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ABSTRACT

The peel of Citrus sunki Hort. ex Tanaka, which contains various kinds of

alkaloids and flavonoids, has been used in traditional Korean medicine for
centuries. Especially, polymethoxyflavones (PMFs) are characteristic of citrus
plant, exhibit a broad spectrum of biological activities. In order to evaluate the
availability of citrus PMFs in preventing the metabolic disorders, we
investigated the modulating effects of lipid metabolism in 3T3-L1 cells by PMFs
derived from C. sunki peel. First of all, we investigated the effects of PMFs on
lipolysis in fully differentiated adipocytes. PMFs increased dose-dependently the
lipolysis in mature adipocytes. In line with their lypolytic activities, the
phosphorylation of cAMP dependent protein kinase (PKA) and hormone sensitive
lipase (HSL) were increased dose-dependently by PMFs. Secondary, the effects
of PMFs on the adipocyte differentiation were evaluated using 3T3-L1
pre—adipocytes. Treatment with PMFs instead of 3-isobutyl-1-methoxyxanthine
(IBMX) promoted dose-dependent accumulation of lipid droplet during the
differentiation of 3T3-L1 pre-adipocytes. Furthermore, the expressions of
peroxisome proliferator-activated receptor gamma (PPARY), adipocyte fatty acid
binding protein (aP2), and adipokines such as adiponectin and resistin were
increased dose-dependently by PMFs treatment in the absence of
3-isobutyl-1-methylxanthine (IBMX). Then, we confirmed that PMFs potentiated
the activation of cAMP dependent protein kinase (PKA), which is acting as an
early stage signal in adipocyte differentiation. These results suggest that
lipolytic and lipogenic effects by PMFs in 3T3-L1 cells are exerted through

activation of signaling cascades mediated by cAMP.

Key word : flavonoids, polymethoxyflavones, 3T3-L1 cells, differentiation,

lipolysis, aP2, PPARy, PKA, HSL
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LS EFEo A WAXHE A (white adipose tissue)< oV A A S

[
&
= gdds AN B AAEE wdtew WdEA Hol Al 29 Bk
Z

AFAWAE  (preadipocyte)”’t =& A2¥3 dry. 3T3-L1 AFALA L=

.

confluence 74 ejol] o2 M3x F<E-& A3}l mitotic clonal expansions &7 3t
o] x|u} 2 Bl HQ3 FHAES LAY} (Tang et al, 2003). 3T3-L1 A
X Seold A (Fetal bovine Serum)e] A& XA AAZ F3)
7F dojubAut wix|o] <¢l<@, dexamethasone, 3-isobutyl-1-methylxanthine
(IBMX)s Agall+H AgAxEZ +37F dASA S8 (MacDougald et al.,
1995; Gregoire et al., 1998 ; Cowherd et al, 1999). AR WA Lo A R HFA L2
o] #3FEE Aty zR2Eaddy 22 27FE7E peroxisome proliferator
activated receptor (PPAR) vol Z3}8la, glucocorticoids®} 2= =250

CCAAT/Enhancer binding protein B (C/EBPB)2} C/EBPS of 2F-&3}7
A ZEY elede dadl FE&A 9 wWEHE Ras-MAPK (mitogen—activated

ot fol

o

24

protein kinase) 21 AY HA2ZE AXH AFAUAELE ALALZ FIHEE 2§
Skoh (Smith et al, 1988). MXEAE AY HA A extracellular signal-regulated
kinase (ERK 1/2)+ extracellular signal-regulated kinase kinase (MEK1)el| 2]
Epol Al Z7leh Efed d7zp 14kl Hof @4sisy, @4dste ERK 1/2+
st HAARRIALES] A4S xAdo RN AXE T AE 23t Bosivial ¢y
# ¢)t} (Ceresa and Pessin, 1998). o1# <QIAE = C/EBPB ¢ C/EBP67} C/EBP
a2t PPARy 9 U] #ojdviar dyx glow, olfA Tdw" C/EBPa 9}
PPARY = AWAlE=z &3} o
# 2 9t} (Cowherd et al., 1999).
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FAAES] AR S £dEe Ao &
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CAAAYAL), Aexd 9 24T F2 24
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il

&F= hormone sensitive lipase (HSL)= A€ $4A 2 (triacylgylcerol) 9] 7}
[ez]
1

ol st AALHFHY AFxHe Fodk dE€s s} (Masuno and Okuda,



1995; Inoue et al, 1999). 3T3-L1 X HA ¥4 HSLLS s 5o Yoy =2 3}
A Qledd o] Wdo] fF=Htt (O'Rourke et al, 2002). HSLS A A& =
M E el A adenylyl cyclase (AC)®} cyclic nucleotide phosphsdiesterase (PDE)2]

rlo

Zgo 2 MY cAMP 557} HoFXH cAMP dependent protein kinase (PKA)
7b &dstE = Azl oa] mizlEv. £435kd PKA= HSLS Serb63, Ser659 L
23 Ser660 7]l Ql4bstE FHZIstel HSL @A4stE fFrdvtal oA dt
(Degerman et al, 1990; Anthonsen et al, 1998). o]o] wt&lo] cAMP-activated
protein kinase (AMPK)+ HSL2 Ser565 #7]1E QAksir]zl o= A PKAO] 2] 3]
Ser563 ZE7)17F Q14ksld HSLel &4 #AaAZth (Watt et al, 2006). H<toll &=
ERK 1/20 o8k HSL®| Ser600 t7]€] <14kst w8k HSL &4 &4& SAA7]=

.

Ao 2 HaEStt (Greenberg et al, 2001). &/4d3l¥l HSLE A ¥ o] dH55 o
AE FARAS JeiRaste] 2749 AFA 9 (Free fatty acid, FFA)S W3

3t, W29 monoacylglycerol$ monoacylglycerol lipase (MGL)ol ¢]& 13##}¢]
FFAS} 1722l F8AZ2 a9 (Langin et al, 1996).

7 (citrus plants)e] Fyoi= IR =Fe ZFH o]|=F [flavanone,
flavonol, isoflavone, catechin, polymethoxyflavones (PMFs)] 5°] &-f5o] glom
(Mouly et al, 1994 ; Rouseff et al, 1987), ©|# 3t phytochemicals 2] 2t&°=
ZAEdF Hy= 39 Fe 9 AAL dA4 &5 (Francis et al, 1989; Guengerich and
Kim, 1990), &<#x] 24 (Chung et al, 2000), &A= & (Choi et al, 2007) %
I 2L vggd Agddes et Aol vk 58], dErelnt EAst
= PMFs¥ AHAE &3 9 & (pyrone) I =E A4 2712 wlAl (benzene) il
gE 7FA AL o™ (Green et al, 2007), ©] 7] &Ae| WEA] (CH:0)7} A3
o} 9o uwElA nobiletin, heptamethoxylflavone, tangeretin &5 2. = vt}
(Figure 1). PMFs+ AlX A%, 328 (Kuo et al, 1996), Jda2ds /MA &3
3o &3} (Garcia and Castillo, 2008; Choi et al, 2007) 53 2o @SS 7120}
# vk glo] e Fol WE PMFse] & fut 5

lo
)
i)
it
ox
=2
=
o

al
AT A A (58 JEFolgtar 55; Citrus sunki Hort. ex Tanaka)<-
“AHETolE) BEH (Kim, 1988), 2 #3& Azl 9= oA Z5E HE skl std
A oFA R ALEEFe] ghuh B oAghE PMEsE v dhi-dkal gl 4bg st A
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MeO

MeO

R R1 R2
Sinensetin H H MeO
Nobiletin MeO H MeO
Heptamethoxylflavone MeO MeO MeO
Tetramethylscutellarein H H H
Tangeretin MeO H H
Hexamethyl-o-quercetagetin H MeO MeO

Figure 1. Chemical structure of the PMF's
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2. AIX W
[e]

I. A= 2 34y
As 9 F=
oA To| Abgw AbE(Citrus sunki Hort. ex Tanaka)<- 20083 1¥€% A|FE4
AAE AAEA EEF 9148 EM Life 9523 Mdozre Az @it 4
Fo| Ag3 PMFs® Ko % (2009, unpublished data)e] wiol wel #3289}
A Agstd, Akl HyE FEste] 3¢ 3 4 Axd & Es Ak
e Hye 39 A FEF F Ay FERE A IS w52 55
Atk FFAIZ A5 SR dgste] Ak 11 &R st &0 £935
Ak Su 83 FFAe A A vEVIE w53 52 dxsie] A3
AF-&-3 A T}
Mouse 3T3-L1 AFA WA EF= American Type Culture Collection (ATCC)el
10% bovine calf serum (BCS; Gibco, USA)¥ 1%
2 A3 A a3

A skl Al

penicillin/streptomysin (P/S; Gibco, USA)°] # 7} Dulbecco’s modified Eagle's
medium (DMEM; Gibco, USA) WA & AR&38ke] 37C, 5% CO:

Atk AEE T-75 cell culture flask ®Fetoll A E7F 70% A% S of A vk

AR
st A 5k T

LDH =4 kit (LDH Cytotoxicity Detection
3l 3w x| PMFs (3.125,

& €13 LDH 4
EA L
Kit; TaKaRa, Japan)®& AFg3le] Fastgivl. 3T3-L1 ATFALAE  (8.0x10

oo]: ‘6"
o wFsteh wlee] Bk

AR
5, HCl (HF 0.2
oz

A

3. AlE5A 47
MEmdide 1% LDH
cells/wel)ZE 96 well cell culture plateol] A 2447+ ©)

Qt
50 uiLE ¥ wkgAzl
THEE AT
S HE 1% HEE
Fatn o of

6.25, 125, 25 2 50 pg/mL)E AHgsto] 72 A3t &
micro reader® 490 nmol] A]
of

| LDH =4
7l &
o Triton X-100 (Sigma, USA) &
218 33

F Akl 50 pLel
NO)E FH7bste] whe& A Az
oh G dlxTe AX
¥ vl s ARgshalth. PMEse] 54 24
— 10 —



/‘ﬂﬁi—%}\ég (%) = 100 X (Asalnple - Alower control) / (Aupper control_Alower control)

Asalnple = }‘]JEJ_‘% %7]’{5} HHX]_CA %%E
NEE M e wA e =

Alower control —

Aupper control = L Titon X_loo% %7]'?:51' HH X]g %%E

AWM EZ B3 5% Harmon and Harp (2001)3 Prusty & (2002)2] W&
WRsto]l sttt 3T3-L1 A7AEE 10% BCS¢ 1% P/S7 A7k DMEM
g3kl 6 well cell culture plate (2.0 x 10° cells/well)ell &3k 484t

& ¥t pre-confluent 4 EI7} H 5% 3191 t) Pre-confluent A efol Al 8] 2 &
S W T wgksio] 48A17kE T HjdEtalth. Confluent &8 (315 0L Al A
NS F3li-= v #][10% fetal bovine serum (FBS; Gibco, USA), 1% P/S, 1

jud)
_
O
O
O,

umol/L  dexamethasone (DEX; Sigma, USA), 0.5 mmol/L
3-isobutyl-1-methylxanthine (IBMX; Sigma, USA) ® 5 pg/mL ¢l= ¢ (Sigma,
USA)el 3Hi¥ DMEM ®iA||2 wghste] 243 (E3hi% 294 £3F #F%=3k
of, A WAY F8le u A= PMFs9] 92 ol PMEs (10, 20 ¥ 40 pg/mL)&

skl Aol Hobste] EAEAtE EEkE 29 Fol Ax wike}s PMFEs,

S5 AAdAREE AE wgdS 10% FBSS 1% P/S7F ¥3td DMEM ®lA = 2
d vt} wEstuh. 28] PMFse] A¥u] cAMPOl v A+ 9&S ##37] ¢
St AFALAEY] E3FEE IBMX7F A9d F3a% wAE o]&3le] 7|3

PMFs9] Auli 3] = 2 [SL 183 PKA wulA o] 91 absle]| n|x= oJas &
37 Y FIFEE U 2ol 38 Conflunt AH (E3{H% 04A)
o] AXZE 10% FBS, 1% P/S, lumol/L DEX, 0.5 mmol/L IBMX % 5 pg/mL <!

[4‘1

e
do
ki
_O|L
E
Mo

“do]l £3¥E DMEM wjA|oA] 2¢zF & s
109 FBS, 1% P/S ¥ 5 pug/mL ¢l&do] ¥3ty DMEM ®iA| 2 W &3, thA



2§ (s 4dA) FH= Al AR wizbx 29 vtk 109% FBS9E 1%

P/S7} %3td DMEM wj A2 wga vl E3f% 8-10Y Mol wjok-&7]o]A] H] x|
= AA3I Ol Red O 945 37913 A ¥E 10% FBS7F ¥3te DMEM Hj ¥
of PMFsE %4 (10, 20 2 40 pg/mL)x g 3¢laL, HSLE <l4kstE 3Hel 3}y

3 A2 A ¥Ei= phosphate-buffered saline (PBS)2.2 2¥ A2 & DMEM W
A2 wWEste] 44 7F v %3k 3 PMFEs (10, 20 2 40 ng/mL)E A 23t}
5. Oil Red O 94
Oil Red O 944 % A £4& Cho 5 (2003)9] Wy oz skt #35HF
7994 A AEE PBSE 13 A &3t 10% formalin [37% formaldehyde solution
(Sigma, USA) 1/102.2 gA]o = [AIZF &<t 1438t & F7F2 23] A28k
v} 28] 3 Oil Red O 94942 isopropanol (Merck, Germany)® 343k 0.6% Oil
Red O (Sigma, USA)¢t S75 5 614% 3|43 & ofdsto] Axsivt A A9 A
Z+ Oil Red O oz IAIZF EoF A% & SRFE 33 AFste] dAvA
Sholl Al At lth. e Az FAXEe ke A=) SlEA 4%
-40 (Amresco, USA)°] ¥ ¥ isopropanolE #7138l Oil Red OE thA] &3

A7l & micro reader® 520mo A & FEE =A%

6. Free glycerol 3% =R

Free glycerol =2 free glycerol reagent kit (Sigma, USA)E AF-831o FA 3}
ATh 3T3-L1 A4 ARAEE st Wl o 8U3E wjdkste] 3 2zl
T (25 10 283 40 wg/mL)E AZedh. o F

Hked 10 pLoll free glycerol 548 &3] 0.8mE %L 10&1F 30TelA ¥F-8-A|

. PMFsZ 24747 &9

jas) ‘101‘
E

)

micro reader® 540 mmoll A EFEE =S43IH Y. Free glycerol ¥ &2 thx

L
o iy 9% gho. ALk skelal 33 wHE Al

_12_



7. Western Blot ¥4

Wester blot #4415 918 @A AWPAEE PBSE 23 A3 % 1 mmol/L
PMSF, 1 mmol/L NasVO4, 1 mmol/L NaF, 1 ug/mL aprotinin, 1 png/mlL pepstatin
1 png/mL leupeptin ¥ 10% RIPA lysis buffer (Upstate Biotechnology, USA)E 3
frefal e T FE A kS o] &3] 1AIF FoF Azl - fAlEE (15000

pm, 4T, 208)3te] d=d oz 53t @z F% = Bio-rad protein assay

e

3L

o
ot

Ol

kit (Bio—rad, USA)E A}€3}° micro reader® 595molA STHE=E =4

£

4

3G T @A (40 ng)> 10% (PPARy, C/EBPa, phospho-HSL, B-actin) <&
15%(A-FABP) SDS-polyacrylamide gelelA] A7]ds oz #Z3 3 poly
vinylidene difluoride (PVDF) membrane (Milipore, USA)el do] (200mA, 180%F)A]
Zrh @9Wdoe] dol¥l PVDF membranes 7304 1417k &< 5% skim milk=®
blocking A1zl %, 1z &A<} w-&A AT 1A A ¥-&& PPARy antibody
(1:500, Santa Cruz, USA), C/EBPa antibody (1:2,000, Santa Cruz, USA),
A-FABP antibody (aP2; 1:5000, Santa Cruz, USA), phospho-HSL (Ser660)
antibody (1:2,000, Cell Signaling, USA), B-actin antibody clone AC-74 (1:10,000,
Sigma, USA)E o] &3te] 4TCelA &F ¥ &<k FaqsA 12 A wh&o] &
PVDF membrane< 0.05% Tween 20°] 3X3F#l Tris buffered saline (TBS-T) &
olo@ 43 A3  F  peroxidase-conjugated® 22 A (Jackson
ImmunoResearch, USA)E 1:2,000, 1:5000 =& 1:10,0008.= 3]43}lo] 1A 7F&<t
W33k & TBS-T= 43] AAskavt. 24 @ejd o] wma ke WEST-ZOL western
blot detection system (iNtRON Biotechology, Korea)Z WAl A A X-ray &
(Ortho CP-G plus; Agfa Gevaert N.V., Belgium)©2 2 #AZ3}¢], Image ] 1.42q
(National Institutes of Health, USA)Z #2413 & B-actino] w3k &d zo =z K
Astol A=st sk

8. RNA ## ¥ Real time-PCR

o

Real time-PCR #4]-& 9]¢ total RNAE gHE 8UA H HNEE ALE3}]
23199}, Trizol Reagent (Invitrogen, USA)E 718t MY & #2355 5 o
71l chloroforme #7}ste] AAE2 (15000 x g, 15%)39 0. =48 344819

&%) isopropanold A7Fste] 41EE] (15000 x g, 15%)3te] RNAE HAAA

_13_



A" RNAE 70% dgez AAT F, AxA7] DEPC A€ 7ol &
siAZl F 260nme] FRHEE SAsH] AISISITR A260 / A280nm ] H]&o]
16-2.0 M9 W] 3 2HE RNA A EE A3 A&k

cDNA+= Maxime RT PreMix Kit (iNtRON Biotechnology, Korea)Z ©]-& 3}
A 3kalTth 1 ng total RNASH DEPC A#ld 755 5 20 uLE kite]l ¥il 4
5C 60%, 95ColA 583 whg-3lo] cDNAS E4% F o7]o] 30 uLe DEPC A
g8 FHTE Hskdh

Real time polymerase chain reaction (PCR)< 1 pL2] ¢DNA, 2+ primer= 1 uL
(10 pmol/L/uL)®, 2uL DEPC-%#< ¢ 5 uL iQ™ SYBR® Green Supermix
(Bio-rad, USA)E £33 5 Peltier thermal cycler (Bio-rad, USA) real time
PCR 7]71& o] &3te] Fastaltt. PCR £3& 95C/20%, 65C/20%, 72TC/30% =
gho] 443] SEeia Aye 13 35S o vt} FREE SASAY. A% 24
$ Chromo4 Real-Time PCR Detection System v1.10 (Bio-rad, USA)& o] &3} 4]

B-actin thy] Add zro = Aslgr).

_14_
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Table 1. The primer sequences of the genes used in real time-PCR

analysis
Gene Primer sequence
Forward 5'-GAC CTG GCC ACT TTC TCC TC-3'
Adiponectin

Reverse 5'-GTC ATC TTC GGC ATG ACT GG-3'
Forward 5'-AAG TCC TCT GCC ACG TAC CC-3'

Resistin
Reverse 5'-GCT TCA TCG ATG GGA CAC AG-3
Forward 5'-AGG CTG TGC TGT CCC TGT AT-3'

B-actin
Reverse 5'-ACC CAA GAA GGA AGG CTG GA-3'

— 15 —
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HAPFANE 93 AYHMEE PBSZ 13 MA3laL 10% formailin®. 2 A 29
Al 1583 314§, MeOH=Z -20Cell 4] 10%3F A2 e =k 183 PBS
= 5#7F A&E3E & blocking solution (PBS, 0.1% BSA, 0.3% Triton-X100)2%. %2
60
660) antibodyE antibody dilution buffer (PBS, 196 BSA, 0.3% Triton-X100)]
1:800 o= 3]Aste] 4TolA o7 W &k whgaairh 14 A whgo] Zvd
PBS® 5#4 33 MAFYL anti rabbit-FITC (Santa Cruz, USA) secondary
antibody S antibody dilution bufferel] 1:1,0000.=2 3]43l & Ao A 2A17F ¢

it ®kgol & Al¥= PBS®E S84 33 AlHsto] g ALA YA

b blocking 3}lt}. Z ¥ blocking solutiond A A3Fal phospho-HSL(Ser

AL
N

(Olympus, Japan)°.Z Z3& 7743t}

10. SAAY
In vitro A8 A3+ Hd+E 5+

A5k,

=)

A2 el o™ student’s t-testZ 248 7

_16_
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1. X "M Eo| A PMFEse] ]38 = H-&& (lipolysis) 371

°F 90%°] #37t dojuEE R
PMFsE AHedt & AwAi% fafol] A= PMFse] 9&-& Oil Red O AAH O
2 B3I Figure 2). Figure 20014 Holf= niel 7o) PMFEsE A elsl# &
2 thxad vlEl PMEsE A3k FolAe

Hasddk, 2Ela dnd #EA AW ade] AV vE JEHOE FAAES
g F At (Figure 2A, B). AWaAe] A4 A=5 AFst 47, PMFsE
] ekA] ke vzt (100%)9] W& PMEsZ 25, 10 2 40 pg/mLe] $E2 A g
g oA Zh7f 989, 938 H 90.9%¢] k& dERSITE (Figure 2D). %3 A

wal e A A Ak FYAER U 2 Ho AR Y W& A=A
shlatz] el wiA o 2dAE BEEs SAUT HwH W HEd SYAE

o] %& 4% Ay, PMFsE A# 3H# &2 t&Ea (100%)°] vls]l PMFsE 2.5,

10 2 40 pg/mLe T== A3 welA= 2h7F 1478, 1521 2 284.8%9 &

ERU it} (Figure 3). PMFsoll o] &k ofejgh A ukisf fgdeo] Azl ugt %74

gl oate] vhebv= ANA Fel 3H7]9s LDH Aoz AE5dE XA

AT PMFsE 24 5=z HEdh AX vk s 53t LDH +4& 3 2

I PMFsE AHElshA] &2 thExa (0%)] vls]l PMFsE 25, 10 ¥ 40 ug/mL9]
e

TEZ A TolA AX SAHES 0 - 1.7% Fooz Hddd AN Hiwk

_l

¢

(40 pg/mL)7F A= ME EAo] ¢l Aoz et} (Figure 4).

PMFEsel o]gh A|W&s] @45 Aol &Fdstr] Akl AdEs aacl

b
B39 B3ty AuhA 2o 3083 PMEsE AHE|st Ayt FAddizdel 1|3
PMFsE& AHz|d A¥xo|A PKA9F HSL =% &A485:= A FAdd 5+ Iy
(Figure 5). Figure 6914 Ko 5= npe} o] HSLE 4bstE Woddggayo=z

gaekA e = Sl

_17_



Concentration of PMFs (ug/m@)

vehicle 2.5 10 40
A
B
C
110 -
g 105
se
L 100 - T
{
[o]
i a5
= *
9 90
=
D
= 85 -
30 T

vehicle 25 10 A0

Concentration of PMFs (pg/mé)

Figure 2. Effects of PMFs on lipolysis of differentiated adipocytes. 3T3-L1
cells were differentiated in the presence of MDI differentiation medium for 8
days. After then, differentiated adipocytes were treated with 10% FBS contained
DMEM and PMFs for 2 days. (A) Macroscopic pictures of stained cells. (B)
Microscopic pictures (magnification, 200x) of stained cells. (C) Triglyceride
contents. Lipid accumulation was assessed by the quantification of ODsz as
described in Materials and Method. Vehicle (DMSO), positive control. The mean
values of the results are shown with the SD (n = 3). The data shown are

representative of three experiments. p < 0.05.

_18_
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]
(1)
=]

]

®

Glycerol release |

%0 _%_,'

vehicle 25 10 40

Concentration of PMFs (pg/mé)

Figure 3. PMFs stimulates lipolysis. Differentiated 3T3-L1 adipocytes were
treated with PMFs at indicated concentrations (2.5, 10 and 40 pg/mL). Then
glycerol released in medium was measured at 48 hour after stimulation. Data
were presented as the relative ratio of glycerol content in control (vehicle,
DMSO). The mean values of the results are shown with the SD (n = 3). The

data shown are representative of three experiments. p < 0.05.
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100

80

&0
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Figure 4. Effect of PMFs on the cytotoxicity of differentiated adipocyte.
Differentiated adipocytes were treated with various concentrations of PMFs (2.5,
10 and 40 pg/mL) for 48 hours. Cytotoxicity was determined by LDH assay.
Vehicle (DMSO), positive control. The mean values of the results are shown

with the SD (n = 3). The data shown are representative of three experiments.
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Figure 5. PMFs stimulated phosphorylation of PKA and HSL. 3T3-L1 cells
were differentiated in the presence of MDI differentiation medium for &8 days.
Differentiated adipocytes were treated with DMEM and PMFs for 30 minutes.
The mean values of the results are shown with the SD (n = 3). The data

shown are representative of three experiments. p < 0.01.
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Figure 6. Intracellular distribution of phospho-HSL in 3T3-L1 adipocytes.
3T3-L1 cells were differentiated in the presence of MDI differentiation medium
for 8 days. Differentiated adipocytes were treated with DMEM and PMFs for
30min. Adipocytes were fixed, incubated antibody against phospho—-HSL, followed
by incubation anti-rabbit FITC-conjugated secondary antibody, and subjected to
confocal fluorescent microscopy. Vehicle, DMSO; White arrow, lipid droplet;

magnification, 200x
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2. AF-A WA EN A PMFsel 23k x| =gk (lipogenesis) &%
25 = PMFse 44 Agwsrs ZAQst7] st
o LDH WHe=z AMESAS 4300 (Figure 7). 3T3-L1 A7-AHA S

A 3T3-L1 ATAHhA| o] %

=i

kel
o

PMFsE &&%W (3125 6.25 125 % 50 ng/mbL)= A 2sk A3 Alx5A40] 0, 0.9,
0, 23 ¥ 3.8%= A3 Fx el fFo)ide] §lof 50 ng/mL M= AE5de] §

v AoE #THTE PMEs7F 3T3-L1 A7FA WA X &5lo] ojust dgF& e
WE AE &otry] flgto] 35 Aol IBMX 4l PMFsE #7hsto] £35}
= ANAES 0l Red O 9oz #3190 (Figure 8). Figure
o] 5= wkeb #o], PMFsE A shA] &2 FAdvizel W&l PMFsE
A s ToAE AWAd FJAho] v YEHoR FUISIATE AAaAe] oA
s A" 23, PMFsE AelehA| &L FAixa (1002%)°] wis] PMFsE
10, 20 & 40 pg/mLe]l s== A3k oA &= 247} 2035%, 226.2/5 H 260%<]
e e T (Figure 8C).

TAFTAA PMFEs7F AFA M2 F3fo] mlx= G 21317 93] &
x4 AL Al PPARyS} E3XE @zl aP22] WE-S- Western blot HHH

o7 BEAEQT E3f% X d IBMX A PMFsZ A3k A %A PPARy
o} aP2 @A wdo] v& ofEH R FUIEATE (Figure 9). 53], #3€ AW
A ZANA] 8] 5= ol 2 ulel v} # X A8 9] mRNAE real-time PCR W o= &
Ak A3} PMFs AHelel o& ofrjxvela #H A ~8e] mRNA Ido] & ofF
Aoz F7IEE A F AU} (Figure 10). 23l PMFso| <93 #3}

Aol BoIdte ANzAY HRE Folsr] 93le] PPARyS A9 2H 9z

b
N,
e

CREBE #7443} Al7]5& PKAZL Ql4FeE Western blot #4 W o= 3121319,
IBMX7} @l #3F 27404 PMFsE PKA @z e] o132 txo| thyls]A

Z7hehs 2l & & A} (Figure 11).
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Figure 7. Effect of PMFs on the cytotoxicity of 3T3-L1 preadipocyte.
Preconfluent preadipocytes were treated with various concentrations of PMFs
(3.125, 6.25, 125, 25 and 50 ng/mL) for 72 hours. Cytotoxicity was determined
by LDH assay. Vehicle (DMSO), positive control. The mean values of the

results are shown with the SD (n = 3). The data shown are representative of

three experiments. p < 0.05.
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Figure 8. Effects of PMFs on lipid accumulation of 3T3-L1 cells during
adipocyte differentiation in absence of IBMX. 3T3-L1 cells were
differentiated in the presence of PMFs and ID differentiation medium (excluding
IBMX) for 8 days. Differentiated adipocytes were stained with Oil Red O at day
8. (A) Macroscopic pictures of stained cells, (B) Microscopic pictures (x200) of
stained cells, (C) Triglyceride contents. Lipid accumulation was assessed by the
quantification of ODs as described in Materials and Method. Untreated, negative
control; vehicle (DMSO), positive control. The mean values of the results are
shown with the SD (n = 3). The data shown are representative of three

experiments. p < 0.05.
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Figure 9. Western blot analysis of PPARyYy and aP2 in 3T3-L1 cells
treated with PMFs. 3T3-L1 cells were differentiated for 6 day in the presence

of ID differentiation medium (excluding IBMX) and PMFs. Untreated, negative
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control; ID, bug/mL insulin and lumol/L dexmethasone.

_26_

Collection @ jeju




35

= Adiponectin
W 30
(2
®
S 25 -
>
m |
0 2_0 .
=
D 15 -
)]
= 10
o
(1] a
e 05
vehicle 5 40
Concentration of PMFs (ug/mé)
R Resistin
=}
@ 20
=
o
» 15-
@
| o
2 10-
o
=
T 05-
©
(14
og—— ' —n —H—— : ‘
vehicle 5 40

Concentration of PMFs (ug/mé)

Figure 10. Effects of PMFs on adipokine gene expression. Total RNAs
were prepared from 3T3-L1 cells at day 8. Relative ratio of gene expression in
vehicle versus 5, 40 ng/mL PMFs are indicated. The mean values of the results
are shown with the SD (n = 3). The data shown are representative of three

experiments. p < 0.05.
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Figure 11. PMFs stimulated upstream signaling of PPARy. Cell lysates
were prepared at 0.25, 0.5, 1, 2 hour after insulin stimulation with or without

PMFs (40ug/mL). Oh, untreated; vehicle (DMSO), control.
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2 ATe AFE AW FErelA AHAgA A AAE "k Y 4
S 2 3T3-L1 AlXE ol&ste] AMefzted Hy FE=E] AWAE #3F 2 A4
thAabell gk &4S Yehds At AR Ao Fdsslvh 59, Ak
Wy o 248 MRt Bad PMEsE v g4-3kar glv] wiite] abd
H3 & o] &3to] HEo| AHEH PMEsE &3kt

ARxA L AsEEolA oy FEdAdE FASEH FREARE 3 Ad=E
-5 ozl #sto] f<9lo] #Ht}. Genistein, catechin, nobiletin, naringenin % <&
flavonoids 7} A A WAL 7Hdel A dQ) s 7= Bart d (Harmon
and Harp, 2001; Hwang et al, 2005; Saito et al., 2007; Lee et al, 2009). u}&}A
Aol A= PMFEs7E 3T3-L1 Aol A A& thAtel wx= JFe AF 83l

909%0] 4 23l 3T3-L1 AHAEZe] PMFsE A28 A3 PMFs7| A WAxe] &=
Ay APA2AS AAaA7s 84S 7R3 985S & F Ade agla drA

AEE Eas =t (Zimmermann et al, 2009), ¥&d A= IFHFS A 4

th o]= Ahn (2006)5°] Wargk = nFo] = W PMFs7} S48 A A& 2l
st 2hgshe Ao R Abm gk SEAIRE o] Zle] A A Z e A Aujrte] PMFs7}
407 zgste] ol#dt o]l dojue=Xx FH<lstr] Sl LDHE SA 3% 23,
A EZA o] YERLEA| o} ZAo® <ld dAAto] obdS & = T

Mz A e XA R (lipolysis)®] 7132 adipose triacylgycerol lipase
(ATGL)7} =4 XA -E diacylgycerolZ, HSLS diacylglycerole monoacylglycerol &
7FEE313} 3l monoacylglycerol lipase (MGL)= monoacylglycerol-s- 715+ 3 3t}
(Zechner et al, 2005). ©] & HSLE T 28| 93] ZAy= F4h=Z PKA 9 &7F
Q1 HZo PKA =94 F2g T =4 v} (Holm, 2003). cAMPe] €& *x
¥ 5 @437 B phospho-PKAY HSLe <4bsls £x18tm &4dstd HSL2>

MEANA AHWtiaa FHOZ o]F3} Perilipine A WAZFH| = ¢ulz

fl
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HaolE CGI-58¥4 ZAdtso] Awride] & x| vk &/435% phospho-PKA
of 93] JAiterl =W CGI-582 M ¥A=Z WE5 1 perilipine HSL A8 #| &
& Bl o)W WEH CGI-58 ATGLI AFste ATGLE &43F AA 94
A ARNE A2 v}l (Zimmermann et al., 2009). ool wel PMFs7} x| A &5 7]
Aol A s A2E Bl A EfE FRstEA dotry] fa] A AR B
EAE At g2 A¥ PMFsE A g el A HSLe 14bsl7h g o
of Hla] sk oEH o FUIFE & F AU TS AXY cAMP kel s
| =o} HSLe QI4kstE XA 3h= phospho-PKA %A ¥ % & oz &
e Belskgieh celw W@ AH 02 phospho-HSLS 4@ Az} oA
PMFs7} thZ&atel] vlsf HSLe A4bst s H3A7ES FA98 + A8t FoH o]
=AY ¥ W2 47t PDE] SAAR g3t AZu cAMPE 7k ARt
% genisteine PDE®] Zv| ¢1x o] A3 sle] PDEQ 42 A3
(Peluso, 2006). welA PMFsol <38k lipolysis &4 PMFEs7}
Adgtoz A MEU cAMP F5& =04 7dstez A wiAd
Aolgkal kA = YA RE o] gk FFA S At Qs

3T3-L1 A7 AWM EE= confluent A efolA AR (growth arrest) 2

BN

i

ot
i
o
o
g
_Hl
—“L

14

R
N

-

=4 olu 2+ ¥, dexamethasone, IBMX = 3t7] g std AWM ¥E=z &
g ¢y A At (Gregoire et al., 1998). wehAl ¢ Aol A PMFEs7F Al
cAMPE =d3tal AR HA 7| AFAGAEL afel]l lojA HEW cAMPE

&= IBMX tl4l PMFs& A 2lgte] PMFs7k dA WAl ze] £38 3
A glete] Hkth IBMX thal PMFsE A 3sloix= dAyAwAxe F3)

PR gl
£ e

off
-

(ld

r

= A= AL &9l 3 = e, ol Martini et al. (2009)%5©] K.k
T Aot dA sTh wEkA PMFEseE A7 A A Z A IBMXSE fASHA AT
2

Fo r2APoEA AYAE $HE HA%E 208 AR

fll

PPARs ¥ 3T3-L1 A7ALAMEe #3E xdse o U F8AZ (Auwers,
1999; Vamecq and Latruffe, 1999), ©]% PPARy+ #7t=¢ AE3sH RXRag}l o]
FEIAE A A 3] peroxisome poliferator respone elements (PPRE)e] 2 3}

Axe] WA

do

aP2, phosphoenolpyruvate carboxykinase (PEPCK) %3 Z2& 34
%7 3t} (Schoonjans et al, 1996). Z18]at E3lgo] wel AWAEE e o}y
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dE fA28 T3 2 ol 71918 4] (Kershaw and Flier, 2004) 3tv}ar
& A Tt ofol wel HAZ FA2 g #37F dojuteA] Lotry] fE
A

o]
¥ PPARy ¢ aP2 @z wgaks 3elstgitl. IBMX7) Al

i)
g
L&)
:10
:i‘é
X
9
>
!
=
gyl
n

i

= AMAE FA4 531229 PPARyY @#E-E S
oot} o]59] EA ARl aP2e] WHIFES FUAH o ZAN F5hu) Aol A
IBMX th4l PMEsE #H7bsto] EAFFEolA 2371 dojutes & + drth
T3 PMFsi= AWAE 38 A BuEiE ol 2719l & ol sy} x| 29

mRNA &z £ Sr7px oz B3 €48 7143 e o] & W &

i
jur]

¢l e Sl

IBMX= cAMPE AMPE A8AAF= 24%] PDES AR, AMPE cAMP
2 A& E G490 ACS 4 AXY cAMP 58 77 AWALR F3)
= =2 A Z1Y (Georges Vassaux et al, 1992; Tang et al., 1999). Al ¥4 cAMP
o] 7= cAMP/PKA 21349 AEZE 53] cAMP-responsive element binding
protein (CREB) & 2743} A]7]3 g7dstd CREB2 C/EBPB 4ol dALE =
Aetow AubA ¥o] E3lo] AgS 7] Fv} (Niehof et al, 1997; Zhang et al,
2004). ol°l we} PPARyS] B¢ =4 AAE A A3 PMFsi= PKAS] ¢14ks}
Agto 2 PMFs7t AT AWAXe %7 3o &S nHteE A4S &
T AATH ol& H& Hag dAFel ¢ PMFs & 3F4?l nobiletin®] cAMP
ANzAGAA FdEFes 71A ATAEAEAA AWAER 3t FF Fvhe 2
IH(Saito et al, 2007)¢F LA sy, B o] A1&¥H PMFEFsi nobleting ¥ &3}
774e] PMFe] H3Aeltt. webA PMFs7k AXEW cAMPE F7FAA A7 A WA %
oNA AFAEE EslstEr] S AE AoE AlsdY

AzHow 9 UEs F9d 2 u PMFstE 9E Zghnxol=Ey Zo] AX
Ul cAMPE F7FAZ 024 Alxdlel] 49 A ARe Ert opye} A A xE
o] #sboll Aadk A3t (lipogenesis)® 22 A AdjAle] A&S w Rt AR
At 8y A A Abel vxl= PMFEse] AASE 714s 7887 9184 = PMFEs
ZRE dd PMFE atol ZEd PMFEel tgh F=7p49l A7t d s

(il
B
ook
o

H~l
o
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UheFeh S Rol=fet ET N nolER 5
Ag go)st AR AREHo] skt AbE #HFeE FERAR EAgE
polymethoxyflavones (PMFs)o] th&F $hf5¥ il PMFsE ThFst AE3sHd &4&
Advar e vk B Aol AR YA Tl AR EA e A T Y]
d& W7kst7] S8kl PMEs7F A A iAbel]l wA= Q8-S 3T3-L1 AIXE A&3)
of ATy 4, &kl 3T3-L1 AgAEZl A PMEse] Aaslss £AMS)

EHor waE AYAEY Agad AT T/,

o

Fhotn At AEe 5 AYEd
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=
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o

£3], PMEFse AW&Eao] #oJsdl= cAMP dependent protein kinase (PKA) <}t
hormone sensitive lipase (HSL) $14FstE FHZlstalth. A=, AWAE E3k8)A|
o cAMP H&EE Z7F A7)+ 3-isobutyl-1-methylxanthine (IBMX) th4le]
PMFsE ¢t PMFs7} AFARAE £3o vAs s 48ttt A+
AAze A&, GrdEeEY 74 PMEsE HEE 4% 5% gEHo 2 A
HkaA Ao F71E QY f2o], PMFsyE AWA ¥ E3E =73 peroxisome
proliferator-activated receptor gamma (PPARY)S} #3X| % w92l adipocyte
fatty acid binding protein (aP2)9] M&S F7HA A Th ®3F PMFs+ adipokine 9]
A <E2l adiponectin® resistin mRNA H&S & EHow FU7MAFHY. 18 a
PMFs+ A WAlZ F3tdgolA 27|94 A5 2 2&sh= PKAY @AstE £33
A = A F AESE vFe] & ul, 3T3-L1 Aol A <]
PMFsell &%k A& 243 £3153 &4 =5 cAMPO| ofsf w7l = A5
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