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[solation of bioactive constituents from Zostera

asiatica

Joowan Hong

Division of Marine Environment and Bioscience, Korea Maritime

University, Busan, 606—791, Korea

Abstract

As the human lifespan has been extended due to great advances in
medical science, the incidence of various adult diseases has rapidly
increased — cancer, cardiac disorder, diabetes, dementia etc. In recent
years, there has been growing interest in the use of natural products,
especially  those derived from  terrestrial plants or seaweeds.
Plant—based medicine has definitely played an expanding role in the
treatment of adult diseases.

As a part of our search for bioactive compounds from marine
organisms, we collected Zostera asiatica, one of the marine flowering
plants, from the southern coastal area of Korea. Dried samples were
extracted twice: with acetone/methylene chloride (A+M) and with
methanol (MeOH), respectively. The combined crude extracts were
evaporated in vacuo, and then the residue was partitioned between
water and methylene chloride. The aqueous layer was fractionated into

H,O and n—butanol, and then the organic layer was also fractionated



into 85% aq. MeOH and n—hexane, successively.

The crude extracts and their solvent fractions were evaluated for
antioxidant, antiproliferative, and antiinflammatory effects, respectively. In
antioxidant bioassay, n—BuOH and 85% aq. MeOH fractions showed a
strong scavenging effect on DPPH radical and peroxynitrites. In a cellular
system using 2',7'—dichlorofluorescin diacetate (DCF—DA) as fluorescence
probe in HT—1080 cells, all extracts and solvent fractions except the
H:O fraction significantly decreased the level of intracellular reactive
oxygen species(ROS). On the basis of the above, two flavonoids were
obtained from n—BuOH fraction by bactivity—guided separation.

On the other hand, in cytotoxicity bioassay system using the MTT
reduction method, the 85% aq. MeOH fraction among samples tested
showed the most inhibitory effect on growth of human cancer cells
AGS, HT—29, and MCF=7 cells. However, all samples didn't exhibit the
significant inhibitory effect on lipopolysaccharide(LPS)—stimulated nitric
oxide(NO) production. Therefore, these results suggest that 2. asiatica
may be useful as a potential candidate for both natural antioxidant to

oxidative damage, and chemopreventive agent for cancer.



QFel A18l= Ak Fste] wshl W ol fesAv, e

A o AN A SO Wy w9y ABo] T/ HAT, A ES

Ast7] 1% eokE el Tk Ao o] w3t

A AQE o] AR Ho] e o fFEe] AWHAAL, AW A =

e sk A2 AW M 5o sl Sl Awe gt i

°F 80%7F sl Fel A, s AEFel
APE AP Z3]) dXo] Bsm 2 U EA Y sk 7|9} e He B
ghobrt. 1ejal A= AFE T a9te] SN A At wEell Sl A
o] e} & Solg Asterz] Az o] ¥ E Jhe A T A AAE

= ZEYT At A AFE HE = Cryptotethya crypta =5
B SAelA dE Aol (e 553 %9 ara—A(vidarabine) ¥}

ara—C(cytarabine) 7} &2 ¥ 2 tH(Molinski et al. 2009).

aga kst E A S AAilksls Sl Bl Streptomyces Sp. ZH-E g4
Aol AFH =7 A (Kim et al. 2010), 7, tAlu}, vl S 2o gk

2 =iy 4L Fea2 dts @4 diE 97 AdH7 e sl

(Jang et al. 2010).



AT g T3 vito A 3HA EH AT bioh] A AskE wov| 2R geta
2 A= E4S g AsE=7 E(Sin et al. 2010), ko] A AstE Al & 3
Z223E &g gio ud e S 2% 59t (Kong et al. 2008).

oledt 2 AYBA Wk ol HFNFLE o] & ABA T, 14, L

1

O

T = Axdt 7154 5AAE AF5e 5 NG ZEEH & 5 e wAd
7hs A e FEERE T (Ham et al. 2008, Jung et al. 2009).
o] Ao ALLHE DAY L (Lostera asiatica)S A|F HIFAER =

(seagrass)oll &3t} ol FEjstHor o, £7] % el &o] W¥tsta

=59 F2 AAAY HEre 228 TR dB=sol A Mg 21
b Ak & ZE=tH(Huh et al. 1998; Lee et al. 20055 Kim et al. 2009; Kim
et al. 2010). FAH L F4 1~3 m Zolo] B} WEwe] A4sh= thd
A 42 & (angiosperm) A Fobajobe] oA disi Ao A FH HIER, A,
iAo} A] R E sk FHopu e 7he] ARl A WA 7| = ghrt. A eIt
et A= A AR Gl gk A57F tiF-olH (Huh et al. 1998;
Choi et al. 2005; Lee et al. 2005; Khotimchenko et al. 2006; Kim et al.
2009; 2010), HAE3}A Q] AT+ AW EE(Zostera)oll £33 T5 A2 st
A2l o] FoJ X% ekkth(Kumar et al. 2008). - o] Fojx Arjg] o] th3t
AAESH A A+ AW L(Z marina)ol FoHAow b2 Fo dig A
T w9 =E2ItH(Hua et al. 2006; Archamlale et al. 2009). A =7FA A=
gl ol theiM = Fatsh, FndE 5o el E4 (Roth et al. 1988 Kim et al.
2004; Kolenchenko et al. 2005; Sonina et al. 2007; Kumar et al. 2008;
Choi et al. 2009; Yang et al. 2010)%} flavonoid Z& o]z} thAIEEE(Kim

_4_



et al. 2004; Archamlale et al. 2009)°] X 1% it}

ol

Ao 2 in vitro9} Al

o
=

2l A v

Ahsh makeh ¢l

&

el

Al

2

]
=~

AFeHA

&

bi, o delzt

S

sfe}

% erobngith

=
=

=
[e)

5o At

3L
™

S} e oo



2—-1 A5

2007 74 A= FEA e oot el A A AR

s
S Abgetgon, Seo AxE T PEnDse] Agol A
2-2 Ao
(1) 3%, 28 2 29

23 23, Bl AEE Sult 2R 13 AFS At Column
packing materials & RP—18(YMC—Gel ODS—A, 12 nm, S—75 )= AF-&3}
o, TLC plate += Silica gel 60 F254(1 mn, Merck)E AF&-3}31t}h. HPLCO
AFE-%F column = YMC pack ODS—A(250x10 mm, S 5 gm, 12 m)E A}-83FA

a1, gaurd column(7.5%4.6 mm, Alltech)S AF-&3} )
(2) &4

shAks) &4 Ald o AF&3F 1,1-Diphenyl—2—picrylhydrazyl radical(DPPH),
3—morpholinsydnonimine(SIN—1)3} dihydrorhodamine 123(DHR 123),
penicillamine(DL—2—amino—3—mercapto—3—methyl—butanoic acid)2 SigmaA}
(ST Louis, MO, USA)ollA T3} 3L peroxynitrite(ONOO™ )+ Cayman(Ann
Arbor,  MI,  USA)elAM  F9dsted  ARESIITE AlZd|fel] 283
DMEM (Dulbecco's Modified Eagle's Medium)¥} RPMI-1640, FBS(Fedal
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Bovine Serum)+ Hyclone(Logan, Utah, USA), 0.05 % Trypsin—0.02 %
EDTA®} 100 units/ml penicillin—streptomycin< GIBCOAHUSA)A 43k
t}. ROSEAo AFg¥ DCFH-DA+ Molecular Probes inc.(Eugene, OR,
USA)ZH-E FY3t3ith. NOol A-g&¥ MEM(Modified Eagle Medium) Sigma
o4 Tt

(3) 717]

'H-NMR¥} “C—NMR, two—dimensional NMR 43> 5 Varian NMR 300

spectrometers AF&3FI T Varian RI detector®} high performance liquid
chromatography (HPLC, Dionex p580)& Al-&3le] 3}t&ES A -2 5300
ksl g4 2 MTT S Ao UV-Vis spectrophotometer(Thermo
Spectronic, England), Multi—detection microplate fluorescence
spectrophotometer Synergy HT(Bio— TEK instruments, USA)E A}-8-3}3 T}
M2 v CO, incubator(Forma Scientific, Japan)E AF&3t¥ 3L, 1 2
o] rotary Evaporator(EYELA, JAPAN), vacuum pump, water bath,
pipet(JBM—pipet), o13}7] && AF-&sk3lth.

(4) AM3zvj<f

Ade] AFEE AGS(human gastric adenocarcinoma cells), HT—29(human
colon cancer cells), HT—1080(human fibrosarcoma cells), MCF—7(human
breast cancer cells), Raw 264.7 macrophage Al¥+ 3h=r A EZF 23 (A=
ot e =HE Lol vt Aol AFSSEAT AGSeH HT—-29:= RPMI
1640 v A& Al-g3slo] vjFallar, HT-1080, MCF—7, Raw 264.7-> DMEM Hj]

P! PEERS kgl o 7} Hj 2] o] = 100 units/ml ©]



penicillin—streptomycin® 10% FBSE H7}slit}t. Adol Algd AEXEE5L2 3
7C, 5% CO; incubator(Forma Scientific, Japan)ollA ®iFalodom, ks
Z}zkol QbM e dFdol 2~33] viA|E nlketal, 6~7Y W] PBSE A A 3}
AGS, HT-29, HT—-1080, MCF—=7-2 0.05% Trypsin—0.02% EDTAZ H-2r% A

I E Fgsle] Aujdsldal, Raw 264.7 cell scraper® &3] 3fe] A thul ok
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Zostera asiatica

A+M ext. MeOH ext.
1.78g 11.03g

H,O n-BuOH  85%aq. n-hexane
1.4g 0.21g MeOH 0.12g
1.73¢g

Scheme 1. Preparation of crude extractions and its solvent fractions

from Zostera asiatica.



(2) 7T &4 A& &2

n—BuOH #3&E5 MeOHY H,09] &3+ m|E A}83}¢] C18 reversed—phase
vacuum flash chromatography & AF&3}o] 50%, 60%, 70%, 80%, 90% aq.
MeOH, 100% MeOH 18]aL 100% EtOAc 7709 fractiond FJow, 1 =
60% aq. MeOH fractiong preparative TLC[silica, MeOH : EtOAc (2 : 8)]
& th, dojZ mixture 1S reversed—phase HPLC(ODS—A, 65% aq. MeOH)
o] compoundE +8]3F31 T}



Zostera asiatica

n-BuOH

RP18 column with gradient mixtures

50% aq. MeOH 60% aq. MeOH 70% aq. MeOH 80% aq. MeOH 90% aq. MeOH 100% MeOH 100% EtOAc
7.97g 0.42g 0.23g 0.08g 0.13g 0.26g 0.06g

Prep-TLC(silica, MeOH : EtOAc = 2:8)

Mix1

HPLC(C18, 65% aq. MeOH)

Compound

Scheme 2. Isolation of the compound from Z. asiatica.



2—4 % Polyphenol = =4

A

zkzte] FEE3
al., 1912)& W3
85% aq. MeOH, n—BuOH, H,O F&%E& 20 ule] 250 ule] Folin—Denize
reagentE 7}sfe] Ao x 373 HEGA|ZTE 70TCelA H,0Z =21 35%

8 5o 3t polyphenol 45 Folin—Denis W (Folin et
=

AstTh 1 mg/ml(0.1% stock)®] n—hexane,

rob

o

|\

Na,COzE 500 nl® o] ALojr 2087F vH-gAIZ & 750 mold EFEZ
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(1) DPPH radical 274 4

DPPH(1,1—diphenyl—2—picrylhydrazyl) A|2F 2 mg < ethanol 15 ml o] ¢
= DPPHY ! 1.2 ml ¢ 3 ml 2] ethanol, 0.5 ml ¢ DMSOE ¢ H &=
23t DPPH radical solutions +H]gtth. £H]¥ DPPH radical solution
< cuvetted] HaL 518 mm & IFolA FHEE A I FAHHC]

0.94~0.970] HEE 5%

il

24U, vEE 24%

R8s

i
I-
)
U
J
s
=
o8]
=
o
=5
w
=
c
ey
o
=

900 ul o +=HgH A= 100 ul & 7}k voltexdt

[,
o

10% %o 518 mme] 3}
FollA 1 FHEE 574353 H(Fig. 1) (Blois, 1958
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NO, OH

N—N NO, +

NO;

DPPH « (Violet, 518nm)

N02 O [ ]
N—N NO, +
H
NO;
Diphenylpicrylhydrazine Phe.noxy
(yellow) radical

Fig. 1. Scavenging of the DPPH radical by phenol.



MeOH solution of sample Solution of DPPH (2 mg)
at various concentrations in MeOH (15 mL)

Shaking vigorously (10-20 sec)

Standing at room temperature for 10 min.

O.D. check at 518 nm

Scheme 3. Measurement of DPPH radical scavenging effect.



(2) Peroxynitrite 27 &4

ONOO™ &7 &4 dihydrorodamine 123(DHR 123)¢] Atgl¥:= 4os =
Asto ) A3 DHR 1232 dimethylformamided] o] A4 2 purge
AlA -80°C of B¥sllal, DHR 123 &9 A& gt A5 fjellA zA|s)
o] ARSI Y. Buffer= 90 mM sodium phosphate, 90 mM sodium
chloride, 5 mM potassium chlorided &3} pHE 7.4%2 X433 100
uM DTPA (diethylentriaminepenta acetic acid)E &3t WA R A L,
buffer® DHR 123& 5 uM= 3|Aste] Aol ARE-skltt. DHR 123 buffer
folo] A29} peroxynitriteE H7Fetar A 2oA] 587 wFx] & Victor3
multilabel plate reader(PerkinElmer, MA, USA)E o]-&3}o] excitation 485
nm, emission 530 mmoll A =8}t Anthentic peroxynitrite tHAlo] SIN—1
= Atk A e U o R AAste] TAIZHE S WAgE 5 SA sl
o]:= SIN—1°] NOeg} Ose" & FAlol LAAZ ONOO & A= 3HeE=,
authentic peroxynitrite®] H<:8F DHR 1239 4t} g AR Aoz 4H3}
7b dojubAl syl wWiEelth blanki 0.3 N NaOHE AR&skelar, A3
triplicate® &8} o™, A= blanksE A3 kS Hfsle] Uiz gk
W FB g2 AL tH(Kooy et al.,, 1994).



H,N

Dihydrorhodamine 123

l Oxidation

Fig. 2. Peroxynitrite (ONOO™) mediated oxidation of DHR 123.



Diethylenetriaminepentaacetic acid (DTPA) 100 pM

!
Dihydrorhodamine 123 5 pM

!

Incubation at 37 C for 1 min

!
Sample

!
SIN-1 200 uM or peroxynitrite S pM

!

Measurement of fluorescence intensity
Excitation wavelength at 480 nm
Emission wavelength at 525 nm

Scheme 4. Measurement of the ONOO™ scavenging effect.



AW LR HE AL E-o] cell viabilityoll P& FFES Blstr] 94
MTT[3—(4,5—dimethylthiazol—2—yl)—2,5—diphenyl tetrazolium bromide]A] 2}
ol-g&ate] ISt e AMEE A2 cell countingdte] 96  well
micro—plated] 2 X 10* cells/welle] HEZ ®Fso 37C, 5% CO,
incubatorell A 24417+ wjstivt. widE AExs wiAE Zote §F sREHE
THIZE AR S 2 wellol A glato] ThA] 1AIZE vl Fekaint. AR5 A glsto] )
FE AE= wiA S AAT FH, 1 mg/mlsEe] MTT Aleks A efste] 4A17F )

F3t3lth. Formazano] @JAEHT MTT AfAelgt wixE AA 5, I

[1{

(]

i

formazane DMSO®] ¢ Victor3 multilabel plate reader(PerkinElmer,
MA, USA)E ©o]&3to] 540 mollA F3E5 SA AT



CHs

CHs
N::::N MIT tetrazolium
(vellow)
N //
Mitocholndrial
reductase
\ Clis
7 \
CHs

MTT fromazan
(violet, 540nm)

Fig. 3. Metabolization of MTT to a MTT formazan by viable cells.



(4) AEW A 2FA2=(Reactive Oxygen Species, ROS) =4

AEW ROS free radical AL DCFH-DA assay® =743} tH(Okimotoa.,
2000). HT—1080 M¥Z 96 well micro—plated] 2 X 10* cells/well®] ¥ &=
RF3le] 37C, 5% COs incubatoroll Al 24A)7F vjkatd et vty Al E£& PBS
2 e % 20 uM DCFH-DAE Z} wellell A glsle] 37C, 5% CO. incubator
ol A 20%-%F pre—incubationd}Ath. Z+7+9o] wellol] EEHE 0|3 AJEE A
g]ste] 37C, 5% CO; incubatoroll A 1A|ZF incubation$t §, DCFH-DAE Al
Asta PBSE A2 F 500 M H,0,5 A ste] A|ZPE= DCF fluorescence

£  excitation 485 nm, emission 530 mmol|A Victor3 multilabel plate

reader(PerkinElmer, MA, USA)%Z A3}t



2'.7'-Dichlorofluorescein dacetate
(DCFH-DA, non fluorescene)

Deacethylation by esterase or OH"

2'.7'-Dichlorofluorescein
(DCFH, non fluorescenet)

ROS

2'.7'-Dichlorofluorescein
(DCEF, fluorescenet)

Fig. 4. Degradation pathway of DCFH—-DA in an oxidation—induced
cellular system.



(5) GSH(Glutathione) &t

ofs
I
2

Al E =44 GSH sk thiol—staining reagent$!
mBBr(monobromobiman)S  °]-&3to]  F5AH3Sth. MEE fluorescence
microtiter 96—well platedl] welld 1x10" cell/ml 7} ¥ =% #5310 24417k vl
¥k T, 7F welldl F=HEZ AJZE A2lste] thA] 37C, 5% CO. incubator®l
A 3043t vkttt 7F well PBS buffer® 22 § 40 uM mBBr& A 2|3}
o 37C, 5% CO: incubatorel A 30+%-3F WH-SAIZI H, Almx|g]el] <3t GSH
sharo] W3lE AP R excitation 360 nm, emission 465 mmoll A &G =

bt

I
Oft

g



(6) Genomic DNA %3 2 Genomic DNAS] 23} A E =4

A& A28+ genomic DNAE  AccuPrep® Genomic DNA  Extraction
kit(Bioneer Inc., USA)E o] &3}e] HT-1080 MEZHEH F=3FA

genomic DNAY 260 mm¢} 280 mme] wtoA 71 SF=E =As)

e A F, —20C0lM ¥eEaste] Agstalth
0.5~1.0 #g9] genomic DNA®] 4 ple] H,09 600 uM9| FeSOs 0.5 mM9]

Hy0,5 717 10 pl® 7}8hed genomic DNAE 3047 AF-2olA] 2tsiA|zl H
130 mMe] EDTAE 7}sto] Hbg-& SA|AZth 4FslE genomic DNAT 6X
agarose gel loading buffer®} mix3}e] 1% agarose gelol loadingdle] 100
W2 A719EsAt 1719 vhR gel® 5 pg/ml EtBroll 20~30%3F 9 AIA]
A UVE B3 Ashe RS Ade 48R Aokel us e zAs A
Ak,



2-6 FAE T4 oA L9

(1) MTT assays o] &3k Al =S S5A

A EERE A2 E4d g SHHE S A 2HE Flstr] Yot
MTT[3—(4,5—dimethylthiazol—2—yl)—2,5—diphenyl tetrazolium bromide]A] 2}
ol-gste] A E T2 AAES SASAATL

okl A EE 2x10" cells/wello] HE2 96 well plateol] #F3fe] 37C,
5% CO. incubatordl] A 24A1ZF wjeFst F, Al wiX = wA|sle] A& A2
T Tl 24A3EESE wigstelth AlE A e - adE bl 1 mg/mle] MTT
Aok A g sto] 44175 F wiFsle] formazano] /4 %™ MTTA] ko] A 2%
W= & A A & FAE formazan= DMSO°] =9 Victor3 multilabel plate
reader(PerkinElmer, MA, USA)E o]&3&l 540 oA SHEE SH3dto] X
AEE (%) T35l

£ FRE - AR

Cytotoxicity(%) =



(2) 9 FF A2 ¥kE(Reverse transcription—polymerase chain
reaction, RT—PCR) +%

23] Ah-g¥ A Zell RNAzol B(GIBCO, USA)E ©]-83}9] total RNA

= 2oty E8l¥ RNAE A3k 5, oligo dT primer(Invitrogen,
USA)e} AMV reverse transcriptaseE ©|-&3te] cDNAE A3 T}
o] ¢cDNAZE templateE AF&3le9] Bax, Bcl—2, pb53, p2l A=
polymerase chain reaction(PCR) ®H o2 SE3} Tt (Table. 1). o] u]
housekeeping A1 GAPDH +#dAFZ= internal control® A}&3}
. Zt PCR AEEL 1% agarose gelS ©o]&3sle] #7955}
ethidium bromide(EtBr, Sigma)Z& ©]&3to] A & UV dlo|A &2l
B



Table. 1. Sequence of primer used for RT—PCR

Gene
Sequence
name
Forward 5 —ATG-GAC-GGG—TCC-GGG—GAG-3’
Bax
Reverse 5 —TGG—AAG—AAG—ATG-GGC—-TGA-3’
Forward 5 —CAG—-CTG—-CAC-CTG—-ACG-3’
Bel—2
Reverse 5 —GCT-GGG—TAG-GTG—-CAT-3’
Forward 5'-GCT-CTG—-ACT-GTA-CCA-CCA-TCC-3'
p53
Reverse 5'-CTC—-TCG—-GAA-CAT-CTC—-GAA-GCG-3'
Forward 5'-CTC—AGA-GGA-GGC—-GCC—-ATG-3'
p21
Reverse 5'-GGG—CGG—ATT-AGG-GCT-TCC-3"
Forward 5'-CGG—AGT—-CAA-CGG—ATT-TGG-TCG-TAT-3'
GAPDH

Reverse

S'=AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3'




ox
1>
ok

m (

(1) NO B4 oA &

Raw 264.7 A|¥Z 96 well micro—plateo] 1x10* cells/ml & welld 100 nl#
w538t 37C, 5% CO, incubatoroll Al 24A17HE <k wjgatalct. M-S 10%
FBS7} 3f-¥ Modified Eagle Medion(MEM) .2 WA g ¥ FHE A& A
23 F 1AIZHs e vtk o F, NO S F53H7] 98 1 pe/ml(1 M)
o] LPSE A3k 37C, 5% CO. incubatoroll A 48A17Hs <t v Falsith LPS
of o8] A=FuS Raw 264.7AERFEH AAE NOZF 39 wiA 50 ulet
Griess A]2F(0.1% N—1—naphtylenediamine : 1% sulfanilamide = 1 : 1) 50

plE WAl A 570 moll A EFEE =459 tH Beda et al., 2005).



N, HO
SOzNHz—OWZ % HzNOgSONz+

/\/NH2
Sulfanilamide N
N-(1-
Naphtyl)Etylene-
diamine

NHg
SO2NHa N— O NH /\/

Azo Compound

Fig. 5. Coloring reaction of NO;  detection.
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3—1 % Polyphenol & =4

AW LZTE d& FEE29 4 &9 &
S galic acidE 7]+ E2 2 sl A5
FZ59 % polyphenol $HS A3 4
MeOH F%&&& 652.2 pg/mgo] =S ATt

81=9] % polyphenol &2 H,0 8 &2 582.2 pg/mg, n—BuOH
8= 548.6 wg/mg, 85% aq. MeOH w8 &2 769.5 png/mg, n—hexane #3%
B2 2704 pg/mge] FFES Ko 85% aq. MeOH ®IFE @2 49

polyphenolo] @5 l&& BHlskaitt,
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Fig. 6. Contents of total polyphenol in crude extracts and solvent

fractions from Z. asiatica.
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3-2 gAMe Ry Bd 2o P A%

Compounde Aol Figh Fej=2 FEHAon, B4 CisHi00s=, A
2 [HREIMS([M]" m/z 286.2363)]1% °C NMR #t&eol o8] A= Ach 'H
NMR =FEHo|A § 6.19 ~ 7.37 Alolol A theb=2] peak’} YEFG Ao W
o} aromatic ring?] FZ & o]FoR FIER F=39r}t. a8 PC NMR &~
HAEHA  § 95.0 ~ 104 Alo]o] YERF peak”} €wWHAQl aromatic ring9]
A EHT Tha upfield® o] §g Ao R W FolHAS wf, o] $X|o HAES
TRl hydroxy”lE 7F g&&ef Qs S AoE F53513001, § 4.69
broaddt peak® hydroxy”]¢] £AE 2H¢lsgiv}y. #ut ozl °C NMR 29
E#o]A § 183.6°] 8t}e] peak’t EAEte] -CHOO #4417} A= 'H
NMR A~ EZHoA § 10529 peak7} F-AJ2l #Ho=Z Hol o]l= AEZ7}
aromatic ringell #o] upfield® o]E3dt o= =3 4 9t} Compound
o] R} A& x5 B4357] 98 2D NMR 23S E3Fe] COSY, TOCSY,
gHMQC, gHMBC®] 2D NMR »#HES d9irh, 'H-'H COSY corrrelation®.
2 § 6.89 (1H, dd, 8.8, 2.0)¢} & 7.37 (1H, dd, 8.8, 2.0)°] AHHo=
coupling¥]©] -CH(C—=5")=CH(C=6")— & AZA=] A5S Flstqirt. 1gln
TOCSY 2" E- o2 CH(C-2") =9} -CH(C-5")=, -CH(C—6)=2} -CH(C—8)="}
A& long range coupling®] oSS A TE EF gHMQC=ZHH 7t
aromatic ringdl &A= -CH-9 M52 & 69 &Astx, z+zte] 'H
NMR#} "°C NMR peak®] chemical shift #& T8¢tk 12la gHMBC o]
HEAE 24 FETX2E d5390aL, ZH2F] chemical shift #F 53 Ed =3}
gt 2E o Felgl o, 1 %9 chemical shift 3tS =T vlwgk 2

7}, Compound®] +x+ Luteolin®= ZAAEATHR.W. Owen et al., 2003).



Table. 2. 'H and *C NMR spectral data for compound

position Sy (H, m, Hz) 8c

1 _

2 - 166.3
3 6.53 (1H, s) 103.7
4 - 183.6
5 - 159.3
6 6.19 (1H, d, 2.0) 100.2
7 - 166.1
8 6.42 (1H, d, 2.0) 95.0
9 o 158.6
10 - 103.7
1 123.5
2 7.36 (1H, d, 2.0) 114.0
3 = 146.9
4 - 149.1
5 6.89 (1H, dd, 8.8, 2.0) 116.7
6’ 7.37 (1H, dd, 8.8, 2.0) 120.2

* Measured in CD;OD at 300 Mk Assignments were aided by 'H COSY,
TOCSY, ROESY, NOESY experiments.



Fig. 7. Chemical structure of compound from Z. asiatica.
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Fig. 8. 'H NMR spectrum of compound in CDsOD.
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Fig. 9. 3¢ NMR spectrum of compound in CDs0OD.
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Fig. 10. COSY spectrum of compound in CD3OD.
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Fig. 11. TOCSY spectrum of compound in CDsOD.
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Fig. 12. gHMQC spectrum of compound in CD30D.
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Fig. 13. gHMBC spectrum of compound in CDsOD.



3—1 In vitro 323} &A]
(1) DPPH radical &4 &4

S AW Y LS acetone + methylene chloride(A+M)2} methanol® FZ3F 3
ZE3} o] &v] A= wet H,O, n—BuOH, 85% aq. MeOH, n—hexane
TOo R FAAoR FEste] 72t ARl FRE 500, 200, 100, 50, 10, 5, 1 ug
/ml= 34 3stef DPPH radical 245 S43k3lth iz 22+ BHT (butylated
hydroxy toluene)¥} L—ascorbic acidE AF&3}¥om, Algel U3 sz
3] afof AR5
443}, BHT+ 24 s5ollA 89, 78, 59, 39, 13, 4%2°] radical 2H 5
o, L-ascorbic acidi= 96, 96, 96, 96, 61, 4%2] A2AH S HAT
A+M FE==2 9, 11, 11, 9, 11, 8%2] 2 AA S HIAT MeOH FE=&
2 44, 23, 17, 12, 8, 7%= W1 F & &A

o]r‘

glo] 3 2= 9]},

S g F F AN
H0 B8 &L 28, 14, 11, 8, 9, 5% 2755 ¥, n—BuOH £E&EL
88, 72, 45, 24, 10, 7%, 85% aq. MeOH 32L& 71, 44, 28, 9, 6, 4%9] *=
& 2SS BHYoH, n—hexane £ E2 8,8, 7, 6, 3% WF& LTS H
=g

n—BuOH #8 &2 500 pg/me] & XA U3 vxo BHTS fFAFSH
radical 2A %S HYoHW, 85% aq. MeOH & E =3 500 pg/mle & 5
Lol Al 200 pg/mle] BHT¥ H]=3% radical &2745& HATh
n—BuOH¥} 85% aq. MeOH #& &4 & radical &2AH5° =
Hol F 7A] EEEo] Hojd dAikst @48 7hx EAS U Esa S sle=

ol -l vt

et
2
n
X
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Fig. 14. DPPH radical scavenging effect of crude extracts and solvent
fractions from Z. asiatica.



(2) Peroxynitrite 27 &4

ONOO + DHR123%} wh&23dle] &34 &2l rhodamine 12322 vl A &
T2 rhodamine 1239 ONOO™ ¢} SIN-1& A g|s}o] 1 & WA B9 TP

g SAste] SAMEY L peroxynitrite AT HESIGT UxwozE

)
EN
X

L—ascorbic acid®} penicillamines A}gslg o, 7z FEE3 35,

o] ¥%+ 100, 50, 10, 5 pg/ml = 3|2l A}-§-3}dt.

ONOO™ & A#at3 & v, 2FZFEN4= MeOH F+&&°| A+M FEFKHT ¥
ot 24 FAS HYorm, 10 wg/ml o FENHE 9k 80%2] ONOO™ 2A &
A4S yepith 2 EoE n—BuOHI} 85% aq. MeOH #8EoA &
ONOO™ 27 A4S WAt £3] n—BuOH - Eo) A= 10 pg/m o] F oA
80% ©1/de] ¥ ONOO™ 471 &4 & Uetdllth o] Fd3 se= Hoks o
2702 A3 penicillamine Xt} =& dA1S H T}

SIN-1& A 239S WE np37kA 2 MeOH FE 0] 4 Hojt SA S B
o, & EEENNE JA p-BuOHE &N 714 Hojd A4S e
t}. p—BuOH #8& 10 pg/me] s=olA F 80%2] ~H%S HloH, o

2o 2 AFE-3F penicillamine®} H W3S w] & 2ol 7F flAT).

’
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Fig. 15. Scavenging effect of crude extracts and its solvent fractions
from Z. asiatica on authentic ONOO™ (% of control)

a~h Means with the different letters are significantly different (p<0.05)
by Duncan's multiple range test.
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3-2 AE FElMe) Fast 24y

A+M FEE2S AP 23 70, 73, 97, 100%2] cell viabilityS ®.aL,
=S AT AlXEE= 94, 95, 97, 97%9] cell viabilityE H. At}

7zt g B3 Eo|A H,0 BEFEL 95, 91, 89, 103%, n—BuOH #&E-2 66,

81, 100, 108%, 85% aq. MeOH 23 &2 64, 66, 101, 100%, n—hexane =&

B2 90, 92, 99, 100%9] cell viabilityZ ¥ 3Tk

A+M F=E3 n—BuOH, 85% aq. MeOH & E-2 200, 100 pg/ml o] F ol

A AE RAES A e 23E AT 1 9o FEEF FEEAAE 90%

ol’de] ME AEES Ho AE Aol TS T4 &+ o= UeiHth

ato] A2 el A

o
o
HU

MTT assayS ©]-&3}F cell viability =4 ZA¥= v

o 7% gars B4 49e ANSAT
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Fig. 17. Effect of crude extracts and solvent fractions from Z. asiatica

on viability of HT—1080 cells.

" Means with the different letters are significantly different (p<0.05)

by Duncan's multiple range test.



(2) Az &4 AAF(ROS) 27 24

Axd g4 bk vhgsle] 35S vHEo U= DCFH-DAE ARE-3to] A
3 el EAst= & =

v 8= 200, 100, 50, 10, 5, 1 pg/mle] 5= 345t Ao ARE-3)
glom, gExToz2E AREE AHEshA 2 500 M H.0.E #&lg control
I A59 H.0.5 EF AYsA 22 blanks APl AME3s3 5L, DCF

A A ~%S DCF fluorescence® A3t 24 +=

fluorescence k< 05-H 120274 30+ FH4 o2 SASISIH

o= AR control> AlFto] Aol wet §43% FUHE BloH,
blanke =1 gke] ¥ab7t 71¢] It

A+M FE=3 MeOH 5= 200 pg/ml o] 55X A= blankét A H &
o] 2 AAEARS BYARL A+M FEES 50 pg/m o FEAE blank}

FAFSE 2AEAd S B]l HEHY MeOH FE&-2 100 pg/mlo] =58 1 €4

ofN

o A g

7 g B3 EoA H,0 EFEE 200 pg/mle] =& A=

XS Ho|x] X TF n—BuOH &8 &3} 85% aq. MeOH, n—hexane &% &9
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Fig. 18. Effects of crude extracts from Z. asiatica on intracellular ROS
levels induced by hydrogen peroxide in HT—1080 cells. The cell
were incubated with different concentration (200, 100, 50, 10

and 1 ug/ml) of the sample for the indicated times respectively.
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19. Effects of H;O and n—BuOH fractions from Z. asiatica on

intracellular ROS levels induced by hydrogen peroxide in
Ht—1080 cells. The <cell were incubated with different

concentration (200, 100, 50, 10 and 1 pg/ml) of the sample for

the indicated times respectively.
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Fig. 20. Effects of 85% aq. MeOH and n—hexane fractions from Z.
asiatica on intracellular ROS levels induced by hydrogen
peroxide in Ht—1080 cells. The cell were incubated with
different concentration (200, 100, 50, 10 and 1 ug/ml) of the

sample for the indicated times respectively.



(3) A¥W Glutathion(GSH) 3 =4

Al E =44 GSH Sheke thiol—staining reagent$!
mBBr(monobromobiman)& ©]-&3le] A3k th HFFEZEQA mBBr Al
Y At ES Al ASE 98-S st GSHeF A3tste] %S YEhd7] wE
off, o]& FA3t GSHY =& SA3 ST

¥l HT—1080 A|3zol A5 & A elgt & 1At F, 40 uM mBBr< #] 2] 5}¢]

60 F GSH §Ze] Wsks A8t dxvwoss ARE AHeshH gL

2

& AL AZE BF hxew v

I

=
GSH &&ol T7Fetdla= Rl o= e, A 10%7F=Fe] GSH &&o] <
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Fig. 21. Effects of crude extracts of Z. asiatica on regulation of GSH
level in HT—1080 cells.
8¢ Means with the different letters are significantly different
(p<0.05) by Duncan's multiple range test.
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Fig. 22. Effects of solvent fractions of Z. asiatica on regulation of GSH
level in HT—1080 cells.
8¢ Means with the different letters are significantly different
(p<0.05) by Duncan's multiple range test.



(4) Genomic DNAQ] %Ak3} AAE =H

=

HT-1080 A|EZ5E genomic DNAS F5E3t0] 7 A|l85 A2 3F 3 H,0.9
FeSO,& AF3A A A 857} DNA 43S W8t A s SAH T xdow
= ABE Ay skA &L AsEAIZ] control® Al & 9F H.0., FeSO, E5F *IE] 3}

A & blankES AHE-3}YI T}

A A 2FZEqAE A+M FEE R MeOH F&E0] DNA 23S ¢
AANALE HARAT
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Fig. 32. Chemical structure of compound from Z. asiatica.
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