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[solation and Structure Determination of Bioactive
Constituents from a Brown Alga Sargassum siliquastrum and

a Terrestrial Vascular Plant Portulaca oleracea (Purslane)

Jung Im Lee

Division of Marine Environment and Bioscience, Korea Maritime University,

Abstract

The life of a human being has been extended even more than before due
to improvement of medical technology. Nevertheless, the incidence rate of
other new forms of diseases such as cancer, hyperlipidemia, diabetes,
mental disorders, etc. has also increased greatly. Following extensive
research, two common, widely available, natural plants have been found to
have antioxidative and antiproliferative properties which may contribute
to the prevention or treatment of some diseases or may inhibit the growth

of some cancers.

As a part of our search for new bioactive compounds from natural
resources, the brown alga Sargassum sil/iquastrum and the terrestrial

plant Portulaca oleracea were collected. Brown algae of the genus
XVi



Sargassum (Sargassaceae) are widely distributed in the temperate and
tropical oceans of the world, and often dominate benthic algal
communities and occur in huge floating masses. Most species have cycles
of vegetative growth and attrition. Portulaca oleracea L. (Portulacaceae)
1s an annual herb growing in warm areas of the world and has been used as
traditional and folk remedies for thousands of years in many countries
throughout the world.

Each of the collected samples was briefly dried under shade and
extracted with a mixture solvent of acetone-CH,Cl; (1:1) at room
temperature for 2 days and filtered. Then, the residue was re-extracted
with MeOH in the same way. The combined crude extracts of each sample
were partitioned between CHsCl, and water. The organic layer was further
partitioned between mhexane and 85% aq. MeOH, and the aqueous layer was

partitioned with #-BuOH and H,O, successively.

Previous study has shown 85% aq. MeOH solvent fraction of S.
siliquastrum crude extracts has antioxidizing and antiproliferative
effects. Therefore, six meroterpenoids, including three new ones were
obtained from the 85% aqg. MeOH fraction by bioactivity-guided separation.

In our measurement for antioxidant activities, compounds 1-3 exhibited
the strong scavenging effect on DPPH radical and peroxynitrite in a non-—

cellular system. In addition, ROS was generated in a cellular system. The
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antiproliferative effect of these compounds was also measured against AGS,
HT-29, HT-1080, and MCF-7 human cancer cells. In comparative analysis,
all compounds showed high growth-inhibitory effects on all cancer cell
lines in a dose-dependent manner .

85% aq. MeOH solvent fraction of P. oleracea crude extracts showed a
significant antiproliferative inhibitory effect against HT-29 colon
cancer cells. On the basis of the above result, further purification of
85% aq. MeOH led to the isolation of homoisoflavonoids 7-13. The chemical
structure of these compounds was established by extensive 2D NMR
experiments such as 1H gDQCOSY, TOCSY, NOESY, gHMQC, and gHMBC and by
synthesis of authentic compounds.

The antiproliferative effect of compounds 7-10, 12 and 13 was also
evaluated in HT1080, HT-29, AGS and MCF-7 human cancer cells using the
MIT assay method. Among them, compound 10 exhibited the strongest
antiproliferative inhibitory effect on the growth of human cancer cells
in a dose—dependent manner.

The antioxidant activity of these compounds was also evaluated by
measuring intracellular ROS level and membrane lipid peroxidation. As a
result, compounds 7-10 moderately decreased intracellular ROS level and

compound 10 suppressed membrane lipid peroxidation.
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The latest report on extracts of P. oleracea suggested that it has a
lypolitic effect through release of fatty acid and glycerol to the
culture medium. Based on the above, the antiobesity effect of compounds
7-10 from P. oleracea was also examined by observing Oil-Red O stained
lipid droplets in adipocyte and by measuring glycerol release and glucose
contents in a culture medium. In addition, expression levels of several
genes related to adipogenesis including transcription factors were
examined using reverse-transcription polymerase chain reaction (RT-PCR)
As a result, compounds 7 and 10 not only decreased production of lipid
droplets and glucose contents but also increased glycerol release.

Further, the effect of homoisoflavonoids (7-10) on the adipogenic
differentiation was investigated at the gene expression levels, compounds
9 and 10 induced down-regulationion of adipogenic transcription factors
(PPAR, C/EBP, PPAR, and SREBPlc) and adipogenic target adipocyte—specific
genes (FABP4, FATP1, FAS, LPL, ACS1, perilipin and HSL). Moreover,
compounds 9 and 10 down-regulated adipocytokine such as leptin and
perilipin, and TNF-a . In short, compounds 9 and 10 have high inhibition
effect on intracellular lipid accumulation and may be a valuable
potential lead compound for the treatment of obesity.

Therefore, these results suggest that S. si//iquastrum and P. portulaca

could be used as the valuable materials for developing biofunctional
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substances that may inhibit the growth of cancers, that may protect cells
from the damaging effects of oxidation, or that may assist the body in

maintaining a constant level of insulin, thereby preventing obesity.
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wyEglen, d4ksk, ek, Fud a9 ¢ A4S 7t BarE ol
A TH(Yang et al. 2010; Heo et al. 2008; Nagayama et al. 2002; Athukorala
et al. 2005)(Figure 1).

oAt ALEH #wlr] BAWH(S. si/iquastrum)S ZFERFO] EAMHE
mapate] Hehu WEa AR FE REmstn w2 SLERE 240
2E A A Aske ddel vke] 7ol o] Atk =] Aol 2~3 m o

ga], Assts B0 e odel sl ol Asta 2717 mol Qi
Fe= Hojdw. o]l Jang  5(2005)  chromanol A<D
£l Sargachromanol A-P & ] Hi g v} glom, o5 HF H

kst maaE HAE BewE SQlH.

rie

ATEe S ATE FA

7Nl chromanol A9l 3gES Eolsld o™ (Lee and Seo 2010), Flw
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1.3. Portulaca oleracea Linne
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sensitive lipase) FAA HdAES F7FAZIH, type I Tk A 5%
A el gl Arh(Lee 2006; El-Sayed 2011).

Hu)E9 3}t AHJE O phosphorus, calcium, iron ¥} #& my )
SaksbA|Ql W EMRlIFY B-carotene, 18]al y-linoleic acid 9 -3

R upAako] ol A5l (Mohamed 1994; Omara-Alwala 1961; Liu 2000), A%

s

3}gtE 2 A= N-trans-feruloyltyramine, dopamine, dopa, a8 al
norepinephrine 5°] =53 Aow & Arh(Mizutani et al. 1998; Feng
et al. 1961). o] ®lo|x= AH|E9 o|AhAMAFE- 2 A terpenes, coumarins,
flavonoids, alkaloids 223l anthocyanins & 40 o1& o]4e 33E9]
B 315 T (Awad 1994; Adachi et al. 1983; Sakai et al. 1996; Mizutani et
al. 1998; Feng et al. 1961; Imperato 1975; Piattelli and Minale 1964; Seo
Y. et al. 2003; Xin et al. 2008; Elkhayat 2008; Xiang et al. 2005; Liu et
al. 2011; Rasheed et al. 2004; Xu et al. 2006)(Figure 2). Yang 5 (2009)9l
w2 alkaloids 91 oleracein A, B, D 7} positive tiFso = ALg%
ascorbic acid ©+ a-tocopherol BT} DPPH radical &A g o] 1] =2 Ho=
el | Choi 5(2005)° ¢l&] F2]% protocatechuic acid, ferulic acid,
gallic acid & A] DPPH radical &7 &Ao] & Ao = YeEYT. B-amyrin
type 9] triterpenoids ¢ P11 3} P12 & HepG2 tumor cell ©A] cytotoxic
activity & EATH(Xin et al. 2008).

gl digk A mde d25E 2 deid stom, A

mpAlde® Edn tefd AW AR R ARSI vk shARh
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radical 27153} cytotoxicity 5ol &3}3}c},

NZE o|AAIES BEata o]59 QPP S Felstazt

ol
38

om, I

o8 homosioflavonoid AEe N=E§

A, AF7HA] HHlFelA EYE A g
chalcone AlE<¢ 3}3t&,

ol zttAMHE 5 F 3 homoisoflavonoid ¢ A9
ol &= & alkaloid AlEe 3t¥E 2 terpenoids IFES

N

wel g As AL, sl Wi A dds A8



HO HO o
OH | OH |

o) (6]

P1 Portuloside A P2
Sakai et al (1996)

HO o HO
Ro W Ro o O

or | Y\/\/\(CHZ)IQ

O

NH OH
OHO (o) ~ ~ .
OH COOH HEO OH OH
P4 P5 P6 Portulacerebroside A
Seo et al (2003) Xin et al (2008)

P7 portulene P8 lupeol P9 R=H : B-sitosteerol
P10 R= Glucose : daucosterol

Elkhayat (2008)

OH

P11 P12

Xin et al (2008)

Figure 2. Compounds isolated from P. o/eracea
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HO
o
O N COOR

R R, R,
on © ° P13 oleracein A H H OH
P14 oleraceinB H OCH; OH
OH OH X P15 oleraceinC H H, glucopyranose
P16 oleraceinD H OCH;  glucopyranose
P18 oleracein F CHs OCH; OH
P19 oleracein G CHj, H OH
Ry
R, Xiang et al. (2005); Liu. et al.(2011)
0
HO ==i<\:ji\ o] o
~« 1 X, Q1 O
N
H H
P17 oleracein E P20 allantoin P21 N,N'-dicyclohezylurea
Xiang et al. (2005) Rasheed et al. (2004)
OH OH
(0] (0] O (6]
H®10 HO H®10 OH
Seo et al (2003) OH

P24 R, R,=OH, R{,Rz;=H  kaemprerol
P25 R,=OH, R, R{,Rz=H  apigenin
P26 Ry, Ry, Ri=OH, R3=H quercetin
P27 Ry, R,=OH, R, R3=H luteolin

P28 R, Ry, Ry, R3=0OH, myricetin
OH © Xu et al (2006)
OCHj
HO
¢ ) m
0 0~ So Ho o~ ~o
P29 bergapten P30 umbelliferone

P31 daidzein R=H
P32 genistein R=OH

Xiang et al. (2005)

Figure 2. (continued)



O
COOH OH
OH
H5CO

P33 ferulic acid P34 caffeic acid
HO, HO
\
© OH  HO COOH HO COOH
HO HO
P35 coumaric acid P36 protocatechuic acid P37 gallic acid

OCH;

P38 hesperidin

HO
AH H.
Nl coo l/\co

Hooc™ N COOH Hooc™ N COOH

P39 Portulacaxznthln ] P40 Portulacaxznthin 1l

Strack et al 2003

Figure 2. (continued)
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1.4. Homoisoflavonoids

1.4.1. Homoisoflavonoids ¢ &3 3 Az &A
Homoisoflavonoid + flavonoids & 3sFE=F=A4 (6-C3-C6 ¢ +Z2E 7IX|+&=
oxygen heterocycles ©]t}. Flavonoids ¢ A-B-C ring 7+%Z 7}A|™ B ring &

C ring AFolell -CHy~ group ©] F7FEo] & FHZ 72X o= 16 79 &4

AL 7bdth, T3S homoisoflavonoid £ chromane system €1 chromone ¥}
chromanone ¢ 3 ¥ %49 benzyl 3+ benzylidine group ©] AgEHo| U=

HEAS 2 ) th(Shaikh et al 2011; Kirkiacharian et al 1984; Adinolfi

chromanone chromone homoisoflavonoids

et al 1986).

Homoisoflavonoids =4 S 83 3dES cucomin ¥ eucomol =A]
1967 A Eucomis bicolor BAK(Liliaceae)2] -t-i%oll 4] Bohler €} Tamm (1967)°l

ofaf &2l ¥ 3l

HO l l OCHjs HOOCH3
\,;g\/‘/ ™
OH O

eucomin H42 eucomol

ol5 Ao =2 Fucomia, Muscomis, Scilla, Ophiopogon, Ledebouria

&S oA thekdl homoisofalvonoid 3FgtEESo] Eo] Ee % ar(Jain et al.

1978; Adinolfi et al. 1984, 1986, 1987, 1989; Bangani et al. 1999; Crouch
11 -



et al. 1999), o] o|elo% L[iliaceae %2 Chlorophytum, Disporopsis,
Polygonatum <oA% B % AT (Donnell et al. 2006; Nguyen et al. 2006;
Li-hong et al. 2009).

Homoisof lavonoids ] %+ 3-benzyl-4-chromanone 2| & Ej7} 717 ol
Ao, o9 3 W ®Ao| hydroxy group ©] X[3kE FE|Ql 3-
hydroxy-3-benzyl-4-chromanones ©] <43}, 3 H ©4et C-ring ¢ benzyl
Agrtolo] o] F A o] Q& 3-benzylidene-4-chromanone ©] &A|3t}. o] &S
olF A% conformation o wet (Z)¢k (E) ez 249 F=2 (E)F o
ol A E I Th. Homoisof lavononds ¢ 5eo]gk F+x2=24] scillascillin-type
homoisoflavonoids 7} <£A|8}H, o5 B-ring ¥} C-ring A ZAA}olo] 3-

spirocyclobutene ring system = 7}A+= Zo] EAo]t}h(Koorbanally et al,

2006) .
8 5'
Cor o g CcC
6 3
AN > 1
o o o
3-benzyl-4-chromanone 3-hydroxy-3-benzyl-4-chromanone  scillascillin-type homoisoflavonoids

(@) O
SONG O Q)
(@) 0]
(E)-3-benzylidene-4-chromanone (2)-3-benzylidene-4-chromanone 3-benzyl-4-chromone
3-Benzyl-4-chromanone | 2 A 713k Z g 3 gE

methylophiopogonamone A, B, ophiopogonanone B, C, D, E, F disporopsin,



1231 6-formyl-isoophiopogonanone A®] ATH(Chang et al. 2002; Kaneda et
al. 1980; Tada et al. 1980a; Nguyen et al. 2006) I <ok
methylophiopogonones A2} B, ophiopogonones A, B ¥ C, isoophiopogonone A,

2" -hydroxy-methylophiopogonone A, scillascillin & (Kuomo et al. 1973;

Tada et al. 1980a Tada et al. 1980b; Watanabe et al. 1985) H#4=3] &&
3etESo] HuEYrk., HIoE= A-ringol terpenoid 7F ZAgE MRS

Fefe] ledebourin A, B, C7F @5 le™(Calvo 2009a) HE37F 7H Thaol
o] ZA3H 7-0-[ a -rhamnopyranosyl-(1—6)- 3 —glucopiranosy!l ]-5-hydroxy-
3-(4-methoxybenzy! )-chroman—-4-one 2} 7-0-[ a —rhamnopyranosyl-(1—6)-3 -
glucopiranosyl ]-5-hydroxy-3-(4" -hydroxybenzyl)-chroman-4-one

B35t (Calvo 2009b).

Table 1. Chemical structures of 3-benzyl-4-chromanone derivatives

No 5 6 7 8 2 3 4 5 6 Ref.

P43 -OH —CH; -OH -0CH; -H -H -OH -H -H Arch Pharm Res 2010
P44 —OH —CH; —OH -CHs -H -H -OH -H -H Huang et al 1997
P45 —OH —CH; —OH -0CH; -H -H -OCH; -H -H Arch Pharm Res 2010
P46 -OH —0CH; -OH -H -H -H -OH -OCH; -H
P47 —OH —CH; -O0CHs -0CH; -H —OH -OH -H -H Asano et al, 1993
P48

—OH —CH; —OH -CHs -H -H -OCH; -H -H Tada et al 1980a

methylophiopogonanone B

P49 -OH —-CHO -OH -CHs -H -H -0CHs -H -H Kaneda et al, 1980
P50 -OH —CHs -OH -0CHs -OH -H -0CHs -H -H Anh et al 2003
P51 —OH —CH; —OH -CHs -H -O0CH; -OH -H -H Anh et al 2003
P52 -OH —CHs -OH —CHs -H —0CH; -H -H -H Anh et al 2003
P53 -OH —0CH; —0CHs -0CHs -H -H -OH -H -H Amschler et al 1996



ophiopogonanone E

P56

P59
P60
P61
P62
P63
P64
P65
disporopsin
P66
P67
P68
P69
P70
P71
p72
P73

P74

P76
P77
P78
P79
P80

P81

ophiopogonanone F
pa2
P83
P84
P85
P86
P87
P88

P89

-OH

—OCHs

—-0CH;

—-0CH;

—OCHs
—0CH;
—OCHs
—OCHs

—0CH;

—0CHs

—OH
—OH
-OH
—OH
—OH

-OH

-OH

-O0CH;
—0CHs

-OH

~OCH;
—OH
-OH
—OH
-0CHs
-0CH;

-0CH;

—0CHs
-O0CH;
-O0CH;

—0CHs

-O0d -H
-0CHs -OH
-CHs -H
-0CHsz -H
-OH -H
-CHs -H
-H -H
—CHs -H
-H -H
-CHs -H
-0CH; -H
-H -OH
-H -H
-H -H
-H -H
-H -H
OCH; -H
-0CH; -H
-H -H
-H -H
-H -H
-OH -H
! -H
-H -H
-H -H
-H -H
-H -H
-0CH; —OH
-0CH; -OH
-CHO -H
-H
-H -H
-0CHs -H
-H -H
-H -H
-H -H

-

-

-

-

-0CH;

-0CH;

-OH
-0CH;
-0CH;

-OH

-H

-

il

-H

il

Adinolfi et al 1985

Chang et al. 2002

Lin et al 2010

Y. Qian et al. 2010
Y. Qian et al. 2010
Li-hong et al 2009
Li-hong et al 2009
Li-hong et al 2009
Camarda et al 1983
Heuang et al 1997

Vastano et al 2002

Nauyen et al

Mutanyatta et al. 2003
Mutanyatta et al. 2003
Mutanyatta et al. 2003
Mutanyatta et al. 2003
Moodley et al 2006
Moodley et al 2006
Silayo et al 1999
Silayo et al 1999
Silayo et al 1999
Koorbanally et al 2006
Silayo et al 1999
Silayo et al 1999
Silayo et al 1999
Sidwell and Tanm, 1970

Bangania et al 1999

Chang et al. 2002

Anh et al 2003

Lin et al 2010

0" Domnell et al 2006
Koorbanally et al 2006
Mutanyatta et al. 2003
Silayo et al 1999
Silayo et al 1999

Silayo et al 1999



P90

P91

P93

methylophiopogonamone A

P94

P95

6-formyl-isoophicpogmanone A

P96

ophiopogonanone C

P97

ophiopogonanone D
P98
P99

P100

—0CH;

-0CHs

-OH
—-OH

-OH

—CHs

—CHs

—CHO

—CH;

-OH

-OH
-0CH;

-OH

-O0d -H
-H -H
-H -H
—CHs -H
-H -H
-CHs -H
-CHO -H
-CHO -H
-0CHs -H
-CHs -H
-CHg -H

-0-CH,-0-

-0-CH,-0-

-0-CH,=0-

-0-CH,=0-

-0-CH,-0-

-0-CH,-0-
-0-CH;-0-

-0-CH,-0-

-H

Silayo et al 1999
Crouch et al 1999

Bangania et al 1999

Tada et al 1980a

Tada et al 1980b

Kaneda et al, 1980

Chang et al. 2002

Chang et al. 2002

Lin et al 2010
Lin et al 2010

Lin et al 2010
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Table 2. Chemical structures of 3-benzylidene-4-chromanone derivatives

No.

P101

P102

P103

P104

P105

P106

P107

P108

P109

P110

P111

P112

-OH

-OH

-OH

-0CH;

-OH

-OH

-OH

-OH

-OH

-OCH;

-OH

-OH

5 6 Ref.

-H -H Bangani et al 1999

-H -H Silayo et al 1999

-H -H Silayo et al 1999

-H -H Silayo et al 1999

-H -H Silayo et al 1999

-H -H Bohler, P and Tam 1971

-H -H Finckh and Tam 1967

-H - Heller et al. 1976

-H -H Finckh and Tam 1967

-l - Mas ” terova et al. 1991.

-l - Mas ” terova et al. 1991

-H - Mas * terova et al. 1991

Table 3 Chemical structures of

scillascillin-type homoisoflavonoids

No.

o

e

Ref

P 113

P 114

P 115

scillascillin

P 116

-OH

-OH

-0CHz

-OCH;

-0-CHx-0-

-

Mutanyatta et al. (2003) N (10)

Mutanyatta et al. (2003) N (11)

Kuomo et al 1973

Adinolfi et al 1987




Table 4 Chemical structures of 3-benzyl-4-chromone

No. 5 6 7 8 2 3 4 5 6 Ref.
P117

-OH —CH; -OH -CH, -H -H -0CH; -H -H Tada et al 1980a
methylophiopogonone B
P118

-OH —CH; -OH -H -H -H -0CH; -H -H Tada et al 1980b
opiopogonone B
P119

-OH -H -OH -CH, -H -H -OH -H -H Tada et al 1930b
demethylisoopiopogonone B
P120 -OH ~CH; —0CH; -H -H -OH -OH -H -H Watanabe et al 1985
P121 —-OH —CHs -OH -H -H -H -OH -H -H Watanabe et al 1985
P122 -OH -H -OH -H -H -H -OH -H -H Watanabe et al 1985
P123

-OH -CHO -OH -CH, -H -H -0CH; -H -H Zhu et al 1987
6-aldehydo—isoophiopogonone B
P124 —-OH -0CH; -OH -H -H -H -OH -H -H Silayo et al 1999)
P125 —-OH -0CH; -OH -H -H -H -0CH; -H -H Silayo et al 199
P126 -OH -H ~0CH; -H -H -H -OH -H -H Silayo et al 199
p127 —-OH —CHs —OH -H -OH —0-CH,~0- -H -H Asano et al, 1993
P128 -OH -H -OH —CH; -OH -0-CH,-0- -H -H Asano et al, 1993
P129

-OH —CHs -OH -CH; -H -0-CH,~0- -H -H Tada et al 1980a,
methylophiopogonone A
P130

-OH —CHs =OH -H -H -0-CH,-0- -H -H Tada et al 1980b
ophiopogonone A
P131

-OH -H -OH —CHs -H -0-CH,~0- -H -H Tada et al 1980b
isoophiopogonone A
P132

-OH —CH; -OH —CH, -OH -0-CH,~0- -H -H Watanabe et al 1985
2" -hydroxy-methylophiopogonone A
P133

-OH -CHO -OH -CHy -H -0-CH,-0- -H -H Zhu et al 1987
6-aldehydo—isoophiopogonone A
P134

-OH —CH; -OH -CHO -H -0-CH,-0- -H -H Chang et al. 2002

ophiopogonone C
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A X O ¢} O OH
HO
OH O

P135 Ledebourin B

OH O
OH .
O O P136 Ledebourin C
X
OH
HO P137 Ledebourin D
o o >°
H}%C o HsC 6]
OHOW/!OCHa % OHOOH

OH O OH O

P138 P139

Calvo 2009a, b

Figure 3. A new type of homoisoflavonoids recently isolated

Homoisof lavonoids + ©¥st A& €4S 7FA™,  antifungal,
hypocholesterolemic, ant imutagenic, antiviral, anti—-inflammatory,
antioxidant, platelet anti-aggregating activities 2] &Aool H Ut}
(Kirkiacharian et al. 1987; Wall et al. 1989; Anschler 1996; Desideri et

al.  1997; Quaglia 1999). Hto] HAEZART TAJsle] dojA

N

homoisoflavonoids =] thdl &Ao] H 1% +=d], Siddaiah = (2006)°]
o)s] ¥ 7-hydroxy-3-[(3,4,5-trihyddroxyphenyl )methylene]chromano—4-
one ©] ¥Ad&4EsAIQl BHA Y BHT Bt} =2 34kst €48 vehgdleon, 5-

lipoxygenase oA % thZ 0% ARE-H nordihydroguiaretic acid Xt} %2
218 -



g5 e T 7-Hydroxy-3-(4-methoxybenzylidene ) chroman—4-one

(bonducellin) =3k 8 A= F31E YeEFH AT Rao et al. 2005).

H AFo = Hu| S A 23 homoisoflavonoids LJol%= S %3]
FoE setEe g¥ gHe AR 249 FAHAS AEse & A4S

1.4.2. Homoisoflavonoids ¢ &+A

Homoisof lavonoids += Farkas & (1970)°l ©]3ll eucomin ¥} eucomol ¢ &
AlZFo 2 ks Aty o] gkt Homoisoflavonoids & A F7H4] HE|=
=9 4 v}k, Homoisoflavonoids ] %% chromanone =7ol benzyl
group ©] ZA3HE FE)=A, chromanone S E3] benzyl aldehyde <}
wgstel de 4 9dew(i), (Farkas et al. 1970), &3
homoisoflavonids ¢ Q1 dihydrochalcone HE|E 443t B-ring &

FAsl= ¥ (i1)S B8 axdo=w A 4 AP (Farkas et al. 1971;

Chatterjea et al. 1979).
© 7
F ~ OO
R

Figure 4. Synthe51s of 3-benzyl-4- chromanones.

o
reduction = |
N\
R
(@]

-19 -



(i1)9] ®WHe phenol ¥ PB-(phenyl)propionitrile & AF&3te]l FHA
dihydrochalcone & ¥4 & 4 Jom A 33EL ethyl formate o
metal sodium ¥} ¥HA]# 3-benzylchromon < A 3stt}. Farkas 5 (1971)9

el Eabdol A thakd e

gl
ol

ol

WS chromone HEY 33t=& A

homoisoflavonoids & @A 4 gl= A7} Art.

SEIUCENES SUo RS

Figure 5. Reagents and conditions: (i) B-(phenyl)propionitrile, zinc

chloride HCl gas, dry ether, 0C, 16h; (ii) ethyl formate, Na, rt, 16h

HbH o ()9 W& 3-benzylidene-4-chromanone = A= 2 A isomer

A (E), Y & AT 4 e, double bond & hydrogenation SFE=ZA

st eSS S T A Aol v, wEkA 2 AFo A s B E A
w2]%¥  homoisoflavonids & ¥i 2 ¢ g3t sgES duzx (1)

mechanism & &3 S A|=staz}; 4T

Chromanone A4

Chromanone A& UWFH O =2 phenolic compounds & %7] HFSEZA=Z
AFg3e] AlF = 2 3-bomnopropionic acid(Siddaiah et al 2006)9} 3-

chloropropionic acid(Foroumadi et al 2007; Koch and Biggers 1994)7}
-20 -



Al

o

war W=l wel 1 el Eekxlvk. WA, Siddaiah 5(2006) <]
Hhlo] olsbd NaH S 7|2 AME3}Y] resorcinol (3-methoxyphenol, H140)3}
3-bromopropionic  acid & WHEFAlA @A 3-phenyloxypropionic
acid(H141)°l polyphosporic acid(PPA)E 7t 1g]lE& A4, + HA
kS Freidel-Crafts oFA3} HEg o= Koch 9} biggers (1994)e] uw=

resorcinol (3-methoxyphenol,  H140)3}  trifluoromethanesulfonic  acid(3
equiv)E F7Fete] Freidel-Crafts wWhg AH=<Q HI43 & 4Jem, 2 M

NaOH ¢} WHS-AlA 118]E AZASHo 2 M 2-hydroxy-4-chromanone & & I}4 02

(A) Siddaiah et al (2006)

HO\©/OH i HO\©/O\/\COOH i Ho@

H 140 H 141 H142 O
(B) Foroumadi et al (2007)

HO\©/OH i HO\©;(’);(CI v |4|o\(>;c’>g
e —_—

H 140 H143 O H142 O

Figure 6. Reagents and conditions: (i) Bromopropionic acid, Nall, DMF, 70-
80C, rt, 16h, 30%; (ii) PPA, 80°C, 4h, 46%; (iii) 3-chloropropionic acid,

CF;S0:H(3 equive), 80T, 30 min; (iv) 2.0 M NaOH, 61%.

3-Benzyliene-4-chromanone 43

-21 -



3-Benzyliene-4-chromanone 2] AL  HolA ABAHE  2-hydroxy-4-
chromanone(H142)3} t}%k3F benzyaldehyde = WHSA]AH oS 4 gt}
AU AbEuel A7) WRel oM o]Fod = glow, Ztzthe]
W2 Siddaiah  5(2006)3 Foroumadi 5 (2007)e] # R3]
Siddaiah o ¢ ®WHL 47| piperidine & AR WHo= fujr}
e Aol w23 29 A homoisoflavonoids & $AT 4 k. F
HA WHS 0Cl gas & ©]83F WHOR 2-hydroxy—-4-chromanone(H142) 3}
benzaldehyde, acetic acid & H7}ste] dgo s Wzt AefolA 3 £7
HCl gas & E3AI7] 5, A2oA 24 A 7F52tF HF-S-AlA homoisof lavonoid =

AL 4 9th(Foroumadi et al 2007).

CHO
HO (@] p HO (@) OCH;
(L) ' @ (]
i X
o OCH, o
H 142 H 143

Figure 7. Reagents and conditions: (i) Piperidine, 3-methoxybenzaldehyde,

80°C, 2h, 43%; (ii) HCl gas, CH;COOH, 3-methoybenzaldehyde.

B Ao A= Siddaiah 5(2006)2] WS 839 homoisoflavonoids =
A1 5FA T, Phloroglucinol (3,5-dihydroxyphenol ) ¥} iodomethane < ©]-8&3}<]
[e) =

3,5-dimethoxyphenol = A3t om AL A 3-bromopropionic acid =

o)gF WE W PPA B ol§

p . =

ot
K
i)
tob

e FPSAY. 1 ¥



piperidine

[e)

=

AL-&-3}e] chroman—4-one ¥} 2-methoxybenzaldehyde

5,7-methoxyl-3-(2-methoxybenzylidene)chroman-4-one S

s,

_23 .

=

=

3

ok
i



2.1. A%
Ao AbEE HWF(P. oleracea)w A=A oA Fdste] AR oH
Bl ) RA(S. siliquastrum)S AFEANA AR AHTI] SEA AZF -

25 CTollM B, 2= Almes A3l AHE7IE 48t FEsk3iv.

(a) P. oleracea (b) S. siliquastrum

Figure 8. Photographs of (a) P. oleracea, and (b) S. siliquastrum.

2.2. AloF

2.2.1. &2 % A

Column packing materials < RP 18(YMC-GEL ODS-A, 12 nm, S-75 /m)<
Abgetlom  TLC plate & Silica gel 60 F254s(0.5 umm. Merck)&
AFEF o™ | spray reagent += 5% .80, €+ vanillin-sulfuric acid
reagent = WAl WAE = AS AESUAY. FE L EF ) colum
chromatography °l AF&3 RE &vle 1 F A%FS SRt A&
HPLC o AF&-3F column & YMC pack ODS-A(250%10 mm, S 5 m, 12 mm)<

AFg38F9 a1, guard column(7.5X4.6 mm, Alltech)S AF&3IETH. MR =4 A

-4 -



A3k 8wl (DCl; (Cambridge Isotope Laboratories, Inc., USA, deuterium
degree 99.8%), CD;OD (Merck. deuterium degree 99.95%)% A}-&3}%T}.

A o ALE-E AlekL phloroglucinol(Signma, China), sodium
hydride(Sigma, USA), N,N-dimethylformamide (DMF, Aldrich, USA),
piperidine(Aldrich, USA), 2-methoxybenzaldehyde(Aldrich, USA), 3-

bromopropionic acid(TCI-GR, Japen)ZE A}-83}3iT}.

2.2.2 &4

M Evjokel] =23k Dulbecco’ s modified eagle medium (DMEM), RPMI 1640,
fedal bovine serum(FBS), 0.05% Trypsin—0.02% EDTA <} 100 units/mL
penicillin-streptomycin < GIBCO AF(GibcoBRL, Gaithersburg, MD, USA)®lA]
TUsF Y. ROS Sl AF8-¥ DCFH-DA = Molecular Probes Inc.(sigma, OR,
USA)ZHE FAsFHTE. Metrix metalloproteinase (MMP) &e] =49
AFE-E 12-myristate— 13-acetate(PMA)+= Sigma AbollA] 43 o™, MIP-2,
9 3} GAPDH 2 RE&D systems Inc.olA F943te] AR&3llth A7) 5ol A8+
powder @E]2] agar & Juse Chemical, EtBr(ethidium bromide)+=

Bioneer AFell A +]15to] Abg-aF3ltt.

2.2.3. 717]
"H-NMR ¥} “C-NMR, two-dimensional NMR 2&& X5 Varian NMR 300
spectrometer (Varian Mercury 300, USA)E AFE3EFE a1, UV-Vis
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spectrophotometer (Thermo Spectronic, England)®} polarimeter (Perkin Elmer
341, U.S.A))E AF&38td Fx ZASY.  Victor3 multilabel plate
reader (PerkinElmer, MA, USA)7} @4tst &4 SAd AFEEHSIIS™ 1 9o
rotary evaporator(EYELA, JAPAN), vacuum pump, pH meter, water bath,
pipet (JBM-pipet), o137l & AREsd.  AEwEE 5% (O
incubator (Forma Scientific, Japan)E& AFE3tR 3 H A= PCR(Biorad,

USHS AHgshel FA4 FEaqn,

2.3. Buf 7| BEAN(S, siliquastrum)®] F= % g
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S. siliquastrum

~<—CH,Cl, (3L x 2)

| |
CH,CI, extract residue

~<<—MeOH (3L x 2)

MeOH extract
I J residue
Crude Extract (57.39)
I I
CH,Cl, H,0
n-hexane 85% ag. MeOH  n-BuOH H,0
(7.249) (8.19) (3.00) (38.90)

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

Sargassum siliquastrum
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2.3.2 BAEe] A AR

85% aq.MeOH +& (i3 reversed-phase vacuum flash chromatography =
ARE3Fe] 7 709 fraction(50%, 60%, 70%, 80%, 90% aq. MeOH 2231 100% MeOH,
100% EtOAc) .= Y5Act. L Fol 90% aqg.MeOH fraction = reversed—-phase
HPLC (ODS-A, 87% aq. MeOH)= Zelste] &zl 3t9h= 4(139.5 mg)$} 5(103.7
mg)E ¥3Fth. 28]al HPLC =& ¥R subfraction 1 & THA] reversed-
phase HPLC (ODS-A, 75% aq.CHLN)E AH&stel 1(11.6 mg)E Eatqlrt.
HA}&HA HPLC & o]l subtraction 2 = THA] reversed-phase HPLC (ODS-A,
78% aq.CHLN)Z Fefste] 2(3.3 mg)¢t 3(3.5 mg)e w=FstAl LAt 80%
aq.MeOH fraction & reversed-phase HPLC (ODS-A, 77% aq. MeOH)=Z &2]3&}<]

deld sHetE 62 delskait.
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85% aqg. MeOH of S. siliquastrum
8.07g

RP 18 column with gradient mixtures

50% aq.MeOH 60% aq.MeOH 70% aq.MeOH 80% ag.MeOH 90% aq.MeOH 100% MeOH 100% EtOAc
1.54 g

HPLC (C18, 73%aq.MeOH)

5 subfraction 1  subfraction 2 4 5
139.5mg 103.7 mg
110mg HPLC (C18,
75%aq.CH,CN) | HPLC (C18,
1 78%aqg.CH;CN)
(5.5mg)

2 3
(3.3mg) (3.5mg)

Scheme 2. Isolation of the compounds 1-6 from S. si//iquastrum.
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2.4. HAYE(P. oleracea)d F& 9 27

2.4.1. =

Powder & Ej 2] 41|52 methylenle chloride(CH,Cl,)(3 L x 2)E H7}sto]
Ao 24 AZF FEF3 FHo| oFHde] 7B F(EYELA, N-N series,

Japan)dtglomn, H&

rN

FAFOl  methanol (MeOH) (3 L x 2)& H7lslel ¢}

offl
e,
rol
ol
o
o
u
A
i
_O‘L
s
J{N'

sttt Aol F FEES Edstel CHCl,
¢} water = o]&3dte] EIHsFow, CHCLl, & mhexane ¥ 85% aqous
methanol (85%aq.MeOH) &= ThA] -2]38}91a1, water & H3+ n-butanol (BuOH) 7}
00 o2 H33te] 4709 &rf 38392 p-hexane(30.0 g), 85% aq.MeOH(28.14

g), mBuOH(15.8 g)¥} H,0(72.4 g) & 5351 hH(Scheme 3).

-30 -



P. oleracea

~—CH,Cl, 3L x 2)

| 1
CH,Cl, extract residue

~—MeOH (3L x 2)

[
MeOH extract
J

I residue
Crude Extract (148.19g)
I I
CH,Cl, H,O
n-hexane 85%ag. MeOH  n-BuOH H,0
(30.89) (28.149) (15.89) (72.4g)

Scheme 3. Procedure of extraction and various fractions from P. oleracea
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2.4.2. 3tg¥=9] &

85%  aq.MeOH(28.4 g) =2 (3 reversed—phase  vacuum flash
chromatography = AF&3te] 7 709 fraction[50%, 60%, 70%, 80%, 90% aq.
MeOH “28] 31 100% MeOH, 100% ethyl acetate &2 WFdth. 71 5 70% aq.MeOH
fraction < silica normal-phase column chromatography = AR&3}e] 11 719
subfraction(100% CHCls, 5%, 10%, 15%, 20%, 30%, 40%, 50%, 70% MeOH in
CHCl3, 100% MeOH, 10% aq.MeOH)= $&53kSlck. 5% MeOH in  CHCI;
subfraction(556.3 mg)< reversed-phase HPLC (ODS-A, 70% aq. MeOH)S
AHg-3Ee] 7(62.4 mg) ¥} 8(18.4 mg)< st on, Aol mixtures S ZH-E
reversed-phase HPLC[ODS-A, 57% / 53% / 54% aq.acetonitrile(CHsCN) ]38k
9(31.2 mg), 10(6.8 mg), 11(2.7 mg)E Eelat3Th(Scheme 4). 80% aq.MeOH
fraction & silica normal-phase column chromatography & AF&3lo] $1<}
U3k 11 719] subfraction(100% CHCls, 5%, 10%, 15%, 20%, 30%, 40%, 50%,
70% MeOH in CHCIls, 100% MeOH, 10% aq.MeOH)o.Z Y| om, =1 5 5% MeOH
in CHCl; subfraction(524.2 mg)S preparative TLC[silica, mhexane
CHCl; @ CHLN (10 @ 88 : 2)]Jsk3ith. Lofxl mixture 1(239.0 mg)E

reversed-phase HPLC(ODS-A, 73% aq. MeOH)3}ed 12(14.7 mg)¥ 13(10.7 mg)<

dAt.
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85% aq. MeOH of P. oleracea
28.14¢g

RP 18 column with gradient mixtures
(A portion of 85% ag. MeOH fraction; 7.0g)

50% ag.MeOH  60% ag.MeOH 70% ag.MeOH 80% aq.MeOH 90% aq.MeOH  100% MeOH 100% EtOAC
40 g 2.85¢g 234g 3.63¢g 4509 7.71g 17149

silica column with gradient mixtures
(A portion of 80% ag. MeOH fraction, 2.8 g)

100%CHCI35%MeOH in CHCI; 10~70%MeOH  100%MeOH 90%aq.MeOH
silica column with gradient mixtures 524.2 mg in CHCl,

Prep-TLC (silica, n-hexane : CHCI3 : CH3CN (10 : 88 : 2)
100%CHCI35%MeOH in CHCI; 10~70%MeOH  100%MeOH 90%ag.MeOH

556.3 mg in CHCl, Mix 1
HPLC (C18,
HPLC (C18, 70%aq.MeOH) 73%aq.MeOH)
1 2 Mix 1 Mix 2 Mix 3 6 7
(62.4mg) (62.4 mg) (14.7 mg) (10.7 mg)
HPLC (C18,
549aq.CH;CN)
5
(2.7mg)
HPLC (C18,
57%aq.CHyCN) HPLC (C18,
53%aq.CH3CN)

3
(31.2mg) (6.8 mg)

Scheme 4. Isolation procedure of compounds 7-13 from 7. ol/eracea
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2.5. Homoisoflavonoids 73

2.5.1. 3,5-dimehoxyphenol &4 % £

5 g 9 3,5-dihydroxyphenol (phloroglucinol, 36.9 mmol)<S 10 mL ¢] DMF o
=913 30 mL DMF ©f =9l sodium hydride(NaH, 3.4 g, 50%, 79.2 mmol)Z
A7Fstel 30 EE et Aol mwketar, FHEe] CH;I & FH7bske] A 2elA
FAE wRkereink. o] FAEW MeOH & #H7bshal, EtOAc(50 mL x 2)&
FET 5, THFF10 mL x 2)9F brine(10 nL) 2= A ofFErh. Thi NaS0, &
GFAA ofigl Fo]  FHETE. dojxl WEES silica  column

chromatography W< ©]&3l4 10 % EtOAc in Hexane oA 3tIES

By

o =3 3ES A7) 98 normal-phase HPLC(ODS-silica, 10%

_] (

EtOAc in hexane)E& AAlgle] =43 3}gE 3,5-dimehoxyphenol, 550

mg(11%) S =389},

2.5.2. 3-(3,5-dimethoxyphenoxy)propanoic acid 4 % #g

2.24 g 9] 3,5-dimehoxyphenol(14.5 mmol, 5 mL DMF)¢} 2 g ©] NaH(41 mmol,
20 mL DMF) & &33}e] ice-water ol 4] 30 ¥xF wdkslgic, 30 ¥, 3.37 g 9
3-bromoproionic acid(21.3 mmol, 5 mL DMF)E Z7}sle] A2 16 A|7F

Qb wuksieith, whgo] FAEW A% MeOH & FH7bsbal 10% HCI

i

32

9. %

_l N'
12
rlo

ARg8Ee] acidify AZIE, EtOAc(30 ml x 2)® &3

? Al 71

o

40

(20 mL)SF brine(20 mL)E H7Fste] RS Fo Na,S0, = &5

=

:§m

o] F=3d9tl. 3-(3,5-dimethoxyphenoxy)propanoic acid < silica

Q
%
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column chromatography & &3] 30 % EtOAc in Petroleum ether =olA <=3t

3}etE 1.04 g(46%)S Hgadrt.

2.5.3. 5,7-dimethoxychroman-4-one $4 % #g
1.04 g ¢ 3-(3,5-dimethoxyphenoxy)propanoic acid o 5 g 9

ukg ol

==

El

polyphosphoric acid(PPA)E FH7}ste] 70~75TColA 2 A|ZF &<t

T
N

],

ol
K

Ao 2 AFHEor dbgAF T, WhE T2 $ ice—cold THTE Y

ﬂl

ether(30 mL x 2)2 FEF3AY. F=N2 10% sodium carbonate(20 mL),
ZH(20 )9 brine(20 mL)o®E £ oR Aol FULE, mix o=

Na,S0, = & A7l 5 5=3Fe] 480 mg(47%) 2] 5,7-dimethoxychroman-4-one =

2.5.4. (£)-5,7-dimethoxy-3-(2-methoxybenzylidene)chroman-4-one 14 % #2
480 mg 9] 5,7-dimethoxychroman—4-one(2.3 mmol)®} 476.5 mg <] 2-

methoxybenzaldehyde (3.5 mmol)ZE =383l 5o

N

==

10 W& A% piperidine &

19
ol

A7bate] 110CN A 2~5 AJZF 9 A Z T, whgo] AW A3 § F/HTE
A7vete] 3AE H, 10% HCl 2 acidify 3dtdvh. EtOAc(30 mL x 2)&
FE3ta SFF, brine 22 AL T NaS0, &2 g8t FEFIAY. -
Hexane:EtOAc:CH:CN(6:3:1) & ol S =2  prep-TLC(Silica)ste]  (£)-5,7-

o B

dimethoxy—3-(2-methoxybenzylidene)chroman—-4-one(130 mg, 32%)S 2|5l t}.
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2.5.5. 5,7-dimethoxy-3-(2-methoxybenzy!l )chroman-4-one ¥4 % £
130 mg 9] (£)-5,7-dimethoxy-3-(2-methoxybenzy!idene)chroman-4-one(0.400

mmol)2} 33 mg ¢ [PbCl,(dppf)](0.06mmol)S E33le] AL 3Flol]l 0Tl A

wwkett), F7HH o2 6 mL o THF & FH7Fshe] 1 A &9F wwkelal 0.5 M 9-

offl
2
o

D

=2
>,
(i
olo
>,
~y
4,
=2

BBN/THF (3.9 mL/2 mmol)& F7Fste] 4 Azt
AZoA FARE whEAIIE 1 al o MeOH & F7bstar zhtste] &nj&
AAzT. FFE ZT2~Fo] 15 mL ¢ hexane ¥ 120 ul <o 2-
aminomethanol & F7}ete] AAFHdEC] AFEHH glass filter = A7 S
4=2F#| benzene ©. = washing 8t9] 53}t nHexane ¥} EtOAc < gradient

dto]  silica column chromatography 3} <534 5,7-dimethoxy-3-(2-

methoxybenzyl)chroman-4-one (30.1 mg, 23%)< 2|3} tt.

2.6. @i B4 A

= O =

2.6.1.DPPH radical &7 &4 =34
DPPH(1,1-diphenyl-2-picrylhydrazyl radical, Sigma, MO, USA) A]¢F 2 mg
S A3 Al 15 mL ethanolo] <91 DPPH ¥4 1.2 mLe} 3 mL ethanol

23 0.5 mL DMSOE &< H|&= 23+ele] DPPH radical solutions <=H|3%H



A @2 tzadt vlaste] w2 SuEd AASEE MEEE YEhden,

Il

27 W-Vis FE %= 0.94 ~0.970] H =2 =A3130).

2.6.2. Peroxynitrite 27 &4 =4
ONOO 27 @A & dihydrorhodamine 123(DHR 123)¢] AlslEE AxE =A
sto w2 H HAEATH Kooy et al 1994). Dimethylformamide® <1 DHR 123(5

mM) stock &MNE AXLZ purgedte] -80 Toll B3P, 50 mM sodium

ot
<

phosphate, 90 mM sodium chloride, 5 mM potassium chloride® &

ot
rot

buffer(pH 7.4)2} 100 uM DTPA(diethylentriaminepenta acetic acid)E& <&
&Ho=Z DHR 1238 5 pM= A ste] d3dol AF&3tlth. DHR123 buffer &4
of Al&¢} peroxynitriteE H7Fstar A4 5F7F WXs F, Victor3
multilabel plate readerE A}F£3}o] excitation 485 nm, emission 530 nmol] 4]
=439, Authentic peroxynitrite thalel] SIN-1S H7}sl= A5 A 29

A 1A B BRE 3 =490 SIN-1S NO-9F 0,7 FAlel] wHAIA]

kol gyl A om Aker dojuAl k. A ¥ triplicate® 83l

r>«
ol
O
4%

om, A= blanks 2HEE kS Hrste] tixwol digh MEEw A

2.6.3. M)k
17t -2 oFAIESQ] AGS (human gastric cancer), HT-29 (human colon cancer),
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HT-1080 (human fibrosarcoma), MCF-7 (human breast cancer)®} Raw 264.7
macrophage M EE 3k A|EF Lo 2 RE FAEe] AFREI o™, 10% FBS

9} 100 pg/mL penicillin-streptomycin ©] 3¥3FFl RPMI 17407} DMEF ®jA| & Al-&

ke

ko] 5% (0, and 37 C incubtoroA] ®ieFslitE. wiokEl AT AFUo)] 2-33]
RS wEstar 6-72 "o PBS=E AF3F & HI-10802F AGS:= 0.05% Trypsin-
0.02 % EDTA® H-z¥ AXE Eoste] Adiuld 393, Raw 264.72 cell

scraper= 2|t AldiuleF sH3lTt.

2.6.4. MXUW A 2A2F(ROS, reactive oxygen speices)
MEQ] free radical® AL DCFH-DA assay® =43t th (Okimotoa.,

Fafal

A

2000). HT-1080 A|3EZE 96 well plate 2x10* cells/wello] HE=
37C, 5% Copfg7IolA 24713k wieFslgivt. PBS Shsoho= A2 5 20 uM
DCFH-DAS 7} wellol st 37C 5% (€O, incubatorolA] 20%%F pre-
incubations}Ath. ZF welldl FZ=WH=Z ARE AHeste] 37C 5% (0,
incubatoroll 4] 1A]ZF incubationdt ¥, DCFH-DAS @lolal cell> ©}A] PBS ¢

Hog M 5 500 pM H0, Hglste] A|ZPE=E DCF fluorescence® ex.

ol

485 nm, em. 530 nmol| 4] Victor3 multilabel plate reader(PerkinElmer, MA, USA)

s

betek

Olr

it
JIN'

2.6.5. TBARSH S ©]&3F lipid peroxidation 574
Lipid  peroxidation® A = thiobarbituric acid-reactive
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substances (TBARS) o2 =A% tH(Heath and Packer 1968). 200 pL9
PBS-suspended Raw 264.7 M¥XE dA3 w9 A5=2 77} AHgsk & 37C,
5% C0, wlF71el Al 1087 wikatoieh. Axd 2tsts fwst7] flske 2 mil
H0.9F 0.1 M FeSO,2 Held % 37C oA 1083 wsA AT, wg 3
trichloroacetic acid (TCA, 10% w/v)E Aglste] AtsE FAA7]1aL, 539

TBA (1% w/v)E H7Fske] 90CoA 308 ZoF vk

O
>
Sy
kv
1
rlo
=2
Ry
o
N
>
Ny

xS A F e FH¥ES 528 mmoll A

_ll)l'
P‘L
2
v

2.6.6. GSH contents 57

AZe] 4" GSH g2 thiol-staining reagentQ!  mBBr
(monobromobiman)< ©]-&38ke] SASFGIH. AMEE= fluorescence microtiter
96-well plateso] well & 1x10" cells/mb7} HEZ=H: EF84o] 244 7F vj %3)
S ZF welld s5EH=E AEE AHgste] thr] 37C 5% €O, incubatorolA 30
w7 wFskdtk. oAl 7 well2 PBS gkEdlem e S 40 M
mBBr (monobromobiman) & A ]8}e] 37C 5% (0, incubatorolA] 30+3F HE-S-AIZ1

S AlmAF 9%k GSH g5 WstE A|ZPEH=ZE ex. 360 nm, em. 465 nmolA

Aol AHEE Algel tie dAE SAAAaE Flstr] flske] MIT [3-

(4,5-dimethylthiazol-2-y1)- 2,5-diphenyl tetrazolium bromide)] A]%fS ©]-8-5}¢]

_Jy_



=
=

Aatdt. vikE AEE 210" cells/wello] &

= 096 well plateo] &

F3ho]

37°C, 5% Qo g7lol A 2471 3E wistlet. Al 8s A eld ol 2417 54k 37T,
56 00, vl 7104 v Fsl Al3Eell 1 mg/mLe] MIT Aleks A Elste] 443t &<t vl

AT Aok WA g AAs

A% formazan 274

3} T}, Formazan©| @

S DMSO o34 Victor3 multilabel plate reader(PerkinElmer, MA, USA)E o]-&3}
o] 540 moll A FFEE S5t AXAAEE(D)S T3l
ix79 3% - A8A-g T F3%
Cytotoxicity (%) = ] <100
=79 3%
2.8, gyt &4 A
2.8.1. 3T3-L1 A|l3E2] wjF 2D XAE2o] H3} F
3T3-L1 preadipocytes™ ATCCOlA] F<Fwrol 10% FBS, 100 units/mL
penicillin-streptomycin®] 3¥3%+¥ DMEM vl o= 75 T-flasks AFE-3}o]

humid, 37C¢] 5% CO, incubatorel A ®j¥alaich. wiekel MEE 3.3 x 10°
cells/wello] =%E% 6 well plateo] 538t widsigion, AEZ7}t
confluent¥ a2 o5 H, 10% FBS, 5 pug/mL9 insulin, 0.25 puM
dexamethazone, 0.5 mM IBMX7} H7Fel vl =]o| Al 48Xt &<t wjeFste] E3}&
FIEaFATE. 48413F §- 10% FBS9F 5 pg/ule] insulin®t 23HE wiA o AlRE
29 rAo R wAHBIMA 6d B e =S o™, pellet? wigdS
Z}z} Rob Aol Ag-staltt.
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E

o Z4sgd

2.8.2. 3T3-L1AT AAENA 9] AE 23 54
313-L19] #3Hse 0il Red 08 @M3te] =Asgitt. Bahard AX
kNS A ASta PBSE A&, 10% formalin®® 1087F A AZI 3 0il Red
= Agste] 303t AT A Foll SRR AHsa Al A
4 A=E AFs[(G. #F 5, SFFE A8 isopropyl alcohol = &
aiate] 500 nmoll A FE=E SAsHAT.
2.8.3. Glycerol ¥4 %4
TR Aol wlgdE Hol free glycerol & FAHSIAT.
Glycerol A& &4 WHEH S o] 8314 free glycerol reagent(Sigma, USA)
Z ke A A S48, 37CE pre-warmed¥ free glycerol reagent 1 mLol
ikl 10 nLE ¥o] 37ColA 15%-%F incubation A1Z13-, 540 nmol| A 3=
£ SASAY
2.8.4. Glucose 4~H] 54
Glucose®] FXi& oxidase®S ©]83 glucose kit(GLzymeAH)E ©]-&314
w2413 th(Choi and Kim, 2010).
2.8.5. Leptin =4
AAEA A EHBHE 222 leptin®] Fe WSS
(enzyme Linked Immunosolvent Assay, R&D systems)
_4] -



Leptin A7} coating® 96 well plateo] A& 100 plLES 9o 1A17F &< H)
F3Ftl. PBS-T= 3xb#] A& 3+ F biotinylated goat anti-mouse leptin IgG
200 pg/mLe ¥al 1A7F ot 294 incubationdt & T}A] PBS-T= 3WH A

3l th. Avidine-HRP(horse-radish peroxidase)S FH7}slo] AbLoA 14]7F

jus)

0% &<t

fgst 5 3 AFsele. ZF wellel 100 plLe]

olo

TMB(tetramethylbenzidine dihydrochloride substrate)E& Y il 30% &<t uh

%

ANA SEAAIZL 50 pLe] 2 M HS0, & FH7bste] wkgS £Z3}a 450 nm ol

gxgag ol o gk HvkAdE fdxle] mRNA B A== RT-PCRS ©]8-3}¢
3kol 35131 2™ housekeeping Akl GAPDH = internal control® A}&-3}%1

Tl RNAE A8 A9 3T3-L1 AlEZRE Trizol® reagent(sigma)S AF-83ho]

ol
12
ol

7]

=i

=]
Run

mlo

total RNAS 5%, AFslgich. 21" RNAUolA F-xx &d

U

=

Fspel meh A WeS AAst] AR BASAT. 4 A

ol

T 94T A 583t denaturation WH&S AlZ1 $, 94TColA 13, 60TolA 1,
72CoA 18 &<t 35 cyclesS HESAI T, thA] 72T A 58 & 4417
Fof 4TCoNA Z43FH . PCR AHES 1% agarose Ao|A A7 %S 235}

MES Sl
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Table 5. Sequences of primer used for RT-PCR

Gene name Sequence
PPAR y Sence 5'-TTTTCAAGGGTGCCAGTTTC-3'
Antisence 5'-AATCCTTGGCCCTCTGAGAT-3'
C/ERP @ Sence 5'-TTACAACAGGCCAGGTTTCC-3"
Antisence 5'-GGCTGGCGACATACAGTACA-3'
SREEPLc Sen?e 5'-TGTTGGCATCCTGCTATCTG-3"
Antisence 5'-AGGGAAAGCTTTGGGGTCTA-3"
FABP-4 Sence 5'-AGACGGCCCTGATCTTCGA-3'
Antisence 5'-TGGACCTCACAGLIGGCTGA-3"
FATPL Sence 5'-TGCCTCTGCCTTGATCTTTT-3"
Antisence 5'-GGAACCGTGGATGAACCTAA-3'
Sence 5'-TTGCTGGCACTACAGAATGC-3'
FAS Antisence 5'-AACAGCCTCAGAGCGACAAT-3'
Sence 5'-TCCAAGGAAGCCTTTGAGAA-3'
LAL Antisence 5'-CCATCCTCAGTCCCAGAAAA-3'
ACS1 Sence 5'=CAACCCAGAACCATGGAAGT-3"
Antisence 5'-CTGACTGCATGGAGAGGTCA-3'
Leptin Sence 5"-GGATCAGGTTTTGTGGTGCT-3"
Ant isence 5'-AAGGATCCTGCACCTCACAC-3'
N Sence 5'-AGGCCTTGTGTTGTGTTTCCA-3"

Antisence 5'-TGGGGGACAGCTTCCTTCTT-3"
Sence 5'-GAGGGACACACACACACCTG-3'
ol Antisence 5'=CCCTTTCGCAGCAACTTTAG-3"
Perilipin Sen?e 5'-AAGGATCCTGCACCTCACAC-3'
Antisence 5'-CCTCTGCTGAAGGGTTATGG-3"

GAPDH Sence 5'-CGGAGTCAACGGATTTGGDCGTAT-3"

Antisence 5'=AGCCTTCTCCATGGTGGTGAAGAC-3"

-43 -



2.7. BAEA

gz 7 Al525E 92 AF AyEe fods #Astr] fske] 4t
21 (ANOVA)S 35k & p < 0.05 429l A4 Duncan's multiple range testE 2!

AlBEA © O A= Hit(Mean) = ¥EFHAH(Standard deviation, SD)= %

Alstth. RE E7 FA& Statistic Analysis System v9.1(SAS Institute

Inc., NC, USA) EAZ2 1S o] &3sle] Xastglt).
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3.1.1. #uj 7] Expdto 2 Xy gd dE -3 24 (1-3)

Bu]7] Bk 2R E 3 Jfe] A EE chromane 3HEES HEEel o
ey 22 WHew 59 FxE ZASSTE. Compound 1 2 T2 gum
Fe2 BaEd o, B2 Cula0s & AZEA[HREIMS([M] m/z 424.2609) ]
I BC NMR A=l o8 ZAA=A. IR spectrum 54 A V.= 1683 cm
Lol 73k &= wZ ®o] 59 carbonyl 2H&7]7F A4S <& = Ao,
PC MR 2" E-FS § 200.4 (C-10') oA YEhd AIZE o] AREE XA
g9k, § 155 — 110 F-ollA aromatic/olefinic carbon % %+
12 7le] A&7 vehgton | 1 MR AFAEHNAE § 6.31 (1H, d, J=2.6
Hz)Z} & 6,39 (1H, d, J=2.6 Hz)olA W&F s§EodA 7|ds 457t
Helgth, o]l5& #AALS A Ik 2.6 Hz = 7FAE= doublet 9 proton
AT EH AutA el aromatic proton A& HT} chemincal shift 7} Ao =
o] Zo=Z Kol hydroquinone-type < Y& TZ7} EASUE AES
FAL F AT, WIS BAE AT yUmA 6 Y B A= 3 Y
o]F A EAME HoFW, o5 F § 134.6, 153.0/ & 122.0, 162.8 2
A Alsel § 6.52/ § 6.17 o FA AS= o] QoA AGI
carbonyl 7]1¢] B4 2355 w#& u A3 A2 o, B-unsaturated ketone <

EAE dE. o5 AR UvA FrE BAAL ol §d BESHE



Compound 1 ¢ AAA F+zx= 'H COSY, TOCSY, NOESY, gHMQC, gHMBC <}
22 2D R A ¢S o] &3t AASIsYr. A3t hydroquinone 9 HF-ET7%+
aromatic proton €1 & 6.31 ¥} & 6.39 A5} AT HMBC AE dolg =
wAete] FlElnt. & gHMBC A #ollA 6 6.31 ¥ § 6.39 9] aromatic
protons &= A4 YERG § 2.07 (3H, s)9 methyl proton, L&l §
2.68 (2H, t, J=6.7 Hz)9] methylene proton ¥}¢| long-range correlation &
%314 3-alkyl-5-methylhydroquinone Y-&7Z7} EAgo] FH=EACt. H
COSY A&o = § 2.68 ¢ benzylic methylene protons 7} & 1.74 (2H, m)2]

methylene protons ¢} ZH A2l coupling & 3ol AS #AFTo=N F

methylene proton E°] HIZ <QIHs] A& & & AT, I3 gHBC

B>
~
o
w
o
o
N—

~HAEZY Ao § 1.75 ¢ methylene protons = 7FA 1 Y= &

15

>
fol

¢} =W protons 22 AFe|ollA long-range coupling ©] T2, T §
1.24(3H, s)9] methyl protons 7} & 76.1, & 32.8, & 40.8 ¢ ®A A9}
long-range coupling < Ho]+= ZHO=Z WO} chromanol moiety 7} =48-S <+

T AdTk. FAFSIA 5 1.59(H-15'), 1.78(H-16'), 1.96(H-14'), 2.15(H-

[

BaE Atolol 4]

e

13')¢] vinyl methyl proton £°] o]%3} %= long-

i

j -

range correlation, ¥ 'H COSY A& oA olefinic proton ©] 1AE FAE

ol

i

Alololl A YERN = correlation & #A13FS. 24 linear prenyl H-37}
ZAsE AL FAT = Uk, aela § 1.78(H-14)¢ F& AE7 §
200.43 2] ketone ¥} long-range correlation < H YO =4 =CH(8')-C0(9')-
CH(C10")=2.%2 AZAES 23t
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S compound 1 o &A= C-3', C-7', C-10' $1*¢] double bonds <]
e aapgo s olFe § 15.7 (C-15'), & 10.4 (C-14'), § 21.7(C-12"),
§ 28.3(C-13") 9] vinyl methyl 9] &4 Al& e} NOESY ~HEFS F3slo] £
Je2 ZAASAT. ol¢ o] compound 1 ¢ FF+= 12-(3,4-dihydro-6-
hydroxy-2,8-dimethyl-2H-1-benzopyran-2-y1)-2,5,9-trimethyl-dodeca-
(5E,9£)-2,5,9-trien-4-one O.2 ZAAEFJOoW A F7-A] HIAEZA] &2 24

shekEoltt.

o

Compound 2 FAo] gum FHZ Fa Hgon, B Az 7
[HREIMS([M]* m/z 428.2915)1=F C NMR o 314 CypHypOy 2 A=A, NMR

ey F4 A3 compound 1 I w]§- ARG tetraprenyl chromanol

o

SEgEQde & ATk IR spectrum oA UrERY 1621 em o] A
F4uel PC NR A~FEHS § 203.3 (C-10') 9 A1ZE 53 carbonyl <]
EAE AT F Adgen, ol & 118.7 # §159.6 © ©A 259} §
6.12 o] FAa Azot A AP a, B-unsaturated ketone 9 EAE
e AT

NR ="E= B4 A3} compound 2 & TF9 AlFoA FEldH
Sargachromanol K ¢} ®-% A dolgHE HAF o™ (Kang et al
2005;Lee and Seo 2011), ©]& table 7 o YeEMAY. F 3FES
tetraprenyl chromanol 3}3E=Z4 oxymethine(C-9', & 80.5; H-9', 6§
4.04)¥ «, B-unsaturated ketone ©] AZAET S = FL3 FHeeo Lot

isoprene @S HAFAT. F 3FIAEo =

S
N
2l
o
oy
rlo
-
'z
3,
=
O
ko)
=
D
o)
D
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9] 9] olefinic carbon A&E7F AF&A 2 sp? A3S 7FA = methine(C-8, §
37.3; H-8', & 1.90)3} methylene(C-7', §153.0, H-7', & 1.96) A&7}
Uetg ez 78R ol AF el AdHMES & F AT ol¢}
7+o] compound 2 o FFE 13-(3,4-dihydro-6-hydroxy-2,8-dimethyl-2H-1-
benzopyran—-2-yl)-5-hydroxy-2,6,10-trimethyl-trideca-(10£)-2,10-dien—4-
one &2 AAEQow o] EH w3 S siliquastrum A HLow HEw
At gkt qle] glE AT

Compound 3 A FAel gum FH=Z g Holew, A
HREIMS([M]* m/z 430.3080) <} “C NMR © <8l Cylp0, 9& & & AT
NR Z=#E"] &4 A, S EH  chromanol AGe] FEEA0]
gAE Ak, “C MR ~FEH § 218.5 (C-10') T IR spectrum ol A]
HolAE 1711 em' §-29] A8 F5wE carbonyl 7]7F EAITS B Fo
compound 2 ¢ "¢~ fAFSH FE ] 3} E¢lS HAsETE. Compound 3 ¢ 71
< 542 isoprene T4 FRl¥= olefinic carbon A1&7F 8
125.8(3") ¥ 135.6(4')9] F ol Art #AZHEHJT= Zo|tt. o)== compound
2 9} &Y3stA Sargachromanol K o &A1Y FWHA isoprene w9
olFAzte] AlgAal @dAZ 4lEQl § 26.7(C-6'), 42.3(C-7'), 34.5(C-
8)Z HHASFS Yehdvh, E3 3 WA ¥ isoprene @919 olefinic

carbon (C-11' -12') A& % Alg}x|aL § 43.4 ¢ & 28.4 o Z+Z}F methine (C-

12') % methylene(C-11')¢] A&7} e, ol#fdt Wsl= o] EHo]
Sargachromanol K ] prenyl part ol EAJW 2 7]9] o]FZATE] 3w 7',
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8', 11', 12'-tetrahydro F=#YS HAFATt. o]¢F o] compound 3 <
T+Zx= 13-(3,4-dihydro-6-hydroxy-2, 8-dimethyl-2H-1-benzopyran-2-y1 )-5-
hydroxy-2,6,10-trimethyl-trideca-10F-en-4-one o2 ZAAEJOoH Lo =
HeE At shgtEoltt.

Compound 4, 5 1&]a 6 2 o]d AToA ) HH] Lee 9 Seo(2011)2]

E=FEog WHsF oy o5 Z}7Z} sargachromanol D(4), E(5), K(6)o]t}.
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Table 6. ' NMR and "C NMR spectral data for compound 1

No. 'H e
76.14 s
1.75 (2H, m) 32.83 t
4 2.68 (2H, t, J=6.7 Hz) 23.48 t
4a 122.20 s
5 6.31 (1H, d, J=2.6 lz) 113.52 d
6 150.23 s
7 6.39 (1H, d, J=2.6 Hz) 116.51 d
8 127.63 s
8a 146.16 s
1' 1.56 (2H, m) 40.38 t
2! 2.13 (2H, m) 23.30 t
3' 5.15 (I1H, t, J=7.3 H2) 127.07 d
4' 134.43 s
5' 2.10 (2H, m) 38.84 t
6' 2.43 (2H, q, J=7.2 z) 28.63 t
7' 6.52 (1M, tq, J=7.2, 1.4 Hz) 152.97 d
8' 134.61 s
9' 200.43 s
10" 6.17 (1H, m) 121.98 d
11 162.82 s
12" 1.96 (3H, d, J=1.5Hz) 28.30 q
13! 2.15 (3H, d, J=1.0 Hz) 21.73 q
14" 1.78 (3H, d, J=1.0 H) 10.48 q
15" 1.59 (3H, s) 15.74 q
16 ° 1.24 (3H, s) 24.53 q
17" 2.07 (3H, s) 16.42 q
18" 2.12 (3H, s) 16.16 s

Measured in CDCl; at 300 and 75 MHz, respectively. Assignments were aided by 'H gDQCOSY, TOCSY,
DEPT, gHMQC, and gHMBC experiments.
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Table 7. 'H NMR spectral data for compounds 2, 3, and sagachromanol K(6)

No. 28 3° sargachromanol K
2

3 1.74C2H, m) 1.74C2H, m) - Eﬂ & e )
4 2.67(2H, t, J=6.7 Hz) 2.67(2H, t, J=6.9 Hz) 2.6 (A, t, J6.8z)
4a

5 6.30(1H, d, J=2.2 Hz) 6.31(1H, d, J=2.0 Hz) 6.36 (1H, d, J=3.0 Hz)
6

7 6.39(1H, d, J=2.2 k) 6.38(1H, d, J=2.0 &) 6.46 (1H, d, J=3.0 )
8

8a

1 1.98(2H, m) 1.98(2H, m) ig EE jﬁ “Eg} ;é g
2! 2.12(2H, m) 2.14(2H, m) 2.13 (H, m)

3' 5.15(2H, td, J=7.15, 1.1 Hz) 5.13(2H, q, J=6.4 Hz) 5.15 (1H, t, J=6.5Hz)
A

5' 1.59(2H, m) 1.61(2H, m) 2.05 (21, t, J=7.3 )
6' 1.31(1H, m), 1.45(1H, m) 1.31(2H, m), 1.46(1H, m) 2.18 (2H, m)

7' 1.89(2H, m) 1.59(2H, m) 5.59 (1H, t, J=6.9 Hz)
8' 1.45(1H, m) 1.61(1H, m)

9' 4.04(1H, d, J=3.0 Hz) 4.18(1H, dd, J=10.2, 3.6 Hz) 4.41 (I1H, d, J=4.1 Hz)
10"

11' 6.25(1H, br, J=1.2 Hz) 1.36(2H, m) 6.12 (1H, br s)
12' 1.51(1H, m)

13' 1.94(3H, d, J=1.2 Hz) 0.94(3H, d, J=3.58 Hz) 1.91 (3H, s)

14' 2.16(3H, d, J=1.1H) 0.97(3H, d, J=3.57 Hz) 2.21 (3H, s)

15' 0.70(3H, d, J=6.8 Hz) 1.04(3H, d, J=6.88 Hz) 1.41 (3H, s)

16' 1.58(3H, s) 1.57(3H, s) 1.61 (3H, s)

17! 1.23(3H, s) 1.24(3H, s) 1.26 (3H, s)

18' 2.07(3H, s) 2.07(3H, s) 2.12 (3H, s)

Measured in (a) CDsOD and (b)CDCl; at 300 MHz, respectively.

Assignments were aided by 'H gDQCOSY, TOCSY, DEPT., gHMQC, and gHMBC experiments.
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Table 8. ™C NMR spectral data for compounds 2, 3,and sagachromanol K(6)

No. 2° 32 K>
2 76.2 s 76.2 s 75.2 s
3 32.8 t 33.3 t 31.5 t
4 23.5 t 23.3 t 22.6 t
4a 122.2 s 122.2 s 121.1 s
o 113.5 d 113.5 d 112.5d
6 152.2 s 150.2 s 147.6 s
7 116.5 d 116.5 d 115.6 d
8 127.6 s 127.6 s 127.2 s
8a 150.2 s 146.2 s 145.8 s
I 40.0 t 40.6 t 39.7 t
2 23.3 t 23.5 t 22.3 t
3' 125.6 d 125.8 d 124.7 d
4! 135.9 s 135.6 s 134.5 s
5' 40.6 t 40.6 t 39.0 t
6' 26.6 t 26.7 t 26.7 t
7 37.3 t 42.3 ¢ 132.5 d
8' 34.5d 32.8 d 132.6 s
9' 80.5 d 75.4 d 83.4 d
10' 203.3 s 218.5 s 199.01 s
11" 120.9 d 28.4 d 118.7 d
12' 159.3 s 43.4 s 159.6 s
13 28.0 q 21.7 q 28.1q
14! 21.3 q 24.0 q 21.4 q
15 13.7 q 17.8 q 10.9 q
16 15.8 q 15.8 g 15.9 q
17" 24.5 q 24.5 q 24.0 q
18' 16.4 s 16.4 s 16.2 s

Measured in (a) CDOD and (b)CDCls; at 75 MHz, respectively. Assignments were aided by 'H gDQCOSY, TOCSY, DEPT,
gHMQC, and gHMBC experiments.
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Compound 1 : colorless gum; [a 1, : +12.67° (¢ 0.12, MeOH); IR (NaCl) :
0 ax=3400 — 3300, 2932, 1682, 1620, 1470, cm’; UV (MeOH) A . (loge ) 237
(3.77) nm; 'H and C NMR, see Table 6 ; HRFABMS m/z 410.2821 [M]* (calcd
for Cyllys0;, 410.2821)

Compound 2 : colorless gum; [a1,® : +42.86° (¢ 0.73, MeOH); IR (NaCl) :
0 5=3400 = 3300, 2855, 1621, cm™; UV (MeOH) A,u(loge ) 224 (3.86) nm;
'H and “C NMR, see Table 7 and 8; HREIMS m/z 428.2915 [M]" (calcd for
CorHayo0y, 428.2927)

Compound 3 : colorless gum; [a1,?: +27.27° (¢ 0.13, MeOH); IR (NaCl) :
0 5x=3400 — 3300, 2933, 1711, 1472, 1378, cm 5 'H and “C NMR, see Table 7
and 8, respectively; HREIMS m/z 430.3080 [M]* (calcd for CyHu04, 430.3083)
Compound 4 : colorless gum; [aly® : +9.52° (¢ 0.21, MeOH); IR (NaCl) :
0 5ax=3400 — 3300, 2975, 2930, 1645, 1470, 1375, 1220 cm™; LRFABMS m/z 451
[M+Nal®™ H NMR (300 MHz, CDCls) & 6.51 (1H, d, 2.5 Hz, H-7), 6.41 (1H, d,
J=2.5 Hz, H-5), 5.50 (1H, t, J=6.9 Hz, H-7'), 5.17 (1H, t, J=6.5 Hz, H-
3'), 5.17 (1H, t , J=8.9 Hz, H-11"), 4.33 (1H, dd, J=8.9, 6.6 Hz, H-10"),
3.91 (1H, d, J=6.6 Hz, H-9'), 2.73 (2H, t, J=6.7 Hz, H-4), 2.17(2H, m, H-
6'), 2.12 (3H, s H-18"), 2.09 (2H, m, H-2'), 2.01 (2H, t, J=7.4 Hz, H-5'),
1.79 (1H, m, Ha-3), (I1H, m, H,-1.71), 1.77 (3H, s, H-13"), 1.73 (3H, s,
H-14'), 1.65 (3H, s, H-15"), 1.60 (2H, m, H-1'), 1.58 (3H, s, H-16"),
1.30 (3H, s, H-17'); ™C NMR (75 MHz, CDCls) & 147.7(C-6), 145.8(C-8a),
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139.1(C-12"), 134.5(C-4"), 133.5(C-8"), 129.5(C-7"), 127.2(C-8), 124.7(C-

3'), 123.3(C-11'), 121.1(C-4a), 115.6(C-7), 112.5(C-5), 80.2(C-9'), 75.3

(C-2), 69.2(C-10"), 39.6(C-1'), 39.18(C-5'), 31.4(C-3), 26.1(C-6'),

26.1(C-13"), 24.1(C-17"), 22.5(C-4), 22.2(C-2'), 18.7(C-14'), 16.4(C-18"),
15.8(C-16"), 11.9(C-15").

Compound 5 : colorless gum; [aly® @ +8.57° (¢ 0.23, MeOH); IR (NaCl) :

0n=3400 - 3300, 2975, 2930, 1470, 1375, 1220 cm ';LRFABMS m/z 451

[M+Nal*; 'H NMR (300 MHz, CDCls;) &6.40 (1H, d, J=2.8 Hz, H-5), 6.32 (1H,

d, J=2.8 Hz, H-7), 5.36 (1H, t, J=6.3 Hz, H-7'), 5.15 (1H, t, J=6.7 Hz,

H-3'), 5.04 (1H, br d, J=9.3 Hz, H-11'), 4.25 (1H, d, J=9.3, 8.1 Hz, H-

10'), 3.72 (1H, d, J=8.1 Hz, H-9'), 2.68 (2H, t, J=6.6 Hz, H-4a), 2.08
(2H, m, H-6'), 2.13 (2H, m, H-2'), 2.07 (3H, s, H-18'), 1.98 (2H, t,

J=6.6 Hz, H-5"), 1.74 (2H, m, H-3), 1.69 (3H, d, J=1.0 Hz, H-14'), 1.67
(3H, d, J=1.0 Hz, H-13'), 1.61 (1H, m, Ha-1'), 1.58 (3H, s, H-16'), 1.56

(3, s, H-15'), 1.52 (1H, m, Hy-1'), 1.27 (3H, s, H-17'); “C NMR (75 MHz,

CDCl3) &150.2(C-6), 146.2(C-8a), 136.7(C-12'), 135.6(C-4'), 135.5(C-8'),

129.3(C-7"), 127.6(C-8), 125.7(C-3'), 125.6(C-11'), 122.1(C-4a), 116.5(C-
7), 113.5(C-5), 82.6(C-9'), 76.1(C-2), 71.3(C-10'), 40.6(C-1'), 40.3(C-
5'), 32.8(C-3), 27.2(C-6"), 26.2(C-13"), 24.5(C-17'), 23.5(C-4), 23.3(C-
2'), 18.6(C-14"'), 16.4(C-18"), 16.0(C-16"'), 12.4(C-15")

Compound 6 : colorless gum; [a 1™ @ +16.67° (¢ 0.12, MeOH); IR (NaCl) :
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0 5x=3400 — 3300, 2930, 1680, 1620, 1470, 1220 cm™; UV (MeOH) A . (loge )

237 (3.77) nm; 'H and “C NMR, see Table 7 and &;LREIMS m/z 426 [M]"
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Compound 2 Compound 3

OH OH
7 H wo s o L g oo =
NW W
OH o .
15 1 15 14
Compound 4 Compound 5 Compound 6
Sargachromanol D Sargachromanol E Sargachromanol K

Figure 9. Chemical structure of compounds 1-6 from S. si/i/quastrum
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o] Fx AA(7-13)

f

3.1.2. uEFo=2HEH &4 A

2B 29 85% aq.MeOH =C.Z3E 6 7§19 MEL Fe¢ homoisoflavonoids
(7-12)5 3835929, homoisoflavonids ¢ AF-AQl chalcone(13) 3 Ej<]

25,

o

s}et=

Compound 7 & F-9] needle FHZ EFHYoW, ¥ MR AFEZH}
HRFAB-MSC[M+HI+ m/z 301.1076) A% A& &3t A2 G0 =
AAsI Y. IR spectrum 4] Z3, OH group ¥ a,B-unsaturated C=0
group o FFAaFAEHo] zhzt 3382 ¥ 1657 cmt oA YEFEC™ | 1600 ~1500

cm-1 AFole] &4 A% E F3l| aromatic ring & SFFAIEHS RIS

BCNMR =FHEHA 3+ 79 & 198.9 ¢ ketone A1ZE 9} aromatic carbon

=7 A= § 170 — 90 9 12 719 A& 1g]al aliphatic A1&2 §
67.0(C-2), 46.0(C-3), 26.7(C-9)¢] 2152 #AA3t = 9Iort. 183 'H MR

A E

I

shebEellA 711k 6 Ui A Ase FH9
methylene, ¥ 7He] methine AEE #ZT 4 QUATF. & 4.45(1H, dd, J=
11.3, 4.8 Hz, H-2a)¢+ & 4.17(1H, dd, J=11.3, 9.8 Hz, H-2b)Y
methylene 215, § 3.14 (1H, m, H-3)2] methine A1& 1831 § 3.08(1H, dd,
J=15.9, 3.2 Hz, H-9a)9} 2.86(1H, dd, J=15.9, 7.9 Hz, H-9p)¢

methylene 213+ A& A2l 3-benzyl-4-chromanone T-F(Adinolfi et al

1

AdE olHd £4&

A

1989)2 uYeEhfa glew Pt NMR A¥EH

v}

A A1EA . 18] homoisoflavonoids & YWERH &= 4 Als #uk oy},

aromatic ring ° 2% 1 709 methoxy group[ § 3.79(3H, s)] % carbonyl
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group o AW FAhAZO R AZAHE hydroxyl group[ § 11.8[1H, s, C(5)-
019 2 2Alsx A=At

Compound 7 2] Al%- o] &3t AR

i
rO
44
BN
rlr
)—A
)
L
[\
]
=z
=
=)
i1t
ot
o

HNR 2~FEHqA YeEls § 6.03(1H, d, J=2.2 Hz, H-6)3} § 5.95(1H,
d, J=2.2 Hz, H-8)9] aromatic proton Al&+ <LHFA<Sl aromatic proton
AlZH T} chemical shift o] A O R o]F3 ZA o & Ho}l hydroquinone
type o™, F F& AT Apolo] AAE Ak 2.2 Hz & F;H AR meta
AA el EA= AE & F ATk gMBC AFANA § 3.79(3H, s, C(7)-
OCH;) 2] methoxyl AlZ7F & 168.2 (C-7)¢} correlation < YERHN O,

carbonyl group 9] Ab49} HAY F=AZATEHO wHol vebd § 11.8[1H, s,
C(5)-0H]®] -0H A&+ & 164.2(C-5), 102.7(C-4a), 95.0(C-6)3o] AAE
HoZzogx B4 5 Myt 7 Holl hydroxyl group 3 methoxy group ©] X SH¥
A-ring system & 3FQI3}t). 12]al B-ring system < ym A 4 1Y
aromatic proton AT E Eal o|=9 AgSA o] AT, |A § 7.13(1H,
dt, J=8.3, 1.7 Hz, H-4')9 +A22&= &§ 6.86(1H, dd, J=8.3, 1.1 Hz, H-
39 Farze o) AR E A4 J=8.3 Hz & BAS2ZN MZ ortho-9]* |
EATE & 5 Ao, =g § 6.81(1H, dd, J=8.3, 1.7, H-6')°]
Tz o3 AAE g J=1.7 Hz & HASo=ZN MZ meta-91A
EAsE Aoz Y. ada § 6.86(H-3')¢ FiAzE
A S (J=1.1 Hz)ol 9ls] & 7.05(1H, dt, J=8.3, 1.1 Hz, H-5")¢} A=
meta=1 X el EABH, thAl § 7.05(H-5')% FAFHAl BA el o8] §
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6.81(H-6")% M= ortho-91Ao] EAEe] AT, wepA, 4 719
aromatic & AsE ddz d4d¥FE FEXE Hol 9ow -O0H group ©]
28kE § 154.2(C-2') BrA9F H-3', 4', 9 A}o]9] long-ranged correlation <

golsteaxn (C-2' Aol hydroxy group ©] $9Z2% B-ring system U<

d

2213}, B-ring system oA C-2'&29 -0R group ©] X&H Fej+= C-4'

J

U

2o methoxy 7} 7 Agst FHE|Z Chang 5(2002)° QA A=

25 AATF B-ring system oA C-2'0] ©EO0 2 hydroxy group ©| X%

M

Fel= HHlFolA As FAHJG. ok o] compound 7 & TEE 5
hydroxy-7-methoxy-3-(2'-hydroxybenzyl)-4-chromanone = A& o
ol HixA ¢F2 2ltsigtEdo] Sl

Compound 8 2 9] needle FE|Z He] ¥ o] B9 AL C
NMR o] e} HRFAB-MS H& 4& &ato] A Cull0s 2 2=, 1R
~AEH BAAI compound 7 I FASE ¢ AFAERS YERglow,
el C MR dlo]E Aol % compound 7 I A AHEY UGS Feldd
T AAT. H MR 2~FEH A YeRd -(2)CH,-(3)CH-(9)CH-9] F-i7%9
EAE § 4.48 (1H, dd, J=11.0, 5.0 Hz, H-2a)¢} 4.15(1H, t, J=11.3 Hz,
H-2b)2¢] methylene A&, & 3.03 (1H, m, H-3)¢] methine 21& 18] §
3.05(1H, dd, J=13.9, 3.8 Hz, H-9a)¢} 2.86(1H, dd, J=13.9, 7.2 Hz, H-9b)<]
methylene A& 2 HE &<21d 4= 9Jo], compound 8 3+ A& A2 3-benzyl-4-
chromanone T+3%%lo] 3% Qlt}. B-ring system = ©|F+= 4 709 aromatic
ring o 4 2% [6§ 7.10(1H, td, J=8.0, 1.7 Hz, H-4'), & 7.02(1H, dd,
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J=7.5, 1.7 Hz, H-6"), 6.81(1H, dt, J=8.0, 1.1 Hz, H-6'), 6.81(1H, dt,

J=7.5, 1.0 Hz, H-3")]+= compound 7 oA H.o]F

rlr
l
P
)
ol
fo
i
rlo
o2
ox
o

el ogaA 2" B9 hydroxy group ©] AZFE 2'-hydroxybenzyl & E]g]
aromatic ring 9& &<¢lstgtt. 'H MR ~HE" 241 A3 compound 7 9 A-
ring system oA UYEI4}i= hydroxyl group & T4 AS7F ARX| §
3.80(1H, s)9] methoxy group T4 A&7} AHE AL FAT = AT,
meps] Ajzol  F7heE methoxy group o #A= 5 W @A Ao=
o= om, o= gMBC AdolM et methoxy group ¥ & 165.2(C-5),
105.2(C-4a), 93.2(C-6) A}°]9] long ranged coupling ° &3f4] &A% AT}.
w2k Al compound 8 = compound 7 €] 5 ¥ ¥4 methoxy group ©] X|3H¥
Jefe]  FgEolw 1 FEFRE=  5,7-dimethoxy-3-(2'-hydroxybenzyl)-4-
chromanone .2 27 % ¢},

Compound 9 & A9 peedle FEHZ BHgon ExAL BC NR
dielE ¢k HRFAB-MS ## 4 s3dted Calli0s = Z7438k3dvk. Compound 9
T3 HONR AHEHA —(2)CH-(3)CH-(9)CH-9] HAEHE ElstmzA
compound 7 T FAFE FEle] homoisoflavonoids @il AFEEATE. H NMR

~HE” BXM A3 B-ring system = HAAF= aromatic T4 A

[

compound 7 ¥ TL3 JHIS 2

gk

olst 4= 9l o™, A-ring system 9 F&
Alzo] 7]dstE § 6.00(1H, s, H-8)9] aromatic G4 2139 hydroxyl
group 9 F4& AF(§ 11.7), 2 M9 methoxy group & YEHUE 213[ 6§
3.80(3H, s, C(6)-0CH3), 3.86(3H, s, C(7)-0CH)]E& &g 4 YATF. &
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6.00(1H, s, H-8)9] singlet A13E E3}o] compound 7 2 meta %ol
EAWY aromatic FA7F AFRFASS st on, PC MR A EHM T

Mk ABEA e BFE B AEs ABAL s A

ot
Ru)
o

EaAls7 yepdo 2R 6 Hyt 8 H O EbAo methxy group ©] X $HH

32
mlo
o

F5 2 5 AT o) gMBC APE S 5 3.80(3H, s, C(6)-0CHs) <]
ANz 6 W (8 131.0) A& Abolo] correlation ©] EelFoZH 6 ¥
ghaoll methoxy group ©] X85 Zo] FA=AJTEH. o9} & A-ring system <
Mutanyatta $(2003)o] 93] 2x¥E =FqAx H|==3 8o 257}
gl don 1 odelyete 2 dX|skqltt. wEkA compound 9 2 5-hydroxy-
6,7-dimethoxy—-3-(2'-hydroxybenzyl)-4~-chromanone = Zg% Ao X F7}4]
Husx g2 At stekEdde gl
Compound 10 & F-A¢] npeedle FEjZ 5o HRFAB-MS < ¥C NMR
A EY 45 Fall Coly0s o 2= 83Tk, compound 10 SA] £l A
T e FARRE FE22A compound 9 ¥ - fAREE NMR A EE S
o2 velgth. 'HNR A~HEHEA] A3}, 3-benzyl-4-chromanone 2]
AdAQ = yeld= aliphatic 74 21359} B-ring system < YERY+=
4 789 WS 4 AsE AR F o A 2Eal 3 /19 methoxy

213+ TF. Compound 9 ¢ H I} C NMR

oQ
3
5
_\721
=
o,
o
o%
by
L
b
r>,
fols
il
s
(o]

2~HAEH} v B4 Az, UC NR oM A7 A3kE BEs s 259
S Wge] e, H MR AFEHA hydroxy group °l 7]913F F4
A5 7F AFEFEAaL 8 3.90(3H, s)9 methxoy group & 4 X577 AAHAES

-61 -



ZHe ring system 2 Silayo 5(1999)o] ols] B ¥ H} Jom F3 X9} 2
AdxstF ). o]9F o] Compound 10 o] F+%+&= 5,6,7-trimethoxy-3-(2'-

hydroxybenzyl)-4-chromanone 2.2  ZAA Il omH Mz ggEdol

Compound 11 &= FA9] needle HEIZ #2|¥ Ao HRFAB-MS < “C NMR
= EY A& T B2 G0y & ATk H B FC R = EH
w4 23}, compound 7 3} v~ FrAMRE A oF B S aie] JEjE Al
A-ring system <& ©]F+= & 5.95(1H, d, J=2.3, H-8)¥ 6.40(1H, d, J=2.3,

H-6)e] Wk A AEet 7 90 BAo AW methoxy group(§ 3.80, 3H, s)

B!
a.

Z12] 3L carbonyl group ¥ FAAT o ®E AAF hydroxy group & F4 AS(§
11.84, 1H, s)ZHE compound 7 ¥ L3 A-ring system & ©]F+= A

AN

golstdtt. 1g)a 4 Jfe] ek AU dEF o2 AAE 2-hydroxybenzyl
e B-ring system[ § 7.20(1H, td, J=7.4, 1,7 Hz, H-4'), 7.00(1H, dd,
J=8.0, 1,7 Hz, H-6'), 6.98(1H, dd, J=8.0, 1,4 Hz, H-3'), 6.88(1H, dd,
J=7.4, 1,4 Hz, H-3")]& &AsAF. compound 7 3 7F & o] H &
aliphatic moiety oA &4 AAJE -(2)CH-(3)CH-(9)CHy- HE o] —(2)CHy-
(3)CH-(9)CH-Z v A= Holduh. 7]&E2]l § 2.8-3.1 F-FolA] Hold

methylene =4 A&7} AF&}FA]aL § 5.82(t, J=3.9 Hz, H-9)2] methine A&7}
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AAREBZA -9 o hydroxy group © AFHAZS st om, “C NR
ZAEHANAE 5§ ~26 FZoA B AAD @RS AbgAAL, 6
71.0 oA hydroxy group ©] X &% oxymethine ¢ 213 E Ho] Ft}. o=
Lopez 5(2006)°] v}t E(Polygonum ferrugineum)ol~ 23+ 5,7-dihydroxy-
6-methoxy-3-(9-hydroxy-phenylmethyl)-chroman-4-one 3} -FA}SE &Ej9]
(2)CH-(3)CH-(9)CH- A "olglor wuyd FAgye 2 dxst. o]9f
o] compound 11 ¢ F&+= 5,9-dihydroxy-7-methoxy-3-(2'-hydroxybenzyl)-
4-chromanone .2 AAEAoHW 2L At 33Eo] ey gr}.
Compound 12 &= 49| needle FE]Z 2= HRFAB-MS ¢} 13C NMR
AEY B B3 A 0 & AAALE. o] sE T3k i 7} C
NR  ==Ed #4243, AF7HA 28" SHES FARE dHY
homoisoflavonoid o] &<l%2ltl. A-ring system < ©]F+= & 5.98(1H, d,
J=2.3 Hz, H-8)%} 6.05(1H, d, J=2.3 Hz, H-6)¢] WIH Fx 259t 7 W
Eto] AZAE methoxy group(§ 3.83, 3H, s) 2]l 4 7)o Waxk =47}
ALEHor AAH 2-hydroxybenzyl & Efe] B-ring system[[§ 7.11, 7.05,
6.83, 6.83] o] &A= compound 12 T3 compound 7 ¥ FL3F WrEES a1y
JeiE 7= Ao=m AAXY. Compound 7 ¥ H|WERS W 7pF
2Fo] S H NMR A~ E= o)A A& A<l 3-benzyl-4-chromanone ¢ aliphatic
part [-(2)CH,-(3)CH-(9)CH,-1& o] %9 H-3 3} H-9 ¢ sp® FEjo 4 257}
ARERA L, sp® o] G A1ERl 1 709 olefinic 74 & 7.94(1H, brs, H-9)7}

velgon B R AFEHANE § 130.1(C-3), 134.7(C-9)9] olefinic
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r
B>

Ao7E Flxe] 3 H ghAask 9 W B4 Afo]o] o]F Aol A H o]

£ 3-benzylidene-4-chromanone 2] TFE 7HA+= Aoz o ZHAr}.

%2

Silayo 5(1997)e wW=W 3-benzylidene-4-chromanone <] &AL E-
geometry 2| proton chemical shift & § 7.6-7.9 ¢ S 7HA9Y, Z-
geometry & ZA-$olE= 6§ 5.5 (Heller & Thamm, 1981) AXE9 #HS vehl+=
Aoz BuHEAT}. Compound 6 & H-9A &= § 7.84 o] e} E-geometry 2
gletEolo] Faxdrt. wabA compound 6 ¢ FEE (£)-5-hydroxy-7-
methoxy-3-(2'-hydroxybenzyl )-4-chromanone = ZAAE o™ o] ol H 1% X]
B> AMEE == BE s

Compound 13 & vyellow needles = 225 glom, HRFAB-MS <+ ¥C NMR

[>

HAEY folHE Fotd A G0 = ZAAsEith. compound 13 &
Compound 7  ©lA] BAL = Filel wbEEE 318 system <

AAE A AW aliphatic part[-(2)CH-(3)CH-(9)CH,]-&= #F¥) =] ok,

o
i

EX3E M= 1 Jf7E SR e® uEd,

2

>

& ol%

M

5

Eo] A

! —

o
fr
2
ox
[
32
o
=
=,
=
=]

e g 3

o

chromanone I12]7}

rr

2~HAEH A A-ring system & ©|F+= § 5.94(1H, d, J=2.3 Hz, H-5")F} &
6.01(1H, d, J=2.3 HZ, H-3")9 W&FH F& 239 4'H wio] AZd
methoxy group(§ 3.83, 3H, s)o] #ZFHIct. i 4 7je] WaFE a7t
A& o5 AZA%E 2-hydroxybenzyl @EfS] B-ring system[7.53 (1H, d, J=7.7
Hz, H-6'), 7.22 (1H, t, J=6.3 Hz, H-4'), 6.93(1H, t, J=7.5 Hz, H-5"),
6.04(1H, d, J=8.0 Hz, H-3")]¢] &=AE sk, MEA debd 6

- 64 -



7.93(1H, d, J=15.9 Hz, H-a )3} 8.05(1H, d, J=15.9 Hz, H-B)Y F& A3+
chalcone moiety o A= A& A trans-olefinic bond 9 A&
oln|stalom, o] Kishore 5(2003)0] Hirgk gt} = dAsdct. 7719

olefinic 4% gMBC Hloly ®#A& T3 H-a 9o 4 257 4 9

correlation ¥, 283 H-B 9 4 215+ (-2 ¥ (-6 I long-ranged
correlatione 8-S #5302 4 B-ring 2| hydroxy group ©] X|3t8 &4 o
olefinic carbon ©] &AgE& s £ AArr. o] FIFE9 FRE=

homoisoflavonoid ¢ Z7AQ1 2,2'-dihydroxy-4',6'-dimethoxychalcone & =
gelxglon Ay sFgEEA Xt FH AX 5 (Kishore et al

2003) .

-65 -



Table 9. C NMR spectral data for compounds 7-12 isolated from P. oleracea

Position 7 8 9 10 11 12

2 70.2 t 70.0 t 70.0 t 70.4 t 66.6 t 69.0 t
3 47.4 d 45.7 d 45.5 d 47.6 d 51.6 d 130.1 s
4 193.6 s 198.9 s 199.3 s 193.9 s 196.1 s 186.9 s
4a 105.1 s 102.7 s 102.6 s 108.5 s 103.5 s 104.3 s
5 165.2 s 164.2 s 154.1 s 154.3 s 164.1 s 166.0 s
6 93.2 d 95.0 d 131.0 s 137.4 s 95.0 d 95.9 d
7 166.3 s 168.2 s 158.9 s 159.9 s 168.2 s 169.3 s
8 92.9 d 94.1d 91.3 d 95.9 d 94.1d 94.7 d
8a 162.4 s 163.0 s 160.9 s 160.0 s 163.1 s 163.9 s
9 26.9 t 26.7 t 27.1 ¢t 26.8 t 71.1t 134.7 t
1 124.8 s 124.2 s 124.0 s 124.7 s 123.3 s 122.6 s
2" 154.7 s 154.2 s 154.9 s 154.7 s 155.3 s 157.8 s
3 117.2 d 116.9 d 116.4 d 117.5 d 117.4 d 116.6 d
4' 128.2 d 128.5 d 128.3 d 128.4 d 126.8 d 132.4 d
5' 120.0 d 120.5 d 120.4 d 120.2 d 120.3 d 120.3 d
6' 130.8 d 131.1 d 130.2 d 130.9 d 129.3 d 131.5 d

—-0CHz 56.1 q 55.8 q 60.9 g 56.2 q 55.8 q 56.3 q

—-0CHz 55.6 q 56.2 q 61.7 g

—-0CHz 61.3 q

Measured in CDCls at 75 MHz, respectively
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Table 10. 'H NVMR spectral data for compounds 7-9 isolated from P. oleracea

No 7 8 9
2 4.48 dd, J=11.0, 5.0 Hz 4.45 dd, J=11.3, 4.8 Hz 4.41 dd, J=11.3, 4.4 Hz
4.15t, J=11.3 Hz 4.17 dd, J=11.3, 9.9 Hz 4.16 dd, J=11.3, 9.4 Hz
3 3.03 m 3.14 m 3.13 m
4
4a
5
6 6.02 s 6.03 d, J=2.2 Hz
7
8 6.02 s 5.95d, J=2.2 Hz 6.00 s
8a
9 3.05 m 3.08 m 3.13 m
2.76 m 2.86 m 2.82 dd, J=6.6, 13.0 Hz
1
9
3 6.79 td, J=7.4, 1.10 Hz 6.86 dd, J=8.5, 1.1 Hz 6.83 t, J=7.7 Hz —overlap
4' 7.10 td, J=8.0, 1.7 Hz 7.13 td, J=8.5, 1.7 Hz 7.11t, J6.9 Hz
5' 6.81 dd, J=8.0, 1.1 Hz 6.81dd, J=7.4, 1.1 Hz 6.83 t, J=7.7 Hz —overlap
6' 7.02 dd, J=7.4, 1.7 Hz 7.05dd, J=7.4, 1.7 Hz 7.05dd, J=7.7, 1.7 Hz
—-0CHs 3.85 s 3.79 s 3.8 s
-0CHz 3.80 s 11.79 s 3.86 s

Measured in CDCl; at 300 MHz, respectively
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Table 11. 'H NVMR spectral data for compounds 10-12 isolated from P. oleracea

No 10 11 12
2 4.%0 dd, J?Zl'g’ 3.7, 5.0 4.61 t, J=11.3 Hz 5.18 d, J=1.9 Hz
4.16 t, J=11.3 Hz dd, J=11.3, 5.0 Hz
5 305 3.19 ddd, J=8.9, 5.0, 3.9
Hz

4

4a

5

6 6.4 d, J=2.3 lz 6.05 d, J=2.3 Hz

7

8 6.22 s 5.95 d, J=2.3 Hz 5.98 d, J=2.3 Hz

8a

9 3.04 m 5.82 t, J=4.0 Hz 7.94 brs

2.82 dd J=6.6, 11.4 Hz

X

g

3 6.89 d, J=7.70 Hz 6.90 dd, overlap 6.89 m

4 711 td, J=7.4, 7.7, 1.4 Hz 7.00 dd, J=8.0, 1.7 7.26 t, J=8.3 Hz

5' 6.81 t, J=7.4 Hz Mg N 6.87 m

over lap

6' 7.02 dd, J=7.7, 1.4 Hz 7.20 td, J=7.4, 1.7 Hz 7.06 d, J=7.8 Hz
o(cili_ 3.87 s 3.80 s
O(C;i_ 3.90 s 11.84 s 3.81 s
O(Ciz_ 3.78 s

Measured in CDCl; at 300 MHz, respectively
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Compound 7 : vyellow gum; [alp® : 11.3° (¢ 0.53, MeOH); IR (NaCl)
U= 3400-3300, 2940, 2931, 1611, 1574, 1022 cm’; UV (MeOH) A,a 204,
214, 282 nm; HRFAB-MS( [M+H]+ m/z 301.1074, Ci7Hi605)

Compound 8 : vyellow gum; [alp® : -4.9° (¢ 0.82, MeOH); IR (NaCl)
0 nax=3400-3300, 2832, 1611, 1573, 1021 cm™; UV (MeOH) A, 204, 214, 283
nm; HRFAB-MSC [M+H]+ m/z 315.1234, CygHi505)

Compound 9 : yellow gum; [aly® : +13.0° (c 0.38, MeOH); IR (NaCl)
0 na=3400-3300, 2942, 2830, 1573, 1453, 1022 cm™; UV (MeOH) Ana 205,
217, 282 nm; HRFAB-MS( [M+H]+ m/z 331.1179, Cislis0s)

Compound 10 : yellow gum; [aly” : +5.8° (c 0.52, MeOH); IR (NaCl)
0 nax=3400-3300, 2942, 2831, 1603, 1454, 1021 cm’; UV (MeOH) A 201,
214, 280 nm; HRFAB-MSC [M+HI+ m/z 345.1334, CigHi0s)

Compound 11 : yellow gum; [a 1, : +16.7° (¢ 0.30, MeOH); IR (NaCl) :
0 nax=3400-3300, 2941, 2861, 1613, 1453, 1022 cm™’; UV (MeOH) A, 203,
216, 282 nm; HRFAB-MSC [M+HI+ m/z 317.1023, CiHs05)

Compound 12 : yellow gum; IR (NaCl) : v ,,=3400-3300, 2945, 2861, 1582,
1453, 1021 cm™; UV (MeOH) A 204, 215, 281 nm; LREIMS m/z 300.0998
[M]*

2,2'-dihydroxy—4',6'-dimethoxychalcone(13) yellow gum; IR (NaCl) : v .=
3400-3300, 2945, 1861, 1582, 1453, 1021 cm™; UV (MeOH) A, 202, 213,

283 nm; LREIMS m/z 300.31 [M]™ ;'H NMR (300 MHz, CDCl;) §8.05 (1H, d,
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J=15.9 Hz, H-9), 7.93 (1H, d, J=15.9 Hz, H-3),7.53 (1H, d, J=7.7 Hz, H-
6'), 7.22 (1H, t, J=6.3 Hz, H-4'), 6.93(1H, t, J=7.5 Hz, H-5'), 6.04(1H,
d, J=8.0 Hz, H-3'), 6.01(1H, d, J=2.3 Hz, H-6), 5.94(1H, d, J=2.3 Hz, H-
8), 3.89(3H, s, (4')-0CHs;), 3.83(3H, s, —(6')OCHs): “C NMR (75 MHz, CDCls)
§: 192.8(4), 168.1(7), 166.0(5), 162.4(8a), 155.2(2'), 137.5(9),
131.1(4"), 128.9(6'), 128.2(3), 122.7(1'), 120.8(5'), 116.4(3"),

103.3(4a), 93.7(6), 91.3(8), 55.9(2), 55.6(0CH;)
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Compound 7
Compound 8
Compound 9

Compound 10

Figure 10.

Ry
OCH;

OCHj
OCH,

OCH3

OCH;

OCH;

R3
OH

OCHj
OH

OCHs

HsCO

H3CO

Compound 13

OH

OH

OH

Compound 11

AN

Compound 12

Chemical structure of compounds 7-13 from P. oleracea
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3.1.3. Homoisoflavonoids $H4d

2 AFo| A= Siddaiah 5(2006)9] WWHE &3t figure 11 ¥ T
HFH © &2 homoisoflavonoids & §AsIH T %7] WHSEEE phloroglucinol
(3,5-dihydroxyphenol )& AF&3+3 2™, phloroglucinol 1 mole % 2 mole ¢
iodomethane < #7}slo] 3,5-dimethoxyphenol < ¥A3FTt. NaH & 97| =
Abgatgleom, Az 24 AIZE wRgSdth. AEe X 3,5-
dimethoxyphenol & 'H NMR 2&S Ea) 6§ 3.71(6H,s)2 F702] methoxy
group ¥} aromatic ring & TASIE A= meta FEfS § 5.84(1H, t, J=2.2

Hz)¢F 5.80(2H, d, J=2.2 Hz) F4& A=

Ll

gl 3,5-
Dimethoxyphenol &  3-bromopropionic  acid ¢ WHAlA  3-(3,5-
dimethoxyphenoxy)propanoic acid & $/3st1 2™ (Siddaiah et al 2006),
fufet A7]2A 24z DNF ¢F NaH & ARE3sto] A2olA 16 A3 whg-ak3itt.
1 A3}, aromatic ring & 4 S 6§ 6.07(3H, s)¢ F methoxyl 4 A%
3.75(6H,s)E AT 4 AdQom . propionic acid oA 7]eld FIH9
methylene 21&7} 7t7b § 4.20(2H, t, J=6.2 Hz) # & 2.83(2H, t, J=6.2
Hz) ol A gl A 3-(3,5-Dimethoxyphenoxy)propanoic ~ acid &
polyphosphoric acid & ©]-&3% iLg]3s} ¥h3-3 F34 5,7-dimethoxychroman-—
4-one & FABIH LW, 70~80ToA 2 A7k, oA 2 AIZF WHGAIF L}

NR ~HEZH BA A3} carboxyl group & ¥4 Azl § 176.3 o] ag]3}

S-S =3 downfield ¢1 6189.0 © & chemical shift 7} ©]&3F Ao & Ho}

ketone ¢ carbonyl AZTE HIHISS el S gdAoem, 'H NR
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A~HEH X F methylene group ©] Z+2F 4.43(2H, t, J=6.4 Hz) I} &
2.69(2H, t, J=6.4 Hz)E olFHAS Rlsttt. oA FA= 3
chroman-4-one 3}3E<S  2-methoxybenzaldehyde $}¢] ®HEES  E3]  3-
benzylidene-4-chromanone Ee] 3}gEo] FAAEH AT, HHgS &uj7t §le
Hk-Ss- o2 47|91 piperidine & A(7 drops)S #H7Fste 2~4 AJ3HE<d
120TCol A WEEAIFH T, Chromanone ring ¢ A-ring system oA &5 Sl&
meta-coupling ©] F aromatic & AlE § 6.09(1H, d, J=2.2 Hz)%}

Hgom, § 7.33 - 6.98 F-o YERG

b

6.03(1H, d, J=2.2 Hz) AtelollA
aromatic ¥4 A15E §3.90 9 methoxy group ¢ F4& Alze A 2-
methoxybenzyl E|9] B-ring system ¥& HAFATE. 281 § 7.90(1H,
brs)2] olefinic 4 A& § 5.08 (2H, d, J=1.7 Hz)2] methylene 2%+
A& Al 3-benzylidene-4-chromanone & F4 AsAdE Yelfdch. whabA

o] 49 FxE 5 7-dimethoxy-3-(2-methoxybenzylidene)chroman-4-one ©. &
1o

stolE)glon  o]FAstel wldES olefinic 49 chemical shift k(S
7.90)0% B3 (HFP IS /1A Felsteth(Heller & Thamm, 1981).
5,7-methoxyl-3-(2-methoxybenzylidene)chroman-4-one 9] 3

[PbCly(dppf) 12 9-BBN/THF & AF&3F Hoshino (1998)¢] W& ©]83}o]
5,7-dimethoxy—-3-(2-methoxybenzyl)chroman-4-one &  &53Ft. 5,7-
methoxyl-3-(2-methoxybenzylidene)chroman-4-one 9|4 3 H¥} 9 ¥ &

ol A%S UEE § 7.90(1H, brs)9 olefinic 4 259 § 5.08 (2H,

d, J=1.7 Hz)®] methylene T2 A&7} AFe}A|aL & 4.26 (1H, dd, J=11.3,
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4.7 Hz, Hy=2)9} & 4.09 (1H, dd, J=11.3, 9.8 Hz, H,~2)2] methylene 215,
§ 2.95 (1M, m, H-3)9] methine 2% Z1¥]3 § 3.37 (1H, dd, J=13.8, 4.4
Hz, Hy-9)<F 2.61 (1H, dd, J=13.5, 10.2 Hz, H,~9)2] methylene 213%7}
Ueld oz A& A2l 3-benzyl-4-chromanone HEfC] 5,7-dimethoxy-3-(2-
methoxybenzyl)chroman-4-one 9= &Q1&}3itt. o] E42 AA7IA HIlHA

8 Al7F9] homoisoflavonid XA o]},

webd A 2 B-ring 9 H3FEHE =24 go=x s

homoisoflavonoids & AT 4 US Ho =z AlaH).

Y

HO OH H;CO OH H;CO o
J—— 0 g
.
OH

OCHj OCHg
H,CO o HCO o H;CO o
iii iv v
—_— —_— e
S
OCH, O OCH;0 OCHj OCH3 0O OCH;g

Figure 11. Reagent and condition for homoisoflavonoids synthesis. (i) NaH,
lodomethane, DMF, rt, 24h, (ii) Nal, 3-bromopropionic acid, DMF, rt, 24h,
(iii) polyphosphoric acid, 70-75 T, 2h, (iv) 2-methoxybenzaldehyde,

piperidine, 120 C, 2-4h, (v)9-BBN/Pb—Catalyst, 0-25 C
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3-(3,5-Dimethoxyphenoxy)propanoic acid :'H-NMR (300 MHz, CDCls): 2.83 (2H,
t, J=6.3 Hz, H-2), 3.76 (6H, s, Ar-OMe-6,8), 4.20(2H, t, J=6.3 Hz, H-3)
and 6.07 (3H, s, H-5, H-7, H-9) ."C-NMR (75 MHz, CDCls) : 34.3(C-2), 55.4
(6-OMe and 8-OMe), 63.1 (C-3), 93.4 (C-7), 93.4 (C-5 and C-9), 160.1(C-4),
161.3 (C-8) and 176.8 (C-1)

5,7-Dimethoxychroman—4-one :'H-NMR (300 MHz, CDCl;) : 2.71 (2H, t, J=6.4
Hz, H-3), 3.81 (3H, s, Ar-OMe-7), 3.87 (3H, s, Ar-OMe-5), 4.43 (2H, t,
J=6.4 Hz, H-2) and 6.03 (2H, s, H-6 & H-8)."C-NMR (75 MHz, CDCls) : 38.8
(C-3), 55.6 (C-7-OMe), 56.1 (C-5-OMe), 66.8 (C-2), 92.8 (C-8), 93.3 (C-6),
106.3 (C-4a), 162.2 (C-5), 165.1 (C-8a), 165.6 (C-7) and 188.9 (C-4).

5,7-methoxyl1-3-(2-methoxybenzyl idene)chroman—4-one  :'H-NMR (300 MHz,
CDCl3) : 3.80 (3H, s, Ar-OMe-2'), 3.82 (3H, s, Ar-OMe-5), 3.90 (3H, s,
Ar-OMe-7), 5.10 (2H, d, J=1.7 Hz, H-2), 6.04 (1H, d, J=2.2 Hz, H-8), 6.10
(1H, d, J=2.2 Hz, H-6), 6.89 (1H, m, H=3'), 6.98 (1H, m, H-5') 7.00 (1H,
m, 6'), 7.33 (1, brt, J= 8.5 Hz, H-4') ®C-NMR (75 MHz, CDCl3) : 55.5 (C-
7-OMe), 55.6 (C-5-OMe), 56.2 (C-2'-OMe), 67.9 (C-2), 93.5 (C-6), 93.6 (C-
8), 107.3 (C-4a), 110.8 (C-3'), 120.1 (C-5'), 123.9 (C-1'), 131.7 (C-3),
132.2 (C-4"), 157.8 (C-2'), 162.8 (C-8a), 164.7 (C-5), 165.5 (C-7), 179.6
(C-4)

5,7-dimethoxyl-3-(2-methoxybenzy! ) chroman—4-one :'H-NMR (300 MHz, CDCl;) :
2.95 (1H, m, H-3), 2.61 (1H, dd, J=13.5, 10.2 Hz, H,~9), 3.37 (1H, dd,
J=13.8, 4.4 Hz, H,-9), 3.80 (3H, s, Ar-OMe-2'), 3.81 (3H, s, Ar-OMe-5),
3.88 (3H, s, Ar-OMe-7), 4.09 (1H, dd, J=11.3, 9.8 Hz, H,~2), 4.26 (1H, dd,
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J=11.3, 4.7 Hz, Hi2), 6.02 (1H, d, J=2.2 Hz, H-8), 6.05 (1H, d, J=2.2 Hz,
H-6), 6.84 (1M, d, J=8.0 Hz, H-3'), 6.88 (1H, td, J=7.4, 1.1 Hz, H-5"),

7.17 (W, td, J=7.2, 1.4 Hz, H-6'), 7.22 (1, dd, J=7.3, 8.0 Hz, H-4"),

YC-NMR (75 MHz, CDCls) : 27.4(C-9), 46.5(C-3), 55.2(C-7-OMe), 55.5(C-5-
OMe), 56.1(C-2'-OMe), 69.7(C-2), 92.7(C-6), 93.0(C-8), 105.5(C-4a),

110.2(C-3"), 120.3(C-5"), 127.1(C-1'), 127.7(C-3), 131.0(C-4'), 157.5(C-

2'), 162.2(C-8a), 164.8(C-5), 165.3(C-7), 191.5(C-4)
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3.2. S. siliquastrum S.25€ HE& ¥ o|xthARiIE-o] AT A

3.2.1. S, siliquastrum °.ZYXE F2]3F compounds 1-3 <9 <A<

o} A‘”

=

B

F494)

7

fol

#af 7] RS, siliquastrum) S 258 E8H 3 719 chromanol 3}ES
o]-&3}e] HT1080 A A 5% A|XE (HT1080 human fibrosarcoma cells), HT-
29 Q1A AAerAE (HT-29 colon adenocarcinoma cells), AGS 1A 9 okAE

(AGS human gastric carcinoma cells), MCF-7 1A %< A3 (MCF-7 human

o] 3E-S-

O o=

[

breast cancer)® A|X AZ o] m X Z3R o A= A BE

ry

AeletA] e xS 7|50 R st MEE(%)E YERAIIT.

Figure 12 o] yeld A3l o] compound 1 3 3 ©] 4 7FA] A|E9

of\

Al O
1=

HoluA JAst= a3dE YJeElUdY. 58], 50 pg/ml o sEolA
compound 1 & HT1080, HT-29, AGS, MCF-7 M3 <] =4S 77z} 93, 84, 95, 57%

Aafstes Aoz Ydebgon | 10 pg/ml 9 FEAME 2E AES] F21S 50%

el

7VeE A= AoR vebgth. HT-29 A¥Ee 29, 1 pg/nl 9 sEANA%=
40% ©]d A= 3 295 BT, Compound 3 o] 49, 50 pg/mL 9
FTEAE AMEE BE AEY AAS 72 90(HT1080), 80(AGS), 92(HT-29),

93(MCF-7)% A FRAATE 10 pg/mL ¢ sXolA F43] 2 237} A=A},
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Compoun 2 9] A%, MF-7 MEZTAES A= = UAAT 50
pg/mL 9 FXolA HT1080, HT-29 A|Xo] AHAS thh ZHAAI]+= HAo=

Uebgton], AGS A2 A9, 656 71 T4 oAlse Aew Uehgt

050 ug/mL O10 pg/mL 81 pg/mL 050 ug/mL O10 pg/mL 1 pg/mL
150 150
B I
< 100 - b o € 100
2 : 2
5 g | 5
Z 50 - Z 50
[ . ©
O d . (&)
d :
0 . = . r % . 0 - . . .
(a) CON 1 2 3 (b) CON 1 2 3
050 pg/mL @10 pg/mL @1 pg/mL 050 pg/mL O10 pg/mL B1 pg/mL
150 150
a a
2 g a
S 100 = 100
2 2
g 8
Z 50 2 50
Q <3
o (&)
0 - T T T 0 - T T T
(C) CON 1 2 3 (d) CON 1 2 3

Figure 12. Antiproliferative effects of compounds 1-3 isolated from 5.
siliquastrum in AGS (a), HT-29 (b), HT-1080 (c), and MCF-7 (d) cells. *
Means with the different letters are significantly different (p < 0.05)

by Duncan’ s multiple range test. Values are means * SD (n=3).
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3.2.2. S. siliquastrum ©.25¥ #2]3F compounds 1-3 ¢ &4tsl a3}

3.2.2.1. DPPH radical &A &3}

wE® 3 /N9 chromanol 3}tE©] ZFAl= DPPH radical &7 4%
AASATH. 2O & L-ascrobic acid ¢ BHA & AF&3st¥ o™, 50, 25, 10
pg/ol o =AM FA s

DPPH radial 27% 314 A3} (Figure 13), tiZw*<¢l L-ascorbic acid & 50,
25, 10 pg/mL 9o -sXolA Z}Z} 78, 67, 55%° AA &3E YEon,
e FASFAIR] BHA = 65, 49, 32%°] AAES HAAFArE ZEEld 3 719
S5E BYF vk oEA o2 DPPH radical & &AsHE Ao® YEhgoH,
o= FA FAsAIQl BHA & AEwre adE HoF3lth. 53], compound

1 9 A%, 7 %A 68, 51, 34%°] DPPH radical &2AE&EE HYOSZEA

A sHiksAIQl BHA Hoh YA =2 a3 E YERQIT.

3.2.2.2. Peroxynitrite 24 &3

Authentic ONOO 9} SIN-1e i3t 3% 3}gt&E<] A4 &3 Kooy 5 (Kooy
et al. 1994)9] WS o] &ste] HAs oM, N0 A& ARE H7st
A % iz Hlaste] WEE (%)= YERlAT. tiEa S ® L-ascrobic
acid®} penicillamineE AF&3FF o™, 50, 25, 10 pg/mLe] F=olA A5}
ATH.

SIN-1 & A g3 A3} ZF* L-ascorbic acid ¢ penicillamine =5 100%
o Yt A A4 2HYE HYo. 8% compounds 1-3 & EF F%
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o]&A ]l peroxynitrite A7 ZTAS HFRUE. Figure 14 oA HE9]

compound 3 ©] 7F¢ @A o R AAFE Z

mlo

HolFg=d], SIN-1 &9

o8] AAE peroxynitirite ¢ ZA-Fol] 50 pg/mL o F=A = 96% 7}EF

-

aAsg e, 25 ng/il AME 90% HEFS aAsE 7S 24

o

B3l
Compound 1 T3 50 pg/ml ¢ FXolA 76%¢ A2AE&S HIow 25 10
pg/mL 9 FxoA Az 72, 58%¢ AAES  YERYTE. Authentic

peroxynitrite o] ™3 A7

et

rlo

g o En o)FAH O =R compound 1 ©] 77, 61,
43%°] 71 =& A2Aa9dE el oen |, Compounds 2 ¢ 3 & 50 pg/ml ¢
oA Zhzf 40, 38% A= &S UEHWH AT (Figure 14).

QoFshH | SIN-1 ¥} authentic peroxynitrite o] thdr 2AS =4 A},
compoun 1 ©°] 7} ZHAHO R F peroxynitrite & A2AF}E Ho=
UESro™ | compound 3 2 SIN-1 #&fjol <ls] XA ¥ peroxynitrite W<

Al

A il

}

[

bl ok,

ol
o
Olr

g og AHA

_| (
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D
o
i

o

Figure 13. Scavenging effects of compounds 1-3 from Sagassum siliquastrum

on DPPH radical.
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% b C / \\
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& 20 H {4+ h— B
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0 T 2 T
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Figure 14. Scavenging effect of compounds 1-3 from Sargassum siliquastrum
on ONOO™ from SIN-1(a) and authentic ONOO™ (b). ““ Means with the
different letters are significantly different (p < 0.05) by Duncan’ s

multiple range test. Values are means £ SD (n=3).
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3 709l chromanol 3}gEo] W3t AE

]

A 32 9]

assay & ©|-&3% MEX=A

A Eo

10 pg/ml ¢ EFEoA AE AT <

o]Z wlEo. = HT1080 Al
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Figure 15. Effect of compounds 1-3 from S. si/iquastrum on viability of

HT1080 cells.
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3.2.2.4. & A3FR0S) 2A &3

Compounds 1-3 o] Al¥Xv &4 235F 42A

7}

rr

dFe 5 DCF-DA &

ol

o]-&3slo] ZA3HthH(Figure 16). DCF-DA &= HXU esterase &Aol 23
DCFH = & =ar, o= Alxuel 848 e szt wgsto] g3d=2dd
DCF = Atstgo=A @S WA, ol BHE FFAHAEE 745
Az freElguZd A% S 9T & Ak (Curtin et al 2002; Gomes et al
2005). MEUW Atz S H0, & ol&dte] frEskglen, A5}
HO, 25 H7bekA @& A& blank, AEE H71eHA] 21 00, w37}
A& control & fo] MEE (%)= HERHIAT.

Figure 16 o m=w ALRH RE 3gteEd sRE4or Axd Ad-
Ao Ts AR oAl AR YET. 10 pg/ml o] F oA
3 &9 sh3E R 80% 7k ROS & AAAIZ oW 2(88%)>3(84%)>1(78%) 2]
TAZ Ga%E Bt 5 pg/ml 9 FEAAE 2(82)>3(82%)>1(56%) =
aHog A AAFES AASE o= Ve, compound 2 9 A9, 1

ng/mL o] FXkol 76%9] A AAaF AARARE HErYoerA 3 T e
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01 pg/mL a5 ug/mlL B10 pxg/mL
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Figure 16. Effects of compounds 1-3 isolated from S. si//iquastrum on
intracellular ROS levels induced by hydrogen peroxide in HT-1080 cells.
The cells were incubated with different concentrations (10, 5, and 1
ng/mL) of the compounds 1-3 for 120 min. DCF fluorescence was measured
at N excitation=485 nm and A uricsion=528 nm. *%Means with the different letters
are significantly different (p < 0.05) by Duncan’ s multiple range test.

Values are means £ SD (n=3).
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3.2.2.5. A&kst oA w3t

AZd A A3aste] AE= TBARS WS ol&38te] FA33tH(Heath and
Packer 1968). Aol 4tsl= AA ¥ malonedialdehyde += + A2 TBA
(thiobarbituric acid)$} Rb-g-ste] AxpMeol HFAE PG g, o of, 538
nm oA ASHBAEE] FEEE SATCEN, ALtz s SA4Y 5
ATk, AFEW A= 2 mM B0, 9 0.1 M FeSO, & ©]&3t frstgion,
A=E A7FsHAl A 0, ¥ H7FE ity vlaste] 4kst AAlEE
MR (B2 YR, it HlaA], 3 T4 stg= 5 AEASE 30%
7V AAlete Aowr uyetgen, sgtEite] & A Abole HolA

ottt (Figure 17).

3.2.2.6. A EW GSH(glutathion) &=

MEWo] =A% GSH(glutathion) ¥ thiol-staining reagent <1 mBBr
(monobromobiman)< ©]-&3te] =SAHSIAT. GSH = A 7He] ofnjwato =

o]Fo]Zl tripeptide(cystein, glutamic acid, glycine)®EHX, sulfhydryl

tlo

radical & 7FAaL glof, AXU AW ES AA st 9TS dH(Sies,
1999; Curtin et al 2002; Watson and Jones 2003). ujgbr w]&E3A &7l
mBBr ¥} o]=o] AEWelA ZAgste] FFS YRR, 1 AxE 5451
AEW GSH e Ut 85 H7bebA &2 control ¥ Haldhe]

WS (%)= YEFH I, Figure 17 oA 24 2152°] compound 1 3} 3 oA+

- 86 -



GSH &&ko] Z=71wx ¥kom | compound 2 ¢ A, GSH 7} 27% 7}

=151
57t
120 © 150
a co b
g o g
e §3 a 2 a
25 80 2% 100 - -
[S] x 8
- O a/
R o2
g 60 1 €3
= =2
a< Te
= 40 H BE 50 -
20
0 T 0 - T : :
CON CON 1 2 3
(a) (b)

Figure 17. Effect of compounds 1-3 isolated from S. si//quastrum on (a)
membrane lipid peroxidation at 5 pg/mL. Membrane lipid peroxidation
determined by TBARS method. HT-1080 cells were exposed to - OH generated
via Fenton’ reaction and oxidation products of membrane lipids which can
react with TBA were determined spectroscopically at 528 nm and (b)
regulation of GSH levels in HT-1080 cells. The cells were incubated with
5 ng/mL concentrations of the compounds 1-3 for 120 min. Cellular GSH
levels were determined using mBBr as a thiol-staining reagent according
to the method described in the text measuring mBBr-GSH fluorescence
intensity at Aexcitation=360 nm and Aemission =465 nm. *° Means with
the different letters are significantly different (p < 0.05) by Duncan’ s

multiple range test. Values are means £ SD (n=3).
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Sl 2EZFE o] &3ke] HT1080, HI-29, AGS, MCF-7 A4 o] mA&= JIFS
AzsL G tH(Figure 18).

ZFEESs 340 et F83% §uiES T 85%aq. MeOH Fwto] MEFA&
AA e ARE HoFA. HT-29 AE didk Ax F2 oAaz Az
Al HT1080 3  fAFSHAl 85%aq. MeOH FolA  AlEZAJA  axprt
e om, o9 A mrhexane FTOAE ME FANAEHE VERY AT
200 pg/mL 9 EZolA+E 8b%ag. MeOH <3} n-hexane ZollA] 95%°]%
AR oH, 100 pg/mb A= 27 34 ¢ 54%°] A& S HHERW

AGS M3 A9, 200 pg/ml o Tl BE AmZF dAE FA aRE
el o, 85%aq. MeOH %3 n-hexane %9 7%, 100 ¢} 50 pg/mL
TR FEe oAl &3E Buh. 85%aq. MeOH F< 7%, 200
ng/mb o FEA 81% 7t AE S gAElen, v& oEAHo=R
50 ng/ml o F=7MA 76%, 49%°] &5 e, n-Hexane 5o 749, 200
pg/ml o FmOlAE 79% ZHbe AE SAdA a¥E YEReH, 100

pg/ml FEANAE 71%, 50 pg/ml NAE 68%7FA] ME FAS A s ).
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SAW 10 peml o sEAA 2ES WYl TR FxFL HAT 5

d

AR

MCF-7 o] A9 749, AGS AMxESF FAFSHA 200 pg/ml sE=ANM= EE
Azm7t S48 YeEion, 85%aq. MeOH ¥} n-hexane ¢ 2§, sEJEHo =
SAE FAE AAGtE AS®E e 200 pg/ml o] FEolA ZH7He

T2 82%, 90%9] =2 A4S YvERlen, 100 pg/ml o FXolA % 58%,

75%2] BAS 3eld 4= Ak, nHexane T A, 50 pg/nl FEANAE

85% aq.MeOH 29 7%, WE AEAH $5a AE 4994 moE

B o™ phexane WE3F HT-1080 MXEE A|&st BE A XA 259 54

JAlel Aem e,
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Figure 18. Effect of crude extract and its solvent fractions from 7.

oleracea on viability of HT-1080 cells.
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Figure 19. Effect of crude extract and its solvent fractions from P.

oleracea on viability of HT-29 cells.

-91 -



Cell viability(%)

(a) Crude extract

120
100
80
60
40
20
0

CON 200 100 50

120 120
g 100 - — g 100 -
2 2
= 80 = 80
o) Q
© ©
> 60 - ES 60 -
8 40 - 8 40 -
20 20 -
o +mm_ L L L L LT LLL o +mm_ L L L L LT LLL
CON 200 100 50 10 5 1 CON 200 100 50 10 5 1
(b) H,O (c) n-BuOH
120 120
S 100 - S 100 - ]
= N—r
= 80 - 2 80 - — H
g 60 g 60
= ] S l BRI
3 40 - o — H
&}
20 - 20 - LY
O = T T T T T T O 1 T T T T T T
CON 200 100 50 10 5 1 CON 200 100 50 10 &5 1

(d) 85% aq.MeOH

(e) n-hexane

Figure 20. Effect of crude extract and its solvent fractions from 7.

oleracea on viability of AGS cells.
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Figure 21. Effect of crude extract and its solvent fractions from 7.

oleracea on viability of MCF-7 cells.
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3.4. P. oleracea =58 F2|¥ oAt A HE ] AE] &4
3.4.1. P. oleracea=5-¥ 2% compounds 7-10, 12-13 o] SHA|E 21 A a3}
2R E(P. oleracea)ZHE F23F homoisoflavonoids 3+&= 7-10, 12-
13 & o]&3te] HI1080, HT-29, AGS, MCF-7 Aol diet Ax T2 gAastE

wEsglon, dds ARE AYshA €L dxzds VeoeR WHEEME

HT1080 A2 FA9A &xE ##E3 A3 (a), Ui SFEA
AESAAA a77F YebA] &35 compound 10 9 749, 100 pM oA
62% kg HT1080 AE8 F4& SAst= ZAox2 UEpwth. HI-29
MEANAE(b) compound 10 Tk AE A4S A3l Aoz vErsten | 10

pM oAM= 28% A AE FAA mBHE STt AGS AlES] F-5(c),

2L

o2 AES th27 compound 10 ¢+ ¥ 12, 13 3}gHE LI AGS AEES

rlo

AAS A= Ao 2 vebgth. 100uM ¢ sxEoA 12 Hy 13 H 3H3HE

o] AAES HF o™, compound 13 9] 7A-$, 50 uM oAM= 61% 7= AlE

[©]
©
=N

FAe oAse Zom umgth NP7 o S3LALY F9d)

HT1080 A3} HT-29 A|3E2} F-AFSHAl compound 10 WHo] 100 pM o] B I=ol A
50 7tFe AAES Elstien, 50 ¥ 10 uM ClA%E 77t 28%, 26%°]

oA &

o
Jot

159l
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Figure 22. Antiproliferative effects of compounds 7-10, and 12-13
isolated from P. oleracea in HT-1080 (a), HT-29 (b), AGS (c), and MCF-7
(d) cells. * Means with the different letters are significantly

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

+ SD (n=3).
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3.4.2. P. oleracea 58 2% compounds 7-10 ¥ 12-13 o] A AFAZ(ROS)

A2A a3y
Compounds 7-10 % 12-13 o tjsk A2 &4 2sE 2A a3 Ay,
AHEE BE SREe Alxd AdE @445 F S A HoE YER

100 uM ¢ %ol A compound 7 ©] 59% AEe] A|ZU ROS & A A= AHoR
UeElton | o ® compound  9(56%)>8(52%)>10(44%)>12(22%)>13(18%) <

2AES RAFAY. compound 7 9 A5, 1 pM FXAA%E 41% =2 ROS

=

AAES HoFERon, Y XA compound 10 =3t Z+7; 30%<}

9
332 MU AAHE ROSE a4 o2 AASHE Aoz YEST.
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Figure 23. Effects of compounds 7-10, and 12-13 isolated from P. o/eracea
on intracellular ROS levels induced by hydrogen peroxide in HT-1080 cells.
The cells were incubated with different concentrations (100, 50, 10, and
1 png/mL) of the compounds 7-10, 12-13 for 120 min. DCF fluorescence was
measured at A ecitaiion=485 nm and  Nepjesion=028 nm. 9 Means with the
different letters are significantly different (p < 0.05) by Duncan’ s

multiple range test. Values are means £ SD (n=3).
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3.4.3. P. oleracea 2. =H¥ H¥]3F compounds 7-10 & &H|wt &3}
3.4.3.1. 3T3-L1 A7 AA|Eo| Mo AE Rils 574
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Figure 24. Observation of lipid droplets stained with Oil Red O staining
in 3T3-L1 adipocyte. CON: fully differentiated control adipocytes (0.5 mM

methylisobutylxanthine, 0.25 pM dexamethasone, and 5 pg/ml insulin)
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Figure 25. Effect of compounds 7-10 from PFPortulaca oleracea on lipid
accumulation in 3T3-L1 adipocytes by Oil-Red O staining. CON: fully
differentiated control adipocytes (0.5 mM methylisobutylxanthine, 0.25
uM dexamethasone, and 5 pg/ml insulin) “Means with the different

letters are significantly different (p<0.05) by Duncan's multiple-range

test.
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3.4.3.2. Glucose 4xH] =%

o4

Glucosex glucose transporter 4(Glut-4)e] 93] AHWAEE J

i
2

glycerol2 A3 e x xbaty} g4 162 FAE ] ALTE FAsAY 9
WA 3ol 22olA "}, GlucoseE 48 Glut-4% d&do oA =3

Fo] AEZE9 glucose U

o|\

7FA 71 (Shepherd PR et al. 1999) A4
AZ7F vl 2 ASkEW Qlad Aol FThE ] Glut-49] EAdo] oA
Hozx MAEY glucosed FYo] #AHT.

A A E e 3FstEo] 9%t glucose 92 Belsty] 3] 100, 10, 1
uMel =2 s3ES Agdte ARE A ¥ iz vlaste] o
ERich(Figure 26) A2t BE Al5w gizatol] vlalA o)A Aols Hlo
™, 100 pM EEoA 9(31%) > 10(28%) > 7(24%) = 8(24%)2] A= glucose
sheFo] ZFAsldar, 10 pM oA+ 10029%) > 9(26%) > 7(22%) = 8(22%) =2
2 yebgtl. 1 pMell A= 10025%) > 9(18%) > 8(15%) > 7(10%) 0.2 <o = 1}

Eher 109 45, 1 uMEimelAM i 20%0]7de] fHamadts Bl
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Figure 26. Effects of compounds 7-10 from Portulaca oleracea on glucose
consumption. %“Means with the different letters are significantly
different (p<0.05) by Duncan's multiple-range test. CON: fully
differentiated control adipocytes (0.5 mM methylisobutylxanthine, 0.25

uM dexamethasone, and 5 pg/ml insulin)
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3.4.3.3. Glycerol 4] =4

H)|Eo 2 29 459 sgtEo] 169 ol vX & JFS Lol $
3 free glycerol &S =AH3AT. A5 HXE+= 100, 10, 1 pM= =g st
Rom AmE AshA & izt vlaste] et

2 A3} (Figure 27), B A8AAA Fo4 2% glycerol &H|Fo] T7}8
= A& gRlsilh. 100 uMelA= 109 shet=o] tixatol] H|al 84% ©]/o

2 33EF0) glycerole Y7} 7FF =¢kom, 9ol AL 64%, 2HLS 41%,

L

e 16% ole® A yeth 10 pMelldE 108 88H=o] 61%=2 7H3
=7 yebton | 9(51%), 8(29%), 7(21%)¢] <A = glycerol #H|7} F713+%

I, 1 pM =%olA 10(32%), 9(14%), 8(13%), 7(12%) o= velyr}. #g

H sskE 25 gzl Bl glycerol®] H|7F 7RO =M AlxEY A H
65 ®3lste AS &3S,
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Figure.27. Effects of compounds 7-10 from PFortulaca oleracea cava on
glycerol secretion. *“Means with the different letters are significantly
different (p<0.05) by Duncan's multiple-range test. CON: fully
differentiated control adipocytes (0.5 mM methylisobutylxanthine, 0.25

uM dexamethasone, and 5 pg/mL insulin)
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2HE S7MA7IA, AU ARERESE SXeeE adE yeidlo] AR e
JAAS FAstE 98-S 3+ adipocytokine ©|tH(Campfield LA et al.,

1995). Leptin ¢] #H]

oft
o
=
[-'121
o
lo

AA el wlEstel 3 leptin 9

s ZAGORA AWEA ARE Hehie Fa% A%} Bk,

4

747y 33HE9] leptin wHIFS AlRE AEshAl & dixa ¥ H]ulst

2

Mg yehlida. 2 23, figure 28 oM tixatdt Wl 8

(1

s}ekE o] 31%(100 pd), 25%(10 pM), 20%(1 pM)=E FEFEHOSZ leptin 9

oS ZAaA7AS el 7 H O sErES 100 M oA 13% A=
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Figure 28. Effects of compounds 7-10 from Fortulaca olreacea on leptin
secretion. *%eans with the different letters are significantly different
(p<0.05) by Duncan's multiple-range test. CON: fully differentiated
control adipocytes (0.5 mM methylisobutylxanthine, 0.25 uM dexamethasone,

and 5 pg/ml insulin)
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3.4.3.5. H|¥F A {Fx2 Hd 574

HujEo 2 HE e sstEol U= AWFA A7 g o
A g A R QA AR tigk AuaAlE gyl f1ske] mRNA F-H
A E s HESI.

3.4.3.5.1. &4 =4 A 2y

AR A EANA AWM ERS] B3 A E7F confluence AEZF H o
AR A 7)o HolEH IBMX, dexamethasone, insuline #7}ste] % 3Sit}.
olw], ®3} %7] @AM C/EBP § , B 7} H3E 1 o] PPAR y o IS
freste] Es7t AEHom  o]Folx A gtk wE IEE PPRR ¥ =
AGAEY] B3 F7IGAA C/EBP a ¢ wdS =54 Hul. SREBPlc:

AgAEAA FHzEEI AL ojAbet dEE Be §AAE EHske
AARIABrown,  1997) 24 E8kapgel Er]GAlM  EdE o] PPARY 9
endogenous ligand %i= activator S SIAIFA OS24 PPARy 9 ZHA}
44 7 (Kin et al, 1999).

AAERze] 3] ddHE= B4 dARIARD PPARY,  SREBPIc,
C/EBPa el mRNA i Fds FHESIY HAHgo=riy g9 e
adipogenesis A @¥E IR, =9 F=+= 100, 10, 1pM=
Agstdom, =S Ay ¥ izt Hlwste] nRNA DA GS

shelatgiet.
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Figure 29. Effect of compounds 7-10 from Fortulaca oleracea on adipogenic
transcriptional factors in 3T3-L1 adipocytes. “’Means with the different
letters are significantly different (p<0.05) by Duncan's multiple-range
test. CON: fully differentiated  control adipocytes (0.5 mM

methylisobutylxanthine, 0.25 pM dexamethasone, and 5 pg/ml insulin)
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3.4.3.5.2. %A Az #d

AFAEZ ] B3A T HAARIAES A o] H= 5 7FA] f7AF FATPL,
FAS, FABP4, LPL, ACSI ¢ ¥ds& FAEsGeH, A8E AFsA L2
2w vlaste] e it

Figure 30 & FATP-4, FABP-1, ACS1 Az &H&dS yelbd Ao},
FAPT4 oA Hgd =E 3gEo] txdd Humste] 23S AgAALS

1

selsgl o,

]

off
-1

% compounds 9 ¥ 10 += 100, 50 pM FZoA 40%°]7

HAS At adE BQlYh. FABP-1 o A%, dixad HluwA] BE
EE

EolA FHAAY WHHS IAEGe™, I F  compounds 8, 9,
10 = 100uM oA 60%0]d #ZAaA7I= AxE JERAAE. 50uM FERolAE
compounds 9 ¥} 10 ®1-2 40%©] FABP-1 8] ®alS ZHA-A[Zith. FATP-4 9F FABP-
1 & fatty acid & A|WdArlellA 523 988 sl TAFHAAZA AE
W2 83 fatty acid 9 #9S 7 A7]h(Salas et al 2007). Compound 9 I}
10 == FATP-4 ¢} FABP-1 o] &S T AAIT o2 4 AEY fatty acid & tiALE
7HAAA adipogenesis & HJA|st= Ao = AR EHT.

ACST 2 MZWell A acyl Cod & §7dsked fatty acid & #43h= A=A
compound 9 ° 9Jd|A mHHoZ o] AA|ES AT, 100 pM <

FEAAE 50% 7HE o] oAl om, 50uM A% 25% FaEHE Bl
sh<1 5] e}

Figure 31 ©] YEhd FAS A= malonyl CoA ZHE A|WARS A sH=
aAazA, 100 pM oA compounds 9 I 10 TFo] 20% o] SAA|sl= A=
LHERSE T

LPL & dFol EAsts 16 & AAIER Fd=7] F2 FHe #d

Ao 72 Bl AHPAM| A TG £ Z¢f5t}(Yamaguchi et al.

2002). Figure 31 o4 H5%o] 100 pM ¢ XA compound 9 ¥} 10 = 70%
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o]} LPL &2 BHLS AA e Aoz e om, 50 uM EEAE 20%
ol4el @32 el T3k compound 8 = 100 u M EZoA 30% o]

AA st = Aoz YERtH(Bullo et al. 2002).
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Figure 30. Effect of compounds 7-10 from Portulaca oleracea on adipogenic
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target gene expression in 3T3-L1 adipocytes. *®Means with the different
letters are significantly different (p<0.05) by Duncan's multiple-range
test. CON: fully differentiated control  adipocytes (0.5 mM

methylisobutylxanthine, 0.25 pM dexamethasone, and 5 pg/ml insulin)
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Figure 31. Effects of compounds 7-10 from PFortulaca oleracea on
adipogenic target gene expression in 3T3-L1 adipocytes. *®Means with the
different letters are significantly different (p<0.05) by Duncan's
multiple-range test. CON: fully differentiated control adipocytes (0.5 mM

methylisobutylxanthine, 0.25 pM dexamethasone, and 5 pg/ml insulin)
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3.4.3.5.3. Adipocytokine &=} &
AGAEZE oYX tALE HESE AW AH7A] FEAAS FAANATE
75 S st g JaAGEAS Bttt g Ed o2 leptin, TNF-a,

resistin, adiponectin &°] &4 Jdom, B Ao = leptin I} TNF-aol

FEse] ouA FAHS FAFE 4TS B HAW leptin o BF
FE7h B AL AW A% BF & AL JMSuE FEF leptin o

. _ i ,
ket 4= Qo A=A ALE SAHY 4 v}k, Figure

Fazke] BdS gAlsks Ae= YEb e, compound 8 o -, 30% 7+

SAz BHS ATk, 10 pM =4 compound 9 ¥ 10 & 20% ©]4+

INF-a= A HAE A FEEHEE cytokine o2 AdEd  A3HA

o

freste] v gha) e AWS FESTH Figure 32 oAl AME¥ BE 3HgHE 0]
100 uM oA INF-a9] A2 ddS a7d o= AASH3 L, compounds 8, 9,
10 o 2%, 100 pM oA 60% ooz B&S AT, E3] compounds
93 102 10 pM e FEAME 50% o1 A F L.

Compounds 9 #} 10 & A|WAEAA BdE = adipocytokine Q1 leptin 2}
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Figure 32. Effects of compounds 7-10 from Portulaca oleracea on adipokine
gene expression in 3T3-L1 adipocytes. *'Means with the different letters
are significantly different (p<0.05) by Duncan's multiple-range test. CON:

fully differentiated control adipocytes (0.5 mM methylisobutylxanthine,

0.25 uM dexamethasone, and 5 pg/ml insulin)
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3.4.3.5.4. AR FAA 4d

=

A HAEW TG droplet & A X2 &

Fl

st A @49l HSL 24

e

BEE7] 98k perilipin o 93&] o] Ao}, HSL 3 perilipin & PKA 9
olal Ql4tst Ho 159 &do] HHETH AXUl cAWP o FX7F FUFSHA
= PKA 7} &Adsts] o] HSL ¥ perilipin = ZH2Zb Q1Aksl A|7ic), 14ks) =
perilipin & H|&/d¥ o] TG droplet oA "ol Al ¥l QIAkste HSL & TG
droplet &2 o]&F3}o] TG & fatty acid 9 glycerol & &3]3t} (Kraemer et
al, 2006). Figure 33 oA ®Wolxl ZAAH F fFHxke] 23S g A,

perilipin & 100puM ¢ FXol|A compounds 9 ¥ 10 WHo] Z+z} 15%9} 25%=

FAx EHS AR o, HSL 9 A$ol% compounds 9 ¥} 10 7} F-AA}
e S oAt Aoz YEsT.
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Figure 33. Effect of compounds 7-10 from Portulaca oleracea on lipolysis
response gene expression in 3T3-L1 adipocytes. *'Means with the different
letters are significantly different (p<0.05) by Duncan's multiple-range
test. CON: fully differentiated control adipocytes (0.5 mM

methylisobutylxanthine, 0.25 pM dexamethasone, and 5 pg/ml insulin)
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Aol g 4ol ohd el A

F4e fistel A9 Agwel, o=} MgH g BAe]l nEHm
gtk ol Wl SE, AZAE S92 A5y AFRE o Bl
24 F7kstlon, @4 dd A AFEe] Awsel HujHm 9w

ol#gt AlFEel Wk A whg T AMEE FEEEC] AAYA HWA

44 2AzFEHe 7lsd AF Adedl dizh #As] AFTHa o

FYE goldt  mERCl Hal mAus A=Al AYse

) 7] RAEES CHClo/acetone (1:1)9F MeOH 9] &wj& 717} &3t F)9

ga Fol FAEAel wet 4 sl SulREel o

il

f
(ot

ZFEES 9o, oE
hexane, 85% aq.MeOH, #BuOH 22]3L H,0 fraction & ZHz} 4o, 85% aq,
MeOH SO =FE chromanol AEe 3= 3 F5 EHIIAoH, o=
gttt x= 2D MR A ¥E F3dle] 12-(3,4-dihydro-6-hydroxy-2,8-dimethyl-
2H-1-benzopyran—-2-y1)-2,5,9-trimethyl-dodeca-(5£,9£)-2,5,9-tr ien-4-one

(1), 13-(3,4-dihydro-6-hydroxy-2, 8-dimethyl-2H-1-benzopyran-2-y1 )-5-

hydroxy-2,6,10-trimethyl-trideca-(10£)-2,10-dien-4-one (2), 13-(3,4~
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dihydro-6-hydroxy-2,8-dimethyl-2H-1-benzopyran-2-yl)-5-hydroxy-2,6, 10-

trimethyl-trideca-10£-en-4-one (3)o.2 H= ZAAsFon, BT AF71A
B HAEe gt sEEEelt. s 3 e sigkEel uigk DPPH
radical ¥} Peroxynitrite 4AAH ZAAS HAS Ay, RE FFE9

a3 A o2 radical & A2ASE Aoz Ygwoh. AXEY ks A4S

AA = Ae2 Yepgt. 1 F compound 2 Vb M = XS

=
Au)
=
3
lo
&
o
rir
R
£
=
&
o}
i)

F B STP7IE Ao vEEh.
oS st AAGH SAME 4 F(HT1080, HT-29, AGS, MCF-7)ol sk

A AAass g 23, 339 stde BT 4709 dAEe S

gl BaZo) te FAE 24 AAETNE ANF A3, 85 aq.NeH o]
4 F9) FAEe 4Fe mAAoE oAl Ao dumon, olsh ¥
HT1080 AEE ol 88 AZAE oAl bl e BYL P A A%

MIP-9 o] THS Foldoz AAISAT. nlHexane T H3F HT-1080 A|:EE

il

Ao gt e FHFolA AEFTA oA mdE BAoW, MP-9 =3
a7l Aoz yehdrh, webd 85% ag.MeOl FOo2RE 6 79
A} 2% homosoflavonoids &EE(7-12)S w8t e, 7 sg&Ee Fx2&
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MR dlolEl 2} IR, UV, Mass =FEH EAS F3]A 5-hydroxy-7-methoxy-3-
(2'-hydroxybenzyl)-4-chromanone (7), 5,7-dimethoxy-3-(2'-hydroxybenzyl) -
4-chromanone (8), 5-hydroxy-6,7-dimethoxy-3-(2"'-hydroxybenzyl )-4-
chromanone (9), 5,6,7-trimethoxy-3-(2'-hydroxybenzyl)-4-chromanone (10),
5,9-dihydroxy-7-methoxy-3-(2'-hydroxybenzyl )-4-chromanone (11), (£)-5-
hydroxy-7-methoxy—-3-(2'-hydroxybenzyl )-4-chromanone (12)= ZAA3}% T},
o] 9] of| homoisoflavonoid ¢ A A<l 2,2'-dihydroxy-4',6'-dimethoxychalcone
(13)7F  #EgHo] 2 FxZAAHe] o]Fo Hu. FEE 6 FY
homoisoflavonoids 3}5tE EF7F Axdle]l Ad¥E RS & ayxo=

Ao, Az ot

{
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I Z2 A& compound 10 off <] siAwt
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Jr

™
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g olAlstaL

glucose 9 S F7HA171H glycerol wHFS S7IAH =2 A 45

JASHE Ao Ueut, olg daste] AgAERe BaE 2dsh: i
AAb 914l PPARY, C/EBPa, SREBPLc ¢ WA Az AMAzzel

288 oAt Aol

!

Zyom w3 159o FA FA Al FABPI,
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Figure 34. M and ™C NMR spectrum of compound 1 isolated from Sagassum
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Figure 36. gHMQC and gHMBC spectrum of compound 1 isolated from Sagassum
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Figure 39. gHMQC and gHMBC spectrum of compound 2 isolated from Sagassum

siliquastrum in CDCls.
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Figure 40. M and C NMR spectrum of compound 3 isolated from Sagassum

siliquastrum in CDCls.
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Figure 41. gDQCOSY and TOCSY spectrum of compound 3 1isolated from

Sagassum si/iquastrum 1n CDCls.
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Figure 42. gHMQC and gHMBC spectrum of compound 3 isolated from Sagassum

siliquastrum in CDCls.
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oleracea in CDCls.
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Figure 47. gDQCOSY and TOCSY spectrum of compound 7 1isolated from

Portulaca oleracea in CDCls.

- 151 -



L‘UL M NU&;ILMJUL

Ll

—

F2 -
(ppm

<

LY

Q0 o

T T T T T T T T T
120 1 100 a0 a0 70 1] 50 40 30

F1 (ppm)
|
) an W |LJ |
i Fz y )
(ppm] =
- D - - e = -
— —— - —————— [ ————
> P
-ﬁ — ——— - T - -
——
N -
6| -
— K ——— —_——
=
= 7 o —_—
—= e amrea
o]
104
114
12 LA AAALL R T T T T T T Odaaal T T T T
200 180 160 140 120 100 an 60 40 20 L]
FL (ppm)

Figure 48 gHMQC and gHMBC spectrum of compound 7 isolated from Portulaca

oleracea in CDCl;.
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Figure 49. M and C NMR spectrum of compound 8 isolated from Portulaca

oleracea in CDCl;.
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Figure 50. gDQCOSY and TOCSY spectrum of compound 8 isolated from

Portulaca oleracea in CDCl;.
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Figure 51. gHMQC and gHMBC spectrum of compound 8 isolated from FPortulaca

oleracea in CDCl;.
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Figure 52. 'H and “C NMR spectrum of compound 9 isolated from Portulaca

oleracea in CDCl;.
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Figure 53. gDQCOSY and TOCSY spectrum of compound 9 1isolated from

Portulaca oleracea in CDCls
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Figure 54. gHMQC and gHMBC spectrum of compound 9 isolated from Portulaca

oleracea in CDCl;.
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Figure 55. 'H and C NMR spectrum of compound 10 isolated from Portulaca

oleracea in CDCl;.
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Figure 56. gDQCOSY and TOCSY spectrum of compound 10 isolated from

Portulaca oleracea in CDCl;.
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Figure 57. gHMQC and gHMBC spectrum of compound 10 isolated

Portulaca oleracea in CDCls;.
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Figure 58. 'H and C NMR spectrum of compound 11 isolated from Portulaca

oleracea in CDCl;.
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Figure 59. gDQCOSY and TOCSY spectrum of compound 11 isolated from

Portulaca oleracea in CDCl;.
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Figure 60. gHMQC and gHMBC spectrum of compound 11 isolated from

Portulaca oleracea in CDCls.
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Figure 63. gHMQC and gHMBC spectrum of compound 12 isolated from

Portulaca oleracea in CD;0D
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