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ABSTRACT 
 

Pulmonary fibrosis is a disease of the lower respiratory system. It might be as Idiopathic fibrosis 
which is obscure reason for disease or might be as an optional impact from different causes, for 
example, the environmental causes, for example, toxins and smoking, some connective tissue 
illnesses., infection diseases, for example, tuberculosis (TB) and corona virus, a few medications, 
for example, bleomycin, methotrexate, and radiation treatment. Glucocorticoid are used for treating 
inflammatory and immune diseases, like asthma, but interstitial lung disease, cystic fibrosis, and 
chronic obstructive pulmonary disease (COPD) at some stage, may become resistant to 
corticosteroid treatment. Glucocorticoids inhibit inflammation by many mechanisms. The oxidative 
stress leads to significantly decrease in activity and expression of Histone deacetylase 2 (HDAC-2) 
which causes resistant to the action of glucocorticoid. However, the dissociated glucocorticoids 
have been developed to decrease side effects, the dissociated glucocorticoid receptor 
agonists (DIGRAs) are a class of experimental drugs designed to share many of the desirable anti-
inflammatory,  immunosuppressive, or  anticancer  properties of classical glucocorticoid drugs with 
fewer side effects, but it is so 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 resistant. Objective: This 
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paper is to review the corticosteroid resistant pulmonary fibrosis and how overcome this                
resistance. 
The data was collected from December 2020 to September 2021. 
 

 
Keywords: Corticosteroid; resistance; pulmonary fibrosis; pathophysiology; management. 
 

1. INTRODUCTION  
 
The interstitial lung diseases (ILDs) are different 
classification of lung diseases that are 
characterized by prolonged inflammation and 
progressive fibrosis of the pulmonary interstitium 
[1]. The risk factors of pulmonary fibrosis such 
as; smoking, gastroesophageal reflux, commonly 
prescribed drugs such as anti-epileptics, beta 
blocker (βB), antibiotics, and nonsteroidal anti-
inflammatory drugs [NSAIDs], diabetes mellitus, 
environmental exposures, infectious agents and 
genetic factors [2]. 
 
Objectives: This paper is to review the 
corticosteroid resistant pulmonary fibrosis and 
how overcome this resistance. 

 
Methods: Review article  

 
2. PATHOPHYSIOLOGY OF PULMONARY 

FIBROSIS 

 
In brief, the alveolar epithelial cell injury is a key 
process in the pathogenesis of pulmonary 
fibrosis followed by release the profibrotic 
cytokines such as chemokines, proteases, 
transforming growth factor-beta [TGF-β] (Wolters 
et al., 2014). 

 
The injury of alveolar epithelial cell and apoptosis 
is followed by type II alveolar cell injury and 
abnormal lung function, activation of pathways of 
coagulation, and loss wound healing 
mechanisms that progressively interrupt lung 
matrix when fibroblasts are stimulated as 
epithelial-to-mesenchymal transition (EMT) of 
alveolar epithelial cells happens, which leading to 
activation and accumulation of myofibroblasts 
[90-94]. Those results, unable the tissue 
remodeling to regenerate the normal barriers of 
epithelial or suppress the normal behavior and 
expansion of myofibroblasts and the entry of 
circulating myofibroblast [3]. 

 
Type II alveolar cell dysfunction leading to 
inability of the lung to wound healing. 
Additionally, the dysfunction of Type II alveolar 
epithelial cell as a factor which is linked with 

impaired regeneration of damaged alveolar 
epithelium, which leads to abnormal tissue 
remodeling and progressive pulmonary fibrosis 
and prevents repair of injury. Commonly, in 
pulmonary fibrosis resolution of inflammatory and 
mesenchymal cells through apoptosis and 
phagocytosis is dysregulated. This results in the 
destroyed of the normal lung structure and 
dysfunction (Wolters et al., 2014). 
 
General pathogenesis of pulmonary fibrosis: 
There three stages of pulmonary fibrosis, the first 
sage is injury, the second stage is inflammation, 
and the third stage is repair. 
 

2.1 Firstly, Injury Stage 
 
The damage of cells is an acute injury leading to 
the stimulation of inflammatory mediators and 
initiation the pathway of fibrinogenesis and 
coagulation, the platelet and fibrin-rich clot reach 
to the damaged vessel with a platelet [4]. 
 
Furthermore, thrombin found within the lung and 
the space between alveolar of many pulmonary 
fibrotic cases. Fibroblast is stimulated by 
thrombin, rising proliferation, and encouraging 
fibroblast differentiation into collagen-producing 
myofibroblasts [5]. Damage to the airway 
epithelium, particularly, alveolar 
pneumocytes can evoke a similar fibrinogenesis 
pathway and cause edema and acute 
inflammation areas.  Rapidly dilated vessels 
during clot formation and increased 
permeability, leading to migration of leukocytes 
to the injured site [4]. 
 
Matrix metalloproteinase (MMP) is a set of Zn-
dependent proteinases stimulated by proteolytic 
deletion of their amino terminal, and their actions 
are controlled by regulation of transcription, 
regulation of proenzyme, specific matrix 
metalloproteinases inhibitors and matrix 
metalloproteinases tissue inhibitors [4]. MMP-2 
and MMP-9 are (gelatinase A, Type N 
collagenase) and (Gelatinase B, Type IV 
collagenase), respectively. MMP-2 and MMP-9 
have ability to destroy the type IV of collagen, the 
MMP-2 and MMP-9 are the main compositions of 
membrane [95-101]. Studies showed that the 
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activity of MMP-2 and MMP-9 is organized in 
pulmonary fibrosis [6]. 
 

The balance between MMPs and the several 
inhibitory mechanisms can control inflammation 
and detect the clear sum of collagen deposited 
during the response healing [4]. 
 

2.2 Secondly, Inflammation Stage 
 

Once tissue is damaged, chemical gradients and 
inflammatory cells are released. At the site of 
infection as an acute injury (neutrophils, 
eosinophils, lymphocytes, and macrophages) are 
existed with eliminated the necrosis area by 
macrophages [4]. 
 

The primary inflammation that is reduced at the 
later phases of disease may encourage healing 
of wound and may part of fibrosis. E.g., the early 
inflammatory response such as (eosinophils, 
neutrophils, lymphocytes, and macrophages) 
which are providing cytokines and chemokines to 
stimulate the local TGFβ and IL-13 [29-37]. As a 
following of the initial inflammatory response, is 
late stage of inflammatory cells may support in 
phagocytosis, support in phagocytosis clear cell 
debris, and control excessive cellular 
proliferation, which these may leading to normal 

healing.  In end phase of inflammation may play 
important role in anti-fibrotic for repair injury and 
response. In addition, the interleukin-10 
production organizes T cells, inhibiting limited 
site chemokine production and TGFβ, may avoid 
extreme fibroblast stimulation [4]. 
 
The Th1 response includes increased INF-c 
expression and interleukin (IL-2, IL-12 and IL-
18), all of which support cell-mediated immunity 
and in general encourage tissue repair. In 
difference, the Th2 cytokines include (IL-4, IL-5, 
IL-10 and IL-13) are more involved with antibody-
mediated immunity, and tend to stimulate 
fibroblast activation, development of matrix and 
scar formation [4]. 
 
Most of cytokines stimulated in immune cells to 
damage site including the cell adhesion 
molecules. Additionally, many cytokines are 
supporting the healing of wounds and response 
of fibrosis. The  pro-inflammatory cytokines are 
more found in fibrosis such as (IL-1α, IL-1β, 
TNFα, TGFβ, and platelet-derived growth factors 
(PDGF), while many cytokines in different 
pulmonary fibrotic cases such as IL-4, IL-13, and 
TGF-β take a consider [3].  

 

 
 

Fig. 1. The three stages of pulmonary fibrosis 
Stages of pulmonary fibrosis [4] 
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In particularly, IL -4, is a cytokine type 2, it has 
also known as a pro-fibrotic cytokine, and it is 
increased in pulmonary fibrosis.  The receptors 
of interleukin-4 are existing on lung fibroblasts 
with IL-4 signaling rising the matrix proteins of 
extra cellular and deposition of collagen. 
Surprisingly, it considers in many studies also 
increase the level of IL 4 is marker in fibrosis 
above to TGF-β1 at inducing synthesis of 
collagen from fibroblasts [4]. 
 

Additionally, IL-4 can stimulate the alternative 
activation of Macrophage by indirect action. In 
generally, macrophage is associated with 
pulmonary fibrosis. Furthermore, the TGF-β, 
PDGF modulate polyamine and proline 
biosynthesis, cell growth, and collagen formation 
are produced by macrophage [102-111]. Also, IL-
4 has ability to encourage the T cells 
differentiation to Th2 cells, providing source of a 
lot of cytokines type-2 in axis of inflammation 
such as (L-5, IL-9, IL-13, and IL-21). The 
cytokines of Th2 has effective role in the healing 
of wound and profibrotic response such as in the 
Table 1 [4]. 
 

The TGFβ is the most profibrotic cytokines. It 
derived from most cell derived from the bone 
marrow. Once active, TGFβ is stimulating 
fibroblast proliferation and the synthesis of 
extracellular matrix proteins, recruiting 
inflammatory cells through monocyte 
chemoattractant protein-1 (MCP-1) (CCL2) and 
inhibiting T-cell responses with contribute to 
healing of wound and fibrosis [4]. 
 

In chronic injury, the cells of endothelia go on a 
process of formation of vessel with grow up of 
new capillary branches from existing vessel of 
blood (angiogenesis) which are enter to fibrotic 
tissue and regenerative tissue. The VEGF and 
FGF, TGFβ, PDGF, Angiopoietin1 and a vast 
array of cytokines are the angiogenic factors 
which can be controlled the angiogenesis factor 
[4]. 
 

An imbalance in production of chemokine with 
uncontrolled cellular recruitment which leads to 
excessive of pro-fibrotic IL-13 or TGF-β, with 
highly production of myofibroblasts, leading a 
pathological fibrosis [7]. 
 

2.3 Thirdly, Stage of Repair 
 

Repair is a blend of recovery and scarring 
development in tissue repair relies upon the 
capacity of the tissue to recover and the degree 
of the injury. The formation scar is a process that 
happens when the extracellular matrix (ECM) is 

harmed by extreme injury. Myofibroblast-derived 
collagens and α-SMA form the temporary 
extracellular matrix, with macrophage, platelet, 
and fibroblast-derived fibronectin forming a fibrin 
scaffold [4]. 
 

In addition to fibronectin, the temporary 
extracellular matrix contains of glycoproteins e.g. 
(PDGF), glycosaminoglycans e.g. (Hyaluronic 
acid), proteoglycans, and elastin [8]. 
 

The fibroblast stimulated by Growth factor and 
TGFβ migrate along the extracellular matrix 
network and repair the wound. The 
transformation of fibroblast to myofibroblast 
differentiation is makes stress fibers and the neo-
expression of α-SMA, which are enhance 
activity within myofibroblasts [38-52]. The 
connection of myofibroblasts to the extracellular 
matrix at specific sites called the “fibro nexus” or 
“super mature focal adhesions” pull the wound 
together, decreasing the size of the wound 
during this phase. At the end there is a variation 
in control the balance between MMP and TIMPs 
and the balance between collagen and 
collagenases, shifting from pro-synthesis and 
increased collagen deposition, towards a 
controlled balance, with no net rise in collagen 
[4]. 
 

However, the usual response of tissue to lesion 
has a sequence for successful resolution, repair 
of tissue and regain normal lung function such as 
the elimination of inflammatory cells and 
particularly α-SMA+ myofibroblasts is important 
to dismiss deposition of collagen. But the Failure 
to control the process of healing which is caused 
remodeling of tissue and abnormal functional 
tissue with formation of scar tissue [8]. 
 
Finally, the level of inflammation, angiogenesis, 
and the amount of deposition of extracellular 
matrix all encourage to deposition of collagen 
and develops of scar [4]. 
 

L-Hydroxyproline is a non-proteinogenic, 
insignificant amino acid that is found in collagen 
and other extracellular animal proteins. L-
Hydroxyproline is one of 18 kinds of amino acids 
found in mammalian collagens, is a significant 
constituent of collagen, and exists primarily in 
collagen (elastin contains around 1%). L-
Hydroxyproline likewise assumes significant part 
in the synthesis of collagen and stability [112-
119]. Thus, collagen is a specific amino acid and 
a significant marker that can be utilized to 
straightforwardly quantify the collagen content in 
IPF tissues. As of  
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Table 1. The function of ILs in pathophysiology of pulmonary fibrosis [4] 
 

Interleukins  Description  

Interleukin (5) Moves, matures, and recruits eosinophils, with IL-4 stimulation the production of 
TGF-β from eosinophils. It can also increase the production of IL-13 in fibrosis. 

Interleukin (9) It has ability to selective activation of mast cells, with increase the activity of 
TGFβ and promote the pulmonary fibrosis. 

Mast cells has ability to encourage the   proliferation of fibroblast, synthesis of 
collagen, and production of MMP and involved in fibrosis 

Interleukin (21) It has ability to increase the Th2 pulmonary responses 

Interleukin (13) It is associated fibrosis by regulation receptor expression of IL-4/IL-13. 

It is not decreasing the level during treatment by steroid. 

It has a different receptor subunit, it has ability to motivate activator of 
plasminogen and MMP-9, improving the release of active TGFβand followed by 
fibrosis. 

 
late, collagen has been drawing in expanding 
consideration as a significant biomarker of 
pulmonary fibrosis [9]. 
 

2.4 Oxidative Stress 
 
The lungs are generally vulnerable to oxidative 
stress due to of the highest degrees of oxygen 
inside the lung. The pressure of oxygen of 
breathed in air and the strain of oxygen of 
alveolar air are (150 mm Hg) and (100 mm Hg) 
individually, while venous blood oxygen 
pressures getting back from a few organs around 
(~ 45 mm Hg - ~ 1 mm Hg) [10]. Oxidative stress 
plays a significant part in molecular mechanism 
underlying fibrosis in a different of organs, 
including the lungs [11]. Reactive oxygen species 
(ROS) assume significant part in specific fibrotic 
process like macrophage polarization and 
immuno-senescence, alveolar epithelial cell 
apoptosis and senescence, myofibroblast 
differentiation and senescence, and alterations in 
the acellular extracellular matrix (Otoupalova et 
al., 2011). 
 

2.5 Role of Integrins in Lung Fibrosis 
 
Integrins are a big family of transmembrane 
glycoprotein receptors initially known as 
mediators of cell adhesion and tissue integrity. 
Integrins act mainly as signaling proteins, 
transmitting a mixture of signals involved in cell 
growth, division, survival, differentiation, and 
apoptosis. Integrins do not contain any catalytic 
activity and do not independently initiate 
signaling cascades, but instead serve as 
scaffolds for the assembly of signaling 
complexes [120-125]. Integrins are composed of 
a single α and α single β-subunit. In mammals, 
there are 18 human α -subunits and eight β-

subunits that can form a total of 24 integrin 
heterodimers [12].  
 
Several specific integrins have been shown to 
play a role in pulmonary fibrosis in animal models 
or to have an important biological role that might 
contribute to pulmonary fibrosis. One such role 
involves their interaction with latent complexes of 
TGF-b [12]. Interestingly, the expression of b3- 
and b6-integrins is a key protein of alveolar 
repair and has important rule in wound healing 
but these integrins resistance to corticosteroid 
therapy [13].  
 

2.6 Treatment of Pulmonary Fibrosis 
 

2.6.1 Corticosteroids 
 
Corticosteroids are used either alone or in 
combination with immunosuppressive agents in 
idiopathic pulmonary fibrosis. The combination of 
prednisone, azathioprine, and N-acetylcysteine: 
immune suppression was considered important 
in the treatment of pulmonary fibrosis [53-59]. It 
was thought that a two-drug regimen including 
glucocorticoids in addition to either azathioprine 
or cyclophosphamide may be superior to 
glucocorticoids alone. Given some early studies 
in favor of N-acetylcysteine, clinicians and 
researchers have examined the potential benefit 
of this three-drug regimen for pulmonary fibrosis.  
But this recommendation places a high value on 
these potential adverse effects of intervention 
[14]. 

 
Likewise, corticosteroids are suggested for the 
treatment of numerous patients with AE-IPF by 
the latest worldwide IPF treatment rules. 
Complicating this proposal is proof from clinical 
trial exhibiting that corticosteroid, in mix with 
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immunomodulatory treatment, cause harm in 
constant IPF. Pervious study found that no 
evidence that corticosteroid use improves 
outcomes in IPF patients admitted to the hospital 
with acute exacerbation [14]. 
 
Also, there have been not enough randomized 
controlled trials to evaluate the efficacy of 
corticosteroid as monotherapy in pulmonary 
fibrosis. Furthermore, the long term of 
corticosteroids use has been shown to be linked 
with a major number of comorbidities. 
Interestingly many of cohort studies have found 
no benefit of treatment with corticosteroids. Also, 
the corticosteroid is not recommended used as 
monotherapy [15]. 
 
2.6.2 Mechanisms of resistance of 

glucocorticoid 
 
Glucocorticoids stimulate and inhibit many pro- 
and anti-inflammatory genes, as well as having 
post-transcription. Glucocorticoids inhibit the 
multiple inflammatory genes that are stimulated 
in chronic inflammatory diseases, such as 
asthma, by reversing histone acetylation of 
activated inflammatory genes through binding of 
liganded glucocorticoid receptors (GR) to 
coactivator molecules and recruitment of histone 
deacetylase-2 (HDAC2) to the stimulated 
transcription complex. At higher concentrations 
of glucocorticoids GR homodimers interact with 
sites of DNA recognition to stimulate transcription 
through raised histone acetylation of anti-
inflammatory genes and transcription of many 
genes linked to glucocorticoid adverse effects 
[16].   
 
But many cases of inflammatory disease are 
resistance to steroid medications such as 
pulmonary fibrosis induced by bleomycin, chronic 
obstruction pulmonary disease (COPD) and 
cystic fibrosis increased glucocorticoid resistance 
is found in patients with inflammatory lung 
diseases. There are numerous molecular 
mechanism of corticosteroid resistances such as 
genetic factors may determine glucocorticoid 
responsiveness, several abnormalities in function 
of GR have been described in fibroblasts from 
patients with FGR [16].  
 
Many single nuclear polymorphisms of 
glucocorticoid receptor have been linked to 
altered cellular responses to glucocorticoids and 
a polymorphism of GRb (GR-9b) is linked with a 
decreased glucocorticoid trans-repression 
response. These polymorphisms have yet to be 

correlated with glucocorticoid resistance in 
inflammatory diseases [16].  
 
Glucocorticoid receptor modification in numerous 
ways to reduce their efficacy of nuclear 
translocation and trans-activation. 
Phosphorylation may occur because of 
stimulation of p38 mitogen-activated protein 
kinase (MAPK), which may be stimulated by the 
cytokines interleukin (IL)-2 + IL-4 or IL-13, or by 
macrophage migration inhibitory factor (MIF), of 
c-Jun N-terminal kinase (JNK) activated by 
proinflammatory cytokines or of extracellular 
signal-regulated kinase (ERK) stimulated by 
microbial superantigens. Additionally, the 
inflammatory diseases are raised inducible NO 
synthase (iNOS) expression which generates 
huge amounts of NO that could increase 
glucocorticoid resistance. Also, increase the 
expression of glucocorticoid receptor beta (GRb) 
is caused by proinflammatory cytokines has been 
found in glucocorticoid-resistant patients of 
several diseases [16]. 
 
In addition, the excessive stimulation of AP-1 has 
been identified as a mechanism of glucocorticoid 
resistance because the AP-1 binds GR then 
prevents its interaction with GRE and other 
transcription factors. AP-1 is a heterodimer of 
Fos and Jun proteins and may be stimulated by 
TNF-a (pro-inflammatory cytokines), acting within 
the pathway of JNK. This explains why the raised 
inflammation reported in severe inflammatory 
disease results in secondary glucocorticoid-
resistance. In high c-Jun in de-polymerization of 
the cytoskeleton, which may also decrease the 
activity of GR trans-activating [16].  
 
Cofilin-1 is an actin binding protein that 
depolymerases the cytoskeleton and in gene 
studies has been found as displaying raised 
expression in T-cells from glucocorticoid-
resistant compared to sensitive disease. Thus, 
the overexpression of cofilin-1 results in 
glucocorticoid resistance in T-cells [16]. 
 
The other molecular mechanism of glucocorticoid 
resistance is abnormal of histone acetylation. 
Histone acetylation plays an important role in the 
control of inflammatory genes and the 
mechanism of action of glucocorticoids. HDAC2 
is markedly reduced in activity and expression 
because of oxidative/nitrative stress so that 
inflammation becomes resistant to the anti-
inflammatory actions of glucocorticoids. The 
oxidative stress also stimulates 
phosphoinositide-3-kinase (PI3K)- delta, which 



 
 
 
 

Alghamdi et al.; JPRI, 33(47A): 517-531, 2021; Article no.JPRI.76141 
 
 

 
523 

 

causes to phosphorylation and inactivation of 
HDAC2. So, the oxidative stress has an 
important mechanism of glucocorticoid 
resistance and is increased in most severe and 
glucocorticoid-resistant inflammatory diseases 
[16]. 
 

Moreover, reduced regulatory T cells which leads 
to reduce response to glucocorticoid, because IL-
10 is an important anti-inflammatory and 
immunoregulatory cytokine and secreted by 
regulatory T cells (Treg) in response to 
glucocorticoids. In reduced glucocorticoid 
response there is a failure of T-helper cells to 
secrete IL-10 [16].  
 

Also, the macrophage migration inhibitory factor 
is a proinflammatory cytokine that has potent 
anti-glucocorticoid effects and has been 
correlated with many inflammatory diseases. MIF 
has also been involved in the glucocorticoid 
resistance in pulmonary diseases [16]. 
 

Therapeutic implications of glucocorticoid 
resistance by either selective glucocorticoid 
receptor agonists (SEGRAs or dissociated 
steroids) are more effective in trans-repression 
than trans-activation so have fewer adverse 
event. There are numerous therapeutic 
strategies to manage glucocorticoid-resistant 
diseases, but the most significant general 
approaches are to use another anti-inflammatory 
(“steroid-sparing”) treatments or to reverse the 
molecular mechanisms of glucocorticoid 
resistance [16]. 
 

There are a number of alternative anti-
inflammatory drugs now available to treat some 
glucocorticoid resistant. Several p38 MAPK 
inhibitors have been in clinical development and 
theoretically could be mainly effective in 
pulmonary disease with glucocorticoid resistance 
due to IL-2 and IL-4, as this is reversed in vitro 
by selective p38 MAPK inhibitors.  Also, a further 
option for treating glucocorticoid resistance is a 
reversing glucocorticoid resistance. The  
oxidative stress has a significant role in reducing 
HDAC2 and leads to glucocorticoid resistance, 
antioxidants should also be effective [16]. 
 

2.6.3 Pulmonary fibrosis induced by 
bleomycin resistance to corticosteroid 

 
Nettelbladt and Langenbach found that there was 
no impact of methylprednisolone treatment on 
bleomycin induced lung fibrosis in animal model. 
Also, prednisolone treatment had a limited 
effects on bleomycin- induced lung fibrosis in rats 

[17-18]. The TGF-B is important to the pulmonary 
inflammatory and fibrotic responses, then 
corticosteroid therapy administered in the 
advanced stages of the disease would likely not 
inhibit the TGF-B production by alveolar 
macrophages [19]. 
 
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. This 
recommends that only at the early inflammatory 
stages, when infiltration of macrophages was 
significant, that corticosteroid therapy is of 
benefit [60-72]. However, at a later stage when 
alveolar macrophages are activated to secrete 
TGF-B, corticosteroids are ineffective. Activated 
alveolar macrophages obtained after bleomycin-
induced pulmonary injury secreted increased 
quantities of TGF-B. Furthermore, the alveolar 
macrophage secretion of TGF-B is not inhibited 
by the existence of high concentrations of 
corticosteroids [19].  
 
Hosoya T. and colleague found that no impact of 
corticosteroid in pulmonary fibrosis induced by 
bleomycin due to of interleukin-4 was not 
inhibited by nonselective glucocorticoid after 
glucocorticoid administration (1mg/kg/day) in 
mice model [20] Also, the IL-13 mediated 
myofibroblast differentiation was resistance to 
corticosteroid [4]. 
 
2.6.4 Anticoagulation (warfarin) 
 
Stimulation of thrombin is early events after 
tissue damage. Thrombin encourages the 
differentiation of fibroblasts to a myofibroblast 
phenotype, rises proliferation of fibroblast, and 
improves the proliferative effect of fibrinogen on 
fibroblasts [73-89]. Thrombin is also a strong 
inducer of cytokines in fibrosis, including 
(transforming growth factor-β, connective tissue 
growth factor, platelet-derived growth factor 
(PDGF)), with encourages numerous of 
chemokines and proteins of extracellular matrix 
such as collagen, fibronectin, and tenascin. 
Treatment with warfarin leads to a decrease in 
the secondary outcome of IPF acute 
exacerbation-associated mortality. The 
anticoagulants are targeting specific coagulation 
factors on fibrosis signaling receptors may exert 
antifibrotic effect [21]. 
 
Limitations: The anticoagulants lack the benefit 
effect in fibrosis and increase the cause of death 
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with warfarin at interim analysis [22]. Previous 
study found that the use of anticoagulants in 
patients with fibrotic ILD is linked with increased 
rate of death. Another possibility is that warfarin 
may have deleterious effects that drive worse 
outcomes. The warfarin might have adverse 
effects that speed up progression of disease in 
fibrotic lung disease. Recommended potential 
mechanisms for increased harm with warfarin 
include alveolar hemorrhage, detrimental effects 
of inhibition of vitamin K-dependent clotting 
factors, or loss of beneficial effects of protein 
C on inflammation and remodeling [23]. 

 

2.6.5 Selective endothelin receptor 
antagonist (ambrisentan) 

 

The endothelin receptors classified into two 
types; endothelin type A(ETA) receptors, which 
induce contraction of vessels (vasoconstriction) 
and are usually found on vascular smooth 
muscle cells, and the endothelin type B1 (ET-B1) 
receptors, located in the endothelial cells, which 
are known to promote the release of nitric oxide 
(NO)and prostacyclin to produce a vasodilating 
effect. ET-A receptors have also been shown to 
propagate epithelial-to-mesenchymal transition 
through intermediary cytokines, leading to a 
profibrotic state [24].  
 

ET-B2 receptors antagonize ET-B1 receptors 
and vasoconstrict through an unknown 
mechanism. Clinically available endothelin 
receptor antagonists (ERAs) include selective 
ET-A antagonists (e.g., ambrisentan) and dual 
antagonists that affect both ET-A and ET-B 
receptors (e.g., bosentan and macitentan). 
Increased ET-A and ET-B receptor levels have 
been found in pulmonary fibrosis-affected fibrotic 
lung, and as such, both selective and dual 
antagonists have been investigated for potential 
benefit in treating patients with pulmonary 
fibrosis [24].  
 

Limitations: Ambrisentan increased the 
progression of disease, evaluated as worsening 
respiratory function test such as DLCO or FVC, 
regardless of the presence or absence of 
pulmonary hypertension [24]. The observations 
in previous study reported that the evidence for 
ambrisentan as an ineffective treatment for 
patients with IPF The association of ambrisentan 
therapy with an increased risk for disease 
progression and respiratory hospitalization [24]. 
 

2.6.6 Pirfenidone 
 

It is an oral antifibrotic drug. It has a role in 
regulation of profibrotic and proinflammatory 

cytokine cascades in vitro while decreasing 
proliferation of fibroblast and production of 
collagen in lung fibrosis in animal models. It also 
demonstrated a benefit to pirfenidone treatment 
in terms of a reduction in the rate of decline in 
VC and improved progression-free survival. In 
study, pirfenidone showed a reduction in decline 
of FVC during the 72-week treatment period. In 
other study did not show a benefit in the same 
outcome during the same period. Trails 
suggested improved mortality with pirfenidone. 
Pirfenidone decreased the rate of FVC decline 
[24].  
 
Limitations: It has some adverse effect such as; 
photosensitivity, fatigue, stomach discomfort, and 
anorexia and some patients may not be willing to 
tolerate certain adverse effects even in the 
setting of treatment benefit [24]. In previous 
clinical trial, they failed to find a significant 
beneficial effect of pirfenidone over placebo in 
improving/stabilizing FVC, exercise capacity, 
symptoms, or skin disease [25]. 
 
2.6.7 Antacid 
 
Above of 90% of patients of pulmonary fibrosis 
have gastroesophageal reflux disease (GERD). 
The GERD is the one of common risk factor of 
PF because it is leading to aspiration and micro-
aspiration, which leads to pneumonitis, a 
mechanism that will caused worsen pulmonary 
fibrosis [24]. 
 
Antacid treatments such as proton pump 
inhibitors (PPIs) or histamine2 blocker receptor 
antagonists (H2RAs), can reduce the risk for 
micro-aspiration-associated lung injury or 
damage.  Places a higher value on possible 
improved lung function and survival and the low 
cost of therapy and a lower value on the potential 
increased risk for pneumonia with antacid 
therapy. It is important to note that this 
recommendation applies to all patients with 
pulmonary fibrosis, as it is based on pulmonary 
fibrosis being the treatment indication, rather 
than abnormal GER [24]. 
 
limitations: It is not recommended used as 
monotherapy because it is just decreasing risks 
for GER. Antacid therapy did not improve 
outcomes in patients with IPF and might 
potentially be associated with an increased risk 
of infection in those with advanced disease as 
same mentioned in previous studies, there is no 
beneficial effect of antacid therapy in patients 
with IPF. Although clinicians might reasonably 
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offer antacid therapy to patients with IPF who 
have symptomatic gastro-esophageal reflux or 
off er fundoplication to those with uncontrolled 
reflux symptoms [26]. 
 
2.6.8 Selective tyrosine kinase inhibitor 

"Imatinib" 
 
It is a selective tyrosine kinase inhibitor against 
platelet derived growth factor (PDGF) receptors. 
It is a strong suppressor of lung fibroblast into 
myofibroblast differentiation and proliferation, 
also, a suppressor of production of extracellular 
matrix via suppression of PDGF and TGF-b 
signaling [24].  
 
limitations: There is increased the risk of 
adverse events in the imatinib. It is an expensive 
drug without beneficial effect in patients with 
pulmonary fibrosis to decrease progression of 
disease or decrease the cause the death [24]. 
 
Pervious study found that there was no benefit in 
DLCO, absolute change in FVC, and the 
distance walked using a 6-minute walk test. 
Although this study demonstrates imatinib was 
not an effective therapy for IPF [27]. 
 
2.6.9 Multiple tyrosine kinase inhibitors 

"Nintedanib" 
 
The U.S. Food and Drug Administration 
approved nintedanib oral capsules to treat 
patients with chronic fibrosing (scarring) 
interstitial lung diseases (ILD) with a progressive 
phenotype (trait). It is the first FDA-approved 
treatment for pulmonary fibrosis that worsen over 
time. 
 
It is a strong, orally available small-
molecule intracellular inhibitor and indolinone-
derived inhibitor of multiple 
receptor tyrosine kinases (RTKs)tyrosine kinase 
inhibitor that targets multiple tyrosine kinases, 
including vascular endothelial growth factor 
(VEGF), fibroblast growth factor (FGF), platelet 
derived growth factor (PDGF) receptors and 
colony stimulating factor 1 receptor 
(CSF1R) tyrosine kinases, which may result in 
the induction of endothelial cell apoptosis, the 
reduction in tumor vasculature, the inhibition of 
tumor cell proliferation and migration, and 
antifibrotic activity in pulmonary fibrosis [24]. 
 
In addition, nintedanib also binds to and inhibits 
members of the Src family of tyrosine kinases, 
including Src, Lck and Lyn, and fms-

like tyrosine kinase 3 (FLT-3). VEGFR, FGFR, 
PDGFR and CSF1R RTKs play significant roles 
in tumor angiogenesis, tumor cell proliferation 
and metastasis, as well as pulmonary fibrosis 
[28]. 
 

3. CONCLUSION  
 
Corticosteroids are gold standard medication for 
inflammatory and immune diseases but there are 
many of diseases resistance to corticosteroid 
such as pulmonary fibrosis and to reverse this 
resistant used another alternative anti-
inflammatory.  
 

DISCLAIMER 
 
The products used for this research are 
commonly and predominantly use products in our 
area of research and country. There is absolutely 
no conflict of interest between the authors and 
producers of the products because we do not 
intend to use these products as an avenue for 
any litigation but for the advancement of 
knowledge. Also, the research was not funded by 
the producing company rather it was funded by 
personal efforts of the authors.  
 

CONSENT 
 
It’s not applicable.  
 

ETHICAL APPROVAL 
 
 It’s not applicable.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Green FH. Overview of pulmonary fibrosis. 

Chest. 2002;122:334S-339S. 
2. Zisman DA, Keane MP, Belperio JA, 

Strieter RM, Lynch JP. Pulmonary fibrosis. 
Fibrosis Research. 2005;3-44. 

3. Wuyts WA, Agostini C, Antoniou KM, 
Bouros D, Chambers RC, Cottin V, et al. 
The pathogenesis of pulmonary fibrosis: a 
moving target. European Respiratory 
Journal. 2013;41:1207-1218. 

4. Wilson M, Wynn T. Pulmonary fibrosis: 
pathogenesis, etiology and regulation. 
Mucosal immunology. 2009;2:103-121. 

https://pubchem.ncbi.nlm.nih.gov/compound/indolinone
https://pubchem.ncbi.nlm.nih.gov/compound/tyrosine
https://pubchem.ncbi.nlm.nih.gov/compound/tyrosine
https://pubchem.ncbi.nlm.nih.gov/compound/tyrosine
https://pubchem.ncbi.nlm.nih.gov/compound/tyrosine


 
 
 
 

Alghamdi et al.; JPRI, 33(47A): 517-531, 2021; Article no.JPRI.76141 
 
 

 
526 

 

5. Wynn TA. Integrating mechanisms of 
pulmonary fibrosis. Journal of 
Experimental Medicine. 2011;208:1339-
1350. 

6. Kim JY, Choeng HC, Ahn C, Cho SH. 
Early and late changes of MMP-2 and 
MMP-9 in bleomycin-induced pulmonary 
fibrosis. Yonsei Medical Journal. 
2009;50:68. 

7. Keane M. The role of chemokines and 
cytokines in lung fibrosis. European 
Respiratory Review. 2008;17:151-156. 

8. Chambers R. Abnormal wound healing 
responses in pulmonary fibrosis: focus on 
coagulation signalling. European 
Respiratory Review. 2008;17:130-137. 

9. Ren Y, Zhao J, Shi Y, Chen C, Chen X, Lv 
C. Simple determination of L-
hydroxyproline in idiopathic pulmonary 
fibrosis lung tissues of rats using non-
extractive high-performance liquid 
chromatography coupled with fluorescence 
detectionafter pre-column derivatization 
with novel synthetic 9-acetylimidazol-
carbazole. Journal of pharmaceutical and 
biomedical analysis. 2017;142:1-6. 

10. Mastruzzo C, Crimi N, Vancheri C. Role of 
oxidative stress in pulmonary fibrosis. 
Monaldi archives for chest disease= 
Archivio Monaldi per le malattie del torace. 
2020;57:173-176. 

11. Cheresh P, Kim SJ, Tulasiram S, Kamp 
DW. Oxidative stress and pulmonary 
fibrosis. Biochimica et Biophysica Acta 
(BBA)-Molecular Basis of Disease. 
2013;1832:1028-1040. 

12. Sheppard D. The role of integrins in 
pulmonary fibrosis. European Respiratory 
Review. 2008;17:157-162. 

13. Aubin Vega M, Chupin C, Pascariu M, 
Privé A, Dagenais A, Berthiaume Y, 
Brochiero E. Dexamethasone fails to 
improve bleomycin‐ induced acute lung 
injury in mice. Physiological reports. 
2019;7:e14253. 

14. Farrand E, Vittinghoff E, Ley B, Butte AJ, 
Collard HR. Corticosteroid use is not 
associated with improved outcomes in 
acute exacerbation of IPF. Respirology. 
2020;25:629-635. 

15. Gross TJ, Hunninghake GW. Idiopathic 
pulmonary fibrosis. New England Journal 
of Medicine. 2001;345:517-525. 

16. Barnes PJ. Mechanisms and resistance in 
glucocorticoid control of inflammation. The 
Journal of steroid biochemistry and 
molecular biology. 2010;120:76-85. 

17. Nettelbladt O, Tengblad A, Hallgren R. 
High-dose corticosteroids during 
Bleomycin-inducedalveolitis in the rat do 
not suppress the accumulation of 
hyaluronan (hyaluronic acid) in lung tissue. 
European Respiratory Journal. 
1990;3:421-428. 

18. Langenbach SY, Wheaton BJ, Fernandes 
DJ, Jones C, Sutherland TE, Wraith BC, et 
al.  Resistance of fibrogenic responses to 
glucocorticoid and 2-methoxyestradiol in 
bleomycin-induced lung fibrosis in mice. 
Canadian Journal of Physiology and 
Pharmacology. 2007;85:727-738. 

19. Khalil N, Whitman C, Zuo L, Danielpour D, 
Greenberg A. Regulation of alveolar 
macrophage transforming growth factor-
beta secretion by corticosteroids in 
bleomycin-induced pulmonary 
inflammation in the rat. The Journal of 
clinical investigation. 1993;92:1812-1818. 

20. Hosoya T. Steroid resistance and lung-
tissue cytokines in experimental 
bleomycin-induced lung fibrosis. The 
Japanese journal of thoracic diseases. 
1997;35:766-775. 

21. Bogatkevich GS, Nietert PJ, Silver RM, 
Highland KB. Rationale for anticoagulant 
therapy of pulmonary fibrosis. American 
Journal of Respiratory and Critical Care 
Medicine. 2014;189:362-363. 

22. Raghu G, Rochwerg B, Zhang Y, Garcia 
CAC. Azuma A, Behr J, et al.  n official 
ATS/ERS/JRS/ALAT clinical practice 
guideline: treatment of idiopathic 
pulmonary fibrosis. An update of the 2011 
clinical practice guideline. American 
Journal of Respiratory and Critical Care 
Medicine. 2015;192:e3-e19. 

23. King CS, Freiheit E, Brown AW, Shlobin 
OA, Aryal S, Ahmad K, et al. Association 
Between Anticoagulation and Survival in 
Interstitial Lung Disease: An Analysis of 
the Pulmonary Fibrosis Foundation Patient 
Registry. Chest. 2021;159:1507-1516. 

24. Raghu G, Behr J, Brown KK, Egan JJ, 
Kawut SM, Flaherty KR, et al. Treatment of 
idiopathic pulmonary fibrosis with 
ambrisentan: aparallel, randomized trial. 
Annals of internal medicine. 2013;158:641-
649. 

25. Acharya N, Sharma SK, Mishra D, Dhooria 
S, Dhir V, Jain S. Efficacy and safety of 
pirfenidone in systemic sclerosis-related 
interstitial lung disease—a randomised 
controlled trial. Rheumatology 
international. 2020;40:703-710. 



 
 
 
 

Alghamdi et al.; JPRI, 33(47A): 517-531, 2021; Article no.JPRI.76141 
 
 

 
527 

 

26. Kreuter M, Wuyts W, Renzoni E, Koschel 
D, Maher TM, Kolb M, et al. Antacid 
therapy and disease outcomes in 
idiopathic pulmonary fibrosis: a pooled 
analysis. The Lancet Respiratory Medicine. 
2016;4:381-389. 

27. Daniels CE, Lasky JA, Limper AH, Mieras 
K, Gabor E, Schroeder DR. Imatinib 
treatment for idiopathic pulmonary fibrosis: 
randomized placebo-controlled trial results. 
American journal of respiratory and critical 
care medicine. 2010;181:604-610. 

28. Mccormack PL. Nintedanib: first global 
approval. Drugs. 2015;75:129-139. 

29. Adamson I. Pulmonary toxicity of 
bleomycin. Environmental health 
perspectives. 1976;16:119-125. 

30. Aguilar S, Scotton CJ, Mcnulty K, Nye E, 
Stamp G, Laurent G, et al. Bone marrow 
stem cells expressing keratinocyte growth 
factor via an inducible lentivirus protects 
against bleomycin-induced pulmonary 
fibrosis. PloS one. 2009;4: e8013. 

31. Ahmed BS, Anwar NM. Immuno-
histochemical study of the expression of 
Bcl-2 in the Leydig's interstitial cells and 
primary spermatocyte cellsof adult male 
rabbit under the effect of oral Gossypol 
intake. The Egyptian Journal of Hospital 
Medicine. 2004;14:34-44. 

32. Aono Y, Nishioka Y, Inayama M, Ugai M, 
Kishi J, Uehara H, et al. Imatinib as a novel 
antifibrotic agent in bleomycin-induced 
pulmonary fibrosis in mice. American 
journal of respiratory and critical care 
medicine. 2005;171: 1279-1285. 

33. Bahtouee M, Fatemikia H, Movahed A, 
Esmaili A, Hassan Y, Zarei M, et al. A 
comparative analysis of saffron and 
methylprednisolone on bleomycin-induced 
pulmonary fibrosis in rats. Iranian Journal 
of Toxicology. 2018;12:9-13. 

34. Barbarin V, Nihoul A, Misson P, Arras M, 
Delos M, Leclercq I, et al. The role of pro-
and anti-inflammatory responses in silica-
induced lung fibrosis. Respiratory 
research. 2005;6:1-13. 

35. Bi J, Dai J, Koivisto L, Larjava M, Bi L, 
Häkkinen L, et al. Inflammasome and 
cytokine expression profiling in 
experimental periodontitis in the integrin β6 
null mouse. Cytokine. 2019;114:135-142. 

36. Bi J, Koivisto L, Owen G, Huang P, Wang 
Z, Shen Y, et al. Epithelial microvesicles 
promote an inflammatory phenotype in 
fibroblasts. Journal of dental research. 
2016;95:680-688. 

37. Calaway AC, Foster RS, Adra N, 
Masterson TA, Albany C, Hanna NH, et al. 
Risk of bleomycin-related pulmonary 
toxicities and operative morbidity after 
postchemotherapy retroperitoneal lymph 
node dissection in patients with good-risk 
germ cell tumors. ASCO; 2018. 

38. Chaudhary NI, Schnapp A, Park JE. 
Pharmacologic differentiation of 
inflammation and fibrosis in the rat 
bleomycin model. American Journal of 
Respiratory and Critical Care Medicine. 
2006;173:769-776. 

39. Chen WC, Chen NJ, Chen HP, Yu WK, Su 
VYF, Chen H, et al. Nintedanib reduces 
neutrophil chemotaxis via activating GRK2 
in bleomycin-induced pulmonary fibrosis. 
International Journal of Molecular 
Sciences. 2020;21: 4735. 

40. Claussen CA, Long EC. Nucleic acid 
recognition by metal complexes of 
bleomycin. Chemical reviews. 
1999;99:2797-2816. 

41. Cross CE, Warren D, Gerriets JE, Wilson 
DW, Halliwell B, Last JA. Deferoxamine 
injection does not affect bleomycin-induced 
lung fibrosis in rats. The Journal of 
laboratory and clinical medicine. 
1985;106:428-432. 

42. Della Latta V, Cecchettini A, Del RY S, 
Morales MA. Bleomycin in the setting of 
lung fibrosis induction: From biological 
mechanisms to counteractions. 
Pharmacological research. 2015;97:122-
130. 

43. Dewson G. Interplay of Bcl-2 proteins 
decides the life or death fate. The Open 
Cell Signaling Journal. 2011;3. 

44. Dewson G, Kluck RM. Bcl-2 family-
regulated apoptosis in health and disease. 
Cell Health and Cytoskeleton. 2020;2:9-22. 

45. Dik W, Mcanulty R, Versnel M, Naber B, 
Zimmermann L, Laurent G, Mutsaers S. 
Short course dexamethasone treatment 
following injury inhibits bleomycin induced 
fibrosis in rats. Thorax. 2003;58;765-771. 

46. Faverio P, De Giacomi F, Sardella L, 
Fiorentino G, Carone M, Salerno F, Ora J, 
et al. Management of acute respiratory 
failure in interstitial lung diseases: 
overview and clinical insights. BMC 
pulmonary medicine. 2018;18:1-13. 

47. Flaherty KR, Toews GB, Lynch III JP, 
Kazerooni EA, Gross BH, Strawderman III 
RL, et al. Steroids in idiopathic pulmonary 
fibrosis: a prospective assessment of 
adverse reactions, response to therapy, 



 
 
 
 

Alghamdi et al.; JPRI, 33(47A): 517-531, 2021; Article no.JPRI.76141 
 
 

 
528 

 

and survival. The American journal of 
medicine. 2001;110;278-282. 

48. Flaherty KR, Wells AU, Cottin V, Devaraj 
A, Walsh SL, Inoue Y, et al. Nintedanib in 
progressive fibrosing interstitial lung 
diseases. New England Journal of 
Medicine. 2019;381:1718-1727. 

49. Gad E, Salama A, El-shafie M, Arafa H, 
Abdelsalam R, Khattab M. The Anti-fibrotic 
and Anti-inflammatory Potential of Bone 
Marrow–Derived Mesenchymal Stem Cells 
and Nintedanib in Bleomycin-Induced Lung 
Fibrosis in Rats. Inflammation. 2019;1-12. 

50. Galuppo M, Esposito E, Mazzon E, 
Dipaola R, Paterniti I, Impellizzeri D, et al. 
MEK inhibition suppresses the 
development of lung fibrosis in the 
bleomycin model. Naunyn-Schmiedeberg's 
archives of pharmacology. 2011;384:21-
37. 

51. Ginzburg VE. Chest pain, dyspnea, 
andcough. Canadian family physician 
Medecin de famille canadien. 
2006;52:1060-1060. 

52. Grzesk G, Wozniak-wisniewska A. Bła 
zejewski. Int. J. Mol. Sci. 2021;22:282. 

53. Hagiwara SI, Ishii Y, Kitamura S. 
Aerosolized administration of N-
acetylcysteine attenuates lung fibrosis 
induced by bleomycin in mice. 
Americanjournal of respiratory and critical 
care medicine. 2000;162:225-231. 

54. Hay J, Shahzeidi S, Laurent G. 
Mechanisms of bleomycin-induced lung 
damage. Archives of toxicology. 
1991;65:81-94. 

55. Herrera J, Henke CA, Bitterman PB. 
Extracellular matrix as a driver of 
progressive fibrosis. The Journal of clinical 
investigation. 2018;128;45-53. 

56. Hu X, Huang X. Alleviation of inflammatory 
response of pulmonary fibrosis in acute 
respiratory distress syndrome by puerarin 
via transforming growth factor (TGF-β1). 
Medical science monitor: international 
medical journal of experimental and clinical 
research. 2019;25: 6523. 

57. Hu X, Zhu D. Rehmannia Radix Extract 
Relieves Bleomycin-Induced Pulmonary 
Fibrosis in Mice via Transforming Growth 
Factor β1 (TGF-β1). Medical Science 
Monitor: International Medical Journal of 
Experimental and Clinical Research. 
2020;26:e927240-1. 

58. Huang SH, Cao XJ, Liu W, Shi XY, Wei W. 
Inhibitory effect of melatonin on lung 
oxidative stress induced by respiratory 

syncytial virus infection in mice. Journal of 
pineal research. 2010;48:109-116. 

59. Ito Y, Tazaki G, Kondo Y, Takahashi G, 
Sakamaki F. Therapeutic effect of 
nintedanib on acute exacerbation of 
interstitial lung diseases. Respiratory 
medicine case reports. 2019;26:317-320. 

60. Izbicki G, Segel M, Christensen T, Conner 
M, Breuer R. Time course of 
bleomycin‐ induced lung fibrosis. 
International journal of experimental 
pathology. 2002;83: 111-119. 

61. Jenkins RG, Moore BB, Chambers RC, 
Eickelberg O, Königshoff M, Kolb M, et al. 
An official American Thoracic Society 
workshop report: use of animal models for 
the preclinical assessment of potential 
therapies for pulmonary fibrosis. American 
Journal of Respiratory cell and Molecular 
Biology. 2017;56:667-679. 

62. Kadmiel M, Janoshazi A, Xu X,      
Cidlowski JA. Glucocorticoid action in 
human corneal epithelial cells establishes 
roles for corticosteroids in wound healing 
and barrier function of the eye. 
Experimental eye research. 2016;152:10-
33. 

63. Karimi-shah BA, Chowdhury BA. Forced 
vital capacity in idiopathic pulmonary 
fibrosis–FDA review of pirfenidone and 
nintedanib. N Engl J Med. 2015;372:1189-
1191. 

64. Kasam RK, Reddy GB, Jegga AG, Madala 
SK. Dysregulation of mesenchymal cell 
survival pathways in severe fibrotic lung 
disease: The effect of nintedanib therapy. 
Frontiers in Pharmacology. 2019;10:     
532. 

65. Keating GM. Nintedanib: a review of its 
use in patients with idiopathic pulmonary 
fibrosis. Drugs. 2015;75:1131-1140. 

66. Kim HY, Kim MS, Kim SH, Joen D, Lee K. 
Protective effects of nintedanib against 
polyhexamethylene guanidine phosphate-
induced lung fibrosis in mice. Molecules. 
2018;23:1974. 

67. Kim MS, Baek AR, Lee JH, Jang AS, Chin 
SS, Park SW. IL-37 attenuates lung 
fibrosis by inducing autophagy and 
regulating TGF-β1 production in mice. The 
Journal of Immunology. 2019;203;2265-
2275. 

68. Li LF, Kao KC, Liu YY, Lin CW, Chen NH, 
Lee CS, Wang CW, Yang CT. Nintedanib 
reduces ventilation-augmented bleomycin-

induced epithelial–mesenchymal transition 
and lung fibrosis through suppression of 



 
 
 
 

Alghamdi et al.; JPRI, 33(47A): 517-531, 2021; Article no.JPRI.76141 
 
 

 
529 

 

the Src pathway. Journal of cellular and 
molecular medicine. 2017;21:2937-2949. 

69. Liu J, Zhang M, Niu C, Luo Z, Dai J, Wang 
L, Liu E, Fu Z. Dexamethasone inhibits 
repair of human airway epithelial cells 
mediated by glucocorticoid-induced leucine 
zipper (GILZ). PLoS One. 2013;8:e60705. 

70. Liu T, De Los Santos FG, Phan SH. 2The 
bleomycin model of pulmonary fibrosis. 
Fibrosis. Springer; 2017a. 

71. Liu Y, Lu F, Kang L, Wang Z, Wang Y. 
Pirfenidone attenuates bleomycin-induced 
pulmonary fibrosis in mice by regulating 
Nrf2/Bach1 equilibrium. BMC pulmonary 
medicine. 2017b;17:1-11. 

72. Matsuyama H, Amaya F, Hashimoto S, 
Ueno H, Beppu S, Mizuta M, et al. Acute 
lung inflammation and ventilator-induced 
lung injury caused by ATP via the P2Y 
receptors: an experimental study. 
Respiratory research. 2008;9:1-13. 

73. Mayr M, Duerrschmid C, Medrano G, 
Taffet GE, Wang Y, Entman ML,             
Haudek SB. TNF/Ang‐ II synergy is 
obligate for fibroinflammatory pathology, 
but not for changes in cardiorenal  
function. Physiological reports. 2016;4: 
e12765. 

74. Merna N, Fung KM, Wang JJ, King CR, 
Hansen KC, Christman KL, et al. 
Differential β3 integrin expression 
regulates the response of human lung and 
cardiac fibroblasts to extracellular matrix 
and its components. Tissue Engineering 
Part A. 2015;21:2195-2205. 

75. Meyer KC. Pulmonaryfibrosis, part I: 
epidemiology, pathogenesis, and 
diagnosis. Expert Review of Respiratory 
Medicine. 2017;11:343-359. 

76. Milara J, Hernandez G, Ballester B, Morell 
A, Roger I, Montero P, et al. The JAK2 
pathway is activated in idiopathic 
pulmonary fibrosis. Respiratory research. 
2018;19:1-12. 

77. Moeller A, Ask K, Warburton D, Gauldie J, 
Kolb M. The bleomycin animal model: a 
useful tool to investigate treatment options 
for idiopathicpulmonary fibrosis? The 
international journal of biochemistry & cell 
biology. 2008;40:362-382. 

78. Morales V, Martín A, Ortiz-bustos J, Sanz 
R, García-muñoz R. Effect of the dual 
incorporation of fullerene and 
polyethyleneimine moieties into SBA-15 
materials as platforms for drug delivery. 
Journal of Materials Science. 
2019;54:11635-11653. 

79. Mouratis MA, Aidinis V. Modeling 
pulmonary fibrosis with bleomycin. Current 
opinion in pulmonary medicine. 
2011;17:355-361. 

80. Nemec KN, Khaled AR. Therapeutic 
modulation of apoptosis: targeting the 
BCL-2 family at the interface of the 
mitochondrial membrane. Yonsei Medical 
Journal. 2008;49:689-697. 

81. Network IPFCR. Prednisone, azathioprine, 
and N-acetylcysteine for pulmonary 
fibrosis. New England Journal of Medicine. 
2012;366:1968-1977. 

82. Ojo AS, Balogun SA, Williams OT, Ojo OS. 
Pulmonary fibrosis in COVID-19 survivors: 
predictive factors and risk reduction 
strategies. Pulmonary medicine; 2020. 

83. Peikert T, Daniels C, Beebe T, Meyer K, 
Ryu J, Physicians ILDNOTACOC. 
Assessment of current practice in the 
diagnosis and therapy of idiopathic 
pulmonary fibrosis. Respiratory medicine. 
2008;102:1342-1348. 

84. Peng R, Sridhar S, Tyagi G, Phillips JE, 
Garrido R, Harris P, et al. Bleomycin 
induces molecular changes directly 
relevant to idiopathic pulmonary fibrosis: a 
model for “active” disease. PloS one. 
2013;8: e59348. 

85. Phan SH, Thrall RS, Williams C. 
Bleomycin-induced pulmonary fibrosis: 
effects of steroid on lung collagen 
metabolism. American Review of 
Respiratory Disease. 1981;124:428-434. 

86. Pittelli MG, Pitozzi V, Caruso P, Bonatti M, 
Aquino G, Biagetti M, et al. Effect of 
Nintedanib in a rat model of lung fibrosis 
induced by single or double bleomycin 
administration. The European Respiratory 
Journal. 2017;50:PA2956. 

87. Polosukhin VV, Degryse AL, Newcomb 
DC, Jones BR, Ware LB, Lee JW, et al. 
Intratracheal bleomycin causes airway 
remodeling and airflow obstruction in mice. 
Experimental lung research. 2012;38:135-
146. 

88. Potter-perigo S, Johnson PY, Evanko SP, 
Chan CK, Braun KR, Wilkinson TS, et 
al.Polyinosine-polycytidylic acid stimulates 
versican accumulation in the extracellular 
matrix promoting monocyte adhesion. 
American Journal of Respiratory cell and 
Molecular Biology. 2010;43:109-120. 

89. PREDESCU, S. A., ZHANG, J., BARDITA, 
C., PATEL, M., GODBOLE, V. & 
PREDESCU, D. N. 2017. Mouse lung 
fibroblast resistance to Fas-mediated 



 
 
 
 

Alghamdi et al.; JPRI, 33(47A): 517-531, 2021; Article no.JPRI.76141 
 
 

 
530 

 

apoptosis is dependent on the baculoviral 
inhibitor of apoptosis protein 4 and the 
cellular FLICE-inhibitory protein. Frontiers 
in physiology, 8, 128. 

90. Rangarajan S, Kurundkar A, Kurundkar D, 
Bernard K, Sanders YY, Ding Q, et al. 
Novel mechanisms for the antifibrotic 
action of nintedanib. American Journal of 
Respiratory cell and Molecular Biology. 
2016;54:51-59. 

91. Redente EF, Aguilar MA, Black BP, 
Edelman BL, Bahadur AN, Humphries SM, 
et al. Nintedanib reduces pulmonary 
fibrosis in a model of rheumatoid arthritis-
associated interstitial lung disease. 
American Journal of Physiology-Lung 
Cellular and Molecular Physiology. 
2018;314:L998-L1009. 

92. Redente EF, Jacobsen KM, Solomon JJ, 
Lara AR, Faubel S, Keith RC, et al. Age 
and sex dimorphisms contribute to the 
severity of bleomycin-induced lung injury 
and fibrosis. American Journal of 
Physiology-Lung Cellular and Molecular 
Physiology. 2011;301:L510-L518. 

93. Reinert T, Baldotto CSDR, Nunes FAP, 
Scheliga AADS. Bleomycin-induced lung 
injury. Journal of Cancer Research; 2013. 

94. Richeldi L, Du Bois RM, Raghu G, Azuma 
A, Brown KK, Costabel U, et al. Efficacy 
and safety of nintedanib in idiopathic 
pulmonary fibrosis. New England Journal 
of Medicine. 2014;370:2071-2082. 

95. Rossi A, Latiano TP, Parente P, Chiarazzo 
C, Limosani F, DI Maggio G, et al. The 
potential role of nintedanib in treating 
colorectal cancer. Expert opinion             
on pharmacotherapy. 2017;18:1153-        
1162. 

96. Roth GJ, Binder R, Colbatzky F, Dallinger 
C, Schlenker-herceg R. Hilberg F, et al. 
Nintedanib: from discovery to the clinic. 
Journal of medicinal chemistry. 
2015;58:1053-1063. 

97. Safaeian L, Abed A, Vaseghi G. The role 
of Bcl-2 family proteins in pulmonary 
fibrosis. European Journal of 
Pharmacology. 2014;741:281-289. 

98. Safaeian L, Jafarian A, Rabani M, 
Mirmohammad SH, Torabinia N, Alavi S. 
The effect of AT1 receptor blockade on 
bax and bcl-2 expression in bleomycin-
induced pulmonary fibrosis; 2009. 

99. Safaeian L, Jafarian A, Rabbani M, 
Sadeghi H, Torabinia N, Alavi S. The role 
of strain variation in BAX and BCL-2 
expression in murine bleomycin-induced 

pulmonary fibrosis. Pakistan Journal of 
Biological Sciences. 2008;11:2606. 

100. Saraiva GN, Rosário NFD, Medeiros T, 
Leite PEC, Lacerda GDS, Andrade TGD, 
et al. Restoring inflammatory mediator 
balance after sofosbuvir-induced viral 
clearance in patients with chronic hepatitis 
C. Mediators of inflammation; 2018. 

101. Sato S, Shinohara S, Hayashi S, Morizumi 
S, Abe S, Okazaki H, et al. Anti-fibrotic 
efficacy of nintedanib in pulmonary fibrosis 
via the inhibition of fibrocyte activity. 
Respiratory research. 2017a;18:172. 

102. Sato S, Shinohara S, Hayashi S, Morizumi 
S, Abe S, Okazaki H, et al. Anti-fibrotic 
efficacy of nintedanib in pulmonary fibrosis 
via the inhibition of fibrocyte activity. 
Respiratory research. 2017b;18:1-11. 

103. Sebti SM, Mignano JE, Jani JP, 
Srimatkandada S, Lazo JS. Bleomycin 
hydrolase: molecular cloning, sequencing, 
and biochemical studies reveal 
membership in the cysteine proteinase 
family. Biochemistry. 1989;28:6544-6548. 

104. Segel MJ, Izbicki G, Cohen PY, Or R, 
Christensen TG, Wallach-DAYAN SB, et 
al. Role of interferon-γ in the evolution of 
murine bleomycin lung fibrosis. American 
Journal of Physiology-Lung Cellular and 
Molecular Physiology. 2003;285:L1255-
L1262. 

105. Shaker OG, Sourour DA. Effect of 
leukotriene receptor antagonists on lung 
fibrosis in rats. Journal of Applied 
Toxicology. 2011;31:678-684. 

106. Sisson TH, Mendez M, Choi K, Subbotina 
N, Courey A, Cunningham A, et al. 
Targeted injury of type II alveolar epithelial 
cells induces pulmonary fibrosis. American 
Journal of Respiratory and Critical care 
Medicine. 2010;181:254-263. 

107. Starch C, Lactose ES, Oil LM, Acid S, 
Sucrose SA. Medrol®. 

108. Swartz SL, Dluhy RG. Corticosteroids: 
clinical pharmacology and therapeutic use. 
Drugs. 1978;16:238-255. 

109. Thannickal VJ, Horowitz JC. Evolving 
concepts of apoptosis in idiopathic 
pulmonary fibrosis. Proceedings of the 
American Thoracic Society. 2006;3:350-
356. 

110. Todd NW, Scheraga RG, Galvin JR, 
Iacono AT, Britt EJ, Luzina IG, et al. 
Lymphocyte aggregates persist and 
accumulate in the lungs of patients with 
idiopathic pulmonary fibrosis. Journal of 
inflammation research. 2013;6:63. 



 
 
 
 

Alghamdi et al.; JPRI, 33(47A): 517-531, 2021; Article no.JPRI.76141 
 
 

 
531 

 

111. Toutain P, Koritz G, Fayolle P, Alvinerie M. 
Pharmacokinetics of methylprednisolone, 
methylprednisolone sodium succinate, and 
methylprednisolone acetate in dogs. 
Journal of pharmaceutical sciences. 
1986;75:251-255. 

112. Tsoutsou PG, Gourgoulianis KI, Petinaki E, 
Germenis A, Tsoutsou AG, Mpaka M, et al. 
Cytokine levels in the sera of patients with 
idiopathic pulmonary fibrosis. Respiratory 
medicine. 2006;100:938-945. 

113. Ubieta K, Thomas MJ, Wollin L. The Effect 
of Nintedanib on T-Cell Activation, Subsets 
and Functions. Drug Design, Development 
and Therapy. 2021;15: 997. 

114. Vancheri C, Kreuter M, Richeldi L, Ryerson 
CJ, Valeyre D, Grutters JC, et al. 
Nintedanib with add-on pirfenidone in 
idiopathic pulmonary fibrosis. Results of 
the Injourney trial. American journal of 
respiratoryand critical care medicine. 
2018;197:356-363. 

115. Varone F, Sgalla G, Iovene B, Bruni T, 
Richeldi L. Nintedanib for the treatment of 
idiopathic pulmonary fibrosis. Expert 
opinion on pharmacotherapy. 2018;19:167-
175. 

116. Vasarmidi E, Tsitoura E, Spandidos DA, 
Tzanakis N, Antoniou KM. Pulmonary 
fibrosis in the aftermath of the COVID-19 
era. Experimental and therapeutic 
medicine. 2020;20: 2557-2560. 

117. VET—QL01DC01 A. Bleomycin          
Sulfate (USAN, pINNM). Drugs. 1983;17: 
532-8. 

118. Williamson JD, Sadofsky LR, Hart SP. The 
pathogenesis of bleomycin-induced lung 
injury in animals and its applicability to 
human idiopathic pulmonary fibrosis. 
Experimental lung research. 2015;41:57-
73. 

119. Wollin L, Maillet I, Quesniaux V, Ryffel B. 
Nintedanib reduces bleomycin-induced 
lung inflammation and fibrosis in mice. Eur 
Respiratory Soc; 2013. 

120. Wollin L, Wex E, Pautsch A, Schnapp G, 
Hostettler KE, Stowasser S, et al. Mode of 
action of nintedanib in the treatment of 
idiopathic pulmonary fibrosis. European 
Respiratory Journal. 2015;45:1434-1445. 

121. Youle RJ, Strasser A. The BCL-2 protein 
family: opposing activities that mediate cell 
death. Nature reviews Molecular cell 
biology. 2008;9:47-59. 

122. Zakaria DM, Zahran NM, Arafa SAA, 
Mehanna RA, Abdel-moneim RA. 
Histological and physiological studies of 
the effect of bone marrow-derived 
mesenchymal stem cells on bleomycin 
induced lung fibrosis in adult albino rats. 
Tissue engineering and regenerative 
medicine. 2021;18:127-141. 

123. Zhang C, Wu Z, Li JW, Tan K, Yang W, 
Zhao H, et al. Discharge may not be the 
end of treatment: Pay attention to 
pulmonary fibrosis caused by severe 
COVID-19. Journal of medical virology. 
2021;93:1378-1386. 

124. Zhao L, Mu B, Zhou R, Cheng Y, Huang C. 
Iguratimod ameliorates 
bleomycin‐ induced alveolar inflammation 
and pulmonary fibrosis in mice by 
suppressing expression of matrix 
metalloproteinase‐ 9. International journal 
of rheumatic diseases. 2019;22:686-694. 

125. Zhou Y, Huang X, Hecker L, Kurundkar D, 
Kurundkar A, Liu H, et al. Inhibition of 
mechanosensitive signaling in myofib-
roblasts ameliorates experimental 
pulmonary fibrosis. The Journal of clinical 
investigation. 2013;123:1096-1108. 

 

© 2021 Alghamdi et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle4.com/review-history/76141 

http://creativecommons.org/licenses/by/2.0

