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The present invention relates to a fibrin tissue adhesive formulation containing thrombin, fibrinogen and factor Xlll, wherein the
thrombin and fibrinogen with factor Xlll is present as a mixture in pourable solid granule form and the granules have a particle size
or 20-1000 um. The granules can have a multi-layered set-up consisting of a core of sugar, a fibrinogen layer and an outer layer of
thrombin.
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Abstract

The present invention relates to a fibrin Cissue ad-
hesive formulation contalning thrombin, fibrinogen
and factor XIII, wherein the thrombin and fibrinogen

with factor XIII is present as a mixture l1n pourable
solid granule form and the granules have a particle

size or 20-1000 um. The granules can have a multi-
layered set-up consisting of a core of sugar, a fi-

brinogen layer and an outer layer of thrombin.
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Fibrin tissue adhesive formulation and process for its preparation

The invention relates to a suitable formulation of a stable, pulverulent, as free from dust

as possible and hence very pourable, solid administration form of a fibrin tissue adhesive

for use in haemostasis, wound care (wound healing), tissue adhesive and securing sutures

for external and internal surgical operations on humans, wherein the formulation can be

prepared by means of a fluidised bed or spray-drying process of by a suitable

combination of both drying processes.

body of animals (mammals) and in the human being

Blood clotting in the healthy
cascade reaction. The

eeds naturally in the form of a co-enzyme/enzyme controlled

proc
saline solution and also n

ep consists in the soluble (in water, physiological
rinogen being converted to the insoluble fibrin. The proteolytic enzyme

n is necessary for this and 1s formed by the prothrombin activator, a mixture of
in the presence of calcium

main st

er factor (factor X) and proaccelerin (factor V)
nactive prothrombin (factor 11). The thrombin cleaves the fibrinogen

%) having a molar mass of 340,000 Dalton, as dimer (15
The latter are

Stuart Prow

ions from the 1

usually present as monomer (75
%) and as polymer (10 %) into fibrin and thus forms long molecular chains.

stabilising factor XIII (and in the presence of calcium ions) t
f factors (clotting

linked by the fibrin- o forma

s-linking fibrin polymer. The smooth interplay of a series O

stable, cros
this biochemical reaction. In the healthy organism the clotting

factors) is necessary for

factors required are present in adequate quantity 1n a labile equilibrium.

Disturbances to this equilibrium may be a danger to life. Disturbances of the equilibrium

tissue bleeds), which cannot be stop

vessels, or by therapeutically administered medicaments acting as an anti-coagulant for

These disturbances may be compensated by $0-

the prophylaxis of thromboembolism.
e of fibrinogen, factor X111, thrombin and human

called fibrin tissue adhesives, a mixtur
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albumen as well as calcium chloride, resulting in local homeostass. Fibrin tissue

adhesives are therefore used 1n many different applications.

in mouth-jaw-face surgery as well as

For surgical interventions on tumors, particularly
n) there are often diffuse

the overall ENT field (for example tongue carcinoma resectio

bleeds which are difficult to control. Electrosurgical homeostasis by electroc
leaves behind extensive thermal tissue scars after

oagulation

which is often used conventionally

coagulation, which are extremely undesirable, particularly in these areas.

stic-aesthetic face and neck surgery (“face-lifting”), homeostasis using fibrin

sable, since electrocoagulation is a danger to the facial nerve bec

e treatment site to the path of the facial nerve and may

In pla
adhesive is indispen ause

of the anatomical proximity of th

damage the latter.

e, treatment with a fibrin tissue adhesive is indicated for non-stopping bleeds

r dental surgical interventions. This also applies to patients

dicaments because of a certain underlying disease

Furthermor
in emergency treatment fo
who are treated with anti-coagulant me

(for example treatment for prophylaxis of embolism

ed on in spite of the associated risk of inhibited blood clotting

with heparins) and have to be

operat (extended blood

of thrombocyte function). In this case measures which guarantee

clotting, inhibition
rative bleeds, should therefore be taken by means of local

homeostasis and avoid post-0pe

operations on internal organs (for example hiver, spleen). The tissue adhesive may thus be

supplied externally by endoscope via a double catheter.

e adhesive is indicated in emergency care of large

Furthermore, the use of a fibrin tissu
ell as large surface area excoriation.

surface area wounds due to third degree burns as w

ing and applying a Sbrin tissue adhesive, care should be taken to ensure

When administer
brought together directly at the site of the bleed

that fibrinogen and thrombin are only

(that is “in the wound”), since the onsetting clotting starts spontaneously in the presence
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of wound fluid. Neighbouring sites should thus be well covered. A precondition for

s the freedom to move of the individual participating molecules,

s realised in that, for example the four different components

clotting 1 for example 1n

water. In practice this 1
olution for fibrinogen, thrombin concentrate,

parately before application and are

onents must be packed

(fibrinogen-factor X111 concentrate, s
calcium chloride solution for thrombin) are stored se

only brought into mutual contact directly at the wound. The comp

in sterile manner in each case and be stored in a suitable form and under defined

conditions, so that the activity of the individual proteins or enzymes 1s not damaged by

protein concentrates are present in freeze-

storage. This is usually achieved so that the
e in this form under refrigerator

dried form in small containers. They are stable to storag

conditions (4 to 8°C) for a certain time and for a shorter time even at room temperatures

70°C). However, freeze-dried the concentrate s present in solid, compressed and thus
P

olid. Therefore the protein concentrates must be

order to be able to start the required

be effected directly at the
ther

. mmobile form, but as a soluble s
completely dissolved again before application in

biochemical reaction (Figure 1). However, this may only
at each of the solutions has to be prepared separately from the o
ation of the fibrin tissue adhesive the wound should then be as

an only be achieved with difficulty for large

d fixing of the tissue adhesive there

wound, so th

beforehand. Before applic

dry as possible, which in some cases C

surface area, diffuse bleeding in order to facilitate goo

and . n syringes, for

example in the sa

initially to the wound and coated as soon as possible with the thrombin solution. The

should then be fixed until provisional solidification has taken place.

parts to be adhered
e form of a double-chamber

Alternatively, there are mechanical aids, for example in th
yringe, by means of which both solutions may be applied to th

hnical auxiliaries are, for example spray tip systems for large

injection s e wound at the
same time. Further tec

surface area wounds, double-balloon catheters in urology or double catheters for

endoscopic application. The concentration of the proteins in both solutions must be

usted so that fibrinogen is present in significant excess with respect to thrombin.

ad;
s are known according to the state of the art (for example 100:1).

Suitable ratio
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This makes 1t clear that application requires on the one
hand a gqualified and concentrated preparation, which
cannot always be ensured 1n some emergency situations. On
the other hand application by the clumsy and manual

handling of the 2-syringe system is likewise restricted.

A spray-dried tissue adhesive formulation is known from
World application 97/44015. However, these microparticles
have a spherical surface and have a grain size of 20 pm
maximum. Hence this product i1s not pourable and is
difficult to meter. It has been shown that this product

not only forms dust when 1t 1s applied but also has poor

solubility.

A feature of the preferred embodiments of the present
1nvention is therefore to provide a fibrin tissue adhesive
formulation which is simple to handle, meter and apply and
can be stored without problems over a longer period, so

that the possibilities for use of such a fibrin tissue

adhesive formulation are significantly expanded with

respect to the state of the art.

In accordance with an embodiment of the present invention,

there 1s provided, a fibrin tissue adhesive formulation

containing thrombin and fibrinogen with factor XIII, the

formulation present as a mixture in pourable solid granule

form, wherein the granules have been obtained by drying

proteln solutions or suspensions containing the thrombin

and the fibrinogen with factor XIII in a fluidised bed

apparatus and wherein the granules have a particle size

from 40-1000um.

In accordance with another embodiment of the present

invention, there is provided a process for producing a
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4a

fibrin tissue adhesive formulation described above,
comprising the steps of spraying the protein solutions or
suspensions of fibrinogen with factor XIII and thrombin

into a fluidised bed chamber, and drying the protein

solutions or suspensions by means of a fluidisation gas,

whereln a maximum product temperature does not exceed

50°C.

Preferably, the ratio of thrombin to fibrinogen with

factor XIII within the formulation lies 1n the range of

from 1:10 to 1:1000, more preferably from 1:50 to 1:200.

The mixture can contalin separately dried thrombin granules

and fibrinogen granules or alternatively can contain mixed

granules 1n which the thrombin forms an outer layer and

the fibrinogen forms an inner layer.

In preferred embodiments, at least one of the thrombin
granules, the fibrinogen granules and the mixed granules

are provided with an outer barrier layer.

Preferably, the thrombin and fibrinogen proteins have been
produced recombinantly by genetic engineering or

biotechnological processes.

In one alternative process a fibrinogen concentrate with

factor XIII 1is sprayed into the fluidised bed chamber from
agqueous solution and dried, at a temperature which does
not exceed 50°C, and 1solated and thereafter a thrombin
concentrate 1s sprayed into the fluidised bed chamber from
agueous solution, dried, at a temperature which does not

exceed 50°C, and 1isolated and subsequently both the

thrombin granules and the fibrinogen with factor XIII

granules are mixed.
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4b

In another alternative process the fibrinogen concentrate
1s sprayed into the fluidised bed chamber from agueous
solution and dried and then thrombin is sprayed from an

organic suspension on the dried fibrinogen granules.

It 1s thus proposed according to the invention that the

fibrin tissue adhesive formulation 1s present in solid

pourable form as a mixture of the different protein
concentrates, wherein the granule size lies in the range

between 20 and 1,000um and hence handling and application

are problem-free. It 1s thus essential to the i1nvention
that the granules present in the formulation are produced
by drying, at a temperature which does not exceed 50°C, of
the protein solution 1n a fluidised bed, since it has been
shown surprisingly, that such gentle drying of the protein
solutions or suspensions 1s possible using this process

that their functional properties do not change.
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(h

A further advantage can be seen in that the granules are present in pourable form, so that

exact metering is possible.

The fibrin tissue adhesive formulation according to the invention thus has far-reaching

advantages with respect to the state of the art. The invention is characterised in particular

in that

- the mixture (= the fibrin tissue adhesive) does not react (that is trigger clotting) as
long as it is present in this solid form;

- the mixture (= the fibrin tissue adhesive) 1s present in solid and yet at the same
time pulverulent or granular, hence pourable and dust-free form, resulting in it
being possible to apply the mixture directly to the would to be tended without the
protein components (fibrinogen-factor X1II concentrate and thrombin concentrate)
having to be dissolved betore application;

- the mixture (= the fibrin tissue adhesive) 1s dissolved well, completely and
quickly in the wound fluid;

- the mixture (= the fibrin tissue adhesive), after is has dissolved or while it is
dissolving in the wound fluid, triggers the biochemical reaction of blood clotting
and forms a self-fixing solid layer and hence represents good wound care;

- due to the possibility of being able to vary the particle size comparatively simply,
new application possibilities result. By way of example in the form that it is
possible either to be able to strictly localise wound contact by varying the particle
size during metering (for homogeneously distributed, larger particles) or to also
facilitate large surface area contact in a thin powder layer (for example by spray
systems for fine granules);

- different mixing ratios of both components mixed as a granule mixture can be
easily adjusted and hence the properties of the fibrin tissue adhesive (solubility,
onset of clotting) may be adjusted specifically;

- due to the fact that powder can be mixed very homogeneously, the “content

uniformity” can be ensured with certainty, even if a broad particle size spectrum
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exists (that is that the required mixing ratio always exists independently of

particle properties, such as grain size density, and others).

The fibrin tissue adhesive formulation of the invention preferably also contains a calcium

salt, for example CaCl, and may thus be composed so that either the individual protein

solutions or suspensions, that is the fibrinogen-factor XIII solution or suspension and the

thrombin/CaCl, solution or suspension are dried separately and then the dried granules
are mixed, or that during drying of the protein solution the fibrinogen is initially dried

and then the thrombin is applied to these granules thus produced. A structure is also

possible in which the thrombin forms the core.

For the fibrin tissue adhesive formulation according to the invention it should also be

emphasised that it may be adjusted depending on application. Hence, in the tissue
adhesive formulation firstly the mixing ratio of fibrinogen to thrombin may be selected

specifically depending on application, secondly control of the particle size is also

possible.

For the fibrin tissue adhesive formulation in which in each case separate granules of the

particular proteins are produced initially and are then mixed, it is also possible that the

sist of a core, of an carrier material and a protein layer applied thereto. The

for example of water-soluble sugars and/or sugar substitutes

granules con

carrier material may consist,
and/or biological transport substances. Examples are mannitol or serum albumen.

The formulation is preferably produced so that the particle size of the granules lies in the

range from 30 — 500 pm, preferably 40 — 200 pm.

Fibrin tissue adhesive formulations having a core, that is having a carrier material, are
also preferred for the mixed granules. In this case the granules then consist of a core, for

ple again of mannitol, to which a fibrinogen layer is then applied, over which the

en arranged. Accordingly, these mixed granules have a three-layered

cXaInn

thrombin layer 1s th

structure. Of course it is also possible according to the present invention that these mixed

inmemiy ah b PR DT (o PP B RS
M . P N M i v 4 r Mt i e F o AW el roasasa .
AU w1, A A AT I S AN AL I i b A S IMAY D RTERMMGIT
e B
e el s T
e v




CA 02349000 2001-04-26

granules are produced with a core. In the embodiment with the mixed granules it is also

preferable if a barrier layer is arranged between the fibrinogen layer and the thrombin

layer. This barrier layer must firstly separate the fibrinogen layer from the thrombin layer

and must secondly also be very water-soluble. Materials for this barrier layer must

therefore fulfil the two above-mentioned criteria. Exampl=s of them are low

yrrolidones or also cellulose derivatives or also carbohydrates, for example

-molecular

polyvinylp

dextrose derivatives.

The invention also relates to a process for producing the fibrin tissue adhesive

formulation described above.

It is proposed according to the invention that the proteins occurring typically in the fibrin

e fibrinogen, thrombin, factor XIII and calcium salt be dried gently in a

so that a pourable, granular solid 1s thus produced. A suitable

tissue adhesiv

fluidised bed apparatus,

device for this is described in German 4 441 167. Reference is therefore made to this

disclosure content.

The process is preferably executed so that the fluidisation gas is passed through the

Auidised bed chamber from bottom to top and the liquid (solution or suspension) to be

m the top (top spray), from the bottom (bottom spray) or also

bed) via a spraying system. The fluidisation gas has at the same

dried is sprayed in fro

laterally (rotor fluidised

time the task of fluidising product present in the fluidised chamber, supplying the

necessary heat for evaporating the spray liquid (water or organic solvent) to the spray jet

or the moist product, and at the same time taking up the evaporated quantity of liquid and

transporting it away. Discharge of the dried product is prevented on the one hand by

selecting a suitable fluidisation rate (less than the so-called discharge rate for the product

which can be determined by calculation and experimentally), on the other hand also by a

product restraining filter present in the upper region of the fluidised chamber and which

can be cleaned regularly, or also by a further product separator known from the state of

the art (such as for example a cyclone separator).
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It is thus possible to proceed, for example such that the carrier material is placed in the
Auidised chamber, onto which the solution/suspension 1s then sprayed, for example from
aqueous protein solution or suspension. The liquid droplets finely atomised in the
spraying cone thus meet the fluidised pulverulent carrier material and dry there due to the
heat and mass transfer conditions which are ideal for fluidised bed processes and are
essentially a result of the very large specific particle surface area of the fluidised product.
The proteins present in the spray liquid are then deposited on the carrier as solid due to
adsorptive forces. The carrier is ideally provided so that on the one hand it is inert with

respect to the proteins (that is there can be no interaction with the protein structures,

solubility of the proteins in water, wound fluid or physiological saline solution 1S
restricted or prevented. Therefore suitable substances are, for example sugars (for
example mannitol) which have good solubility in water, or also other substances known
according to the state of the art as carrier materials which have good solubility in water.
However, they must, due to the very specific properties of the proteins, be evaluated
individually for their suitability. Substances which already function as transport systems
in the biological system and which may therefore be used at the same time, are also
suitable as carriers, since they are present in the natural. biological systems in addition to
the required proteins of the fibrin tissue adhesive. Serum albumen of human origin or in

recombinant form may be mentioned as an example of this.

During spraying, agglomerates or granules are formed due to the product moisture slowly
increasing in the particle and hence there is an increase in particle size. In order to obtain
good water solubility, 1t may be advantageous to produce amorphous granule structures
having the large specific surface areas resulting therefrom. Suitable process conditions
(variation of the spraying pressure, spraying rate, product temperature and feed air
temperature, solid concentration of the spraying solution used), for producing these
structures in defined manner and reproducibly, are known according to the state of the art
of fluidised bed processes. By adding water-soluble binders known according to the state
of the art (for example cellulose derivatives), it is possible to vary the particle size with

respect to size and grain size distribution (Schifer, T.; Worts, O.; Control of fluidized bed

dei A il b bbb i YA -
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granulation. V. Factors affecting granule growth. Arch. Pharm. Chemie. Sci. Ed. 6, 1978,
69-82).

Using exact adjustment of a certain particle size, the requirements “pourability” (and
hence also meterability), “solubility”, “freedom from dust” and “mixability” may be
adjusted satisfactorily and also varied specifically, Hence it is advantageous 10 facilitate a
large surface area, finely dispersed application of the fibrin tissue adhesive with as fine
and small as possible a particle size. At the same time due to larger particles with
narrower particle size distribution, a locally severely limited, specific metering of the
fibrin tissue adhesive may become possible. For example the solubility of the granules
may be a further degree of freedom for application of a solid, pourable fibrin tissue
adhesive. Hence, for example maximum rapid solubility or a delayed solubility and thus
also delayed or slower onsetting clotting may be adjusted. This slow or delayed clotting
may provide additional possibilities for additional manipulation or change in operative
interventions, for example in plastic-aesthetic face operations. The solubility can be
fluenced both via the particle size, the particle structure and via additional substances

which increase or lower the internal binding forces.

When selecting the process conditions, care must primarily also be taken to ensure that
the relevant proteins are not damaged (for example by high temperatures). Suitable feed
air temperatures lie, for example between 15 and 100°C; however, for the product
temperature less than 50 or 37°C is preferred. It must be taken into account in the process
that possible inactivation must always be considered in connection with a certain
moisture, that is the heat stability increases with decreasing product moisture in the solid,

so that higher temperatures may also be acceptable towards the end of drying.

Drying must take place to residual moisture which is so small that no activity losses are
observed, depending on the selected storage conditions, or that clotting already proceeds
automatically. Suitable storage conditions are: cool storage at 4 to 8°C or room
temperatures (20°C). The granules may additionally be enclosed in a protective

atmosphere (for example nitrogen or carbon dioxide) and, for example with exclusion of
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light. Possible residual moistures may then lie, for example between 0.1 - 5 % water

content.

The invention is illustrated in more detail below by examples and Figures 1 and 2.

Figure 1 shows schematically the 2-syringe model,

Figure 2 shows a fluidised bed plant for carrying out the process.

General guidelines for producing the granules:

(1)  The fibrinogen concentrate (together with the factor XIII) 1s sprayed onto
provided mannitol (having particle size 50 - 100 pm) from aqueous solution. The
ratio of carrier material to quantity of protein may be varied, for example in a
range from 1:1 to 100:1 and preferably lies in a range from 1:1 to 10:1. Drying is
carried out to the suitable residual moisture, the product temperature does not

exceed the temperature of 35°C during spraying and subsequent after-drying.

(2)  The thrombin concentrate is then sprayed in the same manner onto likew1se
provided mannitol (having particle size 50 — 100 pm) from aqueous solution
having a defined quantity of calcium chloride. Since thrombin has the
significantly lower portion in terms of quantity in the fibrin tissue adhesive, the

ratio of carrier material to protein quantity for thrombin lies, for example in a

range from 50:1 to 1,000:1 and preferably in the range 50:1 to 200:1. Following
spraying, drying likewise takes place to a suitable residual moisture while

maintaining maximum product temperature of 35°C. Both granules obtained are

then mixed and may then be applied directly to the wound as a mixture. The
mixing ratio depends on the ratio of fibrinogen to thrombin preset according to
the state of the art, as is also set for the hitherto known liquid forms of

administration. Furthermore, other mixing ratios of fibrinogen granules to

thrombin granules can however also be adjusted satisfactorily and easily (in

contrast to solutions where the volume ratio has to be matched to the solubility).
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Hence the effect of the fibrin tissue adhesive as regards onset on clotting, start of

irreparable solidification or even solidity of the completely clotted adhesive, may

be influenced easily and specifically by defined, homogeneous mixtures.

Alternatively, a fibrin tissue adhesive may also be produced according to the following

process cycle:

3)

(4)

(3)

. A raandrreis sl wa svebm svsis s dmachewr ras e s 2

Carrying out drying of fibrinogen as described under (1) (on carrier material).

Thrombin is sprayed onto the dried granules from an organic suspension (for
example isopropanol is suitable) together with calcium chloride. Thrombin (and
also fibrinogen) is stable in isopropanol, 1s not chemically changed in the process,
but cannot be dissolved in isopropanol. Thrombin is thus deposited on the
granules charged with fibrinogen. As a result of the absence of water there 1s no
premature clotting, for example even on the granules during spray granulation.
The mixed granules consisting of carrier, fibrinogen-factor X11I and thrombin
may be applied directly to the wound. Proportions of fibrinogen to thrombin again
correspond to the ratio known from the state of the art. The solubility, and
associated therewith also clotting, is increased in these mixed granules,
particularly also by the absence of a considerable quantity of carrier material

which does not have to be dissolved first for appiication.

In order to facilitate direct spraying of thrombin-containing, aqueous solution (+
CaCl, on provided fibrinogen granules (produced according to (1)), for example
an easily water-soluble barrier layer may be applied to the fibrinogen granules as
an inner barrier for spatial separation of fibrinogen and thrombin. For this barrier
layer the following applies: that firstly both active ingredients may not be
chemically changed in the process, that the barrier layer is easily dissolved 1in
water and that it is an effective separation of fibrinogen and thrombin during
spraying and granulation and also in the final, storage-stable, solid, dried form.

Low-molecular polyvinylpyrrolidone or also cellulose derivative solutions or also
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carbohydrates (for example dextrose derivatives) are suitable examples of this.
The same characteristics as regards solubility and clotting can be expected for the

product thus produced as for the granules produced according to (4).

In addition, process variants without an additionally provided carrier material are also

possible:

(6)

(7)

Granule seeds or finely divided particles, which may serve as starter cores for
further granulation, are produced in situ by spraying from aqueous fibrinogen
solution or from isopropanolic (or organic) suspension into an empty plant. The
plant used for this may be, for example a spraying tower or also a fluidised bed
plant having adequate free tlue path for the sprayed liquid droplets. By adhering
to suitable process conditions, the sprayed liquid droplets may be dried in a
fluidised bed plant in accordance with the conditions of a spray drier (but at
reduced drying temperatures), before they contact the container wall, for example
in the still moist state, and remain stuck there. These fine particles thus produced
are set in motion by the fluidisation gas and kept suspended and thu.s come 1nto
contact with the spray cloud of the further sprayed liquid and then start to form
granules. Defined granule growth may be generated in this manner, particularly
by very careful operation of the process during start-up of the process, in the
originally empty plant. Growth may be assisted, for example by adding known
binders. By combining with classifying granule discharge (for example via a
zigzag sifter and classifying air stream) there is the possibility of producing
granules having a defined particle size in the plant and even operating the process

in a continuous or quasi-continuous manner.

Thrombin with or without an additional barrier (or coating) layer may be applied
directly as described under (4) or (5) to the fibrinogen concentrate granules

produced according to (6).

Vo ey s s —ha
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According to the st

adhesive may or must be comb!

This may be effected either so that the protein concentrates are treated before drying

ization or solvent/detergent

es), or that the dried granules, as known from German 4 441 167,
d bed towards the end or after the actual spray granulation or

ordingly inactivated. However, this treatment step

process
directly in the fluidise
drying such that the viruses are acc

must be carried out so that the functional properties of the proteins are retained.

shows the schematic representation of the necessary preparation of the different

Figure 1
rissue adhesive before application and possibilities for

components of a fibrin

administration according to the state of the art.

Fibrinogen-factor X1II concentrate

Solution (for example physiological saline solution)

1
2
3 Thrombin concentrate
4

Calcium chloride solution

Components 1-4 have sterile packaging. The solutions of components 2 and 4 are usually

bottles 1and 3 by means of vacuum. After a complete solution (without

introduced into

clouding) has formed in cont

syringes (5) and (6) and administered onto

ainers 1 and 3, the solution may be drawn into sterile

or into a wound. The quantities used lie

typically in the ml range.

Figure 2 shows one possible embodiment of a fluidised bed plant for producing the

granules.

Fluidised bed plant

Lower part
Pressure device (for example hydraulic cylinder)

h W N -

Feed air channel
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5 Material container

6 Inflow base (gas distributor)

7 Filter housing (release zone)

8 Waste air channel

9 Spraying channel with spraying nozzle (top spray and bottom spray position)
10 Product restraining filter

11 Spraying pump

Product, powder or granules, is Auidised in a fluidised bed plant 1 by means of a

fluidisation gas. The fluidisation gas is thus passed through the fluidised bed plant 1 from

the product or to a spray mist and transporting away of the evaporated quantity of liquid
during drying. The fluidisation gas enters via the feed air channel 4 introduced in the
lower part 2. Uniform gas distribution over the cross-section of the reaction chamber
takes place via an inflow base 6, which at the same time separates the material container

5 from the lower part 2. Technical auxiliaries (for example product restraining filter) to
restrain fine-grain product are introduced in the filter housing 7 in the upper region and
ensure that product discharge cannot take place in the waste air channel 8 likewise
introduced in the upper region of the fluidised bed plant. Liquid product (solution or
suspension may be sprayed, via a spraying channel having spraying nozzle 9 and by
means of a spraying pump 11 from a vessel not shown, into the fluidised bed plant 1
either from the top (top spray position, shown by continuous line) or from the bottom
(bottom spray position, shown by a dashed line). The spray cone thus produced either
meets product already placed in the material container S and dries there on the particle
surface resulting therefrom, or is dried directly in the reaction chamber analogously to the
spray-drying conditions and thus forms powder or finely divided granules. Drying which
is gentle to the product may be maintained as a result of measuring the product
temperature during the fluidised bed process and process control based thereon. The
temperature of the fluidisation gas < thus of course selected according to the goods to be

treated, and may lie, for example in a range from 15 to 100°C. The resulting product
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temperature is lower and may preferably be ke

37°C during drying or spray granulation.

pt lower than 50°C or better lower than

—r
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WHAT IS CLAIMED IS:

1. A fibrin tissue adhesive formulation containing

thrombin and fibrinogen with factor XIII, said formulation
present as a mixture 1n pourable solid granule form,
wherein the granules have been obtained by drying protein

solutions or suspensions containing said thrombin and said

fibrinogen with factor XIII in a fluidised bed apparatus

and wherein the granules have a particle size from 40-

10003m.

2 . The fibrin tissue adhesive formulation according to
claim 1, wherein the mixture consists of separately dried

thrombin and fibrinogen granules.

3. The fibrin tissue adhesive formulation according to
claim 1 or 2, wherein at least one of thrombin granules

and fibrinogen granules have a core as carriler.

4, The fibrin tissue adhesive formulation according to
claim 3, wherein the carrier 1s a member selected from the
group consisting of water-soluble sugars, sugar
substitutes, biological transport substances and mixtures

thereof.

5. The fibrin tissue adhesive formulation according to
claim 1, wherein the mixture 1s 1n the form of mixed
granules, 1n which the thrombin forms an outer layer and

the fibrinogen forms an 1nner laver.

O . The fibrin tissue adhesive formulation according to
claim 5, wherein the mixed granules further comprilise a

core as carrier, the fibrinogen layer arranged on said

core.
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7. The fibrin tissue adhesive formulation according to
claim 6, further comprising a barrier layer between the

fibrinogen layer and the outer thrombin layer.

8 . The fibrin tissue adhesive formulation according to
claim 7, wherein the barrier layer has been produced from
low-molecular polyvinylpyrrolidone or cellulose derivative
solutions or carbohydrate solutions by drying these

solutions.

9. The fibrin tissue adhesive formulation according to

any one of claims 1 to 8, whereln the ratio of thrombin to

fibrinogen with factor XIII lies 1n the range from 1:10 to

1:1000.

10. The fibrin tissue adhesive formulation according to

any one of claims 1 to 8, wherein the ratio of thrombin to

fibrinogen with factor XIII 1s i1n the range of from 1:50

to 1:200.

11. The fibrin adhesive formulation according to any one

of claims 1 to 9, wherein a grain diameter of the granules

lies 1n the range of from 40-500pm.

12. The fibrin tissue adhesive formulation according to
any one of claims 1 to 9, wherein a grain diameter of the

granules 1s 1n the range of from 40-200pm.

13. The fibrin tissue adhesive formulation according to

P

any one of claims 2 to 4, wherein at least one of the

thrombin granules and the fibrinogen granules are provided

with an outer barrier layer.
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14. The fibrin tissue adhesive formulation according to
claim 5 or 6, wherein the mixed granules are provided with

an outer barrier layer.

15. The fibrin tissue adhesive formulation according to
any one of claims 1 to 4, wherein the thrombin and
fibrinogen proteins have been produced recombinantly by

genetic engineering or bilotechnological processes.

l16. The fibrin tissue adhesive formulation according to

any one of claims 1 to 15, further containing a calcium

salt.

17. A process for producing a fibrin tissue adhesive
formulation according to any one of claims 1 to 16,

comprising the steps of:
spraying the protein solutlions or suspensions of

fibrinogen with factor XIII and thrombin into a fluidised

bed chamber; and

drying the proteilin solutions or suspensions by means

P

of a fluidisation gas, wherelin a maximum product

temperature does not exceed 50°C.

18. A process for producing a fibrin tissue adhesive
formulation according to claim 1 or 2, wherein a
fibrinogen concentrate with factor XIII is sprayed into
the fluidised bed chamber from aqueous solution and dried,
at a temperature which does not exceed 50°C, and isolated,

and thereafter a thrombin concentrate i1s sprayed into the

fluidised bed chamber from agueous solution, dried, at a
temperature which does not exceed 50°C, and isolated, and

subsequently both the thrombin granules and the fibrinogen

with factor XIII granules are mixed.
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19. The process for producing a fibrin tissue adhesive

formulation according to claim 1 or 5, wherein in a first
step a fibrinogen concentrate 1is sprayed into the
fluidised bed chamber from agueous solution and dried, and
then thromblin i1s sprayed from an organic suspension onto

the dried fibrinogen granules.

20. The process according to any one of claims 17 to 19,
wherein the proteln solutions are sprayed onto a provided

carrier material.
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