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ACO Acyl-CoA oxidase
ADD1 / SREBP Adipocyte determination and differentiation factor 1 / Sterol
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AMPK AMP-activated protein kinase
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aP2 Adipocyte specific fatty acid binding protein
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Cdk2 Cyclin-dependent kinase 2
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ERK Extracellular signal-regulated kinase
FAS Fatty acid synthase

G3PDH Glycerol-3-phosphate dehydrogenase
GLUT4 Glucose transpoter 4
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IRS Insulin receptor substrates

JNK c-Jun N-terminal kinase
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MAPK Mitogen-activated protein kinase
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PA Phytanic acid
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PPAR Peroxisome proliferators activated receptor
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The adipogenic effect of uncommon fatty acids and natural antioxidants on 3T3-L1 cell

Tzu-Wen Lai

Abstract

Obesity is a worldwide health problem. It is important to find the compounds from
food with anti-obesity effecct for preventing obesity-related disease and developing
functional food. In this study, we investigated the anti-adipogenic effect of two
uncommon fatty acids and five natural antioxidants on preadipocyte cell line 3T3-L1. The
uncommon fatty acids we chose are a-eleostearic acid (c9,t11,t13 conjugated linolenic
acid ; €9,t11,t13-CLN) and phytanic acid (PA). ¢9,t11,t13-CLN is enriched in bitter gourd.
Phytanic acid is abundant in ruminant meat and milk. The natural antioxidants we chose
are including EGCG, curcumin, resveratrol, apigenin and genistein which are present in
fresh vegetables and fruits. These compounds were incubated with 3T3-L1 at three
different stages: preadipocyte proliferation, differentiation and terminal differentiation.
Results show all common fatty acids could induce the differentiation of 3T3-L1. The
potency of inducing adipocyte differentiation was as following, SFA <MUFA <PUFA.
During the preadipocyte proliferation stage, c9,t11,t13-CLN reduced the cell number as
compared with its control (linolenic acid;C18:3). Compared with C18:3, c9,t11,t13-CLN
inhibited 3T3-L1 = differentiation as indicated by cellular triglyceride -
glycerol-3-phosphate dehydrogenase (G3PDH) activity and oil-red O staining. In terminal
differentiation stage, €9,t11,t13-CLN reduced lipogenesis in mature adipocytes.
€9,t11,t13-CLN induced apoptosis in the preadipocytes and differentiating adipocytes.
Palmitic acid was used as a control group of PA. At preadipocyte proliferation stage, PA
didn’t decrease cell number as compared with its control. At differentiation stages, PA
suppressed TG accumulation and G3PDH activity in differentiating adipocytes as
compared with palmitic acid. The same result were observed by oil-red O staining. At
terminal differentiation stages, PA reduced lipogenesis in mature adipocytes. When
compared with their vehicle control,five polyphenols reduced the preadipocyte cell
number during the proliferation stage, especially for curcumin. At differentiation stage,
curcumin, resveratrol, apigenin and genistein resulted in an inhibition of adipocyte
differentiation. At terminal differentiation stage, EGCG, resveratrol and genistein
suppressed TG accumulation in mature adipocytes. Curcumin induced apoptosis in the
differentiating and mature adipocytes. It is concluded that uncommon fatty acids
c9,t11,t13-CLN and PA may exert its anti-obesity effect by inhibiting preadipocyte

proliferation, differentiation and terminal differentiation. c9,t11,t13-CLN was more

v



potent than PA. Among the polyphenols we tested, curcumin was the most potent in
anti-adipogenesis. Thus, these compounds merit further study for their action mechanism
and their contribution in developing the health food for anti-obesity.

Key words : a-eleostearic acid ~ phytanic acid ~ adipogenesis
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proliferation) ~ 4 i* F# EL (differentiation) % 4 {* % #p F# £ (terminal differentiation)
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1~ Pgipimie & it 2 #4733 ¥ (Transcription cascade)
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+ 4 ¢ 4p3 i¥%* A) 2 transcriptional factor cascade > %-£7 ¥]+ ¢ 35 C/EBPs (CCAAT /
enhancer binding protein) ~ ADD1/SREBPI (adipocyte determination and differentiation
factor 1 / sterol regulatory element binding proteins) ~ PPAR (peroxisome proliferators
activated receptor) ° 4 it 42458 d C/EBP S 4v C/EBP O fx# » >t4=Hp & it = X fjm
f fl1p™ C/EBPS4- C/EBP¢ ¢ %t PPAR 7y (8)» ADDI/SREBPlc ## PPARYy

ligand % i* PPARy > 2. {6 C/EBPa ¥ PPARy & 7 $7en4p 3 i®% » ¥ ¥ X | fads
55 e Fr 2k ¥4 I 4o leptin~adiponectin~aP2  (adipocyte specific fatty acid binding
protein 2) - resistin ~ lipoprotein lipase ~ adipsin % 7k Fl# & > € TG & = &3 ff |

g F)F AT 4R Vs e o 1 AR ] 2-2 47T (T) ¢
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Fig 2-2 Stages of adipocyte differentiation.
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2~ PPAR 7 £2 75 95 fm 5 A 1

Peroxisome proliferator-activated receptors (PPARs) s &g /7 i 5 12 X B 1%
(steroid hormone nuclear receptor family) = - fa# 4%+ > § & & - 4 ligand $ & F
FETHEATEAEF o 58 PPARAEA N AP FRTALLBEE 1
4 | (peroxisome proliferators;PP) =it > @ PP i & 12 % & fibrates 57 "% » "7 % 5 1>
4 clofibrate ~ ciprofibrate ¥ > Issemann & £ 3 ** 1990 # % 3 arachidonic acid ¥ i#
i* mPPAR > ¥ 3 % PPAR # & 2_ fL %4 4% » J2/P] eicosanoids 7 PPAR @ 7 & F €
£ &4 (9) Gottlicher % F ¥ » 4 3 C18:0 ~ C18:1 ~ C18:2 ~ C18:3 & g A ¥ i 1

-

chimeric receptor } 1 rPPAR(10) » & ¥| Lehamann 3§ /5 M AR I,a‘aé‘&#" TZDs ¥

mPPAR 7 % & » PPAR - 7 =t4%3% 5 £ ligand-activated transcription factor(11) »

PPAR £ 7 = #& isoform 4 % #_PPAR«@ - PPARS{- PPARy » # 7 PPARy & - %
Mt fghpled » VRIGBRAERA RS B F N TEY R nrmie s 1 4p

B FIE R P o) 2-3 (12)

Lipids
polyunsaturated fatly acids
oodkdizes LK

Matural Ligands Synthetic Ligands
aicosanaids and Treglitazone
axidized metabolites Rosiglitazone
oof Bncslein acid Picglitazone

| PPAR |

adipase lissue, macrophages,
mammary and intestinal apithelia

gang axXxprassian

'

Lipid - Glucose
Homeostasis

qéﬁ' 2-3 PPARY WF, (“Z2EH] (1)
Fig 2-3 The activation of PPAR 7 and its action effect
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PPAR 7 5 & fvf 5854 ¢ 44 .(13) ; Spiegelman § % & H 7 § MF» & fy
hinie ¢ F IR hme k- (22 PPARy > & ¥ I PPARY § ~ £ A Mgkl =
v ogarrginimie 2 & S ) AL B (14, 15) 5 Tontonoz ¥ ¥ 'fg Bgho R e i
Retrovirus £ = % 3& PPAR 7 9 gain-of-function * % » 5 =t dp i PPAR v f%q ¥ m¥e
e IFE R &4 (16)°1999 # Barak 2 Kubota % ? | # %?]5“1"% 52 75 PPAR
7 ] BRI BT RRs 10-10.5 X B R A AteadiE 2 ¥ @ SR AR Y
(17,18) % 7 f&i- PPAR v 7~ embryo & i 7 /& ¢k 38> Rosen % § 1 * wild-type ES
cells & = > ] % PPAR 7 2. ES cells %2 ! chimeric mice (19) ; Barak % FHflr
¥ ¢ tetraploid cells ¥ & #5745 2 44 4 %3¢ chimeric embryo» f23| {88 Wit F 7 d & ¥
$rgp(17) = BE F gk L PPARy | & » ¥ P PPARy &g %5t 4
AF2 LR

2t He % % 1% cre-loxp #4#& 4 PPAR 7 e knockout mice> # £ T fr@ &
R H i % leptin f= adiponectin § > ~ i ’J\ PEAE TR AL = PR b fig ¢ 3 4
(20) ; Zhang % A EF 23k PPARy, B IR € @ /] BULNC(S ~ ORI 2 4 B B %
@5 Q1) -

PPAR 7 438 5 k-2 P ¥sim e & v £ & 513 o g5 ¢ 45 Lehmann ¥ & %
WF K% -t PPAR 7 ligand-#u#E i %+ thiazolidinediones (TZDs) @ # 12 i#4& 7,
B & it (11) » ¥ - PPAR 7 2 ligand-BRL49653 » 3§ 7 B8 B2 5 a* we

C3HIOT1/2 & i & 75 % im % (22) ©
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Z ~ 3T3-L1 4 %

3T % 9 75 9 in %% thde 3T3-L1 ~ 3T3F442A(23) ~ Ob1771(24) 12 & 4= 1% 32 % % 53 95
im? (stromal-vascular cell ; SV cell) % # 3 Pqi5kmre o it F % 2 48 ¢3¢ > 3T3-L1
% 3T3F442A 3% % p >t Swiss 3T3 cell» m Swiss 3T3 cell #.¢ Green & & 'fﬁ d /] Bl
Prih s oz (fibroblasts) cloning &)k £ 5 B & A i L = B g ke e B4 o P ip
‘m e (25) °

% in vitro Bo3N G B A Fp ik imre A (L L P ikimre s F fimie B (s { L AT
# % £ (differentiation medium) > H ¢ Z4c @it B E L& {5 o L RSELS
4 o T R A o P
1 ~ dexamethasone (DEX)

dexamethasone (DEX) /&>" glucocorticoids » Rubin % # JF’f f1* DEX 2 MIX

(methylisobutylxanthine) i* 5 3T3-L1 cells 4 it 7 differentiation cocktail = 4 (26) >
DEX v i%if %¢ C/EBP B4 C/EBP ¢ ;= heterodimers > % & i PPAR ¢ % (8,
27); ¥ *t & PPAR v {v C/EBP a transfection #2 3 » % 3. DEX ¥ 3% % preadipocyte
&1+ % adipocyte(28) °

2 ~ methylisobutylxanthine (MIX)

MIX fr DEX — 31 § &% v tme el 1+ (¢ % » v 235 3 4 C/EBP S 4 1L »
Fr#] phosphodiesterase * #t+ #r#| Al adenosine receptor > » i% iE F2 %7 inhibitory
regulatory protein G1 % {1 adenyl cyclase /&% » % 57 MIX ¥ i 33 4 cAMP % i%_
£ i (7) -

3 ~ insulin
insulin 2 %3¢ deoxylglucose uptake > I #- glucose f#& & = CO, %2 lipid > ¥ ¢t d

** p38 mitogen activated protein kinase (MAPK) ¥ 12 igi& preadipocyte p 2 |+ 4 it %
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*(29) > 4v b oinsulin ¥ 2 1% p38 MAPK #42(30) o #r02 # 2 BER A L @ fs 1t

fs % = & ¥ v % 42 insulin binding 71+ € 3 4v | 6-10 & (26) °

5P REA & R AR 2 B 4EfE 2 ACC (acetyl-CoA carboxylase) =7 cofactor » #=

,’r ¢ biotin ¥ BB AEL & & > BEAEA TV (EHF o
s apabgginmied LAY

(=) *ampasy

1~ - 4Pg95p (Common fatty acid)

Medium-chain triglycerides (MCT) 4k & & 4~ ¢ *% (<395 m¥s e p 2 =+
] F1 i MCFA # 3 4v > 488 S-oxidation - ¥ *h %+ < & MCTs ¢ "% %
< B as s T A& PPARy ~ C/EBPa 2 # 7 5L %] > ¢z insulin %
REZE § F a4 a5 il MCFA BJ2 SV cell » » # IR »
£ control i long-chain fatty acid (LCFA) ‘" # » MCFA ¢ "% i1 PPAR v {r
C/EBPa > % 3T3-L1 "g%simbe + & 7@ > C10:0 fv CI8:1 v i > H i7_
A it a0 8 g Feg] 3T3-L1 A i & = 34 5 9% fn P2 o1 lipogenesis(31) ©

I 4% §_SFA ¢1C8:0 &J2 3T3-L1 » ¢ #r4| adipogenic gene > 4~ PPAR
v ~C/EBP a ~SREBP-1c #r4] 4 it (32); visfatin 5 P BK%5 ¥ 4 & 5 #F insulin
3% F>C16:0 2 CI8:1 ¢ % T 3 & 3T3-L1 % #3552 = %3 % fm e visfatin
mRNA % 3L > "% 4 insulin %3 glucose uptake i & insulin FE333) °

Amri ¥ § F 1L & E P SRR I Ob1771 Pq dpkmie o 3 A L § IR
i# aP2 gene £ 3L > ¥ LCFA(=CI12) 4 C16:0 ~ C18:0 +* SCFA i > » # IR
PUFA (4 C18:3) +* MUFA (4 C18:1) 4 » SFA % % (34)

& PUFA té 4 3 S dy > Xu & ?'ﬁ Pl E G < BLg W > IR FAS

mRNA 2 7% 14> ACO mRNA # I3 4c(35) "% 1455 95 te s 2 Fr | rodents
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W IL(36) 3 e F EREIRT Hsu:t%‘f S UV QR SR SRR VR R
¥ % 4+ PUFA ¢ 3% 3 arachidonic acid (AA)~c9,t11 conjugated linoleic acid
(CLA) ~ Docosahexaenoic acid (DHA 5 C22:6) » % 3375 ¢ 3 *r FAS ~ ADDI
mRNA % f# > ' i< FAS ~ ADDI mRNA 2 % i#i& ACO mRNA #3 > # ¢
x 12 DHA 100 4 M %2 % $3% (37) » ¥ ¢ 2 DHA 50-200 £ M AJZ 3T3-L1 »
I E P 3T3-L1 A it > Hi4e g f2 1T % (38) 5 F $hehE %4 t10,c12 CLA
4 & #e4] 3T3-L1 A 1 (39)(40) -
2~ #F7RPg%»p& (Uncommon fatty acid)
(1) Conjugated linolenic acid

conjugated linolenic acid (CLN) % 18 Bz 7 3 B & 4= i &
PR (Bl R A 2-1) 0 r AR ¢ 0 dom A (karela oil) %
@ (tung oil)? 7 3 60-70% c9,t11,t13 CLN (¢ -eleostearic acid) > % 15
(pomegranate seed oil) ¥ Z 729 c9,t11,c13 CLN ( punicic acid ) » -5 4
(Catalpa seed oil) 7z 319 19,t11,c13 CLN ( catalpic acid )~ & ¥ 7-4+ (pot

marigold seed oil ) 7z 33% t8,t10,c12 CLN ( calendic acid )(41) -

El

()

*MA}

A

COtI1,c13 CLN 22 AP 1 & ¥ Hrkenwy st > o4 2 5

$FUR R B ERY B G o AFURT B R 350 Kohno £ 8

ke
i

4 AOM (azoxymethane) # # * % fp2. * B F 2 CLN = AW » 1R
0.01-0.19% 3= /A5 ¥ 123 4 ~ 3 4E%C F e PPAR v protein @ I F F#r ]
ST

¥
R
i
“H
PN
e
O
—
Z,

colon carcinogenesis(42, 43); Yasui & & Jﬁ"

< %% f Caco-2 w# &= (41) - 2 = A ¢ CLN>» #437 0 CLN » &7 o

J& ¥4 it 4 Kohno i%i " AOM # 8 < A% mi 3 5 72 CLN (07
¥z 3 # $ (Pomegranate seed oil ; PGO) > % 3 PGO 0.0196-0.19%6 ¥ Fr| "6

7 #c® % ¥r| adenocarcinoma % # (44) o
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Co,t11,c13-CLN "# #8752 B i@ g o 3585 N R s v Gl d > IR
¥ % R 4o 372 vep CPT-1 (carnitine palmitoyltransferase 1) fr acyl-CoA
dehydrogenase &% Kk 3 4v fq iafk 5 14 K E KRR (45) 0 b AR G K
B ¥ (46, 47) » Koba % % F* #4038 - CLN 4F & # (conjugated
diene % triene) 7 i WASY O IR CLN Vi e 4 fpike g £(48)

#t ek €9,t11,c13-CLN e lm?e F %47 3 ¢ 35> Chao & % I = A 5B
P R 2 Fim e HAIIEC3 » 48 L3 4o "7 ¥ ACO 7% 122 mRNA # 3.(49) >
Chuang ¥ 5 & b #41* "im¥e #050 » #F RE A7 B8 5 PPARa >
BiEMFmE P ACO E 2 H gene 2 ¥ g & & I 5 AP b
c9,t11,c13-CLN(50) ; Nishimura % % ﬁ i * = A Z B en 9,t11,c13-CLN
Fed® 3T3-L1 5% fm¥e > 48 7 200 ¢ M € 3% # 3T3-L1 preadipocyte ‘m ¥ /¥ =
(51) -

(2) Phytanic acid

Phytanic acid (3,7,11,15-tetramethyl hexadocanoic acid ; C0Hs00,) = &
34 BT et dbefery ik (B A 2-1) B Y G g4 R
chlorophyll » 7z 3 phytol ( 3,7,11,15-tetramethylhexadec-2-en-1-0l ) RJ4& > 5
dFE ey P 2 AV RESE Y - Leanphytol B 0 &0 Nt
= phytanic acid - F] 5 * # &z B-HE %% ¢ phytol 1 » ‘5o s 2
chlorophyll # A g 2 + &leryf it 3 ¢ ) i* f2 & F %> % I 8 » chichlorophyll
7 95% b g B Ak (52,53) 0 gt R AR S Rk Ao E SR
Fera i~ AR PRS0 A& i #EPT) phytanic acid 0 & F § 7 E S F
S0l (AokkAJR) Vo § @ % E 2 Aadt ¥4 ) phytols A vp »

o

& s S ER N ¥ VR g2 (7% 2 phytanic acid (PA) (54) o

>B¥-

PAGAr s 4PN & F5d iEF 1] §83i {7 a-oxidation 4 = pristanic
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acid (2,6,10,14-tetramethlpentadecanoic acid ; C19H330;) > £ {7 B-oxidation =
= propionyl-CoA ; phytanoyl-CoA hydroxylase (PAHX g PhyH) #_phytanic
acid i {7 o-oxidation % - Bf¥% > &7 Refsum~ ¥ it /[ 48 & S 4x 15~
rhizomelic chondrodysplasia punctata type I 2 Zellweger syndrome (ZS) =
AR - FER 0 i@ PA R AR(55)(56, 57) °

¢ v PA % PPAR a /& it > € 3 4c ~ &4~ %3 w2 ¢ GLUTI~GLUT2
mRNA # 3R 5 H# 4¢ glucose uptake(58) o ¥ #b & %595 w2 > & > pristanic acid
% PA = ﬁ » ¥ 3 PA ¥ @& UCP-1 (uncoupling protein-1) gene & 4% » #:&
g amimee A 1L (59) ) H T e EF R ¢ s mie A L 3 %_gene
IR > 4 aP2 (adipocyte lipid-binding protein) ~ LPL ~ GLUT4 -~ cytochrome ¢
oxidase subunit IT % (60) > 7 i* BAT (brown adipose tissue) 2 #ui¥#* -
Schluter % & ﬁ i@ * 3T3-L1 % 5% %% 3 » £7 vehicle control 4p+* » PA
¥ R _m e A (T (61) o
X RIE it
1 ~ Epigallocatechin Gallate (EGCG) :

EGCG 7 z 2% % (Bl i 2-2) > FEAKp > Camdlia
snensis 54 % e el T A L ARG F XML EF
WA R REEACFIERE A KRR AT B F S E Y
BE S F S R RP] AR o F(62,63) 0 Sd FiEEAE @ FE P b At
Ko LFE R FP NHEMUTEZR " o catechins € 5d o it
quinone » £ Jk 457; & K & F theaflavins 4 TF-1 (theaflavin) ~ TF-2a
( theaflavin-3-gallate) -  TF-2b (theaflavin-3*-gallate) ~  TF-3
( theaflavin-3,3-digallate) » 4= thearubigins » (64) 52 % % = & & {7 H ¢

(-)-epicatechin (EC) ~ (-)-epigallocatechin (EGC) ~ (-)-epigallocatechin gallate

10



(EGCG) = 4 A » b ¥~ § W F 5 EA %2 Ficd 2 5(65) -

EGCG 2 2 # i Ap M 1 ¢4 7F > % K 2% % % polyphenolic
flavonoids {4 § A5 2 % Po B 7Rt 1952 # 4 Roberts ¥ & 4
FHROEABREEY LB s % EY 252N EGCG 51 & EHL A
SR B G FR o FLF 10(66) ~ 4R B F 14 4 (67, 68) 0 T MM E £
H75(69)(70)(71) » H 4v 75 3 -oxidation 7 H 4c 73 17 5 BK(72) -

L HGE% S 6 Nakagawa # 8 F 47 BRI FH S F T a(p ¢
525mg EGCG ~ 17.5mgEGC)90 4 461 » % R  EGCG 2 ECG ik & 4 %]
% 4.3°03 4 M(73) ¥ ¢t ¢ PR & F B~% 20mg / kg body weight ;A *+ 200mL
Bk X132 )ppFe ¥ EGCGNEGC-EC kR » 4 E_0.17uM~0.5
(M ~ 0.42 u M (74) ©

FRP 2 A P2 B R EE AT 0 BN R AP Tk SD <

BME 2 S ME FZ BB o 0 §FF - FRFRENEF = F

WE R E A e MPERRAE SR R & F BT E B AF(65)(T5)
oA a3 W iken CSTBL/6) mice A% S R 2K R B pER FE A
T HA R M E B (TO) o fe v P iaELE 14 (77) 0 M E E MBS
% & & % hyperleptinemia 3 & &_F 4v = (£ % (76) -

Wi R Sy e 457 o Chiang 5 F2 v 3 « R K- %
A EE R E 2 w0 & Prd] T 3R FAS (fatty acid synthase) # I 0 91
Vi xFJ’f A FBFEBF T m% HepG2 cell » # ML B & £ 58
PI3K/Akt 2 JNK (c-Jun N-terminal Kinase) # /& % #r#] FAS mRNA %2 H 3-
8 F(75); ¥ *t Waltner ?—fq" fetk i * " w2 HAIIEC3 » #+ EGCG % R
¢ #r4| insulin 3% % IR (insulin receptor) %2 IRS-1 (insulin receptor

substrate-1) Fip& it ¥ % (78) ; 2 o HHE AR R PP P g

11
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fnre o FIE P caffeine € 35 Fqihimie & L ’Jﬁl;% fE% > (§3875 % me
% R 1€ % (79) ;

p ¢t EGCG ¢ #r+] 3T3-L1 ¥z 3 2 (80) » EGCG 100 u M ¢ % i85 i
AMPK (AMP-activated protein kinase) (81)f=# & 34 & resistin mRNA % I &
Fr#] 3T3-L1 adipocyte 4 it (82) (83) » I ¥ 2% H = 3 3T3-L1 ‘wm®e 2 'm% %
= (84) -

2 ~ Procyanidins

R =3 % (Procyanidins) B iy 5 iFc §F ~FF s o E
flavonoids - f&- @ 3 5 & catechin & & ) = oligomeric form( & #35
22) 0 EF AU E E AR AT R F fepn i A

HARS 52 PP oke da &5 4 & JR procyanidins 200 mg / kg
BW> 1 ] FFis e ¥ 2 A5 AT& * 1P T 48 ) procyanidins i B+ Jk
B 14 mg / L(85) > @ § § 4+ ¢ &0 procyanidins ¥ 14 2L #E S chF 1k i
(86-89) » d ** procyanidins & 5 insulinomimetic &% > ¥ 5d PI3K %
p38MAPK & /& 1 ¥ 3 4 GLUT4 (glucose transporter-4) #& =35 F » 8:E
T & WA 3 e glycerol & 2(90) » % 10 STZ 353 ¥ Ao + Bl #
B3 B m B A (90) o

tinre F %R ¢ £ F  Procyanidins £ § #f 07 TNF-q % 5 0 € w
T 2 #7 adipocyte marker 4 glycerol-3-phsphate dehydrogenase (G3PDH) ~
hormone sensitive lipase (HSL) /#1+ % PPSR y mRNA % 3R (91) » #r#]%; %%
Re A 14 (92) 0 F M 4e 3T3-L1 % 95 hmvs 7y f2iE 5 (93) o
3~ Curcumin

R d o ¥ LEFES 2 X (Curcuma longa L) ¢ (B2 4

2-2) o AArHEH %’*'\@ ?5}%‘ BEIRRPRS - 8.3 NEH @ ﬁfﬁi y B %";‘: P

12
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*% 100g 7 3 2.71-5.18g curcuminoids > # & ¢=r® 45k & 100g 4 7 7
0.34-0.47g & # % (94) -
w4 123 5 curcumin £ F FoF (95, 96) ~ #M(97, 98)F # i 0 Asai

S %Jﬁ*’?éﬁ%}ﬁﬁ 7 4c 1% curcumin 4 & = %4 SD < Bl > ¥ ' <87 ~ BF

* H 4 FRACO L 0 (99) 0 Nishiyama % § 5 - % % type2 DM KK-AY
mice 0.1-0.5 g/ 100 gdiet §+ F AL 4 Fe7 UM f > 5 P F A
PV OREEA Mg AR e o ib > ¥ ¢ A GAL4-PPAR 7 chimera assay ® 4 IR
FEE455 pg/mL(9% 13.54M) % PPAR v ligand(100) »
4 ~ Naringenin

FA MR EZ F5 Y (B2 22) > e b dm-

=N

Lee % & 4 naringenin (0.196 > wt/wt) & % § "aéx 94 3 < B> HF IRV '
A% G F Pahk 8 20 & Bl g 2 OAFEDEFAR(101) o
IR 1997 # FRR E3MA 4 - B4+ p HPHAJPE 5 68g-m H
PS9g kpAtE o 100gF 5977 78mgnaringenin; B8 - B
PAlE F th4p g Y #EP~ 200 mg naringenin 0 i ¥ Jk A iE 0.7-14.8 u
M(102); %< naringenin #&2~ & % 5 8.3 mg/day; Erlund % # 4 HPLC
AT AR AR # % -k % ¢ naringenin 7 & > % W&k % ® naringenin
ZE 5151 uM@lmg/L)§ % #b7 naringenin 7 £ 5 1283 £ M (349 mg /
L) poobx B a2 5%t %3 ARy 8mL/ kg® p s -
oA F F Y naringenin P RRFEA Y S 0.6 £ 04 oM
£06.0 + 54 uM» E- %% 20 0z (9600 mL) ¥ F it &t At
& ¥ naringenin % ¥ 5 6 £ M(102) -
¥ Erlund £ & 'fﬁ X6 M IR R 3 PG s e o 3 LR ¥ FE M insulin

fli# < glucose uptake &% - i ° Ja4¥ 24 ] p#(103) » ¥ * Harmon % § 4

13
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& * 3T3-L1 #*pa9simbe » 4

naringenin 100 M » 3 IR+¥ 1 $r4] 3T3-L1
preconfluent preadipocyte # 2 (104) -

5 ~ Ascorbic acid

RAEEAF (BHHLE 22) b RkpMAT 4T
Kawadaéi%%#}t% Ascorbic acid 10 - 200 M ** 3T3-L1 > B

pliamre b TG
£ # 4o 858 3T3-L1 A i (105)7 F # 3T3-L1 %

“3 o %5 0.2 mM ascorbic
acid phosphate % .~ ¢ #3& 3T3-L1 4 it (106)

ieJ HIV %% Nelfinavir ¢ :¢ = AIDS s & A2 2 lipodystrophic
syndrome’ & & & %4 100mM ascorbate 2 Nelfinavir ** 3T3-F442A 75 %5 'm
oo PV e 70%km ke 3 7 eniA5(107) o

6 ~ Resveratrol

3,5,4 -trihydroxystibene % CEF (B A 22) 0 o
PRRIDMAET 457G 0 B F (9 48 k¥~ ) CSTBL/6NIA mice 4
22.4 mg / kg / day resveratrol >

(108) -

PRIV 3 4 insulin &g M~ 2 £ & e L 2B

\\rF»

% R A& APM AL 7 0 Picard ¥ F 4 3 3 50 u M resveratrol ¥ Fri]
3T3-L1 = § "5 %% ¥ lipogenesis » 3 *¢ *5 f# {£ * (109) ; Backesjo ¥ & # %
IR 50 1z M resveratrol ¥ F#r4] C3HI10T1/2 B & ‘m?e 3; = e adipocyte ¥ PPAR

v o &b osirt] FE%T adipocyte c3F

& (110) ©
7 ~ Apigenin
FERR K ATEE AT 2B E (

($HFa 222 -2

PR FRE A MEPF F apigeninh s H-" T 2g( ik

BXE 658uM) 72

FFis > m @ apigenin )k R 5 127 nM > @ 24 0] pFE{S
Rt R B 144 nM(11T) -

14
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PR A YR 3% 0 Yano * & ;g %5 C57BL/6N mice apigenin B
¢ #rd] IgE % 3 X 4p B cytokines > 4= TNFo % (112) ; %+ mice % 54k @
Wiy 5 oSS S90¥rAtE ( Sdix matsudana Koidz) FB~di e f s 4E
it &4 > H¢ & 73 apigenin-7-O-beta-D-glucopyranoside ¥ *§ 143+ 7 &%
B o #e 4] o B (113, 114) 0 8 38 5 9 I 5e chg 2 (5% (113, 115) -

¥ ¢ apigenin » § 3¢ * 2 fiwie 2 % k= FHRAcT o Chiang ¥ § F
% I apigenin § 5o p53 BLiidh ¥ p2l £ IR i e kY R G2M B
% ¢ Hep G2 cell fm®e &= (116) ; t-] & = % % th MC3T3-El ‘m#e & &_
et (117) ©
8 ~ Quercetin

5,7,34*hydroxyflavanol # L3 F & ~ & (g X)) HEF a5 (B
Wi L4 2:2) 0 BA i irlaie F 5% 40 M FZ 3 ¢ 3% > Shisheva % % Jﬁ" i
* & BA R 0 R 30 47 u M quercetin 0 B T ML) & B KR 0k
"2 ¥ 50% lipogenesis & J& > 110 u M quercetin P} ¥ #r#] 100%(118) ; 10-250
1 M quercetin ¥ 3 53 epinephrine %% 7% f# (¥ * (119) > 10-100 © M
quercetin ¢ #7#/ glucose uptake(120) : ¥ # Kim ¥ & ¥ p|4_i¢ * 1 4 5%,
7l KR 2.4 & %  (human adipose tissue-derived stromal cells ;
hADSC) » #4 2-10 4 M quercetin {54 J» ¢ Fry|3 2 » L Q8L L iFH
(121)5 ¢+ #h & 3T3-L1 #5 %4k % > 6 > Hsu & & 4 & * 50-200 1 M quercetin
# IR quercetin ¢ % 3§ = T 33 & PARP (Poly-ADP-ribose polymerase) % Bcl-2
F=9 B 3 e caspase-3~Bax ¥ -9 B % i€ preadipocyte apoptosis(122)
9 ~ Genistein

¥R A2 (B L4 2-2) o genistein 0.1-1 mM ¥ $rf < B4 i 7

% %2 lipogenesis (123)% F#r+| leptin 4 ;%(124) > % human primary bone

15
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-

marrow stromal cells » & - genistein » ¢ #r+#] adipogenic differentiation(125)-
# 3T3-L1 *g%5!m% > & > 100 4 M genistein ¢ F#r#| preconfluent %
mitotic clonal expansion fF Fx 3 4 > rd] 4 14 (126) 3 B8Py f2 5% (104) > F
#1 glucose uptake(127) °
M WP~ 7 7 % £ genistein (90 mg) » F4 P genistein JEE+ F 5 0.6

(L M(128) -

16
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&

#

™
v
<

ia

;T&HJWJJ%J%;’COCH
r

N

Oleic acid

.

— COOH
Linoleic acid <W\/\/
— T T

a -Linolenic acid |

HsC

O
Stearic acid )J\

CH3(CH24sCH;~  OH

HC
Palmitic acid
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51 Iﬁ[ Y E[[E&:{
%2-1 % B g i L 2 fi
r ot ¥ ¥ %
€9,t11,t13-conjugated linolenic acid
(a-eleostearic acid ; fﬁ S~ coom

97.,11E,13E-octadecatrienoic acid ;
€9,t11,t13-CLN)

\ — f’ﬁ?u‘f‘f’}\:‘u}ﬁ\‘u‘fﬁ\\u

Phytanic acid
(PA)

T J =
/<m

_COOH
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%22 X § 0 $ o oF B H#
I % #
—
Epigallocatechin gallate *o /;\I/ij——“*r/ ~on
(EGCG) N A
o e, //::.;:‘ _AaH
CC
o =}
>~ —
Curcumin O O
HO oH
'_/D D“'m‘
Procyanidin _ . , oH
[ HO. . L
P
J
catechin
naringenin

Ascorbic acid
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20



Y= AREETE

-~ R &R

a4 P PFrRrg iRk @ 35 c9,t11,t13 conjugated linolenic acid (a-eleostearic acid ;
9Z,11E,13E-octadecatrienoic acid ; CLN) v phytanic acid (PA) » 11 % % RFig it 4= ¢
£ 3F £ 5 anti-adipogenesis ¥ i 2_ = i > ¥ 2 prd| 3T3-L1 % P drlmie 4 ~ A i 2

&3 s m e g FHAR 0 R RLE(F) g s S o

FHRT 5230 0 B -0 5 nR st 3T3-L1 g pmie g d £ 28 5

SRR ARPRF e H3TILL ey A A SR R e

221 -
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A5

— R AR 3T3-L1 R et iy WA & S

BlE L FAR A2 R TZD H 3T3-L1 795w o b a2 58

Common fatty acid ¥f7%;%sim? differentiation 2§58

Uncommon fatty acids #t7%; % w2 adipogenesis g2 &

Preadipocyte F¥ £ ¢ MTT assay
+ LDH assay

* Apoptosis assay

Differentiation F& ¢+ TG assay
¢ (3PDH assay

¢ 0O1l-Red O stain
¢ Apoptosis assay

Terminal ¢ TG assay

differentiation F¥ £ ¢ (3PDH assay
¢+ Lipolysis assay

¢ Apoptosis assay

-2 -
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FoMA DR RIF Y5 3T3-LL P ialme r g A L R

Nature antioxidants #1753 7% %m*¢ adipogenesis 7§ 58
]

Preadipocyte Fg £ ¢ MIT assay
¢ LDH assay

*+ Apoptosis assay

Differentiation F# £ ¢ TG assay

¢ (G3PDH assay

¢ 0il-Red 0 stain
¢+ Apoptosis assay

Terminal ¢ TG assay
differentiation F¢ £ ¢ Apoptosis assay

-23-
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ERNRC LR S

1\

mPE R

g A R 3T3-LI ML 8 &1 £ F EF L THRAY </RTFLF T =
fove B FfEY < %%l BCRC 60159 >t tx % ik ATCC CL-173 » 2.8 &k

Mouse embryo
AL ypd

2 #- Dulbecco’s Modified Eagle Medium (DMEM ; Gibco)#s & % f# » 4v »
1.5 g sodium bicarbonate ( sigma) > £ 2 INHCI# & pH & 5 7.1-72 22 F » Z_
£ IL (¢ 1B (0.22um) i /g -medium 7 fie4F cADMEM £ 4r » 109 Bovine
serum (BS) (Gibco) ~ 2 %  L-glutamine (Biological industries) % 1x
antibiotic-antimycotic (} Z penicillin G sodium ~streptomycin sulfate ~amphotericin

B ; Gibco) » #* i maintain medium (109%BS-DMEM) -
fmre MRS %

KULES 3 SR 4x10°cells F >t 75T flasks » T 4v » 20% BS-DMEM » &g
P lmie 2 > PNTS 2 “,% ¥ medium 0 4c > #7607 10% BS-DMEM - » 37°C ~ 5%
CO, T4 & 3422F8Ars o

BAEAIPFLFee L% (5990 9% confluence) # 4 2 % A2 1X PBS
Grkimiz 2 = {8 0 4o~ ImL trypsin-EDTA JE R #73 fw¥e {503 » 37°C~5% CO;,
TiE* X 8-10 A 45 fE B~ > 4 » 1099 BS-DMEM 9mL ® frk g & ¢ fm¥e 5 E
{8 » X9 trypan blue solution % ¢ - 12 w2 3 Bz ) N A ACEL T B m e B
i R dmre b 3740 75T flask o fRif (S im0 PR E 2 A B 2AT

7

B BB F hE s ke £]3 p=Us+1l 1 p=U+8+13 -

_24 -
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T~ 3% 3T3-L1 Py %5 e & 0L

(1) 0.25 mM Dexamethasone (DEX) : 1000x stock

5 FEE conc.
Dexamethasone (SIGMA D-4902) 0.098 g 025M
DMSO 1 mL

£ #-0.098 g DEX powder ;% ** 1 mL DMSO ¥ > T {¥ 0.25 M DEX

5, FEE Stock conc. | Working conc.
0.25 M DEX 10puL 0.25 mM 0.25uM
DMSO 10 mL

#-0.25 M DEX + DMSO ## & 0.25 mM DEX » & %%/& 7] eppendorf ¥ - p7
*-20C

(2) 0.5 M 3-isobutyl-1-methyl-xanthine (MIX) : 1000x stock

o A Stock conc. | Working conc.
3-isobutyl-1-methyl-xanthine 0.111g [0.5M 0.5 mM
(SIGMA 15879-1G)

DMSO I mL

#-0.111 g MIX powder % ** 1 mL DMSO ¥ » 4 %2 f eppendorf ¢ » f73+-20C

(3) 100 pg/ mL Biotin : 1000x stock

o TEE Stock conc. | Working conc.
Biotin 0.01g 100 xg/mL | 0.1 xg/mL
(SIGMA B-4501)

= &k 100 mL

#-0.01 g biotin powder i3 ** 100 mL = = -k ¢ » 12 0.2 ym filter ¥ /g 4 %37 7
eppendorf # » pF3+-207C

-25-
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(4) 10 mg/mL Insulin : 1000x stock

& 5 % % & | Stock conc. | Working conc.
Insulin 0.1g 10 mg/mL | 10pg/ mL
(SIGMA 16634)

0.01N HCl 10 mL

#-0.1 g insulin powder ;3 ** 10 mL 0.0IN HCI # - 12 0.2 g m filter i Jjg » %30
7 eppendorf # » pF3+-20C

2~ BRA:

LA R B S h A b medium T A S T 46

Differentiation medium I (DM 1) : 10 % BS-DMEM 7 0.25 4« M DEX ~ 0.5mM
MIX ~ 10 ¢ g/mL Insulin 2 0.1 1 g/mL Biotin

Differentiation medium II(DM 1I) : 10 % BS-DMEM 7 10 i g/mL Insulin ~ 0.1

« g/mL Biotin

FES PR R AR Y 2x10° cells/well A8 12-well plate 2 {8 > &
m R RS EEE 2 X )T%iu maintain medium # = DM I( p Z DEX -~ MIX »
insulin ~ biotin ) > ¥ % 3 * 2 ",% ¥ eimedium £ # = DM I (P 7 insulin ~ biotin)* 2
X {# medium T 5% 7 X o

@ terminal differentiation § %% > P| A ¥-lm?e 34830 F S 477 coplate 2 & > Flw
pERISERE2 X TI.%Q‘U maintain medium # == DM I (p Z DEX~MIX ~insulin
biotin ) #f ¢t 4 » 100 ;z M linoleic acid> 3% % 3 = 2 ",% Eemedium £ # = DM I (p

7 insulin ~ biotin) » }* FF {7 78 7 sv linoleic acid & % 7 % 3% Emre )0 = R g%k mhe o

-26 -
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FHRIE ik

I~ R PRSP 2 RIE
1~ ikt o8

(1) % ppemlzd

Oleic acid Cayman
Linoleic acid Cayman
a-linolenic acid Sigma

Palmitic acid Cayman
Stearic acid Sigma

€9,t11,t13 conjuated linolenic acid (CLN) Cayman
Phytanic acid (PA) Cayman

P AE 5 0.019% ~0.05% ~0.1% ~ 0.2%

g AELRIRES M B e W 100mM 2 stock solution i {7 F B 0 F

e HEF 10uM~50uM~ 100 M ~ 200 M > vehicle control % % %

() % BHF AR

Epigallocatechin gallate Cayman
Curcumin Cayman
Catechin Cayman
Naringenin Sigma
Ascorbic acid Sigma
Resveratrol Cayman
Apigenin Sigma
Quercetin Cayman
Genistein Cayman
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X R¥Lg 2 pES 2 DMSO fe @l = 100mM 2. stock solution & {77 % >
FkEHE S 10uM-~50uM -~ 100 M » vehicle control 2 DMSO » |

£ % 0.01% ~0.05% ~0.1%

2~ Ry e 5 4 R R 2 I R AR

lllll maintain medium

| R

cell seeding
after 24hr

24hr

48hr

I IR 24 P[RR g
24hr MTT assay

X

R 48 ] AR )
48hr MTT assay

LDH assay

Apoptosis assay

' 3-1 FiipfeaE i S g R
Fig 3-1 stage of preadipocyte proliferation
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3 -~ differentiation § & 2_ P2 $ AL n A7

llllll maintain medium
== DM 1

o DM I
HIEE

cell seeding

lconfluence (Day -2) |

|post-c0nﬂuence 2d (Day 0) |

Day 3 Day 5 [_{ Day 7

| |
LT eienealtene ettt e NN RN

32 53 (¥R
Fig 3-2 stage of differentiation

4 ~ terminal differentiation (mature adipocyte) F 2 2 B384 Bd® ik 42

(Il maintain medium
M= DM 1

DM 1T

00 linoleic acid

HE

cell seeding

|post-C0nfluence 2d (Day0) |

Day 3| — [Day 5 Day 7 [_{ Day 9

QLT TR lecepeatenealeteceal=oaNNNNNNNNNNNNNNNNN T HTTHTHTHTTH

' 3-3 53 {5 HI R A

Fig 3-3 stage of terminal differentiation
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A~ MTT % ¢ % fmoe 5 5 5 R &
1~ Rr#m@:
MTT (3-[4,5-dimethylthiazol-2-y1]-2,5-diphenylterazolium bromide)&_f& /% ‘o
e d x> F e R S N o0 dehydrogenase € #- MTT 2 tetrazolium ring 4+ %7
A5 formazan > »PF MTT d § ¢ &% EJ » £ * acid isopropanol #- formazan

A Bl = 540nm vk B o ] ¥t e 33 S ik o

(1) MTT stock solution (5 mg / mL)

il 522
MTT (3-(4,5-Dimethyl-2-Thiazolyl)-2,5-Diphenyl Tetrazolium Bromide) Smg
(USB 19265)

i 5 1xPBS ImL

# MTT #5 %7358 e 1x PBS # » £ 17 02 um filter i o A %

eppendorf ®» » B¥ 5 £-20C

(2) Acidic isopropanol (0.04 N HCI in isopropanol)

i Fed
Isopropanol
12 N HCI l.bmL

#-1.6 mL 2. 12 N HCI 12 Isopropanol & 3 500 mL > % /§ &7

(3) & ] 1x PBS + MTT stock solution (§ * fit ¥ )

g

1 %z

=k

& 7 1x PBS 50 uL / well
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MTT stock solution S uL/ well

i 96 well micro-plate %48 ‘w*2 (1x10* cells / well) » & &% g ¥ 1 40 » 75 95
Feil i 2.0 5 AR 2.2 H 44k 0 vehicle control > JE A& 2 10~ 50 ~ 100 ~ 200
UM > 3% 24 3 48 /| PEISE T MTT Bl 2o il 2§ P Fl"$ ¥ drmedium {6 > 2
= 7 1xPBS wash { v ",% » £ 4c » MTT solution 55 L/ well 3 » 3 % 4§ 37C »
B 3] FFis o & 4o » acidic isopropanol (0.04 N HCl in isopropanol) 100 ¢ L / well »

BF 20 A 481 2% 015 > 0 ELISA i) % 540nm = % & o

Cell viability (%) = (test sample / vehicle control) x100%

= ~ LDH wm%% 4 M2 ip| %

I~ Rz
Lactate dehydragenase(LDH)& - faf& 2 5 >t & fwre it % > #7111 E
e X 3B PE s e e ) 2 15 ) LDH ¢ 7% 3] medium ¢ > P] €_medium ¥
¢ LDH ™ 4 7 cytotxicity 42 & °
2~ EEpg

g * % & % ¥ BioVision LDH- Cytotoxicity assay kit II Cat.K313-500
#2120 1x10%cell/well #85° 96well-microplate24 -] F & fm % > IREA K15

e L fEARFRER (104M 50 M~100 2 M~200 u M) & fEiplE4 100

wL/well # % 48 | p% > ;§ o shake &t~ 600xg 10min > # medium P3|
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eppendorf > £ j&_eppendorf B~ 1} sample 10 ¢ L >  4c » 100 1 L LDH reaction mix
i > 8 F & 30min ;B 450nm % 3k o
45 3
( Test sample - Low control)

Cytotoxicity(%) = - x100
( High control — Low control)

Hignt conrol @ 7 12 Rl A2 2 'w® » L 12 lysis solution A2 2 % k& &
Low control: 7 1 jP|3& 4 rd® 2_ w2 2_ v 3k {5

SECLI SN S O S
1~ 3T
Triglyceride + H,O _lipase . glycerol + fatty acids
Glycerol + ATP. _GK___ glycerol-3-phosphate + ADP
Glycerol-3- phosphate + O, __GPQ _, dihydroxyacetone phosphate + H,O,
H,0,; + 4-aminophenazone + 4-chlorophenol __PQD _,, quinoneimine
+HCl + 4 H,O
] Z_quinoneimine (% iz ¢ ) % 500nm | =%k B
2~ ExRpet
# 7 8E& e (RANDOX, Amtrim, UK) » # Buffer 1 (7 pipes buffer
pH7.6, 4-chlorophenol, magnesium-ions) ¥ Enzyme regent 2 ( 2
4-aminophenazone, ATP, lipase, glycrol-kinase, glycerol-3phosphate oxidase,
peroxiase)i® & o fie & K RiAAI G * o
3 3k
i Eemedium & 0 B4~ ImL 2 1x PBSERE B H x {2 B
TAFZ R E e ] ) Bmre 2T > e~ i B OIXPBS #-dmre b T 0 v R

£ 3 1mL eppendorf » > 12 100xg 3.~ 5 445 > ] < 3 1 drife » der 0.5mL
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= = -k$m4g pellet & > 12 sonicater #7BL e > &35 35-20C o
P~ 4 L Sample & triglycerides standard ** 96 well micro-plate ® > 4r » 200
wL PR RFA > FEF G 10 £ 48 0 B 500nm 2 ¥k {E o ¥ A Blank %
triglycerides standard ¥ 2 $1f8 > 194 T A N B e P Z Y W 7 £ o
4n 3

Triglycerides (mg/mL) = (Asample - Ablank / Astandard = Ablank) X 2 (mg/mL)

4 ~ = p G3PDH & {4ipl %

1~ R
%4 Kozak & Jensen(1974)2 % i o 'm*% @ 7 G3PDH 5 = e+ i fis & + 2 47
EpEE o B R AT
DHAP + NADH _G3PDH , glycerol-3-phasphate + NAD"

28 Frpdl

E

(1) Extraction buffer

¥ EA B R R
Tris-HCI (Merck) 7.88¢g 50mM
EDTA (BDH) 0.292¢g ImM
B-mercaptoethanol (Merck) 70 L ImM
Triton X-100 (Merck) SmL 0.5%

#- Tris—HCI §= EDTA /% > 800 mL = =-k¥® > & 4v » B-mercaptoethanol

Fv Triton X-100 - A F pH &3 7.5 £ m = K-k 2E 3 1L 853 4C
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(2) = Reaction buffer

e

g

FEE BRER

Triethanolamine/HCI (Merck)
EDTA (BDH)

B-mercaptoethanol (Merck)

18.56¢g 100mM
0.7305¢g 2.5mM

7uL 0.1mM

b RR o 800 mL s ke s A pH ED 7.5 £z Sk

e

3L 34T

(3) F EBXF

NADH stock : 1000x stock

-
%o

ZEF BYRER

B-nicotinamide adenine dinucleotide reduced

(MP Biomedicals)

0.08513g 120mM

#-NADH powder ;3 ** 1 mL &= =t k¢ (figcf ¢ ) 4 % (100 pL/ tube)

#1520

DHAP stock : 1000x stock

[nd
T e

E

FEE RERR

dihydroxyacetone phosphate

(Sigma D-7137) 0.017¢g 200mM

#- DHAP powder ;33 0.5 mL #h= -k# (@& F HP ) & % (100 pL /

tube ) » %73 *+-20C

(4) Reaction buffer

v
PR

N

B

E
A
ek
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7 Reaction buffer ImL
NADH stock 1L
DHAP stock 1pL

F Xk EATEHAE

3 Gk

GJ,% e medium {8 0 ¥4 r ImL 2 1x PBS BRE B £ x {8 G»“,f )
TR = e 5] ) #hmie ST 0 4o x i B IXPBS #-dmre it T fmie it
f 1 ImL eppendorf # > 2 100xg #row 3 A4 o[ w4tk b ik o 4o~ i B ik
extraction buffer 747 pellet {8 » 7kix 30 & 45 5 & [§ 5 & 48 vortex /& 3 & Ji s »
£ 17 25000xg ~ 4°C #.< 1 -] FF(Hitach CR21, rotor R21 A-39) » B~ 1+ Fi 3 ¥
— 1% eppendorf > & 3 {8 A %k 3-80TC o

P~if & sample 4 » 1mL Reaction buffer *>* cuvette » » } T ¥ & 353 {3~

A %k R 3+ (U-2000 spectrophotometer, Hitachi) > 1mL reaction buffer 7 7 v ‘e >

4

Bl 340nm %k 7 = B Samp]e BT S A4 TR 7 —‘;J-_’g_,r R RT3 EL R AV

Lowry’s method jB| £ 39 k& o

4o BERERTE

L

~

NADH : €340 nm = 6.22 mM 'cm’’

W

A=cgbc (A sxke ! i L%l b: g lemyc: ER)

c=A/¢b

G3PDH p% % % 14 (nmole / mg prot. min) = (AA / min + 6.22 mM'em™)

+ pgprotein x 10° x(reaction buffer vol. + sample vol.)

Lowry’s method F-v ik & | 2
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biuret j# chaf ¥ o F 4F IS B2 4AA 45 £ F 15 >0 ¥ £ 22 Folin-Ciocalteau
##7%]5 phosphomolybdic-phosphotungstate % & # £ 4= & o
20 FEpdl

(1) Reagent A (0.5% CuSO4 + SH,0 in 1% Nas-citrate « 2H,0)

o TEF R R
CuSOy4 * SH,O (¥ 1) 0.5g 0.02M
Najs-citrate « 2H,O (USB) 1.14¢g 0.04M

#-0.5 g CuSO4 » SH,O ;3% 80mL = =Xk » £ 4c > 1.14 g en
Najs-citrate « 2H,O(Na3;CcHsO7 « 2H,0) » ez -k EE 3 100 mL

(2) Reagent B (2% Na,CO;5in 0.1N NaOH)

Zx TEE BRER
Na,COs (5 1) 20g 0.2M
NaOH (Katayama chemical) 4g 0.IN

#-20 g NayCO3 2800 mL = -k ¥ » £ 4t » 4 gNaOH » s {s 11 = -k

TE 1 1L

(3) Reagent C (Reagent A: Reagent B=1:50)

P~ 1 mL Reagent A #r 50 mL Reagent B

(4) Reagent D (Z # &) (Folin & Ciocalteu’s phenol reagent : = =x -k =1:1
F& FeE
Folin & Ciocalteu’s phenol reagent 10mL
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- =k 10mL

P~ 10 mL Folin & Ciocalteu’s phenol reagent ¢ 10 mL = =t -k

Reagent C = Reagent D =+ X iz e i@ * £ § P 7@ e §

(2)Standard

#- Img BSA(Sigma);a *> ImL = =t -k ¥ % = 1mg/mL stock » § 5 P&

£ f1* stock w7 F ER 247 ﬁ'_%$

sample £ 12 = =K A 50 % 2 152 B~ 30 u L sample # standard & = = -k 4e
» 96 well-microplate > #t » 150 i L reagent C {$ ** microplate mixture vortex _+ &
3 F K15 48> £ 4~ 20 1 L Reagent D % microplate mixture vortex + /2 3 &
J& 30 ~ 48 o 12 ELISA reader (1 Quant)®] 660nm w3 % & o £ 528 0 &7 o 3% 3%

EFv FkR -

I~ R
Glycerol + ATP _GK__ glycerol-3-phosphate + ADP
Glycerol-3- phosphate + O, __GPQ _, dihydroxyacetone phosphate + H,O,
2H,0; + 4-aminophenazone + 3,5-dichloro-2-hydroxybenzene sulphonic acid
—POD , n-(4-antipyryl)-3-chloro-5sulphonate-p-benzoquinoneimine
YRl R T S i 195 J 7R %_quinoneimine % 520nm ¥ 3k &
20 FRpEd
B 8 E& e (RANDOX, Amtrim, UK) > # Buffer 1 (7 pipes buffer
pH7.6, 3,5-dichloro-2-hydroxybenzene sulphonic acid > magnesium-ions) 15mL ¥

Enzyme regent 2 (7 4-aminophenazone, ATP, glycrol-kinase, glycerol-3-phosphate
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< -

1\

2\

oxidase, peroxiase > ascorbic acid oxidase)i® & > fie = F iR A g oo
=0k

Az f e medium J2 f 1 1SmL 3 # ¢ 5 12 1000xg Hs 5 A b0 Az
FRIY - BHLc g R 3P0 ImL medium I eppendorf » £ j¢_eppendorf
P41 100 ¢ L medium 3 ¥ — i eppendorf ¥ > 12 70°C e #4 10 4 4&.{s 7kiF » 100xg
o 304 HLo Bt iR 0 R T20C AR &

P~ 40 1 L sample ¢ glycerol standard »>* 96 well micro-plate ¥ > 4c » 200 £ L
i E REA A FEF R 10 A 4 B 500nm 2_ vk sk & o ¥ fablank % glycerol
standard 1T 5 /R > 1T A28 Bme g 7 £ o

2L 5o
oot

Glycerol concentration ( ¢ mol / L) = (Asample - Ablank / Astandard - Ablank) X 100 ( £ mol

/L)

e 22 d Oil-Red O stain ip) =_

VoL
A7 v e
Erpy:

o i 4% P~ 212 mg Oil-Red O 4 » 60 mL isopropanol » # + ¥+ - stir at
4°C overnight > * Whatman 3MM paper i ° /g ¢ Oil-Red O solution : dd
water=3:2 % 3 {4 » 3>t 4°C overnight » £ {8 £ 12 Whatman 3MM paper i
o BT AT o

10% formalin/PBS &_P~ 27.03 mL 37% formaldehyde solution + 72.97 mL

PBS
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B "$ medium> * PBS(-)5mL % fm* & =X {8 4 » 2 mL 10% formalin/PBS(-)
B g w1 hr» £ 12 5mL dd-water & 3 =x » 4c > 1.5 mL b =% & ( FiEmre
£ ¥ ) 4 10 min > vl“,% Z& > 2 SmL dd-water =t 0 R FldcpRiz TV B

i

Lz me k= R R

1~ RE:
Formamide #_f&:§ {- ¢ denaturing reagent > v ¥ ¢ ¥} apoptotic cells <57 DNA
%4 0 4 DNA %74 e #2 9 necrotic cell £ 25 apoptosis cell “FK L3-S O P
A~ %% 44 * formamide #-apoptotic cell 57 DNA %22 {5 » £ 1 H R (%
4B L pEs FO)B S b e %1 DNA(ssDNA)E B 2 % o
2~ Frped:

i€ * % &% % BIOMOL, AK-120 ; ApoStrand"™ ELISA Apoptosis Detection

d 3t B 4 = proliferation ~ differentiation 2 mature adipocyte = i F¥ £ »
A7 00K P 82T 96 well microplate ik BB = FF B AR 0 RRES RIT S > 3
= 200xg Smin {2 "$ medium » 4c » 200 ¢ L Fixative ¥ & 30min ¥ T % » 3
& 200xg Smin 4 “$ F %% {43 56°C oven 20min’ £ 4c » 50 i L formamide * &
10min > *x » 56°C oven 30min {& > /4 & 5min > & "% formamide 4¢ » 200 L
blocking solution * j& 1 -] FF > 2 “f solution 4r » =48 ¥ J& 30min- ¥ wash buffer

‘)Fi 718 4v » peroxidase substate {¢ & & 60min ] 405nm % k& o
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Lo A4

B EHU T + L (Mean + SD) £ 7 o Bcdho MR R
SHEBAT - F A HEE (Log - #4085 %2 445 (One way
ANOVA) # = 2R A B 2 B ¥ 4> & 2 Duncan’s multiple range test 2 Dunnet’s

test # %o S35 2 p<0.05 5 B F BEF 2 £ B o 53t A 45 754 SAS #0H(SAS

wo ?

8.2, Cary, NC, USA) % #7 -
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»
>

5!
iy
-

,‘m

-~ FE- RS 3T3-LL fpislmrr g B A LS B

1~ IR & 483 A2 1 $HP8 TZD % 3T3-L1 %3 %5 fm %% 4 1t e 58

B 4-1 2483 ® % 0 R TZD # 3T3-L1 = fpiklmie & L 2 8 o 4 /g3l

n»

3T3-L1 fwfe o it R4 F 7 5 & % ¢ fr g a7 % & it 2. PPAR ¢ GEA|4%
¥ Pk % ¥+ TZD (BRL49653) % = &t $tfR > rhmie N TG 3ff 5 dpik > #FME A4 iz
i A hblank fAp st g TZD 84 f* 2% 5 blank 26055 & 5 F b2 plid= 46
A AW A F I R F ER AR R X R (L $ 2 3 H 2 Abs EtOH
(absolute ethanol)®? DMSO #} 3T3-L1 4 i* e 5 e 12 dmie 0 TG 38 4% 1 5 ;}F] £
I AR BAESHE L 02%58 blank 225 £ 8 -
2~ = g aEL ¥ 3T3-L1 Pg 9k ke & it el 5K
Bl 4-2 5 e N TG 3 ff 5 4 1R T common fatty acid ¥t 3T3-L1 # ¥ kw52 &
it e B o # * common fatty acid # 353 SFA (saturated fatty acid)- palmitic acid -
stearic acid » MUFA (monounsaturated fatty acid)-oleic acid » PUFA (polyunsaturated fatty
acid) - linoleic acid ~ linolenic acid » 14 vehicle control 4 i #2 & ¥ 5 100% > # R 5 f&
e ’iﬁﬁi“'fig BB Fg Wb e o b o 3 2 3 10-200 u M & IR 2 4% dose-response > @ B iE
va s A A2 R A W] % SFA # K H = & MUFA » 84 * 42 #4548 PUFA (p<
0.05) -
3~ HIRT AR 3T3-L1 % ke A (L s 48
d 2 F RF IR AEIn g AR pmre & b 5 Ft AR IR R R
c9,t11,t13 conjugated linolenic fatty acid (a-eleostearic acid ; €9,t11,t13-CLN) -
phytanic acid (PA) #f 3T3-L1 adipogenesis 8 55pF > - T8 * I 5 18 B 3 i ot en-

i g 9k e o-linolenic acid %2 16 g 4% foen— 4273 %5 FL palmitic acid » 4 W] iF
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COt11t13-CLN 2 PA z $tP8 » $F 3¢ = fa 7R %g W e §t 3T3-L1 50 g s lmiz i 2 ~ &
(LIRS H RV mnanqgr,x Wz Lo
(1) Uncommon fatty acids #F 3T3-L1 differentiation 2. % 58
B 4-3 5 TG 4 5 :}}5 1% > Bl3# uncommon fatty acids ¥+ 3T3-L1 » it
82 58 - vehicle control i® 5 100% > SFA-C16:0 ¥2 PUFA- C18:3 't #& > 2 I
C16:0 iBi& 4 it »x%t C18:3 £ (p<0.05); c9,t11,t13-CLN % H ¥p& = C18:3
v o COtILEI3-CLN & ¥ #rdlimre b TG 3 ff (p<0.05); PA & H e
C16:0 - § > PA 7= g F 44| 2% 1 TG 4% (p<0.05)
B 4-4 % v G3PDH & 1£i% & 4p 1% > R]3# uncommon fatty acids ¥+ 3T3-L1
A v e 58 o vehicle control ¥ & 100922 fmie b TG 34 % % - R IR 18:3
>16:0 > ® c9,t11,t13-CLN 2 H #pg 2 C18:3 +* iz > C9,t11,t13-CLN &g & $r
% N G3PDH 754+ (p<0.05); PA # H #f/ o C16:0 ** # » PA & Z3r4]m
¢ v G3PDH i# 1 (p<0.05) o
VR ACE B R m AV BRRT] > 3T3-Ll e g%k T X (8w
e A fE P AEee g o S FIAIN FAOF 0§ COtLLII3-CLN % H e C18:3
oo €9,t11,t13-CLN s jF B P vt b S PA 22 H e e C16:0 v 2> PA &
B OFECP Y > @ E X CL8:3 e JF P B b F B~ 0 4B e vehicle
dnfe o F B0 E Bl (B 4-5) e
iR FRmep TG { > TRBwe N B FEFR/RET T BRET
Cot11,t13-CLN 2 H #+ /g % C18:3 +* #2 > ¢9,t11,t13-CLN #r4] TG % ## ~ W if
B s PA 2 H R e C16:0 v #& > PA #r4] TG 2 R 2 Fb R
" (R 4-6) -
(2) Uncommon fatty acids #f 3T3-L1 # *5 % 'm*¢ proliferation 2. §2 38

B 4-7 500 MTT & w2 15 % 5 5% P12 & 48 uncommon fatty acid # &

-40 -



ZMT A

s e P 8% ke FE B 3T3-L1 Mo *# 33 % chE2 58 o vehicle control i 5 1009 >
B 4-7(A)¥ B ae i 24 0] BRI RIS R 188 TR €9,t11,t13-CLN fr C16:0
200 MPE > A € P AR S e o b (p<<0.05); A AT 48 ) PR (M
4-7(B) ) #r 1M7L 7 AT > COILUZ-CLN * 104 M R dedrflmme 52 (p
<0.05) > @ ¥ 5 dose-response ; @ C16:0 ** 200 M o € & ¥ i = ‘oo Hc P
B (p<0.05) > ¥ C18:3 2 PA I 200 u M 3574 € i = ‘m#e Hc P R0 o
d STEZ D] cOt1LtI3-CLN 2 C16:0 ¢ & = ‘¥ §up > > F]t 4% LDH

release assay ?|:# uncommon fatty acid k2 48 -] FF > ¥ 3T3-L1 w% 3 (03
F (W 48 ) %L OHLUS-CLN 2 10uM B 4aim% 2 2 3 42 (p<
0.05)> C16:0 B 2.8 42004 M P 4 ¢ B ¥t & m% 4 & (p<0.05)> @ CI8:3
2 PA Tt 2200 M & & ¢ $Himee s A4 o

(3) Uncommon fatty acids #f 3T3-L1 2 4 it =% 3 %5 95 tm e 7 B (% 382 2 58

Bl 4-9 5 2 TG 3a4f 5 3p % Rl7# uncommon fatty acids ¥+ 4 i 3T3-L1
S E s mee TG E A OB 8 o £ 02 CI18:2 2 WA (- &3 Hry s imie 2 2 A
o RREAATE L >05904 it 5 p A C18:2 it A IR RIS I 48
/] B o 12 vehicle control ¥ 5 100% » ¥ 2 I 4 &7 B I5EE TG 34 >
Co,tILt13-CLN % H #p e C18:3 t g > c9,t11,t13-CLN #r4] TG % f(p<
0.05); @ PA # H %P = C16:0 v #i » PA 3741 TG % # (p<0.05) ; ¥ ¢ % 1
fm¥e o G3PDH /&2 5 4p % 0 o #03F J COtILEI3-CLN Fr] & # 75 ¥ fm % o
G3PDH 7% 14(p<0.05) > PA B 5 #r4|im?e p G3PDH &+ g o e g st b
2. AR (B 4-10) o A= g me Py f3 > & o C18:3 v fix > €9,t11,t13-CLN
F R R e (B 4-11) -
(4) cOt11,t13-CLN %+ 3T3-L1 = F¢ £ ( preadipocyte proliferation -~

differentiation ~ terminal differentiation ) sm?z /%= 3 58
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d 2t i F S w T cO,t11Lt13-CLN #r] 3T3-L1 3 4 ~ & it 2%k &P & »
Flpt 4% CIN F8 34 2_F 13 =0 dm %2 2= 5 gt #F ¢9,t11,t13-CLN = Pg %% ‘o ve |
B 10 M i = b ve Bt b 0 B PREECT 100 0 M A € i = e e ot b

(e dov FRBELE S ESAT ) 0@ ae AL AR AIT 100

-

(M T 7 B e e > F]P o P ik ke B c9,t11LtI3-CLN 2 10 4 M ~ 50
UM~ 100 u M eE| 8 > & i FEEfo= 8P 3R me 12 100 M E £ > & )R
3 COtILEI3-CLN % 3T3-L1 #q%siwm m% k= 2> 2533 1004 M
C9,t11,t13-CLN >t preadipocyte [ £ % & it FFE " € i3 & 3T3-L1 ‘w¥z =

(p<0.05) s & COtI1tI3-CLN # ¢ i & = 3% 9 im¥% tmv% /5= (] 4-12) -

S PRI X RELF P 3TILL Rk g A S AR

1 ~ Natural antioxidants ¥+ 3T3-L1 #5 % km % & it 2_ 2 58

Bl 4-13 imfe N TG 3AE 5 dp ik o RIZF O fE % HR4g 1 3 5 3T3-L1 #q s lm e
AR o9 fE R R4y L @ 453 EGCG ~ curcumin ~ catechin ~ naringenin ~ ascorbic
acid ~ resveratrol ~ apigenin ~ quercetin ~ genistein > vehicle control = DMSO » % %
L4 A RFs i 4+ (curcumin ~ resveratrol ~ apigenin ~ genistein ) P! & e A
b Fpt 2z S 4 A S fgkﬁ:z‘ﬁ;iﬁ W frd] 3T3-L1 A it 22 EGCG w5 18 5
R o

¥ebrrmre b G3PDH B 1A 1F 5 &t dg ik o RI2 4 &% p5 47 (curcumin -
resveratrol ~apigenin ~ genistein ) 2 EGCG # 100 x M 5% #| & T +* #& > vehicle control
v AR R R 2 1009 0 & Iﬂ,“ﬁ% 7 EGCG 2 *h R Ak 4 6 5 padf 35 § B F Frif| dm 22
P G3PDH #E1+ > @ ¥ 12 curcumin & 3% (@] 4-14) -

R I BEACEILE 4 fE S S EGCG 217 7 % AR %2 mre A o B

- 44 -



ZMT A

vehicle control *t i o 2 IR“$ 7 EGCG 2 #h » Ak d 2 5 poig B0 5 72 Tliwe 5 b JF
A 4 o curcumin felw®E Al A P R > B2 0§ 0 3T3-L1 Al * B (B 4-15) -
E#EemrriiTg ol d > ¥ ELETD EGCG @ jf ch#icE {o vehicle £ 7 % > @ H
A4 5 Re R F B0 > ® 0 curcumin i B0 (B8] 4-16) o
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Figure 4-1 Effect of solvent and positive control TZD (BRL49653) on
differentiation of 3T3-L1. Cellular triglyceride (TG) was measured after the

initiation of differentiation for 7d. Values are means+S.D. (n=3). The significance
of differences between the treatment (TZD, Abs EtOH, DMSO) and blank group
was analyzed statistically by Dunnet’s test. *p<0.05, **p<0.005, **p <0.0005.
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Figure 4-2 Effect of common fatty acids on differentiation of 3T3-L1. Cellular
TG was measured after the initiation of differentiation for 7d. Values are
meansS.D. (n=6).The significance of differences among the five groups (palmitic
acid, stearic acid , oleic acid, linoleic acid and o-linolenic acid ) was analyzed
statistically by Duncan’s multiple range test. Values not sharing the same

superscript letter in the same treating concentration are significantly different, p
<0.05.
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Figure 4-3 Effect of uncommon fatty acids on differentiation of 3T3-L1.
Cellular TG was measured after the initiation of differentiation for 7d. Values are
means£S.D. (n=6). The significance of differences among the four groups
( linolenic acid, c9,t11,t13 conjugated linolenic acid(CLN), palmitic acid and
phytanic acid (PA) ) was analyzed statistically by Duncan’s multiple range test.
Values not sharing the same superscript letter in the same treating concentration
are significantly different, p<0.05 .
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Figure 4-4 Effect of uncommon fatty acids on differentiation of 3T3-L1.
Cellular G3PDH activity was measured after the initiation of differentiation for
7d. Values are means£S.D. (n=6).The significance of differences among the four
groups ( linolenic acid, c9,t11,t13 conjugated linolenic acid(CLN), palmitic acid
and phytanic acid (PA) )was analyzed statistically by Duncan’s multiple range
test. Values not sharing the same superscript letter are significantly different, p <
0.05.
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Figure 4-5 Effect of uncommon fatty acids (100pM) on differentiation of 3T3-L1.
Microscopic view at 100x magnification.
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Figure 4-6 Effect of uncommon fatty acids (100pM) on differentiation of
3T3-L1. The cells were fixed with formaldehyde in PBS and fat droplets were
stained by Oil-Red O dye staining. Microscopic view at 100x magnification

differentiation
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Figure 4-7 Effect of uncommon fatty acids on cell viability of 3T3-L1
preadipocyte. The MTT assay was performed after cells were treated with
fatty acids or vehicle for 24(A) and 48(B)hr. Values are meansS.D.
(n=6).The significance of differences among the four groups ( linolenic acid,
€9,t11,t13 conjugated linolenic acid (CLN), palmitic acid and phytanic acid
(PA) ) was analyzed statistically by Duncan’s multiple range test. Values not
sharing the same superscript letter in the same treating concentration are
significantly different, p<0.05.
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Figure 4-8 Effect of uncommon fatty acids on cytotoxicity of 3T3-L1
preadipocyte. The LDH released into medium was measured after cells were
treated with fatty acids or vehicle for 48hr. Values are means£S.D. (n=6).The
significance of differences among the four groups ( linolenic acid, c9,t11,t13
conjugated linolenic acid (CLN), palmitic acid and phytanic acid (PA) ) was
analyzed statistically by Duncan’s multiple range test. Values not sharing
the same superscript letter in the same treating concentration are
significantly different, p<0.05.
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Figure 4-9 Effect of uncommon fatty acids on TG accumulation in mature
adipocytes. 3T3-L1 were induced to differentiate into mature adipocytes by
100pM linoleic acid for 7d, then treated with uncommon fatty acids or vehicle for
48hr. Values are means£S.D. (n=6).The significance of differences among the four
groups ( linolenic acid, c9,t11,t13 conjugated linolenic acid(CLN), palmitic acid
and phytanic acid (PA) ) was analyzed statistically by Duncan’s multiple range
test. Values not sharing the same superscript letter are significantly different, p <
0.05.
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Figure 4-10 Effect of uncommon fatty acids on G3PDH activity in mature
adipocytes. 3T3-L1 were induced to differentiate into mature adipocytes by
100puM linoleic acid for 7d, then treated with specific fatty acids or vehicle for
48hr. Values are means£S.D. (n=6).The significance of differences among the four
groups ( linolenic acid, c9,t11,t13 conjugated linolenic acid(CLN), palmitic acid
and phytanic acid (PA) ) was analyzed statistically by Duncan’s multiple range
test. Values not sharing the same superscript letter are significantly different, p<
0.05.
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Figure 4-11 Effect of uncommon fatty acids on lipolysis of mature adipocytes.
3T3-L1 were induced to differentiate into mature adipocytes by 100pM linoleic
acid for 7d, then treated with uncommon fatty acids or vehicle for 48hr. Values
are means=S.D. (n=6).The significance of differences among the four groups
( linolenic acid, c9,t11,t13 conjugated linolenic acid(CLN), palmitic acid and
phytanic acid (PA) ) was analyzed statistically by Duncan’s multiple range test.
Values not sharing the same superscript letter are significantly different, p <
0.05.
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Figure 4-12 Effect of c9,t11,t13 CLN on apoptosis of 3T3-L1 at 3 stages.
Values are means£S.D. (n=6).The significance of differences between the
CLN and vehicle group was analyzed statistically by Dunnet’s test. *p<
0.05, **p<0.005, ***p<0.0005
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Figure 4-13 Effect of natural antioxidants on differentiation of 3T3-L1. Cellular
TG was measured after the initiation of differentiation for 7d. Values are
means+S.D. (n=6). The significance of differences among the nine groups
( epigallocatechin gallate(EGCG), curcumin, catechin, naringenin, ascorbic acid,
resveratrol, apigenin, quercetin, genistein ) was analyzed statistically by Duncan’s
multiple range test. Values not sharing the same superscript letter are
significantly different, p<0.05.
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Figure 4-14 Effect of polyphenols on differentiation of 3T3-L1. Cellular G3PDH
activity was measured after the initiation of differentiation for 7d. Values are
means+S.D. (n=6).The significance of differences among the five groups
( epigallocatechin gallate(EGCG), curcumin, resveratrol, apigenin, genistein )
was analyzed statistically by Duncan’s multiple range test. Values not sharing the
same superscript letter are significantly different, p<0.05.

The enzyme activity was 0.1629¢ of control values in cultures containing 100pM

curcumin.
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Figure 4-15 Effect of polyphenols (100pM) on differentiation of 3T3-L1.
Microscopic view at 100x magnification.

-61 -



S A B

B 4-16 =% d B%E S BHEHITI-LIA s
Figure 4-16 Effect of polyphenols (100nM) on differentiation of 3T3-L1. The

cells were fixed with formaldehyde in PBS and fat drops were stained by Oil-Red
O dye staining. Microscopic view at 100x magnification differentiation of 3T3-L1.
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Figure 4-17 Effect of polyphenols on cell viability of 3T3-L1 preadipocyte.

The MTT assay was performed after cells were treated with polyphenols or

vehicle for 24(A) and 48(B)hr.

Values are means£S.D. (n=6).The

significance of differences among the five groups ( epigallocatechin

gallate(EGCG), curcumin, resveratrol, apigenin, genistein ) was analyzed

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

superscript letter in the same treating concentration are significantly
different, p<0.05.
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Figure 4-18 Effect of polyphenols on cytotoxicity of 3T3-L1 preadipocyte.
The LDH released into medium was measured after cells were treated with
polyphenols or vehicle for 48hr. Values are means£S.D. (n=6).The
significance of differences among the five groups ( epigallocatechin
gallate(EGCG), curcumin, resveratrol, apigenin, genistein ) was analyzed
statistically by Duncan’s multiple range test. Values not sharing the same
superscript letter in the same treating concentration are significantly
different, p<0.05.
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Figure 4-19 Effect of polyphenols on TG accumulation in mature adipocytes.
3T3-L1 were induced to differentiate into mature adipocytes by 100uM linoleic
acid for 7d, then treated with polyphenols or vehicle for 48hr. Values are
means+S.D. (n=6).The significance of differences among the five groups
( epigallocatechin gallate(EGCG), curcumin, resveratrol, apigenin, genistein )
was analyzed statistically by Duncan’s multiple range test. Values not sharing the
same superscript letter are significantly different, p<0.05 .
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Figure 4-20 Effect of curcumin on apoptosis of 3T3-L1 at 3 stages. Values
are means£S.D. (n=6).The significance of differences between the curcumin
and vehicle group was analyzed statistically by Dunnet’s test. *p<0.05, **
p<0.005, ***p<0.0005
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