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The present invention relates to a nethod of preparing a collagen spoonge.
The col | agen sponge produced according to the invention is in“p&MP®ul ar
useful in surgery primarily to stop capillary bl eeding. The coll agen
sponge may al so be used as a carrier to be coated wth a fibrin glue
preparation. The invention also relates to a device for extracting a part
of 10 a collagen foam The invention further relates to an el ongated
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of t hese- tu#ih ptr@idelirg esr (t r opocol | ageins pekiegit: &%) arer aggere to forma
mcrofibril with a dianmeter of -approximately 3.6 nm These mcrofibrils
have pol ar and non-pol ar segnents that are readily accessible for specific
inter- and intrafibrillar interactions. Mcrofibrils are 25 packed into a
tetragonal lattice to formsubfibrils wth a dianeter of about 30 nm These
subfibrils are then assenbled into the collagen fibril, the basic unit of
connective tissue, which has a diameter of several hundred nmand is
therefore visible in a light mcroscope as a thin line, see reference 1.
Col | agen gel and col | agen sponge, as produced during the manufacturing
process, conprises these fibrils as the smallest units, as proved by 30

m croscopy. Collagen may be used as a material for sealing wounds, possibly
with a coating conprising a fibrin glue. Fibrin glues i.e. the conbination
of fibrinogen, thronbin and aprotinin have successfully been used
therapeutically for many years for gluing tissues and nerves and for 35
seal ing surfaces when there is mnor bleeding. One draw back of the fibrin
"~ glues has been that in case of nmajor bleeding the glue is usually washed
away before sufficient polynerisation of fibrin has occurred. To overcone
this probl em surgeons have manually applied liquid fibrin glues to
absorbabl e carriers such as collagen fleece. 25 July 2005




WO 02/ 070594 PCT/1B02/01452 2 Despite the inpressive success of these
conbi ned applications this nethod has not been applied on a b0l 28%al e,
due to sonme di sadvantages. The preparation is relatively cunbersone, “the
met hod r¥QUP&E%experience and skilled personnel, and therqrepanaision is
not readily available in cases of energency, the tine for preparation being
in the range of 5 10 to 15 min. Theselfactors stinulated the devel opnent of
an inproved product resulting in the devel opnent of a fixed conbination of
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TachoConb(r) can be applied directly to the wound. Wen the coating comnes
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| iquids eﬁww@trplpt@ndailuse high flexibility in 20 the wet state. The present
‘invention is primarily concerned with the production of a collagen sponge
~which may be used as a carrier for fibrinogen, thronbin and/or aprotinin,
€.9., asPhXCRUNBESMIENVENRONCol | agen sponge may al so be used directly,
i..e. Wthout a coating, as a 25 bandage on topical injuries, for support of
haenost asi s, such as for prevention of rebl eeding, for meak, di ffuse
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. cornea. Collagen is g fibrous protein
consisting substantially of a tr_ap!e helix with a length of approximately 290 nm. Five of
these triple helices (tropocollagen molecules) are staggered to form a microfibril with a
: ~ diameter of approximately 3.6 nm. These microfibrils have polar and -non-polar segments
that are readily accessible for specific inter- and intrafibrillar interactions. Microfibrils are
25 packed mto a tetragonal lattice to form subfibrils with a diameter of about 30 nm. These
subfibrils are then assembled into the collagen fibril, the basic unit of connective tissue,
which has a diameter of several hundred nm and is therefore visible in a light microscope
as a thin line, see reference 1. Collagen gel and coilagen sponge, as produced during the

manufacturing process, comprises these fibrils as the smallest unfts, as proved by
30 microscopy.

Coltagen may be used as a material for sealing wounds, possibly with a coating comprising

a fibrin glue. Fibrin giues i.e. the combination of fibrinogen, thrombin and aprotinin have

successfully been used thémpeuticany for many years for gluing tissues and nerves and for -
35 sealing surfaces when there is minor bleeding. One draw back of the fibrin glues has been

that in case of major bleeding the glue is usually washed away before sufﬁcuent

C

- polymerisation of fibrin has occurred. To overcome this problem surgeons have manually
appiied liquid fibrin glues to absorbable carriers such as collagen fleece.
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Type I, Il or IIl collagen to yield fibers having a dianeter on the order
of 1 to 50 pmand a length no greater than 200 pm The nilled?edMAfen is
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The present invention is primarily concerned with the production of a coliagen sponge
which may be used as a carrier for fibrinogen, thrombin andfor aprotinin, e.g., as in_
TachoComb®. The coliagen sponge may also be used directly, i.e. without a coating, as a
25 bandage on topical injuries, for support of haemostasis, such as for prevention pf
rebleeding, for weak, diffuse bleeding from parenchymatic organs, for application on burns, S

skin grafts, decubitus or skin defects, or as a bandage on topical injuries.

In the prior art, a number of methods for preparing a collagen carvier have been
30 suggested. WO 86/05811 discloses a weighted microsponge for immobilizing bioactive
| materials in motive bioreactor systems, the microsponge comprising a highly cross-linked
collagen matrix. The highly cross-finked collagen matrix is prepared by milling a source of
Type 1, 1I or I collagen to yield fibers having a diameter on the order of 1to 50 pm and a
length no greater than 200 pm. The milled collagen is formed into a soluble collagen

35 dissolved in a solvent or an insoluble collagen dispersed in a solvent by admlxture with a
solvent, such as acetic acid, lactic acid, proprionic acid or butyric acid. In the case of a
collagen dispersion, the mixing is accomplished with a high level of agitation using a
blender, so as to produce microfibers of the collagén. Next, a weighting additive is biended
with the collagen-liquid mixture and the composite mixture is formed into small droplets |




filmor a sponge. The insoluble fibrous protein is predom nantly conprised
of insoluble collagen, which nay suitably be obtained frombod #2888 n. In
one enbodi nent, the collagen my be swollen in lactic acid prior to use.
25 ' D B ®AIEP4di scl oses a nmet hod for produci ng a neni ngeppdziossze growt h
matrix conprising the step of preparing physiologically conpatible

coll agen which is substantially freé& of active viruses and prions. The
collagen is formed into a film a sponge, a non-woven collagen or a felt.
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pepsihztreated col | agen, subjecting the 6ddic aqueous solution at room
tenperature to controlled oxidation, precipitating the oxidized and
noncr ossV$ hiced, 8pé gisclesesca pepdessdip largew'w a gpmpesit lpriaing arsiobdutilag,
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as to obtain i P :clI reactive acidic and freezing
and stor rﬁ‘b‘s"’(gﬁc?”glgioé"%jé‘a %@ﬁ vaé’ EE Tt e'éat' t aff%'ﬁ?f@i"éf’ &he skin- bel ow
0C. The process of US 5,660,857 comprises the steps of mixing a protein, the oleaginous

20 material and water to form an emulsion of the oleaginous material in an aqueous
dispersion of the protein, and subseqguently drying or frééze-drying_ the emulsion to form a
film or a sponge. The insoluble fibrous protein is predominantly comprised of insoluble
collagen, which may suitably be obtained from bovine skin. In one embodiment, the

~ collagen may be swollen in lactic acid prior to use. T )
- 25 '

WO 99/13902 discloses a method for producing a meningeal tissue growth matrix
comprising the step of preparing physiolpgically compatibie collagen which is substantially
free of active viruses and prions. The collagen is formed into a film, a sponge, a non-woven
collagen or a felt. The collagen is obtained by a process comprising cleéning,skin, tendons,

30 ligaments or bone of fat. The material is then subjected to an enzyme treatment, whereby
the collagen material is swelled. The collagen material is then further swollen with an acid
solution. The collagen mixture is then homogenised. The product obtained may be a matrix
provided in the form of a collagen sponge, a non-woven matrix, felt or film, or @ composite
of two or more of he foregoing forms. A collagen sponge can be provider} by adaptation of

35 the methods for forming collagen sponges disclosed in US 5,019,087. The sponge can be
prepared by lyophilization of a collagen disperéion prepared according to WO 99/13902.
The sponge density achieved is said to be about 0.1 mg/cm? to about 120 mg/cm?’.
According to the disclosure of WO 99/13902, the pore size ranges from about 10 um to -
about 500 wm. Laminate type of collagen sponge and collagen film ére mentioned.




GB 1 292 326 discloses a nethod and apparatus for the preparation of
col | agen dispersions with a view to their applications, where?ayu2005
suspension of collagen -fibres is prepared and 15 subsequently i nt roduced
into g B%L ggnt chanber with stirring means. A sub- at % gressure
eX|sts In the treatnent chanber, in which the suspension is ahéf or med
into a dlsperS|on by stirring anq_controlled acidification by neans of a
m neral or organic acid. According to the disclosure of GB 1 292 326, the
preparation of spongy collagenic articles can be effected from di spersion
or gels of collagen. In thiscontext the docunents refers to 20
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can be effected from dispersion or gels of collagen. In this context the documents refers to
20 Iyophitization and to dispersion or gels very rich in air bubbies GB 1 292 326 further
mentions a problem of controlling the introduction or the eilminatlon of air bubbles in a
satisfactory manner. The documents dtscioses in two examples, a coliagenic dispersion
free of air bubbles with a collagen content of 2.5%, and an aeratgq dispersion of colfagen

with a coltagen concentration of 2.5%, respectively.

25
Chémical Abstracts, Columbus Chio, US, Vol. 98 13 June 1983 No. 24 mentions a collagen

obtained from animal tissues such as skin or tendon bone which has been submitted to.
acid treatment. The collagen Is reaggregated by dialysis, during which process a net of
highly birefsingent crystal fibres is formed. The collagen-can be shaped into 0.5 mm - 2 ¢m

30 sheets, or be mixed with air to form sponges, or be dispersed as a cream.

DESCRIPTION OF THE INVENTION

?flt has béen found .that the successful coating of a collagen sponge with a fibrin glue

35 prepafation depends on the texture of the collagen sponge. An embodiment of the present r
_invention may. provide a method of producing a collagen sponge with a certain texture, in
- particular with the aim of making the collagen sponge suitable for coating with a fibrin glue
preparation, so as to obtain a material for healing and sealing wounds. A further embodirn'ént

. of the invention can provide a method of producing a collagen sponge having




provide a nethod for preparing a collagen sponge which is air and liquid
tight in the sense that, once the collagen sponge is applied #o"“42#Wund,
it will not allowair or liquid to soak through the collagen sponge. .In a
still fO¥QPE79&Hbodi ment there may be provided a wound cj@sigigefRteri al
whi ch can be used in gastrointestinal funnels or trachea. Thus, 1n a first
aspect the invention provides a netHod of preparing a collagen sponge,

conprising the steps of: - preparing a collagen gel, --mxing air into the
col | agteimgel:ed §ayﬁ6altﬁarﬁhtaﬁdtias Y -%(Htﬂoﬁ%'bnfap@mspong% MhrlﬂetsQﬁse o‘?' agen, ,f oam
S0 as

| ock of collagen sp ong_@ havi ng rren5| onal
f&

- struct u?'@"\ﬂ[ty hé]gs?'&l% éj(?”E'FYa‘?'%‘?@SWV EhPdaiee Ade ﬂ‘@ddlmﬂit Oﬁthlbsn\aarmt:orabhry
tot al |y peivitleas sdtioy ieplepaitiy & CbARBANIIALE Whﬁ:hq a§%|gétn'ﬁgﬂi t rgfh'i fﬁ[‘?h% Q%n?&% ock

of CO”ﬁ%ﬁ gg@g E‘%arts of sponge with a chamber

0.75 £pliagen spapafs FRpied twatwptmﬁi gl aglealtmasipor llclullag@lsahk

di mengi ﬁmo@‘h tBermuaglen sbb PN@ SRl f&ﬂi&%bodh%tir%rr aﬁ%”&%&.d%l

shoul d he .und tﬁ’@ﬁ@ e | argest stralq i ne wall= dIS anceln
a chanb&PP"$ MElerngswhina cpn pg ysed @l%ﬁﬁ’éfes@ﬂ? dingiets-ariteehieali st ance of a

. chanber. The chanbers may be of a polygonal shape, such as of an octagonal

shape. It has been-found that a chanber dianeter of nore than 0.75 mmand
| ess t hHHS4inh{irgespast Hirdmpretiodipsovidesra anediocagd pedpaithg B0Slagen@Poniggnder s the
col | ag%nﬁp@m@&h@a@gswﬂ arly useful for being coated with a fi br| n gl ue
preparation, Prefer b , the collagen gel has a dry nass in the range of
2-20 g dPYPREEL 8% Pelel , such as 4-18 ny, such as 5-13 ng, such as
6- 11 ngpenxl&ggirge!lc tha kefladymaat] 6o ¥é GLOIRbHY- @éuabéf?fosm | agen gel is A

pref er abl y e NG S m 8" 'Ncm The coll agen
sponge pr e?é?ggbley hgagsen;fUﬁt%as %’oo%tt%lc L!)ﬁocf( qﬁrﬁ?'@gFﬁéﬁ"W/QaVﬂﬂ:h as

10- 15% sa(tfhreecsllmmmlﬂ%ctuﬂaentﬁlsm:kb@blﬁéhﬂS@QWh%h a?é %tggl .ggen sponge is
preferabl¥%% {Ogar]gg qf 5,,100:, N.cn?, such -8 , and the -
density o e @onge |§C%?egfl@/r‘3ﬂ|3fff°'i@eﬁj¢%ﬁ@‘ such as 2-7 ng/cnB. 25
Jul'y 2005 b5a It has been found that a collagen sponge prepared by the

nmet hod accor (r} tlonls air a iquid tight in the sense

ol di ngh" thehgloc nd |
that, oncEYPHRICGIT &4eh U9°0 SpBRYS. FFrE Hf gponge with a Chamber diameter

- of more than 0.75 mm and Iess than 4 mm, or parts with an average chamber diagonal

dimension of 3 mm.

In the present context, the term “chamber diameter™ should be understood as the largest
straight-fine wall-to-wall distance in a chamber,; i.e. as the largest, diagonal straight-tine-
dlstancexof a chamber. The chambers may be of a polygonal shape, such as of an

: octagonai shape.

: It has been-found that a chamber diameter of more than 0.75 mm and less than 4 mm, or
: a chamber diameter average of at most 3 mm, renders the collagen sponge particuiarly
useful for being coated with a fibrin glue preparation. Preferably, the collagen Qel has a dry
mass in the range of 2-20 mg dry mass per 1 g gel, such as 4-18 mg, such as 5-13 mg,
such as 6-11 mg per 1 g gel. The dynamic visé‘osity of the collagen gel is preferably 2-20 '

'~ Ncm, such as 4-10 Ncm, such as. 6-8' Nem. The collagen sponge preferably has a water
content of not more than 20%, such as 10-15%, such as-about 18%. The elasticity module
of the collagen sponge is preferably in the range of 5-100; N/cm?, such as 10-50 N/em?, and
the density of the sponge is preferably 1-10 mg/om?, such as 2-7 mg/am®. -




wound, it will not allow air or liquid to pass through the collagen sponge.
Liquids are absorbed in the sponge. This effect is primarily ZclvéW¥sd due
to the fact that the step of mnmixing air into the collagen gel provides a
col | agen sponge which hag three-di nensional structure with stacked
chanbers separated and substantially totally enclosed by walls of 25 July
2005 WD 02/070594 PCT/1B02/ 01452 6 se¢ollagen material, in contradiction to
t hose known col | agen sponges which have a fibre structure. The coll agen
gel nay conprise material of different types, such as type I, Il or II

from manmal i an, transgeni c or reconbi nant sources, but all other types

of CO' gq,eg,ﬂfbuhs thdt%iag'lém%p%ﬂéé PBDArdTBy myméthse aaf&tremg ab the om t endons
selecte romthe roup S| S

ui n dons and
bovi neitvesiiRas2iT PHE gy F'& bRt B%Pg'??&sf;‘%g% a'fﬂ SrLFPe %E@ a@ﬁ%@gp%
CONpri RufEGombinbaaltoncal balpsd tmpess airouglﬂthﬁh@lfwhl ﬁ@eledeﬁmuéﬁwreof t he

| ated parts..of fen | A f
Lhe. epBitgRedin o sPERGESIhe bR Ehanhy sollghed AQS, Ef‘%sfﬁ%ﬁ“a‘é&gé?/f‘.y °“‘38§k, °

such asi80dair @Y% colfeadn gel p@!tdes POSYRILUERPNIE @zﬂ* f%%&‘H“%f?'% 97%
such ag, ? b &"/gtackéaT:hanséreBesgraﬂaﬁanﬁrsuwtahhen»cwtélagﬁﬂoged! bpwedieoabl y
' conprlses he steps of: - storing the tendons at a tenperature between -10C
and -30C, and peeling the tendons, - renoving foreign protein fromthe
“-tendons, - reducing germ content in the tendons, 20 - swelling the
t endons, - honogeni sing the swell ed-tendons. The steps of storing, peeling,

removing protein, reducing of germcontent, and swelling aimat purifying
the raw material, whereas the step of honbgenising ains at obtaining the
25 collagen In the formof a gel. The step of reducing of germ content
preferably conprises adding an acid, such as an organic add, such as

|l actic acid to the tendons.- Further, an -organic solvent, such as an

al cohol, such as ethanol is preferably added to the tendons. Further, the
step of swelling of




30 the tendons preferably conprises adding lactic acid to the tendons. The
lactic acid used nmay be a 0.40 - 0.50% | actic add, such as a & #B%d5actic
acid. The step of swelling of the tendons may conprise storing the tendons
at a MeAPYPWEMre of 4C to 25C, such as a tenperature ACHBE2ABI5S20C, for a
period of 48 teo 200 hours, such 35 as a period of 100 to 200 hours. The
step of honobgenising the swelled tendons is preferably carried out so as to
obtain a particle size of collagen gel fragnments, i.e. fibre balls, with a
~ di anmetcetiageh nist@rial, v @ntmdickercte thase &ppvmmilm@gpnaes:wh-cmavméf bre he
phy5|g§?T@%§racterlstlcs of the collagen gel are 25 July 2005 WO 0 2/0 70
594 P /01452 7 preferably as stated above. The appropriate
characteristics nmay for exanple be achieved by perform ng the step of

hgﬁvgeme%ﬁr@ehf@t 549! oRpritemdenii hydlﬂ’aﬁﬁSty@Es ,&utives haek Jilbér Hhirbn (r)\r B
adequat e ho ni sati.on e t. ST e t the

col | dEW“@@rD’gec@'?P%m? o regﬁtagl sr&ssou e Utsat“ &?g'ngég%%ng%err?béagn% air into
t he galsebyriwemiisget may mmamsmamaltfoorgémoas gelgcted Iﬁrﬂagé'lﬁ grewprconsistingedi ng -

the m gmﬂsk AR hiHhh éntj&%ctah@ebﬁhéleerﬁ:ha@ﬁ@.le,conagww Afdy@dfRinkmgen gel

and c gen oam cont al ned 1 n ractlongm ng channel. 10 At |east sone
of th@r@dﬂeﬂﬁﬂéﬁYgé'I“PE‘%&qca‘PB’&af‘?‘Eﬂ'\'??%m@ﬁ"la gen foamin-the fractionising
~channel may be led back to the mixer. In that case, the ratio between the

amoynt__ of coI | a Kk r
Fr ol i ol RS PP i e S SRBBE 1 Qe iy YR 0B pled to
m xer drg nmsebétlmﬁppnb@tsnelens 5% oD%, Bich PRS0 ebOQ)%: SB@]J%E’ %Prmrgl¥5Pd agen

gel a@%aﬁ% basken1 SRRk 22ab] abos, Qtih a8 €5 -tdBee,SiueR 350 - 9Bk, seapasating a
sel ecte par t of the' col | agen foam contai ned in the fractionisi ng channel ,

- | ead?4¥g PR%-sel ected part of the collagen foamout of the fractionising
channel for drying thereof. In a preferred enbodi nent of the nethod, a

.fra r_@_ﬁur (foprééﬁ"#gﬁthégglba oh I@'@{eﬁ%ﬂfc&g prigdd the btdps iRl Ntai ned in t he

alr |61to tge col Iut?gen gel, the
col | agen 5@63%'?1%193“5@“%% yreRitweep pHFE 58d 570 @Bd ReRing 25 Prior
to the sigaosd, drying the collagen foam and subsequent to the step of
m Xi ng. al rmclwrs]rgg foreign protein from the tendons,
— reducing germ content in the tendons,
20 — swelling the tendons,

-~ homogenising the swelled tendons.

The steps of storing, peeling, removing protein, reducing of germ content, and swelling
aim at purifying the raw material, whereas the step of homogenising aims at obtaining the

25 collagen In the form of a gel.

The step of reducing of germ content preferably comprises adding an acid, such as an
organic acid, such as factic acid to the tendons. Further, an organic solvent, such as an
alcohol, such as ethanol is preferably added to the tendons. Further, the step of swelling of
30 the tendons preferably comprises adding lactic acid to the tendons. The lactic acid used
- may be a 0.40 - 0.50% lactic acid, such as a 0.45% lactic acid.

" The step of swelling of the tendons may comprise storing the tendons at a temperature of
4°C to 25°C, such as a temperature of 10°C to 20°C, for a period of 48 to 200 hours, such

35 as a period of 100 to 200 hours. R

The step of homogenising the swelled tendons is preferably carried out so as to obtain a
particle size of collagen gel fragments, i.e. fibre balls, with a diameter of 0.8 - 1.2 cm, such
as approximately 1 cm. Further, the physical characteristics of the collagen gel are




the collagen gel, a neutraliser nmay be added to the collagen foam and the
coI | agen foamis preferably neutralised in order to arrive fr&muly2p04 val ue

usua%sj%0 betvveen 2.5 and 3.5 to a pHvalue in the collagen foam * -
bet ween .5. A neutraliser conprising an ammoni PSEIBgELGI2ZNMAY be
used, and the coI I agen foamis preferably neutralised for a 30 period of
5-30 hours, such as 10-20 hours, such7as approximately 24 hours. Prior to
the step of drying the collagen foam the collagen foamis preferably

filled i npefaablybyistged obdvai TS agpRopsi @krara&%hsﬁ&ha;haﬁ B sd@ihidbd é(cH?Qveﬁ' ris

drawn int refera

conprii. sesB é'g%rm? 5?} %tégoéﬁoé?%?'gs‘%a@%%“ﬁéﬁféEf"%ﬁ %’O@y gé’ﬁ a totipRd ﬁﬁ'én 20
and 40C, M#Ofa?dsewf@dwmogs@s@@ﬁ8hwumnt such as 100-150 hours, so as to
obtain a dry collagen sponge. The drying may be perfornmed at a pressure
sli ghtlgnﬁﬁl ?t m)sgpherl Cc_pressure, such as at a pressure of between 700
and 900 step AL PRI 2ig 4P B3 sollaaen debprsfarphly comprises|tye s ofWD 02/ 070594
PCT/ | B02/-014%2nglanTientai ihaghe gspxyng@nprdad usirst A@yasttb@eﬂsﬁéwg cBfRRhGhag, O

the inventi QLhq ﬁe%‘%rmgyg%q%g 03%‘3‘!{5@55%8@%%]: the Tollowing criteria: -

pH-val ue betwee htent at the nost S% -
anmoni um Toseraneting celiRgersd eng colrgen foag] cipkaingst iptthe fractdoniising chapakLul at ed as

al bumn content, at the nost 0.5% - sul phate ashes content at the nost
1.0% - rret al __cont at the nost 20 10 - m crobiol ogi cal
puri ty® a?eta}?%és%gt f %ﬁ/‘gge’ sepagated Hﬁ@rfhEG 2gRR T 15 8he fnctionising-

density ahadnrel haygielet baduithamb@r 7/inhscasle, theebms bétsickl tH®gbentads 5- 100
N onB,  SUligth bl badPrale il gl I Bbhfo RALE Sy b G0 LAGRD:

sponge may conprise divi he col T agen sponge

by cutti rfl§: fEfr*héO‘B&Pf' geldpd  hednixerys B@f@‘ﬁb!pé?stwfﬁméhy agd 4.y ablestef of m such

as coni Caleparaing tllsge@bel dnaebitdem Goaby Isiéﬁe%bl?%bm%&é% B stapsar

PeOrr et | Barathd ARG ar AT BRGen 1S cSitaiRlS ! thd'rractonising Shatiner,
— leading the selected part of the collagen foam out of the fractionising channel for

drying thereof.

In a preferred embodiment of the method, atemperature of 15°C to 40°C, such as 20°C to
20 25°C is maintained in the fractiomssng channel,

Subsequent to mixing air into the conagen gel, the collagen foam may be homogenised for
a period of 2 to 4 minutes.

25 Prior to the step of drying the collagen foam and subsequent to the step of mixing air into
the collagen gel, a neutraliser may be added to the collagen foam, and the collagen foam is
preferably neutralised in order to arrive from a pH-value of, usually, between 2.5 and 3.5
to a pH-value in the collagen foam between 6.5 and 8.5. A neutraliser comprising an
ammonia solution may be used, and the collagen foam is preferabily néutralised fora

30 period of 5-30 hours, such as 10-20 hours, such as approximately 24 hours.

Prior to the step of drying the collagen foam, the collagen foam is preferably filled into a
drying container in such a way that substantially no air Is drawn into the foam while filling.

- 35 The step of drying preferably comprises drying at a temperature between 15°C and 60°C,
such as between 20° and 40°C, for a period of 50-200 hours, such as 100-150 hours,soas '
- fo obtain a dry callagen sponge. The drying may be performed at'a pressure slightly under
atmospheric pressure, such as at a pressure of between 700 and 900 mbar, such as
approximately 800 mbar.




by an appropriate granul ati ng net hod etc. 20 In a second aspect, the
~ present invention relates to a method of preparing a collagen 253’[9%}'4@?@

conprwsi oxprdbivae steps of - preparing a collagen gel, - meqmghhks) nto the
col l agen gel, so as to obtain a collagen foam 25 - drying,the collagen

- foam so as to obtain a dry block @f collagen sponge having a

- three-dinensional structure with stacked chanbers which are separated and

substantially totally enclosed by walls of collagen material, isolating,-
fromthe bl ock of collagen sponge, parts of sponge having"the follow ng
pr operihieastiagere bp@tge girtduced ttte mathbHeccadipg tofthGintenko® phfeadly 36ls-

densi ty ln, BFS qun{gpo"g\fvm& dil0 my/cnB, - chanber dianeter of nore than
0.75 mm and | ess nmi§0 a chanber dianeter average of at nost 3 nm
# an

It shoul é“ﬂ@'%&ép’ﬁeﬁ(ﬁp y and all steps of the method according to

t he  i_r sjacBs pert conddntGit tidwodtmegnt i on may al so be perforned in the nethod
accor di ng to the segortu% pecE5 % the invention. Further, any and all

char act e HEMLHE T emo‘c’f0 Be col | agen sponge . pr_oduced by the nethod
accor di ngoltigiet protdip r:mt%tsp@@ﬂatgtﬁ a Uiy eomtieoh atrthe wmlosbOll®e, achi eved by t he

met hod acg gyenegshteg)cg,ngntséﬁqgggmg,_spg% of the Invention. 25 July 2005 WO
02/ 070594 PCT/1B02/ 01452 In a third aspect, the present invention

provi desheeWeEd CP'&ﬁe“E?rttpéﬁqshéO&pﬁ’artof a collagen foam and for
degener akvidigbiahafidze puiiigf &t té nidse 10btFagen foamto a col | agen gel,

conprisin channel conprising an inlet for.receiving a
fl ow of Egiafg’eﬂ m"{engﬁq} Jy%n oup%ét for 3part of the flow of collagen foam

and a«boﬂ@rmrhvmfrjt 1O maEnssuitsas Al paédn’, 5 downwards in the direction of the

fl ow of g;ggg,@@eﬁ,oﬁga@rs matNﬁca-é,séucﬁme 180 Bicnfor col | agen gel at the bot:t:om

portion of the fra ctionising channel, wherein the position of the outlet

is novable in a vertical direction at- an end of the fractionising channel.
15 The step of isolating parts of collagen sponge may comprise dividing the collagen sponge

into a plucality of parts by cutting. The parts obtained may be shaped in any desirable
form, such as conical, cylindrical, including cylindricel with an annular cross-section,
rectangular, polygonal, cubic, and flat sheets or they may be transformed into a granulate
by an appropriate granulating method etc.

20
In a second aspect, the present invention relates to a méi:ﬁo.d of preparing a collagen
sponge, comptising the steps of:
— preparing a collagen gel,
- mixing air into the collagen gel, so as to obtain a collagen feam,

25 - drymg the colilagen foam, so as to obtain a dry biock of coltagen sponge havmg ' ~

a three-dimensional structure with stacked chambers which are separated- and

substantiaily totally enclosed by walls of collagen matetial,

isofating, from the block of collagen sponge, parts of sponge having‘the_ following

properties:
_  elasticity module in the range of 5 to 100 N/cm?,
30 _ density In the range of 1 to 10 mg/fcm?, _
chamber diameter of more than 0.75 am and less than 4 mm, or a chamber

diameter average of at most 3 mm.

"It should be understood that.any and alf steps of the method according to the first aspect
35 of the invention may also be perforrhed in the method acco}ding- to -fhe second aspect of
the invention. Further, aﬁy and all characteristics and features of the céliagen sponge
produced by the method according to the first aspect of the inven_tion may also be
" achieved by the method according to_-thé second aspect of the invention.




10 In a fourth aspect, the present invention provides an el ongated coll agen
sponge having a through-going hole or bore and a flexi bl e wal?35JulyP0oa
preferred enbodi nent, such a collagen sponge may be used cl osi ng wouiids or~
r e- est abVOSRIOMFoyast roi ntestinal funnel and trachea wallgci/mBoagmrl i ans.
Thus, the coll agen sponge may have circular or elliptical cross- section.
The collagen sponge may be applied oth as a filling, or as in a
gastrointestinal 15 funnel, or as an outer sleeve applied to an-outer
surf ace bfa thigaspea; ﬁhie&ﬁéslel‘iahvefrﬁﬂm al'owde'EheeddviU&Efbr Sivrrehgra girc bhe collagen

t hr ough- r n _in various

gastr gl ngjg';n'?‘i:“%r(]ja?J ?et?% ﬁgggﬁinrg@ﬁer& Df%ﬁ? [ng%Prrop R 9F8|‘-1€E\X/8mp§8\ﬁ8r s:

0.5 - 6 tm? IDptimisng shanpel compgiping @anrget ﬁonr@swingea ﬂ@v of soumen Speath) an :
1:2][ |eZ_ ti zes Sﬂtl& for 3 p&of Mﬁﬂ el? g?am %ﬁ%o%ﬁﬁb?ﬁz’o& \Edgi;:h ggulﬁgi}incegls The
renova doHﬁWﬂgaﬁhpﬁﬁgegwndgb? T ek g@?ﬁﬁlf fhnei . wal | s, .such as after
rect al S-tlr gt lepst enechutiasfoatdliogen gelmyiteabottenpyaion af ﬂﬁenﬁfu'ckmucbschaﬁh@npl es of
i ndi cati \Qﬁ@etmﬂ@;ém &ltﬁe Q&{tlett E}emg\%lb‘eagleapverﬁgaq %ﬁ%ﬁ%%c&rg Rk fotgt he

i nvention are: wound” dr essi ng, - aenos tch as -
weak, difF3eRising gbeiined fronlparenchynatlc organs, - surgical procedures on

surgery Iocatlons wher e ectrosurgery or ligation has been performed prior
n of rebl eeding

(seout i 08 Bipdstine BresG iveBlion Boviges sn s safigage sishoe bprioal
injuri esthrwgﬂmggd@la ordroye ez fiexdige cellli rea prajérrediembodimess, su2b altdliggaD05
WO 02/ 07595% JRQJ bé BOLS Qéﬁ%&ﬂds or re-establishing gastrointestinal funnel and trachea
walls in mammalians. Thus, the collagen sponge may have circular or elliptical cross-
. section. The collagen sponge may be applied both as a filling, or as in a gastrointestinai
15 funnel, or as an outer sleeve applied to an outer surface of a gastrointestinal funnel.

~ The inner diameter of the through-going hole or bore may, for application in various

" human gastrointestinal funnels and trachea, for example be as follows:

Bowels: 0.5-6cm

20 Rectum: 1-4com

Large intestine: 2-6cm
Small intestine: 0.5-3com
Oesophagus: 0.5-2cm

" Trachea: i-4cm

25 '
The collagen sponge may, e.g., be used for closing wounds after surgical removal of
outpouchings on gastrointestinal funnel walls, such as after rectal surgery, such as atter
surgical removal of hémorrhoids. Examples of indicétions made possible by the collagen
sponge according to the invention are: -
30 — wound dressing,
— support of haemostasis, such as
— wealk, diffuse bieeding from parenchymatic organs,
~ surgical procedures on surgery locations where ectrosurgery or ligation has been
performed prior to application of the collagen sponge, |
35 - prevention of rebleeding (securing of sutures),
— application on.burns,
— bandage on topical injuries,

- drug delivery, such as delivery of antibiotics.




BRI EF DESCRI PTI ON OF THE DRAW NGS Figs. 1 and 2 contain a flow chart
illustrating the steps involved in a preferred enbodi nent of #helya#@bhod
according to the invention, 5 Fig. 3 is a photography of the surface of a
col | ageo espmage produced; | a nethod according to the ipgeasozanigzcourt esy
Prof. Dr. Roman Carbon, Chirurgische Univ. Klinik Erlangen, Gernmany), and
10 Fig. 4 discloses a stirring devidce for obtaining a neasure of the
viscosity of a collagen gel. DESCRIPTION OF THE DRAWNGS In a preferred
enbodi gt pebBRIFTIVG OF 19t SiRARINGSs the following steps as illustrated in
15 Figs. 1 and 2: Step 1 Delivery of deep-frozen horse tendons The horse
tendons are delivered and stored at -18 Cto -25 C. 20 Step 2 Peeling of
horse gigNdama 1 cortaihal flow cHareilusiating the beps ivolvel iim agirefeed eavediteents
manual |y, or chani cal | with a knife. The tendons are then again
deep-f?%?%ﬂ‘eg'i?o-ﬁ%o%? ot¥-tﬁgg%¥ﬁg%1'8t ep 3 Mechanical slicing of peeled horse’
tend®ns Optionally, -peeled frozen tendons are disinfected for 30 mn in
/0. %eﬁﬁ%‘e' FHoRASHAS the BhiGadd! FAEhGSh £0ATE prieed ByhARGhod The tendons |
are the was%ed and after washing the tendgns are co ag}ed 0. bl ocks and.
deep f#@owinode the fpvention (conrtesy Pi’ﬁg O &@ﬁ"?@ﬁﬁ’&n%&'ﬁ”ﬁ'%ﬁ o KPken siiced
Wi t h' apdasgbn, rGermaal), @adWi th a rotating knife into slices having a
t hi ckness of approximately 1 mm Step 4 Washing and di sinfection of the
tendon slices 35 In order to renove soluble proteins, the tendon slices are
firse Boakdidctpsesmettionng devigenfor ebtalting f gpeagure @ the Missosiynal s Rlagritigeh ¢ h
water for injection or dem neralized water or salt solutions containing
Ca2+ and/ or l\/%2+-i on. wWithin the range of 1-10nmMuntil the supernatant is
free oPEHSBYPHL?PHTHEREAINGSN slices are then disinfected in 70 % et handl
for 15 min and washed twice in 0.45 %lactic add in drinking water (sterife

filt erlenda &%F’en%ﬁ e‘}ﬁﬂaﬁirggﬂ?the%%oﬂ%gﬁ%ﬁsggfe%%é%s% illustrated in

15 Figs. 1 and 2:

Step 1 Delivery of deep-frozen horse tendons
The horse tendons are delivered and stored at -18 °C to -25 °C.

20 Step 2 Peeling of horse tendons

In a half-frozen state, the thin skin of the tendons is manually or mechanically removed
with a knife. The tendons are then again deep-frozen at -18 °C to -25 °C.

¥

25 Step 3 Mechanical slicing of peeled horse tendons

Cptionally, peeled frozen tendons are disinfected for 30 min in 70 % ethanol and passed

into production rooms under ethanol. The tendons are then Washed, and after washing the

tendons are compacted to blocks and deep frozen at -18 °Cto -25 °C. The froz:_an tendon
30 blocks are then sliced with a cutting machine with a rotating knife into slices having a

thickness of approximately 1 mm.

Step 4 Washing and disinfection of the tendon slices

35 In order to remove soluble proteins, the tendon slices are first soaked in water for injection
for 3 - 6 hours, then washed with water for injection or demineralized water or salt
solutions containing Ca** and/or Mg**-ion within the range of 1-_10&11[\{1 untif the
supernatant is free of hemoglobin. The tendon slices are then disinfectéd in 70 % ethanol
for 15 min and washed twice in 0.45 % lactic acid in drinking water (sterile filtered and




~depyrogeni sed) to renove the ethanol. Step 5 Production of collagen gel 5
The washed tendon slices are soaked in 0.45 %l actic acid for 25By@88ss,
preferabl 4 days, and then honmpgenised to a collagen gel. Exposure to
0.45 % | WOUWET03R1 d is considered to be one of the main vRCmEBobMesti vation
.steps. Step 6 Foamng 10 Wth dissolver stirrers sterile filtered air is
whi pped into the collagen gel. The aitising foam is fractioned, and the
fraction with a bubble size of 1 - 3 nmmis collected. The foamis poured

from t he gg§yp8jenf=2Bl 8 RShovethQefaR@r rel -which is slowy rotated for
approximately 3 mnutes to obtain a honbgeneous foam This foamis filled

into drying containers. The base 15 of the container consists of a textile

ti ssue whieplt Pidpetioreafdotaden de Ui dS, so as to allow draining of the foam
After 5 - 24 hours, preferably-18-24 hours, the drained foamis exposed to
anmoni a % g generated froma 26 % ammoni a sol ution of DAB quality.

Dur i ng>t F%W?ﬁhﬁéé%d"”t Higessureppaleddn Oatmbripcticsitid fos 2-SheayaHpaferhbly 4 @a@) t 0

the al kabidiien hogicaBnisAMTRAttobéh %&”@b%gur‘élfﬁ g 5/og§ﬁ5ﬁ%§%%§ﬁé.g§reﬁ]urﬂg Fomm

process resul \Xé in a neutral roduct
is dried”"h°® i Virgsinaciypgen ﬁFBﬂe st eel dry| ng chanber for 48 - 150
hours, 25 preferably 120 - 150 hours. The result is collagen sponge shaped

in bl ockgep gt gRnGUt ting the collagen bl ocks Bl ocks, also referred to as
sheets, of co aggn may for exanple be used as carriers for a 30 coating.
The clfti ng is performed with a vertical cutting machine. First, the sides

of the Witpaks@ve ditterobiferileGi Iﬁéhﬂ aﬁr B WHisds iMlothe Ié&fa&éﬁ Q_:Jel g%?g%tf%'%m side

I th T t t I
udth of TR A et vt 2 w%BIefs‘fa%%feléﬁ?ri‘s‘r@asrconaﬁsefw@am. (- Lower
si de androurssifrashitbe dteichtcotainariipte avbartel dibfobris slows rofat&d for abprokirRatély 30. 7 cm
The wei u I t r. takes nt 0 ount an
qhi‘n RE td Bﬁta@rpla h%%ﬂer%ggg‘fb%ﬁ‘g Tﬂsq’ﬁ?rpx i€ H? Floyd ryligco |rbevr%.g'ﬁqes[t?€ﬁ a Sy

35. spg icati on of rP%en In pro
Tachoborfb {h9 ca a'"el"a‘iﬂ‘?ﬁ‘@i? @rt?x%%BSSPSdﬂWB%‘bﬁ(ﬂeymea@ @pﬂ@dsmasrtg afthe col | agen
sponge dirainipg of helivhgn. 2AB865 - 24 hours, preferably 18-24 hours, the drained foam is

: exposed to ammonia gas e.g generated from a 26 % ammonia solution of DAB quality.
Puring this process, the surplus of ammonia shifts the pH of the foam to the alkaline
'region. Ammonia is removed during the subsequent drying process resulting in a neutral

20 product.

Step 7 Drying the foam

~ The foam is dried in warm air in a high grade steel drying charﬁt‘)ér fc;I' 48 - 150 hours,
25 preferably 120 - 150 hours. The result is collagen sponge shaped in blocks.

Step 8 Cutting the collagen blocks

Blocks, also referred to as sheets, of collagen may for example be used as carriers for a
30 coating. Th_e cutting is performed with a vertical cutting machine. First, the sides of the
' block are cut off to yield a block with vertical sides with a side length of 56 cm. This block
~ is then cut vertically into 4 bars with a width of 11 em. The bars are again trimmed at their
upper and their lower side and then sliced into strips with dimensions of 50 x 11 x 0.4 -
0.7 cm. The weight of the collagen sbonge strips preferably takes into account any
35 spedification of collagen in the final product to be achieved, such as TachoComb® H,
TachoComb® and Tachotop®. E -

‘Step 9 Sorting the collagen sponge strips




WO 02/ 070594 PCT/IBOZI 01452 12 The col |l agen sponge strips are then
subjected to a visual control. Strips with one or nore of the2§ 8288 ng
defects are discarded: - strips with an average chanber dianeter smal I*er

t han IWRWR2EYOParger than 3 nm - strips wth i nhonogeneBUbIRB&EEr

. structure 5 - strips with hol es (smgle chanbers with a depth |arger t han
the thickness of the sponge) The Lorted stri ps are stored for maxinmally 1
year in disinfected light netal containers at a tenperature of 15 - 25 C
10 Fi Ghe3ollagea spootedgiriaphie then stldected tag gisuhl @ned| Sagenwitiporgger praduced by

a et Red. ARGRIY fbedOalcNfschignt i on, the photography being taken at a
magni f1 cation factor of approximately 20,000 (courtesy Prof. Dr. Roman

Carbon, &hips Wigl §¢BeerblY dharmifhf Bibiketdr snieethan GenmmBin thrgef MRars3ih@ce shown in
t he photography of Fig. 3 is a surface of a 15 cross-sectional cut in a

col | agenstsipongeh phepageadodychanivet siosctaecording to the present invention.
The dark areas in the photography represent chanbers, while the |ight areas
in 5t he ghips egutaiphiys (stledembesotitiag daptivdemer tan tﬂi&l@h@&ﬂ!&sg ofittid s of ;
col | agencf;még ial separating the chanbers. 20 Fig. 4 ‘Shows a stirri ng
device f aining a nmeasure of a viscosity of a liquid, conprising a
contai ner adapted to accommbdate a |iquid and neans for 'stirring said

l'i qui dhe thgted stﬁ;:rsréregwmms el Seyar in dliatfeashight metal kantkirehapes

el ement container is stirred by applying a torque to the
‘rod, rt%r@ﬁ?'?{ g ﬂs n%'Szftg\tlonal noverrent of the fork shaped el enent. The

for]k) shaped el enent conprises a, primary part 41 to which the rod is 25
a”acfi’c%ds%g o&adrgah@mh@s@%ﬁeraﬁa%sﬁéyaq%wn@@w&%d g8 nagsandary parts_

are attache t he ‘ends of If |rrar% t he_fork sh efd el enent:
r ot at QSCWWEQ§9F'P%EB’§“§'H5\7§? R'}?é"gr"l’ sl F?dfef'ﬁ’ﬁg ”?prfécaPﬂ'é in one”
enbodiappmkintdretydsy, Doe (doagedyleof. o] mmaugcdrbmnshnamgscfmelnmonﬁmkner is 110 nmm

hi gh d T ' ter of 10
. i G fe. i SordSnb 0 ul ety p B RSaieck AP 1 b
seclénmS?SB‘éer?' zmt !araéog@emﬁpowegrrea?r@dm WEWOHQCCW%O%QHE%SWom an
out er yRAEBoM ITH Eark QERRGRNE Ptdgfaph? lePredBnt chambers, while the light areas in

the photography represent collagen material, including walls of collagen material

separating the chambers.

20 Fig. 4 shows a stirring device for obtaining a measure of a viscosity of a liquid, comprising
a container adapted to accommaodate a liquid and means for stiring said liquid. The
stirring means comprise a rod attached to a fork shaped element. A liquid in the container
is stirred by applying a torque to the rod, resulting in a rotational fmovement of the fork
shaped eleinent. The fork shaped element comprises a primary part 41 to which the rod is

25 attached and a first and a second secondary part 42. The secondary parts are attached to
the ends of the primary part As the fork shaped element rotates the suifaces moves the

liquid and thus stirs the liquid.

~ In one embodiment the device has the following dimensions. The container is 110 mm high
30 and 146 mrﬁ wide. The rod is 220 mm high and has a diameter of 10 mm. The primary
part 41 of the fork is 90 mm long and 30 mm high. The secondary parts 42 are 90 mm
“high and 30 mm wide. The distance from an outer edge of the secondary parts 42 to an '

inner surface of the contamer is 28 mm.

35 Example 1

Table I below shows parameter values of three different cydes of the method according to

the invention.




I nner surface of the container is 28 nm 35 Exanple |I Table | bel ow shows
paranmeter values of three different cycles of the nethod accor&ly20@ the
i nvention. 25 July 2005 WO 02/070594 PCT/fB02/01452 13 Cycle 1 Cycle 2
Cycl e 3 WOBO7434 of tendons: waste (% 24 40 38 Bi obur dacmbonssspeel i ng
7x104 2, 4x105 Sx105 CFU g tendon Bi oburden after peeling - 2x103 '" 5x103
(CFU g tendon) Tendon wei ght per batdhA 12.00 kg 10.5 kg 10.5 kg Washi ng of
peel ed tendons with 30mn 30mn 30mn dem neralized water Renoval of

sol ubl e protein:washing of Sh Sh 1.5h sliced tendons with dem neralized
water until washing solution is free of henoglobin Disinfection with 70%
ethanpl 15min 15m n 15min WAshing i ®y@ed5% ljact iQyckckd 2Im n @t ZIpin

— Condire jn th

Soaki kel Qf&a%},@walsg‘e a4 120, 20 —fHonoggpisat-on %
Conduk fnﬁg [o¥a INDY fnnf(ﬂg 11 mll 51]- L vi Sggsi Ly torqugf)I 6.9-]7.8

Ncm 6 @Ogurge’hﬁ?ﬁo’?e&ee@“% Nem Dry|mass”3P’ col llaged-4pei0°6. 318. 3ngt1p®8. 9
9. 4ng'«;FU7g8erQloﬁng/g Foam ng time per block 37-47mn 51- 5$m’ n 54-62mn

Bi oburglSil G & HhIT el Toa™ - S I = oy p T
| (CFU/g tendon) |
‘| Tendon weight per batch 12.00 kg 10.5 kg B 10.5 kg
Washing of peeled tendons with 30min 30min 30min

| demineralized water

Removal of soluble proteinfwashing of 5h 5h 1.5h
sliced tendons with demineralized
water until washing solution is free of

hemoglobin
Disinfection with 76% ethanol 15min 15min 15min
Washing in 0.45% factic acid 21min 21min 2imin
Soaking in 0.45% lactic acid 144h 120h 120h
Homogenisation- Condux tooth Condux tooth Condux tooth
mill mill mill
Gel viscosity (torque) 6.9-7.8 Ncm - 6.9-7.8 Nem 7.1-9.5 Nem
I Dry mass pf collagen gel _ 6.3-8.3mg/g | 8.9-9.4mg/g 7.8-9.4mg/yg
Foaming time per block . 37-47min 51-58min 54-62min
Bicburden (CFU/ml wet foam) - TR - 1
Draining period 18.5h 22h ' 18h
Neutralisation period ' 24h : 24h 24.5h
Drying perlod - 147h 148.5h 144.5h
| Weight per btock 200-2569 195-228¢g 177-257g
Bioburden of coliagen sponge strips 14-1000 <18-124 <11-33
(CFU/g)
Xield of collagen sponge strips: 405 ‘ 379 433
lLength:110mm
Width:500mm
Height: 4-7mm

Weight: 770-1500mg/strip

Table 1




Neutralisation period 24h 24h 24.5h
Wei ght per

stri

379 4380 oewgedn: 110mm W dt h: 500mm  Hei
25 July 2005 WD 02/ 070594 PCT/|B02/ 01452 14 Table II

Tabl

ps 14-1000 <18-124 <11-33

e |l

ght:

Dryi ng period 147h 148.5h 144.5h
bl ock 200-256g 195-228g 177-257g Bi oburden of collagem2@p0nge
(CFU g) Yield of collagen sponge strips: 405
4- 7mm Wei ghteCildzabB0ny/ stri.p
bel ow shows

paraneter val ues of three differenti4col | agen sponges obtained by the

nmet hod according to the invention.

(spec: dpl)u %el%wlssl‘%vxé p%ranlfé&t Vudd O PhiQ

protein content
contentm@hﬂ/@@:‘)g%’@t%%e yYetiehi ol ogi cal purity (CFU g) 14-1000 <18-124

0.

2% 0.

2% 0.1% Sol ub

Sponge | Sponge |1

Wyt ohes

Sponge |11

Anmoni. U

pH val ue

PRI o "

<11-33 Collagen content related to dry nass 95% - 95% 98% Water cont

14%115%-16%—Etastiet-ty—rodut-e—0-45—N-em-15-50-Ncm 12. 3=41 0_N.cm

Charlber size (djianeter: nean va ue)>P"aRkh 2. hmRersIRAl DdnsiSPpnge &

6. 1ngpHcvedieAspes, B/ Crn3 2. 4- S. Drrg/cr5348pongte IV Sppnge ¥ pH saf ue 5]

Lact iGcftd il SOt 27 3% 1% 2.6% 2 8% 2%

| Ammonium content 0.2% 0.2% 0.1%

Soluble protein content 0.1% 0.05% 0.08%
Sulphate ashes content 0.4% 0.3% 0.3%
Microbiological purity (CFU/g) 14-1000 <18-124 <11-33
Coilagen content related to dry mass 95% 95% 98%.
Water cdntent 14% 15% 16%
Blasticity moduie 10-45 Nfcm 15-50 N/fcm 12.3-41.0 N/cm
Chamber size (diameter; mean value) 2.3mm 2.1mm 2.9mm

2.5-6.1mg/cm? | 2.9-5.9mg/fcm3

2.4-5.0mg/cms

Density

Sponge IV Sponge V
pH value 5.3 5.7

[Lactic adid content 2.3% 1.1%
Ammonium content 0.1% 0.1%
Soluble protein content 0.04% - 0.11%
Sulphate ashes content 0.3% 0.2%

{ Heavy metal content <20ppm C<20ppm
Microbiological purity <12-345CFU/g <15-48 CFU/fg
Collagen content related to dry mass 95% 96%
Water content - 14% 12%
Elasticity moddle 10.4-42.1Nfcm 20-47N/fcm
Chamber size {diameter; mean value) 2.9mm - 2.5 mm

2.9-5.3mg/cm3 2-6.8mg/fcms

Density

Example 11

Table 11

tQ This example relates to the indirect measurement of the viscosity of .the coliagen gei by

torque measurement.

The equipment usec_f for the torque measurement is:

ent

357




Ammoni um content 0.1% 0. 1% Sol uble protein content 0.04%0.11% Sul phate
ashes content 0.3%0.2% Heavy netal content <20ppm <20ppm M FrlebR@Kogi cal
purity <12-345CFU/ g <15-48 CFU g Collagen content related to dry nmass~95%
96% Wt &0 LHHPEHt 14% 12% El asticity nodul e 10. 4-42. 1N egraBedvihkecm
Chanber size (dianeter; nmean value) 2.9mMmM 2.5 mm Density 2.9-5.3ng/cnB

- 2-6.8ng/cnB 5 Table Il Exanple Il ¥O This exanple relates to the indirect
measur enent of the viscosity of the collagen gel by torque nmeasurenent.
The equi preftirriog enbchioe: EMROITARCROBVERRaItFvRRt | Ss: 25 July 2005 WD

02/ 070594, Pgl{dbR04.944R2 K)%s":blfr getirring machi ne: EUROSTAR PONER

control -visc - _W_ndows-éo tware: | KASOFT dc - Torque indicator: VISCOKLICK
VK 1 - Dat ¥8¢RBHicperoVISCOKE KMl stirrer construction ("fork") with

defi ned d&i nbsaiogasr,pch. Fig. 4° - Funnel with an inner diameter of 14.6 cm
and a i gh 5 cri_ - Ther ter - Bal ance 10 An anmpunt of 1500 g of
col | aggﬁ ge%pelgél ‘%th)rlr‘?rec&"?tmcgo'f ﬁgo"rg r’f‘Hg'l defingd dimeRRing: o E1B1* the sanple is
23C. The " foiel with pn Enei garheteeds i 6tdneaneaherhodfs 28 ditinnel . Then

measur enentTHePmoskaht €d. The Torque indicator Is transforming the

resi stance of the stirrer into a value (Ncnm) representing the dynam c gel
vi scosi ty. Balance ' g :

10 An amount of 1500 g of collagen gel is filled into the funnel. The temperature of the
sample is 23°C, The "fork" stirrer is fixed in the centre of the funnel. Then. measurement is
started. The Torque indicator is transforming the resistance of the stirrer into a value

' {Ncm) representing the dynamic gel viscosity.

15 1In order to verify the measurement: of the torque, a standard solution of 59%
Polyethylenglycol is prepared. Viscosity of this solution is measured by a Haake
Visosimeter RV 20 Rotovisko. The dynamical viscosity n of this solution is in the range of y

- = 925 % 25 mPas at 23°C. This solution viscosity is measured by the above gel measuring

equipment, and the torque value thereby measured should be in the range of 3.66 Ncm
20 5% at 23°C,




15 In order to verify the nmeasurenent of the torque, a standard sol ution of
59% Pol yet hyl engl ycol is prepared. Viscosity of this sol ution2}&ly@esured
by a Haake Visosinmeter RV 20 Rotovisko. The dynam cal viscosity n of this
sol ut i 0 2970594t he range of q 925 25 nPas at 23C. Thi spe®iBt2/aasyi scosity -
i s measured by-the above gel neasuring equipnent, and the torque val ue

t hereby measured shoul d be in the ¥ange of 3.66 Nem 20 5%at 23C. 25 July
2005 '.. WD 02/070594 PCT/1B02/01452 16 REFERENCES 1. Baer, E. '
‘Gat her geppRenNCES and Keller, A, Structure hierarchies in tendon coll agen:

an interimsumary, Proc. Colston Conf., 1974, 189; Hltner, A Cassidy,
J.J. and Baer, E., 5 Mechanical properties of biological polyners, Ann.
‘Rev. Mut daer,$oiGatharsole 455 and §glipy, 25 Siuclure fimarchiss i tandgn callaggni@phod of

pr IeFar ! ngntﬁlriﬁpﬂvrﬁ_ﬁgﬂf, $Rﬁ[‘&ﬂ$oa§@€?’f.,' 1597'1? lltsditem&h@:pa. ohssidy, 3 Qgtarﬁ_d’&, a, .
collagen gel, - mxing air . into the collage sq as_lo Laip, a

col | agen "?"Gﬁﬁ’]”.ci’ﬂ’rgp Gg’Fi‘?f(?’“(‘??épal:ﬁqr’}%"gﬁ'égn@g‘aﬂ?‘g%t%s%fb' b%t4§$n1§88?y bl ock

of coll agen sponge having a three-di nensional structure wth stacked L
chanbers which are separated and substantially totally enclosed by walls .
of collagen material, - isolating, fromthe bl ock of collagen sponge, parts
of sponge with a chanber dianmeter of nore than 0.75 nm-and | ess than 4 mm
or parts with an average chanber diagonal 20 dinmension of 3 mm 2. A

met hod according to claim 1, wherein the collagen content of the isolated
parts of sponge.is.50 to_100%®. 25 3. A nethod according to claim2 or 3,
wherein the collagen gel conprises collagen nmaterial of different types
fromat |east one of the follow ng sources: mammalian, transgenic and
reconbi nant sources. 4. A nethod according to claim3, wherein the coll agen
conprises material fromtendons , - e




30 selected fromthe group consisting of equine tendons, bovi ne tendons and
human tendons. 5. A nethod according to claim3 or 4, wherein2tht28¥ep of
preparing the collagen gel conprises the steps of: - storing the tendons
at a tenperature between -10C and -30C, and peeling the 35 tendons,
removing foreign protein fromthe tendons, - reducing germcontent in the .
tendons, swelling the tendons, - honobgenising the swelled tendons. 25 July
2005 18 6. A nethod according to claim5, wherein the step of reducing
germ content conprises adding an acid and an organic solvent to the
tendons. 5 7. A nmethod according toitlalim6, wherein acid is an organic
acid, such as lactic acid. 8 A nethod according to claim6 or 7, wherein
. the organic solvent is an al cohol, such as ethanol. 10 9. A nethod
according to any of clains 5-8, wherein the step of swelling the tendons
conprises adding lactic acid to the tendons. 10. A nethod according to any
of clainms 5-9, wherein the acid has a pH value in the range of | to 4, 15
11. A nethod according to any of clains 5-10, wherein the lactic acid is a
0.45% | actic acid. 12. A nethod according to any of ‘cl'ai ms 5-11, wherein
the step of swelling the tendons 20 conprises storing the tendons at a
tenperature of 4C to 25C for a period of 48 to 200 hours. 1.3. A nethod
according to claim 12, wherein the tendons arestored for a, period of 100
to 120 hours. 25 14. A nethod according to any of clainms 5-13, wherein the
step of Ranmgeni sing the swelled tendons conprises obtaining a substance
conprising particles of tendons, the
1. A method of preparing a collagen sponge, comprising the steps of:
— preparing a collagen gel,
- rmpixing air into the collagen gel, so as to obtain a collagen foam,
15 - drying the collagen foam, so as to obtain a dry block of collagen sponge having a
three-dimensional structure with stacked chambers which are separated and
substantially. totally enclosed by walls of collagen material, ‘
— isolating, from the block of coitagen sponge, parts of sponge with a chamber diameter
of more than 0.75 mm and less than 4 mm, or parts with an average chamber diagonal

20 dimension of 3 mm.

2. A method according to claim 1, wherein the collagen content of the isolated parts of

. sponge.is.50.t0.100%. ... o

25 3. A method according to claim 2 or 3, wherein the cotlagen gel comprises collagen
material of different types from at ieast one of the following sources: mammalian,

transgenic and recombinant sources.

4. A method according to claim 3, wherein the collagen comprises material from tendons

30 selected from the group consisting of equine tendons, bovine tendons and human tendons.

5. A method according to claim 3 or 4, wherein the step of preparing the collagen gel

compitses the steps of:

— storing the tendons at a temperature between -10°C and -30°C, and peeling the
35 tendons, '

- removing foreign protein from the tendons,

—  reducing germ content in the tendons,

— swelling the tendons,

- homogenising the swelled tendons.




particles having a length or dianmeter of 0.8 to 1.2 cm 30 15. A nethod
according to any of clains 5-14, wherein the step of honpgeni sFnly2AE
swel | ed tendons conpri ses obtaining a substance having a viscosity of 2 to
20 Ncm - -16. A nethod according to any of clains 5-15, wherein the step of.
honogeni sing the swelled tendons is carried out by nmeans of a toothed disk
mll or conparable equi prent 35 17 A nmethod according to any of the
precedi ng clains, wherein the collagé® get has a dynanic viscosity of 2-20
Ncrn. 25 July 2005 19 18 _ A nethod according to any of the preceding
clainms, wherein the step of mxing air into the collagen gel conprises the
steps off--A fekiodgceariirane clirp 5 mihsraimhegdep phredpeng gefm soe)erongoises t o
gener at eadiiiPad AGLHd H2Brganic JoRRAL RPkhenddnsed gel foaminto a
fractionising channel, 5 - separating collagen gel and coll agen foam
contained in the fractionising channel. 19. A nethod according to claim18,
wher eith ata inettetl asangingfro ichemagMhagam agelis sepabaik adid, Bi@nstibaiccreld. agen f oam
in the fractionising channel is |ed back to the mxer, 10 20. A nethod
according to claim 19, wherein the ratio between the anount of collagen gel
~whi ch i sB.l[fegreBwdieceding do glakert ¢ brwhehen thaogponissivag is hapheholandhtdie
amount ofihiggesh collagen gel led to the mixer is between 0.1 and 0:5 21. A
met hod according to any of clains 18-20, wherein the step of separating
col l agen gel 15 and col |l agen foam conprises the steps of. - separating a
sel ected.pamketioh acbeding b age s Homie S@NabRetiheRtdf 6 dWwelmgithdtsidoes channel

- leading the sg#gctg%ﬁfatétoéf;hedcolIagen foam out of the fractionising
channel 8P g S1NY Ther €81 1 91§ B29MR: et hod according to any of cl ains
18-21, further conprising nmaintaining a tenperature between 15C and 40C in
the T acid aheibs oERARAT ko and dr ol BOGN LRI LG 8 AN varOf 1l B8 PUBCCAI NG
cl-aims, further conprising, subsequent to, mxing air i1nto he''cd agen
gel, horffdeRi%i ng the -col lagen foamfor a period of 2 to 4 25 minutes. 24.
A nmetiwd according to any of the preceding clains, further conprising,

prior t 01 1t. I2;(:"method according to any of claims 5-10, wherein the lactic acid is a 0.45% lactic

- acid.

12. A method according to any of claims 5-11, wherein the step of swelling the tendons
20 comprises storing the tendons at a temperature of 4°C to 25°C for a period of 48 to 200

hours.

.. 13. A method according to claim 12, wherein the tendons are.stored for a period of 100 to
120 hours. | |
25
14. A method according to any of claims 5-13, wherein the step of homogenising the
swelled tendons comprises obtaining a substance comprising particles of tendons, the

particles having a length or diameter of .8 to 1.2 cm.

30 15. A method according to any of claimns 5-14, wherein the step of homogenising the

swelled tendons comprises obtaining a substance having a viscosity of 2 to 20 Ncm.

- 16. A method according to any of claims 5-15, wherein the step of homogenising the
swelled tendons is carried out by means of a toothed disk mill or comparable equipment | o
35 '
. 17. A method according to any of the preceding claims, wherein the cdtlagen gel has a
dynamic viscosity of 2-20 Ncm. |




step of drying the collagen foam and subsequent to the step of m xing ai
into the collagen gel, adding a neutraliser to the collagen f&uaiyZA¥ -
~neutralising the collagen foamin order’' 30 to achieve a pHvalue in the
col | agen foam between 6.5 and 8.5. 25. A nethod according to cl aim 24,
wherein the neutraliser conprises antamonia solution. 35 26_ A met hod
according to claim?24 or 25, wherein the collagen foamis neutralised for a
period of 5-30 hours. . 27. A nmethod according to claim 26, wherein the

col | agent & damrirgd pettrdiabits edy bothaprpardirfciaint, 2Red IRBUES: o3l X 2095 20

28- A mahhediaeh Qb i %) 1e preceding clainms, wherein the step of
drying co ,r?geg drdﬁiqjmj; gwﬁtgésrr%grature bet ween 15C and 60C for a period

of ~48-200 HBYPE3MbEsnt 3 ite thpush by mednsyofcoinb@gen as pONER a5 2&aded@bhod
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tenperature between 15C and 40C for a period of 100-200-hours. 31. A

met hod aecandingg B&oﬁ‘ﬂ}{% of dg{pneflgre edi nqqdcl ai s, wherein the collagen

sponge fulfils at |east one of tAe FEIT oW hieer Pt ¥eigilagenys gepasetedet ween

5.0 and f@therslaganiepingndbe fradémisent channtihe ledusik EBYbhe ma@ADNI UM cont ent  at

‘the nost 0.5% - soluble protein content, cal culated as al bumi n content, at

the m§st,0, 5%, sulgghate ashes content at the nost 1.0% - heavy netal
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| 21. A method according to any of ctaims 18-20, wherein the step of separating colfagen gel
15 and collagen foarm comprises the steps of:
— separating a selected part of the collagen foam contained in the fractionising channel
»

- leading the selected part of the coliagen foam out of the fractionising channel for
drying thereof. '

20 22. A method according to any of daims 18-21, further comprising maintaining a
temperature between 15°C and 40°C in the fractionising channel.

: .‘.23- A.method according to any.of the preceding claims, further comprising, subsequent to
mixing air into the collagen gel, homogenising the collagen foam for a period of 2 to 4
25 minutes.’

24. A metfnod according to any of the preceding claims, further comprising, prior to the
step of drying the collagen foam and subsequent to the step of mixing ait into the collagen
gel, adding a neutraliser to the collagen foam and neutralising the coliagen foam in order

30 to achieve a pH-value in the collagen foam between 6.5 and 8.5.

25. A method according to daim 24, wherein the neutraliser comprises an ammonia

solution.

35 26. A method according to ciaim 24 or 25, wherein the collagen foam is neutralised for a
- period of 5-30 hours. : : o

27. A method according to claim 26, wherein the collagen foam is neutralised for a period
of 20-30 hours. '




25 32. A nethod according to any of the preceding clains, wherein the
col | agen sponge has a water content of not nore than 20% 33. % Wuefsd
according to any of the preceding clains, wherein the step, of isolating
parts of collagen sponge conprises dividing the collagen sponge into a
plurality of parts by 30 cutting. 34. A nethod of preparing a collagen
‘sponge, conprising the steps of: - poeparing a collagen gel, - mxing air
into the collagen gel, so as to obtain a collagen foam 35 - drying the
coll agen foam so as to obtain a dry block of collagen sponge having a

t hr ee- daBransbmﬂmacﬁirth@thé@y vé dra &é@éﬁﬁ%dd&h%”hﬁ&%mwe@?e% Separated and
of collagen mat er | ? sol ati ng;

subst a of a I enc

fromt %}r@}* cﬁjj?ﬂ‘"g &oi tﬁ@'@ﬁraz'b’(ﬁ’r{b%weﬂéﬁ? Yid SPbrigfer Peridwey 481204 bbureydong

pr oper tasdg objain-a dpbeallaten GBMGe. 21 - elasticity nodule in the range of 5 to
100 Y Cn2, - density in the range of 1 to 10 ng/cm, - chanber dianeter of
nore than 0.75 nmmand less than 4 mm or a chanber dlaneter aver age of at
most 3 Jinf* MEhad accardipg todaint edrdbergin eckai ohBing congIfibE bitgatthGresiipps Of
any of o€had BBods adar6. A device for extracting a part of a collagen foam
and for degenerating another part of the collagen foamto a collagen gel,
conprising: 10 - a fractionising channel conprising an inlet for receiving

a fl ow38f Aowtthederofdsano ary ofaté Ipeéceﬁw.rg daipd Wh&tintihe s{el qyyoqn gc,gl | agen f
e direction o
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bottom portion of the fractionising channel, wherein the position of the
out | et 30 SA FBER] S-cbiy g%&{ ngﬁ b, an en e 15 fractionising
channel, 37. An Igngéz' r& | a %% §g§h8gﬂhaV|n§”a" ?Sﬂéﬁe@BWHﬁeﬁwfﬁ or
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~  pH-value between 5.0 and 6.0,
‘15 _— lactic acid content at the most 5%,
- ammonium content at the most 0.5%,
- soluble protein content, calculated as atbumin content, at the most 0.5%,
— sulphate ashes content at the most 1.0%,
— heavy metal content at the most 20 ppm,
20 - microbiofogical purity, at the most 10° CFU/g,
— collagen content of 75 to 100%,
- density of 1 to 10 mgfcm®, _
- ..elasticity module.in the range of 5-100, N/cm?,

N 25 32. A method according to any of the preceding claims, wherein the collagen sponge has a
water content of not more than 20%.

33. A method according to any of the preceding daims, wherein thle step_of isolating parts
of collagen sponge comprises dividing the collagen sponge into a plurality of parts by
30 cotting.

34. A method of preparing a collagen sponge, compnsmg the steps of:
- preparing a collagen gel,
- m:xmg air into the collagen gel, so as to obtain 3 coliagen foam,
35 - drying the collagen foam, so as te obtain a dry block of collagen sponge havmg a
three-dimensional structure with stacked chambers which are separated and
-. substantially totally enclosed by walls of col!agen matenai

— Isolating; from the block of colfagen sponge, parts of sponge having the following.
properties: |




38- An el ongated col |l agen sponge according to claim 37 and having a
circular or elliptical 20 cross-section. 39. An el ongated col ?ay#rRCSponge
according to claim 37 or 38, and having outer ,dinmensions allow ng the
sponge to-be. used for closing wounds or- re-establishing-walls in.a
manmal i an gastrointestinal funnel ofltrachea system 25 40. An el ongated
col I agen sponge according to any of clains 37-39, wherein the bore or hole

has di agonal S res [ th Lnner or outer cross-sectiona
di mensi ons’ ofgﬁggp %8§%e Qtfzrnﬁ gggqﬁa Orﬂﬁﬁbis or tracheas. .30 41. An

el ongat ed- eokkagéwnﬁbgﬁg@eaédoKUthE#@“cIa|n139 or 40 having out er

di mensi ons_ Qﬂ5%§éﬂﬂ&4b&9o?gnkb%h&ﬁGQErﬂhﬂﬁﬂﬁk&ﬁﬂ@ﬁ4hh%;QME&maﬁﬁ@FUWI SO as
to nake the %ﬁﬁﬂqﬁ@aSUIta | e for closing wounds in the rectun1ma|| or
A

re- est abl i shi yesRauth Akdppst 3 mm- - )

35. A method according to claim 34, comprising the steps of any of claims 1-33.
S

36. A device for extracting a part of a coiiagén foam and for degenerating another part of
the collagen foam to a collagen gel, comprising:
10 - a fractionising channel comprising an inlet for receiving a flow of collagen foam, an
' outlet for 2 part of the flow of collagen foam, and a bottom portion which iIs inclined
downwards in the direction of the flow of collagen foam,
- at least one outlel for colfagen gel at the bottom portion of the fractionising channel,
wherein the position of the outlet is movable in a vertical direction at an end of the

15 fractionising channel.
37. An elongated collagen sponge having a through-going hole or bore and a flexible wall.

38. An elongated collagen sponge according to claim 37 and having a circular or elliptical

20 cross-section.

39. An elongated collagen s.ponge according to cltaim 37 or 38, and having outer
.. .dimensions allowing.the sponge.to be vsed for closing wounds or. re-establishing-walis in.a
marnmalian gastrointestinal fimnel or trachea system. -
25 '
40. An elongated colfagen sponge according to any of daims 37-39, wherein the bore or
hole has diagonal dimensions corresponding to the Inner or outer cross-sectional

dimensions of mammalian gastrointestinal funnels or tracheas. -

30 41. An elongated collagen sponge according to claim 39 or 40 baving outer dimensions
- cofresponding to the inner dimension of the human rectum, so as to make the sponge

suitable for dosing wounds in the rectum wall or re-establishing the rectum wall.




