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Age-dependent onset of insulin resistance in a diabetic mouse model.
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ATP adenosine triphosphatase
AUC area under the blood concentration-time curve
BMI body mass index

cDNA complementary deoxyribonucleic acid
CMC carboxymethylcellulose

DEPC diethyl pyrocarbonate

DPP-4 dipeptidyl peptidase-4

EDTA disodium ethylenediaminetetraacetate
ELISA enzyme-linked immunosorbent assay
GH growth hormone

GIP glucose-dependent insulinotropic polypeptide
GLP-1 glucagon-like peptide- 1

GLUT4  glucose transporter isoform 4

HbAlc hemoglobin Alc

HDL high-density lipoprotein

IL-6 interleukin-6

InsR insulin receptor

IRS-1 insulin receptor substrate-1
IRS-2 insulin receptor substrate-2

MCP-1 monocyte chemoattractant protein-1
mMRNA messenger ribonucleic acid

MSG monosodium glutamate

PCR polymerase chain reaction

PI3-K phosphatidylinositol 3-kinase
RBP-4 retinol-binding protein-4

SGLT-1 sodium glucose co-transporter-1
TNF-a tumor necrosis factor-a
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International Diabetes Federation (IDF) @t (20154 11 A) 2 k5 &, 4, it
S OBERIF N IR0 2 Fi i TV T, 2015 AEBLERE IR AR B 1L 4 AR L HEE
S, 2014 £ KLV 2,800 5 AEEIN L7z, B JEAETEIE O 25 FIE R - SR A
OHETIE, FTAEICEN TS 20 i EOERFB AR E (HbAlc fEA 6.5% U ETH
DHERIE OIREZZ T TWHN) OFIEIE, FitE 162%, & 9.2% Tho7z, 2 &
AT 1997 AR S BEIR IR O EREFH A & ke LTI L TV DAY, THEIR 9 A3 5 <
BONDE] OANBITEMLSSF T T, FIC50 MUBEICZDORIENEAD Z L
5, mbHEENET L TV LBERTABREFREDP —EBENTL2 A TFRIATH
%o BARNOFERFEE D 90%LL 11T 2 BUBERE T, BUEHEIN L TV 25 RS BE O
%%, 2HBEIRIE CTH D, D 2 AUEEIRIFIL B ML 5 @ insulin S WEE DL T & R Y
FA% T @ insulin JESZ PEAR T (insulin IRHLEDFEBL) BRIEDRE TH D, 9 2 BIPER
ik, RERTEEBR VM ACERALBET2ZRTEETHY, RER L L
TEFBAZANVOEAADER SN T T, BEHMAEOIE KL EZITHED
adipocytokine M pE/E « WD BN EHE2 R L S TWD, 9 /o, 2 BRI R R
a7 E LT, KCNQLEMB F 2V E SN TV DA, Tzt %< ol +-oER
Bfish T\, BEMY ROFEMIIIA LA TIE Ry, 8D

2 BUBERIS OIRIEIL, FTIXEARREE LT, BFRE - EHFEEZITH, 2~3 »
HTlpEER = hr— A TERWEEIL, EWIRE L D, REIZHW D EEH
%, IREEICAS U T insulin 23 MR | insulin HEPTME K . B M B W
X insulin EHFEK 2 EO HME WA S DT XV IEEEIT 5, A, dipeptidyl
peptidase-4 (DPP-4) [H 3 3£ <> glucagon-like peptide- 1 (GLP-1) & AR EEhFL 72 £ incretin
BB BRFE S D72 R EE DRI KR ERELZER AL N TV DL, 2 KR L
LCmpEELZ+2icary br—ATERWEELEZ, LVENTIEREEORBNE
EFNTWVWD, ERERFOBLEHRERE b STCAX ORIEZRBTE 5 X522 T
REEZEZ TV MLENRND D,

Insulin i%, FERED B AR & 43 Wh S 415 peptide hormone T, ‘B4 . AF. A5G LA
72 EIZHEH L. glucose D@ ~DR Y iAHRZRET H, iz, HEHITICEBIT S
glycogen O & ARAE HE « 43 R H0 il <o M8 B LRk 12 3315 D glucose DR EHEE: EPOEA L H
0., MAEOEFEES X OERO =R LF —REICB O THLH &S 2 R7- LT
%, 8 Insulin HEHTVEIZ ARG T insulin OEA N RBESNRVIFEETH 5, BERIE
DIEFIT insulin 238 H S AE D 7B insulin 2 1 H 200 AL LA B L C b g fE
DR FRRBD LR WHEEZL insulin HIMEE WO FEFRTHID CTRE SN, YL7=n
- T, F& L Tinsulin IZ X 2 M EAR T 1EH 238085k S L7 RBE 27”9723, insulin @
TERAH SR DI L > Clinsulin OEARE 2R TSHEL L THEABILNTYH
IRKMEH SN D Ko 2otz B, BT, TRV & ORAk O insulin #EHTHEIZ, 2
RUPEIRRFE CTHA LN L@ LR IETH D 2N, insulin ODERIXZIGICHZ5 2 &)
5 insulin J&HLME & FE A2 DIRE DD Y BN EFITH & 2T > T & 7, Ferrannini [ XA HE



P R B O 50% 1T insulin EFIMERBO D EHE L TWn5d, 0% 72, Reaven
O IE . B JREE (L IE B E 12 S 2RI insulin IfiLE |l HDL— = L X 7 & — LI fE | & I+
MR ER G T 5 2L 2RO . vV Fr—A X L WO BMRERE L, WEDOE,
e, MENGERE. BERF . M, EBREELE, TREABRE R ENH LN LIHREIL,
insulin fRPTVESEMERE, SED I EZS, WIBIENIEGRE 7 SRR TRE SN2 h, BIET
FAZRY w7 Fr—A BB, £ OREOFIIEDEMEIZ ., insulin HHTH:D
Bandbsn, 12

Insulin #EHTME D AKX, MK+ @ insulin HFLAEO B, insulin &K OREE | insulin
SZHEBEY THROBRIEROEFIZHOEIND, Insulin FMEZ R T —FHOKEIX
DLV TEORKRNBHAL IR > TOWDNFEMII AR TH D, T8, IR
Dok 45 IESFEESEIR 1 (tumor necrosis factor-a: TNF-a) . leptin, adiponectin, %
NEWG e 70 & O R PRIEMEME 25 . B A& PNl 72 £ @ insulin B2 MEIEAR IZ 2 8 % 5- 2. T
WD ZEPTRSNTWND, B KR, BRI D BB DOIE R L2, 2 b 4AR
TEYEME 2 L Clinsulin BEUMERIEICES D> T Z AW LN SN TE T,
Winsulin O ML N O 1 A5 # 1%, insulin receptor (InsR) &EfEAT 25 Z L2 X V. InsR
ZFHOU VB bSE D2 E0nbthE b, © U V@b Sz IsnR &, MIAEAN® insulin
receptor substrate (IRS)-1X° IRS-2 & U »fig{k L 17| % o #& F phosphatidylinositol 3-kinase

(PI3-K) =° protein kinase B (Akt) 72 ED ¥ X7 N5 9 5 15 WARER BN EMEL &
Fu, 1829 ik i 35 & L C glucose transporter isoform 4 (GLUT4) 2N 7 — v
R~ 8 L. glucose DELV AL DMERES N D, 24 2 REYHARIZF T 5 insulin @
HI R PN S s 2 R O W) BE B O 5 E 28 insulin HEPUIE O BB AR RN & Ae D, 2825 R IR
BE ORF T o insulin i & &K T <0, 20 KAYME O insulin K51 % 7~ Goto-Kakizaki (GK)
7 v MTBITDHFDO InsR A, 2 kM Sprague-Dawley & » bk ~@ monosodium
glutamate (MSG) #4512 X 2 gL D InsR £ciskid . 22 growth hormone (GH) i&fx
FEBREREELZ I T AV 2=y 7 <7 A TOMBEE InsR &K T2 X % insulin #%
FMEFRL/BMEEN TS, 2 20 k92, MEEEEDO InsR O fEEIL insulin HEHLME R
PER I DFEIE & B HIZBR L T\ 5, [AERIZ, IRS-1 & IRS-2 O &A= 7 FEE X, insulin
OMIEANIERZEROBEREE K Z L, insulin JHEOKK E 2D | 39 £ 0
insulin fEHTMEIRAE T IRS &% U X7 ORBLLT v o U UL FERIZH A L TWnD 2
ERHES TG, ¥

2UBEIR L, IR P o< D EHEITTHHEB CTH LN, HERAGIHELMES> O TE
DOIEFITEROBIEFYICHBET 2 2 EREE L, 7, ERBBIET HR1IOHM
RIRBBEHONCTT D2 LIE. RIFOTHCBEREAZT 29X CHERIETHD, B
IR E T VIL, £D X5 REBORRLETRNZITET 2720023 AT
o, EH., NTU AV 2=y JEWMITAARERETAEME 2> Tn D, BEREH
ZB5 T 5BEMmoOBREFO /) v 77y FRBRIFEH S E-HMITHE D THERB OZE L
ZRRETT 5 BRI K E VN, Adiponectin 5 AKX insulin 1§ iz E % D IRS-1, IRS-2 / v
77U b~ ZARER S, insulin EIEDOEEIZ OV THIIES R TV D, ®—F,



db/db ~ 7 AR oblob v 7 R E, HM—EBEFERIZELD2LDOTH D, dbldb v 7 R %, 2
AR TEMEEEL 2, TD%, BRFHEZRETDEIICRD, TO~v T AIE, H 4 %
AR E D& (db EiaF) ICERENDH D | leptin Z BN KB L TWD, OFE 7= oblob
~ AT, B e YR EoEE T (ob EiaT) MNAERL TWTIEH 7 leptin NFEAE X
T, WEICHES IBFE . & insulin ME & &b 2R3, 30 Lol H—8E 1 Tk
72, ZEORKEL T (EZHELET) MEALA> TRIETHHENKEVE b
D 2 BBERIFOFRIEEZ ., ZHOBEMOBETFOERE T CHIAT LI LIXE LY., £
B ERICEIBERFBFRESIMET L E L TEZL OB LN TS, KK~ A
E. BEOR & & insulin MAEAZ 2L, e ) —fEoBERICE ) mifnbEs 20
SR O JRBERGME & 72 D% 112 Nagoya-Shibata-Yasuda(NSY) < 7 & 39 Tsumura Suzuki
Obese Diabetes (TSOD) —~ 7 A 49 Otsuka Long-Evans Tokushima Fatty (OLETF) 7 v
k4, GK 7 v b *2_ Spontaneously Diabetic Torii (SDT) 7 v k%) 72 &% < OFERIF
JREEENE T AR RICHIA SN T&E 2, AR L7z L o1c, ZRFHEETH D 2 Tk
PRIFIE . 2 BUBE PR IR FIE B s F D FFTE T jbb"(ﬁ%?ﬂﬁ BHEHE, AL R &
AR REORERFPAMOD Z LICXVRIET D, & b 2 BRI ILZE ORIEMN
ZH OB (REZMERETF) ORFICLD2FENERMICKRE N, £D2DH, 2
ﬁé*ﬁﬁiﬁ@%ﬁﬁﬂzob\fv)ﬁ%&i\%ﬁ@ 2 UBE PRI R K B s 1 (s AR 1)
BEZ 0T NDOHRTITHO OIXRET, BT R RBRERTFE BBy o

— LT E DR FAMD HRIEIEET VB ZFIH LI-rnBEHTH 5,

AIH S, ddY =7 2056 2 2O~ T A 7205 insulin 5ttt B ARIE~ 7 A
(ddY-H =7 &) & insulin #8HIMEE BIE L2V~ 7 2 (ddY-L ~ 7 R) & RHMIBEL
7o M ddY-H ~ 7 2%, — & s TR O IR, insulin #EHTMEF X OREMINIT 2 FE L |
2 WUBERF A L FAFERFELZZT 22, ddY-L v U R ZZD LX) RFEEZ R I 720,
L7edo> T, WEEI O ddY-H ~ 7 2 LR 72 ddY-L ~ 7 2%, insulin HE0HE D FESE
BEEZRET AR ERRTH S, ddY-H ~ 7 A ZMHBERERBRIC L v 12 58#w 2 & it
PERE MK T L. NS IZ & 0 BEIR I ERIER DR BL, IR OB R(LIic X 5 adlpocytoklne
DFEAEF S | JENIT-CHEE £ 5 E 9 %%Ef‘fé LEnNd, ¥, UM
% TNF-a DPEL - WK TARD S, £ DOFRIE hm.%@%ﬁﬂ%Méhf
W5, OFERER T ISR o TR A insulin $KHTHE O % BLEERE & T3 5
IZXTHHARERHM TH L,

INETOMIE T, HEYE ddY-H =7 2 TiX insulin HHEORI & L bicmiEsp
insulin JREE O EFH-PNRD Haiv/e, B AEE TiX, insulin #PLME & & B2 & insulin i
JER B DAL, o, BEZWEMEN 2 625 R EFE TIXm S insulin JBED L5 &
insulin HEDORIHB SN TV D, KR TIE, ZOHEME ddY-H ~ 7 RI2BT 5
insulin IEHTHEDORELEAEZ B 60T D H T, BN ddY-L ~ 7 X &%t & LT,
insulin R HUMERE B & insulin /3 WAEE TLHEdS X WY insulin D fE MR ER & OB M & & Ok
ZEIZOWTHR LT,

A IE, 4BEMNSRD . FH1LETIE, Fx O@BOREME~ 7 2T glucose D 0 &



G, EPEN®&E S B X OEIRNE G2 X 5 M EOZE) & insulin 35 X OV B Al e % 3%
L insulin % 43 & % nateglinide o i O F/EM 2 H1E L. MEBEREIR T o 58 By
HINZ DWW TRET L 72,

W2 FETIL, Fix OO~ 7 A T glucose, nateglinide 3 & O DPP-4 [LE#K ¢
& % sitagliptin @ 512 X 2 Mm4E insulin fE D EH-ZHE L. B2 S @ insulin 43 W HE D
BHIC LA EBECOWTHRE L7,

B 3ETIL A OB OREME~ 7 A DRI L O @ insulin & AR 2 R @ InsR,
IRS-1, IRS-2 ® mMRNA B X% /X7 @3 BL L insulin JEHTEFEEL & DO BFEEIZ >V T
REt L7,

B4 BT, MEKE ddY-H ~ U R T SRR & O insulin fF AR ERIZ OV T,
KEME ddY-L v 7 R & iR L 7,



BI1IE KM JY-H~>YZ2OBEAMNICX 5 MEEOES

1-1 K

Insulin HXHIEDORIEMEZ A O NICT 2720121k, BIENMOB G L2 0%k oRE
ZIEHEICHEET L2 ZENEETH D, MM ddY-H ~ 7 2 TlX, 12 ##s LI T glucose
O ARBABRIZEH T AMEEDCIK TAA LI, QBB TIIR O NPT Z Enb,
Z ORI insulin BUIERHIET D L HME I N TS, 9 LaL, 48 FFfi R % 12
IF B AT S B 72354 o M E & AE insulin JIREE X, 9 @A OO T TELLIVEER
W EF L=, * KRECTiE, HEYE ddY-H ~ 7 20 insulin #HTEORIERH & Z D% D
BeimZ2 B 529 5 BAY T, glucose = #¢ D& 5, JEFEN&K S B L OEIRNE S L 72 B
O ML BEE O ZE 8, nateglinide 35 L O insulin (2 & % MBS E DX FIZ > WTHE L 7=,

1-2 EBRME L ERFIE

1-2-1 EREWLFATE&ME

FEERI I ER I RS RSP B ERE L ¥ — 0 oo = — T L7 #EM: ddY-H v~ 7 25
FOEME ddY-L ~ DU 2 &R L7z, ~ 7 AT 4 Bl CHERL L. EE 22~24°C, 1@ 50
~60% . PG A 12 R0 (B 8 : 00~20 : 00) D4efh T, 45 % [l B (MF Kk,
AV X VEERE) ZHBICEM - BAksE, i E CHEER. ERICH L,

ARIFFEIX., B EESLKRFHMEREESOKEBOL & T T OB FEBRIT iR IR
SERFNED T T RS KR FEERHFR ] (TS L 7=,

1-2-2 RAEB L UEA

Glucose (R 454k ) . Carboxymethylcellulose (CMC) X Fn g3 X v B A L 7=, Disodium
ethylenediaminetetraacetate (EDTA) X[F ALFFEFT L VA LT, /AT By NOE
X/ R INT 4 AT 77—t A LTc, AZ = RACFEIET 27 T AR B
AL,

1-2-3 Glucose R O E Lz~ v R O MLEEE OB E

6. 9. 12, 15 EE OMEME ddY-H ~ 7 23 L OHEME ddY-L ~ 7 2 (% 7)) % 4 KF[H]
(9:00~13:00) #MEIE%E., RB#R1»Oo~~ F27 U » FEME (VC-HOTSH, 7
JVE) AT 30 pL R I L 72, IRWCZAE K E 721X 1 mL/50g {KE @ 5, 10, 15% glucose
iR (glucose & LT1, 28K W3 glkg KE) #, BY o7 2HWTROES L, £
D 15 B RIZEFHENR D ~~ M7 Uy MNE (TVF) TR 30 pL B L7z, B L7z 1
R % m oy BiEf: . s @ glucose & HIE L, IBEfE & L7c, ZKB/K % 721X glucose #% 5
A& 5 15 % ombEEo 2% B L,

1-2-4 Glucose ZEENEE Lz~ v 2D L EEE O | E
6. 9. 12, 15 @E DO HEME ddY-H ~ 7 2B L OEME ddY-L =7 2 (4% 10 Jt) % 4 B



M (9:00~13:00) #fafsSH7/7=%. 1 mL/50 g 1A% @ 15% glucose i## (glucose &
LT 3g/kg KE) #JEFEN#E L7z, Glucose % 5-H7 (0 time) & #4530 43%. 60 %
%, 120 /31212 1-2-3 & [AARICER ML L. MBEE 2 & L7z, Glucose #x5-1% o R[] % il
(A 7 ey N U7 e — e Eh AR 2 S 0 BB T E RS (AUC) A E M LT,

1-2-5 Glucose Z#EARNEE Lz~ v 2 O fbEE O Rl E

6. 9. 12 HER O BEME ddY-H <~ 7 28 X OEME ddY-L = & (% 10 VE) % 4 KEf (9 :
00~13:00) #fEESHE7=t%, 0.2mL/50g KE @ 25% glucose ik % (1 glkg (KH) %
30 Wi TRERIRIZES L7z, Glucose {E45THT (0 time) &S 5 75t%. 15 434, 30
3%, 60 43 1&IC 1-2-3 & [RIERICERIM L, MBS fE Z & L7z, Glucose IE4T 5 3 # 75 30
S ETOmMBEHOKR T REZEH LT,

1-2-6 Insulin ZEERNE S Lz~ v X O fMFEE O 8l E

6. 9. 12 B OREM: ddY-H v 7 235 L OWEM: ddY-L v~ 7 X (% 8 L) % 4 KFfH (9 :
00~13:00) #aE I H7%, insulin (/ RT Y R®E, JARINANT 4RI T 7 —)
0.2 mL/50 g fAH (1 U/kg AE) ZMEREANEE L7z, Insulin #2587 (0 time) & #4515
. 30 3t4. 60 SrfRIC 1-2-3 L RARICER I L, Mkl 2 & L7z, £72. insulin
HRiO MpEE A2 AL L, 15 4314, 30 5tk. 60 r & o MAEH IR F &% HH Lz,

1-2-7 Nateglinide # B 0 # 5 Lz~ v 2D M¥EMEOH E

6. 9. 12 B OMENE ddY-H ~ 7 2 L OHENE ddY-L ~ 7 2 (% 7C) % 4 K[ (9 :
00~13 : 00) #fafr & 7-7%. nateglinide (A% —3 Z®FE 30mg, 7 A5 T %) % 10mL
D 1%CMC (2% L. 0.5 mL/50 g A®E (30 mg/kg (AE) %=, HY 2 HnEO&K
H. L 72, Nateglinide # 5-7if (0 time) &5 1543 . 30 70t%. 60 731%1C 1-2-3 & [Al£k
(BRI U, IfBEE 2 ) E L 7=, F 72, nateglinide % 5-7if o MU 2 FE#E & L, 15 0%,
30 /rfk. 60 & OMABEEOIR T EZFH L7,

1-2-8 Insulin &HitEA T v 7 ADEH

6. 9. 12, 15 B DO IENE ddY-H ~ 7 238 X OENE ddY-L ~ 7 2 (4% 8 L) % 4 KF[H]

(9:00~13:00) #fify S 7-1%, 1-2-3 ICHELU THIM L, ZDOHBREHIZHIIHIZ L Y 30 uL
D 10%EDTA Z RN L 70iZE LF = — 718l Lc, Bk 61572 ik & L OWrEdC
L0 Gk zmE omBE L. T ibEE s X O insulin O RIEIC VW2, 1
FEAE & i E insulin 57> & FRACHEW insulin K514 o F v 7 2 2B Lz, 4447

Insulin k511 > 7 » 7 A =Glucose (mg/dL) x Insulin (ng/mL) /100

1-2-9  MmEME O HIE
MBEE X, Zva—2-Cll-7 A hU a— (FieHidk) 2 W THlE L7,



1-2-10 M #E insulin fE D Al E
A% insulin I, ~ 7 A A AU VHIEX » b (FRAKERFWFZEAT) 2 H T ELISA
ETHIE LT,

1-2-11 #EEHa st

T XY ELEERR E TRR Lz, M OA B ZMBE X, Bartlett’s test THE
M D%z Mo L7zt . two-way repeated-measure ANOVA 434 %17 - 7=, Post hoc %
LR E L Tukey’s test I L, fEREFE S% R E A EAZH D L HE LT,

1-3 ERHER

1-3-1 Glucose DR MO # 5 &Iz K 5 MAEED EF 0FEN

HEME ddY-H = 7 A DIFERE 2 M5 L 72 240 £ TOMFE TIL. glucose OFRE O 5 &%
3 glkg & LI-HEARBRBRMNITON TE R, ZOMKEMEMN ddY-H ~ 7 213 9 M E TIX
MHERE DK T 2R &9, 12 B CHERIKE T A4~ L7z, * % Z T, glucose D%
%55 % 3B/ 1 B E ~ D 2 % K it9 25 H T glucose % 5- & % 1 g/kg.
29/kg. 3g/kg & LT 15 0% ompEEo LA EE2RIE L,

ddY-L v~ 7 A ClL, 6~15 IO W T O#EE TS 1g/kg D5 &bl LT 2 glkg O
BHEICEVAEER EEREBD LN, UL, 3g/kg EHELTH o LHITER
vl o Tz, Glucose D& B 58I X 2 b O EH &3 & Eis T — & T, @i X
HFE T o7 (Fig. 1),

ddY-H v 7 2 T%, 6~15 HEOWTNOREE TH 1 g/kg O 5 & i LT 2 g/kg
DEHIZIVERER EADZBOONTN, 3 gkg EHELTH B EHIZERD O
o Tz,

ddY-H v 7 X & ddY-L v~ 7 X & i3 2% & 6 Mfind L O 9 s TlX glucose ™ 4%
HEICED2MBEED EAEOETRD AR -7 (Fig. 1), LarL, 12 ik LW
15 i Tix 1 g/kg. 2 glkg B L OE 3 glkg D W F o F 582 X D IBEHE O EH &
ddY-H ~ 7 A TCHEIZKR&EN->7 (Figl), 2OZ L ddY-H~U 20K OEE L
glucose (2 X3 2 it HEREIL. glucose @ 1 75 3 glkg TIEAR N & 5 &ICBfR 7 < 12 @i
MDHERTTHZENRBIN, ZOMREFTINETORE L —HL Wi,
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Fig. 1. Increases in serum glucose levels induced by oral administration of glucose.
Glucose (1, 2 and 3 g/kg) or water (0 g/kg) were orally administered to ddY-H mice and ddY-L
mice at 6-, 9-, 12- and 15-weeks of age after 4 hr fasting. Blood was taken from caudal vein
after 0 and 15 min and the increased glucose level during 15 min was calculated by
subtracting glucose level at 0 min. ddY-H: closed column, ddY-L: open column. Each column
and bar represents the mean £ SE of 7 mice. Significantly different from 1 g/kg in ddY-H mice
(® : p<0.01) and in ddY-L mice (°: p<0.01), and from the corresponding dose in the
same-week-old ddY-L mice (°: p<0.01)



1-3-2 HERERN# 5 L 7z glucose (2%t 3 5 Ml Ak

Glucose D% O #% 5-12 X 2 MHHERERER TlX. & 2> 5 @ glucose D WILIZ X 5 220
EZzonDld, ENERAT S HET glucose @ EFREN & 5-1C J:éﬂ'ﬁ’f*}’ﬁ‘ﬁmit%%ﬁo
72, Glucose DJEENF 5 (3 g/kg) @ KL % b EDOEE ORI FFiE I L% D AUC &
ZIEIFig.2A, 2B B LV Fig.2C 123, MmAEfED EH &ix, #Oo#&5 (3g/kg) @
GA LB L TWINO~ T ATHLREN-72, £72, ddY-L ~7 2 Tik, 6, 9, 12
BLO 15 EE I W THEENIC X 2RO EIITR O b T . £0 AUC b ZEITAD
Nipinoic, —J7, ddY-H = 7 A TlE, ddY-L ~ 7 A & ek U C 9 i fin LA K C i FE i A3
FETHE L, AUCLARICEE Cho7c, ZDZ&EMnH, ddY-H v 7 2Tk, JEk
Wiz G- L7z glucose (23 D MIHERE DA TIX 9 Ml 22 54T TW\WDH Z & AR I N7z,
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Fig. 2. Intraperitoneal glucose tolerance test

Glucose (3 g/kg) was intraperitonealy administered to ddY-H mice (A) and ddY-L mice (B) at
6- (&, <), 9- (m, D), 12- (A, A) and 15- (e,0) weeks of age after 4 hr fasting (9:00 — 13:00).
Blood was taken from caudal vain after 0, 30, 60 and 120 min and serum glucose was
measured. Each symbol represents the mean of 10 mice. AUC in intraperitoneal-glucose
tolerance test (C) was calculated (closed column: ddY-H, open column: ddY-L), and each
column and bar represents the mean + SE of 10 mice. Significantly different from ddY-H mice
at 6-weeks of age (% p < 0.01) and from ddY-L mice at the same age ( ®: p < 0.01).



1-3-3  #ARWH 5 L 7z glucose (2%t 3 5 it Ak

HEME ddY-H ~ 7 2 O FERE DK T 1%, glucose Z# IEMENIRE L= A8 9 Ml 53R
D 5Tz, Glucose RN HEG LG E X 12 NI T L2 &5, glucose D 5
BEREREDD OWILOE NI LV IHEREOIK FOBEWAAL - AREENEZ 2 iz, £
Z T, glucose OWINLEE DA A FRINI 2 HIHY T, glucose % FFRINFE G- U I B E O #HER &
HE LT,

Glucose 1 g/kg % $# RN TES 32 & 5 0% ddY-H~ 7 A L ddY-L ~ 7 A CTIRREE O I
FEMEAGED ALz, 6 WHE D ddY-H ~ U R & ddY-L vV A TlL, D% O M EHES

(Fig. 3A, 3B) B L UN5 43005 30 43t D M BEEIK T OFEE (Fig. 3C) TN -
oo F72, ddY-L~T7 AT, 6, 9, 2B XI5 HEEFOWTRIZE W THHEENIZE D
MFEAE DR T O FRFRE R & iBEE O IR N ORI D 72 h > 72 (Fig. 3B, 3C) . — 7,
ddY-H ~ 7 A CiX, 6 D~ v A &g LT 9 Ml TILMBEMEOIK T ORENFEIC
hE o7 (Fig. 3A,3C), 12 lETIX, S HICMBEEOKRTOREN NS RoTc 2
B, ddY-H =7 2 TiX 9 limH b MtFEREAME T LIZ oo, MHFERE DA TI% 12 # fin
TEILICHEITT S22 L2 L T 5D,
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Fig.3. Intravenous glucose tolerance test

Glucose (1 g/kg) was intravenously injected to ddY-H mice (A) and ddY-L mice (B) at 6- (¢,
<), 9- (m, 0), 12- (A, A) week-old of age after 4 hr fasting (9:00 — 13:00). Blood was taken
from caudal vain after 0, 5, 15, 30, 60 and 120 min, and serum glucose was measured. Each
symbol represents the mean of 10 mice. (C) Decreased glucose levels from 5 min to 30 min in
Fig. 3-A (ddY-H mice: closed column)) and Fig. 3-B (ddY-L mice: open column). Each
column plus bar represents the mean+ S.E. of 10 mice. Significantly different from 6 week-old
ddY-H mice at same time (?: p<0.01), from ddY-H mice at 6-weeks of age (*: p<0.01), and
from ddY-L mice at the same age (°: p<0.01).
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1-3-4 Insulin JEREN & 5% © LEEE O L)

ddY-H <~ 7 2 & ddY-L ~ 7 2T insulin o M FEEAR F/EM % e+ 2 BAY T, insulin
1 Ukg NG L, 5T, &5 5 5%, 30 70k, 60 & ICmAEEEZHE L, 6
s> ddY-H ~ 7 A2 & ddY-L ~ 7 A T insulin 12 X 2 M EOK T BIZFEEE TH - 7=

(Fig. 4A, 4B), £7=. 6, 9B X W12 i D ddY-L v 7 A CTiX, insulin {Z X 2 b i
KT O RERE B Tl X D E WX 2o 7= (Fig. 4B), —J5. ddY-H ~ 7 2 T, ddY-L
~ A LB L C 9 HE D insulin (2 X 2 MHEE S T EIXA BT L, 12 #1538
s L NERIC kv & HI2HEEI L7z (Fig.4A), Insulin ¥ 5-% 60 43 M o MBS EK T & % i 4
HE, ddY-H =7 A TiX 9 ##i T ddY-L ~ 7 R L HEA_FEIZ insulin OZh R L, 12
W & 15 W TIXTE HIZWE Lz (Fig. 4C), ZORERNS . ddY-H v A TlE, 9 #Hfm
225 insulin (29 2 & MEANEEs M L, INESIZ KV insulin B PEK R 35 2 & 3R
i,
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Fig. 4. Decreases in serum glucose levels by intraperitoneal insulin injection.

ddY-H mice (A) and ddY-L mice (B) at 6- (®, <), 9- (m, 0), 12- (A, A), and 15- (o, @) weeks
of age were intraperitoneally injected insulin (0.05 U/50 g body weight) after fasting for 4 hr
(9:00-13:00) and serum glucose levels were measured after 0, 15, 30 and 60 min. The
decreased glucose level was calculated by subtracting glucose level at 0 min from that at the
respective time. Each symbol represents the mean of the decreased glucose levels by insulin
injection for 8 mice. The decreased glucose level for 60 min was shown in (C). Each column
and bar represents the mean = SE of 8 mice (closed column: ddY-H mice, open column: ddY-L
mice). Significantly different from 6 week-old ddY-H mice at same time (* p<0.01), from
ddY-H mice at 6-weeks of age (°: p<0.01), and from ddY-L mice at the same age (%: p<0.01).
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1-3-5 Nateglinide O#& 0¥ 512 X % fu¥EE O E B

Nateglinide i% insulin 73 W2 2 L 2K F S E 5, £ 2T ddY-H v 7 2 & ddY-L
~ 7 AT nateglinide (30 mg/kg) Z#E A5 L., 1543, 30 343 L Y 60 43 % (2 M bE
i 2 E L7z,

Fig. 5 |Z nateglinide & 5-1Z X 2 MPEFE DI FEZ ¥, 6~12 HE D ddY-L ~ 7 X T
1%, nateglinide # 5-#% O & K] IC B W CTILEE 0K T EIZFERE Th > 72, — 4, ddY-H
~ U ATIE, 6 HEETIX ddY-L v~ 7 R & IMPFEDOK T EOEWITIA LIRS0, 9
P #H T IL nateglinide (2 X A MBS FEA A A BICHT L, 12 @i CTIE S 5 I2Z oIk
EAS FAER X85 L7 (Fig. 5),

60
3]
3
2 40
O ~~~ -
g3 2D
oD
- £
9) N—r
< 20 - a,b
a,b
0 - = —
Time (min) 15 30 60 1530 60 1530 60 1530 60 1530 60 15 30 60
Mice  ddY-H ddy-L ddY-H ddy-L ddY-H ddY-L
Age (week) 6 9 12

Fig. 5. Decreases in serum glucose levels by nateglinide.

Nateglinide (30 mg/kg) was orally administered after 4 hr fasting (9:00 — 13:00) and blood
was taken from caudal vein after 0, 15, 30 and 60 min for measuring serum glucose levels.
Decreased glucose level induced by nateglinide was calculated by subtracting glucose level at
0 min from that at the respective time. Each column and bar represents the mean £ SE for 7
mice. Significantly different from corresponding time point in 6-week-old ddY-H mice (%
p<0.01) and from ddY-L mice at the same age (°: p<0.01).
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1-3-6 Insulin &HiEA > F v 7 22 & B insulin #EHLHE O FEH

1-3-2~1-3-5 OFEE S ddY-H <~ 7 2 (281F 5 insulin #5141 9 /54 LTV
LT ENRBENT T, EIEREO MEE & insulin B> & insulin #KHTEA T v
7 AZ&EH L insulin #KHUME 2 37 L 72, ddY-H ~©» 2 Tik, ddY-L~ 7 R &g L T
12 i fi DL A By o IoBEfE & 4% insulin fEO A & 72 EF- A vz (Fig. 6A, 6B),
THHDMENS insulin FUEA o F v 7 AERBEH LI E Z A, ddY-H <~ 7 2% 9 I#
T65% & AEREANZ LN (Fig. 6C), £z, 12 i, 15 @Eils & M L 0 i 4E
insulin fE2% EH L. 23SV insulin 85iMEA 7 v 7 ANRERICEF Lz, Zoff
S b ddY-H ~ 7 20 insulin #HTMEI1X 9 W SR B L. M & & bIicHIT+ 5 2
EWIRE I T,

B
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Fig. 6 Serum glucose level, plasma insulin level and insulin resistance index.

Serum glucose levels (A) and plasma insulin levels (B) were measured in mice after fasting
for 4 h (9:00-13:00) at 6-, 9-, 12- and 15-weeks of age. Insulin resistance index (C) was
calculated as (glucose (mg/dL) x insulin (ng/dL) /100). Each column and bar represents mean
+ SE for 8 mice. Significantly different from 6-week-old ddY-H mice (% p<0.01), and from
ddY-L mice at the same age (°: p<0.01).
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1-4 E%

Insulin #EFTVEIL, 2 BBERIGFIEDO HERIRR DO —2>ThH 203, Z OFEM 72 e
XA D 2Tk Ze v, ) Insulin JEHUE O R BLEEAE 2 81 5 22T 5 72 ® 121X, insulin &
PIERER SN AR E EREICIERET 22 EREETH L0, EREMIZ. £ ORIE
BT HLERZE L THMTH S, Sprague-Dawley T v F=° C57BL/6) ~ ¥ A L&
FENG £ SCm fructose B 72 & ORERRATEL O i F T M O L FH-Clif b Re DK F 234 6 4
LHXEICHRDBIERRESNTND, %9 UL, ddY-H ~ 7 & (34 % [ i ¢ i
BT DI L&Y 12 B S IiHEaE AR T 15 M s TIXZENERFMBEE O EF-23 55 h,
20 B Z A B IRFEN R S IUBEIRFERIEIR 2 R T 2 EBME ST E, ) LR
o T, HEME ddY-H ~ @ 2% insulin 8HUME 2 B RFEIE T 2 e O ik 2 5 IS 04T 3 5
OO FEHRREET VEM TH D, AiH BIX, HEME ddY-H ~ 7 R |2 glucose % #% 1
B L7 EOMMEROKTN OME CIEALNT 12825 A b Z & H 5 insulin
EHET 12 B O RBET 2 EHMEL TS, 9 LonL, ddY-H v~ 7 2% 12 B
BRHEBHBICEHEIED &, BN dY-L v~ 2 L9 i ChP R Eo L& &
M4 insulin JEE O EH 23D TR Y . 9 #HE TJ TIT insulin #FEHTHEIIE N ST L C
WD RTEEMENE 2 BT,

Glucose DN # G L RN GLEHARANE G &) o 72 G OFEWIZ X0 Mg
E=CIHE insulin 5D EFORREN R D Z LA BITEY 5052 [fFEFEAS T o %5
REAIE, glucose DR OGS DOHTHW T2 Z LIXTERV, 2T, RETIE, MHEHE
ddY-H = 7 A DI FEREIK T O FAERF Y 2 B 5 2023 5 BT, glucose Ok 0 # 5. I8
EN P G K OVERARIE SIS 33 D BERE F5 & O insulin K MO ERIZ X D AL & Bl
2171,

ddY-L =7 2 Ti&, glucose z % H#& 5. IEEANEK G I L OFIRIESR O W3 R
THRE L THLHEEIC X DMHEREOEIITRO Sl ho7-, 7=, nateglinide 3 XL O
insulin OFEHIT X D MHEOKR T REICEWNTHEEICZD2EITRDO N o T,
Sz insulin JBHUEA 7 v 7 A B BEERIC X A BT o T, ZAIVE TOMSE T,
ddY-L ~ 7 2 O#% 15 L 72 glucose (Zxf 4 2 M bBEGEFS & QNinsulin f&Hitk 1 7 v 7 &
NEVPFILDTATHD AdAY v T AELEWRRNZ ERRESNATND, ¥ L
WoT,ddY-L =0 2 3REE R "I R~ 2L LTHUTHL EVWA D, A
WFIETIE, ddY-H ~ 7 2D M EIC K DMERED LB 2 ddY-L ~ 7 R LT 5 Z L i
LV HEL T,

ZHETO ddY-H = 7 2 Of% 1A AR TiX, glucose (3g/kg) DG B{THiLT
& 72, Glucose Dk N EH&EIZK 2 MPEE LA EOEZHRFT 5 HAY T, glucose D%
N5 8% 19g/kg, 2g/kg B XU 3g/kg & LIKEfE D FF-B2HE L7, EERE L &
JIg Wi i B 2 8 B L 7= C57BL/6) ~ 7 A IZH T, 1g/lkg LA T O# 1 AR TIIBE AR #%
O MPEEIZ 2L D > 7223, 2 glkg O OHEAR CIEMEO LA &EICHBERZENAT
TEDWEND D, ¥ KHZETH, ddY-L ~ 7 A & ddY-H ~ 7 & Tix 1 g/kg O #E £ 1
L 2 g/kg. 3 glkg DA THERMBEME D EAN AN, £, ddY-L~ D
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AL 6B, 9l D ddY-H ~ 7 2 Tl 2 g/kg & 3 g/kg OB £ ff & Tl b o EF-12
EWTAONARNoTZ Lnnb | BRAFEAMRERIZK T S glucose 3 glkg D % 5133k U
Tholtb Wz b, £/, 6 e 9@ED ddY-H ~ 7 A D MFEfE O EF 81T ddY-L
YURERBREIT RPN, 12 @il LIE TIMAEE O R ENAFEICKRELS 2D,
MBERE DX T3 fERR & 7=, —J7. glucose # EENR G B L OEIRNIR 5 21T - 725
A, ddY-H ~ 7 2 TIEBEIC 9 il Tt RE DK T 23580 b Tz,

Glucose ## O ¥ 5 L7254 . /NMEIZE T 5 glucose DWZILIZ Na*/glucose Fdig 67
7 v AR —# — (sodium glucose co-transporter: SGLT) B85 L T\ %, SGLT (% 6 fE
HOTAY 74+ —LB3MBNTWT, ZOHPTH SGLTL IF/NHIZE < 434 L Nat Ak
ZFIH LT glucose ZWINT A ZH L TW\W5, % F£7-. glucose 72 & D53 2Nl
EENLRINE N D & HALE 5 incretin & MR 2 WHALE AR VT > 28 LR P IS 5y s
Shad, +HBBICRET S KHaL 5% glucose-dependent insulinotropic polypeptide

(GIP) 25, TFHB/IME D L A2 51X glucagon-like peptide-1 (GLP-1) 23y sh, =
AU O incretin (X B AIALIZ/EA U insulin 2 W& {235, 5557 L7=23 - T, glucose
EREOKE LI2YA . SGLTL X0 incretin 72 E OB %2 % 1F 5 7= | insulin K HL%E LIS D
RN MLBE DB RN D ATREME AN D, Glucose D EEPN# 5 Tix, glucose IX¥LHk
IZEVEBEN SRR S, EICm P ~BITT 5, % Zogs, BE»D ORI E
IZHE 72D SGLTL 72 & OB &K D B2 incretin O B8 B E O LB ic K& < B8
52 EiEw, SV F 7=, glucose DERIRNEE G OBA . ERZ M NIC glucose % # 53
L1, BEEIRSC incretin R EOEBEEITL AL ZIT D I LR KM RET S
insulin O R ZFT 2 2 E R AfEE 72 D, 2 ddY-H ~ 7 A T glucose & #% M # 5 L 7=
Yt L IEPENR G- B 5 WIXFRIRN 5 L7256 ClibhEse 23 BE/E L U 7o e 1 23 12 8 fn &
9 L Bie o7 L n | glucose R L5 L7oE . RO insulin % F 0
EEPMGNOEKIZEY v A7 SNTZAREMELRZ 2 bivic, £ 2T, insulin % ke n
G Lzl 2 A ddY-H ~ 7 2 1% 6 i Tl ddY-L ~ 7 & & [AFEEE @ insulin o i fE %
TERANEO B, 9 @I LLEE TIX insulin @ MBS FERANB Lz, Zhbo
RS ddY-H = 7 2 TIX R Lo insulin #EUMEIT 12 B EH S BEELT 523, 9
WHE N SEITL TWD Z EDREB I N7z, Insulin #EHTVEIT & MBE DRI & 72 % A3, %
BLLCHRIEICHHHERE DR I A b ivZe vy, E3uiE, insulin JRHTHE D F L O RAE M%)
FELTHENLO insulin ZWILHERE L D70 THDH, ¥ 202 b, ddY-H~ ¥
ZADOMFEROK TIL, 9 HWEAOFE I N D0, B D O insulin 4360 TLHES Z DB
FEALEMZ CTWDE 2 ERHERINT,

Nateglinide (T B fME 2> 5 @ insulin 43 W6 &2 {2 U, fBEE M FVEH 2 /x4, 6060 ik
BHEAE > & @ insulin 43 WA 1E, glucose 23 BRI NICIR VIAEN D Z LI K VRt b,
Glucose % B #ifm PN TH G S 4. adenosine triphosphate (ATP) A3HIAN L. ATP &3
K ¥ O A, MO B MR, EALKAFME LR Ca2tF v VOB O, #Mifa st 2»
b Ca¥it A, FORRE L THIlMN Ca?IBED L% L T insulin X3S s,
600 Un L. BEFRIFINAE TIXEE p #IRN T glucose DARHAE T L CTE Y . insulin 4y
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WIRTORINE 725 L OWEL H D729 glucose D 57217 TiX insulin #KFLHER B O
FEAf 1L T & 22\, Nateglinide (X% B #lAZ @ sulfonylurea &2 AR ICEB:FEA L ATP &5z M
K'F v 2V ZB O350, B fl~o glucose D HL Y AL 2 /1 & 72T insulin
oW S5, % F72, nateglinide (LI . FFEBIREM 23 15~30 43 & FEH 2 7 <,
PG 2 BRI AN R E R 3 5 2 & 2> B, nateglinide $&5-12 X 2 ifn B o 245 8h % GEAM
LU, 89 Insulin ATk BR O f5 R CTIX ddY-H ~ v 2% 9 2> 5 insulin o IUFERE T
TER DS ES L CW\Wie, & 2T, insulin 73 Z 2 S % nateglinide & 05 L7z &
ZAdAdY-H~ 7 ZAEB X ddY-L~ 7 ZADOWNWT TG MO T 2374 57z, ddY-H
~ U A TiX 9 # s T nateglinide (2 X 2 Mo pE T 1FEH 2308085 L, 12 8 s T I%Z o i fl
TEREILICHESE L TWe, Zo/REIE, ddY-H ~ 7 X TlE insulin (2 X % i pEfEX
TR QWML L TWD ZEZRETHHOT, insulin HEUHEIL 9 WA 6 AT
TWhEZEZBRD,

ATE &1 15 #is 0 ddY-H ~ 7 228 W T insulin #HitEA > F v 7 ZARXEKF LTV
52 BB SN LT, Y BEALTRERC insulin A B & nateglinide @ %) I8 55 Db
RS ddY-H~ 7 2D insulin RHFLEIZ OHE N HE T TWDL Z ERRB I N2,
6~15 R ICF 1T 2 insulin 8HIMEA T v 7 RAEZRE LT L T A ddY-H v T A TIL 9
Bl OAEER EABHZL, 12, I5EEBTIIISIC ER LK,

L EDOFERNS, HEYE ddY-H ~ 7 XA TIXEENE S B X OEIRNE S5 L7 glucose
X9 A M B BE O K | nateglinide o B T /ER PGS . insulin EHUMEA T v 7 2D
AN 9 BEE DAL DB AL, insulin JHMEIX 9 B 54 LT, INERIc & v wHEA
T5HZENIRBI T,
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H2E HEMEJAAY-H=T 2B 52MmEEF insulin BEDBEEKICE 228

2-1 Fim

Glucose Z#t 5 L7z~ 7 ADOMBEEIX. BE S @ insulin @43 & AF-CHE MR, B
F&fi 72 & ORI ~D insulin OERIC L W RESEEBEIND, FELETRLELD
(2, BEME ddY-H < 7 2 Tl glucose Z /X O 5 L7z & & OMFEEE DMK F ik 12 Bl o
B BTN, glucose ZEIENIER G H D WITEHIRNEZE S LT- & & OMHEREOMK TIX 9
HE N HRD HHL, BE5 L7z insulin 12 X 2 MBS T /EH OS5I 9 Bl 5780
Sz, Z OMHERE O3B O E VX, glucose D35 R K D ED B @ insulin 4y
WEDEVWORXEICILILZLNREAOND, £Z T, KETITHEN ddY-H v~ 7 2D
insulin 73 WA TCHE D FIERF ] & Z D% OFEE 2 B 522§ 2 HAY T, M4 insulin 2 & 0
WES I KD EFBICHO W TR LT,

2-2 EBME L ERFE
2-2-1 EREWLEFETRME
Hl1ED 1-2-1 12U T2,

2-2-2 REPB L UOEH
U ¥ X ETEE®IT MSD 2 HEEAN L7-, DPP4 [HES NVP-DPP728® (M ® M) 1L
WHFEDN DA LT, MEANTFE 1= 122 LRAEICEALEZLOEZHER L,

2-2-3 Glucose ZRR 0% E Lz~ v XD M insulin &£ D | E

6. 9, 12 BX 15 WO MM ddY-H v~ 7 2B LV ddY-L v~ 7 A (4% 8L) % 4 KF
M (9:00~13:00) #af S 7=1% . 15% glucose ¥Ai% 1 mL/50 g A (glucose 3 g/kg &
H) . BT EHOLTRAOKS Lz, 1-2-8 (U, glucose &5 ERITH L V&5
15 /3% . 30 3 & ICTERIC L 0 BRif U7, 0o RIS K 0 M5B L. 8 insulin fif %
HE Lz,

F7-. 6. 9, 12 BX O 15 @O KEME ddY-H ~ 7 2B LV ddY-L ~ 7 A (£ 7 L)
Z 4 FF[# (9:00~13:00) #ff St 7-1% . KR K FE 721 5. 10, 15% glucose %K 1 mL/50
g /A#E (glucose & LT1, 288X W3 gkg KiE) =2, BY o TZ2HOTROES L,
Z O 15 3% BRL & [AARICWrEd - PRl U 4 insulin il 2 HIE L 72,

2-2-4 Sitagliptin Z#& 5 L 7=~ 7 2 O L E O # &

6. 9. 12, 15 WE O HEME ddY-H =7 2B LN ddY-L ~ 7 2 (£ 12 8) % 4 FFfE (9 :
00~13:00) #fafs X 7=1%. sitagliptin (¥ X &7 $£®25 mg. MSD) % ##: L 10mL @ 1%
CMC |[Zf#% L, 0.5mL/50g {A&E (25 mg/kg A&E) %, HY o7 2#HWROEE L, £
O 1 K412 15% glucose ¥ 1 mL/50 g AT (glucose & L T 3 g/kg 1AHH) Z &0
5. L7z, Glucose # 5-E Al L UM% 5- 30 434, 60 434, 120 Z3 12 1-2-3 ICHE U CTHM L,
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i WAl % & U 7=, Glucose % 5-# O R # #ih i M pEfE %2 7 7~ F L7225 AUC Z 5
L7,

2-2-5 Sitagliptin Z#& & L7z~ 7 2 ® M insulin fE D Al E

6. 9. 12, 15 IO MENE ddY-H v 7 2B LV ddY-L ~ 7 A (% 7P5) % 4 FFfE (9: 00
~13:00) HaREIE7-%. 1%CMC %721 sitagliptin (25 mg/kg) Z&EO&HFE5 L, 20 1
K[ 12 glucose (3.0 g/kg) Z#E M 5G L7=, Glucose £ H-Eii# L O 5% 15 0% 1T
9H - BRI L, 2-2-3 &[RRI IIAE insulin 8 O JIE 217 - 72,

2-2-6 Glucose 5 Lz~ v A DIl GLP-1 B E D HIE

9. 12, 15 HEH O MENE ddY-H ~ 7 2B LV ddY-L~7 & (4% 6 L) % 4 HF[# (9: 00
~13:00) #af X H7/-tk. 2-2-3 L [FAERIC glucose (3.0 g/kg) Z#& O 45 L 7=, Glucose
DG ERTR LS 15 53 % . 30 43 &R ICWERIC K D 30 pL d 10%EDTA 3 XU 10 uM
NVP-DPP728%% ¥ il L 7= i 0 F = — ZUZFRIfL L7, 50 2-2-3 & [AARICERIM L, M5y
HE#% GLP-1 O 4 YK160 GLP-1 EIA JIE ¥ v~ b (KWNEFEWFZEFT) 2 AW THllE L7,

2-2-7 Glucose &5 Lz~ v 20 i GIP B E DO HIE
6. 9. 12, 15 M OMENE ddY-H ~ 7 2B LV ddY-L ~ 7 2 (% 78) % 4 K[ (9 :
00~13:00) #fif X 7=1t%., 2-2-3 L [AEEIC glucose (3.0 g/kg) Z#& L5 L7, Glucose
BEEB L O G 15 451 .30 4512 2-2-6 & [AIERICHR I L, M 4E5 BEt GIP J2 £ % GIP
(TOTAL) ELISAKIT (Millipore) % AW CHlE L 7=,

2-2-8 Nateglinide 2B 0 #& 5 Lz~ v A DM insulin & D H)E

6. 9. 12 ER OMEME ddY-H v~ 7 A KN ddY-L v 7 A (% 7PC) % 4 Kfi (9 : 00~
12:00) #fa & S E7=1% . 1-2-7 & [AAE I nateglinide (30 mg/kg) % #% 0 #% 5- L 7=, Nateglinide
THER B X O S 15 45, 30 4% 12 2-2-3 & [AARICER L L. M8 insulin 8 Z & L
726

2-2-9 I FEE ORI E
F1ED 1-2-9 UL -,

2-2-10 IM3E insulin f& DA E
W1ED 1-2-10 [T 7=,

2-2-11 #REHALE
H1ED 1-2-11 KL T,
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2-3 EBRFER
2-3-1 Glucose DFE O F 52 K 2 Mk insulin fED _EF-

6~15 B fn D~ 7 A2 glucose (3 g/kg) A& NO#HE G L. mAEH insulin 2 OHER 2
HE L7z (Fig. 2-1),

ddY-L <~ 7 2 @ ifi. 5 insulin 1%, glucose BHRNE T X COHEE TEIT R IKET
#5155 3BT EE & 720 30 R ICITE T Lz, £ D insulin 5 O R RFHERS | da
ML 2B WNIALNR -T2,

—J5. 6 M L& 9 WHEH D ddY-H = 7 A T? glucose £ 5-Aif @ ML 4E insulin &% ddY-L
YUREET R o7 12 Wim L 15 Bl TIIARICEME E ko To, 2. 6 Hiimo
ddY-H = 7 2 CiX, glucose # 5 15 5514 3 £ OF 30 43 % O 14 insulin f1% ddY-L ~ © &
L CTEWEIIZIRE O S, AR EITE) 572 (Fig. 2-1), i fn DL ©
I%. glucose # 5 15 43 & @ I 4E insulin fEIXEF W LA L. 30 5% T %ﬁi? = - el
7= (Fig. 2-1),

N w B
o o o
'l

(=Y
o
L

Plasma insulin level (ng/mL)

0 A
Time (min) 01530 015 30 0 15 30 0 1530 0 1530 015 30 015 30 0 1530
Mice ddY-H ddy-L ddY-H ddy-L  ddY-H ddy-L  ddY-H ddy-L

Age (week) 6 9 12 15

Fig. 2-1 Time course of increases in plasma insulin levels induced by oral glucose
administration

Glucose (3 g/kg) was orally administered to ddY-H mice (closed column) and ddY-L mice
(open column) at 6-, 9-, 12-, and 15-weeks of age after 4 hr fasting (9:00-13:00). Blood was
taken by decapitation after 0, 15, and 30 min for insulin measurement. Each column and bar
represents the mean £ SE of 8 mice. Significantly different from ddY-H mice at 6-weeks of
age (?: p<0.01) and ddY-L mice at the same age ( *: p<0.01) in the corresponding time points.
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1-3-1 TRLZE ST, 1~3 glkg @ glucose O G L7ZHA, ddY-H ~ 7 2 Tl
glucose D G- EDOHEMIZHLB Lz fibEE O ERERAHA BN, £ T, ¥ A2 1~3 g/kg
@ glucose Z #% M #&5- L | 1-3-1 C insulin 53 W23 Fe i & 72 > 72 glucose #% 0 #% 5- 15 45 o 1.
HE insulin 5 2 I E L 7=,

ddY-H v 7 2B LN ddY-L ~ 7 2D WTH T glucose @ 5 &2 L f] LTI 4E insulin
BN ER Lz, ddY-L v 7 2D 1m4E insulin fED EAICHEEIC X2 2T O 6207

(Fig. 2-2),  F£7=. 6 #E D ddY-H ~ 7 2 D I 4% insulin fE ® E&F- 1% ddY-L ~ 7 & L [F£2
ETHo, UL, QHEELIFET6 O ddY-H ~ 7 AL L 0K #E O ddY-L ~ 7 2 &
LT, WTFhoESGEIZBWTHEE LW EFRA LN (Fig. 2-2),

Fig. 2-1 B3 X OV Fig. 2-2 7» 5, ddY-H = 7 & C glucose @ # 1 51 X 5 1 4E insulin
D LA 9 WELIECREN-722 & £ LT 12 B & 15 # i T insulin 523
EIRE TR T 5 Z E WL NI o T,

50
-
E
g 40
E
@ 30
=
=
g 20
o
£
g 10
o
0
Dose (g/kg) 012301230123 0123 01230123 0123 0123
Mice ddY-H ddY-L ddY-H ddY-L ddY-H ddY-L ddY-H ddY-L
Age (week) 6 9 12 15

Fig. 2-2 Dose-dependent increases in plasma insulin levels induced by oral glucose
administration.

Glucose (1, 2, 3 g/kg) or water (0 mg/kg) were orally administered to ddY-H mice (closed
column) and ddY-L mice (open column) after 4 hr fasting (9:00-13:00). Blood was taken by
decapitation after 15 min for insulin measurement. Each column and bar represents the mean *
SE of 8 mice. Significantly different from ddY-H mice at 6-weeks of age (*: p<0.01) and
ddY-L mice at the corresponding age (°: p<0.01) in the respective dose of glucose.
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2-3-2 Sitagliptin ® LR X O insulin fHIZ &IE T &

2-3-1TddY-H~ 7 2|23 T, glucose % M # 5-% o M4 insulin fE 23 @l & 72 > 72D T,
glucose 2354 7> B WL & 40 2 BRIZ 43 e & v 5 incretin 23 L4 insulin o EH-2BI5- L T
L2 ENFEZbNT, £ T, incretin O 43 fif 2 Jiil 9% dipeptidyl-peptidase-4 (DPP-4) [H.
=3 sitagliptin Z & O 5- L, glucose & 512 %} 9 2 M B GE 35 K OV AE insulin 5 o = 5F- % H|
E L7,

Fig. 2-3 1. sitagliptin Z #¢5- L 7= 60 43| glucose 3 g/kg % & 0 4% 5 L. I o I
MmN~ OHEH L7 AUC 28 L TW5, Kllsd ddY-L = 7 & TIZ sitagliptin @ Bl
BHIZXDHER AUC O T 2D HIERO LA RSB bNn, £ RIT/N S
< VEEIZ L DZEE Do T2, ddY-H ~ 7 2 T 1 sitagliptin @ El# 512 X 54 & 72 AUC
DD NE&BETIRD Bz, 6 BHEmB KOV M TiL, 2O X ddY-L ~ 7 R &Lt
L CRIRE Ch-o7z, —F., 12 #Hilind L OV 15 #HEm TIE 6 BHEm D ddY-H v 7 2 L
O i D ddY-L ~ 7 2 & Hei LT ORRBE DS R & W 238 0 bz,

L7235 T, ddY-H v 7 2 Ti& DPP-4 [HE 3 T &H % sitagliptin D 4% 5-12 L > Tt b e
DOEFRNBELNTZA, ddY-L v R Ll L CEHR EH Tl o iz,

1000 -

800 -

a,b
600 - a,b
—F— —F— =
400 -
200 - H
0

Treatment C DI C Dl Cc DI C DI C Dl C DI C Dl C DI
Mice ddY-H  ddY-L ddY-H ddY-L ddY-H ddY-L ddY-H ddY-L

AUC (mg/dL X hr)

Age (week) 6 9 12 15

Fig. 2-3 Sitagliptin-induced decrease in AUC in oral glucose tolerance test.

Sitagliptin (25 mg/kg) (DI) or vehicle (C) was orally administered to ddY-H mice (closed
column) and ddY-L mice (open column) at 6-, 9-, 12- and 15-weeks of age after 4 hr fasting
(9:00 — 13:00). One hour later, glucose (3 g/kg) was orally administered to mice and blood
was taken from caudal vain after 0, 30, 60 and 120 min. Serum glucose was measured, and
AUC in serum glucose concentration-time curve was calculated. Each column and bar
represents the mean + SE of 12 mice. Significantly different from ddY-H mice at 6-weeks of
age (*: p < 0.01) and from ddY-L mice at the same age (°: p < 0.01).
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WA, ME insulin i1 & AE 7 sitagliptin % 5- OB L2 KFd % B T, sitagliptin - (25
mg/kg) %O E L 60 4y oM insulin fE 2R E L7z, £l ddY-H ~ 7 2B IO
ddY-L v 7 22T sitagliptin O &5 DR EITR O b o 7= (Fig. 2-4A), 2 b D
~ 7 A2 glucose (3g/kg) #HFG5 L&A, ETOHEE D ddY-H ~ 7 2B LN ddY-L
7 AZB W T glucose 512 X A MAE insulin D EE N FEEICHE B S 7= (Fig. 2-4B),
ddY-L =7 X2 T, sitagliptin (2 L A2 HIROREICEEIC XL 2 2T oT0, £, 6
WD ddY-H = 7 2 Tld ddY-L v 7 A &l U TEN R - 728, 9 i TIER & W E )
DX B v, 12 B fR AR C AT insulin fE13 X 512 EF L7z (Fig. 2-4B),

ZOFERNS . ddY-H ~ 7 2Tl 9 BHE D B FEED S O insulin 323N TTHE X v, 12 @ i
F L O 15 B flin TIX incretin (2 X % insulin WAL HEDS R SN D Z E WA I T, £,
Fig. 2-312/r L 7= & 9 (T sitagliptin O 512 XA MHHERED ER X T hThoTc 2 &b,
FriZ 12 W AR Tld. M€ insulin €0 L5785 insulin #RHTIHELS U T R B ME2D R
ZRLTWRWI &R Iz,
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10 -

Plasma insulin level (ng/mL)

o Lomem = WM e

Treatment C DI C DI C Dl cpbr Cc Dbl C DI CDI C DI

Mice ddY-H ddY-L ddY-H ddY-L ddY-H ddY-L ddY-H ddY-L
Age (week) 6 9 12 15
~ 80 -
£ B a,b
2 a,b
~ 60 - ;
©
>
<2
S 40 - 2. a,b ab
=
2 ab
(58]
g 20 -
3
- Il Fﬂ
0 -

Treatment C DI C DI C DI C DI C DI C DI C DI C DI
Mice ddY-H ddY-L ddY-H ddY-L ddY-H ddY-L ddY-H ddY-L

Age (week) 6 9 12 15

Fig.2-4  Sitagliptin-induced increase in plasma insulin level.

A: Sitagliptin (25 mg/kg) (D1) or vehicle (C) was orally administered to ddY-H mice (closed
column) and ddY-L mice (open column) at 6-, 9-, 12- and 15-weeks of age after 4 hr fasting
(9:00 — 13:00). One hour later, blood was taken by decapitation for insulin measurement. B:
Glucose (3 g/kg) was orally administered to mice at 60 min after the treatment with sitagliptin
(DI) or vehicle (C) and, after 15 min, blood was taken by decapitation for insulin
measurement. Each column and bar represents the mean £ SE of 7 mice. Significantly
different from ddY-H mice at 6-weeks of age (% p < 0.01), and from ddY-L mice at the same
age (°: p <0.01).
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2-3-3 Glucose 5 X Mg D GLP-1fE L GIP fHD EF

ddY-H ~ 7 & T sitagliptin (2 X 2 .4 insulin {5 © 7 058 A3 2 5372 O T M 4E incretin
fE % E L7, Glucose (3g/kg) & N5 L, 15 0% B L O30 wEIc~ v 2D M4E GLP-1
fill & i 4E GIP il 2 W 7E L 7=,

MAE GLP-1 fEiX. ddY-L~7 2B IR ddY-H~ 7 2D W T HIZB W TH glucose #% 5- 15
DB ER L, 30 0BT ERIO L)L E TR T Lz (Fig. 2-5), ddY-L ~ 7 A TlE,
MA4E GLP-1 fE X HENC X 2 25RO LN -7z, ddY-H ~ 7 AT, ddY-L v~ 7 R &b
e LC 6 Mlm CAIXR o723, 9 W lm LUK T glucose #2515 3% T 24% D F E 7R EAN
e bz (Fig. 2-5),

M GIP 1L, ddY-L v 7 2B L ddY-H~ 7 2D WFIZEB W T glucose #2515 4y
BB LOI0nEICEMTH - 72 (Fig. 2-6), Z O GIP D L5713, A lE o ddY-L =
U AL ddY-H ~ 7 A TEITZR - 7= (Fig. 2-5),

LL B, ddY-H = U X CiX[EEE O ddY-L v 7 R & i fE GLP-1fED EF- 23588 b vz
N, DT ERT mEGIPHEO ERIZRO N o7, 2O LD ddY-H w7 X
(21T 5 glucose 12 & 5 i 4EH insulin i @ £ F O JTLHE 2 incretin OB 5135 2 12wz &2
RN,
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Time (min) 0 1530 0 1530 0 1530 01530 01530 0 1530 015 30 0 1530
Mice ddY-H ddY-L ddY-H ddY-L ddY-H ddY-L ddY-H ddY-L
Age (week) 6 9 12 15

Fig.2-5 Glucose-induced increase in plasma GLP-1 level.

Glucose (3 g/kg) were orally administered to ddY-H mice (closed column) and ddY-L mice
(open column) at 6-, 9-, 12-, and 15-weeks of age after 4 hr fasting (9:00 — 13:00). Blood was
taken by decapitation after 0, 15, and 30 min for GLP-1 measurement. Each column and bar
represents the mean + SE of 7 mice. Significantly different from the corresponding time points
in ddY-H mice at of 6-weeks of age (% p<0.05) and in ddY-L mice at the same age (®: p<0.05)

25 A

= = N
o ol o
Il Il Il

Plasma GIP level (ng/mL)
©
(6)]
|_|_|
|_|_|
|_|_|

00 J [ ] ] ]

Time (min) 01530 0 1530 0 1530 0 1530 0 1530 0 1530 0 1530 01530
Mice ddY-H ddY-L dY-H ddY-L ddY-H ddY-L ddY-H ddY-L

Age (week) 6 9 12 15

Fig.2-6 Glucose-induced increase in plasma GIP levels.

Glucose (3 g/kg) were orally administered to ddY-H mice (closed column) and ddY-L mice
(open column) at 6, 9, 12 and 15 weeks of age after 4 hr fasting (9:00 — 13:00). Blood was
taken by decapitation after 0, 15, and 30 min for GIP measurement. Each column and bar

represents the mean = SE of 7 mice.
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2-3-4  Nateglinide # 5-i2 & % 1L 8% insulin fE» £ &

2-3-3 12 L= K 9T, ddY-H =~ 7 2D 4 insulin fi£ ® 5712 incretin @B 513 k& < 7¢
WEBDbREDO T, BEICEBEEMRL insulin O WERETIZERMBELTWVD
nateglinide (30 mg/kg) %~ 7 A (Z# 5 L, MBEH insulin fE% 15 /5t 35 £ OF 30 45 1% 12 M
E L7,

ddY-L~ 7 A T, % C nateglinide (2 & 5 I8 /1 insulin i £ O EFH- 23389 L7z a3,
HEIZ LD EROET R > 7 (Fig. 2-7), 6 HEE D ddY-H ~ 7 A TiX, ddY-L v 7 R &2
X7 o 7228, 9 Wik L O 12 H s T nateglinide #5-12 X 2 1L #E insulin i > b F-23 8500
L 7= (Fig. 2—7)0

ddY-H ~ 7 2 T, nateglinide | & 2 Mo insulin il ® k- 1EF 1% 9 3 i LK C L5
HZEMBEOLNMN, 1-3-5 TR L7 X 912, nateglinide (2 X 5 A E DK FAEAIE, 9
BWE LI TIK T L TWE, 20 Z b, ddY-H <~ v ATl insulin #8510 4E 3 9 @ #m 5 4
U, ZTORMEHELFIZ LD insulin WA TCET D Z LR REB S,

25 A

a,b ab

N
o
1

Plasma insulin level (ng/mL)
-
(6)]

a!b a,b
10 A
5 A
0 -
Time (min) 0 15 30 0 15 30 0 15 30 0 15 30 0 15 30 0 1530
Mice ddY-H ddy-L ddY-H ddY-L ddY-H ddy-L
Age (week) 6 9 12

Fig. 2-7 Nateglinide-induced increase in plasma insulin levels

Nateglinide (30 mg/kg) was orally administered after 4 hr fasting (9:00 — 13:00) and blood was
taken by decapitation after 0, 15 and 30 min for insulin measurement. Each column and bar
represents the mean + SE for 7 mice. Significantly different from the corresponding time points
in ddY-H mice at 6-weeks of age (? : p<0.01) and ddY-L mice at the respective age (°: p<0.01).

28



2-4 B

B 1ET, M dY-H~ 7 2T 9 BEERD S insulin EKFUIENS R EL L, 12 #Hin, 15 &M
EMERIZ LD 50 insulin RPTMENHEIR SN D Z & 278 Lo, b8 oo F8 812 13 i 5%
insulin JEENELS b TS, £2 T, §2ETIIkA
R TIC BT D IMmHE insulin fEZ JE L, KEME ddY-H ~ 7 2 @ insulin #iHTHEH L & OB
HPEICOW TR L7,

AT D0 12 BERHE AR L7z ddY-H ~ 7 2 O M4 insulin 1% 15 # &2 5 EH L= s
FEEI% O M AE insulin 1T 9 W D EFH L7z EE L T2 4, RIFZE Tk, EHATOE
BOREL T CTEFIRBO M insulin 4 HE T 57202 4 FHOMEZITo 72, 4FF
M o M 4E insulin fE1X 9 W £ TIX ddY-L ~ 7 A & ddY-H ~ 7 A TR o 7208,
12 AL CHEIC EF Lz, —F. glucose (1~3g/kg) OfFEAOHEIZLD ddY-L ~ 7 &
EddY-H <=7 2D WF L TH IMAE insulin fE23 8B 5 BK A EH L7z, LU, ddY-L =
UATIEHWTO@EE THMEE insulin fEDO EFIZFRRECTH o720, ddY-H~ 7 X Tix 9
W6 Z 0 EAFARICRES R 12 BB TIISbICHEmENT, 72, 12 B
& 15 EE I, mWIEE insulin fERA LV B<FEL T\, H L1 ETRLAEESIZ, 9
s D ddY-H = 7 2 Tl insulin #iHiE2ME T LTz 2y # A #& 5 L 72 glucose (Zxt3 %
MBERE DR FIT A b N> 7=, Zauik, glucose [ZHG LTS5 insulin B3 UAE
BN L, B ERAME S, AT EOMMBEREOK TR~ 27 Shicizb L
265, S5, 12 B, 15 HEIC/e 2 L. insulin KHTMEN & BITHETT L. insulin
D WTTHEIC & - T MmO EF 28 Ho i S 3. MHEFGE DK F O BEME(LT 5 & &
2 Hid,

BHEDH DT glucose DIEBUTLEWVTEALE 2> 5 incretin 230 W S 4u, 1 B MIIICTER L
Tinsulin pWEMRHET HZ LML TWDH, 555 FKA 72 incretin Tdh 5 GLP-1 & GIP
X, BRLZAEFHERORERDBEIER LT, ThENFEH/NEO L&+ 55
D KM S Mg PIcawEnsd, Lanl, SISz GLP-1 & GIP (X4 /X7 55 i %
#Tod D DPP-4 12 LV H Iy LNIC RIEMAL S 5, DPP-4 {2 &V RiEM L & iz GLP-1 &
GIP [ ZJJ p Ml IZ %k LT insulin 2y WMEEEIER 28 & 2\ 2, DPP-4 OFLERMNBHE S h
BRIRELS CHRERF ORTKICHEHA SN TV D, 9 HE D ddY-H v 7 A TR A& 5 & IEEN
b BRN G- L7z glucose (ZxF 3 2 MMBERE IS E WA A BV IR & LT incretin D52
BRbHEEZLNIZ, £ I T, incretin OFEZMF+ 2 HA T, DPP-4 [HEKTH D
sitagliptin Z & 0 £ 5 L 7=~ 7 A |Z glucose Z #% N B 5- L M bEfE & i E insulin {5 o> 28 ) (12
AT B A st L7, Sitagliptin (XA THIO THFE S 47 DPP-4 [HEHKTH Y . EH
b ES 1 H LEES N ARE KAl L L CHER ST\ 5, %Sitagliptin @ Bl 5 C 1
ddY-L =7 2 & ddY-H =7 2O W FRICB W T HIMmEEA v 2 U U EICH T 5 HEBITED 5
Nighoi-, LML, sitagliptin I glucose O D& GIC X D2 M4EA > A ) VED L& %
ddY-L =7 2 & ddY-H ~ 7 ZOWFHICB W THH M L 72, ddY-L ~ 7 2 TIXZOHEMO
HWEIZ LD 2T o722 ddY-H ~ 7 A TiT 9 Bl SN KR E < R A DA 51,
12 Bk LN 15 B TIE I HICREL o, ZORENSG, ddY-H ¥ 7 2Tl ddY-L
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~ R LWL TRO®KE L7 glucose (2 & % incretin 43 WA 23 TLiE S Au, L4 insulin fE 23 |
A LUEAEEREZ bR, LL, ddY-H <7 2 TiX, 9 @iz LK Tt GLP-1 Db
TR ERA BB NN, M GIP EIXA B EN 2 h) o 7=, Sitagliptin O O 512 X
D ddY-L v 7 A, ddY-H =7 2 & b ICHBERMPEED LFNH LT, ddY-H v 7 2D
MIPERE O L F T ddY-L~ T X EHA_REFEWR EHTE R & BEXEDED L ddY-H
~ 7 AZB I B glucose (2 K 2 ML E insulin fi @ _EF o JTH#EIZ incretin (T K& e84 5 2 T
WRNWEEZBND,

Glucose (T & 2 14 insulin fE D EH- 23858 S0 2 KK & LTS @ insulin 434 70
MEZ NS, PR M O insulin 3 WX, B MIZIZI T % glucose DA B L 72
HREERICEVEE SN D, BMIENIZHELY A F 4172 glucose [T S 4L, ATP D EA |
ATP ﬁwri K*F v 2L DB 1l BB D i 53 4 BEAZAK /- PE LR Ca®* F v RV DB A |
MRS 2y 5 O Ca?* it AT K DM Ca2* g £ E -2 L Cinsulin R3S,
ddY-H ~ 7 2 Tl 1~3 g/kg @ glucose D #% 0512 L 0 | MA4E insulin I35 EK AR
EHLU, 20 EFIZOEHBENOAERICKELL R, 12 BELECIIEIbICHEBINE, 2
D LM, ddY-H 7 2 Tl glucose NI X 2 insulin 72 WD JLHEDS 9 MR 64 U T
WD E W) RN RE S 72, Nateglinide X B il @ sulfonylurea 5 2RI B 214G &
L ATP &=t K F ¥ x V203 570, B Ald~D glucose D HLY A H<CfR 3 2 I
72T insulin 23S E 5, 29 ZoORMEGEHT S0, B MAE~d glucose
D ELY A A D i E & A4 5 B BY T nateglinide % #% 1 #% 5 L 4% insulin i % & L
oo BL1ETRLEZXLDIZ, ddY-H =~ 7 2 Tl 9 # i LLKE T nateglinide o i (& T /E 28
JEFS L2y, i E insulin 11X 9 ER T ddY-L v~ 7 A LR EF L, 12 BETIES S
W ER L, 2oZ b, ddY-H ~ 7 2@ insulin #KHTPE & fIPKIZ X 5 insulin 43 W O HE 0

QWM HIAE - TV D Z AR /RIR X7z, Nateglinide 13 glucose @ {12 BFR 72
< B MR D ATP gz M KYF v R VICYEH L. insulin 23 245 Z & 225, ddY-H =
U ATIE ATP JEEZME KT v 2L K0 b T O RIS SR A3 LI RIS SO $ 2 &
Z Z biub, Interleukin-6 (1L-6) X phospholipase C inositol trisphosphate {K{7 /A > A U
MR 2R U glucose DFIFLIZ K 5 insulin DA ST L2 LN LTS, 89
ddY-H = 7 2 @ insulin %3 W o JTHE O J5 K 7 BA 12 1% insulin 43 W1 Fé?]bé/fﬁiélﬁ1ﬁLyﬁ@é 5
RN VETH D,

2 RUPE PRI IR T insulin (EHI DR T, 3720 5 insulin SiitENJRR TH 5, € DFE
JiE W) S0 T B ARAE PR LT insulin 2SI 36 ST WD 3, F OfUENE insulin 43 W D i
FEICK VPR ARIET D2 BZAONTWD, 9 KEOHER IV | BN ddY-H v 7 21X 9
S CHIFELIZ & 2 insulin 22 23N % Z & T insulin #KPLENR~ X 7 S jv, 12 Bl LI

TITHEHIC X D insulin WA S HIZTTHE L TS I ENRBINT, T2, ZORKD—
DL LT PRMIEICET S insulin 3 W ORI ER D ATP EZE K F v r VXD H P T
T3 D SOSMEN TTHE L TV D 2 E AR ST,
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% 3E M dJY-H~7 RZBIT 5 insulin ¥ 7 FAEZOEE)

31 Fim

H1ERB IS 2 FICE W CHEME ddY-H = 7 2 TliE glucose % 5-12 X % 14 insulin
ED EFPERE N TWDH 2, insulin HFUERFEI L, MBEES LA T2 La2mR0
7o Insulin \EHIME L, REHFRICIB T D insulin OB RIGEROEEICI VAT
HIENMBNTWD,ZZ T ARETI insulin #iiHIMERBIEEOMBHEL BN E LT,
insulin JE&32 PEAEAE T o D 1T 3 X ORI AR RIS W T, insulin O H s 2 I1Z H 2
I E 2 Fede LTV D insulin Z 254 (InsR) | insulin 52 A -1 (IRS-1) F8 X W insulin
SARBIEE-2 (IRS-2) @ mMRNA & & 3 7 B R BUZ DWW TN LT,

3-2 REBRMFL RBRITE
3-2-1 EBREMW L FH KM
BLED1-2-1 28T T,

3-2-2 AEEB LUEHA
ISOGEN®, 3M sodium acetate [F=v K>V — oA L7, DEPC (diethyl
pyrocarbonate) % Sigma-Aldrich 7> & i A L 7z, Chloroform, isopropyl alcohol, ethanol (%#n
AL D KR R HE 2 A L 72

3-2-3 FF®# ribonucleic acid (RNA) DfhH
4 FEfE (9 :00~13:00) MR SHEL-~T RAZWEEL., ITA2MHE L, HIK%EFE Tl
L7z, Bt L7 100 mg 20 5 ISOGEN®% iy~ = = 7/LIZ L7248 - TH RNA O fifi i -
¥l 2417572, AT 100 mg # 1 mL ® ISOGEN*THREYF A XL, 4°C. 5,000 rpm T
15 4y Oy B L 7=, 3§ % chloroform 200 pL & ## - JRF0 L7-% . 4°C. 13,000 rpm
T 15 M Loy BE L 7=, k& % chloroform 600 pL & #&#F - IBF0 L 721%. [RERIZEE L4
BEL 7=, = ® L{E% isopropyl alcohol 500 pL & 24k - 0L 72, 4°C. 13,000 rpm
T 10 4y L7z, ERICOKE 756% ethanol 500 uL iz, 2y ALV TR L%,
4°C, 13,000 rpm T 5 4y L7z, k%A B L7=%. 0.1%DEPC /K 200 uL |2 fi#
L7z, & DOEHIZ 3M sodium acetate 20 pL & 100% ethanol 550 pL # 1z, {ERF1 L 7=
#% —30 °C T W ethanol L %17 > 72, 4°C. 13,000 rpm T 5 MmO L=, LR
Z K 75% ethanol 500 uL T 2 [FIYEH L7z, R Z Rz L7-% . 0.1%DEPC K%l %
TEHM L, 260 nm K& 280 nm ORI Z HIE L T RNA &4 K H L7, WOtEORIE
IZ. Spectrophotometer UV-2100 (Shimadzu) TI{T-7=,

3-2-4 BIEAAENAE DK RNA ORIH
4T (9:00~13:00) MRS~ v A WiHEL ., RISEAGIMHEM L/ H L, ik
R THAE Uiz, BAE L7-FI==ALEE A% 2> & RNeasy Lipid Tissue Mini Kit (QIAGEN)
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RV~ =27 VIHE - TOR RNA ORI 21T - 72, Bl 52 FLIE Vi #% 200 mg 2 1.5 mL
® QIAzol Lysis Reagent THEYF A X L7=#%. &E Y % — bIZ chloroform 300 pL %
WinL., WLz, 2~3 0B E#%,. 4°C, 12,000 rpm T 15 @O0 L. EEO
K& % 70% ethanol 500 pL & i{EF1 L7z, {EFI#K Z RNeasy mini Spin Column {Z#sI0 L |
15~25°C, 9,700 rpm T 15 # Rl Ly L7z, # 7 A% Buffer RW1 700 uL T 1 [E], D\ T
Buffer RPE 500 uL C 2 [EI¥E# L7-%% . 15~25°C, 13,000 rpm T 1 /Rl LBt L. &
T AEEE ST, RIZ, 77 512 RNase free water 50 uL # i1 L, 15~25°C. 9,700
rom T 15 FbfE O L7z, I % - NAeasy mini Spin Column (20 L., 15~25C,
9,700 rpm T 15 HE O LZ, Z OO —E % v, 260 nm 35 L O 280 nm D W 6 =
% Spectrophotometer UV-2100 (Shimadzu) Tl E L. RNA &% H H L7,

3-2-5 U7 /NHA AhPCRIE

RT-PCR |2 & % # RNA 7> 5 @ complementary deoxyribonucleic acid (cDNA) o {EHLi3,
RNA PCR kit (AMV) Ver.3.0 (TaKaRa) ZHWT~== 7 /WIZE~> {17, 3-2-3
BLO3-2-4 THIH L72# RNA 0.5 pg 2 vy, 3 3-1 OG5 T, 30°C10 4y, 55°C20
57.95°C1 43 .5°C5 43 .1 %A 7 VDO WG K& &2 1T - 72, # 41X iCycler™ Thermal cycler

(BIO-RAD) #ZfEH L 7=,

U7 NEALPCRIZTEI2ICRLERISFHZETT T4 ~—& SYBR Premix Ex Tag GC
(TaKaRa) &= v, ¥ = = 7 J/VIZHE > T Applied Biosystem™ 7500 Real-Time PCR System
(Life Technologies) TiTo>7c, 77 A4 ~—I%, & 3-3 I/~ L7 H D % Life Technologies

HEEANL THEM L7, PCR §&/1%, 95°C30 #, 60°C15 D 1 H A 7 LD itk ., 95°C
158, 60°CL 0% 40 A 7 L& Liz, 2 CtfEn 5 InsR, IRS-1, IRS-2 O fH %% Bl &
ZEM L, B-actin OB B TMHELLHZ, QMEEO ddY-L ~ 7 R ZHKAHEL L THKEL
726
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# 3-1 WHERG RS R

AR (RE) fli i & (uL)
MgCl, (25 mM) 2
10x RT buffer (100 mM Tris-HCI  (pH 8.3) , 500 mM KCI) 1
RNase free dH20 3.75
dNTP mixture (10 mM) 1
RNase inhibitor (40 U/uL) 0.25
AMV reverse transcriptase XL (5 U/uL) 0.5
Random 9 mers (50 pmol/uL) 0.5
Experimental sample 1
Random 9 mers: dp (5-NNNNNNNNN-3°)

#3-2 U7 I/HA L PCR KGR

AEE (RE) fEH & (uL)
SYBR® Premix Ex Tag GC  (2x) 10

PCR forward primer (20 uM) 0.4

PCR reverse primer (20 uM) 0.4

dH,0 7.2

cDNA 2

33



#33 TI9A~—

cDNA H AL S 2% LRk

B-actin  Forward 5’-TGG AAT CCT GTG GCA TCC ATG AAAC-3’ 66
Reverse 5°-TAA AAC GCA GCT CAG TAA CAG TCCG-3’

InsR Forward 5-GTATGG TGT ATG AAG GCA ATG-3” 67
Reverse 5’-CAG AGA ACG GAG GTG ACT-3°

IRS-1  Forward 5’-TGATGT CAC CCAGTG GTAGTT GCT-3° 67
Reverse 5’-TGG CAT GAG GAA GGG CAT GAG TAT-3’

IRS-2  Forward 5°-AAA GTG GCC TAC AAC CCT TAC CCA-3° 67
Reverse 5’>-TCATCG CTCTTG CAG CTATTG GGA-3°

3-2-6 BIZAMEHHERBED InsR, IRS-1IBEWIRS-2DZ U X7 EEROHIE

4 Wil (9:00~13:00) MBI E/o~ v AZWEEE, RISEAMEMMEMEZRED L, K
# L 7= phosphate buffer saline (PBS: 10 mM. pH7.2) T¥E# L 7=, 0.2g Z K% FC5mL
D PBS THREY T A AL, BMEWNIEE US-50 (HAKKRIES) < 15 B 2 [
AGIME L=, AEYF— h%& 5000 g T5ME LD BEL. EiE% InsR, IRS-1,
IRS-2 ®HPIEIZH 7z, InsR, IRS-1 B X W IRS-2 OWEIX, £ ZE i Enzyme-linked
Immunosorbent Assay Kit For Insulin Receptor (ISR) (Cloud-Clone Corp.). Mouse Insulin
Receptor substrate 1 (IRS1) Elisa kit (MyBioSource com) . Mouse Insulin Receptor substrate
2 (IRS2) Elisa kit (MyBioSourse com) Z V., v =7 V- TiTo7c, HEY
F— RO KX N7 'E &% Pierce Coomassie (Bradford) Protein Assay Kit (Thermo
Scientific) ZHWTHIZE L., InsR, IRS-1 B LWIRS-2 DEEL X /X 7'EF 1mg &7
DofEE LTRLT,

3-2-7 WHEHOE
o1 EE 1-2-11 I2HEL 7,
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3-3 EBRKER

3-3-1  FFIZBIT B InsR, IRS-1 B X IRS-2 ® messenger RNA  (mRNA) D HREH

6~20 HfiE D~ 7 2ADIFIZEIT 5 InsR, IRS-1 B LN IRS-2 ® mRNA OB &% Fig.
3-112R7,

FF® InsR @ mRNA BHEILX, ddY L~ 2B LV ddYH~T7 20O\ TN THilE#EmIZ L
HEBRAETIAONT, KO ddYL v~V A& ddYH ~ 7V AZ L CTHENRR Mo
7= (Fig.3-1A),

iF > IRS-1 @ mRNA B &%, ddY-L ~ v A ® 15 s & 20 i & CH 3 2 8 m 23 A
SRR, TRCOBEBTAEERZIT >z, ddYH~ 7 A THH#EIIC L5 HFERET
AN, FHEITdAYL~ Y X L THLEN RN -7 (Fig.3-1B),

o IRS-2 ® mRNA O 5B &3, ddY-L~ 7 A TIHEEIZ L 5@ W TR0 o> 7228, ddY-H
~ 7 ATIX, 6 & i LT 9B THRICERENK TN L, ko ddY-L +
U AL HER LT 6 i TIXEN R -T2, 9BEE TIX 29% K ~ L. 12 B, 15 ¥,
20 B TIXZENZEI 34%. 53%. 53% DEWRIL T AR bz (Fig.3-1C),
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Fig.3-1 mRNA expression of InsR, IRS-1 and IRS-2 in livers of ddY-H or ddY-L mice.
Total RNA was extracted from liver of mice after fasting for 4 hr (9:00-13:00) and the
quantitative real-time PCR analysis of InsR (A), IRS-1 (B) and IRS-2 (C) was carried out.
Each mRNA expression was normalize to B-actin and was expressed as relative ratio to
that of ddY-L mice at 9-weeks of age. ddY-H: closed column, ddY-L: open column. Each
column and bar represents the mean = S.E. for 6 mice. Significantly different from ddY-H
mice at 6-weeks of age (2 : p<0.01) and from ddY-L mice at the same age ( *: p<0.01).
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3-3-2 EIZAIEHHEML TD InsR, IRS-1 B X W IRS-2 ® mRNA DREH

6~20 H D~ 2O RIEHNIFIHFICI 1T 5 InsR, IRS-1 5 L O IRS-2 ® mRNA @
BB % Fig. 3-2 \Z/R”7,

NERGHLAL D InsSR @ mRNA BE (X, ddY'L~ 7 A TITRABIC LA ERE TR o1
2, ddYH~7 A TIE, 6l L L L C OB TOTNRBHAEOKR TAALIL, 12
LA CIEZEHICIE T L7z, Ao ddY-L~ v A & ik U C 6 @l TIEZENR 0o 7208,
9 k., 12 M, 15 Bk, 20 B TIXZEN LI 19%. 60%. 57%. 61% DK T 235
bi7- (Fig.3-2A),

JERA#LAE D IRS-1 O mMRNA B H &L, ddY-L~ 7 XA TII#IIC L 2 A B2 AT R ho T2,
ddY-H ~ 7 2 CiE, [ O ddY-L~ 7 A & ik U C 6 i TIXZE0N 722 0 - 7208, 9 i
12 Hfn, 15 Hin, 20 HW#Es TIXZNEN 24% ., 64%. 70%. T0%IK F L7 (Fig.3-2B),

HE WS #HL A% > IRS-2 D mRNA D3 B 1% . ddY-L~ 7 A TIXBEEIC X 2 E WX 2R 0o 7228,
ddY-H v 7 A Tld 6 s & thig L T 9 Wl CTHEREEEBOER TR A b, [FHE#E
O ddY-L~v AL LT 6 @I CTIXENR N2, 9, 12 i, 15 @i, 208
ETIXENZTIN 24%., 60%. 62%. 68%IK F L7z (Fig.3-3C),

ddY-H ~ 7 2 O F| E AL TiX, InsR, IRS-1 33 X OV IRS-2 ® mRNA O FHL &Y 9
HEDORAIIR T L, 12 @8BUBE CERARKRTEZ2RTZEDRHLNLERoT,
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Fig. 3-2 mMRNA expression of InsR, IRS-1 and IRS-2 in epididymal adipose tissues of
ddY-H or ddY-L mice.

Total mMRNA was extracted from epididymal adipose tissue of mice after fasting for 4 hr (9:00-
13:00) and the quantitative real-time PCR analysis of InsR (A), IRS-1 (B) and IRS-2 (C) was
carried out.
to that of ddY-L mice at 9-weeks of age. ddY-H: closed column, ddY-L: open column. Each
column and bar represents the mean = S.E. for 6 mice. Significantly different from ddY-H mice at
6-weeks of age (?: p<0.05, P: p<0.01) and from ddY-L mice at the same age (¢: p<0.01).
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3-3-3 BIAMEMHHEMLD InsR, IRS-1BIWIRS2DF VN7 BERAE

3-3-2 T/RL7Z K DI, ddY-H v 7 2 D RIS AE ALK Tix. 9 s L% T InsR, IRS-1
B L IRS-2 ® mRNA EHBET LZD T, 6~20 Hilis o~ 7 2 D% LI HRRIC
7% InsR, IRS-1 BLXWNIRS-2D % 87 H%Z ELISAICKVHEIEL, ThZhoRBE
EWARIEImg b ofEE LTHEE L,

ddY-L ~7 ZATlE, BEIC L DHMZ X7 EHT-0 D InsR ¥ v 7 BEICAEREA
XA SN2 o> 7= (Fig.3-3A), ddY-H ~ 7 A TlE, InsR ¥ > /)7 G &% 6 #Hln & 9 M
Tli%z’)ﬁfmxotzﬁ 12 WA IR T LGS, £/, FBEEO ddY'L ~ 7 X L H#g L
T 12 B, 15 FHn, 20 H#s TIXZNE I 27%.48% .52% DK TR 5417z (Fig.3-3A),
ddYL?‘?X@ﬂﬂ/}’ YR HT O IRS-1 X o8 EEE, BRI L5 AERER
Roninoiz (Fig.3-3B), ddY-H ~ 7 2 Ti%, 6 #lii & ik LT 9WME NS T L7,
ddY-L ~7 R LMk LT 9 i, 12 #in, 15 #m, 20 M TIXEZ 30%. 37%.
42% . 60% DEHLRIK T REO LT (F1g83B)

ddY-L~7 ZADHENZ X7 E =) © IRS-2 # R 7 EE T, Bt X 5E W TR
b7 mo 7z (Fig.3-3C), ddY-H v 7 X Tl, 6Lﬁ“<‘:tt$xbf9 tﬁ“ﬁx%&&?bto [F]
WD ddY-L ~ 7 A & B LT 9 Bl TIX 156%MK F L. 12 #in, 15 @i, 20 i TIX
ZNEN 44% . 49%. 58% L EM IR TFAR O b7 (Fig.3-3C),

ddY-H ~ 7 20| == ARV Tix, InsR, IRS-1 53X IRS-2 ® mRNA O FEHL T
LEBIT, ENHLOX NI ERBEED 12 BRUECEHRKRTERT I ERH LN E
o,
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Fig. 3-3 Contents of InsR, IRS-1 and IRS-2 in adipose tissue of ddY-H or ddY-L mice.
Epididymal adipose tissue of ddY-H mice (closed column) and ddY-L mice (open column)

were homogenize in 10 mM PBS, and InsR (A), IRS-1 (B) and IRS-2 (C) in homogenate were

assayed by ELISA. Each column and bar represents mean = S.E. for 6 mice. Significantly

different from ddY-H mice at 6-weeks of age (*: p<0.05, : p<0.01) and from ddY-L mice at the
same age (°: p<0.01).
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3-4 EHE

Insulin #XHTPE X, X*én‘ﬂﬁk BT % InsR X° IRS-1., IRS-2 DI HE DD 72 £ insulin
O NIE BRI ROEEICL VAL S, 22 £ O insulin HPTHIRRE T, IRS ¥
NI EDRBLRT 1 //) /@mm%% IZHAD L CnaZ EndgEEIR TR, ¥ 2
NHOZET A, insulin OHERE N E AR 2% O W1 O BB O FEE D insulin #RF1M4:
B L BEHRICHET 5L AR LTS, £ 2T, AETIIHENE ddY-H v~ 7 R1TH T
% insulin HRPTPEREL & | FISEALIR LA & B InsR, IRS-1 3 X OV IRS-2 @ % Bl &)
& OBTE M A RE LT,

% 1$jb‘ot()“’%2$f‘v? L7= & 9 M ddY-L ~ 7 2 TlE. iibHEE 35 L OV 4 insulin
EOHEEIZ X 2ZETED b T Bl AL D InsR,IRS-1 % K OV IRS-2 D mRNA
REBEOBEIZ L DEEG o=, — 07 INEIZ X 0 iEFEE O T 3 L O 4 insulin
fED ERANH 72 ddY-H ~ 7 2 TlE, JEifAEE D InsR, IRS-1 3 X O IRS-2 ® mRNA
BN, 9 WM LAEICED Litd, 12~20 #i TIXEW I Lz, ddY-H <
U ANZEBT IR O InsR, IRS-1 3 L OV IRS-2 @ mRNA &= O iz L 5 b £
X, MHHERE O i 12 K DK T RdE & AEBI L T,

—J5, ddY-H = 7 2 DT Tl IRS-2 ® mRNA & B A3 [FAE 72l i 12 & 2 0 #E %
RLUTZA, InsR BELWIRS-1 O LT O 72> 7=, IRS-1 & IRS-2 (X, insulin @
EHRIEICB W CEERZE Z2MH > T DH 08 IFFFEFRMNICIRS-1 & 5V T IRS-2 DWW
Nk /v 2770 8L~y ATIE, IFO insulin DIEFRIBEICITEAEZEITA LN
7RNDS FHEAEIEIC T IRS-1 A%, ZEE I & B A E AR IRS-2 OEA A EFAE I &
HCTHY, FEEMNARRESHERLL SN TS, 3 LzRn-> T, ddY-H v~ 7 ZDJF
TH BT IRS-2 O mRNA OB &K T iX, 71T T insulin @ 1 #HAx 2 O [ E O i
Wz 5 EixEB 2672w, —F, ddY-H <~ 7 AR CIEX, InsR, IRS-1 B X
IRS-2 @ MRNA AW b R R ARE TR L, S6icEnEno X o8N EE
X9 HEED INSRICIHAD DA b oT-Z & & BRITIE. mRNA OB EDOREAD &1
—FH LT\, ZOMEMMARKICE T S InsR, IRS-1 BL T IRS-2 D mRNA & % 37
BB OBEE I XD E X, TEEEE K TR X OUmHE insulin 2o L 5F- o # i
L HREEFBIL T, KRS, 9 TIE InsR, IRS-1 3 X Y IRS-2 D BUK F i/
&<, insulin 43 W D TLHE S K B ME D T insulin OE DK F2NBELE(L L 72 & HESR
ENb, THHOMENS, EIHEMICHIT S InsR, IRS-1 B X T IRS-2 ® mRNA @
HBK T & &2 U X7 EEOWA N ddY-H ~ 7 228 1F % insulin BEHUME O3 BL & & i
BT DHRFARIERDOFEFRO K THDHZ ENRBEINT,

REWAAEAR & RERIC, B4 A S insulin @ 5 Z e 2 fiigs © — > C insulin OEAIC
V glucose % HX Y iA Fx ﬁiﬁuﬁf%m ET 2520, B O insulin KL i%mﬁﬂ*ﬁ
DK & 72 %, KBS BRSO InsR, IRS-1 B L WV IRS-2 IZOWTHF Lo
kﬁ\M%H7?X®%%%Twmﬁibfwé*k%%iEh SBmET o0
N D, Fio. insulin OFMFENIE RIS EIZIL PIZ-K ° Akt 7R E DX X7 BN E L
TW5, IRS-1 R~ 7 AT B, IRS-2 K~ A X & BHH L HIC PI3-K G
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PEPMETLTEY, ZNOOMBEN A A Y B RBBORIA & 2 D lEss & LT
BZHNTWD, 9 RIS T TRBEHOFICBT 2T b 0RBEHPL Y
it 72 £25 ddY-H =7 2O insulin HERBICEH G L T LML ZE L 6N, 5%
SHICMAT2REND D,
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BAE ddY-H v U X DOMEREIZ X 5 IREBRIE O LB

4-1 Fim

H1EBIOE 2 FZIZBW T ddY-H ~ 7 2 TlE glucose (2 K 5 I 4E insulin fif A3
FRITDICE b L PIHERENME T2 2 L 2R Lz, £7205 3 ClL., MMk ddY-H
~ 7 A DRI BV T insulin 1E HIBZER D InsR, IRS-1 35 X TV IRS-2 D%
BN L, ZoBEA D insulin EFUERBO —KTHDH Z L2 RmEB L7z, R/iHLIL,
HEME D ddY-H 2~ 7 A Tid, 156 @ £ TIZ insulin #iPTEIX BB L a2 & 2 HE L T
WA MW 2T RETIE, & HICEER O ddY-H ~ U X231 HiitEEE & insulin
T MARZER & OBEME A R LT,

4-2 EBRMBLL EBRGE

4-2-1 EBREWY L EE R

FRRICIT I RS R F I ER Y v ¥ — 0 an =—TEHE L2 ddY-H <~ 7 2
BIOddY-L v 2AEMH L, MERREIX, 180 1-2-1 12Uz,

4-2-2 REK
HIEIIFE 12D 1-2-2, FE3ZD 3-2-2 L[AFEICBEALEZLOEFER L,

4-2-3 fKELIEVHEBEEDOHE

~ U A% 4 AR THEAL L, EEEEEE (MF ik, 4V = X VEERE) 2 HHBICE
g - BASHE, LAMIC-EREZRE Lz, £/, —E#EE T 48FM (9:00~13:
00) fafSE7-t%, WgA L, Mk~ v 206 75 B J OGS 15 #H %
OREFMEZ . FMEME~ T 20 b EIZILIE IR I & ORG & BEAE 15 RELA% 2 i (L.
ZOHERBEZPELT,

4-2-4  Glucose D& O EIZ X 5 MAERERBR

MERED ddY-H ~ 7 2B LV ddY-L v 7 2 (%Kit 8 L) % 4 FEfH] (9 : 00~13 : 00)
Ml XE %, 2-2-3 L [AAEIC glucose (3.0 g/kg) Z#:H#5 L 7=, Glucose ¥ 5-H B ¥
FOHE 30 0%, 60 4718, 120 sp R (R E AR SRl L, % 1 T 1-2-9 ([ZHE L Tl
BEAE % I E L 7=, Glucose $% 5-t% O W¢ [ 2 Bl |2 MU 2~ = > ™ U 7 fof i — iRy i il e
2B AUC #H M LT,

4-2-5 Glucose xR AEE Lz~ 2 DM insulin fE D #l E
H2ED 2-2-3 IZHETCHERED ddY-H ~ 7 2B LN ddY-L v~ 7 & (% 6 PL) (Z glucose
(3g/kg) ZREAO&EE L, &5 15 0% ICHEIC XV il L7z, 1mE insulin 8% 25 1 &
? 1-2-10 [ CRIE L 7,
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4-2-6  FFO¥ RNA O R H
F3ED 3-2-3 1THEL T,

4-2-7 BIZ2AEHHEBRE X OFEBZELMEZED¥ RNA OHIH
H3ED 3-2-4 ICHEL T,

4-2-8 U TFTNVHE A LPCRE
W 3ED 3-2-5 ICHEL T,

4-2-9 FIZABHEBRB X OFERBBREBMEZED InsR, IRS-1 8L IRS-2 D ¥
VNI BEEDOHIE
¥ 3ETD 3-2-6 ICHEL T,

4-2-10 REOKRE
4-2-3 THIBE L=~ ZADREMN S VU U P TREZERIN L, 7 a~2— 83— (L)
ZERALT, REOFEZRELT-,

4-2-11 #EHAE
H1ED 1-2-11 12T 7,

4-3 EBRFER

4-3-1 MW~ ZDOEREBIUOENEREER

Fig. 4-1 (M D ddY-H ~ 7 2B LV ddY-L ~ 7 A DK ER N2 ~$, MM ddY-H
<~ A TIE, BERL L72 48l S MEVE ddY-L ~ 7 2 L ik L CH B RIS REBEINA 2 5
. Bz iBY ZEICZEOEITIREL o7, Fig. 4-2 1277 X 512 ddY-L 7 ATl
MEPE D RE XS EE IR > THHEE LY DR o7, —F, ddY-H ~ 7 2 Tl 15
M E CIEEEORENFAREICRKE D o7, HETIZ 20 B ZADOHERP A LD
KO RVREOHIMAZ G4 < 22255 MEME TIZEEIN Lt 1T 2 72 6 25 i T ik
KD NS 7257z,

HEYE ddY-H ~ 7 2 @ 75 & 30 R B R S & OV A% IS G #L Rk o0 B &k, M ddY-L
v AL L CHERRNOEICE <, Bl & & BIZEPITIE R/ L7z, 30 i TiX
FE IR AR X 4.5 65, IBEEIEMMA CiX 235 Th o 72 (Fig. 4-3),

4 R R L7z 6~30 Hils DMt~ 7 A DRMKEZIT o7& 2 A, HEMED ddY-H <
UATIXISEE £ TR TO~ T A TRIIIHHE S e h - 7228, 208 i T50% (6/12) |
25 it T 83% (10/12) . 30 i@ in T 100% (12/12) O~ U A CRIENBIE I Nz, — .,
HEPE D ddY-H ~ 7 235 L OUWMEMED ddY-L ~ 7 A CTIiE 30 i £ T2 TH~ v A TR
B & 7Zehr - 7~ (data not shown)
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Fig. 4-1 Increase in body weight of female ddY-H or ddY-L mice.
ddY-H: closed circle, ddY-L: open circle. Each column and bar represents the mean = S.D. for
25 mice. Significantly different from ddY-L mice at the corresponding age (* : p<0.01).
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Fig. 4-2 Comparison of body weight between gender of ddY-H or ddY-L mice.

ddY-H: closed column, ddY-L: open column. Each column and bar represents the mean + S.D.
for 12 mice. Significantly different from ddY-L mice at the same age (*: p<0.01), from male
ddY-H mice at the same age (°: p<0.01) and from male ddY-L mice at the same age (: p<0.01).
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Fig. 4-3 Weights of perimetric adipose tissue (A) and mesenteric adipose tissue (B) in female
mice
ddY-H: closed column, ddY-L: open column. Each column and bar represents the mean + S.D.
for 12 mice. Significantly different from ddY-L mice at the same age (* : p<0.01).
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4-3-2 MEHE~ U R DOTRHPERE D Lk

FLIECTRLEZL I, BROPEAWRBRIZEWD THEMED ddY-H ~ 7 A Tid, 6~9 i
B CILMBERE DR FIZRO bR, 12 BEUE CTABERE TR AN, Z
%Lif*@ﬁ%%f‘ﬁﬁﬁddY-Hv'?xf‘ilSUﬁ&if“ﬁﬁWf EQETIXA LR ERE S
NTW5b, 2 4-3-1 TRUEX ST, MEME ddY-H ~ 7 2 T3z & v FWH 2 IE %
2L70T, &BEETHmEER @1&Tﬁ>$bm\®7b>ﬁﬁ 95 HM T, 30 g E TO
MM~ v 212 glucose (3.0 g/kg) D#% A 512 K 2 MbbERe sl & F0i L 7=, Fig. 4-4 (2
I BB -RER B AR 2 & B H L 72 AUC 2R3, #EME ddY-H ~ © X TiX M ddy-L ~ 7 &
&b U C glucose #% 1 #¢ 5-% @ AUC 13 30 i £ ThH T IR T O XA 5 iv 7= 23,
HERKTIERD N2 o7 (Fig.d-4),

L7228 - T MM ddY-H ~ 7 2 TN I & > THMEEE O FIZ4A Uauv 2 & 238
ST o T,
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Fig. 4-4 AUC following an oral-glucose tolerance test.

Oral-glucose tolerance test was carried out after 4 h-fasting (9:00-13:00) in female mice at the
respectiveage and AUC in serum glucose concentration-time curve was calculated. ddY-H:
closed column, ddY-L: open column. Each column and bar represents the mean £ S.E. for 8

mice.
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4-3-3 MR~ v R2BIT B glucose ¥ 51 K A Mk insulin fE_EJ o LBk
F2ET/RLIZL DT, 4R R U722 B ddY-L ~ 7 2 @ M insulin 1% 15 8
FCECRMETH om0k L, HEME ddY-H ~ 7 A Cid, 12 AL THE R LA
MWH LT, £2TC 25 HmE CHE 2> THELZE Z A, 9~25 oMb D
ddY-L = v 2D I 4% insulin fE 13K fE CT— & TH v MEHE D F= 1L 72 0> - 7= (Fig. 4-5A, B),
— 7. BEME ddY-H ~ 7 2 Tl 12~25 i iz e nEIic EH/ L= (Fig. 4-5B),
MEVE ddY-H ~ 7 2 T, HEPVE ddY-L ~ 7 R LT 5 & 9 Bl b A& 7R LA
b, TOHRLD LT HOER LN, MM ddY-H v U X L g3 5 & 20 EH &3/
I otz (Fig. 4-5A),
Glucose (3.0 g/kg) #5- 15 43 # o M4 insulin fE 1%, MEMED ddY-H ~ 7 28 L OY ddY-L
—v?x@b\‘f}‘ﬂ BWTH EH LA, L2l ddY-L~D 2 TIZZE0 ERITAEICE S
EWMIRL —ETHY ., MEHEOEIT ) o7z, —F, B ddY-H ~ 7 A2 Tl 9~25 ¥
oA Wl CEfE & 2D . NERICHE S FR R LA AN (Fig. 4-5B), #EME ddY-H
~ U A TIEMENE ddY-L =~V R LR L THEICHEIETH > 72n, Hitt~ o Z & igd
HEEOETNESL, BEICEDIEITIFEAL RO LN o7 (Fig. 4-5A),

48



>

100 -
S 80 . Female
o~
SE 60 f
£ 9
gv 40 - . a a a a
3
o 20 1
a,b a,b
0 -
Time (min) o 15 0 15 0 15 0 15 0 15 0 15 0 15 0 15 0 15 0 15
Age (week) 9 12 15 20 25 9 12 15 20 25
Mice ddY-H ddY-L
B
- 100 - Male ab
3
2 80
£
2 E 60
£ o
o =
e 40
3
“ 20
0
Time (min) o 15 0 15 0 15 0 15 0 15 0 15 0 15 0 15 0 15 0 15
Age (week) 9 12 15 20 25 9 12 15 20 25
Mice ddY-H ddY-L

Fig. 4-5 Increase in plasma insulin level induced by oral glucose administration.
Glucose (3 g/kg) was orally administered to ddY-H mice (closed column) and ddY-L mice
(open column) after 4 hr fasting (9:00-13:00). Blood was taken by decapitation before the
administration (0 time) and after 15 min for insulin measurement. Each column and bar
represents the mean + SE of 6 mice. Significantly different from corresponding time point in
ddY-L mice at the same age (* p<0.01)and from ddY-H mice at 9-weeks of age ( °: p<0.01).

49



4-3-4 fERE~ v 2 DIBHRERRICI T S InsR, IRS-1 8 X OV IRS-2 ® mRNA REEH D
I2d} 33

15 JH fis O MEME~ 7 2 O F = DR ALK & HEME~ U 2 o RIS ALIEMI AR I B T D
InsR, IRS-1 B X ' IRS-2 ® mRNA O ¥ & % Fig. 4-6 [Z s L CTord,

W 3ET,RLELIIT, HEME ddY-H ~ 7 Z D FIEILIE AL TIE InsR @ mRNA 3
BlE T, HEME ddY-L &bl LTI Lizas, MM~ v 2o 5 80 Rk T
X ddY-H = 7 2 & ddY-L ~ 7 2 THENR -7 (Fig. 4-6A),

F 72, BIEALEMHARICH T D IRS-1 B LV IRS-2 ® mRNA DR H & ¢ | HEME ddY-L
~ AL U CHEME ddY-H ~ 7 A CEHIZIK T L7y, W~ v 2o 1280 58
FHA% Tl ddY-H & ddY-L TZEM 72 02- 7= (Fig. 4-6B, 6C)

L7z o T, MO ddY-H <~ v 2 Tid, B O insulin 1§ #1552 % O ) B fE o
InsR, IRS-1 38 X TV IRS-2 @ mMRNA OFREBLAHAD LTV N2 & 3R S,
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Fig. 4-6 mRNA expression of InsR, IRS-1 and [IRS-2 in adipose tissue of ddY-H or
ddY-L mice.

Total RNA was extracted from epididymal adipose tissue of male mice and from perimetric
adipose tissue of female mice after fasting for 4 hr (9:00- 13:00) at 15-weeks of age and the
quantitative real-time PCR analysis of InsR (A), IRS-1 (B) and IRS-2 (C) was carried out.
Each mRNA expression was normalize to f-actin and was expressed as relative ratio to that of
male ddY-L mice at 15 weeks of age. ddY-H: closed column, ddY-L: open column. Each
column and bar represents the mean £ S.E. for 6 mice. Significantly different from male
ddY-L mice (% p<0.01) and female ddY-H mice (°: p<0.01). Data of male mice are same as
those in Fig. 3-2.
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4-3-5 W~ X DOIEHEBRICBIT S InsR, IRS-1 BX W IRS-2 0& VX7 E%
LD
4-3-4 \ZB T, 15 B O MEM: ddY-H ~ 7 2 O 75 JE D g ML TiE. InsR, IRS-1
iSJ:U“ IRS-2 ® mRNA BHIIIEKTFLTWAho7-, L2rL, B 3E3-33(I/RL1ZEX
[ZHEVE ddY-H v U 2 TIXRIZRIEMMEMRIC BT 2EN D% N7 HEEMET LT
b\f:@“(‘\ InsR, IRS-1 BLWIRS-2 DX /X7 EE%Z ELISAIZEVHEL., ZhEh
DRBFEERF L NI7E1ImgHT20 OfEE L TR L, 16 Bt~ 20 75
JE D RE WALk & HEME~ 7 2 o B SE SRR @ InsR,IRS-1 38 XV IRS-2 D & v /37
BB A Fig. 4-7 (2B L TORT,

Mk~ o 2 ORI IR O ENL 2 X7 EH 7= 0 O InsR ¥ 87 B &1, ik
ddY-L =7 & L bl U CHEME ddY-H ~ 7 A TEBHITIK T L7, Mt~ T 2o+ =E

WNENHLER DAL Z X7 B HT-0 @ InsR ¥ 87 BT ddY-L ~ 7 2 & ddY-H ~ ¥
ATENEM-T= (Fig. 4-7A),

WAL Z R EHT-0 D IRS-1 BEWIRS-2 O X 7 E &Y, MM ddY-L =7 R
&g UCREME ddY-H ~ 7 A TIEE IR T L2, M~ T 2075 B2 RGN Rk
TlLddY-H v 7 R L ddY-L v 7 A TENZe) -7 (Fig. 4-7B, 7C),

L7z o T, HEMED ddY-H <~ 7 2 Tix, 5 B EMHEICB T D insulin O 1E HAis
EFRD InsR, IRS-1 BLIWIRS-2 X U RI7HEDREINMET L TWVRW I & BRI
iz,
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Fig. 4-7 Contents of InsR, IRS-1 and IRS-2 in adipose tissue of ddY-H or ddY-L mice.
The epididymal adipose tissue from male mice and the perimetric adipose from female mice
tissue were homogenize in PBS, and InsR (A), IRS-1 (B) and IRS-2 (C) in homogenate were
assayed by ELISA. ddY-H mice: closed column and ddY-L mice: open column. Each column
and bar represents mean + S.E. for 6 mice. Significantly different from male ddY-L mice (*
p<0.01) and male ddY-H mice (®: p<0.01). Data of male mice are same as those in Fig. 3-3.
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4-4 HBE

PERF B ORBRITHEENR D D Z L ITERPLMONT WD, ™ F72 R
REWET L TH D KK-AY w7 27 NSY v A7 TSOD v 7 A 4 OLETF 7 v
R4 GK 7w b SDT 7w b * 7o &C b BRI OFAE I I OVE IR 23 I C B
ThDHZENRWEINTWD, HEME ddY-H v~ ATk, EHEBEHEE CHEEFHEET LT
b 4IRS EREL X OIEHAEREOE AR 5L, 12 Bl TA A Y UKtttz
FEEL L, 20 @iin Z A0 DHERFERIER 2 29 228, MM ddY-H ~ 7 2 TlX 20 #H i E
TIZZED X D RIFEE /RS T, WIERIEICHEEN DD, W HEITECTRLEL T, I
PE ddY-H ~ 7 2 TIXMERE DMK T & AR @ insulin O MAZER D InsR, IRS-1 35
LN IRS-2 OFRBUK T ORFEMENRIB I Te, ARE TIIMEME~ 7 2 Ot b6 & i
insulin fif o 28 &h % 2 B 72 IE & 72 5 @il e £ CHElF L, BB IC 31T 5 InsR, IRS-1
BLOIRS-2 DFEL L OB M Z BF LT,

MEME ddY-H ~ 7 2 ORE X, 6 HEn2» HHEYE ddY-L v~ 7 2 XV ST, fitoZ < D
U AL FERICHEME~ T R X0 DIV RETHER Lc, UL, 20 @i LU CidtE
T <72, ERLBEHEMSYE~ 7 A TIIREOMNEIAL N2> T-DITk L, M~
TATIES BIZENT 5, £, HEME ddY-H ~ 7 2 ORI SE LG IR X HEME ddY-L ~
DALY RENR O HEPED ddY-H ~ 7 2 & ddY-L v 7 2D+ & AR ik L O
I ERE IRk O &\ D 2L Z UL BIZKRE < ddY-H~ U7 2 TIZEPIZIE Rk L7,
NERGALAR X, B2 5 = R VX — O iFjE & L Co&REI7Z 1T T2 < fiix @ adipocytokine
oW T 5N WMEAEE LT RO AHIE L TWD, ™ RO IR RIkIZ &
Y tumor necrosis factor a (TNF-a). leptin, interleukin-6 (IL-6) ,adiponectin, retinol-binding
protein-4 (RBP-4) 72 & @ adipocytokine M pEA « /3B E A U KA HEL O insulin
BHIMERBEO KN LR Z EREHINTWD, 708 Adiponectin O Ifi 12 F£ 13 BMI
EWOAEBE L. RIS P REAE IR AR B CIXIRME T H 0 8P F 7= adiponectin O 5T
do/db v 7 AR KKAY v 7 ADA A Y VRPN SEET 2 E0MENH D 0, —J,
monocyte chemoattractant protein-1 (MCP-1) <> TNF-a |Z adiponectin @ i&{x 1 3& Bl & )i
T %, 83 MCP-1 125 MifIIE/n 5, TNF-ald~=27 07 7 — bW S, FAEICH R
LTA R VR ZELRLSE D, T2b0, BB kO EMENBRN~ 7 =
77—V HEFIM L, TNF-a OEAZEMEE, TNF-a 253 5 IZAGI AL 0O KAEMEZ 1L
RMWEBEAR B OEAM R ZFET 5, IR LIZIEHIIIZ IS W TiX TNF-o O 53 WA
JUHE L TH 0 | adiponectin DFEEL A MEI L. IEWIAAE AT 5 & TNF-o 53 WM
T L., #IZH#h L 7= adiponectin 78 TNF-o0 O BB Z #4252 Z N5 T\ 5 8,

KEPE ddY-H ~ o7 2 Tl JEMIAERIZ 31T D5 MCP-1 ° TNF-0 OFBLAEM L, £ D
BAIN & insulin JEHIME & OB HE STV DY Lo L MEME ddY-H ~ 7 2 T,
RE WAL Ak D 2 B 72 I RARAZ & 22200 B 37, 30 il £ T insulin 8HTMEIZER O bz o
7oo F7o. MHE insulin fEIX, MEME ddY-L w7 R &R L CHEIZE - T2y, M~
JALIET L EEO ERITIEETH o7, Glucose #5112 L B IHE insulin LD E5-
BHMEME ddY-L ~ 7 AL LB L CREN- =0, ik~ R LT 220 LHE

54



TS BIICED2EWVEIRS —ETh o7, ZOMBED ddY-H ~ 7 2B T Sl
PERE & ML 8E insulin E O L2y S . HEME ddY-H ~ 7 2128\ T glucose #4512 KL 2 ifi 4%
insulin fE D LA 2350 S 405 o1k, RIEMFKIZIS T D insulin #HTHE D TUHE T 2R
B EBEE L TV D EHREIND, S HIC, BEME ddY-H ~ 7 2 Tl 20 2 IR
WEr2THvUARLLN, 30 B TIETRTOY T ATHRNSA LI, Lo L
ddY-H <~ 7 A Tl% 30 i C %)'?‘“’C@‘?‘?X“Cﬁﬁ TR S nolz, LD - T,
MEME ddY-H = 7 2 Tlid, 30 i £ TIMHEREDIR TIXIFL A EAE LRV I LR S H
726

3w T,RLE L SIT, BEME dAdY-H ~ 7 2 O FIEFLIER AL TIE InsR, IRS-1 B K&
OV IRS-2 ® mRNA B X U7 7 EOFREBITNE & & BIZEHEHIZEKT L, O HEEIC
KK T OHERE DS insulin TR BLOHER L FHEI L Tz, L L. MM ddY-H v ¥
A D A& DR O InsR, IRS-1 38 X OV IRS-2 @ mRNA B L OV¥ /)7 EH D38
X, MEPE ddY-L w7 R L ET AR o 7o, Kahn 1%, RO GLUT4 % R R AYIZ K
BEEE~UAR2HO insulin HEZ R T2 2HMELTNWD, 8 Lo T, 5
WikERkIZF5 17 5 insulin fEH @ Rz X 2 G N ~D glucose DLV A B DAL 23
insulin JPTHER B O —[K & 72 5, M ddY-H ~ 7 2 TIiE BRI B 17 5 InsR. IRS-1
BELWIRS-2D mMRNA BLOZ U NI EHOREBENE T LIEZ &, EFN0 ORI
KT & insulin \RFIPEDOFBLO B IZ L 2 HEB LS —H L Tnie, —J, M ddY-H = v
A TR, 30 MR IV D E T insulin JiFTMEIZ A BT RN D InsR. IRS-1
BELOIRS-2 D mRNA BXOZ U X7 EORBDOIKTIXFED N holz, ZTIUEHD
fE X, HEYE ddY-H = 7 2 O IR I/EARIC 31T % insulin @fa?&fx%%@%ﬂﬁﬁﬁxﬁ Th D
InsR. IRS-1, IRS-2 BH DKL T 2% insulin EFIMEFHHADO —~KTHDH Z L 2R L TWVD,

ddY-H = 7 2@ insulin JEFERBL O EZDIRERF & L TEREMNE RNBE X LD D,
BIED L ZAZXDRKBEFIZIAHTH S, —F. T E TIT estrogen 237D JF A
ThHLEORELHD, EFRT Y FBLOY T Z2DIELZRFEDL BV T MM
([ EE R CHEME I B WD TR RE ibffﬁ“@%éﬁi‘fﬁ%b\ F 7=, estrogen D a ZREK /v
77 7 k=7 AKX estrogen FEEIZ B A X /-7 aromatase / v 7 7 U h~ U A TIIHE
BWEENET BB{%&?‘@MEEﬁIW(%mﬁ“O 8. 87 b kT, estrogen % & {KEAs T
DETIN 2 ARERIFRIE L BE L TV D Z R MEINTWD, ¥ ZhboZ i
estrogen HESRFGFRIEMHIERA 2 RT 2 L ZREB L TW5S, ddY-H =7 2 insulin %
FPERBLOME L, insulin BFUERBLORRAZBL T2 ETEELEZ LI, 5%

IR T O ERD D,
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wiE

HARNDOWERFEEF D 90%LL EAY 2 BIFEIRFE CTH YV . 2O RIE, insulin 73 A4
& oinsulin \RPLETH S, Insulin EHIEORIEIZIZZ S OBEBEFBREET 22 000,
Z DFRIEFME DO RFITIA S TiX v, miHEOIE, EESETEHF L TH insulin #85T
PEZJEAE L. Nl IZ KV BERFIERZ 232~ T A (ddY-H v 7 X)) LZhbDHER
ARSIV T A (ddY-L v 7 A) ZRHAHEL 72, ddY-H ~ 7 2 OFERIEIE R D FEE
TIEMEENH O | BEEOZAFAE L, MEVE TIEFIE L722 VW, HEPE ddY-H ~ o (% 2 &Y
BERISDET NV~ A HEME ddY-L v~ 7 2 LZ ORI OEEE ~ 7 2 & LT insulin ##Ht
PEDRIERE T 2Rt T 2 AR ERRTH DH, AW TIL, HEME ddY-L ~ 7 X 25t
& LT, MM ddY-H ~ 7 2281 5 insulin #EHUME 58 B R I > W TR L 7=,
HEME ddY-H ~ 7 2 OTitFEREAR T O FIER @M Z B 6023 52 BT, 6~15 HigD~ 7

A1Z glucose Z#% M8 5-. MERENE G35 X OERAIRIMN B S- L . s o % IG5 1 28 B 2 fr 5+t
L7e, BEME ddY-L ~ 7 2Tk, RO#E5, BEENES B X OEIRN&E S L 7= glucose 12
XY D MAERE OWE I X 5 EWIR —ETh ol —J7. MM ddY-H v~ 7 200
&5 L7z glucose (2%t 9 D MtHEREIX 6~9 Wl TIXMENE ddY-L ~ 7V R ERBETH - 72
28, 12~15 AEE CTERIIK T Lz, — ., BEHENES ., $#IkN&EES L7z glucose Wzt
T MBERE L 9 Wl DA EICIK T L, 12~15 Hils TIXMEEE DMK T2 & Hic#ITL
72o HEVE ddY-H ~ o 2 CTid, B insulin 73 WMIEHESE T H 2 nateglinide % 0 #% 5-
B E Winsulin DFRENE G X 2 Mg O T &iX 9 Mlm» 6 A EICEA L, 12~15 8
W TIIH 50% F TR Lo, S 51T, MpEfEds X OUHSE insulin fi 7> 5 B HY L 7= insulin
BEHEA 7 v 7 A B M ddY-H ~ 7 AT O@EEMA LA EIC B L, 12~15 Bl TF
HIC EH Lz, 2D OfERNDL, HEYE ddY-H ~ 7 ZADBEREOIK T, 9 Bl 5
FAE L, 12~15 HE CI HICHEITT 5 Z AR I T,
Insulin 1 M FE A ST IC EE 2 & E 2 72 LT\ 5d, 6~15 Al O [ ddY-L ~7 2T
X, 4 BERHE AR o MAE insulin fE3 X OY glucose Z /& D& 5 L 7= & & oM insulin E
DWEIZ KD EWT R —ETH o7z, —FH. HEME ddY-H ~ 7 2Tk, 4 e[l iy
O IMAE insulin fE 1% 6~9 s TIXAENE ddY-L ~ 7 A L RIFEE CTH - =48, 12~15 i
THEICESR ULz, F£72, glucose Z#& N #& 5 L7 & & @M insulin fEIL, 9 HEm» 5
AEIZ EA L, 12~15 Bl Tl 25 512 E5 L7z, ¥, 12~15 @i TiX 4 insulin
fIE 23 B TR L 72,
HEPE ddY-H = &7 & T glucose O % £ 512 X 2 M 4E insulin i 5 2385k S 472 B
& LT incretin B 52858 2 b7z, DPP-4 fHEI TH % sitagliptin [T, 6~15 @ D
HEPE ddY-L ~ 7 23T glucose (2 L % M4 insulin 2D EH % 60%HI58 L, & DR
L& Wl T ETh o7z, BEVE ddY-H ~ 7 2 TlX, 6 ##s & b~ 9 ) 5 Mm4E insulin
DO EFNRREL RDMBEENH LI, 12~15 #EE TiT 80% MM L7z, L» L., HEME
ddY-H = 7 2 ® glucose @ 512 X % M#E GLP-1 fH & mA4E GIP i ® EF 13 #EME ddY-L
VORI CTENCERTONEEAEEN o T-, — T, D B AR E R
EF LT insulin %53 & & % nateglinide 1%, 6~15 @i O #HEME ddY-L ~ 7 22BN\ T
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MH4E insulin fE D E5H % 60% IR L, & OEILE i C—E CTh o7z, HEME ddY-H <
U AT 9 @2 5 nateglinide (2 & A M insulin fE D EF- A K& < 220 12 @@l i
BE insulin B IXHEVE ddY-L~D 2D 42572, 2O DORERNG, M ddY-H =
7 AT 9 k2> 5 glucose HIPKIZ K D B MEAE 2> 5 @ insulin W3 JLHE L, 12~15
B CTEHICHmINs Z &, Z 0B~ incretin D5 3%& 212< <, FLLTHP
AR O insulin WA B 2 RIS E D ATP &2 KT F v 2L X0 b Fit TRl
ST D RIGHENTCE L TWD Z LR ST,

Insulin IRHTMERBLO IR & L CRMHRIZIS T D insulin iR PN 1 A5 2 5% O 0] 1 B
BEOREENM LN TS, HEME ddY-H ~ 7 A TIEEIE AR O InsR, IRS-1 B X
N IRS-2 ® mMRNA BN e ddY-L ~ 7 A Ll L C 9Ol DD LI Lo, 12~
20 s TlEZNZ 4 57~61%. 64~70%. 60~68% % T4 L1z, £z, BIEHIEN
MARICBITDHANZ XTI HHT20 @ InsR,IRS-1 B XV IRS-2 DX > /7 EI3BL&E L
HEPE ddY-L ~ 7 2 Ll ZREH 27~52%., 37~60%. 44~58% (2D L7, MErk
ddY-H ~ 7 Z DT TiX. IRS-2 ® mRNA FHL3 9 i b LIZ L, 12~20 i fp
TITHEME ddY-L = 7 2 D 29~53% (234> L7223, InsR & IRS-1 @ mRNA 33l 0 i 1%
HD LR o72, IRS-1 & IRS-2 1ZAF® insulin DML TE MIZZEICB W T, HEH
F 121 IRS-1 728 22 s L A E 4 FF 121X IRS-2 S EICB 5 LI MRy 22 & 5 28 H 5
EENTHY ., MY ddY-H ~ 7 ZDOAF Tl insulin O #I NI S EEEITIZ E A SR
WeHtgREIND, —J. MEME ddY-H ~ 7 2Tl INisc L EWHA P E 20 . 5
JE 3 NG W5 R 5 2 OV 4% S A AR 23 I KAk L 7= A3, 30 # fn & C insulin #EHTM 3R
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