Office de la Proprieté Canadian
Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2382207 C 2008/01/08

(11)(21) 2 382 207

(12 BREVET CANADIEN
CANADIAN PATENT
13) C

(86) Date de déepot PCT/PCT Filing Date: 2000/07/24

(87) Date publication PCT/PCT Publication Date: 2001/03/01
(45) Date de délivrance/lssue Date: 2008/01/08

(85) Entree phase nationale/National Entry: 2002/02/21

(86) N° demande PCT/PCT Application No.: EP 2000/00/0/8
(87) N° publication PCT/PCT Publication No.: 2001/013718
(30) Priorité/Priority: 1999/08/26 (DE199 40 426.7)

(51) Cl.Int./Int.Cl. AOTN 7/02(2006.01)

(72) Inventeur/Inventor:
BAUMGARTNER, LUDWIG, DE

(73) Proprietaire/Owner:
TUTOGEN MEDICAL GMBH, DE

(74) Agent: OGILVY RENAULT LLP/S.E.N.C.R.L.,S.R.L.

(54) Titre : PROCEDE DE DESHYDRATATION DE TISSUS BIOLOGIQUES POUR LA PRODUCTION CONSERVES DE

GREFFONS

54) Title: METHOD FOR DEHYDRATING BIOLOGICAL TISSUE FOR PRODUCING PRESERVED TRANSPLANTS

(57) Abréegée/Abstract:

The invention relates to a two-step method for dehydrating biological tissues for producing preserved transplants. |In a first step, the
tissue Is partially dehydrated with an organic, water-miscible solvent. In a second step, the tissue Is dehydrated further by freeze

drying.

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~




N V00 A0 D 0 R

CA 02382207 2002-02-21

(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG

(19) Weltorganisation fiir geistiges Eigentum
Internationales Biiro

(43) Internationales Veroffentlichungsdatum

A 0 0 A0 R0 O A

(10) Internationale Verdittentlichungsnummer

1. Miirz 2001 (01.03.2001) PCT WO 01/13718 A1l
(51) Internationale Patentklassifikation’: AOIN 1/02, (81) Bestimmungsstaaten (national): AE, AG, AL, AM, AT,

CI12N 5/00

(21) Internationales Aktenzeichen: PCT/EPO0/07078

(22) Internationales Anmeldedatum:
24. Juh 2000 (24.07.2000)

(25) Einreichungssprache: Deutsch

(26) Veroffentlichungssprache: Deutsch

(30) Angaben zur Prioritit:

199 40 426.7 26. August 1999 (26.08.1999) DE

(71) Anmelder (fiir alle Bestimmungsstaaten mit Ausnahme von
US): TUTOGEN MEDICAL GMBH [DE/DE]; Indus-
triestrasse 6, D-91077 Neunkirchen am Brand (DE).

(72) Erfinder; und

(75) Erfinder/Anmelder (nur fiir US): BAUMGARTNER,
Ludwig [DE/DE]; Lerchenstrasse 51, D-90425 Niirnberg
(DE).

(74) Anwalt: MANITZ, FINSTERWALD & PARTNER
GBR; Postfach 22 16 11, D-80506 Miinchen (DE).

AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU,
CZ,DE, DK, DM, DZ, EE, ES, Fl, GB, GD, GE, GH, GM,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK,
LR, LS, L'T, LU, LV, MA, MD, MG, MK, MN, MW, MX,
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL,
TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

(84) Bestimmungsstaaten (regional): ARIPO-Patent (GH,
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), eura-
sisches Patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
europdisches Patent (AT, BE, CH, CY, DE, DK, ES, Hl,
FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI-Patent
(BE, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE,

SN, TD, TG).

Veroffentlicht:
Mit internationalem Recherchenbericht.

Lur Erkldrung der Zweibuchstaben-Codes, und der anderen
Abkiirzungen wird auf die Erkidrungen ("Guidance Notes on
Codes and Abbreviations") am Anfang jeder reguldren Ausgabe
der PCT-Gazette verwiesen.

v (34) Title: METHOD FOR DEHYDRATING BIOLOGICAL TISSUE FOR PRODUCING PRESERVED TRANSPLANTS

A

7

(54) Bezeichnung: VERFAHREN ZUM DEHYDRATISIEREN VON BIOLOGISCHEN GEWEBEN ZUR HERSTELLUNG VON
ﬁ TRANSPLANTAT-KONSERVEN

€72 (57) Abstract: The invention relates to a two-step method for dehydrating biological tissues for producing preserved transplants.

Q In a first step, the tissue is partially dehydrated with an organic, water-miscible solvent. In a second step, the tissue is dehydrated
w={ further by freeze drying.

—

o (57) Zusammenfassung: Es wird ein zweistufiges Verfahren zum Dehydratisieren von biologischen Geweben zur Herstellung von
Transplantat-Konserven beschrieben. Dabei wird in einer ersten Stufe mit einem organischen, mit Wasser mischbaren Losemittel
das Gewebe tellweise dehydratisiert. In einer zweiten Stufe wird das Gewebe durch Gefriertrocknung weiter dehydratisiert.
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A method for dehvdrating biological tissue for producing preserved

transplants

The present invention relates to a method for dehydrating biological

tissue for producing preserved transplants.

Methods for the dehydration of biological tissue for producing preserved

transplants deliver autografts, allografts or xenografts which are

available to the surgeon at any time as required.

Transplants should have a morphological structure very similar to the -

native tissue, for example skin, tendons, bones and their properties
should largely correspond to those of the native tissue. The required
properties include internal surface, handling capability and elasticity.
Furthermore, still further criteria must also be observed 1n the
producing of preserved transplants. The transplant must be able to be
stored 1n a sterile condition for practically any length of time while
maintaining its properties. It must furthermore have a certain
resistance to degradation by the receiving organism so that it can

function as a guide rail for tissue sprouting 1in.

A known method for dehydrating biological tissue for producing
preserved transplants makes use of ifreeze drying. The aqueous tissue is

frozen at approximately -25°C to -40°C and the ice which arises 1s
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removed by sublimation in a vacuum. The resulting tissue has a low

water content. It can be stored in a sterile condition for a long period

while maintaining its properties and 1s available, when required, as a

ready-to-use preserved transplant.

This method is, however, connected to disadvantages. With areal
collagenic tissue, for example with dura mater, relatively thick
spongiform materials are created which makes their handling more
difficult. The collagenic starting tissue 1s a swollen fibrous network in
the moist state and this state 1s fixed during deep freezing. The ice
crystals which form between the fibers and the fibrils during freezing
loosen the fiber structure. During the subsequent sublimation, cavities
arise in the tissue which degrade its properties in comparison with the
native tissue. In particular the elasticity is substantially degraded.
Furthermore, as a result of partial bonding of the fibrils, the inner
surface is dramatically degraded. The resulting product thereby only
has a greatly reduced guide rail effect for inwardly sprouting connective

tissue when used as a transplant.

Due to these disadvantages of freeze drying, a method is described in
DE 29 06 650 C2 1in which the collagenic tissue is dehydrated with an
organic solvent which can be mixed with Water. In this method, a
gradual de-swelling of the biological tissue takes place during the
successive extraction of the water so that the native fibrillary structure
is maintained and no bonding of the fibrils occurs. Consequently, the
inner surface of the tissue dehydrated in this way corresponds to that

which the native tissue has. The elasticity is likewise substantially
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maintained. In this method, however, a number of extraction steps are
required for the far-reaching dehydration in which the solvent has to be
replaced over and over again. With spongiosa bones upt to 20 extraction
steps are required. This represents a time-consuming process. The
frequent solvent changes are also labor and cost intensive.
Furthermore, an environmentally friendly recycling method 1s required

for the solvent.

A method is described in DE 38 35 237 C1 in which bovine pericard
tissue is dehydrated with acetone, dried in air, rehydrated with water
and then freeze dried. First, this method 1s relatively complex and,
second, the same disadvantages occur as were described above with the

method of freeze drying, since the rehydrated tissue 1is freeze dried.

The object of the present invention is the providing of a method for
dehydrating biological tissue for producing preserved transplants in
which the native structure of the collagenic tissue 1s largely maintained,
on the one hand, and which is less time-consuming and less labor and
cost intensive, on the other hand.

To satisfy this object, a method is provided for dehydrating biological
tissue for producing preserved tfansplants in which, in a first step, the
tissue is partly dehydrated with an organic solvent which can be mixed

with water and, in a second step, the tissue is further dehydrated by

freeze drying.

It is possible with this two-step method to achieve a faster dehydration,



10

15

20

25

CA 02382207 2002-02-21

WO 01/13718 PCT/EP00/07078
-4 .
which is also more favorable under labor and cost aspects, while
simultaneously maintaining the native structure, in particular the inner
surface, and the elasticity of the collagenic maternal. The number of
extraction steps with the organic solvent can be considerably lowered in
comparison with a preservation method in which dehydration takes
place only with organic solvents. The preservation process i1s thereby
considerably shortened, solvent i1s saved and, consequently, less solvent
is led to recycling and also frequent, labor-intensive changing of the
solvent with added water for fresh solvent i1s saved. The freeze drying
step additionally provides the advantage of simple handling due to the
drying with fully automated apparatuses. The initially named
disadvantages of freeze drying surprisingly do not occur with the

method in accordance with the invention.

Human or animal tissue can be used as the biological tissue in the
method of the invention, for example skin, dura mater, fascia lata,
tendons, vessels, cartilage, pericard, bones and plates made of bone,
nails, pins, screws. This tissue consists of collagen or of collagen and
mineral components. The transplants produced in accordance with the

method of the invention are available to the surgeon at any time.

The tissue is preferably dehydrated in the first step with the organic
solvent which can be mixed with water to a water content in the range
from 10 weight percent to 25 weight percent. With soft tissue such as
skin, dura mater, fascia lata, dehydration 1s preferably carried out to a
water content in the range from 17 weight percent to 20 weight percent.

With hard tissue such as bone, in particular spongiosa bone,




10

15

20

25

CA 02382207 2002-02-21

WO 01/13718 PCT/EP00/07078
-5 -
dehydration is preferably carried out to a water content in the range
from 10 weight percent to 15 weight percent, with, as 1s to be expected,
the structure of the native tissue being maintained. However, it is |
surprising that the subsequent freeze drying in the second step for the
further dehydration up to the desired water content of less than 8
weight percent, which i1s as low as possible, does not have a negative

effect on the tissue structure.

Methanol, ethanol, propanol, 1sopropanol, acetone, methyl ethyl ketone
or their mixtures can be used, for example, as solvents in a manner
known per se. Preferably, acetone 1s used a an organic solvent which
can be mixed with water. The solvent used should have a water content
which is as low as possible, it should preterably be free of water. The
dehydration with the solvent is carried out at temperatures 1n the range-
from 0°C to 70°C depending on the solvent used. The dehydration of the

first step preferably takes place at room temperature.

The tissue is preferably exposed to a vacuum after the dehydration of
the first step before it is deep frozen to temperatures trom
approximately -25°C to -40°C. The organic solvent 1s thereby largely

removed from the tissue.

In the dehydration in particular of spongiosa bone, 1t can be
advantageous to simultaneously carry out a treatment with ultrasound,
vibrators or rockers in the first step during the dehydration with the
organic solvent. This promotes a better penetration of the solvent into

the fine passages of the spongiosa bone and thereby the degreasing and
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the dehydration. For the same purpose, an overpressure, alternating
pressure or underpressure can also be applied. It can furthermore be
advantageous to carry out a vacuum treatment before the first
extraction step and after every extraction step before dehydration is
carried out with fresh solvent in the next step. This also promotes
degreasing and a better exchange of the aqueous organic solvent in the
passages with fresh organic solvent. All these measures can also be

carried out with soit tissues.

The freeze drying in the second step takes place in a conventional freeze
drying unit. The partly dehydrated tissue 1s therein gradually brought to
temperatures from, for example, -25°C to -40°C and the ice produced in

the tissue is removed by sublimation by applying a vacuum. As already

stated further above, a vacuum is preterably applied before the freeze -

drying, that is before the cooling of the tissue to low temperatures. In

this way, the solvent is removed from the tissue in part. The freeze

drying follows on from this.

The invention will be explained in more detail with reference to the
following examgles and to Figures 1 and 2. Figures 1 and 2 are
diagrams in which the time curve of the dehydration of the tissue in the
examples is shown. The time in hours or days 1s entered on the
abscissa and the water content in weight percent relative to the total

weight of the material to be dehydrated on the ordinate.

Example 1

Dura mater i1s removed from the human body and liberated in a manner
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known to one skilled in the art from antigenic substances and enzymes.
For preservation, the tissue parts cleaned in this manner are treated
twice for six hours at a time by being placed into anhydrous acetone at
room temperature. The solvent quantity amounts in each case to 500%
of the wet weight of the tissue, with a de-swelling of the tissue taking
place from 0.65 mm to 0.57 mm. The water content at the completion of

this first dehydration step amounts to 20 weight percent.

In the second step, the tissue is cooled for three hours to -40°C in a
freeze drying unit. Then, a vacuum of 1.2 mbar is applied for removing
the ice formed in the tissue by sublimation. The shelf temperature
amounts to 35°C. The water content after the second step, which takes
a total of 15 hours, amounts to 6 weight percent. The thickness of the
tissue amounts to 0.54 mm and the inner surface is 20 m2/g. The

course of dehydration is shown in Figure 1.

After packing in moisture-tight pouches and after sterilizing with
gamma rays with a minimum dosage of 15 Kgry, the preserved dura
mater can practically be stored without limitation and is ready for use

for transplants.

If, insteaed, the dehydration of the dura mater is carried out only with
acetone to the same water content of 6 weight percent, three extraction

steps of 12 hours each must be conducted.

Example 2
A spongilosa bone is prepared in a suitable manner known to one skilled
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in the art. For preservation, the prepared bone i1s treated five times for
24 hours each time with anhydrous acetone at room temperature. The
solvent quantity amounts to 500% of the wet weight of the bone in each
case. After this treatment, the water content amounts to 12 weight
percent. The bone is subsequently cooled for 3 hours to -40°C in the
second step and then a vacuum of 1.2 mbar applied for removing the
ice formed in the bone by sublimation. The shelf temperature amounts
to 35°C. The water content after the second step, which takes a total of

48 hours, amounts to 2 weight percent. The dehydration course 1s

shown in Fig. 2.

If, instead, the dehydration of the spongiosa bone is carried out only

with acetone, then up to 20 extraction steps of 24 hours each are

required, with approximately 60 ltrs. of acetone being requird per 1 kg = .

of bone.
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CLAIMS

A method for dehydrating a biological tissue for producing preserved transplants,
comprising the steps of: (a) dehydrating the tissue to a water content in a range of 10
welight percent to 25 weight percent by subjecting the tissue to an extraction with an
organic solvent which can be mixed with water; and (b) dehydrating the tissue further

by freeze drying.

The method 1n accordance with claim 1, wherein, said organic solvent is selected
from the group consisting of: methanol, ethanol, propanol, isopropanol, acetone,

methyl ethyl ketone and mixtures thereof.

The method m accordance with claim 1 or 2, wherein the tissue is dehydrated in step

(a) at a temperature from 0°C to 70°C.

The method in accordance with any one of claims 1 to 3, further comprising the step

of subjecting the tissue to a vacuum treatment before step (b).

The method in accordance with any one of claims 1 to 4, further comprising the step

of subjecting the tissue to a vacuum treatment before step (a) and after step (a).

The method 1n accordance with any one of claims 1 to 5, wherein the tissue is
subjected to a treatment with ultrasound, with a vibrator or with a shaker, during the

extraction with the organic solvent in step (a).

The method in accordance with any one of claims 1 to 5, wherein an overpressure, an
alternating pressure or an underpressure is applied during the extraction with the

organic solvent in step (a).
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