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Introduction
Idiopathic pulmonary fibrosis (IPF) is a specific form of chronic 

progressive fibrotic lung disease with the 3-and 5-year mortality rates 
at approximately 50 and 80% of cases, respectively, in the absence of 
lung transplantation [1]. Several risk factors are likely culprits. They 
include cigarette smoking [2], chemotherapeutic drugs [3], aerosolized 
environmental toxins, exposure to radiotherapy [4], and genetic 
predispositions [5]. Pathogenesis of IPF includes inflammation, 
apoptosis, oxidative stress, and epithelial mesenchymal transition [6]. 
Although significant progress has been made in understanding the 
molecular mechanisms of the pathogenesis of IPF, the treatment is still 
unfortunately not yet available. 

The last decade, pharmacologic trials for treating IPF have shown 
disappointing and controversial results. King et al. [7] concluded 
that treatment with interferon gamma-1b, compared to placebo, did 
not improve survival for patients with idiopathic pulmonary fibrosis. 
Later, the same author concluded at the failure of the treatment 
with bosentan [8]. Similar results were also found by Raghu [9] who 
showed that Ambrisentan was not effective in treating IPF and may 
be associated with an increased risk for disease progression and 
respiratory hospitalizations. Furthermore, a number of well-tolerated 
drugs such as pirfenidone treatment [10] have many side effects being 
gastrointestinal and photosensitivity. 

Until today, lung transplant is often the only viable treatment 
option and no therapy has been proven to prolong survival [11]. 
Therefore, new drugs with better efficacy and tolerability for the 
pulmonary fibrosis were needed. It is established that the derivatives of 
vitamin A retinoids, 9-cis and 13-cis retinoic acid (RA), play a key role 
in cell proliferation and differentiation in many tissues, particularly the 
epitheliums. The currently available in vitro and in vivo reports indicate 
that RA plays a protective role and prevents ECM accumulation in the 
lung, thereby protecting against pulmonary fibrosis [12-15]. Esteban-
Pretel et al. [16] showed that lack of retinoids thickens the alveolar 
basement membrane and increases collagen IV, which are reversed by 

retinoic acid, the main biologically active vitamin A form. However, 
they also recorded that RA treatment increased oxidative stress and 
lipid peroxidation most likely because of auto-oxidation of RA due 
to the high pO2 in the lung that produced superoxide and carbon-
centered radicals.

Regarding the effect of RA isomers on antioxidant systems, 
low concentrations of RA (0.1-100 nM) did not show, in rat sertoli 
cells, any effect on the activity of antioxidant enzymes, whereas high 
concentrations (1-10 µM) controlled the activity of antioxidant enzymes 
[17]. In addition, in the neuronal apoptosis case, RA is reported to help 
the antioxidant system by enhancing the protein levels of SOD-1 (Cu-
&Zn-SOD) and SOD-2 (Mn-SOD), and reducing the concentration of 
ROS within cells [18]. However, Hong and Lee-Kim [19], showed that 
RA isomers did not show any effect on the SOD activity in breast cancer 
cells, which strongly suggest differences in the protein levels of SOD. 
Authors also added that 1 µM of all-trans RA concentration showed 
differences in the activities of catalase and glutathione peroxidase while 
showing no difference in the activity of SOD.  

Because such divergent and contradictory effects are reported in 
the literature [20] and among RA isomers, all-trans RA may be the 
most potential inducer of apoptosis and modulator of antioxidant 
enzymes in cells such ER-positive MCF-7 human breast cancer cells 
[19], we propose to test the effects of ATRA on enzymatic oxidative 
system, in bleomycin-induced lung fibrosis in rats.

Abstract
All-trans-retinoic acid (ATRA), an active metabolite of vitamin A, is known to affect cell differentiation, proliferation, 

and development. Pulmonary fibrosis is one of the most common chronic interstitial lung diseases with high 
mortality rate after diagnosis and limited successful treatment. The aim of this study is to assess the effects of ATRA 
against bleomycin-induced pulmonary fibrosis in rats. Animals were intratracheally instillated with bleomycin and/or 
intraperitoneally administered with ATRA. On day 28, rats were sacrificed and histological changes in the lungs were 
evaluated. Moreover, malondialdehyde (MDA) content, superoxide dismutase (SOD), catalase (CAT) and glutathione 
peroxidase (GPx) activities in serum and lung, were achieved. Results displayed that rat body weight decreased 
while fibrosis score and inflammatory index in lung tissue were significantly increased, after bleomycin instillation. 
Administration of bleomycin followed by ATRA reduced bleomycin–induced weight loss, decreased the lung index and 
the inflammatory indices. Histopathological examination confirmed the antifibrotic effect of ATRA which apparently 
attenuated the degree of pulmonary fibrosis. In addition, data showed that ATRA significantly increased SOD, CAT and 
GPx levels as compared to bleomycin group (G2) concomitant to the decrease of MDA content in lung homogenates. 
These findings indicate that ATRA treatment significantly attenuated the increased pulmonary damage induced by 
bleomycin.
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at room temperature, dehydrated using graded ethanol and embedded 
in paraffin. The paraffin-embedded tissues were cut to 5 μm thicknesses 
with a microtome. To evaluate the histopathological changes, the 
sections were subjected to haematoxylin and eosin (HE) staining. 
To identify the density of the accumulated collagen fibers Masson’s 
trichrome (MT) staining was performed. Histological grading of lesions 
was performed using a blinded semi quantitative scoring system for 
extent and severity of inflammation and fibrosis in lung parenchyma. 
The severity of inflammation was estimated using the semi quantitative 
grading system which considers the following categories: Grade 
0=“absence of inflammation”, Grade 1=“minimal inflammation”, 
Grade 2=“minimal to moderate inflammation”, Grade 3=“moderate 
inflammation with thickening of alveolar walls”, Grade 4=“moderate 
to severe inflammation” and Grade 5=“severe inflammation with 
presence of follicles which replace the parenchyma”. The severity of 
interstitial fibrosis was also determined using the semi quantitative 
grading system, described by Ashcroft et al. [22]. The entire lung section 
was observed at a ×100 magnification and a score ranging from 0 
(normal lung) to 8 (total fibrosis) was assigned. The adopted categories 
of grading pulmonary fibrosis were as follows: Grade 0=“normal lung”, 
Grade 1=“minimal fibrous thickening of alveolar or bronchial walls”, 
Grades 2 to 3=“moderate thickening of walls without obvious damage 
to lung architecture”, Grades 4 to 5=“increased fibrosis with definite 
damage to lung architecture and formation of fibrous bands or small 
fibrous mass”, Grades 6 to 7=“severe distortion of structure and large 
fibrous areas”, “honeycomb lung” was placed in this category; Grade 
8=“total fibrotic obliteration of the field”. The mean score of all fields 
was taken as the fibrosis score of that lung section. 

Determination of lipid peroxidation level in serum and lung 
and antioxidant enzymes activities

The right lung tissue homogenates of the control and experimental 
groups of animals were prepared with 0.1 M Tris–HCl buffer (pH 7.4) 
at 4°C using a tissue homogeneiser. The resulting tissue homogenates 
were used for biochemical measurements.

MDA, a reactive carbonyl compound formed upon the 
decomposition of polyunsaturated fatty acid peroxides [23], was 
measured as an indicator of oxidative stress in lung homogenate and 
in serum using the method of Ohkawa et al. [24] and Bueje and Aust 
[25], with little modifications. The levels of MDA were expressed as 
nmol/mg protein (ε532=1.56×105 M-1 cm-1). Protein level in plasma 
was determined by means of a colorimetric assay kit specific for total 
protein using a Biuret method. The levels of protein were expressed in 
g/L [21].

The activities of three antioxidant enzymes: SOD, CAT and GPx 
were determined in lung homogenate and in serum. SOD activity was 
measured according to the method of Beyer and Fridovich [26]. CAT 
activity was determined using the method of Aebi [27] and GPx activity 
was measured according to the method of Flohe and Gunzler [28].

Protein quantification in lung

Protein content in lung samples was assayed as described by 
Lowery et al. [29], using bovine serum albumin as standard.

Statistical analysis

Statistical analysis was performed with StatisticaTM software, using 
one-way analysis of variance (ANOVA). Statistical assessments of 
differences between mean values were performed by Duncan’s multiple 
range test at P ≤ 0.05. 

Materials and Methods
Animals

Healthy male albino Wistar rats weighing 215 ± 15 g, purchased 
from Tunis Pasteur Institute, were used during the present study. They 
were maintained under controlled conditions of light and temperature. 
Rats were provided with food and water ad libitum and maintained 
in animal housing at a controlled temperature (22 ± 2°C) with a 12 
h light-dark cycle. All experiments were performed according to the 
recommendations of ethic committee of Tunis University for care and 
International Council of Laboratory Animal Science.

Model of bleomycin-induced pulmonary fibrosis

An animal model of bleomycin induced pulmonary fibrosis 
as reported earlier [21], was used in this study. All rats underwent 
anesthesia by intraperitoneal injection of 100 μg/g of pentobarbital 
sodium solution. Each anesthetized rat was immediately suspended 
from a gallows. Induction of fibrosis was done by an intra-tracheal 
injection of 4 mg/kg body weight of bleomycin sulfate solution 
(Bleomycin®, Laboratories Aventis, France) in 50 µl saline, as previously 
described [21].

Study design

Three days after the induction of fibrosis, thirty-two animals were 
divided randomly in four experimental groups with eight animals each.

G1: The negative control group animals received an intra-tracheal 
injection of normal saline instead of bleomycin (Control group). 

G2: The positive control group animals were subjected to a single 
intra-tracheal instillation of bleomycin (Bleo group).

G3: The bleomycin plus ATRA group animals received the same 
amount of bleomycin as the bleomycin group animals and three days 
after, they were treated with ATRA (3 mg/kg intraperitoneally) weekly 
for 28 days (Bleo+ATRA group)

G4: The ATRA group received an intra-tracheal injection of 
normal saline and was then treated with ATRA weekly for 28 days 
(ATRA group).

Sample collection and analytical procedures

After 4 weeks of treatment, animals were anesthetized by injecting 
intraperitoneally 100 μg/g of pentobarbital sodium solution. Blood was 
drawn from the abdominal aorta under anesthesia and then the animals 
were scarified immediately. After separation, the serum was stored at 
-70°C until assayed as described below. A section of the diaphragm and 
the anterior thorax allowed us to extract the heart-lung block. Lung 
promptly removed and weighed. The Right lung was stored at -70°C for 
detecting MDA, SOD, CAT, and GPx. The left lung was immersed in 
10% buffered formaldehyde for histological examination. 

Body weight and lung index

In the course of the experiment, the body weight of rats was 
measured every 7 days, and the weight gain of rats in each group 
was compared. After sacrifice, the lungs were removed, trimmed of 
extraneous tissue, rinsed, and weighed. The ratio of net lung weight 
(mg) to the body weight (g) for each rat was used as the lung index.

Histochemical examination

After sacrificing the animals, the left lung was carefully excised and 
fixed for one week in 10% (w/v) PBS-buffered formaldehyde solution 
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Results
Effects of ATRA on weight increase and lung indices in rats

It is worth noting that body weights of four groups were not 
significantly different at the beginning of treatment (G1: 210 ± 7 g; G2: 
221 ± 8 g; G3: 215 ± 4 g; G4: 213 ± 10 g).  Moreover, no rats died 
unexpectedly during the experimental procedure.

The difference in body weight between days 0 and 28 was 
determined as the increase in body weight (Table 1). Control and 
ATRA groups showed a significant and progressive increase in body 
weight gain, during the four weeks of treatment. However, in the case 
of rats of G2, a loss in body weight was recorded as compared with 
the control rats. In G3, ATRA administration significantly restored 
the loss in body weight, from the second week of treatment (Table 1). 
Simultaneously, the increased lung indices (lung weight/body weight) 
of the bleomycin-treated animals compared to negative control rats 
(7.9 vs 4.2 mg/g; p<0.01) was prominently reduced when treated with 
ATRA (4.5 mg/g; Table 2).

Histological analysis

To observe the pathological changes in lung, HE staining and MT 
staining were performed. Then, the histological evaluation of lung 
sections 4 weeks after the BLM injection revealed evidence of obvious 
alveolar wall thickening, massive infiltration of inflammatory cells, and 
excessive deposition of mature collagen in the interstitium. However, 
after ATRA treatments, the pathological changes in the lung tissues 
were relieved. In fact, the average inflammatory indices listed in Table 
2, showed that the inflammation score for group 2 was 5.5 leading 
to severe inflammation in this group, not having received injection 
of ATRA. Treatment with ATRA (G3) generated a significantly 
lowered score (2.4 p<0.01), indicating a moderate inflammation with 
thickening of the alveolar wall. The Ashcroft score was also measured. 
Again, animals treated with ATRA (G3) induced a significant decrease 
of the FS when compared to animals received only Bleomycin (G2) (3.5 
± 0.71 vs 6.7 ± 1.66). Lung tissues from the G1 and G4 groups displayed 
a normal structure and no pathologic changes under a light microscope 
(data not shown).

Determination of antioxidant enzymes activities and lipid 
peroxidation level

The levels of MDA and the antioxidant activities of GPx, CAT 
and SOD were depicted in the plasma and lung tissue of control and 
experimental rats (Figures 1 and 2). A significant rise in the levels of 
MDA in the plasma and lung tissue was observed in the bleomycin 
treated animals (G2) (p<0.05). This effect was accompanied by a 
decrease in the enzymatic activities of GPx, SOD and CAT. The 
administration of ATRA (G3), significantly decreased MDA level and 
restored the antioxidant enzyme activities to near normal (p<0.05) 
(Figures 1 and 2). 

Discussion
In this study, we showed the therapeutic effects of ATRA on the 

progression of lung fibrosis in blemycin-treated mice. Our results 
confirm by the determination of the inflammatory index and the 
fibrosis index that ATRA appears to exert its effect through inhibition 
of both inflammation and oxidative stress in bleomycin-induced 
pulmonary fibrosis in rat. In this report, we showed in the Table 2 a 
very significant difference of the IF between G2 and G3 groups. Indeed, 
inflammation is decreased from moderate to severe for the Group 2 
(IF≈5) to moderate with thickening of the alveolar wall (IF≈2) for the 

Group 3. We conclude that the ATRA has decreased the inflammatory 
effect of fibrosis.

In addition, fibrosis index is decreased from index 6 (between 
moderate fibrous thickening and preserved architecture, and 
disorganized architecture with bands of fibrosis and fibrous nodules of 
small sizes.) for Group 2 to index 3 (between slight thickening of the 
alveoli or bronchioles and moderate fibrous thickening and preserved 
architecture) for Group 3. The ATRA has a positive effect by delaying 
the development of fibrosis, with a very significant difference of the 
fibrosis index between the G2 and G3 groups.

This experiment confirm that ATRA, a vitamin A derivative, has an 
anti-inflammatory [30-33] and various anti-fibrotic effects [15,34] on 
the IPF, a result revealed by a very significant difference between the 
inflammatory index and the score of fibrosis in the groups receiving 
injections of ATRA and those who has not received. In this case, ATRA 
has been shown to antagonize the effects of platelet-derived growth 
factor (PDGF)-BB [35] and tumor necrosis factor (TNF-α) on target 
cells. These cytokines have been shown to play key roles in bleomycin-
induced lung fibrosis [36,37]. Retinoids have also anti-fibrotic 
properties. Indeed, ATRA decreases steady state and transforming 
growth factor (TGF-β) induced α1 (I) collagen gene expression in 
human lung fibroblast cell lines [38]. ATRA has also been shown 
to inhibit anchorage-dependent growth of human neonatal lung 
fibroblasts and fibroblasts from adult fibrotic lung tissue [39].

Taken together, these data suggested that ATRA might be of 
significant benefit in fibrotic lung disease. We therefore investigated 
the effect of ATRA in bleomycin-induced lung fibrosis in rats to 
determinate the oxidative stress (OS) induced by bleomycin in lung cells. 
OS is known as an undoubtedly factor in determining the impairment 
of pulmonary structure and function pulmonary responsiveness. 
The way in which this stress is induced can be very important for the 
development of lung diseases. In the light of the role that antioxidants 
play in the development of OS, we focused on pulmonary impact of OS 
induced by bleomycin alone or in combination with ATRA.

The extent of inflammation-induced oxidative lung tissue injury was 
evaluated by measuring the levels of MDA in lung tissue homogenates. 
MDA is formed upon decomposition of the polyunsaturated fatty acids 
on exposure to free radicals. Following this chronic treatment, our 
results showed clearly that treatment with bleomycin causes an increase 
in the levels of MDA in the lungs. We also recorded a decrease of the 
level of MDA after combined exposure of rats to bleomycin and ATRA. 

Body weight gain
Group Day 7 Day 14 Day 21 Day 28

G1 20.4  ±  1.1 d 40.1 ± 2.6 c 60.2 ± 2.1 b 83.7 ± 2.8 a
G2 -12.9  ±  1.8 g -23.5 ± 2.2 h -34.5 ± 1.4 i -38.1 ± 2.1 i
G3 -8.0  ±  0.8 g -7.9 ± 2.5 fg -5.5 ± 3.0 f 9.00 ± 1.0 e
G4 17.7  ±  1.5 d 35.4 ±  2.4 c 55.4 ± 3.9 c 67.2 ± 3.2 a

Table 1: Effect of ATRA and/or bleomycin treatment on body weight gain (Δg) of 
treated rats. Values are the means of 8 replicates  ±  SD. Different letters indicate 
significant differences at P ≤ 0.05 as determined by Duncan’s multiple range tests.

Groups Lung index Inflammatory score   Fibrosis score
G1 4.23 ± 0.05 b 0.0 ± 0.0 c 0.0 ± 0.0 c
G2 7.86 ± 0.19 a 5.5 ± 0.18 a 6.75 ± 0.16 a
G3 4.47 ± 0.12 b 2.37 ± 0.18 b 3.50 ± 0.19 b
G4 4.25 ± 0.04 b 0.0 ± 0.0 c 0.0 ± 0.0 c

Table 2. Effect of ATRA and/or bleomycin treatment on lung index, inflammatory 
and fibrosis score in treated rats. Values are the means of 8 replicates ±  SD. 
For each parameter, different letters indicate significant differences at P ≤ 0.05 as 
determined by Duncan’s multiple range tests.
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Figure 1: Effect of ATRA and/or bleomycin treatment on MDA levels and SOD, GPx and CAT activities in lung tissues of treated rats. Values are the means of 8 
replicates  ±  SD. For each parameter, different letters indicate significant differences at P ≤ 0.05 as determined by Duncan’s multiple range tests.

Figure 2: Effect of ATRA and/or bleomycin treatment on MDA levels and SOD, GPx and CAT activities in plasma of treated rats. Values are the means of 8 replicates  
±  SD. For each parameter, different letters indicate significant differences at P ≤ 0.05 as determined by Duncan’s multiple range tests.
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In this case, we suggest that bleomycin causes intracellular formation 
of ROS that attack the cell membrane and organelles, which causes an 
increase in the MDA level, and that ATRA prevents this excessive level 
of ROS which decreases therefore the rate of MDA detected [40].

On the other hand, we have explored the levels of SOD, catalase 
and glutathione peroxidase which represents the most important 
defense enzymatic complexes against every oxidative stress and can 
provide the presence and the intensity of the oxidative stress induced by 
bleomycin. The administration of bleomycin alone led to a significant 
reduction in the enzymatic activity of SOD in the lung tissues. We may 
explain this decrease in SOD activity by a possible role of bleomycin 
by transforming the SOD in an inactive form. On the other side, the 
treatment with ATRA increased the SOD activity in the lung to a similar 
rate compared to the control group. It is assumed in this case that the 
ATRA could activate endogenous systems for the capture/ inactivation 
of bleomycin inducing an increase of the SOD rate.

In a second step, we observed after following dosage of antioxidant 
components, that the activity of catalase is decreased in the group 
treated with bleomycin alone versus control group. The addition of 
ATRA appears to increase significantly the catalase activity compared 
to the group treated with bleomycin alone, and this result suggest that 
ATRA, the active form of vitamin A, has strengthened the antioxidant 
activity of catalase in the lung of rats previously treated with a high dose 
of bleomycin.

Finally, we noticed an increase in glutathione peroxidase in the lung 
compared to the control group after the administration of bleomycin 
alone. This is probably due to the development of an adaptive 
mechanism stimulating the activity of glutathione peroxidase after 
chronic exposure to bleomycin, to decrease oxidative stress induced. 
After the addition of ATRA, there was a significant decrease of its rate 
and it becomes similar to control. 

We can highlight by these results, that ATRA regulates the 
antioxidant enzymes activities in response to bleomycin treatment 
by enhancing the activity of SOD and catalase and decreasing that of 
glutathione peroxidases.

Conclusion 
This study shows that ATRA, a vitamin A derivative, acts as a 

systemic antioxidant, participating in the modulation of diverse 
redox mechanisms involved in physiopathlogical processes. ATRA 
can decrease the inflammatory response and the fibrosis score in the 
lung of rats treated by bleomycin which may lead to the development 
of novel strategies using ATRA in the treatment of IPF. Furthermore, 
histological evidence supported the ability of ATRA to attenuate 
bleomycin-induced lung fibrosis, these findings provide evidence that 
ATRA may serve as a target for potential protective treatment of lung 
fibrosis.
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