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AHRY w7 v Rue—n i, NIBIETRA & s, &iE, IRERHRESEED S
ST RAETH H[19, 26,37], HARTIX, VX MNEPHREDHEM 85 em ZE 90 cm 2 2, milLE - &
Mg - JEEREHRED 3 S2DI L 22U TCIEDLEAXRY v v Ru—ntBans, H
RIZBFDHAZRY v 7y Fa—A0BWicix, WIREOERMSLESME T, Zhidnz .,
I E - g - MIEIRE D 5 5 2 LI ENEEEZ B TWD 2 ENEMHFER-oTNDH[B0], A XKD
v 7 vy Ra— AR F CEERESTH HE M, PNIBIEARLUIER N 2 CEmpE, i

EERBRESBIECHERM U CTHEET 2 & LIRS 2 BRI A2 FRELTVNLTH D,
AHRY w7 vy Fa—AOREEILEFEHMLTEBY, AZARY v7 v Fa— AOREMRTE
FONRIREBR OO O BB R EREHET VBLETH LN, E hOAXRY v 7 v Ra—5A
(ZHARLT 2 BB E T A DR,

ABRY v 7 vy Ra—MIREEREREZERPELEDI o TRIET L EEZLNATND,
BEERTIE, VT BRIV T FUZERREOBRFERNE P CTIERMAZEL T D Z &M
SN TWD[1, 28, 29], BREZEN TIXEEN R CEEE RO BFOREN R E < HFE TITH R
ELTHANRBHLTWDE IV h—ADAZRY v 7 Ru—LARE~OFLENER S TH
5[5, 77 =A%, BT alEOnfRIz iy IR ARSIV IAEN D, & Tl
V7 hRYCIREFHICHAEN G a—rvay IS EENDL Z END, KESLHARIZE N
TEEEMNLCND, 77 h—RE 7 v a—2 L 38 5 RE0EMEE2 A L, IR

VIAFhABSND, 77 b—=RET TV a—=ZRGFO~F Y F T —RITHAEDIT & O EERTEE
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EHTHINT hEF—BIZLY, TV b—R 1V VBRICEBR SR, 7Y h—R 1-U VR
TR T—BIZLY, ZU RV TATE REVe Fuaxv 7 b rBcodlish, MY A4—
A Ze R TR R ~— KU T D [16, 25, 43], Z DRRIKIT 7 L o — AR OEEFERE CTHDHE AR
NI RxRF—BETFRET LD, ATP RV UK DR HTT 47 74— Ky 7 Ofilill a5 72
W, L7z o T, 77 b—ADORKEEBIUIKEDT EF /L CoA T2 2 iz, Tnns
N3 — ZAHVEIRIIC AR S D, Fz, TIE7 V7 b—RAERE &R IR fE, R
FOA 2T ARGEE OBE S STV A8, 12, 38, 40, 41, 45],

WBKDF 7 > M, JE#Z fEo 7w 2 BPER €T LV Thd 5 WBN/Kob (& Zucker BT = > ~ D
LFF oL 2 —JEiEE T (Lepr®) ZRLAZBRICLVBEALEZTHa L V==v 275y N Th
5[10], V7F UL FE —EEL L. VT U EROBEREE AL, AEOFEKITEE,
JER L O AU R A R T 2 ERA LN TWD, ZHETOMSIZL Y, WBKDF 7 > k
I3t FONEZfE D 2 BIFERFOWREZ LS KT 2 Z LB BNER-TEBY, AFRY v o7&
v Ra—AORFREIRICH R BHET V@i & LT ifF ST 5L, 20, 30, 33],

ZZTAMIETIE, B hDOAZRY v 7 vy Fu—AORFEREICEL T 28T 7 L % 5%
T 50, LAFICRTHE 1~3 BEOERE £ L7,

H1ETII, E FOAZRY v 7 Ra—LAORREEEICEE T 28T V2R 57
O, EARRIERNC X 0 ek K ONRE REE L BRIIET 5 2 MR E T L8 Th 5 WBKDF
7 v MCREIENEXUTE 7 v 7 h—ARZAN LZ & X OIEM, JEER#E L OB RHH KT8
Brmat Lz, TORR, BRSOV TETRBER STV h—=ARTRRL TR T 7 A V&

AL, mIE ISR EAA THET2D0IG LT, @7y b—ARAW TR 5 2 &, Mk
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g 2V B, SRR AR TIRERRE L FERICBD T 201 LT, M7 /07 b—2A8A

THEHEAHET A LR o, F2C, &2 BE7T%. WBKDF 7 v MZAM LS~

N7 b= 2ABOFEREN KT TRBE LD 720, FEAEH O EZES T H 5 BEldds L O+

DIERIC DWW TRRET L7z,

H1EBIOE 2 Z0ENS, WBKDF 7 v MIE7/VY b—AREZARTHZ LITLD,

ERDAZRY v 7 v Fu—LIZEUT L ORENSZOND ZERW N Role, AHXR

Vw7 vy R —AOfRREMRIE X ONEEIKBER O =D O YT T L O/ AMEEZHREET 5729

WZiE, B FTHAZARY v 7 v Fu—LMEARH L 2 LAHE STV D FEFNT L 2823,

LMHEWET VL FTHET 2089 NEaRET 20813 H 5 L E 2 %, Glucagon-like peptide-1

(GLP-1) 7 a7/ TdhHsbH Y 7 7 F Rk, GLP-1 B EMEENC X 2 MBHE FER 2 b OB R IR B

HT, 2 BUBEIRIR S T2 DA L RAVE PN HER ST B[17, 24, 36), £7-. GLP-1 7F /T

L MR TERICINA T, RERD ., EET, mPEEERTREDAZRY v 7 Fr—L4

THLNDHEAZ DIFEICKT 2 ZEOZMEA RO LND Z ERMEINTW54, 7, 15, 27, 47, 49],

FZTHI3IETIE, BNV F—RARBEAMLIZWBKDF 7 v F2HWT, B R THAZRY v 7

U Re—MMERNR®H D Z ERHE SN TWD GLP-1 R KIFERE TH L U 7 7 VT NIZ X H1FH

Rt L7,
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=
il

ALKV v 7y Ra—NEik, WIBIEARAEE 2 & idE, &, 5ER

Eﬁ%ﬁ

TRE DA DS

STZIRRETH H[19,26,37], AX ARV v 7> Fu—AORERITEFERMLCEBY ., AZRY v

v Re— AOREMPIR L NERIEBRBE D00 RERERGMET NVNLHETH LB, & FO

ABRY w7 v R —NEET 5 EZBREW) T T L0 7e

AZRY v 7 vy Fa—AIREER L REERPNEAED S o TRIETLIEEA LN TN,

BREZN TIIREIRCEEROREORENPRKE < FETITHHRE E LTHEANEE L T

BINYT Fh—=ADAZRY v 7 Ra—LRIE~OEGPEH TV

WBKDF 7 v ~&. B Z fE7ev 2 BUER IR €57 /L Toh D WBN/Kob (2 Zucker iEG#E T ~ kD

L7F UL A —RiEE T (Lepr®) ZRLUARICEVEALLEHFHa V2= 27F v b Th

510, V7Fr LT X —EmEE L. VT UZREROBREREE AT, REOEKITEA.,

BB L O, R VMR R T ERN LN TS, 2 E TOMZEIZL Y, WBKDF 7 > b

T MO D 2 RBERFOINREEL LS KT 5 Z L BWLMNE TR, AZRY v 7

VR e — A OSRRERIZC A R T T A B & LT I STV B[, 20, 30, 33].

ZITARETIH, e hOAXFRY v 7> Fua—AORRERIEICEE T 287 VA RET

LIz, BISHERIC LV Bl L ONRERFIEL AREIET S 2 AERINET V83 TH S

WBKDF 7 v MZEEHEXIZES 7 V7 b—ABEAM LT & X OE. TEERH L OB

M B E R LTz,
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L)

BRIZ13 B A SLC #E=U 4t (Hamamatsu, Japan) & W AT L 7= #EE WBKDF 7 v k35 X O Wistar

7 v MM Ui, BWIOEE L, B RANREMBER GO 7 ) —r = ) T a5

(IR 21+2°C, {@FE 5545%, 12 BEIARSEN]) T 7 A F v 7 7 —JIlTT- 72, 7B, & TOHE)

WRBRIT, AR F B RRE B2 OB 25T OKal# 7 110325-4),

gt

FEBRIZ 1T, A=A & L C CE-2 (CLEA Japan, Inc., Tokyo, Japan) . iflElif & L C 45% kcal from fat

(PMI Nutrition International, St. Louis. MO, USA) . & 7 /L7 h—Z £ & LT 60% fructose purified diet

(PMI Nutrition International, St. Louis. MO, USA) ZfiH L7z, farHI A BRI, =72 L., £k
WM& TR OERM B BT H D4 J7 s HERML B Y B O%Z235E £ TOMM (K 18 Hif)

TR L L, 72

B FERICHAOEENL, 7y MOEMZFHE T DI RIS S D D TH 5H[13, 39],

BRI n ha—u

¥4 5 R TR L7 Bl TS Lo, B B0 T £ TR ToiBmicEER 2 5 2 7,

WBKDF 7 v h # 12 H#eafE (STD BE) . mIEERE (HFD ) BXO&m 7 v h—2 &Rt (FRD

B O 3BE (n=8/Ff) 1Z31F, ZTNEHERER, SEE., 77 b—A8%Z 7 #Hllm) 5 11 Fin

485 272, Normal #£ & LT, Wistar 7 v MIERERZ 7 MimH 5 11 #Hiso 4 HE5 2 7=,
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SRR IR E, MR K OMmE A R Y AEORIEZ IR 1 BIFEM L7, o E s KON

A R AMEDRED T2 D OFRML (0.2 mL) (FEFHIRE V1TV (F) . =.008E (R 3000 X g,

15 3fE, #14° C) ®AGLNMmEE (kA : ~ U F RV D L) 24T e LTHEETH

HiRfE (200 C) L7z,

FERWIMIRE THREIZ, X hoLE X —LF kU o7 A (Kyoritsu Seiyaku, Tokyo, Japan) o i[5y

5. (50 mg/kg) 2 X 2R T CREERARERIR & 0 ik 28 E (3 mL) L. =008 (K 3000 <9, 15

S, K147 C) BAFLIZIMEE FUEEEH « ~ U T B U U L) ZMiRAEFRBRED O DY

Y7l LTHIE £ THmsfrfr ((20° C) L7c, BRIMEIC R b v e X —)LF b U U LD EHK

FAZ K @ 2L ST, FERJE IR I K O HIRARNS 2 60 itk . EEZHE L7,

MAEER X OMmgEd A > X Y AEDOHIE

MFEHE ORIE L, H B E JCA-BM 2250 (JEOL, Ltd., Tokyo, Japan) % HVNCTiT- 7=, Ii4E

FA 2 MEOREIZXT v bAoA 2 Y CHIES >~ b (Morinaga Institute of Biological Science,

Yokohama, Japan) %MW\ Ti7-7,

IR AEA L ERIRRE

MEELFHRAEL LT, L 27 o —/L (T-Cho). V88 (PL) BIXOWHHEAE (TG) %

BE Lz, JEE, HEYVHTEEE JICA-BM 2250 (JEOL, Ltd., Tokyo, Japan) % W\ TiT-7=,
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WREHEYT

TR T IERARERE THROR L, (RE, b, Mg > 2 U AE, A e s s

FORFEEREDT — X2V T, IohlE S #T (two-way ANOVA) #1Z Tukey test 2 5=t L 72

(Wistar 7~ ~ vs WBKDF 7~ . STD £f vs HFD #£ X% FRD Bf), AE/KAEIL 5% & Li-, FEHE

#HTiZ X GraphPad Prism 5 statistical software (GraphPad Software Inc., La Jolla, CA, USA) % A 7z,
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FREBIVHEER

(RE, REFA DR B I KOG RIARN B R ORE R & Figure 1-1 (2R,

WBKDF T v FOEEILZ, @IEE X IXEm 7V 7 h— A BARBIER S (7 8k TITBRERI T

FHILIRo T2, WBKDF 7 v @ STD BEO{KEIX, 7 M#HH 5 11 Wi T Normal #f & il L CE

Mo7- (P<0.01), WBKDF 7 v MZEEEXITIE 7LV h—2A 8% 4 AR LTI-% (11 @)

@ HFD BERB L ONFRD BEOAEIL., STD B & i L Tamdvo7- (P<0.01),

WBKDF 7 ko STD B ¥ HE PANE N, E &3 L OB BRI B &%, Normal B & g L T e

o= (P<0.01), WBKDF 7 v k™ HFD B35 L O FRD BE 0K B E PR NENG B & 3 X OIS RN 1 &

X, STDREEL L CTEdo7- (P<0.01),

IR AEA L ERIRRE

M 4EH T-Cho, PL 38 XN TG DR % Figure 1-2 (279,

WBKDF 7 » b ® STD BED I T-Cho PL 38 XL ONTG L. STD R & Hoile L CTiEnr» 7= (P<0.01)

WBKDF 7 k@ HFD #£3 L OV FRD B£ D T-Cho 35 L UVPL [E, STD B & Hei L Tl - 72 (P<0.01),

HFD £ L OYFRD BED TG IX STD A & il L TH ERZEIXA L)oo T2,

MEER L O EEF A > XY U ME

MBEHER L OMER A > 2 U AEORE % Figure 1-3 12777,
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WBKDF 7 v @ STD FEOMLEEEIEL, 8 Ml 0 A (THIN L, 10 Wi TEHITH & 2o 7z,
WBKDF 7 > k@ HFD fEOMpEEIZ, STD#EL Y b <H#HERB L, 11 B CTEoro72 (P<0.05), —
J7. WBKDF 7 » k@ FRD FEOMAEEIL, 11 MsE CSTD # LV bR HERE L7z (P<0.01),
WBKDF 7 > b O MiEH A 2 Y AlE, @R R IEE 7 v 27 b — 2 B AR bR (7 D)
C Normal #f & Heie L TiEimy o 72 (P<0.01), WBKDF 7 k@ STD B35 & UVHFD RO i1 o 2
U UAEIEFIRREE CHER L. 8 iilin)s 6 11 M/ T L. 11 ##5C Normal B & A E 2R 21T 4
bivZeholz, —J, WBKDF 7 v @ FRD FEDIMAESF A o 2 U AfliZ, 11 ¥ s E T Normal #£ &

b L CRiE 2 4% L7z (P<0.01),
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Figure 1-1 Effects of the 4-week feeding of HFD and FRD on (A) the body weights (open circle,
Wistar-STD; closed circle, WBKDF-STD; closed square, WBKDF-HFD; closed triangle,
WBKDF-FRD), and (B) epididymal and (C) mesenteric fat weights in WBKDF rats. The fat weights
were determined at 11 weeks of age. Data are expressed as mean + SE (n=8). Different superscript

letters (a, b, ¢) indicate significant differences between groups (p<0.05).
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Figure 1-2 Effects of the 4-week feeding of HFD and FRD on plasma levels of (A) triglyceride, (B)
total cholesterol and (C) phospholipid in WBKDF rats. Data are expressed as mean = SE (n=8).

Different superscript letters (a, b, c¢) indicate significant differences between groups (p<0.05).
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Figure 1-3 Effects of the 4-week feeding of HFD and FRD on (A) plasma glucose concentrations and
(B) plasma insulin concentrations in WBKDF rats (open circle, Wistar-STD; closed circle,
WBKDF-STD:; closed square, WBKDF-HFD; closed triangle, WBKDF-FRD). Data are expressed as
mean + SE (n=8). Different superscript letters (a, b, c¢) indicate significant differences between

groups (p<0.05).
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i
B

H1ETIE, E hOAXRY v 7 v Ra—AOREBEIEICET 28T T VA ERT 57
O, BARHYZERINC &0 e K OWEEREE L HRRIET 5 2 MR E T L8 Th 5 WBKDF
7 v MCREIENIEXUTEm 7 v 7 h—ARZAW LZ & OIEM, JEER# B X OB RHEH LFET 5
BERP LIz, B, ERIEALEE 7LV F—ARBICEEINDIHEDIFLEALIZT VT b—2R
THDLHNR, 7N7 b =R THESLHITRB S, Z7va—2 (-8 66%), FLEE (K 25%) 72 &
WA S NP SN D Z E R ESNTND Z ENnB[5]. M7V 7 b—ABIZ X A E T
HZ 7L 32— AME S U < W TIEZR W,

AR#ETIL, 1) WBKDF 7 v MIEMAEIIFm 7 V7 h—AREZAMTH Z LIk 0 #EfaikEo
ARitids L OWEE REIESES 2 2 & 2) @l W CIEEERLE T L7 h—2RTHRRS
Ta 7y A NVERL, BIERAR CHET 20 LT @77 h—ARAT CEIT 5 Z L,
3) MBEHA LAY MEIX, ®AENIAEARTT STD #EL RIS T 2DIZxt LT, M7 /L7 h—2A
BAM CIIEMEEHERET 2 2 RO N E o7,

WBKDF 7 v MImEiEXiIm 7 /v s b—A &% 4 BTG L72#% O HFD ##3 L O FRD #f
ORE, KEBEFEEVERES X OGMABEEEREIL, STD B L ik L TR2ro 7 (P<0.01) Z &7
b, mIEMEBLOE 7 VY F =20 WBKDF 7 v MIBIT s BEMEO R ZHET 5 2 L2VUR
ST, AREBRT, 2HBERFET VT v MTBWTIZAVY h—ANEZHET L2 EaRm Lok
WOERTHD EEZ D, Ik, RIERTH LN EIENEIZ X2 BB O EIL, ZDF 7

> FTOMWME[4] LT D,
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WBKDF 7 = ks ® HFD ff35 L U'FRD £ T-Cho 35 L OVPL 1%, STD #F & thiz L Trinr > 72 (P<0.01)

e, BENERBIOE 7L F—2 0 WBKDF 7 v MIBIT 58t 0 8E B e 2 1

g

THZ LW RSN, AEBRTHAONEEENEBSLI & 7V 7 h—ARBIZEDNIFERFIEDOH
X, EFOTFsWETEENREB L& 7V b= 2 BENEERFEALELT D &\ 9 STRHRES,
13, 9] LW 5, IR L DI RFIEOHEIL, BIHOBBEERAREK E#Z 2 bl —
. TNT N — AT CRRE A AR AT LR ICAR S D Z L AHE S TE Y [5].
TNT b= ARICK HIREREIEOHEIX, 77 N —ZAOBEHETUC L B IENEE G RO HEINH R
KITod 5 IR B 2 bz,

WBKDF 7 > X, #EEsA LI D TREERICAE O i B Ml OEFEIZ L 514 A Y R
4 LB A 3IET S Z & A IE STV A[20, 30, 33], AFEERTH S 172 HFD BET O I O 1Y
B, SRV ROEIE 2 RS RIFFIE O B 2 R+ 2 Uk & [32] & —Bcd %, —7J7. FRD ##

MmAEF A 2 AMETEEO E EHER L, @b Te S 7z, WBKDF 7 v NI\ Tlin
DETRIZ DI THE B IR DBEE 2 RIET 5 Z L1, 332 E 2 5 &\ B Ml ofsE 2 B S5 =

EMmTINT h—=ARICE DIMIEF A 2V AEDPRD OMH OFEHEF & L THR S,
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/INFE

W1ETCE., B FNOAXRY w7y R —AOJEREREM I EUT 28T L 2R+ 57

B, BRI XY BB X OVE WOE & BORIIET 5 2 A RIE T LB CTH H WBKDF

Z v MZEEEXEEm 7 VY b—ABZAMN LT- & OB, TBERH OB B I T

Bl

ARFEBRTIL, 1) WBKDF 7 v MIEIEEXIZE 7 VT b—ABEZARTHZ &I X0 @M

DG X ONEERFIESHET L2 &, 2) Sl W TEEE& L m 7 Vs h— AR TR

H7a 7y ANERL, BEEAR CHET IO LT, m7VY h—ABEAM TR 52

&L 3) MHERA XY AEE, IR AN TIERAEREE & FRICHD T 201 LT, M7 L7 b

—ARAMTIEEEZHERT 2 Z LWL NE LT,

LI, WBKDF T v MIEIEEXITIE 7NV T h—2ZABZAMTHZEICLY, B hDORAEZR

U7y Rue—AZB8UT DA OJFRENRA LI,
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BN b —RABAR WBKDF F v MZIBIT 5 kBT
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=
il

H1ETIL, 1) WBKDF 7 v MI@EIEMIEXIIEm 7 VY h—ABZARTH Z LI L0 &t

DO L ONEERFRESHEST 2 2 &, 2) M W TTEEE&E L& 7V P — AR TR

Loy ANVERL, BIEEAR CHEST IO LT, m7/V7 b—ABAMN CTRIET S =

&L 3) MHEFA XY AEE, IR AN TERAEREE & FRICHD T2 DI LT, w7 L7 b

—ARAMTIEEEZHERT 2 Z LWL NE o T,

WBKDF 7 v MZBW R ET IZ O CHREB MR DR EZFRIET 5 Z L [1, 332 E 25 &

B MO EZBIRI TS ZENm 7V h—ARICE D MIEF A A Y AEOWD O D%

B & LTS S e, — 05 FFIBC OS2 7 v 7 b — 2D BEITRBETTH D720,

w7V b= AR & D E I O & A R U AED I IS IS 1 D ATl D G- A

TH D,

Z ZTCARFETIE., WBKDF 7 v MIAR LIZE 77 b —A RO KIETHE LD

728, BEAE O T EE T & 5 s K OFIB 63 2 fERIC W TR L7z,
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KRB L OERTT 15

B

FERIZIT B A SLC #RZ4t: (Hamamatsu, Japan) £ Y AF L 7= #EME WBKDF 7 > k35 X O Wistar

Zv M LT,

gt

FEBRIZI, %A L LT CE-2 (CLEA Japan, Inc., Tokyo, Japan), & ~7/v7 h—Af & LT 60%

fructose purified diet (PMI Nutrition International, St. Louis. MO, USA) Z i/ L7=, eI B HER S

REay o

BRI n ha—u

ARTERRIT, SEER 1 d6 JIOVERR 2 1201 T L7z,

ER 1 OB OETIL. B KA B MR AR AT O 7 U —r = U TEFERE (il

21+2° C., JBJE 55+5%, 12 REBARTEE) CTT I AF v 72— TTo 72, 2B, EBR 1 0F)

WRBRIT, A R B FRE B2 OKGRB 25T UKl 130314-3), 5Bk 1 Tid, 5 Hilim THRA

L. 7 TR T 21T o7, Wistar 7 v hBXONWBKDF 7 v M &, ZHEIVERERRE (STD )

BXOE 7L b—AEEE (FRD &) OFF 4 B (n=8/8%) \Zm). TNTIVERER, &7 V7 b—

AR T RS 1180 4 BEG 2 72, EBRFPICARER L OMPEEORE 28 1 1], SR

OHE EHERHMOEREND, TOMMO 1 AFHEERLFH) 25980 L7,
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FBR 2 OB OEFEEF X, AT 7 —vHEASHAEMEFR G OME=E (S8R 24+2° C,

TBE 55+15%, 12 BFREIBARSEE) CTHEWWESH T 77 v Mr—UllTTo 72, 2B, FER 2 oy sE

BRI, N7 7 —~ RS AEWE R G ERT OB IR B 2 0K A 1572 ORERE 75 A17-091)

EER 2 TlX, 6 CTHRA L. 7 Bl TR T AT o 72, Wistar 7 v B I UWBKDF 7 v &, %+

NENERERRE (STDRE) BXOEm 77 h—ARRE (FRD RE) OFF 48 (n=12/F) (2o, h

FTHAEHER &7 V7 b—AR% 7S 11 EiiD 4 BB 5 272, SIRETH O b —BE (K

17 ) #aR 7= 1%icv hore ¥ —J h U o A (Kyoritsu Seiyaku, Tokyo, Japan) DEFEN

£¢5- (50 mg/kg) (Z X DIRRIMEZATYV, BEECRENIRE V i (K95 mL) ZHuiEfEA] (~XY o R

7 L) TRV U7 BRI AE 2 D TR L 7o, BRER L 7o ik A Dy (R 1200 < g, 15 43,

W) %, G ooz Mk AL FRIRED 2D OV 7 s LT, HIE £ Ty (200 C)

L7z, MiEELFHRESE LT, TARTXUBT I ) v I 2725 —F (AST), 79=T73

7o 27 27— (ALT), L 27 a—/L (T-Cho). U VIEE (PL). H#AEN (TG) BLO

WEBERR AR (NEFA) 2 01E L 7=, IE1E B 37 7180 H #4144 (Hitachi High-Technologies Corporation,

Tokyo, Japan) % H\WTIT- 7=, MIEAEFRAED 72 OFRIMZ WY & il 225850 S -, gz

PR, EEZNE Lz, AFIROSMAZETE 2 B 0O 2 . AMAZEZELSN 2 Tl TG o E

I LT,

FIRNBEATRBR (IVGTT)

FEEE 1 I, 11 @i CHIRPEEAATRER VGTT) 23 L7, —Bt (§ 18 IKfff]) #af x¥7-

BT hos e X —)LF kU oA (Kyoritsu Seiyaku, Tokyo, Japan) DREFEN#S- (50 mg/kg) (2 &
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BRI AT KERERIRNIC 0.5 g/kg @ A= CHE  (20% wiv; Otsuka Pharmaceutical, Tokyo, Japan) #
i AT > 7z, BEAMTTR 0, 2, 5. 10 B LT 20 ICHHFRIR L 0 ik (0.2 mL/WFsR) ZERHLL ., 05y
fit (K 2000xg, 1543, ) 4° C) #4564 MbEfad L Mg o1 o 2 U AERE D72
OF TN E L, MBEEORIEIL, BB E JCA-BM 2250 (JEOL, Ltd., Tokyo, Japan) %
TATo T, MAEF A RV AEDRIEIXT v A AU HIZEF »~ b (Morinaga Institute of Biological
Science, Yokohama, Japan) %MW\ CiT-72, F7=. IVGTT IZHF D MpEER L OUEF A 2V >
EORFFEIH#E FiEfE (AUC) ZHRBARIC LV RH L7z, IVGTT 7= O iR ik (M KB

KV 2RI S AR LT,

Jitigih TG DER

Fhk 2 TERHLL 72RO SMAIZEZE LIS 2 | IRIRZE R I T A L& E@tle DT L5 LT
%, MBEERTHA LS EZ AN THE L bOZBREY 7 v L Lie, WY o 7 Vi3S
TG O E TG R Lz, OS> 7V A& L, 1g OJFIX LT 10 mL DR & &7
RS 22T u N = EkMA, EIRTH L RRIRE L7z, @008 (3000 min™, 10 43, 4°C)
%, BEEZF 2 — 71Tl TG fiikatkl L Lz, £ TORBHI DWW THBIR R 21TV, JIEE
THAERAT L7, MIEIZIX L # A 77 =2 —TG- M (Wako-Pure Chemical Industry Co., Ltd., Osaka, Japan)

Wiz, JIEX duplicate TTTV, SERIEA TR TG IR & L TR L7,

TREMRRFRURE

FER 1 CEREL L 72 lE A 10% T PERRE AN L~ U U IRIRICIRIEEE L -, WiEICE-> T, HE Bt
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BEAR, et (f A ) ) BEARZER U7z, el S Gttt . mifg @t > 7 & Imagel (Rasband,

NIH) (ZC B MR mfE 2 @ Lz,

KR 2 TR L T2 PR OSMAIZERE &2 10% PPERRET R L~ U CIIBRICIRIEENE L7, FEICHE-

T, W 7wy 7 2B L, HE REAEAB LU A L Ly B O PeEARZERIL 7, BRE 7 = v

7 B L OFEANERU IR SAALR R BERRR S BRI SE AT I RRE LT,

WREHEYT

FERITTIIERAR R E TFOR Lc, EBR 1 OfKE, mbEE, IVGTT, pillaomiE, £k 2 o

MIRAEALFHIRA, 2SR E EE, TR TG 207 — X122\, _JthlE /7 T (two-way ANOVA)

12 Tukey test & ZEJifi L 7= (Wistar & >~ k vs WBKDF 7 . STD #f vs FRD #f), A E/K¥EIT 5%

& L7, FEBr 1 OF T IZ1X GraphPad Prism 5 statistical software (GraphPad Software Inc., La Jolla, CA,

USA) % 7=, Bk 2 OFEEHENTIZIZ SAS 9.2 (SAS Insutitute Japan Ltd., Tokyo, Japan) 35 X OV

)T A7 2 EXSUS Ver. 7.7.1 (CAC Croit Corporation, Tokyo, Japan) % Hu 7z,
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KE, FHER X OMEE

RE, BRI X OB E DR R % Figure 2-1 12”4,

Wistar 7~ ~ DR Ti. 11 i < FRD BE & STD BEO RIS A B 72 2135 b ivZe h - 7-. WBKDF

7 v F® FRD BEOREIZ, 11 T STD #E L i L TaEido 72 (P<0.01),

Wistar &+ b ® FRD BEOEEF &1L, 8 #HEn 5 9 Wi T STD B & bk L TIKA> - 7= (P<0.05),

WBKDF 7+ k@ FRD BEOfEEEEIX, 10 #Es2> 5 11 @i C© STD BE & ik L TiK > > 7= (P<0.05),

Wistar & v FOIPHE TIZ, FRD B & STD BEORICEEREITHA N2> T, WBKDF J v

k@ FRD BED BB L, 11 Wi £ TSTDRBEL W HIL< HEE L7- (P<0.01),

FIRNBEATRBR (IVGTT)

IVGTT DR % Figure 2-2 [Z7~7,

MBEE L, SREICBWTHATRTHR 2 9 CTE—2I1IZE L., FORITESHITHEA L=, Wistar 7

v b OMAEHE TIZ.FRD #£ & STD BEOMIZH E 722 LA B2 > 72, WBKDF 7+~ kD IfiLFEE 1%

FRD B CHEA ZSTDRE & i U CTIRfE % 7~ L. IAEE AUC & FRD #f CIRE %2 7~ L 7= (P<0.01),

MmAER A 2 Y AL, BREICBW AR 2 0 CE—ZIZE L., ZORITESHIZED L

72, Wistar 7~ FDImAEH A 2 Y AfEIX, FRD BET STD Bf & Bl L CEfEZ R L. BEATRTRT & B

B fiite 20 D THEZE (P<0.05) MA LI, MIEF A 2 Y M AUC IZH EZEITA BN

72. WBKDF 7 v hoififEti A o 2 ) Al L OunEd o4 > 2 U il AUC 2. FRD #£& STD BT
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HEEIIAONRP-T=H DD, FRD BEOIMEF A > 2 ) U AUC %, STD BEZ% LT 180% D &

Bz~ L7z,

Wistar 7 v~ b O MAEF A > 2 Y E AUC/ILHEHE AUC I, FRD B & STD BE CHEZITA LI

Mo 7-, WBKDF 7 v bl o 2 Y Al AUC/ILEEfE AUC |2, FRD #£ L STD BE CHEZEIT A

Lo b DD, FRD B MmAEH A A U B AUC/ILFEE AUC 1, STD #EIZxF L T 222% D

EfEAER LT,

IR D IR B PO

RFEM 72D HE Yetatg ks I O e g I ONC I B AIBR O HiFE O f5 3 % Figure 2-3 127”7,

HE Yuta A 2 H\ O 70k BRALER P AR A T, WBKDF 5 v k@ STD #£ & FRD BETHIIM, FiiE

b7 Ea D FEROWIEN A LT, 4 VAV U OFRFEGAEATIE, A > A Y o ukila (1 p #ika)

75 FRD #£C STD #f & th#t L C%hr o 72, WBKDF 7 v kO B MO &L, FRD T STD B &

bl U CEfiE A< L7z (P<0.01),

IR AEA L ERIRRE

MIRAALEAI R A DO R 2 Table 2-1 (2777,

Wistar &+~ b O IfifEf T-Cho 1X, FRD BFCSTD & el L CTiEfE 2k L7= (P<0.01), WBKDF

7 v FOImsEF AST, ALT,T-Cho 35 X OV PL |, FRD #£ T STD # & thi#z U TR %2 7~ L7z (P<0.01),
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JHgOER, AT TG &k L VT ORERMRFHIRE

FIPHi R s KL OV O s BRAR AR " RORR A DR R 2 . £ € Table 2-1 35 KU Table 2-2 (2777,

Frlgirh TG &= DfE 5% Figure 2-4 (23, REMRAFIRD HE BB L O A vy KO Ytafg %

Figure 2-5 {2779,

Wistar 7~ F ORFEE & TIX, FRD #f & STD HEOMICAE R ZEITA bR D>T-, WBKDF 7

>k ORFIEOMERS R ds L OYRE Y O O E &L, FRD BT STD #F &L TEfEA R L7

(P<0.01).,

Wistar =~ b OFliEf TG & TiL. FRD # & STD BHEOMICA B R EIL A bR Do 71—, WBKDF

Z > hORFET TG &%, FRD BT STD HE &tk L TaEfEz R L7z (P<0.01),

RN oD 975 BEAR AR O A C i, Wistar 7~ - @ FRD B TR REREZE M 0N 2 & 7172, WBKDF

Z v N ClL. STD BECHEEE~EE DI AYE. FRD BECHEE~EE DRI EMEN A BT,
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Table 2-1 Effects of the 4-week feeding of FRD on plasma levels of AST, ALT, T-Cho, PL, TG and
NEFA and liver weight in Wistar and WBKDF rats.

Wistar WBKDF
Variables
STD FRD STD FRD
Plasma AST (U/L) 91 + 4 68 + 4 161 + 32 933 + 157 ¥
Plasma ALT (U/L) 48 + 4 %+ 2 211 + 45 751 + 125 7% #
Plasma T-Cho (mg/dL) 48 + 2 67 £ 2 101 + 4% 197 £ 5 #
Plasma PL (mg/dL) 98+ 3 120 £ 2 221 £+ 9% 344 £ 10 #
Plasma TG (mg/dL) 53+ 7 92 £+ 10 657 + 34# 553 + 78 #
Plasma NEFA (mEg/L) 395 + 48 407 + 28 579 + 27 663 + 67 %
Absolute liver weight (g) 76 + 02 68 + 0.1 145 £ 0.7 % 228 £ 25" #
Ratio of liver weight to body weight (%) 3.1+ 00 31+ 00 45 + 017 6.7 £ 06

Data are expressed as the mean + SE (n = 12). AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, T-Cho: total cholesterol, PL:
phospholipid, TG: triglycerides, NEFA: non-esterified fatty acid. Significant differences between groups are indicated (**: p<0.01 vs STD, #: p<0.05,
##: p<0.01 vs Wistar rats, Tukey test).
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Table 2-2 Histopathological findings of livers in Wistar and WBKDF rats supplemented with a

fructose-rich diet for 4 weeks.

Wistar WBKDF

Findings STD FRD STD FRD

n=12 n=12 n=12 n=12

Fatty degeneration

Minimal 0 12 0 0
Mild 0 0 10 0
Moderate 0 0 2 6
Marked 0 0 0 6
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Figure 2-1 Effects of the 4-week feeding of FRD on the body weights (A), food intake (B) and plasma
levels of glucose (C) in Wistar and WBKDF rats (open circle, Wistar-STD; closed circle, Wistar-FRD;
open square, WBKDF-STD; closed square, WBKDF-FRD). Data are expressed as the mean = SE (n =
8). Significant differences between groups are indicated (*: p<0.05, **: p<0.01 vs STD, #: p<0.05, ##:
p<0.01 vs Wistar rats, Tukey test).
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Figure 2-2 Effects of the 4-week feeding of FRD on glucose tolerance in Wistar and WBKDF rats. The
IVGTT was performed as described in the Materials and Methods section. The plasma levels of
glucose (A) and insulin (B) during IVGTT were measured at 11 weeks of age (open circle,
Wistar-STD; closed circle, Wistar-FRD; open square, WBKDF-STD; closed square, WBKDF-FRD).
The AUCs of plasma glucose (C) and plasma insulin (D) were calculated. The AUC of plasma
insulin/AUC of plasma glucose (E) was calculated as described in the Materials and Methods section.
Data are expressed as the mean + SE (n = 8). Significant differences between groups are indicated (*:
p<0.05, **: p<0.01 vs STD, #: p<0.05, ##: p<0.01 vs Wistar rats, Tukey test). “NS” represents not

significant.
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Figure 2-3 Effects of the 4-week feeding of FRD on pancreases of Wistar and WBKDF rats.
Histopathological examination was performed as described in the Materials and Methods section.
Data are expressed as the mean + SE (n = 8). Significant differences between groups are indicated

(**: p<0.01 vs STD, Tukey test). “NS” represents not significant.
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Figure 2-4 Effects of the 4-week feeding of FRD on hepatic TG level in Wistar and WBKDF rats. The
hepatic TG level was measured as described in the Materials and Methods section. Data are
expressed as the mean + SE (n = 12). Significant differences between groups are indicated (**: p<0.01

vs STD, #: p<0.05, ##: p<0.01 vs Wistar rats, Tukey test). “NS” represents not significant.
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Wistar-FRD

WBKDF-STD
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.,1.-. AT o --.'.'.(v 2 0 gy b . 1
of Wistar and WBKDF rats.
Histopathological examination was performed as described in the Materials and Methods section.

The scale bar represents 200 pm.
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i
B

2B TIZ.WBKDF 7 v MZAMR LIEE 7 VY h—ZA B0 REHIC RITTEEL L0

BEARE 0 £ 2 iges T & IS L OIS 9~ 2 /EIC DWW Thas L7,

AETIE, 1) WBKDF 7 MI@ET7/NV7 F—AREAMT H T LI L 0B B MR Ok EEH 8,

SNHT L, 2) WBKDF 7 v NMIE7Z/NT h—ABEAMT DI LK VIR EES 2 Z L2

BN ZeoT-, b Z B, WBKDF T v MZBITAE 7 V7 h—ABIZ X5 & b0

MmAEFA > 2V AEORAIHNL, FHE~OREIZ X 20 Tld/a <, B B L ok 5 A

THIEITRDZ LRI,

13 L [EEEIC WBKDF 7 v FTld, m7/V7 h—ZBARIZ L Bt X ONEE =

HIEDHEE SN b OO, M E O EFITBE T S iz,

WBKDF 7 v F @ FRD BfDOEE &L, STD #E & i L TIfEZ ~ L7= (P<0.05), FEBRiZfEH

L7-FE%Efy (3.39 keallg) &7 /L7 h—Af (4.05 keallg) DA U —|{ZRKEREFRNT & B

F25&. WBKDF 7 v MBI DHETZNVT b—ABIZ K D @B X ONEE 55 E O B

i, EREESCH e ) —EBREOHEIMILD O TIIRWEE BT,

WBKDF 7 v k@ IVGTT Ti%.FRD #E D IfiLAE{E AUC 1Z, STD #f & kbl L T %2 7~ L (P<0.01) .

MiEHERE O AL DB - DTz, £ 72, FRD BFEDIMAET A > X U il AUC 1Z, STD FEIZxH LT 180%

DEEZRL, A AV U WREDE[LOBE N A LTz, S5, WBKDF 7 v MIEZ /L7 b

— A% 4ER AR L% O g Ml mfEIX, STD B & il L CEfE (P<0.01) #/~L7-, LIE

DZENDL, @7NT b—ARIZE > T WBKDF 7 v kT B IO SEB S v, MHFEEER X
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WA A U WREDBAL B S D Z LRS-, L7=/-> T, WBKDF 7 v MZBITS

77 b= AR KD i O & T 2 R Y AEO I OB & LT K B Al

JaDfEERREOEIS RIS -, 723, WBKDF v MIBWTE 7/L7 h— 2B B Mo

e o i A I 2 BRI 2B T A B A BB TOMIEIEFER L T 67, ZOHFIIARHTH 2,

WBN/Kob 7 v MZBWT, I p MlgoEEER & T Ml L 25 B CREKEOREENRE SN T

BU[1]. WP MO FEEEROMBEIOMFD 1 >L LT, 77 h—2 BRI X % H ERERIGD

A HEZS S Tz,

WBKDF 7 v ~hOfifflg+d TG &I, FRD BECSTD Bt L t#k L CUEfEx R L7~ (P<0.01), F7-.

FENg O J5 FEAL AR AR E R Clx. WBKDF 7 » b Cld, STD B CHRJE~rh&E D24 M. FRD #f

THEFE~EEDONENEMENL HNT-, & 512, WBKDF 7 v s AST 3 L OVALT iX. FRD

BECSTD HEL I L CiafEA2 R L7z (P<0.01), B EDFERS, WBKDF 7 v MIE 7 /v 7 h—2A

BE2AMTHZ LK VBEIINAEET 2 ZLBHLMNERoTe, KERTAHALNI TNV b —

2RI K DENNTFORE L, EEDOT v hTm7 A7 F—2ABMPENTZEET 5 & v ) TG

[22] L BT D, 77 =R IR CONREAESHRAZENESEL Z N mESNTEYIS 8, 12,

411, 77 b—ZOWFIFETIIZ X 2 IEE A GO MANENINTHEEDIRIK T h 5 Al & 2 b

7"7
—o
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/INFE

Yarand

H2ETIZ.WBKDF 7 v MZAM LIEEm 7Y h—AZABORFERENCRIETTHELTLH7-0 .,

Wi

B O T 2R T & 2 BRI L ORI 3~ 2 fER I DWW TRt L7z,

AETIE, 1) WBKDF 7 MI@E 7/ h—AREZAMT H T LI X 0B B HIAE Ok EEH 8,
SNHZ L. 2) WBKDF 7 v M@ 77 h—ABZAMT 52 LI XV BV EES 2 2 L
HonEpole, LEDZ L6, WBKDF 7 v MIBITDm7/V7 b— 2RI X 2 sk O
EIAER A AU AEDWDIHNIL, TR~ OEEIZ KX 5O Tix/e < BE B MR O FEEE R 2 J)

THIEITRDZ LRI,
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il

B7)LV7 h—ZXBAM WBKDF T v MZBIT5

GLP-1 &Y 7 7V F FOERICET 285
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=
il

ERDAZRY v 7 Fa—AOREBRECRUT 28T VERK T 5720, 1 EHE

FOR 2 BTV T, BAZERIC L B X ONEE R FEIEZ BARRIET 2 2 EEREE7 /L H)

WTHDH WBKDF 7 v MIE 7NV 7 b—ABZAM LTz & & O, IEEMRHE L OWERHEIC&LE

TEELRE L, FO8EE. WBKDF v MIE 7MY h—ABEAMTAZLICED, v b

AERY w7 Ra—AMBUT AL DIRENLLND Z ENRPALMNE o=, —J7, B T

PAZRY v 7 Fa—MMERARSH L Z LBRHRE SN TWDEFN, & b ERBRICARMEZ RS

RNE DT, AXARY v 7 vy Ra— AORREMMIAR X OVEFREBEROT-OIa Az T T v

LITEAR, Lo T, AFRY v 7 v Fu—AOREMRTE X OREERIE O 720 D 4%

BET NVOERMEERGET 2720120, B FTHAZ R v o7 v Fa—AMEARH D Z &R

TN TWLHEANT L DUCEEM A, HEEmET V&b FTHUT 2208 9 a2 it 2 423

bHHEEZD,

Glucagon-like peptide-1 (GLP-1) 7 a2/ ThHsd VU 7 7T Rid, GLP-1 ZEMRIEENC KL 5 i b

K FER %2 & OB RIFIARIFRIE C 2 AR IR RS T OF M & REMEDHER STV 5 [17, 24, 36],

F£72. GLP-1 7w Tk, AR NERICA T, FERD, mERT, mPEEERTRED A

ARV w7y Fr—LATHLNLHEA DRBICHT 2 ZHARIEM bR b Z Ll S h

TW5I[4,7,15, 27,47, 49],

FITARETIE, m7NV7 h—2ABZAM L WBKDF 7 v b (WBKDF-FRD T v ) & W

T, BEFTHAXRY w7 v Ra—AMERARNH D Z LERHE STV D GLP-1 Z B IREEIETH
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U7 7 NVF RICKDER /R LT,
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KRB L OERTT 15

L)

FERIZIT B A SLC #R\Z4t (Hamamatsu, Japan) & O AF L 7= #EME WBKDF 7 » &2 {HH L7,

Y OEFF L, B KA BV SER GO 7 ) — = U 7B EERE (Fil 21+2°C, 1

55+5%. 12 KFEIBARTEE) T I A F v 7 r—ITTo 72, HEEB L OB KITEBERRE L,

72 L. BIRIIBEAATRBRATH O & 56 —BE (9 18 i) (3R & Le, ek, £ToEm3R

. AR FE KR B 2 O/KR A5 UKGB#E 5 160303-8),

gt

FEBRIZI, %A L LC CE-2 (CLEA Japan, Inc., Tokyo, Japan), & ~7/v7 h—Af & LT 60%

fructose purified diet (PMI Nutrition International, St. Louis. MO, USA) #ffif L 7=,

=g

U Z 7' F KiZ. Novo Nordisk Pharma Ltd. (Tokyo, Japan) X 0 AL 7=,

EBS o ha—n

WBKDF 7 v F% 5 s THRA L. 6 B bm 77 h—X &z b2, 7 i T L,

¥, 6 M E TIIERER T 5 27,

WBKDF 7 > bz %f e (0 - ARRER) . U 7 7 vF MEMERE (75 pgkg) BETV 7
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7T R ERE (300 pglkg) @ 3 Bf (n=8/8f) &7, V7 7T Ro&L i EORBE
RI[30, 3 ESHITeE LT, AR IY 77 vF Ra 7G5 11 ko 4 BHiE, 18 110[
PRI TG (G4 E  1mukg) L7, EBRGIMPICEE, SR, Sk X OMmAEEOH
i 1R FEM L7z, MBEEORIE DD O8I (0.2mL) 1FREFIRE V1TV (FEOKRERT) . =
DB (83000 g, 1547, #14° C) #“&Eoh-miE (BueEEA] : ~XV > v U TLn) 2
Tl UTHIE E Tk (200 C) L7z, 7Zeds. MERIE S K OO E B F 0 A o 7=

DOl E~yF o7 U BLER L LT, EdER % 5 2 7- WBKDF 7~ + (n=8) ZfEH L7,

I = 2

R KO 11 38 i CUGHE i £ O E & it U 7= (PR OFGRT . DOEHIMmEE, @Eo %
BR[42] & [RIEE D HEC. tail cuff blood pressure analyzer (BP98A-L, Softron, Tokyo, Japan) % v Tl E,

BHH L,

FIRNBEATRBR (IVGTT)

11 s THAURPIBE S AERER (IVGTT) 550 L7z, —BE (K 18 BFfH]) #f@ SH/&Ic~ hA
JLE X — L) U A (Kyoritsu Seiyaku, Tokyo, Japan) O EEN#5- (50 mglkg) (2 & 2 BRFEZ 1TV,
KEREHARIIZ 0.5 glkg D H & THE (20% wi/v; Otsuka Pharmaceutical, Tokyo, Japan) &ffz1T->7-, B
Atk 0, 2, 5, 10 B LN 20 /I SFHFFAR L 0 Mg (0.2 mL/FER) ZERE L, w050 BE () 2000 X g,
15 77K 47 C) #4415 i 7- A& s L Ot 4 o 2 V) AERED Tz b DTl Uiz,

MAFEORE X, BBV E JCA-BM 2250 (JEOL, Ltd., Tokyo, Japan) % AW TIT- 7=, M1
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VAU EOREITZT v bAoAV CHIEF ~ b (Morinaga Institute of Biological Science, Yokohama,

Japan) Z MW TiTo72, F72. IVGTT 2RI B IMBEHE R X QU A > A U AEORER dh#R T s

\

(AUC) ZEARIC LV HEH L,

A A VHEPEIZ oW T, A R Y UERPTEREE (homeostasis model assessment of insulin

resistance : HOMA-IR) % VT L7-. HOMA-IR IZLL TR L v BH U7, =g MsEh 1 o =

U ME (uU/mL) xZEfERF M E (mmol/L) /22.5

IR AEA L ERIRRE

IVGTT %12, FREIRE Y Mk 3mL) ZEHELL. =008 (5 3000xg. 1547, £ 4° C)

%G o - & MR AELFEOREO DOV 7L & UTHIE E THEERG Lz, mfEfkar

A7 w—/L (T-Cho), U URE (PL) BILOPHEEN (TG) DRIEIX, BEVHTEEE JCA-BM 2250

(JEOL, Ltd., Tokyo, Japan) % I\ TiT-7=,

AEEENER L OYREAEMRERRE

MIEAEACFRI D T2 O DERIMAZ R h S EZ —vF U U LD ER G X0 8 4 272355

SHTz, AFIE. REFADEIE F X OMBRIIR N 2 PR iig . BEEANIE Uiz, ATz 10%Hh P s

A=V UIRIRICE > TREE LTz, /NT 7 4 VA LE-ATFEZED L, FiEcits Ta~s hEv ) v

AV (HE) GaziTVv, JREHRFERMED - DFEAR L LT,
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WREHEYT

T RV EHARAERR A TR LT, (RE, #HeE, #KE, MHEE, IVGTT (bEE, mifEd
A AV E, IFEEO AUC, MmiEF A > 2 Y D AUC, HOMA-IR) | i, i bR s
BLOBREEREOT —ZIZOWT, —Juhl@EH T (one-way ANOVA) %12 Dunnett’s test 4 FE i
U7o, AEKEIT 5% & LTz, #EaHENTIZIX GraphPad Prism 5 statistical software (GraphPad Software Inc.,

La Jolla, CA, USA) % Hu 7=,
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BREBIOENER

(REE, RS ERAENRIG s KONGRS R 4 Figure 3-1 127”7,
U Z 7 VT REG-BHAGRTR S (7 #) © WBKDF-FRD T v k OREIZEEFZEIZ A LD -

oo UT7NF FEGREOKEIT, 8 Hlm 5 11 M fn Txt FEE &tk L THERFNREMEZ R L

Too $HWIMZ 8 CoEBEMEIL, V7 7T NEGEECxf EE & bl U CH Bk AFR) 72 R fE

(P<0.01) %L 7=,

FEEE PN Bl L OVBRIRIE I ERIE. U T 7T N &l T IR & ik L TIRE %

~L7- (P<0.01),

BRI UEKE

Bl L OEKEOR R % Figure 3-2 ITRT,
U Z 7 VF RS ERERTR S (7 K © WBKDF-FRD 7 v s OB & L OB /K & IZEE 2%

FHoNnehole, EHRPOFEEL IORKET, VT 7T NG THIEE S ik LT

MR Z2EEZ R L, S ERET 8 BImLIREICAEZ (P<0.01 Xid P<0.05) AAbill,

MFEE (EERT)

MpEE GEERT) OfER % Figure 3-3 IT/RT,

U 5 7 VT REG-BHAGRIER S (7 38#5) @ WBKDF-FRD J v k O I IZ BER 2213 4 B e s
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S 7o, RPREEOMAMEEIE 7 His (105 +4 mg/dL) L ENL ., 11 8% TiE 333 £ 42 mg/dL TH - 7=,

—J7. U T 70T NG CIMAHE O INAE] S dv, 9 Bl 5 11 8 s Tx B & Feig LTI

2757z (P<0.01),

IVGTT

IVGTT DR % Figure 3-4 [Z7R"7,

ZEfERF O MAEESS L OMAEF A > 2V MEE, U T 70 F FRGRETxHREE & e L TREZ

L7z (fobEE - A &ERE 5 P<0.05, &M &ERE ; P<0.01, M- > 2V fE : P<0.05),

BB, BERARTE 20 2012 U T 70T B s B T IR & Feige L TIRE Z 7= L7z (P<0.05) ,

= EREO MBEHE AUC 1%, SRR L T 14% DA% 7~ L7= (P<0.05),

Mg A 2 Y AEIL, BEARHR 10 512) 70 F R AERE O BEE S i L CEEEZ R L

7= (P<0.05), m#EH A > 2 Y Al AUC IZHEFHHFIIA BEITA LN oo b 00, EHEREOIML

HEp A XY AE AUC 13, RHBEEICR L C 17% D EEZ R LT,

AR ARPIEDOIETH D HOMA-IR 1Z. VU T 7 VT REGRECRHREE & il L CTIRfE %

~L7- (P<0.05),

I =

OFER (11 ) % Table 3-1 (2777,

7 B WBKDF-FRD 7 v b OUUHERIMEIL, SBREE, UV 7 7 vF MEAEB LY 771

F REHER T, TN 123+5, 125+3, 122+4mmHg TH Y | BERZEIIA DN -7, KR
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BEOIAFEIAM 1L, 11 Wi (139 £ 6 mmHg) T 78Ms (123 £5 mmHg) & i L CaEfEa s L7,
U Z 7 NF REGREOIGEIIME X, 11 W Cxf IR & ik U CHEERFENRIRELZ R L, mHE

HTHEZ (P<0.01) NAbT-,

EHER A b % 72 WBKDF 7 v ks OUHEHIMF 1.7 5 C 121 £ 4 mmHg, 11 J8 i T 126 + 3 mmHg

Th-oT,

IR AEA L ERIRRE

MIRAEALF IR OFEF % Table 3-1 127”7,
MAEHR T-Cho B X OYPL X, U 7 7T R H ERE CHRIIRRE & Lo L TR 2 7~ L 7= (P<0.01),

MmEF TG 1L, U T 7 NTF NEEHE & ARBEOMICA B RETADNRIN- T,

i

Il B ORGSR & Table 3-1 1277, 7. REMZRATFIED HE Yetafg % Figure 3-5 12777,
JFIRE &L, VT 7 VF REGRECoxt e & b U CH BRI 22K (P<0.01) %77 LT,
gD I3 BEAR AR 7 HOM A Tk, xHHRBE CHEERIBMIZEMERN b, UV 7 7V F NG CTHE

(RAF 7R AR ZEME D BCED 2 B IVT,
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Table 3-1 Effects of low- and high-dose liraglutide on blood pressure, plasma lipids and liver weight
in WBKDF rats supplemented with a fructose-rich diet for 4 weeks.

Liraglutide
Variables Control

75 nglkg 300 ngkg
Systolic blood pressure (mmHg) 139 + 6 132 + 6 116 + 2™
Plasma T-Cho (mg/dl) 184 + 3 179 + 4 144 + 77
Plasma PL (mg/dl) 344 + 6 341 + 12 295 + 14
Plasma TG (mg/dl) 517 + 73 484 + 52 493 + 56
Absolute liver weight (g) 248 + 22 126 £+ 0.7 95+ 03"
Ratio of liver weight to body weight (%) 72 + 0.8 39+ 01" 34+ 017

Data are expressed as the mean = SE (n = 8). T-Cho: total cholesterol, PL.: phospholipid, TG: triglycerides. Significant
differences from the control group are indicated (**: p<0.01, Dunnett’s test).
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Figure 3-1 Effects of low- and high-dose liraglutide on body weight (A) (open diamond, control; closed
square, 75 pg/kg of liraglutide; closed triangle, 300 pg/kg of liraglutide), body weight gain (B),
epididymal fat weight (C) and mesenteric fat weight (D) in WBKDF rats supplemented with a
fructose-rich diet for 4 weeks. The fat weights were measured at 11 weeks of age. Data are expressed
as the mean + SE (n = 8). Significant differences from the control group are indicated (**: p<0.01,

Dunnett’s test).
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Figure 3-2 Effects of low- and high-dose liraglutide on food intake (A) and water intake (B) in
WBKDF rats supplemented with a fructose-rich diet for 4 weeks (open diamond, control; closed
square, 75 pg/kg of liraglutide; closed triangle, 300 pg/kg of liraglutide). Data are expressed as the
mean + SE (n = 8). Significant differences from the control group are indicated (*: p<0.05, **: p<0.01,

Dunnett’s test).
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Figure 3-3 Effects of low- and high-dose liraglutide on non-fasting plasma glucose concentrations in
WBKDF rats supplemented with a fructose-rich diet for 4 weeks (open diamond, control; closed
square, 75 pg/kg of liraglutide; closed triangle, 300 pg/kg of liraglutide). Data are expressed as the
mean = SE (n = 8). Significant differences from the control group are indicated (**: p<0.01, Dunnett’s

test).

51/76



(A) (B)

600 -

o

o

=]
4

Plasma glucose levels (mg/d/)
2
(=]

*%
100
0 T T T ! 0 4 . . . y
0 5 10 15 20 0 5 10 15 20
Time(min) Time (min)
(C) (D)
104 200
9 1 N =180
(&} 8 > ) *E 160
2 8 7 § T
° e 5140 -
0w x
8 E- 6 g 120
2 Es <C 100
[=F -
o -
g B 4 5 80
8 Es 2 60
o
2 g 40 |
@
1 o 20
o
0 1 ! 0 1
Control 75 palkg 300 pa/kg Control 75 pglkg 300 pgl/kg
Liraglutide Liraglutide
(E)
160
140
120
o 100
<
= 80 *
3 *
I 60 ] I
40
20
0 1 1
Control 75 ualkg 300 pa/kg
Liraglutide

Figure 3-4 Effects of low- and high-dose liraglutide on glucose tolerance in WBKDF rats
supplemented with a fructose-rich diet for 4 weeks. The IVGTT was performed as described in the
Materials and Methods section. The plasma levels of glucose (A) and insulin (B) during IVGTT were
measured at 11 weeks of age (open diamond, control; closed square, 75 ug/kg of liraglutide; closed
triangle, 300 pg/kg of liraglutide). The AUCs of plasma glucose (C) and plasma insulin (D) were
calculated. The HOMA-IR (E) was calculated as described in the Materials and Methods section.

Data are expressed as the mean = SE (n = 8). Significant differences from the control group are

indicated (*: p<0.05, **: p<0.01, Dunnett’s test).
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Figure 3-5 Effects of low- and high-dose liraglutide on livers of WBKDF rats supplemented with a

fructose-rich diet for 4 weeks. Histopathological examination [WBKDF rats fed standard rat chow
(A), control (B), 75 pg/kg of liraglutide (C) and 300 pg/kg of liraglutide (D)] was performed as

described in the Materials and Methods section.
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FDOAZRY v 7y Fa—NEUT 22 OJRENRA LD Z ERHLNERoT, AZRY
v 7 Vv Ra— AOFRREMVE X OV O 7= D OLFEMWET L OB A EZREET 57291
X, B R THIAZRY v 7 vy Ra—2MEARH 5 Z L 03 is STV 2 3RANC X 2 SEEM D,
LMHEWET L EE FTHUT 20 E I DERFNT OLERDH D LERD, £ TH 3 ETIL,
WBKDF-FRD 7 v FZHWT, B FTHAZRY v 7 v Fe—MERAR®H 5 Z LBRREIN T
% GLP-1 ZFEEBIECTH DY 7 70T RIC K DEAZ MR LT,

AREETIL, 1) WBKDF-FRD 7 v MZBWTAZARY v 7 v R — AORHE T o DHIithERER |
MG, minE, RERFERS X OETFRAAONDZ 8, 2) VI 7AF RiE, B hTOHAZRY
v 7 v Ra—AMERORE L FEKIZ WBKDF-FRD 7+ h Ofithise e, JER . mife, JE Ry
JERB KON ZUGET 5 2 LA LN E R ST,

WBKDF 7 v b THA LN 5 EEREIMBENE 7 /L7 h—A BTSN Z LA RLIEHE 1 &
BLOE 2 HEORE R L FRRIC, *HHERED WBKDF-FRD 7 v b T~ A /L Ra@EiRn Az s, U T
7 vF RIZWBKDF-FRD 7 v F D~ A )V Rlem bz Gl Lic, £/, A AU SARBUMED
R TH2D HOMA-IR U T 7 VT R A& CHRAE L ik L CHERIKEZ R LIZZ E0vb,
U7 7NVF R WBKDF-FRD 7 v DA AU ARG 2 UGET 5 2 LAVRENTZ, b DOfER
X, U 7 7 VF ROMPHE TVEM % 75 3 AR e BRE S[17, 18, 24, 36] & JEL T 5,

UZ 7 2F KiZWBKDF-FRD 7 » b ORE, FEHLE IR E RS L OWGRIRAGNG B 2 1 &K
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RIS ST, RERD Y T 7T NI K D ERAE, 2 BRI 2 & 0F 2 1B S E 2 x5 &
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DA F AT 5 = & 2885 STV 323,

1 EBLOE 2 ZEOME L FEEC, XTHREED WBKDF-FRD 7 » K CifiEth T-Cho, PL 8 L O

TG O EfEN N TOEE RGN A iz, U Z 7 /vF KiZ WBKDF-FRD 7 v b D EE

PRGN 22 Il AR 2l Ly I T-Cho B8 K OVPL 28 SH 72, RO U T 7 LF RiZ

DAEMIF OEGE X, IET V= — WMERBIAERT R B 2 g & LIZRRBR IC B W ThE ST

53] ®iz, FET v a— WMEREMERTRBFE TN T, U T 7L F RO C ORI & R A #iil 5
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DO HPPERRIIFIH OTTHERE S HE SN TV DH[46), L7chi» T ARBRTH LY 77 VF FIZK
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AT 5 Z LI X VIR MIIROMIEENIB SN D Z &, 2) WBKDF 7 v MIE 7V 7 h—AREZH
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Abstract

Metabolic syndrome (MS) is composed of visceral fat obesity, hyperglycemia, hypertension and
dyslipidemia. An increase in metabolic syndrome patients worldwide has stimulated the development of
useful animal models for investigating the causal mechanism and new medical agents against MS. However, it
is still challenging to find a dietetic model that closely approximates human MS.

MS is a multi-factorial disorder influenced by interactions between genetic and environmental factors.
Higher consumption of foods rich in fat and carbohydrates greatly influence the onset of MS. As for
carbohydtrates, the rapid increase in fructose consumption as a sweetner has focused attention on its
contribution to the onset of MS.

The WBKDF rat is a new congenic strain developed by introduction of the fa allele of the Zucker fatty rat into
the parental WBN/Kob rat genome. The leptin receptor fatty gene (Leprfa) is a recessive mutation that leads to
leptin receptor deficiency, and homozygous animals (fa/fa) exhibit obesity and hyperphagia, in addition to insulin
resistance. Previous reports demonstrated that WBKDF rats develop obesity and insulin resistance, both of which
lead to T2DM. These data also suggest that WBKDF rats may be a useful model to simulate human MS.

Therefore, in this research, the experiments comprised of 3 chapters were performed in order to find the
animal model that closely approximates human MS.

In the Chapter 1, we examined the effects of a high-fat diet (HFD) and fructose-rich diet (FRD) on obesity,
dyslipidemia and T2DM in WBKDF rats, which spontaneously develop obesity, dyslipidemia and T2DM due to

genetic factor in the search of the animal model that closely approximates human MS. The main findings of this
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study were that 1) HFD and FRD aggravated obesity and dyslipidemia spontaneously developed in WBKDF rats;

2) feeding of HFD and FRD leads to a distinct phenotype in glucose metabolism in WBKDF rats. Hyperglycemia

spontaneously developed in WBKDF rats was aggravated by HDF, but inversely inhibited by FRD; 3) the plasma

insulin levels of WBKDF-FRD rats remained high whereas those of WBKDF rats fed standard diet (STD) and HFD

were comparable and had a tendency to decrease. Therefore, in the Chapter 2, we examined the effects of FRD on

glucose metabolism in pancreases and livers of WBKDF rats. The main findings of this study were that 1) FRD

attenuated injury of the pancreatic B-cells in WBKDF rats; 2) FRD aggravated hepatic steatosis in WBKDF rats.

These findings suggest that the mechanism by which FRD attenuated hyperglycemia and inhibited reduction of

plasma insulin levels in WBKDF rats is not improvement of hepatic glucose metabolism, but attenuation

of injury of the pancreatic B-cells.

The findings in the Chapter 1 and 2 demonstrated that feeding of FRD resulted in several features of MS in

WBKDF rats. In order to verify the usefulness of animal models for investigating the causal mechanism and

new medical agents against MS, we need to examine whether the pharmacological responses of

WBKDF-FRD rats to anti-MS agent are similar with those of human MS patients. Therefore, in the Chapter 3,

we examined the pharmacological response of WBKDF-FRD rats to liraglutide, a clinically-used GLP-1

receptor agonist for MS patients. The main findings of this study were that 1) feeding of FRD resulted in several

features of MS, including glucose tolerance, obesity, hypertension, dyslipidemia and hepatic steatosis in WBKDF

rats; 2) Liraglutide improved glucose tolerance, obesity, hypertension, dyslipidemia, and hepatic steatosis

associated with MS in WBKDF-FRD rats.

This research demonstrated that WBKDF-FRD rats exhibited signs of human MS, including glucose tolerance,
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obesity, hypertension, dyslipidemia and hepatic steatosis. The pharmacological responses of WBKDF-FRD rats to

liraglutide are similar with those of human MS patients. WBKDF-FRD rats may be a useful model to investigate

the etiology of human MS.
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