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ABSTRACT

Hesperetin belongs to the class of flavonoids, called flavanones, which are
abundant in Citrus fruits. Hesperetin is derived from the hydrolysis of its
aglycone, hesperidin. It has been reported that hesperetin has a
pharmacological effects such as anti cancer activity, lipid-lowering efficacy.
In this study, The effects of hesperetin on the lipid accumulation and
PPAR-¥ expression were Investigated during adipocyte differentiation.
Also, the effect of hesperetin on the ERK activation in proliferating
preadipocyte were analyzed. We observed as follows ; 1) Hesperetin
inhibited dose-dependently activation of phospho-ERK 1 and 2 in
stimulated 3T3-L1 with insulin. 2) Hesperetin reduced significantly the
PPAR-¥ expression during adipogenesis of 3T3-L1 preadipocyte. 3) The
accumulations of triacylglyceride in hesperetin—treated cells was to be
decreased as comparing with those in no treated—cells. 4) Hesperetin
inhibited dose-dependently cell proliferation of 3T3-1L1 preadipocyte. These
results suggest that hesperetin inhibit the differentiation of 3T3-L1

preadipocyte.

Key word: Flavonoid, Hesperetin, 3T3-L1, Adipogenesis, MAPK signaling
pathway. PPAR-¥
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I.A4 £

AEol dul, oA, A, <, =, UHFAE ol FRH de SHERxol=s
flavanone, flavone, flavonol, isoflavone, catechin %3 % polyphenolic 3=
(Mouly et al., 1994 ; Rouseff et al., 19872, A X AFzxd A¥XAE 33 (Kuo.,
1996), &4kl &3 (Robak J et al, 1983), estrogenic & }(Miksicek et al., 1993), =L
2] 1 antiestrogenic(Le bail et al., 1998 ; Molteni et al., 1995) &3 2 AT &A
Zt=t}, et -ol= G Z+= 2-phenyl-benzo & flavan nucleus® T4 H o] A

nucleus™ oxygen—containing pyrane ringl.® 9A%H F7019 benzene 1L E 9]

! J‘J tlo

o]z 9lth(Silalahi, 2002, Figure 1.A). Genistein, hesperidin, hesperetin, naringin,
naringenins & E 2 ZgH olEg2XA dF FHAHEZY RS FAA7E ¢
&8s 7HFYda B3 #® vl v (Monforte et al, 1995 ; Bok et al., 1999 ;
Lichtenstein., 1998).

Wl A 2] B2 2] (white adipose tissue) LS5 &= T3 Ay x| Yol X7t 3] A
AEE uvgko] T o] type 29 %W (non-insulin—dependent diabetes mellitus)¥ 118
WA 2 AFAEe] Fa ale] ®oH(Must et al, 1999). H]¥F} type 2
WA g ARSI e 3T3-L1 AA WA E(preadipocyte) &= Confluence
2SS AR 38t mitotic clonal expansionS HAdto] xH =%

E Arh(Figure 2.A). 3T3-L1 AX WA ETE $H
ol¥ H (Fetal Bovine Serum)e] U= FAdAE dAHd Hzrp Loy uh
insulin, dexamethasone, isobutylmethylxanthine< *]2]shd X|HA X 317} & A3}
A 2 "t (MacDougald et al, 1995 ; Gregoire et al., 1998 ; Cowherd et al.,
1999).

Insuline AlA ALY F$83 s 2802 AA oA AW
i ihjr(Zhang et al, 1996). Insulin® insulin <F&A <o HREH=
Ras-MAPK (Mitogen-activated protein kinase) A& HdY HAZE AX HAAPAXEE
APAEE By esE 28T (Smith ef al, 1983). AEAET Ad A A
pdd/p42 extracellular signal-regulated kinase(ERK1/2)% extracellular signal-
regulated kinase kinase(MEKI1)ell <€]3] threonine ¥ tyrosine 7|7} <143} Fof
ZgstEm, 24d3td ERK1/2¢ st AARIAES 24S dFqomq Alx 54,
M 3E E3}, anti-apoptosisol] #ddtthar & A dth(Ceresa et al, 1998 ; Avruch.,
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1998 ; Downward., 1994). AW AEZ B3 ago| = FA3te ERKZ} peroxisome
proliferator-activated receptor ¥ (PPAR-%)¢] &S A A3A A AHEIES Fr3
t}(Zhang et al., 1996 ; Camp et al., 1997 ; Prusty et al., 2002). PPAR-¥+% retinoic
acid-like receptor(RXR)¢} ©] &A| (heterodimer)E A 3to] T4 /4219 peroxisome
proliferator response elements(PPRE)e] ZA3tgto 2R s dF Azt AALE 2471
tHTontonoz et al., 1994 ; Houseknecht et al., 2002 ; Figure 2.B). A &dthAle} EH
A #HEE  phosphoenolpyruvate carboxykinase (PEPCK), lipoprotein lipase
(LPL), fatty acid binding protein (aP2), uncoupling protein 1 (UCP1) 52 PPAR-¥
o ols] A 2HHAT I A 9t (Tontonoz et al., 1994, 1995 ; Schoonjans.,
1996 ; Ross et al., 1990 ; Sears et al., 1996).

Hesperidin2 flavanone©l A rhamnose$} glucose’} 3k #x4 ZAeE glycosided
B2, A5 dujd =2 FTE=Z EA89 (Higby.,, 1941), o7]olA o] 74
3] %™ hesperetin®] 2+ aglycone FEj7} ®tH(Budavari et al., 1989 ; Figure
1.B). AF2F Zadd F53A 5ol A= hesperetine &Y &3 (Rotelli et al.,
2003), FAME2] A¥AE Z-E(Chen et al, 2003), 28]a 3+ ZH A FAX 93t
g4 ZdxHEe A 85 im et al, 2003 ; Cha, 2001) 53 22 A
< UEiTE Bae AR ARAE 2she d-ste] AT E vhe %ilﬂr.

B AFo AT A A E %5}9} hesperetin®] #2172 A3 287 HS o]t

HES X]-E% &3] $18ke] 3T3-L1 A HAE B3l nx= hesperetm—% 3 SFS

oN



(A)

Flavan nucleus

HESPERIDIN

OCH,

OH o

HESPERETIN

Figure 1. Chemical structure of flavonoid. (A) Structure of flavan
nucleus. (B) Hesperetin is derived from the hydrolysis of its aglycone,

hesperidin.
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Figure 2. 3T3-L1 preadipocyte differentiation and activation of PPAR-
¥. (A) Overview of stages in adipocyte differentiation. (B) Activation of

peroxisome proliferator-activated receptor gamma(PPAR-Y).
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1. Cell culture
3T3-L1 AX"AE(American Type Culture Collection)= 10% $-Hjo}d™
(Sigma)3¥} 1% penicillin-streptomycin(penicillin 10,000U/ml, streptomycin 10,000xg
/ml; Gibco BRL.)¢] ¥3t%l Dulbecco’s modified Eagle media(DMEM; Gibco
BRL.)S o]&3le] 5% CO, ¢ 37C A vttt MEs 49 mjo 71&
WA S A A8t 1xPBSZ Al &3 5 Trypsin-EDTA(Gibco BRL)Z A¥Z +3
ato] AR F RS A= S Aste] Al vl gttt

r-\

2. Cell differentiation
AYAER E3}E FEet7] 918to] 3T3-L1 AAWAZ (1.0x10° cells/m)E 24
A zF Zeb vjekEt 3 IDX(10peg/mé insulin, 0.5mM 3-isobutyl-1- methylxanthine,
0.5uM dexamethasone)E = 2] 3}, Wl 4841 7Fo] % thA] IDXE wWHE X 7] 3}o]
% 49 F<t vt

3. MTT assay
M AEE H A= hespertin® FTFS EA517] YA 3T3-L1 AX WA X
2 96well plate(1.0x10" cells/welDoll 24A17F E<QF wjfst & oA Ero

hesperetin(100ug/mé ~12.5¢g/ml)S A 7}ske] 72413 &< v sttt vl Al 2z
3-(4,5-dimethylthiazol)-2,5-diphenyltetrazolium bromide(MTT; Sigma) 50ulS 3
7Fate] Ax 7 Fot wjokdl 3 AAH formazans DMSO 150l =91 540nmeol A

4. Immunoblotting assay

1) Protein 38 % AF
e Axs s8] AR §F Asds A8 §F IxPBSE 3 7beke]
4C, 14000rpmell A 12 &< ddEgste] AHsAT. A" Axs lysis
buffer(50mM Tris-HCI(pH7.5), 150mM NaCl, 1% Triton, 10% Glycerol, 1mM
EDTA, ImM DTT, ImM PMSF, [-Glycerophosphate, Sodium pyrophosphate) ]

_5_



ol & FHZAIA -20TCo] BAsTE. @wla S bradford protein assay %

o= Aagahginh

2y

2) Immunoblotting
FAEZRZRE 2L dd AlZE 10% SDS-PAGE(Amersham)® %1719
o7 Egsla, do]&NU48mM Tris, 39mM glycine, 20% v/v methanol, pH 9.2)
S AFE8F] @A S nitro cellulose membrane .2 80mA = 1A]7HE < M o)Al A
o} WA AME 9a) nitro cellulose membraneE TBST(GOmM Tris-HCl pH7.5,
150mM NaCl, 0.05% Tween-20)/3% skim milk® 2 30% &<t blocking 3}$2H
TBST/3% egg albumin®. & 1x} 3AZ 1:10008] &2 3|A8le] 4Tl A 241 7HE
oF kg AlH T TBST buffer A2 & HRP-conjugated secondary antibodyZ
1:1000¥] &= 84 8ted TBST/3% skim milkel &§Hate] 1A17HEF 204 W
13 TBST buffer2 Al W A& & ECL kit(Amersham)Z AF&3}o] X-ray
2 @4tk 72t7he] 93 @A phospho-p4d/42 MAPK antibody, pd4/42

oo
oft
ol
2

e,
il
o

MAPK antibody(Cell signaling), PPAR-%(Santa Cruz), mice [-actin(Sigma)<

AFE-3F9 Al o]z} A= anti-rabbit, anti-mouse antibody(Sigma)Z A}-&3F53 T}

6. Oil Red O staining
A Axz #srh fx®E AEXE 1IxPBSE 2
formalin/1xPBS® 30& &< AZAZHT. 128A7 +
Red O(Sigma) @A efo =z A& Aol AMAZY 1 & F/FFTE 23 Al
2 3}o] mayer's Hematoxylin® 2 1% &< A Ae & 90% Glycerol/1xPBS &

vhegeto] dndow HAs
7. RNA £3 3 RT-PCR

1) RNA #3 2 AZF
RNAE #g3t7] S8l widel Azl ujx& A A3t
research center. inc)& % 7}sto] g oz FASAA

a2 FHY 7 & F2IZYES Arlste A4 TE

3 Tri-zol(Molecular
TAslE MEE wlo

ol AeolH 153

£



(e

gtk Fsas Al
3 BT o] AX2ReS HAUbste] AAAIZ thS 12,000g0 4 10
2= 3lo] RNAZ pellets Attt RNAE 75% EtoH/DEPC A #l¥ =& #H7}
gk TFE 8000gel Al 8% EF Al st Al & A2oA HAxAIZth RNA
© DEPCZ AHgld Ed o] 260nmolA EFE2 =43t A A1, cDNA
£ dAE o 7H] 70T A HaAsh

2) cDNA &4

c¢DNA imProm-II RT system Kit(promega)® A}-&3}o] A 3slth. RNA 1ug
nuclease-free water, 0.5uxg/ul oligo(dT) ZelolH 1uE H7Fste] HF 5ul9]
2 BE Z 70T 583F 7FE3le] annealing 3 TS SA] 250 Y1
AL ¥b2-S 3l7] 9@l nuclease—free water, 5xReaction buffer, 25mM MgCly,
} 10mM dNTP mix, RNase inhibitor, reverse transcriptase® &3} 5u09
RNA-primer mix® Y1 HZF 202 FIZ WHE F 25TCoA] 58, 42TClA] 1
’\17 st ™AL BEES FaAE AT dHARRES o] ) 70TelA 7tE S st
W8S TAATIA, PCRS SA Fast7y, 70T ®Hastich

18 4z o
RN
i)

N

3) RT-PCR

3T3-L1 preadipocyte®] E3}3Ao] PPAR-vo] 23 UddS FEASH7] A
RT-PCRS Fastsith. PCRel Arg®  2Zete] ]
sequences Fa1dto] <G+C>8Fo] 55%AE A A x:ekstddal, RT-PCR
assayS 93 internal control& mice? [i-actin E#}o]HE AF&3tH Table. 1).
PCR H¥F$2 240 cDNA, 2510 10xReaction buffer(contains 15mM MgCly), 2u0
10mM dNTP(Z} 25mM), 0.5u¢ primer, 0.3u¢ Tag polymerase(5U/ul)E #7131
3 FRFR AL F9E BuE g o FYsd c} PCR #71& 94TolA 3+,
57CAA 2%, 72°C°ﬂ7\1 3&Eet 1 cycles Fagh 3 94TolA 13, 57ColA 1
B T72TCoAA 15 59 & 25cycles 2A89 T $3F " DNAE 1% agarose gel
ANA H7]9- 538k gelstsi

T
- ©



Tablel. Nucleotide sequences of primers used in this study.

Gene Primer sequence Product size
sense : 5'-TCATGACCAGGGAGTTCCTC-3'
PPAR-y 309bp
antisense @ 5'-ACGTGCTCTGTGACGATCTG-3'
sense : 5'-TGGAATCCTGTGGCATCCATGAAAC-3'
B-actin 348bp

antisense : 5'-TAAAACGCAGCTCAGTAACAGTCCG-3'




m. 2 3

1. 3T3-L1 A WA E F24]d 1]X] = hespereting < .

3T3-L1 AAW M EZ2]e] v R+ hesperetin® & 3= 3-(4,5-dimethylthiazol)
-2,5-diphenyltetrazolium bromide(MTT) WHo=Z #4139 t}t Hesperetin® &%
5 200pg/meo A FE 125pug/me7 Al A=l g A¥, 7 11%, 30%, 71%, 81%, 90% <]
Ax AEES B & &0 Alxe AEES JAIdHE A4S & F 3
A} (Figure. 3). Hesperetin®] A3 thsl g3k EA517] &) AEe FEe =
Fu| o A2s ZAI hesperetin 200pg/mle] FEolA control AMEET A&
H7F A A3 "olHE #AAsHTtHFigure. 4). IOOug/mB-O/] SO A FE T5ug/me7t
Ae % e o AX 44 oA &35 By 50pe/mt o 25ug/meol A =
control 7"} wF7HA 2 A E A A E37F dEREA sk

2. ERK 1/2 &4 1] X = hesperetin® < 3k,

Insulin® MAPK 7 Zo| A ERK1/2E /43t AlZlth= AbdS d¥o] Bil 53]
THCeresa et al. 1998). Hesperetin®] ERK 1/2 &Aoo o3l J3S m 2 =% A
AR BAE Ay 3T3-L1 AA WA E| insulin(10gg/ml)THe %] 2] 3k4] 587 qhoj]
ERK1/2¢] &7do] ZAetA vetsken 3027b4 43 248 Blou Algte] 43
SHHA ERK1/29 @A4o] AxAor 7rastath 18l hesperetin(100gg/ml) T
insulin(10pg/ml)& Ao A3k AEo|AE 587 Z¢to] ERK1/29 €A o] insulin
WS A8 S wWH Y ERK1/29] &Alo] JAFE e 308 Fo & insulin?hg A
2] 3k control Bt} #AZA3] A= JATE E3F hespereting A 2] A 4A]7F Fofl =
ERK1/29] g4o] #zux ekkx|wl 6~8 Al7to] Au¥ ERK1/2 #4387t 5
st @S Holy g okt A4S YER I th(Figure 5.). %3 hespereting Tk
¥ skel w2 ERK1/Z2 Z4°4& ERK €4 A4 PDIR0SIE o] &3¢
H] 142 31 oh(Figure 6.). Insuling A 23 & ERK1/29] &4do] ZatA e+
%o hespereting FE=H=Z HEsto] £43192H, insulin®l hespereting %
W2 A3 ERKL/2¢ #7d0] insulin®hg A 2¢k ERK1/29] &4 walste] of
MAE A5 E BAY(Figure 6.). ERK G AA<l PDI8059¢] ERK1/2 &4

=

[\l



' AR A E A

CARAZE Z2AAAN FAAAT A A= hesperetin®] I

3T3-L1 AR A 3E) insulin, dexamethasone, isobutylmethylxantineS =] 3a}t
of AWMER #3HE FTESHHA, hespereting H7bste] AW P wE
hesperetin®] 32 PDI8059¢} ®lxw 23} t}. Figure 72 Oil Red O%2 42 =

=AM =4 AxE ez gl Negative—control(Figure 7.A)& A4 % o
24 A UdA ATl FAEHAAT, IDX(10gg/mé  insulin, 0.5 pM
dexamethasone, 0.5 mM isobutyl-methylxanthine)%t =]2]3%F positive-control
(Figure 7B)& AW =4 Axrt dAs] S7ketla, Axe] 7F Al 9
°] negative-controlell Hl3l] A= AS #HFIT = QdArh HesperetinA 2]
(Figure 7.C)& positive-controlel]l B]3to] FAI AW Aol 74w Aa, ERK &A
AAAN PDIB0SY(Figure 7.D) A FHUE FAAE F24 A=t 44E &
LERA AT

:Ll
il

LA AE B33 o)A PPAR-y w34 H X+ hesperetin® < 3.

Hespertin®©] AWM EE B3l 2 FAAAEY F4& 7F4a7]7] ol AW
st Fa3 A8&S st PPAR-v AT S mRNASH @l oA
2A3t9 . RT-PCR 443, PPAR-v9 HAMA = negative—control®} positive—
controlo] &= W& xpo]E YERN A ¢5¢k o1} hespereting 100pg/ml, 75ug/ml, 50
pg/mie) FER Aels 9ol walo] Pastuth. PDISY S0uMS X g &
AT A= PPAR-v HAMA o]l oA = Atk (Figure 8.). 18] hesperetin<
gild SFoMs T gEX o WS oA AT PDIS05Y 50 pMS A 2 gk
AFolAd= @il d FFo] PPAR-v HdE S AASAAR, LFrEoAes 23]H
PPAR-v9] @S S7HA71= A3s Yehlith

2
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Figure 3. Effect of hesperetin on 3T3-L1 preadipocyte proliferation.
Hesperetin  was added to preconfluent preadipocytes in  various
concentrations (vehicle, 200ug/mé, 100xg/ml, 50upg/ml, 25ug/ml, 12.5/8/ml)
for 72hours. Cells were determined via a colorimetric proliferation assay

(MTT assay).
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Figure 4. Photomicrographs of hesperetin-treated 3T3-L1 preadipocyte.
A; control (x100). B; hesperetin(200¢g/mf). C; hesperetin(1001g/ml). D;
hesperetin (75ug/ml). E; hesperetin(501g/ml). F; hesperetin(25ug/ml). Yellow

panel was observed with x200.
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Insulin only(10ug/ml)  Insulin + Hesperetin(100ug/ml)

C 5 100 30 th 2h 5 10° 30° 1h 2h 4h 6h 8h

|
+
+
+
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+ o+ + o+ o+ o+ o+ o+ o+
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P-Erk1 — o —
P-Erk2 — | == ) -
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TR e S
Erk2 — | S - e

”w-ﬁ-—tmﬂﬁ#
P i

Figure 5. Effect of hesperetin on ERK 1/2 activity of 3T3-L1
preadipocyte in a time-dependent manner. The 3T3-L1 preadipocyte

was cultured in presence of insulin (10xg/ml) and hesperetin (100xg/ml)
in a time-dependent manner.
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INS(xg/me ) 10 10 10 10 10 10 10 10 10 10 10

HES(#8/m ) - - - - -
PDY8059(LUM) 50 30 20 10 5 - - - - - -
p—El‘kl —> . T — —_— e — —
p-Erk2 — S - T —— — - _—
Erkl — | e - - - P— —-—

Figure 6. Effect of hesperetin on ERK1/2 activity of 3T3-L1 preadipocyte in
a dose-dependent manner. A; 3T3-L1 preadipocyte was pretreated with

PD98059 for 15 min after then stimulated with insulin (104g/ml) for 30min. B;

3T3-L1 preadipocyte were pretreated with hesperetin for 15min after then

stimulated with insulin (10xg/ml) for 30min.
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Figure 7. Oil Red O staining of triacylglycerol in 3T3-L1 preadipocyte
differentiation. =The 3T3-L1 preadipocyte was induced adipocyte
differentiation for 4 days with IDX. A; negative-control. B; IDX + 0.25%
DMSO. C; IDX + hesperetin (100xg/ml). D; IDX + PD98059 (50uM).

_15_



20 2
S
S5} 15
2
Swf 10
s
S 57 5
=
0 0
IDX - + + + + + + + + + + +
HES(ug/m¢ ) - - 100 75 50 25 125 - - - - -
PD98059(LM) - 5 = < - T = 50 30 20 10 5

PPAR-y

pactin. [ e ] e

Figure 8. Effect of hesperetin on PPAR-¥ expression on 3T3-L1
preadipocyte differentiation using RT-PCR. The 3T3-L1 preadipocyte

was differentiated with IDX and hesperetin (HES) or PD98059 for 4 days
and then detected the PPAR-% expression using RT-PCR.
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Figure 9. Effect of hesperetin onPPAR-¥ expression on 3T3-L1
preadipocyte differentiation using immunoblotting. The 3T3-LI
preadipocyte was differentiated with IDX and hesperetin (HES) or
PD98059 for 4 days and then detected the PPAR-¥ expression using

immunoblotting
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V. 1 zk

e

A+ flavonoid #A%&<Q hesperetine] 3T3-L1 AAWAHE #3tzpgdeo] mA&=
F& LA Flavonoidi= B& &9 A, &, %, A4 Sl v a5
, AR AANAY A, F2, AR TR UbEEte] A SRS AEFLAEA
Wy Qlt}h o]# o]f+= flavonoidZ7} & (Kuo., 1996), &4k (Robak et al,
1988), Zd2HE 7428 (Monforte et al., 1995 ; Bok et al, 1999 ; Lichtenstein.,
1998)0] Q&= o= Wi F dHA7] welth HE AFolA EXO] naringin,
naringenin, hesperidin, hesperetine 3 ZdX~HE Aol& g AFHFE AFA &

Wje] FY2HES WYFEE 38 (Lee et al, 2001)¢ 12 AU XA FAXA
e U= 2371 ol Bl HJTHCha et al. 2001 ; Monforte et al., 1995). =
o= hesperetin®] & Wl thAlE ] 3 4-dihydroxy-phenylpropionic  acid

of
gt

52
3

1

N
o
¢ >*

(3,4-DHPP), 3-methoxy-4-hydroxycinnamic acid (ferulic acid), m-hydroxycinnamic
acid (m-HC)E ¥Astz, o d&Eo] 7+ e 3-hydroxy-3-methyl-glutaryl-
coenzyme A (HMG-CoA) reductase®t acyl-CoA: cholesterol acyltransferase
(ACAT) B4 & dAgozN NAFEE Y3 295 Hdvdn Bus A th(Kim
et al., 2003). T3 A EFo dAwy Q@A F2 grapefruit 2= 52 AFHIT JAA
FAFRNE AN hesperetin?} naringenin®] =L L8 EA5 1 o], 11 F
d2EE A A= HDLS A= 238 B st th(Kurowska et al,
2000). ©] A2 hesperidin®} naringin®] &AW Aol 28] hesperetin® naringenin®.
2 o] 7t Hol 8% Y =2 =2 EA%7] dioltU(Lin et al., 2003).
o] & hesperetine ZU2HE XAFAH A9A T8l HDLE A o=2H 5
Wgskel 2 AREEE AASAY A 5 dAT, Az FAAAY T
AL JAstE 7 FE AFE vrb gtk o] Ao A hesperetine rat A HHA| 3E o)
] epinephrine®} theophyllined] <3} =% lipolysis® Z+Z} 125uM¥} 250uM 5 &=l
A antilipolytic 84S YeEldT 1w &8 A kv (Kuppusamy et al., 1993).
Hesperetin 3T3-L1 AAHWAME FA A & oEXHO R M FAE& JAA
t}(Figure 3.). Hesperetin 200ug/mioll A 7F4 wr& ok 204 =9 &8 How,
100pg/me, 50pg/mee] oA AE T2 o] 30%°ld JAH= AS & F U
oo AlEZe] FEl= B3 200pg/me, 100pg/me, 7oug/mls ol A A E7E FAekA] R
AFNE HAFEA(Figure 4.). Hesperetin 200xg/ml 2] &%=ol A control <} H| 2L 3}
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e W FH AEFA

| &3=2 ®Bgoh 23y S0pe/ml, 25ug/ml E oA =
control ¢ B3 A E Z3E ®H ) Narigening 3T3-L1 AAWAE =
218 At Bug v vh(Harmon et al, 2001). o9 ATFolAE= 100 uM
naringenin § %20l AEAGG AAEHRE dEbdval SAARE 2 Al ARRE
hesperetin®] =& ©olE°] Al&3 FEZHt} =Tl Hesperetin¥ naringenina

hesperidin®} naringinoll 4] o] 7F=&E3s] o] AW flavanone®]al L FZ7} FAF

4
oN 12
N

1
329k phenyl benzene ring®] 4 A TAol| A hesperetin® OCH3”], naringenin<
OH7|7F &= Aol b2t} o] AL ofulXk flavanone®] T3+ FASHAIRE 283+
8719 Apolo el &detd 4 Qlvkal AlsHh
Insuline A XAl F23 s 2Fo|n A Yol A 228 F2 A
s st & ddH A UtH(Zhang et al, 1996). 1 o]+ insuling A A
o 7} Fa3d 9ae 3t7] wjEo]tHSmith et al., 1998). Insulin®] 23 MAPK 4l
7 Ho7 Ras/MAPK 7222 2 48 o™ (Ceresa et al.,
1998), AA WA A AYAEZ FE3lsts FAol T3 AEAT Ad Frtolrt
(Campbell et al., 1992). PDI98059+% Rafoll 2] 3+ mitogen-activated protein kinase/

Y

1<

18

!

o

=]
RN

o

A WA o A mitotic expansion phaseE A|slE JEdS vt B E]%E}(Qiu
et al, 2001). Wt & AFAIE= HE FA HAsE A=z
mitogen-activated protein kinase (MAPK) 74 294 ERK1/29] A4S Lolr 7] 9
3te] insulin T 2#S A skt

Insuling A &3 3T3-L1 AAFA LA MAPK Z=ZE &3 ERK1/29 &45

AlE R B A3 (Figure 5)5 A7 & 5&°4 ERK1/29 &7do] Z&tA el
Wi, 308 74A 1 8o AEFHYA N 1A o]E 2= o] FA3] A=
d, o]= Kayali 5(2000)¢] A+ Z3ke} frAbsitt. Hesperetine 3T3-L1 XLX] A
Fo| A insulin®] ¢ 3 ERK1/29] A4S Asst= 284S B E3] 2g & 308
Bt ol 7hd ek AsEdE GEPNAAT, HE F 4A7F o] Foll= ERK1/29

g8 Asste 235 YElWA &l E3F hesperetine PD98059H.th+= ERK1/2
o] A4S Aslet: 2 a3yt AArtk PDIR059] ¥AFZEE flavanone¥} flavone]
T2 w$ fFAFSFE 2 (Reiners et al. 1998) flavanone?} flavone©] ERKS &5
AAE = dv a5 UEE F AdS dAIEETE Reiners 5(1998)2 MCFI0A,
MCF10A-Neo, MCF10A-NeoT A ¥l A flavanone, flavone, PDI98059E w=H = 3]

J92 4% ERKS B4 $Erh B25% A HAA W, MEKE 44T & &
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inhibition concentration(ICs50%)%t< flavanone® flavone®] 190uM, PD93059+ SuM =
2 38wyt Apol7F drhar sivh webA ol AdE wFo] & uf B AEF7}
027 A 3T3-L1 AAWAZ A% hesperetinell 4 ERK 1/2 &4 Ad= ERK
AaAlQl PDIS0SIR t= 11 e o] "ol ARt ERK1/29] &4& Asists 48&
st Aow AtgEn

Hesperetin 22 PDI8059+= AWAXZESIAA TAHAY 45 3] A3lstA =
oA qh dA35] A= a9 AX FAS AEATE Qiu et al.(2001)
ERK A& A1¢] PDI8059 FAA o] 2o d&FS v AA Rk Bashgi
o] = PD980597} mitotic clonal expansionS A &3lx, DNA 342 JA5t7] wf ol
IDXE 713 094 S= @A Axe] ok fFAsttal shivh. webd PDI805Y
mitotic clonal expansion® A& A&sl7|= A, AW AXe E3aAHS
A ZE3ktta skt 2 Qiu 5(2001)2 preadipocyte”’} adipocyte® £33}
HA4 oA DNA &4 3 mitotic clonal expansione LT A &= WAL B
st whEbA] hespereting A @] AlE ] FAAW 42 PDIS05IE Al M E
¢} Zo] ERK1/29] A& JAAZ o =M mitotic clonal expansions 9Fil A3 2]
F7F EoluA ge Ao Holw Erk AP Este] #AS AAsIA = Xete A
olgtal Atm H vtk webA hesperetino] oW gk 7]Ztow FAAAY] HHE AAlGh=
Ao dsiAe o B A7 Hasth

AAES] 35 2dete WAYUSTS 2 dAdA Bagk 543 fFHAE
Ty G dEe] 549 Aol o o] Folxith. PPAR-ve= A WAIEe] #3}
HA A 7H wol et A dd ™, whA 9 i (terminal differentiation) ©A 7+
A 1 Aol A A Gregoire et al., 1998, Figure 2.). PPAR-v= RXR¥} 434
4% 3sto] DNA® PPREC| A$stel PEPCK, LPL, aP2, UCP1G A|Witslel] ##+
FA2Z AAA 21 (Tontonoz et al., 1994, 1995 ; Schoongans., 1996 ; Ross et al.,
1990 ; Sears et al., 1996). Hesperetine PPAR-v9] ZALA 9] B3 S o] HE x|
s+ a5 YeEhN LA, Immunoblotting W 0.2 43 PPAR-v @l e] b2
sE oEHoz  gAsAY. AWAMEe  RAgor  PPAR-ve Td
MEK/ERK 7ZA =9 Ao o Zzx"cta 4HA Jduh(Prusty et al, 2002).
PDI8059% ERK1/29] #4& Asjgo=zn PPAR-ve #HdS AR (Liu et al,
2002). WA hesperetin< insulindll 98] 43+ ERK1/29 A4S As|sia,
PPAR-ve] TdE& dAlets Ao F3T = Ak, oo gk Faigt &4 7]

Zholl digh A7F 2

N

fe 122 o
2
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Hesperetin< flavonoid Al &9 43}l flavanone2 2 citrus fruitsel oF&F gf-5of <l
t}. Hesperetine hesperidin®] 4] ramnose$} glucoseo 2 T T o] 7t<EEe Fof
A A aglyconel 2 ot &3 39 a3 XAy FHAHEL MAEH 5 g
g45 7PN Aok 2 A= hesperetino] 3T3-L1 AA WA EZe] Fstagel nlx|
= FEE gotrr] flske] PPAR-vO ¥ AW 4 ARE EAEATH
T3t preadipocyte?] =2]3A o)A insulinol] 23 MAPKZ 22 %3+ ERKe &4
AA g3E BEXMEAY. B AFelA de Aye e 2l 1) Hesperetine
3T3-L1 AAWAMEZAA insulinel] 93] Fds= ERK1/29 &4 A A&t ATE. 2)
Hesperetine 3T3-L1 AX WA Ee] X8RI PPAR-ve] odE ZAAAF
t}. 3) Hespereting Qil Red O Moz BA3 ZAAWe =4S ZHAAFHT 4)
Hesperetin® 3T3-L1 AXWAFES AEZFAS JAsg . walA  hesperetine
ERK1/2 @74 A&+ PPAR-v TAAAE S8 3T3-L1 AAGAE ALEsE A
st Ao w Atg ¥

oL
o
2
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%3 389 A3 o) a4k AHF gol AF IAVIL 4P A
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AR, Ak RS A 5 g AFA APy, G HE I AHA L
AAG A vlgs L AT FFo)H, FHHAIL 1< A¥el, 283, 2
o] 2% AL ME HE 3L I3 NHAT HAG, 2o, 3
Apste 23 AP 309 e‘*zf I g3k Asde. =23 4 A
F kA, ) 3L ANE 22 3 g ANE AN AMAH 2
g< = ¥

Acl 25 H FAH ZdY AHEF op A doA FNH ARG, 3¢
TS A el ANFAT Had AAE, Fe] EdsT 4T A3
Aol 232348, o AN E 3y T WY

ob2¥ AP HANH(TIC)N A< ¥23 A4, 95 44, 23
2 HE el A5 ARAY 1Y FF ALFezE AE Wwol 245 I
B2 dPIE RS AP
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