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ABSTRACT

Citrus grandis Osbeck is a native plant growing only on Jeju Island in
Korea, it is consisted of several component such as limonene, obacunone,
nomiline, naringin. In this study, we investigated the anti-inflammatory
effect of C. grandis Osbeck leaves in the murine macrophage cell line. RAW
264.7 murine macrophage cells were stimulated with LPS (1 ug/ml) to induce
pro-inflammatory markers (IL-6 and iNOS). The crude extract (80% MeOH Ex.)
and solvent fractions (hexane, CHCl;, EtOAc, BuOH and H.0 Ex.) were
obtained from C. grandis leaves. Among them, the CHCl; fraction inhibited
the nitric oxide (NO) and interleukin—6 (IL-6) production in a dose-
dependent manner. Also, the CHCl; fraction inhibited mRNA expression and
protein level of INOS in a dose-dependent manner. To investigate their
action mechanism, we examined the effects of the CHCls; fraction on LPS-
induced NF-kB activation and phosphorylation of MAP kinase (ERK, JNK and
p38). As a result, western blot revealed that the CHCls; fraction inhibited
phosphorylation of MAP kinase family and activation of NF-xB in cytosol.
Moreover, luciferase assay revealed that CHCl; fraction suppressed the
transcriptional activity of NF-xB in nucleus. These results suggest that
the C. grandis leaves may inhibit LPS—induced production of inflammatory
markers (IL-6 and iNOS) by blocking NF-kB activation and MAPKs
phosphorylation in RAW 264.7 cells.

Key word: Citrus grandis Osbeck, inflammation, inflammatory markers (IL-6

and iNOS), NF-xB, MAPKs
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Lipopolysaccharide (LPS)©= 34 A2 AE o] &A= W54
(endotoxin) @, WAAMEZZEE ¢dst AFEH Q2oz  4#Z tumor
necrosis factor-a (INF-a), interleukin—6 (IL-6)¢} Z2 pro-inflammatory
cytokinese S7HA7I= Ao= 4#A At (Shin et al., 2004). TNF-a+=
nhEl 2 BEed, dd &A% Ve v S d3A] SUbeke slew el
Joem, HT IL-6% ool ToeHA #osts AoR Husa vt (Dai
et al., 2000; Kim et al., 1996).

AW A5 HAHoAE 9 nitric oxide (NO)F prostaglandin E; (PGE,)7}
A=t (Willoughby et al., 2000). Nitric oxide (NO)& e 7|5 71

free radical 4] AAAE, g 3AA] SFHbo]

(g
12
BN
5
e
jincs
BN
5
e
B>

F SHAA T veEg A=A U wWlA dEes ot Aom delA
ATk (Kim er al., 20065 Rho er al., 1999 ).
Nitric oxide (NO)& nitric oxide synthase (NOS)ell 2ola] AAJo] =A==y
(Moeslinger et al., 2006), XfFolr NOSE Egsists AAdel uet
inducible NOS (iNOS), neuronal NOS (nNOS), endothelial NOS (eNOS) (Son et
al., 2006) 1¥]31 H<: 3% mitochondrial NOS (mNOS)& 471419 &% a4
= " (Ying er al., 2007). ©o]% iNOSell <3k NOo| A/4do] dojzow
Q3hy, A AMAEZ} lipopolysacchride (LPS)Y interferon-y (IFN-y)ol <]
AA A= o iNoS7E 2o Ao NoE Ak, HF AYE No=

2249 3, A7bEYg A%, ADY 2, FriEs BEYG, A BNID 5

fllo

Fabstth (Jun et al., 1998; Lin et al, 2007; Blonska et al., 2002).

Z L, Nuclear factor (NF)-x B9} mitogen-activated protein (MAP) kinases
= INOS HALx A #HE sl AoR ®WuuEe]l vt (Klemer et al., 2003;
Kim et al., 2006). NF-xBE= 953 W Fag AARIZAR oY 714 F/
of whuizo]l W=l 7 v A Ql p65et ps0e] @A = o|FAE o
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Fol EAgtt (Nomura et al., 2001). NF-kB= &4t H% &2 Azl Ax
A el Al Gl TxBek Aeeto] S8ty Ml3E7F A=5 wol Tk B7F
243t I e 3 = So7t dAF dAkm A& A ®Yk (Rossi et
al., 2000). LPS® A}=% murine macrophage A|3ol] NF-xB <JA|A]<¢l PDTC
(pyrrolidine dithicarbamate)& A2]3tH iINOSY Hdo] Aok =d], o]Z
NF-xB @49 A& &3t Aolztar 4HA At (Surh et al., 2001). MAPK=
extracellular signal-regulated kinase (ERK), p38 ZL#]il stress-activated
protein kinase/c-Jun NH3-terminal kinase (SAPK/INK)Z &% +=d (Kim et

al., 2006), ERK= 2 Alxe 54, £3 % AL 59 dtes S2A7= 4

03t
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(Kimura et al., 1999). p38¥ INKE o8] 7}x] 2~Edg 2zl & &A3stE o] A

= Aclitel ol T WY Wyl woldhe AoE deld oES

b

stress—activated protein kinase (SAPKs)e}al dlt} (Xia et al., 1995).
Y= 714y, Agstgdo g EAulR S FHE ] fx|sta glo] W
gk o]l Zrek wtud Al el 2Fd o] HEe =5S o|F Jtt (Rhyu et al.,

2002). 7EF+= %7 (Rutacae) #H=old} (Auranti-oideae)ol] &3 &=

Ap

2 FHFEE AdE =L (Citrus), w=#Z (Fortunella), ®BARLH
(Ponicirus) ¥ g d Yol (Clymennia)d 4<0o] vk (AAF, 2001). =+

o &= neohesperidin, naringin, flavonoids, nobiletins? E<& & AE9|

gfwo] 9+=d flavonoidst= &< -3¢ g3 (Manthey et al., 2001),

[e:

hesperiding A2 #A13E A4 A= £33 343, dd= g3/ B 5

A3 (Choi et al., 2006), ZH<- Nobiletin® 3= a7 Ql&o] HILEY

3o 93 B48 g5y 9ok, (Li et al., 2007).
AFE A 7= kel 9EAF (Citrus grandis Osbeck): $-2ifafol A
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= AFE CMRE Aes For AFMs g Be daAE Ee5-aL (Lim

et al., 2002), srgol= AT ()= 71AEo] Art. solr it o}

2W ¢ giAt gao] mpasta ol A vjen ol glod He AL &
A7 AT ¢ &el obvleh HES Fol WAt 3 dsta Ak (3F,
1995). A2ols Whate] Ewel PFHA dudl, A vEAR: AT

(Lee et al., 2006), 32ksl @32 A= Aol ®Bi How (Lim ef al.,

2006), AT AMAET HEF vsH T FHA vl Fol A neohesperidind
H

k|
%)
>

naringin] g F Aow i A% A5E olEe] Farel A
4

agar Bk (Rhyu et al., 2002). @A A FAo] a5l w3
His AEEL oy e oud 243 71dE 7H L deA Bad bt
st

ofo & Aol AFEAAN AuiE = FA A FE=0] LPSE EA43Hd
mur ine macrophage RAW 264.7 MM 54 AAZ &3] iNOS, IL-69 &
A G35 A om, o5 g HZAUES otr ] fjste] FRAk o

FE=°] NF-kB &3 2 MAPKs (ERK, INK, p38) @A stol] WX+ F3Fel of



1L A2 2 3
1. g5 I NRY 2

AFE A AMEE FHA AL 20059 sLe] A FAA

BN

2

f

<,
712 Zo} mAERE 3. uAT AR (50.0 g)Z 80% methanol (MeOH)Z 2
3] Wt 3= - ofFstal Ak sFe. AA7]eA €2 MeOH == (10.81
)& AT FEWHA 9389 hexane 3 (0.71 g), chloroform (CHCl;) &3
(0.25 g), ethylacetate (EtOAc) #3% (1.27 g), buthanol (7-BuOH) 3 (2.17

g), H028 (5.46 g9)& do] HPAEZE AFE3FITE (Scheme 1).



Dried Citus grandis Osbeck powder ( 50.0 g)

1) extraction with 80% MeOH
2) stirring for 24h at room temperature
3 vacuwm filiration

80% MeOH Ext.
( 1081 g

Suspension with water(1L)

_ Extraction Extraction Extraction Extraction
with hexane(1:1) with CHCl(1:1) with EtOAc(1:1) with n-butanol(1:1)
hexane fr. CHCL; fr. EtOAc fr. BuOH fr. H,Ofr.
{ 0.71g { 025g) { 1279 {217 g) (546 g)

Scheme 1. Systemic purification using solvent partitioning from

Citrus grandis Osbeck leaves.



2. AEuF

Murine macrophage cell line?l RAW 264.7 4|35 KCLB (Korean Cell Line
Bank) = 5-E #<F wro}l 100 units/ml penicillin-streptomycin®} 10% fetal
bovine serum (FBS)e] &+¥ DMEMHIA|E AFE3ste] 37 C, 5% (0, &7

(incubator)ol| A ¥ikstglom 3o HA A wjs AAEHY ).

3. Aok

Al Al weFol AF8-% DMEM (Dulbecco’ s Modified Eagle’ s Medium) =]
9} fetal bovine serum (FBS)<2 Gibco (Grand Island, NY, USA)ol|A F43FH AL,
lipopolysaccharide (LPS, E. coli serotype 0111:B4)+ sigma (St. Louis, MO)
2HEH FYeAY. L6 AFES 3 enzyme-linked immunosorbent assay
(ELISA) kit+= R&D System (Minneapolis, MN, USA)ZH-E <3t T). Western
blotS 3%+ Antibody (IkB-a, phospho-NF-xB (p65), p38, ERK 1/2,
phospho-ERK 1/2, JNK 1/2 ¢} phospho-JNK 1/2)== X5 Cell Signaling
Technology (Beverly, MA, USA) =EHF¥ FYU3FaL, phospho-p38 <= BD
Biosciences (San Diego, USA)ZXH-E FY3IATE. BE AFS signasH9 A

ok AHgEHST.

4. AE =4 B7}

At A=Y HAS NIT assayEs o]&ste] AAsATE. AEsHAA thart
GAds MEE, AMEW mitochondria®l & F4 Eazbge oste] F8A49 =
A MTT [3-(4,5-dimethylthiaxol-2-y1)-2,5-dipheny!l tetrazolium bromide] &
SLAAA AT w= v 849 formazans FATh (Gerlier et al.,
1986; Liu, 1999).

RAW 264.7 A (1.5%10° cells/m)ol A&} LPS (1 ug/ml)S SA| Aglsta

7



A ZE Fob kg A7, A dS 9AS] A ASFAL dimethylsulfoxide (DMSO :
Sigma, MO, USA)E 500 W= 713t HAAES 243 &3A)17Z] F, microplate
reader (Amersham Pharmacia Biotech, NY, USA)E A}&3te] 540 nmol| A 3=

=
=

|\

st 7t Aol U@ B Y= 42 Tahdon, vxie §3

H
=

3} waste] B4 AEE B

5. Nitric oxide (NO) =A
RAW 264.7 ME (1.5%10° cells/ml) S 18A17F A wjeF 3 A =9} LPS (1 pug/
n)E Al Hzlste] 24A17F wlkalgl i, AAE NOE Griess AloFS o] &a}o]

Al R ol EA8k= NO, o FEl= SASAT. At 4S5 100 u

in 2.5% (v/v) phosphoric acid]l& &% T&3te] 10:23F 2244 A] BESA|
71 ¥ EBLISA readerE ©]&3lo] 540 mmolA SF=E SHUY. T2 %

& sodium nitrite (NaNO,)Z serial dilutiond}e] €ith (10-100 M)

6. Pro-inflammatory cytokines (IL-6)¢] A

Murine macrophage cell 1line?l RAW 264.7 A|3E (4.0X10° cells/ml) S 18A1 7+
A owjgstar Alge LPS (1 pg/ml)E SAIA 2 ofof 2447 wigsalnt. 244 1F
3 djek viAS AAIEE (12,000 rpm, 3 min) st Lol AbZoNo] [L-6 &k

[e)

=

W

|\

A3t %2 murine enzyme-linked immunosorbent assay (ELISA) kit
(R&D system, Inc, USA)E o]&3lo] A3t o™ standardol] ohsh E =49

r? k& 0.99 o]Aoldtt (Cho er al., 2000).

7. Western blot analysis



RAW 264.7A13F (5.0%<10° cells/ml) S 18A1ZF A wiekst 3 A=<} LPS (1
pg/m)E FA A eke] 24A17F wjFetqitt. AlEE PBS (phosphate buffered
saline)® 23] A& & 200 w02l lysis buffer [50 mM Tris-HCl (pH7.5), 150
mM NaCl, 1% Nonidet P-40, 2 mM EDTA, 1 mM EGTA, 1 mM NaVO;, 10 mM NaF, 1
mM dithiothreitol, 1 mM phenylmethylsulofonyl fluoride, 25 pg/m¢ aprotinin,
25 pg/mé leupeptinlE F7Fete] 4 TolA 30&~173F FoF lysisAlZl &
15,000 rpmel] A 1583 AAsto] Axe A& 55 AT did ses
BSA (bovine serum albumin)& 3<3}3}%] Bio-Rad Protein Assay Kit& A}&-3}
of AHZESATE. 20~30 gl lysateE 10~12% mini gel SDS-PAGE (Poly

Acrylamide Gel Electrophoresis)® WA #g]slo], ©]= PVDF membrane (BIO-

==

RAD, HC, USA)ell 200 V& 2A]ZF S<F transferdfAtt. 18]32 membrane®
blocking *1¥]+= 5% skim milk7} % TTBS (TBS+ 0.1% Tween 20) -8-<4of A
overnight s}k, iNOSe] & &S gRlstr] 913 &A=+ anti-mouse iNOS
(1:1000) (Santa-Cruz)& TIBS& 9ol 3]Aste] oAl 2417 AN &
TTBSZ 43 A3, 23} A 2% HRP (Horse Radish Peroxidase)”} 2%
anti-mouse I1gG (Vector Laboratiories, Burlingame, USA)E 1:5000°.=% 3]A3}
o] 2o 305 F wkSAZl & TIBS®E 43] A A3 t}t. [kB-a, phospho-NF-
kB (p65), p38, ERK 1/2, INK 1/2¢] 2d <& 2<lstr] 91k FAZ+= anti-
rabbit (1:1000)& TIBSE& ol 3]Asle] 4 CToll A overnightdtt). 22} A= +=
HRP7} A%HE anti-rabbit IgGE 1:50000.2 34 38}e] AFoA] 30 7t HES-A
720 %, TIBSZ 43] AAgc. whgo] k5 ¥ membranes ECL 7]Z  (Intron

Biotechnology, Inc, Korea)¥} 1% ZF Whg & X-ray &9 7HE3F ).

8. RNAEE)
RAW264. 7413 (5.0<10° cells/ml) S 18A17F A wjkstar A=< LPS (1 pg/ml)

9



= A Ay st 2447 Bl Yl Total RNA F=2 TRI-reagent (MRC,
Cincinnati, OH, USA)ZS o]&3}t}t. A 3ol TRI-reagentS H7}ste] 23} 3t
L, EREXEE Hrlste 94 e, AsdE SEs ¥ s olAa

I2PLE Hrtste] YA BEste] RNAZ HAA| 7)1 75%2] DEPC A2 ¥ o &t

il

2 MG T, AZAIFA DEPC A2lE FFFol =tk 260 nmoll A FF =
=3t RNAS A= 3193, A260/A280 nme] H]&©°] 1.6~1.8 HS U9 <

zH= RNAZS Ao ALg3slYtt. RE A3 S RNase-free §F ZfoA 2AAE9

9. cDNA ¥/ R RT-PCR

4 1g® total RNAZ oligo (dT)is primer®t mix3 70 C oA 5Smin ¥WHA|7 &
dNTP (0.5 pM), 1 unit RNase inhibitor, M-MulLV reverse transcriptase (20),
5X reaction buffer& Yl 25 T 5min, 37 C 60min, 70 C 15min ¥H& AlZ1

2. cDNA @A LS Tmprom-I11™ cDNA kit (Promega, WI, USA)S o] &3}

o

%_
o},

Polymerase chain reaction (PCR)S A ¥ cDNAZFE IL-6, iNOS, B-actin

32

ZZA717] ¢8ke] 3 w cDNA, 4 uMe] 5 ¥ 3’ primer, 10X PCR buffer

o

[100 mM Tris-HC1 (pH 8.3), 500 mM KCI, 20 mM MgCl, = Enhancer solution], 10
mM dNTPs (2.5 mM each), 25 mM MgCl,. i-Taq™ DNA polymerase (5 U/ut) (Intron
Biotechnology, Inc, Korea)E ¥l distilled water® X+ BFS 25 pl= 9
%11 Perkin-Elmer Thermal Cycler (Bio-rad, HC, USA)ZE o]&3}o] PCRS AlA|
st olu) PCR x2S 94 C/45%, 55~60 C/45%, 72 T/60%, 30% o],
PCRol ]3] AA®E 2HE2 1.0% agarose gelS o]&3te] 7|9d5S HAskaL,

ethidium bromide (EtBr)= @A 3ste] 54 bandE 213kt (Table 1).

10



Table 1. Primer sequences and the expected product size in RT-PCR analysis.

Fragment
Gene Primer sequences Size
(bp)
F 5 =COCTTCCGAAGTTTCTGGCAGC-3’
1NOS 496
R 5 -GGCTGTCAGACGCTCGTGGCTTTGG-3
F 5 -GTACTCCAGAAGACCAGAGG-3’
J1. ¢, 308
R 5 -TGCTGGTGACAACCACGGCC-3’
F 5 -GTGGGCCGCCCTAGGCACCAGG-3’
B-Actin 603

R 5 -GGAGGAAGAGGATGCGGCAGTG-3’

11




10. Transient transfection® luciferase assay

Az FHAA =95 93 transfections Gkt 940 RAV 264.7 AlEZ
2 96 well plated] 1.5X10° cells/mlZ 200 w0 AE=AA 18A17F vk &, &
o]l gle= viA ] 50 nge] NF-xB promoter—based luciferase reporter plasmid
(Panomics, Redwood City, CA, USA)¢} 10 ng®] Renilla luciferase reporter
plasmid (Promega, Madison, WI, USA)E TransFast'" transfection reagent
(Promega Madison, WI, USA)E ©o]&sto] UAIH SR transfectionst@lth. 1417k
WA 5 AT AR A FAL 24~30 AR TFF 9RSAIIT. 1%, LPS (1

we/m) e} FAF Ao CHCl; fraction® HFEHE A3 & A= HbS

o
il

o
AT, 9= wkS b 24X Z ZF lysateE PURlar Dual-Luciferase
Reporter Assay Kit (Promega Corp., Madison, WI, USA)S o]|&3le] =A 33Tt
Luciferase activity™ luminometer& ©]-§3}o] LPS H|A 2| ¥} v]usto] e}

ATt

11. BAAE
A A= o] o] HyZA el Aol HolEHE mean * standard error
(SE) #e= Yo, Ada Aol A4 F94d HAS student’ s t-

test A4S ARSI T

12



I11. 2 o

1. LPSZ A}=3F M XA FHA o FE28 2 2IE9 =4 7 2 3

i

[es]
=i

ol

a3
D 3HA4 d FEE 2 2] RAV 264.7 A X W& 4F

RAW 264.7 A (1.5X10° cells/m)el] B&= 2

N

L AlE (100 pg/me)
e LPS (1 pg/mb)E &A1 A efsto] 2417k vl ket 5 MIT assay W< ©o]-&3t
of ME FEES A8, A o £8E F hexane £ A thx
Hj3to] M E Aol oF 256 FhAadte] e Al =Ao] UErw oy YA EE

o= FAdo] YA &t (Figure 1).

2) FHA o FEE L EFE9 NO%t iNOS A \HIX & G
(1) Nitric Oxide A oA &7
HZ A 95 HBAHA FQ23 oSS s+ Ao =2 oA nitric oxide

(NO) Aol diste] Ffak o FE2= 3 £8=o] A= FFS A

/ml)& EA A ste] 2442 wiFskiek. A NOO] ¥ Griess AloF& ©

_

&8t Az wikdel EAet= NO, o FHl2 SAsY. 2 23 LIPS &5

g ol A 49.9 uM= NOZF #=F AAE A 0™ | hexane 3 &3 CHCl; &3 &9

i)

lo
tlo
|

ro,

A ZbzE 9 wME 7.9 uME LPSOll o) =¥ NO A o] FHAaEA

4 99, 28 hexane £ E9 NO A9 A= A EEA

lo,
rod
i)
&
u

=

AbmETh B, N0l ARt oA maE yERd L 28 e

off

)

(12.5, 25, 50, 100 pg/me)= A @|3te] 313t Ay, wroEH oz oA ay}

S Hom MxmAdE #zEA Gt (Figure 2).
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T mmNO —s—MrT | 120
60 = 5
1 100
)
50 =
%‘ 1 80 §
=40 3
=] [ -
: la &
2 a0 | £
g 2
=9 13
o 140 °F
r =
# 3
1w 120
0 1}
LPS (1 #g/me) - + s + + + + +
C.gree (100 p9/m) - - MeOH *Hex CHCL; EtQOAc BuDH H,O

Figure 1. Effect of crude extract and solvent fractions from C. grandis
Osbeck leaves on the nitric oxide (NO) production in RAW 264.7 cells. The
production of nitric oxide was assayed from culture medium of cells (1.5X
10° cells/me) stimulated with LPS (1 wg/ml) in the presence of C. grandis
leaves (100 pg/me). Cell viability was determined from the 24 hr culture
of cells stimulated with LPS (1 pg/m¢) in the presence of C. grandis
leaves. Data represent the mean = SE of triplicate experiments. #*p<0.05

#*p<(.01 versus LPS alone. *Hex: cytotoxicity

14



70 — 120

N0 —e—NMTT
60 " 4{ 100
50 5
1{ 80
2 40 -
P -]
g g
= 4 60 g
E] ¥ w
-]
= 30 é
<) {1 40 F
= 20 3
* =
o
o
8 j [ )
0 1 1 1 0
LPS (1 xo/ut) - + + + + +
Cgra-CHCL, (ra/ut) . 3 125 25 50 100

Figure 2. Effect of CHCls fraction from C. grandis Osbeck leaves on the
nitric oxide (NO) production in RAW 264.7 cells. The production of nitric
oxide was assayed culture medium of cells (1.5%10° cells/m¢) stimulated
with LPS (1 pg/ml) in the presence of C. grandis leaves CHCl; fraction
(12.5, 25, 50, 100 wpg/ml). Cell viability was determined from the 24 hr
culture of cells stimulated with LPS (1 pg/mé) in the presence of C.
grandis leaves. Data represent the mean + SE of triplicate experiments.

#p<0.05 #*p<0.01 versus LPS alone.
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(2) iNOS mRNA && ¥ protein level A&}
RAW 264.7 AE (1.5%10° cells/ml)o] W52 Al29 LPS (1 pg/ml)E FA
A slal 24A7F wjekEte] | GHA FEE L B & o3 iN0Se wE oA

AEE RT-PCR¥} western blot< E3ll &lal Hkrk. LPSol &l iNOSe 23

25, 50, 100 pg/me)= H#ste] 2Q1F Ay} B5F Tk SJEH o= AT

(Figure 3, 4).
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Figure 3. Effect of crude extract and solvent fractions from C. grandis
Osbeck leaves on the mRNA expression of iNOS in LPS-stimulated RAW 264.7
cells. RAW 264.7 cells (5.0%10° cells/m¢) were stimulated with LPS (1 ug/
ml) in the presence of C. grandis leaves for 24 hr. The mRNA expression of
iNOS was determined by RT-PCR. *Hex: cytotoxicity (Left panel). RAW 264.7
cells (5.0x10° cells/ml) were stimulated with LPS (1 ugm¢/) in the
presence of C. grandis leaves CHCl; fraction (12.5, 25, 50, 100 pg/ml) for

24 hr. The mRNA expression of iNOS was determined by RT-PCR (Right panel).
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LPS (1 #g/mé) . + + + + +
C.gra-CHC; (2/me) - - 125 25 50 100

NOS S — — e 130 kDa

poin | e | .-

100

oo

B8O

70

50

40

20

Density ratio (%o of control)

20

10

Figure 4. Effect of CHCl; fraction from C. grandis Osbeck leaves on the
protein level of iNOS in LPS-stimulated RAW 264.7 cells. RAW 264.7 cells
(5.0%10° cells/m¢) were stimulated with LPS (1 wg/ml) in the presence of
C. grandis leaves CHCls fraction (12.5, 25, 50, 100 pg/m¢) for 24 hr.
Whole-cell lysates (25 ug) were prepared and the protein level was
subjected to 10% SDS-PAGE, and expression of iNOS and PB-actin were

determined by western blotting. The -actin was a loading control.



3) FAA 4 FEE 2 BEEY L6 A vXE= I9F
(D IL-6 A I &

LPS= #}=3gk RAW 264.7 AMEZoA A== [L-69] thet T

Jo
2
Ko
e
=
@
g
o

o] A &S ELISA (enzyme-linked immunosorbent assay) W o= ZA}SHS
ok IL-69] AR IA HEE FAsH7] 98 RAW 264.7 AE (1.5%10°
cells/me)oll LPS (1 pg/m)$F BHAk Sl CHCl; 8 &S w5 (12.5, 25, 50,
100 pg/me) =2 Helste]l Fo1d Az, IL-69 HAS 100 ug/me sTOA <F

53.4% AAsA Tt (Figure 5).

(2) IL-6 mRNA 2& oA &=

ELISA ZA#}¢} Zo] cytokines®] mRNA LT AAS=AE A6 98+

RT-PCRZ A &3= &Asi3tt. T3k, B-acting &9 Yehlo] I =

19



70t *
60 |
s0 |
o
a0 |
0 |
20 |
10t
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IL-6 production (ng/mé)

Figure 5. Effect of CHCl; fraction from C. grandis Osbeck leaves on the
production level of IL-6 in LPS-stimulated RAW 264.7 cells. The production
of IL-6 were determined by ELISA methods from the medium of RAW 264.7
cells (3.5%10° cells/ml) were stimulated with LPS (1 ug/ml) in the
presence of C. grandis leaves CHCls fraction (12.5, 25, 50, 100 pg/ml).
Data represent the mean = SE of triplicate experiments. #p<0.05 #*#p<0.01

versus LPS alone.
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Figure 6. Effect of crude extract and solvent fractions from C. grandis
Osbeck leaves on the mRNA expression of IL-6 in LPS-stimulated RAW 264.7
cells. RAW 264.7 cells were stimulated with LPS (1 pg/m¢) in the presence
of C. grandis leaves for 24hr. The mRNA expression of IL-6 was determined
by RT-PCR. =*Hex: cytotoxicity (Left panel). RAW 264.7 cells (5.0%x10°
cells/ml) were stimulated with LPS (1 pxg/ml) in the presence of C. grandis
leaves CHCl; fraction (12.5, 25, 50, 100 pg/mé) for 24hr. The mRNA

expression of IL-6 was determined by RT-PCR (Right panel).

21



2. LPSE A58 diAARZAA FHA O EFEY T ZE7A

e]F-o] zk=o] gl& W NF-kB (Nuclear factor kB)i&= ©H& HARRIAIe}IE T =
A TkB (inhibitor kB)2} == Ak o] =24 Fel= Axdd =A%
Th. NF-xBi= p50, p52, p65, cRelso] Ads FH= EAst=d F= p6di-
p50 heterodimer®] NF-xB7} == #zHT. #v] &4 Aejo A= [kBe} A3
ez AxdE del] EAlstH LPSY Ve 2 kst &jF-at=o] oA
Mitogen-activated protein kinases (MAPKs)7} &/d3} =a1, IKK (Inhibitor x
B kinase) pathway® &3 [xB7F ®alE™dA NF-kB7} & &o=2 o]53}d]
promoter F9el Ajstel HAME FXIAIZIT. (Murakami et al., 2005;
Hambleton et al., 1995; Grossman et al., 2002; Ahn et al., 2005; Prabhu et
al., 2002; Pan et al., 1999; Chen et al., 1997).

MAPKs A d@AA= AE7F -9 St mE A=555 A 2
ARE Axd 2 AEY W= ddsts g HAst= AT A Aot
A FEo] A3+ MAPKsE extracellular signal-related kinase (ERK),
stress—activated protein kinase (SAPK/JNK), p38 MAPkinase -s©| 1t}. ERK:=
ChFeE AdAAR1AL, cytokinesell oldiA EAstE AL, W2 AlEA AlEZF
w3 FEste 7l15S WERATE. vkl INK9F p382 9<% frE cytokines,
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Activation of NF-KB and MAPKSs ] @

H“II | IIJ LII R § O O

SYopissm activation

0o o .m ..:

o s Phosphorylation of
degradation Nuclear translocator _." MAPKSs

-
-
»
"
-
»
.

wesedProduction of iNOS & TL-6...

¥ Nucleus

fl

yialYia ',f«"%

Transcription of INF-KB target gene

Figure 7. Overview of the pathway leading to NF-x B and MAPKs activation.
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A 9 CHCl; B3 E 23 IkB-a9 degradation A&}
AEE LPSE A=38S W AZd W9 [kB-ats 10858 #asy] Al#s)
of 20+ HU=E 7FAsa, 305F5FH tA] S7FsA T (Figure 8A). I AF
ol CHCl; ¥&&o] [kB-a degradation Ao Fa&FS F=x Felslr] 93}te]

LPS= A}=3k RAW 264.7 A¥ (degradationo] FH o= doji}i= 205 )] NF-kB

=]

= ARl PDIC (25 uM)} CHCl; £8=5 s=dE= Agsto] &3 A3,
PDTC A &]+-& LPS WE A evtol] vl [ kB-a 9 degradationg A8 O},
CHCl; 352 [PS @ A g0l Hls] [ kB-a 9 degradations & A|lA] ¥

Aoz Yept) (Figure 8B).

2) FA & CHCls

r-[m
&
lo
ok
=
e
s
o}
ik
o
2
2
fol
K

NF-k B2 &84S dAste AL AS5S JAste T8 28] Y. AXE
LPS2 2A=53191S o 10 ol NF-kBe 4bsi7k 7HE &ol 57 sila, A
A stz of A3 § B H tA] Frtete FAIE Bl (Figure 94). &
F Ak &l CHCL; 8 &Eo] NF-kBe| 14tst JAlo &S A &Us7] 9t
of LPSE #}=¢+ RAW 264.7 M2 (Q1Aksh7h & dojub= 10%)dl NF-kB &
A AT PDIC (25 uwM) 9} CHCl; 8 ES FEHE X ste] &Qlst A7, CHCl,
3 Eo] NF-xB Qatsls sx oFEH oz A3ttt (Figure 9B).

0S-0 2= NF-kBe Z2WE Ao s <ol 7] 93] luciferase assays

ST, NF-kBe] ZRREZF & FAAES RAV 264.7 AEo] dAHow

transfectiond 3 LPSYF &8RS o 15 A7+ Fo] NF-kBe] &Alo] 243
Zhstglom, o olFol gradhs AL sttt Figre 100). FH4 9

CHCl; =8l =0°] NF-kBe] Z=ZHEH Ao JFs T4 &R1st7] 93k RAW
264.7 AIXE NF-xBe Z2HH7} J& FHAAZ AAXHOZ transfectiondt

T LPS9F FfAF 9 CHCI3 #3ES w2 Ay dte] NF-kBe Z2RE &4



A AEE g, 1 A3, LPST = A7 sk A EoA] NF-xkBY &4
o] A Z7} &, CHCl; EEES A3 23 5% JFFHOE NF-xB9

IR Aol FoA AA A3 (Figure 10B).
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LPS (1 pg/mé) i + + + + + +
PDIC (ulM) - - 25 B = z
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B) m.a..-ﬂ-"'-ukna

Figure 8. Effect of CHCl; fraction from C. grandis Osbeck leaves on the

phosphorylation and degradation of IxB-a in LPS-stimulated RAW 264.7
cells. (A) RAW 264.7 cells (1.0<10° cells/ml) were stimulated with LPS (1
rg/m) for indicate times. Whole-cell lysate (25 ug) were prepared and the
protein level was subjected to 12% SDS-PAGE, and expression of [xB-a was
determined by western blotting. (B) RAW 264.7 cells were stimulated with
LPS (1 wg/ml) in the presence of C. grandis leaves CHCl; fraction (12.5,
25, 50, 100 wg/m¢) or PDIC (25 uM). Whole cell lysates (25 ug) were
prepared and the protein level was subjected to 10% SDS-PAGE, and

expression of IkB-a (20 min) and PB-actin were determined by western

blotting. PDTC: NF-kB inhibitor
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Time (min) 0 10 20 30 60
LPS (1 ug/me) - t % 4 ot

(A)  NF.KB p65) o — — | 65 kDa

B-actin | " TEEE— T e ——— | 12 kDa

LPS (1 g /m) - & - + + + +
FDIC (uld) - - 25 - - - -
C.gra-CHC, (i9/me) - 5 - 12.5 25 50 100

(B) NF-KB (p65) | wee— --“ - -_— s

P-actin | " T W T T T W {2 kD)

Figure 9. Effect of CHCl; fraction from C. grandis Osbeck leaves on the
phosphorylation of NF-xB in LPS-stimulated RAW 264.7 cells. (A) RAW 264.7
cells (1.0x10° cells/ml) were stimulated with LPS (1 ug/ml) for indicate
times. Whole-cell lysates (25 ug) were prepared and the protein level was
subjected to 10% SDS-PAGE, and expression of NF-xB was determined by
western blotting. (B) RAW 264.7 cells were stimulated with LPS (1 pg/me)
in the presence of C. grandis leaves CHCl; fraction (12.5, 25, 50, 100 pug/
ml) or PDTC (25 uM). Whole cell lysates (25 pug) were prepared and the
protein level was subjected to 10% SDS-PAGE, and expression of NF-«xB (10
min) and P-actin were determined by western blotting. PDTC: NF-«kB

inhibitor

27



0

300
g M g Al
£ m o .
§-§ g W
; o 150 Lé' g i 4k
E g
g =
= ]
g i
50 100
0 1 1 1 [I
LPS (leg/md) - + + + + LPS (lio/mé) - + + + . + +
Time (hr) - 1 @ 15 M4 CoraCHCL (poiut) - - I2s 3 s 75 1m0

Figure 10. Effect of CHCls fraction from C. grandis leaves on the activation
of NF-kB in LPS stimulated RAW 264.7 cells. RAW 264.7 cells (1.5%10°
cells/mb) were transiently cotransfected with NF-xB promoter—based
luciferase reporter plasmid (pNF-xB-Luc) and Renilla luciferase reporter
plasmid (pRL-null) as internal control for 24 hr. Then the cells were
stimulated with LPS (1 #8/m¢) for time course (Left panel). RAW 264.7
cells (1.5%10° cells/m) were transiently cotransfected with NF-«B
promoter-based luciferase reporter plasmid (pNF-xB-Luc) and Renilla
luciferase reporter plasmid (pRL-null) as internal control for 24 hr. Then
the cells were stimulated with LPS (1 #g/m) in the presence of CHCI3
fraction of C. grandis leaves for 15 hr. The luciferase activity was
measured and data were normalized to Renilla luciferase expression (Right
panel). Data represent the mean =+ SE of triplicate experiments.

#p<0. 05, #*p<0.01 versus LPS alone.
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3) FHA A CHCl; BB &0 23 MAPKs (ERK, JNK, p38)@4 J#l &z}

Mitogen-activated protein kinase (MAPK)®l| <3} ERK 1/2, JNK 1/2, p38<
LPSE 2t=d dAAME 27] A5 A= 5 stvoltt (Ronald et al., 2006).
wpebA], FHAE el CHCL; 8 Eo] MAPKsE A8t d5AAE59 A4S A
3h=A] western blotS E38] 91 &tk RAW 264.7 Al (1.0%<10° cells/ml)
£ LPS (1 pg/m)2 A=38FAS u] ERKE 15~20%, JNKE 20~30% 1|3l p38
1550 a3z A2 F71skdth (Figure 11A, 12A, 13A). B+AF 2 CHCIy
8 Eo] MAPKs®e] <14ts) oAlo] s F=A FAshy] ko] LPSE #A=3
RAW 264.7 M (AAst7E Hol= dojub= ZHzhe] Ajxh)ell ERK S AAIQ]
PD98059 (50 uM), INK o AIAI$1 SP600125 (50 uM), p38 JA1AI<l SB203580 (25
u) I CHCl; &S »%W (12.5, 25, 50, 100 ug/m)E A2lste] A= &
AskATh. FrAk o CHCL: 8 &S s2H= AE|g A3 ERK, JNK, p38e] <l

A7 B sx o9& o7 oA vt (Figure 11B, 12B, 13B).
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Figure 11. Effect of CHCls fraction from C. grandis Osbeck leaves on the
activation of ERK 1/2 in LPS stimulated RAW 264.7 cells. (A) RAW 264.7
cells (1.0x10° cells/ml) were stimulated with LPS (1 ug/ml) for indicate
times. (B) RAW 264.7 cells (1.0<10° cells/ml) were stimulated with LPS (1
weg/ml) in the presence of C. grandis leaves (12.5, 25, 50, 100 xg/ml) or
PD98059 (50 uM) for 15 minutes. Whole-cell lysate (25 ug) were prepared
and the protein level was subjected to 10% SDS-PAGE, and expression of
phospho-ERK and ERK were determined by western blotting. PD98059: ERK

inhibitor
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Figure 12. Effect of CHCl; fraction from C. grandis Osbeck leaves on the

activation of JNK 1/2 in LPS stimulated RAW 264.7 cells. (A) RAW 264.7

cells (1.0x10° cells/ml) were stimulated with LPS (1 wxg/ml) for indicate

times. (B) RAW 264.7 cells (1.0x10° cells/ml) were stimulated with LPS (1

weg/ml) in the presence of C. grandis leaves (12.5, 25, 50, 100 pg/mé) or

SP600125 (50 uM) for 30 minutes. Whole-cell lysate (25 pg) were prepared

and the protein level was subjected to 10% SDS-PAGE, and expression of

phospho—-JNK and JNK were determined by western blotting. SP600125: JNK

inhibitor
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Figure 13. Effect of CHCl; fraction from C. grandis Osbeck leaves on the
activation of p38 in LPS stimulated RAW 264.7 cells. (A) RAW 264.7 cells
(1.0x10° cells/ml) were stimulated with LPS (1 pg/mé) for indicate times.
(B) RAW 264.7 cells (1.0x10° cells/m¢) were stimulated with LPS (1 wg/m()
in the presence of C. grandis leaves (12.5, 25, 50, 100 xg/ml) or SB203580
(25 uM) for 15 minutes. Whole-cell lysate (25 ug) were prepared and the
protein level was subjected to 10% SDS-PAGE, and expression of

phospho—p38 and p38 were determined by western blotting. SB203580: p38

inhibitor
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Peak Name | RT Area | % Area | Height | Amount | Units

nobiletin | 74.490 | 2416468 | 100.00 | 176314 | 0.100 | mg/mi

Injection Volume:  10.00 ul
Run Time: 100.0 Minutes

Figure 14. Structure and HPLC chromatogram of nobiletin.

34




(&) C. grandis leaves

MeoH CHCl, FtOAc BuOH

&
i
B

s \

- LY '.4'\! “'Jillll

B) — Nohiletin 0.1
0.18

[ — Leaves-CHCL

T4-480
— C

016

0.14

AU

Minutes

Figure 15. HPLC chromatogram of C. grandis leaves.

H,0

(A) The

HPLC

chromatogram of C. grandis leaves. (B) The merge of HPLC chromatogram of

nobiletin and C. grandis leaves CHCl3 fraction.
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AT= A 729 skl B2 (Citrus grandis Osbeck): $-2]vhelel A
= AFE AT AAstE AEFE (Lim et al, 2002) v s3d=

o (Rhyu et al, 2002) H&, 9

;2

neohesperidin® naringin < $3Fal
2 vl kel ks, AddS gl #e Bis ASHA o (Lee et al,
2006, Lim et al, 2006) -2 oJwst 43 7| dS 7HAaL dex] Bad vt
gith. ool & Aol e AFEAAAN AuiHs FHA A FEERHEH A A

FoA d=mreo =93 AR ez N9 1L-69 A&
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NF-k B VAPKs®] &4 SAste] B/A Qo d59A 287148 Hi,

A M ES LPSe S TIR g7t=s x=A1 7] A EW downstream signal?l
NF-x B} MAPKs7F &4 3= o] NOEE L6822 F5A4 AAES #H|sta, o]y
o 2go HY WG o] dojuyA HT}t (Ronald et al., 2006). whe}A]
RAW 264.7 A£E LPS (1 pg/m)= A=stS W, DA o] NO9F IL-6%2-
A8 JAAES A=A gls Byg. diA d FEEY F¥E F

o] AlE574 gflo]l Noof A& Al Ao, sz A

g
()]
=]
=
=
&
w
=
o8]

wm

wm

o8]

<

it
offt
)
da
r o
(s
iy,
=
()]
o)
=
g
Jo
i
©
=
(o))
=
=z
=
1o
i3
e
o
12

—
nv)
m
rir
=
ay
I
=
o
S
=
ay
[0)e]
)
=2
o
=
7
=
oo
i)
=
=
v
=3
~
S
=
—
=
o
<o
&0
N—
mlm
oZ:
oty
>,
Y
a4
o|X
oX,

36



o1xE AA ST (Hambleton et al., 1995 ). NF-xB (Nuclear factor kB)i I
kB (inhibitor kB)2} EEl= At o8 =84 ez Axdd A s,
T2 p65-p50 heterodimer @] NF-kB7} = #z-HETH, v A AEloAd = 1kB
oF Agtd AEE Alxd ol S48k LPSH UWedt 22 thefet o F-ak=4
)34 IKK (Inhibitor kB kinase) pathwayS &3l [xB7} F3j% ™A NF-kB
7h & £0= o]F3le] promoter Tl Agete] AT JAES AAFS FXIA
21tk (Ahn et al., 2005). o]e} ##HS|A, LPSZE Z}=r3+ RAW 264.7 A3z A A
A= NO9k IL-6e et B2k 9 CHCl; &= AAEI7F NF-kBe| &4
Ao thdF A A] western blot¥} luciferase assayE T3l Qlste] Bk
o2 A, A 9 CHCly &8 &o] AEZAW NF-kBe| Ql4kste}h 3 djol A
AR ZA o] 28-S A= S 18It AR [kBad]
degradation°ll = &S T4 ¥+ A= IAHATY. o]eld AdE 2okt
Ak & CHCl; 2380 95 dAe] WS AAsteE A2 NF-kBe <Qlaksl

A9t & W promoter2A 9] Z&L o3 Aujolw, o] AL [kB-ao AR

|

o} #AGle] st Fo] NF-kBE oAld A3 = AlmE ).

o]2]o| %= murine macrophage RAW 264.7 A3} 2 A M XA pro-
inflammatory mediator] 2§48 MAPKs pathwayS S8 o]Fo] At U4
7 At (Lee et al., 2008). JNK} p38 AlAlE AelatA= wf LPSell o3
EH= NO, INF-a<b IL-1B 9 /o] A= Aal(Kwak et al., 2005), ERK7}
SolA oz L6849 A #oAgtta RuEATE (Ghazizadeh et al.,
2007). ol#dt Azel ko], FiAk ol CHCls E23=°] MAPKs <Q14bstel] 3t
of gfo] NO°F IL-69] Ad= AAlst== &<letr] #lste], LPS® A=3%F RAW

264.7 M3 FFA & CHCls &8 =

o

glsle] &lst Ax}, ERK1/2, JNK1/2
2} p38 EFE gyH o w AASE Y. webA, CHCl; 3 E-o] ERKe <l2kst=
AR5t 1L-6 S AL, INKF p38e] ¢1AsE A ste] NOAA S 74
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