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Oral Administration of Chitosan Attenuates
Bleomycin-induced Pulmonary Fibrosis in Rats
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Abstract. Background/Aim: Idiopathic pulmonary fibrosis
(PF) is a fatal disorder of unknown aetiology with limited
treatment options. Chitosan has antibacterial, antifungal,
antioxidant, antitumour, and anti-inflammatory effects. This
study aimed to investigate the effects of chitosan
administration on bleomycin (BLM)-induced PF in rats.
Materials and Methods: A PF rat model was established by
endotracheal instillation of 5 mg/kg BLM; then, chitosan was
administered in drinking water for 3 weeks. Histology, cell
counts, and cytokine responses in the bronchoalveolar
lavage fluid (BALF) and weight measurements (body and
lung) were analyzed to assess its therapeutic effects. Results:
Chitosan administration tended to reduce transforming
growth factor (TGF)-B1 and interferon (IFN)-y levels in
BALF, and histopathological examination confirmed that
chitosan attenuated the degree of inflammation and fibrosis
in the lung. Conclusion: This study revealed that oral
chitosan exhibits potential antifibrotic effects, as measured
by decreased proinflammatory cytokine levels and
histological evaluation, in a BLM-induced PF rat model.

Pulmonary fibrosis (PF) is a chronic, progressive lung disease
characterised by the excessive proliferation of fibroblasts and
deposition of collagen (fibrosis) in the pulmonary interstitium
(1, 2). Despite extensive investigations, the cause and
pathogenesis of PF remain unclear (3). Currently available
therapies for PF include corticosteroids, immunosuppressants,
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immunomodulators, antioxidants, antileukotrienes, antifibrotics,
oxygen therapy, and lung transplantation (4). However, these
therapies are unsatisfactory and incapable of reversing lung
damage (2, 4). Therefore, it is crucial to find effective and non-
toxic therapeutic strategies for PF.

Chitosan, both of natural and synthetic origin, is partially
N-deacetylated chitin. Chitin is a linear homopolymer of 1.4-
linked N-acetyl-D-glucosamine, which is obtained from chitin-
rich crab shell (5). Chitosan exhibits beneficial effects because
of its biological properties, which include antitumour,
antiangiogenetic, antibacterial, anti-inflammatory, antioxidant,
and antidiabetic properties (4, 6). Chitosan also has antifibrotic
effects, such as reduction of fibroblast infiltration and fibrosis,
as well as degradation of collagen (5, 7-9). Moreover, chitosan
aerosol inhalation has shown antifibrotic effects in a PF-rat
model (4). In this experiment, we used oral administration of
chitosan (rather than aerosol inhalation) for convenience, in
order to examine its antifibrotic effects in rats with bleomycin
(BLM)-induced PF.

Materials and Methods

Animals and experimental design. This study was approved by the
Institutional Animal Care and Use Committee of KPC Co., in
accordance with the Animal Protection Act (P170050). Pathogen-free
male Sprague-Dawley rats were obtained from the Orient Bio Co.
(Seoul, Republic of Korea). The rats were housed in a controlled
environment with a 12-h light/dark cycle and standard food and
water ad libitum. They were divided into 4 groups as follows: a sham
group (G1; n=6) with intratracheal (IT) administration of saline at
day 0 only, along with 2% vehicle solution without chitosan (instead
of drinking water); negative control group (G2; n=6) with
intratracheal administration of BLM at day O only, along with 2%
vehicle solution without chitosan (instead of drinking water);
positive control group (G3; n=6) with intratracheal administration of
BLM at day O only, along with prednisolone (PDS, 5 mg/kg) by
gavage daily; and test group (G4, n=6) with intratracheal
administration of BLM at day O only, along with 2% chitosan
solution (instead of drinking water). All test and vehicle solutions
were administered beginning on day 0 and ending on day 20.
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Preparation of chitosan. High-molecular-weight chitosan (approximately
100 kDa) with a degree of deacetylation (approximately 92%) was
purchased from YB Bio (Yeongdeok-gun, Republic of Korea) and
converted to medium-molecular-weight chitosan using a previously
reported method (10). The prepared chitosan solution was dissolved in
drinking water at a concentration of 2% (w/v) to prepare the test agent,
which was then administered orally to the test group.

Induction of lung fibrosis. After 1-week acclimatization, the rats
were anesthetised with isoflurane (Isotroy, Troikaa Pharmaceuticals,
Ahmedabad, India) inhalation and then administered 5 mg/kg of
BLM (Bleomycin, Dong-A ST, Seoul, Republic of Korea) once at
a dose of 1 ml/kg by intratracheal instillation. The rats in the sham
group were treated with saline once via the same administration
route described above. PDS was administered once daily for 3
weeks, starting at day O after the BLM administration; chitosan and
vehicle were administered continuously in drinking water, beginning
on day 0 and ending on day 20. At the end of this period, the rats
were sacrificed, and autopsies were performed.

Body weight and lung weight. Body weights were measured every
7 days during the experiment period. Prior to sacrifice, all rats were
fasted for approximately 16 h, with water intake permitted. At the
time of autopsy, body weights were measured. The lungs were
removed during autopsy and the absolute lung weights were
measured; relative lung weights were then calculated as the ratio of
lung weight to body weight.

Bronchoalveolar lavage (BAL). BAL fluid (BALF) was collected by
intratracheal instillation of 5 ml of sterile saline into the lungs.
Whole BALF was then centrifuged at 1500 rpm for 5 min. After
centrifugation, the residual suspension was analysed to determine
the total cell, neutrophil, macrophage, and lymphocyte counts using
a haematology analyser (Advia, Siemens, Munich, Germany). The
supernatant was analysed for multiple pro-inflammatory cytokines,
namely tumour necrosis factor (TNF)-a., transforming growth factor
(TGF)-p1, interferon (IFN)-vy, interleukin (IL)-4, and IL-6 using
ELISA kits (Elabscience, Houston, TX, USA), in accordance with
the manufacturer’s instructions.

Lung tissue histopathology. After BALF collection, lung tissue
specimens were fixed in 10% neutral buffered formalin, then trimmed,
dehydrated, and embedded in paraffin, in accordance with standard
procedures for histological examination (11). The prepared paraffin-
embedded blocks were sectioned into 4-um thick slides and stained
with haematoxylin and eosin (H&E) using Masson’s trichrome to
assess the severity of alveolitis and PF. For this assessment, a semi-
quantitative grading system was used based on the following
established scale (12): Grade 0, no alveolitis/fibrosis was observed;
grade 1 (mild), focal lesions occupying <25% or <20% (for alveolitis
and fibrosis, respectively) of the lung were detected in the alveolar
septum; grade 2 (moderate), widespread alveolitis or fibrosis involving
25 50% or 20 50%, respectively, of the lung was observed; and grade
3 (severe), a diffused alveolitis or fibrosis spanning >50% of the lung
was observed, with occasional consolidation of air spaces and patches
of haemorrhagic areas within the interstitium.

Statistical analysis. Data were analysed using SPSS (version 20,

IBM SPSS Statistics, Chicago, IL, USA). A one-way analysis of
variance was used to determine the differences among groups,
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followed by a post hoc test (LSD or Dunnett T3) to determine which
groups were significantly different from G2.

Results

Body weight and lung tissue weight. During the experimental
period, no significant changes in body weight were observed
in any of the groups when compared to G2. However, G4
showed less prominent propensity for weight loss than G2
and G3 during the total experiment period when compared
to G1 (Figure 1). After BLM-induced PF, the absolute and
relative lung weights in G1 were significantly lower than
those in G2 (p<0.01, p<0.05) (Figure 2A and B).

Cell counts in BALF. Analysis of cells in the BALF revealed
a significantly higher neutrophil count in G3 than in G2
(p<0.05) (Table I).

Concentrations of cytokines in the BALF. When levels of
TNF-a, TGF-p1, IFN-y, IL-1f, IL-4, and IL-6 were
measured in BALF supernatants, there were no significant
differences observed among the groups. However, the levels
of cytokines in the BALF were lower in G4 than in G2
(Table II).

Histological evaluation of lung tissues. When the inflammatory
status was assessed in lung tissues stained with H&E, the
inflammation scores were significantly lower in G1 and G4
[0.33+£0.21 (p<0.01) and 1.50+0.34 (p<0.05), respectively] than
in G2 (2.50+0.22). Comparison of fibrosis in lung tissues
stained with Masson trichrome also revealed significantly less
lung fibrosis in G1 and G4 [fibrosis scores of 0.17+0.17
(p<0.01) and 1.33+0.33 (p<0.05), respectively] than in G2
(2.50+0.34) (Figure 3).

Discussion

The present study was conducted to examine the antifibrotic
effects of orally administered chitosan in a rat model of
BLM-induced PF. It has been reported that BLM
administered intratracheally to induce PF can reduce body
weight while increasing lung weight, although these changes
can be improved with suitable medication (13). Lung weight
increases in proportion to the dose of intratracheally
administered BLM, and the increased lung weight is
associated with histopathological fibrosis scores (14).

The present study demonstrated that there was a tendency
for body weight loss during the first week after BLM
administration in the negative control group, whereas the
chitosan group showed reduced propensity for weight loss
during the same period. Significantly increased lung weight
was also found in the negative control group, relative to that in
the sham group. However, the chitosan group showed a
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Figure 1. Experimental groups (A). Body weights were measured for each group during the 21-day experimental period (B). There was no significant
difference in body weight among the groups. Data are expressed as mean=SE. IT, Intratracheal; BLM, bleomycin; PDS, prednisolone; SE, standard error.

Table 1. Total numbers of cells, neutrophils, lymphocytes, and macrophages in the bronchoalveolar lavage fluid (BALF). The neutrophil count was
significantly lower in the prednisolone (PDS)-treated group (G3) than in the negative control group (G2).

Group Result Cell count in BALF
Total Neutrophils Lymphocytes Macrophages
(x103 cell/pl) (x103 cell/pul) (x103 cell/pl) (x103 cell/ul)
G1 (IT Saline + Vehicle) Mean 121.7 33.6 79.1 2.5
SE 28.9 6.6 21.3 0.8
N 6 6 6
G2 (IT BLM + Vehicle) Mean 346.7 36.5 298.0 4.0
SE 192.9 10.8 179.8 1.9
N 6 6 6
G3 (IT BLM + PDS) Mean 1065.0 116.3* 900.0 12.5
SE 502.0 18.9 478.7 4.8
N 6 6 6
G4 (IT BLM + Test article) Mean 295.0 58.9 212.7 39
SE 253 49 24.8 0.8
N 6 6 6

BLM, Bleomycin; SE, standard error. *p<0.05 compared to the G2 group.

tendency for a reduction in lung weight. Thus, chitosan tended ~ collagen synthesis and ECM production (4, 15). TGF-§
to show protective potential against the increase in lung weight.  reportedly plays a crucial role in idiopathic PF and animal

While fibrosis progression is characterised by extracellular ~ models of lung fibrosis (16-18). The present study showed a
matrix (ECM) accumulation and fibroblast proliferation, tendency for higher levels of TGF-B1 in the BALF in the
chitosan is known to inhibit the latter with potent effects on  negative control group, relative to those in the sham group.
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Figure 2. Absolute (A) and relative (B) weights of the lungs measured during autopsy. The lung weight was significantly lower in the sham group
(G1) than in the negative control group (G2). *p<0.05, **p<0.01. Data are expressed as mean+SE. IT, Intratracheal; BLM, bleomycin; PDS,

prednisolone; SE, standard error.

Table II. Cytokine concentrations in the bronchoalveolar lavage fluid. No group showed a significant difference compared with the negative control

group (G2).
Group Results Cytokine level
TNF-a (pg/ml) TGF-f1 (ng/ml) IFN-v (pg/ml) IL-4 (pg/ml) IL-6 (pg/ml)

G1 (IT Saline + Vehicle) Mean 54.51 8.05 0.39 6.83 18.99
SE 2540 242 0.39 5.60 12.20
N 6 6 6 6 6

G2 (IT BLM + Vehicle) Mean 47.05 2435 8.45 6.51 44.20
SE 20.13 8.75 5.62 293 21.83
N 6 6 6 6 6

G3 (IT BLM + PDS) Mean 38.14 11.73 3.08 1.55 23.24
SE 15.60 2.17 2.00 0.99 9.58
N 6 6 6 6 6

G4 (IT BLM + Test article) Mean 293 8.84 0.99 2.04 6.50
SE 293 1.72 0.99 1.29 6.50
N 6 6 6 6 6

BLM, Bleomycin; IFN, interferon; IL, interleukin; TGF, transforming growth factor; TNF, tumour necrosis factor; PDS, prednisolone; SE, standard

€rror.

Furthermore, the chitosan group showed a tendency for
reduction in TGF-B1 expression, thus approaching a level
similar to that in the sham group. Importantly, TNF-a is
involved in proinflammatory and profibrotic activity, as well
as ECM remodelling, in idiopathic PF (19). IL-4 is also
known to stimulate fibroblast chemotaxis, proliferation,
collagen synthesis, and myofibroblast differentiation in vitro;
however, its in vivo role has not been clearly established (20,
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21). IFN-vy can alleviate the degree of PF by antagonizing
the profibrotic action of TGF-f1 (21, 22). However, these
positive effects of IFN-y have not been induced in clinical
settings, according to previous studies (21). Furthermore, IL-
6 has been found to act as both a proinflammatory and
profibrotic factor and a protective factor in relation to PF
(23). During fibrosis progression, the functions of different
cytokines vary on the basis of illness stage (acute vs.



Kim et al: Oral Chitosan Attenuates BLM-induced PF in Rats

>

H&E

G3 G2 G1
(IT BLM+PDS)  (IT BLM+Vehicle)  (IT Saline)

G4
(IT BLM+Chitosan)

*k *
3 1)
g
8
a 27
0
=
8 11
=
<
u -
& © & O
o o 8 o
X ’9@ \,* ha
S v@ i ’3"9
A4 & »
i & A ?
& I @ &
N 4
© &
ek *
34 )
g
g 21
W
(2]
@
E 1
i
Q .
o o
\0\0 \6\ QQ:B\ °9°§
& & 3
;& :?'" n 0‘0
o~ e \f.@ <@ ¥
& & & ~
N N & &
N o N

Figure 3. At 21 days post treatment, the lung tissues of the rats in each group were stained with haematoxylin and eosin (H&E) and Masson’s
trichrome. (A) The sham group (G1) showed normal histological structures with both stains. However, the negative control group (G2) showed
severe alveolitis and fibrosis (A). Magnification x100; scale bar 200 um. Inflammation score (B) and fibrosis score (C) were less in the sham (G1)
and chitosan (G4) groups than in the negative control group (G2). *p<0.05, **p<0.01. Data are expressed as mean+SE. IT, Intratreacheal; BLM,

bleomycin; PDS, prednisolone; SE, standard error.

chronic), location of intrapulmonary lesion (bronchial vs.
alveolar), cellular level (epithelial vs. fibroblast), and
immune status (inflammatory vs. immunosuppressive) (24).

In the present study, analysis of TGF-f1, TNF-a, IFN-y,
IL-4, and IL-6 levels in the BALF revealed lower
concentrations of these cytokines in the chitosan group than
in the negative control group. Moreover, the concentrations
of TGF-B1, IFN-vy, and IL-6 were lower in the sham than in
the negative control group. However, the concentrations of
TNF-a and IL-4 were higher in sham group than in negative
control group. These results are supported by earlier findings

that the immune response in the development of fibrosis is
affected by compound factors, rather than a single factor, and
that the contribution of cytokines varies in lung fibrosis. It
is possible that the results of this study could have been
affected by the timing of sampling conducted according to
research design and type of samples (e.g., serum, BALF, and
tissues). Therefore, future studies can provide further
assessment on the effects of chitosan administration on a PF
model by addressing the many variables, such as samples
and illness period. Furthermore, the histopathology changes
of lung tissue are the most intuitive and gold standard for the
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evaluation of BLM-induced model (25, 26). The chitosan
treated group (G4) showed a marked decrease in the degree
of alveolitis scores and fibrosis score, compared to the
negative control group (G2).

Conclusion

The present study demonstrated potential antifibrotic effects
of orally administered chitosan, quantified by the levels of
proinflammatory cytokines and histological evaluation, in an
experimental model of BLM-induced PF.
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