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BEIR IR 36 1T 2 BEAUH O FH i I 1T ENR p Mifle LV pisshd A X
Dy NEERFERHZHS>TEY, FERWIETA AT O30 E(EHO
FRICK > T 1IRERPE S 2 RBERKICRINSN D, 1 BRI O K
RN p AR DRERIC & b7 D A AU VOB L RETH DD
CHRF L. 2 BBEIR O ERRIRITA 2V vowmEEE ., A 2 ) &
DIERBBIT L4 AV VEBETH L EZEZX BN TV D (Gupta et
al., 2012), 5. BERIE O AW RO QWM 7 L FH T A ICRA 722 [ E
Lo THEY, BEBRTIT 2HERKNVPIRFEZEDTND, TDOH,
HBriz7e 2 BERFIGHEOHEN RS EEN TV D,

2 FUPEIRISICHE M S DB IR ET 1T, A > AU >y W fig 5
PEWRIN L EF R, AU VIR HEE R ENH 5 (Hoetal, 2011),
k = v ) X Y v
( 5-[[4-[(6-hydroxy-2,5,7,8-tetramethyl-chroman-2-yl)methoxy]phenyl]me
thyl]-1,3-thiazolidine-2,4-dione, C24H27NOsS, CS-045) (X, 7V U v~
VEHEUVHEERO—-DOTHY (Fig.l), £ AV UIRPIMESER & LT
RTHDTEHENTE Y THSH (Parker, 2002), tr 27U &y
ZOMIKR EOBFRMEREF IS, FFREEREEFESEIC XY Mg
bOMOEE RS STz, 1E- T, KFNIZ D% OER BT O AT
Wt mitoeinolz, L L, REEIZEIT 2 X D% ONE O R
DIZHIT, tu 7 ) E2Yy OEMERFOBHITEZ LS 6T,

HMBECDRR DA A Y CRGIUED ERIE, BHEBICBIT D1
AUV MNERAARETHDLEEZEZ LT WD (DeFronzo, 1988), Z D Z &
Mo, a7 Uy 0k, BEFHICBITLA LAY CORERY AR



EEHZBBL TWS AN RSN, ., FT7TY IV IF
YHEERT, ECHEMARICEIRL TV LIBENZARD — D
peroxisome proliferator-activated receptor (PPAR) y ® U 7 > R TH D =
E N Sz (Lehmann et al., 1995), PPARy (X, ARG # IR~ 431k
ZREL, ToOBLFEHALEMBEEELZMHETLZ Z LA HRESATY
% (Kliewer et al., 1992; Schoonians et al., 1996; Sears et al., 1996;
Tontonoz et al., 1994a), WiZ, 7V U v U4 FEKD PPARy IZ
XF % A B A E O NEAL S HUBE IRIW AR 020 D NEAL & L < —F L T
BO, FTYI T FHFEERORBERFERICEBT S, 20D
ICEY DOEEN R Z RIK PPARy TH D & E 2 b TW5S (Willson et
al., 1996; Bergeretal.,1996), 26D Z &b, a7 U XY i
HHBICB TR AL ZRETSEMREEVM#EZ T LZERO
MG NH5HEBEZLDBND,

ABFFETIE, brZ U2 OEMKRFLE LT, BRHICHBIT D6
R 2EM & B #&ICIRIT 2 PPARy 2T 5L E2xbND
B FREAZHTGT2ENRZHL2EEXL. 2O MEN OB LT,
AiEOERICO VTR, A2V COERMHKETHLEKTZ &7

FEBKRHERRZH W, BEHICB T D42V CRIEIZ KD HERD

A EHERBICH T DM Z, ARV VIHEFED D WVITHFIET Tl
BHE L (B1E), BHEOEMICHO VT, A2 ViRt s 2
T 5 EE T L TH D Zucker BT v M AW BEFEIAOL
EZEtESTZIRERETICETLLIBREORHBALETHDL I LEERE
L. be 7l &>y & 19-28 H [ 5% O B AR IC B T 2 1FEH
ZRE L (B 28), SbHIC, FlIC/EH S 2 BBERW £ 7 v #)
¥ Cd %5 WBN/Kob-Lepr® 5 v N OFRERMEZ AL NICT 5720, A &~
2V TS EST LI e ) 2y R E L HBERFORER X
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1. XCHIZ

b7 Uy d, A VAV AEHEBEBT 28 LY A 7 OHME
RIFFETH D, BxOMENSL, a7 U Ey 03k, A AV U RZ
P BE PR 955 Bh ) <0 1E T B ) O I BE A 2 K T S H 72w y (Fujiwara et al.,
1988) . A AU VHEKPLMENEIR £ 7 LB ¥ (Fujiwara et al., 1988;
Fujiwara et al., 1991) <>, A » A U VIEEKAFRINEIR W B FH (Suter et al.,
1992; Iwamoto et al., 1991) O MAHEZEX TS &L Z AR STV D
Fh, br U A EFE A VAT UERBEERBET VEIH
NIDDM EH ORI ICIE N T A AU I XD HEHY 1A Bk
0, MEEEZERTFIEL DR REINTERL, L2rLenb, e
JUVEIUNREDLIRIERZBELTA VAU T K DKM O
BYIABZRET D00 E D DILKRIEH S TIER VY, Lee & Olefsky
X, E¥ 7y hOEFEMLE 7 7 7EBRIZCBWT, hrZ xR
AR IRV AL E B HICEET HZ &4~ L7z (Leeand
Olefsky, 1995), RAHALAR D T THKA L. A > A U >0 I 722 K B ik
Thh, KEEKOPTOEBIIEDLIEEGRE LN T b, A
ZY VICEDBERYIAHIZBWNWTE OO THELRKRE ZRZLTWVWD,
T, 2 MERFBEFEOFEMICEBENT, £ AV I X DI IA
HEBRWEI L TWDH I ERHE Sz (DeFronzo, 1988), Z 4L 5 ® %A
mH, RFROE 1ETIE, A VAV COERMBBETH LI EERHZE
7y FMERERRZH W, BEHICET D420 CRIEIC & 28
VA ERERBICH T 2R EZ, A2V VIEFED D WVIZFET
T e L7,



2. ZEBRMBBIUERTE

21 BW

HEE Sprague-Dawley 7 v N % HA SLC (Frl) 7»HHEAL, 6~7
W (200 - 250 g) CTEBRICHEA L, REBRIT KNS HYE
MEBDKRBEHI,

22 RAEBITILED

Fe 7Yy P AT =R E e (RK) T
alEniibaew el L, Bigza vy v E7LVvT I v
(BSA. A-6007) KX 7 % A > AU > (1-3505) (X. Sigma Chemicals
(St. Louis. MO) 7 5l A L 7z, Hexokinase. glucose-6-phosphate
dehydrogenase, 3 X OVH.BEML /K FEBEFE 1L, ~— VU > F— (Mannheim,
Germany) W"H AF L7z, ZOMTXToORKEKEBSLIOWEIL, TR T

SonsdRkbEMEOLDEMH L,

2.3 HEWK

115 mM NaCl, 5.9 mM KCI, 1.2 mM MgCl,, 1.2 mM NaH;PO4, 1.2 mM
Na,SO4., 2.5 mM CaCl,, 25 mM NaHCO3, B L6 mM 7 L 22— X % 5
B35 Krebs B R BEAEE K (pH 7.4) % . 95% 0, —-5% CO, iR A H A T
fafn L CHEM L,

BSA, ruZ Ua v AL AV OWKEOHE - 5T E BSA
AR E 20% wt/vol & 72 B X O IR IR L 7=, kI, BSA %
Gie MR %2 . 5.0, 0.8, 044, 0.22 yM DA v a2t A XD T 4 L HF
—ZHWVWTIEXR AL, fEKEEXE4 MO e 7Y ZY ) MU oA

10



WIRERICH W=, T2 A4 A2 0T, 9O KICEM L. &
FEN 125 mU/mL & 725 K95 LT,

T

2.4 IR OFH

% B HEBE D 7= ¥ @ F1i7 1% . Shiota & Sugano (Shiota and Sugano, 1986) .
& %\ X Ruderman & (Ruderman et al., 1971) @ FiLIZHE > THEHE L
oo UWTFICEIZRT, STHFMERT v FEX A EXY —LT b
U D N TRHEEL (50 mg/kg z N 5) . 1% I 2 Br < Rk I ik &
T 2MmE 2T~ THEL, BRKZK LAD D X I ICKEARIZR
VxFrrFa—7 (167 —V) coffE L, RKROEKDOE, A
JEIZRENRZ I L, ZEHKEP O OMHEAZEINRTE 5 X5 ICEBmE
BIRICA Y = F Lo Fa— T 2/E LI,

25 EEWI AT L

7 v M #%& KB % flow-through 53 (15 mL/min/leg) T#EW L7z, #E
W IZ. 95% Oy - 5% CO, Tafn & &, 32°CICRIE L7, 30 /3 D
iR DORENE (RIER), ME~OA 2 & hn 7Y x>y 0
HEEPBSTZDIIL, UBROERFERF, BSAODA XTI n 7Y 2V 05
A BSA Rz EAN Lt 7=, 20% wt/vol BSA ¥4 1% 0.075 mL/min/leg
DOtH (KBIEE : 0.1%) THEALL, 412U UIHFEHFET (Fig. 2A)
TlX, BSAWHIEAD 10 3% v 7 U ¥ Y v E&H BSA WIRICZH: %
TAOHMEALEZ(Fr 7Y 2 Y o OEE 5 10,20, 35 X V50 uM),
A AV UFEAET (RIEE 250 pU/mL) o ha 7 U 2 0% R %
FHARDGAEITIE, A AV &2 40 00D ERKT (1104) FTHEA
L7z, EBRBAGNDS 600% ., BSAWIKEZ br 7 U &Y v (KIRE : 20
UM) & H BSA BIRIZ 30 W& & #t x 7= (Fig. 2B), FEHELV A A & 2
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kO NLE BB ORED DI E IR D iR % Rk %
BHL 7=,

2.6 BB ORI GIE
he 7V ES B R VAERO T ) a—FrERE T
7 F—=Z26-EAY UBEEANMET DH720DIT, 0.1% BSA K O EA
ERTCAHMOBHN Z R Lz, EROBREIT. A2 Y UIEFLLETT
Eha 7 U2y EAD 30 5% (Fig. 2A). A U AU YIEADO KB
T2 e bu 72 U EADEGEIE, A AT IEADRK
DIZERIL 72 (Fig. 2B), #RINL 72 WIXIR IR = 3R CTE BITHES L.
7yVa—=Fr 707 b= 26-BRA Y CEOREREE T-80C T
TrAr Lo REBWEAR OIREAHE S (4 > XU ST 2 A7) (James
et al., 1985; James et al., 1986) Z##% KM~ 6 L., 7V a—F &

TN F—RA26-ERV UEBEORAIEHICIKEKEE THE LT,

2.7 S HiE
T a—ZABEIL, ~NXYFF—F L ra—R6-U Rk ER
FEMHWix v I (food analysis: D-glucose UV methods; Boehringer,
Mannheim, Germany) THIE L7z, LB L LV E B OREIX, LB
KFEBER L2 HOWTBEHREIC XV HEIE L 72 (Gutmann and Wahiefeld, 1974;
Passonneau and Lowry, 1974), ¥ it i H K o B 3 = £ 1L, Polarographic
B (lijima Product, Z%1) THHE L/, 7V a—7 &L, Seifter
5L o THE SN H¥E (Seifter et al., 1950) THIE L=, HHOD
P TND = RERERTHAE L, kL ABZHTHRILL T
ERZMEL, 30% KOH WO FIZ AfL, 20 &AL T L
oo WAL, TOBEOH TZ U a—r rzitEagEo L, ib& %K
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WL, Z Y a—F o EICH W,

T h— X 2,6-B AU O E L Van Schaftingen 5 @ 75 i (Van
Schaftingen et al., 1982) IZft> CTHIE L7z, MK ERTHFE L. HR
DY T —~HRIZ 50 mM NaOH Z inx THR{L L., D% 80CT 5
Sy IR EE Uz, i 2 20 mM HEPES % & T2 oK% 1 M L-acetic acid T
OCIZHFamAI L, 10 ol Lot L7c, BiEZz 717 F—2R 26-E A

U RO REIC T,

2.8 T — Z N

BREOFERVIAL, B LE VB, BIXUOBEBEHEOS
I, MAREMHEKROBEZ L WEN DA Lz, MEHEATICIE, xF
JED IR 2 FEE O t BE &2 Wiz, PAE2 0.05 RO %6 2 fit A
BELhHLIT,
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3. BR

3 ARV VHEFETREBITIIEABIIHTL2 a7V F 00
(3!

PERD IAA © Fig. 32 bhua Uy & 40 5MEALEE O
B AZICH T HERZ R, RKBEETH D 50 uM OREICH N T
b, A VAV VHEFETFTTIE, a2z U2y 38R0 AR 2RI L
ARl

AW ENVECBOBHE, B ECRICHT DML, MFE N
Fig. 4 IZ. Al BNV E U BROKE ., BV E BRICKT 2 38 o (L/P
) x4+ bhme 702y ORENRETRT, ABREELECVBO
e (BE) X, 20 BX50uyM D Fa U XY U DEANICE D ha
ML, ba U E Y OEAN 25 SHRICIEERIREE (20 B8 X050
UM OB E TENFh, 2.01 £0.15 3 L O 3.02 £ 1.21 pmol/min/leg) I
EL, hrJZ VY rOoFAFIE#ZS EALEEE T, iR L
AL UBOBHEIICR L, LIPRIZSUM DO Far 7Y XY DiEANE L
HICHEICEK T L (Fe 7 U XY U EAD20 0O, va U 2
Ff 0 5.14+£0.47, XPHEREE : 7.42+0.39, P<0.05), bue s U Xy D
AP IERE S I (FIER) VNVIZRE -2 (Fig. 4), Fig. 5 12
HAHEBHIZHT DI ) OREHIRERT, 20 yM D b r 7Y
2 AR BBWHENRAICHML, a2 UEAD
20 3 IT K (6.17 + 0.28 umol/min/leg) & 720, +ua 7 U XY &
Akt 9IS R - 72 (Fig. 5) .

WERBERG T 7V a—Fr 707 h—2 26-E AU VRE R

Table1 12, 4 > AU VIEHFETICBIT S, 20uM O ~a 7 U &% Uk

14



A0 DEEWRHORHHO 7)) a—rF 70y h—226-BEAY
VG EOENERT, bu U EZ Y E, HREE L NE BT
D7 Va—rrEEE KT (-6.01+1.85mg/g @ E &, P <0.05)

DN, TIT h—R26-BERXV UG EIIEL LRS-,

32 AVAVUVERETEZBIT2ERBIZHT I SV 2D
1EH

PEEC D A2 © Fig. 6 (24 > AU UIFELE FIC BT D HEEY A &2 %t
TLhe 7)Y O ERYT, £ AU % 250 pU/mL T 80 47
FEAT DL, BEIRVIALZRAICHMSE, 30 0% ICITERFIREC
ELl, A2V iF A ERE (0.35+0.11 pg/min/leg) @ 2.8 5124k
RYiAHZENE S, A AV OFEAEELIZ, 20 UMD Fa r
UEY w30 0MEATDHE AR VICEDHERYIARZRAIC
HimEHE, 30 wOEAOK DLV ICITAEICHEMLE (1.79 £ 0.17
umol/min/leg), A > AV X AHHEWMVIAHZIIZ, tu U E Y OEF
A iE& b 30 SIS E N L 7= (2.20 £ 0.18 umol/min/leg).

gL EVBOKEE LIPE: Fig.712, BB ELE VED
BHEBELRLP RHICHT DA 7 VY EAOHREL T, gL
EAECVBEOKE (BE) X, A AV EAOBEMLE (A
UEANDK TR, 4> AU B 2.33 £0.08 umol/min/leg, xf AL :
1.22 £ 0.10 umol/min/leg) , A1 > AV i b 7 U 2V U E2EBMNT 5 &,
gL ErBOBEIEEICEML, brZ U &Y U EAD 10 45
I BRI LAER /o To, ZTOHME BB RO K H O B8
Ehe 7 U2y EAFIRE S FfE L7 (Fig. 7TA), 4 AU UEAT
ZOEADK ZBLTLPHEZETIEL2MHmZRLEZ, A AV
~O a7 U EY U OEMTLPEAELICKFIEZNA, el

15



B DEAEIEBITEARTO LSR5 7= (Fig. 7B). Fig. 8 2 g
HHBIIT Db 7V EAOHNREERT, A VAT U DHBD
EANTBFHELHE NI E R LoT, f AV BT R T X
VU EREATLDE ARV VIFET ERERIC, BARBEERIEML
7

WIRERGHoO 7)Y a—r o5& : Table2 o, £ AU AR &
AR e a7 B EAED, A AY UPEANKT RO R
ORI a—rrageofiberd, dBRELLKRLTHE
TIERPoTERD, A VAV VOFEANFTZVa—FrrEaaalEst s
Mz R L7z, ZHEIEHBYIZ, 12V e bbr )2y ozl
ALTEBHOZ7 ) a—Fra &3, 4 A Y CHEMEA (3.11 £ 1.30 mg/g
WEE) SHEBEL, AEICKTFLZ (-5.02+3.13 mg/g i E &),

16



4, B8

REIZBWT, br 7 U XY E, ARV UIFTE T CHE b % 75

DFER Y AHZZ RS 52 L& LT (Fig. 6), ZOREIE, b s
VI Z2D0bDORHERY AL ZRBTHERNEHET 20 TiERL<
(Fig. 3). BHRBICB T D4 2 U > OFER D A ZREER % 8504
L2 EHRBLTVWD, ZOMBEIZ, e U2 R A A v
RZVEFERB B Tl <. @A v AU L)L RIP BN O b
HEEERTIEDS E WD linvivolZ BT 5[ & —E 7 5 (Fujiwara et al.,
1988),

Fa 7 U2y, A AV VIEFAE T TIIHERY AR 25 &2 2
STz (Fig. 3) . RIEMH O E LB U BO R 28 s &,
7Y a—rFraEErEREY %7 (Fig. 4A, Table 1), Zhix., rr 27U
BN, A AY CIEFEET T, ERBERHIZE O THRER L 7
Va—Funfaiigds2sarmmeLTnbd, 7V 7 F—RA 26-E
A2V BRI E FRICBWTBRERORBAFTHL Z Lmbh
TV 5% (Hue and Rinder, 1987), ha 7 U & >V VX #ERBZB LB 2B W T,
TN h—=R26-ERY VBEHEINIE R oTl (Tablel), 2 b
FERIT, A VAV VIEFETIC a7V Z Y URFEAIRTE L ZITH
SNDMMRFEROMREN, 717 h—RA 26-E 2 UEREGEOHEIMNIC L
BN EERLTWVWS, brZ U XY 5 uM O KR B TR K
HF o LIPAEIKT St/ (Fig. 4B), L/P il aE © NAD'/NADH lt
M 50T (HLEE + NADY © B /LB U EE + NADH, Williamson et
al., 1967), ~nr 27U %Y o i3flaE o NAD'/NADH lb 2N & 5% &
EZoND, MEROEMIZEWT, MEED NAD'RZ U kLT L

17



TERIVUUVEED 13-ELARAKRT VY VB~OBRBEIZHEDLRL D,
SF W, b s U Z Y UIHIE O NADY/NADH L2 msw 5 2 &
IZEoT, ERO 7V LT AT BRI U VERE 1,3-BEAKRAKRT
VeV vroMziET2EE2005, BT, ha U2y 3
RO DOHEMIZE 72> T 2RMIZT Y aa—0 o2 RIS &
HIENTRBIND,

A AV VIFMFETICBNT, ba 7 U & T % B i ok
HEZHMEE (Fig. 5 —2D R & LT, rr 7 U Zy 37
Na—Agfbd o0 id RRANIEEZEN L) BE®BRLD L5 WITE
OWFEZRBT D LICko THmABELRESETWVDLILEZILN
L, LML, a7 VY UoRBEERBREEZRET L0 2 &1TE R
<V, R BIT, EREIITERBENBRAEE TV RN LI
MATARICIEE BRI LS 6. a7 & F L CoA I3 FE M
L., & LAMERERDIE 58 E & 7% (Randle cycle, Randle et al.,
1963; Randle et al., 1988) 23, EEICIIMIERIITLEL TV EI1EHThH
L, TNHOZEERETDHE, bu s U EY AL, Tra— Ak
AMREL, TORKR., AV AV VIEFELETICB T MR EZRIEL
EEZDOND,

250 pU/mL A > AU iE AL, ALERTE & e LT A O K TR

CHEED AR E 285, L B IO A 1.5 51T
MmEH7 (Fig. 6, 7TA), T bHLOMERIT, Fva—2o—HnRn7 U =
— U LTI INTEN, DWW COoO,~ i Iz L 2R LT
W5,

A AV ELEBIC TV A EEATLHE, AR VITK
HHEE D AR EABRE L E U BO K NAZICHEM L 7= (Fig. 6, 7TA),
FICHREN SIS, A AV VOFEET TR M 7Y XY O A

18



EIEZ PR AANEIZE ML (Fig. 6), ha 27U x>y o idAE
% 20 s DERBEIEFHTO 7V a—F 0 E8&IE . AV A OROEAN
EHEBELT, A AV ke U EY U EMxTEATHEARAEI
KR L7 (Tablel), ZOfERIZ, b V22 kb
sVa—=rramlRemil+aosz e, bu sV Ey 07 ) a—b s
fRIER BN A 2V D7) a—=F U EIERED b5V & 2Rk L
TWo, #RgEEGICENT, heZ )2y v EAELEZDA R

CRDPERY AAB ORI, 5 ILHE (Garetto et al., 1984; Cartee et al.,
1989) = b x 7 U L& (Nolteetal, 1994) Ik ->Tr VUV a—4Fv
GEMEDP LTV DIHRIZEBNT, £ AV K D HEID A 73 8
MENDBEME L LISHPBLTWS, BRI X7 U 4L
BEOWTNOHELIZEBNWTE, 7Y a—FromEnAa s x filE

CEAOBERVIAALEZRET DN 2 EBF X L5 (Cartee et al.,
1989; Nolteetal., 1994), Th w2, b e 7 U XY UREROFME T
JUVa—=Frof|na A CRNRIC K DRI A B EZ R L7 b
EZbiLD,

U EOREROBMZ Fig. 91K T, (1) £ 2V VIEFETIZTBD
T, b7 Uy IBEGORERY AR ZIMES TR, i
HREzRESE, FVa—FragazEdbstic, Tnb o0&
HIRLE © NAD/NADH LR T L ITMEMHBEOHEMOFER & L T
BLTeEBZLND, (2) A VAV UVFETIZEBWT, e sl &y
VIIRBER LA LAY VIR DR AL e RESE, ZoREIT
n 7 Y2y EAMEIEE S BICRKE L, 4 AT oEANTR G
DTV a—rradaafnIEen, A AV REIZ a7 Y 2
VIVEEBINT S L, BEHOT Y a—-FUEREBMITFLE, 7Y 2
— 7 UEROK NI, IHHAEHST B 7 U CAE FERR T OBLER R

19



CERERIC., BREMICBIT A A AU I X DHEED AL O BN % ¥ 5
L7-E¢EZ2HN5,

20



5. /Mg

fhe 7y &y (CS-045) 1, A > AU VIRHIEREIRFEIY CTA >~
2V CEHEZHBL CILEELER TSE2 2L NITRD
NIDDM EHEIZB W THRAKROIEMNRHRE ST LW A T OHbE
RIFHETH D, BEMICBTLIRERB LA 2V O RITKHT D B
a7 U2 UOERAERRDLEDIC, A AV VIEFLETH D WIEF
EFT.6mM 7L a—2ARMEMHITENTT v MEKRZ#ERL, bR
TIVE R EFEALZ, A AV CIEGFETIZEBWTIE, e
UEY U 50uMIiIZE > THRERVDIAZREZBM L o7, LrL, b
a7 UZY 20 M BL EDRE T, gL L e RO H & HN
SH, A VBICKHTIHEBOL (LIP ) ZIEKTH D WILEEEH
BOMMNMEZ, T, 552020 yM OBEBENS 5| 2 Lz,
BRAHIZBNT, 20 yM D br 7Y XY ik, A A Y VIEFETT
TNT F—RA 26-ERXV UvBEOGEREAEMSETIC, Y a—-FUE
BT IEE, KRR DOF5OHRNE S LD 250 pU/mL D A
AU E L BEHRY AR Z 28 FIC, L B E O KHZ 1.5 f51C
L7, 20yM DO b 7 U %V & 250 pUmL DA 2D & &
W30 mHIEATLDE, A AT VRTRICK DRV IALNR, ba sl
2 DEANIOSBICAEREICHEML, oI e 70 2y o
Af b EICHEKLEZ, A AV bha ) ¥y vk LREAE
LEBEO e Z ) ZY v EAELE 20 5%0%EHOZ Y a -4~ g
BIE, ARV DR ENE LB KT EAEICIEKTLT
Wie,

U EHBERTDE, A VRV VIEFLETFTTIE, b7 U XY 3

21



WMOABLEZHMEERNE, BEGHOZ) a—F o E5&E LIP O
TEBmEWEOWMMEZ TR T L L HIC, 7V a—F Ui
Lo A VAV UVHIETIZBWTIE, haZ Uy igdf4 R0 U
LOHRMVIARZBMEE, ZOWEMT e 70 2y o EAEERD
HIZHRLE, ARV EACIRTIEZY V52 EFEETHE, %
EHHROZ7Y)a—rr5&R KT LE, 207 )a—Fr580KT
X, HAES DW= ER 7 Y VALE TRBIE SN DB RICEISHEE L
TEBY, A AY VHIBIC KDY AL O REEEILTWD
EBRBI T,

22



Fo2E A RY VERHBEETABY. Zucker BT v PO
Bt BT D b sV ¥y 0EH
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1. XCHIZ

A A G NIDDM D FifE & AL I W TEE R KR E &2 R
72 L T\ % (lwamoto et al., 1991), FFIC B Z £ 9 NIDDM (23T,
A A SO WFIT ERIBIFEEN Lo TV D Ko, B
A A UMb s b IBEORFTHDL, FT VIV TUF
ft&%iX. & - NIDDM #3 (lwamoto et al., 1991; Saltiel and Olefsky,
1996; Suter et al., 1992; Kumar et al., 1996) & NIDDM O &€ 7 /L
(Fujiwara et al., 1988; Fujiwara et al., 1995) (2B W T, 1 A U UK
i rdEL, RPEMTGLzEET 22 HESRTVWDS, B FED
Y COMEIZENT, FTIV VUMD —DTHD bR
7Y & (CS-045) MR OBERM T 2 RE L, ITIEoOHEEA 2 KT
S5 EAE/RLT (Suter et al., 1992; Fujiwara et al., 1995), kw2 7
V23 ARy 7T AVRBEORA R AR BRE 5 200
(lwamoto et al., 1991; Kellerer et al., 1994) . A > X U K HU M % 55
SEDLERMEHITIIAETRBINATI RN T,

I L4 2 MO ERITITD R LD 3 ODBM Y T
WG L TwWa (Tayloretal., 1996), KOEER T ONRE . Fl % 13BN
Wil (FFA). 2EW CIE# ML Tk v, Randle 1 7 L %@ L CTHHA
BT DO AL EFIHZEME L TWvws (Randle et al., 1963;
Boden, 1997), Hotamisligil 1%, B 7 v F OREMI ML N 6 5 S 1
5 TNFa RSB T SHRAZZHME L, ZhiZkD A 2D iR
FiMEZEEL TS LB L7~ (Hotamisligil et al., 1993; Hotamisligil
et al., 1994a; Hotamisligil et al., 1994b), % {Z TNFa (X, A/ > AU > ¥

TFNVDOEANERLET LA A VSREEEY 7447108
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BV Uik Esl 2 Z 9 2 & (Hotamisligil et al., 1996b) ., & % \»
., VT = AT U AR—F =4 DX T LFalb—Ta k&
£ = 9 Z & (Stephens and Pekala, 1991) 2#&EshTwWwb, —=o>H &
L7 FrinEFon, BMCHEsTEATLIVTFrZOLONR
A A VR EE T Z LN R I TV S (Cohen et al., 1996;
Muller et al., 1997; Segal et al., 1996), 3 DD RFLITE T, AWIZFJE
T5Z &< B IZE W TIERAL U7z J5 N5 M 2y & A Bl B v 130455 10
SNDLDTFNA A PR EREZIFT L ETRERLTWD,
Peroxisome proliferator-activated receptor (PPAR) vy i £ (2 5 B % (2
%8l L (Tontonoz et al., 1994a; Braissant et al., 1996) . #R#E 2E Mg 2 B
7 % PPARy O3 BLEE 50 13 % O Ml &2 R i #i e 12 3 fk & ¥ % (Tontonoz
et al., 1994a), %M1k L 7= PPARy (L. retinoid X receptor & ~7 o & A
~—%&ZFHKL., —ODX I LAY FEIEISATE DDXI7 LAY FD
Wik e F — 7 (TGACCT) D& 5 Im KB ¥ 2> 5 72 % peroxisome
proliferator responsive element |ZfE A& 5 % (Kliewer et al., 1992),
Peroxisome proliferator responsive element X, acyl-CoA synthase, fatty
acid binding protein, lipoprotein lipase, uncoupling protein # = — N4 %
B fo7mnE—4 —#HBICHFET LI ERAHREINLTWVD
(Schoonians et al., 1996; Sears et al., 1996), &7 YV U ¥ U4 ML H
WL PPARYy DU H > R THDHIZ &R Sz (Lehmann et al., 1995),
WiZ, FT7 VP PF ALAEW D PPARY (2% 2 fE & Bt o IE AL
MPHEIRIIER ORI DNELE K< —FH L TBY, FT7 VI IF
AEEM OHRERIFIER TN T, ZOREOILEW DR 22 BIK
2 PPARy ThHh D Z L #/RIB L CTW25 (Willson et al., 1996; Berger et al.,
1996), Z D ko, FTY UV IVAFMEEW D EREH D PPARy
OIEMAL Z @ U7 G O 8z 38 & M laE e DR TH 2 & H#HE
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ETHZEITHITHRs TS,
REZBWTIE, 7YV IF AN A o2 ) ViR %
WET DT AN =ALEMAT 272010, EBRMEfolcl AU &
B #mET L Th D Zucker BN Z ~ b (Apweiler and Freund,
1993) IZHBT 2 b7 2y o AalEMMEICE T 20 R4 HmeEt L
oo TORER., br U Z YA ARV D /NG B R 4 #8n
S, FRICKEEMMRZE>SE2 22 /RH L, e U X
SN LD ZOBHFEIEL. TNFa ° L 7 F > O mRNA O i % 5 & i
FEORELZ EHlIE, AR VIBHIEOKBIZSORT 2 HEER

=

BFrO—2ThdeELLND,
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2. ZEBRMBBIUERTE

2.1 B

7 M i O HEME Zucker BV 7 > b & Zucker FERETE T v b (WAL H
KF = ZXYN— (HENEER) 26l A) ZEZROHGED
R E R (F-2; GRS, WiG) 252 TEFE Lz, SEOMARIL,
KA L ¥ 58.2% (wt/wt), AEH 4.8% (wt/wt), & H 20.8% (wt/wt), #kHE
3.2% (Wtiwt) THhH o7z, b7y 2y (ZHhEAXES4, HiE) % 0.2%
(Wt/wt) DB A TIRA LT7-fEt 2 4 HREIF721% 19-28 HEl 5 27—, A=E
CHEEEANEL, TULOLO/KERNLDL Ne Y XY o EIL 200
mg/kg/H EEH Sz, Bix 4 HE 721013 19-28 H B ICHARE A
WITHE AR @ total RNA ol izl U7z, ARSEHIT = KNS 48
W EBRE B S ORBE ST,

2.2 MmEEME. mEEA >RV B L OMmEHHEIENORE

i ik 2 R DERE L 7o, MmBEEIEERE TR, Zlan—F—
-F (kA2 th=—=T v FT7 04—, ®H) 2V, Zha—2FFF
—BIETHE L, A AV iE Ty h A VR Y U EERELE LT
AV AV RIA ¥y b, v b Plgr2) T vl VAT A
(Amersham International, UK) Z# W THIE LA, mMiE LY 7Y &Y
RiZe Bz L A HIES »~ b triglyceride-G-test (Fo ot ffi 3k T2 . K BR)
HWTHIE L7z,

2.3 RNA O
B Wred Licte, BEERECT . BRI, Bk EJE U & O H R o B



BRI AZ BRI L7, BMGoOBEELE Lk, WKEFRT
W B 12 RS L total RNA O fili Y & T-80°C CTHRTF L 72,2 g DL Z v
B R@BYE 7 7T =Y 7 =/ — L7 v uikb Ak (Chomezynsky and
Sacchi, 1987) (2 X » total RNA & HiHi L 7=,

24 Tu—7

~ U ADOREM®D cDNA%Z7 7L — K& LTPPARYy E LT T
DTE—T7 B L, 2K 1518 X7 LAY KL BIT X7 LAY RO
cDNA #Zh £, PPARy & V7 F Do —7 & LT, pBluescript
(Stratagene Inc., USA) (27 m—=12 7 L7 (Tontonoz et al., 1994b;
Zhang et al., 1994), TNFoa @ 7 17 — 7 [ LA B8 K [ B} K 5 1= 2230 (48 i )
DILHEENLAFLEZ, 2O TNFa D7 —7 34 1105 K bH U |
143 i JE o 5 o FEFHAR I . 708 i FE D BHAR FE I (Z 411342 235 77 3
JBEEHNC KIS T D), 254 M o A O FEFAFRGH I A 5 72 % (Pennica
et al., 1985), 452 X 7 LAY FOZ7 VLT LT N3 U VBT E R
nrF—Eo e —7 i Mk (Clontech) Z W T~ 7 2 Do
¢cDNA%Z T > 7L — b & L TPCRIETER L, pCR®2.1(Invitrogen Corp.)
s —=v27 Lk, Fu—7%[a-*P]dCTP (110 TBg/mmol)
(DuPont-NEN) % VT Megaprime DNA labeling system (Amersham

International) THE#HE L 7=,

25 J—F 7oy MEH

Total RNA % 50% formamide. 20 mM 3-(N-morpholino)propane
sulfonic acid, 5 mM sodium acetate, 1 mM EDTA. 6.5% formaldehyde %
i pH 7.0 DR WIS HE M L72%, 90C TS wMME L, 1%7 H o —
A NVERIKEZIT o 72, 16 X1 20 ug @ total RNA Z % L — > (2 #
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. 3MOERKE®Z GAZTICENF ¥y T U —JEI2 K> TRNA
%74 v (Hybond N* ; Amersham International) ~#z5 L7, 7 &
v X Tk, BEER L7 e — 7 L3Iz, 5XDenhardt’s solution, 6
X SSC, 0.5% SDS } " 50% formamide % & &» hybridizing buffer #7235
WT42CT—BRELL, £DO%, 2XSSC & 0.1% SDS = & ek =
MWW TER 547 M T 2 mIPH L, &HEIC 0.2XSSC & 0.1% SDS # & Lo
Wiz L TR TI00MOWEEFZ 20 T2, ZOBEZ A 4 A
A= 7774 % — (FUji-BAS, B L7 4V Lh) OA A=V T
TLU—bICRERELL, N FOBELEZA A -VBITV AT LOE R

7aJ T NEMFE - TEREAI L, arbitrary unit TE L 7=,

2.6 MEMMEFORY 7YV &Y F& DNA OHIE

0.5-1g D&Mk % . 150 mM kb ~ U 7 A 0.1% Triton X-100, 10
mM kU X% & T pH 8.0, 40-50°C D ¥E# 10 mL tF THh K 60 £ ¥
FTAX L (FRY bwr&REYF AP —; Kinematica AG, Lucerne,
Switzerland), Z OBE WK O 50uL = v U A U v Z7IEIZ XD HE X
> K (Sanassay TG-N; Sanko Pure Chemical Co., Ltd., Tokyo, Japan) % H
W2 R 7YY RHEEICEMLZ, DNADOEIED DT, RET T
A4 X L7275 v 1T SDS, proteinase K, EDTA %/l 2 fix #& IR FE N Z V2 4,
0.1%., 100 mg/mL., 10 mM DR #/ER L 7=, 37°C T 1-2 FFfil £ > %
2 _X—3 3 D%, DNA % = %4 72 phenol-chloroform it THiH L
72, DNA O L4 % . 10 pg/mL ribonuclease, 1 mM EDTA. 10 mM Tris (pH
8.0 B LIERICHEM LIz, Z OWHK D DNA & & % 260 nm @ OD (W%

JEBEE) 7y & B L 72 (50 pg/mL @ DNA K @ ODygonm=1 & L THEH),
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2.6 AERRF RN &SRR

WrgE 1% . B2 L2 NG WG AR A% 4 AH #% R 5 Al (Tissue-Tek ® OCT compound;
Miles Inc., Kankakee, IL) 1Ct# L, -80C TR L 7z, Mkl H (&
S20F 7213 10um) 227 VA AZy FTUOVHL, #T7AZXT A FIZ
MO, s~ UEER, BRoU Faz~~ v ) —xF
VrTREAE L, BMiao s R EIoWMEMNIZ, ~~v XY &
—xF VU TRALEAAENMEBEOM o EEZ A A — VR 2T
2 (Q600; Leica Cambridge Ltd., Cambridge, UK) % H W THEHT L 7=, 4
HIEWLE L72Z vy b2 EEMMAEO A %2 100%~ % / — /L C#H
ELTZDOL, 7R M=V A2 LEEEOBEHIZ, TUNEL (terminal
deoxynucleotidyl transferase—-mediated dUTP nick end labeling) £ ® & v
L~ (In Situ Cell Death Detection Kit, POD; Boehringer Mannheim
Biochemicals, Indianapolis, IN) Z T4 L 7= (Gavrieli et al., 1992),
BEORBETR NV AGHEOEOREZFE L, REICKT 57 K b

—VAGHEEORIGEZRH L,

2.7 WEEHERAT

T IR EREERETR LI, AT T — Z KT mRNA # 8l
L AL L #F L F L, Sheffe & O Tukey % B EL B AT 1512 L 0 BT L 7=,
PE2 0.05 RiGDGEGEMETHER L H7 LT,
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3. BR

31 mpEfE., ML RY ME, MRBEELVXLVOKE

frZ U &Y F, MEAMICAETERZVWLODIEN 7 v b OKE
ZOT M E 7 (Fig. 10A), rr 27 U E Y VI X 52BHE~D
HET ol (F—2HM), BWTRT » b o EIE, FEEEZ
v LD Y 30%EMICHE S >7=» (Fig. 10B), EE DO A A Y v
WO TZDIZA A Y MEIX 19D & Toh - 7= (Fig. 10C), b=
JUEY L, BEESOAL LAY VR EEE L, mREE e 1 v
2 U E A FEIER T >~ b OKHEE TR T &7 (Fig. 10B, 10C), I #E
FPEREMIMEIZIERE Z v PIZBWTEHE LS @mhrole, tr U EY %
LE U 72 FERE G M ONIEG 7 > O W T B W TH FEAEE A KT
L7z (Fig. 10D), W7 v MiZd T 2 MU EEENE B2 (FFA) fEIZ D
WTHBRFLIEEZA, PrZUZY VILFFAfEZAEBEICK NS
(% FREE :0.663 £0.061, h w2 U & V' L ALERE : 0.209 + 0.021 megq/L.
P<0.01),

32 JEMiMBEER
BT Z v MZB T 2 B alE MMk O E & IIIEERR T » b &L
Ta4-6fEREholc, he U2y iAatEl#EEkosREREL A
M E Lo, bu s U2y UEICK T, BT v b
TIEEENMEMEREOERTAR ORI o722, LR Z v b T
HABEVERIZAETIETRVWL OO THEM Z < L7z (Table 3),
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3.3 BREBEBICBIT SV FF >, TNFa, 8 & T PPARyY ® mRNA
DFRE

FrZ U oD WEIEHZEDOSE DD LT F O mRNAJEEL L~
MIKT D REBRFT LR, 7T O mRNAFEI L 113, #l
B JE A Ak 2R & W7 >~ OT X TOREMMEIZEYTAHE
@<, ETAGEHMAKICE O CTIEIFEERT » o 10 FIcEL 7=,
fr 7 U2y 3, etLcnT o gaeaEldEEIcs Y TH L e
Ty bDOLTF U mMRNAFB L XL 27 v b EIZIERKEE T
EWICIK T &8 72 (Fig. 11A,11B), #MEFMICIEAE TR VWA,
i 7 v F O L7 F mRNAFEBL L <L b K 20% F TR T & 7 (Fig.
11B), B3 Z >~ @ TNFa @ mRNA Bl L~ uid, % IERS X O
AR I W TENEN 28 KON 1.4 £ L 7= (Fig. 10A,
11C), kw7 U &V i E5H L7 TNFo mRNA L )L % FE B i % FR
DL~ TR T &7~ (Fig. 11A,11C), £/, BT v FO K FHA
BRI I B WV TIE 41% F T mRNA BB L XL 2K F &7 (Fig.
11C), BBk W Z L2, te s U Z Y 3BT v O TNFa O
MRNA [ZIZIF & A EEEE H 2 720 o722, TNFa ® mRNA BT A
BETE2WHLOO, b NZ#mL=6b 457 (Fig. 11C), PPARy
O MRNA FEBIZHOWTIX, BWoFE, Fa 27U ¥y ofR 80
bbb, ABEREMITE) 7= (Fig. 11D), BT v MicBiF 5 b
7V A DY 7 F . TNFa, KO PPARy @ mRNA J 3% 5 %)
RiZ, 7V AT ATE R3 U VEBBMAKZEHRFZOLXLTOMEDRH

b P, KEMICHE O BEThH-o 7= (F—2HK),

3.4 BHEEERICEIT 5N
BREFEAABEHAKREERCE TN 2T HEL& EICEITE» - -
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(Fig. 12A), THEM G & LITHEHIC. DNAGE&IZI hr s ) &2V~
ZALE L7ZEN 7 v Ml W T 1.5 T#¥mL 7= (Fig. 12B), Z i
X, BB A XN/ EL o TNDHI EERBELTND, FE
IZ. DNA (ng) 7= 0 o F PR (mg) T L7ZHEAL DNAELHZV D
TR ZES ., BEBEAGEVMEKEICENTrr 7Y 2 Y ALE(C
KXV TFLZE (Fig. 12C), tw 7 U &Y i3 AGIEN MO 2K DM
MERICEELZG X Rho e, MEWITICcL, b2y R
Mg OB EMINEE 2 LRI, BHMRBOY A X2/ TFEEL L
W B E 72 o7 (Fig. 13), NENIMIIE O B A X2 % T, JE M e 5
MONTEEHTIZ LD, " VY URHBEERERZTOoOWVWT D
@ AR IS B0 T B A X s S0l WG I EE 0 H R $k & 88 0 S
T, A ROKE VMM OMIBEERE D SETNDE 2 LIRS
iz (Fig. 14A, 14B) . FEBRIZ, BERIEVHE#KE I CSWT, Fr s U X
VUMLE LR Ty O AAIEN OV A X (2864 £163 pm?) (L. b
n sy CIENERNT Y FOAGIENOY A4 X (5031 + 242 um?)
X0 b/hEhho7= (Fig. 14, Table 4), RO RN K FTHBICIB W T
LN, BICHEEZR Z LT, 900,000 pm? & g I fH#& 81 F o o o /)
RASHG AR (<2,500 um?®) O % BRI v b e+ 5 & %8
R OR TARAEVMEK BN TEAEN., e U 2 Y VAEIC K
D 4.3 % (195vs. 45) & (Y 4.5 % (177 vs. 39) (2840 L 7= (Fig. 14, Table
4), REEMGMEOMBE T, ERASRT v M2kl b7y 2y »
IR 7 » Tl BERE KR FAGKRFHMEK S TERAL T,
43% K% Y 54% 2D Lz, MEW 7 v MICHTIHEEE T v b TIE KRR
HEWG AR EL DA T BEE TIE ooy, bur 7 U &Y X IEIRT 7
vy MZEBWT ., %K O T [ @RI O /N8R 1 #0 S $ 4 1#
s, KAUAE N Al A2 & ) & & 72 (Figs. 13, 14, Table 4), Rtk D
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mRMGEEAAEVMAKZ BV TbELNTE, RIZ, fe s U &Y
VHRLE DRI BT DT R = R T R EBELHT, TR
M= R ZRTRRIIREEE hr 7 U & AVERE W 5 O RE R Rk IS
Ao, TRV AOEOEIZI I 7 ) Y 2 0ELT-HA
fig WA AR I B W TN L Tz (Fig. 15), Bl Lo REICx 5
TRV ABHOEOE ST, a7 ) 2 U 0E R ORI T > b
B\ TENEI, 10.8%F LN 4.3%Th > 7= (Table 5),
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4, B8

AREBENZBIT D ERFEIL, Zucker B 7 v Mtk WT, tr 27U X
Vo, EVMBEORED LD WITRT NG RICEEEGADL I LR
< HAAEVMEORBMBOKEZHEMmsE/zZ & Thd (Fig. 13, 14),
P AMATICc XY, be 7Y &2y oAl TN
FUREBA MR (<2,500 pm?) O A B L Z 4 FICHNSE DL 2 ERH L
Loz (Tabled), ® i, %M A @GN O DNA & &#1% 1.5
I L7z (Fig. 12B), JEWIMAR (S 31T 2 I E ML O X 5 722 fth o il
falzxt 5 2 EMMIEOE G1L 20K &EHRESNTND I &b

(Cleary et al., 1979) . R M O % DNA & & DO HM X 3.5 %12 L T
WEERBbDZENTED, br 2y Uy ok, BRI F R
IZ % BlJ % PPARy (Braissant et al., 1996; Tontonoz et al., 1994b) ® U
TR D Z LR S (Sears et al., 1996; Lehmann et al., 1995;
Willson et al., 1996; Berger et al., 1996), 3T3-L1 Aij BX g 15 fl 2 B v C
hwe 7Y &Y 2 K D PPARy O iE M AR A3 wif BEAG 15 A A 2~ & 15 5 A~
DAz —F L TR » L7z (Ohsumietal., 1994), 2 H D Z &b
fr 7 U2y URABEESEICEB W TEERERH 2R LTINS L
W I RER AN T B ALz (Lehmann et al., 1995; Szalkowski et al., 1995;
Forman et al., 1995; Kliewer et al., 1995), AEIZBWTH Hn L R o7
invivo TO hua s U ¥ YU EICKDEAGIEHMREOBENX, o
JUETUOPPARYyZ @ LT O X D e iEifiE bR R BRI XKD
LboLEZOLND,

S B2, e 7Y Z Y RET RGO % &2 50%FE T S
HHZENH LN E o7 (Table 4), KBRS M e o Jko 1%, /Y
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fE AR DR EEM L 722 b b B9, AAalEIEREO 2k &I
TAE DN E -T2 L AT D, b FoEMEE,. KERFORZ
HOWEIBREOREEN L LT RV AZ2EBITZ E0RHE S
NTWbD Z EMnD (Prinsetal., 1994)  &IZ . KALAR I MM 2 o W 23
e 7 U2 ICRKIGELTT R E =V 2O E > THIEEZ SN
LHDONESMEMANT, ba U AEIZL TSR ST
RIENENT M OB IE, D7 &b EABITIET R F—v 2D
ks eEZ2ND, BEIC, he Uy 208 L7EHAIENHA
Tz, 7R =V AGEOEOEI G N 2.5 5 F THEIM L (Fig. 15,
Table5), 2D X Hi2, ha Uy AET v FOREMEBKICE W T
X7 A= R Ko CREIEM MR AT 208, v x>y v
BLE N X o T 7z 7o /N BE WG A B 23 r Ab 88 A2 3 2 72 80 1T ) i bR e 23 R
FFshslZExobhn b,

A7 >~ o KA M (9 )7 A% > 5,000 pm?) o E i3 Jk iR il =
v &L T2~3(5% 0 o7 (Table 4), 7=, HAEWHIZE T
L 7F L TNFo @ mRNA BE L~V 3BT » F T L7~ (Fig.
11B, 11C), HiT, W7 v BT L hw 7V & vV L@ 2 KRR
Mt 2 50% K T 5 2 & A s (Fig. 13, 14, Table4), £ 7=
Bz, b7 U &y JEREZ v MW T, |3 Al <8
L7z 7 F 8L TNFa ® mRNA BBl L~V X FEE 7 v b O L
MMIZE TR T L7 (Fig. 11B, 11C), L 7 F XAl BRAR I Al e & o Ak 24
FENG MR CTIXFE B L TV 7202y (Maffei et al, 1995), se&IC4{b L7
R IC B W TRI L TWwb (Zhang et al., 1994; Maffei et al.,
1995), TNFa IO ~— I —Th D aP2 # AR s~ U
A SR A ICIZREIL L T v (Hotamisligil et al., 1996a),
Bz, V7 FrBILOTNFa ® mRNA X, BRI L-IEMIEE A9
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ARG A AU S BUE O F - e $E (Fig. 11B, Table 4) @ Jig M # ik (2
BWTEHHEBE L TWwW? (Hotamisligil et al.,1993; Maffei et al., 1995;
Pedersenetal., 1992), 26D Z &b, b s U &Y ALEICE WD
T, HEWGAHAE o &2 2 L3I TNFa & L7 F D mRNA O &% 8L A
EWFET D2 &3, REBEMEE DT 2L EBRELTVWDS
EEZbND, bu s U XY F, invitro DRI W T, BT O
REEREZMEHE L LT T oA ZERKRTSIEL LR HESH
TW 5 (Kallen and Lazar, 1996), Z DO L 512, ha 7 U XV (X E o,

KRR AIARIZ 81 D TNFa & L7 F O mRNA O % Bl % 8 82 0 il 3
LDHREMESEEZOND, TNFaid, A< &b —HTIiX, BMICL-T
gl ans A 2 UV EBEO—RTHL SN TNDH Z &
7> 5 (Hotamisligil et al., 1993; Hotamisligil et al., 1994a; Hotamisligil et
al., 1994b; Hotamisligil et al., 1996b), ~F v 27 U &% Y (2 X 5 TNFa
MRNA O BIR T RHHRO A 2V UEFIEOSEICHRS BEERRL TW
HEBXONDTINFalZ oD HIETA A ) VIRPIEZGI & 2T
W FTYV U TFCFEEITZENDS O TNFa O ¥ 7 FVREIC K
BEG2DHZENRSNTz, haZ U Xy X invivo ORI IS
W TNFo O3B 2K T &5 (Hofmannetal., 1994) 23, AEIZEB
T Zucker B3 7 » T TNFa ® mMRNARH 2K F S8 5 2 & 3R
S (Fig. 11C), 7. ru 7 U &Y XA EENE N # ek X OGN
M OEEICE VDT . TNFo DL 1EHZEN+2 2 L3 ®mE S h Ty
% (Ohsumi et al., 1994; Szalkowski et al., 1995), &z, 7V U v~
A CH BRI A R ) RGBT T VIS T Lz v
7F DO MRNARBZIEK TSI DL Z &R RE 7= (Zhang et al., 1996),
AKETIE, 2 b DK% Zucker iBY 7 v M DR T B X OME NG
HMEz a4 R DIEMEMRICEB W CTHERT 5 Z & 2T X 7= (Fig.
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11B), L7 F 2 DWW TIE, A Likim O R M2 H %5 (Wang et al., 1997)
OO, g EEVMBEICB T4 AT Ktz EET 22 &0
& &7z (Cohenetal., 1996; Mulleretal., 1997), Z® Z & 25, b
BB NSV T T mRNAFEBL L N LD FER R TR A R
VOB OLBICHFE L TWLEEZLND, /2. L7 F 2 mRNA
FHL NV OBERTRREBEV MBI TO~—h— LoD
EZAbN D,

IR AR EE OIS b & Lo TA AU sz M0 1 B
TEMBIC Lo THEESINDA XY VEREORFIZ RN D EE X
bivd, KT 120-160 g @ 4-5 ¥ i @ Sprague-Dawley 7 v 645 6
NI/, A > 2 U UfF(E R T, {KHE 5509 LA Lod 12 72
fin > Sprague-Dawley 7 > b LN KRBAEMAL L v & L0 £<
DT Na—RA&EEILT5HZ LN TE D (Olefsky, 1976), /N JE Bl i
FlR RS E LR WA AT b TRANE M E Y & 7
a— X &MY iAte (Olefsky, 1976), 7=, /NG G HE IR o £ oo H3 hn i
e 7Y 2y o EROEBEIEVRLNAVORTORKTHS0b L
W, 8RB, A AT OFRRM 4 MIER IR W TR MY
PSS WVIEEREZERE N ENMBENTWD NG TH D (Abbott and
Foley, 1987), Z @ X 5T, HEIRHIAIC I 1T 2 /NS 5 # el o> 1440
X, FTYU Y UA CRE AR X D i b BETE e K Y R A L
~JL D& T (Sreenan et al., 1996; Stevenson et al., 1990) (2% 5 L., O
WTIEHEMIZE TRl EREZIINEA A VBRI EASBELELEE
Abivd,

BTG XEEAREN Ak & T a< B ot &ZENHL0b L
Ny, ZToOMET, BTy hORTEMEKEICEWWTLTF o
MRNA B EL M OREMME LV bmwZ & 2R L7z (Fig. 11B), 2@
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L —HLT, VFUORILANEEOME L Vb KR TR
DHFNENZ ERHE I TS (Montague et al., 1997), AF TlE,
TNFo @ mRNA B L~ L8 f2 T -0 Bl ks B E PHAG D sl ik Tid 72 <0 15
[ 152 0 1% B SRR A LAk I B W C B/ LT w5 Z & &k L7z (Fig. 11C),
ZOEHIC, BT ENBREMEBIES FREICBNTE R
DB = BRI LTEY, 20O/ — 2 OFE O X0 e A B0 E
rROLEZOLND,
RETEHEONET =206, buJZ A2y ithoTHEERIEN
HELEELFEZIIACAHEIMEKICS T 2BENMREEOHEMTSH 5 &
Ezbobhbd, ABAEMEBICIE W THEMN L 2RSS #
OV IRSPNECY R R0k - QR R AN AR S REN D IE K RN DR A A
—H L TW5% (Fig. 13,14, Table4), T b OEfLIZ, A v AV VX
MEOWHFEICHEEGTLHLEZONLEMENES TNFo V7 F DX
TEEE L Tws (Fig. 16),

fe 7Y &2y BRI EES FRBME O R# O F LAl
ARl EE T E W FFEIT, EMMEICFREAICHEB L TV D PPARY
M7 VRS DOERBENTHDLENVWIFERLEERT L, £/, b
07y & Nl XA REM O BRI B L AU O ZE LD invivo TO
A A UVEREOKELHEEL TSI EFEFICEETHDL, =
ML, BB KA LU 72 BB MG ALk 0 8 A5 1 38 BL & AR o0 224k 23 IR & 1 - 7=
A A VPO EICHDEVIMEERBT D, AEDRKRIT,
oYY R R A R VIRFIMEICAERA TH Y R
THDHEWIEGOERMA DN =R L EMRMA L EZZON5LDTH
YN
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5. /Mg

FTIVTAAEEIT. TRV BT S peroxisome
proliferator-activated receptor (PPAR) v Zi&EMAb 325 Z &N 6L TW
5. InvivolZBWTF TV I Yoot vifbao—o>Thsb sl
% (CS-045) A AV VPN ZWET DA =X L EMAT
L7, AETITIER., 42U VKt 7 8% (Zucker AE
Zvy ) OAGEHMAKRCHTIZZOERERFI L, fa sy gy
VAR 19-28 HII G325, 207y NOREOEME L ZE L WEA
AU CMENEF(A L, mBEREEEIZ. b U Yl X
DIEW EFERmONT DT v MiZEWTHIKFLE, ha sy &y

IR 7 >y b o BERE O ElosEhrolen, BERELD
B2 T MG WG kL& o /NS B AR (<2,500 pum?) O3k &K 4 fFIC8m &
oo Flo. b7 UZ Y I REAENMIE (55,000 pm®) O %% 50%
FCETSHEL, ha sz V&Y o 20E LB EBEEVHESES O TR
=2 RTEOEIGIEIMBREICHEN25{FIEEGm T2, S HIT
he 7 Uy BTy hOoBEREBEESAIEBEKTERE
N2M/RB IR LA[HFICEF LTS TNFo @ mRNA 8L L <)L % EH
bl ba 7 U2y 3w T v OGN IZE W T 4-10 512 &
FLTWLL7F O mRNAFEE LV BHEICKR TS,

INSDORERIT, ha U EY O EREMD PPARYy 2L THG
FEAEAR IC B D/ R Ml OB A NI T2 2 Lich &5 2 &
ERBELTWSD, hae U &y CAuERRGEZ v bo A RIS
F 2 /N TRE B AR e H o0 BN & R TR AE A B o A 13 B8N L 72 TNFa
O MRNA FEB LN L & MEHEEZ EFL L, 4 XU UG E K
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BICEHES BEREFCTHDIHEEZLND (Fig. 16),
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w3  2RBERKBETAEY. WBN/Kob-Lepr®F v F o
BERBOREBLEZOETIZBITHA VR Y VEHRMED
&
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1. XCHIZ

BERIIEZRE < 00T 1ARERW & 2 ABERBICHI D, 1A
BE IR I O Bl IR 1T e g B oM DR IZ & b 72 DRI RO 2R A 2 Gy Uk
RETHDOITK L, 2 BBERE O EREEIEA > AU STk & A
VA UBWMEETHLEBZ LN T WD (Guptaetal., 2012),

TH, BERFOAREO R LA ITHAGICEA MEE 72> T
W2 (Wildetal., 2004), & D%, 72 7285 IR i 16 9 3 o0 B %& 73 78 < &
FNTWD, Fr B E O3B AEH O FF A1 <088 KW o i 8 & R4
DB O FERITIL, BERKHETNVHWOELARMLEARAARTH D,

HeME WBN/Kob % 7w NI ARG 2 £ 5 720 U 18 PR I 28 S0 PN o 6 P 7
L DORERIN R EDIKHRMEELRIET 22 L0 MbALTWVD
(Ohashi et al., 1990; Tsuchitani et al., 1985), Kbz L b, Z D
WBN/Kob T v FIZ BN & {5+ (Lepr'®) ZAZHIIC L » TH A L 7= falfa
aAryVx=v 7 RMBPFHAERNET VT » PELTHERES AL
(Akimoto et al., 2008) , JE i &5 (Lepr™®) % WBN/Kob J v b |2
AlleZoaryz=y77y k(LT falfaZ vy Feld) 12, 2R
TBIGEFEIRET AL TH Y | BERW 2z ARFEAMICEE L., EI2E
iz P EMBECHER 2 EOWEZRT, LALRRL, ZOEYIC
BIOHERKFOKHELZDOEITIZENTA VA U HaWARELE AR
U ERENEDO XS KT 200 F Faicmbh T,

Kaji i, falfa 7 v PO EMBEDORIEIZ A AU o WHe DK T 2
b4+ 52 &% L7 (Kajietal., 2012), A#F Tix., falfa 7 v b O
RIFOHREL L OPZOEATICE T 54 A VPO G 2 BE L
7=,
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2. ZEBRMBBIUERTE

2.1 EHEME X OEERE

HEVE falfa 7 » b & [F#E f O BEPE Wistar 7 >~ (H A& SLC #R & 4,
i) &7 7 AF v 7 BEEr — A AN, BROEESE (CRF-1°,
Oriental Yeast, Tokyo, Japan) # 5- %, KA HHICEHIIS ¥, EiE % 23+
3C. MPEA 55 x 5%ICAHETI L7z, BSlEEORIIT 7D 19KFE T
Ellc, ABIZBIT LI _XTOHMEREMAMARETEBL, TDOF
BV EFERFEYERMGEZ B SO KE ST,

22 BEIZEDAVRAY VQUWRERBEITA R Y CEHIEOELD
BR A

BE# (Kaji et al., 2012) (ZfEvy, 5l fm, 7 M, 11 s o fa/fa
v M X Wistar 7 v b &4 5 PLF 0 H v T ERAR N OBE A 7 R B
(intravenous glucose tolerance test : IVGTT) % Zjii L 7=, 16 K[ #a &
%, BIIcX b3 E X — L Na (50 mg/kg) = EEN®E G L=, M
P E A 2 EDEREEZ /57202, MK 0.2 mL 2§k 5
ANY VR LT 2 —TICRIRL,F D%, 73— 2K (20% wiv,
KGRI TY) % 0.59/kg D& TRBEIRNICE S L, BEAMTRE 2
5. 545, 104y, 20 IS AR L D M & & 0.2 mLEREL L, = Dk,
3mL ZMREFIRN S ~RY VPR TF 2 — T~ L7z, migRY 7
X, 3,000Xg, 4°CC, 1500 L7=tk, mAEAE il L CoBERT L
7=
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23 tuZ UV EY VX OBERPBIETHE X CHBRIROBKRE
falffa 7 v F (n=30) 2, WEEBROZOD (1) hue V&Y B
(n=28) & [2) W (n=8), FPHEBROLDD (3] tr s U X

YURE (n=7) & (4) MEBEHE (n=7) O4AFIIHT, br 7YX

SURED T v MiZIX, br 7Y & Y (Daiichi-Sankyo Co., Ltd., Tokyo,

Japan) % 0.2% (w/w) OE|E TR A L7oEHEEE 2, THERIZEW

THEENS | BRERICEBN TR 128B2L, T EN 4 HE S

Rz, FEBROM., i, mFEEL XA 20 SMEREH O WK~

T a REIR DRI L7z, FEEROK DV ITIE IVETT & Ei L 7=,

2.4 MRAEZESH

ARY VB LR oRa L 25 e — L (T-Chol), FU Z VU &
UK (TG) BXUH AT VG MENI R (NEFA) % H Bl iE 4
(JCA-BM 2250; JEOL Ltd., Tokyo Japan) THIE L 7=, IMfm4E A > 2V
BIXZ7 >y b AU UEEEMAEERENES ~ b (Morinaga Institute of
Biological Science, Inc., Yokohama, Japan) % H\ CHIE L 7=, b 1L E%
#iE (e TR XV EL -,

IVGTT K O BE R ATS L OB A% 2 95, 50, 10 77, 20 i fe7c
MmAEDMABEE K O A 2 AEEZRE L7, FIZ, IVGTT Ko 0-20
DB T DA A AMEORE-FREMh# TimfE (AUC) 2 BRI K
DEEL,. CNEZERB MDA > 2 ) U3 WMEDEREL L CHWE,
W, BEAMAOA LAY VEE, IVGTTR 03D A » AU U E & g
Lic, A2 VHEHIMIREBOREL L4 A VRGP
(homeostasis model assessment insulin resistance : HOMA-IR, Matthews

etal., 1985) # iAo MmMPEfHE 1 2 VEEZ b S ICHEL -,
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2.5 MHEFHEENT

FERII Y EREEE TR R L, B FR IR D 20
Student ® t i EZ W . PED 0.05 R OB 2 AEE L 7 L
7=
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3. BR

3.1 fa/faZ v b & Wistar 7 v F DL

5k iZB VT, falfa 7 v b O M PEE X Wistar 7 > b & Fb TR %
Tdh o7, Wistar 7 > b O M PEEIZERMEF LA L2 o 7203, falfa
Ty bOMmMBEMIZEAR L 9EBLKCTILBER TITAREICES o7 (P
<0.01, Fig. 17A), — 5. Mm#E A > 2 U »fE X, 5 i Tix Wistar 7 v
cFLvbfafaZy FTHEIZE» TN 9 #EE 11 E ClXA E=
X 72> 7= (Fig. 17B),

A AV UMD RIE TH H HOMA-IR 1%, fa/fa 7 v k& Wistar
Ty hOWTHRIZBWNWTH5HEAL LLBERETIFLEALE-ETH-
7o LML, EBRWIKZ#E L T falfa v F® HOMA-IR O % Wistar
Ty bW LHEEICENN-T= (P<0.01, Fig. 17C),

ARV U FWRERTA AU VEO AUC L. 5 BEIZ B W T
Wistar 7 v MiZth X fa/fa 7 v MZAEICEWELZ R~ L7z (59.7 + 4.8
min-ng+mL*vs 130.7+6.2min*ng-mL?*; P<0.01), LA L. Wistar
Zy PTTIXZOBEE, L1HEBMICBWVW L BEMER L XLVOEZRLE
2, falfa 7 P TIEHEFLLMETFTL, 9 Bimdk L O 11 M #n Tl Wistar
Ty MCHRTAHEEIZ (P<0.01) KWEA R L7 (Fig. 17D),

32 tmrUVEYUCOTFHHE
ha 7Yy RO B RICAERREZT o7 (b
a7 Uy U 23.1 1.2 g/day, xFFREE : 26.1 + 1.5 g/day),
7D falfaZ v P T, b U2 URELERBREEO T v ML
BEOMBEEZRLEZ (e U X% U8 208.1 +21.2 mg/dL, X} H&
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0 205.3+32.6 mg/dL), L 7> L 8 i #n LA Cid, *FFREE X 20 i
A EH L., 118 Tl 541.1 + 6.0 mg/dL O & b2 R~ Lz, — )5,

he 7 U XY URETIE 7T BEBURE, MEEO ERAA R AT, W
\Z I BEfE 1% 100 mg/dL Aii#% £ CTHL T L. 11 @ s & CTHefe L 7= (Fig. 18A),

WlEsTIE b 7 U 2 UL RBEEICITA 2T MEICAERED
ol (bve 27U %Y 8 106 £ 0.7 ng/mL, XFHERE : 11.4 £ 0.6
ng/mL), 8 WELAREICHBEIC A A Y VEDOIK TR A LI, 9 lHERIZE
WTIE br 7 U Z Y DA 2D METRBEICH LA B ICRE A
~ L7z (P<0.05; Fig. 18B), 10 #in & 11 # s TITMHE & ITIFHF L
VWE Z R LT,

e R PN BE B BB I Fo T D ML BE B L BE AR % 2~5 4 TRIREE & b
n Y)Y UHEOmMBEEbICE—2IZELE, e 7Y E Y UFEOML
BEME L, BEAMATE CHBEICHXTHICHEIC (P<0.01) EWEZ
-~ L7 (Fig. 18C), IMmAEfED EH L FERIC, 41> AU SMEITWAEE b
PERAMHZ 2 9 CE—ZIC#EL, ZORITHESLITHA L, PEART
DA AV MEICHBECTET R o7, HAWNKIZI e ) 2 v
FICBWTHRBHEICEkAAFREIZGEWA A VEx R L7z (P<0.01;
Fig. 18D), £7-. bmr s UV vy o 2G5 L falfa 7 v bOMmEMEE A
AU UEX, Wistar 7y FERIETHo T (F—2EMK), he Y
X U FED HOMA-IR X% FREEIC L X TH EIZK 2 - 7= (P <0.01; Fig
18E) A ' AU UED AUC X h v 7Y & U BEIT I W T BRI b
HEIWZEMM-o7= (P<0.01; Fig. 18F),

FTIABRTIE, Pr s U F Y UBIIARBREBEEICHL TR LT 1 —
ABRAE (P<0.01) ZEmho7eh, TG B LU NEFA IZAEIZE -

72 (P <0.01 ; Table 6A),
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33 buZVEYUOBEDR

Fr 7 Uy U EERBEOR T, FHEBEEOAEREITIAZON
oot (hm 7Y &R 265 + 0.5 g/day, *FHEAE : 26.0 = 0.9
g/day)

BHETO 12 BEslZisW T hr 7Y &y L BEE S &I/
PEfEZ R L7z (hm 27U XY 8 610.1 +£18.1 mg/dL., xFHEAE : 576.9
+28.8mg/dL ; P >0.05), XPREECIEEMBENFFHGE LN, he s U X
VURETII G % 1 EBEZRO 13 BEm S MK T L, X REEEIC I
NRTHBEICEM (P<0.01) 2L, EREIMS, bes U gy o8t
O M BEEIZ R AR F L7z (Fig. 19A), A A U UEIZ DWW T
FELBCRUC LA EHB L, K5% 3 B o 15 M i 4 Br v C i A
WCHEREZTXA LN Do T (Fig. 19B),

IVGTT Tix, ML bEAMBZ 20 TE -2 2R L., TORITER
DPACIAD Ly, bw 7Y Z Y RO s A 16 A AR % T BREE S
bERTHFICAEIC (P<0.01) {KWHEAZ L7 (Fig.19C), 1 > A U »

fEix, EAMEOMEMO ERICEEL T, AmZE 2 s TEY—7 %
T~ LT BEA THAICHE R ZIXA LD - 7= (Fig. 19D),

L2rL. MBEEDOA A Y UEIL 11 #E il o falfa 7 v F=° Wistar 7 v b
EHELTCIHEFICKLoT, ba s Uy DO HOMA-IR %, %I
HICHE_RAEICEKWEEZ R L7 (P<0.01; Fig.19E), b2y %V
BELXRBEDOA AU VED AUCIEZZNLZ 4 145 £3.6 & 121+ 1.8
n.ng-mL*T&H -7 (P>0.05; Fig. 19F),

BERRICBWNWT, b7 U2 U HTIIREEICS LT, Bl
AT —/RNEE (P<0.01) IZE»M»ro7i, TG B L NEFA X HF E
(P <0.01) (Z{k2>»> 7= (Table 6B),
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4, B8

RUBERIFIZA 2V DWW EEZMEICB T D7 2D FHAIC
FoTkor@MHEaiEis EHMETLO2KRETHL, AE T falfa T v
FNOBERFOFEL L OCERICE T 54 A ) VRO G % Bt
L7,

Wistar 7 v b & O iR, falfa 7 v MEmnA > AU U HHL
WEaHETDHZENRPALNER-T=, 2O Z L FBEOWE (Kajietal.,
2012) B L OB EAE T (Lepr™) #4125 Zucker B » b 23 IE i
JE. A AV UM EIOEASA AV VIEAET O EER L
pk## (Chua et al., 1996; Leonard et al., 2005; Zucker, 1965) & &7 5%,
falffaZ v M S5HEE S 11#EE L THIZEHWA V2 VLR L
oo — ., falffaZ >y bOMBEA A PRI 5 B T VEE R
LTWed, mimgERAEHE L IBHBB IO 11 A TITET Lz, Z
OMAEA A Y VREOIK TIL WBN/Kob 7 v b THLE SRk D
T ik B AL o B BE % (Akimoto et al., 2008; Tsuchitani et al., 1985) (Z
ForboEZ2ObNh%, falfaZy homf A 2 VRETBEIN
5. A Tldm < Bl ET LR R DRI 2 BUBE IR ORI
BT HrbOTH D falfaF vy NOHRKTH D Zucker BVl 7 v b B &
O WBN/Kob 7 > k&3 % & falfa 7 v MIIFEIRIF O FIE B F
CELHEBOBEENEE THL I ENREMTH D, FrIC falfa T v T
HFONDHKEREFET, BWERET 52 ERKETLE L TCAIND
Zucker FEJRIET 7 v b & RE KRR D /R TH D, Zucker B IR I AL i
7y bEIFILOETDHEEAFD 2 WBEIRNE T VIV & O E S & Ik
IZT2720icid, BEMNEREZRAETL2Z2ENRNETHLILEEZDLN
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2o

AKETIE, falfaZ7 v FOPERFORIEL L PTHERICEB T DA AV
VOB G AL NCT A, A AT VEZEHEBETH
Loz Uy rERNCHRALE, a7 U %Y X PPARy 4 L
TAVAY VR ZHETH T 7Y IV VA FEROT v M4
A 7 Td % (Fujiwaraetal.,, 1988), F 2 BB L O N TOHREN DL,
fNe 7y &y ok, REEMRO T A N — & & aiBRiE iR 5
NIRRT ~D b 2R ET 5 Z BRI TV S (Kadowaki,
2000; Okuno et al., 1998; Yamauchi et al., 2001), % 7=, K& fF 1A M i 1%
TNFoa R V7 F o ERENENI B 2 2 &I EE L. 2 b AT B 8
TOA LAY v OERBEZREEL TS A VIRFIMEZERET S &
Ez b TWs (Okuno etal., 1998),

AKEBRIZBWNT, fafaZ vy Mo bk 7V 2y vz b53258L, T
EBRBLXOEEEROVWTRICBNTYH, FREICEMBEEZIH L, A
YAV R ELESEL, br Y Y oM EIE, 130-140
mg/lkg Tho7=n, ZHiE, Zyv 2 HWVWEIEHEEZERTCLIEILITAHWV
b bHETHD (Fujiwara et al., 1988; Marra et al., 2005; Wendel and
Belury, 2006), hmr 27 U ¥ Y % falfaZ v bic&53T 5L, MUY
YU FEZETFTSE, RalxATe— Lz LR SEER, 2ok Hkm
RIEEICHE 2 220813 BB o e MBI I O R (Min et al., 2002;
Willi et al., 2002) &% T 5, LT, hue 7 U &y 0, KESHHEMN
SH (FT—FAEAK), T, FT VU UFERO AR
BIEH ©—->T&dH % (Rossetal., 2011; Stein et al., 2013),

BE#t (Kajietal., 2012) L FERIC, RFEBRICBW T, 5HE LT
WEH o falfa 7 > Mix@wmA AV CifEEZE L, 20Kk, MiEs Y
VIR AT L, KIS A AU SEBNK T 5 & & ffE R
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ETLDHZENL, ZOMHMOEAS LAY UEITEERA AT U
HEZRELTWD EEZXLND, KEIE B M OB RER T 135 moFE 2
ITLTCWD EoHmENDH D (Akimoto et al., 2008; Akimoto et al., 2012),
A AV COUWEEIE. IVGTT OFERN G, THERICEBWTILE LT
Wie, L2 LAnb, 8~9 o hue 7Y 2y UEEOMEEA A v
EIXAMICETLT, FRIELY S E2ro7, 7. 10, 11 HigD A »
2V MERIZEEREBE Ch 72, ZORMRICELIHRFOGEMITA S M
TRV, 2L, "l U Y VTEBERIESCK 7 72— R & ]
LWz enb, hr Uy o hb L falfaZy MBI LA~
2V U WROTLEIL, AR 7 r—Y A%< LoRbr T U X
Y O B M T HEEB R TITnEELLOND, —DODIR
MELT, har T U EY kDA A RGO SE D E R
MEMERTI2OICLERALA LAY OBEEZEO L, ZORE. Kk p
MDA 2V WO B ZBEM LI EREBEZXL DN D,

PLE% Fig. 20 ic KT b falfa 7 v MZEM»L A 2V UK PLE
WELCTWVWLEHEOD, A A WD TEICE>TZnEREL,
EIAERIH S TWD EBx o b, BEOERIZ 4TIV,
Z oy EBIMEIZE VA R v ORAE R S WS R B ORE i A g B <
OWNWTIEHZIANA A U pWEEEERFBIEICORIDLEEZD
Nd, —H, BERFENEIET DL, HERA XD UEUELE A X
VU RWAREORREE L THEHFN2mENEC D, te s )2y »
BEIZLY, A A VRPN GESNL, ZhE A AT o UHE
WEETEE., MEEIXIEFRT L EEZOND, — ., AR
CHEPUERN ST S T, E A FR T D & BB~ o BT ANk RE L
BERIFIZ O N DR EBABR SR RRELZ B EL 2 LTy K&
B AMfLIZHIT DA ENEZ LT BN, T ORM%E
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WRT 270X, ERDIFHEFHMTPLETH D,
AREORME D, falfaZ v b TIHEA 2D VPiEE A 2D &
WEERELTEY, 207y MIBIT2EREOFHE L OEITIC
A2 VIEHPIENAEICES LTS 2 E N R E T, 2 Bk
RIGET VBV CTh 5 falfa 7 v NI, EREEO TESEM A 5 2 8
B DR O 9 RE AR B WO B T D iR B S0 BT T 2 HUBE PR O BRI A T

bholEZLND,
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5. /Mg

WBN/Kob-Lepr™ (fa/fa) 7 v Mid, B DO A > 2 U 45 WEE & &
EDOA LAY P AR E T 5B 2 BPERBET LY TH D,
Bl Z o falfa 7 v bAoAV 3 WESE L Z O ML O IEIE~O
BN RENTE N, KRETIE, ZO0BWITB T 2 HERKEORIE L
ERICEBTDA AU VRO REI ZMHAT L2 HME L,
RETIHEA A VIR BEELE LT e 27V 2y a2 lnie, A
YAV PR O A R Y U WMREIXE NLE L, HOMA-IR K OVH ik
WHAMRBRICB T 2 2 VEO#B FTEEIC X > THIEL
e, falffa 7 > M 5 WEEm 5 11 B <, [F@E K O Wistar 7 > b &t
WL TEHELWA LAY UIREIEE AT T, falfaZ vy ho A 2
VAYUWAREIX, 5 M TIL Wistar 7 v P XD b Emwv s, 9 M & 1108
B Clix Wistar 7 v XV T LA, falfa v Mo hmv 27UV &Y %
0.2% (wt/wt) B H T HMEHERZLZ 78 (THHER) B L0 12 HBim (A
PEHEER) o 4B X, A AV R E A XY U UWEE B R
AL, TOME, b7 U Y I PHER, BEEROVWTRIC
BWTbA A2 viRbiEL2EEL, @b, @bV 708D RifE
FABICHELL, ZNUOLORERNG, 42 VRPN, falfa 7
v b D2 RBERFOBIEL ERICHESEG L TWDL I ERTR®RINT,
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W T

RKWFFDOERN O, A AV VBRI REELTHDL he ) ¥
FEBBICEB N TIEA AT K DR D AR Z B8R L. A5 15 R %
(23N TR /NG G M o> 5 oo #9 n & KRB Bl el oD #e o i 12 Koo
TA LAY VR ZEZEL TSI EBH LN ERST, THD
ERICED, heZ U X 2 BBERBOKKRDO —>ThH DA R
Vo ®BEE L, smEERET L LB bR, KSR
FT VT FRA A VRIS EEREOIEREF S I
L7=& & bic, WBN/Kob-Lepr® 5 v MiZBIT 54 > 2 U VRO E
AR L, o, RFRREIT, T d 2 BUBERFOFRER I =
RN OFRPRFIE, HHL 2 BPERPE T VBV OB BBAER A =
ALDA 2 AARFIEREERORBICEMRT 2 LD,
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a

AR EZATT DI, KEITHEE, ZHELZBHY £ LKA
R BRIESE KPR O R R B, FRYE BREA A%
B TE ##2. FRY BRES AEHPEIEEER o 73 #ie

W LET, RERFEALHRH - REMES CBERWE - A
WA BEOMREFE BRICIIZITENSDZALRITHEELHY L
ZEEERHNTCLET,

Fl, TRNETOMEFEIAZXEL TS E LH - = KK
AL WRIEBR AL MFEMAR IR RBE Z b ERAH SRR
MABIEN Ml B =AM R EREIME HEBEHE &7 RS
MHICEATEHOTEELERL 7,

BB, RIS & L TERICSH I VWEEE £ LEE — 8k
At WBRAHFEFTOHEHRICES BILP L BT ET,
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Fig. 1. Chemical structure of troglitazone.

Compound name: k=& 27 U % v > (JAN). Troglitazone (JAN/USAN/INN),
5-[[4-[(6-hydroxy-2,5,7,8-tetramethyl-chroman-2-yl)methoxy]phenyl]meth
yl]-1,3-thiazolidine-2,4-dione

Composition formula: Cy4H27NO5S

Molecular weight: 441.5

Code number: CS-045

CAS registry number: 97322-877
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Fig. 2. Experimental protocol without (A) or with (B) insulin treatment.

Perfusion medium contains 6 mM glucose.
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Fig. 3. Effect of troglitazone on glucose uptake in the absence of insulin.
(O) Control group, n = 4; (RB) 20 pM, n = 3; (<) 50 uM, n = 3. Values

are the mean + SEM.
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Fig. 4. Effects of troglitazone on lactate and pyruvate release (A) and the
Lactate/Pyruvate ratio (B) in the absence of insulin. (O) Control group;
(A) 5 uM; (A) 10 pM; () 20 pM; () 50 uM.  Values are the mean +

SEM from 3 to 4 experiments. *P < 0.05 vs. control.
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Fig. 5. Effect of troglitazone on oxygen consumption in the absence of

insulin.  (O) Control group; (A) 5 uM; (A) 10 uM; () 20 uM. Values

are the mean =+ SEM from 3 to 4 experiments. *P < 0.05 vs. control.
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Fig. 6. Effect of 20 uM troglitazone on insulin-induced glucose uptake.
Values are the mean =+ SEM. Each group was from 4 experiments for
control (O), 6 for insulin alone (A), and 7 for insulin plus troglitazone
(W). *P < 0.05, insulin alone vs. control; tP < 0.05, insulin plus

troglitazone vs. insulin alone.
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Fig. 7. Effects of 20 uM troglitazone on lactate and pyruvate release (A)
and the L/P ratio (B) in the presence of insulin. Values are the mean %
SEM. Each group was from 4 experiments for control (O), 6 for insulin
alone (A), and 7 for insulin plus troglitazone (H). *P < 0.05, insulin

alone vs. control; TP < 0.05, insulin plus troglitazone vs. insulin alone.
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Fig. 8. Effects of 20 uM troglitazone on oxygen consumption in the

presence of insulin. Values are the mean £ SEM. Each group was from 4

experiments for control (O), 6 for insulin alone (A), and 7 for insulin plus

troglitazone (M). 1P < 0.05, insulin plus troglitazone vs. insulin alone.
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Fig. 9. Explanatory diagram of the action of troglitazone in skeletal

muscle.
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Fig. 10. Body weight and plasma glucose, insulin, and triglyceride levels
after troglitazone treatment. Body weight (A), plasma glucose (B), plasma
insulin (C), and plasma triglyceride (D) were determined 15 d after
troglitazone treatment. Troglitazone was given as a 0.2% food admixture.
LC, Lean control (n = 4, black bars). LT, Lean troglitazone-treated (n = 4,
hatched bars). FC, Obese control (n = 4, meshed bars).

FT, Obese troglitazone-treated (n = 3, white bars).

*P < 0.05, **P < 0.01, Statistically significant difference.
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Fig. 11. The mRNA expression levels of leptin, TNFa, and PPARy in
WATs. A representative Northern blot gel using leptin and TNFa probes,
and corresponding ethidium bromide-stained rRNA in agarose gel of
mesenteric WAT (A). mRNA expression levels of leptin (B), TNFa (C),
and PPARy (D) based upon the quantitation of Northern blot gels were
expressed as percentage of lean control in each adipose tissue. Each of
four bars represents the comparisons of subcutaneous (black bars),
retroperitoneal (hatched bars), mesenteric (meshed bars), and epididymal
(white bars) from left to right. Each value is mean+SE of n = 3.

LC, Lean control. LT, Lean troglitazone-treated. FC, Obese control.

FT, Obese troglitazone-treated.

Statistical significance, *P < 0.05 or **P < 0.01 vs. lean control, TP < 0.05

or tTP < 0.01 vs. obese control.

83



(A) (B) (C)

5 - 5 -
10 - 1
4 TR
% 8 - = o
— © — e~
5 <53, 393, l
8o 6 - Z5 =S
59 Ao, SE
.994- E 7 gv y
- =
2 J 1 - 1 4
0 - 0 A 0 -
FC  FT FC  FT FC  FT

Fig. 12. Triglyceride and DNA contents in retroperitoneal WATs of obese
rats. Triglyceride (A) and DNA (B) contents were expressed as total
amount contained in the whole retroperitoneal WAT, and the

ratio of total triglyceride to total DNA (C) was calculated.

FC, Obese control (n = 4, meshed bars).

FT, Obese troglitazone-treated (n = 3, white bars).
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Control Troglitazone

Fig. 13. Histology of retroperitoneal WAT. WAT sections were stained
by hematoxylin and eosin after formalin fixation. All sections were cut to
a thickness of 20 um. The size of adipocytes from obese rats was larger
than from lean rats. Troglitazone caused a decrease in the size of

adipocytes in obese rats.
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Fig. 14. Distribution of sizes of white adipocytes. Number of adipocytes
and their sizes in a fixed area (900,000 um?) were quantitated by an image
analysis system. The representative results from retroperitoneal (A) and
subcutaneous adipose tissues (B).

LC, Lean control (filled circles).

LT, Lean troglitazone-treated (open circles).

FC, Obese control (filled squares).

FT, Obese troglitazone-treated (open squares).
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Fig. 15. Apoptotic nuclei stained by the TUNEL technique. All sections
were cut to a thickness of 10 um. The apoptotic nuclei were stained brown.
The apoptotic nuclei were found in the sections from both control and
troglitazone-treated rats. The number of TUNEL-positive nuclei was much

greater by troglitazone treatment than in controls.
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Fig. 16. Explanatory diagram of the action of troglitazone in white

adipose tissue.
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Fig. 17. Changes in values by age. Plasma glucose (A) and insulin (B)
levels; homeostasis model assessment of insulin resistance (HOMA-IR)
values (C); area under the curve (AUC) of blood insulin levels (D).

L], Wistar rats. W, fa/fa rats.

Numerical values are given as the mean £ SEM; 1: P < 0.01, vs. Wistar rats.
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Fig. 18. Changes in plasma glucose (A) and insulin (B) levels in fa/fa rats
during the prophylactic study; changes in plasma glucose (C) and insulin
(D) levels on intravenous glucose tolerance testing (IVGTT); HOMA-IR
values (E) and AUC of blood insulin levels (F) at the end of the
prophylactic study. O or [, Control group. @ or B, Troglitazone
(TGZ) group. Numerical values are given as the mean + SEM; *: P < 0.05;

t: P < 0.01, vs. control.
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Fig. 19. Changes in plasma glucose (A) and insulin (B) levels in fa/fa rats
during the therapeutic study, changes in plasma glucose (C) and insulin (D)
levels on IVGTT; HOMA-IR values (E) and AUC of blood insulin levels (F)
at the end of the therapeutic study.

O or [, Control group. @ or W, Troglitazone (TGZ) group.

Numerical values are given as the mean £ SEM; *: P < 0.05; t: P< 0.01.
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Fig. 20. Explanatory diagram of the involvement of insulin resistance with
diabetic pathology and progression in WBN/Kob-Lepr™ rat, one of type 2

diabetes model animals.
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Table 1. Effect of Troglitazone on Glycogen and F2,6P, Content in the

Red Portion of Quadriceps Femoris Muscle in the Perfused Hindlimb

AGlycogen F2,6P;
Group (mg/g wet weight) (ng/g wet weight)
Control (n = 5) -0.21 £ 1.30 0.03 £0.44
Troglitazone 20 uM (n = 5) -6.01 + 1.85* -0.26 + 0.15

Troglitazone was infused from 60 to 90 minutes.
F2,6P,: fructose-2,6-bisphosphate.

*P < 0.05 vs. control.
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Table 2. Effect of Insulin and Insulin Plus Troglitazone on Glycogen

Content in the Red Portion of Quadriceps Femoris Muscle in the Perfused

Hindlimb
AGlycogen
Group (mg/g wet weight)
Control (n = 5) 0.30 £1.21
Insulin 250 pU/mL (n = 7) 3.11 + 1.30
Insulin 250 pU/mL + troglitazone 20 uM (n = 7) -5.02 £ 3.13*

Insulin and troglitazone were infused from 40 to 120 minutes and from 60 to
90 minutes, respectively.

*P < 0.05 vs. insulin.
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Table 4. Morphometric Analysis of WATs

Small adipo- Large adipo-
cyte number cyte number
Treatment Number Average size (< 2,500 pm?) (> 5,000 pm?)
Retroperitoneal WAT
Lean
control 353 2608 + 106 194 43
troglitazone 411 2255 + 70 250 (x1.3) 20 (x0.47)
Obese
control 184 5031 + 242 45 81
troglitazone 328 2864 + 163 195 (x4.3) 35 (x0.43)
Subcutaneous WAT
Lean
control 371 2485 =+ 101 219 27
troglitaozne 600 1492 + 40 542 (x2.5) 8 (x0.30)
Obese
control 174 5501 =+ 285 39 85
troglitaozne 294 3134 =+ 173 177 (x4.5) 46 (x0.54)

Hematoxylin and eosin-stained slides were analyzed with an image analysis
system. Number of adipocytes and their sizes in a fixed area (900,000 pm?)

were quantitated.
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Table 5. The Number of Apoptotic Nuclei

Treatment Total count  Apoptotic nuclei Ratio
%

Control 1 202 12 5.9
2 304 8 2.6

Average 4.3
Troglitazone 1 265 27 10.2
2 320 36 11.3

Average 10.8

After sections (10 um thick) were stained by the TUNEL method, apoptosis

nuclei were counted in a fixed area (900,000 um?).
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Table 6.

Prophylactic (A) and Therapeutic (B) Studies.

Effects of Troglitazone (TGZ) on Blood Lipid Levels in

Control group TGZ group

(A) Prophylactic study

Number of rats 8 8

TG (mg/dL) 160 + 17 46 + 5 **

T-Cho (mg/dL) 94 + 4 161 + 5 **

NEFA (HEg/L) 1526 + 280 421 + 45 **
(B) Therapeutic study

Number of rats 7 7

TG (mg/dL) 191 + 72 50 + 8 **

T-Cho (mg/dL) 114 + 43 161 + 6 **

NEFA (HEg/L) 1301 + 492 1111 + 62 **

Numerical values are given as the mean £ SEM.

total cholesterol; NEFA: non-esterified fatty acids.

**: P <0.01 vs. control group.
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Study on the Improvement Effect of Troglitazone,
an Antidiabetic Agent, on Insulin Resistance
GiERFE IR TV E Y 0D
AR CEEEREERICET 5H5R)

By
Akira Okuno

Abstract

As diabetes mellitus can be broadly classified into type 1 and type 2,
insulin excreted from pancreatic B cells plays an important role in the
regulation of glucose metabolism in both type 1 and 2 diabetes mellitus.
While type 1 diabetes is believed to be caused by an absolute lack of insulin
secretion associated with the destruction of pancreatic B cells, the major
causes of type 2 diabetes mellitus are believed to be impaired insulin
secretion and insulin resistance where insulin action is attenuated. In recent
years, rapid increase in the prevalence of diabetes has become a serious
problem worldwide, where type 2 diabetes especially accounts for most with
the largest number of patients. This increase in diabetes warrants the
development of new antidiabetic drugs for type 2 diabetes.

There are several kinds of anti-diabetic agents which apply to type 2
diabetic patients, for example, insulin secretagogues, glucose absorption

inhibitors and insulin sensitizers. Troglitazone, one of the thiazolidinedione
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derivatives, was launched as the first insulin sensitizer worldwide with the
expectation of clinically usefulness and high safety, however, troglitazone
was subsequently withdrawn because of concerns about idiosyncratic
hepatotoxicity. Also, the action mechanism of troglitazone had not been
fully evaluated. Nevertheless, in order for research progress in this field,
analysis of the action mechanism of troglitazone is thought to be important.

The main reason for insulin resistance leading hyperglycemia is
reported to be insufficient action of insulin in the skeletal muscle.
Troglitazone is speculated to have an enhancing effect on insulin-stimulated
glucose uptake in the skeletal muscle. On the other hand, thiazolidinedione
derivatives are reported to Dbe ligands for the peroxisome
proliferator-activated receptor (PPAR) vy, one of the nuclear receptors,
which is primarily expressed in adipose tissues and regulates the gene
expressions in adipocytes and their functions. In addition, the rank order of
binding affinity of the thiazolidinedione derivatives to PPARy matches
closely with the order of potency of their antidiabetic action, suggesting
that PPARYy is the functional receptor of this class of compounds in their
antidiabetic action. From the above, troglitazone is speculated to have both
the enhancing action on glucose uptake in the skeletal muscle and the action
via adipose tissues.

In this study, the action mechanisms of troglitazone are examined in
both aspects of the enhancing effect on glucose uptake in the skeletal
muscle and of the regulatory effect on gene expressions which is thought to
be related to PPARYy in adipose tissue. For the former action, the effects of

troglitazone on insulin-stimulated glucose uptake and glucose metabolism
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in the skeletal muscle were investigated with or without insulin in perfused
rat hindlimbs which include the skeletal muscle, one of the insulin action
sites (Chapter 1). For the latter action, the effects on white adipose tissues
were evaluated using Zucker fatty rats, an obese and insulin resistant animal
model, after treatment of troglitazone for 19 to 28 days, because a certain
amount of time is thought to be necessary to express the effect via the
change of gene expression (Chapter 2). Moreover, to clarify the
pathological profile of the WBN/Kob-lepr™ rat, a novel diabetic model
animal, the relationship of insulin resistance to pathogenesis and
progression of diabetes was evaluated by administration of an insulin

sensitizer, troglitazone (Chapter 3).

Chapter 1 Effect of Troglitazone on Glucose Metabolism

in Perfused Sprague-Dawley Rat Hindlimbs

When 20 uM troglitazone was infused for 30 minutes together with
250 pU/mL  insulin  in perfused Sprague-Dawley rat hindlimbs,
insulin-induced glucose uptake significantly increased 30 minutes after
troglitazone infusion, and this increase was further augmented after
withdrawal of troglitazone. In insulin plus troglitazone infusion at 30
minutes after troglitazone removal; glycogen content in the hindlimb
muscle was significantly decreased compared with that obtained with
insulin infusion alone. In the absence of insulin, even 50 uM troglitazone
did not elicit glucose uptake. Troglitazone did increase lactate and pyruvate
release at concentrations of 20 uM and higher; however, it decreased the

ratio of lactate to pyruvate (L/P ratio) and increased oxygen consumption.
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In the hindlimb muscle, troglitazone decreased glycogen content without
changing fructose 2,6-bisphosphate content in the absence of insulin. In the
presence of insulin, troglitazone increases insulin-induced glucose uptake,
and this increase is further augmented after troglitazone removal. The
addition of troglitazone to insulin infusion decreased the glycogen content
in the hindlimb muscle. This decrease in muscle glycogen content may
trigger an enhancement of insulin-induced glucose uptake similar to that

observed during muscle contraction or epinephrine treatment.

Chapter 2 Effect of Troglitazone on Adipose Tissue

in Zucker Fatty Rats, an Insulin Resistant Model Animal

Administration of troglitazone for 19 to 28 days normalized mild
hyperglycemia and marked hyperinsulinemia in a Zucker fatty rat, an obese
and insulin resistant model animal. The plasma triglyceride level was
decreased by troglitazone in both obese and lean rats. Troglitazone did not
change the total weight of white adipose tissues but increased the number of
small adipocytes (<2,500 mm?), approximately fourfold in both
retroperitoneal and subcutaneous adipose tissues of obese rats. It also
decreased the number of large adipocytes (>5,000 mm?) by 50%. In fact, the
percentage of apoptotic nuclei was 2.5-fold higher in the
troglitazone-treated retroperitoneal white adipose tissue than control.
Concomitantly, troglitazone normalized the expression levels of TNFa
which were elevated by 2- and 1.4-fold in the retroperitoneal and
mesenteric white adipose tissues of the obese rats, respectively.

Troglitazone also caused a dramatic decrease in the expression levels of
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leptin, which were increased by 4-10-fold in the white adipose tissues of
obese rats. These results suggest that the primary action of troglitazone may
be to increase the number of small adipocytes and decrease the number of
large adipocytes in white adipose tissues. The increased number of small
adipocytes and the decreased number of large adipocytes in white adipose
tissues of troglitazone-treated obese rats appear to be an important
mechanism by which increased expression levels of TNFa and higher levels

of plasma lipids are normalized, leading to alleviation of insulin resistance.

Chapter 3 Role of Insulin Resistance in the Pathogenesis and

Progression of Diabetes in WBN/Kob-Leprfa Rats,

a Type 2 Diabetic Model Animal

The WBN/Kob-Lepr™ (fa/fa) rat is a novel congenic rat, into which
the obesity gene (Lepr™) is introduced, and is a diabetic animal model
representing obesity, hyperglycemia and pancreatitis. The present study was
aimed at elucidating the role of insulin resistance in the pathogenesis and
progression of diabetes in the fa/fa rats. Insulin resistance and insulin
secretory capacity were measured by a homeostasis model assessment of
insulin resistance and the area under the blood concentration—time curve for
plasma insulin levels during the intravenous glucose tolerance test,
respectively. The fa/fa rats exhibited marked insulin resistance at 5 weeks
or over that age, compared with age-matched Wistar rats. The insulin
secretory capacity of fa/fa rats was higher than that of Wistar rats at 5
weeks of age, but decreased by 50% between 9 and 11 weeks of age.

Troglitazone was mixed with a standard diet at 0.2% wt/wt, and given as
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food admixture for 4 weeks from 7 weeks of age before the progression of
diabetes for prophylactic study or 12 weeks of age after progression of
diabetes for therapeutic study. Treatment with troglitazone significantly
improved insulin resistance in both prophylactic and therapeutic study. Also,
troglitazone completely suppressed the onset of hyperglycemia in
prophylactic study and improved hyperglycemia in therapeutic study. These
results suggest that insulin resistance is markedly involved in the type 2

diabetes in fa/fa rats.

The results of these studies revealed that troglitazone, an insulin
sensitizer, enhances insulin-stimulated glucose uptake in the skeletal
muscle, and increases or decreases the number of small or large adipocytes
in adipose tissue, respectively, resulting in improvement of insulin
resistance. These actions of troglitazone would alleviate insulin resistance,
one of the causes of type 2 diabetes, and troglitazone would improve
ameliorate hyperglycemia. These results of research clarified the action
mechanism of the thiazolidinedione-based insulin-sensitizing agent and
showed the importance of insulin resistance in the WBN/Kob-Lepr™ rat. In
addition, these results of research are expected to contribute to further
elucidatory research on the mechanism of type 2 diabetic pathogeny, the
development of a new type 2 diabetes model animal, and the development of

an insulin action-enhancing agent with the new action mechanism.
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