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Blood-Anticoagulant Activity of Fucoidans from Sporophylls of
Undaria pinnatifida, Laminaria religiosa, Hizikia fusiforme
and Sargassum fulvellum in Korea
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The anticoagulant activities of fucoidan fractions extracted from Sporophylls of Undaria pinnatifida, Laminaria religiosa, Hizikia
fusiforme and Sargassum fulvellum were studied to assess the relationship between chemical characteristics and the activities. Crude
fucoidans extracted with diluted HCI solution (pH 2.0) at 65C were precipitated with cetylpyridinum chloride and then fractionated
by dissolving the precipitated complex with increasing CaCl, concentrations (1.0 M, 1.5M, 3.0 M). The anticoagulant activities of
the fractions with respect to activated partial thromboplastin (APTT) increased with increase in their sulfate content and Undaria
finnatifida Fr-3.0 fraction, prepared by dissolving with 3.0 M CaCl, solution, exhibited the highest activity. The Undaria finnatifida
Fr-3.0 fraction was further modified with pronase and laminase. The pronase and laminase treatment decreased protein and glucose
content and the APTT activity was higher than that of parent Undaria finnatifida Fr-3.0 fraction. The pronase and laminase modified
Undaria finnatifida Fr-3.0 was composed of fucose, galactose, mannose, sulfate, uromc acid in the approximately molar ratio of 1.00:

1.30:0.03:2.70: 0.08.

Key words: Blood-anticoagulant, Fucoidan, Sporophylls of Undaria pinnatifida, Laminaria religiosa, Hizikia fusiforme,
Sargassum fulvellum, Activated partial thromboplastin time
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gz Fole €714, fucoidan, laminaran 53 22 A 84 <]
S5 gge] 59 Aok o1F fucoidane FEAEGH B4 0
A FEA YT 3 2225 F£ fucoidans FEAELT
Fgo] Hux3 3ltt (Bernardi and Springer, 1962; Usui et al.,
1980; Abdel-Fattah et al., 1974, 1978; Mori et al, 1982). Fucoi-
dan® FYALT L2 thrombing 42 Ay ddsn
AA g} oA dAe] EA3= thrombin® B4 HA <
29l antithrombin 1 (AT )9} heparin cofactor II (HC )&
w2l 247k 62,000, 6560030 FHH o] m ¥ &3 ofm| A 24
S 7R e, I A FHE9 "It eyt @t Fucoi-
dan®) thrombin‘?hﬂ 282 Church et al. (1989)% 213} in vitro
9 ex vivodol Al AT I3} HC 1199 BAE 28F A7} fucoi-
dan HC 1% thrombin® 2%-& 350004 571271 AT 1
4 %3 thrombin @ A& HA QA xa@e ZHE fucoi-
dan®] $X7} 003 mg/mL, 0.5 mg/mLel A 2zt 285wk o} 350 &
7tate o AA, F fucoidan®] AL AA FEL HC 1§
53“ dojdtiy Yt £ Fucoidand TN AL &
79 7, 889 24 2 Ak wet Aot W A Ni-
shino and Nagumo (1987, 1991)¥ 9%9 #Z=F=22H 727 fu-
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coidang F&3o 84S v ZA Ecklonia kuromeZFH
%29 fucoidan©] 713 8Ao) ov 7Y Fako] AT
o 4% gasda g

B dFe 3 AdeA diF AdHn Qe A2FY o4
F2E 9% 979 dFoz ngEAY, A, E, ZAue R

2H fucoidand FF, ¥Y3o 22 F9 7 2 3ea 244

2 93937 P4 AT, BF 54 2 H3%H £
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fucoidan-& ol cethylphyridium chloride (CPC)E 713l 444
P& AEAZL F 10M, 15M, 30M CaCl, £4& 22 7}
3o fucoidan?] A=l wet B8t F3EH £242 fucoi-
dang 1N H:S0.0 =<9 ¥ 60ColA 9023 #3118 ¥ MWCO
7k 22} 3,000, 10,000, 30,000, 50,000%) &S FHehs o] g3}l ¥
A% E2 YA E4F 4L fucoidan &4 laminase
(Sigma Co.)9} pronase (Sigma Co)E 713te ZZk pH 50,
37Tl A 1413, pH 7.5, 37T A 1A17F 982120 3 100TAA 20
22 7tg 3] 49,000 gol A 2087 94 BEF 459 E ®
of DA BA3 ¥ 4 Az,

M2 9l methylation 24
Beazy, AL Soxhletd, 2EHW AL Kjeldahl
& A48 net 243 AT (ACAC, 1990). #
%2 Dodgson and Price (1962)¢] @Wyiol wel Z43%
I, 8L Knutson and Jeanes (1968)¢) ¥ wiz}, ¢ula
< Lowry et al®¥9 (1951)9) @} FA{ATY. 43 242
Furncaux et al. (1990)¢] '}el & GC (HP 6890, HP Co,
USA)E #4314, 847] AAE Nagasawa et al. (1977)%
Inoue and Nagasawa (1976)¢] '8 w2} methanol/DMSOE
AHEste] AAEY T 84 YL York et al. (19853 Tay-
ler and Conrad (1972)¢] ¥¥e} we} 1-cyclohexyl-3-(2-morpho-
linoethyl)-carbodimidemetho-P-tolug:nesulfonate (CMO)E AHg
3o 8% ok Methylation ¥4 Kvernheim (1987) 2 Harris
et al. (1984)¢] WY wel N-butyllithium (2.5M in Hexan)%
methyl iodide® methylation¥ ¥ NaBD.E #dF A acetic
anhydride$} pyridine® 7}8t4 acetylation3} ${tt. Partially meth-
ylated alditol acetate®) ¥4 SP-2330 (0.25mm id. X60m;
film thickness 0.2 ym) Z¥ & #23 GC (Hewlett Packard GC
Model 6890)2 £ &% 160C~20C/min~210C~50C/min~
240C, A& F47 2 A2V &= 240C A AN A
Z2 FIDE Z&3td 732 W8& 73 A response factor (Sweet
et al, 19752 ©] &3t mol% 2 Yl FH-L MSD (HP
5973)& ©o]43}9 electron impact (EI) modeolA 70eVE of &
3}3te] retention time ¥ mass fragment® FU AT FT-IR
ZAL& Koo (1997) 9] 4ol wat 483

o M T8 =H
BHEFH Zat2d A7 (activated partial thromboplastin

time, APTT) 3 ZZEZH Az (prothrombin time, PT)-& A4
4 (Sigma Co)E ©]%39] Nishino and Nagumo (1991)9]
o] wat A

2y o ng
AZef bt =4
Ay AHL3 22Fo 38 AL Table 13 2tk A A&
2% @320 dAnl 633%, ¥ 52.5%, LA 517%, VYE

Table 1. The Proximate composition of brown algae* (%)

Samples Crude Crude Crude Total®
protein  lipid ash  carbohydrate
Undaria pinnatifidac  12.8 9.3 271 50.8
Laminaria religiosa 9.7 4.6 223 63.4
Sargassum fulvellum 158 5.0 275 517
Hizikia fusiformis 9.8 4.6 332 524

a: Dry weight basis
b: 100— (crude protein+crude ash+crude lipid)
¢: Sporophylls of U. pinnatifida

A S08%2 A GFol ¥RT, FL02 X, wuY, A4
Foz %o w3

Crude fucoidan} E&S°| EM

Crude fucoidan®] &/ Table 29} #t}. Fucoidan® F8 &
A #7119 st w9 XA 256%, TAITE 133%, ¥ 122%,
A 98% 9 02 o] 4T $ENY FFE X 530%,
Alet 527%, ZAE 445%, W9EAY 379% £O2 §Fol
Egoh oAy ¢ X 151%, BAT 151%, A5 85%,
NAgEAY 79%2 A0t WHEAYEL e Mg v SN
gdWdoe] Ego] B wide &, thrln}, B HA crude fu-
coidan®] 50% o}Xdo] $247 duidz EYHo gee ¥ &
Qs & 499 crude fucoidan $+& £ZE pH 2022 ZA|
o] g7k de g dez JEa g dmAr WA
Hol 43 He 2AYd: E733 crude fucoidanol o
FEHH U ¢ & AT o #8444 A T2 fucoi-
dan®] ZAWA 243 Ao Afs o EA3tn glof, £
A8e 32 27 3oM fucoidano] 22 W A F2d A
o2 oA Larsen et al. (1970)& Ascophyllan nodosum2 2.
¥ ascophyllan®] #% |7E 534 ascophyllan® (1-4)-lin-
ked D-glucopyranuronic acid® o] Fo]A FAlEdl fucoidan®]
glycosidic bond2 A= glon, polypeptider ©] S 2
e AU BudtAt 7+AGe ZAYE fucose’t A AlE
EF M #3943, 4SO 2 galactoses} glucose”t M Alg EF
H 2 F% Fucoidand FA4L FA7A Rig o] o3td
fucose®t galactose7t WF-¥-& AAd L, 1F9 glucose, xylose,

Table 2. Chemical properties of crude fucoidans extracted
from dried brown algae*

Unonic  gyffaie  Total  progein Proportion of monosaccharides (%)°
Sample acid sugar

% @ @ ) Fc X Mm Gi Gl

U pinnatifida 319 256 289 79 42 - m B2 96
L. religiosa 521 [EKIVAN] §5 45 102 tm 230 19
S fulvellim 45 98 305 151 514 80 ta 156 250
H fosiformis 530 - 122 198 51 699 45 ta 166 90
a: Dry weight basis
b: Calculated from G.C analysis, considering the total amou-
nts under the five monosaccharides as 100%
—: Not detected
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mannose 5° ¥ heteropolysaccharide® ¥#HA Aok T
HAAE BF glucose”t HlH 3 v EA3s Re 2279 A%
139 laminaran® EY 7FsAlo]l & Ao oAAY,
Crude fucoidan®] CPCE 713l E3AE §A4F F 05M, 15M.
30M CaCl, §902 dAHog ZF7MA 4L Fr05, Fr-15,
Fr309 333 x4 9 3gA8¢ 542 Table 33 #oh 99
EAY, 22 £ 4t S E S8 UMY 30M
CaClLel H& ¥¥42 Fr30° 47 762%, 556%, 51.6% S A
gAct. wide] gAlete) A Fr0.57F 414% 2 718 $&9
w3t ANE BF FAVE CaCl, &7t 371855 /¢
whdoe], $&24t3 g9AL fgade 4F%e veEhdd], CaCLY
TE FMESE $47| FEke] w1 $EA ¥ Ty EY
o] 4L && ¥4& & AU ek CPCY CaCl,E o] 83t
¥l 23 7123] fucoidand F¥ AAE 4 AU ol carboxyl
1& ®ol ¥ & YA sulfateE FHE Eo| CPCY
e AT L M BHAE 4o BEAEREH ALEE
AM e 2ERe G4 7Y o} =F H9 7
A 24 ANE BF 9527 57184 F galactose®] %0
F7tte 4%E vebd ¥ xylose, mannose, glucose™ Za
e A%E dehdY fucoidand F& FAT AEL fucoses
galactose S € F AR 53] mIGEAGY Fr3gEe &
N5 22 glactose? T3] fucosed FFHTE B sulfated
fucogalactan®) Ao, F8Y 332 AL PTHY 4+ A A8 =
T 16~2322 FAo] gle v, APTTAA &¥e HAARE &2
Foll v Colliec et al. (1991)9) B9} Y38 fucoidan
W4 A2 (intrinsic pathway) Q&S A&7 G F8Y
<31 #Fgo] dojus AoZ AN Fucoidan Y
APTT 9% Axte AAE BF CaCLY 357} 22 JRIFE
F7teke A& JeERAA Nishino and Nagumo (19D«

fucoidan® FEY 1 FE&2 F4719 mole%7t S7HETE
Z4gdn Baded, & 4389 435 §48 AES g
Uitk Aazde g9EA4e Fr3ol 52022 7h ¥33, o
£22 tAjnl Bah %9 &olnt webd, o] Fo AL
F& 9 g¥9 31 EHo /I ¢4 vYEAYE £IE
(Fr-3)& N&E 89 $4 zdd 02 431 438 39y
o Fig. 12 "IEAYE fucoidan (Fr-3)9 =l & APTT
Z23%< Jehd 230lt} Fucoidand FE7F 500 pg//mL7HA =
¢t A F74E Ao 500 pg//mL ol Foll= 43 7Y
9 ERY fucoidan?) FHAST AL T JENYL ¢ &
A2 th Dobashi et al. (1989)% £AA F&3 fucoidand &3
AL GAo] FEYEAEL Yehittz B g v gl

315ty 9 §4H 4 fucoidan®l 4

n A XY fucoidan BHE (Fr-)& 4 2 84702 £43
of A& GE9 5L Table 4o et DA AAE 93
pronase* 2§ AgT WA #ao] TAIYA, laminaseZ
FAG Alge vlde e Wast 9o glucosed FHS
AagAY, wetd ey 288 (Fr3)d EAge gl
coset™ laminaran® 25 H EYHAEE ¢ & UA Pronasest
laminase® FA1 A& AlE29 fucose: galactose: mannose:
sulfate uronic acid®] mole% € 1:1.3:003:2.7:0.08°Ath o=
Koo et al. (1995)¢] o) n@azrEaz}ss dEEEHLAYL
2 A vYEAY fucoidan®] fucose: glactose : sulfate mole %
7} 1:087:099% b= H o) ¥3}4 galactose®} sulfated] ¥#ol
zded AAY, vdEAEY AAAY] 2 FaY Aol HE
22 ARG, Ah 4 NRY APTTEAL t9¥AY ¥
8 & (Fr-3)o] 520& (Table 3)° H3}o pronaseX @ A&, lami-
nase ] A& R F AL FAHY A8 APTT ol 22t 565,

Table 3. Properties of fractions of crude fucoidans by differnent CaCl, concentration

. Yield! Uronic  Suifate  Protein 19t  Proportion of monosaccharides (%)*  Clotting times (sec)’
Samples Fraction acid sugar
(%) (%) (B (%) ) Fuc Xyl Man Gal Gl PT  APTT
Undaria Fr-0.5 4.4 378 19.1 11.7 514 748 122 32 2.6 72 16 220
innatifida Fr-1.5 19.4 124 36.1 59 45.5 56.7 10.8 33 38.6 7.0 20 310
p Fr-3.0 76.2 10.7 42,6 34 433 318 tra 18 5§79 22 19 520
.. Fr-0.5 414 350 9.2 28.8 270 338 122 205 14.5 19.0 21 195
Laminaria
religiosa Fr-1.5 253 311 19.6 14.9 343 48.5 40 142 227 10.6 22 385
Fr-3.0 332 18.1 394 33 39.0 61.3 1.0 65 278 2.6 20 420
Sagassium Fr-0.5 35.1 232 12.6 21.0 433 379 227 64 259 7.0 19 240
ful%’ellum Fr-1.5 9.3 189 204 20.6 40.1 50.5 84 4.1 325 47 24 275
Fr-3.0 55.6 44 55.2 1.6 327 43.6 6.3 35 430 36 20 319
Hiiikia Fr-0.5 331 253 14.2 371 234 311 15.5 18.0 150 204 19 225
fusjifomlis Fr-1.5 15.3 236 24.7 16.6 35.1 47.1 12.7 83 289 5.1 19 310
Fr-3.0 51.6 17.5 29.7 6.4 46.4 433 6.7 6.2 36.7 5.1 23 315

1: Yields of fractional fucoidans obtained from crude fucoidans, respectively
2: Calculated from G.C analysis, considering the total amounts under the five monosaccharides as 100%

3: Fucoidan concentration {200 yg/mL)
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Fig. 1. Effect of concentration of Undaria pinnatifida fucoidan
(Fr-3) on activated partial thromboplastin time (APTT).

560, 56022 F7H3tod protein® glucose®] AA) mE I Y
$3 849 F7I2 AAAY =3 4} /b5 EdEe] EAF E2
2 fucoidan A8 B EAF 30,000~50000 HE2 &

g4 @sken, 2 9 £AF 44 dodMe £AF0 FAES

FAZ - H4A

o

£ fucosed FFL Zolg vtwe] BB AI galactosed] ¥ &S
Frhatdm, #3719 $8ae dAs AEE JeEdA st
APTTEE 34719 mole Hl&o] 7H¢ &2 10,000~30000 §&
o] 49922 7}F Eoy 4 £AE AR BT AL F4 AR
H 3t F4Jo] sttt
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Methylation &4

i F4d BE fucoidand] F& TAHT AY 729 HS
ZAHE7] 93 methylation #A% ZAHE Table 5o Vel
181 Fig. 2€ desulfated Undaria pinnatifida fucoidan (Fr-3) 9]
TIC chromatogram$ e 2@ o]H, Fig, 3& HEFHL=2 135-
tri-O-acetyl-(1-deutrio)-2,3,4-tri-O-methyl-galactitol®] mass fragment
£ vehd ool A Al§ 25 23 4-tri-O-methyl-galactose, 2,4-
di-O-methyl-fucose, 2,4,6-tri-O-methyl-galactosed] #22 o)
EI, A 879 partially methylated alditol acetate®] $3o]
AZ FAE 48 JeRRITh &, pronase ¥ laminase A2l
o3 fucoidand) F8& FAT B TR e §lo] A4 A
glel 98] &AL protein? glucose?t fucoidan®] T4 AEo|
Uzl 9& EQEY ALE FAHAY. £F pronaseX ] AE
£ FT-IRZ £4% 23 (Data not shown) 850cm™" 29 %

Table 4. Properties of the modified Undaria pinnatifida fucoidans by enzyme and acid treatment

Uronic acid  Sulfate

Protein Total sugar Proportion of monosaccharides (%)

Clotting times (sec)?

Samples
P (%) (%) (%) (%) Fue Xyl Man Gal Glu PT  APTT

Enzyme modification

Pronase 1.9 312 24 4.9 40.8 0.4 0.5 57.8 tra 23 585

Laminase 20 29.6 34 47.1 387 0.5 0.5 60.3 tra 20 580

Pronase+Laminase 19 305 3.0 524 40.1 06 10 574 08 21 555
Acid modification

3,000~10,000 M.W. 2.6 294 1.1 60.6 255  tra 06 579 09 20 459

10,000~30,000 M.W. 21 337 42 55.9 262 07 23 691 1.6 21 499

>50,000 M.W. 42 27.1 7.8 58.8 132 13 25 833 13 17 464

1: Calculated from G.C analysis, considering the total amounts under the five monosaccharides as 100%
2: Fucoidan concentration (200 pg/mL)

Table 5. Partially methylated alditol acetate from enzymatically modifeid Undaria finnatifida fucoidans

Partially Mole %
methy;‘éggt :ldiml Fr3-D' Fra.ppR: [Pronase modified  Pronase modified — Laminase modified Laminase modified
Fr-3-D Fr-3-D/R Fr-3-D Fr-3-D/R

2,34-Fuc 43 38 4.7 - 43 32
2,4-Fuc 200 173 219 9.6 217 19.2
2-Fuc 4.5 47 5.0 10.5 6.2 5.6
4-Fuc 26 4.1 27 - 27 34
2,3,4,6-Gal 14.0 134 137 149 13.1 13.1
24,6-Gal 81 7.5 88 6.7 838 8.0
2,3,6-Gal 09 0.8 1.0 23 11 0.8
23,4-Gal 385 40.5 354 473 35.1 389
2,3-Gal 7.1 79 6.9 86 7.0 7.7

1: Desulfated Undaria finnatifida fraction (Fr-3)
2: Desulfated and reduced Undaria finatifida fraction (Fr-3)
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Fig. 2. Separation of partially methglated alditol acetates derived from desulfated Undaria pinnatifida fucoidan (Fr-3).

A: 1,5-di-O-acetyl-(1-deuterio)-2,3,4-tri-O-methyl-fucitol,

C: 1,5-di-O-acetyl-(1-deuterio)-2,3 4,6-tetra-O-methyl-galacitol,

E: 1,23,5-tetra-O-acetyl-(1-deuterio) -4-O-methyl-fucitol,

G: 1,4,5-tri-O-acetyl-(1-deuterio)-2,3,6-tri-O-methyl-galacitol,

B: 1,3,5-tri-O-acetyl-(1-deuterio)-2,4-di-O-methyl-fucitol,
D: 13,4,5-tetra-O-acetyl-(1-deuterio)-2-O-methyl-fucitol,
F: 13,5-tri-O-acetyl-(1-deuterio)-2,4.6-tri-O-methyl-galacitol,
H: 1,5,6-tri-O-acetyl-(1-deuterio)-2,3 4-tri-O-methyl-galacitol,

I : 1,4,5,6-tetra-O-acetyl-(1-deuterio)-2,3-di-O-methyl-galacitol, J : myo-inositol hexaacetate.
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Fig. 3. Mass spectrum of 1,3,5-tri-O-acetyl-(1-deuterio)-2,4,6-
tri-O-methyl-galacitol.

3 4 bandZ UlFo B o FA7Y dEEL C-4 YA 2
TEol ASE ¢ F AN G, & &AL £ fucoidand]
718 F2E Koo (1997)9} #o] (1-3)linked fucosedt (1-3)lin-
ked galactosedl C-4 9o Fitv17F A= & Aoz F
AHY A AR BEFIAA t#F ZE5 T 234-tri-O-methyl-galac-
tose desulfation FA o)A HE s 5o YAE AAA (1-6)lin-
ked galactoseQl R o= Bl AU A7vt & 7Ho

kO

ok
2

U Ao AAHE e 22F f9EAY, gAbL £ 2

ZAEhS £ A (pH 20) 22 65CHA $%3 crude fucoidane
CPCH st AN F CaCl, ¥ (1OM, 15M, 30M)E
Z7MN71AA £83 % APTT €408 vad A3 FgE9
3 g B V19 P FHEFE TR,
2YE NEF v9EAYE 30M CaCLE £33 o] 7HE &
ol 34390 o] &L WA pronasedt laminase® FA ¢
23 37 M AT glucose’t HAFHU 4 Hel HFo
APTT &40 %7119}, Pronase® laminase® 2% fucoi-
dan® fucose: galactose: mannose: sulfate  uronic acid®] mole%
T 1:13:003:27:0080151 20, A4 Ao g ug ¥a¢9)
F Atz W37 YA '

TAtel =

o] EES 19989 FRFEAFATY %e ATH ol oato]
AQEQen, oo FAEFYD,
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