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a  b  s  t  r  a  c  t

Chitins  are  highly  crystalline  structures  that  are  predominantly  found  in  crustacean  shells.  Alpha-chitin
is  composed  of  microfibers,  which  are  made  up of  nanofibrils  that  are  2–5  nm in  diameter  and  30  nm  in
length  and  embedded  in a protein  matrix.  Crystalline  nanofibrils  can  also  be prepared  by  acid  treatment.
We  verified  the  effect  of  chitin  nanofibrils  (NF)  and  nanocrystals  (NC) on  skin  using  a  three-dimensional
skin  culture  model  and Franz  cells.  The  application  of  NF and  NC to skin  improved  the  epithelial  granular
layer  and  increased  granular  density.  Furthermore,  NF and  NC application  to the  skin  resulted  in  a  lower
eywords:
hitin nanofibrils
hree-dimensional skin culture model
ranz cells

production  of TGF-�  compared  to that of  the control  group.  NF  and  NC might  have protective  effects  to
skin.  Therefore,  their  potential  use  as  components  of  skin-protective  formulations  merits  consideration.

© 2013 Elsevier Ltd. All rights reserved.
kin
kin-protective agents

. Introduction

Alpha-chitin is composed of microfibers, which are made up of
anofibrils (NF) that are approximately 2–5 nm in diameter and
0 nm in length and embedded in a protein matrix (Chen, Lin,
cKittrick, & Meyers, 2008; Fabritius et al., 2012; Nikolov et al.,

011; Raabe et al., 2006). Isolated chitin NF show a potential for
se in drug delivery systems, the tissue engineering of scaffolds, and
ound dressing (Muzzarelli et al., 2007). Acid hydrolysis is one of

he main methods used to prepare chitin NF (Gopalan & Dufresne,
003; Revol & Marchessault, 1993). Moreover, ultrasonication of

quid pen beta-chitin under acidic conditions yields 3–4-nm-wide
hitin NF with relatively low crystallinity (Fan, Saito, & Isogai, 2008).

∗ Corresponding author at: Laboratory of Veterinary Surgery, Faculty of Agricul-
ure, Tottori University, Tottori 680-8553, Japan. Tel.: +81 857 31 5434;
ax: +81 857 31 5434.
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Chitin nanofibers are easily prepared using either fine grinding or
wet-type atomization methods (Ifuku & Saimoto, 2012).

Chitin and chitosan have an accelerating effect on the wound
healing process and regulate immune response (Muzzarelli, 2009,
2010). Recently, Chitin and chitosan could be used as nanofibrils.
However, it is unclear whether chitin NF could maintain original
function or not.

We have previously found that chitin NF  improve the clini-
cal symptoms and suppress the onset of ulcerative colitis in an
animal model (Azuma et al., 2012). Furthermore, chitin NF sup-
pressed myeloperoxidase activation in the colon and decreased
serum interleukin (IL)-6 concentrations. In contrast, the applica-
tion of chitin powder did not produce any anti-inflammatory effect
(Azuma et al., 2012).

Because many people exhibit skin hypersensitivity in response
to cosmetics and textiles, the development of materials exempt
from inflammatory activity is essential. In the present study, we
describe a novel three-dimensional skin model assay to evaluate
the skin-protective effects of chitin NF.

2. Materials and methods
2.1. Preparation of chitin nanofibers and chitin nanocrystals

Chitin nanofibers and nanocrystals were prepared as described
previously (Gopalan & Dufresne, 2003; Ifuku et al., 2010). In brief,
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ry chitin powder from crab shell was dispersed in water at
 wt.%, and acetic acid was added to adjust the pH value to 3
o facilitate fibrillation. The chitin was roughly crushed with a
omestic blender. Finally, the slurry was passed through a grinder
MKCA6–3; Masuko Sangyo Co., Ltd.) at 1500 rpm. Chitin crystals
ere prepared by hydrolyzing the chitin with 3 N HCl at the boil

or 90 min  under stirring. After acid hydrolysis, the suspension was
ashed with distilled water by centrifugation thoroughly. The pre-

ipitate was dispersed in water at 1 wt.%, and acetic acid was  added
o adjust the pH value to 3. The chitin was passed through a grinder.

.2. Test materials

Test using 3D human skin culture model: we prepared a 1%
hitin NF dispersion and a 1% chitin nanocrystal (NC) dispersion
t pH 3 and pH 6 by the grinding method described by Ifuku and
aimoto (2012). Control solutions were distilled water, or acetic
cid at pH 3 and pH 6 (AC); 1% N-acetyl-d-glucosamine (GlcNAc)
as used as a positive control for effect of the keratinocyte growth

actor (Minami & Okamoto, 2010).
Test using Franz diffusion cells: we prepared samples of 1%

hitin nanofibrils and nanocrystals under the following conditions
Ifuku & Saimoto, 2012): pH 6, pH 6 Ac, and DW.

.3. Test procedures using 3D human skin culture model

The three-dimensional epidermal model LabCyte EPI-MODEL
4 (Tissue Engineering Japan Co., Aichi) was used to test the con-
act effect of each sample. This model, which includes skin layers
etween the keratin layer and the basal layer, was  incubated at
7 ◦C in a 5% CO2 humidified atmosphere.

The 9 conditions tested in this experiment are as follows: (1) no
pplication (NON) (n = 8); (2) distilled water (DW) (n = 12); (3) 1%
cetic acid (AC) solution, pH 3 (n = 8); (4) 1% AC solution, pH 6 (n = 8);
5) 1% chitin NF dispersed at pH 3 (n = 8); (6) 1% chitin NF dispersed
t pH 6 (n = 12); (7) 1% chitin NC dispersed at pH 3 (n = 8); (8) 1%
hitin NC dispersed at pH 6 (n = 12); and (9) 1% GlcNAc (n = 12).

The assay media (0.5 mL/well) (Tissue Engineering Japan Co.,
ichi) was aliquoted into the assay plate (Tissue Engineering Japan
o., Aichi). Next, the three-dimensional skin culture model was
laced in each well. The assay plates were then incubated in a CO2

ncubator for 1 h. The test material (50 �L/well) was applied to the
eratin layer of the three-dimensional skin culture model after the
-h incubation.

The three-dimensional human skin culture models were
emoved from the assay plate at 4, 12, and 24 h post-application,
nd the cultured skin (from the keratin to basal layers) were har-
ested.

.4. Histological observations

The harvested skin culture was immersed and fixed in 10%
ormalin (Mildform 10 N, Wako Pure Chemical Industries Ltd.,
saka, Japan). Cross-sectional slices (4-�m-thick) were soaked in
ematoxylin and eosin (H&E) and histological evaluations were
onducted. The samples were prepared by Sumika Technoservice
orporation (Osaka, Japan). The H&E stained samples from each
xperimental group were evaluated using an optical microscope
BX51-FL, Olympus Corporation, Tokyo). The tissue image analy-
is was done using Lumina Vision (Ver. 2.5.2.1, Mitani Corporation,
okyo, Japan).
Images for 4 non-continuous fields of view at 400× magnifica-
ion were taken for each H&E-stained sample in each experimental
roup. Sample scores were calculated by averaging the observa-
ional scores from one quadrant of the image for the granular layer
ers 101 (2014) 464– 470 465

and stratum spinosum. The below criteria were used to convert the
observations into a score.

2.5. Assessment of the granular layer and the stratum spinosum

The number of granular layers and the granule cell density of
the layers were evaluated.

A complete absence of the granular layer was assigned a score
of 0; a partial granular layer was assigned a score of 1; if 1, 2, 3,
or 4 layers were present, scores of 2, 3, 4, and 5, respectively, were
assigned.

The granule cells lacking keratohyalin granules were assigned
a score of 0, a weak presence was assigned a score of 1, a moder-
ate abundance with a high dye-affinity was  assigned a score of 2,
and a granule cell with abundant granules was  assigned a score of
3.

The stratum spinosum quality was evaluated by measuring the
width of the intercellular gap and the clarity of the nucleus. A
score of 0 was  assigned if the intercellular contacts in the stratum
spinosum had collapsed; (1) if the intercellular gap was greater
than 1 mm at 400× magnification; (2) if the space was less than
1 mm;  and (3) if a space could not be confirmed by the naked eye,
when I displayed the image which photographed at magnification
400 times with 122 mm  in height, size of 163 mm in width In addi-
tion, a score of 1 was assigned if the nucleus was  clearly visible;
otherwise, a score of 2 was assigned.

2.6. Test procedures using Franz diffusion cells

Franz diffusion cells (PermeGear Inc., Keystone Scientific K.K.,
Japan) were used to evaluate the test model. Skin removed from
Hos:HR-1 mice (8–9 week-old, 25–35-g males, Hoshino Labora-
tory Animals, Inc., Ibaraki, Japan) was  used. The use of the animals
and the procedures they underwent were approved by the Animal
Research Committee of Tottori University.

The 4 experimental conditions were as follows: (1) DW (n = 4);
(2) 1% AC solutions of pH 6 (n = 4); (3) 1% chitin NF dispersed at pH
6 (n = 4); and (4) 1% chitin NC dispersed at pH 6 (n = 4).

Skin samples removed from mice sacrificed by cervical disloca-
tion were applied to 1× phosphate buffered saline (PBS 10×,  pH 7.4;
Life Technologies Corporation, Tokyo, Japan)-soaked Franz cells.
The cells were incubated in a thermostat chamber for 1 h (TERMO
MINDER EX; Taitec Corporation, Saitama, Japan). Each test mate-
rial was then applied and the cells were re-incubated. A graphical
illustration of the methods is shown in Fig. 1.

At 1, 3, and 6 h post-application, PBS was aspirated from the
cells. Approximately 1 and 3 h after removal of PBS, fresh PBS was
injected into Franz cells using a disposable feeding needle (FG6206;
Fuchigami, Kyoto, Japan), and reincubated. The aspirated PBS was
concentrated using a centrifuge (SCT 5BA, Hitachi Koki Co., Ltd.,
Tokyo) at 4000 × g for 20 min  at room temperature. The concen-
trated PBS was stored at −80 ◦C until analysis.

2.7. Measurement of cytokine concentrations in PBS

We measured the concentration of IL-1� and TGF-� using a
commercially available cytokine measurement kit (Mouse, ELISA
Kit, Quantikine M (96 well), R&D Systems, Minneapolis, USA). In
addition, we calculated the cumulative cytokine production level
through the summation of cytokine concentrations at each time
point.
2.8. Statistical analysis

Analysis was performed using 4 step Excel Statistics (OMS Pub-
lishing, Saitama, Japan). For each investigation, we  performed the
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ig. 1. Schematic of the protocol for Experiment 2. Skin samples were applied to PB
est  material was  then applied and the samples were re-incubated. At 1, 3, and 6 h 

artlett test for normality; for those where we confirmed normality
r equal variance, single factor ANOVA was performed; otherwise,
e used the Kruskal–Wallis test. Afterwards, a multiple compari-

on test (the Tukey–Kramer test or Scheffe’s F test) was performed.

 risk ratio of less than 5% (p < 0.05) was considered significant.
 risk ratio less than 1% (p < 0.01) was considered highly signifi-
ant.

able 1
he results of histological scoring in each group.

Nucleus clearly Intercellular gap Gr

NON 4 h 0.81 0.84 2.
12  h 0.34 0.34 2.
24  h 0.38 0.25 1.

DW  4 h 0.71 0.56 1.
12  h 0.75 0.63 1.
24  h 0.73 0.21 1.

Ac  (pH3) 4 h 1.00 1.44 1.
12  h 1.00 1.00 1.
24  h 0.94 1.13 1.

Ac  (pH6) 4 h 0.84 1.00 2.
12  h 0.69 0.97 1.
24  h 0.91 0.66 1.

NF  (pH3) 4 h 0.97 1.84 1.
12  h 1.00 1.28 1.
24  h 0.97 1.56 0.

NF  (pH6) 4 h 0.92 1.33 2.
12  h 0.96 1.06 1.
24  h 0.94 1.04 1.

NC  (pH3) 4 h 1.00 1.06 1.
12  h 1.00 1.06 1.
24  h 0.97 1.00 0.

NC  (pH6) 4 h 0.88 1.40 2.
12  h 0.98 1.35 2.
24  h 0.96 1.90 1.

GlcNAc 4 h 0.77 1.29 2.
12  h 0.94 1.27 2.
24  h 0.81 0.65 1.

ntercellular gap scores were consistently low in the NON and DW groups. The AC (pH 3) a
cores decreased gradually over time. Although scores for the NF (pH 6) group decreased 

he  other groups, and the scores at the 24-h time point were higher than that of the contr
cores  in the GlcNAc group were high until the 12-h time point but decreased by the 24-
ked Franz cells. The samples were incubated in a thermostat chamber for 1 h. Each
pplication, PBS was  aspirated from the cells.

3. Results

3.1. Experiment 1: effect of chitin NF on epithelial cells using a
three-dimensional skin culture model
Histological observations for each group are shown in Table 1.
In the NON group, the granular layer score was 2.5 and granule

anule density Number of the granule layers Total (mean ± SE)

19 2.94 6.78 ± 0.51
19 3.13 6.00 ± 0.32
88 3.09 5.59 ± 0.19

92 3.08 6.27 ± 0.23
60 2.42 5.40 ± 0.35
15 2.10 4.19 ± 0.38

75 2.84 7.03 ± 0.18
34 2.50 5.84 ± 0.34
06 1.75 4.88 ± 0.44

16 3.03 7.03 ± 0.21
75 2.63 6.03 ± 0.27
53 2.31 5.41 ± 0.31

91 2.69 7.41 ± 0.41
34 2.28 5.91 ± 0.30
84 1.75 5.13 ± 0.37

54 3.63 8.42 ± 0.18
90 2.69 6.60 ± 0.17
73 2.65 6.35 ± 0.30

81 2.84 6.72 ± 0.30
16 2.00 5.22 ± 0.33
47 1.28 3.72 ± 0.30

13 3.23 7.63 ± 0.20
06 3.19 7.58 ± 0.29
67 2.58 7.10 ± 0.20

06 3.10 7.23 ± 0.33
17 2.69 7.06 ± 0.33
00 2.15 4.60 ± 0.21

nd NF (pH 3) group scores decreased over time. The AC (pH 6) and NC (pH 3) group
gradually over time, scores at the 4-h time point were higher compared to those of
ol groups. Scores for the NC (pH 6) group remained high over all measured periods.
h time point.
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Fig. 2. Comparison of the results of histological scoring in each group. (y-axis, total scores; x-axis, incubation time). (A) Comparison of the NC (pH 6) group and the
corresponding control groups, AC (pH 6) and NON. (B) Comparison of the NC (pH 3) group and the corresponding control groups, AC (pH 3) and NON. (C) Comparison of the
NF  (pH 6) group and the corresponding control groups, AC (pH 6) and NON. (D) Comparison of the NF (pH 3) group and the corresponding control groups, AC (pH 3) and NON.
(E)  Comparison of the GlcNAc group and the corresponding control groups, DW and NON. In the NC (pH 6) group, scores were significantly higher compared to those in the
AC  (pH 6) and NON groups 12 and 24 h post-application. In the NC (pH 3) group, scores were significantly higher compared to those in the NON group 24 h post-application.
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n  the NF (pH 6) group, scores were significantly higher compared to those in AC (p
igher compared to those in the DW group 12 h post-application. The error bars ind

ell concentrations score was maintained at 1.9 points 24 h post-
pplication. However, the intercellular gap and nucleus clarity
cores were relatively low (0.2–0.4 points and 0.3–0.4 points,
espectively) 12 h post-application.

In the DW-treated group, the granular layer score was  over 2.5
ntil 4 h post-application, after which time, it fell below 2.5 and
as very low 24-h post-application, and the granule cell density

nd intercellular gap scores 24 h post-application were low (1.1
nd 0.2 points, respectively).

In the AC (pH 3) group, the granular layer scores 12 h
ost-application were 2.5, and gradually decreased below 2.5
oints by 24 h post-application. The granule cell density score
as 1.3 points 12 h post-application and 1.1 points 24 h post-

pplication.
In the Ac (pH 6) group, although the granular layer score was

elow 2.5 at 24 h post-application, scores for granule cell density

1.5 points), intercellular gap (0.7 point) and nucleus clarity (0.9
oints) indicated good results.

In the NF (pH 3) group, the granular layer scores 4 h post-
pplication were above 2.5; however, they subsequently decreased
nd NON groups 4 h post-application. In the GlcNAc group, scores were significantly
mean ± SE. Significantly different from the AC group (**p < 0.01; *p < 0.05).

by 12 h post-application. Similarly, the granule cell density scores
were high (1.9 points) 4 h post-application, but subsequently fell to
0.8–1.3 points by 12 h post-application. The intercellular gap and
nucleus clarity scores were favorable 12 h post-application (1.3–1.6
and 1.0 points, respectively).

At all measured time points, the granular layer scores for the
NF (pH 6) group were over 2.5, and the scores for granule cell den-
sity (1.7–2.5 points), intercellular gap (1.0–1.3 points), and nucleus
clarity (0.9–1.0 points) were also maintained at satisfactory values
post-application.

Granular layer scores for the NC (pH 3) group fell below 2.5
points beginning 12 h post-application. Granule cell scores were
also low (0.5–1.2 points) after this time. Both the intercellular gap
and nucleus clarity scores remained constant (1 point) at all the
measured time points.

Similar to the NF (pH 6) group, the granular layer scores for

the NC (pH 6) group were above 2.5 at all measured time points.
Additionally, scores for granule cell concentrations (1.7–2.1 points),
intercellular gap (1.4–1.9 points), and nucleus clarity (0.9–1.0
points) remained satisfactory post-application.
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Fig. 3. The effect of chitin nanofibrils on the EPI-MODEL after 24 h of incubation. The number of layers and granule density were assessed in the granular layer (GL). Intercellular
g servat
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aps  and nucleus clarity were assessed in the spinosum layer (SL). Characteristic ob
W  group and high granule density in the NC (pH 6) and NF (pH 6) group. (bar = 10

In the GlcNAc group, all measured values were satisfactory until
2 h post-application; however, 24 h post-application, scores for
he granular layer fell below 2.5, while granule cell density and
ntercellular gap scores were low, at 1.0 and 0.6 points, respectively.

Comparisons for each group are shown in Fig. 2. Furthermore,
istological images for the NON, DW,  NC (pH 6), and NF (pH 6)
roups 24 h post-application are shown in Fig. 3.

At 12 and 24 h post-application, the NC (pH 6) group scores were
ignificantly higher scores than those of the AC (pH 6) and NON
roups (p < 0.05). In contrast, the NC (pH 3) group scores were sig-
ificantly lower than that of the NON group 24 h post-application
p < 0.05). At 4 h post-application, scores for the NF (pH 6) group
ere significantly higher than those of the AC (pH 6) and NON

roups (p < 0.01). The GlcNAc group scores were significantly higher
2 h post-application compared to those of the DW group (p < 0.01).

.2. Experiment 2: effect of NF on skin cytokine production using
ranz cells

The cumulative secreted cytokine concentration in the super-
atant (PBS) from each experimental group is shown in Fig. 4.

For both IL-1� and TGF-�, the cytokine production increased in

he following order: NF < NC < DW < AC. The TGF-� levels differed
ignificantly between the NF and AC groups (p < 0.01), and the NC
nd AC groups (p < 0.05).

ig. 4. Estimated production of cytokines in each group. For both IL-1� and
GF-�,  the cumulative cytokine production increased in the following order:
F  < NC < DW < AC. A highly significant difference was confirmed between the NF
nd  DW groups (IL-1� and TGF-�) and the NF and AC groups (for TGF-�), whereas

 significant difference was  confirmed between the NC and AC groups (IL-1� and
GF-�).  The error bars indicate mean ± SE. Significantly different from the AC group
**p  < 0.01; *p < 0.05).
ions included large intercellular gaps in the NON group, low granule density in the
.

4. Discussion

4.1. Experiment 1: the effect of chitin NF on epithelial cells in a
three-dimensional skin culture model

The skin, which is responsible for protecting various internal
organs from the external environment, is composed of the epithe-
lium and the corium and is supported by subcutaneous tissues. The
epithelium consists of the cornified layer (CL), granular layer (GL),
spinosum layer (SL), and basal layer (BL). Of the skin layers, the CL is
responsible for acting as a protective barrier, and hence is an impor-
tant part of the epithelium as it protects the internal structures from
desiccation or against changes in the environment, while main-
taining appropriate hydration for function within the environment,
for example, UV, desiccation and chemical substances. (Rawlings &
Harding, 2004). Secretions from the sebaceous glands that cover the
outermost layer, secretions from granule cells, and keratinocytes
participate in CL formation. Intercellular lipids and natural moistur-
izing factors (NMF) are composed of secretions from granule cells in
the CL, and facilitate the barrier and moisturizing functions. NMFs
are complex mixtures of lactic acid, urea, citrate, sugars, and amino
acids such as pyrrolidone carboxylic acid (PCA), urocanic acid and
its derivatives (Cler & Fourtanier, 1981). Intercellular lipids regulate
moisture evaporation from the skin, but this phenomenon is known
to decrease with age. In senile xerosis, a reduction in the number
of keratohyalin granules has been observed (Tezuka, 1983), and
there are reports that the granule cells and lamellar body numbers
increase in hairless mice grown under dry environments (Denda
et al., 1998). The essential role that NMFs play in the moisturizing
and barrier functions of skin underscores the critical function of
the granular layer and the associated granules, as they are respon-
sible for secretion of both lipids and NMFs. Additionally, it has been
reported that tight junctions in the second uppermost layer (SG2)
of the granular layer seal intercellular gaps (Kubo, Nagao, Yokouchi,
Sasaki, & Amagai, 2009).

Our current study reveals that even if topical treatments are not
directly applied to the CL, the maintenance of proper culture and
moisturizing conditions below the epithelium leads to favorable
granular layer development, with an increase in granule density.
However, if skin cells were cultured without the application of sub-
stances to the CL, low intercellular gap and nucleus clarity scores
were obtained and maintenance of cellular integrity was not pos-
sible. Similar to previous studies, our current report suggests that
the granule cell number is increased as a defense mechanism upon

disruption of cellular integrity.

As shown in Fig. 2A and C, both the NF (pH 6) and NC (pH 6)
group scores were favorable compared to those of their respective
controls or the NON group, at all measured time points. Application
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f NF (pH 6) or NC (pH 6) appears result in tighter intercellular
pacing and promotes the maintenance of cellular integrity, when
ompared to non-treated cells.

These results suggest that the application of chitin NF to skin
rotects epithelial cells. Although the precise mechanism remains
nknown, this effect may  be attributable to its ability to prevent
oisture evaporation. Moreover, as shown in Fig. 2A and B, the NC

pH 6) group scored higher on measured criteria compared to the
F (pH 6) group at all time points after the first 8 h of application,

ndicating that NC is the more effective skin protector in the long-
erm. In contrast, as shown in Fig. 2B and D, the scores for NF (pH 3)
nd NC (pH 3) decreased compared to those of the control or NON
roups, beginning at 12 h post-application. This suggests that pH
s an important criterion for topical formulations, and that pH 6 is

ore effective than pH 3 for epithelial cell protection.
In the GlcNAc group, the granular layer score fell below 2.5

oints by 24 h post-application. At this time, the granule cell density
nd intercellular gap scores were 1.0 and 0.6 points, respectively.
istological Images 24 h post-application revealed a granular layer

hat had nearly disappeared or was 1-layer thick in some portions
f the image. As stated above, granule cells secrete substances that
onstitute the CL, thereby conferring its barrier function. Further-
ore, there are tight junctions in the SG2 layer of the granular layer,
hich in combination with the granule density and number of lay-

rs within the cell, are likely important for its barrier function. The
ranular layer score 24 h post-application for the GlcNAc group was
.1 points, which is lower than that of the NF (pH 6) and NC (pH
) groups. In addition, the granule density was  lower in the Glc-
Ac group than the NF (pH 6) and NC (pH 6) groups. This suggests

hat the application of GlcNAc to the skin does not contribute to
ong-term skin cell protection. In contrast, 24 h post-application
istological images of the NF- and NC-group samples showed that
t least 2 layers of the granular layer were maintained and that
any granules were present. All of these observations indicate

hat the application of NF (pH 6) and NC (pH 6) contributes more
ignificantly to epithelial cell protection than does application of
lcNAc.

.2. Experiment 2: effect of NF on skin cytokine production using
ranz cells

Keratinocytes in skin produce a high level of IL-1�, and activated
L-1� is abundant in the cuticle (Kezic et al., 2012). Furthermore,

olecules isolated from house dust mites have been shown to
nduce pro-inflammatory cytokine and chemokine release from
pidermal keratinocytes and skin fibroblasts (Arlian & Morgan,
011), there are many environmental stimuli that can be inflamma-
ory. The cytokine TGF-� is secreted from T-cells and functions as an
mmunosuppressive factor. TGF-� regulates immune cell differen-
iation, proliferation, activation, and can contribute to pathologies
uch as cancer, autoimmunity, and opportunistic infection (Letterio

 Roberts, 1998). TGF-� is a suppressive factor that regulates
ound and skin-inflammation-related cellular processes (Anthoni

t al., 2007).
In mouse hepatocytes, TGF-� suppresses the IL-1�-induced

xpression of IL-1R as well as TLR2 (Matsumura et al., 2004).
atients with osteomyelofibrosis have activated NF-�B due to
onocyte adhesion, leading to IL-1 production, which in turn

timulates TGF-� production and causes bone marrow fibrosis
Rameshwar et al., 2000). Based on these interactions, inflamma-
ory cytokines such as IL-1� and suppressive cytokines such as
GF-� are intimately related. Findings from a Nocardia brasiliensis-

nduced mouse footpad immunoreactivity model showed that
oth inflammatory- and anti-inflammatory cytokines are pro-
uced simultaneously by host cells (Solis-Soto et al., 2008). Taken
ogether, the involvement of IL-1 in TGF-� production can be
ers 101 (2014) 464– 470 469

explained through a similar model, whereby production of TGF-�
is intricately linked to the production of IL-1.

In our current study, the sum of cytokine concentrations at each
time point was considered as the cumulative cytokine production
level. The cumulative cytokine production level in the NF and NC
groups was  lower than that in the AC and DW groups. Although
a significant difference in the IL-1 production in the NF/NC and
AC/DW groups was not observed, a significant difference in TGF-�
production was detected. TGF-� production in the NF (pH 6) group
was lower than that in the NC (pH 6) group. On the other hand,
the NC (pH 6) group scored was  higher on measured criteria com-
pared to the NF (pH 6) group in experiment 1. These experiments
revealed that NF and NC protected skin cells. The reason of the dif-
ference in effects for skin protect between the two  materials was
still unclear. One of the mechanisms was  considered that 3D struc-
ture of NF and NC contained water and prevent from skin dryness.
In future, it needs further research to verify mechanisms of reduc-
tion of inflammatory cytokine when NF and NC were applied to
skin.

5. Conclusions

The results of our study suggested that NF and NC protect skin
cells while being less inflammatory. Further research is necessary
to determine precisely how NF and NC can be incorporated into the
manufacture of cosmetics or textiles.
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