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An exploratory study on bioactive constituents from the
halophyte Atriplex gmelinii

Min Jeong Park

Department of Marine Bioscience and Environment

Graduate School of Korea Maritime & Ocean University

Abstract

As a part of our search for new biologically active substances from
halophytes, their crude extracts were screened for  antioxidant,
antiinflammatory, cytotoxic, and MMP-inhibiting activities. The significant
activities were shown for the crude extract of A. gmelinii. Specimens of the
halophyte A. gmelinii were extracted twice for 24 hrs with methylene chloride
(CH,Cl,) and methanol (MeOH), respectively. After removal of the solvent, the
combined crude extracts were partitioned between CH,Cl, and H,O. The
aqueous layer was further fractionated between n-butanol (7-BuOH) and H,O
and then the organic layer was re-partitioned between n-hexane and 85%
aqueous methanol, affording four solvent-partitioned fractions. Their
antioxidizing effects were evaluated using three antioxidant assay systems -
DPPH, peroxynitrite, and intracellular ROS. Inhibitory effect of crude extracts
and their solvent-partitioned fractions against NO production in Raw 264.7

cells were evaluated by Griess reagent assay. In addition, we measured the

_Vi_



cytotoxicity against four kinds of cancer cells derived from human body, and
conducted experiments related to MMP which is closely related to cancer. The
inhibitory effect of Afriplex gmelinii against gelatinolytic activity of MMP-2
and MMP-9 secreted from HT-1080 cells was evaluated by gelatin
zymography. mRNA and protein expressions of MMP-2 and MMP-9 in HT-1080
cells were also measured by polymerase-chain reaction (PCR) and Western
blot, respectively.

The 85% aqueous methanol and the n-BuOH fractions revealed the strong
scavenging effect in antioxident assays. For the anti-inflammatory assay, the
85% aqueous methanol and the n-BuOH fraction significantly inhibited
production of LPS-activated nitric oxide (NO) in Raw 264.7cells. In the
anticancer assay system using the MTT reduction method and MMP inhibition
experiments, the 85% aq.MeOH fraction of solvent-parititioned fractions
exhibited the strongest growth inhibition against all human cancer cells.
Therefore, attempt to isolate bioactive constituents from two solvent fractions
showing the significant biological activity was made, and two compounds 1 and
2, including 3,5-dicaffeoyl-epi-quinic acid (1) were obtained from the n-BuOH

and 85% aqueous methanol fractions, respectively.
KEY WORDS: Atriplex gmelinii 7V=70%2 °]; Antioxidant activity &4+3} A,

Anticancer activity &%+&4d; Anti-inflammatory activity &= &4; MMP;

3,5-dicaffeoyl-epi-quinic acid
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ZA3% 0= Aol Raxo]l Qthlegrand et al. 1999; Sternlicht et al. 2001;
Egeblad and Werb 2002; Ha et al. 2004; 2007; Mook et al. 2004; Zhang and
Kim 2009; Hadler-Olsen et al. 2011). ©]&-< collagenase, gelatinase & 571¢]
OFSE UFox E3 MMP—Z(gelatinases A =& 72 kDa type IV
collagenase)2} MMP-9(gelatinases B &2 92 kDa type IV collagenase)= A F
F 7] 4] wEH AP S Aol T TS shr] wiwol 5
n o] el ern, ol&s At EES ‘%74‘3}{— Zi% g7 FF O
24 B #AS wol sith mghA o] BAES] IS dA&Ete 22E ©
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HAEA A AMAsthe AES S E] AAste B34 Te 433 & ¢
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2006; Ksouri et al. 2009; 2008).
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2. A7 3 WY

189 71=A% A o] (Atriplex gmelini)+ 2007 %

A Asteol A AHSAT AT XA AzF F %4—%—3}71
>=
[e]

2.2 Nk g 717

Z]

i

221 %=, £8 %

FE3 B8, g A& 8ul= 25 DUKSAN (B71%= <HbADF SK
chemicals (B71%= A DolA Fuigt d5 EwE AR&sth  Column
packing materials & RP-18 (YMC-Gel ODS-A, 12 nm, S-75 )& AR&3}9 3L
TLC plate &= Silica gel 60 F254 (1 mm, Merck)S A28ttt HPLCol AF&-3F
column & YMC pack ODS-AE (25010 mm, S 5 pm, 12 mm)<S AF&3IH
gaurd column (7.5X4.6 mm, Alltech)S AF-&3}31th.

222 B4 43 N

MTT assayE <k kit (MTT cell proliferation Assay)= R&D systems
(Minneapolis, MN, USA)ol A] datact  akst &g AP AES
1,1-diphenyl-2-picrylhydrazyl radical (DPPH), 3-morpholinsydnonimine (SIN-1),
I} penicillamine (DL-2-amino-3-mercapto-3-methyl-butanoic acid3
dihydrorhodamine 123 (DHR 123)2 Sigma aldrich (ST Louis, MO, USA)oll A
43 a1, peroxynitrite (ONOO™)+= Cayman (Ann Arbor, MI, USA)ollA T3}k
o AFE3IA T ROS &A ol A&¥ DCFH-DA+= Molecular Probes Inc (Eugene,



OR, USA)ell Al FJ3tHa, NO B3 =4 Aol AH8E MEM (Modified Eagle
Medium)®} Lipopolysaccharide (LPS), Griess Al9Foll Al&¥ sulfanilamide<}
N-(1-naphtyl) ethylene-diamide (NED)+= Sigma aldrichol| 4] 3} t}.

MMP W& =Ao] Abg%  12-myristate-13acetate (PMA)2} RIPA buffer=
Sigma aldrich (USA)ell A AstR . Trizol> ambion life technologiesTM
(USAANA FAsEH L MMP-292F MMP-93} 4 -actin®] primere} agarose gel ¥
Aol ARE-3Sl= ethidium bromide (EtBr) Bioneer (USA)IA U3t
Western blote] AF&%+E MMP-9, MMP-2, g-actin® 1z antibodye} 2xf
antibody+= cell signaling (USA)oll A <43} T}

2.2.3 717]

'H-NMR#} BC-NMR, two-dimensional (2D) NMR 2 &-e =% Varian NMR 300

spectrometerg AF&3% Tk Varian RI detectore} high performance liquid
chromatography (HPLC, Dionex p580, USANE Al-&3te] 3}3HES A A« 283}
At F=o| Alg¥ F=7|+= rotary evaporator®} aspirator, water bath+=
BuchiAl (Switzerland) 71715 AR&3Fth MTT 2@ o] F3% =Ho| UV-Vis
spectrophotometer (Thermo Spectronic, England), Victor3 1402 multilabel
counter (Perkin Elmer, USA)EZ A}&3tth Az sl CO* incubatore
Forma Scientific (Japan)E AF&3t%th PCR FZo| AF83F thermal cycler+=
Bio-rad (USA)ollA FUs 7171E ALE3stth. Agarose gel 7|9 F 2
SDS-PAGE gel®] o]n]x] &Ztoll= Davinch-KAHA&A] 5342 CAS-400SM
Davinch-Chemi imagerTME A}-&3}o] &35}t

2.24 A X v ¢
M E vk AFEH RPMI-16403% DMEM (Dulbecco’ s Modified Eagle’ s

Medium), FBS (Fetal Bovine Serum)2 GenDEPOT (USA)ol A AstA L,
penicillin-streptomycin solution®} 0.05% Trypsin-0.02% EDTA solution< Gibco
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(USA)oll A 43t dth. Al AlZ el ALg-¥ PBS= HEo] QAIH(H 71 = A eADol
Al FYste] ARgste o Aol AR8-g HT-1080 (human fibrosarcoma cells),
HT-29 (human colon cancer cells), AGS (human gastric adenocarcinoma cells),
Raw 264.7 (macrophage cells), MCF-7 (human breast cancer cells) M= k=
M ZF&3Y(KCLB, Korean Cell Line Bank) . ZX-E] EoF who} ujaksle] 2130
ARg3R T HT-1080, HT-299F AGS AX+= 10% FBS$}F 100 units/mL
penicillin-streptomycine2 3 7}3F RPMI-1640 ®A S AL&3te] v oF3h9d 1,
MCF-73} Raw 264.7 Al3Z+= 100 units/mL penicillin-streptomycine3} 10% FBSE
A7}3 DMEM HiA|E Abg3te] wjokstdtt. =E AEZEL 37C, 5% CO?
incubatoroll Al w3t H L, WigHE MEE dFYol 563 HiAE wFst,
6~7¢ Tkl PBSZ A|#3H 3, HT-1080, HT-29, AGS, MCF-7 A%+ 0.05%
Trypsin-0.02% EDTAZ, Raw 264.7 A|3Z+= cell scraperz H#2H ALE Eg
stof Anhul<F kAT
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Atriplex gmelnii C. A. Mey

CH,CIl, ext. MeOH ext.
(17.53 g) (14.67 g)

Crude ext.

CH,Cl, H,O

n-Hexane 85% aq MeOH n-BuOH H,O
(4.15 g) (6.13 g) (4.07 g) (8.19 g)

Scheme 1. Preparation of crude extraction and its solvent fractions from

the halophyte Ariplex gmelinii.



2.32 7y=As70)19 F3HE £

M=ol 85 24 HE 3 np-butanol 85% aqueous methanol
(aq.MeOH) fractionS AA3}a1, n-butanol fractione Cj;3 reversed-phase
column chromatographyE &3t 7719 fractione® Y oH &l &u: 50%,
60%, 70%, 80%, 90% aq.MeOH, 100% MeOH, 100% ethyl acetate (EtOAc)]. ©]
% 50% aq.MeOH fractionS methanol®} chloroforme] EFg&wjE AL&3514
silica normal-phase vacuum chromatographyS A AR o =5 12719 &3
(&<l &m: 100% CHCl;, 10% MeOH/CHCIs, 20% MeOH/CHCls, 30% MeOH/CHCI;,
40% MeOH/CHCI;, 50% MeOH/CHCI;, 60% MeOH/CHCls, 70% MeOH/CHCIs, 80%
MeOH/CHCls, 90% MeOH/CHCl;, 100% MeOH, 10% H,O/MeOH)& AUt} o] F
40% MeOH in CHCl; fractionoll tis}e] silica gel prep-TLC (H7)&wl: 35%
MeOH in CHCl)E 83l mixture 1 AT ©] mixture 1o tidiAl thA]
EtOAc/MeOH/D.W (30/5/)5 A/N-&w = Ar&-3te silica gel prep-TLCE A A8t
o] compound 1 (10.2 mg)< A HScheme 2 (a)l.

85% aq.methanol fraction Cjg reversed-phase column chromatographyE %
skl 7719] fractiono® YU TH50%, 60%, 70%, 80%, 90% aq.MeOH, 100%
MeOH, 100% ethyl acetate (EtOAc)]. ©] % 60% aq.MeOH fraction2 (C18
Cartriges, Sep-PaK® Plus)oll Al 50% aqMeOHZ o 3}3le] ojyi s} of3 27
5L Ao}t oJzgo)] tfsfAE reversed-phase HPLC (ODS-A, 50% aq.MeOH)
E st mixture 1S LA ©A reversed-phase HPLC (ODS-A, 45%
aq.AcCCN)E M gstdtt. o3 HFEL reversed-phase HPLC (ODS-A, 57%
aqgMeOH)Z EZE A|=3ste] mixture 28 4o oAl o] s
reversed-phase HPLC (ODS-A, 45% aq.AcCN)E Z183ta] compound 2 (5.4 mg)
£ A HScheme 2 (b)l.



(a) n-Butanol fraction of

Atriplex gmelinii
(18g)
RP18 column with gradient mixture
50% aq.MeOH | 60% aq.MeOH | 70% aq.MeOH | 80% ag.MeOH | 90% aq.MeOH | 100% MeOH | 100% EtOAc
rfl rf2 f3 rf4 rf5 rf6 rf7

(123g)  (058g)  (0.09g) (0.0419g) (0.0224g) (0.0175g) (0.092 g)

silica gel column with gradient mixture

100% CHCly | 10% MeOH 20% MeOH 30% MeOH 40% MeOH 50% MeOH 60% MeOH 70% MeOH 80% MeOH 90% MeOH 100% MeOH | 10% H,0
in CHCl, in CHC, in CHC in CHC in CHCI, in CHCl in CHC, in CHCI, in CHCI, in MeOH
nfl nf2 nf3 nf4 nf5 nf6 nf7 nf8 nf9 nfl0 nfll nfl2
(0.0203 g) (0.0547 g) (0.1183 g) 01211 g) 0.1623 g) (0.0493 g) (0.0355 g) (0.0080 g) (0.0083 g) (0.0054 g) (0.0021 g) (0.0011 g)
silica gel prep TLC (35% MeOH in CHCl;)
ntl nt2 nt3 nt4 nt5 nt6 nt7 nt8 nt9 ntl0
(3.2 mg) (0.9 mg) (1.7 mg) (4.9 mg) (3.0 mg) (6.6 mg) (9.8 mg) (9.7 mg) (54.6 mg) (2.7 mg)
silica gel prep TLC (EtOAc:MeOH:D.W)
ntl nt2 nt3 nt4 nts nt6 nt7
(7.7 mg) (10.2 mg) (8mg) (4.1 mg) (7.2 mg) (5.3mg) (1.4 mg)
Compound 1
(b) 85% aqueous Methanol fraction of
Atriplex gmelinii
29
RP18 column with gradient mixture
50% aq.MeOH |60% aq.MeOH | 70% aq.MeOH | 80% ag.MeOH | 90% aq.MeOH [100% MeOH | 100% EtOAc
rfl rf2 rf3 rf4 rf5 rf6 rf7

(0.14g) (033g)  (0.08g) (022g  (02g (02587g) (0.1449 g)

Filter solvent (50% aqueous methanol)

filterate filtered
(109.7 mg) (139.9 mg)
HPLC(ODS-A, HPLC(ODS-A,
50% aqueous methanol) | 57% aqueous methanol)
Mixture 1 Mixture 2
(25.3 mg) (9.5 mg)
HPLC(ODS-A, HPLC(ODS-A,
45% aqueous AcCN) 45% aqueous AcCN)

Compound 2
(5.6 mg)

Scheme 2. Separation procedure of compounds 1 and 2 from A. gmelinii.



2.4 Z13 B4 4¥
2.4.1. DPPH radical &4 &4

DPPH (1,1-diphenyl-2-picrylhydrazyD<= 3}8td o2 Qb4 3$ free radicalS 714
T84 EFE 23 RS "ol DPPHY} free radicals A =9
#2k¢1 diphenylpicrylhydrazineo] =™ =gAES WA =i FF% Fho] W

Al AhFigure D. ©] F3= @<= Hlwsty 4 F5E FH5HoH

© = BHA (butylated hydroxyanisole), BHT (butylated hydroxytoluene)<}

vitamin C (L-ascorbic acid& AH&3t3th. DPPH Al¢F 2 mg& ethanol 15 mL
o] =o] W= DPPH 99 1.2 mL¢} 3 mL¢ ethanol, 0.5 mL¢ DMSOE Y
Hl-& 2 &33te] DPPH radical solutiong ¥HEth 4]¥ DPPH radical solution

S cuvetteo] ¥ 518 nme| TAoA FHE =AHZko] 0.94~0.970) HEE =&

=5 A3t %5 ZZ3 DPPH radical solution 900 xLol F=H|g A=

100 L& w5 =Z 7}star 108 3o 518 nme] 3HoAx 1 FIFE=E A
% THScheme 3; Blois, 1958).

e e

Ao
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i
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O,N OH

N—N NO, +

O,N

DPPH radical (violet)

O:N 0
N—H NO, +
O,N
Diphenylpricrylhydrazine (yellow) phenoxy radical

Figure 1. Scavenging of the DPPH radical by phenol
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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 (10 min)

O.D. check at 518 nm

Scheme 3. Mesurement of DPPH radical scavenging activity
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2.4.2 Peroxynitrite &4 &4

Peroxynitrite (ONOO") 47 &4-& dihydrorodamine 123 (DHR 123)2] 4}3}=
= AZE =Hst9 YeEAtHFigure 2). DHR 1232 dimethylformamide
(DMPF)ol| =o] A4 2 purgeAl# -80C o R#3t4 3, DHR 123 &9 34 <
dAol A5 A ZASte AFEsIS T Buffer= 90 mM sodium phosphate,
90 mM sodium chloride, 5 mM potassium chlorideE &3}sle] pHE 742 =4
3k % 100 uM diethylentriaminepenta acetic acid (DTPA)E &&3te] W3 R
3t99 a1, buffer® DHR 1232 5 uMZ 3435l A Fo ALg3st¥th. DHR 123
buffer &< &3} peroxynitriteE 718t ALoA 58I WX F,
Victor3 1402 multilabel counter (PerkinElmer, MA, USA)E ©]-&3}o] excitation
485 nm, emission 530 nmol| A =43} Tk Anthentic peroxynitrite th4lel SIN-1
< FUlele Afe L9 WHoE AAst IAFEF BAE $

t}. o]&= SIN-10] NOe&} O 5 FAlc WYAIAH ONOOE A 7& &
2, authentic peroxynitrite®] §<3+ DHR 1239] 4tslel= @8] 3

371 dojv}r] wjE o]t} Blank:e 0.3 N NaOHES AM&3} L, AF-& triplicate
2 gstd o, A7= blankE A 3t Hoste] tizdol e WEEE
A 4+3F$3 tHScheme 4; Kooy et al, 1994).
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H,N o NH,

OCH; Dihydrorhodamine 123

Oxidation

H,N o NH,

OCH; Rhodamine 123

Figure 2. Peroxynitrite(ONOO™) mediated oxidation of DHR 123
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Diethylenetriaminepentaacetic acid (DTPA) 100 uM

l

Dihydrorhodamine 123 5 uM

l

Incubation at 37 C for 1 min

l

Sample

l

SIN-1 200 uM or peroxynitrite 5 puM

l

Mesurement of fluorescence intensity
Excitation wavelength at 485 nm
Emission wavelength at 530 nm

Scheme 4. Mesurement of the ONOO~ scavenging activity
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2.4.3. &Y (ferric reducing antioxidant power, FRAP) <4

™S S fs ARE AW =2 IMT F, AT AR 0.2
mL<e} 200 mM sodium phosphate (pH 6.6) 0.2 mL, 1% potassium ferricyanide
0.2 mLE EF3t. o]E 50CAA 208 F¢ WA F, 10%
trichloroacetic acid 0.2 mLE 7}k F, 10000 rpmell A 10E37F LA 223
o YA 3, A5Y 05 mLe 0.1% ferric chloride 0.5 mLE &%3}4]
700 nmolA FFE=E ZAHAT thETOE vitamin C (L-ascorbic acid)E

AHE3F A THKIm & Jeong, 2014).
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2.4.4. A XY A FAZReactive Oxygen Species, ROS) &4

2.4.4.1 HT-1080 A= J&& 373

NSO ZHE FE2H FE2EH EIYEE AZ F2 oA a9E F<

st7] 918ty MTT  [3-(4,5-dimethylthiazol-2-y)-2,5-diphenyl  tetrazolium

bromide]A] &F-& o] &3t HT-1080 Ao thsh AEZAS =AHsHTE MIT
assay= A EZo] FAF Aoldle ARE HA SR =AY, tAHAHo] &
A7 Aol Ag mEZEgold] gd4d 84 A i =@E de 5

g4 o] MTT tetrazohumO] Aol BeplSs w= MIT formazano] Hth. A
Z7F BS55 MIT formazans @Wol] AASH =W o] o]&ste Alx AE
&5 =AYk WYy HT-1080 A== 5 X 10° cells/welle] E %2 96 well
platedl] ®38}a] 37C, 5% CO, incubatorol| A 24A1ZF wjFstch Al HiX=
AT FH FEEZ FZH3 ARE AHEs & A 24A7HEQ v Al

TAg & wjYkE AlZel 1 mg/mLel MTT Alefg Aelste] 4A13k5<k w3t
o] formazano] FAFHW MITA ]l Agd ®wAE AAT F, IA4d
formazan< DMSO®| =< Victor3 multilabel plate readerE ©]83l 540 nmoi A]
FBEE S8 AZYEE%R)S T3

x 100

Cytotoxicity(%) =
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CHs

o]

H{I

\Z
=

CHs
+
””N MIT tetrazolium
(yellow)
S //
Mitocholndrial
reductase
Y CHs
] \
CHs
N””N MIT fromazan
(violet, 540nm)

Figure 3. Metabolization of MTT to a MTT formazan by viable cells.
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2442 A ZUY 4 F£&F ROS) &3

M ZY ROS free radical 42 DCFH-DA assay® Z743}3th HT-1080 A3
2 96 well plateo] 2 x 10° cells/welle] H =2 ®RF3o] 37C, 5% CO,
incubatorell A 24A13F wFstH T WiYE AHEXE PBSE Ae & 20 uM
DCFH-DAE 2+ welle]l AHglste] 37C, 5% CO, incubatorefA] 2083t
pre-incubationdtdt}. Ztzhe] welld]l =¥ 2 FH|3 AJRE sty 37C,
5% CO, incubatorel 4 1A%t incubationgt ¥, DCFH-DAE #|A3sta PBSZ A
2 % 500 uM H:0,& Aglsted AIZPEE DCF fluorescenceE excitation 485
nm, emission 530 nmoll A Victor3 1402 multilabel counter® =43} chFigure
4; Okimoto, 2000).
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2", T-Dichlorofluorescein dacatate

O (DCFH-DA  non fluorescens)

Deacethslation by esterase or OH-

HO O OH
cl cl 2, T-Dichlorofluorescein
o (DCFH, non fluorescenat)
O
ROS
HO O O
cl = cl S .
2", 7-Dichlorofluorascain
o (DCF, fluorascenat)
o

Figure 4. Degradation pathway of DCFH-DA in an oxidation-induced cellular
system.
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2.4.5 Genomic DNA 5% 9 Genomic DNAY] 43} YAHE =

Ado] AFE3 genomic DNAE  AccuPrep® Genomic DNA Extraction kit
(Bioneer Inc.,, USA)E o]&3te] HT-1080 AEZEXE FZ3duct. F=3
genomic DNA+ 260 nm&} 280 nme] oA 1 FHEE SHSY &9 &
EE AEg 3, -20C A W@E Baste] AREsE T 0.5 ~ 1.0 ugel genomic
DNA°l 4 L 3= 600 uMe] FeSO4 0.5 mMe] H,0,5 Z+zt 10 ul & 7}s)
o] genomic DNAE 3083t 204 4FsAIzl H 130 mMe] EDTAE 7}38l4
Hk8-S FAAIZ T 4F3tE genomic DNA+ 6X agarose gel loading bufferet
mixste] 1% agarose gelel| loadingsle] 100 mVE A7 9 &3tA . A7 Fd 5
n}3 gele 5 pg/mL EtBrojl 20~3083F dMAA UVE E3) sty Hsg &
Aste] AHEHE Aok FEof FS st AT
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2.5. ¥4F &4 49

2.5.1 RAW 264.7 N2 AJE&&

NeAsARRY 22 28 BABSe) AX 24 oA

st7] fste] MTTA k= o] 8

&%
LR
83t RAW 264.7 Ao gk Alx54E SH35H

ATk W gE RAW 264.7 A= 5 X 10° cells/wello] H =% 96 well plateoil
B33l 37C, 5% CO, mcubatorOH/H 24N 7F wjekslg T A w2 oA H

FEUE 0% ARE AU

HjFE Ao

S8t AEZAZE%)<=

1 mg/mLe MTT AefS
formazano] A=A MITAFo] X EE MAE AAT &, A
DMSO®| =< Victor3 multilabel plate reader&
T-SHSA T

A 48A1 75 < v Fstath AlExeE &
g sle] 4AZEE  Hf st
H formazan

o] &3l 540 mmolA FFE=E

_22_



2.5.2. Nitric oxide NO) ¢j#] 84 =4

A A2l RAW 264.7 AlZZ 96-well platesoll 1x10° cells/well2 welld 100
pLA  EF3ke] 37C, 5% CO, incubatoroll Al 24A17F wiekst &, g
AHESATE HlEdETE AAY AHEE HAE AT S FEEHE F9S
NEE AZF Agst & NOAA S =37 938 LPSE 1 wug/ml ¥5=

=
[e)

) glske] 37C, 5% CO, incubatorol A 48A17F5<F Ml st th A Zuj okl &
FA3ste] Griess reagent (Sigma-Aldrich Co. USA)®F 1 : 19] vl &2 E3jstd
1087 AoA ¢HF&-A7]1 & ELISA reader (Bio-Tek instruments, Winooski,

VDE 540 nmelA JFFE=E SAIY. APH NO («Me F=+=

F&522 sodium nitrate NaNO»)&He] HEEIFAL 7V|FOoFE 5l
Al4ksl AT
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253 €45 43 AR oA 4 A
HT-1080 AJZollA ®ixAA ZF PBS buffer® A3 ¥, Trizol reagent
(Ambion, USA)S A}&3td RNAE FE3Fal chloroforme  7}ske]  phenol
AES AASAS. A H 5FS isopropanols ¥o] RNAE I AAIZ H
FE&E 7tsted MA L HdzxsTh %3 RNAo| DEPC water 30 L%
d7Fst & spectrophotometerg& ©]-83std 260 nm / 280 nmolA FHFEE
4%ty RNA®=E AZFsdd. £ed 539 RNA 2 pg=4HFE
components mixture (Invitrogen, USA)E F7}ste] cDNAE FAstAt. PCR
Premix (Bioneer, Korea)el %4 ¥ cDNA<¢} inducible nitric oxide synthase
(iNOS), cyclooxygenase-2 (COX-2), interleukin-15 (L-15) % IL-6 |,
TNF- ¢ primerE %¥F$-A71 ©&, TI100 Thermal cycler (Bio-Rad, USA)Z
| 83k 95C oA 583t pre-denature, 95C oA 45%%} denature, 60°C ol A
13#3F annealing cycle, 72°CollA 45%%} extension ¥}4gES 30WH HHEF o2 H
ZAZ FH, 72ColA 108 F9oF final-extensione Al7]aL 4ColA H-3-S
4, BRIy, F3FH PCR 4HEE2 TAE buffer (Biosesang, Korea)E
A A ZE AFE3F 1.5% agarose gel2 ©]-83la] 100 VoA 30E3 A7]1FF5 A%
& ethidium bromide (Bioneer, Korea) £<4oA 3083t W47l %
(Davinch-Chemi imager™, CAS-400SM, Davinch-K, Korea)d}ollA] mRNA 23
AEE FJFSAY. PCR AEES o83 7|9 E¢ band intensity=
Quantity One (Bioneer, Korea) ZT21%WE A3l WAL =AH3on
afz 2 YeER AT

O

1

2
rok
i

o

olN

(o

%ﬁ

o
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2.6. ¥ 2P 4¥
2.6.1. A #; FAXA i AE T4 JAZESA

obM|E =2 A afE Felstr] k] MITA S o] &3t QA =E =2
Zﬂa%—‘l ZA3FATE MTT assaye AlE2l F43 Aoldles AZRE HHF L
2% dAEe] A9 ulES:lEFJOM e
2+l -4 af La‘r*—‘"—% mE £849 MIT tetrazoliumo] 3= o] HelAle o
= MTT formazano] Bt} A Z7F &42 MTT formazang @o] A A3HA =
£ o] &3t Ax YEEES SAsIA

ke kMl EE= 96 well micro-plateo] 1x10* cells/wello] HE2 REFaho]
37°C, 5 % CO, incubatorol| Al 24A17F v kst Tt wjekE AlZz= HjA & w33
T A7+o) welldl = E FHI ARE Agste] TA] 24413 v Fet ATt
Ng Hgste] wds bAlzo] 1 mg/mLe MTT AlekS A sle] 447 v %k
31, formazano] A EH MIT Aleko] AHgdE HIAE AAT T, FAH

o1
1

ol

ﬁ"lﬂ

I

s}
> 3

&

RY
o

-

formazan< DMSO®| =¢§ Victor3 multilabel plate reader (PerkinElmer, MA,
USA)E o] &3t 540 nmollAl FF =5 SAsIA AE &%) T3tA
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2.6.2. 714 F&A B3] & 4AMatrix metalloprotinase) A& Z443
2.6.2.1. Gelatin zymographyS 3% MMP &4 =4

HT-1080 A ZZ serum free mediuma AR&3ke] 24 well plateo] 2 X 10°
cells/welle] H =5 73 & 24A3F < 12AZ & F0% AR5 100 «L
g st 1A Fe vl &, MMPE ZdS =371 93] phorbol
12-myristate 13- acetate (PMA, 10 ng/mL) (Sigma aldrich, USA)E #7}slo] 24
ANZF wgA 7 B A5de At o] A5 de x3E wwEd g
Bradford ©H3d A Y-S = 2AWATE =
A st 1.5 mg/mL gelatin (Sigma Aldrich, USA)S 3$F#3+ 10 % sodium
dodecylsulfate-polyacrlamide gel (W]8t371, Duksan Korea)ollAl 7195 <
AABEATE A719%F Fol polyacrylamide gel 2294 2.5 % Triton X-100
(JUNSEI Japan)e] &% 50 mM Tris - HCl (pH 7.5 30&% 23] A& 3,
10 mM CaCly, 50 mM Tris-HCI 2 150 mM NaClE 3+#3+ developing buffer&
o] g3l 37ColA 48A1ZF v ok3te] MMPoll 2]3t gelatin 7FrE&S F23+%
ot. MMPel oJ&ff 7heEsiEo] uERd gelatin®] FH9-2 0.5% Coomassie
brilliant blue 250 (LPS solution, Korea)©. 2 gel2 3087+ G243 5 wajgo
(methanol : acetic acid : water = 50 : 10 : 40)°o.2 ©3to] F&s} o
gelatine] &= o] £93tA YElYE band intensity:= Quantity One (Bioneer,
Korea) Z2I1HE& AR&ste] WAS FAsg o Tdz= el

et
ol

g olgs) e o] WAL ¥

o
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2.6.2.2. mRNA <3} RT-PCR(reverse transcription-polymerase chain reaction)
HT-1080 AJZollA ®ixAA ZF PBS buffer® A3 ¥, Trizol reagent
(Ambion, USA)S A}&3td RNAE FE3Fal chloroforme  7}ske]  phenol
e AASIT FeHdT T iso-propanols& Ho] RNAE HZAAIZ =
IS Jhete] AFH 9@ Hdzsnh. 1x$ RNAo| DEPC water 30 L
A 7Fgk 3 spectrophotometerE ©]&3te] 260 nm / 280 nmelA JFF=
4%ty RNA®T=E At &ed 539 RNA 2 pg=4HFE
components mixture(Invitrogen, USA)E F7}ste] cDNAE A3kt PCR
Premix (Bioneer, Korea)oll &4 ¥ cDNA2} MMP-2 (Forward :5-TGA-AGG-TCG
-GTG-TGA-ACG-GA-3’[Reverse : 5'-CAT-GTA-GCC-ATG-AGG-TCC-ACC-AC-
3) | MMP-9 (Forward : 5-CAC-TGT-CCA-CCC-CTC-AHA-GC-3’/Reverse : 5'-
CAC-TTG-TCG-GCG-ATA-AGG-3") |/ p-actin ( Forward : 5-CCA-CAG-CTG-
AGA-GGG-AAA-TC-3’[Reverse : 5-AAG-GAA-GGC-TGG-AAA-AGA-GC-3)
primerE ®¥r$-A171 g, T100 Thermal cycler (Bio-Rad, USA)E ©]& &}
95C oA 53t pre-denature, 95C oAl 45%ZF denature, 60ColA 1&3+
annealing cycle, 72ColA 45%%t extension FAHS 300 WEFOZH
ZZAZ FH, 72ColA 10& w9oF final-extensione Al7]3L 4CoA H-&&
4, nystdg. FZH PCR 4AHEES TAE buffer (Biosesang, Korea
A d=Z AL 1.5% agarose gelS ©]83la 100 VoA 3083t H71d&FA
% ethidium bromide (Bioneer, Korea) £<olA 3083 wWHAZI ¥ UV
(Davinch-Chemi imager™, CAS-400SM, Davinch-K, Korea)d}ollA] mRNA 23
A=E #FIYPYG. PCR AEES o83 #7959 band intensity=
Quantity One (Bioneer, Korea) Z 21 A3l WAL =AH3Iyon

g zE YR AT

=
=

=
=

1\
ol
Nl

=
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2.6.2.3. Western blot2 5% MMP &d =

MMP-2/ MMP-92] oild FFoAe] BddS ZH3t7] $)3] Western Blot A
S 2P3t . HT-1080 A|Z S 24 well plateo] 2 X 10° cells/wello] HE=
B33 & 24X B vl & sx #HE2 83 ARE g3 FH, RIPA
lysis buffer (Sigma Aldrich, USA)E A}&-3&}o] gt =3t FE3 o
A2 Bradford @94 HEFH-& T34 AFsHH 1, loadingst= Al 5.9 6,:}%
G o] K20 wge EF FY3A st 10% SDS-polyacrylamide gelol Al %
719 %S AAsET ArgFol B gele nitrocellulose transfer membrane
(Whatman®,UK)el| transfergt #, 5% skim milk in 1 X TBSTZ blockings} %3t
Blockingd+ membraneZ Al &g 9, 1x} antibody ( MMP-2 /| MMP-9 / A -actin
i =T 24X & AlFste] 23
antibody & 24 1A &< ¥-SA1A detectionr|Zl ¥, Western blotting
detection reagent kit (GE healthcare, UK)E membrane %o Z3Z3sle] UV
(Davinch-Chemi imagerTM, CAS-400SM, Davinch-K, Korea)E &3&) wiz 23
AEE BEsIAT

i
flo
o

it

JE o83 5olx FA-IA

=

=
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2.7 FAAE

AdANE HAF+EFH2 (Mean=*Standard deviation, SD)E FEA]3 01,
SPSS*/WIN12.0(StatisticalPackageforSocialScience,version12.0) EA T2 13 &
1835t BARA SogAS AEsEth AW 7o $oAe AR 98

Addufx]  BEAHEA (Oneway Analysis Of Variance: ANOVA)S E3)

o

B39 a, AFEA =S Duncan’ s multiple range test2 A Alste] p < 0.05
TollA ASsEA T
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3. 23 € 3%

3.1 YA E Atriplex gmeliniidl A £289 Ed9 F+x3AA

Compound 12 &4 nAZ =l oem o Z29 Fx= NMR &% ©
olel 9} & By Z+S ®lwsle] 35-dicaffeoyl-epi-quinic acid2 AA = A
tHKim and Lee. 2005; Kim et al. 2007; Lee et al. 2009).

Compound 1: 'H NMR(300 MHz, CDOD) ¢ 7.59 and 7.57 (each 1H, d, J=15.8
Hz, H-7" ), 7.06 and 7.04 (each 1H, d, J=2.0 Hz, H-2* ), 6.94 and 6.93 (each
1H, dd, J=8.2, 2.0 Hz, H-6" ), 6.76 (2H, d, J=8.2 Hz, H-5" ), 6.40 and 6.20
(each 1H, d, J=15.8 Hz, H-8" ), 5.53 (1H, td, J=12.9, 5.4 Hz, H-3), 5.37 (1H, m,
H-5), 3.90 (1H, dd, J=9.9, 3.3 Hz, H-4), 2.11 (2H, m, H-2), 2.27 (1H, dd, J=15.1,
3.0 Hz), 2.04 (1H, m); ®C NMR (300 MHz, CD;OD) ¢ 181.4 (C, COOH), 169.8 (C,
C-9)), 169.2 (C, C-9), 1494 (C, C-4), 149.2 (C, C-4)), 146.7 (C, C-3), 146.6 (C, C-3),
1279 (C, C-1), 127.7 (C, C-1), 122.8 (CH, C-6), 116.4 (CH, C-5" ), 115.9 (CH, C-8),
115.0 (CH, C-2* ), 1145 (CH, C-8), 76.4 (C, C-1), 74.5 (CH, C-5), 73.3 (CH, C-4),
72.4 (CH, C-3), 41.0 (CH,, C-2), 37.8 (CH,, C-6)

Compound 2& €22 =39 1A= Eg=%om 2D NMR 3 £ o]g
o 3ol Hid fARRE Ed3Y Blao] YsiA o] =" Fx=
1-hydroxyguai-3,9-dien-6,12-olide-8-O-acetate 2 27 = I thDas et al. 1983).
Compound 2: 'H NMR (300 MHz, CD:OD) & 5.46 (1H, s, H-3), 5.42 (1H, dt, 2.0 Hz,
H-8), 5.31 (1H, dt, 2.0, 1.5 Hz, H-9), 4.06 (1H, dd, 10.5, 10.5 Hz, H-6), 2.62 (1H, m,
H-11), 2.61 (IH, d, 10.5 Hz, H-5), 2.54 (2H, m, H-2), 2.45 (1H, q, 10.5 Hz, H-7), 2.08
(3H, s, OAo), 1.89 (6H, br s, H-14, -15), 1.26 (3H, d, 7.0 Hz, H-12); C NMR (300
MHz, CD;0D) ¢ 180.2 (C, C-13), 171.6 (C, OAc), 143.2 (C C-4), 1415 (C C-10), 124.2
(CH, C-3), 1236 (CH, C-9), 83.6 (C C-D, 80.9 (CH, C-6), 75.3 (CH, C-8), 66.3 (CH,
C-5), 52.8 (CH C-7), 47.1 (CH, C-2), 42.0 (CH C-11), 244 (CH; C-14), 21.1 (CH;
OAc), 18.3 (CHs C-15), 15.9 (CHs C-12).
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OH

OH

HO. OH OH

COOH 0. \

OH
(6]

Compound 1

o

Compound 2

Figure 5. Chemical structure of compounds 1 and 2 from the halophyte
Atriplex gmelinii.
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3.2 In vitro ¥4+3} &4
3.2.1. DPPH radical &4 &4

&3} methanol FEES
sty dojx ZFZEFE(crude extrac)S £v] I wel £8 3t n-hexane
23= 85% aqMeOH ¥3=, n-BuOH &3 %, H,0 £3=2S Ayt 23=
E(crude extract)¥} 4l 719 E&=2L 100, 50, 10, 1 xg/mL == 343514
3, =7 o2 BHA (butylated hydroxyanisole), BHT (butylated hydroxytoluene)
9} vitamin C (L-ascorbic acid)& #2 T==Z 34sle] g o] AME3IA
7 ZAdo] "ol 85% aq.MeOH 3 =o] 100 xg/mLe FXolA o=
BHA®} Hlmsle] ¥1<=3F radical £2A€S YERAAL, 1 xg/mLe 54
g4 FEA R ol 5= tET BHAE 10 pg/mL A3 Az w23 53
E 7HASH. 1 9 FEE9 & B ESoAe & 24 YEWA KU
(Figure 6).

A 2= Atriplex gmelinii®] methylene chloride F<
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120.0

100.0

80.0

60.0

40.0

20.0

DPPH Radical scavenging activity
(%of control)

0.0

Figure 6.

B100ug/mL B50ug/mL O10ug/mL 8 iug/mL

Control

DPPH radical scavenging activity of crude extract and its
solvent fractions from the halophyte Atriplex gmelinii. ** Means
with the different letters are significantly different (p<0.05) by

Duncan’s multiple range test.
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3.2.2. Peroxynitrite &4 &4

ZFZE(crude extract)z} Y 7le] E¥F& 100, 50, 10, 1 xg/mlL =2 3

Al al, & 2+ Vitamin C (L-ascorbic acid)¢} Penicillamines AF-8-3}%1

EE A=A authentic peroxynitrite’} FH o2 AAH= Ao BYth =
= AE7F 100 pgml F=olA ¢F 60% ©]de 2AAEES BYoH, E3], 85%
aq.MeOH¥} n-BuOH #8ZFo] AAE 98.2%%t 96.8%% wl-&- =& AAZAES

9} 69.9%9 =2 AAEHS B oHFigure 7).

SIN-1¢] E32HE FEH= ONOO 9 £2A8A SHAFNAE

o] oAl A2AFAHES YehNew 100 xgml FEolA ZFEE(crude
extract)¥®} n-hexane, 85% aq.MeOH, n-BuOH, water ®&3=& Z}zt 91.8%,
67.3%, 99.2%, 97.73%, 76.4% 2AES BRI 53] 85% aq.MeOH¥} n-BuOH
222 1 pugml ¥=AAE 63%Y £2AES YERY o] Penicillamine® A
g AAZAHS K oHFigure 8).
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7.

Control

}—QU

Crude extract

n-hexane

85% aq.MeOH

B 100pg/mL B50pg/mL O10pg/mL O 1pg/mL

n-BuOH

Water

il
|
Vitamin C

Penidllamine

Scavenging activity of crude extract and its solvent fractions

from the halophyte Atriplex gmelinii. on authentic ONOO™ (% of

control). *' Means with the different letters are significantly

different (p<0.05) by Duncan’s multiple range test.

Control

o

Crude extract

n-hexane

ef

i
J

85% ag.MeOH

B 100pg/mL B50pg/mL O10pg/mL O 1pg/mL

ef

gh

ij

n-BuOH

g

Water

Vitamine C

ef

Panicillamine

Scavenging activity of crude extract and its solvent fractions

from the halophyte Atriplex gmelinii. on ONOO~ from SIN-1 (%

of control). ® Means with the different letters are significantly

different (p<0.05) by Duncan’s multiple range test.
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3.2.3. &Y ¥(ferric reducing antioxidant power, FRAP) <4

g AL FAiksEHe] =@M ferricyanide  2Hs}3Ed(potassium
ferricyanide)oll £A43t= Fe** o] &&

Perl’s prussian blue7} A== AEE 700 nmollA 4% Aoz ikst &
A3 gdege A AV ot Crude extractel v 719 £35S 100, 50,
10, 1 pg/mL &2 FJA3tRa, T2+ vitamin C (L-ascorbic acid)&
2 FEE 33t AP ARRSIATH EE AIREC] TR EHo=E
dHE L HoFom 1 FoA 85% aqMeOH} n-BuOH £ ZHo|A & &
8ol AZHAT. 85% aqMeOH¥} n-BuOH £&8=<& 1002 50 pg/mLe =
SO A 27 83.0%%t 74.9%, 88.4%S) 82.7%2] 3= S H K tHFigure 9).
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Figure 9. Ferric reducing antioxidant power of crude extract and its
solvent fractions from the halophyte Atriplex gmelinii. (% of
control). *™ Means with the different letters are significantly

different (p<0.05) by Duncan’s multiple range test.
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3.3. A= 4tz &4
3.3.1. HT-1080 AZ A&E& 54

TteRsAole] N FEAdA ikt 84S A Al FE2ES 1
i n-hexane, 85% aq.MeOH, n-BuOH, H;O U] 7| &u] E&Zo0] HHKEA
ZQl HT-1080M1322] AEEo) VA= IS dolrr] $13] MTT assays 4
At ol Als= ZZF 200, 100, 50, 10 xg/mLe] F=2 3]A3te] A&
st T MIT assayE ol &3t MEAESE 34 239 FE5==7 HO +939]
200 xgmlL F%olA 74.8%, 69.5%= Ztzt MZEAHS JeEyUTh stAw F
ZE7 RE gu] BYEES0] 100 xg/mlEs% odtdEs BT 77% o|4e] A=

S Ho F7] &, o] uig o2 100, 50, 10, 1 xg/mLe] FT=olA &
A& 219315 tHFigure 10).
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Figure 10. Effects of crude extract and its solvent fractions from the
halophyte Atriplex gmelinii. on viability of HT-1080 cells. #°
Means with the different letters are significantly different

(p<0.05) by Duncan’s multiple range test.
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33.2. AlZW 84 44&F ROS) &4 84 34

Az &4 449 W3ste FFEDS 5o+ DCFH-DAE AH&-3ho
0~120E7}#] 30% 7+A S 2 DCF flourescencezte] WHatE SAsA 500 ¢ M
o] H0,& A3t Az tAl FZ253 2 &9 &8E&9 100, 50, 10, 14
gimLe] w52 AU, ARE AdstA il 500 «Me H,O.RF A3t
controld Alg5¢ H,0, 252 A 2ldlA] &< blankE 2T O 2 AFL3e] H]
wstH . Control2 A|Zte] A|E<4== DCF flourescence #keo] A<
sk o Uk blanke] 7% 1 gel Wb Qlo] Atk tiF-Ee A
oA o2 ROSY AAS AR en, 100 xg/mLe F=olA 2AF %=
ROS £A&HE =H39S o) 85% aq.MeOH, n-hexane, F%%=(CE), H,O 1
2l3 1-BuOH #3839 €O 2 & &2ATS Bt & ANSEsRT v$
=2 AAZEAHSE B 85% aq.MeOHE -9, 100 ug/mLs =A< blanke}t
Al F53%¢ A2AES RPN 10 pugmlsEoAE 48.7%2] & £2AE&S B
% tHFigure 1D).
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Figure 11. Scavenging effects of crude and its solvent fractions from the
halophyte Atriplex gmelinii. on intracellular ROS levels induced
by hydrogen peroxide in HT-1080 cells. (a) Crude extract; (b)
n-hexane; (c) 85% aqueous methanol; (d) n-butanol; (e) H,O. @
Means with the different letters are significantly different

(p<0.05) by Duncan’s multiple range test.
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3.3.3. Genomic DNA 439 A's =

HT-1080 M ZZXE %3+ genomic DNA| that &4kslsS =AHsHth F
<=3t genomic DNA| F&&3 4 719 &g ES 100, 50, 10 « 5
T2 Agstal H:0.9 FeSO&2 AFsirA F=&3 2 & 29&
AEHE A ek AEE SASIAY. dxvoEs ARE AHEshA g HO,
9} FeSO,%+ &3 controlat H,0,9F FeSO,= =¥ A @stA &S blankE At
&3kt
BE ARA sEEAQ 43 JA7F YEF o™ 100 4 g/mLe] FEolA
85% aq.MeOH &&3F©°] 99.3%% 7o &3 45t JAles BHoAF3den, 1
2% n-BuOH 83, H0 2839 bt &do] Holunt. dubz o
2 F=7HAA A A A4S YEN e, controld BlastlS w10
ngmlLel F=d A% n-BuOH, 85% aq.MeOH, crude extract, H,O, n-hexane &
gZo] 7 71.8%, 71.0%, 62.9%, 62.9, 42.7% <=OS.2 43} A &S RAFA
t}HFigure 12).

=
=
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BK Con Crude n-hex 85% aq.MeOH n-BuOH Water

Concentration(uh - - 100 50 10 100 50 10 100 50 10 100 50 10 100 S0 10

FeS0,+H,0, - + + O+ o+ o+ o+ o+ o+ 4 + o+ - + + o+ o+

2100pg/mL Bsopg/mi B 10pg/miL

DNA oxidation intensity (%)
3

85% 2qMeOH  n-BuOH  Water
(ug/mL)

Control Crude extract n-hexane

Figure 12. Antioxidant activity of crude and its solvent fractions from the
halophyte Atriplex gmelinii on genomic DNA in HT-1080 cells.
Band sizes were calculated and depicted as percentage
compared to blank group. *® Means with the different letters

are significantly different (p<0.05) by Duncan’s multiple range
test.
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34. F4F ¥A

3.4.1. RAW264.8 N ZAHEE &3

TP=7R5AE019] NI S£F0|A L FAEE FAHL A5 Y 2E5 = 2]
&l=0] RAW264.7 THAIN|zO] AY
Alg= 7T 200,

o] & AMZAE

o
n-hexane, 85% aq.MeOH, n-BuOH, H,O &
&2 vRl= FF= MTT assays &dll LorEQIH. ojdf

3T =

100, 50 pg/mLe] =% 2 3]AM5to] ALL351G T MTT assay=

& 54 23 n-hexane #3351t H,0 22359 200 pg/mLs =04 75.3%,

61.1%2] Mz AEES o 27 z=/do] Q3o Y. 55 E &

+ &UF2=0] 100 pg/mLs=oA 77% o]ge] ABEES BIoH, o] vt
=

Bto 2 100, 50, 10 pg/mLe] =t 2 AL X85+ cHFigure 13).
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Figure 13. Effects of crude extract and its solvent fractions from the
halophyte Atriplex gmelinii. on viability of RAW264.7 cells. **
Means with the different letters are significantly different

(p<0.05) by Duncan’s multiple range test.

_45_



3.4.2. NOBA A&}

MRl FEES FAEA g «aFor Bt A

85% aq.MeOH, n-BuOH, H,0 E3&ZF9] ddSEH S AES] 8 A=
Z4E YA ¥+ sE3tel4 RAW264.7

NO Aol mX& &35 SASIAY. 4% A7 AsE AHEshA ¥3 LPS

g2 JYegdn. E3) 85% aqMeOH #3o] 713 & A4S
Uetgil o, AEs|iA n-BuOH, n-hexane, H.O #38 =
AAEAE HeEtHAT. 100 pg/mle] =04 NO A A A=& ¥t
A3} np-hexane, 85% aq. MeOH, n-BuOH, H,O &3&o| Z+Z+ 63.2%, 79.1%,
69.6%, 58.5%<] A3l &5 e ATHFigure 14).
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Figure 14. Effects of crude extract (a) and its solvent fractions (n-hexane
(b), 85% aq. MeOH(c), n-BuOH(d), H,O(e) from the halophyte
Atriplex gmelinii. on nitrite production in RAW?264.7 cells. #*

Means with the different letters are significantly different

(p<0.05) by Duncan’s multiple range test.
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3.5. ¢ g4
35.1 A FH MR A ME F2 A 53
35.1.1. HT-1080 M ¥ =4 oA &3}

A HF T HESQ] HT-1080 A=z ek =23 |l 7o &g 39
AX T2 A HAEE MIT assays T3l AU F=E3 n-hexane,
85% aq.MeOH, n-BuOH, H,O &% %2 200, 100, 50, 10, 1 xg/mLe ® =& 3
Mt Aol AHgsian FE=3 vl e SIS BT AlE 4 9
A &35 HAFUTh 85% aq.MeOH, n-hexane ¥ n-BuOH #33F-& 200 u
g/l s=oll A ZH2t 93.6%, 92.1%, 74.2%9] A &S o] Fom, 53] 85%
aq.MeOH #8ZF2 1 ugmLe TEAE 50% A= T2 A=z T2 A4S
UER ATt n-Hexane #3835 3 50 £g/mL F=7kA] 50%7F @& Hold Al
T F24 A EHE RAFJTh n-BuOH #3359 49, 200ugml =
M 50%7F de AE S4 9A &38 BHoy B W2 F5 343 A4¢

Z

I 397 & AolE A5t thFigure 15).

=
2

b
1%
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Effects of crude extract and its solvent fractions from the
halophyte Atriplex gmelinii. on viability of HT-1080 cells. *
Means with the different letters are significantly different

(p<0.05) by Duncan’s multiple range test.
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35.1.2. HT-29 A% 4 oA &3}

AA A7 MEQD HT-29 Mol thet 257 v 7| &0 2893 A=
2] oAl AxE MIT assays &3 =AHs9d. FE&

aq.MeOH, n-BuOH, H,O0 ¥&3=& Z+z+ 200, 100, 50, 10, 1 xg/mL ¢ F==F
3|43t Ao AE3FAT

FE=EF Y /Y &) £8F 2T YA Az S22 gA &84S e
Atk 1 F 85% aq.MeOH #3=3} n-hexane £33 200, 100 #g/mL &%=
T 2 9AlagE Yeho] 22 89.5%, 79.9% 1v]al 84.6%, 74.9%<]
&S Yehie™ 1ugmLe 5% oF 60%9 AAES B FAH

, n-hexane, 85%

ot
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Figure 16. Effects of crude extract and its solvent fractions from the
halophyte Atriplex gmelinii. on viability of HT-29 cells. #°
Means with the different letters are significantly different

(p<0.05) by Duncan’s multiple range test.
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35.1.3. AGS A% Z4 oA &3

JA AL A gk F=23 W /e &l &3 Alx S AR

E MIT assayE T3l A3ttt =53 n-hexane, 85% aq.MeOH, n-BuOH,
H0 B3=¢ 200, 100, 50, 10, 1 pxg/ml o F=2 345t A3l AL&51Y

U e & B85 Blaz Hojd Az F4 A A4S B
=2 200 4 g/mL FEolA 89.9%%] AAEAHES UBHIL F=
met 283 g 23 %%Oﬂ/ﬂl—— 85% aq.MeOH®} n-hexane #3

00 vg/ml S=olA 91.9%, 86.3%9] o4l B4<S Uegon 1 xeml ©
TEANNE oF 50% HEL FoAH AAEE S Ve A THFigure 17).

(il

ol
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Figure 17. Effects of crude extract and its solvent fractions from the

halophyte Afriplex gmelinii. on viability of AGS cells.

ah Means

with the different letters are significantly different (p<0.05) by

Duncan’s multiple range test.
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3.5.2. 71d F&l A B3 & AMatrix metalloproteinase) A &84 &3}
3.5.2.1. Gelatin zymographyE &% MMP-93 MMP-2¢] %3

FedsAel FEE3 &) Z8=c] HT-1080 A=zl MMP-93} MMP-2¢]
Sl WA= FdF= SAHS7] 9IS gelatin zymographyE  AAISHA T
HT-1080 A ¥o] 223 §v) E82< 100 xg/mLy Helsta blanks A9
g Y Aol PMA 10 pg/mL# & *2fs) MMP-93 MMP-2¢] dd < /=33
o}

85% aq.MeOH #+¥3Z°] MMP-9, MMP-2& 77} 18.6%, 29.1% @A A=,
ol olFAE AT etA &2 blankFEHE T E%% T2 LIAA 24L& e
Wd Aot 85% aq.MeOH #3393 o2+ MMP-99A+= 58.1%E
n-hexane £83°], MMP-291A4& 85% aq.MeOH =S A3 ZE &0
8350l 50% A=o EdS v A H(Figure 18).
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Figure 18. Effects of crude extract (a) and its solvent fractions (b) from
the halophyte Atriplex gmelinii. on enzymatic activity of MMP-9
and MMP-2 determined by gelatin zymography in HT-1080 cells.
Gelatinolytic activities of MMP-9 and MMP-2 on gelatin
containing 10% polyacrylamide gel. Band sizes were calculated
and depicted as percentage compared to control group. Values
are means =+SD. *' Means with the different letters are

significantly different (p<0.05) by Duncan’s multiple range test.
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3.5.2.2. RT-PCR3} Western Blot2 % MMP-93 MMP-2¢9] mRNA$} protein
levele] #&d

TN s Aol 2R Aol {78 FEEI IAY &ul EE=5<S 100
wg/mL® =2 & HT-1080 A|Z o)A MMP-9¢ MMP-22] mRNA¢} protein level
S &2lslr] 98 RT-PCR¥ Western blotS A A8l 1, 2+ o2+ of
FAZ AgstA &L blanke} PMAE A2k controlg ARE3 2™, House
keeping geneo. 2 B -ActinS AF&3A T
FEEI Ul N9 &d £83F EF mRNAS TAZFS AA3 DaAle A
< #FE F Y%A, 1 F FEE n-BuOH #89F & s 25 MMP-99]
2 7y 25.1%, 24.5%R 3, MMP-22] mRNA WA ZFS 27.4%,
2 3}A] &-& blankFE7FA MMP-93+ MMP-2¢] mRNAZ3
7}

Protein level ¥dANAM = FE2E2 74$, MMP-99| protein T3 FE 62.2%,
39.8% 2 MMP-9RE. T += MMP-29 4 =2 WtHAA &

Eo A= n-BuOH #8337 85% aq.MeOH & Zo]
Z+Zy MMP-92 30.3%, 34.4%, MMP-2+= 41.5%, 45.3%=% &3&8 < 74 =&
AAGE S M-S #EE F AT (Flgure 19).

HU
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Figure 19. Effects of crude extract and its solvent fractions from the

halophyte Atriplex gmelinii. on mRNA levels (a and c¢) and
protein levels (b and d) of MMP-9 and MMP-2 determined by
RT-PCR and Western blot in HT-1080 cells. g -Actin was used

as an internal standard. Band sizes of RT-PCR and Western

blot were calculated and depicted as percentage compared to

control group. Values are means =+SD. 2T Means with the

different letters are significantly different (p<0.05) by Duncan’s

multiple range test.

_57_



3.6. k=9 T3 B4

3.6.1. DPPH radical &4 &4

AW AL Atriplex gmelinii®] 85% aqMeOH #3 %, n-BuOH & ZojA £
gk compounds 1, 2& 50, 10, 5 wxg/mL FTEZ 3X43P1, HETo=
BHA(butylated hydroxyanisole), BHT(butylated hydroxytoluene)®} vitamin C
(L-ascorbic acid)E #2 T== 3aste] AF o AME3sIA T

Compounds 1, 2 & ©} ¥ oj radical £74&2 2o, compound 12 7
%, 50, 10 xg/mLe] F=o|A thx+ BHT, BHA®} Hlw3dle] vitamin C t-S
2 7k 22 845 Jehfdo. Compound 29 A%, 10 xg/mLe XA
iz BHAE 104 g/mL A 2ek A3 vl a3E 714 kokFigure 20).
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Figure 20. DPPH radical scavenging activity of compounds 1 and 2 from
the halophyte Atriplex gmelinii *' Means with the different
letters are significantly different (p<0.05) by Duncan’s multiple
range test.

_59_



3.7. B&=9 FAF BA

3.7.1. RAW264.7 A =l tj3 =4

RAWZ264.7 Hl&o] A& U]X]= ¥&= MTT assayE &l LorEUH. ©
Y7y 50, 10, 5, 1 pg/mLe] ===2 3]Asto] AFLSHYTH MTT
assayS ©l&er NZAES 54 2o BE 5RO 2R 80% ol AEE
= HEon, ol Higer 10, 5, lpg/mlLo] k= /U] ARESIATH

=

(Figure 21).

_60_



150
m50 pg/mL w10 pg/mL ~ 5pg/mL o1 pg/mL

a a a a b
T T T

a
100 b ab ab
b b b
hTTT T T
50
0
Con

Compound 1 Compound 2

Cell viabillity (%)

Figure 21. Effects of compounds 1 and 2 from the halophyte Atriplex
gmelinii. on viability of RAW264.7 cells. *° Means with the
different letters are significantly different (p<0.05) by Duncan’s
multiple range test.
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3.7.2. 3I+ES NOAA oA &34

7FeAs Aol A compound 13 29| JAFEHES AESZ] s A=W
248 YA ¥= BE oldtoA LPS Ao o A3t RAW264.7
AEE o]&ste] o5 E8E°] NO Ao vx& axs SAsIATY. 54
A3, AeE AgstA @3 LPS 1 pg/mlEs A& izl Hls] =&
s} 63% ©142l NO A4 94 &x2 Yehd Il okFigure 22).
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Figure 22. Effects of compounds 1 and 2 from the halophyte Atriplex
gmelinii. on nitrite production in RAW264.7 cells. “° Means with

(b)y “

NO (uM)

0 F

0

10 Compound 2 (pg/ml)

+ LPS (1 pg/mL)

the different letters are significantly different (p<0.05) by

Duncan’s multiple range test.
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Figure 23. Effects of compound 1 from the halophyte Atriplex gmelinii. on
mRNA level in HT-1080 cells. *° Means with the different
letters are significantly different (p<0.05) by Duncan’s multiple

range test.
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Figure 24. Effects of compounds 1 and 2 from the halophyte Atriplex
gmelinii. on viability of HT-1080 (a), HT-29 (b), and AGS (¢

cells. T Means with the different letters are significantly

different (p<0.05) by Duncan’s multiple range test.
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Figure 25. Effects of compounds 1 and 2 from the halophyte Afriplex
gmelinii on enzymatic activity of MMP-9 and MMP-2 determined
by gelatin zymography in HT-1080 cells. Gelatinolytic activities
of MMP-9 and MMP-2 on gelatin containing 10% polyacrylamide
gel. Band sizes were calculated and depicted as percentage
compared to control group. Values are means =+SD. T Means
with the different letters are significantly different (p<0.05) by

Duncan’s multiple range test.
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Figure 26. 'H NMR spectrum of compound 1 isolated from the halophyte
Atriplex gmelinii in CD3OD
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Figure 27. C NMR spectrum of compound 1 isolated from the halophyte
Atriplex gmelinii in CD3OD
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Figure 28. 'H NMR spectrum of compound 2 isolated from halophyte
Atriplex gmelinii in CD3OD
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Figure 29. ®C NMR spectrum of compound 2 isolated from the halophyte
Atriplex gmelinii in CD3OD
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Figure 30. COSY spectrum of compound 2 isolated from the halophyte
Atriplex gmelinii in CDsOD
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Figure 31. TOCSY spectrum of compound 2 isolated from the halophyte
Atriplex gmelinii in CD;0OD
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Figure 32. gHSQC spectrum of compound 2 isolated from the halophyte
Atriplex gmelinii in CDsOD
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Figure 33. gHMBC spectrum of compound 2 isolated from the halophyte
Atriplex gmelinii in CDsOD
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Atriplex gmelinii
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