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ABSTRACT

The prevalence of type 2 diabetes mellitus has been rapidly increased in paralle] with the westernization of eating behavior in
Korea. Increased consumption of animal fat and simple sugar can be potential contributors for insulin resistance. The purpose of the
study was to determine whether Western{WD} and Korean-style(KD) diets altered insulin secretion and insulin resistance in male
Sprague Dawley rats. Rats weighing 98 + 5g were provided by KD(77 En% of starch, 5 En% of corn oil and 13 En% of gluten plus 5
En% of casein), WD(42 En% of starch, 40 En% of butter and 18% of casein) or control diet{62 En% of starch, 20 En% of corn oil and
18% of casein) for 12 weeks. Body weights were lower in KD compared to WD. Fasting blood glucose levels were not different
among diets. Insulin secretion from the beta cells was higher by 2.2 + 0.4 folds in WD than KD at baseline. In hyperglycemic
clamp insulin secretion was higher in WD than KD and CD. Whole body glucose disposal rates referred to the state of insulin
sensitivity were lowest in WD among groups. Glycogen deposits in soleus and quadriceps muscles were lowest in WI> among all
groups, but their triglyceride contents were highest. GLUT4 contents and glycogen synthase were lowest in WD in both muscles.
In conclusions, westernization of diets needed more insulin to normalization of blood glucose levels due to increased insulin
resistance. Thus, WD would lead to increased prevalence of diabetes mellitus when increased insulin resistance could not be
compensated by insulin secretion in the case of elevated blood glucose levels. (Korean J Nutrition 34(5) © 485~492, 2001)
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Z7behe AL SEvets] AFHQ A4 vt 3H 9F
ths d3 AT 4 9t vl AAe 43T 2
A% g7l 4730 welbA ZdE 4F 9 992
AH Helo HAF BHe] ¢lE Ao gAY, e
2ol AA} HEle] HEE ARY 1971d0E BEE,
il uke] geH)7} Zb2} 80.7, 13.0 28X 6.3%°]
A, & w8 4T 3 F2A Ao AR v &
£ 11.6%°19*® oldE HE 49 Het: ¥z} vy
o] 19930l B2, vud  Apite] A3z} ziz
65.9, 15.9 282 18.2%= A% A&7} 24 Zrbetdn,
gralEe] 43 padged, & 9ud A% F 5B
4 glFo] RR)eh= HIgo| 464%= A Eralge©
F, Sejvet Al Y AAks 2eSEtE, A 4
ole|: AEA AL FRAECZ e Hojojn}.
B2 MY Aabs AesEE T ool &
BAL F2 FEY dfdoldct o|FA AEH mEy
3, AR, 284 vl Aale) A pHoll ekt
2, A, B4 9dd At gzt g4d Besat 9
&9 Aol FLL Fo] AT7SE TE P Faol
RAE 5 gleget AAEn S £ §3AHY AR 4
4 i3 AAE A7 St A7 2AW 524
T AALE QS 9 BT AT AR Z713 S
7F B4R AALR vEE o) Ad&d A4 e
B v Ggfo} B AT o2 gsor ¢
oo}, 24 B dFo s WA g o 57158 AAVIHA
AF T Holo} @it Ak wjRu]g TE Fele]
ged 2ol d Qe AR oH g gL FE= VB
AR Zlo] 3ot}

agH

1. HETEA AL

A% 579 Sprague Dawley <73 95§ 13t 3~
497 AEX U F Aol wet ¥2) ¥ (Randomized com-
plete block design) 2= # Tl 13712)¥ 3Fo=E
Aotk FAZ 376 4F mERSFEE - AR -HEA
2ulF o]l I Hol(KD)E FFsxn thE 3t
t ARFHE - oA - T34 @E 2ojQd AT 4
o](WD) & 339 YA e AYEFOZ(CD)
2YPARE FEEIAT APl E 125 B A B8}
I, ARE7|3E B9t 15 $HY 9 114 2e €2
2HE g2 Qe PFe St 2§ AFE FA
A A4 25 20 + 2T, AiSET 65+ 5% %

TR BFE7) 9 GF7E 1243t0] HEE Qe =33}
ok,

2. MNo|

WDT8 erdtE, B Ao A= 42 4%
Ul Z 40%, 18% 221 40%% 71522 S @i F
& 5B O caseinl 2 AWFLL F23A4 A
< HE & AMR-315 ot KDFY ©48tE, ©¥d s A)uke
TAule Az AR 7%, 18% 133 5%E 71EL
= 393 993 39L& 484 id gluten®E 13%
& 223 FEA dHA9 casein® B 5% S AHE3Id A
ol Yad HA3e P ohn)ihg FFIAEE A,
Ao S99 A &F-E AHEHY. F7138& American
Institute of Nutrition{AIN) mineral mixture®] 743}
E 283 vERE AIN, vitamin mixture FAH]E o]

g3txct”

3. Hyperglycemic clamp® Euglycemic hyperinsulinem-
ic clamp study

AYPFES FAAF = Ao A Qd&d BoT5H Qe
d AL 5437 9319 hyperglycemic clamp$} eu-
glycemic hyperinsulinemic(EH) clamp #Hd-& 23s
gt o] HUES 317) fHelr] APHolg FFTA 11F
A =& o phentobarbital(10mg/kg AF)E& <& F
Algle a1 A7l ¥ catheter® 9% carotid artery($173
0.36mm)$} L8% jugular vein{%]7 0.58mm)ol 4]
A" 5 F WAl A oot B2 AYH 0w FFE
R, 17 Fo= AFo] &4 HH 2L 29 AT
287 ARey FeRRE 8443 HE3IUS. e
T4 =He 2ol o 15~18A1F F4A12 ¥ hypergly-
cemic clamp& 435 AR E 34T FHPM 1: 00~
4:00) & F 94 24 27|12 oS¢ EH clampE 3%t

Hyperglycemic clampt 25% ¥x3 4% jugular
vein® 2 20ul/kg AF/%9 £x=2 FYsHEA carotid
artery® 84g dfHete e 5¢ HFez S
of g0&o] At o) 11. lmmol/LE FA81 =2 s},
o] 5% AX 11.lmmol/LE #AE * gh4L 38

o ¥3L Bestd -T0TAAM ER3ANACUI} € Aed

FEE ZAs P AEd Bueg S
A e A ATE AAYshs WYl EH clamp
= 929 Jugular veind] 4Y% catheter= FY3l2,
E%9 carotid arterydlde BAE AN s
d R FAEE JYehdle AU 229 AA £x
(glucose disposal rate}i= TYT A& Folr Fo



A A B2 AT F A= EE3e) o g AdYso
o] & A3 A&l AHEEES Fhifol A 2 WAy
| AA heart punctureZ 42 AL | A 4
g 42 1: Uv:vE AN Sdo J&TL 4]
12mU/kg AS/E £E2 Jdad 4308 2314
th ols} TAlY 25% EX Sg AHoz FAF A
0% o4 AL} ¥yo} 5.0~5.6mmol/LS) euglycemiaZ
steady-stateZ FA1Y Wo] TG FULESHE XX
Z A $2& AANY F X527 A SEE TS
5.0~5.6mmol/LE fAEe Ta% USR] FUdhks
Lo ¥} B F3ta YA AFoR ol B
2 49 A2 9 AgdHe 57 go AAsgn &)
£ mg/kg AF/ el

A YL P2 AL Bod F €9 47
(Glucose Analyzer, Beckman Instruments, Fullerton,
CAZ 8% 339t ¥4 Je¥ == EH clamp
F AEA, 90 12089 24351tk Steady-statec]
A Q& BEE 908 12089 ProE A4siqct &8
A 2&A H=E Rat Insulin Specific RIA kit(Linco
Research Inc., St. Charles, USA)& o]-&3}4] radioim-
munoassay Z38sich "

EH clamp?} EUAlulA} Hl2 pentobarbital(20mg/
ke)S Ao g FU& 2, 7} soleus$ quadriceps 2%
I} A 22g st 44 Aol B 5T TEANA
et AYPS & drix] - 70T Bt E46)
o] gt

4. ¥usy g2y

7 259 glycogen ¥ dA#HS T3 248 O
AN AFo TEF FEE 23, A7) gu-
coamylase® 716t MiGAI F 229 5 L& &4
of 743} 289l glycogeno 2 AP Trgo| §3S A
HaEh Y 284 e SR Feke Ay 2
4o chloroform: methanol(2: 1, v : v)& ¥¢] homo-
genizer= FAZHAZ ¥ vortexF Fo] Ufo=RH A
Hhe 2239t of7)d] NaCl 848 o] A we] 3
f=ol gl chloroform & £8)3lc}. o]&ol gHrs
o] gl AR g AFA kitsE o183} 500nm
oA AR FslATH Soleus®t quadriceps %L 10
mmol/L, HEPES, 1mmol/l. EDTA, 250mmol/L sucrose,
pH7.48& ¥#3lxz $l= A7k HEPES buffer2 son-
icationol] 2J3] FA3T F YHESFA 5K T AX
ul-S Walker et al'®9] Whge 2 et GLUTY ¥3%

BEE RS G 34(5: 485-492, 2001/487
2339t 45 9L Laemmli sample buffer2 5438}
o] SDS-PAGEZ #719% ¥ nitrocellulose® |53}
rabbit GLUT4 antibody(Chemicon, Temecula, CA)Z
Western blot@ ¥ = 3132 laser densitometer= A
&tgdrt " Glycogen synthase 84& Thomas et al*™®
o] ¥hi g W5t 233513 Glycogen synthase 84
€ 10.0mM glucose 6-phosphate(G6-P)& 3713158
g2} A7FeA &3 0.3 mM UDPG-CH) glucoseS 25
A xs} viokslgd e of 59 glycogendl £A3ke (*HI-
glucose?} ¥ A3 27 Glycogen synthase
@4€¢ nanomoles/mg BHA/Fo 2 AT 10mM
G6-P FxoM9 glycogen synthase 842 maximal
glycogen synthase®] €4& Jellx G6P ¢lo] 334
& glycogen synthase 842 G-6-P independent ¥l
9] gAelt}, EFF glycogen synthase?! fractional veloci-
ty(FV)E 10mM G-6-P7} £A4Y do} EA)31A] ¥ o
9] glycogen synthase®] @49 B2 A4t Fve
glycogen synthase7} v]&43t © dejollA B ==
FAEE Jehde Aoz o gol E&TE ERHoE
glycogen synthase 84385 & &jujgc}

5. %W My

olf-7) WMol A ¥4 Holo} M 2olE 12FF
FES F UFT BF g 4 THE ¥ 2F €A
B Adatdinh. Helel 9% 2 d9] Aols one way
analysis of varianced] 9l3iM BAAoZ AFdUT.
2} @ee] 9 gt Ateld] Apeldl WiE #ede
Tukey’s multiple comparison 322 HZ3ch &
S BA A9 $-94 HF5E a= 0.052 A3kt

3y

1. Mz &%

AFo] 98 + 5g7) ol#-2 F2] WiMdA WD, KD, CDZ
123 B¢ F389e o AF WAE Fig 190 vehisd
t}, WD, KD, 282 CDZ*8] WM 25 A Fe] £7}
89931 e E FFF A 5FARA = AT Aol Zo) 7t 81
Atk 65 F£HE KDTY AEo] WDEH CDZel v
wokd 85 FRE:= WDEY AFel 713 1 I thgol
CD#Eel9 e KDTFo] 743 Btk 4ol F3F§ 12F
Fore] FE ¥ HIE Fig 241 vehiiiz, 38 ¥3
2 WD, KD, 223 CD 2]o] A}ele] Aol el 2] £
Ak
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2. a8 BY5

Table 19l hyperglycemic clampE 3l& o 83 £
=3 559 Y e FEE U 71 @3
L2 AT Aboldl Ae)r} glglont 7 Q&Y FhE
WDZ, CDT 282 KDFe 42 ¥ks WDEY #tel
e T Zd vE B4 o2 FodA Ekrkp <0.0D.

mmol/L
500

450
499
350
300
250
200
150
100
50
[}

e~ ‘Western —& -~ Korean - - - Contro}

7 8 9 110 11 32

Weeks

Fig. 1. Weekly changes of body weight. *The values are significantly
different among different groups at o = 0.05. ***¢ = 0,001,

—&— Western —® - Korean - -4 - Control

9 10 11 12
Weeks

6 7 8

fig. 2. Weekly changes of blood glucose.

Table 1. Serum glucose and insulin levels at hyperglycemic clamp(Mean

oA 25% EED 4L TPl 89S 1. lmmol/
LE FAFS W ¥4 <led T 2olof nte} 3le]d)
ARQAT 712 Q&Y wEdAM 27~38.7% F7lEidoh
11.1mmol/L2 %S #4514 E o g3 <& 556
& F woll ¥at WDeA 71 #vhp <0.05).

3. 2led Mgy

Table 29 EH clamp® S35 ol ¥ T=9 5=, &
A Qe Frd EEG AA £25 Vet 2tz
Aol g 125 E9t TF3% ¥ EH clamp® 317] A9 7%
83 X3 o A 7 Aboldl Aozt gt 22y 7]
% 91%¥ %%+ hyperglycemic clampd?] A3} b3t}
A2 WDZA 718 ¢t KDoA 7hg dgich(p <
0.01). &2 A lgdn} TS ALxog FYaHA
2L 100mg/dLE FABHE o €% T4 84 Q)
&8 TET AT Atelel Aol elnh. A 2EF AA
£ WDel4 KD} CDell vl wtthp < 0.05).

oA A T=F AA S TS vlA= 89
24 239 glycogen ¥(Table 3), 44 F(Table
3), GLUT4 %(Table 4)22] 2 glycogen synthase 24
(Table 4)& 2AMIACE 7+ 239 glycogend] 42 WD
of ulg) KDFAAN E%3, 259 glycogen 4= 741} &
ALg 43S Jehsith 53] soleus 59 glycogen %
& WDz CDEel 3] KDoA A2 fola
E=4cHp < 0.05). Quadriceps <58 glycogen¥2
WDl ok& Fol |z 22 A2 B ot Al Aol
o] EAA ol T 4 AW 4L soleus 5o
A AT Ateld] akel7t 1A, quadriceps 25oiri=
WDe) KDl vis) E3hchp <0.05).
+5D)

Western style dietin

=11} Korean style dietih = 11) Control dietin = 12)

Basal glucose(mmol/) 75+ 06 72+ 13 73 1l
Steady state glucose(mmol/L) 106 £ 16 108 + 1.4 110 £ 1.1
Basal insulin(pmol/l) 416 +107° 198 + 71° 245 + 98°
Steady-state insulin at 11.1 mmol/L of 574 +118* 323 4 121° 368 +109"

serum glucose levels(pmol/l)

a, b: Values on the same row with different superscripts were significant]

y different at oo = 0.05.

Table 2, Glucose disposal rate, plasma glucese and insulin levels at euglycermic hyperinsulinemic clamp(Mean + SD)

Waestern style dietth = 11)

Korean style dietln = 11} Control dietin = 12}

Glucose disposal ratefmghke/min) 335 £ 68 454 £ B85 409 + 79
Basal glucose(mmoift) 72+ 12 71+ 14 724+ 11
Steady-state glucose(mmol/L) 55+ 03 55+ 04 54+ 03
Basal insulin{pmol/L) 409 103 205 + 88° 264 109
Steady-state insulin(pmol/L) 3430 + 654 3228 =+ 703 3242 & 647

a, b: Values on the same row with different superscripts were significantl

y different at oo = 0.05.
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Table 3. Liver glycogen and glycogen and triglyceride in soleus and quadriceps musclestMean + SD)

Western style dietin = 11}

Korean style dietin = 11) Control dietth = 12)

Liver glycogen(mg/g tissue) 443 + 19.0°
Soleus muscle glycogen(mg/g tissue) 313+ 06°
Quadriceps muscle glycogen(mg/g tissue) 43+ 1.0
Soleus muscle triglyceride(mg/g tissue) 1594 + 41.3
Quadriceps muscle triglyceride{mg/g tissue) 2214 + 40.8°

69,7 + 20.8° 533 + 99*
41 + 08 33+ 07
48 + 1.2 48 + 09
155.6 + 306 158.6 + 429
1727 + 456" 2070 + 43.8°

a, b: Values on the same row with different superscripts were significantly different at o« = 0.05.

Table 4. Glycogen synthase and GLUT4 in soleus and quadriceps muscles(Mean % 5D)

Western style dietin = 11)

Korean style dietin = 11) Control dietin = 12)

Soleus muscle GLUT4(%) 64.6 = 28.6°
Quadriceps muscle GLUT4(%) 60.2 + 234"
Total glycogen synthase. acti.vity in soleus 319 + 44
muscle(nmol/mg protein/minute)
Total glycogen synthase‘ actilvity in quadriceps 296 + 5.0
muscle{nmol/mg protein/minute)
Fraction velocity in soleus muscle glycogen
(% of the ratio of independent form and 9.1 + 14°
total activities)
Fraction velocity in quadriceps muscle
glycogen{%of the ratio of independent 59+ 16

form and total activities)

1175 + 36.5° 68.0 + 13.0°
1045 + 28.1° 715 + 33.8°
355+ 49 329 + 48
333 £ 58 303 + 57
104 £ 1.2° 98 + 08%
67 + 1.1 58+ 19

a, b: Values on the same row with different superscripts were significantly different at @ = 0.05.

GLUT4 %2 soleus(p < 0.01)$} quadriceps{p <0.
05) €594 E5F WD CDwdl v 8 KDiolA E4
Hog fo3A &Uct. Soleus$t quadriceps 54
total glycogen synthase 8412 KDwo] WD Fo v}3i
S A% A2 BAFY Aol fch. soleus T
SollA glycogen synthase?l G6-PE H7l5H4 2¥4&
w9} 10.0mM G-6-P B=4d49 FVe WDTe] KDt
CDTel Hl# wirHp <0.05). Quadriceps Z5ol|A
total glycogen synthase 8/4& soleus <53 22 74
#e ug o} A Atele] 5AH L2 {oFHY Ao)= §]
A}, E& quadriceps T5NA FVE soleus muscledt
A 3E8e Jehe] KDFY #°l CDE WD
H1& kAT AT Aol Atelz} glgl).

d &

AT Al S Bl FEUEte] AlgEel ded AR
o] ¥ tlEo] 2lad BHEE @ AL Aolg Aoldd
7FeAdel = 20 Aol fevete) Yo} QHAFE 4
HEY AA GF] 80% olE BFIEER A
al g A HHFE DA ] 16%9) 5% ol
oo, 4ol FFEL F2 AEA BRI} Y ut
Hol| APejMs @rstE, e da Ae] o] A4

daro] oF 42%, 18% 2z 40%01R 1, GAe] F8
FFEE B2 DT olEF A Ry 4
2 R Aol7} Q& BulFo] JBe tlH A2Y G
Wol whale] gL A 4 ok = Sty AR
Aol @F <led FE7t B Ae? grEe Fao
2 HH3z T2 A% 4A7t Hol Tx =z 0
A& Ao A9 A= HHz A& NPHo] F&
g FAFEA Ao gude FEA e Uy
REo AAel QEd BHlSE BAAAS Ao 97
o}, o) g Aol Fx g 2GR mA Heo] HF
o B u|wtn 722 QAdad AAE ST A3
Ag o ole] TiAB Q& Bz} Z7telof sh=] o
BARE Q& 2ul7t AR 2ol HFelA FA) Q
£d 2| 223 27MA7A] LHA 2 fuAY
4 Qg Ao T AN oleig Ao Helstd B Q7
AN o]f7] FFe WA MR- AEA deldz
FAY F24 Hols} nAY - B2Y Bz TAY A
T4 Ho|g 127 E¢ TISAL 0 U4 AP ¢
&d e M)A = 99e AL B dPAs
A2 guzere FEHAE W YEPOR o= B
£ Hgsly] A8 Aase X A9 Hojg 5
energy%¢] A9 FRE T AHEA AAFES BHed o
F AROT A% A& AP ) wAAL viASgh
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£ dPME Y- TF24 G Aol A 4
olg ¥3tHE W ded APHE =3 11. lmmol/LE
32 FA39L we 9&d $HTE 22 AUE v
e o] AL Qud Mol Eold A& Fu)s}
718 A2 AL, o]AE FAshs ATFEAA
Y AL A 53] EX Arte] A=A W
o] ¥ege] FE7 Zolid d 2% AX E= AW =
2 AE Axete] EaE= ¢12¥ receptorsd] 715 L
receptor$} S1&deo] AYE o =¥ signal trans-
duction®l] BG4 02 dojitA vehe o] X
9] o] &g AaAA n¥FE Jehn Fuy o g Hd
o 23 SR o)A Aeelde Ao BulEe
A& oyl AR LA T S A ga of
Ae FE3] dsiM HFe) viel AZE HYF dady
& /A WS wREn =HuE ol ¢l
+8 Bt AL Herg B2 ndEd¥8SE(hy-
perinsulinemia)& RolA ©rh® aalmz MY Q&
A AL noledYSE sty oA AF At
2o) 24 o7 A&W LS F/HAF|HE fojd &
ik, wAc] fejuete] ded APPL AT Be
2o)g JeR wlnjeielell Al el 2led AgAdol
Z7leldEe 1 e 9led Byt S5k B8 2gle
AYZF L vehtr] g 938 J4de] #53 g8
Epdn}, JEa jRE AA o $EReR ¥ F
Ho| 7hseiA 8- 797 g '

2 AT A} o] aAY o], 53] nE3A W 2]
ol7} A1&d AL SIATITE AL o8 gy 2
UG 2 71" disiA A7 dF7F A of
AR A7 7|Fo] AHAA = ¥sith nAY Helg
FEHAL 1 ¢dEd AR S RHEAIE ZsE AL
2R Aoz Qg PF AW FEIF St AY
ol Tete] §A& FrsAY, B A FAAE
o] FA=lo] AXUYZ dFYU] FFo| FlEH ALY
A3} FrHEIEA £ Asls o83 AT AXu
o] X5 o]fo] ZHhdk= Aot dHFow Y fe
Aate] B2& FUHAFE XA szt FAEE Ao
2 934 9z, MY Ayt EXEHU X2 A3
ol dozld 1 7|32 AEWe] felA ke Azt
Z7laA HXUE acetyl CoAd] H=71 4%, NADH/
NADS] v]&o] Z7}8te] TCA cycled citric acid®= 57}
A gt AEd] o|2|% BASY] Frhs HEueA
Exgo] o] £==d 2agt 3 982 hexokinased] 8
A& AAgte] Lo Asjel ARE v|RE T2 G| o]

£ Fol2 Yodle= Aoe Az P 3¢ o
Lozt 2 A7 Ao Y nA Aolg FFE
W ZEMFEAA GLUT4S Go] 4dte] ExF9] X
W29 o]Fo| 74331 glycogen synthase?] BAle]l 7+
438t glycogen?] ARFE THAAAH =39 o8-8 3
2N 97 2o E Q®

GF FF Foll ol Adsd A9 sl 7%
A& PFE viale Ro| ByiEE A glo]” o] &
BA EA Ao ged BB 23 AF B
7 gtk H29] AToM ofHE o o] GRAL FAF
o] 8% 2 APetHE o d=EH BulFo] a3 438
Fol| nAaolz AFsH S o FEYHETS VER
il ¥xg AAEEE gaAzdn Rasigu” £ 97
ME gulde] T FYog NEA GAL FFE
A FFAYE A7) HA 5% FARJNE FFE
o FFAZ g FEL viA SRS W FE A -
A% Aol & 39S drr} ¢led Fulso] ¥ith Pi-
atti T2 B9 Aol Al Aol 800kcale] ALHF 4
olg mAo|(45%) T A4 @iF 2oj(20%)
E AZE o ngdyels g S FAHAF T,
TEFEHE Aol el NF4AE AL 25 4=
2 s o R s L

A& 05 AEA AP AupAd dsise
o}z 7}x] =go] Brl Kahn 57 A4 Al d&d
|52 =d APA vAsd F1EE 2 st
2 9&d BT 280 e gz Qlaed A
A (sensitivity) S 3§ 32 34 A 9 934
o] Z7lald HL kel &2 E JAA ERFHoR
dojyrz A5 FujFo] duiHez U5, vz Qg
d iz o] Zashd B 4o dado] EAof BuiAt
7} AstEez ZuiFEel Qled #ulge] Frishs Ze]
2t stgic}. Martin $79) Hile] wh2d Py $ajd]
A Qled AFAHE SE37) s ded £Hle Hoighs
Z7rE0] ggitha st A 502 A ATl
v AEd Hatyo] S8 dEd Bt AdAeE
Z7Fhs RS Rola Fiie slEYo] gle A=
AdF ¢&d Bl S5 oy el AFgAo]
F712 9 &Y £ulo el Frt 2= 3
o Gy FA 7L A& ARG x5 2T
g% Ad&sd 2u%e] Aolrt Ty G foEE &
+ otz Y} Vaag 570 BaeAE &d A
o] EAl¢t v 8] ey Rule] Adigs F4d AT
ato] Qlede] Byt Q&d ARAE FHE37] H3 vy



Hoz F7she Aol dali A2 e A 2y,
%% A HE

& Aol M A7} o] frREH AR AT 4
olu ehprEtE ) A|ukef viEu| g} chld Felo) Qe B
H% 3 dad A3l ou g JEde 3= 718 289
t}. 98 + 5g8] Sprague Dawley 53 A& Hfr o2 o
ol nEFHE(T7 En%) - A4 (5 En%. ST5718)
- 2124 &2 (13 En% gluten + 5 En% casein) 419]
2l g4 Ho[(KD)sH A etraE (40 En%) — iLA%(40
En%, butter}-s2°d 99 (18 En%. casein) 4°]|¢]
M2 Aol(WD) =3 AAel(CD)E Zzt 125 &
oF #5% ¥ hyperglycemic clamp® ¢1&d H#vl%&
283 euglycemic hyperinsulinemic(EH) clamp® ¢!
<9 AL AT, ¥ ol FFdE Bt uF
Z33 AFL 65 o|F KDTo] WDl n)3] A3 &
ste}, wis AT FE WS AT Aol zle)z) glich
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3 E4. Soleus 25914 GLUT4 @32 KDTo
WDT#H CDtoll vl8] 23ttt & $59 2844 =¥
total glycogen synthase activitys= | 2]o]zlel] z}o)7}
UAARE fraction velocitys WDT-0] KDTol #l3] w3t
th AE¥ez nEFER duda nx 4ol M7y
lolo} JA= oled AR S T dFe Fassl
=i AEUE o 2ol AT, vk nAEA o
A3 AAE Aol] T4 Aol et Aol ¢
o} ¢igd VHjFe] BT 2HER AT Aol Q&
d YA E F7HNA olmE o) RollMER] Hdo] £5)e
| o] 7L A4sal7] 34 ded )7t F71Eh o)A
2 S5eA £ W Frded ¥ #Ye) woAs Ao
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