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Title of the Invention

Antithrombotic

Technical Field
This invention relates to antithrombotic agents which
prevent the extension of thrombi and stimulate lysis

thereof.
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Background Art

Thrombosis is a disease caused by blood coagulation in
living blood vessels due to the imbalance of ©platelets,
coagulation and fibrinolytic system which basically should
maintain fluidity of blood in the blood vessels. Thrombi in
coronary arteries éause myocafdial infarction and those in
venous vessels in the lower limbs and so forth cause deep
vein thrombosis. Abnormal activation of coagulation system
due to severe infectious diseases or tumors leads to thrdmbi
in | systemic capillary- blood vesseis and results in
disseminaté& intravascular coagulation syndrome (hereinafter
referred to DIC). The DIC caused by severe infectious
diseases often complicates by multiple organ failure. and
very poor prognosis. Various countermeasures have been
developed to treat the thrombosis which shows extremely
Vafious symptoms depending on the sites of onset.

Urokinase, tissue . plasminogen activator (hereinafter
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referred to t-PA) or heparin and so forth have been used for
the treatment of myocardial infarction and deep vein
thrombosis and heparin has also been applied to DIC.
However, urokinase has drawbacks of low.affinity to fibrin,
and t-PA s expensive and has very short half-life. In
addition, percutaneous transluminal coronary recanalization
and reperfusion therapy by direct pefipheral intravenous
administration lwith t-PA are liable to cauge recurrence of
thrombosis. Heparin has problems which requires at- a
definite concentration or over of antithrombinlll to secure
the desired effect to exert |its therapeutic effect.
Furthermore, these drugs cause serious adverse effect of
bleeding, thus synthetic 'anti-protease drugs have been
developed to cope with the difficulties. However, no
sufficient solution of the adverse‘effect has been obtained
and problems such as an extremely short half-life rémajn
unsolved. |

| Dermatan sulfates have been reported to exert anti-
coagulant activity wvia heparin cofactorll, but on their
fibrinolytic activity, acceleration of release of t-PA by
dermatan sulfates ﬁas been reported (Abbadini, M.. et al.,
Blood, 1987, 70, 1858-1860), while, no effect of dermatan
sulfates on the amount of t-PA or fibrinolytic activity
(Tripodi, A. et al., Thromb. Res., 1991, 62, 663-672) has
been reported and definite effect on fibrinolytic system is

unclear.
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Dermatan sulfates which have been used in various
experiments or as a medicine under development are derived
from intestine or skin of porcine or boviﬁe (Fareed, J. et
al., Recent Advances in Blood Coagulation, 1993, 6, 169-

187). No activity of dermatan sulfates derived from the

other origins has been Kknown.

Disclosure of Invention

The 1inventors of the present invention have been
investigating the effect of dermatan sulfates on the
fibrinolytic system and found that thrombolytic activity is
enhanced by their presence in comparison to that in their
absence. In addition, the inventors found that cumulated
antithrombotic activiti of dermatan sulfate administered in
the 1living body composed of both anticoagulation and
fibrinolytic activities 1is particularly significant for
specific dermatan sulfates héving intrinsic viscosity of 0.8
100 mL/g or over, specific dermatan sulfates derived from
rooster comb, specific dermatan sulfates having ADi-0S at a
rate of 2-7% in their constructing disaccharide, or specific
dermatan sulfates having average molecular weight of 25,000-
100,000 dalton determined by the method described later, and
additional}y particular specific dermatan sulfates having
very low content 6f heparin or heparan sulfate among
dermatan sulfates aiorementioned. The present invention |is

accomplished by the above mentioned findings.
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The present invention relates to the antithrombotic
containing the effective ingredient of dermatan sulfates
shown _above or to combined use of dermatan sulfates with
tissue plasminogen activator (t-PA).

Dermatan sulfates have a main structure of repeating
disaccharide composed of 'N-acefylfD-galactosamine—4-SQIfate
and L-iduronic acid including a small amount of D-glucuronic
acid and have different contents of sulfuric acid and D-
glucuronic acid, and different binding sites of sulfuric_

acid and so forth, depending on the source of animal species

-and organs and so on.

Dermatan sulfates can be produced generally from raw
materials of mammals and so forth such as bovine or porcine
intestinal mucosa or skin, or rooster combs.

The present inventors found that the activation of
piasminogen with single~ or two-chain t-PA can be enhanced
in the presence of dermatan sulfates obtained from these raw
materials or their pharmacologically acceptabie salts
comparing to the case in the absence thereof. Furthermore,
the preseht inventors also found that the specific dermatan
sulfates of the present invention having intrinsic viscosity
of 0.8 100 mL/g or over, preferably 0.9-2.0 100 mL/g, being
derived from rooster comb, 2-7% of ADi-0S, preferably 3-6X%,
in their constructing disaccharide, and an average molecu;ar

Veight of 25,000-100,006, preferably 30,000-60,000 dalton

~determined by gel filtration described later in Biochim.
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Biobhys. Acta, 1117, 60-70 (1992), particularly those having
very low content of heparin or heparan sulfate or
ﬁharmacologically acceptable salts thereof administered in
the living body can be maintained for a longer duration in
the blood than the other dermatan sulfates and exhibit
pharmacological effect of all-embracing antithrombotic
activity not only with fibrinolytic activity but also ;ith
anticoagulant activity and accomplished the present
invention.

The pharmacologically acceptable salts of dermatan
sulfates include such as sodium,. potassium, lithium and
calcium salts, but sodium salts are generally administered.
The tissue plasminogen activators (t-PAs) used for the
present invention include.both endogenous and exogenous,
single- and two-chain, and natural and gene recombinant
products. Furthermore, t-PA analogues partially defective
in amino acid composition or havihg extra amino acids may be
used in so far as they exhibit plasminogen activating
property (see EP-A-112122).

Dermatan sulfates or pharmacologically acceptable salts
thereof (hereihafter may be referred to DS) sufficiently
exhibit their pharmacclogical activity with single and scole,
or once or repetitive administration. The dermatan sulfates
can be administered bf intraﬁenous, intraarterial or intra-
coronary arterial iajections and may be used subcutaneously

or intramuscularly. DS and t-PA can be administered
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simul taneously in the same routes or separately.

When the ©blood <concentrations of DS and t-PA are
expected to become excessive to the effective concentrations
by aforementioned intracoronary arterial or intravenous
adﬁinistrations, then intramuscular or subcutaneous
administration may be adopted other than the aforémentioned
routes.

Pharmaceutical preparations of dermatan sulfates can be
sui tably prepared with conventional rharmaceutically
acceptable adjuvants such as stabilizers, emulsifiers,
osmotic pressure moderators, pH adjusting agenté and so
forth. '

DS is singly administered at doses of 50-3,000 mg/day
in total for an adult patient and . may be concurrently
administered with 10,000~500,000 I[.U. (international unit)
of t-PA. These effective ingrediénts may be used once or
dividedly in two to several portions in a day with suitable
intervals. Furthermore, DS -may be intravenously
administered for consecutive several days.

As shown above, DS or pharmacologically 'acceptable
salts thereof can be used to activate fibrinolytic activity
as a useful thrombolytic accelerator. Particularly the.
specific DS of the present invention having characteristic
features of intrinsic viscosity of 0.8-2.0 100 mL/g, derived
from rooster combs, having ADi-0S8 at a rate of 2-7% in

their constructing disaccharide, or having an average

————
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molecular weight of 25,000~100,000 dalton determined by the
method described later, especially those having a very low
confent of heparin or heparan sulfate or pharmacologicall§
acceptable salts thereof exhibit marked effects. While,
those having intrinsic .viscosity éver 2.0 100 mL/g or
average molecular weight of over 100,000 dalton | show
elevéted viscosity in highly concentrated solutions-and are
not recommended because of disturbed blood flow rate.
Fufthermore, concurrent administration of DS described above
or their pharmacologically acceptable salts and t-PA
markedly increase the thrombolytic activity and cén reduce
the dose of t-PA for the treatment and prevention of
thrombosis as useful thrombolytic agents.

Particularly, aforementioned specific DS or their
pharmacologically acceptable salts of the present invention
maintain effective blood concenfration for a long duration
than those of the other DS or their pPharmacologically
acceptable salts and exhibit prevention of expansion and
inhibition of thrombogenesis, or stimulate the thrombdlysis
when administergd in the living body. Thus, they érovide
excellent effects 'against disseminated intravascular
cocagulation (DIC) lsyndrome, .multiple organ failure
accompanied with multiple thrombi, and deep vein thrombosis,
etc. :These effects can be observed not only in the
-aforementioned disegses but also in all types of thrombi and

used for their treatment and prevention in arteries,

r
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capillaries and veins. Furthermore, the specific DS or
their pharmacologicall? acceptable salts of the present
invention can be used for the prevention of blood <clotting
in the extracorporeal circulation such as haemodialysis .for
patients suffering from renal disease.

Heparin <(hereinafter referred to .Hep) or heparan
sulfate (hereinafter referred to HS) contaminating in DS can
" be removed to give Hep or HS free DS (hereinafter referred
to DS-H(-)). Intravascular, subcutaneous or intramuscul#r
injection of the resultant DS-H(-) provides decreased
occurrence of adverse reactions such as bleeding.
Especially, administration to patients with bleeding
- tendency due to decreased platelets and coagulation factors
provides decreased occurrence of adverse reactioné such as
bleeding and is particularly safe.

Brief Description of the Drawings

Fig. 1 shows the changes of blood concentration in rats
6f sodium dermétan sulfates derived from rooster comb (see
Reference example 1, RCDS) and from bovine small intestine
(see Reference example 2, BIDS).(see Example 1),

@ shows administration of BIDS, O shows administration
of RCDS, A shows administration of BIDS-H(-), O shows
administration of RCDS-H(-) and X shows overlapping of @,
O, A and@d .

Fig. 2 shows the stimulative rate of BIDS on the

activation of plasminogen with single-chain tissue
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plasminogen activator (sc-tPA).

Fig. 3 shows the stimulative_rate of BIDS on the
activation of plasminogen with_two-chéin tissue plasminogen
activator (tc-tPA).

Fig. 4 shows the stimulative rate of RCDS on
plasminogen activation with sc-tPA.

Fig. 5 shows the stimulative rate of RCDS on
plasminogen activation with tc-tPA.

Fig. 6 shows the stimulative effect of lysis of BIDS on

human plasma clot.

Best Mode for Carrying Out the Invention
The present invention will be practically explained by

the following Reference examples and examples.

Reference example 1
(1) Preparation of DS from rooster combs

One kilogram of rooster combs were minced,_boiled in hot
water and digested at 50°C for 12 hrs. with 5 g of Pronase
(Kaken Pharmaceutical Co., Ltd., Trade name). The digested
mixture was filtered through diatomaceous earth and the
filtrate was adjusted pH 5.8-6.3 and digested at 50C for 3
hrs. with 1,000 TRU of a hyaluronidése derived from
§tregtomxces microdrganisms (Seikagaku Corp.). The digested
mixture was added Qith NaCl up to 0.65M and pouréd onto an -

anion exchange resin column of 3 x 20 cm (DiaionRTM HPA-10,

!
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Mitsubishi Kasei Corp.) -equilibrated with 0.5M NacCl
solution. The column was successively washed with 0.5 L of
0.65M NaCl and 0.3 L of 1.1M NaCl solutions, then eluted
with 1.8M NaCl solution. The eluted fractions were
collected, evaporated under reduced pressure. The combined
condensed fractions was dialyzed overnight against distilled
water. The dialysate was evaporated to 10 mL and mixed with
5M NaOH to give 0.5M NaOH solution. The alkaline solution
was kept at 37°C for 90 minutes, cooled and neutralized with
acetic acid glacial. The neutralized solution was mixed
with 2-fold volume of ethanol. The formed precipitates were
washed succéssively with 70% ethanol, pure ethancl and
ether, and dried over phoséhorous pentoxide .under reduced
pressure.

In 125 mL of water, 5 g of the dried precipitates were
allowed to stand overnight and a small amount of undissolved
precipitates were removed by centrifugation at 10°C and
10,000 rpm for 15 minutes. The supernatant was diluted with
125 mL of 10% aqueous'sodigm acetate solution, mixed with
ethanol in an ice bath to give final concentration of 45%
and allowed to stand at 4°C for 20 hrs. The centrifuged
precipitétes were successively washed with 90% ethanol, pure
ethanol and ether, and dried over phdsphorous pentoxide
under reduced prassure td, give pure DS sodium salt
(hereinafter referrad to RCDS). |

Tﬁe isolation #nd purification of dermatan sulfates
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from rooster combs can be performed not only by the method
shown above but alsc by methods disclosed in Japanese
Published Examined Patent Application Nos. 9042 (1985) and

21241 (1986).

(2) Rémoval of heparin (Hep) and heparan sulfate (HS)
from DS
A small amount of Hep and HS contaminating DS can be
removed'by one of the following methods.
1) Ion exchange chromatogréphy method
Fifty grams of RCDS obtained by the preceding ’method
(1) was placed on An anion exchange resin, DiaionRTM HPAl1l
(Mitsubishi Kasei Corp.) previously equilibrated with 1.1M
NaCl, of column of 4.5 x 27 cm, washed with 8 L of 1.1M NacCl
and eluted with 8 L of 1.5M NaCl solution. The pooled |
eluate was condensed with a rotary Evaporator, dialyzed and
precipitéted by the addition of ethanol up to 42% or
1yopﬁilized to give standard RCDS (RCDS-H(-)) free from Hep
and HS.
2) Nitrous acid cleavage hethod
The cleavage was perfqrmed by the method of Shively and

Conrad (Biochemistry,

15, 3932-3942, 1976). That is, a
mixture = of 400 mL of 0.124 mg/mL of barium nitrite
.monohydrate and 400 mL of 1IN HySO4 prepared at -10°C was
c;ntrifuged at 3,000 rpm.for_2 minutes to give 500 mL of a

supernatant. To 500 mL of 0.1 mg/mL of RCDS, 500 mL of the

¢ 11
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supernatant was admixed and allowed td stand far 10 minutes
at room temperature. The mixture was neutralized with
NapCOg3 solution. The procedures after condensation were
carried out as those in procedure 1) to give standard RCDS

(RCDS-H(-)) free from Hep and HS.

Reference example 2

Preparation of DS from mucosa of bovine small

intestine

Ten kilograms of bovine small intestine was cut into
pieces, fcllaowed by removal of feces and fats, then the
mucosa was isolated. The mucosa was mixed with NaOH,
adjusted to 3 L of 2.5N NaOH solution and extracted at 37T
for 2 hrs. The extract was neutralized, filtered . through
diatomaceous - earth, dialyzed and'centrifuged to give a
supernatant. The supernatant was mixed with an equal amount
of ethanol and 5 g of sodium acetate to give precfpitates.
The collected precipitate was dissolved in .0.65M NaCl
solution and afterward, in a similar manner with that of
Reference example 1, poured onto an anion exchange resin
column. The column was successively washed with 0.65M and
1.1M NaCl solutions and eluted with 1.5M NaCl solution. The
combined eluate fraction was dialyzed against distilled
water and the dialysate was admixed with calcium acetate and
acetic acid to the final concentrations of 5% and 0.5M,

respectively. Ethanol was added to the solution and the

—_—_—
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fraction precipitated at 15-30 v/vX were collected. The
collected precipitate was converted to sodium salt thereof
with an 1ion exchange resin, and washed and dried in a
similar manner with that of Reference example 1 to give DS
sodium salt (hereinafter referred to BIDS).

Hep or HS was femoved from BIDS in a similar manner
with that of Reference example 1 (2) 2) to give BIDS-H(-).

Comparison of characteristic features of ‘dermatan
sulfates were carried out with dermatan sulfate derivéd from
- porcine intestinal mucosa (Celsus Lab. Inc..#nd distributed
by Cosmobio Co., Ltd.) and that from porcine skin (Seikagaku

Corp.).

Reference example 3
Comparison of physicochemical properties of various
dermatan sulfates with different origins

(1) Determination of average molecular weight
The average molecular weight of DS was determined

according to the method of Arai et al. (Bipchim. Biophys.

Acta, 1117, 60-70, 1992). That is, gel filtration with high
performance liquid chromatography (HPLC) using
glycosaminoglycans with the known molecular weight as .a
standard sample was applied and the molecular weight was
determined from their relatively eluted fractions. A series
of columns were prep#red of TSngIG4OOOPWXL, G3000P¥WX; and

G2500PWXL (TOSOH Corp.) with 7.8 mm inner diameter and 300
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mm length, respectively, eluted with O.QM NaCl solution at a
flow rate of 0.6 mL/minute, and defeéted with a differential
refractometer.
(2) Analysis of composition of disaccharides

The determination of the site'of sulfuric acid moiety
of DS was performea according to New Biochemical Experiments
3, Saccharidell, pp. 49-62 (1991) (pub. by Tokyo Kagaku
Dozin Co., Ltd.). That is, DS was digested with
chondroitinase ABC and the produced disaccharide having
unsaturated bond (unsaturated disaccharide) was analyzed
with HPLC as it is and compared with that of the chondro-6-
sulfatase treated aforementioned unsaturated disaccharide.
The conditions of digestion with chondroitinase ABC,
desulfation with chondro-6-sulfatase, and énalysis with HPLC
are shown below. -

a) Digestion with chondroitinase ABC

7,

According to Yoshida's procedure (Anal. Biochem.,
327-332 (1989)), in 20 2L of 10 mg/mL agueous solution of
DS, 20 #L of 0.4M Tris-HCl buffer (pH 8.0), 20 uL of 0.4 M
sodium acetate and 20 uL of 0.1% bovine serum albumin, and
120 pL of water were added, then 20 sL "of 5 U/mL of
chondroitinase ABC was added and incubated at 37C for 2
hrs.

b) Digestion with chondro—ﬁ#sulfatasé

In 100 2L of the above mentioned chondroitinase ABC

digested .product, 20 uL of 5 U/mL chondro-6-sulfatase

L 14 .
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dissolved in 20 mM Tris-acetic acid buffer (pH 7.0) was
added and incubated at 37°C for 2 hrs.

c) Analysis with HPLC

Fifty microliters of the solution digested with
chondroitinase ABC or further digested with chondro-6-
_ sulfatase was analyzed witﬂ an HPLC apparatus (Hitachi
Ltd.). An ion exchange column (YMC-Pack PA-120-S5, 2.6 mm
in inner diameter and 250 mm in height) was used and the
absorbancy at 232 nm was determined. The elution was
performed at a flow rate of 1.5 mL/minute with concentration
gradient of 800 mM sodium hydrogenphosphate from 0% to 100X
in 60 minutes. The peaks of eluted unsaturated
disaccharides having sulfuric acid residue at various sites
were identified.

{(3) Determination of intrinsic viscosity

The determination of intrinsic viscosity was carried
cut acco;ding to Japane;e Pharmacopoeia XII with an
automatic viscometer (Rigosha Co., Ltd., VMC-052 type). A
solution .of 0.2M NaCl was used as a solvent and also used
for the determination of flowing .time in Ubbeloh&e
viscometer. Determination of viscosity was performed at
- 30+£0.1°C and three consecutive data of flowing time with
differences within 0.1 sec. was used for the calculation of
éhe intrinsic viscosity. The flowing time was rounded at
0.01 sec. and calculation of the values of intrinsic

viscosity was carried out by the following equation.

!
—————— b
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7red = (t /ty-1)/C

in which tg = flowing rate of solution, ty = fldwing
rate of solvent, and C = concentration of sample (w/w%) were
used. |
The reduced viscosity (7 red = (ts/to-l)/C) was plotted on a
vertical axis against the concentration on a horizontal
axis, and tﬁe intrinsic viscosity was obtained from an
intercept 1in the vertical axis by extrapolation of the
obtained straight line to the concentration "O".
(4> Résults

Table 1 summarizes the results of experiments  (1)-(3).
The average molecular weight of DS derived from rooster comb
was 38,000 dalton with intrinsic viscosity of 1.21. - In

contrast,' the other three DSs had quite different

physicochemical properties and showed average molecular

weight of 14,000-16,000 with intrinsic viscosity of 0.44-
0.68, 1indicating marked difference between DS qerived from
rooster comb and those derived from the other sources. The
average molecular weight of DSs'derivéd from bovine and
porcine intestines was 16,000 and 18,500, respectively, by
the method of the present inventbrs as shown in Table 1
though they had been reported as 25,000 (Thromb. Res., 171,
417-422, 1993) and 35,700 (Blood, 74, 1577-1582, 1989),

respectively.
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Table 1 Physicochemical properties of
various dermatan sulfates

Dermatan sulfate Bovine Porcine Porcine Rooster
intestine intestine skin comb
Average molecular 16,000 18,3500 14,000 38,000
weight
Intrinsic viscosity 0.68 0.58 0.44 1.21
(100 mL/g&) )
Composition of disaccharide (%)
ADi-0S 0.69 0.69 0.34 4.97
ADi-68 ' 2.52 4.85 0.85 4,41
ADi-48 87.22 83.83 90.22 82.91
ADi-diSD 0.16 0.351 0.22 0.92
ADi-diSB 7.63 §.31 8.38 6.13
ADi-dis 1.58 3.59 0.00 0.65
ADi-tri 0.18 0.24 0.00 0.00

Abbreviations expressing the composition of disaccharide
are shown in Table 2

Table 2
Rt R? R3

ADi-0S H H . H
ADi-6S S05” H H
A Di-4S H S05” " H
ADi-diSp S04~ H S04~
ADi-diSg SOg~ S05” H
ADi-diSp H 5047 S0g”
ADi-tris S04~ S04 S0g”

T 17
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The present invention will be explained in detail by

the following practical Reference eXample and Examples.

Referehce éxample 4
Determination of Hep or HS in DS
1) Method
Determination of Hep or HS in DS was performed b§ the
following three methods..
a) Enzyme digesting method
Following three enzymes digest only Hep or HS but do
not digest DS (New Biochemical Experimenfs, 3, Saccharidell,
Pp. 244-249, 1991, pub. by Tokyo Kagaku Dozin Co., Ltd.),
thus, these properties were applied to the determinations.
That is, in 500 £ g of DS obtained by Reference examples 1
or 2, three enzymes of 20 mU'of heparitinasel , 20 nU of

heparitinasell, and 50 mU of heparitinaselV dissolved 1in

101{L of 20 mM Tris-HCl buffer, 10 mM CaCly (pH 7.0) were -
added and incuﬁated at 37C for 2  nhrs. The reaction
mixtures Qere anal&zed by HPLC under the same conditions
with those used for the determination of average molecular
.weight to detect and dgtermine the forhed unsaturated
disaccharides at 230 nm.
b) Determination of inhibitory activity 0of active type
fact'érX with Hep or HS antithrombin 11 activation

activity.

——
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Hep or HS has an inhibitory activity against active
type factor X (Xa) <(hereinafter referred to anti-Xa

activity), one of the coagulation factors, by activation of

'antithrombinﬁl, while DS has_no such activity (Tollfsen, In
*Heparin®, pp. 257-273, Eds.: David A. Lane and Ul{f Lindahl,
Edward Arnold, London 1989). Applying this pfoperty; anti-
Xa activity was determined using various concentrations of
Hep to {find a range having dose dependent relationship
between the inhibitory activity and doses of Hep. The
minimum dose of Hep for the maximum inhibition was 'found,
wherein the inhibitory rate was regarded as 100%, and the
inhibitory rate solely with antithrombin I jn the absence
‘of Hep was regarded as 0%. The relationship was plotted to
define a calibration curve. Similar determination was
carried out for the DS samples of the present invention and-
the amount of Hep or HS was determiﬁed by comparing obtained
anti~-Xa activity to the calibration curve.
Practically, following procedure was carried out. 0.3

mL of 50 mM Tris-HCl (pH 8.0), 150 mM NaCl, 10 mM CaCl,,

(buffer), 0.1 mL of 1 U/mL of ~antithrombinll (bovine,.Sigma)
and 0.1 mL of Hep (3.03-2 ug/mL, bovine intestine, Syntex)
or 0.1 mL of DS samples (50-100 u g/mL) prepared as Hep or
HS freé as described before were mixed at 4C andlthen the
mixture was incubaied at 37°C for 2 minutes. Next, 0.1 mL
of Xa (7.1 nkat/aL, bovine, Chromogenic AB Co., Ltd.,

distributor Seikagzku Corp.) was added to the mixture and

0’ 1 9
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the mixture was incubated at 37C. After 5 minutes, 0.1 mL
of 100 uM of a synthetic substrate (Boc-Ile-Glu-Gly—Arg-
MCA, code 3094V, Peptide Research Inst.) was added to the
mixture to incubate at 37?3 for 3 minutes and the reaction
was terminated by the adding 0.3 mL of 30% aceti¢ acid.
Finally, 1 mL of a solution comprising 7 volume of 50 mM of
the aforementiond buffer and 3 volume of-30% acetic acid was
added to the mixture to give the sample for determination.
The determination was performed with a fluorophotometer
(Japan Spectroscopic Co., Ltd., FP-777) at excitation wave
length of 350 nm and fluorescence wave length of 444 nm.

It was confirmed beforehand that anti-Xa activity of
antithrombinlll itself was almost negligible in the absence
of Hep or HS under the present determination conditions.

The inhibitory rate was calculated by the following

equation:
. A-B
Inhibitory rate = 100 - —— x 100 (%)
-~ C-B
A ; determined value of sample containing Hep or DS.

value obtained in the presence of a buffer instead of
antithrombinfl, Hep or DS, and Xa in the above

mentioned procedure.
C ; value obtained in the presence of a buffer instead of
antithrombinll in the above mentioned procedure.

¢) Determination of inhibitory activity for active type

factorII by Hep or HS through antithrombinlll activation

action.

Hep or HS has an inhibitory activity against active

7
*
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ype ©Of coagulation factorl (Ha), one of the coagulation
gactors, by activation of antithrombinll, that is,
antithrambin action <(hereinafter referred to anti- a
action), while Ds has no such activity (Tollfsen, In
sHeparin”, pp.257-273, Eds: David A. Lane and Ulf Lindahl,
gdward  Arnold, London 1989). Anti-Ia activity was
determined with various concentration of Hep using the above
mentioned proﬁerty to define the dose dependent relationship
range between the inhibitory activity and doses of Hep. The
minimum dose of Hep for the maximum inhibition was found,
wherein the inhibitory rate was regarded as 100% and the
inhibitory rate solely with anti-thrombinll in the absence
of Hep was regarded as 0%, The relationship was plotted to
define a calibration 'curve.' Similar determination was
carried out for the DS sample of - the present invention and
the amount of Hep or HS was determined by comparing obtained
anti-a activity to the calibration curve.

Practically, following procedure was carried out. 0.35§
mL of 20 mM Tris-HCl (pH 7.4), 150 mM NaCl, 10 mM CacCl,,
0.1% bovine serum albumin <(buffer) and 0.1 mL of
_antithrombin
WM ¢1 U/mL, bovine, Sigma), and Hep (0.3-20 x g/mL, Dbovine
intestine, Syntex) or DS (50-100 u g/mL) prepared as Hep or
HS free as described before were mixed at 4°C and then the

mixture was incubated at 37°C for 2 minutes. " Next, 0.05 mL

of @Oa (50 mU/mL bovine, Boehringer) was added to the

2
»
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mixture and the mixture was incubated at 37°C. After 5
minutes, 0.1 mL of 70 uM of a synthetic substrate of Bgc-
Val-Pro-Arg-MCA (code 3093V, Peptide Research Inst.) was
added to the mixture and incubated at 37°C for '3 minutes.
The reaction was terminated by adding 0.3 mL of 30% acetic
acid to the mixture. Finally, 1 oL of a solution comprising
7 volume of aforementioned buffer énd 3 volume of 30% acetic
acid glacial was added to the mixture to give the sample for
determinatian. The determination was performed with a
fludrophotometer (Japan Spectroscopic Co., Ltd., FP-777) at
excitation wave length of 350 nm and fluorescence wave
length of 444 nm. It was confirmed beforehand that anti~-II a
activity of antithrombin Il itself was almost négligible in
the absenée of Hep or HS under the present determination
conditions. The inhibitory rate was calculated by the
following equation:

A-B .

Inhibitory rate = 100 - ——— x 100 (%)
C-B
A ; determined value of sample containing Hep or DS.
B ; value obtained in the presence of a buffer instead of

antithrombinll, Hep or DS, and @M a in the above
mentioned procedure.
C ; value obtained in the presence of a buffer instead of
antithrombinll in the above mentioned procedure.
2) Results
The results obtained by the above mentioned three

methods afe shown in Table 3.
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Table 3

Method a) Method b) Method c¢)

BIDS-H(-) 0.00% 0.013% 0.000%

RCDS-H(-)* 0.00% 0.023% 0.003%
BIDS 0.81% 0.30% ND
RCDS 0.26% 0.16% ND

ND: Not determined
¥:Sample free from Hep or HS prepared by the ion exchange

chromatography mentioned in Reference example 1 (2) 1).
Example 1

Differences in the duration of blood concentration of

RCDS, BIDS, RCDS-H(-) and BIDS-H(-) afterl

administration were investigated in rats

(1) Materials and method

6.5-7.5 Week o0ld of male Sprague-Dawley (SD) rats
(Charles River Japan, Inc.) were used. RCDS, BIDS, RCDS-H
(-) and BIDS-H(~) were used as test samples. Rats were
anesthetized with ether and 10 mg/kg of each test sample was
administered in tail vein. Blood Qas drawn from the
inferior vena cava & and 126 minutes after the
administration under ether anesthesia into tubes containing
1 volume of 3.2% citric acid per 9 volumes of blood. The
plasma was isolated with centrifugation and the quantity of
DS in plasma was determined according to "New Biochemical
Experiments”, 3, Saccharidesll, pp. 175~179. That is, the
plasma was desalted through a PD-10RT™  cojumn (Pharmacia
Biochemicals Inc.)?, lyophilized, digested with
chondroitinase ABC, ultrafiltered through'é membrane with a

7
*
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cutoff molecular weight of 5,000 and the resultant filtrate
was analyzed by HPLC.
(2) Results

The resuits are expressed in relative residual rate (%)
of DS to that at time 0 (zero) and shown in Fig. 1. The
residual rates of RCDS and RCDS-H(-) were about 2-times
higher than those of BIDS and BIDS-H(-) at 5 minutes after
the administration. RCDS and RCDS-H(-) showed about 10%
residual rates ét 120 minutes after the administration,
while BIDS was scarcely detected. RCDS-H(-) showed slightly
higher residual rate than that of RCDS at 5 and 120 minutes

after the administration.

Example 2
The antithrombotic effeét of DS was investigated in
rat inferior vena cava thrombosis model.
(1) Materials
6.5-7.5 Week old male Sprague-Dawley (SD) rats (Charles
River Japan, Inc.) were used. RCDS and BIDS were used as
Ds.
(2) Method
Preparation of expefimental thrombosis model
Rat thrombosis model was prepared according to the

method of Reyers et al. [Thromb. Res., 18, 669-674 (1980)1.

That 1is, rats were laparotomized under anesthesia with

1 RTM

Nembuta (Dynabott-Dainippon Pharmaceutical Co., Ltd.)

r
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.and ligated just below the branch of left renal vein of
inferiorl vena cava with a surgical silk thread (Ne. 7,
diameters of 0.48-0.56 mm: Shin-ei Co., Ltd.). The test:
samples of RCDS and BIDS were administered in the tail vein
at doses of 1, 3 and 10 mg/kg at 1 minute prior to the
ligation. Control group was given saline solution. Rats
were laparotomized under ether anesthesia 3 hrs. after the
ligation and'the vein was incised to extirpate thrombi. The
thrombi were allowed to stand overnight at 37°C and the dry
weight thereof was measured. The obtained data were
statistically analyzed with Newman-Keuls methﬁd.
(3) Results

The results are shown in Table 3. The relative dry
weight of thrombi of both DS groups administered 1 mg/kg to
that of the control group showed 60% of 1inhibition rate.
However, the weight of the thrombi of RCDS group decreased
up to 2.4% and 0.0% at doses of 3 and 10 mg/kg or over,
respectively, compared to that ¢f the control group, while
that of BiDS group decreased up to only 34.1% and 2.4% in
comparison to that of the control group, respectively,

indicating the usefulness bf RCDS.

—
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Antithrombotic test in a rat
.inferior vena cava thrombosis model

Relative
weight ratio (%)

O N

W o,
N W

Test Dose Average dry weight
sample (mg/kg) of thrombi (mg)
Saline S 4.1%+0.7
(control)
RCDS : 1 2.5+0.9

3 0.1x0.1%*

10 - 0.0%0.0%*
BIDS 1 2.6 0.6

3 1.4+0.8%

10 0.1+0.1%*

N O h O

Example 3

model of rat inferior vena cava.

(1) Materials

used as DS.

(2) Method

"The effects of DS on the thrombogenesis and

é 6.5-7.5 Week old male Sprague-Dawley

(Charles River Japan, Inc.) were used.

*; p<0.05, *%; p<0.0l, compared to the control group.

Control group had 14 rats and two DS groups had 6 rats,

‘respectively, and their mean values were calculated.

thrombolysis were investigated in a thrombosis

(SD) rats

RCDS and BIDS were

1) Preparation of experimental thrombosis model

Rat thrombosis model was prepared by ligation of the

inferior vena cava in a similar manner to that of Example 2.

The test samples were administered in the tail vein at doses

[
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of 3, 10 and 30 mg/kg, respectively, in 0.5 mL/kg. Control
group was given saline solution. 1In the control group, 6
hrs. after ligation ahd in the test group, 2 hrs. after the
administration (8 hrs. after ligation), rats were
laparotomized under ether anesthesia and blood wag drawn.
Then, the veins are incised, thrombi were extirpated and
allowed to stand at 37°C overnight to determine the dry
weight thereof. The resultant data were statistically
analyzed by Newman-Keuls method.

2) Preparation of euglobulin fraction

In a plastic test tube, 0.5 mL of plasma was placed and
9.5 mL of deeply cooled 0.0IN acetate buffer (pH 4.85) was
admixed thereto, ' which was allowed to stand in a
refrigerator for 1 hr., centrifuged at 3,000 rpm for 5
minutes to give an.euglbhulin fraqtion. The precipitates
were admixed with 0.5 mL of Tris-HCI buffer (pH 7.4) to give
a clear solution.

3) Determination of fibrinolytic activity

In a hole of fibrin test plate, 10 #L of euglobulin
fraction was placed and left at 37°C in an incubator for 18

hrs. and fibrinolytic area (square of diameter) was

measured. The fibrinqutic area is proportional to the .

strength of plasmin activity. The resultant fibrinolytic

data were statistically analyzed by Newman-Keuls method.
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(3) Results

The results ére shown in Tablé 4.

In the Table 4, Control-6 hrs. represents the group
with laparotomy under anesthesia 6 hrs. after ligation of
vein, followed by drawing blood and extirpating of thrombi.
Control-8 hrs. represents thé group with administration of
saline solution 6 hrs. after ligation of vein, followed by
drawing biood and extirpéting thrombi after further 2 hrs.

1) Effects on inhibition of thrombogenesis

and on thrombolysis.

Thrombi were observed in all groups, but marked
differences were found among the groups as shown in Table 4.
Both RCDS and BIDS administration groups showed  dose
dependent decrease in thrombi weight compared to that in
Control-8 hrs. group. Furthermorg, groups administered 30
mg/kg of BIDS and 10 mg/kg or over of RCDS exhibited lighter
thrombi weigh£ than that in Control-6 hrs. group indicating
not only iﬁhibition of thrombogenesis but also thrombolytic
effect. In other words, RCDS showed more potent inhibitory
effect on thrombogenesis and thrombolytic effect at smaller
doses than that in BIDS group.

2) Effect on fibrinolytic system

RCDS and BIDS were administered at doses of 3, 10 and
30 mg/kg, respectively, and plasmin activity in plasma was
determined after 2 hrs. (8 hrs. after ligation of vein).

The results are shown in Table 4. Plasmin activity in RCDS

. 08 ) —————
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group given 10 mg/kg and in BIDS group given 30 mg/kg or
over was significantly higher than that 'in the control

group. This results indicate the excellent effect of RCDS.

Table 4
Test Dose Pry weight of Fibrinolytif
sample (mg/kg>  thrombi (% ratio activity Fal)
to Control-8 hrs.) % ratio to-
. Control~8 hrs.)
Control- —_ 70 9 Not determined
6 hrs.
Control- — ' 10011 100+ 4
8 hrs. _
RCDS 3 . 73+ 9 110 5
‘ 10 56+ 12 165+ 10%"
30 ' 54%11 204 % 15+
BIDS 3 : 90+ 18 108+ 6
10 7916 114+ §
30 60% 8 158+ §**
1

Area for fibrinolysis compared to Control-8 hrs.

*+. p<0.01

Weight of thrombi was expressed as % ratio to Control-8
hrs. which was made 100%. Control-8 hrs. gfoup had 16 rats’
and the other groups had 8-9 rats, respectively, and their

mean values were calculated.

Example 4
The comparative test of aﬁtithrombotic effects of DS
on endotoxin induced rat DIC model
(1) Materials
5.5-6.5 Week old .ﬁale Sprague-Dawley (SD) rats
(Charles River Japan, Inc.) were used. Rat was anesthetized

.’ 29
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with intraperitoneal injection of NembutalBIM and the 1left

thigh was incised. A polyethylene cannula (PE-10, Imamura

Co., Ltd.) was reirogradingly inserted from the incised site
to ventral vein at 4 cm distance therefrom and fi%ed. After
emergence, an endotoxin (Escherichia coli 055:B5, Difco Co.,
Ltd.) was continuously infused with an infusion pump (Model-
22M, HARVARD) through a syringe at a rate of 3.75 mg/kg/hf.
for 4  hrs. Test .sample, RCDS-H(-) or BIDS-H(-),- was
simul taneously with endotoxin and continuously infused for 4
hrs. with a cannula attached to right vein. Control -group
was given equivalent volume of saline solution with that of
test sample administered group for 4 hrs. |
(2) Test items

After the édministration of endotoxin, blood was drawn
and kidneys were extirpated and the following items were
determined.

1) Platelet count: Platelet was counted with an
auntomatic hemacytometer (Celltac MEK-4500: Nippon Denko Co.,
Ltd.). _ |

2) Fibrinogen: Plasma was isolated and determined with
.fibrinogen determination kit (Sunassay FibrinogenRTM,
produced by NITTO BOSEKI Co., Ltd., distributed by Sanko
Junyaku Co., Ltd.).

3) Fibrinogen-fibrin degradation productsl(FDP): Serum
was isolated and FDP was determined with FDP determination

latex reagent (FPDLRTM test, Teikoku Hormone Mfg. Co.,

3
»
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Ltd.).

4) Renal glomerular fibrin deposit rate (%GFD): The
kidneys were fixed with 10% neutral formalin buffer
solution, embedded in paraffin, sliced and stained with
phosphotungstic acid-hematoxylin.. Renal glomeruli were
microscopically observed in the whole field of the kKidney
specimens and the numbers of fibrin deposit were counted and
expressed as percent ratio. The resultant data were
statistically analyzed by Newman-Keuls method.

(3) Results

The results are shown in Table 5. Platelet count,
fibrinogen and FDP was 75 x 104 2L, 216 mg/dL, and 2.5
Lg/mL or less, respectively, and no_%GFD was detected 1in
normal- group. _However,-endotoxin induced DIC rats showed
abnorﬁal corresponding rate of 14 x 104 #L, 35 mg/dL, 34.3
#g/mL and 61%, respectively.

DS-H(-) administered group showed improvement 1in all
these parameters, and RCDS-H{(-) group showed better results
than those of BIDS-H(-) in all parameters. Particularly
%GFD which 1is a cause of renal failure remained 16.1% in
BIDS-H(-), while RCDS-H(-) group showed marked improvement

with the decline to 1%, indicating usefulness of RCDS-H(-).
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Table 5
Comparative test of antithrombotic effect of DS
in endotoxin induced rat DIC model

Dose Plate- Fibrin- FDP %GFD
(mg/kg 1let ogen
/hr.) (x 1042 L) (mg/dL) = (u g/mL)
Normal 751 2165 <2.5 0.0
Control 14+ 1 35+£3 34.3+2.5 60.7%*5.3
(only LPS®)
RCDS-H(-) 5.0 22+ 3 120+ 6% 4.6%0.4* 1.2+0.7*
+LPS - '
BIDS-H(-) 5.0 183 107+10% 8.6+x2.6* 16.1+5.5%
+LPS '
2 endotoxin, ~: compared to control, p>0.01)

The experiment was carried out in 19 rats for normal
group, 20 rats for control group and 7 each rats for DS
administration groups, and their average values were

calculated.

Example §
Stimulative effect of DS on activation of
'Glu-plasminogen (natural plasminogen, hereinafter
referred to plasminogen) with t-PA
(1) Method .

Fifty microliters each of various concentration of DS
(BIDS, RCDS) or chondroitin sulfate (control group), 25 uL
of 1.6 uM plasminogen and 25 gL of 20 nM of single or two-
chain t—éA, and 100 gL of 0.6 mM a synthetic substrate S-
2251 (H-D-Val-L-Leu~L-Lys-p-nitroanilide » 2HC1) were mixed

and the absorbancy at 405 nm was determined every 2 minutes
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wjth an automatic microtiter plate reader. The reaction was
carried out at 37°C in a buffer composed of 50 mM Tris-HCI
with TweenBT¥ go.

The initial rate of aétivation of plasminogen was
calculated as follows; the slope of plots of, Agoss an
absorbancy at 405 nm at time t to the square 6f time

(AAgps/At%) was divided by 40,000 (Chibber, B.A.K., et

al

Biochemistry, 1985, pp. 3429-3434). The stimulation
rate was calculated from ratios to DS or chondroitin sulfate
free conditions which was made the initial rate 1 (one).
.(2) Results

The results on BIDS are shown in Fig. 2 and 3. DS
dose-dependently stimulated the activation of plasminogen at
1.5- to 4.5-fold in the case of single-chain t-PA (sc-tPA)
and 1.5- to 3.5-fold in the case of two-chain t-PA (tc-tPA)
as shown in these Fig. While, control group, chondroitin
sulfate, showed weaker stimulation rates of'maximum 2.5-fold
in the presence of single-chain t-PA and maximum 1.5-fold in
the presence of two-chain t—fA compared to those in DS
group. The results on RCDS are shown in Fig. 4 and 5. The
RCDS also stimulated the activation of plasminogen at 2.0-
to 4.5-fold in the presence of single chain t-PA (sc-tPA)
and 2.0- to 4.0-fold in the presence of two-chain t-PA (tc-

tPA), respectively.

i




Example 6
(1) Materials and metﬁod

The effect of DS on rat fibrinolytic system was

investigated.

g-11 Week old male Wistar rats were anesthetized with
SomnopentleTM (Kyoritsu Shoji Co., Ltd.) and 40 mg/kg of DS
(BIDS) was subcutanéously administered on the back thereof.
After 1, 6, 12 and 24 hrs., blood was drawn with a syringe
containing citric acid. Euglobulin fraction was prepared
from plasma by a similar manner with that in Example 3 and
fibrinolytic activity was evaluated by the 'fibrin plate
method. The obtained data were statistically analyzed by
Newman-Kleus method.

The amount of DS in plasma and euglobulin fraction was
determined ("New Biochemical Experiments™, 3, SaccharidesIl,

Dp. 175-179). Saline solution was used in the control

group. These experiments were performed at a predetermined

time in consideration of éiréadian rhythm of rat coagulative
and fibrinolytié activities.
(2) Results

The obtained results are shown in Tables 6 and 7.

DS showed fibrinolytic activity up to 12 hrs. after the
administration as shown in Table 6. About 70-80% of DS in
plasma existed 1in euglobulin fraction and exhibited the
fibrinolytic activity as shown in Table 7. RCDS alsoc gave

similar results.

—_—
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Table 6
Fibrinolytic activity by fibrin plate methodl)
Time after administration (hrs.)

Test sample 6 12 24
Control . 57.4%3. 6, ©54.1%3.9 42.3%4.6
DS 85.3+ 8. 4 71.9%* 3.5 46.1 % 3.7

13: Fibrin dissolution area (mm2)

* ¢ p<0.01 to the control

Both control! and DS groups had 4-5 rats and the mean

values were calculated.

Table 7
DS in plasma and euglobulin fraetion (x g/mL)
Fraction Time after administration (hrs.)
1 6 12 24
Plasma 3.62*+0.61 3.58*0.27 2.20*0.26 0.47%£0.04
Euglobulin 2.51*0.62 2.80%0.27 1.60*0.16 N.D.
Control 0.03£0.02

N.D.: Not determined

Both control and DS groups had 4-5 rats and the mean

values were calculated.

Example 7
Stimulative effect of DS on lysis of
human plasma clot was investigated.
(1) Method
In 96 wells microtiter plate; 40 u L each of wvarious
concentrations of DS (BIDS) (final concentration of 50.0-200

Lg/mL), 20 gL of single-chain t-PA (final concentration of
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166.7 U), 40 uL of thrombin (final concentration of 20
U/mL) and 100 gL of human plasma were placed and mixed.
The absorbancy at 340 nm was determined immediately after
the preparation and then every 10 minutes to give the
minimum absorbancy (Min.). The fibrinolytic activity is
expressed by using a ratio of DS-PLT1/2 (minutes), obtained
by division by é of the sum of maximum absorbancy (Max.) and
Min. in the presence of DS to Cont;PLTllz of. the control
group. |
(2) Results

The results are shown in Table 6. DS dose-dependently

stimulated the fibrinolytic activity of plasma clot as shown

in Fig. 6. RCDS gave similar results.

Example 8

Toxicity test of dermatan sulfate with single

intravenous administration in mice.

(1) Materials and method

Five week old Crj;Cb-1 mice of both sexes (Charles
Rifer Japan, Inc.) were used. Isotonic solutions of RCDS-
H(-) and BIDS-H(~) were prepared with stefile- distilled
water and sterile saline solution and 2,000 mg/kg was
intravenously administered, respectively, once in the mouse
tail vein with a glass syringe. The animals had Dbeen
observed for the appearance of signs of toxicity for 14

days.
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{(2) Results
Neither DS groups showed death even at a high dose of
2,000 mg/kg as shown in Table 8. The lethal dose under the

present test conditions is presumed to be over 2,000 mg/kg.

Table 8
Test . Dose Number of death/number of used mice
sample (mg/kg) Male Female
.~ RCDS-H(-) 2,000 0/5 ' 0/5
BIDS-H(-) 2,000 0/5 0/5

Example 9

Pharmaceutical Preparation

(1) In sterile saline solution or sterile distilled water,
500-5,000 mg of sterilized sodium salt of DS [RCDS or RCDS-
H(-)] derived from rooster comb obtained by Reference
example 1 was dissolved to give isotoﬁic solutions and
adjusted to 100 mL. The solution was poured 10 mL each in
ampoules to give intravascular, "subcutaneous or
intramuscular injectioh preparations. ‘

(2) Two hundred and fifty milligrams of sodium salt of DS
[RCDS or RCDS;H(-)] cbtained from rooster comb by Reference
example 1, and 1,000,000 IU of t-PA were separately packaged
‘to give injection preparations which are dissolved in the
solution just before use. The injection preparations are

used for intra-coronary artery or intravenous injection.
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Industrial Applicability

Dermatan sulfates or pharmacologically acceptable saits
thereof stimulate the fibrinolytic activity and ca; be used
for thrombolytic stimulator.

In addition, combined use of dermatan sulfates
including sodium salts thereof with tissue plasminogen
activators (t-PA) markedly increase the thrombolytic action
and can decrease the dose of t-PA.

" Furthermore, the particular dermatan sulfate of the
preseht 'invention. that is, derma?an sulfate haVing
intrinsic viscosity of 0.8 100 mL/g or over,. derived from
rooster comb, h#ving 2-7% of ADi-0S in their constructing

disaccharide, having average molecular weight of 25,000~

100,000 dalton determined by the gel filtration method

according to Biochim. Biophys. Acta, 1117, 60-70 (1992), or
above mentioned specific .dermatan sulfates containing very
little amount of heparin or heparan sulfates or ' their
pharmacologiéally acceptable salts maintain effective blood
concentration thereof for a long duration and prevent
expansion of thrombosis, inhibit thrombogenesis and so
forth.

Therefore, the antithrombotic agents of the present
invention are useful for the treatment and prevention of
myocardial infarction, disseminated intravascular
coagulatfon (DIC) syndrome, multiorgan failure accompanied

with multiple thrombosis, deep vein thrombosis and so forth.

y 38
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Furthermore, the agents can be indicated for the prevention
of blood coagulation during extracorporeal circulation such
as haemodialysis for patients suffering from renal disease,
ete. Furthermore, DS has less adverse effect such as
bleeding, efc. compared to that of Hep. DS-H(-) obtained by
removal of Hep and HS from DS provides improved safety
together with far less adverse reaction such as bleeding,
etc. Thus, the resultant product preferably can be
indicated for patients with bléeding tendency or compromised

platelets and coagulation factors.
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CLAIMS
1. Dermatan sulfates and salts thereof having intrinsic
viscosity of 0.8 100 mL/g or over by determination with
Ubbelohde viscometer using 0.2M sodium chloride solution as

a solvent and at 30x0.1°C.

2. The dermatan sulfates and salts thereof according to
Claim 1 wherein said intrinsic viscosity is within 0.9-2.0

100 mL/g.

3. The dermatan sulfates and salts theregof according to
Claim 1 Qherein said dermatan sulfates are derived from

rooster comb.

4. The dermatan sulfates and salté thereof according to
Claim 1 wherein said dermatan sulfates and salts thereof
have 2% or over and 7% or less lei-Os‘ in consiructing
disaccharides determined by the method comp:ising. enzymatic

. degradation and high performance liquid chromatography.

5. The dermatan sulfates and salts therebf- according to
Claim 1 wherein said dermatén sulfates have an average
molecular wgight of 25,000 dalton or over and 100,000 dalton
or less detefmined by a gel filtration method according to

Biochim. Biophys. Acta, 1117, 60-70, (1992).

——
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6. The dermatan sulfates and salts thereof according to

Claim 1 wherein said dermatan sulfates have 6.15% or less of
heparin or heparan sulfates determined by the method
comprising heparin or heparan sulfate degradation enzymes
and high performance liquid chromatography, 0.07% or less of
heparin or heparan sulfate determined by inhibitory action
of active factorX in the presence of antithrombinll using
heparin derived £from lbovine intestine as a standard
substance, or 0.05% or less of heparin or heparan sulfate
determined by inhibitory action of active factor W in the
presence of.antithrombinlll using heparin derived from bovine

intestine as a standard substance.

7. Antithrombotic agents containing dermatan sulfates as
effective ingredients or pharmacologically acceptable salts

thereof.

8. Antithrombotic agents containing dermatan sulfates as
effective ingredients or pharmacologically acceptable salts

thereof derived from rooster comb.

9. Antithrombotic agents containing dermatan. sulfates as
effective ingredients or pharmacologically acceptable salts
thereof having 2% or over and 7% or less ADi-0S in
constructing disaccharides determined by the method

comprising enzymatic degradation and high performance liquid

X
»
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chromatography.

10. Antithrombotic agents containing dermatan sulfates as
effective ingredients or ﬁharmacologically acceptable salts
thereof having an average molecular weight of 25,000 dalton
or over and 100,000 dalton or léss determined by gel
filtration method according to Biochim. Biophys. Acté, 1117,

60-70, (1992).

11; Antithrombotic agenfs containing dermatan sulfates as
effective ingredients or pharmacblogibally acceptable salts
thereof having intrinsic viscosity of 0.8 100 mL/g or over
by determination with Ubbelohde viscometer using 0.2M sodium

chloride solution as a solvent and at 30%0.1%C.

12. The antithrombotic agents containing dermatan sulfates
as effective ingredients or pharmacologically acceptable
salts thereof according to Claim 11 wherein said intrinsic

viscosity is 0.9-2.0 100 mL/g.

13. The antithrombotic agents containing dermatan sulfates
as effective ingredients and pharmacglogically acceptable
salts thereof according to one of Claims 7-12 wherein said
dermatan sulfates have 0.15% or less of heparin or heparan
sulfates determined by the method éomprisiﬁg heparin or

heparan sulfate degradation enzymes and high performance
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liquid chromatography, 0.07% or less_of heparin or heparan
sulfate determined by inhibitory action of active factorX
in the presence of antithrombinll using heparin defived from
bovine intestine as a standard substance, or 0.05% or less
of heéarin or heparan sulfate determined by inhibitory
action of active factor I in the presence of antithrombinIl
using heparin derived from bovine intestine as a standard

substance.

14. A method for prevention or treatment of various
thrombosis comprising administration of dermatan sulfate or
pharmacologically acceptable salts thereof fto patients with
possible or under progress of thrombosis 6r patients with

thrombosis.

15. The method for prevention or treatment of thrombosis
according to Claim 14 wherein said dermatan sulfates are ane

of dermatan sulfates according to one of Claims 1-6.

16. The method for prevention or treatment of thrombosis
according to Claim 14 or 15 wherein the objects - of
administration are patients with possible or under progress
of thrombosis or patients with thrombosis due to hemorrhagic
tendency caused by decreased platelet count or by decreased
coagulation factors.
-
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17. A method for prevention of treatment of disseminated
intraﬁascular coagulation syndrome comprising administration
of. dermatan sulfates or pharmacologically acceptable salts
thereof to patients with possible or under progress of
disseminated intravascular coagulation syndrome or patients

with disseminated intravascular coagulation syndrome.

18. The method for the prevention or treatment according to
Claim 16 wherein said dermatan sulfates are dermatan

sulfates according to one of claims 1-6.

19. Antithrombotic agents composed of tissue plasminogen
activator (t-PA) and dermatan sulfate or pharmacologically

acceptable salts thereof.

20. The antithrombotic agents according to Claim 19 wherein
said dermatan sulfates or pharmacologically acceptable salts
thereof are dermatan sulfates or pharmacologically

acceptable salts thereof derived from rooster comb.

21. The antithrombotic agents according.to Claim 19 wherein
said dermatan sulfates or pharmacologically acceptable salts
thereof have 2% or over and 7% or less of szi—QS in
constructing disaccharides determined by the method
comprising enzymatic degradation and high performance liquid

chromatography.
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22. The antithrombotic agen}s according to Claim 19 wherein
said dermatan sulfates or pharmacologically acceptable salts
thereof have average molecular weight of 25,000 dalton or
over and 100,000 dalton or less determined by gel filtration
method according to Biochim. Biophys. Acta, 1117, 60-70,

(1992).

23. The antithrombotic agents accprding to Claim 19 wherein
Said dermatan sulfates or pharmacologically acceptable salts
thereof have intrinsic viscosity of 0.8 100 mL/g or over by
determination with Ubbelohde viscometer usihg 0.2M sodium

chloride solution as a solvent and at 3Qi:0.113.

24. The antithrombotic agents according to Claim 23 wherein
said dermatan sulfates or pharmacologically acceptable salts

thereof have intrinsic viscosity of 0.9-2.0 100 mL/g.

25. The antithrombotic agents according to one of Claims 19-
24 wherein said dermatan sulfates or pharmacologically
acceptable salts therepf have 0.15% or ‘less of -heparin or
heparan sulfate determined by the method_comprising heparin
or heparan sulfate degradation enzymes and high performance
liquid chromatography, 0.07% or less of heparin or heparan
sulfate determined by inhibitory action of active factorX

in the presence of antithrombinlll using heparin derived from
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bovine intestine as a standard substance, or 0.05% or less
of 'heparin or heparan sulfate determined by inhibitory
action of active factor II in the presence of antithrombinill
using heparin derived from bovine .intestine as a standard

subs tance.

26. A method for the treatment of myocardial infarction by
administration of tissue plasminogen activators (t-PA) and
dermatan sulfates or pharmacologically acceptable salts

thereof to patients with myocardial infarction.

27. The method for the treatment according -to Claim 26
wherein said dermatan sulfates are dermatan sulfates

according to one of claims 1-6.
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