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Abstract

Bitter melon ( Momordica Charantia) is a vegetable commonly used in the
Asia countries. We had previously shown that the lyophilized bitter melon whole
fruit is as effective as antidiabetic TZD-class drug in reducing high fat
diet-induced hyperinsulinemia, but has no TZD side effect of obesity. Moreover,
bitter melon successfully inhibits abdominal fat accumulation, adipocyte size and
down-regulates adipose tissue lipogenic genes expression in diet-induced obesity
rats. In an in vitro study using 3T3-L1 as an adipogenic model, cis9, transil,
trans13-conjugated linolenic acid (¢9, 711, #713-CLN), a fatty acid presents at high
levels in bitter melon EA extract, was found to inhibit proliferation and
differentiation of preadipocytes and induce apoptosis of cells before or during
differentiation. For further exploring the anti-adiposity potential of bitter melon,
two animal studies were conducted in the present study to test: (1) anti-adiposity
effect, (2) dose required, (3) working mechanism of bitter melon seed oil (BMSO),
a natural source of ¢9, 711, t13-CLN.

In Experiment I, CS7BL/6J mice were divided into high fat group (30%
butter) to induce obesity and low fat control group (LF). Twenty weeks later,
animals in the high fat group were further separated into four groups to receive
30% butter (HFB), 30% soybean oil (HFS), and 15% soybean 0il+15%BMSO
(HFSCy and HFSC,) diets, respectively. The BMSO was prepared from two
strains of bitter melon, with high or low CLN content (c9, 711, t113-CLN covers 56
and 19% of total fatty acids respectively). After five weeks, metabolic
parameters including body fat weight, adipocyte cell size, serum lipids, liver
lipids and mRNA levels of genes associated with lipid metabolism in adipose

tissue were measured. Results showed BMSO was more potent than soybean oil
I



in attenuating body fat accumulation in diet-induced obesity mice. The
reductions of body fat weight, adipocyte cell size and serum leptin levels were
observed in BMSO-treated animals, regardless of CLN levels. Since the mRNA
levels of fatty acid synthase (FAS) and uncoupling protein-2 (UCP-2) in the
adipose tissue were reduced and increased respectively in BMSO supplemented
groups, we hypothesized the BMSO mediated anti-adiposity effect might
associated with activations of AMP-activated protein kinase (AMPK) pathway
and leptin signaling.

Next, Experiment Il was conducted to test the minimum dose required and
the underlying mechanism of BMSO-mediated anti-adiposity effect. C57BL/6J
mice was separated into four groups to receive high fat diets (30% fat) with
different ratio of soybean oil plus BMSO (with CLN covers 50 % of total fatty
acids): 30% soybean oil (HS), 5% BMSO +25% soybean oil (L), 10% BMSO +
20% soybean oil (M) and 15% BMSO + 15% soybean oil (H), respectively. The
adiposity effect of BMSO was reconfirmed in this chronically feeding (11 wk)
study. The body weigh, fat mass weigh (including visceral and subcutaneous fats),
and adipocyte size were reduced by BMSO supplementation in a dose-dependent
manner. In the low BMSO group, activation of cAMP-dependent protein kinase
(PKA) and phosphorylation of acetyl CoA carboxylase (ACC) in adipose and
liver were observed and postulated to contribute to suppression of lipogenesis.
This provides an explanation for the reductions of adipose and liver lipid
observed in BMSO groups. The AMPK phosphorylation in BMSO groups
tended to be higher but failed to reach statistic significances. An activation of
STAT3 was also observed in adipose tissue of BMSO-supplemented groups,

which is an index for leptin sensisivity. In accordance with this, an increased
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thermogenesis was seen in BMSO-supplemented groups. In the high BMSO
group, crown-like structure and increased TNF-o production in adipose tissue
were detected, indicating an increased inflammatory response accompanied with
macrophage infiltration was developed. TUNEL assay detected apoptotic nuclei
in high BMSO adipose, which appears like the well-known lipodystrophy
occurred in 710, c12-CLA-treated mice. This effect might come directly from
high dose of CLN or indirectly from metabolites of CLN with 710, c12-CLA-like
properties. Noticeably, the insulin resistance and liver steatosis commonly seen
in lipodystrophy were not present in the high BMSO group.

The present study is the first to confirm the anti-adiposity function of
BMSO. Replacement of 5% of soybean oil with BMSO in 30% high fat diet is
enough to show the benefit. The anti-adiposity effect of BMSO at low levels is
associated with PKA activation, while at high levels, is associated with adipocyte
apoptosis. These results provide a basis for developing BMSO as a functional

food for fighting obesity.

Key words: Cis9, trans11, trans13-conjugated linolenic acid (¢9, 111, #713-CLN),

Bitter melon seed oil (BMSO), Anti-adiposity
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Snre A T s By TS &R RS B s e v < B B A ) 0 g o ARy
FARAF R v LT R BEHAKRAGET M o B 2R R

e 5 B W E R T 0 T 974 R adipokines ~ chemokine ¥ it §2 38 1 BHip M

(- ) Pg*sim% & i* (Adipocyte differentiation)

PR E AR A 0 N 2 A2 - chERE Y iR AT
i HApchi 8 %# e (Fibroblasts) - E ¥ m% (Macrophages) ~ & § w %
(Stromal cells) ~ ¥ 3% (Monocytes) fr3d ?g % m% (Preadipocytes)(13) - ¥ f
¥ e T+ § @€ W g hmie & 1L R R ip e (14) o X 8 W ki i
BL0pme i BFS R HS) A B ke A L g imie chil 4 AL
BhHa s pand ERAn PN BREIREHE o

FIhaymies v x5 AN A8 % A fiwie > - fER S H
it 8 2® ¥z (Pluripotential fibroblasts) > # & b £ 3vp w2 ~ §i0F w¥e foig %
i o ¥ — 85 W g ¥ thdr 3T3-L1 > © X @A 1 2 g ke (16,17) - i
%85 fgsimie o 3T3-L1 %3 & R F]F Pref-1 (Preadipocyte factor 1) % 35 7]t
gl & v (18) o & i et d Hcff 4 F]1F $22 (19, 20): C/EBPs (CCAAT
enhancer binding protein) ~ ADD-1/SREBP1 (Adipocyte determination and
differentiation factor 1/sterol response element binding protein) -

=™

N

PPARy(Peroxisome proliferator-activated receptory) » 3 48 i¥ * A

"Transcription cascade" > 7 3L C/EBP-B/0 ch% R § B 43 4c » &7 i?ng 3l



C/EBP-0 f= PPARy % R > = -?{ X fe B P %5 % 3 A Fl4e | Lipoprotein
lipase(LPL) ~ Adipose specific fatty acid binding protein (aP2)2_ & 4% » %24% 75 %%
w% ehd A o F BF &% ADD-1/SREBP-1 th4 B4 > 2|8 4 ¢ 2 A2 p 2 43
PPARyX & 5 (F it P mspe & 2 % 34) » 7% PPARy (21) -

R eh 3z & 3T3-L1 % fppimoe & v % g9k im % 7 5 84 Cocktail §j > ¢ 32
Insulin + Dexamethasone = Isomethylbutylxanthine » %7 |~ % ehf|j§fs » g
it € A5 FlEk ¥ ¢ 7 % £ Lipogenesis (%3 F 2 & =) §= Lipolysis (%3
TR 4 #B I R IQ2) -

< Ar§#rF]S PPARy L%iaint A ST T LS BT PPARY
7% v &) 15-deoxy-A"? "-PGJ, (15d-PGJ;) & Thiazolidinediol(TZD)¥ & 73 % fm
%z & L ¢k » 1% Retrovirus transfection » 38 o & & it 4 {R K chf a* Wmie 4
. PPARy > & PPARy Fi  #li3 & T T € A1t % gixm% (23) - f1* PPARy
heterozygous mice - PPARy" * €»PPARy" chimeric mice # $ %_ knock-down
g2 % PPARy | RIS R 34 £ PPARy #-& 2 ) = %3 % m 72 (24, 25) - B2 4w
Flog v imre & 14 X HEFUPPARY 14T P i > T it 7 B G BRI

B & e

(=) %g*# i (Lipid Droplets)

v ¢ fgipimi > TG A %75 28 F (monolocular) i %y 358 jF - da #3047 ¢
Padpimie ¢ 5 % % (multilocular)o 8238 2 S 3n i kR F A AR T R E
EiT R RRNEABEFLENTE > FEGFfon TN Be R F L& A
TG = Cholesterol ester core == - % FIZE E B2 T &+ & 437 £ S
F-ERY FihdEd 37 N-terminal motif f£2 3 PAT domain > B~ % 3
Perilipin ~ Adipophilin (+ £ 3 Adipocyte differentiation-related protein - ADRP)

7



f= Tail-interacting protein of 47kDa (TIP47) > » ¢ 3% OXPAT/MLDP ir
$3-12(26) * @ i PAT (perilipi/ADRP/TIPA7) 36 4 R &7 fb chimsh o J
RIF G 3 PEfenig R0 26) ot &ig B F ¥ 15 A w gy Ty
$8 7 Ry F A5 A - Ay Fihg 2 B L fafrimie 3?5”@%?(27—30) o Caveolin
v FAR Wt > ¢ 3 27 g R Caveolin 'ﬁi S P revE (v ® B4 i P
Btk Brg o 4 BT 5 B AR ARG o B8 R F AT
HFd Fo v PR B rEE 8 Ry T I 0ER s e e Ay
SR H ook fE

$ M e AR ch? B R R R AR 5 At AR T
o ¥ B 4% 5 & Cytosolic leaflet # & (32)» @ TG A 4ri X I %k jF 7
B F R T A {%ﬁd ¥ 5%* BRI FE S Blderig i B
#7F &= TG fi¥% Diacylglycerol acyltransferase (DGATs) ; » 3 B 3 £ 7 ¥ it

BTG A+ 37| b jF B & - 42352 1 3§ (29,32) °

(2) "3 2 & = (Lipogenesis)

A AR LA FAs Bl A S Y el A E v N E kR kA A5
TG * R? > 2 £33 882 &0F5fcd ¢ e a -4 4
ERBAS > P2 &3 B2 AIFH SWA L ERE3) - ¥ K AR
bR kR GBPETLES S AP LS L RAF LRGP
B2 130 A B S RER IR FOE 2GR Pl &
AT EEERY 0 FAs 2P3(35)» & S Bk th TG 4% %%k E%hen
Lipoprotein lipase -k f288 1 FAs > @ % FAs £ » \g3psm¥ 3 » 5 7 11 TG 35§
W §AE fa 1 (36) 5 Fg ks ¥ 1% A B-if Glucose KiF Glycolysis £

Lipogenesis # = %3 o



L FASFAREALE FR R T2 34T fatty acid
synthase (FAS) ~ acetyl CoA carboxylase (ACC)4= malic enzyme (ME) > # &+
bREEABEIAATLARE X o wRLEFSFERBT A EETS
SREBP-1c# Carbohydrate responsive element binding protein (ChREBP) » &2 X
SREBP-1c#2 ChREBP ;¢ Lipogenic genes# 2 {¥% 3 3%58% 4% ioF= 7 (37,
38) » & ffy ik .3&.%‘2 B] 7 P F&--Sekiya £ 3 3 Py % .3?..%‘2 BEF2EFT R
SREBP-1ci4 #2(39) » ¥ 3 A & 17273 T4 & = X Liver X receptor (LXR)

£2(40,41) > e BB %= o
() P58 -k fZ(Lipolysis)

Bl P F T d § e RATCEA & chis £ %ok-§ #EEH
TG g ¢~LiuiidiF A3 FER LM TG §4d % f21®* (lipolysis) P
W ¥ A2 fatty acids (FAs)IZ 4% (32,42) o @ &9 iind ¥ FRE S 3¢ 5 &
A 12 B 537 34 B4 (non-esterified fatty acids; NEFA)erylk 8 » p 3R % 27 {3 5 &
B OURRAE G R M- b B R RS E A R &

F H4e i F NEFA ek B o 7 4o 4e % 9o 3o e 6273 137 & X 5L 5 NEFA 3
deo Bk BB RIET > T X REAE Wiy FAs § M 1ET 5 a4
3 § i R i NEFA(43-46) > FIo '8 1 #r1% 723k lipogenesis > 3 4
P VR e R IR AV AR L ISR R 2 —

BY KR Eenenli AT > RARE A% R TG § A fa+ NEFA fr
glycerol ° %k 0 %Y NEFA r glycerol 4 %] 5 ketogenesis fr
gluconeogenesis mﬁ.’?’ » PLp o SRR # NEFA 5d #5848 o5 B-oxidation &
4 ATP i3t £ el o &7 f3R S » 52 & s "&(catecholamine) i & 3 ‘wm % %
+ ¢ B-adrenergic G protein-coupled receptors ° & # — i@t # ¢ & @yEs it

cAMP - dependent PKA > 4p ¥} insulin ¢ & i* phosphodiesterase *7 % cAMP 3t

9



A g fg 21T * - PKAE Tt ¢ 838 TG Kk f2 = diacylglycerol (DG)m # 2 FAs >
£ K_DG -k f3 = monoacylglycerol’ 3 2 7£_monoacylglycerol 2 2 glycerol(26) -
Pains TG i-kfzi & d Adipose triglyceride lipase (ATGL) § % > DAG =7k
j24 £ ¢ Hormmone-sensitive lipase (HSL){ % ; ATGL %™ § & CGI-58
coactivator(47) » HSL cr/E it 2 o FRAE T (48) -

PRfRiT® iTE RBERBRERER {}"ﬁd &1« PKA @ gipk i ™ ¥ HSL &
Perilipin > f2 ¥ £~ 8¢ B o F 2 LI afeL dd F-FAIFRE 2
P ik o § PgWhimie i 21T L PKA BT BRI o HSL fwm%e g4 3
o 95 F ehd & (48)) I FEgEER 1 & Perilipin(f— B &~ 2 } ¢hserine Bk
% 3§ serine 492 = 8)4 4 B F A icE o BEEEH TN FOUEL B
RE R FRRROFS Fo@gsnippFamy > a ol 54558

Lipase i 7 75 f2 €% (26) °

qlut-mst* noreninenhr%ne glucagon
~adrenargic s - Glucagon
GLUT4 ﬁ l = receptor
g]uc.o::u
# glycolisie Adenylyl cyclase
Acetyl CoA
ACC
MaloenyiCoA DTP
L I FAag
AcylCoA DAMP@
i.: ra Fatér acids l
M. gl glycerol A ¢ € |l g
lipoproteins .g: = ; e T, e (PKA :)

Ay

chylomicrons L =4 \906‘@
remnants L e e glycerol =
y

W] 2-1 45 it 5 %% 2 % Lipogenesis £ Lipolysis
F# %k : Maria Eugenia Frigolet ¥ X ., 2008(49)
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() gl LB 7= (Adipocyte inflammation and death)

1. Adipocyte inflammation

swslg > u § 5 B}a?e%\mﬁ«)ﬁ’i SR sﬁze%&mz} Y EEALE F e
TEm7 atd 3 RBAHRFIZ—(50,51) ¢ o se s g Aic s e o
Sffadipokines » # 3%Leptin » Adiponectin - Resistin + Retinol binding protein 4
(RBP4)fr— & 213 X 5 M chim% % ¢ 32 Tumour necrosis factor-alpha
(TNF-a) ~ Interleukin (IL) 1p ~ TL-6 §~ Monocyte chemotactic protein 1
(MCP-1)(52) - 7 A% k4% % @z 821 *q ”75.33.%‘2%} X g WA iw kg B chn
PR FRABDE G o PFIBIOREE EF BB LT B R
Fafgpaeadt o P AF LM ERSTE L o RIILRET 5 ik

mie § BB ALEEmE Y > P Al gy 4 Ay s}a}_a_,%k{f;ﬁ;ﬁ %8 ¢hCD68(E

l"b

Mmemarke) A FI2 R 7 LT R &y e R EEme R AR
B(S3) A o BRY » 6 & g e RenE wifim 0 e W Pq ol e dm % & 0]
F M (54) o RiBBOH X ehigpimie H R4k F]3 (pro-inflammatory)frii X F]
+ (anti-inflammatory) % % 7 > &5 X F|F A& H 4c (55) °

B miefrighmie 2 3 13 8% (Cross-talk) » £ H & 32 & 3%
PR P B 95 A58 - BE X i s RF LR AL o pme i
Mgk n& A2 7R (50) o %y s dm%e & 54 § A R TNF-afcMCP-1> =31 ¥ p13 e 5t
FAME B A Eime A TNF-0x § 0625 v ime §8 40 05 oy v it
(NEFA) > { 4 8388 L F (4> » F ##MCP-1 ~ IL-6fvTNF-ai 14 RE » T
# #- Adiponectin) » & F B0 AL {;ﬁd it Mitogen activated protein Kinase

(MAPK)E £Z.(56) °

seakinrg b ¢ E ein e r e X SV %ﬁﬂ Bripkids 2L
11



ML g % red s 8 }“ﬁ' ¢ paracrine # autocrine i & f5 ¥ B L § R 124

2. Adipocyte death

P ipimie i < IR ek R FR S P FER PR BR ALK S
FE LR > g pme < R P HFEF L h PR R E R R
# # 4 246 % (M1oM2 phenotype)(57)~ % % 5 X fr 2 £ 609 § 4 124
Mo— i3 IRV RT AL F LI E A RE 0§ LY
T FF A4 grow kg ek ;&J—}‘fb*ﬁ B b 1%(58-63) o 5 7 fE Py vk me AT &
AR NE Sm e = I % > Strissel £ 4 (64) 4 S C57BL/6J -] 83 4 4% & (HFD)
20> F 4F ¥k daR o DEREH I (Epididymal) 2 SR T g%
(Inguinal subcutaneous) e8> 2 o F RGP 2 595w P & HFD &
12 P E B X > 1238 5 imie B 4nF 5= ) 2 — & X F]3 (TNF-a ~
MCP-1~ TL-6 v TL-10) % T3 v o &5 Hoermg w5 2% % FIR B B i %e 25 & 97
3} 0 “crown-like structure” (CLS) > ¥ £ 3 TNF-o fc IL-6 3¢ & > ¥ fg%5m%
g B om &% 16 ¥ hmiz 4 97 80%° ~~ > Eviw’ marker
CDllc fr# X A FlenZ RE DK A > BHERELR® 0% 9285 B R I
0 AE RN R TR R c BN R L3 gl ) WAL G R ke
% > CLS &>+ CDllc v MCP-1 th& "> » % R 1EFdby¥ » B3
BRfe- HH b p 2FAn L i o (cF IR HFD &35 -| R
ey 12-16 X R e+ £ g %m% 7= §_2 7 adipose tissue remodeling -
"gikim¥e d  hypertrophic #& I hyperplastic obesity (65) - &g 5w * £ X
gryv= dfR B (% 12-161F) » B3 E % § R effosTrgsa st b e o A

Ol TR AR 20 ¢ BRIFIS S - B (B%) e

12



FPHREFL LG I g mie s B E R iR
Alkhouri ¥ % (66)F]% # 75 (HFD)& 3 #4 & (HSD)3f % |- B9 i » LR 5| ch
g iptmie v - HER A wm A= (W2 extrinsic and intrinsic pathway) » &
% =2 3%§ ATM (Adipose tissue macrophage)g? 3 % ~ J13% § % 12 HU(IR)
g1 sFrg da A f"c’-ﬁ #- Bid £ F)(a key pro-apoptotic molecule) 5] ‘ﬁ% » ¥ 4 HFD &
HSD 3 chwywpim® A= > B H T ¢ 45 ATM ~ IR 295 fiiof 4 - 7 &

se B K ey W dm e < Eg & IR 8RR A A F(4o W] 1-2) -

Macrnphage
- %3"2
q - ._;‘ Extringic Pathamy Intrinaic Pathasy
%
Apoptosis B ¥ . 4 .
\ - “:' * ? « SO Dot Comple _,_‘ m::
” y R, ... - D
Inflamatory - - S
Cytokines Adipocy® D o o1 | roomosee
Cavoace-$
FFA s
‘ Insulin Resistance
o5 ey -
; s .} Dyslipidemia _

! Steatoms

S

®] 2-2 Proposed model for role of adipocyte apoptosis in metabolic

complications of obesity.

FBL %R : Alkhouri ¥ 4 .,2010(66)

FraehE 'ﬁ% 1AL g W R g Ik mRe g L B = 0§ B ¥R Lipodystrophy

ARERGBEFFFLE SRR o BB

¥ & 2 i lipodystrophy » 5 %5 2§ 7 ¥ 3 .7

L% HIVA < IR RF2Z - (67) ¢

13
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5 # % Lipodystrophy ¢ g % e % % % - Herrero ¥ X @& *
aP2-nSREBP-1c A F4 7 & » }* & -] & & ¢ 2 * ¢ Lipodystrophy model(68)
i'r-?,_-f RV R il £ % % F]+ (TNF-a ~ MCP-1 -~ IL-6 = IL-10)® &_%
fEgar g B R AR CLS & ATM > S5 2 L4 IR %3 425 &
F 8 Ik IKKP #4208 5y g X F B @k 5e g IR 233 5
R o BRI s A P ST AT o IR i
A Bp g inle Y R R K e < RS e T 4 R Lipodystrophy 6
ATM g HFD # ob/ob %328 ATM AFIARE R k> AP T F 8%
Lipodystrophy #q % e 8k e X [3m % ¥ = 2106 § F [EFL@ M o b BE 2T 97 Aia) 4
7 30 Fe (69) o 57 BLgr 4k £ Foip e S (lipodystrophy)3s § # 3 IR £25%55 345 0 7 i§
= —‘F‘{ i# 2 IR &t 7] % 48 k- :Lipodystrophy-induced IR © 3F R § & F]3t3 7 igisle
%‘« & w6 e Leptin & Adiponectin » 3% 5 i % f& Adipokines ¥ 3 2% if %
Lipodystrophic transgenic mice :77 IR (70) o ¥ ¢t & i 4 c%g B3 ff (]4e?g F 32

395K v )y & Lipodystrophy & it IR ¥ - R F] ©

14



= . Conjugated linoleic acid (CLA)"# % 7 # <22 {8 4|

CLA (Conjugated linoleic acid) & - ¥ % p T i o2 = W & 4 -

c-9,¢-11 82 £-10,c-12 CLA 33 » 3 B a¥F Sz p ~ gz fite

F’_‘-
)

B AR PN T FRG W s -10,c-12 CLA A #EE 5 1 &
FEHRF R S A o Park £X (TDF R#ER CLAF R L MES » s Pei
P A NLS D RI* R 0.5% (Wt/wt) e CLA R & % 2rirdliedn v & G5
FH A 57%Fc 60%:rm s o B U T 2 MEEP CLA &/ &~ 4+ &fcp &
T SRR (T2-76) o B KRB A CS5TBL/6J ) B 1% (wt/wt) CLA iR &
TRCMEd ¢ BB ER(TT) o 4 Pk oblob (78)fr ICR 7 L] &(79) 0

FRLEA 1~15% WU/WH)CLAR £ F=FleF s PR ABEZ R8¢ gng

[

]

Lf PR %A CLA T ;ﬁd B e RSB - 2 ke cnmpgy L 4
IR skimte A= > i P A5y irrt 92(80-85) - BALB/c /) 84 4 CLA = ¥ $14>
#liet > FHEY M RAEBE A F 0 50% Wh(B3) o F M MIER LT
Boacit R 42> bbb ifd 3 F 83 CLARESH & F & 1-10,c-12CLA >

T e § R us e M UCP2 415 % (79, 86-89) » fe H i eril £ 42 & 7 3B
FFE o %3 +10,c-12 CLA # 7 3 4 %3 95 2 % Carnitine palmitoyltransferase 1
(CPT1) 72 3R.(89,90) » CPT1 i & § %270 S 7 sk cra B2 & 1010 7 958
Freng S5 b2 ¥ B % (5%) TS CS5TBL/6N female mice 1 %
CLA (c-94-11 8 £10,c-12 & & 35%) 4 X P8R I B 5 pe S F R
P % 4w %% 4 I TNF-o » UCP-2 3 4 » TUNEL 2| 2% 4 % &= (91) -

fimie 3 % R %4 BET 1-10,c-12CLA § Fr ] $5 3 fo & ed 2y 9 5m 52 3 4 o

AT R B A BEA T 47 55 95 dnie fod | 3T3L1 % % % +-10,c-12 CLA

15



T #HF R 0 PPARyiA Rfoit it (92, 93) o igd 0 T A FIA Ry g
£(94) - ¥ ¢ > 5 3F 5 kv F 52 lipogenesis » 4rlipoprotein lipase (LPL) -
acetyl-CoA carboxylase (ACC) ~ fatty acid synthase (FAS) f- stearoyl-CoA
desaturase (SCD) > P 3 #F %4 CLAR & 47 & —‘" ®_1-10,c-12 CLA ‘¢ ¥ > ¢+
it lipogenic enzymes¢i14 . (89, 94-96) - PPARyYE_iF 7 lipogenic i Flet #533
:}3‘;—}!{ » ¢ 35 Glycerol-3-phosphate dehydrogenase (G3PDH) ~ LPL 4= Lipin > »
¢ 3B BN FF Mhdkv F o 4oPerilipin §- Adipocyte-differentiation-related
protein (ADRP) (97) - F]#* CLA <t Anti-adipogenic effect > § — %4 ¥ i &
;‘gd Fr$|PPARyHEH o

Bv e % B nCLAM M7 i 18418 & 3£ 0275 f2(98) ~ "3 P

§ 1 (96)% (30 )%g %5 e &= (96,99, 100) © 7 M 1-10,c-12 CLA 779 % fm e {E %

F B E T RS L Brown ¥ 4 > # )2 Human adipocytes ¥
Non-differentiated stroma vascular cells:& 77 7 & 77 -10, c-12 CLA%‘ﬁ' d B
NFkB-dependent pathway @2 IL-6f- IL84 i » ¥ 3k #5 % tw #2 Delipidation£? %%
bR IEFU94, 10110, - 12 CLA R $: 3 R %4 R 7 3147 o 08 £ 5 o
% p 4 3 110, c-12 CLATG (£0.016 g £-10, c-12 CLA)j£ d3 & d7j‘fli'\? LIRS L
% 2 3IL-6 ~ TNFa » MCP-13 *c (2 2 2 Fa 5 1) » fgpes~7 LCLS2
ATM(76) -

CLAR AR o fr-A H | e finmssaf R v g 3% h 2520
¥ 7 1 #&>CLA/| & § 1R Lipodystrophic diabetess: | ¥ @ & & #9588 F %
Mg BN R RE RERE FER(102) SRR AARTHRES
¥ BLZ 1] (103) - Tsuboyama-Kasaoka ¥ = CLA-induced lipodystrophic and
diabetes mice i %tLeptinfs s § & #4242 » 2502 aP2-SREBP-1¢ A Flig 7 &
(91) - #metabolic syndrome?’? "7 {4 3 R4 L 3.4 g/d t-10,c-12 CLA (3 &

76%) -+ = Fis o %?ﬁ-“ﬂ" W h it 4 o 2 HDL-C* 1% » LRERRES
16



$ D e~ s FCopeptidest{ 4x  BET AR B o 5 B AR B R H 4 (104)

. ERFNLESSES

SARERE T TREFES B 9,11,/13-Conjugated linolenic acid
(c9,f11,/13-CLN) » A+ L5 2 A 2% 508 F S WA #2222 ¢9,/11,/13-CLN
. 3T3-L1 ¥ #r4| Adipogenesis(3) > 3\ F*:iE# = A Fd 2 TH 5 R HRFFTEW Yy

e

(-) "% %

Noguchi % 2 (105) %3 Wistar rats 7% a4 (= 2493 7%
soybean oil » 6.5% soybean+0.5% BMSO ~ 5% soybean 0il+2% BMSO) » 4 = ¥
& B3 R4 E 0.25%2 1% ¢9,11,A13-CLN > = i3 {8 %3 2% BMSO + &4
EHFENHR L REREART EQLVERARRK L L) HDL-C 7 3 e 4% -
e 375% Hydroperoxide 3 4 > ¥ it 2 c9,/11,/13-CLN #g%sp % § i 5 M - 2
Dhar & £ (106)i2 * 20% % @ 44L& & * &b 75 Xk & %] 5 sunflower oil &
sunflower oil ;2 BMSO(= —‘F‘{ 5] 99:1-96:4~80:20) % % & # total cholesterol ~
HDL-C or nonHDL-C 35&8 Bg ¥ £ 8 -

IR EAEBEFELH R 0 T B PPARaE N F M o BRE AR
® % 5P 9,11,A3-CLN #pf— 4% %% #3% PPAR0E T 4 (107) » PPARa

BT G RE A e B IV o
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(=) +ok

Kohno ¥ 4 (108, 109)3# ® % azoxymethane (AOM) # ¥+ % %2 % B »
¥3 F 7 9111, 113-CLN £ A3 0.01-0.1%= - = 1F > 7 103 4r * B 3L m e
PPARy ¥-v ¥ % 3> & ® #r4] Colon carcinogenesis > Yasui ¥ 4 (110)#-3 A s
KPR E R SRR T K AJE A B Rt Caco-2 s T RGEA< ~ iR 4
B2 A0 PRAs ViR A 3 9 ¢h 9,/11,¢13-CLN £ & 20 uM» ¥ % 2 %5 Caco-2
BT FANT - PR -911-CLA » (e 5305 2/ 0 Ml v &
Caco-2 apoptosis &2 =  # & GADD45 -~ p53 2 PPARy 5 M -

-

7 M 9,/11,/13-CLN ehFifp (€2 >4 WA 3 30 3 22 PPARy % i 5 B > Yasui
% 4 (111)* #& troglitazone (a synthetic PPARy ligand)#* ¢9,¢/11,/13-CLN ¥ = &
5% & wP HT-29, DLD-1, Caco-2 cells 2 23§ ¢ 221 @ ¥~ »2% > % 2 #H
troglitazone = ¢9,/11,/13-CLN 357 v |Bpimoe ¥ 2 513 @& &= > 4oIfg i
HT-29 m%--% 3B £ PPARyZ wm?2--% TZD 2 ¢9,¢11,¢/13-CLN & ¥ it % 5.
TR o Tsuzuki ¥ 4 (112)!7 in vitro £ in vivo #-:8 3% P ¢9,f11,/13-CLN Fr4| %%
b % #2 © $1* mouse dorsal air sac assay Fj#¥ > £ » DLD-1 colorectal
adenocarcinoma cells 2 3% -] & ¢ & Tung oil (z ¢9,/11,/13-CLN 50 2 100
mg/kg/d #| &) B F % WAL %‘us_ % £ & 5 £+¥ Fibroblast % 33 % ¢/ HUVEC
cells » ¢9,/11,/13-CLN (10 and 20 pM)¥ #r4| VEGF 3§ 3 ¢ Tube formation ~
Migration and proliferation’ ¥ #r#] HUVEC 2. VEGF-Receptor 2 PPARy# 3R »
238 Apoptosis ; ¢9,f/11,/13-CLN i8¢ jm% % < 2 ¥r4| Tube formation % %
7 GW9662 (a PPARy inhibitor) & # % » % 7= ¢9,/11,/13-CLN ¢

antiangiogenesis effect 22 PPARy i* 3 M ©

2SR 9,/11,A13-CLN A8 p VAR S B 5 9,/11-CLA » 2 ¢9,/11,/213-CLN ¢i
Flkicr T 2 £ 712 9,/11-CLA 3§ : Tsuzuki ¥ 4 (113) #- DLD-1
Human colon cancer cells 72 » 4 & » 2 % # v ¢9,/11,/13-CLN * 4= ¢9,/11-CLA

TG oatE KRB E E o BEARA L 09,¢11,¢13-CLN & %‘« ¢ 3R ¢9,/11-CLA 3
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£ 9,A1-CLA #pF » 4 % ¢9,/11,/13-CLN -%" f)ﬁv.&.&.%‘i Phospholipid
hydroperoxide 2 TBARS % & #r3 **4 = ¢9,/11-CLA -%" v % 7% ¢9,/11,/13-CLN
LR (T* HR 4 g TS 7 M 4 > a-tocopherol B ¥ ru et i § 1 RS
E e A= o gt ¢t c9,011,413-CLN & #4F 2 it §9 $r$| &b % AS549-DLD-1

HepG2 ~ HL-60 # & o

(=) "#45

A3 110,c12-CLA "% 8875 %4 i B A48 % 0 9,711, 113-CLN 4 75 2 = B2 58
KA #AE Y » Koba & X4 (1149)F]* & = 5% % CLN 4 & # (Mixture of
conjugated diene and triene)i 4 WAL FRF UERY F B E o Lt
CLN £ %8 & £ A ¢ 7 I o Nishimua ¥ 2 (115)#-F A 5 42 CLN 7t
* 3T3-L1> 3 3R 200 pM &8 % g 35km% &= o AR % 2 1% 3T3-L1 % fg %'
"z b 2 LN (C18:3 n3) 22 9,11, r13-CLN 2. Adipogenic effects » 3 3. CLN &_
i€ Preadipocytes 3 4 P ehim®e &= ~Fr |4 i* » 2 Adipogenic effect -] ** LN »
Bior ¥ e § "% ¥ %5 At o 4 ¢F CLN e 3T3-L1 3 Anti-adipogenic effect £7 2 &
i Mitotic clonal expansion B+ #f ¢ ERK/MAPK Btk it ()5 M(3)- & &,
e ERK 7 i 4_3T3-L1 4 it #72 Z (116, 117) > 2 £ ERK & it #-E R 7y % m
%z & b & F]+ PPARyBEEE * (& 4%4 F)%2 Ubiquitin-proteasome-dependent
degradation (118, 119) -

'ﬁ% TEARN ITRY - BF Z Conjugated linolenic acid (1% 5345 /¢ "% 1
BEER RS L ERA20, 121) FH5ER §F T CLN 8 4 --c9,111,
c13-CLN(* % Punicic acid) » £ F]zz 2 Rapeseed oil & 2. § 7 punicic acid > 3
MR BGRAFRRE fR G R CPT B MRy I 3 M7 2 i

5y 3 ff (121) °
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(=) ¢9,11,/13-CLN ¢k 38

CAarE AR RsEES F 60-80% c9411,/13-CLN (* % a-eleostearic
acid)(122) » T AR » F R AR - S AFSEFW a7 a Xp
¢9,/11,/13-CLN > F]p* 7 fZ ¢9,/11,/13-CLN 2Hp AHHER Ech F 5P T BT
B At 2L 09,111,113-CLN 2 = A 34g 79 18 2 %7 BRI T 9,r11-Conjugated linoleic
acid (CLA)(105, 123, 124) ¥ % DHA 5 £ # 4:(105) ; %% ¢9,/11-CLA # 324 #
v CLA 2 f#.#(f}l]—hr' 110,c12-CLA)# 3 o ’F\'%EI 1% &8 » 9,11,/13-CLN =
FTArF o %~ B 55 NADPH-dependent enzyme (42 f-p#)f& % = ¢9,/11-CLA
(123) 5 2 * 2% DHA 4rim 3 4 p 3 & 2 & o

T AR s ¥ 5 — & triterpencids» BT FHFE LS AREEN >

% 4~ 3 1) Triterpenoids compounds > & 7 /& i* AMPK it # (125, 126) -
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IT. BB B
(- ) AMP-activated protein kinase (AMPK)

AMPKE - & £ = X 48 (Heterotrimeric) 3¢ F > 7 7 &t R irofedd &M
Biry(127-129) « to(alfra2) frp(Blfcp2)sd & BAF#r L » A ypld = B A
Flie = (y1 ~» y24ey3) o AMPKg e ¢ AMP/ATP vt G 3 4e o775 14 > B R 3
e i R R K o AMPR 36 i AMPKE B d I #5764 §1 13 LKBI
Aipk i o subunit Thr-172:% B 8 > €7 & i* AMPK(127, 128, 130) - AMP%
& § B2 BAEEPF 30 T HTh1726n4 IR 167 - & 3 0k & (hATPR 15 § ¥
+|AMPK 3% it o @ & iT#7 3 3 R Calmodulin-dependent protein kinase kinase
(CaMKK) 3 AMPK ¥ - & } #:fkinase’ CaMKKE i* AMPK 3 & & % m¥2 p 4T
B OER M 4 B R eh s ¥ 2 mrr B AMP/ATP i 6 i % (131)(4- W 1-3) ©
CaMKK3 & £ £ R &CNS» &4 © o yosFggforeg 8 4 RiK » £ RIAMPK
HEREEF 2R .3_9_.%% ¥ 2 {4 (132) - 5-aminoimidazole-4-carboxamide riboside
(AICAR)E - ff 4 1 ¢ & thehAMPKS It ] » 3448 0 AMP ¢

CaMKK LLKB1

Ca\' J{AMP]:[A'I'P]

T172

,;-"_‘3
:E“ AMP]

Eneragy Energy
production expenditure

Restore energy balance
®] 2-3 Structure and regulation of AMPK
FH Kk : Long ¥ X.,2006(133)
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B AMPK ¢ 4w 2 & ATP P » 3 & BB iJ 45 ATP RS - fiop
Mm% o HEN AMPK § R 4§ § A B fonppeni o a P EL
AMPK Rlgrpsiaend & 45 B o A0F50E 1Y AMPK § 31§ § {05 et
B0 fe g A B L (133) Rd F e fIT AMPK 0iE i A
AICAR R4 iy 3pimie » FREMZE* AMPK {5 %imie § § a7y
F2&3fonmpeny 308 a g § R° 253 AICAR # #:
AMPK & 50 1 e g i ea B-(134) » 7 AMPK L #1781 7 e > §
FRAP T EREBE: @ e Rt S e B E g T

135) @ 2 2. 5 f¥ep ~ FBEforg s s? AMPK (st T R RPN F A4
2 ¢ ¢ L] F

-

R HTRR O XTSRS AR 0 ¢ T E KT BRORR
SR ACE LRI PR S BRCU RSP $orrd R et ol - X i RER A
o % %2(1200f1* TNF-0ig = FL83B *+wm% #2 C2C12 % wm% % § %
Efe BRI FRHDEFERATER S o JIr 0T CHEL AT RSP
$ 4 = f& triterpene it & $ (23E)cucurbita-5,23,25-triene-38,7B-diol -
3B,25-dihydrox-7p-methoxycucurbita-5,23(E)-diene z
3B,7B,25-trihydroxycucurbita-5,23(E)-diene-19-al > # 5-25 pg/mL #| & & ¥ #:¢
FE AP A 0 T A imie B8 IRS-1 ehfIRABEE i (4r insulin)2 AMPK
BARLT o 2z B P EA 2 ¥ ERSE AL BT FETG R (136,
137) > 2% AMPK 4 ¢ E PISTAAAL L - PR LA w2 ARSI Y £5 7

Tz FELEFAEG EIC AMPK i®% o
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¥-% = ;)fle\wég
(=) Protein kinase A / cAMP-dependent protein kinase (PKA)

PKA ¥ - B serine-threonine kinase > % %t Hﬁ"c,% (Epinephrine) |k im%
ik % B cCAMPk )%T’cg & 1v PKA (138, 139) - # PKAE./E > G-protein
receptor 3 - B %%~ X ehdd Fo 2EERS P @R F et
% % & 1 G-protein receptor > § i #3| 2% @ /& i G-protein heterotrimeric ° §
G-protein® i ¢ & G-proteinsubunit Gsa’# i adenylyl cyclases (ACs) > ACs
T’c g #-ATPiE 3 = cAMP - ¥ cAMPEPKA R £ » g & B 7 7% i erholoenzyme
T2 BEE T 2P A F1(140) (Bl 1-4)

¢ 5vPKA holoenzyme 3 = i subunit> & %]z & B @1 FEIRi (PKAC
subunits) » ¥ *t 53 B 3 B R E 1302 (PKAR subunits) - § %4 & 42pF
% 7 % i eriHeterotrimeric enzyme ° @ § 0% WHTA B R FF > e R cCAMPETE
BEL2 RcAMPRE S E IR FIE > A Frlit mEmePKAC, # 2 f
d o

Hormone

‘.—‘f‘.-'":'"!"‘r"!"f‘l'-"l".-.. A FENFEFFTER AN ¥ TYYTERYYW "’.Y"J"""""""'l“l“l"f""“"l"l’

Aaizanzans WM SEnsERLsaEAR s BAAARAARA SREAAAARS ARSARRAAN
G-protein | ; '
coupled

receptor

£s B
Phosphorylation /)i_\

of cytoplasmic

1 t . Muclear
argets
CHEB. _.. @ membrane
Phosphorylation @ BNA
ol nuclear W >
targets Cre

B®] 2-4 General overview of protein kinase A signaling

F# %k Kirschner ¥ 4., 2009 (141)
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PKA 7% it 22 B-adrenergic {7 B> 2 % % f’g 8?5,3?_%‘2 ',ﬁ; 7 1EER g fE (AW
)t o W s § ik d #M(4-W1-5) o B-adrenergict| i § 3 F CAMP ik #F BL A
bt d gpmie - 2 G M BRI REET M 4 g kAN
Uncoupling protein 1 (UCP1)E > 4 ® g L BHE ™ F B Ese 4 £(142) 0 &
A e tr ¢ g B RUCPLA AR Ak 8 F et 2 - o

3 o] Bl p-adrenoreceptor:rE i H CL 3162432 #--| B § ** M E T 11 3
5 B-adrenergicf|jg > FEM ¥ RS 6 & Py 875‘3_9_‘%‘;-!‘_}_ » B REERY & 5y 37;‘3_9_‘%& 4138,
¢ 4 UCP1 ¢rmultilocularim® » 84z & #5955 (143) - BRR T $ § 73

vpamie cndRER A FE > eV AR R 4o B-adrenergic T F B4 MY o

Insulin
4 ol
|
i
+ Ages EDE:}B'P ‘P ®
- - IRS
ATP — | l:A:'IP —» 5’AMP e P lPl«p P
[ Pra \"I-SK
l - &oxcz l .
@Fcco | i Phs. 1> PhsL
¢ ‘pr 5"‘“ o !PBr
{ Heat EJCFH <« FAs = — DG - TG

// . ATGL

FAs Glycerol

®] 2-5 The role of cAMP and insulin in regulation of energy expenditure in

brown and brown-like adipocytes

FHL %R ¢ Lise % X .,2010(144)

AMPK #1 PKA ST 36 67 il so B R 28 875 e a B0 235
T A FEA R o 54 AMPK & PKA 357 Bifit i acetyl-CoA carboxylase (ACC)
BRERLREGECR 1-6) c Af 3t#d 0 ACC 7 & & isoforms > £ 5 ACCl(or
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ACC265 + ACCa) = ACC2(or ACC280 ~ ACCP) » # % 2 % ¢ malonyl-CoA (t
# Lipogenesis % % » {2 -?{ 4 & 7 malonyl-CoA ¥ #r4| CPT1 F|m Pri| iy ispk
B-oxidation - ACCa 3 & £ R & & & 5 thin s » b5~ § ¢ 5 L Hhfoqt
#(145,146)» @ ACCP 3 & £.% 1 & # refrc (147, 148) o .2 7 * £ ACC
§RGEG AR E &~ frflo T R

ACCo F BB SIREAIE ™ =8 2R P HY SLBRT =84 PKA
(Ser 1200)f= AMPK (Ser 79)#+ghfik i* » it@ & ACC 4 75 « = 3 BE7 AMPK &
i ACC 7 > 80~90% ACCa i Viax » 7 PKA AL ACC 7E § R it i
<15%%A Vg © 2% 8 AMPK B * ACCo B4t 1 8% Ser 79 @ % ACCP
Papk LR E_ Ser 218 0 iBut BREE Y TEF € F K Vi, 0 ¥ ¥ 3 4e ¥ Citrate
(activator of ACC )7 K,(149-153) -

7 # AMPK & PKA » 357 gifk i €4 %]F cAMP response-element
binding protein (CREB) > @ € # % & 3 DNA 1} > i€ 28 T i Flh
Transcription (154)(4- %] 1-6)> = 4vit £ * #4s B CPT>Cytochrome ¢ £2 PPAR-y

coactivator 1-a, (PGCla)32%¥_CREB T # £ 7] -

Stimulated by
glucagon and B-
adrenergic agents
—

INSULIN =i ((—) AMPK (also PKA)

Acetyl-CoA \ /

Malonyl-Co A :

LONG-CHAIN
FATTY ACYL-CoA

B®] 2-6 Regulation of acetyl-CoA carboxylase by allosteric effectors (green) and
protein phosphorylation (red)
F L kR : Saggerson ¥ X ., 2008 (155)
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(=) Leptin signaling

1994 % Leptin o 7L FI R #irobE & &+ F R > 2 L 239 F Loblobk &
Bt 7 AL F)(156)  Leptini & & 3053 %= 4 » A 3% 3 Leptin &7 4L % 11
i€ § 25 (orexigenic) % 3 4r Fr4| 8 & 5942 (anorexigenic peptide) > i P|dr| &
B2 REH(157) 5 LeptinB it R eniv - Eenjf e r g o
P F]tleptindt i 3 .t £ N BY f% o Bw Bl—‘r‘{ e + d 4t Leptinfe
Fibd % > Leptinen gt A 5s ¢ + 2 > LR P s enB4f 81 i % Leptindk B § 1358
et Ap B (158) - P % © JrLeptin sensitive neuronsi* T L5 » F|t T AL F i
Leptin receptorsiy #|4¢ g frit £ L ¥ 2 7 % R Leptin receptorsix % £
Ph AR IVER R R B BB LR 70 05 v & £ (159-161) -
i+ Receptor ¥t calss 1w jjck & X E > § = fiLeptin receptors# 3 : long
(ObRb) ~ short (ObRa ~ ObRc » ObRd~ObRf) = ObRe (162) - ObRb¥ g
Leptin#731 3 it £ A3 4 B /S - ObRb dimerizes.$ & Leptin{s 25 % - B 4§ &
4 > ¥ 31 Janus kinase 2 (Jak2) > Jaks2 ¥ gif& it § ¢ §o Leptin receptor - #
gt B g% 461 #4e FS  Signal transducer and activator of
transcription 3 (STAT3) » STAT3 %4t Jak2 ARt S B 1 £ p > &3 4
B-oxidation »uncoupling proteins fc# i & 3~ &P~k 514 R (163)° L %7 Leptin
L BERET %%' d 75 iv Protein tyrosine phosphatase-1B (PTP-1B) &
Suppressor of cytokine signaling 3 (SOCS-3) » = —‘F‘{ ¥ 3 Jak2 gk i (164,
165) « &% "4k & “rif e mEFE R PTP-1B 21 SOCS-3 § + 247 $x
leptin resistance- Leptin » ¢ #3 AMPK > |4 Leptin & it ¥ #9~HAMPK -
BiEATR thRy BB F 5 X doLeptingr 4] T ALE ¢ AMPK 5 & NPY fr

AGRP 73 & BiEB AT » 20 %5 8 Jr Sl B fodf 4o it £ i) 4£(166) -
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S S

AT PRI E 2 ERNBE s, transll, transl3-conjugated
linolenic acid (9, 711, f13-CLN)¢= A 353 (BMSO)2_ " f g x4 it ~ Z R R E 2

ol e

R -

Ben i A hEFHEARR AT F W %

Fod DB A SRl BT R H L 2 R g s (BMSO)E + B b 5 M A ok
o RHEFAHAW 3145 0 L IifRH LSS EE KA CLN @2
AHEAEAEA Y F B S K9, £, (13-CLN » ¥ B £ %39 w35y F 18

PR gene &30 1 5 G K PHUEHR B @ -

%=
P e 3@ R BMSO 7 *% 8 %g ch#d »cfs > 38— 5 334 BMSO ehie# 42 #73
HE -
Rk P EHANEA R BBk B RS AR (30:0, 25:5, 20:10, 15:15) & #F 4%
BBk R EFHE-F BN G EEBEARS TR R
1 A -1 % 3 g ’;ﬁ’u JZ » PPARaE i* ~ AMPK ~ PKA & leptin @3 »

P RE L B AW 32 47 -
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S S

Ro&- 2R RK

2 3(iE REP) 10 3¥ (35 97 L) 5F(GR%RAS)
| | | |
I I I I
= F# A L A e
C57BL/6J  Low Fat Diet (LF) LF (chow diet)
mice (chow diet) HFB (30% 47 i)
) , HFSCH (15% A 3.t
nghsgz;/t ];;;(HF) +15%high CLN% /i #-)
(30%0 35 7e1) HFSCL (15% X 3 3
+15% low CLN=: i\ A4 74)
HFS (30% X & 54)
cEBHRFE R RECEREL - RBERY VP E S )

cBER2Z T ERT R ESR MRNA FERIT

B 3-1 %- FHEXFTLW

FoR- 2R PRSI R

ARHREVTEN T o RFF g 83 7 i qRBEE Wt
b 5 - 4 fery L (SFA)T 3 B9 i, & & 38 5 # 4 foiy BE (PUFA)T & /)
Bt bownk, orri kb dnid g wiks {8 BB ok B A g T
2R TR P S AR R R o B R R R S 12 B fI
SFCRRE L L EREPRER L NE IR R RS RE S
BURLART ! ,3_9_.%2 ¢ IEIFER 0 "L {8 "y %% (Retroperitoneal fat » RE)% & & 7y
(Epididymal fay, EP) ~ & &% 7z 35 (Inguinal fat) ~ /| 28325 90~ B0 W BR ~ FL5R
Fel B E BN TREIROREE Y T 80C P RRHAFT -

Epididymal fat ¥ = - /] 3.2 & 10%" gg¢ > MEp o % o
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S S

L EER F T

3FGEREY) I 11 F(E%4A4S)
I I I
= F# 1 -1
C57BL/6J HS (30% X 3.)
mice

L (5% & A id+25% K .3d)
M (10% 3 N #F i +20% K 74 )
H (15%% i\ i +15% K 2.8 )

cERPFE R RATERT RBERC T ERRWE L]

o ERFE oS S SRR R LR ) EY Sk

B PRI mRNA §RBIZ R RS TR R T
Bl 3-2R%- FHRLTAW
I CEER T L e e

ARHFRFALI AR B RFAMGAHHY I NI RRRCF ES
MR DFRET AN TR RPR A LB RHS ATRRE S
ER RV FFARIBHRLIIT PRELREFZEY B E Leptin -
F8ARBLARFE ey c b BB HI NFS 125> I -
LMt g 4 £ A& i RIE /| &7 BMI (Lee’s index ) » f2B~# 3
BEHRLHE > URBHELRE I RHES > FREBNBHE TR U
12 "a +(RE )% Bl % %5 (EP) ~ && % - (Inguinal fat ) ~ /] B35 970~ B8BTS oo
BB TRER NI TREIRORET ¢ 0 B 80T

B p SR %A 17 - Epididymal fat % 7= - /[ 3.2 & 10%° pg¢ > uEp g §

#* o
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S S

Z. EARAGHG

MR B FACEAF U Bt B BRI P R REAER A
F= n-hexan (n-hexan » HPLC GRADE > ECHO)Z 1 : 10 5t bR — X » £ B
LR Lfchipi d flARhT ARAEL upk I blRES 2 - L RFER
Hed X OTE I PR R RIRMENS N E DT R NI AREN o R - R A
FHEAPLE WAL AZAENCEUF )P »mEES > $04 High CLN
2 Low CLN & f & % > £ 600g 3 17 £ %) 150g # "5 (¥ F 9 25%) & b5 R %
EpPEAFI LRSI R ESEg RE- ZRESEEE A 4600 g 3
14802 B Pq(F F 9 32%) CRFFRFZ > AP PRESEWE -1 R

£ 4 31

. EARNRBRES A

@ 3t conjugated linolenic acids (CLN) #4578 » F3* 71 GC #fg ik T2

T WA N AR P A 1 0 1B 4 artifacts & 22U CLN % b
‘> o Chen ¥ % -Jﬂ" #2007 &% £ NaOCH3/MeOH #** TG | ;% ¢ CLN & & 4%
e7% Ffig b * ;% (base-catalyzed methods)(167)> @ NaOCH3;/MeOH ¥ z fy i*

KR AT Tsuzuki ¥ & 2 protocol(124)

(-) ¥FEpy:
1M > NaOCH;3/MeOH
F& FEL (®
NaOCH; (Alfa Aesar) > EM. = 54.02 5.402
# NaOCH3 3 ** 100 ml MeOH #
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S S

(=) &> 2

B 5mg =AW 0 4 r 2mL (1 M NaOCHy/MeOH) 2B T F i 5 A 48 &
vortex > 2_f&4c » 3 mL éréefc & B K izak F i > E 4 » SmL ¢ hexane ¥
vortex * FE R > B AHARMEH = X > UEERPRIFR D KB UFE
RHES § F kit FRI P ImL hexane w3 0 TiE 3 2 EATRESCEFR &

3’,—@(}(} iil_ E;l s}apg‘:pb f;,] °

s e

‘ﬁE TR 5% - LF 24 84% chow diet> H T 3 g4l eh & 22 § 7 Hsu
& Huang iz4x AIN-76 fe i3:xm = (168) - &4 = i» ¢ 32 E # (Sucrose) ~ f&
%9 (Casein purified high > 859§ protein - MP Biomedicals ) ~ 3 3} %3 (Corn
starch > Seoul Korea )~ % 2% (Alpha cellulose non-nutritive bulk )~ AIN-93 #
PEFRES - AIN-O3IM a2 %7 &4 - 2kpk (L-Cystine) % "24& (Choline
bitartrate > 41.19¢ Choline) - #-2 féik kil R4 3-1 v 6l TR £33 >
PRt oo uE AT AR AR EXGARWE AP RHE
W_20CH R HTF NERFALERTH - 3 gt odrd 3220 5
BB X AR CLN 2§ (B4R £13-8% © @ B 5= A3 gl o3 & 4
% 33279 @77 & &% 5 30% soybean oil (HS)>5% BMSO +25% soybean oil
(L) ~ 10% BMSO + 20% soybean oil (M)f- 15%BMSO + 15% soybean oil (H) °

CLN z £ 2 k4L E£10~25-52%2 7.5% o
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S S

I. B HE

(-) F - 2 554k

ARSET 61k CSTBL/6I 2] 8 (B RiFPr % <) i &5 &
88 FT#)R| AL 55 2,- 235 LF ‘2(control, n=10)%= & ¥ chow diet
(Prolab® RMH 2500) > — ¥ & % HF 2(30% butter, n=40)% % % " » 3% L it
¢ HF £ &£ 3= %2> & % 5 HFB (30% butter—% i & B®4;¢) - HFS (30%
soybean oil— 3t—- < & ¥ £.% )~ HFSCL (15% low CLN BMSO +15% soybean oil)
4= HFSCpq (15% high CLN BMSO +15% soybean oil) > % % 10 & - #3 5 E &
BIFAW252C kB Z 25 2 12 /) FF (0800-2000 5 R EH » Hehi 2l ),

GGk B BRESHES £ o RRKSRST B KR -

(=) RE&= 2 &%

AP 6 CSTBL/6J ) H(BEp RpF P A% <) f = 18
(L FX)B) AL ET 283 30%B a4 8258 *5 Xk & %) 3 soybean oil (HS)~
5% BMSO +25% soybean oil (L) ~ 10% BMSO + 20% soybean oil (M) ~
15%BMSO + 15% soybean oil (H) > # = 10 & > \ 3354 64 S 11T - f 4 &
BRMEIFEN2E2C» kB2 28 L 12 B (0800-2000 5 kpefy » H4pl 2

) APk d RS PR ESNEZBIE - BRESKRS N FRERE-
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S S

231 53 s A 2R feE ARl gl P

Butter Soybean oil BMSO (H) BMSO (L) BMSO

C6:0 0.7 - - - -

C8:0 0.8 - - - -
C10:0 2.5 - - - -
C12:0 3.6 - - - -
Ci4:0 11.8 - - - 0.05
C16: 0 33.1 10.4 2.4 3.39 3.58
Ci8:0 13.4 3.8 31.31 38.5 28.73
C20:0 - - 0.4 - 0.5
Cl6:1 2.0 - - - -
Ci18:1,n-9 29.3 22.5 5.05 - 7.82
C20:1,n-9 - - 0.3 - 0.38
C18 : 2,n-6 0.7 55.8 3.77 6.2 6.35
C18 : 3,n-3 2.0 T2 - - -
C20 : 3,n-6 - - - 20.5 4.52
¢9,t11,t13-CLN - - 56.72 19.6 47.79
SUFA 65.9 14.2 34.1 41.9 32.8
MUFA 31.3 2 5.4 10.9 8.47
PUFA 2.7 63.0 60.5 46.5 58.6

'BMSO (H)2 BMSO (L)A %] % # 5% - ¢ * HFSCy 2 HFSCp " &% 2 A da 9
o REE IR AR ES (REFAFHRZHSEEL 7% diazomethane j3)
2BMSO £ 9% - " REFAEZARED2Z BEHES (BB A4 2

NaOMe/methanol ;%) °
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4032 R%- A rabpes

Table 3-2 The composition of high fat experimental diets used in Experiment 1

HFB HFSCy HFSCL, HFS
%

Casein 26 26 26 26
DL-Cystine 0.3 0.3 0.3 0.3
Corn starch 16 16 16 16
Sucrose 16 16 16 16
Cellulose 6.1 6.1 6.1 6.1
Butter oil 29 - - -
High CLN BMSO - 15 - -
Low CLN BMSO - - 15 -
Soybean oil 1 15 15 30
Vitamine mixture 1.2 .2 1.2 1.2
Mineral mixture 4.2 4.2 4.2 4.2
Choline bitartrate 0.2 0.2 0.2 0.2
Calorie density (kcal / g) 5.02 5.02 5.02 5.02
Protein / calorie (g / 100 kcal) 52 52 52 52
Vitamins / calorie (g / 1000 kcal) 2.6 2.6 2.6 2.6
Minerals / calorie (g / 1000 kcal) 9 9 9 9
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% 33 R % gl

Table 3-3 The composition of high fat experimental diets used in Experiment 2

HS L M H
%

Casein 26 26 26 26
DL-Cystine 0.3 0.3 0.3 0.3
Corn starch 16 16 16 16
Sucrose 16 16 16 16
Cellulose 6.1 6.1 6.1 6.1
BMSO - 5 10 15
Soybean oil 30 25 20 15
Vitamine mixture 1.2 1.2 1.2 1.2
Mineral mixture 4.2 4.2 4.2 4.2
Choline bitartrate 0.2 0.2 0.2 0.2
Calorie density (kcal / g) 5.02 5.02 5.02 5.02
Protein / calorie (g / 100 kcal) 52 52 52 52
Vitamins / calorie (g / 1000 kcal) 2.6 2.6 2.6 2.6
Minerals / calorie (g / 1000 kcal) 9 9 9 9
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LT LY LY LS

e

rEJRELAEA | TB )R Xl X% HTehz X3 X jp|
BHeSE  HirhhE T B3P 23 05 ch5cE (B % > X SmL 53
i% (Chloroform : Methanol = 2:1) X33 % » 2 {3p| 23 % i{ ¢ Total Lipids

[

]

(—) = #F%%F (Total Lipids) 7 £ =

RERkmEF & £7-kf2 > £ 2 giEk (Phosphoric acid) 2 § X/

(Vanillin) » B35 cd 4 &% > Pl H 2530nm 2= k& o

2. 3

#8382 (RANDOX, Cat. No. TL100, Lot 027213) - B 20 pL
Standard (% ER 2 1000 mg/dL) +4c > 1 mL kA 20 pL Sample
dex ImLEFET 10em BB E Y 2R £395 122 100°C-kis 10 4 48 -
@i Fris > B i3 7% 10 pL 4r 200 pL Reagent feik#ifE (blank) 10 pL
4 ~ 200 pL Reagent ] 96 well # ;R £35353 %4 » 38T (20-25C) F &
30 0480 BRI HESS30Nm 22k c ARFTANPFELTY BT RA

(mg/dL) -
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PP R FkR (mg/dL) = ——————— x 1000

A standard

= . REPR =
41* MicroTherma 2T Thermometers (ETI Ltd) &£ -] 83zF > -] 8DzE
RIEFFREE Ohr (XHEZ* 4CT) B & 4CT 2 1hr - 2hr > 3hr 4o 4hr

HULE 0 B AR R o

LR REA

Glucose + O, + H,0, GOD , Gluconic acid + H,0,
2 H,0; + 4-Aminophenazone POD | Quinoneimine + 4 H,O

?] Z_Quinoneimine (=% ¢ ) % 500 nm rx & g o
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P 8 3EM E(RANDOX GL2623, Amtrim, UK) - B 4 pL Samples &
Glucose standard (5.55 mmol/L )** 96 3“5 M % ¥ > 4c » 200 pL » E#ER(2
Phosphate buffer pH 7 ~ MOPS buffer pH 7 ~ 4 - aminophenazone -~ Phenol »
Peroxidase > glucose oxidase) » /2 £353 3 » A3 H T F i 25 448> M 4L =
ok 4e 200 pL & fsi@ R s Blank o Bl 500 nm 2%k E 0 FF T Su 2

Tamei-

A sample
Glucose conc. (mmol/L) = —————-maeeeemv x Standard }k & (5.55 mmol/L)

A standard

1. 2% 35 ERle

»* ¥ ¥ 2 2 (LINCO, Rat/Mouse insulin ELISA kit) 3 1% R+ L&
BASEREAE F17 A BEh- B2 HAMARE A A3 HLRRY
E(zPipE )Rkl oL f % }%’é Anti-insulin antibody (- #z> & Coating
*" Microplate } ) §- Peroxidase conjugated anti-insulin antibody (= #v) % &
WEENY o £ Buffer FAASELFERTLIE 0 M RAR - B R
@ {6 4r » Peroxidase 2. X F 3,3°,5,5’-tetramethylbenzidine * & % ¢ - & {5 5

fed L F R HPESKE (Agonm) TP EXRES RFEE L FRR -
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2. 32

™ = = -k #- Wash buffer concentrate %] # = Wash buffer - # v :&#|7 & %
PR EpETERET o Well L1 300 pL 57 Wash buffer ‘;{—i;t 3% o 4ex 10 pL
e Assay buffer ¥| blank f= sample 7 well ¢ > 3% ¥ 4r » 10 pL Matrix soultion
#| Blank ~ Standard §= Quality control 1 ~ 2 - Well ¢ o :#-10 pL 7 Standard -
Blank ~ Quality control 1~ 2~ Sample 4 » Well ¥ » £ 4: » Detection antibody °
REF RN R R THE R B2 ) ok d Well ¢ 3 7% 11 300 pL ¢ Wash buffer
##e 3 & o 4 » 100 pL 5 Enzyme soultion » Bt AT st 3 iR T4 L F K
30 & 48 o wx ) Well # 373 7% 124 300 pL ¢ Wash buffer ‘;{-iy"a 6 =x o 4 » 100 pL
¢1 Substrate solution ( 3,3%,5,5’-tetramethylbenzidine ) > ** % 8 T @k F & 15
448 o 4r » 100 pL 3 Stop solution(Z Hydrochloric acid solution) > & & # =35
plate 7& R & 353 (& & & Microplate vortex ! ;& 3 )op| £ 450 nm 2 ¥ % & (i

£ R % 590 nm) 0 R ¥ & L3 E Sample p Insulin kB o

#- Standard %k @ ¢ )k R §1* ELISA reader( pQuant) ¥ 4 - Parameter

2 B4 M 25N > £ Standard curve » %‘ﬁ'.“lﬁ.}'ﬁ DML ZER o
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+. & i Leptin 7 £ Bl 2

B4 47 2 2 (R&D Systems Mouse Leptin) & f]% 2 £ ¢h= P ot % L5 4
17 ##F (Sandwich enzyme immunoassay ) ° #- Goat anti-mouse leptin ¥ £ 7 Z_
# Microplate ! > 4c » Block buffer *# <2t % - #3482 & - 4 Standard-Blank
f=Sampleii » well > Goat anti-mouse leptin ¢ f- Immobilized antibody % & -
2 {2 X3 $ENRF > 4 biotinylated goat anti-mouse leptin F| well
P FHRL - 'ﬁ% # K B £ ¢ biotinylated goat anti-mouse leptin s 4 »
Strepatavidin conjugated to horseradish-peroxidase (Strepatavidin-HRP)3e 4 %
% & ¢ Strepatavidin-HRP » £ 4c » X B3 7% (Substrate solution) ] well ¢ -
ERF €2 ~E3 AP ¥ ¥ L3 %(Stop Solution )4 » 2. 12 g WHE~F ¢ >

BEd MR NAEEY Leptin $ & et ) o

PBS = Capture antibody /2 3 ¥ {¥ goat anti-mouse leptin - Tween 20 4r »
PBS #] # = Wash buffer - Color reagent A (# Hydrogen peroxide)f= B
(Tetramethylbenzidine) "2 % #8 4% cfvt )R & 355 F ¥ Substrate solution -

4e » 100 ¢ L &7 Standard £ Sample $|% - # well * (© coating 4% Goat
anti-mouse leptin) > REF AT R THEF B 2 ) FF o ) well ¥ 3 g
300 i L <57 Wash buffer F %7 = o 4 » 100 ¢ L <7 biotinylated goat anti-mouse

leptin |% - B well ¥ > B F P AN R THEF B 2 ) FF o ) well ¢ g3
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i% 11 300 £ L £5 Wash buffer %7 =< 4 » 100 y L 5 Strepatavidin-HRP #| =
- B owell ¥ > Bh A ZIR TR E B 20 A4 e ) well ¥ o3 iR 12 300 4
L 5 Wash buffer j##7 = o 4c » 100 1 L 5 Substrate solution |# - & well
Pooph P IR R R TSR K i 20 4 404 » 50 ¢ L 5 Stop solution (% sulfuric
acid)¥|# — B well ® > $ B 3 32345 plate /£ TR & 353 (& % & Microplate vortex
iR 3)eo R 450 nm 2 XK BEGLE DI X 540 nm & 570 nm) 0 U HEEE R

% 3% & Sample p Leptin k& -

#- Standard % % @ 22 )k R 91 * ELISA reader (pQuant) 2 3% 4 %

#23% » £47 Standard curve > %‘ﬁ’.“l HEIHBRWZER -

Lo A

(-) & FZ @Y B g (Triacylglycerol, TG) % £ 7 &

K* Fully-enzymatic GPO-PAP ;% > §|* = fifi¥#% Lipases » Glycerokinase
(GK) ~ Glycerol-3-phosphate oxide ( GPO) ~ Peroxide (POD) ¥ TG i¥#% »
BicAd s &3> ;‘%’d Bl E ¢ % Quinoneimine (X% ¢ ) % 500 nm

sk kP F=BYIm2kR -
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Triglycerides + H,O lipases ,,  Glycerol + Fatty acids
Glycerol + ATP GK _,  Glycerol-3-phosphate + ADP

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

2H,0;+4-aminophenazone + 4-chlorophenol _POL quinoneimine + HCl1+4H,O

#* 7 83%# 2 (RANDOX, Cat. No. TR213, Lot 033857) - #- Buffer 1 ( 3
Pipes buffer, pH 7.6 ~ 4-Chloro-phenol - Magnesiumions ) ¥? Enzyme Reagent 2
( # 4-Aminophenzaone ~ ATP ~ Lipases ~ Glycerol-kinase ~ Glycerol-3-phosphate
oxidase * Peroxidase) /& & » fie = F i8R o & 96 3 % £ |4 4% 4 pL Standard
(F%ER 5 200 mg / dL) & 4 pL Sample {& » 14 ~ '~ Pipette 4r » 200 pL
Reagent-i® £ 353 {3387 (20-25C)F & 10 & 45 ¥ #F 12 200 pL Reagent

TZ 0 #% RITS00nm2 3k E-f RFETANFELFd 2@ kR -

A standard

(=) = 5" 7 (Cholesterol) 7 £ Rl Z

& * Enzymatic CHOD-PAP ;= > §1#* = #af% % Cholesterol esterase -
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Cholesterol oxidase ~ Preoxidase £2 Cholesterol ester ~ Cholesterol it % > & {3 &
died FF> %ﬁﬂ B 2 ¢ % Quinoneimine (i = ¢ ) % 500 nm % &k & >

kP ERFAMBZER o

Cholesterol ester + H;O _Cholesterol esterase , Cholesterol + Fatty acids
Cholesterol + O, Cholesterol oxidase , Cholestene-3-one + H;O,

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

#7838 2 (RANDOX, Cat. No. CH201, Lot 037503 ) - % 96 34 4 A 1|
4e4% 4 pL = =% -k (Blank) > 4 pL Standard (%2 3 200 mg/dL) % 4 pL
Sample & > 14 ~ 'K Pipette 4 » 200 pL Reagent’ /& & 353 33 28 7 (20-25C )
FR 10 2457272 500 nm 23k o L {RHTHN3F 8 i@ RABER

(mg/dL) - & "2 A2 ¥ kR FH 5 <5.17mmol/L (200 mg/dL)

A standard
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(2) = 573 5 %p (Non-Esterified Fatty Acid, NEFA) 3 & |2

1% = #f% % Acyl CoA synthetase~ Acyl CoA oxidase £ Peroxidase ir1{¥ % »
hisAd 3% %> ;‘%’d B2t ¢ % Purple adduct (F % ¢ ) % 550 nm 3

2okiE o k3tH NEFA 2 kR -

NEFA + ATP + CoA _ Acyl CoA Synthetase , Acyl CoA + AMP + Ppi
Acyl CoA + O, Acyl CoA Oxidase ,  2,3,-trans-Enoyl-CoA + H;0;
2 HO0;, + TOOS + 4-AAP Peroxidase , Purple adduct + 4 H,O
NEFA = None Esterified Fatty Acids
TOOS = N-ethyl-N- ( 2hydroxy-3-sulphopropyl) m-toludine

4-AAP = 4-aminoantipyrine

7 7 833# %2 (RANDOX, Cat. No. FA115, Lot 048897)  #-10 mL ¢
Buffer 1 §v— ¥g 7 Enzyme/Coenzyme 2 ;& & {¥ Solution 2 ; Enzyme diluent 3 §-
- #%:h Maleimide 3a ;& & ## Solution 3 ; - ¥ ¢ Enzyme reagent 4 fc— jig:h
Solution 3 ;& & # Solution 4> fiz & F Fif® o fr 96 3L ¥ & %[ 4edF 4 pl = &k »
4 pL Standard( %k 2 5 1 mmol /L)% 4 pL Sample {4 » 12 ~ 'R Pipette( Gilson
8X 200) 4 » 80 pL Solution 2 ;2 £353 133 37C T F & 10 #4855 £ 4 » 160
pL Solution 4> R £3553 18 > % 37CT F & 10 &2 4 > B 2_550 nm 2_ % & & o

ERHBTASFE LG A @k R (mmol /L)« & F M4 R b s S
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AETEFEARFFE 0.1~09mmol/L -

A standard

Lo R A

(-) FRFyeRii

1. #F5p®  32%& (Chloroform : Methanol = 2: 1)

& At
Chloroform ( TEDIA ) 2x
Methanol (TEDIA) 1x

Bk AT L 201 PN GIR E0] c AR RTE R REUEE A RY

33 EEH

Yie
!

- Zptls s A

# Folch % £ ¥ (1957) 2% % (169) - f ¥ Borrry it — X LMok it
S0CHKFIEA » B~ 04 5 iF50 0 T s R EP B > PR R EE
MIFPREIRRNEJFEITAYREEER-T > FLTFREAIGLEY S
B oAb b )ER T B FLY o 4 20 € 533 7% (Chloroform : Methanol =
2:1) WY BE- TEEABBILY o A FBRY Sml TRBILY L F

45



S S

FP-) 20 A 4803427 1 vortex i § #3575 £ 12 90 mm i SX(ADVANTEC,
qualitative, Lot. No. 40804032) iE/a | 15 mL 3w ¥ » £ uEB2 2 E 3 10
mL> REXE2HEIRG (FF) BFF > FLLRRCFRT BBRG
FE O REN-20CF* o

(=) 5= 4 @ Ay (Triacylglycerol, TG) % £ Bl <

A4 RIER & F¢ Z Y B a2 A 17 o 10mL R Bk ¢ B 20pL( %
FP% 1/500) % 10 cm ﬂ@?ﬁfﬁ ¢ B i R g B A= 2EFE 0 £ 4 x> 1000
nL Reagent ;2 £353 18 » 3 3R T (20-25C) » 10 246 - ¥ ¢ ¥ % 0 5%
2z e it s (FEER S 200mg/dL)20 pL (7§ TG 40 pg) *: 1000
uL Reagent » ] 500 nm 2. %k & o £ 935 T 5| N3 KRR 7 = B4 W A

kR e

‘TG (mg) /gliver ‘

————— x 40 ng (Standard 2~ TG 5 &) %500 x 107 TG (mg)

A standard —

wEF£(g) % 3 Liver(g)

‘TG (mg) /total liver ‘

TG (mg) TG (mg)
x  total liver weight =

% 3. Liver (g) Liver
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(=) %27k (Cholesterol) 7 £ |2

A RIER & ¢ AL A o £ 10mL M EBR ¢ B 150pL (&
5% 3/200) T 10 cm BB F ¢ 0 £ e » 10 pL Triton X-100 353 32 & 5 »
BB MR AR % 240F 0 £ 4c > 1000 pL Reagent > ;R £393 13 > 2R T

(20-25°C) F & 10 4~ 48 - ¥ ¢t 12 10 pL. 4c 1000 pL Reagent T3 v 8% 2 " F
RS (FEER S 200mg/dL) 10 pL ( £ 7 Cholesterol 40 pg) 4x 1000 pL
Reagent (¥ 3 %18 » R/ 2500 nm 2.3 % (& o £ 19T 5| XN Bt & ¢ %5

kR

‘Cholesterol (mg) /g liveﬂ

A sample
— — —— x40 pg(Standard 2_ Cholesterol § £ )x 66.67 x 10° Cholesterol(mg)

A standard

BEFE(g) % 3 Liver(g)

Cholesterol (mg) /totalliver ‘

Cholesterol (mg) Cholesterol (mg)
x  total liver weight =

% 3. Liver (g) Liver

s e R R 2 o B R (R )
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Lz, R ER TNF-q 7 2R 2

B & $5 £ 2 (eBioscience Systems Mouse TNF-q )& f1* 2 € eh= P iR F
% % 4 $7r 5 ( Sandwich enzyme immunoassay ) ° # Goat anti-mouse TNF-
¥ L H A& Microplate ' > 4c » Block buffer *# K 2t% - BT L o §
Standard - Blank f- Sample /L » well ¥ > Goat anti-mouse TNF-qa § {r
Immobilized antibody % & > 2 3% 4 2 5 % & ¢ > £ 4 » biotinylated goat
anti-mouse TNF-q 3| well ¢ > & %% 3 - ‘ﬁ%:}#’-f.t..‘% £ ¢ biotinylated goat
anti-mouse TNF-q > 4x » Strepatavidin conjugated to horseradish-peroxidase
(Strepatavidin-HRP) & 3 & % & i3 Strepatavidin-HRP > £ 4c » % i3 %
(Substrate solution) ¥| well ¢ - R F B g2 FFF A > § ¥ 173 7%( Stop

Solution )#c » 2. 1 § MR S5 ¢ »JF AR LS TNF-q & £ 50 6 -

PBS - Capture antibody /% 3 ¥ {¥ goat anti-mouse TNF-qa - Tween 20 4«
»~ PBS ®# = Wash buffer - Color reagent A (¢ Hydrogen peroxide)f= B
(Tetramethylbenzidine) 121 % $8 4 crvt &R & 353 #7 Substrate solution -

4t » 100 ¢ L £ Standard & Sample(®; %5 2.3 RIPA 35 %)3|% - & well
¢ (& coating#* Goat anti-mouse TNF-q ) RE B3 T R T #HE F B2/ FF -
s well ¢ 3% 300 L ¢h Wash buffer ##%7 % o 4r » 100y L ¢h

biotinylated goat anti-mouse TNF-q 3| % — & well ® »RL} B3 3 BT & F
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B2 pF e ) well ¥ g3 % 12 300 1 L é9 Wash buffer %3 = o 4e » 1001
L 7 Strepatavidin-HRP $]% — B well ¥ sBE P 953t 2B Tk F 20 4 48 -
) well ¢ €693 i 12 300 1 L é9 Wash buffer -3 T = o4 » 100 ¢ L é7Substrate
solution ¥|# — B well ¥ » BL} B3t 2 R Tk F B 20 A48 o 4 > S0y L e
Stop solution (£ sulfuric acid)®]# — B well ® > =45 plate FE TR £353
(2 *x & Microplate vortex + ;2 3 )Rl £ 450 nm 2_ w3k & (& & & it 3% T_540 nm

& 570 nm) > B R k3 E Sample p TNF-a kR -

1w, g 97%.3_&%‘2*7 B

17V EEERFARLEY cUF P EES Y o upH B PR

B 2uM -

(=) Fghimie it ik

F PREBER3 R epididymal # %2 ° * BHRHHYTS ¥ HE staining
7 B % BERCA (Olympus) *c+ 100 @ @24 ¥ > MR ip% (Diagnostic) #-#7
R GIpET L I B2 H§AIZ X 30 (Spot advanced) &F Br 5 ¢ BlE 10

B R TP o

Pk LI0F EE

Tiom% d f(um’) = FEF G H (um’)/ wr kP
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(=) fa% 2% TUNEL assay
1. i

Slides ¥7 5 42 Xylene (= ¥ ¥) B EE »%4( 70°C)4R 1230 ~ 48 > 25 %
Slides ;% 7% % % — 4> ¥ = 42 Xylene ¢ %> & L & &b 1238 JFpH 2 (100% »
100% ~ 95%3% 70%)4 ' Xylene» £ 5 4482 & 3 &4k % ki3 5 & o # Slides
WA E > P %200 ml 0.1M Citrate buffer pH6.0 » 2_ 4 3% » et % ¢ 1 &

40 2 {34 x 80ml = KRS Er o 2 f8E % x PBS Y o

2. Blocking

i€ * Tris-HC1 0.1IM pH7.5 (containing 3% BSA 4r 20% normal bovine

serum) 30 & 48 > 2_{¢ * PBS wash & =t ¥ #3537 o

3. Immunobltting

4¢ » 50 11 e TUNEL reaction mixture *< # incubater ¥ 60 4 4% > } #
7

FiFk > 2 {3% PBSwash3 =k » EX S48 28 FTHBF LY o

¢ F i A2 Bradford RE#TE > H 30 FHRATE RO F

BEMEEEH LS F T IR 630 nm RFFFEF LR KE - Fd v i
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BSA B L ZHRES R TTHFNERREOTY FERR -

#- BSA ( bovine serum albumin, Sigma) e = k& 3 1mg/ml £ stock °
i Eﬁﬂé—ik)}":ﬁﬁ % 0.5+0.25+0.125 > 0.0625 mg/ml 2_ %3 7% » s & 5.2
10 pl # 54c » 250 pl Bio-Red protein assay> RiF53#§ 5 248 -1 ELSA

reader B 630 nm kg R HFES AP FHR S22 F0 FER

L+ 2.8 * £ 8/ (Western blot)

(-) 1% egoyi

#-rg 9% 2 8 0.1g (epididymal) 4c » 500 pl RIPA buffer {8 fik} i inis
B > 3750 0.2g 4r » 1000pl RIPA bufferr 35 » 3% ¥ 72 4°C ~ 10000 g ~ 15
min. (9F% i 3 o Bk R 3 AT eppendorf F 3R okt o EEF TR
% ~-80°C o
*RIPA buffer B Z 50 mM Tris HCI~150 mM NaCl~1 mM EDTA-~1 % NP-40 ~
0.25 % Na deoxycholate ~ 0.1 % SDS % protease inhibitor ~ phosphatase

inhibitor (Sigma) °

(=) ¥&pl
1.5 M Tris pHS8.8
F& aEi
Tris 181.7¢g
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A% 800ml = &-k¥ > AF pHEZL 88 % & 3 1000ml > §3%* 2iF

0.5 M Tris pH6.8

¥e REE

Tris-HCI 78.8¢g

A% 800ml = & k¥ > AF pHED 6.8 % L3 1000ml > §3%* 2F

20% SDS i3 i%

¥ AR

Sodium dodecyl sulfate 40g

B~ 40g SDS # * 3 * 200ml = =x-K > g F ¥ 2R

L
A ML £

7.5% 10% 4%
30% Acrylamide 2.5 ml 3.33 ml 0.67 ml
1.5M Tris-HCI pH8.8 2.5 ml 2.5 ml 1.25 ml (0.5M pH6.8)
DI water 5 ml 4.17 ml 3.1 ml
20% SDS 50 pl 50 pl 50 pl
10% APS 50 pl 50 pl 25 ul
TEMED 10ul 10ul 7.5ul
Total 10 ml 10 ml S5 ml
APS 3% 24w L 4o 2~
6 X Laemmli buffer (store at -20°C)
Stock Add Final concentration
1.5 M Tris HCI pH 6.8 2 mL 300 mM
glycerol 6 mL 60 %
SDS powder 0.6¢g 6 %
DTT powder (Mw 154.25) 0.925¢g 600 mM
10 % bromophenol blue 30 uLL

2 DI water ¥ = 10 ml
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Sample 3-v ’?’ e &

F& AEE
Sample solution x uL
6 X Laemmli buffer ( # % *-207C ) ?
= =x-K ?

(%3 % 23 o35 AMPK ~ PKA~ACC~STAT3 .2 % ¢ & % 3¢ ¥ £ 3 50 pg)

10 X Running buffer

¥ FEE
Tris 303¢g
Glycine 144 ¢
10% SDS 100 mL

Tris ¥ Glycine £;3* > -k > 4r » SDS 8 £ T £ 2 1000ml > #5* 4C -
R HAHEI IXE X £19400ml) > 7 £if e

we

Transfer buffer (Freshly prepared)

¥ R
Tris base 3.03¢g
glycine 144 ¢
ethanol 100 mL

FA@EEAEFRY PHEAC L BB TR I 1L B0 4T

PVDF -4 #%

¥ FERL
PVDF % -
MeOH #E
PVDF %8 4 4.+ & {v2e8 > 2 4 % 2727¢% MeOH ¥ & H BB » £ 3% »

Transfer buffer ¥ # & &
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(2) 35 FRK

2 Laemmli buffer ;2 & 43 # 5 > % 100 ‘C-kig I 4 4% > Spin-down #3731 »
% 7% »Molecular marker (All Blue, BIO RAD) x » 10pL> i§ » 1xrunning buffer

nO120 RETREF R A o

(2) 35 FHe

#7482 PVDF % (A u® BEEMEER L) Rie oy rR
(Transfer buffer) 7 4 46 > #-5% © 22 PVDF %8 & 4318 > 30K T 11 400 % 82

TonitiTEE 2 B ) FF - PVDF %4 Ponceau S % ¢ i @ 8.7 20 # o

(T) E%d

Pgmfs Ak (X0 33 TBST ) 38T F - <[ B¥ > i£ {7 Blocking ¥ % o
F Rt TBST Fiew x> %7 o4 » f 8 1000 2 - 53288 24 C
F K 7ts 11 TBST jikw & % 7 AdboF 4 r 18 5000 3 2 = 5dudl
FEF B- | P TBST F%1 5 » =7 A4heE 4> 1 mlECL % ¢

FRie v R YR > 1% LAS-4000 mini FUJIFILM 4 % 821§ % 3v 2 47 -
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%34 E%dR* N

3 F - miaal - Bl

p-AMPK(Thr172) (62kDa) | Cell Signaling #2532 1: 1000 | Rabbit 1: 5000
AMPK (62kDa) | Cell Signaling #2531 1: 1000 | Rabbit 1: 5000
p-ACC (Ser79)  (280kDa) | Cell Signaling #3661 1: 1000 | Rabbit 1: 5000
ACC (280kDa) | Cell Signaling #3662 1: 1000 | Rabbit 1: 5000
p-PKA C (Thr197) (42kDa) | Cell Signaling #4781 1: 1000 | Rabbit 1 : 5000
PKA (42kDa) | Cell Signaling #4782 1: 1000 | Rabbit 1: 5000
p-STAT3 (Tyr705) (92kDa) | Millipore #05-485  1: 100 | Mouse 1 : 5000
STAT3 (92kDa) | Millipore #06-596 1 : 1000 | Rabbit 1: 5000

4 =, 3P RNA % cDNA &% #

(- ) RNA i B

(1) BCP (1-bromo-3-chloropropane, MRC)

(2) SUPERase-In(RNase inhibitor, Ambion, 20 u/ulL, 2500 u, cat 2694)*< § **

20C %%

(3) RNase-Free Dnase I Set (Qiagen 79254)

(4) DNase I 12 550ul RNase-free water ;3 f& » ¥ ¥ & # » 2 {3 #753-20C

reagent ZEE
DNase I 10 ¢l
RDD buffer 70 ©1

2. R B 3 —RNAmini kit (Qiagen)

(1) B~ 0.1g &% ¥ fm gk 4e » 0.5ml TRIzol 239§ 835F » 7 9%58R] £3~ 0.1g 4
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» 1ml TRIzol ™ 32F 32 » ¥ Jc § % 1.5ml eppendrof

(2 FETRESI0A4 > hoilF £ 5 3 RNA» BF R ¥ % &-70C 5 &

(3) sample 3. 10 4~ 45(10,000rpm > 4°C) > BB BT R (B i d )T - BRTO
eppendrof » # i eppendrof 4t TRIzol = 1ml s> £ 4 » 100ul
BCP(1-bromo-3-chloropropane, MCR:BP-151) % % — % sample > 1 vortex
M3 FRTRSLSE F o 15 4 4(12,000rpm > 4C)

(4) 1 K (& ¢ )X - Arehreppendrof ¥ 4c » 600ul 5170% FpE (4 DEPC-H,O f
£)> £ ™ vortex ;R 3

(5) 2~ 700ul loading = RNeasy spin columns(3< % 2ml collection tube } )& » 3
w5 (10000rpm> 15 )25 31 7% % 3 » £ loading $] ™ fFisample> . (10000rpm>
15 %5) > i g Z 3

(6) #c » 350ul 7 RW1 » &t (10000rpm » 15 £) > i 3z Z 3

(7) ¥ r#7e eppendrof fiz 8 DNase #7 % & chg : % - sample § 10ul DNase I
stock solution(Qiagen){= 70ul Buffer RDD (Qiagen)i% sample £ ¥ L i 4+
f v DNase p¥ g £ 3%4x &6 J ifisilica membrane + % sample *c 80 ul »
FRTRISAE

(8) 4t » 350ul 7 RW1 » &t (10000rpm » 15 #)) » i iz E

(9) 4c > 500ul 7 RPE(F #3027 4r 100%Fp) 1 > 3 (10000rpm > 15 £5) >
iR E R

(10) #c » 500ul 7 RPE {s > .< (10000rpm » 2 & 48) > ;w12 Z R

(11) # RNeasy spin columns < ¥| #7¢7 2ml collection tube 32 » 3. (14000rpm
1448) 3 'ﬁiﬁﬁkm/ﬁ%

(12) gz & #7 % ¢ SUPERase-In(RNase inhibitor, Ambion, 20 u/uL, 2500 u, cat
2694) > * — sample § 1ul SUPERase-In = 4ul RNase-free water i sample

I LR > E 4 23747 1.5ml collection tube » # F 4r » Sul
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(13) #-RNeasy spin columns *x ¥|4r 7 SUPERase-In :571.5ml collection tube#2. -
4r 40ul RNase-free water» 3.~ (10000rpm- 1 £ 48) Jc 3% » 2 7 RNA

(14) r4 nanoDrop ?] 260/280 ratio frik & > RNA % %% -70C £ # %37 o

(=) RNA quality

1. 4%

5 AEE
Agarose (GibcoBRL) 1g
Etidium Bromide (Gene pure) 26 11

#-1 it % 5% 4 » 1x TAE (UniRegion Bio-Tech) buffer gz = 1%7%% » fcit 2-3
min I % 273 /% K452~ RNAgel M ¥4 » /i L A2 §Fi2 >

HHBEFETT #2 RNA T & o

Sample B~ 2pg RNA Z &1t 64e » 10X dye > iR 3 8 T i » EFBH7 -
100 RERBEFRA 0 F S FRABIEEPWL 3/ 4@ G AP
% UV box (LONGLIFE FILTER, SPECTROLINE) } % rRNA 28S / 18S

Lh] 0 FHER 2147 RNASF L4 REfER & 727 qRT-PCR -
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(=) RNA #& = cDNA(Reverse transcription reaction)

i & & F & (Reverse transcription ; RT reaction) & | * i §& 4% f# (Reverse
transcriptase) » #- ¥ % RNA (Single-stranded RNA)i# #& 4 2 3 # DNA
(Complementary DNA ; ¢cDNA) - #f #4&i¥% % 52 % - % ¢cDNA 2 & = (First
strand ¢cDNA synthesis) = #* ¢cDNA ¥ * k& 7R Feh R P24 F B

(Polymerase chain reaction ; PCR) °

2. F A Ee (51 * @ F2 Eppendorf)

(1) 50 ng /pL. Random hexamer

Reagent ZTEE final conc.

Random hexamer (Promega C118A)
(500 pg / mL > 20 ng > ¥ 40 uL)
DEPC-H,0 360 11

"2 DEPC-H,0 #-500 pg / mL stock #¥# 5 50 ng /pL 7 Random hexamer- 4 X

40 1 50 ng /pLL

** Eppendorf #% 5 %+-20C - s# & £45 4 ik 25 o
*Random hexamer & #£% — |4 primer > 7 7 6 # nucleotide - * fL % random

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

BEEFW-20C W@ R AR WAL KRR o
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(3) 5x M-MLYV RT buffer (Promega M531A) (1 mL)

#EFW-20C 0 ®F 9 vortex 393 c WL EAF AL AR -

(4) 10 mM dNTP mixture

Reagent final conc.
40 mM dNTP mixture stock 10 mM
DEPC-H,O

"2 DEPC-H,0 #- 40 mM Stock #f# 5 10 mM £ dNTP mixture - 4 %%

Eppendorf # 75 *-20C -

3. F R © &3 (eH

(DF B3
Reagent FEE
Total RNA 500ng
Random hexamer (50 ng /pL) 1pL

™2 DEPC-H,O # #f 2 14 pL » ** 70°C 4c # 10min( 3 i# & primer 1= B 54
A2 012 70C 4 # 10min +7 B = BB H) © 3 ks 3min(p b - BBHL R

g¥d)e.

Q)R B e » 11T 1EE

Reagent ZTEE Final conc.
5x M-MLYV RT buffer 4 pL 1x

10 mM dNTP mixture 1 pL 0.5 mM
M-MLYV RT(200 U /uL) 1puL 10 U /pLL
RUEH 20 pL

WEETFEFRER1I0mMin e 42CT 5 & S0 min > 95C™ 5 & S min #- RT 4 &1 12

BUHF R BRBENACT 10min ¥ 7 % - L cDNAZ &2 5 & K3
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# #) Eppendorf ¥ £ **-80°C# * (2 ¢cDNAKR 3 50ng/pyL) -

-+ . Real time polymerase chain reaction (F % Z_& PCR ;

qRT-PCR)

(- ) SYBR® Green )% %

SYBR® Green PCR Master Mix £ PCR ##/2 & » } § 7 - #it %
DNA minor groove % & @ ZF LechgF kAl « HrFu DNA S &3> ¢ ¥

ko B Y LTHRRIENDNA G 2 ApM T TR PCRF AP o

2. FREREREA

(1) 1x SYBR® Green PCR Master Mix

Reagent ZTEE Final conc.

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

¥-IBRHBTRAFLKIEPRNY > XY HF BN RFR > #5W4C o

12.5 pLL 1x

(2) Primer (10 pM )

Reagent ZTEE Final conc.
Primer stock (100 pM ) 10 pL 10 pM

R F- &k 90 uL

RUWH 100 pL

#- Primer stock 22 Fj= -kiR £353 & K5 H¥-20T -
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(3) @ # 2 puM Primer mixture

Reagent ZTEE Final conc.
10 uM 2. (F) Primer 5 uL 1M

10 uM 2. (R) Primer 5 uL 1M

R F- &k 40 pL

RUEH 50 pL

(4) 9l#% Sng/pLcDNA -

Reagent ZTEE Final conc.
¢DNA Stock (50ng/pL) 1 pL Sng/pL
R F- &k 9 uL

ERCE 10 pL
3. HiEHFE (2R*FHNeR)

Reagent FEE Final conc.

2 uM Primer mixture 2.5 uLL 200 nM (F: 100 nM; R: 100 nM)
2x SYBR® Green PCR

. 12.5 pLL

Master Mix

cDNA 10 pL

RUEH 25 uL

% BBE R R & R E o RIS FE LS v » 97 FR1 12 Pipettman T e ik

KR F o B is3E ¢ pE4F Optical cover o L3 Well p % #2 800 rpm 3w -

4 48 (Eppendorf. Centrifuge 5810) - ## * ABI PRISM'™ 7900HT sequence

detection system > PCR % i 95°C 15 sec, 60 ‘C 1 min, 40 cycles ° PCR % & 11

dissciation curve FEinF & - 4

*% g & * pF > 2 pM Pimer mixture ¥ ¥ 2x SYBR® Green PCR Master Mix 14

25: 125MAFVTELRES - Ex#* 15pL -

61



S S

5
g1
*m
-y
\..
3

AACT = ACr (Unknown) — ACt (Calibration)

APEU2CT 4T o

4 3-5 SYBR® Green % i * Primer A& 7|

Gene Accession number  Primers

Mest NM_ 008590 F:GCCTGACCCTGAGGTTCCA
R:TGCTGGCCTGCTCAAATATG

Adiponectin AY(033885 F:ATCTGGAGGTGGGAGACCA
R:ATGGTAGAGAAGGAAGCCTG

FAS F:ATCCTGGAACGAGAACACGATCT
R:AGAGACGTGTCACTCCTGGACTT

ACO NM_015729 F:CCAAGATTCAAGACAGAGCC
R:TCCCCTCAAGAAAATCCCC

ACC1 J03808 F:ACCGGCTGAGTGATGGTGG

R:GGGAGCGCATTACAGACGG

(=) TagMan® % 3%

# * TaqMan® one-step RT-PCR Master Mix &%/ £ & > 2 1 * RNA #
% 35 £ 3% cDNA - TagMan % 32+t 4= SYBR® Green % 3 % 7 — 1 probe > % -
143 % - Probe 4% & #7 2 /) 2 ¢ target gene + > F] i quencher :77F #7121 Probe
A% § PCRAF 2+ probe ik $rje § 5 ¥ % > PEHJ AR FXTT
+|¥7 sample ¥ target gene g E o d W F K 53R & target gene iE &

LARM o FHRETE -
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2. F RREREE

Reagent ZTEE Final conc.
2x TagMan® PCR master mix 20 pl 1x

40x MultiScribe™ 1pl 1x

20x primer & probe 1.6 pl 0.8x
DEPC-H,O 14.4 pl

RNA (2 ng/pl)* 3ul 6 ng/40pl
RUEH 40 pl

*RNA V3L | # & 2 ng/pl Jk R 2. master plate (H ¢ % iv{% 4 5% pooled

RNA ER %2 20~5~1~ 0.2 ng/pl)

3. HiEHR

%3+ § 4% 2x TaqMan® PCR master mix ~ 40x MultiScribe™ - 20x primer &
probe f DEPC-H,O #7 3 % € » FF B 4F /@ F 7 eppendrof 7 (40x
MultiScribe™ 2.5 4x ») » PCR plate # 3 4 37 pL > # 4 » RNA 5 * ABI
PRISM™ 7900HT sequence detection system it {75 J > 4¢ » i 493 48°C

30 min » PCR i ¢ 3 95°C 15 sec, 60 °C 1 min, 40 cycles °

5
g1
*m
-y
\..
Juy

¥HRAEEE 5(60-0.6 ng RNA)R E p #3% § mRNA € -
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% 3-6 TaqMan® % ¢ * Primer&Probe (inventory from ABI)

Gene Accession number Product ID

Leptin NM_008493.3 Mm00434759 ml
UCP2 NM 011671.4 Mm00627599 ml
Perilipin NM _175640.2 Mm00558672 ml
LPL NM_0085509.2 Mm00434770_ml
aP2 NM_024406.2 Mm00445880 ml
Adiponectin NM _197985.3 Mm00456425 ml
ACC2 NM 133904.2 Mm01204691 ml
CGI-58 NM _026179.2 Mm00470731_ml
DGAT NM_010046.2 Mm01197412_ml
B3-adrenergic receptor NM _013462.3 Mm00442669 ml
PGC-1a NM_008904.2 Mm00447181_ml
CPT-1 NM_013495.2 Mm00550438 ml

4 4. BiredT

REEGEHUTBE £ R HEL (Means=SD) % 77 o #icdg2 L350
wr ¥ AT ZRIE: HikE (Log) - Hp M E » %2 215 (One way
ANOVA) s 2t 2 2P £ R 2 B8 ¥ {4 » £ 11 Duncan’s Multiple Range Test % #
2t A B2 L B(p<0.05)e 33 A 47 1L SAS - H( SAS 8.2, Cary,

NC, USA) # o
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d 3N PG E BMSO £ 7 3 W ihe o R HRiEARY ) MR F 2R
R E RS 0 E PR F R A BMSO BH MG R0 o oA £ g
PR ABHR MR TR GUR 0 A T R AR T W
— Leptin > Adiponectin 2 Mest i&= B 1 & R frqeruaff S LM > #7040k £
REH R AT E W AFHRE

—ACC > FAS  DGAT > aP2 2 LPLR|& % f 2 & =4nh » H A RAAF R AT F
& H 4 WEAHRT

—perilipin 2 CGI-58 > perilipin 1 & & %3S jFRa B FA-kfz > L 2 RAxF Pl 4
BIFRFARKFE WA S CGI-58 R &_TG lipase £ cofactor » 4% H £
FAXR o Rl 7 P fR433 » Wriadfh g K

—UCP2 1 & 7 42 #1077 » H A RAH BIAY 48>

L EAED ) S 2 BF

2413 8183 3 H%XYTWEN 4 2 R EE o U EIwaks {3
(18 F#): Ml £ 3 44 € > ¥ § Tle 23 #34k § (HFB-HFSCy~HSFCL 2 HFS)
Hi~4o8 € % 3 % LF 2(P<0.0001)> 7 = 23 a4k Schi- 4ol ER RBEF L8 >
% 8 £ 3 e chli35 HFSCy fr HFSCy R HFB §- HFS» § & % e > (P<0.0001) -
oA ERY R o0 W E AR E R AR XA LF 495 (5.02 vs. 3.4 Kcal/lg) > =
BB S ik S 08 F MW LF 2(P<0.0001) tr B RAEFLBE BAZTA
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o ek B  FESEE M 3 XA FPrfde HFS ¥ HFB - 3% 5 2 #. £ %>

BRIBPREANLF 2 e 2R ey HFSCh R LR LA A BREFLR -

SR e B RE

FHEZAPEWFE L QBT A 4-2 82 4-35 9 F "5 ¥5(7 3 retroperitoneal,
epididymal % inguinal fat)? % G2 JpHE > B BB FF W M igle» £ &
retroperitoneal fat 3 3.z = /A 457% 2. HFSCy 2 HFSCy = 28 ¥ 43t HFS 2 HFB
(P<0.0001) > & % epididymal % inguinal fat = /3% = ‘e P& ¥ < HFB
(P<0.0001) > ® 5 ™* HFS eh#fw > £ ¢ HFSCy & HFSCLE A £ - L R 5: BT
DA RHFF L, X 5B BN ST A N REW G 4o A BMSO 4~ (7
# CLN 5 £ 3 & & 4)7 § s Ml -

IR o RAF RS REE AN K - EupREL A ETREIE

3
F}-
§
# .
k!
Bt
-5t
&
H
H

PatpHELiEs gL R BT BMSO A& S & & 33 K

T

L3 s g B g

d ¥ serum leptin ¥ 27 8 75 i3a ik & R Vv B TR (158) F) 2t A R 2 5%’— leptin
ER(F4-1) FREWE»E L% n - HFB 2 HFS 58 % 3 * LF (P<0.005) -
HFSCy # HFSCy = ®4p#*" HFB 2 HFS 7 $& 1% serum leptin levels> # ¢ 3 3
CLN & .5 BMSO 2. HFSCy £'f 3% " HFSCy, °

AL R RPERTG FEMW 42 $Eo e R sAxkpe

HFB % ¥ % ** LF 7 338 ©&(P<0.0001)> ¥ =t iz & 3 HFS~HFSCy~ HFSCy’> HFSCy
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PR-HREREWRF R APURBERT PRB B (B 43) B
%87 HFB 2 HFS ‘' 42 LF /£9 ¥ L% % m% % X §35 » 4afe2 = HFSCy %
HFSCy = &% % m% 5 % §357 4o HFS 2 HFB P & » 2 (3 XA 3 LF j2 o i3dt & %

FERZ AE B RO L PUFATich 2+ 238 » 789 F s o i -

. B FRE R
#554EE> & HFB -~ HFSCy, ~ HFSCy 8 ¥ % ** LF(P<0.0001)(F) 4-4) > 4¢ &
2 BET ¥ ¥ L R (datanot shown); T RIZA S Y 2 B (W 45 253 %

EIOBEE B A KA B (P<0.0001) T EB R e RAEFLE o 0 2% 5T BMSO#

AT FALERNT IR LE FEfir ok o

EQERE 4

58 ‘}%"’-’E; ’?f"...%% 5% 4 4-4> HFB 4p#** LF 7 # 3 & ‘}%‘ TG » HFS ¥ HFSCy
% # TG PI3E ¥ %+ HFB(P<0.05)" I # § £ /A48 2 HFSCp % # TG ' 4%
4o HFS 2 HFSCu P & 3 *t 5 5 cholesterol = 2 3 # 2 398 ¥ 4 3 LF(P<0.0001)»
* &7 & BMSO ¥ & *# ¥4 serum cholesterol # it - & s 5 53 "5 = (NEFA)* & >
HFSCy ~» HFSCL ¥2 HFS 32 % 1. 5 52 » 2 BMSO(7% #% Jf;ﬁ__r"-&-,f*. )i KAk F e
* 2@ o % TG ¥ NEFA " K& 35215 &3 %y % hd SFA(W 3 )3 5
PUFA(soybean oil 2 BMSO)7% B > *# & g% it * & BMSO # 53R E*" soybean

oil -
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5 375.3_9_.%2 leptin ~ adiponectin # mesoderm-specific transcript (Mest) mRNA
levels i ¥ &7 5y 95 fm %2 97 4p B (158) > % % 77 3+ B 4-6 - leptin mRNA ¥ ¢ F 8 + X
BE 'ﬁ% 7 HFS & ¥ + 3 HFB(P<0.0001) » - R3S 21| 5 BMSO ¥ (HFSCy &
HFSCp)'* 42 HFB ¥ HFS 3 $# 1% leptin mRNA levels ; Mest mRNA % % ¥ leptin
mRNA #p 92 ; adiponectin mRNA F|# % HFSCy ¥ HFSCy ' 4= HFB £ HFS 7 #&
% mRNA levels » @ % HFSCy R & ¥ %+ HFB & HFS(P<0.0001) -

P2 & A 4p M A F]¢ 45 ACC » FAS » DGAT ~ aP2 2 LPL % % 4 47 % I
4-7%2 4-8- ACC1 mRNA ¢ 3 % & 4 %] 3 LF>HFS>HFB=HFSCy=HFSC} > HFB ~
HFSCy fr HFSCy 48 #.*t HFS 7 #& & %> m 27 LF 4p b B 5 B ¥ *% 1X(P<0.05) ;
ACC2 mRNA ¢ § I ™4 B 3 LF>HFB=HFSCy>HFSC>HFS->HFS ‘e & ¥ <3 H
# = 238 a4 8§ (P<0.005) ; FAS mRNA B|# % 7 BMSO 2 HFSCy &2 HFSC,, &35
B ¥ > HFB 2 HFS ; DGAT mRNA levels = %23 5 je35- KRB F 43" LF &
(P<0.0001);aP2 mRNA 7 2 & 8 ¥ £ 2 ;LPLmRNA * & HFB-HFSCy £ HFSC,
42 HFS &1 LF 7 # 48%" » HFSC 7 3 42 -

Pl KR E & FE & 3 TG lipase % hormone sensitive lipase (HSL) -
A& 58] § F TG g DG~k f&; Perilipin 3 coating ** 3 %% j§ (lipid droplet)% & 3¢ F -
¥ I 1t lipase i€ » -k f3; CGI-58 B] 3 TG lipase 7% i 7§ cofactor(47) -perilipin £
CGI-58 mRNA % % 7 * B 4-9 - perilipin mRNA 7 2P & ¥ L & ; CGI-58
mRNA HFB » HFSCy & HFSCy ‘* 4= HFS &2 LF 7 # %44 > £ ¢ HFSCL 7 & %
& o

P d UCP2 32 ## N pM 39 v 28 5%»@Ey i-iv% » UCP2

mRNA % % 77 3 §#] 4-10 > PUFA rich oil # 32 HFS » HFSCy 2 HFSC. 7 % * HFB
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22 LF 4% > # ¢ HFSCL 7 % UCP2 mRNA levels -
BEEFHETIARIER AR T R BIH R ER L & ¥ FAS 2

LPL)s &g 4 #(UCP-2)7 M -
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Table 4-1 Initial body weight, final body weight, food intake and energy intake of C57BL/6J mice fed the experimental diets for 5

wk!?
Initial body Final body Body weight Food intake Energy intake
weight(18wk) weight(23wk) gain(18-23wk)

(2) (2) (g/5w) (g/d) (keal/ d)
LF (n=10) 25.19+1.09" 25.72+1.09" 0.53+0.50" 3.22+0.2° 10.95+0.70°
HFB (n=6) 34.85+6.26" 35.03+5.51" 0.18+1.13" 2.46+0.08"  12.28+0.39"
HFSCy (n = 9) 34.02+4.49* 32.29+4.10" -1.74+0.96" 2.23+0.15"  11.16+0.76™
HFSCy(n =8) 34.19+3.91° 33.68+3.58" -0.52+0.82° 2.35+0.14"  11.75+0.72*
HFS (n=10) 33.28+3.04° 35.08+3.32° 1.80+0.83" 2.41+0.21"  12.07£1.06™

! Calory content for LF diet (chow diet) : 3.4 kcal/g ; for high fat diet : 5.02 kcal/g

2 The significance of differences among the five groups (LF, HFB, HFSCy, HFSC. and HFS) was analyzed statistically by
one-way ANOVA and Duncan’s multiple range tests. The values are the means + S.D.. Values not sharing the same superscript
letters in the same column are significantly different among groups (p <0.05).
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Table4-2 The absolute tissue weights of C57BL/6J mice fed the experimental diets for 5 wk'?

Liver Retroperitoneal fat ~ Epididymal fat Inguinal fat Brown fat Kidney
(2)
LF  (n=10)  0.98+0.08 0.08+0.02° 0.32+0.04° 0.25+0.06° 0.07+0.01° 0.29+0.01°
HFB (n=6) 1.15+0.25 0.51+0.21° 1.64+0.71° 1.11£0.51° 0.10+0.02° 0.410.04*
HFSCy (n =9) 1.11+0.16 0.32+0.17" 1.18+0.56" 0.79+0.42" 0.09+0.01° 0.37+0.03"
HFSCyL(n = 8) 1.09+0.18 0.35+0.15" 1.26+0.47" 0.81+0.31" 0.09+0.02° 0.39:£0.04*"
HFS (n=10) 1.13+0.12 0.56+0.14" 1.46+0.45"™ 0.95+0.26" 0.10+0.02° 0.42+0.05"

' The values are the means + S.D..
2 The significance of differences among the five groups (LF, HFB, HFSCy, HFSCy, and HFS) was analyzed statistically by

one-way ANOVA and Duncan’s multiple range tests. Values not sharing the same superscript letters in the same column are

significantly different among groups (p <0.05).
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Table 4-3 The relative tissue weights of C57BL/6J mice fed the experimental diets for 5 wk'?

Liver Retroperitoneal fat Epididymal fat Inguinal fat Brown fat Kidney
(% of body weight)
LF  (n=10)  3.84%0.27° 0.30+0.07¢ 1.24+0.13¢ 0.96+0.24° 0.27+0.05 1.13+0.05
HFB (n=6)  3.26+0.32" 1.41£0.37* 4.52+1.43" 3.04+1.00" 0.30+0.06 1.19+0.11
HFSCy(n=9)  3.43£0.19" 0.950.41" 3.52+1.31" 2.35+1.08" 0.29:0.05 1.16+0.06
HFSCL.(n=8)  3.23+0.39" 1.02+0.38" 3.67+£1.07 2.36+0.78" 0.260.05 1.15+0.11
HFS (n=10)  3.23+0.12" 1.60+0.32° 4.14£1.00™ 2.73+0.75™ 0.27+0.03 1.19+0.09

' The values are the means + S.D..
2 The significance of differences among the five groups (LF, HFB, HFSCy, HFSCy, and HFS) was analyzed statistically by
one-way ANOVA and Duncan’s multiple range tests. Values not sharing the same superscript letters in the same column are

significantly different among groups (p <0.05).
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Figure4-1 The fasting serum leptin levels of CS57BL/6J mice fed the
experimental diets for 5 wk. The values are the means + S.D. ( n=6~10 ). The
significance of differences among the five groups (LF, HFB, HFSCy, HFSC, and
HFS ) was analyzed statistically by one-way ANOVA and Duncan’s multiple range
tests. Values not sharing the same superscript letters are significantly different

among groups (p <0.05).
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Figure4-2 The epididymal TG levels of C57BL/6J mice fed the experimental diets
for S wk. The values are the means + S.D. ( n=6~10 ). The significance of differences
among the five groups (LF, HFB, HFSCy, HFSC, and HFS ) was analyzed
statistically by one-way ANOVA and Duncan’s multiple range tests. Values not

sharing the same superscript letters are significantly different among groups (p <

0.05).
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Figure4-3 The histological section of epididymal fat of CS7BL/6J mice fed the

experimental diets for 5 wk.
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Figure4-4 The fasting serum glucose levels of C57BL/6J mice fed with
experimental diets for 5 wk. The values are the means + S.D. ( n=6~10 ). The
significance of differences among the five groups (LF, HFB, HFSCy, HFSC, and
HFS ) was analyzed statistically by one-way ANOVA and Duncan’s multiple range

tests. Values not sharing the same superscript letters are significantly different

among groups (p <0.05).
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Figure4-5 The feeding serum insulin levels of C57BL/6J mice fed with
experimental diets for 4 wk. The values are the means + S.D. ( n=6~10 ). The
significance of differences among the five groups (LK, HFB, HFSCy, HFSC, and
HFS ) was analyzed statistically by one-way ANOVA and Duncan’s multiple range
tests. Values not sharing the same superscript letters are significantly different

among groups (p <0.05).
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Table4-4 The fasting serum levels of mice fed the experimental diets for 5 wk'**

Treatment group Serum TG Serum TC Serum NEFA
(mmol /L) (mmol /L) (mmol /L)
LF (n=10) 0.93+0.23* 2.22+0.16" 1.16+0.26"
HFB (n=6) 1.15+0.27* 4.23+0.56° 1.16+0.18"
HFSCp (n = 9) 0.81+0.14" 4.05+0.42° 0.93+0.17"
HFSCy(n = 8) 1.05+0.35% 4.11£0.46" 0.93+0.21"
HFS (n=10) 0.82+0.20" 3.89+0.29" 0.68+0.12°

' The values are the means = S.D..

2 The significance of differences among the five groups (LF, HFB, HFSCy, HFSC. and HFS) was analyzed statistically by
one-way ANOVA and Duncan’s multiple range tests. Values not sharing the same superscript letters in the same column are
significantly different among groups (p <0.05).

*TG : Triacylglycerol ; TC : Total cholesterol ; NEFA : Non esterified fatty acid
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Figure4-6 The mRNA levels of genes associated with adiposity quantified by
qRT-PCR in retroperitoneal fat of CS7BL/6J mice fed the experimental diets for
5 wk. The fold induction was calculated by taking the normalized values of LF
group as 1. The values are the means = S.D. ( n=6~10 ). The significance of
differences among the five groups (LF, HFB, HFSCy, HFSC,, and HFS ) was
analyzed statistically by one-way ANOVA and Duncan’s multiple range tests.
Values not sharing the same superscript letters are significantly different among

groups (p<0.05).

Mest : mesoderm-specific transcript
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Figure4-7 The mRNA levels of genes associated with lipogenesis quantified by
qRT-PCR in retroperitoneal fat of CS7BL/6J mice fed the experimental diets for
5 wk. The fold induction was calculated by taking the normalized values of LF
group as 1. The values are the means = S.D. ( n=6~10 ). The significance of
differences among the five groups (LF, HFB, HFSCy, HFSC,, and HFS ) was
analyzed statistically by one-way ANOVA and Duncan’s multiple range tests.

Values not sharing the same superscript letters are significantly different among

groups (p<0.05).

ACC : acetyl CoA carboxylaes ; FAS : fatty acid synthase
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Figure4-8 The mRNA levels of genes associated with lipogenesis quantified by
qRT-PCR in retroperitoneal fat of CS7BL/6J mice fed the experimental diets for
5 wk. The fold induction was calculated by taking the normalized values of LF
group as 1. The values are the means = S.D. ( n=6~10 ). The significance of
differences among the five groups (LF, HFB, HFSCy, HFSC,, and HFS ) was
analyzed statistically by one-way ANOVA and Duncan’s multiple range tests.

Values not sharing the same superscript letters are significantly different among

groups (p <0.05).

DGAT : diacylglycerol acyltransferase ; aP2 : adipose specific fatty acid binding

protein ; LPL : lipoprotein lipase

81



£ 3
=
Heds
En
-~

1.6 r a
2 1.4 |
"é 1.2 “LF
E Ll = HFB
§ 08 | ® HFSCH
% 0.6 | = HFSCL
é 04 - B HFS
02
0

Perilipin CGI-58

W 4-9 C57BL/6J -] &4% & i#% 4 8 51F 14 qRT-PCR Z_ & "E% 13 *5 %+ (RE)¥ &
o W UF o fAAR M A 1R R

Figure4-9 The mRNA levels of genes associated with lipolysis quantified by
qRT-PCR in retroperitoneal fat of CS7BL/6J mice fed the experimental diets for
5 wk. The fold induction was calculated by taking the normalized values of LF
group as 1. The values are the means = S.D. ( n=6~10 ). The significance of
differences among the five groups (LF, HFB, HFSCy, HFSC,, and HFS ) was
analyzed statistically by one-way ANOVA and Duncan’s multiple range tests.

Values not sharing the same superscript letters are significantly different among

groups (p <0.05).
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Figure4-10 The mRNA levels of UCP2 quantified by qRT-PCR in retroperitoneal
fat of C57BL/6J mice fed the experimental diets for 5 wk. The fold induction was
calculated by taking the normalized values of LF group as 1. The values are the
means £ S.D. ( n=6~10 ). The significance of differences among the five groups
(LF, HFB, HFSCy, HFSC,, and HFS ) was analyzed statistically by one-way
ANOVA and Duncan’s multiple range tests. Values not sharing the same

superscript letters are significantly different among groups (p <0.05).
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Table4-5 Initial body weight, final body weight, food intake and energy intake of C57BL/6J mice fed with experimental diets for 11

wk1,2,3
Initial body Final body Body weight Food intake Energy intake
Weight (9 wk) Weight (20 wk) gain
(g (g) (g/11w) (g/d) (keal / d)

HS (n=9) 24.66+1.78" 38.53+4.47" 13.87+3.42° 2.63:+0.40* 13.21£2.03"
L (n=10) 24.22+1.73" 34.74+3.37" 10.52+2.26" 2.69+0.26" 13.52+1.33°
M (n=10) 24.19+1.75* 34.09+3.74" 9.91+3.11" 2.47+£0.27" 12.40+1.38™
H (n=10) 24.23+1.65" 30.19+2.47¢ 5.96+1.18° 2.30+0.33" 11.53+1.66"

! Calory content of the four high fat diets : 5.02 kcal/g

2 The values are the means + S.D..

3 The significance of differences among the four groups (HS, L, M, and H) was analyzed statistically by one-way ANOVA and

Duncan’s multiple range tests. Values not sharing the same superscript letters in the same column are significantly different among

groups (p <0.05).
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Figure4-11 Photograph of gross change in HS and H groups of C57BL/6J
mice fed the experimental diets for 11 wk. The shape of body (A), exposed

ventral view (B), epididymal fat and inguinal fat(C) in these mice.
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Figure4-12 The Lee’s index of CS7BL/6J mice fed the experimental diets for 11
wk. The values are the means £+ S.D. ( n=9~10 ). The significance of differences
among the four groups (HS, L, M, and H) was analyzed statistically by one-way
ANOVA and Duncan’s multiple range tests. Values not sharing the same

superscript letters are significantly different among groups (p <0.05).
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Table4-6 The absolute and relative adipose weights of C57BL/6J mice fed experimental diets for 11 wk'?

Absolute weight (g) Relative weight (% of body weight)
WAT BAT WAT BAT
Retroperitoneal Epididymal Inguinal Retroperitoneal Epididymal Inguinal
HS (=9 0.89+0.25" 2.20+0.58"  1.00+£0.37"  0.179+0.04"  2.28+0.45" 5.64£1.07°  2.55+£0.70°  0.46+0.07
L (n=10) 0.54+0.26" 1.40+0.62"  0.57+0.25"  0.144+0.05" 1.51+0.61" 3.93+1.37°  1.6120.56"  0.41%0.10
M (n=10) 0.43+0.20" 1.44+0.52"  0.50£0.27° 0.141£0.03"  1.23+0.50" 4.14+1.22"  1.41+0.69°  0.42+0.07
H (n=10) 0.24+0.17¢ 0.63+0.09°  0.25+0.10° 0.132+0.03"  0.76+0.48° 2.09+0.37°  0.81£0.32°  0.44+0.08

! The values are the means + S.D. .

2 The significance of differences among the four groups (HS, L, M, and H) was analyzed statistically by one-way ANOVA and

Duncan’s multiple range tests. Values not sharing the same superscript letters in the same column are significantly different among

groups (p <0.05).
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Figure4-13 The fasting serum leptin levels of CS57BL/6J mice fed the
experimental diets for 4 and 11 wk. The values are the means = S.D. ( n=9~10 ).
The significance of differences among the four groups (HS, L, M, and H) was
analyzed statistically by one-way ANOVA and Duncan’s multiple range tests.
Values not sharing the same superscript letters are significantly different among

groups (p <0.05).
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Figure4-14 The mRNA levels of leptin quantified by qRT-PCR in epididymal fat
of C57BL/6J mice fed the experimental diets for 11 wk. The fold induction was
calculated by taking the normalized values of HS group as 1. The values are the
means = S.D. ( n1=9~10 ). The significance of differences among the four groups
(HS, L, M, and H) was analyzed statistically by one-way ANOVA and Duncan’s
multiple range tests. Values not sharing the same superscript letters are

significantly different among groups (p <0.05).
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Figure4-15 The histological section (A) and average diameter of adipocyte (B) in
epididymal fat of CS57BL/6J mice fed the experimental diets for 11 wk. The
values are the means + S.D. ( n=9~10). The significance of differences among the
four groups (HS, L, M, and H) was analyzed statistically by one-way ANOVA
and Duncan’s multiple range tests. Values not sharing the same superscript

letters are significantly different among groups (p <0.05).
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Figure4-16 The fasting serum glucose (A) and insulin (B) of C57BL/6J mice fed
the experimental diets for 11 wk. The values are the means + S.D. ( n=9~10). The
significance of differences among the four groups (HS, L, M, and H) was
analyzed statistically by one-way ANOVA and Duncan’s multiple range tests.

Values not sharing the same superscript letters are significantly different among

groups (p <0.05).
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Table4-7 The fasting serum levels of mice fed the experimental diets for 11 wk'*?

4w 11w
Serum TG Serum TG Serum TC Serum NEFA Serum GOT
(mmol /L) (mmol /L) (mmol /L) (mmol /L) (U/L)
HS (n=9) 1.21£0.17 0.82+0.19 1.40+0.05 1.03+0.24 40.25+12.42°
L (n=10) 1.12+0.16™ 0.87+0.16 1.42+0.14 1.13+0.25 30.56+10.34"
M (n=10) 1.06:£0.08"™ 0.93+0.22 1.46+0.12 1.12+0.14 28.03+7.71°
H =10) 0.93+0.10° 0.74+0.20 1.39+0.06 0.99+0.17 29.85+8.13"

! The values are the means = S.D..

2 The significance of differences among the four groups (HS, L, M, and H) was analyzed statistically by one-way ANOVA and
Duncan’s multiple range tests. Values not sharing the same superscript letters in the same column are significantly different
among groups (p <0.05).

3TG : Triacylglycerol ; TC : Total cholesterol ; NEFA : Non esterified fatty acid ; GOT : glutamate oxaloacetate transaminase
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Figure4-17 The TG and TC content in liver of C57BL/6J mice fed the
experimental diets for 11 wk. The values are the means £+ S.D. ( n=9~10 ). The
significance of differences among the four groups (HS, L, M, and H) was
analyzed statistically by one-way ANOVA and Duncan’s multiple range tests.
Values not sharing the same superscript letters are significantly different among

groups (p <0.05).
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Figure4-18 The immunoblot (A) and quantified (B) phosphorylated and total
PKA, ACC, AMPK and STAT3 protein in epididymal fat of C57BL/6J mice fed
the experimental diets for 11 wk. The fold induction was calculated by taking the
normalized values of HS group as 1.The values are the means £+ S.D. ( n=9~10 ).
The significance of differences among the four groups (HS, L, M, and H) was
analyzed statistically by one-way ANOVA and Duncan’s multiple range tests.
Values not sharing the same superscript letters are significantly different among
groups (p <0.05).
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Figure4-19 The immunoblot (A) and quantified (B) phosphorylated and total
PKA, ACC, AMPK and STAT3 protein in liver of C57BL/6J mice fed the

experimental diets for 11 wk. The fold induction was calculated by taking the

normalized values of HS group as 1.The values are the means £+ S.D. ( n=9~10 ).

The significance of differences among the four groups (HS, L, M, and H) was

analyzed statistically by one-way ANOVA and Duncan’s multiple range tests.

Values not sharing the same superscript letters are significantly different among

groups (p <0.05).
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Figure4-20 The body temperature at 0 and 1-hour exposure to 4°C of C57BL/6J
mice fed the experimental diets for 10 wk. The values are the means = S.D.
(n=9~10 ). The significance of differences among the four groups (HS, L, M, and
H) was analyzed statistically by one-way ANOVA and Duncan’s multiple range
tests. Values not sharing the same superscript letters are significantly different

among groups (p <0.05).
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Figure4-21 The crown-like structure (A) and TNF-a protein levels (B) in
epididymal fat of CS57BL/6J mice fed the experimental diets for 11 wk. The
crown-like structures were indicated by arrows. The values are the means + S.D.
(n=9~10 ). The significance of differences among the four groups (HS, L, M, and
H) was analyzed statistically by one-way ANOVA and Duncan’s multiple range
tests. Values not sharing the same superscript letters are significantly different

among groups (p <0.05).
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Figure4-22 TUNEL analysis for apoptosis in adipose tissue of C57BL/6J mice fed
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the experimental diets for 11 wk. The apoptotic nuclei were indicated by arrows.
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Figure4-23 The expression levels of P 3-adrenergic receptor and perilipin
quantified by RT-PCR in epididymal fat of C57BL/6J mice fed the
experimental diets for 11 wk. The fold induction was calculated by taking the
normalized values of HS group as 1. The values are the means + S.D. ( n=9~10 ).
The significance of differences among the four groups (HS, L, M, and H) was
analyzed statistically by one-way ANOVA and Duncan’s multiple range tests.
Values not sharing the same superscript letters are significantly different among

groups (p<0.05).

B3-AR : B3-adrenergic receptor
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Figure4-24 The expression levels of CPT-1 ~ PGC1-a and UCP2 quantified by
qRT-PCR in epididymal fat of C57BL/6J mice fed the experimental diets for 11

wk. The fold induction was calculated by taking the normalized values of HS
group as 1. The values are the means = S.D. ( n=9~10 ). The significance of
differences among the four groups (HS, L, M, and H) was analyzed statistically
by one-way ANOVA and Duncan’s multiple range tests. Values not sharing the

same superscript letters are significantly different among groups (p <0.05).

CPT-1 : carnitine palmitoyl transferase I ; PGC1-a : PPAR-gamma coactivator ;

UCP2 : uncoupling protein 2
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Figure 4-25 The gene expression levels quantified by qRT-PCR in liver of
C57BL/6J mice fed with experimental diets for 11 wk. The fold induction was
calculated by taking the normalized values of HS group as 1. The values are the
means = S.D. ( n1=9~10 ). The significance of differences among the four groups
(HS, L, M, and H) was analyzed statistically by one-way ANOVA and Duncan’s
multiple range tests. Values not sharing the same superscript letters are

significantly different among groups (p <0.05).

FAS : fatty acid synthase ; CPT-1 : carnitine palmitoyl transferase I ; PGC1-a :

PPAR-gamma coactivator ; ACO : acyl-CoA oxidase
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Figure 5-1 The Acyl-CoA oxidase activity in liver of CS7BL/6J mice fed the
experimental diets for 11 wk. The values are the means = S.D. ( n=9~10 ). The
significance of differences among the four groups (HS, L, M, and H) was
analyzed statistically by one-way ANOVA and Duncan’s multiple range tests.
Values not sharing the same superscript letters are significantly different among

groups (p <0.05).
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