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A stabilized mxture conprising fibrinogen The invention pertains to a
m.xture, conprising fibrinogen, particularly to a stabilized solution of

Bi ol ogi cal Active Conponent (BAC), a two conponent tissue glue conprising
separ at elwoosm3sssents A and B as well as a fibrin clot obtaeskbssdese2m Xi ng
conponent A and.conponent B. Fi bri nogen containing sanples can be used
for various applications, e. g. in tw conponent :tissue glues or fibrin
glues. Biologically Active Conponent (BAC) is a viscous solution of
proteins containing fibrinogen typically in amunts about 50 ng fi brinogen
per m, which has been derived fromcryoprecipitation of plasma. Such BAC
is described in WD 94/22503. Since procedures enployed for virus

i nactivation and concentration result in an increase of proteolytic

"A stabilized mixture comprising fibrinogen

The invention pertains to a mixture comprising fibrinogen,
particularly to a _st_abilized'solution of Biological Active
" Component (BAC), a two component tissue _glue comprising
separately cbmponents A and B as well as a fibrin clot
obtainable by mixing component A and component B.

Fibrinogen containing samples can be used for various
applications, e. g. in two component tissue glues or fibrin
glues.Biologically Active Component (BAC) is a viscous
solution of préteins containing fibrinogen typically in
amounts about 50 mg fibrinogen per ml, which has been derived
from cryoprecipitation of plasma. Such BAC is described in
WO 94/22503. Since procedures employed for virus inactivation
and concentration result in an increase of proteolytic
activity in the cryoprecipitate, stabilization of the final
product with anti-proteolytic agents is required. Some of
these proteolytic enzymes are in a zymogen (pro-enzyme) form
and their activation is promoted by the minute amount of
activated enzymes present in the cryoprecipitate. The
temperature range employed during separation of the cryo-
precipitate has been found to enhance the activation of

precursors of proteolytic enzymes. This activation presumably



activity in the cryoprecipitate, stabilization of the final product wth
anti-proteol ytic agents is required. Some of these proteolytic enzymes are
in a zynogv@98BIB3enzyne) formand their activation is pronBCIERIFORIGR

m nute anmount of activated enzynes present in the cryoprecipitate. The
tenperature range enployed during seba?afi on of the cryo--precipitate has
been found to enhance the activation of precursors of proteolytic enzynes.
This activa
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During the production process, plasminogen and other vitamin
K dependent proteases are removed by aluminum hydroxide
adsorption. However, some proteases are left in the final
product.

It is desirable to 'stabil_ize fibrinogen comprised in a
mixture, in particular a solution of BAC in'order to ensure
a save usage of the product when applied in clinical
operations. ' -

Surprisingly, this object is attained by a mixture comprising
fibrinogen, 4-(aminomethyl)cyclohexane-carboxylic acid as
well as arginine, lysine or combinations thereof. Preferably,
the mixture is present as a solution of fibrinogen,
tranexamic acid (4—(aminomethyl)-cyclohexang—carboxylic acid)
as well as arginine, lysine or combinations thereof. In a
preferred embodiment the invention comprises a solution of
the biological active component (BAC) which has been
stabilized with a combination of tranexamic acid its physio-
logically acceptable salts and arginine or lysine or com-
binations of lysine and arginine. Optionally, the solution
is buffered to a physiological compatible pH value. Tran-
examic acid is a Protease inhibitor which scientific name




fibrinogen, 4-(am nonethyl)cycl ohexane-carboxylic acid as well as
arginine, lysine or conbinations thereof. Preferably, the mxture is
present as a solution of fibrinogen, tranexamc acid

(4-(am n H?.%Egs cycl ohexane-carboxylic acid) ~ as well as pegppbdifosed YSi ne
or conbinations thereof. In a preferred enbodi nent the invention conprises
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The anbuntpréfexrappy necthe hpoune RFroetoddiec dsdoie ehef sbnatdion the

range of fJomaRouts 1es 2% Mue 1 - 20% by weight. The amount of
arginine or lysine hydrochloride is preferably from about
0.1 - 4% by weight. More preferred are amounts of tranexamic
acid of form about 5 - 15% by weight, particularly preferred
from about 8 - 12% by weight. Typically about 10% by weight
can be used. The amount of arginine or lysine hydrochloride
is more preferred in the range of from about 1 - 3% by
weight, in particularly preferred are about 2% by weight.

TI}e fibrinogen comprising sample, in particular a solution
of BAC, is preferably derived from a cryoprecipitate which
was - concentrated by ultra filtration as described in'WO-A-
94/22503. The BAC preferably comprises a fibrinogen content
of from about 15 - 150 mg/ml in particular of from 20 - 80
mg/ml. The amount of fibrinogen can be measured according
to Clauss’ Method (Clauss, A., "Gerinnungsphysiologische
Schnellmethode 2zur Bestimmung des Fibrinogens", Acta.
Haematol., 17, 237 - 247, 1957).

The use of a BAC derived from concentrated cryoprecipitate
is advantageous since such a fraction contains besides
fibrinogen also valuable blood components which play an
important role for blood-clotting when a proteolytic enzyme
such as human thrombin is contacted with a BAC solution.
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conbi nati on of tranexam c acid and arginine or lysine stabilizes a m xture
containing fibrinogen in particular a solution of the biological active
conponent It was found that the combination of tranexamic acid and

arginine or lysine stabilizes a mixture containing fibrinogen
in particular a solution of the biological active component
BAC, (at 2 - 6°C for at least 14 days by conserving at least
50 % of the fibrinogen activity). When only one of the
components was used, the sample was significantly more
instable.

Furthermore, it was. surprising that the use of tranexamic
acid and arginine or lysine hydrochloride did not adversely
effect properties of a blood clot obtained from BAC stabi-
lized according to the invention. For example, the maximum
elongation of the clot was maintained also after 14 days of
storage of the respective samples as well as the tensile
force was almost maintained on the same level. Also the
factor VIII activity in the BAC was not negatively affected
when tranexamic acid and arginine or lysine were added.

In particular, the stabilized solution of the biological
active component BAC according to the invention is well
suitable for the preparation of a two component tissue glue.
A tissue glue according to the invention is understood as
a system which can be applied with or on a patient in need
thereof, for example, to avoid severe bleeding during
surgical operations. The tissue glue is also addressed as
fibrin glue and was basically analogous to the natural blood
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ability nor its outstanding wechanical properties. The
degrees of activity of fibrinogen can be balanced by pro-
viding a higher amount of fibrinogen in the solution so that
the proper use of the fibrinogen containing solution (BAC)
is not hampered.

Therefore, subject of the present invention is also a two
component tissue glue comprising separately components A and
B wherein component A comprises a solution according to the
embodiments described .in claims 1 to 10 and a component B
comprising a solution of a proteolytic enzyme which is
capable to react with fibrinogen (or BAC respectively) to
form fibrin. |

Preferably, the proteolytic enzyme is human thrombin in
particular having an activity of from about 2 to 4,000 IU/ml.
The activity of thrombin is measured according to the clotti-
ng assay (European Pharmacopoeia). It is understood by the
skilled person that a fibrin glue may be defined by its
content of clottable protein instead of the definition based
on clottable fibrinogen.

In order to provide a balanced solution of the mixed com-
ponents A and B it can be advantageous to add to component
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concentration of tranexam c acld and arginine. réferably, the
conponent s afahd:Blare applied.in such a way '

The following examples illustrate the advantagés of the
stabilizing combination of tranexamic acid and arginine.
These examples are by no means limiting but explain the
invention in greater detail.

Example 1
Preparation of test substance

To 800 ml of a sample 0.8 g of sodium azide (0.1%) will be

added as a powder to the bulk to control bacterial growth,

immediately after receiving the sample from the production
line. The addition of a bacteriostat is necessary to pré?rent :
contamination since high concentration of fibrinogen in
sample is difficult to filtrate.

Each concentration tested will be prepared extemporaneously
by addition of a mixture of the two solid components to a
100 ml aliquot of the sample. The addition of tranexamic acid
and arginine-HCl will be performed in a beaker with moderate
stirring (multipoint magnetic stirring plate) for 10 minutes.
All formulations tested will be prepared in parallel and
their fibrinogen concentration will be adjusted to 50 mg/ml
by addition of buffer B.




‘t-hat equal volunes of the two conponents are nmixed and applied onto the
patient at the side of the respective wound. O course, it is to be
understood that the two conponent ' tissue glue can be enployed not only

during Sy (?4 Lyjopera- tions but also in other situations pgrErskbssdi ng
S oppe&

must be The two conponents are preferably applied in a ratio of
1. 1. The following exanples itl¥strate the advantages of the .
stabi | i zi ng conbi nation of tranexami c acid and arginine. These exanples
are hut exnlain the invention in qreater detail.
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After an additional S5 minutes stirring, 10 ml siliconized
glass vials will be filled with 5 ml aliquots. All vials will
be frozen simultaneously and stored at -80°C until used.
Before experiment, they will be placed at a temperature of
2 - 6°C (day "O", base-line time).

Two vails from each group will be kept at -80°C as positive
controls. All -experiments will be performed in duplicates
and the wvials will be 1labelled according to stabilizer
concentrations as follows:

GROUP A: no stabilizer-vials A, - A,

GROUP B: 0% tranexamic acid and '2% arginine monohydro-
chloride-vials B, - B,,

GROUP C: 5% tranexamic acid and 2% arginine monohydro-
chloride-vials C, - C,,

GROUP D: 10% tranexamic acid and 2% arginine monohydro-
chloride-vials D, - Dy '

GROUP E: 10% tranexamic acid and 0% arginine wmonohydro-
chloride-vials E, - E,, |

GROUP F: 10% tranexamic acid and 1% arginine wmonochydro-
chloride-vials F, - Fy

GROUP G: 10% tranexamic acid and 4%-'arginine monochydro-
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' Mechanical Properties

Elongatioh test of fibrin glue will be done in a tensile
machine CHATILLON MODEL TCD-200 with a CHATILLON Force Gauge
of 1,000 g. Data will be handled by a computer program.

This instrument is a motor-driven tension and compression
tester designed for testing the resilience, yield pints and
breaking strengths of various products and materials.

In order to produce standardized clots of solidified glue
in a form which could easily be attached to the tension
testing machine, a special cast was designed. This consists
of two conical aluminum moulds, each of 2.5 cm in height,
which are placed one on top of the other (see figure 1). The
liquid c_omponehts of the glue are injected into the cast
where they solidify into a standard clot of 12.7 mm x 5 mm.

Fig.l illustrates the special cast designed to hold the ligq-

uid glue until solidif'ication .

The casts are then aﬁchored to the tension testing machine,
and the tensile strength and the elongation of the cylinder
of glue within the cast measured by pulling the two casts
apart.

A computer program monitors the tensile force and elongation

SUBSTITUTE SHEET (RULE 26)
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thrombin (8 IU/ml).

The casts were left a room temperature for 45 minutes to
allow the glue to solidify, and then mounted onto the gauge
and the resultant clots tested for maximum elongation capac-
ity and tensile strength (tensile force required to break
the clot).

Biochemical tests perfqrmed

The following proteins were tested for their stabi;ity by
the methods described:

Fibfinogen clotting activity:
Fibrinogen was measured quantitatively by the clotting method
according to Clauss.
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gi ven tine. Test procedure Vi al s contai ni ng BAC were incubated at
37[err]C for q? m nut T Ol atuge for 15
m nut es. CUStQ§1 desi jjr@@l ajjumijinurp cqdstg (fs prepyi descri bed) were
filled wth apconbinfdogoBt B4n df 4.5 of | BAC : of thronbin
(8 1Um). ghe casfs3fers t afgrogm(t,egﬂe % r. A8 minutes to
all ow the glué#to sol yg|a® t en: noynt.ed ;bntp t a@ge and the
resul tant clotg teste ' h Sllofigati on| CAbacH tpyand tensile
strength (tensble forffe fleqyir tlo Rreak jthe cf ot). ochem cal tests
per f or med The fol | fpwi gggr ei ns jeré¢ tésth f orf t Pﬁ Btability by
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Fi bri nogen was

according to Cl auss.
[err]

[err]

44

-10-
11 -

Ffbrinogen clotting activity:
- 11 -

P 3

measured quantitatively by the clotting nethod
PCT/ EP98/%0%

W0 98/ 33533

t-he néthodS'described:
PCT/ EP98/ 00502
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WD 98/ 33533 =
PCT/ EP98/ 0050 - 12 - [err]

5 PCT/EP98/00S02
13 WO 95/33533 Clai ms 1. A mxture conprising
fibrinogen, 4-(am nonethyl)-cyclo- hexane- carboxylic¢ acid (tranexam c
acid) as well as arginine, lysine or conbinations thereof, wherein the
amount of tranexamic acid is fromabut 1 % - 20 % by wei ght and the
anount of arginine or lysine is from about 0.1 % - 4,% by weight of
argi ne or |ysine hydro- chl ori de. 2. The mxture of claiml
conprising a sol ~—&-—-—:-—*=-———-:-:-~-- ¥das well as
argi ni ne, |ysine antl/ ol conpi nltilond t Her ¢of 3. Bhe nmixture of
o
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a bi ol ogi cal active conponent |(TBW&)SHEET ¢HAS BERy Fol ution of proteins
derived from bl ood plasma conyri si nREPLACEDi bri npgen, tranexanic acid and

‘arginine or_ lysine or m xtUres or—arg+r-ae_Bnd | ysine, | L
phar mac e WQ 88(3533 acceptabl e salts, as well as, opti onaIlI §0%%nces
formng a buffered solution in an_aguequs rreﬁm‘ —AP\—'IZhe,_anture of any

one of the clains 2 - 3, Wnerelnthe tranexamc acid is
about 5 % - 15 % by wei ght and the am)untu dI ysi ne

hydrochl oride is about 1 -¢c3 &6 bymwsi ght xture of claim
3, wherein BAC is derived froma concentr p| tate. 6.
The m xture of any one of the clains 2 to 5, V\/nereln t he BAC conpri ses

a fibrinoden cénmasture tovprisdng fibrinegen, 1%0(agindmetny., -cyclior -

7. The m xt ur ¢gfa AV 0065051 { 8€ adid ExBmidh el he

conpri ses furtheer factor VI’%II'l ?ag?c} nthaﬁ J'éfl’mbrcg'rcligctaflsn w%on L

W1 ebrand facPe@inine., lysinmceri gombipations &hexacf of claim 7, wherein

the factors Vi1, XlII, flbronectln von WI Il ebrand factor (vV\F),
vitronectin have_been prepar recorrbl nant net hods e
m xture of-any Woffe BFXERESCI & cg 1 VFRIPRY h8ing ?‘hes‘?}t}ftf%‘?’éd %‘%I ution

Is a glycine blfﬁhm1nogen10traﬁemlcoapdﬂeas wellues cpxmpLingy | lyrsige
separatel y the ,n3 /0.0 URREILS:1 6n8"EnBraler € n

3. The solution of claim 1 and/or 2 comprising a bio-
logical active component (BAC) which is a solution of
proteins. derived from blood plasma comprising
fibrinogen, tranexamic acid and arginine or lysine or
mixtures or arginine and lysine, their pharmaceutically
acceptable salts, as well as, optionally, substances
forming a buffered solution in an aqueous medium.

4. The solution of any one of the claims 1 - 3, wherein
the amount of tranexamic acid is from about 1 % - 20
% by weight and the amount of arginine or lysine hydro-
chloride is from about 0.1 % - 4 % by weight.

5.. The solution of any one of the claims 1 - 3, wherein
the amount of tranexamic acid is about 5 % - 15 % by
weight and the amount of arglnlne or lysine hydro-
chloride is about 1 - 3 by weight.

6. The solution of claim 3, wherein BAC is derived from
a concentrated cryoprecipitate.

7. The solution of any one of the claims 1 to 6, wherein

the BAC comprises a fibrinogen content of from about
15 to 150 mg/ml.

8. The solution of anyone of the claims 1 to 7, wherein
the BAC comprises further factor VIII, factor XIII,

! * [ L M S *




conponent A conprises a nixtquQ#s§‘§E HAgﬁgEN claims 2 tg 9, and
conponent Qﬁg&ﬁbses a m xtur¢ of EP 5 lvtici . ©TAYRY®S/M6E0Zh | S
capabl e of Pbrn1ng fibrin when it reacts with fibrinogen. 11
The two conponent tissue glue of claiia 10, wherein the conponent B
conprises human thronmbin in an activity of fromabout 2 - 4000

I nternational units per m neasured according to the nethod of

Cl auss. 12. Thiébrenectipomeon Wikbeleramdefadtamy(vitid ofvichanactiin.

or 11, wherein conponent B is stabilized with tran- exam ¢ acid and
ar gi ni ne. 13. Fibrin clot obtainable by m xing conponent A of claim

10 and conp8nent TBeosalpkicip ebnpdrdm 8i bWhgrgine tdfe factogBaiiI® in an

appropriate rati Qrpretepabh¥ctin, lvon Willebrand factor (VWF), vitro-
17 MAR 2000

nectin have been prepared by recombinant methods.

10. The solution of any one of the claims 1 to 9, wherein
the buffered solution is a glycine buffer.

11. A two component tissue glue'comprising separately the
components A and B, wherein |
- component A comprises a solution of one of the
claims 1 to 10, and

- component B comprises a solution of a proteolytic
enzyme which is capable of forming fibrin when it
reacts with fibrinogen.

12. The two compohené tissue glue of claim 11, wherein the
component B comprises human thrombin in an activity of
from about 2 - 4000 international units per ml measured
according to the method of Clauss.

13. The two component tissue glue of any one of claim 11
or 12, wherein component B is stabilized with tran-
exanic acid and arginine.

14. Fibrin clot obtainable by mixing component A and com-
ponent B in an appropriate ratio, preferably 1 : 1.
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