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Abstract: Objectives: This study is conducted to investigate an effect of simvastatin on cigarette smoke-induced 
COPD. Methods: Rats were exposed to air (control) and cigarette smoke (smoking) in presence and absence of 
simvastatin. Heart and lung tissues were harvested for histopathologic and morphometric analysis. Body weight of 
rat, mean liner intercept (MLI), mean alveolar number (MAN), lung function test, mean pulmonary artery pressure 
(mPAP), right ventricular hypertrophy index (RVHI) and 5-HTT level in serum and BALF were examined in experimen-
tal rats, respectively. Results: Application of simvastatin mitigated peribronchiolar inflammation and pulmonary bul-
lae formed in the smoke-exposed lungs with weight gain as compared to the smoking rats (P < 0.05). Simvastatin-
treated rats showed slight but significant decreases in MLI and MAN with a partial reversal of lung function decline 
(all P < 0.05). Treatment with simvastatin resulted in a significant decrease not only in mPAP and RVHI but also in 
a 5-HTT level in serum and BALF (P < 0.01 or 0.05) with a good correlation between the 5-HTT level and mPAP or 
RVHI (r = 0.693 and 0.479; 0.675 and 0.508). Conclusion: Simvastatin partly reverses lung function decline and 
attenuates structural impairments of lung and right ventricle possibly through reducing 5-HTT content in the model 
of COPD.

Keywords: Simvastatin, cigarette smoke, 5-hydroxytryptamine transporter, peribronchiolar inflammation and 
pulmonary bullae

Introduction 

Chronic obstructive pulmonary disease (COPD) 
is a leading global cause of morbidity and mor-
tality, and will continue to increase in impor-
tance as the world population continues to age 
[1]. COPD is characterized by airflow limitation 
that is not fully reversible but usually progres-
sive and associated with an inflammatory 
response of the lung [2]. It has long been 
accepted that exposure to cigarette smoke can 
cause airway inflammation, which subsequent-
ly leads to a series of pulmonary structure 
changes [3]. Moreover, advanced COPD can 
lead to pulmonary hypertension (PH) due to low 
oxygen levels in the alveoli and thereby harm 
heart [4]. 

5-Hydroxytryptamine (5-HT) is a highly con-
served monoamine, which is a major neu-

rotransmitter in the CNS. However, 5-HT level is 
increased in COPD patients and the develop-
ment of PH has been shown to be associated 
with an increased 5-HT level [5]. It has been 
known that 5-HT transporter (5-HTT) is abun-
dantly expressed in the lung, where it is pre-
dominantly located on pulmonary-artery smoo- 
th muscle cells [6]. The 5-HTT expression level 
appears to be considerably higher in human 
lung than in human brain, suggesting that 
altered 5-HTT expression may have direct con-
sequences on pulmonary-artery smooth mus-
cle cell function. Furthermore, an increase in 
5-HTT gene expression level is associated with 
COPD [7, 8].

Treatment of COPD patients is still a major chal-
lenge, with the difficulties at least including per-
manent destructive enlargement of airspaces 
and increased smooth muscle hyperplasia in 

http://www.ijcep.com


Effect of simvastatin on smoking rats

8554 Int J Clin Exp Pathol 2014;7(12):8553-8562

small airway involved in the event. Simvastatin 
have emerged as a possible disease modifying 
agent in COPD since it possess pleiotropic 
effects in addition to their conventional lipid-
lowering properties including anti-inflammato-
ry, inhibiting airway smooth muscle prolifera-
tion and vascular function-restoring actions for 
the prevention of cardiovascular disease [9-11]. 

The current study is aimed at investigating the 
effect of simvastatin on cigarette smoke-
induced COPD with a possible mechanism(s) by 
which this agent may influence functional and 
structural impairment of lung and heart in 
devising therapeutic approaches.

Materials and methods

Animals and model of cigarette smoke

Specific pathogen-free, male SD rats (6 wks) 
weighing about 100 g were purchased from 
experimental centre of animals at Hebei Me- 
dical University. The rats were housed in an 
environmentally controlled animal facility of our 
hospital for the duration of the experiments. All 
procedures were reviewed and approved by 
Hospital Research Review Committee.

Rats were divided randomly into three groups 
of 10 each and the protocol for making animal 
model of cigarette smoke-induced COPD is 
modified with different treatments and a smok-
ing period. The animal model of COPD was 
established with mainstream smoke exposure 
(20 cigarettes, twice a day with an interval of 
4-5 hours) for 4 months in a cigarette smoke 
chamber. The cigarette smoke-exposed rats 
were treated with an equivalent volume of 
phosphate buffered saline (PBS) as smoking 
group and simvastatin dissolved in PBS by gas-
tric gavage (5 mg/kg, once a day for 4 months) 
during the period of the challenge, respectively. 
Rats in the control group were exposed to air 
and treated with PBS. 

Measurement of lung function

Lung function was examined after measuring 
weight gain of the rats. Briefly, the 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 
(animal spirometer, (Beijing Rambo Technology 
Co., Ltd., Beijing China) for measuring the vol-
ume of air inspired and expired by the lungs. 
The one of the exports of the T-typed cannula in 
the trachea was connected to a pressure trans-
ducer applied to a pulmonary mechanics ana-
lyzer and another one was used for administra-
tion of air to expand the lungs of rats.

A ratio of forced expiratory volume at 0.3 s and 
forced vital capacity (FEV0.3/FVC), dynamic 
lung compliance (Cdy), and inspiratory (Ri) and 
expiratory (Re) resistance were measured with 
injecting 6.0 ml air into the T-typed cannula in 
the trachea of the anaesthetized rats and data 
regarding the parameters of lung function were 
automatically recorded by the analyzer.

Preparation of peripheral blood, bronchoalveo-
lar lavage fluid and organ specimens

Rat peripheral blood samples (2.0 ml per rat) 
were collected from each group via cardiac 
puncture under light anesthesia and trans-
ferred to EDTA-K2 collection tubes. The sam-
ples were allowed to clot for 45 to 60 min at 
room temperature and centrifuged at 3000 g 
for 10 min to separate the serum. The samples 
were stored at -70°C until use.

Experimental animals were sacrificed by blood 
loss from opening femoral artery and bron-
choalveolar lavage fluid (BALF) was collected 
with 3.0 ml followed by 2 × 3.0 ml PBS. To 
remove cells recovered lavage fluid (70-80%) 
was centrifuged at 300 g for 5 min and the 
BALF supernatant was obtained with centrifuge 
and applied for the enzyme-linked immunosor-
bent assays (ELISA).

Following the collection of BALF, heart and 
lungs were dissected and blood accumulated 
in the right atrium was completely removed 
from the organ. Three lobes in right lung were 
surgically removed from the rat and immedi-
ately snap frozen in liquid nitrogen, then stored 
at -80°C until processed. Last lobe in the right 
lung and heart were harvested and placed 
them in a wide-mouth bottle filled up in formal-
dehyde (4%) for histopathological examination.

Morphological study 

The harvested lobes of lung were fixed in 4% 
formaldehyde solution for 72 hours. Histopa- 
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Figure 1. Morphological analysis in lungs and change in weight gain. Rats were exposed to air (control) and cigarette 
smoke (smoking) in presence and absence of simvastatin. Histological structures of lungs, the status of airway 
epithelial layer and alveolar septa, and inflammatory cell infiltration were observed on frozen sections of lung speci-
mens stained with H&E (A). Histopathologic examination was performed under a light microscopy at a magnification 
of × 400. Body weight of rats was examined before exposure to cigarette smoke (BW) and after its last exposure 
(AW), respectively (B). Data were expressed as Mean ± SD (n = 10).

thologic examination of the samples was per-
formed in all groups. Briefly, the lung tissues 
from groups were embedded in paraffin and cut 
into a 4-µm section. The lung sections stained 
with hematoxylin and eosin (H&E) solution were 
applied to a glass slide and photographed 

under a light microscope (Olympus, Japan) at a 
magnification of 400 for morphological ana- 
lysis.

Mean linear intercept (MLI) and mean alveolar 
number (MAN) were examined on two glass 
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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 over-
lay 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 intercepts 
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 (mm2), which is an indicator for 
density of alveoli.

Measurement of pulmonary artery pressure 
and ventricular hypertrophy

Mean pulmonary artery pressure (mPAP) was 
determined by using a technique of right heart 
catheterization via the right external jugular 
vein after rats were sacrificed. mPAP was 
recorded through a pressure transducer con-
nected to the animals and a change in mPAP 
was obtained in multi-channel physiological 
recorder (Chengdu Instrument Factory, China).

We dissected the right ventricular free wall 
from its atrial, septal and valve ring attach-
ments and carefully removed epicardial fat. 
The right ventricular free wall was then flat-
tened out (endocardial surface down) and blot-
ted on filter paper for mass determination by 
weight. The left ventricle, including the septum 
(S), was similarly weighed after removal of atrial 
and valvular attachments and epicardial fat. A 
right ventricular hypertrophy index (RVHI) was 
shown as RVHI = RV/(LV+S).

Determination of 5-HTT in serum and BALF

5-HTT contents in serum and BALF were 
assessed by ELISA according to the manufac-
turer’s instructions (BIO-TEK, USA) and all sam-
ples were analyzed in one assay per analyte. 
The detection limit for the primary antibody 
(murine anti-5-HTT) was 5 ng/ml (Cusabio 
Biotech Co., Ltd, USA). Briefly, 100 µl of the sub-
strate solution (components?) was added to 
100 µl of sample in microtiter plates and incu-
bated for 30 min at room temperature. The 
reaction was stopped by adding 50 µl of 4 M 

sulfuric acid, and the OD values were read in a 
microtiter autoreader at 490 nm.

Statistic analysis

Values were expressed mean ± standard devia-
tion (SD) on the results. Statistical analysis was 
performed using Statistical Package for the 
Social Science (SPSS, version 17.0). Com- 
parisons from groups were performed by one-
way analysis of variance (ANOVA). Student’s 
paired t-test was used to compare measure-
ments of individual groups. Significance was 
accepted at P < 0.05.

Results

Histopathologic analysis of lungs and change 
in body weight

The lower lobe of right lung was removed from 
experimental animals exposed to either air or 
cigarette smoke in presence and absence of 
simvastatin (5 mg/kg, once a day for 4 months). 
Sectional tissues of the lung stained with H&E 
were photographed by light microscope at × 
400 magnification and the results are shown in 
Figure 1A. Morphologically, rats in control 
group showed a normal structure of lungs with 
an intact epithelium layer. Those of rats were 
free of cellular infiltration and mucus observed 
in the lung sections. With the exposure to ciga-
rette smoke, the histopathologic features 
showed some of airway epithelium was denud-
ed and/or patchy shedding of epithelial cells on 
the luminal side of bronchus in the lung with an 
increase in airway wall thickness and airway 
narrowing. Peribronchiolar inflammation was 
clearly observed with a large amount of inflam-
matory cells infiltration around the airways. 
Furthermore, an enlargement of alveolar air-
spaces, destruction of septal walls of alveoli 
and pulmonary bullae as a morphological 
change of emphysema were visual due to some 
alveolar fusion in the sectional tissue. Treat- 
ment with simvastatin may relieve shedding of 
epithelial cells and accumulation of inflamma-
tory cells observed around the airway, whereas 
there was only focal emphysema seen in a lim-
ited area of the lungs as compared to the path-
ological changes in the lungs from the smoking 
rats.

Body weight of rats was examined prior to ciga-
rette smoking and after its last challenge, 
respectively. Weight gain was obviously differ-
ent and the results are shown in Figure 1B. In 
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Figure 3. Lung function testing. A ratio of forced expiratory volume at 0.3 s and forced vital capacity (FEV0.3/FVC) 
(A), dynamic lung compliance (Cdy) (B) and respiratory resistance during expiratory (Re) (C) and inspiratory (Ri) (D) 
phases of tidal breathing were examined in control) and smoking rats treated with and without simvastatin. Mea-
surements were expressed as Mean ± SD (n = 10).

Figure 2. Morphometry of lung. Rats were exposed to air (control) and cigarette smoke (smoking) in presence and 
absence of simvastatin. Size of air spaces in the lungs was evaluated in the mean linear intercept (MLI) measure-
ment technique (A). The average values of alveolar density (µm2) were examined by calculating alveolar number in 
microscopic vision of lung tissue (B). Measurements were expressed as Mean ± SD (n = 10).
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contrast, there were no changes in measure-
ment of body weight of the grouped rats prior to 
the challenge. Weight gain (g) of the rats after 
its last challenges was 385.4 in control rats, 
348.3 and 364.3 in the smoking rats treated 
without and with simvastatin, respectively. 
There was a statistical difference observed in 
the weight gain between control and smoking 
rats (P < 0.01). Furthermore, there was a signifi-
cant difference in weight gain between smok-
ing rats treated with and without simvastatin (P 
< 0.05). However, there was a significant 
change in weight gain between control rats and 
the simvastatin-treated ones (P < 0.01).

Size and number of alveoli

Lungs were surgically removed from the experi-
mental rats and then applied to evaluate a 
change in size of air spaces in the lungs using 
the MLI measurement technique. The results 
are shown in Figure 2A. The average values 
(mm) of MLI were shown as 41.27 ± 2.74 in con-
trol rats, 97.80 ± 6.99 in smoking rats and 
90.70 ± 6.84 in the simvastatin-treated rats, 
respectively. In contrast, enlargement of air 
spaces in the lungs was obvious in the cigarette 
smoke-explored rats as compared to either 
control or the simvastatin-treated rats (P < 0.01 
or 0.05). Treatment with simvastatin may slight-
ly but significantly reduce number of air spaces, 
but there was a significant difference in the MLI 
measurement between control and the simvas-
tatin-treated rats (P < 0.01).

Alveolar density was examined by calculating 
MAN in a microscopic vision of the lung tissue 
and the results are shown in Figure 2B. The 
average values of alveolar density (alveolar 
number/mm2) were 381.05 ± 35.76 in control 
rats, 170.61 ± 29.60 in smoking rats and 
201.37 ± 30.43 in the simvastatin-treated 
rats, respectively. In contrast, there was a sta-
tistical difference in the MAN measurement 
between control and smoking rats (P < 0.01). 
Treatment with simvastatin may slightly increa- 
se MAN in the lungs with a statistical difference 
as compared to the smoking rats (P < 0.05). 
However, there was a significant difference in 
MAN between control and the simvastatin-
treated rats (P < 0.01).

Observation of lung function

FEV0.3/FVC and Cdy were determined at the 
end of the challenge procedure and the results 
are shown in Figure 3A, 3B. The average values 

(%) for FVC/FVC0.3 and Cdy were shown as 
52.8 ± 8.1 and 0.0360 ± 0.0028 in control 
rats, 35.8 ± 6.7 and 0.0296 ± 0.0024 in smok-
ing rats and 42.2 ± 5.1 and 0.0324 ± 0.0023 in 
the simvastatin-treated rats, respectively. In 
contrast, the values of FVC/FVC0.3 and Cdy in 
the cigarette smoke-challenged rats were lower 
than the PBS-challenged rats, whereas the low-
ering FVC/FVC0.3 and Cdy in the challenged 
rats may be partly reversed in the rats treated 
with simvastatin (P < 0.05). However, there was 
a significant difference in the measurements 
between control and the simvastatin-treated 
rats (both P < 0.01).

Ri and Re were synchronously determined with 
the examinations of FEV0.3/FVC and Cdy in the 
rats and the results are shown in Figure 3C, 3D. 
The average values (cm H2O) for Re and Ri were 
shown as 2.01 ± 0.28 and 1.50 ± 0.14 in con-
trol rats, 2.56 ± 0.30 and 1.90 ± 0.17 in smok-
ing rats, and 2.29 ± 0.28 and 1.73 ± 0.18 in 
the simvastatin-treated rats, respectively. In 
contrast, Re and Ri in the cigarette smoke-
exposed rats were significantly increased over 
the control rats (both P < 0.01). Treatment with 
simvastatin resulted in a significant decrease 
in the airway resistance in the challenged rats 
(both P < 0.05). However, there was a signifi-
cant difference in the Re and Ri measurements 
between control and the simvastatin-treated 
rats (both P < 0.01).

Changes in pulmonary artery pressure and 
RVHI

mPAP and RVHI were determined in the experi-
mental rats and the results are shown in Figure 
4A, 4B. The values for both mPAP (mmHg) and 
RVHI were shown as 17.27 ± 01.40 and 0.200 
± 0.007 in control rats, 29.81 ± 1.55 and 0.223 
± 0.011 in the challenged rats, and 20.04 ± 
1.50 and 0.208 ± 0.007 in the challenged rats 
treated with simvastatin, respectively. The val-
ues for both mPAP and RVHI were increased in 
the challenged rats as compared to control and 
the simvastatin-treated rats (both P < 0.01). 
Though treatment with simvastatin may signifi-
cantly lower mPAP and reduce RVHI, there was 
a statistical difference observed in the mea-
surements between control and the simvas-
tatin-treated rats (P < 0.01 or 0.05).

5-HTT expression level in BALF and serum 

A 5-HTT expression level in BALF and serum 
was assessed in the experimental rats and the 
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results are shown in Figure 5A, 5B. The values 
for 5-HTT contents (pg/ml) in BALF and serum 
were 46.64 ± 9.36 and 25.93 ± 3.84 in control 
rats, 108.61 ± 38.35 and 99.38 ± 40.71 in 
smoking rats, and 78.03 ± 20.08 and 65.96 ± 
34.39 in the simvastatin-treated rats, respec-
tively. In contrast, the protein contents in the 

samples from smoking rats showed a 3.83- 
and 1.51-fold increase in serum and a 2.33- 
and 1.39-fold increase in BALF over control and 
the simvastatin-treated rats, respectively. 5- 
HTT expression levels in BALF and serum were 
significantly increased in the challenged rats as 
compared to the control rats (both P < 0.01). 

Figure 4. Changes in pulmonary artery pressure and ratio of right/left ventricular mass. Mean pulmonary artery 
pressure (mPAP) was assessed using right heart catheterization in rats exposed to air (control) and cigarette smoke 
(smoking) in presence and absence of simvastatin (A). Right ventricular hypertrophy index (RVHI) was examined by 
measuring mass of right and left ventricular wall and ventricle septum (B). It was calculated with a formula shown 
as RVHI = right ventricular wall/(left ventricular wall + ventricular septal). Measurements were expressed as Mean 
± SD (n = 10).

Figure 5. 5-HTT content in BALF and serum. A 5-HTT expression level in BALF (A) and serum (B) were determined in 
rats exposed to air (control) and cigarette smoke (smoking) in presence and absence of simvastatin, respectively. 
5-HTT contents in the investigated samples were obviously different from the treated rats. Measurements were 
expressed as Mean ± SD (n = 10).
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Treatment with simvastatin resulted in a signifi-
cant decrease in the 5-HTT protein contents in 
BALF and serum (both P < 0.05). However, 
there was a statistical difference observed in 
the protein contents between control and the 
simvastatin-treated rats (both P < 0.01).

Correlation between a 5-HTT expression level 
and either RVHI or mPAP was examined and the 
results are shown in Table 1. In association 
with an increased 5-HTT content in the investi-
gated samples, the values of RVHI or mPAP in 
the cigarette smoke-exposed rats were signifi-
cantly enhanced with a positive correlation 
between the 5-HTT level and either RVHI or 
mPAP in this model of COPD. 

Discussion

The animal model of COPD was first established 
through a protocol modified by a 4-month chal-
lenge for the rats exposed to a high level of 
smoking (20 cigarettes, twice a day) in a smok-
ing apparatus. Low power photomicrograph of 
COPD-like lesion in the challenged lung tissues 
showed obviously peribronchiolar inflammation 
with a large amount of inflammatory cells infil-
tration around the small airways, whereas an 
enlargement of alveolar airspaces, destruction 
of septal walls of alveoli and pulmonary bullae 
formed in the lungs were also observed under a 
microscope as compared to control. These 
pathologic features of the lungs indicated that 
the rat model of cigarette smoke-induced COPD 
was well developed. Treatment with simvas-
tatin alleviated morphological impairments in 
the challenged lungs, suggesting that this 
agent may help slow down the progression of 
the disease. Since simvastatin is of the nature 
of anti-inflammation which could influence 
inflammatory airway disease [12], it lead us to 
speculate that its effect on the pathological 
changes was produced due to the results of 
ameliorating inflammatory response in the 
aggressive lung disease. In clinical practice, 
weight loss and malnutrition are a very com-
mon complication in COPD patients [13], whe- 

reas these changes primarily affect the pa- 
tients’ quality of life and thereby they are also 
independent prognostic indicators of both mor-
bidity and mortality [14]. In investigating nutri-
tional status, weight gain in smoking rats was 
significantly decreased as compared to control 
rats in this model. Treatment with simvastatin 
showed a slight but significant increase in body 
weight of the rats, suggesting that the agent 
had a beneficial effect on nutritional support. In 
association with the findings in the challenged 
lungs, it’s likely that simvastatin provided the 
benefit for the smoking rats probably through 
alleviating inflammatory response in the lungs 
to lower resting energy expenditure due to the 
response.

In support of the above-stated pathological 
findings, MLI and MAN in the animal model of 
COPD were also measured in understanding 
distal air space size and alveolar density in the 
challenged lungs because the measurements 
of both morphometric techniques have been 
involved in the direct and unbiased estimation 
for the quantitative analysis of lung structure 
[15, 16]. The results showed that enlargement 
of air spaces was obvious with a significant 
decrease in alveolar number detected in the 
smoke-exposed lungs as compared to control. 
These provided a direct evidence of lung injury, 
which was completely identical to the micro-
scopic findings in this model. Simvastatin 
applied for the smoking rats partly reduced the 
structural damages in the challenged lungs, it 
led us to conclude that agent attenuated but 
not terminated lung lesions in its therapeutic 
benefits. Since MLI and MAN as an accurate 
and efficient stereological approach are a key 
structural determinant of the alveolar airspace 
size and lung architecture, it was reasonable to 
speculate that simvastatin may protect the rats 
against smoke-induced lung injury rather than 
altering the remolded lung structures.

Since the presence of airflow obstruction is key 
in diagnosing COPD and reduction of FEV3/FVC 
ratio is an indicator of mild lung injury in 
obstructive lung disease [17], FEV3/FVC, Cdy, 
Re and Ri were tested in the experimental ani-
mals, respectively. Data showed a significant 
decrease in FEV3/FVC and Cdy concomitantly 
with an obvious increase in Re and Ri in the 
smoking rats as compared to control, demon-
strating lung function decline with certain 

Table 1. Correlation between 5-HTT level and RVHI 
or mPAP in the challenged rats

BALF (r-value) Serum (r-value) P value 
5-HTT vs RVHI 0.508 0.479 < 0.01
5-HTT vs mPAP 0.675 0.693 < 0.01
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degree of severity having been reached in this 
model of COPD. Treatment with simvastatin 
partly but significantly reversed the function 
decline, suggesting that the drug intervention 
was effective in ameliorating airflow obstruc-
tion of small airway based on the pathological 
findings of the lung from the smoke-exposed 
rats treated with this agent. It needs to point 
out that the parameters of lung function tests 
were recorded using such a method regarding 
6.0 ml air injected into the lungs to expand 
chest of the animals. The method used in this 
study offers an advantage over agonist stimula-
tion because the airflow response is more relat-
ed to the condition of in vivo airway obstruction 
and/or narrowing.

COPD is the most common cause of PH and as 
the disease progresses, signs of right ventricu-
lar dysfunction may develop (Cor pulmonale) 
because of a maladaptive response to PH [18]. 
In this study, mPAP and RVHI were examined 
based on the consideration that development 
of PH secondary to COPD and Cor pulmonale 
adversely affect survival. The data showed a 
significant increase in mPAP and HVHI in the 
smoking rats as compared to control. Treatment 
with simvastatin resulted in a significant de- 
crease in both measurements, indicating that 
the agent may mitigate remodeling of pulmo-
nary circulation and right ventricular hypertro-
phy in the major therapeutic effort. It has been 
reported that simvastatin ameliorated the 
structural and functional derangement of rat 
lungs, partly by preventing pulmonary vascular 
abnormality [19]. Moreover, the simvastatin-
treated rats displayed reduced PH and right 
ventricular pressure [20]. Thus it is conceivable 
that the effects of this agent on mPAP and RVHI 
are achieved with a major target lacked on PH 
that is a common cause of right ventricular 
hypertrophy.

In association with the increases in mPAP and 
RVHI, a 5-HTT expression level in serum and 
BALF was examined since it may be a key deter-
minant of pulmonary vessel remodeling in addi-
tion to contributing to the uptake of 5-HT pass-
ing through the lung [21]. The results indicated 
that the 5-HTT levels in serum and BALF from 
smoking rats were a 2.33- and 3.83-fold 
increase over control, respectively. Furthermore, 
the 5-HTT contents in the investigated samples 
correlated to development of mPAP and RVHI. It 
has been clear that 5-HTT is a membrane 

bound protein that controls plasma level of 
5-HT which is one of the most potent naturally 
occurring pulmonary vasoconstrictors [22]. 
Even though the physiological role of the 5-HTT 
protein in cardiac cells and pulmonary vascular 
smooth muscle cells has not yet been com-
pletely elucidated, these findings strongly sup-
ported such a conclusion that an increase in 
5-HTT expression level not only contributed to 
remodeling of pulmonary circulation and mor-
phological changes of right ventricle but also 
correlated with their severity in the diseased 
model. Treatment with simvastatin partly but 
significantly reduced 5-HTT protein expression 
in the samples from the smoking rats, strongly 
supporting the findings regarding its effects on 
PH and RVHI. Moreover, it was showing a clini-
cal interest that the predominant effect of this 
agent on PH and RVHI was considered in lower-
ing PH through down-regulating the 5-HTT 
expression level because the right ventricle 
gradually underwent hypertrophy in response 
to the increased PH [23]. Our findings could 
arise important clues to simvastatin’s role in 
such an animal model and thus may provide 
information for a therapeutic opportunity in 
COPD patients with reduced mortality and 
medical costs.

In conclusion, a rat model of COPD is well-
established with a chronic exposure to a high 
level of smoking. Simvastatin partly reverses 
lung function decline and attenuates remodel-
ing of pulmonary circulation and structural 
changes of lung and right ventricle possibly 
through reducing 5-HTT contents in the rat 
model of COPD.
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