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ABSTRACT

This study was performed to investigate the effects of Sasa
quelpaertensis extract and p-coumaric acid on lipid metabolism in
3T3-L1 cells. First of all, the effects of hot water extract from Sasa
quelpaertensis leaf (JBE) on the adipogenesis of 3T3-L1 preadipocytes
were investigated. JBE suppressed dose-dependently triglyceride
accumulation in 3T3-L1 preadipocytes. At molecular level, it reduced
the expression of adipogenic transcriptional factors, CCAAT/ enhancer
binding protein a (C/EBPa), peroxisome proliferator—activated receptor
y (PPARy), and fatty acid binding protein (aP2). JBE suppressed the
expression of sterol regulatory element binding protein—-1lc (SREBP-1c)
which is expressed during early differentiation stage, as well as its
down stream target genes fatty acid synthase (FAS) and adiponectin in
a dose—-dependent manner. Also, JBE increased phosphorylation of
AMP-activated protein kinase (AMPK) which regulates the expression
of SREBP-1c, and acetly-CoA carboxylase (ACC) in 3T3-L1
preadipocytes. Next, the effects of p-coumaric acid (CA) which is a
major compound contained in JBE, on lipid metabolism in 3T3-L1 cells
were Investigated. CA was able to suppress triglyceride accumulation
only from intermediate stage (4 days after differentiation induction) by
reducing expression of C/EBPa and SREBP-1c. In matures 3T3-L1
adipocytes, CA activated AMPK and its substrate, ACC, and increased
the gene expression of carnitine plamitoyl transferase-1 (CPT-1).
However, CA did not affected glucose uptake and lipolysis in mature
adipocytes. Taken together, these results suggest that JBE and CA
inhibit adipogenesis of 3T3-L1 preadipocytes and promote fatty acid £

-oxidation via AMPK signaling pathway.
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AARAZ]F (WHO)= 1980 o] 5B AAA o= Hvt Q147 5 Hj
ol F7FetR L, wid of 2.89 W oo AelEol HAT F2 H|vko] ¢
3l AbgEtar 9lom, 2015l &= 159 o9 AdRle] HAFo] d Folztar
Akl (WHO, 2012).

HI RS ol |y =] o] A 7F oldA o] AnjEu sy A B8k, xixz
of APGAEANA AA Ao AVt b FUteke 5AHS 7R o,
g, aAEF, AFU2HES, 043 el T3 #FS dAbES 3
Hol =g 9lelow 2% t} (Stephan et al, 2007, Shimomura et al.,
1996, Medina-Gomez et al., 2005). Htol& thgt tALE S-S of7] st
HITHS o Whetaial s AFdolA] 3T3-L1 A9 #3E5 2dste A=
gl A7 @ws] A ok (Kim et al., 2002, Spiegelman et al.,
1996, Raylama et al., 2008, Hsu et al, 2008).

3T3-L1 AFALAEE SAGAE AAH confluence FH o]2WH AL
wEE AAsta T2E 93k 25L& F3|A mitotic clonal expansion 7
HE A F Ao F3d 5 At (Robert et al, 1999). A4
= E3be Urke AAoe AEe FEH wdskel fHA
dAYde] wigk so] A dojuH (Filer et al, 1998), ¢F 5~74 Tkl A
Ao S BFEFA Huk ALAEY 3134 (adipogenesis)ol &=

=

p
N
N
By
ol
=
He
(i3

o

CCAAT/enhancer binding protein alpha (C/EBPa), peroxisome
proliferator activated receptors gamma (PPARy) 1@]31  sterol
regulatory element binding protein - lc (SREBP-1c)&tal &&= Al 714
AARCIAZE FFA dges ddstar ) (Brown et al, 1997).
SREBP-1ct A%t tiAabel A& A #ofsts 59 23S =
Ast= dARRIAFoItt (Filer et al, 1998). #3} %7]d] W@ == SREBP-1c

= PPARyY AAIEA S Z7A1 o2 A AHMAES] B3tE =2 A17)a x4
AALS 243t (Kim et al, 1999). PPARy+: retinoid X receptor a



(RXRa) ¢} heterodimer= Aste] X AFHAAY] L2 RE = QA0
Z£A)3}+= PPRE (peroxisome proliferator response element)o] ZAgsto &
A FAFARe] Brd S A3t (Brun et al, 1997). 53] PPARy 2% A
WA AT Ao oz W AhA| L] {3t} APAtALE - gk
(Barak et al., 1999). PPARy L& e F7}= olo] C/EBPad EdES F7HA
7131, C/EBPa®] el F7he= AWAE #stef #d FdxEe dds
Z-3%t} (Cao et al, 1991).

AMP-activated protein kinase (AMPK)&= AlX W9 A 74

Agg o GrRA ABEddd A2 B TEg Yl 24 Fa A
wal, 9 B, AMAEe] B3 20 F4 29w AR p-iE 482 =

5

3t} (Hardic et al, 2003, Ceddia et al, 2012). AMPKE ~Ed# A4 &
of &% AMP/ATP H|&o] F7lsh= 5o &Adste o] A abgd s e
HE 348 o3 22 ATPE &H|stes HAHS JAlstar AdAk Absket &
Gl g ATPe] A4S FX3¥4 (Hardie et al, 2007). AMPK:=
serine/threonine kinase®ZA a, B, v 371 2992 FA % heterotrimeric

complex@ o]Foj#] ¢lal (Hardie et al, 2003), ©]% a A299e N-got

oft

>

(N-terminaDell catalytic site7} $l2W, ©]% threonine 172 7]
(Thr=172)7} Q14ts} Hozx A3 "} (Hawley et al, 1996). & A 7}A]
AMPK o 29 Thr-1725 <48k A7l 39 atstas2s liver
kinase B1 (LKB1), Ca2"/calmodulin-dependent protein kinase kinase P
(CaMKKR), TGFB-activated kinase (TAK-1)&°] ¢&## Ut} (Hardie et
al., 2011). AMPKe| &3t Agat Ay ZHaHE e 2488
acetyl-CoA carboxylase (ACC)E QlisirFlomA 1 aagdds 524
3} A]71t} (Kahn et al, 2005). o]Z <13 malonyl-CoA2] Aol 74
AuakS v EEC ol W& $HFS= carnitine palmitoyl transferase-1
(CPT-De| &do] T7istt. A3 om nEZ=gol Y= Fd&= AEAt
o] ol F7tstAl o AAake] p-4ksrl Fx1E Y (Munday et al, 2002,
McGarry et al., 2002).

ANFZ2 (Sasa quelpaertensis Nakai)x= Witol] £35h= 218 tiuyi=



A A AlFont MAsks e BARSo|t AlFEEHe oS dERYH
Tt fel Foha sto] RIZtaR o ARRHo] ghom, AFxTiel <
o &= p-coumaric acid, N-feruloylserotonin ¥} 717}el F
o ghf-%lo] 2t} (Sultana and Lee et al, 2010). AT o] A A
o W3 dAFEE FAZE a3 (Hwang et al, 2007), 3¢t &3 (Jang et
al., 2008), I¥+ &7 (Kang et al, 2012) o] Bi® v} gch &3 A
T ¥ A EYHAEFA p-coumaric acide I A&
(Hudson et al, 2000, Janicke B et al, 2005), A&HR3s #i
(Abdel-Wahab et al, 2003), &+ &3 (Cho et al, 1998), &4 &
(Barros MP et al, 2008) 59 Agj&dS 7Hvkal BaEo] ot spA|
AFzR F+EE 3 p-coumaric acid®] A A hAtel dEE A= b 7HA]
2%k AEelth wEkA] & A= 3T3-L1 MEAA AFZ3d FE5574

p-coumaric acid®] XA Aol P x|= G3FS AT



2. NEX v
Mouse 3] 3T3-L1 AFAWA¥E+= American Type Culture Collection
(ATCOA  Fdstsitt. MEm Y 10% bovine calf serum (BCS,
GIBCO, USA)¥} 1% penicillin / streptomycin (P/S, GIBCO, USA)e] #7}
F Dulbecco's modified Eagle's medium (DMEM, GIBCO, USA)E A}-&3}
o] 37T, 5% CO, xZstollA FHsAth. AlE= T-75 Cell culture flask
uierol] A E7F 70% A e W A wigste] fFASATH

3. AX 54 53

1) LDH ¥4
As7b Ax=sds 7 fl=A 54871 91k LDH +4< LDH
Cytotoxicity Detection Kit (Takara, Japan)ES AFg3ste] =338} t}.

3T3-L1 AFAWAHELE 96 well cell culture plate (1x10* cells/well)oll



24A17F FoF w3t & 10% bovine calf serum (BCS)ell A3k 7 A8
Agfsto] 48A1%F FF O wiFsilvh. widol # - A RE A

S 50 wH FAT T 7)o 50 we] LDH =4 T3S ¢
% microplate reader® 490molA SHE=E SAHSIT. FAY
o Triton X-100 (Sigma, USA)&Ns HZF 1%7F H=F A2 Az w&F
NS ARGt ZF AlEY B4 #4233 §hE 3o v Aol

olg] AtEH Bk oZ YE AT
CytOtOXiCity (%)2100 X (Asample - Alower control)/(Aupper control — Alower control)

Asample = }\] JE—‘—% %7}'@- HHX]'O/] :El:‘%E
Alower control = }\] JE—‘—% %7}'8}-X] OL%:% HHX]'O/] :El:‘%E

Aupper control = Triton X-100% H7}3et wix o] &4 =

2) MTT 4]

A =m7F AR A7l WA= dFe A6l $1ste] Zhang & (2002)9]
WHe TSt MTT #415 3833t 3T3-L1 AT AMAEE 96well
cell culture plate (1x10" cells/welDoll 24A1%F ek wjdst 3 10%
bovine calf serum (BCS)dl 343 7z} ARE Fud (AFZ2IY FEE
125, 250, 500 % 1000 wpg/mé, p—-coumaric acid: 6.25, 12.5, 25, 50 %
100 pM)E A 2fstaitt. AEE 48A1%F vl 5 wddel 2 mg/me 59
3-(4,5-dimethylthiazol)-2, 5-diphenyl-tetrazolium  bromide (MTT,
Amresco, USA)&NE 400 pg/mee] =7k WA H7bske] 4A17F &<k vk
gk 5 HiAE AASAT. AlEZWel BAE formazan® ¥ 150 uld]
dimethylsulfoxide (DMSO)E 7}ste] £3fA]Z1 F microplate reader
(Bio—tek, USA)Z 540meolA S3EE SHSAT. HME SHES Al5E A

dotA e ETe FYE g vwstel o] Hor AE Y

Cell viability (%)=100-[(control ODssq — Sample ODsso) / Control ODsso X 100]



4.

=

3T3-L1 AFAHAES] E3}F%+= Harmon and Harp (2001)9] S
WEgste] st AFAYAEE 10% BCS9F 1% P/S7F 37H8 DMEM
Hj A & o] 83} 6 well cell culture plate (2x10° cells/wel)oll &34 1
48X &<t vl sl pre-confluent AE7} ¥ %5 3199 2™ pre-confluent
Fejol A A E g H o wEste] 48A17F o w ekl Confluent ZAHH
(3% 0LdADolA wigNS F3f% ul#A] [10% fetal bovine serum
(FBS, GIBCO, USA), 1% Penicillin / Streptomycin (P/S, GIBCO, USA),
1 uM dexamethasone (DEXA, Sigma, USA), 0.5 mM 3-isobutly—1-
methylxanthine (IBMX, Sigma, USA) % 1 pg/ml 2d&H (Sigma, USA)9]
4% DMEM wi=| & n3talo] 2zF Ralfw 3gith B3kf% 29 o
M GRS 10% FBS, 1% P/S 2 1 pg/mb JEAe] 23¥E DMEM A
, w3 e 44 AFHE= 10% FBS, 1% P/S 7} 23¥ DMEM

A= 2d vtk w@siinh. aElan A=t AFAEE ol AN =

e

% DMEM Hj=|

'
Y
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32,
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o
[\3
X
oy
n
o>
>
3
=
(@)
wn
(@)
O
-
%)
&
N
N
el
o

g
233 DMEM Hj
A},

. Oil Red O €4

Oil Red O ¥4 3 A= £42 Cho & (2003)9 WHoz S35}t
= 7-994 " MEXE PBSE 23] A3 PBSOl FAM® 3.7%
formalin [37% formaldehyde solution (Sigma, USA) 1/108.= 3|4l]o=
AR St 1A §, SHFE 23] AFSSI 283l Oil Red O G4
< isopropanol Z 3|4 # 0.6% Oil Red O (Sigma, USA)S} SHTE 6142
B3 5 ofsfsto] Azt AlFHE AlE= Oil Red O @AKoz 1A7E
S AA 5 SRR 33 AFcte] AnjAstolA dEEdT. AaE A

ZFal7] YA 4% NP-40 (Amresco, USA)o] x3gd
isopropanolE #7}ste] Oil Red O WA &3] £ microplate reader

2 520molAN FF=E 4



6. Western blot
Western blot #2418 ¢la] A& Azl 2 wjfo] E AWAELE PBSE 2
3] Mz 3 RIPA lysis buffer [1 mM PMSF, 1 mM Na3VOs;, 1 mM NaF,
1 pg/mé aprotinin, 1 pg/ml pepstatin, 1 pg/ml leupeptin 2 10% RIPA
lysis buffer (Upstate Biotechnology, USA)Jol A 1A17F &<t lysis A7 3
94dd (15000 rpm, 4°C, 208)3te] S NE d5sqnt. @ujde] w5
+ Bio-Rad protein assay kit (Bio-Rad, USA)E A}83}4] microplate

reader® 595mmol A 3% ek oA (30pg)S SDS-

=
il
||\
o
ol
ol
9
o

polyacrylamide gel H7]9&o= FZ 3 3 poly vinylidene difluoride
(PVDF) membrane (Milipore, USA)el oA Zth, ©hulgo] ol PVDF
membrane “F=o Al 1A]7F 5QF 5% skim milk (BD, USA) %+ 5% BSA
£ /3 0.1% Tween 20°] X3% Tris buffered saline (TTBS) & 9o
% blocking A1 %, 12} &A1&} WA . @A FA4 5 9l AREE 1
b &A= PPARy antibody (1:500, Santa Cruz, USA), C/EBPa antibody
(1:1000, Santa Cruz, USA), p—-AMPK antibody (1:2000, Cell Signaling,
USA), AMPKa antibody (1:5000, Cell Signaling, USA), p—ACC antibody
(1:1000, Cell Signaling, USA), sterol regulatory element-binding protein
lc (SREBP-1c¢) antibody (1:1000, BD, USA)&= 4TAA 35 - &<k
A-FABP (aP2) antibody (1:5000, Santa Cruz, USA), B-actin antibody
clone AC-74 (1:10000, Sigma, USA)& AF-ZoA 1AIZF &2t 8313l t).
124 A vh&o] £ PVDF membrane< 0.1% Tween 20°] 323%% Tris
bufferd saline (TTBS) &4 = 5-73] A|Hg $F peroxidase—conjugated
® 22k A (Jackson ImmunoResearch, USA)E Z}7F 1:2,000, 1:5,000 =
< 1:10,00022 3]4sto] 1A3F st Wg3 F TTBS §odo= 5-73] A
ek, Zb duldel ke WEST-ZOL  western blot  detection
system (iNtRON Biotechology, Korea)Z WHs-AlA X-ray Z& (Agfa

Gevaert N.V., Belgium)2. & 7 =3} ).



7. RNA ¥ % Real-time PCR

Real-time PCR& $1& total RNAE ®3sl7] 9slM AEE 7] cell
culture plate?] well 7}t} RNAiso plus (Takara, Japan) 500 wlE A 7}3s}
of A2olA 5-1083F AEE #H3} &3laL, °l5 A2 microtube® &31
% chloroform 100 ptE #H7Fste] oA 15% &<k WHEA1AH, A
(12,000g, 47T, 158)3F3t). o] % AZHS 4=ASFe] ©]& YA microtube
2 7)1 59 isopropanold #H7}sFe] icedl A 5% EoF HEEA|7l B Y
AEE (12,000g, 4T, 58)E 3 RNAS HAAAIZT ¥ RNAE 75%
oebe2 33 Al A3l 1xA]Z1 ¥ Nuclease Free Water (NF D.W)ol| &
A FH T}, €31%¥ RNATE nanodrop 2000 spectrometer (Nanodrop, USA)E
o]-&3ste] 260mollA FFEE SAse] A=Fsislon, A260 / A280nm 2] H
o] 1.8-2.1 H9 W9 #s Zte= RNAE AF] AR&sitt.

cDNA+ Maxime RT PreMix Kit (iNtRON Biotechnology, Korea)E ©]
43te] FASAh 1 pg total RNASH NF D.WE % 20 ut7F 57 cDNA
4 tubeol €L 45T 60+, 95CoA] 5i3F 953t cDNAE 443+ 3la
of7]e] 30u0e] NF D.WE #H7bste] 348 9 PCRell AHE-3saitt.

Real-time PCR< Peltier thermal cycler (Bio—-Rad, USA) Real-time
PCR 71715 o]&3sle] s} o, PCRe S primero] wWE T3kl
ot o 2As gty it Ay 13 S35 W vid 34FES
S48t o Avs d9ler, B cycleo] ¢RF F 65TeA 95T 744
HES-Al A primer®] melting curvegd A3t 23 #4122 Chromo 4
Real-Time PCR Detection System v1.10 (Bio-rad, USA)S o]&3d}o] B
—actin tH] G4 gto=2 GFst). Real time-PCRo| A AF-&-% primer
A7 ES& Table 1.9 YERSAT



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

analysis and the expected sizes of their PCR products

Product

Gene Primer sequence .
size(bp)

Forward 5'-TGT CCA AGT ATC TGG CAG TCG-3'
CPT-1a 163 bp
Reverse 5'-CAT AGC CGT CAT CAG CAA CC-3'

FAS Forward 5'-CCC TTG ATG AAG AGG GAT CA-3' 114 b
Reverse 5'-ACT CCA CAG GTG GGA ACA AG-3' :

. ~ Forward 5'-GAC CTG GCC ACT TTC TCC TC-3'
Adiponectin 122 bp
Reverse 5'-GTC ATC TTC GGC ATG ACT GG-3'

oo Forward 5'-AGG CTG TGC TGT CCC TGT AT-3'
A Reverse  5'-ACC CAA GAA GGA AGG CTG GA-3' P




8. Glycerol release £4

wjokolo] WEw glycerol S free glycerol reagent kit (Sigma,
Ak Awe] &dE SA4e7] HeA 3T3-L1 A+
of webx 8UZT wiYFete] EEAZTE E3HE
3T3-L1 AMAE] A8E 4843 FF AeataL, 2423 § A|=7t Al
el A3k Free glycerol 574 AleF 0.4 ml o v} 5 wE ¥

1087 37 C oA WFSA]A micro reader® 540mol A SF=ES =43

oy,

t}. Free glycerol A%S 984 Standard glycerol solution (Sigma, USA)
< 0, 16.25, 32.5, 65, 130, 260 ug glycerol/ml o] FE=2 THEo] 919} &
At A WHSAlA AFstglar, 33] vk AT

9. Glucose uptake £4]
ANB7F AEZHE G 54 (glucose uptake)ol H]X|&= ks dolr 7] ¢
ko] PFoz AR 2-(N-(7-Nitrobenz-2-oxa-1,3-diazol-4 -yl)Amino)
-2-Deoxyglucose (2-NBDG) (Invitrogen, California)E AF£3F] glucose
uptake #45 Aldetaith Aol AREH 3T3-L1 AlE= flollA A W
Wyl o] 12 well culture platedld E3H%= A7l 3 8-10¥9 % AxXE 2
ol ARgstith. Estd AWAMEE dHo] HHZFE serum-free low-
glucose DMEM ®x|= 23] A#H3 £ 0.2% BSA7} x3H sd3 X &
1 m¢ H7kete] 37°C ol A 4x3F St A4 widatdint. ol =HA wiYkd AxE
+ Krebs—-Ringer-Hepes (KRH) buffer [20 mM Hepes, 136 mM NaCl,
4.7 mM KCI, 1.25 mM MgSOy, 1.25 mM CaCl,, 2 mg/mé BSA (pH 7.4)]1=
23] A AHste] wiAE AASL FDE bufferd] % AR 100 wE =4
(25, 50 2 100 pM)=2 FH7}slo] 30% Wit ¥, 100 el KRH bufferol
514 g 14 d 100 nME Agste] 2087 widslal, 100 mM 2-NBDG}
10 mM 2-Deoxy-D-glucose (Sigma, USA)2] &3H&ES 100 weol HF =
27F 0.1 mMe] x5 FH7bsto] 2A17F EQb wigsidnt. 2A13F & wj gl
AASIL 27k PBSE 23] A g 5, AlZW= S99 2-NBDGY 4=
54371 918 1% Triton X-100 lysis bufferg 1 mt 7}ttt o] $ 717

I~



o] welloll A 100 9] lysis bufferZ

black polystyrene 96 well assay
plate (CoStar, USA)ol %71 & A¥X W IF

< FLUOstar Optima
(BMG Labtechm Offenburg, Germany)< ©]-&3slo] S43}$ ).

d A3+ meantS.DOE YEFH O™ student's t—test® FAIEA {9
& Asskaith

_11_



m. 2 }

CAFEREY FEEY ATFARAE 23994 523

Fzx8g 25 (BE)o] 3T3-L1 AFA LA ZANA AZAYG3} A
Aol AEA AFE Flety] $slA MTTe LDH w41& Fa&oirh.
3T3-L1 AFA A Z] JBES X (0, 62.5, 125, 250, 500 % 1,000
pg/m)E A A3 1,000 pg/mee] A AEAGN = ] e
SAN L5 YERA @ttt (Figure 1). o]2]3 AxE wigoz 3
of AlEEAe]l §lE JBE 1,000 pg/me il s st MEAHS 33}
ATh.

1) JBES] AFAHAE 3ol A &4
3T3-L1 AFAAEY E3lo] JBEZF olwdr JaFs nxE=x] Lolr7)
et 3= Ald #3H=2d (MDD¥ JBE (0, 125, 250, 500 %
1,000 pg/mO)E SA Agste] 3= shgivh 3= 89 F¢ Oil Red
O Moz AAxdS st Az, JBEZF AHel® A3atolA % 4
T EHOE A E AL IAT F AU (Figure 2A). o]& A3t
sk A7 125, 250, 500 % 1,000 pg/me] == JBEE A3 29
22 AgeH gL FAHERT  (100£12.5%)°  Hld]  99.9+22.7%,
7+10.4%, 17.2£14.5% 9 %<& HEHAT (Figure 2B).
JBE®l 93 AWkAaz o] A ars BAHQ oA d8h7] 8] A A
X Foleol Bty @A =] uhE S Western blotS E3te] A5t 1
A7 JBEE HYd Aol AWAEe EslE xdste AR

-

of
I
b
2
o

F—L]
FO
>,

peroxisome proliferator activated receptor y (PPARy), CCAAT/enhancer
binding protein a (C/EBPa), Z1¥]a AHrAE B3 T Fd2Q fatty
acid binding protein (aP2)9] Wdo] vx oj&Exow 7HAHS 3ol &

3l th (Figure 3).
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%7] $4A=} ERK, C/EBPa, SREBP-1c %&lo] nx]&= 3k

okl AxEe JBEZF PPARy, C/EBPa, L8] aP2¢] W& #4AS E3)A
AAA FHAA S4e 7ML USFS BAFAT. webA JBEZE B3kt
T Z7)o wadtta 4e¥ C/EBPB, SREBP-1c¢] & 2 ERKE] 2143}
of ojwg FFES wA=A el ATAGAEAA E3HrE Al
JBE (500 pg/m)s¢} ¥-3H4% B4 (MDDE &4 Agste] Azt Aol upe
olE wulde] utg S xAlEth 1 A3t JBEE C/EBPBRY #Hd 3t ERKE]
o1Mstol = S FAH AN (Figure 4A, B), SREBP-1c9 @& & 7t
2AIF T (Figure 4B). SREBP-1c9] @ 7w JBE AHE $ 1241 o] %
HE #EHoH, olygt AyE ngoR I EEZY JBEE vLEHEE
A AYste] £31 =3 Ay SREBP-1co] Wdlo] & o|FXH o7 ZhAa
)t} (Figure 4QC).

o
e 89

=
m%

3) Fatty acid synthesis (FAS)®} adiponectin® mRNA 3ol v x]&= 3k

b Axteld JBE:= SREBP-1ce @de #AaAZt mepA JBE7E
SREBP-1c®] &t¢] FAFHARI FASSH ALAE Hojxom Fu|¥:
adipokine?l adiponectin® mRNA Z&o] ozt FTgFS W H =X
Real-time PCRS E3llA &<leAtt. 12 A3} JBEE FAS® adiponectin®]
mRNA WS 5% oJEH oz AAZY (Figure 5).

4) Insulin receptor substrate 1 (IRS-1)¢} AMPK &4 g}oll wx]= g
JBES] 9oz sdo] 7hAaE SREBP-lct T2 d&#dy} AMPK 4154
2 AAC os) =dEva 44 vk (Gaochao Zhou et al, 2001, Kim
SY et al, 2004). w&x JBE7} SREBP-1c9] ¢l FH<A<2l IRS-17
AMP-activated protein kinase (AMPK)2] &Al3}o] mj 2= ek 3Holsly
oh. 23HE Aol £3F% 4 (MDD JBE (500 wg/mO)E SAlel &g
5 ARE A mE ol A3 ARE FAEIY. L A3 JBE=
IRS-19] QI4tstel= 3ks 4 kAR, AMPKSF 1 7142l acetyl-CoA
carboxylase (ACC)9| ¢I4tstE #3bft% § 16%5FH 2A17F A7HA F7HA]

Ot

i

=

il

ftllo
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st7 JBEZ

s

2 (MDD

=]
=

[e)
=

s}
A3}, AMPKS} =1 71del ACCY]

TH

o] AnE wEow

7t (Figure 6A).

s

Zol Fr¥HE Ay

1713k

1t} (Figure 6B).
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mmm LDH —e— MTT
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Figure 1. Viability and cytotoxicity of the Sasa quelpaertensis extract
(UJBE) on 3T3-L1 preadipocytes. Preconfluent preadipocytes were
treated with various concentration of JBE for 48 hours. Cytotoxicity
was determined by MTT and LDH assay. The data expressed as mean
+ S.E of three experiments. 0 pg/ml, positive control (vehicle).

*p < 0.05 compared to positive control
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+ + + + +
] 125 250 500 1000  (pg/me)

140 p=

120 |=

100 |=

80 =

60 =

40 =

Triglyceride content (%)

2 P

MDI + + + + +
JBE 0 125 250 500 1000  (H9/me)

Figure 2. Effect of Sasa quelpaertensis extract (JBE) on lipid
accumulation of 3T3-L1 cells during adipogenesis. 3T3-L1 cells were
differentiated in the MDI differentiation medium with different
concentration of JBE for 2 days. The cells were then cultured for a
further 2 days in the medium containing 1 pg/m¢ insulin. Then, the cells
were cultured in post—differentiation medium, which was replaced
every 2 days. After 8 days, cells were stained with Oil Red O. (A)
Macroscopic and microscopic (magnitude *<200) picture of stained cells.
(B) Triglyceride contents. Lipid accumulation is assessed by the
quantification of ODssy as described in Materials and Method. (=),
negative control ; Oug/ml, positive control ; MDI, 0.5 mM IBMX, 1 pM

DEXA, 1 pg/mé insulin. **p < 0.01 compared to positive control.
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MDI - + + + + +
JBE 0 0 125 250 500 1000 {pg/me)

PPARy2 —
PPARy1—

C/EBPa42kDa - |
C/EBPa30kDa—» [
B-actin —

aP215kDa—

Figure 3. Western blot analysis of PPARy, C/EBPa and aP2 in 3T3-L1
cells treated with JBE. 3T3-L1 cells were differentiated in the MDI
differentiation medium with different concentration of JBE for 2 days.
The cells were then cultured for a further 2 days in the medium
containing 1 pg/m¢ insulin. Then, the cells were cultured in
post—differentiation medium, which was replaced every 2 days. Total
protein was harvested to analyze by Western blot at day 6. MDI; 0.5
mM IBMX, 1 uM DEXA, 1 rg/mé insulin.

_17_



PBS

JBE (500 ug/n@)

Time (hr)
MDI =

0 025 05
+ + +

1 2 6
+ +

12 025 05 1 2 6 12

+ + + + + + +

p-ERK 44kDa —
p-ERK42kDa

ERK 44kDa
ERK 42kDa —

p-actin—

PBES

JBE (500 yig/ng)

Time (hn) 0
MDI

6 12 24 48 2 6

+ + o+

12 24 48
+ + + + + o+

SREBP-1c

C/IEBPp —

p-actin —

MDI -
JBE 0

+
0 125

+ + +

250 500 1000 (1g/ne)

SREBP-1c68kDa —

B-actin — |

Figure 4. Western blot
SREBP-1c

analysis

of phospho-ERK, C/EBPB and

in 3T3-L1 cells treated with JBE. 3T3-L1 Cells were

cultured in MDI differentiation medium with JBE 500 pg/ml for (A, B)

indicated time period or (C) for 6 days in indicated concentration.
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Figure 5. Effects of JBE on mRNA expression of adiponectin and FAS
in 3T3-L1 cells. Total RNAs were prepared from 3T3-L1 cells at day
6. 3T3-L1 cells were differentiated in the MDI differentiation medium
with different concentration of JBE for 2 days. The cells were then
cultured for a further 2 days in the medium containing 1 xg/ml insulin.
Then, the cells were cultured in post—differentiation medium, which
was replaced every 2 days. UD, undifferentiated. The data expressed
as mean = S.E of three experiments.

*p < 0.05, #xp < 0.01, **xp < 0.001 compared to positive control
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PBS JBE (500 yg/ng)

Time(hr) o 025 05 1 2 & 025 05 1 2 6
MDI - + + + o+ o+ o+

+
+
+
+

p-AMPK

AMPK —

p-ACC —

ACC -

p-IRSI —

IRSI —

B-actin —

1 hour
MDI + + + + +
JBE 0 0 125 250 500 1000 (#g/me)
ACC ' :

Figure 6. Western blot analysis of phospho—-AMPK, phospho-ACC and
phospho-IRS 1 in 3T3-L1 cells treated with JBE. Cells were cultured
in MDI differentiation medium in presence of absence of JBE at the
indicated times. (A) Western blot analysis of phospho-AMPK,
phospho—ACC and phospho-IRS 1 in post—confluent differentiated
3T3-L1 cells. Total protein was harvested at indicated times. (B)
Western Dblot analysis of phospho—-AMPK and phospho-ACC in
post—confluent differentiated 3T3-L1 cells. Total proteins were
harvested in 1 hours after differentiation induction. The data shown

are representative of three independent experiments.
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2. p—coumaric acid (CA)7} A Z A} v|X&= G

JBECl #Hirel #4=4& sA7] AT d3or JBE v FHiwlo
9+ p-coumaric acid (CA)7} A& Aol ojugst JakS v X=X ZA}s}S
o} $4 CAZF 3T3-L1 AZolM AZAAGT AEEA] A RS 3
J1sk7] #siA MTTeF LDH &4+ 33kl CAE 0, 6.25, 12.5, 25,
50, R 100 pMe] Fx== Agsisle wl, CAE A3 e FkoM Alxs
Aol gl s 2l & F AT} (Figure 7A, B). ©]& ntgo& CA 100

Me] BEE A Ad R sl AXAEe DAt

S

)

D) AFALAE EsholA &4

3T3-L1 AFALAEL #3lo] CAZF oJw3 J&S mX=x] Lolr 7
skl BaHmet g4 CA (100 uME £33} A7|EZ AH2sic. B3+
L 8Y Fo AXE Oil Red O fAste] Aads 23 23, CAE
0-8, 2-8, 18]3L 4-8 & 7|7t F< Agst APoA v A@dFHH 0] gA|
H At (Figure 8A). AWadS AFHo=z A3 Ay, CAE 0-8, 2-8,
ada 4-8 4 7|7 Fotel AYd Fol M F9FHe A S JER
t} (Figure 8B). 3t CAv 3% 4¢ o] FHE AXWAxe 35 =4
3k A9 AQl C/EBPast A WAIE #3831 7|0 wd == SREBP-1c9 &
43t el 68 kDadl s A Y. AR SREBP-1c9] A A8
2 125 kDa$d] Fdoll= ko] ATt (Figure 9). o]+ CAY AAF4

X

2

s

12

49 FE 8% 744 CAE Fx¥ (0, 12.5, 25, 50, 2 100 pM)E #2514
Oil Red O 94 & AWH4 A=s FAsh. 1 A% CA7ZF AFA S
Ae 4 ATt (Figure 10A). HE3H A

S A¥How 43 A CAE AP & ARE APshA &

to
o
o
o
b

¢

S
ez (100£3.1%) PIsiA 97.06+4.1%, 97.49+4.6%, 90.68+4.7%,
5% 9 e YEIaL, 50 uM sk=9 CAE A3 I5E 9
A9l dadd= Holt (Figure 10B). H=9 28kt § 4945E 8U7HA

=
CAE sLW¥=® A3 9 C/EBPa ¥ SREBP-1c o W2 I =+

0o
o
0o
[\3
[\3
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o] HlEA % JE=Hoz 7439t} (Figure 11).

2) &3ke A WA EAAM CAZE XAt B-4ks}

off

CAZF A4k B-2ts}, 229 &9 B A& 28 oAu gk F3FS mA
=4 ZAFs . 94 CA7F AMP-activated protein kinase (AMPK) 74 =
5 243t N7 =A AR5 ZARSIY. CAE #3tE A WA Lo 2447 &

T (6.25, 12,5, 25, 50 ¥ 100 pM)= A& A3}, AMPKe} 1 7]
A2l acetyl-CoA carboxylase (ACC)¢] <Iitsh7t 5w &Aoo = F7teldl
o (Figure 12A). B3 A4t B-4tstel wedsl fd4¢ CPT-1a9] mRNA
HdS Real-time PCR 7oz 43 A3}, CAx= CPT-1a®l mRNA ©d
= 50 uM FH #FoAow F7MAZY. £2d F500 A= CAY TS
gPgor FAH 2-(N-(7-Nitrobenz-2-oxa-1,3-diazol-4-yl)Amino)-2-
Deoxyglucose (2-NBDGQ)E o] &3l #4383t} w3le XA xe] e
¥} 2-NBDG 12]it CAE 747t 25, 50 % 100 uMe] s%= A Ay}
ade AgskA ¥ o, dads A o BEFoA {FoH AelE
Agd 4 AT (Figure 13A). vFR7FR| 2 A WA Eo| A HFE4 glycerol ]
A A3 CA= Aol FaFs yWetuA] &t} (Figure 13B).

0,
o
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Figure 7. Viability and cytotoxicity of the p—coumaric acid on 3T3-L1
preadipocytes and mature adipocytes. (A) Preconfluent preadipocytes
and (B) mature adipocytes were treated with various concentration of
p—coumaric acid (CA) for 48 hours. Cytotoxicity was determined by
MTT and LDH assay. The data expressed as mean = S.E of three

experiments. 0 pg/mé, positive control (vehicle).
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Figure 8. Effect of p-coumaric acid on lipid accumulation during
differentiation stages of 3T3-L1 cells. 3T3-L1 cells were differentiated
in the MDI differentiation medium for 2 days. The cells were then
cultured for a further 2 days in the medium containing 1 xg/ml insulin.
Then, the cells were cultured in post—differentiation medium, which
was replaced every 2 days. CA (p—coumaric acid, 100 uM) was treated
for indicated periods of time. (A) After 8 days, cells were stained with

Oil Red O. (B) Triglyceride contents. (=), negative control; O ug/ml,

80 |

60 |-

40 P

MDI
CA

+

MDI
CA

4~8

days

Triglyceride content (%)

40

20

MDI
CA

DMSO

0~2

0~4

0~8 days

positive control; MDI, 0.5 mM IBMX, 1 uM DEXA, 1 pg/ml insulin.

*p < 0.05 compared to positive control
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Do0-2 D0-4 D2-4 D0-8 D2-8 D4-38

CA - + - + == + - + = + - +
MDI + + + + + + + + + + + +
PPARy2 — 2 ZEs — "

PPARY1 —
C/EBPa42kDa

C/EBPa 30 kDa —

B-actin —

SREBP-1c125kDa » | o

SREBP-1c68kDa —

B-actin —

Figure 9. Western blot analysis of PPARy, C/EBPa and SREBP-1c
during differentiation stages of 3T3-L1 cells. 3T3-L1 cells were
differentiated in the MDI differentiation medium for 2 days. The cells
were then cultured for a further 2 days in the medium containing 1 pg/
m¢ insulin. Then, the cells were cultured in post—differentiation medium,
which was replaced every 2 days. CA (p—coumaric acid, 100 pM) was
treated for indicated periods of time. Total protein was harvested at
indicated periods of time. The data shown are representative of three
independent experiments. MDI; 0.5 mM IBMX, 1 pM DEXA, 1 pug/mé

insulin.
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MDi - + + + + +
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e
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Figure 10. Effect of p—coumaric acid on lipid accumulation of 3T3-L1
cells during adipogenesis. 3T3-L1 cells were differentiated in the MDI
differentiation medium for 2 days. The cells were then cultured for a
further 2 days in the medium containing 1 pg/m¢ insulin. Then, the cells
were cultured in post—differentiation medium, which was replaced
every 2 days. CA was treated from day 4 to day 8. (A) After 8 days,
cells were stained with Oil Red O. (B) Triglyceride contents. (=),
negative control; Opg/ml, positive control; MDI, 0.5 mM IBMX, 1 pM

DEXA, 1 pg/mé insulin. *p < 0.05 compared to positive control
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MDI - + + + + +
CA 0 0 125 25 50 100 (HM)

PPARy2 —
PPARy1 —

C/EBPa42kDa -

C/EBPa 30 kDa

B-actin — |

SREBP-1c 125kDa

SREBP-1c68kDa —

B-actin —

Figure 11. Western blot analysis of PPARy, C/EBPa and SREBP-1c in
3T3-L1 cells treated with p-coumaric acid. 3T3-L1 cells were
differentiated in the MDI differentiation medium for 2 days. The cells
were then cultured for a further 2 days in the medium containing 1 pg/
m¢ insulin. Then, the cells were cultured in post—differentiation medium,
which was replaced every 2 days. CA was treated from day 4 to day
8. Total protein was harvested to analyze by western blot at day 8.

The data shown are representative of three independent experiments.

MDIL; 0.5 mM IBMX, 1 uM DEXA, 1 pg/mé insulin.
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Figure 12. Effects of p—coumaric acid on AMPK signaling pathway in
3T3-L1 adipoceytes. Mature adipocytes were treated with p—coumaric
acid (CA) for 24 hours. (A) The phosphorylation level of AMPK and
ACC were examined by Western blot. (B) The mRNA expression of
CPT-1a was examined by Real-time PCR analysis. The mean values of
the results are shown with the SD (n = 3). *p < 0.05 compared to

positive control
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Figure 13. Effects of p—-coumaric acid on 2-NBDG uptake and glycerol
release in 3T3-L1 adipocytes. (A) Mature adipocytes were cultrued in
12 well plate for 30min with p-coumaric acid (CA) or rosiglitazone
(Rosi, 10 pM), and then added 100 nM insulin. After 20 min, cells
were treated 100 uM 2-NBDG with 2-Deoxy—-D-glucose for 2 hours.
(B) Mature adipocytes were treated with p—coumaric acid at indicated
concentrations for 48 hours. The mean values of the results are shown
with the SD (n = 3). *p < 0.05 compared to negative control or

positive control
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2 A= AFEAdT AFAshE AFREY FE5E (UBE)¥ p-coumaric
acid (CA)7F AgAIEe] &3t 2 A Athrte] W= F3F 1 7]HdE B9
AAF Gk int

3T3-L1 AFALAES] 38} PPARy, C/EBPa, SREBP-1c ¢ #2 |
WAIE 5ol HARRIAE ] #ojstaL, o] A olA AEo] e Wstel 73
A A Wst Fol A Aoyt dnt (Robert et al, 1999, Filer et
al, 1998). & <IN AF2Hd F== (BE)2 23#==4d (MDD¥
SAlOl Asie W 500 pg/mb o] sEAMFE AGAESY E3ME a8

AR, AGAME F3t Az ddEo] ddES dAASHA A
ol#]gt JBEQ] #3}Al &4 PPARy, C/EBPa 123l aP29] W&
el et lem AlRET

ERK+= AlxEe] 23 &3tol] Ta3 S ghvh. APdA oA ERK: #
stx7lol FAGAE A=skal, 31 $7]ol= PPARyS SIASHE Apddho
2% Ao #EstE Adstt (F. Bost et al, 2005). CCAAT/ enhancer
binding protein B (C/EBPR)+= A HWHAXE E3lx7|o &d % 1 C/EBPall %
AU R A A WA|sEe] #3t5 Z4dgtt (M. Daniel Lane et al, 1999).

il

IO
o

Sterol regulatory element—binding protein lc (SREBP-1c)+= PPARy% #
AR S S7HA7IAL S FX1etH, SREBP-1c¢9] oAl A WAMHARS] 2
29} PPARye] &A3tE A9AAZIY (Kim et al, 1996). JBE= C/EBPB<]
7 ERKO| AFstol= 93 54 &% shARF SREBP-1c9] 2HdS

AAZAL, a9 FEAFHARD FASSE AWAE Soldom Wiy =

o

of
1C_>1r',
fllo
=)
oY
ui

Ir
iin)
&
it
>
kg
e
ui

J3S 3= SREBP-lce F2 Sl&di)
AMPK A& A Aldl 9ol =decta ¥ vl v} (Gaochao Zhou et
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al., 2001, Kim et al, 2004). w2k JBEZ’} AMPK signaling % IRS-19]
Axbstel] WA= PGS A JBEE IRS-19] ibstel= das 4
okt AT AMPKS} 1 7]&<1 acetyl-CoA carboxylase (ACC)2] 1%
st5  T7/MZT ol#id A¥= JBEVE AWAHAXE #3tx7|d AMPK
signalings @A 3A 7 224 SREBP-1c9] odS ATt Atus= 2

oty

DGATS®} adiponectin®] &S 43ttt (Yen et al, 2008, Payne et al.,
2007). SREBP-lce AWb 9 ZuzHEdAE xdsts 4ot}
(Kim., 2000). wtA JBEC e ZH=ds A7 A doe=
p-coumaric acid (CA)E ©o]&3ste] XA tjAtel] mX]= kol dsl] Al
th CAt ®E3hi® 4¢Y o|5HH AWAEe Ad54s 284

A}t w3 C/EBPa 9F SREBP-1co] wadS #AaAF T o83t 23+ CA

i

e
a2
2 4
__>,~l_“
oY
tllo
i
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i)
v}
-
)
::]‘ >{|
fr
>
i
it}
iu)
oy
By
(2
O
o=
N

AMP-activated protein kinase (AMPK)Z2]
2443t Al7]aL, o]= malonyl-CoAE TAAIA AWM
Hk3l= carnitine palmitoyl transferase—-1 (CPT-1)9 &A3E Z7HA1 70
ot (Kahn et al, 2005, Munday et al, 2002, McGarry et al, 2002). +
Ao A CA= AMPKeF ACCE 14tst 9 CPT-1a® mRNA TdS 57t
Al AT old gt Ayb= A3 A Az Al CAZF AMPK signaling®] €3 3}
= S AAke B-AtstE FXskE 2AES & A0 R AR EE Aot

AGzA A SAAY HEg FHL2 vk} BEE A2% D, 5974

’

Mo
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71e AMPK

=3} %

JA171t} (Khan et al,

Ry
a-

A A

1

I+t oIt} (Ahmadian et al, 2010).
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