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The inducing effect and action mechanism of a high fat diet and the

sucrose-containing drinking water on metabolic syndrome
Gou - Chun Chen

Abstract

Metabolic syndrome is a global healthy problem with a soaring morbidity. In
Taiwan, a dietary patterm change with an increased high fat diet or/and
sucrose-sweetened beverage consumption, accompanies with an absence of exercise
are considered to be the risk factors of metabolic syndrome. This study was
designed to compare the effect of a high fat diet or / and sucrose-containing drinking
water on inducing metabolic syndrome and the possible molecular mechanisms
involved were also studied. Male C57BL6J mice and Wistar rats were each divided
into one control (chow diet; LF) and three inducing groups, including HF, SW and
HF+SW, to receive a 30% butter-containing diet, 30% sucrose in drinking water, or
both, respectively, After 21 wks, the dietary effects of a high fat diet and the
sucrose-containing drinking water were compared among the four groups. For
evaluating if it is reversible for diet-induced-metabolic syndrome, half of rats in the

three inducing groups were shifted to a control diet ( HF/C, HF+SW/C, SW/C) at 17
wks. After 4 wks, the metabolic sequela was compared with HF, HF+SW and SW,

respectively.

For assessing metabolic syndrome, body weight and visceral fat accumulation
were used as an indicator of obesity, especially for central obesity. Fasting serum
glucose and insulin, oral glucose tolerance (OGTT ) and insulin tolerance test (ITT)
were used as an indicator of insulin resistance. Serum lipid levels including
triglyceride and cholesterol and blood pressure were alaso measured. For exploring
the possible mechanism for diet-induced metabolic syndrome, adipocyte size in
visceral fat, serum levels of adipocytokines (leptin and adiponectin) , lipid
accumulation in liver and muscle and the expression levels of genes participating in

lipid metabolism in liver and as adipocytokines in adipose tissue were all measured.
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The nuclear/cytosol distribution of sterol regulatory element-binding protein

(SREBP)-1c and carbohydrate responsive element binding protein ( ChREBP)

proteins were also measured since the two transcription factors play an important

role in regulating the lipogenic genes and glycolytic genes expression.

In Wistar rats, results showed the body weight gain, adiposity and the average
diameter of adipocyte in three inducing groups were significantly higher than those

in the LF group (P <0.0001). The HF+SW and SW groups had a significantly higher
serum leptin level than the LF group (P <0.0001). The serum uric acid in SW group
was significantly higher than that in the LF group (P <0.005). The TG and TC
concentrations in liver of three inducing groups (P < 0.0001) and the TG
concentration in muscle of the HF+SW and SW groups (P <0.05) were all

significantly higher than those in the LF group. As compared with the LF group, the
serum TC level in SW group and the serum TG level in SW and HF+SW groups

were significantly increased (P <0.0001). Hyperinsulinemia and hyperglycemia were

happened in the three inducing groups and in the SW group, respectively. During
the 2 hr period of OGTT and ITT, significantly higher serum glucose levels were
observed in the SW group as compared with the LF group (P <0.05). The systolic

blood pressure in HF+SW group (P <0.005) and the diastolic blood pressure

(P<0.05) in HF+SW and SW groups were significantly higher than those in the LF
group. The nuclear / cytosol ratios for SREBP-1c and ChREBP in SW group was
significantly higher than that in the LF group (P <0.08). For gene expression levels

in liver, a higher mRNA level of the fatty acid synthase (FAS) in the SW group was

observed, though the difference didn’t reach a statistical significance. The

glucokinase (GK) in the HF+SW group was significantly higher than in the other
groups (P <0.08). For gene expression levels in adipose tissue, tumor necrosis
factor-a (TNF-a) and resistin mRNA levels in the HF group were significantly
higher than those in the LF group(P <0.05). Two-way ANOVA showed, the

sucrose-containing drinking water has significant effects on body weight gains,

adiposity, lipid accumulation in liver and muscle, serum levels of leptin, uric acid,
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lipids, glucose and insulin. However, the high fat dietary factor only showed
significant effects on body weight gains, adiposity, liver lipid accumulation and

fasting serum insulin.

After shifting to a control diet for 4wk in inducing groups, most of the
unfavorable effects were alleviated with different degrees by this dietary
modification. The subcutaneous fat mass, TC concentration in liver, the mRNA

levels of GK in liver and TNF-a, resistin, plasminogen activated inhibitor-1 (PAI-1)

and leptin in adipose tissue were significantly reduced in the HF/C group as

compared with the HF group (P=0.084 > <0.05 - <0.08 > <0.05 - <0.05 - <0.05 -
<0.05). The subcutaneous fat mass, serum leptin and TG concentrations was

significantly reduced in the HF+SW/C group as compared with the HF+SW group
(P=0.0564 > <0.05 > <0.05). The serum level of TG and mRNA levels of FAS and GK

in liver was significantly reduced in the SW/C group as compared with the SW
group (P<0.05 and <0.05, 0.05).

In C57BL/6J mice, as compared wth the LF group, the body weight gains,
adiposity and serum leptin level in three inducing groups were significantly

increased (P <0.0001). The liver TG concentration in the SW and HF+SW groups

and the TC concentration in HF and HF+SW groups were significantly higher than
those in the LF group(P <0.05). The hyperlipidemia (including TC and TG) was

observed in the three inducing groups (P < 0.0001 and < 0.05) and the
hyperinsulinemia was observed in the HF and HF+SW groups (P <0.05). The HF

group showed not only a hyperglycemia (P<0.0001), but also a significantly higher
serum glucose levels during the 2hr period of OGTT and ITT as compared with the
other groups (P <0.0001 and <0.05, respectively) . The mRNA levels of the

carnitine palmitoyl CoA transferase 1 in liver of the HF and HF+SW groups (P <

0.0001) and the acyl CoA oxidase and phosphenolpyruvate carboxykinase in liver of
the HF group (P <0.05) were all significantly higher than those in the LF group. In

adipose tissue, a higher trend of mRNA level of TNF-o and resistin in the three

inducing groups was observed, though the differences didn’t reach a statistically
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significant level. The mRNA levels of the leptin in the three inducing groups (P <
0.0001) and the PAI-1 in the HF and SW groups (P <0.05) were significantly higher

than those in the LF group. The mesoderm specific transcript mRNA level in
adipose tissue of the HF group was significantly higher than that in the LF group(P
<0.0005). Two-way ANOVA showed, the sucrose-containing drinking water has

significant effects on body weight gains, adiposity and serum lipids. However, a high
fat diet has significant effects on body weight gains, adiposity, lipid accumulation in
liver and muscle, serum levels of leptin, lipids, glucose and insulin. From those
results, we concluded that a high fat diet and the sucrose-containing drinking water
both can induce metabolic syndrome, though with different effects on rats and mice.
The Wistar rats are prone to the sucrose water-induced metabolic syndrome, and
the C57BL/6J mice are prone to a high fat diet-induced metabolic syndrome. As
indicated by the results of dietary shift in rats, the metabolic syndrome induced by

dietary factors can be reversed by dietary modulations.

Key Words : Metabolic syndrome ~ High fat diet -~ Sucrose-containing water
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BEAEF G CRARERIEZR (BB BB Bi%) PAFLH

F o R NBERGEHEAFF 1SR 5 14.99% (9 16.9% 0 ~ 13.8%) » * 4
E# DA G A el H 0 R 2-1 97 o A S F BT 0 S BhE B HE T

F AR SHBCRRR B BRERBAR FELE L ASARY
LR % é% RS FRERR T RN D L4 2-2957 « Ao
RPbRE#Ee FZAFZL R 2LATBLL DL LRI -

\"1-

£ 02-2 SR BEEGEHEE EAFI EEF

N-E=BRITFH A
3 + &3
*PER i 16.9% 13.8% 14.99%

% & BRAS ) 24.9% 18.2% 21.38%

%= e hy 20.3% 11.3% 15.6%

B KRR EF R 6.5% 6.3% 6.4%
PR, B (19 K1) 8.8% 7.2% 8.0%

B S R 15.5% 14.0%

% 5 H(65 & 1) 18.8 % 22.8%

W Pl 5 4 3.2% 3.2% 3.2%

% "EF 10.8% 10.9% 10.9%

FHRER: TREFLFAVER A
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(B B-¥K)

98.6

18.2

211.2

4.0

119.5

86.1

45.5

55.0

474.8

163.3

31.7

127.6

o

(R

23.1%

13.61%

S

1.28

TR KR L F92E 2R R PRI ESF

S N R R 2

NSrREHEHPF L > BARA ARSI FL A EYUE AT F P I F kS
(FRLFERHRCABFESE - FREAF - FRASR) R LEF - wi(p R
A %e 5k (visceral obesity) ¥ F]1& 73 M 7y R E Fitgen®EE » fed 3towak
HARFRAOEW TG E 8 g BIeIFRR - uR s RRR S BR
ERF o A pHaEEfL 5 lipotoxicity s A LA R L F AL F
2ABARp ok FARRED Q) X P FR g SR L, - dd Ry
ERARPEELMEBN P R ARANL § R EOIEEHEIFL o
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Dietary and hepatic lipids promote lipid accumulation in adipose tissue.
As obesity progresses, however, lipid accumulation occurs in other
organs (so-called ectopic sites). The lipid accumulation in these ectopic
sites leads to insulin resistance (muscle, liver), impaired insulin secretion
(B-cells), and possibly impaired cardiac function.

W 2-1 lipotoxicity i * %3 F £ ¥ R #
74 %k : Molavi et al, 2006 (8)

() %G FRLBRARE 7 1Edn

Nh AL BEE -G A RERE F% ) 2% % % E (insulin
receptor ; IR)% & 4 » i & & i* insulin receptor substrates 1 ~2(IRS -1 ~2)} p& %
fLpR R i - BEiE A B 1Y BR g fkBF 3 ¢ 7 B /2 (phosphatidylinositol 3-kinase
pathway) - serine/threonine kinase (Akt/PKB ) » #131 v {35 e 3 eh § 4%
TR o T @R L S R A RN L AR R AL
FLRA B P IR 3PV B 2 £ 12 > 3 & HE 1 ¢hprotein kinase C (PKC) & #IRS -
1-2RF Rpip i B3 B T P B T SR B A RO @ afrdd
REERRZIFET %M B RY A% L R F & o diacylglycerol (DAG) &

triglyceride( TG) ¢ & it PKC » 7 ¢ < mitogen-activated protein kinase family ¢
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c-jun N-terminal kinase #77& it » m JNK ¥ gtproinflammatory cytokines #77;& v »

4otumor necrosis factor a (TNF-a) » & % £ 3% § & 12 3#49-12) -
(=) my s imve e 20 (S Bhp g 3 2 B 5

HL P ERRRIFN R MR > BT B ERFR B § AR
peptide hormons » B/~ 7&51%.'%’:‘ RARETF 0 gkl € 4% hormons ¢ 3% leptin,
adiponectin, resistin - interleukin -6 (IL-6) , tumor necrosis factor-o. ( TNF-a )
plasminogen activated inhibitor-1 ( PAI-1 ) > m } f£ 2 % %5 % ' % J %

(adipocytokines) % %% m % ik € B2 8 kB~ it £ o) 42~ R PH0T GRU 2
HudBAN - §qreRE 22 ¥ » 4r obesity # lipodystrophy - B|i&idt #g
R R ARAAMNBELIEPE > AP FFA3)

1. Leptin

Leptin ¥_obese (ob) gene thg  » 4 167 Bicfprries » 23 4] 3
16kDa> i & d o & "gizle R & = (14) o leptin 3 & ¥ fodd L h ek WehFF L
i - X Bied %1 Janus kinase / signal transducer and activator of
transcription pathway % @£ 5 (15, 16) o leptin ¥ & £ L% f2ic* % § %
AREFRIET, 18) el B s g ME ERAASLRSAERBIER
Kieffer # ! adipoinsular axis &35 > 335 leptin % § % % 3R feedback loop > ¥ %8
Pa 4 B¥ o W4 leptin §FrRL R E A TR R > MBI RN 0 FA
adipoinsular axis £ # > B| § R ILLER L § & 5 72 (18) o leptin 3 4o 5% § £ &%
Bl & FH¥ B AMP - activated protein kinase pathway & $r4] ACC *% i«
Malony-CoA & 3 4cPq A § it > BSOS 2 7 B 8o p g Finfi
g% § RARE(19-21) o XA leptin & §FrFIN g FehAo A R LB ER
JAK/STAT signaling f=+ 3 cAMP pathway - leptin 4 3F # £ § *% 1< & = &3~ ~ 3
R B EH AL RTT > X R ARAFRBSF LR Y FRE R leptin
EREMaHFAT M L VREE- & leptin [E4RR % (22, 23) -
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2. Adiponectin

Adiponectin * % Acrp30 ~ AdipoQ ~ apM1 = GBP28 & _*q % jm%e & b ihj-v
Fod 244 BrRgpdiries > A3 § < i 30kDa(24) - ik & ¢ adiponectin {r%
ARCTAEF w: FREFIF T ERIAF2AUBKH I @A B2
25-27)%7 #-4 5 $ ¢ adiponectin R s @ R € fotE 87 7 3 4c adiponectin ¢
KR(28) e &7 E fr§ > & ¢ adiponectin {r Body mass index ~ #8%5 ~ %[ = F 1
(28-32) » adiponectin jk & 4 fop %% 5 h R ff % F v (33, 34) o Adiponectin A& F]:h
% RAcs & § % 3| TNF-0 ~ IL-6 #737 (25, 26) & 5}{ ® adiponectin fo3%% § & §1jk
vup me ML K R X B AL BARAE T 5 B (35) o -] 814 leptin fr adiponectin f&
B2 TEHEE, RIS G o Ak BRI o § Rl 2 T
% §* 4 #-adiponectin cDNA % » <« BAfip -7 % KL frec gy R f o N § 2
R 1(36) ° Adiponectin foi% § & (8% cnf B E 3 M 0 2 F BOUT UG F B
TS TR P TR P AT E T TR R T
F e 2122, 25,35,37)

3. Resistin

Resistin £ - fi g o A e s S chgu Fo A+ E 4 5 12kDa- &4 &
# 3 e SL 2 Jeptin {r leptin receptor #* £ cH&UHF € 3 ¢ resistin Jk & (38) /| R
3 @B 49 €4 %3 resistin Jk & > £ & antisense oligodexynucleotides &2 2.
f6 o7 0L resistin )RR ¥ BFE ¥ P FHOL L R IRFLOER (39) e BB R e
resistin 3| '4% 1) RE¥ - Xeho f;;-? o) S Efotlry 0 & resistin 7 'ﬁ% )
BE3 8353 a4 8215 1 4= wild-type mice » § § 48 # &t enai % BE F 22 ¥ (39) »
M'ﬁ% resistin A& F] € 3 4 7% ¢ AMPK criE {7 " KT BT ATL g R A 0
%8 3 WA F(39) 0 @ § resistin 4] * transgenic overexpression B § 3 4v 3¥¢ §
FHAF ol 487 @l(40)oresistin $3%/] B2 Fenit s § Mo & ¥ &% chow
diet |- &2 adenovirus g % i%_i¢ resistin i§ & £ R > & # ¢ TG 34 2 3¢ TG &
#ad M de(4]) o f2 resistin B A KEEIT 9T LN AL £ & R puenip ML B3 - RKe(42,
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43) » *g 95 sm% §_resistin th& & kiR AL L He(F A 3RE resistin P kp gire
¢ & macrophages)(44) - 4 fgchresistin ¥ 7 64% e & iR 0 %5 R 2
FTEFICRPRIFAR AL ) FRBL) -

4. Tumor necrosis factor o (TNF-a)

TNF-0 & - B4+ £ 4] % 26kDa 1% %5 3-v o §25% TNF-a foie i~ 3L § %
FRfuenh A B E e gt A A2 T ¢ TNF-o ihd B e (45) 0 gt ¢
] B TNF-0 & &% B & 715 ‘,f BT AR B 5]{ Ay Vs EE ch
7z £ (46) - TNF-o }%’ d p44 / 42 4= JNK ¢ perilipin (an oil droplet coating protein)
AR Y > BT 950 JF 4 & 0 ™1 i{ hormone-sensitive lipase i& {7 75 f% > f# 1! free fatty
acids(47) o 2357 i 5 A TNF-a ¢ F 3 p 2 i mpgd £ @ & % e TNF-a
Pl g+ Ppps b o § &1 TNF-a §ij2 T » 55 Very low density
lipoprotein (VLDL) 2 ! 5 3 4 » TNF-0 fo# 4 7 VLDL % & @ $r] %5 % 2 3 0
R AR U S U R TR E R S
(48) e TNF-o * 3% § & @ £ 35 d 7 * Ser/ Thr kinases (nPKC) # % § % $3¢
W AR FLIRS FRE BRI  BREL RS9 -

5. Interleukin-6 (IL-6)

IL-6 thA 3 £ + ¥ 22~27kDa - % ¢ IL-6 § /3 ch & »395 tm e 574 35 (50) o
Mok ~ % § R Efufrs Y B ARRR el K0P IL-6 BER ST APM o ¥
!:l;—?f Paiplmie & IL-6 4 f w4 IRS > & w4 4% suppressor of cytokine
signaling 3 i % 995¢ 9% § AL @R L £ 12 2 G R 5 0 b TG ¢h
TR TER B 4oid X B PRI EE(51) 0 IL-6 X F 4%y 95 % A b adiponectin i@
B b AR K E(52) o IL-6 4 § FRELE |} F N B > WHE &
fibrinogen ~ C-reactive protein 3 4 > p & Jm % 3% 5]+ 2 M EH 4r @ @ & & 207
% (53, 54) o
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6. Plasminogen activator inhibitor-1 (PAI-1)

RPREGHEar g X P R Y 2ABGRET FRRRDOPALL, & 7 0
LW FLRARROS) RIS FALHAEFRL F IS PALERRF
O G KA E i s BBFIPALLER 0% Ko 5 5}& ¢ PAI-1
B e frT e E F ME(56) o 2t 7t 0§ 2 AR RS a0k § G A R
metformin £ troglitazone {& > PAI-1 (kB ~ ¥ ?-5?-_.1 ¥ (57) o PAI-1 ¥}3t 59 o
& R IEdt § B § F £ PAI-1 3 F]<h polymorphism > promoter } -675 i+ 2
714G / 5G » 4G carriers § @89 L « (NP i ¥ g 4 (58-60) - Y K n AR
% ¢ g1 PAI-1 }%’ d FE b vitronectin frAkEF 4 F a.fs & & @ e PKC ehpipe
o g R L @361 o AR I PAL-1 A R g Prilime £ L (GEF X £ -

L 2y e E R R Pis4]) 0 & PALL P B b oy vk m v 7 OF R
wild-type A i 2 R A ¥ ¥ BT N § B Rt 3R B 4 (62) - PAL-1 ¢

¥t § $r| tissue plasminogen activator > P i¢ {7 8 % 3¢ (fibrinogen);3 f# ¥ % < 2 >

feid i ey ho ik FARE A ? PALLRRY § BT A4 43) -
2B (ER) 3% (frid ) A8 ABhEGE¥ 2 P
(=) A& 8 HF S HE S HR HE

HE AR GHESF RS e AR SR RGPS R
KA s BB S PR R H O 2 o R iR & R R PR
4 CS57BL/6J mice > 3 3.8 4¢fvid "q i 7 Se AL € S Jy T R AR T & N
Fabaoat~ob g # e ¥ leptin £ BR & 0 2 F FRBR AR TR B D
TEM? LR %63, 64) 0 B &frid Pa & B RGP %S Wistart rats -
FIRB AR »El,,rﬁ%«eppgs;l} SRR AR~ A E e F SR T & #d
FEM b ARRKCERE > F KRGt PRD § ORI NR 4 (65) > e
FM 43t 40k ? 33 Wistart rats B] § HRAE A4 ~ I - %4

10
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EECEREF CBLEBRERR(60) A4S ARBEGEHEAF RN 304 &
ABFARMNE SRR AR oo

() BRG R SR8 S Php ot L o3 84

ARG A RS SRk S § P RS E > e B

BI3 € Ttk 83 4c(67) 0 2 RS OR BRI ek L § FHRRE - FIZ R
BN F % BF € 112 #F & (thermogenesis) » ij f2it £(68) o & X W%
R R s SRR R L LTS SR EC R ORE L S
P V3 fR 4 T’iil’\ B e i qeis § R AL LARM (70, T1) 0 d TP OBRG s B
<o HAL L R AR R B REIT I RRIRRATR o a4 A # ¥ e
Pa AN o PR G RN AR R TRE X 3 OV @ TR B W e o

W34 § # reda o adiponectin € 3 4 75T e I foiBERL § F g 1 2 3
X e 5 95 2 3 adiponectin A I g0 o [ Aeif IFHDL § R IEHUT2) o R RBeD
FEBEEH TR TLE AT R RRROREY IR - W
# Z¢f* phosphofructokinase i€ %  fructose-1-phosphate -3 i12 = acetyl-CoA
4= glycerol-3-phosphate > 4vig 7 3F58° = fi Y ¥ faerdafi 0 S AR L g R
#i> @ i § eh= fkY ¥ fig fo Apolipoprotein B (apoB) X # & VLDL 4 #3% > &

5jtcp\ TG H4e » SR Erep ARBERAFLSch=zBHyd - R rfeps &
256 R IEF(T4) o

d A3 = i—ﬁ B GL RS FRR &P € REIFHY Sterol regulatory
element binding protein-lc (SREBP-1c) ¥ ¥ % 3 & 3 4r > SREBP-1c & - #4&x
Fl3 o ARBIBIRE T LESapMAT] F 3% % § ®i2 SREBP-1c
FBH A IFHA L IR RRRIFEL SR Rd R RAGEE F
% % SREBP-1c 2 RE % » M 2 e 3 € FIO6 § R 1dum 55 (75,76) » %8
FERTIEE 5 > RET %L FARA %% SREBP-1c # 4 > & % 4%
¢ iei¢ protein tyrosine phosphatase 1B (PTP-1B) i & % 3 > PTP-1B ¢ iZig

11
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SREBP-1c mRNA  # 2.3 4c » & {3 /@ ¢ SREBP-1c @ig"+v 4 &S A FIA R E
HA4e(TT) o PN H ¢ i S Bl g B3 & 5]! ¢ fipg (uric acid) ik & (78,
79) » = 5}%6 FRpfet £ 4 ~ PR FAPM(T0) - = aﬁt‘ }:]Lpa_rng h o 1220
FEHREF M- FLFFH  BRBAMERE-FFRARS  Eag >R
i&@%’ﬁ%$%ﬁ%&#—iﬂ§#iM%’ﬂ%%$%*ﬁﬁﬁﬁ—$“§
¢hibioavailability 3 e > & ¢ & F W LB % § FH LTI nDE P RS,

9) o kFEPA 4 i ¥ & ¥ advanced glycation end products - Methylglyoxal

(SBWERE? MAF) s § 2 F MRS o8 LF BehA FH 4 v 4o
hydrogen peroxide ~ aortic nicotinamide adenine dinucleotide phosphateoxidase-4 f-
vascular cell adhesion molecule-1 & » § 3§ 4c 5 v]v:%fﬁ% (angiotensun 1) i = & B
gt 2 (80, 81) °

(2) B @ g frig"ppe) 58 S Sue iE #¥end 1 fr o 3 484

B Ao BEEEL G R (RO d N EE o g S en
LB % (82)) A H E G2 AR R E AR SERY 85 TG
HAR g 5 v e 9 ) R IRAR 0 T OB dn R g R IE T B de 0 JBRIR Y chOEAERy R
WA X TG fE 5+ H4c > DRIFHLE FIF WRFEELS fRE SRR S 3
ME R g TP iES TGS A VIDL BN EE S A B B bt g A
Bz BB g §RZ S E FARBOFE L F(69) o d Wrgpme ik § F Py 2
fe® B - PEAR Ry AR A el po3afE S TG ~ DAG 4r intramyocellular lipid #
PRI e L0 R AT B ERART RS I%Y
4 FE$U83, 84) o

12
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T l.ﬂBtI1'|rll:|I5h..r::|l lipogenesis
AE-Ls I-'I-:l=-nla uric agid o

T Hepatic TG

D alrve illéi'i
T YLDL
l Nﬂ‘ru‘_ oxide secretion
Imfla 1'-r'N11|-:n | Hepratic insulin
' eS| RIANCE
T Plasma TS
1 P||,1$|'ll.:| ingulin | Plasma apco@

Hyper Ie qEElat) ]

High intake of dietary fructose has been shown to increase de-novo
lipogenesis, which in turn increases hepatic lipid accumulation leading to
insulin resistance, and stimulates production of hepatic very-low-density
lipoprotein (VLDL), increasing plasma lipids. Fructose feeding also
increases advanced glycation end products (AGEs) and plasma uric
acid, which induce oxidative stress, inflammation, and hypertension. apo,
apolipoprotein; TG, triglycerides.

W 223 % N BEEEF2 ML
F# %R : Miller & Adeli,2008(85)

¢\B-'F—\:’n;§? "}'-’»ﬁﬁ“;ﬁ’;

(- ) SREBP-1c£2 ChREBP# & 7]+

SREBP-1c¢/&**SREBP family transcription factor?® - f > #& 3¢ 3 basic
helix-loop-helix (bHLH) : ¥ #7sterol responsive element } ¢ E-box.% & i& {7 i&
Scfoig T W24 B 0 A F] 0 4o © fatty acid synthase (FAS) - acetyl-CoA
carboxylase (ACC) - stearoyl-coenzyme A desaturase -~ Spot 14 - glucokinase

(GK) ° SREBP-lc# R 04 chig 3 » AH USRS 6§ 5 87}3__%\&, o B im

13
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o> T pEG 3wt ¢ (precursor form ; 120 kDa) > - e X P # S L &S B R
kv &% 9§ & @ ST P32~ #5 ) mature form ; 68 kKD(86)  p“mature form-
TR EF T YO SR LN

Carbohydrate responsive element binding protein ( ChREBP ) - 1‘#;_% + 3 bHLH
PRFRAYRY T his c MTFBER (F8) B 33w FY » 3 RRY
4 (4£8) %o § 5B d Bf2EEZH 4 7 xylulose 5-phosphate @ & i* protein
phosphatase 2 A - # ¥ ChREBP2 Bigg it @ j¢ m e F i = (translocation) I im¥#
+% P & carbohydrate response element % & 1533 §32% B &% 5 f%4p B e Fl e &
4 : fatty acid synthase (FAS) ~ acetyl-CoA carboxylase (ACC) - liver pyruvate

kinase(87)

(=) 3¢ SREBP-1c ~ ChREBP# 5 § % 57 &

¢ 4rif 5 DAG - TGaff e e R L AR LBEL I 7 49957 A
2 &2 4% (FAS-ACC-GK#% ) #4735 i & £ SREBP-1c » ChREBP -
PAEETFFERIGTERSRE AN AR ARE LN A 24T F
fedichde 3 ¢ > SREBP-1cena JRE € #4c > ¥ 349 5P IRS - 2> #9% § %12
F#LL 1% (88) - @ & ChREBP knockdown ob/ob mice¥ 3 3. & "%¢ TG > » "5
Gk AR B E R F T BB B A H Y F R R F T
B 1(89) ¢ 7 LSREBP-1c ~ ChREBP & 5%% 4 3127 fo3k § 4 e 125 49
=gl R

14
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glucose insulinD
1
—{eLuT2 |- ____ 4 Receptor
] 0 e IS
glucose ® (SREBP-1c)”
G&P | —»| X5P
u =
h_i- [
Ed SREBP-1c
=l  FeP
F1,6P,
AP @
Hi-p ACC FAS
| pyruvate| ———= | AcCoA —* —* Fatty acid
lipogenesis

®12-3 SREBP-1c » ChREBP {5%¢ A #5254 & & A 7]
74 %k : Dentin et al, 2005(90)

I ~Paternally expressed 1( Pegl )/mesoderm specific transcript ( Mest )

gae ks jn M

Pegl/ Mest £_J§*t 4257 3 F](imprinted gene ) ¥ § < % ¥ A F](paternal allel)
REAR AT R DR R AR L X3 5 o Pegl/ Mest & & 27
A Wit o HFET L - g ket hk P AR (O1) o B G AR S ek
& L % #7 32(db/db and ob/ob) | B 357 3 .75 95 e 3 Pegl/ Mest £ 3 4r 5 2 236
% pioglitazone (iR ¥ fcp ¥ 4) ¢h db/db mice » 5 75 ¥ %% it o] (B AR 7 44
B 4c) > Mest 2 RANELE ML (O1) © %% i R & R Pegl/ Mest chi FIE %
B¢ 3 305 %5 P2 i wild mice %1% < (91) o & C57BL/6J /| & ¥ FHRFi# & A4
SH@F sk, npip? Pegl/ Mest ehi Rfcp (97 g 2 % 5 AR chip M 1L

v

(92) » F]+ Pegl/ Mest 'ﬁ% T B3 g ¥ m e 57 + (hypertrophic adipocytes)dp #f 0 2 3¥

15
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+ groeakl g {2 (obesity susceptibility)§ B (92) - Mest B2 R #9270 % 9275 %h o 3 F

RiR > BASEE G Bwev 2RO03) ¥ ’Ffrfr‘.{ﬁ’ﬁ BTG ¢ g AT
PR -TEARELAMAHFFBRIAM -
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Rz R HREa

u

STERABRAAS AR RS W A E CBEEEEL %k R BFH 22K 1 30%
butter high fat diet ~ 30% sucrose-containing water £ 7 f& - p¥ 33 #% C57BL/6J
mice 2 Wistarrats 1 LA BhE G ¥HaK > MBS ¥4 S 2 AKX RUHE > A
BRR2BRFIBAASSBRAF LS A BT S o - 2
WS F Sk R HE ER SRR E T R LT E A RT i

EEF2 R

miale Wistar rats
LF (n=11}
HF « HF+SW - |
SW (e=12, LF : chow diet + plain water
HF : high fat diet ( 30%Butter oil ) + plain water
. ! HESW: high fat diet + 30% sucrose-containing water
C5TBL/ 6] mice , , , -
LF (0215 SW  chow digt + 30% sucrose-containing water
HF (n=7 ) ),
HF+5W (=15 )
SW (n=12)
. Induced groups
Adaptation HF - HE3SW - SW
‘ Swk ‘ Uwk *
shifi
dwk

rat induced groups
shift LF : HF/

C HF+SW/CSW
[C(n=h ) chow diet

+ plane water

W3-1Rd48 -k ad fFPFES 278 & Php iF #HE5

<

17
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- Bk

P b4k T = Gisefd  B(Wistar)2 | B(CSTBL/6))A 5% » BEA BT
B ¥ o 97 E R AL chow diet &% 53F 0 | kM E F A 2 low gainer( ¥
L R ?'ﬁ)}lf'}’ & ¥4 8 45-k » i¥ 3 LF %( chow diet + plane water ) » H 4%
WL T50 5 = 233 2 HF ( high fat diet + plane water) ~SW ( chow diet +
sugar water ) 2 HF + SW ( high fat diet + sugar water ) - 4t § & 331 & L E X &
FRAPRFEHLER 1T EE LA Rz pfF ol fed A 5- L Ly
Rkertradok F- LS K4k SN AT ARHFEE A B L
Wi A S AR T e NBRR R o

LHBFAENRERL LY - A RPPY CRE R LERRETE
21~23C > kpBz 2 2 12 /) F(08:00-20:00 % ki » HpLZ2TEYH )o
ReE2840-f# [ RHESERA-H HpJI kS B - Bkigr L5
e 2~3 X 3e4k- =x > chow diet B & 1 B Tiedr- X » ¥ ¥ Tk -

N e

ol engk & e S ikdg AIN - 93 (American Institute of Nutrition - 93)fe * o %
a4k & #7412 (LF) % chow diet > high fat diet # 7 45 € 30% 2 Butter (% 3-1) &
k% 30% Sucrose ° 3 7 {3 drE BE AL GEEE 0 R AR T 0 B
15 g 18 ekl de » 3099 -k (100mL /3 kg 45k ) LT A 4Bts - NERE
- Bu- BEA] 0 1 40°CHE M BRETRA (9= X)) EA20C kiRm0 M
bR R o
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Table 3 — 3 The composition of high fat experimental diets'

Al e %
Casein” 26
DL- Cystine’ 0.3
Corn starch’ 16
Sucrose’ 16
Cellulose® 6.1
Butter oli’ 30
Vitamin mixture’ 1.2
Mineral mixture’ 4.2
Choline bitartrate’ 0.2
Caloric density (kcal / g) 5.02
Protein / calorie (g / 1000 kcal) 52
Vitamins / calorie (g / 1000 kcal) 2.6
Minerals / calorie ( g/ 1000 kcal) 9

1High fat diet contained 309¢ butter oil .

2Sources of ingredient: casein, ICN (Aurora, Ohio); corn starch, Samyang (Seoul

Korea); sucrose, TAIWAN SUGAR (Kaohsiung, Twiwan); cellulose, ICN (Aurora

Ohio); butter oil, Anchor (New Zealand); cystine and choline, Sigma Chemical Co

(St. Louis, Mo).

SAIN - 76 mineral mixture and AIN — 93 vitamin mixture.
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SR rREARERE

P AT 0 1 258 BB ELT L Pl B L ZBY B A
" T)fE ~ &% -~ adiponectin > & AJE S 5 B 4 fé:ﬁ:f#_’:ﬁ:iﬁ_ﬁ— X hfep ] EME
I RBED I NFESRHERA6 P A CO FHBREN L wEHRIRFL > £
RE2FL - ARBEAZS BRI CORFFT L PREFRED 2L HE
117 § st A gk i # (SPECIMEN TUBES, SUN MIN) i & o2& #7455 > ¥ R i
Bl B R @ 4595 BT8P % (Retroperitoneal fat, RE) 2 % § 73 (Epididymal fat,
EP) L T3~ 2+ [ BRI TR - L X E RSB TR REF Y
FOA 3 30-80C » 4P 14 RNAZ B2 A 45 o H BT {4 » 12 Saline i3 §2 12
FEENT P FH20TC EP B FAH o REF T 5 05am’ e £.10%°

Fé“’ y JIE P& B o

(=) =@Hidpms R T

1. R
Lipases
Triglycerides + H,O —— — — —— — Glycerol + fatty acids
GK
Glycerol + ATP ———— — — — — — Glycerol-3-phosphate + ADP
GPO
Glycerol-3-phosphate + O, — — —— Dihydroxyacetone phosphate + H,O,
POD

2 H,0; + 4-aminophenazone + 4-chlorophenol — —— Quinoneimine + HCI + 4 H,O

iP] . Qquinoeimine (¥ iz ¢ ) 500 nm &k g o
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2, 3

7 B &34 2(RANDOX TR 213, Amtrim, UK) - #-Buffer 1 (3 Pipes buffer,
pH 7.5 ~ 4 — chloro - phenol - Magnesium - ions) 22 Enzyme Reagent 2 (7
4 - aminophenazone ~ ATP - Lipases ~ Glycerol - kinase - Glycerol — 3 - phosphate
oxidase ~ Peroxidase);® & > fi¢ = Enzyme Reagent » 310 pL. Samples 2 Triglycerides
standard (200 mg / dL) ¥ ** g5 3# ¢ ¢ » 4 » 1 mL Enzyme Reagent - ¥ % ;§ ¥ 10
4 48 > 111 mL Enzyme Reagent#i s Blank © ;2]500 nm2_wx 6 ig » ¥ 4k &i 2

=N RO

3. #+¥:

AA sample
Y@ fmkAmmol/L) = _  xStandard jk A (2.29 mmol / L)

AA standard

(=) "=HpEz E2R T
1.
Cholesterol esterase
Cholesterol ester + O —— — — — — — — — Cholesterol + Fatty acids
Cholesterol oxidase
Cholesterol + 0 ——— — — — — — — Cholestene-3-one + H,O,
Preoxidase

2H,0; + Phenol + 4 - Aminoantipyrine — ———— — Quinoneimine + 4H,0,

Bl 2 Quinoeimine(¥% iz ¢ ) 4500 nm wx sk iE o

2. 3%
% % 8 38 2 (RANDOX CH 201, Amtrim, UK) - 34 pL Samples &
Cholesterol standard (200 mg / dL)**963 35 & ¢ > 4c » 200 pL»* B #F (2

Phosphate buffer pH 6.5 ~ Surfactant ~ 4 - aminoantipyrine - Phenol ~ Peroxidase ~
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Cholesterol esterase ~ Cholesterol oxidase) > % J§ F 104 48> 1414 pL.= = -k 4200 pL
F REi## i Blank > Pl 2500 nm2 3k &> FF TR ELFL AR E -

4 8
.. AA sample .
E Ak AR (mmol /L) = x Standard ;k & (5.17 mmol / L)
AA standard
AA standard
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I~ FHE LR Ry ??l.\ﬂ}fr

(=) W~ g 5 o Sl

1. ¥rpy:
3 B~% (Chloroform : Methanol = 2:1)

¥ 5 FRE
Chloroform (TEDIA) 2x
Methanol (TEDIA) 1x

Wk AP PRI 2 1t GR £3589 o
2. 3

# Folch % & ¥ (1957)2. % i (94) = B~ 0.2 g E £ e e P FHIBR o4 » 2 £
B rkip ¢ 155 48 (Polytron - IKA LABORTECHNIK)S § B o #-35 i%
AKEAR 1ISmL g ¥ o ERRIEL 10mL -

(=) "o~ 2B B g 7 TRIT

AYREF L FZ BB AL 100 gL 3o F R gt FaF ¢ > B3 b
Mt § 487 A% 2T4 > 4o~ reagent f > FET £ B 10 248> 12 1 mL reagent
% blank > @ % & % k8 34 60 A 48R ¥ 500 nm 2 O.D @& > -5 = 4 i ik
B o
(2 ) o5 g EM 3 £ T

AYRER S FZ B B2 417 0 B 200 pL B9F R A W@ E ¢ o L 4
10 pL Triton X-100 » ¥ **3d b 4%1¢ 7 4873 # = 2408 » £ 4c > reagent 18 » TR T
F & 10 £ 48 > 2 1 mL reagent it 3 blank » & # & 5k sk & 43 60 4 45 8] 500 nm
2 0D P+ EeF/RER
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(=) 2 FHBZERT

#7385 (MediSense® Optium™ 5 #1485 > ABBOTT) £23 & 5 d38
(MediSense®* Optium™ 5 4#:32%) BI£- ] HAR 012 B BF2i 5 i o

(Z) 2FF Rz EIRT

1. g
GOD
glucose + O, + H, 0, ———— gluconic acid + H,O;
POD
2 H,0; + 4-aminophenazone —— —— quinoneimine + 4 H,O
2, F

#8322 (RANDOX GL2623, Amtrim, UK)- B~ 4 pl. Samples & Glucose
standard (5.55 mmol/L )** 96 3 5 B 42 ¥ » 4c » 200 pL F & 3##%(Z Phosphate
buffer pH 7 ~ MOPS buffer pH 7 - 4 - aminophenazone ~ Phenol ~ Peroxidase - glucose
oxidase) » ;R £353 15 » 2B TF B 25 248 1 4 pL = = -k4c 200 pL F B 3E8
# 3 Blank » B2 500nm 2 kg > TP ERELFLITERIE -

3. 3+%
A sample
Glucose conc. (mmol/L) = ----eeccmmemaaan xStandard Jk & (5.55 mmol/L)
A standard
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= ~ v JRE F &&= Rl Oral Glucose Tolerance Test (OGTT)

(-) F&epdd:

Glucose solution

1. 4.5 M Glucose solution (* ** 6-9 i¥2_ + &)

B~ 81 g Glucose (Riedel - deHaén) 'z 2 =% -k & 3 100 mL -
2. 1.5 M Glucose solution (* **+ 6 -9 i¥2_-] &)

B~ 27 g Glucose (Riedel - deHaén)Z 2 -k £ £ 100 mL -

HE %
1.5g / kg body weight

(=) *ix:
Bh Ll FRAPLS SR FREFCIR FRBAIRF R D RERES

12-14hr o L3 0 £ 4ha % > LA » L35 306090120 2 452 5 % > "E
24hr p * 3 LM EREARFTRLFHIBERE
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N~ 35 B % @t % P32 Insulin Tolerance Test (ITT)

o RMEER

Human insulin (Actrapid ® HM) 100 U/ mL 0.1(mU / uL)

A E %
0.75 U / kg body weight

(=) *ix:

FiBd GRS NHLB- ApEMESP S 1 83 ME S LER 0
AAB R AL L Rt 0 LB 306090120 A 482 5% 0 SEHs 24hr
RrD RiEMERE LB RL T RERE

1B FnEFFERT
(-) Rz

oo Rl ez PSR L £ 4 17 # # (Sandwich enzyme
immunoassay) - #% — |4 ¢ Monoclonal mouse anti-rat insulin antibodies ¥ £ % %
Microplate }* - 4 Standards - Blank §- Samples ;i » well ¥ > Mouse insulin ¢ fr
Immobilized antibody % & » %4 25 B & F » £ 4 » # Mouse & - }h
biotinylated polyclonal antibodies 3| Well # -3 % wash % = = > & 4c » horseradish
peroxidase > 3% ¥F k4 ‘,ﬁ% # A % & ¢h enzyme conjugates > £ ‘e > X B3R
(Substrate solution) 3] Well ¥ F s % ¢ o 5% F flsfs » 4c » ¥+ F i 58
BEFFT £~ RE Y MY D insulin JE & o
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(=) 33

o REIRBR2 28 12 3,000 xg ~ 20 4 48~ 4°C T < (himac CR21, Hitachi) »
%iﬁﬁiﬁbﬂ’&@Liﬁﬁikﬁaﬁﬁaot%ﬁ,uﬁﬁabﬁoﬁ?
# & 3%# 2 (LINCO Rat / Mouse insulin ELISA kit) - 12> =t -k:# Wash buffer
concentrate %] # = Wash buffer - # v 2%+ € 22 P fFv 2 &% - Well ¥ 4
14 300 pL ¢ Wash buffer 7% 3 = o 4c » 10 pL 5 Assay buffer $| blank f- sample
gawell # >3 ¥ 4 » 10 pL Matrix soultion 3| Blank-~Standard 4= Quality control 1~
2 erWell ¥ o #-10 pL &7 Standard ~ Blank ~ Quality control 1 ~ 2 ~ Sample 4c » ¥
& - B Well ¥ » £ 4c » Detection antibody > b+ %33R T HEF B2/ FF -
gt Well ¢ 3 7% 12 300 pL - Wash buffer i 3 = ° 4c » 100 pL ¢ Enzyme
soultion | % — & Well » > L} 37er93 %3 2 R T4 L F B 30 £ 48 - 5 ) Well ¢
9% ;% 14 300 pl 71 Wash buffer 7 6 = o 4c » 100 pL 5 Substrate solution
(3,3’,5,5’-tetramethylbenzidine ) $|# — B well ¥ > 3 F B Tk ki 15 £ 48 -
4e » 100 pL 1 Stop solution( 2 Hydrochloric acid solution) ¥ # — B well ¥ » &
¥ $=4p plate 72 TR & 353 (& % & Microplate vortex + /R 3) - ;B £ 450 nm 2_ = %

EGLE DT X 540 nm £ 570 nm) » LB & R ki E Sample 0 Insulin Jk & -

o Rz PSR LA 4 17 # # (Sandwich enzyme
immunoassay)- #- Goat anti-mouse leptin ¥ £ #% # Microplate } > 4c » Block buffer
K E - Al % & - § Standards ~ Blank {- Samples ;i » well ¥ > Goat
anti-mouse leptin ¢ f- Immobilized antibody % & » 2 34 X3 B &2 F > £
4c » biotinylated goat anti-mouse leptin ¥] Well ¥ > & ¥k 3 # ',f#_% 2L

biotinylated goat anti-mouse leptin > +c *> Strepatavidin conjugated to
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horseradish-peroxidase  ( Strepatavidin-HRP ) % 32 # 'ﬁ% H X B &£ &
Strepatavidin-HRP > £ 4c » £ F 73 /% (Substrate solution) ¥| Well © - it % F & ¢
A XFS RS F ¥ AR Stop Solution)e » 2 2 ST ¢ o FEd BAR ALK

&% Leptin % & € &0t & o
(=)

A v REFRBE2Z 25 2 3,000 xg ~ 20 4 4 ~ 4C T 3. (himac CR21,
Hitachi) » %o s sk A B > @28 > EL KB EN-20TCTHE - &P B4
17 o & * 7 & 3R 2 (R&D Systems Mouse Leptin) - PBS 4= Capture antibody & 3
I {7 goat anti-mouse leptin - Reagent diluent ¥? Detection antibody & 3 = ¥
biotinylated goat anti-mouse leptin-Tween 20 4 » PBS ] # = Wash buffer- Color
reagent A (7 Hydrogen peroxide){r B (Tetramethylbenzidine): & #8 4% <rv* &R &
353 ¥ {2 Substrate solution °

4 » 100 pL ¢ Standard £ Sample 4 » ]% — B Well ¥ (& coating 4+ Goat
anti-mouse leptin) » BE F %53 3 B THE F B2 ) BFeoxd Well ¢ 93 /% 11 400
pL ¢ Wash buffer 7% 5 = ° 4 » 100 pL 5 biotinylated goat anti-mouse leptin ¥/
F- B Well ¥ B A7er3 i 3 THEF B2 o d Well ¥ 3% 12 400
pL £ Wash buffer % 5 =< e 4c » 100 pL 5 Strepatavidin-HRP #|* - & well ¢ -
PP ATer st 2R TR R 20 A48 0 2 0 Well ¢ 93 % 12 400 pl 9 Wash
buffer ‘}i‘-'};'a 5 =% o 4¢ » 100 pL 7 Substrate solution ¥|# — i well ¥ > pL_} #7¢009%
AT E R THEEE B 20 A4 o 4 » 50 pL ¢ Stop solution( Z sulfuric acid)¥|# -
B well » > ffhd+ =45 plate /£ TR & 353 (& ¥ & Microplate vortex 2 3) o ip]
£ 450 nm 2 =k E(GR & KT X 2540 nm £ 570 nm) » 2R EE SR Kk Sample
p Leptin k&
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+ - ~ # & & i adiponectin 7 £ p| %
(=) R :

o Rz PSR A £ 4 17 # 4 (Sandwich enzyme
immunoassay) - #- Mouse adiponectin % - {+¢7 Monoclonal antibody ¥ % #% %
Microplate } > § Standards ~ Blank - Samples ;+ » well * > Mouse adiponectin
¢ f Immobilized antibody % & > 2 3% 4 X3 B & X F > £ 4c » $ Mouse
adiponectin % — {4 ¢ Enzyme - linked polyclonal antibody ¥ Well ¥ » & ¥4 #
',f#--i}% & ¢h Antibody - enzyme reagent £ 4c » % i3 % (Substrate solution)3]
Well ® o542 F B¢ 2 > E AP F % 1A RStop Solution)4e » 2 13 € %~ %

§ o AR NAHESEY Adiponectin B & £ g0l b o
(=) 3

A v REFRBEZ 25 2 3,000 xg ~ 20 4 4~ 4C T 3. (himac CR21,
Hitachi) » #-xn 5]%.&'.\{: AR BB '}ﬁ-"f‘ B ESEN20CHE » MEp {84
7o % ¥ 8 23 2 (R&D Systems Mouse Adiponectin)- ;2 & Conjugate concentrate
(# Polyclonal antibody){f= Conjugate diluent % {¥ Mouse adiponectin conjugate o 14
= = -k # Wash buffer concentrate % # & Wash buffer - 3 Calibrator diluent
RD5-26 concentrate 4c = =x-K % # & Calibrator diluent RD5 - 26 (1 x) - Color
reagent A (7 Hydrogen peroxide){r B (Tetramethylbenzidine): % #8 f# <rv* &R &
353 ¥ {8 Substrate solution °

4e » 50 pL ¢ Assay diluent % — B well # > #- 50 pL ¢ Standard ¢ Sample
dex3|F - 3 Well ® > il d=dp Plate — 245 - pEF BT R THEF B3 )
pF o ) Well # £643 % 12 400 pL £ Wash buffer 7% 5 =<  4c » 100 pL ¢ Diluted
mouse Adiponectin Conjugate | % — i Well ¥ >RL F 3567953 2 R TH L F B 1
A pE e 3ol Well @ e 7% 12 400 pL i Wash buffer 7F#% 5 = o 4c » 100 pL h
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Substrate solution | % — i well # »** 8 Tk F & 30 & 44 » 100 pL < Stop
solution( 3 Hydrochloric acid solution) | & — & well ® -8 3 45 plate FE TR &
¥53 (£ %< & Microplate vortex ' /&2 3) o ;B & 450 nm 2 vx sk E(GA & &I K 2 540
nm £ 570 nm) > 2R ¥ & R k3 E Sample B Adiponectin k& &

1. 2
Uricase

Uric Acid + O, + 2H,0 — — — —— Allantoin + CO2 + H,0,

2H,0; + 3,5-dichloro-2-hydroxybenzenesulfonic acid+ 4-aminophenazone

peroxidase
— — — —— N-(4-antipyryl)-3-chloro-5-sulfonate-p-benzo-quinoneimine ( i= % ¢ )

2, F i

HF T F 8RB 2 (RANDOX UA 1613, Amtrim, UK) ¢ B~ 4 pL. Samples # uric acid
standard ( 595 pmol /L ) » 4 pL = = -k #% Blank » + 96 3“3 9 45 ¢ 4 » 200pL
Reagent > » £.20-25°CF B 15 24> 15 240 P8 520nm 2 =k 5> 7 FH 5
® i AREZ T E -

3. 3+5¥
AA sample

73 gkRmg/dL) = _~ xStandard )& (595 pmol /L)
AA standard
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-+ = ~ & * B % 2 (Western blot) 2 17 *%% SREBP-1c ~ ChREBP 3-v %
%

&

(- ) "3 FERA LR

SREBP-1c ~ ChREBP "5 F / $2 3¢ FEBE3 5+ 3 L3R
NE-PER™ Nuclear and Cytoplasmic Extraction Reagents (PIERCE,USA ) - #4315
FiRE ¥ F 4 39F % £ ¢171/100 protease inhibitor cocktail (Sigma, USA) - i
AFv FrEfE o 39 F 2 E P Lowry’s method > ™ 660 nm 2_wx % g » ¥
k&R FeE-

(= ) SREBP-1c ~ ChREBP 3% ¥ 5 £

11 & * BL & % (Western blot)#& 2 SREBP-1c ~ ChREBP 3-v 7 § » #-tw% T2
3¢ FE s 80ug feimre ey FRE 5 S0pg 2 10%SDS-PAGE &7 3% ¥
A B F v T 1 PVDF %2 Ponceau S solution (Sigma, USA) % ¢ > #&%
F-v ’F* E 2= o i@ * SREBP-1¢ - #u (Rabbit polyclonal anti-SREBP-1 ; ﬂr
## 1:500) (Affinity Bioregents, USA ) -~ ChREBP - #u ( Rabbit polyclonal
anti-ChREBP ; ## 1: 1000) % % & HRP 2. - 3= (donkey anti — rabbit IgG ; #
# 1:10000 ) ( Amersham Biosciences,) > 4] * % ¢ % Immobilon Western
Chemiluminescent HRP Substrate (Amersham Biosciences, USA) i i % F £ w
e it inA + £ o SREBP-1c fim% Fens 3 £ 5 ~120 kDa > % $ehs 3 £ 5 ~68
kDa - ChREBP % F &1 sn% $2 cha 3 £ % 5 ~95kDa o
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R TR

(=) F&pl

10%4% 5§ ++ A Tk
Reagent

FRE ¥kR
10%

Formaldehyde solution 37% (Merck ) 27 mL

der-ZkEEI 100mL s @R T2 EA T o

(=) wHE&

% B4k 42 12 3T 2 Retroperitoneal fat (RE) 2i# 3 HELg? o
z) 3

1. ek

A#-eE 10%45 5 k2 RE%ig g emgd » pReagcigefhimkE
B UGk A RRERTI S 30440 0%k AT RE 2GS RO RT

KB TR o KLGRF R 30 £ BRF IR FRH T 2 pERRIBY R HY b

kA CUFEE R H ko ARl Xylene ¥ R TSP {2 0 1 iR E A Paraffin

P H R AR R AR E A TO%EE Y 1B B ¥ - i 80%
FPEY LS (£ 2%) s# 2% 95%FHY 2B (22%) s # %=
Fl100% i ® 1.5} BF (% 2=) 5 B {825 & Paraffin ¥ 1] g3 > *w

AL ELE X
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2. e
Fp A 48 £ 2 » ¢ 1% (Tissue Block System TBS88, medite medizintechnic,
made in west Germany ) T # ¢ (¥ 65°C) » & &1 k45 hRE it ¢ 1248
¢ R R T U SR E T S - K R G Paraffin > i R
ME2hG %RT TN T3S Lt e ¥ 28R4 Paraffin 2 % > § 3%
MW wRERBEREALE  RABRBEF T BB BFeBES 4

Paraffin -
3. .35.% ip B

v N+ 3 48 (AS325 RETRACTION, SHANDON) it 74+ (20~30
pm) > X IErRlAG Ak AiFmts (10pum) o #-P 2 42 P hib kR
P RHEERRER U P EIHARE (50C) P RETE BT P T e
HFaf ¥ ool rlBISP RV RRBUATN{F > HigB TR

T o
4. F v ik

FERESER3 g RN FHERY i R RERL RN T RRMEES S
8 ® BEcdt (Olympus ) 3+ 100 @2 ¥ » 1 Ripi8 (Diagnostic) #4717
Bigdp#E™ k> L1 R i§u&IZ % 3t (Spotadvanced) o= B+ * P BE3 B3 F
T o 8w kP o
5. mipimie T30E K

T 3o5% & f(um’) = EB5 fF (um’)/ e kP

2 E@Em= [V(Z38m% 6 §£/3.14)] x2
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-+ 7 - real-time PCR 4 #7%#% ~ &% 75 (EP) mRNA 3 &

(- ) % RNA 2 43

3755 total RNA 12 TRIZOL reagent (Invitrogen) 33~ o 3397 ¢ ¢ 3% x4 %
EHZE 10 B R 2 TRIZOL ;240 11 2 $305F #( homogenizer,Clas-Col,USA )

i:ag* ; BJ—%}E_%‘J_E_#&B’* 1 mL ia?f;,’k__.. 1.5mL & 3. % »4ex 0.2mL F &

(TEDIA) - #1% % %% $ % » 3952 F 24w (12,000xg *> 4C 10 A 48)

AR BREE R 02 B WFLE D RFHIGIRTES 2308
f#l}éirﬁ Jl\}ﬁ’—r&irﬁw—

2_ phenol-chloroform & > -] e B~} § & I #7¢0
MRS E P o 4o 0.5 BAEFE isopropanol (Sigma) R 3 > W EH#E 30 A4

12 12,000xg *+ 4°C ™ s 20 4 480w ‘ﬁ% ik iz 2. pellet 4 » 0.4 mL DEPC-H,O

B.F 73 2 pellet> £ 12 12,000xg ** 4°C T &4 5 2485 K-k & e » 04mL § >

BT > 11 12,000xg 3 4CT Hio 5 A48 w31 Kk LEMH 0 4o~ 0.1 B HH

2. 3 M sodium acetate(pH 5.2) £ 2 @ $0 4k 2 & $HFp - iR 3 1 2 %0-80°Ci& 7 RNA

T 0 1] B2 01 12,000xg 3 4°CT 4 20 A48 0 R ¢ 0 2 DEPC-HO e

% 1 70% FH # % RNA » % 28 7 iz RNA % > 12 10 pL 2 DEPC-H,0 33 f

RNA « 3 1pL 3 i 5 1000 & DEPC-H,O #4815 » 7] 260 ~ 280 nm j £ 2% % i& -

ries sk @ 1 unit =40 pg RNA /mL 2383+ 8 RNA kA& -
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(=) RNA §#
1l #Brpel
10X MOPS
Ll ER S B3 kR
MOPS (MERK) 412 ¢ 0.2M
Sodium acetate (USB) 6.56 g 0.08 M
0.5MEDTA (pHS8) (Sigma) 20 mL 0.01 M

4t DEPC-H,0 1 800 mL > > 2N NaOH # % pH 1 7.0 £ 2 DEPC-H,0 % & 1

1L #FtsTF R (RRZ$d) o

Formaldehyde gel loading buffer

¥ FEE
Glycerol 7.5 mL
1 mM EDTA (pH8) (Mw = 292.24) 30 pl
Bromophenol blue (Mw = 669.99 ) 37.5 mg
Xylene cyanol FF (Mw = 538.6) 37.5 mg

4t DEPC-H20 23 15mL> R 3 {27 % o

A= (1XMOPS)
B~ 10X MOPS 50 mL 12;# -k £ X 500 mL -

2. %%

¥x FEE BRER
Agarose (GibcoBRL) 035¢g 1%
DEPC-H,O 25.8 mL
10X MOPS 3.5mL 1x
37% formaldehyde (Merck) 6.25 mL 3.7%
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2 #-agarose 4t DEPC-H,0 4 » 4 # R B3 /2 FRAM I 0C 2+ F 4 H3 %
o R R EBRE ] P RNAgel T » FHEFSTF 2 RNA T A -

o ZEE BHER
RNA apuL
DEPC-H,O (4.5-a) pL
10X MOPS 2 uL 1x
37% formaldehyde 3.5uL 022 M
Formamide 10 pL 50%

REIBF18T0CKis 10 248 F #kis 3 £ 48 > & 138 #-2 pL RNA gel loading dye
(10X)fe 1 pL 2. 1 pg/ mL EtBr 4 & F + F #X{s > R F 353 {4 £ spindowm > R 3

fs ¥ # 3 RNA T & o

4. * ;2

BAWE 1% % 573 (agarosegel) » P 7 7 1% agarose > 3.7% formaldehyde » 1X
MOPS (20 mM MOPS,8 mM sodium acetate, 1 mM EDTA,pH7.0) - & %3 10 pg
RNA i& 7 53 J2 : + RNA 3% ® 4t » 2 uL 10X MOPS -~ 3.5 pL 37%
formaldehyde 2 10 pL formamide » 14 DEPC-H,O #& ##% % 20 pL > ;2 3 15 70°C ™
kip 10 248> SEFRiE 3 A48 F L RNA w4 = B 54 > 818 4 » 2 pL RNA gel
loading dye (10X )f= 1 pL 2 1 pg/mL E{Bro 2 § {3 %7 ;2 » £ £B MY > 12 50-70
RFTREFLA > FABIEEFRM2 34 pFiz t » N BE > UVbox B
2 rRNA 28S/18S chit b » 5 £ 4 E 32 147 26 RHBRETTEREFH
#& 4% & (Reverse Transcription; RT reaction) i& = cDNA -
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(=) RNA & cDNA—:f #&4%F & (Reverse Transcription; RT reaction )

1. hig

i# & 4xF & (Reverse Transcription; RT reaction) &_| # i §& 4% (reverse
transcriptase) » #-¥ 32 RNA (single-stranded RNA)i# #4% % 3 4 DNA
(complementary DNA; cDNA) - i# #&41¥%* o 32 % — %% cDNA 2 & = (first strand
cDNA synthesis) o $* ¢cDNA ¥ #* %ig {7 {3 % chif @40 % & fo i 4 F & (polymerase

chain reaction; PCR) -

(1) 50 ng /pL. Random hexamer

* & et B ¥ kR
Random hexamer (Promega C1181) 50 ng /pLL
(500 pg / mL)
DEPC-H,O

"2 DEPC-H;0 #-500 pg / mL stock ## % 50 ng /uL ¢ Random hexamer o 4 3
Eppendorf #%*+-20C - #L E£A A F 24 -

(2) M-MLYV RT (Moloney Murine Leukemia Virus Reverse Transcriptase)
(200 U /pL) (Promega M1701)

BEEFA20C R R A o WLEAL TR -

(3) 5x M-MLYV RT buffer (Promega M531A)
BEFI-20°C 0 @ * W vortex 353 o WRELAFA KR -
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(4) 10 mM dNTP mixture

B5 FEE BRER
100 mM dATP mixture stock (Promega U120A,400uL ) 20pL 10 mM
100 mM dGTP mixture stock (Promega U121A,400pL ) 20pL 10 mM
100 mM dCTP mixture stock (Promega U122A,400uL ) 20pL 10 mM
100 mM dTTP mixture stock ( Promega U123A,400uL ) 20pL 10 mM
DEPC-H,0O 720pLL

17 DEPC-H,O0 #-100 mM stock ﬂrﬁ % 10 mM 7 dNTP mixture- & % *% Eppendorf

W 3-20C o

3. ke 2
(1)
®& ZTEE working conc.
Total RNA 2ng
Random hexamer 2uLL 50 ng /pLL

11 DEPC-H,O 4 #8 4% 2 28pL > R 353 143 70°C4c# 10min {5 3L & ki 3 448 -

(2) £ &4 » 10T 328

B ZEE working conc.
5x M-MLYV RT buffer SuL 1x
10 mM dNTP mixture 2L 0.5 mM
M-MLYV RT 2pLL 10 U /pL
EX ¥ 40pL

BB RETFRBRI0A8 RCTFBES0L,8 95CTF BESA 8% F
B B EAACI0 A4 T - L cDNA 2 & & & %% [ Eppendorf
¢ ;;-v;-sotag'» °
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(= ) Real-time polymerase chain reaction
1. R

SYBR® Green PCR Master Mix € PCR ##|% 2 > R 3 7 - fiit 2 #£% DNA
minor groove % & A F k¥ L pp o HAFEUDNA R EL > ¢RIF X &3
i £ PCR 24 - F1* » SYBR" Green PCR Master Mix cr¥ sk 2 8.5 & g2 g
3. DNA ehdic 8 F 2 ApM > ¥ 211935 ¥ L 2 5B PCR F B ¥ % 2% DNA
%E -

2. F Al e

(1) 1x SYBR® Green PCR Master Mix

- z2& ¥ BRER

2x SYBR® Green PCR Master 12.5 uLL 1x
Mix(Applied Biosystems 4309159)

FoARHLTLELXRIEPRM > X HBHNE FEk o w3 4C -

(2) Primer (10 pM)

Bx FLE BXER
Primer Stock (100 pM) 10 pLL 10 pM
® = &k 90 pL.

3 Primer Stock 2@ F= -kl £393 #%3-20C ©
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(3) & FHZ_Primer k& % 100 nM / in 25 pL reaction mixture > B|£ f{ # 1 uM

Primer mixture » # = & * 2.5 pL

¥ Fei BRkR
10 pM 2_ (F) Primer S pL 1 uM
10 pM 2_ (R) Primer S pL 1 uM
&= &k 40 pL
RAEH 50 puL

AEgR*E 7T ALEHEER » 22 2x SYBR® Green PCR Master Mix 78 L8 & 4% »
@ 15pL -

(4) BRFZLDNA LR 2 50ng/in10pL > P/ % & Sng/pnL cDNA -

¥ FEE BRER
c¢DNA Stock (50 ng/ p L) 1 pL Sng/pL
&= ok 9 nL

3. F etk (€4

®x EE R 3 BHER
Primer mixture 2.5 pl 100 nM
2x SYBR® Green PCR Master 12.5 pLL 1x
cDNA 10 pLL 50 ng/in 10 pL
B 25 uL

12 36B4 it 5 Endogeneous control o i & "8 /& 8 & 35K » pE b Sk £ 95fs - Well p &
# spin downe ¢ * ABI PRISM™ 7900HT sequence detection system * % % § % % o
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C; & (Threshold Cycle) : C & % Cycle » T % % threshold (¥ &) > C; & ¥ & i#
FREP ¥ LG RF R Ll €5 PCR ks Tl § CiE ]l 47
¢cDNA £ 5 AFIZRE 5 - PCR A$ &Fdzdpic » incDNA £ = ¢+ » C £ input
cDNAER 2 H#cE 2 F v > ¥ inputcDNA EH 2 AFE 22" 22w o

Step 1. C; Targen gene — C¢ Endogeneous control = AC;
Step 2. AC; Sapmle — AC; Calibrator = AAC;
Step3. AFARE 2724 4 7
SRl A

R %% 5% 2w mean£SD £ 57 > 4% Two-way ANOVA ' &3 & F]F (B a4 & »
B R BhEEELERE > § 5 F1F 23 5% 3% £ R] 2 Duncan’s multiple
range test R P £ B o fE3k 223 W P £ 02 Dunnett s tests VR EF L R o

73 B EN A TR F2AF G AR S HEE - B354 45 11 SAS (version 9.0,
SAS institute, Cary, NC) £ kit (7 > 3 p<0.05 £ 2B ¥ £ 8 -
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Egs
5]
s
<
*‘l

(- ) Wistar + 834 € FE A pERE

FAIEP A RJBIRR -HETEP B AIPRHERKCAARSHF RS E >
EEE M- Lo d R LR E Bk AR T AR ks HF+SW 3
rEF?PERBELEZHF 2 SWOoLF &Ko £ 42 iz 24 B EH e 5
HMEH PR IR LFFINPFE > AAFFIEF LI ®* > ¥ HF - SW-
HF+SW $ € 3 43988 5 < 32 LF (P <0.0001) » 7 = 2 P ¥ BB ¥ L B ; 3% - &
A ofited AMERAAFeREFLR  my " Kl H (£ 43)0
AREIFENE R (£44) R BIoBkA BYFFHEE A FF R ER
I 2 2B EEPREFENLF (P<0.005) ; #ik- &4k 8w ¥ > #ikpchz
R HERAF R ERANFLR > B NS (R 44)  pETFESEE
F(244) A RZRABKBYTFFAPFE A FFFEATIEY ;) EH- R
SRl BRED TRPHERZEFLRBFTLR (2 44) - ey
(Subcutaneous - Retroperitoneal + Epididymal fat) 3 6 » 2 % 28 H 2R € &
PHEFE - FFEP DI PR LA BRFFTRF - A FFLEIT 0E
FPcEF RN RBE TR FSNLF (P<0.000]) (%44) » =¥l
WS- BE S 21 greRafEao] s KEd e HF/C 2
HF+SW/C i 2 = %393 4% A 4|2t HF 2 HF+SW it 35 % £ B (P=0.084 £ 0.0564)
(% 4-4) o

(=) 4 §3#% + &4 %7 Leptin + Adiponectin ~ Uric acid 2 § %8
s Leptin % & > £ B 3 Sk F 5 BuBE - 5 1B B EH4 > £3

X BEF A LF(P<0.0001) ; #¥#% & ¥4 81 > & i leptin 355 "% MAg% » A ¢
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Yrd 2%

HF+SW/C % ¥ 43 HF+SW(P <0.05) (W 4-2) - = ‘}i“ Adiponectin ¥ B & 7 B *
%% » Two-way ANOVA 87 % L F 84 Ak Fl5 cnl % 2 o $ oo LF &
B3 LR (W43) 4 sk is > 322 adiponectin 355 # 4 » L ¥ B EEF L
£ (H4-4) o Uric acid (Wl 4-5) X 3R EHKFF BRBE SWHEHFR
2 LF (P <0.005) -

(Z) %88 % e g2 B 5F

& F TG » £ -k ehF]5 P+ > SW &2 HF+SW 2.5 1 B 7 fF » jp$*° LF

BE ¥ 3 4c (P <0.0001) (W 4-6) > ¥ 8 E TR ; 4% & # 4% 15 » HF+SW/C g2 SW/C B

F A w3 HF+SW 22 SW(P <0.05) (W 4-7) c 2 # TC* 6 > &% 5B 7 pF >

ZRRFIFBPRE CSWEBFR* LF (P<0.05) (F4-8) ; 4 s ike 15> 3%
rogHer gEELLIE (F49) -

(=) 4 & 3%% % BIFH - vop N ooy st 2 B3

B e EIe 21 3% %#_B&T‘g_u;‘%‘i ) 3R IR S LR R a;lg?g-!ﬂ__ o 31 +¢ TG ~ TC
FELBATICRPREF  RREB NI HEFRIIEY > 2 e F PR TG &
TC 585 % # ** LF (P <0.0001) (% 4-5) 5 4 & @315 > "o % A4 > o
# HF/C #3579 TC § £ B %3 HF (P <0.05) - »op p TG £ 314k 715 &
WEBEE > HF+SW ~ SW B ¥ 3 %> LF (P <0.05) ; F $chkk $ 313 > »ep TG
Safpog E AR THAENPAR (2 45) -
() % S#HEHNLRE 2B BLBYE

1. #82BE%g 4%

52 B (F 4-10) IRBLFIFRPREF B EAEN L BRAFEF B
FA AR 2RI SW 2 BERNLF P<O05FHFEISIRY -HF &
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HF+SW BI$ ABEF B LF 2 bk s @k e 15 > 3228 SW/C lip st SW §
AR et B A G R EOREFRLA@ 41D 2 FRE F 2 5 (W
4-12) X3 R B RFI I EF RS2 2 F R e P EFFYLE A% 13 BFHF+SW
>SW =HF >LF(P <0.05)> t&% 5 i ? p& > HF = SW = HF+SW > LF ; 4 & f§3% {5 »
FReaAgFeaETLLI AW 413 -

2. OGTT &£ ITT

BEHRERSBIE, LOGTT 2 ITT =3 £ 2 A RFE B e F1dn
2B % - OGTT * & > SW & 0~120min B* > & &% 38 % % ** HF ; % 0 & 120min
PEREF 3 LF (P<0.05) (W 4-14) > OGTT-AUC ¥ » £ -k 73 B PRE Y
SW + ¥ 3% HF fc LF (P<0.05) (H 4-15) HF+SW A ¢ F > 810 2 &
BEE LR ITT * & > SW £ 30~120min = 3 ¥ 3 * 8 # 3 (30 min, P <0.005 ;
60~120 min, P <0.05) ( § 4-16) > ITT-AUC ® » £ #-k 513 B PRAEF > SWE ¥
Bx3Hw 3% (P<0.05) »HF -HF+SW 22 LF £ 2 88 ¥ £ % (F 4-17) -

(2) A SHFHW L B B2 I

RHRAILS B0 pF o RIE A Rihd B o R - FFRBIOBK T B F
FoF2AFIFEXI Y > AR 5 HF+SW ¥ 3 LF & HF (P<
0.005) »SW g+ LF & HF > E R Bg ¥ £ & ; &47% B> 3 HF+SW {r SW 3
BEFWLF (P<005) HF f 3> LF e 88 F  a RER L F R BBKELEY
FF P 3 F1F 3 £ 3 (8% s HF+SW o SW % ¥ 3+ LF (P <0.005) (W
4-18) o
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Srig 2%

(Z) GSFF AT AR T2 L2 AR PNATIZ @65 39 FTARE
2 B

FERAILS 7 P B ke 8k T 4Rk4E 0 1 Western blot TE AR ER
¥ 1 SREBP-1c( &) 4-19 ) ~ ChREBP( &) 4-20) 3-v ¥ # R £ (3* ¥ mature/immature
& nuclear/cytosol }t &) > b 34 & T B F RBEEEL O BLFFET EFRD
# ¥ SREBP-1c¢~ChREBP 3}-v ¥ nuclear/cytosol v* i&]»SW ‘¥ 82 ¥ 3 ** LF(P <0.08)-

(M) K SHEFHNE S BT Bl - T HAFARELEE

< R Ak SR T R FIRFRR T2 £ 22 PEfR4R M A F]4 1Y real-time
PCRBZ 5304 44> FAS-ACC 3 g 24347 > 2 REr 2@ FLE >
2 SWernFAS £ 1% 2 3 crd# s 4 S 31 » i e e ACCATFIARE
T REFHLE > SW/C e~ FAS AL 714 B B ¥ M3 SW(P <0.05) - GK 3 #fap:
3 AFIARE A HF+SW B ¥ 3 * 2 ¥ = 2(P <0.08); 4 & ## {5 »HF/C 4= SW/C
A | BE ¥ thg + HE 42 SW (P <0.08 ; P <0.05) -

(1) G 6HFH? L Rigipimre ) 2B
W42 B nrefeem 78 P RLERETRE- Lo MR
miE P o BB XN E T UGRG T8 i imie X o o R ikimie & [ £ F

BARKEHFAIRF  PAFIRFIICY > 20 g Fe o L TR
+ % LF(P <0.0001) » SW>HF+SW=HF >LF -

(L) ASFFHN A e g i B FRFATNLIRELBE
# 4-4 3P )2 real-time PCR & £ {5 % &% 3¢ %05 m % FEAFILAR

£ ' TNF-a-resistin § X 3|3 R FITBHEFRF * HF AFA RE LT HEF 3 LFP
<0.05) b4k & e w ¥ {5 HF/C ¢ HF ﬁlﬁ”ﬁ BE ¥ |4 "% (P <0.05)-PAI-1-leptin
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ZXRBFFHFTRS - BEkIFRI WP OHF P 3 AFAREHT R
+ LF(P <0.05) » ® 4 & $§3% 12 HF/C 3 ¥ i<* HF(P <0.05) - Adiponectin £ ¥] 4
REr o ABFAR A OWBUBRABTLR M AT —Mest Xk
FAEF > SW &2 HF+SW ¥ 8 ¥ 3 LF(P <0.05) ; 4 s & # i » SW/C ~ HF+SW/C
B2 ¥ % ** SW ~» HF+SW (P <0.05) -

= \;I\ﬁ
(- ) CSTBL/6] -] R4S ~ WE ~ "ERBBERE

%47 pe e RAEALED > Bikind ] Ko % s BETEFB L HE KEH
WeFHESE > PEE K- L > d 08 E KR BB TR F]P a8
EHEFSW i ed? A8 =% HF+SW HF 2 LF 5 X - £ 48 3 = /] 848
EH B s HETH I BR AR ERBUFTRFRE A FFTEF I ER
2% 857 HF - HF+SW 18 £ 3§ 40 3588 ¥ + 3 SW > SW x 8 ¥ + 3 LF(P <0.0001) >
2P HF 2 HF+SW & SR E M BB FL LR - 28 HIFEang s (£ 49) 0 %
B ok BUFFTHPEAFIFIEII R 2w FReYHEFELNWLF (P
<0.0001) > ApFEchE &t (£ 4-9) » SRPLRFF L R B3 BLTFF
E£23 1% s HF+SW>LF>SW>HF (P <0.001)-~ %y ”7‘5.3_9_%‘2'* # »Subcutaneous ~
Epididymal fat > 2 % AR HER LA PHERE  LF R AR LBYTFFHFW
FroAFIEF I ZEF R WML P EE S LEP<0.0001) 5 %
12 HF - HF+SW 3 4c 3.8 ¥ (# 4-9) ; Retroperitoneal fat fp$t e %€ » X 3 ¥ &
B kBUFITEFRF AFFTLFRIE 2o oW afil v HF I
LF(P<0.0001)> @2 $ €L B FI - HERFL LR B OB E* HEW
Fozegdemnsnsgd s EE 55 LFP<0.0001) (4 4-9)
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(=) % &#% | K¢ Leptin + Adiponectin 2 3

ARHRFSBIF L Leptin * 3 X BR AR KBTI HFRE 2 24
¥t ¥R LFP<0.0001) » HF+SW = HF>SW>LF (§ 4-22) - & i
Adiponectin & Two-way ANOVA ch3t3 8872 EZ @ FIF B PF 2 L3 18%
FEHRAEY SBY Fr 2P REFLPE & LF Adiponectin ¢k & £ § #& 3 g
(W 4-23) -

(Z) & s8#F | Hi g2 BF

253 e e if TG (W 4-24) » X BB BBKBYFIFHEFLE > 3 FF L
I o AAEY 1B E FRETEFFINLF (P<00001) ® #EET o 2
HF+SW a8 K3 53 B f e o F TC 2 5 (H 4-25) > X 3 B 2k B YT
IHEFRE AREY 1B F - ST Fa e ¥ P R AAIEF S
BIPR ERKFIHEEIRE BT IS RE A FIERTEY
HF+SW>HF>SW>LF (P <0.05)

% 410 P e | BUFRE o AR I S R oY TG P REE BT H
FHEF - SW - HESW BF 350 LE(P <0.05) %4 TC § 4 3 3 2k 8 5]

F+ B3P > HF - HF+SW B ¥ 3 LF (P<0.05) - »~¢ * TG z £ > 3 & F]+ B
#BF ¥ ; HF = SW > HF+SW > LF(P <0.005) -
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() &SHFH| B E ARE LT
L #6a ity 4

F426 P G SHNFSLBEAFF F 0287 LU BPREh2e &
WE- FSBIRERTY D LRREEREL R THRER - ARRF 15 B
TR X R FF B BL FREE CHF ¥ 3 LF (P<0.0001) » 24K
FF P B MR F SWER R LF R ¥ L8 w5 &8 LF 4p § i iKch
BE O AF 2 BIE AP BEREANFLIA SR e e BELS W LF- 2
FhREE o RHRAESBIFZBR TS REREF > BN EBkS TS 2
£ 3 ie* > HF+SW 2 HF 3 ¥ ** LF (P <0.05) ; HF+SW > HF > SW >
LF () 4-27) -

2. OGTT £ ITT

AR S BIE PR OGIT &2 ITT 12| REZ 24 s Em 2 4
F5mratdst g 4 refeni g - OGTT * & > HF & 0~120min > 5 #8 ' 35 ¥ & *
LF ~ HF ~ HF+SW ~ SW(P <0.0001) (& 4-28) ; OGTT-AUC * ([ 4-29) % 7|
Bk E TS EERY  HF © 3 ¥ £ LF(P <0.0001) » @ SW £ LF 4g v
3 # iK% o ITT * & - HF sHF+SW % 30~120min s % ' 8 ¥ 3 ** LF(P <0.05)

(§ 4-30) - ITT-AUC ¢ (R 4-31) - £ %% 75 8 PR b ¥ - HF - HF+SW
' BE ¥ 4 2 LF (P <0.005) -

(A) K SHFHNEScn | BUFRY BN - T AHATIAREZ PP
T REFGRE LT IRE  FITRY R P2 BTATI AR ATIL RN
real-time PCR i 2 ¥ 5]+ 4 4-11» CPT-1~ACO % %33 § i A7 CPT-1 4 7

Z2REXBN - BRBRFFITRE S FF ER I T > HF+SW > HF > SW
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= LF(P<0.0001) » ACO AFZ2 A EL B crfp2 FITREF > 30 ~ B-ka 73
£231* sHF AF4 REHEF 3+ LFP <0.05) > PEPCK Rl E R F 372 A7) >
AFARELIR B RBUFIAPE AFIRAIT € HFBEFZ > LF (P
<005) »SWE LF 2 ¥ £ 8 > gr LF 4pvt § Rieigd -

(Z) GSHFFH | R kR 8 TRFAFNLRELBE

# 4-11 #.p 1 real-time PCR & 4 47} R ¥ sy opimie ek A FIA R
€ ' TNF-o-resistin A FIZ2 RE cH F e HR e EFNL R AF4RE
FRWHREAER o Leptin A FIZREX I BB - BR B FFHHEE 2 8T
FERIMEY > P e R e AFA R EREF R NERE > HF+SW > HF = SW
> LF(P <0.0001) - i 2245k 3 F]3 413 PAL-1 A F14 RE & § B PB4 - £
A F34p3 1v% & B SW=HF >HF+SW = LF(P <0.05) - %3 ¥ 3¢ & ¥ —Mest
AFIZRELFZPFIFIHEFRE FR Bk FIF L4235 82 D HF>HF+SW =
SW = LF(P <0.0005) -
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£ 4-1 22+ R2HEe - kfoi £

Table 4-1 Food, water and calory intake of rats in four groups’

Treatment Group LF HF HF+SW SW
number 11 11 12 11
Food intake (g/d) 26.06 22.81 12.95 11.08
Water intake (mL/d) 68.42 62.27 68.9 59.03

Total Calory intake (Kcal/d) 88.60 114.51 147.69 108.34

! Calory content for chow diet: 3.4 kcal/g; for high fat diet: 5 kcal/g; for sucrose-containing drinking water: 1.2 kcal/mL.

50



£ 4-2 A EROBHKASSBI 24 BWEIWEH B!

Table 4-2 The initial and final body weight and body weight gain of rats fed experimental diets for 5 monthes

p values from Two-way ANOVA

Treatment Group LF HF HF+SW SW

fat sugar fat x sugar
'Initial body weight (g) 275+3 299+15 299+14 299+13
*Final body weight (g) 53640 75194 769+111%  768+103"  0.0003 0.0003 0.0034
*Body weight gain (g / d) 1.75+0.27"  3.0120.55*  3.12+0.71* 3.120.63®  0.0005 0.0006 0.0061

Initial body weight : at 0 month (n=11 for LF, HF and SW; n=12 for HF+SW)

? Final body weight : at 5 month (n=11 for LF, n=5 for HF and SW; n=6 for HF+SW)

3’Body weight gain : ( final body weight-initial body weight) / 150d. Values are means + SD.

4p-values for fat, sugar and their interaction were analyzed by two-way ANOVA among LF, HF, HF+SW and SW groups. The

significance of differences among the four groups was analyzed statistically by Duncan’s multiple range tests. Values not sharing

the same superscript letter are significantly different, p < 0.05.
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2 4-3 AEEHIFAS TG4 RWEZ HEH

Table 4-3 The initial and final body weight and body weight gain of rats when they were shift to the control diet for 4 wk.

Treatment Group HF HF/C HF+SW HF+SW/C SW SW/C
Initial body weight (g)  576.1£59.84  557.76+44.01 592.17+51.13  603.13+£59.59  578+71.50 579.52+46.59
*Final body weight (g) 751+94 666.25+130.50 769+111 755.64£111.05  768+103  730.8+86.45
*Body weight gain (g/d) 5.84+1.48 5.13+1.14 5.90+2.06 5.08+1.93 6.34+1.82 5.04+1.42

nitial body weight : at 16 week (n=6 for HF, HF+SW, SW and HF+SW / C; n=5 for HF / C and SW / C)
2 Final body weight : at 21 week (n=6 for HF, HF+SW, SW and HF+SW / C; n=5 for HF / C and SW / C)

3Body weight gain : ( final body weight-initial body weight) / 30d. Values are means + SD.
“The significance of differences between the induced group and shift group (HF vs, HF/C; HF+SW vs. HF+SW/C; SW vs. SW/C)

respectively was analyzed statistically by Dunnett’s tests, *P < 0.05.
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2 4-4 A RBRSPFPRESSRI LB HAHERE

Table 4-4 The absolute and relative tissue weights of rats fed experimental diets for 5 months.

p values from Two-way ANOVA

Treatment Group LF HF HF/C HF+SW  HF+SW/C SW SW/C

fat sugar  fat x sugar
Liver
liver (g) 14.7520.83"  21.65:4.08%  19.62£3.15  22.96:3.66° 19.48+1.54 20.712321° 19.11:1.37  0.0088  0.0167 0.1214
liver weight/final body weightx100% 3.06£0.25  2.84+033  2.9320.67  278+0.19  2.88+0.33  276:0.32  2.82:043  0.6086  0.2329 0.6056
Adipose tissue
subcutaneous (g) 10.6023.89" 46.90+14.93°  31.12£11.22 51.12424.12° 26.95:4.43% 52.03:24.56" 31.60+13.76  0.0040  0.0016 0.0129
subcutaneous weight/final body 2.03:0.76"  6.07+1.25°  448+1.11%  6.42:223°  3.96x0.52*  6.67+2.38°  4.47+1.55  0.0015  0.0004 0.0036
weightx100 %
epididymal fat (g) 8.65:2.17"  24.59+6.86° 21.11£6.03  25.03:6.97° 21.2123.15 23.53+4.22° 18.98+4.01  0.0003  0.0012 0.0284
epididymal fat weight/final body 1.66+0.43"  3.20:0.62°  3.06:0.61  3.23:0.41°  3.12+041  3.15:0.76°  2.74+0.31  <0.0001  0.0001 0.0070
weightx100 %
retroperitoneal fat (g) 9.6243.33"  36.03:10.42° 31.34%9.07 41.06219.15" 27.96+5.42  35.33:9.79°  29.0127.65  <0.0001  0.0004 0.0015
retroperitoneal fat weight/final body 1.83:0.57"  4.67+0.87°  454+0.81  5.19:+1.61°  4.09:0.49  4.64:0.76°  4.17:0.69  <0.0001  0.0004 0.0012
weightx100 %

'Values are means + SD. P-values for fat, sugar and their interaction were analyzed by two-way ANOVA among LF, HF, HF+SW and SW groups. The
significance of differences among the four groups was analyzed statistically by Duncan’s multiple range tests. Values not sharing the same superscript letter
are significantly different, p < 0.05. The significance of differences between the induced group and shift group (HF vs, HF/C; HF+SW vs. HF+SW/C; SW vs.
SW/C) respectively was analyzed statistically by Dunnett’s tests, *P < (.05
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~ 12000 | a
S 10000 a .
= 8000 i
2 6000 [ HF+SW
i; 4000 -
S 2000
4
1 2 5
month
p values from Two-way ANOVA
fat sugar fat x sugar
1 month <.0001 <.0001
2 month <.0001 <.0001
5 month 0.0075 <.0001

Bl 4-1< E&G3F%4AS5 1245 B2 F# o jj Leptin

Fig 4-1 The Fasting serum leptin levels of rats fed experimental diets for 1, 2 and 5

months. Values are means + SD. P-values for fat, sugar and their interaction were

analyzed by two-way ANOVA among LF, HF, HF+SW and SW groups. The

significance of differences among the four groups was analyzed statistically by

Duncan’s multiple range tests. Values not sharing the same superscript letter are

significantly different, p < 0.05.
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£ 6000 -
-8 I HF+SW/C
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é 4000 - 2 SW
o
32000 - B SW/C

0

W 4-2~+ R ¥4 62 ¥2 #65F Leptin

Fig 4-2 The Fasting serum leptin levels of rats when they were shift to the control
diet for 4 wk. The significance of differences between the induced group and shift
group (HF vs, HF/C; HF+SW vs. HF+SW/C; SW vs. SW/C) respectively was
analyzed statistically by Dunnett’s tests, *P < 0.05.
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14000 r
12000 r
10000 r
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6000 -
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2000
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E1 HF
M HE+SW
B SW

Serum Adiponectin (ng / mL)

p values from Two-way ANOVA

fat sugar fat x sugar

S month 0.9475 0.6459 0.6022

W 4-3 % B FE%4&SH 5B PF# § 4 i Adiponectin

Fig 4-3 Fasting serum adiponectin levels of rats fed experimental diets for 5 months.
Values are means + SD. P-values for fat, sugar and their interaction were analyzed
by two-way ANOVA among LF, HF, HF+SW and SW groups. The significance of
differences among the four groups was analyzed statistically by Duncan’s multiple
range tests. Values not sharing the same superscript letter are significantly different,

p <0.05.
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W 4-4 + Jir ¥4 52 &2 #$ 5§ Adiponectin

Fig 4-4 Fasting serum adiponectin levels of rats when they were shift to the control
diet for 4 wk. The significance of differences between the induced group and shift
group (HF vs, HF/C; HF+SW vs. HF+SW/C; SW vs. SW/C) respectively was
analyzed statistically by Dunnett’s tests, *P < 0.05..



Srig 2%

~ 600 a
‘:é 500 -
= 400 MLF
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S 300 - b g
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= 100 r
A
; 7
p values from Two-way ANOVA
fat sugar fat x sugar
5 month 0.8194 0.0037 0.3949

W 4-5+x 4833 %4 8% SB P P& 8 £ % Uric acid

Fig 4-5 Fasting serum uric acid levels of rats fed experimental diets for 5 months.
Values are means + SD. P-values for fat, sugar and their interaction were analyzed
by two-way ANOVA among LF, HF, HF+SW and SW groups. The significance of
differences among the four groups was analyzed statistically by Duncan’s multiple
range tests. Values not sharing the same superscript letter are significantly different,

p <0.05.
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é\ 51 a
o
g 4 r
E BLF
g 3 O HF
S 9 M HF+SW
2 SW
=1
:
S 0
0 1 2 5
month
p values from Two-way ANOVA
fat sugar fat x sugar

1 month 0.3037 <0.0001 0.7956

2 month 0.2460 <0.0001 0.4633

5 month 0.3084 <0.0001 0.2833

W 4-6+ Bk SE%HASF 01215 B p5# § & F Triglyceride (TG)

Fig 4-6 Fasting serum triglyceride levels of rats fed experimental diets for 0, 1, 2 and 5
months. Values are means + SD. P-values for fat, sugar and their interaction were
analyzed by two-way ANOVA among LF, HF, HF+SW and SW groups. The significance
of differences among the four groups was analyzed statistically by Duncan’s multiple
range tests. Values not sharing the same superscript letter are significantly different, p <
0.05.
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Fig 4-7 Fasting serum triglyceride levels of rats when they were shift to the control
diet for 4 wk. The significance of differences between the induced group and shift
group (HF vs, HF/C; HF+SW vs. HF+SW/C; SW vs. SW/C) respectively was
analyzed statistically by Dunnett’s tests, *P < 0.05..
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Fig 4-8 Fasting serum cholesterol levels of rats fed experimental diets for 0, 1, 2 and 5
months. Values are means + SD. P-values for fat, sugar and their interaction were
analyzed by two-way ANOVA among LF, HF, HF+SW and SW groups. The significance of
differences among the four groups was analyzed statistically by Duncan’s multiple range

tests. Values not sharing the same superscript letter are significantly different, p < 0.05.
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Fig 4-9 Fasting serum cholesterol levels of rats when they were shift to the control
diet for 4 wk. The significance of differences between the induced group and shift
group (HF vs, HF/C; HF+SW vs. HF+SW/C; SW vs. SW/C) respectively was
analyzed statistically by Dunnett’s tests, *P < 0.05..
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Treatment p values from Two-way ANOVA
LF HF HF/C HF+SW HF+SW/C SW SW/C

Group fat sugar fat x sugar
Liver
TG mg/total liver 93.62+20.83 " 227.64+38.27 * 182.46+49.58 191.50+£79.89 %  183.98+56.51  195.21+£50.71"  171.58x37.75 0.0013 0.0720 0.0021
TG mg/g liver 6.01+1.34° 10.80+2.56 * 9.29+1.89 9.25+3.06* 8.90+1.77 9.33+1.33* 8.97+1.85 0.0003 0.0018 0.0032
TC mg/total liver 35.16x4.34¢ 95.16+19.34 * 52.75+10.59* 64.44220.49° 58.2249.74 56.08+16.04"° 48.90+10.73 <.0001 0.6114 0.0004
TC mg/g liver 2.25+0.22°¢ 4.51+1.23* 2.69+0.35%* 3.11+0.44" 2.85+0.32 2.67+0.41" 2.56+0.55 <.0001 0.1100 0.0022
Muscle
TG mg/total b ab j .

. 3.91+0.44 4.71x0.72 * 4.84+1.04 5.63+£0.92*° 5.14+2.01 5.91+1.28* 4.50+1.33 0.4453 0.0019 0.1829
muscie
TG mg/g muscle 1.24+0.41 1.40+0.26 1.46+0.15 1.59+0.22 1.54+0.25 1.45+0.35 1.35+0.34 0.2035 0.1272 0.9191

Tab le 4-5 The absolute and relative liver and muscle lipid concentrations of rats fed experimental diets for 5 months.

'Values are means + SD. P-values for fat, sugar and their interaction were analyzed by two-way ANOVA among LF, HF, HF+SW and SW groups. The
significance of differences among the four groups was analyzed statistically by Duncan’s multiple range tests. Values not sharing the same superscript letter
are significantly different, p < 0.05. The significance of differences between the induced group and shift group (HF vs, HF/C; HF+SW vs. HF+SW/C; SW vs.
SW/C) respectively was analyzed statistically by Dunnett’s tests, *P < (.05.
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Fig 4-10 Fasting serum glucose levels of rats fed experimental diets for 0, 1, 2 and 5
months. Values are means + SD. P-values for fat, sugar and their interaction were
analyzed by two-way ANOVA among LF, HF, HF+SW and SW groups. The
significance of differences among the four groups was analyzed statistically by
Duncan’s multiple range tests. Values not sharing the same superscript letter are

significantly different, p < 0.05.
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Fig 4-11 Fasting serum glucose levels of rats when they were shift to the control diet
for 4 wk. The significance of differences between the induced group and shift group
(HF vs, HF/C; HF+SW vs. HF+SW/C; SW vs. SW/C) respectively was analyzed
statistically by Dunnett’s tests, *P < (.05..
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Fig 4-12. Fasting serum insulin levels of rats fed experimental diets for 1 and 5
months. Values are means + SD. P-values for fat, sugar and their interaction were
analyzed by two-way ANOVA among LF, HF, HF+SW and SW groups. The
significance of differences among the four groups was analyzed statistically by
Duncan’s multiple range tests. Values not sharing the same superscript letter are

significantly different, p < 0.05.
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Fig 4-13. Fasting serum insulin levels of rats when they were shift to the control diet
for 4 wk. The significance of differences between the induced group and shift group
(HF vs, HF/C; HF+SW vs. HF+SW/C; SW vs. SW/C) respectively was analyzed
statistically by Dunnett’s tests, *P < (.05..
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Fig 4-14 Oral glucose tolerance tests (OGTT) performed on rats fed experimental
diets for 5 months. A glucose load was given and then, at the indicated time points,
serum glucose levels were measured. Values are means + SD. The significance of
differences among the four groups was analyzed statistically by Duncan’s multiple
range tests. Values not sharing the same superscript letter are significantly different,
p <0.05.
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Fig 4-15 The areas under the curve for glucose (AUC) over 2hin the OGTT of rats fed
experimental diets for 5 months. Values are means + SD. P-values for fat, sugar and
their interaction were analyzed by two-way ANOVA among LF, HF, HF+SW and SW
groups. The significance of differences among the four groups was analyzed statistically
by Duncan’s multiple range tests. Values not sharing the same superscript letter are

significantly different, p < 0.05.

69



Yrd 2%

10 r

9,

8 [
5 77
I i
z 6 ——1F
- —A —HF
Q 5 r
Z - W - HF+SW
-
S 4 ~—@— S\
g
2
A 3t

2,

1,

0

0 30 60 90 120

min

W 4-16 « B4 S8%4 65 S B Bl 2ot g 8%

Fig 4-16 Insulin tolerance tests (ITT) performed on rats fed experimental diets for 5
months. An insulin load was given and then, at the indicated time points, serum
glucose levels were measured. Values are means + SD. The significance of
differences among the four groups was analyzed statistically by Duncan’s multiple
range tests. Values not sharing the same superscript letter are significantly different,

p <0.05.
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Fig 4-17 The areas under the curve for glucose (AUC) over 2h in the ITT of rats fed
experimental diets for 5 months. Values are means + SD. P-values for fat, sugar and
their interaction were analyzed by two-way ANOVA among LF, HF, HF+SW and SW
groups. The significance of differences among the four groups was analyzed statistically by
Duncan’s multiple range tests. Values not sharing the same superscript letter are

significantly different, p < 0.05
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Fig 4-18 Systolic, diastolic and pulse of rats fed experimental diets for 5 months.
Values are means + SD. P-values for fat, sugar and their interaction were analyzed
by two-way ANOVA among LF, HF, HF+SW and SW groups. The significance of
differences among the four groups was analyzed statistically by Duncan’s multiple
range tests. Values not sharing the same superscript letter are significantly different,

p <0.05.
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Fig 4-19 Western blot analysis of immature ( membrane ; 128 kDa) and mature
(nuclear; 68 kDa) SREBP-1c protein in liver of rats fed experimental diets for 5
months. Values are means + SD. P-values for fat, sugar and their interaction were
analyzed by two-way ANOVA among LF, HF, HF+SW and SW groups. The
significance of differences among the four groups was analyzed statistically by
Duncan’s multiple range tests. Values not sharing the same superscript letter are

significantly different, p < 0.05.
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Fig 4-20 Western blot analysis of nuclear and cytosol ChREBP protein in liver of
rats fed experimental diets for 5 months. Values are means + SD. P-values for fat,
sugar and their interaction were analyzed by two-way ANOVA among LF, HF,
HF+SW and SW groups. The significance of differences among the four groups was
analyzed statistically by Duncan’s multiple range tests. Values not sharing the same

superscript letter are significantly different, p < 0.05.
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Fig 4-21 Average diameter of adipocyte in retroperitoneal fat of rats fed
experimental diets for 5 months. Values are means + SD. P-values for fat, sugar
and their interaction were analyzed by two-way ANOVA among LF, HF, HF+SW
and SW groups. The significance of differences among the four groups was analyzed

statistically by Duncan’s multiple range tests. Values not sharing the same

superscript letter are significantly different, p < 0.05.
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Table 4-6 The gene expression levels of rats fed experimental diets for 5 months. 123

p value from Two-way ANOVA

Treatment LF HF HF/C  HFssw HESW/ o SW/C fat x
Group C fat sugar

sugar
liver
FAS 1.04+0.35 1.52+0.81 0.57+0.27 1.05+0.03 0.60+0.31 2.27+1.00 0.36+0.21* 0.5707 0.7948 0.5392
ACC 1.03+0.31 1.50+0.65 1.04+0.44 1.26+0.19 1.02+0.43 1.60+0.77 1.01+0.56 0.7046 0.7012 0.2188
GK 1.00+0.10 ® 0.84+0.18" 6.81+0.35% 2.43+1.22° 6.35+1.19 1.0320.32° 3.91+0.10%* 0.2176 0.0562 0.0647
adipose tissue
Adiponectin 1.04+0.23 0.90+0.20 1.94+0.81 0.59+0.32 0.82+0.5 0.91+0.12 1+0.66 0.1764 0.1464 0.5122
TNF-a 1.03£0.27° 3.71x2.07* 0.91+0.08* 4.20+5.11 * 2.09+0.61 1.09+0.38 0.40+0.25 0.0078 0.7538 0.623
Resistin 1.06+0.38" 4.54+0.81° 3.05+0.29%* 3.2543.34" 1.36+1.29 0.88+0.11° 0.58+0.16 0.0001 0.1453 0.2897
PAI-1 1.03x0.25¢ 7.84+1.34 0.75+0.52* 2.23+1.07"™ 1.87+0.76 2.87+1.21° 1.44+0.80 0.0306 0.4569 0.0003
Leptin 1.1120.55"° 3.15+045° 0.37+0.20* 2.2240.07 = 2.05+0.56 2.96+1.61 *" 1.08+1.01 0.0430 0.4131 0.0312
Mest 1.07+0.39° 0.69+0.34 ** 0.75+0.52 0.49+0.23° 1.87+0.76* 0.52+0.26" 1.44+0.80* 0.1419 0.0110 0.1859

'mRNA levels of target genes were normalized to 36B4.. The mRNA level is expressed as a fraction of that in the LF group assigned a value of 1

’Values are means + SD. P-values for fat, sugar and their interaction were analyzed by two-way ANOVA among LF, HF, HF+SW and SW groups. The
significance of differences among the four groups was analyzed statistically by Duncan’s multiple range tests. Values not sharing the same superscript letter
are significantly different, p < 0.05. The significance of differences between the induced group and shift group (HF vs, HF/C; HF+SW vs. HF+SW/C; SW vs.
SW/C) respectively was analyzed statistically by Student’s t tests, *P < 0.05.

FAS : fatty acid synthase ; ACC : acetyl-CoA carboxylase ; GK : glucokinase ; TNF-a : tumor necrosis factor-a ; PAI-1 : plasminogen activated inhibitor-1 ;

Mest : mesoderm specific transcript.
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Table 4-5 Food, water and calory intake of mice in four groups.

Treatment Group LF HF HF+SW SW
number 15 15 15 15
Food intake (g/d) 3.3 2.1 1.03 1.9
Water intake (mL/d) 4.28 4.31 11.5 10.91

Total Calory intake (Kcal/d) 11.22 10.54 1898 19.55

! Calory content for chow diet: 3.4 kcal/g; for high fat diet: 5 kcal/g; for sucrose-containing drinking water : 1.2 kcal/mL.
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Table 4-8 The initial and final body weight and body weight gain of mice fed experimental diets for 5 monthes

p values from Two-way ANOVA

Treatment Group LF HF HF+SW SW

fat sugar fat x sugar
Initial body weight (g) 20.5+0.67 "  22.53+1.02%  22.5+1.05%  22.5+0.99
*Final body weight (g) 26.16+1.24¢  36.98+1.87° 37.42+4.63"  32.39+3"  <0.0001  0.0022 0.0071

*Body weight gain (g / d) 0.03+0.01 € 0.09+0.01 * 0.10£0.03*  0.06+0.02"  <0.0001  0.0151 0.0294

nitial body weight : at 0 month (n=15 for LF, HF, HF+SW and SW)

2 Final body weight : at 5 month (n=15 for LF, HF+SW ; n=7 for HF,SW)

3’Body weight gain : ( final body weight-initial body weight) / 150d. Values are means * SD.

4P-values for fat, sugar and their interaction were analyzed by two-way ANOVA among LF, HF, HF+SW and SW groups.

The significance of differences among the four groups was analyzed statistically by Duncan’s multiple range tests. Values not

sharing the same superscript letter are significantly different, p < 0.05.
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Table 4-9 The absolute and relative tissue weights of mice fed experimental diets for 5 months.

p values from Two-way ANOVA

Treatment Group LF HF HF+SW SW

fat sugar fat x sugar
Liver
liver (g) 1.14+0.13 ¢ 1.40£0.22° 1.84+0.50° 1.39+0.13 ° <0.0001 0.0007 0.6619
liver weight/final body weightx100% 4.8+0.49 * 3.99+0.45" 5.02+0.52* 4.58+0.26 * 0.4017 0.0110 0.0010
Adipose tissue
subcutaneous (g) 0.33+0.15 ¢ 1.75+0.59*° 1.65+0.55*" 1.24+0.66 ° <0.0001 0.0175 0.0028
subcutaneous weight/final body weightx100% 1.41x0.62"° 5.00+1.68* 4.88+1.22° 4.11+21.10* <0.0001 0.0041 0.0021
epididymal fat (g) 0.45+0.19°¢ 1.88+0.29° 1.64+0.51° 1.1320.33° <0.0001 0.0207 0.0002
epididymal fat weight/final body weightx100 % 1.92+0.70 ¢ 5.35+0.61" 4.81+1.00" 3.30+0.36" <0.0001 0.0045 <0.0001
retroperitoneal fat (g) 0.13+0.04 0.65+0.12* 0.55+0.20" 0.43+0.16" <0.0001 0.0807 0.0004
retroperitoneal fat weight/final body weightx100% 0.540.16 ¢ 1.91+0.25° 1.65+0.48 ™ 1.41+0.47" <0.0001 0.0244 <0.0001

'Values are means + SD. P-values for fat, sugar and their interaction were analyzed by two-way ANOVA among LF, HF, HF+SW and SW
groups. The significance of differences among the four groups was analyzed statistically by Duncan’s multiple range tests. Values not sharing

the same superscript letter are significantly different, p < 0.05.
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Fig 4-22 The fasting serum leptin levels of mice fed experimental diets for 5 months.
Values are means + SD. P-values for fat, sugar and their interaction were analyzed
by two-way ANOVA among LF, HF, HF+SW and SW groups. The significance of
differences among the four groups was analyzed statistically by Duncan’s multiple
range tests. Values not sharing the same superscript letter are significantly different,

p <0.05.
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Fig 4-23 The fasting serum adiponectin levels of mice fed experimental diets for S
months. Values aremeans + SD. P-values for fat, sugar and their interaction were
analyzed by two-way ANOVA among LF, HF, HF+SW and SW groups. The
significance of differences among the four groups (LF, HF, HF +SW and SW) was
analyzed statistically by Duncan’s multiple range tests. Values not sharing the same

superscript letter are significantly different, p < 0.05.
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Fig 4-24 The fasting serum triglyceride levels of mice fed experimental diets for 0, 1, 2 and
5 months. Values are means + SD. P-values for fat, sugar and their interaction were
analyzed by two-way ANOVA among LF, HF, HF+SW and SW groups. The significance
of differences among the four groups was analyzed statistically by Duncan’s multiple

range tests. Values not sharing the same superscript letter are significantly different, p <

0.05.
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Fig 4-25 The fasting serum cholesterol levels of mice fed experimental diets for 0, 1, 2 and
5 months. Values are means + SD. P-values for fat, sugar and their interaction were
analyzed by two-way ANOVA among LF, HF, HF+SW and SW groups. The significance
of differences among the four groups was analyzed statistically by Duncan’s multiple
range tests. Values not sharing the same superscript letter are significantly different, p <
0.05.
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Table 4- 8 The absolute and relative liver and muscle lipid concentrations of mice fed experimental diets for 5 months.

p values from Two-way ANOVA

Treatment Group LF HF HF+SW SW

fat sugar fat x sugar
Liver
TG mg/total liver 14.41£1.84"  18.56+£5.43*  24.3+7.16° 21.89+8.40° 0.0894 0.0094 0.7174
TG mg/g liver 12.27+1.92 13.243.32 13.5+£3.53 15.76+5.49 0.5758 0.2411 0.2498
TC mg/total liver 7.98+1.33¢ 16.05+8.01°  26.00£7.24"  11.43+4.63"  <0.0001  0.0065 0.1842
TC mg/g liver 6.77+1.34" 10.19+4.34° 12.59+£5.0°  10.03+5.86°" 0.0245 0.1157 0.8244
Muscle
TG mg/total muscle 0.08+0.06" 0.15+0.03 * 0.11£0.37 * 0.14+0.03* 0.0214 0.0519 0.0088
TG mg/g muscle 0.88+0.70" 1.66+0.16" 1.42+0.32° 1.76+0.28* 0.0800 0.0554 0.0006

'Values are means + SD. P-values for fat, sugar and their interaction were analyzed by two-way ANOVA among LF, HF, HF+SW

and SW groups. The significance of differences among the four groups was analyzed statistically by Duncan’s multiple range tests.

Values not sharing the same superscript letter are significantly different, p < 0.05.
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Fig 4-26 The fasting blood glucose levels of mice fed experimental diets for 0, 1, 2
months. The fasting serum glucose levels of mice fed experimental diets for 5 month.
Values are means + SD. P-values for fat, sugar and their interaction were analyzed by
two-way ANOVA among LF, HF, HF+SW and SW groups. The significance of
differences among the four groups was analyzed statistically by Duncan’s multiple
range tests. Values not sharing the same superscript letter are significantly different, p <

0.05.
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Fig 4-27 Fasting serum insulin levels of mice fed experimental diets for S month. Values
are means * SD. P-values for fat, sugar and their interaction were analyzed by two-way
ANOVA among LF, HF, HF+SW and SW groups. The significance of differences among
the four groups was analyzed statistically by Duncan’s multiple range tests. Values not

sharing the same superscript letter are significantly different, p < 0.05.
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Fig 4-28 Oral glucose tolerance tests (OGTT) performed on mice fed experimental
diets for 5 months. A glucose load was given and then, at the indicated time points,
serum glucose levels were measured. Values are means + SD. The significance of
differences among the four groups was analyzed statistically by Duncan’s multiple
range tests. Values not sharing the same superscript letter are significantly different,

p <0.05.
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Fig 4-29 The areas under the curve for glucose (AUC) over 2h in the OGTT of mice fed
experimental diets for 5 months. Values are means + SD. P-values for fat, sugar and
their interaction were analyzed by two-way ANOVA among LF, HF, HF+SW and SW
groups. The significance of differences among the four groups was analyzed statistically
by Duncan’s multiple range tests. Values not sharing the same superscript letter are

significantly different, p < 0.05.
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Fig 4-30 Insulin tolerance tests (ITT) performed on mice fed experimental diets for 5
months. An insulin load was given and then, at the indicated time points, serum
glucose levels were measured. Values are means + SD. The significance of
differences among the four groups was analyzed statistically by Duncan’s multiple
range tests. Values not sharing the same superscript letter are significantly different,

p <0.05.
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Fig 4-31 The areas under the curve for glucose (AUC) over 2h in the ITT of rats

fed experimental diets for 5 months. Values are means + SD. P-values for fat,
sugar and their interaction were analyzed by two-way ANOVA among LF, HF,
HF+SW and SW groups. The significance of differences among the four groups
was analyzed statistically by Duncan’s multiple range tests. Values not sharing the

same superscript letter are significantly different, p < 0.05
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Table 4 - 11 The gene expression levels of mice.

Treatment LF HF HF+SW SW p value from Two-way ANOVA

Group fat sugar fat x sugar
liver

PEPCK 1.04+0.30 ™ 2.02+1.11° 1.43£0.77°" 0.53+0.29 0.0407 0.0126 0.1190
ACO 1.22+0.78" 2.99+1.55* 1.43+0.73° 1.27+0.34"° 0.0356 0.0917 0.0752
CPT-1 1.11+0.66 ° 2.82+0.98 " 4.78+0.61° 1.71+0.42°¢ 0.0005 0.0926 0.0574
adipose tissue

TNF-o. 1.05+0.36 1.54+0.06 1.85+0.63 1.83+0.93 0.2512 0.0721 0.4316
Resistin 1.06+0.44 1.48+0.66 1.61+0.77 1.26+0.46 0.2313 0.5741 0.9116
PAI-1 1.07+0.44" 7.46+4.54 " 2.39+0.32° 6.57+1.54° 0.06847 0.0608 <0.0001
Leptin 1.13+0.70°¢ 6.41+0.83" 14.61+2.46° 4.47+1.20"° <0.0001 <0.0001 0.0135
Mest 1.10£0.46" 3.97+1.34" 2.23+0.79" 2.30+0.28" 0.0104 0.4026 0.0006

'mRNA levels of target genes were normalized to 36B4.The mRNA level is expressed as a fraction of that in the LF group assigned a

value of 1.

’Values are means + SD. P-values for fat, sugar and their interaction were analyzed by two-way ANOVA among LF, HF, HF+SW

and SW groups. The significance of differences among the four groups was analyzed statistically by Duncan’s multiple range tests.

Values not sharing the same superscript letter are significantly different, p < 0.05.

*PEPCK : phosphenolpyruvate carboxykinase ; ACO : acyl CoA oxidase ; CPT-1 : carnitine palmitoyl CoA transferase 1 ; TNF-a :

tumor necrosis factor-a ; PAI-1 : plasminogen activated inhibitor-1 ; Mest : mesoderm specific transcript.
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Fig 5-1 Liver ACC activity of rats fed experimental diets for 5 months.

Values are means + SE. P-values for fat, sugar and their interaction were analyzed
by two-way ANOVA among LF, HF, HF+SW and SW groups. The significance of
differences among the four groups was analyzed statistically by Duncan’s multiple
range tests. Values not sharing the same superscript letter are significantly different,
p <0.05.
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