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Introduction

The present study examined the histological changes in lung tissue induced by single intratracheal instillation on bleomycin in Wi-
star rats. Animals were treated with bleomycin at the dose of 6.5 U/kg body weight via., single intra-tracheal instillation. Histopatho-
logical abnormalities in lungs were assessed on day 21 using hematoxylin and eosin staining and Masson’s trichrome staining. Single 
intra-tracheal instillation of bleomycin led to the extensive deposition of collagen in peribronchial and perialveolar region, which 
obliterated the alveolar spaces. Severe lung alveolitis and injury, which was manifested with interalveolar inflammation, thickening 
alveolar wall, bronchial erosion, and large fibrotic area inconsistently. The results of the present study speculate that inflammation is 
the forerunner of fibrosis induced by single intra-tracheal instillation of bleomycin.

Idiopathic pulmonary fibrosis is a chronic progressive and ul-
timately fatal lung disease and poor response to available medical 
therapy. Its prediction is poor and the outcome even worse than in 
many malignant diseases. Idiopathic pulmonary fibrosis is one of 
the most common interstitial lung diseases and is characterized by 
the histological pattern of usual interstitial pneumonia [3].

The natural history of pulmonary fibrosis is unknown, and the 
onset of symptoms is gradual, usually starting with a non-produc-
tive cough. With the involvement of larger areas of the lung, severe 
dyspnea at rest, and signs of right heart failure also develop [4]. In 
some cases, the clinical state is preserved for several years, but the 
majority of patients deteriorate more rapidly. Mortality during an 
acute exacerbation is high. The prevalence of idiopathic pulmonary 
fibrosis is estimated at 20/100,000 for males and 13/100,000 for 
females, and survival time from diagnosis ranges from 2 to 4 years 
[10].

Histological characteristics include remodeling of lung architec-
ture with fibroblastic foci and “honeycombing”. The lung involve-
ment is patchy with a predominantly basal and subpleural pattern 
of matrix deposition and tissue distortion within the pulmonary 
interstitium, leading to impaired gas transfer and respiratory fail-
ure [4,17]. Most patients present at a later stage of the disease. 

Treatment options for pulmonary fibrosis are limited. The clinical 
management focuses on the treatment of complications, support-
ive care, and in a few cases, involves lung transplantation. Anti-
inflammatory drugs such as prednisone may carry symptomatic 
relief. Still, they do not appear to halt the progression of fibrosis, 
and their beneficial effects in idiopathic pulmonary fibrosis remain 
in question. Cytotoxic drugs have not been shown to improve lung 
function or life expectancy and may be associated with harmful 
side effects [11].

Animal models play an important role in the investigation of 
diseases, and many models are established to examine pulmonary 
pathobiology. So far, the standard agent for the induction of experi-
mental pulmonary fibrosis in animals is bleomycin, so the same 
was used as the animal model in the present study. Bleomycin, first 
discovered in 1962, is a glycosylated linear non-ribosomal peptide 
chemotherapeutic antibiotic produced by the bacterium “Strep-
tomyces verticillus” [1,14]. Its use in animal models of pulmonary 
fibrosis is based on the fact that fibrosis is one of the major ad-
verse side effects of bleomycin in human cancer therapy. Bleomycin 
plays an important role in the treatment of lymphoma, squamous 
cell carcinomas, germ cell tumors, and malignant pleural effusion, 
where it is injected intrapleurally. It is believed that bleomycin acts 
by causing single and double-strand D.N.A. breaks in tumor cells 
and thereby interrupting the cell cycle. This happens by chelation 
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of metal ions and reaction of the formed pseudoenzyme with oxy-
gen, which leads to the production of DNA-cleaving superoxide 
and hydroxide free radicals [6]. Overproduction of reactive oxygen 
species can lead to an inflammatory response causing pulmonary 
toxicity, activation of fibroblasts, and subsequent fibrosis [5,7]. 
Bleomycin hydrolase, a bleomycin inactivating enzyme, critically 
influences the effects of this drug on different tissues. The lungs 
maintain low levels of the enzyme and therefore are more suscep-
tible to bleomycin-induced tissue injury [12], so the same was used 
as the animal model in the present study.

Specific pathogen-free, healthy young adult male Wistar rats 
(RccHan: WIST) were used in this study. They were obtained from 
the barrier maintained rodent animal breeding facility, Jai Research 
Foundation, Vapi, India. All the animals were fed with standard 
Teklad certified Global high fiber rat feed manufactured by Har-
lan, U.S.A., and U.V. sterilized water filtered through Kent reverse 
osmosis water filtration system were provided ad libitum. The rats 
were kept in a controlled environment with an alternating cycle of 
12-h light and dark. The animals used in this study were handled 
and treated in accordance with the strict guiding principles of the 
National Institutes of Health Guide for the Care and Use of Labora-
tory Animals and were approved by the Institutional Animal Ethics 
Committee Guidelines. Jai Research Foundation is also accredited 
with the Association for Assessment and Accreditation of Labora-
tory Animal Care (AAALAC) that promotes the humane treatment 
of animals in science.

Animals
Materials and Methods

The rats were anesthetized via ketamine (80 mg/kg body 
weight, i.p.) and xylazine (20 mg/kg body weight, i.p.) anesthesia 
[13]. A midline incision was made in the neck, and the trachea was 
exposed. Later, with the help of a tracheal cannula under direct 
visualization, bleomycin was instilled. For the induction of pul-
monary fibrosis, the rats received a single dose of 6.5 U/kg body 
weights, bleomycin sulfate by intratracheal instillation [16]. On day 
21, animals were sacrificed, and lungs were collected.

Experimental design

Excess collagen deposition is the hallmark of pulmonary fibro-
sis. After sacrificed, lung tissue was fixed in 10% neutral buffer for-
malin and routinely processed and embedded in paraffin. Lung tis-
sue collagen content was examined using Masson trichrome, which 
is specific staining for collagen.

Collagen specific studies

After sacrificed, each lung tissue was perfused and fixed in 10% 
neutral buffer formalin and routinely processed and embedded in 
paraffin. Serial sections were cut and stained with hematoxylin & 
eosin for illuminate pathological changes associated with bleomy-
cin-induced lung fibrosis.

Histological studies 

Bleomycin hydrochloride was procured from the market and 
was in the form of bleomycin ampoules (15 units) manufactured by 
Biochem Pharmaceutical Industries Ltd. All other chemicals were 
of the highest grade commercially available.

Materials

Histopathological abnormalities in lungs were assessed on day 
21 using hematoxylin and eosin staining and Masson’s trichrome 
staining.

Results

As shown in figure 1 and 2, single instillation of bleomycin re-
sulted in severe lung alveolitis and injury, which was manifested 
with interalveolar inflammation, thickening alveolar wall, bronchi-
al erosion and large fibrotic area inconsistently. Severe lung injury 
manifested as congestion and edema of interalveolar spaces, inter-
alveolar inflammation, thickened alveolar wall, collapsed alveoli 
with bronchial erosion, and patchy cheesy fibrotic areas.

Masson’s trichrome staining 

Figure 1

Figure 2

Hematoxylin and eosin staining 

Animal models do not completely imitate the interstitial lung 
disease of humans and usually require an acute lung injury re-
sponse followed by a slower fibrosis phase that differs from the 
chronic and insidious features of this disease. Inflammation is a 
major component in the pathogenesis of this lung disease that is or-
chestrated in part by endogenous and migrating leukocytes. These 
leukocytes, together with lung epithelial and endothelial cells, cre-
ate a feedback loop where stimuli from injury responses, can acti-
vate alveolar and interstitial macrophages [8].

Discussion and Conclusion
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The clinical worth of bleomycin, an anti-cancer drug, has been 
hampered due to its detrimental effects. The major side-effect of 
this drug is the induction of lung fibrosis in patients treated with 
bleomycin. The bleomycin animal model of lung fibrosis is an es-
tablished and widely used model of human lung fibrosis. There 
have been a number of studies employing bleomycin in different 
animal models. The use of these animal models has helped in partly 
establishing the pathways of lung damage leading to fibrosis and 
by comparison studies of patients with lung pneumopathy, have 
validated many of these animal studies [15].

In the current study, we have used a Wistar rat model of lung 
fibrosis created by challenging the rats with a single dose of bleo-
mycin sulfate by intratracheal instillation. Single instillation of 
bleomycin causes destruction of the lung architecture, leading to 
pulmonary fibrosis that was characterized by an increase in col-
lagen deposition in the lungs.

Moreover, histopathological observation showed an abnormal 
histological profile of the lung tissue in bleomycin-administered 
rats. Notable deviant histoarchitecture of the lung from the drug-
treated animals includes collapsed alveolae, thickened alveolar 
wall, and abnormal collagen deposition. 

Since inflammation is the forerunner of fibrosis, controlling the 
degree of inflammation could minimize the release of various in-
flammatory mediators known to be involved in collagen synthesis 
and accumulation, and thus attenuating the development of bleo-
mycin-induced lung fibrosis [2,9].
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