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Effects of calorie restriction by intermittent fasting

on PGC-1a and GLUT-4 protein contents in rat skeletal muscle.
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Abstract

The purpose of this study was to examine the effects of calorie restriction by intermittent fasting on
transcriptional co-activator, Peroxisome Proliferator-Activated Receptor y coactivator-la (PGC-1a)
and glucose transporter, GLUT-4 protein contents in rat skeletal muscle. Four-week-old male
Sprague-Dawley rats were randomly assigned either to 1) intermittent fasting (IF: n=5), 2) endurance
exercise training (EX: n=5), or 3) control group (CON: n=5). IF group rats were provided with
standard chow on alternate days for 6 wk, whereas rats in CON and EX groups were maintained on an
ad libitum diet. EX group rats performed 3-h swimming exercise/day for 1 wk before sacrifice.
After the 6-wk intervention, epitrochlearis muscles were excised for measurements of PGC-1a and
GLUT-4 protein contents. The body weight and total intra-abdominal fat mass were significantly
lower in IF group than CON and EX groups (p<0.05), providing evidence that energy intake was
severely restricted in IF group rats. PGC-la and GLUT-4 protein contents in epitrochlearis muscle
were significantly higher in EX group than CON and IF group (p<0.05). In contrast, no significant
difference in PGC-la was observed between CON and IF groups. Furthermore, GLUT-4 protein
content was significantly lower in IF group than CON group (p<0.05). These results demonstrate that

long-term intermittent fasting induces down-regulation of GLUT-4 content in rat skeletal muscle.
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I.#
BERETERLZEED 80 %Ll EXE#
ICEYIA F4 (DeFronzo et al., 1981), 7=
— TG LU R B LI RUTIZ
BIIDATP G OEDICHIHENS. —F, 2 B
BE R 95 BB T, B RS A o0 B AL B RE ) MR
TLTHEY, HERFEBIEDO KR THLEE 2D
TW5 (DeFronzo et al., 1981). F£7-, W% O4E
B SR T IR WTIE, B & 5 1S3 0 D 0 (U
(X, BES MR T S K IZERD A END B
T2 Bk I I EE STV D AR
% < DFEATH R ORE RHRESHL TS (Kubo
et al., 1986, Ziel et al., 1988, Fink et al., 1992,
1993). L723oC, KN TR AR OHE
WUER SR B Cd D R R OBE B0 A % HE & i o
HZEIIHERIF D T LG RICB W CIEF ICHE
EThHHEERD.

B 5 OBE B IA X, ARV LR UG &
WOl AR BRI IR IS K0 SR S DAY, T ORE,
GLUT-4 LIFIXH2 0 i 1% (R 93 8 B 4% E 2 R
72 L T % (Holloszy and Hansen, 1996) .
Henriksen et al. (1990) (%A AV 38 LUV UL
MERNBL, SOIIEM AL 2 B b exDF
K& 0 B BV IA B E & GLUT-4 B B ORI ICH
VNIE O fH B B AR A3 3R
L7 oT, B MHICBITHERVIAZRGE T, S

X2y TORRHEEICEALT, GLUT-4 A
RETERENIEETHY, BHH O GLUT-4 %
WMSEL5Z80%, FERFO TR BIOIREZ B
BWELTEFEO—D2ELTHEM THLEE LN
5. :%Eim:ﬁzohtiﬁz§<@ﬁ%z:w, 50~
70 %VO,max OIEB)GEE T 1~2 FEfHIZb7z->
TITONOFE AN ET R — =2 72 X0 B
GLUT-4 FBLENEML, TG 7
BYViAZfe b E3sZen@EshTcnd
(Holloszy and Hansen, 1996). ZiLH D% Bk
HIREB N — =2 7B RF O T BB LA

il

Ren et al.,

LOBNDHILEHE LTS,

BEDTDDHEN R FETHLI LR THFHY
IR E T2 > TD . L L7, B IR B E 1
x4 o EBIRE L, ZOFEDENBDLA T

IZH3 BT, A OFHE I R E e & O FELH A
5, TOEMMMNRARERGEbHD. LT,

BB N FE N TERNWESH AR R E T, EE)
CRBRITE K5 O GLUT-4 ZHA0 S,
RRAWECTELFEENPROLNATND.

Nisoli et al. (2005) 1%, R LMEAEE— HEIZ
03 ) R B e KD B B oL — il R
AT oA, vV ADOLH MMM IZB W
THEWNEAH
Activated

{1y

Peroxisome Proliferator—

Receptor vy coactivator-1 «

(PGC-la ) DRBEEN/IMT L2 ELT
W5, PGC-1 o lX, N EFEICLH1B AR M
fad DI~z RUT, FRlCh k& 2 78
(Uncoupling protein—1, UCP-1) @iz B\
BEREEZRZTETSMHEAE L THAS
1998), A i T, @ ls
1 R 720 T A<, D RO R 72 & R
BICB VW THLINa VR T REEFE O B Hi %
HOYEBE S+ ThHOIERMOLATWVD
2003). =HIZ, I
& PGC-1a 7%, Myocyte Enhancer Factor 2C
(MEF2C) LM IXN D8R B R+ & i& ek =4,
GLUT-4 OB THRELHEMRTLILNHMES
N TUW5 (Michael et al., 2001) . &R AIHE & ICE
L0 BIOREN MO PGC-1 o OEEINIZIX
Endothelial Nitric Oxide Synthase (eNOS) {2k
— {2 1L % F# (Nitric Oxide:NO) O H I A3F 5
LTWAHAEEME /RIS L TEY (Nisoli et al.
2005), ZD eNOS ITEHE M THLZLEHLTWD
(Perreault et al., 2000). L7=23->7C, Nisoli et al.
(2005) DAFFE TIZMFT R RSN THRNED D,
O il &6 T AR AR (R AR 2, P R B A B2 IS R0 B A
i TH PGC-1 a SHI2IE GLUT-4 2072 7]
BEMENE ZOND. TZCTARMIETIE, 6 B D

U (Puigserver et al.

(Puigserver and Spiegelman.
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M REIMEENTNE RGO PGC-1 a BILW
GLUT-4 BB EICKIEFTEEIIHOVWTHRHNTS
ZEEEAELT.

O. 5
1. ZERBMBIUHAT &MB

REBRTIE, (KEMN 70~90 g © 4 B0
Sprague—Dawley (SD) R #EZ v (H K7L 7 1)

15 EZ2 W=, v b, =R 25 C, IE 30 %,

1% 9 e~ /PR 9 R 2y 1 TR L7l B =S
BWTC, AT UL AR DR ERL, 2~3 L7
O B L. TR E M, ek LT
HR O [E A B (CE-2: B AR 7L 7 4k) ke L
CKIEKEZH HERSET.

T BT %, TvhE 1) arbr— L
(CON B, n =5), 2) MIRAJMEERE(F B, n =
5),3) FEARR —=27FE (BEX #E, n = 5) (T,
EVEZ 2772, CON BEE EX BEICIX, T fdl
BHIMICS & x, EIREE (CE-2, A AZLT
)% 6 M B BERSE. IR B, ERESA
Bha— HBXICERESE. KB HICITE BE
WEL, figidl B ORT A G EE BIZ/R 519125 E
L7, EX BEOR—=2 7120, KIkiES) 2 H
7o KR 35 £ 1 CIZHAHEIL2AKEZ 70 L DRV
AR 40 cm 1T/ D FETHEHE, 5 PLRKFIC
KET. Ne—=" 7B tgaET O 2 B #, KikiE
FHZIENSEDH0IC 10 5 Pl K vk ESh 2
IO, F—= 78I, i B o 1
RI/AORTH ETO 7 AfEL, 1 B 1 [HF#£ 1K
MO 4 HETO 3 BAKKE#RZITo-.
RIEBRTCHWKKN —=0 727528 T, 7

BB ICBITS PGC-1 a BLOY GLUT-4 A3
WM 22nETMHEICIVERESNLTEBY
(Terada et al., 2001; Terada et al. 2002), A&
FETIE EX AR T 47 arbr—LREEL TRk
7o, 7k, RFEBRI, BfERKFEAR—VRZ
HE ER ML B2 OARBER TITOILE.

2. EROWHBLORF

6 3 [H] Ol B IR T H O 1 Re~3 KEIC
B 3 KO R BURL O R B A 1T o 72 (R E I E
KT, IKE 100 g 729 5 mg DL LEH
— T NY LE G THIEICLDERREE T
CTHRB 24T o 7. R RE L0 IR A D I I8 % 57
WU, B/ R Efp, R =8Ef0) Bk
OV JE PN G A 24 Y U7 BR B L 7= i i i,
Y75 B B 22 8 1 (TERUMO  4)
IZBL, & L=, 3000 rpm T 10 4 [

O LTI 272, BN, % 55
Wi, BEOWGMBERMZRHEL, 3 2OAFE
MigzEF+RBECHEL, EENEM&EELE.
BRI L, WEERPCTHEEL, o
FT-80 COTY—HF—HITTRAFLI.

3. B#HH PGC-1o BXU'GLUT4 EHRAE
EX B CHENEL7=7 v bk bk & 8 B 121X AT L
BHHEENEICBHBINDZEND (Terada and
Tabata, 2004), KL TITWHE EfHextREL
T PGC-1aBXW GLUT-4 EAFBHED 5T
AT o7, KAKHITR LI FARAKED F A
CEHEBMBYTS L (BE R A AR,
Protease Inhibitor (SIGMA #L) Z ¥ M L7-REY
F ARy 77— (RIPA lysis buffer, Upstate )
EMZTCHREYDFARX L. EAEELZ BCA
Protein Assay Kit (PIERCE 1) & W CHlE L7-.
PGC-1a BXV GLUT-4 HIEH T, ZNZFNE
FIEEMN 3 ug/ul, 0.5 pg/ul £25E51THK
TV A ANy 77— Sample buffer (Fi 3¢ fli 3
) THE L. TDtk, PGC-1a WlE AT

VX, 95 CT 5 4y IR L7-.

K R78 01X, Laemmli (1970) © HFiEICHK 5%
SDS-PAGE {EICXV A EEL7Z. PGC-1 a BLD
GLUT-4 O #riciL, hEi 7.5 %BIW
10 %® Resolving Gel Z Y, 1 L —2720 90
pg BEWN10 pug DX NRIGH T NETTZ
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AL BTN RTAD T hIZETHET 100
V CHEELL.

BRUKEE T %, BN VEROIEL, ¥
Ty T 0y T 7L E (Bio-Rad f1) Z T,
200 mA T 90 4y Al ¥ L, Poly Vinilidene
DiFluoride (PVDF) A, 7 L > (Milipore ) (2 &
NIGERE L. BBEBELIZA T LT, 10 %
(w/v) A% A3V 7 /Tris-Buffered Saline, 0.1 %
Tween 20 (TBS-T) ZH W C 1B O 7T oy
PR A ATV, — KPR OIS (anti-PGC-1 o
(Calbiochem k), 5000 A ; anti-GLUT-4
( generous gift from Dr. Mike Mueckler at
Washington University School of Medicine) ,
10000 f5AR) % 4 CT—BpiTo7z. B, A
TV & TBS-T T #H L, = &KIIEKIG
(HRP-conjugated anti-rabbit IgG, 10000 {%#;
PO ZER T 1 REfTT>72. TBS-T BEW TBS
T Lo, (b2 6 R 3E (ECL
reagent, Amersham Biosciences ff) & 1 4%
JE ST, OB T %, LAS-3000 (FUJIFILM 1)
EROT, SUROK AT o7, BoNTNUR
I SIGMAGEL (STATCON ) ZH W TERL,
Z D% CON HEDFIE I 9510 XHE TH
L7z.

4. BIEOBERTEE

KAKHINZR LT T AR B ED F AT —ITF
BTV ORE R E 9 FEOREY T A
ANy 77— (175 mM KCl; 10 mM Glutathione
(GSH); 2 mM EDTA; pH 7.4)Z At, REYF
AR LTIt A R R %E 2 EMER LT, 7o
We & R EE R (COVEMERE 12X, AEYR—1%
z Ok £ B L,
dehydrogenase (3-HAD) i& 4 O #| & 121X, H~E
UF—h%& 700 xg T 10 iz L L THELZ B
HER W b R T IR REER OFFREEL
T CS &M%, Sere DIJ715 (1969) IZHEWVHIE L

3-hydroxyacyl-CoA

7o, £, Iha N7 BB (L REER DFEIEEL T
3-HAD J& M % Bass et al. (1968) ® F I
WTHIE L.

5. 7 Va—rrRE

BTV (L =085 #m A L= 7
ARUREV T AP —IZ AN, 0.3 M OB KT
RECTARXLTZ. 7 Va—7 B E% Lowry &
Passoneau (1972) D F{EICIVMIELTZ. ki =
SH %5 D ff3 M AE AL B e OV B IRF O 7 U = — 7
IREITHE#E L LIZIERE THY, SHITHEHE L
i EFARICKIKEBICHBESNDZ 05
(Nesher et al., 1980, Delp and Duan, 1996,
Terada et al., 2004), 7 Va—~7 LAY 7
LT R =8 2 e,

6. MFE SN a— B
Mg 7/ va— 2@, 7 1a—ACI T AN
a— (oY dEtt) # H W CHIE L7-.

7. WEH L

T—HI AT E IR ERZETRLE.
2} Sigma Stat (Jandel Scientific #£) Z VW T1T
o7, 3 BEMORICIE, — ol & O 5 HU T
ZAV, £ E B2 Fisher LSD &=,
et FRA BEKEITABRE 5 BREELL.

m. # %
1. FEBIVEEANE &
REIBIOMEEANIEN & DR K4 Table 1 1
RL7z. 6 T [E O FEERHI A& TR IF DR E
X, o 2 FIZHANTHEBEICERWELZRLE
(p<0.001). F7=, EX #EDOKEIL, CON BTl
NTH EIER W EZ R L7 (p<0.05) .
REEN RIS &, CON BERB LY EX BEICH~
T, IF BICBWTHEITERWEZ R L (F vs.
CON: p<0.001, IF vs. EX: p<0.05)). 7=, EX
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BEOREENE N &Y, CON BICH XTHEIC 100 g BuoFE 372 REE N B B & 1%, 3 BERE I
BWETHo7 (p<0.01) . LrLAans, (K& HERETR DN -T2,

Table 1. Body weight, intra-abdominal fat mass and serum glucose concentration in rats

CON IF EX
Body weight (2) 444£10° 248+14"" 7§88 401+14
Intra-abdominal fat  (g) 17.2+1.2%% 8.14£0.9°" " ¥ 12.4+1.1
Intra-abdominal fat (g/100g BW) 3.9+0.2 3.240.2 3.1+£0.2
Serum glucose (mg/dl) 217+4 193+10 205+11

Values are mean+SEM. * * * indicate significant differences from CON group at a level of p<0.001. $,
$% and $ $ $ indicate significant differences from EX group at levels of p<0.05, p<0.01 and p<0.001,
respectively. CON: ad libitum fed, IF: Intermittent fasting, EX: endurance exercise training

2. BERF PGC-la EARHE B, CON BRIV IF BEICHNTHEICHE W
Figure 1 |[Z/BH L/ PGC-1a EH R & %R L7 (p<0.01). CONBEL IF BEOR T A
DO BRZRUI-. EX HOEK PGC-1a FH BEREITROONINoT-.

- - ——— E—
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Figure 1. Effects of intermittent fasting and endurance exercise training on PGC-1a protein contents in rat
epitrochlearis muscles. Values are meantSEM. ** indicates significant difference at a level of p<0.01.
CON:: ad libitum fed, IF: Intermittent fasting, EX: endurance exercise training.

3. ¥ GLUT 4 EHRERE UM Z R L72 (EX vs. CON: p<0.05, EX vs.

WBHE EfHICBITS GLUT-4 EHBHEOM [F: p<0.001). — 77, IF# D GLUT-4 3 Bl & 1%,
% Figure 2 (/R L7Z. EX BEOE MM GLUT-4  CON BEICH AT 32 %A EICEWETH- T2
B EIX, CON #EBLWIF BICH A THEIS (p<0.05) .
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1
| * %k %k
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GLUT-4 protein content
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Figure 2. Effects of intermittent fasting and endurance exercise training on GLUT-4 protein contents in rat
epitrochlearis muscles. Values are mean+tSEM. * and *** indicate significant differences at levels of p<0.05 and
p<0.001, respectively. CON: ad libitum fed , IF: Intermittent fasting, EX: endurance exercise training.

4. BB REHE 7.

B K i B R 15 M O #E S % Pigure 3 [Z/R L7z, EX B 3-HAD & M1, CON BERS LWV IR BE
BE Ao CS EMEIL, CON BERBLONIF B IR THEICEWEZTR L (p<0.05). CON
HANTEXBEIZBWTAH BIZE WEZR L2 (EX BEL IF BOMICIZAEERZIIRDLNE -
vs. CON: p<0.05, EX vs. IF: p<0.01). —7%5, 7z
CONBELIF BEDOMICITA BERZEITR OO )

* *
%* % I * I

25 r = 8
= £
=
— N
E 20 N
S =6 I
3 L :
[-]
E 15 S
> 24
) =
=10 E
S E )
8 5 >

0 0

CON IF EX CON IF EX

Figure 3. Effects of intermittent fasting and endurance exercise training on Citrate synthase (CS) and
3-hydroxyacyl-CoA dehydrogenase (3-HAD) activities in rat epitrochlearis muscles. Values are mean+tSEM. * and
** indicate significant differences at levels of p<0.05 and p<0.01, respectively. CON: ad libitum fed, IF: Intermittent
fasting, EX: endurance exercise training.
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5. 7 Va—4F U RE
R 7)o — e R
b ZHEAR OF 7V a— B X, EX BEICB

Dk B % Figure 4 12/ L7-.

oLz
HER

WD 2 BEICH R THEICE W
(p<0.01). —J5, IF B L CON BEOMITIX
EIXRO N7,

¥ %
"
o 40
o
s 30 }
s
-1
S E
a2 . I
>
an
s 10
=
-
0
CON IF EX

Figure 4.
muscle. Values are mean+SEM.
Intermittent fasting, EX: endurance exercise training.

6. MH I Na—RJPEEE
iR 3 B D 1L 3 2 L = — R
HERFEIT

i, 3 BRI
OO ho7- (Table 1).

V. s

KW DOERFRIZ, 1) 68
X, ZyMEEHICEITS PGC-1 a BB EIB IO
IR RUT REERIEMEICITEELZ RITI RV,
2)E ¥ 5 OFEE LR GLUT-4 33 &5 K 4 [
D[R A I KD I = v — i R IZ X
BHE WA 35, £0) 2 AThD.

TTIIANRIZEY PGC-1 a BB FE2E AL
=B K% RS ML (L6 myotube) X2, B 4% i 45
BEJIC PCC-laZmBE BRI LI AV =y
7T ACEBWT, GLUT-4 OFRBENBEML,

(ZPEVBE B A B RE A3 35 2 L3

B ZIL TS (Michael et al., 2001; Wende et al.,
2007) . HIREEB R —=2 T EITHZLET, B
> PGC-1a RBLENHEMT D205 L <H
BN TEY (Terada et al., 2002; Terada and
Tabata 2004), EH)IZLHE MM GLUT-4 0

il o> ] R B £

Effects of intermittent fasting and endurance exercise training on glycogen concentrations in rat triceps
** indicates significant difference at a level of p<0.01. CON: ad libitum fed, IF:

DAH=A LT PGC-1a BEELTNDEE XD
TS, RBFZETH, ATHFFEERERIC 1 [#
DFFAWI N — =2 7 2 E i LTz EX BEOF # i
IZBWNT, PGC-1a BEV GLUT-4 F Bl & DHY
Mma@dHI(Fig 1, 2), EHIZFHIZVa—7 8
EL ERLTW(Fig 4). —F, —HEICESR
LA AR TR R ICEDER T L
F—mlR2, lEVAAHBEBEELHICHKITD
PGC-1 a Z i IMEHAZEMEFERESNLTND
(Nisoli et al., 2005) . ZDHEATHFFEDFE F D,
B R B B2 R0, i SO WA AL AR 720 T ide
B BICBWTYH PGC-1 a, &5 I20X
GLUT-4 ORBLENEMTHILHE 2007,
ZIT, AW TIE, AT R EFER O k%
Ay, Zuhaxt R TR G R 21T b7,
ZORER, IF FHEOREIL, CON FEIZHTH
45 %AXWMEZ /R LT (Table 1). Ty haxfgEL
TATONTZRATHRICENT, 30 %DOER T
X —HIREZTOEEE, B HEERE LT
WLUCTHREDN 27 %A LicZenEShTn
2010). ZD7=, K7L TH,

% (Hancock et al.,
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RHMoOMREREEITIZLET, ERLOKE
WD B LR R B I B p L — 23 RE T
W2EBZBIND. LU, (RFICK L, 6
M O R IR %128V T, PGC-1 a O INIE
Wby (Fig. 1), &bIZ, GLUT-4 ¥ B E&D
BHE IR TR LN (Fig. 2). £EHEN TR
KO I ELE &R B CTHDHE ¥ (DeFronzo et
al. 1981) DFEEVIAZRE 1L GLUT-4 JREE LD
FHIZIEE OB BEMRE N FET DN E SN
TWAZEND (Henriksen et al., 1990), [ K E)
ML, 2F OFENHELEN 2> TELIED
MH LAV, ARBFIE TIX, 5K DI iE 7 v =
—ZREIC 3 HHTHEREITRDOLNR >
72b DD (Table 1), 5% OWFIETIE, FOFEA
T B CA L AV 7T TREBR Y DX E R
M FEA RV, BRI REICEDEBHIH OE
= kL — il BR A 4 B T BE AR R AR 1T &
ETRBICOWVWTRHATOILERHDLIEAD.

PGC-1 al¥, GLUT-4 721} Ti7e<, Iha Ry
TREEROBR TR TSN THEER
EEAERZLTWDLIZER AL T WD
(Puigserver and Spiegelman, 2003). Nisoli et al.
(2005) 1%, AW 72 &[4k 0> [ AR A e A 7 5 i 5
HZLIckD, PGC-1a O BLEHINICHE, <
NN R =R IR iR A SIANGN =g WS <)
ENELHZEEZHREL TS, KPR TIX, [F
OB KRR ET VMK L TIT2b D0,
BRI ITD CS BEV 3-HAD Lo /-FH
Iha L RUT R R OIEMEITITEL TR DS
Nieno7- (Fig 3). Nisoli et al. (2005) (%, A
WELVBEV 3 7 H O A ZR T T,
L7 C, BRI RICIVINa L RUTH A%
AELIEDHITIE, SHICEMB SO AR
ETHLONH LR,

ARG TIX, B REEEICEDE %D
GLUT-4 H B & DA =X NI SN T D
ZLIFTERD o, FATHFZEICLY, IR I

WENRZ > VN AR TR EE L, A AV 53 W%
& F&H% Streptozotocin (STZ) ¥ 5 l2 &

HHA GLUT-4 OB ENBHF IR T 5528
NHIHILTCUV5 (Kawanaka et al., 1996). Zivh
DRfERIE, GLUT-4 OREHEMEICIH 5 RY
COBEEMARIEL TS, KFFED IF BETH
BENT GLUT-4 BHEEOR TIL, ERFIch

Py 3R N AZEUD A £ 2 & C Il E Y | H-
B9, ARV W LT IR KR T 5D
MH LAV,

GLUT-4 DI BLELISMT, B4 i O g By

A BHEREICKIETBIOR 2L T, (KAENG, %

(PR B R (RE R N AE I &) 3 T b s,
yMIEBEM BEZEBBRSELEE, BEHO
GLUT-4 OB EOELIZFROLNRNEDD,
B R 5 BE EUDIA ZRRE S MR L, %@ﬁ%ﬂﬂﬂ*

BUDiA A RE ST EERERN ARG O &L DRI
MEBERBREOLNDIENHEIN TS (Han

et al., 1997, Kim et al., 2000). S5l
et al (2006) 1%, EMZIBWT, KAEHI % (%Fat)
X0, MEERE N & o M 2F8E TH 5 ME
JEARBEHEEE DA AR ZMEEDOMIZLD TR
WRERERRDONLZEEHMELTEBY, 1K
VOB RIE BT OEHIEM &0 EE %
BfRL WD, st TiE, BB RLUZZAE MRS
FUWENDHL T AT R Tumor necrosis factor «
(TNF o) e EDT T 4RI ARNIAL BA LAY
DIF B ERE LB SELZEEHA LN RS
THEY, BV EZ2ELTEEENREBINTNDS
(Dyck et al., 2006) . AHF7E TIL, (KEHDDA
SHHI7REENIE N B icix 3 BERI CAH BRI
RBOLIRM TN, IF BEDOIE NG DO &
I%, CON BB XU EX RELEEL T, A EIZEW
&R LTV /e (Table 1). L72A3o> T, AR A
BIE, B O GLUT-4 [ZI3F LW A K
ESRNbOD, EENIEN O &2 SED
ZET, TTARYANIAL Doy W% L THE I

Z, Racette
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i DO FEBLD A R RE, IDITIXA & ONE (R H % enzymatic organization. Eur J Biochem., 10,
REDMERF - 3 ITH 5T o b L. R 198-206.
1T kD GLUT-4 O Lo~ AF2ADEh H - Cartee G.D., Kietzke E.W., Briggs-Tung C.
& BEEERNREM O A LN T ITADHRDES (1994) Adaptation of muscle glucose
DNE I OFERVIA BB RE B L O H OFER transport with caloric restriction in adult,
AR RE IR W B A KT T O, b LizkoH7s middle-aged, and old rats. Am J Physiol., 266,
BOREARMRBROCA AV IT TR % R1443-R1447.
1TV, FHET2MERHHEE ZDND. - DeFronzo R.A., Ferrannini E., Sato Y., Felig
AWFFETIL, IF BEOREIIMO 2 FEEHERL P., Wahren J. (1981) Synergistic interaction
THEIIEWHE ThH o7z (Table 1) . FxiT, between exercise and insulin on peripheral
Halberg et al.(2005) 1%, il R U#a & TH, /T A glucose uptake. J Clin Invest., 68, 1468—
HHEPORER- LT —BE2HOSTICHE 1474.
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