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Anti-Inflammatory Effect of Ethyl Acetate Fraction Isolated from Unda-
ria pinnatifida on Lipopolysaccharides-Stimulated RAW 264.7 Cells

Min-Woo Choi and Jae-II Kim*
Department of Food Science and Nutrition, Pukyong National University, Busan 608-737, Korea

An ethanolic extract of Undaria pinnatifida was fractionated using several solvents. Of the fractions, the ethyl acetate
fraction had the greatest inhibitory effect on lipopolysaccharide (LPS)-induced nitric oxide (NO) production in RAW
264.7 macrophage cells.Using this fraction (U. pinnatifida ethyl acetate extract, UPE), we investigated the molecular
mechanism underlying its inhibitory effect on LPS-stimulated RAW 264.7 cells. Pretreatment of the cells with up to
100 ug/mL UPE significantly inhibited NO production and inducible nitric oxide synthase (iNOS) expression, in a
dose-dependent manner. Similarly, UPE treatment markedly reduced the production of pro-inflammatory cytokines,
such as interleukin (IL)-1, IL-6 and tumor necrosis factor-a (TNF-a), while it strongly suppressed the nuclear trans-
location of nuclear factor-kappa B (NF-kB) by preventing proteolytic degradation of inhibitor of nuclear factor
kB (IkB)-a. Moreover, UPE treatment significantly reduced the phosphorylation of phosphatidylinositol 3-kinase
(PI3K)/Akt and mitogen-activated protein kinase (MAPK) in LPS-stimulated cells. These results indicate that UPE
contains anti-inflammatory compounds and suggest that it might be used as a functional food material that assists in
prevention of inflammatory diseases.
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M OB 24 BHQ 9 o, 183 sl Y emsto| v ¥ (Alzheimer's
disease, AD)Z Z 35} |34 A4 Akl 2o AsHs0] Bt

AWe] A5 a2 o F=RE AT ¥ Edolu = ol o]t v A Q1 dSHSo] TRE ] = AR o
2] 0] gAto] T3t Hpo] 280 & LR =), o] AR el 7 9)tH(Libby, 2006; Packard and Libby, 2008; Schwab and
2)9] 29} 7|5 &S| Qo B o o= vk McGeer, 2008; Solinas et al., 2010).
ot} AR ASHREE AlZko] el whet HEE571d il A o] HeRk-g-of #olsl= A2 5 shtel A Al Z(mac-
7} | (pro-inflammatory mediators)2] A2 741, 3E5 rophages)= ©] 213t J5H-2-of $23F 955 5131 Qlct. th4]
/3 w7l 4| (anti-inflammatory mediators)= 57Hg S 24 A2 A Z+ interferon-y (IFN-y), interleukin (IL)-1pB, IL-6, tumor
2 g3Hkgo] Algte= 28348 71| 3 QIth(Lawrence et necrosis factor-o. (TNF-0)@} 28 9% %214 cytokines, L
al., 2002). L2fi} o] 23t PEREE- - o] o) o] AH7|A 2L Algt All3EEHgE21 lipopolysaccharides (LPS) 52| &
U X2 ASEhs ERlo] ebds] AAE A kS 75 ol =Fd e 2 AT Xie et al., 1993). 2443}

H

A MAAES Her &40z A = AN E= G52 714 cytokines ©]9]9f| inducible nitric oxide

o] 7% WAl HSH FAE BN 2AESS FE synthase (iNOS) 2 cyclooxygenase-2 (COX-2)2} 22 f4
Sl=t] 28-S 3F 4= 9Jch(Kaplanski et al., 2003). S A3}, & o] W4l F-3f nitric oxide (NO) ¥ prostaglandin E, (PGE,)
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o} 72 tjoret A2 NAI S-S A5} £l T (Nathan, 1992;
Zhang and Ghosh, 2000), ©| 5 W7} A E2] I =5} % R[4
Q) AL choret b A A ko] W] 7]eita gl A
o= odefA Qlrk

ANz Qo] 54 cytokines B! COX-2, iINOS2} 72
W7RA 2] -2 AAREEo| A 29 HAFRIAR] nuclear fac-
tor kappa-B (NF-xB)o]| 2Js}] =4 %t} (Baeuerle and Henkel,
1994). NF-xB+ dimerE o] 3= & 719] subunit2 ©] 501 4]
Q11 ZG-Fol A 7 UukA ol FEj= p50/652] heterodimer
olt}, Zp=o] gli= AlEol 4] NF-xB+ inhibitor of kappa B
(IkB)e} A3st Aei2 2284 Fel= Aldo] Aejso] 9l
th(D’Acquisto et al., 1997; Makarov, 2001). ZL&{L} LPS9} 2+
& Aol o] A= % IkB= IkB kinaseo]| 3l ¢14H3}E]
WA Wol Lhe} HalE] 1, 2)E NF-kB B0 0|53}
of Thapgt A5 WRISL e EA AR WS st
7| FItH(Chen et al., 1995). o|&3t 4o ¢lo] IxB kinase2]
A 3}of|+= extracellular signal-regulated kinase (ERK), c-Jun
N-terminal kinase (JNK), p38 kinaseE 2£%}5l+= mitogen-
activated protein kinases (MAPKs) 12| 37 Akt2} Z+2 kinase
of 3] A= Aoz LA Qlthi(Marks-Konczalik et al.,
1998; Zhang and Ghosh, 2000).

vitto] de] Aotz s vlepvly Fr]do] v g
frEo] Jlon Aol 7t F 76tk 1 5 A2Fe 954
ZHAS H= GAME DA 712 E| o] =9] A%l fucoxanthin
3} fucoidan, alginic acid, laminarin 5-¢] thd-7, fucosterol,
polyphenol} Z-2- thefet AJej 8 2458 7ML e A
© 2 B g ¢ltk(Hosokawa et al., 2004; Kim et al., 2012; Kim
et al., 2013; Lee et al., 2003; Lee et al., 2004; Maeda et al.,
2006; Park et al., 2010; Sachindra et al., 2007; Yan et al., 1999;
Yoo et al., 2012; Zhang et al., 2013). Z27F2] 3}L}2l 0]
(Undaria pinnatifida) $-2]ueh, -2, =t 22 FoA|of
A ejo] Lol 4180 2 o] 5|7 g}, HEA 0= she]
o} 5e Ak e 7)70] mlotate B, o]t E4t o]
558 531 71 9] Sh 8- ek Wel] wel gt
(Khan et al., 2008). Zrz7-0]| A £2] 3} fucoxanthin®] L} fucoi-
dan, fucosterol¥} Zr2- 2}9H=2] Ae|eh/d2 thefst A& &
o o 13 Hlo] QLA u]o] ehe 22 ERNE oo 1)
28 o] 7 23k obx) i v} ik, A R AT
Aol A gt o B A ol A 1] 2] ethanol (95%, viv) FE=
2HE {7]8ll(hexane, ethyl acetate, butanol) S o]-&-s}o] Z}
BOEE S Hojalgl T 1 B4 25 AT}, ethyl acetate &
Bl A H 922 A8 THel5kgITHTable 1),
Ao A= o] 2]3t n] < 2] ethyl acetate &5 U. pinnatifida
ethyl acetate extract, UPE)2] &5 a3} 2 3 2114 714
< LPSZ A=t RAW 264.7 macrophage cell-& ©]-8-5}0 &
Agho 2H, theket A5 Ak WS ol = A A

Table 1.Inhibitory activity of various solvent fractions of Undaria
pinnatifida ethanolic extract on nitric oxide (NO) generation in
RAW 264.7 cells

Fractions \(\;?;?dr;t Inhibitory aatcl:\:lnty ;gr}nl:ll_o)*generation’
n-Hexane (07_31609/0) 121.06 + 1.68

Ethyl acetate ((1)_26'202) 7144+ 435
n-Butanol ((1)3;3(5)02 ) > 200

"RAW 264.7 macrophage cellspretreated with various solvent frac-
tions for 1 h was incubated with 1 pg/mL of LPS for 24 h. NO
generation as nitrite concentration in the media was measured by
Griess test as described in the Materials and Methods section.
“IC,,: The half maximal inhibitory concentration.

% ol ABAREA o] §7H5 S HESAT,

Mz H

B2 X719 ol Bl 95% ethanol (EtOH, v/v) 4 LE ¥ o] 7}
4, FE311(50°C, 3A|7H) F&H-S oJ7}s)] rotary vacuum
evaporators AHE-5to] w5331t o] & 33] ¥HEsto] F 178
g®] EtOH extractE ¥ ¢ltt. ©]5 H,O:EtOH (9:1, v/v)9| &3}
L2 5291 & 559] n-hexaneS o] EN 47| Hy3}
A|A AFZH ] n-hexane 7HE-RE 1o} sodium sulfate anhy-
drous® A 2|3t th2- o3}, 55142 714 n-hexane fraction
S At} o] & F U S 2 ethyl acetate (EtOAC)Z &
&o] EtOAc extract (UPE) 12.5 g ¢19ich.

Ty

M= B H X2

RAW 164.7 macrophage cells (ATCC, Rockville, MD, USA)
+= 10% fetal bovine serum (FBS)2} penicillin (100 units/ml),
streptomycin sulfate (100 pg/mL)S 3718t Dulbecco’s modi-
fied Eagle’s medium (DMEM)& 28519111, 5% CO,, 37°C
ulj k7 ol A v F5SATE. Cell culture plateo] RAW 264.7 cell
0] 70-80% A= A ¥ A phosphate-buffered saline (PBS)Z
S Ao & Al vl FsF . UPE: 100% dimethyl sulf-
oxide (DMSO)ol| 350§ AR5} 11, B A Z 2] 2] 2 o] ulj =] o]
CRERE

MZ =8 A

RAW 264.7 cell-& 96-well plateo]] 5 x 10° cells/well =2 2
SkaL 37°Col|A] 24417t 3% vl eFstict. o] ol UPE7} 0, 25,
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50, 100, 200 pg/mL F=2 3]4E DMEM 82| 2 WA4|5}o
1217k ujFst L, o) o] LPS (1 pg/mL)E 348 DMEM
v z]of| ThA] 24A17F wfjoFslict. o] & CellTiter96®Aqueous
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium (MTS) A| & 7] E(Promega,
Madison, WI, USA)E ARg-5to] Al2ARe] ®iRof wha} Al
ABEES BT MTS 892 FBS-free DMEMe®]| 5%
(vv)e] FE== Aol 100 uLA A 2fskgiet. 1417 $-of mi-
croplate reader (Glomax Multi Detection System, Promega,
Madison, WI, USA)E 0]-83}9] 490 nm2] bAoA S34=
£ 24319

NO & &84 ol 28

Cytokines AA2f

et 7t 22 EEl FASaY vaE ffs] RAW 264.7
A Zof A N O Aol tigt AAanE Z43IAH AEE

BIEER [A7Hs0 AA e g oS- LPS (1 pg/mL)Z 24
A 7Hser A4=slal, 1 RS QAR E](2,000 X g, 4°C, 108)
sto] 3lskeiTh NO9| stk HiA(100 uL)e} Griess AloF
(0.1% naphthylethylene diamine dihydrochloride + 1% sul-
fanilamide + 5% phosphoric acid)2 Y3t H|-&2 BH-S-A|A
microplate reader= 540 nm2] T4 4= E SASISTH
(Kim et al., 2009). 1 ZA3KTable 1), NO AJAdof| gt Aslja
%(ICSO, ug/mL)°] 7} H ol EtOAc +5&&5(UPE)S o] % ¢
7ol ARE-3HAT

NO A7 AAlofl tiet 5= UPEQ] avh= 47|19 Edet
oz ZAsth A 59 IL-1B, IL-6, TNF-0.2] Y2
enzyme-linked immunosorbent assay kit (ELISA, R&D Sys-
tems, Minneapolis, MN, USA)S o]-&3}o] A|2AL] Wi ol
e} 24 ahgict.

INOS mRNA &2

RAW 264.7 H|3£(1 x 10° cells/well)E 0, 25, 50, 100 pg/mL
o) %2 UPES 147k 50k H2j3t 7, LPS | pgimLe| %
E2 6A7F 59 A=A H T 0] Quiazol A|2F(Quiagen Sci-
ence, Valencia, CA, USA)S ©]83}¢] total RNAE E2|35}
S oHKim et al., 2009). Total RNAZ-¥| reverse transcrip-
tion-polymerase chain reaction (RT-PCR) £4]¢] 2]+ iNOS
mRNA 2H& oF o] K410 o] 4 o] B 31(Kim et al., 2009)0]| 4] A}
B3NS ol 83)elw, 0% ko] A2 vl g
3l 4] housekeeping gene?! glyceraldehye-3-phosphate dehy-
drogenase (GAPDH)E ¢/ E4314tt. PCR #H3-0 o]-&
% Z+2}9] primer= Tt} 2tk iNOS sense, 5-GCC TTC
AAC ACC AAG GTT GTC TGC A-3; iNOS antisense, 5 -
GTC ATT GTA CTC TGA CTC TGA GGG CTG ACA C-3’;
GAPDH sense, 5-GAC CCC TTC ATT GAC CTC AA-3’;
GAPDH antisense, 5-CTT CTC CAT GGT GGT GAA GA-

sioo| E

A

3. A71%9% A band®] A £4]2 cooled CCD camera sys-
tem EZ-Capture T (ATTO & Rise Co., Tokyo, Japan)Z} CS
analyzer ver. 3.00 software (ATTO)E -85} 2|4 319 vt
2292 F9) 23k

m]

Cht)

M|z

i
!

£=9 M=

i

NF-xB&] &4} =5 &4I5t7] flsfl UPE 9 LPSE 2}
4 1’ RAW 264.7 /\ﬂii—rE‘] ;\ﬂ__\le jui) z‘sﬂ u}uﬂ;ﬂ i%
=& 247 2 A28k tHKim et al., 2009). 7H=FsHA|, A€
Bk AJ3E(2 % 10° cells/dish)E PBSZ A|&5}te] 3]4=3}al, 180
uLe] hypotonic buffer [10 mM Tris-HCI, 10 mM NaCl, 3
mM MgCl, 0.02% NaN,, 0.5 mM dithiothreitol (DTT), ImM
phenylmethanesulfonyl fluoride (PMSF), pH 7.4]1& ¥ 11, 20
uL2] 5% nonidet NP-40-2 & 7}5to] 52 S0k Hk-S-A] 7). o]
T AAR(1800x g, 4°C, ST F 43S HMEY 33
=& o853t M= hypotonic buffer2 HH A 25}
a1, hypertonic buffer [20 mM 4-(2-hydroxyethyl)-1-piper-
azineethanesulfonic acid, 25% glycerol, 420 mM NaCl, 1.5
mM MgCL, 0.2 mM ethylenediaminetetraacetic acid, 0.02%
NaN,, 0.5 mM DTT, | mM PMSF, pH 7.4]& {3 1A} &<t
oo Hoﬂ/q HRS A 7] TS YAl a](13 000 x g, 4°C, 10+)3}

Ul

n N

of NS B53l0] AehiY 2HBR ol glgich
Western Blot 210 OJ3t B of

INOS g 2] wHok, MAPK 9! Akte] okt oLkt 4
+ Al22E UPE 9 LPSE # 2|3 0] % whole cell lysateE A
z3fo] |22, NF-xB 3 [xBO] S48} 3l oAk Jmi 4F
719 8 9 AEY FEBL ARR |G, TP
o] &9 Hi1(Kim et al., 2009)2} up2k712] 2 sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) o] %
nitrocellulose membrane©]| % 0] A]# Western blot H'H © 2 =
Arstoict. A& band2] Ao 241-S mRNA 43} upabr}A]
2 cooled CCD camera system EZ-Capture I £} CS analyzer
ver. 3.00 softwareS- ©]-&5}0] |4 3H O] HHE AL E35) A
L, 71 AIE 7} blot®] shetol| A 2 E7|5kGick e

Western blot ARl ZH219] 12} Al 52 v 2t iNOS
(sc-650), B-actin (sc-47778), phospho-Akt (sc-4060), Akt (sc-
1618), phospho-ERK (sc-7883), ERK (sc-94), phospho-JNK
(sc-6254), JNK (sc-7345), NF-xB/p65 subunit (sc-8008),
Poly(ADP-ribose) polymerase (PARP, sc-7150):= Santa
Cruz Biotechnology (Santa Cruz, CA, USA)ol| A +435}% L,
phospho-IxB-a (4814), IxB-a. (9246), phospho-p38 (4511),
P38 (9212)+= Cell Signaling Technology (Danvers, MD,
USA)of| A 2z} 791319t} Horseradish peroxidase (HRP)
7} conjugate =] o] ¢l Z+7+9] 2} 3| S {rabbit anti-goat IgG
(LF-SA5004), goat anti-mouse IgG (LF-SA5001), goat anti-
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rabbit IgG (LF-SA5002)]-2 AbFrontier (Seoul, Korea)of| 4] =
21312112, Enhanced chemiluminescence (ECL) detection kit
2 GE Healthcare Bio-Science (Piscataway, NJ, USA)E A&
SFTt. B-actin¥} PARP= 22} A| =213} 31 9f control a2
24 240 I,

RAW 264.7 H|3£E glass coverslips (SPL Lifesciences Co.,
Gyeonggi-do, Korea) 9]of] 24 A|7F wlj ¥t 5, UPER 1A]7F A
A2 3131, LPS (1 pg/mL)& 305 A2A Atk HZE 4.0%
paraformaldehyde”} %7}l PBSZ Al-20] A 158 <9 vk
Al A A7) AL, 0.5% Triton X-1000] A 71 PBSE o] 10
5 HRSAIZI TR PBSE A4 g Fof] 3% BSA/PBSE ¥ 1L
30+ 52k blockingA] 71 &, anti-NF-xB polyclonal antibody 7}
)43 3% BSA/PBSE o] 2417t &< REGAI AT 1 s,
Alexa Fluor® 488-conjugated secondary antibody (Invitrogen,
Carlsbad, CA, USA)7} 345 3% BSA/PBSE 4¥il 14|17k
=0t vk A17] F, 2 pg/mLe] 4,6-diamidino-2-phenylindole
(DAPDE -2 F 3132 LSM700 laser scanning confocal mi-
croscope (Carl Zeiss, Oberkochen, Germany)= 3251 ¢t}

NF-«B Promoter/Luciferase assay

RAW 264.7 M|ZQ2x10° cells/well)7} 501+ 24-well
plate®] Z} wellof] 1 pg®] pNF-«B firefly luciferase DNA%}
20 ng®] pRL-TK renilla luciferase DNAE- lipofectamine/plus
reagent Invitrogen, Carlsbad, CA, USA)Q} 74| *]2]5}e] 40
A7t 5<E transfectionA| ZA T 1 th, UPES 1417F A A 2}
31, LPS (1 pg/mL)& 647+ A=A 7). o] 3 PBSZ A 2|5}
32100 pL2] lysis buffer (0.5 mM HEPES, pH 7.8, 1% Triton
N-101, 1 mM CaCl,, and I mM MgCL)& lysateE Y=L,
luciferase assay kitS A8-5}¢] firefly luciferase activity<2} re-
nilla luciferase activityS =435t} Renilla luciferase®] 2+
e 242 07 Yojub= vhA, firefly luciferase:= NF-xBoj|
Ofsxntdado] HE g A3 420 o3t @25 BT 4= Qlrt.

SUIRSE

B ooqro] mE Ao Al W o]A} HHEsI o, dojz
TS Hdd EEHA K (mean + SD)E AAFste] LERY
ok Agt 7He] 5214 52 Student's t-test= 4531 ct.

LPSZ SFE&[= NO 44 3 iNOS &aiof et UPE
o of| &7}

LPSE A= RAW 2645.7 44| 3£ 4 A== NO

A
) 10
N #
5 8
K
2 ef .
<@
(@)
Z  ar *
(0] *
=
g f :
[h4
(B) 180
160 |-
g Mo
> 120}
g 100 |
Z sl
[0}
© 60|
()
=
E 40 |
& 20}
0
LPS (1 mg/mL) - + + + + +
UPE (mg/mL) - - 25 50 100 200

Fig. 1. Effect of UPE on cell viability and NO production in LPS-
stimulated RAW 264.7 cells.

Cells pretreated with various concentrations of UPE for 1 h were
stimulated with LPS (1 pg/mH) for 24 h (A, B). (A) Effect of UPE
on NO production in LPS-stimulated RAW 264.7 cells. The cul-
ture media of the treated cells were used to measure the amount
of nitrite to evaluate NO level. (B) Effect of UPE on cell viability
analyzed by MTS assay. All data are presented as mean+SD of
three independent experiments. * P<0.05 indicates significant dif-
ference compared to non-treated control group.*P<0.05 indicates
significant difference compared to LPS-only group.

i3t UPES] AA| A 1HE ot 7] a4l AlZE Tt 5=
(0-200 pg/mL)e] UPEZ 1A]7F A 2|5}, LPSE 2447t &}
3t 450 vi A 2 & E] = nitrite 7S S5 NO
S AT LPS Ao ofs NO A/Ad=Fo] F4
2]t2t vlarste] 7.68H 8 G4 F7keke AS & 4 9L
(Fig. 1A, P<0.05), |83t Z7F= UPES] AAzld] o4 1.1
ui-4. 78] £ 0 2 HAA A FHadhes A& UERTH(Fig.
1A, P<0.05). =3+ 12j3t oA &= UPES] F=7F Ak &=
opylef whet B8 & A 02 UrEFAL 200 pg/mL o] 5ol A
£ LPS A2 thu] 87% H & fhadt= A UepH o2/ 5
o|&4 2l %S e Sick(Fig. 1A).

olg g NO 449 dAlaat= UPE| &3t Mlzs/idos
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(A)
iINOS | — |
0.12+0.02 1.00*+0.00 0.55*+0.01 0.21*+0.01 0.09*+0.02 0.04+0.01 Western b|Ot
B-Actin | |
(B)
iNOS
0.01+0.01 1.00*+0.00 0.49*+0.03 0.22*+0.03 0.13*+0.04 0.02+0.01 RT - PCR
GAPDH
LPS (1pg/ml) -+ + + + -
UPE (ug/mL) - - 25 50 100 100

Fig. 2. Effect of UPE on LPS-induced iNOS protein and mRNA
expression in RAW 264.7 cells.

(A) Western blot analysis of iNOS protein expression. Cells pre-
treated with various concentrations of UPE for 1h were stimulated
with or without LPS (1 pg/mL) for 16 h. (B) RT-PCR analysis of
iNOS mRNA expression. Cells were incubated with various con-
centrations of UPE for 1 h, and then stimulated with LPS (1 pg/
mL) for 6 h. mRNA levels of iNOS, GAPDH were determined
by RT-PCR analysis using respective gene-specific primers. The
results presented are representatives of three independent experi-
ments. Quantitative data shown underneath of each blot represent
mean+SD of three independent experiments. # P<0.05 indicates sig-
nificant difference compared to non-treated control group.* P<0.05
indicates significant difference compared to LPS-only group.

RAW 264.7 A|327} APE == Zlof| QJsfi A e Uebd 4= 9len
2, o] 23t 7Fa/d = viAIskaLA} 5 UjE UPE A 2] 2715}o] A
AN A0 MBS MTS assay= #4159 ct. Fig. 1Bof Lt
ERj )l 50] A 3Z o] AEE-2 UPE A2l o3 f-Eigt Wy}
Slolet. olegh A5 A Ao 4] UPEA o] 93k NO
A3 0] A B b= Al E=A ol 2Rt o] ofy ek A 24l
4= AU

22 NOE AAs= 49l INOSQ| ¥Halo] tist UPE
o] aiks ot 17} shgict. Mt o] RAW 264.7 A2
UPEZ 0-100 pg/mLe)] =5 A 2|3t o]% LPSE 2=
3L, 0] total RNA ¥ cell lysateE- 52|50 2+ iNOS
O] A} 9 whul A S W 428 EAISIGITE 1Y 2B U
B ¢1%0] iNOS mRNA &9k LPS A 2ol o]s) &5}
A=A s S & 4 AIAL(P<0.05), ©]+= UPE A g
of 9J3f] FE o= A 0 7 FrAdh= A3 YER 2Ith(P<0.05).
iNOS ©hil 2 o] W QF e mRNALE F-AFSE 43k 2 UPE A
2lof| o} FA|HA st A o2 YA 11 A &t
£ A2l 25 ng/mLe] UPE A 2|5 g F3ia1 Yepgoz
A Aol aabH o2 AR QISS e TH(Fig.
2A, P<0.05).

NOX NOSe| 93| L-arginine©. 2 € YA Ect INOSE
Al<t2] endotoxin & 53 cytokinesol| &Jsf 7oA =Tt
(Guha and Mackman, 2001). ®H2]8F4 Q1 27 3ol 4 iINOSe]

e o

£ 1o

T NOQ dARE S7he the 9574 miiAIE oA S
S-S FsH Ha 229 &4 flshs Ao oIy
[e3]
AR

o= = o= Tra p
o] 924 &A4Fo] Fa 7l A o|ch(Nathan, 1992; Pan et
al,, 2011). webA] o]2lgk NO2| A7t INOS] W Wl gHyg

R ek = r EREE RO
(A)
800
#
600
=) *
€
>
o
= 400
[
=|| *
200
B) 100
80 - 4
-
€ 60}
IS)
£
Q@ 40}
=
20|
0
(C) 140
120 t
#
< 100 b
g *
g 80
o
W 60 f
z
'_
40
20 b
0
LPS (1 mg/mL) - + + + + -
UPS (mg/mL) - - 25 50 100 100

Fig. 3. Effect of UPE on production of pro-inflammatory cytokines
in LPS-stimulated RAW 264.7 cells.

Cells pretreated with various concentrations of UPE were stimu-
lated with or without LPS (1 pg/mL) for 24 h. IL-1B (A), IL-6
(B), and TNF-a (C) in the culture media were measured by ELI-
SA. Data represent mean+SD of three independent experiments.
#P<0.05 indicates significant difference compared to non-treated
control group.*P<0.05 indicates significant difference compared
to LPS-only group.
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o}, 2 el 4] UPEe] o2k NO A149] ¢4l iNOS ]
o] wrolx| = Ao )3k 2¢h& Lpehict.

LPSE REElE @34 Cytokines? MMof| Cist
UPES| Y|t

LPS= A% RAW 2645.7 A|22o| A A== A55%]
cytokines®] A§ Al o] g UPES] &3}= ELISA o= B
31lc}. LPS AH=o] ) IL-1p, IL-6, TNF-a.2} 2+ cytokines
O] A A S7ek= A o® YEyal(Fig. 3A, B, and
C, P<0.05), 0|28l Z7}= UPE A 2lo] &Ja) dx|slA] 748}
L 707 3R 9l th(Fig. 3A-C). IL-6 2 TNF-0.2] 7<% 100
pg/mLe] UPE FZo| Aut 242k 21%9}F 63%2] S-51gt {ha
(P<0.05)E vjepd vhd, IL-189] 749 A st e sEoflA
FEOEA 0 7 Ash S UFERY SITHP<0.05).

o] 59| HFEX4 cytokinesE-2 Aol A thFst W U
HEHeS A= TS gith Alt<] LPSe olalf A=+
o)A &)= TNF-0.5 A5k BH)E TNF-o 2 LPS= IL-18
2} IL-62] AL G=51A Elth(Beutler and Ceramin, 1989).
TNF-o= W84 &3, 95, Al22/dald 52 vhafst A eleh4]
14 o] ol ar 9l th(Dinarello, 1999). IL-1p% T A1 4| 32 A
AAE= 8 d55%14 cytokine 2 2 A, Al 7Hol| thgh
HEA S5 7HA] 73] F-8.3t cytokine© | tH(Lebovic et
al., 2000). IL-6% thAA| 224 A== St H55%14
cytokine & 2 A A Y-8 Ho]| 2-8-5FcH(Yoshimura, 2006).
= oA WaE At UPEZ} LPS-AFFo]| &J8)) 5=
IL-1B, IL-6, TNF-0.9] A/d-& AN 7]= A 2.2 UEFRLAL, o]
+ UPEZ}LPS-AF=of| 93t A5 679 27] ©AE A8t

31 91e-2 ofmgiet.

LPSE REE= NF-«B2| 24510 st UPES] of
Al &1t

1% ox

oA Aestglizol ofg d5F%4 cytokines X iNOS
O I & AAbpzoll T8 HARIARS] NF-«xBejl &fs 24 %
tH(Baeuerle and Henkel, 1994). w}g}4] LPSZ A}=3 RAW
264.7 ALZOA] NF-xBe] 243} wisjo] olo] that UPES] A
2] BakE BASHITE WA W gdH o2 HASE 81l con-
focal microscopy= £t A3HE Fig. 4A 0| LFER ALt ofF+
& 2pFo] 748 A1 7] 9k Abejoll Al NF-kB/p65 subunit (3544)
= DAPI= G (A TR o o it w325k Zlo] izt
SR LPS2 A=3F 7-9- =54 Q1 NF-xB p652] tf 722 7
AQl B} FHA 32k A o= e AL o]«= NF-xB7} 84
stElo] o7 o] FFS-S Holg= Atolrt. o]t A2
UPE (100 pg/mL)E A4 27t 7> NF-«xB p65+= thA] 3l
HO] Al of| o FE sk A 08 3 E| 901, o]= UPE
of oJsl] NF-xB&| &/d3t7} @AsHA] A= AL &2 HoF
+ Aol th(Fig. 4A).
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Fig. 4. Inhibitory effect of UPE on the degradation of IxB-a and
the activation of NF-kB in LPS- stimulated RAW 264.7 cells.

(A) Cellular distribution of p65 subunit of NF-kB (green) protein
analyzed by immunofluorescence staining with confocal micros-
copy. Cells were pretreated with UPE (100 pg/mL) for 1 h, fol-
lowed by LPS stimulation for 30 min. DAPI (blue) was used for
nuclear staining. (B) Nuclear localization of NF-kB and the regula-
tion of IkB-aphosphorylation analyzed by Western blot. Cells pre-
treated with UPE for 1 h were stimulated with LPS for 30 min. (C)
Effect of UPE on NF-«kB promoter activity. Cells were transfected
with 1 pg of NF-kB promoter-containing luciferase DNA for 40 h.
Transfected cells pretreated with UPE for 1 h were stimulated with
LPS for additional 6 h. The results presented are representatives
of three independent experiments. Quantitative data shown under-
neath of the blotsin (B) represent mean+SD of three independent
experiments. * P<0.05 indicates significant difference compared to
non-treated control group.*P<0.05 indicates significant difference
compared to LPS-only group.



390

b
(n=)
Ho

NF-xB9| &/d3}o] p& 02 9] o]5-& o] & YA|ot= ©
WAl IkB-0.9] QlAtS}e] ot Haflof olgt Zlo]th(Chen et
al., 1995). wrebA] A2 9 o 2550 A NF-xB 9 IkB-0.2]
& & QA HEE JAIE o] 83t Western blot B 0.2
A5F3ATt. Fig. 4Bof| Urehd 2} o], A4 Wofl EAst=
NF-kB9] ¢} LPS A}=of| ofsff dAsHA Eoj=x= RHH, 3
FEEAE L gol STtk Ao ® TEE ITH(P<0.05).
“1efu}, UPE A% 2)o] oo A4 NF-xB= 27k} 8]
NF-xB %2 fo3o2 7hadhes A2 YERGTHP<0.05).
3, LPS 2} 9)8)) i A 9] p-IkB-0.2] 9k Z7}6h= vt
B TcBro RS 9912 743k 5102 Lehho 24 olAla)
2710l 21t IkB-0.9] Hal7} Aofyt--S Lhehy 1 ik, UPE
Aol 23] p-IkB-a.2] A 71 9Fo] A 7Hadhs Ao
2 Yepdo 24 [kB-02] QAtEL QA= Ao R vhekt
o}, 12U} IkB-oo] A Faah sk ehuA] ekske. ol 4F
o] ZA7= Fig. 4A9] W34 Zafele Qlalal Holtt.

22 LPSE A=+4 )4 A 323E0f Q1o NF-xB 2] promoter
activityo]] tigt UPES] & 1H5 #A4|5kaLA} 6131t o] & sk
RAW 264.7 A|3£of| NF-xB promoterS 714 luciferase con-
structE YA A S 2 transfectiond}l, o] A|EE Thefot =
O] UPE=R 247 A A 2] 3}aL o]o] A LPS& 6A|7HE<t AH=5
Aot Fig. 4Co YeY 50 luciferase 442 LPS A=
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NF-xB7} NF-xB] promoterE 714 luciferase?] B2 3.7
7S |ttt oo thgt UPES] oA &= 25 pg/
mL o] W& F =Rk of 2} 50-100 pg/mL =0 0] 27| 7H4]
oAl Ao g vehgtt o5 A= diAAZS=o A LPS
Aol 9]3f| F-= 5= NF-xB2| &4 3}7} UPE®] ofsf a3}%]
O 2 AAEIL Qlee HolF=al §lal, o] = UPEY] 9|3t 417] 9]
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AL 2o FA4FHALe] WS G E8kA Eck(Chen et al,
1995). o]2{gt IxB-u kinase2] 2430l THojsl= MAPKs2}
Akt2] 1AL} A &= & Western blot W © & ZA}SF 11 1 9F
S akshE]R] ok e o] oFnt vlaste] AR S
Fig. 59l Yehfi9l5o] Z kinase52] 2Hi3HH e 2l p-Akt,
p-p38, p-ERK, p-INK= LPS 2}-=o]| 2|3} 1.5 & #|3}7] 71 oF
o] F7toh= Aoz WEEI(P<0.05), o] 2|3t 57F= UPE
2ol oJal] FrolEAQl Hgoz fojH o = A
© 2 YRttt (P<0.05). o] g ZA¥k= NF-xB 2/d3t] up-
stream©]] 2H-8-51= MAPKs 9 Akt©] £435}17} UPES] €]af] ]
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Fig. 5. Effect of UPE on the phosphorylations of MAPKSs and Akt
in RAW 264.7 cells.

Western blot analysis of MAPK and Akt phosphorylations. Cells
were incubated with various concentrations of UPE for 1 h, and
then stimulated with LPS (1 pg/mL) for 30 min. Whole cell ly-
sates were prepared and analyzed by Western blot for total and
phosphorylated proteins of Akt, ERK, JNK, or p38 MAPK using
respective primary antibody. Quantitative data show relative den-
sity ratios of p-Akt, p-ERK, p-JNK, and p-p38 over Akt, ERK,
INK, and p38, respectively. The results presented are representa-
tives of three independent experiments. Quantitative data shown
underneath of each blot represent mean+SD of three independent
experiments.* P<0.05 indicates significant difference compared to
non-treated control group.* P<0.05 indicates significant difference
compared to LPS-only group.

Al E th= A& ofnfgttt

NF-xB9] 2/d2 MAPKst}t Akte} -2 thefsh Ao
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(Guha and Mackman, 2001). 212|311 Akt %= NF-xB2] &4
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chindra et al., 2007; Yan et al., 1999)3} &} &5 (Hosokawa
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