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Far, OFF M A AR GLIR MR DU SS PE R M R 2. G5 R AR W1, SR A T 28 e, w7 A B SR B4 v 2 70 IR R
ST FAMGEBR RS TAN F-B. ML 8 mREALER. B340 TEN 1.5kD M 8.0 kD £4 K73 T 415,
LR EIMLE, YA TFEED, A A FE 80D EANKA FHARMRE BR&E. BILER RN, & ERMR
MG AE % T K RTAPTT fl TT. JLLLRBR AL K2 T F-B $UBtI SCR S if » 0 PT 5% 00 AN K 0 B 3 SROHE B B2 T
X SMEEBEIL 2R 45 R M AR /D, B BB vE M B R T R B LR ARSI . B BRI B 4 T B T s LS
P R TR AR MG AR B B R K, HUR L S M B > T B AR 2 . X T T EANE R A R R
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KSR A BEEOREORIRME : B mFE AL AR PRt yE 1
HE XS Q54 SCEAFRIREE: A

A EE BRI (Fucoidan) X — 25 A B % B
IR PEA RN, RABE A I —Frfb 24l W
FURILE AR B2 5 U5 T B AT St i TP R 58 HIV.
PO AR 3 G 07 R I IR 55 Ry D 28, Bt
HE4 RSy BT TV A AR 60, B ROk 2 4 R AR
BEAYMAMESZ —. HNCSHKENHA
R, 8 PR A 10 S BRI R A 1R U1
PORE ML AT AR TG L . 455 A A B SRR R R Ik £ B
BmMALE SR AR, i EEERERRE 71T HC
ID & WEEY, M & HC I 4 AH 55 B i i
HRIE B R AT RAAL L 5
Uk M B I 45 26 7 1) =& W dit i i AR 55 19
FHIAE F 5 T EL 2 35 2R B8 G TR T O e JB 1o 1 i AT 3
AT AL R H IR -PA RS 4%
B i) £ VA B 1, T EL AT 3 A 7 g T -1,
UE B A PO A T JOCRT 8 AR I A ) XU EE AR Y, XA Th
R HARTUER T B 1. BR A SRR R IR MR A
PUBE MR A T 3R B3 (B2 B U R i
ARBIMOR S D, B AR T 3 15t A 259
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#E (Fucus vesiculosis) ~ BAT (Ecklonia kurome) ¥
FHEBE (Chondrus ocellatus) Tl £ 125 S MR OR B IR (1)
PURE R ILAR 5 R 1B 50 28 B, A 5 2R W 0 R R 11
UL E S H &M BRS8N T EA X, E
DR RN TR TG 1) A 2 S R 85 ) T 9 8 1) 2R
FIFRHL 77 5 AN R i AS (] 21213150 | ¢ T g
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Tk P H) 2% 2R FROTT 5 10 A LRI
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MR TER B R TR R R, EE R
U, TT LA D B B S Al D RIS 15T AT SR
TACHAN A AL AL PR A & AN R )T B AR R AR
EEREERIE RN, LU 2 E5E RT) i
ALHR 93 B L5 BRI (7] (APT'T) 5t LB S 7] (P
BRI AN (5] (T D BRI bR, BIF5T T 9 o B R0
Bt BR B LB L35 P A R R 5 A2 0 JF R Il
T o R R IR W B B LAl

1 MR5I%

1.1 ##

1.1.1 #AR HEETE A LR, KAE AR R
o B ZAif R (KRR 2.5kg LA HE &
iR R iRt .

1.1.2 & 5KF  PABER - I B MM E X
MEEMRA 08 B AL R A 7D . 1100 B w3k i
ALY W B Agilent AR - GRERTE R W FE
Chelex100 Z &R R4 Sigma A7 7= k. B 5T
6 kD 1 15 kD B8 I8 MR 43 5l 1 B8 A0 M 7K Ak 22
Lo Fiep E A2 B R 7 A% 50T - Q-Sepharose FF &
FA I {5 5% 41 ) Amersham Pharmacia Biotech 23 7
F=dh. APTT #Gf & 35 : BT009) - PT & (it
F:N46) TT Wl Fl & 35 : TT25006) 518 T L
KHAEHAR AT FRWEH 0 B =4 4.
1.2 A&

1.2.1 HEEERRENNENGL %%
R (16 — 17 10977 3, 4 i iy HOKHE B o & o) iR
DU, P33 5 B R B On TR WAL WS . R KB Bl ik 3%
TKEEH, NN Q-Sepharose FF [ B 7 28 #e i i £, 1
(1.6 mm X 50 cm) > 4> A H HyO+1.0 mol /L.
2.0 mol /L 1] NaCl #5347 73 2P i, AR — oK
WA W Wk Mot () B 1) & ==, L BB 58 4 VB i 52 e
312 HyO BE B4y, & H BE A5 BKA A 7 F-A
MEA D F-B, BT EAH TR, MBRR =T
72 % A BaCl, — B fii 180,

1.2.2 BB BEHRENSLESE 2% 0Kk
317, B 1.0 g A EER PR IR ER S 50.08 g
Cu(AC,*H,0 —#2 & T 15 mL Z& /K, H 2 mol /
L NeOH i pH % 7.5 7647, FI¥EZH% Ll 12 mL /h
)38 B I NAS TR 3 B2 1) Hp O, ¥ W, /K PR S
i 60 C1EE , Y H AKTINA NaOH TR #5585
pHEN 7.5, 5h RN H,0,. BALFAE S H
NaOH ¥ pH 2 H 1%, N Chelex 100 2 & #

NEBR 5B 1) Cu?t o 4 A 6 kD #1 15 kD
(B IR AT A U8, 2 AR 4> T & 6 ~15 kD 415y
Fb #l4yF&/NF 6 kD 414> Fa. /M T 6 kD M4l 45
M 780 100 kD FIE T A0 KBTI 22
RE IR R T -

1.2.3 SERERRESTEMNNE RHSX
PRFAHEFH 5 3% (HPSEC) [ /7 ¥ e - &4y 45
F-A fll F-B ¥ H TSK G4000PWXL %4+ (H &
TOSOH) 734, 4> T &K T 15 kD K5 7= 4 4
K H TSK G3000PWXL it #f (H 48 TOSOH) 4»
#75 F 0.5 mol /L. NaCl BA¥RE 0.5 mL /min ¥, SR
FA7R ZHR M ZRA I o £ A% FH b M P O TR i R B AR
Heo WEAHS T8 (M) FIF R RE U =M,/
‘M) {#H Agilent ChemStation 15 -

1.2.4 MRMEIE “HSHECRO9IM T, RH
1% WA B L ZKEE (1 mL /kg) » 3905 30 ik BY
i, B F5H 110 457 0.109 mol /L HI#ER HhHTEE
TR SR P, B R EEIVE ST, 1 500 1 /min 550
15 min, W _EZEF M/MR .3 PRP) ;3 000 r /min &
£ 15 min, ] _EER MM IMEE PPP), —20 T i
17, I 37 T B 5 XUE L H DAL IR,

1.2.5 RT BME H PRP M 100 pL, & T
37 C F T S min, A5 I 37 C TR 0.01 mg /
mL ¥ 80 pL 2 1% CaCl ¥ 20 pL, SZEVE
A7, T AL /N B B B ML I AN v i 2 vk ] I [
TEAFES AT 3 VK, A2 2R B K VEBA 6T R, Fn itk AT
FAERME R

1.2.6 APTT.PT #1 TT ®9M%E HX PPP ¥, &
FR AR ) 2 1 U B R A

1.2.7 MEMETTE  KRBUT ZbriE s, B
F% 0.722 5.0.850 0~1.000 0 U /mL 3 F i f&F; i vH %
AT, 35 EOR LA G R 3 NI BE, 43 T E
RT-APTT-PT-TT, M/ Sk 6P B 2ot 18,

2 ZRE5H

2.1 EERBERRIESEDLEERALE
A ZR 0% O 1R R A BE 0\ Q-Sepharose FF
P FAC ek, T8 i 43 4 i mT A4S 30 P A AN ]
My T A REMBEE FAMFBGR D. it
W5 RILF-B BRI & & & m, 153 33.5%, 2 F-
AHSr 16.5%) B 2 1. 2 W8 738 Hfa il 4593 2%
BEIMES FAHD F-AM BB FEME W, 94
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BE A A 2.2 71 2.6, BAA ELEUT RIIETE . il
TR E F-A MIEE S T84 742 kD, KT &6 s
F-BEED T & 175.9 kD)
*1 SEEEREREBRESSTFAES
F-ATIF-BHMS FENRBREE
Tab.1 Peak-molecular weights (Mp’ and sulfated ester

contents of F-A and F-B from Laminaria japonica

Hry  HGERREE/% BESTEA 2HRE

Fraction Sulfate ester content Mp I
F-A 16.5£0.7 742 2.2
FB 33.5+0.3 175.9 2.6

SRR ORI, K H H0, 5 CEHEAE A RE
3 A DU SR R 40 102 V8 R W O I I %
f#. 1 KA 9% Hy,O, A% 5 B 58 W n e Fa A
BRI MRS T 415 Fo2 Tl Fa2, 70 = 20 AR HEFR
R b RPEBEi B . Fb2 25 AP ek 7 53 A 1
SRR, W5 & 8.1 kD, 40 i REH 1.8, L
SFHS F-A R F-B 5725 N8 H; T Fa2 45>
A 2 VL, 3B PN SR, (B R4 T AR
ML, S AN 1.2, BES>TEN
1.7 kD. TR F 4.5% 1 15% 17 HyO, 3817 E 4L B4

HERBOREEN, HlA KRS TFEAL SN
TR 5 H 9%H,0, K=Y HE & AL, 57
E¥H1.5kD M 8.0 kD A 4. ViU KA H0,-
Cu?+ VR F P M8 o VB T M R IR 1 v LLAS B 5y 7 & AH
AR TEHEY . ZRESLRLEREY,
E AR R P4y T R AR R AR A A AL

% 2 ARAARFEREN HO, BB A E
BREREEFT 15 3| (K 5> 7 B4 2 i HR AL R 1 B 5L
LRI, HoOp i FEXT A H L PR P =) (R R AR & &
HREW. K 4.5%H,0, %1 8.7 kD 414 Fbl
BRERHR & S o, 15 21 38.5% » (B 2 = R R, A
12% ; % H 9% H,0, %5 f#13 28.0 kD 414 Fh2 f6n
TR A R &, I8 3 36.5%, H =% @ik 35%, W
BET 4.5% B0, Hl& MR G REKHD . H
2 ORI H 9% INE 15%, 52 ES FEA
SRR S B AR R M. g E 9 E W Fbl
FFR2 & K& 1R AR % (45 ARSI HD .
Nardella 25 3% F A th 5 A AL FEAR T M- SERT IR 22 4%,
WERI 724 7.8 kDA 8.3 kD A H 47, 45
REARWFFAREL, SR A BT DR R ST &
SRS FEHS

F2 RAAREREIECSEBEERERSE NS ERERERARE SRR
Tab.2 Physico-chemical characteristics of fucoidans fractions by free radical oxygen degradation with

different hydrogen peroxide content

HO0, k% 4045 g5 F & kD BRI S & /% TR
H,0, content Fraction p Sulfated ester content 1
4.5% Fal 1.5 14.6+0.5 1.1
Fbl 8.7 38.5+0.3 1.8
9% Fa2 1.7 26.4%0.5 1.2
Fb2 8.1 36.5+0.2 1.8
15% Fa3 1.5 4.5+0.6 1.1
Fb3 8.0 22.5+£0.3 1.8
16 000 ——F) 2.2 HREBETMEREEIURIMLIEMEN LR
5 140 %30 FACEB R S F i B R 50
10000 Fo2 ~ Ko7 =4 A B R bt stE i b, DA
£ 6000 FRHEAT 20 103 T (0300 R, AP b 08 0
h 3000 P55 ¥ 7 BT 2% (150 U /mg) o383 8l 3 U/
0 = E— - mg) - WREIN, 5 5 R 0E On IR B 1 1k 22 4 iR e
ETHIﬂ /min Timc i%%ﬁll\éﬁ’/fﬁj( E@%Hﬁ o %ﬁj\%éﬁﬁj\ F—A\ F—B ﬁ"/fﬁ

1 EERMEGREMCS T 45 Fo2 Al Fa2 76 & 3K
A FAHEBR AR b A BRI 1
Fig.1 HPSEC chromatograms of low molecular weight
focoidan fractions Fb2 and Fa2

R HUERE I, AT LR K RTAPTT A1 TT, {H
&X PT WmA K, Hh i K LEm4ls F-B it
EBEHER R EY, Ko F 84 175.9 kD, RT.
APTTTT 4> HiE 2] T FF 3 19 35.8%+86.64 % Tl
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27.8% MR T ELE T 33.5%. FFEZRE>T
(1) F-A MR B AR & & LUK (16.5%) , & P Bk g
P BT F-B. ULHIRRER IR & &6 =2 002
FHEORIRER UG ME M — R, TRIR IR & &
T, H B
BT A RIS ER AR 2 A B A S b P
J5. 1R BRI TR 8.0 kD ZE A 4 4 Fbl 1 Fb3
TR B R B PUERTE M, R B = 1L K RT.APTT
FTT. LH SRS Fbl X RT WA RE T &
ST F-A EEIFRT 9.7%, (B EXT PT 1
YEFFF AN B Fbl A1 Fb3 4> T &A% M, #4
8.0 kD 7- 47, {H 2 Fbl MG R IR & & 2 Fb3 19 1.6

f%,Fbl * RT-APTT M TT M EEMES T
Fb3. fHZ B, 415 Fbl 1 Fb3 M0 &e 0 I
KF&EasTFHdsy, TREZFRTFSW &S T4
F-B. WWEKRIM, 5> F &7 2kD £ A 45 Fal #
Fa2 MHusei &%, % RT\APTTTT.PT MRt
HANF 1. B Fa2 MRBIR S EEE 26.4%, 2
ERpENEEEFERK TS 7 8.0kD A5
Fa2 MR IR IR & & & Fal M9 2 1%, (B2 Fal MPikk
MR Fa2 MBI, UEBAA RO R BR 1) 7+ &%
PUEE ML 1 5% AR K, 2 F B B iy, e 8 1. 3% 1 Bk
o T AR R AR & 2 XK 4 7 R4 5 BBk I35 14 5
ML/

3 AREREREEEE S LB MIE TR LR

Tab.3 Physico-chemical characteristics and anticoagulant activities of fucoidan fractions from Laminaria japonica

44 S?jﬂfﬂff é:,fer IE 5 T B D - ?;iﬁllfﬁﬁ_?oagulant index - -
Fraction content Peak-molecular weight RT/W'mg™ APTT/WU*mg " PT/WU'mg™» TT/U'mg™»

F-A 16.5+0.7 742 13.23 15.32 1.17 27.25

FB 33.5+£0.3 175.9 52.77 129.96 1.08 41.70

Fb3 22.5%0.3 8.0 11.36 7.61 1.23 6.28

Fbl 38.5+£0.3 8.7 14.50 9.65 1.04 8.91

Fal 14.6+0.5 1.5 0.65 0.69 0.16 0.29

Fa2 26.4+0.5 1.7 0.55 0.57 0.27 0.28

A= 150 150 150 150

APTT: 1% {030 45k 1L 75 By Bof (7] ; PT: %8 0L B J B (A7 ; TT: 48 L BG B 9] s RT: 1 3% 55 45 B+ 1]
APTT: activated partial thromboplastin tim; RT: recalcification time; PT: prothrombin; TT*: timethrombin time.

3 it

AR HyO,-Cu? ¥ P B EE B B AL
WA E BRI IR R, /] IR T 220 8.0 kD /&£
AM1.5KD e RS T R4 . KR EE L,
BRWEN TR, 7 TEB.0KD ZE A A
ST AR & B . Nardella %5 130 5% F S W 41 4
SR FR VIR 5T B, 98 9 S 9 DR OBE O TR R A
H,0,-Cu?™* 9%) 721 A i B AL B AR )5, 1R 6R =
FERETR (00 BOHIK L R T, T &5 B0 MR 1R
WA f & B AR D> Bk, o7 DL 72 B
R a R R MR A P, IR0 S R IR Y
W AR R A PR A B AR T Ao R AT B R AR
38 3 A Ty A Bk g, PT LA R o R R
& 7R B B2 HO, MR &I, A REA
PO TR =0 PO B 3 % o, L A ™ 2, BRI bl R
H,0,-Cu?* 9% B H1 5 P A = — P AR I B 1l 4% =

TR 7 =5 R R R B 7.
AEFFRA T RT.APTT.PT #1 TT iX 4 M8
Fr R TR 4> F EAARGRIBAR & BN S SR
TR BRI PLEE . BT U R IR, B AR LRI 1Y
H2MESTHS F-A F F-B k5 FEA 8.0 kD
KA 2 B A B R R, 4 PP S #X RT
APTT #1 TT A & ZF 04 &, WX PT &M A K.
RT H1 APTT 2 & FH 1 J5 Bt A Y 4 gk I A1 1 95 47 1
f6¥5. APTT & nl LA A PR IS 2 BRI R 7 1) 2 &
S, TR Bk VI LA & 178 JE At o 5 5% L TR 7, 4 1) 2
VI~ IX- X~ XI- X0 R0 AU Bk B B 09 1 %€ . RT A0
APTT HHEK Ui B 5 8 R MR AR BR B 0 P VR B I R ¢
BHIEEA, T BB BRI E Y APTT HI MW
L RT ENE3, &6k 45>+ F-B 19 APTT 34 o]
LLIEF] 129.96 U /mgs AT F11 86.64% - TT &l
S O A S Vi o B 1 A 7 T 4 B 9 TR A AR
YR AR DR e b TT FERK VLS
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Vo T WA R I X I Bl R A A B A O R A I
H, @R S5 F F-B X TT B4 i f ok, 2 ar Lk
2] 41.7 U/mg. PT 2 & HhI5EE M 5 505 B AR A0
A S s bR 19720 SRR MR NS 6 PT M
M IR B 3%, 45 £ 5 Nishino & B & A7 1 $2 B
()2 BB FE IR R IR 2043 W BUge i R A — B, Ui &
T TR BE R W G 0 AR Bk I AR S AR N, 8 B Bk
5 T 3 B 1l I P VR M R LI AR SR SEILE . Mau-
ray 25 VI o vk 1M P 2R R S 06 AF B, o B MR R R
B pTE M yE M T B2 WS HCIl K E &9,
T 48358 H: 470 %68 10 6 (945 A - Nishino 4 B0 7% %
W, HERERRAE R ST E A R4S &, R
Il YRR & 12 BT Xa R 05 TR B 1 7= A2 T
PO e ML B AR . BT DA T 2 v B PR AR IR TG 7E
TT W] e A VLEZ . — 5 1, 5 B R B TR Bk 45
& B YR A R BBk I B 5 A (7 A O BRI B
b, BELIE B I B X AF S B IR AR s 5 — 5 T, A
TR WET TR TG S 9 5 370 ok 110 Bl 7 1, O B 300 vk 1fm. iy

AN AT I, /N5y F 1 Fbl A1 Fb3 % RT
MYEFE T APTT. RT fil APTT #BHE [ B X4 1
PRI B RS 0 W, JrAS [/ @) 2 76 RT &t I 52 4%
I3 R & N AR L 3E, APTT 5656 F 1 2 73 1ML
NBR L3R 5 TR L HE ARG 43 1 2 (1) 7 8 208 0 A TR i o
ety M/ G, A AN B 0 a1 0T/ A5 2 T e 1. B )
TR T ELIE ] T /MR B e S R 200, R
REIFLEIL A R — 2P BRI

AWTFUEF B B PR AE SIS BB R AR & = A 4y
FEAR WA BERERRERA 7, LR el bt
PR R I, 7 52 5 5 5 SR B R R B P 1
MEZERFE. F-AFEB S TEE#KT 100 kD, bt
R E S T2 A HEREREIM 8.0 kD
1.5kD A& T EH 5, WIS T 2 &, 5t
BRI . RN, IR IR & ' PrktE A
M. AH [R5 F & 0 25 8 20 0 A T I o TR AR & Bk
s PUECR . BRI, XM R AR & B 1A
[7) , 0 R 15 3 2 3 R0 O TR B ) T 46 1k 2
Mk N, 40 F& FEE 1.5 kD, SRR & 21 %
MIFtAEHE /N T o IX—45 187 Haroun-Bouhedja s l12]
A1 Nardella 25 M358 7N [7] 1) 36 3 5 5 28 B8 670 R i 41
AHI R PR TIESE . UL &9 T b B
PR RS = T R DU L 25 i e R

o [ L R A8 P P B e v AR Y B0 A 4R

BRI TR 7 A B R ST R ) B BRI AR IR B 2R
FEGRER MR, T 24 JF A bt A2 25 ) 32 0t F = 1) % U
BRAE BRI IR A S LT R 2R B R 53
PIARIR BT FAR LE, i A SRR IR I R 22 42
To¥5 BB R AT DA N F S i A0, I AR
I BT 9 ) -

52 3k
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Anticoagulant activity of fucoidans from Laminaria japonica by free radical oxy-
gen degradation

ZHAO Xue!; FU Hai-jian"?, XUE Chang-hu', MIAO Ben-chun®, FU Xue-yan'
1.Ocean University of China Food Chemistry and Technology Colleage, Qingdao 266003, China; 2.China Motorway Industry:
Rizhao 276800, China: 3. Institute of Marine Drug & Food of Ocean University of China; Qingdao 26603, China)

Abstract: Fucoidan is a kind of natural active polysacchardes containing sulfate group from brown algae and
possesses excellent biological properties; including anticoagulant, anti-thrombosis and anti-tumor: antiviruss
and so on. It is a very excellent natural resource for functional food and medicine. In this study: we attempt-
ed to determine the relationship between the chemical properties and the anticoagulant activity of fucoidan
fractions from Laminaria japonica . Fucoidan fractions from Laminaria japonica with different molecular
weight and sulfated ester content were prepared by ion-exchang: chromatography and free radical oxygen
degradation and their anticoagulant activities were investigated by classical coagulation assays activated par-
tial thromboplastin time (APTT) ; recalcification time (RT), prothrombin time (PT) and thrombin time
(T » using heparin as reference compound. By ion-exchange; two different large molecular weight fucoidan
fractions; low sulfated F-A and highly sulfated F-B; were obtianed from the crude polysaccharides of Lami-
naria japonica . Two fractions with molecular weight of 1.5 kD and 8.0 kD were obtained by free radical
oxygen degradation from large molecular weight crude fucoidan. The sulfated ester content of fraction with
molecular weight of 8.0 kD was especially higher than that of F-B. This method was used in high yields and
good reproducibility. Fucoidan, especially fraction with large molecular weight of 17.5 kD and high sulfated
ester content of 33.5% > had significant activity in APTT, TT and RT’ but without showing any effect in
PT. This result indicates that fucoidan has an inhibition on the intrinsic and /or common systems but no ef-
fect on extrinsic part of coagulation system. The composition of fucoidan had influence on anticoagulant ac-
tivity» especially the molecular weight was found to be a more critical factor than sulfated content. The anti-
coagulant activity of fucoidan significant decreaded with the decrease of molecualr weight. The more highly
sulfated fucoidan fractions were found to affect the agulant time to a higher extent when evaluated on a
weight basis. In general; the anticoagulant activity of fucoidan clearly increases with the increasing molecular
weight and sulfated content. [Journal of Fishery Sciences of China,2007,14 6):1 017 —1 022]
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