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Studies on the Blood Anticoagulant Polysaccharide Isolated
from Hot Water Extracts of Hizikia fusiforme

Kyung-Im Kim, Hae-Duk Seo, Hyun-Sun Lee, Hong-Yeon Jo and Han-Chul Yang'r

Graduate School of Biotechnology, Korea University, Seoul 136-701, Korea

Abstract

This study was focused on the purification, characterization and promotion mode of an anticoagulant
polysaccharide from Hizikia fusiforme. The anticoagulant crude polysaccharide(HF-0) was obtained
by using hot water extraction at 100°C for 3 hrs after homogenizing desalted Hizikia fusiforme. The
anticoagulant polysaccharide(HF-2-3-1a) was purified from the crude extract(HF~0) through stepwise
gradient ethanol precipitation(HF-2), DEAE-Toyopear] 650C(HF-2-3), Sephadex G-75(HF-2-3~
1), Sepharose CL-6B(HF -2-3-1a) chromatography and HPLC to homogeneity. HF —2-3-1a was estimated
at 5.3 X 10° Da molecular weight and composed of fucose(51.92%), galactose(19.34%), mannose(13.92%),
xylose (7.14%), arabinose(3.95%) and rhamnose(3.78%), and comprimised 29.7 % sulfate residue. The
sulfated anticoagulant polysaccharide from HF-2-3-1a was proposed to inhibit via the intrinsic
pathway and common pathway in the blood coagulation. The HF-2-3-1a exhibited the anticoagulant
activity by activating an antithrombin Il and the activity depended on the concentration of HF —-2-3—
la. Acute toxicity of HF-2 in mice was not detected. Only 14 of 33 control mice(11.4%) that had
taken saline survived for 30 min after injecting thrombin(100 NIH unit/ml).
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Hizikia fusiforme
extract with water at 100°C for 3 hrs
and centrifugation(7,000 rpm, 20 min)
HF-0
stepwise EtOH precipitation
| |

HF-1 HF-2 HF-3
30% EtOH ppt.  70% EtOH ppt. 70% EtOH sup.
Ton exchange chromatography using
DEAE-Toyopear] 650C
stepwise gradient (D.W.-2.0M NaCl)

C | |

HF-2-1 HF-2-2 HF-2-3 HF-2-4 HF-2-5

(D.W) (05M) (1.0M) (15M)  (2.0M)
Gel permeation chromatography
using Sephadex G-75
HF-2-3-1 HF-2-3-2
Gel permeation chromatography
using Sepharose CL-6B
HF-2-3-1a HF-2-3-1b
| HPLC
Purified anticoagulant
polysaccharide

Fig. 1. Separation and purification procedure of blood
anticoagulant polysaccharide from Hizikia fusi-
forme.
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Fig. 2. Anticoagulant activity and yields of various sol-
vent extracts from Hizikia fusiforme.
Anticoagulant activity of each sample(1mg/ml) was
examined through the aPTT and 30 sec control time.
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Table 1. Chemical compositions and anticoagulant activities of the Hizikia fusiforme extracts obtained by various

temperatures

Extraction

Extraction temp. time(hr)

Protein
(%)

Total
sugar(%)

Uronic Sulfate Clotting time(sec)
acid(%) (96) 2501g/ml 500ug/ml

4°C 24

25°C 24

50°C 2

70°C 2

100°C 2

100°C after

. 2

homogenizing

10.1
214
204
25.2
252

27.0

716
54.0
364
489
534

68.7

245 18.38 53.0 100.0
26.1 26.93 68.4 1410
262 23.87 69.9 143.0
232 28.70 104.0 244.0
247 3370 166.0 284.0

21.3 30.48 190.0 321.0

400

300 -

200 -

Clotting time(sec)

100

HF-0 HF-1

HF-2

HF-3

Fig. 3. Anticoagulant activity of subfractions by ethanol”
precipitation and HF-0 from Hizikia fusiforme.
HF-0: Hot water extract of Hizikia fusiforme

HF-1: 309% ethanol precipitate of HF-0
HF-2: 70% ethanol precipitate of HF-0
HF-3: 70% ethanol supernatant of HF-0

M 500ug/mi, EX3: 250ug/ml, [J: 100ug/ml

210 g4 cigtel Fx
o2RE 2% ¢y 2o HF-2 JE&
DEAE-Toyopearl 650C(Cl" form)& ©]-4-3}+ NaCl
=% 27} jon exchange chromatography 2 A A3 A
5} 1.0 M NaClel A $-Z3 HF-2-3 2 #°] 250ug/ml
o] FrolA 2422 E 7P FA o] Eghen AR
H]-8-2- fucose 61.48%, galactose 20.09, mannose 6.34
%2 WNEF2RE 253 3433 Ealo] o2& fuc-
oidano}glE B 79} 23S o 4= ok (Table 2).
o] & B2 Sephadex G-75 column<- o] -&-3}o] Ex}3k
w2 200 HEo 2 v A9 Fig. 9840 o =&
void volume %92 HF-2-3-1 3#-& Sepharose CL—
GBoﬂ |&A7 & oA 2709 3 E-(HF-2-3-1a, -1b)
o7 B3sleich(Fig. 5). FAI ] vbdal HF-2-3-1a

of| A} -3 &Ao] E9ton o] 8 #-& Sepharose CL-
6Bl A28 A3t 971 WA QD peak s @ UHFig.
6). Table 20141 = 7z AA| A2} F4 A58
7o &8 FAE v astyl o AAE A PE 42
aPTT&A o] A3} Fr}ste A 3¢ 2Qv} HF-2-3-

ook

Table 2. Yield, chemical composition and anticoagulant activity of each fraction during the purification step from

Hizikia fusiforme

HF-0 HF-2 HF-2-3 HF-2-3-1 HF-2-3-1a
Anticoagulant activity at

100Hg/mi(sec) 55 62 151 207 235
Yield(%) 16.2 115 19.7 15 1.2
Sulfate(%) 21.0 21.7 25.3 276 29.7
Protein(%) 270 14.2 10.3 81 8.1
Total sugar(%) 68.7 79.8 834 88.4 89.2
Uronic acid(%) 21.3 276 199 25.5 25.7

Sugar composition (mole %)

Rhamnose 5.2 53 1.88 377 3.78
Fucose 295 33.7 61.48 55.06 51.92
Arabinose 2.1 33 2.27 3.11 3.95
Xylose 54 85 594 6.45 714
Mannose 271 119 6.34 10.12 13.92
Galactose 135 16.7 20.00 19.67 19.34
Glucose 17.2 20.6 2.04 - -
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Fig. 4. GPC chromatogram(A) and anticoagulant activity
(B) on Sephadex G-75 of HF-2-3.

1.5
HF-2-3-1a —&— Total sugar(490nm)

1.2 —0— Protein(280nm)

o
©

Absorbance

BB : 500:g/mL
1 250pg/mL
1 100ug/mL

.

Clotting time(sec)

100

0

HF-2-3-1a HF-2-3-1b

Fig. 5. GPC chromatogram(A) and anticoagulant activity
(B) on sepharose CL-6B of HF-2-3-1.

75_:]

la Z GPC type?] HPLCE 33 43 57} =& B
< #l3ld 21 Sepharose CL-6B columng ©]-&

3}"4 EAFL EE dextran™} ¥ A4 g A #2}

old

2
i

FZ

RN U]

0.7

0.6 7.5e+3 |

= 5.0e+5

0.5
25045

0.0
000 025 0850 075

“Kav

0.4
1.0p

03

Absorbance

0.2

0.1

0.0

20 40 60 100

Fraction number

0

Fig. 6. GPC chromatogram and molecular weight deter—
mination of HF-2-3-1a.
The column(2.4X89cm) of sepharose CL-6B was
eluted with 0.2M NaCl. T-2000, T-500, T-70 and
T-40 are standard dextrans of 2 X 106, 5% 105, 7x10*
and 4X 10" molecular weight.

Ve-Vo Vo! void volumn
Vt: total volumn
Vit-Vo ve: elution volumn

—aA—: Total sugar(490nm)

*Kav=

&+

2 o 53%x10° Da2g &35 ch(Fig. 6).
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AAHE HF-2-3-1a &2 2355’:93‘4(Table 2). HF-
2-3-1a%] 3pebA 242 whilA 8.1%,  89.2%°]aL
o] & AbA o] ek 257%2 T A7) ¢l 29.7%2)
S % Fioke FRYROR Faldgon 3
A7k Aol Gt Fabrle] o] FEE d 4
it FF-Al e 2412 fucose 51.92%, galactose 19.34
%6, mannose 13.92%, xylose 7.14%, arabinose 3.95%,
rhamnose 3.78% & %2 3-H-5 ¢ 2l HTable 2).

HF-2-3-1a8l 22| HSTAHolM SSTH HA|
chetel 3y
Thrombinoll CHEF X8 24

Table 3ol 4} A At} (HF-2-3-1a)-<= heparin® vt
A7 2 A2 ) S50nmel e § 2 93} Apo]
ol A A o] ¢lsdeh. o] 712 HF-2-3-1a =8t hepa-
rinx ¥ 2144 2 2 & thrombinell =H-4-3Fx] %3}t 7)
Zo]| Zx)35}+= antithrombin III*} heparin cofactor II



Table 3. Effect of heparin and HF -2-3-1a on fibrin for-

mation
Concentration Turbidity
(ug/ml) at 350nm
. 25 0.12
Heparin 50 0.11
(167 NIH unit/mg) 100 01l
100 0.248
200 0.199
HF-2-3-1a 300 0.188
400 0.190

The turbidity was measured by using 0.5 unit of thrombin
and 1.5mg/ml of pure fibrinogen.
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we} F7bsht PTE 37h8kA] 2 A0 2 Bof o] o
32 99l A A B} opd WQlA AR} FEA R A
43l 43 FAS Jebd & o A Fig. 7).
g HF-2-3-1a9] 8% 842 heparin¥ ¥ F%
&Aool F& o 9l en TTS A4 Xt aPTT
o] &Ao) FA3F) Frlete ALE FEAERG U
A AR F2 2438t 71 © 2 heparin cofactor II+&
factor Xaell Ho}E A3}E Yol|x] = 708 ¥ FH
o] glom 2 (22) AAF-&(HF-2-3-1a) antith-
rombin III¢} A dsle] 387 A& Vel 7oz
Rl

g2 729| jn vivo test

doll A 9] &3 &A
Tye AYE
u]—a]_%_/\k.o_ JoHA %L.Q.ﬁ AL 1,].5}.
X ‘4 100mg/kge] F=l A -6 = 46.6%
E&S ¥olr g2 BAS vete] 250me/kg
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Fig. 7. Anticoagulant activity pathway of HF-2-3-1a
from Hizikia fusiforme.
—A—: Activated partial thromboplastin time(aPTT)
—{+: Prothrombin time(PT)
—O—1 Thrombin time(TT)

FoJ Al 100% AEES et sich(Table 4).

(@] oF
i =

g4 A AL kg 5t
53525l tiste] a5 B4 9 HAAAA
A8 ¥ 99 ¥(Hizikia fusiforme)l A 3+
2], AAsa of ohe] 33
g4 712& zAFst A e EE], AA
(Hizikia fusiforme)?] 24%FZE(HF-0)% eth-
anol 5% AL A Ag A3} 70% ethanol =0l 4
A3 HF-2 8 ¥-0] 714 B4 o] ¥ 3kv} HF-2E pro-
o]g-3te] WAz} B35S A
= Bajsle] 2412 v wdk A3} &4 9 Al ohdel
¢lt}. DEAE-Toyopearl 650C(Cl form)2] o]-2n.8 =2
ErtEa =g HA 3] 58] o2 el o
1.0M9 NaCl %4 455 HF-2-3 3 &0] 713

nase®} periodateE

Table 4. Effects of HF-2 on thrombin-induced thrombosis in mice

Sample Concentration(mg/kg) Mice(no.) Survival(no.) Paralysis(no.) Death(no.) Rate of survival(%)
50 15 4 9 2 26.7
100 15 7 5 3 46.6
f}is;}ﬁe 150 15 8 4 3 533
200 15 13 1 1 86.7
250 15 15 0 0 100
Saline 33 4 13 18 114

Each sample was dissolved in saline. Each value represents the survival at 30 min after administration of bovine thrombin
12 unit intravenously. Agents were administrated intravenously 10 min prior to the injection of thrombin.
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Aol Estc}. HF-2-3 8 #4 Sephadex G-75(HF-
2-3-1)9} Sepharose CL-6B(HF-2-3-1a)2 Aeis} =
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S+ #Ao] eyt
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