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ABSTRACT

Introduction: Combined antifibrotic treatment strategy in the management of pulmonary fibrosis attracts the attention
worldwide especially after COVID-19 pandemic and still a point of recent research work.

Aim of the Work: This study intended to clarify the possible protective serve of Pirfenidone only versus combined antifibrotic
action of both pirfenidone and colchicine in a bleomycin created pulmonary fibrosis rat model.

Materials and Methods: Forty adult albino male rats were partitioned equally into four groups. Control group I. Bleomycin-
treated group II: (10mg/kg/d by intraperitoneal injection for the first 5 days of the experiment). Pirfenidone-treated group II1:
(100mg/kg/d orally). Combined pirfenidone and colchicine-treated group IV: (oral pirfenidone 100mg/kg/d + oral colchicine
0.5mg/kg/d for 30 days in the created pulmonary fibrosis model).

Results: Histopathological results of group II revealed marked distortion of the bronchiolar mucosal lining and the alveolar
system. Mast cells appeared infiltrating the pulmonary interstitium. Multiple lamellar bodies appeared in pneumocyte type I
and II. Moreover, the myofibroblasts appeared in large number in the interalveolar septa. There was significant increase in
the immune staining areas of both a-SMA, IL6 and the collagen deposition between group II and group I. Dramatic rise in
serum concentrations of TG, IL6, MDA and SOD compared to the control group. Group III showed moderate improvement
of histopathological and immunohistochemical findings as well as the collagen deposition and serum inflammatory markers
were decreased significantly between groups III and II. The best results were observed in group IV, a significant fall in the
immunostaining areas of both a-SMA and IL6 and marked decrease of serum levels of SOD and MDA levels between group
IV and groups III and I1.

Conclusion: Combined antifibrotic therapy offered remarkable improvement in the architecture of the pulmonary tissue.
There was substantial improvement in the histopathological and immunohistochemical features in the combined group in
comparison with pirfenidone treated group.
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INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is deadly interstitial
lung disorder!™¥. Great attention is directed toward
understanding its pathogenesis and possible treatment
strategies especially after COVID-19 pandemict?. There is
a great concern about the role of Interleukin (IL6) and alpha
smooth muscle actin (a-SMA) in the etiology of pulmonary
fibrosis. Interleukin-6 is proinflammatory cytokine, which
is produced by numerous types of cells®. It can promote
fibrosis by creating severe inflammatory reaction through
activation of TGFp pathway!?®. In fibrosis condition; there
is an emergence of activated myofibroblasts which are
characterized by a-SMA expression. Increased a-SMA
expression is thought to be responsible for increased
contractility of the affected tissues, marked increase in
collagen expression and extracellular matrix deposition®!.
Moreover, alpha smooth muscle actin may be possible
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contributor to the pathogenesis of pulmonary fibrosis,
and its suppression may decrease the fibrotic process and
improve the symptoms of patients.

A TGFB-synthesis inhibitor with an anti-inflammatory
and antioxidant properties is pirfenidone. It can lessen
fibroblast proliferation, collagen deposition, and alpha
smooth actin (a-SMA) expression. As a result, it can shield
pneumocytes from the destructive effect of the cytokine
storm!'. Numerous clinical studies are still looking for
ways to enhance the therapeutic impact of pirfenidone in
the treatment of IPF™!¢), On other hand, Colchicine inhibits
fibroblast proliferation and collagen synthesis effectively!!.
Previous researches demonstrated that colchicine could
inhibit a variety of leukocyte functions. IL-6, TNF-a, IL-4
and transforming growth factor-p are cytokines that are
known to be essential for fibrogenesis. The potential effect
of colchicine on the previously mentioned cytokines and
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on the oxidative stress markers still a vague issue. From
a clinical standpoint, colchicine is the agent of choice for
combined therapeutic strategies regarding treatment of
pulmonary fibrosis??.

MATERIALS AND METHODS

Ethical approval

The research was certified by the Ain Shams University
Ethical Committee, with approval number FWA
000017585.All study procedures were done in accordance
with the guidelines of (CARE). The local Ethics committee
of Medical School-Ain Shams University.

Experimental drugs

1. Bleomycin (Bleocare®15): bleomycin lyophilized
powder 15 units for intraperitoneal injection,
handled in saline solution and purchased from
RMPL PHARMA LLP. (Mumbai, Maharashtra,
India).

2. Pirfenidone (pirfenex®200mg): pirfenex 200mg
powder handled in saline solution and purchased
from Cipla Ltd pharma company. Mumbai,
Mabharashtra, India).

3. Colchicine (Colchicine®0.5mg): colchicine
0.5 mg powder, dissolved in normal saline and
purchased from El-Nasr pharmaceuticals company
(Gesr El Suez, Cairo, Egypt).

Experimental design & Procedures

Forty adult male albino rats weighing 150-200 g
were divided equally into 4 groups. They were housed in
cages made of stainless steel, with two rats per cage and a
30x35cm size. The study excluded rats that were afflicted
with a disease, had been used in previous experiments, had
difficult walking, or had poor fur. The rats were exposed to
suitable environmental conditions and ventilation.

Group I (control): received 1ml normal saline by oral
gavage every day for 30 successive days.

Group II (Bleomycin-treated group): received
10mg/kg/d bleomycin dissolved in 1ml normal saline by
intraperitoneal injection for 5 consecutive days; the first
five days of the experiment.

Group III (Bleomycin+Pirfenidone-treated group):
received 10mg/kg/d bleomycin dissolved in 1ml normal
saline by intraperitoneal injection for 5 consecutive days;
the first five days of the experiment+ Pirfenidone100mg/
kg/d dissolved in 1ml normal saline and given by oral
gavage from day 1 to day 30.

Group IV (combined Bleomycin + Pirfenidone +
colchicine-treated group): received 10mg/kg/d bleomycin
dissolved in 1ml normal saline by intraperitoneal injection
for 5 consecutive days; the first five days of the experiment+
Pirfenidone 100mg/kg/d dissolved in 1ml normal saline and
given by oral gavage + colchicine 0.5mg/kg/d dissolved in
Iml normal saline and given by oral gavage. Both drugs

were administered orally from day (1), the day of the first
bleomycin injection and they were continuous to day (30).
The drugs were given till the end of the experiment.

Tissue sampling

Atthe end of the experimental period (30 days), rats were
rendered unconscious with an intraperitoneal injection of
ketamine (90 mg/kg)+xylazine (15 mg/kg) and afterwards
sacrificed. Lung tissue samples were dissected and
obtained for histopathological and immunohistochemical
investigation.

Histological and immunohistochemical techniques
For light microscopic examination

Lung samples were dissected, fixed in 10% neutral
formalin for ten days, and processed into paraffin blocks.
Blocks of paraffin were sliced around 5-7 p thick and
stained with Hematoxylin and Eosin (H&E) and Masson's
Trichrome stain.

For immunohistochemistry

For immunohistochemical staining, sections were
deparafinized, rehydrated and rinsed in phosphate-buffered
saline (PBS). The sections were then stored in a blocking
solution (10% normal goat serum) for 60 minutes at room
temperature (22°C). The secondary antibodies were then
treated with Interleukin-6 (IL-6), a mouse monoclonal
antibody (1:400; Elabscience biotechnology, USA), and
alpha smooth muscle actin (a-SMA), a rabbit polyclonal
antibody (1:100; Elabscience biotechnology, USA). After
PBS, the sections were incubated at room temperature for
20 minutes with a biotinylated secondary antibody. After
washing with PBS, slices were exposed for 10 minutes
to a Streptavidin-Horseradish peroxidase solution. For
secondary antibody binding, 3,3-diaminobenzoic acid
diluted in PBS was utilized, and 0.03% H202 was added
before to use. After dipping the sections in PBS, two drops
of hematoxylin were used to counterstain the slides.

For electron Microscopic study

The standard protocol for processing lung tissue samples
for transmission electron microscopy was followed.
fragments of lung tissue were fixed for 2 hours in 2.5%
phosphate- buffered glutaraldehyde at 4°C were followed
by rinsing in phosphate- buffered saline. Lung specimens
were then post-fixed in 1% prepared phosphate buffer
osmium tetroxide at 4°C for one hour. The lung samples
were then dehydrated in ascending alcohol concentrations,
submerged in propylene oxide and encapsulated in an
epoxy resin mixture. 1 pm semithin slices were cut, stained
with toluidine blue and investigated by L/M to select
the appropriate regions. To examine ultrathin sections
(80-90 nm thick), uranyl acetate and lead citrate were
used to create contrast!'?. The slices were viewed with a
transmission electron microscope (TEM) ("Jeol" E.M.-
100 CXI11; Japan) at Ain Shams University's Electron
Microscopic Unit.
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For biochemical analysis

Blood samples were left to coagulate for 10 minutes
before being centrifuged at 4,000 rpm. Using ELISA
kits, the gathered serum was tested for levels of IL6 and
TGFB (E-EL-R0015, Elabscience Biotechnology, USA)
and (E-EL-R1015, Elabscience Biotechnology, USA),
respectively, in order to evaluate the inflammatory
condition. To analyse the oxidative stress state, oxidative
stress markers such as Superoxide dismutase (SOD) and
Malonaldhyde dehydrogenase (MDA) were measured using
ELISA kits no. E-BC-K025-S (Elabscience Biotechnology,
USA) and E-BC-K020 (Elabscience Biotechnology, USA).

Morphometric study

These measurements were taken in Histology and Cell
Biology Department of Faculty of Medicine, Ain Shams
University, using the image analyzer (Image J application).
Seven fields from seven independent serial sections
containing seven animals from each group were used to
calculate the area % of the immunological staining. The
percentage of positively stained region in relation to the
total lung tissue area was used to quantify the expression of
IL-6, a-SMA and collagen deposition in the interalveolar
septa.

Statistical analysis

The information gathered was provided as mean SD.
SPSS version 23 was utilized for data analysis. Using one-
way analysis of variance (ANOVA) and the Bonferroni
post-hoc test, the significance of differences between
groups was determined. When the P-value was less than
0.05, the result was judged statistically significant.

RESULTS

Histopathological results

Examining sections of the control group(I) stained with
H&E and toluidine blue under a light microscope revealed
the lung tissue consisting of respiratory bronchioles,
alveolar ducts and saccules. The alveoli appeared separated
from each other by thin alveolar septa(Figures 1A,6A).
In addition, in H&E stained sections; the intrapulmonary
bronchioles appeared composed of: mucosa, submucosa
and adventitial layer (Figure 2A). The higher magnification
revealed the epithelial lining of the mucosal layer consisting
of basal cells, intermediate and goblet cells, as well as the
Clara secretory cells also could be detected. Moreover,
the lamina propria appeared thin and contains collagenous
fibers with few cellular elements (Figure 3A). Besides, the
submucosal blood vessels appeared with intact wall and
endothelial lining (Figure 4A). Masson's trichrome stained
sections revealed the normal collagen deposition in the
interalveolar septa (Figure 5A). Transmission electron
micrographs of the control group I showed patent alveolar
lumen (AL) with thin interalveolar septa; the alveolar lumen
appeared lined with type I pneumocyte with euchromatic
nucleus and typell pneumocyte with hemogenus layer of
surfactant near its luminal surface (Figures 9 a,b,c).

Inbleomycin treated group(11); the H&E stained sections
revealed marked destruction of the normal lung architecture
which appeared with distorted alveolar walls, thickened
alveolar septa (Figure 1B) and disrupted bronchiolar wall
with mononuclear inflammatory cell infiltrate (Figure 2B).
The higher magnification revealed marked distortion of the
mucosal epithelial lining down to the level of the basement
membrane with extensive inflammatory cell infiltrate
in the submucosal layer (Figure 3B). In addition, the
submucosal blood vessels appeared markedly dilated with
thinned wall and distorted epithelial lining (Figure 4B).
Masson's trichrome stained sections revealed extensive
collagen deposition in the pulmonary parenchyma
(Figure 5B). Toluidine blue stained sections revealed
extensive invasion of the mast cells to the pulmonary
interstitium and interalveolar septa (Figure 6B). Electron
micrographs of bleomycin treated groupll showed ruptured
pneumocyte and released microparticles in the alveolar
lumen, multiple lysosomal bodies and laminated inclusion
bodies appeared near its luminal surface. Thickened
alveolar septa, heavy collagen deposition multiple
myofibroblasts and inflammatory cell infiltrate appeared
in the pulmonary interstitium (Figures 9 d,e,f).

On other hand, in pirfenidone- treated group (III);
there was apparent restoration of normal alveolar system
and the bronchiolar wall appeared with intact mucosal
lining (Figures 1C,2C). The higher magnification revealed
apparent restoration of the normal epithelial lining of
the bronchiolar mucosa and moderate reduction of the
inflammatory cell infiltrate in the submucosal layer
(Figure 3C). Moreover, the submucosal blood vessels
appeared dilated, engorged with distorted endothelial lining
(Figure 4C). Masson's trichrome stained sections revealed
intense collagen deposition in the pulmonary interstitium
(Figure 5C). Toluidine blue stained sections revealed
mast cells still infiltrating the pulmonary parenchyma
(Figure 6C). Pirfenidone treated group I1I showed thickened
alveolar septa with myofibroblasts and macrophages
invading it. Heavy collagen deposition appeared in the
pulmonary parenchyma and inclusion bodies in the
cytoplasm of pneumocyte (Figures 9 g,h,i).

Furthermore, the best results were observed in the
combined group (IV); as there was apparent restoration of
the normal lung architecture; the alveoli, alveolar septa and
sacs. The bronchiolar wall appeared with intact mucosal
epithelial lining with no inflammatory cell infiltrate
(Figures 1D,2D,3D) with evident improvement in the
submucosal blood vessels (Figure 4D). In addition, there
was apparent restoration of the normal collagen distribution
in the pulmonary interstitium (Figure 5D) and marked
reduction of the number of mast infiltrating the pulmonary
parenchyma (Figure 6D). Electron micrographs of group
IV showed patent alveolar lumen, the interalveolar septum
still invaded by inflammatory cells and myofibroblasts.
Decreased number of inclusion bodies, proliferating nuclei,
apical microvilli were clearly observed (Figures 9 j,k,I).
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Results of immunohistochemistry

The immunohistochemical stained sections of the
control group showed only few cells expressing the
o-SMA the reaction appeared as granular brownish
staining of the fibromyocytes (Figure 7A). Marked
increase of the a-SMA expressing cells in the alveolar
septa, in the peribronchial region and around the blood
vessels appeared in bleomycin-treated group (Figure 7B).
In pirfenidone-treated group there was marked decrease of
the 0-SMA expressing cells in the alveolar septa but still
markedly observed in the bronchial wall and in the smooth
muscles of the blood vessels (Figure 7C). Marked decrease
in the immune-staining positive cells was observed in the
combined group (Figure 7D).

IL6 immune-stained sections revealed very weak
reaction in the control group appeared as mild brownish
granular staining in the pulmonary interstitium
(Figure 8A). In bleomycin-treated group marked increase
in the expression of IL6 was clearly observed (Figure §B).
Moderate immune reaction to IL6 was clearly observed
in pirfenidone- treated group (Figure 8C). In contrast, the
combined group showed minimal immune reaction to IL6
(Figure 8D).

Morphometric and Statistical Results

Mean area % of IL6 in the pulmonary interstitium
(Table 1, Histogram 1)

Compared to the other groups, group II showed a
significant increase in the mean area% stained with IL6
with based on the data presented in tablel. Group III
demonstrated a significant decrease relative to group II,
but a significant increase relative to groups I and I'V. Group
IV demonstrated a significant decrease relative to groups I1
and III, but a significant increase relative to group I.

Mean area % of a-SMA in the pulmonary interstitium
(Table 2, Histogram 2)

Compared to other groups, group I showed a significant
increase in the mean area % of a-SMA based on the data
presented in table 2. Group III demonstrated a significant
decrease relative to group II, but a significant increase
relative to groups I and IV. Group IV demonstrated a
significant decrease relative to groups II and III, but a
significant increase relative to group L.

Mean area % of collagen distribution in the pulmonary
interstitium (Table 3, Histogram 3)

Compared to other groups, group Il showed a significant

increase in the mean area % of collagen deposition
with based on the data presented in table 3. Group III
demonstrated a significant decrease relative to group II,
but a significant increase relative to groups I and I'V. Group
IV demonstrated a significant decrease relative to groups I1
and III, but a significant increase relative to group 1.

Statistical results of IL6 levels in rat serum (Table 4,
Histogram 4)

Compared to other groups, group II showed a highly
significant increase in the serum level of IL6 based on the
data presented in table 4. Group III demonstrated a highly
significant decrease relative to group II, but a highly
significant increase relative to groups I and IV. Group
IV demonstrated a highly significant decrease relative to
groups II and III, but a highly significant increase relative
to group L.

Statistical results of SOD levels in rat serum (Table 5,
Histogram 5)

Compared to other groups, group II showed a highly
significant increase in the serum level of SOD with based
on the data presented in table 5. Group III demonstrated a
highly significant decrease relative to group II, but a highly
significant increase relative to groups I and IV. Group IV
demonstrated a significant decrease relative to groups II
and III, but a significant increase relative to group 1.

Statistical results of MDA levels in rat serum (Table 6,
Histogram 6)

Compared to other groups, group II showed a highly
significant increase in the serum level of MDA with based
on the data presented in table 6. Group III demonstrated a
highly significant decrease relative to group II, but a highly
significant increase relative to groups I and IV. Group IV
demonstrated a significant decrease relative to groups II
and III, but a significant increase relative to group 1.

Statistical results of TGP levels in rat serum (Table 7,
Histogram 7)

Compared to other groups, group II showed a highly
significant increase in the serum level of TGP based on the
data presented in table 7. Group III demonstrated a highly
significant decrease relative to group II. No statistical
significant difference between groups I and IV. Group
IV demonstrated a highly significant decrease relative to
groups II, but no statistical significant difference between
groups IV and I, I1I. A highly statistical significant decrease
relative to group II.
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Fig. 1: A: showing lung tissue consisting of alveolar ducts (D), alveolar sacs(S) and terminal alveoli (A) with thin interalveolar septa in-between (black arrow).
B: showing distorted alveolar walls (A) and bronchiolar walls (B) (black arrow) with mononuclear inflammatory cell infiltrate (the inset). C: showing apparent
restoration of the most of the alveolar system; alveolar sacs (S) and alveoli(A). D: showing nearly normal alveolar ducts(D), sacs (S)and interalveolar septa
(black arrow). (H&E, X100)

Fig. 2: A: showing the bronchiolar wall composed of mucosa(M), submucosa (SM) and adventitial layer (A). B: showing marked dilation of the bronchiolar
lumen(BL) with distorted, sloughed epithelial lining (black arrows), the adventitial layer (A) appears blended with the pulmonary interstitium and invaded by
inflammatory cell infiltrate(inset). C: showing some bronchioles with distorted epithelium (black arrows) and inflammatory cell recruitments appear around
their wall (the inset). D: showing intact bronchiolar wall with intact epithelial lining. No sloughed debris inside the bronchiolar lumen and no inflammatory cell
infiltrate in the submucosal layer (black arrows) (H&E, X100).
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Fig. 3: A: showing the normal epithelial lining of the bronchiolar wall composed of basal cells(B1),intermediate cells(I),Clara cells with dome shaped surface
and apical microvilli(C),goblet cells(G) and brush cells(B2). B: the epithelial lining of the bronchiolar mucosa appears markedly distorted down to the level of
the basement membrane (black arrows) with extensive inflammatory cell infiltrate of the submucosal layer(SM). C: apparent restoration of the normal epithelial
lining of the bronchiolar mucosa with sloughed debris inside the bronchiolar lumen(black arrow) and moderate reduction of the inflammatory cell infiltrate to
the submucosal layer(SM). D: the bronchus appears with intact wall and intact mucosal epithelial lining with no sloughed debris inside the bronchial lumen
and very mild inflammatory cell infiltrate of the submucosal layer(SM)(H&EX400).

Fig. 4: A: showing the pulmonary blood vessels composed of intact endothelial lining (E), tunica media(M) and adventitial layer(A). B: the blood vessels appear
markedly engorged, dilated with distorted endothelial lining (E),marked thinning of the tunica media (M)and adventitial layer(A).Note; the inflammatory cell
infiltrate around the blood vessel(the inset). C: the blood vessels appear dilated, engorged with distorted endothelial lining but with normal appearance of both
tunica media(M) and adventitial layer(A). D: remarkable restoration of the normal structure of the blood vessel wall with its different layers (H&E, X400).
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Fig. 5: A: showing collagen distribution of the pulmonary interstitium and interalveolar septa (black arrows). B: intense collagen deposition in the interalveolar
septa, bronchiolar walls and around minor blood vessels (black arrows). C: showing moderate collagen distribution in the pulmonary parenchyma. D: apparent
restoration of the normal collagen deposition in the pulmonary interstitium. (Masson's trichrome, x100).

Fig. 6: A: showing the normal pulmonary architecture consisting of alveolar ducts(D), alveolar sacs(S) and alveoli(A). B: showing dilated alveoli(A) with
extensive invasion of the mast cells to the pulmonary interstitium(inset). C: the mast cells still present in the pulmonary interstitium (black arrows). D:
remarkable restoration of the alveolar system with marked reduction of mast cell infiltration (inset) (Toluidine blue, x400).
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Fig. 7: A: showing very weak immune reaction to a-SMA. the reaction appears as mild brownish staining in the alveolar wall and the interalveolar septa (black
arrows). B: showing strong positive immune reaction to a-SMA; appears as intense granular brownish staining in the alveolar septa(black arrows) and diffuse
staining of the smooth muscles of the bronchial wall and blood vessels. C: moderate positive immune reaction to a-SMA in the interalveolar septa and in the
bronchial wall (black arrows). D: mild immune reaction to a-SMA in the alveolar septa and the bronchial wall (black arrows) (a-SMA x 100).

= -
S '

Fig. 8: A: showing very weak immune reaction to IL6, appears as mild brownish granular staining in the pulmonary parenchyma (black arrows). B: strong
positive immune reaction to IL6 appears as intense brownish staining in the interalveolar septa (black arrows), surrounding the bronchial wall and blood
vessels. C: moderate positive immune reaction to IL6 in the interalveolar septa. D: mild immune reaction to IL6 in the interalveolar septa (IL6 X100).
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Fig. 9: a,b,c: showing patent alveolar lumen(AL) with thin interalveolar septum(S); the alveolar lumen lined with type I pneumocyte with euchromatic
nucleus(TT)and typell pneumocyte (TII)with hemogenus layer of surfactant near its luminal surface. d, e, f: showing ruptured pneumocyte and released micro
particles in the alveolar lumen, multiple lysosomal bodies and inclusion bodies appeared near its luminal surface. Thickened alveolar septa(S), heavy collagen
deposition(CL) and inflammatory cell infiltrate in the pulmonary interstitium (black arrows). g, h, i: showing thickened alveolar septa with myofibroblasts(MF)
and macrophage(M) invading it. Heavy collagen deposition appeared in the pulmonary parenchyma and inclusion bodies in the cytoplasm of pneumocytes.
Jj» k, I: showing patent alveolar lumen, the interalveolar septum still invaded by inflammatory cells, decreased number of inclusion bodies(IB), proliferating
nuclei(N), apical microvilli(MV)and myofibroblasts(MF). (uranyl acetate X1000,2500,1000,1500,1500,1500,1500,1500,1500)

Table 2: illustrates area % of a-SMA immunoreaction in the
pulmonary interstitium

Table 1: illustrates area % of IL6 immunoreaction in the
pulmonary interstitium

Group Group I Group I Group Il Group IV Group Group 1 Group II Group III ~ Group IV
Mean area % of mean area % of
1L6 in lung 0.64 12.36 4.49 1.72 0-SMA 0.33 4.65 1.59 0.88
SD 0.09 1.14 0.88 0.23 SD 0.1 0.91 0.31 0.05
Table 3: illustrates area % of collagen immunoreaction in the pulmonary interstitium
Group Groupl  GroupIl GroupIll  Group IV
Mean area % of collagen 1.73 13.84 8.21 4.79
SD 0.21 1.54 0.88 0.97
Table 4: illustrates serum level of IL6
. . Group I (control) Group II (Bleomycin) Group III (Pirfenidone)  Group IV (Combined) One Way ANOVA test
IL6 biochemistry
No.=9 No.=9 No.=9 No.=9 F P-value Sig.
Mean + SD 3436+ 1.28 57.32+£3.04 48.85+1.92 35.80 + 1.41
70.500  <0.001 HS
Range 30.2-34.2 51.56 - 61.02 453-51.3 33.22-37.62
Table S: illustrates Serum level of SOD
) ) Group I (control) Group II (Bleomycin) Group III (Pirfenidone)  Group IV (Combined) One Way ANOVA test
SOD biochemistry
No.=9 No.=9 No.=9 No.=9 F P-value Sig.
Mean + SD 17.53 £2.04 29.80 +3.48 26.30 +3.07 19.29 +£2.25
39.292  <0.001 HS
Range 15.2-21.6 25.84-36.72 22.8-324 16.72 - 23.76
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Table 6: illustrates serum level of MDA

MDA Group I (control) Group II (Bleomycin) Group III (Pirfenidone) ~ Group IV (Combined) One Way ANOVA test
biochemistry ]
(UML) No.=9 No.=9 No.=9 No.=9 F P-value Sig.
Mean + SD 32.54+1.28 57.32+3.04 48.85+1.92 3580+ 1.41
289.776  <0.001 HS
Range 30.2+34.2 51.56 +61.02 453+1.92 33.22 £ 37.62

Table 7: illustrates serum level of TG

TGB biochemistry Group I (control) Group II (Bleomycin) Group III (Pirfenidone) ~ Group IV (Combined) One Way ANOVA test

(PG/ML) No.=9 No.=9 No.=9 No.=9 F P-value  Sig.
Mean + SD 5.44 £ 1.65 77.25 £23.38 16.32+4.94 12.50 +3.80
67.531  <0.001 HS
Range 34-79 48.28 - 112.1 10.2-23.7 7.82-18.2
Mean area % of IL& in lung IL6 biochemistry
16 80
14 70
12 60
10 50 I
40
a2
: ' I
[
20
4
10
P . i ’
o h“ — Groug Il Group I Growp IV Group | {control)  Group II {Bleomycin) Group Il Group IV [Combined)
B Mear or P " [Pirfenidone)
Histogram 1: illustrates area % of IL6 immunoreaction in the pulmonary Histogram 4: illustrates serum level of IL6
interstitium
mean area % of a-SMAin lung MDA biochemistry (U/ML)
g 70
5 60
4 50
3 40
- 30
: i = -
0 [ ]
Groupl | Groupll | Group Il | Group IV 10
Emean area% of o- 0
ShA 0.33 465 159 0.88 Group | {control)  Group Il {Bleomycin) Group IlI Group IV (Combined)
[Pirfenidone)
Histogram 2: illustrates area % of a-SMA immunoreaction in the Histogram 5: illustrates Serum level of SOD
pulmonary interstitium
. S0D biochemistry
Mean area % of collagen in lung
18 35 -
16
14 30 4
12 25 J
10
8 20
b 15 4
a
2 10
0 5 4
Grnup Group Group Grnup
1] 0 y y Y

Group | {control)  Group Il (Bleomycin) Group 1l {Pirfenid Group IV (Combined)

B Mean area % of

173 13.84 B8.21 474
collagen

Histogram 3: illustrates area % of collagen immunoreaction in the Histogram 6: illustrates serum level of MDA
pulmonary interstitium
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TGB biochemistry (PG/ML)

70
a —— -

Group | {control)

Group Il {Bleomycin) Group Group IV [Combined)

[Pirfenidone)

Histogram 7: illustrates serum level of TG

DISCUSSION

Percentage of patients who are still suffering from
the complications of pulmonary fibrosis after COVID-19
pandemic are still increasing over time. Pulmonary fibrosis
risk factors, histopathological characterization, and
management remain poorly understood. As a result, there
was a great argument about the different types of antifibrotic
therapies that can decrease the florid inflammatory
reaction which precedes the pulmonary fibrosis or protect
against itl'¥, Different protocols of management were
applied. Previous clinical studies focused on the possible
role of usage of single antifibrotic agent in treatment or the
protection against pulmonary fibrosis!'7-2¢->"1,

The present study compared the efficacy of usage of
single antifibrotic agent, pirfenidone against combined
antifibrotic therapy colchicine and pirfenidone in the
prophylaxis against pulmonary fibrosis. Moreover, the role
of a-SMA, IL-6 and TG was analysed. The management
of pulmonary fibrosis remains controversial, and a drug
or drug combination that is optimal has not yet been
identified.

In the current study, pulmonary fibrosis was induced
by repeated intraperitoneal injections of bleomycin as
described before in the methods. The presence of fibrosis
was confirmed by the destruction of the normal architecture
of the alveolar system, mononuclear inflammatory cell
infiltrate and marked increase in the collagen deposition
in the pulmonary parenchyma. In addition, there was
marked increase in the expression of both a-SMA from
the myofibroblasts which was markedly increased in
the interalveolar septa, bronchial and smooth muscle
blood vessels. A significant disruption of the normal
alveolar architecture and an increase in extracellular
matrix deposition were also observed. These findings are
in agreement with previous experimental studies which
proved that the myofibroblasts are the primary sources
of type I collagen gene expression in the active fibrotic
sites®1331 Moreover, the present study showed structural
changes in both type I and II alveolar epithelial cells that
was revealed by electron microscopy. Multiple type II
alveolar cells showed some degenerative changes as empty
lamellar bodies and loss of their apical microvilli. Zakaria
et al., (2021)7 reported that both types of alveolar lining

epithelial cells are affected in BLM -induced interstitial
pneumonitis but type I is more vulnerable to injury.

In the current wok, there was significant rise of both
a-SMA, IL6 and collagen deposition in bleomycin treated
group II. This could be attributed to the dramatic rise
of the serum level of IL6 and TGP which are a strong
inflammatory cytokines indicating the presence of sever
inflammatory reaction; this was in agreement with
Zhao et al., (2014) &Shieh et al., (2019)2432, Moreover,
the presence of the mast cells which are specialized
granulocytes that aid in the healing of wounds. Mediators
derived from mast cells cause bronchoconstriction and
mucosal edema. These cells are increasingly implicated in
the pathophysiology of several airway disorders, including
IPF. It has been demonstrated that mast cells enhance
the migration and proliferation of fibroblasts. These
cells can produce histamine and mast-specific proteases,
which induce fibroblasts to secrete fibrogenic cytokines,
hence encouraging fibrosis progression. According to
(Pejler, 2020) & Reber et al., (2014)1'%2% mast cells and
mast cell-specific chymase MCPT4 can mediate acute
lung inflammation and injury in rats. In addition, elevated
serum levels oxidative stress markers denoting for severe
oxidative stress condition affecting the lung tissue and may
contribute to the drastic histological changes which were
observed in this group.

In the present study, Moderate improvement in the
collagen distribution and decrease in the inflammatory
cell infiltration were achieved by pirfenidone. Decreased
recruitment of mast cells, collagen deposition but with
persistent signs of degenerative changes on the alveolar
lining cells and loss of apical microvilli. In addition, there
was marked decrease in serum levels of both IL6 and TGf3
indicating the improvement of the inflammatory condition.
Moreover, there was decline in 0-SMA expression from
the myofibroblasts of the alveolar septa compared to the
bleomycin treated group; this was proved by the significant
statistical diminish in the expression of both o-SMA,
IL6 and collagen deposition between pirfenidone treated
group and bleomycin treated group II. Besides, obvious
improvement in the oxidative stress condition that was
confirmed by decline of serum levels of oxidative stress
markers. Pirfenidone efficacy in treatment of pulmonary
fibrosis in the animal models has already been determined
and it is expected to be useful for the treatment of patients
with idiopathic pulmonary fibrosis®.

The best results were clearly shown in the combined
group, there was an optimal improvement in the
histopathological characteristics, marked decrease of both
IL6, TGP and a-SMA expression. In addition, there was
marked decline of the serum inflammatory markers SOD,
MDA. This confirms the strong anti-inflammatory and
the antifibrotic proprieties of colchicine. From other point
of view, its combination with pirfenidone may already
enhanced its ability to control the drastic inflammatory
and fibrosis condition. Previous researches proved
Colchicine's anti-inflammatory properties through its
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ability to inhibit polymorph nuclear leukocyte migration
and phagocytosis®!l.

Previous findings of Cumhur Cure et al,
(2020) documented that colchicine failed to inhibit or had
a negligible effect on two cytokines that are believed to
initiate the nonspecific inflammatory response, TNF-a and
IL-6 production. Cumhur Cure et al., (2020)" reported that
colchicine has an advantage over IL-6 inhibition, it acts
upstream of the cytokine cascade and on other multiple
cytokinesPl. Prabowo&Apriningsih (2021) reported that in
rat models of bleomycin- and radiation-induced pulmonary
fibrosis, colchicine has been shown to be an effective
inhibitor of fibroblast proliferation and collagen synthesis.
Additionally, it has been demonstrated that colchicine
inhibits alveolar macrophage-derived growth factor and
fibronectin and increases collagenase production. This
makes colchicine a theoretically preferable candidate for
a combined therapeutic strategy!'”, this is in accordance
with the results of the present study. Recent global trends
emphasize the use of combined antifibrotic agents to treat
post-COVID pulmonary fibrosis!!"*. Multiple clinical
trials are still needed to emphasize the results of the current
investigation.

CONCLUSION AND RECOMMENDATIONS

In the present work, the antifibrotic anti-inflammatory
and antioxidant effects of colchicine and pirfenidone were
evaluated. The combined antifibrotic therapy offered
a remarkable improvement in the architecture of the
pulmonary tissue. There was a substantial improvement in
the histopathological and immunohistochemical features
in the combined group in comparison with pirfenidone
treated group. According to the findings of this study,
usage of combined antifibrotic therapy colchicine and
pirfenidone as a protective agent in pulmonary fibrosis
patients will greatly improve the inflammatory response
and its complications and as a result; will improve the
patients' symptoms and sequel of the disease.
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