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Note 

The sulfate-content dependence of the anticoagulant activity 
of a fucan sulfate from the brown seaweed Ecklonia 
kurom& 
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As it has been shown that the anticoagulant activity of heparin is dependent’,2 on 
its sulfate content, many heparinoids, prepared by sulfation of polysaccharides from 
plant or animal tissue, have been studied3-‘. Bernardi and Springer founds that a fucan 
sulfate (fucoidan) from the brown seaweed Fucus ~~esiculosus showed potent anti- 
coagulant activity. Thereafter, various fucan sulfates showing anticoagulant activity 
were isolated9~” from several brown seaweeds. However, a possible relationship be- 
tween the physical and chemical properties, the structures, and the anticoagulant 
activities of these fucan sulfates remains to be firmly established, because most of the 
fucan sulfates obtained have not been fully purified. 

Recently, we have isolated’4,‘6 a highly purified fucan sulfate (C-II) having potent 
anticoagulant activity (13&l 48 units/mg) from the brown seaweed Eckloniu kurome. It 
consists of Fuc, Gal, GlcA, and sulfate in the molar ratio of 
1 .OO:O. 11 - 0.19:0.02 - 0.07: 1.22 - 1.48. We also reported” that C-II has a (l-3)-linked 
a-L-Fuc backbone with sulfate groups attached mainly at O-4. In a previous paper16, we 
demonstrated the relationship between the molecular weight and the anticoagulant 
activity of C-II. 

Here, we have prepared various fucans having different sulfate content by solvo- 
lytic desulfation of C-II and have compared the chemical and physical properties, as 
well as the anticoagulant activities, of the product. 

EXPERIMENTAL 

Materials and methods. ~ Fucan sulfate (C-II) was isolated from E. kurome and 
then purified as already described’4T’6. 

General methods used were as described previously14. The constituents, i-r. 

* Presented at the 15the International Carbohydrate Symposium, Yokohama, Japan, August 12-17, 1990. 
’ Supported by a grant from the Japan Shipbuilding Industry Foundation. 
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Fig. 1. The elution profiles of the partially desulfated fucans by ECTEOLA-cellulose column chromato- 
graphy. [Carbohydrates in the column eluates were monitored by the phenol-sulfuric acid method’5.] 

Fig. 2. Electrophoretic patterns of C-II and the partially desulfated fucans 

Properties of thepartial desulfatedfucans. -Properties of C-II and the respective 
partial desulfated fucans are summarized in Table I. As shown in Table I, the molecular 
weights decreased in relation to the decrease in sulfate content. The respective molar 
ratios of components of the fucans obtained were very similar to each other, except for 
the sulfate content. The molar ratios of sulfate to total sugar residues of C-II, DS-50- 1, 
DS-50-3, DS-50-6, DS-80-1, and DS-80-3 were 1.08, 0.85, 0.54, 0.35, 0.23, and nil, 
respectively. The i.r. spectrum of DS-80-3 showed that the sulfate absorption band at 
1240 cm-’ was absent, indicating the absence of sulfate in DS-80-3. This result showed 
that desulfation of C-II was complete upon solvolysis for 3 h at 80” in dimethyl 
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of sulfate removed from C-II (although a slight decrease in molecular weight by 
depolymerization was also observed), indicating that decrease in the molecular weight 
may be mainly due to the decrease in sulfate content. These results thus show that the 
antithrombin activity of the fucans may be dependent on their sulfate content. Other 
workers have reported very similar relationships between the anticoagulant activity and 
sulfate content of several sulfated polysaccharides, such as heparin’,“, dextran sulfate”, 
heparan sulfate dermatan sulfatez3, and the fucan sulfates” from the brown seaweeds F. 
uesiculosus and Pelvetia canaldculata, which resemble that obtained in the present study. 

This work suggests that, in order to develop potent anticoagulant activity, the 
sulfate~total sugar residues ratio may be required to be more than unity in the fucan 
sulfate, and also indicates that the fucan sulfates having this ratio <0+3 had no 
anticoagulant activity. Whether or not the anticoagulant activity of the fucan sulfate 
can be improved by chemically increasing its degree of sulfation is yet to be established. 
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