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As it has been shown that the anticoagulant activity of heparin is dependent'” on
its sulfate content, many heparinoids, prepared by sulfation of polysaccharides from
plant or animal tissue, have been studied®”. Bernardi and Springer found® that a fucan
sulfate (fucoidan) from the brown seaweed Fucus vesiculosus showed potent anti-
coagulant activity. Thereafter, various fucan sulfates showing anticoagulant activity
were isolated® " 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'*'® a highly purified fucan sulfate (C-11) having potent
anticoagulant activity (130-148 units/mg) from the brown seaweed Ecklonia kurome. It
consists of Fuc, Gal, GIcA, and sulfate in the molar ratio of
1.00:0.11 ~0.19:0.02 ~0.07:1.22 ~ 1.48. We also reported'’ that C-Il has a (1 - 3)-linked
a-L-Fuc backbone with sulfate groups attached mainly at O-4. In a previous paper'®, we
demonstrated the relationship between the molecular weight and the anticoagulant
activity of C-11.

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-I1) was isolated from E. kurome and

then purified as already described'*'.
General methods used were as described previously'. 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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spectra. and the molecular weights were determined as already deseribed ™. Electropho-
resis (200 V. 15 min) was performed on a cellulose acetate membrane (Separax. 6 x 1]
cm. Fuji Film Co. Ltd., Japan) using 0.1m pyridine AcOH buffer (pH 3.53). Anu-
coagulant activities of fucan sulfates were examined by the APTT. PT. and TT assays
according to the methods of Andersson ¢ al.”, Quick™, and Denson and Bonnar ',
respectively, as described previously'™ The activities of the fucans are expressed as
units/mg in relation to that of heparin (167 umits/'mg) as a standard.

Partial desultarion of C-I by solvolysis. - This wag performed by the method of
Nagasawa ef al.”. About 750 myg of C-T1 (1%, wiv) in witer was applied 1o a column (8
= O cem)of AG 30W = ¥ {F . 200400 mesh) for decationization. and the combined
eluate and water washings {4 ) were made neutral with pynidine at 4 and lvophilized.
The resulting pyridinium salt of C-11 (200 mg) was dissolved in 20 mb of 97 (vivy
Me,SO- MeOH. The solution was heated for 3h at 80 and then adjusted to pH 9.0 with
0.1 NaOH. The product was applied to acolumn (2.5 « 927 cm) of Sephadex G-10, and
a major fraction (60 mg) ol tugh molecular weight cluted 1 the vord volume was
obtained. Tt was further fractionated by anion-exchange chromatography ona column
(1.5 % 25cm) of ECTEOLA -cellulose (Cl ). The column was first washed with water to
give a non-adsorbed {raction (D8-80-3, 26 mg) and then developed with a hinear
gradient of 0—2M NaCl (400 mL) to elute the adsorbed acidic fraction. The fractions
were obtained after dialysis by lyophihzaton. Other baiches of the pyridinium sali of
C-11 (200 mg each) were partially desulfated by solvolysis under various reaction
conditions, namely for T hoat 8¢ or for 1, 3 and 6 h at 50 The respective parual
desulfated fucans, DS-80-1 (34 mg), DS-50-1 (61 mg). DS-30-3 (66 mg). and DS-50-6 (81
mg) were obtained by treatment as just described.

RESULTS AN DISCUSSION

Preparation of desulfated fucans from C-I1. — Partially and completely desulfated
fucans were prepared from C-11 by solvolysis'™ under various conditions. The products
obtained by treatment at 80 were fractionated into 4 large proportuon of high mofecu-
lar weight (HMW) and a small proportion of depolvmerized fructions by column
chromatography on Sephadex G-10. suggesting that solvolysis of C-11 under these
conditions may be accompanted by some cleavage of glycosidic inkages. Under alt of
the procedures conducted ar 507 little depolymerization of C-1 occurred. The respec-
tive HMW fractions were further chromatographed on o column of ECTEOLA-
cellulose. Their clution profites are summarized in Fig. | The HMW {raction (80 . 3 h}
gave only one non-adosorbed fraction {(135-80-3), whereas the corresponding fraction
(80 ., 1 h) gave a large amouni ol acidic fraction (DS-80-1) along with a small amount of
a non-adosorbed one. The other HMW fractions (50, 1, 3, and 6 h) cach consisted of an
acidic fraction only (128-50-1, DS-50-3. and DS-30-6). Electrophoresis indicated thar
DS-50-1. DS-50-3, and DS-50-6 cach behaved as a single band, and showed o descreas-
ing order of mobilities, as fotlows: C-11:> DS-50-1 2> DS-50-3 = [DS-50-6 (Frg. 23 The
DS-80-1 and DS-80-3 fractions were not stained with Tolwdine Blue
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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™.)

Fig. 2. Electrophoretic patterns of C-11 and the partially desulfated fucans.

Properties of the partial desulfated fucans. — 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-11 was complete upon solvolysis for 3 h at 80° in dimethyl
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sulfoxide- methanol, altough a slight amount of giycosidic cleavage occurred. These
results also showed that each fucan obtained differed from the others only in its sulfate
content.

Anticoagulant activities of the fucans having different sulfaic conrens. - The parent
C-IT and the foregoing desulfated fucans were examined for anticoagulant activities in
the APTT, PT. and TT assays. which are related to intrinsic and extrinsic coagulation
pathways and antithrombin activity in plasma, respectively (Table 1), In all of these
assays, the desulfated fucans showed significantly lower activitics as compared to that of
C-11 {the parent fucan), and DS-80-1 and DS-80-3 were inactive. DS-30-1, DS-30-3 und
IDS-50-6 retained 28. 16, and 11% of the original acuvity tC-1 tuken as 100%) with
respect to APTT. and 42, 29, and 4% of the original with respect to PT. respectivelv. Ina
previous study'®, we demonstrated with respect 1o APTT. that the fucan sulfate having
molecular weight 10 000-30 000 showed the highest activity and above this range the
activity decreased, whereas for PT, the activity of the polysaccharide was independent
of its molecular weight, In the present study, C-11 and the desuliated fucans were shown
to have molecular weights ranging from 8 000 to 18 000. Tt was thus concluded that only
the sulfate content of the polysaccharides affects their anticoagulant activities with
regard to APTT and PT. As for the TT assay, DS-50-1 and 138-50-3 retuined respec-
tively 21 and 11% of the original activity, We previously reported™ that the ant-
thrombin activity of C-11 increases with increase in the molecuiar weight up 1o ~ 30000,
In the present study. the molecular weights of the desulfated fucans obtained were
shown to be lower that of C-11. However, the difference in molecular weight between
C-ITand each of the desulfated fucans obtained was upproximately equal to the amount

TABLE ]

Properties of C-11 and the partially desulfated fucans

Fucary [/ DN-50-1 DS-30-3 DS-3-60 DAE&-] 0 [38.84-3

Muolecular weight” F7RO0 16 500 12500 10 300 40 TG

Components
{molar ratio)

Fuc 100 1.00 10O L.O0 1o0 .00
Cral SRE 014 .16 R oid Ge
Xyl Trace N.Dv N, N N N
GlcA .02 (.03 [$RIM] (IR (RN .02
Sulfate [ 102 .63 .41 027 N

Anticoagulant activity
(units;mg)*

APTT {30 36 21 (4
PT 24 1o 7 i
TT &Y 4 2

“Ref. 16,7 Estimated by gel filtration on a column (1.2 % 953 cm) of Sepharose CL-6B with 0.2m Na(l as
cluent. " Not detected. “ Expressed as units;mg in relation to activity of heparin (167 units mgt ' No activiny,
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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 sulfate®, and the fucan sulfates® from the brown seaweeds F.
vesiculosus and Pelvetia canaliculata, 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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