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Abstract 

Introduction: Idiopathic pulmonary fibrosis (IPF) is a relentlessly progressive and usually 

fatal lung disease of unknown etiology for which no effective treatments currently exist. In 

the adults type I and II pneumocytes, forms Components of the alveolar epithelial cells. In 

this study, we investigated the effect of thalidomide on the alveolar epithelial cells (type I and 

II pneumocytes) in the lung fibrosis induced by bleomycin in mice. 

Materials and methods: In this research, 32 male adult C57BL/6 mice were randomly 

divided into 4 groups. Mice received in group Bleomycin, bleomycin sulfate, in group 

Bleomycin+Thalidomide, bleomycin besides thalidomide, in group Thalidomide, only 

thalidomide and in group carboxymethylcellulose, carboxymethylcellulose via 

intraperitoneum. At the end of experiment, mice lung samples were prepared and histological 

studies were performed on them. After the investigation of tissue slides, number of type I and 

II pneumocytes were calculated and results were analyzed by using one-way ANOVA. 

Results: Histological studies showed a significant decrease in the number of  type I 

pneumocytes and a significant increase in the number of type II pneumocytes in the 

Bleomycin group in comparison with the carboxymethylcellulose group (p<0.001). But 

number of these cells (type I and II pneumocyte) in the Bleomycin+Thalidomide group 

increased and decreased respectively compared to the Bleomycin group (p<0.001). 

Conclusion: The results of this study showed that Thalidomide decreases number of 

pneumocytes II and increases pneumocytes I and Thereby reduces pulmonary fibrosis in the 

mice.  
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Introduction 

Idiopathic pulmonary fibrosis (IPF) is a 

progressive and often lethal lung disorder. 

The histopathological features of IPF are 

usual interstitial pneumonia, which 

consists of honeycombing, patchy fibrosis, 

lung epithelial cell dysfunction, lung 

fibroblast activation and proliferation, 

fibroblastic foci and hyperplasia of type II 

pneumocytes, excessive collagen 

deposition and subsequent destruction of 

the normal lung architecture with loss of 

alveolar spaces (1,2). IPF begins with 

repeated injury to the lining of the alveoli, 

which type II alveolar epithelial cells 

(AEC II) undergo hyperplasia and become 

suppliers of fibrogenic cytokines that 

induce the proliferation and migration of 

lung fibroblasts and eventually leads to 

extensive remodeling of the distal airspace 

of lung, stiffening it and making breathing 
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difficult. The prognosis for IPF patients is 

poor and current therapies are ineffective 

in preventing or even delaying the onset of 

respiratory failure. Novel therapeutic 

approaches include molecular targeting of 

specific signaling pathways activated 

during fibrotic processes (3,4). 

Thalidomide, a derivative of glutamic acid, 

was synthesised originally as a sedative 

and an anti-emetic. Subsequently the drug 

was withdrawn because of its teratogenic 

effects (5). Thalidomide was found 

effective first in erythema nodusum 

leprosum lesions (6), and later in 

rheumatological diseases (7), Crohn's 

disease (8), tuberculosis (9), cutaneous 

sarcoidosis (10) and lung transplantation 

(11). In addition, the ability of thalidomide 

to inhibit angiogenesis has led to its use in 

malignancy, particularly multiple 

myeloma (12). Previous studies have 

shown that thalidomide can inhibit the 

production of inflammatory cytokines such 

as TNF-α, IL-12 from peripheral blood 

mononuclear cells (PBMCs) and alveolar 

macrophages (Ams) (13–16) and IL-6 and 

TGF-β from lung fibroblasts (17). 

However, the mechanisms underlying the 

effects of thalidomide in interstitial lung 

disease are still unclear. In this study, we 

investigated the effect of thalidomide on 

the alveolar epithelial cell in the lung 

fibrosis induced by bleomycin in mice by 

morphometric theqniq and have shown 

that  thalidomide has an antifibrotic effect 

in the lung fibrosis by Reduction in type II 

alveolar epithelial cells and increase in 

type I alveolar epithelial cells. 

Materials and methods 

Ethical approval: Thirty two male adult 

C57BL/6 mice were used in this study. 

The study was carried out in strict 

accordance to guidelines of the 1975 

Declaration of Helsinki. 

Model of pulmonary fibrosis: Male 

C57BL/6 mice were injected 

intraperitoneally with bleomycin sulfate (2 

mg/ mouse). 

Treatment groups: Thirty two healthy 

male C57BL/6 mice weighting 20-25 g on 

average at the age of 6-8 weeks were 

randomly assigned into bleomycin (Bleo), 

bleomycin plus thalidomide (Bleo + Thal), 

thalidomide (Thal) and 

carboxymethylcellulose (CMC) groups 

(n=8 per group). Pulmonary fibrosis 

models were established in groups Bleo 

and Bleo + Thal by the intraperitoneal 

injection of 2 mg/mouce bleomycin sulfate 

(Nippon Kayaku, Japan) dissolved in 0.1 

ml carboxymethylcellulose(CMC) (Sigma, 

USA) 0.5% in days 1, 8 and 15. Group 

Bleo + Thal received bleomycin as was 

mentioned for the Bleo group in addition 4 

mg thalidomide (Sigma, USA) dissolved 

in 0.1 ml CMC 0.5% via intraperitoneal 

injections five times a week for 4 weeks. 

Group Thal received 4 mg thalidomide 

dissolved in 0.1 ml CMC 0.5% via 

intraperitoneal injections five times a week 

for 4 weeks, and group CMC received 0.1 

ml CMC 0.5% via intraperitoneal 

injections five times a week for 4 weeks 

(17,18). When the experiment finished, the 

mice were killed by high doses of 

ketamine anesthetic.  Thorax was opened 

and lungs were removed, after being 

washed with PBS, the lungs were placed in 

formalin 10%. The tissues were 

dehydrated at different levels and were 

embedded in paraffin. 

H&E staining: After molding, transverse 

sections of 6 µm thickness were prepared. 

Haematoxylin and eosin staining agents 

were purchased from Sigma-Aldrich. The 

prepared sections were stained with 

haematoxylin and eosin following the 

manufacturer’s standard protocol for 

morphological analysis. The slides were 

then investigated under a light microscope . 

PAS staining: Periodic acid schiff (PAS) 

is a staining method used to detect 

polysaccharides such as glycogen, and 

mucosubstances such as glycoproteins, 

glycolipids and mucins in tissues. The 

number of type I and II pneumocyte in this 

staining was detectable and ratio of them 

was calculated. In this method, for each 
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group, 10 fields of 10 sections were 

examined with 40X magnification . 

Statistical analysis 

The results were analyzed in SPSS, 

version 20 were presented as the mean ± 

standard error. The groups were compared 

using one-way ANOVA. P<0.05 was 

considered to indicate a statistically 

significant difference. 

Results 

Pathological changes: Four weeks after 

bleomycin instillation, in the Bleo group, 

there was pathological changes including 

thickening of alveolar walls, infiltration of 

inflammatory cells into the interstitium, 

disorganization of the alveolar structure, 

impairment of alveolar septa, development

of cystic changes in alveoli, and increased 

amount of connective tissue (Figure 1A). 

The number of cuboidal type II 

pnoumocyte increased which project into 

the lumen often occupying a niche in the 

corner of the alveoli and was shown by 

PAS staining (Figure 2A). In the group 

Bleo + Thal that received thalidomide 

besides bleomycin, compared to the Bleo 

group, The severity of changes diminished 

such as relative reduction in the 

inflammatory reaction, decreased 

thickness of alveolar septa, better 

organization of the alveolar structure, and 

fewer changes consistent with alveolar 

impairment were observed (Figure 1B), 

The number of type II pnoumocytes 

decreased in the PAS staining (Figure 2B). 

In the Thal and CMC groups No 

pathological changes were observed in the 

lungs tissue of animals (Figure 1C, D).

 

 

 
Figure 1. Effect of thalidomide on bleomycin induced lung fibrosis in mouse lung tissue. male adult C57BL/6 

mice were injected ip with bleomycin in the Bleo group (A). Mice in the Bleo + Thal group (B) received 

thalidomide besides bleomycin and in the Thal (C) and CMC (D) groups received thalidomide and 

carboxymethylcellulose respectively. After 4 weeks histological changes of lung tissue samples were shown by 

H&E staining. 
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Figure 2. Effect of thalidomide on the alveolar epithelial cells in the lung fibrosis induced by bleomycin in mice.  

male adult C57BL/6 mice were injected ip with bleomycin in the Bleo group (A). Mice in the Bleo + Thal group 

(B) received thalidomide besides bleomycin and in the Thal (C) and CMC (D) groups received thalidomide and 

carboxymethylcellulose respectively. After 4 weeks, PAS staining were done on the lung tissue samples and the 

the alveolar epithelial cells (I and II pneumocytes) were observed. red arrows indicates the type II pneumocytes 

and black arrows indicates the type I pneumocytes.     

 

Quantitative results: The quantitative 

results related to the alveolar epithelial 

cells (type I and II pnoumocyte) of the 

mice lung simples in different groups were 

obtained by morphometric method. This 

data analysed using SPSS and one-way 

ANOVA. The mean values of type I 

pnoumocyte in the Bleo, Bleo + Thal, Thal 

and CMC groups were 2.83 ± 1.18 , 3.18 ± 

0.98 , 12.5 ± 4.85 , 10 ±  1.18 respectively 

(Figure 3). The mean values of type II 

pnoumocyte in the Bleo, Bleo + Thal, Thal 

and CMC groups were 8.30 ± 2.5 , 4.37 ± 

1.36 , 3.30 ± 1.25 and 2 ± 2.56 

respectively (Figure 4). 

 

 
     Figure 3. Mean number of type 1 pneumocytes in different groups.    
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In this experiment mice recieved in the 

Bleo, Bleo+Thal, Thal and CMC groups 

bleomycin,  bleomycin plus Thalidomide,  

Thalidomide and carboxymethylcellulose 

respectively. At the end of experiment, 

PAS staining were done on the lung tissue 

samples and the mean number of type 1 

pneumocytes in Different groups was 

calculated by SPSS and one-way ANOVA.

 

 
           Figure 4.  Mean number of type 2 pneumocytes in different groups. 

 

The results indicate an increase in the type 

I pnoumocyte in the Bleo + Thal group in 

comparison with the Bleo group. 

Statistical analysis showed that the groups 

have significant difference with each other 

in the mean value of type I and II 

pnoumocyte (P<0.001). 

Discussion  

In the current study, the effect of 

thalidomide on the alveolar epithelial cells 

(type I and II pnoumocyte) in the lung 

fibrosis induced by bleomycin was 

investigated. We demonstrated the 

relationship between thalidomide and 

pulmonary fibrosis. IPF is a chronic, 

progressive, and usually lethal lung 

disorder of unknown etiology. Although 

the pathogenic mechanisms have not been 

elucidated, aberrantly activated alveolar 

epithelial cells, which produce a variety of 

mediators during the development of the 

disease, seem to play a key role (19-21). 

We treated mice with bleomycin by 

intraperitoneal administration instead of 

intratracheal administration, as usually 

carried out in many reports, because study 

the effect of the drug when added to the 

whole body as this administration 

resembled more clearly the use of the drug 

in human cancer therapy. Bleomycin is an 

effective chemotherapeutic agent which its 

repeated systemic or high dose 

administration often leads to lung injury 

and fibrosis (22). Bleomycin-induced 

pulmonary fibrosis in animal models is 

very applicable for studying the cellular 

and molecular mechanisms of interstitial 

lung fibrosis (23  .(  

 Here, we found that thalidomide could 

inhibit lung fibrosis by preventing the 

proliferation of type II pneumocyte and 

increasing the type I pneumocyte in the 

alveolar epithelial cells. Researchers have 

studied the anti-fibrotic effect of 

thalidomide and reported that thalidomide 

could relieve the symptoms and stop the 

progression of lung fibrosis in the human 

and animal samples. In the study Tabeta 

and his colleagues in 2007 showed that 

thalidomide has inhibitory effect on 

bleomycin-induced pulmonary fibrosis in 

mice (17). They showed that thalidomide 

have prevention effect on synthesis of 

collagen, TGF-β, IL-6, and VEGF which 
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these marker have an important role in the 

lung fibrosis. Zhao and his colleagues in 

the 2009 demonstrated that thalidomide 

could be effective in treatment of lung 

fibrosis via its inhibitory effect on 

hydroxyproline (HYP) and α-SMA protein 

(24). Maureen et al. (2012) demonstrated 

that oral thalidomide in patients with lung 

fibrosis can considerably alleviate the 

patients’ cough (25). In summary all of the 

study mentioned above including our 

experiments demonstrates that thalidomide 

has an antifibrotic effect in the lung 

fibrosis. However the molecular 

mechanism of thalidomide is largely 

unknown and more research needs to be 

done . 

Conclusion 

In summary, we demonstrated that 

bleomycin induse the lung fibrosis and 

thalidomide by decrease of type II 

pneumocyte caused the decrease of lung 

fibrosis . 

Acknowledgements 

This project was fulfilled as the M. Sc 

Thesis in the Kurdistan University of 

Medical Sciences. The authors would like 

to thank the all coallegues in ihis Center 

for their kind cooperation . 

Conflicts of interest 

The authors declare no conflict of interest.

  

References  

1. Raghu G, Collard HR, Egan JJ, 

Martinez FJ, Behr J, Brown KK, et al. 

An official ATS/ERS/JRS/ALAT 

statement: idiopathic pulmonary 

fibrosis: evidence-based guidelines for 

diagnosis and management. Am J 

Respir Crit Care Med. 2011; 

183(6):788-824 . 

2. King TE Jr, Pardo A, Selman M. 

Idiopathic pulmonary fibrosis. Lancet. 

2011; 378(9807):1949-61 . 

3. Gharaee-Kermani M, Hu B, Phan SH, 

Gyetko MR. Recent advances in 

molecular targets and treatment of 

idiopathic pulmonary fibrosis: focus on 

TGF beta signaling and the 

myofibroblast. Curr Med Chem. 2009; 

16(11):1400-17. 

4. Selman M, Pardo A. Role of epithelial 

cells in idiopathic pulmonary fibrosis: 

from innocent targets to serial killers. 

Proc Am Thorac Soc. 2006; 3(4):364-

72. 

5. Franks ME, Macpherson GR, Figg 

WD. Thalidomide. Lancet. 2004; 

363(9423):1802-11. 

6. Stirling DI. Thalidomide and its impact 

in dermatology. Semin Cutan Med 

Surg. 1998; 17(4):231-42. 

7. Gutiérrez-Rodríguez O, Starusta-Bacal 

P, Gutiérrez-Montes O. Treatment of 

refractory rheumatoid arthritis--the 

thalidomide experience. J Rheumatol. 

1989; 16(2):158-63. 

8. Ehrenpreis ED, Kane SV, Cohen LB, 

Cohen RD, Hanauer SB. Thalidomide 

therapy for patients with refractory 

Crohn's disease: an open-label trial. 

Gastroenterology. 1999; 117(6):1271-

7. 

9. Tramontana JM, Utaipat U, Molloy A, 

Akarasewi P, Burroughs M, 

Makonkawkeyoon S, et al. 

Thalidomide treatment reduces tumor 

necrosis factor alpha production and 

enhances weight gain in patients with 

pulmonary tuberculosis. Mol Med. 

1995; 1(4):384-97. 

10. Baughman RP, Judson MA, Teirstein 

AS, Moller DR, Lower EE. 

Thalidomide for chronic sarcoidosis. 

Chest. 2002; 122(1):227-32. 

11. Uthoff K, Zehr KJ, Gaudin PB, Kumar 

P, Cho PW, Vogelsang G, et al. 

Thalidomide as replacement for 

steroids in immunosuppression after 

lung transplantation. Ann Thorac Surg. 

1995; 59(2):277-82. 

 [
 D

ow
nl

oa
de

d 
fr

om
 jb

rm
s.

m
ed

ila
m

.a
c.

ir
 o

n 
20

25
-1

2-
21

 ]
 

                               6 / 7

https://jbrms.medilam.ac.ir/article-1-74-en.html


Original article                                                                  J Bas Res Med Sci 2015; 2(2):1-7 . 

7 
 

12. Barlogie B, Tricot G, Anaissie E. 

Thalidomide in the management of 

multiple myeloma. Semin Oncol. 

2001; 28(6):577-82. 

13. Sampaio EP, Sarno EN, Galilly R, 

Cohn ZA, Kaplan G. Thalidomide 

selectively inhibits tumor necrosis 

factor alpha production by stimulated 

human monocytes. J Exp Med. 1991; 

173(3):699-703. 

14. Tavares JL, Wangoo A, Dilworth P, 

Marshall B, Kotecha S, Shaw RJ. 

Thalidomide reduces tumour necrosis 

factor-alpha production by human 

alveolar macrophages. Respir Med. 

1997; 91(1):31-9. 

15. Moreira AL, Sampaio EP, Zmuidzinas 

A, Frindt P, Smith KA, Kaplan G. 

Thalidomide exerts its inhibitory 

action on tumor necrosis factor alpha 

by enhancing mRNA degradation. J 

Exp Med. 1993; 177(6):1675-80. 

16. Moller DR, Wysocka M, Greenlee 

BM, Ma X, Wahl L, Flockhart DA, et 

al. Inhibition of IL-12 production by 

thalidomide. J Immunol. 1997; 

159(10):5157-61. 

17. Tabata C, Tabata R, Kadokawa Y, 

Hisamori S, Takahashi M, Mishima M, 

et al. Thalidomide prevents bleomycin-

induced pulmonary fibrosis in mice. J 

Immunol. 2007; 179(1):708-14. 

18. Keshavarz G, Rezaie M, Fathi F, 

Nikkhoo B, Roshani D. Investigating 

the Expression of Matrix 

Metaloproteinase-2 Protein in Lung 

Fibrosis Induced by Bleomycin in 

Mice. Med J Ilam. 2013; 21(7):102-12. 

19. Selman M, King TE, Pardo A; 

American Thoracic Society; European 

Respiratory Society; American College 

of Chest Physicians. Idiopathic 

pulmonary fibrosis: prevailing and 

evolving hypotheses about its 

pathogenesis and implications for 

therapy. Ann Intern Med. 2001; 

134(2):136-51. 

20. Selman M, Pardo A. Idiopathic 

pulmonary fibrosis: an 

epithelial/fibroblastic cross-talk 

disorder. Respir Res. 2002; 3:3. 

21. King TE Jr, Pardo A, Selman M. 

Idiopathic pulmonary fibrosis. Lancet. 

2011; 378(9807):1949-61 . 

22. Jafarian-Dehkordi A, Rabbani M, 

Sadeghi MH, Afshar-Moghaddam N, 

Alavi SA, Mahmoodi F, et al. 

Development and time-course of 

bleomycin-induced pulmonary fibrosis 

in NMRI mice. Daru. 2007; 15:1–6. 

23. Safaeian L, Moghaddam NA, Jafarian 

A. Pneumonia associated with a single 

intratracheal dose of bleomycin in 

mice. Lab Anim (NY). 2006; 35(8):19-

21. 

24. Zhao L, Xiao K, Wang H, Wang Z, 

Sun L, Zhang F, et al. Thalidomide has 

a therapeutic effect on interstitial lung 

fibrosis: evidence from in vitro and in 

vivo studies. Clin Exp Immunol. 2009; 

157(2):310-5 . 

25. Horton MR, Santopietro V, Mathew L, 

Horton KM, Polito AJ, Liu MC, et al. 

Thalidomide for the treatment of cough 

in idiopathic pulmonary fibrosis: a 

randomized trial. Ann Intern Med. 

2012; 157(6):398-406. 

 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 jb

rm
s.

m
ed

ila
m

.a
c.

ir
 o

n 
20

25
-1

2-
21

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               7 / 7

https://jbrms.medilam.ac.ir/article-1-74-en.html
http://www.tcpdf.org

