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ABSTRACT

This study describes a preliminary evaluation of the anti-oxidative,
anti—-inflammatory activity, and anti-atopy of Phormium tenax 70%
ethanol extract and solvent fractions. In order to effectively screen for a
natural preservative agent, we first investigated the anti-oxidant
activities such as 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical
scavenging capacity, superoxide radical scavenging capacity, xanthine
oxidase inhibitory activity of their. The antioxidant activities showed in
EtOAc and BuOH fraction of P. tenax, compare with ascorbic acid,
butylated hydroxy anisole (BHA), trolox, and allopurinol in these assay
systems. In addition, we examined the inhibitory effect of P. tenax
extract and fractions on pro-inflammatory mediators (Nitric oxide (NO),
inducible nitric oxide synthase (iNOS), prostaglandin E; (PGE;), COX-2)
and pro-inflammatory cytokines (tumor necrosis factor-a (TNF-a),
interleukin-6 (IL-6), and interleukin-B (IL-B)) in lipopolysaccharide
(LPS)-stimulated RAW 264.7 cells. Finally, we evaluated of their
inhibitory effect on the atopic dermatitis-like inflammatory markers
(macrophage-derived chemkine (MDC), thymus and activation-regulated
chemokine (TARC)) in human keratinocyte HaCaT cells. The CH,Cl, and
EtOAc fractions of P. tenax inhibited the pro-inflammatory factors and
atopic dermatitis-like inflammatory markers in a dose dependent manner.

These results suggest that P. tenmax may have significant effects on
oxidative and inflammatory factors and may be provided as a possible

anti-oxidant and anti-inflammatory therapeutic plant.
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I. A &

A 2] el oA wAdste 3t8hA) Eeld, BESHH A oste] AAx
2ol ERHNS W, &8 AAxAS HALststa Ao FHE IEATH=
A o] Wolzbgel os Yetde= A 5 duE d5eldt @ & A (Rabsom
et al, 2005: AW, 2012). A=l 23] Serotonin, Histamine, Prostaglandin¥ %
< @9 &4 E4do] E0l¥o] dd FAgdo] Tl we 945 vkSo] dojdr
(Song et al 2003). W2} Al ¥ (macrophage)= o8] /2 A= s 2d H+=
AT WSl dE ol #E3 o FAA FAol Hoste o dHA 3l

(Higuchi M et al 1990, &3+, 2015). WA AMEA A5 Hbgo] dojd

interleukin-6(IL-6), interleukin-1B(IL-1B), tumor necrosis factor-a(TNF-a)2} 7
2 pro-inflammatory cytokine5<¢] W&ol H%E%3, inducible nitric oxide
synthase (iNOS) % prostaglandin E; (PGE) ¢} & <

t} (Stock M et al, 1994, Moncada S et al, 1991; Lee AK et al, 2003, &7,
2015). IL-6, IL-B, TNF-a¢} 22 ASwAIAES T4 Alxzeatel =
A8k Lipopolysaccharide (LPS)el & W& =™, LPS+ RAW 264.7 cell?} 22
gAAE == @GSl F(monocyte)l A AFSuilAAES] wde] FoIdit)
(Willeaume V et al, 1996; A%, 2012; $4-% 2015). Nitric oxide(NO)= =2

FA47 Aol FeA

-

Wede 5o /0 BT Rree radicalzA AAWD, Ao
o aw 38 oA 2 FPY 44 5 ARIAA A9 G uAA 9

< stoal Haus oA Qltd (Rho et al, 1999; Kim et al, 2006; %74+, 2015). NO
= Nitric oxide synthase(NOS)ell ¢Ja Aol =A% (Moeslinger et al. 2006)
NOS+= &34 EAo| wz} neuronal NOS(MNOS), endothelial NOS(eNOS),
inducible NOS(GNOS)2] A 7FA] F/F7F SA13tt (Son et al 2006; Song, 2015).
°o|5 T nNOS+= 7]#A, 91784 WAz, AA4A T &A™, eNOSE= ¥y
Aol EAQETE o] F Ehe Adeld dustd ABAE AT AE 2 R &
X 24 T 38 FAE AW A Fes wAEHA S8 98
(Moncada S. et al 1995; 745 2015). ¥FH INOS+ interferon-y(IFN- y) =+
LPS 59 A5 &3 wAd=Hol B 49 NOE Add (Guzik T.J. et al,



2003; Miyasaka N. et al, 1995; %z, 2012; &7, 2015). HrheiA Ed € NO

= Az Ade B AA 2H9 Y, FAAe], fA4 Wel, Ful

al, 1998, Blonska et al, 2003; &7, 2015). NO<} 4 tixa d5AA<1
PGE= &35 wdol| #&ste wiNAIZA WAy AFNkg] g,
COX+&= COX-1, COX-29] 7 T/ o|EAE EAstY AME & FHAZFE
AdEh COX-12 A Wy wolet 344 FAdd #olstar COX-2& LPS
Y= interleukin-1(IL-1)¢] A=& F3] @3 Ho] A5wi7iAQl PGEE A AIA

A]

I

Aol AFHkgo #oJsttta &l 9tk (Dubois R ef al, 1998; Lee et al,
2003; Smith et al, 1996; %73+, 2015).

olEd(atopy)= wA=H 7] T4 Z4F FUAX =Ho i L =7] w39
Az vEdolyt A, dH=r)8 vd(xd)sel UEtd= 3S Coca AF¢t
Coke RAc°l ¢J3] “o}Ey"gtar o] wHlow, olg3t Iy 27| HAfo= ofEY

54, A4, ddErg vd(@axd), dd=rd 299 Sol vkMin, 2004).

$7h B WA MPABOD, S B Aot 2007 3 Yk wash
polty o A%e WMPAxF, A%z, BA, i T

9 g2, Ted, AP 5o 5902 bt (Kim, 1983 Chang, 1998).

obES] TRel Aol i ofe sHdol EHAo B AN WA

Fdaql, A= ol &

Lo ol

Hold Zolghar Bl vk o= otEy dFA Aol Y IgEFA e
<

d AERG FEH 4%e BYse T £, /15

=5

olr

ol

2 TAE A<s 294, CD8+ oAl TAHE

of =4 A Tol At ¥ up Ao, FHZA CDA+ TAHIES] Hedo] ¢
gb Aoz deXm Jrk(Min, 2004). =, BAIXZHEH IgE9 A4S %
L-6

of
Fo

ol
rr

IL-4, BAXZ5YH IgE AAAS FX38t= IL-5 [gEe B S T35A17]

rlr
oy
o

BH|stE= T MEZE CD4+ T AE 5 Th2 AlZed, ADSAte] Zx i 2wk
HHo g HE H3 3¢ Eo] T AL ¥ Th2 A% d, AD3}AIe] Zx ol 1l
2 o gRE g &Y So] THXE FEo] Th2z 9z, o A¥EEJ



4] IL-4 “5°] Th2 cytokine Z=do] FHHTH= AP o] 4T Atk (Min, 2004).
AA ] o HFel dig o] 7|l W AA= T Az dAstE THo=
o] Folzvkar A vk (Kang, 2006). Thl A7} A4kek= Th type 1
cytokine & Th 1A|X9] &35 =3t WHH Th2 Axe] w3t} F4S oA}
W Wt 2 Th2 AZE7F AAkstE Th type?2 cytokines Th2 A|FE o #3le Z241S
st Wb Thl Al29] 345 oAt dex vt (Kang, 2006). &5 2
AE Sdl TS o]Fo] Thlz Th2 WYWtes -3z o] HFo] g=H
Thl/Th2 Edd o=z Qg ofe] 7px] We ZAsko] IASHA ¥+ Aot (Chen,
2004; Ngoc et al. 2005, Kang, 2007). o}E3 IFdy e d#27] H3}E o
o A& Fo strteltt (Min, 2004). =
Th2 At del=27] A3 BAl= Th2 AE 7159 S7k9 Thl AE 7159 %
2ghs Th2 7S &8l ofsid 4= th(Min, 2004; Kang, 2006).
olEy ¥R A FFoA T AE o]F5S Eo] chemokine¥} 1o thdk
Ao 9siA wiZfEo= ®arb 9tk (Kang, 2007). Chemoattractant
cytokine(chemokine)2 G559 o WAAME &3 HIVEES oA, Wy 1o
olF, WY =4 7T T B2 A4S VR EAFo] A2 cytokine®] 3 FFolt
(Kang, 2007). @A) ¢F 50 ofFe] dH A o™ chemokine TFHoZ A5 9
Ask= R Al Z=EIQD o] e] A f1A el wel CXC, CC 3 CX3C 19l
Ce Y F79 ooz rojzxtl (Kang, 2007). chemokined o2 W a4

FHAAFAD, QA=A FRYIP, FAD, AAAGAF S)ol P

o] Th2Zo 2 X9 Ay=z fiy H

Hm

#HAEo] 9o, Ht MEE chemokine®} 1 F&A|E0] WEHA] WA ]
B A, stem cellRE, T AES] #3e} o|F, HIVE <Al ¥ Thl/Th2
cytokine balance®] %4 28 5 MZLE 7]sEo] Wol] &dHA L Jut (Lee, 2002;
Baumer et al 2004, Kang, 2007). 2154 CC chemokine2 53] #2714 A%
oA S, ST, HESE EolEolE Ta% A4S dva HuHEUY
(Lee, 2002, Baumer et al 2004). %3¢ chemokine & # 2+ CXCRI1, CXCR2,
CXCR3, CXCR4¢ CCR1, CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCR¥}
CXCR1 %&°l 9+d, Th1(CXCR3, CCR5) A% Th2(CCR3, CCR4, CCR8) Al
7} Z+7} t & chemokine &A1& wdsit. 53], CXCR39 CCR4 chemkine &
A= Zt7b Thld Th2 A4 Heoldo=w wadawvi HiuEJT (Belperio,



2004; Esche, 2004; Kang, 2007).
T} 3F chemokine 8 A5 T CCR4E Th2 Al¥o] Wo] w3 wcy Ldex] 3l

a1, AD-like murine model¥} AD 3x}9o] ®Hw &

n
2
>
1)
i
.
it
v
rlr
tw
k
A
%0
i)

H
o

S 2E CLA() 913924 7]°)/4% THEE 95402 CCRAE wdas 2

o
Hl

SrsAaL, o] el @ CCRAw Th2 AlEsh Zabte] Aeieql S5y 529 4l

= 3l ofEd yFde HYr|Hdd T8I JdLE o= HoeE FFHATU(Na,

2005). o]#]dF CCR4o] Eolz o=z ZA33dE chemokinel =+ macrophage—derived

chemkine (MDC/CCL22)¢2} thymus and activation-regulated chemokine

(TARC/CCL1N=E &&# A uth. MDCx= @3+ @l {2 s Alxe 2

A M Soll gk o]F& ASAl 243t chemokinel® &el A 3, TARC
3

T =z
= 9%

Mo Th2 Mol o]FE A¥xorg ZH3+= cheomkinel & HilE Q)

frel A ME, o] Axzer 7+
MIE SoA AAEET, 53 THAEXY IFAse T2 chemokine o2 e A
Atk H MDCe TARCH ot&Ey] JFada ddd Ao s ofEy Jid
Ao A dH s S7PF BRaudal, ofEvIHe FERFAA MDCe TARC
o] yEwdHo] Frigo]l HuHArt (Maeda et al, 2002; Shinada et al 2004;
Jakubzick, 2004; Rozyk et al 2005; Kang, 2007).

on, FAdAM VEAHoR LA

=
(L
2
-

M Auj7E b eke] Adut
s, 2002). wAHA=TE AAA QL SA7I ofYfsite] HE xEAEER EE
Phormium Tenax Forst ©]™ New-Zealand flax(7+ ¥ = 4H) 52 New-Zealand
hempelgtil E&Xth Aol A4E = e B4 AFEA 4 dabA 9
A gds] S w o] 1.0~12m, % 50~125cmA =™ 10~21ColA =z
AFeta 484 dot (A58 5, 2002). AFEoNAE AR A Aol Fd

g ASAHE BHolw Z Ak Aer Hol 7|59k B0l A Aufol At



= A s A dAs 2 857F A vivd Aot (HEE 5, 2002).

AA e &EES THst7] fste] AL ol FojXa lon diFEo] Fol A

NS S, A, A B AARe] A me] Abgsdtha dht (Riley 1994). 19514

) ’

AALE Aol M= ARl A AFHEE AEee] v Bt S LA H

5
olEd fF QA AA| gl #sto] HAMSAT kst &8 Vs DPPH

[e)
XS
radical 2424 % Xanthine oxidase ¢ A, Superoxide A~7A &AS FZAFSF T

ASAd Al

=

3t &8 JeAS &92357] 939 murine macrophage cell line
RAW 264.79014 94354 AAEL] oA &35 FRAsA 3 ofEy A3k digt &
£ 7}5AS Fel5A hIFN-y& A3 human keratinocyte cell line HaCaT ©l A
olE¥ F AAE ¢ A kemokines(MDC TARC) A4 AA &3& =AMS
At



500 mLZ 23] F=3}9 0 n-hexane 52 $35t¢] 5=3F9] AA & n-hexane 3
5 112 mgS A %A E FS methylene chloride 500 mL& 23] F%3}o] g

3kl 7F}; 5539 methylene chloride 8% (CH.Cl, ) 400 mgS A &8tk
E T2 ethyl acetate 500 mL=Z 23] F&3to] §stal 7%k &=35o] ethyl acetate
35 (EtOAc) 172 mgS A x38Art. & F5 33} butanol 500 mLE 23] F
o3
AA

Z=3to] g8t 7 wF35te] Al butanol 38 E (BuOH) 750 mgS Al %3}

t}.(Figure 1.)

Phormium tenax matsum barks

1) Extraction with 70% EtOH
2) stirring for 48hr at room temperature
3] Vacuum filtration

v
‘ 70% EtOH Ext(S) \

|
Extraction Extraction Extraction Extraction Extraction
With Hexane(1:1) With CH2Cl2(1:1) With EtAcet.(1:1) With BuOH(L:1) With D.wW(1:1)
w7 N A 4 A b
| nHex || MC | | EA | BuoH || DW |

Figure 1. Systematic purification using solvent partitioning from ZPhormium

Tenax



2.1. A ¢k

A Ald) vk AF8¥ DMEM (Dulbecco’'s Modified Eagle’s Medium) 8l %] <}
fetal bovine serum (FBS)S Gibco (Grand Island, USA)el A 35kl AL,
lipopolysaccharide [LPS (E. coli serotype 0111:B4), St. Louis, MO]&
Sigma-Aldrich2%8 FY3 . TNF-a, IL-18, IL-6 ¥ PGE, H#S 93
enzyme-linked immunosorbent assay (ELISA) kiti= R&D System (Minneapolis,
MN, USA)ZHFH G943t DPPH, NBT, xanthine oxidase & 21 Y] Al%&
& % Sigma-Aldricholl A T+ ko] AF-&33

2.2. AXMEF

St Al F &3 (Korean Cell Line Bank)© 24 E 93 Murine macrophage
cell line?] RAW 2647 cell 10% fetal bovine serum (FBS)Z} 1%
penicillin-streptomycin (Gibco, USA)S X*3$3l= DMEM (dulbeco’s modified
eagle medium) high glucose medium®j A & A}-&3}o] 37C, 5% CO, =74 uf
FotA L 3del g A A widS AASEA T

2.3 DPPH radical &2A &Aoo o St ZA

a3t A & 1,1-Diphenyl-2-picrylhydrazyl (DPPH)E o] £3}e] Alx5 9] gtz &
=
[e)

A S =AEAT (Nara er al 2006). AA& &3 2RI

o

methanol ]l

=2 g3A7 AEHS 20 mM DPPHS E§she] 1587 oA wkg- A2l
% 517 nmol A Microplate reader (Powerwave XS, BioTek)Z &3+ 2 =H3s%
th. DPPH radical 27842 A& H7bda v A7kt& vaste] §357F 50%

Fag o yehhes A59 vk (ICnE A CH, 7 Alas 33 whE 249



2.4. Xanthine oxidase 9 A 2 Superoxide &7 A

Xanthine/xanthine oxidase (Valentova K, 2005) 2]3} uric acid A2 290 nmeoll
A E7te FHEE =3 i, tERTFoE2E allopurinol (sigma)E A&t
Superoxide®] % nitroblue tetrazolium (NBT) W o2 560 nme 3=
=438t vk (Silva et al, 2007) &4 7} Alg9} 05 nM xanthine, 1 mM EDTA
200 mM phosphate buffer (pH7.5) 100uLell Al =183 50 mM/mL xanthine

Ll

oxidaseE #H7}ste] uric acide] A S FE3FAT}E Superoxide AAHZEHAHLS 9 b
S-olo] 05 mM NBTE H7lste] 37ColA 2087 ¥H3-A At} Xanthine oxidase
A % superoxide 27 FAL FFE7F 50% #HAT W YElUE AR FE

(ICs) = FEASIA oW, 72} A 5= AddS 33 vbE AAlste] Ftghs sl

25. Ax 54 (LDH) &34

10% FBS7} #H 7kl DMEM ®j A o] RAW 264.7 cellS 24 well plateo] 1.8X10°
cell/mL=zZ HE3sFa 18AFF e & A= LPS (1 ug/mL)E Ao A gste] 24
AIZE ekt Th 24A13F wi ke wix]E 3,000 rpmel A 5EIF P ke AT
oS FH3FAY.  Lactate dehydrogenase (LDH) assay+:= non-radioactive
cytotoxicity assay kit (Promega, WI, USA)E o]-&3lo] A3 o 96 well plate
of 94 ®glste] A& HlYk wlA 50 uLe} reconstituted substrate mix 50 uL=
D3, A A 307 ¥ESAIZI F 50 pule] stop solutionS % 3l microplate reader
(Bio-TEK)E AF&3dto] 490 nm o4 F3=5 SAstAth 24 A8 ol i3k o

T ERE e TAGon, T FHE @ muste] ALY Fray

2.6. Nitric oxide (NO) AA A &4 &4

RAW 264.7 cell& 10% FBS”7F #7Fe DMEM HiA| & ©]83fe] 1.8X10° cell/mL



= 24 well platee] %L 18A1ZF wigstaitt 2vk& A 8¢ LPS (1 pg/mL)E 54
Aeglste] 24X vt AT AlZu et A 100 uLet Griess Al ¢F 100 uLE 96
well platedl A &3tsle] 108 &9 HESAIZ] §& 540 nmolA FHEE S48
AdE NO9 42 Griess AleF [1%  (w/v) sulfanilamide, 0.1% (w/v)
naphylethylendiamine in 2.5% (v/v) phosphoric acid]& ©]-&3lo] Al ¥Eujte] o
EA5= NOy 9 JHlZ F439 3 sodium nitrite (NaNO2)E standard= A}-§-3}

At
2.7. Prostaglandin E, (PGE2) 84 oA &4 =4

RAW 2647 cell& 10% FBS7F #7Fe DMEM #jA]& o]&3te] 1.8X10° cell/mL
& 24 well plated] ¥ i 18A7F Wi Fatditt. ol % wix|& A AL 10¥) %= (1
mg/mL)® ZAE A& 50 uLe} LPS (1 pg/mL)E Hfr3h 450 uLe] wjx 2 EA ol
A ste] 24A17F vt A Th 24417 5 vl wiAE YAl (1,2000 rpm, 3min)
st Aol FF A PGE, &S FASUT BE AEe AY A7A dsn
# (-20C) 3kt PGE, & mouse enzyme-linked immnunosrbent assay
(ELISA) kit (R&D System Inc., Minneapoils, MN, USA)E o] &3}o] A sl o
™ standardell tH3F FF3A ] r*g2 0.99 o] o]t

2.8. pro-inflammatory cytokines (TNF-a, IL-6, IL-B) &4 A &4 =A

RAW 264.7 cell& 10% FBS”7} #7}d DMEM HiA| & ©]&3le] 1.8X10° cell/mL
= 24 well plateo] ¥ L 18A1%F Hi¢Fstgith. o] % wix & AAst 10¥] v%= (1
mg/mL)Z ZAE Alg 50 uLe} LPS (1 pg/mL)E -3k 450 ule] viAE & Al
Aelsto] 244170 wiFeATE. 24413 5 il eF wiA S dAlie] (1,2000 rpm, 3min)
3to] AdojH AE=H 9] pro-inflammatory cytokine AAl &S =AUt BE A
B A" A7px dE5H A (-20C) 34t} pro-inflammatory cytokine mouse
enzyme-linked immnunosorbent assay (ELISA) kit (R&D System Inc.,
Minneapoils, MN, USA)E o]&3to] A=t o™ standardol st wE4A9 r?
#2099 o] ol At



2.9. Western blot analysis

RAW 264741% (5.0 X 10° cel/mL)Z 18417 A wjekst 3 Alg e} LPS (lug
/mL)E A Aglste] 24A17F vttt Al2E PBS( phosphate buffered saline)
2 23] AFE T 200 pgol lysis buffer [50 mM Tris-HCL (pH 7.5), 150mM
Nacl, 1% Nonidet P-40, 2 mM EDTA, 1 mM EGTA, 1 mM NaVO; , 10 mM
NaF, 1 mM dithiothreitol, 1 mM phenylsulofonyl fluoride, 25 uxg/mL aprotinin, 25
pe/mL leupeptin]& #7}ske] 4 CollA] 30 ~1A17F <t lysisAlZl & 15,000 rpm
ol A 157 HAlste] AExH A & AASAT @A FXx= BSA (bovine
tol A kst
20~30 pgel lysateEs 10~12% mini gel SDS-PAGE (Poly Acrylamide Gel
Electrophoresis) 2 WAl #2]3lo] o]= PVDF membrane (BIO-RAD, HC, USA)9]

ol

serum albumin)E 3% +3}3lo] Bio-Rad Protein Assay KitS A&

200 v& 2A17F &St transferstth. 18] 31 membrane®] bloking * 2]+ 5% skim
2l TTBS (TBS + 0.1% Tween 20) & o)Al overnight 3t} iNOS
S sy $1% FAZ+= anti-mouse iINOS(1:1000) (Santa-Cruz)<
TTBSE<Hell 2]4ste] oA 2413t vH-gA1Z1 § TTBS®E 43] AlAstslnh. wh&
o] 259 membranes ECL 712 (Intron Biotechnology, Inc, Korea)®} 1% 7+ ut

% ¥ X-ray B 4% s

3. olE9(Atopy) F& A& oA A HAF
7 EYE9 olEy A A4S A fste] o 22 AY
=3

2
=
A
o
12 e
d

ol
T
o
2
ol

],

32

31 AXE wg R Al

FAAGTE ANAAFAAEF HaCaT AEx= 10% FElo}E % (fetal bovin
serum, FBS; Gibco BRL, USA)¥ 100 unit/mL penicillin-streptomycin (Gibo BRL,
USA)S %713 DMEM (Dulbecco’s Modified Eagle's Medium, Gibco BRL, USA)
S AFEujekdgow o]gsle] 37T, 5% CO*Z A%+ &-27] (incubator)ol A i
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Fotank At g Fdbaa WA 80% HAEE AT wj7hA] wjgd o
, 0.25% trypsings o]&3ste] AxE WY S2a=z8y #8 g F 10% FBS

7h 23 v o ® trypsing T3FeFal A EEste] g A A AT

oo
Me

Human interferon-y (hIFN-y, recombinant E, coli)¥ Roche (Korea) A%<, B
—actin primeri= Sigma-Aldrich #| %S, human MDC, human TARC ELISA kit
R&D (R&D System Inc., Minneapoils, MN, USA)A| %S AF8331 o™, 7] A]eF

< 55 AlekS A&l

3.2 Chemokine (MDC, TARC) A4 9A &3 A

Human keratinocyte cell line ¢1 HaCaT A|ZE DMEM H{A|E o]&3}o] 5x10°
cel/mLZ %43 & 24 well plated] HE3}, 5% CO? 3-&7]o A 1847+ Al
gkt o] wix|E AAsL 10¥] FEZ Z2AEH APYEZ 50uLE  hIFN-y
(HF¥5% 10 ng/mL)E E3ste= A= WA (FBS(-)) 450 upLell 7ksto] A wj <
I sd oA wigstdn 24A1F 5wk wiAlE AR (12,000rpm, 3min)
3to] Ao AFde] MDC % TARC %S ZHZ human MDC immunoassay,
human TARC immunoassay kit (R&D System Inc. Minneapoils, MN, USA)E 9]
g3to] AFstgl o, standardel hHE FFEFA9 e 0.99 ool Ut
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m. 2 7}

<

g=9 d95 29

A

LAMGE FE=3%

1.1 DPPH radical 2A &4 <93 i3 A

sto] A& o Fakst aa QA
ANAM w=3E JAlste A== AREETL BRuEdY (Ak and Giilgin, 2008). A4
g FEE 9 EY=9 Fakst 240 dsl 2Absr] Skl st 2EEd S
H e C (100 mM), butylated hydroxy anisole (BHA) (100mM)$} vl stgdch. 1
A¥= Table 1914 B npeh 2o M 355 4 295 AR ditst &4
S =#3 ZA¥ DPPH (1,1-diphenyl-2-picryl-hydrazy)el ZAztciZt  (free
radical) 2AZA S ZFZEFE3 n-hexane (526 pg/mlL), methylene chloride (530

wg/mL), ethyl acetate (561 pg/mlL) =3 &4 ICsx dto] Edzith

_‘|2_



1.2 Xanthine oxidase/Superoxide & #] &4

Xanthine oxidasei= hypoxanthines AFStA|A HFH o= Q4 Huric acid)d AHAE
At AbAaFE 7o FaRAE T e AFAERE RS A H, oluf AAFH At
2fE7lE MEY =4S 2Y8HA ©Y (Silva er al, 2007). T3 superoxide

radicalS A 3Eol 33 AAF87]Z xanthine oxidase®} wFE7FAZE M ES] £4F

ml

[1

= do7ER oM olE Ardte i FA4S UH =4E vy Fastt
(Ak and Giigin, 2008). 21X FE==7 F8 =9 Xanthine oxidase 27124 2}
=4 T HER C (100
mM), butylated hydroxy anisole (BHA) (100mM)<¢} H]u3}o]  xanthine/xanthine
oxidase systemoZ 43t FAHE Ai= Table 1.4 He Hef o]

superoxide radical 2~A&A FA}st

A
]
ol
L
£
o
>
b

Xanthine oxidase A7 &4 (IC5)< nhexane (455 pg/mL)¥} E(335 pg/mlL) +8 %
o Al el H it} superoxide radical 2AZA (ICs)E nhexane (775 pg/ml) &

sgol A el H,
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IColug/n)?

Treatment DPPH radical Xanthine oxidase Superoxide radical
scavenging activity inhibitory activity scavenging activity
BHA =100 26515 300+09
Vit.C =100 32135 899+21
70% EtOH 61770+ 0.75 =1000 =1000
n-Hex 526.00 £ 0.05 45510+ 0.14 77580+ 030
MC 53050 £ 0.53 =1000 =1000
EtOAC 56160 + 066 =1000 =1000
n-BuOH =1000 =1000 =1000
DW =1000 33530+ 080 =1000

a) 1C, values were calculated from regression lines using five different concentrations in triplicate experiments.

Values are the mean = SEM of triplicate experiments.

Tablel. Comparison of antioxidant potential on 70% EtOH extract and solvent

fractions of

Phormium Tenax.
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1.3. AI¥ SA(LDH) ¥ nitric oxide (NO) A oA &4 v

S

ARG FE87 BB AL 542 287 98] RAW 2647 celld]l 5%

A AE AEESS st FEEY £8E 100 xg/mLe] oA
methylene chloride # & & A A X%

=780 7 vk (Figure 2-1).
¥ RAW 264.7 celldl A F+&E2 NO A4 Adlss &Ast7] 2134
(100 #g/mL), %25 (100 #g'mL)Z LPS (1 zg/mL)E FAlol Aesta 24
Qb Hi%Fstdth NOO| & Griess Ao Abgdte] Al wjge] Fol EA)

s NO, o FHz ZAsAch LPS 9% AT NOJ 44% FEstarh

LPS ©= AHzl+9 NO A ZFS 100%E st FE2E3 ZE NO A oA
g8 vusdt. 7L FReo FEEH EIE AYFYES uw, methylene
chloride #3 &2 83 Ao NO AA o] 10% , ethyl acetate® & &2 *]

o

g3t Ad oA NO9 Aol 20%= LPS e+t vlste] NO A oA &4

TS &4 = AT (Figure 2-1). °o]ol NO AA A Ao

]

o
-
e

methylene chloride ¥ &3} ethyl acetate +8 &S TE¥ (25 50, 100 #g/mL)=
skl NO A A AL F71= 23 v 2% o&FH o2 NOZAE S A
st S g2l st (Figure 2-2, 2-3).
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=]
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(=]
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Figure 2-1. Inhibitory effect of 70% EtOH extract and solvent fractions
on NO production and cytotoxicity in LPS-stimulation RAW 264.7 cells.
The production of nitric oxide was assayed in the culture medium of cells
stimulated with LPS (1 x#¢/mL) for 24h in the presence of 70% EtOH extract
and solvent fractions (100 xg/mL). Cytotoxicity was determined using the LDH
method. Values are the mean + SEM of triplicate experiments. * P<0.055 #*%

P<0.01
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mmi0assyy -+ LDH assay

N —
=]
= @ = =

NO production (%)
. p=r)
L= L=

LDH release (")

(]
=

. I

LPS() LPSf) ¥4 e oo

=)

Figure 2-2. Inhibitory effect of CH»Cl, fractions on NO production and
cytotoxicity in LPS-stimulation RAW 264.7 cells. The production of nitric
oxide was assayed in the culture medium of cells stimulated with LPS (1 «g
/mL) for 24h in the presence of CH.Cly fractions (25, 50 and 100 «g/mL).
Cytotoxicity was determined using the LDH method. Values are the mean =*

SEM of triplicate experiments. * P<0.055 #* P<0.0I
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Figure 2-3. Inhibitory effect of ethyl acetate fractions on NO production
and cytotoxicity in LPS-stimulation RAW 264.7 cells. The production of
nitric oxide was assayed in the culture medium of cells stimulated with LPS (1
#g/mL) for 24h in the presence of ethyl acetate fractions (25, 50 and 100 g
/mL). Cytotoxicity was determined using the LDH method. Values are the mean

+ SEM of triplicate experiments. * P<0.05,5 ** P<0.0I
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1.4. Prostaglandin E»(PGEy) BA A &4

AT FEE3 EEEo 3t Prostaglandin E; (PGEy) A oA @48 Fels}
7] #18ted  RAW 264.7 celld] F5%&, +9&E000 #/mL)% LPS (1 #/mlL)E &
Al A glske] 24417 wjFet & PGE; ELISA assay kitE o] &3te] PGE, A4
Atk LPS FA 2 PGE; A4d& 0%, LPS©= 29

A2 S =4

il
ol

bl
3

PGE, A4<S 100%°o.=ste FEEI #9895 AHgads vusdo. 1 23
methylene chloride #8EoA PGE, Aol 2~3%, ethyl acetate 3 & oA
PGE;, Aol 20%5+dS &ttt (Figure 3-1). PGE; A4 oA &4o] ¢
T F 28ESs w24 (25 50, 100 mgmL)= A 2lste] PGE, A4 A 245

ZAYS vl B oEH 02 PGE, S AdATE Felsdt (Figure 3-2, 3-3).
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—

Figure 3-1. Inhibitory effect of 70% EtOH extract and solvent fractions
on PGE; production in RAW 264.7 cells. Cells(1.8x10° cells/mL) were
stimulated by LPS (1 pg/mL) for 24h in the presence of 70% EtOH extract and
solvent fractions (100 g/mL) Supernatants were collected, and the PGE,
concentration in the supernatants was determined by ELISA. Values are the

mean + SEM of triplicate experiments. * P<0.05, ** P<0.01
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Figure 3-2. Inhibitory effect of CH»Cl, fractions on PGE; production in
RAW 264.7 cells. Cells(1.8x10° cells/mL) were stimulated by LPS (1 ug/mL) for
24h in the presence of CH.Cly fractions (25, 50 and 100 «g/mlL). Supernatants
were collected, and the PGE> concentration in the supernatants was determined
by ELISA. Values are the mean = SEM of triplicate experiments. * P<0.05, #%,
P<0.01
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Figure 3-3. Inhibitory effect of ethyl acetate fractions on PGE: production
in RAW 264.7 cells. Cells(1.8x10° cells/mL) were stimulated by LPS (1 ug/mL)
for 24h in the presence of ethyl acetate fractions (25, 50 and 100 «g/mL).
Supernatants were collected, and the PGE: concentration in the supernatants was
determined by ELISA. Values are the mean * SEM of triplicate experiments. %

P<0.05 #+ P<0.01
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1.5. iINOS, COX-2 %#d 9 &4

2]st NO, PGE, A oA &Ao] INOSe COX-29]
skolsty] Yste] ol Wl £FS Western blot

gelst vt RAW 264.7 cellel LPS (1 #g/mL), F=&3 #£9=5 100

it
oX,
filo
Jo

5
ugmlLe FEE A sle] 24417 v Fdt 3 INOS, COX-29] 2a oA
olstgdch. = A3 LPS &% Aot oA INOS, COX-29 dao] dx3] 5718

%31 methylene chloride ¥ 3 %3} ethyl acetate F 3 &4 INOS, COX-2¢] g

= gAdE & 5 AU (Figure 4-1). o] °] F £ =l whste] 25, 50, 100

= 7= =2 AR AN
wy/ml sER AEete] U3 Yo r AAdstiiy. Ar vk ofEAHLE
0] o)

INOS¢F COX-29] 23S JATS & o AU 4-2, 4-3).
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LPS - + + + + + + +

Samples - - Extract mHex MC EA nmBuOH D.W.

iINOS . - - .- 130 kDa

COX-2 e o . - . - 0
pacin | NE A W e - W 20

WiNOS
1000

COX-2

Relative intensity

3

M (-actin

200

- + Extract n-Hex MC EA n-BuOH DLW

Figure 4-1. Inhibitory effects of 70% EtOH extract and solvent fractions
on iNOS and COX-2 protein level in RAW 264.7 cells. RAW 264.7 cells (1.2
x 10° cells/mL) were pre-incubated for 18 hr, and the cells were stimulated with
LPS (1 pg/mL) in the presence of 70% EtOH extract and solvent fractions(100
wgmL) for 24 hr. INOS and COX-2 protein levels were determined using

immunoblotting method. (A) Western blot, (B) Relative intensity
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LPS + + + +
Samples - MC25 MC50 MC100
iNOS - - 130 kDa
COX-2 - e 72kDa
p-actin -. e - 42kDa
B
2500
2000
&
£ 1500 )
£ HiNOS
E COX-2
= 1000 7 W F-actin
500
u -
+ MC25 MC50 MCI100

Figure 4-2. Inhibitory effects of CH2Cl, fractions on iNOS and COX-2

protein level in RAW 264.7 cells. RAW 264.7 cells (1.2 x 10° cells/mL) were

pre—incubated for 18 hr, and the cells were stimulated with LPS (1 pg/mL) in

the presence of CH.Cl, fractions (25, 50 and 100 #g/mL) for 24 hr. iNOS and

COX-2 protein levels were determined using

Western blot, (B) Relative intensity
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LPS - + + + +
Samples - - EA2DL EADD  EAI100
INOS B s s | 130KDa

oz | - -
p—actin -. ‘ “ “ 42kDa

B

2,500

2,000
=
C 1,500
a HiNOs
E
z COX-2
+ 1,000 )
= M B-actin
-

SO0
- + EAZS EASD EALDD

Figure 4-3. Inhibitory effects of ethyl acetate fractions on iNOS and
COX-2 protein level in RAW 264.7 cells. RAW 2647 cells (1.2 x 10°
cells/mL) were pre-incubated for 18 hr, and the cells were stimulated with LPS
(1 ug/mL) in the presence of ethyl acetate fractions (25, 50 and 100 #g/mL) for
24 hr. iINOS and COX-2 protein levels were determined using immunoblotting

method. (A) Western blot, (B) Relative intensity
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1.6. pro—inflammatory cytokines (TNF-a, IL-6, IL-B) &A oA &4

AAE FEE L EIEo] RAW 264.7 cellol 4] pro-inflammatory cytokine®!
TNF-a¢} IL-6 % IL-1B9 W&o vx&= J&gFS dolrr] 93te] ELISA kitE
o] &3] Z 264.7 cellol LPS(1 xg/mL)9} F5&, 85 100 wo/mLsEz g
sled TNF-a¢t IL-6, IL-1B9] A4 JA &S FAdstdrt. LPS FAH a9
pro-inflammator cytokine A4S 0%, LPS A&+ 2] pro-inflammatory cytokine*y
A& 100% 2 ske] v g

TNF-a2] A4 2 A= methylene chloride 3% (30% 4~<)3, ethyl acetate %
g2 B0% FF)lA At d5s et (Figure 5-1). ©] + #£8+&
sl s=¥ (25 50, 100 #g/mL)Z TNF-a2o] A oA A& FAsH &
o]EFH o2 At AE FlstAtt (Figure 5-2, 5-3).

IL-62] A= Figure 5-491A4 K vFe} 7Fo] methylene chloride & 3&8%&
(15% )3, ethyl acetate 3% (50% FF)olA At &S Helsodrt.
o] F EIEo thste] F=W (25 50, 100 mg/mL)Z IL-69] A A A4S =
I % oJ&EH oz AAgt= AE el th (Figure 5-5, 5-6).

IL-B9] A A= methylene chloride ¥8 & (0% )3, ethyl acetate 2
& (10% )M s s (Figure 5-7). o] F £ & tisto] &
T (25, 50, 100 #g/mL)= IL-Be A oA &8 xAFSH

AA = AS FAsA T (Figure 5-8, 5-9).

N
o
Bt

ju]
-

L<':.:E—; ‘qt“‘l
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Figure 5-1. Inhibitory effect of 70% EtOH extract and solvent fractions
on TNF-a production in RAW 264.7 cells. Cells(1.8 x 10° cells/mL) were
stimulated by LPS(1 pg/mL) for 24 h in the presence of 70% EtOH extract and
solvent fractions(100 «g/mL). Supernatants were collected, and the TNF-a
concentration in the supernatants was determined by ELISA. Values are the

mean + SEM of triplicate experiments. * P<0.05, ** P<0.01
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Figure 5-2. Inhibitory effect of CHyCly fractions on TNF-a production in
RAW 264.7 cells. Cells (1.8 x 10° cells/mL) were stimulated by LPS(1 gg/mlL)
for 24 h in the presence of CHyCly fractions (25, 50 and 100 «g/mL).
Supernatants were collected, and the TNF-a concentration in the supernatants
was determined by ELISA. Values are the mean = SEM of triplicate
experiments. * P<0.05, ** P<0.0I
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Figure 5-3. Inhibitory effect of ethyl acetate fractions on TNF-a
production in RAW 264.7 cells. Cells (1.8 x 10° cells/mL)were stimulated by
LPS(1 pg/mL) for 24 h in the presence of ethyl acetate fractions (25, 50 and 100
#g/mL). Supernatants were collected, and the TNF-a concentration in the
supernatants was determined by ELISA. Values are the mean = SEM of

triplicate experiments. * P<0.05 #** P<0.0I
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Figure 5-4. Inhibitory effect of 70% EtOH extract and solvent fractions
on IL-6 production in RAW 264.7 cells. Cells (1.8 x 10° cells/mL) were
stimulated by LPS (1 pxg/mL) for 24 h in the presence of 70% EtOH extract and
solvent fractions (100 «g¢/ml). Supernatants were collected, and the IL-6
concentration in the supernatants was determined by ELISA. Values are the

mean + SEM of triplicate experiments. * P<0.05, ** P<0.01
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Figure 5-5. Inhibitory effect of CHyCly fractions on IL-6 production in
RAW 264.7 cells. Cells (1.8 x 10° cells/mL) were stimulated by LPS(1 gg/mlL)
for 24 h in the presence of CH.Cl, fractions (25, 50 and 100 xg/mL).
Supernatants were collected, and the IL-6 concentration in the supernatants was
determined by ELISA. Values are the mean * SEM of triplicate experiments. #,

P<0.05; #+ P<00I
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Figure 5-6. Inhibitory effect of ethyl acetate fractions on IL-6 production
in RAW 264.7 cells. Cells (1.8 x 10° cells/mL)were stimulated by LPS(1 ug
/mL) for 24 h in the presence of ethyl acetate fractions (25, 50 and 100 «g/mL).
Supernatants were collected, and the IL-6 concentration in the supernatants was
determined by ELISA. Values are the mean £ SEM of triplicate experiments.

* P<0.05 *+ P<0.01
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Figure 5-7. Inhibitory effect on 70% EtOH extract and solvent fractions
on IL-B production in RAW 264.7 cells. Cells (1.8 x 10° cells/mL) were
stimulated by LPS (1 pg/mL) for 24 h in the presence of 70% EtOH extract and
solvent fractions (100 pg/mL). Supernatants were collected, and the IL-[3

concentration in the supernatants was determined by ELISA. Values are the

mean + SEM of triplicate experiments. * P<0.05, ** P<0.01
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Figure 5-8. Inhibitory effect of fractions CHyCly on IL-1B production in
RAW 264.7 cells. Cells (1.8 x 10° cells/mL)were stimulated by LPS(1 pg/mL)

for 24 h in the presence of CHsCL, fractions (25, 50 and 100 g/'mL).
Supernatants were collected, and the IL-1B concentration in the supernatants
was determined by ELISA. Values are the mean * SEM of triplicate
experiments. * P<0.05,5 ** P<0.0I
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Figure 5-9. Inhibitory effect of ethyl acetate fractions on IL-183
production in RAW 264.7 cells. Cells (1.8 x 10° cells/mL)were stimulated by
LPS(1 pug/mL) for 24 h in the presence of ethyl acetate fractions (25, 50 and 100
#g/mL). Supernatants were collected, and the IL-13 concentration in the

supernatants was determined by ELISA. Values are the mean *= SEM of

triplicate experiments. * P<0.05 #** P<(0.0I
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2. XS FEEF] EEEY oEY FT AR JA &2FH
21 AAZ FE2EF F8E9 Chemokine A Wao] w A& F3F

WS FEEH F959 hIFN-y (10 ng/mL)E A=3 HaCaT AlZelA A3
+ chemokines (MDC<} TARC)ol thslt JA|&A S 2ALsH7] §3te] ELISA assay
WS &gste] ZAReth HaCaT AlZe] hIFN-y 10 ng/mLE A 2lste] MDC
¢t TARCO #AS Fr=staL o7]d e #5253 £9=8 100 zg/mL &
2 A st MDC TARCE A AdAE gt} (Figure 6-1, 6-4). hIFN-y
T 279 chemokine A &S 0%, hIFN-y# &9 chemokine A &< 100%2.
= sto] 7} Alg At It Blalsk it

MDC AAddAgyE Felst v Figure 6-1°14 H&E ¥ o] methylene
chloride #3& &4 35%, ethyl acetate =3 ENA 7%2] MDC ABAE&S H
MDC AAdSA &37F das & F AU oo F £ &S 25 50, 100 #g/mL
SERE At MDC A4 AE st B Ay vk ofEA o= AA|s=
A& A + A (Figure 6-2, 6-3).

TARC AAdA&xES <13 vl Figure 6-4°04 HE B9} o] FHE

N

methylene chloride 3% 48%, ethyl acetate 3% 16%2¢] TARC A &S H ]
TARC AAGA a97F Ad5S & F AT oo + F2IES 25 50, 100 #/mL
FE2 AYste] TARC A AAE st 2 2y g% oEH o2 A=

AE FATd 5 A (Figure 6-5, 6-6).

o
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Figure 6-1. Inhibitory effect of 70% EtOH extract and solvent fractions
on MDC production in HaCaT cells. MDC concentration in culture medium
was measured with ELISA method in HaCaT cells (3.0 x 10° cells/mL)
stimulated with hIFN-y (10 ng/mL) in the presence of 70% EtOH extract and
solvent fractions(100 #¢/mL). Values are the mean * SEM of triplicate
experiments. * P<0.055 #* P<00!
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Figure 6-2. Inhibitory effect of CH2Cl: fractions on MDC production in
HaCaT human keratinocytes. MDC concentration in culture medium was
measured with ELISA method in HaCaT cells (3.0 x 10° cells/mL) stimulated
with hIFN-y (10 ng/mL) in the presence of CH>Cly fractions (25, 50 and 100 «g
/mL). * P<0.05, #* P<0.01
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Figure 6-3. Inhibitory effect of ethyl acetate fractions on MDC
production in HaCaT human keratinocytes. MDC concentration in culture
medium was measured with ELISA method in HaCaT cells (3.0 x 10° cells/mL)
stimulated with hIFN-y (10 ng/mL) in the presence of ethyl acetate fractions
(25, 50 and 100 xg/mL). * P<0.05, ** P<0.01l
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Figure 6-4. Inhibitory effect of 70% EtOH extract and solvent fractions
on TARC production in HaCaT human keratinocytes. TARC concentration
in culture medium was measured with ELISA method in HaCaT cells (3.0 x 10°
cells/mL) stimulated with hIFN-y (10 ng/mL) in the presence of 70% EtOH
extract and solvent fractions(100 x#g/mL). * P<0.05 #* P<0.0I
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Figure 6-5. Inhibitory effect of CHyCly fractions on TARC production in
HaCaT human Kkeratinocytes. TARC concentration in culture medium was
measured with ELISA method in HaCaT cells (3.0 x 10° cells/mL) stimulated
with hIFN-y (10 ng/mL) in the presence of CH.Cl, fractions (25, 50 and 100 «g
/mL). * P<0.05, #* P<0.01
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Figure 6-6. Inhibitory effect of ethyl acetate fractions on TARC
production in HaCaT human keratinocytes. TARC concentration in culture
medium was measured with ELISA method in HaCaT cells (3.0 x 10° cells/mL)
stimulated with hIFN-y (10 ng/mL) in the presence of ethyl acetate fractions

(25, 50 and 100 #g/mL). * P<0.05 =+ P<0.0I
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