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ABSTRACT

Effects of Dietary Restriction
on the Glucose Metabolism in Liver of
OLETF(Otsuka Long Evans Tokushima Fatty) Rats

Kim Sang Yong
Adviser:Prof. Bae Hak Yeon M.D, Ph.D.
Department of Medicine,

Graduate School of Chosun University

Background: An increase in gluconeogenesis in the liver is largely
responsible for the enhanced hepatic glucose production and fasting
hyperglycemia in individuals with diabetes mellitus. PPARY-coactivator
1(PGC-1) and AMPK(AMP-activated protein kinase) regulate the expression of
several enzymes on the glucose metabolism in liver. Dietary restriction 1is
known to be effective in the therapy of diabetes mellitus for stabilizing glucose
homeostasis and improving diabetic control, in part by enhancing sensitivity to
insulin and improving pancreatic B-cell dysfunction. While much is known about
the effects of starvation on the glucose metabolism in liver, relatively little is
known about the effects of dietary restriction without malnutrition. This study
was performed to evaluate the response to dietary restriction on the glucose
metabolism, especially expression of glycolytic enzymes and transcriptional
factors such as PGC-1 and AMPK in liver of diabetic Otsuka Long-Evans
Tokushima Fatty (OLETF) rats.

Methods: OLETF rats(male, 24 weeks) for diabetic model and Long-Evans
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Tokushima Otsuka (LETO) rats(male, 24 weeks) for control group were used in
this study. At 20 weeks, all of OLETF rats underwent an oral glucose tolerance
test after an overnight fast. From the 24 weeks, all of these rats were received
an allotment of food equal to 70 9% of the food intake measures in last weeks.
This study was performed for 3 weeks and each glycolytic enzymes such as
glucose kinase, pyruvate Kkinase, phosphofructokinase and transcriptional factors
as PPARs and PGC-1, AMPK mRNA expression were measured at 1, 2, and 3
weeks after the beginning of 309 dietary restriction. Body weight and blood
glucose levels were investigated at each week by spectrophotometric assay,
and levels of mRNA expression were determined by real-time PCR

Results: The liver PGC-1 mRNA levels were increased to 19% in
non—diabetic LETO rats after 3 weeks of dietary restriction, but significant
change was not observed in diabetic OLETF rats. The liver PGC-1 mRNA
levels was not different statistically between two groups before dietary
restriction, but there was a significant difference in mRNA level between two
groups after 3 weeks of dietary restriction. The liver PPARY mRNA expressions
were not changed in non-diabetic LETO rats but increased to 23% in diabetic
OLETF rats by dietary restriction. The levels of PPARY mRNA in LETO rats
were significantly increased than OLETF rats before dietary restriction, but
there were no significant differences between two groups after 3 weeks of
dietary restriction because progressively increased mRNA levels in OLETF rats.
There were no difference on the PPARa and PPARB mRNA expressions
between OLETF and LETO rats. AMPK mRNA expression were significantly
increased after 3 weeks of dietary restriction in LETO and OLETF rats except
B1 subtype of LETO rats. Actually, mRNA levels of AMPK were slightly

higher in LETO rats than in OLETF rats after dietary restriction. The



expression of glycolytic enzymes such as glucokinase, pyruvate kinase, and
phosphofructokinase were varied during dietary restriction. The mRNA
expression of glucokinase and pyruvate kinase were progressively increased by
dietary restriction, but levels of phosphofructokinase was not changed
significantly during dietary restriction in both groups.

Conclusion: The liver PGC-1 expression response to dietary restriction are
altered in OLETF rats compared to LETO rats. The levels of PGC-1 mRNA
was progressively increased in LETO rats after dietary restriction but there
were no change in OLETF rats after dietary restriction. In opposition, PPARY
mRNA expressions were not changed in LETO rats but increased in OLETF
rats by dietary restriction. The mRNA levels of AMPK and other glycolytic
enzymes were not different between two groups. These findings suggested that
PGC-1 expression was altered in diabetic OLETF rat in liver and this PCG-1
expression may some roles on the aberrant glucose metabolism in diabetes

mellitus.

Key words: PPARY, PGC-1, Caloric restriction, OLETF rats
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AN AE A dn. PGC-12 A4 AlEolA mlEZE= o] tjaaA o

FEgs = ¥uk ofyg Ad&Edo e FEFA (GLUT-4)9 F4x #dS F
INA 242 AEAAL] T T4 Z7F AN 2@ oe gny md
o] HYPFEENHY AFE B 2EFEZEANS FU3 18 Furo] mdge
o Zroll PGC-19 AL F7lHo] low dsd A7 =i 473 ded
AgAe wol 28 Fud 2l ob/ob oA E PGC-19] 2@L Fr1H o] 9
oHVomR ded FaAd d 2k - 5e]4Ql EolWoel g bl LIPKO # A%
PGC-19] 2@ F7tso] Ao, aejmz A&de oA PGC-19 2@ o
Aste 9 g1 e S & 5 Jdom Iy REdoli Thg Al PGC-1

WA E A FeEle S22 ojt]EYEle] 7oA G-6-Pase?t FBPased]
Az FdAE JAA 7= FAH AMPK7E #Hojdths ARA S 7he] L ofAld

2] o] A gk (caloric restriction) A7) (free radical) @} 3} (glycation)E A A]7]
I T AE g B97%S FAA7E Aow & aex gt wma g gFol
Al AolAlgke WAH RS AT FEEY, ded, FH2HE & TAA
At Gy AR50 oA Aol e FFAUNS AARAI L A 28 Ty

3
AAAT = 7 vt BRaEde olgs gy Ao]Ago] <l

o
2 AFEAE ST A HEAEY TVles TAAE Ao 7

20 park 529 1o wEw OLETF Z oA Aoladte] we dgabejsl ol
=y A9 ML AW EZ (adipose tissue)oll A9 GLUT4 &dF71o] 7] el s}
o FZAZY ZHoA e GLUT4 2do s 98 7134 v i, 18y

T OE d7EdAME AolAlghe] helA oy =T dii
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AMPKe] & w3le} FrolA EE=guhil 34 9

pyruvate kinase, phosphofructokinase®] -+ =}
S T dENAY AdedgFAaY S 1

ofr uzt ¥ A4S WHsHA
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4. cDNA &4 2 SFELAHNE

A AAL "9SS random hexamerZE primer® st G HA &4 RAV-2(TaKaRa
Code No. 2610, Takara Bio Inc, Japan)< ©]&3lo] AAIsATLE &5 F%3% RNA
10utoll primer 240 2 Yo] 95ColA 58 F¢F Wx3 & 51 =

il 10,000rpmel A 5% &b A Felste] WS AE FAAAT. 7] DEPCZ
Ay FTHST 20, 5%PCR buffer 10ul, 0.1M dTT 5x, 10mM dNTP 2u,
37CA A 1A HE3-AlA cDNAE

k o

RNAsin 10, reverse transcriptase 1ulE 4
AT s olAS 4T HAs A
PCR diethyl pyrocarbonate(DEPC) A &% FTF4 30.5ul, 10xPCR buffer 540,
26mM MgCI2 60, 10mM dNTPs 1x0, forward primer 1ul, reverse primer 1ul,
cDNA template 5ul, Taqg polymerase (5U/ul) 05uS T3Pt PCR =42
denaturation® A © 2 95T A 45%, annealing FAH o2 50ColA 45%, 28 x
polymerization A 02 72TColA 1+ dAs 30 cyclex AZ v wpxEo
2 72TCAA 107 st WwEAIZ tF 4T E#edt. PCRE S3%H AHE
gt Hske] 10pke] PCR  AF=ES  2ue]  gel loading buffer (0.25
bromophenol blue tracking dye in 25% Ficol)9} &3§35}o] 1.5% agarose gelol
loading g+ & 100V ol A 30%3F TAE buffer (0.04M tris—acetate, 0.001M EDTA)eI
4] mini-gel electrophoresis unit (MUPID-2)S A}-g&3lo] AMstdct. ojae] Ad
GA A Ao PCR 4= 3% agarose geldl 719 % & F ethidiume
bromide & o2 QA3 UV-transilluminatorel /] et DNA bandE ARz
Zgetel dxad APLe bandd TR
pharmacia biotech, USA)Z ZA&lo] v nld}
A go] A% o]Z PCR primerd 714

|

o

X

£ image analyzer (1D ver.2.1,
4T

g E 1% Zv(Table 1).

5. Real time PCR

GAPDH(Glyceraldehyde-3-phosphate dehydrogenase)®} AMPK?® Primer#| 2t
AFH Z2ZIW(DNASTA: Version 50, Madison, USA)S o] &3, =&
primer= PCR 2FE o] F7] o]49 exong X%t =Z7]7F 100-200bp B =71 F

=5 Azrsklal, PCR Atz d714 Eol GenBanKel dlol¥ wjo]x9f 100% 7

_12_



40 Yede AE Fdstdth. A#E primerd]  Cybergreen(Cybergreen
Premix Sol : Bioneer. Co. Korea)2 ¥ A3}l Exicycler(Bioneer. Co. Korea)® 4
8C = 30, 94T 583 WA + 60C 11, 94T 30x= 40 cyclesE WA H
o HkSo] B & ¥ T DNAQ o] w2 Hifcycle 9 A (averages of cycle of

threshold (Ct) @S AAtste] FF44L8 WHE & o]5 o] &43to] mRNA #FHS A

d9e AL nYPARES A5 Ha 8Ate] AT F vEIEFS oA 94

A HA+EFHARE H7])8A 2, FAEAL Windowss SPSS(Version 12.0;
SPSS Inc., Chicago, Illinois, USA) 4 Z 23 & o] &34t APt Aol
student’s t-test®} ANOVAE Aldste] @dAstan. TATH foAd2 patel 0.05

vRrel A% 59

W
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2]
AFE AqUA AFHAFH AdA AmFe] wPdo o] KA HolAde AF
20 &S v F vk B AP AF 51250 + 27.80 g9l LETO #
2 Aol FoHFE 30% AlFste] A3 A HojAlFto] HA APLDEE A F o]
Ao AolAlg 35 F AT o] 469.30 + 19.70 go2 A GA 2} wjo] A F ol
Hlelo] 84% A% A th(p<0.01, Table 2) =3 A% 562.80 + 29.70 g¢1 OLETF
wolEFs 30% Agsto] AbSE Ay AolAlg 154 553.20 + 24.20 g,

Aol A g 254 532.60 + 3240 g, Aol AT 354 501.40 + 2620 g o= A o)A g
o] AYPALE FAF AF #HA2S wgdow AF AF weo AFo HEo

10.9% 2= tH(p<0.01, Table 3).

2. AolA g wpe st

LETO # &= AFAI#A 1277 35 & ddo] 540 + 0.31 mmol/LellAl 2] o] A
3 154 537 + 047 mmol/L, 254 531 + 055 mmol/L, 354 526 + 0.34
mmol/Lo 2 thah FaEE SAE Hgou FATHA o= fddvh. whd
OLETF #H = AdA2 Al 12413 35 F ddo] 930 + 0.70 mmol/Loll A 154
827 + 0.83 mmol/L, 25# 7.65 + 0.64 mmol/L, 354 7.04 + 090 mmol/LE 2]
oAl 174 7hg & I BAE BYon HolAg Ho| wste] o)A 3

FH 382%9 #HA2E HAT (p<0.01, Fig. 1).

3. 2ol Al go] PGC-1 mRNA 2ol mx&= of 8

2ol A ge Al=et7] Ao PGC-1 mRNA 2@ %S OLETFa oA 023 + 0.
LETO wolA 021 + 0.082 OLETF oA LETO Xt F71E0] = 4270
HEEP oY FASA] Aol molA ¢hokth AolAd A& 175 LETOW ol
M AolAlgs Alzbslry] A3 wlaste] F zkolg: HolA= @k onh(0.23 +
0.07) Aojalgte] HaPdL= 712 PGC-1 mRNA Fd o] A F71E o] 2o]A
3 2F A= 0.27 £ 0.04, AolA T 3FAE 028 + 0.06 &= oA g 3} B us}
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of AR 19% F715 A tHp<0.01). OLETF ol A= AolAld 154 0.22 + 0.06,
Aol Ag 24 0.21 + 0.09, AolAF 3F4 020 £ 0.09 2 Ao]AFE A3}~
A Aolg Holx gton FATHoRE folshA gkrh (Fig. 2). 2 olAl %
A PGC-1 mRNA @@ 2 OLETF ol A bzt Z7ks o] o) AojA4 & 25
AHE Aol Ae 3FA 7k A= LETO el A wd ko] §43 F7FH o] OLETF +
BUl BAHOR fosA F7tE 2ol ¥EH AT (Fig 2, p<0.01).

4. 2ol A gto] PPAR mRNA & v x&= &

1) 2 o)A go] PPARa mRNA 2o v]x= of g

PPARa mRNA 2@ Y¢S LETO ol AeolAlgd d 025 + 0.06, 1575 0.23
0.08, 257 0.24 + 0.05 354 026 + 007 & 2olAlge] wWa W= Bz
okt OLETF ol A& AolAd A 0.25 £ 0.09, 154 0.25 = 0.08, 2
0.04, 3F A 0.22 + 0.08 = A Ao]A g M W= HEHA &
ke Aol® AFEA ) (Fig. 3).

H+

A

2

s
0.23 +
ov gz

%0

T

2) 2] o] A g o] PPARB mRNA &) vz &3
2 o] A gHS A #3sl7] e PPARB mRNA 232 LETO oA 031 + 0.05 2
OLETF# ol A 9] 024 = 0.08 Rtt fojstA FT7Fe 2ol #EH 3o H(p<0.05),
Aol Ag 154 0.27 + 0.06, 252 023 + 0.04, 354 028 + 0.07 = 2] o] A g ol
wE WstE BREA @Yt OLETFE TollAdE AolAdhd 0.24 = 0.08, 2] o)A 3t
154 026 + 0.07, 274 022 = 0.09, 354 022 + 0.07 & 2] o] A go] W W3}
g HolA ko HolAF 3FFow 9A LETOT oA OLETF ol A K.t}
PPARB mRNA @& Fo] FofatA F7t=e] A= o]l #a= A th(p<0.05, Fig.
4).

3) 2]l gte] PPARY mRNA #de] m A& 93
LETO <ol A ¢ PPARY mRNA #&F2 2ojAlg d 022 £ 0.06, 1574 022 +

0.09, 24 0.23 = 0.03, 354 0.24 + 0.05 o]l o™, OLETF oA+ 2ol A g
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A 013 + 0.06, 154 0.15 + 0.06, 254 0.18 = 0.05, 354 0.22 + 0.08 & =74 5]
Ak AojA S Al A7) el PPARY mRNA #d-> LETOw oA OLETF ol
MET frefabAl S o]l #EE Ao (p<0.05), LETOw ol Al = 2] o] Al gholl
wE Wl BEEA ekt whdo] OLETFwol A& 2ojAld A1z A PPARY
mRNA¢®| &do] LETO ol Hlsto] wi-g ZAawo] e 4248 o Aol
3 3F A= 23%9 TS EAT (p<0.01). AolAld 3574 =43 PPARyY
mRNA®] &2 F Fox A2 Fo3 2o0]2 wWolx ¥t} (Fig. 5).

5. A o]l go] AMPK mRNA 2&do] v]x= of 3

1) LETO w49 AMPK mRNA &3}

2lo] A gt w2 AMPK o} (subtype)®] mRNA T dH-2 2ojA|sto] P& =
Az F7rste A4S Btk AMPK ofdo wel THAEE HuI RS u
AMPK al o}8-& AolAg A 074 £ 007914 2o]Ag Hek &2 o7 ZF71y
ol AolAg 3F4 578 + 0.74% FA F/rE= FFE B9 om(p<0.05), AMPK
a2 otd A AolAlg H 1.02 + 08604 2olAlgt 354 659 + 1.04= A& %<l
Z7he R H(p<0.05). 23y AMPK Bl o}d & Aoalg A 093 + 0.10, 4] o]l
154 058 + 0.18, AolAlg 254 1.36 + 022, Ao]Ag 354 0.83 + 0.32=
Foe WEyt RFHAE Gk ojek: v E2A AMPK B2 o132 AolAld A
0.82 + 029014 AojAlg ek A&HA o T FrlE o] Ao]Ag 3FF 345 + 1.78
2 Z7hEE S Bt (p<0.05). AMPK y ot& oA y1& oA A 098 +
0240 A Aol A 355 373 + 1.082 F 75 A3 (p<0.05), ¥y2 otFolA = 2 o]
g A 094 £ 0.080014 AolAg 3FA 336 + 1.172 71 A 2™ (p<0.05), ¥3 ©F
ol A= AeolAlg 7 095 + 1.089 A AolAld 374 374 + 1.722 A F7}s}
= %A Bau(p<0.05). 2240w LETO wol4¢ AMPK mRNA 2d2 @1
subtypes Al&stire AolAld A wlastds w Ao]Ad 3FF mF 2w 9]

A S7HE = e A (p<0.05, Table 3, Fig 6, 7, 8, 9).

2) OLETF oA 2 AMPK mRNA 2& w93}
OLETF <ol Al Ao]Agte] w2 AMPKS mRNA @& TE olgoA 2] o]
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iy
=
sl

gto] MYPAFE Ha Trrste FHE HAt AMPK o}l uwe)
st W AMPK al o} 2ojAlg 023 £ 0.05014 2]o]Ad &
oz F7lEo] AolAlg 3FA 2656 + 1482 HA T7lEE FAAS
(p<0.05), AMPK a2 o} Al 2olAlg = 051 + 0.06014 Ao]As 354 4.76
+ 1122 F7FE AvH(p<0.05). AMPK B1 oF& oAl AelAlg & 038 + 0.09914
AolAle FoF A&HH oz FrbEo AejAle 3FA 476 + 1.342 TUhE o
(p<0.05), AMPK B2 o}& k= AojaAld A 021 = 0.089A 2o]aAld 3FF 275 +
078 2 T7ts+= A4S BATHP<0.05). AMPK y °oF8 9A y12 AojAs #
0.32 £ 0.06914 2olAF Fet &Aooz Frhso] AolAlF 3FF 224 + 0.83%
Z7FE R (p<0.05), ¥2 oFFel = AolAd A 043 £ 01114 2 o]AF 3F4)
263 + 1.042 Z7}5 21 (p<0.05), ¥y3 ool & AojAld A 038 + 0.08A
2ol A e 3FA 279 + 04602 AA Z71EE S B tHp<0.05). OLETF i+
o] 2] AMPK mRNA #d2 ZE olgox 2olAlg A3} uwsrelS wf 2] o]
3 3FF BF gugA FrtEE $4S 2 U tH(p<0.05 Table 3, Fig 6, 7, 8, 9).

f
r

o
H

2
N
Ao

g
o

3) LETO w3 OLETF elA ¢ AMPK mRNA %8 #]

LETO 3 OLETF olA<¢ AMPK mRNA9 o2& LETO wolAe Bl
subtypes Alfstiie TUdT FAS EHAth. AMPK mRNA A ds FaolA
s B AolAg dels EE ool LETO ol A9 wdfe] OLETF +
o Aol we Rt ofu A St AATHP<0.05). AolAe 1F A= i
o] o}go A LETO oA wd o] OLETF oA xRt F7ixo] dor
(p<0.05) AMPK B1 ¢}3o] A= LETO ol Bt} OLETF oAl e @& ofe] o
QA F7kE o A AT (p<0.05). Aol Algk 25 Aol = OLETFE wollAe] ¢dd &
747y dA sk Ol o] of el A oFtzbe] FTAA zolE §l%lil AMPK Bl of
o Agro] LETO ol ARt OLETF ol Ao & cko] ofmglAl F7kxo] AN
H(p<0.05). AolAg 354 o]l= AMPK al®} a2 ot&olA LETO o4 OLETF
TR dEoke]l F7FE o] Y 2 (p<0.05), o]+ W2 AMPK B1 subtypeol A
% OLETF o4 LETO xRt wa ko] ow A F7hE o] A ATHp<0.05). L
9] olgol A= kel BAISHA Apol= HolA] e dthH(p<0.05, Table 3, Fig 6,
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7, 8, 9).

6. 2ol A 3to] & 5 & A (glycolytic enzyme)e] mRNA & o] nx&= o3
AojAlgo] sFEALE VAT FFS A4 e S-S 2o LETO F oA
9] glucokinase mRNA ¢S] @A 2olAg d 1.08 £ 0.06, 1574 0.84 £ 0.07, 25F
A 036 + 012, 374 059 + 0.09= AojA gt = HopE W3tE Holx| Fton
AgbA o g g efo]l wig AL FFSE Bt Lely OLETF F oA = AolAld
032 £ 005 157 082 + 0.092 LETO w3 FA A Aol& HolX & %9
om HHYGE wl§ Ao HolA T 2FANFH HASo] FA43] FrEo] 2 o]
At 254 2692 + 7.85, 374 2550 £ 85322 LETO o H|sle] FAEH o=
93 77 #FEEH A (p<0.05, Fig 10).

Pyruvate kinase mRNA29 2& S LETO oA AolAg A 0.32 + 0.06, 154
4.05 £ 1.08, 274 200.57 + 17.54, 374 230.40 + 21.700.2 2 o]A|g 17 ¥
Hak SrbstE FE BATHp<0.05, Fig 11). OLETF ol A% Al AojAg
0.32 £ 0.08, 14| 20.25 + 3.84, 257 70.74 = 11.20, 374 859 + 1844= A=}
7 st S RAT(p<0.05, Fig 11). gaoA BF AolAs 154704 &+
Fol wi-¢ AAoy AHolAg 2FAFY 4% HH T BF o w3
o] zo]E BW LETO oA OLETF ol nlate] 1 28 AHAZ7p FAgH o=
gu Al S7kE o] A A TH(p<0.05, Fig 11).

Phosphofructokinase mRNA<] &L ofFoA] BF AolA gt & W3le ¢l

T

<

il

O

r_u_4

At (p<0.05, Fig 12). LETO wellA = AolAlg d 1.02 + 0.06, 154 0.97 + 0.08,
257 1.01 + 0.05, 354 1.15 £ 0.09% 2jolAlgte] wE& W3S HWolx gtom

OLETF oA % 9A AojAg A 085 + 0.04, 1574 093 + 0.06, 254 1.06 +
0.07, 357 1.03 + 0.08% 2A}o]A|gte] W& WH3}= BHE % ok}, w3k 2 o)A 3t

A 717 EqE el SAE A Apol= BEE A ok

fs

_18_



V. 23 9 48

B AFgME A 28 dude BE wde OLETF FHAolA 30%9 oA &
EFoiate] #edsts AAES] LHHE FAsIA AolAgd e FGhA
AT S ke FulAbel WA= S dolr uxt stk 30%
o] AojAlg Ay AAHET9 LETO #H v OLETF # EFoAM AT #asa?d
o] EEAeH (84% wvs 10.9%), OLETFE FHolA AP Az wjo] dfo] 210
At F382%9] AE wol A 28 Y rdo OLETF FHAolA o] Algho] u}

FAdel Gt olde RIS dAGATT . HoldH AT
G oA AF FAE
Aoz A dukY. JFAFo] = 30% HolAFo]l A 28 Gmy FAL
Aol A & 93 EEY & (insulin-stimulated glucose uptake)S =

AL golatAl Frie AL F dHN M. Park™ %9

Zholuyp =49 GLUT4 2@
© 9¥S VAA Feda Rasidy oled Aies A2 S SAek A4
| =429 GLUTS 2 t} 2
218t Aolth, mpelA] AWEA A GLUT4 wd¥siels 2 toly &4+
°] GLUT4 2zt IGTH Al 28 Fx¥e 24 3 d9dx #]
ofyeti AlmEth 2B E HoA T wE dgxd ades oy =
AHAA =G EFF S7HEUE & 7 dd 8 o] Fodva #F8 B £ 3
o} AolAlgte] g E ThE ATES HW HolAlgo] heA oy T i
(glycolytic enzyme)s}” d&d A A FdA2d™, 223 insulin receptor
signaling™e] < W= Aoz wud gl Hagopian -9 o] wzd

s

dFNA 30% Ao AolAlghe] dFiaet oA o s #8(glycolysis)el

re
>~
>
o
2
=)
ol
kil
=
rlr
R
o
N
)
g0

#BoldteE T4AEQ glucokinase, pyruvate kinase, phosphoglucose isomerase,
phosphoglycerate kinase, phosphoglycerate mutase <} A& A QL
= O

glucose-6-phosphate, pyruvate, lactate < ZAA 71 H 1389

a
AF A 40%2] A olAgke] 7k ZAFo A 7 (aging) el WE Ql&EH 784 9



| Al gholl wh

ded Ao A T 71AT Aow AtgHY o EF Fxy Rdo] of
U AGAFAd A Aol Gy RdolA Bag ui= gloh oo B Aol A
= olm Fxo] Ao gl OLETF #E tidow AolAlge] 719 oy 7}
A gAE BE AAES A" A MEAT =R DotR At &3l

FEguirtel] #ojsts 4SS AARIAET oy} oy Addw A o)A

T I 9ol AT =Y o F FHE peroxisome proliferator-activated receptor
(PPAR)Y coactivator-1 (PGC-1)ol] tjgr A7} &8 o] Fojx 1 v}, PGC-1<
Agol PPARyS Bx84AAz deigouy” At PPARa’, GR”, RXRa”,
ER”, Liver X Receptor (LXR)a”& X3t B 2 8 £849 nx 249
AR g A A v PGC-12 ol v A 74, Al =4, Firtel #dd o= 7}

A AYHQ whgEo] #olste RoR dEA Qo JdedAdAH A=A

thiazolidindediones 9] & Aol A WHA S A 7]= PPAR-y9} 2335t vz
g2 #g3te] PPAR-ve AAIEA S F7HA71H, Eg vlEFZ =g ol
2|} AF H| EFAFEF (fatty acid beta oxidation)oll #H ¥ FHAAEL] AAGAHS =4

sl PPAR-a9] Hx@dAdAte] 7% sttt o] e} o] PGC-12 oY A 3dAd 4
of & deks o B ooty %A= GLUT4A (glucose transporter 4)2] 2
Fm® 7t E TR B E @i FE Abe o] 7Ho A

PGC-19] 2wy  =7892%  pGgC-19] wdEEe w AN Fad

fo
rot
burl

ot
N
i)
S~

N
=

phosphoenolpyruvate, carboxykinase(PEPCK), fructose-1,6-bisphosphatase(FBPase
), gluocse-6-phosphatase(G6Pase) A A2 mRNA ZdHS& FE3tH o5 F2A
o A fEe T8 AU A FAHE PGC-19 FE vl =shn?. PGC-1
< T ARY AV FEEAS W BE Evlste AR TS 36 FUHA
Z1tt. ad libitum-fed # o PGC-1 ofdl=ulol g =& Folatyl thxa o ¥4 A
oA ®ol= AXo PGC-19 F7FE Holw PEPCKS G6Pase mRNA 2dlo] &
A a dg dEdan T @07 ojd Anse PGC-1o] A duA &
=9 in vivodelld F S 24T F dte A A A8 VA sER

WES B ATAAE PGC-13 oMl Fribstel #AE 2 dehtn g
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AAE ol &7 AFolA FAL AW A PGC-1 fAAe] wdo] Frhet,
Gl &4 HAE AW 2@ gasts Ao wel Fulas mle Ags

2]
=3 4 9 u}”. Streptozotocin-induced micet} ob/ob mice, liver-specific
insulin-receptor KO mice #o] 91&d zgo] Adsol gAY r= gAa=2¥
F o]l =(glucocorticoid)t cAMPe #Z& A<&Ed AIFT=2F9 AFo A=
PGC-1 §#AAe] wdo] Z7tstch’”. ®=a RNA 7H4 & 4 (interference) S ©] 83}
o] PGC-1 deficient miceE® TES Wl o] fasta Ad&d FFAdo F
e Aow HanER?. B AT AoAge A#Es] A9 PGC-1
mRNA Z&d LS OLETF T4 LETO ¥Rt F7Fle A~7o] #ZFHAO Y FTA
Al Apol= HolA Tk AolAlg Al 15% LETOZ oA = 2ol A
z}st 7] z2ko] & Hol A= @gtont AojAge] MAHAFF 1
PGC-1 mRNA 2@ ko] A T7hs o] AolAlg A3} vjaste] 19% F 7k v
HhH OLETF ol A& AolAlg 154 0.22 + 0.06, 2 olAlg 2574 021 + 0.09,
2lolAlg 3F A 020 + 0.09 & 2o]AgS Aldetr] H} xolE HolA Fton
SATA R E FofetA] Gkt

PGC-19] 43 g7 PGC-1° ¢sto] @At Fojrte] #o98 + = <l

g

TAGS 4

2o}
Jg
=

El

ol
=
2
all

A= PPARs(Peroxisome proliferator-activated receptors) mRNA
Z=A4359th PPARsE a, B, 183 yo 3714 ooz pFolxn o] F y o}
2 AWz JET Ao AWAEe] B35 FA 7 FHAGANA HERAH E Y

FAol wolsts B A&UY /% @ PR F/hs @Al Uk o}FAR A g
% mRNA $@%< w9 PPARaY} PPARB mRNAS 2a& o4 o] e

32 Wolx &yth ey PPARY mRNAS 2@ APAZ A LETO TolA
OLETF w2t #9238t F715ol e 27o] #EEJ oy LETO Follde 4
ol Al kol wE W3l Wolx ekgkm OLETF ol 2ol Ads A& dte] uha}
HAap oz F7rEo] AolAg 354 = LETO ¢ PPARY mRNA 2 &4} A
H =gk Aol o]Zglth LETO wollAE 7|&£9 tE oFAa350 Y34
2ol Al gt wel PGC-1 mRNA @& o] A F7k= = ol Z A 2o]Age] A
o] mel Fdo] FTUHEE it ey 22 VHdoeg F5F B 5

A Fol A AolAgte A& AT AA (insulin signaling)ell wl$- =291 =3

Lo

s

_21_



-
o

e Aoz dexd Ut AojAge Audd AdsdFdFAA IGF-1)9
TEE AT ol FhelA Akte] Q14bs Aot ZHolA PI3K 2d 9
F, 1831 FoxO (forkhead box "other”)¢] WA ZF7tE do7]a ojelg F7td
FoxO® wdo]l PGC-19 &L F7/HA71E Row Aze & & 9@ wa
FTEA ZF7lE FFILo] cAMPE #7147 PKA (protein kinase A)9] A 3=
23t CREB (cAMP response element binding protein)E& ZA3AIZ 024
PGC-1 ¢ promoter®] CRE (cAMP response element)S 43} A2 Aoz ==
& 4 Ao, 28y LETO #e1A ¢ @@ OLETF # ¢l PGC-1 mRNA® &
o] o Taor EFsa oA wWE WIE HolA We ofFE HE
o 7HAY 7ted s A & At 1 T UM 2 tsAeERE A2Y 9
WA PGC-19] FHARol e BAE T ATE Tl FEH B+ AT
#H Juk g el PGC-19 fFAAF 4pls13 ¥Hdesd s e o]
Atk Bl Al divp=a el of = lell A o] 9]¢ Gly482Ser & Ak gko] A2
d gudel WAy #Hol gtk WuSo YA me Fniard

o]l Gly482Ser frdAx|3ko] z7|daHEH] o] A3
ATH?. olel e Hoz B w PGC-19 FHA Wo|E

G FEIIY Frre BT wEo] UE AHoerE FAHAEY. T

mo] obdl LETO ToME HolAwel met #a PGC-19 Wdol F7hte 2

!

2 e
olt O{N

of wste] Fuyrdel OLETF wolAe ol del mhe wWart gl o
2 ou) BRRAANE Gun B4l PGC-1 FAAe] Wolsh walo] 9 ol
B3 e

U PGC-1°] 93] &4 8=+ PPARY mRNAZ9
4E B . LETO oA & PGC-19 & o] 2o A
ol Wl FA S7MstE A4S R oy PPARye @de F WEE Holx @

C-19 wdo] W3tglgl o PPARyS a4
ol Algto] el wet HA FTiEE FFE BT o] PPARyY wdo]
3] PGC-1e %k o] &8t Zlo] ofyul thE HAME ZE Fdte] olFo] 4 F 3l

e AS BHAF ols oF Aol dguistE & o LETO woAE 2
o] A ghe] wE FFWMslrt 24 Aoy OLETF ol A 2olA|gle] 2ad <
5 FEIGo] da #Zia" o vFo F5I 4 Uk A EFYU LETO



M

A= AHolAgd® B3t 9 PPARyY W37F glloy A28 Ty
29l OLETF # oA AolA el whal o] F238kal PPARY mRNAS 2 & o]
7= Ao Hol AolA g wE JdEd 5 Jide] PPARYY &5 A4
= S7HA7IH A2F FxolA Hole HIAALA] el dFSs vt
Azte = 4 Atk wekA PPARYS 254 S S7HAZE U oE dAdA=E
#  AMP-activated protein kinase(AMPK)E A Zt&l B gkl 9] )

A8 Kokt

AMPK= AlZu] oy A7F F53 FaelA 245}y a2 AMPKe| &4 3}
+ ATPE A&Rste w348 ddHsEs 24259 2485 JAsta ATP A4t
it}

H g8 moF
=

b

o

dae @Y AMPKe B4 £%0 o
Wk st A0 gl e] A g4 2 X
Aed BuE 2AE F
% q, B9 yolaye
a2-AMPK7} =2 A}
Zol % al-AMPK 2% A3F
a2-AMPK Z3 A F
ol diAte] #HoJstE FAT AAEA EEY w2 (starvation) I 2 A Shof A
THaEe Aom g AxzolyA ity A MAMRE of A v, AMPKe
st dxIFoA TETFY FFE F7HAIIIL oA AHAEY 4
A EF ZU2HE] FAHS AA7I T ARALS TG H4 Ao 3
A EFol A AMPKY A3+ dedy 283 FASHA -Pase®} FBPase
of ML AAANGY, me AWM Eo A frefstE olt) TS AMPKS A4
3t2 %38lo] G-6-Pasedt FBPaseZ A&t A4l dxw Hzo AeHE &
FAsAl F9 sty WEFZETWS AMPKES 4347+ Aoz ded glon
= EeFAFAL A gy o]zlgk AMPKe 24 5}
Ad&do 2zle] dojdtts Pt FAE ol A7 Baug vzt gl weEhA] o]
= ot A& vgEHA AT AGAAE Tt o]Fo] H Fow FHH

ok 2 AFoA] AojA T wE AMPK mRNAY 2L AojA o] AP =

>~
rlr
=
ol
olf
o
1
5
%1
=
i)
>,
>
=
sl
>~
rir
10 bl
k1
of
&
X

%

B
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A F7bete S Eth LETO o4 AMPK o3 o] wef HdA=E vl
t3l& W AMPK al o}d 2 AolAg 5 Hx S7hd e s »iloew, AMPK
a2 o}y Al AojAlg 3FA FATHoR FostA FrrEAT. 18y AMPK
Bl oF& 2 AolAlg A 093 + 010, AolAg 154 058 £ 0.18, 2 o]Ag 254
1.36 + 022, 2olAlg 354 0.83 + 0.322 93 W7} B@AIAE= ok} o]}

© TEs AMPK B2 obd e HelA@ 3FF FAGAoR ogugd FAHE @

4& WAI AMPK y obd 94 BE obgolA HolAw 37 Fehe e
9. AEA o2 LETO #o14 ¢ AMPK mRNA 2@& Bl o}® 2 A9aine
oM@ Av vwsa e W HolAT 3FF BE vl FruE G3e B

Atk wrHo] OLETF oA ¢ AMPK mRNA & & BE olgoA Aoja|g A
W ou st W Aol 3FS BT u A FUkE e FdE Btk AMPK
mRNA 2 Y& AolAlst Aol wa} FwtollA vlas] B AojA e Ao =
£ olgolA LETO wollAel w&doke] OLETF oA e waeFuct oudA =
Zhe o] llowm AolAg 1F AL A tFEe] ofF oA LETO oA
@Fo] OLETF el A xtt S7h=o] gtk 22y AMPK Bl ot& oA & LETO
ol 4Bt OLETF <ol A o] el cko] om giAl F7ks ol ek, AolAlg 254
o= OLETF oA BdY F77t dAse] it e] ool A ka7t F7
Zrol= 99l AMPK B1 ofg o Ainke] LETO Tl A Xt} OLETF ol A <
w@Fo] ou QA FrFE ] ATt AeolAFd 3FA = AMPK al¥} a2 o} & e
Al LETO <olA OLETF xRt @dcke] F7kso] Qi ol¢h= Rig =
AMPK B1 o}8 o]+ OLETF oA LETO Xt} 2@ ko] ou]lA ZF715 o
AATE 1 9] ofPol A= drite] FATAQ Aol= Holx| okl o]e] A
W2 Kol AolA g wE o] AMPK #dW3l:= AMPKBI ol & A9stas
el A AR FUMEE S Bion o]& mFo] B uf OLETF oAl 2o
AeS Wyl wa PGC-1 mRNA 2&o W3lglo] PPARYy mRNAS & o]
ST7HE R A& ol E AMPK mRNA® @A F7bel e Adeta A4 4 9l
ouv AMPK @de F7tE ¢ dedgdsAy Mie] 35ET HAas 29
gode AztalE 4 Atk LETO ol AMPK$ PGC-19] #dZ 7)ol

3t PPARyY oL AdAFTFNA A2 SAHIHA AL LETO TFolA9g 4

of

]
Sy

e
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PPARsYt AMPKE U= PGC-19] BIAAA] 2do] 7]ddva 44T 5 9
ojet A AFolAME= E=F Al Bojst= oY S4E T oelFA Sl ©
oJetts Eate HAMEE I 483tk Hagopian 579 ol waw 3
Al A 30% BEe] AojAlgte] dFzhaer §A o2 Fd 2E&(glycolysis)ell ¥

ot

o3t @459 glucokinase, pyruvate kinase, phosphoglucose isomerase,
phosphoglycerate kinase, phosphoglycerate mutase 2} fAE A Q]
glucose-6-phosphate, pyruvate, lactate 5= #A2A| 7t B3 3L
B AN 40%2] 2ol A| ko] kI FZA oA 7 (aging)ol WE dEH 849
tyrosine phosphorylation®] #4425 5T & A& Aoz HIFIAY. 284
Masternak 57'¢] Aol wa=w A4 HAFHNA 30%] HolAFo] FAZLAME
insulin receptor®} insulin receptor substrate 1(IRS1), IRS2, insulin like growth
factor-1(IGF-1)% ¢ mRNA 2d& #Z2A71A W bl A o] mRNA 2@l 4%
& AA EAvn Bustgh. Pak 570 dAFAE A 28 wxw mUel
OLETF # A 30%<] AojAlgte] Apx2e] GLUT4 Td& T7HAZITHaL B
st AL REH Zholu = Ao GLUTA 2dole &S mAA geval Hilsksl
thool= AolAlghe] wWE o tiAtRA e Wyt b ZAZdAE 474 =
A Agst olE 3 Tewo tatx: 47 bd=2A4 veidus ASs AARH
A

B AFANE oA Tol el AFRAF PN dFe 44 GE PP w

R

ofo
ol

Atk LETO Tol4 2 glucokinase mRNA9] ZHL AojAglo = HL}E W3S
Koz gotow Hwrzaow wrEfo] w4 A FFS B 12y OLETF
T = AolAT A 032 £ 005 154 082 + 0.092 LETO &
olF HolA= Fkort AHolAg 2FA K HAdo] w438 F7FHo] LETO

of nldle] EAGHOR Ho8 277 BAHY

?Q
i)
g
S
c
=
o
T
.
5
Q
wn
o
3
=y
Z
>
lo,
T
z

dAL LETO oA AolAlst 15:A5H Ha S7tstes F4S 2o OLETF
T M= GAl AolAF 1FAFE Hax FT7hste FFS HAT SdtolA EF

Aol A 1FA7FA = FAFo]l W AHJL

v
1>
o,
)
SL’
[\
N
)
o
i)
il
J
rok
=
o



S7H7F BEE Qo wdoke] AolE wwW OLETF oA = LETO ol H]&}o]
O3y A7 s § ZAEol Y2 th Phosphofructokinase mRNA 9 wH& & o+
Wl fldlon FASH Aol BEEA ok

HES W AolAghe] Xkl tiAte] S v
ot Ztzb g2 245k o
S F Ak Yy o s
AFolME dFEE Fuy B2do] old AAAFNE o] &3 ATEA A2Y T
o] WAF o] F o o]e g Ao|A g WE WEHE o Z3rolE oEHol vk
] = 29l OLETF FHolA 2 o] A%k

T Y] AAIAEY] WEE SFATFORA ojn] WAE o e A 28 Tk

S
ol A o2l WMt dARIAE 9] mRNAS 2

2@o] MAFAA EEGrALe] of
"A wesel QAo tstel dolmgkom ARH O 1o EEGuAbe] Thol
s AR F PGC-19) MAAAA wdel Al 28 Gawel Ao welel 7o

& 7hsAd S AAea adth

aEy 2 AT ATHLE AA Aol AW ¥ OLETF # 9 dxa

o] glo] ojeigt A Ayt @A AojAgor A AHAA 7} (aging) T2
2 AA7E #ed® AAA O dis WEeA ¢ F glon, B4 AF7]gke] Hlaw

A oae 37 @12 Aol Ar|gke] AolA e g FFS AT

dem, AR 3 o]efef ZFoly AwrxAd A AR 4=

ol AolAgtel] W 2 A7l wgs #FT Frb o dA dH Al

Aol 544 dgo /A PGC-13 PPARs, 183 AMPK ZA % 59 <z

= 1o dAAE gEstA A4 d o glus Aol

>

A4 iz LETO A9 9xy Z@i¢ OLETF AodM A=z tz2A veky

o, A 28 Fxwmdo OLETF oA 9 PGC-1 mRNA2 o] 4@rd o] iy o

He Qe 5 suel 7" =g iatel]l B old Aolgtm FZT 5 9t} o] g

3 A HT AFAAME PGC-1S JAToRA o2 oz Py Hu A

2 AAAZ F JdS Aol I Aol BElo] @ RAow HyzHm FF 2o
=

o Az ZF olee ArldA e PGC-17 PPARY, AMPK
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FUAE dARE MY Fa seE

AstA ek o]l R A= wig HFE FAo] MAEA HH W AARIAE
o] 245 1A Hu}h. o]H T HAF A F FH peroxisome proliferator-activated

receptor (PPAR)Y coactivator-1 (PGC-1)¢} AMP-activated protein
kinase(AMPK)ell th gt A7} &abapA| o] Folx i it AojAlghe Qs
TR T7HA7IAL A HMEAIEY TVes FHAA A2F T FxelA EF
= AN 5 e T AW Fo shuolth. old Ax= M[wrE A 2F
Gw REl OLETF F oA AojAlghe] w& 719 PPARs¢ PGC-1, AMPK®]
mRNA 2dHE& FA33 oA =g oA} A F983 a4920 glucokinase9t
pyruvate kinase, phosphofructokinase®] mRNA ZdSS =A3lo] 2ojAS &
g JdeddsAde S e g uiAtel mA = dFS dotra
2 2 ATE AYskS

W LETO AES AAMUNZRT o=, OLETF Ao AF 245 A4 Esdrss

3

J&ste] H1 =9 FLE7F 167 o/L olela 243 Xhd Fx7F 111
mmol/L °]7Ql A5 T TS AR F TmTor A on o4

Fo Ad i 30% Aol Fastith. AP A AAI 8 o] & AIZFA Foll w3
A, T4(1F), 149 @2F), 214 @BF) Fol T&5A ATy d9ds FAL 7 oA
Subel A S| AAIA HFS A Ecte] Aol AMESEATh wiF sAE AP ToA
RT-PCRH & o]&3t9 PGC-1 mRNA = d 3 PPARs mRNA 2dS SA3A
T3t real-time PCRS o] &3}o] Zhol A 2] AMPK<®} glucokinas, pyruvate kinase,
phosphofructokinase mRNA 9] 2&d & =435} o},

A3 30%9 AojAlg Ay Agdlza ¢ LETO woly OLETF o+ EFoAl A
T faie] BAEHALH (84% vs 10.9%), OLETF oA A @Az <



ddo] 21Uo] Ak F 382%9] HAE Hol A 28 Fxuyrde OLETF oA
AolAge] w2 AGNAe anrst AT (p<0.05). 2olA e PGC-1¥
PPARs mRNA9 #d& wwl FEA PGC-1 mRNA 2&L2 OLETF oA
LETO wxRtt ZF715o] g 274S Boy EATAH o= gigon, 2o
Agk 3FFol LETO wellA= AdA 2 wfol vlasted 19 %o 23 F718 24
© 1} (p<0.05), OLETF olA & 2olAgte] w2 Wty #zsx ko, F3
PPARat} PPARB mRNAS &-E& it ZFo|A 2olAghe] & Wil Wo|X
¢ okth. PPARY mRNA® @d-& A3 A = © LETO wolA OLETF +#2t} 9

[

A S7EE Ol = o] BEE Ao (p<0.05), LETO ol A= A oAl gkl uw}

& Wsle HolA @%ka OLETF oA AojAlghs Al dhel we} Ao m
Z7ts o] AojAld 3F A= LETO w2 PPARYy mRNA 2@ A xel Ao w3
AEo o] 27 tH(p<0.05). Aol AlFtell w2 AMPK mRNA<S &L 2o gte]
FLDE2 G2 Frhets FAS BA LETO o4 AMPK ofdo] upel 284
TE HwEde W AMPK Bl ol&d S Agstnes AolAd F #Ax F7ide &
& B9 om(p<0.05), AMPK Bl o}3d & AojAlg Feob fojgt Wart Rz~
= %okt wrde] OLETF oA 2] AMPK mRNA 2&82 RE o} oA 2 o] A
3 Ay wastdE w AejAe 3FF BT ou A TtEE S
(p<0.05). AMPK mRNA @@ YS AojAl e Aol whel Fatol A Bl s

ol A3k Mol RE ofgolA LETO ol el w&d ko] OLETF ol A2 ¥
Bk oA FrEEe] Ao AojAlg Fotelw HAl tfFeo] ofF oA
LETO oA 9 wacko] OLETF wollArt F7bso] AT (p<0.05). L2t
AMPK B1 o}8o| = LETO oA Ht} OLETF ol A2l 23 ko] oujdA
7bH ol gtk AolAlglo] 7He] S YE A MAE JFS 7z e FHS B
Atk LETO oA 9 glucokinase mRNAS] a2 AojA o= HE WHI S
wolz erofom HMukAom wrgcko]l wig A& A4S HAvh 12y OLETF
ol A= AolAd W LETO w3 SAAQl Apo]& HolA = §okort AolA e
2F A e WAool F2438 F7hEo] LETO ol Hlsto] SAHow Fo3 =
77 B2 tH(p<0.05). Pyruvate kinase mRNAS] 2& S LETO oAl 2] o)A
T 1FARE HAA Frtste S B ow OLETE oA % A AolAd 1
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Table 1. Primer set for RT-PCR

Genes Sequence
sense 5-CACGCAGCCCTATTCATTGTTCG-3
PGC-1
antisense 5-GCTTCTCGTGCTCTTTGCGGTAT-3
sense 5-TTCGGAAACTGCAGACCT-3
PPARa
antisense 5-TTAGGAACTCTCGGGTGAT-3
sense 5-CAGACCTCTCCCAGAATT-3
PPARRB
antisense 5-AAGCGGCAGTACTGACACTTG-3
sense 5-TAGGTGTGATCTTAACTGTCG-3
PPARY
antisense 5-GCATGGTGTAGATGATCTCA-3
sense 5-CCCATCACCATCTTCCAGGAGCGAG-3
GAPDH
antisense 5-TGCCAGTGAGCTTCCCGTTCAGCTC-3
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Table 2. Primer set for real-time PCR

Genes Sequence

Forward 5-CAGGGACTGCTACTCCACAGAGA-3
AMPK al

Reverse 5-CCTTGAGCCTCAGCATCTGAA-3

Forward 5-CAACTGCAGAGAGCCATTCACTT-3
AMPK a2

Reverse 5-GGTGAAACTGAAGACAATGTGCTT-3

Forward 5-CTTTAATGGTGGATTCCCAAAAGT-3
AMPK B1

Reverse 5-AGACGTAGGGCTCCTGATGGT-3

Forward 5-TGGAAAGTTCTGAGACATCTTGTA-3
AMPK B2

Reverse 5-CCTCAGATCGAAACGCATACATT-3

Forward 5-GTTCCCCAAGCCAGAGTTCA-3
AMPK yl1

Reverse 5-TGGTAGTGCGAACCATAGCAAT-3

Forward 5-GCGGTTATGGACACCAAGAAGA-3
AMPK y2a

Reverse 5-AAGGAGCTCAGGTCCGGAAT-3

Forward 5-GGAAGTGATCGACAGGATTGC-3
AMPK Y3

Reverse 5-GAGATGCTGGGTCTCGTCCA-3

Forward 5-AGCAGAAGGGAACAACATCGTAGGA-3
Glucokinase

Reverse 5-TCATTGTGGCCACTGTGTCGTTC-3

Forward 5-ACACCAAGGGACCTGAGATACGAAC-3

Pyruvate kinase
Reverse 5-CTTTGCATCACCCCTTGTCTGG-3
Forward 5-GTCAGCCTCTCCGGGAATCAG-3
Phosphofructikinase
Reverse 5-ATGGCCTCGTCAAACCTCTTCTC-3
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Table 3. Blood glucose levels of caloric-restricted LETO and OLETF rats. Data are

means * SEM, n=5. " p<0.05, ™ p<0.01.

Blood glucose level(mg/100ml)
Weeks of

) o LETO rats OLETF rats

dietary restriction
0 973 £ 56 1674 £12.6
1 965 + 3.8 1498 + 17.2
2 927 + 49 132.6 + 135"
3 946 + 6.2 1268 + 162"
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Fig 1. Effects of dietary restriction on the body weight of LETO and OLETF rats.

Data are means = SEM (x : p<0.05)
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Fig. 2. mRNA levels of PGC-1 in whole liver homogenates from dietaryc-restricted

LETO and OLETF rats. Data are the ratio of the target mRNA to PGC-1 mRNA.

Data are means + SEM. Bars without a common letter differ, P < 0.05.
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Fig. 3. mRNA levels of PPARa in whole liver homogenates from dietary-restricted
LETO and OLETF rats. Data are the ratio of the target mRNA to PPARa mRNA.

Data are means + SEM. Bars without a common letter differ, P < 0.05.
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Fig. 4. mRNA levels of PPARB in whole liver homogenates from dietary-restricted
LETO and OLETF rats. Data are the ratio of the target mRNA to PPARB mRNA.

Data are means + SEM. Bars without a common letter differ, P < 0.05.
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Fig. 5. mRNA levels of PPARY in whole liver homogenates from dietary-restricted
LETO and OLETF rats.. Data are the ratio of the target mRNA to PPARY mRNA.

Data are means + SEM. Bars without a common letter differ, P < 0.05.
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Table 4. mRNA levels of AMPK expression on dietary restriction according to

the each subtypes. Data are means + SEM. (*: p<0.05), DR: dietary restriction.

DR(weeks)

LETO LETO LETO LETO

(before DR) (1 weeks) (2 weeks) (3 weeks)
AMPK subtypes

al 0.74 1.36 3.05 5.78"
a2 1.02 1.55 4.43 6.59"
B1 0.93 0.58 1.36 0.83
B2 0.82 0.99 2.38 3.45"
yel 0.98 1.24 2.25 3.73"
¥2 0.94 1.37 3.27 3.36"
¥3 0.95 1.57 2.86 3.74"
DR (weeks)

OLETF OLETF OLETF OLETF

(before DR) (1 weeks) (2 weeks) (3 weeks)
AMPK subtypes

al 0.23 0.48 2.46 2.65
a2 0.51 0.92 5.07 4.76"
B1 0.38 1.43 3.05 2.78"
B2 0.21 0.37 2.54 2.75
¥yl 0.32 0.54 2.27 2.24"
Y2 0.43 0.76 2.86 2.63"
¥3 0.38 0.58 2.44 2.79°
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Fig. 6. mRNA levels of AMPK expression in whole liver homogenates from
dietary-restricted LETO and OLETF rats before dietary restriction. Data are the

ratio of the target mRNA to AMPK mRNA. Data are means £ SEM. Bars without

a common letter differ, P < 0.05.
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Fig. 7. mRNA levels of AMPK expression in whole liver homogenates from
dietary-restricted LETO and OLETF rats after 1 week of dietary restriction. Data
are the ratio of the target mRNA to AMPK mRNA. Data are means + SEM. Bars

without a common letter differ, P < 0.05.
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2 weeks after dietary restriction
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Fig. 8 mRNA levels of AMPK expression in whole liver homogenates from
dietary-restricted LETO and OLETF rats after 2 weeks of dietary restriction. Data

are the ratio of the target mRNA to AMPK mRNA. Data are means + SEM. Bars

without a common letter differ, P < 0.05.
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3 weeks after dietary restriction
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Fig. 9. mRNA levels of AMPK expression in whole liver homogenates from
dietary-restricted LETO and OLETF rats after 3 weeks of dietary restriction. Data
are the ratio of the target mRNA to AMPK mRNA. Data are means + SEM. Bars

without a common letter differ, P < 0.05.
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Fig. 10. mRNA levels of glucokinase expression in whole liver homogenates from
dietary-restricted LETO and OLETF rats. Data are the ratio of the target mRNA
to glucokinase mRNA. Data are means = SEM. Bars without a common letter

differ, P < 0.05.
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Fig. 11. mRNA levels of pyruvate kinase expression in whole liver homogenates

Pyruvate kinase mRNA expression
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from dietary-restricted LETO and OLETF rats. Data are the ratio of the target
mRNA to pyruvate kinase mRNA. Data are means + SEM. Bars without a common

letter differ, P < 0.05.
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Fig. 12. mRNA levels of phosphofructokinase expression in whole liver homogenates

from dietary-restricted LETO and OLETF rats. Data are the ratio of the target
mRNA to phosphofructokinase mRNA. Data are means * SEM. Bars without a

common letter differ, P < 0.05.
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