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ABSTRACT

We evaluated the anti-inflammatory and anti-fibrosis effects of a-chitin nanofibrils in a mouse model
of dextran sulfate sodium (DSS)-induced acute ulcerative colitis (UC). a-Chitin nanofibrils decreased
positive areas of nuclear factor-«B staining in the colon tissue (7.2 4 0.5%/fields in the a-chitin nanofib-
rils group vs. 10.7 + 0.9%/fields in the control group; p <0.05). a-Chitin nanofibrils also decreased serum
monocyte chemotactic protein-1 concentration in DSS-induced acute UC (24.1 & 7.8 pg/ml in the a-chitin
nanofibrils group vs. 53.5 & 3.1 pg/ml in the control group; p <0.05). Moreover, a-chitin nanofibrils sup-
pressed the increased positive areas of Masson’s trichrome staining in colon tissue (6.8 £ 0.6%/fields in
the a-chitin nanofibrils group vs. 10.1 4+ 0.7%/fields in the control group; p<0.05). On the other hand,
a-chitin powder suspension did not show these effects in DSS-induced acute UC mice model. Our results
indicated that a-chitin nanofibrils have the anti-inflammatory effect via suppressing NF-kB activation

Anti-fibrosis

and the anti-fibrosis effects in DSS-induced acute UC mice model.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Chitin (-(1-4)-poly-N-acetyl-p-glucosamine) is widely dis-
tributed in nature and are the second abundant polysaccharide after
cellulose (Muzzarelli, 2011a). Two chitin polymorphs are known:
the a- and B-chitins (Khoushab & Yamabhai, 2010), of which the
a-form, which is mainly obtained from crab and shrimp shells, is
prevalent. The a-chitin chains are aligned in the anti parallel fash-
ion, which gives rise to strong hydrogen bonding and consequently
makes it more stable (Sikorski, Hori, & Wada, 2009).

The methods employed to prepare chitin nanofibrils (CNs)
include acid hydrolysis (Gopalan & Dufresne, 2003; Revol &
Marchessault, 1993), and ultrasonication of squid pen [-chitin
under acidic conditions for the preparation of 3-4 nm wide chitin
nanofibrils of relatively lower cristallinity (Fan, Saito, & Isogai,
2008). Recently, Ifuku et al. (2009) demonstrated that a-chitin
nanofibrils with uniform widths of approximately 10-20 nm could
be prepared from crab chitin flakes by a grinding method leading
to fiber disassembly and high yield.
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Chitin nanofibrils are gels, and dissolved in water (Ifuku et al.,
2009). Chitin nanofibrils are considered to have great potential
for applications in tissue engineering scaffolds, drug delivery, and
wound dressing (Muzzarelli et al., 2007; Muzzarelli, 2011b, 2011c,
2012a, 2012b). It is also expected that chitin nanofibrils have
a potential for a new functional food or drink in various dis-
eases. Previously, we reported the beneficial and preventive effects
of a-chitin nanofibrils in dextran sodium sulfate (DSS)-induced
acute ulcerative colitis (UC) mice model. a-Chitin nanofibrils
improved clinical symptoms and suppressed UC. Furthermore, o-
chitin nanofibrils suppressed myeloperoxidase activation in the
colon and decreased serum interleukin-6 concentrations (Azuma
et al, 2012). However, the protective mechanisms of a-chitin
nanofibrils are not unknown. In this study, we examined protective
mechanism of a-chitin nanofibrils focusing on anti-inflammatory
and anti-fibrosis effects in DSS-induced acute UC mice model.

2. Experimental
2.1. Reagents

DSS (molecular weight, 36-50kDa; reagent grade) was pur-
chased from MP Biomedicals LLC (Solon, OH, USA). Chitin powder
from crab shells was purchased from Nacalai Tesque (Lot No.:
MOA3811; Kyoto, Japan). The average particle diameter of chitin
powder was approximately 200 wm. a-Chitin nanofibrils gels
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(1% a-chitn nanofibrils with 0.3% acetic acid; hereafter referred to
as a-chitin nanofibrils) was prepared using a previously described
method with slight modification (Ifuku et al., 2009). Briefly, the
purified wet chitin from dry crab shells was dispersed in water
at 1wt%, and acetic acid was added to adjust the 0.3% (v/v) to
facilitate fibrillation. A chitin powder suspension (1% oa-chitin
powder suspension with 0.3% acetic acid; hereafter referred to as
chitin-PS) was prepared.

2.2. Animals

Thirty C57BL/6 mice (female, 5 weeks old) were purchased from
CLEA Japan (Osaka, Japan). The animals were maintained under
conventional conditions. The use of these animals and the pro-
cedures they underwent were approved by the Animal Research
Committee of Tottori University.

2.3. Study design

Mice (n=30) were randomized into 6 groups: the control (+)
group was administered only DSS (n=5); the control (—) group was
administered tap water (n=>5); the a-chitin nanofibrils (+) group
was administered a-chitin nanofibrils and DSS (n=5); the a-chitin
nanofibrils (—) group was administered only a-chitin nanofibrils
(n=5); the chitin-PS (+) group was administered chitin-PS and DSS
(n=5); and the chitin-PS (—) group was administered only chitin-PS
(n=5). To induce colitis, mice were administered 3% DSS ad libi-
tum for 5 days from day 0 to day 5. For 7 days before starting the
administration of DSS, a-chitin nanofibrils (+), a-chitin nanofibrils
(=), chitin-PS (+), and chitin-PS (—) groups were administered 0.1%
a-chitin nanofibrils, or chitin-PS dissolved in tap water ad libitum.
Blood collection and colon sampling were done on days 5 in all
groups. Colon tissues were fixed in 10% buffered formalin.

2.4. Masson'’s trichrome (MT) staining

In the DSS-induced UC, the fibrosis of mucosal and submu-
cosal layers of the colon was observed at acute and chronic phase
(Suzuki etal.,2011). To measure the fibrosis area of the mucosal and
submucosal layers of the colon, we performed quantitative digital
morphometri analysis of extracellular matrix (ECM) for colonic sec-
tions with MT staining according to a protocol adapted from that
described in detail by Suzukietal.(2011). In brief, 10 randomly cho-
sen high-power fields (200x magnification) for each cross section
were photographed with a digital camera attached to an Olym-
pus microscope system (Olympus Corporation, Tokyo, Japan). The
color wavelengths of the copied image were transformed into
digital readings, by using Lumina Vision software (Mitani Corpora-
tion, Tokyo, Japan) allowing for quantification of the various color
wavelengths with pixels as the unit of measure. By using the orig-
inal image for comparison, the color spectra were analyzed and
those corresponding to ECM were quantified. The percentage of
the ECM tissues in mucosal and submucosal layers was calculated
by dividing the total pixel area of the ECM by the total pixel area
corresponding to the total colonic tissue in the field of view. The
colons of three mice were analyzed in each group. The mean scores
for 30 fields were considered the percentages of fibrosis areas for
each group.

2.5. Immunohistochemical detection of nuclear factor-«B
(NF-kB) in the colon

NF-kB has been reported to be activated in inflamed colonic
mucosa of IBD (Reed et al.,, 2005; Visekruna et al., 2006). We
evaluated the effects of a-chitin nanofibrils and 3-CN on NF-kB
activations in inflammatory colon. Colon tissue sections (3 wm) on

glass slides were deparaffinized, washed by ethanol and water and
soaked by PBS. The sections were treated by microwave with 0.01 M
citrate buffer (pH 6.0) for 5min. Then, the sections were washed
with PBS and incubated with 1% hydrogen peroxide methanol for
30 min at room temperature. Washing with PBS, the sections were
incubated with rabbit polyclonal anti-NF-kB p65 antibody (1:500,
sc-372; Santa Cruz Biotechnology, Inc., California, USA) for 60 min
at room temperature. The slides were washed with PBS, and envi-
sioned for 30 min at room temperature (Code No. K3466, Dako,
Glostrup, Denmark). Tissue sections were visualized by incubat-
ing with diaminobenzidine tetrahydrochloride, and counterstained
with hematoxylin.

We calculated the positive areas of NF-kB in colon epithelium.
The imaging analysis of NF-kB was performed as well as those
of colon fibrosis. The colons of three mice were analyzed in each
group. The mean scores for 30 fields were considered the percent-
ages of fibrosis areas for each group.

2.6. Measurements of serum monocyte chemotactic protein 1
concentrations

Serum monocyte chemotactic protein 1 (MCP-1/CCL2) were
quantified by a sandwich enzyme-linked immunosorbent assay
(ELISA) using commercial mouse MCP-1 ELISA kit (Quantikine®,
R&D Systems Inc., Minneapolis, USA) according to the manufac-
turer’s protocol.

2.7. Statistical analysis

The data are expressed as the mean + S.E. Statistical analyses
were performed using 1-way ANOVA followed by Tukey-Kramer’s
test or Steel-Dwass test. A p-value <0.05 was considered statisti-
cally significant.

3. Results

3.1. Effects of a-chitin nanofibrils on fibrosis of the colon in
DSS-induced acute UC mice

To investigate the effects of a-chitin nanofibrils on the fibrosis
of mucosal and submucosal layers of the colon, MT staining was
performed. The results of MT staining were shown in Fig. 1A. The
area of collagen deposition was shown by arrows. In the control (+)
and chitin-PS (+) group, much collagen deposition was observed
(Fig. 1A(a) and (c)). In the a-chitin nanofibrils (+) group, the areas
of collagen deposition were meekly decreased (Fig. 1A(b)).

For evaluating the area of collagen deposition in mucosal and
submucosal layers, we performed digital image analysis. The per-
centages of collagen deposition areas in mucosal and submucosal
layers are shown in Fig. 1B. In the a-chitin nanofibrils (+) group,
the score was significantly lower than that in the control (+) group
(p<0.05). In the control (—), a-chitin nanofibrils (-), and chitin-PS
(—) groups, the scores were 1.5-1.9%.

3.2. Effects of a-chitin nanofibrils on NF-«B of the colon
epithelium in DSS-induced acute UC mice

To evaluate the effects of a-chitin nanofibrils on NF-«kB of the
colon epithelium, immunohistochemical detections of NF-kB were
performed. The results of immunohistochemical detections of NF-
kB were shown in Fig. 2A. In the control (+) and chitin-PS (+) group,
much positive areas of NF-kB in epithelium cells were observed.
In the a-chitin nanofibrils (+) group, positive areas of NF-kB in
epithelium cells were markedly decreased.

To evaluate the effects of a-chitin nanofibrils on NF-kB activa-
tions in the epithelium cells, we performed digital image analysis.
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Fig. 1. Effects of a-chitin nanofibrils on colon fibrosis in a DSS-induced acute UC
mouse model. A. Masson's trichrome staining results are shown. Data are presented
for 1 mouse each from the control (+) (a), a-chitin nanofibrils (+) (b), chitin-PS
(c), and control (—) groups. Areas of collagen deposition are indicated by arrows.
Bar =200 pwm. B. Datarepresent the means =+ S.E. of 30 fields/x 100 field in each group.
The statistical analyses were performed with a Steel-Dwass test. 'p<0.05, "p<0.01.

The percentages of positive areas of NF-kB in epithelium cells are
shown in Fig. 2B. In the a-chitin nanofibrils (+) group, the score was
significantly lower than that in the control (+) group (p <0.05). In
the chitin-PS (+) groups, the scores were slightly suppressed. In the
control (—), a-chitin nanofibrils (—), and chitin-PS (-) groups, the
scores were 1.8-3.0%.

3.3. Effects of a-chitin nanofibrils on serum MCP-1
concentrations in DSS-induced acute UC mice

The results were shown in Fig. 3. In the a-chitin nanofibrils (+)

group, serum MCP-1 concentration was significantly lower than the
control (+) groups (p <0.05).

4. Discussion

We previously reported that a-chitin nanofibrils improved
clinical symptoms, colon inflammation and histological tissue

A
(@) (b)

B
15
% H ok *
§ 3|
X 10 [
[11]
)
£3
LS
g 5
s
©
2
g,
o 0+ T T |
control (-) control (+) a-chitin chitin-PS (+)

nanofibrils (+)

Fig. 2. Effects of a-chitin nanofibrils on colon NF-«kB activation in a DSS-induced
acute UC mouse model. A. NF-kB-positive areas are shown by arrows. Data are pre-
sented for 1 mouse each from the control (+) (a), a-chitin nanofibrils (+) (b), chitin-PS
(c), and control (—) (d) groups. Bars = 100 wm. B. Data represent the means =+ S.E. of
30 fields/x 100 field in each group. The statistical analyses were performed with a
Steel-Dwass test. ‘p<0.05, “p<0.01.
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Fig. 3. Effects of a-chitin nanofibrils on serum MCP-1 concentrations in a DSS-
induced acute UC mouse model. Data represent the means+S.E. in each group
(n=5). The statistical analyses were performed with a Tukey-Kramer test. 'p<0.05,
“p<0.01.



200 K. Azuma et al. / Carbohydrate Polymers 90 (2012) 197-200

injury in the DSS-induced acute UC mouse model (Azuma et al.,
2012). Likewise our previous report, a-chitin nanofibrils sup-
pressed clinical symptoms and tissue injury of the colon in this
study.

In the DSS-induced UC model mice, fibrosis in the colon was
observed not only chronic phase but also acute phase (Suzuki et al.,
2011). It is described that MCP-1 induces fibrogenic response of
the gut in IBD model (Motomura et al., 2006). a-Chitin nanofibrils
suppressed the fibrosis and decreased serum MCP-1 concentration
in DSS-induced acute UC mouse model. These results indicated that
a-chitin nanofibrils have the suppressive effects of fibrosis in DSS-
induced acute UC mouse model. It was indicated one mechanism
of suppressive effects on fibrosis by a-chitin nanofibrils came from
suppressing the action of MCP-1.

NF-kB occupies a pivotal position in several innate immune
signaling pathways. So far, it has been shown that NF-kB is the crit-
ical transcription factor needed to express genes associated with
a proinflammatory response (Elson et al., 2005). NF-kB activity is
increased in the colon during active episodes of IBD (Zarubin &
Han, 2005). a-Chitin nanofibrils suppressed the activation of NF-kB
in colon epithelium in DSS-induced acute colitis model. MCP-1
plays an important role in the pathogenesis of experimental coli-
tis model to the recruitment of immune and enterochromaffin cells
(Khanetal.,2006). The absence of MCP-1 is associated with a signifi-
cant reduction ininflammation in experimental colitis model (Khan
etal., 2006). Ju et al. demonstrated that pro-inflammatory cytokine
induced the expression of MCP-1 via p38 mytogen-activated pro-
tein kinase (MAPK) and NF-kB signaling (Ju, Hua, Sakamoto, Ogawa
& Nagaoka, 2008). a-Chitin nanofibrils decreased serum MCP-1
concentration compared with control (+) group. These results indi-
cated that a-chitin nanofibrils suppressed the increase of MCP-1 in
serum via suppressing NF-kB activation.

NF-kB stimulate cyclooxygenase-2, prostaglandin E2 and pro-
inflammatory cytokines (interleukin-6, tumor necrosis factor-a
and MCP-1) (Karrasch & Jobin, 2008). a-Chitin nanofibrils sup-
pressed serum interleukin-6 concentrations in DSS-induced acute
colitis mice (Azuma et al., 2012). However, relationships between
a-chitin nanofibrils and other inflammatory mediators are still
unclear. Further studies to evaluate the relationships a-chitin
nanofibrils and inflammatory mediators are needed to understand
the anti-inflammatory mechanism of a-chitin nanofibrils.

Currently, many medical treatments are used for IBD
patients: 5-aminosalicylic acid drugs, sulfasalazine or bal-
salazide, immunomodulators such as thiopurines (azathioprine,
6-mercaptopurine), methotrexate, and biologic therapies that tar-
get tumor necrosis factor (TNF)-« or interleukin (IL)-6 (Morrison,
Headon, & Gibson, 2009; Nakamura, Honda, Mizutani, Akiho, &
Harada, 2006). However, these drugs have not only beneficial
effects but also adverse effects in IBD patients. For example, 5-
aminosalicylic acids drugs are expensive. Immunomodulators and
biologic therapies increase the risk of serious infection (Morrison
et al,, 2009). By these backgrounds, the necessities of the func-
tional food for IBD patients are increasing. Our previous report
and these results indicate a-chitin nanofibrils have a potency as
a new functional food for IBD patients. To use a-chitin nanofibrils
in IBD patients, safety evaluation of a-chitin nanofibrils must be
performed in long and short terms.

So far, it is not unclear how a-chitin nanofibrils absorb
and metabolize in vivo and in vitro. To understand the anti-
inflammatory mechanism of a-chitin nanofibrils, the study
focusing on absorption and metabolism of a-chitin nanofibrils must
be performed.

In conclusion, a-chitin nanofibrils have anti-inflammatory
actions via suppressing NF-kB and MCP-1 activations in DSS-
induced acute UC mice model. a-chitin nanofibrils also suppressed

fibrosis in DSS-induced acute UC mouse model. These results indi-
cate that a-chitin nanofibrils has a potency as a new functional
food for IBD patients. The effect of a-chitin nanofibrils on human
IBD should be carefully evaluated in the future.
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