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Abstract
Idiopathic Pulmonary fibrosis (IPF) is a progressive and devastating
disease. This chronic disease is characterised by the accumulation
of Extracellular Matrix (ECM) and remodeling of the lung tissue. The
pathogenesis of the IPF is unclear, however, there are a certain
number of known environmental and genetic risk factors that have
been linked to the development of the condition such as smoking
and aging.
Keywords
Mast cell; Sheep; Pulmonary fibrosis

Introduction
Different type of cells, like the epithelial-mesenchymal cell,
fibroblast/myofibroblast, lymphocyte, macrophage, and mast cell
contribute in the process of the disease [1-3].
IPF is a devastating disease and the survival time after diagnosing
the disease is 3 to 5 years [4-7]. Diagnosis and treatment can be
costly to IPF patients and the healthcare system as well. Due to a
retrospective study of patients in 2008, over $1 billion dollars per year
was being funded for 89000 patients and it reaches to around $2.6
billion dollars in 2013 [8,9].
IPF is defined as a “chronic fibrosing interstitial lung disease
and characterized by a histopathological pattern of usual Interstitial
Pneumonia (UIP)”. Deterioration of lung function and dyspnoea
or shortness of breath are other symptoms of IPF. By using HighResolution Computed Tomography, (HRCT) UIP is identified. In
fact, the presence of fibrosis on peripheral portions of the lungs and
subpleural accentuation are characteristic of UIP. The pleural surface
displays a cobblestone appearance, which corresponds with diffuse
and heterogeneous fibrosis. The histopathological characteristics of
IPF are epithelial cell hyperplasia, interstitial infiltrate by plasma cells
and lymphocytes and fibroblast foci. Fibroblasts foci are often found
at the interface between normal parenchymal tissue and fibrotic tissue
[10,11].
The focus of the present study is on mast cells and their
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morphologic changes in different treatment groups. In this study, we
conducted measurement of the area, diameter, roundness and granule
percentage of mast cells.

Materials and Methods
The lung tissues used for the research were collected from 2 Ph.D.
projects that were conducted by Louise Organ and S. Nimanthi V.D.,
Centre for Animal Biotechnology, University of Melbourne. The
study completely adhered to the Australian Code of Practice for the
care and use of animals for scientific purposes.
Female merino-cross lambs aged 6 months were used in this
experiment. They were sourced from one farm, transported to
and housed in the Veterinary Science Animal Faculty during the
experimental period. Also, all protocols outlined in this study were
carried out at a room temperature of 21-22˚C. Ovine model: Recently,
an ovine model for PF was developed by Organ et al., which could
provide a certain number of significant improvements over the
murine model. The segmental approach used allows for internal
controls, with treatments not affecting adjacent lobes. It paves the
way for experimental procedures such as repeat sampling of BALF via
bronchoscopy, sequential lung function measurements, and repeat
biopsy and blood sampling throughout the course of an experiment.
Limitation treatment to defined areas, helped untreated areas of the
lung remained healthy with normal function and did not result in
any associated clinical effects. The ability to observe lung segments
at various stages of fibrosis within the same animal is an important
advantage compared to previous bleomycin models such as the mouse
model. The administration of bleomycin using a bronchoscope also
allows targeted exposure of the most distal areas of the lung segment
to the bleomycin whilst also producing a fast fibrotic response. This
simulates the fibrotic pattern seen in IPF where fibrosis begins in the
most distal regions of the lung. The ovine lung is also structurally
and functionally more comparable to a human lung than a mouse
lung, which means physiological parameters such as lung function
measurements and compliance are more similar to humans. These
parameters are difficult to measure in the mouse. Sheep models
are more suitable for drug delivery test. Mast cell distribution and
bronchial glands in small airways with humans compared to mice.
Thus the investigation of the function of these physiological features
in PF is impaired in the mouse model but made possible with sheep.
The sheep model of PF developed by Organ et al. manages to replicate
many of the physiological changes observed in IPF and other current
Bleomycin models including heterogeneous fibrosis with increased
deposition of collagen and histological features similar to UIP.
Organ et al. also demonstrated that lobes treated with bleomycin and
significantly reduce segmental compliance with peripheral resistance
and resistance in collateral channels. A more recent study of the sheep
model of bleomycin-induced pulmonary fibrosis found that fibrosis
was persistent up to 7 weeks post-Bleomycin treatment with reduced
segmental compliance which correlated with worsening pathology
scores.

Pirfenidone
Pirfenidone is an anti-fibrotic and anti-inflammatory drug,
reduces deterioration in lung function in patients with idiopathic
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pulmonary fibrosis. Pirfenidone reduces lung fibrosis through the
downregulation of the production of growth factors and procollagens
I and II [12,13].
Pirfenidone inhibits the synthesis of Transforming Growth Factor
(TGF)-beta, which plays a role in cell proliferation and differentiation
[14].

KCa3.1 ion-channel blocker-Senicapoc
Senicapoc is a Kca3.1 ion-channel blocker and has suggested a
therapeutic potential for diseases such as asthma, atherosclerosis,
and kidney fibrosis. Kca3.1 are present in many cells types including
activated T and B cells, macrophages, mast cells, vascular smooth
muscle cells, lung epithelial cells, and fibroblasts. This means
that there is also potential that Kca3.1 inhibition may have effects
on the pathogenesis of IPF. It has been previously shown that
pharmacological inhibition of Kca3.1 ion-channel using TRAM-34
inhibits human lung myofibroblast proliferation and wound healing
in-vivo. Roach et al. also discovered that the proliferation activity of
myofibroblasts is dependent on Kca3.1 ion-channel regulation of Ca2+.
It has also been demonstrated that Kca3.1 ion channels are present on
both murine and human macrophages. Pharmacological inhibition
of the channels on human-derived macrophages in vitro, as well as
in-vivo in mice has been found to reduce macrophages’ ability to
produce reactive oxygen species and cytokines suggesting a reduction
in M1 macrophage activation [15-17].
Bleomycin challenge: A pharmaceutical grade of bleomycin
sulfate (Hospira Inc, Australia) was used to induce fibrosis in defined
lobes of treated sheep. Bleomycin was made up at a concentration
of 0.6 U/ml saline. (Ms. Louise Organ and Ms. S. Nimanthi V.D.).
Bleomycin and saline controls were randomized between the most
caudal segments of left and right lungs in each sheep (Figure 1). Sheep
were restrained and bleomycin was administrated via the biopsy port
of a fiber-optic bronchoscope in a 5 ml bolus (total dose 3 U/lung).
5 ml of sterile saline was administrated to the alternative lung of the
sheep.
Bleomycin and saline were administrated at week-2 and repeated

after two weeks at week 0, and then tissues collected on the end of
week 7 (Figure 2).
Senicapoc challenge: Protocol for the dosing of the KCa3.1 ion
channel inhibitor senicapoc (icagen Inc: Durham, USA) was adapted
from its use in a previous study in an ovine asthma model Figures 3
and 4 [18].
Half of the sheep were orally dosed twice daily, 6 hours apart with
a syringe of 30 mg/kg senicapoc in the vehicle of 0.5% Methylcel®
MC (Sigma-Aldrich; Castle Hill, Australia) in distilled water. The
remaining half were dosed with 40 ml of the vehicle alone. Dosing
commenced daily for four weeks until culling and tissue collection
at week 7.

Sheep samples
The sheep were euthanized by an intravenous overdose of
barbiturate (Lethabarb, Veterinary Clinic, Werribee, Australia) at the
7 week time point for tissue collection and analysis (Animal Ethics ID:
1613909). The lungs were then removed and the target sections, which
were the most caudal part of lungs, were then inflated with optimal
cutting temperature compound (OCT; Sakura Finetek, USA) and
several 2 mm thick slices were taken into glutaraldehyde/PBS solution
to be processed for electron microscopy (EM) imaging.
Processing the specimens for TEM is done based on the protocol
provided by the veterinary histology section of The University of
Melbourne.

Mast cell measurements
As previous papers indicated changes in mast cells during IPF
[19,20], we measured various aspects of mast cells morphology, to
find probable changes and differences during various anti-fibrotic
treatments.
To do this task, all images were taken by 40X with the same camera
and microscope. This part of the study was done by Image-Pro PLUS,
Ver. 6.3, USA. Before the start of measurements, the software was
calibrated using an image of a grid with the same camera, microscope,
and magnification. Then, each mast cell was outlined and granules

Pirfenidone Group

Figure 1: Shows a schematic diagram indicating the treatment lung segments and different treatments to two Groups of sheep. There are
6 sheep per treatment group and are kept in the same condition.
BLM: Bleomycin, Sal: Saline.
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Figure 2: Shows the line for treatments to sheep. Sheep are administrated with saline or bleomycin in week-2 and 0 and then from week 2
until the end of the experiment they are treated with Pirfenidone, two times daily, (9:00 am and 15:00 pm).

Senicapoc Group

Figure 3: Shows a schematic diagram indicating the treatment lung segments and different treatments to two groups of sheep. There are 6
sheep per treatment group and are kept in the same condition.
BLM: Bleomycin, Sal: Saline.

Figure 4: Shows the line for treatments to sheep. Sheep are administrated with saline or bleomycin in weeks 2 and 0 and then from week 2
until the end of the experiment they are treated with senicapoc, two times daily. (9:00 am and 15:00 pm).

were selected with a different color so that the software could measure
the mast cell area and granule percentage. To calculate the diameter,
perimeter, and roundness of mast cells, the mast cells were chosen
with a different color and then the measurement conducted. For
roundness, if the mast cell shape is a complete round shape, the given
value is 1 however, when it changes to oval or other shapes, the value
increases to a value higher than 1.

Statistics and samples/data
For the present study, a completely randomized and balanced
Volume 8 • Issue 3 • 1000274

test has been designed. The normality of data is being checked with
Minitab 17 and then, a paired t-test is used to compare data collected
from one animal and performing a comparison between lung
segments and unpaired t-test for difference in segments of different
groups. A p-value of less than 0.05 was taken as significant. Statistical
analysis and graphs are performed with graph pad prism for windows.
(GraphPad Software Inc. La Jolla, USA) Measurements for the size
and other morphologic features of mast cells done by Image-Pro
PLUS for Windows (Ver. 6.3, USA).
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Results
The data in Figures 5 and 6, shows that there were no significant
differences in mast cell diameters between bleomycin and salinetreated lung segments. There were also no significant differences
between methylcellulose and Pirfenidone treated sheep. In graph A,
p=0.282, n=6. In graph B, p=0.8144, n=6. An unpaired t-test between
bleomycin segment treated with methyl cellulose versus bleomycin
segments treated with senicapoc shows no significance (p=0.0829,
n=6). An unpaired t-test between sal-meth versus sal-Pir also shows
no significance. (p=0.2693, n=6).
The data in Figure 7 shows that there were no significant
differences in mast cells diameter between bleomycin and saline-

treated lung segments. There were also no significant differences
between methylcellulose and Pirfenidone treated sheep. In graph
A, p=0.456, n=6. In graph B, p=0.3788, n=6. An unpaired t-test
between BLM-meth segments versus BLM-senic segments shows no
significance (p=0.2938, n=6). An unpaired t-test between sal-meth
versus sal-senic also shows no significance (p=0.5629, n=6).
The data in Figure 8 shows that there were no significant
differences in mast cell perimeter between bleomycin and salinetreated lung segments. There were also no significant differences
between methylcellulose and Pirfenidone treated sheep. In graph
A, a paired t-test done (p=0.1094, n=6). In graph B, p=0.5952, n=6.
An unpaired t-test between BLM-meth versus BLM-Pir shows no

Figure 5: Showing steps of measuring mast cell size using the Image-Pro PLUS software.

Mast cell Diameter

A

B

Figure 6: Graphs A and B (linking lines) showing the difference in mast cells diameters between control lung segments and treatments
segments in the same sheep. Graph a shows data from sheep treated with methyl cellulose control. Graph B shows data from Pirfenidone
treated sheep.
Note: Sal-meth: Control segment treated with methylcellulose
BLM-meth: Bleomycin lung segments treated with methylcellulose
Sal-Pir: Control segments treated with Pirfenidone
BLM-Pir: Bleomycin segments treated with Pirfenidone
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Figure 7: Graphs A and B (linking lines) showing the difference in mast cells diameter between control lung segments and treatments
segments in the same sheep. Graph a shows data from sheep treated with methyl cellulose control. Graph B shows data from Pirfenidone
treated sheep.
Note: Sal-meth: Control segment treated with methylcellulose
BLM-meth: Bleomycin lung segments treated with methylcellulose
Sal-senic: Control segments treated with senicapoc
BLM- senic: Bleomycin segments treated with senicapoc

Mast cell Perimeter
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B

Figure 8: Graphs A and B (linking lines) showing the difference in mast cells perimeters between control lung segments and treatments
segments in the same sheep. Graph a shows data from sheep treated with methyl cellulose control. Graph B shows data from Pirfenidone
treated sheep.
Note: Sal-meth: Control segment treated with methylcellulose
BLM-meth: Bleomycin lung segments treated with methylcellulose
Sal-Pir: Control segments treated with Pirfenidone
BLM-Pir: Bleomycin segments treated with Pirfenidone

significance (p=0.0864, n=6), as well as, sal-meth versus sal-Pir.
(p=0.3585, n=6).

shows no significance (p=0.3594, n=6), as well as, sal-meth versus salsenic (p=0.3161, n=6).

A paired t-test between segments and an unpaired t-test between
groups were performed and there was no significant difference
between lung segments and treatments groups in terms of mast cell
perimeter. In graph A, a paired t-test was performed (p=0.2969, n=6)
(Figure 9). In graph B, p=0.3993, n=6 and there is no significance.
Performing an unpaired t-test between BLM-meth versus BLM-senic

The data in Figure 10 shows that there were no significant
differences in mast cell granule percentage between bleomycin and
saline-treated lung segments. There were also no significant differences
between methylcellulose and Pirfenidone treated sheep (p=0.9880,
n=6). A t-test was done for sal-Pir versus BLM-Pir (p=0.1958, n=6).
An unpaired t-test between BLM-meth versus BLM-Pir (p=0.8214,
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Figure 9: Graphs A and B (linking lines) showing the difference in mast cell perimeter between control lung segments and treatments
segments in the same sheep. Graph a shows data from sheep treated with methyl cellulose control. Graph B shows data from pirfenidone
treated sheep.
Note: Sal-meth: Control segment treated with methylcellulose
BLM-meth: Bleomycin lung segments treated with methylcellulose
Sal-senic: Control segments treated with senicapoc
BLM-senic: Bleomycin segments treated with senicapoc

Mast Cell Granule Percentage
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B

Figure 10: Graphs A and B (linking lines) showing the difference in mast cells granule percentage between control lung segments and
treatments segments in the same sheep. Graph a shows data from sheep treated with methyl cellulose control. Graph B shows data from
Pirfenidone treated sheep.
Note: Sal-Meth: control segment treated with methylcellulose
BLM-Meth: bleomycin lung segments treated with methylcellulose
Sal-Pir: control segments treated with Pirfenidone
BLM-Pir: bleomycin segments treated with Pirfenidone

n=6). And also an unpaired t-test between sal-meth versus sal-Pir was
performed (p=0.8376, n=6) and none of them shows any significant
difference.
The data in Figure 11 shows that there were no significant
differences in mast cell granule percentage between bleomycin
and saline-treated lung segments. There were also no significant
differences between methylcellulose and Pirfenidone treated sheep.
A paired t-test was performed between sal-meth versus BLM-meth
Volume 8 • Issue 3 • 1000274

and no significant difference between segments of the lung in the
same sheep was seen (p=0.8835, n=6). A similar t-test was done
for sal-sen versus BLM-sen and there is no significance (p=0.0524,
n=6). Unpaired t-test between BLM-meth versus BLM-sen shows no
significant difference (p=0.5559, n=6). An unpaired t-test between
sal-meth versus sal-sen does not show any significant difference
(p=0.1603, n=6).
The data in Figure 12 shows that there were no significant
• Page 6 of 9 •
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Figure 11: Graphs A and B (linking lines) showing the difference in mast cells granule percentage between control lung segments and
treatments segments in the same sheep. Graph A shows data from sheep treated with methyl cellulose control. Graph B shows data from
Pirfenidone treated sheep.
Note: Sal-meth: Control segment treated with methylcellulose
BLM-meth: Bleomycin lung segments treated with methylcellulose
Sal-Sen: Control segments treated with senicapoc
BLM-sen: Bleomycin segments treated with senicapoc

Mast cell area

A

B

Figure 12: Graphs A and B (linking lines) showing the difference in mast cell area between control lung segments and treatments segments in
the same sheep. Graph a shows data from sheep treated with methyl cellulose control. Graph B shows data from Pirfenidone treated sheep.
Note: Sal-Meth: Control segment treated with methylcellulose
BLM-Meth: Bleomycin lung segments treated with methylcellulose
sal-Pir: Control segments treated with Pirfenidone
BLM-Pir: Bleomycin segments treated with Pirfenidone

differences in mast cell area between bleomycin and saline-treated
lung segments. There were also no significant differences between
methylcellulose and Pirfenidone treated sheep. In graph A, a paired
t-test done (p=0.4515, n=6). In graph B, p=0.1446, n=6. An unpaired
t-test between BLM-meth versus BLM-Pir shows no significance
(p=0.7331, n=6), and also an unpaired t-test between, sal-meth versus
sal-Pir. (p=0.4818, n=6).

methylcellulose and Pirfenidone treated sheep. A paired t-test between
segments and an unpaired t-test between groups were performed
and there was no significant difference between lung segments and
treatments groups in terms of mast cell area. In graph A, a paired t-test
done (p=0.2403, n=6) and graph B, p=0.4667, n=6. An unpaired t-test
between BLM-meth versus BLM-sen shows no significance (p=0.6094,
n=6), as well as, sal-meth versus sal-senic (p=0.0817, n=6).

The data in Figure 13 shows that there were no significant
differences in mast cell area between bleomycin and saline-treated
lung segments. There were also no significant differences between

Discussion and Conclusion
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Mast cells number increase in lung tissue in patients with
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Figure 13: Graphs A and B (linking lines) showing the difference in mast cells diameters between control lung segments and treatments
segments in the same sheep. Graph a shows data from sheep treated with methyl cellulose control. Graph B shows data from Pirfenidone
treated sheep.
Note: Sal-meth: Control segment treated with methylcellulose
BLM-meth: Bleomycin lung segments treated with methylcellulose
Sal-Sen: Control segments treated with senicapoc
BLM-sen: Bleomycin segments treated with senicapoc

pulmonary fibrosis [21-24] however, their role is still not that well
understood [19,25-29]. Some studies show that they degranulate in
lung tissue during the pulmonary fibrosis, others believe that mast
cells influence connective tissue growth factor and they can stimulate
fibrosis in lung tissues in the right environmental circumstances
[30,31].
As the real role of mast cells in pulmonary fibrosis is still unclear,
in the present study morphologic parameters of mast cells such as
diameter, perimeter, roundness, granule percentage, and mast cell
area were the focus of my study. To perform this section of the study,
several images are taken from all areas of tissues slides and for more
accurate results with the same magnification 40X, same microscope,
and the same camera. To conduct the measurements, Image-Pro
PLUS was used was calibrated with similar images of a calibrating
slide (same camera, microscope, and magnification). After doing the
measurements for all groups and segments, paired t-test for segments
in the same sheep and unpaired t-test for segments of the lung in
different sheep were performed to see whether there is a significant
difference between groups.
In terms of diameter, roundness, perimeter, granule percentage
and mast cell area, all segments in the Pirfenidone group were
compared and despite some differences and fluctuations in
measurements, there were no significant differences. For each
characteristic, control segments were compared with treatment
segments in the same sheep, as well as in different sheep. In other
words, for this group, 4 different statistical tests were performed.
Control segment versus bleomycin segment in the same sheep treated
with methylcellulose as a carrier, control segments versus bleomycin
lobe in the same sheep treated with Pirfenidone, bleomycin lobe
treated with methyl cellulose versus bleomycin segments treated with
Pirfenidone and control segment administrated with methylcellulose
versus control lobe treated with Pirfenidone.
In senicapoc group, a similar test was done to investigate whether
there were any significant differences between control and treatment
Volume 8 • Issue 3 • 1000274

segments in the same sheep as well as, in different sheep. Hence,
diameter, roundness, perimeter, granule percentage and mast cell
area measurements were compared. However, statistical tests do
not present significant differences between control segment versus
bleomycin segment in same sheep treated with methylcellulose
as a carrier, control segment versus bleomycin lobe in the same
sheep treated with Pirfenidone, bleomycin lobe treated with methyl
cellulose versus bleomycin segment treated with Pirfenidone and
control segment administrated with methylcellulose versus control
lobe treated with Pirfenidone.
Although it was expected to see some levels of significant
difference between the treatment groups, no significant differences
were seen. This could be due to a number of factors listed below.
Firstly, it is possible that changes in the morphologic characteristics
of mast cells occurred during the early stages of bleomycin exposure.
(weeks 0-2) and then the changes returned to normal at the time
samples were collected (at week 7). To investigate this hypothesis,
lung samples should be collected at various times after the instillation
of bleomycin and the mast cell morphology should be assessed for
changes in these early stages.
Secondly, it is possible that there is no relationship between mast
cells morphology and pulmonary fibrosis in the lung tissue and this
requires further studies to investigate this. Lastly, the fact that we did
not find any difference could be due to the insufficient number of
samples. In this study, there were six sheep in each treatment group.
If more samples were used, a significant difference may have been
seen. To investigate this hypothesis, the morphologic characteristics
should be similar in control lung segments in both drug treatments
trials. Because the sheep were in similar conditions and received
similar medications. Statistical tests with 12 sheep in each group
were performed. In other words, control lung segments together
and bleomycin administrated lobes together for both Pirfenidone
and senicapoc experiments were submerged when the control sheep
were administrated with methylcellulose and repeated the statistical
• Page 8 of 9 •
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tests for mast cell diameter, perimeter, area, granule percentage, and
roundness. While there were increased sample numbers, there was
still no significant difference between any of the group comparisons.
This suggests that having low same numbers in samples was not the
reason for a lack of significance between the groups.
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