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Abstract — We investigated the anti-inflammatory activities of unripe fruit of Cifrus grandis Osbeck growing at Jeju Island,
through the evaluation of their inhibitory effect on the production of inflammatory markers (IL-6, iNOS, COX, TARC and
MDC) in RAW264.7 murine macrophage cells and HaCaT human keratinocyte cells. Among the sequential solvent fractions
obtained from crude extract, hexane and chloroform (CHCL,) fractions showed potential inhibitory activity on the mRNA
expressions of IL-6, iNOS and COX-2 at the concentration of 100 pg/m/ in RAW264.7 cells. Also, EtOAc fraction showed
inhibitory activity on the thymus and activation-regulated chemokine (TARC)/CCL17 and macrophage-derived chemokine
(MDC)/CCL22 at the concentration of 50 pug/m/ in HaCaT cells. These results suggest that the unripe fruit of C. grandis may
have anti-inflammatory activity through the suppression of inflammatory markers (IL-6, iNOS, COX, TARC and MDC).
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Cyclooxygenase (COX)< arachidonic acidE prosta-
glandins (PGs)Z A&3= §42 COX-17 COX-2& &
FES COX-12 Aol Pate) 84, HuE, Al
A7V fA 5 AAAA A7) E 28, CoX-
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(PGE,)= H59He, WdWhg, 18]35 angiogenesisE &
Feh= 5 Aoz Zof Fof3ial e Aoz A
=

ARIINE g TR BT o) BdskE =
Aoz Al E7RISY ¢ 2507 xFoRe] HFAE]
g 2290 M2 APAR Thid Th AEE A
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ABEE - AFTodA AvEx e B vsIE
8ol At A7xE T b RI7IE Zof miAE=
3ttt wAEE AR (84.98 2)E 80% methanol (MeOH)E
28] Wt & F AFse] Ay wEIt g FAA
th. 7]ellA 22 MeOH F25& (3447 g2 ATH 52 %
ol 251 hexane &8 (0.46 g), chloroform 8 (0.88 g),
ethylacetate (EtOAc) &8 (2.30 g), butanol (n-BuOH) &
(15.17 ), 1,0 B8 (1557 9% Yol AN AR5
t} (Scheme 1).

MIZ U Al — Murine macrophage cell line?] RAW264.7
AN ZE KCLB (Korean Cell Line Bank)Z 58 2% who}
uj9F3}53 2, Dr. M. J. Cho (Cheju National University,
Korea)2 58 M H YA M| 2] HaCaT A EE
oF kol 100 units/m/ penicillin-streptomycin® 10% fetal
bovine serum (FBS)®| 3% DMEM WA & A-&-3t
37°C, 5% CO, F2719A] vjgsll o, 3~490) ¥
Aty Bk 2|38kt Lipopoly-saccharide (LPS, E. coli

Dried Citrus grandis Osbeck powder ( 84.98 g)

A

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

80% MeO.

H Ext.
( 3447 ¢)

suspended with water(1L)

Extraction

Extraction Extraction
with hexane(1:1) with CHCI3(1:1)

! with EtOAc(1:1)

Extraction
with n-butanol(1:1)

hexane fr.
( 04557 ¢g)

CHCI3 fr.
( 0.8824¢g)

EtOAc fr.
( 2.2985¢)

BuOH fr.
( 15.1671 g)

H,0 fr.
(15.5660 g)

Scheme 1. Systematic purification using solvent partitioning from Citrus grandis Osbeck.
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serotype 0111:B4)E SigmaZHE] 1+YU3le] ALg-3lgom,
interferon-y (mIFN-y, recombinant E. coli)$} human
interferon-y (hIFN-y, recombinant E. coli}Z Roche =5 ¥
TU3t A ARSI

MESMEIL - RAW264.7 AE (1.5 x 10° cells/m)E 18
AZE A s Al ket LPS (1 pgm)E A A2
Shod 24217k W ¥k &, 3-(4,5-dimehtylthiazol)-2,5-
diphenyltetrazolium bromide (MTT, Sigma) 100 pg2
7¥8laL 4x 7t Bt o vikEt ). PlateE 1000 rpmoiiA]
1027 SAE L 242387 MAE AAT OG-8,
dimethylsulfoxide (DMSO, Sigma) 150 u/Z 713} MTT<]
kol of3l AAdE formazan FHEL €)X & micro-
plate readerE AH8-31%d 540 nmollA E2=E =459}
Z} A8l e B FEE 3e Felsen, e
FRE W vast RIS 2ANEI.

HaCaT A E (5.0x 10° cells/m/yS FBS7} T3=x ge
DMEM HjA]ol A1E 2FE} IFNy (10 ng/m)E $A] 22)s}
of 24774 Wik 3 3 g wiAE do] 3,000 rpmell A 5E-
AalEE] sttt LDH #4-8 Non-Radioactive Cytotoxicity
Assay kit (promega, USAYE ©]-83led 233501 96 well
platedl] A4 E2]dte] A2 vl viR] 50 piet reconstituted
substrate mixE 50 pE Wi, AoA 308 wkeA7l &
50 w9l stop solution2 ¥o] 490 nmelX FFE=E =H3}
At ZF Ag2o) s Bd FHE e Faien, o
= (LDH control, 1:5000)%] &-3% k3t vl wale] Al
42 Brkstart.

Nitric oxide £& - RAW264.7 Al Zof| th3le] DMEM
A& o] &3t 1.5x10° cellym/Z 2 A3 5 24 well
plate ol HE33, AIFEZS LPS (1 pgmhE 53k A
28 MRS FAO] Agste 2447 v gEiginh. A E
NO2| F& Griess A2k 0831 A EujFl o EA)
3= NO, 9] FE2 &793130c). AZuld 5t 100 pot
Griessl 2F [1% (w/v) sulfani-lamide, 0.1% (w/v) naphyl-
ethylenediamine in 2.5% (v/v) phosphoric acid] 100 /S
S3sld 96 well platesellA 102 F<F ¥R3-A)7] 3 ELISA
readerg ©|&-38}] 540 nmelX FF=E 240 I
&% F42 sodium nitrite (NaNO,)Z serial dilution(¢14;
BlAdysted AATH (1-100 uM).

Immunoblotting - RAW264.7 Al £ (1.0 x 10° cells/m/)
1877t A v ds 3k, LPS (1 pg/ml)/TFN=y (50 U/ml)
A& FALAIE (50 pg/mhE FA A elste] A wjok
F T 270X 24717F B vl g W] B
, AI3-E 2~33] PBS (Phosphate Buffered Saline)Z A%
300 p2] lysis buffers 7F, 308-~1A17R5<} Iysis A1Z1
FAEE (15,000 rpm, 15 min)sla] AET & 58 A
SIStk @A T BSA (bovine serum albumin}e ¥

o o bt U afu

X
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313l Bio-Rad Protein assay kitS AM&-3td 3T},
20~30 ug®| lysateS 8% mini gel SDS-PAGE (poly acry-
lamide gel electrophoresis)Z A £2]3}e], o] & PVDF
membrane (BIO-RAD)9| 200 mAE 2417} &<t transferst
AT}, 28]7 membrane®] blockingS 5% skin milk7} g5
E TTBS (TBS+0.1% Tween 20) -&2follx] A4 24]
ZHE<t AAIEATE INOSY] HE S 243 Y4 13+
A ZA] anti-mouse iNOS (Santa-Cruz)E TTBS & ollA
314 (1:1000)8F el 2417F ¥E3A1] § TTBSE 3
3] A3, 22 FAZ= HRP (horse radish peroxidase)
7} A3€ anti-mouse IgG (Amersham Co.)E 1:50002.2
3|4 5le] A2ellA 3087 vHEAIZ &, TTBSZE 43] AlA
3l ECL 712 (Amersham Co.)#} 1327t & 5 X-ray ¥
ol Z=gsisih.

RNA £2| ¥ RT-PCR - RAW264.7 Al £ (1.5 x 10°
cells/mlyE 18 A7 2 w8l Ald =3} LPS (1 pg/ml)
£ 5 AEsk] 2447+ wjkslal, HaCaT AE (5.0x 10°
cellsym/yE FBS7} E3HA] &2 DMEM x| o] A& oF
EF [FN-y (10 ng/mDE FA] 223k 2447 wljf 3+ &
total RNA F&-& TRI-reagent MRC)E ©]-&-3}] 2]}
Fom = AFS RNase-freedt X7 sloljx] o)FojAL),

cDNA §3-8 Improm-II"™ ¢DNA kit (Promega)Z ©]-&
34, 1 pg9] total RNAE oligo(dT), primer, NTP (0.5
uM), 1 unit RNase inhibitor 2] 3 M-MuLV reverse tran-
scriptase 2 U)Y2 70°C 5 min, 25°C 5 min, 37°C 60 min, =2
2]3L 70°ColA 15 min heating AP0 2A ¥R ZXAH
t}. Polymerase chain reaction (PCR)Z 2 p/ cDNA, 4 uM
9] 5'37} 3' primer, 10x buffer (10 mM Tris-HCI, pH 8.3,
50 mM KClI, 0.1% Triton X-100), 250 uM dNTP, 25 mM
MgCl,, 1 unit Taq polymerase (Promega, USA)E 4131
distilled water2 & 25 p/2 %% S Perkin-Elmer
Thermal CyclerE ©]-§-3t PCRE &A1}t o]l PCR
Z7E 94/45%, 55~58/45%, 72/60% 303]°]9, PCRe] 2]
slo] AAE AHES 1.2% agarose gelol|A] A7|F5S A4
33 ethidium bromide® FA5kd 54 bandS ER15KT).

dx o nF

MZ SMof| 0jx= Y& - RAW264.7 A E (1.5x 10°
cells/mlell A& k=3 LPS (1 pg/m)E FA] A28l 24
Al H e &, MTT assay WS o]83le] ME P28
= G 4, BE EHENA FAo] YRR et
(Fig. 1-a).

LDHE Z& MXeo AEF ot EAdle A2 A
pyruvic acid®} lactic acid 7+9] 7197 A3l Hojsle] &
v Z-8-& 310, LDHE W23 Z3Fo] vl ) o &
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Fig. 1. Inhibitory effect of crude extract and solvent fractions
of C. grandis on the nitric oxide production and iNOS
expression in RAW264.7 cells. (a) The production of nitric
oxide was assayed from culture medium of cells stimulated
with LPS (1 pg/m/) in the presence of C. grandis (100 ug/ml).
Cell viability was determined using MTT method. (b) The
mRNA expression of iNOS was determined from the 24 hr
culture of cells stimulated with LPS (1 ug/m/) in the presence
of C. grandis (100 pug/m/). (¢) The protein level of iINOS was
determined from the 24 hr culture of cells stimulated with LPS
(1 pg/ml) in the presence of C. grandis (100 ug/mi).
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BollA s T3t st 30% o3tz 54
ERf A= @A (Fig. 5).
Nitric oxide 4N 3} - &G44 F shujoln, F
< 95 Fidl 8% Qlﬂ“%ka‘ k= A2 ¢EA nitric
ox1de (NO) A7gol| thgh Ak vl -ir‘ﬁ%ﬂ e
ol ot} AAE NO < Grless Ajeke- ojg-ste] Al
Gl Foll EAs= NO,- -4 FHE %‘Xgﬁ}‘}iq’. AAA
hexane 8 & % chloroform Y2 ezl LPS &
Aol vls] 22 NO A4 AAEHRE A3 F 3
AT} (Fig. 1-a).

o

U

iINOS W0l OjXlE W& - INOSE Hiole Al U]
off EAsA] ot At FEEE TSt T nitric
oxide (NOYE AJ4dsh, A4 NOE W]l a8,
AEEA, 2283 S3h 2 AR fET 8-S e
Aok 28a, G3dElelA iNOSel ofF AAE NoE #
o T, BE 5o GENkeg A B o &

‘S‘HH7HXﬂ"] ARG FZ5t] G55 A= e
gdEA Yok
RAW264.7 A2l LPS (1 pg/m)E AH&-3ked iNOS2| A
AL Frst 3 FHAF vEate] 28 mRNA expression
xﬁsﬂﬁzg RT-PCRE 53l dopugirt. LPSel <J3] iNOS
= A3 Frrsta e, BaA EEES A 43
hexane =853} chloroform &8 & ] INOS2] mRNA%H
He 7P AT (Fig. 1-b). B3, LPS (1 pg/ml) 2
INF-y (50 Umlyg AH&-3te] @iz %}'ﬁon gk A =
= immu.noblo‘ctingJl Za Lottt} 2 A vl 4
F A% hexane ¥ chloroform £&E°] LPS ¥ IFN-y "/]'
= Ayl vls] Aet 9A aA4E JeRiATE (Fig. 1-0).
o]243t A= N0 A4 A7} INOS 28 A &3
Zo2 oAAZIT
COX-2 HF%:IOH 0|Xl= Pk - T 9% oA FEE
o 287172 prostagladin 44 A E YERNH o]l=
COX-29] 473 ¥ &dAsHel <3t Aoltt. COXi= COX-
13} COX-22 o] A=t vheFsh AlaellM ZHt t&
d 7S YeRdth COX-12 ¢ ¥ A147159 74,
A%e] gAo] B Q3 prostagladin®] Tl 2H8-3HH,
H o2 COX-2& FEolvt 7] dewhe F-9olA
AP weby COX-200 I3 prostaglading] 3
Z0r2-5 m7shs ZAoE o AR RAW264.7 Al3Zol| LPS
(1 uyg/m)E A= FiL FHA F2aS st I
A7}, hexane B2l 78l oA a3= ¥$9H, chloro-
form &8 Eo|AM= oFst A B8 BT} (Fig. 2).
Interleukin-6 2444 0f| O|X|= W& — Pro-inflammatory
cytokineS! IL-6% in vivo & in virroo| A A2 AT A-g-0]
UE Aoz LA o, 95 TS dodle= st ¢
AhA AAAETE RAW264.7 A XE0) LPS (1 ng/mlyat B

02 02 o2 nf T
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C.gra (106 png/ut) - - MeOH  hexane CHCI3 EtOAc¢ BuOH  H,0
COX-2 696bp
B-actin 603bp
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Fig. 2. Inhlbltory effect of crude extract and solvent fractions of
C. grandis on the mRNA expression of COX-2 in RAW264.7
cells. The mRNA expression of COX-2 was determined from
the 24 hr culture of cells stimulated with LPS (1 pg/m/) in the
presence of C. grandis (100 pg/mi),

Density ratio

LPS (1 ug/nt) - + + + + + + + -
C.gra (100 ug/mf) MeOH hexane CHCB3 EtOAc BuOH H,0

603 bp

Density ratio

[

Fig. 3. Inh1b1tory effect of crude extract and solvent fractions
of C. grandis on the mRNA expression of IL-6 in RAW?264.7
cells. The mRNA expression of IL-6 was determined from the
24 br culture of cells stimulated with LPS (1 pg/m/) in the
presence of C. grandis (100 pg/mi).

2 FEES Ask IL-6 A0 g oA E3E =4}
AT FHA FEES AT 27 hexane EYE
chloroform £&ElA 7het 4 a5 BTh (Fig. 3).

TARC % MDC ¥4dof OjRj= 8 - 42N FE=
TRIFSE Al E1Q1 (cytokine)t HIE -HXH22} (cell adhesion
molecule : CAM)E 53X T 3= 435 28-S 23}
SECE 7P7<] Y5 Fgo] HY ukgo) FoalA i o]
23 §h8-2 T FZTollx] Fulsle PNy 59| 934 A}
o|EFRIA oJair EXslEH, A IFN<w7F 22 B M E

oA B4 AR ¥zl TARC ¥ MDC 23S &7}

AlFle ez BaEdnk > wuye 7-}7"6“4 AEA
HaCaT AlZo)| TFN-y (10 ng/m)2 ARIKRIS S50, &
2} ]'—‘F-"}' FEES AP A, EtOAc ﬁ—Q%"ﬂ’ﬂ
TARC 2¥g 9A43) JHMNALH (Fig. 4-2), MDC &
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IFN-y (10 ng/né) - + + + + + + +
C.gra (50 pg/ml) - - MeOH  hexane CHCI3 EtOA¢ BuOH H,0
TARC e — — —— — 351bp
B-aciin 588bp
100 -
N
2
g 80
£
g 0
60
1 2 3 4 5 [ 7 8
(@)
IFN-y (10 ng/mé) - + + + + + + +
C.gra (50 ug/nt) - - MeOH  hexane CHC13 FtOAc¢ BuwOH H,0

80

50 .II II .Il
1 2 3 4 5 6 7 8

Fig. 4. Inhibitory effect of crude extract and solvent fractions
of C. grandis on the mRNA expression of TARC and MDC in
HaCaT cells. The mRNA expression of TARC and MDC were
determined from the 24 hr culture of cells stimulated with
IFN-y (10 ng/m/) in the presence of C. grandis (50 pg/ml).
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|
20 ; . . . - . .
0 . . ) . .

Positive medium medium MeOH hexane CHCI3 EtOAc BuOH H,0
control IEN-y (10 ng/mé)

Fig. 5. Cytotoxicity effect of crude extract and solvent fractions
of C. grandis on the LDH release in HaCaT cells. The activity
of LDH in the medium was determined from the 24 br culture
of cells stimulated with IFN-y (10 ng/m/) in the presence of C.
grandis (50 pg/m/). Values are the mean+ SEM of triplicate
experiments,

A= 3 oA LS At Fig. 4-b).
9] daollA 2 F2EF (MeOH ext)lA F3A4 <A

off thgt oA AL gilor), & FEHEETE] UL hexane,

chloroform #3&4} IL-6, INOS 28] COX-29) W3
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