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Abstract : Bleomycin (BLM) is an anti-neoplastic, antibiotic drug that produces dose and time dependant 
pulmonary fibrosis. Recent studies reported some mechanisms of irbesartan in attenuating lung and skin 

fibrosis in mice. Therefore, the current study was conducted to examine the effect of irbesartan focusing on 

angiogenesis and plasminogen activator inhibitor-1(PAI-1) expression as possible mechanisms in protection 
against BLM-induced lung fibrosis in rats. The effect of irbesartan on the serum and tissue levels of growth 

factors and mRNA expression of PAI-1 were studied. Oral administration of irbesartan (10, 20 and 40 

mg/kg/day) to rats for 21 days, starting from the first day of bleomycin injection (10 mg/kg/day/10 days, i.p.) 

attenuated the severity of BLM-induced pulmonary fibrosis, enhanced the histopathological features of the 

lungs, reduced serum transforming growth factor-β1 (TGF-β1) compared to BLM group without any 

improvement in the survival percentage. In addition, immunohistochemical staining revealed lower expression 

of angiotensin-II type 1 receptor (AT1) and α-smooth muscle actin (α-SMA) in lung tissues after treatment with 

irbesartan (20 and 40mg/kg) compared to BLM-treated group. Importantly, irbesartan (10, 20 and 40mg/kg) 

suppressed the expression of PAI-1 gene in lung tissues while increased both serum level and 

immunohistochemical staining of vascular endothelial growth factor (VEGF) compared to BLM-treated group. 

So that, the present study concluded that the ameliorating effect of irbesartan against BLM-induced pulmonary 

fibrosis in rats involves increasing angiogenesis, reduction of PAI-1 gene expression and modulation of growth 
factors.  
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I. INTRODUCTION 
Pulmonary fibrosis is a chronic end stage of interstitial lung diseases which progress to complete loss 

of lung function and death in affected patients [1]. Pulmonary fibrosis characterized by the histological pattern 

of usual interstitial pneumonia [2] with excessive accumulation of extracellular matrix (ECM), fibroblast 

proliferation and remodeling of the lung architecture.  In the current study, pulmonary fibrosis was induced in 

rats by i.p injection of bleomycin, an antibiotic drug with anti-neoplastic activity which was originally isolated 

from the fungus Streptomyces verticillus [3].The bleomycin induces pulmonary fibrosis which produces 

pathological events similar to those found in human fibrotic lung disease [4]. 

Angiotensin-II is the main peptide of renin-angiotensin system that regulates cell growth, vessel 

growth, inflammation and fibrosis via acting through AT1receptors [5]. Some of the angiotensin-II effects have 

been linked to the induction of cytokines like TNF-α, a pro-inflammatory factor which activates other 

inflammatory cytokines, and growth factors expression as TGF-β1[6], a major pro-fibrogenic mediator  
increases the production and secretion of collagen and induces production and differentiation of lung 

fibroblasts in vitro, and VEGF [7], pro-angiogenic factor which is involved in endothelial cell proliferation, 

inflammation and angiogenesis, the formation of new vessels from preexisting blood vessels. As angiogenesis 

plays a critical role in pathologic and physiologic responses and can improve the severity of various diseases. 

Angiotensin-II is also involved in activating PAI-1 [8]. PAI-1 is a member of the serine protease inhibitor 

family, and is the major physiological inhibitor of both tissue and urokinase plasminogen activators [9]. PAI-1 

reduces the conversion of plasminogen to plasmin, an extracellular protease that mediates fibrinolysis [10] and 

results in ECM deposition and fibrosis.  

Irbesartan is a potent selective AT1 receptor antagonist that shows high affinity to AT1 receptors and 

serves as an anti-hypertensive drug [11]. Recent studies reported the ameliorating effect of irbesartan on 

fibrotic lung [12] and skin [13] in mice. So that, this study was conducted to evaluate the protective role of 
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irbesartan in rats against lung fibrosis induced by bleomycin focusing on its effect on angiogenesis and PAI-1 

as possible mechanisms could be involved in lung fibrosis induced by bleomycin in rats. 
 

 

 

II. MATERIALS AND METHODS 
1.1. Animals 

Sixty male albino rats weighing about 200-250 g were supplied by the Egyptian Organization for 

Biological Products and Vaccines (Vacsera, Egypt). Rats were housed in groups of six, 10 animals each and 

maintained under standard conditions (normal light/dark cycle, temperature 25 ± 3 °C and 55% relative 

humidity) with free access to water and rodent laboratory food. Rats were acclimatized to the new environment 
for 1 week prior to the experiment. All the experimental protocols were approved by the Animal Care and Use 

Committee at the Faculty of Pharmacy, Suez Canal University.  

 

1.2. Drugs and chemicals 

Bleomycin hydrochloride (Nippon Kayaku, Tokyo, Japan) was freshly prepared in phosphate buffered 

saline solution (PBS, pH = 7.4). Irbesartan powder was kindly provided by Medical Union Pharmaceutical Co. 

(Ismailia, Egypt). 3̍, 3-̍diaminobenzidine (DAB) was purchased from Sigma-Aldrich® (MO, USA). All other 

chemicals used in the present study were of analytical grade and obtained from Adwic Co. (Cairo, Egypt).  

 

1.3. Experimental design  

Rats were randomly allocated into six groups: Group I: rats were injected with PBS (Vehicle of BLM) 
in a volume of (3ml/kg/day/10 days, i.p.) parallel to BLM injection.  

Group II: rats were injected with BLM (10 mg/kg/day/10 days, i.p.) to induce lung fibrosis. Group III, IV and 

V: rats were injected with BLM (10 mg/kg/day/10 days, i.p.) in addition to oral irbesartan-starting from the 

first day of BLM injection- at doses of (10, 20 and 40 mg/kg/day/21 days) in volumes of (1,2 and 3 ml/kg), 

respectively. Group VI: healthy rats were injected with PBS (vehicle of BLM, 3 ml/kg/day/10 days, i.p.) in 

addition to oral irbesartan (40 mg/kg/day/21 days) in a volume of (3ml/kg). This group was performed to 

explore any toxic effect of irbesartan on the lung. The experiment continued up to 21 days. In general, BLM 

was freshly prepared in PBS and the concentration was adjusted so that, each rat received 3ml/kg body weight. 

Irbesartan powder was freshly prepared in 2 % CMC solution and given by gastric gavages. The animals were 

weighed at the beginning, through, and at the end of experiments. 

 

1.4. Blood collection, lung coefficient and tissue samples 
At the end of the study protocol, a 2ml blood sample was obtained under anesthesia from the orbital 

sinus. Thirty min after collection, blood samples were processed by centrifugation at 2000 × g for 15 min. 

Then, serum samples were separated and stored at -80°C for different assays. 

Rats were sacrificed and the lungs were excised, rinsed with ice-cold PBS and weighed to calculate the ratio of 

lung weight to body weight as lung coefficient [14]. These ratios indicated lung inflammation and fibrosis. 

Then, the lungs were divided; the right lung was kept at -80ºC whereas, the left lung was fixed using 10% 

phosphate-buffered paraformaldehyde solution (pH = 7.4) for 18 h and then embedded in paraffin. After that, 

all tissues were sectioned at 4 μm thicknesses and left to dry over night at 37°C. Sections were then subjected 

to deparaffinized, rehydration and prepared for histological or immunohistochemical staining for AT1, α-SMA 

and VEGF. 

 

1.5. Measurement of serum TNF-α, TGF-β1 and VEGF levels using ELISA kits 

Enzyme-linked immunosorbent assay kits for detection of serum TNF-α and VEGF levels (Ray 

Biotech Inc®, Norcross, USA) and for serum TGF-β1 level (Boster Biological technology®, Wuhan, China), 

were carried out following the instructions of manufacturer using an automated ELISA reader (Europe S.A., 

Belgium). 

 

1.6. Histopathological examination of the lung tissues 

Tissues stained with Masson‟s trichrome stain (Sigma-Aldrich Co., MO, USA) to assess the degree of 

fibrosis. For the quantitative histological analysis, a numerical fibrotic scale was used „„Ashcroft score‟‟ [15]. 

Briefly, two pathologists scored the grade of lung fibrosis in blinded fashion on a scale of 0-8 by examining six 

randomly chosen fields per sample. The scoring was performed at high power (× 40 magnification). The 

criteria for grading lung fibrosis were as follows: grade (0): normal lung; grade (1): minimal fibrous thickening 
of alveolar or bronchiolar walls; grade (2–3): moderate thickening of walls without obvious damage to lung 
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architecture; grade (4–5): increased fibrosis with definite damage to lung structure and formation of fibrous 

bands or small fibrous masses; grade (6–7): severe distortion of structure and large fibrous areas; and grade (8): 
total fibrous obliteration of fields. The mean score of all fields was taken as the fibrosis score of that lung 

section.  

 

 

1.7. Immunohistochemical staining and image analysis 

Immunostaining was performed using streptavidin–biotin–immunoperoxidase complex method with 4 

μm thick sections, which had been deparaffinized, hydrated and  heated in 0.01 M citrate buffer solution (pH = 

6.0) for antigen retrieval. Sections were incubated with corresponding primary antibody, mouse monoclonal 

antibodies against AT1 receptors (Abcam®, Cambridge, CB40FL, UK) and mouse monoclonal antibodies 

against α-SMA and VEGF (Labvision®, Fremont, CA 94538, USA) at 4°C overnight. After conjugation with 

streptavidin–biotin–peroxidase complex, coloring was performed with DAB as chromogen and Mayer's 
hematoxylin was used as counter stain. Slides were examined blindly by an experienced pathologist using a 

light microscope (Olympus CX21, Japan). Photomicrographs captured at x 100 magnification. 

Immunoreactivity for AT1, α-SMA and VEGF was evaluated with reference to the optical density of the stain 

using an image analysis system “Image J 1.45F” (National Institute of Health, USA). The optical density was 

determined on ten consecutive sections representative to the whole tissue section. 

 

1.8. Quantitative reverse transcription–polymerase chain reaction 

Total RNA was extracted from frozen lung tissue samples (100 mg) using an RNA extraction kit 

(Qiagen, Hilden, Germany) and treated with DNase to remove any residual genomic DNA. The concentration 

of the RNA extracted was measured using a NanoDrop ND-1000 (Thermo Fisher Scientific, Wilmington, DE, 

USA). Single-stranded cDNA was synthesized from 5 to 10 µg total RNA using Superscript II Reverse 

Transcriptase (Gibco BRL; Life Technologies, Bethesda, MD, USA). To determine PAI-1 in lung tissue, the 
following specific primers were used: rat PAI-1 cDNA fragment, 5ˊ-AGCTGGGCATGACTGACATCT-3ˊ 

(primer 1) and 5ˊ-GCTGCTCTTGGTCGGAAAGA-3ˊ (primer 2); and β-actin, 5ˊ-

TTCAACACCCCAGCCATGT-3ˊ (sense) and 5ˊ-AGTGGTACGACCAGAGGCATACA-3ˊ (antisense) [16]. 

All primers were used at a final concentration of 0.5 µmol/L. Quantification of transcripts was performed with 

the Light Cycler 480 Real-Time PCR System (Roche Diagnostics, Mannheim, Germany) and target sequences 

were detected using the Universal Probe Library (UPL; Roche Diagnostics GmbH, Roche Applied Science, 

Mannheim, Germany). Data were analyzed with LIGHT CYCLER 480 Software. The detection format was set 

to „Mono Color Hydrolysis Probe‟ and the second derivative maximum method was used for absolute 

quantification. 

 

1.9. Statistical analysis 

All results were expressed as mean ± S.E.M. Results were assessed using one-way analysis of 

variance, ANOVA, followed by Bonferroni‟s test for multiple comparisons. Data were analyzed employing 

The Statistical Package for the Social Sciences, version 17 (SPSS Software, SPSS Inc., Chicago, USA). A 

value of P < 0.05 was considered to be statistically significant.  

 

III. Results 
3.1. Effect of irbesartan on percentage survival, body weight, lung weight and lung coefficient 

In the present study, pulmonary fibrosis was induced in rats by injection of BLM (10 mg/kg, i.p.) for 10 days. 

BLM injection resulted in a decrease in the percentage of surviving rats (70%) compared to a surviving 

percentage equals (100%) in vehicle-treated rats. Further BLM-treated rats showed a decrease in the total body 

weight and an increase in the lung coefficient compared to the vehicle group (P < 0.05, Table 1). Treatment 

with irbesartan (10, 20 and 40 mg/kg) for 21 days -starting from first day of bleomycin injection- did not 

significantly improve the survival of rats compared to BLM group (Table 1). However, irbesartan (40 mg/kg) 

reduced weight loss and decreased the lung coefficient of the survived rats compared to BLM- and irbesartan 

(10mg/kg) groups (P < 0.05, Table 1). Treatment of healthy rats with irbesartan (40 mg/kg) –for the same 

period of time- did not induce any mortality and showed an increase in the mean final body weight and a 

decrease in the lung coefficient compared to BLM group (P < 0.05, Table 1). 
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3.2. Effect of irbesartan on serum TNF-α, TGF-β1 and VEGF levels 

Serum TNF-α level did not differ significantly among all the study groups (Fig. 1A). Injection with 

BLM (10 mg/kg, i.p.) increased serum TGF-β1 and VEGF levels compared to vehicle- treated rats (P < 0.05, 
Fig. 1B& C). Treatment with irbesartan (10, 20 and 40 mg/kg) decreased TGF-β1 and increased VEGF levels 

compared to BLM group (P < 0.05, Fig. 1B& C). Further, irbesartan (40 mg/kg) showed a decrease in TGF-β1 

level in the survived rats compared to irbesartan (10 mg/kg, P < 0.05). Treatment of healthy rats with irbesartan 

(40 mg/kg) showed a comparable serum VEGF levels with higher serum TGF-β1 compared to vehicle-treated 

group but showed lower serum levels of TGF- β1 and VEGF compared to BLM group (P < 0.05, Fig. 1B& C). 

 

 
 

 

Table 1: Effect of Irbesartan (10, 20 and 40mg/kg/day/21day) on survival percentage, body weight, lung weight and lung coefficient in 
BLM-induced lung fibrosis in rats. BLM: bleomycin, Irb: irbesartan, BWt: body weight, LWt: lung weight. Values are expressed as mean ± 

S.E.M and analyzed using one-way ANOVA followed by Bonferroni‟s multiple comparisons test, n = 10. a P < 0.05 compared to vehicle 

group, b P < 0.05 compared to BLM group, c P < 0.05 compared to irbesartan (10 mg/kg) group. 

 
Groups Survival 

(percentage) 

% 

Baseline  

BWt (g) 

Final 

BWt (g) 

Lung 

Wt (g) 

Lung Co-efficient 

LWt (mg)/BWt (g) 

Vehicle 100 204.5 ± 5.16 226.4 ± 9.58 1.69 ± 0.09 7.46 ± 0.2 

BLM 70
a
 208.42 ± 5.22 191.25 ± 9.11

a
 1.7 ± 0.07 8.99 ± 0.36

a
 

BLM+ Irb (10mg/kg) 60 208 ± 1.93 192.17 ± 2.36 1.70 ± 0.05 8.84 ± 0.22 

BLM+ Irb (20mg/kg) 50 210.3 ± 2.67 197.8 ± 4.07 1.66 ± 0.01 8.41 ± 0.13 

BLM+ Irb (40mg/kg) 50 214.9 ± 2.21 204.75 ± 2.71
bc

 1.68 ± 0.09 8.27 ± 0.44
bc

 

Irb (40mg/kg) 100 219.5 ± 2.4 243.5 ± 10.65
b
 1.8 ± 0.11 7.41 ± 0.34

b
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Figure 1:  Effect of Irbesartan (10, 20 and 40 mg/kg) on serum level of TNF-α (A), TGF-β1 (B) and VEGF (C) 

in BLM-induced lung fibrosis in rats. BLM: bleomycin, Irb: irbesartan. Values are expressed as mean ± S.E.M. 

and analyzed using one-way ANOVA followed by Bonferroni‟s multiple comparisons test. * Compared to 

vehicle group at P <0.05, # Compared to BLM group at P <0.05, $ Compared to irbesartan (10 mg/kg) group at 

P <0.05, n= 10. 

3.3. Effect of irbesartan on BLM-induced histopathological changes 

The histological examination of the lung tissues revealed that vehicle-treated group showed normal 
alveolar, bronchial walls and normal lung architecture with mean fibrosis score of (0, Fig. 2, A& B). However, 

lung tissues in BLM group exhibited a marked thickening of alveolar walls, pulmonary inflammation and 

leukocytes infiltration with damage to lung architecture. Additionally, excessive collagen deposition was 

observed within lung structure with a mean histological score of (7.38 ± 0.18, Fig. 2, A& B). Administration of 

irbesartan (10, 20 and 40 mg/kg) suppressed BLM-induced pulmonary fibrosis and enhanced the 

histopathological picture of the lung which is associated with a reduction in the mean histopathological score 

compared to BLM group (P < 0.05, Fig. 2, A& B). Further, irbesartan (20 and 40 mg/kg) showed a decrease in 

the mean fibrosis score compared to irbesartan (10 mg/kg, P < 0.05). Irbesartan (40mg/kg) decreased mean 

fibrosis score compared to irbesartan (20 mg/kg, P < 0.05). In addition, healthy rats treated with the highest 

dose of irbesartan (40 mg/kg) showed mild-moderate inflammation and leukocytes infiltration with a higher 

fibrosis grade compared to vehicle-group but lower fibrosis grade compared to BLM-group (P < 0.05, Fig. 2, 
A& B). 
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Figure 2: (A) Histopathological picture for lungs of different experimental groups, Masson‟s 

trichrome stain (x40). (B) The histopathological score of the experimental groups. Values are expressed as 
mean ± S.E.M. and analyzed using one-way ANOVA followed by Bonferroni‟s multiple comparisons test. 

BLM: bleomycin, Irb: irbesartan. * Compared to vehicle group at P <0.05, # Compared to BLM group at P 

<0.05, $ Compared to irbesartan (10 mg/kg) group at P <0.05, ¶ Compared to irbesartan (20 mg/kg) group at P 

<0.05, n= 10. 

 

3.4. Effect of irbesartan on immunohistochemical staining for AT1, α-SMA or VEGF in lung tissues 

Immunohistochemical staining indicated high immunostaining of AT1 receptors, VEGF and α-SMA in 

the lungs of BLM-treated rats compared to vehicle-treated rats (P < 0.05, Fig. 3A, B, C & D). Treatment with 

irbesartan (10, 20 & 40mg/kg) reduced immunostaining of AT1 receptors compared to BLM group (P < 0.05, 

Fig. 3, A& D). Treatment with irbesartan (20 and 40 mg/kg) reduced immunostaining of α-SMA (P < 0.05, Fig. 

3, C& D) with increasing immunostaining of VEGF compared to BLM and irbesartan (10mg/kg) groups (P < 
0.05, Fig. 3, B& D). Further, treatment of survived rats with irbesartan (40mg/kg) decreased immunostaining 

of α-SMA compared to irbesartan (20mg/kg). However, healthy rats treated with irbesartan (40 mg/kg) showed 

a comparable immunostaining of AT1 receptors and α-SMA (Fig. 3A, C& D) with higher immunostaining of 

VEGF compared to the vehicle group (P < 0.05, Fig. 3B& D) but Lower immunostaining of AT1 and α-SMA 

compared to BLM-group (P < 0.05, Fig. 3A, C & D). 
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Figure 3: Effect of irbesartan (10, 20 and 40mg/kg) on immunohistochemical staining for AT1 (A), VEGF (B) 

and α-SMA (C) in the lung tissues of BLM-induced fibrosis in rats (x 100 magnification). Optical density for 
AT1, VEGF or α-SMA positive tissues in the experimental groups (D). Results are expressed as mean ± S.E.M. 

and analyzed using one-way ANOVA followed by Bonferroni‟s multiple comparisons test. BLM: bleomycin, 

Irb: irbesartan * Compared to vehicle group at P <0.05, # Compared to BLM group at P <0.05, $ Compared to 

irbesartan (10 mg/kg) group at P <0.05, ¶ Compared to irbesartan (20 mg/kg) group at P <0.05, n= 10. 

 

3.5. Effect of irbesartan on PAI-1 gene expression  

Injection with BLM resulted in a higher increase in gene expression of PAI-1 in lung tissues compared 

to vehicle-treated rats (P < 0.05, Fig. 4). Treatment with irbesartan (10, 20 and 40 mg/kg) decreased gene 

expression of PAI-1 compared to BLM group (P < 0.05, Fig. 4). Further, treatment with irbesartan (40mg/kg) 

showed lower gene expression of PAI-1 in the survived rats compared to irbesartan (10 and 20mg/kg). 

However, healthy rats treated with irbesartan (40 mg/kg) showed higher expression of PAI-1 compared to the 
vehicle group but lower gene expression compared to BLM-group (P < 0.05, Fig. 4). 

 

 
Figure 4: Effect of irbesartan (10, 20 and 40mg/kg) on expression of PAI-1 gene in lung tissue of 

BLM-induced fibrosis in rats. Results are expressed as mean ± S.E.M. and analyzed using one-way ANOVA 

followed by Bonferroni‟s multiple comparisons test. BLM: bleomycin, Irb: irbesartan. *Compared to vehicle 

group at P <0.05, # Compared to bleomycin group at P <0.05, $ Compared to irbesartan (10 mg/kg) group at P 

<0.05, ¶ Compared to irbesartan (20 mg/kg) group at P < 0.05, n = 10. 

  

IV. DISCUSSION 
In the present study, injection of BLM increased collagen deposition and induced histopathological changes in 

lungs with high degree of fibrosis; this was in agreement with the findings reported previously [17, 18]. BLM-treated rats 
exhibited higher reductions in their body weights through out the entire course of the experiment with an increase in lung 
coefficient at the end of the experiment. These results were in consistence with [14, 17] Administration of irbesartan 
(40mg/kg) resulted in significant reduction in the marked weight losses and reduced the increase in lung coefficients 
without reaching those of the control animals. 

Immunohistochemical staining of AT1 receptors has been increased in BLM treated rats while treatment with 

irbesartan (10, 20 and 40mg/kg) induced a significant decrease in AT1 receptors compared to BLM group. In agreement, 
AT1 receptors expression was up regulated in fibrotic heart [19], liver [20], kidney [21], pancreas [22] and lung [23]. 
Whereas, valsartan reduced the increase in AT1 receptor expression and lung injury in bleomycin-treated rats [24] and 
irbesartan significantly down-regulated the renal expression of AT1 receptor in 5/6 nephrectomized rats [21]. 

In the current study, BLM increased mRNA gene expression of PAI-1 in lung tissues. Similarly, 
immunohistochemical expression of PAI-1 protein in BLM-fibrotic lungs of mice confirmed the role of PAI-1 in the 
fibrotic phase rather than the acute inflammatory phase [25]. Further, it has been shown that a targeted deletion of the PAI-
1 gene in mice delayed the development of fibrosis [26], whereas, overexpression of PAI-1 increased deposition of collagen 

and fibrin and produced more severe lung fibrosis induced by BLM in mice [27]. 
Irbesartan administration decreased the gene expression of PAI-1compared to BLM. In consistence with [28], 

AT1 receptors blockade reduced mRNA expression of PAI-1 which was induced after continuous intrajugular infusion of 
angiotensin-II in the aorta and heart of hypertensive rats. Further, olmesartan was reported to inhibit hepatic fibrosis and 
expression of fibrogenic genes including PAI-1 in rat model of non-alcoholic steatohepatitis [29].  Pretreatment with 
Losartan reduced Lipopolysaccharide-induced PAI-1 levels in mice lungs [30]. Importantly, clinical data demonstrated a 
reduction in plasma levels of PAI-1 which was observed after 4 weeks of irbesartan therapy in patients with metabolic 
syndrome [31].  Additionally, the progression of pulmonary fibrosis induced by BLM in rats was attenuated by 
administration of PAI-1 small interfering RNA [32].  Therefore, PAI-1 is an important factor attributed in lung fibrosis.  

Regarding VEGF, BLM-treated rats showed high serum level and immunohistochemical staining of VEGF in 
lung tissues compared to vehicle group. In agreement, VEGF increased in lung tissues in BLM-treated rodent, peaked at 
early phase after BLM administration and decreased up to the end of experiment, in fibrotic phase [33, 34].  

Additionally, treatment with irbesartan increased serum VEGF level and immunohistochemical staining of VEGF 
in lung tissues compared to BLM group. In consistence with35, blockade of AT1 receptor by losartan reversed the decrease 
of microvessel density in rats hearts after myocardial infarction. Inhibition of angiotensin converting enzyme by quinaprilat 
induced angiogenesis in the rabbit model of hindlimb ischemia [36]. In addition, Losartan induced angiogenesis in mice 
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through activation of AT2 receptor in alginate implant angiogenesis model while an impaired induction of angiogenesis was 
shown in AT2 receptor knockout mice [37]. 

Further, study of Farkas et al. [38] demonstrated the reduced VEGF levels and microvasculaization loss with 
increasing degrees of fibrosis in fibroblastic foci and fibrotic interstitium in rats with experimentally-induced lung fibrosis. 
The increased vascular density in the least fibrotic areas contributed to the regeneration of alveolar septa damaged by the 
fibrotic process [39]. Therefore, the protective effect of irbesartan in fibrotic lung may be attributed, in part, to up-
regulation of VEGF.  

In the present study, serum TNF-α level did not differ significantly among all the study groups. TNF-α 

contributed to the pathophysiology of interstitial lung disease through induction of TGF-β1 expression [40]. The expression 
of TNF-α rises in the lung at early phase while the level of TNF-α was below the limit of detection at the fibrotic phase in 
mice with BLM-induced lung fibrosis [41] or decreased gradually on day 14 and 28 in fibrotic lung of BLM-treated rats 
[14]. Therefore, the results of the current study may suggest that the increase in the experimental TNF- α did not continue 
until the end of the experiment. 

Our results revealed that administration of bleomycin was accompanied by high levels of TGF-β1 in the serum. 
This was in consistence with various studies that indicated an increase of TGF-β1 level in the serum [42], bronchoalveolar 
lavage fluid [23] of rats with BLM-fibrotic lungs. In addition to lung biopsies obtained from patients with idiopathic 

pulmonary fibrosis43 and mice with BLM-induced fibrotic lungs [44]. Thereby, increased expression of TGF-β1 is believed 
to be a critical mediator during initiation and progression of fibrosis.  

Additionally, the present results found that treatment with irbesartan decreased the serum TGF-β1 level compared 
to BLM-treated group. Similarly, AT1receptor blockers suppressed TGF-β1 expression in the lung42, kidney45, pancreas46 
and liver [29]. Further, administration of irbesartan reduced TGF-β1 level in bronchoalveolar lavage fluid in mice with 
fibrotic lungs [12] and suppressed up-regulation of renal expression of TGF-β1 in 5/6 nephrectomized rats [21]. Valsartan 
attenuated the progression of hepatic fibrosis in type 2 diabetic rats via reducing TGF-β1 [47]. 

Bleomycin injection in the present study resulted in an increase of α-SMA immunostaining in lung tissues while 

treatment with irbesartan reduced this increase. In agreement, the presence of α-SMA-expressing myofibroblasts in the 
affected tissue is typical for all fibrotic diseases [48]. Further, irbesartan reduced α-SMA expression in fibrotic skin of mice 
[13] and Valsartan suppressed the expression of α-SMA in fibrotic liver of rats [47]. Administration of Irbesartan 
(40mg/kg) to healthy rats resulted in increasing serum level of TGF-β1 and gene expression of PAI-1 in lung tissues and 
this will need further studies to be explained. 

 

V. CONCLUSIONS 
This work demonstrated that the ameliorating effect of irbesartan against pulmonary fibrosis induced 

by bleomycin in rats involves induction of angiogenesis, reduction of pulmonary expression of PAI-1 and 

modulation of fibrotic mediators. Consequently, the present results support the harmful role of AT1 receptors in 
mediating the effects of angiotensin-II in bleomycin-induced pulmonary injury and fibrosis in rats. 
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