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ABSTRACT

The role of cigarette smoking in the development and outcome of pulmonary fibrosis is uncertain. In this study, we aimed to
assess the effect of route of bleomycin exposure in the development of pulmonary fibrosis and the effects of cigarette smo-
ke on bleomycin-induced lung fibrosis. We studied five groups of rats; 1-control group, 2-intratracheal bleomycin (IT), 3- int-
ratracheal bleomycin plus cigarette smoke for 4 wk (IT-S), 4- inhaled bleomycin (IN), 5- inhaled bleomycin plus cigarette smo-
ke for 4 wk (IN-S). According to Aschoft’s criteria, fibrosis score was higher in IT and IT-S compared to control, IN and IN-
S groups. There was no significant difference between IT and IT-S groups. Histopathological evaluation of the lungs of rats
revealed that neutrophils, macrophages, plasma cells and lymphocytes in alveolar interstitial space were significantly higher
in IT and IT-S compared to IN and IN-S (p< 0.001). IT and IT-S showed a severe collagen, laminin, elastin, fibronectin and
proteoglican levels in alveolar, vascular, airway and interstitial space. IN and IN-S showed mild inflammation in lung. There
were alveolitis, edema, peribronchial fibrosis, fibroblast proliferation and emphysematous lesions in all groups except for the
control group. In this study, we showed that in the development of pulmonary fibrosis in rats, intratracheal administration of
bleomycin is more effective than bleomycin inhalation and smoking has no additional effect on development of fibrosis. 
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ÖZET

S›çan Modelinde Bleomisine Ba¤l› Pulmoner Fibroziste Sigara Duman›n›n Etkisi

Sigaran›n pulmoner fibrozis geliflimindeki ve sonuçlar›na etkisi net de¤ildir. Bu çal›flmada bleomisin uygulama yolunun pul-
moner fibrosis geliflimine ve sigaran›n bleomisine ba¤l› pulmoner fibrosis geliflimi üzerine etkisini de¤erlendirmeyi amaçlad›k.
Befl grup fare ile çal›flt›k; 1-kontrol grubu, 2- intratrakeal bleomisin (IT), 3- intratrakeal bleomisin ve 4 hafta süreyle sigara du-
man› (IT-S), 4- inhale bleomisin(IN), 5- 4 hafta süreyle inhale bleomisinle birlikte sigara duman› (IN-S). Aschoft kriterlerine gö-
re fibrosis skoru IT ve IT-S gruplar›nda kontrol, IN ve IN-S gruplar›yla karfl›laflt›r›ld›¤›nda daha yüksek bulundu. IT ve IT-S grup-
lar› aras›nda belirgin fark yoktu. Farelerin akci¤erlerinin histopatolojik incelemesinde alveol ve interstisyel boflluktaki nötrofil,
makrofaj, plazma hücreleri ve lenfositler IN ve IN-S grubuna k›yasla IT ve IT-S grubunda belirgin olarak daha yüksekti
(p<0.001). IT ve IT-S gruplar›nda alveolar, vasküler, havayolu ve interstisyel bofllukta yo¤un kollajen, laminin, elastin, fibro-
nektin ve proteoglikan düzeyleri izlendi. IN ve IN-S gruplar›nda akci¤erde hafif inflamasyon izlendi. Kontrol grubu d›fl›nda tüm
gruplarda alveolit, ödem, peribronflial fibrozis, fibroblast ço¤almas› ve amfizematöz lezyonlar mevcuttu. Bu çal›flmada fare-
lerde pulmoner fibrozis oluflumunda intratrakeal bleomisin uygulaman›n inhale bleomisin inhalasyonundan daha etki-
li oldu¤u ve sigaran›n pulmoner fibrozis gelifliminde ek katk›s› bulunmad›¤›n› tespit ettik. 
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INTRODUCTION
Bleomycin is an effective agent in the control of a
number of human cancers, including squamous cell
carcinomas, lymphomas and testicular tumors. It
does not have major effects on the bone marrow1 or
on immunocompetence in animals or humans.2 Ho-
wever, the application of bleomycin is sometimes
associated with fatal side effects. Due to the lack of
the bleomycin-inactivating enzyme, bleomycin
hydrolase, in the lungs and the skin3 bleomycin-in-
duced toxicity occurs predominantly in these or-
gans. It has a dose-dependent pulmonary toxicity
that limits its clinical use.4 Intratracheal bleomycin
administration in rats and other animal species ca-
uses rapid development of pulmonary fibrosis cha-
racterized by increased lung collagen synthesis and
deposition.5,6,7 This toxic effect of the drug has been
utilized advantageously in a number of experimen-
tal approaches to pulmonary fibrosis in animal mo-
dels. Several studies have reported that in the early
stages of lung damage induced by bleomycin, the
lesions are associated with biochemical and functi-
onal changes that resemble to those of human pul-
monary fibrosis, namely, inflammatory cell infiltra-
tion, increased collagen content, and reduced lung
volumes and compliance.8-9 Development of pulmo-
nary fibrosis after intratracheal administration was
demonstrated several times also effect of intraveno-
us administration was evaluated. However, the ef-
fect of exposure to bleomycin via inhalation route
is not known. During preparation of this drug befo-
re administration to the patients, the nurses or the
health care personal who prepares it may expose to
bleomycin via inhalation route if they do not take
the needed precaution. We do not know if this ex-
posure has any undesired effect to these personal.
So, we aimed to evaluate the effect of inhaled ble-
omycin exposure on the lungs of the rats. 
Cigarette smoke is a complex mixture of more than
4000 compounds and causes a variety of pulmonary
and systemic effects in humans.10,11 Chronic smoke
exposure causes airway and lung parenchymal inf-
lammation, which is characterized by increased
numbers of macrophages, lymphocytes, neutrop-
hils, and/or eosinophils. Several kinds of proteases
such as neutrophil elastase, macrophage elastase,
matrix metalloproteinases, and cathepsins released
from the inflammatory cells may contribute to alve-
olar destruction and result in pulmonary emphyse-

ma in chronic cigarette smokers.10 In addition, reac-
tive oxygen species produced by cigarette smoke or
inflammatory cells, including activated lung mac-
rophages and infiltrating neutrophils, may contribu-
te to emphysematous changes, in that massive and
continuous oxidative stress may overwhelm the an-
tioxidant capacity of lung tissue, thereby causing
damage. Smoking has also been implicated in deve-
lopment of interstitial lung disease. However, the
role of tobacco smoking in the development and
outcome of pulmonary fibrosis is uncertain and
controversial. We aimed to evaluate the effect of
smoking on the lungs of the rats by administration
via inhalation route. Because we did not wanted to
kill too much rats and thought that we could evalu-
ate its effect by administration to the rats in additi-
on to bleomycin as we also have groups that expo-
sed only bleomycin by comparing their effect in
these group we did not constitute a group that inc-
luded only rats which exposed to smoking solely. 

The aim of this study was to evaluate the effect of
the route of bleomycin administration on develop-
ment of pulmonary fibrosis and examine the effect
of cigarette smoking on development of pulmonary
fibrosis.

MATERIAL AND METHODS
The study was performed in adult male Sprague-
Dawley rats (pretreatment body weight, 315 to 375
g) after approval of Institutional Review Board
(IRB) (Approval number is 2004-44). To investiga-
te the effects of cigarette smoke on bleomycin-in-
duced lung fibrosis, we studied five groups of rats
(n= 10 for each group). The bleomycin was given
to the rats through intratracheal route or by inhala-
tion as described in previous studies.12,13 In the cont-
rol group (Group 1), ten rats were subjected to sali-
ne inhalation. In Group 2, (intratracheal bleomycin
group, IT), ten rats received a single dose of ble-
omycin intratracheally (Nippon Kayaku Co., Ud.
Tokyo, Japan) 0.5 U/100g body weight in 0.3 ml
0.15 M sterile NaCl. Bleomycin solution was pre-
pared immediately before administration and was
administered as a single dose directly into the trac-
hea under light anesthesia with sodium pentobarbi-
tal (50 mg/kg body weight) intraperitoneally. The
rats in group 3 were treated same as Group 2 and
were exposed to tobacco smoke for 4 weeks (IT-S);
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inhalation of cigarette smoke was performed two ti-
mes a day in a plastic cage (40 cm x 26 cm x 16
cm). In group 4 (inhaled bleomycin, IN); the rats
were placed in a plastic box (40 cm x 26 cm x 16
cm) attached to the jet nebulizer (Respironics, West
Sussex, UK) for 15 min for nebulization of bleomy-
cin and the same procedure was repeated every day
for 4 weeks. Rats in group 5 were treated same as
group 4 and were exposed to tobacco smoke for 4
weeks (IN-S) as described above. 

Following exanguinations of the rats, each lung tis-
sue was fixed in a buffered 10% formalin solution
for 24 hr and embedded in paraffin. Longitudinal
sections of the lungs were stained with hematoxy-
lin and eosin (HE) and were examined for pulmo-
nary fibrosis. Each successive field was individu-
ally assessed for the severity of interstitial fibrosis
using the semiquantitative grading system descri-
bed by Ashcroft et al.14 The entire lung section was
reviewed at a magnification of x100. For each of
the 30-35 microscopic fields, a score ranging from
0 (normal) to 8 (total fibrosis) was assigned. Crite-
ria for grading pulmonary fibrosis were as follows:
Grade 0= normal lung; Grade 1= minimal fibrous
thickening of alveolar or bronchiolar walls; Grade
3= moderate thickening of the walls without obvi-
ous damage to the lung architecture; Grade 5= inc-
reased fibrosis with definite damage to the lung
structure and the formation of fibrous bands or
small fibrous masses; Grade 7= severe distortion of

the lung structure and large fibrous areas; Grade 8=
total fibrous obliteration of the field. If there was
any difficulty in deciding between two odd-numbe-
red categories, the field was given the intervening
even-numbered grade. The pulmonary fibrosis sco-
re was expressed as a mean grade of fibrosis for
each sample. 

Cell counts were expressed as the number per high
power field (HPF). Inflammatory infiltrates were
further characterized according to cell type on a
morphologic basis. Inflammatory changes were
expressed as scores of different cell types (neutrop-
hil, macrophage, plasma cells, lymphocytes), this
semiquantitative scale was from 1+ to 3+ (1+ =
mild, 2+ =moderate, 3+ = marked) for each cell
type. The collagen, fibroblasts and hyaline memb-
rane contents and presence of diffuse alveolar he-
morrhage in alveolar and interstitial tissue of rats
were also scored from 1+ to 3+ defined as above. 

Statistical Analysis: A nonparametric analysis of
variance (Kruskal-Wallis method) was used to de-
termine any significant difference among the five
groups. Multiple comparisons were performed by
using Mann-Whitney U test with Bonferroni’s cor-
rection. Data are expressed as median (interquartile
range expressed as a first - third quartile). All
analyses were performed using the SPSS statistical
software package and probability value of <0.05
were considered as statistically significant.
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Table 1. The median (interquartile range expressed as a first - third quartile) of degree of fibrosis score and differential cell counts
in alveolar and interstitial tissue of rats 

Control IT IT-S INH INH-S p

Collagen 0.0 1.0 2.0 1.0 1.0

(0.0-0.25) (1.0-3.0) (2.0-2.25) (0.75-1.0) (1.0-1.0) 0.001

Diffuse alveolar hemorrhage 0.0 1.0 0.0 0.0 0.0 0.0

(0.0-0.0) (0.0-3.0) (0.0-3.0) (0.0-0.0) (0.0-0.0) 0.002

Fibroblasts 0.0 2.0 2.5 1.0 1.0

(0.0-0.0) (1.75-3.0) (2.0-3.0) (0.75-1.0) (1.0-1.0) 0.001

Hyaline membranes 0.0 0.5 0.0 0.0 0.0

(0.0-0.0) (0.0-2.25) (0.0-0.0) (0.0-0.0) (0.0-0.0) 0.001

IT: Intratracheal bleomycin, IT-S: Intratracheal bleomycin plus cigarette smoke, INH: Inhaled bleomycin, 
INH-S: Inhaled bleomycin plus cigarette smoke



RESULTS
According to Aschoft’s criteria, fibrosis score was
higher in IT, IT-S, IN and IN-S than control group
(Table 1). There was significant difference between
the routes of administration of bleomycin, intratrac-
heally vs inhalation. There was no significant diffe-
rence between IT and IT-S, and IN and IN-S with
respect to fibrosis score (p= 0.68 and p= 0.08, res-
pectively). Fibrosis score was significantly higher

in IT than IN (p< 0.001). However, there was no
difference between IT and IN-S (p= 0.052). Histo-
pathologic evaluation of the lungs revealed that
number of neutrophils, macrophages, plasma cells
and lymphocytes in alveolar and interstitial space
were significantly higher in IT and IT-S compared
to IN and IN-S (p< 0.001). A figure demonstrating
histopathologic view of the lungs of rats with fibro-
sis was shown in Figure 1. The mean of degree of
collagen, fibroblasts and hyaline membrane con-
tents and presence of diffuse alveolar hemorrhage
in alveolar and interstitial tissue of rats was shown
in Table 2. 

IT and IT-S showed a severe collagen, laminin,
elastin, fibronectin and proteoglican levels in alve-
olar, vascular, airway and interstitial space. Howe-
ver, IN and IN-S caused mild inflammation in lung.
There were alveolitis, edema, peribronchial fibro-
sis, fibroblast proliferation and emphysematous le-
sions in all groups except for the control group. 

DISCUSSION
Lindenschmidt et al.15 investigated the effect of int-
ravenous administration and intratracheal administ-
ration of bleomycin on development of pulmonary
fibrosis and found that differences existed in the
lung reactions in response to these two routes of ad-
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Table 2. The median (interquartile range expressed as a first - third quartile) of degree of collagen, fibroblasts and hyaline memb-
rane contents and presence of diffuse alveolar hemorrhage in alveolar and interstitial tissue of rats.

Control IT IT-S INH INH-S p

Fibrosis score 1.0 7.0 7.0 3.5 4.5

(Aschoft’s criteria) (0.0-1.0) (4.75-7.0) (6.0-7.0) (3.0-4.25) (3.75-5.5) 0.001

Neutrophils 1.0 2.5 3.0 1.5 1.0

(1.0-2.0) (1.0-3.0) (2.75-3.0) (0.75-2.0) (1.0-1.0) 0.002

Macrophage 1.0 3.0 3.0 0.0 0.0

(1.0-2.0) (2.0-3.0) (3.0-3.0) (0.0-0.0) (0.0-0.0) 0.001

Plasma cells 1.0 2.5 3.0 1.0 2.0

(1.0-2.0) (2.0-3.0) (2.0-3.0) (0.75-1.0) (1.75-2.0) 0.001

Lymphocytes 1.0 2.0 3.0 1.0 2.0

(1.0-1.0) (2.0-2.25) (2.0-3.09 (0.75-1.0) (1.75-2.0) 0.001

IT: Intratracheal bleomycin, IT-S: Intratracheal bleomycin plus cigarette smoke, INH: Inhaled bleomycin, INH-S: Inhaled bleomy-
cin plus cigarette smoke

Figure 1. Histopathologic view of the lung of the rats exposed
to intratracheal bleomycin with pulmonary fibrosis



ministration, but these differences reflected nons-
pecific inflammatory response and magnitude of
initial injury. They concluded that the response to
bleomycin administered intratracheally is basically
similar to the changes produced by intravenous in-
jection of the drug. However, to our knowledge the-
re is no study evaluating the effect of inhaled ble-
omycin on lung. In our study, fibrosis score was
significantly higher in all rats exposed to bleomycin
when compared to control group; but the fibrosis
developed after inhalation of bleomycin was lower
than the intratracheal administration of this drug.
This result showed that bleomycin administration
through inhalation route has no significant effect on
development of pulmonary fibrosis. It is known
that bleomycin has a dose-dependent pulmonary to-
xicity.4 The lower fibrosis score in our study after
inhaled bleomycin administration might be due to
dose of bleomycin the rats were exposed, because
the dose of bleomycin received by the rats in this
way is probably lower than the dose given intratrac-
heally. The dose could be adjusted when the ble-
omycin is given intravenously, intratracheally or
subcutaneously, however it is not possible to me-
asure the total dose received by the rats when it is
given through inhalation route. Therefore, it could
be speculated that as it was shown in previous stu-
dies the effect of bleomycin in development of fib-
rosis is dose dependent. It is reported that collagen
content is increased in lungs after bleomycin expo-
sure. Clark et al reported accumulation of collagen
in the lung following an increased rate of collagen
synthesis.7 In our study, we demonstrated increased
collagen levels in lung tissues of the rats in IT and
IT-S groups. Also increased number of macropha-
ge, lymphocytes and fibroblasts was shown after
administration of bleomycin in animal studies.
Chandler et al demonstrated an increase in the num-
ber of macrophage, lymphocytes, eosinophils and
fibroblast at the fourth week of their study.16 This
was similar to our study as we also demonstrated
increased number of macrophages, plasma cells,
fibroblasts and lymphocytes in all groups exposed
to bleomycin.

The role of tobacco smoking in the development
and outcome of pulmonary fibrosis is uncertain and
also controversial. The results of our study revealed
no significant difference in fibrosis score between
none smoke-exposed group and smoke-exposed

group. As in our study, there are studies reporting
no effect of smoking on development of pulmonary
fibrosis and studies reporting inhibitory or positive
effect of cigarette smoke on development of fibro-
sis. Parvinen et al.17 investigated the factors affec-
ting the pulmonary toxicity of bleomycin and found
that advanced age, high total dose of bleomycin,
and intravenous bolus injections of the drug seemed
to be major factors responsible for the development
of lung fibrosis whereas smoking had no obvious
effect. An earlier report by Osanai et al.12 evaluating
the effect of cigarette smoke on the development of
bleomycin (BLM)-induced pulmonary fibrosis in
hamsters found that tobacco smoke reduced the fib-
rotic response to bleomycin, however caused de-
rangement of alveolar architecture. In addition, a
number of clinical and experimental studies sug-
gest that cigarette smoking reduces the frequency
of radiation- induced pneumonitis. Cigarette smoke
may play a critical role in the development and de-
terioration of pulmonary emphysema by suppres-
sing the growth of lung fibroblasts.18 Carvenali et
al.19 reported that cigarette smoke-induced inhibiti-
on of fibroblast proliferation and migration may
impair lung repair following lung injury and may
thus contribute to the development of pulmonary
emphysema. We detected emphysematous changes
in pathologic evaluation of rats in all groups except
for the control group. On the other hand, there are
also studies showing that smoking causes interstiti-
al pulmonary disease. In case-control studies, ciga-
rette smoking has been reported as a potential risk
factor for the development of IPF in ever-smo-
kers.20,21,22 Results from the study of Lower et al sup-
ported the premise that bleomycin pulmonary toxi-
city may result from the generation of reactive oxy-
gen metabolites and that cigarette smoking may
predispose to bleomycin pulmonary toxicity.23

The main limitations of our study were inabilities to
measure the dose of the bleomycin received by the
rats in inhalation groups, however as we put all the
rats in the same size of a box and exposed to inha-
led bleomycin at a same time of period we thought
that all rats exposed to same dose of bleomycin.
Another limitation was not to evaluate the inflam-
matory and fibrotic course in different periods of
the study due to low number of rats in study groups.
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In conclusions, we showed that development of
pulmonary fibrosis was more dominant in the lungs
of rats that were exposed to intratracheal bleomycin
and inhalation route resulted in less pulmonary fib-
rosis, most probably due to lower exposure dose.
Smoking had no additional effect on development
of bleomycin induced fibrosis. 

This article is original and there is no conflict of in-
terest related to this research.
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