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Anticancer Benefit of Sargassum horneri Extract

Taichi Matsupa?, Jinichi Sasaki®, Hideyuki KURIHARAY, 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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T AT (Sargassum horneri) Ek 57 IR 1 EEOD
BET, eYFRELELBKBL w2, BAEETIE
AEEEREOIEERBLE, HAYEHOY Y > DR
LG GFEL TS, £z, 7Y 7THER CIRRERERE, &
B, vHFTRLHPMAL TS, AKX > TRHETENEL
D, 7HAEZOM, 7HTE (B, SXFT7T7-V7F
A GHR), YNV -F N (FKH) R E LR TWwS, 2
DESRETHEZFLEENZASML TR bhhb 5
¥, B LTHASh TWaORE, A, FEED
BAEAS, WEEO—HHIRCES w3, {foFH
FEE LT, —HTHRBOWREPEEEN K50, 1
KAOEZRRY OERCT AT DATESESAVSN
Twd, LaL, BREFEFFHAI N THS LidvngE],
BREOESFIA 2K 2R A0 5 F OFHIIE COWR %
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PUEEIER, PLY 4 WV AYER (Hoshino et al., 1998), #T b
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HHE & HE
HRELURE
7 H e (Sargassum horneri (Turner) C. Agardh) X
0 F2HCENRECHERESNT-ERE LTSN T
W3 HO L, 20024 6 BIicdtEEILE OFRARE TERIRL
Tob DEIKYE, BEZL TRz, ZOMOBE, Bk
W LAEEZRLIVBELZbDEAW,

RO D

K E BT E ENBEIREICHE S, 110°C T 6~T7 h ik
LTiTolze B VNI BIIT VT —IRIZ X - TREE
EERD, 625 2R U TEH L7z, £F8E X Bligh & Dyer
I & o THil, EE Uz, RO BE#ERLEIC L D 550°C
TMEGER,, BRIZE > TER L,

7 I/ EHERL DD

7 3 B OSITEE E EERST, BB HCl
T 110°C, 24 h kSRR IR 21TV, TNRY —F — T
BERT I BoTABERICEIE L T7 3  BEENT
FE (JLC-500V, HEET (#R) IC X VEE LT,

HiiEE - BEIsE0NE S L UIRER DS

4 H8E % Sep-Pak Vac > U A #—h Vv (Waters
Associate ) IZBtL, 7 0oL A CEMIEE 2EHE,
A /= VTHEIREZBH I, TN TWBEEEE
Uiz, WESONEZRIE LTz, BREHKROSHTIIER
rsa< N7 4— (TLC) 71—+ (Merck, silica gel
60)— 7Y A M) =T kol Thbb, BMfEEOK
BRSO n-~FY Y VI F N —F ) FEE=85:
15:1 (v/v/v) TEREg, 50% H,SO,2MEL, 150°C TR
Ry MW HATLETMRLE, ZOBARY M E
AF ¥ F =T/ 2 /IZE DA, Scion Image & HuT
R SR EER U, —, BEEEIR 7 ook
WAL AY /=258 7 vE_F7=65:25:5 (v/v/v) T
BHL, B THRIX FEOEMIEE & AkiciTo 7,

7 ILF L BOEE

7 FE EBOMAE Na,CO; R TT o7, Thbb
HMREER D 3 580 0.1 N H,SO, I 2 A T =i\ Tk
RBHHE, MHKREZEEL (RESED, L TBUBS
WEERREL, ROTERERAELIHE, 1% Na,CO, K&
WRBED 3SR CERT—HHREME Uiz, i
TR R T 20, KT 23 BIHERL CEEERE W
L, BOWEERL:, ZOBES 2EREDEL, HEK
W2BEOTY /—NENZ, M7 VX VBTN L%
&R, 27/ —VBLUYZF VL —F ) T,
BEEL, BEERE, BEL CTE7 VE Y BONE 5,

MSIFS500EE

HEAES 2 5 > ORI HCL#HE (Dische and
Shetties, 1948) TITo 7z, FZBREAED 3 {EED 009N HCL
B AN Z TERT 2RSS, EOS8 (3,000X
g Smin) LT LEEZRORRICEL, HEEPED 005N
HCIEHToeE Uiz, ZO8MER 2[EEEDRL, REL¥E
WREE—L, T8/ —NVERIRED 8% 12725 £ TZ
T B & ¥ 7, T 0o BE (3,000X g, 5min) L CHAT
BT 277 0B, ROTHAEES 57 2% 50%
W23 XD IZAKIZHRL, Tz 5% CPC 2B Tk
{82 ETMZ, BAT AWML RS THREL
Too BERAIIG LB L2, WKy /) =V EEE
FEHY 85% 127 B E THIZ THUMEER % £ ¥, #EL0HE
(3000Xg, Smin) D%, WWEE LS/ —NVERUYZF NV
I—FNTHREREGZL, BELTHT 37 Y OIEFE:
Bz,

Bt HENEE

B b EOME X HCl iR TITo 7. T72b b, b
TEEEREARD 3280 0.17N HCl 2h10% T 65~70°C T 1
h i, K CGREEEHI No. 1) 2w TG L 7z, K
% NaOH KBW THFIL, TSR —F — CRITFIEIES,
ESERIZ 2IERDIY ) — VBT, BAELER IS
ELTHET, Bol- B E2KICHEL T 4 M CaCl, /K¥E
WEInZ, FTHLUET7 V¥ UBERELDE (3000xg, 5
min) LTCkRELR, 2D EF SHCPC (FIXEMEE ()
KB EIMZ, CaCl, D¥IBEED0SM &3 &k 5 k%
Nz 721 30°C T—MKE Uiz, T L7z CPC & EE
D55 8E (3,000 g Smin) L TEs, 3M CaCl, KB T8
B, 2fBEOy /—NVEINZ THUEEE £ s ®i,
ZOBER 2ENRVIRL, WBETY ) —AVBLUYIF
NI —TIVTERER, BITERERE L Bt EOIN
REBIz,

H7aAFYU L FrOEE

IR 4AZEEDOT v b 2ng, 4C, 4 AFELST
THHETSEEL 2EEVRL, 74 b HEEE
oo Moz %588 A TLC 7 v — b (Merck,
silicagel 60) BRI L, 7T b in-~FHr=4:6 (v/v)
TERELTAVyYBEOHE 7 a3y F U HS 2N &R
D, 7 b TEBH LU, BEEEEL, NEEPHE L,

HoKIhH B R RO EED T

HokihH®% 20 mg/ml k7% % X 512 25N HCl 125
L, 7 v I VECRERE Lz, 7 ay 7 £ —5 —T 100C,
2h gL, SRR ETTo72, BAE L T BaCO, THIH]
%, ABY=ENEREECL 5 TREEE L, Ihve
TLC v — b (Merck, silica gel 60) WwfitlL, n-7% ./ —
Vo EREE k=2:1:1 (v/v/v) TREH%E, 7/ —/VEE



MHE S 74 7 BB OBIEEE

THREITTHEE Lz,

SoKimHYHEREEDE B D

BHokihH®) 15mg %2 2N H,SO, 6.0 ml IZiEfEL, 100°C
T 2.5 h IARSRRIG %175 /2 BaCO; THFMR, EiEZE
L, 3% 7% b= F YL 40ml ICEEEL T, TROZHET
SRR a< b 757 4 — (HPLC) 5217572,

HiE HITACHI % — h 4> 75— L-7200

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

VRV Shodex NH2P-50

B T r= b YN iK=3:1 (v/v)

Pt 0.8 ml/min

B LIEE 4°C (h T AA—7 > TOSOH CO-
8010)

IR HTACHI RI f&H58 L-7490

sukimHdpn O S EEEOAE

HIEIZHEV, Na,B,0, 095 g % H,S0, 100 ml (2L T
S A BTE LTz, AN 0125 g BEEAKR S ) —
100 ml IR, B RRE L, BVkiby® 10
mg/ml &£75 % X SICKICEIEL, ZORBIKE LOml 12338 A
EKE L edS S 5.0 ml Nz TEER, 100°C T 10 min g
Lize EBIKELENOREB» 02ml 1z, 1000C T
10 min AU ERIC 4 5 E THES L, 530 nm OULLAE %
HELI/zo D 77 u g (D-GleUA) 2B & LT
v, D-GIcUA i : LTy u v (UA) SE2HIEL
2o

SuKimHYOBBRES B ORIE

ik (RHESHR, 1981 i, vkt % 10 mg/ml
&5 X951 35N HCLIZEEfEL, 1000C T 8 h Biin#z
1T TEESWRIRGES Tz, DRV IEE UEK TUis
%, BEEIEL2sS 02N BaCl, 20->< W ETL,
BaSO, DR 2 AR S ¥, WEEBER LR kol
DRTERE, BN TR2KREL{T50 LhER TR
L, |hEE LUz, 8GRI TIBBL, THYT—yayr
% 3ERED R LTz, BRI X D EINL, EA TR
B LT, EIXL 72008 BaCl, Y- TR\WZ L I8
¥Rz 0.1 N AgNO, 2Nz % Z & THER, BaSO, ITEERDE
E®S50CTKIET 2 Z L ic L VEIEL, HBERICHEE
Lz, '

EMIRERIC & DHUEBIEETE

AR5z & B EBRIIRD X 5 121To 72,

BALB/c <7 X% 2Bi240 17, BESHEEEEL Lz,
50X 10° cells ™ BALB/c % 7 A H 3k & & #f }g Meth-A
fibrosarcoma % i (n=35) OENICBE L7z, BHEL-H
ZOHBEEL, BE5HICIIBMEE 2 4 6 HEICHREICH
B3R %2 1.0 ml EEREIAICEEES U, B

HE#: 21 H B R Y A X(EE mmX % mm)Z2 5l L
7o BB IXEIRORIET PBS 0 A 2 ESH LT, 58
EAEREOEE YA A 2B L, BEMRPFEML 72, &
7o OB SE CIEEEIEORED S AIEIC 1+ H
BEL, BEOERDODRZWI E2HERLUCEEBRREEL L
726

BIO5 X 2 EBRITRO & 5 2fTo 7,

PR FBRCEESBEL, BREHECEBENYE LY E
BB HRE L IR RRAR SRk E v 2 L THHRIERK S
7z, BHEE 21 HE I EEY A X RE mm X EE mm)%
HEIU Tz, SR EFRFEOBRETKD A BHAS I,
REEE ENBEOEEY A XL, 53R EPTHHL
120 B, FKERZEERKTH->TH, WL DER
121389 5.0 ml/day TH -7z,

RRAMESFPIIE Meth- A HHRRI X9 HIETEHIHUETAT

BALB/c < v7 X B34k 25 IR i Meth- A #Il fd(Meth-A
fibrosarcoma, RCB 0464) i3 B2 R5ERF & D BEA L 7z, 10%
{FAERB RIS (FBS, Flow Lab.) % 56°C, 30 min O
TIEEMEE ¥, WU RPMI 1640 524t (7.5% Sodium
bicarbonate 29.3 ml, 100 [U/ml penicillin, 100 g/ml strepto-
mycin &7 133118 GIBCO BRL. X DEEA) T 37°C, 5%
CO, AT W T Uz, Dulbecco DV > HHERIH PBS
(phosphate-buffered saline pH 7.4) %, NaCl 8.0 g, KC10.2
g, Na,HPO, - 12H,0 2.9 g, KH,PO, 02 g %28tk T 10112
EAEL, BEL-bORFEALT, HBEOBED:D
AW PSS T L —ik GIBCOBRL. L DEEA L=, &
7z, WST-17 v A *v MIRECEEMFR L DIBAL
Joo FERIEIILIT D & 5 ICFRE Lz, 1-MethoxyPMS (1-
Methoxy-5-methylphenazinium methylsulfate) % 7.0 mg &
BL, 10ml OEMOKICERBLIZbDE ARELT, 165
mg @ WST-1 [2-(4-Iodophenyl)-3-(4-nitrophenyl)-5-(2,
4-disulfophenyl)-2H~tetrazolium, monosodium salt] % 4.5
ml O PBS IZEP L7z b D% B & L7z, AR 0.5ml, B¥E
45ml ZEEAL, 02l AV T5 27 4 Vv —THEBE
Lizb D&FERLT,

HAHELFNIE Meth- A HIREORZFEIZRD & 5 12fTo 7z,

MBS ERA DO 25ml 7 5 A 212 5X10¢ cells/ml  (10%
FBS 576 RPMI 1640 B#ih) (258 L 7= Meth-A Bl 10
ml A, 5% CO, 37°C ThHiE L7z, #llfide& A7 RPMI
1640 S 255 LA 8E(1,000 rpm, Smin) L, EEAZRE T
#, BEUXU7zMEi Ly RPMI 1640 553 S ml 2 /0%,
Improved Neubauer IMBkEHENR CHIIIEL % HIE#, RPMI
1640 521 % FAV> T 5X 10* cells/ml iz THEET 52 12k D
WMREIToTcs Fz, 4 HEZ L IHEMUEERBRVIE L 12,

BERPEREIC & 2 EMEROREIZRD & 5 efTo 72,

Meth-A flifig% 10% FBS 574 RPMI 1640 £z 5 104
cells/ml X702 X S ICHHEEL, 1287V — b2 360 ul 370
BT 24 h gIEER LTz, % D, BukiYREwR =ED
FREIWC2 5 X 512 40 ul JRINL 72, 5% CO,, 37°C DA >~
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F a2~y —TEETY, UhFurEafzizl
T2o ZOBEN VANV TN R THE -7 b OERFEHE &
L, Improved Neubauer MERETEM & Fv> T 20 5
TEARERCE 2= LS sl sos s e L TER Lz,
WST-17 vt i3 WST-1 23l aN S ra > R 7D
BAREROEB L2 L 2IGA LI DT, Mg
WST-1 2BIC Lo RE L 2 kv =9 B &
WET2ZEETVTWE, WST-1 7y A Fv b %
Awusdzrickh WST-1 2FB3E, v 27a71V—}
) —4%"— (Emax precision microplate reader, Molecular
Devices) T, #ONEME (FE 450 nm, 2MEHHE 650 nm)
BHET 2 2 & &AM EH Lz, W, WUEEY
1T TH» 5 48 h D Meth-A Hifg% Fvy, 5X10* cells/ml 12
R L T HEREEEER 100 p] & 96 ST L — MiZBEV 2, BT
ERE OEKIHYER % 10 Ll BN L, 46,70h 212
WST-1343% 101/M2 ¢, 2hBoOHRAE~AL 70
V— )= —THELT:, EMEEOEHTTRICL -
726
AHlEEE (%)=(C—B)/(4—B)
A RIGHE GURHRIRI)
B : 5o A OWLE
C: BEE GRS
TR M= RBEEEEDBIE
TR b AOFREEOFEIE, AT E DNAE
SHLUTEhZPERERE DY Y AT 70— FVPilkE
Rwied >y Ay FRERTBEER (V> F 4 vF ELISA)
#{ER L 7> Cell Death Detection ELISAPUS F v h % s,
Z OB HBED HERICE>TITo7, Tabb
Meth-A B %5584, #0508 (100Xg 5 min) XD
ek, $igEEIL 7%, 200 4l o lysis buffer 20
Z, BERT3Omin, P —1t¥xAf 7—ETH VFa—
FE 5Lk DSR2 BTz, T 100Xg, 10
min FODEL 2, EB20ul2A MY T7EY YT
I—hLiewAruag 45— —bBL, TV
WEPDIERLTB WAL/ SV IR (N F ¥
TEERH DNA HREH B4 F VEERPLE X ~ Y Ik
WA YFar—yvagrNy7yr—=1:1:18 (v/v/v)) %
8O ul AT, ERT2h v —tr v =4 h—2HAnTW-
OREL R SEXT CRIGS®, RIGKTHR, 71—
b BR—IN—F F VD EEHERICLT, ¥V VAOERE
BEL, 1 vFa—yar Ny 7y —T3E%ESEL,
HEEEIK L L T ABTS (2, 2-Azino-di[ 3-ethylbenzthi-
azolin-sulfonate]) YA¥€ 2 100 10 2, Vv —h ¥ =4
#—% BT 250 rpm T 15 min FEAKGS Bz, RO TH
T VOEERE 10§D R 7aF v —b 2
L, ¥4 27a”v—Y—4%— (Molecular Devices Corp.)
% T 405 nm QUOLE (BREERK : 490n0m) Z#IE L
Too TEDLWLTOFENCLIDE/, FVITXI7V
AV—bDIUYyFRY 777y —REE, TR

¥ RAFEREDEIE L Uiz,

DFEITORE

BRSOV ESTEFHL TS0, TFAD
Z v D53 a] SE &L B A3 3X 104~5X 10° T % 5 Sepharose
CL-4B (2.5x85 cm)iz 34} % 10 mg/0.5 ml it LT, pH 7.0
@ 20 mM Tris-HCl (0.2 N NaC)EEERR THim 30 ml/h iz
T NVRBEETo /20 BRHIZ T =/ — VBRI L o7,
SFEOEREYYE 21 Shodex STANDARD P-82 (P-800:
788X 104, P-400: 404X 104 P-200: 212X 10¢, P-100:
112X 10%, P-50: 473X 10%) % F>iz,

BHRERRUEE

HEHT7 HES O—RRHRAER

BINETER LT E7 ZEMEELI-D Y %7
BHEED 174%, 2I2ED 37%, RS 252% TH 0, b
EITETER L DIE, ¥ 27 BE&EH 14.1%, [lBEH
1.3%, K534 233% Tholzo —MICER 3 Th 51
BEORTIIHRNS v RO BENS 5T, RO
EEIPEIIEIC L 2FENRKEVWEEbh T35, J§
BEEPDAHEE KRS RERIR o7, EEED
3 547 90% 137K TH - 720
RRETHEZD NI TSN T 7 VREL F N7 BRER
7 I/ BEBICOWTHNS: (Tablel), ¥ v 237 &E ()
HEDOEERAEH L2 5, MBRICEICKS ER
BESsNED-T, TANTEVBITEILOL DT 9.8

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 47.7 46.0
Met 22.7 28.2
Cys 38.5 21.0
Phe 48.4 58.8
Tyr 34.9 26.3
Thr 45.6 53.1
Val 56.6 72.6
His 15.5 16.1
Arg 57.6 573
Ala 583 . 72.2
Asp 96.8 1114
Glu 112.0 131.9
Gly 54.0 63.0
Pro 46.5 49.7
Ser 439 49.2




WRE S 7% 7 i OTES T

mg, L¥EDO S DT 1ldmg, V¥ I VBIZFNENR
1120mg, 1319 mg L% { & F N TW7223, fDiEEE &
TEHZZ W ERRO 6NET I JBidierolz, ZOMAE
FEUHEETHZ 74 2 RFEEINTERRAEERAARM,
7 ERAERLER, 1986) & X {HEBIL Tz,

FEBEAHR ST ORER (Table 2), EHIEE I R Y 7o
) xa—n (TAG) RUE/ EPTY VT ) wa—u
(MAG, DAG) Oftl, #BOATa—LiHS NIz, 1B
BOATU—VERFEBRERICTLTEH W H DT 0.2%,
Db DTONRBEELINTBY, YETHEI DS
SR CIIERERICHN L T 03% LEWERRL Tniz,
UL, TLCZV—F EDATO—LVDARY MITIZ
F=U Y ITHRRLN TV 8, BREEIE S TR
MhEZohd, EREESEOTRICIIEL 2MREHBLE
ThHb, BERETCRE/ AT 7 bV TINT V&
o—i MGDG), YHF7 bV TINT) Za—i
(DGDG), ANVKF /AR NVITINVT Y oa—)v
(SQDG) BHEIESINTEY, Tho0ELIIF1:2:4
Tholz, ETEEOESIREA IR ) v ofEiRE
T, flic A7 4 Y IPRERY VIBEESEET AL WS 2k
PHISNTWABY, ZNHRFREEEN TVl oTz,

BEOXEREFEIZ 00T 4 )va,c LEGEE I F
BrFURETHD, £, KEHEMOEER S DIEE
BEOS S Fo v~y T, MRS EE LT
WE L EFRBL SRS ATE D, MO BRSET
YA —ATHBENS ZEBRHMONT WS, F Tl
THET OFEETRTROTH D EEZ SN KBS
DT NF VB ERBLSER ST 3+ v, fERo 7
AFY U FUDOEREITY, EMEOHE 2T, KE
B OWTRZ &, BIURDLOTIHILBED DD L

Table 2 Lipid Composition of Sargassum horneri

% in Total lipid

Toyama Esashi
Simple lipid 41.6 47.8
Complex lipid 579 514

% in Simple lipid

MAG 11.5 10.8
DAG 22.8 25.3
TAG 28.3 28.9
Sterol 29.1 23.1
Others 8.3 11.9

% in Complex lipid

SQDG 36.8 10.8
DGDG 21.3 37.8
MGDG 19.1 21.1
Chlorophyll 13.5 224
Others 6.3 79

DLTAFVBRE L, RBEEHEIDZBEnS Z e
birolz, UL, INSDOERHERBERNL D THS
je®, HHEEROEBRARY, FhZPhOmMbEic@E ST
DR oNIZ DS, BRERSOBEADEZOND, ¥
jz, BAEREICHESE - TE D, EENCHEShATY
B LA TELPERDBERBEDE I X 2R
KIEOBRONAWRERE LS 2, Lo T, EHRESES
R 5 2 LR TCH o7z, BILETKICERE A
AW SN TWAERERO T & 7 AR ED B
PR S iz b DIZERROERREBHEATE D, HERZED
RENEEIDDIR W Z ENTFHRENS 20, LEEEOD DX
SIFS VBBV RPo EEZBIEHTED, 72
FHUFEEILNO D OVIIBED S D LN 2 AL S
Motz

Fok$aH KRR

Bk O—RS DT BT o TR, 3.6% Dy %
BNz, BRETo1C bbb 55 168% b DKS
PEIN TV,

ok L DB o KBS OBRERDO T
S ETozEZ A (Fig ), VX VBHXTHS LH
a3 GlcUA, 7 a4 ¥ icfRES s FigbEich
kFBrrEZENDET7I—R (Fuo) ®RF 7 7 h—2R
(Gal), 5w 3+ iclRTH EBbhs I va—2X
(Gle) & ¥ DRFEENPTED SN, L L, XERETH D
<Y/ —A (Man) OFFERFERINT, BMCE D ERL
NicbDeEZONL, INOCHEPERER LI L 5, Fuc,
Gle, Gal DEIZZNZF N 1.9%,0.8%,08% L3> Twiz, %
72, GIcUA &t v o VEBOEX 6.2%, FEBEDEIX 3.6%
Tholz, ULrlL, Bk sBasidon, &
W EiTol e 257 =) vy 7y Roniizw, BER
537 2% { O DBEBADE 2 617z,

Origin Front
Y
Fuc O
P
Xyl O
B
Gal (@]
B
Gle O
Man 8
GIcUA CS
B BB Y
Hydrolysate O DO

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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BOkHEWCE TV E VBN 268% T F T U0
192%, WHEBLEPED 04% SN Tz, Ele, T8/ —
WVARHICIE 7 2 F 9 2 F 238 2.6% & F Tz, ek
DOEBTNFVEE, T35 T Yy, RELESEEME L
LA, BEEDID FNTR 15%,0.1%, 02% LahiH
nigipoiz, —7F, FEEERD S OBEKMEYOINE X
9.6% 127207z, L L, IBEERDK 90% 237K5372 DT, B
At ORISR EEA L SR L b D &, EEE
POHMAELIZDDETRRELERLRWLI EB8bho
Tzo ARIZ U T BRI ICKENRE > Tz 2 £ D,
BEREE ORI ECIIEHEOMEN TR 5 2 &
BEDE oI, G NREBEOBROEROEES
Bonl-ZensE LT, Bukiiticizms < O Y
BPEATVS Z L HfEEINT,

ENEERIC & BHUES MR

7 A7 QEKHEYI RO Y VT DR
S8 3 REBERIC O WTHN & 25, BokitdEk
SWHRETE 2HUEEEEERY 1 (Fig.2), EEY A X
WA T 381.34217.3 mm? TH o le DT L, Fukihd
E 10mgx 3RS L HTRIEESEES YL ILIET
ol BEY A4 X kXt EBED 54% (20481917
mm®) ¥ TR ENTER, UL, 2%/ —
WM RS U BETIRIEE Y A X5 40544 140.3 mm?
WizoTLE W, FEEEEFED oL 5T, .
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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
105 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 DEE TIEEOFTEIEHICEL @k %
FEE U7, BRI Ol mgX3 D ET4/5SD= 7 A IZBWT
[EEH G L7 (Fig.3), 2o DiERMN S, L A2HE5E
DY WIEE BRI OFIR PR LTV 2 & HVHEE
L7z,

BIRE L D bRABSIC L > (HESBE®*FE T
X7 HE 7 OFBIARP—BEFTCE S, 2 TRA
B L 2HEEFEE I DWTHALESR, RO#5C
FoTCHFEBEELAOND Z E¥bholz (Fig 4)
BRI 001~0.05% QHEFCEIITH U, Fric 005% DEE
THHIEKIEZE ZWZ /SO RCBWTEEDE
BRH SNz, ¥V ADHKEIZB L Z 50ml/VE/day T
HO, IhP2ECHET 2L 1HEB L Z 25 mgBRLT:
Wi b, S, A, ERERS B - SlE
MR L 2B OWESBLETH B, THEZ LY
FH U e Bokiitiync 3R, ROBRSRciiEEEELs
R anie,

INETF/ aREELE»SEKTHH IN-ZH
DOHEEEEIC DWW TIE% L O#|{E (Carbonnelle et al,
1999; Ttoh et al, 1993) 3% 5, LaL, FIMCESL
T-b Dk, BOBRE LS OOMERAEE RS
F N5 ESEEENEMRINE NV WHBEE TH S 72D, £
BR25DTHBEEZOND, BFARSELLBOTIET
FadVF 7 MEEE AR S L 2 0EREER
(Coombe, 1987), HEREHIGIWERRIMEFHEMFER I L2
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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 (5.0X
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=3)

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 X
10° cells/mouse) suspended in PBS were implanted
intraperitoneally into the mice. The hot water extract
water solution was administrated orally after tumor
implantation ad flibitum. 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

bDEEZONTWE, —F, ROREIC L 2EREF L
LU T —RICIEE SR ORIBNC & 5 il , IBPH
HEORBICLL2DDOTH L LHEINTWE, FIBE
HEZ TR LEE L BOMERY 4 VA, WYY o3
JERERESENTWAELY, FENEH2EL T
IR EERBEIEI N TEY, BERNY) THER
FRZTWD, BFECIZEY 2 oSBRD 60~70% BTEEL T
B, BEEEY v oGHE (GALT) LRI 2 fusiiis
BhHY, MEOEELFREITTVS, ZOBREIINGR
CWHET 584 TR EREN S ) > Sk Ml
U THR D A 7z BY R EidE v TR <
a7y -y O ER, #BrafTon, T
MRS Bififid e & OBl RS 2 Z & THBE h
2, %7z, B EEMIRC 4~6{EiZ | DOEISTEET S
15 LR Y o SERBARDSTIE Y 7P VR ST 5 ERERE
FoTwaZePonsd L3k, 7HEZIEBNT
b I o EEE R T T 2 C L e fpohiEERI R B i
DEWSERKIENHES N E Y, WL LR Tbb
o TELT, SHBROVFELFInD,

¥/ ol O o S N TUEBEE R b DA
SRR TIEIRE s E ORI 2 FRABFIC L2 bDTH
LOITH, ROV TEICRT R Y=Y AFEE L EE
BRI EZEOEE R RITTRASDFENEZ o b, &
Wil fe k92, Bokdhii Uiz Baciz % o8 E
FELTWiZ s, FfESIB W CROTUESEEDS
Ronf-—Eiz, EEMRCESERESERZ RIZL T
BT OBFESER S e, 2 2 TRIC, Bukaitine
PRSI RIE T DWW THRNT,

Meth- A #HB2Z%3 9 2 kb OIETETIHIRIR

Meth-A izt 3 2 Bk OBETEIHIRIR @ Dw»
TEFEHRREE AT 24 h 12 2 ORI O BRFHZL
EFANIAER (Fig. 5), 5.0 mg/ml L EOEKHYIOEI
T Meth-A MfdOMETE 2 BB R, RIS L 72,
Bz 72 h TlZ 20 mg/ml DL _E DR TR BEREHNHIER 2
Bohiz, £72, FINL Tz DR, BEL TWz b0,
JERL Tz b DR R 2ICROMBENEE S e, &
Bz, HEIEIISEED R 57z 48, T2h Rz BT 2 Mfas
TEROWEERZIE R WST-1 7 v X A HRIC & > TR
£ (Fig. 6), 2N FNOBEEICB T 5 ZNEhOMEEE
|3 48 h 4T 854, 69.8, 51.1, 42.5, 27.1, 13.0% TH Y, 72h
BT 83.2, 52,0, 439, 36.1, 160, 2.5% ThHo7z, Thbb
GRUERE L IR, REKREN, B HEEEETRL
726

FOBEBYEB T LEED D 50X 10°{EHL EOEE
it L, 0.1 mg/ml OEUKEEYE 1L0mIX3 RS
(03mg) 332 &> TEWHEEEENR NI, T
NI L, R EERINU &Y = v BTz D 20X
10* I8 D HH w3 U Skl 47 % 2.0 mg (5.0 mg/mlx 04
ml) BALEERINL 250 L SWIEIEIHEIZIR S R o g o
720 BWIEERRCIAHA O EEMIBORECHIE IR &
Bz, —BUCHKT 2 2 LR TH 208, iz
WHEHES 2 2Bkt OB FEM Lcggr o/, &
D7z DEKHIEYI S HUEE S I 5 2 B EEN
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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
5.0X 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—5.0mg/ml —aA— 10.0 mg/ml
—A— 150 mg/mi —m=— 20.0 mg/ml
—0— 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 5.0X 10* 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% |-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)

REEDHIEET 5O TIE L, SN TORERGEE
X2 Z 8 mg s Nz, ULr L, Bukiityiosk
HEZEPNJE Meth-A MBS OETE X EEHGI 3 5 Z L 3K
bORODT, RIZZFDESTDEEZRAT,

kTR Meth-A BRSNS SHUEBAES

ok & 0 O 21T 72 R %8O Meth-A £ #Ik
BAOFBI DV TEFRPREE W TRET L7z (Fig. 7
~9), 24 h BIZEMIEBE TR, TAEF VB, T3
FSUOESTIEIY P =LV ETh o722, B
B2 FEDES T ld Meth- A HEFZOEIE % BT, RS
BNcsE S HEI L Twiz, E72 720 TiE 5.0 mg/ml DL D3
ETHmoiilgEztsnioh, fiIlROBREEE L2
%, dhErofiNL T AHIRPEHE Sz, &5l
FEHIEIENE D B 5 iz 48, 72 h R OHIAEBRICT 2
EREEY WST-1 7 v &4 BBIC X > THEARER (Fig
10), BEECBT2FNFHOMBERRZIBET
984, 87.1, 759, 61.7, 32.4%, 72 h #Tix 73.5, 64.7, 582, 319,
26% Thotz, ERYERE L ERE, BEKGEH, BES
W=D 5172,

PlEDZ Ene, BukiiBIOTUERE I E i mB s
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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)
—&— Control —O—5.0mg/ml —aA— 15.0 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
5.0X 10* cells/ml. Then, laminaran were added to the
culture medium and incubated for 72 h.
—e— Control —C0— 5.0 mg/ml —aA— 15.0 mg/ml
—/— 25.0 mg/ml

YIRS FED B X 2 0% & F T3 Z & (Table
3) 2#EET S L, HAL L TREBLSFED T » Skt
L0 HEOEEERLILSICRZ S (Fig 5, Fig 9 &7
IX Fig 6, Fig. 10), 25 DREH & LT, Bukibhics
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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
50X 10* 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 —0— 1.0mg/ml —aA— 2.0 mg/ml
—— 3.0 mg/ml —m— 4.0 mg/ml
—0— 250 mg/ml —e— 25.0 mg/ml

FNAMEEER D L AN AHETERPOAER S Lo
T IO E Z bz, FITHRT INOMETE
DEEOFERERT 59, BoukiiHk B bS5
KL, Boni Ktk #neh 42 (25.0x0.168) mg/
ml, 1.2 (5.0%x0.257) mg/ml $°D¥ANL T Meth-A #HfZiz)
TEEELRAN, TNOWETRIEA A VT L2 E
WEE S eSO EEa I NN, oKty
13 Meth-A fli@ICHE 2 52 kol T=0, METRYE
DEEIZ Wb DEEZ bNI, —FHT, BukiiHELm
B oI BB OB ERNITD Shizi:», HidE
WEEOLEDLNTWE Y Yo VBT =/ — VI EEY)
DERIZENH BRI RE S Lz, LrL, Ihbd
7 x ) — VA CE & SREE O B, £ TN OO DE
EFRBRSEIANTES Y, RERE#TCHZ, 20
Te EGKENHY), BB CEEh 2 EAHEMEOR
BT, FBLSHEZDOLDORITTEE KT 2
CERRMETH D LEZLBN, o T, FHBMLEEDH
DEGKREHY & D EWEEEZ TR U LD WCRZ A0S
VST ) VEEEEERDERIZLZ DD EEZL
Sich, MIERRES o7,

Meth-A JHRE0IETEIZ 5 2 DBt ZHEDES

(L ZHEOR Y v F—FELTHWONTWwBEL
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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 ml/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 40.4
Fucoxanthin 2.6

BILZFEOTIEBEO R 21T o 72 (Fig 11), fakBkik
2 &0 24 B & 12 Meth-A A2 TR ER, F
vesiculosus FIED 7 3 4 ¥ > 1% Meth-A IR O RETE % 12 1E
HRAFRY, FEEFHCER < HIBIL 72, 92 72 h TIE 5.0 mg/ml
PAEDEE T Meth-A Ml Ui\ IR R R 28 R,
BT, £, MBEERHE L L 2 A3BRIGEWER o,
T E 7 ARG SRS L R THER L T W b, BERL
T BN {BES N, S 51T, MEHEIERD R
STz 48, 2h 80D 1.0~50 mg/ml N B 1F 2 22
DOHMEEREERS2 WST-1 7 v A BRI Lo THERIER
(Fig. 12, 13), Zh P OEE B WTT 4 %E 7 fskiEb
%HEY F. vesiculosus B3 7 2 4 2 O EERHEITIZIE
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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
5.0 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 —O— 1.0mg/ml —aA— 2.0 mg/ml
—— 30mg/ml —m— 4.0 mg/ml
—0— 25.0mg/mi —&— 25.0 mg/ml

FH&EThs I L 2Dz, L, BFRIREIC & 25 L
FiRE, BEKREN, BENOHEEER R T, —i
WAL FE O EEE I SR DE VPRI 7, 51
BEBEOEREGEC L VAREL BRI AT WA, [
FEEE DRRTIETEIIF] 27 U 7z s FER (R

TR —YAR7O T ASNIMIEFETH 5, BITH
VI BRI T B L WO BRES S B0, TR
P ADBRERENES ¥ 2 2 LIdA VDO FHRGEL
LTHRTHS LEZ 5N TS, SEAV:/z Cell Death
Detection ELISAPYUS v pMIT7 R M= AW Lo TH A
LI (/-FAVITX7vEY—L0) 2EETZ2H0
T, Enrichment factor (E. factor) 28 FHE UL D E LD
MIERT R -V AFEEEZT T2 5D LHEITE 2,
FokshHiY L B LSRR X DEE s h, Rk LE
FELZEZA, aY O —MIZHARE. factor 28 EE LT
Wizhs, Meth-A RO HE Y S5 2 kol T AF
VBBTRIEEAERRL TWwWiholz, Bk Clissg
1z 25 mg/ml DL, 24h O T E. factor 78 6.6, FiEE{L
SPETIE Smg/ml D5, 24h DAL T E. factor 3 12.1
FTLRL W, 20X 24h B L /- BizEw E
factor 2R L CldWiz48, HIFEOBREIC K& 2Er 52
7o BhBETH o7z, SRR T R b= AVEFEEI R
7o, MREEHEER (G ) % 6~12bhEHT 5 LEbh
TED, Bk emEBbL iz X U Meth-A il
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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, BliCEEE I N2 Tk nuh tEZL 55,

UED &Sz, 7h%E 7 QBRI HiEE T
OVEFABFEO—IHE L TT7 R b— ¥ AEERESTRD 6z
(Chen et al., 2004 ; Ishiwatari, et al., 1997),

7 HEI B LS TROENE

Ty /=N E D ERESERELR, BHLTES
NIFHEBLS ORI 7 & & 7 SlEEEARIc N L T 8.6%
Thotzo MEBILEHEOBBEEEDEEST 2T o710
B, KR HSE - LT Fuc, Gal, GlcUA OEESHERS L
25, Man I d -7z, SH6RINSDEERTT-
72558, Fuc, Gal, ¥ GlcUA 2&t UA X FFh 221,
100,98% &g Tz, S SHBEDSERPS IS
D ENEIE Fuc: Gal: UA :SO,=1:042:037:14 L 72>
Tz, KRS UA SBNE L, BMNTH 52
EDSHERL 72,

Meth-A (RBEDIBIEICS X 2B LS BOHFE L
B EE

BB LBy V7 BIRET 5 2 L TEYER R
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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 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

FIET 2 LB INTWD, &7, —BITES LD
DIFFEITFD b DIEERTEEMEVE Db Tna,
51T, BRI AE, SEAEC & D BEEOMR R
BEOHEIKES(EDLLZLIHONT WS, Ihbid
R LSRR RO TEPEET 210 THL LEXS
N3, ko7, FERTVWEELSFEOBEFRZIAS I
T3 ERHHECEETH S, —BCHERIZRIC X Dk
SfEEZG, BT T 5, SEAVHHE AR AR
WX D EIT o 7o, TSNS EEZ D TES
FAEL 72 Z &%, BRESDRENES Sz, 77, CPC
DI TH SN B LI SHFRSFEE SRS T
HBHTEBELOND, FITINVERRTo -t %
PERSTFEICOE LD O (Tabled) % 50 mg/ml 372
Meth-A M ML, MFEEMHEIE 2 2 B ER2 A
(Fig. 14), # DFEEE, M4 S2 & S3 T Meth-A g DA%
MR L7283, B4 S1 & S4 TI3HNEL 550 - 7z, S2, S3
DES DIEB XS 52 1T> TR WHERLE ¥ % 50 mg/
ml FINL 72 & & LIFIEAZOSIRERL Tz Z &b,
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Fig. 14. Effect of SI, 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 meanst
S.D. (n=3)
—e— Control —0—S]1 —&—S2 —A—S3
—u— S§4

Table4 Mean Molecular Weight of Fractions SI,

S2, S3 and S4
Mean Mw  Yield (%)  Sulfate (%)
S1 1000000 35 159
S2 300000 326 20.8
S3 110000 39.6 21.4
S4 50000 12.3 17.5

DEZVESBBEEERT L W ERRR Sz,
BEOFBESEZHER S X 2EFHNER IR
V> (Honya et al, 1999 ; ELJI| - R &, 1975), fhOHIEE
TEEOER S 1T 3 SRR EiRIE /2 £ ORISR fF
A& 2b0DTH 20D ELHA~N, EEERORELL R
B ERCNZ, 7R =y R EOEBRRIER%
DORFBECEHRTH2LEZR2 b TES, I TH
BEL L VL HFNICERIEA L REBRLSEORE S
Tolze N5 OEFIFERLHE L iz X DB S hichi
BRAtZ¥ED Meth-A JRIOIEFEIC 5 2 2 & 2 LB L 72
R (Fig 15), MM KEZEVERESNT, L2 72
h TRRBRESEDOZWEFEDOHF BT/ WEEE2RL TW»
720 BREBBALRIGHR ORI AE S B LOR BN
Z, MBEOHREEZRIZ DLW THRETL Tk ien—Fhzix
BRARVY, BB L ZEFENLEEREZ I »wEY
5B ANI, LoT, B EOTIEEENE
BRI & DEH R E L WS LD IRBEIC LS T
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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
50X 10* 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— SSO0 —aA— SSI

—0— SS2
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