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FIBRIN SEALANT COMPOSITIONS 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 is 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
fibrinogen_- a monomer - by thrombin, calcium ions and
activated factor XIII to form ﬁltimately-crosslinked
fibrin II polymer, which is the fibrin clot.

The formation of crosslinked fibrin II polymer
proceeds by the fibrinogen being converted by thrombin
to fibrin I monomer, which spontaneously polymerizes

' to form fibrin I polymer, which 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,
whiéh'is sometimes referred to as soluble fibrin II

' because by treatment by appropriate chemical means the
fibrin II polymer can be converted to fibrin II
monomer. The fibrin II polymer, under the influence '
of factor XITITa - known as activated factor XIII - is
then crosslinked to form crosslinked fibrin II, which
N is the fibrin clot. Factor XIII is activated by '

i 35 thrombin in the presence of calcium ions. Cross-
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The subject invention relates to fibrin sealants. Mre specifically, in
accordance with the invention a conposition conpr iThi Baget r or a
conposiztion conprising noncross- linked fibrin is ut onmponent
of. a fibrin seal ant. One nechani sm for heno revention
of blood loss, of a mammal is the formation of a blood clot. Cot formation
in hungns, i.e., blood coagul ation, occurs2by- neans of a conpl ex cascackewef
reactions with the final steps being the conversion of fibrinogen - a
nmononer - by thrombin, calciumions and activated factor Xl Il to form

ultimately crosslinked fibrin Il polymer, which is the fibrin clot.
The formati on ofligkessfiikkde fIbriisn domegtningerreferred to as insoluble

fibrin II because it cannot be converted to fibrin II

monomer.
It should be noted that thrombin is formed from~
5 . prothrombin. Prothrombin is converted to thrombin by
factor Xa in the presence of calcium and other
ancillary substances. '
Fibrinogen represents about 2 to 4 grams/liter of
the blood plasma protein. Fibrinogen is a monomer

10 that consists of three pairs of disulfide-linked
polypeptide chains designated (Aa),, (BB)2, 7, "A" and-
"B" represent the two small aminoterminal peptides,
known as fibrinopeptide A and fibrinopeptide B,
respectively. The cleavage of fibrinopeptides A from

15 fibrinogen in the transformation of fibrinogen by
thrombin results in the fibrin I compound and the
subsequent cleavage of fibrinopeptides B results in
the fibrin II compound. Such cleavage of
fibrinopeptides A and B reduces the molecular weight

20 of fibrinogen 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 fibrinogen,
-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 biological adhesive whose
effect imitates the final stages of coagulation, \
thereby resulting in a fibrin clot. Conventional

30 fibrin sealants consist of concentrated human
fibrinogen, bovine aprotinin and factor XIII, as the
first component and bovine thrombin and calcium
chloride as the second component. Application is
generally carried out with a double-barrelled syringe,

35 which permits simultaneous application of both
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is sonetinmes referred to as soluble fibrin I becau t by

appro-~priate chem cal neans the fibrin | polymer c ted to
rted by

fibrin | nmononmer. The fibrin | polymer is then conve thrombin to
fibrind1 polynmer, which is sonetines refegred to as soluble fibrin I lcv.oos

because by treatnent by appropriate chem cal neans the fibrin Il polyner
can be converted to fibrin Il nmononer. The fibrin Il polyner, under the
i nfl uence of factor Xllla - known as activated factor XlIl - is then

crosslinked to éomporents| tokeHef sRtenwherewbnehwiantishad iform tHeot . Fact or
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added to promote stability of fibrin sealants.
The fibrinogen component of the fibrin sealant” 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, ' v
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 fibrinogen 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 fibrinogen 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 1
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 fibrinogen but also
by means of the bovine aprotinin and the bovine
thrombin component. Bovine thrombin has been known to

35 carry the infectious agent bovine spongiform



Lo linked fibrin Il is sonetines referred to as insoluble fibrin I
“because it cannot be converted to fibrin Il nononer. ____JJ_JJMA#{L4K¥—*—

noted that thronbin is fornmed fromprothronbin. Prothronbin is cony

to thrombin by factor Xa in the presence of cal ci um and'fj ﬁm\‘fiiiree“ °pla°e

" 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 1991).

Accordingly, there is the need for a fibrin v

sealant that can be delivered to a patient without the
risk of viral contaminatioh ér other adverse affects.

15
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
comprising such fibrin monomer.

Another aspect of the subject invention provides '
a method for utilizing a fibrin sealant which

30 comprises:

(a) contacting a desired site with a
composition comprlSlng noncrossllnked
fibrin; and

(b) converting said noncrosslinked fibrin

35 : to crosslinked fibrin concurrently with
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Fi bri nogen represents about 2 to 4 grans/liter

. ( . Fi brinogen is a nononer that consSists of
pairs of disulfide-linked pol ypeptide chains designated [BiddhestHasiteh R
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represent the two small am noterm nal peptides, known as fi [

and fibr#nopeptide B, respectively. The cl eavage of fibri nmgymmmlm lEm
fibrinogen in the transformation of fibrinogen by thronbin

fibrin | conpound and the subsequent cl eavage of fibrinopeptides B results

in the fibrin Il compound. Such cl eavage of fibrinopeptides A and B reduces

t he nol ecul ar wei ght of fibrinogen by an extrenely small anount,

6, 000 out of 340, 000 dal tons,

about

revi ew of the mechani sns of bl ood coagul ati on and the structure of

fibrinogen,

said contacting step, thereby forming a

fibrin clot.

The subject invention also provides methods for

preparing such a composition and compositions and Kits

5 comprising such noncrosslinked fibrin.

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: ' '
10 Fibrin - Fibrin means any form of fibrin.

15

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

20

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

25

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

30

35

includes any form of fibrin, e.g., fibrin I,
fibrin II or des BB fibrin, wherein said
fibrin is noncrosslinked and can be
converted to crosslinked fibrin. The
noncrosslinked fibrin can be fibrin monomer
or nonérosslinked fibrin polymer.

but exposes the polynerization sitesosFor a
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Lee C. M Jackson, Ann. Rev. Biochem, 49:765-811 (1980) and B. Furie and
"B.C. Furie, Cell, 53: 505-518 (1988). A fibrin sealant is a biol ogical
~adhesi ve whose effect imtates the final stages of coagul ation, thereby
"resulting in a fibrin clot. Conventional fibrin seal ant sThisGhe&i His Beén Replace:
concentsyated human fibrinogen, bovine aprotinin and facto
first conponent and bovine thronmbin and cal cium chl oride
conponent. Application is generally carried out with a double-barrelled’
syringe, which permts sinultaneous application of both

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 crosslinked. T

S5
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
comprisés:
» (a) contacting a desired site with a
' composition comprising noncrosslinked
fibrin; and
25 (b) converting said noncrosslinked fibrin
to crosslinked fibrin concurrently with
said contacting step, thereby forming a
fibrin clot. i
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




. Aprotinin is-a fibrinolytic inhibitor added to pronote st aby
seal ant-s. The fibrinogen conponent of the fibrin sealan
: fron1ﬁbo|ed human pl asma. The fibrinogen can be concentrate
hunan pl asma by cryoprecipitation and precipitation using varlous reagents

ﬁolyethylene gl ycol, ether, ethanols ammonium sulfate or gl yci neq.g&Rr
an excellent revi ew

-3: conponents to the site where one wantstoformtheflbr irw ¢n Replaced

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 fiﬁrin I
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 fibrinogen, 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 ITI 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 5
blood, for example, on a wound, the patient's thrombin i
and factor XIII may convert the fibrin I polymer to
30 crosslinked fibrin II polymer.)

The composition comprising noncrosslinked fibrin
is a comp051tion that contalns any form of
35 noncrosslinked fibrin. Nonllmltlng examples of



of fibrin sealants, see M Brennan, Blood Reviews, 5:240-244 (1991); J. W

& bble and P.M Ness, Transfusion, 30:741-747 (1990); H Matras, J. Oal
Maxi | | of ac Surg., 43:605-611 (1985) and R Lerner and N. Binur, J. of

Sur gi-cal Research, 48:165-181 (1990). Recently, there has al so been an
I'nterest in the preparation of fibrin sealants that utilize autol ogous
fibrign. An autologous fibrin sealant is a-fghrin seal ant wherein the cv.oos
fibrinogen conponent of the fibrin sealant is extracted fromthe patient's
own bl ood. The use of an autol ogous fibrin sealant is preferred because it
elimnates the risk of transm ssion of blood-transmtted infections, e.g.,
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Tr ansf usi on, noncrosslinked fibrin I being preferred. Of course,
mixtures of noncrosslinked fibrin can be present.

5 Also, for the purpose of the subject invention
"crosslinked fibrin" includes any 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, v
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 utilized such that the
noncrosslinked fibrin I comes into contact with

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

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

30 preferred, i.e., fibrin monomer. This 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 désired site. 1In

35 contrast, a resulting noncrosslinked fibrin in

This Sheet Has Been Replaced




28;319-321 (1988); K. Laitakari and J. Luotonen, Taryngeseepe, 99:974-976
(1989) and A Dresdale et al., The Annals of Thoraﬁ;,scsﬁ%g ery, 40:385-387

(1985) .- An infection can be transnmtted by a f hmﬂt only
by: means of the fibrinogen but also by means of the n|n and

t he bovine thronbin conponent. Bovine thronbin has carry the
i nf ectous agent bovi ne spongi form -9 -

oligomeric or monomeric form is soluble and,

therefofe, can more readily be delivered to the

desired site and have more intimate contact with the

cells. Of course, the composition can contain a h
5 mixture of such forms of noncrosslinked fibrin.

The source of the composition comprising fibrin
10 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
15 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.

20

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

25

30

fibrin I prepared from whole blood retains sufficient
quantities of prothrombin, factor XIITI and such other
necessary substances from the plasma such that the
noncrosslinked fibrin I can be converted to

3s crosslinked fibrin II without the addition of

exogeneous thrombin and factor XIII. This endogenous



-4- encephalitis (BSE) and ot her viruses pathogaﬂ#C 1 R BIR lRSplaced
Furthernmore, bovine thrombin is a potent antigen,

i mmunolsogi cal reactions in humans. Thus, the use of m “ r Mn coul d
result”in the recipient of the bovine thronbin being cted
See D.M Taylor, J. of Hospital

-
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prothrombin and factor XIII can be utilized in the
fibrin sealant of the subject invention as components
of the composition comprising fibrin monomer or
noncrosslinked fibrin.

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

10 more thrombin is required to convert fibrinogen 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 fibrinogen, 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 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 mg/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 comprising noncrosslinked fibrin means
that the noncrosslinked fibrin in such composition

30 does not crosslink for at least about 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



I nf ection, 18(Supplement A):141-146 (1991), S.B. Prusiner et al., Cornel

Vet, 81 No. 2: 85-96 (1991) and D. Matthews, J. R&@m H faced . 5
- (February 1991). Accordingly, there is the need H lFeaIant
that can be delivered to a patient without the risk am nati on

or other adverse affects. The subject invention provides a met hod
for utflizing a fibrin seal ant which compnilses: (a) cont act icmgposa
desired site with a conposition conprising fibrin nononer;

and . (b) converting said fibrin nononmer to a fibrin

pol ymer concurrently with said .
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 after the-preparation of the composition. 1In
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

The composition comprising fibrin monomer or

15  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
20 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.
25 Compositions comprising fibrin monomer or
noncrosslinked fibrin can be prepared from whole blood
by withdrawiné blood from a donor and preferably in
the presence of an anticoégulant. 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
preferred.

The plasma, which contains the fibrinogen, is

théh separated from the whole blood. Any separation

30

35



contacting step, thereby formng a fibrin clot. The
subj ect invention also provides nethods for preparing such conposition and

conpositions and kits conprising such fibrin nononer

Anot her aspect of

t he subject invention provides a nmethod for utilizing a fibrin seal ant
whi ch conpri ses: (a) contacting a desired site with a
conposi tion conprising noncrosslinked - 12 - fibrin; and CV-0008

(b) converting said noncrosslinked fibrin

fibrin concurrently with

10

15

20

25

30

35

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 "~
platelets, centrifugation can be carried out at lower
g. force, e.g., 500 g. for about 20 minutes. The

to crosslinked

supernatant, which contains the plasma, can be removed

by standard techniques.

Filtration can be carried out by passing the
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
the fibrinogen to fibrin monomer or noncrosslinked
fibrin. This conversion can be carried out by any
technique that is known or to be developed.

A preferred technique to produce fibrin monomer
or noncrosslinked fibrin is by means of a
thrombin-like enzyme, which includes thrombin. A
thrombin-like enzyme is any enzyme that can catalyze
the formation of fibrin from fibrinogen. A common
source of thrombin-like enzymes are snake venoms.
Preferably, the thrombin-like enzyme is purified from
the snake venom. Depending on the choice of
thrombin-like enzyme, such thrombin-like enzyme can
release fibrinopeptide A -- which forms fibrin I --
fibrinopeptide B -- which forms des BB fibrin -- or
both fibrinopeptide A and B -- which forms fibrin II.
It should be noted that those thrombin-like enzymes
that release fibrinopeptide 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.

This Sheet Has Been Rerlaced
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fibrin clot.

®

1o

15

20

30

35

said contacting step, thereby formng a

- 13 - CV-0008

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 with

the enzyme.
TABLE 1
SOURCE NAME FIBRINOPEPTIDE
RELEASED
Agkistrodon acutus Acutin A II
A. contortrix contortrix Venzyme B, (A)* ||
“ A. halys Pallas , B, (A)* ' )
A. (Calloselasma) Ancrod, Arvin a
rhodostoma .
"Bothrops asper (B. atrox) Asperase A
B. Atrox ‘Batroxobin, A
Reptilase -~
Reagent
HB. insularis A, B
l B. jararaca Botropase A
B. Moojeni (B. Atrox) _Batroxobin, A
. Defibrase
Lachesis muta muta A, B
Crotalus adamanteus Crotalase A
C. durissus terrificus A
Trimeresurus flavoviridis Flavoxobin A
T. gramineus A
Bitis gabonica 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.
rhodostoma.
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The subject invention also provides nmethods for preparing such a
conposition and conpositions and kits conprising such noncrosslinked

fibrins Various further aspects of the invention are hereinafter set
foerth7in the independent clains. For the purpose of the subject

I nvention, the following definitions are utilized: Fibrin - Fibrin
means ‘any formof fibrin. Nonls ri4 i-ng exanpl es of fibrin i nEveske
fibrinl, fibrin Il and des BB fibrin. The fibrin can be in
nononeric formor polyneric form wherein the polyneric formis
ei t her noncr osslinked or crosslinked. . Fibrin Mnoner -

Fi brin nononer incl ufes &ahriprpenomer or ngncrpssilinkedy fibrigy iGan
fibrin Il or dpé prepared bPBcbhBatBinghene pihiaal withnthe in

mononeric formor ol i gonet| c LRL{,"mU,‘aEhereby permitting the

fibrinogen in the plasma to be converted to a fibrin-

5 monomer. However, the resultant fibrin monomer
spontaneously polymerizes to form a hydrogen bonded
polymer in the form of a gel, which separates from the
remaining serum, which is a solution. The gel is a
form of the composition comprising noncrosslinked

10 fibrin.

This noncrosslinked fibrin gel can be harvested -
by, for example, centrifugation (3,000 g. 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
20-70 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 gel

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 of factor XIII. This endogenous
prothrombin and factor XIII can be utilized in the
fibrin sealant of the subject invention as components
of the composition comprising fibrin monomer or

35 noncrosslinked fibrin.
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be solubilized in the conposition conprising fibrin nononer and

wherein the fibrin nononer can be converted to fibrin polyner.
Fibrin Polynmer - Fibrin polymer includes any form of fibrin,
e.g.,~fibrinl, fibrin Il or des BB fibrin, wherein said fibrin
s in poly- meric form either noncrosslinked or

crossltinked. . Noncrossl i nked Fi brin= 18orcrosslinked fibrin . Cv-0008

i ncludes any formof fibrin, e.g., fibrin I, fibrin Il or des BB
fibrin, wherein said fibrin is noncrosslinked and can be
converted to crosslinked fibrin. The noncr osslinked fibrin can be
fibrin nmononer The feorceopfreentrikedationi arpprefsspre 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

5 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 920%
of the original fibrinogen 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 caomposition can be stored. Storage
of the composition requires that the composition be

25 preserved by, for example, freezing or lyophilizing
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 tﬁe 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 gel converts the fibrinogen

35 to the noncrosslinked fibrin gel and concentrates such
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gel in essentially one step. Alternatively, and less
preferred, one can concentrate fibrinogen by
conventional techniques, e.g., cryoprecipitation and
precipitation using various reagents, e.g., '
polyethylene glycol, ether, ethanol, ammonium sulfate
or glycine. The concentrated fibrinogen can then be
converted to the noncrosslinked fibrin gel by the
techniques described above or, preferrably, since the
fibrinogen is already concentrated, then the
fibrinogen can be converted to a composition
comprising fibrin monomer without the need to first "
form the noncrosslinked fibrin gel. This can be
carried out by contacting the concentrated fibrinogen
with a chaotropic agent to obtain a fibrinogen
solution.

The chaotropic agent is necessary to prevent the
fibrin monomer, which is formed upon contact of the
fibrinogen with the thrombin-~like enzyme, from
spontaneously polymerizing. The chaotropic agent is
mixed with such fibrinogen composition and then
agitated 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
thrombin-like enzyme immobilized on a support, as
described below.

Suitable chaotropic agents include urea, sodium
bromide, guanidine 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
0.3 to about 2.0 molar. It is preferred to utilize
the least amount of chaotropic agent possible that
still prevents the fibrin monomer from spontaneously
polymerizing.
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Crosslinked Fibrin - Crosslinked fibrin includes any form of

fibrin, e.g., fibrinl, fibrin Il or des BB, wherein the fibrin
is a fibrin pol ymer that is crosslinked. The subj ect

i nvention provides a method for utilizing a fibrin sealant which

conpri ses: (a) contacting a desired site with a

conposition conprising fibrin nononer; = 17 - and ( Y0008
converting said fibrin nononer to a fibrin polymer
concuryently with said contacting step, thereby formng a
fibrin clot. The subj ect invention also provides nethods for

It should be noted that it is preferred that a
source of calcium ions not be added to the chaotropic
agent until it is desired to convert the fibrin
monomer to fibrin polymer, as described below. This™

5 ensures that the fibrin monomer will not crosslink due
to activation of any endogenous blood coagulation
factors. '

10

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

15 the composition comprising noncrosslinked fibrin from
being contaminated by the enzyme.

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

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

25 with silica polystyrene and agarose being preferred
and agarose being 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
thrombin-like enzyme cannot pass through the filter,
but the noncrosslinked fibrin can pass through the

35 filter. The noncrosslinked fibrin is prepared by
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preparing such conposition and conpositions and kits conprising such fibrin

nononer . Anot her aspect of the subject invention provides a met hod
“for utidizing a fibrin sealant which conprises: (a) contacting a

desired site with a conposi tion conprising noncrosslinked

fibrin; and (b) converting said noncrosslinked fibrin _

to crogsslinked fibrin concurrently with - 18 - sai d contacti ngev-oos

step, thereby formng a fibrin clot. The subj ect

i nventi.on al so provi des nethods for preparing such conposition and

conpositions and kits conprising such noncrosslinked fibrin.
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. Thus, 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 i
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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4.1. THE COWMPGCSI TI ON COVPRI SI NG FI BRI N MONOVER The fibrin conposit
I nvention conprising fibrin nononmer is a conposition that
-7- <ontains any formof fibrin nononer that can be

of the subject

10

15

25

30

35

Generally, the support is activated by a highly
reactive compound, which subsequently reacts with a
functional group of a ligand, e.g., -OH, -NH,, -SH,
—COOH, -CHO to form a covalent linkage. The preferred
activation chemistries for use in the subject
invention are:

(a) by means of a tfiazine group and
preferably triazine halogenide groups;
(b) by means of a tresyl chloride group;
(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.
In (a)-(d), the protein is coupled via reaction with
-NH,, -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
measured by the S2238 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
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).

Generally, the support is activated by a highly
reactive compound, which subsequently reacts with a
functional group of the ligand, e.g., -OH, -NH,, -SH,
-CHO, to form a covalent linkage. Remaining active
groups, which have no thrombin-like enzyme attached,
can be, but it is not essential, blocked with non-
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converted to fibrin polyner. Nonlimting exanples of fibrin nonomer include
fibrin | nmononer, fibrin Il nonomer or des BB fibrin nmononer, with fibrin
nononef being preferred. O course, mxtures of the fibrin nononmer can be
present. Also, for the purpose. of the subject invention, fibrin polyner

i ncl udes any polymer resulting fromthe polynerization of fibrin nononer.
Thus, Tor exanple, the conversion of fibr2A + nononer to fibrin pol ynetogean
result in fibrin | polymer, crosslinked or noncrosslinked, and/or fibrin I
pol ymer, crosslinked or noncrosslinked, depending on how the conversion
step is carried out., Fibrin | nmonomer is preferred because it can, in
contrast to fiBieasddare qampaundssuehas tetharplanine, pRFGEEE wi t hout the
use of thronbi RrydrddelorIdllycine fact, the fibrin | nonomer can

spont aneously Torm (LR de b d e 1 ¥a el UhditofR140° 5 PEEE £HO

the subject invention are:

5 (a) Cyanogen bromide activation followed by
direct coupling of enzyme via ~NH,
groups on the protein.

(b) Activation of the support with
monochlorotriazine followed by coupling

10 of an enzyme via -NH,, -OH or -SH
groups. -

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

15 groups.

(d) Tresyl chloride activation of the
suﬁport followed by coupling of the
enzyme via -NH,, ~-OH or -SH.

(e) Activation of the support with adipic

20 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.

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

30 (a) Gamma - glycidoxypropyltrimethoxysilane
activation with direct coupling of the
thrombin-~like énzyme via ~-NH, groups on
the protein.

3s
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regardl ess of whether the fibrin | polynmer is crosslinked or noncrosslinked
or further converted to fibrin Il polymer. Thus, Sshi$8eetHaEBEPR on of the

fibrinzl polymer fromfibrin | nononmer is spontane pol yrer
can be fornmed without thronbin and factor XlI1I, "![UIMJ{M" the
probl ens associated with bovine thronmbin. (It shou

fibrin | nmononmer is utilized such that th&lftbrin | nononer cones |nt@H“”
contact with patient's blood, for exanple, on a wound, the patient's

thrombin and factor X1l nmay convert the fibrin I polyner to crosslinked

fibrin Il polyner.) The conposi tion conpri sing, noncrosslinked
fibrin is a conposition tikdt &¥anegen hromisenagtivation followed by

direct coupling of enzyme via -NH,
groups on the pro;gin.

(c) Gamma - glycidoxyffimethoxysilane

s activation followed byfbpening of the
epoxide ring to form a .diol group,
which can be suBsequently activated
with cyanogen bromide. Direct coupling
of the enzyme can be achieved via =NH,

10 groups on the protein.

(d) Gammaglycidoxypropyltrimethoxysilane
activation followed by preparation of
amino~-silica by treatment with ammonia
solution.

15 fThe amino-silica can be subsequently activated with
cyanuric chloride (triazine) and the enzyme coupled
via -NH, -OH or -SH groups.

20 Coupling 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 gamma-glycidoxypropyltri-
methoxysilane coupling of enzyme to activated support

25 and cyanogen bromide coupling of any protein to active
groups requires buffering at a pH 1~-2 units higher
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 coupling pH is 4-6). Another method of
coupling glycoproteins such as batroxobin to an inert
support is via their carbohydrate moieties. This
involves first the oxidation of the sugar group to
-CHO groups followed by direct coupling at acid pH to

35 an amino group such as hydrazide. A wide range of



nancrosslinked fibrin. Nonlimting exanples of his Sheet Has Been &gossl i nked
fibrin are noncrosslinked fibrin I, noncrossllnkerlﬂn ]&ﬁﬂd des BB

fibrin,=w th noncrosslinked fibrin | being prefer
= - 22 - CV-0008
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coupling buffers can be used. See, for example, Table
2.

TABLE 2

5 EXAMPLES OF COUPLING BUFFERS USED IN ENZYME
IMMOBILIZATION TO SILICA AND AGAROSE SUPPORTS

ACTIVATION METHOD COUPLING BUFFER

Silica Gamma- 0.1M Sodium bicarbonate pH 8-9
glycidoxypropyltrimet 10 mM HEPES pH 7.0
-hoxysilane
10
Silica ¥- 0.1M Sodium bicarbonate pH 8-9
glycidoxypropyltrimet 10 mM HEPES pH 7.0
hoxysilane + cyanogen
bromide
Silica Cyanogen Bromide Water pH 7.0
0.1M Sodium bicarbonate pH 7-9
15 10 mM HEPES pH 7.0
: Agarose Monochlorotriazine 50 mM Sodium Acetate/1MNaCl pH n
‘ 4.0
Agarose Dichlorotriazine 0.1M Potassium
: phosphate/1MNaCl pH 8.0-9.0
Agarose - Tresyl chloride 50 mM Potassium
phosphate/0.5MNaCl pH 7.7
20 Agarose Hydrazide 50 mM Sodium Acetate pH 5.5
10 mM NaBH,
Agarose Amine 50 mM Sodium Acetate pH 5.5
' 10 mM NaBH,
25

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

3 ° L] . L] . ] [} [
biological function of the immobilized enzyme.

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

If hydrazide or amino activated supports are

35

employed, blocking of residual reactive groups



m-xtures of noncrosslinked fibrin can be present. Also, for the purpose of
the subject invention "crosslinked fibrin" i ncThicShsetdayBeeORepRdq f1brin
resulting fromthe conversion of noncrosslinked , | i nked
firbrinT Thus, the crosslinked fibrin, for exanpl omthe
conversion of noncrosslinked fibrin |l to crosslinke Forn, n be
crosslinked fibrin | and/or crosslinked=f2Brin I1, dependi ng on how t Beooos
conversion step is carried out. Noncrosslinked fibrin | is preferred
because it can nore readily, as conpared to fibrinogen, be converted to
crosslinked fibrin. In fact, it is believed that fibrin I can form
crosslinked fi faldawingjeneynrs ceuplking hwarn i bhe | acseivedt by Thse, ofhe
formation of tr&éﬁws&ﬁ%ﬁdicié'.bri n | fromnoncrosslinked fibrin I can be
onbj n,

[ out without thr t her eby avoi ding the probl ens associ ated
carried Depending on the)hethod of immobilization and the

support, enzyme inactivation occurs during 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 enzynme
immobilized on the support; the Clot Time Assay -
Clauss A., Acta Haematol., 17:237 (1957) and the S2238
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., I 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 50mM sodium acetate pH 5.5, 100 ml SOmM
glycine/1M sodium chloride pH 3.0, 100 ml SOmM sodium
carbonate/1M sodium chloride pH 10.0, 100 ml 50mM

30 sodium phosphate/1lM 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 supporf.



wi th bovine thronbin, albeit activated factor eguiTed. (It
shoul d be noted that if noncrosslinked fibrin I mséﬂ[,éthbszﬁ-‘egnﬁ Ghegt hat the

noncrosslinked fibrin | cones into contact with p for
exanpke, on a wound, the patient's thronbin and fi Ililmm | convert the
f|br|n | to crosslinked fibrinI1.) Al so, d fibrin
can be a polyner, oligonmer or nononer, ald&it+ an ol i goner or nononer g¢vsoos
preferred i.e., fibrin nonomer. This is due to the fact that

noncrosslinked fibrin in polyneric formis generally a gel and, therefore,
Is very difficult to deliver to the desired site and provides for |ess
intimate contact with cells at the desired site. In contrast, a resulting

noncrosslinked fibrin inca)y amount of Enzyme Required

The amount of enzyme required for the treatment
of 30-70 ml plasma (obtained from 60-150 ml whole
$ Dblood) is 30-200 units after about 10-15 minutes
mixing.
If agarose is employed as fhe 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.

(b) Reaction of Immobilized Enzyme with °
15 Plasma Fibrinogen

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 fibrinogen in the plasma is cleaved by the
immobilized enzyme to release fibrinopeptide 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 i
immobilized enzyme.

30 As described above, the hydrogen bonded fibrin
polymer is in the form of a gel and cen 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

35



ol igonmeric or nononeric formis soluble and, therefore, can nore readily be
delivered to the desired site and have nore inti nt 4 he
cells.-O course, the conposition can contain a m | ornms of
noncr essl i nked fibrin.

* - 25 - CV-0008

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

j0 ©nzyme is utilized so as to prevent the noncrosslinked
fibrin, e.g., noncrosslinked fibrin I 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 fibrinogen

has been converted to noncrosslinked fibrin.

15

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

20 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.
Crosslinking 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. Biochen.,
239:513 (1986); Kaminski et al., J. Biol. Chen.
258:10530 (1983) and Kanaide et al. 13:229 (1982).
Calcium chelators can be added to the composition to

25

30

prevent the crosslinking of the fibrin I or II. Such
chelators bind to the calcium, thereby preventing the
crosslinking. Any calcium chelator can be utilized.
Nonlimiting examples of calcium chelators include
citric acid, saccharic acid, ethylenediaminetetra-

35



fibrin can
be converted to crosslinked fibrin. Nonlimting s S|tions
conprising fibrin monomer or noncrosslinked fibrin are blood, preferably
nannalfan bl ood and even nore preferably Rfvem bl ood, cell cultures t %P8
secret’e fibrinogen and recomnbi nant fibrinogen, wth bl ood bei ng preferred.
Bl ood ¢can be any form of blood including, for exanple, whole blood or
prepared fibrinogen preparations. A so, blood can _be utilized to prepare an
aut ol ogous fi br#%%&' %ﬁ%d (EDTA) ’ nltrllotrlacetlc acid NTA )

hydroxyethylenediamine-triacetic acid (HEEDTA),

The source of the conposition conprising f|br|n ﬁpﬁﬁ@&ﬁm§ﬁaﬂl eqass| i nked
fibrin can be any source known or to be devel ope e fibrin
nononer- can be converted to fibrin polynmer or the mu M%

ethylenediaminedi-{o-hydroxyphenylacetic acid]
(EDDHA) , ethyleneglycolbis (2-aminoethylether)

5 tetra-acetic acid (EGTA), diethylenetriaminepenta-
acetic acid (DTPA), 1,2-diaminocyclohexanetetraacetic
acid (DCTA), N,N-bishydroxyethylglycine,
4~ (2-hydroxyethyl)-l1-piperazineethane-sulfonic acid
(HEPES) and N-hydroxyethylimino-diacetic acid (HIMDA)

10 and salts thereof, with salts of citric acid being
preferred. .

1S
Any cell culture that can secrete fibrinogen can

be utilized in the subject invention. The fibrinogen
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 preferred
that the cellular debris be removed.

The process can be carried out as follows:

HEPG2 cells are grown and maintained as described by

25 standard texts on mammalian cell culture. Also, see
Liu et al., Cytotechnology, 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% i
calf serum and buffered with 5% CO,.

30 After 24 - 36h growth at 37°C, the medium is
removed and replaced with serum free medium containing
a suitable protease inhibitor and 2 IU/ml heparin.
Culture is continued for further 24h periods with
three consecutive changes of serum free media.

35



It has been observed that a conposition conprisin sgém defibrin I,
elther as fibrin | nonomer or fibrin | polymer, p e bl ood
as deseri bed bel ow can be converted to crosslinked’; out the
addi ti=-on of thronmbin, factor X1l and other necessa for bl ood

coagul ation! It is believed that this is due to the fact that t he
conposrtlon conpri sing noncrosslinked fi-b@m <4 prepared from whol e bl eeobos

retains sufficient quantities of prothronbin, factor X1l and such other
necessary substances fromthe plasma such.that the noncrosslinked fibrin
can be converted to crosslinked fibrin Il wthout the addition of

exogeneous t hronbi n Bnel ¢epditimned m&flis ésdogntrvifuged 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-thfombin-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

fibrinogen, is decanted from the support/fibrin gel,
which is then washed successfully with four changes of

15 NacCl-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 fibrinogen 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 crosslinking, no exogenous factor
XIIT need be added to make an effective fibrin
sealant.

30

The noncrosslinked fibrin composition can also be
prepared from recombinant fibrinogen. Only recently

3%  fibrinogen has been made by recombinant DNA



-10- prothronbin and factor X1l can be uti In the f|br|n seal ant
of the subject invention as conponents of the Cqmgﬁéetﬂaslﬂb@m Ged | ng fibrin

nononer or noncrosslinked fibrin. However t ed that
suffieient quantities of this endogenous thronbin are not
retalngd so as to convert fibrinogen to

- 28 -
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techniques. See S. Roy et al., The Journal of
Biological 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 fibrinogen 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 fibrinogen 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 fibrinogen 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 fibrinogen to noncrosslinked
fibrin by, for example, a thrombin-like enzyme,
results in the formation of the fibrin in the form of
a fibrin hydrogen-bonded polymer. However, as
35 discussed abové, it is preferred that the composition



crosslinked fibrin Il at a reaction rate that is in

sealant. It is believed that nore thronmbin is requifeflelifis 8BS %@l&gd

fibrinoegen to crosslinked fibrin Il than to convert ' fibrin
to crosslinked fibrin Il at an equival ent reactionbﬂmmnﬂﬂ [l h one of
such three sources contains fibrinogen, which can t he
fibriq*nnnoner or noncrosslinked fibrin= 29 addition to such conver si 6008
step, the resultant conposition that contains the fibrin nononmer or
noncr osslinked fibrin nust be in a concentrated form It is preferred that
the concentration of the fibrin nonomer be no | ess than about 10 ng/m ,
nor e pref er abl \comprising thoncressd inkedbEibrino apdnit éSecasseptial
preferably fromgcibaite ?éb%ggé&ti@naéeﬂﬁrieﬂnaufﬂbrﬁﬂdmaﬁsﬁeﬂr,eber ahly from
about 25 ng/m to, about, 5 /. . . .
oligomeric or monomeric form. This can be carried out
by solubilization of the composition comprising ’
5§ noncrosslinked fibrin.
Solubilization is particularly preferred 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 preferred acid buffers
functioned much more efficiently than that of other
acid buffers that were tested.
35



In addition, it is preferred that the fibrin nono T oncrossllnked

fibrin be nondynam c. For the purpose of the presen ndynan1c
conposi<tion conprising noncrosslinked fibrin nmeans " ssllnked
fi*brin in such conposition does not crosslink for at

mnutes, preferably for at |east about 3 mnutes and nore preferably for at
| east about 30 minutes after preparati om &0 such conposition. For thecv-oos
pur pose of the present invention a nondynanic conp05|t|on conprising fibrin
nononer- means that the fibrin
The preferred 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 strength of the '
5 composition more biologically compatible.
It is preferred to utilize the least volume of
acid buffer possible that stili solubilizes the
noncrosslinked fibrin to form an aqueous solution
comprising fibrin monomer. This results in an agqueous
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-vigorousiy 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,
guanidine 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 1
chaotropic agent per about 1 ml. of composition
30 comprising noncrosslinked fibrin is required.
The chaotropic agent is mixed with such
composition and then agitated vigorously for about 1
to 2 minutes to ensure that solubilization is
complete.
385



mononer i n such conposition does not polynerize fQﬂmQﬂ, ast about 1.5

m nutes, preferably for at |east about 3 m nutes, or at

| east about 30 minutes and even nore preferably at hours
after‘the preparation of the conmposition. In fact, oted t hat
the conposition conprising fibrin nononer_can be nondynan1c for at | east
severa1 days, i.e., about 72 hours, after3its preparation! CV-0008

10

15

25

30

35

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
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
ng/ml to about 100 mg/ml and most preferably from
about 25 mg/ml to about 50 mg/ml.

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
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
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
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
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 (Kps=10"M)



The conposition conprising fibrin nonomer or noncrosslinked fibrin can be

prepared from bl ood. The nethod can result in a hydrogen bondéﬁ fibrin

pol yner® which is a form of noncrosslinked fltmsmmaEQQQ can then be
ﬂm?

utilizéd as a conponent of the fibrin seal ant to fibrin
monomner , by a process referred to as solubiliza

scri bed

herei nbel ow. Also, it is preferred that the conp Ising fibrin

mononer or noncrosslinked fibrin be prepared in a sterlle enV|ronnent
- 32 =

seen in nature. See E.A. Bayer and M. Wilchek,
Methods of Biochemical Anaylsis, 26:1(1980).
In this process, biotin is covalently bound to,

for example, batroxobin and the biotin~batroxobin

$ conjugate (which is soluble) is directly reacted with
plasma, e.g., 10 BU plus 50 ml plasma reacted at 37°C
for 10 minutes. The Fibrin I polymer produced is
harvested by centrifugation or filtration and

_ resolubilized in approximately 4 ml 0.2M 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 agarose: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.

Accordingly, in one embodiment of the present
20 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 that any
thrombin-like enzyme remaining in the composition is
25 at 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 between .
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



Conposi tions conprising fibrin nonomer or noncrosslinked fibrin can be
prepared from whol e bl ood by w thdrawi ng bl ood froma donor and preferably

in the presence of an anticoagul ant. Any antlcoagulanﬂ'hcséheebléils

Nonl iim ti ng exanpl es of anticoagul ants are hepari n, EDT trate
or any other agent that can, directly or |nd|rectly, tion
of thrombin, wth citrate being pr 82:r-r ed. he pl asna |ch cornt ai ns
t he fsi bri nogen, is then separated fromthe whol e bIood Any separation

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

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

The composition comprising fibrin monomer is now
ready for use as a component of the fibrin sealant.
- It has been observed that when such composition is
0. prepared from whole blood, from about 60% to about 90%
of the original fibrinogen is present in the
-composition, but, of course, in the form of fibrin
mononmer.

15

20

25

30

35




- .12 - techni que can be utilized, for exanpleL,,gdLnenLa%+fwr—““

centrifugation or filtration. CEntrlfugatlon can be carrie &mabout
3,000 g. for about 10 m nutes. However, if it is plasna
ri-ch isn platelets, centrifugation can be carrled ou “ orce,
e.g., 500 g. for about 20 m nutes. The supernatant, t he

pl asma;” can be renoved by standard techni gges. Filtration can becv-oo0s

carried out by passing the whole blood through a suitable filter that
separ at es

The composition comprising the fibrin monomer can
be utilized immediately after it is prepared. 1In
fact, it is particularly preferred to utilize such
composition immediately after its preparation when the

5 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 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 buffer 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 buffer 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, a bulking agent,
e.g., mannitol or lactose, can be added to the
composition. Alternatively, the lyophilized
composition can be utilized in lyophilized form. Such
form is particularly preferred when it is desired to

35 add adjuvants, e.g., antibiotics, to the composition.



bl ood cells fromplasma. It is preferred that Ilter be a m croporous
menbr ane exhibiting good protein transmssion. . The resu | asma i s
then treated to convert the fibrinogen to fibrin eee Has@Bee E&stlinked

fi brim. This conversion can be carried out by any I's known
or to be devel oped. A preferred technique to , nononer or
noncrodslinked fibrin is by means of a thggnbin-Ilike enzynt, ch i nglogles
thronbin. A thronmbin-like enzyne is any enzyne that can catal yze the
formation of fibrin fromfibrinogen. A common source of thronbin-Ilike
enzynes are snake venons. Preferably, the thronbin-like enzyme is purified
fromthe snake venomheDepiipdsidivh doRapiiti Gy of ik Mdronekecamzyge, such
t hrombi n-11i ke SNZYIE 1reI easeffi bripo e tidelA - fornms fibrin |
y any form, for example, on,

o a doldth
suspension, emulsion 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 allowed 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 fibrin allowed to polymerize.

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

35 It is possible that an organic suspension of fibrin



fi.brinopeptide B -- which forns des BB fibrin --"or both f|br| opgmtlde A

and B -- which forns fibrin Il. It should be notedTthlleet nbln i ke
enzynes. t hat rel ease fibrinopeptide A and B may do rat es.
Thus, the resultant conposition could be, for exanp f fibrin
Il and fibrin |l or a mxture of fibrin Il and des B |br|n
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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
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. Aléo, 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
will 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 wound, 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



- 13 - TABLE | is a nonlimting list of the sources of the snake
venons that can be utilized in the subject invention, the name of t he

t hronmbi n-1i ke enzynme and which fibrinopeptide(s) Tf ?%atnent
with the enzyne. TABLE 1
NAME FI BRI NOPEPTI DE

RELEASED Agki st rodon acutus Acut kg — A. cont or &v.doos
contortrix Venzymne B, (A* A halys Pal | as
B, (A

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 organ), 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 5 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
£ibrin 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 contacting step means that

10 such conversion step and such contacting step occur
within a time period of each step so as to form the v
fibrin clot at the desired site. Thus, concurrently
can mean that after the contacting step, the fibrin

_ monomer is converted to fibrin polymer or the

15 noncrosslinked fibrin is converted to crosslinked
fibrin. This is carried out by contacting the
composition comprising 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 should generally occur within about
0.5 minutes after the contacting step. Otherwise, the
composition comprising 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 contacting
step and converting step take place simultaneously.

30 This is carried out by contacting the desired site
with the composition comprising 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.

“ This Sheet Has Been Reilaced
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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 =

5 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,
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 excellent fibrin clot.

30 The conversion of the fibrin monomer to fibrin
polymer or the noncrosslinked fibrin to crosslinked
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

a5 composition comprising fibrin monomer or
noncrosslinked fibrin e.g., whole blood or recombinant



- .14 - The fibrin nmononer or noncrosslinked fibrin can be prepared

by contacting the plasma with the thronbin-1ike enzyme, thereby permtting
the fibrinogen in the plasma to be converted to arfi fet PadBHaL hcd However,

the resultant fibrin nonomer spontaneously pol yneri ydrogen
bonded polymer in the formof a gel, which separat %Eiml mlmﬂ i ni ng
serum “which is a solution. The gel is a 3@ m of t conpiv-Gisng
noncrossl i nked fi brin. Thi s noncrosslinked fibrin gel can be harvested

fibrinogen, 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 -
§ 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

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 prothrombin, factor
XIII and other necessary substances to corivert such

30

~ fibrin monomer or noncrosslinked fibrin to crosslinked
fibrin, e.g., activators of prothrombin. If the
noncrosslinked fibrin is a fibrin polymer, i.e., the

35  noncrosslinked fibrin has not been solubilized, the



by, for exanple, centrifugation (3,000 g. for 10 ninutes)

separation of the noncrosslinked fibrin fromthe serum

direct manual

directly or under pressure, followed by the reanaThxscsﬂqed“tHEs ptegd serum

(A 1-100 mcron pore size filter can be utilized, eint er ed
pol ypropyl ene 20 micron pore size filter fron1Porex u¥ on 20-70

n1cron'pore size filter from Fl uorotechn:gugs+ | Nnc.

22-4@m

m cron” pore size filter from Costar, Inc.). ThIS harvestation
separates the noncrosslinked fibrin gel fromserum which is a solution,

and, thereby, concentrates the noncrosslinked fibrin gel

vi s-a-vis the

pl asma. |t shouhdnbrossideakedalr ibrd et ass ldoitasttfdd i gdssEinked at
east some prot gy 860G ¥ e 8 ¥ U Ul ed1P SIRE 20 SRSt ances

fromthe plasm suc

XIII of such composition to form crosslinked fibrin.

Such activation can be carried out by contacting the"

$ composition with a source of calcium ions.

Nonlimiting sources of calcium ions include calcium

chloride, preferably at a ccncéntration 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 Dbuffer, 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 10-10.5,
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, 1M

Trishydroxymethyl aminoethane sulphonic acid (TES) pH
8.0 and 0.5M Cyclohexylaminoethane sulphonic acid
35 (CHES) pH 10.0; with 0.5-0.75M Sodium carbonate/



noncrosslinked fibrin I can be converted to crosslinked fibrin Il wthout
the addition of exogenous thronbin or factor thh-4ﬂn4;4ﬂnkxﬁﬂﬁﬁﬁ%

prot hranbin and factor X1 can be utilized in the.fibrin sealant of the
subj ect invention as conponents of the conp05|t|on Répldogd n
nmononer or noncrosslinked fibrin. ” ,I[i,’ - 15-

.

Bicarbonate pPH 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 being most preferred.

The amount of alkaline buffer that is utilized
should be enough to polymerize'the noncrosslinked
fibrin. It is preferred that about 10 parts to about
one part of composition comprising fibrin monomer be

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

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

25 about 0.5 to about 0.1 molar.

In addition to raising the pH or diluting the
chaotropic agent of the composition comprising 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 contacting the combosition with a
source of calcium ions. The source of the calcium
ions can be part of the alkaline buffer or part of the
acid buffer that is utilized in the solubilization

35 step. Nonlimiting sources of calcium ions include



The force of centrifugation or pressure of filtration during harvestation
will determne how nuch of the serumis removed Trom the noncrossli nked
fibringel, with the higher such force or pressurmijsSheHamee Replacdnt r at ed
the resulting noncrosslinked fibrin gel. However, ﬂ“ d that such
force or pressure not be so great that the prothro r Xl are
renoved fromthe noncrosslinked fibrin gel 42 - The noncrosslinked fi B doid
gel is"now ready for use as a conmponent of the fibrin sealant as a form of
t he conposition conprising noncrosslinked fibrin. It has been observed that
when such conposition is prepared from whol e bl ood, from about 60%to about
90% of the ori giosdiciumr¢hiloride s prefexdbly dbea 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 buffer is
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 50 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 solubilizedqd,
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 buffer or chaotropic agent

35 utilized in the solubilization step. Also, in this



conposition,

but, of course, in the formof a noncrosslinked—fitrin

The conposition conprising the noncrosslinked fibrin can_be u%k&jzed

i medi ately after it is prepared. In fact, it i Shipihesti referred to
utilize such conmposition imediately after its prﬁ \

conposition is autologous. If the conposition is
after #ts preparation, the conposition capsbg stored. Storage of thecv.ous
conposition requires that the conposition B

t he

freezing or lyophilizing the conposition or holding the conmposition at

4[err]C. The conposition in frozen or |yophilized formw |l
period of nont gpodigfert) e BEtpds DEidE ESdl 411G € ibeini ohémee! | eved

that the conposition is stable for at, | east a_gerlod of ga If the
’

|
conposi tion i s Aol Placed MpRiseHif suppor

10

is

20
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30
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e.g., b n&gge,
suture, prosthesis, or dressing, that will be in
contact with the desired site. Such support is then"
placed in contact with the desired site until, for
example, the fibrin clot forms.

However, it should bé noted, that if the
composition comprising fibrin monomer does not retain
enough prothrombin and factor XIII so as to form
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
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
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
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
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.

mredi atel y
e preserved by, for exanple,:

be stable for

a



must be thawed prior to the tinme of use. This—techmgue that results
in the formation of the noncrosslinked fibrin gehnﬁgﬂ&gﬁ&§k&h@ﬁgkbrinogen

to the.noncrosslinked fibrin gel and concentrates ml]l“ll““ I‘Il l
-16- . y |
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If the source of the composition comprising
noncrosslinked fibrin are cell cultures that secrete
fibrinogen or recombinant fibrinogen, 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

10 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
15 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
20 addition of autologous plasma to the composition
comprising noncrosslinked fibrin. Nonlimiting sources
of calcium ions include calcium chloride, preferably
at a concentration of 30mM. Alternatively, and less
preferred, calcium ions can be supplied by the blood
25 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 500 units of thrombin per
ml. of composition comprising noncrosslinked fibrin
30 can be added or the thrombin can be provided by the
desired site. '

If the noncrosslinked fibrin has been

solubilized, i.e., is a fibrin monomer, how the fibrin
monomer is converted to fibrin polymer depends on how

35 the solubilization was carried out, e.g., acid buffer



gel in essentially one step. Alternatively, and SS preferred ng can

concentrate fibrinogen by conventional techniques,TifsShe | -“bitation
and precipitation using various reagents, e.g., pol |, ether,
et hanol , amoni um sul fate or glycine. The concentraﬂ l
. be eonverted to the noncrosslinked fibrin gel by the tTechni ques descri bed
above or, preferrably, since the fibrinogen,ks_already concentrated, th
the fibrinogen can be converted to a conposition conprising fibrin nononer
wi thout the need to first formthe noncrosslinked fibrin gel. This can be
carried out by contacting the concentrated fibrinogen with a chaotropic

ey o b o SIS T, o, (IPRRELR S0 Bl ok e
t he 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 coﬁprising fibrin monomer,
as described above. The activated factor XIII can be
added to the composition comprising noncrosslinked

10 fibrin at a final concentration of from about 1.0 to
about 20 units factor XIII per ml of composition -
comprising noncrosslinked £ibrin. 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 30mM. 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 comprising 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.g., gentamycin, cefotaxim, nebacetin and sisomicin,
histaminine H,~antagonists, 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, Laryngoscope, 95:1278-80 (1985); A

35 Ederle et al., Ital. J. Gastroenterol., 23:354-56

can then .



fibrinogen with the thronbin-Ilike enzyme, from Spontaneeusly pol yneri zi ng.

The chaotropic agent is mxed with such fibrinogqmsg% sition and then

agitated for about 1 to 2 mnutes to formthe fi ARt B liceh. The
fibripogen can then be converted to a fibrin nono ”@ ﬁ I nple, a
t hronbi n-1i ke enzynme, as descri bed above, or by a I enzynme

i mmobiiized on a support, as described heljgw- Sui t abl e chaot r opi gy.gs

agents include urea, sodium brom de, guani di ne hydrochl ori de, KCNS,

pot assi um i odi de and potassi um brom de. The preferred concentration of the
chaotropi c agent is fromabout 0.2 to about 6.0 nolar and nost preferably

from about 0.3 t{resbpptvl. Ronbhetd.ettals, ppatas;ed7tasnut-shi 129604 ;| east

o Sha0t Rl £98R1 RO S P! GohlRby S hL1eBEEY°ThT 58245 §Eb8) OO
T. Monden et al., Cancer, 69:636-42 (1992); F. Greco,
J. of Biomedical Materials Research, 25:39-51 (1991}

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, fibronectin, fibrinolytic
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 buffer 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 fibrinogen or recombinant fibrinogen, the

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

35



pol ymeri zi ng.
noted that it
the chaotropic agent until it is desired to coq¥eﬁéa£h§h«mﬁg 1
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-17- It should be
is preferred that a source of .caleciumioas—not—be-added to
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5. EXAMPLES

5.1. PLASMA PREPARATION FROM WHOLE BLOOD

Whole blood (100 ml) is collected into standard-

commercially available blood bag containing an
anticoagulant such as citrate/phosphate/dextrose. The

blood is then transferred to a container suitable for

centrifugation and centrifuged at room temperature for

10 minutes at 3,000g. The clear supernatant plasma
(approximately S0 ml) is decanted and the cellular
components are discarded. . .

_ An alternative method of plasma preparation from
whole blood is by filtration. Again, 100 ml whole

blood is collected into a bag containing a suitable

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 across the membrane results

in plasma being forced through with cellular

components remaining in the recirculating blood.
"Plasma (50 ml) is collected for further processing.

5.2. IMMOBILIZATION OF BATROXOBIN ONTO BEADED AGAROSE .

Beaded agarose (Pharmacia) was employed in

immobilization studies. The agarose used was 4%
crosslinked, 45-16Sum (90% of particles). This
material swells to 5 times its volume when hydrated.
Batroxobin is first oxidised with 0.1M sodium

periodate for 1 hour at room temperature in a covered
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 50mM sodium acetate pHS.S plus 10mM

sodium borohydride (30-200U per 1.75g moist gel). The



mononmer to fibrin polynmer, as described below. This brin
monomer Wi ll not crosslink due to activation of any eRgogen

coagul ation factors. In a preferred enbodlne n i ke
enzynme is.immobilized on a support. Such enbodinent is Em use
one can readily separate the i mmbilized enzyne fron1t i eby
preventing the conposition conprising noncrosslinked f|br|n fronlbelng

cont am nated by the enzyne: Any supporf‘ﬁ@ which the thronbin-like -
enzyne can be attached can be utilized . in the subject invention.

‘non-bound reactions are removed from the gel by

washing with:-50 ml mM sodium acetate pH5.5, 100 ml

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

sodium carbonate/1M sodium chlbride pH10.0, 100 ml -
5 50mM sodium phosphate/1M sodium chloride pH7.0, 100 ml

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

pH7.0, 100 ml 50mM sodium phosphate pH7.0.

5.3. REACTION OF IMMOBILIZED'ENZYME WITH

PLASMA FIBRINOGEN TO FORM A COMPOSITION
10 COMPRISING NONCROSSLINKED FIBRIN

The immobilised enzyme (350mg) -is added to
approximately 50ml of centrifuged or filtered plasma
and gently mixed for 7 to 20 minutes until a
non-crosslinked fibrin I polymer clot is formed.

13 The fibrin I polymer plus associated immobilized
enzyme is then harvested by either: a) centrifugation
at 3,000g 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 serum and retaining the
fibrin I polymer plus immobilised enzyme for further
treatment. This fibrin I'polymer is an example of a

20

™

composition comprising noncrosslinked fibrin.

25 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
3¢ to the harveéted fibrin I polymer plus immobilised
enzyme. The sample is subseqﬁently 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 20pm low protein binding filter. The agarose enzyme



f . .
—TNonl i m ting exanpl es of -suitable supports are cel T ul ose, polydextrans

agar ose, polystyrenes, silica, polyacrylic acids Thish
pol yxi-nyt-at tohol s, gl ass beads pol yt etraf | uor et hy l“ ml nat e,
h

col’l agen, cel ul ose derivatives, teflon and their silica -
pol ystyrene and agar ose bei ng preferred and agarose ei ng nost preferred.
I'n gnother preferred enbodi nent the thronpgn=li ke enzyne is attached tov-oa:
support that is a filter or on one side of the filter and attached to
- .anotther support, e.g., a bead. Otherwi se, the thronbin-Ilike enzyme will
f_pasi through the filter. Thus, the pore size of the filter should be such

that! the i mmokiiizask theegbhagl blye t81Z WE NN athwassl 1dwinghitke filter,
but the noncr osslin ed fibrin cah pass throqu t he frltser1 ghe
noncrosslrnke&qqqu E°$r€5&r§&s§$m emalning solution, a

composition comprlslnq flbrln 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 fibrin monomer
wherein the concentration of fibrin monomer is from
about 25 mg/ml to about 35 mg/ml. This is now ready

10 fof delivery to the patient either, alone or, co-
extruded with repolymerizing buffer to form a fibrin
sealant. )

5.5. REPOLYMERIZATION OF THE COMPOSITION
COMPRISING FIBRIN T MONOMER

15
Repolymerization is achieved by simultaneous

mixing of 9 parts of the solution comprising fibrin I
monomer with 1 part of a suitable repolymerizing
buffer, e.qg., O. 75M sodium carbonate/sodium

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

k1)

altered; however, a 9:1 ratio maintains the high
concentration of fibrin in the final product. On
o-extrusion the fibrin I spontaneously repolymerizes
and converts to fibrin II followed by crosslinking of
a5 the fibrin over a period of about 30 minutes.

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

30 the subject invention in addition to those shown and

' described herein will become apparent to those skilled
in the zrt from the foregoing description. Such
modifications ére intended to fall within the scope of

the appended claims.



- 18 - contacting the plasma with the thronbin- Iikefenzyﬁﬁfaﬁfaﬁgfpﬂp

pl asma, passes through thé filter. Thus, the resultlng c

of the filter to forma fibrin nonomer, which, along V\A,ﬁl{gsg Eﬁ“ﬁ\
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5.6. HYDRAZIDE ACTIVATYION OF AGAROSE AND
COUPLING VIA THE CARBOHYDRATE MOIETY

OF THE ENZYME

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

Batroxobin 1-7 mg is dissolved in 2 ml of water
and 0.2 ml 0.1M sodium periodate. The mixture is

-ipcubated av room temperature for 1 hour after which

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 chloride.

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 aldehydé groups (-CHO). If
hydrazide-agarose is used the coupling procedure is as
follows.

1-5 g hydrazide-agarose gel is suspended in 4 ml
S0mM sodium acetate pH5.5. To the suspension is added
1 ml 10mM sodium borohydride together with the desired
amount of oxidized batroxobin (typically 100-200BU per
g moist gel). _

The sample is mixed cvernight at room temperature
and subsequently washed on a sintered glass funnel
with 50 m1 SOmM sodium acetate pH5.5, 100 ml S0mM
glycine/iM sodium chloride pH3.0, 100 ml SO0m¥ sodium
carbonate/1M sodium chloride pH10.0, 100 ml SomM
sodium phosphate/1M sodium chloride pH7.0, 1G0 ml
water and 100 ml SOomM sodium phosphate/1M sodium
chloride pH7.0 and finally 100 ml 50mM sodium
phosphate pH7.0.

The method for reaction of the immobilised
batroyobln with plasma is as follows.



conpri si ng noncrosslinked fibrinis necessariTy separated fromthe -
thronbin-1i ke enzynme. The fibrin nononer, afterTRaSSayRs Bdes R he fllter

spont aneous! y polymerizes to forma noncrossllnk r, I n
Qrder to inmobilize the thronbin-like engyne to mﬂ& mzumu Euppor&_rrust
ke activated. This can be carried out by any suit . For '

exanple various activation chemstries available for derivatizing supports

are: dlazoniun1groups i socyanat e groups, acid chloride groups, acid

nhydri d h I I d I :
anhydri de groups, o% p ﬁyé §910r| E*§6°H§fn19'9éhheeﬁ Qgrgggiysuc roups

| sot hi ocyanate gr roups, I ni m de
groups, triazthe gddmpsonhyﬁraaethﬂammé cﬁpb§hﬁlEﬂéém@wiﬁnﬁd%¢¢ane

groups ggd CYAR0UEGuRLQTLAR o2 itz 66B2BRABALPBLERL nDL el 2Pded! : (b)

to approximately 1.75 g (moist gel weight) agarose.--

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 of sodium hydroxide. ‘Fibrin I polymerisation
occurs almost instantaneously. The fibrin I polymer

_ is harvested by centrifugation at 3,500 rpm for 10

) 10 mninutes 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 repolymerised to form the fibrin sealant

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

0.75M sodium carbonate/bicarbonate pH10.0.

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

Enzyme capture is performed by first

20: biotinylating the batroxobin and capturing the
biotin-enzyme with immobilised avidin (avidin -
coupled to 6% crosslinked agarose).

Biotinylation of proteins can be acheived using a

25 number of reagents. In this instance,
N-hydroxysuccinimide-biotin (water insoluble) is used
(commercially available from Amersham). NHS-biotin
(5011) was added to 1 mg of batroxobin at pH8.6 and
the solution is incubated at room temperature for 1

30 hour. Excess biotinylation reagent is removed by gel
filtration on a Sephadex G-25 column with 0.1HM
potassium phosphate pH7.5 as the eluent.

The equivalent of 10BU (biotin-batroxobin is
added to 50 ml plasma and incubated at 37°C for 10
, 38 minutes. Fibrin I polymer is harvested by

centrifugation (3,500 rpm for 10 minutgs) and



WS. Johnson and F. A Mddle (Editors) (1991) IRL Press Oxford - Affinity
Chr omat ography - A practical approach - chapter 2 - Activation Procedures,
. the disclosures of which are incorporated herei n Thi Shet HiseBeercReplaced The

- preferred activation chemstry is by neans of a hy The use
of a hydrazi de activated support results in a maxi (at | east
about 30%to about 50% as neasured by the 32238 assay - See el 'sson Gv-omt

al ., Thronb. Haenpbst;, 36:517(1976)) of the thronbin-like enzyne retaining
its activity with essentially no enzyne | eaching. Al so, |ow pH val ues,
e.g., PH 4-6, can be utilized for enzyne coupling to prevent enzyne

degr adat i on. redissolved in 3-4 ml of 0.2M sodium acetate pH4.0

containing 30mM calcium chloride. To the fibrin I, is
added avidin-agarose (commercially available from
Sigma Chemical Co.) at 0.2g (moist gel) per ml fibrin

5 I. The sample is incubated at room temperature for 10
minutes and centrifuged at 2,000 rpm for 10 minutes.
The fibrin I produced is substéntially free from
batroxobin. Fibrin repolymerisation to form the fibrin
sealant is achieved as described in Example 5.6.

10
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- 19 - CGenerally, the support is activated by a highly reactive
conpound, which subsequently reacts with a functional group of a |igand,

" e.g., -OH [err] -SH -COOH, -CHOto forma coval ent |inkage.
activation chem stries for use in the subject invention are:

The preferred
(a)

by means of a triazine group and

- 53 -

- CLAIMS -

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

f
* c L ®M s *

CV-0008

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

10 | concurrently with said contacting step, thereby

forming said fibrin sealant.

2. The fibrin of claim 1 wherein said
fibrin monomer is selected from
1s noncrosslinked fibrin I, des BB fibrin and
‘noncrosslinked fibrin II.

" 3. The fibrin of claim 2 wherein saidi
fibrin monomer is fibrin I.
20

4. The fibrin of any one of claims 1 to 3 wherein said

fibrin polymer is fibrin II polymer.

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

6. The fibrin of any preceding claim wherein said
' composition is substantlally free of a thrombin-like
enzyme.
30

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

fibrinogen and recombinant fibrinogen.

A n|||||

Sheet Has Been Re laced

ML

I



‘preferably triazine hal ogeni de groups; (b) by neans of a tresyl

chl ori de group; (c) by neans of a carbonyl diim dazole
group; « (d) by neans of a cyanogen bromi de group;
and (e) by neans of a hydrazi de or am no group~—|—n—(*aj—td—)——ﬁ1e

CHO. The use of these chem stries results in a maxi
| east about—30% to about 50% as nmeasured by the S2238 assay) of the
t hr onbi n- I sl 1M Bech Riplicddl 1Y its activity with essentially no enzyne

| eachi ng- c| mmﬂmﬂm mIIFe activation two different nethods were used. The

flrst net ho ing the- 54 - CV-0008
8. The fibrin of claim 7 wherein said

protein is coupled via reaction with [err] -SH or in
(e), the protein is coupled via an oxidized car bohydrnjm H@! ml

source is blood.

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

5 is autologous blood.

10. The fibrin of any preceding claim wherein
said composition further comprises prothrombin, activators
of prothrombin and factor XIII,

10
11. The fibrin of any preceding claim wherein said
converting step is carried out by means of an alkaline ~
buffer or distilled water. '
15 '12. The fibrin of claim 11 wherein said

alkaline buffer or distilled water further comprises a
source of calcium ions.

13. The fibrin of claim 11 or 12 wherein said
20 alkaline buffer is selected from
sodium hydroxide, potassium hydroxide, calcium
hydroxide, bicarbonate buffers, tri-metal salts of
citric acid, salts of acetic acid and salts of
sulfuric acid.
25
14. The fibrin of claim 11 wherein saiad
alkaline buffer is selected from
0.5-0.75M Sodium carbonate/bicarbonate pH 10-10.5,
0.5-0.75M Sodium bicarbonate/NaOH pH 10.0, 1.5M
30 Glycine/NaOH pH 10.0, 0.5 - 1.0 M Bis.
hydroxyethylaminoethane sulphonic acid (BES) pH 7.5,
1M Hydroxyethylpiperazine propane sulphonic acid
(EPPS) pH 8.5, 0.5M Tricine pH 8.5, 1M Morpholino
~ propane sulphonic acid (MOPS) pH 8.0, 1M
35 Trishydoroxymethyl aminoethane sulphonic acid (TES) pH



ﬁriazine ring directly to surface OH groups. This is simlar to the CNBr
gctivation nmethod enpl oyed, where surface diol—groups were reacted with
‘CNBr. Ror triazine activation, OH groups of agarose wer

e+eacted with
triazine (cyanuric chloride). Tthn aced he support is activated by a
hi ghly reactive conpound, whi c reacts wi t h HWIHI'LHI’BMH”Mp
of the ligand, e.g., -OH, [err] forma cova
Renmai ni ng active groups, whi ch” have no thronbln l'i ke enzyne tach@d
be, but it is not essential, blocked with non-

- 55 - : CV-0008

8.0 and 0.5M Cyclohexylaminoethane sulphonic acid
(CHES) pH 10.0.

15. The fibrin of claim 11 wherein said - -
$ alkaline buffer is selected from _ _
0.5-0.75M Sodium carbonate/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
10 aminoethane sulphonic acid (TES) pH 8.0.

16. The fibrin of any one of claims 11 to 15 wherein said
contacting step is carried out by means of a
double-barrelled syringe, wherein one barrel contains
15 said composition ahd 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
acid, glucuronic acid, cysteic acid, crotonic acid,
itaconic acid, glutamic acid, formic acid, aspartic
acid, adipic acid and salts thereof.

30 18. The fibrin of claim 18 wherein said
acid buffer is selected from

succlnic acid, aspartic acid, adipic acid and salts of
acetic acid.

35



-20- reacti ve conpounds such as et hanol am ne, acetic anhydride or

gl yci ne. The preferred activation chemstries for use in the subject
i nventien are: (a) Cyanogen brom de actlvatlon

di rect coupling of enzyne via [err] - groups rot ein.
(b) Activation of the support with monochl W ﬁ@’!
fol l owed by coupling of an enzyne via [err]« - ’I”'

- 56 - : CV-0008

20. The fibrin of claim 19 wherein said
acid buffer is sodium 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 abput 1 M.

22. The fibrin of claim 21 wherein said
concentration is from about 0.1 M to about 0.3 M
10 '
23. The f‘lbrln of any one of claJ.ms 17 to 22 wherein sald
chaotropic agent is selected from
urea, sodium bromide, guanidine hydrochloride,
KCNS, potassium iodide and potassium bromide.
15
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 agueous

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

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

ng/ml.
30
| 28. The fibrin of any one of claims 17 to 27 wherein said
aqueous composition further comprises a source of
calcium ions.
35 This Sheet Has Been Replaced
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igroups. (c) Activation of the support with

ldichlorotriazine fol l owed by coupling of the enzyne via
[err] -.OH or -SH gr oups. (d) T« chl ori de
activation of the support followed by coupling of the
enzyne via [err] -OH or -SH. (e) Actlvatlo mm

adipic™ aci d hydrazi de or hydrazi ne fol I 'mm'mr
coupling of oxidised enzyne via -CHO groups

Activation of the support with an am no | i gand fol |l owed by
coupling of oxidised enzynme via -CHO groups. Al the above
preferred nethodol ogi es enpl oy agarose as the support, however, it is
possi bl e to use silica. - 57 -

CV-0008

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, maxillo-facial, bone, tendon, -
pancreas, genito-urinary tract and alimentary tract. b

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

which comprises:

' (a) contacting a composition comprising
fibrinogen 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 fibrinogen; and

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

comprising fibrin monomer.

33. The method of claim 32 wherein said
n-like enzyme is immobilized on a support and
30 said contacting step results in said thrombin-1like

enzyme being associated with said noncrosslinked
fibrin polymer and further comprising separating said

thrombin-like enzyme from said composition comprising
fibrin monomer.

thrombi

35 This Sheet Has Been Reﬂlaced




D

wen using this support, the preferred activation chem stries are:

(%) Ganma - gl yci doxypropyl trinmet hoxysil ane activation with
di rect cbupllng of the t hronbi n-1i ke, enzynme via [err]. groups
on the protein. = 21~
) N W
- 58 - CV-0008
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 contactlng 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 derlvatlves,
polytetrafluorethylene and their comp051tes.

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

30
39. The method of claim 37 or 38 wherein acid
buffer solution or chaotropic agent further comprises
a source of calcium ions.
- This Sheet Has Been Replac
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(b) Cyanogen brom de activation foll owed by di rect coupling

of enzynme via [err] . groups on the protein. : (c)
Gamma - gl yci doxytri nmet hoxysil ane activation foll owed by
openi ng- of the epoxide ring to form.a diol group,
whi ch can be subsequently activated wi t h"cyanogen broni de.
Direct coupling of the enzynme can be achi I u“\m
groups on the protein. (d) Ganmagl yci doxypr op nm& nuu I
activation followed by preparation of am no- 9 | itca®by$
treatment wi th ammoni a sol uti on.

- 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
$ thrombin-like enzyme can convert fibrinogen to fibrin
I.

42. The method of any one of.claims 32 to 41 yherein said
thrombin-like enzyme is selected from Ancrod and Batroxobin.
10.

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-
like enzyme from said composition comprising fibrin monomer.

20 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; ahd

(b) converting said noncrosslinked fibrin
to 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 IT.
—_—
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The ami no-silica can be subsequently activated with cyanuric chloride
(triazine) and the enzyne coupled via [err] -OH or -SH groups.

Coupling of the enzyne to the activated support nust be buffered at a
certain pHto obtain optinal enzyne binding. Generall ,.mnth standard

activation techni ques such as ganma- gl yci doxypropyltri- mnﬂﬂu ﬂl‘t l“lf
coupling of enzyne to activated support and cyanogen b
It

any protein to active groups requires buffering at a pH "1-5 uhi

Hi gﬁer

than the pKa of the primary and secondary am nes of the enzyme. However,
t he use of cyanuric chloride as the activator enables the use of nuch | ower
~pH buffers (optimal coupling pHis 4-6). Another nethod of

10

15

25

30

35
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46. The fibrin of.claim 45 wherein said
noncrosslinked fibrin is fibrin I.

47. The fibrin of any one of claims 44 to 46 wherein said
composition is formed from blood, cell cultures that
secrete fibrinogen or recombinant fibrinogen.

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

49, The fibrin of any one of claims 44 to 4B wherein®said
converting step is carried out by contacting said
composition with a source of calcium ions.

~

50. 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 5. |

51. The agqueous composition of claim S0
wherein said concentration is from about 20 mg/ml to
about 100 mg/ml.

52. The aqueous composition of claim 50 or 51
wherein said fibrin monomer is selected from
fibrin I, des BB fibrin and fibrin II.

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

54. An aqueous composition comprising

fibrin monomer wherein the concentration of said

fibrin monomer is from about 20 mg/ml to about 200
mg/ml. : - This Sheet Has Been Re

N i Iill




[coupling gl ycoproteins such as batroxobin to an inert support is via their

jcar bohydrate noieties.

to -CHQ groups foll owed by direct coupling at acid pH to an am no group

such as hydra2|de A w de range of

10

15

20

25

30

35
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55. The agqueous composition of claim 54
wherein said concentration is from about 20 mg/ml to
about 100 mg/ml.

56. The aqueous composition of claim 54 or 35

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

57. The aqueous composition of claim 56
wherein said fibrin monomer is fibrin I.

58. An agqueous composition comprising:

(a) fibrin monomer, and

{b) a source of calcium ions,
wherein the concentration'of said calcium ions is from
about 5 mM to about 200 mM.

59. A composiﬁion comprising fibrin monomer
wherein said composition is in solid form.

60. The composition of claim 59 wherein
said composition is formed by lypohilizing an aqueous
solution comprising fibrin monomer.

61. A composition comprising fibrin monomer
and a compound selected from

an antibiotic, histamine H,-antagonist, an anticancer
drug, fibronectin and a fibrinolytic inhibitor.

62. A kit comprising:
(a) a composition comprising fibrin
monomer; and

(b) a composition selecfed from

an alkaline buffer and distilled water.

. This Sheet Has Been Reilaced
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coupling buffers can be used. See, for exanple, Table 2.

TABLE 2 EXAMPLES OF COUPLI NG BUFFERS USED | N ENZYME

| MMOBI LI<ZZATI ON TO SI LI CA AND AGARCSE SUPPORTS  SUPPORT

MVETHOD . COUPLI NG BUFFER Silica Gama- M Sodi um

bi carbonate pH 8-9 gl yci doxypropyltrimet 10 MM !m’m,’
- 62 -~ CV-0008

63. The kit of claim 62 wherein said
alkaline buffer or said distilled water further
comprises a source of calcium ions.

5 64. A kit comprising:
(a) a composition comprising noncrosslinked
fibrin; and
(b) a composition comprising a source of
calcium ions.
10 |
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.

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

20
68. The solid support of claim 66 or 67 wherein
said monomer is selected from
fibrin I, des BB fibrin and fibrin II.
25

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

70. The solid support of any one of claims 66 to B9
30 wherein said composition is in solid form.

71. The selid support of any one of claims 66 to 70

uherein said composition is formed by lyophilizing an aqueous

soclution comprising fibrin monomer ' I
ss , Thls Sheet Has
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- hoxysi | ane Silica y- .. . 0.1M Sodi um bi carbonate pH 8-9

gl yci doxypropyltrinmet 10 mM HEPES pH 770" hoxysi | ane + cyanogen

brom de, Silica Cyanogen Brom de Water pH 7.0

0. 1M Sodi um bi car bonate pH 7-9 : 10 mM HEPES
. pH 7.0* Agarose Mnochlorotriazine 50 nmM Sodi um Acet at e/ | ad pH4 . O
' Agarosé’ Dichlorotriazine’ 0. 1M Pot assi um
. phosphate/l MNaCl pH 8.0-9.0 Agarose Tresyl chloride 0 mM Pot assi um
| phosphate/0.5MNaCl pH 7.7 ‘-Agarose Hydrazide 50 {m\ Sodi um
i Acetate pH 5.5 10 nvi [er1r]

/1
a

=
on avy

Activation
- - a
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o
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{ s
enmobiization @®—oH
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Agarose Am ne ‘ 50 mM Sodi um Acetate pH 5.5

10 nM [err] - After activation the support wll possess nore active
sites than required for enzyme coupling. These.sites, if not deactivated,
may coval ently bind contaninating proteins, which might affect the

bi ol ogi cal function of the i mobilized enzyne. Excess groups can be
deacti vated by the coval ent coupling of small, noninterfering am nes such
as et hanol am ne. | f hydrazide or am no actlvated supports are

enployedl bl ocki ng of residual reactlve groups

-1 - . €v-0008

FIBRIN.SEALANT COMPOSITIONS 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 is utilized as a component of a fibrin sealant.
10 .

One mechanism for hemostasis, i.e., prevention of
blood loss, of a mammal is the formation of a blooed
clot. Clot formation in humans, i.e., blood
coagulation, occurs by means of a complex cascade of
reactions with the final steps belng the conversion of
flbrinogen - a monomer -~ by thrombin, calcium 1ons and
activated- factor XIIXI- to form ultimately crosslinked-’
fibrin II éolymer, which is the fibrin clot. '
| The formation of crosslinked fibrin II polymer
proceeds by the fibrinogen being converted by thrombin
to fibrin I monomer, which spontaneously polymerlzes
to form fibrin I polymer, which 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 referred to as soluble_fib;in IT
because by treatment by appropriate chemical means the
fibrin II polymer can be converted to fibrin II
monomer. The fibrin II polymer, under the influence
of factor XIIIa - Kknown as activated factor XIIT -~ is
then crosslinked to form crosslinked fibrin II, which
is the fibrin clét. Factor XIII is activated by
thrombin in the presence of calcium ions. Cross-

15

20

28

30

35
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- 23 - foll owi ng enzyme coupling can be acheived by use of acetic -
anhydri de. Dependi ng on the nmethod of immobilization and the support, " .
enzyne inactivation occurs during the

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 from”

$ prothrombin. Prothrombin is converted to thrombin by
factor Xa in the presence of calcium and other
ancillary substances. .
~ Fibrinogen represents about 2 to 4 grams/liter of
the blood plasma protein. Fibrinogen is a monomer
10 that consists of three pairs of disulfide-linked
" polypeptide chains designated (Aa),, (BB),, 7. "A" and’
"B" represent the two small aminoterminal peptides,
known as fibrinopeptide A and fibrinopeptide B,
respectively. The cleavage of fibrinopeptides A from
15 fibrinogen in the transformation of fibrinogen by
" thrombin results in the fibrin I compound and the
subsequent cleavage of fibrinopeptides B results in
the fibrin II compound. Such cleavage of
fibrinopeptides A and B reduces the molecular ﬁeight
20 of fibrinogen by an'ektremely small amount, about
6,000 out of 340,000 daltons, but exposes the
polymerization sites. For a review of the mechanisms
of blood coagulation énd the structure of fibrinogen,
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 biological adhesive whose
effect imitates the final stages of coagulation,
thereby resulting in a fibrin clot. cConventional

30 fibrin sealants consist of concentrated human
fibrinogen, bovine aprotinin and factor XIII, as the
first component and bovine thrombin and calcium
chloride as the second component. Application is
generally carried out with a double-barrelled syrlnge,

35 which permits simultaneous application of both

;;-—f"”‘“~*’::;dfp
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I mobi | i zation process. Enployi.ng a silica support with the nost desirable
activation chemstry (e.g., cyanogen bromde), up to 80-90% of enzyne
activity is lost. However, the use of agarose as the support with cyanuric
chloride activation results in less l'oss of of enzynme activity. ~- In
order to characterize the efficacy of the i bilized enzyne on the
support, two-nethods can be utilized to assess the anount of active enzyne
i mobi | i zed on- the support; the ot Tinme Assay - Causs A, Acta
Haematol .., 17:237 (1957) and the S2238 Assay - See Axelsson G et al.,
Thronb. Haenost., 36¢c&igorerdB6yo the sife whers ordiarantache nfpmd thike enzyne

fromthe -fibrin clot. Aprotinin is a fibrinolytic inhibitor
added to promote stability of fibrih_sealants.

The fibrinogen component of the fibrin sealant’ is

5 prepared from pooled human plasma. The fibrinogen can
be concentrated from the human plasma-by
cryoprecipitation and precipitation using various
reagents, e.g., polyethylene glyco;, 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:€b§-§11 {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 fibrinogen component of the fibrin
‘sealant is extracted from the patienﬁ'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 fibrinogen component extracted from pooled human
plaéma. 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 fibrinogen but also
by means of the bovine aprotinin and the bovine
thrombin component. Bovine thrombin has been known to

35 carry the infectious agent bovine sponglform

——
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support, the follow ng assay can be utilized. Leachi ng can be assayed

by radiol abel ling the thrombin-like enzyne, e.g., [err] batroxobin.

However, prior to carrying out the |leaching assay, it is necessary to _
remove any unbound radiol abel . This can be achieved by sequentially washing
the support with: 50 m 50mM sodi um acetate pH 5.5, 100 mi 50nmM gl ycine/I M
sodi um chl oride, pH 3.0, 100 nl 50nmM sodi um car bonat e/ 1M sodi um chl ori de pH , .
10.0, 100 ml 50nM sodi um phosphat e/ 1M sodi um chi.ori de pH 7.0, 100 nl water. ,
and 100 M 50mM sodi um phosphat e/ | M sodi um-chl ori de pH 7.0. After such a
washi ng procedure, -there was no detectable radiolabel in the washi ngs, Wth
[err] 50% of the initial radiolabelled £rzyme coupled to the suppart.

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. ISee D.M. Taylor, J. of Hospital
Infection, 18(Suppiement'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
1991) . -

Accordiﬁgly, there is the need for a fibrin
sealant that can be delivered to a patient without the
risk of viral contamination or other adverse affects.

1s .
. The subject invention . provides a method for
utllizlnq a flbrln sealant which comprises:

(a) contactlng a desired site with a
composition comprising fibrin monomer;
and

(b) converting said fibrin mdnomer to a
fibrin polymer concurrently with said
contacting step, thereby forming a
fibrin clot.

2S The subject invention alsc provides methods for
preparing such compositibn and compositions and kits
comprising such fibrin monomer.
Another aspect of the subject invention provides
2 method for utilizing a fibrin sealant which
30 comprises: |

(a) contacting a desired site with a
composition compr;sing noncrossllnked
fibrin; and

(b) converting said noncrosslinked fibrin

3s to crosslinked fibrin concurrently with

—\
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- 24 - (a) Anount of Enzyne Required - The amount of
enzyne required for the treatnent of 30-70 ml plasm (obtained from 60-150
m whol e bl ood) is 30-200 units after about 10-15 m nutes

said contacting step, thereby formlng a
£ibrin clot.
The subject invention also provides methods for
preparing such a compositiori and compositions and Xits
5 comprising such noncrosslinked fibrin.
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:

10 Fibrin ~ Fibrin means any form of fibrin.
Nonlimiting examples of fibrin include v
fibrin I, fibrin II and des BB fibrin. The
fibrin can be in monomeric form or polymeric
form, wherein the polymeric form is either

1s " noncrosslinked or crosslinked.

Flbrin Monomer ~ Fibrin monomer 1ncludes any form
of fibrin, e.g., fibrin I, f£ibrin II or ‘des
BB fibrin, wherein the fibrin is in _ -
monomeric form or oligomeric form that can

20 be solubilized in the composition.comprising
fibrin monomer and wherein the fibrin
monomer can be converted to f£ibrin polymer.

Fibrin Polymer - Fibrin polymer includes any form
- oo of f£ibrin, e.g., fibrin I, fibrin II or des

25 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,

30 fibrin II or des BB fibrin, wherein said
fibrin is noncrosslinked and can be
converted to crosslinked fibrin. ' The
noncrosslinked fibrin can be fibrin monomer
or noncrosslinked fibrin polymer.

35
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Yo

m Xi ng. |f agarose is enployed as the support matrix, 30-200 U, of
batroxobin results in the formation of noncrosslinked fibrin in about 7-20
m nutes. This system enpl oys hydrazide activatieon and 0.25 g - 1.0. g of dry
agarose. In this case no bl ocking of renmaining - active groups is required.
(b) Reacti.on of Inmmobilized Enzyne with Pl asma Fi bri nogen
General ly, the reaction of the inmnobilized enzyme with fibrinogen i-n" plasma
is perfornmed as fol |l ows: approxi mately.30-70 m of plasma is added - to a
known quantity of a dried support, which contains the |nnDb|I|zed
t hrombi n-1i ke enzyme. The suspension is

- 6 - T : CV-0008

Crosslinked Fibrin - Crosslinked fibrin includes
any form of fibrin, e.g., fibrin I, fibrin
II or des BB, wherein the-f1br1n is a fzbrin
polymer that is crosslinked.

5
The subject invention prov:.des a method for.
utillzing 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 alsc 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: '

(a) contacting a desired site with a
composition comprising noncrossllnked
flbrln, and

25 (k) 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. E_COMPOSITYON COMPRISING FIBRIN MONOMER

The fibrin composition of the subject invention
35 comprising fibrin monomer is a composition that
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m xed gently (rotation on a spiral m xer or hand m xing) far approxi mately
7-20 mnutes. During this tine fibrinogen in the plasma is cleaved by the
i mobi | i zed enzyme to rel ease fibrinopeptide A.and/or fibrinopeptide B
resulting in the formati on of a hydrogen bonded fibrin I polyner, hydrogen
bonded des BB fibrin polyner or hydrogen bonded fibrin Il polyner wherein
each polyner is associated wth the innnbilizéﬁ'enzyne " As descri lseeps
above, the hydrogen bonded fibrin polyner is in the formof a gel and.can
be harvested by, for exanple, centrifugation (3,000 g. for 10 m nutes). or.

filt rat i on g} t hL oggh Sodnfinll ShPNeSBIMYL R itidoneBUERa P Bt | ON
Separat €s € hydrogeq converted to fibrin polymer. Nonlimiting examples of

£ibrin monomer include fibrin I monomer, fibrin II -
monomer or des BB fibrin monomer, with fibrin I -

5 monomer being preferred. O0Of 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 _

" 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 fibrinogen, 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 '
£ibrin 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 aveoiding 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
bloocd, 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
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- 25 - . bonded fibrin polyner from serum and, thereby, concentrates the
pol ymer. It should be noted that .if a thronbin-like enzyne

.10

is

20

25

30

3s

’

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. ™’
Also, for the purpose of the subject invention
"crosslinked fibrin" includes any form of fibrin
resulting from the conversion of noncrosslinked fibrin
to crosslinked fibrin. Thus, the crosslinked fibrin,-
for example, resulting from the conversion of
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 nore readily, as compared to fibrinogen, be
converted to crosslinked fibrin. In fact, it is
believed that fibrin I can form crosslinked fibrin I,
which can act as the fibrln sealant. Thus, the
formation of the crosslinked fibrin I from :
noncrosslinked fibrin I can be carried out without
thrombin, thereby avoiding the preblems associated
with bovine thrombin, albeit actlvated factor XIII may
be required. (It should be noted that if
noncrosslinked fibrin I is utilized such that the
noncrosslinked fibrin I comes into contact with
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
preferred, i.e., fibrin monomer. This 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 deésired site. In
contrast, a resulting noncrosslinked f£ibrin in

— 4
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is utilized in plasma that results in the activation of factor XliIl, then
it is preferred that the plasma conposition be nodified at the tine the
thronmbin-1ike enzyne is utilized so as to prevent the noncrosslinked
fibrin, e.g., noncrosslinked fibrinl or Il, fromform ng crosslinked - --
fibrin, e.g., crosslinked fibrinl or Il. O course, it may not be
necessary to nodify the plasnma conposition Tf9such conposition is util§2ed
as a fibrin sealant imediately after the fibrinogen has been converted to-
noncross]inked fibrin. The plasnma conposition can be nodified to

prevent the crossli ”Kif@oﬂri@%xnﬂgﬁéﬁé%d ged détgdl g 2Ry, techni que that
is known or to be de¥ﬁlcg)€%ﬁ13 hi's can carrie
‘a

out, by Blgckﬂﬁg the .
endogenous t hr onbi.n EFPVE?EFtWﬁ?dﬁégtBﬁ dgliiverg udi n or
t hr onti n i nhi bi t or s, desiped itieganfichans |Meoinhmatﬁat°9at#a‘ét‘b¥tb(lthﬁ e.g.,
by nmeans of 'heavy metaifs. of course, the composition can contain a ~

5 mixture of such forms of noncrosslinked fibrin.

The source of the composition comprising fibrin
40 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. Noniimiting sources of compositions
15 comprising fibrin monomer or noncrosslinked fibrin are
. blood, preferably mammalian blood and even more
preferably human blood, cell cultures that secrete
fihrlnogen and recomblnant fibrinogen, with blood -
_ being prefer:ed, Blood can be any form of blood -
20 including;'fdf'example, whole blood q:_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
28 _mohomer or fibrin I polymer, prepared from whole blood
as described below can be converted to crosslinked .
- fibrin IY without the addition of thrombin, factor
| ' XIII and other necessary substances for blood
coagulation! It is believed that this is due to the
36 fact that the cbmposition 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
35 ©Crosslinked fibrin II without the addition of
exogeneous thrombin and factor XIIXI. This endogenous
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(Hg), thionerosal or inhibitory antibodies. C)ossllnklng of fibrin Il or |
requires the presence of calciumions. Thus, if the calciumis renoved from
the plasma conposition, crosslinking of the fibrin | or Il can be

inhibited. See Carr et al., J. Biochem, 239:513 (1986);. Kam nski et -al.

J. Biol. Chem 258:10530 (1983) and Kanaide et al. 13:229 (1982). Cal ci um
chel ators can be added to the conposition to Pevent the crosslinking &
the fibrinl or Il. Such chelators bind to the cal cium thereby preventing
the crosslinking. Any calciumchelator can be utilized. Nonlimting

exﬁrrFl esdof cal ci um Ghelkatehsih ld dactbl’ kErPWatl bE2GENRIda 3R Ehe
ethyl ene |an1netetréif1brln sealant of the subject invention as components

of the composition comprising fibrin monomer or
noncrosslinked fibrin.

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

.10 more thrombin is required to convert fibrinogen to

" crosslinked fibrin II than to convert noncrosslinked °
fibrin I to crosslinked fibrin II at an equivalent
reaction rate.

Each one ¢f such three sources contains

15 fibrinogen, 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 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 mg/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 comprising noncrosslinked fibrin means
that the noncrosslinked fibrin in such composition

30 does not crosslink for at least about 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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- 26 - acetic acid (EDTA), nitrilotriacetic acid (NTA),
hydr oxyet hyl enedi am ne-tri acetic acid (HEEDTA), ethyl enedi am nedi -
o- hydr oxyphenyl acetic acid] (EDDHA), ethyl eneglycol bis (2-aninoethy|ether)
tetra-acetic acid (EGIA), diethylenetrian nepenta- acetic acid-(DTPA)- -

, 2-di am nocycl ohexanetetraaceti c acid (DCTA),. N, N-bi shydroxyet hyl gl yci ngm
4 (2- hydroxyet hyI ) 1- p‘l per azi neet. hane sul fonljtl aci d .

rl

monomer in such composition does not poiymerizé 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 after the preparation of the composition. 1In
fact, it should be noted that the compoéition
comprising fibrin monomer can be nondynamic for at
least several days, i.e., about 72 hours, after its
preparation!

10

. ' The composition comprising fibrin monomer or

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

COmpositions comprising fibrin monomer or
noncrosslinked fibrin can be prepared from whole blood
by withdrawiné blood from a donor and preferably in
the presence of an anticoégulant. Any anticoagulant
can be utilized. Nonlimiting examples of
anticoagulants are heparin, EDTA, hirudin, citrate or
any other agent that can, directly or 1ndirectly,
prevent the formation of thrombin, with c1trate belng
preferred.

The plasma, which contalns the fibrinogen, is
then separated from the whole blood. Any separation

15
20
25
30

3s
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—
(HEPES) and N-hydroxyethyli m no-diacetic acid (H NMDA) and 'sal ts t hereof, :
with salts of citric acid being preferred. Any cell culture that
can secrete fibrinogen can be utilized in.the subject invention. The
fibrinogen in the cell culture can be converted to fibrin nononer or -
noncrossli-nked fibrin by the sane techni ques as those described above mnth
respect to plasnma.  However, prior to such comkersion; it is preferred Ft -
the cellular debris be renoved. The process can be carried out as

fol | ows: : : ' '

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 "~
5 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
" blocd cells from plasma. It is preferred that the
filter be a microporous menbrane exhibiting good
protein transmission.- _
The resultant plasma is then treated to convert

15 the’ fibrlnogen to fibrin monomer or noncrosslznked
fibrin. This.conversion can be carried out by any
technique that is known or to be developed.

a preferred technlque 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 fibrinogen. A common
source of thrombin-like enzymes are snake venons.
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 fibrinopeptide A -- which forms fibrin I —-

fibrinopeptide B - which forms des BB fibrin -~ or '
both fibfinopeptide A and B - which forms fibrin II.
30 It should be noted that those thrombin-like enzymes
that release fibrinopeptide A and B may do so at
different rates. Thus, the resultant composition
could be, for example, a mixture of fibrin IX and

fibrin I or a mixture of fibrin II and des BB fibrin.
35
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HEPG&2 cells are grown and mai ntai ned as descri bed by standard texts on. .
mammal i an cell culture. Al so, see Liu et .al., Cytotechnol ogy, 5:129-139

(1991). The cells are seeded into flasks at a'split ratio between 1:4 to
1:8 in Mninmal Essential Mediumcontaining 10% calf serum and buffered with
5% [err] After 24 - 36h grow h at 37[err C, the nediumis renoved and

répl aced with serum free nmedi um contai ni ng"at3ul t abl e protease- i nhi bi Fo¥e®
and 2 1Unl heparin. Culture is continued for further 24h periods W|th
t hree cansecutive changes of serum free nedi a.

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 flbrlnopeptlde(s) is released by treatment with
5 the enzyme.

TABLE 1
SOURCE NAME FIBRINOPEPTIDE
RELEASED

Agkistrodon acutus Acutin A
,1°- A. contortrix contortrix Venzyme B, (A)*

A. halys Pallas B, (A)*

A. (Calloselasma) Ancrod, Arvin A

rhodostoma

Bothrops asper (B. atrox) Asperase A
15 B. Atrox Batroxobin, A

: Reptilase -

Reagent

B. insularis A, B

B. jararaca Botropase A

B. Moojeni (B. Atrox) .Batroxobin, A

- - Defibrase

20

Lachesis muta muta a2, B

Crotalz::s adamanteus Crotalase 2

C. durissus terrificus A

Trimeresurus flavoviridis Flavoxobin a

. gramineus A .
25 Z

Bitis gabonica Gabonase A, B

n * ( ) means low activity.

For a review of thrombin-like enzymes from snake
39 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.

35 rhodostona.

—_— L.
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- 27 - The conditioned nedia is centrifuged at 3,000 g for 10
m nutes to renove any cell debris and the.clarified supernatant, which
contains fibrinogen, is then gently mxed with a thronmbin-Ilike enzyne for 4:
- 5 hours. Preferably, the thronbin-like enzyne is. inmmobilized. A ratio of
fromabout 1.0 nl to about 50 m ., settled yolue agarose-thrombin-1ikg,
enzynme per 500 ml nmedia is suitable. As descr#bed above, support.s ot her
than agarose can be utilized. The fesulting fibrin: rononer spontaneously
pol ynmeri zes and

The flbrln monomer or noncrosslinked fibrin can

be prepared by contacting the plasma with the
thrombin-like enzyme, thereby permitting the
fibrinogen in the plasma to be converted to a fibrin-
S monomer. However, the resultant fibrin monomer
spontaneously polymerizes to form a hydrogen bonded
polymer in the form of a gel, which separates from the
remaining serum, which is a solution. The gel is a
form of the composition comprising noncrosslinked
10 fibrin. ' . |
Co - This noncrosslinked fibrin gel can be harvested
by, for example, centrifugation (3,000 g. 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 poré size filter
can be utilized, for example, a sintered polypropylene
20 micron pore size filter from Porex, Inc., a ;efibh‘
20-70 micron pore size filter from Fluorotechnigues, .
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 gel
25 wvis—-a-vis the plasma. It should be noted that the
noncrosslinked fibrin gel retains at least some
B . 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. Thls endogenous
prothrombin and factor XIII can be utilized in the
fibrin sealant of the subject invention as components
of the composition comprising fibrin monomer or
35 noncrosslinked fibrin.

o =
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I s enmeshed around the inmobil e support. The supernatant, which now -
contains no fibrinogen, is decanted fromthe support/fibrin gel, which is -’
then washed successfully with four changes of NaCl-0.15 M at a ratio of
fromabout 10 M. to about 100 ml. per 1.0 m original settled volune of-

support. The washed gel is then-sem’_-ggh_?/drat ed using a sintereg glass™-
f unnel under rvacuum The use of | cultures that can secrete -

fibrinogen are particularly preferred when a conposition conprising a
fibrin nonomer s utilized. This is.because it is_believed that such -
conposi tion can b®hetfércecdft cehbrifugdtion ar ppiesmret it is useful as a -

fibrin seal ami1eia8268| &Sy nAobLeLcidie i ddtdraliverhow! hidet el y
B N e T G
gel, with the higher such force or pressure, the more

5 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 Slood, from about 603 to about 90%
of. the original fibrinogen is presentiin 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 paiticularly preferréd.to

20 utilize such composition immediately after its -

" ‘preparation when the composition is autologous; It
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 exaﬁple, freezing or lyophiliZing
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 f£ibrin gel converts the fibrinogen

35 to the noncrosslinked fibrin gel and concentrates such

-— s
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X1l need be added to rmake an effective fibrin sealant. . The
noncrosslinked fibrin conposition can- also be prepared fromreconbi nant
fibrinogen. Only recently fibrinogen has been nade by reconbi nant DNA

’ = 16 - ' | cv-008

-
-

gel in essentially one step. Alternatively, and less '
preferred, one can concentrate fibrinogen by
conventional techniques, e.g.,.cryoprecipitation and

- .precipitation using various reagents, e.g.,

§ polyethylene glycol, ether, ethanol, ammonium sulfate
or glycine. The concentrated fibrinogen can then be’
converted to the noncrosslinkeé fibrin gel by the
techniques described above or, preferrably, since the
fibrinogen 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 gel. This can be
carried out by contacting the concentrated fibrinogen
with a chaotropic agent to obtain a flbrlnogen
15 solution.
The chaotropic agent is necessary to prevent the
£ibrin monomer, which is formed upon contact of the
" fibrinogen with the thrombin-like enzyme, from
~ spontaneously polymerizing. The chaotropic ageﬁt is
20 mixed with such fibrinogen composition and then - '
agitated 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, guanidine 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 prefefably from about
0.3 to about 2.0 molar. It is preferred to utilize’
the least amount of chaotropic agent possible that
still prevents the fibrin monomer from spontaneously'
35 polymerizing.

_— .
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- 28 - techniques. See S. Roy et al., The Journal .of Biol ogical

Chemi stry, 266:4758-4763 (1991), the contents of which are incorporated
herein by reference. Roy et al. appears to be the first group to express
all three chains of fibrinogen and.teach that COS cells express, assenble
and secrete the chains in a formthat is capable of formng a -
t hr onbi n-i nduced. cl ot. The resultant fibriwrogen conposition can theecvobe
utilized to produce the conposition conprising fibrin nononer or noncross-

It should be noted that it is preferred that a
source of calcium ions not be added to the chaotropic
agent until it is desired to convert the fibrin
monomer to fibrin polymer, as described below. This™

S ensures that the~£iﬁrin monomer will not crosslink due
to activation of any endogenous blood coagulation
factors. '

10

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

15 the composition comprising noncrosslinked fibrin from
'being contaminated by the enzyme.
' Any support to which the thrombin-like enzyme can

- be attached can be utilized in the subject lnvention.
"Nonlimiting examples of suitable supports are

20 cellulose, polydextrans, agarose, polystyrenes, -

- silica, polyacrylic aoxds, polyacrylamides,
polyvinylalcohols, glass beads,
polytetrafluorethylene, polycarbonate, collagen,
celulose derivatives; teflon and their composites,

28 with silica polystyrene and agarose being preferred
- and agarose being 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
thrombin~like enzyme cannot pass through the filter,
but the noncrosslinked fibrin can pass through the

35 filter. The noncrosslinked fibrin is prepared by
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linked fibrin by the sanme techni ques as described hereinabove with respect
to cell cultures that secrete fibrinogen. However, it is preferred that..-.
prior to the formation of the conposition conprising fibrin nonomer or )

noncrosslinked fibrin, the cellular debris be renpved by the sane .

techni ques as descri bed above with respect to cell cultures. The cellular .

debris can be renmpved by centrifugation'bFBfTItration. . The_usé"ﬁ? ) .
reconbi nant fibrinogen is.particularly preferred when a conposition -~ =™
conprising a fibrin nononer is utilized. This is because it is beldeved

t hat such conposiddmbactangbeheltpldsiad whieh f €HethrbhbinAl Gl wmeymehed i S

useful as a fibridhesgau@nbe €503 54123 +8f cdPLN L pLRR- dddidr PO yITer
ultimately CrOSS|I%;%i Since t %gr conbi nant fi rhnogen cell ‘cul ture does
not contain fact o 21QRT ¥ ERFF PF i BLBEET 1 BASTSS no exogenous -

factor Xl 11 need Bwomdllethe filter. Thus, the resulting compositiochn”
S 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 musf be activated. This can"
be carried out by any suitable technique. For -
example, various acti%ation chemistries available for
derivatizing supports are: diazonium groups,

- 18 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 cyinogen bronmide. 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 Chromatogtaphy-- 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 52238 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., pPH 4-6, can be utilized for

35 enzyme coupling to prevent enzyme degradation.

- )
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to make an effective fibrin seal ant. The conversion of fibrinogen

to noncrosslinked fibrin by, for exanple, a thronmbin-Iike enzynme, results

in the formation of the fibrin in the fornlof a fibrin hydrogen-bonded

pol ymer. However, as di scussed above, it is preferred that the conposition

- 19 - ) : CVv-0008

»

Generally, the support is activated by a highly
reactive compound, which subsequently reacts with a
functional group of a ligand, e.g., -OH, -NH,, -SH, .
-COOH, ~CHO to form a covaleht'linkage. The preferred

5 activation chemistries for use in the subject
invention are:
" (a) by means of a tfiazine 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
-NH,, -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
maxinal percentage (at least about 30% to about 50% as

20 measured by the $2238 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 grbups were reacted with CNBr. For
triazine activation, OH groups of agarose were reacted
with triazine (cyanuric chloride).

30 Generally, the éupport is activated by a highly
reactive compound, which subsequently reacts with a
functional group of the ligand, e.g., —-OH, -NH,, -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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- 29 - conpri sing noncrosslinked fibrin, and it is essential for the
conposition conprising fibrin nononer, be in oligoneric or nononeric form
This can be carried out by sol ubi i zati on of t he conposition conprising
noncr ossl i nked fibrin. Sol ubilization is particularly preferred when

t he noncrosslinked fibrin is 'formed by nmeans %é a thronbin-like enzyne that
is i mobilized on a support. This is due to t Ffact that the use of a "

t hronbi n-1i ke enzyne. |nnDb|I|zed on a support generally results in the
noncrossl.inked fibrin . .

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
direct coupling of enzyme via -NH,
groups on the protein.

(b) Activation of the support with
monochlorotriazine followed by coupling
‘10 ' - of an enzyme via -NH,, -OH or -SH
’ groups. ' "
(¢) Activation of the support with -
dichlorotriazine followed by coupling
of the enzyme via -NH,, -OH or -SH
15 groups. '
(d) Tresyl chloride activation of the
' support followed by coupling of the
enzyme via -NH,, -OH or -SH.
(e) Activation of the support with adipic

20 : -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. .
All the above preferred.methodoloéies employ  agarose
as the support, however, it is possible to use silica.
When using this support, the preferred activation
chemistries are: o
30 (a) Gamma - glycidoxypropyltrimethoxysilane
activation with direct coupling of the
thrombin~like enzyme via -NH, groups on
the protein. |

35
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hydr ogen- bonded pol yner bei ng associated with such i mobilized enzyne.

Thus, since it is preferred that the support not be contained in the . .
resul ting conposition, solubilization pernits one to also renove from'the
conposi tion conprising noncrosslinked fibrin the support, along with the

I obi | i zed enzyne. Sol ubi l'i zation can be carried out by any techhique
that is known or, to be developed that resltss in a fibrin nononer. cvos

Sol ubi li zation can be carried out by contacting the conposition conprising
noncrosslinked fibrin wth a suitabl.e acid buf fer sol ution, preferably an

aci d buffer having a pH of |l ess_than ag1 and pr tera? ¥ about 1 to i
about 5. Nonliniting exa mpifds  S¥aBOFeR iremifr 2 f o F ot Xcl ude -

acetic acid, succinic aC|d gl dédvechi eoupdiitg eysenﬁﬁyeaEFE‘ﬂﬁhotonlc aci d,
i taconic acid, glutamc acid, Leblips aritthe pEBBEIRC acid,
(c) Gamma - glycidoxytrimethoxysilane
5 ' activation followed by opening of the
epoxide ring to form a diol group, .
which can be suﬁsequently activated
with cyanogen bromide. Direct coupling
_ of the enzfme can be achieved via -NH,
1o groups on the protein. .
: : (d) Gammaglycidoxypropyltrimethoxysilane
‘activation followed by preparation of
amino-silica by treatment with ammohia
_ solution. _
15 The amino-silica-can be subsequently activated with
cyanurlc chloride (triazine) and the enzyme coupled
via -NH, -OH or -SH groups.

" 20 coupling of the enzyme to the activated support
must be buffered at a certain pH to cbtain optimal
enzyme binding. Generally, with standard activation
techniques such as gamma-glycidoxypropyltri-
methoxysilane coupling of enzyme to activated support

25 and cyanogen bromide coupling of any -protein to active
- groups requires buffering at a pH 1-2 units higher '

' than the pKa of the primary and secondary amines of
the enzyme. However, the use of cyénuric chloride as
the activator enables the use of much lower pH buffers

30 (optimal coupling pH is 4~6). Another method of '
coupling glycoproteins such as batroxobin to an inert
support is via their carbohydrate moieties. This
involves first the oxidation of the sugar group to
~CHO groups followed by direct coupling at acid pH to

35 an amino groﬁp such as hydrazide. A wide range of
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adipic acid and salts thereof and wi th succinic ‘acid, aspartic acid, adipic
acid and salts of acetic acid being preferred and nost preferably sodiim
acetate. It has been observed that ‘the preferred acid buffers functioned
much nore efficiently than that of other acid buffers that were tested.

- 30-

- 22 - Cv-0008

-’

coupling buffers can be used.

sée, for example, Table

2.
TABLE 2 -
5 EXAMPLES OF COUPLING BUFFERS USED IN ENZYME
IMMOBILIZATION TO SILYICA AND AGAROSE SUPPORTS
SUPPORT ACTIVATION METHOD COUPLING BUFFER
Silica Gamma-— 0.14 Sodium bicarbonate pH 8-9
glycidoxypropyltrimet 10 mM HEPES pH 7.0
10 ~hoxysilane
toe Silica v- 0.1M Sodium bicarbonate pH 8-9
glycidoxypropyltrimet 10 mM HEPES pH 7.0
hoxysilane + cyanogen ]
bromide >
Silica Cyanogen Bromide Water pH 7.0
0.14 Sodium bicarbonate pH 7-9
15 10 mM HEPES pH 7.0
Agarose | Monochlorotriazine 50 mM Sodium Acetate/1MNaCl pH
4.0
-Agarose Dichlorotriazine 0.1M Potassium .
phosphate/I1MNacCl pH 8.0-9.0
Agarose Tresyl chloride 50 mM Potassium .
’ phosphate/0.5MNacl pH 7.7
20 - Agarose Hydrazide | 50 mM Sodium Acetate PH 5.5
) 10 mM NaBH,
Agarose Amine‘ 50 mM Sodium Acetate pH 5.5
10 mM NaBRH, -
25 )

- 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

30 . - . . s s )
biological 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

35 '

empioyed, blocking of residual reactive groups

-
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The preferred concentration of the acid buffer is from about 0.02 M to;”

about 1 Mand nost preferably fromabout 0.1 Mto about 0.3 M Such

preferred concentration renders the ioni.c strength of the conposition more’
bi ol ogi cal |y conpati bl e. It is preferred to utilize the |east volume ..
of acid buffer possible that still solubilizes the noncresslinked fibrin to

form an aqueous_ solwution conprising fibrim23onomner.

aqueous sol.ution conprising fibrin nonomer that is highly concentrated in-

This results i n &nws

fibrin nmonofrer. Generally, fromahout - 1'm. to about 4 mi. of acid

buf fer per about 1eghyo@ingd WRGRE! EMPIEHFPPELS B JHNAGLRESLy &l e brin i's

required.

.10

1s

20

25

30

- 35
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acetic anhydride.

Depending on the method of immobilization and the
support, enzyme inactivation occurs during the
immobilization procéss. 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 supporf with
cyanuric chloride activation results in less loss of
of enzyme activity.

In order to characterize the efficacy of the
immobilized enzyme on the support, two methods can be
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 §2238

Assay - See Axelsson G. et al., Thromb. Haemost.,
36:517 (1976). '

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., I'® batroxobin. However,
prior to carrying out the leaching assay, it is_
necessary to remove any unbound radiolabel. This can
be achieved by sequentially washing the support with:
50 ml 50mM sodium acetate pH 5.5, 100 ml SOmM
glycine/1M sodium chloride pE 3.0, 100 ml SOmM sodium
carbonafe/lu sodium chloride pH 10.0, 100 ml S50mM
sodium phosphate/1M sodium chloride pH 7.0, 100 ml
water and 100 ml S5O0mM 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
to the support.
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The acid buffer is mxed with the noncrosslinked fibrin-and then agitated-
vigorously for about 1 to 2 mnutes to.ensure that solubilization is
conpl et e. Sol ubilization can also be carried out at neutral pH by
means of a chaotropic agent. Suitable chaotropic agents include urea,
sodi um brom de, guani di ne hydrochl ori de, KCNS, potassiumi odide and
pot assi um broni de. *The preferred concentrati4or of the chaotropic agefwos s
from about 0.2 to about-'6.0 molar and nost preferably from about 3.5 to '

about .5.0 nolar. - As with the acid buffer, it is preferred to utilize
the | east amount of chaot ropi.c agen’t possi ble that still solubilizes the

noncr osslinked fibrin. Generall from bout 1.0 m-., tg about 1.5 m. of
chaot ropi ¢ agent per about 1(a|)r1 .ng noncrosslinked

fibrin is required. TheT[Amogn%00f oizymeg vaguisedrifead thet breakuent
of 30-70 ml plasma (obtained from 60-150 ml whole. "

5 blood) is 30-200 units after about 10~15 mlnutes

mixing.

If agarose is employed as fhe'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-1.0g¢g

of dry agarose. In this case no blocking of remaining -
active groups is required.

: (b) Reaction of Immobilized Enzyme wiﬁg'
15 Plasma Fibrinogen .
Generally, the reaction of the immobilized enzyme
with fibrinogen in plasma is performed as foilows-
" approximately 30-70 nl of plasma is added to a known
quantity of a dried support, which contains the
20 immobilized thrombln-llke enzyme. The suspensioil is
mixed gently (rotation on a spiral mixer or hand
mixing) for approxiﬁately 7-20 minutes. Dufing this
time fibrinogen in the plasma is cleaved by the
immobilized enzyme to release fibrinopeptide 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
polymer is in the form of a gel and cén 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
35 ' '
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conposi tion and then agitated vigorously for about 1to.2 mnutes to ensure
that solubilization is conplete. - 31 -

Accordingly, solubilization results in a -

-

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

10 €nzyme is utilized so as to prevent the noncrosslinked
fibrin, e.g., noncrosslinked fibrin I or II, from _
forming crosslinked fibrin, e.g., crosslinked fibrin I ..

-or IXI. Of course, it may not be necessary to modlfy

_ the plasma composztlon if such composition is utilized

45 2as a fibrin sealant immediately after the fibrinogen
has been converted to noncrosslinked fibrin.

The plasma composition can be modified to prevent
the crosslinking of the noncrosslinked fibrin by ény _
technique that is known or to be devéloped. This can

20 be carried out by blocking the endogenous thrombln
that can activate the factor XIII, e.yg., hirudln or
thrombin inhibitors, or blocking the action of
activated factor XIII, e.g., by means of heavy metals

. (Hg), thiomerosal or inhibitory antibodies.

25 Crosslinking 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. Chen.

258:10530 (1983) and Kanaide et al. 13:229 (1982).

Calcium chelators can be added to the composition to

prevent the crosslinking of the fibrin I or II. Such
chelators bind to the calcium, thereby preventing the
crosslinking. Any calcium chelator can be utilized.

35 Nonlimiting examples of calcium chelators include
citric acid, saccharic acid, ethylenediaminetetra-

30

‘ﬁ___——————f—————‘—'——b
heet Has Been Re(ilaced

TN i s h epcomt sh

2 2 AUG 19%

Date:



conposi tion conprising a fibrin nononer and, in particul ar; an aqueous
sol ution conprising fibrin nononmer. It is preferred that the fibrin nmononer
concentration in the aqueous solution be no | ess than about 10 ng/m, nore
preferably fromabout 20 ng/m to about 200 ng/m, even nore pref erably
from about 20 ng/m to about 100 nmg/ M and nost preferably from about 25
mg/m to about 50 ng/m . I f a thronmbingkike enzyme inmmobilized QQeg
support is util ized that results in such enzyme being present in.the
conposi ti on conprising noncr osslinked fibrin, after solubilization the
i obi:li zed enzyne can be renoved fromthe corrp05|t|on conpri sing t he
fibrin monomer. Thidsetds peidaf50TA) ondtpilotnjaceriapreld f(N%®ati on through-
any suitable filtermydraikyethybapatiaind neher bigguie. adiat cleEDIA),t er s i ncl ude
a sintered pol ypr ORyngieneli dh i RO Byt Sfydlenytbcbtfacia)

(EDDHA) , ‘ethyleneglycolbis (2-aminoethylether)

5 tetra-acetic acid (EGTA), diethylenetriaminepenta-~

acetic acid (DTPA), 1,2-diaminocyclohexanetetraacetic

acid (DCTA), N,N-bishydroxyethylglycine,

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

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

10 and salts thereof, with salts of citric acid being
" preferred.

15
Any cell culture that can secrete fibrinogen can
be utilized in the subject invention. The fibfinogen
1n the cell culture can be converted to fibrin nonomer
or noncrosslinked fibrin by the same technlques as
20 those described above with respect to plasma. -
However, prior to such conversion, it is preferred
that the cellular debris be removed.
The process can be carried out as follows:
HEPG2 cells are grown and maintained as described by
25 standard texts on mammalian cell culture. Also, see
- Liu et al., Cytotechnology, 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% CO,.
30 After 24 - 36h growth at 37°C, the medium is
removed and replaced with serum free medium containing
a suitable protease inhibitor and 2 IU/ml heparin.
Culture is continued for further 24h periods with

three consecutive changes of serum free media.
35
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Porex, Inc., a teflon 20-70 micron pore size filter from Fl uorotechni ques,
Inc. or a nylon 66 22-46.m cron pore size filter from Costar, Inc. An -
alternati.ve nethod for ensuring that no thronbin-1ike enzyne, e.g.,
batroxobin, is present in the conposition'conprising fibrin nononmer is-to
use a soluble t hronbi n-1i ke enzyne in the system and renove the enzyne -
foll owing solubilization of the fibrin hydrog@&h-bonded pol yner. The reﬁwvull
of the enzyme can be achi eved by use: of- an affinity matrix, e.g., a ligand -
bound to an inert support that has a specific affinity for the .

thronbin-1ike enzyne or a 0 %QQQQ% cti ort
or nost effecti vel>/y u Ei"Plﬁe&%”i’\ﬁjl di.n- ?o?%%f%q'ssoggm#ﬁfdﬁa?nsamﬁpp_)
interaction exhibits %?Feq‘(?f mipgtes ‘th mvﬁﬁ%&?&ﬂeﬂ?bﬁ%éf‘ﬁgt}éﬁnst ants

[err]. . clarified supernatant, which contains fibrinogen, is
then gently mixed with a thrombin-like enzyme for 4" =
§ 5 hours. Preferably, the thrombin-like enzyme is

immobilized. A ratio of from about 1.0 ml to about 50
ml., settled volume agarose-thfomhin-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
fibrinogen, is decanted from the support/fibrin gel,
which is then washed successfully with four changes of

15 NacCl-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 fibrinogen 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 ﬁolymer that is
useful as a fibrin sealant, regardless of whether the

25 fibrin polymer ultimately crosslinks. Thus, sirice
such 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 noncrosslinked fibrin compositidn can also be
prepared from recombinant fibrinogen. Only recently

35 fibrinogen has been made by recombinant DNA

eet Has Been Reﬂlaced

BT s e rescanen rst

Date: 22 A6 9%



- 32 - seen in nature. See E. A Bayer and M WI chek, Methods of

Bi ochem cal Anayl si s,
coval ently bound to,

.10

15

30

35

26:1(1980). In this process, biotinis

- 28 - ' cv-0008

»

techniques. See S. Roy et al., The Journal of
Biological Chemistry, 266:4758-4763 (1991), the
contents of which are incorporated herein by
reference. Roy et al. appears to be the first group"
to express all three chains of fibrinogen and teach
that COS cells express, aseemb;e 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
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
monomer or noncrosslinked fibrin, the cellular debris
be removed by the same technigques as described above
with respect to cell cultures. The cellular'debris
can be removed by centrifugation or filtration.

The use of recombinant fibr1nogen is particularly.
preferred when a ccmpos;tlon comprising a fibrin. )
monomer is utilized. This is because it is believed
that such composition can be utilized to form a f£ibrin
polymer that is useful as a fibrin sealant, regardless
of whether the fibrin polymer ultimately crosslinks.
Since the recombinant fibrinogen 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.

The conversion of fibrinogen to noncrosslinked
fibrin by, for example, a thrombin-like enzyme,’
results in the formation of the fibrin in the form of
a fibrin hydrogen-bonded polymer. . However, as
discussed above, it is preferred that the composition
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for exanple, batroxobin and the biotin-batroxobin conjugate (which is
soluble) is directly reacted with plasma, e.g., 10 BU plus 50 ml plasm
reacted at 37[err]C for 10 m nutes. The Fibrin I pol ymer produced is
harvested by centrifugation or filtration and resolubilized in :
approximately 4 m 0.2M sodi um acetate pH 4.0 containing 30 nNIcaIC|um R
chloride. To the Fibrin | solution is added-az¢nl ar excess: of aV|d|n cwmu* i
coupled to an I'nert.support. such as agarose. The ' '
agar ose: avi di'n: bi ot i n- bat r'oxobi n conplex is then separated fron1the F|br|n
| by centrifugation or filtration fesulting in a conpositiqn conprising

fibrin nonomer that SCREFESLRGPAMFRPSELIBked Hibrisy ot LtudiScRsEeRtind
repol yneri sed as desdorbétiebebnpos it ipenerupreisingi hibnlsemanMar, be in

Accordingly, in one hgdhar Nt &F ﬂJH%mE&QéefErm. This can be carried out
by solublllzation of the composition comprlsxng T
S noncrosslinked fihrzn. f
Solubilization is particularly preferred wheh the
noncrosslinked fibrin is formed by means of a
thrombin-like enzyme that is immobilized on a supﬁort.'
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, - aloﬂg with the immobilized enzyme.
SOIubilization can be carried out by any
technique . that is. known or to be developed that
20 results in a fibrin monomer. Solubilization canjbe
' carried out by contacting the composition coﬁprising-
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 s, Nonlimiting examples of suitable acid buffef
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 preferred aeid butfers
functioned much more efficiently than that of other
acid buffers that were tested.
35
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i nvention, the conposition conprising fibrin nononer is substantially free
of the thronbin-like enzynme. By substantially free is nmeant either that

all of the thronmbin-Iike enzynme has been renoved, or that any thrombin-Ilike
enzynme remaining in the conposition is at [evels insufficient to provide
any undesired pharmacol ogical effect. Thus, conpositions of this invention
desired to be substantially free" may contar % hronbin-1ike enzyne in @i
anount bet ween "about zero and 10 percent of the original enzyne and
preferably between about zero and 2 percent of the thronbin-like enzyne

used to prepare the fibrifhé"ﬂygﬁﬁErEQn@%ﬁééﬂﬁ@ﬁtion'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 p;eferred-- .
concentration renders the ionic strength of the
5 composition more biologically compatible.

It is preferred to utilize the least volume of
acid buffer possible that stili solubilizes the
noncrosslinked fibrin to form an agqueous solution
comprising f£ibrin monomer. This results in an agueocus

.10 solution comprising fibrin monomer that is highly

" concentrated in fibrin mohomer. Generally, from about*

1 ml. to about 4 ml. of acid buffer per about 1 ml. of
composition comprisiné noncrosslinked fibrin is
required.

1s 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 chaotroplc agent. Sultable

‘20 chaotropic agents include urea, sodium bromlde, -
guanidine hydrochloride, RCNS, 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.

The chaotropic agent is mixed with such
composition and then agitated vigorously for about 1
to 2 minutes to ensure that solubilization is
complete.

35
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- 32a - Although t hese enbodi ments descri be conpositions wherein
the thronbin-like enzyme has been renoved foll owi ng the desired conversion-
to soluble fibrin, conpositions retaining nost.or all of the thrombin-like
enzynme are al so believed useful and, as sutch, are a part of the present

I nventi on. The conposition conprising f|br|n monomer i s now ready for
use as a conponent of .the fibrin sealant. ~ 31 _ Cv-0008

-

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

5 concentration in the agqueous 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
ng/ml to about 100 mg/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
pfesent in fhe,composition comprising noncrosslinked -
fibrin, after solubilization the immobilized enzyme
-can be removed from the compoéition comprising the

15 £ibrin monomer. This can be carried out by, for
example, filtration through any suitable filter that
can separate the enzyme. Suitable filters include a
sxntered polypropylene 20 micron pore size filter from :
'Porex, Inc., a teflon 20-70 m;cron pore size filter

20 from Pluorotechniques, 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 (Rps=10"M)

35
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It has been observed that when such conposition is prepared from whol e -
bl ood, from about 60%to about 90% of the original fibrinogen is present in- '
t he conposition, but, of course, in the forq10f.fibrin nononer . -

- 33 -

seen in nature. See E.A. Bayer and M. Wilchek;
Methods of Biochemical Anayléis, 26:1(1980).
In this précess, biotin is covalently bound to, .
for example, batroxobin and the biotih-batroxobin f'-
$ conjugate (which is soluble) is directly reacted with
plasma, e.g., 10 BU plus 50 ml Plasma reacted at 37°C
for 10 minutes. The Fibrin I polymer produced is
hWarvested by centrifugation or filtration and
zesolubilized in approximately 4 ml 0.2M sodium
icetate pH 4.0 containing 30 mM calcium chloride. To
the Fibrin I solution is addéd a molar excess of
avidin coupled to an inert support such as agarose.
The agarose: av1d1n biotin-batroxobin complex is then
separated from the Fibrin I by centrifugation or
15 filtration resulting in a composition compr;sing
fibrin monomer that is substantially free of L
batroxobin, which . can ‘be repolymerzsed as descrlhed .
below to generate a fibrin sealant.

Accordingly, in one embodiment of the present
20  invention, the composition comprising fibrin monomer
is substantially free of the thrombin-like enzyme.
3y substantially free is meant either that all of the
thrombin-like enzyme has been removed, or thar any
thrombin-like enzyme remaining in the composition is’
at 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 between
about zero and 10 percent of the original enzyme and
preferably between about zero and 2 percent of the
thrombin-like enzyme used to prepare the fibrin -
monomer composition. |

25
30
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The conposition conprising the fibrin nmononmer can-be utilized inmediately -
after it is prepared. In fact, it is particularly preferred to utilize such ..
conposition imediately after its preparation when the conposition is
autol ogous. If the conmposition is not utilized inrediately after its ...
preparation, the conposition can be stored. Storage of the conposition
requires that the conposition be preserved by, for exanple, freezing or

| yophi | i zi ng the conposition or hotdhg the conposition at 4[err]C. It is
believed that the conposition in frozen or lyophilized formw || be stable
for a period of nmonths. Wien the conposition is held at 4[err]C, it is

bel i eved that the %ﬁﬂBﬁ?ﬁtLHQs%ﬁmﬁkﬁﬁhﬁnéé”déiErLSQSt a period of days.
If the conp05|t|on 'S gggngt&RR nust belihamed at the time of
use. If theSPIRARISHAORSwherein the & in-llke enzyme
' been removed following the desired conversion to
soluble fibrin, compositions retaining most or all of
5 the thromb;r-l;ke enzyme are also believed useful
and, as such, are a part of the present invention.

The composition comprising fibrin monomer is now
ready for use as a component of the fibrin sealant.
It has been observed that when such composition is
prepared from whole blood, from about 60% to about 90%
of the or1g1na1 fibrinogen xs present in the
¢omposition, but, of course, in the form of fibrin
monomer.

15

20
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Is lyophilized, at tine of use, it is preferred that the. conposition be
reconstituted by the addition of the sane acid buffer that was utilized in
the 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 |east amount of acid buf fer
solution or distilled water should be utilized that still results if¥He
fibrin nonomer being soluble. In fact, reconstituting a |yophilized
conposition conprising fibrin nonongr can result in an aqueous sol ution

conprising fibrin nDnoqgg &Qﬂﬁé&ihfﬂ%?EoﬂEEE&Eﬁ' Qﬁacﬁﬂﬁfiﬁlﬁamohéruéhﬁ<3 200
mg/ m . Prior tolyép zat %5_ N |tg§ or | actose,
can be added to tH¥ (!"&”(B&EF © ai@ Xagﬁ‘/ tlﬁegfy%r%rqll zé corrp05|t|on
can-be utilized |rf%%ﬁaphﬁli%eEa#Q#QHlaSéHhPrefeIIEd fo dtilize such -
composition immediately after its preparation when the,

5 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 preserved by, for
example, freezing or lyophilizing the composition or

10 holding the composition at 4°C. It is believed that
" the ¢omposition in frozen or lyophilized form will be *
stable for a period of months. When the composition T -
'is held at 4°C, it is believed that the composition is
stable for at least a period of days.
i1s 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 buffer that was utilized in the
20 solubilization step if that acid was volatile, e.g.,
"acetic acid, or if a éhoatropic agent was utilized, by
the addition of distilled water. As in the
solubilization step, in reconstitution the least
amount of acid buffer 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 concgntration is up to
30 200 mg/ml. Prior to lyophilization, a bulking agent,
e.g., manﬁitol or lactose, can be added to the
composition. Alternatively, the lyophilized
composition can be utilized in lyophilized form. Such
form is particularly preferred when it is desired to
35 add adjuvants, e.g., antibiotics, to the composition.
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formis particularly preferred when it is desired to add adjuvants, e.g.,
antibiotics, to the conposition. - 34-

The conposition conprising fibrin nDnoner can be in virtually any form
for exanple, a solution,

_35-...

.
-

The composition comprising fibrin monomer can be
in virtually any form, for example, a éolution,
suspension, emulsion 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 splution, 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 f£ibrin 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 agueous
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 allowed to evaporate. In the case of a bénaage or
other carrier the suspension can be rehydrated by
contacting with the site of application or some other
means; and the f£ibrin allowed to polymerize.

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

35 It is possible that an organic suspension of fibrin
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suspensi on, enul sion or solid; with a solution being preferred. Thus,

for exanple, such conposition can be a liquid, gel, paste or salve.

Al so, of course, the conposition can be in the formof a "granule,” for
exanpte, lyophilized fibrin nmononer, thdat can be, but need not be,
treated to forma solution, emulsion or suspension inmediately priof to
use. Any, sujtabl e solvent can be 86i4ized to formthe SOl Wédo@n
but, of course, *it is preferred that the sol vent be nont oxi c.

Nonlim ting exanples of solvents .include mater' ethyl al cohol , gl ycerol
and propyl ene glycol, with water’ ng prefe An exanple of
a suspension is tr1 onomex °°EH%ﬂﬁ%dFF e%%é%ﬁq §PﬁgeT?¢nqq7ennﬁﬁﬁ%ﬁ can be

m xed wi t h or garx lswioeehy ssprayyor bréatihding bu delivexed toethanol

concentration in exoasERifly defophajed1sbikgdstric 188idn by rinaaaam will
precipitate and can be

5

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
| monomer to fibrin polymer or noncrosslinked fibrin to
.crossllnked 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 fibrln sealant is blood then it
is preferred, but not essential, that the blood be
derived from the same species that the fibrin sealant
will 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 wound, 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 ocozing from venous bleeding
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recovered by centrifugation. The precipitate should be washed with

organi ¢ phase to renove the aqueous solution used in the solubilization
step. An et hanol i ¢ suspensi on of nononeric fibrin can then be . applied
directly to a bandage or other carrier or even applied directly to a
wound site. The organic phase is allowed to evaporate. In the case of a
bandage or ot.her carrier the suspen5|on can be rehydrated by . :
contacting with-the site of applicatioA’or some ot her nmeans, an®*he
fibrin allowed to polynerize. - Al ternatively, an organic suspensi on
of fibrin nmononer prepared in a highly volatile phase, e.g., _ diethyl
et her, might be §ieggze& gamitdglt}:Yﬂ etaqa12d o HY vRHEPEARIA to the

de5|red site.

35 It is possi blé *Vhke- arﬁber 532?8"%&5‘}3’@5@?‘% T af:'lsﬁ’rPl &2y 'for

sealing of dacron artery grafts prior to graftlng,
sealing tissues outside the body, producing fibrin ~ "
§ rafts for cell growth, stopping bleeding from damaged
spleens (thereby saving the organ), 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, Ypumping¥
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./oOct. 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.
Generall&, for a composition comprising fibrin monomer
that is an aqueous solution, it is believed that from
about 3 ml. to about 5 ml. of such composition is

30 sufficient to be an effective fibrin sealant.

However, depending on the use of the compositioh, 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

non- f | ‘anmabl e.

.
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- 35 - nmononer

could be delivered to the ear, nose, throat, or Iungs by

spray or breathing or delivered to a bleedlng oesophageal or gastric

| esi on by i nj estion.

.10
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35
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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 contacting step means that
such conversion step and such contacting step occur
within a time period of each step so as to form the
£ibrin clot at the desired site. Thus, c¢oncurrently
can mean that after the contacting step, the fibrin
monomer is converted to fibrin polymer or the
noncrosslinked fibrin is converted to crosslinked
fibrin. This is carried out by contacting the
composition comprising fibrin monomer or
noncrosslinked fibrin, after such composition has been
applied to the desired site, with a composition that
can convert the fibrin monomer to fibrin polymer-or
the noncrosslinked fibrin to crosslinked fibrin. The
conversion step should generally occur within about
0.5 minutes after the contacting step. Otherwise, the
composition comprising the fibrin monomer or '
noncrosslinked flbrln, especially if the
noncrosslinked fibrln is a fibrin monomer, may flow
away from the desired site.

Concurrently can also mean that the contacting t
step and converting step take place simultaneously.

This is carried out by contacting the desired site
with the composition comprising 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
noncrosslinked fibrin to crosslinked fibrin.

.
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The fibrin sealant of the subject invention is utilized by contacting the -
desired site with the conposition conprising fibrin nononer or '
noncrosslinked fibrin and converting the fibrin nonomer to fibrin polyner
or noncrosslinked fibrin to crosslinked fibrin concurrently with said
contacting step, thereby formng the f|b n clot. For the purpose “of,
the subject inventiron "desired site" Pﬁat | ocati on where one desi®vexs to.
formthe fibrincloot. What or where the desired site is depends on the use
of the fibrin sealant of the subject- invention. Al so, it should be ‘noted

that Tt is believed thag;fRgyfi Bhd priedh @Bl y CaAlbdtarbbhtigChn a1so
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 -~

S5 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 ccntacting step,

" 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 conposition compr151ng

. the fibrin monomer or noncrosslinked fibrin will
remain at the desired site and yet also forms an

25 excellent fibrin clot. :

30 The conversion of the fibrin monomer to fibrin
polymer or the noncrosslinked fibrin to crosslinked
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

35 composition comprising fibrin monomer or
noncrosslinked fibrin e.g., whole blood or recombinant

N e e

Date: 2 2 AUG 199



o

not only in humans but also in other mammals. Al so, if the source of the
fibrin sealant is blood, then it is preferred, but not essential, that the
bl ood be derived fromthe sane species that-the fibrin sealant will be
utilized. The fibrin sealant of the subject invention can be utidi.zed
f-or any use that is known or to be developed for a fibrin sealant. The-

nmet hods, kits or fibrin sealant of the subf%ct i nvention can be used ffos
connecting tissues or organs, stopping.bleeding, healing wounds, sealing a
surgi cal .wound, use in vascular surgery include providing henostasis for

stitch hol e bl eedi nge iy Gicifedl, £RE OAALY o' LREYe ARAS QBRSRSy dreft
ventricular suture |ines; aqpt t ..and cannylﬁéion sites; dlf%use
epi nyocardi al bl eedlﬂﬁn?e?ﬁ ﬁﬂﬁﬁgg’e’ﬁfﬂ'oﬁs? anft 3N kg"?r R V&nous
bl eedi.ng fibrin, and, to a lesser extent, whether the desired
site will contain the patients blood or other body - -
5 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
Co 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
1S prior to the contacting step. Also, rather than a
¥-shaped double-barrelled syringe a double~barrelled
syringe with two openings can be utilized. This
permits the simultaneous éontagting 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
3 If the source of the composition comprising
fibrin monomer or noncrosslinked fibrin is blood, then
as discussed above, it is believed that the
30 composition will retain enough prothrombin, factor
X XIII and other necessary substances to convert such
fibrin monomer or noncrosslinked fibrin to crosslinked
£ibrin, e.g., activators of prothrombin. If the
noncrosslinked fibrin is a £ibrin polymer, i.e., the
35 noncrosslinked fibrin has not been solubilized, the
. _ . ) \
'\\
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- 36 - sites, e.g. at atrial, caval, or right ventricul ar levels. The
subj ect invention is also useful for seallng of dacron artery grafts prior
to grafting, sealing tissues outside the.body, producing fibrin

- 41 - cvooos

-

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 ocut by contacting the”
5§ composition with a source of calcium ions.
Nonlimiting sources of calcium ions include calcium
chloride, preferably at a concéntration of 30 mM.
Alternatively, and less preferred, the calcium ions
can be supplied by the bloocd at the desired site.
10 If the noncrosslinked fibrin has been
" ' soludbilized, 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
'zo examples cf suitable alkaline bnffers 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 10410.5,

- 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 Hydroxyethylpiperézine propane sulphonic acid
(EPPS) pH 8.5, 0.5M Tricine pH 8.5, 1M Morpholino
propane sulphonic acid (MOPS) pH 8.0, 1M '
Trishydroxymethyl aminoethane sulphonic acid (TES) pH
8.0 and 0.5M Cyclohexylaminoethane sulphonic acid

35 (CHES) pH 10.0; with 0.5-0.75M Sodium carbonate/

S
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rafts for cell growh, stopping bleeding fromdanmaged spl.eens (thereby
saving the organ), livers, and other parenchymatous organs; sealing
tracheal and bronchial anastonpbses and air |eaks or |acerations of the
lung, sealing bronchial stunps, bronchi al fistulas and esophageal fistul as;
for suturel ess seam ess healing ("Zi pper" technique), and enbolization in.
vascul ar radiol ogy of intracerebral AVM <2 tiver AVM s, angi odyspl asi ev-ou
col on, esophagéal varices, "punping”" G bleeders secondary to peptic

ul cers, etc. The subj ect invention.is further useful for provi di ng

henostasis in cornegl; cg{.g?].g@eag,hsmg 5&b) q,le:(gs 81?515 jdonsillectonies, teeth

extractions and- ot her _a I.cat.i ons "Hg‘- and R Lerrmer,
Vascul ar Surgery, 2 8Yaxe¥eyidyjami C‘BFthi@%SS“lRpgﬁlct G i (FESH BR A a"Ht of the
subj ect invention i QMegmwﬂdb}lYipnpedaime iprdpane ustiphenile aoidul at i on

def ect s. (EPPS) pH 8.5 and 1M Trishydroxymethyl aminoethane "
5 sulphonic acid (TES) pH 8.0 being most preferred.

The amount of alkaline buffer that is utilized -
should be enocugh to pclymerize'the noncrosslinked
fibrin. It is preferred that about 10 parts to about
one part of composition comprising 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 preferred ratio depends on
the choice of buffer and the desired "strength" of the
fibrin polymer. Of course, the desired strength 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 diluting the

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

25 about 0.5 to about 0.1 molar. ) )

: In addition to raising the pH or diluting the '
- chaotropic agent of the composition comprising fibrin
monomer, it is preferred that the prothrombin and
factor XIIT of such composition be activated to form

30 the crosslinked fibrin. Such activation can be
carried out by the contacting the composxtlon with a
source of calcium ions. The source of the calcium
ions can be part of the alkaline buffer or part of the
acid buffer that is utilized in the solubilization

35'-step. Nonlimiting sources of calcium ions include

— -
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The dosage of the conposition conprising fibrin nononmer or conposition
conpri sing noncrosslinked fibrin depends on the particul ar use of the
fibrin sealant, but the dosage should be an effective anmount for the
conposition to performits intended use. Generally, for a conposition .
conprising fibrin nmononmer that is an aqueous solution, it is believed that
fromabout 3 nl. to about 5 m. of such é&3nposition is sufficient to b¥*Ch
effective fibrin sealant. However, depending on the use of the conposition,
t he dosage can range fromabout 0.05 m. to about 40 m. Also, if a

conposi ti on conpri si Bg1EDBE AMASri8KE OpfdftriaBlyNa® G WohkehOFdtich We Bbzed or
the conposition is i gySoliftd:Walsvhily 4 1680P9Sd derPaas "EL G AU LR

. calcium ions can be supplied by the blood at the

desired site. - : -

5 It should be noted that if the alkaline buffer is
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 Dbicarbonate 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 50 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'fihrin, 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 fibfin,monomer is utilized,
i.e., the noncrosslinked fibrin has been soclubilized,
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 buffer or chaotropic agent

35 utilized in the solubilization step. Also, in this

i T
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that anmount of fibrin that is in such aqueous sol ution.

- 44 -

-

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 then”

5 placed in contact with the desired site until, for
example, the fibrin clot forms.
However, it should bé 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
1S 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 comprlslng
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
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 ﬁer ml. of composition comprising fibrin
monomer can be added or the thrombln can be provided

noncrosslinked fibrin.

by the desired site.
3s
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For the purpose of the subject invention the conversion of . the fibrin
nmononer to fibrin polyner or noncrosslinked fibrin to crosslinked fibrin
"concurrently" with said contacting step neans-that such conversion step
and such contacting step occur within a tinme period of each step so as.to
formthe fibrin clot at the desired site. Thus, concurrently can nean that
after the contacting step, the fibrin nononer is converted to fibrin ©vous
pol ymer or the’noncrosslinked fibrin is converted to crossl.inked fibrin.
This is carried out by contacting the conposition conprising fibrin menomer
or noncrosslinked fibrin, after such conpoéPftton has been applied to the
desired site, with a conposition that can convert the fibrin nononer to
fibrin polymer or the noncrosslinked fibrin to crosslinked fibrin. The
conversion step should generally occur w thin about ) '

If the source of the composition comprising
noncrosslinked fibrin are cell cultures that secrete
fibrinogen or recombinant fibrinogen, 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 XITII. 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 XIXII per ml of
composition comprising noncrosslinked fibfin.
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 30mM. 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 500 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 fibrin 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.g., acid buffer

‘10
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0.5 mnutes after the contacting step. Oherw se, the conposition
conprising the fibrin nmononmer or noncrosslinked fibrin, especially if the
noncrosslinked fibrinis a fibrin nononer, fmay  fl ow away fromthe desired
site. Concurrently can also nean that the contacting step and - . -
converting step take place sinultaneously. This is carried out by =~
contacting the desired site with the conposktééor conprising the fibrincvees
nmononer or noncrosslinked fibrin at the sane tinme that such conposition is
contacted with a conposition that can convert the fibrin nmononer to fibrin

pol ymer or the noncrQisSkhlkefopiddgant? CHAS ForRieioh &¥ iflbrin 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 ‘¥
S source of calcium ions and activated factor XIII (or
precursors to activated factor XIII) and, optionally,
thrombin to the composition coﬁprising fibrin monomer,
as described above. The activated factor XIII can be
added to the composition comprising noncrosslinked
.10 fibrin at a final concentration of from about 1.0 to
" aboit 20 units factor XIII per ml of composition .
comprising noncrosslinked fibrin. Alternatively, the -
factor XIIX 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 30mM. 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
composifion comprising 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.g., gentamycin, cefotaxim, nebacetin and sisomicin,
histaminine H,-antagonists, 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, Laryngoscope, 95:1278-80 (1985); A

35 Ederle et al., Ital. J. Gastroenterol., 23:354-56
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- 38 - Finally, and preferably, concurrently can also nean 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 nonomer has been
converted to fibrin polynmer or all of the noncrosslinked fibrin has been
converted to crosslinked fibrin. Gherwise, all of the fibrin nononmer wll
be converted to fibrin polyner or all of - 47 - CV-0008

-

(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 (199I)"
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, fibronectin, fibrinolytic
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 T -
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 coﬁprising'fibrin monomexr and
a second component an alkaline buffer that is capable

20 of polymérizing 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 fibrinogen or recombinant fibrinogen; 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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the noncrosslinked fibrin will be converted to crosslinked fibrin, prior to
the contacting step, which results in a very poor fibrin sealant. This
enbodi ment is carried out by mxing the conposition conprising the fibrin
nmononer or noncrosslinked fibrin with a conposition that can convert -the
fibrin nmonomer to fibrin polynmer or the noncrosslinked fibrin to
crosslinked fibrin, prior to the contacting stgp Since it takes.about<$%®
seconds for thé conversion-step to be coanéTe The conversion step should
not begin nore than about 30 seconds and preferably not nore than about 3
seconds prior to the contacting step. This enbodinent is preferred because
It ensures that the maxi num anount of the conposition conprising the fibrin
nonomer or noncrosslinked fibrin will remain at the desired site and yet

al so forns an excellent fibrin clot. '

Whole blood (100 ml) is collected into standard-
S commercially available blood bag containing an
anticoagﬁlant such as citrate/phosphate/dextrose. The
blood is then transferred to a container suitable for
centrifugation and centrifuged at room temperature for
10 minute;'at 3,000g. The dlegr supernatant plasma
10 (approximately 50 ml) is decanted and the cellular
’ componehts are discarded.

An alternative method of plasma preparation from
whole blood is by filtration. Again, 100 ml whole
blood is collected into a bag containiﬁg a suitable

15 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 across 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.

Beaded agarose (Pharmacia) was employed in

25 immobilization studies. The agarose used was 4%
crosslinked, 45-165um (90% of particles). This
material swells to 5 times its volume when hydrated.
Batroxobin is first oxidised with 0.1M sodium
periodate for 1 hour at room temperature in a covered

30 scintillation vial. The batroxobin is purified by
passing through a sephadex PD-10 gel bermeation
column. The oxidised batroxobin is then coupled to a
hydrazide activation agarose gel overnight at room

_ temperature in 50mM sodium acetate pHS5.5 plus 10mM

35 sodium borchydride (30-200U per 1.75g moist gel). The

.
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The conversion of the fibrin nonomer to fibrin polynmer or the
noncrosslinked fibrin to crosslinked 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 conp05|t|on conpri sing

f|br|n nononer or noncrosslinked fibrin e. g. &gmhole bl ood or reconbi nant
N . CV-0008

-

non-bound reactions are removed from the gel by
washing with:-50 ml mM sodium acetate pHS5.5, 100 ml
50mM glycine/1M sodium chloride pH3.0, 100 ml SOmM -
sodium carbonate/iM sodium chloride pH10.0, 100 ml -

5 50mM sodium phosphate/1M sodium chloride pH7.0, 100 ml
water, 100 ml 50mM sodium phosphate/1M sodium chloride
pH7.0, 100 ml 50mM sodium phosphate pH7.0.

10

" The immobilised enzyme (350mg) is added to
approximately 50ml of. centrifuged or filtered plasma
and gently mixed for 7 to 20 minutes until a
non-crosslinked f£ibrin I polymer clot is formed.

The fibrin I polymer plus associated immobilized
enzyme is then harvested by either: a) centrifugation
at 3,000g 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 serum 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.

1s

25

Solubilization of the fibrin I polymer is

. " achieved by the addition of about 1-4ml of 0.2M sodium
acetate'pn 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 20sm low protein binding filter. The agarose enzyme
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- 39 - . fibrinogen, the formof the fibrin nononmer or noncrosslinked
fibrin, e.g., fibrinl or des BB fibrin, and, to a | esser extent, whether

the desired site will contain the patientslbiood or other body fluids at
the time of use of the fibrin seal ant. Al so, if a separate conposi_t.ion,
such as an al kal'ine buffer, is utilized (discussed below) for the

conversion step, then the method of the subjggt. CV-0008

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 -

5 conjunction with other plasma proteins. Generally,
about 100 ml. of whole blood results in about 4 ml or
5 ml of the composition compriéing fibrin monomer
vherein 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, alone or, co-

" extruded with repolymerizing buffer to form a fibrin

sealant. ) : : T

I
I

15 :
Repolymerization is achieved by simultaneous

mixing of 9 parts of the solution comprising fibrin I
monomer with 1 part of a suitable repolymerizing
buffer, e.g., 0.75M sodium carbonate/sodium
20 bicarbonate, pH 10.0. The ratio of mixing can b?
altered; however, a 9:1 ratio maintains the high
concentration of fibrin in the final produét. Oon
' co-extrusion the fibrin I spontaneously repolymerizes
and converts to fibrin II followed by crosslinking of
25 the fibrin over a period of about 30 minutes.
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
30 the subject invention in addition to those shown and
described herein will become apparent to those skilled
in the art from the foregoing desdription{ Such
modifications are intended to fall within the scope of
the appended claims.

35

This Sheet Has Been Rei replacement sheet

ST

pate: 2 2 AUG 193



I nvention can be carried out with, for exanple, a double-barrelled syringe.
The doubl e-barrell ed syringe can be Y-shaped, thereby permtting the m xing
of the conposition conprising fibrin nonomer or noncrosslinked fibrin and

t he conposition to be utilized in the conversion step to m x inmediately
prior to the contacting step. Also, rather than a Y-shaped doubl e-barrelled
syringe a double-barrelled syringe with two openings can be utilized. TE#bs
permts the sinultaneous contacting of the desired site and conversion to
fibrin polymer or crosslinked fibriin to fakle—place. "Al so, the conpositions
of the double-barrelled syringe can be sprayed onto the desired site. See
H B. Kramet al., The Anmerican Surgeon, 57:381 (1991).

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

Batroxobin 1-7 mg is dissolved in 2 ml of water
and 0.2 ml 0.1M sodium periodate. The mixture is
incubated at room température for 1 hour after which
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 chloride.

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

.10

1s

1-5 g hydrazide—-agarose gel is suspended in 4 nl
50mM sodium acetate pH5.5. To the suspension is added
1 ml 10mM sodium borohydride together with the desired
amount of oxidized batroxobin (typically 100-200BU per
g moist gel).

20

The sample is mixed overnight at room temperature
and subsequently waéhed on a sintered glass funﬁel
with 50 ml 50mM sodium acetate pH5.5, 100 ml 50mM
glyczne/ln sodium chloride pH3.0, 100 ml S50mM sodlum
carbonate/1M sodium chloride pH10. 0, 100 ml 50mM
sodium phosphate/1M sodium chloride pH7.0, 100 ml
water and 100 ml 50mM sodium phosphate/1M sodium
chloride pH7.0 and finally 100 ml 50mM sodium
phosphate pH7.0.

The method for reaction of the immobilised

batroxobin with plasma is as follows.
35

25
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If the source of the conposition conprising fibrin nmononer or
noncrosslinked fibrin is blood, then as di scussed above, it is believed
that the conposition will retain enough prothronbin, factor Xl Il and other
necessary substances to convert such fibrin nonomer or noncrosslinked. .
fibrin to crosslinked fibrin, e.g., activators of prothronbin. If the
noncrosslinked fibrin.is a fibrin polyner .¥ - the noncrosslinked fi 5%
-has not been solubilized, the

- .

The pH of plasma (50 ml) is reduced to pH5.5 by
the addition of acetic acid. To the plasma is added
the equivalent of 100-200BU of batroxobin immobilised
to approximately 1.75 g (moist gel weight) agarose.- -

5 The piasma is incubated at 37°C for 10-15 minutes
after which time the pH is increased to pH7.4 by the
addition of sodium hydroxide. Fibrin I polymerisation
occurs almost instantaneously. The fibrin I polymer
is harvested by centrifugation at 3;500 rpm for 10

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 repolymerised 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.

20 Enzyme capture is éerformed by first
“biotinylating the batroxobin and capturing the
biotin-enzyme with immobilised avidin (avidin -
coupled to 6% crosslinked agarose).

Biotinylation of proteins can be acheived using a

25 number of reagents. In this instance,
N-hydroxysuccinimide-biotin (water insoluble) is used

- {commercially available from Amersham). NHS-biotin
(5011) was added to 1 mg of batroxobin at pH8.6 and
the solution is incubated at room temperature for 1

30 hour. Excess biotinylation reagent is removed by gel
filtration on a Sephadex G-25 column with 0.1M
potassium phosphate pH7.5 as the eluent. '

The equivalent of 10BU (biotin-~-batroxobin is
added to 50 ml plasma and incubated at 37°C for 10

35 minutes. PFibrin I polymer is harvested by

centrifugation (3,500 rpm for 10 minutes) and
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- 40 - noncrosslinked fibrin can be converted to crosslinked fibrin by
the activation of prothronmbin and factor Xl Il of such conposition to form
crosslinked fibrin. Such activation can be carried out by contacting the
conposition with a source of calciumions. Nonlimiting sources of calcium
ions include calciumchloride, preferably at s concentration of 30 nM
Al'ternatively, and less preferred, the caIC|un1|ons can be supplied- by e
bl ood at the deSired site.

redissolved in 3-4 ml of 0.2M sodium acetate pH4.0
containing 30mM calcium chloride. To the fibrin I, is
added avidin-agarose (commercially available from
Sigma Chemical Co.) at 0.2g (moist gel) per ml fiﬁrin
5 I. The sample is incubated at room temperature for 10
minutes and centrifuged at 2,000 rpm for 10 minutes.
The f£fibrin I produced is substéntially free from
batroxobin. Fibrin repolymerisation to form the fibrin
sealant i; achieved as described in Example 5.6.

N S——
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I f the noncrosslinked fibrin has been solubilized, i.e., is a f|br|n

nononmer, how the fibrin nononer is converted to crossl44#&xLi+b¢+n—depends

on how the sol ubilization was carried out. -I'f the noncrosslinked fibrin

sol ubilized by an acid buffer, the crossli nked fibrin cj’umu I ;ﬂl [I“L
rai sing the pH of the conp05|t|on conprising fibrin non

fibrin nononmer can polynerize. This can be carried out by contactlng such |
conposition with any suitable al kaline buffer. Nonl'i'mting exanpl es of

sui tabl e al kal i ne buffers include HEPES, sodium hydroxi de, potassium

hydr oxi de, cal ci um hydr oxi de, bi carbonate;huffers such as sodi Umev.s

bi carbonate and potassi um.bi carbonate, tri-nmetal salts of citric acid,

salts -of acetic acid and salts of sulfuric acid. Preferred al kaline .buffers
i nclude: 0.5-0.75M Sodi um car bonat e/ bi carbonate pH 10-10. 5,

CLAIMS

_ "1, Fibrin which is fibrin monomer
s 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 fibrin monomer; and
(b) converting said f;brin monomer to a fibrin polymer
o . concurrently mith said contacting step, thereby
’ forming sdid fibrin sealant.

2. The fibrin of claim 1 wherein said
fibrin monomer is selected from ' o
1s noncrosslinked fibrin I, des BB fibrin and
noncrosslinked fibrin II. ’

3. The fibrih of claim 2 wherein‘said .
fibrin monomer is fibrin I.

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

" 5. The fibrin of any preceding clzim wherein said
- 25 fibrin polymer is crosslinked.

6. The_fibrin of any preceding clzim wherein said
composition is substantially free of a thrombin-like

enzyme.
30
7. The fibrin of any precedlng claim wherein said
compos;tlon is formed from a source selected from
blood, cell cultures that secrete
fibrinogen and recombinant fibrinogen.
35
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0. 5-0. 75M Sodi um bi car bonat e/ NaCH pH 10.0, 1.5M d yci ne/ NaCH pH 10. 0 0.5 -
1.0 MBi s hydr oxeyt hyl am noet hane sul phoni ¢ acid (BES) pH 7.5, 1M

Hydr oxyet hyl pi perazi ne propane sul phonic acid (EPPS) pH 8.5, 0.5M Tricine
pH 8.5, 1M Morpholino propane sul phonic acid ( MOPS)

Tri shydroxymet hyl ani noet hane sul phonic acid (TES) pH 8.0 and 0. '_
(%(rzlbgggi(g} am noet hane sul phon| c acid (CHES) pH 10. O \m““‘:“ﬂ\!“ﬁ“\mm“)dl um

- 55 ~

8. The fibrin of claim 7 wherein said
source is blocd. '

9. The fibrin of claim 7 or 8 wherein said blood
§ 1is autologous blood.

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.

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

13. The fibrin of claim 11 or 12 wherein said
¢ alkaline buffer is selected from ™~
sodium hydroxide, potassium hydroxide, calcium
hydroxide, bicarbonate buffers, tri-metal salts of

citric acid, salts of ;cetic acid and salts of
- sulfuric acid.

25
14. The fibrin of claim 11 wherein said
alkaline buffer is selected from
0.5-0.75M Sodium carbonate/bicarbonate pH 10-10.5,

0.5-0.75M Sodium bicarbonate/NaoH PH 10.0, 1 SM

30 Glycine/NaOH pH 10. 0, 0.5 - 1.0 M Bis
hydroxyethylaminoethane sulphonic acid (BES) pH 7.5,
1M Hydroxyethylpiperazine propane sulphonic acid
(EPPS) pPH 8.5, 0.5M Tricine PH 8.5, 1M Morpholino
propane sulphonic acia (MOPS) pH 8.0, 1M

35 Trishydoroxymethyl aminoethane sulphonic acid (TES) pH

-

]
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- 41 - bi carbonate pH 10-10.5, 0.5-1.0OM Bi s hydr oxeyt hyl.am noet hane

sul phonic acid (BES) pH 7.5, 1M Hydroxyethyl pi perazi ne_praopane sul phonic
acid (EPPS) pH 8.5 and 1M Tri shydroxynet hyl, amnoet hane. sulphonlc acid
(TES) pH 8.0 being nost preferred. "~ The anount of a”mmm“m“mmm
Is. utilized should be enough to polynerize the noncross

preferred that about 10 parts to about one part of conpo3itfort cd npr|S|ng
fibrin nononer be mxed with about 1 part alkaline buffer. It is even nore

preferred that such ratio be about 9:1. It should be noted that the
preferred rati o depends on

~ 56 - : €v-0008

8.0 and 0.5M Cyclohexylaminoethane sulphonic acid
(CHES) pH 10.0.

1S. The fibrin of claim 11 wherein saxd
$ alkaline buffer is selected from
0.5-0.75M Sodium carbonate/bicarbonate pH 10-10.5,
0.5-1.0M Bis hydroxeythylaminoethane sulphonic acid
(BES) pPH 7.5, 1M Hydroxyethylpiperazine propane
sulphonic acid (EPPS) pH 8.5 and 1M Trishydroxymethyl -
.0 aminoethane sulphonic acid kTES) PH 8.0. '
16. The fibrin of any one of claims 11 to 15 wherein said
contacting step is carried out by means of a
double-barrelled syringe, whereln 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 pPH 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

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

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

succinic acid, aspartic acid, adipic acid and salts of
acetic acid.

35
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the choice of buffer and the desired "strength" of the fibrin polymer. O
course, the desired strength of the fibrin.polyner depends on the end- use
of the fibrin sealant. I f the solubilization was car

chaotropi c agent, then the fibrin nonomer can be converted to crom“‘
ak t he

fibrin by diluting the_ conposition conmprising fibrin M‘\
exanple, distilled water. The dilution should be carrl

mi ni mal anount of diluent is utilized. Generall y, the résufti' ng
concentration of the chaotropic agent after dilution should be from about
0.5 to about 0.1 nol ar. In addition to raising the pHor diluting the
chaotropi c agent of the conposition conmpri’sing fibrin nmonomer, i tevios
preferred that the prothronmbin and factor XlIl of such conposition be
activated to form - '

20. The fibrin of claim 19 wherein said

acid buffer is sodium acetate.

21. The fibrin of any one of claims 18 to 20 wherein the
§ concentration of said acid buffer is from about 0.02 M
to about 1 M. .

. 22. The fibrin of clainm 21 whefein said
concentration is from about 0.1 M to about 0.3 M
10 '

23. The fibrin of any one of claims 17 to 22 wherein s‘a:.d
chaotropic agent is selected from
urea, sodium bromide, guanidine hydrochloride,

KCNS, potassium iodide and potassium bromide.
15 )

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.

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

mg/ml.
30
28. The fibrin of any one of claims 17 to 27 wherein said
aqueous composition further comprises a source of
calcium ions.
35
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the crosslinked fibrin. Such activation can be carried out by the
contacting the conposition with a source of calciumions. (7 he’

calciumions can be part of the al kaline buf f er or part of Himﬁ buffer

that is utilized in the solubilization step. Nonlimting so "ﬂﬁm,m"l

i ons include . - 42 -

Sy

~ 58 -

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 28 and 30 uwherein the
desired site is selected from
skin, cardiovascular system, lymphatic systemn,
0 pulmonary system, ear, nose, throat, eye, liver,
spleen, cranial, spinal, maxillo-facial, bone, tendon,
pancreas, genito-urinary tract and alimentary tract. =

32. A method for the preparation of a
15 composition comprising f£ibrin monomer from £ibrinogen
' which comprises: . '

(a) contacting a composition éomprising .
fibrinogen with a thrombin-like enzyme
to convert said fibrinogen to a

:0 noncrosslinked fibrin polymer;

(b) separating said noncrosslinked fihrin
polymer from said composition
comprising fibrinogen; and

(c) solubilizing said noncrosslinked fibrin

- 25 polymer to form a composxtlon
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

£ibrin polymer and further comprising separating said

thrombin-like enzyme from saig composition comprising
£ibrin monomer.

35
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calciumchloride, preferably at a concentration of 30 M Alternatively, .
and | ess preferred, the source of calciumions can be suppl | ed by the bl ood

at the desired site. It should be noted that i|if—theatkatitme buffer is
a carbonat e/ bi carbonate, buffer, then the source of cal ;

added to the acid buffer during the solubilization st ﬂlnmm iﬂmﬂ;{lw t he
fact that the calciumchloride is not soluble in the 'earvonat e

buffer. It isfpreferred that the concentration of calciumions in the acid
buffer solution be fromabout 5 millinolar to about -150 mi |l i nol gLeand hore

preferably fromabout 5 mMto about 5059M It is believed that the
resulting fibrin clot

34. fThe method of claim 32 wherein said
_ thrombin-like enzyme is immobilized on a filter or
said thrombin-like enzyme is xmmobzllzed 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 filﬁér. '

*35. The method of claim 33 or 34 wherein said
‘suppcrt is selected from
10 cellulose, polydextrans, agarose, polystyrenes, ' -
silica, polyacrylic acids, polyacrylanmides,
polyvinylalcochols, glass beads, polycarbonate,
collagen, cellulose derivative;,
polytetrafluorethyléne and their composites.
is
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 38 wherein said
20 Solubilizing step is carried out by means of an acid
buffer 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 _
acid, cysteic acid, crotonic acid, itaconic acid,
glutamic acid, formic acid, aspartic acid, adipic acid
and salts thereof.
30
39. The method of claim 37 or 38 wherein acid

buffer solution or chaotropic agent further comprises
_a source of calcium ions.

35

Shect Has Been Reﬁaced This is the replacement sheet

HII\I\\\IlIl\\\II\I\ |\ e 22 A 90



wi Il be crosslinked fibrin I'l, regardless of which form'of noncrosslinked
fibrin, i.e., -fibrin monomer or fibrin polynmer, is present. However, if the
form of noncrosslinked fibrinis des BB fibrin,-then i '

_ ;%;i;;ﬁﬂljﬂﬂﬂL44ﬁﬁfﬂ
addi tion a source of additional thronbin may be requir. convert des‘ﬁB

fibrin to crosslinked fibrin. Such a source of .thronbin
exanpl e, plasma_fromthe patient wherein such plasm is

Al

conposi tion conprising noncrosslinked fibrin. If th esired Site
contains bl ood and a conposition comprising a fibrin nononmer is utilized,

I .e., the noncrosslinked fibrin has been &olubilized, then this blood can
be utilized as a diluent of the chaotropic agent or to raise the'pH of the
conposition conprising fibrin nononer. Thus, no diluent or alkaline buffer
need be utilized. In this enbodinent, '

is

20

30

35

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
thrombin-like enzyme can convert fibrinogen to fibrin

I.

"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
comgosition comprising f£ibrin monomer by means of
biotinylating saia thrombin-like enzyme and contacting
said composition comprising fibrin monomer with
immobilized avidin, thereby removing said thrombin-
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 énimal body by which a fibrin
sealant is formed, which method comprisess
(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.

.45. The fibrin of eclaim 44 wherein said
noncrosslinked fibrin is selected from

noncrosslinked fibrin I, des 88 fibrin
and noncrosslinked fibrin IT.

— £
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it is preferred that the source of calciumions be contained in the acid
buffer or chaotropic agent utilized in the solubilization step. Also, in

this - 43 - - enbodi nent the conposition
conprising fibrin nononer ' e

o ; R

- 61 -

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

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.

48. The fibrin of claim 47 wherein said
‘blood is autologous blood.

49, The fibrin of any one of claims 44 to 48 wherein‘'said
converting step is carried out by contacting said N
composition with a source of calcium ions.

s 50. An agqueous composition compris;ng
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 5. .

51. The agueous composition of claim 50

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

25 ' 52. The aqueous composition of claim 50 or 51
wherein said fibrin monomer is selected from
fibrin I, des_BB fibrin and fibrin II.-

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

54. Anh aqueous composition comprising

fibrin monomer wherein the concentration of said
fibrin monomer is from about 20 mg/ml to about 200

BT . 22 101



can be placed on a solid support, e.g., bandage, suture, prosthe5|s or

dressing, that will be in contact with the .desi.red site. Suc

then placed in contact with the desired site until, for exanple, rin.
clot forns. However, it shoul'd be noted, that \E\\ﬁl ﬂ&“‘“} '
conprising fibrin nonomner does not retain enough prothr ‘ _
X1l so as to, forntcrossllnked fibrin, such conposition ts Sti'll useful as

a fibrin sealant because the polynerlzatlon of fibri.n nmonomer per se is

useful toforma fibrin clot. Al so, .such conposition can still be utili-zed

to formcrosslinked fibrin by the addi%ion'of a source of calciumions and-
activated factor Xl (or precursor§'9 activated factor Xl I )evaamd,
optionally, thronmbin. Such source of calciumions, activated factor XlII
and thronbin can be added to the conpositions conprising : '

§5. The aqueous composition of claim 54

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

5 56. The aqueous composition of claim 54 or 55
vherein said fibrin monomer is selected from
fibrin I, des BB fibrin and fibrin II.

§7. The aqueous composition of cla;m 56
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.

59. A composition comprising f£ibrin monomer
- wherein said composition is in solid form.

60. The composition of claim 59 wherein
said composition is formed by lypohilizing an aqueous
solution comprising fibrin monomer.

25 61. A composition comprising fibrin monomer
and a compound selected from

an antibiotic, histamine H,'-antagoni-st, an anticancer
drug, fibronectin and a fibrinolytic inhibitor.

30 . 62. A kit comprising:
: (a) a composition comprising fibrin
monomer; and
(b) a composition selected from

an alkaline buffer and distilled water.
35 -
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fibrin mononmer. The activated factor Xl Il can be added to the conposition
conprising fibrin nononer at a final concentration of fromabout 1.0 to

about 20 units factor XlIl per m of conposition conpri%LDQ_DQDQLQSSLiﬁm&x+
fibrin. Alternatively, the factor X1l can be supplied by the bl ood or
fluids at the desired site or by the addition of autolog “mmmm!tﬁi
conposi ti-on conprising fibrin mononer. Nonliniting sourcam“ul

i ncl ude cal ciumchloride, preferably at a concentration of*30M*
Alternatively, and |less preferred, calciumions can be supplied by the .

bl ood or body fluids at the desired Slt%3 From about 4 units to about 500

units of thronbin per m. of conposition conprising fibrin nmono®™ can be
added or the thronmbin can be provided by the desired site.

63. The kit of claim 62 wherein said
alkaline buffer or said distilled water further
comprises a source of calcium ions.

5 . 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.

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.
25

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

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

71. The solid support of any one of claims 66 to 70

wherein said composition is formed by lyophilizing an aqueous
sclution comprising fibrin monomer,

35
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ABSTRACT

FIBRIN SEALANT COMPOSITIONS AND
METHODS FOR UTILIZING SAME

The subject invention relates to fibrin sealants. _
More specifically, the subject invention relates to
the use of a fibrin sealant wherein a composition '
comprising fibrin monomer or a composition comprising
. noncrosslinked f£ibrin is utilized as a component of
t_hé fibrin sealant.

15

25
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I f the source of the conposition conprising noncrosslinked fibrin are cel
cultures that secrete fibrinogen or reconbinant fibrinogen, and the
noncrosslinked fibrinis a fibrin polyner, .i.e., the noncrosslinked fibrin
has not been solubilized, then a source of calciumions and activated _ _
factor XIII (or precursors to activated factor Xl I1) nust be utilized to
formcrosslinked fibrin. Factor X Il nust be utilized because these
sources of noncrosslinked fibrin 09 not contain any-factor X II. The
activated factor Xl Il can be added’fo the conposition conprising
noncrosslinked fibrin at a final concentration of fromabout 1.0 to -about -
20. units factor XiIl per m of conposition conprising noncrosslinked -
fibrin. AIternativer, the factor XlilI1 can be supplied by the bl ood or body
fluids at the desired site or by the addition of autol ogous plasna to the
conp05|t|on :
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™

conprigin ﬁ%ﬁ%ﬁﬁésﬂTnﬁaﬁrglbrg nlimting sources of cal Ci WkLiRPSrps
i ncl ud areiunvchkﬂgﬁde,b@ngggjably at a concentration of 30mMM
Al'ter ﬁ#&er"ﬁandr4essrp¥@ n& €@ ¢alciumions can be supplied by the

bl ood omfbbdyyfsylds:@iythevggﬁ“Féd site. Also, as an option, thronbin can
be added® t:bssagh G@npgﬁmtg Qiﬁrd=r to ensure that crosslinked fibrin |

is forjmed. From abbdut uni £83%% abbut =500 units of thronbin per m . of
conmpoyi tph Ofk |inkgd fibrin can be added or the thronbin.
can bé p.uV.g%gQggﬁh%g gE% i'E’lte I f the noncrosslinked fibrin has

been solubilized, i.e., is a fibrin nmonomer, how the fibrin nononmer is
converted to fi brin pol yMIMMﬂmmmm lANDat i on was carried
out, e.g., acid buffer METHODS - FOR UTILIZING SAME

R
.

The subject invention relates to fibrin sealants. Mgre
specifically, in accordance with the invention a composition
comprising fibrin monomer or a composition comprising noncross-
linked fibrin is 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 bloed
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
fibrinogen - a monomer - by thrombin, calcium ions and
activated factor XIII to form ultimately crossllnked
rflbrln IT polymer, which is the fibrin clot.

h The formation of crosslinked fibrin II polymer
-proceeds by the’ fibrinogen being converted by thrombin
to fibrin I monomer, which spontaneocusly polymerizes
to form fibrin. I polymer, , thCJ 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 referred to as soluble flbrln II '
because by treatment by appropriate chemical means the
fibrin II'polymer can be converted to fibrin II

monomer. The f£ibrin II polymer, under the influence

of factor XIIIa - known as activatéd factor XIIT - is

then crosslinked to form crosslinked fibrin II, which

is the fibrin clot. Factor XIII is activated by

thrombin in the presence of calcium ions. cCross-
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- 45 - or chaotropic agent. The formation of fibrin polymer can be
carried out by the sanme nethods as described above. This fibrin polyner, if
desired, can then be converted to crosslinked fibrin by the addition of a
source of calciumions and activated factor XIII (or precursors to
activated factor Xi11) and, optionally,

. -5 -

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 from"
prothrombin. Prothrombin is converted to thrombin by
factor Xa in the presence of calcium and other '
ancillary substances. '

Fibrinogen represents about 2 to 4 grams/liter of
the blood plasma protein. Fibrinogen is a monomer
that consists of three pairs of disulfide-linked
polypeptide chains designated (Aa),, (BS),, v,- "A" and-
"B" represent the two small aminoterminal peptides,
known as fibrinopeptide A and fibrinopeptide B,
respectively. The cleavage of fibrinopeptidés A from
fibrinogen in the transformation of fibrinogen by
thrombin results in the fibrin I compound and the
subsequent cleavage of fibrinopeptides B results in
the fibrin II compound. Such cleavage of
fibrinopeptides A and B reduces the molecular weight
of fibrinogen 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 fibrinogen,
see C.M. Jackson, Ann. Rev. Biochem., 49:765-811
(1980) and B. Furie and B.C. Furie, Cell, 53: 505-518

 (1988). -

A fibrin sealént is a biological adhesive whose
effect imitates the final stages of coagulation, '
thereby resulting in a fibrin clot. Conventional
fibrin sealants consist of concentrated human
fibrinogen, bovine aprotinin and factor XIII, as the
first component and bovine thromwbin and calcium
chloride as the second component. Application is
generally carried out with a double-barrelled syringe,
which permits simultaneous application of both

~ This is the replacement sheet
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thronbin to the conposition conprising fibrin nononer, as described above.

The activated factor Xl Il can be added to the conposition conprising
noncrosslinked fibrin at a final concentration of fromabout 1.0 to about
20 units factor Xl Il per m of conposition conprising noncrosslinked

fibrin. Alternatively, the factor X Il can be supplied by the blood or body
fluids at the desired site or by the adeéi 8i en of autol ogous plasnma to 'the
conposition conprising noncrosslinked fibrin. Nonlimting sources of -
calciumions include calciumchloride, preferably at a concentration of
30mM Alternatively, and |less preferred, calciumions can be supplied by
the bl ood or boempéngntis & the eddier athesia enervantshdin Zoxmi ket o about

500 units of tRIgEDHNCRBE.M ApRbtaXIROS E“aorf:'%ﬂi{dlsy‘% fikiiwiggpONer can
be added or thgdégéogglgrgggte s Q%Qf¥%ylg%tg¥ié¥§”éé§5§%ég.

The fibrinogen component of the fibrin sealant is
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
of fibrin sealants, see M. Brennan, Blood Reviews,
5:240-244 (1991); J.W. Gibble and P.M. Ness, K
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).

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 fibrinogen component of the fibrin
sealant is extracted from the patient's own blood.

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 couid étherwise be present in
the fibrinogen 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
(1985) .

An infection can be transmitted by a fibrin
sealant not only by means of the fibrinogen but also
by means of the bovine aprotinin and the bovine
thrombin component. Bovine thrombin has been known to
carry the infectious agent bovine spongiform
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The fibrin sealant of the subject invention can also contain adjuvants, for
exanpl e, antibiotics, e.g., gentanycin, cefotaxim nebacetin and sisomcin,
hi stam nine [err]-antagonists, e.g., ranitidine, and anticancer drugs,
e.g., OK-432. This can be carried out by adding the desired antibiotic to
t he conposition conprising fibrin nononer or noncrosslinked fibrin. See
M C H Gersdorff and T.A. J. Robillard, Laryngoscope, 95:1278-80 (1985); A
‘Ederle et al., Ital. J.  Gastroenterol., 23:354-56 -

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

‘ 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
1991).

Accordingly, there is the need for a fibrin
sealant that can be delivered to a patient without the
risk of viral contamination or other adverse 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;
and

(b) converting said fibrin monomer to a
fibrin polymer concurrently with said
contacting step, thereby forming a

. .. 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 1

a method for utilizing a fibrin sealant which
comprises: '

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

(b) converting said noncrosslinked fibrin

to crosslinked fibrin concurrently with |
This is the replacement sheet
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46 - (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. Geco, J. of Bionedical Miterials Research, 25:39-51
(1991) and H.B. Kramet al., Journal of surgical Research, 50:175-178
(11991), the contents of which is incorporated herein by reference. Qher
adj uvants can al so be added, for exanple, fibronectin, fibrinolytic

said contacting step, thereby forming a
fibrin clot. T
The subject invention also provides methods for
preparing such a composition and compositions and Xits
comprising such noncrosslinked fibrin.

Various further aspects of the invention are hereinafter

set forth in the indehendent 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 i
includes any form of fibrin, e.g., fibrin I,
fibrin II or des BB fibrin, wherein said
fibrin is noncrosslinked and can be
converted to crosslinked fibrin. The
noncrosslinked fibrin can be fibrin monomer
or noncrosslinked fibrin polymer.
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I nhibitors such as aprotinin, alpha-2 antiplasmn, PAI-1, PAl-2,
6- am nohexanoi ¢ aci d, 4-am nonet hyl cycl ohexanoic acid, collagen or
keratinocytes. It is believed that the dosage of such adjuvant is the sane
as that utilized in conventional fibrin seal ants. The subj ect
i nvention also provides fibrin sealant kits. The kit can contain as a first
conponent a conposition’conprising fibrin nmononmer and a second conponent an
al kaline buffer that is capable of polynerizing the fibrin nononer or -
distilled water, depending on how the solubilization step was perforned.
The second conponent can optionally contain a source of calciumions.
Alternatively, the first conponent can be a conposition conprising

- 6 - .

Crosslinked Fibrin - Crosslinked fibrin includes
any form of fibrin, e.g., fihfin:i, fibrin
II or des BB, wherein the fibrin is a fibrin
polymer that is crosslinked. -

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

_ fibrin clot.

The subject invention also provides methods for
preparing such composition and compositions and kits
comprising such fibrin monomner.

Another aspect of the subject invention provides

a method for utilizing a fibrin sealant which
comprises: '

" (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. i

The subject invention also provides methods for
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
comprising fibrin monomer is a composition that

This is the replacement sheet
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noncrosslinked fibrin and the second conponent can be a source of cal cium
lons. If the source of fibrinogen utilized to prepare a conposition

conpri sing noncrosslinked fibrinis fromcell cultures that secrete
fibrinogen or reconbinant fibrinogen, the first conponent can be a
conposition conprising noncrosslinked fibrin, the second conponent can be a
source of calciumions -and a third conpoRent-is activated factor X II.

contains any form of fibrin monomer that can be
converted to fibrin polymer. Nonlimiting examples of

- fibrin monomer include fibrin I monomer, fibrin IIX
monomer or des BB fibrin monomer, with fibrin I
‘monomer being preferred. Of course, 'mixtures of the
fibrin monomer can be present. Also, for the purpose.
of the subject invention, £ibrin polymer includes any
polymer resulting from the polymerization of fibrin
monomer. Thus, for example, the conversion of fibrin
I monomer to fibrin polymer can result in fibrin I
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
contrast to fibrinogen, 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
crosslinked or noncrosslinked or further converted to
fibrin II polymer. Thus, since the formation of the
fibrin I polymer from fibrin I monomer is spontaneocus,
the fibrin I polymer can.be formed without thrombin
and factor XIII, thereby avoiding the problems
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 i
and factor XIII may convert the fibrin I polymer to
crosslinked fibrin II polymer.)

The composition comprising noncrosslinked fibrin
is a composition that contains any form of
noncrosslinked fibrin. Nonlimiting examples of

This is‘the replacement shest
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- 47 - Whol e bl ood (100 mM) is collected into standard
commercially avail abl e bl ood bag containing an anticoagul ant such as
citrat e/ phosphat e/ dextrose. The blood is then transferred to a contai ner
suitable for centrifugation and centrifuged at roomtenperature for 10
m nutes at 3,000g. The clear supernatant plasma (approximtely 50 m) is
decanted and the cellul'ar conponents are=d8sear ded. :

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.
Also, for the purpose of the subject‘invention
“"crosslinked fibrin" includes any form of fibrin
resulting from the conversion of noncrosslinked fibrin
to crosslinked fibrin. Thus, the crosslinked fibrin,
for example, resulting from the conversion of
noncrosslinked fibrin I to crosslinked fibrin, can be
crosslinked fibrin I and/or crosslinked fibrin 11,
depending on how the conversion step is carried out.
Noncrosslinked fibrin I is preferred because it

!

can more readily, as compared to fibrinogen, be
converted to crosslinked fibrin. 1In 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 £ibrin I from _
noncrosslinked fibrin I can be carried out without
thrombin, thereby avoiding the preblems associated
with bovine thrombln, albeit activated factor XIII may
be required. (It should be noted that if
noncrosslinked fibrin I ;s qtlllzed such that the
noncrosslinked fibrin I comes into contact with
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, i
oligomer or monomer, albeit an oligomer or monomer is
preferred, i.e., fibrin monomer. This 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 deésired site. In
contrast, a resulting noncrosslinked fibrin in
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An alternative nethod of plasma preparation fromwhole blood is by
filtration. Again, 100 m whole blood is collected into a bag containing a
sui tabl e anti coagul ant such as citrate/phosphat e/ dextrose. The blood is
then recirculated over a filter exhibiting good protein transm ssion by

- means of peristaltic punp. The pressure drop across the nmenbrane results in
pl asma being forced through with cellul ar gcamponents renmaining in the
recirculating blood. Plasma (50 ml) is collected for further processing.-
Beaded agarose (Pharnacia) was enployed in inmobilization studies. The
agarose used was 4% crosslinked, 45-165 [err] (90% of particles). This

materi al swel | 61igoherigedr mdnotleri’ Werh glIsdRtble and,
therefore, can more readily be delivered to the
desired site and have more intimate contact with the
cells. Of course, the composztlon can contain a -
mixture of such forms of noncrossllnked fibrin.

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 cbmposition 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
exogeneous thrombin and factor XIII. This endogenous

i
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Batroxobin is first oxidised with 0.1M sodi um periodate for 1 hour at room
tenperature in a covered scintillation vial. The batroxobin is purified by
passing through a sephadex PD-10 gel perneation.colum. The oxidised

bat roxobin is then coupled to a hydrazi de activation agarose gel overnight
at roomtenperature in 50nM sodi um acetate pH5.5 plus 10nmM sodi um

bor ohydri de (30-200U per' 1. 75g noi st gel) 10The

prothrombin and factor XIII can be utilized in the
fibrin sealant of the subject invention as components
of the composition comprising fibrin monomer or '
noncrosslinked fibrin.

However, it should be noted’ that sufficient
quantities of this endogenous thrombin and factor XIII
are not retained so as to convert fibrinogen to
crosslinked fibrin II at a reaction rate that is
suitable for a fibrin sealant. It is believed that
more thrombin is required to convert fibrinogen 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
fibrinogen, 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
the concentration of the fibrin monomer 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 mg/ml and most preferably
from. about 25 mg/ml to about 50 mg/ml.

In addition, it is preferred that the fibrin

monomer or noncrosslinked fibrin be nondynamic. For
the purpose of the.present invention a nondynamic
composition comprising noncrosslinked fibrin means i
that the noncrosslinked fibrin in such composition
does not crosslink for at least about 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
comprising fibrin monomer means that the fibrin
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- 48 - non- bound reactions are renoved fromthe gel by washing wth:-50
m mM sodi um acetate pH5.5, 100 ml 50nM gl yci ne/ 1M sodi um chl ori de pH3. 0,
100 m 50nmM sodi um car bonat e/ 1M sodi um chl ori de pH10.0, 100 m 50nM sodi um
i phosphate/l M sodi um chl oride pH7.0, 100 M water, 100 mi 50nM sodi um
phosphat e/ 1M sodi um chl ori de pH7.0, 100 mi_ 50mM sodi um phosphate pH7. 0.

The i nmobilised enzyne *(350ng) is added tidt = '

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
hours after the preparation of the composition. 1In
fact, it should be noted that the compoéition
comprising fibrin monomer can be nondynamic for at
least several days, i.e., about 72 hours, after its
preparation! -

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 solubilizétion, 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-withdrawiné blood from a donor and ‘preferably in
the presence of an anticoégulant. Any anticoagulant
can be utilized. Nonlimiting examples of
anticoagulants are heparin, EDTA, hirudin, citrate or
any other agent that can, directly or indireqtly,
prevent the formation of thrombin, with citrate being
preferred. '

The plasma, which contains the fibrinogen, is

- then separated from the whole blood. Any separation
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approximately 50m of centrifuged or filtered plasma and gently m xed for 7
to 20 mnutes until a non-crosslinked fibrin I polyner clot is forned.

The fibrin | polynmer plus associated i mobilized enzyme is then harvested
by either: a) centrifugation at 3,000g for 10 m nutes foll owed by renoval

of the supernatant serum by decantation, or b) filtration through a
suitable low protein bitnding filter fol+add-by discarding the filtered
serum and retaining the fibrin I polymer plus inmobilised enzyne for -
further treatnment. This fibrin I polynmer is an exanple of a conposition

conpri sing noncrosslinked fibrin. Sol ubilization of the fibrin
pol ymer is 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 ™
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
whole blood through a suitable filter that separates
blood cells from plasma. It is preferred that the v
filter be a microporous membrane exhibiting good

i

protein transmission.

The resultant plasma is then treated to convert
the fibrinogen to fibrin monomer or noncrosslinked
fibrin. This conversion can be carried out by any
technique that is known or to be developed.

A preferred technique to produce fibrin monomer

- or noncrosslinked fibrin is by means of a
thrombin-like enzyme, which includes thrombin. A
thrombin-like enzyme is any enzyme that can catalyze
the formation of fibrin from fibrinogen. A common
source of thrombin-like enzymes are snake venoms.
Preferably, the thrombin-iiké enzyme is purified from
the snake venom. Depending on the choice of |
_thrombin—like enzyme, such thrombin-like enzyme can
release fibrinopeptide A -- which forms fibrin I --
fibrinopeptide B -- which forms des BB fibrin -- or '
both fibrinopeptide A and B -- which forms fibrin II.
It should be noted that those thrombin-;ike enzymes
that release fibrinopeptide A and B may do so at
different rates. Thus, the resultant composition
could be, for éxample, a mixture of fibrin II and
fibrin I or a mixture of fibrin II and des BB fibrin.
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achi eved by the addition of about 1-4nl of 0.2M sodium acetate pH 4.0
contai ni ng 30nmM cal cium chloride buffer to the harvested fibrin I polyner
pl us i Mmobilised enzynme. The sanple is subsequently agitated vigorously,
e.g., on a vortex mxer, for 2 mnutes. Renoval of the inmobilized enzyne
can then be acheived by filtration of the fibrin | solution through a 1 to
20[err] low protein binding filter. The- agar-vse enzyne '

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 with

the enzyme.
TABLE 1
SQURCE . NAME FIBRINOPEPTIDE
RELEASED
Agkistrodon acutus Acutin A . n
. A. contortrix contortrix Venzyme B, (A)* “
A. halys Pallas ' ‘B, (A)* -
ﬂan (Calloselasma) , Ancrod, Arvin a )
rhodostona - _
Bothrops asper (B. atrox) Asperase A ' .
l . Atrox ' Batroxobi;, A
Reptilase -
Reagent
. insularis ' A, B
' . jararaca Botropase A
. Moojeni (B. Atrox) _Batroxobin, A
. Defibrase
Lachesis muta muta A, B
Crotalus adamanteus Crotalase A
( C. durissus terrificus : A “
Trimeresurus flavoviridis " Flavoxobin A
T. géamineus ) A
Bitis gabonica - ' A, B

* () ﬁeans 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). o

The preferred thrombin-like'enzymes are
Batroxobin, especially from B. Moojeni, B. Maranhao
and B. atrox and Ancrod, especially from A.
rhodostoma.
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- 49 - will be retained by the filter, thus allowing its renoval from
the system The remaining solution, a conposition conprising fibrin
mononer, consists of a concentrated acidic fibrin I nonomer solution in
conjunction with other plasma proteins. Generally, about 100 m . of whole
bl.ood results in about 4 mM or 5 m of the conposition conprising fibrin
monomer wherein the corcentration of fi®Br}% Tononmer is from about 25 g/ m
to about 35 ng/m . This is now ready for delivery to the patient either,-
al one or, co- extruded with repolynerizing buffer to forma fibrin seal ant.

The fibrin monomer or noncrosslinked fibrin can
be prepared by contacting the plasma with the
thrombin-like enzyme, thereby permitting the
fibrinogen in the plasma to be converted to a fibrin-
monomer. However, the resultant fibrin monomer
spontaneously polymerizes to form a hydrogen bonded
polymer in the form of a gel, which separates from the
remaining serum, which is a solution. The gel is a
form of the composition comprising noncrosslinked
£ibrin. |

This noncrosslinked fibrin gel can be harvested _
by, for example, centrifugation (3,000 g. for 10 =
minutes), direct manual separation of the.
noncrosslinked fibrin from the serum, filtration,
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
20-70 micron pore size filter from Fluorotechniques,
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 gel
vis—-a-vis the plasma. It should be noted that the
noncrosslinked fibrin gel retains at least some
'prothfombin, 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
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 cbmprising fibrin monomer or
noncrosslinked fibrin.
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Repol ynmeri zation is achi eved by sinultaneous mxing of 9 parts of the
solution conprising fibrin |l nonomer with 1 part of a suitable

repol ynmeri zi ng buffer, e.g., 0.75M sodi um carbonat e/ sodi um bi car bonate, pH
10.0. The ratio of m xing can be altered; however, a 9:1 ratio maintains
the high concentration of fibrin in the final product. On co-extrusion the
fibrin | spontaneously”repol ynerizes and &8nVerts to fibrin Il foll owed by
crosslinking of the fibrin over a period of about 30 m nutes. The -~
present invention is not to be |[imted in scope by the specific enbodi nents

descri bed, which are_intended as single_ illustrations of indivyidual aspects
of the invention. |nd¥edORRR | c?ﬁﬁ#*??@??bﬂ% QF pressure oF P

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
concentrated the resulting noncrosslinked fibrin gel.
Howevér, it is preferred that such force or pressure
not be so great that the prothfombin and factor XIII
are removed from the noncrosslinked fibrin gel.
The noncrosslinked fibrin gel is now ready for
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 fibrinogen is present'in the
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 pafticularly preferred to

+ utilize such composition immediately after its
preparation when the composition is autologous. 1If
the composition is not utilized immediately after its
preparation, the composition can be stored. Storage
of the composition requirés-fhat the composition be
preserved by, for example, freezing or lyophilizing
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
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 gel converts the fibrinogen
to the noncrosslinked fibrin gel and concentrates such
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the subject invention in addition to those shown and descri bed herein wll
becone apparent to those skilled in the art fromthe foregoing description.
Such nodifications are intended to fall within the scope of the appended

cl ai ns. - 50 -

- 16 -

gel in essentially one step. Alternatively, and less
preferred, one can concentrate fibrinogen by
conventional techniques, e.g., cryoprecipitation and
precipitation using various reagents, e.g.,
polyethylene glycol, ether, ethanol,: ‘ammonium sulfate
or glycine. The concentrated fibrinogen can then be
converted to the noncrosslinked fibrin gel by the
techniques described above or, preferrably, since the
fibrinogen is alreadj concentrated, then the
fibrinogen can be converted to a composition
comprising fibrin monomer without the need to first -
form the noncrosslinked fibrin gel. This can be
carried out by contacting the concentrated fibrinogen
with a chaotropic agent to obtain a fibrinogen
solution.

f

The chaotropic agent is necessary to prevent the
£ibrin monomer, which is formed upon contact of the
fibrinogen with the thrombin-like enzyme, from
spontaneously polymerizing. The chaotropic agent is
mixed with such fibrinogen composition and then
agitated 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
thrombin-like enzyme immobilized on a support, as
described below.

Suitable chaotfopic agents include urea, sodium
bromide, guanidine 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
0.3 to about 2.0 molar. It is preferred to utilize
the least amount of chaotropic agent possible that
still prevents the fibrin monomer from spontaneously
polymerizing.
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In order to react the carbohydrate noiety of batroxobin wth a hydrazide
activated support, the sugar nust first be oxidised to give free -CHO
groups. This is acconplished as.foll ows. Batroxobin 1-7 ng is

dissolved in 2 mM of water and 0.2 m 0. 1M sodi um peri odat e.

i ncubat ed at

Sephadex G 25 gel

The m xture is

roomtenperature for 1 hour after which it is desalted on a

eluted fromthe colum with 0.9% w v sodi um chlori de. St andard

comercially avail abl e hydrazide activated agarose (Bio-rad Laboratories

Ltd UK) or any group with a termnal free am ngo group can be eqployed
a

It should be noted that it is preferred tha
source of calcium ions not be added to the chaotropic
agent until it is desired to convert the fibrin
monomer to fibrin polymer, as described below. This”
ensures that the fibrin monomer will ‘not crosslink due
to activation of any endogenous blood coagulation
factors. .

In a preferred embodiment, the thrombin-like
enzyme is immobilized on a support. Such embodiment
is preferred because one can readily separate the
immobilized enzyme from the plasma, thereby preventing
the composition comprising noncrosslinked fibrin from
being contaminated by the enzyme.

Any support to which the thrombin-like enzyme can
be attached can be utilized in the subject invention.
Nonlimiting examples of suitable supports are
cellulose, polydextrans, agarose, polystyrenes,
silica, polyacrylic acids, polyacrylamides,
polyvinylalcohols, glass beads,
polytetrafluorethylene, pquqarbonate, collagen,
celulose derivatives, teflon and their composites,
with silica polystyrene and agarose being preferred
‘and agarose being 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

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
thrombin-like enzyme cannot pass through the filter,
but the noncrosslinked fibrin can pass through the
filter. The noncrosslinked fibrin is prepared by

This is the replacement
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to directly couple free al dehyde groups (-CHO. |If hydrazi de-agarose is

used the coupling procedure is as foll ows. 1-5 g hydrazi de- agarose gel
is suspended in 4 m 50nmM sodi um acetate pH5.5. To the suspension is added
1 m 10 mM sodi um borohydride together with the desired anount of oxidized
bat roxobin (typically 100-200BU per g noist gel). The sanple is m xed
overni ght at room tenperature and subsefuéfit 'y washed on a sintered gl ass

funnel with 50 i 50nM sodi um acetate pH5.5, 100 ml 50nmM gl yci ne/ 1M sodium
chloride pH3.0, 100 mi 50nmM sodi um car bonat e/ 1M sodi um chl ori de pH10.0, 100

T oo, s00! U st el W0 Moy o0k 05 T St PO Ik SR 100
sodi um phosphaonepldide of the filter to form a fibrin monomer,

which, along with the rest of the plasma, passes
through the filter. Thus, the resulting composition’
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. :

. 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,
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
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 ghromatography’- A practical
approach - chapter 2 - Activation Procedures, the
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 !
sﬁpport results in a maximal percentage (at least
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
enzyme coupling to prevent enzyme degradation.
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The met hod for reaction of the imobilised batroxobin with plasma is as
fol | ows. - 51 - The pH of pl asna
(50 M) is reduced to pH5.5 by the addition of acetic acid. To the plasna
i s added .

Generally, the support is activated by a highly
reactive compound, which subsequently reacts with a
functional group of a ligand, e.g., —OH, -NH,, -SH,
-COCH, -CHO to form a covalent linkage. The preferred
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;

(c) by means of a carbonyldiimidazole
group;

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

1y

(e) by means of a hydrazide or amino group.
In (a)-(d), the protein is coupled via reaction with
-NH,, -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
measured by the S2238 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
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 L
with triazine (cyanuric chloride).

Generally, the support is activated by a highly
reactive compound, which subsequently reacts with a
functional group of the ligand, e.g., -OH, -NH,, -SH,
-CHO, to form a covalent linkage. Remaining active
groups, which have no thrombin-like enzyme attached,
can be, but it is not essential, blocked with non-
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t he equi val ent of 100-200BU of batroxobin inmobilised to approximtely 1.75
g (noi st gel weight) agarose The plasma is incubated at 37C for 10-15

m nutes after which tine the pHis increased to pH7.4 by the addition of
sodi um hydroxide. Fibrin | polynerisation occurs al nost instantaneously.
The fibrin | polyner is harvested by centrifugation at 3,500 rpmfor 10

m nutes and redissolved in 3-4 m of 0.2M28ocdi um acetate pH4.0 cont ai ni-ng
30mM cal ci um chl ori de. Agarose-enzyne can then be separated fromfibrin-l
by centrifugation or filtration. The fibrin | is subsequently repolynerised
to formthe fibrin sealant by the addition of 9 parts fibrin, | solution to
1 part 0.75M s&FFRAFRI%S RARRANEGT FYhas erhanglanine, acetic

anhydride or glycine.
The preferred activation chemistries for use in
the subject invention are: : '

(a) Cyanogen bromide activation followed by
direct coupling of enzyme via -NH,

. groups on the protein.

(b) Activation of the support with
monochlorotriazine followed by coupling
of an enzyme via ~NH,, -OH or -SH
groups. '

(c) Activation of the support with
dichlorotriazine followed by coupling
of the enzyme via -NH,, ~OH or -SH
groups.

(d) Tresyl chloride activation of the
support followed by coupling of the
enzyme via -NH,, -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
ligahd followed by coupling of oxidised
enzyme via -CHO groups.

~All the above preferred methodologies employ agarose
as the support, hoﬁever; 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 -NH, groups on
the protein. |
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Enzyme capture is perforned by first biotinylating the batroxobin and
capturing the biotin-enzyme with inmmobilised avidin (avidin - coupled to 6%
crosslinked agarose). Bi oti nyl ati on of proteins can be acheived using
a nunber of reagents. In this instance, N hydroxysuccinim de-biotin (water

I nsoluble) is used (commercially available from Amershan). NHS-biotin
(50[err]) was added to 1 ng of batroxobi 2iat- pH8.6 and the solution is

i ncubated at roomtenperature for 1 hour. Excess biotinylation reagent is
renoved by gel filtration on a Sephadex G 25 colum with 0.1M potassium
phosphate pH7.5 as the el uent. The equi val ent of 10BU
(biotin-batroxobin is ad¢mey toyafiogenpbaemidandctivaltdoed falldkest HYC f or

10 minutes. Fibrin I polymer js3 DaEve3hgdiRy of enzyme via -NH,
groups on the protein. '

(c) Gamma - glycidoxytrimethoxysilane
activation followed by opening of the
epoxide ring to form a diol group,
which can be subsequently activated
with cyanogen bromide. Direct coupling
of the enzyme can be achieved via ~NH,
groups on the protein.

(d) Gammaglycidoxypropyltrimethoxysilane R
activation followed by preparation of
amino-silica by treatment with ammonia
solution.

The amino-silica can be subsequently activated with
cyanuric chloride (triazine) and the enzyme coupled
via -NH, -OH or =-SH groups.

- Coupling 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 gamma-glycidoxypropyltri-
methoxysilane‘coupling of enzyme to activated support
and cyanogen bromide coupling of any protein to active
groups, requires buffering at a pH 1-2 units higher
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
- (optimal coupling pH is 4-6). Another method of
coupling glycoproteins such as batroxobin to an inert
support is via their carbohydrate moieties. This
involves first the oxidation of the sugar group to
-CHO groups followed by direct coupling at acid pH to
an amino grodp such as hydrazide. A wide range of
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centrifugation (3,500 rpmfor 10 mnutes) and

- 52 - redi ssolved in 3-4 mM of 0.2M sodium acetate pH4.0 contalnlng
30mM cal cium chloride. To the fibrin I, is added avidi n-agarose
(comrercially avail able from

- 22 -

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

TABLE 2
EXAMPLES OF COUPLING BUFFERS U.S.ED IN ENZYME
IMMOBILIZATION SILI AGAROSE SUPPORTS
______w__
SUPPORT ACTIVATION METHOD COUPLING BUFFER ‘

Silica Gamma- | 0.1M Sodium bicarbonate pH 8-9
glycidoxypropyltrimet 10 mM HEPES pH 7.0
-~hoxysilane

Silica ¥ 0.1M Sodium bicarbonate pH 8-9
glycidoxypropyltrimet 10 mM HEPES pH 7.0
hoxysilane + cyancgen

1

bromide

Silica Cyanogen Bromide Water pH 7.0
0.1M Sodium bicarbonate pH 7-9
10 mM HEPES pH 7.0

Agarose Monochlorotriazine 50 mM Sodium Acetate/1MNaCl pH
4.0

agarose Dichlorotriazine 0.1M Potassium
phosphate/1MNaCl pH 8.0-9.0

Agarose - Tresyl chloride 50 mM Potassium
phosphate/0.5MNaCl pH 7.7

- Agarose Hydrazide _ 50 mM Sodium Acetate pH 5.5

10 mM NaBH,

50 mM Sodium Acetate pH 5.5
10 mM NaBH,

H Agarose Amine

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
bioclogical 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, blocking of residual reactive groups
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Signa Chemical Co.) at 0.2g (noist gel) per m fibrin |. The sanple is
i ncubated at roomtenperature for 10 mnutes and centrifuged at 2,000 rpm
for 10 mnutes. The fibrin | produced is substantially free from

batroxobin. Fibrin repolynerisation to formthe fibrin sealant is achieved
as described in Exanple 5.6.

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

Depending on the method of immobilization and the
support, enzyme inactivation occurs guring the
jmmobilization 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
of enzyme activity.

In order to characterize the efficacy of the
immobilized enzyme on the support, two methods can be
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 52238
Assay - See Axelsson G. et al., Thromb. Haemost.,
36:517 (1976).

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,, I batroxobin. However,
prior to carrying out the leaching assay, it is
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/1M sodium chloride pH 3.0, 100 ml SOmM sodium '
carbonate/1M sodium chloride pH 10.0, 100 ml 50mM
sodium phosphaté/ln sodium chloride pH 7.0, 100 ml
water and 100 ml 50mM sodium phosphate/1M sodium
chloride pH 7.0. After such a washing procédure,
there was no detectable radiolabel in the washings,
with >50% of the initial radiolabelled enzyme coupled
to the support.
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- 93 - CLAI M5 1. Fibrin which is
fibrin nmononer for use in a nethod of treatnent of a human or ani mal body

by which a fibrin sealant is formed, which nethod conpri ses: (a)
contacting a desired site with a conposition conpri sing
fibrin nmononer; and (b) converting said fibrin nononmer to a
fibrin polynmer e _ - 24 -

(a) Amount of Enzyme Required

The amount of enzyme required for the treatment
of 30-70 ml plasma (obtained from 60-150 ml whole
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
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. h

.(b) Reaction of Immbpilized Enzyme with °
Plasma Fibrinogen _

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
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 fibrinogen in the plasma is cleaved by the
immobilized enzyme to release fibrinopeptide A and/or
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 i
immobilized enzyme.

As described above, the hydrogen bonded fibrin
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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concurrently with said contacting step, thereby formng said

f!br!n seal ant . 2. The fibrin of claim1l wherein said
fibrin nononer is selected from noncrosslinked fibrin |, des BB fibrin
and noncrosslinked fibrin I1. ' 3. The fibrin of claim?2
wherein said fibrin nmononer is fibrin I. 4. The fibrin of any
one of clains 1 to 3 wherein said fibrin »8lyner is fibrin Il polyner.

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 I 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 fibrinogen
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 inhihitbry antibodies.
Crosélinking 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 IT can be inhibited. See Carr et al., J. Biochen.,
239:513 (1986); Kaminski et al., J. Biol. Chen.
258:10530 (1983) and Kanaide et al. 13:229 (1982).
Calcium chelators can be added to the composition to
prevent the crosslinking of the fibrin I or II. Such
chelators bind to the calcium, thereby preventing the
crosslinking. Any calcium chelator can be utilized.
Nonlimiting examples of calcium chelators include
citric acid, saccharic acid, ethylenediaminetetra-
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5.. The fibrin of any preceding claimwherein said fibrin polynmer is
crosslinked. 6. The fibrin of any preceding claimwherein said
conposition is substantially free of a thronbin-like enzyne.

7. The fibrin of any preceding claimwherein said conmposition is forned
.froma source selected fromblood, cell cultures that secrete flbrlnogen
and reconbi nant fi brinogen. - 26 -

acetic acid (EDTA), nitrilotriacetic acid (NTA),
hydroxyethylenediamine-triacetic acid (HEEDTA),
ethylenediaminedi-[o-hydroxyphenylacetic acid]
(EDDHA), ‘ethyleneglycolbis (2—am1noethylether)
tetra-acetlc acid (EGTa), dlethylenetrlamlnepenta-
acetic acid (DTPA), 1,2-diaminocyclohexanetetraacetic
acid (DCTA), N,N-bishydroxyethylglycine,
4-(2-hydroxyethyl)-1-piperazineethane-sulfonic acid
(HEPES) and N-hydroxyethylimino-diacetic acid (HIMDA)
and salts thereof, with salts of citric acid being
preferred. _ .-

Any cell culture that can secrete fibrinogen can
be utilized in the subject invention. The fibrinogen
in the cell culture can be converted to fibrin monomer
or noncrosslinked fibrin by the same techniques as
those described above with respect to plasma.

However, prior to such conversion, it is preferred
that the cellular debris be removed.

The process can be carried out as follows:

HEPG2 cells are grown and maintained as described by
standard texts on mammalian cell culture. Also, see

Liu et al., Cytotechnology, 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% CO,.

After 24 - 36h growth at 37°C, the medium is
removed and replaced with serum free medium containing
a suitable protease inhibitor and 2 IU/ml heparin.
Culture is_continued for further 24h periods with
three consecutive changes of serum free media.
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- 27 -

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 hours. Preferably, the thrombin-like enzyme is .
immobilized. A ratio of from about 1.0 ml to about 50
ml., settled volume agarose-thfombin-like enzyme per
500 ml media is suitable. As described above,
supports other than agarose can be utilized. The
resulting fibrin monomer spontaneously polymerizes and
is enmeshed around the immobile support. o

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

The use of cell cultures that can secrete
fibrinogen 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
fibrin polymer ultimately crosslinks. Thus, since

.such cell culture does mot contain factor XIII, which

is essential for cfosslinking, no exogenous factor
XIII need be added to make an effective fibrin
sealant.

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

This is the replacement shéet
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8. The fibrin of claim7 wherein said source is bl ood. 9
The fibrin of claim7 or 8 wherein said blood is autol ogous bl ood.

10. The fibrin of any preceding claimwherein said conposition further
conprises prothronbin, activators of prothronbin and factor X1

11. The fibrin of any preceding claimwherein said converting step is
carried out by neans of ‘an al kal i ne buf fergor- distilled water.

techniques. See S. Roy et al., The Journal of
Biological Chemistry, 266:4758-4763 (1991), the
contents of which are incorporated herein by
reference. Roy et al. appears to be the first group
to express all three chains of fiﬁrihogen 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

o . composition comprising fibrin monomer or noncross-

' linked fibrin by the same techniques as described o
hereinabove with respect to cell cultures that secrete h
fibrinogen. However, it is preferred that prior to
the formation of the composition comprising fibrin
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 fibrinogen is 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 fibrin polymer ultimately crosslinks.
Since the recombinant fibrinogen 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. |

The conversion of fibrinogen to noncrosslinked
fibrin by, for example, a thrombin-like enzyme, '
results in the formation of the fibrin in the form of
a fibrin hydrogen-bonded polymer. However, as
discussed above, it is preferred that the composition

This is the replacement sheet
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12. The fibrin of claim 11l wherein said al kaline buffer or distilled water
further conprises a source of calciumions. 13. The fibrin of
claim 1l or 12 wherein said alkaline buffer is selected from sodi um
hydr oxi de, potassi um hydroxi de, cal ci um hydroxi de, bi carbonate buffers,
tri-netal salts of citric acid, salts of acetic acid and salts of sulfuric
§C|d. 14.~The fibrin of claigyll wherein said al kaline buffer
is selected from 0. 5-0. 75M Sodiun1carg%nate/bicarbonate pH 10-10.5, °

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 -
noncrosslinked fibrin. B

Solubilization is particularly preferred 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
thrombin-like enzyme immobilized on a support
generally results in the noncrosslinked fibrin o=
hydrogen-bonded polymer being associated with such )
immobilized enzyme. Thus, since it is preferred that
the support not be contained in the resulting
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
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 § and preferably from about 1 to about
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,
aspartic acid, adipic acid and salts of acetic acid
being preferred and most preferably sodium acetate.
It has been observed that the preferred acid buffers
functioned much more efficiently than that of other
acid buffers that were tested.

' | yost
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0. 5-0. 75M Sodi um bi car bonat e/ NaOH pH 10.0, 1.5M d ycine/NaCH pH 10.0, 0.5
- 1.0 MBis hydroxyethyl am noet hane sul phonic acid (BES) pH 7.5, 1M

Hydr oxyet hyl pi perazi ne propane sul phonic acid (EPPS) pH 8.5, 0.5M Tricine
pH 8.5, 1M Morpholino propane sul phonic acid (MOPS) pH 8.0, 1M

Tri shydor oxynet hyl am noet hane sul phonic acid (TES) pH

- 30 -

The preferred 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 strength of the
composition more biologically comiatible.

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
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. '

The acid buffer is mixed with the noncrosslinked
fibrin and then agitated vigorousiy for about 1 to 2
minutes to enéure that solubilization is complete.

Solubilization can also be carried out at neutral
pPH by means éf a chaotropic agent. Suitable
chaotropic agents include urea, sodium bromide,
guanidine hydrochloride, KCNS, potassium iodide and
potassium bromide. The preferred concentration of the

o chaotropic agent is from about 0.2 to about 6.0 molar
and most preferably from about 3.5 to about 5.0 molar.

As with the acid buffér, 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 ébout 1.5 ml. of
chaotropic agent per about 1 ml. of composition
comprising noncrosslinked fibrin is'required.

The chaotropic agent is mixed with such
composition and then agitated vigorously for about 1
to 2 minutes to ensure that solubilization is
complete.

This is the replacement sheet



- 55- 8.0 and 0.5M Cycl ghexyl am noet hane sul phonic acid (CHES) pH 10.0.
15. The fibrin of claim1l wherein said al kaline buffer is selected from
0. 5-0. 75M Sodi um car bonat e/ bi carbonat e pH 10- 10. 5,

- 31 -

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
concentration in the agqueous 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 mg/ml and most preferably from
about 25 mg/ml to about 50 mg/ml.

If a thrombin-like enzyme immobilized on a
support is utilized that results in such enzyme being * _
presént in the composition comprising noncrosslinked
fibrin, after solubilization the immobilized enzyme
can be removed from the composition comprising the
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
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 comprisiné fibrin.monomer is to use a
$oluble thrombin-like enzyme in the system and remove
the enzyme following solubilization of the fibrin
.hydrogén-bohded pol&mer. 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
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 (Kps=10"M)
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0.5-1. OM Bi s hydr oxeyt hyl am noet hane sul phonic acid (BES) pH 7.5, 1M

Hydr oxyet hyl pi perazi ne propane sul phonic acid (EPPS) pH 8.5 and 1M

Tri shydr oxymet hyl am noet hane sul phonic acid (TES) pH 8.0. 16
The fibrin of any one of clains 11 to 15 wherein said contacting step is
carried out by neans of a double-barrelled syringe, wherein one barrel
contains said conpositiron and the other barrel contains said al kaline
buffer or distilled water. 17. The fibrin of any preceding -
cl ai mwherein said conposition is an-aggeous conposition and has a pH of
fromabout 1 to about 5 or conprises a chaotropic agent.

seen in nature. See E.A. Bayer and M. Wilchek,
Methods of Biochemical Anaylsis, 26:1(1980).

In this process, biotin is covg;quly bound to,
for example, batroxobin and the biotin-batroxobin
conjugate (which is soluble) is directly reacted with
plasma, e.g., 10 BU plus 50 ml plasma reacted at 37°C
for 10 minutes. The Fibrin I polymer produced is
harvested by centrifugation or filtration and

-* resolubilized in approximately 4 ml 0.2M sodium
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 agarose:avidin:biotin-batroxobin complex is then
separated from the Fibrin I by centrifugation or
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.

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 that 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 between
about zerc and 10 percent of the original enzyme and
preferably between about zero and 2 percent of the
thrombin~-like enzyme used to prepare the fibrin
monomer compositcion.
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18. The fibrin of claim 17 wherein said conposition further conprises an
acid buffer selected fromacetic acid, succinic acid, glucuronic acid,
cysteic acid, crotonic acid, itaconic acid, glutamc acid, formc acid,
aspartic acid, adipic acid and salts thereof. 19. The fibrin of
claim 18 wherein said acid buffer i§ selected fromsuccinic acid, aspartic

acid, adipic acid andrsalts of acetic_.agfl. -

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

the thrombin-like enzyme are also believed useful

and, as such, are a part of the present invention.

The composition comprising fibrin monomer is now

ready for use as a component of the fibrin sealant.

It has been observed that when such composition is :
= prepared from whole blood, from about 60% to about 90% =

of the original fibrinogen is present in the |

composition, but, of course, in the form of fibrin

monomer .

y’
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- 33 -

The composition comprising the fibrin monomer can
be utilized immediately after it is prepared. In
fact, it is partidularly preferred to utilize such
composition immediately after its preparation when the
composition is autologous. If thé"céﬁposition is not
utilized immediately after its preparation, the
composition can be stored. Storage of the composition
requires that the composition be preserved by, for
example, freezing or lyophilizing the composition or
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. _

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 buffer that was utilized in the

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 buffer solution or distilled water
should be utilized that still results in the fibrin
monomer being soluble. ‘'In fact, reconstituting a
lyophilized composiﬁion comprising fibrin monomer can
result in an aqueous solution comprising fibrin
monomer wherein such monomer concentration is up to
200 mg/ml. Prior to lyophilization, a bulking agent,
e.g., manﬁitol or lactose, can be added to the
composition. Alternatively, the lyophilized
composition can be utilized in lyophilized form. Such
form is particularly préferred when it is desired to
add adjuvants, e.g., antibiotics, to the composition.
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20. The fibrin of claim19 wherein said acid buffer is sodium acetate.
21. The fibrin of any one of clains 18 to 20 wherein the concentration of

said acid buffer is fromabout 0.02 Mto about 1 M 22. The
fibrin of claim21 wherein said concentration is fromabout 0.1 Mto about
0.3 M 23. The fibrin of any one of clains 17 to 22 wherein said
chaotropic agent is setected from ured4 sodi um brom de, guani di ne

hydrochl ori de, KCNS, potassium i odi de and potassi um brom de. i

- The composition comprising fibrin monomer can be
in virtually any form, for example, a solution,
suspension, emulsion or solid, with a solution being
preferred. Thus, for example, such composition can” be
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.

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

An example of a suspension is that the
compositioh 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
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
applied directly to a wound site. The organic phase
is allowed to'evapo:ate; 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 fibrin allowed to polymerize.

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

35 It is possible that an organic suspension of fibrin
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24. The fibrin of any one of clainms 17 to 23 wherein the concentration of
said chaotropic agent is fromabout 0.2 Hto about 6.0 M 25.
The fibrin of claim24 wherein said concentration is fromabout 3.5 Mto
about 5.0 M 26. The fibrin of any one of clainms 17 to 25
wherein the concentration of fibrin nononmer in said aqueous solution is

fromabout 10 ng/m to-about 200 ng/m .- 35 - 27. The fibrin of -claim
26 wherein said )

monomer could be delivered to the ear, nose, throat,
or lungs by spray or breathing or delivered to a
bleeding ocesophageal 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
noncrosslinked fibrin and convertihg the fibrin .
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
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
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
will. be utilized.

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,
healing wounds, sealing a surgical wound, 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
seen in reoperations; and oozing from venous bleeding
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concentration is fromabout 20 ng/m to about 100 ng/m . 28.
The fibrin of any one of clains 17 to 27 wherein sald agueous conposition
further conprises a source of caIC|un1|ons

- 36 -~

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 ~ "
rafts for cell growth, stopping Bleé&ing_from damaged
_spleens (thereby saving the organ), livers, and other
parenchymatous organs; sealing tracheal and bronchial
anastomoses and air leaks or lacerations of the lung,
‘sealing bronchial stumps, bronchial fistulas and
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
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
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
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 5 ml. of such composition is

- 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 compdsition comprising noncrosslinked
fibrin in polymer form is utilized or the composition
is in solid form, then the composition should contain
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- 97 - _ _ 29. The fibrin of any preceding claimwherein the
deS|rgd S|Fe is on a mammal . : 30. The fibrin of claim?29
wherein said mammal is a hunman.

- 37 -

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 contacting step means that
such conversion step and such contacting'step occur
within a time period of each step so as to form the v
fibrin clot at the desired site. Thus, concurrently
can mean that after the contacting step, the fibrin
monomer is converted to fibrin polymer or the
noncrosslinked fibrin is converted to crosslinked
fibrin. This is carried out by contacting the
composition comprising fibrin monomer or
noncrosslinked fibrin, after such composition has been
‘applied to the desired site, with a composition that
can convert the fibrin monomer to fibrin polymer or
the noncrosslinked fibrin to crosslinked fibrin. The
conversion step should generally occur within about
0.5 minutes after the contacting step. Otherwise, the
composition comprising the fibrin monomer or
noncrosslinked fibrin, especially if the
'noncrogslinked fibrin is a fibrin monomer, may flow
away from the desired site.

Concurrently can also mean that the contacting
step and converting step take place simultaneously.
This is carried out by contacting the desired site
with the composition comprising 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
noncrosslinked fibrin to crosslinked fibrin.

This is the replacement shest

Datec 3 3 JAN 1897



31. The fibrin of either of clains 29 and 30 wherein the desired site is

sel ected from skin, cardiovascul ar system |ynphatic system

pul nonary system ear, nose, throat, eye, liver, spl een, crani al

spinal, maxillo-facial, bone, tendon, pancreas, genito-urinary tract and
alimentary tract. 32. A nethod for the preparation of a
conposition conprising fibrin nononer fro®&8fkbrinogen whi ch conpri ses:
(a) contacting a conposition conprising fibrinogen wi'th
a thronbin-like enzyne to convert said fibrinogen to a
noncr osslinked fibrin polyner; (b) separating said

noncrossli nked fi brifinally, 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 Qf'the.fibrin monomer has ~
been converted to fibrin polymerférféll 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
crosslinked fibrin, prior to the contacting step,
which results in a very poor fibrin sealant. This o
embodiment is carried out by mixing the composition )
comprising the fibrin monomer or noncrosslinked fibrin
with a composition that can convert the fibrin monomer
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
more than about 3 seconds prior to the contacting
step. This embodiment is preferred because it ensures
that the maximum amount of the composition cémprising

. the fibrin monomer or noncrosslinked fibrin will
remain at the desired site and yet also forms an
excellent fibrin clot.

The conversion of the fibrin monomer to fibrin
polymer or the noncrosslinked fibrin to crosslinked
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

35 composition comprising fibrin monomer or
noncrosslinked fibrin e.g., whole blood or recombinant
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pol ymer from said conposition conprising fibrinogen; and
(c ) solubilizing said noncrosslinked fibrin pol ynmer to
forma conposition conprising fibrin nonomer

33. The nethod of claim32 wherein said t hrombi n-1i ke enzyme is

I mobi lized on a support and said contacting step results in said
thronmbin-1i ke enzyne being associ afe®@3ith sai d noncrosslinked

fibrin polymer and further conprising separating said thronbin-1ike"”
enzynme from said conposition conprising fibrin nmonomer. 35

fibrinogen, 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 - -
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
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
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
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).

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 prothrombin, factor
XIII and other necessary substances to convert 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 beeh-solubilized, the
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58 -

- 40 -

noncrosslinked fibrin can be converted to crosslinked
fibrin by the activation of prothrombin and factor
XIITI of such composition to form crosslinked fibrin.
Such activation can be carried out by contacting the"
composition with a source of calciui ions.
Nonlimiting sources of calcium ions include calcium
chloride, preferably at a concéntration of 30 nmM.
Alternatively, and less preferred, the calcium ions
can be supplied by the blood at the desired site.

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
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
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 cjtric acid, salts of acetic acid and salts of
sulfuric acid. Preferred alkaline buffers include:

0.5-0.75M Sodium carbonate/bicarbonate pH 10-10.5,

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,
1M Hydroxyethylpiperazine propane sulphonic acid
(EPPS) pH 8.5, 0.5M Tricine pH 8.5, 1M Morpholino
propane sulphonic acid (MOPS) pH 8.0, 1M
Trishydroxymethyl aminoethane sulphonic acid (TES) pH
8.0 and 0.5M Cyclohexylaminoethane sulphonic acid
(CHES) pH 10.0; with 0.5-0.75M Sodium carbonate/
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34. The nmethod of claim32 wherein said thronbin-like enzyne is

I mmobilized on a filter or said thronbin-like enzyne is inmmobilized on a

support and is on one side of a filter and after said contacting step the

resulting fibrin nmononmer is passed through said filter. 35. The

met hod of claim 33 or 34 wherein said support is selected fromcell ul ose,

pol ydextrans, agarose, 'pol ystyrenes, sili 4a, =pol yacrylic acids, .

pol yacryl am des, polyvinyl al cohols, gl ass beads, polycarbonate, coll agen,

cel lul ose derivatives, polytetrafluorethylene and their conposites.
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 - "
sulphonic acid (TES) pH 8.0 beind most preferred.

The amount of alkaline buffer that is utilized
should be enough to polymerize'the noncrosslinked
fibrin. It is preferred that about 10 parts to about
one part of composition comprising fibrin monomer be
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 preferred ratio depends on
the choice of buffer and the desired "strength" of the
fibrin polymer. Of course, the desired strength of
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 diluting the
composition comprising fibrin monomer with, for
exahple, distilled water. The dilution should be
carried out such that the minimal amount of diluent is
utilized. Generally, the resulting concentration of
the chaotropic agent after dilution should be from
about 0.5 to about 0.1 molar.

In addition to raising the pH or diluting the
chaotropic agent of the composition comprising fibrin
monomer, it is preferred that the prothrombin and
factor XIII of such composition be activated to form
the crosslinked fibrin. Such activation can be
carried out by the contacting the com?osition with a
source of calcium ions. The source of the calcium
ions can be part of the alkaline buffer or part of the
acid buffer that is utilized in the solubilization
step. Nonlimiting sources of calcium ions include
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36. The nethod of claim 35 wherein said support is selected from agarose
and silica. 37. The nethod of any one of clains 32 to 36
wherein said solubilizing step is carried out by nmeans of an acid buffer
solution having a pH of |ess than about 5 or a chaotropic agent.

- 38. The nethod of claim 37 wherein said acid buffer solution is selected

- fromacetic acid, succi'nic acid, glucurdnfé acid, cysteic acid, crotonic
acid, itaconic acid, glutamc acid, formc acid, aspartic acid, adipic acid
and salts thereof.

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.

It should be noted that if the :alkaline buffer is
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/
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 50 nM.

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
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
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
‘chaotropic agent or to raise the pH of the compdsition
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 buffer or chaotropic agent
utilized in the solubilization step. Also, in this
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39. The nethod of claim37 or 38 wherein acid buffer solution or
chaotropi c agent further conprises a source of calciumions.

- 43 -

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 then"
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
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
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
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
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
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.
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- 59 - 40. The net hod of any dne of clainms 32 to 39 wherein

said separating step is carried out by filtration. 41. The
met hod of any one of clains 32 to 40 wherein said thronbin-like enzyme can
convert fibrinogen to fibrin I. 42. The nethod of any one of

claims 32 to 41 wherein said thronmbin-like enzyne is selected from Ancrod
and Bat r oxobi n. . - 44 - .

If the source of the composigiqn comprising
noncrosslinked fibrin are cell cultures that secrete
fibrinogen or recombinant fibrinogen, 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
precufsors to activated factor XIII) must be utilized
to form crosslinked. fibrin. Factor XIII must be v
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 30mM. . 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 500 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 fibrin has been
solubilized, i.e., is a fibrin monomer, how the fibrin
monomer is converted to fibrin polymer depends on how
the solubilizatidn was carried out, e.g., acid buffer
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43. The nethod of any one of clainms 32 to 42 which further conprises
removi ng said thronbin-like enzynme from said conposition conprising fibrin
nmononer by neans of biotinylating said thronbin-like enzynme and contacting
sai d composition conprising fibrin nmononer with i mobilized avidin, thereby
removing said thrombin- |ike enzyne from said conposition conprising fibrin
nononer . 44, Fibrin which is 4#9ncrosslinked fibrin for use in a
met hod of treatment of a human or animal body by which a fibrin sealant

I s' formed, which method conpri ses: ~(a) contacting a desired site

with a conposi tion conprising noncrossljnked
or chaotropic agent. 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’
source of calcium ions and activated'factor XIII (or
precursors to activated factor XIII) and, optionally,
thrombin to the composition coﬁprising fibrin monomer,
as described above. 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 e
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 30mM. Alternatively, and less
preferred, calcium ions can be 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.

The fibrin sealant. of the subject invention can
also contain adjuvants, for example, antibiotics,
e.g., gentamycin, cefotaxim, nebacetin and sisomicin,

- histaminine H,~antagonists, e.g., ranitidine, and
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, Laryngoscope, 95:1278-80 (1985); A
Ederle et al., Itai. J. Gastroenterol., 23:354-56
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fibrin; and (b) converting said noncrosslinked fibrin

to crosslinked fibrin concurrently with sai d contacting
step. 45. The fibrin of claim44 wherein said noncrosslinked
fibrinis selected fromnoncrosslinked fibrin |, des BB fibrin and

noncrosslinked fibrin I1. _
: - 46 -

(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 (199I)"
and H.B. Kram et al., Journal of éﬁrdical Research,
50:175-178 (1991), the contents of which is
incorporated herein by referenée. Other adjuvants can
also be added, for example, fibronectin, fibrinolytic
inhibitors such as aprotinin, alpha-2 antiplasmin,
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.

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 buffer that is capable
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 éoméosition comprising _
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 fibrinogen or recombinant fibrinogen, the
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.

Vot
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- 60 - 46. The fibrin of claim45 wherein said noncrosslinked
fibrinis fibrinI.

- 47 -

Whole blood (100 ml) is collected into standard-
commercially available blood bag -containing an
anticoagulant such as citrate/phosphate/dextrose. The
blood is then transferred to a container suitable for
centrifugation and centrifuged at room'temperature for
10 minutes. at 3,000g. The clear supernatant plasma
(approximately 50 ml) is decanted and the cellular

- components are discarded. .

' An alternative method of plasma préparation from
whole blood is by filtration. Again, 100 ml whole
blood is collected into a bag containing a suitable
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 across the membrane results
in plasma being forced through with cellular '
components remaining in the recirculating blood.
Plasma (50 ml) is collected for further processing.

Beaded agarose (Pharmacia) was employed in
immobilization studies. The agarose used was 4%
crosslinked, 45-165um (90% of particles). This
‘material swells to 5 times its volume when hydrated.
Batroxobin is first oxidised with 0.1M sodium
periodate for 1 hour at room temperature in a covered
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 50mM sodium acetate pH5.5 plus 10mM
.  sodium borohydride (30-200U per 1.75g moist gel). The.
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47. The fibrin of any one of clainms 44 to 46 wherein said conposition is
formed from bl ood, cell cultures that secrete fibrinogen or reconbi nant

fi-brinogen. 48. The fibrin of claim47 wherein said blood is
aut ol ogous bl ood. 49. The fibrin of any one of clainms 44 to 48
wherein said converting step is carried out by contacting said conmposition
with a source of calciumions. = 48509. An aqueous conposition

conpri sing non-crosslinked fibrin nononer wherein the concentration of Said
fibrin nmonomer is from about 10

non-bound reactions are removed from the gel by
washing with:-50 ml mM sodium acetate pHS5.S5, 100 ml
50mM glycine/1M sodium chloride pH3.0, 100 ml 50mM
sodium carbonate/1M sodium chloride pH10.0, 100 ml -
s0omM sodium phosphate/1M sodium chloride pH7.0, 100 ml
water, 100 ml 50mM sodium phosphate/1M sodium chloride
pH7.0, 100 ml 50mM sodium phosphate pH7.0.

The immobilised enzyme (350mg) is added to " -
approximately 50ml 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 polymer plus associated immobilized
enzyme is then harvested by either: a) centrifugation
at 3,000g 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 serum 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.

Solubilization of the fibrin I polymer is
achieved by the addition of about 1-4ml of 0.2M sodium
acetate pH'4.o containing 30mM calcium chloride buffer
to the harvested fibrin I polymer plus immobilised
enzyme. The sample is subseqhently aéitated
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
20um low protein binding filter. The agarose enzyme
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mg/ M to about 200 ng/m and said conposition has a pH of fromabout 1 to

about 5. 51. The aqueous conposition of claim50 wherein said
concentration is fromabout 20 ng/m to about 100 ng/m . 52
The aqueous conposition of claim50 or 51 wherein said fibrin nononer is
selected fromfibrin I, des BB fibrin and, fibrin II. 53. The

aqueous conposition of "claim52 wherei n"s&?d”fibrin monomer is fibrin |

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 - -
conjunction with other plasma proteins. Generally,
about 100 ml. of whole blood results in about 4 ml or
5 ml of the composition compriéing fibrin monomer
wherein the concentration of fibrin monomer is from
about 25 mg/ml to about 35 mg/ml. This is now ready
for delivery to the patient either, alone or, co-

- extruded with repolymerizing buffer to form a fibrin
sealant.

Repolymerization is achieved by simultaneous
mixing of 9 parts of the solution comprising fibrin I
monomer with 1 part of a suitable repolymerizing
buffer, e.g., 0.75M sodium carbonate/sodium
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 pfoduct. on

' co-extrusion the fibrin I spontaneously repolymerizes
and converts to fibrin II followed by crosslinking of
the fibrin over a period of about 30 minutes.

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 art from the foregoing description., Such

"modifications are intended to fall within the scope of
the appended claims.
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54. An aqueous conposition conprising fibrin nononer wherein the
concentration of said fibrin nononer is fromabout 20 ng/m to about 200

ng/ m .

- 50 -

In order to react the carbohydrate moiety of
batroxobin with a hydrazide actiygted support, the f“
sugar must first be oxidised to §ivé'frée -CHO groups.
This is accomplished as follows.

Batroxobin 1~7 mg is dissolved in 2 ml of water
and 0.2 ml 0.1M sodium periodate. The mixture is
incubated at room temperature for 1 hour after which
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 chloride.

Standard coﬁmercially available hydrazide
activated égarose (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
50mM sodium acetate pH5.5. To the suspension is added
1 ml 10mM sodium borohydride together with the desired
amount of oxidized batroxobin (typically 100-200BU per
g moist gel). o

.The sample is mixed overnight at room temperature
and subsequently waéhed on a sintered glass funnel
~with 50 ml SOmM sodium acetate pH5.5, 100 ml SOmM
glycine/1M sodium chloride pH3.0, 100 ml 50mM sodium
carbonate/1M sodium chloride pH10.0, 100 ml 50mM
sodium phosphate/lM sodium chloride pH7.0, 100 ml
water and 100 ml 50mM sodium phosphate/1M sodium
chloride pH7.0 and finally 100 ml SOmM sodium
phosphate pH7.0. T

The method for reaction of the immobilised
batroxobin with plasma is as follows.
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- 61 - '55. The aqueous conposition of claim54 wherein said
concentration is fromabout 20 ng/mm to about 100 ng/m . 56
The aqueous conposition of claim54 or 55 wherein said fibrin nononer is
selected fromfibrin I, des 88 fibrin and fibrin II.

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 1.75 g (moist gel weight) agarose.- -
The plasma is incubated at 37°C for:10-15 minutes
after which time the pH is increased to pH7.4 by the
addition of sodium hydroxide. Fibrin I polymerisation
occurs almost instantaneously. The fibrin I polymer
is harvested by centrifugation at 3,500 rpm for 10
minutes and redissolved in 3-4 ml of 0.2M sodium

- acetate pH4.0 containing 30mM calcium chloride.

N Agarose-enzyme can then be separated from fibrin I by
centrifugation or filtration. The fibrin I is
subsequently repolymerised to form the fibrin sealant
by the addition of 9 parts fibrin I solution to 1 part
0.75M sodium carbonate/bicarbonate pH10.0.

Enzyme capture is performed by first
“biotinylating the batroxobin and capturing the
biotin-enzyme with immobilised avidin (avidin -
coupled to 6% crosslinked agarose).

Biotinylation of proteins can be acheived using a
number of reagents. In this instance,
N-hydroxysuccinimide-biotin (water insoluble) is used
- (commercially available from Amersham). NHS-biotin
(50uxl1) was added to 1 mg of batroxobin at pH8.6 and
the solution is incubated at room temperature for 1
hour. Excess biotinylation reagent is removed by gel
filtration on a Sephadex G-25 column with.o.ln
potassium phosphate pH7.5 as the eluent.

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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57. The aqueous conposition of claimb56 wherein said fibrin nononer

fibrin I.

fibrin nmononer, and

58. An aqueous conposition conpri sing:

S

(b) a source of calciumions, wherein the
concentration of said calciumions is fromabout 5 MMto about 200 mM

(a)

59. A conposition conprising fibrin nonorgr sherein said conposition is in

solid form

60. The conpositionof claimb59 wherein

redissolved in 3-4 ml of 0.2M sodium acetate pH4.0
containing 30mM calcium chloride. To the fibrin I, is
added avidin-agarose (commercially available from
Sigma Chemical Co.) at 0.2g9 (moist gel) per ml fibrin
I. The sample is incubated at room temperature for 10
minutes and centrifuged at 2,000 rpm.for 10 minutes.
The fibrin I produced is substéntially free from
batroxobin. Fibrin repolymerisation to form the fibrin
sealant is achieved as described in Example 5.6.
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isai d conposition is fornmed by |ypohilizing an aqueous sol ution conpri sing

fibrin nononer. 61. A conposition conprising fibrin nmononer and
a conmpound sel ected froman antibiotic, histam ne [err]-antagonist, an
anticancer drug, fibronectin and a fibrinolytic inhibitor. 62
A kit conprising: (a) a conposition conprising fibri

nononer; and " (b) a conposition selected from

: o Tﬂ'ﬂil”JnJJ¥~ﬂ~*~—‘
T e ma densa e \\\\\\\\\\\\\“\\\\\\\\\\\\\\\

- 53 -

CLAIMS

s ]

1. Fibrin which is fibrin monomer
for use in a methaod 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 fibrin monomer; and
(b) converting said fibrin monomer to a fibrin polymer
concurrently with said contacting step, thereby
forming said fibrin sealant.

2. The fibrin of claim 1 wherein said
fibrin monomer is selected from
noncrosslinked fibrin I, des BB fibrin and
noncrosslinked fibrin II.

3. The fibrin of claim 2 wherein said
fibrin monomer is fibrin I.

4. The fibrin of any one-of claims 1 to 3 wherein said
fibrin polymer is fibrin II polymer.

5. The fibrin of .any p}eceding clzim wherein said
fibrin polymer is crosslinked. '

6. The fibrin of any preceding clzim wherein said

‘composition is substantially free of a thrombin-like
enzyme.

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

fibrinogen and recombinant fibrinogen.
This is the replacement shest
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63 72. In a method of preparing a fibrin sealant conprising a fibrin
pol ynmer for application to a desired site, which nmethod conpri ses:
subj ecting a source of fibrinogen to an enzynme which catal yzes the

cl eavage of fibrinopeptides A and/or B fromfibrinogen; provi di ng
conditions to cause the polynerization of the so-treated source ~of

fibrinogen thereby formng said fibrin polyner;
‘A RN

_ s4 -

8. The fibrin of claim 7 whereip said
source is blood.

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

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 fibrin of claim 11 or 12 wherein said
alkaline buffer is selected fro?
sodium hydroxide, potassium hydrbxide, 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 bﬁffer is selected from

0.5-0.75M Sodium carbonate/bicarbonate pH 10-10.5,
0.5-0.75M Sodium bicarbonate/NaOH pH 10.0, 1.SM
Glycine/NaOH pH 10.0, 0.5 - 1.0 M Bis
hydroxyethylaminoethane sulphonic acid (BES) pH 7.5,
1M Hydroxyethylpiperazine propane sulphonic acid
(EPPS) pH 8.5, 0.5M Tricine pH 8.5, 1M Morpholino
propane sulphonic acid (MOPS) pH 8.0, 1M
Trishydoroxymethyl aminoethane sulphonic acid (TES) pH
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t he i nprovenent conpri sing: subj ecting said source of fibrinogen to
said enzyne prior to application to said desired site and thereafter
applying to so- treated source of fibrinogen, substantially free of
said enzyne, to said desired site under conditions to cause said
polymerization to said fibrin polymer. 73. A nethod of making a fibrin

seal ant for application to a single patient, vWH+%+<ﬁﬁﬂﬁmﬂ%~eeﬁﬁﬁtses

a fibrin polymer, conprising the steps of: ource
~of fibrinogen to an enzyme capabl e of cat al y2| ﬂlg ﬂ
fibrinopeptides A and/or B from fibrinogen mhl nous

to said patient;
- 55 -

8.0 and 0.5M Cyclohexylaminoethane sulphonic acid
(CHES) pH 10.0. ' '

15. The fibrin of claim 11 wherein said- -
alkaline buffer is selected from
0.5-0.75M Sodium carbonate/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 sulphonic acid (TES) pH 8.0.

16. The fibrin of any one of claims 11 to 15 wherein said
contacting step is carried out by means of a
double-barrelled syringe, wherein one barrel contains
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

from about 1 to about 5 or comprlses a chaotropic
agent.

18. The fibrin of claim 17 wherein said
composition further comprises’ an acid buffer selected
frtun' acetic acid, succinic
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 aciq, adlplc acid and salts of
acetic acid.
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substantially separating said enzyne fromthe so-treated source of

fibrinogen; and applying the so-treated fibrinogen to sai d patient
under conditions to provide for the polynerization of the so-treated
fibrinogen to a fibrin polymer whereby a fibrin seal ant substantially
free of said exogenous enzyne is - provided. .
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20. The fibrin of claim 19 wherein said
acid buffer is sodium acetate. '

21. The fibrin of any one of claims 18 to 20 wherein the
concentration of said acid buffer is from about 0.02 M
to about 1 M.

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 sald
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.

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 ane of claims 17 to 25 wherein the

concentration of fibrin monoher in said aqueous
solution is from about 10 mg/ml to about 200 mg/ml.

27. The fibrin of claim 26 wherein said

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

28. The Flbrln of any one of claims 17 to 27 wherein said

agueous 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 -~
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 systemnm,
pulmonary system, ear, nose, throat, eye, liver,
spleen, cranial, spinal, maxillo-facial, bone, tendon, -
pancreas, genito-urinary tract and alimentary tract. =~

32. A method for the preparation of a
composition comprising fibrin monomer from fibrinogen
which comprises: '

(a) contacting a composition éomprising

fibrinogen with a thrombin-like enzyme
to convert said fibrinogen to a
noncrosslinked fibrin-polymer;

(b) separating said naﬁcrbsslinked fibrin-

’ polymer from said composition

comprising fibrinogen; and

(c) solubilizing said noncrosslinked fibrin

polymer to form a composition
comprising fibrin monomer.

33. The method of claim 32 wherein said

thrombinflike enzyme is immobilized on a support and
sald 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.
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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
contacting step the resulting fibrin monomer is passed
through said filter. '

35. fThe method of claim 33 or 34 wherein said
support is selected from -
cellulose, polydextrans, agarose, polystyrenes,
silica, polyacrylic acids, polyacrylanides,
polyvinylalcohols, glass beads, polycarbonate,
collagen, cellulose derivatives,
polytetrafluorethylene and their composites.

36. The method of claim 35 wherein said
support is selected from agarose and silica.

27. The method of any one of claims 32 to 36 wherein said
solubilizing step is carried out by means of an acid
buffer solution having a pH of rless than about 5 or a
- chaotropic agent.

38. The method of claim 37 wherein said
acid buffer solution is selected from
acetic acid. succinic acid. glucuronic
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 compfises
a source of calcium ions. |
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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
thrombin-like enzyme can convert_fibrigogen to fibrin
I.

42. The methad of any one of claims 32 to 41 whgrein 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
biotinylating said thrombin-like enzyme and contacting
said composition comprising fibrin monomer with
immobilized avidin, thereby removing said thrombin-
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
fibrin; and .
(b) converting said noncrosslinked fibrin
to crosslinked fibrin concurrently with

said contacting step.

45. The fibrin of claim 44 wherein said

noncrosslinked fibrin is selected from
noncrosslinked fibrin I, des BB fibrin
and noncrosslinked fibrin IT.
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46. The fibrin of claim 45 wherein.said
noncrosslinked fibrin is fibrin I.

47. The fibrin of any one of claims 44 to 46 wherein said
composition is formed from blood, cell cultures that
secrete fibrinogen or recombinant fibrinogen.

48. The fibrin of claim 47 wherein saiaqd -
blood is autologous 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.

50. 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 5.

51. The aqueous compositioﬁ of claim 50

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

52. The aqueous composition of claim 50 or
wherein said fibrin monomer is selected from
fibrin I, des BB fibrin and fibrin II.

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

54. An aqueous composition comprising

fibrin monomer wherein the concentration of said
£ibrin monomer is from about 20 mg/ml to about 200
_ This is the replacement shest
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55. The aqueous composition of claim 54
~wherein said concentration is from about 20 mg/ml to
about 100 mg/ml.

56. The aqueous composition of claim 54 or 55

wherein said fibrin monomer is selected from
fibrin I, des B8 fibrin and fibrin II.

57. The aqueous composition of claim 56
wherein said fibrin monomer is fibrin I.

58. An aqueous composition comprising:

(a) fibrin monomer, and

(b) a source of calcium ions,
wherein the concentration of said calcium ions is from
about 5 mM to about 200 mM.

59. A composition comprising fibrin monomer
wherein said composition is in solid form.

60. The compositiion of claim 59 wherein
said composition is formed by lypohilizing an aqueous
solution comprising fibrin monomer.

61. A composition comprising fibrin monomer
and a compound selected from

an antibiotic, histamine H,-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 fiurther
comprises a source of calcium ions.

64. A kit comprising: .

(a) a composition cdmprising:ﬁoncrosslinkéd
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
surface a composition comprising fibrin monomer.

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
wherein said composition is in solid form.

71. The solid support of any one of claims 66 tg 70

uhere;n said composition is formed by lyophilizing an aqueous
sclution comprising fibrin manomer
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FIBRIN SEALANT COMPOSITIONS AND
METHODS FOR UTILIZING SAME
The subject invention relates to fibrin.sealants.

More specifically, the subject invention reiatgs to
the use of a fibrin sealant wherein a composition -
comprising fibrin monomer or a composition comprising
noncrosslinked fibrin is utilized as a component of
the fibrin sealant. '
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In a method of preparing a fibrin sealant comprising a fibrin polymer for
application to a desired site, which method comprises:

subjecting a source of fibrinogen to an enzyme which catalyzes the
cleavage of fibrinopeptides A and/or B from fibrinogen;

providing conditions to cause the polymerization of the so-treated source
of fibrinogen thereby forming said fibrin polymer;

the improvement comprising:

subjecting said source of fibrinogen to said enzyme prior to
application to said desired site and thereafter applying to so-
treated source of fibrinogen, substantially free of said enzyme,
to said desired site under conditions to cause said
polymerization to said fibrin polymer.

A method of making a fibrin sealant for application to a single
patient, which sealant comprises a fibrin polymer, comprising
the steps of:

subjecting a source of fibrinogen to an enzyme capable of
catalyzing the cleavage of fibrinopeptides A and/or B from
fibrinogen which enzyme is exogenous to said patient;

substantially separating said enzyme from the so-treated
source of fibrinogen; and applying the so-treated fibrinogen to
said patient under conditions to provide for the polymerization
of the so-treated fibrinogen to a fibrin polymer whereby a fibrin
sealant substantially free of said exogenous enzyme is
provided.
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