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ABSTRACT

Citrus sunki Hort. ex Tanaka is one of several Jeju-native citrus fruits, and its
dried peel has been used as an essential ingredient in traditional medicine. The
purpose of the study was to investigate the effect of various compounds rich in
the peel of Citrus sunki on glucose and fat metabolism in L6 muscle cells.
Synephrine, an alkaloid compound, and two polymethoxyflavones, tangeritin and
nobiletin, were more rich in the extract of Citrus sunki peel than other
compounds. Synephrine increased glucose consumption by L6 muscle cells.
Synephrine also increased the translocation of glucose transport 4 (GLUT4) to
the plasma membrane. Synephrine stimulated the phosphorylation of AMPK, but
not of PKB/Akt. Although tangeritin and nobiletin stimulated phosphorylation of
AMPK, they failed to increased glucose consumption by muscle cells. Free fatty
acid (FFA, palmitate)-induced cytoplasmic fat accumulation was suppressed by
synephrine and PMFs. Palmitate-induced suppression of AMPK phosphorylation
was also reversed by the addition of synephrine or PMFs. These results suggest
that synephrine and PMFs rich in the peel of Citrus sunki are potent functional
compounds that can ameliorate abnormalities in glucose-and fat metabolism in

muscle cells.
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Of lel FHHNLR Eztas GF[otH T2l HEMZENA Sl=gl0] ZH|
O dls Soto] HT|el Qe +EM0 ALz Qe MIFEO| O
FOLE 3 & =422 =N dE 410 Us M2y S sHAoA =
eledl Madds €27l FR7[E (Bodens, 1994)0|0, =T SHIFXM &
[t S oot (Saltiels, 2001). =4Z20M 2= S+= A=2-oEHQ B
22 Ql=2l-H|o|EHX 02l AMP-activated protein kinase (AMPK)E SS9t 427t

2 28x0 Hesn o 0|E, £8HO E[ZA AIIRIAE (tyrosine auto
phosphorylation)0f| [t2 insulin receptor substrate (IRS)2| =t/ d3}10f| 0|0 (White,
1997; BurksS, 1997) phosphatidylinositol 3-kinase (PI3-kinase)E& =3t Al7|10
0|0{ Akt/PKBZ LHMSIA|ZIC} (CheathamsS, 1995). 1 Z1f, ZLECH 48 4
(Glucose transporter 4, GLUT4)7t 2td3lE|0] (Cheatham&, 2002; Okadag, 1994),

GLUT4Z} M=ZHOM MzZzZe2 O], Q& X=o oot =T RS FIIs
A =L (HeesomS, 1997; Pessing, 1999). Ol&&2l-H|Q|&EXOQ| ZrEt S4£= Ol&

2l O§7f PI3-Kinase M@t SEHQ F=0|0{, AMPKe| 2do| F7I= 23|
GLUT4S| &olg S7HA7|2 METtezo HO|E Sdf =2 g+&

SECHE.JKurth-Kraczeks, 1999; G.F.MerrillS, 1997). EESH AMPKE serine/threonine
kinase2| L2 MIZE Lf OHX| JEIE ZX[Sts OHX| HMZ LHY U= =

20|Ct (Rudermans, 2004; Winders, 1999). M LW O|4X|7} E=st Mg =,

@ jeju



ATPO| HIS{ AMP7 B7tet 3% &datEl Jd oUX @S FXISH| I8l
ATPE £:H|St= IES NSt ATPE Yitst= S 23t ottt o AMPK

= OHX| CHAtRb ZHEE 22| X[UOiANY Ztofotctn LK QUL (Hardies,
1998). =td3l=l AMPKE acetyl CoA carboxylase (ACC)E QlIAtal SO Z M acetyl

CoAE malonyl CoAZ T™3tA|7{ X|HIAO| AMotE HZIBICE (Carlings, 1987). ¢iX|

YePZS 2UNHOE XBY 4+ Ut WHE JEEX Rokn U BYO| HyH
Ol +F02 QAEES ste A BHO| HMo| NEWHOR AN YOH YnY
o NEWHORL 4BRH, 259 40|2¥o| 371X WHO| U (KoivistoS,
1993). st 7|38 717 237 €Y ZoMS0| Pmyol K20 AgEHD Yo
L, ®7IMoR 28uS 0 ofpf K| BX8S Yorls HoR ¥M ULt of
2ha A ZolE ol 2HE HZoH| s HASREE oz 48 U lxd

MEE oM dofol HEE ALESIAL, A0 HIEFR, AlojdR/, /714 & &
2Y 52 FYHRE SR HEAE ANMEEZ SHEEO Ch HX HFZO0lA
CHEAMQI A2 XHiE|D Qe CHEES| ZEEL 20M7 X YEoZHEH 502
2FULFI HE20|0H, M Z22 = 1280| Adstn Ues Aoz 2|t

(Kim, 1988). M= Xi2§| Z=2 Z9| otLtQl XlZ2 (Citrus sunki Hort. ex Tanaka)2
LE|LIEI M= MFEOMEE XAPEStE 428 MFXFoAs "ME"E S2|H =

CHE O|E2=2 =02tz othh ZlZ 2| MefjdZ2F Al 2FUURes B
T ERAYCR citrus £0|0 =20 d2ZAL dElg2 o 2ot HS0| 2E)
A THED RACE (Kang, 2005). 35| ntm|e| 7|s5do| CHet =0 BEE0 U
Ct O|E =0 g8 1 dAIYM RS (Franciss, 1989; Guengerichs, 1990), &
2 X|21} (Guthrieg, 1998; Chungg, 2000), CHAIMZZO| =HFLCH (AOAC, 1990;

KimS, 1996)S Tt 22 a|gS0| BaE Bt oLt W29 B 4o
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of AFZANE 2N UK RCh ol2fgt Z=ZF0|= flavonoid, carotenoid,

coumarin, phenylpropanoid, limonoid, pectin, cellulose, hemicellulose, pectin &

=
o
o

Crdor delgdd 222 2RE0 A2H, of & flavonoidF= 600{F0| LK U
Ct (Lees, 1997). Z+259| =8 flavonoid&=Z+ naringenini} hersperetin, rutin,
deosmine, nobiletin, tangeritin 50| UM (Table 2), alkaloid F0f= synephrine,
octopamine, tyramine, norepinephrine 50| UL} (Table 1).

2 cjojMe FMEamo AfHom ©0| B0l Y alkaloid A

synephrinet polymethoxyflvone & ¢Ql tangeritin, nobiletinO| L6 ZFMZES| L

S OHARRE XIZEATOA Ooftet &S O|X|=X[of CHo oAt SFUCt.
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o Y2 %

NERES- T

M|ZZH{ QFO| A=l Dulbecco's Modified Eagle's Medium (DMEM) H{X|Q} fetal
bovine serum (FBS)2 Sigma (St. Louis, MO, US.A) %! Cellgro Mediatech Inc.
(Manassas, VA, USA)O|A F RS, lactate dehydrogenase (LDH) kit= Takara
(Otsu, Shiga Japan)22EH JRUASIASH, MTT kite SigmaitZ£2EH JTUSHFLCE
Western blotS 23t &KX (phospho-Akt, Serd73; phospho-ERK1/2, E-4;
phospho-AMPK; phospho-ACC)&= B2 & Santa Cruz (Santa Cruz, CA, USA)ZEH
T USHRILE Synephrine, tangeritin, nobiletin2 E5% SigmaAl22EH SIS H
synephrine2 QIAFREES O (phosphate-buffered saline, PBS), tangeritind} nobiletin2
dimethylsulfoxide (DMSO, AMRESCO, Korea)df 2zt =O0{A AESIRALCE O|Ly

dimethylsulfoxide (DMSO)2| #|& SE= 01%2 YX| Q&2 stQCH
2. MZHj

L6 Z=FOM|Z(myoblast)= St=MZEF2Y (MS)2FE SO{20F ALESHRALCE
L6 MXZ= 100 U/ml penicillin, 100 pg/ml streptomycin, 10% FBS7t IZEgtE
DMEM H{| M S ALESIRA T 5% CO2 8l 37°C7F X &= HIK 7|0 A HY¥SHRULCE
L6 ZFOLMZE 10% FBS7h ZetEl DMEMO| 247t S0 HiZol = 2% horse
serumO| E3otzl DMEMO|A 42350t L6 2FME (myotube)Z2 E3IA|ZH2H HYX|
= 48A|¢t OiCt XSHRACH O2|3LEA D-PBSE & H MA =0 LEjotEHO| H|
HEl dEEE (serum-free) HIZFHOIM 2FH7|7E S TH{Y (serum-starvation)dt

O R AR M| HHo AMESHRAC
3. Lactate dehydrogenase (LDH) g8t =4

M =0 Ciet B|S0[H (nonspecific) &3l2| X[&#7} &= LDH 2d&E& F3510]
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AZ7F HIFMZO| 58S LIEtE XIE ZAISIGCE L6 2SME (4x10° cells/me)
of AZE M2|ste 0| 1 ~ 27t HiYst Lt MEZE H{FAT LDH assay
reagent £ SH2Z 40 102 7t &20|A BESA[ZI F ELISA reader (Sunrise,

Tecan Austria)E AF3I0 492nmoOj|Ae] SAEE =ZH™SI¥OM O 7| S2=

= HIZO| AFBEX] H2 HiYAezREH FEotL 24 2eae SE8EERH 7|

SLCE M3t 3t AN LDH M2 A ASHICEH
4. MTT assay

L6 2SAME@Ax10° cells/m)0] A|RE K25t Ol
MTT 84 500 weE F7I5t 37°COIAM 302 =S¢t Bt AIZICL &35
H A8} isopropanol 500 pE 7}st0] grabieS o
(2.5%x10° cells/m)E 96 well platetf Y11 A0IRU= MIZ OJEZEZ|0FO] EfEa &
AZE0 o5ty £=8HOl Lzt MTT [3(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide]7} L0 HME|= XFME M= HS8M9 formazang

microplate reader (Amersham Pharmacia Biotech, NY, US.A)E AtE35}0 540 nm

M BHES STOHUC GerlierS, 1986; Liu, 1999). 2 AZZ0| T3t BR S
T e Tolen, HERO STE YT Hmetol 34 X Y=E FASHACE

CHIS ot o F M22 M7z dEZ2E Bz nMAHo & 2 Al

M2t 0|E 3~ SA|ZH HiSH CHS M| H{QFM 5 peQt glucose assay
reagent (Sigma, US.A) 150 &€ 410 102 7t M 20 A BtEA|Z] T ELISA reader
(Sunrise, Tecan, Austria)E AR50 A|RQ| ZELE & =HS|QUCT

6. M7|HE 5! Western blot

Western blot M2 I8 L6 ZSMZEE PBSE 23| MZA = proteaselt
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phosphatase AM3|X|7t &7t=l RIPA lysis buffer [50 mM Tris-HCL (PH7.5), 150
mM Nacl, 1% nonidet P-40, 2 mM EDTA]Z 5&7t ice #Ej0N #ESIAIZ]I = &
=2 (14000 rpm, 152)5t0 HBEAS ==oHQCH CEHEMES| Z k= bovine
serum albumin (BSA)& HEZS2Z BCA protein assay kit (Pierce, US.A)E AE3I0
ggk 5QUCE 10~15 ugl| HHEAES M7|9 s 25 A (reducing buffer@t LDS buffer)

o _l
£ 20 70°COo|AM 1087t 7tEstn 4-12%9| bis-tris gel (Invitrogen, US.A)Q| T 7|

-

ds5t2 polyvinylidene difluoride (PVDF) membrane (Milipore, US.A)0| ZS%

—_

(200mA, 90F)A|ZiCE CHHHAO| HO|El PVDF membraneg &20(AM 1A7H ¢
5% skim milkZ blocking A|Zl = 1X} & BFE 2 anti-Akt/PKB (1:1,000, Santa
Cruz, US.A), anti-ERK (1:2000, Santa Cruz, U.S.A) anti-phospho AMPK(1:500, Santa
Cruz), anti- phospho ACC (1:1,000, Santa Cruz, USA)7} E0{+= TBS-TO|A 1A|Zt
(25°C) EEE 16A|7E (4°O)=QF B8 A|Z|2 TBS-TEZ 33| M[A Z HRP-conjucated 2
Xt 24| anti-rabbit EE= mouse IgG (Santa Cruz Biotechnology, Inc)& 1:5000 =
2 1:10,00002 3|M5I0] M20M 3087t H2A|Z] | TBS-TE2 3~43] MAESHS
Ct. CHEZ2  Enhanced chemiluminescence (ECL) detection reagent (iNtRON,

Korea)2 HFEA|7{ Zt band2| GArS A QILC}
7. MES ZETY+EH 4 (GLUTH) 24

L6 2| MXEE NasP207; , NAF, Nas3VOs, aprotinin, leupeptin, PMSF, DTT7} &
7tz subcellular fractionation buffer (500 mM EDTA, 500 mM EGTA, 1 M HEPES,
sucrose, KCI, 1 M MgCl)0 A 2027t iceME{O|A ZE3IAIZI = KA22] (8,000
rom, 52)5t0 JSH TS

Flof =nKd=27|0|M 2ld=22((24,000 rpm, 4°C,

L GLUT4S| & HE=2 METS GLUT4S| &&=

[e))
(e}
1
Ot
d
0%
o[
12
Mo o
=
Hl
11k ru|

ZALSHEH AFESHRIE,.

n&

M= protease?} phosphatase M3|A|7t M7=l RIPA
lysis buffer [5S0 mM Tris-HCL (PH7.5), 150 mM Nacl, 1% nonidet P-40, 2 mM
EDTA]Z 527t ice MENO|M FEFISIACE 1K A= anti-GLUT4 IgG (1:1,000,
Millipore, US.A) 2X} &A= anti-rabbit IgG (1:3,000, Invitrogen, US.A)E A5
Ct.
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8. Nile Red €M

16 2SMZZ 6-well (1 x 10° cells/well) HIQLEA|O| ISt S}2HF HjQUSH
CtS serum-free HYX|Of SFEEF MUY FSEIALCE Free fatty acid (FFA, palmitate)Qt
2SS 24A|7H H2IBICH 24A17H0] K|t S HESS Ol 2oz 23|
MASEa, 200 ng/ml nile red&H (in 2% acetone)2 2 1527t FAHTH = PBSE

NASH 5| st si0|d oz ESIACT

9. SN 2

28 = Aojel SAEH2z on|RU= Xt0| OfF = student's t-testS AFESHO]

ARSUD P < 0050 of0|Qls ZUOR BYOD RE MHZAME HIY : E

rir

TRAZM LHEFLHRACY.

@ jeju



1 T2atudEo| M=ol YES0 o)X= 3

Hoto| O|X|= FeS 2HESHIALCH (Fig.3). L6 2 M =0 =

¢t X2l = synephrineg Xeg|et &2 CiZZL} HRYPS [
ot HO|X| AUSH, MZI|ALS| Halatd X|&Ql

o HRYPS I HIE HO[X| UAULCL EHHO| PMFsE XN2[h &2 synephrines

AMelgh o HEOb MZo| 4ES0| oot n, LDH 28| ot S5t

20O d 20| L6 25 M=ZOM ZE=E =50 0[X|z LS 27| fI6, Al
Mujsta =k F  synephrined} PMFs
(tangeritin, nobiletiny g 242 =9 (125 uM, 25 uM , 50 uM)E 307t M X 2|5}

2}
1 Q&g (10 nM)Z =X2[3h LS 3~6A|7F St HYRFSHO] Hi K L{O| HOotle=

o
SIRIEt (Fig. 4). SynephrineS X2|ot B LHO|AS] Z=F2 D=0 HISHO]

¢

SEOEHo R FItot R sk (50 uM)OM of 30%JEo| Z=F S
7t ERCE Ol Q& HEMI(Y ME ZY g FHEL =2 T[N
Ct. StX|2F PMFsE XE2|ot Z0M= =0 Hlol Z=T g5 S7t0 A0 O



of ojXl= F&= ZAISIRACE (Fig. 7). YA LHIYAO| 44| THILSH L6 2= A
0 synephrinedt PMFs (tangeritin, nobiletin)& 30&7t MXAZ|st = Q=2lS 10
27 M2|5to] 2ot Akt/PKB I ERK CHEAO| CHSE western blot 243 A
SHSICE synephrinelt PMFsQ| CHEXZ|= Akt/PKBO| EMHE FTIMA|7|X|=

Ct. 2|1 2l&&l (10 nM)0f| ofslf =t 3t=l Akt/PKB =H440| synephrinelt PMFsQ|

Melof elsf AMERACH (Fig. 7).

™

4. Synephrine0| ZEg 50| 0[X|= 3

Synephrine0| Z:T 5 F7tAI7|= AHE0| Azel-+8X LU HEHAO
dgs OHe=M Oi7Hk[= Z0| OfL|2tH, synephrinel| MZL{ZO| ZETFH =&
o 717t el HQEXQ AMPKEZRE &t AUXE 357 <o 2828
H QU 4A|ZF HH|YSE L6 2= A|Z0| PI3-Kinase inhibitor®l wortmannin (100
nM)dt AMPK inhibitor@l compound-C (10 uM)E 30&7F M XN2|$t = synephrine
307t N[5t o|= 3A[ZE SO BRSO 2= HiFAO| Zr[O U
Z™SIRUCE (Fig. 8). Wortmannindt compound-CE thEo 2

%
A HO Y2 I S4+E HPSH, synephrine (50 uM)

mjo

H=2= ANo|ot i oM ZEE2 =0 BISH0] 50%d =0 2T

ot

= J7tE EQRICL ESBH synephrinell wortmnning B3 XZ|gt oAM=
synephrineg tt=C 2 XNE|st Zit Hlx=et &2 EHOL}, synephrinedt AMPK
9| inhibitor?l compound-CE ®3l M2|StRS [, synephrined| o|t & S

o Z7t7} LAE[RUCE (Fig. 8).

5. Synephrine0| GLUT42| M|ZBto 20| 0|0 O|X|= EY

ot

L6 2= MZ0|A synephrineO| GLUT42| MZES 29| O|F0| O/X|&s FH=S &

0

JI9I8) SHALHILUO 15412 B IS L6 2SAMEO| synephrine (50 uM)S
3027+ ® M2t & Q&S 1027 Mgl & Hut =20 Hl3| synephrine

(50 uM)Z NZ|SIRAS GLUT49| M EEIOZ9| 0|50| Z7IE ULt (Fig. 9). Insulin
(10 nM)E Hz2|gt FOME GLUT49| MZEF O|=0| Z7t5IRULCt. synephrinel|
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GLUT49| MZT O|F QE7} OfHet Z2E2 Sof 0|Z0Xl= X2 B7|98] PI3K
inhibitor@l wortmannind} AMPK inhibitor®l compound-C& synephrinedt Hal X
2lSIQCE O ZAnp GLUT49| M=o 29| MO|7t synephrined| olsf S7tets &
2= QUACH 2{L} synephrinelf 2|3t GLUT42| MBSl =7t= PI3K inhibitor?l
wortmannin M 2[0| 2|sf AKX | X| AU(SLt, AMPK inhibitor@l compound-CE %
2|5t ZO0|Me synephrinedf| 2|8 F7tE|YTE GLUT4S| MZEZOZO| FO|7f Za

ot= d¥= =Lt (Fig. 10).

rir

6. TIZ2ntm|’d 20| X|ECHA0] O|X|= S

o o

[l
M
=)
H
0x
Bl
o
Ral
A
=
>

for

x
<2
o
>t

= = =AISHLL B, XZMA &

do| ZQot X£7| 2/HOIXtel AMPK, ACCe| &0 O|X|= synephrine, tangeritin,

nobiletin®| ¥&kS ZAISIALCE L6 2R MEZE 16472t SN AT HIX|OA FHK
S = synephrine, tangeritin, nobileting 4A|ZtES0F HE2|St & AMPKO| QIASHE

3
Z™OIRULCE  synephrine, tangeritin, nobiletin 25 AMPK, ACCO| QIAtotE [ L6}
QCH (Fig. 12, Fig. 13). 0|0 X|ELCHAI & Ho| ZQst &= 2 QIXto] AMPKRF ACC
ol g#ME SAIY ZH™EI7| 8l L6 2 M=Z0f free fatty acid (FFA, palmitate)E
24N S AMElstol MZW XE ZHES FLoten 07|0f synephrine,
tangeritin, nobileting &3l X2|SIRUCE 1 Z1f, free fatty acidO| ofsf ZAZ[UTH
AMPKR}t ACCO| QIAtzt7t Ol M2|off o8l 2= L|RJALCE (Fig. 14). EEBE nile red &
Moz MZU XEZ HMAMZ [ free fatty acid X 2|2 S7tEl MZELH X|EHQ| &

A
Of Tl2ntu|- g0 2fsf AR El= AS = oHRALE (Fig. 15).

—

_10_
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Figure 1. Citrus sunki Hort. Ex Tanaka
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Table 1. Alkaloids in the extract of C. sunki peel

Extraction Synephrine Octopamine Tyramine Norepinephrine
Tkt 80% EtOH 25344035 ND ND ND
Unchiu Hot water ' 15264017 ND ND ND
Mati §0% EtOH 6.62+0.12 ND ND ND
Unshiu Hot water 453004 ND ND ND
i 80% EtOH 27.9240.27 ND ND ND
sunki Hotwater 15064035 ND ND ND
Mitiifs 80% EtOH 103420.04 ND ND ND
sunki Hot water 6.7520.83 ND ND ND
Immature 80% EtOH 29794012 ND ND ND
sunki
(fermented) Hot water 1553+1.04 ND ND ND
Mature 80% EtOH 11.7340.05 ND ND ND
sunki
(fermented) HOt Water 7.44:1'0‘10 ND ND ND
(mg/ml)
— 1 2 —
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Table 2. Flavonoids in the extract of C. sunki peel

Immature Mature
sunki sunki
{fermented) (fermented)

Immature Mature [mmature Mature
Unchiu Unshin sunki sunki

8%  Hoe 8%  Hot %  Hot 8%  Hot 8% Hot  80%  Hot
EOH Waer EOH Water EOH Water EOH Wabr EOH Waer EOH Wit

Rutm 470005 26041 © 230005 LMY UM G121 6B METH®  Fek  aNHM M:LW

Narmgin WD ND D i ND ND ND ND ND KD ND XD

Hesperedin 1255030 1338eL06 BT 6465007 DUAB 5468 UG D¥DT  BHA% UHLE WD UTHS

Quercetin. ~ ND \D D 0 XD ND D ND N D XD XD

Naringinm~—AD il il 1} il ND ND ND D o il D

Hespéretin™ \D ND ND b ND hil ND ND D D ND ND

Smepcetin 0MAN  0BAN  U6AN QMR 4BAD 1B 09400 OVE0] A4S L0 10 dedn
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Figure 2. Chemical structure of synephrine (A), tangeritin (B), and nobiletin (C)
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Figure 3. Effect of Synephrine and PMFs on the viability of L6 skeletal muscle
cells. L6 skeletal muscle cells were serum-starved for 4 h and pretreated with
various compounds for 30 min before insulin (10 nM) treatment for 24 h. The
cytotoxicity were determined with LDH assay and MTT assay as described in
'‘Material and Methods'. CTL, control; Syp, Synephrine; Tg, Tangeritin; Nob,
Nobiletin; FSE, fermented C. sunki peel extract (100 pg/ml). Data represent the

mean + SE of triplicate experiments. *p<0.05, ** p< 0.01 versus control alone.
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Figure 4. Effect of synephrine and PMFs on the basal glucose consumption in
L6 skeletal muscle cells. Differentiated, confluent muscle cells were serum-starved
for 4 h, pretreated with various compounds for 30 min before insulin (10 nM)
addition. CTL, cotrol; Ins, insulin; Syp, synephrine; Tg, tangeritin; Nob, nobiletin;
FSE, fermented C. sunki peel extract (100 pug/ml). Data represent the mean + SE

of triplicate experiments. *p<0.05 ** p< 0.01 versus control alone.
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Figure 6. Effect of synephrine and PMFs on insulin-induced glucose
consumption in L6 skeletal muscle cells. Differentiated, confluent cells were
serum-starved for 4 h, pretreated with citrus peel extract for 30 min before
insulin (100 nM) addition. CTL, control; Syp; synephrine; Tg, tangeritin; Nob,
nobiletin; FSE, fermented C. sunki peel extract (100 ug/ml). Data represent the
mean * SE of triplicate experiments. *p<0.05 versus control alone, #p<0.05,

##p<(0.01 versus insulin alone.
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Figure 7. Effect of synephrine and PMFs on basal- or insulin-stimulated
signaling pathways in L6 skeletal muscle cells. Confluent cells were
serum-starved for overnight with D-Mem (4.5 g/L glucose), pretreated with citrus
peel extract for 30 min before insulin (10 nM) addition. Cells were lysed,
separated on SDS-polyacrylamide gels, and immunoblotted as described in '

Materials and Methods'.
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Figure 8. Effect of inhibitors of PI3K and AMPK on synephrine induced glucose
consumption in L6 skeletal muscle cells. Confluent cells were serum-starved for
4 h, pretreated with wortmannin (100 nM) and compound-C (10 uM) for 30 min
before synephrine (50 uM) addition. CTL, control; wort, wortmannin; com,
compound-C;  Syp, synephrine;  Syp/W, synephrine+wortmannin;  Syp/CC,
synephrine+compound-C. Data represent the mean + SE of triplicate
experiments. ***p<0.001 versus control alone, ###p<(0.001 versus synephrine

alone.
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< Glut4 (plasma membrane)
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Figure 9. Effect of synephrine on GLUT4 translocation in L6 skeletal muscle cells.
Confluent cells were serum-starved overnight with D-Mem (4.5 g/L glucose),
pretreated with synephrine(50 uM) for 30 min before insulin (10 nM) addition.

Cells were lysed, separated on SDS-polyacrylamide gels, and immunoblotted as

described in ' Materials and Methods'. CTL, control ; Ins, insulin; Syp, synephrine.
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Figure 10. Effect of inhibitors of PI3K and AMPK on synephrine-induced GLUT4
translocation in L6 skeletal muscle cells. Confluent cells were serum-starved
overnight with D-Mem (45 g/L glucose), pretreated with wortmannin,
compound-C for 30 min before synephrine (50 uM) for 30 min treatment then
insulin (10 nM) addition. Cells were lysed, separated on SDS-polyacrylamide gels,
and immunoblotted as described in ' Materials and Methods'. CTL, control ; Syp,

synephrine; Syp/W, synephrine+wortmannin; Syp/CC, synephrine + compound-C.
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Figure 12. Effect of synephrine and PMFs on AMPK in L6 skeletal muscle cells.
Confluent cells were serum-starved 16 h in D-Mem, treated with various
compounds for 4 h. Cells were lysed, separated on SDS-polyacrylamide gels, and
immunoblotted as described in ' Materials and Methods'. CTL, control; AIC,

AICAR; Syp, synephrine; Tg, tangeritin; Nob, nobiletin; FSE, fermented extract of

C. sunki peel.
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Figure 13. Effect of synephrine and PMFs on ACC in L6 skeletal muscle cells.
Confluent cells were serum-starved 16 h in D-Mem, treated with citrus peel
extract and AICAR (AMPK activator) for 4 h. Cells were lysed, separated on
SDS-polyacrylamide gels, and immunoblotted as described in ' Materials and
Methods'. CTL, control; AIC, AICAR; Syp, synephrine; Tg, tangeritin; Nob,

nobiletin; FSE, fermented C. sunki peel extract.
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CTL : control

AIC : AICAR (1 mM)

Syp : synephrine (50 ug/ml)

Tg : tangeritin (50 pM)

Nob : nobiletin (50 pM )

FSE : fermented C. sunki peel extract (100 ug/ml)
FFA : Free fatty acid (1mM)

Figure 14. Effect of synephrine and PMFs on FFA-induced suppression of
phosphorylation of AMPK and ACC in L6 skeletal muscle cells. Confluent cells
were serum-starved for 16 h, pretreated with FFA for 24 h, and further treated
with  various compounds for 4 h. Cells were lysed, separated on
SDS-polyacrylamide gels, and immunoblotted as described in ' Materials and

Methods".
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Figure 15 . Effect of synephrine and PMFs on FFA-induced intracellular fat
accumulation. Confluent cells were serum-starved overnight in D-Mem, treated
with compounds and free fatty acid (0.125 mM) for 24 h. Cells were stained with
nile red as described in ' Materials and Methods'. FFA, free fatty acid; Syp,

synephrine; Tg, tangeritin; Nob, nobiletin; FSE, fermented C. sunki peel extract.
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VL 1 H

HMZEXE x2S o| el ZIZ(Citrus sunki Hort. ex Tanaka)Q| Itil=

oz FaY BN YEOR AGEHOl oLt ofF 1 falsty Xrgof e

sl = Sof 29 ntm| E2 FE=0M &
tetgd, 288 Stk SLMEL SHAME HRASHALE (Kangs, 2005)
Lol S=dgoMel XYt 82 et nX|A o0 E IS S7tE YA
(Cuis, 2007)gt2 =Qlet HE QAT SHA|TH OFXZEX] ZAZ MEZOAM Ol T2t
o g42=0| 42280 ojXl= =atet oftHet HE7[HS ZHX UA=K(0f CHsiA
= HEIE HZF QIoE oo 2 oM E MEFEE M 4272 =29 ntmof &

O] StRE|U= HE= T alkaloid &2l synephrinel}t polymethoxyflavone &
@l tangeritin, nobiletinO] Z = FJCHAIRL X|EHOjAIZF0| OlHot Jets F= X|E
=42 MZOM Z=ASIAX}; SHRACE

A 20Oy 4250 Mzl dES0 DXz &S YotE7| 2[5t0] L6
=242 M=ZoAM FZ20tm MEESo| ZuE ZASIALCE synephrine2 LDH 12|11
MTT 9ol ANM Cixz=dt H|xot de2 =RUChk BFHO| PMFs (tangeritin,
nobiletin)2 1% 0|A LDH = A A ZICHFig. 3). O|2{t
PMFsO| M2 M= HESO| A= PMFsZt ME=dS 410 UCH7|ECh= LEfO}
SHO| MAHE dHAY HiYUo M=ZEE HHIY o AlZtar F=2atn| 422 X
2| AlZhel Zatof mE FAZE et AnfEtd AMRED MEtM SFALHE =
Ol ZAOAMO| AZO0| Qs Hoz ALREICEH Alkaloid AE9Ql octopamine X
BEM|ZZ 0| A B adrenergic receptorE &l =T =52 F7IA|ZIC= 2071 £ O
QICt (VirgileS, 2001). S}X|2t OFAIJLX| synephrineO| EET CHALO| O|X|= Y20
OioiAM= el HE7F IC MetA 2 A5toM = tZ2atd] 4250 ZZEOA
of EHM=ZR L6 42 M=ZoAM =T S50 ot A2 O|X[= XE EX
Ct. 1 Z4}, synephrinel| sEQ|EHMOZ LT S4+E F7AIZICt SFX|2F PMFs

= =

o
2 Z=g B40| YOIN LR oL Soct DB YE
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U

2 synephrineO| X F& S7HI7le HE0| Qzel-+8X MITEHA O
Ho 2 O|R0X|&= A& YOIE7| /50
C

o|ZXNo2 O|FO{X|EX|, OfLIB H|o) 0
MBI NESO s8N MSHILEHEO A/PKB L ERK 40| OJX|

FF>I

rr

AEtS RARSIUC (CheathamE, 1995 KahnE, 1997). 1 Zxb o142l A 2|0

AlOll= Akt/PKB2| 0| S7tElE & = URUCH SFX|TF Qs T=

Se wdMa Y2 0 A& Halo| o8 SIHE Akt/PKBO|
(o]

StiEt. O Z=2nth| dE=2 ERKS| 2y £t S7HA|

fliot
0>
(7]
<
>
[0
©
>
=,
>
1)
H

7|X| ULt (Fig. 6). O|&fot All= synephrineO| Ql=gl =&KXo E[Z4] XpItQ

Atoto| 2ol AEEQ FekZ O|X|X| E=Ch= A2 YAISHH, synephrinel| A

LH2o| T S40| Z717t Q& 22X AMSHHS Oj7f (PI3K-Akt signaling)
o

AL
e

ot= Ql=dl-o|EH F=ete 8IHZ O|ROX|L UAZS AlAletct. Oj2iet Zut
=) (©)

E = E =

£ HEeE T g9 ECObE d=20 Qsd HIoEXQ =28 S8 AKX
£ EULChL ols2l-HoENe xzE = &8 Oi7f P3-Kinase MMz E I}
E2™ol 22N, AMPKO| 2490| Z7IE OlIgl GLUT4S| HSES FIHAIZ|D M=
Qtozo| H™O|E Eof ZEEYO S4+£ SII6HA  otCh(Kurth-KraczeksS, 1999;

MerrillS, 1997). 2 A310|A, synephrine% CI=E0 2 KIS [ METHoZ9|
GLUT4 O|=0| =7l=Eg FOISI 0 synephrini} 24 AMPKO|  XaliX| 2l
compound-CE Hd XN2|5tRA= W MET22Z9| GLUTA O|s0| AKX Z|RALt o &
1t= synephrinef oot MZLHCS| ==Y &2 S7t7F elel H||EXHQl AMPK
B2E S O[F0{X|12 /AZ= 2|0|StH, synephrineO| MZL{ GLUT4A CHES S
ZPANHLEM M=Z W2o| ZEE S0 7|0 AYS YAISCE AMP-stimulated
protein kinase (AMPK)= 2& 2|1 metformin, troglitazoneld} Z2 k=0 2|3)
gdsten dzQ8 2T e2ME 7PH20tn Le{M ACHM.H.Zous, 2004; D.
KonradS, 2005; N. Musi &, 2003). EESt O] &4 EEC CHARE X & CHAIY =
oSt Aoz 2E{d QUL X|E  CHALO|= AMP-stimulated protein kinase
(AMPK) Sl acetyl-CoA carboxylase (ACC)7} ZHOISH=0|, AMPK7Z} 2t 3tstA = H

‘.

ACCO| QIAtet7t ZIHSHA &1 ACCo| =Hdo| X (Abu-Elheigas, 2001)E Soi

| Lhst

s

mjn

Estn YKLz 85 ANSHA =t o)l Ao M=

Hd2F2 alkaloiddf £3}= synephrine2 X|LMZOM X[HZHE &gt AIZICH

rr

Bt QICt (CarpeneS, 1999). £0t0tL| 2} nobiletin, naringenin S PMFsO| X|
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YMZOM XA 7o S8HL Fegs 7[ECHE B2 QB (Harmonsg,
2001; Saitos, 2009). [M2tA = AFOAME T2 dE50] 242 MZ0A X

HICHALG| O|X|= 20t 27| |8l free fatty acid (FFA, Palmitate)2 M= L{f X|ZE
E

HAES Gt synephrinedt PMFsE Ha X2|$t = nile red GME E
oo ES2 MZ W XE 5HS daA7le AS =H0I5IRULE £9] PMFs d&
S0Me FEZZ ButE =old UUCE a2jn 2o G250[ K| ZCAL

SHOISIRALt (Fig. 14). O Zat= T2O §==0] X2 FHE =Eole &7 =
20| g5 =Y XEe| Y= MY ES 2fO[HLf
ZEXL2E synephrine2 AMPKC| &9 J7I& S Q&il-HQEH2 4=

=
Soff T =52 FTISHH, ETE synephrindt PMFs  (tangeritin, nobiletin)2
AMPKR} ACCO| gdE ZEYREM SHX[ZEl ot SHE XS0 St
Q2|3 T Ze CIANRES ojuWsiALL XQsheE 20| 2 4 e Aolgt
Atz ElCE dgiLt olgfek ZakE F 4 EHSH| feiME sE2E (in vivo)d

AOIM el =£AFT7L HRBILY.
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