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Abstract: A nmethod of preparing a collagen sponge conprises mxing ai'r
into a cBARY&R9%el, so as to obtain a collagen foam whimtwismz@ésed. From

the dried product thereby obt ai ned, col |l agen sponge i s obtained by
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col | agen g®innisadigghosed. An - el ongated col | agen sponge having a
t hrough: goi ng hol.e or bore and a flexible wall may be used for
re-establishing walls in a manmal i an gastroi'ntestinal funnel or trachea
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10 a collagen foam. The invention further relates to an elongated collagen sponge, primarily

for gastrointestinal use.

BACKGROUND OF THE INVENTION

15 Coliagen has been used as a hemostyptic agent since the late sixties. Collageﬁ is the most
frequent structural protein in all mammalians. The monomeric protein of approximately
300 kDa (tropocollagen) is covalently crosslinked at specific sites. The mature protein is
therefore tnsoluble and forms characteristic fi brils with high tensile strength. Numerous

‘ sub-classes of coflagen have been described, the most common of which is collagen type I,

20 the main collagen type in skin, tendons bones and cornea. Collagen is a 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
- 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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stop capillary bl eeding. The coll agen sponge nmay al so be used as a carrier
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may beseddld as a material for sealing wounds, possibly with a coating
conprising a fibrin glue. Fibrin glues i.e. the conbination of fibrinogen,

t hr 5??%&&“%&@&}364 EHa@uBaMﬁ surdiE6fg a&w.twtrtéer%ncﬁlﬁle& &g é}pﬁu@cﬁatb%b# or
years I ssues and nerves and for 35 sea surfaces when
gﬁ‘d‘s‘)a@é@?“’”t hat

t her e .ssnmlmruaw@ecarrmg whitheadgpey 3pE ER1IGTS FIgENINIG} Pﬁ‘t\j!%é%
i N casgrphrafiBh WithRA@Gt RkobRa. Bt aU$ar1!§(_!)’ét| éﬁtow@gfeheﬁh paaiculbeirotiee il i ci ent

po Iyrrerl sation of s probhl geons
have n8hfiEAnge %fﬁétﬁbéoc’j'ei’raaa‘?"(ﬁtyf F‘?‘%’vﬁfyu'gigg\é sg’ ngrr E‘T eeQ crgﬁ‘?{egr‘ég{s uch as
oI I agamef lite dxiggh. re@iStaded 3960 She MDeD2H0T 06 bapigeCaid Ho2pnd #s high flepihiffyiie t he
]’z v‘,@e sig‘tgess of these conbined applications this nmethod has not been
app broad scal e, due to sone di sadvantages. The preparation is
rel ati veI y
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 m_
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 |




cunber sone, the nethod requires experience and skilled personnel, and the
preparation is not readily available in cases of energency, tRA2 W2/ for
preparation being in the range of 5 10 to 15 mn. These factors stinulated

t he deveMshi?dries9¢f an inproved product resulting in the gevespignt of a
- fixed conbination of a collagen carrier covered-with a coating of solid

fibrinogen, solid thronbin and solid3aprotinin as disclosed in EP 0 059
265. The product disclosed in EP 0 059 265 which has been market ed under
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- 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.




with the collagen-liquid mxture and the conposite mxture is forned into
smal | droplets 25 July 2005 WO 02/070594 PCT/1B02/ 01452 3 antP%WE¥Gified
by freezing. A number of techniques for producing small partlcl es are.
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col lagen matri x conposite is treated so as to cross-link the col | agen. The
col l agen can be cross-linked using either 5 chemi cal cross-linking agents,

by severe dehydration at an el evated tenperature or by a conbination. The
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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 aerated dispersion of coltagen

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
_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
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treatment, whereby the collagen material is swelled. The col | #g¢W>%hteri al
is then further swollen with an acid solution. The collagen m xture i.s
then hoNY&H{™8&d. The product obtained may be a matrix p@vigdsd,isp the
formof a coll.agen sponge, a non-woven matrix, felt or film or a conposite
of two or nore of he foregoing fornms2 A collagen sponge can be provided by
adaptation of 35 the nethods for form ng coll agen sponges disclosed in US

5, 019, O&prothiepEpRangensafiehics W RRALA Yo B Lme bideZ 3L |
di spers lSto WO 99?? 9 : BThdé3 sp Jﬁ@es&gggﬁgﬁ,?, r@v%ﬁl eved

' repared accordin
is sai d'hf"a"cﬁé %B%Wy (SjeTS'FVg‘% aﬁf&'tmaﬂﬁulelz*@ow@r @W@Odlﬂmtoftﬂﬁn@lemom han

di scl ospravidefa H&%&/féﬁn&‘éaar ifd"8 cBMRnSpbhRgé Wﬁ%% farr%%ﬁﬂtt é;?ﬂplrplrmats%ns@b out
500 m am natg \é&gﬁgOf col  agen sponge and agen nment’ 1 oned. 25
July 20 be 80 SPEngq BOERFI 83 avous, 5 vgi 806alibw e ar dguid do soak

non- cr otmwgmad canruéeﬁ@b&ﬁﬁe ah bystif FQeRd Iemb%ein%n@%%é z%t &%v.d&f 4%8&%

gel atin oxi dati ve cl eavacﬂ;e I n an agueous SO 1on, which

Eo er E \l;
is sol GRPRI g eiﬁ' WRich caPa Haed gnskobiestind fupelsar trecheaper at ure of bel ow

. 0C for at least one 5 nonth. The patent further relates to a process of

preparing the ?omder conprising preparing an acidic solution of .

pepsi n- tiiEatned NES Prksse Hhe 'Qvﬂaﬁ!ecww&smmdwdmfwaug a @Rt Sk, room

t enper atamiRising @ertdpldred oxidation, precipitating the oxidi zed and

noncr ossl i nked pepsintreated collagen at an acid pH, and -isol ating,

concentT an‘??S”Qﬁ U2V fht i ng t he noncrosslinked pepsintreated col | aged so
as to obt aiixing @iriintotthe chitagan gél, aowtd&ﬁﬁfnl é/é‘oléﬁérﬁfo‘a‘npov‘der and freezing .

and stari eac i er at a tenperature of bel ow
0C. GB 1 gg’z'tdgg'goﬁ'%?’gg%i‘ %"I’*J’ bgac‘ ﬁ%%@‘aﬁf GL'epBR spargataving at i on of

col | agen d|tf$pefdsnmmnamtuhtwe wltBWtathe& Bﬁérﬁb&QWh!cﬁ%tréQ rat‘é’g%rﬁ' n a
equen y introduced

suspensi o prepared and 15

into a trg%%ftanq@h lﬁ%ﬁgg Cl?\?etdﬁ)ys ?'isrqfr‘f@”qgﬁﬁrﬁ%ate?@‘sub at mospheric. pressure
exists in the treatnent chanber, in which the suspension is transforned
into a dj slg rsifoc.mlgl){e tirrl n%fand controlled acidification by nmeans of a

m ner al” N a" act doK HEhae FHoPee-tHRES Af SRYSE Yikh afehempber digmess, t he

pr epar at I&@n&é 1S4H00.95 irAloha g8 tharlitrhngl, 65 parkaRiti n el ERghk %@lafnb@m.dgémr sion
or gels of collagen. In thiscontext the documents refers to 20

| yophi | i z‘%‘i@?%ﬂo%ﬂf@ 8" di spersion or gels very rich in air bubbles. GB 1 292
326 further - nentions a problemof controlling the introduction or the
elimnation of air bubbles in a satisfactory manner. The docunents

di scl.oses, in two exanples, a Collagenlc di spersion
 In the present context, the term “chamber diameter” should be.understood as the largest

straight-line wall- -to-wall distance in a chamber, i.e. as the largest, diagonal straight-line-
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®. -
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certai yolugX bkl not allowpair b itlicato \pashttrregtathe @ltagmkfm@gge Héqw P'@gen sponge
sui L able ol S BR LRBGUIA rct B nShS nBUEPAIALI AR addsnbacghial 1 2

ealing an sea wounds furth enbodi ne
i nvent hiing aininte B\e elagenngel ﬁW'CBﬁ agifagr srpPnge Bl YseT E“W'WE 25
July 2005 1, Q2 RFRE UarRbdrs 02303¢ka2%and substantialy @l @itysed by walls of
- charac erlstlcs inrelation to prior art sponges, in the sense of inproved
hum dity, elasticity, density and elasticity nodul e. Another enbodi nent of
“the invention can provide a nmethod for preparing a coll agen sponge which
is air and liquid tight in the sense that, once the coll agen sponge is
applied to a wound, it will not allowair or liquid to soak through the
col | agen sponge. In a still further enbodi nent there nay be provided a
wound closing material which can be used in gastrointestinal funnels or
trachea. Thus, in 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 collagen gel, so as to obtain a
col | agen foan1 - drying the collagen foam so as to obtain a dry bl ock of
col | agen sponge having a three-dinensional structure wth stacked chanbers
-which are separated and substantially totally enclosed by walls of
col lagen material, isolating, fromthe bl ock of collagen sponge, parts of
sponge with a chanber dianeter '




of nore than 0.75 mmand |less than 4 mm or parts with an average chanber
di agonal dinension of 3 nm In the present context, the term 2oiiba#er

di aneter” should be understood as the largest straight line wall-to-wall
di st aN¢@ 0pf708%chanberi i.e_ as the |argest diagonal st rRigMe2PI432 di stance
of a chanber. The chanbers may beogf a pol ygonal shape, such as of an

oct agonal shape. It has been-found”that a chanber dianeter of nore than
0.75 mmand less than 4 nm or a chanber dianmeter average of at nost 3 mm
_ r enderceliddes neatieHalg ancanpedigdorptr thoss krsownycollagrey sionges whishhgveadibe’l with a
fibri nstl%chl preparation. Preferably, the collagen gel has a dry nass in

t he range oef 2-20 ng dry mass per 1 g gel, such as 4-18 ng, such as 5-13
nmg, such as 6-11 ng per 1 g gel. The dynamc viscosity of the collagen gel
is pr eﬁ@r@ﬁg@én?geiﬂlayl\iampnwﬁiata&t ér diffeddanypsesicluciass 6y 1, Xcon HTfrencol | agen,

s on refera has a wat e con ent as N
et ad st Sateofhieat Qb Bl AiTkndabies Sduiicadl 20 e i
pr ef eraat whemdih@ewmageombnﬁ ma@ﬂaw‘men@!}é kelggfed ronnthy @Ry capfistinghe . |
densi t%gnmg @sqo%ngnqﬁg rﬁteaasﬁseraa@ bvitke ShaBBL. IR cofdtfeld i midy Gddionaly 25

July 2 een found that a collﬂgen sponge prepared by the
et hodPrademptively conprifrrecPRPBADS Ea9eh BRteridhd 1iquid tight in the sense
“that, once t he col | agen sponge is appI | ed toa wound, it will not allow

air or,l |dto hro bqu orbed in
t het%% pdls gcg agpﬁlcgngepf&{ e"so f?a Spo vér%f)%%gv ?b/?hgg?g?%%tt%&e??t he step
of mdtymgasanf themponnehesuclmmi a@%n— ng%mtpmaaég%a ¢ Yea gueh apttge WH%h hag

three-gi ﬁb%nﬁioooﬁt Edehtadiod W dos, Sdulk 56 @2 Casab adush e pRr-9784, 306h as
substantl a ézt otal 1y enclosed by walls of 25 July 2005 WD 02/ 070594

PCT/ | BB2p 022 collagen material, in contradiction to those known
collagen sponges whi ch have a fibre structure. The collagen gel may

o 1 720 aﬁ"ggaf% it LGB ot hRFatyp UsidpRsec PSgps oy OF 11 ol "of
col | agen SWHQE'EE qpdens atﬁ?”%’ﬂ%[ﬁ*e’??%’ﬁ?" c]cpn‘pﬁng 5‘?‘&’ EPBRF eling ‘%‘.@t endons

sel ect edté,{dgggthegroup consisting of equine tendons, human tendons, and

bovi ne -t endons. additionally or alternatively
conpri se"?’B‘&"d’?ﬁ)lfﬂ'g pc'B’%‘al'"gggmgcﬁ Errar.

— 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




10 The col | agen content of the isolated parts of sponge is preferably 50% -
100% related to dry nmass of the sponge, such as 75% - 100% s@&ly®60580% -
100% su as 85% - 100% such as 90% - 100% such as 92 - 100% suchi as

92 - 989 AUMHORE 93 - 97% such as 94% 96% 15 The st epP@WIBIr@pERi ng t he

col | agen gel preferably conprises the steps of: - storing the tendons at a
t enperature between -10C and -30C, and peeling the tendons, - renoving
foreign protein fromthe tendons, - reducing germcontent in the tendons,

20 - swvel briemge_:lihlﬂestsmtéib_aﬁqve:mm&&aaﬁréc@sfﬁ&ﬂnbﬁﬁbrtmm Jgdpﬁe@hler)_s of
storing, ng.. rotein, reducing, of germcontent, and swelling
ai m at. pu?‘??‘%ﬁoﬁgﬂ?é}g’@%évﬁ %ra Oﬁolgﬁﬁ",s‘h%'éer%V&eé‘e‘?ﬁeé'dgg‘cééy BYeehs°ba &ntshdiski ns at
obt ai ni ngmitkes adeguatgl hommpeanisation leguipment.of a gel . The step of reducing of

germ content preferably conprises adding an acid, such as an organic add,
such as_l actic aﬁi d.to the tendons.- Further, an -organic solvent, such as

an al cdhbTe SR ehmRING pif it fhe ollagearast ersfarably gempissthe stepa@bns. Furt her,
the step -of nsvey |ahngermfair36totthegélwdﬂmSmfefrﬁf@tgoyasQer@@g;&%é a%@hfﬂé}g&g &Rl i C
acid to the - i i.d used e a0.40 - 0.50% | actic
add, ‘such asféegm%?%%%‘%g‘%?%@g%"&%ﬁgfrﬁg'%r{'%rbg ‘g?a%gglm I'ing of the tendons nay
conpri se st SeRagting eolipertier gnd rollagerefpsar antaieedoin thel BatiioriSay cemabkl.as a

tenperature of 10C to 20C, for a period of 48 to 200 hours, such 35 as a
peri od 00. to our of honogeni sing the swelled tendons is

of 20Q hours. The step 1

pref er b ‘V]'%aéf reeg og tie Lagqe qegsed’ﬂfaé?q1fr8m tha r-plagra fagm dn bie feastipaigins gel

f r agment sshained malyi tisr led bati ®, theviriter alndthan@isey thefratlh Betwedn2n€ BinoSHCHF  as
“appr oxi ; [ eristics . of the collagen
Gol " ar e 3ovskppeb B 15ksl G BB R B 2o dpa it i
stated atbiEsh $9{leosp arldpd Foathe reirerris erelerpbly ihetwarmD. 1 ond éxSuiftlestdpeoiachi eved
Py Fﬁr f o?@bmgtiﬁg;le?l&berpg@rfanh(mmeﬂ F&inﬂﬁréfé}t@plﬁ\éednbﬁ&sttﬁag@éb;s cil?% me?ns 0]‘: a

00 i sk, onpgeni sati on equ nt. S The step o

i ngart  Eofpitg Pl fRatbRt & 12 CRBSE R Cuitd BBR rrtontipe Shpind

m xi ng anbi eagdingithe selected past gicthe lggilagem fiseny buteftha Grcidanisiag tengenfirat e a
col I agen f o@fing 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 fractionising channel. '

Subsequent to mixing air into the collagen 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.



.- feedi ng the m xed gel foaminto a fractionising channel, - separating
- collagen gel and col | agen foam contained in the fractionising ¥vdna&®.. 10

At | eastompomiof the collagen gel separated fromthe copd-pganigamin the
fractionising . channel may be | ed back to the mixer. In that case, the

"~ ratio between the amount of collagen gel which is |led back to the m xer

:
o
i

|
|
3

- fromthe fractionising channel and the ambunt of fresh collagen gel led to

the mxer is preferably between 0.1 and 0.5. The step of separating
col l agen gel and col |l agen foam preferably conprises the steps of: 15 -
separ athengiizgesebpoigedrphuced bf titdreeitiol|aagedinbdanhciont aiioe gréfaabhefulfils

B fract QN %]%L?geq?qngﬁ}"owm chgeg,gl ng the selected part of the collagen foam

ut of ractioni si annel for drying thereof. In a preferred
errbodl"rreﬁ’t’*\@'fu?ﬁét"i‘?@t’ ang6Pemper ature of 15C to 40C, such as 200C to 20
25C9 s NRpiAE ai:me&bdtéhtfalﬂmef;ha&tﬂf’,@,nl si ng channel . Subsequent to mxing air

into the coll age e col | n foam may be honogenised for a period
of 2 to ﬂ"‘l’ﬁ'%g@sa%%t %t}gam?s& O g’ step of drying the _collagen foam and.

subseqguentiuble pivteis teged] calfuatag aaplbuimin gontehie acmelmvgasnogié'b a neutraliser

may be adged,d0ndrae cabiadehe @M o3fid the collagen foamis preferably
neutralised in order to arrive froma pHvalue of, usuatly, between 2.5 and

3.5 to HePpM NERReontsnt e J1hgR RPFbam bet ween 6.5 and 8.5. A neutrali ser
comu i-Si Rgcrapiol@ida pudtysall tik inszt mayche/gused, and the col l agen foamis
preferably neutr period of 5-30 hours, such as 10-20 hours,
such as ‘Y'blgoﬂ mﬁ%e“'?gpﬁg h%gl(r]%? Pri or to the step of drying the collagen

f oam -t héer!::’divlqg?ehﬂﬂwﬁﬁ sugraf 27apBfciy | 1 ed into a drying container in-
such a wastidigt moutis op Bt ical Nicmios ehrasi 19- &y Wiom?i nto the foamwhile filling.
35 The step of drying preferably conprises drying at a tenperature between
15C and 60C, such as between 20 and 40C, for a period of 50-200 hours, such
as 1500hi5terhefUiselatisw parts oft @llatenaipenge dray @oldreg dividipo e collbben d;lpy)hgg may be

per f or g Pb t r L as at a
pr essur e o@Lﬁt mgﬁﬁ%ﬁ%&&:@ ﬂh&dégrg%bgad@émg%gﬁ?%%ﬁg%ﬁy 800 nbar 25

July J900% sugh 3550 0l sinerenl nguind sk diciraih o8 PPYeR CE9seREE iR oduced by
t he netdedgdss potiongall aitid)end Awesttdeonopthef enabbytrindrbithed id al @asitaone of

the fqll oW NgoGkdk G fiating R 4&. between 5.0 and 6.0,
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 mm 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.




5 - lactic acid content at the nost S% - anmonium-content at the nost

0.5% - soluble protein content, cal cul ated as al bum n cont ent25Ja¥ 2@0he nost

0.5% - sul phate ashes content at the nost 1.0% - heavy netal content at

t he nost WOO2@#P4 10 - ni crobi ol ogical purity, at the nostpdfBseehidss,

col l agen content of 75%to 100% - density of 1-10 ng/cnB, such as 2-7

mg/ cmB, - elasticity modul e of 5-10¢ N cn2, such as 10-50 N cnR 15 The step

of isolating parts of collagen sponge nay conprise dividing the-collagen

S Eongg 1 thirdl gebent athietpyeseht ipeantisn pyovedistd ql@méﬁ’h&ﬁﬁﬁfdﬁ;;;@;?@i a&ﬂlca%)gepe

shaped i : | cylindrical, includin

cylindri @gﬁ’%wdt.ﬁf%%?%ghﬁﬂ %H(@eor %&E’g%’?‘f g{%,@g&?(ltadc nﬂé%]logaufcg'hgeﬂcﬁe&&%“?‘“@gbi c,
and f| at—sRdercdonising ghgnnalespripesing an dilel fee tedetving aflay ofi gblegen féamasn :

appr 0|to_r| at %ulﬁléttéfﬂru& ?Ia&trbﬁtﬁmtowt A ‘cfSia@en #8arh Narid §8&t@6| l}H' pBRRGEivhich REinPRReNT

invention relates to . a | 0 reparing a collagen sponge, conprising

t he s-t%ps 6'?‘"5‘“??8&&'1&#&%&'08&?%@9@% 8@?9'*336M°;?th air into.the collagen

gel, so -as at bagiinei qutlat bokdliagengdl aathe Rditom @doition@f tHeefrgblidrmgrcHmmel, so as

to obtai I ﬁﬁ&' f I, hawi ng; hr ee- di si.onal

struct ur‘ghﬁeﬁﬁuespgc ed&éﬁg%%?%%mﬁ%ﬁé@%evgééﬂggg %tfﬁ’nagnlt nEl éﬁgﬁt lally

total |y &3Eroisiag cb3™MR/hl | s of coll agen material, isolating, fromthe biock

of collagen sponge, parts of sponge having“the followi ng properties: -

elastjcity Le i he range of 5 to 100 Nlcn2,c 30 - density In the
rangeicgfltnla 'ltgg'q}ilﬁs‘jr?gcﬂct Pre-se'gﬁ%"ﬁﬂh?" BrioXiiss ap sndatsAsoflagen sporge WAVIREE | ess

t han 4 rthfough-gainghwirherboreltrthe fleriblavaillatrea pfefatredesbodinmmt, duch shalthgerbe
under st apdnddVAby BOYis@hd St AL ; ' , Lr.st
aspect %n%f t¥1e i_ﬁven?%gnwné}eggf gbe“tb_tgﬁ'i?g?‘ P%&@ﬁﬁ%ﬁhgﬂj&ég%@q 5%%h§?’di ng
to the SEIGHYMIEIRlENGThugthe rolipasn sRamIe mav rve cirgigr an gMiatisal cross-

char act ettt Tse esldgéeatonge magibetapplicRbbdtBgen MM GLas i adiscedntisiihie et hod

et i MR raf o o e AL GhoLA 1 OF ol B SRk o ko fighRe REREE Y DY the

met hod accor e secorid aspec e lnv

~ 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 indications made possibie 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.




25 July 2005 WO 02/070594 PCT/1B02/01452 9 1In a third aspect, the present
i nvention provides a device for extracting a partof a col |l agen25¥lpa®and
for degenerating another part of the collagen foamto a collagen gel,
conpr iwonyn765%4 a fracti oni sing channel conprising an i nbet/baworsrcei ving a -
flow of collagen foam an outlet for a part of the flow of collagen foam
and a bottom portion which is inclitned 5 downwards in the direction of the
flow of collagen foam - at |east one outlet for collagen gel at the bottom
portiOﬁu?ﬁDkggkﬁﬁ@oﬁt#quﬁbﬂgNghgﬁneI wherein the position of the outlet
is novable in a vertical direction at an end of the fractionising channel.
10 In a fourth aspect, the present invention provides an el ongated collagen
spongergavidnd Acoritéin QU gRIrnYudtaltiag ahe bepe irantied i bexkiehed ralblodirhenta
preferr enbodj nent gen sponge nmay be used cl osi ng wounds Qqr
re-est F 8K dabcﬁ% dﬁ"&ﬁﬁﬁggﬁv%g{'&?unnel and trachea walls in mammalians. °
Thus5 the coll agen sponge may have circular or elliptical cross- section.

The col St prmaae the sam&el &da &%Jjbraﬁmagé iptddub@d ngra @e&hbd a .

gastr0|htest|nal unnel , or uter sleev ut er
o nosscoring g1be FPHa iAo o - ROTan coriney Cp SR - RioR
througm;g@emgsé’rﬁiaaypranbore may, for application in various human
gastrointestinal funnels and trachea, for exanple be as follows: Bowels:
0.5 - 6 cm 20 Rectum 1 - 4 cm Large intestine: 2 - 6 cm Small
i Nt e8t Fipet diecieses a3sticing ddespien gblaining 8 reasurerRf trp XigResity of acollagen g¢ls The
col | agen sponge nmay, e.g., be used for closing wounds after surgical
renoval _of out pouchings.qon _gastrointestinal funnei.walls, such as after
r ect al PERFRIBHPN QF E%EggAEFPQ surgical removal of henorrhoids. Exanples of
i ndi cati ons made possible by the collagen sponge according to the ol
' nventiato_?n ?r%Fe%eg?egré%dméﬂlf e oS od ’comp?fé@soﬂfetfoﬁﬁwinégfgb%tﬁﬁtétra@é@m as -

use om parenchynmati c organs,
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




- surgical procedures on surgery |locations where ectrosurgery or |igation
has been perfornmed prior to application of the coll agen sponges JuB3005
prevention of rebleeding (securing of sutures), - application on burns, -
bandage WR @838l injuries, - drug delivery, such as delpoemp2ois:
~antibiotics. 25 July 2005 VO 02/ 070594 PCT/ | B02/ 01452 10 BRI EF

DESCRI PTI ON OF THE DRAWNGS Figs. 1 and 2 contain a flow chart illustrating
the steps involved in a preferred enbodi nent of the nmethod according to

t he inVGB&J%ben%eEbgeréndv% tgeg{p,g;,(ggr aphy of the surface of a collagen
sponge produced;l a nmethod according to the invention (courtesy Prof. Dr.

Roman Carbon, Chirurgische Univ. Klinik Erlangen, Germany), and 10 Fig. 4

di scl ose§tm$gri_qﬁm1_¢a§m;ﬂ@[ obtaining a neasure of the viscosity of a
col l agen gel. DESCRIPTION OF THE DRAWNGS In a preferred enbodi nent, the

invention conprises the followng steps as illustrated in 15 Figs. 1 and
2. Step Ihapsheditgndan disesparesaaiad in@ride%t lactitonil fBh2-Shdaee ptetsraiins: @dye,

del i ver eghdihen HbRicgenigéd tolPcdiabéh ged SE)E’OSUI%QO %ttﬁ)o"/ Qadts %ecln;_[xg' g cgﬁﬁl‘lﬁ'é)rea %o be" dons

In a half- fr(%en state, the thin Skln of tendons 1 s nan

mechani c319 Y 6%%%(‘.1’”%\]“???“’3“%??@5 The tendons are then again deep frozen
at -18 Cto.-25 C. 25 Step 3 Mechanical slicing of peeled horse tendons
Opt i onal by, - REGYREY frozen tendons are disinfected for 30 mn in 70.%

et hanol and passed into production roons under ethanol. The tendons are
t hen Hshed, and after washing the tendons are conpacted to bl ocks and

deep frowen d&&olvé:&tﬁrér@sl;eﬂﬁ fiterelN@r EWGSIRALRRARB 3R Qh%%k%h@aﬁs:kg?ga gl iced
with a CULLI poglegagmﬁpge Wi H;Ehot%ﬁjb knife into s?
~ thi cknes? "SF"R5Hr X1 M El °'1“’ % FARshi %g'faﬁcfoaﬁgﬁeaf&quaw i6f t he
t endon shoueisfT3B the steetientainerigrevsrst Wwhithds pibatyabtased FdiapbRiiaaeRl 3 ces are
f i1t SORiBls itd oWRIEE hbRogbioBSFdall) This foam is filled into drying containers. The base
15 -of the container consists of a textile tissue which is permeable to fluids, so as to altow
draining of the foam. After 5 - 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 char;ﬂt‘)ér fc;f 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




for 3 - 6 hours, then washed wth water for injection or dem neralized
water or salt solutions containing Ca2+ and/or M2+ ion wit hi & {h@0¥Sange
of 1-10mM until the supernatant is free of henogl obin. The tendon slices
are t R 030&At ected in 70 Y ethanol for 15 min and waBREEBRMEE in 0.45 %
- lactic - add in drinking water (sterile filtered and 25 July 2005 WO

02/ 070594 PCT/1B02101452 11 depyr%geni sed) to renove the ethanol. Step 5
Production of collagen gel 5 The washed tendon slices are soaked in 0.45 %
| act i Ghacolthgkorsp@nge daips prepthert ewtadrityd to al aipyal coptiel. Shers WidrooR AT Sedet 0 a

col I agemI8lowePRsitiSaleQidadted 0  actic acid is considered to be one of
the main virus 1'nactivation steps. Step 6 Foam ng 10 Wth dissol ver

StirrersysheWitifarl bldredethamiber lismekirRpeflet tad 1 hiM dioklageRarg®mmThe ari sing
foam is fractioned, and the fraction with a bubble size of 1 - 3 mMmis

col | ect egripd hatH nAembgenepeLthachber emudthee st eel contai ner into a barrel - whi ch.
is slowy rotated for approximately 3 mnutes to obtain a honbgeneous

f oam -Thstsips odith haled {sirlgledchembersdyith ageptbriedien 8ree th fibickzese ofiheof t he

cont ai negpoggg?si sts of a textile tissue which is perneable to fluids, so as

to allow alning of the foam After 5 - 24 hours, preferably 18-24 hours,
the drained foamis exposed to amonia gas e.g generated froma 26 %

anmonitie s6ed 8ipsQire DARedifda abimally Duydanih tdidisfeftt® B@isSmetd €oratainelrai st of
ammoni, a shi{ts tﬁg_pé}togg the foamto the alkaline region. Amonia is
r enov &PBEPIIG THE stbsequent drying process resulting in a neutral 20
praguct. Step 7 Drying the foam The foamis dried in warmair in a high

grade Fﬂrﬁ% aPnototaRRAEREE sdifice $8a ‘coll%%g%%lﬁée producdf Bf 8 mdthdd 120 - 150

hours. e result is ‘collagen ‘iqeon%e ) Ped I n bl ockfs- ,St%p 8 tting thféf
col | agewréing cR $hainyeRdon, Hiespotearaniivebping taken o a Magnifition 4y of may for
exanplapplgintely 26500@ (douresy Hrof. D&, R@Bas Cattiong Chiftngischié Univg Kiisikper f or ned
wth verti i i i fiSt i of are cut off
Vo vi Brdasn, upliv} RO e fbun I G prolfaahiHal 3 lPeymlfch 7 00

bl d&k crass-se¢tianat gut ipey qojllagen|spongeriyrenaigd by anerhod sGFerdinde the PERSe™he bar s
are agileAtidd.ITHEShrRlardaR64 the pHRRRFaphytdebRekht LRWMDErSS IviGleané ligiiteareas iced into
stri pSth'ez).NI plgor{ogr!a%g %ép?rgssengl::olpager)n( m]ég'ergél,Qhéu&ing walis of collagen raterial

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 30 mm
“high énd 30 mm wide. The distance from an outer edgé of the secondary parts 42 to an '

inner surface of the container is 28 mm.

35 Example ]

Table 1 below shows parameter values of three different cycles of the method according to

the invention.




0.7 cm The weight of the collagen sponge strips preferably takes into

account any 35 specification of collagen in the final
TachoConb(r) and Tachotop(r).

achi eved, such as TachoConb(r) H,

prod

uct 2pluly@Co5
Step

Sorting Wl‘i’e"z@éffs%gen sponge strips 25 July 2005 WD 02/ 07G59u02/01452
PCT/IBOZI 01452-12 The col |l agen sponge strips are then subjected to a

vi sual control.
di scar ded:

larger than 3 mm

Strips with one or

miBe

of the follow ng defects are
- strips with an average chanber dianeter smaller than 1 mm or
- strips with i nhonbgeneous chanber structure 5 - strips

9

lLength:110mm
Width: 500mm
Height: 4-7mm

Weight: 770-1500mg/strip

with holes (single chanbers with a depth |arger than the thickness of the
spongg) The sorted strips are st¢redCyde inaxijnal quclk-: Year in diy&uer[i ected
l'i ght [PERiiAd oC@Rbahd Slasteqtrp)d L ENpeT at iy of 5= 1+04+-g- mg +S5—a—|
phot ob- | of a_¢ollagen_sponge oroauced by a mefhod
accor fPRYTHe PHETS PRA¥AY I on, the phot oBphy Hei n@-4xli0&n al a negrification
- f act ofcrafrg tammnom matel y 20,000 (courtesy Prdf. Dr. RomanjCarbon, E
Chiru Hntk—ErHangen—Germanyp—Thesurfaceé shown J_n th
_phot ofr ab&ﬁde ?ﬂi@'pee is a surfafe of a 15 crloss- &6k Gnal cut5xH’a
col | ag{@ﬁuéaptﬁngw)pr epared by a nethod accordirg to the pr esent i nventipn.
_The d hddl Feht Perl B TOT OOT aphy T epr geSent—ghamers, —white—the-l-ght_areas
e phnf %%r_aqh\/ represent col l agﬁlejn(ﬁ}’k erijal , 10 ‘(%dl ng vvaflp§59
coI | .o—" hing & egled tendons withng t he chafbers. 40 Fl."glmm shows a Ziminr i Ng
devi CQiefrﬂﬁerélMealwthérg a neasure of a viscosity of a liquid] conprising | a
cont al Q Jiguid and neans for stirring said
l'i quild |F?1r tefPe‘é{‘?@"@cﬂ?p ise @rod atfitache®to a fork dkaped
el end ler is stirred by applying a torque tof the
rod, %@éylmt,pg,agmn shidiaatil gLy noverrent of the fork shappd el ement. The
fork {shaped el enent conprises a,{ primary pary 41 to whichjthe rod is 25
att adh8eeaRBiny first and a secorjd secondary part 42. The §econdary parit s
are Etﬁmb&dmtvﬁth rove ewtiriisl Of the Pr i Wi par | AS Iigaf orkista temeint
r ot atles he— s—+the Iinlud and -t hus inI‘-Q the |Iﬂll|d in_adne
enbo i\?\ﬁ‘ismng .ﬁ‘U4gW\“/ aﬁé ?1%% the fdll O\MZ‘HdeI mensi ofdMiThe cpnt aiZd®ni s 410 mm
hi gh | Seaking in 0.45% lactic acid 144h 120h 120h
Homogenisation- Condux tooth Condux tooth Condux tooth
mill mill mili
Gel viscosity (torque) 6.9-7.8 Ncm - 6.9-7.8 Ncm 7.1-9.5 Ncm
| Dry mass of collagen gel 6.3-8.3mgf/g | 8.9-9.4mg/g 7.8-9.4mg/qg
Foaming time per block 37-47min 51-58min 54-62min
Bioburden {CFU/mi wet foam) - S 1
Draining period 18.5h 22h 18h
Neutralisation period 24h 24h 24.5h
Drying pertod - 147h 148.5h 144.5h
Weight per bock 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

Table 1




30 and 146 mm wi de. The rod is 220 nmm hi gh and has a dianeter of 10 mm The
primary part 41 of the fork is 90 nmlong and 30 nm hi gh. The2segaMdary
parts 42 are 90 mm high and 30 mm wi de. The di stance from an outer edge of
't he saxowngiangyparts 42 to an inner surface of the contEimEzZ$528 nm 35
Exanple | Table | bel ow shows paraneter values of three different cycles of
t he met hod according to the inventigon. 25 July 2005 WD 02/070594
PCT/ f B02/ 01452 13 Cycle 1 Cycle 2 Cycle 3 Peeling of tendons: waste (%
24 40 WS 105

Repiecls 8Bt V‘E%parn‘?mxloééelgg)f gé f?e( %ﬁ%ﬁﬁagtgén oﬁ‘?eﬁ%ﬁggﬁg %g‘f’lt per

Bi oburden after peeling -
bat ch ¥Peted Rgroreding Iy fieroventing: V\ashl ng of peel ed tendons with 30m n 30mn
30min demneralized water Rem)val of sol ubl e protei n: washi ng of Sh Sh 1.5h

sl i ged—tendons—wi-t-h—deri-nerati-z terynth—washing_solutionis_free of
herdgl obi n_Di sinfection with 70% et%gﬁg? nﬁ 929A98 Honiln SREBARAG i 1 _
0. 45%H wdud (speci 4621m n 21nmi n Zlml nnssaaakl ngvl‘ n Ofitij% I ac'ilﬁ a(;;l‘qtltlI 131“ I|I 120h
1| R T e 6. be 7 Ryt 6. 0 7. 8 X 7 15,5 N Dry |mass
of JéMmeRivmEentet3- 8 3ng/ g 8. 9] 9. 4nR% 7. 8-|9. 4m§l/g)% Foarfi ng 0.1M per {bl ock
37- 4 &b FoRTTLSht&ft- 62M N BI OpUT degTi¢CF U/ MWl Gegg™ 1= 5680 11

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% T 95% 98%.

Water content 14% 15% 16% o

Elasticity module 10-45 Njom 1550 njem | 123410 Wem|

Chamber size (diameter; mean value) 2.3mm 2.1mm 2.9mm

Density 2.5-6.1mgfcm? | 2.9-5.9mg/cm? | 2.4-5.0mg/cm®

Sponge IV Sponge V
pH value 5.3 5.7
[Lactic adid content 2.3% 1.1%

Ammonium content 0.1% T 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

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

. :
Table 11

Example 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:




Drai ning period 18.5h 22h 18h Neutralisation period 24h 24h 24.5h Drying
period 147h 148.5h 144.5h Wi ght per bl ock 200-256g 195-228g Z5dyly 283

Bi oburden of coll agen sponge strips 14-1000 <18-124 <11-33 (CFU g) Yield
of -col | ad¥h0%yJ8de strips: 405 379 433 Length: 110nm W dt pcEagmmisbei ght :
4- 7mm Wei ght : 770- 1500ng/ strip Table | 25 July 2005 WO 02/070594

- PCT/ 1 B02/ 01452 14 Table |11 bel ow shbws paraneter values of three different
col | agen sponges obtained by the nethod according to the invention. Sponge
| Sponge ISlSpioggeacmnE EpROIRIVEpeaitrd-vE: 5.4 5.1 5.4 Lactic acid

content 2. 64@ @’WP%(?FP geontent 0.2%0.2%0.1% Sol uble protein
content 0.1%O0. 05%0 08% hat e ashes content 0.4% 0.3% 0. 3%

M cr obi ol"ogi ¥ave jydicpiop: Y@W@FKMQLOOO <18-124 <11-33 Col |l agen content
rel ated to DatwloggarsD®2% - 95% 98% Water content 14% 15% 16% El asticity
nodul e £10- 4, 15-50 N cm =41, 0 cm Chanber size (dianmeter; mean
val ue) 3m§1qe?( ES 2. @H?H”%’héﬁ%’”g )yvigh mg/dgwspng,g thyiCrn3

2.4-S. On:r/ chigingpuitiyen indeiSianger of lﬁﬁmbmaﬂie@hﬁoﬁzo sagii'c acid content
2.3% 1. 1% NamBidss-content 0.1% 0. 1%

— Balance

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 Nom +
20 5% at 23°C.




Sol ubl e protein content 0.04%0.11% Sul phate ashes content 0.3% 0.2%

Heavy netal content <20ppm <20ppm M crobi ol ogi cal purity <12- 3%8(EREY5g

<15-48 CFU g Collagen content related to dry nmass 95% 96% Water content

14% 12%0 Broaevitcity nodul e 10.4-42. 1IN cm 20-47N cm Chartvenseimesy di aneter;’

mean value) 2.9mm 2.5 mm Density 2.9-5.3ng/cnB 2-6.8ng/cnB8 5 Table I

Exanple 11 tO This exanple relatest® o the indirect neasurenent of the

viscosity of the collagen gel by torque neasurenent. The equi pnent used

for theeterEgESTEasurenent is:. 25 July 2005 WD 02/070594 PCT/ |1 B02/ 01452

15 - Stirring machi ne: EUROCSTAR POAER control -visc - W ndows- Software:

| KASOFT dc - Torque indicator: VISCOKLICK VK 1 - Datalogger DC 2 S -

‘Speci at. $weerriorGatberseledet. iapd Kellgrofi Strugfurp higspichieimitendag ceflsgene@n Fig. 4

. Funnel tiHHeFi}?z ﬁgninﬂﬂébrd%%éﬂﬁbﬁtom,t 1194?f4§ ig%eoamde@AhﬁF?émy,th. afid_fsaérr,! Br g -
ernoneter - Bal ance An anpu 0 coll ag N ille )

i nt 0°t he Mashaire/ Pf?féef{'wé’fﬂg{gﬁ&%{mﬁﬁemgaﬁ%fyaﬁ* 55 fgﬁ"gg' 118??; stirrer

is fixed in the centre of the funnel. Then neasurenent Is started. The |

Torque indicator Is transformng the resistance of the stirrer into a value.

(Ncm) representing the dynamic gel viscosity. 15 In order to verify the

measur enent of the torque, a standard solution of 59% Pol yethyl englycol is

prepared. Viscosity of this solution is neasured by a Haake Visosineter RV

20 Rotovi sko. The dynam cal viscosity n of this solution is in the range of

q

s




925 25 nPas at. 23C. This solution viscosity is nmeasured by the above gel
measuring equi pnent, and the torque val ue thereby neasured shétduWf28® in
the range of 3.66 Ncm 20 5% at 23C. 25 July 2005 '.. WD 02/070594
PCT/ 1 B02/ 01452 16 . REFERENCES 1. Baer, E. Gathercole, Li. and Keller, A,
Structure hierarchies in tendon collagen: an interimsummary, Proc.
Col ston Conf., 1974, 189; Hltner, A Cassidy, J.J. and Baer, E., 5

Mechani cal properties of biological polynmers, Ann. Rev. Mater. Sci., 15,
455, 1985) 25 July 2005 17 Cainms 1. A nethod of preparing a collagen
sponge, conprising the steps of: -ipreparing a collagen gel, - mxing 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

t hree-di nensional 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 with a chanber dianeter
of more than 0.75 mmand Iess than 4 nm or parts wth an average chamber
di agonal 20 dimension of 3 nm_ 2. A nethod according to claim1, 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 material of different types fromat |east one of the follow ng
sources: mammualian, transgenic and reconbi nant sources. 4. A nethod
accordi ng .9l aim 3, wherein the collagen conprises material fromtendons
30 sel ected fronlthe group consisting of equine tendons, bovine tendons and
human t endons. . A nethod according to claim3 or 4, wherein t he step of

pr epar itnd ‘PFF@O%BT PSRN GyR COIROBRSPPIALs CPRBIEPBIIE %995 o storing the t endons
at a t enpprepbitiigea bataweenet, 10C and -30C, and peeling the 35 tendons,

_ - 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.




removing foreign protein fromthe tendons, - reducing germcontent in the
tendons, swelling the tendons, - honogenising the swelled tendoiy2085 July
2005 18 6. A nethod according to claimb5, wherein the step of reducing
germ-cont-ent conprises adding an acid and an organi c solvent to the
tendons. 5 7. A nmethod according to claim®6, 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, sd&h as ethanol. 10 9. A nethod '
according to any of clainms 5-8, wherein the step of swelling the tendons
conprises adding lactic acid to the tendons. 10. A nethod according to any
~of cl ai rfs Arsthogipsfraiinatnslaipisd Whgseia thetstempUedieng berm sergent @fniiisen 4, 15
11. A meldmid A5 shd8h bRyaARYsobfent lAinggeiohd, Wherein the lactic acid is a
0.45% | actic acid. 12. A nethod according _to any of clains 5-11, wherein
the step of swelling the tendons 20 conprises storing the tendons at a

t enperaturiemethodGetwdid Co icim b, peieratl 208 ik 592210 QcidheuihSss 13cti?. ac. met hod
according to claim 12, wherein the tendons arestored for a, period of 100
to 120 hours. 25 14. A nethod according to any of clains 5-13, wherein the
~step of hdhwgbwdacegdingde chiwpld @d.vdrdon sheoupnic selvembs aiplmgolasebbst ance
conpri sigigaparti cles of tendons, the particles having a Il ength or dianeter
of 0.8 to 1.2 cm 30 15. A nethod according to any of clains 5-14, wherein
the step of honpbgenising the swelled tendons conprises obtaining a

SubstENCE AWeiHag adcortting @6 iahy oPHaitnd ©-82 WhdeM the Leep & JMRAIMGANAEGRALAL Ng t O any
of clains 5-15 ?%g]éere' nth of honogenising the swelled tendons is

carri ed SPBY ?%;a%tfc %c“ﬁ)(gh%gtﬁnﬁ‘?"ék m !l or conparabl e equi pnent 35 17_
A nmet hod according to any of the preceding clains, wherein the collagen get
has a 39, A method according to any of claims 5-8, wherein the acid has a pH value in the range
- of 1 to 4, |
15

11. A 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. |




dynam c 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 ingduly2R® .
~collagen gel conprises the steps of - mxing anbient air into the gel by
means of a m xer so as to generate a collagen foam --.--feeding the m xed
gel foaminto a fractionising channel9 5 - separating collagen gel and

col |l agen foam contained in the fractionising channel. 19. A nethod
according to claim 18, wherein at |east some of the collagen gel separated
from t hel & dl Paged ataadnbno bhe of tacidanig agnehanael: e t&fomagk, oL & e

m xer. kﬂe%@ﬂag@n@@&‘?r%r%‘ég%%&ﬂgs %)p claim 19, wherein the ratio between the

anount of collagen g ed back to the m xer fromthe

fractioni sMPg"eARRIEE 2l ietotthe sanumeans offr ider s¢ ol Lagairgela dobblgdirohhe

m xer is- betedmgnh mixangel Godm ko aArJE%BH:QQ %ﬁ&nﬂ{ ging to any of clains 18- 20
wher eigh _t hg %trae(;:;] chollge arati ng col | agen gée 15 and col | agen foam conpri ses
t he steps o < deparatt #y 2g¢ 8I'aé’€t‘eﬂarf‘)§??ta@?dEm@edoictiagelngfcbam&ont ai ned

in the fractionising channel, - |eadi ng the selected part of the coll agen
f oam out; g0 rﬁé}goé 5@&)"&19&&(?!:}%%1 g? w erﬂnhgl"eaé %%P? gf ;f[‘i’geqrﬁ’ﬁi(‘);'ﬁﬂa;qaﬁgératédmt hod

accordi %wéo any of clal ns

t enper a e‘i‘\ﬁé@ﬁ‘ fpaMm Ak AeCidnisindehahnads ledrtiask tgtrehagegl .. 23. A nethod

-according to any ,of the preceding clains, further conpr|5|ng, subsequent
gnfzpng met %l nto he col | agen gel, hom)genl sing the collagen foamfor a

per| 0 R, fedaimp a9 WWHB@f%@dmwﬁmgthE@mmt of cdiﬂage;pg@cedl ng

cl ai s, Wﬂmﬂltlhtﬂd tpokps Hed mcer PiohDihetfBactib@sing EMnR] arfll erggnéﬂe ng)r jagen f oam

and subs&g ERbel19s 108, S of mixing aii into the collagen adding a
neutral i ser‘gs tget he (2@'@' %g‘gﬁ'sf%eéwe%'hg 1 229t%x i sing the coll agen foamin

order' 30 to achieve a pHvalue in the collagen foam between 6.5 and 8. 5.

25. A nellmdaeal&ﬁDchbrféﬁ\ @ Slyadey utraliser ri ses an
amm!% a (fgl} en P d: Aya(ngt a(g)ﬁlis al_?{g%r ?h@re‘i ﬁlec% SZERarcﬂtmg go lzwegrg@f n the
col | agen s Or?emu?‘?'g‘i’”sféd § grePact:peri od of 5- 30 hours . 27. .A net hod

accor dI ng separeliag msBctedheriesfitht keliayeh kFaee BorftSaB irSthGHL Qlln!;lﬁs thgn ! a
period - Oflea?eﬂ'iggmet}@iérc@d 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.unethod according to any.of the preceding claims, further Lomprising, subsequent to.

m:xmg air into the collagen gel, homogenising the collagen foam for a period of 2 to 4
25 minutes.’

24. A method according to any of the preceding claims, further comprising, prior to the
step of drymg the collagen foam and subsequent to the step of mixing ait into the collagen
gel, adding a neutraliser to the coliagen 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 claim 24 or 25, wherein the collagen foam is neutrallsed for a
- period of 5-30 hours.

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




25 July 2005 20 28- A nethod according to any of the preceding clains,
wherein the step of drying conprises drying at a tenperature Heliedh 15C
and 60C for a period of 48-200 hours, so as to obtain a dry-collagen
sponge. 5 29. A nethod according to clain128, wherein the step of drying is
earned out at a pressure of 700 to 900 nmbar. 30. A nethod according to any
of the preceding clains, wherein the2gtep of drying 10 conprises drying at
a tenperature between 15C and 40C for a period of 100-200 hours. 31. A

met hod according to any of the preceding clains, wherein the coll agen

sponge Jsulafrnbigiod atcdr@iag to Qrﬁ\ﬁo@tfhetd?gcécﬁ{d QMQWQE:‘& {h'eastep oPdb V3l ue between
5.0 anct0 t he nost rmofl dm cont ent  at

at S
t he rn)stssr@%fa}1 ‘?W'"goq?ﬁt)tfz'@pﬁ?aé't’r@ctf?tﬁ’ﬁ?ﬂ &nt a'lf’aq’(bﬁlf%ﬁfeﬂe%sj %ﬂ‘tﬁummh@umt@nt at
t he no$¥s 10 0B8N a dnselliphat spawghes content at- the nost 1.0% - heavy net aI
content at the nost 20 ppm 20 - microbiological purity, at the nost 103
CFLJ/ g, - collagen content of 75 to 100% - density of 1 to 10 ngy/cnB, - -

el astPcPryethediarcerdipgto glpign Poirigeerein Be 509 ofNrgng is &fridRoutstEblRehre

accor diongoo eo aoy mdbr.t he preceding cl ai ns, wherein the toll agen sponge has a
wat er content of not nore than 20% 33. A nmethod according to any of the :
precedi ng cl aims, wherein the step, of isolating parts ‘of collagen sponge

conpr i $8sAdhathell perotde Coyagane PPERGRGI AMifs Ak bihahi bk pQl &ﬁﬁ% s by 30
Cut oM Gampid A E090 AL BIARSLLIAGR, CR1LotRN, sponae, Corpil g Che steps
to obtain a collagen foam 35 - drying the coll agen foam so as to obtain a
dry bl agka alei6al AagemRADYSNAY bG<Ang SLLNCLur e i th
stacked, chanbe Z h"ﬁ@:’h are separ gt ed ﬂ&nﬁ @%bw eé%' | F@la%'? P9pedibisosed by
val |'s oﬁ‘ NURE gyifng critenia: -
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: |




isolating; fromthe block of collagen sponge, parts of sponge having the
following properties: / ~ 25 July 2005 21 - elasticity nodufeuyrltbhe
range of 5 to 100 NNCnR2, - density in the range of 1 to 10 ng/cm, -
chanmber dianeter of nore than 0.75 mmand |l ess than 4 nm or a chanber
di aneter average of at nost 3. nm_ %135 A nethod according to claim 34,
conprising the steps of any of claims 1-33 36. A device for extracting a

part of a cole]las pﬁ,tngﬁlrlpe J%rn?g%g%r}grl%rol n@ anot her part of the collagen

foamto a col Pact i oni si ng channel conpri sing
an inlet for dee@taa mlthg@qemw @flftmgl/‘agen foam an outlet for a part of -

the flow of cghhagesaheamor Mifle adP6LHBMHRPSAd REs WRh Ghmks ok BChbR®Er
downwards in the direction of the flow of collagen foam at |east one

outlet for colIagenyferact! HBBot ¥ portien of the fractionising channel,
wher eisn the position of the outlet |s rmvable in a vertlcal direction at an

end of e, 15 fractionisjing ch eIon te n.sponge havi ng
a throu acﬁ]‘bhttw(ﬁa Q09 o%%'"é?lf Conf"f'ré‘ci%rl' Afl'e e (%anéé) ¢ ?ongat ed
col | agen sponge according to claim 37 and having a ci rr:u1 ar or elliptical

20 CT 0SS G, RB forddtrallihFh ‘BB&%%dco@inéfﬁﬂa%ﬂn FitPfed %e&&&é%tﬂig%oh%r?aﬂ' gp 37 or

38, and havi ng outer di mensi ons al | owi ng the sponge to be. use
cl osi ng i eplRgenfoant @ 2evlzaen 9Rl SETREFTE i n. a manmal i an gastroi nt esti nal

funnq:p er b Aee ity &la@Rvi @%;ﬂr%mg%h eharfgateedw@u e Bf &m@ggefoaﬁmhdl ng to
any of clai

7- 39, t h di
cor r espondPHIFt 18 3 Hit PRTeriont O GIaRs F3Ey. 88t T PoaPRansbhavares
mammal i an dastwaintast idvattidrusitbedloar oftcolledrafoam30 41. An el ongat ed
collagen sp008 ALCAAL B0 cdiRoth BeMeheondth PavbRGr B FLc B ERATHORR,

corresponding to the inner sl on uman rectum so as to nmke the
sponge Ywraaphergsgioncf dke agtictids ey aple It mevarde diseshien atew and-akghaibl i shi ng
t he ngClsidiihg 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 walisin.a
© mammalian gastrointestinal funnel 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.






