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Isolation and Structure Determination of Bioactive Constituents from the

Brown Alga Sargassum siliquastrum

Jung Im Lee

Division of Marine Environment and Bioscience, Korea Maritime University,

Busan, 606-791, Korea

Abstract

Marine macroalgae are widely recognized as verylifigrosources of both
biologically active and structurally unique secarydametabolites. Terpenoids,
acetogenins, and mixed metabolites of uncommon ocarbskeletons and
functionalities belong to the major groups of metdbs from these plants.
Meroterpenoids are mixed biosynthetic products tvhicontain terpenoids and
polyketides fragments. Particularly, meroterpenoids chromene structural class
were found abundantly whithin the brown algae arelealed a variety of
bioactivities such as cytotoxicity, antioxidant igity, anthelmintic activity, and
inducement of the larval settlement of a hydrozoan.

As a part of our search for novel bioactive compmsurirom marine algae, the
brown alga Sargassum siliquastrum was collected off the shore of Jeju Island.
The collected samples dfargassum siliquastrum were briefly dried under shade
and repeatedly extracted for 2 days with a mixt(frel) of acetone-C{Cl, (1.5 L
X 2) and MeOH (1.5 L X 2), respectively. The comndun crude extracts of



Sargassum siliquastrum were fractionated inta-hexane, 85% aq. MeOH)-BuOH,
and water fractions.

Antioxidant activities ofn-hexane, 85% aq. MeOH)y-BuOH, and water fractions
including crude extracts ofSargassum siliquastrum were evaluated using
1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical, aetiic ONOO, and ONOO
generated from SIN-1. Scavenging activity of eachctfon on DPPH radical
increased in the order of 85% ag. MeOHnshexane >n-BuOH > HO fractions,
while that of each fraction on authentic ONO&nd induced ONOOfrom SIN-1
increased in the order of 85% aq. MeOHnsBuOH > HO > n-hexane fractions.

On the basis of the above results, purificationtlod 85% ag. MeOH fraction
using Gs reversed-phase column, followed by HPLC, resuliedthe isolation of
three new meroterpenoids (compounds?) and four known meroterpenoids
(compoundsl1-4) of chromene class. The structure of the isolatethpounds was
established by extensive 2D NMR experiments such'thsgDQCOSY, TOCSY,
NOESY, gHMQC, and gHMBC, and by comparison with I@ited spectral data.

In our measurement for evaluating antioxidant dgtivof compoundsl-7 using
DPPH radical, authentic ONOOand ONOO generated from SIN-1, all of them
exhibited significantly high activities.

The protective effect of compounds fronBargassum siliguastrum on
H2Oz-induced oxidative stress was examined in HT1080s.ceThe levels of
intracellular  reactive  oxygen  species (ROS) were asued  using
2', 7’-dichlorofluorescin diacetate (DCFH-DA). Alloksent fractions including crude
extracts of Sargassum sdliquastrum not only significantly decreased levels of
intracellular ROS in a dose-dependent manner bsgb axhibited a protective
effect on oxidative damage of purified genomic DNWA. addition, they increased

intracellular GSH level in a dose dependent man@empound 1-7) significantly



decreased those of intracellular ROS while theyeased that of intracellular GSH

at concentration of 5Sug/m¢. Therefore, these results suggested that thedee act
compounds fromSargassum siliquastrum could be developed as a candidate for
potential natural antioxidant related to oxidatisteess.

Antiobesity effect of each fraction was estimated rheasuring levels of glycerol
and triglyceride. When 3T3-L1 adipocytes are treéateith a good antiobestic
material, glycerol secretion is increased and ydgtide (TG) accumulation is
reduced, compared to control adipocytes. Amongedestamples, 85% aq. MeOH
and n-BuOH fractions revealed very good antiobesigffect, significantly
increasing glycerol secretion and decreasing TGuraotation, respectively. Based
upon these results, it is suggested that furtheestigation should be performed
on the isolation and identification of the antiobescomponents in its active

fraction.
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Fig. 1. Sargassum siliquastrum
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2-1. A=

A el 243 2 AEK(Sargassum siliquastrum)E 2003d 59 AIFE A6 A
AR AR en SLA A2 F FE37] A7A| -25 ToAlA B3B3
o &35

2-2. A<k

Column packing materia®& RP 18 (YMC-GEL ODS-A, 12 nm, S-7f)= A}
439 em, TLC plate= Silica gel 60 F254s (Oui. Merck)® AH&3}% 2
spray reageft 5% HSOE WA A== AL FFINGT FE L E
%), column chromatograpltl A83 BE fuj= 13 A oS FYste] AH&3}
%t} Varian RI detectd¥ high performed liquid chromatography (HPLC, Dionex
P580ys AF§-3te] A3k, 283 HPLC columr® YMC pack ODS-A
(250%x10 mm, S 5 m, 12 mm)= AF238} 32, guard column (7.5x4.6Gm, Alltech)ys
AH4-35tk. NMR A A A83k &vl= CDCl; (Cambridge Isotope
Laboratories, Inc., USA, deuterium degree 99.8%D:@D (Merck. deuterium
degree 99.95%F A}§-3}%ic).

1,1-Diphenyl-2-picrylhydrazyl radical (DPPH), 3-rpbiolinsydnonimine (SIN-B}
dihydrorhodamine 123 (DHR 123), penicillamine (Dlaiino-3-mercapto-3-methyl-
butanoic acid) < Sigma} (St Louis, MO, USAWA T34t 183
peroxynitrite (ONOQ+ Cayman (Ann Arbor, MI, USMIIA ¢3¢ i35} A
ol A3t

A|E ¥ljeke] B 23 DMEM (Dulbecco's Modified Eagle's Mediud) Sigmeel]



A F4Y43F$ 3L (ST. Louis, MO, USA), FBS (Fetal Bovine Serum) Hyclone
(Logan, Utah, USMIIA TF43I9t}. Glycerobll E 83 reagent Sigmeel| A -
g3l en, triglyceridell " 83 reagent AlF3}ErolA FYSFSATE MTT
assayg 9%t kit (MTT cell proliferation Assay)e: R&D systems (Minneapolis,
MN, USA)S. 258 F-4]sto] A}-§3}3it).

2-3. 7]17]

"H-NMR#} ®C-NMR, two-dimensional NMRA&-& XX Varian NMR 300
spectromete® AF8-3}t}. v AFEE polarimeter Perkin elmer : U.S.A, 341)&
AF43le) SAEY. varian Rl detectd¥  high  performance  liquid
chromatography (HPLC, Dionex p588) AF&3le] 31gES AA|-E2 38t}
UV-Vis spectrophotometer (Therm8pectronic, England), Multi-detection microplate
fluorescence spectrophotometer Synergy HT (Bio- TEEtruments, USA)} Ak
3t 84 FA AL=Egen I 2o rotary Evaporator (EYELA, JAPAN),
vacuum pump, pH meter, water bath, pipet (JBM-pipel3}7] 5= AH£3 %3
o}

24. 3%,

S

Mo
i)

Mz

1 7€ 2 &8

N3 7 #al 7] 2AE (Sargassum siliquastrum)S AF83817] Al -25 T W
o) B33}zl sl 3 acetond@ methylene chloridg 1:1 ¥] &2 42
4 ALg8ke] 24X17F WX E F sG] AAS 2 wHEEG

Z 48 Ao A rotary vacuum evaporator (EYELA
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JAPAN, N-N seriest %3t g2 ZA}o] 532 methano& Ho $2 %
Ud3 FAH S 53 FEES 49U} (acetone/methylene chloriddE% : 3.36 g;

F 1 T FEES Y 25F5F 5725 ¢ & A4
o ujg} &£xpHew B3Eslo] n-hexane, 85% ag. MeOH)-BuOH, HO 3 &
& 77} 7.24 g, 8.05 g, 3.02 g, 38.94 YA} (Scheme 1).

Sargassum siliquastrum

CH,Cl,/Acetone(1:1) fraction M eOH fraction

Crude Extract (57.25q)

CH,Cl, H,O0

n-hexane 85% aqgq.M eOH n-BuOH H,O
7.24 g 8.05¢g 3.02¢g 38.94 g

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

(2) BApEe] 84 A2 29

BApke] 85% ag. MeOHEZ o] ofs] MeOHS} £ EFEmE AH&3
RP flash column chromatograpgy A A3t 2w 50% (rfc 1), 60% (rfc 2), 70%
(rfc 3), 80% (rfc 4), 90% aq. MeOH (rfc 5% 100% MeOH (rfc 6) L8]

[

100% EtOAc (rfc 7)&m) &3 & 49
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dol7 Zbzte] RIS 'H NMR EZFEY A9 A7e %S 283ty rfc
5 fractiorPll i3l 94 HPLCE °]&3}°] 87% aq. MeOH-§"|= #2|3Iit.
% 3M09] subfractiong& dRew, I F subfraction 2014 compound 13}

o
subfraction 164 compound 2 & 9%t E subfraction 2@ ZH-¥ silica

p!
prep. TLC ( 5% MeOH in CkCl)S ©]83}¢] compound6 & ¥oem, 1 9
2] subfractiole< YA YA HPLCE °]83}%] compound5, 7 & 4%} Ric
4 fraction £3F 76% aq. MeOHEmE AF83le] HAF HPLCE A5 o

2 A3} compound3 ¥} compound4 & €4} (Scheme 2).

Extracts of Sargassum siliquastrum(57.25 Q)

85% aq. MeOH 8.07¢g

(RP column chrom. C18)
3.70% aq.| 4. 80% aq. 5. 90% aq.

MeOH MeOH MeOH
0.51¢g 1.54 g

7. 100%
EtOAc

6. 100%
MeOH

2. 60% aq.
MeOH

1. 50% aq.
MeOH

1/2 of Fr.4. (0.270 g)
HPLC (ODS-A,
76%aq. MeOH) 4/5 of Fr.5. (1.3 g)
| | HPLC (ODS-A,
87%aq. MeOH)

Compd. 5 Compd. 6
0.0172g 0.0110g

HPLC (ODS-A,
Compd. 1 Compd. 2 75% aq. MeCN) | yypp ¢ (ODS-A,

0.1395 g 0.1037 g 75% aq. MeCN)
Compd. 3

0.0648 g Silica Prep—-TLC

Compd. 7 (5% MeCN in CH2Clo)

0.0028 g
Compd. 4

0.0317 g

Scheme 2. Isolation of the compounds 1-7 from Sargassum siliquastrum
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2-5. kst 24 4d

(1) DPPH radica &4 &4

1,1-Diphenyl-2-picryl-hydrazyl (DPPR¥ 3}st& o2 <¢kA 3} free radical 7}#]
T 784 42X 3 RS v, 518 nnellA] 5olH < ¥4 band
742t} DPPHI 91+ radicaP| phenoi}t 22 4 AAE AFNFE A
FolA e} uk-ste] A E EA} diphenylpicrylhydrazine] =H 2<leo] R

o3 xS alA HHA, 518nnell A F8HA| Rol= F5 w7t ARRA|A

i o
# by
r
olo
2
=
i)
K-
2
=
2
2:)
Yot
_QIL
|
of
4
bt
bt
oy
b
K-
)
Al
g
it
(1
q
>
ol

WA 7k FEW AE (10~200 pg/ml) & MeOH °] ¥ Fu]3ttl DPPH A
°F 2 mg = A&3] AZFste] EtOH 15ml °] = DPPH 995 wEc) 9

1200 x0 ©] DMSO 500 ¢ ¢ EtOHZ 3000 y & E3s}o] DPPH 3| 4L
Zn|3t}. £8]¥ DPPH 34 AL cuvettel]l B3 FRES SAHs FF=7}

0.94~0.97] =& wEt}. |3 AlEE 100 xL& DPPH 3|49 900
A& F UV 3 518 nnell A 105 AT A=E HUKsHA] 42 &4
273 v e free radical 2AZA = WEEE Ve $ th(Scheme 3)..

RS

. . _ =27 F3=-4¥T F3=
EDA (electron donating ability)(%) = Azz9 B35 X 100
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N—N NO, +

NO;

DPPH « (Violet, 518nm)

N02 O.
N—N NO, +
H
NOJ
Diphenylpicrylhydrazine Phenoxy
(yellow) radical

Fig. 2. Scavenging of the DPPH radical by phenol .
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MeOH solution of sample Solution of DPPH (2 mg)
at various concentrations in MeOH (15 mL)

Shaking vigorously (10-20 sec)

Standing at room temperature for 10 min.

O.D. check at 518 nm

Scheme 3. Measurement of DPPH radical scavenging effect.
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(2) Peroxynitrite &# 4

ONOO &7 #A4)& dihydrorhodamine 123(DHR 129) 4t3lE]l:= AHAEE =
Agro 2y AMsHAT) (Fig 3). DHR 123 (5 mME dimethylformamidé 5o A]
stock £ AL Z purgedte] -80 Col|l B33, DHR 123 (f.c. 5uM) &
o] A2 AL d5 A, AHE3s7] Aol zAIsH3iH. Buffes 90 mM
sodium chloride, 50 mM sodium phosphate (pH #4% mM potassium chloride,
DTPA (diethylentriaminepenta acetic acid) 10M (f.c.)a <%39 ZA|shd A}
£317] Aol ¥ B9} o] buffer Yo DHR 123 §94& 33 ¥
A 59} peroxynitrite & H7}stz ALoA 587 #x|ssd. adas
multi-detection microplate fluorescene spectrophmeiter Synergy H® A 3%
t}. Authentic peroxynitritetfAle] SIN-1& H7}stE A= AL20A X7+ F
<k H#x)g F SA5SITE SIN-19] 93 DHR 123°] Abste HRHo g e
U= vkl authentic peroxynitrites oFF F%53] 23S A|7]7] wEo|t}.

Excitation 72 485 nm, emissiornZ}aS 530 nmz st on A4 =3

APL triplicate 2 3t on, A= blanks A3 g HFse] WzT
o thg WEg=2 A TE Y (Scheme 4).
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H2N @) NH2

Dihydror hodamine 123
o4
\OCH3

i Oxidation

Fig. 3. Peroxynitrite (ONOO") mediated oxidation of DHR123.
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Diethylenetriaminepentaacetic acid (DTPA) 100 uM

!
Dihydrorhodamine 123 5 uM

l

Incubation at 37 C for 1 min

!
Sample

!
SIN-1 200 uM or peroxynitrite 5 uM

l

M easur ement of fluorescenceintensity
Excitation wavelength at 480 nm
Emission wavelength at 525 nm

Scheme 4. Measurement of the ONOO  scavenging effect.
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2-6. AEFFANA FA3 4 Ady

(1) A=Ewjk

A AF5F AlEQ HTI08MIZEE 3 AlE F L3PozRE R
o} wmj%ksle] Ao AL Pk HTL080M|EE 100 unitymL  penicilin-
streptomyci®} 10% Fetal Bovine Serum (FBY) 4% DMEM #j%l-& A4
3lod cell culture diskll4 37C, 5% CQ incubatopll A wioFslict. wjek=l A
TE dFYq 2-33] mAES It 6-7¢ T PBSE AHE T 0.05%
Trypsin-0.02 % EDTA -2l A5 He|ste] Auksids A6 A4
35ttt

2) Cell viabilitye] =%
MTT assays ©]&3te] XAubo] cell viabilityo] ®|X|& J3S s}

MTT assaie AES] Z43 A9 Bebsls A= BHoR 243t 7
o= FA) FHA U 13 AERAY) FHoz ol AsA o
Aol LA PAEY A vETEeels] Six Ex g sk

e 284 1A MTT tetrazolums HAM S w: v]$8A49 MTT
formazan [3-(4,5-dimethylthiazol-2-yl)-2,5-diphegtrazolium bromide] cryst@ 3+
DAY, AR MTT formaza®] F3ES 540 nm & I3 A 27} =
o, o] A SAHY FIFEL Aol I WAL FAT AlEY] FEE 0
. FARA AFE UL a3 2o

HT1080 A £Z cell counting3}e] 96 well micro-platell 1 x 10 cellsh¢ =
100 b %) w33} 37C, CO, incubator oAl 24X|7F wljeksic}, &) = 5
H A5 5 ZF welld 283t 2447F 37C, CO incubatopl] 4] wiekstc). ujj %]
E AAFZ MTT A 5 mge= 1 m PBE HUF, 10% FBY} 73
DMEM®A] 9 mie} 3]st 7z} welloll 100 w0 2 =gk} 3~-4X|7F F9F
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incubatiorsle] formaza®@ A< #A3c). Formazan]l FAEE MTT A A
W2 & A|A3}L DMSO 10 oA 1087 WS AA 540 nnell A EF

o s
=35 SHIH

o
=

o)
i
oL

(3) ROS (total free radicd 24)

AZe] free radica¥] WAL DCFH-DA assa® ZA3gtH® DCFH-DA
(fluorescence probe 2_7-dichlorodihydrofluorescdiacetate, sigmay A|ZW A
AbL g} HEgste] PFEAS HEo]l Hle AR o] XS AE Fo Yo
st FBe SATeEH AEYY 4 4L FEE SAZ & o
AEE 96 welkl]l 33 F 24X 7F wj%kslar, PBS 5oz ML F 20
M DCFH-DAS Z+ welld]l F43te] 37C 5% CQ incubatobllA 20%7+
pre-incubatio} Rtk ZF welld] FEHE AFEF AHEstd 37C 5% COQ
incubatorll A 1417} incubatiorgd ¥, DCFH-DAS ¢leliL cell> t}A] PBS &%
oz AL F 500 M H,0, *B35te] A|7FHE=E DCF fluorescencE ex. 485
nm, em. 530 n#llA ¥F EX7|2 SA 3

(3) DNA Zk3} A& 74
A ZWe| A DNAS &3¢ 0.1 mM HO2 0.1 M FeSQE o]-§3te] 10%
7 Fenton %32 AAS wel ARHES =gehgih

(4) GSH activity &4

AEe] =" GSH &L thiol-staining reage’d  mBBr
(monobromobimang  ©]&3le] =A3}¢t™ A EE  fluorescence microtiter
96-well platesi] well Z 1x10 cellsh(7} ¥ 2 B F3}o] 24X 7F v of3k F 7} well
o] TEEE AR E X3t tA] 37C 5% CQ incubatorl| Al 307+ Bl F3}S}
t}. thA] ZF welle PBS S o2 A& & 40 M mBBr(monobromobimarg ] 2]
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3le] 37C 5% CQ incubatopll A 307t ¥H-3-A171 F A2 Ao &8k GSH &
2ko] W3S A ZHEE ex. 360 nm, em. 465 M FF B2 A4
o}
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2-7. in vitro &gl Ag

(1) 3T3-L1 AlE2] vk R ARANERL] £3 FE

3T3-L1 preadipocytes (ATC&} 10% Fetal Bovine Serum (FBSYO0 unitf/
penicillin, 100 ngh¢ streptomyci®] E3= DMEMw|FN S AL&3}e 75 T-flask
oA 5% CQ, humid, 37C incubator °|A] w3ttt 3-44 F A =EJ}
confluent 3#] =™ 0.05% Trysin/EDTAS X 3lo] AEE Ea st QA
27](1000 rpm, F)olA AZTE & F AE WEJ} 33x10 cellent )
suspension§ A wHEo] 12 well plate el 1 mi® platingste] ®jeFstgit}. 2-3
U A 10% FBY} E3HE =L DMEMu Aoz vly 3} 3~4Y
3 A=E7} confluen?t & F o] & el E3}uiA] (DMEM ¥kl 5 pg/me2]
insulin, 0.25uM Dexamethazone, 0.5 mM IBMz# H71E wjz)E 22|35}l &
371 A1 FZEA k. o] F feeding medium (DMEM®| o] 5 yg/ml2]
insulingt £33 wjz))e2 wjz|E Zeof & F 24| IH ¥ A% feeding
mediumz ZolFw AEE E3HAZY £3kuiz] M2 F 7de] HH 90%e]
Aol A MkM|E=R §3}5HA] =W, samples feeding mediurtl]l 5934 0.2 pme)
filter® oJ3}g F ¢A3] Eshd zpTAEN 223t A5 F 2447
°] A\t F WA Eeo} glycerol wHlF= S

(2) Glycerol %2 573
Glycerol %L a4 ¥L-gH S ©]83}9 free glycerol reagent (Sigma, USA)
g 9 AA EAsgEY. 37CE pre-warme& free glycerol reagent 1ml el
WS Qo] 37Ce] water battl]A 5%7F incubation A Zt}.
Glycerokr A $s A+ standard glycerol (Sigma, USA) 124, 25 ug=
ek FYE PR AR o] BE HAAHS FAYAZ F 96-welldl] 200

W8 $AA 540 Al ERES 254t

collec@t 8jzx] 10

rulo
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(3) TG &% A

TG &4-& Green and Kehind®] ¥y & ©]£31gtt. Trypsin-EDTA x]8| &
AEE $5A3 o= 94E2(12,000 rpm, 3 min, 8)3}e] FSdg |7 8}
gt} Pelletll homogenizing buffer (KCI 154 mM, Tris 50 mM, EDTA thM)
2] v &= 9597 triglyceride extraction soluticRZ A|E Y triglyceridegs 3
&3t} triglyceride®] 5%+ TRIGLYZYME-V "EiKen" kit (A19¥3}38}, Korea)

£ AF&319 spectrophotomert& ©] 43t FFE=EE SA3 T
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3834 2
3-1. BAp A £ B}ESe) 722

Compound 12 °]AZAAIel compound 28} 4 F A2l gum FEHIZE EE5
Aom, EAA CyHiOs AFEAF} PC NMR bzl o84 ZA =g
®C NMR 2®]E# 9] § 155 — 110 #-ZellA aromatic/olefinic carbog= ll4}
HE 12709 AE7F yegen, 'H NMR 2 EHAHE § 6.40 (1H, d,j =
2.8 H)3} § 6,32 (1H, d,j = 2.8 H)oIlA W3F 3FEIAH 7|98 237}
et o523 Holder AxE A4 3 28 Hz & 7HAE double]
proton A1 Z 2% U¥FA <l aromatic protondl =Xt} chemincal shift} A2
2 o5 AL® Ko} hydroquinone-typs] ¥ Fx7} EMIYE AE F
4% 5 AU FBS B2 AYE YA ole) Bx ABE 12563,
125.71,6 135.45,6 135.61,6 136,72k 370¢] o]2AFe] EME HejFw,
olE& AT U] FxE= BAA S o83 EEI}E AXS FI
zelg E@en Yt Rew F4H A,

Compound 18] AAH FxE= 'H COSY, TOCSY, NOESY, gHMQC,
gHMBC £} 22 2D NMR A# S o]§3le] AASIH Y. A3 hydroquinone
o] REFZE aromatic protof! § 6.40% & 6.3241% ¢} AFs gHMBC A3
HoleE 43t FU=UY. 5 gHMBC AFA & 640 § 6.329
aromatic protons ARl A YERF § 2.07 (3H, s)¢] methyl proton, L83 §
2.68 (2H, t, J= 6.6 H2)2] methylene protoB}2] long-range correlatiof 53l A
3-alkyl-5-methylhydroquinonel- 2727} 3] FH= it 'H COoSy A3
oA § 2.689 benzylic methylene protoAk & 1.74 (2H, mp] methylene protons
ot AHAQ couplings 3= e FZF2ER F methylene protoke] HIE
AN des & F AT 2 gHMBC =HEY A § 1.749]
methylene protong& 7FA3 A= &2 (5 32.78) A&} FW protons}e] Ao
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ol ] long-range coupling] FZ=3, = § 1.273H, s®] methyl protong} §

76.14, 6 32.78, 6 40.562] €& A% ¢} long-range coupling Holx ZHoew ¥

o} chromanol moiety} &M= & & A9Y. FA3HA § 1.53H, s@} §

1.583H, s)?] vinyl methyl protorge] ©o]%3: €&2E Alo|dlx FEFEE=

long-range correlation® 'H COSY A&@|A olefinic protore] LAF F42E5
&

AFo] oA YEFU = correlations: EA3FC 2 X [inear prenyl—'?——.'i’*:leﬂ'

= AL FAF 5 dgen Cc-9E 82.648 C-10'¢ 71.31p hydroxyP7} Z+
7t d44E] JoE ¢ F IS

=3 compound 1] E£208+= C-3', C-7', C-11'$]1x]2] double bond¢] ¥ ¥
& aAFoZ o] E3F § 15.95 (C-16),6 12.35 (C-15),6 18.55 (C-14)2] vinyl
methyl®] €& X139t NOESY ZHEH S F33te] E Fej= ZAsIG o,
EHxAE  E3A  compound ®|] Sagassum  sliquastrumell4]  REl
sargachromanol Bl &3 & 9t} o|5 ZF}e] i3k NMR 2HEF 1)
oJElE wlw FAF A EAx9 & A8 ?

Compound 2= compound ¥ A< F43}iev compound 2] C-9%9 C-10'
2] asymmetric centel] ]3] EAst= C-7', C-12' 28| C-152] AlZ oA
g9} 42 chemical shiff} ®W&3F z}o)E Holm), H-9¢ H-10] coupling

constantZt =3 33 z}o]E Bt (compound 1 :Joio = 8.1, Jipai= 9.3;

:._l,

compound 2 : Jyio = 6.6, Jig11= 8.9 ). ¢]& F3] compound T 2= C-99
C-10¢] #}g]el] &3+ hydroxyl ZH-E7]¢) wjdke] A= thE A o] AA)
gL FAF¥ 5 9ot EA=zxA ZAI}, compound = EFY ARA
sargachromanol & 37 #8]® °]AJAA sargachromanol DY &d& &
AAk?

Compound3 & FA2 gum FHE EeEfew, ngHs AF
BC NMRell 2)sjA EAFEFo] CyHy0Os 2 #el =9tk NMR 29

Ed
A3} compound B "$ A3 tetraprenyl chromanoBlgEd=s ¢ + ¢

Mo
Mo
X

¥ X
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t}. IR spectrtumZ4 ZAF} Vies 1680 ciollA 723 4 S Ho] Fo
carbonyl 28717} 2AFS & 5 Jgen ¥C NMR 2FEZHe § 199.01
(C-10) A Yephd A3 E o] AAAE A 3. 2L § 118.67 F &
159.64] &&= %9 § 6.122) 'H NMR AZE HFHY q, B-unsaturated
ketone?] EAE YERHSIT

Compound 13} NMR 2HE%HE wvlw FA43 ZHF, compound 3
compound1el] 208 3+ 7)2] oxymethine(C-10',§ 71.31; H-10',6 4.25)] A}
kX3 § 199.0# carbonyl 4127} Yetew], C-10' ¢] oxymethine ©] ketone
27 v Ess Y T 5 4T FAFHLE compound 3% Sagassum
siliquatrum °|A #a5je] X31¥ sargachromanol K& ¢ & 4 9glen
238k dloly 94 £ & 4x] ek P

Compound4& T4 gum Fe| & £ =gon EAzke 2 %)
“C NMRel| )34 CoHs0:2 A= At} o] 3H3HES] NMR 2HER S
A3 Az oA 2" sEE S48 chromanol Al EEYS
dRer, FAZ zle)Ho2E compound4] FHe] 2k isoprene T ol
compound 13} F¥= ©a 437} ¥ ok LAY S o] 3F IR
AES & 22 prenyl 1Al 8] vinge] EMTHE As FEL +
o, =% “C NMR 2= =] § 209.89, 160.14, 140.614] 3
&3 'H NMR 23l Egle|A vehd § 7.151H, br, syl A5z B3

2
23

off
Mo

i)

Mo

o}
=

>

X

x2

TS
me £ %

w] 3}}e] cyclic a,B-unsaturated ketond EAHFTS &

o] Vima= 1690 crifelld w2¥ 2 4 339 uv

R HUFS Iz £F o] HHE AR5
ko] A5k FA0e] isoprene TH9loll SiE HEE FEE 2D NMRE

o] &3to] HAA3}YT}. H-5 $ 2.12), H-6' § 2.64), H-10' § 2.82) L& L H-11'

2%t} IR spectrum

EZ 9] 224nnri A

(6 4.86) ¢ 2 AFE 'H COSY? TOCSYZE ©] &3} lineardt Migds 972

Ho a5 € & U922, cyclic a,B-unsaturate ketone[C-76 (160.14), C-8'
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(6 140.07) LI C-9' (5 209.89)] 2
&3] H-6'(5 2.64)F AZ=E] U= S A F 5 Uk IR H-106
2.820} C-10'6 52.29®] chemical shift Z+= &34 °]&°] cyclic a,B
-unsaturated ketod 972 =] s Aoz FAESow, gHMBC A A
o] ®ZA(C-10) ¥ F&(H-10)¢} = isobutylene grougk] long-range
correlations $3J4] cyclopentenong] 5 $Jx]¢l] isobutylene] E&A)ge] FH
Qg B9 ZF sargachromanol 2 #8|5]e] 233 3FEE4 NMR
dlol¥] wlmA] x| & x| )

Compound52 compound62} 7] yellow gume] FEejel o] A2 Fe=
gdow, HRFAB A 3 “C NMRell 2314 EAH] CrHnOs & €4S &
A9k o] 3FES] NMR dle]¥= compound 12 HI} i FAES
chromanol A2 2] 3FE9S & 4 92t Compoundle] *C NMR dle] &g}
H|x2gk 23, compoundl A Yed C-3'(6 125.718F C-4'(S 135.61p] A%
7} A=FAIAL § 43.080 4 methylene®r& A& 8} § 73.15 2] quternary & 4l
37} Jehds 4% $ dgith H NMR 2FERGME {43 W3} @
ZE)o] compound1®] § 5.14 (1H, t, 6.7 Yepdd A3z 7} Az n 223
dgel MEE AZFe] FFEEUT. |23 H3E= compound12] 3 o|FZ
FE F3Hhydrationp]F o 2R AHme] JFsskek. 'H  COSY, gHMQC,
gHMBCSF 2 2D A¥<S &34 hydroxyld] $1xl= C-4Wez FAFST
o|¢} 7o) o] F3Ee FZE 13-(6-hydroxy-2,8-dimethychroman-2-yl)-2,6,10-trthyd-
trideca-2,6-diene-4,5,10-trid8l ZA=%Ic}. Compound 2 tetraprenyl chromanoBl3&E=
%] Sargassum sliquastrum ¢llA] x}2-02 Bejsl A9 313tEelck

Compound6x= compound 8] C-9¢} C-10' asymmetric centdf*] ThE stereochemistry
£ 7= fAle]AdAleltk. Compoundss®t 6= 1822l chromana®] ascymetric center
2Jel= linear prenyl parllA 370] asymmetric cent@&a 7HX|w] 1% C-9' £} C-10' ¢l
stereochemistig 72402 v5=gh FARE 3I3MEE1-) compounds 3 29] NMR to]€]

o
”
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£ vlaste] 23315t

QHE Fol ZASR: hydroxyl ZE71= WY Bk 1 Fe) M g TC o
chemical shift®} coupling constangke] A3 xpo]E RHo|n o)== EIAxA A3}
o] JAAE #2%l sargachromanol B} sargachromanol 2] NVR dle]g] 2o =g o
3] & 5 YTk °lF vFreE T RIES EIXG} v ¥4 stk ¥4 Z
'H NMR Z"E&0)|4 sargachromanol E (compoundei)H-9, -10', -11', -1%] A1Z[s
371 (1H, d, J= 7.8 H7), 4.22 (1H, dd, > 9.3, 7.8H2), 5.03 (1H, br d, *
9.3 H), 1.57 (3H, s} compound5¢] H-9, -10, -11, -1541%[6 3.73 (1H, d, J=
8.0 Hz), 4.22 (1H, dd, ¥ 9.3, 8.0H2), 5.04 (1H, br d, ¥ 9.3 Hz), 1.57 (3H,
s)|& A8 EY3 chemical shift} coupling contantzts 7}x] = ]S 4l
it} Compounds ¥A] C-9, -10, -11, -18] &[5 3.86 (1H, d, J= 6.8 H2), 4.31
(1H, dd, J= 8.9, 6.8H2), 5.18 (1H, dg, J= 8.9, 1.5H2), 1.67 (3H, sy}
sargachromanol 8 9% $x]2] AZE[5 386 (1H, d, J= 6.6 Hz), 4.30 (1H,
dd, J= 8.8, 6.6H2), 5.18 (1H, dg, J 8.8, 1.5H2), 1.65 (3H, s} A2 £
Fo] =

u}2} A compound5< sargachromanol B} 543 streochemistrgl 9S, 10R
< 7FA9, compound6: sargachromanol D&} FL3F 9S, 10F 7KK+ A=
g & & Aok kAT C-49] stereochemistde 2 k2] X313t
Compound7 & §4 gume| Fejz &3] = on, EAF ZALS 1E3
A A3 BC NMRell 2814 CoH:0.2 Eels] gty Compound7 ok
209 SYETSH 44T YOS Bol} BAFH UC NVR dlols 24
53N A isoprene @917} sy B-F3F chromanol 3HHEYS
IR spectrumim-‘e Vima= 1680 cm1 NA 73 E4u]S R I 3400-2500 chl
oA broad & F5u7} YERY carboxylic acid 2H87]7F A= Aoz F
A= gden “C NMR 2#E]dA vehd § 18119 ©2AlZE =T o] A
< AA5G T 71 2 o] E Bgd linear prenyl pad] thsjAE= 'H COSY

olf

X

e
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¢} TOCSY 238E F3A H-5, H-6, H-7', H-8] linear = AZF &
S astgen carboxylic acidZ47]= gHMBC AdE 53te] C-89 97
o] dwol A=A ojet Fo] o] F3}FEe FEE 9-(6-hydroxy-2,8-
dimethyl-chroman-2-yl)-2,6-dimethyl-non-6-enoic d& ZA =it} o] 33EL
Sargassum siliquastrumell A )& £ == 3ot}
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Table 1. '"H NMR spectra data for compound 1-2

position T 2°
2
3 1.74 (2H, m) 1.79 (1H, m), 1.71 (1H, m)

4 2.68 (2H, t, 6.6) 2.73 (2H, t, 6.7)
4a

5 6.40 (1H, d, 2.8) 6.41 (1H, d, 2.5)
6

7 6.32 (1H, d, 2.8) 6.51 (1H, d, 2.5)
8

8a

1 1.61 (1H, m) ; 1.52 (1H, m) 1.60 (2H, m)

2' 2.13 (2H, m) 2.09 (2H, m)

3 5.15 (1H, t, 6.7) 5.17 (1H, t, 6.5)
4

5' 1.98 (2H, t, 6.6) 2.01 (2H, t, 7.4)
6' 2.08 (2H, m) 2.17(2H, m)

7' 5.36 (1H, t 6.3) 5.50 (1H, t, 6.9)
g

9' 3.72 (1H, d, 8.1) 3.91 (1H, d, 6.6)
10' 4.25 (1H, d, 9.3, 8.1) 4.33 (1H, dd, 8.9, 6.6)
11 5.04 (1H, br d 9.3) 5.17 (1H, t , 8.9)
12'

13 1.67 (3H, d 1.0) 1.77 (3H, s)

14 1.69 (3H, d 1.0) 1.73 (3H, s)

15 1.56 (3H, s) 1.65 (3H, s)

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

17 1.27 (3H, s) 1.30 (3H, s)

18' 2.07 (3H, 9) 2.12 (3H, s)

2P Measured in CEOD and CDGJ at 300 and 75 MHz, respectively. Assignments waided
by H gDQCOSY, TOCSY, DEPT, gHMQC, and gHMBC experingent
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Table 2. ®C NMR spectral data for compound 1-2

position T 2°
2 76.14 s 75.25 d
3 32.78 t 3142 t
4 23.48 t 2253 t
4a 122.13 s 121.10 s
5 113.47 d 11251 d
6 150.15 s 147.65 s
7 116.48 s 115.56 d
8 127.59 s 127.19 s
8a 146.16 s 145.75 s
1 40.56 t 3956 t
2' 23.26 t 2221 t
3 125.71 d 124.72 d
4 135.61 s 134.53 s
5 40.34 t 39.18 t
6' 27.21 t 26.13 t
7 129.28 d 129.46 d
8' 135.45 s 133.45 s
9 82.64 d 80.20 d
10 71.31 d 69.21 d
171 125.63 d 123.30 d
12 136.72 s 139.13 s
13 26.15 q 26.13 ¢
14 18.55 q 18.71 q
15 12.35 q 11.92 q
16' 15.95 q 15.83 q
17 24.46 q 24.11 q
18 16.42 s 16.42 s

2> Measured in CEOD and CDCJ at 300 and 75 MHz, respectively. Assignments weided

by H gDQCOSY, TOCSY, DEPT, gHMQC, and gHMBC experingent
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Table 3. '"H NMR and *C NMR spectral data for compound 3

position 'H c
2 75.24 s
3 179 (1H, dt, 13.7, 6.8); 1.73 (1H, dt, 13.7, 6.8)  31.47 t
4 269 (2H, t, 6.9) 22.55 t
da 121.12 s
5  6.36 (1H, d, 3.0) 112.49 d
6 147.64 s
7 6.46 (1H, d, 3.0) 115.55 d
8 127.23 s
8a 145.78 s
1' 164 (1H, dt, 15.1, 7.1); 1.54 (1H, dt, 15.1,)83  39.70 t
2 213 (2H, m) 22.26 t
3 5.15 (1H, t, 6.5) 124.67 d
4' 134.45 s
5 205 (2H, t, 7.3) 39.03 t
6  2.18 (2H, m) 26.65 t
77 559 (IH, t, 6.9) 132.47 d
8' 132.64 s
9 441 (IH, d, 4.1) 83.35 d
10 199.06 s
11'  6.12 (IH, br s) 118.67 d
12 159.64 s
13 1.91 (3H, s) 28.13 q
14 221 (3H, 9) 21.40 q
15 141 (3H, s) 10.87 q
16 1.61 (3H, 9) 15.92 q
177 1.26 (3H, 9) 24.01 q
18 212 (3H, s) 16.16 s

Measured in CDGl at 300 and 75 MHz, respectively. Assignments weided by 'H
gDQCOSY, TOCSY, DEPT, gHMQC, and gHMBC experiments.
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Table 4. '"H NMR and *C NMR spectral data for compound 4

position 'H c
2 75.15 s
3 1.78 (2H, m) 31.46 t
4 270 (2H, m) 22.53 t
4a 121.06 s
5 6.40 (1H, d, 2.8) 112.52 d
6 147.65 s
7 6.32 (1H, d, 2.8) 115.58 d
8 127.22 s
8a 145.76 s
1' 162 (1H, m) ; 1.53 (1H, m) 39.60 t
2 212 (2H, m) 22.28 t
3 518 (IH, t, 6.7) 126.83 d
4' 132.64 s
5 212 (2H, m) 44.60 t
6  2.64 (1H, m) 45.48 t
7 7.5 (1H, br, s) 160.14 d
8' 140.07 s
9 209.89 s
10 2.82 (1H, dd, 9.4, 2.2) 52.29 d
171 4.86 (1H, br d 9.6) 121.30 d
12 135.93 s
13 164 (3H, d 1.1) 18.44 q
14 1.74 (3H, d 1.1) 25.92 q
15 175 (3H, s) 1051 q
16 1.59 (3H, s) 16.15 q
177 1.26 (3H, 9) 24.06 q
18 212 (3H, s) 16.15 d

Measured in CDGl at 300 and 75 MHz, respectively. Assignments weaided by H
gDQCOSY, TOCSY, DEPT, gHMQC, and gHMBC experiments.
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Table 5. '"H NMR spectral data for compound 5-6

position 3 6°
2
3 1.75 (2H, m) 1.77 (2H, m)
4 267 (2H, t, 6.7) 267 (2H, t, 6.7)
4a
5 6.30 (1H, d, 2.5) 6.30 (1H, d, 2.5)
6
7 6.38 (1H, d, 2.5) 6.38 (1H, d, 2.5)
8
8a
r 153 (2H, m) 1.54 (2H, m)
> 1.47 (2H, m) 1.48 (2H, m)
3 1.45 (2H, m) 1.47 (2H, m)
4|
5 1.44 (2H, m) 1.49 (2H, m)
6 2.01 (2H, q, 7.2) 2.07 (2H, g, 7.0)
7 535 (1H, t, 7.2) 5.40 (1H, t, 7.0)
8|
9 3.73 (1H, d, 8.0) 3.83 (1H, d, 6.1)
10 4.22 (1H, dd, 9.3, 8.0) 427 (1H, dd, 8.9, 6.2)
11 5.04 (1H, br d, 9.3) 522 (1H, dt, 8.9, 1.5)
12
13 1.68 (3H, d, 1.5) 1.74 (3H, d, 1.1)
14 1.66 (3H, d, 1.5) 1.69 (3H, d, 1.1)
15 1.57 (3H, s) 1.64 (3H, s)
16' 1.14 (3H, s) 1.15 (3H, s)
17 1.24 (3H, s) 1.24 (3H, s)
18’ 2.06 (3H, s) 2.06 (3H, s)

ab Measured in CBOD and CDCJ at 300 and 75 MHz, respectively. Assignments waided by
'H gDQCOSY, TOCSY, DEPT, gHMQC, and gHMBC experinsent
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Table 6. °C NMR spectral data for compound 5-6

position g 6’
2 76.29 s 76.28 s
3 32.69 t 32.69 t
4 23.50 t 2347 t
4a 122.12 s 122.09 s
5 113.43 d 113.37 d
6 150.12 s 150.09 s
7 116.46 d 116.41 d
8 127.59 s 127.57 s
8a 146.15 s 146.12 s
1 41.12 t 41.13 t
2' 19.20 t 19.15 t
3 43.08 t 43.13 t
4' 73.15 s 73.19 s
5 42.02 t 42.05 t
6' 23.29 t 23.37 t
7 129.65 d 129.12 d
8' 135.39 s 135.56 s
9 82.64 d 81.53 d
10 71.30 d 71.30 d
171 125.67 d 125.88 d
12 136.60 s 137.03 s
13 26.15 q 26.20 ¢
14 18.58 q 18.60 q
15' 12.27 q 12.40 q
16' 27.00 q 26.90 q
17 24.63 q 2457 q
18' 16.49 q 16.44 q

2P Measured in CBOD and CDGCJ at 300 and 75 MHz, respectively. Assignments waiced by
H gDQCOSY, TOCSY, DEPT, gHMQC, and gHMBC experingent

_34_



Table 7. Comparison of NMR spectra data for compound 5 with those
for sargachromanol E

o compound 5 sargachromanol E

position

&1 (H, m., Hz) 6c &u (H, m, H2) 6c

6' 2.01 (2H, dt, 6.6, 7.2) 233 t 2.08 (2H, dt, 6.83)7 27.2t
7 5.35 (1H, t, 6.6) 129.7 d 5.34 (1H, t, 6.8) 1294 d
8' 1354 s 135.6 s
) 3.73 (1H, d, 8.0) 82.6 d 3.71 (1H, d, 7.8) 82.7 d
10' 4.22 (1H, dd, 9.3, 80) 71.3d 422 (1H, dd, 9¥B) 714 d
11 5.04 (1H, br d, 9.3) 125.7 d 5.03 (1H, br d, 9.3) 258 d
12' 136.6 s 136.9 s
13 1.68 (3H, d, 1.0) 26.2 g 1.67 (3H, d, 1.0) 26.1 q
14' 1.66 (3H, d, 1.0) 18.6 g 1.66 (3H, d, 1.0) 18.5 q
15' 1.57 (3H, s) 123 q 1.57 (3H, s) 12.3 q

Measured in CBDD at 300 and 75 MHz, respectively.

Table 8. Comparison of NMR spectral data for compound 6 with those
for sargachromanol D

NG compound 6 sargachromanol D

&1 (H, m., Hz) 6c 6u (H, m., Hz) Sc
6' 2.13 (2H, q, 7.8) 22.6 t 2.16 (2H, m) 26.0 t
7 5.50 (1H, t, 6.9) 129.7 d 5.46 (1H, t, 7.3) 1295 d
8' 133.2's 1335 s
o 3.86 (1H, d, 6.8) 80.1 d 3.86 (1H, d, 6.6) 80.2 d
10' 4.31 (1H, dd, 8.9, 6.8) 69.3 d 4.30 (1H, dd, &) 69.2 d
11' 5.18 (1H, dqg, 8.9, 1.5) 1234 d 5.19 (1H, dq, 8.8) 1233 d
12 139.2 s 139.2 s
13 1.77 (3H, s) 26.2 q 1.77 (3H, s) 26.0 g
14 1.73 (3H, s) 18.7 g 1.73 (3H, s) 18.6 q
15' 1.67 (3H, s) 119 q 1.65 (3H, s) 11.8 g

Measured inCDCls at 300 and 75 MHz, respectively.
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Table 9. 'H NMR and C NMR spectral data for compound 7.

position H Yc
2 75.29 s
3 177 (2H, m) 31.44 t
4 269 (2H, t, 6.7) 22.56 t
4a 121.15 s
5  6.36 (1H, d, 3.0) 112,51 d
6 147.55 s
7 6.46 (1H, d, 3.0) 115.55 d
8 127.26 s
8a 145.85 s
1" 1.60 (2H, m) 39.65 t
2 2.09 (2H, g, 8.0) 22.22 t
3 511 (IH, tq, 7.0, 1.4) 12453 d
4 134.58 s
5  1.96 (2H, t, 7.0) 39.43 t
6  1.42 (2H, m) 25.39 t
7 163 (2H, m) 33.15 t
8  2.46 (1H, m) 39.08 d
9 181.19 s
10 1.17 (3H, d, 6.9) 10.48 ¢
11' 157 (3H, 9) 15.78 q
12 1.25 (3H, s) 24.13 q
13 213 (3H, s) 16.16 q

Measured in CEOD at 300 and 75 MHz, respectively. Assignments ewaided by 'H

gDQCOSY, TOCSY, DEPT, gHMQC, and gHMBC experiments.
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Compound 1

Compound 2

Compound 3

Compound 4

Fig. 4 Chemica structure of compounds 1-4 from Sargassum
siliquastrum
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Compound 5

HO

Compound 6

\ OH

HO

Compound 7

Fig. 5 Chemica structure of compounds 5-7 from Sargassum
siliquastrum
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Compoundl : colorless gum; §]o°°> : +9.52° (c 0.21, MeOH); IR (NaCl) :v
ma=3400 - 3300, 2975, 2930, 1645, 1470, 1375, 1220;ctd and °C NMR,
see Table 1 and 2, respectively; LRFABM$z 451 [M+Na]

Compound?2 : colorless gum; §]o°°> : +8.57° (c 0.23, MeOH); IR (NaCl) :v
ma=3400 - 3300, 2975, 2930, 1470, 1375, 1220%crH and *C NMR, see
Table 1 and 2, respectively; LRFABM®&/z 451 [M+Na[

Compound3 : colorless gum; o> : +16.67° (c 0.12, MeOH); IR (NaCl) :v
ma=3400 - 3300, 2930, 1680, 1620, 1470, 1220%ctdV (MeOH) A ma (loge)
237 (3.77) nm;'H and °C NMR, see Table 3 ; LREIM®vz 426 [M]'
Conpound 4 : colorless gum; o> : +12.27° (c 0.73, MeOH); IR (NaCl) :v
m=3400 - 3300, 2925, 1690, 1635, 12207V (MeOH) A ma(loge ) 224 (3.86)
nm; 'H and ®C NMR, see Table 4; LRFABM$Vz 431 [M + NaJ

Compound5 : colorless gum; o> : +23.33° (c 0.13, MeOH); IR (NaCl) :v
ma=3400 - 3300, 2975, 2930, 1645, 1470, 1375, 1220 ctd and C NMR,
see Table 5 and 6, respectively; HRFABM®/z 446.3066 [M] (calcd for
Co/H420s, 446.3032)

Compound6 : colorless gum; §]o°> : +7.50° (c 0.13, MeOH); IR (NaCl) :v
ma=3400 - 3300, 2975, 2930, 1470, 1375, 12207criH and *C NMR, see
Table 5 and 6, respectively; HRFABMBVz 446.3066 [M] (calcd for G7HsOs,
446.3032)

Compound? : colorless gum; §]°% : +12.00° (0.17, MeOH); IR (NaCl) : v
ma=3400 - 3300, 2944, 1690, 1635, 1449 'cmH and °C NMR, see Table 9;
HREIMS mvz 360.2327 [M] (calcd for GHz:0s 360.2301).
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Fig. 7. 13C NMR spectrum of compound 1 in CDsOD.
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Fig. 8. gDQCOSY spectrum of compound 1 in CDsOD.
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Fig. 10. gHMQC spectrum of compound 1 in CDsOD.
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Fig. 11. gHMBC spectrum of compound 1 in CD3sOD.
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Fig. 12. 'H NMR spectrum of compound 2 in CDCls.
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Fig. 13. 3C NMR spectrum of compound 2 in CDCls,
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Fig. 14. gDQCOSY
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Fig. 15. TOCSY spectrum of compound 2 in CDCls.
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Fig. 19. 13C NMR spectrum of compound 3 in CDCls
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Fig. 20. gDQCOSY spectrum of compound 3 in CDsOD.
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Fig. 23. gHMBC spectrum of compound 3 in CDsOD
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Fig. 25. 13C NMR spectrum of compound 4 in CDCls.
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Fig. 26. gDQCOSY spectrum of compound 4 in CDCls.
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Fig. 27. TOCSY spectrum of compound 4 in CDCls.
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Fig. 28. gHMQC spectrum of compound 4 in CDCls.
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Fig. 29. gHMBC spectrum of compound 4 in CDCls.
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3-2. Invitro ¥4k} &4
(1) Zaf7] BAES) 2523 40 £ 84
1) DPPH radicd &4 &4
7] BANHE aceton@} CHCL) 1:1 EF-EmE F531e] &

o]
F2E(MeOH)E EFE Foll A-g3hs
o]z

21 n-hexane, 85% ag.MeOH)}-BuOH, HO
3

(A+M) 3 MeOH 72 &3 =
4 o v} 213 o2 #3351y

fractionss Z+Z} 200, 100, 50ug/ml %94 DPPH radical&2#A A4S #AAs

pil
AAAF, 200 pg/ml oA PHFERF L-ascorbic acié 96.86% 2] A
Bgeon BHAE 8159 %2 &4 &3S Yehligih. ©g vlm A
el A+M extract(36.35%$} MeOH extract(23.96%F =2 &S Yeluyz] o
u ZFEES E3stY R3E oz 47)2] fractione A= DPPH radical

o

¥

|
27 A4 aIdE Jedg e fractions 5 85% aq.MeOH fractiofl]
67.26 Y& 7P ¥& radical &4 A &E3}F YeEYew, n-hexane
(29.29%), n-BUOH (22.28%), HO (12.24%) fraction®] &M= &4 &4 &I}
vhElte.

50 pg/mlo A 85% ag.MeOK] radical 224 A4 a7} 43.72 v& FAIAF
3141l BHAS] 50.21 %9} v]3F &35 X gitH(Table 10).

DPPH radical&# 84S 4% 671219 A2+ AHAERA] o2 Aleo]d,
gz2Foe g AH$3 9o 3}31E4¢l L-ascorbic acidl BHAE 4]
3191& W, 85% aq.MeOH fraction] 34ks} &7} g ol E%
o2 &akE

R
-?‘_l‘
o)
ffo
K
&

1k
)
N
2
ok
>
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Table 10. DPPH radical scavenging effect of crude extracts and its solvent
fractions from Sagassum siliquastrum (EDA(%))

Concentration

Sample 20Qug/ml 100 ug/ml 50 pg/mb

A+M 36.35 29.69 25.83
MeOH 23.96 24.69 19.69
n-hexane fr. 29.29 24.58 20.82
85% aq. MeOH fr. 67.26 57.22 43.72
n-BuOH fr. 22.28 17.36 15.79
H.O fr. 12.24 11.40 11.51
BHA 81.59 83.47 52.51
L-ascorbic acid 96.86 96.55 96.76

2) Peroxynitrite &4 A

ZF%E A+M 3} MeOH 28|32 E3l35le] o=l 47)¢] fractions2! n-hexane,
85% ag.MeOH,n-BuOH, HO #+= &5 100, 50, 10xg/ml F=14 Z+Z} SIN-1
7} authentic perxoynitiritel]  Bj3F 27 BAS  FHASHY}. Y rFe=E
L-ascorbic aci@} penicillamineg AR-&315 ¢

M SIN-1S #8sF Z#, 100, 50, 10ug/miolA] ©§ZF L-ascorbic acig
102.08%, 95.45%, 96.51% X.°om  penicillamine 107.01%, 102.42%,
101.03%& uYegth Wz2F3 B|ZA] 100 gg/mAlAE ZFEE A+M
extrac®} MeOH extractBEF =2 FAS Bgon A+Me 7 $dl= 50 ug/ml
9} 10 pg/mlA A E 82.04%, 63.68% ¥ AL Ue £IFES] A B
£ fraction®A] Ao A Yegen, 53] 85% ag.MeOH} n-BuOH

t}. & fractions BF % oEFHow FAo| YJElyroen 10 ug/mlNAE Z
7} 82.90%, 75.73% & A4S Yehysitt HO fraction® Z}z}e] 55604
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81.68%, 70.77%, 59.17% <«A= FAES YelU g en n-hexane fraction
75.06%, 61.18%, 54.77% %22 ¥4 &7} vpepytti(Table 11).

Authentic perxoynitirit€& 4% Z3} xFo=2 8% L-ascorbic aci@t
penicillamineZ FA& BE FEA 100 HFste &4 84S U
ow, AWkH o2 SIN-1¢| 5 Z3} Bu v UL Zs Y T+ dH
ZFEe9 d3] SAT A A+M extracBre] 1002 50 pg/mlolA 71.35 %,
58.329& 50% °]e]l &A FAS Yeugen, MeOH extractlA= =7
Yz okske). 4] fraction! n-hexane, 85% ag.MeOHn-BuOH, HO=
7zt SAY A3 BF S A4S vUEen, 53] 85% aq.MeOH fraction
7} n-BuOH fractio®i| Al 5 2J&EZF o7 BRE FXoA 50% o|4e] &4 &
FE BTt HO fractionZ Z}Zke] FEol4 79.88 %, 56.24%, 34.23% &4
2 FAE Yl g en n-hexane fraction 54.89%, 46.93%, 34.89% +2oF
24 a3t yeEgti(Table 12).

SIN-13} authentic peroxynitritd] ©3F 274 A SA A 54T Jej= 3
A 23t yegten, 235945 A+tM extrac?l 245 yEglen,
Lo 2E A= 85% aq.MeOHI} n-BuOH fractionsi| Al 274 Ao =4
Elytth. 85% ag.MeOH} n-BuOH fractionss & AA| £ 3 74$ =2 34

& ML BHEES 92 5 U8 Aoz A Dok

o
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Table 11. Scavenging effect of crude extracts and

from Sagassum siliquastrum on ONOO™ from SIN-1.

its solvent fractions

Concentration

Sample 100ug/md 50 ug/mlb 10 pg/nd
A+M 89.85 + 0.66 82.04 + 0.40 63.68 = 0.92
MeOH 77.09 = 0.10 27.38 £ 0.34 29.95 + 1.35
n-hexane fr. 75.06 +1.49 61.18 + 0.13 5477 + 0.21

85% ag. MeOH fr.  100.07 = 0.23 86.94 + 0.60 82.90 170.

n-BuOH fr. 104.02 + 0.02 80.77 £ 0.31 75.73 £ 0.02
H.O fr. 81.68 =0.85 70.77 £ 1.49 59.17 + 0.16
L-ascorbic acid 102.08 = 0.33 95.45 + 0.06 96.51 +30.7
Penicillamine 107.01 + 0.39 102.42 + 0.38 101.03 +00.5

Each data is represented as the mean + SEM of #xperiments.

Table 12. Scavenging effect of crude extracts and

from Sagassum siliquastrum on authentic ONOO®

its solvent fractions

Concentration

Sample 100ug/ml 50 ug/ml 10 pg/md
A +M 71.35 + 1.18 58.32 + 1.15 41.95 = 0.74
MeOH 44.85 0.52 27.89 = 0.74 15.19 £ 0.30
n-hexane fr. 54.89 + 0.74 46.93 £ 0.23 34.89 + 0.09
85% aq. MeOH fr. 85.29 = 0.09 69.74 = 0.86 48.55 +40.0
n-BuOH fr. 80.69 = 0.31 68.70 £ 1.01 55.76 £ 0.15
H.O fr. 79.88 + 0.30 56.24 + 0.58 34.23 + 1.08
L-ascorbic acid 100.15 = 0.03 100.05 £+ 0.01 99.95 + 03
Penicillamine 100.21 + 0.24 99.52 + 0.02 98.81 + 0.14

Each data is represented as the mean + SEM of #xperiments.
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(2) sull7] 2AEEL] compound 1-7 4

1) DPPH radical &4 84

85% aq . MeOH fractio] 4] ¥2]3F 77] 2] 3}3+&E < DPPH radicak-A 4+ 7
Aot 233 SIS AP L H3} =T (L-ascrobic acid
% BHAYZ AHg3te] S35 em, FEL 50, 25umt & A4

A A7} 274 L-ascorbic acidl BE FEoA 97% o4 &4 A&
#FE Bgen, FA FAsAd BHAY HE FE JEHo=E 58.33%,
43.23%] radical 27 45 YeEUAYh 50 g/l ¢ FEA 50% °]X4e
radical &7 84 &IF}E E<Q #F3FEL compound 5(78.33%), compound?
(66.35%), compound.(62.60%) L2 3L compound3(53.23%) w2% ¥ S
Hgen 53] compound4, compound7 L2]3L compoundl®] 7§ tHERT L
2 A-8$% L-ascrobic acid®th= Dojx| X9t A HAksA| BHA HEoh 2
B34S BPew, 25 o/l FENAE Z+Z; 54.27%, 44.58%, 46.88% BHA
43.2308.t} =2 FAS YUtk Compound2(44.38%, 30.97%), compound
6(40.10%, 28.96%), compoun8(35.94%, 30.94%F 3= & 3FERTUE=
S 245 BRI, ET BHASH HIE A 2 Apo]E Hojx] dgfem=

radical 274 &4 a7} Jd+= ZAe =z HAEIti(Table 13).
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Table 13. Scavenging effect of compounds 1-7 from Sagassum siliquastrum
on DPPH radical

Concentration
Sample 5Q:g/ml 25 pg/ml
62.60 44.58
2 44.38 30.94
3 53.23 38.33
4 78.33 54.27
5 35.94 26.35
6 40.10 28.96
7 66.35 46.88
BHA 58.33 43.23
L-ascorbic acid 97.40 97.40

2) Peroxynitrite &4 A4

85% aq . MeOH fractiollA &&l3 771¢] 33FE<S SIN-13}  authentic
peroxynitritesr A3ttt 2FEE3 §u =2 AEF 4 PPz A
= B3R ey, g =7 L-ascrobic aci@} penicillamingg AH8-3Fo SA 312

, 5% 50, 25ug/mlE A3

SIN-1 & A3k A 27 L-ascorbic aci@l penicillamine &5 100% ¢l
AFste 274 B4 &34 2o £82 compoundl-7 BF RE FECA
S &7 B4 &29E Yediglen, B2 $E 25 ug/ mlHME 60%°] %2
27 84< X3 Compound6?] 7% F&E oJEXH o= 83.98%, 72.82%
7 =S &2A 84S BJew, 50 pg/mlolAE compound 6 ThglE
compound 2(80.14%), compound3(79.35%), compound5(77.35%), compound
1(77.05%), compound¥(76.37%), compound’(70.32%) 2] &=AHZE A a7}
Yelstth(Table 14).

o522 Authentic peroxynitrit€ *]2]3F A3} W|EF L-ascorbic acis ¥ %
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50, 25 pg/mlolA 1009 2= 2A BAS EBFgew, penicillaming

99.64%, 92.29%] A S Eth EE A 2 4 aH4E Y

Bu)
=
'
o
i
Xl
ofN
foe)
oo
o
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w
g
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o
2
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o
2
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2
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Hir
flo
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oX,
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e

compound 5(84.45%, 70.42%) compound7(77.77%, 62.44%), compound
2(73.58%,59.69%),72] I compound4( 70.83%, 56.3698] +°.2 &I} L}
YtH(Table 15).

SIN-1 3} Authentic peroxynitritex]2] 23} #2ld 338 2%
7} 9= Ae= Yehyton 1 % compoundeo] RE REoA spF A &
H7t Heojgew, o] &4 Al xFH A&t AaF3E AU Ya=
g st

r>~
)
Ml
A’-_l,
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Table 14. Scavenging effect of compounds 1-7 from Sargassum
sliquastrum on ONOO™ from SIN-1.

Concentration

Sample 50ug/md 25 ug/md
1 77.05 + 1.24 62.62 + 0.79
2 80.14 + 0.00 62.62 £ 0.00
3 79.35 + 0.82 60.75 + 1.53
4 76.37 + 0.47 69.04 + 0.05
5 77.35 £ 0.45 67.42 + 0.18
6 88.98 + 0.63 72.82 + 0.18
7 70.32 + 0.81 65.35 + 0.47
L-ascorbic acid 97.70 £ 0.445 97.85 + 1.24
Penicillamine 101.85 = 0.29 102.43 = 0.10

Each data is represented as the mean = SEM of #&xperiments.

Table 15. Scavenging effect of compounds 1-7 from Sargassum siliquastrum
on authentic ONOO!

Concentration
Sample 50ug/ml 25 ug/md

1 85.37 = 0.39 70.85 £ 0.99

2 73.58 + 0.52 59.69 + 0.89

3 64.97 + 0.68 53.21 + 0.39

4 70.83 = 0.10 56.36 = 0.39

5 84.45 £+ 0.46 70.42 = 1.06

6 88.08 + 0.14 79.35 + 0.03

7 77.77 £ 0.66 62.44 = 0.93
L-ascorbic acid 100.25 + 0.03 100.11 + 0.01
Penicillamine 99.64 + 0.24 92.29 + 0.02

Each data is represented as the mean + SEM of #&xperiments.
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3-2. A ES-F2| 43 &4

1) F7] 2xpke] 23223 S9E84 4

1) MTT assay
MTT assayg ©|-§3to] #ul7] Bapdke] HT1080 cel®] viabilityell »]x]= <
TS Fesgith. A+M extrac®t MeOH extrack Z+ZF 5, 1, 0.5 ug/mle] ¥%
2 FA%9en, 747te] FxolA samples 3R] 2 dx2TIF #4t

, 23252 5 1, 0.5ug/mloA HT1080 cell viabilityl] 4

b

rk

e o
o
2 L
P
T
(=]
&

o2l n-hexane, 85% aq.MeOH)-BuOH, HO fractions
oA viabilitysS A% A3} HzxTH A3 SFEE
el on, zkzte] fractions £ A3 FE o4 HT1080 cell viabilityll
¥ FA G2 FHoF YEytl(Fig.49).

MTT assag Z743te] 237 cell viabilitye] SAHZA} =A% FEeA
viabilityell J3F& FA] kgfonmg o]F Ml OoRE HT1080 cels °]83le 9
FE F2 = FE ¥WelA ROS, DNA oxidation, GSE 54 sttt
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Crude Extracts
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Fig.48 Effect of crude extracts from Sargassum spiliguastrum, on viability of

HT1080 cdll
Fractions
200
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02 ='m
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= o

= 100 o gl _T_ | [

~ st B = — =

D Il [ 1 - | I [ Il .

Control HIO n-BuOH  §5%aqgMeOH n-Hexane

Fig.49 Effect of its solvent fractions from Sargassum spiliguastrum, on

viability of HT1080 cell
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2) ROS (total free radicalZ7)

AEW 24 AL} whgste] FFEAE 959 W DCFH-DAE AH§3to AlZ
EMNs= A4 A2F S DCF fluorescenc® FA3842H, 500 uM H,0,5 &3
3 0RE 307 THFH o= 1208 T A3k ] ZAS] 45 A
Atk A+tM3} MeOH extracke Z+ZF 10, 5, 2.5 pg/ml®] FEZ2 S35 on, gz
TOoZE sampled: YA &3 500 pM H,0,5 ¥k contro} 500 pM H,0;
= APsA] 2 blankgd: AH§-3HSiT 500 uM H.0,& *2|§ controk | 7F
o wlg} DCF flourescencegke]l 343 7159 2™, 500 uM H,0. 5 )3
A 4L blanks A7kl w2 DCF flourescencegte] W3l7} EA F7}3k# ¢
Srth 10, 5 pg/me] FENA A+MIF} MeOH extractyE AT F X7+ 5¢
500 UM H:0:F A E|3HA] &2 blanket ®ld & BEeole 2 4= U
B itk 2.5 pg/mioll A= Azl weh Frkshe o] Hglent o] 500 uM
H,0.9+& *]8]8F control Bt} 1L Z7}&o] A3 ygronmz ZA3 B
oA u7] BAEE 23FE0] AEY ROS &7 A uf$ FHoljd a3}

E Ued= AE &9 33 HH(Fig.50)
2FFEFES 89 I3 Pl n-hexane, 85% ag.MeOH)-BuOH, HO

[o

fraction& 50, 10, 5ug/mée] 37}A) FEF 500 pM H.0, 8] ¥ 2417} F9F
308 7+4 o2 DCF flourescencd 543+ 23 4709] fraction BF £& 34
= B9 85% ag.MeOH,n-BuOH, n-hexane fractio& controB} blank® B] %
= W, $3T 3 FE EFOA 2 B Rion, AT 2/ F¢
AL o g 2 i3 BAHE Bk HO fraction £ controFt ¥ 23y
2 kst A Yelugi ey 85% ag. MeOH fraction.n-BuOH fraction,
n-hexane fraction®B.t}= & hiksl XS ¥ g v)(Fig.51).

o
£
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Fig. 50 Cdlular radical scavenging effect of

siliquastrm in HT1080 cell..
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Fig.51 Cdlular radical scavenging effect of its solvent fractions from Sagassum

siliquastrm in HT1080 cell..
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2) DNA 4}3}

spaly] mAE feel 2REEe) DNA Aol WAL JFE 5 25
oA 54 A} MeOH ¥ A+M FEE2 FE 2JEHLE DNA &< 9
A EFHE BtHFig52). £3 ol ZFEEEHEY doF n-hexane,
85% ag.MeOH,n-BuOH, HO fractionsd 2.5 ug/ml, 5 pg/ml, 10 pg/mle] F X9l
A DNA &4 AEE AT A H,0, AT 108 F BEE fractions®] T2
BA& BIYH(Fig.53). I F 85% ag. MeOH,n-BuOH, n-hexane fractiors
controm}e] Ml Za e w vl &I Y= Aew vehg

He0,
| s

Fig. 52 Effect of crude extractions from Sagassum siliquastrm on genomic DNA

MeOH

oxidation

g/

(a)H,O (b}n-BuOH {c) 85%MeOH (dyn-Hexane

Fig. 53 Effect of its solvent fractions from Sagassum siliquastrm on genomic DNA

oxidation
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3) GsH &% A

7] BEApdko] AMEW] GSH el vX= JFS FAH3] Hsty
thiol-stanining reagefdd mBBr& ©°]&3le] =A%t 2FEEU A+M,
MeOHs} #& & n-hexane, 85% ag. MeOH)-BuOH, HO fractionss 1 ug/ml2)
TEAA SAsIG e, 1208 Fe 307 TFHLeE SAIYT. 2T
samples x23}l2] &2 blank® &A3sHct. 25FEEF 09 fraction®l] A

samplex 2|3} ¢ blank Bt} F7}3t= Ao 2 Yehgth(Fig.54, Fig.55).
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Fig. 54 Effect of crude extracts from Sagassum siliquastrm on GSH
level in HT1080 cell.
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Fig. 55 Effect of its solvent fractions from Sagassum siliquastrm on GSH

level in HT1080 cell.
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(1) 7] 2A| A 8] % compounds 1-7 £] &%}

1) MTT assay
85% aq.MeOH fractiof| 4] &2 = 7702] 3FE2] cell viabilitys 53331
t}. 5, 1, 0.5ue/mle] SEZ FAFHe 79 33FE BT FH FECA
cell viabilityell & F2 g+ Aoz vehygr
MTT assayg 5743t QoA cell viabilitye] FA 23 SAHI FEA
viabilityell @& FX] ¢oerT o]F ulF O R HT1080 cele °]§3fe]

o
e FA gt = ¥4 ROS, GSHESA S5t

200 05/
@o. 0
pem MTT assay - Compound
B2 pg/ml
5 pglml
150 -
S
2
= 100
8
>
50
0

Control 1 2 3 4 5 6 7

Fig. 56 Effect of compounds 1-7 from Sargassum spiliquastrum, on viability of
HT1080 cell
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1) ROS ( total free radicalZ# )

85% aq. MeOH fractiot| /] #2]% compound 1-7& 0.5 ug/mlsE
DCFH-DA assag 3tgth. 500 yM H,0.5 1208 %< x2d F DCF
fluorescenc& &Aoo xFLZ sampled: YA &3 500 uM H,0,5 *E]

gk controR} 500 UM H:0& ] 3kA] 4L blankg AH&-31H3ich.

=
=2 Ao Yyehdslen compound7, compound2, compound5, compounds,
compound3, compound4 £2. % ¥ A5 B IHFig.57)

85% aqg.MeOHilA £z 33 BF 48 A6 2 49<S U3t
ot

1200

z

800 -

600 -

DCF fluorescence indensity

mll

Control Blank 1 2 3 4 5 6 7

Fig. 57 Protective effect of compounds 1-7 on oxidative stress(0.5 ug/mé; 120
min)).
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2) GSH#%¥3SA
85% ag. MeOH fractiotl| /] #2]%F compound 1-7¢] A|ZEW<L] GSH kel
v x= 4gFS 5A387] 15 thiol-stanining reagedd mBBr& ©] 43l 5
A3t 0.5 pg/mee] FECNA 120 & F¢ AT T F, 53 E sample
= A28 92 blanket vl A, 229 BE 33FEoNA GSHe| FHFol

718l el By ow compoundle] 1% /M ¥ A4S B9l GSHY

olN

ofN  mk

2 %7} compound3, compound2, compound6, compound5e|A] 3 &F
& B $vh(Fig.58).
AgoA 283 IJFESS EF AFEUL GSH &9 F7hl 9%

Aoz =Y

N
i

rfe

¥
r

g

c

c

5

fluor escence indensity
@

E

Blank 1 2 3 4 5 6 7

Fig. 58 Effect of compounds 1-7 from Sagassum siliquastrm on GSH leve in
HT1080 cell. (0.5 ug/m¢; 120 min))
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3-4. A EFF2| g 4
(1) Glycerol 4] 2 Triglyceride %3

1) Bxpdke] £33 a3

FAAe] Ea=lm 2uAakEt glycerol® EI|EEE wjR] o] Folgl:
glycerole] &wv]Z3} AE Yol ZH 5 o] )= FAX|HUHTG, triglyceridefFS 4
goza mAN AuA) o Auke) Ea) AEE o 5 vk weH =
A ol FEE Y ENEES £3H9 3T3-L1 AHAIE 297 A 8AE F
3|k ek o 2 HE = Al X Wl 4] glycerol ¥ S53315om, A5l

L]

AAS L G MEF o]§3te] AEUQ FHRW(TG, triglyceride) 53

S ¥3l9 3T3L1 A A E ol
05 ug/ml B 1 pg/mle) =2 Z+ welld] A&t glycerol Er|ES =3
A3 2FEEL FE EHLE glycerol #¥IFS FIHITIE AFE B4
ov, "tz Ao FHH T6 TFFs SHAT AHANA= 2FFE SE S
Ao g FAAYe 548 AEE FAEAT| = AFS X3 THFig.59).

FAEAd we £AFesr £k & n-hexane, 85% ag. MeOH,
n-BuOH, HO fractionss ©]&3}% glycerol £18] B TG A ¢ u|x]E IS
A E 315 tH(Fig.60). &3 glycerol i8] 2 FAAZ e ZHAol A 3¢S v
2] ko o £ A= 28 FE 500 ﬂg/ml‘)ﬂ/"] =2 =Xz)4}e] 7FAa
W B adsE ety AlEY TG #3652 85% ag.MeOH, n-BuOH %!
n-HexaneF oA £ Helsth o]& EAME {3 £ S o3 A
glycero} Zite g FajE o] AlE W T S A= AR A
g5 o]F £ E ¥ FEANAE FAAT EMsS 7= vk ZA

7l
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Fig. 59 Effect of crude extracts from Sagassum siliquastrm on glycerol
secretions and triglyceride accumulation in 3T3-L1 adipocytes.
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Fig. 60 Effect of its solvent fractions from Sagassum siliquastrm on glycerol
secretions and triglyceride accumulation in 3T3-L1 adipocytes.
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MA s 22532 skt 7] EAbK(Sargassum siliquastrum)< A3 8o
o] EF7} HEE o)A} ASES ESL 3 JHA] ARA 2
44 &4 7tsAe HESIH

WA AFE A HHE FHel7] BAMS CHCl/acetone (1:19} MeOH
o FHe 2FEE+ EMen, °lF RS AL

&9l n-hexane, 85%ag. MeOHp-BuOH 183 H,0

x2

t}. o] Sl i3 DPPH radical&# 43} peroxynitrite &
A BE 5HT 27, 85%aq. MeOH fractioll X 7 =& 274 4% B
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