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Inhibitory Effect of Eurya emarginata on the Production of Pro-inflammatory Cytokines
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Abstract — Eurva emarginata (Thunb.) Makino (Theaceae) is distributed in coastal areas of island. The leaves of Eurya are
used in the traditional medicine of the coastal areas of jeju island with the aim of diuresis or to treat ulcers. Nevertheless,
there are few reports on the biological activity and constituents of E. emarginata. In this study, we investigated the phar-
macological activity of the solvent extracts of E. emarginata on the several inflammatory markers (TNF- o, IL-18, IL-6, NO,
iNOS and COX-2). Also we examined the antioxidizing effect of the solvent extracts by determination of DPPH radical-scav-
enging activity. Among the solvent fractions, EtOAc and BuOH extracts showed potent radical scavenging activity
‘RC5,=10.9 and 12.7 respectively). The subfractions of EF 5-4-6-3-2 and BF 1 potentially inhibited the mRNA expression
of pro-inflammatory cytokines (IL-1f, IL-6 and TNF-o) at the concentration of 100 pg/ml. Also the fractions inhibited the
mRNA expression of pro-inflammatory cytokines (IL-1 B, IL-6 and TNF-a) and protein expression of iNOS and COX-2 at
the concentration of 100 pg/ml. And then, the inhibition of iNOS was correlated with the decrease of nitrite level. These
results suggest that E. emarginata may have anti-inflammatory activity through the inhibition of pro-inflammatory cytokines,

INOS and COX-2.

Keywords {1 RAW264.7, Eurya emarginata, interferon-y (IFN-y), Nitric Oxide (NO), Nitric Oxide Synthase (iNOS),
cyclooxygenase (COX-2), tumor necrosis factor- o, interleukin-6, interleukin-1f, inflammation
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monocyte©llA] tumor necrosis factor - alpha, interleukin-6,
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Dried Eurya emarginata powder (175.8g)

2) stirring for 24h at room temperature

1) extraction with 80% MeOH
3) vacuum filtration

| 80% MeOH Ext. (58.210g) J

suspended with water (11.)

IIexane (1ILx3)

* EtOAc (1Lx3) * n-Butanol (1Lx3) *

Hexane Ext. (ilSmg) EtOAc Ext. (9. 976g) ‘ u-BuOH Ext. (8.090g)‘ FIZO (8.759¢) |

Reverse-phase column chrematography
(3% 15, Silica gel 100 C18-Reversed phase) with
20~100 % MeOH

lzo’/oMe()H l40%MeOH lﬁO%MeOH lSO%MeOH llOO%MeOH

fr.1(793.1mg) fr2(759mg)  fr3(71.2mg) frd (23.6mg) fr.5 (128.5mg)

1) dissolved in EtOAc

2) normal-phase column

chromatography(Sx 22, Kieselgel 60)
with EtOAc¢/MeOH (10/1)

i

Y | BN | Y Y

[fr137mg)] [1r-2074mg)| |tr-3275me)| [r4136)] [1r.56.595¢)| | fr.62.431g) | [ir.7367mp)] [ r801.479g)|

Reverse-phase column chromatography
(3x 15, Silica gel 100 C18-Reversed phase) with 20 ~100% MeOH

P(l%MeOH

*40%Me0}{ § 60%MeOH *so%mou * 100%MeOH

l fr. 5-1 | fr. 5-2 | fr.5-3 | | fr. 5-4(2.5251g) |fr. 5-5

Normal-phase column chromatography
with CHCL,/MeOH/H,0 (7.5/2.5/0.3)

[sat] [wsaz | [wsas | [rsas | [fesas | [rsasenamg] [ms470.0mp]

Normal-phase column chromatography
with CHCl,/MeOQOH/H, 0 (7.5/2.5/0.3)

\

v v v v v

fr. 5-4-6-1 | |fr. 54-6-2| |fr. 5-4-6-3| |fr. 5-4-6-4[ | fr. 5-4-6-5| | fr. 5-4-6-6
(0.2mg) (43.3mg) (213.1mg) (21.3mg) (5.5mg) (8.3mg)
normal-phase column chromatography
With CHCI3/1Vle0H/H20 (7.5/2.5/0.3)
fr. 5-4-6-3-1 fr. 5-4-6-3-2 l fr. 5-4-6 -3-3 fr. 5-4-6-3-4
(2.8mg) (24.9mg) (118.5mg) (Smg)

Scheme 1 — Systematic purification using solvent partitioning and silica gel chromatography from Eurya emarginata.
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emargnata)® FEE L TEHEEEFE LPSE gA4sgd
RAW: 64.7 Ao NO2 4394l &3} 9 TNF-o, IL-6, IL-
1B%} &> pro-inflammatory cytokineoll ®)x|3= Qe FA}s}
%.2.7) =gk INOS, COX-29) A4 9 &~ =g HAs)
et

AEwy

Algo| &

A 2rze] ARSIl Qli EARAEF S Qg Asle] S
S rES o] ol nAERE siivh. nlAd AlE(175.8 g)
80% mnethanolMeOH)Z 33] Wyt & & ofvjslo] Qb3
&%tk 553 MeOH $35(58.21 g2 Eofl d&AIZl 3 A
Zz FZ Wil 23} hexane ¥ £(0.518 g), ethylacetate
(Et( 1) 5-21(9.976 g), butanol(n-BuOH) £3(8.09 g), H,0 -
H(EBe e Aok o171 4 A4t FE2E 9 FEHES
galsh 48 49l ASA cytokine A AT} HM] AlgE AME
3}%5 tHScheme 1).

Mizz gl Ajof

Mtrine macrophage cell line?l RAW264.7 A= KCLB
(Korean Cell Line Bank)2 H-E] ¥9F %o} 100 units/m/ peni-
cillir - streptomycin?} 10% fetal bovine serum(FBS)°o] 5%
DMEM 83 A8l 37°C, 5% CO, F7lellx] Hijaksisio
o], 9t eioRS 3~420ef] sk AJalelsitt. Lipopolysaccharide
(LPs. E. coli serotype 0111:B4)+= SigmaZH-E] %8}
Abs -sked 07, Interferon-f(mIFN-y, recombinant E. coli)y>
Roc:2 8 7-9lste] el ARk,

DEPH radical 27{&40]| 2[5t &ty A

% - 1218412 1,1-Diphenyl-2-picrylhydrazyl(DPPH, Aldrich)
& 8310] A7 glr)zk AHE I (radical scavenging effect)
583K - BloisHe &8a13ch!” DPPH ¢ 2 mgs ollehs:
157l 0] DPPH &4:& Az=8igitt. o] £ 12 miel DMSO
6.25 10k H7IsE 3, ol 517 nmo] 3oA] hxrte] UV-Vis.
TR 0.94~0.97°) HIE olghE R 3Aato] 10&37 W%
AlZ vk 235, £ Tmiol] B892 228 AR 1mgs 42
F -34-5) mo)a1, Fu]¥) DPPH 450 poll A58 50 Wi |
o] =& F AlZoflA] 104 WASIAH ) 517 nmelA F3:
5 538l et 23= butylated hydroxy anisole(BHA),
1 C, vlEM E, 245 F%8<] pycnogenol 5-& ARE3)
%, #isla = DPPHE| $357F 50% 74 W vrehut
= 37412 FERC)E BABICH, 7 AlEsr 33] WHESlo
A dalste] Hatghd Freisich
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In vitrodl|M pro-inflammatory cytokine 444 3 &2f

Murine macrophage cell line ¢! RAW264.7 4| 3-& DMEM
BRI o)8ae] 1.0x10° cells/miz 83 3 24 well plate ©|
HE8taL, 5% CO, 2710l 18717 AuleF stith. o] 5 Hj
AE AAST 108 ST mgm)E ZAE AEEA 50 wet
450 2] LPS FFEFE (1 pgm)E &53 A2 WX E4]
of 2lale] ulka} FY T wieksisit). 6417F & TNF-
adt IL-6= #iok ¥ix|E Y4F2)(12,000 rpm, 3 min)3l] 33
Mg Aok IL-18Y HHS: TNF-aot 22 oz Ay oF
E-2 st 6417 vk F 150 mM NaCl, 50 mM Tris HCl
(pH 7.6), 1.0 mM PMSE 2|1 0.25% Nonidet P-40& X383}
£ 1mlY lysis bufferg ©] 83107 4°CollA 10 min ¥H| &,
2%-2)(12,000 rpmell A 2 minysle] AEAE Aok B AR
= ARA7A] 20°C ol3}ol] BAaI3AT}

TNF-oe B 7 2]9] cytokine A2 mouse ELISA kiti: o]
31 1909 standard ol th EFTFAY 2 g 0.99
olxfolqlLt.

Nitric oxide(NO) assay

RAW264.7 A5 DMEM HiX|E 0|43} 1.5x10° cells/m/
2 288 T 24 well plateo] FE3, Al % 100 pg/m/at
LPS 1 pg/miE FAlell M)t 484171 wiekslaitt. AA4de NO
9] & Griess AlokS o]galo] AZulke] Zof] Eaf3k= NO;
o] Fej2 Z7gstoich. AZullek 459 100 Wt Griess Aok
[1%(w/v) sulfanilamide, 0.1%(w/v) naphylethylenediamine in
2.5%(v/v) phosphoric acid] 100 u/& £35t09 96 well platesel]
A 108 $ok ¥hEAZ) F 540 nmel M EHLE S0
540 nmi= ELISA reader® ©]&3lo] =43t 2, sodium
nitrite(NaNOQ,)Z standardZ ®] w3}t

|
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RNA £2] % RT-PCR

RAW264.7 A5 DMEM HjA| & 018310 1.5x10° cells/m/
T xEst] HE & 5, 1847 Ao sisict, o] F wijH)E
AAS L AR F5% 100 pg/mi LPS 1 ug/mi: -3 Az
HiZ & SAloll AEfate] 6A17F Bk § A F5sto] 3]
o] &3t} Total RNA %2 TRI-reagentMRC):: o481
91, RNase-freest Z2713}ol|4 o]Fo|Z Tt 1uge] Total RNA
£ oligo (dT),g primer, dNTP(0.5 uM), 1 unit RNase inhibitor
J18]31 M-MulV reverse transcriptaseU)E 70°C 5 min,
37°C 5min, 37°C 60 min, 72 12 70°Coll4] 10 min heating A
Ao A BE-E FAAZL

Polymerase Chain Reaction(PCR)> A %¥ cDNAZHE
TNF-o, IL-6, IL-1B, iNOS, COX-2, B-Actin® 5¥:A]717] $]&}
o] 2 W cDNA, 4 uM2] 5% 3' primer, 10X buffer(10 mM Tris-
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Table I - Sequences of primers and fragment sizes of the inves-
tigated genes in RT-PCR analysis

Gene Primer sequences FI.‘agm ent
size (bp)
TNF-a F 5. TTGACCTCAGCGCTGAGTTG-3' 364
R 5-CCTGTAGCCCACGTCGTAGC-3
1B F 5-CAGGATGAGGACATGAGCACC-3' 447
R 5-CTCTGCAGACTCAAACTCCAC-3'
L6 F 5-GTACTCCAGAAGACCAGAGG-3' 308
R 5 TGCTGGTGACAACCACGGCC-3'
NOS F 5-CCCTTCCGAAGTTTCTGGCAGCAGC-3' 496
R 5-GGCTGTCAGAGCCTCGTGGCTTTGG-3'
COX.2 F 5.CACTACATCCTGACCCACTT-3 696
R 5-ATGCTCCTGCTTGAGTATGT-3'
. F 5-GTGGGCCGCCCTAGGCACCAG-3' 603
B-Actin R 5-GGAGGAAGAGGATGCGGCAGT-3'

HCl, pH 83, 50mM KCI, 0.1% Triton X-100), 250 uM
dNTP 25 mM MgCl,, 1unit Tag polymerase(Promega, USA)
E A3 distilled water2 AAE 25uE U4E th3 Perkin-
Elmer Thermal CyclerS ©]&3te] PCRS A AT} 9]
o PCR Z7-& 94°C/45%, 55~60°C/45%, 72°C/60%, 353]0]
o, PCReY| 9J3l Al AFE- 1.5% agarose geloll A A71%4
5-& A3l ethidium bromideZ B43}e] 5% bands <1
31t} B2 A8 2] RT-PCRe| AM&-% primer= Table I A]A]
Skt

N

Western blot analysis

RAW264.7 AIE(1.0x10° cells/m)S DMEM ¥l|#| & ©]g&-3}
o 5% CO, F2710lA 18A1ZF e 3sith. o]% wiAIE Al
A 104 5= mym)E 2R ABEA7 LPS( pg/ml)
2} INF-y(50 U/ml)yE 53t A2 vliIRE FAlol Aelsied &
jdat A 2elA widatalth. AIEE 2~33] PBS (Phos-
phate Buffered Saline)2 A2 & 1m/9] lysis buffers 37},
308~ 1417t B2 lysis 171 ¥ 12,000 rpmefld 2082 4438t
of Axet 4% 55 AASH D8 F%& BSABovine
serum albuminys ¥F3}5}0] Bio-Rad Protein Assay KitE A}
g5t0] s3It 40 ug?) lysate= 8% mini gel SDS-PAGE
(Poly Acrylamide Gel Electrophoresis)® WAl Halsod, ol
PVDF membrane(BIO-RAD)®l| 200 mA=. 27|17t E<F transfer
313t 728] 1 membraned] blockingE 5% skim milk7} E-r
H TTBS(TBS+0.1% Tween 20) E-jofjA] Aol 2417t &
Qt Arfsigict. INOSS i ks AEsV 918 AA2E anti-
mouse iINOS(1 : 1000)(Santa-Cruz)2 COX-29] ¥& %42 HE
317] 9% FA 2= anti-rabbit COX-2(1 : 1000)(Santa-Cruz)&
TTBS oA FAato] el 2417 RESA1Z] & TTBSE
33 MlAstich. 2at 3|2 HRP(Horse Radish Peroxidase)
7} A%4H anti-mouse ¥+ anti-rabbit IgG(Amersham Co.)E

1:500002 3A3to] Ah2ellA 3087t Whg-A17] ¥, TTBSE 3
ray BEo 7243130t
AEHZET

DPPH radical 27{E40]] 2|3t SMSIEY 244

S-EAIAE T O] 80% MeOH 553} ZH2ho) SujR 353
71 & &HA Sl I Pl BHAY M dA1slA
¢l vjell C, E 9 & 32859 pycnogenole 2T
3lo] DPPH radical 27%el| 2jgt SAksiad A3e AA 33
o} A¥ds} s AakskAe) BHAS A 3kl vlevl
C, HlElYl E, 245 3552 pycnogenol®] RCq akx} v]w sl
B4 EtOAc ¥3%&, BuOH £3%E, EF 5-4-6, EF 5-4-7, BF 1
A= 247 109 pg/ml, 12.7 pg/ml, 9.93 pg/mi, 10.09 pg/mi,
9.09 ng/ml Y=2| & FARIEYS BTH(Table ID).

:

R

Proinflammatory molecule 440{ O[Xl= A&

54T 2 deid LPSe 2824wl Axejutel st
o], RAW264.79} 72 macrophage == monocyteol] TNF-o,
IL-6, IL-1B2} 72 pro-inflammatory cytokineS SV 171 A
o= A Ytk 1pgmie) LPSE AMg3le] RAW 264.7 Al
E25E olZg cytokined) L HYEF RT-PCRE 3l Lot
Btk B A ARgg EARAH T A E(100 pg/ml) 5

Table II - Comparison DPPH radical-savenging activities of several
extracts of Eurya emarginata

RCsp (ug/mb)
Sample ;
DPPH radical scavenging effect

Vitamin C 3.0
Vitamin E 17.0
Pycnogenol 6.3
Butylated hydroxy anisole (BHA) 9.04
80% MeOH Ext. 32.3
Hexane fr. 89.0
EtOAc fr. 10.9
n-BuOH fr. 12.7
H,0 fr. 89.3
BuOH-20%MeOH fr.(BF1) 9.93
BuOH-40%MeOH fr(BF2) 19.74
BuOH-60%MeOH fr.(BF3) 87.91
BuOH-80%MeOH fr.(BF4) 97.94
BuOH-100%MeOH fr.(BF5) >100
EtOAc fr.5-4-1(EF 5-4-1) >100
EtOAc fr.5-4-2(EF 5-4-2) >100
EtOAc fr5-4-3(EF 5-4-3) >100
EtOAc fr.5-4-4(EF 5-4-4) >100
EtOAc fr.5-4-5(EF 5-4-5) 78.9
EtOAc fr.5-4-6(EF 5-4-6) 10.09
EtOAc fr5-4-7(EF 5-4-7) 9.09

J. Pharm. Soc. Kovea
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2l cytokineo] WHER] Yoo, MEEA AlF A
T 3o AR E FEAMe AlESAS YERER] ¢SktHdata
not shown). LPS A}=3} 84 2lg)sled TNF.«o, IL-6, IL-1B A

Eurya emarginata
1 1
A B C D E F
LPS + + + + + +
- crude Hexane EtOAc n-BuOH H,0

o, —— o
ST — — — - - — Ry

40

Density ratio

Ny
(=3

A B o] D E F

Fig. 1 - Inhibition of the several extracts of Furya emarginata on
pro-inflammatory cytokine mRNA expression in activated
macrophages. RAW 264.7 cells were pre-incubated for
18 h, and then pro-inflammatory cytokines mRNA expres-
sion was determined from the 6 h culture of stimulated by
LPS (1 ug/ml) in the presence of testing sample (100 ug/
m/). B-actin was performed on each sample. The product of
PCR were electophoresed and stained with ethidium
bromide. A: control (LPS+), B: 80% MeOH extract, C:
Hexane fraction, D: EtOAc fraction, E: n-Butanol fraction,

F: H,0.
Eurya emarginata
—————
LPS - + + o+ o+ o+

TNF-o 364bp
IL-18 308bp
IL-6 447bp
[3-actin 603bp

Fig 2 - Inhibition of the several subfraction of Furya emarginata on
pro-inflammatory cytokine mRNA expression in activated
macrophages. RAW 264.7 cells. were pre-incubated for
18 h, and then pro-inflammatory cytokines mRNA expres-
sion was determined from the 6 h culture of stimulated by
LPS (1 ug/ml) in the presence of testing sample (100 pg/
my). B-actin was performed on each sample. A: EF 5-4-6-3-
2, B: EF 5-4-6-3-3, C: EF 5-4-7, D: BF 1.
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Eurya emarginata

LPS - + + + + o+
- - A B C D

Fig. 3 — Inhibition of the several subfraction of Eurya emarginata on
iNOS, COX-2 and B-actin mRNA expression in activated
macrophages. RAW 264.7 cells were pre-incubated for
18 h, and then iNOS, COX-2 and B-actin mRNA expression
was determined from the 6 h culture of stimulated by LPS
(1 ug/ml) in the presence of testing sample (100 pg/ml). -
actin was performed on each sample. A: EF 5-4-6-3-2, B:
EF 5-4-6-3-3, C: EF 5-4-7, D: BF 1.

Eurya emarginata

LPS+HINFYy - + + + + + 4+
- - crude Hexane EtOAc n-BuOH H,0
iNOS Y s s . e o | 130 KDa
Cox-2 — '-~’ - ~a | 82 KDa
B-actin | = w— —— e o w42 KDa

Fig. 4 - Inhibition of the several extracts of Eurya emarginata on
iNOS, COX-2 and B-actin production protein expression in
activated macrophages. RAW 264.7 cells were pre-
incubated for 24 h, and then iNOS, COX-2 and B-actin
production protein expression was determined from the
20 h culture of stimulated by LPS (1 pg/m)+IFNy (50 U/
m/) in the presence of testing sample (100 pg/m/). B-actin
was performed on each sample.

43 Aol digt -BARAET ] SulREES 100 pgml FEE
22)319S Wl TNFo A4 9A1E EtOAc B8 &M tha o
A &35 vepdled, IL-6 B4 A= EtOAc ¥88°], IL-
18 284 A= n-BuOH E8EoA oAl &35 HAokFig.
1). Subfraction®*:= EF 5-4-6-3-2¢} BF I1ol] TNF-o 37} o}
Uzt IL-6, IL-1BME oFF 2 A4 35 H3lom(Fig. 2),
iNOSS} COX-29) 9% w2 A a3tE BHAh(Fig. 3).
IFN-y(50 U/ml) & LPS(1 pg/ml)E AF&3to] RAW264.7 A3
o4} INOS2} COX-29] A4S K58 & EAMAH ol
Aal) AEE Western blotE £3) do} ®oith 7 Ax}t EtOAc
EHE3 n-BuOH FFEolA INOS9} COX-29] vl ulo]
AR Al A BT 4 U e (Fig. 4), =3t subfraction
EF 5-4-6-3-23} BF 1904% RT-PCR Z¥¢} vl 2 %3]
INOSS] ©i ko] A& &8 5 ANTHFig. 5).
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Eurya emarginata

[ —L
LPS+INFy - + + + 4+
- - A B C D
iNOS v " 130 KDa
B-actin | g > o> o> e @ | 42 KDa

Fig. 5 — Inhibition of the several subfraction of Eurya emarginata on
iNOS and B-actin production protein expression in acti-
vated macrophages. RAW264.7 cells were pre-incubated
for 24 h, and then INOS, COX-2 and B-actin production
protein expression was determined from the 20 h culture of
stimulated by LPS (1 ug/ml)+IFNy (50 U/ml) in the pres-
ence of testing sample (100 pg/m/). B-actin was performed
on each sample. A: EF 5-4-6-3-2, B: EF 5-4-6-3-3, C: EF 5-

4-7, D: BF 1.
60
& TNF
5006
g 40¢
E
= 30
= >
207 |

EF 5-4-6-3-2 EF 54-6-3-3 EF 5-4-7 BF1

Fig. 6 — Inhibitory effect of solvent fractions on TNF-¢, IL-6 and IL-
1B production in RAW 264.7 cells. The productions of TNF-
o, IL-6 and IL-1f were assayed from culture of RAW264.7
cells stimulated by LPS (1 ug/mi) in the presence of testing
samples (100 pug/ml).

LP ol B8 TNF-o, IL-6 2 IL-1P A4 M| 8y &%

Macrophage RAW 264.7 A3Eelid] 95/ cytokine &=} &3}
£ mouse ELISA kitE o|&sted At 21 243 TNF-o
A A= EF 5-4-6-3-2, EF 5-4-6-3-3, EF 5-4-7, BF 1°]14
247} 24.84%, 16.77%, 13.39%, 19.35%2) 9# &35 KA
o, IL-6 A3 A= ZH2} 24.67%, 12.1%, 11.71%, 46.14%%,
IL-1poll M= 22} 24.65%, 15.21%, 14.82%, 44.32%2] A&
A&dE JeRUTHFig. 6).

NO 44 ANE=

A G el 283 J8S she 2oE ¢ nitric
oxideNO) AAdoll st &35 Lolr”| $18] Murine macro-
phage cell line?] RAW264.7 A3l LPS¢} $-EAAdv)e] F
£5 4 FHES TA Msld 21 AR AEE dotrst
ok AAE NOY 2 Griess AloFg o] g3lo] Aokl 2
of EAlsh= NOy2 Fels S4si3ich 4847 EtOAc ¥3

Nitrite (uM)
(=

-
=]

O e— L . l . : .J
C b E F G H 1

LPS IPSt A B

Fig. 7 - Effect of Furya emarginata on nitrite accumulation in
RAW264.7 Macrophages. Cells (1.5x10° cells/ml) were
pre-incubated for 24 h, and then nitrite production was
determined from the 48 h culture of stimulated by LPS
(1 pg/ml) in the presence of testing sample (100 pg/m/). A:
80% MeOH extract, B: Hexane fraction, C: EtOAc fraction,
D: n-Butanol fraction, E: H,O, F: EF 5-4-6-3-2, G: EF 5-4-
6-3-3, H: EF 5-4-7, I: BF 1.
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