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The effects of sildenafil on smoke induced lung inflammation in rats
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Abstract

Objective: Sildenafil is a selective and potent inhibitor of cyclic guanosine monophosphate specific
phosphodiesterase-5 and has anti-inflammatory effects. The aim of the study was to evaluate the
effects of sildenafil on smoke-induced lung inflammation. Material and Methods: Twenty-nine
Wistar-Albino rats were enrolled into 3 groups as control, smoker and sildenafil groups. Smoker
and sildenafil groups were exposed to cigarette smoke for 2 hours per day for 8 weeks. Sildenafil
10 mg/kg/day was administered to the sildenafil group by nasogastric lavage after smoke exposure.
The degree of lung inflammation was scored histopathologically for each group. Results: The
inflammation score was 7.25+0.93 in the control group, 8.18+1.21 in the smoker group and
7.08+1.66 in the sildenafil group. There was a non-significant decrease of inflammation score in
sildenafil group with respect to control or smoker groups. While there was no significant difference
of oedema, hyperemia, hemorrhage and mononuclear cell infiltration scores among the groups, it was
found that the thickness of interalveolar septum and alveolar distortion was decreased in sildenafil
group. However this decrease was not statistically significant. Conclusion: This study suggests
that sildenafil might reduce smoke-induced inflammation in rat lungs. Future studies are needed
in order to investigate the clinical effectiveness of this finding in smoking related lung diseases.
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INTRODUCTION burden and inflammatory changes of smoke
exposure in the pulmonary artery endothelial
cell.* Sildenafil preserves alveolar growth,
angiogenesis, reduces inflammation and airway
reactivity. It is also shown to be protective
against scald burn related acute lung injury by
decreasing oxidative stress and lung inflammation
scores.® Furthermore, it has a significant effect on
pathological changes such as airway inflammation
and mucus production induced by acrolein which
is a component of cigarette smoke exposure.’
In this study, we aimed to assess the effects

Cigarette smoke is a major cause of mortality and
morbidity worldwide. Smoking has been linked to
variety of chronic lung diseases including chronic
obstructive pulmonary disease (COPD), asthma
and lung cancer. Inflammation is a common
feature in the pathogenesis of smoke related
diseases. The accumulation of inflammatory
cells into the lung following smoke exposure
presents a risk of tissue damage.! Various types
of cells, inflammatory mediators, chemokines and
cytokines released from lung epithelial cells have

key roles in the mechanism of smoke-induced
lung inflammation.'*

There are many studies evaluating the
potential effects of various agents on smoke
induced inflammation.*” Sildenafil is one of these
promising agents. It is a selective and potent
inhibitor of cyclic guanosine monophosphate
spesific phosphodiesterase-5 (PDE-5). It is
demonstrated that sildenafil attenuates the oxidant

of sildenafil on cigarette smoke induced lung
inflammation via histopathological evaluation
in rats.

METHOD

Animals

Male Wistar-Albino rats were used in this study
(n= 29). The source of the animals was the
Experimental Medicine Research Laboratory of
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Kocaeli University. The rats were kept under
standard conditions (stainless-steel cages, 18-
21°C, 55-60 % relative humidity, and 12 hours
light/dark cycles). Standard chow in tablet form
and water were available ad [libitum. All rats
were free from infections.

Smoke exposure machine
A special smoke exposure machine based on
Chen’s definition and Walton’s modification was
prepared in the Experimental Medicine Research
Laboratory of Kocaeli University.'” Briefly, the
machine consisted of three separate chambers
connected to each other. The first chamber
was a generation chamber where smoke was
generated, the second was a residence chamber
where smoke was diluted and the third was an
exposure chamber where rats were exposed to
smoke. While the sizes of the first and third
chamber were one unit, the size of the second
chamber was ten units for dilution. bFans were
used to conduct smoke from one chamber to
another, operating at a speed of 5.2 mL/min.
The long LM (Philsa) cigarettes that include
0.9 mg nicotine and 12 mg tar were used in the
study. The rats were exposed to cigarette smoke
for 2 hours per day for 8 weeks in the study.
The healthy control rats that were not exposed
to smoke also were kept in the same machine
for two hours daily with clean air in order to
provide exposure to similar stress.

Study population

Randomly selected, age and weight matched
rats were divided into three groups. The smoke
exposure was performed in two of the groups.
The last group included only healthy rats without
smoke exposure. The groups are:

(1) Smoker group: 11 rats who were exposed to
smoke for 8 weeks. (2) Sildenafil group: 12 rats
who were exposed to smoke for 8 weeks and
sildenafil administration after smoke exposure.
A total of 8 doses of Sildenafil (dosage =10 mg/
kg/day) were administered by nasogastric lavage.
The solvent of the 100 mg sildenafil was 40 ml
of drinking water. The prepared homogeneous
sildenafil solution of 10 mg / kg was administered
to rats. Control group: 6 rats in this group were
not exposed to smoke. However, they were kept
in the same machine for 2 hours daily with
clean air in order to provide the similar stress
conditions. Furthermore, drinking water was
also administered to smoker and control group
by nasogastric lavage in order to provide the
similar stress conditions.
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Histopathologic evaluation
At the end of the experiment, all rats were
euthanized with an overdose of intraperitoneal
pentobarbital injection and the lungs harvested
for histology. Lung samples were fixed in
10% buffered formalin for two days and then
processed routinely and embedded in paraffin.
5-mm thick sections were cut from the tissue
blocks and stained with hematoxylin and eosin
for histopathological examination (up to 400x).
All lobes of both lungs were evaluated
histopathologically and the degree of
inflammation was scored for each rat in the 3
groups. An experienced pathologist who was
blinded to the group assignments studied the
histological slides and provided the scores. The
presence and degree of oedema, hyperaemia,
haemorrhage, mononuclear cell infiltration,
thickness of interalveolar septum and distortion
of the alveoli were evaluated. Oedema,
hyperaemia and haemorrhage were scored as 0
to 1 with respect to absence or presence of these
findings. A semi-quantitative scale score from
0-3 according to extent of the findings was used
for mononuclear cell infiltration, thickness of
interalveolar septum and distortion of the alveoli
(Table 1). A mean score for each of the variables
was then calculated. A total histopathological
score of the lung (maximum 12) was calculated
from the sum of scores given for each criterion.®

Statistical analysis

All data were analyzed using the SPSS program
version 16.0. The results were expressed as mean
+ standard error (SE). The Kruskall-Wallis test
was used for statistical comparison of the groups
and a p < 0.05 was considered as statistically
significant.

Animal care/ ethics

The study was approved by the Ethics committee
of Kocaeli University and procedures performed
in accordance with the Guiding Principles for
the Care and Use of Laboratory Animals.

RESULTS

The total inflammation score was 7.25+0.93
in the control group, 8.18+1.21 in the smoker
group and 7.08+1.66 in sildenafil group
(Table 2). There was a decrease of inflammation
score in the sildenafil group compared to control
and smoker groups but the decrease was not
statistically significant (p>0.05). While there was
no significant difference of oedema, hyperaemia,
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TABLE 1: Scoring criteria of lung inflammation

Inflammation findings Presence/extent of findings Score
Oedema + 1
- 0
Hyperaemia + 1
- 0
Haemorrhage + 1
- 0
Mononuclear cell infiltration 1-33 % 1
34-66% 2
67-100 % 3
Thickness of interalveolar septum 1-33 % 1
34-66% 2
67-100 % 3
Alveolar distortion 1-33 % 1
34-66% 2
67-100 % 3

haemorrhage and mononuclear cell infiltration
scores among the groups, it was found that the
thickness of the interalveolar septum and alveolar
distortion score was lower in the sildenafil group.
However, this decrease was not statistically
significant (p>0.05).

It was found that the extent of the alveolar
distortion was lower in the sildenafil group than
the smoker group. Nearly 90% of the rats in the

smoker group and 66.7% of the rats in sildenafil
group had alveolar distortion score =2 (Figure 1).

As similar to alveolar distortion, the extent of
thickness of the interalveoler septum was lower
in sildenafil group than smoker group. 72.8% of
the rats in the smoker group and 41.7% of the
rats in sildenafil group had interalveoler septum
thickness score =2 (Figure 2).

TABLE 2: Scores of lung inflammation observed in the various groups

Rats Group 1: Smoker Group 2: Sildenafil Group 3: Control
1 11 9 9
2 8 9 8
3 8 7 8
4 7 8 9
5 10 12 10
6 11 7 8
7 8 7 -
8 9 9 -
9 8 11 -
10 10 6 -
11 10 6 -
12 - 6 -
Mean+SD 8.18 = 1.21 7.08 + 1.66 7.25+0.93
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FIG. 1: The extent of alveolar distortion between the smoker and sildenafil groups

DISCUSSION

This study demonstrates that sildenafil might
reduce smoke induced lung inflammation and
findings such as thickness of alveolar septum
and alveolar distortion in smoke exposed rats.

The lung airway is a primary site of exposure
to the outside world and a key target of
environmental stimuli.’ Exposure to cigarette
smoke both as mainstream and environmental
tobacco exposure, results in an inflammatory
response characterized by accumulation of
neutrophils in the pulmonary vasculature and

release of chemotactic and toxic mediators,
including proteolytic enzymes and reactive
oxygen species.'

The smoke induced lung inflammation has
been demonstrated by histopathological and/or
biochemical examinations of bronchoalveolar
lavage fluid and lung tissue samples in
many studies.”” Our study includes only
histopathological evaluation. The mean duration
of lung inflammation development is 4-20 week in
the literature.’” It has been reported that exposure
to smoke for 4 weeks results in the development
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FIG. 2: The extent of thickness in interalveolar septum between the smoker and sildenafil groups
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of lung inflammation.® However, other authors
suggest that the duration of exposure must be 20
weeks for improving airway remodeling.>” They
also suggest that smoke exposure for 20 weeks
in laboratory mice is equivalent to exposure
of 21 years in human.® The cigarette smoke
exposure time is 8 weeks in our study. The
total inflammation score is higher in the smoker
group than control group. But the difference is
not statistically significant. This non-significant
result may be explained by the relatively short
duration of smoke exposure.

Several previous studies have evaluated
the potential effects of various factors such
as smoking cessation, paenol, montelukast or
sildenafil on smoke induced inflammation.*’
It is reported that paenol has a novel role
in alleviating the oxidative stress and lung
inflammation induced by smoke exposure and
smoke induced airway inflammation is partially
reversed after smoking cessation.>® Protective
effects of montelukast on smoke-induced lung
injury have also been demonstrated.” On the
other hand, anti-inflammatory and anti-oxidant
effects of sildenafil were demonstrated especially
in the pulmonary artery endothelial cell.*

Sildenafil is an inhibitor of spesific
phosphodiesterase-5 (PDE-5). It is commonly
used in clinical treatment of erectile dysfunction
and represents first line therapy for this disease.!!
Recently, it has been intensively studied in
the treatment of pulmonary hypertension®!?
and hypoxia or hyperoxia induced lung
injury.'*"* Sildenafil preserves alveolar growth,
angiogenesis, reduces inflammation and airway
reactivity and has protective effects on burn
induced acute lung injury via decreasing
oxidative stress and inflammation confirmed
by biochemical assays and histopathological
analysis.® It seems to be beneficial via prevention
of lipid peroxidation, cytokine production
and/or release and neutrophil accumulation in
bleomycin induced lung fibrosis in a rat model.'*
Also it is suggested that the histopathological
findings due to acrolein exposure which is a
component of cigarette smoke and automobile
exhaust, has been significantly inhibited by
sildenafil treatment.’

The inhalation of acrolein results in thickening
of the airway epithelium, peribronchial
inflammatory cell infiltration and lumen
obstruction by mucus. Sildenafil attenuates the
airway inflammation and goblet cell metaplasia.’
Sildenafil treatment, increases pulmonary cGMP
levels, reduces the pulmonary inflammatory
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response, fibrin deposition and septum thickness
and stimulates alveolarization.!* Similar to
previous reports, our study reveals that sildenafil
decreases the total score of lung inflammation
and findings such as thickness of alveolar septum
and alveolar distortion in smoke exposed rats
lungs.

The protective effects of sildenafil on the
lung inflammation have been demonstrated in
previous studies based on histopathological
evaluation.'™!7 These studies also demonstrated
positive effects of sildenafil administration in
varied doses (range 10-20 mg/kg) in decreasing
inflammation scores.® A study on the effects
of sildenafil (10 and 20 mg/kg/p.o.) in remote
organs including lungs in a rat model of sepsis
reported a significant decrease in oxidative stress
and inflammation degree based on biochemical
parameters and histopathogical scores.!’
However, Gokakin et al suggests that 10 mg/
kg sildenafil group has the lowest inflammation
score since no additional benefit was shown
when the dosage was increased to 20 mg/kg.? In
the present study, the dosage of sildenafil used
is 10 mg/kg/day as in the study of Gokakin
et al. The reason for selection of the 10 mg/
kg dose of sildenafil is that this dose results in
approximately the same plasma concentration
as 50mg in humans.'® However, although the
total inflammation score was lower in the
sildenafil group than control and smoker groups
in our study, this decrease was not statistically
significant.

The administration of a single dose of
sildenafil and the relatively short smoke exposure
time were limitations of this study. Itis suggested
that future studies evaluating the long term effects
of different sildenafil doses are needed.

In conclusion, the findings of our study
suggest that sildenafil may decrease lung
inflammation, thickness of alveolar septum and
alveolar distortion in smoke exposed rat lungs.
Future studies are needed in order to investigate
the clinical effectiveness of this finding in
smoking related lung diseases.
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