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Anti-inflammatory Effect of Extracts from Folk Plants in Ulleung Island
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Abstract - We investigated the effect of extracts(50 pg/mL) from 31 folk plants in Ulleung Island on nitric oxide(NO)
production in lipopolysaccharide (LPS)-stimulated RAW264.7 cells. Actinidia arguta(leaf, twig), Hovenia dulcis(leaf),
Camellia japonica(leaf, twig), Sambucus sieboldiana var. pendula(leaf, twig) and Fallopia sachalinensis(root) showed
significant NO inhibition activity(42%~88% NO inhibition rate). Of them, we selected 3 samples(4. arguta, H. dulcis and
C. japonica) showing more than 50% NO inhibition activity and little effect on cell viability. We found that the extracts
suppressed the NO and prostaglandin Ex(PGE;) produced by LPS-activated RAW264.7 cells in dose-dependent manners.
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Moo 754 4AE Bk Zo) Was Aol 7154 &
of G Ul TISER Gt 1 F 9EoR st
2 A7 2o Ao ARG dg ABAY  HHE o) mE AR o BHS E 99UE 44 4T
2 7loR Sgel WaAE) ek POl WXET  ® @ RS A4S A}
e}, 53] 2010 Y& vpazopellA] Zi2E BEThHdE s e dolut Alatel o= Qs &4 =
oFo Al ARt SR A Y] T B ofolRufof et Ao gk A 2219] a2 Wojuk-goltt, dF W]
UaLope| g A 7E e = 5, AEAAS kL, vot dojuh of2] 7HA] GRSl THEolA H o=
7F HIEAEY] f-84 BS EE A4 EY] daE ) sty B, wd, SNl BF Y 7l 4 59 S0l
o] AAls] D3t AAo ) oo Bot o] Af= A Ueldth(Sarkar and Fisher, 2006; Fierro and Serhan,
% B R, AT R 9 S3E, APLE WE, 200 Park et al, 2007). GAHEE S50 GAH &
ZUE 3, ZUE 3 5 T HololX UsAZ o] Aot ol of2] ERe] 47 Wgef WofhE R0 U
£ ARE 3 9 g2 tH(Choi et al,, 2010; Chung A Q)0 nitric oxide(NO), prostaglandin Eq(PGE;),

et al, 2010; Chung et al, 2011; Im et al, 2011; A=A cytokine 5& HH|SFCH(Higuchi et al, 1990),
Jeong et al, 2012; Kim et al, 2012), W2}A o]& &-& 0] 2 NO+= NO synthase(NOS)9|| 93} L—arginine® &
A AR 9 ooyl By BB 4 Y Be AYE Sud) get AT 4544l F08 48

L 7| = Sl HlEEAES 4o7)7|% Stk (Moncada et

> /., 1991; Nath d Xie, 1994), NOS+ endothelial
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NOS(eNOS), neuronal NOS(nNOS), inducible NOS
(iNOS)7} Ql=t] ©]F eNOS, nNOSE Z+o] H= 9&
Hol 1 Aol gt M| ofl FARRLZ AAHo|o
A% WY B INOSE Zrasof Adgle] A5t
Sl ofal X147121 cie Aol FEBH AFGol
7] 68tch(Lowensterin and Snyder, 1992). iNOS+= ¥4t
Aoz Aol F5A cytokine A=l ofs =k
o] E3] Lipopolysaccharide(LPS) E+= Allw2] lipopep—
tide® Al ) F28] ARl F7oHs AOR U
QltH(Sunyer et al, 1997). Prostaglandina arachidonic
acidZHE cyclooxygenase(COX) 2] Z-g-of 2J3) sHA] ]
o] AW M-S FXTHKim er al, 2004),
COX+ isoform¢l COX-13} COX-27} Ql&d COX-1&
FENA EEste] S B A Vlexdat &
2 A Aol Boshe, COX-2% HEolu oxidative
stress, 7]Bt W BHE-A] mitogeno|t} cytokined] J5}
o] AlZuf o] F7ketth(Kwon, 2001), COX &/do] 9
g F8 AHEE PGE=, d5Eeh Adeds, 94
Zgto] Hejojd Faqt HTS tHChou er al, 2003). A
SHESOIA o] S7he= tHEA]Q] pro—inflammatory
cytokine2 tumor necrosis factor(TNF)—a, interleukin
(IL)-1B, IL-6 5ol Slom, tAAE 52 ol5s &H|
sto] theket A5 WSS mi7liEkn] NO%F PGE A<
=3t (McDaniel et al,, 1996).

weba] 2 Ao A Choi et al (2010)0] &) HiE
o= USAES e 7164 2415 wastal o5
Zg5t7] flol 5= WUEAE FEEE LPSo| o3 &
/d3HEl RAW 264,7 thAAsEo|A S BAS HAs)H
A, 4% IEE AEske] NO W PGE, A%l vlxl=
%

ake 2ARBHAT

A=

&2 A 25 USAER 24 E 10987+ 5 31
e Akl Askth(Table 1), A4 2729
AR YRS 20119 487E 11714 F 82| 2
A &5 MY Heke] Agw, ek, IFuE, 54U o
2], AR AE, 255 5 SOl sdsiden, &
AFEL SHeEY TEWKD) | Hasko AeAe

Bz A2 9 Adabg s A 5 2t 4870) A
NRE gustgn AxE ARt B 5 A At

AzE AEAE 24ste], 44 100 gol 80%
MeOH 500 mL< 7ksto] 24Xt -2 A &5k, 5
Z52 ADVANTEC paper(No. 6, ADVANTEC Co.,
Ltd., Tokyo, Japan)2 o|i}st¢itt, 9] 1785 33] Hhe
AAsHh olitE FEES AdESTIOA 5%
T2 1Azt AEZ ARSIt

Alszujd R A2

Aol AREE mhe-2 AN ES RAW264.7 A=
Korean Cell Line Bank(KCLB) 2 5 & HoFdrol ARE-51%
o, AMEZujFE sl 10% fetal bovine serum(FBS,
Lonza), 100 U/mL penicillin(Lonza), 100 mg/mL strep—
tomycin(Lonza)& 353t dulbecco’'s Modified Eagle's
Medium(DMEM, Lonza, Walkersville, MD, USA) %]
E AMEE 5% COy7)F E3E= incubatoroA 37CE
wjerstitt A2 20 mg/mL(50% DMSO) =& stock
solutiong FH|3F & 3]4|5to] ARE-SHGITE, DMSOQ| 2|
FTEEE 0.125%5 HA Yokon o] FkolA & A9
HEAR] F3E 4] stk

Cell viability

HE Q2SS 3-(4,5-dimethylthiazol—2—1y)—2,5—
diphenyl tetrazolium bromide(MTT, SIGMA, St, Louis,
MO, USA)E °l-&3to] 273ttt RAW264,7 thAA| L
2 3.0x10" cells/well9] =& 96 well plated] £33
o] 24 A7k viokel & Thggt o] A|RE A E|3to] 244]
ZhajeFstlct, #iF £ MTT(5 mg/mL) AleFs 2t welld
20 uL #7rste] 4A17F F9F 37°C incubatorof| A HE-A|
21 5 MTT AJ¢fo] -l w1 & AAsHIT, 2+ wello]]
100 uL DMSOZ AAS &9l th2 540 nmoA E4=5
ZA3}t) Cell viability= ozl st HAIEZ &
A,

Nitric oxide &3

RAW264.7 THANEZE 3.0X10" cells/well 2 96 well
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Table 1. List of 31 taxa in folk plants of Ulleung Island (Choi et al., 2010)

Scientific name

Korean name

Local name and Usefulness

Acer pictum subsp. mono (Maxim.) Ohashi
Actinidia arguta (Siebold & Zucc.) Planch. ex Mig.
Anthriscus sylvestris (L.) Hoffm.

Aralia cordata var. continentalis (Kitag.) Y.C.Chu
Aralia elata (Miq.) Seem.

Aster glehni F.Schmidt

Athyrium acutipinnulum Kodama ex Nakai

Camellia japonica L.
Cirsium nipponicum (Maxim.) Makino

Dystaenia takesimana (Nakai) Kitag.

Fallopia sachalinensis (F.Schmidt) Ronse Decr.
Ficus carica L.

Hovenia dulcis Thunb.

Juniperus chinensis L.

Kalopanax septemlobus (Thunb.) Koidz.
Leonurus japonicus Houtt.

Ligustrum obtusifolium Siebold & Zucc.
Lilium lancifolium Thunb.

Lonicera insularis Nakai

Maianthemum dilatatum (Wood) A.Nelson & J.F.Macbr.

Phytolacca insularis Nakai

Portulaca oleracea L.

Prunus armeniaca var. ansu Maxim.

Prunus mume Siebold & Zucc.

Prunus takesimensis Nakai

Rhododendron brachycarpum D.Don ex G.Don

Rhus javanica L.

Sambucus sieboldiana var. pendula (Nakai) T.B.Lee

Sorbus commixta Hedlund

Vitis flexuosa Thunb.
Zanthoxylum piperitum (L.) DC.
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SWMZHE-7] (Ed, Me, Of)

DA, DA, BB, A,
BRI, £S5 EIBF (Ed, Me)
A Z (Ed, Me, Ot)

frolul, st (Ed, Me)

-3} (Ed)

7, a8, S AT (Bd, Me)
SLHE (Ed, Me, Fu)

SAYHE, DAY (Ed, Me, Of)
SE% (Me)

& (Ed, Me)

N2 (Ed)

=Z L (O1)

SEHE (01

e, AR (Me)
HH)E (Me)
Ao (Ed)
v} 2 (Ed, Me)
AL (Ed)
Tl % (Ed, Me)
S (Me)
e, vt=Ew, v E,
22 FU- (Bd, Me, Ot)

L A R el o s
(Ed, Me)

Aj = (Ed)

A7 - (BEd, Me)

.

N

4o HF o} o

Usefulness: Ed: Edible, Me: Medicinal, Fu: Fuel, Ot: Others
plateo] &55F0] 24A17F wjokRt Fo] Al&eF LPS(1
ug/mL)E A ejste] 24417k wjoFsiaict, vk 50 uLej
23} kO] Griess A|2F(1% sulfanilamide / 0.1% naph—
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& ZHA5ko] NO, B=E AAbslc)

Prostaglandin E; &%

RAW264.7 M| EZE 1,5X10° cells/wellZ 24 well plate
off #5=5to] 24A17F uj et o] Al=oF LPS(1 ug/mL)E
22| sto] 24171 wijoFsld), wjoFel-S o] 13,000 rpm
o Al 5EZF YA Halslo] AF=olS wol PGE, 234 of A
23514t PGE; %52 ELISA kit(R&D Systems, Minnea—
polis, MN, USA)E A|ZAteA AAgE W og A3st
et

A
HE X

o
==y
i\%

o 33 whE =g, 1 At 3@d
H2}(standard deviation: SD)= UEFH
05, 0.01)HZL Student’s t—test &4

70,
6@4@ geksct,

(mean)
ow {94
HE ol

s
Zn o o

A&

o =
= {1l
FE8e 2

31t 49700 ek S A
FEE 50 pug/mLE 3] LPSE {&

RAW 2647 thAA| 248 NO AT AlzAEES
st 1 Ay tel(Actinidia arguta) 71
88.9912 40%, SBI/NU5-(Hovenia dulcis) & 86.82%
0.73%, WU (Camellia japonica) 4'7}A] 63.60x

DY
u=
=
o

o

o i rlo

2.18%, WU (Sambucus sieboldiana var, pendula)
O1-7}R] 46.75£3.74%, GSAL(Fallopia sachalinensis)
Ta] 49.73%1.77%, 0.2 NO WAL oAati A|EAZ

& 93%~110%5 UERTh o= NO A4 oAI7E <
S Az Aol ofat A ohle 22 LG &
Tl S o), UL $4 9,170, 55%, 25
FE0|Z(Maianthemum dilatatum) B8] 84,72 +1.88%,
N2 UE(Acer pictum subsp., mono) % 83.04£0.64%
E NO AdZ dAlsks 2oz Yeltou Al 2AEE0]
217+ 12.57£0.36%, 52.27%3.72%, 46,1612 64%= L E}
U NO A A= Ali2549) JFe= ke t(Table 2),

1z gAAR, 55 2F5E 50 ug/mLojlA 50% ©]
Aol NO A A aTE Ho|al A|E A=Fof ko] H-&
oheff 7HA, SUNUE o, U U] FEES
Ao 2 LPSE JLE RAW 2647 TiAIA|3E] chokst =

% (10, 20, 40, 50 pg/mL)2 A g]ste] NO YAk} A
EYEE, PCE; A S5t NO e =4
(10, 20, 40, 50 pg/mL)& ZFz} te) 9-7A]= 17,53,
14,28, 5.98, 3.38 UM(IC5=29.21 pg/mL), SN HE o
2 16.85, 12,70, 7.15, 3.63 uM(IC50=27.34 ug/mL), =
iR ol7kz]= 16,81, 15,23, 12.70, 9.43 uM
(ICs0=45.68 pg/mL)= UL} &= SJEX o2 {051
AR5t cHFig, 1A~C), MEZPEEL HE FEONA
80%01/F] AEES Hol RAW264.7 ThAA| Lo 45
UEA] o= Ae gRelskqitk(Fig, 1D). PGE; A% &
A3}, LPS AE]] PGEQ] %2 790,74 pg/mLol3l
I, 20, 40, 50 pg/mL =04 thell o-7FA]= 420,15,
142,36, 46,83 pg/mL(IC50=21,06 ug/mL)= PGE; AJA
Fo E AEHORE FoA I AAISHTE SV
9]2 10, 20, 40, 50 pg/mL E%=ollA 604,27, 626.06,
259.74, 52,16 pg/mL (IC5=33.47 ug/mL)2] PGE; A4
Fe, S Y 7AE 20, 40, 50 pg/mL FEOlA
555,91, 546,31, 70,53 pg/mL(IC50=43.90 ug/mL)9]
PGE, s Holn oA o= AAavsE yehilnt
(Fig. 2). ol= #&&9 A& Lpse| ol XY== ¢
Sl A Sa3 w7l QIAR] NOQ| 3/d 7 PGE.9] U
9| %M} dojufE g AA|A Q] AF9 Xgo] AA= It

= AEE Bl FE o] = UEhd vigA sl of
@ A mae] sk, el Zue] 39w
catechin(ICs0=26.61 ug/mL), (—)—epicatechin(ICs=25.30
ug/mL), quercetin(ICs50=30.46 ug/mL), quercetin—3—
O—[B—-D—glucopyranoside(IC50=28.03 ug/mL), quercetin
—3—0—galactopyranoside(IC50=27.24 ug/mL)&}3HE0]
NO A S 1ol 3 ol Aol §Ak oAt
2 RYhLim et al, 2005). LR o= AL
&9l linoleic acid, plamitric acid®} glutamic acid,
leucine, arginine 9] o}u|AMR 3tefFo| AujHt) =2
Aeg HiEglom QW £7]9] d4 FEEoAe
vanillic acid, ferulic acid S©°] E1Eo] Qitt Ag|EA
APoRE 7F 540 dish Hoay), FEdvoldd ¥
A A AT, ket 9 s B4 So] 2L
F itk (Jeong and Shim, 1999; Cho et al., 2000; Park
and Chang, 2007, Park et a/, 2009; Ahn et al,
2010). L 22 NO U PGE, A4 oA 52 21
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Table 2. Effect of methanol extracts on cell viability and NO production in LPS-stimulated RAW 264.7 cells

Scientific name (;J()Sesg;’rit) NO inhibition (%) Cell viability (%)
Acer pictum subsp. mono (Maxim.) Ohashi Leaf 83.04+0.64 46.16+2.64
Actinidia arguta (Siebold & Zucc.) Planch. ex Migq. Leaf, Twig 88.99+2.40 108.83+4.55
Anthriscus sylvestris (L.) Hoffm. root 46.46+2.69 71.41£2.19
Aralia cordata var. continentalis (Kitag.) Y.C.Chu Fruit 9.1942.33 99.31+8.70
Aralia elata (Miq.) Seem. Leaf 19.81£2.33 110.24+4.69
Stem 7.01+3.44 112.68+6.86
Aster glehni F.Schmidt Leaf, Stem 11.7243.12 106.20+2.21
Athyrium acutipinnulum Kodama ex Nakai Leaf 55.99+1.89 71.92+7.32
root 30.43+1.48 113.84+2.29
Camellia japonica L. Leaf, Twig 63.60+2.18 93.44+1.09
Seed 99.17+0.55 12.57+0.36
Cirsium nipponicum (Maxim.) Makino root 12.87+1.27 93.01+4.70
Dystaenia takesimana (Nakai) Kitag. Leaf, Stem 26.50+1.85 93.88+2.85
Fallopia sachalinensis (F.Schmidt) Ronse Decr. Leaf 38.73+£2.29 117.66+5.43
Stem 29.824+0.91 105.50+1.72
root 42.73+1.77 110.03+1.76
Ficus carica L. Fruit -2.43+1.26 103.33£5.56
Hovenia dulcis Thunb. Leaf 86.82+0.73 102.83£5.45
Fruit 1.42+1.56 110.49+4.20
Juniperus chinensis L. Fruit 26.55+0.20 59.474+2.29
Kalopanax septemlobus (Thunb.) Koidz. Leaf 28.23+0.32 100.17+2.03
Twig 37.834£5.33 91.294+3.69
Leonurus japonicus Houtt. Leaf 29.58+1.33 99.59+3.67
Stem 8.92+1.48 108.70+2.18
root 12.82+7.29 132.73+4.26
Ligustrum obtusifolium Siebold & Zucc. Fruit 21.40+1.08 95.92+1.37
Lilium lancifolium Thunb. Bulbil 21.93+4.68 99.86+13.20
Lonicera insularis Nakai Leaf, Twig 39.72+5.16 106.5442.04
Fruit 9.81+1.93 93.22+1.12
Maianthemum dilatatum (Wood) A.Nelson & J.F.Macbr. root 84.72+1.88 52.27+£3.72
Fruit 20.74+1.43 96.76+7.68
Phytolacca insularis Nakai root 17.98+5.14 107.45+10.05
Fruit 33.62+0.33 93.48+0.07
Portulaca oleracea L. Whole 10.27£2.75 102.98+5.09
Prunus armeniaca var. ansu Maxim. Leaf, Twig 21.86+0.98 102.88+1.48
seed -15.03+5.63 106.96+4.24
Prunus mume Siebold & Zucc. Fruit -13.50+4.03 128.16+6.67
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Table 2. Continued

. Used part e e
Scientifi NO inhibit 9 Cell viability (9
cientific name (50 ug/mL) inhibition (%) Cell viability (%)
Prunus takesimensis Nakai Leaf, Twig 19.87+2.77 105.48+0.62
Fruit 16.97+1.33 97.27+4.42
Rhododendron brachycarpum D.Don ex G.Don Leaf 33.324+0.34 94.45+9.57
Rhus javanica L. Twig 36.77+1.72 94.61+1.14
Sambucus sieboldiana var. pendula (Nakai) T.B.Lee Leaf, Twig 46.75+3.74 96.08+4.13
Fruit -20.44+2.60 114.27+3.88
Sorbus commixta Hedlund Leaf 21.34+2.72 91.41£1.99
Twig 37.13+3.34 96.36+5.18
Fruit 36.474+4.13 91.07+6.55
Vitis flexuosa Thunb. Leaf, Twig 4.80+3.76 128.09+2.04
Zanthoxylum piperitum (L.) DC. Leaf, Twig 18.07+5.53 125.76+3.81
A B
25 4 25
20 . 20
S 15 ks S5 **
g 10 g 10 4
5 *% 5 ' *%
. .m AR . B
Lps . + + + + + Lps . + + + + +
10 20 40 50 10 20 40 50
AA (pg/mL) HD (pg/mL)
C
25 D
140
20 - 120 .h-\
= % @100 l/.
%ls ki g 80 ——AA
° - Z —m—HD
Z 10 < 60 - -y
R
s |
20
ol mem |
LPS . + + + + + o
10 20 40 50 0 10 20 40 50
Concentration (ng/mL)
CJ (ng/mL)

Fig. 1. Effect of methanol extracts from AA, HD and CJ on LPS-stimulated NO production in RAW 264.7 cells and
cell viability. RAW 264.7 cells(3.0X104 cells/well) were treated with different concentrations of AA, HD, and CJ extract
in the presence of LPS(1 pg/mL) for 24h. NO in the medium was determined by Griess assay(A~C). Cell viability
was determined by MTT assay(D). Three independent experiments were performed, and the data are presented as
mean+SD *P <0.05, **P <0.01, compared with cells treated with LPS alone. AA: leaf, twig of Actinidia arguta, HD:
leaf of Hovenia dulcis, CJ: leaf, twig of Camellia japonica.
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Fig. 2. Effect of methanol extracts from AA, HD, and CJ
on LPS-stimulated PGE, production in RAW 264.7 cells.
RAW 264.7 cells(1.5x10° cells/well) were treated with
different concentrations of AA, HD and CJ extract in the
presence of LPS(1 pg/mL) for 24h. PGE, in medium was
determined by ELISA. Three independent experiments
were performed, and the data are presented as mean+SD
*P <0.05, **P <0.01, compared with cells treated with
LPS alone. AA: leaf, twig of Actinidia arguta, HD: leaf
of Hovenia dulcis, CJ: leaf, twig of Camellia japonica.

AEZ
oo
o2
olN
B

[e) A = ==
BT WSS 25E

B glon), 4:3] 255 80 ug/mL =04 NO /%m
10% ofst= A5t ¢l F&& At d45s
2 RIETH(Ryu et al, 2003). °l= /ﬁ,%

T°r o] HE=A Yeh= dafet 42

tanninA| 8¢l camelliatannins D, F
]

10 rit,

40 e fo
o

HS
[

camellianoside, okicamelliaside 52| AJ&o
Al e, I, B SOl At Sl
2 HEQtHHan et al, 1994; Hatnno et al,, 1995;
Onodera et al, 2006, 2010, Han, 2005; Lee et al.,
2005; Kim et al, 2010) FUUYE $H9 AL
triterpene saponinZ| 8?2l camellioside A, B, E, F, G,
H 3kotEo] 854 H e, ol& 2lghEo] RAW264.7
A o A NO A4 (ICs0: 4,96~18.25 uM)< A5+
th= B 17} QIt(Thao et al,, 2010), ESF WU £}
FZE0] RAW264.7 TJAIA|Eo| A NF—-.B2} AP-19] &

3% oAlalo] NO, PGE2, TNF-a9] A4S A5l A
° 2 eI TtHKim et al,, 2012), & A3 A3} SR
Q7HA] 2EBE NO W PGE, AHHS §oI408 oy
so] el A7} Qs Ao weEt, Weba olo] dhat
HE 9 287100 dhet 25 A7t dasiha Are

o},

oo AiE Tl Sk USSR Y st &
0] F FHTAA FHE L2 web
ol Aol digt I BA 7INke] FasdsEol g E o]
Aol & ZlojH, waAEe] 7|AATE Sl TS, 1L
o B, BEE T 22 WY 994 EEY A
2o} oo mapAor AEY 5 & AR Vvd

M Q

225 WHAE ALRT 107 FHES Yoz
%5 50 ug/mLE LPS| 93l 5= RAW 264.7 T4
A|EE2] NO A TS A L A, the|(Actinidia
arguta) Q-7 A, NS (Hovenia dulcis) 4, S
t—‘c}iﬁb}f(Sambucus
sieboldiana var, pendula) Q-7}A|, YSAL(Fallopia
sachalinensis) B8] £ O & 314 &4 0] Q=51 YER
. of FolA] chal Q7R SR 9, FUE A7)
A FZ2EL LPSE SE% Raw 2647 AIA Lo A 2|2
=7} 10, 20, 40, 50 pg/mLE HE]ate] NO AJA ekt

(Camellia japonica) 7}A],
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N3 EE, PGE, %S SAokoch 1 23 o &
7FA(1C50=29.21 pg/mL), SR Q(IC5=27.34
ug/mL), FEUS - 7FA](1C50=45.68 ng/mL) H5F NO
S & o2dor §94 A IAst E3t
PGE, 7423 theff - 7FA](1C50=21,06 pg/mL), A7tk
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