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Abstract The anticancer and immunomodulatory activities of low molecular weight (Mw 11 kDa) fucoidan isolated from
Hizikia fusiforme (H. fusiforme) via the ultrasonification extraction process were assessed in this study. Low molecular
weight fucoidan improved the growth of human B and T cells, up to approximately 40% as compared to the controls
(untreated) and 30% for commercially available fucoidan (Mw 150 kDa). IL-6 and TNF-o. were secreted from human B
cells at levels of 7.8x10™ pg/mL and 7.2x10™ pg/mL, respectively, and these levels were higher than the levels measured
in the controls and with other high molecular weight fucoidan. It was also determined that the cytokine from human B and
T cells cultivated with added fucoidan enhanced the growth of human NK cells. The fucoidan isolated from H. fusiforme
showed low cytotoxicity, approximately 19%, after the addition of 1.0 mg/mL, the highest tested concentration. The growth
of human lung cancer cells (A549) and human breast cancer cells (MCF-7) were inhibited by 69.8% and 83.3%,
respectively. These results demonstrated that the low molecular weight fucoidan isolated from H. fusiforme has potential as
a new functional food component that evidences immunomodulatory activities and anticancer activity. One of the primary
positive features of this fucoidan is that low molecular weight polysaccharides can be readily handled during processing.
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ZZ5Fol= alginic acid, 3|, laminarin 5
Aggol gt tige] FEo] Aot ol o
W ZAA A FAaEo] AExA EAshH X 1
B = =H(12), 2R o7 EAlske Fao|te
Eele AR AE W SAA NN FAEES 2=
ZAo F2 EAgh Foll wEt GA ] AEd
(exudate)ol| = EA)sl=d] F& L-fucose’t a-1,3 23E =42
7FA ™ D-xylose, D-galactose % uronic acid 5= 73t ¥t
heterod A TdF2 3717F C4 §R19d AjtEo] lor,
Aol Wi §alido] 7 5 ZE=TH(13). gEH¥eE 20
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Biosystems Inc., Framingham, MA, USA)E ©]&3] Exl&S 3
lated EEskal B 14,000 Da ol5te] ATk Rol et F
otk AlRE ARSI FLRFE dolxl ARA Fo|dk
Nge| B4 vwE Yol AlBE T Qe Fold FFEE (Sigma
Chemical Co., St. Louis, MO, USA)S Y3t Z+ Age] vl

546 =2 E 88| %] A 40 WA 5 & (2008)
< 7HE 2Hd O3] heparind}t & 2 2Hgo] w9 Ak
FEH g g NG5S veRATI(16). FAIRE FaLo|The]
PN 24 ZAxR[Y FF, 354 24 2 EAF o
2t w9 & AolE Holed], b)) o] G E FFS
A Aoz 4EA A7)
wE ]

SFFo|te  antiinflammatory, antitumor, antiviral 2
immunosuppressive 5-¢] B4 A&/l WAL U=, F
Slolete] goiehd, JHIV, FAAEL A8 52 LA Bt
AEAF eI FaLo|de] oF] =2 /o] YERdTIAL Bl
3 9o} Faloleke] AIF $-84S PN HlaM e F2
olte AEA3} = AT7F LFETh
ATtes A AlA tiF AL e xR &
To dgkoz AE|ego] 7|diEe EOoRFE Filo
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£ R Fa0/eke| £22|
O A% FBA A9kl AHske AL AN F 79 A
Halo] G A AAT 5 LAk ALgHAE,
FOIR] FEE TakoF Sl PHASS W3] thee] ]

o7 RUAEE o] ARSIt € X 100gS 0.1N HCI
1Ll Fof oA 24X]7F B FE31aL 253 FF7](ultra-
sonic extraction system, Asia Industry, Incheon, Korea)oll* 60
kHz®| 2295 A7 5% Wedsle] Falojwe] & 3 Af
Ass 89 o] W k= YAFE ARSsl A2 o)s)
2 fA3A F5¥ F3L0]T2 Scotch bright pad® o 8kl
42 A4S NaOHZE F3het & A7l AHES 7Y Wye=
Az Asth e AFA] AL FAFE 20 goll sElEe] 02N
HCLEE 7Fsted 70°CollA 2417 B9t 23 FEs1om AA] o
S 60°ColA 3] Z 7] (rotary vaccum evaporator N-N  series,
Eyela, Tokyo, Japan)Z ZI}s5ate] 1 L2 F5890th 559 3
Hl 8ol 95% oerEg IS & AE2]7](VS-15000N,
Vision Scientific Co., Bucheon, Korea)Z 4]%2](8,000 rpm,
15 min)ale] 3]elal SR SAZATE &4 SR
2he o]83le] pH 22 A% & IHES &3lslal 3714 CaCl,
£ HFEErt 2Mo| HESE H71E U, AHES SYTHe
2 ARl AAS o] el thA] 38 &2 95%
qekE-S Hrlele WHoR AAAAAY. AFAES A4
2 353t FF50 &alAA evaporator® 4 oSS
AAZE Fol| §ZH71Z7](Cleanvac 8B, Biotron, Bucheon, Korea)S
o]&3ted —70°C, 0.1 torrellA X3 FAAZSIAT SHAAZES Al
EE 326%wv)e HIEE FHF(EH 29 52 F 4°C T4
oAl 48AI7F BF FA%E RS T4 AZRSIY FIo|HS 3|5

STt

MEXt F30|EH AR M=

e FRo|Te] #AFE F43 F 10°-10° Dad #AF
=2 853 & JE sephadex G-752 ©|-83l] ¥z F
} 3L spectrophotometer(HP 8453, HP Inc., Palo Alto, CA,
USAYE ol&sted oD#tel S7hshe A3E 7Iees F93a8
Zorom, thA] MALDI-TOF MS(Voyager-DE™ PRP, Perseptive
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Ao AMgd AGHEFE Q17 W] TAHIE(Jurkat, American
Type Culture Collection(ATCC), Manassas, VA, USA)2} BAHE
(Raji, ATCO)Z A30] AFE3IAT, NKAE 84 =4o]= NK-
92MI A E(NK-92MI, ATCC)E AH&3sIth A EFE A7 H
MIEZESQ] A549(lung carcinoma, human, ATCC)e} 17F FhAl
X221 MCF-7(breast adenocarcinoma, human, ATCC)S- AM8-3}51
om, AlE AA 9] AEFAES ERIs] s AdNETE <
7F 217M £Q1 HEK293(human embryonic kidney, ATCC)S A}
|3kt

M EZujeFe] FQ3sk Alefe 7 vjX|:= RPMI 1640(Invitrogen
Corp., Carlsbad, CA, USA), DMEM-F12(Invitrogen Corp.), DMEM
(Invitrogen Corp.)s 22} ARS8, 832 fetal bovine serum
(Hyclone, Logan, UT, USA)S ©|-&3F3th 2 9ol A ulj<ge
Qa3 AJFO 2 hepes H T (Sigma Chemical Co), gentamycin
sulfate(Sigma), trysin-EDTA(Sigma Chemical Co)S AH&-3}33Th.

Mz =4 ¥ s 54

MEEAL sulforhodamine B(SRB) assay(19) WS Ea&f <17}
207 AlEQ] HEK293S o83t S48, d48d2 A7t
H ot MERQ] AS5499F A7F Fet AE] MCF-72 ©]83t wt
2722 SRB WHoz A3tk 49 ot Axe x5
4-5x10" cellssmL 22 96 well plate®] Z} wellell 100 uL2 7t
slod 24417F S MIYGTC, 5% CO)EF F, ZHzte) Alg HE
EEZ 02, 04, 0.6, 0.8, 1.0mg/mLE AZ3} 100 pLA A7kt
o] 48217t HlsITh wike] $EE Fol| JedS AAs
217H8 10%(w/v) trichloroacetic acid(TCA) 100 LS 7}t 4°C
oA A7 Bt WASE & FRFE 4-55] AlFHsI] TCAE Al
Aol HAoA plates AFS F 7+ welloll 1%(viv) oA EAE
o =91 04%(w/v) SRB &8-S 100 uL¥ H7Feta ALoA 30
B AN AFEA] k2 SRB G 1% o EA
falog 453 HAx AlFsla, Ao Ax ARl Fo] 10mM
tris buffer 100 uLE H7kste] HMA-E ol F 540 nmollA]
microplate reader(Thermo max, Molecular Devices, Sunnyvale,
CA, USA)E ol&3te] FH=E AT

Selectivity'= SRB ®'H& o83t} zH2te] Alg Fxollx 84
AEMHEK 293 ek A2 2 7F AT digh A o
A BS S T 7t sRoA] AE S g HE A
& A &4 vE Atsish

— =

HMEZE MR =X 1 ¥ cytokine 2H|2 £X

WY 7 T4 a9 AY9HE THES BAEZE ©]43}
o] AZsATE AlE2 AR 10% FBSES T4-3H= RPMI 1640
HiZ]AIA] 5% CO,, 37°CelA] vigsiiom, | 75 74 &3
= 24 well plateo] AIZE 1.0x10* cells/mlLe] T2 Z2H3 &
ABE T3] 8d F<t wlgelHA v hemacytometers ©]
831 7} welle] A F5 23] A FUEE ARKIeR
A 18
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Cytokine> #H]E& IL-69F TNF-02] %2 cytokine A& kit
(United Chemi-Con, Rosemont, IL, USA)ES A&l A =F3|3ic)
MES FEE 12x10* cells/mLe] F=Z ZZ3 24 well plate
ol 900 uLA FH7Fste] 2477 B9 WiY(37°C, 5% CONNZ F-
N7 HFEEE 0.5mymLE 100 ul® F7Fske] thAl
(37°C, 5% CO)3IATE. MiguAE A Eeete] F5dS FHs

ol
o 450 nmol| 4] microplate readers °©]83sly SHFE=E =43}
o dojzl OD#HS HFEZES ol &s) S wFFA v

&t cytokine®] IS A3}

NK MZe| HASZT S3t

NK-92MI AlEZE o-MEMHE|A]9] 2mM L-glutamine, 0.2 mM
myoinositol, 20mM folic acid, 2-mercaptoethanol, 12.5% FBS<}
12.5% horse serum(Myelocult, StemCell Technologies Inc., Van-
couver, British Columbia, Canada)ll 2x107 cellsmL®] F=Z 3]
AAA o] &-airt.

QIZF THI2ES} BHIEZE T-25 flaskol] vdslds] A8E Foish
T SRS AFsEA 341 Al Bl F AEE GAE
2te] AEAS Fath NK-92MI AlZEZ 24 well plateell 4-
x10* cel/mLZE 900 uLA #F3kaL 24A17F § TAH|3E9} BAHIES]
F2lS 7} plateo]l 100 uL® Folste] vl 48417 ¥ 6 F
F NK-92M1 Al EZe] ZFXHEE  cell counter(nucleocounter,
Chemometec, Denmark)E ©]-8-3l] XM EFE A3 NK-
92MI ME2] BAHEE A3
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SPSS program(ver. 12.0, SPSS Inc., Chicago, IL, USA)2] T
test? AATFNOH BE datats HH+xEFAE YER Y.

ot nE

F3ol¢t EXpE &3

MALDL-TOF MSE ©|&3ld #4135 7A743s A3E Fig 1
of Yehlch HA o= 15628 Da olstolx @ ¥t v
Bt 28 g1 & Ut} 93] e massE charged o Z U
T AOIEE 15,000 Da opde] WAL 2 SR w5 9
o1} Aol AHGE FAOIE 14kDas 7|EL R Fao|g
AAy Faoldow FEstal vhro] ARSIt

Mz =4 &3

Aol Mg Folk NBES 77 02, 04, 0.6, 08, 1.0
mg/mLe] FERE A3l Qx| tiet AESAES HESSIC

Fig. 2& 917+ A% A3 HEK2939 w3 Al E=AS Yet
W Feg Ag 7+ ARl Aolg HolAE 9%kt 1.0mgy
mLolA] Al Fole EEZAC] 2145%2 7MY B2 FAE
WERAL, & R ARA FEoIH] 19%2 7P S A
£ YERiSITh

oA Y AHEA FIoltk A|gE°] HALFEEL 1.0 mg/mLolA
T 20% Welo] AlESAS Vel wet B R Faeoldo]
A el foldiiet AE54S JepiA] 3-8 & 5 it
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Fig. 1. MALDI-TOF MS analysis of the fucoidan isolated from
H. fusiforme.

Cytotoxicity (%)
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Fig. 2. Cytotoxicity of fucoidans on human normal cell line,
HEK293. Mean values+standard deviation from triplicate separated
experiments are shown.
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Fig. 3. Growth of human immune B cell by adding various
fucoidan samples. Mean values+standard deviation from triplicate
separated experiments are shown.
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T =2 &AL EAT Fig 49 UER THIXS] A8 A4
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Fig. 4. Growth of human immune T cell by adding the various
fucoidan samples. Mean valueststandard deviation from triplicate
separated experiments are shown.
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Cytokine =H|E &M

Table 1= QIS AZe] S SAEE LT = 3
Z}Ei/\i A HEEC] BY|3= cytokine(IL-69} TNF-o)]
H| S Q17 WA AN Fa3d oS gysle B, T A2l
A 583 ARE JERd Zeolth 7t ARl WE cytokine #H]
Fe AAANE ASES FoHA ks UGt 2F AlEe
st BAIES] IL-69F TNF-0] #H|3S AWEH, £ fef i
2} FFo|d Hrkto] 6UA ZHzt 7.8x107 g/celwr 72x10™ pg/
celts Uehfie] 7P @2 EHEe Ul At Faold
BFEEe 77 7.6x107 pg/eelld 7.1x107 pg/eells- YERH A
ghlgh & ok WA R TAHIES] cytokine wHIGA = A
A} FFo|ds) FIold FFEH ] cytokine HH|FO] FH 7}
el Hs] iﬂ | UeRow ZARE FX R AR} Fao|T
o] & THIFS e

o]de] 7&4% Bl B fE FRold Al Hrk BRUE
cytokine #H]¢] F7He UERSIen, o= sidste] e F&
5 53 d7Q1) oA Bad HIAE cytokine H1|9}F
ARE AR & el ARt FaLolw B Flolthe] MoAE
o A& F%1 % cytokine wHIF F7HE F8 WY &4 S
7Fe/dol e ST F AUTh

[‘ll‘

T m[o

NK MEe| Hezzl &2t
NK AZe] B4 23 AEE A/ A BAZS wjgo)

i

2 NK AZ @7kl ehbs 4we] Walg vasie) @
& 24590 Fig 55 BAEC] 2 ABE Arlsel v
2 ojpl e NK AZO] H7hs9e ) ERkE NK AE)
YRS AREE e Rolth 62 F¢ ASEE BRI
4 6dAle] & 2 ARl Foldto] 14.5x10° cellsymLe] Y
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e

Table 1. Secretion of IL-6, TNF-o from immune B, and T cells in adding the several kinds of fucoidan

Specific secretion (10~ pg/mL)

Time

Sample (day) B cells T cells
IL-6 TNF-a IL-6 TNF-a

1 1.3+£0.20 1.1£0.24 2.6+0.56 3.1+£0.24

2 1.9+0.31 2.6+0.23 1.9+0.66 4.8+0.48

Standard* 3 2.6+0.22 3.7+£0.42 3.1+0.54 5.4+0.64
4 4.2+0.26 4.4+0.33 5.9+0.94 5.2+0.74

5 6.4+0.69 5.3+0.42 8.0+1.34 6.1+0.66

6 7.9+0.74 6.5+0.44 9.1+1.66 7.3+£0.98

1 2.3+0.33 2.0£0.22 1.8+£0.44 2.24+0.94

2 3.1+0.46 3.9+0.28 2.7+0.78 4.6£1.22

Fucoidan 3 3.9+0.54 4.8+0.56 4.0+£0.68 6.9+1.72
4 4.7+£0.33 5.9+0.44 5.8+0.96 7.3£1.60

5 6.9+0.68 6.7£0.46 7.9+1.12 8.4+1.66

6 7.6£1.40 7.1£0.84 9.1+£1.68 8.9+1.98

1 1.9+0.12 2.2+0.11 2.0+0.32 1.9+0.23

2 3.4+0.22 4.5+0.14 2.6+0.43 3.8+0.45

Low molecular weight 3 4.7+0.43 53+0.28 4.5+0.55 5.8+0.66
fucoidan 4 5.9+0.55 6.2+0.35 6.7+0.84 7.2+0.99
5 7.6+0.66 6.7+0.46 8.1+£1.00 8.4+1.05

6 7.8+0.84 7.2+0.82 8.8+1.11 9.0+1.44

*Commercially available fucoidan from Fucus vesiculosus (Mw: 130,000).



o) 3T
% e
18
_EI 14
3
T 12
Q
T w0
-
=
_§ 8
S &
[=2]
Fs 4
< 2
=z —e—5Standard -&--Fucoidan -+ Low molecular weight fucoidan
0

1day 2day 3day dday Sday Gday

Cultivation day

Fig. 5. Effects on the growth of the NK cells by the addition of
human B cell secretion after treating fucoidans. Mean values+
standard deviation from triplicate separated experiments are shown.
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Fig. 6. Inhibition ratio of A549 growth by adding several kinds
of fucoidan samples. Mean values+standard deviation from
triplicate separated experiments are shown.

& Uehiy 7Hg =2
¢ dAR 22 YKEE
olE HolAE fskou ANEHVHE T AF T At
ol me} FleiAe Fde Hon, tAlA 2= cytokine
HE 34E 5 37 A ASEE YEpih
oldel AzhE MM Ee EHlE H7HE T8 NK AlE
o] Ago] SWHE AL Fskslen, o oM E 53] AL
2p FEoIs b vl el adrt 7P =Tk webs
Holdo] AE 7o 1y S S 7K, ol % Y
2ol 7154 A ] Ths/del dee Bl

& FAL dEIQon, 24712
welth. 2ol AT felHQ A
2

o

A=)
o

glofat =X

PGS AFol| AME FAol AEES 7t 02, 04,
0.6, 0.8, 1.0mg/mLe] FEZ ZEst] X e A0
a9E AEsN.

Fig. 62 QAZFAGAESQ] A5490] that A4 E4LS et
W Aoz g oEFHoZ Zylele AIS UEPATh ARzt
FaLo|te] 1L.0mg/mLe] FEolA 69.8%= 7HY =2 IdAda
= Yehlen A9 FIoid BFEEAL 577% 7K BAHS
YERA AT

Fig. 72 #4
W 7ot} A5492)

A Z MCF-79 i3 4594 438 Jet

243} v E A o] BE AEd|
A FE oEH o Frtelom, Al FIlo|Te] 1.0 mg/mL
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Fig. 7. Inhibition ratio of MCF-7 growth by adding several kinds
of fucoidan samples. Mean valueststandard deviation from
triplicate separated experiments are shown.
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& gle VIRAREA JHE7E Q0L AlsEnh A9 AR
e BT 15 o) o gAlaze] tig M=ol 9lo] Al
o ASS lshe Zlor ddd + Jded, £ A7 AE
off Tt AeeiA 24 3 A9y Apdre] 54 ZA3E Tl F
Solgk Al 87h Al Ak 4L TR ST £ itk
53] FRoJd AEe ARAslE So 249 T2 =8 =5
3ol A% & & B4 T depdl wet ols S F
oo 7157 aAEA THE S ¢ e AoR Alsdd
EI 2 APS T Aol Aol sxF
< 715 AR 28] fdiMe WY rlee]
de] FEE T BAEES e BE LEkelA
ol AstEle 714+ detalal o] 249 ©e d+E Fd &
el Y A2 Hoh obHoR FEior & Zlos AlgE

o ok
S =

L

AT FollA FIo|Tke] FEA] 2T 38S
Aoz fefl Fo|Te] ARAE T
Ao F2 GFHE Dol At B f FHo|d &
SFRO|HERTF 14,000 ©)5h)S o] &al a5l
FEAI vtk Als J7HE 58 W] BAIES THE9
AgTolM & fE AEA FAo|wo] 1.0 mg/mLe] F=oA
TR diz2Tek Blael] 74zt 367%9F 387%2] ASEE JERY
o 7H 2o FAS YT AGAIE] cytokine U =
AollMe A&e SAHolA S} FAlRE AAE el A4 F
Fo|dko] 7P B cytokine EHHS UM LH, o= NK
Azl Aol FeFs 71X e AR AEEHE ¥l NK A%
s SN E 7P 52 A5 YEHlth 17 BHAEE
o] &% AZ2EY FAHAME AR TF & AolE RolAle &%
o 1.0mg/mLolA FIo|t HFEZHo] 2145%% 7MY =&
FAHE JEAL, AR B ) Foldo] 19%E 7Y
2 FAE YERAATE AT GAESL]D A5499F FHHA ER]
MCF-7ll th&t A4 &4 SHolAME AEAt Fazodo] 1.0
mg/mLe] FEolM ZHzF 69.8%%} 83.3%2 Uehion, FHo]
o EFEAT 55% ot 48 JEAT) oo ARE

TrTE2E



550 =2 E 88| %] A 40 WA 5 & (2008)

Fo Fxold AEE ARANE B B U FUBY 3
o] F5Fe st

aAle| =

B ATE AR A7) EEANRIRTI0S01-02)8] 219
og o1 ARz olo] k=P,

o
o

—

.Lee JH, Sun VIJ. The content of minerals in algae. J. Korean Soc.
Food Sci. Nutr. 9: 51-58 (1980)

2.Cho KJ, YS Lee, Ryu BI. Antitumor effect and immunology
activity of seaweeds toward sarcoma-180. J. Korean Fish. Soc.
23:315-325(1990)

3. Maruyama H, Tamauchi H, Hashimoto M, Nakano T. Antitumor
activity and immune response of Mekabu fucoidan extracted from
Sporophyll of Undaria pinnatifida. In Vivo 17: 245-249 (2003)

4. Indergaard M, Minssas J. Animal and human nutrition. pp. 21-64.
In: Seaweed resources in europe: uses and potential. Guiry MD.
Blunden G (eds). John Wiley & Sons Inc., Chichester, UK (1991)

.Nishino T, Nagumo T. Sugar constituents and blood-anti coagu-
lant activities of fucose-containing sulfated polysaccharides in
nine brown seaweed species. Nippon Nog. Kag. Kaish. 61: 361-
363 (1987)

6. Nishio T, Nagumo T. The sulfate-content dependence of the anti-
coagulant activity of sulfate from the brown seaweed Ecklonia

kurome. Carbohydr. Res. 314: 193-197 (1991)

Nakazawa Y, Kuroda H, Abe F, Nishino T, Otsuki M, Umezaki 1.

Antitumor effect of water extracts from marine algae (I). Chemo-

therapy 22: 1435-1440 (1974)

.Ito H, Sugiura M. Antitumor polysaccharide fraction from Sar-
gassum thumbergii. Chem. Pharm. Bull. 24: 114-118 (1976)

9. Choi JH, Kim DI, Park SH, Kim DW, Kim CM, Koo JG. Effects
of sea tangle (Laminaria japonica) extract and fucoidan compo-
nents on lipid metabolism of stressed mouse. J. Korean Fish. Soc.
33: 124-128 (2000)

10. Giovannucci E. Tomatoes, tomato-based products, lycopene, and

cancer. J. Natl. Cancer I. 91: 317-331 (1999)

W

~

o0

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Yan X, Yoshihiro C, Masahiro S, Tadahiro N. Fucoxathin as the
major antioxidant in Hizikia fusiformis, a common edible sea-
weed. Biosci. Biotech. Bioch. 63: 605-607 (1999)

Schaeffer DJ, Krylov VS. Anti-HIV activity of extracts and com-
pounds from algae and cyanobacteria. Ecotox. Environ. Safe. 45:
208-227 (2000)

Koo JG. Structure characterization of purified fucoidan from Lam-
inaria relgiosa, sporophylls of Undaria pinnatifida, Hizikia fusi-
forme, and Sagassum fulvellum in Korea. J. Korean Fish. Soc.
30: 128-131(1997)

Kusaikin MI, Chizhov AO, Alekseeva SA, Bakunina II, Nedashk-
ovskaya Ol, Sova VV, Zvyagintseva TN, Academician G, Elya-
kov B. A comparative study of the specificity of fucoidanases of
marine microorganism and invertebrates. Dokl. Biochem. Bio-
phys. 396: 187-189 (2004)

Torsdottir I, Alpsten M, Holm G, Sandberg AS, Thlli JA. Small
dose of soluble alginate-fiber affects postprandial glycemia and
gastic emptying in human with diabetes J. Nutr. 121: 795-799
(1991)

Penagini R, Velio P, Vigorelli R, Bozzani A, Vastagnone D,
Ranza T, Bianchi PA. The effect of dietary guar on serum choles-
terol, intestinal transit, and fecal out in man. Am. J. Gastroen-
terol. 81: 123-125 (1986)

Church FC, meade JB, Treanor RE, Whinna HC. Anti-thrombin
activity of fucoidan. J. Biol. Chem. 264: 3618-3623 (1989)

Tako M, Uehara M, Kawashima Y, Chinen I, Hongo F. Isolation
and identification of fucoidan from Okinawamozuku (Cladosi-
phon Okamuranus Tokida). J. Appl. Glycosci. 43: 143-148 (1996)
Doll R, Peto R. The causes of cancer: quantitative estimates of
avoidable risks of cancer in the United States today. Food Chem.
Toxicol. 21: 512-513 (1983)

Lee MK, Choi GP, Ryu LH, Lee GY, Yu CY, Lee HY. Enhance-
ment immune activity and cytotoxicity of Artemisia capillaris
Thrunb. extracts against human cell lines. Korean J. Med. Crop
Sci. 12: 34-42 (2004)

Lee MK., Lee SH, Choi GP, Yu CY, Lee JH, Lee HY. Screening
of immune enhancement activities of the extracts from Rosa rug-
osae Radix. Korean J. Med. Crop Sci. 11: 13-18 (2003)

Kim CH, Kwon MC, Qadir SA, Hwang B, Nam JH, Lee HY.
Toxicity reduction and improvement of anticancer activities from
Rhodiola sachalinensis A. Bor by ultra high pressure extracts
process. Korean J. Med. Crop Sci. 15: 411-416 (2007)



