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ABSTRACT

Introduction and Aim of the Work: Idiopathic pulmonary fibrosis is a disease of unknown etiology that causes fibrosis
in lung parenchyma with progressive irreversible nature with no appropriate therapy, so this study worked to evaluate the
therapeutic effect of pirfenidone on a rat model of bleomycin-induced pulmonary fibrosis.

Materails and Methods: Thirty adult male albino rats were used in this study; classified into 5 groups: group I (control group),
group II (prifenidone group), group III (model group), group IV (recovery group) and group V (treated group). Lung specimens
were taken from rats of group IA and group III on the 14th day of the experiments while specimens from the rest of the groups
were taken on the 28th day of the experiment. The specimens were subjected to biochemical analysis for malondialdehyde
and glutathione as well as histological study using H & E, Masson's trichrome, toluidine blue stain for semithin sections and
immunohistochemical stain for aSMA. The area percent of collagen and aSMA immunopositive cells were measured and
statistically analysed using image analyser.

Results: Groups III and IV showed deposition of collagen in the thickened interalveolar septa and infiltration of interstitial
tissue by inflammatory cells causing narrowing or even collapse of the intervening alveoli. There was a significant increase in
the mean area percent of collagen and aSMA immunopositive cells with significant decrease in GSH and a significant increase
in MDA as compared to control. Meanwhile group V showed restoring of normal lung architecture. There was a significant
decrease in the mean area percent of collagen and aSMA immunopositive cells, significant increase in GSH and a significant
decrease in MDA as compared to groups III and I'V.

Conclusion: Pirfenidone was effective as antifibrotic agent with significant reduction of fibrosis and oxidative stress in rat
model of lung fibrosis.
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INTRODUCTION model. It is one of the oldest and most widely used models

Pulmonary fibrosis is the final outcome of various due its good reproducibility and ease of induction in
parenchymal lung disorders called interstitial lung disease addition to some histopathological criteria that resemble
(ILD). Idiopathic pulmonary fibrosis (IPF) is one of the the human fibrotic processl®!.

most common subtypes of ILD, which is a chronic, Bleomvein is a elvconeptide antibiotic used as a
progressive and generally fatal parenchymal lung disorder y glycopep h

of unknown etiology with an approximate median survival chemotherapeutic agent for lymphomas and testicular
of 2 to 5 years from diagnosis!". carcinomasl. The basis of bleomycin activity is generation

of reactive oxygen species (ROS) that causes cytotoxicity
and deoxyribonucleic acid (DNA) breakdown. This state is
exaggerated in the lung due to its low content of bleomycin

Although the triggering factor of IPF is still unknown,
the pathogenesis of the disease is mostly caused by
ineffective regeneration and wound repair of the lung

epithelium. This leads to production of a series of cytokines hydrolase; a bleomycin inactivating-enzyme. Thus, tissue
and growth factors that in turn cause activation and injury resulting from bleomycin cause acute inflammation
proliferation of fibroblasts. Activated fibroblasts change followed by subsequent chronic inflammation and
into myofibroblasts, the hall mark of the disease, and fibrogenic state!s!.

secrete excessive amounts of extracellular matrix (ECM)

that deposit in the tissue and cause loss of the normal Despite striving, there was no appropriate therapy
architecture and integrity of the lung®. to reverse or stop the course of the disease. But with the

discovery of antifibrotic agents, the therapeutic approach

Different animal models were used to study IPF from ;
to IPF has been essentially changed!®!.

different points of view among which is the bleomycin

Personal non-commercial use only. EJH copyright © 2023. All rights served DOI: 10.21608/ejh.2021.93312.1554

19



PIRFENIDONE ANTIFIBROTIC EFFECT ON IPF

Many researchers have studied the preventive potential
of antifibrotic agents on bleomycin-induced fibrosis in
prophylactic use, however, very few studies concernd with
investigating the treatment of already established fibrosist”.

Pirfenidone is an orally active small molecule with
both antifibrotic and anti-inflammatory activities. Recent
studies accredited its efficacy in a wide array of conditions
as corneal alkali burn®, tracheal stenosis!, acute kidney
injury!'® and cerebral ischemial''l.

Although the exact target of pirfenidone action is yet
to be identified, its modulation of growth factors and
cytokines with apparent reduction in underlying fibrosis
ultimately guaranteed the usage of pirfenidone in treatment
regimens of IPFU!2,

Aim of this work is to evaluate the therapeutic effect
of pirfenidone on bleomycin-induced pulmonary fibrosis
in adult male albino rats, using biochemical, histological,
immunohistochemical, and morphometric studies.

MATERIALS AND METHODS

Materials
Drugs

1. Bleomycin sulphate, Bleocel 15 IU, (CELON
LABS Ltd. Telangana state,India) in the form of
sterile lypholized vial. The solution for injection
was prepared by adding 4.5 ml saline to the vial.

2. Pirfenidone, pirfenex, (CIPLA Ltd. Rorathang,
India) in the form of 200mg tablets. The tablets
were crushed and dissolved in 1 ml of 0.5%
Carboxymethyl cellulose (CMC).

Animals

Thirty adult male albino rats of average body weight
200 grams and aged 10-12 weeks were purchased and
raised in the Animal House of kasr Al-Ainy Hospital,
Faculty of medicine, Cairo University. They were housed
in a separate stainless-steel cages at room temperature,
fed ad libitum with standardized chow and allowed free
access to water. This study was conducted in accordance
with ethical procedures and policies of the Animal Ethical
Committee of Kasr Al-Ainy Faculty of medicine, Cairo
University with approval number (cu III F 19 20).

Experimental design
The rats were divided into 5 groups:

Group I (Control group): It included 6 rats which were
further subdivided into two subgroups:

*  Subgroup IA (4 rats): Each rat received a single
dose of 0.3ml saline through intratracheal (IT)
instillation at day 0. Two of them were sacrificed
at day 14 (control for model group) and the other
two were sacrificed at day 28 (control for recovery

group).

*  Subgroup IB (2 rats): Each rat received a single
dose of 0.3ml saline through IT instillation at day 0
and starting from day 14, they received orally 1 ml
0f'0.5% CMC once daily till they were sacrificed at
day 28. Group II (pirfenidone group): It included 6
rats. Each rat received pirfenidone 100mg/kg body
weight!¥] dissolved in 1ml 0.5% CMC orally using
intragastric tube, once daily starting at day 14 of
the experiment till they were sacrificed at day 28.

Induction of pulmonary fibrosis model

The remaining eighteen rats are subjected to lung
fibrosis by receiving single dose of bleomycin sulphate
Smg/kg dissolved in 0.3 ml saline for each rat through IT
instillation at day 0 of the experiment!'¥. Then they were
classified as follow:

Group III (Model group): It included 6 rats on which
pulmonary fibrosis were induced as described. All rats
of this group were sacrificed at day 14 to assess for
establishment of pulmonary fibrosis.

Group IV (Recovery group): It included 6 rats on
which pulmonary fibrosis were induced as described.
They were left without any further treatment and were
sacrificed at day 28 to assess spontaneous recovery. Group
V (Treated-group): It included 6 rats on which pulmonary
fibrosis were induced as described. Starting from day 14
each rat received 100mg /kg body weight pirfenidone!'*
dissolved in 1ml 0.5% CMC orally, once daily till they
were sacrificed at day 28.

Methods
Induction of pulmonary fibrosis model

After overnight fasting, the rats were anesthetized
(100mg/kg ketamine HCI and 10mg/kg xylazine) and
a midline incision was made in the neck and the trachea
was exposed by blunt dissection. Pulmonary fibrosis was
induced by intratracheal administration of single dose
0.3ml of bleomycin (5mg/kg in saline). Injection was
done by a 30 gauge needle under direct visualization into
the trachea. The same procedure was performed for the
control group with the exception that saline substituted for
bleomycin!**,

Sample Collection and Processing

The animals belonging to experimental groups and
corresponding control rats were sacrificed under general
intraperitoneal anesthesia with sodium pentobarbital
(100 mg/kg)el at the end of various durations previously
mentioned. Lung specimens were obtained by performing
a ventral midline incision, exposure, dissection and rapid
excision to be subjected to the following:

A) Biochemical Study: Specimens from lower lobe of
right lung were transferred in fresh state to the Biochemistry
Department, Faculty of Medicine, Cairo University
and the following was measured: 1. Glutathione (GSH)
concentration: as a biomarker for intracellular antioxidant
levels!”,
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2. Malondialdehyde (MDA) concentration: as a
biomarker for lipid peroxidation!'®l.

B) Histological Study: Specimens from the lower
third of the left lung were fixed in 10% buffered formalin
solution for 24 hours, dehydration in ascending grades of
ethanol and embedded in paraffin. Serial sections of 7um
thickness were cut and subjected to the following:

1. Heamatoxylin and eosin (H.&E.) for general
histological structure!'!

2. Masson's trichrome stain: to demonstrate collagen
fibers!!

3.  Immunohistochemical aSMA

antibody™”’

staining  for

For semithin sections, some specimens were fixed in
3% glutaraldehyde, postfixed in 1% osmium tetroxide,
embedded in resin and cut at lum. The sections were
stained with toluidine blue®”

The sections for immunohistochemical stains were
boiled for 10 min in 10 mM citrate buffer (AP9003)
at pH 6 for antigen retrieval then incubated for 1h with
the primary antibody. aSMA was the Primary antibody
which is a mouse monoclonal antibody (Thermo Fischer
scientific, CA, USA, catalogue number MS-113-R7)
and It was supplied as 7.0ml of ready to use antibody
(pre-diluted in 0.05mol/L Tris-HCL, PH 7.6 containing
stabilizing protein and 0.015mol/L sodium azide).
Ultravision detection system (TP-015-HD) was used to
complete immunostaining and Mayer'shematoxylin (TA-
060-MH) was used for counterstaining. Citrate buffer,
Ultravision detection system and Mayer's hematoxylin
were purchased from Labvision Thermo Scientific,
Fremont, California, USA. Negative controls were done
by applying same steps but omitting the step of adding the
primary antibodies. Positive reaction in the specimen of
human leiomyosarcoma appears as brown deposits in the
cytoplasm of aSMA (positive) cells.

Morphometric study

e Ten non-overlapping randomly chosen fields
(x400) from different sections of each rat of each
group were investigated to measure:

*  Area percent of collagen.
*  The area percent of aSMA positive cells.

Measurements were taken using "Leica Qwin 500
C" image analyzer computer system Ltd. (Cambridge,
England). (Histology Department, Faculty of Medicine,
Cairo University).

Statistical Analysis

Quantitative data was summarized as means and
standard deviation (SD) and compared using one-way
analysis-of-variance (ANOVA). Any significant ANOVA
was followed by post-hoc tukey test to detect which pairs of
groups caused the significant difference?!l. P values <0.05

were considered statistically significant. Calculations were
made on SPSS software version21.

RESULTS

No death occur in the control and pirfenidone groups
(group I & II). on the other hand, one rat died in each of the
model group, recovery group and treated group, and they
were excluded from the study (17% mortality rate in each
group). rats died one week after blomycin injection.

Histological results

All control subgroups showed similar histological
results so, they were collectively named control group.

Hematoxylin and eosin stain: (Figures 1,2)

Examination of H&E stained sections of the lung of
the control group exhibited normal lung parenchyma with
preserved architecture of bronchioles, alveolar sacs, alveoli
and interalveolar septa (Figures 1a,1b)

Group II demonstrated intact lung histological structure
similar to that of control group with normal architecture
of bronchioles, blood vessels, alveoli, alveolar sacs and
interalveolar septa with normal pulmonary -capillaries
(Figure lc,1d).

Group III revealed that ,in many regions, the
interalveolar septa were thickened by inflammatory cells
with narrowing or even collapse of the intervening alveoli
(atelectasis). Other alveoli appeared enlarged (dilated).
(Figures 2a,2b).

Group IV showed a progressive destruction of the lung
architecture. Areas of narrowing and collapse of alveolar
space were observed. Thickening of interalveolar septa
and walls of the blood vessels was also noticed. Obvious
cellular infiltration was detected in the interstitial tissue.
Many alveolar spaces were flooded by numerous large
foamy macrophages (Figures 2c,2d).

Meanwhile, sections from group V revealed that most
of alveoli and interalveolar septa restored their normal
architecture. However, few areas showed narrowing of
some alveoli. Mild cellular infiltration of the interstitium
was also observed (Figures 2e,2f).

Semithin, Toluidine blue stain: (Figure 3)

Control group showed normal alveoli with clear alveolar
space. The alveoli were lined by type I pneumocytes,
exhibiting flat nuclei, and type II pneumocytes which
display round vesicular nuclei with prominent nucleolus
and foamy cytoplasm. The interalveolar septa were thin
containing blood capillaries (Figure 3a). Similarly the
examination of semithin sections from group II revealed
normal alveoli with thin interalveolar septa (Figure 3b).

Meanwhile, group III showed marked thickening of
interalveolar septa with mononuclear cell infiltration. The
inflammatory cells were mainly neutrophils, lymphocytes
and macrophages (Figure 3c).
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Group IV showed apparent thickening of interalveolar
septa with evident mononuclear cell infiltration of both
alveolar walls and alveolar spaces. Most alveoli were
narrowed or collapsed and showed obvious appearance
of type II pneumocytes. These cells frequently appeared
larger than normal with increased cytoplasmic vacuoles
(Figure 3d).

Group V showed many alveoli that restored their
normal architecture with apparent thin interalveolar septa.
However, few areas revealed thick interalveolar septa.
Mild cellular infiltration was also observed (Figure 3e).

Masson’s trichrome stain:(Figure 4)

Masson's trichrome stained sections of groups I and
II revealed fine collagen fibers in the interalveolar septa,
the adventitia of bronchioles and adventitia of the blood
vessels (Figures 4a,4b).

Group III showed obvious deposition of collagen
fibers in the thickened interalveolar septa as well as in the
adventitia of bronchioles and blood vessels. (Figure 4c).
Group IV revealed deposition of collagen fibers in the
thickened interalveolar septa, adventitia of bronchioles and
blood vessels (Figure 4d). meanwhile sections of group V
revealed scattered fine collagen fibers in the interalveolar
septa, adventitia of the bronchioles and that of the blood
vessels (Figure 4e).

aSMA immunohistochemical stain: (Figure 5)

Sections of groups I and Il showed positive cytoplasmic
reaction in the smooth muscles investing bronchioles and
blood vessels. Positive reaction at the knobs of the alveolar
ducts was also detected (Figures 5a,5b).

Group III showed many cells with positive cytoplasmic
reaction in the walls of alveoli and interalveolar septa.
Positive reaction in the walls of blood vessels and
bronchioles was also noticed (Figure 5¢). Group IV showed
numerous cells with positive immunoreactivity for aSMA
in the interalveolar septa. Positive immunoreactivity in the
walls of blood vessels and bronchioles was also noticed
(Figure 5d).

Group V revealed few cells with cytoplasmic
immunoreactivity for aSMA in the walls of alveoli and
interalveolar septa. Positive immunoreactivity in the
walls of blood vessels and bronchioles as well as knobs of
alveolar ducts was also detected (Figure Se).

Morphometric and statistical results

(Tablel, Histograms 1,2)

There was a significant increase in mean area percent of
collagen in groups III, IV and V as compared with group I,
while there was a non-significant increase as regard group
II. Animals in group III showed non-significant increase
as compared to group IV. Meanwhile, group V showed
significant decrease in mean area percent of collagen as
compared to groups III and IV respctively.

There was a significant increase in mean area percent
of a SMA in groups III, IV and V as compared with group
I, while there was a non-significant decrease as regard
group II. Animals in group III showed a non-significant
increase as compared to group IV. Meanwhile, group V
showed a significant decrease in mean area percent of o
SMA as compared to groups III and IV respctively.

Biochemical results: (Table 2, Histograms 3,4)

As compared with group I, there was a significant
decrease in GSH concentration in groups III and IV, while
there was a non-significant decrease as regard groups
II and V. Animals in group III showed a non-significant
increase in GSH concentration as compared to group IV.
Meanwhile, group V showed a significant increase in GSH
concentration as compared to groups III and IV respctively.

There was a significant increase in MDA concentration
in groups III and IV as compared with group I, while
there was a non-significant decrease as regard group II
and a nonsignificant increase as regard group V. Animals
in group III showed a non-significant decrease in MDA
concentration as compared to group IV. Meanwhile, group
V showed a significant decrease in MDA concentration as
compared to groups III and IV respctively.
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Fig. 1: Photomicrographs of sections in the lungs of rats stained with H&E (1a): control group showing normal bronchiole (B), many alvoeli (a) separated by
thin interalveolar septa (arrows), arteriole (A) and venule (V). (x100). (1b): control group showing normal alveoli (a) with thin interalveolar septa (arrows) that
contain blood capillaries (arrow heads). An alveolar sac is also seen (S). (x400). (1c): group II showing normal large (B) and small terminal (b) bronchioles,
alveolar sacs (S), thin interalveolar septa (arrows) and alveoli (a). (x100). (1d): group II showing intact alveoli (a) with thin interalveolar septa (arrows)
containing pulmonary capillaries (arrow heads). (x400).

Fig. 2: Photomicrographs of sections in the lungs of rats stained with H&E (2a): group 111, showing obvious narrowing (N) or even collapse (o) of alveolar
spaces. Marked diffuse cellular infiltration (I) is also seen in the interstitium (x100). (2b): group III, showing markedly thickened interalveolar septa (arrows)
with narrowing of the alveolar space (N). Obvious cellular infiltration (I) is also noticed. (x400). (2¢c):group IV, showing narrowing of alveolar spaces (N).
Thickening of the alveolar walls and interalveolar septa (arrows) is noticed. Obvious cellular infiltration (I) is also seen in the interstitial tissue. (x100). (2d):
group IV, Many alveoli contain numerous intra-alveolar macrophages (m) with abundant foamy pale acidophilic cytoplasm and medium sized round to oval
nuclei. Mononuclear cellular infiltration (I) is also seen in the interstitium. (x400). (2¢): group V,showing normal alveoli (a) with apparent interalveolar septa
(arrows). Normal brochiole (B) and arteriole (A) are also seen. Mild cellular infiltration (I) is noticed in the interstitium. (x100). (2f): group V showing patent
alveoli (a) with apparent thin alveolar walls (arrows) and mild cellular infiltration (I) in the interstitium. (x400).
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Fig. 3: Photomicrographs of sections in the lungs of rats stained with Toluidine blue (3a): control group showing alveoli (a) lined by type I flat cells exhibiting
flat nuclei (wavy arrow) and type 1I which display round vesicular nuclei with prominent nucleolus and foamy cytoplasm (*) pneumocytes. The interalveolar
septa (arrows) are thin containing pulmonary capillaries. (x1000).(3b):group I showing alveoli (a) lined by type I (wavy arrow) and type Il (*) pneumocytes.
Blood capillary (arrow head) in the thin interalveolar septum (arrows) is also noticed. (x1000). (3c):group III showing apparent thick interalveolar septa
(arrows) with narrowing of alveolar space (N). Cellular infiltration containing neutrophils (n), small lymphocytes (1), plasma cells (p), macrophags (m) and
fibroblasts (f) is seen in the interalveolar septa. (x1000).(3d):group IV showing prominent alveolar narrowing (N) as well as obvious appearance of type II
pneumocytes (*) which appear as highly vacuolated cells.(x1000).(3e):group V showing normal alveolar lining with type I (wavy arrow) and type II (*)
pneumocytes. Mild cellular infiltration (I) in apparently thick interalveolar septa is also noticed. (x1000).

Fig. 4: Photomicrographs of sections in the lungs of rats stained with Masson's trichrome, (4a): control group showing fine collagen fibers in the interalveolar
septa (arrow) and in the adventitia of the bronchiole (wavy arrow) and arteriole (curved arrows). (x200). (4b): group II showing fine collagen fibers in the
interalveolar septa (arrows), in the adventitia of the bronchiole (wavy arrow) and that of an arteriole (curved arrow).(x200).(4c): group III, Deposition of
collagen fibers in the wall of a bronchiole (wavy arrow). Collagen fibers in the thickened interalveolar septa (arrows) are also detected. (x200). (4d): group IV,
showing deposition of collagen fibers in the interalveolar septa (arrows). (x200). (4e): group V, Fine collagen fibers in the interalveolar septa (arrows) and in
the adventitia of an arteriole (curved arrow) are noticed. (x200).
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Fig. 5: Photomicrographs of sections in the lungs of rats stained with aSMA immunostaining(5a): control group, showing positive reaction in the knobs of the
alveolar ducts (arrowheads) and in the tunica media of a blood vessel (curved arrow). Few immunopositive cells are seen in the alveolar wall (arrow). (x400).
(5b): group II showing positive reaction in the knobs of the alveolar ducts(arrowheads). Positive reaction around bronchiole (wavy arrow) can be detected.
(x400). (5¢): group III, Many cells exhibit positive immunoreactivity for aSMA in the interalveolar septa (arrows). (x400). (5d): group 1V, showing numerous
cells with positive cytoplasmic immunoreaction in the interstitium and the interalveolar septa (arrows). (x400). (5e):group V, showing few cells with positive
immunoreactivity for aSMA in the interalveolar septa (arrows). Positive reaction is also seen in the wall of bronchiole (wavy arrow) and also in knobs of
alveolar ducts (arrowhead). (x400).

Table 1: Morphometric results

Group [ Group II Group III Group IV Group V

(control group) (pirfenidone group) (model group) (recovery group) (treated group)
Mean area % of collagen (+ SD) 33+£0.8 35+0.6 10.9+1.6" 10.5+1.9 5.6+1.1"%
Mean area % of o SMA (+ SD) 22+04 1.8+0.6 10.1£1.9" 10+ 1.7 4.7+£1.1"%

* Significant as compared to group I at P<0.05 # Significant as compared to group III at P<0.05 A Significant as compared to group IV at P<0.05

Table 2: Biochemical results

Group 1 Group II Group III Group IV Group V
(control group) (pirfenidone group) (model group) (recovery group) (treated group)
GSH level mmol/gm tissue 113.75+ 1.9 107.4+3.0 59.1+4.7 441+63" 105.2+ 4.4"
MDA level nmol/gm tissue 32.1+4.5 32.0£9.3 853+13.0° 106.8 +3.5" 48 £5.2*

* Significant as compared to group I at P<0.05 # Significant as compared to group IIT at P<0.05 " Significant as compared to group IV at P<0.05

12 q

12 * *

10 10 +

*A#

Mean area % of collagen
Mean area % of a SMA

d N

Group |

. TN .

Group IV

Group Il Group I Group V Group | Group |l Group Il Group IV Group V

Histogram 1: Comparison between the mean area percent of collagen (+
SD) in Masson's trichrome stained sections in all studied groups

Histogram 2: Comparison between the mean area percent of o SMA (+
SD) in immunostained sections in all studied groups
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Histogram 4: Comparison between the mean values (+ SD) of MDA

levels in all studied groups

DISCUSSION

IPF is one of the most common and aggressive forms of
lung fibrosis with high mortality and morbidity. It develops
without an identified underlying cause and terminates with
severe affection of lung functions. There are many risk
factors for the development of IPF, the most important of
which is cigarette smoking®?.

The present work aimed to develop an experimental
model of IPF and to evaluate the therapeutic effect of
pirfenidone, a newly introduced antifibrotic, on this model.
Pirfenidone was chosen as it showed a promising potential
effect as antifibrotic agent in various conditions such as
acute kidney injury!'™, choroidal neovascular fibrosis
via a reduction in transforming growth factor (TGF-B2)
mRNA levels and mature TGF-B2 protein levels!*! and
cardiac diseases®*\. Reported that, pirfenidone leads to
substantial regression of myocardial fibrosis in preclinical
models.

IPF was induced in this study using bleomycin as
it has been documented to be fast, effective and mimic
the histopathology of human IPF to a great extend?.
In previous studies, several routes of administration of
bleomycin for induction of IPF were tried, however,
intratracheal instillation of a single dose of 5 mg/kg has

been reported to be the most effectivel?”'?. So, bleomycin
was administered as such in this study.

It was hypothesized that, bleomycin reaches the target
cell where it binds to DNA and ferrous molecules. This
complex has an oxidase-like activity that produces ROS.
These free oxygen radicals cause lipid peroxidation,
protein oxidation as well as breaks in the cellular DNA
leading to cell damage. This mechanism is the basis of its
use for the induction of lung fibrosis in animal models??®l.

In the present study, the model group (group III)
showed loss of normal lung architecture in the form of
alveolar collapse, compensatory emphysematous changes
and thickening of interalveolar septa. Similar findings
were recorded?!. The model group also showed marked
interstitial and bronchiolar cellular infiltration. This
infiltrate was formed of various inflammatory cells but
was predominantly composed of neutrophils, lymphocytes,
plasma cells and macrophages. These findings match?%,
who performed bronchoalveolar lavage to mice with IPF
model and found abundance of macrophages, lymphocytes
and neutrophils in the collected fluid.

Suggested that acute lung injury starts to develop in the
first week after local administration of bleomycinf. During
this period, cell death of both type I and II pneumocytes
followed by acute inflammation with recruitment of
inflammatory cells commences. The release of pro-
inflammatory cytokines and chemokines together with
vascular leakage are the hallmark of this stage. This acute
lung injury could explain the cause of deaths in our work,
which could be due to sever anoxia of some rats. Added
that bleomycin activity is amplified in lung and skin due to
decreased levels of bleomycin hydrolase, an enzyme that
deactivates bleomycin, in these tissues?®!.

Asdemonstrated by Masson's trichrome stain, the model
group in this study showed obvious collagen deposition
around airways, blood vessels and also in the interalveolar
septa. This was confirmed by the morphometric results as
there was significant increase in mean area percentage of
collagen in model group when compared to the control
group. This was in accordance® who found a significant
increase in hydroxyproline level, a marker of collagen
content in tissue, in the model lung compared to the control.

It was recorded that, fibrosis starts to develop with
a peak at the end of the second week after bleomycin
administration. As the bleomycin induced chronic
inflammation results in activation of fibroblasts into
myofibroblasts which secrete extracellular matrix and
deposit collagen®*!,

Using o-SMA immunostaining, the lung of the
model group revealed many positively stained cells that
were evident in the interalveolar septa in comparison to
the scarce presence of such cells in the control group.
This was confirmed by the morphometric results where
the area percentage of aSMA was significantly higher
compared to the control group. Reported that a-SMA is
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the functional marker of the fully matured myofibroblast
it form contractile bodies together with myosin®®*. These
bodies are responsible for the ability of myofibroblasts to
migrate, contract and apply traction on ECM. The level of
expression of aSMA is proportionate to the level of activity
of myofibroblasts. moreover®®! have postulated that in
oxidative stress, lung myofibroblasts resist apoptosis and
continue to act irregularly resulting in a fibroporliferative
state.

It was hypothesized that in IPF, chronic and repetitive
alveolar epithelial cell injury occurs with subsequent
release of various cytokines as TGFp, platelet derived
growth factor (PDGF), fibroblast growth factor (FGR)
and vascular endothelial growth factor (VEGF)P.
TGFp was clarified to be the main contributor of disease
progression®’l. It is secreted in an inactive form to the
ECM where it is activated and stimulates transformation of
fibroblasts into myofibroblasts which in turn secrete large
amounts of collagen and ECMP.

Though the main source of myofibroblasts is tissue
fibroblasts but other sources have also been described. It
couldbeoriginated fromvascularsmoothmuscles, pericytes,
mesenchymal stem cells, also from epithelialmesenchymal
transitionin (EMT) of endothelial and epithelial cells, as
type II pneumocytes. Differentiation into myofibroblasts
occurs under certain conditions like mechanical tension,
presence of certain ECM proteins and TGFp. In addition
to its role in the pathology of fibroproliferative disorders,
myofibroblasts play a role in growth and metastasis of
epithelial tumourst®,

In this study, the biochemical analysis of MDA and
GSH clarified that the lungs of model group (group III)
were in a state of oxidative stress. This was proved by
morphometric results as there was significant increase
in MDA and significant decrease in GSH concentration
in group III when compared to the control group. These
results concord®’ who measured multiple oxidative
stress markers such as superoxide dismutase, catalase,
glutathione peroxidase, GSH and MDA and found that all
of them showed decreased tissue levels except MDA which
showed increased levels.

GSH is one of the most potent and most abundant
intracellular antioxidants. It is present mainly in the
cytoplasm and to a lower extent in the mitochondria. It
diffuses extracellularly and is detected in lung surfactant™?!,
GSH is mostly present in the reduced form to act as a
scavenger for ROS. Under normal conditions, balance
is maintained but with chronic oxidative load, GSH is
depleted resulting in high cellular ROS levels®!l.

It was reported that oxidative stress affects cellular
activity and aids in IPF progression. A two-way connection
between oxidative stress and endoplasmic reticulum
(ER) stress, a key factor in IPF, has been observed.
This connection is also involved in the activation of
inflammatory pathways which further increment the stress
on the cells*.

Furthermore, in IPF, abnormal activity of pro-oxidant
enzymes has been detected in fibroblastic foci and alveolar
epithelial cells. These enzymes increase ROS causing
mitochondrial dysfunction, increased glycolysis and
reduced GSH synthesis. Also, the produced ROS facilitate
the action of TGFp in initiating alveolar cell death, EMT
and transformation of fibroblasts into myofibroblasts*}.

Intracellular ROS attack the cell membrane through
polyunsaturated fatty acids disintegration, which clarifies
MDA rise subsequent to bleomycin challenge. MDA is
a reactive carbon agent that is used as a marker of lipid
peroxidation. In line with the previous studies, the data
showed that bleomycin endotracheal instillation induced
a significant increase in the serum levels of MDA in
bleomycin treated animalst**.

Lungs of the recovery group (group IV) revealed the
same changes recorded in model group in addition to
presence of many intra-alveolar foamy macrophages, these
cells are a common nonspecific histopathological associate
to inflammation and fibrosis in diseases involving
obstruction of smaller airways*?. These macrophages
play an active role in IPF as they release inflammatory
mediators as TNF-a, IL-1, IL-6 and IL-10. They also
promote differentiation of stem cells into myofibroblasts
and release of pro-fibrotic mediators as TGFp. Last but
not least, macrophages release free oxygen radicals that
potentiate both inflammation and fibrosis in IPF¢],

The recovery group showed non-significant changes
in all parameters measured reflecting that, there is no
recovery without treatment. also it showed obvious
appearance of type Il pneumocytes which adopted highly
vacuolated cytoplasm®”., clarified that persistence of ER
stress causes accumulation of misfolded proteins in the
cellular cytoplasm which in turn causes cell death. It has
been thought that ageing or certain genetic mutations make
type II pneumocytes more susceptible to injury and cell
hyperplasia that potentiate the development of IPF.

Many previous studies investigated a lot of drugs for
their antifibrotic activity in treating IPF, but not many
proved worthy. One of those is Nacetyl cysteine!*®l. And
simtuzumab!*!.

Pirfenidone exhibits anti-inflammatory and antioxidant
effects in addition to its antifibrotic activity. Rather than
treatment of the cause, prifenidone is classified more as
a disease-modifying drug that slows down the disease
progression®®. Studied the effect of pirfenidone on a
pulmonary fibrosis rat model concluded that doses of 50
and 100mg/kg produced satisfactory results with a better
effect than using the larger dosel'*). In accordance, a dose
of 100mg/kg in the current study was used.

In this study, pirfenidone was administered 2 weeks after
induction of IPF. Most studies started the administration
of potential therapies during the first week following
bleomycin delivery which coincide with the inflammatory
phase of the model. This causes flawed results and
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restriction of further usage of the agent as a treatment of
IPF. It has been recommended to administer the potential
therapy after passage of the inflammatory phase preferably
after at least 10 days from bleomycin delivery!”.

The treated group (group V) revealed improvement of
the lung architecture with a notable decrease in cellular
infiltration and interalveolar wall thickening. There was a
significant decrease in the mean area percentage of collagen
in comparison to model and recovery groups. Also, there
was a significant decrease in a-SMA positive cells when
compared to both groups. Reported similar results as they
found that pirfenidone reduced alveolar inflammation and
damage!'¥. They also added that it reduced deposition
of collagen fibers. Additionally,”" hypothesized that,
pirfenidone causes inhibition of macrophage infiltration
and subsequent inflammatory recruitment. Tested the
therapeutic effect of pirfenidone on a pulmonary fibrosis
model and found it effective in treating IPF2.

Pirfenidone has an inhibitory effect on TGF-f level*53),
Through suppression of TGFfp-mediated pathways. It
decreases transformation of fibroblast into myofibrobasts
and their proliferation. It also inhibits expression of a-SMA
in myofibroblasts®}]. Additionally, it inhibit tumor necrosis
factor-alpha (TNFa), fibroblast growth factor (FGF) and
reducing collagen type one. Pirfenidone also plays a role in
the attenuation of fibroblastsi*.

Very recently,! suggested that pirfenidone as an anti-
fibrotic drug with an anti-oxidant activity can prevent
lung injury during SARS-CoV-2 infection. This done by
blocking the maturation process of TGF-f and enhancing
the protective role of peroxisome proliferator-activated
receptors (PPARSs). [t may be an effective and safe choice for
suppressing the inflammatory response during COVID-19.
They recommended that, it would be a combination of
pirfenidone and N-acetylcysteine to achieve maximum
benefit during SARS-CoV-2 treatment.

Conforming to the histological results, the biochemical
markersresultsof group Vshowed adecrease inthe oxidative
stress state with significant increase in GSH concentration
and a significant decrease in MDA concentration when
compared to model and recovery groups. These results
match the findings of a recent clinical trial that evaluated
the effect of pirfenidone on systemic oxidative stress and
inflammation markers where a significant increase in
antioxidant markers in plasma as GSH was reported™®.

CONCLUSION

1. Bleomycin model through IT instillation was a fast
and overall a reliable model for induction of IPF
in rat.

2. Pirfenidone could be considered a newly
introduced drug for management of IPF as it
protects against ROS, it decreased the number
and activity of myofibroblasts and finally it had a
potent antifibrotic activity.

RECOMMENDATIONS

*  Bleomycin may be investigated to be used through
oropharyngeal route.

e  Further studies to know more about the
pathogenesis of IPF and possible risk factors.

*  Further studies and research of the exact target
of pirfenidone and its effect on various cellular
components.

» Investigation of other new antifibrotic drugs as
ninetadinib and PBI-4050 and comparison of their
effects with pirfenidone.

*  Application of these drugs in clinical trials.

*  Trying longer durations to evaluate the long term
therapeutic effect of pirfenidone.
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