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Dietary fiber is a major functional ingredient in
plants. We have indicated that soluble fibers such as
konjac glucomannan (KGM) and inulin oligosaccharides
reduce the fecal water toxicity and exerted in vitro
and in vivo anti-oxidative effects. We originally
planned to explore effects of KGM and inulin on
various stages of sporadic colon cancer development
in three years. However, this study was funded for
two years, in addition with postdoctoral fellowship.
Therefore, we re-designed this study and focused on
effects of these two fibers on the colonic
carcinogenesis at the initiation stage and on early
promotion stage of tumorgenesis, instead of
carcinogenesis. In the first year, we determined
effects of KGM and inulin on AOM-induced acute DNA
damage on the colon, and the underlying cellular
mechanisms. Results of the first year has been
published in Food Chemistry. In the second year, we
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tried to develop a colonic adenoma model with high
fat (20% oil, w/w) low-fiber (1% cellulose) and
several injection of AOM. Mice were sacrificed 30 and
45 week after the first initiation treatment. We
determined the body weight, feed intake twice per
week, aberrant crypt foci (ACF), histology of the
colon, blood MDA, cytokines, fecal microbiota and
short-chain fatty acids.

konjac glucomannan, inulin, AOM, high-fat, gene
damage, ACF, inflammation
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ABSTRACT

Dietary fiber is a major functional ingredient in plants. We have indicated that soluble fibers
such as konjac glucomannan (KGM) and inulin oligosaccharides reduce the fecal water toxicity and
exerted in vitro and in vivo anti-oxidative effects. We originally planned to explore effects of KGM
and inulin on various stages of sporadic colon cancer development in three years. However, this
study was funded for two years, in addition with postdoctoral fellowship. Therefore, we re-designed
this study and focused on effects of these two fibers on the colonic carcinogenesis at the initiation
stage and on early promotion stage of tumorgenesis, instead of carcinogenesis. In the first year, we
determined effects of KGM and inulin on AOM-induced acute DNA damage on the colon, and the

underlying cellular mechanisms. Results of the first year has been published in Food Chemistry.

In the second year, we tried to develop a colonic adenoma model with high fat (20% oil, w/w)
low-fiber (1% cellulose) and several injection of AOM. Mice were sacrificed 30 and 45 week after
the first initiation treatment. We determined the body weight, feed intake twice per week, aberrant
crypt foci (ACF), histology of the colon, blood MDA, cytokines, fecal microbiota and short-chain
fatty acids.

S MEF D F P RORF B AT BAORE R F X

Key words : konjac glucomannan, inulin, AOM, high-fat, gene damage, ACF, inflammation
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ABSTRACT

Mice were fed low-fibre, or that supplemented with soluble fibre {(konjac glucomannan, KGM: inulin). or
insoluble fibre (cellulose) to determine how these three fibres modulated the acute colonic responses (o
an azoxymethane (AOM ) treatment. Results indicated that KGM and inulin exerted greater anti-genotoxic
effects compared to celfulose and up-regulated the gene expeessions of glutathione S-transferase and
ymes, The apoptotic index in the distal colon was the greatest and the expression of
Bel-2 was the lowest in the KGM group 24 h after the AOM treatment. On the other hand, the proliferative
index and expeession of Cyclin DI were lower in all fibve groups. Furthermore, KGM increased cecal
short-chain fatty acid contents, and both KGM and inulin increased fecal probiotic concentrations. This
study suggested that soluble fibres were more elfective than cellulose on ameliorating AOM-Induced
genotoxicity by up-regulating antioxidant enzyme genes, and enhancing epithelium apoptosis by

ioxadant

Agoplosis down-regulating Bcl-2,

Prodiferation

© 2014 Elsevier Ltd, All rights reserved.

1. Introduction

Colon cancer is the leading cause of death worldwide, and
dietary factors are known to be capable of regulating the colon car-
cinogenesis (Fetlay ¢t al. 2010), Epidemiological studies have sug-
gested the reverse association between intake of dictary fibre, the
indigested parts of plant materials, and the risk of colon cancer
(Aune et al. 20171; Dahm et al, 2010). Underlying potential mech-
anisms, whereby di¢tary fibres may influence the development of
colon carcinogenesis, include increased fecal bulk, reduced colonic
transit time and diluted fecal toxin contents, which consequently
reduce the exposure of colonic mucosa to the luminal carcinogens
(Amencan Institute for Cancer Kesearch, 2007; Spilles, 2001) In
addition, the interaction between dictary fibre and colonic micro-
biota and bile acids, and the production of short-chain fatry acids
(SCFA) resulting from fermentation, are believed to protect against

Abbreviarions: Al, apoptotc index; AOM, hane; Rol-2, 8 cell leukemia;
CAT, catalase: GPX2, ziutathione peroxidase 2. GST-n, glutathione S-transferase =;
KGM., komjae glucomannan: M, probferative index: gICR, quantitative real-tinwe
polymerase chain reaction: SCFA. short-chain fatty acid: SOD1, superoxide dsmus-
tase 1.

* Corresponding duthor a: Schood of Nuzrithan, Chang Shan Medical Untversity,
No, 110, Sec. | Jianguo N Rd. Tacheng City 402, Taiwan, Tel: +886 4
24730002x12207; fax: 4836 4 21248175

L.mail address: clenSo8dgmall com (H-L Coen).
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colon cancer development (Young, Hu, le, & Nyskohus, 2005)
Butyrate, in particular, is one of the SCFA that serves as the major
energy source of colonocytes (Hoediger, 1952) and has been shown
to enhance apoptosis and inhibit proliferation in the colonic cells
in vitro (Chal, Evdokiou, Young, & Zalewskl, 2000; Zhang et al, 2010).
Konjac glucomannan (KGM), derived from the tubers of Amor-
phophalfus konjac C. Koch, is composed of §-14-linked p-glucose
and p-mannose units joined together with branches through
P-1.6-glucosyl units (Doi, 1995) The viscous polymer can be
processed into various vegetarian food products and commonly
consumed in the Asian countries such as Japan and Taiwan. Inulin,
a mixture of fructo-oligosaccharides derived [rom the tuber of chic.
ory (Cichoriun intybus), is a well-known prebiotic and widely used
as a supplement in functional food. Both KGM and inulin have been
shawn to increase the production of SCFA and stimulate the growth
of bifidobacteria and lactobacilli in animal and human studies
{Chen. Cheng, W, Lin, & Liu, 2008; Chen, Lin, & Wang, 2010). In
addition, these two soluble fibres have also been shown to up-
regulate the antioxidant enzymes in the colon (Wu & Chen
20115b). On the other hand, cellulose, a poorly-fermented insoluble
fibre. increases fecal bulk and may therefore reduce the fecal toxic
concentration, but does not increase the fecal butyrate level (Chen
ot al, 2010)
(ADM) is commonly used to induce experimen-
tal animal model of colon carcinogenesis (Kosenberg, Glardina, &
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Taraka, 20093 The AOM is metabolized into methylazoxymethanol
that causes DNA adducts (\Welshurger, 1971 ). The potential cellular
defense mechantsms, such as antioxidant machinery and apopto-
sis, and the compensatory response to apoptosis, such as cell pro-
liferation, may occur after the DNA damage (Bellamy, Malcomson,
Hamson, & Wyllie, 1995; Fan & Bergmann, 2008). Therefore, it is
generally considered that increased DNA damage or/and insuffi-
cient apoptosis response against the DNA damage leads to an
increased risk of carcinogenesis. We have previously demonstrated
that supplementation of KGM, inulin or cellulose into a low-fibre
diet reduced acute DNA damages i Caco-2 cell, a colonocyte cell
line model, caused by fecal water treatment (Chen ot al, 2008),
as inulin exerted greater suppressive effect compared to KGM
and cellulose. However, effects of these three fibres, on colonic
DNA damage. antioxidant enzymes, apoptotic and proliferative re-
sponses induced by AOM, have not been shown in vivo,

The main goal of this study was to examine effects of two solu-
ble fibres (KGM, inulin) and one insoluble Nibre (cellulose), over
24 h, after the AOM administration on colonic DNA damage, cell
cyde homeostasis, and gene expression of related cellular mecha-
nisms in mice. We also determined the SCFA in the cecum and fecal
microbiota.

2. Methods and materials
2.1. Animais

Male CS7BL/G] mice were obtained at 5 weeks of age from the
National Laboratory Animal Breeding and Research Center { Taipel,
Tatwan . Every three mice were housed in a solid-bottomed plastic
cage. with stainkess wire-bar kid and wood shavings for bedding, in
A animal bolding room maintained on a 12-h light-dark cycle at
24=1°C and 50% humidity. All animal were allowed free access
towater and food in the study. Animal care followed the guidelines
of the National Rexearch Coundl (1985) and was approved by the
Institutional Animal Care and Use Committee (JACUC) of Chung
Shan Medical University (approved number 1077 )

2.2, Experimental design

After 1 week of acclimatisation, mice (6-week-okd) were ran-
domly divided into four groups (1 =12 per group) and fed either
modified AIN-76 {American lastituce of Nutrition, 1977] high-fat
(20% com oil, wiw) low-fibre (12 cellulose) diet or that supple.
mented with another 5% (w/w) fibre derived from KGM (80%, Fukar
Co., Taiped, Tatwan), inulin {85.5%, Sentosa Co,, Taipei, Taiwan), or
cellulose (99.9%, Sigma (hemical Co,, St Louis, MO] for 3 weeks,
The compaosition of the low-fibre diet was as follows (g/kg): casein,
200; corn starch, 540; corn oil, 200; AIN-76A mineral mix, 25; AIN-
TEA vitamin mix, 10; methionine, 3; choline bitartrate, 2; ceflulose,
10. The amount of com starch was substituted by dietary fibre,
with correction of the purities to formulate the fibre-supplemented
diet, Daily food intake and body weight were recorded throughout
the study. Mice were individually housed and fecal outputs were
collected during days 17-21. Mice were anaesthetized with CO,
before or 24h alter a single intraperitoneal infection of AOM
(10 mg/kg body weight, Sigma) on day 22. A midline incision was
made to dissect the ceann from where the contents were removed
and weighed. The cecal contents were immediately stored at

-20°C for further analysis of SCFA. The entire colon was then
removed and flushed clean with ice-cold stenile saline. Segments
(0.5 cm) of the distal colon were fixed in 10% (v)v) buffered forma-
lin overnight and embedded in paraffin for further immunohisto.
logical examination. The remaining colons were immediately
processed for colonocyte isolation.

2.3. kolation of colonocytes

The colonocytes were isolated according to the method
described by Pool-Zobel et ol (1993) with slight modification,
Briefly, colonic tissues were washed in a phosphate buffered saline
containing penicillm (10 units/ml, Gibco Life Technologies, Foster
City, CA) and streptomycin {10 mg/ml, Sigma) at 37 “C with shak-
ing. for three times, each for 10 min Tissues were then treated
with collagenase (type X1, 125 units/ml, Sigma) for 30min at
37 °C and was then centrifuged at 800g for 10 min to collect the
colonocytes. Hall of the isolated colonocytes were used to deter-
mine the DNA damage, while the other halves were processed
for RNA isolation to determine the expression of target genes.

2.4 Comert assay

The DNA damages of colonocytes were determined using the
Comvet assay as described previousty (Wu & Chen, 201 15). The via-
bility of isolated colonocytes was determined using the trypan bloe
assay (Phillis, 1972), With > 90% cell viability, cells (5 < 10°/ml}
were suspended in 1% (w/v) low-melting-point agarose which
was layered onto a layer of 1% (w/v] normal-melting-point agarose
om a frosted glass shde. After application of a third layer of 1% nor-
mal-melting-point agarose, the slides were immersed in a cold lys-
ing solution {10 mM Tris; 1% sodium N-laurylsarcosine, 0.1 mM
NayEDTA. 25M NaCl 1% Triton X-100, 10% dimethylsulphaxide,
pH 10) for 1 h at 4 °C. After being washed with a saline solution,
the slides were allowed 1o unwind for 20 min in an alkalne solu-
thon (0.3 M NaOH, | mM NaEDTA), followed by electrophoresis
at 25V and 300 mA for 20 min. Duphicate slides were prepared
from each mouse, and the DNA breakages from at least 100 cells
per slide were determined. The fmage was analysed using the
Interactive Image Analysis Comet Assay Il (Perceplive Instrument,
Haverhill, Suffolk, UK). DNA damage was denoted as tail moment
{% of DNA in tail < tail length),

2.5. Relative gene expressions

The gene expressions of anticxidant enzymes, superoxide
dismutase 1 (SOD1), catalase (CAT), glutathione peroxidase 2
{GPX2), detoxification enzyme, glutathione S-transferase n (GST),
B cell leukemia (Bcl-2) oncogene that suppresses cell apoptosis
(Willis. Day, Hinds, & Huang, 2007), and Cyclin DI (Cend 1), a cell
cycle regulator that controls (ransition from the G1 o S phase
(P Wang, L, Sskamaki, & Pestell 2004), were determined by
using quantitative real-time polymerase chain reaction (qPCR).
The RNAS was isolated according to the method described previ-
ously Ferlay of ol (20107, Briefly, colonocytes were homogenised
(5 « 10° cells/ml) in REzol™ CA&T reagent (PROtech Technology,
Talped, Taiwan) Afrer addition of 0.2 ml chloroform, the samples
were vigorously mixed for 155, followed by centrifugation
12000g for 15 min at 4 “C. The supematant was mixed with an
equal volume of sopropanol (L T. Baker, Deventer, The Nether-
lands), and the RNA peller was precipitated with centrifugation,
12000g 10 min at 4 °C. After wastung with 752 ethanol, the RNA
was dissolved in RNA-free water for further complementary DNA
{CDNA) synthesis. The quality of KNA were determined by the
260/280 nm absorbance. The cDNA was synthesized using random
primers (Applied Biasystems Life Technologies) in a thenmal cycler
{TaKaRa Biomedical Shuzo, Japan)

The qPCR was performed using TaqMan gene expression assays
(Apphied Biosystems) with the StepOne Real-Time PCR System
{Model 7700, Applied Biosystems). The assay identification {acces-
sion number of NCBI gepe reference shown in parenthesis) of prim-
ers for the targer genes SO, CAT, GPX2, GST, Bd-2, and Cend )
was  Mm01344233 g1 (NM 01143415, MmOD437992 m]
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(NM_009804.2), MmO00850074 g1  (NM_030677.2). Mm042
13618 _gH (NM_013541.1), MmOD477631_m1 (NM_009741.3).
MmO0432359_m1 (NM_007631.2), respectively, and that for the
internal  reference  gene  [actin was  Mm00607939 51
(NM_007393.3). The exact primer and probe sequences were not
provided due to the propnetary issue and policy of the supplier.
The gene expression of each target gene was first normalised to
that of its own internal reference gene [-actin. The relative gene
expression of the experimental group was compared to that of
the control group at 0 h according to the 2% method (Livak &
Schmittgen, 2001)

26 Immumohistochemical staining

The apoptosis and proliferation of colonic epithelium were
determined by using the immunohistochemical staining. Paraffin
sections (5 um) were dewaxed, rehydrated through descending
alcohel concentration and treated with 20 pg/mi proteinase K (Sig-
ma) for 20 min. Endogenous peroxidase was removed by treatment
with 3% hydrogen peroxide (H,0,) for 20 min. The epithetial cells
undergoing apoptosis were determined by using the TUNEL meth-
od according to the manufacturer’s instruction (ApopTag S7101,
Millipore, Temecula, CA) and counterstained with methyl green.
The 3' hydroxyl ends of broken DNA strand were enzymatically
labelled with digoxigenin nucleotides and were then treated with
anti-digoxignin antibody bound to peroxidase. A negative control
was prepared for each animal te monitor the non-specific reaction.
The apoptotic index (Al), the ratio (%) of TUNEL-positive to total
epithelium cells was determined from at least 40 crypts randomly
selected from each animal.

The Ki-67 protein, a marker shown during cell proliferation, in
the colonic epithelial cells was determined with a pelycional anti-
body {Millipore). After inhibition of endogenous peroxidase activity
by 3% H,0,, the Ki-67 antibody was then applied at 1:300 dilutions
for 1 h at room temperature, The stalns were shown by using a bio-
tinylated secondary antibody and detection system (IHC Select
Immunoperoxidase  Secondary Detection  System, Millipore)
according to the manufacturer’s instruction, The proliferative index
(P1), Le. the ratio of Ki-67 positive to total cells, was determined in
the whole crypt column and upper-third crypt. respectively.

2.7. Cecal SCHA

Cecal SCFA was extracted with methyl ether, according to the
method described previously (Wu & Chen, 2071a), using
4-methyl-N-valeric acid {Sigma) as an internal standard, The re-
dissolved sample was analysed by gas chromatography (GC-148;
Shimadzu Corp., Kyoto, Japan) using a glass capillary column
(0.25 mm = 30 m, Stabilwax-DA_ Restek Corp., Bellefonte, PA) with
a Mlame ionisation detector and peak areas were collected with a
C-R6A Chromatopac {Shimadzu Corp.).

2.8. Fecal micrabiota

Fecal bacteria population were determined by using fluores-
cence in situ hybridization method (FISH), as described previously
(Chen, Cheng, Liv, Lin, & Wu, 2006), The genotypic probes were
specifically designed to target 165 rRNA of bifidobacteria (Jansen.
Wildeboer-Velop, Tonk, Franks, & Welling, 1999), lactobacilli
(Wang, Cao, & Cemiglla, 1996), and clostridia (Nagahama,
Nagayasu, Kobayashi, & Sakurai, 2002), The nucleic acid stain 4'
6-diamidino-2-phenylindole was used for total bacterial counts
{Chen et al. 2006). Probe fluorescence was detected with a Zeiss
Axioskop2 microscope { Carl Zeiss, Jena, German) fitted for epifluo-
rescence microscope with a 100 W mercury bulb (HBO 103), a 20«
Plan-neofluar objective, a filter set 01, 09 and 20, and a cooled

charge-coupled device video camera (Macrofire, Model S99831,
Optronics, Goleta, CA), The microbial concentration is expressed
as logyo counts/g feces,

2.9, Statistical analysis

Values were presented as means + SEM and analysed using SPSS
version 14.0 {SPSS Inc., Chicago, IL). The diet effects at a time point
were determined using one-way ANOVA followed by Tukey's test.
The time effect of AOM within each dictary group was determined
using the Student’s t-test, A P value <0.05 was considered stanisti-
cally significant.

3. Results

The growth and physical activity were normal in all groups
throughout the cxperimental period. The caloric intake was
56.4+34,518+27 522+1.1and 52,6 ¢+ 1.6 k|/d in the low-fibre,
KGM, inulin and cellulose group, respectively. The dally weight
gain of Jow-fibre, KGM, inulin and cellulose group was
0.20+001, 0.16 +0.01, 0.15+0.01, and 0.17 +0.02 g/d, respec-
tively. Both caloric intake and weight gain were similar across
groups.

The DNA damage (tail moment) of colonocytes at 0 h was the
greatest in the low-fibre group (Fig. 1), which was significantly
decreased with dietary supplementation of KGM (P=0.015) and
inulin (P = 0,003), respectively.

The single AOM injection significantly increased the DNA dam-
age ar 24 h as compared with the respective counterpart at Oh
(P < 0,05, respectively), The tail moment ar 24 h was still the great-
est in the low-fibre group, 45402, which was significantly
reduced by all fibres. KGM, inulin and cellulose decreased the
DNA damage by 27% (P<0001), 40x (P<0,001) and 16%
(P = 0.006), respectively, as compared with that in the low-fibre

p.

Addition of dietary fibre into the low-fibre diet did not affect the
expression of SOD1 in the isolated colonocytes at 0 h (Fig 2A), The
AOM treatment increased the SOD1 expression in all groups except
the cellulose group. The SOD1 gene expression was enhanced to
the greatest with KGM, from 154+ 017 at Oh to 288+ 0,16 at
24h (P<0,001 vs, low-fibre at 24 h). However, cellulose group

OLow fiber BEGM  Slsuls SCllddos

oh Mh

Fig. 1. DNA damage (denoted a5 tall moment) of colonocytes. C578L/G) mice were
fod a nigh-fat {20%, wiw) low-fibee {13 colluiose, w)w) diet or that supplemented
with 5% (w/'w) KGM, (aulin or ceflutose Tor 3 weeks and then sacrificed D or 241
after an AOM Ingecton (10 mg/kg BW., tp.). DNA damages of colovocytes isolated
from muce were determined by usiog comet assay. Yaloes are means £ SEM (n=6
per group}. Different lecters denoted significant differences across dietacy groups at
the same tinse point 4s soalyred by ooc-way ANOVA foliowed by Tukey's best
{(P<005) * at 24 b denoted the significant differences compared to that at 0 h as
analysed by Student’s ¢-test. KCM, kunjac giucomannan.
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at O h as amalysed by Student’s t-2est. KGM, bonjac glucomanman

slightly decreased SOD1 gene expression from 1,24+ 023 atOh to
0.79 £ 0,03 at 24 h (P = 0.081). The relative gene expressions of CAT
were greates (n the KGM and inulin groups than that in the low-
fibre and cellulose groups at O h (Fig 2B), The AOM treatment
decreased the CAT expressions in the KGM (' = 0.002) and cellulose
(P =0.004} groups, but not in the inulin group, and the Inulin group
had the greatest CAT expression among groups at 24 h. The relative
gene expression of GPX2 was increased with cither soluble or
insoluble fibre supplementation at O h {Fig. 2C) The AOM treat-
ment induced the relative GPX2 expression only in the low-fibre
group, to a level similar to that shown in the fibre-supplemented
groups at 24 h. The relative gene expression of GST was also en-
hanced with either type of fibre supplementation at 0 h (P <0.05)
(Fig. 2D). However, the relative GST expressions at 24 h were great-
cr only in the KCM (P=0.002) and inulin (P = 0.001) groups, but
not in the cellulose group, as compared with that in the low-fibre
counterpart.

The onginal (0h) Al in the distal colon was similar among
groups {Fig 3} The AOM treatment significantly increased the Al
in the low-fibre, KGM and inulin groups by one-fold (P <0.001),
~120% (P<0.001) and ~80% (P <0,001), respectively, and slightly
increased that in the cellulose group (P = 0.06). In addition, the Al
at 24 h was greater only in the KGM group (P = 0.001), but not in
the inulin and cellulose groups, as compared with that in the
low-fibre counterpart, The representative images of AOM-induced
apoptosis are shown in the Supplementary data (A},

The PI of the whole crypt at O h was greater In mice fed either
fibre-supplemented diet than that in the low-fibre group {Table 1),
The AOM treatment significantly increased the Pi of the whole
crypt only in the low-fibre group (P<0.001), not in any fbre-
supplemented groups, The Pis of the whole crypt at 24 h were sig-
nificant lower in the XGM. inulin and cellulose groups for 30%
(P<0.001), 19% (P=0.004) and 31% (P <0.001), respectively, than

Olow-fbe WEGM ®lnuia  @Celllon .

Apoptebic mdex (%)

0k 4%

P 3. Apopeotic index in U dissal colon a5 0 or 24 I of AOM treanent, The TUNEL
assay was used to determine apopiosis a1 described 0 Section 1. Apogprtotic index
(%) = the rato of TUNEL-positive to total epithelium celfs. Values are means & SEM
(n=6 per group)l Defferent letters denoted significam differences across dietary
LIOups at IHe same Tinwe podnt as analysed by ane-way ANOVA folknwod by Tukey's
tesL (P« 005). * at 24 h denoted the significant differences compaced 10 that at 0 h
as aralysed by Student's t-test. XGM, komjac glucomansan

that in the low-fibre counterpart. We further examined the Pl of
the upper-third crypt. The Pl in the low-fibre group was the great-
est among groups at either time point. Addition of KGM, Inulin and
cellulose into the low-fibre diet significantly decreased that by 26%
(P=0.001),35% (P = 0.007) and 37% (P = 0.006), respectively, at O h,
and 42% (P<0.001), 34% (P=0.004) and 40% (P <0.001), respec-
tively, 24 h after the AOM treatment, The representative images
of Ki-67 positive stains are shown in the Supplementary data (8L

The relative expression of 8cl-2, an anti-apoptotic gene, at O h
was similar among groups (g 4A). Howeves, the Bcl-2 gene
expression was significant lower in the fibre-supplemented group
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Tadle ¥
Effect of dilleremt dicts on pratiferative index of the whole or upper-third cryp in the
distal colon a1 0 or 24 & after an AOM treatment.

Low-filire KoM Inulin Celulose
Profferative mdex (%)
on
Wiode crypt N300 0223% 3I77:05" 38H:22°
Upper-thard 552:16° 06219 160:30°  MA228
cypt
24h
Wihnde crypt 4482165 3152197 363214V 05225
Upper-tharcd 560+28% 43114 00224 353221
aypt

' Dt are expressed as means £ SEM (=6 per group) Dilerest superscrign
letters denote signsficant differences across groups as analysed by ane way ANOVA

Table 2
Effect of different diets on cecal short-chain fasty acids analysed prior 1o or 24 b after
a0 ADM treamens.

Low-fibre KGM Tulin Cetmulose
ey cecum
0Oh
Acetate w3sor 124438 110229 77211
Proplonate 12101 14205 15404 08102
Rutyrae nE+0* ags01" 1300 080
Toul SCFA 121207 M7z42 158:33 9313
24h
Acetate apsas 123412° 124 £10% 890"
Praplonate 07:02¢ 17:04" 15s02% 00"
Butyrate 06r01* 19103 11202* 0gxr00*
Total SCFA 102210* 170218 150213* 050"

followed by Tukey's test (P« 0.05) * at 24 b deoote significant dudffe
10 1hat at O R as analysed by Student’s 1-5est,

compared to the low-fibre counterpart 24 h after the AOM treat-
ment. KGM exerted the greatest suppressive effect on 8cl-2 gene
expression, followed by the inulin and then cellulose groups.
Furthermore, the relative expression of Cyclin D1, a proliferation-
related gene, at 0 h was increased with all types of dietary fibre
examined in this study, and was the greatest in the cellulose group
(Fig. 4B), However, the relative gene expression of Cyclin D1 at
24 h.in the low-fibre group, was significantly up-regulated as com-
pared to that at O h (" < 0.001), and was greater (P < 0.05) than that
in either fibre-supplemented group,

The cecal acetate and propionate comtents were not affected by
any dietary fibre examined in this study at 0h, but the butyrate
contents were greater in the KGM (P=0.047) and Inulin
(P<0,001) groups as compared to that in the low-fibre counter-
part, respectively [Table 2). Most individual cecal SCFA content
was not affected with the AOM treatment, except that the butyrate
content was significantly Increased with the AOM treatment in the
KGM group by more than one-fold. In addition, the KGM group had
the greatest acetate, propionate, butyrate and the total SCFA con-
tents among groups at 24 h,

Addition of cellulose into the low-fibre diet significantly
increased wet and dry fecal mass by 38% (1.26 +0.08 g per day.
P=0.021) and 64% (0.92 £ 0.06 g per day, P < 0.001), respectively.
KGM and inulin tended to increase the wet fecal mass, but the
effect was not statistically significant,

After 3 weeks of dictary treatment, the fecal bifidobacteria con-
centration (logy, counts per g feces) in KGM and inulin was
1099 + 0.02 and 1098 ¢ 0.02, respectively, which was significant
greater (P<0.001, respectively) than that in the low-fibre counter-
part (10,27 + 0.01). Addition of KGM and inulin into the low-fbre

A Oloméiter BEOM Windn BCibion

o
-

Refative gene expressicn

Oh 4h

' DA are expressed as means 2 SEM (n=6 per group) Different superscrigt
letters denote signihicant differences across groups as analysed by ane way ANOYA
followed by Tukey's test (< 0.04). * at 24 h denote significant difference compared
10 that at Dh as analysed by Student’s (-iest. Total SCFA = acetate + propianate +
butyrate

dict also increased the fecal lactobacilli (logye counts per g feces)
from 10364003 to 1098005 (P<0.001) and 10.99 £0.04
{P<0,001), respectively. Furthermore, addition of KGM and Inulin
into the low-fibre diet increased total bacteria (logyo counts per g
feces) from 10504005 to 11.74:£003 (P=-0015) and
11,78 1 0.05 (P = 0.006), respectively. However, none of the dietary
fibre examined in the present study significantly changed the fecal
clostridia concentration.

4. Discussion

Ta our knowledge, this was the first in vivo study which com-
pared the effects of soluble and insoluble fibres on the DNA integ-
rity of celonocytes and examined the underlying mechanisms in
mice fed a Western-like diet. Colonocytes were constantly chal-
lenged with the toxicity of colonic contents, which could lead to
carcinogenesis, The present results indicated that dietary fibres,
especially soluble fibre, effectively ameliorated the genotoxicity
of the high-fat low-fibre diet at O h, These results were in agree-
ment with our previous in vitro results showing that dictary fibres
reduced the DNA damage of Caco-2 cells induced by fecal water of
mice fed high-fat diet (Chen et al, 2010; Yeh, Lin, & Chen, 2007)
Besides, our previous study has indicated that dietary fibres, such
as KGM and inulin, up-regulated the GPX2 expression in the distal
colon (Wu and Chen, 2011b). In agreement with that, the present
result indicared that both soluble and inseluble fibres up-regulated

B Olawfibe OKOM @lmdn @Cduom
s .

Refastive gene expresnco

ok M4h

Fig. 4. Relative geoe expressions of (A Ba-2, (8] Cyelin D1 in e colonacytes. Relative gene expression was normalised using mtemal cootrol gene f-actin, and compared 1w
that of the control group at 0 h according to the 2 4 method. Values are means £ SEM (0= 6 per group) Dilferent letters dencted significan dilferences dcross dietary
groups at the same time point as analysed by one-way ANOVA followed by Tukey's test (P <005). ~ at 24 h denoted the sgnificant defferersces compared to that at O h as
analysed by Stisdenit's 2-test. KGM, konjac ghocormunnan.
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the gene expressions of GPX2, while soluble fibre exerted greater
effect than cellulose. In addition, this study also examined the gene
expression of GST, and confirmed addition of either fibre up-regu-
lated the gene. Therefore, the present study suggested that both
soluble and insoluble fibres positively protected the colonic epithe-
lium, while KCM and inufin were more effective than cellulose.
These protective effects of fibres were likely to be mediated by
up-regulation of antioxidant and detoxified enzymes. GPX2 and
GST, in the colonocytes.

Earlier studies bave mdicated thar soluble fibres promoted colo-
nic epithelium proliferation (Comalada et al, 2006; Hino et al,
2010). However, the role of fibre on colonic apoptosis has not been
examined. The imbalance between cell proliferation and apopeosis
couk! lead to risk in carcinogenesis. Therefore, we also compared
effects of soluble fibres and cellulose on the apoptosis and prolifer-
ation in the distal cofon in the basal state (without the AOM chal-
lenge) We found that in the matrix of a high-fat diet, all dietary
fibres examined in the present study similarly increased the Pl of
the whole crypt at 0 h, Furthermore, in order to differentiate the
normal cell proliferation in the basal crypt and the “risky” prolifer-
ation in the upper crypt (Morind et al., 2005 ), we further specifically
measured the Pl in the upper-third crypt. We then found that all
dietary fibre examined presently significantly decreased, instead
of increasing, Pl of the upper third crypt. Therefore, we suggested
that addition of dietary fibre, regardless of solubility, into a
high-fat low-fibre diet may maintain the normal proliferation
and differentiation of colonic epithelium cells, On the other hand,
the present study also found that all dietary fibres tended Lo in-
crease the apoptosss of colonic epithelium cells. Therefore, results
regarding the cell apoptosis and proliferation in the distal colon
suggested that all dietary fibres examined in this study promoted
epithetium turmover without increasing the uncontrolled cell pro-
Tiferagion. The increased cecal butyrate contents, especially in the
soluble fibre groups, could supply energy for nonmal turnover of
normal colon epitheliom {Koediger, 1982

The present study further examined effects of distary fibres on
the colonic responses during the initiation stage of carcinogenesis
caused by AOM. Results confirmed the genotoxic effect of AOM and
indicated that sofubke fibres were more effective than cellulose on
reducing AOM-induced DNA damages with concordant up-regula-
tion of the colonic antioxidant enzymes, including SOD1, CAT and
GST. The antioxidant enzymes in the colonocytes were likely 1o
ameliorate the genotoxicity derved from AOM, Therefors, this
study suggested that KGM and inulin effectively ameliorated the
AOM-induced DNA damage parually by promoting the antioxidant
machinery in the colonocytes.

We further determined the epithelium apoptasis after the AOM
treatment since this cell death response appears (o be an innate
biological mechanism for protection against tumorigenesis. We
found that AOM induced the Al at 24 hin all dietary groups, which
was In agreement with a previous observation (Hu Martin L= &
Young, 2002 Among fibres examined in this study, KGM had the
greatest effects on boch promoting Al as well as reducing the tran-
scription of Bel-2, which suggests that KGM could exert the great-
et effect on up-regulating apoptotic mechanisms against the AOM
challenge. The current study further found that all dietary fibres
significantly reduced the AOM-induced cell proliferation in the
upper-third and whole crypr, suggesting protective effect of either
soluble or insoluble fibre on carcinogen-induced hyper-prolifera-
tion of the distal colon. Therefore, KGM effectively induced colonic
epithelium apoptosis and all fibres examined presently reduced
profiferation after the AOM challenge, which suggest their protec-
tive effects on the initiation of carcinogenesis.

Butyrate could be involved in the anti-genotoxic effects of solu-
ble fibres observed in this study before and after the AOM treat-
ment. A previous study showed that butyrate protected against

HOxinduced genetic damage in primary colon cells (Abrabanise,
Pool-Zobel, & Rechkemmes, 1999). This effect of butyrate may con-
tribute to the significant lower cellular DNA damage in the KGM
and inulin groups befors the ADM treatment, and slightly lower
damage in the cellulose group, Furthermore, soluble fibre-supple-
mented groaps had an increased cecal butyrate content and
decreased DNA damage of colonocytes after the AOM treatment,
which supported the potential robs of butyrate in the DNA repair
process (Kerr ef al. 20113 In addition, in vitro cell line studies have
shown that butyrate activated the intrinsic pathway of apoptosis
and sensitisedd cancer cells to apoptosis mediated by the extrinsic
pathway (Fajak, Gajkowska, & Orzechowski, 2009; Wang, (uo, &
Xia, 2008). Previous studies also suggested that the butyrate-in-
duced apoptosis was primarily associated with regulation of gene
expressions of pro- and anti-apoptotic proteins such as Bel-2 pro.
tein family, by inhibiting the activity of histone deacetylase {Funy
Cosgrove, Lockett, Head, & Topping, 2012). The role of KGM in epi-
thelium apoptotic responses was in agreement with the increased
cecal butyrate content and decreased Bel-2 gene expression. There-
fore, the butyrate derived from fermentation of soluble fibre that
occurred after the AOM treatment, could primarily modulate the
cellular pathways to apoptosis instead of proliferation,

Another mechanism that could mediate the anti-genotoxic
effect of KGM and inulin is the colonic microbiota, The present
study, in agreement with previous studies, demonstrated the prebi-
otic effects of KGM and inulin {\Wo & Chen. 201 1a; Yeh et al, 20073

Probiotic supplement is shown to reduce genotoxic potential of
fecal water in patients with atopic dermatitis (Roessler, Forssten,
Cler, Ouweband, & Jahreis, 2012) Therefore, the increased fecal bif-
idobacteria concentration in the soluble fibre-supplemented
groups may bead 1o a lower fecal toxic load and ameliorate colonic
DNA damages. In addition, recent studies have shown that bifido-
bacteria and lactobacilli have anticancer properties (Clad, Robien,
& Slavin. 2012; Verma & Shukla. 20173} Although mechanisms have
not been fully undersiood, stidies suggest that probiotics or their
metabolite may ameliorate the transformation of AOM 1o toxic
methylazoxymethanol by reducing colonic p-glucuronidase activ-
ity (Matsumoto, Takata, & Kometji, 1979; Wu and Chen, 201 1a),
inhibiting proliferation and inducing apoptosis of colonocytes
(Kumar et al, 2013}

Addition of cellulose into the low-fibre diet slso ameliorated the
AOM-induced DNA damage. However, the efficacy of cellulose was
not as great as soluble ibres. When compared with the low-fibre
groups at 24 b, cellulose did not significantly enhance gene expres-
sions of any antioxtdant enzyme examined, increase cecal SCFA
and fecal bifidobacteria or lactobacilli concentrations, However,
cellulose significantly reduced the gene expressions of Bol-2 and
Cyclin D1, and PL Therefore, we suggested that the cellulose could
still contribute to the cellular signals to modulate the cellular
response 1o AOM. However, these effects may not be mediated
by SCFA and underlying mechanism remains to be investigated,

In summary, (e carrent study indicated that both soluble fibres
and cellulose maintained normal cell turnover of crypts at the dis-
tal colon in mice fed a high-fat low-fibre diet. As mice were
attacked by a carcinogen (AOM ), dietary fibres ameliorated colonic
DNA damage, with efficacy in the order of inulin > KGM > cellulose.
In addition, dietary fibres ing d cellular apopiosis response (o
AOM, with efficacy in the order of KGM > inulin > cellulose, The
greater effects of soluble fibres may be mediated by butyrate and
probiotics,
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ABSTRACT

Objective: The main purpose of this study was to investigate the effects of two doses of konjac
glucomannan (KGM) or inulin supplementation on colonic carcinogenesis induced by a high-fat
low fiber diet in combination with azoxymethane (AOM).

Materials and Methods: Male C56BL/6J mice (6-week-old) were randomly divided into the
following groups: vehicle (saline i.p., once per week for 7 weeks) control (20% corn oil, 1%
cellulose diet), and AOM (10 mg/kg BW) groups that were fed control diet and fiber supplemented
groups fed with 2.5% or 5% (w/w) of KGM and inulin. Mice were sacrificed after 30 and 45 weeks

of diet and carcinogenic initiation, respectively.

Results: High doses of KGM or inulin could reduce the ACF density in the distal colon since week
30, and these fiber supplementation could reduce the ACF density in the proximal colon at week 45.
The effect of KGM on inhibiting the highly developed (3 crypt/focus) was greater than that of inulin.
However, the inhibitory effects of KGM and inulin on total ACF numbers were similar. The
underlying mechanism of the anti-carcinogenic effects of fiber could be associated with colonic

microbiota and short-chain fatty acids.

Conclusion: Supplementation of KGM or inulin into a low-fiber high fat diet could effectively

reduced the colonic carcinogenesis in a dose-dependent manner.

Key words: konjac glucomannan, inulin, aberrant crypt foci, microbiota, short-chain fatty acid
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H-Inulin %2 (p<0.05)c & 45 ek ? > & £ i{ £ & = & > L-Inulin ‘e & ¥ #** Vehicl 22 L-KGM
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HEZHEHAL E > P L-KGM 2& % 13 L-Inulin 2% H-Inulin 2 (p<0.05) > » AOM j 2
ACF B et lg ¥ 3 >t H 4 & 2 (p<0.05) - 45 i¥ p¥ 3 crypt/focus sh#cp » & AOM 28 F > 3
# KGM /11 2 % 4% 2 85 ¥ 2% AOM 2 (p<0.05) > & ACF %< ¥ * & ] H-KGM 2
H-Inulin % g ¥ i2c 2 ap & e (p<0.05) = Bt A7 3 Bim 385 Adrd| R A 5 B ¥ pt
(ACF/focus)ers & B>t f4E > e § 4353 ACF #icP e s RIS 35 2 § 4B 07 -
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-~ B e 1

Control L-KGM H-KGM L-Inulin H-Inulin
g/kg

Corn Starch 440 408.75 377.5 410.76 381.52
Sucrose 100 100 100 100 100
Casein 200 200 200 200 200
Corn Qil 200 200 200 200 200
a-Cellulose 10 10 10 10 10
KGM* - 31.25 62.5 - -
Inulin® - - - 29.24 58.48
Modified AIN-Mineral Mix-76A2 35 35 35 35 35
AIN-Vitamin Mix-76A 10 10 10 10 10
Methionine 3 3 3 3 3
Choline 2 2 2 2 2
Energy Density (kcal/g) 4.76 4.63 451 4.64 4.52

The purity of KGM and inulin was 80% and 85.5%, respectively.
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L2 HAHFEE TRAAHIGAOM 2R3 HETER 2 G p 3£ R 2 BE
Vehicle AOM L-KGM H-KGM L-Inulin H-Inulin

Fresh Feces (g/d)
30wk 0.37+0.04 032+004 036+006 034+004 031+002 0.38+0.04
45wk 0.70+0.19° 0.53+0.09"® 0.76+0.14° 0.54+0.09"® 0.39+0.09" 0.54+0.02"°
Cecal Content (g/cecum)
30wk 0.11+0.01* 0.10+0.02° 0.20+0.03° 0.20+0.03" 0.14+0.01® 0.20+0.06"

45wk 0.20+0.03"® 0.14+0.01° 019+0.03"® 026+0.0282 017+0.02” 0.18+0.03"®

'Data are expressed as mean + SEM

“Different lower case and capitalized letters denote significant differences across groups at 30 wk
and 45 wk, respectively, as analyzed by one-way ANOVA followed by LSD (p < 0.05).

% 3 AT R E R FEs s AOM 22 &% =3 %% ACF #icp 2 358 172

B

Grou = 3 crypts/ focus Total ACF

P 30 wk 45 wk 30 wk 45 wk
AOM 1.0+ 0.6 1.7+ 0.88 3.6+ 0.4° 5.0 + 0.08
L-KGM 04+0.3 0.7+0.7% 28+0.7" 43+1.1°
H-KGM 0.3+0.3 0.3+0.6" 1.8 + 0.6 2.3+0.3"
L-Inulin 0.8+0.4 1.0 + 0.4 2.8+ 0.4° 3.5+0.38
H-Inulin 0.6+0.3 0.5+ 0.4" 2.0+ 0.4° 2.3+ 0.4"

'Data are expressed as mean + SEM
2 Different lower case and capitalized letters denote significant differences across groups at 30 wk
and 45 wk, respectively, as analyzed by one-way ANOVA followed by LSD (p < 0.05).
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Bt FiEF 4 MDAER > 6 > 30 AOM ez # i F M4k RMF 302 ¢
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5 B L ek 2 6o 301
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rrﬁ«\.

08 i F 7' M TNF-o 4 ¢ (p<0.05)° F 2 % IL-10

= & > Vehicle 2.2 k& # AOM =3 0.05): & # & KGM 2 Inulin &k & #& AOM 23 (p
<0.05) > ¥ H-KGM ‘& % H-Inulin % 2_ IL-10 Jk & £ Vehicle . 4p iz (p > 0.05) -
30 F &2 = p ¥ i{ #4p & Bifidobacterium spp.= & > AOM = F4p # & & ¥ 3% Vehicle

e (p<0.05) c &4 e KGM % Inulin {5 » & % 82 8 &£ ¥ & 7 »xiiie Bifidobacterium spp.
4 £ (p<0.05) > = ",!rt 7 L-KGM & 12 ¢k » H-KGM 2 % H-lnulin % z2_ #& ¥ Vehicle &=4p 12

& Lactobacillus spp.> & > AOM e jF48 # & & ¥ 113+ Vehicle 22 (p<0.05) - &4F v KGM %
Inulin % > &% F_iX & 3 ® & ¥ & 7 »c@aE Lactobacillus spp.2 & (p<0.05) > ® "$ 7 L-KGM
et > H-KGM %2 2 H-Inulin ‘22 #c# £ Vehicle ‘2 4p iv o & Clostridium spp.= & » AOM e
#]4P B £ BF ¥ >t Vehicle = (p<0.05) o i o KGM % Inulin & » &€ it  »2 it
Clostridium spp.# & (p<0.05) > * £ Vehicle ‘e4p 12 o &5 7> % > AOM ‘e Fip s & ¥ 1<

e
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b PR IRGE S AR
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2 FR s g AR 30 ¥ R0 -
0ikez Ep Edemrn®3a 0 Vehicle 29 5 AOM 212 & (p<0.05) o 4 %

=

** Vehicle ‘= (p<<0.05) o &4 2 KGM % Inulin {8 > &% 2 M & 5 & &

KGM % Inulin 22 2 g N E 2 F 5> AOM 2o 23> o > Vehicle ez 2 £ ¥ 3>

AOM ‘& (p<0.05)° &4d e KGM & Inulin # > A A M B & E a3 % lEp REDIE (p
<0.05)° &7 f=* m > H-KGM ~ Inulin 2% % ¥ % *t AOM ‘e o & 3% @4d7; %F > 5 > Vehicle
ez g E AOM 212 B(p<0.05)° a4t v % #E KGM % Inulin {& > ¥ % 1 AOM &z

o i Eedar ape e & 22 Vehicle e 4p iy o 45 % 2 qmhdig L ARE 2 30 B SE 00 o

i
AT EHEY AOM It F R | BB aF Bk 2 R G - 28 uahd g5 - o
< 3R T g 4R 3 plE SR T promotion stage T * o (e §_AFT 3 A F 4F 31 4 B initiation stage
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17



B enghak (5% wiw 4p 20 4 E % 25 g )R | etk et AdeR > 1§ ke
RP R YA BRES  REPF I EE FE T LMH 2 AHA SR NFRP-BEEF g
Gl R AT E FHREFRERL ERAF A AR A G BN ER AOM L 5H{8 811 33735 »
FRE AR EEFAENED 1%ww (e gt A AR R SgsaE) e B2 0 A 2 AR
P PRAAA S e 3 Mg SA L B AFTFRE 2 n-6 PUFA eh2 K ¥ 8413
6 5 N 0+ % % % (Reddy, Burill, & Rigotty, 1991) » F]pt 257 5 2. A # 4 G 3558 231
(20% wiw) i< & S (1% wiw) &5 - dopt 1572 2 e kR T B X A 8 3 1 0 F SRATRL b AR Rl
BT ERY A ERAEY DRF RNBANRRS T B o AN AT R E A RN
F I #ode ¥ AOM a2 % i > Flpl g % M E AOM 4§ stiisterg 3 58 » ¥ 7 R 7
FEE(30 2 45 3F)ensg it o

4 %52 DMH/AOM # 4~ 58 A2 P 223 L5 B > & ¥ 29 % B £ & - adenoma

% adenocarcinoma ¥ # L COX-2 5B 2 1L 2 $ofo RN i ~ W58~ g § L RS 1+ 2
(Chen & Huang, 2009) - F]¢* DMH/AOM £ = % i+ 5 & ~ 2 & ~ 82 58 cell cycle ~ proliferation -
apoptosis~ 7k F] R % % 7 H i & e g i o dlo Flpt A8 7 BE AOM & 4 05 R R @AY o
RO F R AP A R AR T ERED > 2 RIEHEPN LG E A
O R EAR g AR T 2 AR

#2395 Ghirardi % 4 (Ghirardi, Nascimbeni, Villanacci, Fontana, Di Betta, & Salerni, 1999) 1%
TET T F344 < BB LN RBEEH AOM > G 3018 > PR L FERE 2 L
B ¥R B E & ~ adenoma 3 adenocarcinoma - A @ AF I * B I 5f e ik A E AOM 1
St 5iE 30 ¥ (s R ] ACF e 825 adenoma > 5% (544 cHACFs #cp €58 ¥ " 3 i

i e fEREE L BIA @ FREFLAR AT AT Y P R T o el B L SRR E R

F_L

AOM ¢ i 4e R p % LR G et 2o & J2 1838 PGE,~IL-6 2 TNF-a & % X 4p B jie 2% 4 e (Minoura,
Takata, Sakaguchi, Takada, Yamamura, Hioki, et al., 1988,(Popivanova, Kitamura, Wu, Kondo,
Kagaya, Kaneko, etal., 2008) - % & F 2% » I R ¥ 1204 A L chiw e g% TNF-a 7)/2 &+ AOM
fomigt Aoyt A AFHR? BF UNFRISAOM SV P AP 5 VR4 2 0k MDA
Je R 2 o o Hendrickse A Gy @R > P HiEE 5 MDA ZER Fich < B oRehE &
P #2 - (Hendrickse, Kelly, Radley, Donovan, Keighley, & Neoptolemos, 1994) -
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F
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SR RET RS AP RLE S Ao TR DBAP TN (o
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ACF 3% B 7 #i 4 3F *F 7 4o 5k 260 AOM o

St R HEFLAL
FAA4EE % 530 g ) @ 2ok AT

BE
BHhBEZR
AT R B MBI A FBEEL 430 B4 M ACF A izdopt 045 % PR A 3
FR BB G oE KA SRRRER > REF R i%f.-ff‘s‘&i (ACF/focus)s#ic B "% i< o gﬁ“
Fhdrdlka BB R + (ACF/focus) e & i 4% » e £ 448 ACF #cp err o %

H R AR .
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HAFA D ek
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RF 4

P AFskagvTy pandad s FraMgias i g RgH azoxymethane (AOM) 2z /|- &l
R TR E AR AR R AR TR s S o

HAL iE: # kde L 2 CH7BL/6J 244 ] &N A 5 ™ 7] A & vehicle £24) e (P vid 54 4
Aok /X7 20%3 5 b 3 1% % 4) 2 AOM #2412 (10 mg/kg BW) > 2 2 AOM
AT AR Y 4 DO AR S TR B F e XA 30 (R THRE  BRBIFR AR
R LR R R R 0 3000 PCR B A 473 & i s S S M AL T

B% R HEE ¢ S5 8T o AF Lo s BURP B D P R AR STIFERY o dp it AOM
feo R e e g E OR interlukin (IL)-6 k& 5 @ bR R BE F 3 4 IL-10 Jk & - PCR ik
)5 % BB AOM 2 % = 2 F up-regulation 4 1 2 i (Alox12 ¥ Fads3) » & F
down-regulation 75 #]5 4 B (Hmgcr ~ IL-1p ~ IL-6 % Ptgs2) o

B A TIPIL SRR TR vk N AR s T o BB TR

PR AT 0 T A TR E R LR R
MeEF @ pESRE s T SAaE - PCR L5

Abstract

Objective: The main purpose of this study was to investigate the effects of konjac glucomannan
(KGM), inulin and cellulose supplementation into a high-fat low fiber diet on liver lipid in an
azoxymethane (AOM) injection rodent model.

Materials and Methods: Male C56BL/6J mice (6-week-old) were randomly divided into the
following groups: vehicle (saline i.p., once per week for 7 weeks) control (20% corn oil, 1%
cellulose diet), and AOM (10 mg/kg BW) groups that were fed control diet and addition of 5% KGM,
inulin and cellulose groups. Mice were sacrificed after 30 weeks. The histopathological observation,
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cytokine concentrations (TNFa., IL-6 and IL-10) and PCR array of lipid regulation in the liver were
determined.

Results: The fatty liver was ameliorated in the presence of KGM group. KGM supplementation
significantly reduced the liver pro-inflammatory cytokine, IL-6, concentration. However, inulin
supplementation promoted the anti-inflammatory cytokine, 1L-10, concentration. Lipid regulation of
PCR array was showed that two genes (Alox12 and Fads3) were up-regulated and 4 genes (Hmgcr ~

IL-1B ~ IL-6 and Ptgs2) were down- regulated in the AOM and cellulose groups simultaneously.

Conclusion: These results suggested that KGM, inulin and cellulose may reduce the lipid
accumulation in the liver through the regulation of lipid-related gene expression in the

AOM-injection mice model.

MeEF @ pEsa s M SaE - PCR et 7

Key words: konjac glucomannan, inulin, cellulose, PCR array

)

AR ECE LS AP IR TREMEERA R LT % f R KR
KA R IRE R N UR RS L A L ke AR E R AT
A S @ R A1t 8 B (azoxymethane, AOM) st §9 47 2. % 5 /s 4 & B A2 Y hie ¥ 4]
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BAE BB A AR PG B 2 #ok(3) e

()% "4 &

2L 1475 77 3F(non-alcoholic fatty liver, NAFLD) & 3 % 8§15 M 3557 &5 75 5 g i
FIFL AN B e 8B 2 BARM c WE R D AR e Y o Rl E R S
Mot L ehfiin o @ S e I AR 1S B4R S et B R B A2 T4 S NAFLD £ nonalcoholic
steatohepatitis (NASH) » & ¥ » & 3 SF5ER 1 ¥ % :B(4) o 30 L A7 7 4 1in-67 &2 friq e ™ il
SRR P 35 4 = (8 1 (lipogenesis) o i B4 4p B 2L F1 & m(5) o

(3) " S B AE M g2 B

— S ERERS R 2 kR R A R AR T IR B E
S R T o AR R e B ORI L R I % IR 0 - o O
R ’?%ﬁ‘ri;‘%)i e BEEC PR TS RGO LY PRRER SRR PR R

gL S S e T S RAT Sl BIER 0 RS P A E BT o o M B
TR RN AR 2 Rl ) S PR RIS (6) -

S ORU T T PEEIRG £ o

WA S R IR A 2 B o P PO PR T B
HOEE Rk 4 0 B f 4n AU L (propionate) T #r4IAERE MERRE 4 £ S F i 5L A
HMG-CoA reductase 7= |+ » Fla * MPEFAE & & > 5 5 R e FpE kA (7) -

(4) AOM #* 3
AOM & p ¥ * RFFr S &5 p F M+ %Kit B REH(8)-AOM (& G F5TP450 2.
CYP2EL i 4 % methylazoxymethanol (MAM) - £ 25 = £ 5 & A & {45 methyldiazonium ion >
LEFES e B A L R e d ;a;z:;g; o AOM 7n i = 4o R 95 3 ~ P95 ~
SHRE F VR4 P A(B)F] ) AOM g = i i v B Bcell cycle~ proliferation~apoptosis
RFRREF L A e R 4] o § 1 40 N AOM i & C57BL/B) | & |- f j& 1275 9%
(microvesicular steatosis) ~ **x. & # 3 (sinusoidal dilatation) ~ *+]- # 3% >+ (centrilobular necrosis)

FEIEHRA G (9) -
(2) B3 B e
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™% 75 (20% 3 5F o, wiw) i< 4k 5 (1% cellulose » 4p % »* A $g& X 5 g 4 )4 & 2 male
C57BI/B] | & 1% 3 e 341 3 » 4F 3473 4o 5% 3 8k ~ B % pE 2 40184 27 AOM jL84(10
mg/kg BW » & i¥ — =t » £ 7 X )¥PFRP L o
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* Start experiment: male CS7BL/6) > 18 g h
* High-fat low-fiber based on AIN-93 diet : opy

Vehiel AOM KGM
* Three fiber groups: KGM, inulin and cellulose | PR

w
* |, p. Injection, vehicle or AOM, 1*7 weeks
J
T
* Sacrifice animals to harvest liver
J
‘ Inulin
* Liver H&E staining
* Cytokines production of liver
Liver PCR array (lipid regulated array)
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Down-regulation
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AOM
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Bl ~ PCR array
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955 ? TNFok ez i £ B (W
I) BRatpEat AOM & o 55 4
AETEIL-6 kR R FE N H
PR FR ST L1000k R -
FIH&E % ¢ &% %0 » HyEid it
AOM 2 § 7% > T r Pk 8 3 75
5 M R gt 30 ik fs 0 A5 B E Py
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@ Yogurt i i with adequate nutrient intake
and decreased metabolic diseases in children and adolescents |
(including latest results of HELENA study) - . I
Speaker. Luis Morenof)or K., N ocY Rey wi¥; )2 tg-§
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Speaker: Frans Kok
Conclusion, Sharon Donovan and Raanan Shamir
Tasting session with Ellie Krieger
After a short presentation, we will have a tasting session featuring
yogurt in all different ways. Recipes come from Ellie’s award-
winning cookbooks. A signing session of her last book
Weeknight Wonders will follow.

April 26-30, 2014

ey

HSIAO-LING

CHEN
CHUNG SHAN MEDICAL UNIVERSITY
TAICHUNG TAIWAN

ASN

San Diego Convention Center
San Diego, CA

200427

This is your badge.
Badges are required for admittance to all areas

of the Convention Center: . i

30377 - 200495
GSN - BLUE

YI-CHUN HAN
NO.110, SEC. 1, JIANGUO N. RD.

TAICHUNG
TAIWAN . N

San Diego Convention Center

San Diego, CA
April 26-30, 2014

z" “‘ E '.E.

i | Em

200495

*EB

Experiments Bisiogy

<«

1l

YI-CHUN
HAN

TAICHUNG TAIWAN

STUDENT




cmgen

FAEFIHELAFL ML SR oBRFLF L5 FARLA %‘fgbk’i@ij“%g
¢ (American Society of Nutrition, ASN) & ¥ ¢ 3% > & 18+ S 4% 2 5 € & ASN i
%ﬁéﬂ%a“%w%&ﬁ%ﬁ b 84 4p B réﬁiW%ﬁ&wwﬁé‘%yﬁé

v «%‘? % Feo i [é?] ¥ %% ¢ (American Society of Nutrition, ASN) & i ¢ 3%

PEARALAE €8 RY %4 ¢ (American Society of Nutrition, ASN) & i § %

P A A S R N AR M T RS T L R EELEE
FApM oo AN S EpkTy $ & > pwe F 327 Nutritional immunology
ML FIEEXELS B SAMFAL P e TR



2 FEAHmT AR

Konjac glucomannan and inulin modulated the immune function in a murine model of dextran
sodium sulfate-induced colitis.

Yi-Chun Han, Hsiao-Ling Chen: School of Nutrition, Chung Shan Medical University,
Taichung, Taiwan, ROC

This study was to investigate the protective effects of konjac glucomannan (KGM) and inulin
on colonic colitis in a dextran sodium sulfate (DSS)-induced murine model.

During the 21-d diet period, six-week-old C57BL/6J mice were randomly assigned and fed
AIN-93 diet (vehicle, DSS group) or fiber-supplemented (KGM 2%, Inulin 2%, or KGM 1%
+ Inulin 1% w/w) diet. In the following 5-d DSS period, all mice were fed AIN-93 fiber-free
diet while drinking water with DSS (3% wi/v) was offered only to DSS and fiber groups. MICE
were sacrificed on the 3rd of DSS-withdrawn period. The colonic tissues were collected to
determine the pathohistology and gene expression of tight junction proteins by RT-PCR. The
plasma TNF-a and IL-10 were also analyzed.

DSS group had the greatest weight loss and DAI throughout the DSS period and its index of
colitis continued to increase in the DSS-withdrawn period. At the end of the study, the crypt
depth was reduced at the proximal colon and severe colitis occurred at the distal colon in the
DSS group, which was ameliorated with fiber supplementation. In addition to that, soluble
fiber normalized the DSS-induced alteration in the plasma TNF-a and I1L-10 levels and the
gene expression of occludin.

Pre-supplementation of KGM and inulin prevented the colitis-related symptoms in the
DSS-induced colitis.

This study was supported by the National Science Council Grant
NSC-101-2320-B-040-018-MY2, Taiwan.
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Konjac glucomannan and inulin modulated the immune function in a murine model of dextran
sodium sulfate-induced colitis.

Yi-Chun Han, Hsiao-Ling Chen: School of Nutrition, Chung Shan Medical University,
Taichung, Taiwan, ROC

This study was to investigate the protective effects of konjac glucomannan (KGM) and inulin
on colonic colitis in a dextran sodium sulfate (DSS)-induced murine model.

During the 21-d diet period, six-week-old C57BL/6J mice were randomly assigned and fed
AIN-93 diet (vehicle, DSS group) or fiber-supplemented (KGM 2%, Inulin 2%, or KGM 1%
+ Inulin 1% w/w) diet. In the following 5-d DSS period, all mice were fed AIN-93 fiber-free
diet while drinking water with DSS (3% w/v) was offered only to DSS and fiber groups. MICE
were sacrificed on the 3rd of DSS-withdrawn period. The colonic tissues were collected to
determine the pathohistology and gene expression of tight junction proteins by RT-PCR. The
plasma TNF-a and IL-10 were also analyzed.

DSS group had the greatest weight loss and DAI throughout the DSS period and its index of
colitis continued to increase in the DSS-withdrawn period. At the end of the study, the crypt
depth was reduced at the proximal colon and severe colitis occurred at the distal colon in the
DSS group, which was ameliorated with fiber supplementation. In addition to that, soluble
fiber normalized the DSS-induced alteration in the plasma TNF-a and IL-10 levels and the
gene expression of occludin.

Pre-supplementation of KGM and inulin prevented the colitis-related symptoms in the
DSS-induced colitis.

This study was supported by the National Science Council Grant
NSC-101-2320-B-040-018-MY2, Taiwan.
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