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Wild Bitter Melon Ameliorate Abdominal Fat Accumulation and Insulin

Resistance in High Fat High Sugar Fed Rats
Ya - Wen Hong

Abstract

In Asia countries, bitter melon (Momordica charantia; BM) is a commonly
used vegetable. It had been reported that the bitter melon has hypoglycemic,
hypolipidemia and anti - inflammatory effects. But its mechanism and functional
component are still unknown. Recently, bitter melon was found to activate both
peroxisome proliferator - activated receptor (PPAR) a and y which may be valuable
in prevention and amelioration of metabolic syndrome. The clinically used
antidiabetic drug TZD (thiazolidinedione) is effective in ameliorating insulin
resistance, but has side effect of obesity.

In this study, the effect of wild BM lyophilized powder on anti - adiposity and
insulin sensitivity in high fat diet fed rats was evaluated and compared with the
antidiabetic drug TZD. We used forty Wistar male rats at the age of 6 weeks.
Thirty-four rats were fed with high fat high sugar diet containing 30% butter to
induce obesity, then divided into four groups: BM (a high fat diet containing 5%
wild BM lyophilized powder), EAE (a high fat diet containing 0.25% EA extract
from wild BM lyophilized powder), HF (a high fat diet serve as a high fat control),
and TZD (a high fat diet containing 0.01% clinically used antidiabetic drug -
pioglitazone, serve as a positive control). For comparison, six rats fed with a low fat
diet containing 5% soybean oil serve as LF group. After 9 weeks, rats were
sacrificed and abdominal fat including retroperitoneal, epididymal, and injuinal fat
were excised and weighted. Epididymal and retroperitoneal fat were also used for
determination of adipocyte size, triglycerides and DNA contents. The activities of
enzymes participate in lipogenesis and lipolysis, and the genes expression of
adipocyte differentiation markers were also determined in epididymal and
retroperitoneal fat pads. At wk 0, 3, 6, 9, fasting blood was collected from tail for

glucose and insulin determination.
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Our results showed, the body weight gain of TZD group of rats was
significantly higher than that of LF group of rats (p < 0.05), and this was in
accordance with the well - known TZD side effect of obesity. HF, EAE and TZD
group of rats also showed a significantly (p < 0.006) higher abdominal fat
accumulation (retroperitoneal, epididymal and injuinal fat) than LF group, but
there was no significant difference between BM and LF groups of rats. This result
indicated that wild BM lyophilized powder was effective in inhibiting abdominal fat
accumulation induced by high fat diet. The distribution of adipocytes size, isolated
from retroperitoneal and epididymal fat, showed there were more smaller cells and
less larger cells in BM group of rats when compared with those of HF group of rats.
In addition, the triglycerides contents in adipose tissue of BM group of rats tended
to be lowered. In epididymal fat, the activity of glycerol — 3 - phosphate
dehydrogenase (G3PDH) which is an important lipogenic enzyme in adipose tissue,
was comparable between BM and LF, and significantly lower than TZD group of
rats (p < 0.05).

Northern blot showed that ADD1 / SREBP1c mRNA, a transcription factor
for regulating fatty acid synthesis, was significantly lower in BM group of rats than
TZD group of rats (p < 0.05) in epididymal fat. Hyperinsulinemia induced by high
fat diet was only observed in HF , but not in TZD and BM group of rats.

These results indicate wild bitter melon, as well as TZD, could ameliorate
insulin resistance induced by high fat diet. In contrast to the well - known obesity
side effect of TZD, wild bitter melon is more beneficial in inhibiting abdominal fat
accumulation. The anti - adiposity effect of wild bitter melon may be related to the
inhibition of lipogenesis. However, the dose of EA extract from wild BM lyophilized
powder used in this study (0.25%) may be too low to show its effect.

Keywords: Wild bitter melon, Peroxisome proliferator - activated receptor (PPAR),

Thiazolidinedione (TZD), Abdominal fat, Insulin resistance
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(NRIC1) ~PPAR - 8/ p (NR1C2)§=PPARy (NRIC3) - & &= #Refi¥g ¥ f4 11 % Fibrate
85 & 'y ¥ 5 E PPARE Rl (Activators)  PPAR #7237 5 $75 F 22 § § 48 & #H4p
M el F1 4 (20)° - 2 #= 7 ¢ 3 JLPPARYy agonists &% = me & F g€ & L
TAhEF > UZ 5’\:}@5%5];)’% FEHTIDHE® 1+ % (21, 22) -

(1) PPARa,

¢ 4rFibratesf ' %5 & # ¥ PPAR0 7% i A » PPAR0 &8 & 48 4 o & 4 civzr
R LR ARG OTR TR R PRIk 2905(18,23) 0 A 24§ A
1 47 2 PPARa st # 30 % 4o B & 0% (24) ~ VSMCs (vascular smooth muscle
cells)(25, 26)f- & % fm#e | Evim e (27)4 § £ -

(2) PPAR-5/B

B $PPAR -8/ Peist it X583 P FE>© wPPAR-O/PREEZ R AF 5 2
Bfcmre?d @ b mpESicd LB R A R(8 29) -

(3) PPARy

P w3 = #fPPARy mRNA & 4 g% (29, 30) > v i " &_d 7 F eInitiation
promoterfc5 - terminal region (A1 ~ A2 ~ B~ CfrD)17 B Exons*t¥i& > @ & 2 4p
e ePPARY £ 7] - PPARY2 &N - terminus+* PPARy1 % 7 303 & L& - PPARY1 R /£
AR S ERY oY TR oL § 0% 0 RPPARY2E - AR A ERY
(31) » PPARY3 % £ # & F eiinse « 4 5 fo7; v 2 8(32) » PPARy4{-PPARYS ¥ %
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REEdm% ¢ & PPARY6frPPARY7R| &_# %5 % e 8k ¢ ¥ f jp| 19 3](33)

¥ 7 % 4p {1 Prostaglandin (PG) - related compounds#-15 — deoxy - deltal2 — 14
- PGJ; (15d - PGJy) #_ PPARy } #xe3jE i #(34) o ¥ ¢ % Primary human
trophoblasts :#= 3 :}fﬂ dis F i Ry ?fr-kr@ - HODE - 13 - HODE4r15 - HETE~ &_
PPARy} ?xeniE i H[(35) - @ 4rThiazolidinedione (TZD)3#E % 4~ 4~ Troglitazone -
Ciglitazone - Pioglitazonef-Englitazone¥ PPARy&_& — 4 ¢i3/% it &((36) -

T ke g2 - & }7hPPARy agonists{rantagonists » Triterpenoid 2 — cyano —
3 ~ 12 — dioxooleana - 1, 9 — dien — 28 - oic acid (CDDO)-E_PPARYy agonists (37, 38) »
@ Bisphenol diglycidyl ether (BADGE)$-LG - 100641 & PPARy antagonists (39,
40) - B2 FR B T £ F B R ek A& 0 T AL H3Y 7 JZPPARy A BT U FT
BORNFEIRG oz T L FE AN ARSI L FR
- & 3 »x HPPARy agonists > &) 4o — £ 2 * g $ ¢ > j€ Saururus chinensis
(Saururaceae) %k eSaurufuran A > — £ § Ak 4 ifA&_Chrysin - Apigeninf-Kampferol
2 2 Glycyrrhiza uralens's (Fabaceae)® &= &1 & # » $R 4T kA4 RATPPARY
agonists (41-43) -

2. PPARZ Bk

= #APPAR isoforms % ’}#.‘fr'ﬂ ic Y § A end e > A d » B Functional
domains ¥ 76 i} Structural regions*7® = » # 325 A/B~C~DfrE/F - Nx4:hA /B
domains 7 7 PPARB}fL i* 7 & <fLigand - independent activation function 1 (AF -
1)(44) - DNA binding domain (DBD) & C domain¥_i{#_i£ PPAR#? p & £ ] } Promoter
region s Peroxisome proliferator responsive element (PPRE).% & (45) - D site ¥_
CofactorssiDocking domain - E domainz Ligand binding domain (LBD)#¥fLigand
i -MF > ¥ “PPARE & FIPPRE} # 4c p A Fleh4 B (28) o = &E / F
domain ¢ Ligand - independent activation function 2 (AF - 2) ¥ = 3| PPAR

cofactors » 3% iB3& A T &k s 14.(46) -
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inker
AF-1 DBD [ AF-2
HN—T] A B C L E F |—cooH

VN

VANEVAURNANERYAN

AF-1is subjected bind to rotation agonizt lock the recepior into
to phosphorylation PPRE an active conformation while
and sumaoylation antagonist stablize the receptor

nie an inactive conformation
®2-1 PPAR2 % 1}#.#%145:
F#L %k : Guo and Tabrizchi., 2005 (47)

3. PPARzZ A Fl# 41T % §4]

‘ﬁ% 7 X R 82 £ & éhLigands ¥ & 1 PPAR? » H ¥ i§ & Retionoid X receptor

(RXR) » PPRE{rCoactivators+ % i&&rit?* g8 44 -

(1) Coactivators / Corepressor (Cofactors)

FIE BT * et 4 > 3B J-9 F &2 Ligand - dependentih™ 3% 22 tmie 242 % B ok (%
* (17) - &2 F Ligandh{i/= T > Heterodimer?) ;' énin ™ +% 3% X £ 22 7 7 Histone
deacetylase activitys"Multicomponent co - repressors * k& Nuclear receptor co —
repressor (NCoR) §- Silencing mediator for retinoid and thyroid hormone
receptor(SMRT)4p % 5 (48, 49) » fDeacetylated™ :F3Histone ¢ $r]#& 4 ¥ * (50) -
48 F ¢ if & Steroid receptor co - activator (SRC) - 1§vPPAR binding protein (PBP)
it E 7 Histone acetylase activitysCoactivators > § fx# ' 3 ¥ Ligand &7 # F1#€ &%
B 7 e & (51, 52) -
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(2) PPRE£ PPAR P # £ 7]

PPREF 7| d_d 2 ¥ Hexanucleotides 2 ¥ — ¥ fi& ¥ 1§ ei7AGGTCA sequence 7
= eriDirect repeat (DR) - 1 elements (17, 53)° % f¢ 3t H T % % & X B riResponsive
element DR - 3fDR - 4 > }* DR - 1 elements £ PPAR - RXR heterodimer® - + - §
7 Ligand.% & £ LBDR¥ » ¢ i#:2PPAR RXR?) = Heterodimer » ¥ £ Coactivators
% & FPPRE} » fads AL FIEEE* o - £ &% F A3k A& F¢ 4oFatty acid
transporter (FAT) ~ Adipocyte lipid binding protein (ALBP) ~ Acyl - CoA synthetase
(ACS)frAcetyl - CoA oxidase (ACO)3% 3 § PPREA 7(54) »

Exogenous ligands

LT
.........

- Ccacmaﬂor Corepressor

Transcription

t‘.
»
o
o

B2-2 PPARZ z Fl#E & 1% 84
Tk kiR : Kota et al., 2005 (55)
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4. PPARZ 2 4 ¢

(1) PPARa,

PPARa %7 ?TP% B F LF BB R R T;Kf'_ 3 8% » ¢ ZrPPARa agonists
75 94 5P - oxidations 74 &> F £ & ¢4 ¢ (56) o 2 ¢t » PPARa agonists%ﬁé 3 4o
Fatty acid transport protein (FATP)4rFatty acid transporter (FAT):7% 3R > §jcim
58 ¥} Py 9% ik e P~ (57) - PPARasfLigands4rFibratesf-# ¥ Peroxisome proliferator
agents § Z;&Cytochrome Pys04A (CYP4A):1% 3R » CYP4A subclassiiCytochrome
P4so enzyme {81t 3 35 f& chw-hydroxylation (58) » i&d #8415 F ¥ M= fH i fqch
2 &3 o ¥ ¢ » PPARosE 1t ¢ 3 e Lipoprotein lipase (LPL):h2 3R.(59)frdr§]5+
% ¢ ehApolipoprotein (apo) C 111 (22) > & "% K= BH W gk & -

PPARa%ﬁ'ﬁ BEHRARICE VE BAAFIRESLS E By 60) 0 s
PPARa ¢ "% K 7g"pp § 1 18 % fodrd|LPL(61) - ¥ “t > PPARa agonists ® 4% 4y !
¥ 7% 1 ApoA - 1774 .(62) ApoA - I % % & 7y 39 (High density lipoprotein, HDL)
e & Apolipoprotein > %% i¥ tm* triReverse cholesterol transport (RCT)# % £ &
14 & o PPARa:E i » B3 F i "% H Cholesterol efflux “pump”® 7ATP
binding cassette A - 1 (ABCA1)2. % J.(63) » i& £ ApoA - [} HFRCTRZHE & &
¢ o— 277 7 Bt PPARo<#E it € 3 32 Liver X recepror (LXRa) k #i2 ABCA12 %
3.(64) - F1#* > PPARof-LXRo agonists ¥ i & § FE B &8 pag de 2R ok 18 % o

PPARa« agonists s F fn% ¥ 5 Fugf K 8% > g (8% & J2Prd|nre i 35  d
Vascular cell adhesion molecular — 1 (VACAM — 1)1% 3R.(65) 14 2 3 4r Endothelial
nitric oxide synthase (eNOS)#4 H.(66) - & p A % ¢ > PPARa agonists*# 4 j,‘E
¢ Interleukin — 6 (IL — 6);k & 11 % %F}é Nuclear factor - kB (NF - kB) signaling
repression*¥ X VSMCs¥ Cyclooxygenase - 2:77% 3.(26) - PPARa~ # % Apoptosis(27)
fee T A & ke geE S 1L hE im e ¢ H Tissue factor (TF)f-Metalloproteinase

(MMP) 14 3.(67, 68) «
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(2) PPAR-5 /B

PPARp agonists® % ¥ 3 & Pqg ~ # ¥ 5RA i ~ 97 3L  Cholesterol efflux
forep @ RN £ EF F (69, 70) o Selective PPARP agonists € /= * PPARP > 52 ¥
FEE D ARRRE I Y SR P R d FBIEAR(T]) ) PPARBE I 47 4 g5
?_E%\ ¢ ifiHeat - producing uncoupling enzymes (Uncoupling protein, UCP14-3) 12 2
vup @ aUCP2 » gL (5% 7 45 F 5 30907 ieiar 4 (72) -

¥k F A7 dp I PPARBE R 0B % - fGastrointestinal neoplasias 93} =
¥ s PPARB# 5 B — cateninf-Sulindac (NSAID) - sensitive factor € & #& 4P #%(73) °
% 7 PPARBE /| % fr i %5 MR A5 5 B (74) - 48 F ¢h > fdx L PPARP/) HeFm 3 ¢
ip 4 o PPARBF#|E % Rt~ ih2d = (75) > F] PPARBH E % penic® MR TR &
- HHE g o

PPARBHEA 3§ 4 stts E5 &d > AT 2 7PPARPx E 2R & i 5 %
o FUAPFAF HEFUZ EpPTEER Y L F R AR -
BromopalmitatefrL - 165041i% 4 PPARP agonistsit 3 JR.¥ 3 4r &k 4 S tw ¥
¢k it B I PPARP £ 47 $h R chMyelination > + 45 311 PPARBW it &% ¢ " f
RBFRIFER &7 (77, 78) - iT % > Smith® £ 33 & X 8| Mok kA i b T 3
$p i » PPARPF # 5 (R34 44 » 8% 7 PPARB & (¥ i§ 2 & ATE? (79) -

(3) PPARy

PPARY#H3 L F B & %5k %2 ¥ % » PPARy &P R % ~ i F T e
TR EgmEY PR R B AR R e@iioR 8 Fla ey
PPARYH $ugf L erfm 3 o ¥ ¢ - PPARY &R 88 LB fhdodo ihofi Rm v~ B &
¥ frInflammatory bowel syndrome+ ## 3 » PPARy agonists f#ids 7% 55 R A (v
4 PR ER & oo B E Agonists § 2 ¥ 53  Scavenger receptor CD362 %
R WA H B F L A LDLA 3 4 Foam cells:7345 = (80) o . p A tm® ¢ » TZDFr |3k
%t F]+ VCAM - l—frlntercellular adhesion molecule (ICAM - 1)¢4 I8 » & $P% P 3
HE P fR 0 (8l) A RE P htd hE % ¢ > PPARy agonists#r ]
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MMP - 9 gelatinolytic activity > @ MMP - 9% £ 5 a3, % j% (Plaque rupture):if% %
(82) e VSMCs e d " ifi kA it cha 3 ¥ R B ERehé d » aifXETHETE &
PPARy agonistschi & iv% p & » TZD;‘% d *# X Retinoblastoma protein g}k it 14
2 3 4r Cyclin dependent inhibitor p27:h4 3R » @ F#r4|VSMCse3 2 (83) -

PPARy agonists 2 F " sm % g F E 2 ¢ € # & - £ A Fleh & R4
Apolipoprotein E (apoE)(84) - @ PPARy agonists+ € 4 & F ¥in® chlm % ik 4
%o e H{E* (33K7 '}ﬁ‘-*{o gz w = i‘:}% N TZDE 15d - PGng %1 PPARy > ¢
RAEGDESwe A L LR LT F L 0% % (Pro - inflammatory cytokines)4r
Tumor necrosis factor o (TNFa) IL — 6 (85) » iz izt i #* A LPS - challenged mice
PEAFER(EE) o4 AL F AN EE e L L £ 3 F R PPARY » BT
PPARYiZ§ & - #3r | Ediiim®e 4 = %o e (87) o — & 2 v A #2431 chiB
¢ 37 © PPARy#r#|E % m® ¢ ApoB - 48 receptor > @ PPARYH 4r E ¥ w52 e
Apoptosis * ® PPARyi'Tﬁ d *% i Activator Protein 1 (AP - 1) ~ Signal Transducer and
Activator Transcription (STAT)#~Nuclear Factor kB (NF - kB) > % #r#|Nitric oxide
synthase- Gelatinase Bf-Scavenger receptor A:zk F] £ 3R.(88-90)- 5x & @ 7 »PPARy
agonists & 37418 K F REFRFERA L L5 F R

yehs 532 in DI PPARY S i <R %> f— & In vivofrln vitrods 3 5% ¢
# I » PPARYESE Apoptosisfrim® 4 it (£% i 87 b R4 B~ B 5% - &
7| Bﬁ‘\}% SRR Fhic Ak £ E (91) o ¥ %H iR 5 PPARY® 3FRetinal disorders
220 }f’e:}fg d1 > f Retinal pigment epithelial (RPE) cellsf-Bovine choroidal endothelial
cells (CECs)® - Troglitazone#r#]s ¢ p £ 2 & %]+ (Vascular endothelial growth
factor, VEGF)# ¥ ¢hChoroidal angiogenesis » TZD+ Fr 4]+ B frj&+ ¢ Choroidal
neovascularization 7735 = (90) - PPARy# & TZD ¥ + & :Retinal ganglion cells
(RGC - 5)2_$#u§ 1 3F12(92)- iz & i¥* B2 57 PPARYy ligands ¥t Age - related{-Diabetes

- induced retinal disorders £ B ciT# o

10
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s g kRime 4 & 3 Adipogenesis

g % . (Adipose tissue):d) = &7 PR EETATIM > § N EEPAREN
Tij4pF o gt g g 84k is @+ 97 2(Obesity) © &lw% g =Xt o I il
B T H€ 1= B 7y 9% o7 (Adipocytes)» 5 d 3 4e = B4 g XA &8 § o0
B R EI - BRAIRER § BEALED B
(Preadipocytes)2 f|g#Ten g irimie 2 4 » RiE§ e £ o &> L & F_
BBd AT Ik b e A% & & 7 95 e # 4 (Hyperplasia) i %5 7 Mg < 0 & ZeE &g
bt GIYE G ORI R R e a4 B R A R T
Sealenfede g o S P A g iR TE o Py e € § 497 %4 Lipodystrophy L 2
HER &3 > adeix Bg - YRRFETOEE FFEL LN o Flpt o 1307 fakg

e d BRGNP AE e AE I L R0
() "y %@ 4 & & i n vitro .50

BFE Y ik d & A endn vitro B8 Y 0 ¥ F A A 8 p Swiss 3T3 cells
e13T3 - L1 4 3T3 - F442A ¥ & 3+ %3 %% ‘w72 $x(Preadipocyte cell lines)(93, 94) - ¥
*t > =2 B ob/ ob mice # & g 9%10b17 cell line » E_¥ A& * $]#7(95) - A 1970
£ > Green 22 2 B33 E 11 3T3 - L1 system X5 "glmie & & 2£(94) » 34t &
Finre ) B H A F 0 2R % (Fibroblasts) o 7 7 &1 > e L B2 % § &
#Hc2 R AR R R & F LS Proadipogenic agents 4ok § F
Dexamethasone §= Phosphodiesterase inhibitor - ,?‘: g2 RRBENLTFR -
a2y R pE > F 5 dere ot JLF fe Cytoskeleton proteins i e f5 gk bk 3
125 > A= Rhgixm% 3 &35 5% & A 3 5 (Mitogenic signals) <7 Clonal
expansion > # % ¥ i 4rffs o AL g iR B> 2 (SR FIE RIS S RIFE
g asime o gL 4 L T F i In vitro $-:8 2 Invivo chiE iR A AR 0 F) R B & h
W G MM AR SR B B AL T B G AR - B F o 5]

% Catecholamine - sensitive lipolytic pathway 7733 & » it £ & & pFigipmiz s €

11
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KRz @Y A RS SRR LG 4 &2 F L S Factors iy 4 0 H
¥ ig# Factors & Endocrine control it £ 52 5 B o

& In vivo 7 3 45 1 »i1 54 3T3 - L1 & Ob17 preadipocyte cell lines 3] Nude mice
WA oA enn e E R D ¥l B % e L R A h(96) & B R 4
7+ In vitro — differentiated adipocytes £ In vivo adipocytes & 7 #p i erf 4 k3 2 #g
SR 4 &2 o 37 k4 F & I Human preadipocyte cell lines > 5145 4 W 472 § %q
35 ¢ B2 2 Simpson — Golabi - Behmel syndrome 2 3% 7 Human preadipocyte cell
strains (97, 98) » B3 A74 524 " ¥ 2 ¢ "99»¢71SV40 T - Ag transformation % 53
Brown preadipocyte cell line PAZ1 (99) - #-£ £ ¢1 Telomerase activity % £ Human
papillomavirus - E7 % 3& > ¥ # Human preadipocyte % Immortalization 2_ {& % F
H 40 4 (100) -

{igk 4 FERINLPED & LI —‘]}f ¥a W% ?.E'_% enMultipotent adipose - derived
stem (MADS) cells » iZi fm % ¥ )4 SIFEX vivoerigF{e o % 57 &8P § Self - renewal
g 4 0 FR T AR MR ¥ oo 484 ¢ fH(Diploid karyotype) > F ikiFF A i L 3F
% Mesenchymal cell types i #* &g # (101, 102) -

In vivo ¥ - % ’Jﬁfﬂg\é\‘# AF LW AL AERE B PRSI B
Ty e ABER A BRI ER e A R L RS BB S
mE Kareno sk b2 ¢t s A IR RAghme H ABE By 3 oo Bldop Yy
FYLT T RA T R E BT LR o T B2 B e
WKL et £ SR ho

(=) "5k % % § Multipotent stem cells

#RFF dp N ek p A Multipotent stem cells > 1335303 F hip 3
Multipotent stem cells¥ 4 i* 5 % f ehiw? $F3] o #In vitro® Mouse embryonic
stem (ES) cellserna it § Padpimechk iz — > F % k135 asbpmed § a2
#3384 Flfek B F1F h#F 2 (103) - Multipotent stem cells+ % 73" = # et

P B EE P REY AN %(104) 0 AR A - B ERS T A 4D Stem

12



$-% 2 kT AR

cells(105) = j& 4 #5795 %2 % % i-Multipotent stem cells¥ 435 4 i & 5 2 ¥ twiz if
A > & 37 3 F (Cartilage) ~ ¥ 5 {or~p (106, 107) - hMADS cells» + 35 = 75 95 fm Fe »
#-hMADS cells33 % & o F @2 0w 2 X AT > €35 PR FRHFUZ

B s dn e A g Ao 8 F1 S thd B(101) o 8] A § A ey e - G

Lipolytic pathway > @ it & i% ! Leptin - Adiponectin - 4 #3 % 2 % # HStroma
vascular fraction¥ 474 ) & # 3% enCardiomyocyte - like cells ~ Endotheliallike cells
frInsulin - secreting cells (108-110) - #3952 i fi7 4 chim?e & it 520 F #xruing 2 1
2 RGEATR P A5 (110, 112) - B BEF 1 ATE B Pg %5 2 3 chMultipotent stem cells

FREA RO R LEL o
(Z) Bimt 2 & & Gug Az

FE e AR R e R E A R4 A A L 5y
%5 s %% ¢hZ 7| (Phenotype) 37 % A Flehi > A pr 5 3 ~ ¢ #froi i) mRNA /
protein markers 7% 04 2 = BEH ¥ g dafk (113, 114) o spat v 3 8 £ 4 AR s
% = (Transcriptional level) } - ‘,ﬂ% TR T EE 2t s e dEd g e 4 & 2 g

Hogsinte s i 3§ R R T 6 e -
1. Growth arrest

ﬁ%m@%ﬁ#k@ﬁ%%mw—%a%aﬁﬁﬁgﬁﬁié°°@ﬁﬁ%ﬁ
4 %]+ > CCAAT / enhancer binding protein - a (C / EBPa)f- PPARy &_j #&4&7E |+
e%g %% fmfe % — 1 Jk F](Transactivate adipocyte specific genes) » C / EBPa fr
PPARY i< 487 i b & £ § B2 #3559 % & i £.F & ¢ o MeKnight - B/
1% C / EBPa - estrogen receptor fusion protein &% C / EBPa & 3 St &2 HE
(Antimitotic activity) > %33 Estrogen ¢ivE i it? T » |2 m% #icp v DNA & =
% 5 B d1 5 W g %k 4 & (115) - Darlington £ X ¢ 3 ¢ ¥ 3R C / EBPo §
3 4c p21/SDI -1 mRNA frd-v FehZ 3R > F]3 Antisense p21/SDI-1+ #j C/
EBPo 2 L r4]it* > 2457 C/ EBPo £ 7 3 4c p21 / SDI - 1 & R i o

13
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Spiegelman f-} M F:dg ) PPARy ¥ 3 # $ #* w2 {r Adipogenic simian virus 40
large T antigen — transformed cells &1 2 £ > figd £ 335 PPARy ihiwm®e ¥ » 5]
DP — 1 g}k it 4o Serine / threonine phosphatase PP2A catalytic subunit % 3

e

S ig dne ik HPiR 2 0 I % E2F/ DP - 1 complex (i 4% (4o DNA % & & 1h
75 (116)  F]¢ > C/EBPa = PPARy ¥ it £ | 1% % ¢ 4 £ &+ > 822X C/EBPa
fv PPARy £73%m% A P EBEF M4 270 L AT B ¢ ik I 5

ALtz nBTRwmiEiztd K o

2. Clonal expansion

FEAPER B2 L2148 @ gk & O X DA F o0 Mitigenic signals fr
Adipogenic signals 3 & % #3215 hA 1L B o B 2o PR BET 0 1%
2 kihmr giEiTme AN L DNA Al irme i > kit wreig it o
3T3 - F442A 4= Ob17 jm%e @ 3 > sm%e & 2| 8 4« 22 5L ¥ mRNA markers 9% 3.5 M -
@ | me & 4] € B 1k Pq 9w 04548 5 & #_Primary human preadipocytes ¥ i
BELTF NAHAPFAGEET > BERTFFLLIET (117) 2477 H2
d1Cell line system @ 3 > % & kit RepflpR R RS admeieity S A4 B
AR P EBL e g iRm0 H Inv1v0;r/n FTAVBH e FEIFERPM
e A B o

3. Early changes in gene expression

Lipoprotein lipase (LPL) mRNA &4 i€ ¥ 13 g 9p 5w & 1 % S dp4f
LPL £ & §ehmy dmie e 0 ¥ Aqrdlon Fafht PR E R enk ¢ (118) - C /
EBPs {- PPARY i&  #§4r5]+ 53 %% & i % 91 24434 %> C/ EBPs {- PPARy
B P £ g2 15 %27 5 18 A 1 e Adipocyte specific genes 3 B (119) - PPARy 74
RAFEFHESCITT 205 € @ 3 H 4 2 3T3-L1 %9pkm% 4 v ch¥ 2 X 4
F"f‘:xb B117 PPARy @ ® & R stmie ¥ EF 5+ h& R - PPARS &7 v T &
PPARy 2 % » 2 & PPARS thi AR LA hth G2 iR d fo— £33 % thinw

14
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¥ ¢ 3 CH310T1/2 ~ 3T3 - C2 §= NIH 3T3 i | # - C/EBPp {v C/ EBPS =
%‘rmig ‘v & % PPARy £ 42w » C/EBPP v C/EBPS % Hffre L& L AR

2.1 € 0 & 2 E# ¥ C / EBPa mRNA 4 3R & Adipocyte specific genes # 3R
2_w C/EBPa € #= M 5 4c % 3R.(120) -

RipipmE A PR e AR SFAT E A58~ Cytoskeletal
components = Extracellular matrix (ECM) components 73k & fr3] ;% 5 FF Af ek
% o ¥ % Cytoskeletal = ECM components ¥} 75 % m % & it B3 erm 3 3‘;1 A1 PG Bk
2 TG o BE R T R AR R B L L PPAR & C/EBPs %
31—?‘_—' % o

4. Late events and terminal differentiation

e iR B B R Y g k% 3 & 3 4 De novo lipogenesis (5 2 &
) fedtit § R AT Mo - R = B W P R Bt & ¢ 35 ATP citrate
lyase ~ Malic enzyme - Acetyl - CoA carboxylase (ACC) ~ Stearoyl - CoA desaturase
(SCD1) ~ Glycerol — 3 - phosphate acyltransferase - Glycerol — 3 - phosphate
dehydrogenase (G3PDH) - Fatty acid synthase (FAS){r Glyceraldehyde — 3 -
phosphate dehydrogenase » ¥ i ¢/ 42 ~ F-d F{r mRNA % RH{ 4c 5 10 ~ 100
(121) > Glucose transporters ~ Insulin receptor i & % § % 57 |+ PO e e B
Ta ¥k imre A i #p 0 By - adrenergic receptors s -5 123 B, - 4 B3 - subtypes i3
3 4r > # 4 7 Total adrenergic receptor ikE o % 0 BRE AN R b
mRNA 3 4 ?h > P ipimiz s £ H v pire Rk - 24 % - ¢ 3 Adipocyte specific
fatty acid binding protein (aP2) > FAT / CD36 iz # Fatty acid transporter )Z %
Perilipin i&#& Lipid droplet - associated protein- ‘,f Bb o Pkt P 3R 4 =0 — i Secreted

2

products # 353 ¥ % Angiogenic agent 7 Monobutyrin ~ &+t Serine protease
complement factor D 7 Adipsin ~ Acrp30 / AdipoQ ~ PAI - 1 §~ Angiotensiongen II
(122) - PPARY v C/EBPa % fr & it — £ A Flend e $£ 7 aP2 > GLUT4 ~ SCD1 ~

Phosphenolpyruvate carboxykinase (PEPCK)4~ Leptin (123) -

15
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Cell type Molecular events m

* “Wnt 3\
o Multipotent “6FosB
— stem cell *GATA

>' Determination

\

Chondroblast

o>
Osteoblast —— Adipoblast
Myaoblast
Others *Extracellular matrix
{:: e and cytoskeleton ™

Confluence% -—S B “C/EBP-B, -

¢ *SREBP=-1c
Commitment T Clonal *PPAR-y

® ana *C/EBP=x

CCFD( . =—.=-> EHF]EIFISIGFI
@ _® >Differentiation

S > &

_® C_ l__D oD *Lipogenesis and
\ 4 triglyceride synthesis
Terminal *Lipolysis
maturation Mature *Secreted factors
adipocyte )

W2-3 *opimied &2 auBaE
FHL kiR : Feve., 2005 (120)

(z) Pgirlmie 4 & i@ iy

A 3 S RAEA P s 2 & A TS R et £ -
& 1In vitro fo In vivo chA 3 B 1 » Bgipmie 2 £ A A - @ 8 oh
Transcription cascade ° &% s 3 Biffe® > F = BLR I BPFE»wed &
=+ g 4 F]+ » £ 9 Z_PPARy ~ C / EBPs §r The basic helix — loop - helix family
(ADD1 / SREBPIc) «
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1. #&F+

(1) PPARy
(D Role of PPARY in adipocyte differentiation

L5 ¢ &wTZDE PPARysLigands > 7 Kletzien® 2 #F LTZD¥ 14 fcds 7g W% 72
2 & 2(124) - PPARyE & &_fvf F1 6 4~ ¢ 48 3.(125) - iz Spiegelman’ 3.7 9% fn 7¢
% - hPPARyE 2 H BFf = 7 » BEor HIPPARYA & P ipimie 4 £ S B
a2 xEARATRRENY (126,127) > F]p* Lehmann ¥ £ &2 I TZDE PPARy
% M4 4 sLligand (21) - Tontonoz ¥ A #-3 & # ‘w® 4| * Retrovirus £ = % 3R
PPARY:Gain — of — function# 3 &L » PPARy "3 9pm% 2 £ 8¢ chE & &
¢ (128) o £t > arfgiplmie 2 & = uEfe® § & 7 PPARy«h: &0 § C/EBPa il
% PPARytht: &7 B &2 # 8 g p Mm% ena it » @ PPARy %23 C/EBPa™ it 3 #
"3 & 1 (129) 0 ¢ 4 7 PPARY$7 pam e & 1t £ & R 8K o

# Adipose cell - selective fatty acid binding protein aP2¢4-;% ¢ » H 5’ flanking
regionit % F g &rerdz 45 2 Enchancer® B g & engr 2 Tl 58 0 & eh%g 95 o o
® Promoter 73k F] % 3 (130) - Tontonoz ¥ * # % ! #* Region = ARF6 £ ARE6f~
ARE7% & é1Cis - acting elements > I 3 !} PPARy2 RXR iz i Heterodimer ¥ £7 aP2
# F1e05° flanking region 3 & (126, 131) - PPARy'f T FaP2A FIhA R o4 £ 0E
it3¥ % # v Adipocyte specific genessiPromoter > % 7y % w2 ¥ PEPCKe& R F &
1 PPARy:n% & (132) » st & e w6 22 A Fig 78 ] RlIn vivortFt 3 » HF R > -
&g 9% m iz ¢ 3 PromotersniE i £.F R PPARy > fe 2 i v m Y ¥ 7 F £(133) -

# % Loss — of - function® 3 + 47 I PPARy$ P ¥psm%e 2 £ FhE &b o & 5 &
1999 > = > 7 % 72" PPARy /] Bl 10 ~ 105/ » F15 2 & ¥ ehipk
A EE Y (134,135) 0 d WRER R g iEme d S A IR F S IS

(w.

# » % 7 f3A-PPARy ~'” embryo& ;% i % ¢ 4% > Rosen$ < §]* Wild - type ES
cells&? % > 7| ',f PPARYES cells# i ! Chimeric mice’ &8 /| &7 7T k¥ 3

e
¥ chie 30 7 (136) © 7] 5 ES cell genotype™ + $EPPARY$H2) =+ H ¥ 3 & tm¥e 37 7| &
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BREFENFTE > F]P FwPPARYH? & a4 0358 £ & ¢ o Rosen® £ » B
2 7 Wild - typefrPPARy '~ ES cell:fln vitro4 it 4 5] » PPARy 7" cells¥ % 2 73
e 4 & @ PPARy'/' cells? g3afiig &ML Ldgthe 7 % L Eatp o
¥ ¢t Barak % 4 {]* ¥ ¢hTetraploid cells % §& &t 75 & eha & % 4] i¢ Chimeric
embryos > iFE ] RA N3 SV e aiET ko F ARIBFRLF B N6 F 5y
%% 12 % (137) » Heterozygous PPARY - deficient mice? § g4k & eriWild - type mice4p
BT BBl R R R ERARE B AR S TG e f R

Cre-loxP{ v % k2 4 & - 4§ ‘,ﬁ% B WPPARysh% R ip ik | B4R 4p B2 eh
B B A2 L pR L £ dig 5 % S5(Lipodystrophy) )t 2 %% § R 3t o PR
B - E R s iE.%k ¥ PPARy % £ hKnockout | & » £ T {o @l & fg A5 € 1B brE
SR 5?2*?%’3-’9;1 GERE W gt E R %Leptin‘fr'Adiponectin;}“i /5 (138) - iF
B AR PPARY2 € & M8 g bk s R E g h et B R B ek b (139) o {1 #
Neomycin - resistant gene cassette¥d 5 7|3& 4+ 3 - "% €7y B‘F}_E_'.%‘l ¥ PPARy24r
PPARY1 % 3R £7PPARy Hypomorphic mice - # 3 3.3 %3 % % 35 % (140) - P #-%
- 25 f”’”# 239 PPARye [ B> BB A2 9% § APUEY g p e NEE
(141) » itz | BHCN F #endy JPPARy ¥ % w2 & X e & 2 o

(@ Adipose as the target tissue for insulin sensitizing effects of PPARYy ligands

- EFHFE A AT L 4 I PPARyHE T B R AR LIEY o &
PPARY# 1}  Prol2Alafk 7] % 41104 § fid ek § % 5t 14(142)» - & Sk
B % &t g 3 > Heterozygous mutation=FPPARY § i & B & ¢ § % #}2(143) -
7t Frd) [ A PPARy:Serinel2284f it ¥ 3 4c PPARy/E (2 > # H 7 € 3 24 Flow ikt
Kk R P (144) 0 N AEH F RS H Y - BPPARYH® A Fen ] 8 1 1
¥ P RG R AR (145) ) LB RFIE A FE T A AR A Rl
#1767 > F|A % % fdk £ LigandsEEPPARyhA B o % § 4o » PPARy 75 1.0
FRA-TOVH E 500§ R AR RS & F enied (146) -
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TZD £_PPARy & — 4 siligands > @ *3 57'5.3.5'_%5 F-pPARBEILAE4LR
PPARY > &1 # 2 & "5 % den) BY > TZDE 2§ 1% eh(147) » B85 37y
e R ATZDE? 3 & 2§ - TZD¥ 3§ v od5 e ok § & 50R 12(148) 0 8¢
APPARy & ¥ #279 A 2% - JIgoop ¥ PPARyi | R 55ek § 4 ful
g BRa o REITIDZ B FaF A% P14 - ApF eh> ¥ - B R -
FIsg g ¢ PPARYHCRS e BUj vop 9% § RFLLR & - e 353 TZDS A s g H 0%
BeniE® (149) - s RH v BT AL B E S P BT HET P ERLTIDE?
tha &= § o i’%ﬁ sz Adipose factorsiiia b » G yop i aRe § Baait § 25

E& :Lﬂ_'. ﬁ;‘ #* o
(® PPARYy regulation of adipocyte genes that modulate insulin sensitivity

- TRmiep A g R e R B fory ik R AR
} > & ZrPPARy ligands TZDR 9% § Z AR M 15% ¢ e fd g 9hkmi L F] o 7g 0k
Sre § AR B 5K B B R R % § AR G M ¢ 37 TNFo- IL
- 6 ~ Leptin ~ AdiponectinfrResistin » izt X F14 3R § X 3|TZD 3 & (150) - ¥ -
BTZDA & chi®® B8 R IPFR G ARL - @ PR3 g e B or I air R e
% ¥t M (151) - TZDF P b 38 & % 95 im % @ A58 ig vl x B4 B A F4oLPLAr
FATP (152) » 12 2 58 "% £ ¥ Jc 49 B Z %] 4= PEPCK 4r Glycerol Kkinase
(GYK)(132) 74 3R » F]yt » TZD;Ygé ESFs RARPRV R EERT Wl 2 RER SRR A BEN . S
PIHEY 0 FlaE R AR ARIER

(2) CCAAT / enhancer binding protein (C / EBP) family

C / EBPs&_J ** Basic - leucine zipperiri§ %]+ » © &3 = félsoforms » % -
Jfﬁ_fa"‘“p 3 A& % ¥ ¢bZIP domain)Z Homo - and / or heterodimers#g 4] i # (119)- H
Basic DNA - binding domain#? Regulatory element’ & % # A F] ¢ Promoters £
Enhancers}t o C/EBPs genesh& LA &= i 30 F(a~P~38) > v Penef s’

I * BRIy Bﬁ,ﬁg%ﬁ oo R IRL AT AIGIFEIFR o T ™3 48 02 HDNA - binding

19



$-% 2 il
activities » @ ¥ % v 1 Promoters ! 5 C / EBP regulatory elements:Trans —
activating reporter gene- C / EBP protein % 3g#> ¢ & 3k (Granulocytes){-?+im %2 crig.
fgmiti®E® Py i éd > FAC/EBPsHE 4 F Birffts 3 £8 44 (114)- C/
EBPs¥ 3 &°3% % & =t ¢ 357 "2 ¥ mRNA % g1t > In vitro® cAMP® &&_
B 8s % 4 £ & dilnducer o i 53 I PE 3 3 C / EBPafeC / EBPBin 2. o

Aigikimie 4 & S > - C / EBP family membraness B E X 3|8 & >

iT % £.Gain - and loss — of - function= 3 *# il BE R B iRiFER ke n
FE o bt K ehw s mie thif H 4 > C/EBPB{ro mRNAfe3-v 25 % 2
R B C/EBPaR| i it S enfR B AL F Ik » ¥ 7 375 i - & Adipocyte
specific genesi7Promoters (119) -

In vitro:HGain — of - function# % 7 ¥ 4 5+ 7 C/ EBPB{rd:rProadipogenic &
¢ bt} FEFEET B =4 RC/EBPBa 533 #3T3 - L1 cellseha v 18 % o
#C/EBP3®@ 3 » P EZ R &AL ER i b ©C/EBPOT 4 By ¥atmie 4 &
& o C/EBPPS if @ik— & % A {4 & 4 %9555 > & =4 .C/EBPB NIH - 3T3
PRt we b FE OB E TV RA RS S8 F R me ik b C/
EBPB2 65 » § d2 ™t (K7 % ime 3 £ & ehiged > & 2.4 % b pF% > C/ EBPBHrd
B § BT IR AR e g R 2 rg e e (120) o

In vitros#= 5 » B 7| 85 11C / EBPa g7 4 & 2 & ¢ > Retroviral%
F.C / EBPosii3T3 - L1 g%k S 882 mie VAAFEL L 2 5 SRV
¢ > @ § ipd W' £ 35 C/EBPa antisense RNAFF » € prg|H 4 it i¥# (153) o

(3) ADD1/SREBPIc

Adipocyte determination and differentiation factor 1 (ADD1)&_Basic helix —
loop - helix (("HLH):r i 45+ » bHLH protein} =3 % — ey & 8% » ¥ w] &
By ¢ Z19a955 £ fe efiMesodermal origin < ADD1E 1243 £ E - boxes motif
(CANNTG)iz: BbHLH proteinsiDNA recognition site’f & it # » &~ B P %% m%
¢DNA® £ 34 % (154) s ADDIZ B4 R ats d s Hx £d 4 s "o
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% o Sterol regulatory element binding proteins (SREBPs)3 & "4 T fi§ £7 2 35 2 1 3
47 BE 2L Flenig 45 1 * (155) 7 Yokoyama ¥ 4 ik 35 2 Sterol regulatory element.3 & it #
orip > E 7 ) k 22 ADDI14p F g4k F]+ > & % 5 Sterol regulatory element binding
protein 1 (SREBP1) - fivf st # 3= ¢ 5 = f&SREBPs > 4 % # SREBP1a - SREBP1c
§=SREBP2 - ADD1£ SREBP1c:r7Amino terminus£_1p f :3(156) » ADD1/SREBP1c
3 F B¥ 22 Sterol regulatory elements (SREs){rE - boxes.® & :iDual DNA - binding
specificity °

Kim# Spiegelman:4-ADD1 / SREBP1c mRNA £ 3R fo5 P 36 me fh ¥ FIR7 P
B A 1 i8® > 457 7 ADD1 / SREBPIci "y "simie 4 £ 32 &4 (157) - 3
R % F.ADD1/ SREBP1c#3T3 - L1 cells .3 7 i § e 4 1 T > grymdlimdn v i
7 3 4r ehAdipocyte marker# R4 E Fg B g o 2t ¢ > B =4 RADDI1 / SREBPIc
R e i FELTT g - B smie i g o B8 384 21 ADDL /
SREBP1c® "y %5 m% 4 & éija‘ B o

ADD1 / SREBPlcér g im®e 4 & & o i i §|p B R 2 F # > 7 - 73
ip 12 PPARy} M o Kim# Spiegelman 2 PPARY reporter system® i Fr % JLADD1 /
SREBP1c# PPARy# 1.3 { + trf&is 4t » & ¥ b4 LADD1 / SREBP1cR| £ ¢
fe# (157) » ¥ - j2f8 5 ADD1 / SREBPIc¢ 4 & — # |3 @ 3 4c 3 PPARy & {5 o
Kim% 2 4]% {3 4/ADD1 / SREBPIc % FE 8775 ¥ fn % e 1 > fe ¥ %3 PPARy
ligands TZDFF+# 2 2 w4 H & o 5x& @ 3 » T %% 87 ADD1/ SREBPIciz ¢
2 4 PPARy ligand 2 = (158) -

822X ADD1 / SREBP1c¥} % hdm¥e 2 & & el W % ﬁ,‘- # > {e e 5rADD1/
SREBPI1cf|rss 5 " 4 & S 1 pefapt & A Flend o ig# A F1# 325 LPL > Fatty
acid synthase (FAS)~ACC~Spot 14 Pyruvate kinase (L - PK)§~Glycerol phosphate
acyltransferase (159, 160)- § 48 {2 £ 4 S € {1k "% 2.3 ¢ ADD1/SREBPlc:h4
A e T4 &+ > ADD1 / SREBPIcHI% ch] Bl § &S 3R 4 & % ok o
B> AL ETVASE RS TR > FP 54 BB § oy EREY ADDI /
SREBPI1c:H% 3R.(161, 162) -
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4) # v @&

Tk -LHURBEFII VB igpmed £33 M R TEE&FTE
7 PPARy% C/EBPs— (2L i A hi R R &F > v PP LR

14
Y5

kTR
beicd

LR EE RS TS K
® PPARS

PPARSE R i 4 et — 87§ B 1% 228 - cAPPARGE 1 A% 3 S 8 =
# RPPARS:Hg 2 e » 7 @i pimie 2 £ 2 (163) e H v o g 4pdi > 1 g
féLigands % /& i B =% JLPPARS & " ¥ % € g7 ¥k 4 & & o Berger® 4 #
PPARS ligands 5 p 2 144 B4 PPARS:3T3 - L1 cells » % .3 32§ 3 55 % m %

3753 (71) o d FE A 7 wPPARSH Pn pime 4 & S ehk & AR E 7 P ageh o
@ GATA family

GATA - 24cGATA - 3i& % B GATA family g 4715 » & %200 5 B i§ 20
Zinger - finger DNA-binding protein » ¥ i 2 R A % fgipime ¥ ¥ A s XA R iT?
PR TAE o GATA - 2{GATA - 3¢nE = £ TR € Prf|fg pimoe & (b > i 95
mre 4 & S andrd| 1T T o B8 MPPARYBE M LKA & e gt ok > 32 7 GATA-3
(hEC cells # 3 4 1 3 Fg e ime chit 4 5 G Flere | &> H 79k 8 8¢ GATA
-2cGATA - 34 REEF 4 4k o T P §(164) -

® FOXC2
f& 8 F]F FOXC2 &%y "4 %2 ¢ 4 4L ] 4 304 Pleiotropic action > — &&= % 4p
ERPFTR AP FRR Y PR ELL &9 A £ RFOXC2i ] &4

PR hd A2 g ML) AR ) A4 Fgikm% ¢ B - adrenergic

respronsiveness)/ 2 § jj’ 4£(165) -
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@ OIf-1/early B - cell factor (O/E -1)

O /E - 1& Helix — loop - helix:r{&4x %]+ » * £ 2 R B}~ % - STwie ir
Faip s (166) 0 O / E - 1iZ#IB# ~ % % — (chfk 50U 2 &34 337 Olfactory
receptor neurons® 13 #](166-168) - 3 A 3 45 11O/ E - 158 %q %= m % ¢ GLUT4 %
Fler 42 (160) > e H A mipime 2 £ AV chék ¢ R A ST o

Akerblad ¥ 4 yZRetrovirusg % 3T3 - L1 cells ~ NIH - 3T3{-MEF cells # % 3
O/E-1-%37 &g A 2% 2 12 PPARy2~aP2~ G3PDH{-GLUT4i: & Adipocyte
specific gened ¥ B HE > L O/E- 17 §jd s i lmie el (L 8% o § ¢b » &g
H#$13T3-Llcells® O/E-1:h4 R ME BB A A nimecnin 4 > @ ¢ -
& A i 8 B ehAdipocyte specific gene4rG3PDH ~ AdipsinfrGLUT4 % 3. € ™ * »
4 %37 aP2 » PPARy14-y214 2 C / EBPa & > o 3 S5 7 HO/E-13 £
RB i chE tS A (L@ B S R R bkt B e g iR $H9870/E-1

g kimie 4 & & ¢ P #7enlnitiatorfrStimulator2. & ¢ (170) o
® Liver X receptor a (LXRa)

TR L KT LXRoE B e et B T{o R AR~ #an &5 M (171,
172) LXRoA & # R 482 70 J1 S 38p B 0 e 802 o o3 ® i 2 0 e B B3R o 0K o
B9F55Y LXRash4 B2 PPARa# & (173) 0 @ L E v ¢ § £ PPARy:H 7 &
(A74) -

Juvet® { HLXRa# giple v hi d 2 27 > 4g HLXRa$t = # g 9 w27 ¢

Lrafiufad d > £a57 7 LXROEPPARy g B i 36e cnM it - F R
4 PPARYy agnoists § = * # & Obese Zucker rats ~ Human adipocytesf-= $3T3 - L1
adipocytes® LXRas4 3B 5 4 it ¢ ¢93T3 - L1 adipocytes’ # LXRa agnoists2_
o R4 B g g R ¥ ¢h > %5 p 4 B LXRa agnoists § 3 4r = #3T3 - L1
adipocytes ~ Human adipocytes{-71's LXRa ] H¥ LXRaiF& R > » g4 2
& & A Flend 1 (175) -
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LXRoE ZF B £ 28 %m0 it iR 2 e Seo¥ A 3 7 LXRa
Lkt At ihd d o AR A L FE L ER BRI 0 N LXRa
agnoists/xd23T3 - L1 preadipocytes ~ 3T3 - F442A preadipocytesf-Primary human
preadipocytes > € & %5 75 dnfe A 1t 4o g b JF B AF T3 4c - & Adipocyte specific
genedrPPARyfraP2en4 3 o ¥ ¢F » §| % EMSA & 7% i (hLXRoE % € & &% & T
PPARy promoter}t » H 2 % 3 L PPARyE_LXRa#7:Target gene - i&H4 % % & 1
LXRa%ﬁé A &5 F 4 £+ 2 Adipocyte specific gene® . > & 522 Fgdplmre o b 1F
* (176) -

2. A transcription network

¥R d SR TR g - BREA IR ORS > & 8EC/EBPs
FrPPARyid § ei5 6% 4 B > C/EBPPfrd st 5558 ¥ 3 & 2 i 2 — L35
PPARy:& 3R o hfid [3F > C/EBPBfrdp 2 fendk A & PPARy2Z % » 7 C/
EBPBfcdcrf =4 MRl % 1 PPARy 4 R.(177) » 23 % (% £.3%i6 & PPARy
promoter® C / EBP binding sitessne &4t * o B > 2 ZLPPARyhGain — of —
function2. # 7 & & * & — {£PPARy ligands:£ #C / EBPo mRNAZ. #3407 »
PPARY? # #C / EBPasiF i o § %754 84 jwe & 927543 ' % 2 4 £ PPARy
P gl lmie B2 R A gk me 0 T PR X G & F C/EBPBfrdini R > @ C/EBPa
i BN o R 0 C/EBPa ™ "chih a2 % H PPARy-HA B0 » ¥ 2 % A F R
55 ER ¢ m2 i) = g k% > § 14 Retroviral vectords C / EBPai% » Flig it tm
@ B w4h T PPARYM & A vy 4 o L BET d1 & PPARy{C / EBPo.3 4p 3 % 4
F.1* ehCascade? > 3 — 13 Positive feedback loop » % 77 7 — & #4324 ¢ » Cascade
fABEriEFI i R- B M B ind AR o ¥ 2 ¥ i £4 C / EBPsir
PPARyén t 25~ T U L 53 Nk Bsed @Fgirmizd &2 > @ ADD1 /
SREBPlc &gt i3 ¢ i ig$k 4 & > ADD1/ SREBPIc§ i# #PPARyA R 1 2 &
4 4 &} 4 4 Ligands % 7% i PPARy (121) -
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3| AC/EBPsZEPPARy &y Fimie 4 &£ 2 ¢ cnie# F L7 F a3 e & &
PR AP - BEI AR A REFAATFIASFRFERLT? - o
F PPARY ¥ 4§+ $84 2 7 2L 2 #8C / EBPa - deficient cells:7%; %% mbe 2 &
= » C/ EBPa - deficient cells¥ 43845 #q 2 &R+ {84 Paipimiz 2 £ = chdp ik o
L RMeE S FRRXENRIRS - 1A R ZE &% L F B0 L
Postreceptor> @ 3 £ ¢ § 2R 2o ¥ #h > 4 &rif PPARy{rC/ EBPaL 5 ¢ i % >
TRl A BT AP M A FIZ A TR(118) > SR 1 i dlie A R 3 5 A
%% J ¥k p¥ 5 C / EBP protein®? PPARy / RXR+Binding sites » &]4-PEPCK
(132)fraP2 (126) » ¢ ¥ 3% &g o1 21— A éi 51:""’ (3 5% o
BissE&m 3 » PPARy R s 4 £ 2 ¢ § 9G¥ F & > eC/EBPal| £
e g d > AR FHRAPPARy R e ¥ thd R o ¥ ¢t » C/EBPas figdFe 4
fLefgiptme oL § AR Y AL & 44 (178,179) -

Insulin Sensitivity
(e.g. IR, IRS-1, Glut4, etc...)

C/EBPu

Secreted Products
__—» (e.g. leptin, adipsin, adiponectin)

PPARY 7~ /
Z
ADDI1/SREBPIc \ Lipid Accumulation
(e.g. LPL, Acetyl CoA carboxylase, etc...)

C/EBPP
C/EBPS

®]2-4 A model of the transcriptional cascade leading to adipogenesis

Tk k&R : Rosen., 2005 (180)
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3. Coactivators of transcriptional regulation by PPARy and C / EBPs

2 TR ETMAT ) EEFF € 2 H Coregulatorsiz & k3R I F B4
ARG T PEECEE S 2ET £ d - ¥ 5 Coactivators e F-v 4
Temporotemporal manner3} & » ¥ it 3% 75 e 4 i 1§ 42(181) - PPARy § fr
p160 family ~ CBP / p300:* # v :Coactivatorsip ¥ 1% > § 5 Ligands & p¥ » i&
#* Coactivators.i & I{PPARyCarboxy - terminal AF - 2 domain °

3 @ f83 & 3§ 3] hCoactivator complex > 4 %] % p160 / CBP/ p300 complex.? 2
DRIP / TRAP complex - ¥ - f@#g3| 5 SRC - 1/NCoAl ~ TIF2 / GRIP1/NCoA2fr
pCIP / ACTR / AIB1 (116) > ig# v J'5 7 % & & PPARy:PAF - 2 domain? > 4 §
f=CBP/p3004p 3 i€* > @ CBP/p300F E #&f-PPARyi®#* ¥t i¢ Complex { F& = -
¥ = #8473 5 DRIP / TRAP / ARC complex § 2 Ligand dependenti= 3% 22 tm ¥ 4%
B2 B3 v* (114) - B ¢ $ig 5 1 (7% ¢rComplex £ DRIP205 / TRAP220 »
Complex 2 PPARy binding protein (PBP)- # £_r2 PPARYy# ¥ 4] * Yeast two -
hybrid screen*1ig 72 I} k ¢ o

% #& PPARy:fCoactivators 4 %] £ PPARY coactivator - 14 -2 (PGC-1,-2)’ ¢
™ # & Ligand dependentie 8857 7 2 4+ % - 14 > PGC - 12/ PPARY# #4| * Yeast
two - hybrid screenf§ 7 ¢ "g%% ¢ #7iE 7 1) % ¢ ; PGC - 2€_12 Amino - terminal AF
- 1 domaini% ¥4 * Two - hybrid screenj& v ¢ Pz ¥ Library® #1378 1) & ehe o &
i 7 2 C/EBPs4p 3 i®% hCoactivator complex > & &3 = fa3E 3] chCoactivators ¢
2 C/EBPB4p 3 i£# (181) > — #& & Chromatin remodeling SWI /SNF complex > # i3
L F iRme P B - 2 A )% - 88 CBP/ p300 coactivator # ¥ % » £ PPARy
e7% »cCoactivator » #7121 CBP / p300¥ it $1C / EBPs& PPARy2 F inj 17 % § &

£eho
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(T) flprgpmie 3 & & h%] 3
1. Glucocorticoids (GCs)

Rubin ¥ % 4| #* Dexamethasone (DEX)iz-®# & = 7 GCs » X i % 3T3 - L1 cells
#1 DEX / MIX differentiation cocktail 170 & » @ ® DEX » ¥ * A3 v % 7y 95 mbe
BAohrd § E SR A KRy B £ 9 7y 5 e A v+ 5 & PPARy 4 C / EBPa
s Transfection 7 3 ¥ (182)'DEX ¥ M F@ a2 wre £ 14 Z g i5m¥e - . 3T3 - L1
cells ¥ » GCs # % C/EBPS th4 3 » C/EBPS 3§+ ¥ it £ 513 C/EBPS & C/
EBPp heterodimers 335 > X{3 3 ¥ # PPARy £ 3 o & Ob1771 # %3 %5 jm e
z 7 ° GCs e} & 7% § 34183 4 Arachidonic acid = 3#{# ¥ Prostacyclin 72

o+ 4r > RS H 4 lm¥e P cAMP (177, 178, 183) -
2. Methylisobutylxanthine (MIX)

MIX 4x i ¥ % 3m5e pfee 1598 5 2dm e 0 (> MIX A GCs - # » ¥
® AL A L > MIX g #4c C/EBPP thd B> @ © pt 3 se 302
15 PPARy ch& L4 Z %gnimre A 1« B2 R eho MIX (€% chp g~ NB A 1 f2 o o
v MIX £ 3r#] Phosphodiesterases 1 % #t& 74| A1adenosine receptor > » ;g d e
%7 Inhibitory regulatory protein G1 % §]j Adenylyl cyclase #7/E s i 4 57 MIX &
o A% B3 4 cAMP 03 30 k8% (113) o

3. v

girmie 4 & 2 g% #fF EEMEK / ERK signalling pathway ¢ Transient
activation > ¥ 238 A 1 3§ AZ i % 02 £ € & 1(184) - Bost® 4 4] * ERKI1 '~ mice
é—ﬁp;‘i:};} SLE* SO W ﬁ;rg U IR e o @ BT PR B Ak § i B kg g
£ %Pl Bt % HERKL “micedah iy irimie ¢ FIRH i eimie 4 & & F L fech
(185)
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p38 mitogen - activated protein kinase (MAPK)¥ "’z %#mie 2 &34 § F &
¢h > pIBLIE (v iR T g st f B BehA L (E (186) » Afghime ¢ 2 L AT

T Ep38 s 14.(187) -
(#) Frdligipimie 3 & & enF3
1. Protease inhibitors : highly active antiretroviral therapy

Highly active antiretroviral therapyS_$tHIV / AIDS 4 g s * 2 (NER AR
SEED SRR AN Y B E AR LN ¥ ) i# 75959 + (Lipohrpertrophy)
3R 4 (188) o ftwme 33 & 9F7  4p ) - & Protease inhibitors # # & Nelfinavirf-
Indinavir > § % % g 9B dmre A (L g Ry Fr 4 £ 2 K 4 Apoptosisfr iy fi# i #
(189-193) ° iF % - In vitro# % 45 I} Efavirenz iz # Non - nucleoside reverse
transcriptase inhibitor¥ 5 4 ¥ pri|fginimie & L P R F ke 0 A R R A

SREBPIci ¥+ T # &7 M (194)
2. WNT family

WNT family i d Autocrines' Paracrineshi® s\ 38w 5 we fdlfag B » 2 1=
# LWNTI1 genedr4| %y 7% m%e 4 & = (195) - WNT = 2 #r#|PPARy{-C / EBPairi%
B ApF hhw g ¢ drd | WNT signaling® 3 p 3 s v 8% > £ 57 7 o
pimse § &4 ] 3 fLAWNT A $7414 o — 2455 45 I WNTI10b gened & 4 &
Wi Y TEFA LR A o T R & 3% 2 WNT10bF 3 4« Myofibers® 3 B 3%
X 2 A 4e Myoblastssn®g 9 m % 2 & = 4 o 4p 5 0 SEE R & IWWNT10b R $r i
0 ¢ B¢ v e ghend) & (196) -
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3. Pre - adipocyte factor 1 (Pref-1)

Pref - 1 £_§;* Epidermal — growth — factor - like repeats containing
transmembrane proteins (197) » 2 3 R A R A n fgipimie ¥ > T A g imie 4 (v 3
FRAIREELF " Y xR gihmie? BR7 F[Pref- 1604 3R> AR % RPref-1
& #r4I3T3 - L1 cellsi?y pimie 4 £ =(198) - 7 #7673 4p 41 > #-Soluble form:f
Pref - 12 R & | %2R F5Y » ¢ Wik Ring § 3 34 % |2 F el
(199) 5 ¥ - 7 %+ 458 > Pref - 1 knockout mice § 1 3.5 3(200) - iz & 77 3 & 77 In

vivo? - Pref-18_f w g} & o
5. Cytokines

# X % g% ¢ 457 Tumour necrosis factor a (TNFa) ~ Interleukin - 1 (IL —
1) ~IL -6 ~ IL - 11 ~ Leukaemia inhibitory factor ~ Interferon - y ~ Oncostatin M4~
Ciliary neurotrophic factor (CNTF)%’TS_;_“"' Frd|Pgirimie 2 £ = 5 M (201-203)° &4 IL
-1 g #74] 3T3 - L1 cells & i 12 2 ¥ ¢ Stroma - derived H— 1/ A cells 7% 7 ' %e &
it 5 Interferon - vy §- IL - 1 #*+4| 3T3 - derived preadipocyte cell lines = Primary
rodent preadipocytes 7535 % 4 it o TNFa j& > LPL & = 11 2 $rd| g % mPe &
Lo FEPUBMENTNFe L3 ARG B0k - BER > § @ % R oy T
B T R g ikind Al o 2t > %5 TNFa ¢ i # *% i< PPARy ¢ mRNA {r
9 4R+ P 4 PPARy DNA binding activity » ¥+ 5 3> ¢7 C/ EBPa §r
aP2 £ 3 > p 57 TNFo #2382 # 5 e (5% i3 17 it £+ T # & PPARy -

TGF -+ §- fiimv s » ot 304 hm e 3 % H8 ¢ » TGF - B %5 % m %%
A E G sxendedl B 0 @ TGF - B ded] %3 mre & 1 07 i 4 LJFd 3+ ECM
components 1714 = o % Invitro ¥ TGF - B ¢ ] 'g 95 e crdff 2 3 e P 95 bn
sed & § o) SER AR TGF - % § 5> 2095 e Bh o 338 TGF - p #4795
doie o bRt ® X @4 F)3F SMAD3 #r8 & 0 k2% C/EBPa §- PPARYy 74 R
(120) -
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6. Dietary factors

(1) Medium - chain triglycerides (MCTs)

Be >

o

% R AL 9%y 9% ik oLinoleic acid € 3 4x A #g 9k me ¥ = B4 W fqihRE s 0 (@
e fr—i R sfE g Prdl T s 4 4 A o &k § cAMCTs' M E & S # 07 95 dn %
Hcp 2 L[ (204) 0 g 1EF T N B smee 4 & % > 002 % MPPARy ~ C/EBPa
{-ADD1 / SREBP1c# 12 3-v F % 3§ B (205, 206) - feik + » %5 § 3 MCTs
ARG R E T E MM o 2t T B R S MCTsR Frgispheng 18 % o

(2) Conjugated linoleic acid (CLA)

CLA & Linoleic acid (I8 : 2 n6):h .3 - i & tha R §4 5 c9, t114rt10,
Cl2: 2 F hEF Y Sd mpFit? @ 22 - AF Y ¢ 110,c12CLAK T ¢
HAR R R X e A E £ A s B A (207) 0 3 5 In vitroF® 3 45 1 0 %3 CLA
b | ##.Lﬁ' € ¥ fg ik dmre ¥ iy B fg > 11110, c12 CLAKJIE3IT3 - L1 adipocytes €
Camie ho = F W fin 7 £(208) A gtk WSV cellserir 23 K Y 4 AR i %
(209) CLA e g ¥ 5m% 4 & £ i5% 2 83|17 R 2 ;f— # 3 P 3 % Rt10,c12CLA
T *#3T3 - L1 preadipocytes * PPARyfraP2é34 3 » 12 2 *% i€ Primary human
preadipocytes® PPARy ~ C/ EBPofraP2:% 3.(210) -

Guanlund ¥ % # 3 t10, c12 CLAR 5 96mee ¥ g F3afiena 3 841 A $ R
t10, c12 CLA F3r#]3T3 - L1 cellsfrHuman adipocytesif?®g B 3a 4§ » » 3 R ¢
{10, c12 CLA# £_PPARYy ligands iz 77 12 % i & 34 %5 % m¥% ¢ PPARy&j& it » 11 %
w7 3 &PPARYZ H T 54 FldraP2frLXRai% R o iz ¥ 5 :}Fl M APy Rimie 4 &
= & > 110, c12 CLAZ_# 5 PPARy:3 & ¢ % " 143713 - L1 adipocytes ®
Adipogenic marker genecrZ R 0 F@ P g ke ¢ Ry B3 AR (210) -

£ FGuanlund % 4 #5373 L7110, c12 CLA® T 3 & 73 95 lmoe & 1§ FF 975
ehAdipogenic marker gene# IR » 14 2 353 P8k 4w o2 110, C12 CLA 6P [ 22 g2 pr

il EheP BT o HEFHET AP EFH A F0D]6%)% 110, cl12
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CLA » % & # §PPARy{rC / EBPak 3 » ¥ Hf 4r AJZPF ¥ (& 1 $ 0311% )R] § Frf]
PPARY™ #5£ Fl4rLXRo. ~ aP2frCD36:74 IR - g4 % % 45 4 7 110, c12 CLAFr ] %5
s dmve A 1 3P B 2%y 34 0 ot 21 A 14 % 3 (HPPARy4eC / EBPart 2 L 2
LXRa ~ aP2{=CD36 > i& & Adipogenic marker gene2_ ¥ <r14p 3 3 & 3 M (212) -

(3) Flavonoids

Flavonoids #_* £ i3 &35 fo-k & ¢ st &£ 4+ > + %4 ¥ Flavonoids &7
2y i H g v 7B o Kuppusamy - Das % .- & Flavonoids ¥f Primary rat
adipocytes 3 Epinephrine - induced lipolysis -3{¥ % (213, 214) » ¥ ¢} Shusheva §-
Shechter % 3R Quercetin i&4& Flavonoids » %’ﬁ d 4| Insulin receptor tyrosin kinase
FERTT % G R A &g 2 £ A(215) - izt Flavonoids < &7 75 we ¢ A iy
jrgrgrqlig 4 & 2 8% > &g 4 Flavonoids ¥ st " 1% %5 e S end § & e #g 9%
e 4 £ o

Genistein £ £ 7 2 $ /&4 % p ¥ <0 Flavonoids » ¥ g i F 2 IR

’J;]‘U% FRaBfe L #H Mk > T XG4 Genistein #- & %595 0% 5§
Frilmvpimie 2 & S eni®® > ®HET 84113 5§ #(216) - Harmon ¥ X 49 3 4y
3t » Genistein $r§] & & % &2 & % 15 3T3 - L1 preadipocytes 3§ 2 » H drd| 7y 95w e
AL 3niEr EFG AFEL 28 T2 [ FEPRF > FF LA LER
Genistein » € 5 d *% i< C/ EBPp 22 # ™ #5¢1 Adipogenic transcription factors %
LB S i @ PR 96 dm P A5 & (217) o

¢ 5 AMP - activated protein kinase (AMPK)# izt £enfe 2 » @ f & BiR
Apoptosis (218, 219) - 2 % & 3 45 1! Genistein § %% wmie & v > ¥ 7t - B3
R X AR &S FF Apoptosis A *y e > (220)  F]t 0 Hwang ¥ 4 B3R
Genistein § #7 4] %3 95 dm 5% & 1 223 3 & R 7 ¥ m % Apoptosis £_.i%i& AMPK
signaling - £ & 3 :};1 41 > Genistein ¥_i%5 i AMPK 78 v 11 % 38 55 9% ¥ n
Apoptosis > @ £ 5 g ikmie & i e ] iTY > 2= :}F, %K % EGCG frizik
¥ % f= Capsaicin ¥ 12 #r4] 3T3 - L1 adipocytes 4 i (221) -
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Procyanidins » £_Favonoids :h— f& > L% 3 # 3 45 1 Grape seed procyanidin
extract (GSPE)3:} & % "%k ##f> ¥ PPARy % GSPE ¥ 7 %5 m¥e ernig f2 {8 % ¥ 0%
£ & &9 (222) - Pinent £ A 7% 7 GSPE £_F £ 3 3T3 - L1 cells 7% % m% 4 &
& 0 ¥ 2 F f =4y ¥ GSPE € + 4 3T3 - L1 adipocytes — B 45:h4 it » 12 GSPE Ao
72 3T3 - L1 cells {3 & i* e224 -] 3 ¥ » Adipocyte specific gene 4= G3PDH § T *#
r1% Pref-1 ¢4 3 € 3 4r ; & Microarray »# 477 # R GSPE# Ta &4t 3 g ¢
B A EAAMARATFIAR c FL 5T GSPELE B EL LA F i

"gikimie 4 & = I ® Procyanidins ¥ it fedrd|in thime A2 - AT 4 4 (223)0
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= i AN AR ET B G &

Adipose tissue as an endocrine organ : impact on insulin resistance

ws&.mg ’ 1515}&3@
XE g rERA
& Jy v BT Adipokines

—EMk RpERRRI T EARTEIRAEA R
Blimgme g M- HEREFILRFAR
FEEE@HEDFT 4 § A0 A FFS oz
& Adipocytokines (224) « 2R 2305 P ESFEASHEE T FEBE TN
B2 LR~ & BiH - S8 F9 73 f2(Fibrinolysis) ~ £ RRFNZ & F 2
(Angiogenesis) % i¥* > 3¥ 5 Adipocyte - secreted proteins & 1 1 %475 %5 e EREE R

~mi.
W% R
3‘ i
4y

ﬂ &

i e & > bl4ei§ & 4 § (Overfeeding) ' 2 795 % 45(Lipodystrophy) » F]u* 45 1 1
grovaks JaRiid ook R bbbl ¥ 2 E R4 7 M @ Adipocyte - secreted proteins
BT AT &Y N AR 1(225)

(- ) Secretory function of adipose tissue

g B R AR & 6% 4 (Endocrine activity) B L A% Siiteri* Tk 1) 0 # £ % gL B
%y ARABFFE Feoit 4 (122) - # 9 L8 7| Leptincngf R 2 18 >
Adipocyte — secreted proteins R E4R o Fp iR ML behFd TRILH ¢ 77 FER
4rLPL 2" Hormone sensitive lipase (HSL) ~ j= f& % 4-Leptin#* Adiponectin ~ /2 2 ‘w2
Jck oIl - 62 TNFa > %7 # v B chfos it chjp B 72 54rAdipsin#* Plasminogen
activator inhibitor - 1 (PAL- 1) %395 B8 e A 0 (8% S g F s chg $ 4 &
= » [ 4cPerilipin ~ aP2 ~ Cholesteryl ester transfer protein (CETP){f~Retinol - binding
protein (RBP) o ¥ # » %gipm sy RINZ v A2 FH LR B0 BF R DLRFF
4 Acylation - stimulating protein (ASP) §- Metallothionein (226) - i % >
Angiotensinogen (Agt) ~ Adiponectin ~ PPARy angiopoietin - related protein / fasting
- induced adipose factor (PGAR / FIAF) ~ 11 %2 C - reactive protein (CRP) > iz
Adipocyte - secreted proteins¥f« i g # i pFlnE & £ F ¢ BRER(227) - BgrE

.%U £ 7 Autucrine — paracrine:r3# it > i&# Adipocyte - secreted proteins+ £ H

33



$-% 2 kT AR

F]+ ke a5 B > 5)4-PPARy -~ Insulin like growth factor - 1 (IGF - 1) ~ Monobutyrin
frUncoupling proteins (UCPs) o 8228 § — & % 5% te B 7 & b eR %] 3 3 43R 3 29, A
erAdipocytoKines> © I -5 4o Fff 4F frLeptiniz &t d %595 Q_EL?% ERX T ARGTE F A
FZ Z_shAdipocytokines (224) -

(=) Insulin resistance

ek, fru| § ¢ 4 4] i2(Central obesity) &2 5% § 2 Fuld i > F S L HFHE
o BB o Blderep BIFERRY R B3R AR 00 2 3T %8 I Adipocytokines o 5% §
B ERBELL FHIRF B A5 - UARBRRBFHLR P AP E T
CREXEET T LSS L 8

1. The insulin signaling cascade

L FALHEP cellsE X NE R ABERE T TR EATEHT §F DA
Beo FH[E IR~ g 0kl RACIFRRE s X g R M enig fRIE T o G f R BRI
e AL G FE% L F X E(Insulin receptor) % £ & 5% § R AR (e
mfe St o % § 23X F ¥ d 4 #Insulin - binding extracellular o subunitsf-=
i & #Intracellular B subunits 2 = (7§ B o % 3 chHeterotetrameric receptor
(02P2)(228) - %% & % 22 o subunits.® & € # & £ cTyrosine kinaseis i ~ % & # & X
EAMARCUZ%RE F@RELY 1L & 39 Flnsulin receptor substrates 1 (IRS -
1B 1 (229,230) st 5% g8 4 me p — @ ¢ e1F & ¢ 327 Phosphatidylinositol
- 3 (PI - 3) kinasefi % cr/& i ~ § § €8 3 GLUT4/ w72 £ 78 =4 Flime it %k
Houme @i §Boarb HF LRS- CH T REBRY i MR
o ot A B £ A RIS 4R
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2. Metabolic links between obesity and insulin resistance

L EFBup S B Hada g REGEZHEDT FRATZIHF B PHITN
oL h ARBRERY T @R EEA @ 3% G R o I TH R SRR
g{ibﬁ%%%ﬁﬁ@iﬂ@ﬂ%ﬁﬁﬁ&&%%ﬁ%wfﬁ%ﬂw@ﬁ%%ﬁ
Mom 27l & plInvivoFF 3§ ¢ > # * Hyperinsulinemic - euglycemic clamp
FERRELFAFEEAPERE FRR M FRT P A EIIEL 2D R
SRR fa s L AL RO § R AR LinF] 3 (232) - et p e M AL G A B OFET
oo fosFREY s R AN § R D BR ERY R L 3B Faf § AP (The
lipid supply hypothesis of insulin resistance)(233) ; 88 f8 - #5325 g dhpe § 1L (8% Pr
#lenR ¢ § F 4 (L 5% > (The Randle hypothesis)» iT %+ 3 H v A7 #& 015
TR % § & Pl eniBF1(234) 5 7 g ppenie s o mpimme 3 X R §
» €BEWRE F 1% 5 178 # & 4 hAdipocytokines: Peptide messengers ¢ 357
Adiponectin ~ Resistin » TNFa )2 % Leptin“F"S X fve vk 2 5 € % Fuid 4p B (150, 235) -

3. Hormone and drugs influencing insulin sensitivity

- ETRARGFEL A MR A S AR BRE R - A
+ & = > B - adrenergic activation FrF|H'%& § & iv* (% § & 354 5 4 IRS
protein > @ ¥ B - adrenoceptor f|j{v® £ 55 4 (3R {3 - @ o jFAFA BRI R
WA o SRS PrFE G R LA 8 A% F $ul(236) © ‘f 7 B - adrenergic agonists
*t> % 8 Adipocytokines ¢ 353 IL- 6 f= TNFa > 14 Actocrine 8+ {1y ¥ sn % i
%?%%ﬁiﬁﬁﬁ%%&%&a%ﬁm5%ﬁﬁ@wo%mg%iﬁ
(Hyperinsulinacmia)$r % 5% § R #uidiphl > LA L@+ HF B+ 5 - ABFRFRL 2
éfﬂ%%%%%ﬁ»é’ﬂ&m%ﬁi%%$%ﬁﬁmﬁ%$%%&ﬁﬁﬁ*o
In vivo * > Glucocorticoids F 3% § % duld » e B g v kd 2 A0 § % i
Glucocorticoids k& & ;ffz Fl iz 2 ~;i # oyt #t> % In vive = In vitro ® > Growth hormone
i B IrdE | F AR Mk %,.gpam]& S gk e $\—fr3+n*ﬂ % E % ehi'Tr o T
1%+ Growth hormone 7+ & € 7% § ZFld o g5 % § 2 4& %X BEME{IRS
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protein phosphorylation = -5 (237)

TZD3§ ¥ % ¢ 327 Troglitazone ~ Pioglitazone{-Rosiglitazone > £ &5 + ¥ & *
Riph %= ARG > TR ARG R R+ Kt TZDEPPARyE - 12
Ligand ® 1% % 7595 .$E..$ ¥ (238) c BB AATZD R § R AT M en®dld A= 27
j2 0 e o e TZDHE? £ d F A% % k3 & o PPARYHE {4 € 3 40 53 95
WA 4 AT > B AR R Ry e o B BN Rk M) o i
T r(Subcutaneous)?s 5 dmfe ¢ > Fn BAEL B Y e £ 33 & Lipid steal > ¥R % [
ST IR L R R v s Y 2 B kR (239) c F1 R B A T st A it
LB 4 A TZDY i ehi| (£ > TZD R PRI Y6 im % dg himie 4 & & 11 2 Fg i
e Ena B o 4 ;%’d R me T i § 4 2 8 AdiponectinfeTNFaj > (235, 240) -

(=) Adipocytokines

1. Interleukin - 6 (IL - 6)
(1) Modulators of IL. - 6 production

IL-6 8. & %% ﬂ%‘ﬁmﬁm”a,}i—;% v d 5w AR R e s AL e s
H¥yiskime s Eviim?® ~T-cell lines 'L % P95 m%% 74 & ik 3 § 21 ~28 kD 13-
8 F(241) - B4~ AL F T 5 Leukoceyte - derived proinflammatory protein > ¥] % %
10%2 £ IL - 6 &4 73 ngjg_%‘; SR BT Fed B e 3T Adipocytokines
(242) - A SR F B L gpmie ¥ > IL-6 th4 = § % Catecholamines {1
#- Glucocorticoids #7#r4](243) - ¥ - B I IL- 6 #*xchF]3 & TNFa > 7 & % &
7+ TNFo € 3 4c 3T3 - L1 adipocytes ® 30 & ¢71L-6 2 & o § &2 3 45 138 % ey 9
m¥ g A IL- 6 ¥ RF mRNA 94 3R > Omental fat - £ T Fainle g 4 3 8
$eIL-6 F A% p Omental fat 795 m% 4 W A 3E A T hd iR % Il 6
(244) -
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(2) IL - 6 in obesity and insuline resistance

IL-6¢ + 3% § %% 1£ > Omental fat2 R ehIL - 6 2 338 » FPF50 ¥ & 1
ez B W g A o gt ot ;—g@ *# ®IRS - 1frPI3KiE  RIL - 68 23 T4~ X
8U3F m ¥ fv3T3-L1 preadipocytes® &% § % @3 > 5 B Fimre ¥ % & 3 3 $ohpg
BATZ (245, 246) - 2 ER FH P & L chlnvivom 3 ¢ > B4 & B AIL- 6 ¢ *E MAFh
PERATE > HF E R B & B (Hyperglycaemia)foid & 1% 5% § % 5 jz (Compensatory
hyperinsulinacmia) - 5% § % Fuid @ wsbcnflfldd 2 L g9 > 5 #IL -6ER
FEPHRP AT D AHETOIL-6RREA ST - ARRHOR LT B2
¢(241) -

2. Tumor necrosis factor a (TNFa)

(1) Modulators of TNFa production

B4 TNFo R EEme A RFEF > 3 VA BREFLF RBE LN
B¢ e % (237) ) TNFa 3 3 2% 8% e 27 FF %, 2R - RS UZ
TR o ek Rs § 45 TNFa X f B8 8% B £(247); & Eviin fo¥
w2 ¢ »TNFa 7% 82 4 & § X p 3 % 4o Lipopolysaccharide (LPS)#7 §{ - LPS
€ Tlgc A 2y 37‘:.&&% r4 % In vitro ® &% m% & 4 5 1 TNFa > TZD § " 457 5k
F& PPy ¢ TNFo e0ff % 2 4 In vitro ¥ 4 07595 8 8 ¥ 7 J2 38(248)
R Y gy €3 % TNFa ch& 3R> & In vivo ¥ 3 7548 § i@ ’32157'3}2'_%1
* TNFomRNA # R FH v > @ ¥ 464 aP2 &) BE 1yne ¥ 2 4 R TNFa
£ 57 FhEk hfg e Y TNFo £ et & £ & & 67(247, 249) -
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(2) Relation between TNFa, obesity and insuline resistance

AEREHF Y TNFaE% § 25t it s 51"-%,’ »TNFa 3% % In vitro * IRS
- 1 =13 Serine phosphorylation > #X {& Serine phosphorylated IRS - 1 #r#] Insulin
receptor kinase activity f= ¥ # 8L PI3K 5 i » F]3t TNFo + 3% § % @ ¥R
L Fredo ot TNFoF $ % 2 » T A & IRS-14- GLUT4- &.57 22¢ > TNFa
™ Actocrine * At b33 & F] Lo gy 3%.@..?%‘3 » & fa/ fa *+ &7 TNFa
Neutralisation § <3 % § % 5T £ {2 A7 ik 7]%1;]'\),%)?3’\ PEAEFL I oS
AFIEAS % 3 A fow g {5 ¢ 2 2323 ob/ob )} R ~db/db-} &ir
falfa % ﬁ(%’ﬁﬁ TNFo iR 2 PR % o & X eh%3% ¢ » TNFa mRNA - 3-v ?’rﬁ
2RA MKy BB LWL a0 A 2§ 33—“*’&%:{‘_;‘)\5"')1@ J
147 o 2 & F TNFo kR 20 & BMI % § -,%:}%u]”:‘ Bk R AR X f
A X5 AR 0o In vivo ¥ TZD ¢ $r4]9 % Zucker rats 57%¢ TNFa mRNA ¢4
o 47 TNFo 7 i £ B B0 5 Racp 167 B 2 - (236,237, 241) -

3. Leptin
(1) Modulators of leptin production

£.1994 # 37 B { 4 3R 0hme 2 B BE 04 4 o F]P 3 R Leptin
(250) » Leptin &_i> & Chromosome 7931 ¢-10b gene 2 2 4~ > * v Fd 67 B /%A
pe#rie = o Leptin A & 2R & 7% 2% ¥ - Leptin i¥* % T L& ¢ Neuropeptide -
containing regions i 3 4 Leptin signaling X *% (X & > &I~ H 4e it L £ e+ 2
BATT > FLEGERRE S o Leptin chd ARG kg S 2 AR M - Flpt de ek g
$2® chLeptin (251) o 2 Z S Leptin 2 R § P > R MK SUB T ¥4 - % §
% ~ 9 % #1- Glucocorticoids € 7/ ob gene 7% 3.7 3 4c Leptin mRNA 2 3R »
@ P53 Ak fr Growth hormone B & Frf|chi®® (252) o o+ B = > flj
PPARy € # T 3 & Leptin 2 = >z C/EBPa § ]} Leptin 2 = ;In vivo §r in vitro
¢ TZD ¢ ' K E & #7575 ¢ Leptin 4 .o " ¢k >0b gene 7% B2 {5 7% «H Leptin
R MAEEU LR L 80 3207 4o 8¢ Leptin JE A - Leptin % 3 % g1
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$ RS A Gl F B 2 AR
£ E s R IER(241) -

e
\:I
\:
u
~
@
-
=
\%

(2) Role of leptin in obesity and insuline resistance

- B4 Leptin ¢h1 f2EiF 3 PO LF B § 0 d THE T oA T H (E® ¢ho
B % > 4 Z Leptin c70b/ ob -] &{ré* £ Leptin receptor 7 do/db /| &€ 5 &
#|(Hyperphagia) @ 3 4c g 3k dmee A5 R se s s sz L =2 s f F o £ %>
MR N R 3 8t Leptin ] ob / ob /] &Y 0 € FZ Pril S FEE e et A
AR ESAE R o &S T AR E F IR Leptin receptor 3223 & & F EP
B &£ T §7(253) - 3F 5 o 7 # 4echii F Leptin k& > #5797 "L % L) Leptin
FUlEFF R > Leptin $1% § # azE} Hene fidorep S AFRRfo ke TP |
hF F A - RenE R T RTRRA L ¢ L Leptin feo5h § R kR 2 Mg fe gy
LR b en(236) °

4. Adiponectin

(1) Modulators of adiponectin production

Adiponectin* £ i¥Acrp30 » AdipoQ ~ apM14-GBP28 > Z3iT B 2 d F 5 71 B
B2 3 > 388 e > Adiponecting - fid g B‘F.,%E..?%‘Z A 30 KD H chda
(241) > Adiponectin® — 2R A pwmE A L PYF LG 2R ARE med o0 §
% ~ IGF - 14vTZDs{| j-Adiponectinsr1% 3 » @ TNFa{f-p - adrenergic stimulation
Bl E_#r413T3 - L1 adipocytes® Adiponectinit ¥]# 3 - Adiponectin %¢? i & #Feh
BEBELE R EF 54 P L F Rfofid ki k) S cngb i o 1 A B

+ PHER &7 (254) - 7 4 I Adiponectin $ 5 |7 b $ R 5 R prs cnA) S > B iE
cAMP - dependent pathway'# M NF - kB singalling % ##| ¥ {53k 34 FIp & Jm e
& 5 g ¢ Adiponectins B 5d HP L e B F T kB o g F LFR R
3 }ﬁ d % X -] 45 72 F]F (Platelet - derived growth factor)frHeparin - binding

epidermal growth factor % *% M & ¥ T jfrvine 3 4 foi8H o £t 2 ¢b > fob/ob)
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£fr sk £ ApoE | BE "% ifik s E & IR A 4 4 21 > Adiponectin® #i €7 # i
Ol R AR Rk ek ﬂ‘];{%f}i:}ﬁa(ZSS) °

(2) Serum and mRNA levels of adiponectin in obesity and insuline resistance

14 % Adiponectin kB f7 ¥ 3L E F Fud fo ¥ = sl e ﬁ?%f:@']%-'}m‘f R
b BIERBERRONIRT o & 4 Adiponectin k& Ky b ER D § £
BE-EHFBZPHOY - ARLGRBFESREROEFTEF S - Adiponectin § % 1%
12 end MR B R F RIS Y b A BRI AL > 2
BEom Al w ;ﬁ Adiponectin BB & 2 L3 g AR T RAAAMIE - 2L R
3T ALT 5 P Bk e %‘rfr'n_ % ¢ Adiponectin mRNA % &> » § Adiponectin % 5.3
S ET L AR A E R4 o In vivo fr In vitro 98 3 4n ) - TZD 7 3 4c
Adiponectin mRNA #73 & # 4 % 33 B hop b ¥ TZD Fp i+ 2 & i B
Adiponectin jk & (255-257) -

FLIREREHFLE F4LLm » T @ & Adiponectin % 3.(225) In vitro ¢ f -
adrenergic action € #r#]4 i 7 3T3 - L1 cells # Adiponectin mRNA # & ; F &5
# In vitro * P - adrenoceptor agonists % T 3% & Human adipocytes 7 Adiponectin
mRNA ek F2 & o« R £3 3T3 - L1 adipocytes %% § % € *# i< Adiponectin
mRNA £ 3R> 2 Invivo ¥ Z §3% § % kAR o # Adiponectin kB E_f 4p B ch%
% 4p ¥ & ° Glucocorticoids F FF* < 3T3 - L1 cells ¥~ Human adipocytes 5
Adiponectin mRNA # Rfrdd FL » 4 F A g 4114 TNFa JJ2 3T3 - L1
adipocytes = Human primary adipocytes 2_ {3 » Adiponectin mRNA # R fr v ¥
&gl %3 IL - 6 ¢+ T3 & 3T3 - L1 adipocytes 0 Adiponectin 4 % {r
mRNA £ 3R o5&t a3 > Adiponectin § X3 TZD A » A& > 7 g4 P -
adrenoceptor agonists » Glucocorticoids ~ TNFa = IL - 6 #7#r4] > &t % 57 7
Adiponectin £ - £ & ¢p 2 }4 Insulin sensitizer (236, 237) °
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(3) Theory with regard to possible mechanism of action of adiponectin

Adiponectin 7 Globular C - terminal fragement ¥ 1 *% i & :ﬁ F5BERUZ
HAvwep @ R anpL g L iEF 5 3BT A0 & Adiponectin L L A REHE T M o H U
By :}% 41 Globular fragement 22 Full length adiponectin #p #& = : Globular
fragement st 3 4e ¥ op P P inELE i iER > F|PLFE K %55’%}%5&& IR iy
4p 3t & In vivo v In vitro ? > 73 Full length adiponectin ¥ 3 »c3 v 5% § 2 &
hpr 3 imee i § 2 A2 4 o & Adiponectin knockout mice ¥ - igfh] K X
9L § F AR 10 47 7 Adiponectin £ p 2 {7 Insulin sensitizer o B3T3 f&
Adiponectin receptors 4 %] &_AdipoR1 §- AdipoR2 # 2 1) > AdipoR1 + & % . &
F A~ > @ AdipoR2 i & £ R PFH? o ik Receptors 027 f£d 3 4 AMPK
= PPARy ligands &4 » 11 2 W4 g R F F M IFR o FHAZ KPR &

Adiponectin 7 Insulin - sensitizing action (241) °

5. Resistin

(1) Modulators of resistin expression

2001 # Steppan % % 4 32 ! Resistinig B #7¢9Adipocytokines » H 4 3+ £ % 12.5
kD - Resistin £_ ** Cysteine - rich secretory proteins* # % Resistin - like molecules
(RELMs) & Found in inflammatory zone (FIZZ) - ¥ *tKim ¥ X #-i% B Adipocyte -
secerted factor #%_% Adipocyte - specific secretory factor (ADSF) / Resistin » 3T % %
FResistin? LR AR 2 255 T Bﬁu‘l 2§ Reed 4 R (258) -
3 % € ' MResistink F] & R FF ¢ 323 % § % -~ TNFo ~ Epinephrine ~ p -
adrenoreceptor stimulation~TZD iz § % § % ~B-adrenoreceptor stimulationf=TZD
#1 # v F]+ 4rGlucose ~ Growth hormonefrGlucocorticoids— 42 ¥ # [ » 3 3. § 3 4c
Resistin% 3 > F]¢* $" Resistin g F] & R34 & 0 3 % £ 7 5 §:0(241) -
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(2) Resistin in obesity and insuline resistance

tIn vitro® Resistin € $r4]3T3 - L1 cellss?g 5 dm% A2 it » e fz & frd & Pgikle
%\t’ A s iPResisting g3k L L REGE AL B €M BRI ERE FET o
Steppan ¥ 4 3 JLTZD ¢ #r#|Resistin > I £ L 35 I\ Resistin 5% § F Fufd izt it 1w

ol fopmAp M B 8 A F157 ob / obfedb / db] g § fg Ak &3 Hhw ) B

Ealial /¥ eFResistinjk & 3# 4r - Resistin immunoneutralization § 2§ B 4 S # &
Sk | Wen® L P § Rt RS B ¥ RE EResistins @ € # § b
R L RIE® X3P o P T p Ay 97%,3,@..?%‘2 erResistinfr 474 § % 3F 02 Resistin &
+ (Gut - derived resitin - like molecule - B) § :E & AR § 42 2 ¢ b § %1%
% (237, 259, 260) «

BEAY “,‘;’E:}ﬁ T Resisting? 34 &7y ipdnre 2 & S {o § Z kT B FP Kim#E
X ¥R} Resistin g pime 4 LA R FERERNH G &4 REH ARG R
#r#4|Resistinevector (ADSF - hFc) » * B iidri|en= 87 U b F] 5 Resistindr4
3T3 - L1 cellsén4 i o i B % JLADSF - hFce ik Flig s | & H 75 9 tm 2 .3.&%‘1 ¢ BEoT

Jr
—1

-

F O 4e® R g ik e Be U 2 3 4 ipAdipocyte marker# 3R 0 ADSF - hFe %]
] BF G Resistind B> 7 0 #1005 e i AR %L FARE R T
L4 B3 %39 A b o *500 ADSF - hFedk FI % | R e 958 ¢ » Leptin
frAdiponectinefiZ JLH e > F] 5 Pk sLeptinfrAdiponectindy 4c F]@ ¥ 4 5 ii&i i3
HP R pRIER > BV R At B AT R FREL ) At ia
R OF]o bl B % 857 A Resistinchie ¥ EFrd| 7y hinte 4 & & 3 5 40 § & Fup (150,
235, 237) «

¥ b ARt g v AR ELE £ 3 Nagaev ¥ 4 & W% F Fupb o it 4 i
P ipkmrE ¢ L3 % I Resistin mRNA £ 3.5 ¥ - 23 Bl & &0 ”—l—)ﬁi A g ”'ﬁ.ﬁ_ﬁ'_%‘i v
4 }%’v—‘ﬁ 4B T o FF G H 4e e Resistin mRNA» 2 & 378 4 320 Human adipocytes
¢ BRI ‘,% oh- B E % ;}*&,‘}4 # % P11 Resistin mRNA # 3 > Janke
¥ A # R 232 % 7 Human preadipocytes £ = # Adipocytes 4p '\t §i » 5 3 4c e
Resistin mRNA # 3 > iz Resistin £ FIZ RE%LE F MBS ME2Z TP R I
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£iE A AR B I IHAE NG HF 0 Resistin mRNA £ R7 it 7 j2§§ 5000 oL
€ 3 4c (N 3FR ¥ 5 £ Resistin mRNA 4 T %3 %%4r Omental fat » i 244 4p i
P B E &2 7 2 Resistin AP0 %k m e 10 % 35§ & it 2 Fendp M 12(241) -

> ~ f g 3 Metabolic syndrome

(- ) Characteristic of metabolic syndrome

1923# » S #PE G S & 5 ¢ #£7 F & B (Hypertension) ~ 3 & #
(Hyperglycaemia){r§ 5 it s jk (Hyperuricaemia) i i # o 1947 crf? 3 3 1178
3837 2L (Abdominal obesity)f-?q B & & .;‘i'al%ﬁf\}’ia 2 Hwap @ gFp i & F 21965
ELAAAHET L REFELTF BB B L E Wy i3 o Reaven3t 19882
M- 3%ove sk . 3 o8k § % & g (Hyperinsulinemia) ~ 3 = & 4 @ fy & R
(Hypertriglyceridemia) » % & /&2 2 Low — HDL - cholesterol » i&— ¥ $Hig fups fou
i f AR % B3 b ¢ 5 Syndrome Xo i 4y 81 S BRR B A FILL L § R F

M(261) % 3 v H # #-H & % 5 The Deadly Quartet (262) 2 2 The Insulin
Resistance Syndrome (263) -

BAABEGRHEPRFIEARE PO N APFE - RVELE R e g
R A B A T % AP - *-st%tfu,;simfvwz&’ R YA
J* £ Atherogenic dyslipidaemiafest 3 X F RrF & B o -t dicdpdn D% § F Fuls
REM AR F R FARCVD) M2 chp g FF 0 A B
PRfEE R & - i (264-268) o — RT3 dp NEF R ALY & g R AR AL
BEBRFHRAPM > IR AR LR F L FEFR -~ Low — HDL -
cholesterol ~ %% § % #ift3 M > LB I RF oL PRAFKLEF]F o &
Tk 2 ;ﬁ;;ﬂ’p;ﬁ RIS LA R | ﬁ,ﬁ;f % FF G RZIAPME o Y L
sk N R R N B R el L AED A SEcn(269) o i F g ¥
MEGHORFI PRI e 9% § F g iwit, € 4 ¢ F 3 4o Endothelial
dysfunction~ 2 7 3] f§ ez g 4e + A FlenfP 500 304 ¥ 00 B RS iR 5 M (270)
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a Increased insulin action in more Insl-lllrl resistant
sensitive tissues or peripheral tissues
biochemical pathways
Metabolic
Glucose Dyslipidemia
Intolerance
: fnle e | Hypertension I
Inflammation Coagulation
— abnormalities

Increased Risk of Type 2 diabetes
| and Cardiovascular Disease

FI2-5 o A pufh e nge S 3R p M AL
Tk kiR Avramoglu et al., 2006 (271)

(= ) Definition of metabolic syndrome

- % %‘«fﬁ N iE a2 kR, Tt & %‘« The World
Health Organization (WHO) ~ The European Group for study of Insulin Resistance

(EGIR)£2 The National Cholesterol Education Program—Third Adult Treatment

Panel (NCEP ATP III)(271)
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1. The 1999 WHO definition

3% 2 A 1999 #d WHO *72 2 ch 2B 2§ P BB S
TEMA IR %) RIS RRR TR Y AT > &3 B i
B~ B =Y #fg s £ & Low — HDL - cholesterol ~ 12 *&A%+* Wasit / Hip ratio 2 £
WY & BMI =5 0 ket o

2. The 1999 EGIR definition

£% EGIRHWHO 72 = | $ffif de U X & A& b B F B ARAS 5% §
Fok g 0 R R T (272) -

3. The 2001 ATP III definition

ATP III#722 2 cnX (S B B p R EAA R * (o A & R4 § ﬁ-)ﬁrﬁ
flrarrE 2 nHMRE RO G U E ARG R AR c A HEL R ET
FFRF P AN TRIGF AR GH AR oL FARBIR G T
F ¢ &AL B 4o chn B~ B 4o iz i 4 09 fig » Low HDL - cholesterol 2 # 5 3

= ¥ (273) -
4. New IDF definition

#2004 % - International Diabetes Federation (IDF)i& = i #* 3t iz i B oo F
FRFHATERRE L FARDTF RO o 2 2 X IR g PR E
Mg ip 3 Ak ~ 9% § & $uld~ Atherogenic dyslipidaemia 3 v ¢35 /& ~Proinflammatory
statefePothrombotic state o P % IDF £2005# * 22 = 7 B ATcnd| ¥R % > 447
PR oEfeid it 2 2 b ar R ERE KRR I (274) -
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I ~ = A Momordica charantia

BFagr ¥ ¥y fORFRr o FALFRT REF &Y P2 -
(275, 276) - =/~ » & & i Momordica charantiasi# g # ¥ 544 » ¥ 2 & 7 Bitter
gourds* Bitter melon ; & & % 4{ % karelar - Momordica®, 4p £ £+ & &k i % -
g e R R amRE A Ea &R 0ARE S ARk 0 A S RpEFEE
Bd i FORFERBRIPRI cFALLALTHW LT AFR - AT BEHT
FROBRELEFST oo BFEY Mide? B TRRS FEARBAR
W fBE F 2 ik g @ B (277); (http://www.raintree.com/bitmelon.htm)- 3
B R SRALS R REAT RRIEE LA 6 R EA RS L
i:&iﬂﬂ%ﬁ%&ﬂa%ﬂﬁ$%%?ﬂm%%rﬁyﬁ$’iﬂmm&ﬁw
BFp e bR > FALFFIEF R e LG PBARE - TnF  BAH -
BRI RRE NI AAME chE I RECIEESY -

MATE A 2% 2 BT ERFEF RATRNFAG FBRR
Fid U Fd o R E SRS R F LA R P E
ﬁi%-‘); SPUE W ST MR ERE Y M BEH Y g~ E L R A B engd (278, 279) -

FR%? BT AR AEE 29 Virdi BT A5 0 B3 T
H&5 2T HE20 mgins AREH A 4F - 95 feT 25 3 Ha T4 14(280)) & 7
FELARSFT/E 2 L8 7 o R4 1L F(28]) -
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(- ) E A aned iv §F 5 4 (Phytochemicals)

ERATFFIAPERLCESF ¢ 3275 FepEsE(Glycosides) ~ £ % (Saponins)
Alkaloids ~ Fixed oils ~ = > % (Triterpenes) ~ ¥ ¢ F ™ 2 H @ §
(http://www.raintree.com/bitmelon.htm) ; A+ ® % F £ 24 2CLHF XK > *»
» ik 82 %A~ Bi{-d(http:/momordica.allbio.org/) - 3% % H s {4+ it F 2 4
» & A3 % > yrMomorcharins ~ Momordenol ~ Momordicilin ~ Momordicins ~
Momordicinin ~ Momordin ~ Momordolol ~ Charantin ~ Charine ~ Cryptoxanthin -
Cucurbitins ~ Cucurbitacins ~ Cucurbitanes ~ Cycloartenols ~ Diosgenin ~ Elaeostearic
acids ~ Erythrodiol -~ Galacturonic acids - Gentisic acid - Goyaglycosides -~
Ggoyasaponinsf-Multiflorenol (282-285)) > @ it & A 3 3 F B~ ¢ (286) - &
Ae'E w1 F 2 L 5 484 & 2 & Charantins - Insulin-like peptidesfrAlkaloids<
Steroidal saponins;® £ 4 > TE XA E Y AT ANER P H FIL T AL R ERPE
% i B R & A 1(287) -

FAEST Y F § R A 304096355 £ - Takagifrltabashidy & figat s fe > &
A+ 3 5 56.2% 0 - eleosteraric acid - i&#Ec9, t11, t13 - 18:3 (Conjugated
linolenic acid, CLN)&7 % <~ % 4 fr 73 95 p (288) o # # = & 44 3 £28.6 kD
MRK?29 -~ 42 + £ 30 kD3M. charantia protein (MAP30) 2 %2 Lectiniz#g cnHIVr4|
3¢ F (HIV inhibitory proteins)(289) » :¥ 3 Trypsin inhibitors (290) - Elastase
inhibitors (291) - Aguanylate cyclase inhibitors (292) £ D - (+) - trehalose

o-glucosidase inhibitor (293)+ % FAMEA o
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() BRGERE

1. frb*%}ij'\?ﬁ %1 Antidiabetic activity
(1) 4 H3

FRGERRFEEES YR h LT e B ER S C FRF
RIS L ¥ &5 305 %L BiF (294, 295) 0 11 2 & R4 3F - 60(296, 207)fr & FIHC
£ (298) il o BS AT ¥ B P s A o

CRE LT HZEANARY ) ¢ AR BrlEitnd 3 Z2H4en
5‘j§”% bR 2 3d (209) o Vridi® L 2R~ R LY &R > FAER R
& MBIEIL(280) s Kar® 4 B3 FH SR fop L B ST A BERF2TEE
B AR BT BTE F L BER) o ¥t EAKEF P AL Y4k S Alloxan
WA~ B~ 2~ 3fedip ¥ > 00 2 STZEE Ao~ 840 ~ 5060 = 2 154 R > 3p it +
= #55?}%;&&?’3&—3 %4 (297) 0 - B EE A SN K P LB XS4
Charantin ~ Polypeptide - p ~ Momordin I¢ ~ Oleanolic acid ~ 3 — O - monodesmoside
frOleanolic acid 3 — O - glucuronide > §8.% 7 "% & 75 12(300) - 54 & % $*NIDDM
AREFAFFUSNETRIBPERY A A RDEP RIS 2RI RR
foere iR T 5 BEF L BEIET o & AIDDM< R ¢ 23 (287) °

AT M BB R L RGF R ASTZH R+~ B g Y pd > &S
AT R AP cnlicP (301) c AH T LY B 0 BAF RN E FaniEd

B RGE § F f8x(302,303) ¢ ¥ b Y AR B A S AL chiE R
(304) » & 453 H4crup ¢ F FHEEE 30 GLUTS (298) » 3+ *Focfore # § 574
e * (305) -~ # 4| "% ¢ 11Glucose - 6 — phosphatase f- Fructose - 1, 6 —

a2
A

bisphosphatase): 2 {1 " +5g1Glucose — 6 — phosphate dehydrogenase:s 14(306) °
Matsuda® % 35 5 8 6% b R F 2 drdl L B Rk G Y § 58 auE % (307) ;
Rathi¥ A FREI T A€+ 4 W Ik I b & "+5% ¢ Hexokinase - Glucokinase ~
Phosphofructokinasef-Substrate glucose — 6 - phosphateiz £ F g #{f% % E 12
(308) °
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(2) $H Fjfp 3 g eniE* Effect on diabetic complications

BARFBEN g3l wantigdp a{FS FT TR - R EfrL F 8
=+ % ¥ if ¢his T (American Diabetes Association, 1998) - -~ & H= 3 ¢ »F A e
AT LR EERRGEFEDEE 0 oT o A KA > Gastroapresis ~ ¥
PR & % Bl (297, 309, 310) o

LhH R AR RORE R L - o T ek 3o B g TR P ol PR R
A3 MG 23 %B&e* E7 %% ISyndrome X¢# 357 B 3% 5 %
EfESBZEY P U EL312) UERAKEFASE S BA S B F
RUVFH A RFL R BB % h R o

GO ETY P RIBRBER PG FS o AR RETY BT ZAS
FRAIZARETF > vEESFrR L B p e (313) o

(3) T 2%
hAMBRELA Y F AR R KEH T SNIDDMA L ¢ § KR -
EERRGYRATRTA R R T IR AT F B L i %

F# kR PR H4c(314) - Welihindag? H B g R A 5 0 P Bgec g © 2 s i Ak
i & ¥ S F R 42(315) -
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2. :}*r‘u)?ai &1 Antiviral activity

FAME - Lop T AGE U E 2 P doa - fop - momorcharinLectin/Z 2
MAP 30 > %&ln Vitrofa"?#ﬁ NE G FRIES },?;i FEH },‘ﬁi Epstein—Barr ~ HIV
fo ¥ 884 Fop 4 (316-318) -

MAP 30 3 £ & thpHIViE (25 4 - MAP 304 4 72 4 2.5 5 HHIV - 1
intergrasesiidr 41| i€ # (319) - Cunnick ¥ £ &lInvitro? F R > TR ESF B L H 4
HAILBEAR L 4 o 4 F i:}i?l};?ﬁﬁﬂﬁ“* ((320)  a - 4P - momorchariniz=
HAENEABS R FfES ¢ R A Alnvitro? 4L FHIVE (321, 322) »
@ 2 3 ¥ Fr4|HIV - 1 intergrase o

3. ¥R & 1E Anticancer activity

HE AR g i 831 $#4oMAP 304009, t11, t13 - 18 : 3 CLN¢1In vitro£? In

FPORIEALT ASPH T 6 s BT R R R B
W 3 Bng.»)‘;,. ~ EFER A %k » Hodgkin’s diseaser? 3 &

VivorET 1 ¢ o BET B A
B AR
% % (279, 323, 324) o

4. ‘3 x "2 A2 g v Hypocholesterolemic and anti-oxidant potential

- B FARRREFESEL Y 0 B AL L R FRReniE (325)
Dhar¥ A 3 14k & 4 R4 A8 £ A5 9 ¢ 509, 111, 113-18: 3CLN » B~
i Y R EF el ey FEF 0 MACLNG B A AR S AT
Lo Fp i H,0,75 % @ & Fuf 1 42(326) -

5. AT El

o BER L g B E A FR s defie FIE AL (2T7) R R
(307) ~ L&A & B (327) ~ Fugh L iE1(328) ~ *En BRIEN(289) ©
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(=) A 2PPAR

PPARE " [ i chi g F15 » $i§ A Flenie® 4 & L2 PPARZ A &7
Fird § e e 18 2 0= ~ B ) & 12 2409 L F BARM - 3% S 4 &
A NFRG FEREEN > SlhoFR B2 RS A faehiE ¥ (329) 0 © A
Fibratef*# & %3 % 4 21 TZD3F Fukh ok £ 4 » W LPPARaf-PPARy & 1 ) » fe
BLRMIELEHLRRT > FI LSS SF RRY HAPPARSEH > T { £
R 2 nE o

Flot - Chao® A R BEF ~ k& ~ FRHFPFLHFEXTFVRFEL
PPAR0F-PPARys 4% & F] 5 (330) o AfiE 1 3% Y #F » SACBL REBRFT
F & 7% i* PPAR0frPPARy > ¥ *b & HAIIEC3## s % $hchln vitro? $ 3R> Z Ao
B fig § P4 3 4t ACOE 1204 2 ACOFrFABP mRNA 4 o g 5 R F F150 2 13 48
- B gE® R4 35 F 4ok PPAROIrPPARY 2§ 3 & 75 80 3 5 4B chie? o

(=) $swsLiz 4 Antiobesity activity

FAE ML A RRERNITR T RS A DT RS E Y AL
f£% 22003 46+ FChen® L 7 RER = A '8 MM a3 fpenie® (33) - %5 3 7y
ERE AR AR SRR S A LoV s S R R e SR L B
% F % G B frLleptindk B 0 B{4e ik FAFRTRRRIER o 5 0 A EESF B E
PRSP M E e o SR MR B 2
o SERFTEREFIRLET AR AR TRELS TAT G I3
JRI®® > R kG B AP kR § ﬁﬂﬁmﬁliﬁﬁrmmk&mﬁo

FTHHEBAEs gl &GS *RA G REOTRY 2 Y R T R
AV afrd|md e (g e 3 21 &
PRI MERV I RFEATNES o

P ZF LA s ”ﬁ'{',% fot T Bﬁli‘ézﬁ? # B~ ¥%(Cetacholamines)™ 2 & 2 g &4 &
LR EEH T EAREL Friphsr? Qg 5d Ha g B ri

~
&)
@
N
w
[
&
[
o
™
03
S LS
ik
¥=
=%
Iz
p}
& fsvg nw
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3 HIEr (334) BRLFHRLENER T 2% awEAF ZCLNA *

it &% 5 CLA(335) » m CLA® 45 317 3if 4 X g 75 14(336) - &.Chen¥ % L/ 3 &
RFATEMRAR((33]) > 2 MG FAOF b s+ B8 Y MR EE R K
TEEZE AW PR
RER KT

Kl

4r o F|pt > $.2005% Chen® X F3t e %‘w "%
feo NERBEE FIREBMEEY = *—‘l‘i\?"ﬁéfi

?
WA 0 A 2 PR ERF AR e Y ORPFRERA K
b fia 7 £(337) -
#.Chen¥ 4 20032220052 (= F 45 1 AT % K3 gk & &

g AR o B3 AT

AR

&
RAZBF A=A PiE T Hiee ¢ 0%
ﬁﬁ”i??%)i-';‘?i'}%‘i"?%'ﬁ-”é RERET R IR F LA REEY gl
RFIT ALE M T Y 5 F AR E oo B ehdr$1(337, 338) ©
Eq > FAEMAM N el AR B ad 25 R E
Chen% % %2003 5 W 4k & 2 A ek RH & F H4o WM 4 > 7 B A R
@%ﬂi&ﬁwmi S 0 4 R RS SRR A LT
DAy AL G WL G R AR % A B 4 (339) ) & A BRIk
PPAR:E i B - # » 5d » } 3 & Uncoupling proteinsh# 3= #igp - oxidation

|
>

~.

~=

NERBRRPERLEG) ¥ o2 AT EAC L faFBH T AL PPAR
Fr F 3 S H4IHEC3 R m2e ¥ ACORAFIA R » kPP F§ i 15* (330) -
BFLPRALEEY > Chan® 4 S 2 A 00 B ™ 4] o R
WS Y o frd e REE L BN E(G4) 2R AR SR R € R
¢ rgipE Y UCPen4d (342) » 3 5 FlF 4w giE it 187 & § BPUCPHH4 R
(343) - Peroxisome proliferator - activated receptor — a coactivator - la (PGC - 1a)
FRMEPEEETFFPIIEY A HIRASPAMDI L SRy LR
€% (344) » PGC - la» ZUCP:rE i B](345) « F] 5 &7 B G B2 7 T fuih
FmT o AT R R E W 4 (33]) > FIt > Chan¥ X BEE ¥ i £.UCP
PELREL “UEREAHUCPARGEE - 0P EF T N EAHB uk
S# s ZUCPHPGC - 1ok Rini®# > £ % 87 2 A 7 H 4 UCP{-PGC -
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los3 18.(337) -
() v BLEA

B FAR 1?7%&&%&‘&?55‘#?1%32 P E G 93,00000F 0 A
WL E? aMITRIRARLT  c ERABER S REITLEEF 0 B
I B 2R R REG RAT A RHBARRAS AHRRALE BB AL A%
FARX T L LS @R RWRA R 2 4358 o B8 o8 A
Ao P B ZekhiRE - A FM ERI NS AN SR I NEEF, AL
RAzZ P F AL E RS PR A F F PAE o R g LA R P R A

ERechd e 3 A H 720827 -5~10% EEA 54 o

LFARX LA EFACBEAZIASCHIA A RFEELS T o
1 I &

BRASZEM - AKSFZEY R FHNEEI B SR opiRRET
BERERAERNSREE S ERIT 2 E45% > Hira B y31% > § iv529% »
LA ER TS T
2. 3%

LB > 50 BB HRRARE R RA KWFA 0 R L1304 0 T E
130 ~1502 5 » F fE/R {78 5920 - 253 FRfc » R IFR {3 H15~20% R -

3. 94 %

2 FFEHITHN522309 > L T 5173209 o
4. 27 p i

TEPEKNE ~20% > TR IHTEP H30X 0 2RI Fp EF FHE50
X R LA5% o o 145X 260 ;5 44 T P Ec: 110X T 130X (FEME3 2D
FlRp &) -
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5. = A

FRERELEFNEFLAELEXLFANLEALEFR L5482 5C 758
ppm - 8 8 a3.95% B R1ST% FREF AR I -E X IHBBFT -
FERER  ZLRAHEF - (FH LR RRARW)

B2-6 LA
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Y% #Hpa-sis

LER B e R

Ty
Wistar male rats (n = 40)
Wistar Ilnale rats (n = 34) Wistar mafe rats (n = 6)
lHigh fat high sugar (HF) diet lLow fat (LF) diet
3 Weeks: induce obesity
_ BM HF diet LF LF diet

+ (serve as low fat control)
5% BM lyophilized powder

HF diet
— EAE +

0.25% EA extract from BM lyophilized powder

HF diet + 0.01% pioglitazone*
——TZD (serve as positive control)
*anti - diabetic drug

HF HF diet
(serve as high fat control) 9 %
v Sacrificed
Rk o
i Py BB

"#y s smse G3PDH ~ LPL fit % 5 12 % f2id gl 2

g 8 fiak DNA §RBIE

R E R L ¢ FURR

"2 9% 5% & 1 45 #(PPARY » LPL 2 ADD1/SREBP1c) mRNA i#] %
"Fy 8% ko ¥ ok (Adiponectin 2 Leptin) mRNA B Z_

"§ 3693 {T U RY A2 BE(OGTT)
EAFTS R 2R AFY ST T.ES

"# & 5§ Adiponectin ]

B3-1 Lz fAecd B BMa&S < UM fE %Y ZRE2ZR% LS
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T
Induction Adaptation Treatment
3 wk) (1 wk) (9 wk)
A A A
( Y \'z N\
wk-4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9

HF

LF

M3I-2LF A B0 3 Bas* BUEINMIaf 2 % g 3l
2R B AR



F=% Az

- LE AR SR R

AT TR chl S A(HM2381)E 4 fCHEEE X PR H oo 2ok ol 3
AR2E(ER)?7FBETHENTIHHE L > ENARRFIT 6 1 pF > Bl B A4 R
PR TARIEE 12 B BRI RSB R AN 20T REE TR c(EELE
R TE )

Lo LI AoELRIFI o B ER FERBTRECFAFY
4.9% -

kT

10

. Rl

&l enzk & 3 ik AIN - 76(American Institute of Nutrition, 1977)fe * > d 3t
B STE R TRE €% S K|S E > F f’tiﬁ)i%&%f RPN R R REE
i F/RE -BPFF/BAEfRLi 2/FE VBT - B K8 Mg a2L £y

b B S 30%420 0 PESE KR S I KR 2 BHE o KAl T 5%3THE
AER OBEERRD TRB ARSI REETY T HEPL RS E CAIN
-T6FHF FRES ~AIN-T6 22 R ES ~ ¢ ROREE ~ "k ~ LEARGTHE ~ D
EAGich o e i 2 TZD ¥(FF %% * Pioglitazone) » #-% fi4s ki 2
B 3-20HAFREBY L ERESWHA I 5%FTE L B & 30%
BT B2 BERAL Y T IS > AR RR G 1 R EAT20C KK E
IPRES SR - - R
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%2 3-1 LEARichk =L L

Table 3 - 1 The compositon of wild bitter melon powder

‘k~  TDF  Ash Protein Fat V32

(%)
L AR R 3.82 38.2 6.7 4.51 2.66 8.65
5%44 5 1.91 0.33 0.23 0.13 0.43

(F 28 Pyin)
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£3-2 2 AR es

Table 3 - 2 The compositon of experimental diets

LF' HF BM EAE TZD
%

Casein’ 20 26 25.77 26 26
DL-Methionine’ 0.3 0.3 0.3 0.3 0.3
Corn starch? 65 16 13.6 16 16
Sucrose’ — 16 16 16 16
Cellulose’ 5 6.1 4.19 6.1 6.1
Butter oil’ — 30 29.87 30 30
Soybean oil® 5 — — — —
Vitamin mixture’ 1 1.2 1.2 1.2 1.2
Mineral mixture’ 35 4.2 3.87 4.2 4.2
Choline” bitartrate 0.2 0.2 0.2 0.2 0.2
BM powder — — 5 — —
EA extract — — — 0.25 —
Pioglitazone’ — — — — 0.01
Calorie density (kcal / g) 3.85 5.02 5.02 5.02 5.02
Protein / calorie (g / 1000 kcal) 52 52 52 52 52
Vitamins / calorie (g / 1000 kcal) 2.6 2.6 2.6 2.6 2.6
Minerals / calorie (g / 1000 kcal) 9 9 9 9 9

'Four experimental diets were contain 5% fresh soybean oil (LF) or 30% butter oil

(HF, BM, EAE and TZD).

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

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

Ohio); soybean oil, President Co. (Tainan, Taiwan); butter oil, Anchor (New

Zealand); methionine and choline, Sigma Chemical Co.(St. Louis, Mo); pioglitazone,

Takeda Pharmaceutical Company Ltd (Osaka, Japan).

3AIN - 76 mineral mixture and AIN - 76 vitamin mixture (AIN 1977).
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T~ F AR

BB T Wistar 55 » (¥ X &ML 59 150~200g)40 & -pp -8
AEFHP S A RALSRA L6 EAEBIRDF LRSS S%ITELEN
(LF)» ¢ 34 84§ 5 30%wi 2 3 4l it 3 3t » R A 2 Ay
2 BM2m=9) EAE £(n=9)-TZD e(m=8)-HF 2(n=8) - # ¢ :7BM & %
BLIALEAF L NERE P A RIPR I B LESE > TR LE AR IR
oM B d 1%EBH DR HRRFH5% 29 - FOP R > 2184 BopR L0
PR RBRERESEFIFNRIHRIIWI-2)

RZREFIORPUAE IS NREH  BFSFRRFW25:2TC ) kERE 2
B & 12 - p¥(0800-2000 5 kR » HARZ 2 aidf) o 4l 2 A k3B 2 p d BB
F2~3 % R R R R XBPFHE o 2 S 13 WKk-4~wk9) o
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I~ BPRERE: RERE

AEPFEF 0362 9XPFoL 2 REBE%EF 5 2% ITHEY
BHDIUBSERACIFF) > §F X% COREFZTL - fFREFRED2ZHL
11 * F FusE A ehk i ¥ (SPECIMEN TUBES, SUN MIN) f F 92+ # % B g > ¥ 3

m

_;p
¥

FT2RH02ALHPFFAUE» ¢ RFDLISmML 3 Fp o> f2E 28l = 7
NRGEF Y R 3A-80C c P S RNAZPBZE L 45 o HARSFB-T {4 » 17 Saline
FERFFLEFLEENHT RY - F3W20C P EFRFLAIT - VARG ET
4 .5 0.5 5. € e7E %14 7y %5 (Retroperitoneal fat, RE)% | % 75 % (Epididymal fat,
EP)» A WU & EAE G 4T BY > PERSU 2 TR REF ¥ - K
#-80C 4Pt RNAZfBE2 o157 H4R RE &2 EP B~ =€ 13 L IE30:- 0 I -S
0.5 5. 4= 0.4 5 £ /2 & Lipoprotein lipase (LPL) ~ Glycerol — 3 - phosphate
dehydrogenase (G3PDH)f: % B 2 @ F A4 ¥4 E ¥ T2 5001 €52
IR o FP SRR AL o fl42Z RE & EP A w3 4tr B¢ 5 &
BRW20C &P EFEDNAZEAIT 28> A N[BT X RTH /[ 2=y
U B 7 vs(Injuinal fat) 2 & 4 £EE o BB 2 2 02 3000 xg ~ 20 A48~ 4°C
= . (himac CR21, Hitachi) > #-z ;it Baspe B BE R FEAS KIS EN-20

CHEF > MNEPESLSIT -
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+ ~ Glycerol — 3 - phosphate dehydrogenase (G3PDH)f% % /& 14ip] =_
(-)RE:
$ 5 %4 Kozak & Jensen (1974)2 =+ ;3 (346) - s % ¥ ¢ G3PDH ps % = it

Mgl MBI - LR AT > R ARR R R e SRR B
TERE -

G3PDH
DHAP + NADH ------------ > glycerol — 3 - phosphate + NAD"

(5) FRpetl:
1. Extraction buffer

¥ ZEE BRER
Tris - HCI (Merck) 7.88 ¢ 50 mM
EDTA (BDH) 0292 ¢ 1 mM
B - mercaptoethanol (Merck) 70 pL 1 mM
Triton X - 100 (Merck) 5 mL 0.5%

#-Tris - HC1 4~ EDTA /3 ** 800 mL = = -k ® > £ 4r » B - mercaptoethanol §= Triton
X-100- AEpHES 75> F M- kETEI 1L #35*¥4C -

2. Reaction buffer

o ZEE BEHER
Triethanolamine / HCL (Merck) 18.56 g 100 mM
EDTA (BDH) 0.7305 g 2.5 mM
B - mercaptoethanol (Merck) 7 nL 0.1 mM

B-F i EFRAA 800 mL s kY o BFPHEI 75 E - xkzfI 1L
RT3 4T o
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3. FRRE
(1) NADH 1000x stock

E5 FLE BYER
B - nicotinamide adenine dinucleotide 0.08513 g 120 mM

reduced (MP Biomedicals)

# NADH powder 35| 1.5 mL &< g ¢ > 33 1 mL - &-k? (Mg ¢ ) A%
pr*t-20C o

(2) DHAP 1000 x stock

5 ZEE BHER
Dihydroxyacetone phosphate 0.017 g 200 mM
(Sigma)

#-DHAP powder 33| 1.5 mL 3t % ¥ » /3* 05mL ¢z =-k?¢ (e EP ) 4
$RFar-20T o

4. Working buffer
(100 mM Tris-HCl, pH 7.5 containing 2.5 mM EDTA, 0.1 mM p - mercaptoethanol,
120 pM NADH and 200 pM DHAP)

F& e
Reaction buffer 1 mL
NADH 1000 x stock 1 pL
DHAP 1000 x stock 1 pL

Reaction buffer : NADH 1000 x stock : DHAP 1000 x stock =1000:1:1 0 & =X 2 &
BRSO R R A e -

(=) 3
SRR R ER0.5 )R 2 FE Y 0 4o 8 15 mL 2 Extraction

buffer » #/kig? 2FH 3 L4 > 2 15 > 15 mL 3¢~ ¢ ¢ ¥ 12 Extraction buffer
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3 2mLo &F hrkis ¥ 00423 f(Vibra cel™)$ 585 12 10,000 xg ~ 15 4 48
4°C 40 (himae CR21, Hitachi)rt 4 % %574 > B¢ B A (9 | mL)Z 423 E 4 §
¢ > 12 .100,000 xg ~ 1 /] B¥ ~ 4°C42 % i# 3w (CS100FX, Hitachi)® + & 522 (5 0.5
mL)% 1.5 mL 3 § o3~ 35 L. %% 4r » 1000 pL Working buffer ** Cuvette © >
EE THER G 8% A kKR KR(U-2000 spectrophotometer, Hitachi)® » 12
1000 pL Working buffer #3 3 6 & 30 #RH# 340 nm w3k &> £ 27 3.5 2 48>

rifE B H T ' & 0 02 Lowry’s method Bl € H 39 FIER o
(z)Bh Bty

NADH : £340 nm = 6.22 mM'cm!

W
A=cbc(A: kg Jkthligb: £ emyc: kR)
c=A/¢gb

G3PDH % +% /% 4 (nmole / mg protein min)
AA/min + 6.22 mM"em™

X pg protein
=AOD + 6.22 + X (ug protein) x 10°

(Z ) Lowry’s method 3-v k& Rl 2

1 Fpetl:
(1) Reagent A (0.596 CuSOy4 * 5H,0 in 19§ Na; - citrate « 2H,0)

¥5 FEE BRER
CuSOy4 * 5H,0O (B 1) 05¢g 0.02M
Na; - citrate « 2H,0 (USB) 1.14 ¢ 0.04 M

#-0.5 g CuSOy4 * SH,0 i3 * 80 mL = -k » £ 4 » 1.14 g 77 Na; - citrate « 2H,0 >
BigMz Xk E 3 100 mL -
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(2) Reagent B (296 Na,CO;in 0.1 N NaOH)

B5 7L BYIER
Na,CO; (55 1) 20¢g 0.2M
NaOH (Katayama chemical) 4g 0.1 N

#-20 g Na,CO3:3* 800 mL = =x-K¥ sE 4r » 4gNaOH & ¢ = Z-k I 1L -

(3) Reagent C (Reagent A: Reagent B =1:50)
P~ 1 mL Reagent A 4r 50 mL Reagent B (37# gz %) -

(4) Reagent D (Folin & Ciocalteu’s phenol reagent : = =x-k =1:1)

B REE
Folin & Ciocalteu’s phenol reagent (Merck) 10 mL
B g4 10 mL

7~ 10 mL Folin & Ciocalteu’s phenol reagent 4 10 mL = =X -K+;& £353 {8 § &L Fr
#pe ) o

(5) Standard
% #-1 mg BSA (Sigma);2* 1 mL = =x-k® » %] = 1 mg/mL ¢ Stock o £ 14 g*
stock 7 kR 2 A 7|0 ~0.7 mg/ mL)

2. *

PRz SRR 10 818 o B30 pL <0 Sample 2 30 puL < Standard » 4
30 puL ¢h= =k -k ¥ % Blank o & B 4c 3| 96 3 E P 4 ¢ {5 > 4 » 150 uL Reagent C >
% Microplate mixture vortex ' ;R £353 F & 15 448 » & 4c » 15 pL Reagent D -
** Microplate mixture vortex * /& £ 353 & J& 30 4 4& - 12 ELISA Reader (LQuant)
#1660 nm 2 k(g > L U kB RiEREY R T FEAY e FRgE-
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= ~ Lipoprotein lipase (LPL)f% % & |47 2_

(-) R :

L= ok
R

kI

%% Hamosh ¥ 4 (1970)4~ Del Prado ¥ % (1994)(347, 348) - LPL %

~ e b pEE o (e Apkh A At A G g KRR I poinz g
fig o ¢ 7= 41 * Dibutyrylfluorescein (DBF) % p ¥ % 2 £ ¥ » ¥ ff % % DBF -kjz» ¥

T 02 0] DBF R fRts i e 12 ¥ X5 A > =% LPLEAENE > » R iat

% NaCl Fr41] °

Dibutyrylfluorescein (DBF) + 2H,0 ------- > Fluorescein + 2 Butyric acid

pH 8.0

(=) Fupud:

1. 0.1 M Phosphate buffer

&

TEE ERMER

NazHPO4 * 12H20 (’f\f'"o)
NaH2P04 * Hzo (‘f\f'"c)

33.38¢ 0.09 M
094 ¢g 6.8 mM

Rt F R 800mL s kY s AEpHER 8 L M- x-kEEI 1L B

% 4C o

2. 0.1 M Phosphate buffer containing 1 M NaCl

o ZEE BEHER
Phosphate buffer 500 mL
NaCl (USB) 29.22 ¢ 1M

r1 Phosphate buffer ;3 f% NaCl {& » p¥>+ 4C
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3. 25 mM Extraction buffer

e

w

FERE RMER

Tris - HC1 (Merck)
Heparin (Sigma)

1.97 mL 25 mM
3 mg 1u/mL

-t 32 400 mL ths % ok¢ o & pH &1 80 F 4=

pEat 4T

4. Substrate solution

Z-kTE 3 500 mL >

&

TEE ERMRER

Dibutyrilfluoresceine (DBF) (Fluka)
Ethyleneglycerol monomethyl ether (Fluka)

0.5 mg 20 pM
2.5 mL 5%

#-t uk # 2.2 0.1 M Phosphate buffer 2 2 50 mL > 3 #7# g -

5. Substrate solution containing 1 M NaCl

&

TELE BRER

Dibutyrilfluoresecine (DBF) (Fluka)
Ethyleneglycerol monomethyl ether (Fluka)

0.5 mg 20 pM
2.5 mL 5%

#-+ yk & 2.2 0.1 M Phosphate buffer containing 1 M NaCl £ 3 50 mL » 3 #7#

gaﬂ °

(=) FhEER:

#-10 mg fluoresceine (Fluka);3 ** 100 mL phosphate buffer (300 pM) ¥ > ] =

Stock soultion > £ 12 Phosphate buffer #% Fr k& 2. % 7 #1#(0.08-0.4~2~10 pM)
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()3 :

< R PP e &) 402 Saline (0.9% NaCly# g4z % » 14 20 mL
g4 1 Acetone (TEDIA)SF o 39F 15 ek &4 Whatman # 1 jg & * # LBl g
FiBm > FUGFE2ZIFLC B(TEDIA)® = X « B i8R T ipit e *,f—i 72
SR ARERD Fo0 B R MR REES T TR I 1S mL e Y o RS
T A3 3-80Crk4a ¢ o B2 # 4 » 1 mL Extraction buffer 3 jc & e 4 > 12
¥ % $257 B (Mini cordless grinder, SSI)ISF &7 ¥ frkig ¥ F & 60 » 45 0 3 & %
EEARTIBG o F 181 5,000 xg~10 4 45 ~4°C ™ 4.« (himac CR21, Hitachi) °
PrFR: V- 15mLaEe FP TEAAEE FB0R o B Sl pE A& B 4 » 200 pL
Substrate solution ¢ Substrate solution containing 1 M NaCl ** 96 3 2. % » %4
Microplate mixture vortex R £353 {33 % = 24 » B » ¥ /4 & & (FLx800 /
Microplate Fluoresence Reader, Bio-TEK instruments Inc.);? £ Em 528 nm ~ Ex 485
nm> %7 A% X L7 L L4 (Temp : 37°C -~ Sensitivity : 40) - ¥ #F {2
FERER AR EFERERTTREFELHEAR > £ Fluoresceine concentraction
22 Intensity & 7 255 > * R HER SR o

(1) PR e g

L A* B A3 4250 3% A fluoresceine intensity / 20 min (# NaCl)#? A fluoresceine
intensity / 20 min (# NaCl)4 %3 & % Fluoresceine concentraction (uM) °

2Ly -
i

LPL %% 7% 12(pmol / hr x protein (pg))
= [ (Afluoresceine concentration / 20 min (# Z NaCl) - Afluoresceine concentration /

20 min (# NaCl) x 3 x 205 pL)] / protein concentration (mg / mL) x 5 pLL
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(+ ) Bio-Rad Protein assay 3-v ¥k & R 2

(1) Dye Reagent

¥ B A
Dye Reagent Concentrate (Sigma) 1x
= &k 4x

* 2 ZCokfFR S B 180 2 Whatman # 1 /g M8 iR ]k‘,f 4 3 o Dilute reagent F ¥

ko MEETIEG2EY

(2) Standard
3% 31 mg BSA (Sigma);3** 1 mL = =x-k*¥ > = 1 mg/ mL 3 Stock - £ 14
Stock ## I k& 2 % 7| ##8(0 ~ 0.7 mg/ mL) -

2. 3?2

Frp iz ZokFR 2 812 o 3 10 pL h Sample & Standard ** 96 3“5 ¥
# ¥ o 4r » 250 pL ¢ Dilute reagent - /2 Microplate mixture ;2 £ 353 {8 » 33 8
TERSAHE B S FAE 1 | PFo 1 ELISA reader (WQuant)i? 630 nm 2. OD & -
kg RAREY RFE I FRREI Ly RS &K -
Note : F# &7 3 Triton x-100 B|7 i * gt =3 o
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NN o R FOp 2

(-) RE:

R P A 23 Berger & Barnard (1999)22 Morimoto % 4 (2001)(349,
350) - Flfg 3k % ¥ Glycerol kinase 7 £ f<™ > -k f#§# 1 ch Glycerol 7 + §4
Glycerol kinase {]#* - ¥]3* | £ Medium # Glycerol Jk &R ¥ 11 i 4 fg i m S p 5 2

(=) FxpU:

1. 25 mM TES buffer (pH 7.4)

- ZEE BYIER
TES (Sigma) 5725 ¢ 25 mM
NaCl (USB) 7.83 ¢ 135 mM
KCIl (Riedel - deHaén) 037¢g 5mM
MgCl, « 6H,0 (Riedel - deHaén) 0.203 g 1 mM
BSA (Sigma) 25¢g 2.5%

et R EEBN kY > AKPHI T4 B k¥ ET 1L AT
4 > @22 4°C o FIBSA 5 o Buffer 2 % > Tl b ¥l -

2. 10 mM isoproterenol stock solution
#-0.025 g = Isoproterenol (Sigma);3 ** 10 mL = -k » fe3t 4k ¢ g @ > @k pr
FWAC (B RS > Fpd R\WI T H) o

3. Working buffer : 25 mM TES buffer containing 1 uM isoproterenol
P~ 10 mL 25 mM TES buffer #r 1 pL Isoproterenol stock solution » & =% & * %
A g o
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B%g 95 8 Bk i€ T Saline (0.9% NaClis » & 2 3 5.(¥ 0.2 g) e+ Mgt id
LR RS I Y iedro B 12348 %4 > 475 Samples L3t Well p #
P73 9pF2TP 21973 Samples r FF4e » I 4 37CwiE 2 2 mL 25 mM
TES buffer (Basal)® 2 mL 25 mM TES buffer containg 1 uM isoproterenol
(Stimulated) - % 37°C incubator ¥ * f(Shake : 30 rpm / min) > 4 %|3* 12~ 3 /]
pFes B~ 0.1 mL Medium ** 1.5 mL 3. ¢ ¢ > 70°C 4c # 10 min > 7k 15 12 100 xg
30 #) ~ 37°C ™ &< (himac CR21, Hitachi) » 3. {83~ F F ¥ 30 0k§5 ¢ > 075 8338
2 (RANDOX GY105, Amtrim, UK):®| Z_glycerol 7 £ %96 3 # F &% ¢ 4 » 200 pL
fe4# 2. Reagent » £ & % +4c » 40 pL = = -k (Blank) ~ Standard (100 uM Glycerol) ~
Samples (Basal or Stimulated)’ ¥ ;8 * /& 10 4 45 {3 ™2 ELISA Reader (uQuant);f] 520
nm 2 &k > F ek gl R Y Mk E Glycerol JEA o

(z) rajdd Fi-8

Basal ¢ Stimulated & 4|3+ &
a. HESER 100 pM
b. I * &ex kgt @3- F Sample kA :
Y (MM) = (Asample/ Astp) % 100 (uM)
c. i ¥ & 5 3 T 3% Glycerol (pmol)
Lipolysis rate (umol glycerol released / g tissue)
=Y (uM) x 0.002 (L)/ W (g)
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1 EFREA

SIER =Y EPTFS 3L

1. R

Lipases

Triglycerides + H,O —— — ——— — Glycerol + fatty acids

Glycerol + ATP —(——— — — — — — Glycerol-3-phosphate + ADP

GPO

Glycerol-3-phosphate + O, — — —— Dihydroxyacetone phosphate + H,0O;

POD

2 H,0; + 4-aminophenazone + 4-chlorophenol — — — Quinoneimine + HCI + 4 H,O
] 2. Qquinoeimine (% iz # ) 2500 nm xSk E o
2. F

#* 7 428 2 (RANDOX TR 213, Amtrim, UK) - #-Buffer 1 (Z 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);® & > ft = Enzyme Reagent > 2~10 pL Samples & Triglycerides
standard (200 mg / dL) ¥ ** 53 3# ¢ ¢ > 4 » 1 mL Enzyme Reagent > ** 3§ ¥ %10
4 48 > 111 mL Enzyme Reagent#i 3 Blank - {500 nm2_ 3.3k (g » ¥ ¥ ¥ % S F 2

SNSRI X

AA sample

@Y M pmkAmg/dL) = TP
AA standard

x Standard 7k & (200 mg / dL)
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()= 7Rz ER T

1. R
Cholesterol esterase
Cholesterol ester +tH, O —— — — — — — — — Cholesterol + Fatty acids
Cholesterol oxidase
Cholesterol + O ————— — — — — Cholestene-3-one + H,O;
Preoxidase
2H,0; + Phenol + 4 - Aminoantipyrine — — — — — — Quinoneimine + 4H,0,

] 2 Quinoeimine(¥% = ¢ ) %500 nm Rk o

2, Fx

% 3 & 34 2 (RANDOX CH 201, Amtrim, UK) - 4 pL Samples &
Cholesterol standard (200 mg / dL)*t963 £ 45 ¢ » 4 » 200 pLF B#FEH(Z
Phosphate buffer pH 6.5 -~ Surfactant ~ 4 - aminoantipyrine ~ Phenol ~ Peroxidase »
Cholesterol esterase ~ Cholesterol oxidase) > % :§ * 104 48> 114 pL= = -k 4200 pL
F Bei##| 3 Blank - Bl 2500 nm2 sk i@ > TP @ e FLRABIE -

A sample
kR (mg/dL) = A Pl x Standard }k & (200 mg / dL)

AA standard
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(2) & FF 4 PR T

1. R

Acyl CoA Synthetase

NEFA+ATP+CoA ———————— — Acyl CoA + AMP + PPi

Acyl CoA Oxidase

AcylCoA+O0; —( ——————— — 2, 3, - trans — Enoyl - CoA + H,0;

Peroxidase

2 H,0, +TOOS +4-AAP ————— — Purple adduct + 4 H,O

] 2 Purple adduct (§ % ¢ ) &.550 nmenx & i@ o

NEFA: Non Esterified Fatty Acids

4 - AAP = 4 - aminoantipyrine

TOOS = N —ethyl—N - (2 hydroxy — 3 - sulphopropyl) m - toludine

2. F i

F* F 8 EH 2 (RANDOX FA 115, Amtrim, UK) - % #-10 mL Buffer (3
Phosphate buffer, pH 6.9~Magnesium chloride~Surfactant)*: » Enzyme / Coenzyme
( # Acyl coenzyme A synthetase - Ascorbate oxidase - Coenzyme A -~ ATP -
4-aminoantipyrine) ¥ % Reagent 1 o # Enzyme Diluent ( ¥ Phenoxyethanol ~
surfactant) &2 Maleimide ;2 32 3 > £ £ Enzyme Reagent (Z Acyl coenzyme A
oxidase - Peroxidase - TOOS)® fr353 » T % Reagent 2 - 2~4 pL Samplesz NEFA
standard (1 mmol / L)**963% % P 4 ¢ » 4v » 80 pL Reagent 1> #37C ™ F 104 48
8 » L 4t » 160 pL Reagent 2 » 37C ™ F 10448 > M4 pL = F-k4c F RiFR AR

% Blank © 2550 nmz sk & > ¥ B S5 Fsa g §E o

AA sample

A spe ik R (mmol /L) =
AA standard

x Standard k& A (1 mmol / L)
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L R EY N ERT

(=) %os o T R LR

E

¢ Fepe gl
% B~;% (Chloroform : Methanol = 2 : 1)

¥ B A
Chloroform (TEDIA) 2x
Methanol (TEDIA) 1x

MR P L2 1@ R E9T RGP B L BRTRE AR AR
i EERNES B F = T

2. gk

# Folch ¥ F % (1957)2 * 4 (351) - "y sle i 2f24 15 - * R £ %t
#¥c P 0.5 g RE & EP ¥ 38 BHPE o 4o » S EFBR0 k5P BT
(Polytron » IKA LABORTECHNIK)$2H B/ o #3550 Mk i8R 3| 15 mL 3w
FP o nEPRREL0OMLESHY) -

(2) ez meg R s ERE

Hery IO R PR AR08 o B5 pLFR ey Fia R R E Y o %
PEREENARFRAAR2EY 28 E R FoBY W -
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L- ~ mpEMDNA FERE

(-) R :

B2 %4133 p Saha ¥ A (1994):73 2 (352) - 1 * ¥ k4 & Hoechst 33258
(2 - (2 - (4 - hydroxyphenyl) — 6 - benzimidazolyl) — 6 - (1 — methyl — 4 - piperazyl) -
benzimidazol + 3HCI)¥* DNA large grooves £ % B {4 chRIZ Kk Hp DNA 3 £
% DNA 27 Hoechst 33258 % & {4 » %5 365 nm 2_ % % » ¥ 12 i B F| 460 nm 2.
2xdtk o ¥ Hoechst 33258 $f DNA £ 5 & - F B RAARAF R EF S F fig o d W03 H
§ % DNA Rl S LK Fl 2 ¢ {2 16 P 397 R -

(=) Frpell:

1. 2 x PSE buffer stock

B ZEE BHER
Na,HPO, + 12H,0 (4= %) 358¢ 100 mM
NaCl (USB) 233.6 g 4M
EDTA - Na, (BDH) 3.72¢g 2 mM

M-t b F R334 800 mL ehz x-k¢ > 2 10 N NaOH# & pH 1 74« £ M= =%
kR I ILSRE-

2. 1 x PSE buffer stock
#-2 x PSE buffer *>*# * 3 )1 & %ﬁ*]{;}ﬁ-ﬁ Z1RFF o

3. Hoechst 33258 stock solution (1 mg / mL)
#- Hoechst 33258 11 = %ﬁ]»‘#ln# = 1 mg / mL 7 Hoechst 33258 stock solution >

kp3t 4CH* o 3R EF 2 1 x PSE buffer ## 1000 3 (1 pg/ mL) » ¥+ i *
WESER o
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4. Calf thymus DNA stock solution (1 mg / mL)

2@ #-k #- Type 1 highly polymerized calf thymus DNA (Sigma) @ # = 1 mg /
mL 73 Calf thymus DNA stock solution  ** ¢ # % 12 2 x PSE buffer #{# 3 500 pg/
mL 2 i > £ 72 1 x PSE buffer ### % 20 pg/mL 2.7 - £ ié‘-f‘?)-?fllﬁrﬁ 20~10 ~
5+2.5~1.25~0.625 pg / mL) - (Type 1 highly polymerized calf thymus DNA &% %
Fawoked o T R RIPRTERLZAIF  NENACTH-EPREABBG
f%)

(2)+

1. %3972 3 Fat- free 35 iR W&

B EBRR2RRE YRR ERRWFI 05 e R T s B
PR oo g s MY B 4o ~ i £ 1 x PSE buffer 37k % ¥ 11357 8 (Polytron - IKA
LABORTECHNIK):H « 12 15 mL #s 3 #3552 R £3 14 mL - £357 R 73
R RRH RZRT A £39] P Sb— 75 Sample 97 § B2 3|5 - 15 mL
o f XN 2 TR MM o B 1 mL 5§ R 4 » 7 mL Cold acetone > #ik i
P RFI0Y 20 A4% 2 % 0 12 1800 xg ~ 4°C ~ 15 A 483« (himac CR21, Hitachi) -
'ﬁ%-i B -;—;‘-;‘& » B3T3 R i€ Acetone % >3FF o 4e ~ 1 mL ¢ 1x PSE buffer » 14
Sonicater - Pellet >v & 37347~ 3 f# - £ 2 1 x PSE buffer =& 3 2 mL > ¥ 259 %%

%\ Fat - free 39 % -

2. "% DNA 7 £RIZ

B~ 500 pL 5 Fat - free 32§ /& ~ Calf thymus DNA %% 5-2 1 x PSE buffer (7
Blank)** gL 3 3# ¢ ¥ © 4c > 1500 pL 3% 1000 i Hoechst 33258 ¥kFEA R E
353 o ¥ k%R 3H(F-2000 Fluorescence Spectrophotometer, HITACHI)/F| & Ex
365nm ~ Em 460 nm 2_ ¥ %355 & o £ v $HRE Y R E DAN KR -
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3. DAN ER - E
AX2x (T FiR WA /V)x 107

RRERE (g

DAN kA (mg/g) =

AV EHERY S E R (ug/ mL)
\AEREL Y Lot ol 2 b

L

= HEZRI AT
(=) R

PRI E 2 5 43 Hirsch & Gallian (1968) ~ Etherton % £ (1977)2 Mersmann
£ 4 (1986)(353, 354) o $1 7 $hfL(OsOy) it 82 5y 5 35 & 4 52 #-73 ¥ Im % F XX B
§ 5 12 Urea #-B Zehine 25 o 0 @ o
() FEERY

1. 0.2 M Collidine

X TRE BHER
Collidine (ACROS ) 24236 g
(Xd = 0.91) (26.63mL) 022M

% f216 01 0996 NaCl =& 3 1L °

2. 0.05 M Collidine - HCI buffer (pH 7.4 )

Bx FEE KMKER
0.2 M Collidine 25 mL 0.05 M
0.1 N HCI 22.5 mL

MEBI2 sRpHEARAT 74 £ 2 09% NaCl £ 3 100 mL -
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3. 8 M Urea
X ZE2E BXER
Urea (plusone) 480 g SM

% f215 12 0996 NaCl 28 3 1L 40 # %3 f&) o

4. 0.019¢ Triton X -100 (in 0.9%95 NaCl)

B ZRE BRER
Triton X - 100 (MERCK) 0.1 mL 0.019

r209% NaCl &% 1L~

5. 396 Osmium Tetroxide

- ZEE BRER
0504 (PGM) 0.15¢g 3%
0.05 M Collidine - HCI buffer 5 mL
(pH 7.4)

FlOsOs LATFHE R TR 2NN Rl o B 1 00,3118 > L7 7
R — PRSI E > MORHRITF U 2IRE » 4 F 2T F £ 0.05 M Collidine - HC1
buffer (pH 7.4 )ergt B ig # (]4e 1 g 0504 ¥ 33 mL Buffer) » >t 3§ T3 § 2-3 X3
FRr R it BFRW T HBHAMITL ¢ BRRN RHES P F RN 4T .
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(2) %

1. Cell Fixation

B2 95 e 8(< 200 mg)r 37°C ~ 0.9% NaCl 2 = = » #-Tissue slice % » 3
% 2mL 2 0.05 M Collidine - HCI buffer (pH 7.4 )73 Counting vial p > # I 4 b 4%
RE4ex 2mL 2. 39 Os0y _,,_Rf‘fé*":i/ ETRE= e X oo

2. Urea - solubilzation of connective tissue

% 11 0504 — collidine - HCI buffer » 12 % 5 mL 2. 0.995 NaCl *3efsexd) » £
4e » SmL 2 0.9% NaCl* 28 T 3%g - X211 0.99% NaCl {é:z4 10mL 2 8 M
Urea »*r 3 F T 3% E - X » HF B F i Vial 2R w2 j&_Connective tissue &3 !
kov ABEMET F LI 0504 %= 2 & i o - Urea freed particles i & 335 pm
Nylon mesh net } > # g5 B~ i@ 5595 } *E‘%‘z i i#F Net @ i@ g FEH ¥ ¥ 17 0.9%
NaCl i* 7% Nylon mesh net #=% > j & é7g/& £ * 10 pm Nylon mesh net % 3% § i§
2 0.019 Triton x - 100 (in 0.996 NaCl)i* st e « ik % 14 » 52w €
+ - # % ¥ & 10 pm Nylon mesh net + > -] 27 10 pm Nylon mesh net > %3z %
“#4% + * §]#& 10 pm Nylon mesh net » #* 0.0195 Triton x - 100 (in 0.996 NaCl)#-%4

# 10 pm Nylon mesh net } 1% 3% fm %2 % 3| Counting vial -

3. Rgvsimre itk

S Fhrmie I PP B ERY o ¥ ki S HERA
(OLYMPUSI x71) 11 10 x 10 2. & F @2 - %= 3 Sample 'Z 4p 1 (Diagnostic)#-
S48 5 g dp R 0 £ 1 7 B AIZ M (SPOT Advanced) %3 ¥ mez £ o] » & B
Sample .+ 3 > & § 7| 100 B fw?e 12+ o IR F Blwre cnE jT 4 ) ¥ iid F A
F R hme s NGEEE + BEEE)/2REMEEEA ] o
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L

= ~ T IRY FEaL B2 Oral Glucose Tolerance Test (OGTT)

(-) Fepd:

Glucose solution

1. 3.5 M Glucose solution ( * 3+ 3-63i¥2 + &)

P~ 63 g Glucose (Riedel - deHaén))? 2 =x-k =& I 100 mL -
2. 4.5 M Glucose solution (* 3t 6-9 i¥2_ + R)

P~ 81 g Glucose (Riedel - deHaén)!Z 2 =X -k =& T 100 mL -
Note: § HFBERT T~ BLFHRIFA K

(5)* 3 :

A RALT BHAHET 36 O v IRT E AL R LW - X
6:00pm ¥+ HZS o fn FXAHFF 0L 450 R B BUFETEL 45cm x 45
em LA 2 YF AL A RPET NG > X E T N L B L3 Bk o 113
|7 FRET R0 om A SR EFRE T ML R FCEE IR
3# M (MediSense Optium™) F jpl 2 # & i > £ £ 9 0.15mL £ 7% * 1.5 mL 3
FP R REAKES cFERIBMELF2THELT 1S LT ER HTFR
BRI FERBABRCIEES S BB FERBIEF 3060290120 24 Uk
P 2B L RF BT ABE o BT B n 0 A4 DL 0 12 3,000 xg ~ 20 A 4
4°C 3. (himac CR21, Hitachi) > B~ # 2 ¥ - ® LS5 mL s ¥ ¢ > ng#Fsa
L RRIE

L

EL

S i EBZERT

# OGTT FEordr & 5|4 Rehk * &g 0 10 i BiE K (MediSense Optium™):p]|

EHEBE o
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(-) R :

f1* Solid phase two-site f¥ % £ & RIZP| 2 > J1* & B L& - 22 ¥ kAP E
LEFAFIFIFRAEE CHIpR) RSP L FA T TR 96 ¥
1 ¢h— FL Anti - insulin antibody % & 2_ {2 » £ § Peroxidase conjugated anti - insulin
antibody * J& > £ " buffer 7 X G & 2 FER Tl > 1% ML S - HF - 2
{8 4x » Peroxidase 2. X ' 3, 3’, 5, 5’ - tetramethylbenzidine (TMB)* & & ¢ (¢ ) »
BEMABE L F BEEFE S  HBH 450 nm 2 Xk EETT BB MY
MG RIRR -

EREE

F1* « L OGTT p* 0 £ 485 F ik ¥ w2 % > 28 5 0.15 mL & % * 1.5 mL 3
R X R ks b o BT B S R 0 12 3,000 xg~20 A 48 ~4°C 3w (himac CR21,
Hitachi) > B~ /2 ¥ - B 1SmL s g9 > 7R 3R200 1 4452 7 o

#F#* H 81538 e (Mercodia rat insulin ELISA) - 2 #- 50 mL Conjugate solution
stock (7 Peroxidase conjugated mouse monoclonal anti - insulin)4c » 450 mL
Conjugate buffer (# Colour coded blue) ** ## Conjugate solution-3* 40 mL Washing
concentrate 4 » 800 mL = =t -k # % {¥ Washing solution o

#-25 pL s R &2 % § R R 50, 0.15, 04, 1,3 pg / L)A )4 » 96 34 % ¢
(£ Mouse monoclonal antibody) » £ 4: » 50 pL Conjugate solution ~ & 2 -] FF » &
J& t$ 14 Washing solution #-2E4% R |23g B ikl > 4 > 200 (LTMB § X F > F
B 15 2 48 > .12 4r » 50 pL Stop solution (37 1 M H,SOy) » R4r35 3 1411 ELISA
reader (nQuant)ip] 450 nm 2 ¥k kg o B Uk E i JHEFY ML L 2 E -
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4~ # &5 F Adiponectin jp] Z

(-) R :

s R 2§z P rEE R A A A 15 # #F (Sandwich enzyme
immunoassay) - #- Mouse Adiponectin & — {4 ¢ Monoclonal antibody ¥ £ % &
Microplate * - § Standards ~ Controls ¥~ Samples ;3 » well ® - Mouse adiponectin
€ fr Immobilized antibody % & > 2 {34 X5 B & X F » £ 4 » ¥ Mouse
adiponectin & — 4.7 Enzyme - linked polyclonal antibody ¥] Well ¥ » %% 3 #
‘ﬁ%#—%.&é & ¢f» Antibody - enzyme reagent £ 4c » X 3 /% (Substrate solution)?]
Well ¥ cft%F Ré€2AFES AP F %A RStop Solution)r » 215 § %~ F
§ o pEd R NEHEEY Adiponectin B & £ b H o

(=) >

A REFHPFEEL 2 12 3,000 xg~20 4 45 24°C T 4 (himac CR21, Hitachi) -
H#- s iﬁ&ﬁ:iﬁw BoE2ig EAKSEN-20 CHRF P kP RBA - &
W 8 3%% 2 (R&D Systems Mouse Adiponectin) ° ;2 & Conjugate concentrate (3
Polyclonal antibody)f- Conjugate diluent ¥ {¥ Mouse adiponectin conjugate » 12 =
= -k #- Wash buffer concentrate % # = Wash buffer - 2 Calibrator diluent RD5-26
concentrate 4c = =X -k % # = Calibrator diluent RD5 - 26 (1 x) - Color reagent A (%
Hydrogen peroxide)f= B (Tetramethylbenzidine) 'z % B 6R &2 TR
Substrate solution

4v » 50 pL £ Assay diluent ¥+ — B well # > #- 50 pL 7 Standard & Sample
e x| E - B Well > e d5dp Plate — 248 c RE BT T R THLF B3
o3 ) Well ¥ e693 i 12 400 pL £ Wash buffer 7% 5 =t o 4c » 100 pL £ Diluted
mouse Adiponectin Conjugate ¥|% — B Well ¥ s b} 373t 3 BT HLF R 1
p P ol Well ¥ i3 i 12 400 pL i Wash buffer % 5 = o 4e > 100 pL i
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Substrate solution $|% — B well # >3 %8 T @k & i 30 4 454 » 100 pL 7 Stop
solution(# Hydrochloric acid solution)¥|* — & well ¥ » & §f 3~ #=4p plate FE 27 &
353 (8% *x % Microplate vortex ! iR 3) o iP|§ 450 nm 2 =%k B (A & & K 2 540

nm £ 570 nm) > "2 {E % & s k3 E Sample P Adiponectin kB o

L=~ A 3 Bk E x (Northern blot) # #7 PPARY - Adiponectin ~
Leptin ~ LPL 2 ADD1/SERBP1 ¢ mRNA # R.§

(- ) % RNA 2 3 3

1. FEpY:
(1) 0.1% DEPC - H,0

e At
DEPC (Diethyl pyrocarbonate) (Sigma) 1 mL
& Fk 1L

% DEPC - HOFe & * = 455 4 L) A4S FKE 57 5> BP0
‘e » DEPC # » BERRGB L) #HE TR * o

(2) 3M Na - acetate (pH 5.2)
P~ 49.22 g Na + acetate (USB)-Lruig € = = -Ki3 f# > nvkpppea FpH I 5.2
ZE 3 200mL 137 F e

2, FiE

" TRIZOL reagent (Invitrogen)# B~ ¢ 7395 S RNA o K4 if i77%; 95 12 8 5 0.5
g » 39 ¢ ¥ 4 » 5 mL2 TRIZOL reagent > .352%‘1 327 % (Homogerizer Glas-Col)
P13 B r15mLipc F 7 o R FHEF G mLEF+22 GE )R Bk
o ks RS M F 112,000 xg~ 4C T R 1044875 > BT KB k0T
- 15mLags g @ > P g Mgl ‘,% o 4 » 1 mL Chloroformi= 353 (¢ 3 E ™
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FE2~304> 112,000xg 4C TR 1044818 > P K E R K> TR Ld 2
Phenol - chloroform & > -] Bt £ % I 7015 mL3E < ¢ ¢ > 4 » 2.5 mL
Isopropanol (Sigma)Z F R 3 > * 2R T# E 104 48 > 1212,000 xg ~ 4C ™ w204
4> g3+ ‘}%‘fﬁ » 7k 2_Pellet4r » 0.4 mL DEPC - H,OJ| 7] 4= i i Pelleti3 f# £ 4c »
0.4 mL DEPC - H,O saturated phenol (pH 4, USB)’ & F353 {4 > £ 1212,000 xg~4C
BpesS5o 4k Bt kR EATLSmLEs ¢ £ 4 » 0.4 mL Chloroform & F 353 2 »
r112,000 xg ~ 4Cs540 48 > B~ F R x> ¥ - B1.5 mLigs % »4e 240 pL 3 M
Sodium acetate£? 1 mL.3 $+/FpF (Merck)>i2 3 § 2220°C 1-) P2+ sV pg k32 T RNA
A 0 112,000 xg ~ 4C 104480 54 + iR 0 221 mL DEPC - H20p 4
70% FpE = RNA (#-Na - acetateied ) > £ 1112,000 xg ~ 4CHL~ 54 48 > #F
¥4 2 > Pellet (RNA)* & T B #z#s » 1210 pL2 DEPC - H20i3 f3RNA « 3~1 pL
RNA3 % 52 DEPC - HZOﬁrﬁ 1000% 78 » /2260 ~ 280 nm;& & 2_ % sk {& > 11260 nm
¥ 3k {21 unit = 40 pg RNA / mL 2 ;83 E RNAK & > 312260 / 280 nm ' {8 2% &3+
RNAMR (" E14~28 4 Fd FiF45)e

(= )RNA 7%

1. #F5p:
(1) 10 x MOPS

¥5 FTEL BRER
MOPS (MERK) 412 g 0.2 M
Sodium acetate (USB) 6.56 g 0.08 M
0.5 M EDTA (pH 8) (Sigma) 20 mL 0.01 M

-1 i % 5-4c 800 mL DEPC - H,O ;3 f#%5 > 2 2 N NaOH # % pH 1 7.0 > £ 12
DEPC-H,0 3 £31 1L B REFF R (BRER S > NFHKEk 2w E—™

)
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(2) T A% E% (1 x MOPS)
B 10 x MOPS 50 mL 2= -k = 1 500 mL ¥+ -

(3) Formaldehyde gel loading buffer (10 x)

¥x FEL BRER
Glycerol (Sigma) 7.5 mL 50%
1 mM EDTA (pH 8) (Sigma) 30 uL 2 M
Bromophenol blue (Plusone) 37.5 mg 3.73 uyM
Xylene cyanol FF ( Sigma) 3.5mg 0.43 ptM

%+ ¥ 5% DEPC-H,0 R 573215 2 €3 15mL> % 4°C -

2. &9

BEx Z&E BERER
Agarose (GibcoBRL) 035¢g 1%
DEPC - H,0 25.8 mL
10 x MOPS 3.5 mL 1x
37% Formaldehyde (Merck) 6.25 mL 3.7%

PR G5~ ) B ehE o % Agarose 4 DEPC - H,O & > #icitk 2~3 min £ % 2>
BiREOBIRREY 0 FERM I 60CHE 4 ~ 10 x MOPS 2 37% Formaldehyde
BEI5S LR 56 LB F KT - B4EWR s~ RNAgel BH 538 $ 40 @A
A2FR o FHAALFTT AN RNATAL RN ACEHEY (WEHEEP 4o r

3 ¢ DEPC - H,0 #4584 ) o
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3. S AR

¥5 ZEE BRER
RNA sample x pLL
DEPC - H,0 (4.5-x) pLL
10x MOPS 2 pL 1x
37% Formaldehyde (Merck) 35puL 022 M
Formamide (USB) 10 pLL 50%

#RNAZ P st BB £393 14 5 370 C T -Rig 104 40 "L 7kiF34 48 0 Spin down
{8 4r » 2 pL Gel loading buffer (10 x)% 1 pL2_1 pg/ pL EtBr (BDH) » /& 3 {3 % F #
*FRNAT #*

4, *E

B A HWE 1% F B i (Agarose gel)» b 7 7 1% Agarose > 3.7% Formaldehyde >
1 x MOPS (20 mM MOPS, 8 mM Sodium acetate, 1 mM EDTA, pH 7.0) - 4 %|2~20
ng RNA 74 5% A2 : % RNAB# ¥ 4 »2 pL 10 x MOPS -~ 3.5 pL 37%
Formaldehyde % 10 pL Formamide > 12 DEPC - H,O4¢ ¥4 2 20 pL > ;&32%70 C™
kip 10448 > g kB3~ 4 FLRNA® 4R = 524 > Spin down{s 4c » 2 pL Gel
loading buffer (10 x)% 1 pL2_1 pg/ pL EtBr (BDH) » ;R § {4 * ¥ 2 » E FRH¢
S0 ~TORFTREFTRA > § & FAS I HEFHAM23/4pFik b > B0 E »
UV box (LONGLIFE FILTER, SPECTROLINE) } .2 rRNA 28S/ 18S &t &) » &
HEW2114 TRNASF 24 RBER {7 EHKEFHE o
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(=) RNA #& 52

1. Frped:
(1) 20 x SSC

Ex EA A
NaCl (USB) 1753 ¢
Citric acid (USB) 882¢g

#-t 3t F 502800 mL- X-ki3 3B EpHI 7.0 B4 2 €21 Lo 51 Ll mL
e

DEPC##:E = R 18 4 % > W &1 @ %3 ¥ DEPC-H,0 -

(2) 2xSSC
B~5 mL#720 x SSC 238 F-k 2 £ 3 50 mL -

2. *E
#-RNAT A s 9% ¥ 278 &2 DEPC - HbOV #4304 4 - =x » £ 278320 x
SSC® 50 ~ 604 48 o pbPF LB F T E 1 B Bb 5P B & s Kk i r - 5y
BRBBEZESF2 /33 R > 4
PHARIAFY D e RREEG S K85 A R 9B R A (Whatman No.3) »
1220 x SSCiEi 1|5 o b3 2 L~ 2 Nylon membrane (Hybridzation

g7 24 220x SSCRBKABHR 230%

transfer membrane, NEN Life Science Products, Inc.)¥ 2.2 + F & #i— & & 2580 »

4 11DEPC - H,OiE 215 > £7#*20xSSC? # * » 9P Rie 218 %= ¥ ER
ATHENHRRE > LR BRF AL TT RS RIEALY X e e Y 3B
Mg e Abd o P EHP S FAHE Fous @ 0 ¥-Nylon membraneT 4+ 7% 48 ¢
Mgtipk-F e ARl o FH T P BR A Nylon membrane b » AT 5 A2 4
Fie P AL FRNEIN S BB UHOSD T hIFEF R Ll b
BTG B PYUEY NS BYRE 2B HE12~16 P B
(BN ~25 > TR L20XxSSCo FEZ A > BL THEH i ng >N

4-% % Nylon membranef-% 3 $&ff & #iz 5. > #Nylon membranei® ;¢ 2 x SSC*
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54 48 > r4%3 Nylon membrane t &0 F %5 7 4 » £ #-Nylon membrane=t & g i
F o 2R BEIc304 480 £ 12UV Cross - linker (Select Series, SPECTROLINE)K Z_#%

Optimal crosslink it £ %-RNA F 2 * Nylon membrane } > % [ JTik » & i = &

i R
() F &4

* ¢ % £ P~ PPARy cDNA (AB019561, base: 164 ~ 1151) -~ Adiponectin cDNA
(AY033885, base: 250 ~ 755) ~ Leptin cDNA (D49653, base: 13 ~ 373) ~ LPL cDNA
(03294, base: 1005 ~ 1864 > & #% 7 £ ¥ 7 ¥ % % & i) ~ ADD1/SREBP1c cDNA
(AF286470, base: 896 ~ 1319)2 18S cDNA (M111881297, base: 1 ~ 1297 » & #3%
EEFRATRE)PEIFLIHFSE DNA F&2 PR EREGH? S L8e
(Ready To Go DNA Labelling Beads - dCTP, Amersham Pharmacia Biotech Inc.,
NJ, USA) % i&17 o § LB~ P {& cDNA (25~50 ng)i3 /% > ™M FkA WAHE L 45l >

£ 100°C ™ Denature 3 4 48 > g F/Rig 2 £ 48 > Wi 3o ; #-° Denature 57 DNA
7% % 45 pL 4c I Reaction Mix Bead (3 7 ¥ # % ~dATP~dGTP~dTTP - FPLCpure
Klenow : 7 ~ 12 units f= Random oligodeoxyribonucleotides : 9 - mers)® > 2_ s {
4v » 5 pL [a - **P] ACTP (3000 Ci / mmol) » %+ 37°C T F J& 30 ~ 60 4 48 - 3 Micro
SpinTM G - 50 Column (Amersham Pharmacia Biotech Inc., NJ, USA);® & - =& » #
BT 3enl/4 kvt F3 % 1/48 B+ 15mL &< ¢ > ¥ 1,000 xg T &
s 1 A4 2 1% Column £33 ¥ - A0 1.5 mL < § ¢ » #F Br k& (7
¢cDNA 2 [ - ?P] dCTP %)-| w3 4r 3] Column p 7 Resin bed > *t 1,000 xg T 3t
2 24 3T ke E 2 4 H Unincorporated labelled nucleotides 7 cDNA 4% 4>
BREFRIFBDPEI100C T4 5 S48 SeBfa 2 Tokiz » 3T R FARIF

)
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L ¥upd:
(1) TE buffer

5 FEE BRER
1 M Tris - HCI (pH 8.0) S mL 10 mM
0.5M EDTA 1 mL 1 mM

- Z KR EIS00mL o HEE TR o

(2) Salmon sperm DNA (5 mg/ mL)

~15 Salmon sperm DNA (Deoxyribonucleic acid, Sodium salt, Sigma);3 *+180
mL TE buffer » ;R £353 (23 RiF T URFABRA > T 3R bk 51t > 283

200 mL -

(3) Hybridization buffer / Prehybridization buffer

B ZTEE BHER
99.79% Formamide 25 mL 5094
50 x Denhardt’s solution (BDH) 5 mL 5x
10% SDS 5 mL 1%
20 x SSC 12.5 mL 5x
MR FPkEE 250mL -

(4) Wash buffer
® Buffer I (2 x SSC ; 1% SDS)

& P A
20 x SSC 5 mL
10% SDS 5 mL

MR FPk T 250 mL -
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uffer AdX 5 ()
(@ Buff II (0.1 x SSC ; 1% SDYS)

¥ REL
20 x SSC 0.25 mL
10% SDS 5 mL

MR Pk 22 150 mL o

® Buffer ITI (1 x SSC)

¥5 FLE
20 x SSC 2.5 mL
MR Fk TR 250mL -
@ 6xSSC

o EA
20 x SSC 300 mL
MRFkEEIIL
(5) Deprobe solution (0.1 x SSC ; 1% SDS)

5 FEE
20 x SSC 5 mL
10% SDS 100 mL

MRFkEEIIL
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2. *

& #-i& & 47 RNA nylon membrane*t6 x SSC¥ T #1-| ¥ » L BF L3200 pL
Sonicated salmon sperm DNA (Smg/ mL) > 3 124 #100°C ~ 104 48 > = 3| ki34
48 > #R184c 3 5 mLe32 % 3 7% (50% Formamide, 5 x Denhart’s solution, 1% SDS, 5
x SSC)¥ » f #-T 7% = 2. RNA nylon membrane#c » 3 32 % /3 ;% (5 mL / tube) » *%
42 °C ™ Prehybridization 6] F¥ & [ & o {§]34 Prehybridizationz_ 22 /3% » £ 4t »5
mL 5 3 PPHE35cDNA 42 3223 7% » ¥+42°C T Hybridization 12 ~ 16-] B¥ o #-4F
AR N(Fr 4R %) &7 Kk {FWash# b -FI L 1112.5 mL Buffer I
(2 xSSC, 1% SDS)** % 8 T 2= » & 54 4 > & 1212.5 mL Buffer II (0.1 x SSC >
1% SDS)*t45 ~55°C ™ #%2=x » & £ 304 4% > £ {4 121 12.5 mL Buffer III (1 x SSC)**
BB T 2K 0 & XS54 4o -k % 2 Nylon membraned~ ! > it & §p ¥ 3§ gagd
£ ™ & % (Eastman Kodak Company, Rochester, NY, USA)**-80°7C i& {7 3 & |+ B

POroERgimrRiervrs gl » S5 B B §UEST % 3 (Multilmage ™
LIGHT Cabinet - Alpha Innotech Corporation)4 47 & -

S - S

FEEEIHNTIHE + EF KL (Mean £ SD)Z 7% o $cdp 2 SIS EING
FEAF > ZRET 5 HikE(Log) - #idp 1 ¥ % %+ 4 7(one way ANOVA) & T ik
T eF LR 2 BB¥EM £ 17 Duncan’s Multiple Range Test % @ % 2ib> k2 H &=
2 4 B (p<0.05) o 33+ A 45 1 12 SAS #4(SAS 8.2, Cary, NC, USA)#, /7 o
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Sr® 2%

-~ LEAHL HES 2 g2 B8

24-15 205 R%PEWEHR 4~ BT ~ 0 E20F 2 ReF o Uy
Wowaks (SR E R iIT 5440 € - EAE 28 ¥ % ** LF 222 BM £(p<0.05)> @
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Table 4 - 1 Initial body weight, final body weight, food intake, energy intake, feed efficiency and energy

efficiency of rats fed with experimental diets for 9 weeks ">

Initial body Final body Body weight
Food intake Energy intake Feed efficiency Energy efficiency
weight weight gain

(g) (2) (g/d) (g/d) (kcal/d) (g gain/ g feed) (g gain / kcal feed)

BM(n=9) 280+26" 485+48™" 3.27+047 19.6+2.1" 961+£10.1" 0.17+0.01™  0.034 +0.002 *
EAE (n=7) 312+28" 520+58°" 3.30+£0.58 20.5+23" 102.8+11.5* 0.16+0.01"  0.032+0.003"
TZD n=8) 293+33% 539+66" 3.91+0.62 22.0+2.0% 110.7+10.1* 0.18+0.02*  0.035+0.004*
HF (n=7) 295+25" 497+38" 321+0.33 19.7+13" 987+6.5" 0.16+x0.14™  0.032+0.002"
LFm=6) 274+17" 469+32" 3.09+0.34 225+13" 86.6+50¢ 0.14+0.01°  0.036+0.003"

! Values are means + S.D..

2 The significance of differences among the five groups (LF, HF, BM, EAE and TZD) was analyzed statistically by one-way ANOVA
and Duncan’s multiple range tests. Values were transformed to log values for the statistical analysis if the variances were not
homogeneous. The General Linear Model of the SAS package (SAS institute, Cary, NC) was employed for both statistical analysis

and differences were considered significant at p < 0.05.
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Table 4 - 2 Tissue weights of rats fed experimental diets for 9 wks "*

Retroperitoneal Epididymal Injuinal

Liver Kidney fat (RE) fat (EP) - Gastrocnemius  Testis Adrenal
(g)
BM (n=9) 12.89+1.46 2.95+0.28 1539+3.88 11.73+2.88 1.27+0.41™ 2.63+0.23 3.50=0.52 0.09 = 0.03
EAE (n=17) 14.40 £2.55 3.14 £0.51 18.95+5.98 13.75+4.08 1.33+0.32*" 2.90+0.27 3.70+£0.71 0.08 + 0.03
TZD (n=8) 12.87 £1.89 3.11 £0.31 18.43+5.44 15.09+4.14 1.95+0.64" 2.94+0.30 3.90+0.76 0.08 = 0.02
HF n=7) 13.66+1.89 2.99+0.30 16.35+4.55 12.86+3.751.31+0.47™ 2.85+0.37 3.73+0.86 0.08 =+ 0.03
LF(n=6) 12.11£2.362.99+0.21 11.59+3.45 9.29+3.24 0.94+0.28" 2.83+0.27 3.81+0.46 0.08 +0.20

! Values are means = S.D..

2 The significance of differences among the five groups (LF, HF, BM, EAE and TZD) was analyzed statistically by one-way

ANOVA and Duncan’s multiple range tests. Values were transformed to log values for the statistical analysis if the

variances were not homogeneous. The General Linear Model of the SAS package (SAS institute, Cary, NC) was employed

for both statistical analysis and differences were considered significant at p < 0.05.
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Table 4 - 3 Relative tissue weights of rats fed experimental diets for 9 wks ">

Liver Kidney Retroperitoneal - Epididymal Tnjuinal Gastrocnemius  Testis Adrenal
fat (RE) fat (EP) fat
(%)
BM(n=9) 2.74+0.32 0.62+0.04 322+059™ 2.46=+041" 0.26+0.07" 0.56+0.03 0.74 +0.09 0.02 + 0.01
EAE (n=7) 2.78+020 0.66+0.1 3.63+0.79" 2.64+0.58 0.26+0.05" 0.57+0.06 0.73+0.13 0.01 % 0.00
TZD n=8) 2.46+0.29 0.60£0.05 3.45+0.64" 2.83+045" 0.37+0.12° 0.56+0.05 0.74+0.12 0.02 =+ 0.00
HF (n=7) 2.88+0.46 0.63+0.10 3.41+0.76"  2.69+0.70" 0.27+0.08" 0.60+0.09 0.79+0.21 0.02 = 0.00
LF(n=6) 2.69+0.33 0.67+0.05 257+0.61" 2.05+0.55" 021+0.05" 0.63+£0.08 0.85=0.08 0.02+0.01

! Values are means = S.D..

2 The significance of differences among the five groups (LF, HF, BM, EAE and TZD) was analyzed statistically by one-way

ANOVA and Duncan’s multiple range tests. Values were transformed to log values for the statistical analysis if the

variances were not homogeneous. The General Linear Model of the SAS package (SAS institute, Cary, NC) was employed

for both statistical analysis and differences were considered significant at p < 0.05.
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Table 4 - 4 The diameter of adipocytes in retroperitoneal fat of rats fed

with experimental diets for 9 weeks ">

BM EAE TZD HF LF
Medium (pm) 135+23"  158+15* 14511 14716 137+13"
Cell number (%)

20~100 pm 22.7+16.4" 6.7+6.7" 85+53" 13.6+3.5" 15.6+8.8"
100 ~ 180 pm 66.4 = 12.0*" 66.6 + 6.6 79.7 + 5.7 68.5+14.4" 709 £7.1™
180 ~260 pm 10.9+10.3"25.7+11.4*11.9+7.7°17.0 £ 149" 13.5+ 48"
> 260 pm 0.0 1.0+£1.6 1.0+£1.6 1.0+1.3 0.0

' Values are means + S.D..

? The significance of differences among the five groups (LF, HF, BM,
EAE and TZD) was analyzed statistically by one-way ANOVA and
Duncan’s multiple range tests. Values were transformed to log values for
the statistical analysis if the variances were not homogeneous. The
General Linear Model of the SAS package (SAS institute, Cary, NC)
was employed for both statistical analysis and differences were

considered significant at p < 0.05.
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Table 4 - 5 The diameter of adipocytes in epididymal fat of rats fed

with experimental diets for 9 weeks "’

BM EAE TZD HF LF

Medium (pm) 133+9  150+14 142+18 145+16 13715
Cell number (%)

20~100pm 7.8+6.2 3117 84+104 6.2+23 10.0+10.9

100 ~ 180 pm 89.0 £6.7 *76.5+12.9**77.8+9.9 " 81.1 +10.9 ** 84.6 £ 8.3 "

180 ~260 pm 4.3 +2.6 15.0+11.0 13.4+12.8 12.3+124 53 +4.4

> 260 pm 0.0 0.1+£03 03+09 04+0.7° 0.0

! Values are means + S.D..

2 The significance of differences among the five groups (LF, HF, BM,
EAE and TZD) was analyzed statistically by one-way ANOVA and
Duncan’s multiple range tests. Values were transformed to log values for
the statistical analysis if the variances were not homogeneous. The
General Linear Model of the SAS package (SAS institute, Cary, NC)
was employed for both statistical analysis and differences were

considered significant at p < 0.05.
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Table 4 - 6 Triglycerides, DNA and triglycerides / DNA content in retroperitoneal fat pads of rats fed with experimental

diets for 9 weeks 2

Triglycerides DNA Triglycerides / DNA
(mmol / g) (mmol / Tissue) (mg/ g) (mg / Tissue) (mmol / mg)
BM (n=9) 0.35+0.12 5.29 £ 1.76" 0.12 £ 0.01 1.76 + 0.41 3.04 £ 0.93
EAE (n=7) 0.43 +0.06 8.39+3.52° 0.12 £0.02 2.22 £0.91 3.81 £ 0.64
TZD (n =8) 0.41 £0.03 7.58 £2.18™ 0.14 £ 0.06 2.45 £ 0.62 3.22 +£1.04
HF (n=7) 0.38 + 0.08 6.06 = 1.26 ™ 0.14 £ 0.03 2.26 +£0.39 2.69 +0.42
LF(n=6) 0.38 £ 0.10 448+2.19°¢ 0.16 £+ 0.05 1.92 +0.99 2.72 £1.60

! Values are means = S.D..

2 The significance of differences among the five groups (LF, HF, BM, EAE and TZD) was analyzed statistically by one-way
ANOVA and Duncan’s multiple range tests. Values were transformed to log values for the statistical analysis if the

variances were not homogeneous. The General Linear Model of the SAS package (SAS institute, Cary, NC) was employed

for both statistical analysis and differences were considered significant at p < 0.05.
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Table 4 - 7 Triglycerides, DNA and triglycerides / DNA content in epididymal fat pads of rats fed with

experimental diets for 9 weeks "*?

Triglycerides DNA Triglycerides / DNA
(mmol / g) (mmol / Tissue) (mg / g) (mg / Tissue) (mmol / mg)
BM (n =9) 0.33 + 0.06 3.74 £ 0.07* 0.21 = 0.06° 2.47+0.76° 1.64 £ 0.51
EAE (n=7) 0.32 £ 0.05 4.37 +£1.64° 0.15+0.08 ™ 2.05+1.45" 2.56 +1.27
TZD (n = 8) 0.30 = 0.05 4.52 +1.28" 0.16 = 0.05™ 2.43+0.87™ 1.99 + (.52
HF (n="7) 0.37 £ 0.05 4.50 +£1.50° 0.18 +0.06™ 2.03+£1.09*" 2.32 £ 0.65
LF(n = 6) 0.30 £ 0.11 2.72+1.10°" 0.11 £0.02° 0.98 £0.10" 2.67 £ 1.60

! Values are means = S.D..

2 The significance of differences among the five groups (LF, HF, BM, EAE and TZD) was analyzed statistically by one-way
ANOVA and Duncan’s multiple range tests. Values were transformed to log values for the statistical analysis if the
variances were not homogeneous. The General Linear Model of the SAS package (SAS institute, Cary, NC) was employed

for both statistical analysis and differences were considered significant at p < 0.05.
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Table 4 - 8 Fasting serum lipids of rats fed with experimental diets for 9 weeks " **
Triglycerides Cholesterol NEFA

(mmol /L) (mmol /L) (mmol /L)

BM (n=9) 1.10 £ 0.27 1.25+0.38 0.66 = 0.09
EAE (n=7) 0.80 +0.11 1.49 £ 0.42 0.64 = 0.32
TZD (n = 8) 0.91 = 0.31 1.14 £+ 0.21 0.70 + 0.28
HF (n=7) 1.19 £ 0.49 1.38 £0.43 0.62 = 0.15
LF(n=06) 0.99 +0.27 1.45+0.19 0.60 = 0.11

" Values are means = S.D..

2 The significance of differences among the five groups (LF, HF, BM, EAE and TZD) was analyzed statistically by one-way
ANOVA and Duncan’s multiple range tests. Values were transformed to log values for the statistical analysis if the
variances were not homogeneous. The General Linear Model of the SAS package (SAS institute, Cary, NC) was employed
for both statistical analysis and differences were considered significant at p < 0.05.

3 NEFA: Non esterified fatty acid.
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Fig. 4 - 1 The growth curve of rats fed with experimental diets during
the whole experimental period. Values are means = S.D. (n = 6 ~9). The
significance of differences among the five groups (LF, HF, BM, EAE and
TZD) was analyzed statistically by one-way ANOVA and Duncan’s
multiple range tests. Values were transformed to log values for the
statistical analysis if the variances were not homogeneous. The General
Linear Model of the SAS package (SAS institute, Cary, NC) was
employed for both statistical analysis and differences were considered

significant at p < 0.05.
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Fig. 4 - 2 The accumulated weight of abdominal fat pads of rats fed with
experimental diets for 9 weeks. Values are means £ S.D. (n = 6 ~9). The
significance of differences among the five groups (LF, HF, BM, EAE and
TZD) was analyzed statistically by one-way ANOVA and Duncan’s
multiple range tests. Values were transformed to log values for the
statistical analysis if the variances were not homogeneous. The General
Linear Model of the SAS package (SAS institute, Cary, NC) was

employed for both statistical analysis and differences were considered

significant at p < 0.05.
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Fig. 4 - 3 The glycerol-3-phosphate dehydrogenase (G3PDH) activity in
retroperitoneal (RE) and epididymal (EP) fat pads of rats fed with
experimental diets for 9 weeks. Values are means £ S.D. (n = 6 ~9). The
significance of differences among the five groups (LF, HF, BM, EAE and
TZD) was analyzed statistically by one-way ANOVA and Duncan’s
multiple range tests. Values were transformed to log values for the
statistical analysis if the variances were not homogeneous. The General
Linear Model of the SAS package (SAS institute, Cary, NC) was
employed for both statistical analysis and differences were considered

significant at p < 0.05.

120



Sr® 2%

100 2
. 2
20 O BM
80
= i
s 70 I O EAE
2o 60 - _ t
2z £
S = 50 | O TZD
S =
- L
E: 40 [
g 30 - 8 HF
=
~ 20 [
u
0 - LF
0
RE EP

Bl 4-4 Wistar + R4 93F% A4 S 9 3F 2 18 7 5(RE)E &) & 7 9%
(EP) LPL % % # %

Fig. 4 - 4 The lipoprotein lipase (LPL) activity in retroperitoneal (RE)
and epididymal (EP) fat pads of rats fed with experimental diets for 9
weeks. Values are means = S.D. (n = 6 ~ 9). The significance of
differences among the five groups (LF, HF, BM, EAE and TZD) was
analyzed statistically by one-way ANOVA and Duncan’s multiple range
tests. Values were transformed to log values for the statistical analysis if
the variances were not homogeneous. The General Linear Model of the
SAS package (SAS institute, Cary, NC) was employed for both statistical

analysis and differences were considered significant at p < 0.05.

121



Sr® 2%

3.5 RE
2 5 B A) a —-—BM
=2 30
2 B --EA
Z o0 E
S =
= 5 —— TZD
=)
g =
<
s = - HF
E E
»n S —=—LF

4

3.5 RE
. g3.0 L B) a —-—BM
= &
o 02 —B- EAE
ZE 2.0
28 —A—TZD
= 215
]
S g 1.0 -il- HF

=
0.5 —=LF
0.0
0 1 2 3 4

Time (hr)
Bl 4-5 Wistar ~ B4k SF%A S 93¥ 2 W18 g B (RE) § 2 A A
i &

Fig. 4 - 5 The stimulated (A) and basal (B) lipolysis rate of retroperitoneal fat
pads of rats fed with experimental diets for 9 weeks. Values are means £ S.D.
(n =6 ~9). The significance of differences among the five groups (LF, HF, BM,
EAE and TZD) was analyzed statistically by one-way ANOVA and Duncan’s
multiple range tests. Values were transformed to log values for the statistical
analysis if the variances were not homogeneous. The General Linear Model of
the SAS package (SAS institute, Cary, NC) was employed for both statistical

analysis and differences were considered significant at p < 0.05.
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Fig. 4 - 6 The stimulated (A) and basal (B) lipolysis rate of epididymal fat
pads of rats fed with experimental diets for 9 weeks. Values are means = S.D.
(n =6 ~9). The significance of differences among the five groups (LF, HF, BM,
EAE and TZD) was analyzed statistically by one-way ANOVA and Duncan’s
multiple range tests. Values were transformed to log values for the statistical
analysis if the variances were not homogeneous. The General Linear Model of

the SAS package (SAS institute, Cary, NC) was employed for both statistical

analysis and differences were considered significant at p < 0.05.
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Fig. 4 - 7 Northern blot analysis (A) for mRNA of PPARY in retroperitoneal
(RE) fat pads of rats fed with experimental diets for 9 weeks. Signals were
quantitated by image analysis. (B) Each value was normalized by 18S. The
fold induction was calculated by taking the normalized value of HF group as 1.
Values are means £ S.D. (n = 6 ~ 9). The significance of differences among the
five groups (LF, HF, BM, EAE and TZD) was analyzed statistically by
one-way ANOVA and Duncan’s multiple range tests. Values were transformed
to log values for the statistical analysis if the variances were not homogeneous.
The General Linear Model of the SAS package (SAS institute, Cary, NC) was
employed for both statistical analysis and differences were considered

significant at p < 0.05.
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Fig. 4 - 8 Northern blot analysis (A) for mRNA of PPARY in epididymal (EP)

fat pads of rats fed with experimental diets for 9 weeks. Signals were
quantitated by image analysis. (B) Each value was normalized by 18S. The
fold induction was calculated by taking the normalized value of HF group as 1.
Values are means = S.D. (n = 6 ~9). The significance of differences among the
five groups (LF, HF, BM, EAE and TZD) was analyzed statistically by
one-way ANOVA and Duncan’s multiple range tests. Values were transformed
to log values for the statistical analysis if the variances were not homogeneous.
The General Linear Model of the SAS package (SAS institute, Cary, NC) was
employed for both statistical analysis and differences were considered

significant at p < 0.05.
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Fig. 4 - 9 Northern blot analysis (A) for mRNA of adiponectin in

retroperitoneal (RE) fat pads of rats fed with experimental diets for 9 weeks.
Signals were quantitated by image analysis. (B) Each value was normalized
by 18S. The fold induction was calculated by taking the normalized value of
HF group as 1. Values are means = S.D. (n = 6 ~ 9). The significance of
differences among the five groups (LF, HF, BM, EAE and TZD) was analyzed
statistically by one-way ANOVA and Duncan’s multiple range tests. Values
were transformed to log values for the statistical analysis if the variances were
not homogeneous. The General Linear Model of the SAS package (SAS
institute, Cary, NC) was employed for both statistical analysis and differences

were considered significant at p < 0.05.
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Fig. 4 - 10 Northern blot analysis (A) for mRNA of adiponectin in

epididymal (EP) fat pads of rats fed with experimental diets for 9 weeks.
Signals were quantitated by image analysis. (B) Each value was normalized
by 18S. The fold induction was calculated by taking the normalized value of
HF group as 1. Values are means = S.D. (n = 6 ~ 9). The significance of
differences among the five groups (LF, HF, BM, EAE and TZD) was analyzed
statistically by one-way ANOVA and Duncan’s multiple range tests. Values
were transformed to log values for the statistical analysis if the variances were
not homogeneous. The General Linear Model of the SAS package (SAS
institute, Cary, NC) was employed for both statistical analysis and differences

were considered significant at p < 0.05.
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Fig. 4 - 11 Northern blot analysis (A) for mRNA of leptin in

retroperitoneal (RE) fat pads of rats fed with experimental diets for 9 weeks.
Signals were quantitated by image analysis. (B) Each value was normalized
by 18S. The fold induction was calculated by taking the normalized value of
HF group as 1. Values are means = S.D. (n = 6 ~ 9). The significance of
differences among the five groups (LF, HF, BM, EAE and TZD) was analyzed
statistically by one-way ANOVA and Duncan’s multiple range tests. Values
were transformed to log values for the statistical analysis if the variances were
not homogeneous. The General Linear Model of the SAS package (SAS
institute, Cary, NC) was employed for both statistical analysis and differences

were considered significant at p < 0.05.
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Fig. 4 - 12 Northern blot analysis (A) for mRNA of leptin in epididymal (EP)
fat pads of rats fed with experimental diets for 9 weeks. Signals were
quantitated by image analysis. (B) Each value was normalized by 18S. The
fold induction was calculated by taking the normalized value of HF group as 1.
Values are means = S.D. (n = 6 ~ 9). The significance of differences among the
five groups (LF, HF, BM, EAE and TZD) was analyzed statistically by
one-way ANOVA and Duncan’s multiple range tests. Values were transformed
to log values for the statistical analysis if the variances were not homogeneous.
The General Linear Model of the SAS package (SAS institute, Cary, NC) was
employed for both statistical analysis and differences were considered

significant at p < 0.05.
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Fig. 4 - 13 Northern blot analysis (A) for mRNA of LPL in

retroperitoneal (RE) fat pads of rats fed with experimental diets for 9 weeks.
Signals were quantitated by image analysis. (B) Each value was normalized
by 18S. The fold induction was calculated by taking the normalized value of
HF group as 1. Values are means = S.D. (n = 6 ~ 9). The significance of
differences among the five groups (LF, HF, BM, EAE and TZD) was analyzed
statistically by one-way ANOVA and Duncan’s multiple range tests. Values
were transformed to log values for the statistical analysis if the variances were
not homogeneous. The General Linear Model of the SAS package (SAS
institute, Cary, NC) was employed for both statistical analysis and differences

were considered significant at p < 0.05.
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Fig. 4 - 14 Northern blot analysis (A) for mRNA of LPL in epididymal (EP)
fat pads of rats fed with experimental diets for 9 weeks. Signals were
quantitated by image analysis. (B) Each value was normalized by 18S. The
fold induction was calculated by taking the normalized value of HF group as 1.
Values are means = S.D. (n = 6 ~9). The significance of differences among the
five groups (LF, HF, BM, EAE and TZD) was analyzed statistically by
one-way ANOVA and Duncan’s multiple range tests. Values were transformed
to log values for the statistical analysis if the variances were not homogeneous.
The General Linear Model of the SAS package (SAS institute, Cary, NC) was
employed for both statistical analysis and differences were considered

significant at p < 0.05.
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Fig. 4 - 15 Northern blot analysis (A) for mRNA of ADD1/ SREBPIc

LPL in retroperitoneal (RE) fat pads of rats fed with experimental diets for 9
weeks. Signals were quantitated by image analysis. (B) Each value was
normalized by 18S. The fold induction was calculated by taking the
normalized value of HF group as 1. Values are means = S.D. (n = 6 ~ 9). The
significance of differences among the five groups (LF, HF, BM, EAE and TZD)
was analyzed statistically by one-way ANOVA and Duncan’s multiple range
tests. Values were transformed to log values for the statistical analysis if the
variances were not homogeneous. The General Linear Model of the SAS
package (SAS institute, Cary, NC) was employed for both statistical analysis

and differences were considered significant at p < 0.05.
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Fig. 4 - 16 Northern blot analysis (A) for mRNA of ADD1 / SREBPI1c in
epididymal (EP) fat pads of rats fed with experimental diets for 9 weeks.
Signals were quantitated by image analysis. (B) Each value was normalized
by 18S. The fold induction was calculated by taking the normalized value of
HF group as 1. Values are means = S.D. (n = 6 ~ 9). The significance of
differences among the five groups (LF, HF, BM, EAE and TZD) was analyzed
statistically by one-way ANOVA and Duncan’s multiple range tests. Values
were transformed to log values for the statistical analysis if the variances were
not homogeneous. The General Linear Model of the SAS package (SAS
institute, Cary, NC) was employed for both statistical analysis and differences

were considered significant at p < 0.05.
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Fig. 4 - 17 The change of fasting blood glucose of rats fed with
experimental diets for 9 weeks. Values are means £ S.D. (n = 6 ~9). The
significance of differences among the five groups (LF, HF, BM, EAE and
TZD) was analyzed statistically by one-way ANOVA and Duncan’s
multiple range tests. Values were transformed to log values for the
statistical analysis if the variances were not homogeneous. The General
Linear Model of the SAS package (SAS institute, Cary, NC) was
employed for both statistical analysis and differences were considered

significant at p < 0.05.
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Fig. 4 - 18 The change of fasting serum insulin of rats fed with
experimental diets for 9 weeks. Values are means + S.D. (n = 6 ~9). The
significance of differences among the five groups (LF, HF, BM, EAE and
TZD) was analyzed statistically by one-way ANOVA and Duncan’s
multiple range tests. Values were transformed to log values for the
statistical analysis if the variances were not homogeneous. The General
Linear Model of the SAS package (SAS institute, Cary, NC) was
employed for both statistical analysis and differences were considered

significant at p < 0.05.

135



Sr® 2%

20
.g a
o i
= AIS ab T ab
S = T ab b
= g
-t ~ 10 [ L
o
E -
2 s
7

0

BM EAE TZD HF LF

Wl 4-19 Wistar + B4k 5 2% 4 § 9 i¥2 & /i Adiponectin k&

Fig. 4 - 19 The concentration of serum adiponectin of rats fed with
experimental diets for 9 weeks. Values are means £+ S.D. (n = 6 ~9). The
significance of differences among the five groups (LF, HF, BM, EAE and
TZD) was analyzed statistically by one-way ANOVA and Duncan’s
multiple range tests. Values were transformed to log values for the
statistical analysis if the variances were not homogeneous. The General
Linear Model of the SAS package (SAS institute, Cary, NC) was
employed for both statistical analysis and differences were considered

significant at p < 0.05.
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Table 5 - 1 Lipogenic gene expression in adipose tissue of rats fed with

experimental diets" >?

mRNA level (%)
FAS ACC1 LPL aP2
BM  037+0.12" 051+022" 045+0.14" 0.68+0.18"
HF 1+04° 1+0.6" 1+0.2° 1+£0.2°

LF 0.74£0.47™ 1.07+0.44*  0.99+0.04" 1+0.17*

' Values are means + S.D..
? The significance of differences among the five groups (LF, HF, BM,
EAE and TZD) was analyzed statistically by one-way ANOVA and
Duncan’s multiple range tests. Values were transformed to log values for
the statistical analysis if the variances were not homogeneous. The
General Linear Model of the SAS package (SAS institute, Cary, NC)
was employed for both statistical analysis and differences were
considered significant at p < 0.05.
’FAS: Fatty acid synthetase, ACC1: Acetyl - CoA carboxylase, LPL:
Lipoprotein lipase, aP2: Adipocyte fatty acid - binding protein

(B#H: AAEFREK)
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Fig. 5 - 1 The activity of GOT (aspartate aminotransferase) and GPT
(alanine aminotransferase) in serum of rats fed with experimental diets
for 9 weeks. Values are means £ S.D. (n = 6 ~ 9). The significance of
differences among the five groups (LF, HF, BM, EAE and TZD) was
analyzed statistically by one-way ANOVA and Duncan’s multiple range
tests. Values were transformed to log values for the statistical analysis if
the variances were not homogeneous. The General Linear Model of the
SAS package (SAS institute, Cary, NC) was employed for both statistical
analysis and differences were considered significant at p < 0.05.
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Fig. 1 - 1 Effect of EA extracts from five species of wild bitter melon on
3T3 - L1 preadipocytes proliferation. The 3T3 - L1 preadipocytes were
treated with various concentration of EA extracts from wild bitter
melon for 24 hours. The proliferation rate was determined by MTT and
compared with their vehicle control. The significance of difference
among five species of wild bitter melon in the same treated
concentration were analysed by one-way ANOVA and Duncan’s
Multiple Range test. Values not sharing the same superscript letter are

significantly different (p < 0.05).
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Fig. 1 - 2 Effect of EA extracts from five species of wild bitter melon on
3T3 - L1 preadipocytes proliferation. The 3T3 - L1 preadipocytes were
treated with various concentration of EA extracts from wild bitter
melon for 48 hours. The proliferation rate was determined by MTT and
compared with their vehicle control. The significance of difference
among five species of wild bitter melon in the same treated
concentration were analysed by one-way ANOVA and Duncan’s
Multiple Range test. Values not sharing the same superscript letter are

significantly different (p < 0.05).
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Fig. 1 - 3 Effect of TZD ( BRL 49653 ) on 3T3 - L1 preadipocytes

proliferation. The 3T3 - L1 preadipocytes were treated with TZD ( BRL

49653 ) for 24 and 48 hours. The proliferation rate was determined by

MTT and compared with vehicle control.

195



Nitdh 2 e B RS MFEF LT A S A

500 - 110310 2381 (18153 ECKIS
450 . al
400

350

2300 - a

$250 - ah | i =

a
b b b
— C b b
2100 7IIIII lllljﬁllF—Lli—Blﬁ:
S 50 -
0 |

10 pg/ mL S50 pg/ mL 100 pg/ mL 200 pg / mL

R 1-4 e ALEA S L S a2 7 X #3T3-L1 % %y 3k ko
2 A it 2 5
Fig. 1 - 4 Effect of EA extracts from four of species wild bitter melon on
3T3 - L1 preadipocytes differentiation. The 3T3 - L1 preadipocytes were
treated with various concentration of EA extracts from wild bitter
melon for 7 days. The differentiation was determined by intracellular
triglycerides content and results were expressed as % of vehicle control.
The significance of difference among four species of wild bitter melon in
the same treated concentration were analysed by one-way ANOVA and
Duncan’s Multiple Range test. Values not sharing the same superscript

letter are significantly different (p < 0.05).
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Fig. 1 - 5 Effect of EA extracts from four of species wild bitter melon on
3T3 - L1 preadipocytes differentiation. The 3T3 - L1 preadipocytes were
treated with various concentration of EA extracts from wild bitter
melon for 11 days. The differentiation was determined by intracellular
triglycerides content and results were expressed as % of vehicle control.
The significance of difference among four species of wild bitter melon in
the same treated concentration were analysed by one-way ANOVA and
Duncan’s Multiple Range test. Values not sharing the same superscript

letter are significantly different (p < 0.05).
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Fig. 1 - 6 Effect of 18 : 1 free fatty acid and Conjugated linolenic acid

(CLN) fatty acid on 3T3 - L1 preadipocytes differentiation. The 3T3 -

L1 preadipocytes were treated with 18 : 1 free fatty acid and

Conjugated linolenic acid (CLN) fatty acid for 7 days. The

differentiation was determined by intracellular triglycerides content and

results were expressed as % of vehicle control.
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Fig. 1 - 7 Effect of 18 : 1 free fatty acid and Conjugated linolenic acid

(CLN) fatty acid on 3T3 - L1 preadipocytes differentiation. The 3T3 -

L1 preadipocytes were treated with 18 : 1 free fatty acid and

Conjugated linolenic acid (CLN) fatty acid for 11 days. The

differentiation was determined by intracellular triglycerides content and

results were expressed as % of vehicle control.
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