez AD, Shibuya K, Rao C, Mathers CD, Hansell AL, Held LS, 
Schmid V, Buist S. Chronic obstructive pulmonary disease: current 
burden and future projections. Eur. Respir. J., 27, 397–412 (2006).

 3) Zhong N, Wang C, Yao W, Chen P, Kang J, Huang S, Chen B, 
Wang C, Ni D, Zhou Y, Liu S, Wang X, Wang D, Lu J, Zheng J, 
Ran P. Prevalence of chronic obstructive pulmonary disease in 
China: a large, population-based survey. Am. J. Respir. Crit. Care 
Med., 176, 753–760 (2007).

 4) Li XJ, Li Q, Si LY, Yuan QY. Bacteriological differences between 
COPD exacerbation and community-acquired pneumonia. Respir. 

Care, 56, 1818–1824 (2011).
 5) Bari MR, Hiron MM, Zaman SM, Rahman MM, Ganguly KC. 

Microbes responsible for acute exacerbation of COPD. Mymensingh 
Med. J., 19, 576–585 (2010).

 6) Lin SH, Kuo PH, Hsueh PR, Yang PC, Kuo SH. Sputum bacteri-
ology in hospitalized patients with acute exacerbation of chronic 
obstructive pulmonary disease in Taiwan with an emphasis on Kleb-
siella pneumoniae and Pseudomonas aeruginosa. Respirology, 12, 
81–87 (2007).

 7) Kościuch J, Chazan R. The role of viruses in the pathogenesis of 
obstructive lung diseases. Pol. Merkuriusz Lek., 15, 292–295 (2003).

 8) Proud D, Chow CW. Role of viral infections in asthma and chronic 
obstructive pulmonary disease. Am. J. Respir. Cell Mol. Biol., 35, 
513–518 (2006).

 9) Greenberg SB, Allen M, Wilson J, Atmar RL. Respiratory viral 
infections in adults with and without chronic obstructive pulmonary 
disease. Am. J. Respir. Crit. Care Med., 162, 167–173 (2000).

10) Rohde G, Wiethege A, Borg I, Kauth M, Bauer TT, Gillissen A, 
Bufe A, Schultze-Werninghaus G. Respiratory viruses in exacerba-
tions of chronic obstructive pulmonary disease requiring hospitali-
sation: a case-control study. Thorax, 58, 37–42 (2003).

11) Sikkel MB, Quint JK, Mallia P, Wedzicha JA, Johnston SL. Respi-
ratory syncytial virus persistence in chronic obstructive pulmonary 
disease. Pediatr. Infect. Dis. J., 27, S63–S70 (2008).

12) Tantucci C, Modina D. Lung function decline in COPD. Int. J. 
Chron. Obstruct. Pulmon. Dis., 7, 95–99 (2012).

13) Hogg JC, Chu F, Utokaparch S, Woods R, Elliott WM, Buzatu L, 
Cherniack RM, Rogers RM, Sciurba FC, Coxson HO, Paré PD. The 
nature of small-airway obstruction in chronic obstructive pulmo-
nary disease. N. Engl. J. Med., 350, 2645–2653 (2004).

14) Wright JL, Churg A. Cigarette smoke causes physiologic and mor-
phologic changes of emphysema in the guinea pig. Am. Rev. Respir. 
Dis., 142, 1422–1428 (1990).

15) Xu H, Xiong M, Huang Q. The study on COPD rat model produced 
by bacterial infection. Zhonghua Jie He He Hu Xi Za Zhi, 22, 
739–742 (1999).

16) Wright JL, Churg A. Animal models of cigarette smoke-induced 
chronic obstructive pulmonary disease. Expert Rev. Respir. Med., 4, 
723–734 (2010).

17) Wagner U, Staats P, Fehmann HC, Fischer A, Welte T, Groneberg 
DA. Analysis of airway secretions in a model of sulfur dioxide 
induced chronic obstructive pulmonary disease (COPD). J. Occup. 
Med. Toxicol., 1, 12 (2006).

18) Xu J, Zhao M, Liao S. Establishment and pathological study of 
models of chronic obstructive pulmonary disease by SO2 inhalation 
method. Chin. Med. J. (Engl.), 113, 213–216 (2000).

19) Murărescu ED, Eloae-Zugun F, Mihailovici MS. Experimental 
COPD induced by solid combustible burn smoke in rats: a study of 
the emphysematous changes of the pulmonary parenchyma. Rom. J. 
Morphol. Embryol., 49, 495–505 (2008).

20) Christensen PJ, Preston AM, Ling T, Du M, Fields WB, Curtis JL, 
Beck JM. Pneumocystis murina infection and cigarette smoke ex-
posure interact to cause increased organism burden, development of 
airspace enlargement, and pulmonary inflammation in mice. Infect. 
Immun., 76, 3481–3490 (2008).

21) Hardaker EL, Freeman MS, Dale N, Bahra P, Raza F, Banner KH, 
Poll C. Exposing rodents to a combination of tobacco smoke and 
lipopolysaccharide results in an exaggerated inflammatory response 
in the lung. Br. J. Pharmacol., 160, 1985–1996 (2010).

22) Seemungal TAR, Hurst JR, Wedzicha JA. Exacerbation rate, health 
status and mortality in COPD—a reiew of potential interventions. 
Int. J. Chron. Obstruct. Pulmon. Dis., 4, 203–223 (2009).

23) Li JS, Li SY, Wang YH. Reproduction of a murine model of chronic 
obstructive pulmonary disease with acute exacerbation. Zhongguo 
Wei Zhong Bing Ji Jiu Yi Xue, 21, 682–684 (2009).

24) Wright JL, Churg A. A model of tobacco smoke-induced airflow 

http://dx.doi.org/10.1183/09031936.06.00025805
http://dx.doi.org/10.1183/09031936.06.00025805
http://dx.doi.org/10.1183/09031936.06.00025805
http://dx.doi.org/10.1164/rccm.200612-1749OC
http://dx.doi.org/10.1164/rccm.200612-1749OC
http://dx.doi.org/10.1164/rccm.200612-1749OC
http://dx.doi.org/10.1164/rccm.200612-1749OC
http://dx.doi.org/10.1164/rccm.200612-1749OC
http://dx.doi.org/10.4187/respcare.00915
http://dx.doi.org/10.4187/respcare.00915
http://dx.doi.org/10.4187/respcare.00915
http://dx.doi.org/10.1111/j.1440-1843.2006.00999.x
http://dx.doi.org/10.1111/j.1440-1843.2006.00999.x
http://dx.doi.org/10.1111/j.1440-1843.2006.00999.x
http://dx.doi.org/10.1111/j.1440-1843.2006.00999.x
http://dx.doi.org/10.1111/j.1440-1843.2006.00999.x
http://dx.doi.org/10.1165/rcmb.2006-0199TR
http://dx.doi.org/10.1165/rcmb.2006-0199TR
http://dx.doi.org/10.1165/rcmb.2006-0199TR
http://dx.doi.org/10.1136/thorax.58.1.37
http://dx.doi.org/10.1136/thorax.58.1.37
http://dx.doi.org/10.1136/thorax.58.1.37
http://dx.doi.org/10.1136/thorax.58.1.37
http://dx.doi.org/10.1097/INF.0b013e3181684d67
http://dx.doi.org/10.1097/INF.0b013e3181684d67
http://dx.doi.org/10.1097/INF.0b013e3181684d67
http://dx.doi.org/10.2147/COPD.S27480
http://dx.doi.org/10.2147/COPD.S27480
http://dx.doi.org/10.1056/NEJMoa032158
http://dx.doi.org/10.1056/NEJMoa032158
http://dx.doi.org/10.1056/NEJMoa032158
http://dx.doi.org/10.1056/NEJMoa032158
http://dx.doi.org/10.1586/ers.10.68
http://dx.doi.org/10.1586/ers.10.68
http://dx.doi.org/10.1586/ers.10.68
http://dx.doi.org/10.1186/1745-6673-1-12
http://dx.doi.org/10.1186/1745-6673-1-12
http://dx.doi.org/10.1186/1745-6673-1-12
http://dx.doi.org/10.1186/1745-6673-1-12
http://dx.doi.org/10.1128/IAI.00165-08
http://dx.doi.org/10.1128/IAI.00165-08
http://dx.doi.org/10.1128/IAI.00165-08
http://dx.doi.org/10.1128/IAI.00165-08
http://dx.doi.org/10.1128/IAI.00165-08
http://dx.doi.org/10.1111/j.1476-5381.2010.00857.x
http://dx.doi.org/10.1111/j.1476-5381.2010.00857.x
http://dx.doi.org/10.1111/j.1476-5381.2010.00857.x
http://dx.doi.org/10.1111/j.1476-5381.2010.00857.x
http://dx.doi.org/10.2147/COPD.S3385
http://dx.doi.org/10.2147/COPD.S3385
http://dx.doi.org/10.2147/COPD.S3385
http://dx.doi.org/10.1378/chest.121.5_suppl.188S


1760 Vol. 35, No. 10

obstruction in the guinea pig. Chest, 121, 188S–191S (2002).
25) Wright JL, Cosio M, Churg A. Animal models of chronic obstruc-

tive pulmonary disease. Am. J. Physiol. Lung Cell. Mol. Physiol., 
295, L1–L15 (2008).

26) Liu ZB, Song NN, Geng WY, Jin WZ, Li L, Cao YX, Qian Y, Zhu 
DN, Shen LL. Orexin-A and respiration in a rat model of smoke-in-
duced chronic obstructive pulmonary disease. Clin. Exp. Pharma-
col. Physiol., 37, 963–968 (2010).

27) Hnizdo E. Lung function loss associated with occupational dust 
exposure in metal smelting. Am. J. Respir. Crit. Care Med., 181, 
1162–1163 (2010).

28) Chakrabati B, Purkait S, Gun P, Moore VC, Choudburi S, Zaman 
MJ, Warburton CJ, Calverler PM, Mukherjee R. Chronic airflow 
limitation in a rural Italian population: etiology and relationship 
to body mass index. Int. J. Chronic Obstruct. Pulmon. Dis., 6, 
6543-6549 (2011).

29) Engelen MP, Schols AM, Does JD, Wouters EF. Skeletal muscle 
weakness is associated with wasting of extremity fat-free mass but 
not with airflow obstruction in patients with chronic obstructive 
pulmonary disease. Am. J. Clin. Nutr., 71, 733–738 (2000).

30) Palange P, Forte S, Onorati P, Paravati V, Manfredi F, Serra P, Car-
lone S. Effect of reduced body weight on muscle aerobic capacity in 
patients with COPD. Chest, 114, 12–18 (1998).

31) Mostert R, Goris A, Weling-Scheepers C, Wouters EF, Schols AM. 
Tissue depletion and health related quality of life in patients with 
chronic obstructive pulmonary disease. Respir. Med., 94, 859–867 
(2000).

32) Schols AM, Slangen J, Volovics L, Wouters EF. Weight loss is a 
reversible factor in the prognosis of chronic obstructive pulmonary 
disease. Am. J. Respir. Crit. Care Med., 157, 1791–1797 (1998).

33) Gosker HR, Lencer NH, Franssen FM, van der Vusse GJ, Wouters 
EF, Schols AM. Striking similarities in systemic factors contribut-
ing to decreased exercise capacity in patients with severe chronic 
heart failure or COPD. Chest, 123, 1416–1424 (2003).

34) Wüst RCI, Degens H. Factors contributing to muscle wasting and 
dysfunction in COPD patients. Int. J. Chron. Obstruct. Pulmon. 
Dis., 2, 289–300 (2007).

35) Mizutani N, Fuchikami J, Takahashi M, Nabe T, Yoshino S, Kohno 
S. Development of cigarette smoke solution- and lipopolysac-
charide-induced pulmonary emphysema in guinea pigs. Nippon 
Yakurigaku Zasshi, 135, 25–29 (2010).

36) Miller M, Pham A, Cho JY, Rosenthal P, Broide DH. Adiponectin- 
deficient mice are protected against tobacco-induced inflammation 
and increased emphysema. Am. J. Physiol. Lung Cell. Mol. Physiol., 
299, L834–L842 (2010).

37) Ryter SW, Lee SJ, Choi AM. Autophagy in cigarette smoke-induced 
chronic obstructive pulmonary disease. Expert Rev. Respir. Med., 4, 
573–584 (2010).

38) Perez-Padilla R, Schilmann A, Riojas-Rodriguez H. Respiratory 

health effects of indoor air pollution. Int. J. Tuberc. Lung Dis., 14, 
1079–1086 (2010).

39) Chapman RW. Canine models of asthma and COPD. Pulm. Pharma-
col. Ther., 21, 731–742 (2008).

40) Shapiro SD. Animal models for COPD. Chest, 117, 223S–227S 
(2000).

41) Arunachalam G, Sundar IK, Hwang JW, Yao H, Rahman I. Emphy-
sema is associated with increased inflammation in lungs of athero-
sclerosis-prone mice by cigarette smoke: implications in comorbidi-
ties of COPD. J. Inflamm. (London), 7, 34 (2010).

42) Churg A, Cosio M, Wright JL. Mechanisms of cigarette smoke- 
induced COPD: insights from animal models. Am. J. Physiol. Lung 
Cell. Mol. Physiol., 294, L612–L631 (2008).

43) Macario CC, Torres Tajes JP, Córdoba Lanus E. COPD: bronchial 
and systemic inflammation. Arch. Bronconeumol., 46, 9–15 (2010). 

44) Wang T, Han SX, Zhang SF, Ning YY, Chen L, Chen YJ, He GM, 
Xu D, An J, Yang T, Zhang XH, Wen FQ. Role of chymase in cig-
arette smoke-induced pulmonary artery remodeling and pulmonary 
hypertension in hamsters. Respir. Res., 11, 36 (2010).

45) Andersen ZJ, Hvidberg M, Jensen SS, Ketzel M, Loft S, Sørensen 
M, Tjønneland A, Overvad K, Raaschou-Nielsen O. Chronic 
obstructive pulmonary disease and long-term exposure to traffic- 
related air pollution: a cohort study. Am. J. Respir. Crit. Care Med., 
183, 455–461 (2011).

46) Hnizdo E, Yan T, Hakobyan A, Enright P, Beeckman-Wagner LA, 
Hankinson J, Fleming J, Lee Petsonk E. Spirometry longitudinal 
data analysis software (SPIROLA) for analysis of spirometry data in 
workplace prevention or COPD treatment. Open Med. Inform. J., 4, 
94–102 (2010).

47) Kurmi OP, Semple S, Simkhada P, Smith WC, Ayres JG. COPD 
and chronic bronchitis risk of indoor air pollution from solid fuel: a 
systematic review and meta-analysis. Thorax, 65, 221–228 (2010).

48) Louhelainen N, Stark H, Mazur W, Rytilä P, Djukanovic R, Kinnula 
VL. Elevation of sputum matrix metalloproteinase-9 persists up to 6 
months after smoking cessation: a research study. BMC Pulm. Med., 
10, 13 (2010).

49) Morita H, Nagai R. MMP12, lung function, and COPD in high-risk 
populations. N. Engl. J. Med., 362, 1241–1242 (2010).

50) Baginski TK, Dabbagh K, Satjawatcharaphong C, Swinney DC. 
Cigarette smoke synergistically enhances respiratory mucin induc-
tion by proinflammatory stimuli. Am. J. Respir. Cell Mol. Biol., 35, 
165–174 (2006).

51) Mizutani N, Fuchikami J, Takahashi M, Nabe T, Yoshino S, Kohno 
S. Pulmonary emphysema induced by cigarette smoke solution and 
lipopolysaccharide in guinea pigs. Biol. Pharm. Bull., 32, 1559–
1564 (2009).

52) D’hulst AI, Vermaelen KY, Brusselle GG, Joos GF, Pauwels RA. 
Time course of cigarette smoke-induced pulmonary inflammation in 
mice. Eur. Respir. J., 26, 204–213 (2005).

http://dx.doi.org/10.1378/chest.121.5_suppl.188S
http://dx.doi.org/10.1152/ajplung.90200.2008
http://dx.doi.org/10.1152/ajplung.90200.2008
http://dx.doi.org/10.1152/ajplung.90200.2008
http://dx.doi.org/10.1111/j.1440-1681.2010.05411.x
http://dx.doi.org/10.1111/j.1440-1681.2010.05411.x
http://dx.doi.org/10.1111/j.1440-1681.2010.05411.x
http://dx.doi.org/10.1111/j.1440-1681.2010.05411.x
http://dx.doi.org/10.1164/rccm.201002-0306ED
http://dx.doi.org/10.1164/rccm.201002-0306ED
http://dx.doi.org/10.1164/rccm.201002-0306ED
http://dx.doi.org/10.1378/chest.114.1.12
http://dx.doi.org/10.1378/chest.114.1.12
http://dx.doi.org/10.1378/chest.114.1.12
http://dx.doi.org/10.1053/rmed.2000.0829
http://dx.doi.org/10.1053/rmed.2000.0829
http://dx.doi.org/10.1053/rmed.2000.0829
http://dx.doi.org/10.1053/rmed.2000.0829
http://dx.doi.org/10.1378/chest.123.5.1416
http://dx.doi.org/10.1378/chest.123.5.1416
http://dx.doi.org/10.1378/chest.123.5.1416
http://dx.doi.org/10.1378/chest.123.5.1416
http://dx.doi.org/10.1254/fpj.135.25
http://dx.doi.org/10.1254/fpj.135.25
http://dx.doi.org/10.1254/fpj.135.25
http://dx.doi.org/10.1254/fpj.135.25
http://dx.doi.org/10.1152/ajplung.00326.2009
http://dx.doi.org/10.1152/ajplung.00326.2009
http://dx.doi.org/10.1152/ajplung.00326.2009
http://dx.doi.org/10.1152/ajplung.00326.2009
http://dx.doi.org/10.1586/ers.10.61
http://dx.doi.org/10.1586/ers.10.61
http://dx.doi.org/10.1586/ers.10.61
http://dx.doi.org/10.1016/j.pupt.2008.01.003
http://dx.doi.org/10.1016/j.pupt.2008.01.003
http://dx.doi.org/10.1378/chest.117.5_suppl_1.223S
http://dx.doi.org/10.1378/chest.117.5_suppl_1.223S
http://dx.doi.org/10.1186/1476-9255-7-34
http://dx.doi.org/10.1186/1476-9255-7-34
http://dx.doi.org/10.1186/1476-9255-7-34
http://dx.doi.org/10.1186/1476-9255-7-34
http://dx.doi.org/10.1152/ajplung.00390.2007
http://dx.doi.org/10.1152/ajplung.00390.2007
http://dx.doi.org/10.1152/ajplung.00390.2007
http://dx.doi.org/10.1016/S0300-2896(10)70027-2
http://dx.doi.org/10.1016/S0300-2896(10)70027-2
http://dx.doi.org/10.1186/1465-9921-11-36
http://dx.doi.org/10.1186/1465-9921-11-36
http://dx.doi.org/10.1186/1465-9921-11-36
http://dx.doi.org/10.1186/1465-9921-11-36
http://dx.doi.org/10.1164/rccm.201006-0937OC
http://dx.doi.org/10.1164/rccm.201006-0937OC
http://dx.doi.org/10.1164/rccm.201006-0937OC
http://dx.doi.org/10.1164/rccm.201006-0937OC
http://dx.doi.org/10.1164/rccm.201006-0937OC
http://dx.doi.org/10.2174/1874431101004010094
http://dx.doi.org/10.2174/1874431101004010094
http://dx.doi.org/10.2174/1874431101004010094
http://dx.doi.org/10.2174/1874431101004010094
http://dx.doi.org/10.2174/1874431101004010094
http://dx.doi.org/10.1136/thx.2009.124644
http://dx.doi.org/10.1136/thx.2009.124644
http://dx.doi.org/10.1136/thx.2009.124644
http://dx.doi.org/10.1186/1471-2466-10-13
http://dx.doi.org/10.1186/1471-2466-10-13
http://dx.doi.org/10.1186/1471-2466-10-13
http://dx.doi.org/10.1186/1471-2466-10-13
http://dx.doi.org/10.1056/NEJMc1000959
http://dx.doi.org/10.1056/NEJMc1000959
http://dx.doi.org/10.1165/rcmb.2005-0259OC
http://dx.doi.org/10.1165/rcmb.2005-0259OC
http://dx.doi.org/10.1165/rcmb.2005-0259OC
http://dx.doi.org/10.1165/rcmb.2005-0259OC
http://dx.doi.org/10.1248/bpb.32.1559
http://dx.doi.org/10.1248/bpb.32.1559
http://dx.doi.org/10.1248/bpb.32.1559
http://dx.doi.org/10.1248/bpb.32.1559
http://dx.doi.org/10.1183/09031936.05.00095204
http://dx.doi.org/10.1183/09031936.05.00095204
http://dx.doi.org/10.1183/09031936.05.00095204

