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FIBRIN SEALANT COMPOSIT~ONS AND 
METHODS FOR .UTILIZING SAME 

The subject invention relates to fibrin sealants. More 

specifically, in accordance with the invention a composition 

comprising fibrin monomer or a composition comprising noncross­

linked fibrin 1s utilized as a component of a fibrin sealant. 

One mechanism for hemostasis, i.e., prevention of 

blood loss, of a mammal is the formation. of a blood 

clot. Clot formation in humans, i.e., blood 

coagulation, occurs by means of a complex cascade of 

reactions with the final steps being the conversion of 

f ibrinogen - a monomer - by thrombin, calcium ions and 

activated factor XIII to form ultimately·crosslinked 

fibrin II polymer, which is the fibrin clot. 

The formation of crosslinked fibrin II polymer 

proceeds by the f ibrinogen being converted by thrombin 

to fibrin I monomer, which spontaneously polymerizes 

to form fibrin I polymer, whiC:i is sometimes referred 

to as soluble fibrin I because by treatment by appro­

priate chemical means the fibrin I polymer can be 

reconverted to fibrin I monomer. The fibrin I polymer 

is then converted by thrombin to fibrin II polymer, 

which is sometimes ref erred to as soluble fibrin II 

·because by treatment by appropriate chemical means the 
30 fibrin II polymer can be converted to fibrin II 

monomer. The fibrin II polymer, under the influence 

of factor XIIIa - known as activated factor XIII - is 

then crosslinked to form crosslinked fibrin II, which 

is the fibrin clot. Factor XIII is activated by 
35 thrombin in the presence of· calcium ions. Cross-
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linked fibrin II is sometimes referred to as insoluble 

fibrin II because it cannot be converted to fibrin II 

monomer. 
It should be noted that thrombin is formed fro111 · 

5 . prothrombin. Prothrombin is converted to thrombin by 

factor Xa in the presence of calcium and other 

ancillary substances. 

Fibrinoqen represents about 2 to 4 qrams/liter of 

the-blood plasma protein. Fibrinoqen is a monomer 

10 that consists of three pairs of disulfide-linked 

polypeptide chains desiqnated (Aa)i, (B/3) 21 ")'2 • "A" and· 

"B" represent the two small aminoterminal peptides, 

known as fibrinopeptide A and fibrinopeptide B, 

respectively. The cleavaqe of fibrinopeptides A from 

15 f ibrinogen in the transformation of f ibrinoqen by 

thrombin results in the fibrin· I compound and the 

subsequent cleavage of fibrinopeptides B results in 

the fibrin II compound. Such cleavaqe of 

f ibrinopeptides A and B reduces the molecular weiqht 

20 of fibrinoqen by an extremely small amount, about 

6,000 out of 340,000 daltons, but exposes the 

polymerization sites. For a review of the mechanisms 

of blood coagulation and the structure of fibrinoqen, 

·see C.M. Jackson, Ann. Rev. Biochem., 49:765-811 

25 (1980) and B. Furie and B.C. Furie, Cell, 53: 505-518 

(1988). 

A fibrin sealant is a bioloqical adhesive whose 

effect imitates the final staqes of coagulation, 

thereby resulting in a fibrin clot. Conventional 

30 fibrin sealants consist of concentrated human 

fibrinoqen, bovine aprotinin and factor XIII, as the 

first component and bovine thrombin and calcium 

chloride as the second component. Application is 

qene~ally carried out with a double-barrelled syrinqe, 

35 which permits simultaneous application of both 
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components to the site where one wants to form the 
fibrin clot. Aprotinin is a fibrinolytic inhibitor 
added to promote stability of fibrin sealants. 

The fibrinogen component of the fibrin sealan~·is 
s prepared from pooled human plasma. The fibrinogen can 

be concentrated from the human plasma by 
cryoprecipitation and precipitation using various 
reagents, e.g., polyethylene glycol, ether, ethanol, 
ammonium sulfate or glycine. For an excellent review 

10 of fibrin sealants, see M. Brennan, Blood Reviews, 
5:240-244 (1991); J.W. Gibble and P.M. Ness, 
Transfusion, 30:741-747 (1990); H. Matras, J. Oral 
Maxillofac surg., 43:605-611 (1985) and R. Lerner and 
N. Binur, J. of Surgical Research, 48:165-181 (1990). 

15 Recently, there has also been an interest in the 
preparation of fibrin sealants that utilize autologous 
fibrin. An autologous fibrin sealant is a fibrin 
sealant wherein the f ibrinogen component of the fibrin 
sealant is extracted from the patient's own blood. 

20 The use of an autologous fibrin sealant is preferred 
because it eliminates the risk of transmission of 
blood-transmitted infections, e.g., hepatitis B, non 
A, non B hepatitis and acquired immune deficiency 
syndrome (AIDS), that could otherwise be present in 

25 the f ibrinogen component extracted from pooled human 
plasma. See L.E. Silberstein et al., Transfusion, 
28:319-321 (1988); K. Laitakari and J. Luotonen, 
Laryngoscope, 99:974-976 (1989) and A. Dresdale et 
al., The Annals of Thoracic Surgery, 40:385-387 

30 (1985). 
An infection can be transmitted by a·fibrin 

sealant not only by means of the f ibrinogen but also 
by means of the bovine aprotinin and the bovine 
thrombin compon~t. Bovine thrombin has been known to 

35 carry the infectious agent bOvine spongiform 

.. 
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· encephalitis (BSE) and other viruses pathogenic to 
mammals. Furthermore, bovine thrombin is a potent 
antigen, which can cause immunological reactions in 
humans. Thus, the use of bovine thrombin could result 

5 in the recipient of the bovine thrombin being 
adversely affected. See D.M. Taylor, J. of Hospital 
Infection, 18(Supplement A):141-146 (1991), S.B. 
Prusiner et al., Cornell Vet, 81 No. 2: 85-96 (1991) 
and D. Matthews, J. Roy. Soc. Health, 3-5 (February 

10 19~1). 

15 

Accordingly, there is the need for a fibrin 
sealant that can.be delivered to a patient without the 

i 

risk of viral contamination or other advers~ affects. 

The subject invention provides a method for 
utilizing a fibrin sealant which comprises: 

(a) contacting a desired site with a 
composition comprising fibrin monomer; 

20 and 
(b) converting said fibrin monomer to a 

fibrin polymer concurrently with said 
contacting step, thereby forming a 
fibrin clot. 

25 The subject invention also provides methods for 
preparing such composition and compositions and kits 

CV-0008 

,. 

comprising such fibrin monomer. ·' 
Another aspect of the subject invention provides 

a method for utilizing a fibrin sealant which 
30 comprises: 

35 

(a) contacting a desired site with a 
composition comprising noncrosslinked 
fibrin; and 

(b) converting said noncrosslinked fibrin 
to crosslinked fibrin concurrently with 
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said contacting step, thereby forming a 

fibrin clot. 

The subject invention also provides methods for 

preparing such a composition and compositions and k1ts 

5 comprising such noncrosslinked fibrin. 

10 

15 

20 

25 

Various further aspects of the invention are hereinafter 

set forth in the independent claims. 

For the purpose of the subject invention, the 

following definitions·are utilized: 

Fibrin - Fibrin means any form of fibrin. 

Nonlimiting examples of fibrin include 

fibrin I, fibrin II and des BB fibrin. The 

fibrin can be in monomeric form or polymeric 

form, wherein the polymeric form is either 

noncrosslinked or crosslinked. 

Fibrin Monomer - Fibrin monomer includes any form 

of fibrin, e.g., fibrin I, fibrin II or des 

BB fibrin, wherein the fibrin is in 

monomeric form or oligomeric form that can 

be solubilized in the composition comprising 

fibrin monomer and wherein the fibrin 

monomer can be converted to fibrin polymer. 

Fibrin Polymer - Fibrin polymer includes any form 

of fibrin, e.g., fibrin I, fibrin II or des 

BB fibrin, wherein said fibrin is in poly­

meric form, either noncrosslinked or 

crosslinked. 

Noncrosslinked Fibrin - Noncrosslinked fibrin 

includes any form of fibrin, e.g., fibrin I, 

3o fibrin II or des BB fibrin, wherein said 

fibrin is noncrosslinked and can be 

converted to crosslinked fibrin. The 

35 

noncrosslinked fibrin can be fibrin monomer 

or noncrosslinked fibrin polymer. 
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Crosslinked Fibrin - Crosslinked fibrin includes 

any form of fibrin, e.g., fibrin I, fibrin 

II or des BB, wherein the fibrin is a fibrin 

polymer that is crosslinkad. 

The subject invention provides a method for 

utilizing a fibrin sealant which comprises: 

(a) contacting a desired site with a 

10 composition comprising fibrin monomer; 

and 

· (b) converting said fibrin monomer to a 

fibrin polymer concurrently with said 

contacting step, thereby forming a 

15 fibrin clot. 

The subject invention also provides methods· for 

preparing such composition and compositions and kits 

comprising such fibrin monomer. 

Another aspect of the subject invention provides 

20 a method for utilizing a fibrin sealant which 

comprises: 

25 

(a) contacting a desired site with a 

composition comprising noncrosslinked 

fibrin; and 

(b) converting said noncrosslinked fibrin 

to crosslinked fibrin concurrently with 

said contacting step, thereby forming a 

fibrin clot. 

The subject invention also provides methods for 

30 preparing such composition and compositions and kits 

comprising such noncrosslinked fibrin. 

4.1. THE COMPOSITION COMPRISING FIBRIN MONOMER 

The fibrin composition of the subject invention 

35 comprising fibrin monomer is a composition that 



- 7 -

contains any form of fibrin monomer that can be 
converted to fibrin polymer. Nonlimiting examples of 
fibrin monomer include fibrin I monomer, fibrin II 
monomer or des BB fibrin monomer, with fibrin I 

5 monomer being preferred. Of course, mixtures of the 
fibrin monomer can be present. Also, for the purpose 
of the subject invention, fibrin polymer includes any 
polymer resulting from the polymerization of fibrin 
monomer. Thus, for example, the conversion of fibrin . 

10 I monomer to fibrin polymer can result in fibrin I 

CV-OOOS 

polymer, crosslinked or noncrosslinked, and/or fibrin ·· 
II polymer, crosslinked or noncrosslinked, depending 
on how the conversion step is carried out. 

Fibrin I monomer is preferred because it can, in 
15 contrast to f ibrinogen, readily be converted to fibrin 

polymer without the use of thrombin or factor XIII. 
In fact, the fibrin I monomer can spontaneously form 
fibrin I polymer, which can act as the fibrin clot, 
regardless of whether the fibrin I polymer is 

20 crosslinked or noncrosslinked or further converted to 
fibrin II polymer. Thus, since the formation of the 
fibrin I polymer from fibrin I monomer is spontaneous, 
the fibrin I polymer can be formed without thrombin 
and factor XIII, thereby avoiding the problems 

25 associated with bovine thrombin. (It should be noted 
that if fibrin I monomer is utilized such that the 
fibrin I monomer comes into contact with patient's .-. 
blood, for example, ·on a wound, the patient's thrombin 
and factor XIII may convert the fibrin I polymer to 

30 crosslinked fibrin II polymer.) 

The composition comprising noncrosslinked fibrin 
is a· composition that contains any form of 

35 noncrosslinked fibrin. Nonlimiting examples of 



•• - 8 -

noncrosslinked fibrin are noncrosslinked fibrin I, 
noncrosslinked fibrin II and des BB fibrin, with 
noncrosslinked fibrin I being preferred. Of course, 
mixtures of noncrosslinked fibrin can be present. 

s Also, for the purpose of the subject invention 
"crosslinked fibrin" includes ~ny form of fibrin 
resulting from the conversion of noncrosslinked fibrin 
to crosslinked fibrin. Thus, the crosslinked fibrin, 
for example, resulting from the conversion of 

10 noncrosslinked fibrin I to crosslinked fibrin, can be 
crosslinked fibrin I and/or crosslinked fibrin II, 
depending on how the conversion step is carried out. 

Noncrosslinked fibrin I is preferred because it 
can more readily, as compared to fibrinogen, be 

15 converted to crosslinked fibrin. In fact, it is 
believed that fibrin I can form crosslinked fibrin I, 
which can act as the fibrin sealant. Thus, the 
formation of the crosslinked fibrin I from 
noncrosslinked fibrin I can be carried out without 

20 thrombin, thereby avoiding the problems associated 
with bovine thrombin, albeit activated factor XIII may 
be required. (It should be noted that if 
noncrosslinked fibrin I is utllized such that the 
noncrosslinked fibrin I comes into contact with 

25 patient's blood, for example, on a wound, the 
patient's thrombin and factor XIII may convert the 
fibrin I to crosslinked fibrin II.) 

Also, the noncrosslinked fibrin can be a polymer, 
oligomer or monomer, albeit an oligomer or monomer is 

30 preferred, i.e., fibrin monomer. Th~s is due to the 
fact that noncrosslinked fibrin in polymeric form is 
generally a gel and, therefore, is very difficult to 
deliver to the desired site and provides for less 
intimate contact with cells at the desired site. In 

35 contrast, a resulting noncrosslinked fibrin in 

.-
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oligomeric or monomeric form is soluble and, 
therefore, can more readily be delivered to the 
desired site and have more intimate contact with the 
cells. Of course, the composition can contain a 

. CV-0008 

s mixture of such forms of noncrosslinked fibrin. 
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The source of the composition comprising fibrin 
monomer or noncrosslinked fibrin can be any source 
known or to be developed so long as the fibrin monomer,. 
can be converted to fibrin polymer or the 
noncrosslinked fibrin can be converted to crosslinked 
fibrin. Nonlimiting sources of compositions 
comprising fibrin monomer or noncrosslinked fibrin are 
blood, preferably mammalian blood and even more 
preferably human blood, cell cultures that secrete 
fibrinogen and recombinant fibrinogen, with blood 
being preferred. Blood can be any form of blood 
including, for example, whole blood or prepared 
fibrinogen preparations. Also, blood can be utilized 
to prepare an autologous fibrin sealant. 

It has been observed that a composition 
comprising noncrosslinked fibrin I, either as fibrin I 
monomer or fibrin I polymer, prepared from whole blood 
as described below can be converted to crosslinked 
fibrin II without the addition of thrombin, factor 
XIII and other necessary substances for blood 
coagulation! It is believed that this is due to the 
fact that the composition comprising noncrosslinked 
fibrin I prepared from whole blood retains sufficient 
quantities of prothrombin, factor XIII and such other 
necessary substances· from the plasma such that the 
noncrosslinked fibrin I can be converted to 
crosslinked fibrin II without the addition of 
exoqeneous thrombin and factor XIII. This endogenous 
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prothrombin and factor XIII can be utilized in the 
fibrin sealant of the subject invention as components 
of the composition comprisinq fibrin monomer or 
noncrosslinked fibrin. 

5. However, it should be noted that sufficient 
quantities of this endoqenous thrombin and factor XIII 
are not retained so as to convert f ibrinoqen to 
crosslinked fibrin II at a reaction rate that is 
suitable for a fibrin sealant.. It is believed that 

10 more thrombin is requireQ to convert f ibrinoqen to 
crosslinked fibrin II than to convert noncrosslinked 
fibrin I to crosslinked fibrin II at an equivalent 
reaction rate. 

Each one of such three sources contains 
15 fibrinoqen, which can be converted to the fibrin 

monomer or noncrosslinked fibrin. In addition to such 
conversion step, the resultant composition that 
contains the fibrin monomer or noncrosslinked fibrin 
must be in a concentrated form. It is preferred that 

20 the concentration of the fibrin monomer be no less 
than about 10 mq/ml, more preferably from about 20 
mq/ml to about 200 mq/ml, even more preferably from 
about 20 mq/ml to about 100 mq/ml and most preferably 
from about 25 mg/ml to about 50 mg/ml. 

25 In addition, it is preferred that the fibrin 
monomer or noncrosslinked fibrin be nondynamic. For 
the purpose of the present invention a nondynamic 
composition comprisinq noncrosslinked fibrin means 
that the noncrosslinked fibrin in such composition 

30 does not crosslink for at least abou~ 1.5 minutes, 
preferably for at least about 3 minutes and more 
preferably for at least about 30 minutes after 
preparation of such composition. For the purpose of 
the present invention a nondynamic composition 

35 comprising fibrin monomer means that the fibrin 

.. 

... 
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monomer in such composition does not polymerize for at 
least about 1.5 minutes, preferably for at least about 
3 minutes, more preferably for at least about 30 
minutes and even more preferably at least about 2 

5 hours afte~ the preparation of the composition. In 
fact, it should be noted that the composition 
comprising fibrin monomer can be nondynamic for at 
least several days, i.e., about 72 hours, after its 
preparation! 

10 

15 

20 

25 

30 

35 

The composition comprising fibrin monomer or 
noncrosslinked fibrin can be prepared from blood. The 
method can result in a hydrogen bonded fibrin polymer, 
which is a form of noncrosslinked fibrin. such 
polymer can then be utilized as a component of the 
fibrin sealant or be converted to fibrin monomer by a 
process referred to as solubilization, all as 
described hereinbelow. Also, it is preferred that the 
composition comprising fibrin monomer or 
noncrosslinked fibrin be prepared in a sterile 
environment. 

Compositions comprising fibrin monomer or 
noncrosslinked fibrin can be prepared from whole blood 
by withdrawing blood from a donor and preferably in 
the presence 9f an anticoagulant. Any anticoagulant 
can be utilized. Nonlimiting examples of 
anticoagulants are heparin, EDTA, hirudin, citrate or 
any other agent that can, directly or indirectly, 
prevent the formation of thrombin, with citrate being 
pref erred. 

The plasma, which contains the fibrinoqen, is 
then separated from the whole blood. Any separation 

.. 

·'. 
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technique can be utilized, for example, sedimentation, 
centrifugation or filtration. Centrifugation can be 
carried out at about 3,000 g. for about 10 minutes. 
However, if it is desired to obtain plasma rich in···· 

s platelets, centrifugation can be carried out at lower 
g. force, e.g., 500 g. for about 20 minutes. The 
supernatant, which contains the plasma, can be removed 
by standard techniques. 

Filtration can be carried out by passing the 
10 whole blood through a suitable filter that separates 

blood cells from plasma. It is preferred that the 
filter be a microporous membrane exhibiting. good 
protein transmission. 

The resultant plasma is then treated to convert 
15 the f ibrinogen to fibrin monomer or noncrosslinked 

fibrin. This conversion can be carried out by any 
technique that is known or to be developed. 

A pref erred technique to produce fibrin monomer 
or noncrosslinked fibrin is by means of a 

20 thrombin-like enzyme, which- includes thrombin. A 
thrombin-like enzyme is any enzyme that can catalyze 
the formation of fibrin from f ibrinogen. A common 
source of thrombin-like enzymes are snake venoms. 
Preferably, the thrombin-like enzyme is purified from 

25 the snake venom. Depending on the choice of 
thrombin-like enzyme, such thrombin-like enzyme can 
release f ibrinopeptide A -- which forms fibrin I -­
f ibrinopeptide B -- which forms des BB fibrin -- or 
both fibrinopeptide A and B -- which forms fibrin II. 

30 It should be noted that those thrombi_n-like enzymes 
that release f ibrinopeptide A and B may do so at 
different rates. Thus, the resultant composition 
could be, for example, a mixture of fibrin II and 
fibrin I or a mixture of fibrin II and des BB fibrin. 

35 

,. 
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TABLE I is a nonlimiting list of the sources of 
the snake venoms that can be utilized in the subject 
invention, the name of the thrombin-like enzyme and 
which fibrinopeptide(s) is released by treatment w1th 

5 the enzyme. 

10 

15 

20 

25 

30 

35 

~1 

SOURCE NAME FIBRINOPEPTIDE 
RELEASED 

Agkistrodon acutus Acutin A 

A. contortrix contortrix Venzyme B, (A)* 

A. halys Pallas B, (A)* 

A. (Calloselasma) Ancrod, Arvin A 
rhodostoma 

Bothr01'S as,,er tB. atrox> As1:1erase A 

B. At:rox Batroxobin, A 
Reptilase -

Reaqent 

B. insular is A, B 

B. jararaca Botropase A 

B. Noojeni (B. Atrox) .Batroxobin, A 
Defibrase 

Lachesis muta muta A, B 

Crot:alus adamant:eus Crotalase A 

c. durissus t:erri:ficus A 

Trimeresurus f lavoviridis Flavoxobin A 

T. gramineus A 

Bit:is gabonica Gabonase A, B 

* ( ) means low activity. 

For a review of thrombin-like enzymes from snake 
venoms, see H. Pirkle and K. Stocker, Thrombosis and 
Haemostasis, 65(4):444-450 (1991). 

The preferred thrombin-like enzymes are 
Batroxobin, especially from B. Moojeni, B. Maranhao 
and B. atrox and Ancrod, especially from A. 
rhodost:oma. 

CV-0008 
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The fibrin monomer or noncrosslinked fibrin can 
be prepared by contactinq the plasma with the 
thrombin-like enzyme, thereby permittinq the 
fibrinoqen in the plasma to be converted to a fibrin·· 

CV-0008 

5 monomer. However, the resultant fibrin monomer 
spontaneously polymerizes to form a hydroqen bonded 
polymer in the form of a qel, which separates from the 
remaininq serum, which is a solution. The qel is a 
form of the composition comprisinq noncrosslinked 

10 fibrin. 
This noncrosslinked fibrin qel can be harvested .­

by, for example, centrifuqation (3,000 q. for 10 
minutes), direct manual separation of the 
noncrosslinked fibrin from the serum, filtration, 

15 directly or under pressure, followed by the removal of 
the separated serum. (A 1-100 micron pore size filter 
can be utilized, for example, a sintered polypropylene 
20 micron pore size filter from Porex, Inc., a teflon 
20-10 micron pore size filter from Fluorotechniques, 

20 Inc. or a nylon 66 22-46 micron pore size filter from 
Costar, Inc.). 

This harvestation separates the noncrosslinked 
fibrin gel from serum, which is a solution, and, 
thereby, concentrates the noncrosslinked fibrin qel 

25 vis-a-vis the plasma. It should be noted that the 
noncrosslinked fibrin gel retains at least some 
prothrombin, factor XIII, and such other necessary 
substances from the plasma such that the 
noncrosslinked fibrin I can be converted to 

30 crosslinked fibrin II without the addition of 
exogenous thrombin or factor XIII. This endogenous 
prothrombin and factor XIII can be utilized in the 
fibrin sealant of the subject invention as components 
of the composition comprisinq fibrin monomer or 

35 noncrosslinked fibrin. 
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The force of centrifugation or pressure of 
filtration during harvestation will determine how much 
of the serum is removed from the noncrosslinked fibrin 
gel, with the higher such force or pressure, the more 

s concentrated the resulting noncrosslinked fibrin gel. 
However, it is preferred that such force or pressure 
not be so great that the prothrombin and factor XIII 
are removed from the noncrosslinked fibrin gel. 

The noncrosslinked fibrin gel is now ready for 
10 use as a component of the fibrin sealant as a form of 

the composition comprising noncrosslinked fibrin. It ,. 
has been observed that when such composition is 
prepared from whole blood, from about 60% to about 90% 
of the original f ibrinogen is present in the 

15 composition, but, of course, in the form of a 
noncrosslinked fibrin. 

The composition comprising the noncrosslinked 
fibrin can be utilized immediately after it is 
prepared. In fact, it is particularly preferred to 

20 utilize such composition immediately after its 
preparation when the composition is autologous. If 
the composition is not utilized immediately after its 
preparation, the composition can be stored. Storage 
of the composition requires that the composition be 

25 preserved by, for example, freezing or lyoph_ilizinq 
the composition or holding the composition at 4°C. 
The composition in frozen or lyophilized form will be 
stable for a period of months. When the composition 
is held at 4°C, it is believed that the composition is 

30 stable for at least a period of days. 
If the composition is frozen, the composition 

must be thawed prior to the time of use. 
This technique that results in the formation of 

the noncrosslinked fibrin qel converts the f ibrinoqen 
35 to -the noncrosslinked fibrin qel and concentrates such 
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qel in essentially one step. Alternatively, and less 
preferred, one can concentrate f ibrinoqen by 
conventional techniques, e.q., cryoprecipitation and 
precipitation usinq various reaqents, e.q., 

5 polyethylene qlycol, ether, ethanol, ammonium sulfate 
or qlycine. The concentrated fibrinoqen can then be 
converted to the noncrosslinked fibrin qel by the 
techniques described above or, preferrably, since the 
f ibrinogen· is already concentrated, then the 

10 fibrinogen can be converted to a composition 
comprising fibrin monomer without the need to first ·· 
form the noncrosslinked fibrin qel. This can be 
carried out by contactinq the concentrated f ibrinoqen 
with a chaotropic agent to obtain a fibrinoqen 

15 solution. 
The chaotropic aqent is necessary to prevent the 

fibrin monomer, which is formed upon contact of the 
fibrinoqen with the thrombin-like enzyme, from 
spontaneously polymerizinq. The chaotropic aqent is 

20 mixed with such fibrinogen composition and then 
aqitated for about 1 to 2 minutes .to form the 
fibrinogen solution. The fibrinogen can then be 
converted to a fibrin monomer by, for example, a 
thrombin-like enzyme, as described above, or by a 

25 thrombin-like enzyme immobilized on a support, as 
described below. 

Suitable chaotropic agents include urea, sodium 
bromide, quanidine hydrochloride, KCNS, potassium 
iodide and potassium bromide. The preferred 

30 concentration of the chaotropic agent is from about 
0.2 to about 6.0 molar and most preferably from about 
0.3 to about 2.0 molar. It is preferred to utilize 
the least amount of chaotropic aqent possible that 
still prevents the fibrin monomer from spontaneously 

35 polymerizinq. 
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It should be noted that it is preferred that a 
source of calcium ions not be added to the chaotropic 
aqent until it is desired to convert the fibrin 
monomer to fibrin polymer, as described below. Thi:s .. 

5 ensures that the fibrin monomer will not crosslink due 
to activation of any endoqenous blood coaqulation 
factors. 

10 

In a preferred embodiment, the thrombin-like 
enzyme is immobilized on a support. Such embodiment 
is pref erred because one can readily separate the 
immobilized enzyme from the plasma, thereby preventinq 

15 the composition comprisinq noncrosslinked fibrin from 
beinq contaminated by the enzyme. 

Any support to which the thrombin-like enzyme can 
be attached can be utilized in the subject invention. 
Nonlimitinq examples of suitable supports are 

20 cellulose, polydextrans, aqarose, polystyrenes, 
silica, polyacrylic acids, polyacrylamides, 
polyvinylalcohols, qlass beads, 
polytetrafluorethylene, polycarbonate, collagen, 
celulose derivatives, teflon and their composites, 

25 with silica polystyrene and aqarose beinq preferred 
and aqarose beinq most preferred. 

In another preferred embodiment the thrombin-like 
enzyme is attached to a support that is a filter or on 
one side of the filter and attached to another 

30 support, e.g., a bead. Otherwise, the thrombin-like 
enzyme will pass through the filter. Thus, the pore 
size of the filter should be such that the immobilized 
tbrombin-like enzyme cannot pass through the filter, 
but the noncrosslinked fibrin can pass throuqh the 

35 filter. The noncrosslinked fibrin is prepared by 
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contacting the plasma with the thrombin-like enzyme on 
one side of the filter to form a fibrin monomer, 
which, along with the rest of the plasma, passes 
through the filter. ~bus, the resulting composition·· 

5 comprising noncrosslinked fibrin is necessarily 
separated from the thrombin-like enzyme. The fibrin 
monomer, after passage through the filter, 
spontaneously polymerizes to form a noncrosslinked 
fibrin polymer. 

10 In order to immobilize the thrombin-like enzyme 
to a support, the support must be activated. This can· 
be carried out by any suitable technique. For 
example, various activation chemistries available for 
derivatizing supports are: diazonium groups, 

15 isocyanate groups, acid chloride groups, acid 
anhydride groups, sulphonyl chloride groups, dinitro 
fluorophenyl groups; isothiocyanate groups, hydroxyl 
groups, amino groups, n-hydroxysuccinimide groups, 
triazine groups, hydrazino groups, carbodiimide 

20 groups, silane groups and cyanogen bromide. See (a) 
Pentapharm Patent DT 2440 254 Al; (b) P.D.G. Dean, 
w.s. Johnson and F.A. Middle (Editors) (1991) IRL 
Press Oxford - Affinity Chromatography - A practical 
approach - chapter 2 - Activation Procedures, the 

25 disclosures of which are incorporated herein by 
reference. 

The preferred activation chemistry is by means of 
a hydrazide group. The use of a hydrazide activated 
support results in a maximal percentage (at least 

30 about 30% to about 50% as measured by the S2238 assay 
- See Axelsson G. et al., Thromb. Haemost~, 
36:517(1976)) of the thrombin-like enzyme retaining 
its activity with essentially no enzyme leaching. 
Also, low pH values, e.g., pH 4-6, can be utilized for 

35 enzyme coupling to prevent enzyme degradation. 
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Generally, the support is activated by a highly 
reactive compound, which subsequently reacts with a 
functional group of a ligand, e.g., -OH, -NH2 , -SH, 
-COOH, -CHO to form a covalent linkage. The preferred 

5 activation chemistries for use in the subject 
invention are: 

(a) by means of a triazine group and 
preferably triazine halogenide groups; 

(b) by means of a tresyl chloride group; 
10 (c) by means of a carbonyldiimidazole 

group; 
(d) by means of a cyanogen bromide group; 

and 
(e) by means of a hydrazide or amino group. 

15 In (a)-(d), the protein is coupled via reaction with 
-NH2 , -SH, or -OH groups, whereas in (e), the protein 
is coupled via an oxidized carbohydrate moiety, i.e., 
-CHO. The use of these chemistries results in a 
maximal percentage (at least about 30% to about 50% as 

20 measured by the 82238 assay) of the thrombin-like 
enzyme retaining its activity with essentially no 
enzyme leaching. 

For triazine activation two different methods 
were used. The first method involved linking the 

25 triazine ring directly to surface OH groups. This is 
similar to the CNBr activation method employed, where 
surface diol groups were reacted with CNBr. For 
triazine activation, OH groups of agarose were reacted 
with triazine (cyanuric chloride). 

30 Generally, the support is activated by a highly 
reactive compound, which subsequently reacts with a 
functional group of the ligand, e.g., -OH, -~, -SH, 
-CHO, to form a covalent linkage. Remaining active 
groups, which have no thrombin-like enzyme attached, 

35 can be, but it is not essential, blocked with non-

,. 
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reactive compounds such as ethanolamine, acetic 
anhydride or glycine. 

The preferred activation chemistries for use in 
the subject invention are: ·· · · 

5 (a) cyanogen bromide activation followed by 

10 

direct coupling of enzyme via -NH2 

groups on the protein. 
(b) Activation of the support with 

monochlorotriazine followed by coupling 
of an enzyme via -NH2 , -OH or -SH 
groups. 

(c) Activation of the support with 
dichlorotriazine followed by coupling 
of the enzyme via -NHi, -OH or -SH 

15 groups. 

20 

(d) Tresyl chloride activation of the 
support followed by coupling of the 
enzyme via -NH2 , -OH or -SH. 

(e) Activation of the support with adipic 
acid hydrazide or hydrazine followed by 
coupling of oxidised enzyme via -CHO 
groups. 

(f) Activation of the support with an amino 
ligand followed by coupling of oxidised 

25 enzyme via -CHO groups. 

30 

35 

All the above pref erred methodologies employ agarose 
as the support, however, it is possible to use silica. 
When using this support, the preferred activation 
chemistries are: 

(a) Gamma - glycidoxypropyltrimethoxysilane 
activation with direct coupling of the 
thrombin-like enzyme via -NHz groups on 
the protein. 

iiiflD li1ii1Dlr 

,. 
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(b) cyanoqen bromide activation followed by 
direct couplinq of enzyme via -NHi 
qroups on the protein. , 

(c) Gamma - glycidoxyt:i-imethoxysilane 
5 activation followed by·'.openinq of the 

epoxide rinq to form a diol qroup, 
which can be subsequently activated 
with cyanoqen bromide. Direct couplinq 
of the enzyme can be achieved via -NH2 

10 

.. 

(d) 

qroups on the protein. 
Gammaqlycidoxypropyltrimethoxysilane 
activation followed by preparation of 
amino-silica by treatment with ammonia 
solution • 

15 The amino-silica can be subsequently activated with 
cyanuric chloride (triazine) and the enzyme coupled 
via -NHi. -OH or -SH qroups. 

20 Couplinq of the enzyme to the activated support 
must be buffered at a certain pH to obtain optimal 
enzyme binding. Generally, with standard activation 
techniques such as qamma-qlycidoxypropyltri­
methoxysilane couplinq of enzyme to activated support 

25 and cyanoqen bromide couplinq of any-protein to active 
qroups requires bufferinq at a pH 1-2 units hiqher 
than the pKa of the primary and secondary amines of 
the enzyme. However, the use of cyanuric chloride as 
the activator enables the use of much lower pH buffers 

30 (optimal couplinq pH is 4-6). Another method of 
couplinq qlycoproteins such as batroxobin·to an inert 
support is via their carbohydrate moieties. This 
involves first the oxidation of the suqar qroup to 
-CHO qroups followed by direct couplinq at acid pH to 

35 an amino qroup such as hydrazide. A wide ranqe of 

,. 
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coupling buffers can be used. See, for example, Table 
2. 

SUPPORT 

TABLE 2 

EXAMPLES OF COUPLING BUFFERS USED IN ENZYME 
IMMOBILIZATION TO SILICA AN]) AGAROSE SUPPORTS 

ACTIVATION METHOD COUPLING BUFFER 

Silica Gamma- O.lM Sodium bicarbonate pH 8-9 
glycidoxypropyltrimet 10 mM HEPES pH 7.0 
-hoxysilane 

Silica y- O.lM Sodium bicarbonate pH 8,"':'9 
glycidoxypropyltrimet 10 mM HEPES pH 7.0 
hoxysilane + cyanogen 
bromide 

Silica Cyanogen Bromide Water pH 7.0 
O.lM Sodium bicarbonate pH 7-9 
10 mM HEPES pH 7.0 

Ag arose Monochlorotriazine 50 mM Sodium Acetate/lMNaCl 
4.0 

Aqarose Dichlorotriazine O.lM Potassium 
phosphate/lMNaCl pH 8.0-9.0 

Ag arose Tresyl chloride 50 mM Potassium 
phosphate/0.5MNaCl pH 7.7 

Aqarose Hydrazide 50 mM Sodium Acetate pH 5.5 
10 mM NaBB4 

Aqarose Amine 50 mM Sodium Acetate pH s.s 
10 mM NaBB4 

After activation the support will possess more 
active sites than required for enzyme coupling. These 
sites, if not deactivated, may covalently bind 
contaminating proteins, which might affect the 
bioloqical function of the immobilized enzyme. 

Excess groups can be deactivated by the covalent 
coupling of small, noninterfering amines such as 
ethanolamine. 

If hydrazide or amino activated supports are 
employed, blockinq of residual reactive groups 

pH 

~ 
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following enzyme coupling can be acheived by use of 
acetic anhydride. 

Depending on the method of immobilization and the 
support, enzyme inactivation occurs dur·ing the 

5 immobilization process. Employing a silica support 
with the most desirable activation chemistry (e.g., 
cyanogen bromide), up to 80-90% of enzyme activity is 
lost. However, the use of agarose as the support with 
cyanuric chloride activation results in less loss of 

10 of enzyme activity. 

In order to characterize the efficacy of the 
immobilized enzyme on the support, two methods can be 

15 utilized to assess the amount of active enzyme 
immobilized on the support; the Clot Time Assay -
Clauss A., Acta Haematol., 17:237 (1957) and the 82238 
Assay - See AXelsson G. et al., Thromb. Haemost., 
36:517 (1976). 

20 To assess the leaching of the enzyme from the 
support, the following assay can be utilized. 

Leaching can be assayed by radiolabelling the 
thrombin-like enzyme, e.g., I1~ batroxobin. However, 
prior to carrying out the leaching assay, it is 

25 necessary to remove any unbound radiolabel. This can 
be achieved by sequentially washing the support with: 
50 ml SOmM sodium acetate pH 5.5, 100 ml SOmM 
glycine/lM sodium chloride pH 3.0, 100 ml SOmM sodium 
carbonate/lM sodium chlori4e pH 10.0, 100 ml 50mM 

30 sodium phosphate/lM sodium chloride pH 7.0, 100 ml 
water and 100 ml 50mM sodium phosphate/1M·sodium 
chloride pH 7.0. After such a washing procedure, 
there was no detectable radiolabel in the washings, 
with >50% of the initial radiolabelled enzyme coupled 

35 to the support. 

,. 
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(a) Amount of Enzyme Required 
The amount of enzyme required for the treatment 

of 30-70 ml plasma (obtained from 60-150 ml whole 
5 blood) is 30-200 units after about 10-15 minutes 

mixing. 
If agarose is employed as the support matrix, 

30-200 U of batroxobin results in the formation of 
noncrosslinked fibrin in about 7-20 minutes. This 

10 system employs hydrazide activation and 0.25 g - 1.0 g 
of dry agarose. In this case no blocking of remaining·· 
active groups is required. 

15 

(b) Reaction of Immobilized Enzyme with · 
Plasma Fibrinoqen 

Generally, the reaction of the immobilized enzyme 
with fibrinogen in plasma is performed as follows: 
approximately 30-70 ml of plasma is added to a known 
quantity of a dried support, which contains the 

20 immobilized. thrombin-like enzyme. The suspension is 
mixed gently (rotation on a spiral mixer or hand 
mixing) for approximately 7-20 minutes. During this 
time f ibrinogen in the plasma is cleaved by the 
immobilized enzyme to release f ibrinopeptide A and/or 

25 fibrinopeptide B resulting in the formation of a 
hydrogen bonded fibrin I polymer, hydrogen bonded des 
BB fibrin polymer or hydrogen bonded fibrin II polymer 
wherein each polymer is associated with the 
immobilized enzyme. 

30 As described above, the hydrogen bonded fibrin 

35 

polymer is in the form of a gel and can be harvested 
by, for example, centrifugation (3,000 g. for 10 
minutes) or filtration (through a 1-50 micron membrane 
filter). such harvestation separates the hydrogen 
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bonded fibrin polymer from serum and, thereby, 
concentrates the polymer. 

It should be noted that if a thrombin-like enzyme 
is utilized in plasma that results in the activation 
of factor XIII, then it is preferred that the plasma 
composition be modified at the time the thrombin-like 
enzyme is utilized so as to prevent the noncrosslinked 
fibrin, e.g., noncrosslinked fibrin r or II, from 
forming crosslinked fibrin, e.g., crosslinked fibrin I 
or II. Of course, it may not be necessary to modify 
the plasma composition if such composition is utilized 
as a fibrin sealant immediately after the f ibrinogen 
has been converted to noncrosslinked fibrin. 

The plasma composition can be modified to prevent 
the crosslinking of the noncrosslinked fibrin by any 
technique that is known or to be developed. This can 
be carried out by blocking the endogenous thrombin 
that can activate the factor XIII, e.g., hirudin or 
thrombin inhibitors, or blocking the action of 
activated factor XIII, e.g., by means of heavy metals 
(Hg), thiomerosal or inhibitory antibodies. 
crosslinkinq of fibrin I or II requires the presence 
of calcium ions. Thus, if the calcium is removed from 
the plasma composition, crosslinking of the fibrin I 
or II can be inhibited. See Carr et al., J. Biochem., 
239:513 (1986); Kaminski et al., J. Biol. Chem. 
258:10530 (1983) and Kanaide et al. 13:229 (1982). 
Calcium chelators can be added to the composition to 
prevent the crosslinkinq of the fibrin I or II. such 
chelators bind to the calcium, thereby preventing the 
crosslinkinq. Any calcium chelator can be utilized. 
Nonlimitinq examples of calcium chelators include 
citric acid, saccharic acid, ethylenediaminetetra-

.. 
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acetic acid (EDTA), nitrilotriacetic acid (NTA), 

hydroxyethylenediamine-triacetic acid (HEEDTA), 

ethylenediaminedi-(o-hydroxyphenylacetic acid] 

(EDDHA), ethyleneqlycolbis (2-aminoethylether) 

5 tetra-acetic acid (EGTA), diethylenetriaminepenta­

acetic acid (DTPA), 1,2-diaminocyclohexanetetraacetic 

acid (OCTA), N,N-bishydroxyethylqlycine, 

4-(2-hydroxyethyl)-1-piperazineethane-sulfonic acid 

(HEPES) and N-hydroxyethylimino-diacetic acid (HIMDA) 

10 and salts thereof, with salts of citric acid being 

pref erred. 

15 

Any cell culture that can secrete fibrinogen can 

be utilized in the subject invention. The f ibrinoqen 

in the cell culture can be converted to fibrin monomer 

or noncrosslinked fibrin by the same techniques as 

20 those described above with respect to plasma. 

However, prior to such conversion, it is preferr~d 

that the cellular debris be removed. 

The process can be carried out as follows: 

HEPG2 cells are qrown and maintained as described by 

25 standard texts on mammalian cell culture. Also, see 

Liu et al., cytotechnoloqy, 5:129-139 (1991). The 

cells are seeded into flasks at a split ratio between 

1:4 to 1:8 in Minimal Essential Medium containing 10% 

calf serum and buffered with 5% co2 • 

30 After 24 - 36h qrowth at 37°C, the medium is 

35 

removed and replaced with serum free medium containing 

a suitable protease irihibitor and 2 IU/ml heparin. 

culture is continued for further 24h periods with 

three consecutive changes of serum free media. 

.. 
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The conditioned media is centrifuged at 3,000 g 
for 10 minutes to remove any cell debris and the 
clarified supernatant, which contains fibrinogen, is 
then gently mixed with a thrombin-like enzyme for 4·· ~ 

5 5 hours. Preferably, the thrombin-like enzyme is 
immobilized. A ratio of from about 1.0 ml to about 50 
ml., settled volume agarose-thrombin-like enzyme per 
500 ml media is suitable. As described above, 
supports other than agarose can be utilized. The 

10 resulting fibrin monomer spontaneously polymerizes and 
is enmeshed around the immobile support. 

The supernatant, which now contains no 
fibrinoqen, is decanted from the support/fibrin gel, 
which is then washed successfully with four changes of 

15 NaCl-0.15 M. at a ratio of from about 10 ml. to about 
100 ml. per 1.0 ml original settled volume of support. 
The washed gel is then semi-dehydrated using a 
sintered glass funnel under vacuum. 

The use of cell cultures that can secrete 
20 fibrinoqen are particularly preferred when a 

composition comprising a fibrin monomer is utilized. 
This is because it is believed that such composition 
can be utilized to form a fibrin polymer that is 
useful as a fibrin sealant, regardless of whether the 

25 fibrin polymer ultimately crosslinks. Thus, since 
such cell culture does not contain factor XIII, which 
is essential for crosslinkinq, no exogenous factor 
XIII need be added to make an effective fibrin 
sealant. 

30 

35 

The noncrosslinked fibrin composition can also be 
prepared from. recombinant fibrinogen. Only recently 
f ibrinoqen has been made by recombinant DNA 

,. 
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techniques. Sees. Roy et al., The Journal of 
Bioloqical Chemistry, 266:4758-4763 (1991), the 
contents of which are incorporated herein by 
reference. Roy et al. appears to be the first.group .. 

5 to express all three chains of f ibrinoqen and teach 
that cos cells express, assemble and secrete the 
chains in a form that is capable of forming a 
thrombin-induced clot. The resultant fibrinogen 
composition can then be utilized to produce the 

10 composition comprising fibrin monomer or noncross­
linked fibrin by the same techniques as described 
hereinabove with respect to cell cultures that secrete 
fibrinogen. However, it is preferred that prior to 
the formation of the composition comprising fibrin 

15 monomer or noncrosslinked fibrin, the cellular debris 
be removed by the same techniques as described above 
with·respect to cell cultures. The cellular debris 
can be removed by centrifugation or filtration. 

The use of recombinant f ibrinoqen is particularly 
20 preferred when a composition comprising a fibrin 

monomer is utilized. This is because it is believed 
that such composition can be utilized to form a fibrin 
polymer that is useful as a fibrin sealant, regardless 
of whether the fibrin polymer ultimately crosslinks. 

25 Since the recombinant f ibrinoqen cell culture does not 
contain factor XIII, which is essential for 
crosslinking, no exogenous factor XIII need be added 
to make an effective fibrin sealant. 

30 

The conversion of f ibrinogen to noncrosslinked 
fibrin by, for example, a thrombin-1ike enzyme,· 
results in the formation of the fibrin in the form of 
a fibrin hydrogen-bonded polymer. However, as 

35 discussed above, it is preferred that the composition 

,. 
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comprising noncrosslinked fibrin, and it is essential 
for the composition comprising fibrin monomer, be in 
oligomeric or monomeric form. This can be carried out 
by solubilization of the composition comprising 

5 noncrosslinked fibrin. 
Solubilization is particularly pref erred when the 

noncrosslinked fibrin is formed by means of a 
thrombin-like enzyme that is immobilized on a support. 
This is due to the fact that :the use of a 

10 thrombin-like enzyme immobilized on a support 
generally results in the noncrosslinked fibrin 
hydrogen-bonded polymer being associated with such 
immobilized enzyme. Thus, since it is preferred that 
the support not be contained in the resulting 

15 composition, solubilization permits one to also remove 

from the composition comprising noncrosslinked fibrin 
the support, along with the immobilized enzyme. 

Solubilization can be carried out by any 
technique that is known or to be developed that 

20 results in a fibrin monomer. Solubilization can be 
carried out by contacting the composition comprising 
noncrosslinked fibrin with a -suitable acid buffer 
solution, preferably an acid buffer having a pH of 
less than about 5 and preferably from about 1 to about 

25 5. Nonlimiting examples of suitable acid buffer 
solutions include acetic acid, succinic acid, 
glucuronic acid, cysteic acid, crotonic acid, itaconic 
acid, glutamic acid, formic acid, aspartic acid, 

adipic acid and salts thereof and with succinic acid, 
30 aspartic acid, adipic acid and salts of acetic acid 

being preferred and most preferably sodium acetate. 
It has been observed that the pref erred acid buffers 
functioned much more efficiently than that of other 
acid buffers that were tested. 

35 
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The pref erred concentration of the acid buffer is 
from about 0.02 M to about 1 M and most preferably 
from about 0.1 M to about 0.3 M. such preferred 
concentration renders the ionic strenqth of the 

CV-0008 

5 composition more biologically compatible. 
It is preferred to utilize the least volume of 

acid buffer possible that still solubilizes the 
noncrosslinked fibrin to form an aqueous solution 
comprising fibrin monomer. This results in an aqueous 

10 solution comprising fibrin monomer that is highly 
concentrated in fibrin monomer. Generally, from about.-
1 ml. to about 4 ml. of acid buffer per about 1 ml. of 
composition comprising noncrosslinked fibrin is 
required. 

15 The acid buffer is mixed with the noncrosslinked . 
fibrin and then agitated-vigorously for about 1 to 2 
minutes to ensure that solubilization is complete. 

Solubilization can also be carried out at neutral 
pH by means of a chaotropic agent. Suitable 

20 chaotropic agents include urea, sodium bromide, 
quanidine hydrochloride, KCNS, potassium iodide and 
potassium bromide. The preferred concentration of the 
chaotropic agent is from about 0.2·to about 6.0 molar 
and most preferably from about 3.5 to about 5.0 molar. 

25 As with the acid buffer, it is preferred to 
utilize the least amount of chaotropic agent possible 
that still solubilizes the noncrosslinked fibrin. 
Generally, from about 1.0 ml. to about 1.5 ml. of 
chaotropic agent per about 1 ml. of composition 

30 comprising noncrosslinked fibrin is required. 

35 

The chaotropic agent is mixed with such 
composition and then agitated vigorously for about 1 
to 2 minutes to ensure that solubilization is 
comple:te. 
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Accordingly, solubilization results in a 
composition comprising a fibrin monomer and, in 
particular, an aqueous solution comprising fibrin 
monomer. It is preferred that the fibrin monomer 

CV-0008 

s concentration in the aqueous solution be no less than 
about 10 mg/ml, more preferably from about 20 mg/ml to 
about 200 mg/ml, even more preferably from about 20 
mg/ml to about 100 mq/ml and most preferably from 
about 25 mg/ml to about 50 mg/ml. 

10 If a thrombin-like enzyme immobilized on a 
support is utilized that results in such enzyme being ·· 
present in the composition comprising noncrosslinked 
fibrin, after solubilization the immobilized enzyme 
can be removed from the composition comprising the 

15 fibrin monomer. This can be carried out by, for 
example, filtration through any suitable filter that 
can separate the enzyme. Suitable filters include a 
sintered polypropylene 20 micron pore size filter from 
Porex, Inc., a teflon 20-70 micron pore size filter 

20 from Fluorotechniques, Inc. or a nylon 66 22-46 micron 
pore size filter from Costar, Inc. 

An alternative method for ensuring that no 
thrombin-like enzyme, e.g., batroxobin, is present in 
the composition comprising fibrin monomer is to use a 

25 soluble thrombin-like enzyme in the system and remove 
the enzyme following solubilization of the fibrin 
hydrogen-bonded polymer. The removal of the enzyme 
can be achieved by use of an affinity matrix, e.g., a 
ligand bound to an inert support that has a specific 

30 affinity for the thrombin-like enzyme or an ion 
exchange or hydrophobic interaction support or most 
effectively using the avidin-biotin system. The 
biotin-avidin interaction exhibits one of the 
strongest non-covalent binding constants (Knrs==10-15M) 

35 
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seen in nature. see E.A. Bayer and M. Wilchek, 
Methods of Biochemical Anaylsis, .2.§.:~(1980). 

In this process, biotin is covalently bound to, 
for example, batroxobin and the biotin-batroxobin ·· · · 

s conjugate (which is soluble) is directly reacted with 
plasma, e.q., 10 BU plus so ml plasma reacted at J7°C 

for 10 minutes. The Fibrin I polymer produced is 
harvested by centrifuqation or filtration and 
resolu~ilized in approximately 4 ml o.2M sodium 

10 acetate pH 4.0 containing 30 mM calcium chloride. To 

the Fibrin I solution is added a molar excess of ·· 
avidin coupled to an inert support such as agarose. 
The aqarose:avidin:biotin-batroxobin complex is then 
separated from the Fibrin I by centrifugation or 

15 filtration resulting in a composition comprising 
fibrin monomer that is substantially free of . 
batroxobin, which can be repolymerised as described 
below to generate a fibrin sealant. 

20 

25 

Accordingly, in one embodiment of the present 
invention, the composition comprising fibrin monomer 
is substantially free of the thrombin-like enzyme. 
By substantially free is meant either that all of the 
thrombin-like enzyme has been removed, or thac any 
thrombin-like enzyme remaining in the composition is 
ac levels insufficient to provide any undesired 
pharmacological effect. Thus, compositions of this 
invention desired to be •substantially free" may 

contain thrombin-like enzyme in an amount bet:ween 
about zero and 10 percent of the original enzyme and 

30 preferably between about zero and 2 percent of the 
thrombin-like enzyme used to prepare the fibrin 
monomer composition. 

35 
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Although these embodiments describe 
compositions wherein the thrombin-like enzyme has 
been removed following the desired conversion to 
soluble fibrin. compositions retaining most or all of 

5 the thro~bin-like enzyme are also believed useful 
and, as such, are a part of the present invention. 

The compos_ition comprisinq fibrin monomer is now 
ready for use as a component of the fil>rin sealant. 
It has been observed that when such composition is 

10 prepared from whole blood, from·about 60%·to about 90' 
of the oriqinal f ibrinoqen is present in the 
composition, but, of course, in the form of fibrin 
monomer. 

15 

20 

25 

30 

35 
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The composition comprising the fibrin monomer can 
be utilized immediately after it is prepared. In 
fact, it is particularly preferred to utilize such 
composition immediately after its preparation when ~he 

5 composition is autologous. If the composition is not 
utilized immediately after its ~reparation, the 
composition can be stored. storage of the composition 
requires that the composition be preserved by, for 
example, freezing or lyophilizing the composition or 

10 holding the composition at 4°C. It is believed that 
the composition in frozen or lyophilized form will be •· 

stable for a period of months. When the composition 
is held at 4°C, it is believed that the composition is 
stable for at least a period of days. 

15 If the composition is frozen, the composition 
must be thawed at the time of use. If the composition 
is lyophilized, at time of use, it is preferred that 
the composition be reconstituted by the addition of 
the same acid buff er that was utilized in the 

20 solubilization step if that acid was volatile, e.g., 
acetic acid, or if a choatropic agent was utilized, by 
the addition of distilled water. As in the 
solubilization step, in reconstitution the least 
amount of acid buff er solution or distilled water 

25 should be utilized that still results in the fibrin 
monomer being soluble. In fact, reconstituting a 
lyophilized composition comprising fibrin monomer can 
result in an aqueous solution comprising fibrin 
monomer wherein such monomer concentration is up to 

30 200 mg/ml. Prior to lyophilization, ~ bulking agent, 
e.g., mannitol or lactose, can be added to the 
composition. Alternativ~ly, the lyophilized 
composition can be utilized in lyophilized form. Such 
form is particularly preferred when it is desired to 

35 add·adjuvants, e.q., antibiotics, to the composition. 
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The composition comprising fibrin monomer can be 
in virtually any form, for example, a solution, 
suspension, emul~ion or solid, with a solution being 
preferred. Thus, for example, such composition can·be 

5 a liquid, gel, paste or salve. Also, of course, the 
composition can be in the form of a "granule," for 
example, lyophilized fibrin monomer, that can be, but 
need not be, treated to form a solution, emulsion or 
suspension immediately prior to use. 

10 · Any suitable solvent can be utilized to form the 
solution, but, of course, it is preferred that the 
solvent be nontoxic. Nonlimiting examples of solvents 
include water, ethyl alcohol, glycerol and propylene 
glycol, with water being preferred. 

15 An example of a suspension is that the 
composition comprising fibrin monomer can be mixed 
with organic solvents, e.g., ethanol, to a final 
ethanol concentration in excess of 3.0 M and shaken. 
The fibrin monomer will precipitate and can be 

20 recovered by centrifugation. The precipitate should 
be washed with organic phase to remove the aqueous 
solution used in the solubilization step. An 
ethanolic suspension of monomeric fibrin can then be 
applied directly to a bandage or other carrier or even 

25 applied directly to a wound site. The organic phase 
is all~wed to evaporate. In the case of a bandage or 
other carrier the suspension can be rehydrated by 
contacting with the site of application or some other 
means, and the fibri~ allowed to polymerize. 

30 Alternatively, an organic suspe~sion -of fibrin 
monomer prepared in a highly volatile phase, e.g., 
diethyl ether, might be ~tomized and delivered as a 
spray suspension to the desired site. It is 
preferable ~at the volatile phase is non-flammable. 

35 It is possible that an organic suspension of fibrin 

.. 
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monomer could be delivered to the ear, nose, throat, 
or lungs by spray or breathing or delivered to a 
bleeding oesophageal or gastric lesion by injestion. 

The fibrin sealant of the subject invention is 
utilized by contacting the desired site with the 
composition comprising fibrin monomer or 

10 noncrosslinked fibrin and converting the fibrin 

CV-0008 

monomer to fibrin polymer or noncrosslinked fibrin to ·· 
crosslinked fibrin concurrently with said contacting 
step, thereby forming the fibrin clot. 

For the purpose of the subject invention "desired 
15 site" is that location where one desires to form the 

fibrin clot. What or where the desired site is 
depends on the use of the fibrin sealant of the 
subject invention. Also, it should be noted that it 
is believed that the fibrin sealant can be utilized 

20 not only in humans but also in other mammals. Also, 
if the source of the fibrin sealant is blood, then it 
is preferred, but not essential, that the blood be 
derived from the same species that the fibrin sealant 
wi·11 be utilized. 

25 The fibrin sealant of the subject invention can 
be utilized for any use that is-known or to be 

developed for a fibrin sealant. The methods, kits or 
fibrin sealant of the subject invention can be used 
for connecting tissues or organs, stopping bleeding, 

30 healing wounds, sealing a surgical w~und, use in 
vascular surgery include providing hemostasis for 
stitch hole bleeding of distal coronary artery 
anastomoses; left ventricular suture lines; aortotomy 
and cannulation sites; diffuse epimyocardial bleeding 

35 seen in reoperations; and oozing from venous bleeding 
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sites, e.g. at atrial, caval, or right ventricular 

levels. The subject invention is also useful for 

sealing of dacron artery grafts prior to grafting, 

sealing tissues outside the body, producing fibrin 

s rafts for cell growth, stopping bleeding from damaged 

spleens (thereby saving the or~an), livers, and other 

parenchymatous organs; sealing tracheal and bronchial 

anastomoses and air leaks or lacerations of the lung, 

sealing bronchial stumps, bronchial fistulas and 

10 esophageal fistulas; for sutureless seamless healing 

("Zipper" technique), and embolization in vascular 

radiology of intracerebral AVM's, liver AVM's, 

angiodysplasia of colon, esophageal varices, "pumping" 

GI bleeders secondary to peptic ulcers, etc. The 

15 subject invention is further useful for providing 

hemostasis in corneal transplants, nosebleeds, post 

tonsillectomies, teeth extractions and other 

applications. See G.F. Gestring and R. Lermer, 

Vascular Surgery, 294-304, Sept./Oct. 1983. Also, the 

20 fibrin sealant of the subject invention is especially 

suited for individuals with coagulation defects. 

The· dosage of the composition comprising fibrin 

monomer or composition comprising noncrosslinked 

fibrin depends on the particular use of the fibrin 

25 sealant, but the dosage should be an effective amount 

for the composition to perform its intended use. 

Generally, for a composition comprising fibrin monomer 

that is an aqueous solution, it is believed that from 

about 3 ml. to about s ml. of such composition is 

30 sufficient to be an effective fibrin sealant. 

However, depending on the use of the composition, the 

dosage can range from about 0.05 ml. to about 40 ml. 

Also, if a composition comprising noncrosslinked 

fibrin in polymer form is utilized or the composition 

35 is in solid form, then the composition should contain 

.. 
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that amount of fibrin that is in such aqueous 
solution. 

For the purpose of the subject invention the 
conversion of the fibrin monomer to fibrin polymer or 
noncrosslinked fibrin to crosslinked fibrin 
"concurrently" with said contactinq step means that 

10 such conversion step and such contactinq step occur 
within a time· period of each step so as to form the 
fibrin clot at the desired site. Thus, concurrently 
can mean that· after the contactinq step, the fibrin 
monomer is converted to fibrin polymer or the 

15 noncrosslinked fibrin is converted to crosslinked 
fibrin. This is carried out by contactinq the 
composition comprisinq fibrin monomer or 
noncrosslinked fibrin, after such composition has been 
applied to the desired site, with a composition that 

20 can convert the fibrin monomer to fibrin polymer or 
the noncrosslinked fibrin to crosslinked fibrin. The 
conversion step shoul~ qenerally occur within about 
o.s minutes after the contactinq step. Otherwise, the 
composition comprisinq the fibrin monomer or 

25 noncrosslinked fibrin, especially if the 
noncrosslinked fibrin is a fibrin monomer, may flow 
away from the desired site. 

Concurrently can also mean that the contactinq 
step and convertinq step take place simultaneously. 

30 This is carried out by contactinq the_ desired site 
with the composition comprisinq the fibrin monomer or 
noncrosslinked fibrin at the same time that such 
composition is contacted with a composition that can 
convert the fibrin monomer to fibrin polymer or the 

35 noncrosslinked fibrin to crosslinked fibrin. 

iiiil1fl1i1IHf 

,. 
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Finally, and preferably, concurrently can also 
mean that the conversion step can commence prior to 
the contacting step, albeit not so far prior to the 
contacting step that all of the fibrin monomer has···· 

S been converted to fibrin polymer or all of the 
noncrosslinked fibrin has been converted to 
crosslinked fibrin. Otherwise, all of the fibrin 
monomer will be converted to fibrin polymer or all of 
the noncrosslinked fibrin will be converted to 

10 crosslinked fibrin, prior to the contacting step, 

cv-ooos 

which results in a very poor fibrin sealant. This ·· 
embodiment is carried out by mixing the composition 
comprising the fibrin monomer or noncrosslinked fibrin 
with a composition that can convert the fibrin monomer 

15 to fibrin polymer or the noncrosslinked fibrin to 
crosslinked fibrin, prior to the contacting step. 
Since it takes about 30 seconds for the conversion 
step to be complete, the conversion step should not 
begin more than about 30 seconds and preferably not 

20 more than about 3 seconds prior to the contacting 
step. This embodiment is preferred because it ensures 
that the maximum amount of the composition comprising 
the fibrin monomer or noncrosslinked fibrin will 
remain at the desired site and yet also forms an 

25 

30 

35 

excellent fibrin clot. 

The conversion of the fibrin monomer to fibrin 
polymer or the noncrosslinked fibrin to c~osslinked 
fibrin can be carried out by any technique that is 
known or to be developed.· However, how the conversion 
step is carried out depends on the source of the 
composition comprising fibrin monomer or 
noncrosslinked fibrin e.g., whole blood or recombinant 
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f ibrinogen, the form of the fibrin monomer or 
noncrosslinked fibrin, e.g., fibrin I or des BB 
fibrin, and, to a lesser extent, whether the desired 
site will contain the patients blood or other body ·· · · 

s fluids at the time of use of the fibrin sealant. 
Also, if a separate composition, such as an 

alkaline buffer, is utilized (discussed below) for the 
conversion step, then the method of the subject 
invention can be carried out with, for example, a 

10 double-barrelled syringe. The double-barrelled 
syringe can be Y-shaped, thereby permitting the mixing.­
of the composition comprising fibrin monomer or 
noncrosslinked fibrin and the composition to be 
utilized in the conversion step to mix immediately 

15 prior to the contacting step. Also, rather than a 
Y-shaped double-barrelled syringe a double-barrelled 
syringe with two openings can be utilized. This 
permits the simultaneous contacting of the desired 
site and conversion to fibrin polymer or crosslinked 

20 fibrin to take place. Also, the compositions of the 
double-barrelled syringe can be sprayed onto the 
desired site. See H.B. Kram et al., The American 
surgeon, 57:381 (1991). 

25 

30 

35 

If the source of the composition comprising 
fibrin monomer or noncrosslinked fibrin is blood, then 
as discussed above, it is believed that the 
composition will retain enough prothrpmbin, factor 
XIII and other necessary substances to corivert such 

-·-fibrin monomer or noncrosslinked fibrin to crosslinked 
fibrin, e.g., activators of prothrombin. If the 
noncrosslinked fibrin is a fibrin polymer, i.e., the 
noncrosslinked fibrin has not been solubilized, the 
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noncrosslinked fibrin can be converted to crosslinked 
fibrin by the activation of prothrombin and factor 
XIII of such composition to form crosslinked fibrin. 
Such activation can be carried out by contacting tlie· · 

5 composition with a source of calcium ions. 
Nonlimiting sources of calcium ions include calcium 
chloride, preferably at a concentration of 30 mM. 
Alternatively, and less preferred, the calcium ions 
can be supplied by the blood at the desired site. 

10 If the noncrosslinked fibrin has been 
solubilized, i.e., is a fibrin monomer, how the fibrin·· 
monomer is converted to crosslinked fibrin depends on 
how the solubilization was carried out. If the 
noncrosslinked fibrin was solubilized by an acid 

15 buffer, the crosslinked fibrin can be formed by 
raising the pH of the composition comprising fibrin 
monomer such that the fibrin monomer can polymerize. 
This can be carried out by contacting such composition 
with any suitable alkaline buffer. Nonlimiting 

20 examples of suitable alkaline buffers include HEPES, 
sodium hydroxide, potassium hydroxide, calcium 
hydroxide, bicarbonate buffers such as sodium 
bicarbonate and potassium bicarbonate, tri-metal salts 
of citric acid, salts of acetic acid and salts of 

25 sulfuric acid. Preferred alkaline buffers include: 
0.5-0.75M Sodium carbonate/bicarbonate pH 10-10.s, 
0.5-0.75M Sodium bicarbonate/NaOH pH 10.0, 1.5M 
Glycine/NaOH pH 10. 0, 0. 5 - 1·. 0 M Bis 
hydroxeythylaminoethane sulphonic acid (BES) pH 7.5, 

30 1M Hydroxyethylpiperazine propane sulphonic acid 
(EPPS) pH 8.5, 0.5M Tricine pH 8.5, 1M Morpholino 
propane sulphonic acid (MOPS) pH 8.0, lM 
Trishydroxymethyl aminoethane sulphonic acid (TES) pH 
8.0 and 0.5M cyclohexylaminoethane sulphonic acid 

35 (CHES) pH 10.0; with o.s-0.75M Sodium carbonate/ 
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bicarbonate pH 10-10.5, 0.5-1.0M Bis 
hydroxeythylaminoethane sulphonic acid (BES) pH 7.5, 
1M Hydroxyethylpiperazine propane sulphonic acid 
(EPPS) pH 8.5 and 1M Trishydroxymethyl aminoethane ·· ·· 

5 sulphonic acid {TES) pH 8.0 beinq most preferred. 
The amount of alkaline buff er that is utilized 

should be enouqh to polymerize the noncrosslinked 
fibrin. It is pref erred that about 10 parts to about 
one part of composition comprisinq fibrin monomer be 

10 mixed with about 1 part alkaline buffer. It is even 
more preferred that such ratio be about 9:1. It 
should be noted that the pref erred ratio depends on 
the choice of buffer.and the desired "strenqth" of the 
fibrin polymer. Of course, the desired strenqth of 

15 the fibrin polymer depends on the end-use of the 
fibrin sealant. 

If the solubilization was carried out with a 
chaotropic agent, then the fibrin monomer can be 
converted to crosslinked fibrin by dilutinq the 

20 composition comprisinq fibrin monomer with, for 
example, distilled water. The dilution should be 
carried out such that the minimal amount of diluent is 
utilized. Generally, the resultinq concentration of 
the chaotropic agent after dilution should be from 

25 about 0.5 to about 0.1 molar. 
In addition to raisinq the pH or dilutinq the 

chaotropic aqent of the composition comprisinq fibrin 
monomer, it is preferred that· the prothrombin and 
factor XIII of such composition be activated to form 

30 the crosslinked fibrin. Such activation can be 

carried out by the contactinq the composition with a 
source of calcium ions. The source of the calcium 
ions can be part of the alkaline buff er or part of the 
acid buffer that is utilized in the solubilization 

35 step. Nonlimitinq sources of calcium ions include 

,. 
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calcium chloride, preferably at a concentration of 30 
mM. Alternatively, and less preferred, the source of 
calcium ions can be supplied by the blood at the 
desired site. 

5 It should be noted that if the alkaline buff er is 

CV-0008 

a carbonate/bicarbonate buffer, then the source of 
calcium ions must be added to the acid buffer during 
the solubilization step. This is due to the fact that 
the calcium chloride is not soluble in the carbonate/ 

10 bicarbonate buffer·. It is preferred that the 
concentration of calcium ions in the acid buffer ·· 
solution be from about 5 millimolar to about 150 
millimolar and more preferably from about 5 mM to 
about so mM. 

15 It is believed that the resulting fibrin clot 
will be crosslinked fibrin II, regardless of which 
form of noncrosslinked fibrin, i.e., fibrin monomer or 
fibrin polymer, is present. However, if the form of 
noncrosslinked fibrin is des BB fibrin, then it is 

20 believed that in addition a source of additional 
thrombin may be required to convert des BB fibrin to 
crosslinked fibrin. such a source of thrombin can be, 
for example, plasma from the patient wherein such 
plasma is added to the composition comprising 

25 noncrosslinked fibrin. 
If the desired site contains blood and a 

composition comprising a fibrin monomer is utilized, 
i.e., the noncrosslinked fibrin has been solubilized, 
then this blood can be utilized as a diluent of the 

30 chaotropic agent or to raise the pH of the composition 
comprising fibrin monomer. Thus, no diluent or 
alkaline buffer need be utilized. In this embodiment, 
it is preferred that the source of calcium ions be 
contained in the acid buff er or chaotropic agent 

35 utilized in the solubilization step. Also, in this 
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embodiment the composition comprising fibrin monomer 

can be placed on a solid support, e.g., bandage, 

suture, prosthesis, or dressing, that will be in 

contact with the desired site. Such support is theh· · 

5 placed in contact with the desired site until, for 

example, the fibrin clot forms. 
However, it should be noted, that if the 

composition comprising fibrin monomer does not retain 

enough prothrombin and factor XIII so as to form 

10 crosslinked fibrin, such composition is still useful 

as a fibrin sealant because the polymerization of 

fibrin monomer per se is useful to form a fibrin clot. 

Also, such composition can still be utilized to form 

crosslinked fibrin by the addition of a source of 

15 calcium ions and activated factor XIII (or precursors 

to activated factor XIII) and, optionally, thrombin. 

Such source of calcium ions, activated factor XIII and 

thrombin can be added to the compositions comprising 

fibrin monomer. The activated factor XIII can be 

20 added to the composition comprising fibrin monomer at 

a final concentration of from about 1.0 to about 20 

units factor XIII per ml of composition comprising 

noncrosslinked fibrin. Alternatively, the factor XIII 

can be supplied by the blood or body fluids at the 

25 desired site or by the addition of autologous plasma 

to the composition comprising fibrin monomer. 

Nonlimiting sources of calcium ions include calcium 

chloride, preferably at a concentration of 30mM. 

Alternatively, and less preferred, calcium ions can be 

30 supplied by the blood or body fluids at the desired 

site. From about 4 units to about 500 units of 

thrombin per ml. of composition comprising fibrin 

monomer can be added or the thrombin can be provided 

by the desired site. 
35 

,. 
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If the source of the composition comprising 

noncrosslinked fibrin are cell cultures that secrete 
f ibrinogen or recombinant f ibrinogen, and the 
noncrosslinked fibrin is a fibrin polymer, i.e., the 
noncrosslinked fibrin has not been solubilized, then a 
source of calcium ions and activated factor XIII (or 

precursors to activated factor XIII) must be utilized 
to form crosslinked fibrin. Factor XIII must be 
utilized because these sources of noncrosslinked 
fibrin do not contain any factor XIII. The activated 
factor XIII can be added to the composition comprising 
noncrosslinked fibrin at a final concentration of from 

about 1.0 to about 20 units factor XIII per ml of 
composition comprising noncrosslinked fibrin. 
Alternatively, the factor XIII can be supplied by the 
blood or body fluids at the desired site or by the 
addition of autologous plasma to the composition 
comprising noncrosslinked fibrin. Nonlimiting sources 
of calcium ions include calcium chloride, preferably 
at a concentration of JOmM. Alternatively, and less 
preferred, calcium ions can be supplied by the blood 
or body fluids at the desired site. Also, as an 
option, thrombin can be added to such composition in 
order to ensure that crosslinked fibrin II is formed. 
From about 4 units to about.soo units of thrombin per 
ml. of composition comprising noncrosslinked fibrin 
can be added or the thrombin can be provided by the 
desired site. 

If the noncrosslinked f ibriri has been 
solubilized, i.e., is a fibrin monomer, how the fibrin 
monomer is converted to fibrin polymer depends on how 
the solubilization was carried out, e.q~, acid buffer 

.-
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or chaotropic aqent. The formation of fibrin polymer 
can be carried out by the same methods as described 
above. This fibrin polymer, if desired, can then be 
converted to crosslinked fibrin by the addition of ·a·· 

5 source of calcium ions and activated factor XIII (or 
precursors to activated factor XIII) and, optionally, 
thrombin to the composition comprisinq fibrin monomer, 
as described above. The activated factor XIII can be 
added to the composition comprisinq noncrosslinked 

10 fibrin at a final concentration of from about 1.0 to 
about 20 units factor XIII per ml of composition ·· 
comprisinq noncrosslinked fibrin. Alternatively, the 
factor XIII can be supplied by the blood or body 
fluids at the desired site or by the addition of 

15 autologous plasma to the composition comprising 
noncrosslinked fibrin. Nonlimiting sources of calcium. 
ions include calcium chloride, preferably at a 
concentration of 30JDM. Alternatively, and less 
preferred, calcium ions can be supplied by the blood 

20 or body fluids at the desired site. From about 4 
units to about 500 units of thrombin per ml. of 
composition comprisinq fibrin monomer can be added or 
the thrombin can be provided by the desired site. 

25 

The fibrin sealant of the subject invention can 
also contain adjuvants, for example, antibiotics, 
e.q., gentamycin, cefotaxim, nebacetin and sisomicin, 
histaminine B.i-a~tagonists, e.g., ranitidine, and 

30 anticancer drugs, e.g., OK-432. This can be carried 
out by adding the desired antibiotic to the 
composition comprising fibrin monomer or 
noncrosslinked fibrin. See M.C.H. Gersdorff and 
T.A.J. Robillard, Larynqoscope, ~:1278-80 (1985); A 

35 Ederle et al., Ital. J. Gastroenterol., 23:354-56 
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(1991); v. Ronfard et al., Burns, 17:181-84 (1991); T. 
Sakurai et al., J. control. Release, 18: 39-43 1992); 
T. Monden et al., cancer, 69:636-42 (1992); F. Greco, 
J. of Biomedical Materials Research, 25: 39-51 (199!1--

CV-0008 

5 and H.B. Kram et al., Journal of Surgical Research, 
50:175-178 (1991), the contents of which is 
incorporated herein by reference. Other adjuvants can 
also be added, for example, f ibronectin, f ibrinolytic 
inhibitors such as aprotinin, alpha-2 antiplasmin, 

10 PAI-1, PAI-2, 6-aminohexanoic acid, 4-aminomethyl 
cyclohexanoic acid, collagen or keratinocytes. It is · · 
believed that the dosage of such adjuvant is the same 
as that utilized in conventional fibrin sealants. 

15 

The subject invention also provides fibrin 
sealant kits. The kit can contain as a first 
component a composition comprising fibrin monomer and 
a second component an alkaline buff er that is capable 

20 of polymerizing the fibrin monomer or distilled water, 
depending on how the solubilization step was 
performed. The second component can optionally 
contain a source of calcium ions. Alternatively, the 
first component can be a composition comprising 

25 noncrosslinked fibrin and the second component can be 
a source of calcium ions. If the source of fibrinogen 
utilized to prepare a composition comprising 
noncrosslinked fibrin is from cell cultures that 
secrete f ibrinoqen or recombinant fibrinoqen, the 

30 first component can be a composition comprising 
noncrosslinked fibrin, the second component can be a 
source of calcium ions and a third component is 
activated factor XIII. 

35 
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5. EXAMPLES 

5.1. PLASMA PREPARATION FROM WHOLE.BLOOD 

Whole blood (100 ml) is collected .into standard·· 

S commercially available blood bag containing an 

anticoagulant sucil as citrate/phosphate/dextrose. The 

blood is then transferred to a containe~ suitable for 

centrifugation and centrifuged at room temperature for 

10 minutes at 3,ooog. 

10 (approximately so ml) 

The clear s-..,_pernatant plasma 

is decanted and th.e cellular 

components are discarded. 

An alternative method of 

whole blood is by filtration. 

plasma prepar~tion from 

Again, 100 ml whole 

blood is collected into a bag containing a suitable 

is anticoagulant such as citrate/phosphate/dextrose. The 

blood is then recirculated over a filter exhibiting 

good protein transmission by means of peristaltic 

pump. The pressure drop ~cross the membrane results 

in plasma being forced through with cellular 

20 components remaining in the recirculating blood. 
~ 

~Plasma (50 ml) is collected for further processing. 

CV--0008 

5.2. IMMOBILIZATION OF BATROXOBIN ONTO BEADED AGAROSE 

Beaded agarose (Pharmacia) was employed in 

25 immobilization studies. The agarose used was 4% 

crosslinked, 45-165µm (90% of particles). This 

material swells to 5 times its volume when hydrated. 

Batroxobin is first oxidised with 0.1M sodium 

periodate for i hour at room temperature in a covered 

30 scintillation vial.· The batroxobin is purified by 

passing through a sephadex PD-10 gel permeation 

column. The oxidised batroxobin is then coupled to a 

hydrazide activation agarose gel overnight at room 

temperature in SOmM sodium acetate pH5.5 plus ~OmM 

35 sodium borohydride (30-2000 per 1.759 moist gel) • .The 
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non-bound reactions are removed from the gel by 

washing with:-50 ml mM sodium acetate pHS.5, 100 ml 

SOmM glycine/1M sodium chloride pH3.0, 100 ml SOmM 

sodium carbonate/1M sodium chloride pH10.0, 100 ml --

5 SOmM sodium phosphate/IM sodium chloride pH7.o, 100 ml 

water, 100 ml SOmM sodium phosphate/1M sodium chloride 

pH7.0, 100 ml SOmM sodium phosphate pH7~0. 

10 

l.5 

20 

25 

5.3. REACTION OF IMMOBILIZED ENZYME WITH 
PLASMA FIBRINOGEN TO FORM A COMPOSITION 
COMPRISING NONCROSSLINKED FIBRIN 

The immobilised enzyme (350mg) -is added to 

approximately SOml of centrifuged or filtered plasma 

and gently mixed for 7 to 20 minutes until a 

non-crosslinked fibrin I polymer clot is formed. 

The fibrin I polYiller plus associated immobilized 

enzyme is then harvested by either: a) centrifugation 

at 3,ooog for 10 minutes followed by removal of the 

supernatant serum. by decantation, or b) filtration 

through a suitable low protein binding filter followed 

~by discarding the filtered serwn and retaining the 
!' 

fibrin I polymer plus immobilised enzyme for further 

treatment. This fibrin I polymer is an example of a 

composition comprising noncrosslinked fibrin. 

5.4. SOLUBILIZATION OF THE FIBRIN I POLYMER TO 
FORM A COMPOSITION COMPRISING FIBRIN MONOMER 

Solubilization of the fibrin I polymer is 

achieved by the addition of about 1-4ml of 0.2M sodium 

acetate pH 4.0 containing 30mM calcium chloride buffer 

30 to the harvested fibrin I polymer plus immobilised 

enzyme. The sample is subsequently agitated 

vigorously, e.g., on a vortex mixer, for 2 minutes. 

Removal of the immobilized enzyme can then be acheived 

by filtration of the fibrin I solution through a 1 to 

35 20µm low protein binding filter. The agarose enzyme 

·-
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will be retained by the filter, thus allowing its 

removal from the system. The remaining solution, a 

composition comprising fibrin I monomer, consists of a 

concentrated acidic fibrin I monomer solution in 

s conjunction with other plasma proteins. Generally, 

about 100 ml. of whole blood results in about 4 ml or 

5 ml of the composition comprising fibr~n monomer 

wherein the concentration of fibrin monomer is from 

about 25 mg/ml to about 35 mg/ml. This is now ready 

10 for delivery to the patient either, aione or, co­

extruded with repolymerizing buffer to form a fibrin 

sealant. 

15 

S.S. REPOLYMERIZATION OF THE COMPOSITION 
COMPRISING FIBRIN I MONOMER 

Repolymerization is achieved by_simultaneous 

mixing of 9 parts of the solution comprising fibrin I 

monomer with l part of a suitable repolymerizing 

buffer, e.g., 0.75M sodium carbonate/sodium 

20 bicarbonate, pH 10.0. The ratio of mixing can be 

; altered; however, a 9: 1 ratio maintains the high 

concentration of fibrin in the final product. On 

co-extrusion the fibrin I spontaneously repo1ymerizes 

and converts to fibrin II followed by crosslinking of 

25 the fibrin over a period of about 30 minutes. 

30 

:s 

The present invention is not to be limited in 

scope by the specific embodiments described, which are 

intended as single illustrations of individual aspects 

of the invention. Indeed, various modifications of 

the subject invention in addition to those shown and 

described herein will become apparent to those skilled 

in the z.rt from the foregoing description. such 

modifications are intended to fall within the scope of 

the appended claims. 

\ 
' 
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HYDRAZIDE ACTIVATION OF AGAROSE AND 
COUPLING VIA THE CARBOHYDRATE MOIETY 
OF THE ENZYME 

c 

In order to react the carbohydrate moiety of 
batroxobin with a hydrazide activated support, the 
sugar must first be oxidised to give free -CHO groups. 
This is accomplished as fo1lows. 

Batroxobin 1-7 mg is dissolved in 2 ml of water 
and 0.2 ml 0.1M sodium periodate. The mixture is 
incubated a~ room temperature for l hour after whi~h 
it is desalted on a Sephadex G-25 gel filtration 
column. The oxidised active batroxobin is eluted from 
the column with 0.9% w/v sodium cnloride. 

Standard commercially available hydrazide 
activated agarose (Bio-rad Laboratories Ltd UK} or any 
group with a terminal free amino group can be employed 
to directly couple free aldehyde groups {-CHO). If 
hydrazide-agarose is used the coupling procedure is as 
follows. 

1-5 g hydrazide-agarose gel is suspended in 4 ml 
20 

·SOmM sodium acetate pHS.5. To the suspension is added !' 

25 

30 

,35 

1 ml 10mM sodium borohydride together with the desired 
amount of oxidized batroxobin (typically 100-200Bu per 
g moist gel). 

The sample is mixed ~vernight at room temperature 
and subsequently washed on a sintered glass funnel 
with 50 ml SOmM sodium acetate pHS.S, 100 ml 50mM 
glycine/1M sodium chloride pH3.0, 100 ml SOmH sodium 
carbonatc/lM sodium chloride pH10.0, 100 ml SOmM 
sodium ph.osphate/1M sodium chloride pH7.0, 100 ml 
water and 100 ml SOmM sodium phosphate/1M sodium 
chloride pH7.o and finally 100 ml SOmM sodium 
phosphatG pH7.0. 

The method for reaction of the immobilised 
batroxobin with plasma is as follows. 
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The pH of plasma (50 ml) is reduced to pHS.5 by 

the addition of acetic acid. To the plasma is added 

the equivalent of 100-200BU of batroxobin immobilised 

to approximately 1. 7 5 g (moist gel weight) agarose •·· · 

CV-. 

5 The plasma is incubated at 37°C for 10-15 minutes 

after which time the pH is increased to pH7.4 by the 

addition ~f sodium hydroxide. Fibrin I polymerisation 

occurs almost instantaneously. The fibrin I polymer 

is harvested by centrifugation at 3,500 rpm for 10 

f 10 minutes and redissolved in 3-4 ml of 0.2M sodium 

acetate pH4.0 containing 30mM calcium chloride. 

Agarose-enzyme can then be separated from fibrin I by 

centrifugation or filtration. The fibrin I is 

subsequently repolym.erised to form the fibrin sealant 

15 by the addition of 9 parts fibrin I solution to 1 part 

0.75M sodium carbonate/bicarbonate pH10.0. 

5. 7. THE ENZYME CAPTURE SYSTEM 
USING BIOTIN-AVIDIN 

20 Enzyme capture is performed by first 

25 

; biotinylating the batroxobin and capturing the 

biotin-enzyme with immobi1ised avidin (avidin 

coupled to 6% crosslinked agarose). 

Biotinylation of proteins can be acheived using a 

number of reagents. In this instance1 

N-hydroxysuccinimide-biotin (water insoluble) is used 

(commercially available from Amersham). NHS-biotin 

(50µ1) was added to 1 mg of batroxobin at pHB.6 and 

the solution is incubated at room temperature for l 

30 hour. Excess biotiny1ation reagent is removed by gel 

filtration on a _Sephadex G-25 column with 0.1.M 

potassium phosphate pH7.5 as the e1uent. 

35 

The equivalent of 10BU (biotin-batroxobin is 

added to 50 ml plasma and incubated at 37°C for 10 

minutes. Fibrin I polymer is harvested by 

centrifugation (3,500 rpm for 10 minutes) and 
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redissolved in 3-4 ml of 0.2M sodium acetate pH4.0 
containing 30mM calcium chloride. To the fibrin I, is 
added avidin-aqarose (commercially available from 

Sigma Chemical Co.) at 0.2q (moist ·gel) per ml fibrin 
5 I. The sample is incubated at room temperature for 10 

minutes and eentrifuqed at 2,000 rpm for 10 minutes. 

The fibrin I produced is substantially free from 
batroxobin. Fibrin repolymerisation to form the fibrin 
sealant is achieved as described in Example 5.6. 

10 

15 

20 

25 

30 

35 
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· CLAIMS-

1. Fibrin which is fibrin monomer 
s for use ir. a method of treatment of a human or animal 

10 

body by which a fibrin sealant is formed, which method comprises: 

(a) contacting a desired site with a composition 

comprising fibrin monomer; and 

(b) converting said fibrin monomer to a fibrin polymer 

concurrently with said contacting step, thereby 

forming said fibrin se·alant. · 

2 • The fibrin of claim 1 wherein said 

fibrin monomer is selected from 

15 noncrosslinked fibrin I, des BB fibrin and 

20 

noncrosslinked fibrin II. 

- 3 • The fibrin of claim 2 whe·rein said. 

fibrin monomer is fibrin I. 

4. The fibrin of any one of claims 1 to 3 wherein ~aid 
fibrin polymer is fibrin II polymer. 

5. The fibrin of any preceding claim wherein said 
2s fibrin polymer is crosslinked. 

30 

35 

6 • The fibrin of any preceding claim wherein said 
composition is substantially free of a thrombin-like 
enzyme. 

7 • The fibrin of any preceding claim wherein said 
composition is-formed from a source selected from 
blood, cell cultures that secrete 

f ibrinogen and recombinant f ibrinogen. 
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8. The fibrin of claim 7 wherein said 

source is blood. 

9. The fibrin of claim 7 or 8 wherein said blood 

S is autologous blood. 

10 

15 

10. The fibrin of any preceding claim wherein 

said composition further comprises prothrombin, activators 
of prothrombin and factor XIII. 

11. The fibrin of any preceding claim wherein said ·· 

converting step is carried out by means of an alkaline 
buffer or distilled water. 

12. The fibrin of claim 11 wherein said 
alkaline buffer or distilled water further comprises a 
source of calcium ions. 

13. The f ibr-in of claim 11 or 12 wherein said 
20 alkaline buffer is selected from 

25 

sodium hydroxide, potassium hydroxide, calcium 
hydroxide, bicarbonate buffers, tri-metal salts of 
citric acid, salts of acetic acid and salts of 
sulfuric acid. 

14 • The fibrin of claim 11 wherein said 
alkaline buff er is selected from 

o.s-0.75M Sodium carbonate/bicarbonate pH 10-10.s, 
o.S-0.75M Sodium bicarbonate/NaOH pH 10.0, 1.SM 

30 Glycine/NaOH pH 10. 0, 0. 5 - 1. O M Bis. 
hydroxyethylaminoethane sulphonic acid (BES) pH 7.5, 
lM Hydroxyethylpiperazine propane sulphonic acid 
(EPPS) pH 8.5, O.SM Tricine pH 8.5, 1M Morpholino 
propane sulphonic acid (MOPS} pH s.o,' 1M 

35 Trishydoroxymethyl aminoethane sulphonic acid. (TES) pH 
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s.o and 0.5M cyclohexylaminoethane sulphonic acid 
(CHES} pH 10.0. 

15. The fibrin of claim 11 wherein said ·· · · 
5 alkaline buffer is selected from 

o.5-0.75M Sodium carbonate/bicarbonate pH 10-10.5, 

o.5-1.0M Bis hydroxeythylaminoethane sulphonic acid 
(BES) pH 7.5, lM Hydroxyethylpiperazine propane 
sulphonic acid (EPPS) pH 8.5 and lM Trishydroxymethyl 

10 aminoethane sulphonic acid (TES) pH s.o. 

CV-0008 

16. The fibrin of any one of claims 11 to 15 wherein said 

contacting step is carrie~ out by means of a 
double-barrelled syringe, wherein one barrel contains 

15 said composition and the other barrel contains said 
alkaline buffer or distilled water •. 

17. The fibrin of any preceding claim wherein said 
composition is an aqueous composition and has a pH of 

20 from about 1 to about 5 or comprises a chaotropic 
agent. 

18. The fibrin of claim 17 wherein said 
composition further comprises an acid buffer selected 

25 from acetic acid, succinic 

30 

35 

acid, glucuronic acid, cysteic acid, crotonic acid, 
itaconic acid, glutamic acid, formic acid, aspartic 
acid, adipic acid and salts thereof. 

19 • The fibrin of claim 18 wherein said 
acid buffer is selected from 

succinic acid, aspartic acid, adipic acid and salts of 
acetic acid. 
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20. The fibrin of claim 19 wherein said 

acid buffer is sQdium acetate. 

21. The fibrin of any one of claims 18 to 20 wherein the 

5 concentration of said acid buffer is from about 0.02 M . 
to about 1 M. 

10 

15 

22. The fibrin of claim 21 wherein said 
concentration is from about 0.1 M to about 0.3 M 

23. The fibrin of any one of claims 17 to 22 wherein s~id 

chaotropic agent is selected from 
urea, sodium bromide, guanidine hydrochloride, 

KCNS, potassium iodide and potassium bromide. 

24. The fibrin of any one of claims 17 to 23 wherein the 
concentration of said chaotropic agent is from about 
0.2 M to about 6.0 M. 

20 25. The fibrin of claim 24 wherein said 
concentration is from about 3.5 M to about 5.0 M. 

26 • The fibrin of any one of claims 17 to 25 wherein the 
concentration of fibrin monomer in said aqueous 

25 solution is from about 10 mg/ml to about 200 mg/ml. 

30 

35 

27. The fibrin of claim 26 wherein said 
concentration is from about 20 mg/ml to about 100 
mg/ml. 

28. The fibrin of any one of claims 17 to 27 wherein said 
aqueous composition further comprises a source of 
calcium ions. 
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29. The fibrin of any preceding claim wherein the 

desired site is on a mammal. 

30. The fibrin of claim 29 wherein said···· 
5 mammal is a human. 

31. The fibrin of either of claims 29 and 30 wherein the 

desired site is selected from 
skin, cardiovascular system, lymphatic system, 

10 pulmonary system, ear, nose, throat, eye, liver, 
spleen, cranial, spinal, maxilla-facial, bone, tendon,·· 
pancreas, genito-urinary tract and alimentary tract. 

32. A method for the preparation of a 
15 composition comprising fibrin monomer from f ibrinogen 

which comprises: 

(a) contacting a composition comprising 
f ibrinogen with a thrombin-like enzyme 
to convert said fibrinogen to a 

20 noncrosslinked fibrin polymer; 
(b) separating said noncrosslinked fibrin 

polymer from said composition 
comprising f ibrinogen; and 

(c) solubilizing said noncrosslinked fibrin 
25 polymer to form a composition 

comprising fibrin monomer. 

33. The method of claim 32 wherein said 
thrombin-like enzyme is immobilized on a support and 

30 said contacting step results in said thrombin-like 
enzyme being associated with said noncrosslinked 
fibrin polymer and further comprising separating said 
thrombin-like enzyme from said composition comprising 
fibrin monomer. 

35 
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34. The method of claim 32 wherein said 

thrombin-like enzyme is immobilized on a filter or 

said thrombin-like enzyme is immobilized on a support 

and is on one side of a filter and after said 

5 contacting step the resulting fibrin monomer is passed 

through said filter. 

35. The method of claim 33 or 34 wherein said 

support is selected from 

10 cellulose, polydextrans, agarose, polystyrenes, 

silica, polyacrylic acids, polyacrylamides, 

polyvinylalcohols, glass beads, polycarbonate, 

collagen, cellulose derivatives, 

polytetrafluorethylene and their composites. 

15 
36. The method of claim 35 wherein said 

support is selected from agarose and silica. 
,. 

37. The method of any one of claims 32 to 36 wherein said 

20 solubilizing step is carried out by means of an acid 

buff er solution having a pH of less than about 5 or a 

chaotropic agent. 

38. The method of claim 37 wherein said 

25 acid buffer solution is selected from 

acetic acid, succinic acid, glucuronic 

30 

35 

acid, cysteic acid, crotonic acid, itaconic acid, 

glutamic acid, formic acid, aspartic acid, adipic acid 

and salts thereof. 

39. The method of claim 37 or 38 wherein acid 

buffer solution or chaotropic agent further comprises 

a source of calcium ions. 



- ... 

Ull\11\ \\\I\\ Ill\\ \\1\1 \\ \Ill 
* t L M S * 

- 59 - CV-0008 

40. The method of any one of claims 32 to 39 wherein said 

separating step is carried out by filtration. 

41. The method of any one of claims 32 to 40 wherein said 

s thrombin-like enzyme can convert fibrinogen to fibrin 

10· 

r. 

42. The method of any one of.claims 32 to 41 wherein said 

thrombin-like enzyme is selected from Ancrod and Batroxobin. 

43. The method of any one of claims 32 to 42 which further 

comprises removing said thrombin-like enzyme from said 

composition comprising fibrin monomer by means of 

15 biotinylating said thrombin-like enzyme and contacting 

said composition comprising fibrin monomer with 

immobilized avidin, thereby removing said thrombin-

20 

like enzyme from said composition comprising fibrin monomer. 

44. Fibrin which is noncrosslinked fibrin for use in 

a method of treatment of a human or animal body by which a fibrin 

sealant is formed, which method comprises: 

(a) contacting a desired site with a 

composition comprising noncrosslinked 
25 fibrin; and 

(b) converting said noncrosslinked fibrin 

t~ crosslinked fibrin concurrently with 
said contacting step. 

30 45. The fibrin of claim 44 wherein said 
noncrosslinked fibrin is selected from 
noncrosslinked fibrin I, des BB fibrin 

and noncrosslinked fibrin II. 
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46. The fibrin of claim 45 wherein said 
noncrosslinked fibrin is fibrin I. 

CV-0008 

47. The fibrin of any one of claims 44 to 46 wherein said 

5 composition is formed from blood, cell cultures that 
secrete fibrinogen or recombinant fibrinogen. 

10 

15 

20 

25 

48. The fibrin of claim 47 wherein said 
blood is autoloqous blood. 

49. The fibrin of any one of claims 44 to 48 wherein'said 

converting step is carried out by contacting said 
composition with a source of calcium ions. 

so. An aqueous composition comprising 
non-crosslinked fibrin monomer wherein the 
concentration of said fibrin monomer is from about 10 

mg/ml to about 200 mg/ml and said composition has a pH 
of from about 1 to about s. 

51. The aqueous composition of claim 50 

wherein said concentration is from about 20 mg/ml to 
about 100 mg/ml. 

52. The aqueous composition of claim so or 51 
wherein said fibrin monomer is selected from 
fibrin I, des 88 fibrin and fibrin II. 

53. The aqueous composition of claim 52 
30 wherein said fibrin monomer is fibrin I. 

54. Ail aqueous composition comprising 
fibrin monomer wherein the concentration of said 
fibrin monomer is from about 20 mg/ml -to about 200 

35 JDg/ml. 
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55. The aqueous composition of claim 54 

wherein said concentration is from about 20 mg/ml to 

about 1 o o mg /ml. 

5 56. The aqueous composition of claim 54 or 55 

wherein said fibrin monomer is selected from 
fibrin I~ des BB fibrin and fibrin II. 

57. The aqueous composition of claim 56 

10 wherein said fibrin monomer is fibrin I. 

58. An aqueous composition comprising: 

(a) fibrin monomer, and 

(b) a source of calcium ions, 

15 wherein the concentration of said calcium ions is from 

about 5 mM to about 200 mM. 

20 

59. A composition comprising fibrin monomer 

wherein said composition is in solid form. 

60. T~e composition of claim 59 wherein 

said composition is formed by lypohilizing an aqueous 

solution comprising fibrin monomer. 

25 61. A composition comprising fibrin monomer 

30 

35 

and a compound selected from 

an antibiotic, histamine ~-antagonist, an anticancer 

drug, fibronectin and a fibrinolytic inhibitor. 

62. A kit comprising: 

(a) a composition comprising fibrin 
monomer; and 

(b) a composition selected from 
an alkaline buffer and distilled water. 
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63. The kit of claim 62 wherein said 
alkaline buffer or said distilled water further 
comprises a source of calcium ions. 

64. A kit comprising: 
(a) a composition comprising noncrosslinked 

fibrin; and 
(b) a composition comprising a source of 

calcium ions. 

65. The kit of claim 64 which further .. 
comprises activated factor XIII. 

66. A solid support which has on its 
15 surface a composition comprising fibrin monomer. 

20 

25 

67. The solid support of claim 66 wherein 
said solid support is selected from 
a bandage~ suture, prosthesis and a dressing. 

68. The solid support of claim 66 or 67 wherein 

said monomer is selected from 
fibrin I, des BB fibrin and fibrin II. 

69. The solid support of claim 68 wherein 
said monomer is fibrin I. 

70. The solid support of any one of claims 66 to 69 
30 wherein said composition is in solid form. 

35 

71. The solid support of any one of claims 66 to 70 
wherein said composition is formed by 1 · yophilizing an aqueous 
solution comprising fibrin monomer. 
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