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ABSTRACT

This study was performed to investigate whether the extract of Sasa
quelpaertensis Nakai (Jeju dwarf bamboo extract, JBE) and its main
compound, p-coumaric acid (CA) could modulate glucose and lipid
metabolism in L6 muscle cells. JBE stimulated uptake of 2-NBD glucose
(2-NBDG). JBE also increased the phosphorylation of AMP-activated
protein kinase (AMPK) and acetyl-CoA carboxylase (ACC), but decreased
the phosphorylation of Akt. Futhermore, JBE increased the expression of
peroxisome proliferator—-activated receptor y (PPARy), fatty acid
translocase (FAT/CD36) and PPARa. In oleic acid-treated cells, JBE
suppressed oleic acid-induced intracellular triglyceride (TG) contents by
decreasing the expression of sterol regulatory element-binding protein-1c
(SREBP-1c¢) and fatty acid synthase (FAS). Also, it increased the
phosphorylation of AMPK and ACC, and the expression of PPARa. A
major compound of JBE, p-coumaric acid (CA) increased not only the
phosphorylation of AMPK and ACC but also the expression of carnitine
palmitoyltransferase-1 (CPT-1) gene. In addition, CA significantly
decreased oleic acid-induced intracellular TG contents, and increased
uptake of 2-NBDG. Treatment of Compound C (AMPK inhibitor) resulted
in a decrease of ACC phosphorylation and an increase of TG contents as
well as a decrease of 2-NBDG uptake, while these inhibitions were
recovered by CA treatment. In conclusion, these results suggest that JBE
and CA may have potential for natural resource to prevent and improve
type 2 diabetes by regulating glucose and lipid metabolism via AMPK
signaling pathway in L6 muscle cells.

Key words: L6 muscle cells, Sasa quelpaertensis Nakal, p—coumaric acid,

AMP-activated protein kinase (AMPK), glucose and lipid metabolism
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ol =] tialed B FiE& AAsta e EFS
ol Aoy IS S43ta AstAA JdyYXE A (Klip and Paquet,
1990; Sinacore and Gulve, 1993) & vl ojug} F/AgA| o] afj& o] A
T A AL (free fatty acid)® &7kl AbsA7]|= 59 A4 tirtel =
stebar 2 A ot (Cortright et al,, 1997; Kiens, 2006).

=ge ¥ 434 (glucose transporter)?l GLUT47F AMEH oz Aol
(translocation) ¥ WA SFAELIHZ ST 53], E5olA e GLUT4 Ao+
ol&Ho HkSslo] dojhi= A&Ed A= 4= (insulin-stimulating pathway)<}
AMP-activated protein kinase (AMPK) &A43 7= (AMPK-activating
pathway)oll ¢J8] o]Fojzxt} (Ryder et al, 2001). 50| TxH9 F&7} =
7hebd o mEE Qlado] EH|EIL, o= 5% U=

o] insulin receptor substrate (IRS)9] <14lsle] w2 &9 H=Z<Q1 Akt
MibstE frEdrh. HFHoE, Axde 9le GLUT4E l&ed A= 429
A5 g Wol Axuto g Hojgo M xEdo] <F Y& FFHT (Chang et
al, 2004; Ryder et al, 2001). ¥Fd, AMPK®] &/dste] w2 GLUT49] o]
= ded A8 daglo] Alx W 243std AMPKZE S7Fghel whet dojut
Yo 545 FE3Y (Aschenbach et al, 2002; Jgrgensen et al., 2006;
Park et al., 2002)

A W oy A B dAe]l yEu AdE o e AW o A
Wake] A E =, ol gt A WAL ISolA vl T8 duxdoer o]&H
91t (Fediuc et al., 2006). 34T 2% o] F4A o] Bl Be A
= A AHE ek 259 Al EEAY 9 °HE 24 (eq.
A xA, 1He] TR A el RajEHol AAE = AAte]l ol Bk EA
Nad AFE B A 28 T F2 dAbd Zgo]l yeuyA "
(Bergeron et al, 2001; Hulver et al, 2003; Kiens, 2006). ©]2]3F Z3lo] of
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koo 2SS 9% AER X5 o] FojxA| o AAE TS X2
kAl Ft (Harris et al, 2003; Wing et al, 2001). <, 7A7}F3lk ko] 3t
S 3wt 5 W AolawgS BHAE oFE X8 HAlo] FHFTH I
of A& dAF ol Folyt G AT F e =4 84 9 AU 22
A=) ey (Khan et al, 2012; Li et al, 2004; Szkudelska and
Szkudelski, 2010). 7P # <483 TwW X 8A:= 5-aminoimidazole-4-
carboxamide—1-beta-D-ribofuranoside (AICAR)®?} metformin®] o™, °]&
< AMPKe] &A43stE w3 A xEd dixte] IS wHTh wmERA,
AMPK+= A& oA} o] Q] mintolu} Qlado] AYHor #§akA| Rk Al
28 Fxr A8 Fo% AR ZHFEa Qlth (Bergeron et al, 2001; Zhou
et al., 2001).

AMPK+= a, B, v9 A& t& subunit®® 4%w, AMPKS 43} a
subunit®] threonin-172 k7]l <IAst7E FEEWEA o] Fo)3tk  (Hardie,
2003; Long and Zierath, 2006). oYX & =4 95 = AMPKE Al
F ] 2regoly A& o] Hojx= A A2EY 2 Ay, mEZ=g o}
£ Fsto] oA AL AAHE FEgi. o, &4dstE AMPKE X9 A
Fihs Fetal, olegs AMSIAIA duAE Aikske RS wEA J8gct
(Fediuc et al., 2006; Viollet et al, 2009; Winder and Hardie, 1999).

A azute] $1x]3 fatty acid translocase (FAT/CD36)% A4S AlX U=
FYEA 3 (Abumrad et al, 1998; Bonen et al, 2004; Frayn et al.,
2006), ME9o 2ol CD36 Holi= AMPK &4 3}e] 43S w=t} (Koonen et

>

al., 2005). Z1¥8]3l peroxisome proliferator—activated receptors (PPARs) %
o] auel PPARyE FAT/CD36°] @S xdshs daRixtz dejA Slo
(Chen et al., 2009).

A, AE HWE Y A SA8AS Ak A ARREH A ol
Ux & Aikel= #g<1 B-oxidationo ARE-ETH (Glatz et al, 2010; Kamei
et al, 2008). &X3sld AMPKs= sterol regulatory element-binding
protein-1c (SREBP-1c)9] F&dE& AAAZIT (Zhou et al, 2001). F/3A¢
2 AEst=d dEs v A= a4 ¢ acetyl-CoA carboxylase (ACC)¢} fatty



acid synthase (FAS)7} €#14 low, o]=9] ¥dL SREBP-1c7} 24dsk=t|
53] 68 kDa =719 A%3% SREBP-1c7} ACCSF FASO ARIALZ #H-§-3hr}
(Osborne, 2000; Shimano, 2001).

ISt AMPK: a4 whgol wel Al o] ACCE =84 3HAA acetyl
CoA7} malonyl CoA® HAZE= s FAAZIY (Watt et al, 2006A).
Malonyl CoA:x m|EZ = glolo|A] x| H}rke]
palmitoyltransferase-1 (CPT-1)2] 2Z}-&-9
CoA9] 4TS x| ¢k CPT-1& vEZ=gol &z A 9S8 §E351¢
A HWAE  B-oxidation®] dojuE=E  ZA3tt (Abu-Elheiga et al, 2001;
Bergeron et al, 2001; Holloway et al., 2006). &3k A3 W] CPT-19] &3
& AR PPARa®] FaFe W Aoz dHA dvt (Lee et al, 2006).
UM 83 Y PPARySE PPARa®] 282 ZHAE ] A4 diAte] ols)
= AAE T3l T4 E A o)A Agtoly Al 28 Y o 3 R
o] Fo3 &S & Ao=w YA}t (Chen et al, 2009).

L6 MEE= ratd] =44 fFald AxF2 d3lgd e FYAEZ (myoblasts)
7h e £rw FAste] EaaA S sk, HFHoR AETY % A
S B3t gIAgdel ZHAE (myotubes)E FAs= FHH E3&E
(Wakelam, 1985). #3td L6 Al¥e 443 253 22 diples 7HAH,
FEd tiakel wEE AFERE ofyet AlE W A A Y3 Abstel] AEE
A AR AFelE g 2ola vt (Hwang et al, 2008; Palanivel and
Sweeney, 2005; Zhang et al., 2011)

ANFZ8 N (Sasa quelpaertensis Nakai): dtefilo gt ¥ sl A&7 @
7hA 7} F-ZhE A A i 2219k 4] (Sultana and Lee, 2009; 2010)e] #AH
A 2 AR Aarse] s JAHIL vk RAW 264.7 AlZoA 9] &4
&3 (Hwang et al, 2007)9F HL-60 AxEo|A<¢ &<t 28 (Jang et al,
2008)°] H i wQlrt w3 Kang & (2012)& AFzd FE5Eo] 1AW 4
ol =% H¥rgk He b (iver) A& FA FHAae wEstE A WA E]
AMPK &/d3tE HoFozM A tiite] d&F< vkl ®Biskgivh

A
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FoAAelt EE, AFxId FEE

lo

Fo ARom diH  p-
coumaric acid® mushroom tyrosinase®] &7 <A (Sultana and Lee,
2009), AHIFA AA (An et al, 2008)¢} oEEZ fFrd EAH HE
(Lee et al, 2008)F°] HiuwArt. T3k diavw &4 A] (Luceri et al,
2007), doxorubicin® =¥ At} ~E#x~ H3E (Abdel-Wahab et al,
2003), &4tst (Zang et al., 2000) F°] A3 Al o3 TR AA T Z5A]
o] thah &Adol whste] HarE wl= gl

weha, 2 Aol A s B ATl o Al @A a3E THA AL e A
o2 HIHY Qe AFFEAY FE5E3 p-coumaric acidZF L6 -5 A| ol A

EEga AAgate] mAE dFS 2AEA
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L. AP, 5 2 A7 24|

oo Abgd AFRIY A 20119 49 Z2HS ndgd A AHA

Alg+= -20CoA Pdes HIAsFoM, AE A3d AL Alol+= phosphate
buffered saline (PBS; Sigma, USA)el| <43 ZojA ALt T3
p—coumaric acidE  SigmaolA TU3F o™, dimethylsulfoxide (DMSO;
Amresco, USA)°l o] 3o ALE-s}ltt.

2. AZ ul%¥

Rat 3 L6 &4 AX5F+= American Type Culture Collection (ATCC;
USA)Ol A Fdeklth. A2z 10% (v/v) fetal bovine serum (FBS; Gibco,
USA)#} 1% penicillin/streptomycin (P/S; Gibco, USA)°] *¥3%% Dulbecco’s
Modified Eagle Medium (DMEM; Gibco, USA)olA wistslar, 37CY 5%
CO; =1& Atk =& AEE 1~29 wdate] flask vhetel] 70%7}F =
Ae W A S A

L6 MXEeo 3} f== 6 well culture plate =+ 12 well culture plate®l

_11_



L6 AZE HZE (1.0X10° cells/mL)ataL 3~4Y fAa5th. AlE7F 90~100%

A% ZE W 2% (v/v) FBS7F $Hr¥l DMEM ®iA| 2 ugkste] el ARE-3)
7] A74A o] Evttt A E wEsIITh 3tE L6 MEE 0.5% bovine serum
albumin (BSA; Amresco, USA)o] 323t¥ serum-free DMEMO. 2 4A|7F H=
16A1ZF &<t A4 wjgt 5 Aol ARESIITh 3HH, L6 Alxe] A d F4=
Fx8l7] 93 A= A2 wiokE L6 AlXEo) oleic acid (Sigma, USA)E
1

mM =52 A2 sta 24A17F ZoF v kst

jus)

4. AX 54 A

1) AMXE S5 (MTT assay)
L6 AZE DMEM HIXE o]&3}ldd 1.0x10° cells/mLZ &3, H3}5

H

6~8Y Fo NEE T=E (AFFx3dY F=& ¢ 125 250, 500 # 1000 u

g/mL; p-coumaric acid : 12.5, 25, 50 % 100 uM)E =gt A EAES

A elsle] =33 A A oleic acidE 24117 Agdtal A|5E 4847 wj

%3l % 3-(4,5-dimethylthiazol)-2,5-diphenyl-tetrazolium bromide (MTT;

Amresco, USA) €4S 400 pg/mLe &7} == H7bsto]l 4A17F o #f
3l th Formazano] % Axe] wjx]E AlAsaL, 100~200 pulLe DMSOE
A7Vste]l 243 &3fAFHTE. 595 nme] oA microplate reader (Bio-tek,

USME ol 83l 3= SAstdrh AX $45e AnE Adsd e =

T FE gkt wwetel Bl How WEssth

A ge AE A FYE

il

ODcontrol : }\]—‘EJ-

ODsample : }\]-‘EJ—

Ll

A Al Ao Fd =

_12_



2) A¥ =A (LDH assay)

AlZ7F L6 Aol v X+ AE 54 H7FE= Lactate dehydrogenase (LDH)
Cytotoxicity Detection kit (TaKaRa, Japan)E o|-&3sto] F=3§3tH ). L6 AlXE
£ DMEM #JA| & o]&3}o] 1.0x10° cells/mLZ HF s, 345 6~8Y F
o ANEE v (AFTXIY F=& 125, 250, 500 ¥ 1000 pg/mL;
p—-coumaric acid : 12.5, 25, 50 % 100 uM)Z 48A]7F F<F A 2] &}it}t. #|H

bS Aste] =33 A3 B9, oleic acide 24A1%F A gkl AlRE A
sttt o] % wieko) 50 pLol LDH 574 &3} 50 uLE ¥il 5~10%1F ut
AlA 490 nm FFNA FHEE SAHSATH G T o® AME Triton
X-100 (Sigma, USA)S AT 127} H=5 AT AX wFdS AHgaglon

A 54 WES te

]

_,d
Ac)

olo

&
Y
rlo
1>
o
fr
>
e
ol
38
i)

ODcontrol : }\] -‘EJ—‘Q} Triton X- 100% ﬂ E] é}x] {%“% /l-ﬂ 3z HH Z] ‘9] %%E
ODsample = A1E2E A2 gF AZ wjx]9] F3=
ODpositive : Triton X- 100% ﬂ E] ?l‘ /K‘ﬂ 3z HH X] ‘9] %%E

5. Western Blotting

AEE A3 L6 AEE 1xXPBSZ 1~23] Az F 1xRIPA (Upstate
Biotechnology, USA), 1 mM phenylmethylsulfony fluoride (PMSF; Sigma,
USA), 1 mM NazVO4, 1 mM NaF, 1 pg/mL aprotinin (Amresco, USA), 1u
g/mL leupeptin (Amresco, USA) % 1 pg/ml pepstatin (Amresco, USA)©]
EeHe RIPA Lysis bufferg ol&ate] AIXE A8t 942 (15,000%

g, 4T, 208t dwldo] x3te FSds g535 F gwdd 5=+ BSA
£ ¥ °% Bio-Rad protein assay kit (Bio—Rad, USA)E A}-&3sle] A=

Tl 25~50 pg® ©@wAES 6~10% SDS-polyacrylamide gel (SDS-PAGE)<]

_13_



719 %33 poly vinylidene difluoride (PVDF; Milipore, USA) membrane 2.
&= 200 mAolA  2A%F FQF HelAlRT Hol®l wwldo] gle= PVDF
membrane< A 5% skim milk (Difco, USA) ¥+ 5% BSAZ 1A+ &
¢t blocking A1Z1 %, 1x 3Ae} wreA T o|u], phospho-AMPK™!"
(1:2,000, Cell Signaling, USA), AMPK (1:5,000, Cell Signaling, USA),
phospho-ACC™7 (1:1,000, Cell Signaling, USA), ACC (1:1,000, Cell
Signaling, USA), PPARy (1:500, Santa Cruz, USA), CD36 (1:1,000, Santa
Cruz, USA), PPARa (1:1,2000, Santa Cruz, USA), SREBP-1c (1:1,000,
Santa Cruz, USA), FAS (1:1,000, Santa Cruz, USA) ¥ phospho-Akt™™*"™
(1:2,000, Santa Cruz, USA)&= 4TelA 37 ¥ (16411 &< WhgAIZ AL,
Akt (1:1,000, Cell Signaling, USA)®} B-actin (1:10,000, Sigma, USA) 7
2ol A 1A Tk vk AIZ 12 A REgo] £ PVDF membrane<
0.1% Tween 20°] X3%¥ Tris-saline (TTBS) fdo=z AHHL F
peroxidase—-conjugated®l 22} ¥4 (Jackson immunoResearch, USA)E
1:5,000 HE+= 1:10,000&=2 3|4 ate] o4 1A &t wkgA171aL A2 8t
Stk dwde WEST-ZOL Western Blot Detection System (iNtRON
Biotechnology, Korea)2& HWh-g-A|A FHgsto] AxE ZRlsiitt

6. Oil-Red-O 94 H triglycerides (TG) ¥F =A

Oleic acid® Hsld A F4& =3 L6 Alzol AEE A0S 1
o e vA=A st #18) Koopman 5 (2001)¢] ®WH& 43t
Oil-Red-O A& Faaldrh. 23 ¥ L6 Alxol AlsE A ste] vt
¥, 1xXPBSZ 13 A#3ch o] %, PBSel 4% 3.7% formalin (Sigma,
USA)e. 2 °F 40% <t 48t THTZ 23] AFslrh. 18 43 =
712 AAsY FF5E 343 0il-Red-0 949 (Sigma, USA)S Yol oF 40
Tob AAE3. olu], Oil-Red-0 @M NL FH59} v g2 5459

6:4
o, syringe filter2 oj3}sto] ARG A 4 §, SFF2 33 A8t

|

O

f



of FstdAndstoll BEe. aE AF FH FFs A8 A&
4% NP-40 (Amresco, USA)¢] 234 isopropanol (Amresco, USA)E 3 7}8
o] Oil-Red-O& Al &3|A1Z] ¥, 520 nm HFolA FHEE At AL
iy

r\il

7. RNA £32] 2 Real-time PCR

Total RNAYE 6 well culture plateolA] wlF®E AEZ (1.0x10° cells/mL)
total RNA extraction reagent (RNAiso Plus; TaKaRa, Japan)E #7}ste] &
23tk Instructiono] wel MEE FASIAL oA 10w7F WA AT
RNAZ} ¥3te §9S A2 tube® H7]3L chloroform (Merck, Germany)<
0.28) 7kste] 4T, 12,000<g Z7lelA 15%3F Y425 sh3lth RNAZE &
el e ATde MER tubeR 3|3kl A}7hE isopropanols 3 7Fahe]
oAl WS AIZL $ 47T, 12,000Xg FolA 108 Tk 9l shsith A
TSNS AAsEe] @S RNAC] DEPC (Amresco, USA)Z 84 g 75% ogh-&&
A7bstar 2~39 AR (4T, 12,000x0)E At AlAatqlt. ks A
ZA1Z1 RNAY nuclease-free water (NF DW; Amresco, USA)Z 83|71 5
nanodrop ND 2000 spectrometer (Nanodrop, USA)E ©¢|&3}o] RNA F3%=
= 54353t A260/A280 nm 342 ratio’} 1.8~2.0 Alol9] kS ZE= RNA
Al=E cDNA Aol AHE-3Hal Tt

cDNA g4 & Maxime RT PreMix kit (iNtRON Biotechnology, Korea)&
o] g3to] 33 th. Maxime RT PreMix tubed]l NF DWE H7bste] 283
HHgA1Z %, 1 ngel RNAE #H7bete] & 20 L7 ¥ =5 &k3lvh. cDNA A4
o] dojub= #4 (45T, 60%)H RNased® B3t A7l #A (95T, 68)=
TPt 92 cDNAE NF DW= g 45}e] Real-time PCRo| A}-&3F3A T,

Real-time PCR< DyNAmo™ ColorFlash SYBR Green ¢PCR kit
(Finnzymes, USA)S& ©]&3te] 383}t 2XMaster Mix, 10 pmole
primer, cDNAE &d3lo] & 12 pl7} H%=5% NF DW= F3& St

_15_



DNA polymeraseE ZASIA7]= HAHS 95T A 5&3F #

-

P39, 95T
(20%) - 63T (20%) - 727C (30%)9] %71o= 493] WHEde] DNAS %

itk BE dbSo] &g E F 65T 95T7HA =7t TUteleE S
9320 melting curved #2181 aL, o]E B-actindg v E sl #$HE A

#3135kt PCR HH8-2 Chromo4 real time PCR (Bio—Rad, USA)E o] &3}9]
T3t on, Ado A8 prime 971493 PCR Z32 A% +E product
o] Z7]% Table 1o YeRNAT

_16_



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

analysis and the expected sizes of PCR products

Gene Primer sequences Size (bp)
Forward 5'-GCA AAC TGG ACC GAG AAG AG-3'
CPT-1 169
Reverse 5'-CGA CCT TTG TGG TAG ACA GC-3'
Forward 5'-CCC ACA CTG TGC CCA TCT AT-3'
B-actin 153

Reverse

5'-CAC GCA CGA TTT CCC TCT CA-3'

_17_



8. 2-NBDG uptake

ME YWE Y5 T3S 5457 Y35te] 2-[N-(7-nitrobenz-2-oxa-1,
3-diazol-4-yl)amino]-2-deoxyglucose (2-NBDG; Invitrogen, USA)E A3
of Helste] Elstsith (Zou et al, 2005). ¥3F F=¥ L6 Aol 0.5% BSA
7} ¥3FE low-glucose DMEMCO. &2 12~16A1%F v kst & Alg9F 2-NBDGE
sSAll Asty o] %, AlX 2 FAEHA B EETES AAsH7] HAs)
IXPBSZ 23] MAst3itt. d% k2 excitation 485 nm¥I} emission 520 nm
o]  uAolA  fluorescence micro reader (FLUOstar OPTIMA; BMG
LABTECH, Germany)Z Z43len, 3 dtE2AdS o] x5 YERYS
.

9. 4 A<
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m. 2 }

1. AF%8Y F2E (JBE)°] XE3H A2 giA}d vx= JTF

A AE 3ol AHge JBES AHg AP =g AASr] $ste] MTTS
LDH 418 33ttt L6 <S4 Eo JBEZ 98 X (125, 250, 500 %
1000 pg/mL)E Az A3, BE A oA AxE 548 #EHA Lt
(Figure 1A). A& #4<S Fx387] 93 oleic acidE A&t AE F2
FrojH oz AR, MXE S E S v A=A &3ttt (Figure 1B). whef
A1 JBE 1000 pg/mLE il =2 A3 o] Agus= AEAES 433}

=4
At

L6 SSAEdA JBEZE 22 S5l ojudt J&&S n X=X 2-NBDGE
Abgate] BAE %t L6 Z%A ¥ JBES A3 F, Alzto] gl uwigl ¥
=g F57F dA3 F71e . 53], JBE AY 3 1242 AyE Aol A
Oz vlE] fodor xeg F471 F718ke )t (Figure 2A). 3+ JBEE
250, 500 2 1000 pg/mL =2 24A17F A s v ¥ S48
119.73+£7.58, 121.47+5.70, 133.7945.06%2 S YEo] = o9&
S7F Fds e (Figure 2B).

JBEe| 93t ¥xg 54 £ adrt JdEd A= A2 2 AMPK 243}
Aol wiZl=E =X F1sly] $15te] JBE A7 & Az (12, 24 2 48A17H=
Akto} AMPK Q14kst 43S &A1 8kl Akto] <14bsh= 74 Ajzhe] dizat3
Hlwste] 748t PSS YERAY (Figure 3A). WHH, AMPKe] 4tsh= Al
Zrol Aol wel F7bskelal, JBE AP § 48A1%tel 7HE & SUHE Bt
(Figure 3B).
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Figure 1. Effect of Jeju dwarf bamboo extract (JBE) on cell viability and
cytotoxicity in L6 muscle cells (A) and oleic acid-treated L6 muscle cells
(B). L6 muscle cells were incubated with indicated concentrations of JBE
for 48 hr. Cell viability and cytotoxicity were measured by MTT and LDH
assay, respectively. Data shown are presented as the means*S.D. of
three independent experiments. *p<0.05 compared to OA-treated group.

OA, oleic acid.
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Figure 2. Effect of JBE on 2-NBDG uptake in L6 muscle cells. Serum
deprived L6 muscle cells were treated with JBE and 2-NBDG for
indicated time period (A) or indicated concentrations of JBE and 2-NBDG
for 24 hr (B). Data shown are presented as the means*S.D. of three
independent experiments. #p<0.05 compared to each control group (PBS).

*p<0.05 compared to JBE—untreated group.
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A PBS JBE

Time 0 12 24 48 12 24 48 (hr)

B PBS JBE

Time 0 12 24 48 12 24 48 (hr)
p-AMPK

AMPK

B-actin

Figure 3. Effect of JBE on Akt (A) and AMPK (B) phosphorylation in L6
muscle cells. Serum deprived L6 muscle cells were treated with JBE
(1000 pg/mL) for indicated time period. Protein extracts were immuno-
blotted with specific antibodies that recognize phospho—-Akt (p—Akt), Akt,
phospho-AMPK (p-~AMPK) and AMPK. The results are representative of

three independent experiments.
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o))
r
Ho
=
=4

o JBEZ ¥=4 (125, 250, 500 ¥ 1000 pg/mL)E =73}
48A1ZF Fofl AMPKO] 14tstE 918 23, AMPK Ql4tsh7 & oj&EA o=
Z7}s 9tk (Figure 4A). JBEd] 23 AMPK &4 8}7} A bak 0ol 43S n|
A=A gstr] flalA CD363 o] ZE3F= PPARyS #d S4S FAbs)
th JBES H=W (125, 250, 500 2 1000 pg/mL)& A#shd CD36¢ 1
o] 500% 1000 pg/mLe] sx==2 AZe AFwolA 71 s YA
T3, CD36S Zd3dl= HAFIAIQ] PPARyS BdE sk o&EHow F718%

t} (Figure 4B).

AMPK7} @43t o upeg} g3ke Wi 3h9] 712 A ACCe Axtehrt 5= 9
EHqoz2 F7betlal (Figure 5A), CPT-19 wWdS Fd3te AARIA]
PPARa®] W% S7tels S B0 (Figure 5B). B3 oleic acidE A&
st A FHS FE3 L6 541 Ed JBEZ 125, 250, 500 2 1000 pg/mL
2 A st AMPKeF ACCe Q14sE &R1stsit). Oleic acidE A elshA] &2
Aot AR, AMPKSF ACC =5 QIAks7E F71sklal (Figure 6A),

PPARa W% % o)&H oz Z713tS 1wt} (Figure 6B).
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JBE 0 125 250 500 1000 (pg/mL)

JBE 0 125 250 500 1000 (pg/mL)

Figure 4. Effect of JBE on AMPK phosphorylation (A) and PPARy, CD36
expression (B) in L6 muscle cells. Serum deprived L6 muscle cells were
treated with indicated concentrations of JBE for 48 hr. Protein extracts
were immunoblotted with specific antibodies that recognize phospho-
AMPK (p—~AMPK), AMPK, PPARy and CD36. The results are

representative of three independent experiments.
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JBE 0 125 250 500 1000 (ug/mL)
P-ACC |HESS S BN BN S

B_actin M

B

JBE 0 125 250 500 1000 (pg/mL)

PPARG | e w— e w—

B-actin -——A

Figure 5. Effect of JBE on ACC phosphorylation (A) and PPARa
expression (B) in L6 muscle cells. Serum deprived L6 muscle cells were
treated with indicated concentrations of JBE for 48 hr. Protein extracts
were immunoblotted with specific antibodies that recognize phospho—-ACC
(p—-ACC), ACC and PPARa. The results are representative of three

independent experiments.
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A

OA - + + + + + (1 mM)
JBE 0 125 250 500 1000 (ug/mL)

B .

- + + + + +  (1mM)
JBE 0 125 250 500 1000 (pg/mL)

B-actin

Figure 6. Effect of JBE on AMPK and ACC phosphorylation (A) and PPAR
a expression (B) in oleic acid-treated L6 muscle cells. Oleic acid-treated
L6 muscle cells were treated with indicated concentrations of JBE for 48
hr. Protein extracts were immunoblotted with specific antibodies that
recognize phospho—-AMPK (p—AMPK), phospho-ACC (p—ACC) and PPARa.
The results are representative of three independent experiments. OA,

oleic acid.
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4) A4 FA A 24

JBEZF L6 SAEZ Ul A A0 mx+= 43S glsl7] A&l oleic acid
1 mME At A4 FS FEsth Ad FH4E F23 L6 5420
JBE 1000 pg/mLE AH#slHd A& FZHo] 7433t (Figure 7). Oil-Red-0
2 @Aste] stk A}, oleic acid vlAE & 100+£24.91%°]™, oleic
acid @5 A2 w2 193.21£9.65%= A=At 14 oleic acidE A& s}
of A4 FAHE gt & JBES AHEgh wolAE 153.50+12.57%= &1+ o
oleic acid @5 A o] Hla] AA FHo] FoHor AT (Figure
7A). BAA Q] oA KA HHS F53% L6 5432 JBE (1000 pg/mL)
£ Agshd AMPK 14ksl7t Z718ks dbdol] Al W) Ad FH o P
SREBP-1c¢] #do] A=A 53], A& FHo #Aost= @iz (e
ACC, FAS)e] #AFeIzkel 68 kDa SREBP-1c7} A sHAl #HAEHAo=E A
stolalith. w3k, SREBP-1col 9|3 &%= FASY ©d X JBEE A3 +
At} (Figure 7B).
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250 1 # OA - + + (1 mM)

*l* | JBE 0 0 1000 (pg/mL)
200 | P-AMPK | i s

150 | SREBP-1c _ 125 kDa

Triglyceride content (%)

ite b { SREBP-1c 68 kDa
-actin | *——

50 } P

OA - + + (1 mM) . I T
-act

JBE 0 0 1000 (pg/mL) el “

Figure 7. Effect of JBE on triglyceride accumulation in oleic acid-treated
L6 muscle cells. Oleic acid-treated L6 muscle cells were treated with
JBE (1000 pg/mL) for 48 hr. Data shown are presented as the
meansES.D. of three independent experiments. *p<0.05 and #**p<0.01
compared to OA-untreated group. #p<0.05 compared to OA-treated group
(A). Triglyceride synthesis-related protein extracts were immunoblotted
with specific antibodies that recognize phospho—-AMPK (p—~AMPK),
SREBP-1c¢ and FAS. The results are representative of three independent

experiments (B). OA, oleic acid.

_28_



2. p—Coumaric acid (CA)7} =33 XA Al mxE= g3

F5Ho skARE, JBES] #E71HdS olslslr] flsliAe JBEA 3
freol e g ggESe dg A7 286t 2 Aol = JBEY| F5
| p-coumaric acid (CA)el tigt A+&E F33513]

ol
)
i
o
i
9
30,
i)
=
e
)
R

A, L6 ZEAE A A2 CAY AAd Hus=g AAs 7] 5t
CAZ} A 253 AE 540 mX+= 9&S MTT, LDH 48 F3lo] 3
A3k CAE 100 uM =7k AgsdS wl Ax FAEF AX SA40|

ottt (Figure 8A). B3k A& =
acid (1 mM)E AAFstar CAE AHstodx= A=
(Figure 8B). W&}A, CA 50 & 100 pME H1 E& dlo] AX AL 5
a3t

2
rU O
Jo
H
ol
o
N
o
Sl
=5
@
o

1) AMPK &4 3} #-&

L6 ZSAE A CAZF AMPK &4 3o mx]& 43S Western Blot WH O
]_

2 g5ttt CASE A 7P (6, 12, 24 D 48A7H= A g ste] AMPK ¢14+s}
FAe B3 23} CA AP F 6A77FA = AMPK C14tste] Zjo]lE Holx|

S otAIRE 124138 AMPK Q1487 S7babglar, 48AIR4AA] A skAl S 7Fst
= okAFS Wt (Figure 9A). T3 CAE 5= (125, 25 ¥ 50 uME 24
AE AFeR S W AMPKE SIibslrl s ojEXo=w FUkeAdtt (Figure

_29_



>

——MTT mmmLDH

120 120
100 | — s 3 5 — 100
= s
c 80 F 1 80 <
S 60} {60 o
© @
£ T
- 40 } {14 3
|—
s -
20 } {1 20
0 0
CA 0 12.5 25 50 100 (M)
B —o—MTT mmmmLDH
140 120
120 } { 100
) I I 1 =
2 100} —+—F 1 1 1 =
c 1 80 ~—
2 80 @
= {60 O
® 60 L
[ 140 Ao
= L
s 40 -
20 } {1 20
0 I A i I i b o i b i - A 0
CA 0 0 12.5 25 50 100 (pM)
OA - + + + + +  (1mM)

Figure 8. Effect of p—coumaric acid (CA) on cell viability and cytotoxicity
in L6 muscle cells (A) and oleic acid-treated L6 muscle cells (B). L6
muscle cells were incubated with indicated concentrations of CA for 48
hr. Cell viability and cytotoxicity were measured by MTT and LDH assay,
respectively. Data shown are presented as the means%S.D. of three

independent experiments. OA, oleic acid.
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Time 0 6 12 24 48 6 12 24 48 (hr)

A g b

CA 0 125 25 50 (pM)

Figure 9. Effect of CA on AMPK phosphorylation in L6 muscle cells.
Serum deprived L6 muscle cells were treated with CA (50 pM) for
indicated time period (A) or indicated concentrations of CA for 24 hr (B).
Protein extracts were immunoblotted with specific antibodies that
recognize phospho—AMPK (p—~AMPK) and AMPK. The results are

representative of three independent experiments.

_31_



L6 ZSAEAA CAoll 9 AMPK &/d3st7F At Absh ol ojuf gt o
S A=A FQlsty] fske] AMPKeEl k9l 719l ACCe AitstE
Western Blote &3l #41s3lth. CAE A eldt AMEol A Algto] 72 33l whet
ACCY| Ixtsbzt F7tskdltt. 53], CA A8 5 12435 ACC QI4kstrh &
AstA 7ttt (Figure 10A). 18]l CAE v% (125, 256 ¥ 50 yM)=E
24 A17F 59 A 23FH Figure 10BAA H+= vle} o] ACCE <l4ksl+= PPAR
adl WA ] sk T 0w Tt Fte Ho FIdH EBE MEZE
o] AatE Abste] #ojgittar 4 Xl CPT-19 mRNA S gl 2
CAE A&stH CPT-1 mRNA W&ol 25 uyMoAFH FoHo=z F7tsisitt
(Figure 100).

3) A2 4 Al 24

AMPK A& dge &= & AZEA, oleic acidE X

)

gt A4 S
=3 L6 IHAREAA CAZF A" FA4o vA= 92 Oil-Red-0 4
o7 ZASIGTY L6 &5 A X oleic acid® A2 dFH oleic acid "A#
(100+14.37%)°1 Bl =2 ==o] oF 2.6W} (262.57£9.38%) S Fet3iet. L
o Ad FA42 753 L6 IHAx CAS AYstd Ad F4 (218.20%
19.83%)°] frolA o & 743kl (Figure 11).

— = a = _
4)51‘— %ST:‘;&I E}\(_D]

FAZN CAE Aelstd AIRE Aol wiegt 2 F7F S7ksklar, CA A e
T 6AIHRE tixad Blaste] {§o4 A TV S BT (Figure
12A). CAE %4 (25, 50 ¥ 100 pM)E 12217+ At = F580]
TR gEHoR FolHd FHE YEAY (Figure 12B).
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BAEE s CPT-1 %
c 1.5 B *
o
ACC g
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B-actin 3
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Figure 10. Effect of CA on ACC phosphorylation and CPT-1 mRNA
expression in L6 muscle cells. Serum deprived L6 muscle cells were
treated with CA for indicated time period (A) or indicated concentrations
of CA for 24 hr (B). The results are representative of three independent
experiments. CPT-1 mRNA levels were assayed by Real-time PCR. Data
shown are presented as the meanstS.D. of three independent

experiments. *p<0.05 compared to CA-untreated group (C).
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Figure 11. Effect of CA on triglyceride accumulation in oleic acid—-treated
L6 muscle cells. Oleic acid-treated L6 muscle cells were treated with CA
(100 uM) for 12 hr. Data shown are presented as the meansxS.D. of
three independent experiments. #**p<0.01 compared to OA-untreated

group. #p<0.05 compared to OA-treated group. OA, oleic acid.
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Figure 12. Effect of CA on 2-NBDG uptake in L6 muscle cells. Serum
deprived L6 muscle cells were treated with CA and 2-NBDG for indicated
time period (A) or indicated concentrations of CA and 2-NBDG for 12 hr
(B). Data shown are presented as the means*S.D. of three independent
experiments. #p<0.05 compared to each control group (DMSO). *p<0.05

compared to CA—untreated group.

_35_



5) AMPK &/d 3} AsiA 4&

6 SFAELAA CAol o3k £xd B A tirte] wx]= F3FE50°] AMPK
gAdstel] wWE Asdde] &) Aot AAA Fletr] @l AMPK
inhibitor?l Compound CE& A}&3lo] ZASFE T Compound CE w507 A
23t Compound C w|AH g e H|ste] AMPKe ACCY <14ks7E #HAE 9
t}. 18y Compound CE HAA Y3t CAE A3k AITolx+= AMPKS}
ACCel <ztebrh g Esflss  &dskslvy. B3, AMPK  activatordd  5-
aminoimidazole-4-carboxamide—1-beta-D-ribofuranoside (AICAR)E =23t
Mol AMPKeF ACC QI4Est F7H= CA w5 A g¢] AMPKe} ACC <14ts)
Skt Hlsek 24de UEhdY (Figure 13).

w3l oleic acid® A& A& FE3F L6 <A 32X Compound Co g
+ AMEe A FAE& F7HIFATE Oil-Red-0 94 A3E AHFsst A3
Compound C A & 260.13+£7.90%%, 235.60£5.55%°] #< e
Compound C Wwxg 3 Hlwstel Fol#Ql F7bs B a8y
Compound CE HA g3k 7ol CAE A g]shH 224.15+8.43%2] #k=S 2HelstS
3, Compound C *g] ol H|&] A& HZH o] FoH o=z 743t (Figure
14A). vpR7A 2 CAdll o8 S7He X5 F57F AMPK &4 s}ol| u}

A Felstr] fste] Compound CE AHgete] TLrd FE E<lsith
Compound C &5 A7 T 94.89+4.42%=, 100.00
Compound C wxg] o) vl Txd &F47F #F42EA0. Compound CE #
Aeg ol CAE AFshd 29 F7F 127.13+£10.16%°] #t& YERSL
Compound C @5 A& 3 vluste] Fojdoz F71skelth (Figure 14B).
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AICAR - - - - + (500 pM)
cc - - + + - (10 pM)
CA - + - + - (100 pM)

Figure 13. Effect of Compound C on AMPK and ACC phosphorylation by
CA in L6 muscle cells. Serum deprived L6 muscle cells were pre-treated
with Compound C (10 uM) for 30 min and then, treated with CA (100 uM)
for 12 hr. Protein extracts were immunoblotted with specific antibodies
that recognize phospho-AMPK (p—~AMPK), AMPK, phospho-ACC (p-ACC)
and ACC. AICAR was wused as positive control. The results are

representative of three independent experiments. C.C, Compound C
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Figure 14. Effect of Compound C on triglyceride accumulation and
2-NBDG uptake by CA in L6 muscle cells. Serum deprived L6 muscle
cells were pre-treated with Compound C (10 uM) for 30 min and then,
treated with oleic acid for 24 hr before CA treatment (A) and 2-NBDG
and CA for 12 hr (B). Data shown are presented as the means£S.D. of
three independent experiments. *p<0.05 compared to C.C-untreated
group. #p<0.05 compared to C.C-treated group. OA, oleic acid; C.C,

Compound C

_38_



1:0{.
&
=
Q

=

0Q

]

D
)
o
—
&
)
)
=
f
=
it}
=)
30,
9
r
Ho
BN
2
1o
=
<
D)
fu)
>

L6 ESAH XA AFZAY F=E (JBE)¥ JBES] +8 A< p-coumaric

acid’h 5 B A diabel ojwl g Ggke wA=A SAQlstadt FAH .
= AT Aol A JBEE AshA &2 L6 IFAEAAE v gAIZE 7 Tt
whel x=g F57F FUhE AT ole SS5A¥T 2% 223§ dAb)s

& F9PHe AL PASE dnet A=A E8, JBES Neld 16 284

A ¥ A H5h= A 3to]td (Ruderman et

al., 1990). &5 x#o] €T ¥ETa Fotal tiAabste] 1A olvx] &

d
QO
o
@
e
—
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O
o
2
=)
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(@}
o
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S

AMPK+= 74 24 ¥ a subunit®] threonin-172 7|7} <latslx|o] 243}
¥ +=d (Hardie, 2003; Long and Zierath, 2006), o]¥ XEZxwo|i} x|HALS:
AREste] U E AL ¢ ke Alsoltt (Fediuc et al, 2006; Winder
and Hardie, 1999). ¥ <15 Z¥+= JBE7} AMPK 24315 Fate] L3
A diAbel G VAL des HEUWH. 2A43td AMPKe AlE W
CD36¢] Alxmto 2 o] Hol5 Fxlete] A4k F5 vi7igvtar Bad v gl
o} (Koonen et al, 2005). & AF-olA= AMPK 2/d3gle] W& CD369 #o]
= AHHor ZAEAE EUA N JBEZF CD362) LAy} o] xHEdtE AR
12kl PPARy®] #dS fFieste Ae sidvh. ol2idk 23= PPARy%t
CD369] &o] Trietdl Ao dojx= CD369 Fol F7ksko] A4t

i)
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ol
Ih

T o] o] otk Ag ofn| gt
AE WE2 Fd8 Apahe mEZ=egol W Ak Aks} (B-oxidation)ell €]
&l A|GAE =AY SAAY o o] &HT (Glatz et al, 2010; Kamei et
al., 2008). JBE= AMPK @43} 425 T3] ACC <14t3te} PPARa9] 23
& 7RG 531, oleic acide A sto] Ad FHo] fFmw L6 AlENA
JBE:= AMPKSe} ACCe fI4ts} S7ket Heo] TAAY F45 #aA 3T o
© JBE7F Ad S AdlstAd Ad EallE Fxlee AnE s = o
tl. A& £+ hormone-sensitive lipase (HSL)e] Ao <oJ&] 2=
(Langfort et al., 2003), 53] oA A A F3l= AWikS 282 st A
719 25 FFoly 5 WA AlACAM dofwdrh. HSLe| 9l AR! PKATL
2dsted HSLe 4+ S/ =A o5 A Zai7F dojupHet, &4
std AMPK:= 23ld A|d w8l Addr Bausdt (Watt et al,
2006B). wehA JBEC] 3 A|d 24 Has A e ddEvs Ad §4
& Asiste] vehd Adetal A
A7 oty duH
T SREBP-1ce] &dl fhas A A3 F40] fags 9n|3ttt (Osborne,
2000; Shimano, 2001). Oleic acid %
JBE= SREBP-1c9} FASO #d #AE T3l A4 FHS darrle 24s
Ho] FAu. o= JBEZF BNt XM= IHA xS AF thitel] FEFS v
T Aee AAEhE At AlsdE

PPARy$t PPARa= Al 29 Fxw el o 9 ARl Fo3 At deiA
Utk (Chen et al, 2009). 59 At APGAE E£3F 2233 ni7HA 2 Qe

A AP 5L 2 A 28 Page] Fa Ao AWy B 2L A

i
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=
<
=
(@)}
e
=2
)

=g dweta Adsked 7198 4 Atk (Na er al,
2011). PPARyE MXU2 AWiks Fsted #odshs CD369 AxIA=
2835, PPAReE PIEZE=gol U2 AWiks 48k CPT-19 A
Az dE Atk (Chen et al, 2009; Vega et al, 2000). JBEX PPARy$}
PPARa®] & S7HE Sl SFAEY AUt 9 Abstol] mapz el 93
)z Ao g AlmE)

o
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A =% JBES AR Ak JiAdZHES JBEC $HrE wdd stdEE
gt ¥R 2 Yehd JhsAdel Eoh shARE o]k JBES ARV W
3]7] 918l E JBE] e ©d EFE uigh A7t osith Aol A
+ JBEd| 7Hd FFsHA 5ol 9+ p-coumaric acid (CA)el tigh & <

= T3

JBES] &4 fFAFsHAl CA T3 AMPK % ACCe| 14ts) S7tet 37 X%
= FX 3y, Ak kst 3 g, Ad F4 oA A4S dErdAH
A Eo A Fref et

= A B8A9 3|

=

H

ot

OQ

B

=

Aoz dHA Ard (Li er al, 2004; Szkudelska and
Szkudelski, 2010). A& ~HE=Z Z &% B-sitosterol AMPK &3} 74
25 o =T 55 7 AlEW SAEAY B FEzHE Y dAE
Holoax ZS5AEY T2 2 A A o] HuEAY}t (Hwang et al,
2008). X3 naringenin (Zygmunt et al, 2010)Z} resveratrol (Park et al.,
2007)2 JJ&EH A= HAZ7F obd AMPK #4388t 425 B3l yx=do &
7 S7HE S FER1Eglth. web CAel & Ejlel AdELS B-sitosterol,
naringenin, resveratrol &3 H]5=3F XS Bt AlgHcl. T3k JBE]

1

SHE CAZE AABEA Fa A

oM A= AMPKZE @A skl wel odlyA] thal =4S 98 dolue
A5 AYE (Fediuc et al, 2006; Long and Zierath, 2006; Winder and
Hardie, 1999)%, AMPK inhibitor¢! Compound CE *2]3}'d AMPK &HA o]
¥t (Gruzman et al, 2009). L6 &S A|3¥°] Compound CZ A x]glshd
AMPK$}F ACCO| <1487 A= 4w, CAS Agshd 4w s AMPKS}
ACCo Q437 3R E = s Btk T3 x93 559 F7ke 24 =
Aol 24 A¥E YEhigith. 53], CA (100 uM)ol 93 AMPKe} ACC 14t
3} S7F= AICAR (500 pM)¢} =93 FEom H7hE k. AICARE l&d
Hdo A Qlad-noE4 4

= 22 E3lo] AMPKE A 3A7] L
ILY F4E Z7MA AT (Bergeron et al, 2001). T3 uxHF Aol2 <%



d Aol FrE Aol 259 dud 28-S WAAIF)AL, malonyl CoA 7

Ao A Sl @ e FEREFeRA QdEd AFAET Al 28 I
o] A5 7FeAS Hasltt (glesias et al, 2002). ©]# 3 AICARSF F-ALgH
& 7k CAE AMPK activator24 €4S Yeldlo] AMPK &43tE %
stal AW YA A =4S & Floldt AR Tk A RA RS &8s
A& s AAbskal

W Ao dds Fe BH, JBEGH CA= AW AMPKe] #4d3} 28&
ol T 5 S, AL Abs S35 A" J4 As A4S HERS

t}, w2 JBES olg]dt #Fgo] AdX= CAol o3t Axela F=4 1, o]o 3
3 F7FAel Ay dasttu AlgEYk B3 CAE AMPK activator®A] €

54 dedo] dEd A 2 Al 238 G 9 Ad AAR &8 7
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