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ABSTRACT

Jeju dwarf bamboo (Sasa quelpaertensis Nakai) is a native Korean plant
that grows only on Mt. Halla on JeJu island. It leaf has been used as
traditional medicine due to several beneficial properties. This study was
performed to investigate the effects of Jeju dwarf bamboo extract (JBE) and

its constituent, p—coumaric acid (CA) on lipid metabolism in HepG2 cells. The
lipid accumulation in HepG2 cells was induced by oleic acid treatment (600
uM). In lipid accumulated HepG2 cells, JBE and CA increased the
phosphorylation of AMP-activated protein kinase (AMPK) and its substrate
acetyl-CoA carboxylase (ACC). Real-time PCR analysis showed that JBE and
CA increased the expression of carnitine palmitoyl transferase 1A (CPT1A)
mRNA, suggesting that they promote the fatty acid B-oxidation. Also, JBE
and CA decreased the lipid accumulation through decreasing the expression of
the sterol regulatory element-binding protein-lc (SREBP-1c) and fatty acid
synthase (FAS). Furthermore, these effects of JBE and CA was reduced by
pretreatment of AMPK activation inhibitor, Compound C. Taken together,
these results suggest that JBE and CA modulate the lipid metabolism in

HepG2 cells via AMPK activation pathway.

Key word : Sasa quelpaertensis Nakai, p-coumaric acid, HepG2 cell,
AMP-activated protein kinase (AMPK), fatty acid oxidation, fatty acid

synthesis
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A AAASRE Rk Q17 F7F8bAA] v g4 (FE3E (nonalcoholic fatty

e

<=

liver disease, NAFLD, ©]3} X|W3tA3hE 718t = FA°lth (Ahmed et
al., 2007). AR A v LIS HH3Y] FHES 17~33% BLo| ARk vgt
Aol A= 30~100%7FA] o] 23 3tk (Bedogni et al., 2005, Gambarin et al.,
2007, Damaso et al., 2008). W] &2 &4 7+d 32 wjvk QA&EAATA 28 I
W, ¥t 2AEF 53 22 A FF (metabolic syndrome) ¥ & HEE o

CERE, o7l e A, MSaey AN, HEEF 5L BE £

facs

3t} (Ludwig et al., 1980; Cortez et al., 1999; Dixon et al., 2001).

w7 BAglol b ol FA Aol A M| 3F FAV 5%E 2HEHA o
W onLdF A HA el Aol st} (Kleiner et al., 2005). oA oy =] of
AL B o] o] FolA X o) Aito] FAAW O R A AFE Y] wfEo
A Aol =¥} (Marchesini et al., 2001). 7+ W H2 AHAe 33 &4
o Fall, AAr A, 2 AxAe] A il v 3 FHE
o} (Postic et al., 2008). W& A3 x A 1+ Ao FAALS +
Aste el AARe ApGEs el siA FdE = Aol thEF 60%, AEAh A
A 26% UM AlE AFHE SAHCRNE FAHAR A= AL A
A2 5% wlntolgtar delx Jt}h (Donnelly et al, 2005). Sl&EH-L A HFZZ] o
/] hormone-sensitive lipase (HSL)E ZA3gto =2 FAXW H)E Zdd+=
o, Jd&Ede] A gFS KotA HH FAAALY E87F £31 @ (Gonzalez et
al., 2006). B4 HA sk xo| A dE™

ANA FAAE] Fejol dFom WEHE g AWAte]l F7HE Y I WE #
d¥ = e AgAtel SIsHA € =
2bsl (B-oxidation) el 7 dojufar
Wo] =X =t} (Lewis et al., 2002; Postic et al., 2008).

AE e oA XS FAs= AMP-activated protein kinase (AMPK)
= FoiAkel A ALl Fagt S vt dHA Aok AlE WY YA



AA 9 AMPKE 250t it 2E#zd o8] ATP7F B3 49 thA
Wal A AMP/ATPH &0 Z71ak 490 @48 B (Viollet et al., 2009).
gA43le AMPKE acetyl-CoA carboxylase (ACC)E <ClAtaA 7l oz ACCY

A A gt o]o] wel acetyl-CoAE malonyl-CoAZ A= &4
g4 o] oA o] malonyl-CoA %5 7AAZIth malonyl-CoAE A HWAFS 1
EFgolz Y7l F83% 95 st carnitine palmitoyltransferase 1

A A5l &2 ZM, malonyl-CoA2 =7} A4S W nEZ=4g
ol FUH = AWALY FrkekAl HWA AWAE AFstrE S7F ®Yh (Saha and
Ruderman, 2003; Viollet et al., 2009).

sterol regulatory element-binding protein-1lc (SREBP-1c)&= 3t ZZA A @
giAbel A ALl #E FAA BES - e AARIAR g o, ngR
& G A dojvh= ey Al oal SREBP-1c7t &l 7}
3HA Ft} (Roden et al., 2006; Lavoie et al., 2006). SREBP-1c= &34 31 AHd)
2 AXA EAs ) ded £ AHE T AT o8 FAAR o] 5t

T e ddd F 3 ¢tom ofFete] AHAMFA FHA} ACC, fatty acid
synthase (FAS), stearoyl-CoA desaturase 1 (SCD1)¢] W3S FE3Ho 72 A
WAk A S =4 3t} (Wang et al., 1994; Sakai et al., 1996).
AFZZ = (Sasa quelpaertensis Nakai)= $-2uUgtoll A= shefako vt 22
st Z3dgGe] thd A A Eo| AFxIde= et ARG Fa A X
2 A Fau gew, g AEFY ¢S A F odds A7

Atk (7 2002; 7 T 2003). 1]t H ks = Al

oot 1o “D'{Pl
ol
LN
ot~ olo
L e
b ol
of\ ¥
= ox
e
m ]
ml N 2
> "
N ﬂ!\;;‘
ﬁ O
rlr Oé
oL
o 2o
W
S
S o2
Y o o
k] )
= e
o rr
(o L
-
) =
|o o2
DN & N
o K
T o e
2L v
%0 ~
o
3 & 3
)
offl

42
2

= 891 o (Lee ef al, 2003 & 5 2000). 2o & A%
= 28U (Sasa borealis Makino)9] <F2]gH4 A (4 1984)¢F =3l (Sasa
borealis)% ©] Flavone A8 (& & 2000) Sol Xy up gloh A5

o Al Ao #e A4 FdE€d (Joon-Ho et al, 2007), Al
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Houl ok AE A= v g-F Ho] 9= p-coumaric acid (Castelluccio et
al, 1995)+= &% o 2x dotsAl (Hudson et al, 2000), 3+4k3t &4 (Ferguson
et al., 2005) o] vk LebA Sl

HepG2 M E= AFg ZFEAIEONA Fefigh Al2F2 IPAEZRA S A 55
7}A a1 9o LDL 84, lipoprotein 4|, apoprotein %4, hepatic
triglyceride lipase &4 % &H] 9 A AL, k=3 FAol diste] Abs
of ZFAIEA o] FoyA L A= AF} FARE FFS UEtl= BavE i 54
ol mEw AL 3t A A AhALE ATtst=d Wol 2o]al 9tk (Dang et
al., 2008; Yamamoto et al., 1995, Yotsumoto et al., 1997; Yanagita et al,
1999; Cha et al, 1999). ¥ AFoA &= AFTE EAXHLR] ATz 07 A A
AL A a2z e F] Vs ds Bl f1ske] HepG2 Al oA Al S 2Bl

FEEY 1 7 AR p-coumaric acid®] A A AL A EAS FAFEA T



o. A= 2 ¥y

20119 49 AFEEAAE ALY £4 A9

A APt AP AFzHde FEEZ FAS 3z F 2R
A s A Akl Aol AREE w7k 4T RSttt AT ATz

A& 400 goll 12 755 4 LS 9 100TColA 413 o FE3lo] o339

t} ol e 3 %=7] (Biichi Switzerland)® 40Col A A AT =3
0

== S Phosphate buffered saline (PBS)ell =] syringe filter (pore size

"

pm, Advantec, Japan)® of¥sto] Ao A&kt I ddHIE=
p-coumaric acide Sigma®lAl TY43te] dimethyl sulfoxide (DMSO: Amresco,
USA)ol 9|3l syringe filter (pore size 0.25 m, Advantec, Japan)Z ]33}
Aol AFE-F AT

2. AlX v

HepG2 M X5+ American Type Culture Collection (ATCC)ol A G 8t
M IS 10%  fetal bovine serum (FBS;  Gibco, USA)°el 1%
penicillin/streptomysin  (P/S;  Gibco, USA)°e] #7}¥ Dulbecco’s modified
Eagle's medium (DMEM; Gibco, USA) HlA| & AF&3lo] 37T, 5% COp, =713}
o] wj¥7] (Sanyo, Japan)olA 4=38FA Tl AlEZ+= T-75 cell culture flaskel
T 5 2~3d F wAE ZolsFa vige 70~80% A= e W Al wist
o FA 53t

M

Azl el AB7E PA

s

e FAHS7 Slstel MTT 4=
(Mosmann 1983)¢] W& FAste] mEZ=old dd9ES SA S

HepG2 M EZZE 12 well cell culture plated] HZE (5.0 x 10° cells/well)3}aL



12well cell culture plate BF=holl 70~80% A% Z+ Aej7t & uwj7p=] wf s}t
MEZF 80% A 2 Aejol A 0.5% bovine seru
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DMEM "jA|= xgheh § A2 wjgstdth. A2 A2kl Oleic acid (OA)
H

—

FEEA OA 600 pMe] E3d 2 AgE FEd (AF2IAY FEE © 125
250, 500, 1000 pg/mL, p-coumaric acid : 10, 20, 40, 80

Wk Fo24A3F Fob etk AEE 2443 wjgE § o wjA

puM)E H7ERE wf A =

3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-tetrazolium bromide (MTT, Amresco,
USA)E HZF %7 400 pg/mLe] %% H7Esto] 4A7F &<k §Fg-A1 7] a1 j
AE AAsFT. MTT 2o 93] A ¥ formazan d A =S 40002] DMSO
= 7}5te] &8 4171 ¥ microplate reader (Bio—tek, USA)Z 540 nmeoll A &3 %=
£ 33 wHEste] SASAY AE FHES AEE AYeA &2 dEx2ae] &
Frol gt vlaste] thEe] Aow AEEiTh

MEZ2E (%) = 100 - [(Control ODsyg - Sample ODsy) / Control ODsg x 100]

o

MEZEAZ=AHS 3171 ¢93 LDH #2442 LDH Cytotoxicity Detection Kit
(Takara, Japan)S AFg&3te] 338l 5lth HepG2 Al EZ 12well cell culture plate
o AE(5.0 x 10° cells/wel)3F3L 12well cell culture plate BFEFol] 70~80% A %=

b A7 2 kA vtk AMEZE 80% AE 3 AEiCl A 0.5% BSA7E
¥l DMEM A2 whdt 7 d2 wjgstsivh. OAT=R" 3 OA 600uMe]
F4E 7 ARE vRE (HAFxEY FE= 0 125 250, 500, 1000 ug/mlL,

p-coumaric acid : 10, 20, 40, 80 uM)Z FH7}3F wix 2 w33 F 24A]37F Fob
Hj FeFATh vl gfe] &k 5w} 50 wek LDH 54 &< 50 @E ¥ vk
<Azl =, HCI (A% 0

490 nmolA FHFE=E SAHSAY. G x2S AE Triton X-100 (Sigma,
USA) §9& HF 1%7F H=5 Aggt Az widHS A&t 72 Al=9
54 AL 33 yHE ddsiglon ta A o) AlEE W o2 yE

2N)E H7tsle] ¥b8-S AAA1Zl Y micro reader®

/K—ﬂ_{,i_%}ﬁ,% (%) = 100 X (Asamplc - Alowcr control) / (Auppcr control Alowcr control)



Asamplc = /‘]JEJ‘% 737]-?151— HHX]_CA __g_.%l-]};
= ARE AhEA g A FR

Alowcr control

Auppcr control = Triton X-100% 737]—?;51— HH X]_CA _E-.T’E}E

5. A% 4 =

HepG2 Aol AW =4 F %+ Gomez-Lechon et al. (2007)¢] WWS
ate] Fa)skeith. HepG2 AEZE 10% FBS¢ 1% P/S7F 7t€ DMEM ®iA &
o] g3kl 6well cell culture plated] HE(1.0 x 10° cells/wel)dtar 6well cell

culture plate Blgol 70~80% AX= b Aej7t 2 uwj7bA sfFstAch A E7}

o

80% A=  FElelA 05% BSA7E &f® DMEM A2 wdst 5 22
ok 3tAtE. OA 600 pMeo] H7bsk wix| = w3ek T 24A13F Feb wjekato]

HepG2 Al Eol AW 45 F=staidth

6. Oil Red O

Oil Red O €42 way et al. (2009)°] W& W] FdsAth AW =
AL fFEd AEE PBSE 23] AFHsta 10% formalin [37% formaldehyde
solution (Sigma, USA) 1/102.& 31X ]o & A7 B¢ 1A 3 13 /T2
23] A=A Ol Red O gAML isoproranol (Merck, Germany)®= 3]4] 3%
06% Oil Red O (Sigma, USA)®} STHTE 64= 343k = syringe filter

(popesize 0.45 um, Advantec, Japan)Z o] ¥}3}o] A ZstAth Al2lE AEE= Oil
Red O @A ooz 143 Ft AT 5 =

FE 28 AHste] BAsh

7. Western Blot

Western Blot #41& 93to] HepG2 AEZE 6well cell culture platee] % Z(1.0
x 10° cells/wel)atL 0.5% BSA7ZF &% DMEM vjA = w3kale] 2] ujokst
< 0A 600 M} 7z} A 8E F5E ATz F=F& @ 125, 250, 500, 1000
ug/mL, p-coumaric acid : 10, 20, 40, 80 uM)Z 24A17t-&<t vl FstA T o] &

MEE 27FE PBSE o] &3] 13 A3 £ 10% RIPA lysis buffer (Upstate

ﬂl



Biotechnology, USA)% 1 mM phenylmethylsulfonyl fluoride (PMSF), 1 mM
NasVOs, 1 mM NaF, 1 ug/mL aprotinin, 1 ug/mL pepstatin, 1 ug/mL leupeptin
= et = wE Ze Alofs ol el 1A Eot EaAlAzl F dAEY
(15,000 rpm, 4, 20%)3}o] Az S
kit (Bio-rad, USA)S A}83}9] micro reader® 595 nmol A T3 =5 SA3 L
Agatdrt., @A 8% SDS-polyacryamide geloll A A7]d5 o= 22 (100

V, 90+)3t % polyvinylidene difluoride (PVDF) membrane (Milipore, USA)®l

Fioh whul A o Bio-rad protein assay

J |
It
off

el (200 mA, 120:5)A A, @l do] dol¥l PVDF membrane -4 1
A ZF 5¢F 59 skim milk (BD, USA)& blocking 2171 %, 12 &A¢ v+ A A
o} 12 g4 ¥F-3-2 AMP-activated protein kinase a (AMPKa) antibody (1:
1,000; Cell Signaling, USA), phospho-AMPKa (Thr 172) antibody (1:1,000;
Cell Signaling, USA), acetyl-CoA carboxylase (ACC) antibody (1:1,000; Cell
Signaling, USA), phospho-acetyl-CoA carboxylase (Ser 79) antibody (1:1,000;
Cell Signaling, USA), sterol regulatory element-binding protein lc
(SREBP-1c¢) antibody (1:1,000; BD, USA), stearoyl-CoA desaturase 1 (SCD1)
antibody (1:1,000; cell signaling, USA), Fatty acid synthase (FAS) antibody
(1:1,000; snata cruz, USA)&= 4TCoA 3F W &<k B-actin  clone AC-74
antibody (1:10,000; Sigma, USA):= Ao A] 1A7F s<F a5ttt 13 g4
W&ol £ PVDF membrane 0.1% tween 20°] X3H¥l tris buffer saline
(TTBS) 402 63] A&3ct 23 A ZE horse radish peroxidase (HRP)
7} A%¥ anti-mouse B+ anti-rabbit IgG (Jackson ImmunoResearch, USA)E
1:5,000, 1:2,000 &2 1:10,000.2 384 ste] 1AzHEeE ¥Hg-3 & TTBSZ 63
A A st 2 gl o] ik ee WEST-ZOL western blot detection system
(iNtRON Biotechology, Korea)= ®Wr-&AlAA X-ray 25 (Agfa Gevaert N.V.,
Belgium)©o. 2 =3t Wi=9] 4*3}+= Image ] 1.42q software (National
Institutes of Health, Bethesda, MD, USA)Z A}-&3lo] &Helsllct.

8. RNA #3 % Real-time PCR
Real-time PCR #41& )&l HepG2 A EZE 6 well cell culture plateoll % Z(1.0



x 10° cells/well)3}F 3 0.5% BSAZ A2 n]ekst & OA 600 UM}t 2+ AR E F
=l (AFxEY FE5 0 125, 250, 500, 1000ug/mL, p-coumaric acid : 10, 20,
40, 80 uM)E 24Abs<h wieFst & RNAiso puls (TAKARA BIO INC,

JAPAN)E o] &3] e 3ttt RNAiso pulsE #H7bste] AZ2E #2@3F A7
% chloroform< #7}ste] Q9AE2] (12,000 xg. 4, 158)3tg . A=RS 3]

st F &9l isopropanols F7Fsle] fAEE (12,000 xg. 4, 57)3te] RNAE
HAAAG. 8" RNAE 75% oebE=2 AlF% & AXAA nuclease-free
distilled water (NFDW; Amresco, USA) 50ulell €347l ¥ nanodrop ND 2000
spectrophotometer (Nanodrop, USA)E ©]&3}o] 260 nmoll A S3=E I
o] g8kl DNaes (Wako, Japan)E A28kt A260/A280 nme| H]&o] 1.9
~20 H9 e S ztE RNA A5E A3l AHEslth cDNAE Maxime
RT PreMix Kit (Oligo dT primer, iNtRON Biotechnology, Korea)Z ©]-& 3}

g

A\
ol

A3 A 1uge total RNASH NF DWE £ 20ul® kitol] @31 455, 95914 5
B7F wkS-3lo] cDNAES A3 & o] 7)o 30 ul ¢INF DWE 718kl

Real-time polymerase chain reaction (PCR)< 2ul®] cDNA, Z} primer+= 1ul
(10 Pm/uD® ¥ a1, 35 ule] NF DWeF 75 nl9 SYBR Premix Ex Taq (Takara
Bio Inc, Japan)E £3%3 & chromo4 Real-time PCR (Bio—Rad, USA)”]7]&

o] &3le] FasIATE PCR 242 95T/ 20%, 635C/ 20%, 72T/ 302 = &}
508 S&sklal 1 A¥= 13 S5 o vt FR =2 S48 A3 24
< gene expression analysis for chromo4 Real-time PCR detection system
v1.10 (Bio-Rad, USA)& ©]&3to] B-actin thH] 4] gto= A Fsadrt.
Real-time PCROA AF& % primer? @71 L3} AT = AP ES A7)+

Table 1o e AT

9. TG &% £4

MY triglyceride (TG &S =437 98] BioAssay systems AF (USA)OA
AFs TG AFINEE AFEste] &8t Th HepG2 AI2E 12 well cell culture
plates] HZ (5.0 x 10° cells/wel)3FaL 12well cell culture plate BF=Fe] 70~
80% A= zH AEi7F 2 wj7kA stk AE7F 80% A& F AdEiel A 0.5%



BSAZ} gyl DMEM A2 ks 5 a4 wigat 5 OA 600 uM3t 7h A
57} (AFx8Y &% : 1000 yg/mL, p-coumaric acid : 40 uM) H 78 HjA]
& aghsto] 24x3F A g § TGHFINE AbEete] TG &S Stk Al
529 TGEZFE, A7 Z well oA doxl s 3|t A AlTH EF TGO

o A FA Y valste] Asksitt

In vitro A3 A= FA+3EF

)

A2 YEF O student’s t-testZ A S



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

analysis.
. Fragment
Gene Primer sequence )
size

Forward | 5'- CAC TAC AAG GAC ATG GGC AAG -3

CPT1A 165 bp
Reverse 5 - CAA CTT CAG CCT CTG TTC CAC -3
Forward 5 - CAC TCT TCC AGC CTT CCT TC -3

B-actin 175 bp
Reverse | 5'- GTG ATC TCC TTC TGC ATC CTG -3’

CPT1A : carnitine palmitoyltransferase 1A

_10_



1. HepG2 A XA AHE24 &

HepG2 A EZAA] A4S F%387] 3] Oleic acid (OA) &=% (200, 400,
600, 800, 1000 uM)Z Azt MEZF S ZAEIATE OAE EE FEoA A
FEAS Eh A &kt (Figure 1). 18 204 BoJFE= nie} o] HepG2
Aol A Ad=4E OA 200 uM FE=FH FoA UA F7tstAtt (Figure 2).
B AdAyE ntg o2 0A 600 uME AW E4 §= 23] ARE3F

facs

_11_



| DH

3 140 - MTT L 140
E 120 - * F120 ©
& 1 E
-t T I =
= 100 - I\I_____/—f 1 - 100 £
X =
= 80 - - 80 <
E 60 L 60 @
E z
2 40 - 40 2
= =
= A B (=)
= 20 20 =
0 L Ll i, L] . L] L] D

0 200 400 600 800 1000

Concentration of oleic acid (pM)

Figure 1. Cytotoxicity of the oleic acid (OA) on HepG2 cells. Cells were
starved for 16h, and the «cells were incubated with the indicated
concentrations of OA for 24h. The control cells were treated with 0.5%
bovine serum albumin (BSA) for 24 h. Cytotoxicity was determined by MTT
and LDH assay. The results are expressed as the mean = S.D. (n = 3).

0 uM, control (EtOH). *p < 0.05 compared to control.
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Figure 2. Effects of OA on lipid accumulation in HepG2 cells. Cells were
starved for 16h, and incubated with the indicated concentrations of OA for
24h. The control cells were treated with 0.5% BSA for 24 h. (A) Quantitative
analysis of lipid deposition in cells by Oil Red O staining. The results are
expressed as the mean + S.D. (n = 3). (B) Images of cells were captured by
microscope at 200 x original magnification showing fat accumulation in cells
stained by Oil Red O. The data shown are representative of three
experiments. 0 uM, control (EtOH). *p < 0.05, *xp < 0.01 compared to

control.
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2. AFZYY 5% (JBE)# p-coumaric acid (CA)¢] AMPK &4 3} #4&

AE A st AWLHHE FE8 HepG2 AlENA AFx8 =55 (JBE)
3} p-coumaric acid (CA)2] A A thAloll 1A= FdFS FASEA T A A E2
ol 48T JBE % CA9 AH Ad v=5 ZAs7] faf MTT 4 %
LDH #4 WHo=z NEISAHS SAHSA HepG2 Al OA 600 uM¥} JBE
2 Ay BE B% (125 250, 500, 1000 yg/mL)ol A AE=AHS vERRA ¢
et (Figure 3). 12|31 CAE 2] (10, 20, 40, 80 uM)= Alzell A 2] 3h3
S BE FRoA MXESAo] #AEA &kt (Figure 4). whahA] o]

F 24
H AxAdEe JBEE 1000 pg/mLE i g2 CAE 40 yME Hi 752

agstel APt
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Figure 3. Cytotoxicity of the Jeju dwarf bamboo extract (JBE) on
HepG2 cells. Cells were incubated with the indicated concentrations of JBE
and OA (600 uM) for 24h. Cytotoxicity was determined by MTT and LDH
assay. The results are expressed as the mean + S.D. (n = 3). O uM, control

(PBS). *p < 0.05 compared to control.
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Figure 4. Cytotoxicity of the P-coumaric acid (CA) on HepG2 cells.
Cells were incubated with the indicated concentrations of CA and OA (600
uM) for 24h. Cytotoxicity was determined by MTT and LDH assay. The
results are expressed as the mean = S.D. (n = 3). O uM, control (DMSO). *p

< 0.05 compared to control.
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AMPK &4 st= AWt 4bsts 318tk deiA 917 wjio] HepG2 Al
ol 4 A kst absle] Fes= AMPK A3t 429 fAAES @dd i
JBES} CA9l 935S AT HepG2 AlEo] OA 600 uM3¥} JBES 54
2] 8} Western blote 2 AMPK 2 1 7]& 9l ACCY 4taE dost4t). Al
pEE #1e Ay 6h, 12h, 24h BF JBES AHEsx &2 dlzwrHt} JBE
(1000 pug/mL)E A3 oAl AMPKeF ACCY <437t o4 AdA F71st
At} (Figure 5). 53] 24h &<t 83 oA AMPKS ACCe <14t3l7t JBE
S A A &L vxzad vustds W S7F el B A JER
T 24h B9 AHuElste] FxE (125, 250, 500, 1000 ug/mL)Z A2l Az},
AMPK<e} ACC2] Cl4tsl7l 2% Fx oEX oz Z7kstatt (Figure 6). 123l
ACCY 39l 429 CPT1AS mRNA &S Real-time PCRS E3 &<lgh
A3 CPT1IA mRNA¢ wa ko] JBES AHgldtA &S tixadrntt f9% 0
< 7Fsk et (Figure 7).

o AAE Akst AR CAZE ojwg &S W A=A dotry] 93 A]
HepG2 Al Xl OA 600 uMZ} CAE &4 Agste] Alzbd = AMPKS ACCY]
o1xksl AEE etk CA A7 (40 uM) F 6h, 12h, 24h EFolAH CAZ
AgshA ke tEwrt AMPKSF ACC Q4tstrh #94 A F7iskdot
(Figure 8). JBE®} mlz7FA 2 AMPKE] 24k3lE CAS 24hsot Al o)l A
Mg e 43 295 Yehddlth od A3E wgog CAE =¥ (10,
20, 40 uM)ZE 24h &< A3 AxA CAv F% o&H 22 AMPKe ACC
o] Axtats F7MA AT (Figure 9). ACC2l 39 4 =< CTP1A2] mRNA #d

%G FE oEH9 T GAe melF (Figure 10)

24

f
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Figure 5. Effects of JBE on AMPK and ACC phosphorylation in HepG2
Cells. Cells were starved for 16 h, and treated JBE (1000ug/mL) and OA
(600 uM) for the indicated times. (A) The protein level were determined by
Western blot analysis. The data shown are representative of three
experiments. (B) Relative band intensity was determined by densitometry.
The results are expressed as the mean £ S.D. (n = 3). O uM, control (PBS).

xp < 0.05, *xp < 0.01 compared to control.
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Figure 6. Effects of JBE on AMPK and ACC phosphorylation in HepG2
Cells. Cells were starved for 16h, and incubated with the indicated
concentrations of JBE and OA (600 uM) for 24h. (A) The protein level were
determined by Western blot analysis. The data shown are representative of
three experiments. (B) Relative band intensity was determined by
densitometry. The results are expressed as the mean + S.D. (n = 3). O uM,

control (PBS). *p < 0.05, **p < 0.01 compared to control.
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Figure 7. Effects of JBE on CPT1A gene expression in HepG2 Cells.
Cells were starved for 16h, and the cells were incubated with the indicated
concentrations of JBE and OA (600 uM) for 24h. Relative ratio of gene
expression in vehicle versus sample concentrations are indicated. The results
are expressed as the mean £ S.D. (n = 3). O uM, control (PBS). *p < 0.01,

compared to control.
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Figure 8. Effects of CA on AMPK and ACC phosphorylation in HepG2
Cells. Cells were starved for 16h, and treated CA (40 uM) and OA (600 uM)

for the indicated times. (A) The protein level were determined by Western

blot analysis. The data shown are representative of three experiments.

Relative band intensity was determined by densitometry.

expressed as the mean = S.D.

(n =

#%p < 0.01 compared to control.
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(B)
The results are
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Figure 9. Effects of CA on AMPK and ACC phosphorylation in HepG2
Cells. Cells were starved for 16h, and incubated with the indicated
concentrations of CA and OA (600 uM) for 24h. (A) The protein level were
determined by Western blot analysis. The data shown are representative of
three experiments. (B) Relative band intensity was determined by
densitometry. The results are expressed as the mean + S.D. (n = 3). O uM,

control (DMSO). *p < 0.05, **p < 0.01 compared to control.
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Figure 10. Effects of CA on CPT1A gene expression in HepG2 Cells.
Cells were starved for 16h, and incubated with the indicated concentrations of
CA and OA (600 uM) for 24h. Relative ratio of gene expression in vehicle
versus sample concentrations are indicated. The results are expressed as the
mean = SD. (n = 3). O uM, control (DMSO). *p < 0.05, *xp < 0.01

compared to control.
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x4 fFAAQI FAS, SCD1eo] d9wid 23S Western blote =2 <213} T}.
HepG2 A%l  OA 600 uM3} JBE
SREBP-1c, FAS, SCD19] @rdcke] #asdts AdS Hol Ft (Figure 11).
w3 CAE A3 AZdA % SREBPl-c8 FASY wdo] ¥x ojFEzon
2280tk (Figure 12). 3 JBE9F CAZF AlEW AW &3S oA de=x &
o157] 9l3te] HepG2 Al OA 600 uMZE JBE, CA® B4 A ste] A Eu
TG =< 4%tk JBE (1000 pg/mL)E A gk AEZaeA OAel o3

EH= AREFAel ol A #AadEs &9 5 AR (Figure 13). =

il
offt
>,
vk
ol
R
o
=

f

1l
lo,
i
2
o
fr

ol
ot

"

CA (40 uMDE A2 de W AEZH TG o] FoHom HAasE & &

ANt} (Figure 14).
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Figure 11. Effects of JBE on the expression of SREBP-1c, FAS and
SCD1 in HepG2 Cells. Cells were starved for 16h, and incubated with the
indicated concentrations of JBE and OA (600 uM) for 24h. The protein level
were determined by Western blot analysis. The data shown are representative

of three experiments.
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Figure 12. Effects of CA on the expression of SREBP-1c and FAS in
HepG2 Cells. Cells were starved for 16h, and incubated with the indicated
concentrations of CA and OA (600 uM) for 24h. The protein level were

determined by Western blot analysis. The data shown are representative of

three experiments.
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Figure 13. Effects of JBE on TG accumulation in HepG2 Cells. Cells
were starved for 16h, and incubated with the indicated concentrations (JBE :
1000 pg/mL) and OA (600 uM) for 12h. The results are expressed as the

mean * S.D. (n = 3). O uM, control (DMSO). *p < 0.05, compared to control.
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Figure 14. Effects of CA on TG accumulation in HepG2 Cells. Cells
were starved for 16h, and incubated with the indicated concentrations (CA :
40 uM) and OA (600 uM) for 12h. The results are expressed as the mean *
SD. (n = 3). O uM, control (DMSO). *p < 0.05, compared to control.
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3) AMPK &3t oAA A3

2

JBESH CAdl ofgk AdAk kst X3 Atk b4 Azl AMPK €4
sb Zgoll ok ARIAE Fsty] $15te] AMPK &743f AAE Ag3te] &
3tA . AMPK 43t 944191 Compound C (10 uM)E A 2] 3ste] AMPK2]
Qs E B Ay, JBEE A e o= AMPKSF ACCO <latslzl S7t
gt FAS BAARE AMPK @43t JAAlE s dollA= AMPKeF ACC
o] AAbet7t Attt (Figure 15). B3 JBES A |8 ol A= SREBP-1c$}
FASY wao] 7FAdd A9k Compound CE 8]k FoA= 1 wa ko] JBE
E A ool v =4 JeEb AT (Figure 15). wh7A1 2 CARE A gk
o 5l = AMPK<®} ACCY <Ql4ibste F7ket A wE, Compound CE A2 3shdH
AMPK<®} ACC9] Q14bsh7t ftasts 43S veEpl Aot (Figure 16).

il
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Figure 15. Effect of Compound C on the phosphorylation of AMPK,
ACC, and expression of SREBP-1c and FAS in HepG2 Cells. Cells
were starved for 16h, and pretreated with Compound C for 30min and then
treated JBE (1000 ug/mL) and OA (600 uM) for 24h. The protein level were
determined by Western blot analysis. The data shown are representative of

three experiments.
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CA (40pM) - - + +
OA600 (pM) - + + +

AMPK — .—.\.|

p-ACC — -

ACC — [ S e i
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Figure 16. Effect of Compound C on the phosphorylation of AMPK and
ACC in HepG2 Cells. Cells were starved for 16h, and pretreated with
Compound C for 30 min and then treated CA (40 uM) and OA (600 uM) for
24h. The protein level were determined by Western blot analysis. The data

shown are representative of three experiments.
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B Aol AF Adste ATt AddA Ad SAHS A
7] 1A AFEEHY FEE
A EZFQ HepG2 A EE o] &sto] A4k Akst 2 Aol mjA= FaFs E4 5t
At HepG2 Aol A AAbe Agebd As2e] el A 2
t} (Gomez-Lechon et al, 2007). &£ AFo|x &= Oleic acid (OA)= ©] &35}
A4S 5% HepG2 AlEXE AREste]l Aab Abst 5l A dofsh=
AMP-activated protein kinase (AMPK)7d = A}F-&3} %t}

AMPK= A W] oy Q14 3 334 xdd Fa3 935 svh. &
dste AMPK+ ATPE &Hlskes A Aak 4 2 Sd2HE A4S o
FAb Akst g elgads XA
(Hardie, 2007). acetyl-CoA carboxylase (ACC)E %3 acetyl-CoAZE
malony-CoAZ A F o] Attt malony-CoAx Fro] A WAalke] o ~H 23S S48
AdFE A2 == AW A3 dER= FEA Fed 9Fs Ik
HEs5 AN F4ATe

HkH ol Aol AL AuakS mEZogolz §9AA7]E carnitine
O~ 2~

=
o~

D
I

Alsta, ATPE Aitste #A4<

>

fru
%
o
5
2
o
k)

malony-CoA7} %2 745l o

o

palmitoyltransferasel (CPT1)<s &3 PIEZ=g o2 FFato] Wil Abst&
Z21 A 71tk (Nosadini et al., 1979). JBE®} CAE OAR AW=ZxS& Fx3
HepG2 AlXEollA Azbd = g3k A3 AMPKSE ACCe| <Qlitsts & AIRE
wo) A F7MAIH L 2Fd A JBESE CAE 24417 §3F Ale oA iz
IoHla shds W 7RE &9 A el A LeElske] JBESF CAE 2447
ok Hgete] F=EE g Ay} JBESH CAE AHelshA &2 3 nlal 83l
Zegolz £4535= CPTIAY Wdo] ¥ & &Aooz JBEY CAS A3 +
A F7tstdet. ol Ax= wFol & w JBES CAE AWt Akst £
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bl A o] AW 2 ZFY 2" E FAL sterol regulatory element-binding
protein  (SREBP)7} #o] 3Zttu g o, SREBP-22 Zd2HE
SREBP-1c& A Hak 2 A X HF skAd o] #od 3kt (Roden et al., 2006; Lavoie
et al, 2006). led Aol oaf ndgd 3 ulsd] ¢&} SREBP-1c7t &
do] F7}ebA W al, B3k lipogenic gene?l ACC, fatty acid synthase (FAS),
stearoyl-CoA desaturase 1 (SCD1)e] #&HS F7FA1ZIt (Wang et al, 1994,
Sakai et al, 1996). olegt Ao o A4k Aol #HoJsh= FHApe] W
AT7ket At Aol Srkel o8 AAE Abst o 7F e A HaL, T
A3 HAE ol ATl FAskAl Bt (Lewis et al., 2002; Postic et al,
2008). AMPK®] <14F8t= SREBP-1co &@d 3 @435 AJAAA ALt A9
Aol Brofste= FHAY HAS AL oEA AU PSS ATt &
S vk (Viollet et al, 2009). OAZ AW=2 S =3 HepG2 434 JBE
2743t SREBP-1cot 1 %4 #3122l FAS, SCD19] #Hdg HAaAZ L
™, Ee CAE #&435t% SREBP-1c¢ FAS9]

AAstgem, OAe 9& AW Frd Axd F4AUS JBESF CAE A
ol At ztell Hla) AlEW FAALS 7oA A HaATIE 5SS Ko
ATH

JBESt CAdl gk AdAk kst Sx13p Atk b4 A e zhgo] AMPK €4
Zhgoll o)k th= A& AMPK €43 S AAQl Compound CE AF&3to]
1% A3, JBEw= A4 Abst 313k Aak 4d A& A8s AMPK €4 3}

s

N

o

o

S AMPK 43} 7
AEX o2 OAR AWE4HE F53% HepG2 AlElA JBE, CA: AMPK 74
25 FA AEA Abs £ 28-S UErd 3 o, Ak 3 A AHE
T yEda des #90E & Ak webx FF5ed o5 #gTIHdel g

o} in vivo ATE 3 A WA A tigk A7 HQas)
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