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AR CHA LT B —

(AG); agar

(BA); bile acid

(BAT); interscapular brown adipose tissue
(cAMP); cyclic Adenosine monophosphate
(CE); cellulose

(CEL); cellulose low fat diet

(CH); chitosan

(CS); clestimide

(CT); computed tomography

(CYPT7AL); cholesterol 7a-hydoroxylase
(D2); type 2 iodothyronine deiodinase
(DF); dietary fiber

(FFA); free fatty acids

(FO); fructo-oligosaccharide

(FXR); farnesoid X receptor

(GLP-1); glucagon-like peptide-1

(GO); galacto-oligosaccharide

(GPCR); G protein-coupled receptor
(GPPR43); G-protein-coupled receptor 43
(HFD); high fat diet

(HDLc); high density lipoprotein cholesterol

(HOMA-IR); homeostasis model assessment insulin resistanse



(IDS); indigestible saccharide

(IN); inulin

(INH); inulin high molecule type

(INL); inulin low molecule type

(ITF); inulin-type fructans

(LDLc); low density lipoprotein cholesterol

(MetS); metabolic syndrome

(PPARY); peroxisome proliferator-activated receptorsy

(RF); raffinose

(RQ); respiratory quotient

(SCFA); short-chain fatty acids

(SHP); short hetrodimer partner

(SREBP-1c); sterol regulatory element binding protein-1c

(STZ); streptozotocin

(TBA); total bile acids

(T3); Triiodothyronine

(TC); total cholesterol

(TG); triglyceride

(TGR5/M-Bar); G protein-coupled receptor 5/ membrane-type receptor
for bile acids

(UCP1); uncoupling protein 1

(VLDL); very low density lipoprotein

(VO,); oxygen consumption

(WAT); white adipose tissue
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B-1,2 fii#EA L7 Fructose DA U IHENFIRKTH %5, Fructose A JE &
LT1TUEobDbEEND, 777 AU I 93.2%LL B, HHEK O
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o “p{L \JL w Fh.D-Zva—2Rna-1,28% -7 2
wz“%ﬁ el ~AEOT T R — REAS B 12 #EG T
ars "\ EBURICESI (GF2~GF4) L7 &
YOk E L oA S TH D (Fig.
Figure 2. 2), FO 12, v = M & 0B L LCBUEN 1S
hd D757 h oA RT v RAT 2T —F (752 h—ALBEHE. B
-fructo-franosidase) 1EH &, ks, HHMIZ, A4 FV TP
(kX ESHHB 77— F~T7 UV 7)TH 5, AflX. Fructose EAE : F2

~Fa 25 (BEW) Thb.



® 5 7 1 7 — A (Raffinose)

OH OH 77 4 7 —* (RF) %, #3% (Beta
HO :)H vulgaris ssp. Vulgaris: taxB 74XV
Hoé& on RO AR, B4 IERERIR)
" OHO@L S, HMEhD, Xr<Y, Faya

Figure 3. T ARTHABIEL A SN,

a-D-glactropyranosyl-(1—6)-a-gucopyranosyl-(1—2)-8-D-fructofurano
side G D = WEH A FIK & LEHALE DA ) FETH S5 (Fig. 3),
AL, BB — AU a8 FP (MKSHHR 7 —F~7 U 7)ThH
2

@ 727 A4V THE (Galacto-oligosaccharide)

= ° 2 2 k. T b— A% ER
OH OH O H-OH
4 T LAY THEDRR,
Figure 4. 4-Galactosyl-lactose[Ga

1(Galn-Glu(n=1~3: B-14#E&)N%E FEEKEL L. 2~6 DT 7 7 b —A N
e Lleborrd, #HiEkttEoAr ) GETHDL (Fig.4), 77 bA
Uapgix, JEZEE LTBRB-ITF7 7 M X —EBTCHISESEAERIND,
A MIE, By 7F U 3P (AFHEEKRXSt) ThD,



ES R

ERBW L FET L
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Table 1. Composition of experimental diets

Abbreviation CE INH INL FO RF GO
Component: Gram(%)
Casein 25.00 — — — — —
Corn starch 3225 — — — — —
Sucrose 20.00 — — — — —
Soybean oil 6.00 «— — — — —
Cellulose powder 11.95 — — — — —
AIN-93 Mineral mixture 350 — — — — —
AIN-93 Vitamin mixture 1.00 — — — — —
L-Cystine 0.30 — — «— «— —
Inulin high molecle 2.00
Inulin low molecle 2.00
Fructo-oligosaccharide 2.00
Raffinose 2.00
Galacto-oligosaccharide 2.00
Fat energy, kcal/100g (%) 60.7 (17.5) 59.5 (17.3) — — — —
Carbohydrate energy, kcal/100g (%) 194.9 (56.0) 194.9 (56.5) — — — -
protein energy, kcal/100g (%) 92.3 (26.5) 90.5 (26.2) — “— — —
Total energy, kcal/100g (%) 347.9 (100) 344.9 (100) — — «— —
JE W rELif = B 2
fif 5 R (2 R B IR B LR (BAT) . & B8, JF R JE D & OV i
FD o [ A (WAT) %2 hZR@RL, Eenic BEREHE L

7-, it &%. —30CTCHRE L=,

Computed tomography {2 & 2 & & D {4 5 15 ] &

S G%, 13BN ML E X — LI K DR T CHRIEN E
&% X # CT (Computed tomography) %:{& (ALOKA tt:#! : LaTheta
LCT-100A) Z W THIE L7, =7 A ZMEMZIZ S8 EEEALIZEHE

(Lumbar) L1~L5 & L72[17], MERKE TKE. EHIZ~v TV X2 EX

W LETHERS TRHRESEZE., T 7r— VIR LT,

7= R B 1 B 1 E
MO FH 2R T2 H T, BEoT% 12 XN 13 HIZ~ U R JEF



IR 2> & £ i 24TV ZZJERF IS 2 M L 72, Bayer L% BREEZE2

(enzymatic electrode ¥£) % HW 7o, #MRFEMIX 15~17 FEfi] & L7z,

B B AR AT

F—F ORI TFHEESE TELE, T3 AF—RFCE LT, CE
BEETEO 2HMOFEHMORE L. t RBA#E Lz, 2 HOFELHHED
EWE T AGAIE, BT ESBEOREEIT o7, EoBMOBEITt
MEE., B TIERWVEAIE Welch DBREEIT - 72, % O Mo HIEIH
HIZBI L Tix. CE #f & &3t O € L Dunnett € 217> 72, HE
DO BRI, @M (P<0.05)& L7z, ZTHAFEDOREIL, StatMated ¥ 7

7 =7 (BRXE47T A X)) ZHWTIT- 72,

Y QO =

EhE, ERAE, AERNEBERCEEAKER

BIE, BIAE K OREE & (Table 2) . RIC A GV (WAT)

KOS E RN (BAT)O B & (Table 3) ICHBERE REWVIIRO b1

o Tz,
Table 2. Body weight gain, total food intake and energy intake
CE INH INL FO RF GO
Body weight gain (g) 7.2+0.4 7.4+0.8 6.4+0.8 7.8+0.7 8.1x1.0 7.7x0.6
Total food intake (g) 346.3+t3.4  356.4+7.5 352.3+4.8 357.8+5.3 358.8+5.8 360.4+5.7

Total energy intake (kcal) 1204.8+11.7 1240.0+26.1 1215.0+16.7 1233.7+18.2 1237.0+20.1 1242.5+19.6

Body weight gain, total food and energy intake for 14 weeks (n=8). Each value is the mean +SE. The data were performed by
Dunnett's multiple comparison test. A respective test meal group was examined to CE. The significant difference was not
shown between these data as a result of the test.
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Table 3.  Adipose tissue weight

(¢/100g body weight) CE INH INL FO RF GO

Brown adipose tissues 0.50+0.05 0.54+0.03 0.43+0.03 0.55+0.06 0.42+0.04 0.43+0.04
Perriuterine adipose tissues ~ 1.23+0.04 1.21+0.04 1.27+0.06 1.19+0.02 1.20+0.04 1.24+0.03
Perovary adipose tissues 0.63+0.06 0.59+0.09 0.60+0.10 0.70+0.12 0.76+0.13 0.74+0.04

Perrirenal adipose tissues 0.50+0.05 0.49+0.07 0.51+0.08 0.44+0.06 0.49+0.09 0.57+0.05

Adipose tissue weight for 14 weeks (n=8). Data are expressed as g/100g body weight. Each value is the mean +SE. The data were
performed by Dunnett's multiple comparison test. A respective test meal group was examined to CE. The significant difference
was not shown between these data as a result of the test.

Computed tomography (2 & % I8 o {4 g I Hl &
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2.9 FEMEE R~ L7 (Fig. 5 (C)),
WA EEQOFEHEICBE L TH ., NIEIEN E&(C)FEkIC, CE #f &
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Figure 5. Computed Tomography (CT)-based body composition analysis

(A) Total fat mass, (B) subcutaneous fatmass, (C) visceral fat mass, (D) lean body mass, and (E) fat ratio of each mice
after 14 weeks on testdiet.As (A) to (D), it is a weight per weight of 100g. (E) Fat ratio = [(A)/ (A)+ (D) ] x100. Each value
represents mean =SE (n=8). The data were performed by Dunnett's multiple comparison test. A respective test meal group was
examined to CE. The significantdifference was not shown between these data as a result of the test.
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Figure 7. Rectaltemperture

Rectal temperature (°C)

CE INH INL FO RF GO

Each valueisthe mean =SE. The data were performed by Dunnett's multiple
comparison test. A respective test meal group was examinedto CE. The
significant difference was not shown between these data as a result of the test.
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Figure 8. Oxygen consumption and respiratory quotientin every 30 minutes

(A) INHvs. CE, (B) INLvs. CE, (C) FOvs. CE, (D) RFvs. CE, (E) GO vs. CE,

Each value isthe mean =SE. Comparisions of two groups were perforemed by Students t-test,
arespective test meal group was examinedto CE. and significantdifferences are indicated as
*and ** at P<0.05 and P<0.01, respectively.
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B_Hi:(2) EBNEVCEZDRE

B (1) Tk, £ IDS 2B RS T. ERIEO EAMm RN
H B AL, IN O3B IS IDS & g L T WA ., ik m o 1+ Th
5 INH AL Z 5 ViR 2572, VO2i%, INH, GO L' FO Bt T
EAL, mxrvF—R#@riEIE, —FH, HFEPEW INLIZZOD
MRBRO NN oTe, iz, H—H TIEA IDS HIZB W THIEIE
PEIME TH o722 &b, BNMEORBEICL Y, IDS B L F
—HEEL LTS TW D Z R sz, 22T, F—H &L H
BRSM (Table 1) THEEIM (3) BaIE. B, EBNAHER

& D pH ~DEBEIZOWTHRF LT,
ERFE

EREY LEEHIE

EBrE & LT, 6D C57BL/6J Mk~ 7 A (H A EFEN ik
=2t ZMWT3 HOTPHEE DK, 6 FFICH T, SBEENORKER
FOHRAK, BEFHEICHONWTITE —HLFH—-TdHo, 3K, ¥~ U RAITH
— i & [A U B R (Table 1) TR ZH T2 (n=3), DT 3

WAL TRIC XY ML EX — L (Y A X T e, SRR L)

2 BRI TN REIRD &2k, A #H#&k O 217 - 72,

W, ARBFZEIER R, B EE N OREEREN OB M IR 21T O
B PAEFOZEMROBENG ., B ERTE O R GTIEF 2 ED T T
PO RZFENRBRHBLE | (26, B FEREB R L DR E O FEA I

< ZiS
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7l

EBEE. EBNAVEERRVCEBANEY pH
ENEE, EMNEMERONZEO pH #R1E (MK T 3 5 A R fiE 1

WZHE) L=[19l],

W BT FRAT
e AT AT 1250 — T —Hi &L AR O FIETIT - 7,

b R B OV 22

FERE =XV XF—ERE. AEENERVEHHEKEER

RERE K ORBREAEO Y EIX, CE# & iz L <, INH # %k
< IDSHBETITABEICHEMULT (Table 4), ZOfERIT, F—Hio 14
WEH &l U CHME RS K& W,

PRE N & O ¥ EIL . CE B (7% 0.8) & IDS &R (F¥ 1.1~2.2)
T ZHNAEBEIIRD Do =28, INH B CF8 2.2) 035 b &

xR LT=,

Table 4. Body weight gain, total food and energy intake

CE INH INL FO RF GO
Body weight gain (g) 0.8+03 22401 16:08 03#02 13:01 1101
Total food intake (g) 732425 759412 80.8+01 80.7+0.8 B8L1+17 83128
Total energy intake (kcal) 254686 264.1+4.1 281.2+04 280.8+2.7 282.1+6.0 289.0:0.8

Body weight gain, total fed and energy intake for 3 weeks (n=3). Each value is the mean +SE. The data were performed
by Dunnett's multiple comparison test. A respective test meal group was examined to CE and significant differences are

indicated as ™ and ** at P <0.05and P <0.01, respectively.
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BAT & DO F¥)EIL, CE B L i L T, IDS &S #H TIImat#0Aa
BEHEEFRD N T,

WAT & O %)X, CE B (CFE¥% 1.64) L g LT, IDS & #EM CIX
MRt EABEIEIXR O Do 28, INH B (F¥ 2.29) &% O RF #F
CEY 2.47) L@ % 7 L7= (Table 5),

Table 5.  Adipose tissue weight

(9/100g body weight) CE INH INL FO RF GO
Brown adipose tissues 0.59+0.04 0.46+0.03 0.48+0.02 0.43+0.03 0.52+0.09 0.46x+0.02
White adipose tissues 1.64+0.16 2.29+0.36 1.85+0.21 1.69+0.15 2.47+0.37 1.75+0.12

White adipose tissues weight are the value which totaled the white adipose tissue weight of perriuterine, perovary, and
perrirenal, respectively. Adipose tissue weight for 3 weeks (n=3). Data are expressed as g/100g body weight. Each
value is the mean £SE. The data were performed by Dunnett's multiple comparison test. A respective test meal group was
examined to CE. The significant difference was not shown between these data as a result of the test.

EBER. EBNEDWERVCEBNEY pH
EHEEOFELEIZ. CE R (B 0.36) & ik L C INL BT A ZEICE

I

a2 R LA, £ Do IDS & RER (F%) 0.43~0.46) Tl FHFRIA &
PRI N o, mEEZR L,

EBAEYEOV-HEIL,. CE# (F¥% 059 &k LT, IN WAfITA
BlCEMEAE R L, Z20fho IDS 5% (B8 1.21~1.37) TITHF 519
BEMHIIRD NN N, BEEZ R LT,

BENEY pH O V-¥fEL. CE B (F# 8.4) & it L ¢, IDS & B
TIXHFFOAEEERIZR O DN o 7228, IN @it CF¥) 8.2) X U FO

(CE#¥) 8. DIXIKME % 7~ L 7= (Table 6),
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Table 6.  Cecum weight, cecal contents and pH of cecal contents

CE INH INL FO RF GO
Cecum weight 0.36+0.03 0.46+0.05 0.5810.02 0.45+0.08 0.52+0.01 0.43+0.03
Cecal contents 0.59+0.12 1.4110.05 2.0010.59* 1.37+0.06 1.24+0.09 1.21+0.26
pH of Cecal contents 8.4+0.3 8.2+0.1 8.2+0.2 8.1+0.2 8.4+0.1 8.310.2

Above data for 3weeks (n=3). Cecumand are Cecal contents weight expressed as g/100g body weight. pH of Cecal
contents (five times dilute with water). Each value is the mean £SE. The data were performed by Dunnett's multiple

comparison test. A respective test meal group was examined to CE and significant differences are indicated as * and *
*atP <0.05and P <0.01, respectively.

INHDORERNS, BEENEY pH DK TIXEGRNAEY 2O
YT EBREZLN, ZHIXEHEIEN R (SCFA) PEA O JTLHE O RE R & HEH
T,
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B ABEONEROELR
BT, vV RICHFEIDS #BAIE, BRAE, KE. BIM
e R 0 2 IR I B 5 0 AR AR IR R AR IS RIE TR BT O W THRF L
oo ZTOREEK, IDS BIAREN, HBREEOEICHEK L TN &2 5
fHimTholc, TDZ L1, IDS AHNME OREERE L2, KT
AU7 SCFAN TR AX—HELE L TIEAL., ML L TEIENoF H
PIETFLTWD &I N7,

B (1) TiE. EBIE. PFRAHFEE LIS Lt R e —
BHEIC KT T EE LRI L, INH, GO k1O FO O#ERIT V02 &
FIdzx X —R#zLEITL 2 200 L7, BEBEDFEHMEIX
INH B Chie b mfE % R~ L7z,

B (2) TR, IBAMEIC L2 BBORELZERT DA, BB
NEYEEEZO pHZRE L, TORE, EBNEYWERE SV T,
IN W CIEAEICEMEZ R L, Z O IDS & FEF TR 2 a B
TR oo, BEE R LT, EERNEY pHIZ >\ Tk, IN
Wi fE K OV FO BETIE, MEMFHABMEIIRD b oo i K Z 7R
L7,

EABEOMEICE LT, AEH» 6 OERBEHEDIHLA E LT, BIEEEH
Woisd> %05, 0.1 CHAL DKL 23K D B AL 5 500 Tidk, E GRS /N B
WA <  BERICITRBERIZIZLORERREWE In5[20], £72, &
Pl iE L0 EMERRIREZ KBS E RIROBEL SN ROBRERH D,
Suzuki F IR BRI T EIE N BIES 2T Vv~ U A Z/EK L. Herb
BIORE D 2h B & B IR O 2 L TREAG L 72 [21], £ 72 Mizuno &ix, =v =7
PHBFNC X2 HEHER OWFEEM 2. ~ U 2O E IR E O RIE Z 5 Al
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AL OWUNEBR D RIE & A 72 L CREIE L 72 [22],
S AR TR

TWlebtEBRT, TD%, IDS OHALEN TORBELN, HLE OEE) %

)
FMEno . IDSEREOFENERE O LA ICEEL H 2

TLESELZZ LR ERNTHL EHR L, £, INHX—# 0 IDS #T
VO 23 ER L, =x v —R#@fzttEsE, —F, KO FThH2 INL
TZDOHMERBO LN -T2, INIEBEE CTHD, = FLX—H
MDILE L7 Z &1, BEEEXEE L TCoOFANTEINRTEZEICXD D

DEEZTZ, LML, DFEOEVWHAERNEY O pH IZH2 % KIFT

t%

PIZOWTIE, FERBF LN TR,

AX Y iFe b EEEACE OMKGBICESE D D720, KBICE
L7CBRIZHD TIHBNMAEM OB L RV BRI X 20 a2% T 5, 20O
BB L > TREDVIBAMEO =L —Ji e LTHMA S, sk
ESCFAICR# N D, TO/ME, HHEEESC KB EOHEMN, HEEHE
ERN LT EINn[28], £/, B pH OIRFIZHE S I X T VS
ARG & B I, BB MEE DR L, REIREORMMAH 5 Z &
NEBHE STV D[24,25], 2N oHELL, KIBNOF 2 E O
FHCIEEN 2 e T 5 IDS M T 52 LT, BAMEZLELL S &0
IBEZXFNIREIN, T AL AT v 7 A (Prebiotics) & EFE I ATV
%, Gibson %%, IN X X3 fli#H» IDS (FO, GO K VT 7 F 21— R)
ETVUNAF Ty 7 AL LTCERLEI26], @iE., WERL CHEA I
7o~ 7 A TH U % bifidobacteria O, A X VBT 5 F &
(ITF : inulin-type fructans) DG TZ OBV NEMIND, £ D
A XY E, EEICAERDREZR L, WLEN T bifidobacteria D4

WAEARET AR T VAL FT v 7 2RI TW5[27],
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W ClX, IDSEMOEWIC L D2HEORE ZBEHNAEY pH Tt
L7, INIZSGEBELE TH D, CEREL L TR FAIA M
RO, INTELORFOBITIKELZ L, LML, v U
Z DMK, FEERICKL2BREEDOE, fH HIH K O H &M% NR R
RESEEST LD, ZTNHEZEBELTROERIZKMIE TN H D
L7z,

ARETIE, vV ZAOHKFEEEEEELERN, 2 VX —R# %2 TT
HIHDZEEMO TR LA, INHOEBRIZL2EBGIRE VO, 0 EFH
T, BME O INH ERIC XD ER L7 SCFA R, = x /b F—HEH L L
THH SRR EBZ N, KB EEMFETCIX. IDFERIZED
OB R AN o2, IDFICX D2 @mELALN RN T,
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BB VAR AF—RPFICRETHSEENHLLEEHEHOSXBDER
B9 D RRES

—EHOMPIZLY  INH OEBERIC X2 EBE L VO © EHITFEEEC
kb0 EEZONTE, B P MetSHREEL 72D Z L3, BREENGSE
25 &, BHOBEERSLZOZ XL -0 EFICERT D EEZD
b, ZZCH_ETIX, SEMETEMFEI Y~ U X2 IDS %
B, BHRE., WA EZ PO L2 X — RS, 1>
2 SARGUE R MR E I DWW T OB Z G LT,

B RRARH,. EBEROCEBNEDICEXZEE

@il mEMETENFES T~y X IDS 2 BRI,
EGR . PR AR 2 oI Lo = xR — R ET I D T o
R LT,

£/ L7z IDS &4t

AARNIZ, REEHEZEMLE LTEZFH L, D EEMER ICH R
BRTHIRBNEINTVWD WEROEER S THDLDFOMELE LT,
BT OLERFAMEFI/EN LT, ZORNEZETIELI0RDH D
Eannl28l, s, ALEBBEICFEET 2 FER YO [#EX] OR
W RICER L, ThzazHnd 2L e Lk,

—J. F AP UCEALTE, BENEE~ Y AICBWT, @oFOXF
Fre X bR, BREEENZGNO OWRINZREFESIELZ LITX-
T, EHOMICMIEEEDIKRT EHIEBERANS S & L-WiE[20]. F7-.
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FERIR B R~ T RAICBW T, Ko FF b oid, B 7 L o — X fE DK
T M IER I R 2R T HREBOIN SN T, Y TIIF R0
I RICEB L, @O+ M ra2HWbHZ &L LT,

O %KX (Agar)

OH OH

O =
H«O&/O\ﬁ\\q\ s

Figure 9.

Ager (AG) DOJFEHIALEI T, RELA Y I VENLRIEIND,
Agarose (I AG O FEEH R T NALE T THY . K T0% % H, 7V D58E
IZBb D, AG DREAEIEIL 123 EAB-D-H 77 b—RAL 124 /EH
3,6- 7t Fa-a-L-HT727 Fh—2ADKZHEFEANOM D, AG 1T Agarose

(FiEZBE) & LTIy & 7 Aa Xy 5 (BUESEE) Hholb,
TARNTFZT A= R TE RIS, A PRV B
viRIEEEGAT 5 (Fig. 9),

LR TIE, PHREKR S-6 (PP LEKRNSHE) M L, Ad

X, VU —9RE 530~930g/cm2(1.5%EE)TH 5,
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@ % %> (Chitosan)

y OHOH | CHeOH & F > (Chitin) (X N-7 & F /L -D-
H H
o} 6]
OH H/ Y OH H H . 7\‘}1/::7 'ﬁ_ i Ve (G].CNAC) 75§ B -174
H MNHCOCHs: H MNHCOCH
Chitin %/EI\T =By 47%(#/\ (Mw 100

: U E) LeZETH D, F v
NaOH l Deacetylation

(CH) 1. ¥F O 7 EF it

CH20H GH20H )
H H Q H H o Lf:%)@?\ D'ﬁ/l/:[‘a‘\::/
OH H © OH Bk O‘\ . .
i’ th, ! Y (2-amino-2-deoxy-D-glucose) °
. 14 GED £ A
Figure 10. %¥E<d 5 (Fig. 10), CH ILHE

STHIC (10~20%) 7TEFALEEZGZATHDLI DS CH LT 5,
LVHFFEClE, 22— 3 —F ¥ FM-80 (H 57 2 B LR R &) %2 A
L7z REIE 7 & F AL E 80%LL FALER S B &% 5 78 (Mw)2.05
X106 CThH b, whrst (GPC oy +&MES 7 & : Shodex OHPak
SB-805HQ+SB-806HQ+SB-G. i@ : 40°C., B #EifH : 0.5M AcOH/AcNa,
%8RIV & 1.0mL/min #Z & : 7L > Mw5900~ 788000 Shodex,

X oAU ThE  Mwl1204, HEfbFE A FTET R R)

@A X VU > (Inulin)

BTl L7 IDS FM T —BECTHERALIEAXY @D THA
7 (INH) #/Hw/=, UTF. INH % “IN” L E3T 5,
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ES R

EREBY & FEFHIE

EBE & LT, 6D C5TBL/6J Mt~ v A (H EFREN P ik
2t) #HWT, {KIEVi& (LFD : Low Fat diet) (n=8)% 53 5 #t %
2% /L m—RA-Low Fat diet (CEL) & L7, o~ v 2 12i%, ®ENA
(HFD : High-Fat diet) 5 x7-, HFD #f&~v 23 7 HH. JEHH %
FEIE, MEENORRES LK, BREFMFICOVWTIHE =L
[fl—Tdb s,

W% IR~ 7 2% 5 BRI, 2% HFD % HFD & A# (CE)& L7,
IDS 134/ 2% RN L. AG icIn#E (AG). CH #In#E (CH) KX O IN #n
B (IN)D 4 5 8 (n=8)% 7% & L 7=, CEL Bt 1% LFD *f %4, CE #£1X HFD
Xt RREL LTz, fRHERL % (Table 7) (Zn ¥, AfkHE G %, 11 A2,
N R E L =L (VL R F AR, AL REERR S A 1T K B R
TCRREMR S REM ., & Hk O R H 21772,

W, ABFZEIER R, B EE N OREERSWVOCICEI M IR 21T O
L PAEEOREHROBLE NS | B ERE O N LS 2 ED T T

il

\

Vi RZFEWEBRITE ] I, B EREERIC L SN BEOFRIS
KOS ERAB G THEM LI,

31



Table 7. Composition of experimental diets

Abbreviation CEL CE AG CH IN
Component: Gram (%)

Casein 205 29.9 — — —
Corn starch 34.47 16.92 — — —
Sucrose 33.81 12.22 — — —
Soybean oil 2.45 3.38 — — —
Lard 1.97 30.78 — — —
Cellulose powder 2.0 2.0
Agar 2.0
Chitosan 2.0
Inulin 2.0
AIN-93 Mineral mixture 35 35 — — —
AIN-93 Vitamin mixture 1.0 1.0 — — —
L-Cystine 0.3 03 — — —
Fat energy, kcal/100g (%6) 12.2 59.5 — — 59.1
Carbohydrate energy,
kcal/logg %) 9 67.7 20.4 — — 21
protein energy, kcal/100g (%0) 20.1 20.1 — — 19.9
Total energy, kcal/100g (%) 3775 548.1 — — 551.9

Computed tomography (Z & % 38 @ {4 g I Hl &
By %, 10 B IZX RNV E X — LI K 5B T TR &% .

F—wmEFEROFETITo I,

T RV X — R H

F—BmEFKROFETIT oo, SO EEZ R —#E T 7 14TV, 24 3
Bl OFHEL T —% & LTHWE, VO 7 —FOEHICEALT, vU X
DEBEW NCREHEOLEL ATRERRY BRI T 5510, KE (kg7 T
B L7-[81, 82], M L7=7 — Z I34& M 12 B +Ai#% 2 BERT & L 7=,

[N R IR

BB L FROFIETIT 72, ST — 213, 4% IDS ERHKE D 8
~10 8 O [ EM (558 n=8,10 FIHIE) 2 FiZTh TN FHEZ RD T,
RNT, TNDEDT —F LI REOFEHEESE EZ KD T,
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EREER. ENAVEERRVOCERANEY pH

EMNEWERER L0 pH OREILE — 5 L FEEOFETIT -7,

w3 AT
F— & ORI FHE+SE TR LI, MAMTESELB L LT
Tukey RREZ{T> 7=, MEDOAE AKX, WM (P<0.05)& Lz, T

D EIL StatMated VY 7 F Uy =7 (BRASHET F A X)) ZHWTITH- 72,

R A =

BERE. =XV X —ERE, Z¥HFE., AEENELRVEVHEBGER
BEAEELOERET, CELA i L C CEMITARICIET L,
IDS ¥R IN% BER TS5 1L 6 /e o 7= (Fig. 11), LFD & HFD o it

BT, ERAEOERTEHEREECETICH L TARNENZ D,

350 1,200 - a
a
300 = b b b b
S 1,000 -
— I
b0 250 - = e he I
@ 800 -
2 20 - b b b b s
2 -
£ £ 600 -
= &
9 @ 400 -
S 100 - c
w
50 200 -
0 - T T T T — 0 r r - T
CEL CE AG CH IN CEL CE AG CH IN

Figure 11. Food intake and energy intake

Each value isthe mean ®=SE. Comparisons of all groups were performed by Tukey's-test, and values with
differentletters are significantly different, P<0.05.

RA&AEITZ, CELEELEBLTCINBIARICEMEZ R L, %K

REFRBDO N2> T IDS AR ITEMEL R~ LT,
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REMEINMEIX, CEL#E L i L T CE FFIZARICKMEZ ~ L7, HFD
FHEMIZBWTIE, CEFMESERLTINFIZAREICEMEEZ R L, AG #f
KO CH #iEmiEZ =~ L7 (Fig. 12),

45

40 A

ab ab ab b
35 4 . 50 1 a
30 - I
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25 E a
20 1 30 1 I ab ab
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10 b I I
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0 T T T T 0.0 T T T T
CEL CE AG CH IN

CEL AG CH IN

Final body weight (g)

body weight gain (g)

—a——

-1.0 1

-20 -
Figure 12. Final weightand bodyweightgain

Each value is the mean ®=SE. Comparisons of all groups were performed by Tukey's-test, and values with
differentletters are significantly different, P<0.05.

BAT E&ICKHEAITRD N2>z, WAT H=&(X CEL #f & ik L
T CEHHMOETRD NN -T-, HFD £HEMEICB W TIX, CEREL
g L TINBEAREICHEMEZ R L #2220 b e - 2

AGHEL T CH BT mE %~ L7z (Table 8),

Table 8.  Adipose tissue and hepatic weight

(g/100g body weight) CEL CE AG CH IN
Brown adipose tissues 0.63+0.04 0.60+0.05 0.69+0.09 0.61+0.05 0.70+0.05
a a ab ab b
Epididymal adipose tissues 3.64+0.14 3.78+0.29 4.65+0.34 4.28+0.20 4.89+0.22
a b b b b
Liver 4.83+0.11 4.27£0.12 4.25+0.08 4.10+0.08 4.14+0.09

Above data after dissection (n=8). Data are expressed as ¢/100g body weight. Each value is the mean £SE.
Comparisons of all groups were perforemed by Tukey's-test, and values with different superscripts are significantly
differerent, P <0.05.
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Computed tomography (2 & % i35 @ {4 g I |l &

PIEAE I #L Ak 1L, CEL #£ & CE A LB L TREHFHIZREITR D S
NWipnolzn, miEEZ L7, HFD &M TiL, CEREE L T
IN BRI A BICEME 2R L, Sat P72 28O b v/ h o> 7223 IDS 3
FHEIRM AR Lz (Fig. 13 (0)),

[A] [B] [c] 2 b
X ab I
12 b b 4 ab b =6 2l I
ab o= 8y a
- 10 ab I 1 iz, ab I g9s
Z
g8 @ 1 ce a I 55, 2
g3 i EZ a 538
£ > o
B I T3g2 I 283 |
83 6 g o -3 28
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Figure13. Computed Tomography (CT)-based body composition analysis

(A) Total fat mass, (B) subcutaneous fatmass, (C) visceral fat mass, (D) lean body mass, and (E) fat ratio of each mice after
11 weeks on testdiet .As (A) to (D), itis a weight per weight of 100g. (E) Fat ratio = [(A)/ (A)+ (D) ] x100. (Each groups: n=8).
Each value represents mean =SE. Comparisons of all groups were performed by Tukey's-test, and values with different letters
are significantly different, P<0.05.

REHME S NBEMEOR L2 6 HFD &5/ F Tk, LFD #
[FEk. IDS AWM E OFEEREE & 70 0 5B CT4H L7z SCFA A=) F
—HELLTHEAL, #RELTHERBEHORMAMET LTS & HELZ S
i,
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ERERE. EHNAHEERVCERNEY pH

(Table 9) ICEMMER., EHNAMERLOCEBNEY pH %17,

EBEEOEYEIT, FFEHE TIIRFFHAEERITIRD NN T
75, HFD BER]Cix, CE Bt (CF#9 0.26) 12 b~ IN B (F1J 0.33) 23 & i &
~L7,

ERNAEHEROFEEIX, CEL L ik L T CE B3 A BIC (Kl %
7~ L7, HFD B <ix. CE B (F¥ 0.35)IZ tb~ IDS N4 #E (5%
0.42~0.49 [ CIXHAHAZHABEEEIRB O ON o T=B, Sz R LT,
CORERNL, EIFNAEYMEEIX HFD & XA L, IDS #ikN+ %
ZEICEY, mEERLZENBLAONT,

EENAEY pH O V% fEiX, CEL & & il L T CE BER CTILHFH#1
AEMHEFIRBO N o7, HFD B TlX, CE#f (FE¥ 7.8) &tz L
TIN#E CEE 733 A RICE T L, AG#E (B 7.6 20\ TIEHF
HABEMETRD N o7, KEZRLE, ZOMENL, EBW
A pH L, LFD & HFD Ic & ST, INOEARIZE VKT L,

INOERIZEY | EBNAEY RO EHEITEMEE <L, ElBNEY pH
DOIVHEITIRTRRBO LN, 2O EnE, IN OFITII N EN
HRICD 2 LT, SCFAEARHML TS EEZBNT,

Table 9. Cecum weight, cecal contents and pH of cecal contents

CEL CE AG CH IN
Cecum weight 0.28+0.02 0.26+0.05 0.29+0.01 0.29+0.01 0.33+0.02
b ab ab ab
Cecal contents 0.54+0. 04 0.35+0.04 0.49+0.05 0.46+0.03 0.42+0.03
a a a a b
pH of Cecal contents 7.9£0.06 7.8+0.12 7.6+0.09 7.8+0.05 7.3+0.08

Above data after dissection (n=8). Cecum and are Cecal contents weight expressed as ¢g/100g body weight. pH of
Cecal contents (3-fold dilute with water). Each value is the mean +SE. Comparisons of all groups were perforemed by
Tukey's-test, and values with different superscripts are significantly differerent, P <0.05.
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T RV F — R

VOq2iZ. 30 0D HREF VO & L C/rL7= (Fig. 14 [A]~[D])., CEL
ML CEREICEETRD LN o7 (Fig. 14 [Al), LFD & HFD i #

MR Lid, BREAEDOEZDEEN DN oTBEEZEZLDLN
%, HFD BERBI Tl . CERE L e L C CH B mfE %2 7~ L (Fig. 14 [C]) .
— T AG BIFRMEEZ R L (Fig. 14 [BD) . INBICO W TEITRD Sl
2o 7o (Fig. 14 [DD), K5 12 FEE 0 B3 VO 1B L T8, 30 0D R
it VO2 & Rk OETP T - 7= (Fig. 15),

30 /DY RQ (Fig. 16) 7226, KGR TH 5 CEL fFIIMEREIC 1
WL DE, BEOFAHANILEL TWH Z EREEsn, LrL. &l
Wbl L0 2R ELTRQPOILUTETIKRT TSI MR INT,
Hiz, CE#fictiik L CH #FIZRfEZ r L7 [ 3:30 725 6:30 1T
T 3 HEM O RQIEICE LT, (CE RO FEHIE) — (CHEOF
¥ifE) =0.018~0.023 HuH CThHh o7, 1. 2D b, CHIXEN%
PRIET DM T, BEMRBHOTLERS 2 b/, KH 12 K RQ O
X, CEL# Lt L C CEREIZAEICIK TN L7z, HFD #EfH CTiX. CE
#E (£ 0.80) & i L CH #f (F¥ 0.78)IF KA R L, — 5 T AG ##
(45 0.82) % OV IN £ (CFE¥ 0.82) 1k = fE % 2~ L 7= (Fig. 17),

INHORRNL, INOEBRIZEWT, 30 950 RE VO2 ix CE #f
LT KM 12 W RQ O EBEIX & B A % L. B o F) 28 TU ik
LTWhHEERRESNT, L2L22Rn6, 20 RQ ® EFH X SCFA F|
MILEDFRE R TH D LEX BN, —F . CH OFEIUX, VO2 28 &l
L. 12RMREE VO TH, @EER Lz, RQ O FEHE LKA
ALIEZ Enb, FER#BOTTERZZ BT,
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Figure 14. Oxygen consumptionin every 30 minutes

[A] CE vs. CEL, [B]AG vs. CE, [C] CHvs. CE, and [D] IN vs. CE.
Each value isthe mean =SE.
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Figure 15. VO, : Accumulated oxygenconsumptionof12 hours

Oxygen consumption L/12h/kg%7°

{

_‘

Each value isthe mean =SE. Comparisons of all groups were performed by
Tukey's-test, and values with different letters are significantly different,
P<0.05.
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Respiratory quotient
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Figure 16. Respiratory quotientin every 30 minutes )
Each value isthe mean +=SE.
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Figure 17. Mean respiratory quotientof 12 hours

Each value isthe mean =SE. Tukey’stest, and values with different letters
are significantly different, P<0.05.
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IEL % 16 31 1

EAGE OESEX, CEL# L i L T CEMIIAREICHMEE R LT,
AR R A B D b o725 CE B (P 36.0) & ik L. AG
B CF% 35.9) K OV IN B (7% 35.9) 1L @Ml %~ L7, HFD BERM Tk
HENAEEEEIRO O hole (Fig. 18), T b OFRM G| EHGE
O E 1L LFD (2 i L < HFD I3 & i % 28 L 72, HFD 8 & & F T,
IDS ZiRMN+ 2 2 & CEHBIRD EF XA LNRNoT72, 2k, HFD &
BICEDEREEFDROZENRR N, IDS DIRNP A AL <7
HZlickrborEEZzoNnT,

36.2

b

36.1 -
g ab ab
O 360 -
2
@
8_ 359 - + ab +
€
3
B 358 a +
@
o

357 - ]

356 - T

| CEL CE AG CH IN

Figure 18. Rectaltemperture

Each value isthe mean £SE. Tukey’s test, and values with differentletters are
significantly different, P<0.05.
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B BERBEEROA R VEGIBICE X DRE

BOEITIE. IBEAR#EEOA R Y AARFE A~ DR

s

I

BIZ DWW T D%

&AL

KRBT E

EREFLFE I Va—R, £ A kT HOMA-IR

%, KT IBBIC~Y Y ZDRFIR2? b 24T\, IiE 7 /v
a— R ERE (FYesisE T2 Glucose Cll test-wako) & IfLiEA > A U
> : ELISA ¥ (Shibayagi: Insulin-mouse RTU) #Z N FiILE&E L 7=,
A AU CEPUEDOEEMEE T VREE & LT, The homeostasis model
assessment insulin resistance (HOMA-IR)f Z R O H A TR D 7=,
[HOMA-IR = ZEJEREMyE A > A U > (p U/mL) X ZEJEREITE 7 v 2 — R

(u U/mL),~405][88], #afmefliT 10~11 B & L7,

1 5 iE E

MiFHoika L 27w —1 (TC), M (TG), HDL =2 L A7 n—
/v (HDLc) & QNilEBfE AR I e (FFAIZ 24, Fi 3 T3 Cholesterol E,
TG E. HDLc, NEFA C & 0" TBA test-wako Z# HHWWTCE& L7z, W, LDL
a2 A7 v — L(LDL)IZ DWW TlE, Friedewald 2 D FF5HE X [LDLc =TC

— HDL— (TG/5)]% A CHEH L 7=[34],

2t AR AT
BEEHARAT 485 — i & RO F Ik T - 7.
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R R VB £

EEELE I NVa—R £ A2 kT HOMA-IR

IDSEESHEHHBAICBWTDO I )L a— 2D EIL, & TORM THEr

LA BT O S o 7= (Fig. 19 [A] B, 9@ HicH>wW T, HFD

FEM CIX. MEFPRABRMEIIRD 5o 722 CE B (B 126) & bt

i L C IN B (F¥ 108)13 1Kl %2 7~ L 7= (Fig. 19 [B]).
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Figure 19. Serum glucose

CEL CE AG CH IN

[A] :The 8t week, [B]: the 9t week, respectively. Each value isthe mean +=SE. Comparisons of all

groups were performed by Tukey's-test, and the significant difference was notshown between these
dataas aresult of the test.

IDS# & 8 H o MmiFA > A Y MEIX, CEL#IZx LT CE#ITAE

(2 EH U, HFD &5 #EM Tid, CE# &b L T, CH # AU IN B3 A

BT L7z (Fig. 20 [AD), 9B CTIXEICZ MM AR 720, CE

BEL b LC,CHBEIN BE R OVAG B S A EICIKR T L7z (Fig. 20 [B]),

(Al [B] 1 b
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308 b b é 08 1
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Figure 20. Seruminsulin

[A] :The 8" week, [B]: the 9t week, respectively. Each value is the mean =SE. Comparisons of all groups were
performed by Tukey's-test, and values with different letters are significantly different, P<0.05.
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HOMA-IR /X, fiyE A > AV UE L IFIFRFEOMEM %2/~ L7 (Fig. 21

[Al, [B]),
(Al .
1 b
x| I I
< ° l J ab
54— T ac
T, L .
a L
5
1 4 I
0
CEL CE AG CH IN

Figure 21. HOMA-IR

[A] :The 8t week, [B]: the 9t week, respectively. Each value isthe mean £ SE. Comparisons of all groups were
performed by Tukey's-test, and values with different letters are significantly different, P<0.05.
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miEhEE

MiENRE O ¥ EiX., HDLe B\ C, CEL# & tb# L € CE BEREIC
MRt A BEEITR O b o 72, HFD B Ti&, TC XU HDLc
BILC. CEREL Ll LHFFMEBEEETRED bR o722, AG BEK
O CHHCHEfEZ = L7 ([AITC; CER# (FE¥66). AG B (Fy 97)
J O CH # (FE¥) 119), [DIHDLe; CE # (F¥) 66). AG # (FE¥ 97)
J O CH Bt (V¥ 87) ), —J7. TG IZBI L T, HFD B TIix. CE # (F
¥ 55) & b LFEEH A BEITR O S o 7228, CHBE () 48)
NEAE #~ L7z (Fig. 22),

INHORERNS, MIEREOEHEIZHOWTIL, — & L7 Emne

ERTERMNoT,
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Figure 22. Serum lipids

[A]: Serum cholesterol, [B]: serum TG, [C]: serum FFA, [D]: serum HDL-cholesterol, [E]: serum HDL-cholesterol and [F]: LDL/

HDL Each value represents mean=SE. Comparisons of all groups were performed by Tukey's-test, and values with different
letters are significantly different.
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HoH  RABEONERUER

BTk, mEHRCREFESE LA IDS A EASYE, B
MBI . PERARE I 2 i L = 2 b X —REFHEH IO\ T o E %
BEtL7c, ZofER, INEBRIIBNMEE OB AER L 2D AL
72 SCFA DN FTHELE Cox X —L LTCHHAIND Z LITLY | FH
EEPIERIC DR RN L, —FH, CHERUZ, [bhD A =X

LZEoT, BEAMMAZ ERHSE 2L TCaxrF -2 ITEIYD
EEZ BRI,

BB, BEEAH. BEABHCOVWTOREBERI L, TOME
R.CH#EWIN HOMIEA > A Y iRE L HOMA-IR O K T i 23 8l
HINT, 2D IDS ODERIZED A 2 VRIS S E S LT,

b h2SMetSHREEL 0D 2 &1, BRAEFEDOEINSEZLD L, IO
HWREREEH VX —tho EFICERT 2 & vwbins[9]. DF #H
ELTHF MY, ZOEEETCHL D-7va I 7 I Richks
LG EMEAT DI EITMA THBICEMR LMD &S WEIRE D Z &
DRETH L, TN OWEN/NETHRHE SN, DF & L TREFRDORIL
M E LCE<., ¥ Yo d8iw[85-88]° b M9l Tl TC <0 ifiJE f&
THEM. BIIRELEOETICH T 52 UBDIRBZHBRES L TND, A
XU OEMEL PA~DOWETIE, GRS A XY 5%z miEl - &
BRI LZfE 2 BRI E2T v MoBW T, (KB, M & O
IEE 2K T L, B MZRWTH MK FSE72[40l, 41 XU Db b~
O TR B 124 (F%23.35) 25 %E LEBERBRICE D
T.INEFEYITNL Qg AXVVER) Z4HBBREEZEZ A,
i TC KO TC A L. IR SRS S Lz [41], 72, miEdh



T UFURE 25 u g/L RO &M 324 (18~407% . A1 ) ExtH L
LEZHERZ v A —"—EELT7 7R BERRICBNT, X
U 202g/HE 4 ABERIEZEZA, FOPpHDIK T, 7 4
AAERABEOEMMAEZE D biviz[42], DL Eo®EIX, 4 XV EIET
K aWINT 5 L7 RICRD . FRFICERL7ZEE ORI 2z 218
XERL., BN THHRBNMEOREE 7Y | BNRELEZ 205
ERH, BEZEHNE LEARECLALSFIHENR TS Z L ERTHOD
Th b,

K#ETIX, HFD AL TICB W T, CH oL, IEEH M % L&
SHLZEICEV =R R E NI L LRSS, — ),
IN OEBUIIBENMEEIC L 2REBIERE 2D, INOFHKEEYE LT
O SCFANRT X ILF—JR &0 | HOWEENERNHERICRD Z &2 Al
L7z, £72. CH & IN X, ARV Vi s%ES T,

IO &b, IDS OFEHIC X - T, MetS I2x3 5 Sz R o3 1

LI ENEZLNI,
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FBoE ERFEV AT BB EROWEBRBICE T IRE

CELOE CETE, INABNMEEONRB 2 EE L, =R F—
RWaTESELZ &R Lz, £/, HFDEAZKMFICBW T, CHO
FHRT, FEMHZ LR SEL2Z2LI280, = x v F—R#2 Tt
DT &AL, LMLARRL, TOFEMITHAL TRV,

FLTEZETIE, EWEEN O REEREZATRAR S OB EL
BEFHGELE~ 7 AR T =R F—RFHIZ SN T, CH & INDE
BEmAL, TOFRABEZRLI 2N E LT,

B _REBEOHEEEERS I N —RBHICE2A DR
B—HiTid., CH & IN OB ~DEHFEEEZ T, REFFHIEMEL~
AT HERLF—REHICEA L TCH & INOEEL MG T 5. £/,
EAMEEZELIBENT, 2L XAF IR (CS) ZMmFaLXT7r— /KT
T2 b= g s LTHWDS b D L LT,

5 L7z IDS R #f R O &
@ % h¥ > (Chitosan)
F_wm T LEZIDS LRI —D0FEMEZMEHT 5,
@ A % U > (Inulin)
F_ETHEM L IDS L RI—OFM 2N+, F—FETHEM LA
XU r@maFsA47 (INH) ZHnic,
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@ =L Z2F I F : (colestimide)
__ bz A A RHEIIECTH D =
N (}tCHCHE L 2F 2 K (Fig. 23) 1. HH

Y n BROATIEER 2 BLE L. BRIRAY

CHS } / alZA5Ta—LEZETFT Y
Figure 23.
LHEATH D8], AT 47 - a3 br—E LTOREME LT,

A b, M = ERERAE LV RSO TH D,
£ IR

RREBY LEFEEHIE

6 Hn > C57BL/6J M~ 7 A2 (R ARERBMK NS 4E) 12 9 B/,
HFD # 5 x Tz 8 387, fMEENOREL LKA, BRIZO
WTIHE—BLOE _HEFRKZETHDL, TDOK, BH~TAZRD 6
BEICor T 72, 2% &/ m—2-HFD % HFD A% (CE) & L7z, IDS X
BHE 2% FE 721X 4% I L, 2% CH ikin#E (CH)., 4% CH imIn#E (CH4).,
2%IN WAL (IN), 4% IN RINEE (IN4) K OY 2% (CS) O 4 6 FE (n=8)
L7, CEL CSIHMBRVORYT 47« av bu— s Lz, ik
#ipk % (Table 10)127R 7,
fRt 5%, 18HBIC, X AL EX =L (YA N F e, T
FAMRA S ) I K DRREE T C FRERIRD & 28 M, & KLk O 5 A& 17
-7z,

W, ARHFIEIIR R, S E#E L ORERET CICEY EREITOH
B - PEFOZEMKOBRNG, BIMERFOFEM T IEF 2 EDT TH
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TRFEBYERRE | IS, BMEREESIC L AMEFBEOFEIC
KOS P RAREBTER L,

Table 10. Composition of experimental diets

Component: Gram(%) CE CH CH4 IN IN4 CS
Casein 30.00 — — — — —
Corn starch 5.83 — 5.42 5.83 5.42 5.83
Sucrose 23.31 — 21.72 23.31 21.72 23.31
Soybean ail 3.28 — — — — —
Lard 30.78 — — — — —
Cellulose powder 2.00
Colestimide 2.00
Chitosan 2.00 4.00
Inulin 2.00 4.00
AIN-93 Mineral mixture 3.50 — — — — —
AIN-93 Vitamin mixture 1.00 — — — — —
L-Cystine 0.30 — — — — —
Tributylhydroquinone 0.0014 — — — — —
Fat energy, kcal/100g (%0) 58.9 — 59.7 58.4 58.8 58.9
Carbohydrate energy, kcal/100g (%) 21.1 — 20.0 21.7 21.2 21.1
protein energy, kcal/100g (%) 20.0 — 20.3 19.9 20.0 20.0
Total energy, kcal/100g (%) 551.1 — 543.5 554.9 551.3 551.1

BEEE, EBNAVEERE, EBNEYpH RUERI

figHI R 12 WAT, BAT KOO E&ZWE L7, EHBNAEYETRE L £
O pH OREILHE —FE L REOFIETITo2, EORIUX, B
T 9~12 HFEERNICERIRL . HAEWMA TR L%, it&E,. —30C Tk
L7, CE.CH4 X ' IN4 /% (n=8).CS K W'IN2({E (n=7),CH2 % (n=5)

T —H L L THWE,

B o BiE EEHE
oy, 1B B AL E X =T KD RREE T TR &% .
H—mLFEKROFETIT -2, CE, CH4 X' IN4 3 (n=8), CS XU IN

X n=7). CHIX (n=5) #5—% & L CHW/-,
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TRV F —REEHE

FHEmLEFROFETITo 2, FHHICEH LT, SRETIES ST v o
—ICINE ST, FHO#RELZRFE - (n=7) T7EATV, %¥ 3 E D
M%7 —2 L LTHWEZ, VO 7 —Z ORHICE L TORE S -
HLFEFETHL, EH LT —2I134&M 12 R+ ai#% 2 K & LTz,

mighEE

fMyFEH D TCIZ >\ TiL, (FnX# T2 :Cholesterol E), IfiLiE # & ¥ iE
& (total bile acid: TBA) 1%, (Fn)t#E T.2: TBA test-wako) # L%
NWAWTER L7, CE.CH4 X ' IN4 1Z (n=8),CS KW IN2 1% (n=17).

CH2 !X (n=5) #7 —# &L L THWI,

ZERERFME I Va—R, 42V kU HOMA-IR

BT H, 9KV 12 HBICENORMZIT 72, MMAEKRIT 10~11 FF
il & Lz, yE 7 /v 2 — A BERE (Fn ki3 T2 Glucose CII test-wako)
LifiE A > A VU > ELISA #% (Shibayagi: Insulin-mouse RTU) % H\»
T, ZRENERELE, 42U URPEOER T T LVRIM L LT,

HOMA-IR I35 — &= L FMRICHE M Lz, &8 n=7 27 —2 & L THWI,

e R AT
F— 2 DR HEHINTIFEHEESE TE L-, KR OFEBE D iz >\ T
TWRIZART, BT, BEBRORMBADPKILL TWDLHZ LOMEBEOEIT,

CE & CSHEM D t EZIT» 72, BIEOAEAKMEL, WM (P<0.05) &
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L7,

mif (P<0.05) & L7z, ZHZEORKREIT SAS9.2 (SAS Institute Japan

Ltd.)

wiZ, CE & A BRHE Dunnet BUE 21T > 7o, BRIEDOAEKIEIT,

AW TIT - 7=,

FEREOE S

(REH NI AR & FEROMEZ R L7 (Fig. 24),
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Figure 24. Bodyweightgainand generaldescription ofthe experiments
Data are means=*+SE

EREL, CERL IDSKH LD E T L LT,

HRE, BRRESDR, KAEHENE

HHEERL LR REREIT CER LKL CSHITARITIEMEA
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L7 IDS & BEH T E A BRSO b v b o 72 (Fig. 25),

BRI (AHE 100g #5ME) X, CERE L HE L CSHEIAEICH
7L . CHmMBER OCINABEIZ DWW T 6 A EICEE % 7= LT (Fig. 26),
ZORERIT, 100g DREICRDEHICENTE T OBRENLE P& HE L
TRLELDOTHY CSEITR L WEEZLE L L R\ T CH i B,

IN4, INFEDIEE 72 %,
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Figure 25. Total food intake

#p<0.05and *#* p<0.01 control versus positive control (pair
comparisons), * p<0.05 versus control(multiple comparisons). #p<0.05 and ##* p<0.01 control versus positive control (pair
Each value isthe mean =SE. comparisons), * p<0.05 versus control(multiple comparisons).

Figure 26. Intakeenergyrequirementto gain weight

Each valueisthe mean *=SE.

REHMEOFEYMEIL, CE# L i LT CH M#E&LWNINA BEIZAE
(AR AR L7z (Fig. 27), CH Mi#E K& OV IN4 BT A BICIRME 2 7 L7,
CE #f (OF#2.3) & b U CUIN # CEY 4.8) 1T M FHIA BEMENED &
Npnoleh, REZRLEZ, REAEEROKREEGDLEDL L,
NIDIRWVIRINETHERERDICHRDIH D Z L 2R LT,
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Figure 27. Body weightgain

#p<0.05and ## # p<0.001 control versus positive control (pair
comparisons), * p<0.05 versus control(multiple comparisons).
Each valueisthe mean =SE.

FEPRIFIREFHE R 7 v M2 8.3X10D D F by v & 10 HAMBAIES &
BENTHEBARM THRENFEICK T LEHE T, & M U IXEEENT
BWAHEL L ToOZENRH Y . HOMA-IR & 4 TC & TG DK T, HiC
M4 GLP-1 @ EA-23, /I CTRRERINEZR D &85 Z L2z TKREBA
THNME#HOMRCHEBEOEE 7o b T L HEZE L72[88], HiFsEic B
WThH, BRYMHEE L CORNEBIEIC L 20 R N Do b D EHER LT,

Kobayashi %% 2 BpEIRBET L~ 2 L CRIBERIZCZ VAT
S FIRIMMOAEEORLE LT, TOME., BFFHEMEEE & RENIT I
BABZHMOTLELIC, 3L AFIFRMCL-THELLLEIN
7o & Lizl44], MBFFE T, KEEMNEL CE BEICH X CS &G/ T
AEICRMEZEZ TR Lz, RBRARBATEZ 2 O REIIEI L. SHE K TR
E T, Wim A EEORERMFE Lz, =3 LAF I NI, BA A 52 HEE
WEm <, BB ERESTLZ LT, MNeOBFRNEZREL TS, BH
ORI ZLEL, ZORE, KAEOBVEZ R LI EHETSH, LL,
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IHIZENT, TG ORI EDOREIIRBHATH 5, 1> THK, #M

F~D TGHMBEZLK TS0 DET 5,

Computed tomography (2 X 2 EHREEHER EHZROEVFHEABREER
CTIZXk 2 EH % ~7 (Fig. 28), WiEIENi 21X, CE Bt L bl L
CSHITARBICIKMEZ L, IDSEHICOVWTHARICKMEZ R LT,
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Figure 28. Visceralfat mass

#p<0.05 and ## # p<0.001 control versus positive control (pair
comparisons), * p<0.05 versus control(multiple comparisons).
Each value isthe mean +=SE.

PSS DORENIIINEEENG & L TREMIIC KRBl and, 2o OENIEREY
T X 5 W% CT MIE THET L7z, CTIZ X 2 WNEBINEN O JlE Sk 1%,
Bk DOHEIZE D EAT o 70, WAL ORI BT NIEEN & & A7 L
=@ E[a5]l, £72, v U R (n=45) % CT THUE L=HE TIiX, &2FD
RENG &AM & BE (M L1~L5) OB LU ZIEN&OFMEE X & E
(R=0.99)% < L7=[17], 2o Z &b, JEHE L1I~L5 ® CTIZ X % &E
BT, R EARENEEZANBENEEOARMBEL L TEIZLNLTEY
FEEROBENEZRMRIETWND EFR D,
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Table 11.  Adipose tissues and hepatic weight

(9) CE CH CH4 IN IN4 CS
(n) (8) (%) (8) (7N (8) ()
* * * * #HH
Epididymal adipose tissues 6.44+0.63 4.08+0.22 4.54+0.46 4.38+0.57 3.64+0.51 0.70+0.09
#
Brown adipose tissues 0.35+0.03 0.34+0.02 0.29+0.01 035+0.02 0.37+0.01 0.27+0.01
Liver 3.83+0.15 4.15+0.16 3.86+0.10 4.03+0.17 4.16+0.13 4.18+0.10

Above data after dissection. Data are expressed as g/100g body weight. Each value is the mean £SE. Independent Student’s t-test
was app lied for pair comparisons, and Dunnett’s test was performed for multiple comparisons. The level of statistically significant

difference was set at p <0.05 # p<0.05 and o p <0.001 control versus positive control (pair comparisons), * p <0.05 versus
control(multiple comparisons).

ARFFROFERD S NIRIEN &1L, CE B & g L CS #IxA BITE <,
IDS ##E b AEIZE2 - 72 (Fig. 28), 7o, HHE L&A AIENAHMS D E
BEICBWTHRBROFF L 7o 72 (Table 11), IDS OFEFEHIC L 5 2 1L
Do ole, Lo Z e, IDS, CSHIT= XV F—EBMENE
WIZH D B TEN OB RIS 2 D REBEINIEI R 2R 2 L
HeMNERo T,

TRXVE—R#

VO3 2B L T, CE B & leis L T CH4 ¥ (Fig. 29 (A)) & O IN4 # (Fig.
29 (C)) 1T k&< EH L., CSEE (Fig. 29 (E)) & " CH # (Fig. 29 (D))
1T B R R T o 72, & 12 B O B VO fiic oW\ T, CE BEIC
CH4 # & INA BEIZ A EICH M L 7= (Fig. 30),

30 /3D RQ ML, CERE & sk L CS BT RE< EH L7, CH4
PRI M ZEICEYEE L TREZ R L [ AE4ED 10:00 225 12:00
C T 2B oY RQ MEICE LT, (CE#OFHME) — (CH4 B
E¥IfE) =0.004~0.007 O#FFH TH - 7=, 1 (Fig. 31), &M 12 B 0

¥JRQMEIX. CERF &L CSHITABICHMEAZ TR L (Fig. 32),
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Figure 29. Oxygen consumptionin every 30 minutes

[A]: CH4vs. CE, [B]: CHvs. CE, [C]: IN4 vs. CE, [D]: INvs. CE and [E]: CEvs. CS. The mean of the
measured value for 7-9 weeks showed. Experiments were conducted in triplicate as 7 animals. Data

are represented as the mean =SE of 3 independentexperiments.
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Oxygen consumption L/12h/kg®7®

CE CH CH4 IN IN4 cs

Figure 30. Accumulated oxygen consumption of 12 hours
Each value isthe mean =SE. * p<0.05 versus control(multiple comparisons).
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Figure 31. Respiratory quotientin every 30 minutes

The mean of the measured value for 7-9 weeks showed. Experiments were conducted in
triplicate as 7 animals. Data are represented as the mean =SE of 3 independentexperiments.
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Figure 32. Mean respiratory quotient of 12 hours.

Data are mean £ SE ###P <0.001 control versus positive control (pair comparisions, t-test).
#¥p <0.01 control versus control (multiple comparisions, Dunett's test)
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BAT Z Atk 3 e @NEi i iL, BGEAICFRIL LM TH 5, 18
IS AIRITHT L C WO 25T 2 S I5 e 2 058k L. = h a2 ik - &
fRLlmm V¥ —% I har RYTIFEAET S UCP-1ICL->T, b L
THE T % [46],

Watanabe® |3~ 7 ZADER T, GEEICBAZERMT 5L, =x)L
F—PEAEBR T ORBILE, X VXF—HEEZFHERT L LH@E LI[47],
BAG X FXR-SHPREH % - L 7= BAA sl i ##E 58 CYPTA1 0 % B il 4112
EomicHl#E s TWnWbd, £, HFigICEB W TBAIC L Y FXREZ I LR
BIEMEEEH O 2BENZHEIRSHPO B N TLE L, BB L~ T
SREBP-1c il S v, RN E MBI FORBF LK T S, IFEToO
TGER ZME L, fH~DOVLDLyWZE T L, ZOfE., fHTGITEK
T2 &b L-[48], Wiz, %X, BAR~ 7 ABATX b ki A O
faZm OBA% U 47 K &9 5 GPCR (TGR5/M-Bar) IZfEH LI N
CAMPIEJE Z N S8, HFRRA LT U EHMBERED ORI, HM %2 Tl
S, ZORE, MR, EECFRIRALVECTRENSEML, —x
VX —EAERTORBLE, X VX —HBZFHRT D L @E Lize7],
INOOHRENDL, BATEFTOIEELZ I BT 5 &5 Ak E
DHZLT, BRERLEART LIV VI AT LT, AFNT X LE—1E
HHICEREREHZR-LTWLIEEXONS, DF 0, BAIZ, BA—
TGR5/M-Bar—>cAMP—D2#&HEIZ LV . =R/ ¥ —{4E |2 EHE RO
N TSIRE A M ST 32V F—HBICHEHT 2 EE TR EFHR L,
TERLX—HELED TS (Fig. 33), #iZ. Watanabe |3, MetS
EFTNANITVRALZAVAFIFERETLZLICLD, RE~ORELT
fliL7e, ZOfE, M TBAEAKOFELE L., —KBAREML, %
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NN T T IRES I, BAZE G Ui & FERICBATH TEEA 2 3
HUTCRER, W LR 2 BT 5 &b L7z [49],
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Figure 33. BA as signalling molechles regulates TG biosynthsis and energy expenditure

ML TIE, ERIOVOAEIZE LT, CERE & ik L CCH4#E (Fig. 29

(A)) X WIN4 (Fig. 29 (C)) 1T R&< EH L, CS#t (Fig. 29 (E)) KV
CH#t (Fig.29(B)) 1T bLH L=, ZhboZ &b, £ i, CS
CRIERICHEMEATDHZ LD, BAOBIFERORE 2/ L7 KIE
RBEREAE DS, “ R VX —HBEZEHDO TV D ARERE 2 v,

—FH. A XV AZOWTIEL, INA #ER EF L7z, Takemura %512 X 5%
& BA 1X1HALE N CTHLEE 5 probiotics DR E L EF DO A R L AHK T
b5, MIEHEITIFBTO BAEGKZED, JFtELHEINSE S, £
D%, BA BEFE DAL probiotics D AEFK A &5, LarL, HFD
BRE~URAIZA XY v &2H& 57 5 & probiotics DAEFfFHEEZ EHIH5 2
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&R L[60], MAFZEic VT, IN IRINE 2 #0 L 72 IN4 o & 540
3. HREEEHE LT3 X —JlER0 | HolGEES) 2 EFR S
FHZEICED, VO & FHESHESE, =X Rzt gr L
#E# 3 %, prebiotics O HEE 4 HE Lo BN E 12 L 2 722 EY
TEEEVRTH D, £72. BWEHE /NG THEIR S I RIBIZ
BlETLHE, TZTHBRNMEICK > THEES L, BHIEMEA AR I
%51, 52], FLEHIENIEEIX., BEO= R X —JHL L THA S D4
b, NPT ONEENRH., BEEBH ORI, HILEFRLVE O RWE, &8
EHEE ZHRICHET T 2 BNIA T & L CRRE L T 5 [53],

307 DX RQMEIX, CERE & i LCSAEIZ K& < EH L, —J, CH4
PEITR % IS PESME e LK%~ L7z (Fig. 31), CSEHEO~ T A
ORI~ WBEIEE TR ER D nZ s BEEx T L

—JRETHMEMMATLHE L LIk D B2 LD, CHAREIZ RN
Brg& s T oMmnAaonic, KEOFEHRQIEIL, CERE L ik LCS
FEIXTAEICEWA, IDSKEGAHMICETRO o7 (Fig. 32),

1 5 iE E

MiETCO X)X, CERE (CF90.0) & el L <., IDSARERM Cidfat
FIHEMIIRED bk o=, CHEE (F#69.5), CH4RE (F#769.3)
FONCSHEE (F166.9) TIKfEZ 7~ L7 (Fig. 34),

Mg ER (TBA) O EHMEIL. CE (CE¥1.57) & ik L <, IDSHK &
WCIEMEFAEREREEIRBD bR o2, CS (F13.11) K NCH4#EE
CE¥2.37)CTEfE%z < L7z (Fig. 35), ZHOHDOEMNSL, F MY X
BAOWGIFIEER O EZ N LKA EEE S EE I, =X X —H
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Figure34. Serum total cholestrol Figure35. Serum total bile acid
Each valueisthe mean £=SE. Each value isthe mean *=SE.
* p<0.05 versus control(multiple comparisons). * p<0.05 versus control(multiple comparisons).

BrmOTWDHARBENE X b,

Maezaki % [54]1%, f@EF R A BE 8L ICxI LT MY & —RHIC 3~
6g M SEMAFT L2/ S, mif TCITAEICIK T L, Mm% HDLe KN A &
kR TZEE R L, o, TP UOREICELD, —RBATHD
a— VRO 7 TAX v a— L BoEE R YA F RN L, B
5 LT L EMmE L, £72. Kobayashi %13 2 BUBE R W £
T RAZERBRICa VAT I RIRMC X - T, @ik, &H5miE
FAEICHEISNL, AR UIRPUEAIRB S Y, B0 EE &
BHEX A EIC LR S, Ko SHP B+ ORIENME T2 2 &L 2R
L7-[44]. SHP (Z5Mile O A6 A & HERT A D BIE T & kR, ZAE 2
REICB T 2 EENHEEEE TORBEAMELZFHE T2, 2. SEE
BT AT, A XY OWRIMIE, NEMHEAE O 2EICBEE L7z PPAR vy |
SCFAZFIKD —>TH D GPR43 DRI Z D S5 Z & oFEN
H 5 [217].

EBNEMERVERAEY pH
ElEANAEYEIL, CERLEKL CSHIZARICm ., IDSHIZEWT
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ZINA BEPNARICEETH > 72 (Fig 36),

EWBNEY pH X, CERE L L CSHIZARICHE S, INWMEETAHR
(K & ok L= (Fig. 87).

TNFEORHRNE, A XY VI ENTREEAE L LTHEREL TW
HIZENZIZITHhREINT, 2 VAT I NIZEHBOBFIEERZHE L.
MmH TCZETIELIEATH L, DR, BETOIEEN RIS NIZ
KLY, EBRNEYOEME IR EEMEO R (Fig. 27) W TN

g TC O FEEE N LA Z - L= (Fig. 34) Z L ICENR o726 D & HEH

L7,
14 e 9.0
12 os I
= @
a2 § 80
g3 g I k I
€ > 08
c 35 o
22 . I o,
© b 06 @
38 I < 70 I
O - o
E 04 I 1 I 3 I
I 6.5
0.2
6.0
00 : : : <3 cH CcHa IN N4 cs
CE CH CH4 IN IN4 cs .
Figure 36. Cecal contents Figure 37. pH of cecalcontens
#p<0.05 and ## #p<0.01 control versus positive control (pair #p<0.05 and ## # p<0.01 control versus positive control (pair
comparisons), * p<0.05 versus control(multiple comparisons). comparisons), * p<0.05 versus control(multiple comparisons).

LR TIE. ENEEICEM LKL CSHIZTARICHMZ R L. IDS
KEHELARICEMELZ R L (Fig. 38),

ALV AF I FFETBOBIFERZEE L. BRMICa LT e —)L
EETSELIEFTHD, TOXH, JREPRIN SIS 2D, CSHEIT
EBEELVCEREICIOVTHEICEMEZ TR L (Table 39). #R&E L T,

REMEOH D (Fig. 27) &R -72bD L EX D
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Cecum weight
(g / 100g body weight)

06 7

Fecal weight after drying (g)

CE CH CH4 IN IN4 cs

Figure 38. Cecum weight

#p<0.05 and ## # p<0.01 control versus positive control (pair
comparisons), * p<0.05 versus control(multiple comparisons).
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#p<0.05 and ## # p<0.01 control versus positive control (pair
comparisons), * p<0.05 versus control(multiple comparisons).



ZEERRME 7 Vva—X, 4 XY /EKRT HOMA-IR

ZENERFITE 7V 2 — 2 OB fEIL, CE #E & i L CS FEIZA BIIRE
or Uiz, IDS & REM CIEMEFHEEEEED bivkno7zi, IDS
FHEOTEME A R L2 [9W A CE # (F¥% 176) & Heik LT CH B (CFy
121), CH4 #¥ (¥ 164), IN # (F¥ 133) X OV IN4 #f (F8 164), 12
W E; CERE (F¥)192) L ik LT CHE (F% 158),CH4 i (%) 144),
IN # (F¥ 163) % OV IN4 B (F¥ 145) |1 (Fig. 40),

MmiGA > AV v OFEEIZ . CER & i L CSHITARICIKEL =~ L,
IDS st 12 # B @ IN4 B TH EICIKE 2 7~ L 7= (Fig. 41)

HOMA-IR O F¥)fE X, CE # & bhie L CS #E & OF IN4 B3 A B IC IR AE

Zor L, IDS & HEM TIIM A FRA E IR O b - 7225, CH Wi

250 4

< 0 | 20
g’ 9th weel
: H12th wee _E. 9th week
w150 > 15
8 £ I W 12th week
a £ HH
100 - 3 1 EX 23
£ g
2 £
) 3
»n 50 @ 05 -
(%]
o0 1
cE cH cHa N Ng oS o CE CH CcHa IN IN4 cs
Figure40. Serum glucose Figure4l. Serum insulin

Each value is the mes®E.Dunnett’'sest was performed withir Each valueisthe mean =SE. Dunnett's test was performed
the same week, respecti¥ek0.05 an# #p<0.01 contre¢rsus  within the same week, respectively. #p<0.05 and ¥ # p<0.01
positive control (pair comparisigg),05versusontrol(multiple control versus positive control (pair comparisons), * p<0.05

comparisons). versus control(multiple comparisons).
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Figure42. HOMAIR

Each value is the mea®E.Dunnett'®est was performed
within the same week, respectipedy05 and #p<0.01
controversugositive control (pair comparisqng),05
versugsontrol(multiple comparisons).
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(IR EAE R L7 [9HE; CERE (F¥15.7) & ik L T CHAE (F 8.2),
CH4 #f (FF¥ 13.3) K OV IN #f (F¥) 13.8), 12 H; CE # (¥ 22.6)
i L CCHEE (F¥14.4) CH4RE (F¥14.D) K OVINEE (7% 19.0) ]

(Fig. 42),

INEORERENS, INIZKRWT CH 1T CS R TIX 228, B 38 ok
EHWROHDHZENIRENT,

ARV EZATOTNT AT, WBE NI ORI o W
IZBWT, BE7 4 AAELKOABEOREZ ST 2, Bz RnwT,
A XV IS T R B BE |2 prebiotics DR E RN R & oRkIE L 72 [55],

P. B. Sung /¥ Jerusalem Artichoke 4 X U > % STZ #FHEPERH 7 v b
BOh3 2 AREICMBEM/ZET S, MFHEECEL X, TG, TC
J OV LDLe & F &, HDLce A EIC EH w7z & Wi L7256l

WFGEClE, ZEMEIE 7 L 2 — X OESKEIZ DWW T, CE #E & ik L CS
BT A BT, IDS BBHIXIRME 2~ L7z (Fig. 40), 4 > AU > Dy
B L CIERBEORRETH 0N, INABED 12 B CHEICKMEZ R L
7= (Fig. 41), HOMA-IR @ F¥%fEix. CE Bf & i L CS BE. IN4 B
AEIKL . CH\BIXRME A2~ L7z (Fig. 42), TNFEOMKENL, A
VAU UL FECE LTS PP LETHAEZE R TbOD, A
XY COHIRERP LY RENZ & E2R LI,
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B EBNEYOEEEBHERKRICE X DIREE
A XY UDHEEENTREBEEL L THBELTWAZ N "IN D
EEZIF, B_HTIXEBNEYOBESEEN BRI 2 5 2 % Mt

L7,

KB IT ik

B NE Y O mE IR O E &

RTALER % K OV B 5 51342 € Tsukahara %5 o 7B c R L 72 [67], &
ARINZ 0.3g DEBNEYZ DW T3HAIR (BElNEYWEREICIELT T,
ZORE THRFE) Lok, BERRLHEE L TR N7 L, 74
VA —JEE % L C HPLC 4341 L7z, 43 At R34 BRI L 7=,

@ R

—30CHRFLIEEBNEY = R, =008 (15000 X g, 10min,
4C) ATV, Z o LS E%, BiE4 0.45um O I AEFF A R
TANE—=WOKFKR : T T4 A27)THiE L, BET OB L TRED
AxRELE, TOV TV 5L oML 72,

@ FrPbrEmEEE s o~ 7T T 40—

A HEmE BT > A7 51X LC-10AD K > 7 (B BAERT) & Waters431 &
AR E EF . Waters Organic Acid Column (7.8mm X 30mm X2 &), #
TJLhbt—F—FVa—)b, Faryte—7—nbisd, BEHIL HPLC
FZRR K (FnHis) 12 p- h b v RLR U %2 5mM (272 D612 &,
0.45um DAY 7 L7 /L% — (Cellulose Acetate : HIFIEM) TIE

WL THWE, RA NI T ARCHIE HPLC FIZA®E K (Foti) 2%
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NZE35mM p- b b= ALK g, 20mM Bis-Tris, 100 » M EDTA (free
acid) IZ725 X H2l2MxzbD0E AW, ZhZEi 0.8 mL OfiiE Tt

falie, BT NREIXACICRE L, BXREEHOMMEFIT—2
FEJE 2000mV, & JE 0.01 & L7z, plir @ A E 13 CBM-20A (& RAEAT)
T—HEYV2a— /L TITo7c, CERE, CSHE, CH4TEL N INA FEN D T

HFHZIEQR, ST LT — % & Lz (n=5),

BREOER
BHFZRICB W T, BEBNAY &1L, IN4 BN A E & E %2~ L (Fig. 86) .
Zo pH %, IN WA CHBEICKMA R L7z (Fig. 37) Z&» 6, INIZ
HILENTHRBEEEE L THEL WL ZERHALMNCR -T2, £ T,
EBNEYTOGEEZAE L, TORE. INAFETIL, BERSCHRE
OFERFH THLIBPAEICEMEZ R L7 (Fig. 43),
OFER B, INIZIBNMEIC X D22, BRI LY EE
SN HEE & BN IEENEEFE D= %X — & U TR H I, A
ZILESHETWDHI D EHEEI LT,
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Figure 43. Fecalorganic acid aC|d
Data are mean£=SE. (n=5)
## p<0.01 control versus positive control (pair comparisons, t-test)

X% n<0.01 control versus control (multiple comparisons, Dunett's test)
* p<0.05 control versus control (multiple comparisons, Dunett's test)
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Ushida %2 X % & 13 i~ X7 €7 L 1%% 180 H i
oksHE D L. BM WAT ofd . BE WAT ORI Rz fi/h S &7,
M o7aed e a7 REEML, M TC XA . FFA X80
L7z 2O FFADOHEMMNB3-7 KL F U UZRIKZHI L., TNF- o &is
THRBEAE T HEESELZZLIZEI2bD EHRMLT[58], B3-7 RL )V
VR ORIEIE, MEN TG 75 FFA 2 iERE S &, UCP-1 ICEHIEH
L. ATP FEEAZ R TIT, B & B - ok S, IR 1E
M MZBETh 5[69], F 72 Kimura %1%, BHMEIZ L 5 SCFA FEAIC
9 GPR43 OIEMALIZ. 7 R UBECIENIEE 72 & O = v F — R & 5 I #l
WA H D A CREN O FHRE & Il LIS OB K& <2 & T, iR
IR BERD A v A VRS RO x L X —FI AR 4% LR, B
W <HWEEZAET 2L E2WLNIC L2160l b D& AN S | AHF
ZEICBNT, IBWME I & v EAE & vz SCFA 28 = 3 L ¥ — I
GPR43 &/ L 7245428 . WG NG DA 1C & » 7= — B X T b 5 Al RE1E 23
E2LNDHN, THAEBELRL TR, SHORFREEL T D,
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o EPEHBRECUCP- 1 EEFRIAICE X HHE
FHHORENDL, CHIZ CS LRERICHBMEDOEMEZ LSO &b, &
JFNnhyFE LTBABER L, mxF—HE %m0 TV D RN
M sh7z, BEHTIE, TOFEHBEEZRL L2 NS L,

KB IT ik

(1) ORI EE &

YT W2 3E0%, BB —30°C TS RIF Lz, EHKFIC, 10CK
WTHIRIC TR L, EIc TR Lz, %, lmm A& A v v
o CHith, B— 728 e Lz,
=L 100mg & 15mL A ETF 2 — T AN, 90% =& 7 — )b (ki)
T13mL CEAL., %2 LTRLKEAL,. E—=T 177wy 7 i
L. 80°C/60 4y MEA =¥ 7-[44, 61], fmt% . =057 BE(15000 X g, 10min,
FB)L, EHEENOT 2—71201F —30CTRIFLT-

FE®RE I0CRWTERICKE L, 26 L % 96wel I237E L., 37CT
Wil SHe, TO%, 40uL OAX —)v (B CEmLE, %
D%, [Fx3 T2 TBA test-wakol Z# HHWTHREH A EE L 7=,

CE. CH4 X' IN4 (¥ (n=8), CS KXW IN2 /% (n=7), CH2 % (n=5) %

F—HK L LT,
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(2) tBElEi#E+ o UCP-1 &z 733 (RT - PCR k)

R HI R I BB L 72 BAT 12, RNA ZMFHEH T&H 5 TRIzol® Reagent

(invitrogenTM) IZRE S, EHICEAEETLE L, -80OCTHRE L
7o 7HTREIZIX. TRIzol® Reagent F THRE VA % —% HW\ T L
7=, Total RNA (% TRIzol ® RNA preparation manual (%> CTHiH L
7o flit U 72 total RNA X, 73 )t 6 £ 5 (Nano Drop 1000 : ThermoFisher
SCIENTIFIC) # W TCE&E L7, Total RNA XL 1> 7L H77=0 % 1ug
Hie X O IZFHEE L. Superscript First - Strand System (invitrogen) %
AW CWidE 5% 3 it (Reverse Transcription : RT) #4217V, Veriti 96
well Thermal Cycler (Applied Biosystems) % A\ T cDNA Z /8 L 7=,
RT (X 50°C 60 4rf#, 85°C 5 43ffl. 4C oD KM TIT-7, PCR KIHIE
WEIZHEVY, Veriti 96 well Thermal Cycler (Applied Biosystems) % M
WT (Table 12) DR TIT -7z, B FIXFAEAICHEE T 5 UCP-1 &
PCR g L7z, 56472 PCREM % 2% 7 51 v — X (TAKARA) 7 /viZ
T 50V T 10 /MESKKE L72#%, 100V T 20 pMESKE L, =F ¥
vAhTuvA RERIC 16 pREBESETZ, D%, GelDoc EZ Imager

(BIO - RAD) & M\ Cyk@Eh il % % #7 % L . Image Lab 3.0 (BIO - RAD)
AW TN E 28 L7, BRI FIZR-T 7 F & L,
ZOPCREWDRTHIEIZKT H UCP-1#&/x 1@ PCREWY DR

Table 12. Experimental condition for PCR

Sequence (5’— 3°)

Gene Foword Reverse Productsize (bp) Annealing (°C /s ) Extension (‘C / m) Cycles
p-actin - ggacctgacagactacctca gttgccaatagtgatgacct 208 58/30 7212 23
Ucp-1 tacacggggacctacaatgc gcagaaaagaagccacaaacc 370 60/30 7213 19
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DOMXHEZ B H L, UCP-1 ® mRNA BB & & L L7,

HBRECEE
i 1 Ky OVEE R e ~ D B A BT L 7o, HHFZE T I TBA O
fliix, CEREE B L C CSHEL O CH4 BECTHEM A/~ L= (Fig. 35),
#P TBAIL, CERFL IR L CSHETHEICH <., CH M, IN iff
DIETHEIZEM CTHH-7= (Fig. 44), ZORR NS, IFl& T BA OEA

A TTHE L TWAD TR NN E LT,

60 1 HH#
= 50 I
>
£

40
=2 ol XIX e e
< 30 I I I
P
= I
= 20
(S]

&

10

0 : : : : :

CE cH CHa IN ING cs

Figure 44. Fecaltotal bile acid

Data from 8 mice each in CE, CH4, and IN4 groups, 7 mice each in CS
and IN2 groups, and 5 mice in the CH2 group were used. Data are
mean +SE # ##p <0.001 control versus positive control (pair
comparisions, t-test). **p<0.01 control versus control (multiple
comparisions, Dunett's test)

ZIZT.BAZN LTtz R3 VX =Tl ERA D =X LD —>& L TR
SN TWAHEEEMMAREE (BAT) © UCP-1 &x FHAREEEL BT L7,
ZFOREFE. CE R (CFE¥) 1.0) &l LFEFHEABMEIERD bhzno T
2. CH ## (CF¥ 1.74), IN4 ## (CF%) 1.67) KO CS B (K1) 1.39) 1261

TwfE%Zx= L7 (Fig. 45),
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Figure 45. UCP-1/B-Actin Rerative sighalintensty

Data, CE=7, CH=5, CH4=8, IN=7, IN4=7
Data are mean =SE

INHORRLIY, BAOBHEENHEINDSZ LITLD, FETo
AL AT R ARSI ENISEEIT D BA OAEARKATUHE L, i
o BARENE E 0, BA 25 L7 IR BEREAE 23 2 & i i 5 18k J5e
ERSER LRSS, ERERE L CHERSERESG D ICEE
Sigolo, £, —J5TIDS ERIC L 2 &M TG O W Bl 23 4 g
Wi R 2 amil, NIRIEM 280 S8 722 L b5 LT 5 H oL #Ell S
i,

ARIFFRTHF IR a b AF I FAKOERHTHD Z L 2T 5%
Wi, EROREADPRETH L, Zbi, FiEo BA & EREFRE
CYP7A1 5 Wi A Bk & 15+ SREBP-1c, % 7= BAT & HUR IR A& L £ > 28
Hil#E S D2 ° UCP-1 SO =R V¥ —EABIR T ORBAZMHFNT 52 &

WET LD,
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W5 15

ARBFFEIE, WAL BRI X D RN T o W EBEM 2 B
KR AT - T2,

~ U AT E A BRI, EARNERBESCEGE, M
W AR EH I & S Lo = kL — BRI T TR A At LT,
COMEINOEBERIZEZ2EBEL VOO EFIIREICLZ LD LEE X
LT,

WIZ, MetS kgL 25 Z L 13, BEFEOHRENOEZ L &, EMioE
FERSZOZXNVF— O ERFIZEZ2b0EBZ2015, 2T, &
fEi & CIEMFES -~ Y X2 IDS 28 A SY, BEBIE. MFRAHE
Bzl L 3 e F— M. o2 U UM R O EE I
ONWTOREZRE L, ZOfK, mEIREERMFICENT, CHO
BEX, BEARXLVX—¢L LTCOfA%E ERHEsEZEICED =g
F—AMLrtEsEr 2 RSNz, —J ., IN ORI O i 8) & )
AR L7 BT, MEBIRIEE O R BN, BRI EEL LI, =%
nE—REztEsE 52 RSN, £/, CHE INX, 1R
Vi AESEIE S, 602 s, IDS OFEFEIC L o Tl
e EHBILT,

AT, e B K O SCEE M 2 A T R DB R T D A
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® UCP-1 B+ DMt FE Bl & 2 it L 72 . CE BEIZ b~ CH #¥. IN4
B, CSHEICRBWTHEHMHEL L THREL R L, ZRFEORENL,. BA
DIGFRBENHESNLZ LX) FETOa L AT o= LR 5
CZICHEB T 5 BAOAESENTTHE L, MO BAREREEY .
BA % U7 IR RRBERSAS S B S IRIR IR e 2 B SE 7z L &
D, ERERE L THBEREREZG LI ICIETEL b oT, £l2—F
T IDS B & 5 &AM TG O W 23 (KRN85 & 15 2 Ml . IS 1
EWAOESELLIELEELTWA O LR S,

AWFFRIZESE UTOHEREZWALNZTHZ N TE T,

1. ARV F, BERCEBW TG REBEEOEHAMEREE TH Y | RKEE
FEMN =X —JR R0 BotEEEES 2 {ERILIEDHZ &Ik,
MREHEEL FHSE, 23V F—R#2z TSI L2 A LT,
F7.DF ELCOERIZLY, A2 VRO ERNH D Z L &R
L7,

2. F b oaL, IBRENR#ZLESEZ, BAOBTFHREOMELZ N LT
TR LX — U, BAIZ X % BAT @ UCP-1 @5+ B ILHEN B G L
T 5 ATREME & RIRFIC TG O WA EHNS & 0 NEsHE I 2 80 23 #E I & n
Tehy. BRERFmIZGE O N ole, 226 @ IDF X, SR &E
BEGETTA U A) VRSO S EDI RN’ D D Z & & il L,
LLENG | IDS OFEFIC Lo THEMBEIIRRL ZERHGMNERD
BT 28 EAERERZ®INT 52 & T, ROICHEHIEELED Z
ENTEDAREMEN R Sl (Fig. 46),
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ERICBIT DR =BT, KNOZ XL X —fEFELHERT 5
ET, 2 XV F—EBRIZHLTEETH D, BEMICIE. BKEHERD
ZERL AL —HEHEERETLIRMEEBRT S ZLICED . KN
DBFHEELZEHDO TCZXLF—OBEMEHBEOHMEEROZ L NEHE
ThrtEZOLND, F M EAXY VERIZEIDZZ XA —HO
EHEEERMPEOK T IX, 25 IDS A8 MetS @ FRHICEHBAHI K 5 5
ZEEHRTENTE,
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