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ABSTRACT

Stabilized protein preparations for a tissue adhesive

A tissue adhesive is described, which contains three separate components, i.e.,

— a stabilized, essentially fibrinogen-free protein preparation that is of storage-

quality in liquid state and contains the blood coagulation factor XIil

-~ a stabilized protein preparation that is of storage-quality in liquid state and
contains fibrinogen. A chaotropic substance of less than 0.28 mol/liter was added

to said protein preparation to avoid or reduce the aggregation of fibrinogen, and

— a preparation containing thrombin,
which are provided in one packaging unit prepared to be used together.

Furthermore, stabilized, frozen or lyophilized protein preparations containing
fibrinogen and Factor Xiil are described. Said protein preparations contain fibrinogen-
and Factor Xlll which remains stable for more than four weeks after defrosting or
reconstitution, as well as one or more added chaotropic substances in a quantity of less
than 0.28 mol/liter which prevents or reduces the aggregation of fibrinogen and contain

inorganic salts of < 100 mmol/liter, preferably < 50 mmol/liter.
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Stabilised proteifh' preparations for a tissue adhesive

The subject matter of the invention is a tissue adhesive as\:‘w.ellt as stébilized
protein preparations for a tissue adhesive or preparatioﬁs for parenteral application.
which have no significant loss of effecf after being stored in a quuidétaté Qr after being
defrosted following storage in a frozen ,sta‘te and during further siofaQé in a liquid staté

over a period of several months or years.

It is aIready known that tissue adhesives cah be used to odﬁnect humaner
animal tissue, and that the main components of such tissue adhesives inciude
- fibrinogen, Factor Xill and thrombin. These protein prepératidﬁs requiire caf_eful
stabilization td retain their full effect and their application broperties until the):( are uéed '

for gluing tissue during surgéry.

_ Tissue gluing is a method ihat has already been descn’bed-at the tum of the
century and repeatedly thereafter (S. Bergel': On the effecfs of ﬁbriﬁ. Dt. med. Wschr.
35:663-5 (1909); E.P. Crdnkité, E.L. Lozner, J.M. Deaver: Use of thrombin and
fibrinogen in skin grafling. JAMA 1 24:976-8 (1944); H. Matras;.H.P. Dinges.,\ H.
Lassmann, B. Mammoli, Wr. Med. Wschr. 37:517 (1972); H. M:a:tras,‘l‘-l.P. Dinges, H.
Lassmann, B. Mammoli: J. max. fac. Surg. 1:37 (1973); H. Matras, F. Braun, H.
Lassmann, H.P. Ammrer, B. Mammoli: Plasma clot welding of nerves (experimental
report), J. max. fac. Surg. 1:236-4 (1973); H. Kudlerna, H. Matras, Wiéder klin; Wschr. B
87:495-496 (1975). Initially, plasma or fibrinogen was still used as powder; later on, o

purified fibrinogen was used, for example, in the form of a cryo'precipitate.'
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With the commercial production of fibrinogen-/Factor Xlll- and thrombin
concentrates since the Seventies, the importance of tissue gluing has increased
significantly. It is now used, for example, to support sutures, local haemostasis, the
sealing of body cavities to avoid loss of fluid, and for wound care. Tissue gluing with
fibrin adhesives is a physiological method and therefore has advantages compared to

the synthetic adhesives with respect to compatibility and biodegradability of the

adhesive components.

Tissue adhesives are commercially available either as lyophilizates or as frozen
preparations. However, after reconstitution or after defrosting, the products are stable in
solution for only a few days, because with the highly concentrated fibrinogen-/Factor
Xlill-solutions, an aggregation and therefore an (for example, proteolytic) inactivation

occurs, which makes any further use impossible.

The tissue adhesives that have been described in the literature until now are not
yet commercially available and are generally comprised of frozen or freeze-dried
components that must be defrosted or dissolved prior to use. To improve the
processing, the solubility, the defrosting or the stability of the fibrinogen concentrate,
European patent 0,085,923, German patent application 196,17,369 and European
patent application 0,856,317 describe the use of chaotropic agents or additives such as
arginine or urea or their derivatives or derivatives of benzene, imidazole, pyrozol, furan,
thiazole and purine, which generally improve the solubility of proteins. Chaotropic
agents in this context are agents that reduce or destabilize the reciprocal effect between
proteins or parts thereof and therefore reduce their tendency towards aggregation. It is

important to guarantee the stability of the components such as fibrinogen and Factor
2
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Xill even in the presence of said chaotropic agents and under the selected conditions.
So far, this has not been successful with frozen fibrinogen-/Factor Xlli-concentrations
that had to be stored for several weeks or months in liquid form after defrosting, or with

fibrinogen-/Factor Xlll-concentrations that could be stored only in liquid form.

With liquid storage, but especially also with storage in frozen state, the loss of F
Xlli-activity in the formulations described thus far was so high that in the presence of
effective quantities of chaotropic agents, the F Xlli-content often clearly drops after only

a few weeks or months, often even below the detection limit.

With the formulations in accordance with European patent application 0,856,317,
it was shown that tranexaminic acid (AMCA), especially in the presence of chaotropic
agents such as arginine and inorganic salts, clearly reduced the F Xlll content in the
course of storage at —20° (Table 1b, Batch 1). Storage at 4° Celsius leads to an
increase in viscosity in this formulation (Table 1a, Batch 1), which also rules out a long-
term storage. Thus, these formulations must be considered non-stable in view of the
simultaneous stability of fibrinogen and F Xili. Formulations in accordance with DE
196,17,369 also indicate problems in maintaining F Xlll-activity (see Table 1, Batch 2

and 2).

Another biological adhesive for human or animal tissue is known from the
European patent specification 0,487,713. Said adhesive is stabilized in liquid form at
low temperatures. This is supposed to be achieved in that the preparation containing
fibrinogen comprises at least one chaotropic agent in a concentration between
approximately 0.3 M and 1 M and in that the adhesive is liquid at the storage

temperature.
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Such fibrinogen concentrate typically comprised about 4 mmol tri-sodium citrate,
240 mmol NaCl, 80 mmol —amino caproic acid (EACA), 240 mmol glycine, 1%
polysorbate, 0.6 grams/liter sodium caprolate, 0.5 mol urea, 2,000 KiE/ml aprotinin, if
necessary, and a pH of 7.5. The stability was evaluated after only one month, which is
very short for a therapeutic preparation. The F Xlll-activity was not analyzed. J. Chabbat
et al. reported about a fibrinogen concentrate that remains stable in liquid state at 4°
Celsius over a period of six months (J. Chabbat, M. Tellier, P. Porte and M. Steinbuch:
Properties of a new fibrin glue stable in liquid state. Thromb. Res. 76: 525-533 (1994)).
In addition to other formulation components, typically 60 mmol/liter NaCl, 20 mmol/liter
EACA and 60 mmol/iiter glycine, this concentration comprised 0.5 mol urea or 5%
arginine (= 0.29 mol). However, the F Xlll-strength of this concentration was also not

tested.

These liquid formulations, which were described in the European patent
specification 0,487,713 and in the literature, are characterized in that the aggregation
(polymerization) and thus the increase in viscosity of the concentrated fibrinogen
component, is prevented or reduced at refrigeration temperatures. However, Factor XIII.
an essential component of fibrinogen concentrates for fibrin glues, is inactivated to a
greater or lesser degree under these conditions. In the formulations provided for storage
in cooled state in accordance with European patent specification 0,487,713 or the
related publication by Chabbat et al. (J. Chabbat, M. Tellier, P. Porte and M. Steinbuch:
Properties of a new fibrin glue stable in liquid state. Thromb. Res. 76:525-533 (1994)),
the instability of F XIll is therefore a significant problem that is not solved by the
proposed formulations (see Table 1, Batches 4-5). Furthermore, the strength of

4
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chaotropic agents is relatively high at 0.3 to 1.0 mol/iiter, which makes lesser

concentrations of chaotropic agents appear desirable (< 0.3 mol/liter).

Thus, it can be noted that it was found in the analysis of the stability of
fibrinogen/Factor Xill preparations as well as the viscosity of various known
fibrinogen/Factor Xlll-preparations in refrigerated state (0 to 10° Celsius) or frozen state
with subsequent storage in refrigerated state (0 to 10° Celsius) that the previously
described formulations do not lead to stable protein preparations. Either the fibrinogen
or Factor Xlli show a significant reduction in activity during the storage time, or the

aggregation of fibrinogen leads to a viscous material that can no longer be applied (see

Table 1, Batches 1 to 5).

Thus, the problem to be solved was to develop protein preparations that are
liquid and stable over several months, or frozen and stable over several months
following defrosting, in which the fibrinogen and/or Factor Xlll are stabilized over

months or years without any significant loss of effect.

The problem is solved with stabilized protein preparations that in comparison to
the state of the art have the advantage that in a first embodiment not only fibrinogen but
also Factor Xll| is stabilized by the additives and that the content of chaotropic reactants
can be reduced, or that in a second embodiment fibrinogen and Factor Xl are

formulated separately and thus remain stable.

This is achieved in that for frozen preparations and preparations that must be
kept stable for several weeks or months following defrosting, a chaotropic agent

corresponding to the definition provided here is used in a lower concentration to avoid
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the aggregation of fibrinogen, and that the concentration of inorganic salts is reducea
and that, if necessary, an antifibrinolytic as well as other common additives and buffer

substances are used. A fibrinogen preparation used for this purpose can also contain
Factor X!l from the starter material as well as other plasma proteins, such as fibronectin

and von Willebrand-Factor (VWF), or it can contain purified Factor Xiil as an additive.

Aprotinin or lysine or e-amino caproic acid (EACA) or p-aminomethylbenzoic acid
(PAMBA) or their physiologically safe salts can be used as an antifibrinolytic. Studies on
the influence of various antifibrinolytics have surprisingly shown that lysine, PAMBA or
EACA do not have a negative effect on the activity of F Xill, while tranexaminic acid
does. Especially with frozen fibrinogen/F Xlll mixtures, but also with fibrinogen/F XIl
mixtures stored in liquid state, the use of EACA or lysine is therefore preferred to the

use of AMCA. Other stabilizers can be used for F Xlll, such as sodium citrate, amino

acids and sugar.

Instead of the aforementioned protein preparations, which comprise Factor Xli|
as well as fibrinogen and their respective stabilizers, it is also possible, and for reasons
of better stability even preferable, to store both concentrations separately and only mix
them with the thrombin-containing preparation immediately prior to using them as tissue
adhesive. The subject matter of the invention is therefore also a tissue adhesive that is
comprised of a solution that contains the stabilized factor Xlil, a solution that contains
the stabilized fibrinogen, and a solution that contains stabilized thrombin, which are
provided separately in one packaging unit prepared to be used together. Another
advantage of this is that the ratio of Factor Xlll and fibrinogen can be changed and

adapted to the specific situation as needed.
6
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A) Frozen or lyophilized concentrates that can be stored in liquid state
for several weeks/months at 0 to 10° Celsius (see Table 1)

Stable, frozen fibrinogen concentrates are known and have been described, but
their stability after defrosting is limited to a few days. The limited stability of the
| fibrinogen concentrate is, among other things, also attributable to the fact that the
viscosity soon increases due to the aggregation of the fibrinogen. It is possible to obtain
a low viscosity in the liquid state by adding compounds that prevent aggregation, i.e.,
chaotropic compounds, but these agents have the disadvantage that they lead to a drop
in the Factor Xlll-activity in frozen state (for example, at —20° Celsius). Generally, the
loss of F Xlll-activity occurs in proportion to the concentration of chaotropic agents, i.e.,

the higher the concentration of chaotropic agents, the quicker the loss of F Xlll-activity.

In the development of the stabilized protein preparations in accordance with the
invention, it was now found that not all chaotropic agents have the same influence on
the stability of the Factor Xlil, and that the other additives to be added in accordance
with the invention also have a significant influence on the Factor Xlll stability and on the
viscosity affected by the fibrinogen aggregation. For example, at the same molarity,
arginine is significantly more effective in the prevention of fibrinogen polymerization or
aggregation than urea. Furthermore, anti-fibrinolytic additives such as the e-amino .
caproic acid (EACA), p-aminomethylcyclohexanecarboxylic acid (AMCA) or p-
aminomethylbenzoic acid (PAMBA) as well as their physiologically safe salts have an
effect on fibrinogen aggregation and F XIll stability. AMCA, especially, has a negative
effect on F Xlli-activity at storage in frozen state. Surprisingly, EACA, which has a
chemical structure very similar to that of AMCA, does not cause the same Factor Xlli-

drop as AMCA under appropriate conditions. It was further found that F Xlll-activity in
7
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frozen protein concentrates is not reduced in the presence of specific concentrations of
chaotropic agents when the addition of inorganic salts, which until now was common in
preparations of this type, is completely abandoned or limited as much as possible.
Thus, in the preparation developed in accordance with the invention, fibrinogen and
Factor Xlll remain liquid and the activity is maintained for at least several weeks or even
months after freezing and defrosting, if said formulation comprises a chaotropic
compound in a quantity of less than 0.28 mol/liter of a substance that avoids or reduces
the aggregation of fibrinogen. Arginine in a quantity of approximately 2 percent by
weight has proven especially advantageous. Other slightly chaotropic agents such as
citrulline, nicotine amide, urea, etc. or mixtures thereof, for example with arginine, can
be used in a quantity of up to 0.28 M, especially of 0.1 to 0.20 M. Furthermore, it is also
possible to add water-soluble inorganic salts in concentrations of < 100 mmol/liter,
especially < 50 mmol/liter, and in particular, preferably in concentrations of < 20

mmol/liter in addition to the anti-fibrinolytic compound.

In one of the preparations in accordance with the invention, the fibrinogen as well
as Factor Xlll remain stable for at least several weeks or months during storage in
frozen as well as in liquid state. The addition of other components, such as salts of citric
acid or lactic acid or one or several amino acids or a mono- or disaccharide or a sugar
alcohol or one of their mixtures can also favorably influence the stability. With these
compositions, the preparation in accordance with the invention can be refrozen and
defrosted or refrozen after reconstitution of a fibrin glue lyophilizate and stored in frozen
condition as a stable fibrinogen/F Xilll preparation. This is a further advantage of the

formulations in accordance with the invention because refreezing is not possible with

8
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the commercial frozen or lyophilized protein preparations that are used as tissue
adhesives. This property simplifies the handling of iyophilizates after the reconstitution,

or of frozen stored preparations if the entire quantity is not used in one process.

The following examples explain the production of fibrinogen-, fibrinogen/Factor
XIll- or Factor Xlll-concentrates to examine the stability of various formulations. It is also

possible, for example, to use fibrinogen, F Xlll or thrombin from transgenic or

recombinant production as starter matenals:

Example 1:

A fibrinogen concentrate was prepared from cryoprecipitate through precipitation,
Al(OH)s-adsorption, virus inactivation, and further precipitation (see P. Fuhge, P. Gratz,
H. Geiger. “Moderne Methoden fur die Herstellung von Gerinnungstherapeutika.
(Modern methods for the preparation of coagulation therapeutics). Behring inst. Mitt.
79:164-176 (1986)). Various chemical or physical processes can be used to inactivate
or remove a virus. Said processes are effective for coated or non-coated viruses. The
fibrinogen concentrate was adjusted to the respective composition as well as to a final
fibrinogen concentration of more than 15 mg/ml, preferably more than 60 mg/ml, with
diafiltration and subsequent concentration. The stability of these fibrinogen preparations
was determined in the presence of 0.05% sodium azide and stored at the respective
temperature and testing of the relevant analysis parameters such as coagulatable

fibrinogen, F Xlli-activity, viscosity, protein breakdown through SDS-PAGE, etc.
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Example 2:

‘Puriﬁed Factor XlIl was prepared from a plasma fraction cohtaining F Xlll '(Cohn- '
. Fraction [) (H.E. Karges and R. Rapp: “Preduction and Qims safety Of human F XIIl
concentrates. In: Factor Xill, eds. J. McDonagh, R. Seitz, R. Egt;rin'g‘, Schettauer, '
Stuttgart/New York, pp. 66-76 (1993)). After dialysis or diaﬁltration ane, if neeessary,
ultra filtration, this F XIII-squtioh was mixed with the stabilizers to be tested and stored

at various temperatures after sterile filtration, or used as standard edditioh for fibrinogen

concentrates.

Example 3:

As in Example 1, a fibrinogen concentration was prepared and the F Xlll-content
was topped off by adding a Factor Xlll-solution. The preparations used. for the stability
analysis were prepared by subsequent dialysie and concentration te approximately 60
mg/ml fibrinogen and higher as well as 10 E/ml Factor Xlll and higher. To prevent the
growth of bacteria, the batches also eehtained 0.05 % sodium azide or were filtered

sterile with filters of 0.2 ym pore size.
Example 4:

The lyophilized fibrinogen concentrate of a commercial fibrin glue (Beriplast P)

was reconstituted in water for injection purposes or in aprotinin solution to a fibrinogen
strength of > 15 mg/ml, preferably to > 60 mg/ml, and dialyzed against mixtures with

various additives. In the presence of 0.05 % NaNj3 to avoid the growth of bacteria, the

10
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fibrinogen/F Xlli-concentrates were stored and their stability was analyzed at various

times.

Example 5:

A fibnnogen concentrate was prepared from cryoprecipitate with subsequent
AL(OH)s-adsorption and inactivation of the virus, and the F Xlll-concentration of said
fibrinogen concentrate was topped off with the addition of purified F XIlI, if necessary.
This concentration was adjusted to the respective composition as well as to a final
fibrinogen concentration of more than 15 mg/mi, preferably more than 40 mg/mi, by
diafiltration and subsequent concentration. To test the storage stability, it was stored in

the presence of 0.05 % sodium azide.

Example 6:

Fibrinogen-/Factor Xlll-concentrations were prepared according to the
aforementioned examples and dialyzed and lyophilized against various formulation
buffers. The resulting lyophilizates were tested directly for stability, or the solutions
obtained after reconstitution were stored at temperatures of 0 - 10° Celsius and their

stability was reviewed as indicated.

The stability of fibrinogen-, F Xlli- as well as fibrinogen-F Xlli-preparations
prepared according to one of the examples 1 — 6 was determined by storage at the
respective temperature and by testing the relevant analysis parameters. The results of
these tests are listed in Tables 1 to 3. Generally, however, there are also other

appropriate methods for the production of fibrinogen or Factor XlIl, which can comprise

other purification steps.
11
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B) Concentrates stored in liquid state, containing Fibrinogen-or
Fibrinogen/Factor Xlll-concentrate (see Tables 1 and 2)

Even with liquid fibrinogen- or fibrinogen/Factor Xlli-concentrates that are not
frozen but are stored only in refrigerated state around 0 to 10° Celsius, the aggregation
and thus the increase in viscosity must be controlled with the addition of chaotropic
agents. This generally leads to a more or less severe drop in the activity of Factor Xil|
(compare Table 1, Batch 4 and 5). It has now been found that the increase in viscosity
can be prevented or reduced and that the drop in Factor XllI can be decreased if the
chaotropic substance is used in a quantity of less than 0.28 mol/liter. Arginine,
guanidine, citrulline, nicotine amide and their mixtures have proven to be suitable
chaotropic substances if they are employed in the aforementioned quantity. It is
furthermore advantageous to add an anti-fibrinolytic such as aprotinin, lysine, e-amino
caproic acid (EACA), p-aminomethylbenzoic acid (PAMBA) or one of their
physiologically safe salts or derivatives to the preparation, as well as physiologically
safe salts of organic carboxyilic acids, especially citric acid or lactic acid and, if
necessary, one or more amino acids or a mono- or disaccharide or sugar alcohol as a
further stabilizer of the fibrinogen- or fibrinogen-/Factor Xlll-preparation. In this way, it is
possible to obtain improved stabilities in fibrinogen concentrates with a fibrinogen
strength of more than 15 mg/ml, especially of more than 60 mg/ml, when using

chaotropic agents in a quantity of up to 0.28 M.

If mixtures of fibrinogen and Factor Xlll are prepared, the simultaneous presence
of chaotropic agents and the aforementioned additives or mixtures guarantee that the
preparations reach improved stability values for fibrinogen as well as for F XllI in

comparison to the known formulations. This mixture of fibrinogen and F Xlll can be
12
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provided in combination with a preparation that contains thrombin to be used together

as tissue adhesive in one packaging unit designed for this purpose.

C) Liquid concentrates with separate storage of fibrinogen and F Xlii
(see Tables 1-3)

It was shown that the stability of a liquid preparation comprising fibrinogen and F
Xl could be further improved if fibrinogen and Factor Xill were stored separately and
were not mixed together until immediately prior to or during the application. In that case,
the F Xlll-concentrate is stabilized independently of the fibrinogen. It has been shown
that the Factor Xlll preparation, which is essentially fibrinogen-free, can be stabilized
with the addition of a physiologically safe salt of an organic di- or tri-carboxylic acid,
especially citric acid, and the addition of further common stabilizers for F Xlll in a
quantity of up to 10 percent by weight, especially up to 5 percent by weight, as well as
mixtures thereof, for storage in liquid state at 0 to 10° Celsius or 20 to 25° Celsius (see
Table 3). Mono- or disaccharides or sugar alcohols and amino acids from the group of
glycine, glycylglycine, alanine, cysteine, histidine, glutamine or physiologically safe salts
of the glutamine acid or the asparagine acid or mixtures thereof are advantageously
used as common stabilizers for F XIlll. Furthermore, it is possible to add additives to
control osmolarity, the pH-value, or other common stabilizers for F XIII, if necessary.

The fibrinogen concentrate is stabilized as mentioned above.

The separate storage of Factor XllI- and fibrinogen preparations at 0 to 10°
Celsius, which has respective specific stabilizers, allows the production of a fibrin glue
that is comprised of three stable liquid components, i.e., the fibrinogen concentrate, F

Xlli-concentrate, and the thrombin concentrate. In this form, the components remain

13
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stable over a long time and retain their activity until they are mixed together
immediately prior to or during the application as tissue glue. The formulations stated
here also allow a freezing of the individual components without any significant loss of

activity.

The F Xlll and fibrinogen preparations stabilized in accordance with the invention
can also be used parenterally or topically as independent components for therapeutic

purposes.

14




CA 02351544 2001-05-15

Formulations comprising fibrinogen and/or F XIli:

Formulations analogous to the state of the art:

1. 0.1 mol/liter NaCl, 3 grams/liter Nas-citrate x 2 H;0, 8 grams/iiter glycine, 0.09

mol/liter L-arginine, 0.58 mol/liter AMCA, pH 7.4

2. 6 grams/liter Nas-citrate x 2 H20, 1 % glycine, 2 % nicotine amide, 1,000 KIE/ml

aprotinin, pH 7.5

3. 1.8 grams/liter Nas-citrate x 2 H;0, 16.3 grams/liter glycine, 0.36 grams/liter triton,

8.1 grams/liter HSA, 0.2 mol/iiter nicotine amide, pH 7.3

4. 0.15 molfiiter NaCl, 0.29 mol/liter L-arginine, 1,000 KIE/ml aprotinin, pH 7.0
5. 0.15 mol/liter NaCl, 0.5 mol/liter urea, 1,000 KIE/mI aprotinin, pH 7.0

Formulations made in accordance with the invention as well as comparative
batches comprising fibrinogen or fibrinogen/Factor XIil:

6. 6 grams/liter Nas-citrate x 2 H;0, 0.12 mol/liter L-arginine, pH 7.4

7. 6 grams/liter Nas-citrate x 2 H20, 0.12 mol/iiter L-arginine, 0.14 mol/liter citrulline,

pH 7.4

8. 6 grams/liter Nas-citrate x 2 H,0, 0.095 mol/liter L-arginine, 80 mmol/liter EACA.,

pH 7.4

9. 6 grams/liter Nas-citrate x 2 H;0, 0.12 mol/liter L-arginine, 0.14 mmol/liter

citrulline, 80 mmol/liter EACA, pH 7.4

15
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10. 6 grams/liter Nas-citrate x 2 H20, 0.12 mol/liter L-arginine, 80 mmol/liter EACA,

pH 7.4°

11. 0.1 mol/liter NaCl, 6 grams/liter Nasz'-citrate x 2 H,0, 0.24 mol/liter L-arginine, 80

mmol/liter EACA, pH 7.4

12. 0.1 mol/liter NaCl, 6 grams/liter Na3'-citrate x 2 H20, 0.24 mol/liter L-arginine,

320 mmol/liter L-lysine, pH 7.4

13. 6 mg/ml Nas-citrate x 2 H0, 0.12 mol/liter L-arginine, 0.14 mol/liter citrulline, 80

mmol/liter EACA, pH 7.4

14. 3 grams/liter Naz-citrate x 2 H20, 0.24 mol/liter L-arginine, 80 mmol/liter EACA,

pH 7.0

15. 0.15 M NaCl, 6 grams/liter Nas-citrate x 2 H,0, 0.24 mol/liter L-arginine, 1,000

KIE/ml aprotinin, pH 7.0

16. 6 gramsl/liter Nas-citrate x 2 H20, 0.24 mol/liter L-arginine x HCI, 80 mmol/liter
EACA,pH 7.5

17. 6 gramsl/liter Nas-citrate x 2 H20, 0.24 mol/liter L-arginine x HCI, 80 mmol/liter
PAMBA, pH 7.2

" Batch prepared by reconstituting the appropriate lyophilizate with water for injection purposes

16
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18. 6 gramsl/liter Nas-citrate x 2 H20, 0.24 mol/liter L-arginine x HCI, 8 % mannitol,

80 mmol/liter EACA, pH 7.5

19. 6 grams/liter Nas-citrate x 2 H;0, 0.15 M NaCl, 2% nicotine amide, 1,000 KIE/m!

aprotinin, pH 7.5

20. 0.15 mol/liter NaCl, 6 grams/liter Nas-citrate x 2 H;0, 0.24 mol/liter L-arginine,

320 mmol/liter lysine, pH 7.5

21. 0.15 mol/liter NaCl, 6 grams/liter Nas'-citrate x 2 H20 0.24 mol/liter L-arginine, 80

mmol/liter EACA, pH 7.5

22. 6 gramsl/liter Naz-citrate x 2 H20, 0.24 mol/liter L-arginine, 320 mmol/liter lysine,

pH 7.0

23. 6 grams/liter Nas-citrate x 2 H20, 0.24 mol/liter L-arginine, 80 mmol/liter EACA,

pH 7.0

24. 0.15 mol/liter NaCl, 6 grams/liter Nas-citrate x 2 H20, 0.24 mol/liter L-arginine, 2

% L-histidine, 1,000 KIE/mI aprotinin, pH 7.5

25. 0.15 mollliter NaCl, 6 grams/liter Nas-citrate x 2 H20, 0.24 mol/liter L-arginine, 2

% sucrose, 1,000 KIE/ml aprotinin, pH 7.5

Formulations made in accordance with the invention, comprising F Xlll as
independent component

26. 1.5 gramsl/liter Nas-citrate x 2 H20, 2.9 grams/liter NaCl, 3 grams/liter L-arginine
X HCI, pH 7.4
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27. 6 grams/liter Nas-citrate x 2 H20, pH 7.4

28. 1.5 gramsl/liter Nas-citrate x 2 H20, 2.9 grams/liter NaCl, pH 7.4

29. 3 gramsl/liter Nas-citrate x 2 H20, 1 % glycine, pH 7.4

30. 3 grams/liter Nas-citrate x 2 H20, 2 % mannitol, 10 mmol/liter L-histidine, pH 7.4
31. 6 grams/liter Nas-citrate x 2 H20, 2 % mannitol, pH 7.4

32. 6 gramsl/liter Nas-citrate x 2 H,0, 1 % HSA, pH 7.4

33. 5 mmol/liter EDTA, 50 mmol/liter trismethylamine x HCI, pH 7.4

34. 6 grams/liter Naz-citrate x 2 H20, 1 % L-histidine, pH 7.4

35. 1.5 grams/liter Naz-citrate x 2 H20, 2.92 grams/liter NaCl, 50 mmol/liter

glycyiglycine, pH 7.4
36. 3 grams/liter Nas-citrate x 2 H20, 1 % L-histidine, pH 7.4

37. 3 grams/iiter Naz-citrate x 2 H20, 38 mmol/liter glycylglycine, pH 7.4

18
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Table 1a:  Stability of fibrinogen or fibrinogen/F XIll in various formulations at

4° Celsius

Evaluation of viscosity (storage temperature: 4° Celsius): 1 = low viscosity, 2 = medium

viscosity, 3 = high viscosity, 4 = solid at 4° Celsius. In all of the following
storage time is stated in months:

Batch
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Factor Xl (% of zero value); storage temperature: 4° Celsius

Batch
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Table 1b:  Stability of fibrinogen or fibrinogen/F Xlll in various formulations at
-20° Celsius

Evaluation of viscosity after defrosting (storage temperatures: -20° Celsius); 1 = low
viscosity, 2 = medium viscosity, 3 = high viscosity, 4 = solid at 4° Celsius
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Fibrinogen (% of zero value); storage temperature: -20° Celsius

Batch
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Table 2a:
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Stability of fibrinogen or fibrinogen/F Xlll in various formulations at
4° Celsius

Evaluation of viscosity after defrosting (storage temperature 4° Celsius); 1 = low
viscosity, 2 = medium viscosity, 3 = high viscosity, 4 = solid at 4° Celsius
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Factor Xl (% of zero value), storage temperature: 4° Celsius
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Table 2b:  Stability of fibrinogen or fibrinogen/F Xlll in various formulations at
~20° Celsius

Evaluation of viscosity after defrosting (storage temperature: 20° Celsius); 1 = low
viscosity, 2 = medium viscosity, 3 = high viscosity, 4 = solid at 4° Celsius
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Fibrinogen (% of zero value), storage temperature: -20° Celsius
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Table 3: Stability of Factor Xlll in various formulations at 4° Celsius, 20 to 25°
Celsius and —20° Celsius

Factor XIl,(% of zero value), storage temperature: 4° Celsius

Storage |26 |27 |28 “ 30 {31 (32 (33 [34 |35 |36 |37
time
0 100 |1 100 |1 100 | 100 m 100 { 100 | 100 100 | 100

050 ot [N [ [N [ [ N[
e o [ [ae v o w7 76007 | i 0

%
& [772 02 198 10| 05 106 05 708 [ 714103 103 | 14

9 113 106 | 118 | 118 113115.
12 NI

24




CA 02351544 2001-05-15

Factor Xl (% of hundred), storage temperature: -20° Celsius
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What is claimed is:

1. A storage-guality tissue adhesive, comprising the following three separate
components:

a stabilized, essentially fibrinogen-free, protein preparation that is of storage
quality in liquid state comprising blood coagulation Factor XIii;

a stabilized protein preparation that 1s of storage-quality in liquid state
comprising fibrinogen, and one or more chaotropic compounds; and

a preparation containing thrombin;
wherein the strength of the fibrinogen in the protein preparation containing

fibrinogen is retained for at least two weeks when stored in the liquid state.

2. A storage-quality tissue adhesive, comprising two separate components:

a stabilized protein preparation comprising: blood coagulation Factor Xlil,
fibrinogen, and one or more chaotropic compounds; and

a preparation containing thrombin;

wherein the strength of the fibrinogen in the protein preparation containing

fibrinogen is retained for at least two weeks when stored in the liquid state.

3. The tissue adhesive in accordance with claims 1 or 2, wherein the protein

preparation that contains Factor Xlll further comprises one or more stabilizers or

buffer substances.

4. The tissue adhesive in accordance with claim 3, wherein the stabilizer is a

physiologically safe salt of an organic di-, tri- or tetra carboxylic acid.

5. The tissue adhesive in accordance with claim 4, wherein the carboxylic acid is
citric acid.
0. The tissue adhesive In accordance with claim 3, wherein the stabilizer

comprises a mono- or disaccharide or a sugar alcohol; or
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an amino acid selected from the group consisting of glycine, glycylglycine,
alanine, cysteine, histidine, glutamine and a physiologically safe salt of glutamine- or

asparagine acid.

7. The tissue adhesive in accordance with claim 1 or 2, wherein the protein
preparation that contains fibrinogen further comprises one or more substances
selected from the group consisting of:

a physiologically safe salt of an organic carboxylic acid, one or more amino

acids, a mono- or disaccharide, and a sugar alcohol.

8. The tissue adhesive in accordance with claim 7, wherein the carboxylic acid is

citric acid or lactic acid.

9. The tissue adhesive in accordance with any one of claims 1 to 8, wherein the
one or more chaotropic compounds is selected from the group consisting of arginine,
guanidine, citrulline, urea or its derivatives and nicotine amide, and

wherein the combined concentration of the chaotropic compounds is less than
0.28 mol/iiter.

10.  The tissue adhesive in accordance with any one of claims 1 to 9, wherein the
protein preparation that contains fibrinogen further comprises one or more anti-

fibrinolytic substances selected from the group consisting of aprotinin, e-amino

caproic acid (EACA), p-amino-methylbenzoic acid (PAMBA), lysine and one of their

physiologically safe salts.

11. A stabilized, frozen or lyophilized protein preparation comprising fibrinogen,
Factor Xlll and one or more chaotropic compounds, wherein the strength of the
fibrinogen and Factor Xlll in the preparation are retained at liquid storage for at least
two weeks after defrosting or reconstitution, wherein the combined concentration of
the chaotropic compounds is less than 0.28 mol/liters, and wherein the content of

iInorganic salts is <100 mmol/liter.
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12.  The preparation in accordance with claim 11, wherein the content of inorganic

salts 1s <50 mmol/liter.

13.  The protein preparation in accordance with claim 11 or 12, wherein the one or
more chaotropic compounds is selected from the group consisting of arginine,

guanidine, urea or its derivatives thereof, and citruliine.

14.  The protein preparation in accordance with any one of claims 11 to 13, further
comprising one or more anti-fibrinolytic substances selected from the group

consisting of aprotinin, e-amino caproic acid (EACA), p-aminomethylbenzoic acid

(PAMBA), lysine, and one of their physiologically safe salts.

15.  The protein preparation in accordance with any one of claims 11 to 14, further
comprising one or more substances selected from the groups consisting of:
a physiologically safe sailt of an organic carboxylic acid, one or more amino

acids, a mono- or disaccharide and a sugar alcohol.

16.  The protein preparation in accordance with claim 15, wherein the carboxylic

acid is citric acid or lactic acid.

17.  The protein preparation in accordance with any one of claims 11 to 16,

wherein the content of the inorganic salts of the preparation is <20 mmol/liter.

18.  The protein preparation in accordance with any one of claims 11 to 17, further

comprising other plasma proteins,

wherein the protein preparation is used for the preparation of a tissue

aghesive.

19.  Use of the protein preparation as defined in any one of claims 11 to 18 as a

therapeutic agent for parenteral or topical application.
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