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ABSTRACT

Introduction: Lung fibrosis is one of the worldwide progressive serious irreversible diseases. It causes progressive deterioration
of lung function and respiratory failure that necessitates lung transplantation. Amiodarone is an effective anti-arrhythmic drug
that causes several pulmonary adverse effects; the most serious of which is lung fibrosis. Recently, mesenchymal stem cells
(MSCs) and platelet rich plasma (PRP) have emerged as two promising alternative therapeutic tools that can replace organ
transplantation with all its drawbacks.

Aim of the Work: To compare the therapeutic effect of bone marrow (BM)-MSCs and PRP on amiodarone induced lung
fibrosis in adult male albino rat model.

Materials and Methods: Fifty three adult male albino rats were divided into 4 groups in addition to donor group; those
include: group I (control), group II (lung fibrosis) was injected daily with amiodarone (80 mg/ kg) IP for 4 weeks, group III
(BM-MSCs) was treated as group II then was injected with a single IV dose of 1 ml of MSCs (3x103) and left for 4 weeks
and group IV (PRP) was treated as group II then was injected IP with PRP (0.5 ml/kg) twice weekly for 4 weeks. Serum
levels of Malondialdehyde (MDA) and transforming growth factor beta (TGF-) were measured. Lung sections were stained
with H&E, Masson trichrome and immunohistochemical stain for alpha smooth muscle actin (a-SMA), Bax and CD68. Also,
morphometric and statistical analysis were done.

Results: Group II showed typical histological features of lung fibrosis with abnormal architecture, biochemical and
morphometric parameters. While group III & IV showed marked and partial improvement respectively in the histological
architecture, biochemical and morphometric parameters.

Conclusion: BM-MSCs proved to be a more promising therapeutic agent for treatment of lung fibrosis than PRP due to their
distinctive regenerative, anti-apoptotic and anti-inflammatory effects.
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INTRODUCTION

Lung fibrosis is indeed a serious disease of gradual
onset distinguished by the increased collagen fibers
formation, accumulation of fibroblasts, and architectural
changes in the lungs. The condition involves the thickening
and scarring of pulmonary tissue, which causes loss of
normal lung structure with impaired gas exchange!'>%,
Unfortunately, lung fibrosis is generally considered
irreversible, over time, as the fibrosis progresses pulmonary
function gradually deteriorates, causing respiratory failure
within few years**!,

Lung fibrosis can arise from various factors, including
inflammatory lung diseases, hypersensitivity pneumonitis
and radiotherapy. Also, certain drugs like bleomycin and
amiodarone and viruses as corona virus have been linked
to lung fibrosis in addition to some cases with unknown
causel®"8,
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The exact mechanisms underlying the development
of lung fibrosis are not clear completely, but the release
of reactive oxygen and nitrogen radicles may play a role.
These toxic substances can elevate transforming growth
factor-beta (TGF-B) in wvarious cell types, including
macrophages®.

Amiodarone is an  efficient  antiarrhythmic
medication!'”. Though, it can induce many adverse effects
on the lung, including pneumonia, alveolar destruction and
fatal pulmonary fibrosis through exerting direct toxic effect
on lung tissue and creating oxidative stresst'l. Therefore,
we have chosen amiodarone as the agent to induce lung
fibrosis in our model.

Nowadays, lung transplantation is the only successful,
life-saving therapeutic choice for pulmonary fibrosis and
advanced pulmonary disease cases!’?. However, due to
factors such as limited availability of lung donors, high
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costs, significant complications, and lower survival rates,
lung transplantation is no longer considered the optimal
choice for these patients!'?.

Regenerative medicine has emerged as an effective
alternative that can overcome the limitations accompanied
with organ transplantation. One key component of this
field is a group of versatile adult mesenchymal stem
cells (MSCs) that exhibit unique abilities for self-
mantainance and transdifferentiation into various cell
types. MSCs also demonstrate unique regenerative, anti-
apoptotic, angiogenic, and anti-inflammatory properties.
Furthermore, they have low immunogenicity, meaning
they are less likely to cause an immune response, and
ethical concerns surrounding their use are minimal. These
characteristics make MSCs a prospective therapeutic
choice for the treatment of various illnesses!'>'4l.

Moreover, platelet-rich plasma (PRP) has evolved
as a novel therapeutic strategy that has gained global
popularity!s!. PRP is prepared from a person's own plasma
through centrifugation, producing a limited quantity
of plasma that contains an elevated level of platelets
surpassing the usual levels. It has been applied in various
medical fields and is considered a viable alternative for
treating several diseases. One of the advantages of PRP is
its cost-effectiveness, as it is constructed from the patient's
blood. Additionally, the risk of adverse effects and rejection
is minimal due to its autologous naturet!®!¢],

MATERIALS AND METHODS

Drugs

1. Amiodarone: Cordarone 200mg tablets (Sanofi,
Aventis) were converted into powder by grinding,
and the calculated dose for each rat was prepared
in Iml polysorbate 80 (El-Gomhoria, Egypt), that
is the solvent for amiodarone.

2. Bone marrow Mesenchymal Stem cells (BM-
MSCs): Preparation of MSCs from BM: was
conducted in the following steps!”":

*  Sacrifice and preparation: Three male albino
rats, aged 6 weeks, were killed by injecting
them IP with phenobarbital (120 mg/kg)™2°!.
After sacrifice, the tibia and femur bones
were dissected.

e Flushing and collecting of BM: femur and
tibia were rinsed with a mixture of Dulbecco's
modified Eagle's medium (DMEM) and 10%
fetal bovine serum (FBS). This procedure
facilitated the retrieval of the bone marrow.

e Isolation of nucleated cells from BM:
To isolate these cells, A density gradient
medium was employed. Density gradient
centrifugation allows for the separation of
different cell types based on their density.

* Resuspension and culture  medium

preparation: The separated nucleated cells
then were suspended in a complete culture
medium that was mixed with 1% penicillin-
streptomycin. This medium provides the
necessary nutrients and growth factors for
the cells to grow and proliferate.

e Incubation and primary culture: The
resuspended cells were kept in a humidified
incubator medium with 5% carbon dioxide
at 37 °C. This incubation period lasted for
2 weeks or until enormous colonies of cells
were developed. During this time, the cells
attached to the culture flask and started
proliferating.

*  Washing and trypsinization: Once the
colonies reached a substantial size and
achieved an adequate confluence, the cell
cultures underwent a washing process by
PBS for 2 times. Following the washes,
the cells were treated with a solution of
0.25% trypsin in 1 ml EDTA for a duration
of 5 minutes. This trypsin treatment aids in
detaching the cells from the surface of the
culture flask.

*  Resuspension and second-passage culture:
The separated cells were trypsinized, then
resuspended in a medium that contained
serum and incubated in a brand-new culture
flask (50 cm?). This step represents the first
passage of the cell culture.

* Identification of MSCs: The identification
of MSCs was performed based on their
morphological  characteristics. =~ MSCs
typically have a fusiform (spindle-shaped)
morphology and exhibit adhesiveness to
surface of culture.

Labeling of stem cells with PKH26 dye:"®

A fluorescent dye called Paul Karl Horan-26 (PKH-
26) (Sigma company, Egypt) was used to label MSCs that
were obtained from the second passage to trace homing of
stem cells in the lung. The cells were pelleted, washed in a
medium devoid of serum, and then labeled. Once labeled,
the MSCs were injected into the rats via the tail vein using
a sterile syringe and saline solution. Rats were sacrificed 3
days after MSCs injection and the injected cells were then
examined in unstained lung sections under a fluorescent
microscope for visualizing and tracking their presence, as
indicated by the PKH26 red fluorescence.

Injection of MSCs: rats in group III were administered
labeled MSCs that had been mixed with one ml saline.
The mixture was aspirated into a sterilized needle with a
volume of 1 ml and injected into each rat via the tail vein.

Platelet rich plasma (PRP)

Five donor rats were used to collect 3 ml of blood each,
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by a sterilized needle that contained 0.3 ml of sodium
citrate. A sterilized falcon tube was used to hold the
collected blood. To separate desired components, a seven
minutes centrifugation of the citrated blood was performed
at 3000 rpm (revolutions per minute). Buffy coat, including
leukocytes and platelets, was carefully removed from the
supernatant after centrifugation and transferred to a second
sterilized falcon tube. For a second occasion, a five minutes
centrifugation was carried out at 4000 rpm. This process
resulted in the formation of platelet pellet at the bottom of
the tube, representing PRPU.

Both BM-MSCs and PRP were prepared in laboratory
of Biochemistry Department, Faculty of medicine, Cairo
University.

Animals

This study included 53 adult male albino rats (150-
200 gm. BW) (8 rats used as donor rats, the remaining 45
rats were used in the experiment). The rats were kept in
appropriate well-ventilated wire cages at room temperature.
They were provided with water and food freely. Throughout
the study, all procedures were performed according to the
ethical rules of Cairo University-Institutional Animal Care
and Use Committee (CU-IACUC) (Approval number [CU
1 F 43 23]).

Experimental design

Donor group: 8 rats, used to obtain MSCs and PRP as
mentioned above.

Four groups were created at random from the remaining
45 rats:

Group I (Control Group): 15 animals, received the
drug solvent via the same route of administration and
for the same experimental periods as the corresponding
experimental groups.

It was subsequently separated into three identical
subgroups, each with five rats:

*  Subgroup la: corresponding to group II, Rats were
IP injected with 1 ml of polysorbate 80 (vehicle
of amiodarone) for four weeks before being
sacrificed.

e Subgroup Ib: corresponding to group III, rats
received the same treatment identically with
subgroup Ia for the same period, after that,
injected once with 1ml PBS (vehicle of stem
cells) intravenously (IV) through tail veins
(after completion of amiodarone injections) then
sacrificed after four weeks.

*  Subgroup Ic: corresponding to group IV, rats
received the same treatment identically with
subgroup Ia for the same period, after that, injected
with 1ml sodium citrate (vehicle of PRP) IP (after
completion of amiodarone injections) twice/week
for four weeks then sacrificed.

The other 30 rats were allocated evenly in the form of 3
experimental groups (each with 10 animals):

Group II (Lung fibrosis): animals were injected daily
with amiodarone (80 mg/ kg) IP for four weeks!'” then
sacrificed to confirm induction of lung fibrosis.

Group IIT (BM-MSCs): Animals received the same
treatment identically with group II for the same period,
after that, injected once with IV dose of 1 ml of MSCs
(3x10%)M (after completion of amiodarone injections)
through tail vein and sacrificed after four weeks (except
for 2 rats sacrificed 3 days after MSCs injection to trace
homing of PKH- labelled MSCs in the lung tissue).

Group IV (PRP): Animals received the same treatment
identically with group II for the same period, after that,
injected IP with PRP (0.5 ml/kg)!'”, (after completion of
amiodarone injections) twice /week for four weeks then
sacrificed.

Experimental procedure

Biochemical Study: two ml of venous blood were taken
from each animal at the conclusion of experiment, just
before sacrifice to assess serum level of malondialdehyde
(MDA) and transforming growth factor beta (TGF-f).
These investigations were performed at laboratory of
Biochemistry Department, Kasr Al-Aini Faculty of
Medicine, Cairo University by radioimmunoassay (RIA)

Histological Study: To sacrifice animals after
completion of experiment, they received IP phenobarbital
(120 mg/kg)?. The lungs were dissected out, cut and
specimens were quickly put in 10% formol saline for
fixation and immersed in paraffin blocks. Subsequently,
sections of about 7 pm thickness were cut and exposed to
the following:

Light microscopic study
a. Hematoxylin and Eosin (H and E) stain?!!.
b. Masson Trichrome stainf??l.

c. Immunohistochemical staining® for:

* a-SMA: A marker for fibrosis. The primary
antibody was a rabbit polyclonal antibody
(ABT1487, Sigma company, Egypt). o-SMA
positive cells showed brown cytoplasmic deposits.

*  Bax: Proapoptotic member of Bcl-2 family which
promotes cell death through direct interactions
with the proapoptotic members®)]. Bax primary
antibody was a mouse monoclonal antibody
(Labvision, Thermoscientific, USA). Bax positive
cells showed brown cytoplasmic deposits.

*  CDG68: A marker for macrophages. CD68 primary
antibody was a mouse monoclonal antibody (Cell
Marque. Rocklin, CA. USA). CD68 positive cells
showed brown cytoplasmic deposits.

To do immunostaining, the tissue sections underwent
antigen unmasking by boiling them in a 10 mM citrate
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buffer (Cat. No, AP 9003) with a pH of 6. This boiling
process lasted for 10 minutes. Subsequently, the sections
were allowed twenty minutes to cool at RT. Next, sections
were exposed to primary antibodies for a duration of
1 hour. For immunostaining, the Ultravision detection
system (Cat. No, TP-015-HD) was employed. After that,
Mayer's hematoxylin stain (Cat. No, TA-125-MH) was
used to counterstain the sections. The used materials were
procured from Lab Vision Thermo Scientific, California,
USA.

Fluorescent microscopic study: In group III (BM-
MSCs group), sections that were not subjected to stain
belonging to rats sacrificed 3 days after MSCs injection
were investigated using fluorescent microscope.

Morphometric Study

Image analysis was set up using Leica Qwin 500 C"
image analyzer computer system (Cambridge, England)
at Histology Department, Faculty of Medicine, Cairo
University. Alveolar surface area, number of pneumocyte
type II, area percent of collagen fibers and positive
immunoreactivity for a-SMA and Bax and number of
CD68 positive macrophages were calculated in the related
sections in 10 fields without overlap from different sections
belonging to each group separately (x400).

Statistical Analysis

It was done for whole morphometric and biochemical
findings using SPSS software update 21 and presented
as mean = standard deviation (SD). To do comparison
between various groups, ANOVA test was employed, then
a post hoc Tukey test was done. Statistical significance
was determined by evaluating the p-value, and differences
were deemed of statistical significance when the p-value
was lower than 0.05741,

RESULTS

General comments

No morbidity or mortality was reported throughout the
study in any group. The results of control subgroups were
identical, so they were presented as the control group.

Biochemical results

Mean values of MDA and TGF- level in serum were
significantly increased in lung fibrosis group versus the
control, BM-MSCs and PRP treated groups. However,
PRP group recorded a significant increase of these levels
versus control and BM-MSCs groups (Table 1).

Histological results
Haematoxylin and Eosin results

Lung sections of control rats displayed typical
histological configuration; alveoli and alveolar sacs were
patent, with thin alveolar septa and the lining of bronchioles
exhibited columnar cells and Clara cells. The alveolar
lining revealed predominant flat nucleated squamous
cells (pneumocytes 1) and few large cuboidal cells

displaying spherical nuclei (pneumocytes II). Pulmonary
blood capillaries were noticed in the alveolar septa
(Figures 1 a,b).

Lung sections of group II (Lung fibrosis) revealed
loss of normal architecture, presented by consolidation of
large areas of lung tissue, collapsed alveoli with greatly
thickened alveolar septa. The Iumen of bronchioles
contained detached epithelial cells. Alveoli were mainly
lined by pneumocyte type II cells. Numerous fibroblast
cells in addition to many pneumocytes II were noticed
in thickened interalveolar septa. Some pneumocyte type
IT cells aggregated in the form of acini. Thickened wall
of pulmonary blood vessels and heavy inflammatory
cell infiltration between the alveoli as well as around the
bronchiolar adventitia were observed. In addition, fluid
exudates, extravasation of RBCs in the thickened septa
were seen (Figures 2 a-d).

In group III (BM-MSCs treated group), lung sections
demonstrated nearly normal lung appearance. The alveoli
were patent, mostly separated by thin septa containing blood
capillaries. Alveolar lining illustrated more pneumocyte I
and less pneumocyte II compared to group II. Occasional
partially collapsed alveoli were noticed. The bronchioles
appeared normal (Figures 3 a,b).

While sections of group IV (PRP treated group)
illustrated partial histological improvement compared to
lung fibrosis group. Some alveoli appeared patent with thin
interalveolar septa, while others were collapsed or partially
collapsed and separated by thickened interalveolar septa.
The alveolar lining exhibited predominant pneumocyte
II with few pneumocyte type I cells. The thickened
interalveolar septa exhibited many fibroblasts and
pneumocyte type II cells with extravasated RBCs.
There were some separated epithelial cells visible in the
bronchioles' lumen. In addition, moderate inflammatory
cell infiltration around some bronchiolar adventitia
and thick wall of some blood vessels were noticed
(Figures 3 c,d).

Masson trichrome results

Control and BM-MSCs groups illustrated scanty
collagen fibers in lung interstitium. While lung fibrosis
group illustrated heavy collagen fibers distribution in the
interstitium. Concerning PRP treated group, moderate
amount of collagen fibers was noticed in lung interstitium
(Figures 4 a-d).

Alpha-SMA Immunostaining

The control group illustrated negative cytoplasmic
a-SMA immunoreaction in the alveolar lining cells.
While lung fibrosis group demonstrated strong positive
cytoplasmic immunoreaction in abundant fibroblasts and
pneumocytes type II. BM-MSCs treated group revealed
faint positive cytoplasmic immunoreaction. Concerning
PRP treated group, strong positive cytoplasmic
immunoreaction was noticed in multiple fibroblasts and
pneumocytes type II (Figures 5 a-d).
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Bax Immunostaining

Control sections illustrated mild cytoplasmic Bax
immunopositivity in few type I and type II pneumocytes.
While lung fibrosis group demonstrated widely distributed
severe positive cytoplasmic Bax immunoreactivity. BM-
MSCs treated group showed mild positive cytoplasmic Bax
immunoreaction in some type I and type II pneumocytes.
Regarding PRP treated group, sections showed strong
positive cytoplasmic Bax immunoreaction in numerous
cells (Figures 6 a-d).

CD68 Immunostaining

Control and BM-MSCs groups revealed few numbers
of macrophages with positive CD68 immunoreaction. This
number was highly increased in the lung fibrosis group and
moderately increased in PRP treated group (Figures 7 a-d).

Fluorescent microscopic results

Fluorescent microscopic examination of unstained
sections related to BM-MSCs group by the illustrated red
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colored fluorescence of BM-MSCs labelled with PKH-26
in lung interstitium (Figure 8).

Quantitative morphometric results

Mean alveolar surface area of Lung fibrosis group
recorded a significant descent versus control, BM-
MSCs and PRP groups. PRP treated group also revealed
significantly low alveolar surface area in comparison
with control and BM-MSCs groups. Lung fibrosis group
showed significantly high number of pneumocytes II,
area percent of collagen fibers, area percent of positive
Bax immunoreactivity and number of macrophages with
positive CD68 immunoreactivity versus the control, BM-
MSCs and PRP groups. PRP group also showed a significant
elevation in these values when compared to control group
and BM-MSCs group. Control group demonstrated
negative immunoreactivity for a-SMA. Lung fibrosis
group recorded a significantly elevated immunoreaction of
a-SMA in comparison with control, BM-MSCs and PRP
groups. PRP group also displayed a significant increase in
this value versus control and BM-MSCs groups (Table 2).

20 pm

_

Fig. 1: Photomicrographs control group H and E lung sections (a,b) showing: a: Patent alveoli (A) and alveolar sacs (AS), exhibiting thin interalveolar septa
(S) and a normal bronchiole (Br) having columnar and Clara cells (double headed arrow) in their lining (x 200). b: Alveolar lining shows predominant flat
nucleated pneumocyte I (arrowheads) and less pneumocyte 11 exhibiting spherical nuclei (arrow). Note pulmonary blood capillaries (C) in the interalveolar
septa (x 400).
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Fig. 2: Photomicrographs of Hand E sections of lung fibrosis group (a,b,c and d) illustrating a: Consolidated part with collapse of the alveoli (CA), marked
thickness of interalveolar septa (S) and extravasation of RBCs (stars) in the lung interstitium between the alveoli (x 200). b: A bronchiole containing detached
epithelial cells (DC) in its lumen, heavy inflammatory cellular infiltration (II) around the adventitia of the bronchiole, some pneumocyte type II cells forming
acini (circle) around fluid exudate (E) (x 200). ¢: A pulmonary blood vessel (BV) with very thickened wall (TW). Note Detached epithelial cells (DC) in the
lumen of a bronchiole and extravasated RBCs (stars) between the alveoli (x 200). d: Alveolar lining exhibits pneumocytes II (arrows) mainly. Thickened
interalveolar septa exhibiting many fibroblast cells (F) in addition to increased number of pneumocytes type II (arrows). Note pneumocyte type Il formed an
acinus(circle) with fluid exudate (E) (x 400).
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Fig. 3: Photomicrographs of H&E sections of BM-MSCs group (a,b) demonstrating: a: Patent alveoli (A) and alveolar sacs (AS), thin alveolar septa (S) and
a normal bronchiole (Br). Note occasional partially collapsed alveoli (CA) (x 200). b: Alveolar lining mostly display pneumocyte 1 (arrowheads) and few
pneumocyte type II cells (arrow). The interalveolar septa exhibit pulmonary blood capillaries (C) (x 400). PRP treated group (c,d) showing c: Some alveoli (A)
are patent with thin interalveolar septa (S) while others appear collapsed or partially collapsed (CA) with thickened interalveolar septa (S). Detached Epithelial
cells (DC) are seen in the lumen of a bronchiole. Note moderate inflammatory cellular infiltration (II) around the adventitia of a bronchiole and moderately
thickened wall (TW) of a pulmonary blood vessel (BV) (x 200). d: Alveoli (A) and alveolar sacs (AS) lining reveal mainly pneumocyte II (arrows) with few
pneumocyte I (arrowheads). The thickened septa exhibit many pneumocytes type II (arrows) and fibroblasts (F) in addition to extravasated RBCs (stars) (x 400).
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Fig. 4: Photomicrographs belonging to lung sections stained with Masson trichrome revealing: a: Control group a and c: BM-MSCs treated group demonstrating
scanty collagen fibers (arrow) in lung interstitium. b: Lung fibrosis group demonstrating heavy distribution of collagen fibers (arrows) in lung interstitium. d:
PRP treated group showing moderate collagen fiber amount (arrow) in lung interstitium (x 400).
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Fig. 5: Photomicrographs of lung sections immunostained with o SMA showing: a: Control group showing negative cytoplasmic ¢ SMA immunoreaction in
the alveolar lining cells. b: Lung fibrosis group revealing strong positive cytoplasmic immunoreaction in abundant fibroblasts (wavy arrows) and pneumocytes
type II (arrows). c: BM-MSCs treated group demonstrating faint positive cytoplasmic immunoreaction in some pneumocytes type Il (arrows). d: PRP treated
group demonstrating strong positive cytoplasmic immunoreaction in multiple fibroblasts (wavy arrows) and pneumocytes type II (arrows) (x 1000).
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Fig. 6: Photomicrographs of Bax stained sections displaying: a: Control sections showing mild positive cytoplasmic Bax immunoreaction in few pneumocytes
type I (arrowhead) and type II (arrow). b: Lung fibrosis group demonstrating widely distributed severe positive cytoplasmic Bax immunoreaction in pneumocytes
I (arrowheads) and pneumocytes II (arrows). c: BM-MSCs treated group revealing mild positive cytoplasmic Bax immunoreaction in some pneumocytes I
(arrowhead) and pneumocytes II (arrows). d: PRP treated group demonstrating strong positive cytoplasmic Bax immunoreaction in numerous pneumocytes I
(arrowhead) and pneumocytes II (arrow) (x 400).
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Fig. 7: Photomicrographs of CD68 sections showing: a: Control group and c: BM-MSCs treated group demonstrating few macrophages with positive CD68
immunoreaction (arrows). b: Lung fibrosis group showing highly increased number of macrophages with positive CD68 immunoreaction (arrows) d: PRP
treated group illustrating moderately increased number of macrophages with positive CD68 immunoreaction (arrows) (x400).

Fig. 8: Photomicrograph of lung unstained section related to group III (BM-MSCs group) demonstrating red colored fluorescence of homed MSCs labelled
with PKH-26 in lung tissue (PKH26 fluorescent dye, (x 200).
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Table 1: Mean values + SD of Serum MDA and TGF-J levels in the experimental groups

Control Lung fibrosis BM-MSCs PRP

Serum MDA 5.63+1.19 9.27 4 1.22%¢ 6.254 1.15™ 7.92 +0.85%
Serum TGF-B 4.57+0.75 10.28 £ 1.09 9 4.33£1.72% 6.1 % 1.21 %

a Significantly different versus control group at P<0.05

b Significantly different versus group II at P<0.05

¢ Significantly different versus group III at P<0.05

d Significantly different versus group IV at P<0.05

Table 2: Mean values + SD of morphometric parameters in the experimental groups.

Control Lung fibrosis BM-MSCs PRP

Alveolar surface area 2093 +7.4 247.5+9.7 *d 2088 + 14.4 %4 1659 + 7.4 ¢
Mean no. of pnemocytes type II 2.6+0.91 8.7+ 0.87¢ 3.1+0.72™ 4.87+1.05%%
Area % of collagen fibres 3.76 £0.47 12.79 £ 1.43 % 3.58+0.67 ™ 4.96 +0.67
Area % of Bax +ve immunoreactivity 3.02+0.01 8.14+ 1.5 3.19+£0.67% 4.36 +£0.48 **
Area % of a-SMA +ve immunoreactivity 0.00 £ 0.00 9.46 + 1.06 *¢ 1.35+0.47 % 6.77 £ 1.05®¢
Mean no. of macrophages with positive CD68 immunoreactivity 1.6 +£0.18 232+1.23 24+09" 10.5+ 1.44 ¢

a Significantly different versus control group at P<0.05
b Significantly different versus group II at P<0.05

c Significantly different versus group III at P<0.05

d Significantly different versus group IV at P<0.05

DISCUSSION

Tissue fibrosis is linked to global morbidity and
mortality®). Pulmonary fibrosis; in particular, is a
condition with poor prognosis and limited treatment
options. However, recent advancements in alternative
therapies including the use of MScs and PRP have revealed
encouraging outcomes in the management of pulmonary
fibrosis®*?’). Therefore, this study aimed at comparing
the therapeutic effectiveness of these two therapies in
ameliorating a model of pulmonary fibrosis elicited by
amiodarone drug in rats.

In this work, fibrosis of lung was conducted via
amiodarone injection. As amiodarone possesses lipophilic
properties, it tends to accumulate in various tissues and
interact with the phospholipids present?®. Consequently,
the pathogenesis of amiodarone induced lung fibrosis is
dependent on the cumulation of phospholipid complexes
within tissue macrophages and type II pneumocytes.
Moreover, studies by Hasan et al. in 2016”1 and Gawad
et al. in 2018P% have associated lung toxicity induced by
amiodarone with high emission of ROS hence damaging
membrane lipids.

Malondialdehyde (MDA) represents the end product of
peroxidation occurring in polyunsaturated fatty acids. Its
level serves as a widely recognized indicator for oxidative
stressP®!l. The data from the present study demonstrated
significantly elevated serum MDA levels in the lung fibrosis
group versus both the control group and all experimental
groups, thereby indicating the presence of oxidative stress.
These findings align with the observations made by Maher
et al., 20200,

In cases of acute lung insult, alveolar epithelial
breakdown typically leads to subsequent destruction of
the normal structure of the alveoli as well as the discharge
of wvarious inflammatory cells, which consequently
activate immune reaction®?. Inflammation usually serves
as the initial step of the tissue repair response. However,
if inflammation persists, it ultimately terminates in
fibrosis®. Development of fibrosis was morphometrically
assessed by sections stained by Masson trichrome, which
demonstrated statistically significant expression of
collagen in lung fibrosis group versus that of the control
and all experimental groups.

In lung fibrosis group, H and E sections uncovered
the loss of normal architecture, characterized by the
consolidation of diffuse regions of lung tissue and collapsed
alveoli accompanied by marked thickening of alveolar
septa. The bronchiole lumens contained detached epithelial
cells. The alveolar lining mostly displayed pneumocyte
II cells. The septa between alveoli revealed an increased
number of fibroblast cells as well as pneumocyte type II
cells. These findings were similar to those of Al-Shammari
et al., 2016P4, Gawad et al., 20188 and Moustafa
et al., 202083, Additionally, some pneumocyte II cells
aggregated in the form of acini, potentially indicating that
they try to engage in repair processes which is in harmony
with Anversa et al., 20112¢, who identified pneumocyte I1
cells to be local progenitor cells capable of regeneration
and restoration of respiratory tract epithelium.

Examination revealed a thickened wall of pulmonary
blood vessels with heavy cellular invasion of inflammation.
Additionally, expanded septa displayed fluid exudates and
extravasation of red blood cells. It was established that in
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cases of fibrosis, pulmonary capillaries, particularly those
located in fibrous areas, exhibited an increased collagen
genes expression, which actively participates in secretion
of extracellular matrix®”. Moreover, within fibrotic tissues,
the robust proliferation of fibroblasts induces abnormal
angiogenesis to meet the nutritional demands of these
dividing fibroblasts?®,

Numerous studies have thoroughly documented
engagement of various cell types in the initiation of fibrosis
process in lung. The prominent players in this complex
process include epithelial lining cells, macrophages, and
fibroblastsi*?). Notably, pneumocytes are responsible
for a main part in development of lung fibrosis*”l. Both
pneumocyte type I, II are crucial in maintaining the
proper structure of the alveolar wall. When pneumocyte
I die due to any pathology, the compensatory response
typically involves the proliferation and differentiation of
pneumocyte II into pneumocyte I, ensuring integrity of the
alveoli®*!l. However, in the context of lung fibrosis, chronic
injury triggers the apoptosis of pneumocyte I, leading to
their subsequent loss and the hyperplasia of pneumocyte
II. Contrary to their regenerative role, these pneumocyte
II begin to release an array of inflammatory cytokines.
Consequently, these cytokines contribute to the pathogenic
activation and proliferation of fibroblasts together with
an enhanced deposition of collagen and subsequent
alveolar collapset*?. Furthermore, under pathological
conditions, the epithelial mesenchymal transition (EMT)
serves as well-known reservoir of myofibroblasts*.
This phenomenon can explain the significantly increased
positive cytoplasmic a-SMA immunoreactivity observed
in abundant fibroblasts and pneumocytes II in sections of
lung fibrosis group in contrary with MSCs and PRP treated
groups in current study.

Among the most important profibrotic cytokines
comes TGF-B1 exerting its influence on lung fibrosis
through the activation of macrophages and fibroblasts,
subsequently leading to the deposition of extracellular
matrix. Additionally, TGF-B1 triggers conversion of
fibroblasts giving rise to myofibroblasts. Added to that,
it was discovered that TGF-f1 encourages production of
extracellular matrix by upregulating certain profibrotic
genes, like a-SMAM. This could explain findings
regarding serum levels of TGF-B1 in this work, which
showed significantly high levels in lung fibrosis group in
comparison to control group and all experimental groups.
It also supports the results of the current study regarding
immunostaining with o-SMA antibodies, that showed
significantly intense staining of lung sections in the lung
fibrosis group versus the control group and all experimental
groups.

Moreover, it has been documented that TGF-B1
stimulation contributes to epithelial cells apoptosis, and
as long as TGF-B1 production persists, epithelial cell
injury continues. This finding goes parallel with the results
obtained in this study, where immunostaining with Bax
antibodies showed significantly intense staining of lung

sections in the lung fibrosis group versus the control group
and all experimental groups. Bax; apoptotic protein, exerts
a notable influence on mitochondrial-dependent apoptosis.
It was documented that Bax induces epithelial cell death
while simultaneously promoting fibroblast proliferation in
cases of idiopathic lung fibrosis. Notably, oxidative stress
has been recognized as a pivotal factor in the activation of
Bax™,

On the other hand, within an inflammatory
microenvironment, the release of various cytokines can
stimulate different intracellular signaling pathways in
macrophages, ultimately leading to an increased expression
of macrophage associated polarization markers. This, in
turn, stimulates macrophages trans-differentiation into
two distinct phenotypes: M1 (pro-inflammatory), which
produce inflammatory mediators, and M2 macrophages
(pro-fibrotic), which generate pro-fibrotic factorst®l. This
is supported by immunohistochemical results in the current
study regarding immunostaining with CD68 antibodies,
one of the macrophage polarization markers that showed
significantly intense staining in fibrosis group versus the
control group and all experimental groups. This agreed
with Hamam ef al., 2019 who noted significantly
increased mean number of CD68-positive cells in cases of
lung fibrosis induced by CCL4 versus control and MSCs
treated groups.

Treatment with MSCs demonstrated significant
improvement in all investigated parameters compared to
lung fibrosis group and PRP treated group. The data from
this group exhibited results that were nearly comparable
to those of control group. In H and E stained sections,
alveolar majority was maintained patent and had thin septa
containing blood capillaries. The alveoli exhibited more
pneumocytes I and less pneumocytes II when compared to
lung fibrosis group. Occasional partially collapsed alveoli
were noticed. The bronchioles appeared normal. Masson
trichrome stained lung sections from the BM-MSC treated
group revealed that homed BM-MSCs significantly
alleviated lung fibrosis with markedly reduced collagen
deposition between the alveoli. Similar findings were also
reported by Sabry et al., 20141 and Zakaria et al., 20211,

Masson trichrome lung sections and H and E stained
sections related to MSCs group supported our findings
showing significant reduction in collagen expression in the
former, increased surface area of the alveoli and decreased
number of pneumocytes II in the latter in comparison to
those of lung fibrosis and PRP groups.

A further support to previous findings came from
serum levels of MDA and TGF-B1, where the difference
was negligible between MSCs and control groups while it
showed significant reduction in both relative to both lung
fibrosis group and PRP treated group suggesting a more
potent antioxidant and antifibrotic effect for BM-MSCs
versus PRP.

Furthermore, the immunohistochemical results aligned
with the other findings of this study. Immunostaining
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with Bax, a-SMA, and CD68 antibodies revealed that
the difference was non-significant between BM-MSCs
and control groups. However, a significant reduction was
observed compared to both lung fibrosis and PRP group.

Various mechanisms have been reported regarding
the repair of damaged lung tissue by BM-MSCs. In a
bleomycin lung fibrosis mice model, the homed MSCs
acquired characteristics of pneumocyte type I cells at
both the molecular and morphological levels. MSCs can
also transform into pneumocyte type II cells, which can
alleviate lung inflammation and fibrosis, and promote
healing. Sabry et al., 20148, stated that fibrosis resolution
is accelerated through epithelial restitution, and added that
stem cells renovate the organization of the cytoskeleton
of the alveolar epithelium. Moreover, MSCs facilitate the
regeneration of endothelial cells and restoration of vascular
integrity in lung tissue. Additionally, MSCs suppress
apoptosis, release growth cytokines, and stimulate cellular
regeneration and differentiation in damaged lung areas!*’..

It has been documented that the paracrine secretion of
MSCs serves a vital part in repair process of lung fibrosis
by reducing inflammation and fibrosis. Furthermore,
MSCs secrete immunosuppressive molecules that stimulate
conversion of pro-inflammatory macrophages to anti-
inflammatory ones. Additionally, MSCs secrete matrix
metalloproteinase, an enzyme that directly breaks down
the extracellular matrix, thereby facilitating the clearance
of fibrosist.

Whereas, PRP treated rats showed significant
refinement of all the variables investigated versus lung
fibrosis rats. However, the extent of improvement was
not as significant as observed in those treated with BM-
MSCs. Sections stained with H&E revealed some patent
alveoli surrounded by thin alveolar septa, while others
were collapsed or partially collapsed and separated by
thickened alveolar walls. The alveoli were primarily lined
by pneumocyte II cells, with only a few pneumocyte I cells
present. Some detached epithelial cells were observed in
the lumen of certain bronchioles. Moreover, there was
moderate cellular infiltration of inflammatory cells around
the bronchioles' adventitia and thickened walls of certain
pulmonary blood vessels. These findings were in line
with Maher et al., 2020!% where his study showed that
the lungs of the PRP treated group appeared relatively
normal with peribronchiolar mononuclear inflammatory
cell infiltration. EL-Shafei et al., 202351, also reported
that PRP significantly improved cisplatin-induced cardiac
damage.

These results were confirmed by significantly
increased alveolar surface area and significantly decreased
pneumocytes Il prevalence in PRP group versus lung
fibrosis group. PRP contains five to ten times higher
levels of growth factors than in complete blood. Such
factors are crucial for the regeneration of the injured area.
Additionally, PRP inhibits the release of cytokines, thereby
reducing inflammation!'®. Furthermore, PRP maintains

the integrity of the pulmonary vasculature by stimulating
angiogenesis, as well as stem cells multiplicity and
distinction through paracrine and autocrine pathwaysP?!.
Moreover, PRP induces lung healing by promoting
epithelial cell regeneration, relying on some epithelial
stimulating factors like keratinocyte and hepatocyte
growth factors®. Furthermore, platelets possess anti-
inflammatory properties as they inhibit the nuclear factor-
kB pathway and can actively circulate, forming complexes
with other inflammatory and immune cells in various
disordersP!.

PRP treated group sections stained by Masson trichrome
showed average collagen fibers deposition in the lung
interstitium. This was supported by our histomorphometric
results that showed significant reduction in collagen fibers
percentage in PRP treated group versus lung fibrosis group.
Antifibrosis action of PRP can be returned to its content
of anti-fibrotic molecules, such as serum amyloid protein
and hepatocyte growth factor, which have the ability to
suppress fibrosis and regulate macrophage function!l.

Going in line with previous findings, serum MDA and
TGF-B1 level demonstrated a considerable decline versus
lung fibrosis group. Similar results were reported by
Maher et al., 20201, who observed significant decreased
MDA in rats treated by PRP at the 5th and 6th weeks of the
experiment in comparison to the lung fibrosis group.

Immunohistochemical analysis were also in line with
the other findings of our study where immunostaining
with 0-SMA and CD68 antibodies revealed a significant
reduction compared to the lung fibrosis group, indicating
a decrease in fibrotic activity and macrophage infiltration.
Regarding immunostaining with Bax, it also showed
significant reduction in comparison to lung fibrosis group.
Salem et al., 2018531, demonstrated that PRP possesses
an anti-apoptotic effect by reducing the mRNA level
of caspase-3, while increasing the mRNA level of Bcl-
2 protein (an anti-apoptotic regulator). These findings
suggest that PRP holds promise as an approach for the
treatment of various diseases.

CONCLUSION

This study demonstrated that amiodarone induced
fibrosis in rat lungs. BM-MSCs and PRP significantly
improved pulmonary fibrosis induced by amiodarone as
proved by biochemical, histological and morphometric
studies. The current findings demonstrated a more
obvious improvement in response to BM-MSCs than PRP
suggesting its possible future use as a therapeutic modality
for attenuating lung fibrosis.
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