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Effect of anthocyanins on the differentiation

of 3T3-L1 preadipocytes.

Yun-Ji Jo

Department of Food and Life Science, Graduate school,
Pukyong National University

Abstact

Anthocyanins are responsible for the red, purple, and blue colors of
many fruits, vegetables, cereal grains, and flowers. They have anticancer,
antioxidative and antiinflammatory activities. In this study, 3T3-L1 cells
were treated with anthocyanins in order to examined its antiadipogenetic
activities. Anthocyanins were non-cytotoxic activity up to 50 wug/mé in
undifferentiated 3T3-L1 preadipocytes. When anthocyanins was added to 2
day postconfluent 3T3-L1 preadipocytes at the induction of differentiation,
cellular triglycerides accumulation was supressed by dose—depentent
manner.  Anthocyanins  dose—dependently reduced  expression  of
transcription factors related on the adipogenesis such as sterol regulatory
element binding proteins—c, peroxisome proliferator—activated receptor vy,
and CCAAT/enhancer binding proteins~a. Furthermore, expression of
phsphoenolpyruvate carboxykinase mMRNA was suppressed over the
concentration of 20 #g/m¢ anthocyanins, however, adipocyte-specific fatty
acid binding protein mRNA was not changed by 40 ug/m¢ of anthocyanin
treatmen. Anthocyanins also  dose—dependently decreased protein
expression levels of 125 kDa SREBP-1. These results demonstrated that
anthocyanins inhibited differentiation of 3T3-L1 preadipocytes and
decreased triglyceride accumulation of mature 3T3-L1 adipocytes. Thus,



anthocyanins might be an important natural functional compound in the
prevention of obesity.
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AHEE MelsE S0 Us MelSHE2E2M AN carotinoids (a-carotene,

- , icin, ne, lutein), & 38 £ (allenes, allicin, sulfur
B-carotene, capsaicin, lycope lutein), &g &2 (all f If

allyl) 2 polyphenols (catechin, anthocyanin, isoflavone, tannin)2 &I},

HEE FISEASEZ 20 A (CeHe)2 =4 & F M 014 4D
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HIo Z&C U= chlorogenic acid, €21, JIXl, X%, A2,

e
oin

9l

anthocyaninsHl &4 S22 25 polyphenols SHEE0ICH 6&F2 flavonoids

{genistein, morin, naringenin, plargonodin, quercetin)& &tstE LDLOI Hel

8t 21} lipid peroxides, malonaldehyde (MDA)SI M A0l MolEl D &H3IIF Al

-~

D0 BRI A2 RTAIZI0I 20 A

alo
o
1

BHOIE + UA2SH 0I2ZM



HEAZI=0 220 JqATHD 206}

flavonoidsJt OIHIZE M S
(Safari et al.,, 2003). &8t Harmon et al. (2002)2 flavonoidse & ZFQI
genistein0| CCAAT/enhancer binding proteins 8 (C/EBPB)2l tyrosine 2I&Hg}

E ANE2EZM adipogenesis® MoHSICI) YDA, genistein€ rat
adipocytesOfl 1 mM2 =<8 Xelotd2 M fipogenesiss= 84% 248D
lipolysis= 200% ZIJE2=2ZM XZMEUHAH XN HH2 0= 001 ATt

0 205ACH (Szkudelska et al., 2000). £3l, HIZCF0H SO U=
polyphenols2 ZHAIZE W 22 AHE HAHZY Rl 2dAHEY, 262 X
2 HMNotAMZC=EM

SHet marker?! apoprotein B100 (apoB 100)9] 23
cardiovascular disease (CVD)Q &t"¥g =g 4 Y
Sgret HIZol T47D, MCF-71

HILTF9 polyphenolsOl

al., 2003). &t
MDA-MB-2312] EAE Mi822ZM &40l AL 2DoHACH (Damianaki
et al., 2000).
2 A8 2, Y, ¥, B
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Polyphenols 3t& 20 =56t=
L M =Iot= HdYs =, X, Aol MA0|IH E2 2A0MAE flavonoids



H MAM =S Fig. 12 anthocyanins®l 2|20t 38R A E LIEIW A0l

O Rt R EZ0I M2t delphinidin, malvidin, peonidin, pelargonidin,
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cyanidin ¥ petunidin@& &t Anthocyanins Al2HUAE F2 A

WOl EMot=dl == it f

[N
E |
o

AERC! BHEMZ ZEMotH &, L2, &

B>
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o, ghdtats, Uit 52 JIs0l AT (Tsuda et al., 2004). 2t 1

0t F&8 anthocyanins® 1.1-diphenyl-2-picrylhydrazyl (DPPH)
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=
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R,
delphinidin Ri1=R2;=0H pelargonidin Ri=R;=H
malvidin R1=R:=0CH; cyanidin R1=0H, R2=H
peonidin R;=0CHj;, R:=H petunidin R:=0CHj;, R:=0H

Fig. 1. Basic chemical structures of the major anthocyanidins



cyanidin-3-galactoside, pelargonidin-3-galactoside, anthocyanidins, cyanidin,

delphinidin, pelargonidin, malvidin® &2 anthocyanins2 2 & p-M=Z0

Xe|ME M 2= HIS0] BIFE22M anthocyaninsOl H28 a9l A

Z2 Ol UMM SO Y2 21012t BHotALH (Jayaprakasam et al.,

2005). Mouse HHOMOIA e 3T3-L1 OLXIY MEE A% OLME HEHE U

EFLHXIGH &2 E2| confulent AEHDF ZI8 MIE)El EEZ2=2 Q5610 Go/Gi

A&0l SXEC (Harmon et al., 2001). 3-isobutyl-1-methylxanthine,

dexamethasone % insulin (MDI)X2ZIE 6l12 0IE SO HHQSGHS OtXlgt M

OII

= U8 AXE=DIC Gi/S29 AW SAM 23t AIEECH (Green et al.,

H-

1974; Rubin et al.,, 1978). Fig. 2= OLXIZ AHIZEWH MDIE HM2ist =

adipogenesisOl Z0idt= 0idd M AIQITIE LIEHWH 200ICH 23 =J101 oKX

MZT= 2~3M2 RKRAHSEHREES HIAH S0 (Bernlohr et al., 1985;

Cornelius et al., 1994). G0lAH SJ|29 XisiE AN EEO| CHHAOL Rp

O QIASIE E6A XEO0| Ti=0! retinoblastoma protein (Rb)2l QA= ®
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ADDY | IFAS,LPL ACC | __
SREBP-1 SCD-1, 2 Lipogenesis

PGC-1,2

| / STATSA,B,

aP2

MDI —s| C/EBPB \ \
Glucocorticoids ™* | C/EBPS Adipogenesis
. . ~ /

~

C/EBPa §

Fig. 2. A model of the transcriptional cascade leading to

adipogenesis



Eo| MAQIA 20 HES0] 2HMN UCH C/EBPs= XHMES 2
ol UNHA S2e FAUTZAH 0IFHE 6 &= U= JIsg HE JA

Al Z28 a0 02

Ju

el DNA 28

1%

AE C2HO JINL2 U2 C/EBPa,

C/EBPB, C/EBP8 % C/EBPJI XIZLXZOA ZUSECH (Darlington et al.,

1998; Rangwala et al., 2000). MDIZ =23FE KT A 4A12F OIWO

C/EBPBZt C/EBP8II R E=O C/EBPB/& heterodimerE 3MGIAH 13,

peroxisome proliferator-activated receptory (PPARy)?t C/EBPaZ & A 3}A|

21CH (Cao et al., 1991; Yeh et al., 1995; Tang et al.,1999). C/EBPa= &

2
10

AE2EIIsE XN 2435 PPARyD Z&SHCH (Tang et al.,1999). Ol

HE

o
o
£l

AT ECl 438 = adipsin, adipocyte-specific fatty acid binding

protein (aP2), stearoyl-CoA desaturase-1 (SCD-1), glucose transporter—4

(GLUT-4), phsphoenolpyruvate carboxykinase (PEPCK), leptin, CD36, insulin

NEAE 0| FEXNSS H3AZT (Hawang et al.,

o

receptor it &

1996; Ross et al.,1990; Mckeon et al., 1991). PPARy= %8t retinoid X

receptor (RXR)IT OIEME #Ast=d lipoprotein lipase (LPL), PEPCK,
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acetyl CoA carboxylase (ACC)Z Z&2 XIZAH=E

Jm

OIREXE Ed3AIIT

QI

(Rangwala et al., 2000). InsulinOll 2/ai C/EBPaS] mRNA & 20| SItg
=00 3T3-L1 OLKE AIXE0 MDIE HMeldt 23 RTE Al2IH C/EBPBY

C/EBPs= MDIZ XMl HE2H 2 MMA SOt6t2 C/EBPB= 1.6H1 014

SIt8tlh. PPARy.2t C/EBPa= 23 |RTAIZ! 2 42 WRH =235 SototH
C/EBPa= 50HH Ol& ZJi5t1) PPARy.= 40HH Ol& Soidte 242 21

1 UCH (Kim et al., 1998; Yagi et al., 2004).

NSME S0 RAEXN = sterol regulatory element binding proteins

(SREBPs)= helix-loop-helixZ JI& F Al XH AR Z M SREBP-1a, -1c &

27t 2 cholesterol, fatty acid, TG, phospholipid 2 LDL receptor2] 24 At

b

i

0ok

== 0ll

)

del X

o
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MU
ol

= HARIXOICH (Brown et al., 1997;

1998; Spiegelman et al., 1998). SREBPs= 9 ZE CHA2 N AXH o o

HE UHFUAN S 243 B2 d72M2 40| &0 0] ¥2ME bHLHZIp
e I U= NHAZE XHIISE 2= 590-aa2l COOH-LE O

Z FEEH0N UASH NHAZE2 2fie] 2801 2= 8 Se§ (nSREBP)Z
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9rute) ZE0l 2ol ol fdhME el HEXOl 2ol BRSHH =20
= COOH-Z2S HA0| SREBP cleavage activating protein (SCAP)3} 286t

2ZMUA SAAHS0 FHOH DY SCAPE2 AHES £F2 2XoHH

SREBPsE AXIMOMAN & &

1o

el d 2ol 401 UAs XM 0IsAl2ICH

(Goldstein et al., 2002). Site-11t Site-2 HHA ZHg40 A

Ik

Hol =0

Tt — "

Sl A SREBPs2t2l ZE0l 2oHZOHA 2XM ZH S0 (Horton et

ol

al., 2002). 243l SREBPs= & U2 0IS3I HMZE W SdAHE, 29X

2, TGE EJtA2l=s |ERsS

o

2 HSAIZIH &0 SREBP-1a%t -1c= TGS

oIXE, Xt

0%
0x
2
i3]
L=
on
rir
30
r

=2 243 AIIH SREBP2= EdiA

HE 8413 LDL receptor® EAMs0l 20&CH (Horton et al., 1998).

SREBPs2 mRNAQH A 2t& 2 jnsulin®ll 2ldi == (Sewter et al.,

2002; Nadeau et al., 2004), BIGHOILF Hi2& =S 2000 insulin M & 40|

UEs HEHMA = SREBP-12] &8 +ZF0| 220 022 XNYAMEUHAM 2HIE

Ir

= TNFaJb SREBPs2l XEZ 23tAIZ1D0] MR Az 2L AU
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(Sewter et al., 2002). XNZHME E0| SEXC PPARs= 30

I
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Z +=8M2 & SF]0IH NE, X=d UAH & HIUX Sadit

e
m
m
10
2
>

& ZZols EMAUXZAM PPARa, B, ¥y R 82 Ul /I UL PPARaE 2,
SF, ZMANYXH, 2], d30lAd =2 80 D0 %= S8 NFe2 0

S, Ngah M3 S0 201 2H0A XZatel 22 X260 PPARBE %2

o
Jﬁ
2
x
na
o
n
-
]

o, AE, 4 S 22 RN S5l =0 280l =Y

YOS acyl-CoA synthetase 22| 2€&HE ZXESL (Desvergne et al.,

1999: Lim et al., 1999). PPARy= =2 XXX HAHEUHAM S0l HH

A OHAIE I splicing® &0 et PPARy= PPARy; 3t PPARy.=Z LR =0

PPARy:Jl =2 XZXZZMA 280l =0 XNEa2 TG HHHE MEols

-

JI=0] UA2MH RXRa2t heterodimerE M3 aP2, LPL, ACC, PEPCKS2H &

4R

ANSME SEAS &

o
g

o 208tCh (Rangwala et al., 2000).

PEPCK= oxaloacetateE phosphoenolpyruvate M EAII|= 22HE Al

=

ANA

oA o
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rr
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AZAM 2 EMXYIADL 24 O, AF, R

it
ol

Jbh
2
[e]]

A S0l S ECH (Granner et al., 1985). TGS sg4&dg <o @
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glycerol-3-phosphateE O Xl 2301 HstE SAIAIN 22IME MMDE2

NSZHUA Xge SBEE ZESI=U SAAO PEPCKS 2B +EE SIHA

H 2cdME ddUEE SIAAH NABIHUAS NSs dE= 2L A20

(Reshef et al., 1969; 1970). @& XiZ&tel 0] It el=el MEH0

MI1D GOl LHIN D=0 PEPCKE EF XYL =EE Z2AH s

2IMEAE MEAIIE JIss A (Lewis et al., 2002). Insulin PEPCKS

HMAFE L HIAIZIXICH cAMP, glucocorticoids, trilodothyronine2 &AIE

i

Al

2ICt (Reshef et al., 1970). OLXIZ HIZO A= PEPCKs Z&0I ©IX AKX

B NYANEZ FZ3&= S0l PEPCKE R&EX Y&

et

2ol

b

Jiotl) &

A
re

insulin® JL0ll 2t &80 (Dani et al., 19886).

aP2e =2 NLNED} HAMENA 2SCH MHE W Aot =50

CHArRt ZtEEl W2 22X HEZE SdHI0IH 2 Ats A2ats 3T}

=0 NIZESS S&t ME W Xgae KM FES S0 SJoi AL S

A0l OHOHGHA LOLHCH OIE2EeI0 AZX, 3, XNHLZS, HSAl

Of

o 2

AE L Ol aof2titel Xgate] olse aP20il 2lohA DHOH=CH S8 aP2
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Xighat st 22Xt &6t olsel +2H ElZ24 JILIOHHO 2laiA Elz

A ZOIIDF QIMtStE =0 Ol M aP20t Qlael o

IOI'
0
=
30
2
0f¥
ry
2
=
J8
1%

Ct

J

==8 4 QL) Kletzien et al., (1992)2 H2® Y ZDUZM

u
o

HIOtS ST A2l HOIH pioglitazoneS SX5IAUS [ aP22l 2§ 0l St

g

ST 49 ol&Eel £F0 2AES ERACLL 01X olsel 22du olzel

3l

lo

20 AN NSt A2 st 2ISRUCH NEMEZ 23EEA

aP2% mRNA 28 20| 88Xl ZIIoIH insulindt DX AT aP29

MANA 28 +Z

o

ZIAI2ICH (Kim et al.,1998 ; Tontonoz et al., 1994;

Margareto et al., 2001).
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1. Mz

Dulbecco’'s Modified Eagle's Medium (DMEM), penicillin-streptomycin

mixture, 0.25% Tripsin-EDTA, TRIzol reagent= Gibco BRL HIZE (Life

Technologies, Gibco BRL, USA)2 Aol 20, fetal bovine serum (FBS)

2 Hyclone MIZE (Hyclone, USA)E AI23IRCt Sodium bicarbonate, sodium

pyruvate, dexamethasone, 3-isobutyl-1-methyixan, insulin, methylthiazole

tetrazolium (MTT), dimethylsulfoxide (DMSO), GPO-trinder, Hanks' balanced

salt buffer (HBSS), glycerol standard= Sigma HIE (Sigma Chemical Co.,

USA)E AIE256I%CH Culture dish, 6-well plate, 96 well plate, centrifuge

tube, scrapper= Corming HZ (Corning, USA)1t Falcon XM= (Becton

Dickinson Labware, USA)2 A28t 12 Protein standard marker= rainbow

high molecular marker MZ (Amersharm Phamacia Bioscience, England)2

—

AESIA D) Western Blot Chemiluminescence Reagent & Perkin Elmer Life

Ol

science HE (MA, USA)2 AI=25ICH Mouse polyclonal anti-SREBP-11}

16



secondary antibody= Santa Cruz HE (Santa Cruz, Biotechnology, Inc.

USA)2 AIS5tCH Table 12 018 AU A& A-1575 ZE0AN F&&

anthocyanins2 &8 FS LIEFLHRACEH

17



Table 1. Component of semipurified anthocyanins from

epidermal tissue of the highly pigmented A-1575

wine grape
Anthocyanin Concentration (%)
(mg/g dry weight)

Delphinidin 110.6 17.3
Cyanidin 25.9 4.1
Petunidin 132.5 20.8
Peonidin 64.3 10.1
Malvidin 305.0 478

18



2. gy

1) 3T3-L1 i

3T3-L1 HIZE KCLB (KCLB, Korea)lld E2E 20t AIE5IAL2H 4.5

g/L glucose, 10% fetal bovine serum, penicillin /streptomycin (100 ug/mé

penicillin and 100 u4g/mM¢ streptomycin in 0.85% saline), 1% 100 uM

sodium pyruvateE &8st DMEMSZ 37T, 5% CO, HHLD|I0A HHXSHFRLE.

3T73-L1 OrXI AIXEIJL 70~80% confluent & PBS=Z &t RO 0.25%

TripsinfEDTAE XMclotol HICH ISR A= 32 0tCh w&stACH 3T3-

L1 ObXIe MiZES XEAHNEZ2 |RE= 100% confluent 01 = 500 uyM 3-

isobutyl-1-methylxanthine, 250 nM dexamethasone, 170 nM insulin (MDNHS

BRs X2 |KRTOHASH 32 =0l MDI HiXle 10% FBS2 170 nM

FACH 20

ol

2

insulin2 &=8t OMEM BiXZ 2t &EEMNtAl OIS0 &t wat

r

of Uhet U= A2t sE0 T2t anthocyanins2 HIGHRH, HXEZLE

DMSOE HCllatGelH 1 sS= 05%E EX RET= 5tAUCE Anthocyanins

2 50 mg/mé2| stock solutions@ =2 DMSON =¢! =, filter2 Z36IH 20T

19



Ol 226t ALSotRATH

2) HEXsSH &S
OFXIgt MIZO CH& anthocyanins

3T3-L1
96-well tissue culturel 1x10° cells/well®] T2 10% FBS
HHXls SEH WXz ©
H2EDI0

=S
B

KHStD 5 mg/mee)

=2

Of 37C, 5% CO, HHADIOIA BHESHRACH. 24A12
BoIRCM 8, 25, 50 £g/M2l anthocyaninsg X2lst0ol 37°C, CO»
Hi X2
. 4A

=
cellti MelotRCH

SO Hi ot A

0 slAH 200 ué

A 24 Al2tdr 48 Alzt
| &
DMSO 100 #£E EIIot plate shaker2 E&0]

MTTE BHAIZ 1080 SI&AIZ!

£ MTTE HIH&tD
(S ELISA reader® AME0IH 540 nmijlA SZ2EE ESHOIQC

2

3) Oil Red O Staining
£ 60% Oil red O stock solutiondt 40% D.W.2l HIEZ Qil
PBSZ HTEE 41

=
o\_T

0.7 g Oil red O2 200 ™29 jisopropanolll sSHA Oil red O stock
. ao

HH XIS HIA

solutiong ot
red O working solution2 StSULE.
20



formalin 1 M2 271 AL20A 1AI2E SXIAIZALCH Formaling MHGH2 60%

isopropancl2 %10 22l &, Oil red O working solution 960 #E €1 1Al

ry

Od AH
a=

]

F EFESZE 48 PtSollAd AHWLE2 100% isopropanol2 EME &

HE 500 nmOflA EZTE ZFHGIRULCH

4) Triglycerides =&

Cell2 HBSS2 5 Y HAHGID trypsinrfEDTAZ AHIEZE OHiOW

o

sonicator® 0I2ol ZESIAIZID O = 10 €2 FHoHA 10 #82] tert-butanol,

5 #£9] tritonx-100-methanol mixture (1:1, v/v)2 EUCH TG %= GPO-

trinder2 OI26l0 =AGISCE. TG reagent®l 10 M2l D.W., free glycerol

reagenttl 40 M9l D.W.E2 <21 reconstitute reagent2 THE 2 0.8 M9

free glycerol reagentOil 2t2+ 10 #£ water (blank), 10 #¢ glycerol standard

(2.5 mg/mé standard), 10 #¢ sampleg2 E 1 37CTOUHA 582 S¢ BI2A13|1

540 nmiA =D S %

i
»
i

FRCH O = 0.2 M9 TG reagentOff 22 10

e water (blank), 10 #£ glycerol standard (2.5 mg/mé standard), 10 £

21



sample2 &1 37TCOHA 52 S BtSAIZI 1D 540 nmOfl A &

OBt
T
0
H

Mot TGS ¢ standard curveOll 2t Al &SR LCH.

5) RNA 22l

Cell2 trypsin-EDTAZ MIEZE HHW Z Trizol 1 M, 0.2 ™ chloroform2

ES0F1 4°C, 12,000xg0lA 1522t A& Z2AIAT

KAMR2 F M E80 £22 ¢ 0.5 ™ jsopropyl alcoholg €13 102
2 20 & F 47T,

12,000<g0lAd 1022t EaEclAMRTH

AP Z=OH
=]

L SSNE Bid

kJ

75% ethanol 1 M2 4 0 47T, 7,500x<g0 A 5522t FAAZ2IAIZCH RNA
pellet2 5&~10

= a20

x

22l RNA free waterll

=0Md 55~60COHAM
1022} incubationAlZ211] 260 NnmijlA &

22 =X RNASEE H LSS
6) Real-Time RT-PCR
12.5 #£2 2.5 mM Sybr Green RT-PCR MIX (Qiagen, USA), 1.25 u£2]

0.5 uM forward primer

25 1£2] 0.5 uM reverse primer 0.5 uM, 0.25 uf
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o] QuntiTect RT Mix, 1 #£2] 50 ng/#f RNAZ ZZ=E S10IJ} 25 W)} g =2

RNase free D.W.E PCR &80 22 2=6t10 & HANHE F spin downAl2l

2 50C 3082, 95T 15&, 94T 15%, 50T 1=0IA 35 cycleZ2 ZEIHS

AAGCH. 22l 2 primers Bioneer (Bioneer Co., Korea)dl 2125t &

0x
Qﬂ
52
[m]
50
g;
2
o
r@

2t primer2] A2 Table 22 2 LC}.
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Table 2. Primer sequences used in this study

Gene Sequences GenBank
Accession
SREBP-1 F: AGC TCA AAG ACC TGG TGG TG AF374266
R: TCA TGC CCT CCA TAG ACA CA
aP2 F: AAAAACACCGAGATTTCCTTCA M84651
R: TCACGCCTTTCATAACACATTC
C/EBP-0 F: TTA CAA CAG GCC AGG TTT CC NMO007678
R: AAC TCC AGT CCC TCT GGG AT
PEPCK F: ATGCTGATCCTGGGCATAAC AF009605
R: AACTTCATCCAGGCGATGTC
PPAR Y F: CCAACTTCGGAATCAGCTCT
R: AAGGTGGAGATGCAGGTTCT NM011146

F: Forward, R: Reverse
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7) Western Blot
3T3-L1 cells2 A2t2 PBSE %1 lysis buffer (50 mM Tris-HCI, pH 7.4,
1% sodium dodecyl sulfate, protease

1% Triron X-100,

150 mM NacCl,

2

= 0 cell scrapper2 cell2 22 S 12,000 rpm

inhibitor cocktail 100 #£)8

4COA 20 22t |AAZCIARC JA&Zel & ASH SDS-PAGEE sample

buffer& 3:18 HIE =I5t 100COHA 1822t JIE6lH MIIGse

sampleg2 ZHSUCH 3T3-L1 AIES] HUME 40 482 10% SOS polyacrylamide
gel0ll loadingAl 150 VOIA 1AI2H 308 SO MIIASEIH THHAEZ =22iAl
g1

membranedt pad, filter paperg® 302

ZiCH. Transfer buffer0il
sandwitch® Xg& S 400 mAOIA 2AI2F =0t transferAlZCH. O F
SREBP-

20 A 1AI2F blockingAlZ .

membraneE 10% skin milk bufferz
oA tAIZE BHE A3

ic 11X & HME plain buffer®il 1:50022
washing buffer& 1022 2¥ AHl&st] W & SREBP-1c 2X & HE 5% milk
1AI2E BE2AI2|11 washing buffers

buffer0il 1:500022 35|45tH A0 A

b oW HIAESIRCE. Chemiluminesence Reagent Plus (Perkin Elmer Life

10&<
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Science, USA)Z A&3t0 Kodak X-ay film0ll 1=
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. 24 2 I

1. AnthocyaninsOll 28t 3T3-L1 OtXIY MIXE SA/ Xl

Anthocyanins2 MIZZ4! HolE 20tEI] fIof 23l A2 3T3L1 OF
Xt AIZE 96 wellOfl BHZAIZ1 1) 8, 25, 50 £8/MEQ| anthocyaninsS 24A12t,
48AIZH St X 2IstACh Anthocyanins®l AIZS4d Z e Fig. 30 LHEHUH R
OO anthocyanins2 =St XM2lAlZH0l et CHEZO0 HigH MES 23t Z0i
SX QAUALH MESAOI HolE Xl FUSS =olg £ AUQ/UCH 0 Z2WME 50
Hg/MEM XIS anthocyaninsOl 3T3-L1 OFXIZ MEN S42 UEHWX %SS
2 5 AACH

OEZEC0Y €484 0 2ol S2tMe 24 MTT tetrazolium= Xt

Qb

FMOl H|2EH MTT formazan@ & B AI2ICH 01218 formazanl X =

i}3]

mr

| -
<

AR C 2

o

540 nm< WMENMAM =GOt =0 O UM FSEHE &

ot

U
1>

NXES =&

U

O NE=d

ro
o

o U= AEO0ICH Zhang et al.

(2004)2 anthocyanins® aglycone®! anthocyanidin®l =8l=  malvidin,

pelargonidin, pelargonidin, delphinidin & petunidin® 5818 &, S8
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Fig. 3. Effect of anthocyanins on 3T3-L1 preadipocytes

proliferation

Anthocyanins was added to preconfluent preadipocytes in 8, 25, 50 ug/m¢
concentrations.
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2, HEME SO0l HMelstH MESA XNoigsE 538 21 malviding 200

pg/mio] == 2 H2lotYUS I ALAHEQ AGS=E 69%, HELMIIZOI HCT-

116 75.7%, HSAHEL NCIFH460E2 67.7%, RS HEL MCF72 74.7%,

SAAFA SAHMERQ  SF2682 40.5% HE  AHMIZESA0 ZAEUD,

pelargonidin® 200 4#g/meo] ST 2 Hl#S [ ALMHIEC AGSE 64%,

BAMER HCT-1168 63%, HSAMER NCIFH4602 62%, =S AHEL MCF

72 34%, SAAMIAHDMER SF2682 40.5% It MESA0 2AEACH

T2l cyanidin, delphinidin 2 petunidin® 200 4g/mMo =2 X2IstAYS

I FEAMEL MCF78F 212t 47%, 66%, 53% JtE NESA0 ZAHUACH

Jdeilt Ol2de MRS SA HolAE

fo

5&£&9 anthocyanidinsgl HMils&

o =21 MEe 222 AIEE 0. Harmon et al., (2001)2 anthocyaninsit &

2 flavonoidHlHl =dl= genisteindt naringenin0l 3T3-L1 OFXIE MIES] MIE
ZAZ ANSIFCHD BDSIYUCH JHU HA A8 OLMIZEQH 3T3-L1 OtXlI=

NEZS  MEZSAO0 XMoclgAlls A2 EXNLELUXNZAM  genisteinit

naringenin0l HEZ#CIIEC 0] & flavonoidH SFE S0l 3TFLIMEN S&2
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LEILHE Xexz M50 T8 5 S Ml sTob AUXIN =gqs 2

H

NESA0l Moliel 0l & otLictl d2&0
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2. Oil red O &A

st

Anthocyanins® H™2lol 28t 373-L1 XIZAIES Xgws A0

)
08

g oot Aol Oil red OF SMGHACE Confluentd 0|2 £ DMSO £ &

anthocyaninsOl &SR% MDI HEXIZ HII5IH (0Y) 3T3-L12 OtXIE MIEQ

NEHEZS 238 RTotRL 72 M = € Ol Red OBU2Z NEZ2

[o]]

4

NEE SMAIZIZI 100% isopropancl2 EMAIH 500 milAd SEZEE =X

Fig. 40lAd 2= HIQ 20| DMSOZ HM2lsh WX HISHH 20 ug/meo)

anthocyanins2 HM2alst A& 20| X220 HIGHH 2 35.3% YACH, 40 18/
MESZ anthocyaninsE Xclgt AETES & 49.4% RLUCH 0ldst 2=

anthocyaninsOl 2Jal 3T3-L19 X222 40| AdMEAAJC=E HES UEIYT

Fig. 5= 3T3-L1 OLXI® MIZE2 23t & AlIZH0 et anthocyaninsGil 2}

o

NgEH HAE Oil red OBME Soll 20t 2U2AH MDIE Xl &0l

et MMEZE22 230 RCEHSHAH AE el X2 02 MOl HisH 3

2 Mol= 10% 2t SOA2U 92 Mol= 3HH Ola S8 E g = U
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Fig. 4. Effect of anthocyanins on lipid accumulation in 3T3-L1

adipocytes

After 2-day postconflunce, 3T3-L1 adipocyte differentiation was initiated by
addition of 100 uM IBMX, 1 uM DEX, 20 mg/mé INS, 40 m/m of
anthocyanins until 7 days. Stained lipids were extracted with 100%
isopropanol and measured absorbance at 500 nm,
. Significantly different in ANOVA test (xp<0.05).
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Fig. 5. Effect of anthocyanins on lipid accumulation in 3T3-L1

cells with treatment for different durations

Fully differentiated adipocytes were treated with 20, 40 m/mé of
anthocyanins at 0, 3 and 9 days. Stained lipids were extracted with 100%
isopropanol and measured absorbance at 500 nm,

*. Significantly different in ANOVA test (*p<0.05).
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ACH. 12l DMSOE HMelst X220 HIGHH 32 Mols 20 wg/md 559

anthocyanins2 HMe2I#2 M 20% I 2ASIAOMH, 40 wg/M ST

anthocyaninsE MRS e 21% I 2402 UL 72

0x

2 LIEHLEA &

UACH &

o

9Y MOl 20 ug/mE =T O] anthocyanins2 MolES O

rr

hxz

Of HIGHH XIEH=H0| 100% b 2ASIARD 40 wg/mM =59 anthocyanins

S MelMS s X0 615t 120% JHe 245D

ol

S stoig 4+ YA

4>

T

Ct.

I

NZME2e 230t RECSA 3T3-LITME e X SHS$2 St

0

HE

o
J

& A
solg & YUY

ol

otAXI8  anthocyaninsOff 28t XEHH=E0| XA

Ct. Harmon et al. (2001: 2002)2 naringenind}t daidzein 22|11 genistein®@

g N =5 dHan

L]
il

M
ol

A3t A3, naringenin®t daidzein2 Algt =& X
SHE I AUE B genistein® A0 dlol AIEZ W X2t EHE 40%
AHAZHCHD Aot sst  flavonoiddl  dt&E20°1  anthocyanins®

genisteint Ot&JIXNZ XNEHEE AHot=ed St USE 2 = UAUCH

2

o

Lin et al. (2005) 3T3-L1 AMZ0 S=X° catechin A8 ZF

epigallocatechin gallate (EGCG)E 0~200 uMe s 2 Xe2ldt Oil red O™
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Agter APYPEE 2I0IRAUCE Ol 2 A2 LXGHLD polyphenol

Fig. 62 3T3-L12 SEHE UEH A2 M A= 3T3-L1 MEI |REE DI

& HIE 2SI 100% confluent &1 22 Wl ME SHEIEAM Z2H ¥ &R
OtMIE EHEHE 20 ECH BE 3T3-LIS XNEMEZ 23 RT8 22 T2 SN

OlH C% D= 22 2aR&oty 621 82 XY o ME HEHOITH =3
STAZID AlZtol XG0l et ME 220l S26iN1D XNHYLSS0| 4

Mo
r

s0I322

k

= & & QIRUCH Gomez et al. (2003)= MDIZ XM2IatXl &

OXI Al 102 M A el MDIE XclolA Mol XIZMEE 2

no
ol

StAIZD 102 M MHIZS SHE LIBHHAEO NBHEZ E3FAITIX @2 OHA

& NE=E 57 OLAZ FEHE UEtY BtH XPNEZ 23A2 AlE=E 31

S2 NLLY=SS0l S & FEHE UEHHRLD AIZH0l X+ X220l It

S & EHE UedH =2 o

09'_‘

20t LXISHACH
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Fig. 6. Microscopic morphology of 3T3-L1 during

differentiation

(A) 3T3-L1 preadipocytes after 2 day confluency.
(B) 3T3-L1 adipocytes after 2 day induction.
(C) 8T3-L1 adipocytes after 6 day induction.
(D) 3T3-L1 adipocytes after 8 day induction.
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3. AnthocyaninsOll 28t 3T3-L1 XIZAHXZS TG = Hols
3T3-L1 OrXIE MIES XYUMHEZO 2RO OE TG =X st

anthocyaninsS A HESNE EH6I0I /A5 MDIE XM2I& W SAI0 20 ug/mé

o

7€ M =l

rir

o 40 pg/me2| anthocyanins2 3T3-L101 XMalotR D 23R E

g TGY SHMA 22 ZFGIACH Fig. 701 2 Z2UE UEHHJAESO 20 ug/me

9 anthocyaninsS XMalgS ES X220 HIGHH TGS 20| 46% Jtgk 24

3t D, 40 ug/meol anthocyanins2 HMelM2 AL[Q0 s 52% It 2 AL

Furuyashiki et al. (2004)= 3T3Lt2 =23UE =0 4 B89 =Xt

catechin 5 pM2 XM2Ig2 M 3T3-L1Y XYU=EHQ| X201 HIaH ()

catechin 3-gallate (CG)= 67%., (9)-epigallocatechin (EGC)2 77%, (-)-

epicatechin 3-gallate, (ECG)= 75%, (-)-epigallocatechin 3-gallate (EGCG)&=

84% ZASIUESE 2 NoIYUCH Harmon et al. (2001)2 flavonoidAl atet 20l

A
-y

20 HEZ0l dl

Al
o

genistein2 3T3-L1 XIEMHEN H2IGHH XNUZHES

ol 40% Jtgr ZAAZRCOD 2O5IALQH ES Tsuda et al. (2003)2 70

11

=0l

= FUAH 123 St cyanidin- 3-O-B-D-glucoside®t &H DX 2A0]

37



re

A
=

=]

ol XM= NExHe 2]

o
I

=
o

O A A0 cyanidin-3-O-B-D-

glucosideE &M 2018 F2 MEW AR = DXYA0I2HS S0I8t FH ol
HioH && 2LUACH E Kawakami et al. (2005)= 4F&2 Fo| 22 0|42
2t aglyconedt glucoside2 & A0l RO CHol 0.1%2 402 SO 50|68t
R M X0l BIoHH 2ta €2l & 24 AHE +=E TG +=F0| 22
SIACHY EN8HRACEH Yugarani et al. (1992)2 HARMAH=E FAUA X AOQ

e M 2.5% cholesterol, 16% lard®t polyphenolXl 38291 morindt tannic

acid€ 212t 102t S0/olAE W EF TG =2 5ol 65% & &40t

Ab

(=2

R BA3ACE 0

1o

Z 1= polyphenollt OI&IJIXIZ anthocyaninsSd

ol

H

=i

0 g
rr
>
0z
A
Bhal

gt 529! cyanidin-3-O-8-D-glucoside0| L XIgtAl0|Z2 0!

o EIE Mdoliotti= XS LIEHUHEH anthocyaninsOl XAl XIZREHE

AMet 2 g2 LXotACt
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Fig. 7. Effect of anthocyanins on lipid accumulation in 3T3-L1

cells

After 2-day postconflunce, 3T3-L1 preadipocytes were differentiated by
addition of 100 yM IBMX, 1 uM DEX, and 10 #g/m¢ INS containing 20 and
40 ug/mt of anthocyanins until 7day. Whole cell lysates were measured by
TG assay.

*: Significantly different in ANOVA test (*p<0.05).
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4. AnthocyaninsOif 2|8t &AICIAL & A

3T3L1 OtXIY MEZe XZAMEZS 230 ANHM F2 JAMUMSO

RotH =30 Ot NSAEZZFEH el NSBHE S0l RINES0| 8E

Ct. Anthocyanins® Xclol et SREBP-1c, PPARy, C/EBPa, PEPCK, aP22)

mMRNA 28 £=0) st &8 202D 8t real time RT-PCRE Edl =2

s
a1l

t

4%

Ch.

o]

A8 E4H3AMAHA ZIHCZ TG #4e &6

fr

Fig. 82 Xigat &

i

0x
foh

SREBP-1cS2 mRNA 28 £Z=2 UEHHA=O 1 #g/m2 anthocyanins2 X

e

rr

el

32
o

2R X2 20 7%, 2.5 1g/mol anthocyanins2 XIS B R0

7.5%, 5 ug/MS anthocyanins® XIS FR= 14%, 10 ug/meo

anthocyanins XM2I¥E AR0E= 42%, 20 u#8/m2| anthocyanins2 Xcl#

2 AR 48%, 40 wg/mM2 anthocyanins2 M2 2R0= 69% et

SREBP-1c2] mRNA &8 +=Z0| ZAotALH

Sewter et al. (2002)= At&Cl XIZMIEN 100 nmol/Le sE2 insuling

24AM2t St Melst 21 insuling XMZlotAl &2 UHEAZO0 HIoH insuling X
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Fig. 8. Effect of anthocyanins on the expression of SREBP-1c

mRNA

Total RNA was extracted with TRIZOL reagent and 50 ng of total RNA was
used for real-time RT-PCR.
= Significantly different in ANOVA test (*p<0.05).
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212 Mo SREBP-12) mRNA Z& £F0| 3Hi It SJlolASE 2100t

O, Ide et al. (2001)2 FOAH Al0I0 sesaming 0.1%, 0.2%, 0.4%2 &

I8t 20I5tHS M sesaminE® 0.1% % 0.2% &ItA0l= SREBP-12] mRNA

ne
[‘l

£2EE 25~30% ZAAZCH sesaming 0.4% FHIHA0l= 50% It &

e

AZ 25t £8 Tsuda et al. (2003)= FIOA LOXI2A012

oo
i

cyanidin-3-glucoside (C3G)Jt ZE2&t A0|2 FTUS Of 2t MXLMEZOA

mRNA 28 T2 I 22WESS BDGIYCH, Ol & AW LXotA

Ct.

o

Fig. 9= XNZAIZS =230 AN ELS A2 dt= PPARYS mRNA 2
8 HZFE2 UEHHAEO 1 #g/M2l anthocyanins2 Hl@E 22 X2 2
Ct 15%, 2.5 4g/m2| anthocyaninsg XMzIME F2R0WMe 20%, 5 ug/me
anthocyanins2 HZIME FRE 24%, 10 4g/m2l anthocyaninsE Ml 2

AL20= 30%, 20 48/MS| anthocyanins® XMeIHE PSR 33%, 40 ug/miol

anthocyanins2 XMalFHES R0 = 47% It PPARYS mRNA 28 +=F0] &
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ASHACH Kim et al. (2000)2 373112

PPARYy mRNA & +=Z0 Hlol XZAEZ

=0 sMol ZItot”}3SE Northern blotE

o

HI

2350 d2 OlXY MIEMAS

1 = 22 mRNA 28 =+

EotH =YY D Yagi et al

(2004)= 3T3-L10I XNLNZEZ 23t RE&E0 PPARy 2 23&Il HBT

mRNA &8
C/EBPa 2t H|==8& AlID|Q 42 WEE

HCH 213 Heim et al. (2004)2 2%

20l MECH 108K Ol& SJtotR 1)

2 20l S

0

PPARy.= 408K Ol& ZItotl)

FH Sotot2sE 216t

o]

= JENEE KNLAEZZ 23AIARSE W

32 Mol PPARY:2l & 20| B3tAIZIXN &2 OtXIE HIEZS] PPARy.2l &

LSS0 7108 SotetACH D 206D

£ =20l

o

Margareto et al. (2001)=

o XIHAEONAS PPARY22l mRNA

H A
gs =+

42X Aol

o tHx=2=20 2.5

2

A

B =U0D EN6IHECH O2L 3T3-L10 genisteing XM2IatH 2 [ PPARY:

2l mRNA 28 ==2 32 Moo= 2=

UCH 21 Mol= 280 2dAHUASS

(2004)=

gt £ 52 M 3T3-L10I 5 uMe
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. 12l Furuyashiki et al.

tea catechin® A& = (-)-catechin 3-gallate (CG)E XZLAHIEZ =2

sE2 M2 ES [ PPARY22l mRNA &8
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Fig. 9. Effect of anthocyanins on the expression of PPARy

mRNA

Total RNA was exiracted with TRIZOL reagent and 50 ng of total RNA was
used for real-time RT-PCR.

*: Significantly different in ANOVA test (*p<0.05).
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A2 HEZ0 Hioh 62% Ity Z2A5tAD 10 pMe s& =2 X2loldsE M=

95% IOty ZASIAU2H 30 M2l s&=2 HelstES s 100% It 240l

A D BDBIRCEH T8 Tea catechin® & & ()-epigallocatechin 3-gallate

(EGCG)E =3t = 82 M 3T3-L1 NLAHEMN 10 pM2l s&2 ™MelMES W

£ [ PPARy:2] mRNA &€& #Z2 X220l

(=
(o]}
==

53% Jtg 2PA5tAD 30

IMEl &2 Hel#2 e 69% I 245

00
IlllO

JoHACE Ol 22 A

Az XNSMEZ 2a=SHA PPARYS mRNA & =E2 ZJtotXg od

flavonoid Hl 820! PPARy2 mRNA 28 £F2 ZAANZ0OE=E XS ¢

1

AAD anthocyaninsOf 2o A PPARYSl mRNA 2& 40| 2d4HAUASS

Jo

it 2 gl X6kt

C/EBPa= PPARy2t Z &5t adipsin, aP2, SCD-1, GLUT-4, PEPCK,

leptin, COD36, insulin receptor St &2 XZEAHZE S0 KFRIEAASS

2 d3AIIE SR8 HARIXOICH Fig. 108 C/EBPaSl mRNA 28 #=Z2

LIEHLHA =D 1 4g/mMEQ) anthocyaninsE XMcalge AR WXZEC0 18%, 2.5

pg/meo| anthocyanins® Mol FR0E= 30%, 5 48/M2| anthocyaninsS
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Helgle B 39%, 10 ug/meol anthocyanins® XMalE TR = 63%, 20

ug/meof anthocyanins2 XMelES FSL 68%, 40 £8/M2l anthocyaninsS8

Helg 0= 79% bt C/EBPal] mRANA 28 £F0! ZA0IJCH Kim

et al., (1998)2 3T3-L1 XNZHZOMA insulin®l 2ai C/EBPaSl mRNA &3

0l

Ol

JIotAS S EUOHRALL. Yagi et al. (2004)= 3T3-L1 OLXIZ AIZEOM

A4

A
e

MDIE XMl ol E3E R AIHA A0l XG0 Mt RENSS 2 £

Mo

2otEg=0 C/EBPBR C/EBPS= MDIE HMcal8 0¥ MOUIARE 22 MK

Eotetll 11 FR2= MASl Z2aE=0 C/EBPBE 1.6H1 014 ZIISHALCH

[o]]

Al

Jelll  PPARy2t C/EBPa= 3 RZAZID B 42 WEREH 23
Sot#=dl C/EBPas  50H 014 SJI6tRA2M  PPARy.= 408K 014

Eototiss JotRACH  Insuling  3T3-L1 XZMZEM X™HelstAS

MclAlzh, XMelsTot Sotg0 et C/EBPall ZEHIT M SIHES

H

2050, Heim et al. (2004)2 =22z J|IZHNEZE X

oL

HE=2 =23AMA
genisteing Xclst 20 E3tAIZIXI 32 M C/EBPaSl 2320l =3HAIZIX

2 32 mol

A4
fr

@2 WEZECH 4180 Sotot} D C/EBPaSl mRNA &3 =+

46



Relative level of mRNA (%)

0 1 2.5 5 10 20 40
Anthocyanins conc. (ug/ml)

Fig. 10. Effect of anthocyanins on the expression of C/EBPa

mABNA

Total RNA was extracted with TRIZOL reagent and 50 ng of total RNA was
used for real-time RT-PCR.

*: Significantly different in ANOVA test (*p<0.05).
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AN2MEE 23t HWEZ20 2.300 ZA06tACHD oIAUCH 0l 22 AA2

JbotAet ded flavonoid Al

Ol

NHES 2S5BS C/EBPa 28 +F0|

H4F2E0| PPARyYS ZHE2 ZAA2iI0e A8 2 £ AJYLD anthocyaninsOf]
Ol A C/EBPaSl &&0| ZAZIASS &A0Ist 2 A& UXSHAULE

Fig. 112 SclAMSMYE LS 2401 PEPCKSl mRNA Z8&

A
[}
ol
fir

£FE ULEHHA=M 1 4g/meol anthocyanins2 M2 AR WXZ2=EC

—

8%, 2.5 Mg/M2| anthocyanins2 Ml AR0s 11%, 5 wg/meoy

anthocyanins2 XMelME2 Z2RL=E 16%, 10 4g/M2| anthocyanins2 HMIIMS

HA20= 21%, 20 #g8/ME2] anthocyaninsS HMoIgMS AR 21%, 40 4g/meo|

0l

A

anthocyanins2 XHZlE2 ER0U= 62% JIE PEPCK2 mRNA 23 £

2 A0HRALCH Tontonoz et al. (1995)= 3T3-F4420t 23t REHHA PEPCKS

0l 8X3dl =EIE8e 206t Vijayan et al. (1997)2

HM
r
Qll
Ol

mRNA &3 =

flavonoidHII #dl= B-naphthoflavoneE S X SHOH X™2lotd  2tel

0l ZAdIASE ED6H/”ULD Yamada et al.

HH

PEPCKS mRNA 8 =

(2005)= FHol ZHHIEQ!I H4IIE MIZEN =Kol d=29Q) epigallocatechin  gallate
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Fig. 11.
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Total RNA was extracted with TRIZOL reagent and 50 ng of total RNA was
used for real-time RT-PCR.
= Significantly different in ANOVA test (*p<0.05).
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Total RNA was extracted with TRIZOL reagent and 50 ng of total RNA was
used for real-time RT-PCR.
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Two-day postconfluent 3T3-L1 cells were inducd to differentiate in the
presence of 0,1, 2.5, 5, 10, 20, 40 pg/mé of anthocyanins for 8 days.
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