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Anti-inflammatory Effect of an Ethyl Acetate Fraction from Myagropsis
yendoi on Lipopolysaccharides-stimulated RAW 264.7 Cells

Bowoon Kim, Jae-Il Kim, Hyeung-Rak Kim and Dae-Seok Byun*

Department of Food Science and Nutrition, Pukyong National University, Busan 608-737, Korea

An ethanolic extract from Myagropsis yendoi was fractionated using several solvents. Among these, an ethyl acetate
fraction (Myagropsis yendoi ethyl acetate fraction: MYE) showed the highest anti-inflammatory activity based on
inhibition of lipopolysaccharides (LPS)-induced nitric oxide (NO) production in RAW 264.7 cells. We thus investi-
gated the molecular mechanisms underlying MYE’s inhibitory effects. Pretreatment of cells with up to 30 ug/mL of
MYE significantly inhibited NO production and inducible nitric oxide synthase expression in a dose-dependent man-
ner (P<0.05). Similarly, MYE markedly reduced the production of pro-inflammatory cytokines, such as interleukin
(IL)-1PB, IL-6, and tumor necrosis factor (TNF)-a, as well as their mRNA levels. While the nuclear translocation of
nuclear factor-kappa B (NF-kB) was strongly suppressed by MYE, the activation of a nuclear factor erythroid 2-re-
lated factor (Nrf2) was increased. Moreover, MYE significantly reduced the phosphorylation of JNK, p38 MAPK,
and phosphatidylinositol 3-kinase/Akt in LPS-stimulated cells. These results indicate that MYE contains anti-inflam-
matory compounds, and that it might be used as a dietary supplement for the prevention of inflammatory diseases.
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AW el Ae -2 = A, W, 22 &40 22 9
a4 Aol tigt Wol7| 5 o &2, o= 229 28 7] 5& A
Ao g 3Es17| e BpA 0w dojub whgolth A4t
Q1 AEHg2 AlTto] Ao whet d5E214d ul7H A (pro-
inflammatory mediators)2] A4
Al(anti-inflammatory mediators}<= S7FH 02K AAZ A
SHRSo] AlgtEl= 2ATEE 714 2L ¢lck(Lawrence et al.,
2002). AW o] A5l Toidh= AliE Z skl thAA| 2
(macrophages)i= |2t dFREgol a3t dehS st gl
t}. A A 3= interferon-y (IFN-y), interleukin (IL)-13, IL-6,
tumor necrosis factor-o. (TNF-0)2} 22 GZEZ 24 Alo|E7}
%l(cytokines), 123l Al Al =221 lipopolysaccharides
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(LPS) 5] Aol le&d o 24 S/ 3hEthXie et al., 1993).
ot AN 2= AEE X APl E7F]] 0] 2]9] inducible
nitric oxide synthase (iNOS) 4 cyclooxygenase-2 (COX-2)2}t
22 340 & -5l nitric oxide (NO) %! prostaglandin E,
(PGE )¢} -2 vt A5zl 245 Ad8HA =L (Na-
than, 1992; Zhang and Ghosh, 2000), ©]& W 7§ 4 &<] ¥=3t
AL heret R A Agke] W of 7oAl Q= AL
2 dHA ok kA A58 AL S dAlshs A
AstetEo] Whde Hop fakgo] A2 S A 8A NS
Qg o &2 e Bl Qi

AA| I Qlo] FFHXA At Bkl A TS0
8-S nuclear factor kappa-B (NF-kB)of| ]3] HAF=Z=0]| 4]
Z A ¥ th(Pahan et al., 2001). A=Fo] (= Arefol 4] NF-«B
+ inhibitor of kappa B (IxB)2} Agket Ale]| 2 E84] HE=
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ANz of| 23D Acquisto et al., 1997; Makarov, 2001).
T2} LPS9}F &2 A}=ro] 0] R]+= 79 [kB+= IkB kinase
(Ikk)oll oJaf ¢l14k3}E]o] proteasomeo] &]sf HafjE|ar, G2
H NF-xB= SOR ofssto] tpefst H5A viziAer 22
FAFAA] WES 251 Hth(Chen et al., 1995). 3F
H NF-xBe] &43}= extracellular signal-regulated kinase
(ERK), c-Jun N-terminal kinase (JNK), p38 kinaseE Z3s}
+ mitogen-activated protein kinases (MAPKSs) Z12] 1 PI3K/
Akt (PKB)&} -2 kinaseo]| &]sf] 24 == 2 0= oe| 4] Qlct
(Marks-Konczalik et al., 1998; Jang et al., 2005).

Nuclear factor erythroid 2-related factor 2 (Nrf2)+= AFs}4]
LEd 2o tf-g-ohs Al Wof7]|dS fIRk dAbA ] AL
Zp&2 &4 A QIth(Chen and Kunsch, 2004). A2 ol Abeljo]
A Nrf2+= Keaplo] oJal] 8|23} el = Al 22 ol EA5HA]
OF, AFshA 2432 who H Keapldt sfje] o] 2 o] F-s}o]
antioxidant response element (ARE)]| A3}sFo 24 HO-13}
2 ghaksl 7 4 0) BHe & 283k (Nguyen et al., 2000). 2|
0] QAo Ofi, Nef2ks %S §4EA17 A7) melal
oA AlzH T aaHE Leh §len, 53] Nrf2 knock-out A
4= LPSE 5l AFuhgo] Hhesh vhgsh 2o 1
1% 11 9Jti(Haetal,, 2011). Nrf2 2/ 3}o]| 24 A4 5 HO-1
2 RAW 264.7 Al a2of 4] LPSol| ofsff A/ 55214 Atel
E7RIY S AR 2N S anE el By
%31 9Jth(Lee et al., 2014).

sietel de] Agske s Hietlat Fr)do] oheg 9t
S]o] glon] 20|47} FRaI} WA Be AFSo| 3|2
5oz}, FAFET, Te) 1 Fulolels AL 7T
= AL 9 o H(Del etal., 2001), LA &S 2JA|(Awad et al.,
2003) 5 eh(Lee etal., 1992)3} -2 A2 & 7Hlvk= 2
Vo] HREHI 11 5 d2Fe A g 2d 24
fucoxanthin, fucosterol, phlorotannin ¥} 22 T}k A 2] 24
EAES 7R = Ao R B E A QIti(Kim etal., 2010b;
Kim et al., 2013a; Lee et al., 2013; Jung et al., 2014). £3] ==
A= FESETE 7HA AL 9l A2 & UERI(Joung et
al., 2012a; Joung et al., 2012b; Gwon et al., 2013; Kim et al.,
2013b), phlorotannin, sargachromenol %! sargaquinoic acidx}
e thefat sl RS0l FHeElo] Qi AR MiEl St
(Kang et al., 2013; Kim et al., 2014).

ot siRRs oA of7| S N AN Myagropsis
yendoiy& Ui} 92| veh Fddl Agtol Al4ste mARE
TH(Sargassaceae) 2] 7| AP Myagropsis)ol] £3H= 2425
E(NFRDI, 2009), A %A Ftof] B&sh thdd sjxF=
woll AA<skal BelE 233 A7 F A AlskaL -8k (Dae-
kyo, 2008). 21-&-0] 755k Ao &2 I A = o7 el=
AHEE- o] Aol A ol ghta/do] Y¥a X Bl glow
(Park et al., 2010), Z|2ofl= o9 o] Ao w3t A=

o] ZhiFs] 2% Folth. M B AT ek ofu] Aol
A o) 7] LIEN AR ofERE(95%, viv) FEEERE #7]
S-fj(hexane, ethyl acetate, butanol)E ©]-&3slo] 2+ Re&E=
& RS 1 BE B A3, BOAe £8204 3
A% B 7S vebdS ERlsteint. wheba] 2 A-tol A
= o]t of| 7] ] BN = ART] EtOAc H-E5(M. yendoi ethyl
acetate extract, MYE)Q] &5 a1 9 I 214 7)1 4S
LPSZ A}=F3t RAW 264.7 cell& o]-8-5t0] EASHo 24 o
4 A S o = A AAA 5 Sl A1 4
A=A 9] ol 87154 HESIAT.

Mz H U

21 22

BAb 7170l A Y23 M. yendoi®] AzET 2 kg FFY
277} R2ke 7 7] W ol ©a1 95% F A (EtOH, v/v) 4 LE go]

ARgsto] F53130T o] 33 HhEsto] F 182 gof 4
FZEEL A9t} o]E H,O:EOH (9:1, viv)9] 3-8l 2

I n-3ARS do| Zozt 7o HHPSHAA A5
o n-3ik 7HE-RE Eefstoinh FUT o R 48500 &
2o of oA H o] E(ethyl acetate, EtOAc)S o] HEslet
U= EtOAC 325 22|50 5551 MYES €3t

MEZ i 2 X2

7HE, FE31L(50°C, 3AZh) FE A2 AA3ste] ST S

RAW 264.7 AI3£(ATCC, Rockville, MD, USA):= 10%
fetal bovine serum (FBS)@} penicillin (100 units/mL), strep-
tomycin sulfate (100 pg/mL) %7}5t Dulbecco’s modified
Eagle’'s medium (DMEM)Z AR89, 5% CO,, 37°C f
oF7)o]| A i oFatgiTh. Cell culture plateo] RAW 264.7 cell©]
70~80% “d = A 1AM phosphate-buffered saline (PBS)= &t
H Alojll & Al wljeFal it MYE+= 100% dimethyl sulf-
oxide (DMSO)ol| =0 AR5} 1, v A 3 2] 2] Zof ul ] o]
5]4]stef A8ttt
Mz =4 Al

RAW 264.7 cell-& 96-well plateo]] 5 x 10° cells/well= -
Skal 37°Col|A] 244171 59k wljoFst 3, MYE~Z} 0, 10, 20, 30
pg/ml s=2 345 DMEM HjA| 2 aAste] 1AI7F ek
319131, 0] F0] LPS (1 pg/mL)E 63k DMEM Hj2]o] o}
Al 24A17F vl oFslSiT). o] % CellTiter96®Aqueous 3-(4,5-di-
methylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sul-
fophenyl)-2H-tetrazolium (MTS) A& 7]E(Promega, Madi-
son, WI, USAYE: AR&-sto] 2l zAte] whlo] wje} Az
82 24319} MTS 2242 FBS-free DMEMO]| 5% (v/v)
o] =r g Ao] 100 LA A 2|5tgich 1417 30| microplate
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reader (Glomax Multi Detection System, Promega, Madison,
WI, USA)E ©|-§-5to] 490 nm&| upgo| A Sd =& 57 5to]
RS4RIt

NO & FEH AOIE7IR 4y X gt

MYE®] H5aT} HIE I3l RAW 264.7 AJ3zof|4] 9]
NO Aol tiet A aE E45HH MYES 14 7H-5¢t
A2 2] 3k ke LPS (1 pg/mL)E 244 7Hs¢F A}=+a}a1, 71 vj
A& AAEE](2,000 g, 4°C, 102)3}9] 3|31k NO9| 5
= HiR](100 puL)&t Griess A12F(0.1% naphthylethylene di-
amine dihydrochloride + 1% sulfanilamide + 5% phosphoric
acid)Z Y3 &2 HF3-A]# microplate reader 2 540 nm
of wol M FFE=E SASHAHKIm et al., 2009). A &
9] IL-1B, IL-6, TNF-0,2] %2 enzyme-linked immunosorbent
assay kit (ELISA, R&D Systems, Minneapolis, MN, USA)&
ol 5to] A zAbe] wplel wet S Astelch
mRNA Zeigo| 24

RAW 264.7 A Z(1 x 106 cells/well)Z 0, 10, 20, 30 pg/mL
9] FE2 MYEE 1AZF &<t A2jgt &, LPS 1 pg/mLe] &
E2 6A7F 50 A=A H T 0] Quiazol A|2F(Quiagen Sci-
ence, Valencia, CA, USA)2- ©]-83}¢] total RNAE H-2|31%
CHKim et al., 2009). Total RNAZFE FAA F3as A
H9HS(RT-PCR) £4]0] 2]gt mRNA ko] 242 o]
o] ¥ 131(Kim et al., 2009) 4] AR&-3F B 0] 83+,
A} wre gkl Al A ol vl WS $J3lA] housekeeping gene?l
glyceraldehye-3-phosphate dehydrogenase (GAPDH)E &7
43I} PCR ¥Hg-of ©]-8-% 71719 primeri= Table 10f 1}
EF 2lc}. 17195 DNA sl =0] A5k #4412 cooled CCD

Table 1. Primer sequences used in this study

Primers Sequences

iNOS Forward 5-TCT TTG ACG CTC GGAACT GT-3'
Reverse 5'-CCATGATGG TCA CAT TCT GC-3'

COX-2 Forward 5'-TGG GCA AAG AAT GCAAAC AT-3'
Reverse 5'-CAG CAAATC CTT GCT GTT CC-3

HO-1 Froward 5-AAGATT GCC CAGAAAGCC CTG GAC-3'
Reverse 5'-AAC TGT CGC CAC CAG AAA GCT GAG-3°

TNF-a Forward 5'-CAA GGG ACAAGG CTG CCC CG-3'
Reverse 5'-GGT CAG AGT GGG GGC TGG GT-3'

IL-18  Forward 5-ATG GCAACT GTT CCT GAACTCAAC T-3'
Reverse 5-CAG GACAGG TATAGATTCTTTCCTTT-3'

IL-6 Forward 5-GTATGAACAACGATGATG CAC TTC CAG-3
Reverse 5-GCATTG GAAATT GGG TAG GAA GG-3'

B-actin Forward 5'-CCT CAT GAA GAT CCT GAC CG-3'
Reverse 5'-TCC ACATCT GCT GGAAGG TG-3'
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camera system EZ-Capture I (ATTO & Rise Co., Tokyo, Ja-
pan)Z} CS analyzer ver. 3.00 software (ATTO)E ©]-8-51] |
4 3ule] whe AgS S Agict

NEY 2 8 BN 2520/ HE

NF-xBo] 245} A=2 £4317] 9I3] MYE % LPSE %
7} 2|3k RAW 264.7 AlE25E A2 9 o Gl 5%
58 77 B A %59 tHKim et al., 2009). =, MYEZ #|
¥ A EZQ2 % 10° cells/dishyS PBSE A|Hs}to] 3|46},
180 uL2] 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 74]1& ¥
1, 20 uL2] 5% nonidet NP-402 7}13}0] SE 59t H-5-A]
ZAck. o] F UAEE(1,800 g 4°C, SE)F F AFHS M2
FEEE o-85elrt 3= hypotonic buffer= gHH A2
3}, hypertonic buffer [20 mM 4-(2-hydroxyethyl)-1-piper-
azineethanesulfonic acid, 25% glycerol, 420 mM NaCl, 1.5
mM MgClL, 0.2 mM ethylenediaminetetraacetic acid, 0.02%
NaN,, 0.5 mM DTT, | mM PMSF, pH 7.4]5 {3 1 A7} 5}
A5 ol FAAI ohF L422(13,000 g, 4°C, 102)5k 4
TSNS Z)sto] Y FEE 2 0|53
Western blot 2440] 2|oF CHHE 2

Heod Ay Ao TR o] QA e Al
= MYE 9 LPS& A 2]3t o] whole cell lysateS A %5}o]
A2 2, NF-xB % [kBe] 843t 9 Qs e 47]9] o
U A2 252 ARE o] &1L, T A o] 2 o] 9|
1 31(Kim et al., 2009)2} v}2H7}2] 2 sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE)&&]%E o
#1215 nitrocellulose membrane®] ©]FA]# Western blot©.
2 24590 A2 MEo) A% B4 mRNA £43} of
ZH7}A 2 cooled CCD camera system EZ-Capture 1 2} CS
analyzer ver. 3.00 softwareZ ©]-&3}o] 2|4 3H 9] ke A5
<= &3l ¥, I ATE 7 blot?] shtol] A= 7]5H
t}. Z12]31, Western blotol] AR&-H ZH24H9] 12} A &2 tha
3} 2} iNOS (s¢-650), B-actin (sc-47778), phospho-Akt (sc-
4060), Akt (sc-1618), phospho-ERK (sc-7883), ERK (sc-94),
phospho-JNK (sc-6254), INK (sc-7345), NF-xB/p65 subunit
(sc-8008), HO-1 (sc-7696), Nrf2 (sc-722), poly (ADP-ribose)
polymerase (PARP, sc-7150)= Santa Cruz Biotechnology
(Santa Cruz, CA, USA)oA 431, phospho-TkB-o
(4814), IxB-0. (9246), phospho-p38 (4511), p38 (9212)+= Cell
Signaling Technology (Danvers, MD, USA)of| A Z+2F 41915}
%t} Horseradish peroxidase (HRP)7} conjugate=] ©] Q1= Z+
Z}2] 22} A E{rabbit anti-goat IgG (LF-SA5004), goat anti-
mouse IgG (LF-SA5001), goat anti-rabbit IgG (LF-SA5002)]
2 AbFrontier (Seoul, Korea)oll4] Y3}, Enhanced
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chemiluminescence (ECL) detection kit GE Healthcare
Bio-Science (Piscataway, NJ, USA)E Ag-5131tt. B-actin};
PARP+= 717} A| 3223} 319] control T A =4 FAJof] 23t
A7,

A= MY

RAW 264.7 A|3LE glass coverslips (SPL Lifesciences Co.,
Gyeonggi-do, Korea) 9]0l 24A|7F 8jFet 5, MYEZ 1A|7F
72 3411, LPS (1 pg/mL) 305 2F= Al ek A E2 4.0%
paraformaldehyde”} %7} PBSZ A20A] 158 59 vk&-
A7 A7) 1L, 0.5% Triton X-1000] d7}E PBSZ o] 10
5 HRS-A 2 TR PBS = A4 g Fof| 3% BSA/PBSE ¥ 1L
30+ 5%k blockingA] 71 &, anti-NF-xB polyclonal antibody 7}
5|45 3% BSA/PBSE ¥ o] 247 52t RESAIZATE 1t
Alexa Fluor™ 488-conjugated secondary antibody (Invitrogen,
Carlsbad, CA, USA)7} 345 3% BSA/PBSE Y¥il 14|17+
B9 HESAI] H, 2 ng/mLe] 4,6-diamidino-2-phenylindole
(DAPDZ & HAH5}31 LSM700 laser scanning confocal mi-
croscope (Carl Zeiss, Oberkochen, Germany)= 3251 ¢1t}.

NF-x B Promoter/Luciferase assay

RAW 264.7 MZQ2x10° cells/well)7} 50+ 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)2} g4 A &]351o] 40
A7t %9t transfectionA| Z Tk 71 the, MYES 1A|7F A A2
3131, LPS (1 pg/mL)& 6A17F A-=A] 7T}, 0|5 PBSE A%
3431 100 uL] lysis buffer (0.5 mM HEPES, pH 7.8, 1% Tri-
ton N-101, I mM CaCl,, and 1 mM MgCL)& &3l Y=
11, luciferase assay kitE AR5} firefly luciferase activity 2}
renilla luciferase &Al-S- =74 5}53 ). Renilla luciferase?] W&l
2 2|42 0 2 Jojih=dhH firefly luciferase= NF-xBoj 2]
S AR g o] E|HE A|3L S=of] &J3t @A HAS 4= Qlrt.

A ~E

LPSZ S&&= NO A4 2 iNOS &aiof gt MYE
o| Ax| 1}

LPSE A}=HEl RAW 2645.7 A 2] 4 A4 == NOoj gt
MYES| AA| B3-S ot 7] flellA AlZE thafh 55(0-30
pg/mL)e] MYE=R 1A17F A A 2]8}3, LPS& 24417k A}=510

o
oflt
i)
rE
)
1%

AFEO] M 2 B EE nitrite A4S S50 NO A4
& w4391t LPS #2]o] ]3] Z7h NO= MYE®] 4]
of ofs) fsEolEA o AN Pashs A0 kit
(Fig. 1A, P<0.05). ©]2}2t NO 44 9] 04| 57H= MYE®] ©]
o AIESA 2 RAW 2647 AlZ7} AR B Zo] ofaA =
Uheh 4= glom 2, olefat 715 Al S v sk AL T MYE
2] 2 215to) A Al EAEE] WEHE MTS assay £4519]
o}, Fig. 1B Lrehglizo] AlE0] AE8-S MYE Helo] o
ol 21 Bk 9191 ol 2l Al EEA AT Aol 4 MYE
2ol 15k NO A4 0] oA fake AlZEAo] o]t Zlo] of
Yehs AL shele 4= st

Th-& NOE Ak R4l iNOSe] W] tat MYE
o FakE o iix s1girk. Ml o] RAW 264.7 A=
o MYES 0-30 pg/Lo| =2 A e]gt ol LPS® A3}
%11, ol Al Tl A3} total RNAS H-2]5o] 717} NOSO]
chal g} 7o) e Bt Fig 20 YeR g
0] iNOS £ o] Wloke: LPS A 2]o] ]3] @45} 7
FEEE 2 o 4 Y9I, MYE Helo] ojs) smojzr o

o, 7L A Bt AApeEolA] apdo s 2
A= 9SS YeEbdTHFig. 2).

NO+E= NOS©| 9J3)| L-arginine2 2 5€] A=}l iINOS+=
Aol Ysas 9 G54 Aol E7Rle &8l ZstA =t
(Guha and Mackman, 2001). ®2]&|¢l 27 s}of| A iNOSe|
23 NO2 dA s 57H= thE 434 wiiAE 7 3=
ot S-S A HaL 239 SAFS s o R Uy
o] A5 49l =4 wj7iA o] th(Nathan, 1992; Pan et
al., 2011). webA] INOSE] B = S AAIF 2 24 NO
o BAAE AAIE = e e Y R o] 8E

%< Aoltt,
LPSE |EEl= FSM AO|EFI0IO| AMAMof| CHst
MYEQ| xSt

LPSE A=4 RAW 2645.7 AEZAA A= G554
AtO| E7FR1C] Aol gt MYES] 75 ELISA R O &
Aatsiet. LPS A=o] 2]3] TNF-q (Fig. 3A), IL-1p (Fig. 3B
4 IL-6 (Fig. 3C)2F 22 HFEX14 At E71R19] A=k
A F7Fsh= A & VAL, o] 2fgh F7h= thas Zpol= 9l
A9 MYE Aeje] Jalf @AalA 7Hidhe AR FE Q)
o} (P<0.05~0.01). T3+ H2]¥ A ZZHE mRNAS B3}
o] RT-PCRZ £-45t 23} ELISA 3k} f-ARH Ureksttt
(Fig. 3D).

)

Fr ox

~—

9 rlo

HEZAY AP E7RIES AWollA] thefst | 2 A%
HH-S 2k TS stk Alwte] LPSo| 2lsf A= o
AN 3= TNF-0.8 AJAJ3tal E8]E TNF-o 9 LPSE IL-1B8
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OFIL-69] S FEt o 2N S-S A&A1714] Hek
(Beutler and Cerami, 1989). LPS¢|| &3} 7-=% TNF-a+= ¢
B0 AHAE ZAse] A %A 0l AL MRS G
H Aol B8 &3, 95, AlEAEY 9 oherst A
14 3o ofstal QIth(Balkwill, 2006; Dinarello, 1999).
L-1B AN A AR 70 JEE14 AolE7)e]
O 2, Al el thet H54 S5 7HA 2 7Sl 5a%t

A 140

120

100}

80

60

40

Relative cell viability (%)

201

401
*k

30
*k
*k
*k

20

Nitrit concentration (M)

101

0

LPS (1 pg/mL
MYE (pug/mL

Curcumin (UM

- R - - R 50 -

)
)
)
L-NIL (uM)

Fig. 1. Effect of MYE on cell viability and nitric oxide (NO) pro-
duction in LPS-stimulated RAW 264.7 cells.

Cells pretreated with various concentrations of MYE for 1 h were
stimulated with LPS (1 pg/mL) for 24 h (A, B). (A) Effect of MYE
on cell viability analyzed by MTS assay. (B) Effect of MYE on NO
production in LPS-stimulated RAW 264.7 cells. The culture media
of the treated cells were used to measure the amount of nitrite to
evaluate NO level. Curcumin and N6-(1-iminoethyl)-L-lysine (L-
NIL) were used as positive controls for the inhibitory effect. All
data are presented as mean+SD of three independent experiments.
*P<0.05 and **P<0.01 indicate significant differences compared
to LPS-only group.
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Apo] EZFelo|tH(Lebovic et al., 2000). IL-6% T 2] A 3Zof| 4] AY
Q= S ASFA Al E7IRI S 241 T/ HY-SHol
A1-g-2Fth(Yoshimura, 2006). + A--o]| 4] 2 A= MYE
7} LPS-A}=o]] &8} = 54 IL-1B, IL-6, TNF-0.2] 48442 ]
AA 7= Ao 2 YEREIL, o= MYEZF LPS-A=o] 25t ¢
8 Y 27 GAE JAIsHL A5 ofnlgtth

LPSZ SEEl= NF—« BO| 24slof chat MYES] o
xl &7t

oA At ol oe d5E2/d AfelE71Ql 9 iINOS
o BFEe 9 HARIARI NF-«xBe| 2J3|] =4 HcHZhang
and Ghosh, 2000). w2}A] LPSZ =35+ RAW 264.7 N2
o]4-5}o] NF-kB2] 24 3}o] gt MYEQ] A 2| a315 H-4]5}
At HA HgHo =2 JA-S 31aL confocal microscopy
2 A% A3 Fig. 4A0] YESieh ot Af=o] 713l
A A 9k-2- Alefjol A NF-xB/p65 subunit (3544)= DAPIZ &
Al (YA o g RE2 Bashs Zlo] WAE AL LPS
2 A3 79 =20 NF-xB p652] thia-o Aol s}
S| E3xESH= A0 2 Ve o]= NF-xB7| 8435} 5] o] &
O o5 HojF= Auto|rt. o] gk A2 MYE (30
ng/mL)E A 23t 29 NF-kB/p65= THA] 3] £ o] AL
Zof| i Bast= A0 WAL, o= MYE] 93]
NF-xB2| &3t7} dAHA A=l 9132 Hof5=aL Q)
(Fig. 4A).

NF-xB2| ZHslof u}2 o z9] o]52 o]5 AJA5h=
TRl [kB-a.9] Q14tstell o3t &afjof] SJgtth(Chen et al.,
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Fig. 2. Effect of MYE on LPS-induced inducible nitric oxide syn-
thase (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 MYE 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 MYE for 1 h, and then stimulated with LPS (1 pg/
mL) for 6 h. mRNA levels of iNOS and B-actin were determined
by RT-PCR analysis using respective gene-specific primers. The
results presented are representatives of three independent experi-
ments.
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Fig. 3. Effect of MYE on the production of pro-inflammatory cytokines in LPS-stimulated RAW 264.7 cells.

Cells pretreated with various concentrations of MYE were stimulated with or without LPS (1 pg/mL) for 24 h. TNF-a, IL-1p, and IL-6
protein levels in the cell culture media were measured by ELISA (A, B and C, respectively) or their mRNA levels in the cells by RT-PCR
analysis (D). Data represent mean+SD of three independent experiments. * P<0.05 and **P<0.01 indicate significant differences compared

to LPS-only group.
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Fig. 4. Inhibitory effect of MYE on the degradation of IkB-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 immunofiuorescence staining with confocal microscopy. Cells
were pretreated with MYE (100 pg/mL) for 1 h, followed by LPS stimulation for 30 min. DAPI (blue) was used for nuclear staining. (B)
Nuclear localization of NF-kB and the regulation of IkB-a phosphorylation analyzed by Western blot. Cells pretreated with MYE for 1 h
were stimulated with LPS for 30 min. (C) Effect of MYE on NF-«xB promoter activity. Cells were transfected with 1 pg of NF-kB promoter-
containing luciferase DNA for 40 h. Transfected cells pretreated with MYE for 1 h were stimulated with LPS for additional 6 h. The results
presented are representatives of three independent experiments. * P<0.05 indicates significant difference compared to LPS-only group.
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Fig. 5. Effect of MYE on the expression of heme oxygenase-1
(HO-1) and the activation of nuclear factor erythroid 2-related fac-
tor (Nrf2) in LPS- stimulated RAW 264.7 cells.

Cells were incubated with various concentrations of MYE for 1 h,
and then stimulated with LPS (1 pg/mL) for 30 min. Protein and
mRNA levels of HO-1 were analyzed by Western blot and RT-PCR
analysis, respectively. Whole cell lysate and nuclear fraction was
used for Western blot of HO-1 and Nrf-2 activation, respectively.
-actin and poly (ADP-ribose) polymerase (PARP) were used for
housekeeping controls of HO-1 and Nrf-2, respectively. The re-
sults presented are representatives of three independent experi-

ments.
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Fig. 6. Effect of MYE on the phosphorylations of MAPKSs and Akt
in LPS- stimulated RAW 264.7 cells.

Western blot analysis of MAPK and Akt phosphorylations. Cells
were incubated with various concentrations of MYE 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, INK, or p38 MAPK using respec-
tive primary antibody. The results presented are representatives of
three independent experiments.
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