
                         

                                                                                                                         
                      

                                                        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. INTRODUCTION 

 

Pulmonary fibrosis is a disease of the lower respiratory 

system (Green, F. H. 2002). It happens when the tissue 

of the lung becomes damaged, scar, and fibrous tissue 

accompanied by impairment in the respiratory capacity, 

severe shortness of breath, and low quality of life, with 

an increase in the rate of death. It is characterized by 

diffuse, progressive remodeling of the parenchyma of the  

lung with extracellular matrix deposition and scarring of 

tissue (Meyer, 2017).   

Increased glucocorticoid resistance is reported in 

patients with severe asthma, COPD, COVID-19, and 

cystic fibrosis. The oxidative stress leads to a significant 

decrease in activity  and expression of HDAC2 which 

causes resistance to the action of glucocorticoid. 

However, the dissociated glucocorticoids have been 

under investigation to decrease side effects, but it is so  
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BACKGROUND: Pulmonary fibrosis is a progressive lung disorder that occurs by lung injury and 

scarring of the lung tissue. This injury makes the lung thickened and stiff causing difficulty to 

breathe.  Corticosteroid resistance pulmonary fibrosis is a major health problem. Bleomycin is an 

anti-cancer agent, it induces pulmonary fibrosis resistance to corticosteroid therapy, this study aimed 

to determine the effectiveness of nintedanib (NIN) a tyrosine kinase inhibitor on corticosteroid 

resistance pulmonary fibrosis induced by bleomycin in mice.  

METHODS:  Sixty albino male adult mice were used in this study. The mice were divided into five 

groups (n=12) at random. control group, the BLM group received a single dose of bleomycin (BLM); 

2U/kg by endotracheal instillation, the BLM+MP group received bleomycin and methylprednisolone 

(MP) 10mg/kg/day by gastric gavage, BLM+NIN group received BLM and NIN, 60mg/kg/day by 

gastric gavage and the combined treatment group received BLM, NIN, and MP. All groups were 

sacrificed after the last dose of treatment on day 7 (acute stage) and day 28 (chronic stage). The lung 

tissues were obtained for biochemical analysis, gene expression, and histopathological examination 

at the end of the experiment. 

RESULTS:  After 7 days of treatments, BLM+NIN   and BLM + NIN + MP groups showed a 

significant (P<0.05) decrease in the contents of interleukin-2, interleukin-4, interferon-gamma, 

tumor necrosis factor-alpha, Malondialdehyde with an increase in the glutathione content in lung 

tissue compared to MP group. Also, they showed a significant decrease in the lung water content 

compared to the BLM group treated with MP. After 28 days, both NIN groups showed a significant 

reduction in hydroxyproline, and transforming growth factor beta (β) contents in the lung tissues 

compared to the MP group, and they showed a positive effect on the expression of β3 and β6 integrins 

compared to the negative effect of the MP group.   Upon histopathology examination, the BLM+NIN 

group and BLM + NIN + MP groups showed significant improvement compared to the MP group 

by hematoxylin and eosin (H and E) and Masson’s trichrome stains. Immunohistochemical staining 

revealed negative BCL-2 expression in the cytoplasm of bronchiolar epithelium in BLM+NIN and 

BLM + NIN + MP groups after 7 and 28 days of treatment. Morphometric studies of lung tissue 

showed significant improvement in pathological changes induced by BLM in the BLM+NIN group 

and BLM + NIN + MP groups. 

CONCLUSION: Altogether, our data indicate that NIN overcame corticosteroid resistance 

pulmonary fibrosis induced by bleomycin in mice mainly by decreasing TGF-β and improving the 

expression of β3 and β6 integrins. 
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difficult to dissociate anti-inflammatory effects from 

adverse effects. Patients with glucocorticoid resistance 

must use alternative anti-inflammatory treatments as 

well as drugs that may reverse the molecular mechanism 

of glucocorticoid resistance(Barnes, P. J. 2010). 

Bleomycin is a drug of cancer treatment that produces 

poisonousness of pulmonary tissue prompting severe 

progressive pulmonary fibrosis (Della Latta, et al., 

2015).   

Mainly, TGF-β, PDGF receptor-A (PDGFR-A), and 

tumor necrosis factor- ά (TNF-ά) are stimulating the 

transformation, proliferation, and accumulation of 

fibroblasts, which leads to the participation of 

extracellular matrix. The advanced precipitation of 

collagen matrix causes alteration and destruction of 

alveolar structures and, finally, loss of function of the 

lung. The bleomycin-induced lung fibrosis model 

indicates that some fibroblasts in fibrosis may be formed 

from bone marrow progenitors, as well as from epithelial 

cells through epithelial-mesenchymal transition(Ojo, et 

al., 2020).  Corticosteroid treatment of pulmonary 

fibrosis induced by bleomycin cannot reduce the IL-13-

mediated myofibroblast differentiation and IL-4 is not 

inhibited by corticosteroids (Wilson and Wynn, 2009; 

Hosoya, T. 1997). Nettelbladt and co-workers found that 

there is no impact of methylprednisolone therapy on 

bleomycin-induced lung fibrosis in a rodent model. Also, 

prednisolone treatment was found to have few effects on 

bleomycin-induced lung fibrosis in rats(Nettelbladt, et 

al. 1990). Langenbach et al found that several mice in the 

methylprednisolone-treated group showed particularly 

severe fibrosis (Langenbach, et al., 2007).  

The current work employed a bleomycin-induced mouse 

model, which is the most commonly used and 

internationally known animal model for studying 

pulmonary fibrosis mechanisms (Jenkins, et al., 2017). 

Nintedanib is an intracellular inhibitor of tyrosine 

kinases that target PDGF receptors A and FGF receptors 

1–3, VEGF receptors 1–3, TGF-β, c-Abelson, and Src 

family kinases. Nintedanib exhibits significant 

therapeutic effects on modulating myofibroblast 

differentiation and extracellular matrix (ECM) secretion 

in vitro and attenuating bleomycin- and silica-induced 

pulmonary fibrosis in animal models (Richeldi et al., 

2014). It could act as a potential treatment for idiopathic 

pulmonary fibrosis (IPF). Also, nintedanib has a role in 

oncology treatment, it is a strong inhibitor of 3 

proangiogenic pathway receptors (VEGFR, FGFR, and 

PDGFR) and was considered to act as an antiangiogenic 

anticancer therapy(Roth, et al., 2015; Landi, et al., 2020). 

In this study assessment of the potential therapy of 

nintedanib either alone or combined with 

methylprednisolone on bleomycin-induced 

corticosteroid resistance pulmonary fibrosis in mice was 

done. 

The present study aimed to determine the effectiveness 

of nintedanib (NIN) on corticosteroid resistance 

pulmonary fibrosis induced by bleomycin in mice.  

 

 

2. MATERIALS AND METHODS 

 

2.1 Animals 

Sixty albino adult male mice 8 to 10 weeks (20-30g) 

(Kilkenny, et al. 2009). Mice were obtained from the 

animal house from the Faculty of Pharmacy, King 

Abdulaziz University, Jeddah, K.S.A. Animals were 

kept under a 12-hours light/dark cycle at room 

temperature (22±2°C) and 55±5% humidity, with 

provided food and water free. The animal experiments 

were approved by Institutional Animal Ethical 

Committee from the Faculty of Pharmacy, King 

Abdulaziz University, Jeddah, K.S.A. (PH-1442-56). 

 

2.2 Drugs and chemicals 

Bleomycin sulfate powder was purchased from Shanghai 

Huirui Chemical Technology Co., Ltd, nintedanib 

powder with a purity of 99% was purchased from 

Shanghai Huirui Chemical Technology Co., Ltd, and 

methylprednisolone powder was purchased from Pfizer, 

New York suspended in a 0.5% solution of 

carboxymethylcellulose sodium as a vehicle. 

Formaldehyde 100% was purchased from Zoad 

International Co for the medical supplier, KSA, and di-

methyl-ether was purchased from Molekula Ltd. 

Lingfield Way, Darlington, DL1 4XX, United Kingdom.  

2.3 After seven days of adaptation of mice, 60 mice 

were divided into five groups as follows: 

 

Control mice group (n=12): 

The mice received 0.3ml of PBS solution by 

endotracheal instillation then mice received daily by 

gastric gavage with the vehicle- the vehicle was saline 

and 0.5% carboxymethylcellulose from day 0(Izbicki, et 

al., 2002). 6 mice were killed on day 7 (acute stage) and 

the other 6 mice were killed on day 28 (chronic stage). 

 

Bleomycin group (BLM; n=12):  

The mice received a single dosage (2 U/kg) in 50 µl of 

PBS by endotracheal instillation then they received daily 

by gastric gavage with the vehicle- the vehicle was saline 

and 0.5% carboxymethylcellulose from day 0(Izbicki et 

al., 2002). 6 mice were killed on day 7 (acute stage) and 

the other 6 mice were killed on day 28 (chronic stage). 

 

Bleomycin + methylprednisolone group (BLM+MP; 

n=12):  

BLM was given by endotracheal instillation. Then mice 

were treated with 10 mg/kg methylprednisolone 

(prepared in fresh vehicle 0.5% 

(carboxymethylcellulose,0.5%) and dissolved in saline) 

every day before treatment and it was administered by 

gastric gavage 10mg/kg of methylprednisolone from day 

0 (Zhao, et al., 2019) . 6 mice were killed on day 7 (acute 

stage) and the other 6 mice were killed on day 28 

(chronic stage).  

 

Bleomycin + nintedanib group (BLM+NIN; n=12): 

It was performed as previously described doses. 
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Bleomycin + (methylprednisolone and 

nintedanib) (BLM+(MP+NIN); n=12):  

BLM was endotracheal instillation then this group 

was treated with a combination of nintedanib and 

methylprednisolone at the same previous doses. 

 

2.4 Induction of pulmonary fibrosis by 

bleomycin  

The mice were anesthetized using diethyl ether. 

0.3ml of bleomycin or sterile PBS was loaded into 

a sterile 200 μL pipet tip. It was performed as 

previously described (Liu, et al., 2017)  

Outcome measures  

After sacrificing the animals, the lung was rapidly 

removed then, the left lung for histological 

examination and the right lung for analysis by 

ELIZA, PCR, and wet/dry ratio. 

 

Biochemical parameters measurement, at 7 days 

post-treatment 

Measurement of interleukin-2 (IL-2), interleukin-4 

(IL-4), interferon-gamma (INF-𝞬), tumor necrosis 

factor-alpha (TNFα), malondialdehyde (MDA), 

glutathione (GSH) contents were assessed by using 

the Mouse ELISA (Enzyme-Linked 

Immunosorbent Assay) kits.  For the enzyme-linked 

immunosorbent assays mouse tissue homogenates 

were prepared as previously described(Tsoutsou et 

al., 2006), (Huang, et al., 2010)  and (Mayr et al., 

2016). 

The Enzyme-Linked Immunosorbent (ELIZ) kits: 

The Mouse IL-2 ELIZA kit was purchased from 

My-bio-source Inc. The Mouse IL-4 ELIZA kit 

purchased from My-bio-source Inc. Mouse IFN-γ 

(Interferon Gamma) ELISA Kit purchased from 

My-bio-source Inc. Abcam’s tumor necrosis factor-

alpha Mouse ELISA (TNF-α): TNF-α 

Immunoassay ELISA purchased from Abcam’s Co. 

Mouse Malondialdehyde (MDA) ELISA Kit 

(competitive ELIZA) purchased from My-bio-

source Inc. Glutathione ELISA Kit in mice 

purchased from Elab-science Co.USA. 

Biochemical parameters measurement, after 28 

days post-treatments 

Measurement of transforming growth factor beta 

(TGF-β) and hydroxyproline contents was assessed 

by using the Mouse ELISA (Enzyme-Linked 

Immunosorbent Assay) kits is an in vitro enzyme-

linked immunosorbent assay for the quantitative 

measurement of Mouse in Tissue Homogenates was 

performed as previously described(Sisson et al., 

2010) and(Saraiva, et al., 2018). The Enzyme-

Linked Immunosorbent (ELIZ) kits: Lung 

Transforming growth factor-β1 (TGF-β1) in mice 

purchased from Picokine Co. Bio-vision's 

hydroxyproline ELISA Kit in mice purchased from 

bio-vision's Inc.  

 

Tissue homogenate 

The lung tissue was rinsed in ice-cold PBS (0.01M, 

pH=7.4) to eliminate excess blood thoroughly. The 

100mg tissue was rinsed with 1x PBS, 

homogenized in 1 ml of 1x PBS, and stored 

immediately at -20°C.  Next two freeze-thaw cycles 

were performed to break the cell membranes; the 

homogenates were centrifuged for 5 min at 5000×g 

at 2 - 8°C to get the supernatant for immediately 

assayed or stored at -20°C or -80°C to avoid loss of 

bioactivity and contamination. Centrifuge the 

samples again before they are assayed, and 

precautions were taken to avoid multiple freeze-

thaw cycles.  

2.5 Wet-to-dry lung weight ratio at day 7 and 

day 28 post-treatments: 

The lung tissue was dried in an oven for 5 days at 

60°C and re-weighed as dry weight. The W/D 

weight ratio was calculated by dividing the wet by 

the dry weight (Matsuyama et al., 2008). 

Gene expression of β3 and β6 integrins profiling 

by real-time quantitative polymerase chain 

reaction (qPCR) at day 28 post-treatment:  

Lung tissue was removed from each mouse using a 

dissecting scissor and forceps. The dissecting was 

performed by the same investigator for all animals 

to limit discrepancies in the sample collection. 

Tissue from three mice was pooled for each 

biological replicate (12 animals per group were 

used to obtain 3 biological replicates). The lung 

tissues were transferred to liquid nitrogen directly. 

Lung tissue was homogenized in a homogenizer on 

ice and total RNA was isolated using Thermo 

Scientific GeneJET RNA Purification Kit #K0731 

(USA). RNA samples having a 260/280 ratio of 1.8 

to 2.0 were accepted for analysis. 1 µg of total RNA 

was reverse-transcribed using High-Capacity 

cDNA Reverse Transcription Kits (Applied 

Biosystems, USA). RT-qPCR was performed 

(AriaMx real-time PCR system) as previously 

described (Bi et al., 2019; Bi et al., 2016). 

Lung histopathology: 

The left lung specimens from each animal were 

fixed in a 10 % formalin solution. Fixation was 

followed by dehydration, clearing, and embedding 

in paraffin. Serial sections of 5 µm thickness were 

cut and then stained using the following stains and 
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measurements were performed by a pathologist 

blinded to the study groups. H and E (Hematoxylin 

and eosin) and trichrome blue slides were 

reviewed and subjectively analyzed for general 

signs of inflammation and fibrosis. The histological 

analysis and lung damage severity scores for acute 

after one week and chronic after 4 weeks were the 

same (Aubin Vega, et al., 2019) and (Polosukhin, et 

al., 2012). Visualization and photographing of 

slides were done using an Olympus light BX61 

microscope. 

2.6 Immunohistochemical analysis for BCL-2 at 

day 7 and day 28 post-treatment: 

The left lung specimens from each animal after one 

week and after 4 weeks of bleomycin and treatment 

administration were fixed in 10 % formalin 

solution. Fixation was followed by dehydration, 

clearing, and embedding in preparation for 5um 

paraffin section slides. The immunohistochemical 

technique for detection of Bcl-2 expression was 

performed using the labeled streptavidin-biotin 

technique (Zymed) Cat No. 18-0193 with the 

monoclonal antibody (Bcl-2). The localization of 

the Bcl-2 protein was demonstrated as a yellowish-

brown color area(Ahmed and Anwar, 2004). 

2.7 Morphometric measurement after 7 days, the 

mean thickness of the interalveolar septa in (µm) 

and the mean alveolar space surface area (µm 2) 

after 7 days As the same mentioned in 

morphometric analysis  (Zakaria, et al., 2020)  

Blind histological analysis was performed on the 

lung paraffin sections from mice after 7 days for 

estimation of parenchymal distortion and airway 

(peri-bronchial) inflammation using specific semi-

quantitative scores: Analysis of Lung parenchymal 

distortion:  It was assessed by analysis of ten 

sequential non-overlapping tissue fields using x200 

magnification. Each tissue field was scored using a 

0-to-4-point system. Mean scores for all fields were 

calculated for each mouse (Polosukhin et al., 2012). 

Analysis of airway inflammation: It was estimated 

by individual assessment of each airway in the 

tissue section using a 0-to-3-point system. Mean 

scores for all analyzed airways were calculated for 

each animal (Polosukhin et al., 2012). 

2.8 Measurement of area percentage of PCL-2 

immunostaining after 7 days.  

The intensity of immunohistochemical staining was 

graded semi-quantitatively as follows: grade 0 = no 

staining present or less than 10% of the cells are 

positive; grade 1 = 10% of the cells are positive; 

grade 2 = more than 10% and less than 50% of the 

cells are positive and grade 3 = more than 50% of 

the cells are positive (Safaeian et al., 2008). 

 

2.9 Morphometric analysis after 28 days: 

measurement of the area percent of collagen fibers 

in Masson trichrome stain as same mentioned 

(Zakaria et al., 2020). They were measured by using 

the NIH Image J (v1.50) program and measurement 

of subepithelial connective tissue volume density 

(VVsub) in Masson trichrome stain after 28 days. 

Airway wall remodeling was evaluated by 

measurement of VV sub as the difference in the 

area, delimited by the basement membrane and the 

outer edge of the airway adventitia, divided by the 

length of the subepithelial basement membrane 

(Polosukhin et al., 2012). They were measured from 

x 40 photomicrographs using Digimizer 4.3.2. 

image analysis software (MedCalc Software 

BVBA, Belgium). 

Statistical analysis Statistical comparisons among 

experimental groups were performed by one way of 

variance (ANOVA) followed by Tukey’s multiple.  

Student’s t-test for paired comparisons was 

performed. The log2-transformed data was used for 

the RT-qPCR statistical analysis (Rieu and Powers 

2009).  The values were presented as mean ± 

standard error of the mean (SEM). The proportion 

of the lung tissues present was analyzed by Fisher's 

exact test. P ≤0.05 was considered statistically 

significant. All analyses used SPSS 25.0 statistical 

software (IBM Corp., Armonk/ N.Y., USA). 

Significant differences between experimental 

groups were determined at P. value ≤ 0.05. The 

graphs were made by using the prism version.9 

Correlations between measured parameters were 

made using Pearson correlations. P. values ≤0.05 

were considered significant. 

 

3. RESULTS 

3.1 The effect of nintedanib (NIN) and 

methylprednisolone (MP) either alone or in 

combination on inflammatory markers and 

cytokines contents in lung tissue in a mice model 

of corticosteroid resistance pulmonary fibrosis 

induced by bleomycin after 7-days post-

treatment:  

Figure 1 showed a significant reduction in the 

contents of IL-2, IL-4, INF-gamma, and TNF-α in 

the bleomycin group treated with NIN either alone 

or combined with MP compared to the bleomycin 

group treated with MP (P < 0.05).  No significant  
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differences were detected between the bleomycin-

treated group with NIN either alone or combined 

with MP. 
   
3.2 The effect of nintedanib (NIN) and 

methylprednisolone (MP) either alone or in 

combination on oxidative stress contents in lung 

tissue in a mice model of corticosteroid resistance 

pulmonary fibrosis induced by bleomycin after 7-

days post-treatments: 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 showed a significant reduction in the content of 

MDA in the bleomycin group treated 

with NIN alone or combined with MP compared to the 

bleomycin group treated with MP alone and it showed a 

significant increase in the content of GSH in the 

bleomycin group treated with NIN alone or in combined 

with MP compared to bleomycin group treated with MP 

alone (P < 0.05).  No significant differences were 

detected between the bleomycin-treated group with NIN 

either alone or combined with MP.  
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Figure1: showed the effect of nintedanib and methylprednisolone either alone or in combination on inflammatory markers 

and cytokines contents in lung tissue in a mice model of corticosteroid resistance pulmonary fibrosis induced by bleomycin 

7-days post treatments. 

Data Values were mean ± standard error of mean (SEM); N = number of animals. BLM; bleomycin, MP; methylprednisolone, 

NIN; nintedanib. (%) = mean percentage change compared to control group. ANOVA one-way, accompanied by a multiple 

comparison test by Tukey. * Control group compared to other groups. # BLM group compared to treatments group. $ 

BLM+MP group compared to BLM+NIN and BLM+(MP+NINI). @ BLM+NIN compared to BLM+ (MP + NIN) group. 
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Figure 2: showed the effect of nintedanib either alone or in combination with methylprednisolone on level of MDA and 

GSH in lung tissue on corticosteroid resistance pulmonary fibrosis resistance to corticosteroid.  
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3.3 The effect of nintedanib (NIN) and 

methylprednisolone (MP) either alone or in 

combination on transforming growth factor beta and 

hydroxyproline contents in lung tissue in a mice 

model of corticosteroid resistance pulmonary fibrosis 

induced by bleomycin after 28-days post-treatments: 

Figure 3 showed a significant reduction in the contents 

of TFG-β and hydroxyproline in the bleomycin group 

treated with NIN alone or combined with MP compared 

to the bleomycin group treated with MP alone (P < 0.05).  

No significant differences were detected between the 

bleomycin-treated group with NIN either alone or 

combined with MP.  

 

3.4 The effect of nintedanib and methylprednisolone 

either alone or in combination on the lung water 

content in lung tissue in a mice model of 

corticosteroid resistance pulmonary fibrosis induced 

by bleomycin after seven (7) and 28 days post 

treatments:  

Figure 4 showed a significant decrease in the content of 

water in the bleomycin group treated with MP, the 

bleomycin group treated with NIN, and the bleomycin 

group treated with NIN+ MP compared to the bleomycin 

group at p. value <0.05. No significant difference 

between the bleomycin group treated with MP and the 

bleomycin group treated with NIN and the bleomycin 

group treated with NIN+ MP after 7 days post-treatment.  

Figure 4 showed a significant reduction in the contents 

of the water in the bleomycin group treated with NIN 

alone or combined with MP compared to the bleomycin 

group treated with MP alone. No significant difference 

between the bleomycin group treated with MP and the 

bleomycin group. No significant difference between the 

bleomycin group treated with MP and the bleomycin 

group treated with NIN and the bleomycin group treated 

with NIN+ MP after 28 days post-treatment.   

 

 

 

 

 

  

 

 

 

 

 

 

 

3.5 The effect of nintedanib (NIN) and 

methylprednisolone (MP) either alone or in 

combination on gene expression of β3 and β6 

integrins compared to the control group and 

bleomycin group in lung tissue in a mice model of 

corticosteroid resistance pulmonary fibrosis induced 

by bleomycin 28-days post-treatments: 

Figure 5 showed the negative effect of the bleomycin 

group on wound healing was associated with a 

significant decrease in the expression of β3 and β6 

integrins compared to the control group at p. value <0.00. 

Also, it showed the bleomycin group treated with MP, 

the bleomycin group treated with nintedanib, and the 

bleomycin treated with (MP+NIN) downregulation of 

the expression of β3 and β6 integrins compared to the 

control group, in addition, there was downregulation in 

β3 integrin gene in the bleomycin group treated with MP 

compared to bleomycin group but upregulation in β3 and 
β6 integrins gene in the bleomycin group treated with 

NIN and the bleomycin treated with (MP+NIN) 

compared to bleomycin group.   

 
3.6 Histological Results after 7 days post treatments:  

 

Hematoxylin and eosin (H and E) stained sections. 

(BLM group): revealed marked distorted bronchiole 

with obliteration of the lumen. Moreover, most of the 

bronchial passages were seen surrounded by marked 

aggregation of mononuclear cells, and marked 

inflammatory cellular infiltration in the adventitia of 

bronchioles was observed. Also, cellular aggregates 

were detected in marked thickened inter-alveolar septa. 

Notice marked obliteration of most alveoli with some 

alveoli appearing collapsed and widening of other alveoli 

seen. Congested dilated blood vessels with thickened 

walls were noticed in all sections (Figs6. 1B and 2B).   
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Figure 3: showed the effect of nintedanib either alone or in combination with methylprednisolone on level of TGF-β and 

hydroxyproline in lung tissue on corticosteroid resistance pulmonary fibrosis resistance to corticosteroid. 
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Figure 4 showed the effect of nintedanib and methylprednisolone either alone or in combination on the lung water content 

in lung tissue in a mice model of corticosteroid resistance pulmonary fibrosis induced by bleomycin after seven (7) and 28 

days post treatments. 
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Figure 5: showed the effect of nintedanib (NIN) and methylprednisolone (MP) either alone or in combination on gene 

expression of β3 and β 6 integrin compared to control group and bleomycin group in lung tissue in a mice model of 

corticosteroid resistance pulmonary fibrosis induced by bleomycin 28 days post treatments. 
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(BLM+MP):  as BLM group with massive cellular 

aggregates detected in marked thickened inter-alveolar 

septa. Eosinophilic exudates and extravasations of red 

blood cells in the inter-alveolar septa were frequently 

seen (Figs 6. 1C and 2C). (BLM+NIN) showed 

moderate improvement in lung architecture, but not fully 

complete histological recovery as compared to the 

control group. Notice most of the alveoli are apparent 

nearly as a control group (Figs6. 1D and 2D). 

(BLM+MP+NIN) exerted an ameliorating effect on the 

lung structure. Few focal areas of inflammatory cellular 

infiltration were noticed surrounding the bronchi. 

Moreover, the lining epithelium of the bronchi was 

nearly comparable to that of the control group. Notice 

most of the alveoli are apparent nearly as a control group 

with thin inter-alveolar septa (Figs6. 1E and 6.2E). 

Masson’s trichrome stain: 

Examination of mice lung sections of (the control 

group) revealed few collagen fibers in the perivascular 

areas. Scanty collagen  fibers in  the  interalveolar  septa 

and around bronchiolar passages were evident as well 

(Fig9. 1A). While (the BLM group) and (BLM+MP) 

 
 

 
 

 
 

 

 

 

 

 

exhibited an apparent increase of collagen fibers 

deposition in the lung interstitium, in areas surrounding 

the bronchioles (denoting lung fibrosis), and 

surroundings the alveoli as compared to that in the 

control group (Figs9. 1B and 1C). Meanwhile, sections 

of (BLM+NIN) showed an apparent decrease of 

collagen fibers in the interalveolar septa as well as 

around the bronchi (Fig9. 1D). While in 

(BLM+(MP+NIN)) some collagen fibers were seen in 

the interalveolar septa as well as around the wall of 

bronchi (Fig9. 1E). Nearly both BLM+NIN and 

BLM+MP+NIN groups appeared as control group after 

28 days.  

Immunohistochemical analysis for BCL-2 

In the immunohistochemical analysis for BCL-2, 

sections from the (control group) showed very few cells 

with positive immune reactions in the cytoplasm of the 

alveolar epithelium lining of the alveoli and bronchiolar 

epithelium. Notice a few strong positive reactions in the 

interstitial tissue in the lumen of some alveoli (Fig.9.1A). 

However, in (the BLM group) and (BLM+MP) most 

Figure 6:  

(1) A photomicrograph of the histology (H and 

E x 10; scale bar 100 µm) 

(2) photomicrograph of the histology (H and E 

x 20; scale bar 50 µm) 

 

 

Figure 7: (1) Masson trichrome stained x 20; scale 

bar 50 µm section of a mouse lung after 28 days 

showing. 

(2) Immunohistochemical staining for BCL-2 x10; 

scale bar 50 µm of a section in the lung of a mouse 

lung after 28 days showing 
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of the cells with strong positive immune reactions were 

seen in the inter-alveolar septa and the interstitium of the 

lung. Marked positive immune reactions were seen in the 

epithelium lining the bronchiole lumen (Figs9. 1B and 

1C).  Meanwhile, in (BLM+NIN), few cells with strong 

positive BCL-2 immune reaction were seen in the inter-

alveolar septa (Fig9. 1D). Also, sections of 

(BLM+MP+NIN) showed few cells with a strong 

positive immune reaction for BCL-2, in interalveolar 

septa (Fig9. 1E). 

 

 

3.7 The effect of nintedanib and methylprednisolone 

either alone or in combination on the mean thickness 

of the interalveolar septa in (µm) in lug tissue in a 

mice model of corticosteroid resistance pulmonary 

fibrosis induced by bleomycin after day 7 post-

treatments:  

There was a non-significant (P=0.95) difference between 

treated mice with nintedanib alone and the group of mice 

treated with nintedanib and methylprednisolone as 

shown in Table 1.  

 

The effect of nintedanib and methylprednisolone 

either alone or in combination on the mean alveolar 

space surface area (µm2) in lug tissue in a mice model 

of corticosteroid resistance pulmonary fibrosis 

induced by bleomycin after day 7 post-treatments: 

There was a significant increase (P<0.01) in the mean 

alveolar space surface area in the group of mice treated 

with nintedanib and methylprednisolone compared to the 

group of bleomycin treated with nintedanib alone as 

shown in Table 1.  

 

The effect of nintedanib and methylprednisolone 

either alone or in combination on the scoring of lung 

parenchymal degeneration and the scoring of airway 

inflammation in lug tissue in a mice model of 

corticosteroid resistance pulmonary fibrosis induced 

by bleomycin after day 7 post-treatments: 

No significant difference between treated mice with 

nintedanib alone and the group of mice treated with 

nintedanib and methylprednisolone. 

 

The effect of nintedanib and methylprednisolone 

either alone or in combination on the scoring of 

airway inflammation in lug tissue in a mice model of 

corticosteroid resistance pulmonary fibrosis induced 

by bleomycin after day 7 post-treatments: 

No significant (P=0.17) difference between treated mice 

with nintedanib alone and the group of mice treated with 

nintedanib and methylprednisolone.  

Table 1: Showed the effect of nintedanib and 

methylprednisolone either alone or in combination on 

the mean thickness of the interalveolar septa in (µm), 

the mean alveolar space surface area (µm2), the scoring 

of lung parenchymal degeneration and the scoring of 

airway inflammation in lug tissue in a mice model of 

corticosteroid resistance pulmonary fibrosis induced by 

bleomycin after day 7: 
Mice 

groups  

N=6 

The mean 

thickness 

of the 

interalveo

lar septa 

in (µm)  

Mean ± 

SEM 

The mean 

alveolar 

space 

surface 

area 

(µm2)  

Mean ± 

SEM 

Scoring of 

Lung 

parenchymal 

degeneration 

Mean± SEM 

Scoring 

of 

Airway 

inflam-

mation 

Mean

± 

SEM 

Control 

group  

 

3.36±0.24 782.83±1

7.29 

000 000 

BLM 

group  

  

30.87±1.3

8 * 

 

343.66±9.

43 * 

 

2.50±0.22 

 

2.16±

0.31 

 

BLM+MP 

group 

 

37.77±1.29 

*, # 

 

226.22±1

7.98 *, # 

 

3.66±0.22 

 

3.00±

0.00 # 

BLM+NI

N group 

 

3.62±0.18 

#, $ 

 

533.61±1

9.25 #, $ 

 

1.50±0.33#

, $ 

 

1.33±

0.21#, 

$ 

 

BLM+ 

(MP+NIN

) group 

 

3.68±0.14 

#, $ 

 

601.94± 

26.39 #, 

$, @ 

 

1.00±0.36 

#, $ 

 

1.00±

0.26 

#, $ 

 

 

 

 

 

 

 

3.8 The effect of nintedanib and methylprednisolone 

either alone or in combination on the mean area 

percentage of positive BCL2 cells and the grading 

system of the intensity of immunohistochemical 

staining in lung tissues in a mice model of 

corticosteroid resistance pulmonary fibrosis induced 

by bleomycin after day 7 post-treatments: 

The expression of BCL-2 was significantly upregulated 

in bronchiolar cells, alveolar epithelial cells, interstitial 

myofibroblasts, and inflammatory cells after bleomycin 

instillation as compared to the bleomycin-treated mice 

with nintedanib alone and bleomycin-treated mice with 

methylprednisolone and nintedanib.  Interestingly, the 

expression of BCL-2 was significantly (P<0.0001) 

upregulated in inflammatory cells in bleomycin-treated 

mice with nintedanib alone as compared to bleomycin-

treated mice with methylprednisolone and nintedanib. 

No significant (P>0.05) difference in the expression of 

BCL-2 in the bronchiolar epithelium, alveolar epithelial 

cells, and interstitial myofibroblasts in bleomycin-

treated mice with nintedanib alone as compared to 

Data Values were mean ± standard error of mean (SEM); 

N = number of animals. BLM; bleomycin, MP; 

methylprednisolone, NIN; nintedanib. (%) = mean 

percentage change compared to control group. ANOVA 

one-way, accompanied by a multiple comparison test by 

Tukey. * Control group compared to other groups. # 

BLM group compared to treatments group. $ BLM+MP 

group compared to BLM+NIN and BLM+(MP+NINI). 

@ BLM+NIN compared to BLM+ (MP + NIN) group. 
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bleomycin-treated mice with methylprednisolone and 

nintedanib as shown in Table 2. 

The mean area percentage of positive BCL2 cells (Mean ± SEM) 

Groups (N=6) Bronchiolar 

cells 

Alveolar 

epithelial 

cells 

Interstitial 

myofibrob

lasts 

Inflamma-

tory cells 

Control 

group  

F 2.86± 

0.23 

3.28±0.0

6 

1.51±

0.18 

1.79±0.

24 

G 0 0 0 0 

BLM 

group 

F 68.14

±2.63

* 

27.13±0.3

1 * 

 

81.31

±2.06 

* 

 

77.69±2

.08 * 

 

G 3 2 3 3 

BLM+MP 

group  

F 73.00

±1.60 

*, # 

 

27.09±0.2

2 * 

 

80.67

±1.24 

* 

 

77.45±0

.82* 

 

G 3 2 3 3 

BLM+NIN 

group  

F 2.70±

0.25 

#, $ 

10.02±0.0

1#, $ 

12.73

±0.22

#, $ 

18.80±1

.47#, $ 

G 0 1 2 2 

BLM+(MP

+NIN) 

group  

F 1.71±

0.21 

#, $ 

 

10.33±0.1

8 #, $ 

11.86±

0.17#, 

$ 

12.64±0

.54 #, $, 

@ 

G 0 1 2 2 

 

 
 
 
 
 
 
 
 

 

 

3.9 The effect of nintedanib and methylprednisolone 

either alone or in combination on the area percentage 

of collagen fibers in lung tissue in a mice model of 

corticosteroid resistance pulmonary fibrosis induced 

by bleomycin after day 28 post-treatments:  

The bleomycin group and bleomycin group treated with 

methylprednisolone showed a significant increase in the 

mean area percentage of collagen fibers as compared to 

the treated group with nintedanib alone and to the group 

of mice treated with nintedanib and methylprednisolone. 

Interestingly, there was a significant increase between 

treated mice with nintedanib alone as compared to the 

group of mice treated with nintedanib and 

methylprednisolone as shown in Table 3.  

Table 3: showed the effect of nintedanib and 

methylprednisolone either alone or in combination on the 

area percentage of collagen fibers and the mean of the 

subepithelial connective tissue volume density (VVsub) (mm) 

in lung tissue in a mice model of corticosteroid resistance 

pulmonary fibrosis induced by bleomycin:  

 

 
 
 
 
 
 
 
 
 

4. DISCUSSION 

In the present study, we found that significant reduction 

in the contents of cytokines in lung tissue in nintedanib 

either alone or in combination with methylprednisolone 

compared to the bleomycin group treated with MP alone 

on day 7 post-treatment.  

However, Kim et al., 2018, found that the contents of 

cytokines in the lung tissue were studied with the 

reverse-transcriptase polymerase chain reaction. 

Contents of promotor cytokines, such as IL-2, IL-4, INF-

y, and TNFα were significantly higher in lung tissue in 

the bleomycin group. The expression of these cytokines 

in the glucocorticoid group was low, especially the peak 

value, but the expression of IL-4 was high in the 

bleomycin group and was not reduced in the 

glucocorticoid group(Kim, et al., 2018). But, they found 

a significantly decreased in inflammatory cytokines after 

nintedanib treatment because it acts as an anti-

inflammatory effect as in the study(Kim, et al. 2018; 

Ubieta, et al., 2021, found that nintedanib inhibited the 

release of cytokines such as IFN-γ, IL-2, IL-4, IL-5, IL-

10, IL-12p70 and IL-13, which may cause a clinical 

benefit in pulmonary fibrosis in interstitial lung diseases. 

Also, IL-2 has able to bind to lung fibroblasts, and the 

proliferation of fibroblasts is induced by IL-2. IL-4 acts 

Groups (N=6) The area 

percentage of 
collagen fibers 

Mean ± SEM 

The mean of the 

subepithelial 
connective 

tissue volume 

density (VVsub) 
(mm) Mean± 

SEM 

Control group  4.47±0.12 

 

0.01± 0.001 

BLM group 31.82± 0.88* 0.09± 0.002* 

BLM+MP group  35.56± 0.34 *, 

# 

0.0920± 

0.002* 

BLM+NIN group  7.99± 0.27 #, $ 0.04±0.002 #, 

$ 

BLM+(MP+NIN) 

group 
5.18± 0.04 #, 

$, @ 

0.02±0.002#, 

$, @ 

F: Frequency expressed as percentage of 

immunoreactive cells; G: Staining grade expressed as: 

Grade 0: No staining or less than 10% positive cells; 

Grade 1: 10% positive cells, Grade 2: 10% - 50% 

positive cells, Grade 3: More than 50% positive cells. 

Data Values were mean ± standard error of mean (SEM); 

N = number of animals. BLM; bleomycin, MP; 

methylprednisolone, NIN; nintedanib. (%) = mean 

percentage change compared to control group.  

 

 

Data Values were mean ± standard error of mean 

(SEM); N = number of animals. BLM; bleomycin, MP; 

methylprednisolone, NIN; nintedanib. (%) = mean 

percentage change compared to control group. ANOVA 

one-way, accompanied by a multiple comparison test by 

Tukey. * Control group compared to other groups. # 

BLM group compared to treatments group. $ BLM+MP 

group compared to BLM+NIN and BLM+(MP+NINI). 

@ BLM+NIN compared to BLM+ (MP + NIN) group. 
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directly on the lung fibroblast to induce a fibrogenic 

response. However, IFN-γ, which is also reduced by 

nintedanib, exhibits potent antifibrotic activity by 

inhibiting the synthesis of collagen in fibroblasts 

(Ubieta, et al., 2021). 

  In the current study, there was a significant reduction in 

the content of MDA in lung tissue in the BLM+MP 

group compared to the bleomycin group in addition there 

was a more significant reduction in the content of MDA 

in lung tissue in groups of BLM+NIN and 

BLM+MP+NIN compared to bleomycin group and 

BLM+MP group.  

Also, there was a significant increase in the content of 

GSH in lung tissue in the BLM+MP group compared to 

the bleomycin group in addition there was a significant 

increase in the content of GSH in lung tissue in 

BLM+NIN and BLM+MP+NIN groups compared to 

bleomycin group. There was a significant increase in the 

content of GSH in the BLM+NIN and BLM+MP+NIN 

groups compared to the bleomycin group and BLM+MP 

group.  The present study agrees with them they found 

that the production of MDA in lung tissues was increased 

and GSH production in lung tissues was decreased after 

bleomycin treatment (Liu, et al., 2017)  In the present 

study, there was a significant decrease in the content of 

TGF-β in the BLM+MP group compared to the 

bleomycin group, in addition, there was a more 

significant reduction in the content of TGF-β in lung 

tissue in BLM+NIN and BLM+MP+NIN groups 

compared to bleomycin group and BLM and MP group 

alone after 28 days post-treatment.  There was a 

significant decrease in the content of hydroxyproline in 

the BLM+MP group compared to the bleomycin group, 

in addition, there was a more significant reduction in the 

content of hydroxyproline in lung tissue in BLM+NIN 

and BLM+MP+NIN groups by 88% compared to 

bleomycin group and BLM+MP group after 28 days 

post-treatment. Khalil et al.,1993, found that the 

corticosteroid therapy administered in the advanced 

stages of the disease would likely not suppress the TGF-

b production by alveolar macrophages. The relative 

resistance to corticosteroid therapy in pulmonary 

inflammatory and fibrotic responses seen in many human 

lung diseases may be caused by the corticosteroid 

insensitivity of TGF-b production by alveolar 

macrophages(Khalil, et al., 1993) . 

The water content in lung tissue after 28 days post-

treatment, was a significant reduction in water content in 

the bleomycin group with nintedanib either alone or in 

combination with methylprednisolone compared to the 

bleomycin group, and bleomycin treated with MP alone 

in addition there was no significant difference between 

bleomycin group and bleomycin group treated with MP. 

Our findings agree with what they found that 

dexamethasone treatment did not prevent bleomycin-

induced edema (Aubin Vega et al., 2019).  

Similarly, to dexamethasone, methylprednisolone did 

not elicit any beneficial effect on lung edema in 

bleomycin mice.  Also, our findings agree with a 

previous study found that the effect of nintedanib in a rat 

model of lung fibrosis induced by bleomycin and they 

showed a significant decrease in water content compared 

to the bleomycin group(Pittelli et al., 2017). 

Our study's histological findings supported earlier 

research showing BLM causes an acute inflammatory 

response in the early stages (7–10 days), then the 

inflammation subsides, and fibrotic alterations develop 

and remain in the late stages (3-4 weeks)(Aono et al., 

2005; Chaudhary, et al. 2006; Moeller, et al., 2008; 

Mouratis and Aidinis, 2011). Similarly, Galuppo et 

al.2011, reported that 7 days after bleomycin 

administration, the pulmonary lesions observed in mice 

consisted of multifocal areas of severe inflammation and 

intense fibrosis. In these areas, an intense thickening of 

alveolar septa with evident infiltration of inflammatory 

cells, and some eosinophils was observed. Masson’s 

trichrome staining confirmed the presence of intense 

fibrosis in the inflammatory focal areas when compared 

with sham-operated animals(Galuppo et al., 2011).  

The initial objective of our research was to look at the 

effects of daily methylprednisolone therapy in a mouse 

model of pulmonary fibrosis. Our findings showed that 

methylprednisolone was unable to enhance the 

histological outcomes of the bleomycin model of lung 

fibrosis after 7 and 28 days in the current research. This 

was in line with prior research by (Aubin Vega et al., 

2019;  Bahtouee et al., 2018; Dik, W.A. 2003). MP 

therapy increased the expansion of alveolar airspaces and 

decreases lung compliance, according to(Langenbach, et 

al., 2007). Also, Aubin Aubin Vega, et al. (2019), 

investigated the effect of corticosteroids on bleomycin 

outcomes during the acute exudative phase after 3 and 7 

days. They found that exposure to bleomycin 

and dexamethasone exhibited severe injury scores and 

alveolar damage on days 3 and day 7. They stated that 

dexamethasone failed to reduce inflammatory cell 

infiltration and alveolar epithelial injury induced by 

bleomycin. Dexamethasone affected the expression 

of β3- and β6-integrins, key proteins of alveolar 

repair(Aubin Vega, et al., 2019). Previous research has 

demonstrated that long-term corticosteroid treatment, 

either before or at the same time as bleomycin treatment, 

reduced the development of lung fibrosis in rats(Cross, 

et al., 1985; Phan, et al., 1981; Shaker and Sourour, 

2011). Moreover, in the present study, 

methylprednisolone does not reverse the bleomycin‐

repair impairment, but it further worsened the 

bronchiolar epithelial condition. The epithelial lining of 

the bronchiolar passages showed marked disorganization 

and degeneration in which their epithelial lining 

exhibited vacuolation with eukaryotic nuclei. Their 

lumen appeared obliterated by detached epithelial cells. 

Dexamethasone has been found to have a negative 

influence on repair processes in bronchiolar epithelial 

cells, which is consistent with our findings (Kadmiel, 

2016; J. Liu et al., 2013). According to these findings, 

bleomycin-induced pulmonary fibrosis is resistant to 

suppression by concurrent MP therapy. In the present 

study, there was a significant reduction in the β3 integrin 

gene in lung tissue in the bleomycin group compared to 

the control group, with the negative effect of 

methylprednisolone alone compared to a control group, 

in addition to the effect of nintedanib alone and 

combination with methylprednisolone was upregulation 

of β3 integrin gene in lung tissue compared to bleomycin 

group. Β6 integrin gene, was a significant decrease in β6 

integrin gene in lung tissue in the bleomycin group 

compared to the control group, with negative effect of 
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methylprednisolone alone compared to control group, in 

addition the effect of nintedanib alone was increased in 

β6 integrin gene in lung tissue compared to bleomycin 

group and the effect of NIN+ MP was better increased in 

β6 integrin gene in lung tissue compared to bleomycin 

group. We discovered that nintedanib reduced BLM-

induced alveolar inflammation and pulmonary fibrosis. 

In comparison to the BLM group, the mice in the 

nintedanib-treated and nintedanib and MP groups had 

reduced inflammatory cell infiltration and collagen 

deposition. This came in accordance with previous 

study(Chen et al., 2020; Rangarajan, et al., 2016; 

Redente et al., 2018; Wollin, et al., 2013)   

Chen et al.2020, looked into the function of nintedanib 

in bleomycin-induced pulmonary fibrosis, comparing 

lung sections from pulmonary fibrosis mice who 

received nintedanib by gastric gavage with those from 

mice with pulmonary fibrosis who did not. They 

discovered lung inflammation and fibrosis seven days 

after bleomycin-induced pulmonary fibrosis, which was 

substantially decreased by nintedanib therapy. They also 

discovered that animals given nintedanib had 

considerably lower lung damage scores, as well as 

reduced pulmonary fibrosis as measured by Masson's 

trichrome staining and the Ashcroft score seven days 

following bleomycin administration. They discovered 

that nintedanib not only had antifibrotic properties but 

also anti-inflammatory properties(Chen et al., 2020).  

Moreover, Wollin et al. 2013, investigated nintedanib at 

30 mg/kg or 60 mg/kg as a preventive treatment (from 

day 0 to day 14) and as a treatment (from day 7 to 21) in 

a mouse model of lung inflammation and fibrosis by a 

single intratracheal administration of bleomycin. They 

found that therapeutic therapy at 60 mg/kg had similar 

inhibitory effects as a preventative treatment, while the 

effect magnitude was lower at 30 mg/kg. They found that 

nintedanib successfully decreased pulmonary 

inflammation and fibrosis in mice whether given as a 

preventative or therapeutic therapy. Nintedanib's anti-

inflammatory and anti-fibrotic properties may influence 

the progression of fibrotic lung disorders such as 

IPF(Wollin et al., 2013). 

Apoptosis is a form of cell death that plays a critical 

function in the maintenance of cellular homeostasis. The 

Bcl-2 family of proteins is one of the most essential 

regulators of the apoptosis process (Kluck, R. 2010). 

Bcl-2 protein is an intracellular membrane-associated 

protein that inhibits cell death when overexpressed 

(Dewson, 2011; Nemec and Khaled, 2008; Youle and 

Strasser, 2008). Bcl-2 family members appear to play a 

critical role in the pathogenesis of inflammation, 

apoptosis, and fibrosis produced by different causes of 

interstitial lung disorders, according to an increasing 

body of data (Safaeian, et al., 2014)  

In the current study, in the BLM group and BLM group 

treated with MP, there was upregulation of positive 

immune reaction in the inter-alveolar septa and the 

interstitium of the lung. While few positive immune 

reactions were seen in the epithelium lining the 

bronchiole lumen.  

High expression of the anti-apoptotic gene Bcl-2 and low 

expression of the pro-apoptotic gene Bax prevented 

apoptosis in lung fibroblasts following bleomycin 

instillation, which is a major characteristic of chronic 

fibrotic illnesses, according to our findings, which are 

similar with previous research(Aguilar et al., 2009; Hu 

and Zhu, 2020;  Safaeian et al., 2009; Zhou et al., 2013).  

Furthermore, the current findings were consistent with 

those of Safaeian et al., (2009), who discovered BCL-2 

immunoreactivity in a variety of cells, including 

bronchiolar epithelial cells and lymphocytes, 

macrophages, neutrophils, alveolar epithelial cells, and 

myofibroblasts, and found that their interactions are 

linked to the development of interstitial fibrosis after 

bleomycin instillation(Safaeian et al., 2008).  Predescu et 

al., on the other hand, detected no alterations in Bcl-2 and 

Bcl-xL during Fas-mediated apoptosis in primary lung 

fibroblasts(Predescu et al., 2017). 

The extracellular matrix-producing myofibroblasts that 

collect in fibrotic lung lesions gain resistance to 

apoptosis in pulmonary fibrosis (Potter-Perigo et al., 

2010; Thannickal & Horowitz, 2006). Nintedanib has 

been found to inhibit fibroblast proliferation, migration, 

and transformation, although its effects on apoptosis 

have yet to be investigated(Wollin et al., 2015).  

In the present study, the treatment with nintedanib and 

the combined treatment of methylprednisolone and 

nintedanib were more effective in a model of pulmonary 

fibrosis. There was an apparent decrease of the positive 

immune reaction for BCL-2 in inter alveolar septa with 

negative BCL-2 of bronchiolar epithelium. The present 

results were similar to the findings of studies by (Milara 

et al., 2018).  

Milara et al. (2018) have discovered that JAK2 and 

STAT3 are activated in IPF in a rat model of bleomycin-

induced lung fibrosis and that their dual inhibition could 

be an appealing strategy for inhibiting fibroblast 

migration, preventing increases in fibroblast senescence 

and Bcl-2 expression, and improving impaired 

autophagy. Rangarajan et al. discovered that nintedanib 

enhances the apoptotic clearance of fibrocytes and lung-

resident myofibroblasts, slowing the development of 

TGF-induced pulmonary fibrosis. In fibroblasts isolated 

from IPF lungs, nintedanib was reported to activate 

autophagy(Rangarajan et al., 2016).  

 

Furthermore, nintedanib can prevent fibrocyte 

migration, lowering the number of fibrocytes in the lungs 

during bleomycin-induced pulmonary fibrosis(Sato et 

al., 2017). This study has potential limitations. The 

safety of using nintedanib in combination with 

corticosteroid was not studied. IL-13 a biochemical 

marker for corticosteroid resistance was not measured. 

The bronchoalveolar fluid was not measured.  In 

summary of our finding, the corticosteroid resistance 

pulmonary fibrosis induced by bleomycin was solved by 

using another treatment in combination with 

corticosteroids. Thus, it was successful to decrease the 

resistance of corticosteroids, by improve in wound 

healing in lung tissue, cytokines results were better than 

methylprednisolone alone, and it was able to decrease the 

water content in lung tissue with increased expression of 

integrins β3 and β6 and it was ably decreased the 

collagen formation in lung tissue compared to bleomycin 
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group treated with MP as showed in histological finding. 

 

 

5. CONCLUSIONS AND RECOMMENDATION 

Altogether, our data indicate that nintedanib overcame 

the corticosteroid resistance pulmonary fibrosis induced 

by bleomycin in mice mainly by decreasing TGF-β and 

improving the expression of β3 and β6 integrins.  

Our data suggest that nintedanib in combination with 

corticosteroids is helpful to reduce the resistance of 

pulmonary fibrosis to corticosteroids. We recommend 

future studies to study the safety of use the of nintedanib 

in combination with corticosteroid in pulmonary 

fibrosis. 
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