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Inflammation is an important protective response mech-
anism that occurs against microbial invasion or injury.
However, excessive inflammation may lead to cause of
morbidity and mortality in diseases. The activated macro-
phages plays a vital role in inflammatory response by
stimulation of lipopolysaccharide (LPS) and tumor ne-
crosis factor-o. (TNF-o). This activation further damages
the host by inducing certain pro-inflammatory mediators
such as nitric oxide (NO), interleukin-13 (IL-1pP), inter-
leukin-6 (IL-6), TNF-o., inducible nitrous oxide (iNOS)
and cyclooxygenase (COX-2). Flavonoids are bioactive
compounds with potential effects as anti-cancer, anti-in-
flammation, anti-viral and anti-bacterial activities. Poly-
methoxyflavones (PMFs) are unique to citrus plants which
are of specific interest owing to their biological effects
that includes lipoprotein metabolism and anti-inflammatory
activity. Sinensetin is one of the PMFs having five me-
thoxy groups on the basic benzo-y-pyrone skeleton with
a carbonyl group at the C4 position. Sinensetin have been
known for exerting various pharmacological activities in-
cluding anti-angiogenesis, anti-diabetic and anti-inflam-
matory activities. However, there are no studies focused
on the anti-inflammatory effects of sinensetin on skeletal
muscle cells. In the present study, we investigated the anti-
inflammatory effect of flavonoids isolated from Sinensetin
on the production of pro-inflammatory mediators medi-
ated by nuclear factor-kappa B (NF-xB) by inhibition of
signal transduction in LPS - induced L6 skeletal muscle
cells.
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Introduction

THAM9 HAELS o] &t AFHEE £Esh=
A9l S840l EorAAL At AFA Are] E7FRI(tumor
necrosis factor-¢ [TNF-¢], interleukin-6 [IL-6]) ¥ ¥Z 7
dF a2 (inducible nitrous oxide [iNOS], cyclooxygenase
[COX-2])9] F7t= ]9 olaES SXAA I5T
o] 4 9 AlYol ALS SAHAA Hxst A4S
TH1-3]. 58804 M 40l He 25 75
H5oz FEHAY tAM(metabolic) 5 SO
TSAgo et eyt JgPshs Ak,
L e37F Hojgto] wEh At s R4
AL oA Y= dSadad
AGHIAS Hetdo] k3t: Qg 23

Bt
o

“OJ; fr >
£

RuAt)
ru

Mo

_l

o fo ol oy {1

wE ph BLOPorir
IR .

wQ o ofN Ho Ho U hu oy do rl
L
o
i)
filo
1
)
_O|L
K
>,
fol
R
.
N,
=
)
<

o
)
H
K
2
&
i

EAdolgE SetEal JBSH aned F9F, 3L

st Futoleiz, Jukp S4A, AY T4 Sofl U
s Aom BT JrHel EUISUolHE SR

(polymethoxylated flavones, PMFs)= =3l (nobiletin),
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Al A €l (sinensetin), A & € (tangeretin), 3|25 2] (hes-
peridin)o] =8 &4 A=A 1 F AWAES H9xd
I FEFTSO] TAZTH7]. EF AldAH R =Y
AG19 34 BEE TAATIY, AWARR SAadHd
Ad ol EH 2 A9 ZE-S 3H8]. AR EAst=

o] EdtHolt JRIEE 5719 HIEAl 1F(15-7t
=, C6-C3-C6)°ﬂ &5ta, C4 9%]9] 7HEd 5T A st
= TRE F Y A7 H3E V| EEH 08 A
of SITHI]. AldIAIH el 8 315HY F2= H, H, OCH: &
T =] o] SITH10].

:% rlo

7] ;q OE ;Q(.Q_o]-r,]-
e %”“9}/\]7] 2 Kl
G 12} 31§ 33 M50s A8 Hesel Fa
b g0 aA BAEn a8 Bad ad Bl
b, 22 o] TS oF, 5ol A of, Z8E e
A9l 29 e fBZ Wely wsld] QA% 28
of 7H47h UERE(I3, 14], 289 gat B3-S0 A
&9 o), o JANEEF, B, HEF F7h BEA, S5
wsisol 9lg o 2N Bolh 714 Hes)
Z8-A2aho] X5l QlE TLR4(toll like receptor)s=
BAAE &8 71E9 HAHSS Fedozn FASY
of2l SASS B 71 ZBAoI16]. A FAckER
Llpopolysaccharlde(LPS)L 348 8% TS SXAA HY

=

N

= agre 4R ot u
Aol AT 5105, TLRa] SR (igand)oh <8 ago-
nis)= A 8510l TLRAZF 22 £4dolut 2ol )
2982 QAzIiIs)

TLR4S] 51945 7| AOE MyDS8 SE2 Ed) 4B
SA3IAA, 1£kBY] AR Qls]| p652t p5002 %=
NF-gB(nuclear factor x#B)2} ERK, JNK, p38% A%+
MAPK (mitogen-activated protein kinase)] ZAsIE {5t
TH19].

LPSo] 9JofA] £HlE= ASALELEA dHEFoR
COX-2, inducible nitric oxide synthase(iNOS)7} JTH20].

371 skebA AAro 2 yeld 4 Q)& iNOS+ neuronal
NOS, endothelial NOS, inducible NOSZE Y= 4 09,
71 ¥ LPSY Ao E7RQL, Alxtoll ofsh A E= iNOS7F QL
21, 22]. 233l B A 710l A-8&st= CoX-13 ¥
g F-9lolA ddE= COX-27F qAH23].
SofuiolEo] §8 JRES olg% AL YUs 4
B3 o, EeluEdeolsE Sehas] AWK Eol
g A7 obd mlujst, S5 BAT AmolNel AT

=

;@

=3k Aotk webA B AToIAE AWAEo] LPS
29 L6 BAT AZOIN 9% T 9 wd 3y
JeFoRA FAF 480 WAL Ge 2L

Material and Methods
e H Al

Skeletal muscle cell lineQl L6 A|ZEe SHEA|ZFLTY
(Korean Cell Line Bank, Seoul Korea)S. 2 XE L5192
™, NZujgo] AR&3t Dulbecco’s Modified Eagle Medium
(DMEM)2 Gibco-BRL, Rockville, MD, USA9A -3}
11, fetal bovine serum(FBS), penicillin-streptomycin 5=
Gibco(BRL Life Technologies, Grand Island, NY, USA)°]
A FA5tAY. A A El-2 MedChem Express(MedChem Ex-
press, New Jersey, USA)OA 451 ¥ct. LPSQF MTT(3-
(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazoleum), g-actin
antibody™= Sigma Chemical Co.(St. Louis, MO, USA)°J 4|

FYsFR AL, INOS, COX-2, 1B, phospho-I¢B, p65, phos-
pho-p65, B-actin Cell Signaling Technologies(Beverly, MA,
USA)olA F+AstAT.

MIZE iU

Skeletal muscle cell line?l L6 A|EE A EFLY
(Korean Cell Line Bank, Seoul Korea)2 2 XE| L3519 C
™, 10% FBS2} 100 uint/mL penicillin-stretomycin(GIBCO
Inc, New York, NY, USA)°| Z3}tE DMEM(GIBCO Inc,
NY, USA) HJAE ARgsto] 37C, 5% CO, F27|°A Hi
Fatsic.

/\ﬂiz”l—} =/4E 5745H7] Al MTT assayE AA|s}
t}. L6 MZE 10% FBS2} 1% penicillin-streptomycin©]
Fel WS ALR351o] 48well plateo]] 5 x 10* cells/well&
SH, 37C, 5% CO, FL7I0IA 24417 B2 wiats)
o, ok L6 AlEE S A MAZ DA T LPSQ e
mL)E A1 A A2 &, AFAEE 0, 5, 15 pMO] Theget
2 Aokl 24417 HOFSEATE. 24417 T 5 mg/mLY
MTT €9 50 xLE Z+ welloﬂ Y11 incubatoro] 3A]7F ZQF
HigFstaith. Higo] 4 & ASHE AASL 2 wello
500 pL9] DMSO(dlmethyl sulfoxide)E #7}oto] 10 59Ot
Shaker9]] =& % 550 nmo|A] &L =5 =459}

Western blot analysis

L6 MZ7} 5 x 10° cells/wellQ] %7} A 60 mm plate
of B33, 37T, 5% CO, F27]00A 2447t 53¢ HH%
sholth Wi Lo AEE U A AR ZAF F
LPS(2 pg/mL)E 1A7F A A2 &, AdAES 0, 5, 15 uM
o] Tt T2 AP sto] 2447t viFstlHh Al A7t
dad NEE 23] | x PBSE A3 & 1 mL9 1 x PBS
£ A7lste] A3 HE AEE HolE & 1.5 mL Conical
tubeZ FAFAC} 4COA] 2,000 x g0 & 5E7F A4 &
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% 7 4ol gual AL, Ae U5
buffer(iNtRON Biotechnology, Korea)E 50 uxL
St fulgS g H iceollA 30E-1A7F B &
4TolA 9,500 x gO = 1027t A4 Fe|sto] Ajau} 47
S AATYL}. @A ST Pierce™ BCA assay(Thermo
Fisher Scientific, Rockford, IL 61101, USA)E A3} A
ZFotth. 4TolA 9,500 x g0 &2 1087 AA EH35t A5
Hg o] gsto] dAS FFSHUT. Total cell lysate(H
W2 20 pg)E 8%, 10% running geld} 4.5% stacking gelS
0]-8-5}] gradient sodium dodecyl sulfate polyacrylamide
gel electrophoresis(SDS-PAGE)Z Z7]of wig} thiidg B
25t &, polyvinylidene fluoride(PVDF) membrane©] ©]%5A]
Ztt. @A o] o]5H membrane2 5% non-fat skim milk
solution T+ BSA solution®Z blockings} it} &35l
Z} o= 12 FAHE(GNOS 1:1,000, COX-2 1:1,000, I-4xB
1:1,000, phospho-IxB 1:1,000, p65 1:1,000, phospho-p65
1:1,000, B-actin 1:10,000) Z+ZF #H7}5lo] skim milk -2
BSA solution®]] 3]A35}o] 24X]7F HF2A]71 &, Tris-Buffered
Saline and Tween 20(TBS-T) 840 & 53] A A}t A
£:5}0] 22} §A|(anti-rabbit, anti- mouse, anti-goat)E 3A|7t
HHSA17]13L, THA] TBS-T §HO 2 53] AA5Ith. Mem-
brane©]] ECL detection kit] A|F 13} [[E 1:11E 4L &
of &3-S X5}, ECL detection system(Bio-Rad Labo-
ratory, Hercules, CA, USA)S o]€35}o] iNOS, COX-2 ¥ I
kB, NF-£¢B2] phosphorylationS 325} ct. zF ohaia v
£ 9] Z&X Imagel(http://rsb.info.nih.gov)S AR&dlo] 4]
o shint.

¥R

tt. RIPA
7]-7 5

Al

ol

N

= ol
ot o FT

At

SH=EN
RE A9 F2 33 AA F FAEE 7IRE 519 eH,
Wit + EEHAK(mean + SD)E HA[SIGIT. 7 SASHA
W) WEA-L GraphPad PRISM statistical package(GraphPad
120-
6 1 ==
2 100 Cp
a 804
£ 0]
[
[*]
O 401
L
o
2 204
. c ] 1 ] ] 1 1 1 1 1
Sinensetin 9 4 25 5 10 15 20 25 50 (uM)

PRISM statistical package(ver 2.00), GraphPad software inc.,
USAYE ©l&3HAaL, p<0.052 3% o3t Aoz st
At

Results

MNE=SYEA

H o Lof oA skeletal muscle cellQ] L6 Ao AJdlA|
go] 242 YEIYE=A] gotE 7] Y3) Cell viability assay
£ Sasioch AESAT 542 2487 Ao 3-64-
dimethyl-thiazolyl-2)-2,5-diphenyl tetrazolium bromide(MTT)
assayS AA|SFATE L6 AMEE 10% FBSS}F 1% P/S7F Xg
= "jRE A}85lo] 48 well plateo] 5 x 10* cells/well & B
F3}aL, 37T, 5% CO, F27|0014 24417t F<t B FSt .

o] 24X7F vkttt MTT assayo] oJ3t AZAYEE =
A= 50 pMO] FEE A5t wf, AlZAYEE0]
50% mgo® FASH Hashs AL AT & lqlct
(Fig. 1). &2 YRR 2 pg LPSE 1ARE HA T &, AWl
AEL 0, 1, 2.5, 5, 10, 15, 20, 25, 50 pM2] Thofst S &
Aesto] 24A17F BiFStATE 1 A, HE FEoA AlE
PEEo] 80% oo R FRIEth(Fig. 1). TakA 5, 15
M FEO] AYIAIRT 2 pg 529 LPSE 5 AP

A AW, Fig. 1914 27H0] $3= B = REEF
(mean = S.D)E FA|FOH, p<0.05¥¢ FL G935t A=

wystet

ol

iINOS, COX-2 w0 O|X|= A|HIMIEIC] g1}

iNOS2} COX-2+= dF HIZHEZE Q] NOE Bdst=t 5
83 4T st B0tk iNOSF COX-2 T o] W
oA} FFad 719 AHIAE AR ¢J5te] Western

[

120+

10097/ T — T
804

% of control(DMSO)

204

c 1 1 1 1 1 1
Sinensetin 0 0 1 25 5 10

LPS (2ug/ml)

T T
15 20 (uM)

Fig. 1. Effect of cell viability in LPS-induced L6 skeletal muscle cells. L6 skeletal muscle cells were incubated with the indicated
concentrations of sinensetin in the absence or presence of LPS (2 pg/mL) for 24 h. The L6 cell viability was assayed using MTT.
Results represent the mean + S.D. of three independent experiments. **p<0.01 vs. control group, ***p<0.001 vs. control group. LPS,
lipopolysaccharide; MTT, 3-(4,5-dimethylthiazol-2-y1)-2,5 diphenyltetrazoleum; DMSO, dimethyl sulfoxide.
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blotg S35k ct. L6 A|3Zo] LPSE AZst3lS o iNOS
9} COX-2 iAol %}‘5‘%1 S7HEYL, 5, 15 M FE
AKIAE A 2jo] 9fsff F T o] Whgo] BE ZhAstelrt
(Fig. 2). ol=i3t 2x+& EH kil 1]‘51011 AOH A5 vivlE
Ql INOSS}F COX-29] HAE FYgt oA AAAAS
gHlstgl e, SAlo] Fg59 aart Czlﬁa A AFREE. Fig.
204 Z¥ZH9] =)= B + BEHAK(mean + S.D)E A
Fom, p<0.05Y ¢ {3t 2o g WAtk

IkB A0 OIXl= AlAMES] St
A5 §H3oll 9lojAl NF-¢BE iNOSF COX-29] S &
Al Aoz A4 it ulaba] AJdlNElo] NF-xBo] gt

Aol A= FFE 2AH7] f15to] Western blotg ~3¥ 5}
ot L6 Ao LPSE A E|5l¥-S W 4B} phospho-1xB,
p652} phospho-p65 THaid o] ¥rdo] Z71%9l, 5, 15 uM
FEo AldAEA ] o5 HHE FoHoE AR AR
(Fig. 3). W&hA] o2t 235 53 Al¥IAIEo] Le Ao
A LPSO] 9Jsl] €43} == NF-4B signalingS JAT 4
Us= AARRITE Fig. 304 ZH2+9] A= Bt + BEHA
(mean = SD)ZE HEAFOH, p<0.05¢ S 995t A=

Discussion

SEoA #A W Z=A(endotoxin) & LPSE Q3| <5
22 Yol tiAbg Hekrh yehal, of 2]t Hete A <5
Wy Aol gaxe], T&TNY Boivt F719S 1l
TH24). LPS 8 F9 25004 A5 27| AlPlE
7FQl GdF @49} iNOSQ| Zal 289 gZof gt A3t
‘g€ UERdTH25].

NOSE A AE AyAsHe] HEshd A&
i, 53] iNOSe= EHUIAIZE, tAAZE 23t
24ofl4 Lpso] o8] chgo] AsHAag Agsto] %
€ 59 FoiEE= Uetdle Zo=m HIuET26]. &
ﬂadl@%ﬂﬂkwé%mosgﬁg-“ﬂa@»4ﬂ§i
e AAISHRAL, ST Tde] AdAlES Hi
ShicHaT). 2 979 AWAHe] NOS THE At
ASHH-ol EH6 04111 &47} HLE}‘*OU%

th
—
tn

iNOS‘—- -

cox [ . W

Actin ‘ e e — —‘

WA shoict
Sinensetin (UM ) 0
LPS (2pg/ml) -
2.0
- T
E g 1.5
88, 1
L3 z
%0 T
2 € o5
r — U
0.0 T T T T
Sinensetin (M) 0 0 5 15
LPS (2ug/ul) - + + +

2.0
#
B=c] T
g g 1.5
28
o2
o 104
2 X
fe) i Pl
£ 2 054 =
0.0 r T T T
Sinensetin (LM) 0 0 5 15
LPS (2ug/ml) - + + +

Fig. 2. Inhibition effects of sinensetin on the expression of iNOS and COX-2 in LPS-stimulated L6 skeletal muscle cells. L6 cells
were pretreated with LPS (2 gg/mL) for 1 h and incubated with 5, 15 uM sinensetin for 24 h. The protein (iNOS and COX-2)
expression were identified by SDS-PAGE and quantified using Image] software. Results represent the mean + S.D. of three
independent experiments. #p<0.05 vs. control group, **p<0.01 vs. LPS group. iNOS, inducible nitrous oxide; COX-2, cyclooxygenase;

LPS, lipopolysaccharide.
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Sinensetin (UM ) 0
LPS (2ug/ml) -

P65 | ag—

ppss [0 .,!- -

IKBO | e S S

p- IKBa

Actin ——-ﬁ

5
#
2 3 T
T
cd
B
9 24
28
TBa
T~ 44 == —
14
D L} T T T
Siensetin (LM) 0 0 5 15
LPS Qugiml) - + + +

2.0
i
2 ) I
E = 1.5
8 ._—% e e
2t Fe
5o
& 051
0.0 T T T T
Sinensetin (LM) 0 0 5 15
LPS (2pg/ml) - + o +

Fig. 3. Inhibition effects of sinensetin on the expression of NF-xB signaling pathway in LPS-stimulated L6 skeletal muscle cells. L6
cells were pretreated with LPS (2 pg/mL) for 1 h and incubated with 5, 15 uM sinensetin for 24 h. The protein (p65, phospho-p65,
I-xB, phospho-1xB) expression were identified by SDS-PAGE and quantified using Image] software. Results represent the mean +
S.D. of three independent experiments (*p<0.05). #p<0.05 vs. control group, ##p<0.001 vs. control group, **p<0.01 vs. LPS group,

LPS, lipopolysaccharide.

9] YFE A &Aoo, AF vheol A A= fIvt
Cco < EH29, 30].
5oA LPS F7F= U3 TLR-4 wiAYEo] &/dst &
31, 0]& &3] iNOS, COX-2, TNF-¢ 5 AO|E7}S] A=
Z7HAZIG31]. SR olErl 23t ILTiA] 2E2E
#2] Al iNOS, COX-2 a4 AAE F3f A4
(nitric oxide, NO) ¥ T2 AE}ZTH E2(prostaglandin E2)
o] FHAA & o]olA PFHFE= Alolsh=tl AT 0|tk
[32]. & Aol Ax LPSol s frd ZZAIAZEA &
Z L AARQl INOS, COX-2 Tild Id S o g 9
AAA AdA"o] 595 Hao] 34U ZRlsHait
NF-4kB= TS 71404 F8% QIAEA T <
o] J5 WHE HPA7I=T WS S8% A8
AR AAR IREA BE A EoA L@ = NF-«B
3 BhSo] dold w Azo] AsAG7 -4 LAY
EAR] 2E2A A9 FAF] tigt ol 283}
Alze] 24dsks doA 95 et ddE ot &
AS ZAsts Zo= A QUTH33-35].
[xB(inhibitor of xB)2] <QIAFSH(phosphorylation)@} E-3f|
(degradation)”7} AAFQ 491 NF-¢B2] &43E =3} 36].

(ot oy

18

oL eE e e Lo

Y
ik

NF-xB7} 2435} =¥ 1-¢B7} £l = HA] NF-¢B7} 3] Y&
o]%slo] COX-2, INOS 59| HALSE S-&3ltH37]. NF-4B
p659] Qlatstel AAL &Aooz oz HH(o]s, translo-
cation)”} YojUth38]. NF-¢B9| p65= LPS A5t FL
S7etelon, EtHolE A sk oJEHor Ud
o] Zrasto] NF-xBO| SA3HE AAAA FES B &
QISFATH35].

L6 MEOA H,0,2 Fd A AEHAZL NF-«B
o Zo] Hrjols8ul ofel, TNF-o5 E435HA]7]1, o]
£ EStEro|Ert Yol 4ehA] mjAYEE 55l TNF-
a2} NF-£B2] &0 29| o]F o] FATHE HTH39, 40]. &
Ao Al NF-¢B9] subunitQl p65 ZAZ Ad| A|HlA|E 0]
NF-xB9| A 9 COX-2, iNOS HANE A5t AT
hgol aRAdE 5T 5 Asith

A ANAECRE ZAZA| RN TS EIE A
gt A7F A9 glom, B AZEal, AldiAEe] COX-2, Inos
EdE Adfote] 4SS JATCZH FAZTE ol + I
2 A5t FF AdAEE o] &5 FAIAES] F
d 24 9 FIL 53 THAS a9 Ui F71 A7t
9% Z0% AlgHoh
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Conclusion

2 3= AdAElo] L6 AEo| LPSE S&H FZ §
301] X el st A+E sPsoh AldAEE
L6 A= 2 pg H%9] LPSS} &7 0, 5, 15 puMO] ==&
Asto] AEE Higet &, AFS APsieh. 1 23t Lo
Azof|A LPSo| o8l R iNOS, COX-29] Tl do] §
OlsHAl A=l o, INOSLt COX-29] A 24 QIARI
NF-xB E3H @A 5] JA =Gt @4 AldNEHOR FAF
BIHE AFE =80 A9 g, RS FEoA AdAE
9 FEF EIt FLS S B o, AdAE-2 Hol
v AT B2IE VM ddEZolgty AlREH wEkA

| dl ZAZ AlZoA TS BIET
53 2R4S5S A8stE Avo] g
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