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ABSTRACT

The peel of Citrus sunki Hort. ex Tanaka i1s a rich source of
polymethoylflavones (PMFs), which exhibit diverse biological potential. In
this study, in order to evaluate the usefulness of C. sunki peel as
anti-inflammatory resource, the anti-inflammatory effects of it's peel
extracts and sinensetin were investigated in lipopolysaccharide
(LPS)-induced RAW 264.7 cells. Ethanol extract of C. sunki peel (EECP)
inhibited nitric oxide (NO) production, inducible NO synthase (iNOS) and
cyclooxygenase-2 (COX-2) expression in a dose-dependent manner on
LPS -stimulated RAW 264.7 cells. These activities are more stronger in
inmature peel extracts than mature peel. Also, EECP inhibited the
production of pro—inflammatory cytokines, such as interleukin-18 (IL-1B),
interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a), in gene
expression levels. After then, the anti—inflammatory activity of sinensetin,
which was isolated as single compound from C. sunki peel, were
assessed. Sinensetin inhibited NO production, the expression of INOS and
COX-2 on LPS-stimulated RAW 264.7 cells. Moreover, sinensetin
promoted the generation of inhibitory kappa B-a (IxBa), and attenuated
LPS-induced phosphorylations of MAPKs such as JNK, ERK and p38,
which are up-regulators of INOS and COX-2 protein. These results
suggest that the anti-inflammatory effect of sinensetin may be mediated
through at least two signal pathways, the regulation of NFkB and MAPKs
dependent pathways. Thus, the potent anti-inflammatory effect of EECP
may be exerted by combining the anti—inflammatory activities of several

PMFs which are contained in EECP.

Collection @ jeju



AB S TIRAZCT -
5 A
LIST OF TABLE o
LIST OF FIGURES i
I A =2 ..
o. A ol o .

1 A FEH] s

3. A HJSE e
4. ANE ZA] ZSAH e

1) MTT &AM e

2) LDH BA]
5 NO /\gxg%h %7@) ............
6. Immunoblotting e
7. Real-time PCR oo

Collection @ jeju

10

10

10

11

11

11

12

12

13

14



1) DPPH A+#87] &A

2) NO A4 oA &4

3) AdSA vizidA A4 <

4) ROS A4 A3 44

2. Sinensetin® 9= =&
1D AL w7z A4

2) IkBa A4 =3

3) MAP kinases 43} A3

Y% a1 2}
v. d & 2 4
VI & oF

Collection @ jeju

17

17

18

19

19

19

19

24

24



LIST OF TABLE

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

analysis

Collection @ jeju



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

LIST OF FIGURES

The free radical scavenging activity of the Citrus sunki

eXtI'aCtS on DPPH assay ................................................

Cytotoxicity of the peel extracts of immature Citrus sunki

on LPS_Stimulated RAW 2647 Ce].].S .............................

Cytotoxicity of the peel extracts of mature Citrus sunki

on LPS_Stimulated RAW 2647 Ce].].S .............................

Effect of the peel extracts of Citrus sunki on the NO
production in LPS-stimulated RAW 264.7 cells oo

Expression of iNOS in LPS-stimulated RAW 264.7 cells

treated with the peel extracts of Citrus sunki ==

Expression of COX-2 in LPS-stimulated RAW 264.7 cells

treated with the peel extracts of Citrus sunki ===
Effect of Expression of the peel extracts of Citrus sunki
on pro-inflammatory cytokine expression level in LPS

_Stimulated RA'W 264'7 CeHS .........................................

The ROS-scavenging activity of the peel extracts of

Cl'trus SUI’lkf in RAW 264.7 CeHS ...................................

@ jeju

20

21

22

23

25

26

27



Figure 9.

Figure

Figure

Figure

Figure

Figure

Figure

10.

11.

i,

13.

14.

15.

Cytotoxicity of sinensetin on LPS-stimulated RAW 264.7
Ce].].S ................................................................................ 32

Effect of sinensetin on the NO production in LPS
_Stimulated RAW 264.7 CeHS ......................................... 33

Expression of iNOS in LPS-stimulated RAW 264.7 cells

treated Wlth Sinensetin ................................................... 34

Expression of COX-2 in LPS-stimulated RAW 264.7 cells

tl’eated Wlth Sinensetin ................................................... 35

Effect of sinensetin on the degradation of IxkBa in

LPS_Stimulated RAW 264.7 CeHS ................................... 36

The effect of sinensetin on NFkB p65 translocation in

LPS_Stimulated RAW 264.7 CeHS .................................. 37
Effects of sinensetin on the activation of ERK1/2, JNK1/2

and p38 MAP kinase in LPS-stimulated RAW 264.7
CeHS ............................................................................... 38

@ jeju



#x Qt} (Park and Yoo, 2004; Nathan, 2002). B F A Z3} o] WA

=3
of A3l A Yelys E5E3 A9RkeS A9 s 722 & dvh W

4,
Aol A HAGE e 559 Qo] FY (Tracey, 2002). AolA doju=
A5 HAGol| A nitric oxide (NO)¢} prostaglandin E; (PGEy) ¢ f<Hi7l <1
250 Hgow ATt (Posadas et al, 2000; Tsatsanis et al, 2006).
O AWM AFwrs B ozt Wolrls, AsHdDdrs, dagdd &
o] ikt Ae]71sS 7kAA 9lew (Nathan 1997; Palmer et al, 1987),
nitric oxide synthases (NOSs)ol] 93] L-arginineC =58 AAET}
(Knowles and Moncada, 1994). NOS+= A Wlo] &4 EA18t= neuronal
NOS  (nNOS)®}  endothelial NOS  (eNOS), I12]al  interferon-vy,
lipopolysaccharide (LPS), cytokine¥ #& Ao =T 7 9ort @dy]
+ inducible NOS (NOS) & Al 7k &HEl= Attt (Lee et al, 2004;
Weisz et al., 1996). °ol& NOS <ol dsitsat "AHT iINOSE WAoo =

e ols Fola TS AASIE Bz NOE AASIA T Hal4d9l <l
of o3 A} A=A B 5 FTFS  FEeH  (Nathan, 1992
McCartney-Francis et al, 1993) &2&4, AR Blo] B AAELS do
Z1t}t (Stuehr et al, 1991; Weisz et al, 1996).

Prostaglandins (PGs)¥ cyclooxygenase (COX)ell ¢]3l arachidonic acid=
B AR AEZAEYE R EE, AEFE A9A Tl 43S v (Surh
et al, 2001). COX& COX-13 COX-2, F 71X Ful= =435 (Posadas et
al, 2000) °]E59 A2 B 70kDa AE=Z (Moon et al, 1998) 60%<] o}
=2 AR S 7R (Tsatsanis et al, 2006). COX-12 A2l BE Ao

Collection @ jeju



EA HAEHAT AfFolAE, I A¥E, e} e AR A oA cytokine,
T2, QAR Tl o8 wEx sxtdoew IdET (Posadas et al,
2000; Surh et al, 2001; Tsatsanis et al, 2006; Eibl et al, 2003; DeWitt
and Smith, 1995). 9FH-HelAe THF} gAAESC] LPS H=
interleukin—-1 (IL-1)ol] &3l A=& wrol COX-2& LdsHA =, o] <13
AdE PGsoll 93l ddH} F5S sRkgE 95 Hhgo] AEHET (DeWitt and
Smith, 1995).
© 24 EAlste WA AEE Gl T A A4
TR WAAgd e Bojsto] AATold FTagh TS
shet. LPS+ 254 AX e AR SR A7 Aol ZAEAES o
A4 2IdHE olshs sas2 4¥A Atk (Parham, 2006). B2
RAW  264.7 w2 AxZe] LPSE AHelshd interleukin-18  (IL-1PB),
interleukin-6 (IL-6), tumor necrosis factor—alpha (TNF-a), interleukin—-12
(IL-12)9F 22 AL935A cytokined Aol F7FEal (Lee et al, 2004;
Mukaida et al, 1996; Murphy et al, 2008), iNOS¢} COX-2 w2 Hhg o]
FE¥t (Liu and Malik, 2006). 18] LPSol| 9Jgk 154 cytokine B A
= w7 wwAe W& nuclear factor kappa B (NFkB)9} mitogen
activated protein (MAP) kinase® @43t 4=& &l dojdtiar delx vt
(Liu and Malik, 2006; Aga et al, 2004). o]* s RAW 264.7 t2H3x= LPS
of 93 FHE AR sty wWied IS LA B Aol A elst
A AREE AL ST
dEFE 5 destA ZlHA] HA e ARERF 8% AAAT=
A2 AMEE o] $kt} (Choi et al, 2007; Cha and Cho, 2001). ZHa ¥
= 609F o] flavonoids7t $hrEol o, o]=o] oa FAkst zHE
(Choi et al, 2007; Kim et al., 2009), 3548 (Choi et al., 2007), A&t}
AF 71 28 (Monforte et al., 1995; Cha et al, 2001) &3 #2 tpFst A
g dgd o] vetdva deA vk AlF AdEe] dFQd A= (Citrus sunki
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Hort. Tanaka) #3] H3& tpdd AP =s 7HAL kil Bawo] 9
(Kang et al., 2005; Cui et al, 2007). 53], At& Fyjol= AxAl7]o ukg}
SteFH s E Hol+= nobiletin, tangeretin o 7o 75
polymethoxyflavones (PMFs)o] t& &-f3stal 1o} (Choi et al, 2007), A&
Fujol] gk JAFH LAEmA L 8§ ThsAddd tie AU 897 Utk #
A= A= By FEEH A BaoA FE % sinensetin®] FEHEE A

A% BAREFYo R 24 Aistel £

)
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HE R 4y

1. AlE &4

oo AgH AlgE AT AAXA ZEsolA 20089 1¢€d AFd
g b2, 20089 9o AN H mAER HAS ALY AF A

shiet.

2. DPPH A87 &4 84

ANzol AAFAdTFT =AHL  Blosis W (Blois, 1958)9 w&}
2,2-diphenyl-1-picrylhydrazyl (DPPH; Sigma, USA)E o]&3&}o] =439
ok WA Wgged SAAIZ 80% e FEES 98 /A FEE 100 pl¥
96 well plateo] ¥53Fa 0.4 mM DPPH &9 53 7Sk o]F 96

well plated g oAl 20%7F dE8-A171 & 517 nmollA FHFEE SAS)
ascorbic acid (Sigma, USA)E Al&3lon AATS ey 2 2oz
uf

&Skt DPPHE] &3 %=7F 50% @4
2 XA o, ZF Aol ] 33 whE Agste] Hitgtoz eI

_10_
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DPPH radical scavenging activity (%)=100% (Acontror=Asample)/Acontrol

Acontrol = Uﬂ%%?} %7]’@' Eﬂ‘%@l}ﬁl} ’E‘%E
Asamplc = }\]a‘:j’_%‘ %7]’1’ ]?l’%olllo %%E
3. Alxujet

Mouse RAW 264.7 tiA A5+ oA 2523 (Korean Cell Line Bank)
o B2HE FASAT. AEE 10% fetal bovine serum (FBS; Gibco, USA)
I 1% penicillin/streptomycin (P/S; Gibco, USA)e] 3X3t%l Dulbeccos’s
Modifid Eagle Medium (DMEM; Gibco, USA) ®i|A|ES A}g83e] 37T, 5%

COs BH27100 4] w519 e,

4., AE EXHFH

1) MTT &4

A of o] VA= G 545 fe) viEZSelole] 9

F

X

|
= MTT 48 AR Y (Ferrari et al, 1990). RAW

A

a7}

[e] =
g9s A

o

264.7 M¥XE DMEM H]A & o]€3}ed 96 well cell culture plated] 3x10*
cells/well= FaL 24AIZF vl ¢F § o8] o AR5 Wi 3+ A7 v kst
il lipopolysaccharide (LPS; Sigma, USA)E 100 ng/mle] ¥ %= H7}gh
22717k wiFsklth. o]$ 3-(4,5-dimethylthazol)-2,5-diphenyl-
tetrazolium bromide (MTT; Amresco, USA)E <& 0.4 mg/mlo] x5
Y A wE 5 wiAE AlASSIHE. 200 ple]  dimethylsulfoxide

= &AL

2 A E
& §PEE 5

(DMSO; Amresco, USA)E 7}8te] formazan =

microplate reader (Bio-tek, USA)®Z 595 nm 3}4S 9]
Aotk AlEE AYd Lo AEEELS ANEE AstA ¥ L FF
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CytOtOXiCity (%):100>< (Acontrol_Alower control)/(Aupper control_Alowcr control)

2) LDH 2]

A vjekelg o] &8t ME &3S SAHS= WEQl LDH ¥4 49
&ttt (He et al, 2002). RAW 264.7 A|¥2 DMEM H|A| S o] &3lo] 96
well cell culture plated] 3x10* cells/well2 Y1 24A17F #leF & o]y
&0 AEE YA F ARE wikstar LPSE 100 ng/mlo] ¥ =5 71

T 22417 ksl ol mj¥el 50 plel LDH =4 E&ei(LDH

HCIE H= 0.2 No] HE=E A g st nkeLS AX|A]Z T}, ©]S microplate
reader® 490 nm 3HHS o] &3] SHLE=E =AHETE. A Y FFOE A

Xof Triton X-100 (Sigma, USA) €95 HF 1%7F H=5 AHElsk Ax
A

Aupper control = Triton=X100 ‘g‘q}ig 5&]7}‘i ﬂtﬂi Ho]’
Alower control = }\] E'ﬂ’ Triton—-X100 %Q}}Sﬂ U] 7“%3]7‘] H(;—%F"]li‘ LDH 32:]—:‘_—}\(—)]

Asample = }\1§L% ijlﬂt:"l' —E—oﬂ}\i HO]—%Q'E‘ LDH ae—}\é

e
i)
e
—
-
T
e
ox,

5. NO A% 5A

_12_
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RAW 264.7 MEZHE AAE NOE= AXE vjddo] Griess A 2FkS H7F38)
= WHOE nitrite FEIS NO A4S AT AlxEwdd 100 plet Griess
AleF [1% (w/v) sulfanilamide, 0.1% N-1-napthylethylene diamine in 2.5%

3

(v/v) phosphoric acid] 100 plE =3tsle] 96 well plated]l A 103 ¥E-gA

v}

1_.

540 nmolA 3 =5 =439 . Sodium nitriteE o] &3] ZF=7

<
3
= 78tal o= ol &8 AA4E NO #h= A=sidith

(2

6. Immunoblotting

RAW 264.7 AZE 12 well cell culture plate®] 5x10° cells/wellZ ¥ i1
24AZF WY = AEE €3 3 AR wjFsta LPSE 100 ng/mle] HE%
H7tsl 18-24213F wigeitt. o] AEE A7k PBSE o]&al 23] A s}
AL lysis buffer [1XRIPA (Upstate Cell Signaling Solution, Lake Placid,
NY, USA), 1mM phenylmethylsulfonyl fluoride (PMSF), 1mM NaVOu,
ImM NaF, lug/ml aprotinin, lpg/ml pepstatin, and lug/ml leupeptin]E
o] &3l 1A1ZF &<t lysis Al & A4+ 2](15,000 rpm, 15 min) 3o T
&

S welsr, e

fl

X+ bovine serum albumin (BSA)S %+°

= Bio-Rad protein assay reagents AF&3ste] A=ttt gk waa g

g

8-12%%° polyacylamid geloll #7]%&3tal poly-vinylidene difluoride
(PVDF) membrane (Milipore, USA)ell 250 mA, 180F &t HojA| AL,
WZgol Aol membranes 5% BAEFE EFSF 0.05% Tween
20/Tris-buffered saline (0.05% T/TBS)ol| Y i1 AF2ofx 1A%t blocking
A7 F, 13 dAeE weAAT 134 @A w82 iNOS antibody (1:5,000,
Calbiochem, USA), COX-2 antibody (1:5,000, BD Transduction
Lacoratories, USA), phospho-ERK1/2 antibody (1:500, Santa Cruz, USA),
ERK1/2 antibody (1:1,000, Santa Cruz, USA), phospho-SAPK/JNK
(Thr183/Tyr185) antibody, SAPK/IJNK antibody, phospho—-p38 MAP

kinase (Thr180/Tyr182), p38 MAP kinase (1:1,000, Cell Signaling Tech,
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USA), IkBa antibody (1:1,000, Santa Cruz, USA), B-actin antibody clone
AC-74 (1:10,000, Sigma, USA)E °]-&3to] 4TolA] 35 W &< WA Z
o} 1% &4 Wkgo] ¥ membrane 0.05% T/TBS &Moo= 33] Az &
peroxidase-conjugated® 2% A (Jackson ImmunoResearch, USA)E
1:5,000 HEi= 1:10,0000.2 34ste] oM 1A wkedk 5 0.05%
T/TBS &<fo= 33 AHssirt. o

il
(ECL) W< ol&dl X-ray €522 4

()

< Enhanced chemiluminescence

sh9l 59t

_\g
mlm

7. Real-time PCR

Real time PCR #4& $13l RAW 264.7 AXE 12 well cell culture
platee] 1x10° cells/well2 Qi 18417t wjY¥ F ojg] =] A&EE ¥
g AIZE A wjstal o] % LPSE 100 ng/mle] H== F7bel 6413 vl et
o} AEQ total RNAE TRI reagent (Molecular Research Center, Inc.
Cincinnati, OH)ES o]-&3}o] Eg3}dt}t. o] Euk A ¥o] TRI reagent=
H7vete] #23F 3 & chloroforme #7}ste] YA+2](12,000 g, 15 min,
AC)stG . AAS NS 3)gsle] 9] isopropanolS H7bstal QAR
(12,000 g, 8 min, 4T)ste] RNAE A7 o5 75% &= AlHsta
AAEE (7,500 g, 5 min, 4TC) § HFedS& AAsL AXAFHT. RNAS

% 260 nm H}FoE &
e

r
Rl

32

nuclease—-free water (Amresco, USA)ol &34 7]

FrE 54 AZFsiaitt. 260 nm/280 nm FFE H]Eo] 1.6-1.9 HH
el S zH= RNA AR5 286 AL&s9it.

cDNA+= Maxime RT PreMix Kit (Intron biotechnology, Korea)& ©] &3

-/

A3t 1 pg total RNA ¢F nuclease-free water & &HE 20 pl7F &
= premix tubedll 7} & F 45TelA 60%, 95ColA 5&3F W3k
cDNAZ 439t 4% cDNAE nuclease-free water & #H7}slo] HF
F37F 50 ul HE=F she] AR&SSITH

FAAEY ¥d 242 54387 ¥8l iQ SYBR Green Supermix (SYBR

o 2

_14_
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Supermix; Bio—Rad Laboratories, Inc., CA, USA)E o]&3}o] real-time
PCRE <33} t}. Real-time PCR ¥FE2 cDNA 1 pl, primer ZF 10
pmole, 2XSYBR Supermix 5 plE& &%73t ¥ nuclease-free waters 7}a}to
gkS-olS 10 plo] 9 k& Chromo 4’ Real time PCR Detector
(Bio-Rad, USA)E °l&sted sdsklty. PCR =& 95T/ 333t initial
activation step& AA3 95T/ 20%3t denaturation, 65T/ 20%3t
annealing, 72°C/ 30%Z%} extension® ¥4 443] wrEsle] FE3%TH &
£ cycleo] ¢kg¥l % 65T 95C7HA] WHEAIA primere] melting curve
7 4= <

Gene expression analysis (Bio—Rad, USA)E o]&3] FA3s3ct. =& PCR

He A4

Ol
38

7}+= Chromo 4 Real-Time PCR Detection system¥]

A

=~

AHE S house keeping gene?l B-actinol] thal] A= 3T Real-time

PCR oA A& primer?d @7]4<9-& Table 1. o YEFHATE.

_15_
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Table 1. The primer sequences of the genes used in real-time

PCR

analysis.
Gene Primer sequences
Forward 5'-CAG GAT GAC ATG AGC ACC-3'
IL-18
Reverse 5'-CTC TGC AGA CTC AAA CTC CAC-3'
Forward 5'-GTA CTC CAG AAG ACC AGA GG-3'
IL-6
Reverse 5'-TGC TGG TGA CAA CCA CGG CC-3'
Forward 5'-TTG ACC TCA GCG CTG AGT TG-3'
TNF-a
Reverse 5'-CCT GTA GCC CAC GTC GTA GC-3!
Forward 5'-AGG CTG TGC TGT CCC TGT AT-3'
B-actin
Reverse 5'-ACC CAA GAA GGA AGG CTG GA-3'

_16_
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8. Al¥Y ROS =4

Axzdels AdEE  ZdMAEFTFLS 5-(and-6)-chloromethyl-2',7" -
dichlorodihydrofluorescein  diacetate acetyl ester (CM-H:DCFDA;
Molecular Probes, Eugene, OR, USA)E A}83t] A3t (Choi et al.,
2007). RAW 264.7 M>™E DMEM ®jA|E o]&3}o] 96 well cell culture
plated] 3x10* cells/well & Y3 24A17F w3t} o] M Y7} Sojs=
96 well plated]l CM-HsDCFDAE & 50 pMeo] XS Wil 23 e ol A
303t wieFsldth vl © AXEE PBSE 23] M & oY s AR

Y sk A7 vk 3tz LPSE 500 ng/mle] HEE A7)

S PFSAAEAE o] &3to] 485 nm/520 nme] oA FFS AT

AEE 53 wE 4@l BFgo e

RAW 264.7 AXEE 4 well chamber slide (Lab-Tek, USA)e| 4%10°
cells/well2 Wil 24412k vlF & A8 5 Wil o ARE vjdstal LPSE 100
ng/mle] H =% AHste] 40&3F A=S FAH olF AEE A7HE PBSE
ol g3al 33 AMA3 & 3.7% formaldehydeZ A2ol|A] 1587 nAHA]7]2 ¢}
Al PBSE A3tk s\ Mo Triton X-100°] 0.2% ¥ 3% PBSE
A ste] oA 2021 WESAI7]1AL, 3% BSAE XIS PBSE Y€il A2
oM 1AIZE wbE 1z &Alek WA G 12 A wbeS NFkB p65
antibody (Santa Cruz, USA)ES BSA7} 3% X33 PBS &9 1:50 o5 3]
Aste] 4ToA a7 HF &b wRSAIZTE 1A A wkEo] Ed AlE
1XPBS &Moo= 33] Mz % fluorescein isothiocyanate (FITC)-conjugated
H 22k A (Santa Cruz, USA)E 1:508.2 A 5te] Aol A 1A]7F kS
5 IXPBS &fo= 33] AlHsidnt. o] A5 &<2lstr] 98] DAPIE 1 n
g/mle] 52 587 Hga o] 1XPBSE 33 AF & FxAd oA~

[

rok

_17_
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AQY&AN A (FV500. Olympus Optical Co., Japan)& AF&3sto] #=s}9l ),

10. 3AEH 4
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A Axo| w2 33 FZ59 DPPHY #4687 24 S4<
Ax, v g Ty FEE 1Cs > 882.6 £ 51.4 pg/mlz
AL A=k Abg Ay FEEY S R dEH R AiFErE

e ATe Woll} Gy e AF F= WY WA 42T £ ok

2

)

e
o

=
=
e

ol

)

A

L.

2 ¥y FEHE9 DPPH A7 4L tixa+o= AFE3H ascorbic acid
+ 0

2) NO &4 <A &4

-4 RAW 264.7 tiA Mz A= B3] FE559] NEs54s S48

MTTs} LDH ¥4& sadle] nd% 2 44 39 232 25 A89

= H9 (9.4-300 pg/ml oA AE EAS YA LS s

(Figure 2, Figure 3). °o|%& NO XS =A% A nAds 2L A Al

39 F%

7}, 250 pg/ml EEHE vAS
S

2
2 73 2320 4% B 22Burl §oH0R He AfHezl 27

5ouM)ok Blats]  Setnh ey v s A gy FEE

A

B sk oEdoz NO A4S #AAAT . DPPH A5

=
2]7] 2AgA vZA R, NO B4 oA 24 T3 nds A3y FE&

ol A& Iy FE& Bu =/ deEbst (Figure 4).

A

_19_
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== LDH
-+ MTT

140 70
o~
5 =
£ 120 | 160 T
= e b
=
S 100 | ’ 15 ¢
kS s
[=]
S 80 f 1 40
< S
s
S% o} 130 &
- =1
151 -
E 40 | 128 NE
bt I
20 | 4110 /R
¥ &
= 2 |g

(=]

Sample 0 0 94 188 375 75 150 300 (pg/mi)

LPS - + + + + + + +

Figure 2. Cytotoxicity of the peel extracts of immature Citrus sunki on
LPS-stimulated RAW 264.7 cells. Cell were incubated with the indicated
concentrations (0, 9.4, 18.8, 37.5, 75, 150, 300 npg/ml) of immature peel
extract for 1 h, and then incubated with LPS (100 ng/ml) for 24 h.
Cytotoxicity was determined by MTT and LDH assay. The data expressed
as means * S.E. of four determinations. *F < 0.05, **P < 0.005 compared

to positive control group.
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== LDH
- MTT

140 70
—_—
T 120 | 160 T
£ . £
=) =
S 100 | 15 8
(==} S
< =]
S 80 140 ¢
= s
%]
% 60 13 2
2 <
£ 4 { el &
: =
= 20 110 3
=
0 L= 0
Sample 0 0 94 188 375 75 150 300 (mg/ml)
LPS - + + + + + + *

Figure 3. Cytotoxicity of the peel extracts of mature Citrus sunki on
LPS-stimulated RAW 264.7 cells. Cell were incubated with the indicated
concentrations (0, 9.4, 18.8, 37.5, 75, 150, 300 pg/ml) of mature peel
extract for 1 h, and then incubated with LPS (100 ng/ml) for 24 h.
Cytotoxicity was determined by MTT and LDH assay. The data expressed
as means * S.E. of four determinations. *P < 0.05, **P < 0.005 compared

to positive control group.
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Figure 4. Effect of the peel extracts of Citrus sunki on the NO production
in LPS-stimulated RAW 264.7 cells. Cell were incubated with the
indicated concentrations (0, 9.4, 18.8, 37.5, 75, 150, 300 pg/ml) of each
extracts for 1 h, and then incubated with LPS (100 ng/ml) for 24 h. The
data expressed as means £ S.E. of four determinations. #F < 0.05, ##P <
0.005 compared to mature peel extract group. *P < 0.05, *+P < 0.005

compared to positive control group.
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3) A=A w7/ A AHGNOS, COX-2, TNF-q, IL-18, IL-6) A4 oA ax}

A= Py FEEo] INOS®F COX-2 wuld Wdo] nxle= gk
WMoz 3elEtith RAW 264.7 A A o] LPSE tE

Western blot 7]
2 A3 S w iINOST COX-2 w7 whg ko] 7S &oleh =

Aok 28y LPSE Agstr] 1A1ZF Aol A= 3y F=ES 75, 150,

300 pg/ml s==2 st ol due] Wyo] gk oEXoR I

o]l A 3y FEFEo Hls] iNOS,

St mEUIRE vAds ) F
COX-2¢] wtula vrd S ] ZHstA As)stth (Figure 5, Figure 6).

HHN'

Lok, RAW 264.7 WAz A Abg 3] =550 APSA cytokines
o] A= 9IS real-time PCR WHoz EX&Act. Alxe]l 100
ng/ml9] LPSE A& 3sta 6A17F 2= TNF-q, IL-189} [L-69] mRNA
o] FrHa, #9 FEFES LAIRE ¢ A A sH TNF-a, IL-18,
[L-6°] mRNA Wdo] F& o&EAo= Aijds #F T + A
(Figure 7). 18y A% 3y FEFEL 1L-189 mRNA Td oA 51X

25190} (Figure 7B). BAAAR w4% 33 $280 4% 7] 53

of wla] AIZEA cytokine?l TNF-q, IL-18, Z8]al IL-6¢] mRNA %3

< o ZEsA Asert (Figure 7).

4) ROS A4 A3 &4

(Figure 8). A< 3y FE=d Hlal vAds Abd 3y FE20] A2
<

BAaFE QRS A AN P
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Figure 5. Expression of iNOS in LPS-stimulated RAW 264.7 cells treated
with the peel extracts of Citrus sunki. Cells were treated with the
indicated concentration (75, 150, 300 pg/ml) of each extracts for 1 h, and
then the cell were stimulated with LPS (100 ng/ml) for 18 h. The protein

level were determined by Western blot analysis.
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Figure 6. Expression of COX-2 in LPS-stimulated RAW 264.7 cells
treated with the peel extracts of Citrus sunki. Cells were treated with the
indicated concentration (75, 150, 300 pg/ml) of each extracts for 1 h, and
then the cell were stimulated with LPS (100 ng/ml) for 18 h. The protein

level were determined by Western blot analysis.
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Figure 7-1. Effect of Expression of the peel extracts of Citrus sunki on
pro-inflammatory cytokine expression level in LPS-stimulated RAW 264.7
cells. Cells were treated with the 150 pg/ml of each extracts for 1 h, and
then the cell were stimulated with LPS (100 ng/ml) for 6 h. Each mRNAs
were analyzed by Real-time PCR assay. (A) TNF-a and (B) IL-18 mRNA
expression level normalized by PB-actin. #P < 0.05, ##P < 0.005
compared to mature peel extract group. *FP < 0.05, *xP < 0.005 compared

to positive control group.
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Figure 7-2. Effect of Expression of the peel extracts of Citrus sunki on
pro-inflammatory cytokine expression level in LPS-stimulated RAW 264.7
cells. Cells were treated with the 150 pg/ml of each extracts for 1 h, and
then the cell were stimulated with LPS (100 ng/ml) for 6 h. Each mRNAs
were analyzed by Real-time PCR assay. (C) IL-6 mRNA expression level
normalized by B-actin. #P < 0.05, ##P < 0.005 compared to mature peel

extract group. *P < 0.05, #*P < 0.005 compared to positive control group.
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Figure 8. The ROS-scavenging activity of the peel extracts of Citrus
sunki iIn RAW 264.7 cells. Cell were incubated for 1 h with the indicated
concentrations (0, 37.5, 75, 150, 300 ng/ml) of each extracts, and then
incubated with LPS (100 ng/ml) for 28 h. The data expressed as means
+ S.E. of three determinations. #F < 0.05, ##P < 0.005 compared to

mature peel extract group. *P < 0.05, **P < 0.005 compared to positive

control group.
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2. Sinensetin® 3dFF &

1) A5 wizidx A A a3
%A sinesetin®] AA ] =

T2 AAS7] Y8l RAW 264.7 A A
¥ oA sinensetin® AESAES I

&t} (Figure 9). AEX%54L e
A = B A sinensetin® ¥E EFAHOZ NO AAAS AASITH

100 uM sinensetin=S & 8]3F A XA NO WAL 40% o) ¥7FA A ES

"3

=

w2t 4= AT} (Figure 10). ©]#]3F sinensetin®] €3 NO A A7}
S vIAAAE A SkE INOSSE COX-2 ehillde] g x9S Fal dof
U= AE gelstr] flske] INOSe COX-2 whuld e S Western blot
o g BASTE d/de AAF sinensetin® & 9FEAH o2 iINOS9}

COX-2 &9 vy S A3)stSltt (Figure 11, Figure 12).

|

2) IkBa B4 3 (52 B3)

Sinensetin® 93§+ INOS¢} COX-2 &4 & A7} NFkBY B=2&
23] dojy=AE 32ldl7] Y3ste] sinenseting *2]3F A E oA NFkBY
Axd 842 kBa @2 &S Western blot 7|Ho=z #4313t
Figure 13941 H.¥= w}e} 7Fo] Ao LPS A&t IkBaZl <84 &3]
wo] 208 7HA = AEZA IkBa @ o] HEHA AR, 4080 At
W M EZA [kBaZb F4%7] AlFFe) 28y 50 pM seneseting A 2]
3 A EZAME ANEE HEsHA] @22 txo B8] [kBa @ d Aol mf

ke

2 FEEH= AS gadd 4 AU} o]+ sinensetin®] [kBa A S 3
sh=d ol & dve Ae 9uesith. 3 Figure 1394 HojF
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sinenseting A A2]e Alxet A HEshA @il LPS vhS A3 Al
A IkBa 4 ztel7t dloz Hol®l NFkB p659] ol Apol& HeEhl=A
Z #sl7] Yste] WP PG JHo R pe5e] AEW YAE 18t
t}. Figure 1404 ®i= nle} o] Alge} LPSE A A &2 &4 U=
o Ao A= diF29 p657F MEA EAe AL (Figure 14, control),
LPS A 2jsto] 40-0] Aoet AxzelA= p65 @ho] slo i ol =it
(Figure 14, LPS). L&} sinensetine A A 2|3k & LPSE A3k Ao
Me o4 tE2T I fFARSHA iR p65 @l o] AlE o] EAjstar 3l

S5 3sholst 4= ¢9J2ltt (Figure 14, sinensetin + LPS).

3) MAP kinases @43} # 3l

Sinensetin®] 3% ZF8 o] MAP kinases 4 =29 #&HA]o] &= A& &

of

olsl7] 9sle] Al*Ee] senenseting 1AIZF F<¢k A Ag]dt & LPSE A=
S FUA AZFEE ERK, JNK, p38 <13l AEE B8 (Figure
15). Sinensetin® ERKS] %7] (30%) 4t3tolE kS 7] x]x] kx|t
LPS #= & 1AZHEE = diZ2Tol b8 irsts a

T}, EESH sinensetin LPSe &g %7] JNK<} P38 &7d 3}

A EFA|HE A7 o] ZEE]E= sinesetined HlFE Tt v]E] e A o=
o] gA 3= At FFE B T} (Figure 15).
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Figure 9. Cytotoxicity of sinensetin on LPS-stimulated RAW 264.7 cells.
Cell were incubated with the indicated concentrations (0, 6.25, 12.5, 25,
50, 100 puM) of sinensetin for 1 h, and then incubated with LPS (100
ng/ml) for 24 h. Cytotoxicity was determined by MTT and LDH assay.
The data expressed as means = S.E. of three determinations. *P < 0.05,

#x P < 0.005 compared to positive control group.
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Figure 10. Effect of sinensetin on the NO production in LPS-stimulated
RAW 264.7 cells. Cell were incubated with the indicated concentrations
(0, 6.25, 12.5, 25, 50, 100 uM) of sinensetin for 1 h, and then incubated
with LPS (100 ng/ml) for 24 h. The data expressed as means * S.E. of

three determinations. *P < 0.05, **P < 0.005 compared to positive control

group.

_33_

@ jeju



Sinensetin 0 0 125 25 50 100 (MuM)
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iNOS — — ——

B-actin | QTN

Figure 11. Expression of iINOS in LPS-stimulated RAW 264.7 cells treated
with sinensetin. Cells were treated with the indicated concentration (O,
12.5, 25, 50, 100 uM) of sinensetin for 1 h, and then the cell were
stimulated with LPS (100 ng/ml) for 24 h. The protein level were

determined by Western blot analysis.
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Figure 12. Expression of COX-2 in LPS-stimulated RAW 264.7 cells
treated with sinensetin. Cells were treated with the indicated
concentration (0, 12.5, 25, 50, 100 puM) of sinensetin for 1 h, and then
the cell were stimulated with LPS (100 ng/ml) for 24 h. The protein level

were determined by Western blot analysis.
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Figure 13. Effect of sinensetin on the degradation of IkBa in
LPS-stimulated RAW 264.7 cells. Cell were incubated with sinensetin (50
uM) for 1 h, and then stimulated the LPS (100 ng/ml) for the indicated
times (0, 10 20 40 60 120 min). The protein level were determined by

Western blot analysis.
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Figure 14. The effect of sinensetin on NFkB p65 translocation in
LPS-stimulated RAW 264.7 cells. Subcellular localization of p65 NFkB
was examined using immunofluorescence staining and analyzed under
confocal microscopy. Cell were treated with sinensetin (100 pM) for 1 h
before the addition of LPS for 40 min. Cell were stained with antibodies

to NFxB p65 (shown in green) and DAPI (shown in blue).
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Figure 15. Effects of sinensetin on the activation of ERK1/2, JNK1/2 and
p38 MAP kinase in LPS-stimulated RAW 264.7 cells. Cell were incubated
with sinensetin (60 pM) for 1 h, and then stimulated the LPS (100 ng/ml)
for the indicated times (0, 0.5, 1, 6, 12, 18 h). The protein level were

determined by Western blot analysis.
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I~

(PMFs)& W27 ol sk glom, WAAZIN NO 7% A Te %
)

=<} =
=23 Hud] & A2ASES M= Aew Huddr} (Choi et al, 2007). &

AFANE AFEAA AFEZ AMHT Q= BEF A3} AA) AFF &
AzM o] Fe7bsAel GEAT B Astel 47 A fA FEEH 35

deo] 9 A4S TAETH R At

TEl7l= ARk wEete] Tt A4S shAEE (McCord, 2000) &4d4t
2F3H A Al M AstEEd AR AR ZF RO ddo] HI|=
(Cho et al, 2008; Delanty and Dichter, 1998). &< ol# gt 4tslq &
Wolske 712s Sl AWS dAStE thget daksiAle] AU s 8
%31 2t} (Stanely Mainzen Prince and Menon, 2001; Son et al, 2004). &
AAATE ARl NFkB &40 43S A= ez d4#Ad o
vitamin C, vitamin E¢} 2 &4FsiAl= NFkBe] &4 oAt d+47
7} B E ATk (Scherck et al, 1991; Calfee-Mason ef al, 2002; Munoz et
al., 1997).

e FEES WYAENA LPSE =¥ NO A4, iINOS9 COX-2 oy
2 Bds Adsfsiion, datsl S 9 viriA R ol &4 TR v sk 3t
I FEE As iy FEE BEU A4S AoE YRt FHE 5] INOSY
promoter activity ¢4 (Kim and Park, 2009), 424 <A (Moscatelli et
al, 2006), Az AAL A (Hyun et al, 2009), £ A¥E wgtoz EH|H

NO 2474 (Kim and Park, 2009) 53 #Z2 NO A x| EZEo] Hiy u}

o
i

}

0>"
o

o=
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ATt COX-2& d59 F2 welAel PGsel #MAS Z4d3s (Tsatsanis et
al., 2006) FulEl 2~ HEAH F2 A5 (Posadas et al, 2000), o7
¢k, e, #HY sl (Harris, 2009) @& = o] dokal a4 ok & A7
A= PGE: A4S BAAE AR, Abd 3] FEE0] COX-2 23S 9
Ast7] wWiEel PGE, A4 E=o AT Aolet ALz HTh

ASHES oA AAFA cytokine?] IL-1B, IL-6, TNF-a&= M2 A5 28]
™ (Palsson-McDermott and O'neill, 2004), LPS9]
ot A Mz A3t IS F= AR dElA Aot (Conti et al,
2004). IL-18= ¢ WIS &A4stA7IaL HAAAE S stel| #ofstar 1L-6
= HE @A43tE FE AL 4

=

rir
po
o
fru
i
AnJ
2
%9,
o

)
A

[e] L4

Murphy et al, 2008) TNF-a
= LPS Wkgol o w2 AHZE dgukey vk dFo Pt 4
A ATk (Lee et al, 2003). w4 % Atg 331 552 [L-18, IL-6, TNF-a
o] FAX WAL HALFEFA Adsts A4S HolFdd. welbd DPPH A

=
7 24, AEW BLET A, A58 A A 2de 7 v

o

‘IT7] —/J\— =2 0O

G B9 FEEo YA Be FAaAze AW Asae Frata
Az

nAds A2 #97F ds AyEo ks G443 gdeedo] =2 3 HA
e Hylo] t%F EAsk= PMFEsel 711& Aolgt 53 & AUtk (Choi et
al., 2007). PMFs& th& ofd, el A il 2/ SHAA HRo
2 A9 FAYA, F95, FAY 9 AyEES 7
(Kim et al., 2009, Cha and Cho, 2001). Chio 5 (2007) &4 3l= th2]Ax
oA nobiletin®] NFkB¢] DNA ZAS Ao zyn A5 AdAans vepdct
I Hasgle & AFelA s wdgk AlEe stg=<l sinensetin (Del Rio et
al, 1998)2] 9% Al &t Al 7[de Felam it

Nobiletin®} v}F3F7FA] 2 sinensetine NO A4, INOS % COX-2 @z by
S Ak &S 2ol FATE INOS, COX-29] A Hd-2 AlxzuoA] ¢
T SAEE @Bt gt fHAE 2dsE NFkB (Brand et al,
1997) o 93] 2ddAva dHA A}t (Lee et al., 2004; Kang et al., 2006).
mHEbA INOSeF COX-2¢] & x4do] NFkB Aadd A=k Ao 3e&
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golsly] 9s) NFkBel FAA RS ZASEY T Sinensetine AXZA W] [kBa
gl gol A 213 p65o MU HolE HAATIE FHE S BT
LPSe] o]gt NFkB A 2ol A IkBa2 Faljo 2l&] p65, pb0 H3HA7F o=z A
Lol A=A vl HAAAE ZE35l7] wjE (Hayden and Ghosh,
2004)l, ©] ZA¥i= sinensetine IkBa2] S XA Z2H NFkB 7 2o
g A% wivl @ud e S Aslets AYS sl AAE Fa ol

RAW 264.7 AE= LPSel 98] MAP kinase’} @43 ®via &4 ot
(Kang et al, 2006). ERK®] A 3}+= NFkBY Ad¢ A2l p659 Serb36< ¢l
Abst Al71H, COX-29] S fF=stal (Hu er al, 2004), INKe= <Ql4kst+
c-junol] oJ&] INOS$F COX-29] ¥ th& HAReIzpel AP-19] AAEAS =
ot 2¥ A il (Eferl and Wagner, 2003), p382 COX-2¢] mRNA ¢HY
o s FE AR dEA vt (Winzen et al, 1999). & AFA
sinensetin® LPSE X% MAP kinases®l ERK, JNK, p38¢] <lAL3t= A
sl FAS BoJFt) o] sinensetin &9 2HE-9] ERK, JNK, p382] <l
3t #4471 MAP kinase 4 E2E& SalA % dojdte AS st A7
olth. 1efu} ofo] tigk A3 A7t st

deHon Wys A7 By FEEL AGGU7 2ARY, A5 ARE

2

AN E dAFeEA Hold F4s, 9 a3E UEite AS gkl
th Egh AbE Fojo A 28§ sinensetin®] NFxB =9} MAP kinase 4%
= &3] iNOS, COX-2, NO9| A= dAldvt= Abd 2 tisiglh. st et 4
72 39S FET A2 AEs] Aei= AR A7) el wE wal <l
7 2 sinensetin®] @5 oAl 71de FHEY] A% FUHA] AoF Hasit
a1 AlgE)
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