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Anti— inflammatory Effects Porphyra yezoensis Extract in LPS Stimulated
Raw 264.7 Cells

Ji Young Lee

Graduate School of Education
Pukyong National University

Abstract

Many researchers have studied algae as a source of materials with potential
biological activities because many marine algae extracts have strong
antioxidant properties.

Seaweed which has. nutritionally = low calories is rich in protein,
carbohydrates, dietary fiber, vitamins, and minerals.

In addition, it is known. to be high in unsaturated fatty acids and essential
amino acids compared to vegetables. Porphyra yezoensis out of seaweed such
as green laver, porphyra vyezoensis, Undaria pinnatifida, and hijiki is the
oldest and highest in intake frequency in daily life. In Particular, it has not
only much vitamin B, omega-3 fatty acids, and taurine lowering blood
cholesterol, but much more protein and vitamin A. Porphyra yezoensis extract
used in this experiment has anti-oxidation effect and reduces the incidence of
colon cancer.

Also, it i1s famous for other anti—cancer, and sleep extension effects, also
increasing the weight of the number of cells and immune-related organs.

This study was investigated the anti-inflammatory effects of Porphyra
yvezoensis extract (PYE) on RAW 264.7 macrophages by measuring nitric

oxide (NO), reactive oxygen species (ROS), superoxide dismutase (SOD),
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catalase activity, inducible NOS (iNOS), cyclooxygenase-2 (COX-2), nuclear
factor-kappa B (NF-kB), interleukin-18 (1L-1B) and tumor necrosis
factor-alpha (TNF-a). PYE decreased the production of intracellular ROS
dose dependently and increased SOD and catalase activity in
lipopolysaccharide (LPS)-stimulated RAW 264.7 cells. PYE significantly
suppressed the production of NO and reduced the expression of iINOS, COX-2
and NF-xB. In addition PYE treatment significantly inhibited the production
of IL-18 and TNF-a and significantly reduced the phosphorylation of Akt
and MAPK in LPS-stimulated RAW 264.7 cells. These results show that

PYE has potential antioxidant and anti-inflammatory actions.
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2012; Osborn and Olefsky, 2012).

A Hdy T HA BE FHolsteE A A EE adaptive
immunity 2802 4UE HIAMNIEY HEZSFE %"*éﬂ’\]ﬁ A A U el A
45 2 WY d$S 2dEE gEH o 7155 s

H3%7
tHErwing et al., 2007). tiAAES] F28 2 é”‘é’&i(ROS)Q} shAd 4 4
(RNS)E F71= Ab&ete] Algt, wiele]x) Shalxo] ths 438ty T
cell 443t 4 B cell Al E BFH0= HFogto s WA A
TA Aol AN AT G k= AlZEO|HH(Hakim et al, 2004). 2] Al
=204 cytokine?l TNF-a, IL-6, IL-13%5 ¥ HUTo HE5x
2A O SAATY T TEREE U, AR E 2 A% wwd
o] Fojx Qi el dFAMESC] ARtsk= cytokines9 S FXl st
= Lipopolysaccharide(LPS)el]l ]38t xp=+o 2 A 3}¥ th(Marriot et al.,
1998). &4 H NAAMEE TNF-q, IL-6, [L-1B 5 9% iNOS, COX-2
e s AAEY NO 9 PGE, 2 Y43 45 wAdaeEs A4
Stk (Nathan., 1992). 954 cytokine ¥ iNOS, COX-29] ¥&d-2 NF-xB
of o3 A= NF-kB %3 A8t ~Ed# 2 LPS, cytokines 2l 9
- Aol whg-sto] @Adste o] Mo o]Fsle] WY 9 QS whSo]
ost= wiZiAEe] HdS 24 (Choi et al, 2003). NF-kB& A xZ2
offA Mool kst s Hddd #HFAS= redox-sensitive
transcription factor®= (Grimm S, Baeuerle PA. 1993) p65, pb0, IkB

it
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subunit®] trimer® A= o] A 2k3sHH

™ p65/pd0 heterodimer”} 3] £o=2 o]F3sle] <A
+ Aoz ¢#A Jd(Munor et al, 1991). o] &gt
A 7]1E= IkB kinase® &4 3l+= ERK, JNK, p38 subgroups, Akts 9

kinase°ll ¢Jste] ZAHt} ERK, JNK, p38 subgroupsE< A XES2], A}

o, Balink ofug} AbslE £4F Ao #oldlE ¢St INKE Al
FAbE| F2 2gsta 4kad A ZA43 "o ERKE AlEATE,
w3E sty As &g o8 @At A, A FAE S Al
IAME oA ANEE ZAEsrta 4 tHNair et al., 2004).

AAe] AT FoR st W2 oxidative stressE Wil QlTh. o] F 9
2 295 SOD, Catalase, Peroxidase%s o] 4k3t &A=

T2 0y HO2 5S Wolstrl Superoxide radical(Os)

© catecholamine, reduced ferredoxin, leucoflavins©] A543}l 37 UH(
Fridovich, 1975), aldehyde oxidase % xanthine oxidase & <¢| 4t3s} #&
ar A A = 2 Fo ] polymorphonuclear leukocyte
neutrophil(PMN)3¥} macrophage®l] 2|8 214 %8S 543l respiratory
burst 7} dojgd W mEZ=dolst QEA T AE V| AAH
}H(Oyamagui, 1981). = Hydrogen peroxide (Hs0,)9 AL F=2
peroxisome®l|] =] 3dF= F<=3F oxidaseo] &3 0,9 3¢, SODY #H& o
2 QA% 0.9 AAe] ¢+ AA, diene fatty acid, triene, tetraene fatty
acid®] Ap&Akst, MlaEure] Abst Ao A ET o]y d Azt FHAIES
olAe] RE MY FAAEQ nucleic acid, lipid, protein, carbohydrate®]]
oxygen toxicityE I THKim et al.,1995). &4 AtaxFy dF5A
cytokine oxidative stress®} ##o] Qltpa d& A gfom TNF-a%}
22 s wiriAet duEaas 2 g4 AAaAE ANS T 25

8- Abst s ~Eg s S7HAI 71 A E 5 (Cho et al, 2008).
MExFT It or defo] vt oA G Ao, HE,
714 greFo] FHstal 53] A& HlE] B daolr 4tk 3

Collection @ pknu



#1242 (Jimenez et al.,1999).
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0. A5 ¢ %4
1. A=
DAY 2 As

2 Aol A AR A A IS =R (P. yezoensis)= ©|-&35f
Atk RAW264.7 Al3EE ATCC (TIB-71"™) = K g F9)atsit}h. wj ko] A}
2%  TFetal bovine serum (FBS), Penicillin/Streptomycin (P/S),
Phosphate-buffered saline (PBS)< Gibco BRL (Life Technlogies, Gibco
BRL, Gaitherberg, MD, USA) A%< AF83F% 3l Dulbocco’s Modified
Eagle’s Medium (DMEM), Sodium bicarbonate, & Al A, Bovine serum
albumin (BSA), Trypsin, Protease inhibitor, Detergent= Sigma
Chemical Co. (USA)ol A 43Rt

Western blotoll A Alx e duld F&5 =A3517] 98] BCA Protein
Assay Kit (Pierce, USA)S A}-83}%1aL, Protein standard marker:= Dual
color marker(BIO-RAD, USA) #|3%o]t}. Z}# Antibody+ Santa Cruz
(CA, USA), Cell signaling (Beverly, MA, USA) Al#& AF&3IA
Detection regent® Super signal West Pico Luminol/Enhancer Solution
I} Super signal West Pico Stable Peroxide Solution (Piercem, USA)<
AF8-3Fe] Kodac film (Rochester, NY, USA)S. & 7343} t}.

oo = AEo] AEE FAHoE= MTS/PMS solution(Cell Titer 96
Aqueous Non-Radioactive Cell Proliferation Assay Kit)S Promega®l A
TAdsA L, AE W ROS =&AL 27 -Dichloro fluorescein diacetate

(Sigma, USA)E AF&83F4
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B A8 A3 7 (Porphyra yezoensis)< 20123 39l 7]% ol A
TSR, FAF F ARG AL FAREVE AxF F vhg)
o 71 BEE AxFAL 37 Fe=Ad THT ILE ¥ 4 2 40g
& Aste] AAANN F AoA 4N wikste] FEIAAT FEAS 9
A2 (3500 rpm, 20 min, 4T)3te] QX FF Aol 95% ole-&S 7t
o H Be AA ARt AdE Be Rela] A6 o A9e AAm
AL oS Zhtolat Sle] FAAZE F -70TCeo| B usto] Ao A}
&Rtk
Porphyra Yezoens@
1
washing|
: : —  Concentration
Freezing dry J |
| PYE J

Homogenization J

I
Extraction(4hr, RT) J
i
Centrifugation (3500rpm, 20min, 4 C) J
| : '
Precipitate J Super?atant J
Concentration J

Add 3 volume |

of EtOH Filtration J
| |

| 1
Precipitate J Supernatant J

Fig. 1. Preparation of Porphyra yezoensis extract
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2) Al Za)F

A&o] AlgH RAW 2647 Al¥%E American Type Culture Collection
(Manassas, VA, USA)AA Fdste] A&ttt MEE 10% fetal
bovine serum (Gibco BRL, Gaitherberg, MD, USA)¥} 5%
penicillin/streptomyocin (Gibco BRL, Grand Island, NY, USA)¢] stf%
Dulbecco’s modified Eagle’s medium (DMEM)®} Al 37T, 5% CO-7}
A ¥ = incubatorol A BESFS T Cell culture plated] RAW 264.7 Al
3Z7F 70780% AE At PBSE Aol & Algiuletal viA = 273Y
21 = nas ks v |

3) MTS assay

PYE7} RAW264.7 Alxzel AEH4S FEs=AE LdotEr] HA¢)
MTS assay e A3+t 96-well plated] 10x10" cells/wello] A ZE =
A S5 = AEFFE flske] 2443 wj<Fstal, phenol red
free-DMEM3H] Aol 12A]17H& 1 #j sk = PYEE 0, 5, 10, 20, 40ug/ml

g TEEE A e g + 247 3k i} g3t

o]
=

Oft

3-(4,5-dimethylthiazol-2-y1)=5-(3-carboxymethoxyphenyl)-2-(4-sulphen
yl)-2H-tetrazolium, inner salt/phenazine methosulfate. (MTS/PMS)
solution (Promega Co., Madison, WI, USA)& #7}slar 37CoA 30+
Hk2- A1 71 & ELISA plate reader reader (Benchmark microplate reader;
Bio-Rad laboratories, Hercules, CA, USA)Z 490nmol4 SFLE =4A

34l
4) Cytokine &3d =3

RAW 26474130 LPS A E &A HH dAMEs 8435 Ax
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W oo AT HAEAA 2 FAA Ede] HEE §sto] Cytokines e
ok o F79Y Cytokine Aol v x+= PYES] 9F&S xAtst7] 913t
of TNF-a9} IL-1B° wald 4SS =HsAv. RAW 2647 AXE
100-mm disholl ®i%Fstar AMEZF 60780% A %= FTAstH  SFM(Serum
Free Media)2 2 A 3G 6417 FHol PGP(10, 20pg/ml)7F &=
SFMo = aA|etal 4A13F ol lpg/mb LPSE 204 3t&qt A3 #
PBS(Phosphate Buffered Saline)& o & A #3122 1ml Lysis buffer(1%
Igepal CA-360, 20mM Tris— HCI(pH 8.0), 137mM NaCl, 10% glycerol,
2mM EDTA, 10ug/ml aprotinin, 10xg/ml leupeptin, 10xg/ml pepstatin) =
AEXLE HAZ s 12,000xg, 55t AT AT. AeHEs FH &
Mouse Cytokine Array kit (R&D system Inc., Minneapolis, MN, USA)
= Abgeto] Al zAbe] WRldl whet Stk INOSeF COX-29] iz

%S Western Blot #4145 %8l =453

5) Western blot analysis

@ Total cell lysate F=

1o

A FEEA e Alxy duld o] wX = JFS dolrr] 9s)A
RAW 2647415 100-mm dishell #jFate] AE7F 60780% 4= <48t
W SEMo 2 uA A 6A1%F Hel PYE (10, 20 wg/mL)7F A€
SFMo 2 wA|stal 4A1F o] 1 pug/mL LPSE 20A1%F &<k AHels &
PBS& o2  M=Z3stal Lysis buffer (50 mM Tris-hydrochloride
(Tris—HCD, pH 74, 150 mM sodium chloride (NaCl), 1 mM
ethylenediaminetetraacetic acid (EDTA), 1 mM sodium fluoride (NaF),
196 NP-40, 1 mM sodium orthovanadate (Na3VO4), 1 ug/mL aprotinin,
1 pg/mL leupeptin, 1 ng/mL pepstatin, 1 mM phenylsufonyl fluoride
(PMSF), 0.25% Na-deoxycholate)E RIPA buffer (196 NP-40, 0.25%
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Sodium deoxycholate, 1 mM ethylene glycol tetraacetic acid (EGTA),
150 mM NaCl, 50 mM Tris-HCI, pH 7.5)°] Yo cell lysateE 3]s}l
307 ek & AR (12,000rpm, 4C, 10min) st} @¥d F%

171 918 =4S FH 3ol BCA protein assay kitE AFE3})

ol

=
=

A\

g

—

@ wuld wd 9w

L
=
i,
off
k1

E 30uwg/mez2 FA3A A HFsto] SDS-PAGEC # 7] 53t
VDF membrane (Millipore Co., Billerica, MA, USA)S 2 o]%A]

o

=

o} ol %F EXHEHE dual color markerE A&t A7 9% A
m —Q‘

7

!

A 2o x4 1% BSA/TBS-T = 1413+ 30% &< blocking
1 % Z+7Fe] 1#} antibodyE 1:1,0000.2 3]438}o] 4T 4 overnight
7131 TBS-TE 15%3F 23] A& s 22k antibodyE 1:10,000 H] &
2 3)Asto] 1A1%E 307k vESAIZl = HA] TBS-TE 1523 23] A3
3}al Super Signal West Pico Stable Peroxide Solution¥} Super Signal
West Pico Luminol/ Enhancer solution (Rockford, IL, USA)& A}-83}¢]
KODAK X-ray filmoll Z3&A At X-ray filme A3 $ scanningd}
of Y& wmi=9 7% E Science Lab 2005 (Fujifilm, Japan)& ©]-83}¢]

CIENRES R R
6) NO assay

NO¢ FZ+ g Yo nitrites =& Griess reagentE ©| &3l 4
39t RAW 264.7 AEZ 5x10%cells/well 5= 96-well plateo] 8]
3l o] PYES 54 (0, 5, 10, 20, 40pg/ml) 2 223k S LPS 1ug/mé
5 AHgste] 24A17F wietd . MlxE ulg 100u02} Griess reagent
(1% Sulfanilamide, 0.196 Naphthlethy-diamine-dihydro—chloride in 2.5%

phosphoric acid) 100E E353ste] A2o|A 10852 HESAIZI £
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570nmeoll Al ELISA plate reader (Benchmark microplate reader; Bio—Rad
laboratories, Hercules, CA, USA)Z §3 =5 =A% NO AL W

TEE EASHAT
7) ROS assay

AZU 24 AHA(ROS)E SA8H7] st 244t vh&-otH g
kbl = DCF-DA (2777 -dichloro—fluorescein diacetate)(Sigma, St.
Louis, MO, USA) assayHo=Z Z=A3AUct. RAW2647 AHEZE
5x10%cells/well %2 96-well plateo] B kst o] LPS (lpg/ml) =
T+ PYEE F%9 (0,5, 10, 20, 40ug/mb)= A2 st ths LPS 1lug/mlE
Aelsto] 24417 M EAZT. wiAE BF AR S PBSel 20uM9
DCF-DAE XAlste] ¥ar 37T, 301t H wjYststh.  Excitation
wavelength 485nm, emission wavelength 530nmo] 4] Fluorescence

microplate reader® AAAE F215}30
8) &3 &4 SOD &4 =4

M E2] SODEA 2 superoxide dismutase assay kit (Cayman chemical,
Ann arbor, MI, USA) & o]&3sly SA3I¥ T PYES LPSE Al¥
RAW264.7 AEES 3]3}o] extraction buffer (20 mM HEPES buffer,
pH 7.2, 1 mM EGTA, 210 mM mannitol, 70 mM sucrose) 500u0 &
3%t ¥ homogenizerg ©|-&3slo] &3t st 2 H A4 (1,500g,
5min, 4C)3}o] AZ=HNE 3]53te] ALL3ATE 96— well plated] A=A
7} SOD standard solution (2040 bovine erythrocyte, sample buffer
(50mM Tris-HCl, pH8.0) )= Z+7} 10 5 3+ 39 radical detector
(50l tetrazolium salt solution, assay buffer (50mM Tris-HCl, pHS.0,
0.1mM diethylenetriaminepentaacetic acid (DPTA), 0.1ImM
hypoxanthine) 200i0E # 71t FH A oA 5837F ¥H-3A]71 & xanthine
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oxidase (50uf¢ xanthine oxidase, sample buffer (50mM Tris-HCI, pH&.0)

) 20uE Ho] Aol A 2087F uvksk o ELISA plate reader® 450
nmoﬂ/ﬂ ST = 57(4 ]—9}]\

9) 343l &4 Catalase 84 &R

Catalase®] =74 catalase assay kit (Cayman chemical, Ann arbor,
MI, USA)E Al&ste SAstdv. CAT+ PYESH LPS7F A€
RAW264.7 M*EE 3]43}e] extraction buffer (50 mM potassium
phosphate, pH 7.0, 1 mM EDTA) 5000 & #3F % homogenizerE ©]
goto] #Adst st 15 d4lEg (1,500g, Smin, 4T)ste] A&
35t ALESEA Y. d a3t S A3 425mM formaldehyde standard,
positive control, sampleS ZFZF 202 96-well plateo] #F3FaL 1X
assay buffer (100mM Potassium phosphate, pH7.0) 100, MeOH 300
£ #7}3%+ $ Hydrogen peroxide (882M Hydrogen peroxide) 35ulE %
3L A2 2087 ¥FSA]Zl & potassium hydroxide (10M potassium
hydroxide(KOH)" ) 30uE %< % Purpald (0.5M hydrochloric acid) 30
s H7bsto] A2 1021 ¥

A7}kl ELISA plate reader® 540nmollA E3F =S =AH 3

-2 A] 7] 2L potassium periodate 100

10) AH A=

E Age w24 AnE 279

By

de P
SDO)E Yegdlern A3 1he] F942 windowd SPSS Z=271#
(Statistical Package for Social Science, SPSS Inc., Chicago, IL, USA)%
ol-g3te] YERTE wkE ZAHo] g ANOVA Testz AT F
Duncan’s multiple range testE &3} p<0.05 FolA FoAdS Hlu
s

¥ 82 (mean +

=

_‘]O_
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1. A(Porphyra yezoensis) ¥ &9 AZ

A FEES AT FAAA AHFLE Figlolx BejFa glvh mabA
=, = PYEe W9 sl

2. RAW 264.7 2 A X it A FE2EY 54 =

o

LPS® A=5¥ RAW 2647 AxA B8HE d5F% Cytokine 3
NO(Nitric Oxide) ¢ A =37} Porphyra yezoensis = TFEo]%
A FEE g AEFHoEZN ALY F A=ASE HTstnA AlEA
&9 W3E MTS assay® 48k

RAW 264.7 A3 PYEE 5, 10, 20, 40ug/ml & F=2 A 3F T 244

F%

g vigkatglth, T A3 20/ ol8e) BwelH 99% ol AEE
& wel RAW 2647 MESl lEe] @8 WA @i/ e gl @
'{l: ?)]\AJ\E]F(FIQ 2).

_11_
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1A

- 3
d d d
inn 4
ERSaY, B
|
a0
60
An -
Can i) 10 20 40

con{ug/ml), RAW 264.7

(] [} [}

Cell viability(%)

[}

[}

Fig. 2. Effect of P.yezoensis extract on cytotoxicity in RAW
264.7 macrophage.

RAW 2647 cells were incubated with PYE for 24 h at the indicated
concentration. The cell viability was' determined by MTS assay. Each
value 1s expressed as meantSD in triplicate experiment. Values with
different alphabets are significantly different at P<0.05 as analyzed by
Duncan’s multiple range test RAW 264.7 cells were

_12_
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]

A A=EH 954 cytokine?l TNF-q, [L-18%53 #<& ¢
of MR as 2 24 AT AAAE 3 dSNE A
T Al " HCho et al., 2003).

ol# gt sty ZE# Ao gk Wojr|de=z  AAel= SOD
(Superoxide dismutase), Catalase, Peroxidase ¢ 92a4iE 7[R
gdom o] §AE o]gsle] FAAALE (ROS, reactive oxygen species)
2l Oy, H:OxE Al A

FANHEFROS)S A TFA AEER(0,)7) 2709 AR A Fe A

245 Eretal glo] UE WAAE WolA] A =2 o] He=d o] I
Aol A AS AA| 3k AAIE HEA FH o] radicale] Fal o] ¥ 2} of A
HE-gAdo] & FAE AdetA Hed &S 2844 F(ROS, reactive

oxygen species)- superoxide radical(O; ), hydrogen peroxide(H>0,),
hydroxy radical(OH )o|t}t. flolA Amd ko] AA= SAd54AET o7
Moz O, AASE SOD(Superoxide dismutase)t H-O, & A A=
CatalaseE 7FAaL At} SOD$} Catalase= 1 o] S99+ F5E9]
AAE FaL wowA gAakst 7]l Frofstk Al ¥ il SOD+= active siteel
redox metalS 7}A & metalloprotein® & 1 <7+ metal cofactorel] w
2} Cu,,Zn-SOD, Mn-SOD, Fe-SOD® 37FA 2 FE =} (Fridovich,
1986).

ol gk kst EAES 4, 2EY 2, 5 nitric acid(NO), TNF% 9|

< 3}

Edf el o] sl &Ado] SUtHER 2 Al =
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PYE7} 83 A5 uj7] Q1AFQl ROSe| o v st
A A= &2 @ a9l

Collection @ pknu

-

SOD¢} Catalased] &= o] u
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1) RAW 264.7 t 2 Al 8] ROS A "X = %

welbA PYEZ7F RAW264.7 a4l o] LPSE AHdsaS W AAEE
superoxide radical(Os ), hydrogen peroxide(H-O-), hydroxy radical(OH)
9 AT A vAE dEFS LolR T

Fig. 3.5 ®BW ofF 72X A s+ &2 FAlgaeol vl LPSE A3

fZao A ROS7F -0 2 7138k vbH PYES 5&=8 (5, 10, 15, 20,
40 pg/ml) A3 & LPSthEd vl Fo)Hozm At £3
PYE %7} =842 ROS T2/ 34 ZA2HE AL B £ Q).

] b
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ROS(%)
=
o = =

CON LP5+5 LPS+10 LP5+20 LP5+40

con{ug/ml}

Fig. 3. Effect of P.yezoensis extract on intracellular ROS levels
in LPS stimulated RAW 264.7 macrophage.
RAW 264.7 cells were incubated with PYE for 24h at the indicated

concentration. Each wvalue is expressed as mean £ SD in triplicate
experiment. Values with different alphabets are significantly different

at p<0.05 as analyzed by Duncan’s multiple range test.
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2) RAW 264.7 ti2] A9 SOD &4 W3}

A RAW 2647 2] A EZ 2] ROS AAol wxli= GgodA PYES &
=S4 E ROSAAC #arsts e A7 3 F Ak w}aw
ROS % 0, AA3sE SOD(Superoxide dismutase)®] F%x9o] W3S <&
olX i1 ksl gatel JIFS VA E=AE SR eaA A E T
Figds ¥ LPS @5 Ay ¢ dzxaHct SOD%Wol frolHow 7t
A st PYEE w54 (10, 20 pg/me) A2k ++& LPS diZx=w XY
o F o2 SOD A ol 55
ROS ¢l O & 425 FS e 37)3 AlXolH MY 4313 ~E
a2 e Arh A A o 9% B o] AW dHe Aol Ak
(Sun et al,, 2004). o€ A AHHE O, & AEA el 7tA 1 A& SOD
of ols A Ht},
AAELPS A= 05 9 PSS =X
Py 2ol Fostae wW SOD &4do] F7hahed
Oy & Aol o= AS® Yewith o] d3= PYE 7} LPSA ¢
2 Aste] A7 YELe ey ez did daksl Zgo] e A
o7 Atz H}
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.. y
n 4 > ¢

80

60 -

40 H

ED -
0 - . _ 1 — I .

CON LPS

LP5+10 LP5+20

SOD(%)

con{ug/ml}

Fig. 4. Effect of P. yezoensis extract on SOD activity in LPS
stimulated RAW 264.7 cells.

RAW 2647 cells were incubated with PYE for 24 h at the indicated
concentration. FEach wvalue 1s expressed as meant¥SD 1n triplicate
experiment. Values with different alphabets are significantly different

at P<0.05 as analyzed by Duncan’s multiple range test.
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3) RAW 264.7 2] Al £ 9] Catalase &4 W3}

Catalaset™= %% W9 SOD7F &4 WSl 28] O, & AA 3 &

Y+ TNF-aq, IL-1B8, IL-6 ¥ 22 934 <A cytokine A34ke]l 2x)

messenger G2 e H0.5 2 3 AlA AAE Wt d4ts)

g Aol (Yasui and Baba., 2006).

2 A g A= Catalase &4d°] LPSHZ $ PYEE TEH=Z Ay P&

g SODE&A 2 vh7FA 2 ROS A 7ol ojush J3s ml X

Hu kel Fig 5.5 ®¥ LPSv A2 & o 1

o2 ZHAsglar PYE 20 pe/mt A FoH o2 Frtatdih. o] ZA¥
3l

PYE7} LPSE A elgt 2 Mlxze sl a4t 2g S 3lo] Catalase €4
S S7MAA ROS AALS AAASS &2 & 4 I
[e)

Catalase= H.0, %7} t& =& o H,0.& gydo=z Es7]=
SHAI T HeOp A ESFE7F Be wol = HoOpe] Eallo & 3¢S v X[
e wEbd qbsks ZE 26 98 HxO, Aol F7FEW Catalase
o] o3to] A4 olth(Jones et al.,, 1981).

d T4 = W LPSAHZ tiAAEel PYE %=
SE7F 275 ROS A48 Al F&oli2ia SOD, Catalase &

ol wolArh, wekA PYESIE 448 Sejo] grhe A2 swdsia

ﬂl

HU
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100
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2[:, -
Con LPS

LP5S+10 LP5+20

Catalase (%)

con{ug/ml)

Fig. 5. Effect of P. yezoensis extract on Catalase activity in LPS
stimulated RAW 264.7 cells.

RAW 2647 cells were incubated with PYE for 24 h at the indicated
concentration. Fach value i1s expressed as meant¥SD 1n triplicate
experiment.

Values with different alphabets are significantly different at P<0.05 as

analyzed by Duncan’s multiple range test.
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= H
AAAE} o] Z QA Fte] k3t Al B2E EnHste] B& wojs)
73 3t

1510 2 o]ojA = ZAo]tH(Coker and Laurent, 1998). ©]

= z
o ZuHkg ol  ThE o] AsE AEF 2 93 Foluw TA S
o

S

2 5
T, Z2EH 2 Tol AA W AtsA 2EHAE FUAA dSNEs o
2103 &4 A Ao Ryu et al., 2003).

Sto A PYE: LPSE A gk o AEo] diste] &4kst g35 ey
At Alxd Akt st WES A5 HEEHo U] w

I FET BHek ZAA H-EEHY v Baxa itk(Liang et
al.,,1999, Lin and Lin, 1997).

A Hhgo] AAH 5SS AHEH A EA cytokine, TNF-a,
LPSet 22 Aol daf 95 HgY HAF JAAE ST
inducible nitric acid (GNOS), cyclooxygenase-2(COX-2)5 WHAA
nitric oxide (NO)®} prostaglandin(PGE»)E AAste] d5S Loyt
(Shew et al., 1993; Kwgamata et al., 2000; Lee et al., 2000).
ek 2 Al A= LPSAH el osked k=¥ iNOS, COX
< "W7h AAS} cytokined] TS AHFo =M PYEC 93 IET =
ol sl rolm gkt

fo
bl m}l_l
rlo
o2
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1) RAW 264.7 ti2] A X9 NO Aol vX&= 9

AN SN el NO % PEG25 Y 504 += =282 iINOS
2 COX-2¢ 93] dAd. NOE A st= NOS (NO Synthase) &= L-
arginine L- citrulline &2 #A3A|7]HA NOE TH=o] U NOS+
iINOSel ofs] Agdun offA "=z NO+= AFv&s st 9
< &3 (Schmidt and Walter. 1994) A Wel 4 w24 superoxidest dt
skol A#H g AFsHAIQl peroxynitriteE @kl AT A=A RA
MEZE FA 3 A AIppouchi et al,. 2002; Kang et al,. 2000) NOAA S
A A 3 %7}/\]7]3’— e ds =459 3 Hxd dFs st x
© Z1tH(Nathan. 1994; Pan et al., 2011).
LPSZ A=%¥ RAW 264.7 A xoA A E= NOO thst PYE<Q]
AA s st o 1A= Fig 6.914 HE kel Zv. LPSAH g
T2 tfFZao] vt NOAA o]l Fodow S71stdal LPSe PYES
Ha AP s FoAE NOAA el LPS Hegw ol vls] frojdo= 7Has)
(At Z v= dE2 & Aol HolA| FRkoy PYEFEZ 7MY =& &
o] NOBAEE 7H4 ®Wol A stadth

rlr

oo

oo
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=

con{ug,/ml)

Fig. 6. Effect of P.yezoensis extract on NO level in LPS
stimulated RAW 264.7 cells.

The cells were incubated with 100xg/m¢ LPS only. or with different
concentrations of P.yezoensis extract for 24h. The amount of NO were
determined by Griess assay. Each value is expressed as mean = SD in
triplicate experiment. Values with different alphabets are significantly

different at p<0.05 as analyzed by Duncan’s multiple range test.
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rlo
oZ,
AC)

DA AE SRS dA Ao A (Mccord, 1974). 9%
Al BHerjde s wWol7|ds A3 A7IAY &de Adds AR &4
2 st Foh A EH Axzet 22 &S F

Tatal o yolrl vhg A 9 w3 E Ao FIth(Azad et al, 2008).
o714 AAXFH=E B Jo dF F% Aol EF}l(Proinflammatory
cytokines) & THAIAE] phagocytosis 28-S W EslA ZEAA d=
U85 Absl A A~EdAE S7MA I H(Blatteis et al., 2004; Fullerton et
, 2013). 2R fdFuhso] dd AESH Axe dHl 45 v
AAE7 Cytokinese] wuizl wbd S Ay E g7t vl RAW 264.7
A A Eo] LPSE A3 & PYES w2 =2 A& 3stal cytokines(TNF-
a, IL-1B) arrayE A A)3}a, COX-2, INOS 32 Western bloto 2 4

_4

TNF-a®] 7% LPS v Aol Hlsl PYEES 20pg/ml= A elst3l<
LPS ©= Ao Hl&) PYES v =E A

Lot AL E FRAAT(Fig-7.).
g AM £ TNF-a2 448k3 IL-189 IL-684<
fr =3 h(Beutler and Ceramin., 1989). TNEF-a®] # YA T cell9]
E AaAA WoIAAE Ty (Abul et al, 2007) def3} 2 A}o]
of F2EQ WIAMEE AFste] ZhE NIFES ATHYIRE o] FAY)
= 988 g} olE T AFTFYAE B NI = ZFF cytokinesE
&Aooz Bulste] nAET ohA x| e B4 FAEAL} GFur
S FEAA F2FE E3A717]E S (Tracy et al, 1987). whzhA
TNF-aitHl & 2d8te 212 A5 vhs 24 Fa3 FEolth. Fig 8
=3 a P xR 3438 F7ksk9lal Fig 72
d3 AF}E TNF-a 557} PYE 5% 20pg/mYd o Fozog o

& 5
TAE B PYEZF 95uts 2475 #dge ®BojFa v

ok

off
ki
N
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4

IL-13+= %Al A 954 cytokinel® TNF-a9 F&A¢ & +
25 e de=d "HY AESHE 7)oz B o oE cytokineXH. T}
TNF-a¢} 23 3s Aol AdthZhang et al, 1997). 547 45 Wkl A
TNF-a¢t IL-1B9 &%+ w43 S7letH A3 A7tads dvedo
(Mathiak et al.,, 2000). Fig 7

a2t IL-1Be] 43 T71s AS & + Uth

NOS+ type I, O, M9 3FF=E %M type M inducible NOS
(INOS)E HaodlE Axuedd EAsA kot LPS, cytokine % H-e| 2
of ZA & Ao YA NF-xBEZA R Frso] Walstal A
FoEwek &Y NOE A4 $d(Nathan, 1992). ©& AU
Cyclooxygenase (COX)+= arachidonic acid® prostaglandins® 7% 3%+s}=
gaolal COX-13F COX-22 urolx=d COX-1& thh2 2 olA
a4 A3, AFES, A7l FA. T UAAY AEA FA7F
#oJ3t; COX-2% cytokine, AFA, AMtA =4 %2 TNFsY 22
]2 FHF9] pro inflammatory agentel 9J&] Ft}slA BHdste] 5 L
7+ E3§A Asglo] #olstal (Botting, 2006; Wu et al, 2009) COX-29]
osf A= PGEx= &5, T #Aoqst= 5 wWAA=A a4
S FXAT= 5 & B = o] Stk (Masferrer et al,. 1994).(%-3})
Fig 9olA H&= uléh ol NOAAZI #AME INOSO whld whad &
LPS Aol vla} A= e AT = Atk o3> PYE A2l
ol NO A9 747 INOSe Edo] oAE o] A= Ao gt A=
o g Ak COX-29 @il g TH L2 INOSe mhz7bA 2 LPS A kol

Als) Al = As AT = AU

_25_

Collection @ pknu



-

<= I O
PYE(ug/ml} - : 10 20
IPS(lug/ml) -  + o+ o+

Fig. 7. Inhibitory effects of P. yezoensis extract on TNF-a, IL-1
B production in LPS stimulated RAW 264.7 cells.

RAW 2647 cells were treated with LPS only or with different
concentration of P. yezoensis extract for 24 h. Cell lysate were

prepared and assay by antibody array Kit.
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Con LFS LPS+ 10 LPS+20
con{ug/ml)

Fig. 8. Inhibitory effects of P. yezoensis extract on TNF-a
production in LPS stimulated RAW 264.7 cells.

Each value is expressed as meantSD in triplicate experiment. Values
with different = alphabets are significantly different at P<0.05 as

analyzed by Duncan’s multiple range test.
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INOS
COX-2

GAPDH
PYE(ug/ml)
.+ + +  LpS(lugml)

Fig. 9. Effect of P. yezoensis extract on iINOS and COX-2
protein expression in LPS stimulated RAW 264.7 cells.

RAW 2647 cells were treated with LPS only or with different
concentration of P. yezoensis extract for 24 h and lysated for western

blot analysis.
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3) NF-kB signaling pathway®] "X 43k

Nuclear factor kappaB (NF-xB) & cytokine, LPS ¢} 4F3}% ~E# 2~
o 2 oy R Ao oste] &3t Ho| dow olFale] HAM
AFuSo] HoJgtty NF-kBE= AXZ oA ph03} p652 heterodimer
b A @Al [kBs A HEFAE olFo 2o R AT
LPS, cytokine, ROS% 9l ¢]slo] kB kinase 7} @A 3}l¥ 1 IkB7} #3535
™ p503 p652] heterodimer FENZ A3l o] oz o] F3r) ow
o] 53 NF-kB+ cytokine, iNOS, COX-2¢} #Z& dZFdks w7 E4E
o] w¥S =Z3H(Lawrence et al, 2001; Riehemann et al.,1999;
Allenm and Tresini, 2000).

2 AdA PYEL w%9 uwgl cytokine, iNOS, COX-2¢ £ 9<%
s i) EAEY HAS AAAFOBE o 59 BHS s+ NF-
kB &4 PYEZ7}F oW GFS F=X= western blotS &

Ut RAW 264742+ LPSel o8 A5<S oA =¥ IkB kinase 7}
NF-xB¢} IkBEFAS 2Hgste] NFE-kBE 3oz olFsiA €rlh Fig
10,014 ®E wpel o]l LPSHElo] & NF-kBe kBe 7HashAwt
PYE &xol we} S7tebs A2 &0 ¢ A LPS Aol o =
7He = IkB 914Fst= PYE A& #HAsglv o] 21 PYEAH g &2 218t
kB A4s7F A== Aoz & 5 v

mteka] LPSel ofsfx EAs= 52l PYEZF NF-xB signaling
pathwayel] @A/ d o2 z&3le] AfaxkE yHela o=z NF-«kB
24 JAE Tl 54 WES AERATIE oY dF #d d8ES 4

=

Wa 5 o9le Aold AlmE
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p-IxBa
IxBa
NF-«B

GAPDH

- = 10 20 PYE(ug/ml)
- -+ . . 5 LPS(lug/ml)

Fig. 10. Effect of P. yezoensis extract on NF-xB signaling
pathway in LPS stimulated RAW 264.7 cells.

RAW 2647 cells were treated with LPS only or with different
concentration of P. yezoensis extract for 24 h and lysated for western

blot analysis.
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4) MAPK signaling pathway©l] "X <3k

MAPKs+ ERK, JNK, p38 MAPK® 4% o] 9t} MAPKs 2574 &
52 LPSE fFR¥o aAstdr}. &A43td MAPKs= NF-xB &4 g}
#ofste] INOS od 2 AdHdSA =4o Edo #HA S (Celec, 2004).
T8 ar AKT %3 NF-kB &g sHERE ofye} A A9} AT 1
kBEAstol] Fagh A& sty o8 dF FHAA Eded #osieE AL
2 4H A At (MacMicking et al., 1997; Sheu et al., 2005).

B Ao = PYEZF NF-«B pathwayES E3 d5w3S AJAst= A
91x] NF-xB &Aste] 49 2a A =29 MAPKs ¥ AKT <14ts)
N JFS vA=AE golr7] 98] MAPKs % AKT signaling
pathway o #Hd¥ ©uldol wd =35 western blote E34 A3 H
ATH.

Fig.11.o14 ®Eniel o] AKT, p38, JUK, ERKS @43 Fe<d
p-AKT, p—p38, p-JUK, p-ERK+:= LPS A A F7hstd o PYE A e
of odte] Frol wel HasteE ALe®E UeRt. wdA PYEZF NF-x
B pathway ¢ MAPKs % AKT A2 %= #odo=x NF-kB 43}
of H¥ PYES F4F HIA7F MAPKs B AKTS| <1413t Aol
FE AoR Helth

Oft

o
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p-Akt
Akt
p-p38
p38
p-INEK
INK
p-ERK
ERI

GAPDH

PYE(ug/ml)

’ + + 1 LPS(lug/ml)
Fig. 11. Effect of P. yezoensis extract on MAPK and Akt
signaling pathway in LPS stimulated RAW 264.7 cells.
RAW 2647 cells were treated with LPS only or with different
concentration of P. yezoensis extract for 24 h and lysated for western

blot analysis.
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1= A
FTHola kst tg ) ek wibx] 5o gyF HEAHA EFE
715 AR ol &t AFEo 3] M3 w3 v (Chung et al

welm e Abstd Eaba wew v JEA

3 Hu¥a JtH(Liang et al, 1999; Lin and Lin, 1997).

x5l Fole A& dERY Sms E9e o, A3 5 ofAlol A
Ao A HdHAst e FLeH FHoE dFS AN vER, 7]
A, 2ol 7t T EAS AL I kAL 8 ES SRS
o izl d s A= Aoz FRlHdom(Lee and Oh, 2002) 7ol

¥ betaines dsZ U ZHES Astr7= 47} T:]rﬁ LRI
- &

oA ¢l i«q %% ?Z}%—OJ 34 7} (Noda and Arashima, 1989) kst &
A (Zhang et al., 2004), XA hA} 7fAle] dfdt &3} (Lee et al, 2010) 5 ©]
Slso] oy Ao s ade; o dist Ex7| el tigt A=
ul 8] sk A A o]t}

kA B A E LPS A =S &3 RAW 264.7H 24 Yeldt ¢

X,

SHEgol st A FEE itsl st dAFaHE A

gatsl A4S dolr 7] fsiA ROSAAI I SOD, Catalase A S &9l
3 A3t LPSE A3 oA ROS7F Fodoz F713k vbd PYE
= w9 (5,10, 15, 20, 40 pg/mb) A3 T+ LPS thztol Hl& 79
Aoz ghastth LPS @5 A & tixzadrt SODEA o] o2 o
2 #aedal PYEE 559 (10, 20 pg/me) A2ld & LPS thEa H
o fFold o Z SOD &7do] F7bstlth. LPSHE A2l 3l& w= Catalase
FAo] fFoxog 7HA4EAU L PYE 20 pg/mb A2l Al fFolHor F7}hs)

2
o,
iy
i)
)—U
<
to
N
)
h

PSE A 2d Az s astzeSs ho
Catalase #4& 7447 ROS A4S AsAZAES ol & + U3

AbstA ~Eg 2ok IS dFEdd dig A FEEY] dFHS GotR
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7] 3l A SHFS2 makere]l NO, iNOS, COX-2, Cytokinesﬂ Elgea s
AR E Skt o] &2 LPS A Tdo]l FrtHNy A FEES =
2 Aygstds W gacteE A B 7 AT WPE}H A FE=E ¥4
TENE Ve ASs g @ F AR d5EAdd P Fag 98

& LPSA= o

3}+= NF-xB signaling pathwaysS 2HE 2y 7 F&5&
olste] IxkB Sl4bst7E Al ¥ o] NF-kB7F =
223 NF-xB @439 9 As A9 A=< MAPKs 2 AKT <14t
Slo 2 FFE vA=AE golrR7] 98 MAPKs % AKT signaling
pathway © #H ¥ @A o] Wy $F& western blotS FallA] 23K
%t AKT, p38, JUK, ERK® &3 =< p-AKT, pp38, p-JUK,
p-ERK+= LPS A Al F7Hst oy PYE A&l ofste] Fof e 7t
A%tE Ao ® yeiwt w#lA PYEZF NF-kB pathway ¢ MAPKs %
AKT Z 2o #HodgoZH NF-xB &74slol| s PYES 45 &7
7} MAPKs % AKT®| 14tst 346 ks v AS & F AT
Ao dass TEel & W, d FEE2 LPSE A3 RAW264.7
2 Mz SOD, Catalasegd S =ole FibstaaE veHuH E54
cytokines 2 935 "/l A 3E<QA NO BAS A5 IkBe &3S A 3]
st NF-kBe €48 AA7]H NF-kBel &4 #ofst= MAPKs
2 AKT signaling pathwaydl®= &S vl & Ao=2Z gl =T w
gA Hd FEES 39T @852 M 7S AFEY AAEA] o] &7HA]

e AXT F ek

=1 1l

o
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