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ABSTRACT

A thrombin derivative having a lowered fibrinogen
activity, aprocess for producing thereof, an anhydrothrombin
derivative havinga lowered fibrinogenactivity, andaprocess
for producing thereof are provided. This invention 1s to

provide a thrombin derivative formed by modifying carboxyl

group(s) of the thrombin and an anhydrothrombiln derivative
formed bymodifying carboxyl group(s) of the anhydrothrombin.
The thrombin derivative can be utilized as a composition for
inducing platelet aggregation and further as a reagent of
specific aggregation for clinical testing and the like. By
the affinity chromatography having carboxyl group(s) bound
with anhydrothrombin as a ligand, 1t is made possible to carry
out necessary purification with high selectivity relative
to the blood coagulation factor VIII. Further, the
anhydrothrombin derivative which results from modifying
carboxyl group(s) of anhydrothrombin produces sufficient
antithrombogenic effects at a smaller amount as compared with
the previous anhydrothrombin and, therefore, can be utilized

as an agent for inhibiting the thrombogenesis.
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DESCRIPTION

THROMBIN DERIVATIVES AND PROCESS FOR PRODUCING THE SAME,
ANHYDROTHROMBIN DERIVATIVES AND PROCESS FOR PRODUCING
°  THE SAME, PLATELET AGGLUTINATION-INDUCING COMPOSITIONS,
METHOD OF INDUCING PLATELET AGGLUTINATION, CLINICAL TEST
REAGENTS, CLINICAL TEST METHOD, THROMBOSIS INHIBITORS,
ADSORBENT AND PROCESS FOR PRODUCING THE SAME

10

Technical Field:
This invention relates to a thrombin derivative and a
process for producing thereof, an anhydrothrombin derivative
15 and a process for producing thereof, a platelet aggregation
inducing composition using the thrombin derivative, a method
for inducing platelet aggregation, a clinical testing agent
and a method for the clinical test, an antithrombotic agent
using the anhydrothrombin derivative, an adsorbent and a
20 process for producing thereof, and a process for producing
a purified blood coagulation factor VIII by the use of the

adsorbent.

Background Art:

25 In recent years, as means for synthesizing a substance
for preventing thrombogenesis, a method which comprises
causlng the activated blbod coagulation factor which is a
serine protease to react with such an inhibitor as
phenylmethylsulfonyl fluoride (PMSF) thereby converting

30 active site serine into dehydroalanine and consequently
eliminating the serine protease activity but retaining the

binding ability with thrombin substrates (designated as



10

15

20

23

30

CA 02441201 2003-09-11

—
pove

“anhydridization”) disclosed 1n the official gazette of

JP-A-11-49800 and a method which eliminates the serine
protease activity by the manipulation of gene recombination
have been developed. The anhydrothrombin which is obtained
by treating thrombin by the use of such a method inhibits
interactions between activated blood coagulation factors and
substrates competitively, and is expected to be utilized as
a ligand for an adsorbent of thrombin substrates (such as,
for example, an activated blood coagulation factor and

fibrinogen) and as an 1inhilbitor against thrombogenesis.

However, since serine protease activity of
anhydrothrombinwas eliminated by only the chemical treatment
or the manipulation of gene recombination and its fundamental

binding ability with substrates 1is not different from

untreated thrombin, 1t has been difficult to absorb and to
recover blood coagulation factor VIII selectively from such
a liquid as plasma, which is a mixture of several thrombin
substrates (such as blood coagulation factors V, VIII, XI,
and XIII, fibrinogen, and Protein CC). Further, the
anhydrothrombin has found only limited utility because it
1s required tobe used in anunduly large amount for the purpose
of showing the same antithrombogenetic effect as the
antithrombotic agent as mentioned above, though it indeed
can function as an antithrombotic agent.

In diagnosis of abnormality of platelet functions,
determination of ability of platelet aggregation is an
essential requirement and thrombin 1is used for the
determlination as a substance that 1induces platelet
aggregation. However, since thrombin activates fibrinogen
as well as 1nduces platelet aggregation, it has been a problem

that fibrin clot exerts an adverse effect on the determination

of the ability of platelet aggregation.
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Concerning the thrombin which constitutes an activated
blood coagulation factor or the anhydrothrombin which results
from anhydridizing the thrombin, this invention has an object
of providing a thrombin or anhydrothrombin derivative having
an 1mproved selectivity thereof for a thrombin substrate

(blood coagulation factor VIII) by the modification using

a chemical or genetic manipulation, a substance for inducing
aggregation of blood platelets and a clinical testing agent
containing the thrombin derivative as a component, an
adsorbent using the anhydrothrombin as a ligand, and an
antithrombotic agent having an improved antithrombotic
abi1lity thereof constituting the anhydrothrombin derivative

as a main component.

Disclosure of the Invention

The present 1inventor, after going through diligent
studies concerning thrombin, has found that a thrombin
derivative which results from modifying carboxyl grOup(s)
of thrombin is capable of selectively decreasing the affinity
forfibrinogenamong thrombin substrates, namelyspecifically
activating blood platelets exclusively by inhibiting the

o

conversion of fibrinogen to fibrin.

This inventor, after going through diligent studies
further concerning anhydrothrombin, has also acquired a
knowledge that an anhydrothrombin derivative which results
from modifying carboxyl group(s) of anhydrothrombin has
improved specific selectivity for the blood coagulation
factor VIII relatively, and consequently has improved
antithrombotic ability. This invention has been perfected
on the basis of the knowledge.

This 1nvention 1s composed of the following 1tems (1)

- (14).
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(1) A thrombin derivative formed by modifying carboxyl
group(s) of thrombin.
(2) An anhydrothrombin derivative formed by modifying

carboxyl group(s) of anhydrothrombin.
(3) A process for producing the thrombin derivative,

characterized by modifying carboxyl group(s) of thrombin.

(4) A process for producing the anhydrothrombin,
characterized by modifying carboxyl group (s) of
anhydrothrombin.

(5) A composition for inducing aggregation of Dblood

platelets, comprising the thrombin derivative set forth 1in

the item (1) above.

(6) Amethod for inducing aggregation of blood platelets,
characterized by using the thrombin derivative set forth 1in
the item (1) above.

(7)Y Aclinical testingagent, characterizedbycontaining
the thrombin derivative set forth in the item (1) above.

(8) A method for a clinical test, characterized by using
the thrombin derivative set forth in the item (1) above.

(9) An antithrombotic agent, characterized by comprising
the anhydrothrombinderivative set forthinthe iltem (2) above.

(10) An adsorbent formedby combining anhydrothromblnwith
water-insoluble carrier, characterized by the combination
being effected by the reaction of carboxyl group(s) of
anhydrothrombin with functional group (s) of the
water-insoluble carrier.

(11) An adsorbent formed by combining anhydrothrombin
having introduced therein amino group(s) by the combination
of amino group (s) of a compound having two or more amino groups
and carboxyl group(s) of the anhydrothrombin with
water-insoluble carrier, characterized by the combination

being carried out by the reaction of the amino group(s) of
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anhydrothrombin introduced the amino group(s) and the

functional group(s) of the water-insoluble carrier.
(12) A process for producing an adsorbent formed by the
combination of anhydrothrombin and water-insoluble carrier,

which method is characterized by reacting carboxyl group(s)

of anhydrothrombin with the functional group(s) of the

water—-insoluble carrier.

(13) A process for producling an adsorbent formed by the

P

combination of anhydrothrombin and water-insoluble carrier,

which method 1s characterized by causing the amilno group(s)
of the anhydrothrombin having introduced an amino group by
the combination of the amino group of a compound having two
or more amino groups and carboxyl group(s) of the
anhydrothrombin to react with the functional group(s) of

water-insoluble carrier.

(14) A process for producing purified blood coagulation
factor VIII, characterized by using the adsorbent set forth

in the item (10) or (11) above.

Brief Description of the Drawilngs

Fig. lisathrombelastogram (TEG) obtained froma sample
of whole blood.

Fig. 2 1s a graph showing the change of a platelet
aggregation (change in the absorbance) of a sample after
addition of 104l thrombin i1n Example 8. ‘

Fig. 3 1s a graph showing the change of a platelet

aggregation (change 1in the absorbance) of a sample after

addition of 10041 EDC-modified thrombin in Example 8.

Fig. 4 is a graph showing the change of a platelet

aggregation (change in the absorbance) of a sample after

addition of 1041 EDC-modified thrombin in Example 8 .

Fig. 5 is a graph showing the coagulating activity on
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fibrinogen by the modified thrombin obtalned in Example 9
and the quantity of amino group (amine).

Fig. © 1s a graph showing the change of a platelet
aggregation (change 1n the absorbancee) of a sample after

P

addition of an EDC-mofified thrombin at varying

concentrations in Example 10.

Best mode of Embodying the Invention

Now, this invention will be described 1n detail below.

In the first aspect, this invention provides a thrombin
derivative or an anhydrothombin derivative in which carboxyl
group(s) of thrombin or anhydrothrombin are modified.

The process for producing the anhydrothrombin which

constitutes the object for modification contemplated by this

invention does not need to be particularly restricted. As
typical examples of the anhydrothrombin, anhydrothrombin
which 1s obtained, as disclosed 1n the official gazette of
JP-A-11-49800, by causing the site of serine active residue
of serine protease to react with such an inhibitor as PMSF
and then subjecting the product of this reaction to an alkalil
treatment atpHof 11 more therebycarryingout anhydridization
and anhydrothrombin which 1s obtained by a method which
substitutes the active serine residue of thrombin for alanine
by the technique of gene recombination, for example, thereby
eliminating the enzyme activity may be cited.

The method for purifying anhydrothrombin does not need
to be particularly restricted but may be selected from the
heretofore knownmethods which are available for purification
and separation. Specifically, a method which comprises
passing the solution of anhydrothrombin through an affinity
chromatography column equillibrated by the use of a buffer

adjusted to a pH in the range of 4 - 10 (the buffer used during

st gt NPty ¢k OO AN TR . <l 4 25 S ir S pus —da R A ¢
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the reaction of anhydridization of serine protease may be

utilized 1in the unmodified form) thereby carrying out

selective adsorption of the anhydrothrombin on the

chromatography carrier and washing the resultant adsorbate

thereby removing impurities therefrommaybecitedasatypical

example.

Subsequently, for the purpose of desorbing the

anhydrothrombinboundtotheaffinitychromatographycarrier,

a solution of a serine protease inhibiltor or a solution of
a substance having at least one member selected from a group
of amidino group, guanidyl group, phenyl group, long-chain
alkyl group, and arginine residue is adjusted to a pH in the
range of 4 - 10 and passed through the affinity column thereby
eluting the target substance from the column. By removing
desorbed components by a technique of dialysis,

ultrafiltration, or gel permeation, the anhydrothrombilin can

be obtained with high purity.

As typical examples of the serine protease inhibitor
which can be utilized for the purification of the
anhydrothrombininthis invention, various sulfonyl fluorides
such as phenylmethylsulfonyl fluoride (PMSFE) ,
2-phenylethane-1l-sulfonyl fluoride, methane sulfonyl

fluoride, and p-toluene sulfonyl (tosyl) fluoride, and tosyl
chloride, dilsopropyl fluorophosphoric aclid (DE'P),
3, 4—~dichioroisocoumarin (3,4-DCI), L-1-chooro-3-[4-tosyl
acid]-7-amino-Z2-heptanone-hydrochloric acid (TLC), and
L-1-chloro-3-[4-tosyl acid]-4-phenyl-1-butanone (TPCK) may
be cited.

The thrombln or anhydrothrombin derivative is obtained
bymodifying carboxyl group(s) of anhydrothrombin or thrombin
obtained as described above. The term "modify” as usedherein

means themodificationofpartorthewholeof carboxyl group(s)
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of thrombin or anhydrothrombin. The method for carrying out
this modification is preferred to resort to the imide bond
or amide bond. As typical examples of this method, a method
which comprises combining part or the whole of carboxyl
group (s) of the anhydrothrombin with an imide, a method which
comprises combining part or the whole of carboxyl group(s)
of the thrombin or anhydrothrombin with a substance having
an amino group, and a method which comprises combilning part
or the whole of carboxyl group(s) of the thrombin or
anhydrothrombin with a substance having an imide and amino
group thereby modifying the carboxyl group may be cited. The
substances having amino groups do not need to be particularly
restricted but may be compounds and naturally occurring
substances. They are preferred to be such that they gain 1in
steric bulk in the proximity of a carboxyl group. The method
for carrying out such a reaction may be selected from among
the heretofore known methods.

The imide which is used as described above does not need
to be particularly restricted. Preferably carbodimide
derivatives and more preferably carbodiimide derivatives
representedby the formula, R!N=C=NR?, are advantageously used.
In the foregoing formula, R! and R* independently denote such
chain or cyclic alkyl groups of 1 - 15 carbon atoms as methyl
group, ethyl group, and cyclohexyl group,
(2-morpholino-ethyl) -p-toluene metosulfonates, or
(3-dimethylaminopropyl) hydrochlorides. Inthiscase, R'and
R° may be the same or different. As typical examples of the
carbodiimide derivatives, dicyclohexyl carbodiimide
(hereinafter described as “DCC™) [C6H11—N=C=N-—C6H11] ,
N-ethyl-N’-(3-dimethylaminopropyl)
carbodiimidehydrochloride [K}hCH¢4N=C=N~(CHgLﬂfH(CH3hﬁﬂf]

(hereinafter described as “EDC”), and
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N-cyclohexyl—-N’'-2-(4'-methyl-morpholinium)ethyl
carbodiimide-p-toluene sulfornate) (hereinafter described

as "CMC”) may be cited. These carbodiimide derivatives may

be used either singly or in the form of a mixture of two or
more members. Among carbodiimide derivatives mentioned
above, EDC and CMC which are water-soluble carbodilimides are
used particularly advantageously.

In this 1nvention, the conditions for the modification
of carboxyl group(s) of thrombin or anhydrothrombin with an
imide are varied by the kind and quantity of a modifying
substance (i1mide) and other conditions. They do not need to
pe particularly restricted but are only required to be capable
of modifying carboxyl group(s) of thrombin or anhydrothrombin
to a necessary degree. One preferredembodiment of modifying
carboxyl group(s) of thromblin or anhydrothrombin will be
described below. First, a given thrombin or anhydrothrombin
is dialyzed in a buffer of a proper pH value and the resultant
dialyzate and a modifying substance are added together and

stirred at a temperature in the range of 0 - 50°C, preferably

4 - 25°C, particularly preferably at normal room temperature

for a period in the range of 0.5 - 24 hours, preferably 1

- / hours. The buffer tobe used in this case 1s only required

to be arbitrarily selected from among buffers exhibiting pH

1n the range of 3 - 9, preferably 4 - 7. As typical examples

of the buffer, PIPES buffer, phosphate buffer, carbonate
buffer, bicarbonate buffer, TRIS buffer, sodium
citrate-phosphate buffer, succinic acid-sodium hydroxide
buffer, potassium phthalate-sodium hydroxide Dbuffer,
imidazole hydrochloride buffer, borate-buffered saline,
physiological saline, and Good's buffer may be cited. The
amount of the modifying substance to be added does not need

tobeparticularlyrestrictedbut isonlyrequiredtobecapable
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of modifying carboxyl group(s) of thrombinor anhydrothrombin
to a necessary degree. The modifying substance 1s preferred

to be present in an excess relative to thrombin or

anhydrothrombin. It is preferred tobe present in the buffer

at a concentration in the approximate range of 0.01 M - 5

M, preferably 0.1 - 2 M.

In the present invention, it is thought that carboxyl
group (s) of thrombin or anhydrothrombin 1is modified as by
the following formula owing to the modification of a carboxyl

group with an imide (a carbodiimide derivative).

O0C~
— . [ AN N,
COOH + R -N=C=N-R“—>» R -NH=-C-NH-R

In the present invention, the modification of carboxyl
group (s) of thrombin or anhydrothrombln may be carried out
by using a substance which has an amino group. Owing to the
modification by the use of such a substance as has an amino
group, carboxyl group (s) (-COQOH) of thrombin or
anhydrothrombinisconvertedintoanamide (-CO-NHR) . In this
case, the modification of carboxyl group(s) of the thrombin
or anhydrotrhombin may be carried out by using solely the
substance having an amino group, it is preferred to be by
using the substance having an amino group 1n combination with
an imide. 1In the latter case, the substance having an amino

P
—

group may be simultaneously added after the modification of

carboxyl group (s) of thrombin or anhydrothrombinwithan imilde
or during the process of themodification of carboxyl group(s)

of the thrombin or anhydrothrombin with an imide.
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The substance having an amino group and used 1n this
invention does not need to be particularly restricted to a
compound or a naturally occurring substance but is only
required tobe capable of converting carboxyl group(s) (-COOH)
of thrombin or anhydrothrombin 1nto an amide (-CO-NHR). The
substance to gain in steric bulk 1n the proximity of the
carboxyl group 1s used particularly advantageously. AS
typical examples of the substance which has an amino group,
ethylene diamine, Tris hydroxyaminomethyl, hydroxyamlne,
ethanol amine, andammoniumchloridemaybecited. Amongother
substances mentioned above, ethylene diamine and Tris
hydroxyaminomethyl arepreferable. Heretoforeknownmethods

are used for the above mentioned method. These substances

having amino groups may be used either singly or 1in the form
of a mixture of two or more members.

In the present invention, the conditions for the

F

modification of <carboxyl group(s) of thrombin or

anhydrothrombin by the use of an 1imide and a substance having
an amino group are varled by the kinds and quantities of
thrombin or anhydrothrombin and a modifying substance (1mide
and a substance having an amino group) to be used and other
conditions. They do not need to be particularly restricted
but are only required to be capable of modifying carboxyl
group(s) of the thrombin or anhydrothromblin to a necessary
degree. Now, onepreferredmodeofembodyingthemodification
of carboxyl group(s) of the thrombin or anhydrothrombin will
be described below. For a start, a given thrombin or
anhydrothrombin is dialyzed in a buffer of a proper pH value
to eliminate impurities. The resultant dialyzate and a
modifying substance are added together and stirred at a
temperature in the range of 0 - 50°C, preferably in the range

of 4 - 25°C, and particularly preferably at normal room
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temperature, for a period in the range of 0.5 - 24 hours,
preferably in the range of 1 - 7 hours. The buffer which can
be used inthiscaseisonlyrequired tobe selectedarbitrarily
from among such buffers as exhibit pH values of 3 - 9, PIPES

buffer, phosphate buffer, carbonate buffer, bicarbonate

buffer, TRIS buffer, sodium citrate-phosphate buffer,
succilnic acid-sodium hydroxide pbuffer, potassium

phthalate-sodium hydroxide buffer, imidazole hydrochloride

P
p—

buffer, borate-buffered saline, physiological saline, and
Good's buffer may be cited. The amounts of an imide and the
substance having an amino group do not need to be particularly
restricted but are only required to be capable of modifying
carboxyl group(s) of thrombin or anhydrothrombin to a
necessary degree. The amount of an imide to be added 1is

preferred to allow the presence of an excess relative to

thrombin or anhydrothrombin. It is properly contained in the
buffer, for example, at a concentration in the range of 0.01
- 5 M, preferably in the range of 0.1 - 2 M. The amount of
the substance having an amino group to be added 1s preferred

P

to allow the presence of an excess relative to thrombin or

anhydrothrombin. It is properly contained in thebuffer, for
example, at aconcentrationintherangeof0.1-5M, preferably

in the range of 0.5 - 2 M.

In the present invention, it is thought that carboxyl
group (s) of thrombin or anhydrothrombin is made to undergo
such amodification as is represented by the following formula
owing to the modification of carboxyl group(s) with an imide

(carbodiimide derivative) and a substance having an amino

group.
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00C-
_ .G
—COOH + R!-N:=C=N-R? —> R'-NH=C-NH-R*

3 O
R™NH X
—»? —CcO-NHR® + R'-NH-C-NH-R*
In the present invention, the thrombin derivative
mentioned above is characterized by being formed by combining
a part or a whole of the caraboxyl group of thrombin with

an imide or by combining thrombin with an imide and a compound

having an amino group thereby selectively lowering the

affinity of the thrombin for fibrinogen and consequently
inhibiting the conversion of fibrinogen to fibrin and
specifically activating blood platelets exclusively. Thus,
the thrombin derivative of this 1nvention 1s useful as a

'

substance for inducing aggregation of blood platelets and

further as a clinical testing agent and particularly as a

testing agent formonitoringthenormalityofbloodplatelets.

Inthepresent invention, theanhydrothrombinderivative
mentioned above 1s characterized by being formed by combining
a part or a whole of carboxyl group(s) of anhydrothrombin
with an 1mide or combining anhydrothrombin with an imide and
a compound having an amino group thereby enabling the
anhydrothrombin to acquire enhanced selective affinity for
the blood coagulation factor VIII and improved
antithrombogenicity owlng to some sort of action or effect
on blood coagulation factors including the blood coagulation
factor VIII and blood platelets. Thus, the anhydrothrombin
derivative of this 1invention 1s useful as an adsorbent,
especlally an adsorbent for a purification of the blood

coagqulation factor VIII, and as an antithrombotic agent,

especlally as a blood coagulation factor VIII-specific one.

The second aspect of the present i1nvention resides 1n
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a substance for inducing blood platelet aggregation and a
clinical testing agent both of which have the thrombin

derivative as a component resulting from modifying carboxyl

group (s) of thrombin. Since the thrombin derivative of this

invention reduces affinity for fibrinogen due to the

modification and reduces the formation of fibrin by thrombin,

it 1is possible to induce blood platelet aggregation
specifically with no influence of fibrin clot. Owing to this
quality, it can be used as a reagent for the clinical test
of thrombosis, for example.

The third aspect of this invention resides in providing
an antithrombotic agent which contains the anhydrothrombin
derivative formed by modifying carboxyl group(s) of
anhydrothrombin. Clinically, numerous dliseased states
necessitate repression of blood coagulation and, depending
on the relevant conditions, require administration of an
antithromboticagent. Theantithromboticagentcontemplated
by this invention proves favorable in terms of safety and
cost because it derives from a physiological substance and
shows antithrombotic effect at a smaller dosage as compared

with the previous antithrombotlic  agent contalning

anhydrothrombin.

The forth aspect of this invention resides 1in providing
an adsorbent which is formed by combining the carboxyl group(s)
of anhydrothrombin and the functional group on a
water-insoluble carrier.

Though the carrier to be used in this inventlion may be
arbitrarily selected from among the heretofore known carriers,
the carrier of a water-insoluble type <can be used
advantageously. The term “water-insoluble carrier” as used
in the present specification means either a carrier which

has a water-insoluble component or a carrier which 1is formed



10

15

20

25

30

CA 02441201 2003-09-11

of a substance obtained by insolubilizing a water-soluble
substance by a treatment such as, for example, a cross-1linking
reaction. Astypical examplesof thewater-insolublecarrier,
cross-linked agarose, cellulose, chitosan, and
polyacrylamide may be cilited. Among other water-insoluble
carrliers mentioned above, cellulose and cross—-1linked agarose

are used preferably as the carrier. The shape of the

water—-insoluble carrier does not need to be particularly

restricted but may be arbitrarily selected from among the

heretofore known shapes. As typilcal examples of the shape,

spherical particles, hollow fibers, and membranes may be

clited.

In this invention, when the water-insoluble carrier has
the shape of spherical particles, the spherical particles
are preferred to have high sphericalness, though they do not
need to be accurate spheres. Specifically, the spherical
particles properly have sphericalness of 0.9 or more, and

preferably 0.95 or more. The term “sphericalness” as used

in the present specification means the ratio of the largest
diameter (major axis) to the smallest diameter (minor axis)
of particles (minor axis/major axis). Thus, the
sphericalness increases 1n proportion as the value thereof

approaches 1.0.

In this invention, when the water-insoluble carrier has

the shape of spheres, it ispreferredtobespherical cellulose.
By using the spherical cellulose as the water-insoluble
carrier, the anhydrothrombin which 1s a ligand 1s enabled

to be easily 1mmobilized and the activated blood coagulation

factor VIII adsorbent contailning the anhydrothrombin as a

ligand 1s enabled to galin 1n bilocompatibility and strength.
The adsorbent of this invention, therefore, i1s useful as an

adsorbent for the activated and/or non-activated blood
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coagulation factorVIII. Theterm“biocompatibility” as used
herein means the fact that the carrier releases no harmful

substances to the living body when used as a absorbent carrier

in the purification process.

In the present 1nvention, when the water-insoluble
carrier has the shape of hollow fibers, this statement means
that the carrier is formed of fibers containing therein
continuous or discontinuous cavities. This carrier 1is
enabled to form cavities therein by adding a foaming agent

to the spinning solution or by using a special spinneret.

Further, in the present 1nvention, when  the
water-insoluble carrier has the shape of membranes, as the
water-insoluble carrier, a membrane filter having a porous
texture and a fixed range of exclusion limit such as a
commercially avalilable membrane filter may be cited.

In the present 1nvention, the method for i1mmobilizing

carboxyl group(s) of anhydrothrombin on the water-insoluble

carrier may be arbitrarily selected from among the heretofore

known methods. As typical examples of the method, a method

which comprises using EDC or CMC which 1s a water-soluble
carbodiimide and combining it with the amino group on the
water-insosluble carrier and a method which comprises
combining carboxyl group(s) of anhydrothrombin with EDC or
CMC, subsequently condensing the resultant product of
combination with a compound which has a plurality of amino
groups such as ethylene diamine, and thereafter combining
the introduced amino group with an N-hydroxysuccinimide
(hereinafter referred to as “NHS”) on the water-insoluble
carriermaybecited. Asregardsthemethodof the combination,
the combination by the use of an NHS comblning carrier 1S
particularly preferable because 1t does not effect on the

amino group of the anhydrothrombin which is a ligand during
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the blocking of the excess active group.
The spacer to be inserted between the water-insoluble

carrier and the ligand does not need to be particularly

"

restricted but may be properly selected from among the

heretofore known compounds which contain epoxy group, formyl
group, etc. and also have appropriate lengths.

The fifth aspect of this invention resides 1n providing
a method for the production of an activated blood coagulation
factor VIII by the use of an activated coagulation factor
VIII adsorbent accordingto the fourthaspect of this invention.
By using this method, an activated blood coagulation factor
VIITI can be selectively adsorbed without a substantial
adsorption of a fibrinogen and an activated blood coagulation
factorVwhichareother thrombinsubstrates. Thepossibility
of a contamination of a substance which 1s an immunogen, a

foreign protein, and a virus 1s significantly repressed.

The method of this invention for the production of the

activated blood cocagulation factor VIII comprises packing

acolumnwith theactivatedcoagulation factorVIII adsorbent,

using thecolumn for selectivelyadsorbing theactivatedblood

coagulation factor VIII from the blood plasma component
containing other blood coagulation factors or the solution
such as of blood plasma including foreign protein oOor virus

as an extraneous matter, and attaining recovery or removal

to a high degree.

Examples

Now, the present 1nvention wlill be described more
specifically below with reference to working examples.
Example 1: Synthesis of anhydrothrombin

Sixty (60) mg of thrombin originating 1n human blood

plasma was dissolved in 100 ml of a 50 mM phosphate buffer
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(pH 6.5) containing 0.15 M of NaCl and 0.1 % of PEG. To the
solution, 10041 of a 7% PMS methanol solution was added three
times 30 minutes apart. While the reaction was proceeding,
the solution was kept at a temperature of 25°C. After the
reaction, the thrombin activity was not more than 1%. The
PMS-thrombin solution was poured into a Sephadex G-25 column
(made by Pharmacia Corp) equililibrated in advance with a 10
mM phosphate buffer (pH ©6.5) containing 0.1 M of NaCl and
0.1% of PEG to change of the buffer.

The solution mentioned above adjusted to 4°C and 120 ml
and 1N NaOH added thereto till a final concentration of 0.05
M were left reacting for 12 minutes. The resultant solution
and 60 ml of a 3N NaCl added thereto and 150 ml of glycerin
subsequently added thereto were stirred together. The
solution was dialyzed in a 10 mM phosphate buffer (pH 6.5)

O

containing 10 times 1ts volume of 1M NaCl and 0.1 % PEG and

then dialyzed again in a 10 mM phosphate buffefr solution
(pH ©.5) containing 0.1 M NaCl and 0.1% PEG.

Example 2: Purification of anhydrothrombin

The anhydrothrombin solution obtained in Example 1 was
concentrated to 50ml by theuse of Biomax 10 (made by Millipore
Corp). Theconcentratedsolutionand30Omgofp—-amidinophenyl
methane sulfonyl fluoride (APMSF) were added together to
inactivate the residual activity.

The resultant solution was added to a benzamidine

Seplharosecolumnequilibrated inadvancewitha S5mMphosphate

buffer containing 0.1% of PEG. The solution was washed with
the same buffer till the peak completed and then eluted with
0.2 M benzamidine (pH ©.5) containing 0.1M NaCl, to obtain

. .

three aliquot fractions each of 20 ml. These fractions were
tested for protein content to confirmthe fraction containing

anhydrothrombin. This fraction was dialyzed in a 50 mM

. - A - < T v asnset e Lt Tt s gt s stma A% dee ool 03" win e lea B oa U wea]  Aeahky® Sefedisisesass N = s inpirapid e 5 B Sed P
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phosphate buffer (pH. ©.5) containing 0.1 M NaCl to remove

the benzamidine in the fraction. The resultant solution was
found to have a protein content of 30 mg (yield 50%).
Example 3: Modification of anhydrothrombin

Thirty (30) mgof the anhydrothrombinobtained in Example

2 was dialyzed in 20 mM PIPES buffer adjusted in advance to

pH 6 containing 0.5 M of NaCl. The solution obtained by the
dialysis was adjusted to 30 ml and then stirred with EDC added

thereto till a concentration of 20 mg/ml. They were left

reacting at room temperature for three hours to obtain 30

mg of an EDC-modified anhydrothrombin as an anhydrothrombin
derivative.
Example 4: Production of anhydrothrombin-combined affinity
chromatography

Thirty (30) mg of theanhydrothromblinobtained in Example
2wasdialyzed in 10ml of 2Z0mM PIPES buffer adjusted in advance
to pH 6 containing 0.5 M NaCl and the resultant dialyzate
was added to 20 ml of Aminocellulofine (made by Chisso Corp.).

The solution was again adjusted to pH 6 and then left reacting

with EDC added thereto till a concentration of 20 mg/ml at
room temperature for six hours.

Example 5

The cellulose gel obtained in Example 4 was packed in

a column and equillibrated by the use of a 50 mM PIPES buffer

containing 0.1 MNaCl, pHo.5. Thesolutionof Confact F (made
by Kaketsuken) dissolved in the same buffer was added to the

equilibrated gel and the non-adsorbed peak was washed with

the same buffer. The column was further washed with a 50 mM

PIPES buffer containing 0.3 M NaCl, pH 6.5, to expel the

fibrinogen still included therein and then washed with a 50

mM PIPES buffer containing 0.1 M NaCl and 1 M arginine
hydrochloride, pH 6.5, to elute the blood coagulation factor
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VIII. The included fibrinogen was removed and the blood

C |

coagulation factor VIII having about 1000 u/mg of specific

activity was recovered.

Example ©
A sample of whole blood having the derivative obtained

inExample 3 added theretowas tested for the thromboelastogram

(TEG). The result 1s shown in Fig. 1. The EDC-modified
anhydrothrombinof this invention, asshowninFig. 1, effected
extension of the coagulation in a pattern depending on
concentration.

Example 7

A sample of human blood plasma and the anhydrothrombin
derivative (EDC-modified anhydrothrombin) of Example 3 were
added together and tested for the activated partial
thromboplastin time (APTT) (Table 1) and the prothrombin time

(PT) (Table 2).
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Table 1

Blood plasma coagulation time at varying

concentration of addition

0.1 mg/m1_| 0.2 mg/m

EDC-modified
42 .5 secC 115 sec >180 sec
anhydrothrombin

Anhydrothrombin

Table 2

Blood plasma coagulation time at varying

concentration of addition

0.1 mg/ml | 0.2 mg/m

24 sec 20 sec 31 sec
anhydrothrombiln

Anhydrothrombin

Fromthe results showninTableslandZ2, 1t 1sascertalined

EDC-modified

that the EDC-modified anhydrothrombin which 1s an
anhydrothrombin derivative of thilis invention brought an
extension of the blood plasma coagulation time in a pattern
peculiar to APTT, depending on concentration. In further
consideration of the fact that the APTT concerns the
endogeneous coagulation and the PT concerns the exogeneous
coagulation, the results suggest that the EDC-modified
anhydrothrombin which is an anhydrothrombin derivative of
this invention brings the extension of the coagulation time
regarding the endogeneous coagulation and not the exogeneous
coagulation and therefore proves useful as an antithrombotic

agent. Further, the results of the above Example 5 and the

following Example 11 show that the anhydrothrombin derivative

of this invention specifically binds to the blood coagulation
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factor VIII, suggesting that it 1suseful as an antithrombotic

agent specific to the blood coagulation factor VIII.

Example 8
Four (4) mg of human thrombin was dissolved in 4 ml of

a 50 mM PIPES buffer containing 0.1 M NaCl, pH 6.5. The

resultant solution and 100 mg of EDC added thereto were left

reacting for three hours to obtain an EDC-modified thrombin
as a thrombin derivative. The substance mentioned above was
tested as an inducing substance forbloodplatelet aggregation

using a sample of human platelet rich plasma (PRP) adjusted

1nadvance toaplatelet count 0o£400,000/¢41. Theaggregation

was determined by monitoring the decrease of absorbance (by

the use of an aggregation meter sold under the trademark

designation of (“Agritech TE-~500"). To 24041 of PRP, the

EDC-modified thrombin was added as the inducing substance

in two sizes, 1.e. 1041 and 100y 1l. A control was performed
by using 10¢4M of thrombin.
Fig. 2, Fig. 3, and Fig. 4 are graphs showing changes

of blooad platelet aggregation (changes in absorbance) after

the addition of 1041 of thrombin, 10041 of the EDC-modified

thrombin, and1l0 4 lof the EDC-modifiedthrombinrespectively.

From Fig. 2, Fig. 3, and Fig. 4, it is noted that the use
of the EDC-modified thrombin allowed the monitoring to be

performed with small noise as compared with the control using

thrombin.

To bemore specific, the thrombin is a substance inducing
thrombogeneslis and has constituted one of the substances for
activating blood platelets for the purpose of monitoring the
normality of blood platelets. As shown in Fig. 2, however,

1t 1s noted that the use of the thrombin resulted in emitting

noise considerably during the course of themonitoring. This

noise 1s thought to arise because the thrombin induces not
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merely the activation of blood platelets but also the
transformation of fibrinogen to fibrin. For the purpose of
selectively monitoring the normality of blood platelets
exclusively, 1t 1s necessary to remove fibrinogen from the
thrombin. In contrast, the EDC-modified thrombin which is
a thrombin derivative of this invention was demonstrated to
be capable of specifically actlivating the blood platelets

]

exclusively with virtually no generation of noise, namely

without 1inducing transformation of fibrinogen to fibrin,
during the course of the monitoring as illustrated in Fig.
3 and Fig. 4. The monitoring of the normality of blood
platelets, therefore, 1s not thought to necessitate removal
of fibrinogen. Though the following discussion is not meant
to 1mpose any limitation on this invention, the restraint

(or inhibition) effected by the thrombin derivative of this

invention on the transformation of fibrinogen to fibrin is
thought tooccur because themodificationof carboxyl group (s)
of thrombin results in modifying the site of activation of
fibrinogen by thrombin.

The results are thought to justify a conclusion that

the thrombilin derivative of this invention 1is useful as a

substance for inducing platelet aggregation and further as
a clinical testing agent, particularly as a clinical testing

agent for monitoring the normality of blood platelets.

Example 9

(1) Preparation of ethylene diamine-modified thrombin
Thrombin was added to a heparin column and adsorbed

thereon and the adsorbate was eluted by the use of a 1 mM

PIPES buffer containing 0.5 M NaCl, pH 6.5. The resultant

thrombin-containing solution (0.6 mg/ml) was mixed with a

solution containing the same amount of ethylene diamine (1

M ethylene diamine - 1 mM PIPES - 0.5 M MnCl, pH 6.5). To
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the resultant mixture, EDC was added so as to give a final

concentration of 20 mg/ml. Over a period of two hours after

th

temperature to induce a reaction of condensation. After 1,

> addition of EDC, the mixture was stirred at normal room

p_ "

P

15, 30, 60, 90, and 120 minutes following the addition of

carbodiimide (0 minute of reaction), portions of the mixture

were collected as samples.
(11) Clot activity of ethylene diamine-modified thrombin to
fibrinogen

The samples collected after the elapse of 0 minute, 1
minute, 15 minutes, 30 minutes, 60 minutes, 90 minutes, and

120 minutes respectively of the aforementioned reaction and

the same amounts of buffer (50 mM NaHCO3 and 0.1 M NaCl, pH
8.0) were added together to stop the reaction of condensation.

The resultant samples measuring 300 4 1 apiece and as many
portions of a fibrinogen solution (about 0.1%) measuring 1
ml apiece were respectively added and the produced mixtures
were tested for the fibrinogen coagulation time at room
temperature. ‘

When the individual samples were rated for coagulation
activity with the coagulation time of the sample representing
the time of 0 minute of the reaction taken as 100%, their
magnitudes of activity diminished and, at and after the time
of 60 minutes of the reaction, nearly ceased to exist. The
results are shown 1in Fig. 5A.
(111) Assay of ethylenediamine-modified thrombin for amino
group content

The samples representing thedesignated times of O minute,

1 minute, 15 minutes, 30 minutes, 60 minutes, 90 minutes,

and 120 minutes of the reaction of the foregoing paragraph
(1) were made to stop the reactions proceeding therein by

the addition of a small amount of a strong alkall solution
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and were thoroughly dialyzed using a 0.5 M NaCl-50 mM NaOH
solution to remove unbound ethylene diamine.

The sample solutions thus obtained, after adding first
a 0.1 MNaySO3 and then a TNBS (trinitrobenzene sulfonic acid)
solutlion aplece, were speedily stirred and, after the elapse

of 5 minutes thence, made to stop the reactions proceeding

therein by the addition of a solution containing a sulfite

ion.

The resultant sample solutions were tested for
absorbance at 420 nm (denoted by "A420" in Fig. 5B) so as
to assay the relevant samples for the amino group content.

The results are shown in Fig. 5B. They demonstrate that

the absorbance grew and the amount of the reaction of

condensation of ethylene diamine onto the surface of thrombin
gainedinaccordanceasthetimeof thereactionof condensation

elapsed. Incldentally, sinceasparticacidandglutamicacid

which are dicarboxylic acids were present on the surface of
thrombin, the treatment (1) mentioned above induced the amino
group of ethylene diamine to condense with the carboxyl group.
Further, since the ethylene diamline has two amino groups,
the amino group which escaped being spent by the reaction
of condensationwas reactedwith TNBSandallowedthis reaction
to be assayed by the absorption at 420 nm.
Itisnotedfromtheresultsof Example 9 that the reaction

of modification using the carbodiimide on the carboxyl

~group(s) of the thrombin proceeded with the elapse of time.

This fact ascertains that the modification carried out by

the carbodiimide on thepluralityof carboxyl groups contained

1n the thrompbin proceeded with the elapse of time and the

ratio of the modification carried out by the carbodiimide

on the thrombin could be 1increased in proportion as the time

of the reaction 1increased. The activity of coagulation
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carried out by the ethylene diamine-modified thrombin on the
fibrinogen was completely eliminated by the ethylene

diamine-modified thrombin representing the time of 60 minutes

of the reaction.

Th

began to decline at the time of 1 minute of the reaction.

c activity of coagulation on the fibrinogen suddenly

It 1s ascertained by comparing this activity with the

corresponding amino acid content found by the assay that the

effect of lowering the activity of coagulation manifested
onthe fibrinogenwas obtainedaptlyevenwhenthemodification

by the carbodiimide was carried out on part of the thrombin.

ad

Example 10

An EDC-modified thrombin was obtained as a thrombin

derivative by dissolving 4 mg of human thrombin in 4 ml of

a 50 mM PIPES buffer containing 0.1 M of NaCl, pH 6.5 and

allowing the resultant solution to react with 100 mg of EDC
added thereto for three hours. A sample of human platelet
rich plasma (PRP) adjusted in advance to a platelet count
of 400,000/ 41 was tested for platelet aggregation by using
the substance just mentioned as an inducing substance. The
aggregation was determined by monitoring the decline of the

absorbance by means of an aggregation meter sold under the

trademark designation of (“Agritech TE-500"). The
EDC-modified thrombin as an inducing substance was added in
amounts adjusted to correspond to the concentrations of 91.3
nM, 36.5 nM, 30.1 nM, 24.2 nM, 20.1 nM, and 10.1 nM relative
to the PFP. For the purpose of control, a sample which was
not added the EDC-modified thrombin (concentration of
addition: 0 nM) was used.

['1g. 6 18 a graph showlng changes of aggregation of blood
platelets (changes of absorbance) 1in consequence of the

addition o©f the EDC-modified thrombin at varying
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concentrations. It is ascertained by Fig. 6 that the rise

of the absorbance gained in suddenness, namely the aggregation

of blood platelets gained in quickness, 1n accordance as the

concentration of addition of the EDC-modified thrombin was

increased and that the EDC-modified thrombin depended on
concentration in inducing the aggregationof bloodplatelets.
These results are thought to justify a conclusion that
the thrombin derivative of this invention 1is useful as a
substance for i1nducing the aggregation of blood platelet
aggregation and further as a c¢linical testing agent,
especlially a testing agent for monitoring the normality of
blood platelets.
Example 11:

In this Example, the ethylene diamine-modified

anhydrothrombin was rated for affinity for the substrate as

follows.

The anhydrothrombin obtained in Example 2 was dialyzed

with 1 mM PIPES buffer containing 0.5 M NaCl at pH 6.5. The

anhydrothrombin-containing solution (0.6 mg/ml)
consequently obtained was mixed with the same amount of an
ethylene diamine-containing solution (1 M ethylene diamine,
1lmMPIPES, 0.5MNaCl, pH6.5). Then, totheresultantmixture,

EDC was added so as to give a final concentration of 20 mg/ml.

The mixture was stirred at room temperature over a period

of two hours following the addition of EDC to 1induce a reaction
of condensation. An ethylene diamine-modified
anhydrothrombin was obtained by dialyzing the modified
anhydrothrombin resulting from the reaction twice 1in a
solution of 0.5 M sodium hydrogen carbonate containing 0.5
M NaCl (4°C).

The ethylene diamine-modified anhydrothrombin obtained

as described above and anhydrothrombin as the control were
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tested for the dissociation constant (Kd wvalue) with

fibrinogen (Fbgn), blood coagulation factor VIII (FVIII),

and blood cocaqgulation factor V (FV) through the medium of
IAsys (made by Nissel Sangyo). The results are shown in Table

3.
Table 3

| evim rv

Ethylene
diamine-modified

anhydrothrombin

Anhydrothrombin 1.4 x 10

9 x 107° 3 x 10°° 2x 10°°
1.8 x 10°% | 8.5 x 1078

It 1s noted from Table 3 given above that the ethylene

)
QO

diamine-modified anhydrothrombinpreservedhighaffinity for
blood coagulation factor VIII (FVIII), while 1t manifested
such magnitudes of affinity for fibrinogen (Fbgn) and blood
coagulation factor V (FV) as were significantly lowered to

the order of one of several hundred parts as compared with

the affinity for FVIII. These results suggest that the
ethylene diamine-modified anhydrothrombin which 1s an
anhydrothrombin derivative of thilis invention was bound

specifically with blood coagulation factor VIII.

Industrial Applicability of the Invention:

The thrombin derivative of this i1nvention has lowered
affinity for fibrinogen and, therefore, proves useful as a
composition for i1nducing the blood platelet aggregation and

further as a reagent of specific aggregation for clinical

testing and the like. By the affinity chromatography having

a carboxyl group bound with anhydrothrombin as a ligand, it

1s made possible to carry out necessary purification with

high selectivity relative to the blood coagulation factor
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VIII. Further, the anhydrothrombinderivative which results

frommodifying carboxyl group(s) of anhydrothrombin produces

sufficient antithrombogenic effects at a smaller amount as

compared with the prior anhydrothrombin and, therefore, can

be utilized as an agent for inhibiting the thrombogenesis.
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CLAIMS:

1. A thrombin derivative formed by modifying carboxyl

group(s) of thrombin.

2. A thrombin derivative according to claim 1, wherein
sald modification of carboxyl group(s) is carried out py the
use of an imide.

3. A thrombin derivative according to claim 2, wherein
sald imide 1is a carbodiimide derivative.

4 . A thrombin derivative according to claim 3, wherein
salid carbodiimide derivative is at least one member selected
from the group consisting of
N-ethyl-N’-(3-dimethylaminopropyl)carbodiimide
hydrochloride and
N-cyclohexyl-N’'-2-(4'-methyl-morpholinium)ethyl

carbodliimide-p-toluene sulphonate.

5. A thrombin derivative according to any one of claims

1-4, whereinsaidmodificationof carboxylgroup(s) iscarried

P

out by the use of a substance having amino group(s).

6. An anhydrothrombin derivative formed by modifying
carboxyl group(s) of anhydrothrombin.
7. An anhydrothrombin derivative according to claim 6,

whereln sald modification of carboxyl group(s) is carried

out by the use of an imide.

8. An anhydrothrombin derivative according to claim 7,
whereiln said imide is a carbodiimide derivative.

9. An anhydrothrombin derivative according to claim 8,
whereln said carbodiimide derivative is at least one member
selected from the group consisting of
N-ethyl-N’-(3-dimethyl-aminopropyl)carbodiimidehydrochlo
ride and N—cyclohexyl—N’—Z—(4'—methylmorpholinium)—ethyl

carbodiimlide-p-toluene sulphonate.
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10. An anhydrothrombin derivative according to any one
of claims 6 - 9, whereinsaidmodification of carboxyl group (s)
1s carried out by the use of a substance having amino group(s) .
11. A process for producing a thrombin derivative set
forth in any one of claims 1 - 5, characterized by modifying

carboxyl group(s) of thrombin.

12. A process for producing a thrombin derivative

according to claim 11, wherein said modification of carboxyl
group(s) 1s carried out by the use of an imide.

13. A process for producing a thrombin derivative
according to claim 12, whereiln sailid 1milide 1s a carbodiimide
derivative.

14. A process for producing a thrombin derivative
according to claim 13, wherein said carbodiimide derivative
is at least one member selected from the group consisting
of N-ethyl-N’'-(3-dimethylaminopropyl)carbodiimide
hydrochloride and
N-cyclohexyl-N’'-2-(4'-methylmorpholinium)ethylcarbodiimi
de-p-toluene sulphonate.

15. A process for producing a thrombin derivative
according to any one of claims 11 - 14, wherein said
modification of carboxyl group(s) 1s carried out by the use
of a substance having amino group(s).

16. A process for producing an anhydrothrombin

derivative set forth inanyone of claims 6 - 10, characterized

by modifying carboxyl group(s) of anhydrothrombin.

17. A process for producing an anhydrothrombin
derivative according to claim 16, wherein said modification
of carboxyl group(s) 1s carried out by the use of an i1mide.

18. A process for producing an anhydrothrombin

derivative according to claim 17, wherein said imlide 1s a

carbodiimide derivative.
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19. A process for produclng an anhydrothrombin
derivative according to claim 18, whereln saild carbodiimide

derivative 1s at least one member selected from the group

conslsting of
N-ethyl-N’-(3-dimethylaminopropyl)carbodiimide
hydrochloride and
N-cyclohexyl-N’"-2-(4'-methylmorpholinium)ethylcarbodiimi
de-p-toluene sulphonate.

20. A process for producing an anhydrothrombin
derivative according to any one of claims 16 - 19, wherein
said modification of carboxyl group(s) 1s carried out by the

use of a substance having amino group(s).

o

21. A composition for 1inducing aggregation of blood

platelets, comprising the thrombin derivative set forth in
any one of claims 1 - 5 as a component.

22. Amethod for inducingaggregationofbloodplatelets,
characterized by using the thrombin derivative set forth in
any one of claims 1 - 5.

23. A clinical testing agent, characterized by
containing the thrombin derivative set forth 1in any one of
claims 1 - 5.

24. Amethod for a clinical test, characterized by using
the thrombin derivative set forth in any one of claims 1 -
5.

25. Anantithromboticagent, characterizedbycomprising
the anhydrothrombin derivative set forth 1n any one of claims
o — 10.

26. An adsorbent formed by combining anhydrothrombin
with water-insoluble <carrier, characterized by the
combination being effected by the reaction of carboxyl

group (s) of anhydrothrombin with functional group(s) of the

water—-insoluble carrier.
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27. An adsorbent formed by combining anhydrothrombin

having introduced therein amino group(s) by the combination

of amino group(s) of a compound having two or more amino groups
and carboxyl group(s) of the anhydrothrombin with
water-insoluble carrier, characterized by said combination

.
o

being carried out by the reaction of the amino group(s) of

anhydrothrombin introduced said aminoc group(s) and the
functional group(s) of said water-insoluble carrier.

28. An adsorbent according to claim 27, wherein said
compound havingtwoormoreaminogroups isanethylenediamine.

29. A process for producing an adsorbent formed by the
compbination of anhydrothrombin and water—-insoluble carrier,
which method is characterized by reacting carboxyl group(s)
of anhydrothrombin with the functional group(s) of the
water—-insoluble carrier.

30. A process for producing an adsorbent formed by the
combination of anhydrothrombin and water-insoluble carrier,
which process is characterized by causing the amino group(s)
of the anhydrothrombin having introduced an amino group by

the combination of the amino group of a compound having two

or more amino groups and carboxyl group(s) of the
anhydrothrombin to react with the functional group(s) of
water~-insoluble carrier.

31. A process for producing an adsorbent formed by the
combination of anhydrothrombin and water-insoluble carrier

set forth in claim 29, characterized by said compound having

two or more amino groups being an ethylene diamine.

32. A process for producing purified blood coagulation

factor VIII, characterized by using the adsorbent set forth

in any one of claims 26 - 28.
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