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Anticancer Benefit of Sargassum horneri Extract

Taichi MATsUDAY?, Jinichi Sasaki®, Hideyuki KURIHARAD, Mutsuo HATANO? and
Koretaro TAKAHASHIY

Abstract

Sargassum horneri is an alga which can be seen in many coasts in Japan. And for this reason, it is expected
to be more utilized as food. However, consumption of this alga has been very limited. The purpose of this study
is to bear out the anticancer effect of extracts from Sargassum horneri, both in vivo and in vitro. Doses of extracts
were done on Meth-A tumor bearing BALB/c female mice by injection and oral administration. In vitro studies
were also done on Meth-A cell line using WST-1 dye reduction assay and trypan blue dye excursion method. Hot
water extractive from Sargassum horneri showed a notable Meth-A tumor growth suppression, while the suppres-
sion by ethanol extractive was poor. The hot water extract also suppressed growth of the Meth-A cell line.
Suppression was in part considered to be the result of apoptosis induced by sulfuric polysaccharide. The
suppression effect was almost comparable to the well known fucoidan obtained from F. vesiculosus. We concluded
that Sargassum horneri must be one of the most health beneficial edible algae especially for anticancer purpose.

Key words : Sargassum horneri, Anticancer, alga, Meth-A, Polysaccharide, Fucoidan, Hot water extract, Akamo-

ku, Fibrosarcoma
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7 HhE7 (Sargassum horneri) 3k 5 7 SR EED
HWET, tVFRELALCBIBLTWS, HERMETE
AR OIEERRELRE, HAREHOY Y Y LEI
BRBIL TS, k72, 7V 7R Cl3hEXERA, &
B, vHFRLHMALTWDE, ML > TRUASER
D, 7HEIOM, FHIFE (B, SAFT TV T F
A G, SNV F Y FKH) R EEHINTWS, 2
DEIETHEZZEZENEDHFL TR bbb
¥, AR LTRAZI R TWADREL, A, FERO
HAHEe, ILBRO—FHRIZR S T2, fOFIE
HRELT, —ETHSOUEREHER K570, ¥
KFDERPY ORI T A7 DATESHBHVw R
Tw3, LoL, HRIZEIFIB IS TS L ngl,
BROBESFIA %X 2850 5 % O AN TR COMSE %
WETLIZERDOENTWS, INET, THEZIZIZ

]

ViEE(ER, 17 4 VAYEA (Hoshino et al., 1998), #i b
o v EERRUY AAREREE], SRR &
PWRBEANTEY, INORTHEZ IS ENL KGNS
HOMRTHILEEINTWVE, XBLETHEIDRAS
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HHE & HE

BEle L URE ‘

7 HE 7 (Sargassum horneri (Turner) C. Agardh) (X
0RE2HCELNR RSN -EAE LTRBEENRT
WBHDE, 2002 4F 6 HiIIEETZ OB REBIE THINL
72 b DR, BELTHW:, OMORIE, BHEIIE
B, bLARBEFECIVBEL-bOEHANW,

ERO—BED P

K BRI BRI vy, 110°C T 6~T h finEk
LT{Tolze VS0 BR ANV —NVEIZ L > TLER
EERD, 625 2FEUTER L, 285X Bligh & Dyer

HBIZ & o T, & L7, R EERLE L D 550°C
THEMRE, BRIZL>TEEL,

7 3 /B OSR

7 & B DO AHTIIERE R BERAT, EHEs HCL
T 110°C, 24 h IR SRS 21TV, T/NKY —F — TR
BEERT 3 BONEEERICEEL T S BREEIMT
EE (JLC-500V, HEET (BR) X hE&EL 7z,

BieY - #AlREOMES L UIREHER DS

2 He8 % Sep-Pak Vac ¥ U A A — b U v (Waters
Associate #) 2ftL, 7 ook A CHEMIEE 2B,
A/ —NTHEEREXBN S, ThThEHE 28R
Uiz, WESONEZHIE LT, IBEHEROSTITEE
ra<v 757 4— (TLC) v — 1 (Merck, silica gel
60)— 7> h A M-Ik ot TRbE, BEMIEEORE
BRI n-~FH > T F N L—F )V  BEEE=85:
15:1 (v/v/v) CERE#, 50% H,SO,#EEL, 150°C TX
Ry P —HET L THE L, ZOBRARY b &
AF ¥ F—T2%Y 2D AA, Scion Image % AT
AL SR LR EH LTz, —F, HElREIZ 7 vak
WL RAY /=N 2587 v E=7=65:25:5 (v/v/v) T
BHL, B THRII EEEOBMIEE L ERCIT- 72,

B7V¥BOER

TFE VEEOMHIE Na,CO;, B TiT o 72, $hbbH
BEIERER D 3820 0.1 N H,S0, I8l ANz TER T
R, MHEREZERL TRESED, LTRTEHS
FEEBREL, ROTERER2AEL 2%, 1% Na,CO, K&
WEBRED 3 EEMZ CERTHIREHH Uz, %
BESERRT 20, KT 23 BERLCIEBE BRI
L, BUBHEAL:, ZOBREE 2EREVR L2, BEK
2ROy ) —nEMZ, 7 VX VB M) v A%
e, ¥/ —ABLUYF LI —F VTR,
B L, BEGERE, BEL THE7 VE VBOE 2B,

oI5 nER

MRS 3+ 5~ ot id HClL % (Dische  and
Shetties, 1948) TIT- 72, BEMEREMAED 3 {%8 D 0.09 N HCI
BRI Z CTERT 2 BiREmiNE, =008 (3,000X
g Smin) LT EFR2BIOFRIEL, tEEDVED 005N
HCIEH T L7z, ZOEER 2EEDEL, HELE
BHEE—L, T8/ —NVEKEES % IR 2T
TUBR % R & 7z, FLsTHE (3,000X g, Smin) L CTHA]
BT 257 2B, ROTHRBES 37 % 50%
W2 XS IAKEEL, ZhiT 5% CPC WIS TER
(%225 F Tz, BAT2HEB(LEH RS THREL
T2o EFEEAIFUBL IR, WKLY /L EKE
FEH 85% 1275 D E TMA THUTB R ER S ¥, BOIH
(3000xg, Smin) D, wWEELY / —VRTFY T FN
T—FNCHREGRRG L, BELTHY 2+ 7 VOIS

Bz,
AL SPENERE

REALS RO HCIHINE TfTo 72, Thb b, 5%
FEMERED 38D 017N HCl 1% T 65~70°C T 1
h i, B GREREM No. 1) 2RV TIEBAL 7, 8K
% NaOH A@EHTHRIL, T/ 3RV —F —CRITIBER,
BERC2EAEOLY ) —VEINAT, BIBEEE IR
LT, S-SR AKICEIRL T 4M CaCl, KEE
BEMZ, FHHLET VX VEEREOEE (3000Xg, 5
min) LCRELR, IO EFK 5%CPC (FIEMEE (BR)
KRIEEEINZ, CaCl, DFBENOSM L7225 XS5 1KkE
fNZ 724 30°C T—HkiE U7z, #r L7z CPC &k 2R
M EE (3,000< g, Smin) U CEE®, 3M CaCl, /KB TE
BL, 255Dy /=N EIMZ THUE R R 7,
ZOBER 2EMEDRL, WERELY  —VBLUYIS
WI—TF NV THER, BEREERSE L TRE(LSHEOIN
EEBIz

H7AX P FUOFEE

IR AERBOT7 & b RMZ, 4#C, 4 BEEXT
THIHET> BFZ 2EEVRL, 7 b HEEYEE
e Bonl-HHY 2 HEMTLC 7 1 — b (Merck,
silicagel 60) WwEML, 7T bF¥ :n-~FH>=4:6 (v/v)
TERL AV YBOHE7 2V 0 F VESE» EW
D, 7 b THEHU BEEEERL, NEEZHEL 2,

ok YER BRI

Bk % 20 mg/ml & 753 X 512 25N HCl [ i5f#
L, 7> I VECHEHE L, 7ay 7t —% —T 100°C,
12h gL, SERIG%1To72, BiE L C BaCO, THIF]
®, WA XSEREB R I THEBEL, IhE
TLC 1 — b (Merck, silica gel 60) c8tL, n-7% /—
WV EERR :k=2:1:1 (v/v/v) TEBHE, 7/ —VEHE



WVHES : 74 7 iHYoFEst:

THREIETCRE L.

SokihtHYER RO B T

BokHY 15mg % 2N H,S0, 60 ml iIZ¥#EL, 100°C
T 2.5 h SRR %2 1T - 72, BaCO, THFIS, JSHEEZE
L, 7% 7 b=t VU 40ml IR T, THRO&ET
mREEE S a< s 75 7 4 — (HPLC) %772,

B HITACHI 7 — b¥ > 75— L-7200

HITACHI &> 7 L-7100
SHIMAZU C-R7A plus

VRN Shodex NH2P-50

b8 T ErF= MU :Ak=3:1 (v/v)

i 0.8 ml/min

HILBE AC (H T LA—7 > : TOSOH CO-
8010)

kiR HTACHI RI #&H58 L-7490

kim0 L BEORE

BRI HEV, Na,B,0, 095 g % H,S0, 100 ml iz AR L T
A BRI Tz, ANV N 0125g BEARAY ) —
v 100mliciEfEL, REBRFERL L, Bvkiti®z 1.0
mg/ml £72% X5 WAKIZEEL, 2O 1.0ml 23 A
AW U35 5.0 ml iz TERER, 100°C T 10 min [k
Lize KB LEDSHEB 2 02ml iz, 100CT
10 min fNEAEFIRIC 2 5 £ THE L, 530 nm OEEE%
HE L7, D 7 u s (D-GICUA) 2 ERWE - LT
v, D-GIcUAS LTy o B (UA) SEZHEIEL
720

BukihtHMOMEES ENRIE

Wik GRESHR, 1981) vy, Eukiht#% 10 mg/ml
&% X5 35N HCHIZBfEL , 1000C T 8 h |yhnz s
T TREWNKSRE $Tz, SV EELUIRAK TS
%, BHEEIMEL 55 02N BaCl, 20> DFEFL,
BaSO, D BB S kX iz, WERSER L L kot
D ETESRE, WBR TR RELT5201 LhBEBTINE
L, |LhEEL:, B2 ML TRPRL, Th7—vavr
Z3EREVEL:, R ERIC X D EIRL, BT
BYE LTz, BN L 72 BaCl, 238 - TR W»W I L 218
iz 0.1 N AgNO, %Nz % Z & THERE, BaSO, MR DE
% S550C TKALT 2 Z L L DHEL, FEBEEICHE
L7z,

EyRERIC & A HUBMIETT

ARSI & B FEBRIIRD & 51T o 72,

BALB/c~ U A% 2B, BREBEEREL LT
50X 10° cells ® BALB/c = 7 R {3k & J& #fl I Meth-A
fibrosarcoma %zt (n=5) DFNZHEL 7. BHELZH
2OHHEEL, BREHICIIBMHEER2 4,6 HHICRREICH
B -EEAIR E 1.0 ml EEBMES AL CEREH L, B

W% 21 HE WCEE Y 4 X(RE mm X EE mm)% 5H# L
7o NBEAC IIFIEDOERIET PBS DA 2 EE LT, E5RE
EREOBERE YA AR L, RESREFTHEL 2,
= OB SE TEBEFEOED S we v AREI 18
BEL, BEOBHORVWI L 2R CTEBEEE L
726

BOKSIC X BERIZRD & 5 12fTo 72,

TR ERRICEB 2 BE L, RESFCERBELELIVE
BEICTHEL AR ERAKE v EAWTERIZEKE
e, Bk 21 HEHICEEY 4 X(RE mm X &% mm)%
FHEIU 72, NEEAC X ERROBRIETKD A EZFK S BT,
BERE LB OEE Y A X 2R L, SR EFTML
Jro 2B, BUKBRHEBKKTH->TH, MEEE bIERA
IZi3%9 5.0 ml/day TH -7,

HAESEPOME Meth- A FHRRIC 4 2 HEgl s R

BALB/c = 7 X fy kM HE S P il Meth- A fl f2(Meth-A
fibrosarcoma, RCB 0464) 3B {L2ERZER & D BEA L 72, 10%
fFAREIRIME (FBS, Flow Lab.) % 56°C, 30 min D&ET
TIEME X, EANL7z RPMI 1640 E&3h (7.5% Sodium
bicarbonate 29.3 ml, 100 TU/ml penicillin, 100 g g/ml strepto-
mycin FF IV s GIBCO BRL. X WEEA) T 37°C, 5%
CO, FAETIZ TH#E L 72, Dulbecco D) >~ EE#EETHE PBS
(phosphate-buffered saline pH 7.4) ¥, NaCl80g, KC10.2
g, Na,HPO, - 12H,0 29 g, KH,PO, 02 g %@k T 10112
ERL, WAL DOEERAL, MEEORED:
WA F Y87 —i3 GIBCOBRL. X D EEA LTz, %
7z, WST-17 v A Fv MEHCALERZERT L VAL
foo ROFEIILITO L 5 1CFHB L 72, 1-MethoxyPMS (1-
Methoxy-5-methylphenazinium methylsulfate) % 7.0 mg &
BL, 10ml OEMAKICERLI:bD% ABELT, 165
mg O WST-1 [2-(4-lodophenyl)-3-(4-nitrophenyl)-5-(2,
4-disulfophenyl)-2H-tetrazolium, monosodium salt] % 4.5
ml D PBS IWEN LD D% BEE LIz, A 0S5 ml, BE
A5ml BEEL, 0Rul AT 5 27 4 N —THEHE
LizbDzERLT,

RRHEZEPYE Meth- A MERIDORERIIRD & 5 12iTo 7,

R ERA DO 25ml 7 5 R 212 5% 10 cells/ml  (10%
FBS &7 RPMI 1640 3ZH) 12393 L 7- Meth-A #ijfa% 10
ml AR, 5% CO,, 37°C THEEL 1, Mifa%&A 72 RPMI
1640 ¥5Hb %30 (1,000 rpm, Smin) L, EEAZRETR
#%, EMXL7-HEC 5T Ly RPMI 1640 $54 5 ml 2A0Z.,
Improved Neubauer MMEREHEMR CHIlIE > HIEH, RPMI
1640 B3 % PV T 5X10¢ cells/ml ic T 5 Z L2 & D
WREIToT, £2, 4 HEZ LIRS RBVIR LU 72,

EFRPEEREIC & 5 I OBE R RD & 51T 72,

Meth-A #fiffd% 10% FBS &7 RPMI 1640 5&#thiz 5x 10¢
cells/ml & 72 % X S5 ICHEEL, 21— iz 360 ul 0
BT 24 h FIEE LTz, % DR, BUktiYER = iED
FBEIC2 5 X510 40 pl BINL 720 5% CO,, 3TC DA >~
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FaR—F—TEEEZTV, 24hEFCEMEEAEL
T2o ZOBEN VNIV —BETHRE ST OORTHIKT L
L, Improved Neubauer MERETEAR % Fiv> TS S
eSO 2= U g [ - Mfasos EMRas s U CEE L7z,
WST-17 vt 4 i3 WST-1 SN S b2 > RU 7D
Bk RREEORB L 5 I L 2IEA LI DT, Miass
WST-1 2B LIS RE U 2 kv~ o 28Rl -
MIET 5 Z LiZHETHTWE, WST-1 7y L Fv b %
BwsZEizkh WST-1 2HA ¥, v/ 70—}
) —4%— (Emax precision microplate reader, Molecular
Devices) T, #OPLE (R 450 nm, ZEF R 650 nm)
RPRET S XD EMEEEEHR LU, &, #AEES
T>TH 5 48 h D Meth-A JIfZ % vy, 5X10* cells/ml 12
AR U 7o HBREET R 100 ] % 96 5L — MRz, BT
EFBEOBKMEWERE 101 5mML, 46,70h 1z
WST-1 823 % 1041/M2 T, 2hBOFKAr~{r7a”
V— Y = —THIE LTz, EMfEROBEHIITRICL -
726
&R (%)=(C—B)/(A—B)
A: PotE GRHER
B : 8 A DEILE
C: BlfiE GUEREI)
TR b= RBHEENRIE
TR M=V AOFEREOHTEWIL, A& DNAK
MU TERTREE 2/ OYYRAE/ 7 0—F 0 Tilk%
Bwiey >y P Ay FBERAEE (b F A vF ELISA)
Z{#F L 7> Cell Death Detection ELISATLUS & 3 k%),
ZOBRNBMBHPFBO HERX K> T/, Thbb
Meth- A #fE 5 558k, BOSHE (100Xg 5 min) 2 XY
¥t 2Rk, MR R EINL 724, 200 41 O lysis buffer %
Z, BIBT3Omin, V— ¥z A h—FETA VFa—
FE B ki kD HREIER 218, Zhk 100Xg, 10
min FELSHEL 7218, R 20l 2 A MLV NTEY YT
aA—tLliceA 270848 -FVv—b B LTz, &V )V
WFDERL TBOIAL/ IV TR (VT FVF—¥
YL DNA JiEAR : U4 F V8Pt R b HEE
W4 vFar—yarynNy7Zyr—=1:1:18 (v/v/v)) %
8Ol Nz T, BRAT2h v —bv 24 A —2HOTO>
CODIRBLRYSEXRT CRIGEE, RIKETH, Fv—
b ER—N—FFNDLEHRWZ LT, v VHAOBER %
BEL, AvFar—var Ny 7r—T3EEKELT,
BB L L T ABTS (2,2-Azino-di[ 3-ethylbenzthi-
azolin-sulfonate]) Y5 % 100 w1l 2, v —b ¥ x4
A — % FVT 250 rpm T 15 min ARG S Bz, KATH
T IVDBRE 100 g1 FTOR A7l L—r itk
L, =4 7a7v—h1)—%— (Molecular Devices Corp.)
%> T 405 nm OBOLE (BRIER : 490nm) ZHIE L
Teo ThEBERUTOHERCIDE/, £ VTRV
FV—ADIVY9F A 7775 —%EH, 7R

Y ABEAEOEELE Lz,

DNFESIHORE

Bt SBOFESTRYHS LI T B2, TFA b
F o (D43 ) 1) BE &G B 5 3X 10A~5X 106 T % % Sepharose
CL-4B (2.5X85 cm)icz8F} % 10mg/0.5ml f£tL T, pH 7.0
@ 20mM Tris-HCl (0.2 N NaCl{EEW CHE 30 ml/h i
THNRERET> 12, BT =/ —VERBBEIZ X o7z,
SFEOEEYE 1213 Shodex STANDARD P-82 (P-800:
788X 104, P-400: 404X 10%, P-200: 212x10¢, P-100:
112X 104, P-50: 473X 10%) % Fwiz,

BRRUEE
HET HEL O—RRE AR

BWETERLET A7 BEMEEHI-D I8y
BEED 174%, £I8EH 3.7%, [KS353252% TH Y, JtiE
BIIETERLUE DL, 7237 BEEH 141%, 8B
L3%, [K535323.3% Thole,— MK BA L SN T W5
BOPTIIHEBRNY 0 BEBE -T2, BEOETE
ERIREEUBINC L 2EBBARE W ETbh T3, 8
BERDAMECKEREZRZR N> Tz, BERED
3 H#) 90% lZARSTH oI,

RETAEIZDIN) P77 BB S V87 BHER
7 I /BERICDWTHANS: (Tablel), ¥ > /878 (g)
Bl OSEREPEHR L 25, HBCECAEhER
BEwonRboT, TANTEUBIIEILO L DT 96.8

Table 1 Amino Acid Composition of Dried Sar-
gassum horneri Collected in Toyama Prefecture
and Esashi, Hokkaido

mg/g protein of S. horneri

Toyama Esashi
Ile 48.7 50.1
Leu 80.9 88.2
Lys 477 46.0
Met 227 282
Cys 38.5 21.0
Phe 484 58.8
Tyr 349 26.3
Thr 45.6 53.1
Val 56.6 72.6
His 155 16.1
Arg 57.6 573
Ala 58.3 722
Asp 96.8 111.4
Glu 112.0 1319
Gly 54.0 63.0
Pro 46.5 49.7
Ser 439 49.2




RHES 747 b oiiEstt

mg, JL¥EEDH DT llldmg Sy I VBEEIATHR
1120mg, 1319 mg &% { EENTWIzH, fDHEEE & N
THIZHWERDONDT I /BIZ b -T2, FOMRIX
FUCEBETHZ 74 X (BIERMTERRESREOARRS
7 3 EERE, 1986) L & {ERIL Twiz,

BB T ORGSR (Table 2), BMilEEICIZ b ) 7o v
JY)kua—) (TAG) RUE /YT YNVT) Lua—j
(MAG, DAG) 0Dftl, ZBDOAFu—LasHiInt, 8
BOAT - NVEEIEGEEREIIN L TEHWL LD T02%,
PRBBDTONGEELEINTBY, YHTHEI DD
TR TIRERER IS L T 03% EEWEEZRL Twie,
LH»L, TLCAV— M EDRATO—VDARY MMHTIZ
F—Y Y IIRRESNT W20, BAEICHEE S - T8E
HyEZ oD, EHEZSEOIREICIIER 2R NE
Thd, BERETRE/ FZ 7 FPIAMYTINT &
a—) (MGDG), Y4527 by I T7 N7 Ya—n
(DGDG), ANVEKEF RN T YAV I ) a—)
(SQDG) BEHEERXESENTBY, ThO5DORIIHN1:2:4
Tholz, ETBEOBEESIRE IR ) v uEiEg
T, iz X7 4 > TIEER Y VIREBEET AL WI T
PHISGNTWED, ZHoRFAREESEThTuihoTs,

BEOEREGRIIIuu 7 s vac bR a*
PrFrRETHD, Tz, KEREVOEEL DI
BEOSIFI vy AT, HEREESEELTT
VE VB ETBESHEEESATED, HEEOBKESEI
AT —ATHBEWS ZEBHLNTWS, &I TEE
THET DB ERTRD TH S LEZ 6N KBNS
DT NFE VBB ERBIESHER S 355 >, fEEaRo 7
aFY U FUOERERITY, EMMOHER{T o7z, K
HERCOWTRS L, BUROHDOTRIEED S D &

Table 2 Lipid Composition of Sargassum horneri

% in Total lipid

Toyama Esashi
Simple lipid 41.6 478
Complex lipid 579 514

% in Simple lipid

MAG 115 10.8
DAG 22.8 25.3
TAG 28.3 289
Sterol 29.1 23.1
Others 8.3 11.9

% in Complex lipid

SQDG 36.8 10.8
DGDG 213 37.8
MGDG 19.1 21.1
Chlorophyll 13.5 22.4
Others 6.3 79

DYTNVX UEEDE L, RBESENDTVNENS Z L
birolz, LEL, TWOOEERIEENZRLDTHS
129, ZEEEEIORAR, FhFThoiiLEcEwEh
PEDONIZ L6, BERTOBADEZONDG, ¥
72, EHBECHELE-TEY, EENCHEIATYL
BB LA TR SEEOEREE DBV X R
RIBEOBRONITEEE LD S, £oT, EELESES
TR % LIIREETH -z, BILRTERCERESW R
RSN TWBREBD T & & 7 I ~JtEE DI
S iz b DIZRBADEFELHEATB Y, HERZED
RENEEID W LB TFEEINS D, ILEBHEDOH DI
SIFS VBBVl EEZBLILLTES, 7
FHUFVIIBILOS OHBIIEED b D LA 2L H
Motz

Skt YIORERY

B O— RS I 2T o 7o kER, 36% D5 X
2Bz, BEToIC bbb 53 168% & DIKS
BEEN TV,

ok £ D85S NI AKBEES OB EED EY
GtfiEfTole &8 25 (Fig 1), 7VWX U BRERTH S LHE
#x 3 GlcUA, 7 24 ¥ icRES N BB H
k3 2rEz25NE 73X (Fuc) ® F 5 7 h—2R
(Gal), B F7 2 F 7V CEETR EELNE S Va—R
(Glo) %z OO slz, L L, XEREHTH S
</ —A (Man) OFEERHERENT, BITICX DB,
NiborEZOND, ChOEEPER L& Z 5, Fuc,
Gle, Gal DEIZFNFh 1.9%,08%,08% L3> T, F
7z, GIcUA 2&H7 o VORI 6.2%, FEEEDRIL 3.6%
Tholze LL, Bukiitimicidimu-Bdarioh, &
WS 2To L 2B 7Y v Iy Ronilzo, BFER
5378 E5% { ONEMIORALE Z sz,

Origin Front
Y
Fuc O
P
Xyl O
B
Gal O
B
Gle O
Man 8
GlcUA é
Hydrolysate (5 % é

Fig. 1. Thin layer chromatogram of hydrolysate of hot
water extracts.
Developing solvent : n-buthanol : acetic acid : water=
2:2:1 (v/v/v).
(O: Visualized with phenol-sulfuric acid
Abbreviations of spot colors designated as follows :
Y : yellow, P : purple, B : brown
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HOKMECIZ TV E L BD268%, 7 3 F 5 vt
19.2%, GiEALERENS 404% & E N T\, o, T5 /—
WV IZ 7 390 F 053 26% ST Tz, IBEelk
POEBTANX UM, T3IFT v, BBt rmE LR
L3, BEEABI:DFNERNR 1.5%,0.1%,02% LR S
habpote, —FH, EEEED S OBEKEHEYONEX
9.6% 1Z7olz0 LU, IWEEAKRDK 90% 3K DT, B
Adh ORISR IEEEA s SR L b &, BEE
POHAELIZBDETIERESELSRWI E¥bbho
720 M LT BB IR RS Tl 2 5 5,
BERRE OMERE CREEEOMES T e s 2 &
BEDEIoT, 27BN BEBEORAEEOBELLS
RonliZ o2 T, Bkt < OF Y
EEATVS Z LRI N,

EYIRERIC & HHUEMMERTE

7 hE® 7 ORAMBEMKR Sy 2 — VY O SR
BB 3 HEBERICOWTHEN L 25, Bukiitg
SCHTCE APUEBEE 2 ED . (Fig. 2), BEY 1 X
INIEREET 381.34217.3 mm? THo DL, Bukfhit
e 10mgx3E LB TREESRES L LR’T
Eledpoledy, EEY A X 2 BEEED 54% (20484917
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Fig. 2. Antitumor effect of hot water extract and ethanol
extract administered by intraperitoneal injection on
Meth-A fibrosarcoma-bearing BALB/c mice.

Female BALB/c mice were used. Tumor cells (5.0X
10° cells/mouse) suspended in PBS were implanted
intraperitoneally into the mice. The extracts were
injected intraperitoneally at dose of 1.0 mg/mouse three
times on days 2, 4, and 6 after tumor implantation.
Mice receiving similar treatment with PBS alone served
as a control. The mice were observed for 21 days.
Tumor size of those mice were measured on day 21.
a: Tumor-free mice/Total mice

mgX 3, 0.5 mgX 3 OEE THEBEOTEWERNE L 1 k%
MR LTz B2 0.1lmgX3DRETA/5D T ARZBNT
BB L7z (Fig. 3), ZNODFER» S, L 258
DT AW BB ORISR BERN LT\ 2 & 3B
L7z,

BRBE LD VBEORS > (hiEBEE*FE T
ENET A7 OFIBTEAS—BEIFCE 5, 22 TRO
BEIZ L 2FEEEECOWTHAAER, BO%5iC
FoTHHEBEEV A SN 2 Eibirotz (Fig 4),
BRI 0.01~0.05% OFEEHTEMNTH D, iz 005% OEE
THHRIEKX® L &2 3/5D~7 ABWTEEDE
BHA SNz, w7 AOMKER B X % 50ml/I5/day T
HY, IhE2HECHETL |HEB X% 25mg BRI
ZEWhb, 5%, IOH, ERLERNZ SN - aEE
BRI L 2L HOMTENLETH B, THEIZ LD
i U7 Bokidinc 3RFT, BSOS iiEEEtES®
WREanT,

IHETHF/aREEL OBV THE AN 25
OFEEEMIC DWW TIZE { D (Carbonnelle et al,
1999 ; Itoh et al, 1993) ¥H %, Lo L, FFRNCRSL
72bD Lk, BOKRELT: D OD/ERBFEIBKHHIICE
N5 EREPH RIS N2 WL TH 570, &<
BR2bDThHhirEZONS, RFEE LD TIXS
FaonvFr—MEEEELTEC L2 REREER
(Coombe, 1987), EREIIEIER L MMEST EMHIERIC L 2

200 r
—_~
é
Q
E 150 r
Pt
E
a
Ei | 0/5 9/52
5 100
2
«
-~
&
50 +
0 s L
Control Hot water extract  Hot water extracts
0.1mgx3 0.5 mgx3

Fig. 3. Antitumor effect of hot water extract administered
by intraperitoneal injection on Meth-A fibrosarcoma-
bearing BALB/c mice.

Female BALB/c mice were used. Tumor cells (5.0
10® cells/mouse) suspended in PBS were implanted
intraperitoneally into the mice. The hot water extract
was injected intraperitoneally at doses of 0.1 or 0.5 mg/
mouse three times on days 2, 4, and 6 after tumor
implantation. Mice receiving similar treatment with
PBS alone served as a control. The mice were obser-
ved for 21 days. Tumor size of those mice were
measured on day 21. Data are shown as means*S.D.
(n=9%)

a: Tumor-free mice/Total mice
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Fig. 4. Antitumor effect of hot water extract administrated
orally on Meth-A fibrosarcoma-bearing BALB/c mice.
Female BALB/c mice were used. Tumor cells (5.0
108 cells/mouse) suspended in PBS were implanted
intraperitoneally into the mice. The hot water extract
water solution was administrated orally after tumor
implantation ad libitum. Mice receiving similar treat-
ment with water alone served as controls. The mice
were observed for 21 days. Tumor size of those mice
were measured on day 21.

a: Tumor-free mice/Total mice

bDrEZONTWD, —F, BOBRGICX 2/ERBFL
LU Ci3— R IBE SRR ORIBUC X 5 il <, B
HEOWEZLIZHDTH L EHRINTWE, BBEE
3z TIEALEE L BOMECY « VA, S oY
JERLICESENTV R, FHNESZE T ETHE
AR SRR ESNTE Y, BER Y THEEE
ZRZTW3, BEIZIZEY >/ BRD 60~T0% BTEEL T
By, EEEEY O (GALT) &R 2 Fiskss
DY, HMEOBEELFEEIT TS, FOBRER/NER
CRAET A5 IR EFETN S Y > SO M il
AL THEY A F vz B e s s v O <
7 a7y —yik EOFFEEMICER, I#10MTbh, T
HIRE® B & oSl 2RI 5 2 L CHBE R
B, %77, B FRERIEC 4~6 {HIC | DOEISTHET 2
IG BRI v BREEBRE Y 7N EFT B RIEERE
BoTwaZeHonsd L CED, 7THEZIKBNT
b I h SRR RIE LT 3 2 RO TTERR B R
DLW ERBESEE NS, BAlER I LRkfbb
hoTBLT, SHBROMELFIND,

¥ ok ool s - fEEEE % b DKE%E
SPEEFIERIE S E OB 2 EABFC L 5bDTH
20N, BEOVTEIZRI TR -V ARE R B
Bl ERORE Y RIETHSDOFENEZ SN D, &
iR & 5z, BukifiH Lz id % < ORM0E
EL T Z Eds, BFRS B TRCHEREEES
Hohl—Ric, BEEMRCEZRTEEFHZRZL T
RS OBEENMEE I N, 7 I TRIZ, BukbyhE
BEEM RETREC DO W TN,

Meth-A #HI2I =39 5 BkihtHHIOETEIHZHR

Meth- A #iifZiz 03 2 B OREFEMHEIRIR < D
TEFPERRE % AV 24 h I 7 DM O REFIZEAL
EFNTAER (Fig 5), 5.0 mg/ml LA EQBAKSHHIOEI
T Meth-A IO % B E KR, RERACHIFIL 720
$FIZ 72 h TUX 20 mg/ml LA EORRE TRV HERENIEIER 28
Bohlz, £72, /L TwuizboR, AL TWiz b D,
BEAL Tz b Dk R ZROMIESEE s Wiz, &
51z, HEREHIGIENRO B S iz 48, 72 h B 817 2 MR
FEROBEEREMNES WST-17 v ¥ A B2 & o THX
& (Fig. 6), ZhZFhDBE BT 5 Zh ZThOMITET
i3 48h % 854, 6958, 51.1,42.5,27.1, 13.0% TH Y, 12h
BT 832, 520, 439, 36.1, 160, 2.5% Th-1z. ThbH
ERPERRE L [FIRR, BERE, SRR EE 2R L
2o

FOEYEBRTIX 1EED D S0X10°EHU Lo EE
MRt L, 0.1 mg/ml O#EKEIHY 2 10mIX3 EKE
(03mg) 752> THRWIESEENRON, Z
L, Ml BRI U 225813y s v Bz 20X
10* {E D JHfE 0 L Bukdh 9 % 2.0 mg (5.0 mg/mlx 0.4
ml) DLEGML 2w LS EEIISIRIR SR 5 vk ho
720 BYWIER TR AN OEEMFZORE LT K &
SRz, BT 2 2 L IREETH 55, Mz
WEES Z 28K OB I TR Ec§Er -7,
DTz HBOKFHEYIDR T HERRE T IS 5 2 2 BN
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Fig. 5. Time course of viability of Meth-A fibrosarcoma
cells treated with the hot water extracts.
Meth-A fibrosarcoma cells were seeded at a density of
5.0%X 10* cells/ml. Then, hot water extract was added
to the culture medium and incubated for 72 h. Viable
cell number was determined by trypan blue dye exclu-
sion method. Data are shown as means+S.D. (n=3)
—e— Control —0— 50mg/m! —aA— 10.0 mg/ml
—A— 15.0mg/ml —m— 20.0 mg/ml
—o— 25.0 mg/ml
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Fig. 6. Dose-response of viability of Meth-A fibrosarcoma
cells treated with the hot water extracts.
Meth-A fibrosarcoma cells were seeded in a 96-well
plate with 100 ml growth medium to give 5.0 X 104 cells.
Then, hot water extract was added. Cell viability was
determined every 24 h following the WST-1 dye reduc-
tion assay with slight modification. The medium was
not removed, and the cells were cultured for another
48-72 h in the medium (100 ml). WST-1 (3.3 mg/ml
PBS included 7% 1-metoxy PMS) was added to each
well (10 ml/100 ml medium), and the plate was in-
cubated at 37°C for 3h. Absorbance at 450/650 nm
was measured for each well on a Microplate reader.
Data are shown as means+S.D. (n=6)

BREDHMKET DD TR, EENTORERIEE
Bk sz @ mmaniz, Lol, Bukitivroshi
HEZFAE Meth- A flifa DI = BT 2 2 L ic i3 &
bHRBOT, RiZFDERDDRIEEFHAT,

Bkt Meth-A $HiRI=31 9 2 HERAES

ok & D SE R T e £ L FED Meth-A iR
BADOFBI OV TERREE A TR L7z (Fig.7
~9), 24h BN ERNIER, TAXUE, T3
FSUOESTIRIY ba— L E b S kho s, B
L FED B Tld Meth- A B OEHE 2 B ERTER), B
BCaE S HIFI L Ttz £72 72h Tid 5.0 mg/ml LA EO3E
ETHEwiilaEENRon, MlEoBREBEE L/ L2
%, 80 SFNL TR MilEVERE SN, 351
FENIEIRERD B 5 7z 48, 72 h B OMBIERRIC T 518
EEKEE® WST-1 7 v 2 A B & o THAALESR (Fig
10), BBPERXBI 2 ZFhZhOMEEREIZBhET
984, 87.1, 759, 61.7, 32.4%, T2h #£ Tl 73.5, 64.7, 582, 319,
26% Thotz, BRPEERE & FR, BEKEN, REHYYS
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Fig. 7. Effect of alginates on viability of Meth-A fibrosar-
coma cells.

Meth-A fibrosarcoma cells were seeded at a density of
50X 10* cells/ml. Then, alginates were added to the
culture medium and incubated for 72h. Viable cell
number was determined by trypan blue dye exclusion
method. Data are shown as means=S.D. (n=3)
—e— Control —0—5.0mg/ml —aA— 150 mg/ml
—/— 25.0 mg/ml
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Fig.8. Effect of laminaran on viability of Meth-A
fibrosarcoma cells.
Meth-A fibrosarcoma cells were seeded at a density of
5.0X10* cells/ml. Then, laminaran were added to the
culture medium and incubated for 72 h.
—e— Control —0—5.0mg/ml —A— 150 mg/ml
—/— 25.0 mg/ml

YRR LS ENE L 2 0% S ENTWwa 2 & (Table
3) 2EET 5L, HuL U THRBRIEEED T80k
IDHEWEEEPRLIESICRZS (Fig 5 Fig9 %/
/& Fig. 6, Fig. 10), Zh 5 DFER & LT, Bukttyhic s
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Fig. 9. Effect of sulfated polysaccharide on viability of
Meth-A fibrosarcoma cells.
Meth-A fibrosarcoma cells were seeded at a density of
50Xx10* cells/ml. Then, sulfated polysaccharides
were added to the culture medium and incubated for 72
h. Viable cell number was determined by trypan blue
dye exclusion method. Data are shown as means=+S.
D. (n=3)
—e— Control —0O— 1.0mg/ml —aA— 2.0mg/ml
—A— 3.0mg/ml —=— 4.0 mg/ml
—0— 250 mg/ml —— 25.0 mg/ml

FhAMIEEERRD L SN AMEBITTRLERRLI Lo
T T OFEENE Z oz, F I TRT IR OMETR
OFBORELTERT 2120, BukibW R UREEE 5
PKALL, BonlKbE £ Eh 42 (250%0.168) mg/
ml, 1.2 (5.0%X0.257) mg/ml D% T Meth-A Hazxt
THEERRENI, ThOMETRIZA A4 I &k 2
BB MileEEOBENRS I NS, ZhoKEy
13 Meth-A fifgic &L 5 2 kir ol 0, METEWE
DOEFEBIRWbDEEZ N, —FT, BAMEY LT
BRSO ITEOAORECERNRED Shi-l:, i
BRFEOEELNTWEY = FET =/ —VELEY
DEBCEND OlEENTBR I NI, Lerl, Thd
7z /=M E L RO, 2 TNOKRSDE
BEHFERRIEN SN TELT, REIEETHZ, Z0
7o DEKHEY, MBS HETICE I 2 ECHEREOKR
ETEE Y, FREESEZOLOORIZTEEL T 2
ZrIRETHL LEZ N, 5T, HBILEEOH
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ZVEET = )WV EEYEEDERICIBHDDEEZ
B, BiSREES LT,
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Fig. 10. Dose-response of viability of Meth-A fibrosar-
coma cells treated with the sulfated polysaccharide.
Meth-A fibrosarcoma cells were seeded in a 96-well
plate with 100 ml growth medium to give 5.0 X 10* cells.
Then, sulfated polysaccharide was added. Cell viabil-
ity was determined every 24 h following the WST-1 dye
reduction assay with slight modification. The medium
was not removed, and the cells were cultured for 48-72
h in the medium (100 ml). WST-1 (3.3 mg/ml PBS
included 7% 1-metoxy PMS) was added to each well
(10 m1/100 ml medium), and the plate was incubated at
37°C for 3h. Absorbance at 450/650 nm was mea-
sured for each well on a Microplate reader. Data are
shown as means+S.D. (n=6)

—e—48h —O0— 72h

Table 3 Polysaccharide amount in hot water extract and
fucoxanthin amount in ethanol extract

% in hot water % in ethanol

extract extract
Alginate 26.8
Laminaran 19.2
Sulfated polysaccharide 404
Fucoxanthin 2.6

B REOYIEEL O 2T 72 (Fig 11), BiRERE
Wk D 24 B3 X1 Meth-A R 2 T EE, F
vesiculosus D 7 2 4 ¥ >/1% Meth-A Hifg D = BE
RN, BRNCE CHIHIL 2, B2 72h TiX 5.0 mg/ml
PLEo#Es T Meth-A g3t Ui ISR R
sz, £70, MBEEEE LI L 2ABRIGEVLRBR SN,
7 & 7 LA L LR TIER L Tz D, BEL
T LHIENG SBRES N, & 61, BETGEERIROR
Stz 48, 2h D 1.0~50 mg/ml M BT 2 #hEh
OHIREERZ WST-1 7y A RIZ X > THARLER
(Fig. 12, 13), ZhZNOEEIZBWTT ¥ € 7 HXGmEEL
%¥E L F. vesiculosus i3 7 24 7 OHFEESRITIZIZ
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Fig. 11. Effect of sulfated polysaccharide from Fucus
vesiculosus on viability of Meth-A fibrosarcoma cells.
Meth-A fibrosarcoma cells were seeded at a density of
50X 10* cells/ml. Then, sulfated polysaccharide was
added to the culture medium and incubated for another
72h. Viable cell number was determined by the
trypan blue dye exclusion method. Data are shown as
means+S.D. (n=3)

—e— Control —0O— 1.0mg/ml —aA— 2.0 mg/ml
—A— 30mg/ml —=— 4.0 mg/ml
—0— 250 mg/ml —e— 25.0 mg/ml
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LTEMTHEEEZONTWDS, vz Cell Death
Detection ELISAFLYS v M7 K b —3 X2 X o> THiF
LB (/- A VITX VAV —A) 2EETIHD
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Bokhitiy) E mER L PEC X VEEE S, WR{bL&%
FBLI-EZA, 22 b —VICHARE. factor 25 EH LT
Wizds, Meth-A ORI ER S 2 R T T VF
VEETIRIZE A ERL TWEot, BukiEYI Tl
12 25 mg/ml D5, 24 h OYLE T E. factor 33 6.6, FrEE(L:
ZPECIE Smg/ml O L, 24h OB T E. factor 5 12.1
FTERLTW, 20X 31 24h AT L 72BRIZE W E.
factor 278 L Tidwe7248, MIIOMIEC K hpEr 5 2
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Fig. 12. Comparison of sulfated polysaccharide from Sar-
gassum horneri and Fucus vesiculosus on viability of
Meth-A fibrosarcoma cells for 48 h.

Meth-A fibrosarcoma cells were seeded in a 96-well
plate with 100 ml growth medium to give 5.0 X 10* cells.
Then, sulfated polysaccharide was added. Cell viabil-
ity was determined following the WST-1 dye reduction
assay with slight modification. The medium was not
removed, and the cells were cultured for another 48 h in
the medium (100 ml). WST-1 (3.3 mg/ml PBS in-
cluded 7% 1-metoxy PMS) was added to each well (10
ml/100 ml medium), and the plate was incubated at
37°C for 3 h. Absorbance at 450/650 nm was mea-
sured for each well on a Microplate reader. Data are
shown as means+S.D. (n=6)

—@&— Fucus vesiculosus —O— Sargassum horneri

G HlcFEanI-d Tk tELSIS,

ko &3z, 74 €7 0B R L UEREN
DIEFRBFEO—IH L LTT7 R b— Y AFHEELTD ol
(Chen et al., 2004 ; Ishiwatari, et al., 1997),
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NS EONEIZ T H € 7 GIREAIC I L T 8.6%
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H Rk B L LT Fuc, Gal, GIcUA OSSR iz
8, Man BRI Wi o7z, EHIZINSDEREIT-
72358, Fuc, Gal, & GIcUA 2&+ UA iZ#hFh 221,
100,98% S E N Tz, IO HBREOSEY»SHINS
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Fig. 13. Comparison of sulfated polysaccharide from Sar-
gassum horneri and Fucus vesiculosus on viability of
Meth-A fibrosarcoma cells after 72 h incubation.
Meth-A fibrosarcoma cells were seeded in a 96-well
plate with 100 ml growth medium to give 5.0 X 10* cells.
Then, sulfated polysaccharide were added. Cell via-
bility was determined following the WST-1 dye reduc-
tion assay with slight modification. The medium was
not removed, and the cells were cultured for another 72
h in the medium (100 ml). WST-1 (3.3 mg/ml PBS
included 7% 1-metoxy PMS) was added to each well
(10 m1/100 m! medium), and the plate was incubated at
37°C for 3 h. Absorbance at 450/650 nm was mea-
sured for each well on a Microplate reader. Data are
shown as means+S.D. (n=6)

—&— Fucus vesiculosus —O— Sargassum horneri

FET D EHEINTWS, £, —RIUESTFELS
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(Fig. 14), 7 OFEER, Ei5r S2 & S3 T Meth-A {ifg K5 %
PEIL 7203, E4 S1 & S4 T3 3580 - 72, S2, S3
DOESOFEMIZHE 21T -> T WL S5 % 5.0 mg/
mlFEMLz & & L IZREZOMBEERL T I L5,
TR LS REDOENIE Z DEMKET 2 b DT R VLI L
RSN, Tabled L) S2RUSID L 5 KHBESE

100
&
=
©
3]

ot

o]
—

ReJ 10
=
°
o
4
£
3
=

1

0 24 48 72

Time (h)

Fig. 14. Effect of S1, S2, S3 and S4 on viability of Meth-
A fibrosarcoma cells.
Meth-A fibrosarcoma cells were seeded at a density of
5.0x10* cells/ml. Then, S1, S2, S3 and S4 were added
to the culture medium and incubated for another 72 h.
Viable cell number was determined by the trypan blue
dye exclusion method. Data are shown as means*
S.D. (n=3)
—e— Control —O0—S1 —A—S2 —A—S3
—u— 54

Table4 Mean Molecular Weight of Fractions S1,

$2, S3 and S4
Mean Mw  Yield (%)  Sulfate (%)
S1 1000000 35 15.9
S2 300000 326 20.8
S3 110000 39.6 21.4
S4 50000 12.3 17.5

DEVESBEOERERT LI ERSR S,

WEORBESEIARL LI 2EHIERICK X
V> (Honya et al., 1999 ; B/ - &, 1975), foOhilEE
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Hick2 bDTHEDLHN, BERAROREILSFEIH
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Fig. 15. Effect of SSO, SS1 and SS2 on viability of Meth-
A fibrosarcoma cells.
Meth-A fibrosarcoma cells were seeded at a density of
5.0x10* cells/ml. Then, SSO, SS1 and SS2 were
added to the culture medium and incubated for another
72h. Viable cell number was determined by the
trypan blue dye exclusion method. Data are shown as
means+S.D. (n=3)
—&— Control —A— SS0 —aA— SS1 —0— S82
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