AN | MPLANTABLE BI OVATERI AL AND A METHOD OF PRODUCI NG
SAME FI ELD [0001] The present invention relates to an

w0 pbasd3abl e bi omaterial and nmethods of producP@yAB2008/001928

In particular, the invention relates to a nethod of
treating a collagencontaining-bjooaterial to reduce
and/or alleviate calcification and inprove |ongevity
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matri x of biological tissues to enable such tissues to
be nplanted into a Iiving mammalian body. Exanples of
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[0002] There are numerous methods for chemically
changing and/or fixing the collagenous matrix of
biological tissues to enable such tissues to be implanted
into a living mammalian body. Examples of changed and
fixed implantable biological tissues include cardiac
valves, blood vessels, pericardium, skin, dura mater,
tendons and ligaments.

[0003] These biological tissues consist mainly of
collagen and elastin. The rigidity/elasticity of most
biological tissues is largely determined by the relative
collagen and elastin content in the tissues and/or the

physical configuration of the connective tissue framework.

[0004] Each collagen molecule consists of three
polypeptide chains intertwined to form a coiled triple
helix. Chemical agents used to preserve biological tissues
generally form cross-links between amino groups situated
on the polypeptide chains within a collagen molecule
(intramolecular) as well as between adjacent collagen
molecules (intermolecular).

[0005] Collagen-based biomaterials, when used as



on the polypeptide chains wthin a collagen nol ecul e

(intranol ecul ar) as well as between adjacent coll agen
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bi omateri al s, when used asi npl antabl e devices in

di fferent recipient species, arg prone to hyperacute
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[0007] Cross-linking collagen involves the reaction of
a cross-linking agent with amine groups of lysine or
20 hydroxylysine residues on different polypeptide chains.
Another known method of cross-linking collagen is to
activate the carboxyl groups of glutamic and aspartic acid
residues in a polypeptide chain to react with the amine
groups of another polypeptide chain to form amide bonds.
25
[0008] Cross-linking can also be performed by bridging
amine groups of adjacent polypeptide chains with
diisocyanates, which results in the formation of urea
bonds. This method is less popular due to the toxicity and
30 the low solubility of most diisocyanates.

[0009] In recent times, glutaraldehyde has been the
cross-linking agent of choice. Glutaraldehyde is rendered
bifunctional due to the presence of an aldehyde present at

35 both ends of a five carbon aliphatic chain. Apart from
fixing the tissue, glutaraldehyde is an excellent

sterilising agent for preparing biological tissues for



am ne groups of adjacent polypeptide chains with

di i socyanates, which results in the formati on of urea
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toxicity and the |ow solubility of nobst diisocyanates.
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[0012] Unfortunately, glutaraldehyde is known to
promote calcification in biomaterials. Reaction of

20 aldehyde and primary amines in the biomaterials form
unstable imines (Schiff base) which subsequently release
glutaraldehyde from the biomaterial. Unbound aldehydes
present in the tissue can cause severe tissue irritations,
such as inflammatory reactions, after implantation. There

25 is therefore a need to remove or inactivate the
calcification-promoting effects of cross-linking agents
such as glutaraldehyde.

[0013] The mechanism of calcification of cross-linked
30 biomaterials has not yet been fully understood. Clinical
data have shown that factors such as patient age,
infection, host tissue chemistry, dehydration, distortion,
dietary factors and inadequate initial anticoagulation
therapy can promote calcification of implanted
35 Dbiomaterials.

[0014] Many attempts have been undertaken to find ways
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[ al ready been cross -|inked before bein
t S%P%d%%%r and other agents adversely affects tﬁ% Cross-

linking stability (see, for example, Vyavahare et al.,
1997, supra). Alternative processes to fix biomaterials
with non-glutaraldehyde reagents have also been described

20 and these include, but are not limited to, the use of
polyglycidal ethers (Imamura et al., (1988), Jpn. J.
Artif. Organs, 17:1101-1103); photo-oxidation (Moore et
al., (1994), J. Biomed. Mater. Res., 28:611-618).

25 [0015] Treatment of cross-linked biomaterials with
amino-di-phosphate and surfactant has demonstrated reduced
calcification in these biomaterials after implantation.
However, these agents tend to wash out of the biomaterial
after implantation and only delay the calcification

30 process.

[0016] The use of alcohol in the treatment of
biomaterials is well known, but is limited to itg use as a
solvent and/or sterilising agent. For example, the use of
35 alcohol in the treatment of biomaterials against
pathologic calcification is limited to its use in
previously cross-linked collagenous biomaterials; US Pat



exposed to al cohol . Even in instances where tissues

are pre- incubated in the presence of al cohol, the
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these agents tend to wash out of the biomaterial after

| myuataiyd on and only delay the calcification process.

[ 00T6]The use of alcohol in the treatnent of

bi omaterials is well known, but is |limted to its use
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exi sts a need for a nethod of producing a biomateri al
15thatoohay a | QRedr®iMgly, in a first aspect the present

invention provides a method for producing an implantable
biomaterial comprising:

(a) exposing a biomaterial to an alcohol-
containing solution for at least 24 hours.

20

[0020] In a second aspect, the present invention

provides a method of treating a collagen containing

biomaterial to produce calcification resistant biomaterial

comprising:
25 (a) exposing a biomaterial to an alcohol-
containing solution for at least 24 hours.

[0021] In some embodiments, the method of the first and

second aspects further comprise the steps:
30 (b) exposing said material in step (a) to a
cross-linking agent; and

(c) exposing said material in step (b) to an
acidic solution;

wherein step (b) and (c) are sequential to step (a).

35

[0022] While it is preferred that step (a) is carried
out for at least 24 hours, more preferably at least 36



resi stance to calcification. SUMVARY [ 0018] The
i nventors have devel oped net hods that overcone or at
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Accordingly, in a first aspect ghe present invention
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(c) exposing said material in step (b) to an
acidic solution;

15 wherein step (b) and (¢) are sequential to step (a).

[0024] In a fourth aspect, the present invention
provides a method of treating a collagen containing
biomaterial to produce calcification resistant biomaterial
20 comprising:
(a) exposing a biomaterial to an alcohol-
containing solution;
(b) exposing said material in step (a) to a
cross-linking agent; and
25 (c) exposing said material in step (b) to an
acidic solution;

wherein step (b) and (c¢) are sequential to step (a).

[0025] In some embodiments, between steps (a) and (b)
30 and/or between steps (b) and (c) of the methods of the
invention the biomaterial or collagen containing material
is rinsed to remove residual alcohol and/or cross-linking
agent. Preferably, the biomaterial or collagen containing
material is further rinsed after step (c¢) to remove
35 residual acidic solution.

[0026] It will be appreciated by those skilled in the



appreci ated by those skilled in the art that in sone
ci rcunstances step (a) may be carried out for a
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aspect the present invention provides a nethod for
producing an inplantable biomaterial conprising: (a)
exposing a biomaterial to an al cohol contai ni ng
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sol ution; wherein step ( b) (c) are sequential to
step (a) . [0025] In sone errbodl nments, between steps

nEHX%éE%‘%5%§¥Ese synthetic analogs formed from synthetic
polymers, biological polymers, or both, including those
generally found in natural tissue matrices. Suitable
synthetic polymers include, for example, polyamides and
polysulphones. Biological polymers can be naturally
occurring or produced in vitro by, for example,
fermentation and the like.

[0029] In some embodiments, the biomaterial is

naturally occurring and has been isolated from an animal.
The biomaterial can be isolated from any animal, whether
from the same species as a recipient or from an animal of
a different species to the recipient. Preferably, the
animal is from one of the mammalian orders i.e.
Artiodactyla, Lagomorpha, Rodentia, Perissodactyla,
Carnivora and Marsupialia. More preferably, the animal is
selected from the group consisting of an ovine, a bovine,

a caprine, an equine, a porcine, a marsupial and a human.

[0030] The biomaterial may be any type of cellular
tissue. Preferably, the cellular tissue is selected from
the group consisting cardiovascular tissue, heart tissue,
heart valve, aortic roots, aortic wall, aortic leaflets,
pericardial tissue, connective tissue, dura mater, dermal
tissue, a vascular tissue, cartilage, pericardium,
ligament, tendon, blood vessels, umbilical tissue, bone

tissue, fasciae, and submucosal tissue and gkin.



invention the biomaterial or collagen containing
material is rinsed to renove residual al cohol and/or
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col I agen containing material is further rinsed after
step (c) to renove residual acigdic solution. [0026] It
w Il be appreciated by those skilled in theart that
t he net hods di scl osed herein may be useful for
treating any biomaterial. Preferably, the bionaterial
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[0029] In sone enbodi nents, the biomaterial is

naturally occurring and has been isolated from an
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15 mapmfaaldeistwec 60% to 80% alcohol by volume. Either
buffered or non-buffered alcohol-containing solution can
be used; however, it is preferable that a non-buffered
alcohol-containing solution is used as it has been found
that buffered alcohol-containing solutions adversely

20 affect subsequent cross-linking procedures producing a
yvellowed biomaterial.

[0034] The methods of the invention can use any alcohol
known in art in the alcohol-containing solution.

25 Preferably, the alcohol is a C;-C¢ lower alcohol in a
buffer-free solution. Even more preferably, the alcohol
is selected from the group consisting of methanol,
ethanol, cyclohexanol, isopropanol, propanol, butanol,
pentanol, isobutanol, sec-butanol and t-butanol.

30
[0035] In some embodiments, the alcohol-containing
solution comprises a mixture of two or more alcohols
provided that the combined volume of the alcohol is
greater than 50%. For example, a mixture of about 70%

35 ethanol and about 10% isobutanol is effective.

[0036] The biomaterial in step (a) can be exposed to
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beers pr[cmmswsl y cross-linked. [0033] The al cohol
-containing solution used in step (a) is preferably a
liquid, and is water-based i.e. is an aqueous sol ution
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[0038] In some embodiment, the biomaterial, after
exposure to the alcohol-containing solution, is removed
and exposed to one or more cross-linking agents. Any form
of cross-linking agent known in the art or combination
thereof may be used as long as it is capable of cross-
linking collagen. Accordingly, it will be appreciated that
cross-linking agents, include but are not limited to,
divinyl sulfone (DVS), polyethylene glycol divinyl sulfone
(VS-PEG-VS), hydroxyethyl methacrylate divinyl sulfone
(HEMA-DIS-HEMA), formaldehyde, glutaraldehyde, aldehydes,
isocyanates, alkyl and aryl halides, imidoesters, N-
substituted maleimides, acylating compounds, carbodiimide,
hydroxychloride, N-hydroxysuccinimide, light (e.g., blue
light and UV light), pH, temperature, and combinations
thereof. Preferably, the cross-linking agent is a chemical
cross-linking agent selected from the group consisting of
carbodiimide, polyepoxy ethers, divinyl sulfone (DVS),
polyaldehyde and diphenylphosphoryl azide (DPPA).

[0039] In some embodiments, the polyaldehyde is a bi-,
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al cohol - cont ai ni-ng sol ution. Prief erably, the al cohol
is a C-C6 lower alcohol in a buffer- free solution.

Ev r f th [ | ect 0 e
o oo o MEIA d e | I SACHN AU GE 80| Sbd AR 1

| sAPrpRiiotS - propanol , butanol, pentanol, isobutanol,
sec-butanol and t-butanol. [0035] In sone enbodi nents,

t he hol - cont ai ni ng .sol uti on conprises a m xture of
tvvo[(g'#‘ﬁﬂore g‘bo’?ﬂﬂ‘% kb‘?AJd‘éGdﬁishatt XTI NekiRg GRep  (b)
of ishefallooiml by gireat &) t haitibQ% “ECUhf%%;am gj,ntaarvl'ening
m b 70% et I ut .10%. sobut.ano ,

i s)ﬂggfl’gcét)ﬁfe\;gﬂ %eOfGC]/f O?"hé]ea%?lc}lrrtgjl%glr i%gsioe# S8R agjc lo&pntains
be #RpIEH 1RRAO LG Whainadoimati imigngirshian imodfrimanythe

| ergit-fe Dfardd /By amd QA% aSrdds 1St iuiid Cé.fégft b TAME present

the biqmaterial resistant to in vjvo pathogenic
cal i At PR G HEET (HEmi Ghatté ivanaEmmhsqduce
corstvactlakiteh daie: ialne ol dingﬁ@ﬂtlﬁmiq@?‘t%ﬂﬂft}if%fﬁr ox in
suffiGi time to enable t cohol to diffuse ,
peraréea tgl%ltnnte(? 't A& e0i‘—’locr?isf;tlecr %5 .u%\%ﬂne W éwnatﬁ%?p t@:g contains
bi Gt évdigl dapaddsosed furtthesr alreosse!ldokiainitie activated
soldy 101+ it 0 . e pr I
R e A e et B PR B g o ene

ho&r"sl.la{%ﬂoolfr?% P igieD SPndEnt ?,reet}./egf.ah]h’os d&hen aghidchin the

theicidic solution comprises an aminocarboxylic acid.
Preferably, the aminocarboxylic acid is an acid having at
least one amino group and at least one carboxylic acid
substituent. More preferably, the aminocarboxylic acid is
selected from the group consisting of L-arginine, L-
lysine, L-histidine, L-glutamate or L-aspartate.

[0041] In some embodiments, step (c¢) of the disclosed
methods is replaced by or supplemented with a method of
inhibiting the formation of metalloproteinase on elastin
molecules present in the biomaterial. Specifically, in
tissue such as aortic tissue a higher percentage of
elastin is present than in other tissue. These elastin
molecules can provide sites for the formation of
metalloproteinase as such thése sites need to be reduced,
removed or inactivated. As shown in Example 1 infra, a
buffer-free solution, containing a multi-valent cation
such as magnesium, ferric and aluminium salts can be used

to reduce the formation of metalloproteinase.

[0042] The step of rinsing the biomaterial is conducted

using a phosphate-free solution of 0.9% saline.



bi omat eri al has been exposed to the al cohol - cont ai ni ng

solution for greater than 24 hours, the bionmateri al
woregpees3esed directly in the treatnment net hodsPOf/AUL®S/001928

i nvention disclosed infra. [0038] In sonme enbodi nent,

the biomaterial, after exposureia the al cohol

-containing solution, is renoved and exposed to one or

nor €0 &4 HFS- l'ﬂ‘f'tcﬂlge %&&réﬁ]yeégéﬂﬁé?ﬁro&% %orri%{]equal

agent known in or conbi nation thereo
us R BT | DFRP abC) tis st estodrchimed | rﬂ@:tn@ preferably, the

Colb YRt e ALEDr T Nt il fs M | d r RS- ARDIGE 4 hat

cross -linking agents, include but are not |n1ted t o,
di vi nyl sul fone (DVS) , polyethylene glycol divinyl
5sul tcmeu( VS- PEGAS)it vyl Q@@%ﬂpﬁfedﬁmfm} ailﬁose skilled in

g: \th ar aﬁt%&*ehy}gaﬂ? éﬁ?ﬁr@ SraHC%MA C%,tan@}@ deiaP Idfantohe steps of

ar ythehprerent i mowestan sl,s Marlsmﬁtoututmj mtt edmiitdiesy 1, it
acyiati N ORIty G ap@CBxké'E% Bydr C% dllftyre is

dr oxysucci ni m de, 11 ght 4
gween 1 2°C anfe ARG emoﬁ%dpﬁ%ﬁﬁif%h/on]@et‘ﬁ%@@o% C and 30°C

10Pr efrel ai gy, ;tm@amgr,l ivddwEragent ang asehen cal
cross -linking agent selected fromthe group o
consi sting of carbodiimde, polyepoxy ethers, divinyl

sul E‘Qﬁ'ﬂé]( DVS)In puiey sndeidyidesrend tdieprarydipdios phesgd - 1inking

Ln . t he
Sg: yal dehyr?e a}csl[ aQ%%Old%l%%m Ig‘lmqic?g%%dﬁtlon and
deiyige S0l utsisstiaae e faarfifmy - 35[3133@34-0] In some

15enbod|nEnts the cross -linking step (b) is followed
DY I g S R e Yo N e

art that the methods disclosed herein are capable of
producing a calcification-resistant biomaterial, which
retains less than 50ug of calcium per mg of tissue for

20 greater than 200 days post in vivo implantation. In other
words, the calcification-resistant biomaterial of the
present invention is capable of being implanted for
greater than 200 days without the biomaterial increasing
its calcium content above 50ug/mg of tissue.

25
[0047] Accordingly, in a fifth aspect the present
invention provides a calcification resistant biomaterial
comprising cross-linked collagen, wherein said biomaterial
has a calcium content of less than about 50pg per mg of

30 biomaterial and wherein said biomaterial is capable of
being implanted for at least 200 days without the
biomaterial increasing its calcium content above 50ug/mg
of biomaterial.

35 [0048] Without wishing to be bound by any theory or
hypothesis it is considered that the calcification

resistant observed is brought about in part by the



any acid capable of inactivating and/or nodifying the

fixed and/or unfixed cross -1linking agent noieties
wee@seets2T n the biomaterial after step (b) to PENBU206001928

reduce avail able calciumbinding sites. Alternatively,

or in addition to, the acidic sgjution used in step

(c) contains any acid capable of further cross

- ikl ct S W t he
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cCompu#+sas. an am nocarboxylic acid. Preferably, the

am nocar boxylic acid is an acid having at | east one

am no group and at | east one carboxylic acid
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IS 4 ed f the group consisting .0 -argi ni ne,
S SRR FARid B i b e i by o
[ 001 ie igtgne ereslod feretsi ors tregs Ysh)arod ]:;ﬂtenwheaﬁlaﬁ]sed
rret&&%-i ; Aged o StleTel t {. et ho
of i nhi bllstSllI{nggmt he folrb%irla]%?on oaa%gl Sglr?\#oetlg} %zfse& ocr?d'LlageIl
el FAMBF AT AP BYBS EMingG® + he bi omateri al . _
10Specifically, in tissue such as aortic ti SSEG a hi gher
er e of_elastin iis present than in other tissue. .
?he@:"%@gsti ri”hwﬁoé‘kﬁueé‘?"éﬁﬁ‘% | FdiSsiEdS igicatien resistant
f orfietmiadre mwifa Imeitsaldogyiret eimas e asurFucte tdrese nﬁédi&ﬁal device.
ne 0 : ed. or i tivated., A s shown
in%%xtgn'p etrfl% %ﬁ% ?%,OC% Eu% ’ert%fer gqg%g&euﬁugn,hegorﬁog}pﬂ:ilﬁfs at

a mAASh Pals@qengatdoertisgch as magnesi um ferric and
15al um nium salts can be used to reduce the formati on of

i_nase.
ne%%b% quteIt ﬁill be appreciated by those gkilled in the

art, that the at least second coating can comprise agents
such as anti-microbial agent, anti-viral agents, growth
factors, anti-dehydration agents or anti-septic agents.

20
[0052] Preferably, the anti-microbial agent is selected
from the group consisting of isoniazid, ethambutol,
pyrazinamide, streptomycin, clofazimine, rifabutin,
fluoroquinolones, ofloxacin, sparfloxacin, rifampin,

25 azithromycin, clarithromycin, dapsone, tetracycline,
erythromycin, ciprofloxacin, doxycycline, ampicillin,
amphotericin B, ketoconazole, fluconazole, pyrimethamine,
sulfadiazine, clindamycin, lincomycin, pentamidine,
atovaquone, paromomycin, diclazaril, acyclovir,

30 trifluorouridine, foscarnet, penicillin, gentamicin,
ganciclovir, iatroconazole, miconazole, Zn-pyrithione,
heavy metals including, but not limited to, gold,
platinum, silver, zinc and copper, and their combined
forms including, salts, such as chloride, bromide, iodide

35 and periodate, and complexes with carriers, and other

forms.



[0042] The step of rinsing the biomaterial is
conduct ed using a phosphate -free solution of 0.9%

W@ 200600603p0043] 1 n one preferred enbodi nent, thBCT/AU2005/001928
bi omaterial after step (c) is further sterilised. Mre
preferably, the biomaterial issferilised after being
rinsed. [0044] Wile it will be appreci ated by those
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metipdsdi Gaesed d“c?xft%dbﬁr ﬁf’eﬁ;‘i]eeas\cl\%]1 r%’c%f‘ggé’sw

caIC|f|cat|on resi st ant Ith retain
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10t ham%meiﬁmlw?(tmm)w \gkdﬂﬂltcﬁﬁiiﬁ;n%rd a‘#eh%][oltony
S, ca icati i.stan iomatérial o
press qifé}ﬁ s S HE c(g%h‘t;l%zp)df ST SYiRat 'Y or
greatt@rrﬂeh'amﬂoo days without the bionmateri al
increasing its cal cium content above 50ng/ ng of

tissue. [0047 Accordingly, in a fifth aspect the
pr SR i nverdit Gens Grkgsk menda citfiec stsiviieer el Sttentpresent

15b|QEﬁ@ﬁHrﬁn(EﬂHﬁHé¥'E%Mﬁf%%éé'dﬂﬁ¥$dﬁgdfﬁ¥%le %%?fél
sai d .bi ial has a calciumcontent of |ess
ab Sg. qn§Qﬁ group consisting of polylactlc acid,

polyglycolic acid, polylactic acid--polyglycolic acid
copolymers, polydioxanone, polycaprolactone, polypeptides,
polycarbonates, polyhydroxybutyrate, poly(alkylene

20 oxalate), copolymers of vinyl acetates with unsaturated
carboxylic acids, water soluble or dispersible cellulose
derivatives, ethylene oxide polymers, polyacrylamide,
collagen, gelatin, poly(orthoester), polyamides of amino
acids, polyvinyl alcohol, polyvinyl pyrrolidone,

25 polyetheretherketone, tricalcium phosphate, and mixtures
thereof. |

[0055] It will be appreciated that the devices of the
present invention can be any device for which

30 calcification resistance would be desirable. Preferably,
the device is selected from the group consisting of an
artificial heart, an extracardiac compressgion device, an
intra or extravascular compression device, a heart valve
prosthesis, an annuloplasty ring, a dermal graft, a

35 wvascular graft, a vascular stent, a structural stent, a
vascular shunt, a cardiovascular shunt, a dura mater

graft, a cartilage graft, a cartilage implant, a



bi omateri al and wherein said biomaterial is capable of

being inplanted for at |east 200 days w thout the
wher@ameaeT al i ncreasing its cal ci um content abP@EAU2005/001928

50nmg/ ng of biomaterial . [0048] Wthout wi shing to be

bound by any theory or hypothesjigs it is considered

that the calcification resistant observed i s brought

b
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C@Jhs?é [0050] I'n sonme enbodi nents, the
| cT Tl ca3| on reS| Stant biomaterial is coated onto a

surface of a nedical device. In a further enbodi nent,

thergipygice fupd r@{mec % %r?gs | e35d é?%\ﬁle&{%ll further

coatl ng.. [ 0051] preci ate
skiqIERF ISP toheTaigue tﬁrref:tgﬂteﬁet étanve%%tte%e‘cmm oanimpl or a

locansyrnEt ise B¢ SUEh @issa, i - mcrobial agent, ant
i-viral agents, growh factors, ant i -dehydration

agents or anti-septic agents. [0052] Preferably, the
ant[iOQﬁ7drobi dAreiyorblys, steeatietde dpdduergr @ule include a
f [ a ol., _pyrazinam .
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f I l?d{%wwlorle@h&q@mlwd stp'mefgﬂaj)emﬂmto riHearpinyounding

15 tissue.

[0058] In a seventh aspect, the present invention
provides a biocompatible implant, comprising a
biocompatible scaffold comprising a calcification-

20 resistant biomaterial comprising cross-linked collagen,
wherein said biomaterial has a calcium content of less
than about 50pug per mg of biomaterial and wherein said
biomaterial is capable of being implanted for at least 200
days without the biomaterial increasing its calcium

25 content above 50ug/mg of biomaterial.

[0059] In an eighth aspect, the present invention
provides a biocompatible implant, comprising a
biocompatible scaffold comprising a calcification-

30 resistant biomaterial comprising cross-linked collagen,

wherein said collagen comprises secondary amines.

[0060] Preferably, the implants of the present

invention will further comprise a synthetic polymer, a
35 natural polymer, an injectable gel, a ceramic material,

autogeneic tissue, allogeneic tissue, xenogeneic tissue

and combinations thereof.



azithromycin, clarithronycin, dapsone, tetracycline,
eryt hronyci n, ciprofloxacin, doxycycline, anpicillin,
waephotae? cin B, ketoconazole, fluconazole, PCT/AU2005/001928
pyri met ham ne, sul fadi azi ne, clindanycin, |i nconycin,
pent am di ne, atovaquone, paramyg/cin, diclazaril,
acyclovir, trif luorouridine, foscarnet, penicillin,
gent am cin, ganciclovir, iatroconazole, m conazole,
i thione, heavy netals including, but not linted

%Qﬁ pl 20 rmingh mpeczti,nctlmwd_omﬁqmtr iraresht de r
COrderid OrTScd N1t hdi g ising:
br?f)nide |od|(d and eﬂrt%d%?ieﬁ and co @EF ﬁgjﬂv&} onpELeLng
carriers, and agt Tigle [Wﬁ%ﬁlfﬁ‘-”ef}@‘éﬂm%/ Orteheor more

Sgr Mhiﬂtﬂaﬁiﬂcﬁg&fﬁsi&ﬁﬁi %i@fhﬁdﬁraléq%cﬁﬁﬂobﬁblng cross-

[ 0X atlte fibroblast growth
fac or é(%%é:)l)lgyam Oér RS fRR e @§condary
, ey owch f act or (I\IGF) , ep| dermal growt h factor

EG- I li (. - | .
énd ?GFI nzu)l ) pl zlj\lten o]ﬂrl ve gro Q:gjaé 114(3%53 SfubjeCt'

t unor angi ogene3| S fact or (TAF) , vascul ar endot heli al
1ogr otde flact orr \E@nth %ﬁécgﬁt reQ @ﬂa@&&i Il&%fé:r?éa!&{ g
n
I)Qovs dfransf or E??pé% q:\gte act rs.a and %l(e’ coar\npa}:lsmg
- rracr ophage del)onyprstviirdilret |ar1@:aflan1forca(t@\z}r99m‘é)s18tant

i g éﬁﬁﬂQfEﬁl2%B%P£¥§¥£f#ﬁﬂﬁs f%%%a dA 3YE,

enbodi nents, the device-o présent 1 nvemidn
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1sfromthe groyp)consisitddid f iR Widkldte8%1%in or on a

subject in need of treatment.

wherein said

[0063] The method of treatment may be any treatment,
include prophylactic and therapeutic treatments.

20 Preferably, the method of treatment is selected from the
group consisting of tissue repair, deep tissue protection,
tissue bulking, cosmetic treatment, therapeutic treatment,

tissue augmentation, and tissue sealing.

25 [0064] In an eleventh aspect, the present invention
provides a wound dressing comprising a calcification
resistant biomaterial comprising cross-linked collagen,

wherein said collagen comprises secondary amines.

30 [0065] Preferably, the collagen in the biomaterial is
selected from the group consisting of ovine collagen,
bovine collagen, caprine collagen, equine collagen,
porcine collagen, marsupial collagen and human collagen.

35 [0066] In some embodiments, the wound dressing further
comprises a sulphated polysaccharide selected from the
group consisting of heparin, chondroitin sulphate, dextran



pol ygl ycolic acid, polylactic acid--polyglycolic acid
copol yners, pol ydi oxanone , pol ycaprol act one,
weologpese? des, pol ycarbonates , pol yhydr oxybut BCEAB2005/001928
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urinary bl adder prosthesis, a pledget, a suture, a

pe ous device, a
su?g??E?EE§E%EPT§%§LkEP%@%ﬁ?ﬁ%@%%glent a coated stent
and a coated catheter. Mre preferably, the device is

15a h@@%@]valVelghgethe%h%ws[ﬂgﬁékrbB 2098 2R S ue that

vice will furt
the depr% treated w1th alcohol then glutaraldehyde fixed

compared to glutaraldehyde fixed tissue i.e. no alcohol

pre-treatment and “fresh” tissue.

20 [0069] Figure 2 shows kangaroo aortic tissue that was
pre-treated with alcohol then glutaraldehyde fixed
compared to glutaraldehyde fixed tissue i.e. no alcohol

pre-treatment and “fresh” tissue.

25 [0070] Figure 3 shows the resistance to enzymatic
degradation of (A) porcine cusp and (B) aortic wall
tissues.

[0071] Figure 4 shows the quantitative calcium levels

30 of (A) explanted porcine valve cusps and (B) porcine
aortic wall tissue after eight weeks in a subcutaneous rat
model.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

35
[0072] Before describing the present invention in
detail, it is to be understood that this invention is not



conprise a tissue fragnment harvested from an ani mal or
a synthetic analog of a tissue. [0057] Preferably, the

W p@ses3eT agnent will include a plurality of ceCT/AD2005/001928
whi ch, upon inplantation at a surgical site, wll
proliferate and integrate into jhe surrounding tissue.
[0058] In a seventh aspect, the present invention
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the present invention provides a bioconpatible
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asPedtt bise Usessdm compestiion piswi dée dniiention. Nothing
151 epivelifg 1& ftioS Be doMsthiiedC QP EINS 5Rgvi ssion that the

invention is not entitled to antedate such disclosure by

virtue of prior invention.

[0074] Furthermore, the practice of the present

20 invention employs, unless otherwise indicated,
conventional immunological techniques, chemistry and
pharmacology within the sgkill of the art. Such techniques
are well known to the skilled worker, and are explained
fully in the literature. See, e.g., Coligan, Dunn, Ploegh,

25 Speicher and Wingfield “Current protocolsg in Protein
Science” (1999) Volume I and II (John Wiley & Sons Inc.);
and Bailey, J.E. and Ollig, D.F., Biochemical Engineering
Fundamentals, McGraw-Hill Book Company, NY, 1986;
Tmmunochemical Methods In Cell And Molecular Biology

30 (Mayer and Walker, eds., Academic Press, London, 1987);
Handbook Of Experimental Immunology, Volumes I-IV (D. M.
Weir and C. C. Blackwell, eds., 1986).

[0075] It must be noted that as used herein and in the
35 appended claims, the singular forms “a,” “an,” and “the”
include plural reference unless the context clearly

dictates otherwise. Thus, for example, a reference to “a



(a) a sterile container having one or nore
calcification resistant biomaterials conprising

wee@smbddeked col | agen, wherein said coll agen cPOPAUS®S/001928

secondary am nes; and (b) instructions for use on an
injured subject. [0062] In a-tenth aspect, the present
invention provides a method of treating living tissue,
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secondary am nes . [0065] Preferably, the collagen in
the biomaterial is selected fromthe group consisting
of [6Wi7ed col Tageme lodvithe boldkaget, acpedtse thld agement
GQQhﬁ%n%@JnaQ%ﬁat%%r%bn%.%%E%%%?%brn%&%%%bﬁthQA ¥ antable
and human col | agen.

biomaterial.

[0077] As used herein, the term “biomaterial” refers to
any material that potentially has a biological use,
wherein the material comprises some collagen. The collagen
might be any type of collagen from any source and might be
present alone or in combination with other materials.
Accordingly, the collagen might represent as little as 1%
w/w of the total weight of the biomaterial or as much as
100%.

[0078] The term “collagen” as used herein refers to the
extracellular family of fibrous proteins that are
characterised by their stiff, triple-stranded helical
structure. Three collagen polypeptide chains

(*a-chains”) are wound around each other to form this
helical molecule. The term is also intended to encompass
the various types of collagen.

[0079] The major portion of the helical portion of
collagen varies little between mammalian species. Indeed,
a number of collagen types have high degrees of nucleotide
and amino acid sequence homologies. For example, the
nucleotide sequence homology for collagen alpha I type II



[0066] In sone enbodi nents, the wound dressing further
conpri ses a sul phated pol ysacchari de selected fromthe

W@e@ap6onsi sting of heparin, chondroitin sul phet/ap2005/001928

5

10

15

20

25

30

35

dextransul fate, dermatan sulfate, heparan sulfate,
keratan sul fate, hexuronyl hexogsam noglycan sulfate,
i nosi tol hexasul fate, and sucrose oct asul fate.

Pre:f@%@?':b’eaéth%é’w%}gerg \ng; .f @(ﬁdsﬁes Abd murine.
g il B By

ant_i-mcrobial agent, an
faéfla?an%rﬁ%terqws@rfm%re?a@eﬁﬂq@n@w l’amcpl%ptatt the

ageaiicldaid 1Fé'x9éﬁr 6tliﬂi}’le s dd QvRd eé‘(%l.?iné: HPFd B dequence
| east 50% col | ef erabla/ | east 70%
col T4 9%ve ‘{;Fbl%)equeﬁ JeAankpgiE 9 dennan and

andnomsst oy efsy absie}e, cmmsnx Hacassiont iralnbend wldageEquine)

BRII\E,FO%_%C&QI Fl_ﬂngglll Sjr:n leisl%qgg;eqtl:’h%%s {/\2068 Figure 1 shows

e treated with

00 "per |
e t/ﬁ@ﬁ" Glahiarralgatydadi) XedJ’CdrﬂmeUyEp:ést ®f collagen have
gl Lglﬁ‘tfl@La&eméi%lfs! Xcﬁfd a{rﬂﬁ'ﬁiJea.dlcxe hdﬁ%&éﬂéz@})h?or exagple, the

pre-treatnent and "fresh" tissue i gure

shdWe et Feance th%w@%é%e%rprp@mm & iagen
al cahla t]h&‘.l’ylgsl ut arral dehyge Jdl&%éi‘pfﬁll@:l}@ﬁh Ij Gype I is 90%
I raI i xed tissu Q..al coho
gr :(t tTeat nen c(fs’?lro&ﬁm"%eéffu@ﬂ}f@@%](qy@ﬁ)e aqd AF201723
shd\/?@ndleler)eéitm#o’evmo revzy.mdii .quidegroadat i on of (A)
porci ne cusp and (B) aortic wall tissues. [0071]

ure 4 shows the quantitative calciumlevels of (A
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for many of the above animals, the high degree of amino
acid and nucleotide sequence homology for collagen across
a number of species such as cattle, sheep, mice and pigs,
a person skilled in the art would appreciate that .the
methods for producing the biomaterial as disclosed herein
are applicable for collagenous material isolated from all

mammalian animals.

[0081] Accordingly, in some embodiments, the
biomaterial is isolated or harvested from an animal of one
of the mammalian orders i.e. Artiodactyla, Lagomorpha,
Rodentia, Perissodactyla, Carnivora and Marsupialia. The
animal is preferably an ovine, a bovine, a caprine, an
equine, a porcine, a marsupial or a human. While the
biomaterial is preferably isolated from the same animal
species as the recipient, it is envisaged that the
biomaterial might be isolated from a different species to

the recipient.

[0082] Alternatively, in some embodiments, the
biomaterial comprises a cultured tissue, a reconstituted
tissue or the like.
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[0074] Furthernore, the practice of the present
i nvention enpl oys, unless otherw se indicated,

conmaoﬁél]onal Tomuiidl ol salbd aﬁpﬁ@meim&tsttrh/e ibmaterial

PR QAL e s K ol L meg o

ar e%@é@gT%ﬁlrféchlm%ﬂfsln R § e reitakegicsde palypers, or both,

Cb'1ﬂﬁﬂhd£ﬂ§"ﬁh&ﬂéxﬁﬂheral1y found in natural tissue
matrices. Suitable synthetic polymers include, for
example, polyamides and polysulphones. Biological polymers
can be naturally occurring or produced in vitro by, for
example, fermentation and the like.

[0085] Purified biological polymers can be
appropriately formed into a substrate by technigques such
as weaving, knitting, casting, moulding, extrusion,
cellular alignment, and magnetic alignment. Suitable
biological polymers include, without limitation, collagen,
elastin, silk, keratin, gelatin, polyamino acids,
polysaccharides (e.g. cellulose and starch), and
copolymers of any of these. For example, collagen and
elastin polymers can be formed into a synthetic
implantable material by any of a variety of techniques,
such as weaving and moulding. Synthetic tissue analogs
mimic a natural tissue matrix. Alternatively, synthetic
substrates can be used to form a tissue analog, either
alone or together with naturally occurring substrates Non-
limiting examples include, polypropylene, polylactic acid,
polyester, nylon, silicone and the like.
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contact lenses and the like.

[0088] In an initial step of the methods of the present

20 invention the biomaterial is exposed to an alcohol-
containing solution. As used herein, the term “exposed, ”
or “exposing” refers to the active step of contacting the
biomaterial or a collagen containing material with an
alcohol-containing solution as described here, or as

25 described infra, subsequently containing the biomaterial
with cross-linking agent, acidic solution or other matter
for a sufficient period of time to bring about a desired
outcome. Methods for exposing the biomaterial to, for
example, the alcohol-containing solution are well known in

30 the art. For example, in general, the biomaterial can be
“exposed” to alcohol, by spraying, dipping or immersing

the biomaterial in a solution comprising an alcohol.

[00829] The term “alcohol” as used herein refers to any
35 alcohol known in art which is capable of removing or

reducing the amount of triglycerides and at least

partially esterifying the carboxyl groups found on
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such, a preferred alcohol solution is one comprising at
least about 50% v/v, more preferably at least about 70%
v/v and most preferably at least about 80% v/v alcohol to

20 buffer-free aqueous solution. In one embodiment, the
alcohol solution is 70% ethanol v/v in 0.9% saline
(containing 0.5mM PMSF)

[0091] In one embodiment the method of the present

25 invention provides a method for producing an implantable
biomaterial comprising exposing a biomaterial to an
alcohol-containing buffer-free solution comprising less
than 100% alcohol for at least 24 hours.

30 [0092] In some embodiments the alcohol-containing
solution, as well as other solutions and reagents are
“buffer-free” as it is hypothesised that the cross-linking
agents containing aldehyde reacts with the buffer during
fixation causing depolymerization of the aldehyde.

35
[0093] The step of exposing the biomaterial to the
alcohol-containing solution may be carried out for any
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Al e%]%{]ﬁtavbe%, a|etn lse()ai%t e%gl(ﬁ ts, the biomateri al

conprises a cultured tissue, a reconstituted tissue or
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15heafinddS Hfer the exposure to alcohol in a rinsing solution
comprising a phosphate-free solution of 0.9% saline.
However, any non-buffered physiologically acceptable
solution may be used as a rinsing solution. The purpose of
the rinsing solution is mainly to remove excess alcohol

20 and as such is not critical.

[0095] After the biomaterial or collagen containing
material has been exposed to alcohol for greater than 24
hours, it can be used directly for implantation. While

25 alcohol pre-fixation has been used previously by others it
has traditionally been used to sterilise tissue rather
than esterification of the carboxyl and amine groups found
in collagen. As such, the time of exposure to alcohol has
been relatively short e.g. less than 24 hours and not

30 sufficient to enable the full penetration of the tissue by
the alcohol. As a result there has been no appreciation,
prior to the present invention, that a calcification-
resistant biomaterial (see definition infra) could be
produced by prolonged i.e. greater than 24 hour, exposure

35 of a biomaterial to an alcohol-containing solution. This
means that the biomaterial, after exposure to the alcohol-

containing solution for greater than 24 hours, could be
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ti ssuesardlRPie of cross- linking collagen. Cross-linking

agents, include but are not limited to, acylating
compounds, adipyl chloride, aldehydes, alkyl and aryl
halides, bisimidates, carbodiimides, divinyl sulfone
(DVS), formaldehyde, glutaraldehyde, glyoxal,
hexamethylene diisocyanate, hydroxychloride, hydroxyethyl
methacrylate divinyl sulfone (HEMA-DIS-HEMA), imidoesters,
isocyanates, light (e.g. blue light and UV light), N-
hydroxysuccinimide, N-substituted maleimides, PH,
polyaldehyde, diphenylphosphoryl azide (DPPA), polyepoxy
compounds comprising backbone of 17-25 carbons and 4-5
€poxy groups, polyepoxy ethers, polyethylene glycol
divinyl sulfone (VS-PEG-VS), polyglycerol polyglycidyl

ether and temperature and combinations thereof.

[0097] In some embodiments, the cross-linking agent is
a chemical cross-linking agent such as carbodiimide,
polyepoxy ethers, divinyl sulfone (DVS), genipin,
glutaraldehyde, formaldehyde and diphenylphosphoryl azide
(DPPA) .

[0098] It has also been demonstrated that polyepoxy

compounds comprising backbone of 17-25 carbons and 4-5
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step of cont acti ng the biomaterial or a collagen

15contejgying Mateldoie Wniddb B @O the AU Nk ing agent
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exposure is at least about 24 hours. It will be
appreciated that the time length for exposure of the
biomaterial to the cross-linking agent depends on the

20 agent used, the concentration and the temperature.
Typically, the length of exposure is between 24 hours to
28 days. The determination of the precise amount of
exposure time for the biomaterial to the cross-linking
agent is well within the scope of a person skilled in the

25 art.

[0100] Again, without wishing to be bound by any
particular theory or hypothesis, the inventors consider
that by exposing the biomaterial that has been exposed to
30 alcohol to a cross-linking agent, the esterified carboxyl
groups and amine groups on the collagen present in the

biomaterial are cross-linked.

[0101] While it will be appreciated by those skilled in
35 the art that the temperature at which each of the steps of
the present invention is carried out is not critical, it

will be understood that preferably, the temperature is
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st dserhagively, or in addition to, the acidic solution used
in step (c¢) contains any acid capable of further cross-
linking the activated carboxyl groups with the activated

20 amine groups on the collagen to form amide bonds.

[0104] Preferably, the acidic solution comprises at
least one aminocarboxylic acid. The term “aminocarboxylic
acid” as used herein is any acid having at least one amino

25 group and at least one carboxylic acid substituent.
Representative examples of aminocarboxylic acids that are
useful in the present invention include, but are not
limited to, L-glutamate, L-aspartate, L-lysine L-arginine,
L-histidine. The purpose of the acidic solution is two-

30 fold: firstly, the aminocarboxylic acid assists in the
inactivation and/or modification of the fixed and unfixed
cross-linking agent moieties, thereby reducing or
alleviating any adverse biological effects. Secondly, the
aminocarboxylic acid further cross-links the activated

35 carboxyl groups with the activated amine groups on the
collagen to form amide bonds.



such, a preferred al cohol solution is one conprising

at | east about 50% v/v, nore preferably at | east about
waoMsebes2and nost preferably at | east about 80B6WAV2005/001928

al cohol to buffer- free aqueous solution. In one

enbodi nent, the al cohol solutiawis 70% ethanol v/v in

0. 9% saline (containing O .5nM PVMSF) [0091] In one

nbogh qeent  t he p [ nvent ign . .
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to the al cohol -containing s may be carried out
for anylength of tine as long as it is sufficient to
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cowhdgeén i ehestoeitls-ddeePrgide rddaut, Hae bi omat eri al

remains in contact with the al cohol -containing
solution for sufficient time to enable the al cohol to

di {9 land FeemPdomaiterdalhd shiegp@sed dlo. thasr e
15 pr ehddilarbokRa ikl erlerticd! aits 108Res @d Hoiddhe ndleoRle ferapiy
'C%%tikgk@gziok%hk%q Eggn?%o%%a%&e%ixggﬁgshore than 48
hours. While the incubation temperature is not critical
it is preferably between 5°C and 55°C, more preferably
between 10°C and 45°C, most preferably about 45°C.
20
[0108] In some embodiments, step (¢) of the disclosed
methods is replaced by or supplemented with a method of
inhibiting the formation of metalloproteinase on elastin
molecules present in the biomaterial. Specifically, in
25 tissue such as aortic tissue a higher percentage of
elastin is present than in other tissue. These elastin
molecules can provide sites for the formation of
metalloproteinase as such these sites need to be reduced,
removed or inactivated. As shown in Example 1 infra, a
30 buffer-free solution, containing a multi-valent cation
such as magnesium, ferric and aluminium salts can be used
to reduce the formation of metalloproteinase.

[0109] The biomaterial, after the step of exposing the
35 Dbiomaterial or collagen containing material to the acidic
solution and/or buffer-free solution containing a multi-

valent cation, is again preferably rinsed in rinsing



even nore preferably at |east 36 hours and nost
preferably, at |east 48 hours. [0094] Once the
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In sone enbodi nents, the biomaterial is rinsed after

the exposure to alcohol in a_riygsiing sol ution

conprising a phosphate-free solu}ion orlo QWbsallgf
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tly (describe fra
goggﬁgﬁﬁOU| 1%%L §:§?;ﬁ%agagigon¥ electron beamn, U% or

other similar expedient), or include an aqueous solution
of glutaraldehyde in combination with phosphate buffered
saline. In instances where a 0.625% glutaraldehyde
solution is used as the sterilant, the sterilisation time
period may be 1-6 days at 37°C or 1-2 days at 50°C). This
terminal sterilisation step may be performed after
packaging of the biomaterial in its final container,
thereby eliminating the need for any subsequent handling
of the biomaterial until the time of implantation.

[0111] In one preferred embodiment, the biomaterial is
sterilised by exposing the biomaterial to 0.25%
glutaraldehyde in deionised water containing 9.07 g/l
potassium di-hydrogen phosphate buffer.

[0112] The sterilisation step may be carried out for
any length of time and may include storage. The
temperature of sterilisation is preferably carried out
between 40-50°C for more than 60 minutes.

[0113] The biomaterial, after treatment with the



bi omaterial . However, it will be appreciated by those
skilled in the art that a superior form of

wa@ 2006/06d3eat i on-resi stant bi omaterial can be prpduaszhosyo1928
cross-linking the biomaterial after step (a) . [0096]
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( DRAAhoudiP!otRP é%”HE%ﬂgHi§Wﬂ% Qﬁl khane of
17-25 carbons and 4-5 epoxy po yepoxy her s,
pol Pt HHAIEHE 1@y @ISy iy v ohe TP ipEGA/Qplcification

15 poliyglatear-xlt 436l 9eal )Hi} BHe ¢rieriAnG P RtdY1& AR ang
co Ina&uﬁﬂ?:&ﬁ% %uthln the fixed bioprosthetic tissue,
including the collagen matrix and remnant cells. Extrinsic
calcification is characterised by the precipitation of
calcium and phosphate ions within adherent thrombus,
20 including adherent cells (e.g., platelets) to the
biomaterial and the development of calcium phosphate-

containing surface plaques on the biomaterial.

[0114] Consequently, the phrase “high level of

25 resistance to calcification” or “calcification-resistant”
when applied to the biomaterial of the present invention
means that the biomaterial, after in vivo implantation for
at least 200 days, shows less than 50ug, preferably less
than 20ug, and even more preferably less than 10ug of

30 calcium per mg of dried tissue after its removal.

[0115] Preferably, the biomaterial of the present
invention is also resistant to enzymatic degradation. The
term “resistant to enzymatic degradation” as used herein
35 refers to the ability of the biomaterial of the present
invention to withstand enzymatic degradation to a

comparable level with traditional fixed tissue.



[0097] In some enbodi ments, the cross-linking agent is
a chem cal cross -linking agent such as carbodiimde,

w@ologepsxy et hers, divinyl sul fone (DVS) , genP@@i/ApP2005/001928
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gl ut ar al dehyde, fornmal dehyde and di phenyl phosphoryl
azide (DPPA) . [0098] It has alsp been denonstrated

t hat pol yepoxy conpounds conpri si ng backbone of 17-25
carbons and 4-5epoxy groups show a high efficiency for
the cross -linking collagen (see, for exanple, US Pat.
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of reacting with helical polypeptide nolecul es such as
coll agen. Naturally, it shows relatively good
bi olBiipHlt i bi IGaneyaldey, fdre exearm e\ trhettringefc “lreatment” and
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and 3 RS o S REY. Lot §Hanss (028 o R 4 Ho s,

It cwmpleb‘@ apmeemfataecbd:dthttﬂdm dridyed engidﬁ:deﬁ:r “Treating”
ex G085 lin

ag%%fq{e encﬁ% on tﬁe agen yu;tg: ar?:t?rhe concentr §%ﬁ°§h§nd/°r
t hélit Tatidy @ VEpiehEate, ehasmnegth pertéxgpdsurley iss human,
betapREA 4 JBRY:S (0 inhibiting the condition and/or

disorder, i.e., arresting its development; or (b)
relieving or ameliorating the symptoms of the condition
and/or disorder, i.e., cause regression of the symptoms of

the enzymatic degradation/condition and/or disorder.

[0118] The terms “condition” and/or “disorder” are used
herein interchangeably and refers to abnormal conditions
affecting animals, including humans, which can be treated
using the biomaterial of the present invention.
Accordingly, the treatment of a wound, a lesion, tissue
degeneration, a microbial infection, a burn, an ulcer,
dermal condition is included in the present invention.
Moreover, the replacement of heart valves, aortic roots,
aortic wall, aortic leaflets, pericardial tissue,
connective tissue, dura mater, dermal tissue, a vascular
tissue, éartilage, pericardium, ligaments, tendon blood
vessels, umbilical tissue, bone tissue, fasciae, and

submucosal tissue are also encompassed.

[0119] The calcification-resistant biomaterial of the
present invention may also be applied to any of a wide
variety of contacting surfaces of medical devices.



28 days. The determ nation of the precise anmount of
exposure tinme for the biomaterial to the cross

WO kioakéasg7 agent is well within the scope of a PEr/avmo5/001928
skilled in the art. [0100] Again, without w shing to
be bound by any particul ar thegyy .or hypothesis, the
i nventors consider that by exposi ng the bi ormteri al
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15|ndﬂ@iﬂﬂﬂ@“ﬂdﬂﬂéﬂeﬁgﬂ‘ﬂéﬁﬂ%ﬂ%dﬂ@ iR truments, microbeads,

nerve-growth guides, ophthalmic implants, orthopedic
implants, pacemaker leads, probes, prosthetics, shunts,
stents, supports for peptides, surgical instruments,
sutures, syringes, urinary tract replacements, wound

20 coverings, wound dressings, wound healing devices and
other medical devices known in the art.

[0120] Other examples of medical devices that would
benefit from the application of the present invention will

25 be readily apparent to those skilled in the art of
surgical and medical procedures and are therefore
contemplated by the instant invention. The contacting
surface may include a mesh, coil, wire, inflatable
balloon, or any other structure which is capable of being

30 implanted at a target location, including intravascular
locations, intralumenal locations, locations within solid
tissue, and the like. The implantable device can be
intended for permanent or temporary implantation. Such
devices may be delivered by or incorporated into

35 intravascular and other medical catheters.

[0121] The process of coating the surfaces of such



renove or reduce avail abl e cal ci um bi nding sites.
Alternatively, or in addition to, the acidic solution
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cross - linking the activated carboxyl groups with the
activated am ne groups on the cgl l.agen to formam de
bonds. [0104] Pr ef erabl y the acidic sol uti on
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present invention include, but are not limted to,
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E%%F%F%ﬁ%fQQaqﬁﬁﬁﬂ?ipattern from stock sheets of

biomaterial described above. For example, the sheet may be
die-cut from stock sheets of biomaterial.

20 [0124] In use, the wound dressings of the present
invention are preferably used as the primary dressing
placed in direct contact with the wound bed, or as near as
practical against the wound bed. The dressings may serve
as a packing material and, if required, may be secured

25 into position with any suitable secondary wound dressing
or device such as a wrap, tape, gauze, pad, suture or
clip. The dressings may be temporary or permanent, and may
be permanently incorporated into the healed tissues. When
necessary, the wound dressings are changed by first

30 removing any over-dressing material and then removing the
dressing, whereby any accumulated necrotic tissue and
exudate is lifted away. The temporary wound dressing of
the present invention may be replaced by a fresh dressing
or other suitable wound covering.

35 .

[0125] The dressings may be placed in their entirety

into a wound. The dressings of the present invention may



and nost preferably bel ow about pH4 .6 . [0106] In one

enbodi nent, the acidic solution is 8ng am nocarboxylic
wa@edodopse7 mil lilitre of de-ionised water, whicPCT/8U2005/001928

phosphate -free and about pH4 . [0107] The bi omateri al

I's exposed to the am nocarboxyl4y¢c acid for at |east 6

hours, nore preferably at |east 24 hours, even nore

pr r [ the cubation
teg%‘fzr(g%re i %%%A‘? gﬂésc% é/g] Acec %‘—1‘ F pEtieents uses
5C MY B 19/ op? ef erabl y betvveen 1OOC and 450C ,

nost preferably about 450C . [0108] In sone
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15is again preferably rinsed in rinsingsolution. In sone

ewq%%zgﬁnts ﬁgg%pIégnggﬂgﬁﬁldféfggigl agents that can be
used in the present invention include, but are not limited
to, isoniazid, ethambutol, pyrazinamide, streptomycin,
clofazimine, rifabutin, fluoroquinolones, ofloxacin,

20 sparfloxacin, rifampin, azithromycin, clarithromycin,
dapsone, tetracycline, erythromycin, ciprofloxacin,
doxycycline, ampicillin, amphotericin B, ketoconazole,
fluconazole, pyrimethamine, sulfadiazine, clindamycin,
lincomycin, pentamidine, atovagquone, paromomycin,

25 diclazaril, acyclovir, trifluorouridine, foscarnet,
penicillin, gentamicin, ganciclovir, iatroconazole,
miconazole, Zn-pyrithione, heavy metals including, but not
limited to, gold, platinum, silver, zinc and copper, and
their combined forms including, salts, such as chloride,

30 bromide, iodide and periodate, and complexes with

carriers, and other forms.

[0128] Growth factor agents that may be incorporated
into the wound dressing devices of the present invention
35 include, but are not limited to, basic fibroblast growth
factor (bFGF), acidic fibroblast growth factor (aFGF),
nerve growth factor (NGF), epidermal growth factor (EGF),



sterilised. [0110] The step of sterilising the
bi omaterial is by any nethod of sterilisation known in
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[0130] Examples of anti-inflammatory and anti-
thrombotic agents include endomethycin, heparin,
indomethacin, ibuprofen, aspirin, choline salicylate,
diflunisal, magnesium salicylate, magnesium choline

20 salicylate, salsalate, flurbiprofen, fenoprofen,
ketoprofen, naprosyn, naproxen sodium, oxaprozin,
diclofenac sodium, diclofenac misoprostol, etodolac,
indocid, ketorolac, natumetone, sulindac, tolmetin,
sulfinpyrazone, dipyridamole, ticlopidine, valdecoxib,

25 rofecoxib, piroxicam, meloxicam, meclofenamate sodium,
mefenamic acid, cyclophosphamide, cyclosporine
micromulsion, chlorambucil, anagrelide, clopidogrel, and
cilostazol; the anti-thrombic agent may be an anti-
coagulant selected from the group consisting of heparin,

30 ardeparin, and enoxaparin, tinzaparin, danaparoid,
elpiruden and hirudin.

[0131] The therapeutically active agents may be bound,
either physically or chemically, to the biomaterials of

35 the present invention by methods well known in the art.

[0132] By “comprising” is meant including, but not



pot assi um di - hydr ogen phosphate buffer. [0112] The

sterilisation step may be carried out for any length
w@boosioes2and may i ncl ude storage. The tenper at BCBEATL005/001928

sterilisation is preferably carried out between 40-50C

for nore than 60 m nutes. [0113)s The bi omateri al,

after treatment with themethods disclosed herein, has

" ﬂ{h &g Ofwﬂaﬁéévc‘é]? c?l IOS?TH 1% fv& Craél oﬁpernts:lrr}ﬁ” S’I‘hus,

catlon I esi eria
"cam‘fiﬁ fQ%aFth%rflela% DT idigl rigfdieaters drimtofthadisted

m]ﬂetﬁ@iﬂ@'é&% Gl PR s cﬁtfd Md tnat other

traditio roduced blorraterlal rising
corﬁﬂleed? %/%%L@ DBt PG My OJ%d‘lar}agéH: é?ﬁ:l present. By
Sel axtdmyistiry hel plfé\melﬁliﬁ‘.lf )argﬂf&ﬂilllfz{g)mﬁaﬂchéﬂmhh%ﬁ?_to,
nat e ca |e“o oW N, an i on
ot O B DR il st e i s’ the
undﬁﬁ&%l“@@ﬂﬁ#@nm@ﬁi’r Jdrebrcaxjm:s drhegf ttH’E listed elements
bi qvad &fd Rl ireBVOK %)arf&éﬂ%%ff S eis! Cl:' z%th{d é]rnterle%nccs may

and extrihsic are known to “occur xed colTagenou

bi RfatHSSERt -alRho W%W%ﬁsﬁmléﬁané’) lkwﬂml’l‘;h

1osu|<:Jncsaid:aJrfg caty mheﬁtéewtss Bl%déd(fé&\/u’ér luHe lpTﬁdt t ran(%

calgi fication | aracteris reC|p| ati'o

cal'cifnie an]d_’ DS ate SIS %?ﬁ@r: X&fertere with or

bi (qmm;srtﬂwuec td sdee adtnolitgi g talmaslmi Iwiﬁmd IDh the

ancy HLIASIL ica i

char acterl sed%kérS %Xl le% teg{%lmorrlltg’f ?519’2:"* u%haem?hrase

pho$hEte Giges Qﬁsﬁﬂtﬁadd-h’eloéh’t indieryes tihadl ddiendisted

15 adhkaregiinteelahe @%%?er@ %&ehﬁh%bth%yth%uQ!Q%%keUtﬂer
and .t he devel opnent, of _cal cji um phosphate -
elements are optional and may or may not be present
depending upon whether or not they affect the activity or

action of the listed elements.

20 [0133] The invention will now be further described by
way of reference only to the following non-limiting
examples. It should be understood, however, that the
examples following are illustrative only, and should not
be taken in any way as a restriction on the generality of

25 the invention described above. In particular, while the
invention is described in detail in relation to the
treatment of pericardium, valved aortic roots, valve
leaflets and aortic wall tissues from bovine, porcine and
marsupial sources, it will be clearly understood that the

30 findings herein are not limited to these specific tissues

or animal sources.

EXAMPLE 1 BASIC PROCESSING OF BIOMATERIAL

35 [0134] Kangaroo hearts from adult Western grey
kangaroos were harvested by a professional kangaroo
shooter in Western Australia and transported to the

1



contai ning surface plaques on the biomaterial . [0114]
Consequently, the phrase "high |evel of resistance to

w@a006i0663eat i on" or "calcification-resistant” wWhENAU2005/001928

applied to the biomaterial of the present invention
means that the biomaterial, aftsr .in vivo inplantation
for at |east 200 days shows | ess than 50ng ,

r ef even ref a
Pt LRIA o (ﬁg of cal cl um per rED (%%té} The

| ess than | drle 1% S
i t 9355 arerq orsjedpristigraliny lCteheJCtildorﬁat%ar is#lligfe tdndution.

pr a&@tpdﬁ\t%{ﬂdl% o2 &R sérﬁiqtcér%ﬁﬂzlmlééned from
at i he term"resistant to enzymatic
%r‘%ﬁe r&n‘f%s e d WHRI PRy &Rt (The agrtic

5t h e duitenatierh a:lheofaciﬂtacprveﬂe;rds Iw&%‘ltdl@bet&é& thedmnthe
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l.e level wt L
traﬁltlongﬁﬁglxe |ssuec%b % qﬂﬁialnlng 0.5mM

|wﬁhﬁﬂ%ﬁﬂW@qayiﬂﬂuiﬁqmykﬂfMuﬂﬂuﬂgﬂiHmmﬂalﬁﬂmgperlcardlum
naﬁﬁ%é‘ﬁtdﬂéd'@%dyﬂ%ﬁﬂg atﬂ%@@tiglleéncgman b@/uéﬁgi%%

treat a .nynber. of conditions di sorders
Geﬁé’in&ailﬁlmtghé’ -CEHTEMEE dad e velvest somticag@ative washed
||E®raQ® udedhter dnn the mRan ablleck reI1aR idddicdrdeahning

or |, their tissue or cells to obtain a desired
pharnacologlcal and/ or physiol ogi cal effect. The .

effect is especially therapeutic in ternms of a partia

or[@qgglete %U%%t%& 2GRt bﬁ%O%Bg/%tre ﬁ%f%g selution of

"Treatln as used herein cover
coﬁarﬁpénvdﬁdpﬁfV@ﬂ@@ﬁdéﬂcpﬁoé ¢§hﬁ@@ﬂawﬁs prepared,. The

papkirs hath yimd wadMAmeaded Agkbdese 6akohbhi BbhiRd NG Frer

Condlthggh%n%éorage at 4°C. The valved aortic roots were
immersed in the same alcohol solution immediately after
the final wash in ice-cold 0.9% saline (containing 0.5mM

PMSF) . The pericardium and the valved aortic roots were

kept in the alcohol solution at about 5°C for a minimum of
24 hours.
[0136] The pericardium and the valved aortic roots were

removed from the alcohol solution and rinsed for about 10
minutes with 0.9% saline. During the rinsing period, the
temperature of the rinsing solution was maintained at
approximately 10°C.

[0137] The pericardium and the valved aortic roots were
immersed in a 0.625% solution of glutaraldehyde containing
9.07g/1 potassium di-hydrogen phosphate buffer in sterile,
deionised water. The pH of the glutaraldehyde solution was
adjusted to 7.4 with sodium hydroxide. The pericardium and
the valved aortic roots were fixed in the glutaraldehyde
solution at 1-5°C for a minimum period of 24 hours to

crosslink proteins present in the collagen of the tissues.



di sorder, i.e., arresting its devel opment; or (b)
relieving or aneliorating the synptons of the
weenwdiotdzon and/ or di sorder, i.e., cause regresRCDAU05/001928
the synptons of the enzymati c degradation/condition
and/ or disorder. [0118] The terg®w 'condition” and/or
"di sorder” are used herein interchangeably and aefers
oyl - cgnd fect ncI i n
hungﬁs Y ch carﬁ%e%@%%@%@nﬁ% Igv naatoﬁ W gpots were
t hé—’%ff@é%tfmw@fh& cmlut@altadrctﬁfngiqf sqlhet:tcrream?emlrcsfech in a

WOk ria d Qﬁ'sﬂén sédﬁﬁt\i%lﬁlﬁﬂﬁr@é’ Q‘.tdiorhbd'?h G %rﬁltes During

i nf ion, . urn,, an ul.cer, dernmal condition
i ncﬁ%éﬂﬁ%%@%ﬂ&%mt%\r&mwtw ézﬁ/etrhe tmé'lsmg
5r epcaloemnient wafs heanttaile®st aggddkin@adsly aqru,.c

wal |, aortic leaflets, pericardial tissue, connective

tissue, dura nmater, dernmal tissue, a vascul ar tissue,
carkq¥3&de, pél?haza)ﬁjiilﬂﬂrdijtgamd $he eredoredlaanrtic roots were

a
LB G Yo hed LT L siroc
calRHIGeESon-thes |1%etrdmarrﬂldmtaewﬂo a:h%fvatlhre,eqora@g@mc roots

101 Nweitd dimEscdl & Be rFfdred e i ¥fich "Mdilﬁ:a\&%fl'r%t ¥mg
of ont ct| cal devices .Contactin

sur f.aces of
sur glgﬁfd@c P &"ﬁggq RSEY Jate fadsume - Y The PH
thaztf ahe |smﬂ£utd@ah Mascamijaxsttekﬂ aed a q:ei lcf @r.sotWidth a volume

bo@ﬂ Yilfll e%tS h?)’drtdcﬁls_l. %%_ ﬂﬁe Corll'zt%aéjerlc%. L&%Tung and the

SpeCI | Ca human. ng sudrraces
i néﬂal}d'@do@@r@rl%ﬁp@@um@@egmenm danl tdheviscdsittilpat at a

15 ar & eiplegRded-d & CAMNAL! dBle0d-or agLer 4bi ASHEs. The

medi cal devices include aneurysmcoils, artificial
bl ood vessels,
[0140] In the second procedure the pericardium and the

valved aortic roots were immersed in a buffer-free
solution, containing a multi-valent cation such as

20 magnesium, ferric and aluminium salts, dissolved in de-
ionised water,'at a pH 3.5 for about 60 minutes.

[0141] The biomaterial was then sterilized either by
immersing the tissue in a 0.25% solution of glutaraldehyde

25 containing 9.07g/1l potassium di-hydrogen phosphate buffer
in sterile, deionised water. The pH of the aldehyde
solution was adjusted to 7.4 with sodium hydroxide. The
process of sterilization was carried out at a temperature
about 45°C for about 120 minutes.

30
[0142] Alternatively, the biomaterial was sterilized in
an aqueous solution comprising 2% Epoxypropane combined
with 20% ethyl alcohol by weight at 37°C for about 24
hours. The sterilised tissue was then stored in 0.2%

35 buffered glutaraldehyde plus 15% isopropanol.



artificial hearts, artificial valves, artificial

ki dneys, artificial tendons and |iganents, bl ood bags,
whbkwedésrygenat ors, bone and cardi ovascul ar PCT/AU2005/001928

repl acenents, bone prostheses, bone waxes,

cardi ovascul ar grafts, cartil.agg repl acenent devi ces,

catheters, contact |enses, containers for cell and

ti t |
p'aﬁ%ﬂfﬂﬁ 2U|r|e a”%ﬁﬁﬂﬁ“%ﬁ“ﬂﬂﬁ%@fﬂé it ;@_ﬁ( BIOMATERIAL

i ndwel I'i ng catheters, |aboratory instrunents,

niCMﬂMdiS mﬁhéﬁdyéﬂﬂﬁlgﬂt@%ﬁaﬂ%?@rﬁ%g%ggdﬂﬂfﬁﬁﬁ% measure
ort hopedi c |np ants maker ea S, p
pr &5t K&HGEs ! "%ijéﬁt §eff61ecﬁft§pt“}3c¥@§1al
SSurngr@adgumstdunmﬂs,tysw emtesy:mﬂyges urinary tract

repl acenents, wound coverings, wound' dressings, wound
heallng devi ces and ot her nedi cal devices known in the

ar tL0Y43120] Bovdmee parices ddfumpisc albtdeviede S ridmata local
V\Dlalhétl%%&%f It fleQibdihe A%%Q;'x‘a%ta' %%dOftrtaEl%?gr‘%%%lntto the

e t|on will be readily apparent to l'ed
\elL BPTYUPG & aﬁ“&lmréé%arﬁrlél@baf@ﬁegrlmesir as
10thékﬁkﬂﬂ®e@0ﬁhﬁmabﬁ@ﬁ@ hy the instant invention. The
contacting surface may include a nesh, coil, wre,
i nfl atabl e ball oon, or any other structure which is
cagddkélof baheg degpleaniodd cabsa -fldniang ofaldoerine
'n§EQQbQth Hléﬁag%%b%&ebpgﬂk' gng'@%rihg %%%ﬁds described
| ocations, | ocatidons w thin so I SSue
|i R&. E#ﬁ@PﬁﬁpﬂanW§§l§°@@@¥€§ w&ﬁhbbovnpénﬁédltawdlum fixed

15 peieoeskser bugFeeedr YiukB-antatien. (SeekrdeVipess cB®¥%:ium) .
be delivered by or incorporated into

[01456] Representative pericardial sample strips (5 x 10
mm) in each group were attached to an isometric force
transducer (MLT0500, AD Instruments, Australia),

20 interfaced with a PowerLab data acquisition system and a
desktop personal computer. Samples were kept in constant
extension with a load of 90 + 5g and immersed in an open,
temperature controlled water bath filled with 0.9% saline.
The temperature of the water bath was gradually increased

25 at approximately 1.5°C/min from 25°C to 95°C. Shrinkage
temperature was indicated at a sharp deflection point from
constant extension when the collagenous material was
denatured. Results (shrinkage temperature expressed as

degrees Celsius) are summarised in Table I.



i ntravascul ar and ot her nedi cal catheters. [0121] The

process of coating the surfaces of suchdevices can be
w@esoboeased by the plasma coating techni que, asPCT/AU2005/001928

described in the International patent application No.

W06/ 24392. [0122] In one preferred enbodi nent, the

bi omaterials of the present invention are used

directly as wound dressings. T%&% ﬁgnple as descri bed

supra, the biomaterials can and used as a
sSSi ngs of

wotte—e+-ess-rg—ai-reety—f0123]—The wound-dre

t heypee st digauent i on ar eNﬁ{nséﬁf ably ighAihf I "ﬁeﬂPJpe&]:ature

coptinuous—sheet form simlar to wound drPQQI ngs

known in the art. Fbmever the invention may al so take
50thknnxmuniRaﬂﬂmax@hmhornatiQms For exanpl @4 wourdo. 17

dr qs_c%laQ%% 7 ex&%ea .%&ent |n\i%nt| on rray be DI 0Q cgrd Ob

5 04y
blonaterlal descrlbed above. For exanple t he sheet
may be die-cut from stock sheets of biomateri al

[0124] In use, the wound dressings of the present
invention are preferably used as the primary dressing
placed in direct contact with the wound bed, or as
near as practical against the wound bed. The dressings
may serve as a packing material and, if required, may
be secured into position with any suitable secondary
wound dressing or device such as a wap, tape, gauze,
pad, suture or clip. The dressings may be tenporary or
per manent, and nmay be permanently incorporated into
the heal ed tissues . Wen




necessary, the wound dressings are changed by first
renovi ng any over-dressing material and then renovi ng

w0 bwedesssi ng, wher eby any accunul at ed necr ot i BCT/AF3098/001928

and exudate is lifted away. The tenporary wound
dressing of the present inventign_may be replaced by a
fresh dressing or other suitable wound coverlng

[Oja%éimpﬂhe ﬂ_ress'

naybe cut, shaped and nDdlfled to acconnndate nunerous
usemand applinaticans. d0126) AL, elf'ﬁzﬁm{

b|o erlals of the present ﬁhventlon IS 1 %?ié'&%gradatlon
deld gﬁV R el B SRetere aggamcsnan diudihey nigkhods

5anyiec$fcmhmdafmr Exnipglenad (@pRlatea lpé'i‘i.eardlum) , was compared

Th e t| t|v ent.s rt ,
s S BT B G Tirelte Lnd S b aetiade
anBﬁMUﬁﬁﬂi@ﬂhY§§edMQnUnmﬂ peimigabdiumt. |inited to
anti-fungal agents, anti-bacterial agents, anti -vira

agents and anti -parasitic agents, growth factors,
angdi’ddédi c f&t@éﬁ@asénﬁplﬂﬁﬁPPaWﬁﬁt@ﬂﬁpﬁg@@tby fdsisolving

10-t hm@nigopx@na@%nt su@p@%m G5 SREIP RS 2GGhAS 'cgfh%’lum

l.s d ot.her agents. [0127] EXanpl es
of %%PF 8r06PaP°§§gnP§ %%EFSCEH%Eéru§Q&UFﬁOPhéO 01M,
pr ®8@n#) i, neentrdningclouds, ghytiaee n@hxbdﬁth%@ubosamples
IS z h I a m tre
C|%§§%,E?ﬁ§%h iﬁbﬁ%ﬁon1@%ﬁu§?g§u|%§Fo§ %ggn% gpﬁtted
spéFﬂeﬁo?H€¢ﬁ19hﬁféﬁp7ﬁ°ca§m@hW©nghe®, Ehasetﬂampyesnwere

15 dapsengatket Facyekl peon8s¥t BHLOU¥ELA: a¢l BOOE! £XACLD novrs |

20

Remaining tissue samples were rinsed in deionized water
dried overnight at 70°C and weighed. Resistance to pronase
digestion was determined by the mass of remaining tissue,
expressed as a percentage of pre-digested tissue mass.
Results are summarised in Table II.



doxycycline, anpicillin, anphotericin B,
ket oconazol e, fluconazol e, pyrinetham ne,

wa@iobadhizazi ne, clindanycin, |incomycin, pentanPdi/AB2005/001928
at ovaquone, parononycin, diclazaril, acyclovir, trif
| uorouridine, foscarnet, penicighlin, gentam cin,
ganci clovir, iatroconazole, mconazole, Zn-pyrithione,
heavy netal s includi ng, but @gﬁLﬁif}ted to, gold,
plati num silver, zinc and coeppefs—and their conbi ned
forms including, salts, such as chloride, brom de,

| odivgiRe T Higydedat enuARECERPLEXET W T Ny CRES i
and}gfzer forms . [0138] E&omﬁh fgc?or agentséfﬁg?gggfsue

be incorporated into the wound dressing devi ces of the
5 pr €serrdln\Bentiicanrdinm ude, kwt are not |imgiedg e 1.97

(B Sa “GPoneR Tattor (aRh) . nerve or kit dofor?

(Nbl:) ) epi dermat ot owt-h—factot (E@) ,ii"lSUlii"n e
growh factors 1 and 2 , (I1G~-1 and IG~- 2 ) ,

pl atel et derived gromh factor (PDGF) , tunor

angi ogenesi s factor (TAF) , vascul ar endothelia

grom h factor (VEGF) , corticotropin releasing factor
(CRF) , transformng growh factors a and b (TG--a and
TGF- b) interleukin-8 (IL- 8 ) ; granul ocyte
-macrophage colony stimulating factor (GMWCSF) ; the
interleukins, and the interferons. [0129] O her agents
that may be incorporated into the wound dressings of
the present invention are acid nucopol ysacchari des

i ncluding, but not limted to, heparin, heparin

sul fate, heparinoids, dermatan sulfate, pentosan

pol ysul fate, cellul ose, agarose, chitin, dextran,



carrageenin, linoleic acid, and allantoin. [0130]
Exanples of ant i-inflamatory and anti thronbotic

wa@g@nves3ehcl ude endonet hyci n, heparin, i ndometPEALN2005/001928

I buprofen, aspirin, choline salicylate, diflunisal,
magnesi um sal i cyl at e, magnesi-umgchol i ne salicyl at e,
sal sal ate, flurbiprofen, fenoprofen, ketoprofen
Nap:e3Mt s AP OXEhp L !

nap  1APr O AN QEARAL b Gibaanas,

enac nrsoprostor;—etotdorac, 1
ket orol ac, natunetone, sulindac, tolmetin,

oo D L D A e R Dot
sodFUTR™ it GiHhRmg Gt AT AP LGEiTSS SRERRIS.L (o) GHosesd inked

5m d¢desmwlesi.on, chl oranbucil, anagrelide, clopidogrel,

and cilostazol; the anti-thronbic agent nay be an anti
coagul ant sel ected fromthe group consisting of

heﬁg)rliSﬁ),]_ ar dé@@!’ itensdde sroxagaii wf doviaeapericardium,
dapaRy0icd d@d@ﬂd&%@nt%n@h%'H%Q%%dg[%%%%k'£gﬁ in Example 1
thera eutlcalgy active agents may be oun&, &i t Ter

phy SRS Herdramddam)y, Wes CrEPBrEfatdtibalevinet he

10 pr peericarddent ifdkedy ifetoheds swehilf Flere\dn gl thhe 1akhyde

15
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[O " rising” .is nmeant including, but

no#%%#F?é& %%Egﬁﬁ'ggsgp‘folloms the word conpri sing”.

Thus, use of the term"conprising” indicates that the

li 9@ 1§l emengane %%&%hg%ﬂ gg g@%@%%%%%atQ%% %@%&cardial
other elenents are optional and may or may not b€

pr 88&dPs. (By X' 89n8Mdt Phgbeith pEorpanefi fdisedienyeranteasured

l'i mitedat ayawbateverzwhiekl/Qee11hqvBease0169N$ksking testing

Ofﬁacﬁg%%z %g%ted with a 10 kNewton load-cell at a constant
extension rate of 50mm/min. Tensile strength and
elongation at break were evaluated from the recorded
load/elongation curves. Results are summarized in Table

III.



phrase "consisting of" indicates that the |isted

el ements are required or mandatory, and that no ot her
wWe@k@aeei3s7 may be present. By "consisting essentCEHADU005/001928

of" is meant including any elenents |isted after the

phrase, and limted to other elgments that do not

interfere with or contribute to the activity or action

specified in the disclosurefﬁﬂré fisted el enent s.

Thus, the phrase "consisting—essegﬁially of " indicates

that the listed elenents are required or mandatory,

but that other elenents are optional and may or nay

no Yet-her—or—not—they
af f e t% act i“ﬂm@rorogcti ORNSE1ehe |isted Blengation (%)

5[ 0X334sukhe i nvewtrpdeswi | | newrbagtur (hemmélescri bed by
way of reference only to the followng non- limting

exanples. It should be understood, however, that the
ex&fte® ¥ ol | owi ngOare il uster.&id ve lonBy, and 1shaid & 1.67
notpie dakBRid N any way as a restriction on the
generality of the invention described above. In
particular, while the invention is described in detali

101 n Tredaatdcon to theot r eat mentyiofgoper kcardi um viaj ved+ o 61
ao@gfiéé§§ﬁmbvalve | eafl ets and aortic wall tissues

frombovine, porcine and marsupi al sources, it wll be
cl eartyunderstood—that—the—nai-rgs—hererhr—are-not

limted to these specific tissues or ani mal sources .
EXAVMPLE 1 BASI C PROCESSI NG OF BI OVATERI AL [ 0134]
Kangar oo hearts fromadult Western grey



kangaroos were harvested by a professional kangaroo
shooter in Western Australia and transported to

W b@batseat ory on ice packs within 4 - 6 hour SPOf/AU2005/001928
death. The hearts were washed twice in ice-cold 0.9%
saline solution. The pericard wp was renoved and
carefully cleaned from adherent fat and | oose

CONBEGIBIYE o | _Ssue-CAE:}grﬁﬂsz@ﬁ qﬁil Sk rb}f :ﬁc%{;ﬁﬁlﬁm

valves were di sse H——

i ce-cold 0.9%saline containing O .5nmV

Phefoilsatet hy le-gaddimted1 [94Q1dides GRMERa 1.1 Bk la:xigés animal

perj cardi um was stored overnjght at 40C in 1ce-col;

b. T o REEHiRT CIISAMUNEP SR (38 RAARGF iveness of
S aortthiec abwotes- dgessheibdd prasaure it date iy ¥isaliik@dtion of

solytd i.nj L 1.0135]. A _wat er--sol ubl e
al glgtr?gl%-d:c?rﬁl%%ér}}g %%ﬁ%%]go? lébﬁagﬁ%l\ﬁ]\? ‘by vol une
al cohol ethanol was prepared. The pericardi um was

| menised | ntad healohol sahil eRRhL ehONeL RO v

stqrage at 40C . The val ved aortic _roots re 1 mrersed

i nqﬁ?%%s%ﬁ?eaé} FRATALRUEBT Licvedilatdispugrt e Prap@red by
10f i malandastd ifixatd-oe0lich @nﬁ%@ $)ﬁ|6i2r5%l &ﬁ%‘ffe@de;a! @Q.Lﬁa.ix@IMehyde

P ) r.icardi um and the valve ortic roots

worhigzsEEe PR R corpat s S kesaargp Jalve

m Aiemihedfs 24dh damgardo0 8861t 1Eheraidr itd asticsmtares tkie

vakved Aty ¢d @S mteh %e@B%%%iE% ”H%h%x%%ﬁﬁ%pgo(treated

soluytion _and rinsed for about m nutes W . 9%

salfit¥€Yhuring the rinsing period, the tenperature of
15the rinsing solution was mai ntai ned at approxi mately

10?0154] Aortic wall tissue samples (10 x 5mm size) and
aortic valve leaflets of both groups were rinsed in 0.9%
saline for 5 minutes. The rinsed tissues were surgically
implanted in subcutaneous pockets (one sample of each

20 group per rat), created in the central dorsal wall area of
growing (6 weeks old) male Wistar rats. After 60 days, the
explanted tissues were dissected out of surrounding host
tissue and dried in a Biotherm incubator (Selby
Scientific, Perth, WA) at 90°C for 48 h. The dried samples

25 were weighed, and the calcium content extracted in 5.0ml 6
N ultrapure hydrochloric acid (Merck, Perth, WA) at 75°C
for 24 h. The extractable calcium content was then
measured using an atomic absorption spectrophotometer
(Varian AA1275) and expressed as pug calcium per mg tissue

30 (dry weight). These data are summarised in Table IV.



[0137] The pericardiumand the valved aortic roots

were imrersed in a 0.625% sol uti on of gl utaral dehyde
w@emwbasaszng 9. 07g/ 1 potassi um di - hydr ogen phospeiEHAB2005/001928

buffer in sterile, deionised water. The pH of the

gl ut ar al dehyde sol ution was adjgusted to 7 .4 with

sodi um hydr oxi de. The pericardium and the val ved

aortic roots were fixed in tgggggu&graldehyde sol ution

at 1-5C for a m ninum period ours to crosslink
. i tissues

pr eternrs—present—+n—the—collagen of the

. [ Cdsd dihe peri caqdingy and the vglyved tic roptsSiteg
wer.e. renoved fromthe glutaral dehyde sol ution and

ri Y a sterile 0 9% sodium chit%t4%e for abdiissis

5mnutes. During the rinsing period, the tenperature of

10d TR IR ber 7 i im ana. { e Galval Gor { fe 2 ¢ 0-74

r ot biet evalden tredi®d by two alAferavatd Ve 3% oceadr @s.0.15

In the first procedure, the pericardiumand the val ved
aortic roots were imrersed in a buffer- free solution
cont ai ni ng 8ny di carboxylic acid per Im de-ionised
wat er vol unme. The pH of the solution was adjusted to a
pH of 4.5 with a volune of diluted hydrochloric acid.
The pericardiumand the val ved aortic roots were
imrersed in the solution at a tenperature of about
450C for about 48 hours. [0140] In the second
procedure the pericardiumand the valved aortic roots
were imrersed in a buffer- free solution, containing a
mul ti-val ent cation such as magnesium ferric and
alum niumsalts, dissolved in deionised water, at a pH
3.5 for about 60 m nutes.



[0141] The biomaterial was then sterilized either by
imrersing the tissue in a 0.25% sol ution of
w@bmsasaktehyde containing 9.07g/1 potassium PCT/AU2005/001928
di - hydrogen phosphate buffer in sterile, deionised
wat er. The pH of the al dehyde g@l uti on was adj usted to
7 4 with sodi um hydroxi de. The process of
ld=zati o erature about
350 Lo anout To8 o aer i 2 Y AR e e
b| &%&tl&%%nwlﬁlefmqatzl@dl iirs maal}ae«bwpmiam dm Table IV.
commmdﬁumzﬁﬁﬁﬁmpﬁfpr $%mg
ohol t at t%%?:rt?g%(%é@go&?%f\ye%urg@ arable to
AR So ey s Smn 16t SPSeR. 6 L3RS Padeshererore

Sgl@Emp@b&&?&@euMeugugﬁ%MdﬁirERFfﬂaFga ﬁ%s%FF%%Eared to
nat ur ati on
sEEM%tgé B@E€9¥aﬁﬁ pta &8?9 8ﬁ

tenperature=is an i npo cross -linking
stability and it reflects material strength,

dutsiavipl &Y sand | NEe@iy. chEAH BIORE APDEA P Byrrp
waS obtai ned fronra tocar apattorr—+n Westerh
Australia and transported to the | aboratory on ice .

10ThdonesﬂcardEnﬁaW&&rQh@@naﬁlﬁéld%%ﬁaybe@ah@aEE%WQBQV%d
145 The .degr ee _of %ross -Link

be%gcar i GPEYL5PepdisS a&BoPdﬁﬁa°tE%FﬁérﬁgrﬂéH§araldehyde

de§§rdbedrﬂbeaxampﬂaamplemas (terpaedd tWskhebowiere compared

?ewear dhymuti é‘é tae 90@%%"/%%]%&8&88 glutar %' dehyde

Contr ol Perlcar epresentaP IV
peKPB&Féﬁ&?dsﬁﬁﬁﬁﬁeéter@ @@rklgorﬂﬁFS|we§achlgsedp1n 0.9%
15 Wwegglahtagbedst fialtkbs0RBYS bﬁrig%aﬁlﬁzf RPIURBEG in the
(NLT?SOO AD Igstrunents Austral i
monary artery position of juvenlie (4 months old)
Merino-Dorset crossbred sheep. These valved implants were
removed after 200 days and the calcium content of the

valve leaflets and aortic wall tissues determined by

20 atomic absorption spectrophotometry as described above.

[0157] Results (pg Calcium per mg dried tissue) are
summarised in Table V.



interfaced with a PowerLab data acquisition system and
a desktop personal conputer. Sanples were kept in

W@ enshei3L7 ext ension with a | oad of 90 + 5g andPCTmHEBERL®&M01928
in an open, tenperature controlled water bath filled
W th 0.9% saline. The tenperatuyre of the water bath
was gradually increased at approximtely 1.5C/ mn from
25C to 95C. Shrinkage tenper s indicated at a
sharp defl ection point fron1%£ﬂi%gwp ext ensi on when
t he col | agenous material was denatured. Results
(shrinkage tenperature expressed as degrees Cel sius)
are summarised in Table | . TABLE | Type of tissue:

Number—Shrimkage—Tenperature—€Controt—Pert+ecareium—10

584.Tpe @fl7 Treat ethnPeyd car di um 1hi8drear 0. 15RAMAL
3 E%E{@TI C DEGRADATI ON OF BI Q\/A-EEH AL [0147] The
| e i Ace-to-enzymatic &‘E{f}?dﬂti on of TW%

D

peri cardi um prepared according to the nethods

desgriRed daF1xanpl g1 (treated perigardi .

conpar ed vviat h bovi ne pericardi um ?i')?%dii ntig??’(?ZSg?%O + 0.94
eldde (controll3fefidcar di2i@8 . 3.@R48] 0.75

10A pronase solution was prepared by dissolving | OOrg
pronase (Streptonyces griseus) and | OOrg cal ci um
chloride, in 200m of HEPES buffer solution (0.01M
pH7.4), containing 0 .1 Mglycine. Fixed tissue sanples
were rinsed in deionised water for 3 mnutes, blotted,
dri ed overnight at 700C and wei ghed. These sanpl es
were incubated in the pronase solution at 50C for 24
hours. Renmining tissue sanples were rinsed in
dei oni zed wat er



dried overnight at 700C and wei ghed. Resistance to
pronase di gestion was determ ned by the nass of

WO 2098i06630 ti sSsue, expressed as a percentage 0PCT/AU2005/001928
pre-di gested tissue nass. Results are sunmarised in
Table I'l. TABLE | | Type of tisgye Nunber of sanples %
Remai ni ng Ti ssue Control Pericardium 10 81.98 + 1.97

" sty cor d U080 08 o (L AGEXPLE 4 TS, oo

I'CN\FACT T OT=HT] LIA>Z B E>2 B B v

i nport ant nmeasur e IBIRTHRREITEHSER rengt h and refl ects
dur abl ity of cross -linked tissues. [0150] The

tensile strength of bovine pericardium prepared
accordi®Hg t o Hthé netHdRr desialoetudy Exmpseated porcine

5(t reeatteic: permfm d:ldi‘lﬁultGS\/yg§16¢§wf ! &frﬁ%d/ﬂﬂét}éwl\ﬁd%%sd/
per er | ut ara e y e,
(ot e AR, (i cresteit Bl oriiad g e ot with
remcé"%mt\iialequbrqccmmﬂ redterpiapsed &dco&@lm@ tof toed hlethod

f as ra
Sk asp iR dmennlold BB S porone

fi (RS (PTG s RS0 F ingadt dat 1085 &adcm@t &otr 5 minutes
10 extemsistirgialad 19f iafyrdnhde iHeRtd @uatieRgLh a%%rgeavosz.tlon

el gngation, t br eak re 3§3Iuatedfromthe recor
| 037 'SFg4Son cﬁﬂ%ﬁl R Merane -Oemeel Fa@sisipred sheep.
TaﬂheSblWaE&BbElmplaﬁmmew@&eNWﬁh@We@Taft&% I2©0 days and the

= engelian oL oS 3ie TSRl L

tissues determined by the atomic absorptlon

15 spectrophotometry described supra.

[0159] Results (ug Calcium per mg dried tissue) are
summarised in Table VI.



Pericardium Treated 10 71.82 3.33 15.99 0.61
Peri car di unEXAMPLE 5 CALCI FI CATI ON PRCFI LE OF

WBROWMAABRI AL [ 0152] Experinmental studies in snedT/AE®5/001928
| arge ani mal nodel s have been performed to assess the
effectiveness of the above -desgyibed process in
mtigating calcification of treated coll agen
containing biomaterials . [0 I p-the first ani mal
study, kangaroo val ve Ieafle&gﬁgﬁdgﬁangaroo aortic
wal | tissues, prepared by standard fixation in only
0.625% buffered gl utaral dehyde (untreated tissue) |,

“Bﬁ§ cogﬁired w t h kangaroo val ve TeaflTets and
kang®o&aorti ¢ walY™iSSsues tr edEFRESS di ng 1Ty aaied

Snetthigosiedescribed in Exanple 1 (tmigahed tissue) Tigsue

[ 0I54] Aortic wall— tissue sanptes (10—x—Smmrsrze)—and
aortic valve leaflets of both groups were rinsed in
0. ¥lys ilsaflet 5 mithutes. The rMinssEd # | SSBSS Wer.&0 + 1.75

su@aald Y,d1apl ant eg i n subcut 3neoys, Rockets, (one g, . 1 o

sanpl'e of _each group per rat)y , createdTmthe—<certra
dorsal wall area of growing (6 weeks old) nale Wstar
lorats. After 60 days, the explanted tissues were
di ssected out of surrounding host tissue and dried in
a Biothermincubator (Selby Scientific, Perth, WA at
90C for 48 h . The dried sanples were wei ghed, and the
cal cium content extracted in 5.0mM 6 N ultrapure
hydrochl oric acid (Merck, Perth, WA) at 750C for 24 h
The extractabl e cal ciumcontent was then



nmeasured using an atom c absorption spectrophot oneter
(Varian AA1275) and expressed as ng cal cium per ngy

wo e®sies3ttdry wei ght) . These data are sunmmari SBGI/ATL2005/001928
Table I V. TABLE |V Type of Nunber Untreated Treated
Ti ssue Tissue Tissue Valve | eafgget. 10 6.45 4 .65 1.3
O .74 Aortic wall 10 28.67 + 7 .22 1.9 O 15[0155]

Th
%@Mz&?ﬁ's\/e”essd?{t. QSR UE T '%g%m

cal
levels in the treated ti ssues were conparable to

| eviglis o101 maldy Pres@Her Arkiifd1xed ddSSYeR zQﬁf}ic:.flcat:ton
ther fore demonstrate the superiority of the
e A Ao P 0 T TG D oK o O {524 Byt fered

sfglg@t;]terbemaeﬁy@éuwc@ﬁl;@ﬂceﬁcﬁﬁw ) ST E«%rdﬁélx@-cﬁﬂth the
. rt i angar,0o

aotbt%ﬁ'gl(?gn U|J‘t% Igfnten :qu 6331:'I gng?)% %‘r&&ardalum prepared

gl @csoacdatyy de é;éledemhdﬁedeau:r&ﬂo@wpllet Ex@ipdat ad (treated
t'?ﬁﬁ%kaW%ﬁ%nQ0”@@@%@é@ﬂ@%€f¥ %E'%fr%%E%Tﬁroup were

extracted as in Exanple 1 (untreat 1 ssue
Ao EMEGL T dere Y Sdds ﬁm@l JUPSed 48 Co%s seilimeedor 5

10 anduwt@iscatﬂl'l)egen‘@a&@l%@ Wéﬂeh%u&gll@ﬂaﬁf)’l 1@¥ed in
4 nont hs ol ri no- Dor set

|
P Sulishl g Perhity BYAEE ), ERGatea it wore TAdngvegal wall
af egea20d @apw1agd (tthereeiisc iollad) c onflentWiek atrtheatal.ve@hese
| eqafilets sapd R0 'icte'm%v\%tl laf't:'e%S %%S ggg% gx]gg% *?L)é g%teo PG oved

absorptlon spect rophot onet
[ 0857 thesgrisivmy ceattem@ndeé,suerrfgn@da bar artgsue:) akserption
15 SU@@S&Et&@@hb‘&otﬁéb.'r? VrebOBEE \(ug Calcium per mg dried

tissue) are summarised in Table VII.




Type of Nunber Untreated Treated Ti ssue Tissue Tissue
Valve leaflet 12 2.54 1.30 1.20 + 0.94 Aortic wall 12

wa 3068327 12. 68 3.22 0. 75EXAMPLE 8 FURTHER  PCT/AU2005/001928
CALCI FI CATI ON STUDI ES W TH PI GDERI VED Tl SSUE [ 0158] In
a further animal study, untreatsgd porcine aortic
val ved conduits, fixed in buffered 0.625%

gl utaral dehyde (untreated t@ﬁgﬁﬁ JEer e conmpared w th

por ci ne val ved conduits pre rding to the
; ; tissue) The

met-hot—teser+-bed—+r—Exanple—1{(treated
por'lqw omlpagmrondui ts wer grpidised Il’t-% @JF Ad e fror
5 mhutes—and-surgically

v lnhlnntpd in t nonary

artery position of Juvenlle (4 nmont hs ol d)
5 Merdamd-odr setricrenssihmed sheep.1oThese viaevesd izmlants

frer..200 d the calcj tent. of
werne QI 9L Al 014,200 days and) the cal ol yp content, o

by the atom c absorption spectrophotonetry descri bed
supra. [0159] Results (ng Calciumper ng dried tissue)
are summari sed in Table VI.TABLE VI Type of Nunber
Untreated Treated Tissue Tissue Tissue Valve leaflet 6
40.68 5.39 3.60 1.75 Aortic wall 5 142.62 + 14.25
5.54 1.99EXAMPLE 8 CALCI FI CATI ON OF BOVI NE

PERI CARDI UM [ 0160] In a further animal study, the
calcification potential of bovine pericardiumfixed in
0. 625% buffered gl utaral dehyde (control pericardium
was conpared with the



calcification potential of bovine pericardi um prepared
according to the nethod described in Exanple 1

W@ eoveabasel peri cardi un) . Representative sanpl eBCDAUZ®SM01928

group were trinmed to 1 x Icmsize and rinsed in 0.9%
saline for 5 mnutes. These sampl es were surgically
i npl anted i n subcut aneous pockets, created in the

conitaMpor Al vl ba B8 Ol HOWH G SeiSnky Ol Ml e
W star rats. days,
host tissue renové@ﬂ&%ﬁQQmPEﬁﬂQARDﬁQMWNent det er ni ned
by atom c absorption spectrophotonetry. Results (ng

P ] drle ti ssue) are sumarised in Table
VI df‘% E VI | % g e N Ccdihg R lcoitismt ion

5 Corpatmn e Gﬁd{atrrgaihﬂ)ol WitardkdiB® fihed eth 0.625% buffered

A, Ui BT ) s vicn 1
andteeti fHvatdlons tahenttikd cfl disrigeatdo pepaiteattdialm, ofwhich had
ka&ﬁ%&P@d@%ﬂﬂﬁT&?ﬂH@é'%@9}J ggggﬁﬁ é§&£§¥ﬁgare&he flethods

qu ar al dehyde %%{ntrol was Co
SEhS FFEHienty a(ltliﬂa%@@rrd@ap@mmﬁr di um

10mh|ch had been decellularlzed and prepared according

t hods descrlb nmple 1 (treated ,
per[ltcargE e e%g 5%?% %egiﬁFmb&@ﬁe trimmed
gr ¢@p Twexr éthrr |sm'n§ad alml ]:msle@mm zoe 9a;n@amume¢drn s0m%utes.

Sah%@%éf% m@l@%ﬂ 2% +HES e § %agM%%%%éE'edkfébted

surgi cal I'y Tnplant in subcutaneo
|nSPW@“ﬁﬁﬁﬁﬁﬁﬁoﬁpﬁ&et@or§3B8W@HIl@ré@eomlgﬁahdqml®&1 dorsal

15 We ks 10bdkamalre QMCSHAG (@t Sreeks 0ld) male Wistar rats.

20

These tissues were removed after 60 days, host tissue
removed and the calcium content determined by atomic
absorption spectrophotometry by standard procedures.

Results (pug calcium per mg dried tissue) are summarised in
Table VIII.



These tissues were renoved after 60 days, host tissue

renoved and the cal ciumcontent determ ned by atomc
w@b®eneiseon spectrophotonetry by standard procRGIIAE2005/001928

Results (ng calciumper ng dried tissue) are

summarised in Table VII1.TABLE 3411 Type of Tissue

Nunber Cal ci um Content Control Pericardium5 2.440 +

0. 600 Treated Pericardiun17E%82%g¥§é%:029EXANPLE 11

RECELLULAR | ZAT | ON OF DECE KANGARCO

PERI CARDI UM [ 0163] In the sixth animal study, the

recelTUlari zati on potenti alof decettutarized—kangaroo

pert.car di fixed in 0.625% buffered gl utaral dehyde
(CORPBIOner 585 ) uns cORERSH with t healcitm Content
Srecel lul ari zation potential of decellularized kangaroo
perdsargi U ccording to the netho cribe

in Exanple 1 f@%%?gu pericardi%n) . The kéﬂﬁgggdt g.ébo
pert €t eRUrPscaledym ul ari zed Tor 24 hour sO &406 0one . 029

tenperature+n 0.25% Triton x-100 and 0. 25% Sodi um
dodecyl sulfate and rinsed in culture nedia for 20

m nut es. Represent ed sanples (n=5) of each group of
pericardiumwere trimed to 2 x 2 cmsize and rinsed
in 0.9%saline for 5 mnutes. These sanples were
seeded under sterile conditions with 3.0 x 10s human
fibroblasts/cm2 , harvested from human saphenous
vein. The seeded pericardi umwas incubated at 370C in
standard static cell culture conditions for 21 days.
Cell growth was m croscopically assessed every 7 days
and categori sed



according to the followi ng a visual scale of: 1) . No
viabl e fibroblasts present on matri x surface; 2 )

wae®s/o6d3an 50% of matri x surface covered wi th PCT/AU2005/001928

fibroblasts (+); 3 ) . Mre than 50% matrix surface
covered with fibroblasts (++)- ;54 ) . Mtrix
conpletely covered by nultiple |ayers of fibroblasts

(Eplio) A rens sl iy orsmenlE (e

[4,5—drmetthyl t hi
brom de test was SHANGARGD REREGABDIYNM confirmthe
absence of viable f| brobl asts on the control

er i um and resenc of viable fibroblasts on the .
Itor egcf%’r& per i it (R ot dee, thrresaiipti@rization

SZur;thEEtntaLaﬂl oﬂmeﬂulalrmcdlmﬂgamo P carddif)fixed in

& ris nTabIeIXTABL
X T| e O°ontro eq‘lFéedrslila AL ed(%)éﬁ af'r(ﬁ?ﬁﬁ%fﬁdlm was
+ compared; with +t11§a;rez:e|11011@nz(atﬂow potentiaDaf 14

0 + ot oot
L SR S S s
i dﬁlﬁf’rt’ﬁ?éjs 13F Beampdrod t it ehmaicardiun) .

10walthe i}«smganmaﬁ Wmmrwwrdadammwﬁzté@w 24 hours

15

20

25

30

35

usi edure outI| e 1 up to and ,
|ncncgd} ing s Ej %I’?lo"l IEX% |’%'r?' gnd 0.25% Sodium
edestl avd Setven agidjtrarmieaﬂehyd@wrme& nddikd mpr 20

Th@(ﬁ%ﬁtre%at @ JrieTRiRe g1 GeHgd Lon group of
pericardium were trimmed to 2 x 2 cm size and rinsed in
0.9% saline for 5 minutes. These samples were seeded under
sterile conditions with 3.0 x 10° human fibroblasts/cm?,
harvested from human saphenous vein. The seeded
pericardium was incubated at 37°C in standard static cell
culture conditions for 21 days. Cell growth was
microscopically assessed every 7 days and categorised
according to the following a visual scale of:

1). ©No viable fibroblasts present on matrix surface;

2). Less than 50% of matrix surface covered with
fibroblasts (+);

3). More than 50% matrix surface covered with fibroblasts
(++) ;

4) . Matrix completely covered by multiple layers of
fibroblasts (+++).

[0164] A rapid colorimetric assay, MTT (3-[4,5-
dimethylthiazol-2-yl]-2,5diphenyltertra-zolium bromide
test was employed at day 21 to confirm the absence of
viable fibroblasts on the control pericardium and presence
of viable fibroblasts on the treated pericardium (for MTT
method see, for example, Zund et al., 19299, Eur J
Cardiothorac Surg., 15(4):519-24). Results are summarised
in Table IX.



gl ut ar al dehyde fixed tissue i.e. no al coho

pre-treatnent and "fresh" tissue. Figure 1 and Figure
wQ2®koge3the crosslinking stability of pericar dP@IMU2005/001928

(Figure 1) and aortic wall tissue (Figure 2 ) . It

can be seen that pre-treatnent gy th ethanol has a

significant affect on the stability of the

cross-1linking at ~85C 86C. L&gggggi%a can al so be seen

in Table X . TABLE X CROSSLI I TY - KANGAROO

PERI CARDI UM Shrinkage Tenp (OC ) : n =5 Fresh 66.55 +

Al

N __Aa0 = 0N

1. 20GheC UT ar AHARHPUCR T o8fm 74 10 n%e’é‘té&"?érlfgardlum

A utaratdehyde—fixatt+on—84—62—06-465 Gut

fix versus al cohol + glut fix) CRCSSLI NK STABILITY -
5KANGARQO DESC AO WAL L Shrlnkage Temp OC )4+ n =5, n
Fr%%ﬂ 65.00 1. 423 G ut % hyde fixed -80.11 1.281

Al colol’ + @ utaraldehyde fixation 86.21 + 0f44 9 ptx  ++
0.3 Ld ut fix veérsds al cohadl + gl ut +#+H x) EXAVRLE 23+ 44+
CRES: K STABI LI Y AND ClFI CATI ON HA IN A
SUBC?IIF%%EQJS RAT HL focf%a] This st UEE a}/*rtr%at T
conpare the crosslink stability and caIC|f|cat|on

behavi our of porcine tissue (cusp and wall) , treated
with the nethod disclosed in Exanple 1 as conpared to

a gl utaral dehyde- fixed tissue control and

commercially prepared Freestyle (r) and PrimaPlus (r)

bi oprosthetic tissues and.



[0167] Fresh porcine valved aortic roots were

harvested and transported at 4C i n phosphat e-buffered
w@alosnes3tPBS;, 0. 1M pH7.4) . Representative aoP€T/4U2005/001928

val ve cusps (n = 30) and aortic wall sanples (n 30 ;

10mm x 15m) were renoved framdgde aortic roots and

divided into two groups. Goup | included val ve cusps

(1 Epliuang,  ebr e alive SHLL el br SRS rrssus

gl utaral dehyde. Goup Il included valve cusps (n = 15)

and[gpgg]esentmé tde Mé} ar=iWl £S5 d) ‘ao'l:%lé%'i]?( tissue
I scl osed |1 n_Exa

m‘% e]$ osed to the net hod
St GTEh TG00 IR S G B U MER doTRRRed RiFing the procedure
SCorqnarlermd mtﬂr}tamj_olgaf cnup;piltld )arcwnmcsl&ﬁlﬁ sy@ép/e i.e.

Cusagfbm%b]f_r om"]‘—@lees&%I te]iera) %I})tpa%g({ q%éee% 91&&#%“@%@%&9

| V esres shistkdotg Véﬂ'hﬁGSQ: s et £ ildguemdvaacy tilemaddmpared to
Ui spMe b FaekBidel O ia g (L8 A rom B i fldis ;;:.@—treatment
bi oprost heses.” [0168] Shrinka e tenperature

me enertSadifsite + Figiss o ane ftienige 13 giow Hde cross-

10 collliagemes raasod 1iiks oFf géiqdarsﬁliﬁm (gt 1Bl and Whtic
Rat hol . ,..122: 7159)82) and aort| c wal |

sarrpal\!Ll S SFADEs 2y 1F rﬁﬁ e-sﬁﬁnl adrgr tment
wems tdy teddisetblt drsen a soretirficafor (aefﬂercEmSﬂiJQﬁfe stability of
( I erfaced th
a%ﬁ%%&?@ggtlgﬁggcg;w S|t|80n systaéema")f;llrrlle 25kt O dlsc' be
perf§GFaline FiditeeX [ 0169] Sanpi es were kept in const ant
extension with a load of 90 5g and i Mmersed in an

open, tenperaturecontrolled water bath filled with

0.9% sal i ne. The



tenperature of the water bath was gradually increased
at approximately 1.5C min from25C to 95C. The

WG hoosikage tenperature was indicated as a sharpCT/AU2005/001928
defl ection point from constant extension when the
col | agenous material was denatuyred . [0170] The
shrinkage tenperatures for valve cusps and aortic wall
tissues are listed in Table i i gni ficant
di fferences were identified é%g%ggﬁfthe control, test
procedure of Exanple 1 ("test"), Freestyle (r) and
Prima Plus ¢rdsSHSRR- sFESE 9cedféz&1§GARé e ARD
wal | tissue showed a S|gn|%?€dnlu < &.%%ggﬁ.gué?ﬁ

shrinkage tenperature conpared to control Freestyle
5(r) and Prima Plus (r) wall tissues TABLE X SHRI NKAGE

TEMPERATURES (0C ) OF .VALVE N, ACRTTC YALL
TI SSUE_Sanpl e Cusos% *@9RallE ﬁt :f& ‘88 & °1.40

86.73 + 0.26 Test 85.5 + 0.24 89.34 0.19* Freestyle
85.pfedfy 35 86.16 + 0.40 Prinma Plus 84.3 Oé%8§%6 %7 1200

O 34 &@éF 10 per %BJUD Val ues are nean
reestyle, Prim Plu$p. WGl?E] 1.047
10 Resuls:balme + @m&&txﬁqldéhy@ee&ml@hgeﬁ i ongwagobased o 465
upon the met hod of G rardot & Grardot (J . Fbar
V.

pr @par €d ohys dicd sul \fllrxg vER sNE aﬂ@@a&& E glype £XkY from

15
CROSSLINK STABILITY - KANGAROO DESC AQO WALL
Shrinkage Temp (°C) : n = 5
20
Fresh 65.00 + 1.423
Glutaraldehyde fixed 80.11 + 1.281
Alcohol + Glutaraldehyde fixation 86.21 + 0.449

25 p = 0.002 (Glut fix versus alcohol + glut fix)



Streptonyces griseus; Sigm) and | OOng cal ci um

chloride, in 200m HEPES buffer solution (0.01M
wWQER0sAs632ToNnt ai ni ng 0. 1M gl yci ne. Fi xed ti SSUePGHAPR®S/001928

were rinsed in deionized water for 3 mn, blotted,

dried overnight at 700C and weigghed. These sanpl es

were then incubated in pronase solution at 500C for

24 hRermmd g i SSUR SRl Somterer) nagd L dsionlzed,

water, darrea overm Ul [AAVAYAYZ wer-grnct—
to pronase digest |§§i[%@§lﬂiat'—fé\? @ 3B BITANRO U RA D MODEL
rermi ning tissue, expressed as a percentage of the

sted tissue nass., [0172] Resistance to
enz ﬁla%gﬁ%c de oy Simadifa acmpane mhguarapslink

5Tesata;mdaﬂqmamd Baﬁ&ﬁlﬁd]c%.t(ﬂo)n HthaRriiclr FUpdrditdiR ssue

f t 1) increases _in
reS| nce%%wg gnl r;ffal%ndd(’fné:g’[ %g‘r? %’lﬂ%"e%& losed in
cor’@frampl(eFllg@rSe C@Kpareldo to @nlgﬂJthantalcﬁe]HyereerfceceAia&lssue
Se%rﬁ%&e%@ﬂ R4 2@ %eg]rF %%td)”y‘?; Qg)tlyﬁ%@ =
Pl us cu%p t] ssues est procedure -t rea
aor a\ﬁ&l"is Cefd@suess@siPance (p = NS) to

1oprot eol ytic d| gestl on as the control tissue, and a

f t <0. 01) .hi gher si stance conpared to
@Istlﬁ 2”(&? %%&? PPt I gﬁfé Ve Rerltic £ogss (ergui@rvested

3B)'=tnd teandpoytedg atmaPe Wisphosphisse (badyeeeghtaline (PBS;
1o 050bueng o Wegedeaka i ALoNRY (2180 Tn ~ 30)

rece cus [fant’s an e Sse
10?nﬁeé@ﬁﬁé§ y@ﬂﬂ|§aW@ﬂBS|ﬁplanB§, EQmm anilfmin) were removed

15 r egebednengcsdiRl @cbts and divided into two groups. Group
T included valve cusps (n = 15) and representative aortic
wall samples (n = 15; 10mm x 15mm) stored in 0.25%
buffered glutaraldehyde. Group II included valve cusps (n
= 15) and representative aortic wall samples (n = 15; 10mm

20 x 15mm) exposed to the method disclosed in Example 1 and
stored in 0.25% buffered glutaraldehyde. For comparison, a
third group (III) consisted of valve cusps (n = 10) and
aortic wall samples (n = 10; 10 mm x 15 mm) from
Freestyle® bioprostheses, while group IV consisted of

25 valve cusps (n = 10) and aortic wall tissue (n = 10; 10 mm

x 15 mm) from Prima Plus® bioprostheses.

[0168] Shrinkage temperature measurement was used to

assess the stability of the collagen cross-links of the
30 tissue (Levy et al., 1986, Am. J. Pathol., 122:71-82).

Cusp and aortic wall sample tissue strips (5 x 10 mm; n =

10) in each group were attached to an isometric force

transducer (MLT0500; AD Instruments, Australia),

interfaced with a PowerLab data acquisition system and a
35 desktop personal computer.



each of the four groups of tissues, making a total of

80 inplants.[0175] Rats were anesthetized with
weembobaebi tal (Nenbutal (r) ; 45ng/ kg, PCT/AU2005/001928

intraperitoneal) . The dorsal nuscle area was shaved

and di sinfected with 15% di | ut egh chl or hexi di ne

gl uconate (I Cl Pharnaceuticals, Perth, WA) and et hanal

(Me em r

tho'fr(gj%ﬁh rlc%lé éD& ; el o\r?legz%td %Arggoglﬁé%@ée“t\(@ fon with a
el i 1R ‘é%/r%%lﬂdu‘%ﬂ gnd ginmersethdln Hen Jpgnt artenpdrature-

sutmﬁmesa m%am O & oL 3 g an%l. mEm h;ﬁé)
back scl e %Natdle] The incision was cl ose th

Pr of B 75 Patet Jias ARk i yRgreased at
Sei gtppmakmamﬂt}h 1a.ns°o:vendxo&eromf 2Bacbtbupst®s The shrinkage

cont i e Wb AT 0 R, A ariap mpine £rom

quanst@an v exiansien ivhmn vwhe issluagsalaisumesred sl svas
Eacledatydyed sanple was divided into two
anatomcally symmetrical halves. One half was used for
atom c absorption spectrophotonetry, and the other

1ohal foiwes fi xerhd r‘stl’ilzfi% Hudfd ejeathdrertimdddenyle @nde cusps and
r I. S10l 0 1. Xe S were
CBSIIEE (1 Harari s SURES doAHShdd: debhL angio
t r mdquant\/mﬂfcmcamuwerfeommaﬂnﬂmd b tivledi Whe
analofitird et gl fala XA NaLlan A F%%tor TG reestyle®

us'n%h , ? I ght mcros
tPéfd“tai e s SVFRSS fﬁ'@tﬂtalﬂrogﬁ@iym wertgeated aortic

15di $8aqt ed doiRe Mowrldl OWIHME iResi 1t SPHe NG=dr ifidrdY
shrinkage temperature compared to control, Freestyle® and
Prima Plus® wall tissues.



Bi ot hermincubator (Selby Scientific, Perth, WA at

90C for 48 h . The dried sanples were wei ghed, and the
w@ adosioensecont ent extracted in 5 .0m 6 N ul trapCr/au2005/001928

hydrochloric acid (Merck, Perth, WA) at 750C for 24 h

The extractabl e cal cium cont egg was neasured using

an atom c absorption spectrophotoneter (Varian AAL275)

and expressed as ng Ca per ng tissue (dry weight)

.[0180] Hi stol ogi cal exam nation indicated the

presence of severe, intrinsi @2BaEcKfi cation in the

expl ant ed contr ol cusp sanpl es (data not shown) . No

Vi Si éf S n? ejd in_either the ADAPT,

Fre & c¥p/ALYE: £UsH PN%\&QRTIC WALL
5[ 0181] Explanted aortic wall tI'IISSUE reveal ed several

calcifications of the media ((data not shown) in

s—hoted in

controt—sanptes—Ne—w-s+ble—ecaleifiecati-onwas
t heSampleant ed test aort€esmal | tissue ((dat@aonoic wall

shown) . Mderate calcification of the nmedia was noted
in the explanted Freestyle (data not shown) and Prina
Pl fCH R not shown) a®ttfctwhi40tissues. $6183]+The26

quarddd ative tissue calgswnleyess for explgateg 9u§p§9*
4A. Control sanples, fiXxed

areF i1 L{:rstrated in Fi gu§§
Sehyde only,83hbwed tie hi ghest $evEe bf0.40
caIan iFlushi s nodel (82.8 ¥ 071®ng/ ng) . gheszalcoum

| evel s of the tissue treated by the nmethod of Exanple
1 were 2.09 0.22 /mg tissues, while Freestyle was
2_0@1-|=(1_029>6;1@/9m>hgg§d Prima Plus (r) was 1.54 + 0.17 u
9 mSf- This nmeans that the treated cusps

si gni.ficantl
10 alues are mean + SE.

*P <0.05 (Test versus Control, Freestyle, Prima Plus).



reduced calciumlevels (p <0.001) conpared to contro
sanples. No significant difference was seen between

wao b@eneessue cal ciumlevels of Exanple 1 , FreeRtHAB2005/)01928
and Prima Plus (r) cusps after eight weeks . [0183]
The quantitative tissue cal ci.umgjl evel s for expl anted
aortic wall sanples are illustrated in Figure 4B. The

Ca' FdlU?T‘L cont Eﬁgsfgtaﬁﬁ?%@c? oéé'c?fﬁ}teﬂ: aeq{é | Car#ﬁstz(on was

(4 86 I ssue) “was sig
r%?ﬁ I%@? (@3:@56 afh 4 nargdotofs @oimamsiotsaﬁpl d&eart
o, 7, e 3200t e Myl LG v
L1 C,.\wWa Sa es S
P 2050 G SRR 195 d. & P RO et | Va1 T EAOm
5Thé§H—”&Pﬂ@ﬂ}&1’.ﬁg§@§tlSél&i thieymept Imﬁi dicelgpsed diim chloride,
qb @oﬂmf IELH R RGN f DaF LG 198 I heaining

porC|ne cusp and "Wa
s neat  fided tmﬁ§u§(ﬁﬂmPHGﬂWWaae suiggest in

thaelwﬁwqqa@eqssﬂdxn@ mxpl Bt d rrmr%@“oh\/ig%%gﬂt at 70°C

m n zin tic wall calci'fication.THE
ﬁrﬁ NE* H‘é‘{ NVERRSON SBRP 1S mereofder incahadgiessbdn pronase

1ofomqmumﬂmn F A ) cnﬂbannahle Ré@ﬁﬁh@hﬁatlggﬁﬁrbéhﬁges were
(- 5200051100 £ QML 0 ALY QUAGMAN Woc ana
i for “at 1 5Ur rise

solut’ion eas
t r @gtliohgda C(Blelsagé:rcnmnttm lﬂJIIlQngalSIeOKﬂH.tg@lSItaJorI WETC mmlned

Ca%@'&%%@ﬁh%% ﬁ%ﬁ%l%go%QE%Q!al %%@% % %akercentage

expasing a |onater t o ~an al colol'contai ni ng
soPdt tHF P -Sldesisd Ldssuer gass.
15
[0172] Resistance to enzymatic degradation is
illustrated in Figure 3. Test procedure, Freestyle® and
Prima Plus® cusp tissues showed significant (p<0.0001)
increases in resistance to proteolytic digestion compared
20 to control (Figure 3A). No significant difference was

seen between test procedure, Freestyle® and Prima Plus®
cusp tissues.

[0173] Test procedure-treated aortic wall tissue showed

25 equal resistance (p = NS) to proteolytic digestion as the
control tissue, and a significantly (p<0.01) higher
resistance compared to Freestyle® and Prima Plus® wall
tissues (Figure 3B).

30 [0174] Young, male Wistar rats (bodyweight 150-200g)
were divided into two groups; one group (n = 10) received
cusp implants and the second group (n = 10) received
aortic wall implants. Each animal received one sample of
each of the four groups of tissues, making a total of 80

35 implants.



3 . Anethod according to claiml or claim2 , further
conprising the steps: (b) exposing said material in

WGEL@®p/0¢@27to a cross -1inking agent; and (c) erEDAUZY5/001928

said material in step (b) to an acidic solution;
wherein step (b) and (c) are seguential to step (a)
4 . A nethod for producing an inplantabl e biomateri al

i . ; i .
o Rt of o o RO P P Bl Tdlbonapiiay

in NEPYDLTo 4Png/0s: -intapry dyaalland Thy dorsal muscle
eXP0Sd A Grbidti ShaPd i d s SRR Ed) dOrRM L1 P futeqg

| uti on: wh i t b d uential to
ot e e N R EhA ) TR, s ieesit ke - Perth, wa)

Scoretral re trigarin o niMeardlal Cemiprichic epeadlci fwzgat i on
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resi stant biomaterial conprising: (a) exposing a

bi omaterial to an al cohol contai ni ng sol ution; (b)

expldSithy sai drmlasrtslwene steprqughlo wiovssd i idkiargized
ageifteanbA O BXPA] @lﬁﬂr&ﬂ@tﬂ%ﬁue{lﬂ S :L(VQ:), thd then
an acidi c solution; wherein step (J) and (c) are’”
sequBhEied difie FYRgutansoush BRIGRRE ddesiith@n dniysion of
one &cncliaivt thd ®drk muscle wall. The incision was closed

with 5-0 Prolene sutures.

[0177] Rats were sacrificed after eight weeks with an
overdose of barbiturates (Euthenase®), and the dorsal
muscle wall, containing the subcutaneous implants, was
removed for quantitative and qualitative tissue calcium
analysis. Each retrieved sample was divided into two
anatomically symmetrical halves. One half was used for
atomic absorption spectrophotometry, and the other half

was fixed in 10% buffered formaldehyde and processed for
histology.
[0178] Fixed samples were embedded in paraffin wax,

sectioned at 3um, and treated with Von Kosega stain for
qualitative calcium analysis. Histological examinations

were performed using an Olympus BHS light microscope.

[0179] Explanted tissue samples from all groups were
dissected free of surrounding host tissue and dried in a
Biotherm incubator (Selby Scientific, Perth, WA) at 90°C
for 48 h. The dried samples were weighed, and the calcium
content extracted in 5.0ml 6 N ultrapure hydrochloric acid
(Merck, Perth, WA) at 75°C for 24 h. The extractable
calcium content was measured using an atomic absorption
spectrophotometer (Varian AA1275) and expressed as ug Ca
per mg tissue (dry weight).



further conprising a rinsing step between steps (a)

and (b) and/or between steps (b) and (¢c) . 7 . A
woredohoeb3arcordi ng to any one of clains 3 to 6 PCT/ADRI081001928

conprising a rinsing step after step (¢c) . 8 . A

met hod according to claim?7 ,_ wyerein the step of

rinsing the biomaterial is conducted using a phosphate

- f | uti 0 ; di
Lo L000E. PR AR SR Y pof, TR E SO Al serce
cor®f i Skl | Heferinade omket fioeh abeorit rithe cxplamred

of &) lodidp Samydies elduddend Uity al NS +solgted
froman anina]. 11.” A met hod accordi nt%éo claim10,

Wh & L TRAGHTEAT URD AT P F IR (ThE GHART, Fréestyle or
Scoratmid Pl il i digspd didehotd g )ne, an

equi ne, a porcine, a marsupial and a human. 12. A

nmet hod according to any one of clains 1 to 9 , wherein

t hel Gi&intat er iBtplanted Wantrisd walsk usi ssugrostdelsd several
co | A 7 I I i [ an

i R B TR R A AR Nn control

ac COFRIRF t o My ot @8l il catiipn wasyngtgdh ithehe
10obi engilemdd itest caltil@rwdlis e Rl ectedd s tdieown) .

r consi sti.ng cardiovascul ar tissue, pelvic floor

1 M XA PR R e SR i mipited ke
aorexlandldd Rcrdd ity leeafdagtss , nqierdicandi alnd imsive Plus (data
CONNACtdYEL]SSUS, 16, AL ri 3 Ol SOT t or sol i d or gans,

dura mater, ‘dermal tissue, a vascul ar tissue, dura
mater, cartilage, pericardium |iganent, tendon, bl ood

15Vesgalgd ] U”bi'ﬂﬂé?%[uantitative tissue calcium levels for
explanted cusps are illustrated in Figure 4A. Control
samples, fixed in glutaraldehyde only, showed the highest
level of calcium in this model (92.37 + 7.9ug/mg). The
calcium levels of the tissue treated by the method of

20 Example 1 were 2.09 % 0.22 pg/mg tissues, while Freestyle®
was 2.03 + 0.29 pug/mg and Prima Plus® was 1.54 + 0.17
ng/mg. This means that the treated cusps significantly
reduced calcium levels (p <0.001) compared to control
samples. No significant difference was seen between the

25 tissue calcium levels of Example 1, Freestyle® and Prima

Plus® cusps after eight weeks.

[0183] The quantitative tissue calcium levels for

explanted aortic wall samples are illustrated in Figure
30 4B. The calcium content of Example 1l-treated aortic wall

samples (4.86 x 0.12 pg/mg tissue) was significantly (p

<0.001) lower by (95.9%) than that of control samples

(120.11 + 7.48 pg/mg tissue). Freestyle® and Prima Plus®

aortic wall samples showed reductions in calcification of
35 47.8% and 51.95%, respectively.



ti ssue, bone tissue, fasciae, and subnucosal tissue or

skin. 14. A nethod according to any one of clains 1 to
waoembseri n t he al cohol -containing sol uti on PEEAURIN5/001928

step (a) conprises one or nore water-sol ubl e al coho

(s). 15. A nethod according to 44 aim14, wherein the

mater sol ubl e alcohol is a C-C6 |ower alcohol. 16. A

Al coho |go;gTecte dF%Im ﬁé%%ae%o ?s‘?%%félg\qosed in

netFEERLe et heh ot L Legtel oheanotdudsupridpancdicification in
pr asselp M:@@% 1 1sahut

and t pﬁ ¢ orlggﬁg?%gpﬁ%n thereggpq%5f§g§$égﬁééﬁgous rat
acéfb?dd? %;ﬂao% Birthen muggess tdhaturihancedecross-

5a| chhﬂhrmmrp]aay‘s N SIOhpOHOM € afglld Sigs miasmiAay 0% ic wall

Q%hﬁl qp buf f ered aqueous solvent. 18. A
accor ing to any one of clains 3 to 17, wherein

step (a) is carried out for at |least 24 hours. 19. A
nmet hod according to any one of clains 1 to 17, wherein
step (a) is carried out for at least 36 hours. 20. A
nmet hod according to any one of clains 1 to 17, wherein
step (a) is carried out for at |least 48 hours. 21. A
nmet hod according to any one of clainms 3 to 20, wherein
the cross -linking agent is selected fromthe group
consi sting of carbodiimde, polyepoxy ethers, divinyl
sul fone (DVS) , genipin, polyal dehyde and

di phenyl phosphoryl azi de (DPPA) or conbinations
thereof.22. A nethod according to claim2l, wherein

t he



pol yal dehyde is gl utaral dehyde . 23 . A nethod
according to any one of clains 3 to 22, further

W@owp6eseng a sterilisation step after step (cRCT/ABZ005/401928

nmet hod according to any one of clains 1 to 23, wherein

each step is carried out at a tgymerate between 2C and

400C . 25. A method according to claim 24, wherein the

t et i rd SHIREHYARS q&ﬁ&c I?Jﬂl% &b

accordi n%{t o clalim 24, ereln I\{é%)%%ﬁe R

between 5C and 25C. 27. A method accor di ng to any one

of xJaims 3 0 mEhothecd BridiAGAiz6 S.L‘Pr{;}ita'rﬂ:%ble biomaterial
contains. an acid capable of inactivating and

modi T g tHe fixed and/or unfixed cross -1i nk| ng

S5agent noi eti €s)pr esgrdsiiny tsheo dvnermmierd alt Afdrera I8 1 -

f clai 3
Oopplip LSS B, R el

capabl e of cross -linking activated carboxyl and am ne

gr@ups on Coh.%@%ﬁoﬁodkoﬁmé@@fﬂ§ gp%@ila n %o%%%ﬁ%Qng
accardin any one of clai_nsg
aci &O@ast% dtilo %%&QW%@%:LW fesiptant biomaterial

1o amcaoagarikdxyy:i ¢ acid. 30. A nethod according to claim

15
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m
tzﬁe \SﬁngSI (r:]ot Si sfllmng)ogg?lrnl?ox g a%lgqflll?%a : %(ﬁt’]% Cforh%l'
L- lopgitpeningg lselarmdon ded ot mmrtzat ¢ciks .A net hod
according to any one of clainms 1 to 30,
3. A method according to claim 1 or claim 2, further
comprising the steps:
(b) exposing said material in step (a) to a
cross-linking agent; and
(c) exposing said material in step (b) to an
acidic solution;

wherein step (b) and (c) are sequential to step (a).
4, A method for producing an implantable biomaterial
comprising:

(a) exposing a biomaterial to an alcohol-
containing solution;

(b) exposing said material in step (a) to a
cross-linking agent; and

(c) exposing said material in step (b) to an
acidic solution;

wherein step (b) and (c) are sequential to step (a).

5. A method of treating a collagen containing
biomaterial to produce calcification resistant biomaterial
comprising:

(a) exposing a biomaterial to an alcohol-
containing solution;

(b) exposing saild material in step (a) to a



wherei n the al cohol -containing solution,

cross-linking agent and acidic solution are all
whegobeee32tree. 32. A nethod according to any oPer/afi2005/001928

clains 3 to 31, wherein step (c) is replaced by step

(d) or supplenmented with step (¢ said step (d)

conpri sing exposi ng said material in step (b) to a

buf f |n|ng one or nore

nul%llec??/%ljéﬁ% % &‘mat hod according to claim

32, wherein tﬁé) mﬁ%@oslmsemamtmmrm?seimcﬂmpffh»)mto an

t hea gt P mﬁgﬂng of rmgne5| um ferric and

al um nium s A calcification resistant

bi o“??b‘?%‘?’r%l E?)dﬂ‘?:)ed"1 &3 AR BTy D HRP of R -
S5of clains 1 to 33 35 Acalcification resi st ant _

bi terial co r cros ked col | age erein
saloé(;lmbl omat e% a % g:c?ntaé’r% o |0&§V$H§}4F 3 to 5,
aboﬁHrtElCﬁig Cmélrpmwlom c:] mua”tsamgalstaam hdteressm sadgh (a) and
bi 0@’%12 G‘E[ﬂ ot H&aRah e5 rPa elﬂg E{I{gwl te_d fo_r at | east

200 days wthout the biomaterial Thcreasing its

cal ci um content above 50ng/ng of biomaterial . 36. A
10cali ficatiom ﬁr%%jrﬁida%tcdélxmtger’dca'a@c%@fed'd'fg ctl%lﬁisabmto 6,

35,f V\lq,_%rq: n sai.d hiomater,ial, before i ant atl on as a

cal I ot Bt H 1% & T b e

bi omaterial . 37. A cal CI fication resi stant

bi@material C oy relns

bi omat eri al %&%ﬁtglol ? h?n%%ag\f% Bar’ei e&?ﬁfleﬁ”the step
of Afe&d nsing %tbm@ﬁq@”é{alng%fconducted using a phosphate-

15 free solution of 0.9% sgaline.

9. A method according to any one of claims 1 to 8,
wherein the biomaterial comprises collagen.

20 10. A method according to any one of claims 1 to 9,

wherein the biomaterial is isolated from an animal.

11. A method according to claim 10, wherein the
animal is selected from the group consisting of an ovine,

25 a bovine, a caprine, an equine, a porcine, a marsupial and
a human.

12. A method according to any one of claims 1 to 9,
wherein the biomaterial is a cultured tissue, a prosthesis
30 containing extra-cellular matrix obtained from an animal

or a reconstituted tissue.

13. A method according to any one of claims 1 to 11,

wherein the biomaterial is a cellular tissue selected from
35 the group consisting cardiovascular tissue, pelvic floor

tissue, heart tissue, heart valve, aortic rootg, aortic

wall, aortic leaflets, pericardial tissue, connective



bi omaterial . 38. An inplantabl e biological device

conprising a calcification resistant biomaterial
wae@oendisay to any oneof claims 34 to 37. 39. APCEMIZ®S/001928

according to claim38, wherein said biomaterial is

coated onto a surface of said deyice. 40. A device

according to claim38 or claim39, further conprising

at {gastea Vﬁﬁ&%fﬁgtggg?oé% of* devi ¢e, accosgd'g&a nater,

cI a| m 40 ereln €ast ‘secon
BReEiR i -#i robikar aybssye andlam matgralcartilage,

egaérl@éihr@:mm 1ieadn@g e@éndcﬁ'l,grm&f\?é%soélzs an, A1 ;cal

drati ent” or an_ant]-septic agent
devt_r %%’cg? %gtjtﬁlﬁ"al #ﬁ%‘ila%é’kréirﬁ cosal tlssue or
Santshimr obi al agent is selected fromthe group
consi sting of isoniazid, ethanbutol, pyrazi nam de,
streptomycin, clofazimne, rifabutin, _
f | Ul oqui nol enesthsfd @carimiimpard dmxagien,of claims 1 to 13,

ri i, t%'él@&f&’f'&bntﬂﬁﬂﬁ%ﬁ%@{gﬂl%n dapseng, step (a)

tetracycline, erythromycin

doOSERITFRE Wi IM9%HE Vﬁ?ﬁﬁi@‘t%ﬂw&ﬂrﬁ Blcohol (s) .
1oket oconazol e, fluconazole, pyrinetham ne,

sul.f.adi azi ne, cI I,.nd cin, Ji nc%ym n,, pentam di ne,

at olvsgquone AT COFdng &9 1CLaday didoy ihengdiy the
I u@r&hﬁﬂ-cﬁqile;blfa)mmﬂﬂ iper -k nlowent &l Shel .
ganci cl ovir, iatroconazole, mconazole, Zn-pyrithione,

heavy net al s i ncluding, but not limted to, gold,
pl dt8-num si Av8ethech@casaddogpsr, cdadmt BSir whensiimedhe C,-Cq

15 onsver &l 1eding, fﬁﬂéé%eéﬂé37ﬁ%bdﬂﬂﬂgwdy%uﬂmﬂyﬂéyﬁt1ng of

ri.odate, and conpl exes wi'th
Iomé¥% % petﬂg%ol cyclohéQ%nol isopropanol, propanol,

butanol, pentanol, isobutanol, sec-butanol and t-butanol

or combination thereof.

20 17. A method according to any one of claims 1 to 16,
wherein the alcohol-containing solution comprises less

than 100% alcohol in a non-buffered aqueous solvent.

18. A method according to any one of claims 3 to 17,
25 wherein step (a) i1s carried out for at least 24 hours.

19. A method according to any one of claims 1 to 17,
wherein step (a) is carried out for at least 36 hours.

30 20. A method according to any one of claims 1 to 17,

wherein step (a) is carried out for at least 48 hours.

21. A method according to any one of claims 3 to 20,
wherein the cross-linking agent is selected from the group
35 consisting of carbodiimide, polyepoxy ethers, divinyl
sulfone (DVS), genipin, polyaldehyde and
diphenylphosphoryl azide (DPPA) or combinations thereof.



carriers, and other forns. 43. A device according to
claim4l, wherein the growh factor agent is selected

w0 e@a06d3e7 gr oup consi sting of hydroxyapatite, BPEEAT2005/001928
fibroblast gromh factor (bFGF) , acidic fibroblast
growth factor (aFGF) , nerve grgmh factor (NGF) ,
epi dermal growth factor (EGF) , insulin- like growth
factors 1 and 2 , (IG-I and IG~ 2 ) , platelet
derived grow h factor (PDG-) , tunor angi ogenesis
factdr (TAF) A wnsfdndraatmoting itad ojreoim 21 actimrein the

(VESFlyaldehfd€ Of  QPidk 421 Rasipge factor (CRF)
trgﬁff%rm ngi;grovvtqﬂactors a%uged b (TG-a and TG~ b)

interleukin-8 (IL- 8 ) ; granul ocyte -macrophage
5col2my sti rrulzsahnertgad‘ca@twoz(oﬁﬂgcﬁa any B lgukdnsinand o 22,

d I 40,
wncr & iRl A S A TP (e eori (o)

bi oabsor babl e material selected fromthe group

congg sting ofy H@t)ﬂo%cél Adi%g RY %%g%é?‘le' %fa%l%.lms 1 to 23,

pol |actic aci d- - poly ycollc acid ¢

pol RETHEh SRR IR A slasstisie Ohﬁblayip@ptﬁeliwrate between 2°C
lopolateardonat es, pol yhydroxybutyrate, poly (al kyl ene

oxal ate) , copol ynmers of vinyl acetates with

unsat urated carboxylic acids, water soluble or

di SFer si bl e @elmethose adenirddhigves, cathiyl ere exiedein the

pol &3y ﬂe@:"’/}e T 4‘5?| Lagegpogel atin, poly

(orth este , poly €s ‘'of am nd acids, polyvinyl
al cohol , pol yvi nyl pyrrolldone polyetheretherketone,

15trb$a|0iU”1pﬂ0ﬁﬁﬂﬁb@,a@@@rﬁh %UE%SCHQQQeQQ 'wﬁéreén the
de\g ce ac ordln Soo any one of clains to 44,
empera ure 1 etween 5°C and 25°C.

27. A method according to any one of claims 3 to 26,
wherein the acidic solution contains an acid capable of

20 inactivating and/or modifying the fixed and/or unfixed
cross-linking agent moieties present in the biomaterial
after step (b).

28. A method according to any one of claims 3.to 26,

25 wherein the acidic solution contains an acid capable of
cross-linking activated carboxyl and amine groups on
collagen to form amide bonds.

29. A method according to any one of claims 3 to 28,
30 wherein the acidic solution used in step (c¢) contains an
aminocarboxylic acid.

30. A method according to claim 29, wherein the
aminocarboxylic acid is selected from the group consisting

35 of L-histidine, L-arginine, L-lysine, L-glutamate and L-
aspartate.



wherein said device is selected fromthe group

consisting of an artificial heart, an internal or
w@z2ai0e063k7 car di ac assi st device, a heart val vePCT/AU2005/001928

prost hesis, an annul oplasty ring, a dermal graft, a

vascul ar graft, a vascular stendg a structural stent,

a vascul ar shunt, a cardiovascul ar shunt, a dura nater

grafi, a cart4l cartilage inplant, .
periig’%:ér di um g}}a : %&ﬁ%%on%%n%rto%t%%!%?e aO% e‘hﬁ?fﬁ“s. 1.t° 30,
prd%@%%%%%,thﬁLﬁl¢@@91tﬁ@mﬂﬁﬂn¥m@8$©b@tsona_¢¢®ﬂ@ﬁi1nkung
Sutdfént GaRerd@Neld | Yoiae dyeld 00, PENGUE ANEOpS, devi ce,
a surgical patch, a cardiovascular stent, a coated
stent, and a coated catheter. 46. A device according
5to ¥2ai m 45, Mhertdicd theedievige is anheald d@léflfeaims 3 to 31,
r I.S. .4 devi ce cordi.ng to any_one o
EI al rr%;?%%’?tsotez%, erel nr‘?;z]ga%equik&\g FFR hist) It FRRemented
ti skieh fetapretd). s8id sstryi 6B mmpxﬁm‘gag e gt waid
V\h'-t-t'sss&@pfgti est e an o
an?ﬁrfﬁefrhﬁ; O c.e(@c%] | nbalé%é%le%erﬁ 4'%{194\';%]1&%|%onta1n1ng
t hPTHhiHRaIMI=e B stp¥ervmadte agroup consisting of a
lohuman, a cow, a pig, a dog, a deer, and a kangaroo.

50. devi ce jaccqr di to one of clains 38 to 49,
V\he3r3§i n the é\emeggongt%&r%ﬂosQ%%ﬁrﬁlh&he@eln the
an&lwlg- iofvad arits supet 1 Gl . igA sc@_\dcﬁieda(ﬂm:ﬁrd:tﬂ]@ Ay @Hsisting
of ' :_ygqfer I Hhe stisssue fragment
[ néjlz'dugdeag;‘}lae%%a%ry 0 agie Iaslug“nlg“,lulﬂnpésr?%tn‘i%‘l antation
at a surgical site, at |east a portion of the

15pl wal ity of acebheiirs caklignt 2e®ig3tah® RYbmaterial produced by

a method according to any one of claims 1 to 33.

35. A calcification resistant biomaterial comprising
cross-linked collagen, wherein said biomaterial has a

20 calcium content of less than about 50ug per mg of
biomaterial and wherein said biomaterial is capable of
being implanted for at least 200 days without the
biomaterial increasing its calcium content above 50ug/mg
of biomaterial.

25
36. A calcification registant biomaterial according
to claim 35, wherein said biomaterial before implantation
has a calcium content of less than about 20ug per mg of
biomaterial.

30
37. A calcification resistant biomaterial according
to claim 35, wherein said biomaterial before implantation
has a calcium content of less than about l0ug per mg of
biomaterial.

35
38. An implantable biological device comprising a

calcification resistant biomaterial according to any one



of the tissue fragnent, proliferate and integrate with
surroundi ng tissue at a site of inplantation. 52. A

wher@enegsat i bl e i npl ant, conprising a bi oconpatP@i/aU2005/001928
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scaffold conprising a calcificationresistant _
bi omaterial conprising cross.-kpnked col | agen, wherein
said biomaterial has a calciumcontent of |ess than

about psr, bi omateri al and wherein said
blgﬁafggggﬁ ?é capagle of being inplanted for at |east

200 days without the biomaterial increasing its
cabglun1contﬁnaeab@éeaéesgéﬂﬂ OEobEQ?Eﬁeﬁga|W&E§elﬁ said

npl ant accordihg to c
LD iOBRaREday: 4F GoPEea’ PREPARL LPSACRAG S SaAR. Raice

content of |ess than about 20ny per ng of biomaterial.

54, oA bi oconpa Lan cc | ai m 52,

wher i n salggbﬁ%ﬁ% er ?Oﬁé*%?eg F%ﬁ ?goﬂrhﬁiaém 39,
cafurrthesoareprieingest ﬂhaataboabcbﬁﬂgcpating.of

bi omaterial .55. A bioconpatible inplant, conprising a

bi oconpati bl e scaffold conprising calcification

refistant bidnBEEEFAl 2€BABAIBI NGO crbaEm| $Akedherein the at

CORéagensembﬁdebﬁaEQhQ @@hb@gﬁésCﬁﬂp&h§§5m§§995§31yagent an
ant accotdln to claimb55, wherein

th%ngéaY%SF& ?ﬂ??ﬁgragoﬁﬁFFs ungdly AgRBEY c2pBEGHER, tgctor,

nador ahtpefighpdratnnhonnpgehabbe gel anaiceeptiie agent.

mat eri al, autogeneic tissue, allogeneic tissue,

xenogenelc ti ssue and conbi nations thereof. 57. A kit
fof2repairi My @YIes RCEPFUNT tonpratinngl, (ehewein the anti-

stRLblEpeaNt 358RE D3VEBY-OPEIOErBR! fhe group consisting of
isoniazid, ethambutol, pyrazinamide, streptomycin,
clofazimine, rifabutin, fluoroquinolones, ofloxacin,
sparfloxacin, rifampicin, azithromycin, clarithromycin,
dapsone, tetracycline, erythromycin, ciprofloxacin,
doxycycline, ampicillin, amphotericin B, ketoconazole,
fluconazole, pyrimethamine, sulfadiazine, clindamycin,
lincomycin, pentamidine, atovaquone, paromomycin,
diclazaril, acyclovir, trifluorouridine, foscarnet,
penicillin, gentamicin, ganciclovir, iatroconazole,
miconazole, Zn-pyrithione, heavy metals including, but not
limited to, gold, platinum, silver, zinc and copper, and
their combined forms including, salts, such as chloride,
bromide, iodide and periodate, and complexes with

carriers, and other forms.

43. A device according to claim 41, wherein the
growth factor agent is selected from the group consisting
of hydroxyapatite, basic fibroblast growth factor (bFGF),
acidic fibroblast growth factor (aFGF), nerve growth
factor (NGF), epidermal growth factor (EGF), insulin-like
growth factors 1 and 2, (IGF-1 and IGF-2), platelet
derived growth factor (PDGF), tumor angiogenesis factor



devi ces according to any one of clains 38 to 51 or an
i npl ant according to any one of clains 52 to 56; and

w@ bjosioeseT uct i ons for use on an injured subj eceCT/BB200£001928
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kit according to claimb57, further conprising: (c) a
harvesting tool for collectingyat_|least one viable
tissue sanple froman injured subject. 59. A kit

acqeaﬁgngvggcahak"gﬁﬁot§giagffgggwgﬁ' %Qgﬁ ébﬁgggsone

reagen sustai ning
on@orFé§9§r§aﬁﬁ|@elseSlngkfacbbrcKaRﬁv58traneferm1ngegrowth

haryesbrBgalor] § umidiel, GaRPEes) an@i&c g@-é 0pty,_g) ;

for_divi d|n the tissue sanple, unhder_steri

coRBRPPOREY CPRPGCEPPReSS | CORTYi SELRUFRAGHENEACERr AGH-CSF)
nmeihodrdéukinrati agdl integeeirssge, conprising: (a)

providing a calcification resistant bionmateri al

according to claim34; and (b) inplanting the

bi éfat eri al &ndevicdjactordimpeto oflairead Orprwhef@in Ahe at

nenggtagéeéﬁangoéglﬁbafﬂ}@ﬂer“@@ﬁ?fgségeﬁf&&bébfﬁéb?@

resistant _biomaterial “is I ncorpora
neBREarigbyresected, f%PﬁEFh%dgﬁﬁ%Br@@ﬂ@lﬁblﬁgapﬁwBqlblactlc

clacnaﬁzpoiyglpeblgen@éialngoiyﬁaétﬁ@ gtiatLpXiPg1{b61ic
C&|Cl%lcatl bi onat eri al tn t he desjired

t
PR of Oap PRRRES heb bt EetaBung bebdrantofactane.
nmepbhoyipepcbdds ngpt by eaybonetef, chal pbydtokph6B8yrate,

Mhﬁéf§@aif§lgﬁéhgga9£téf?aééﬁgl§$§§§eo£Svfn§iS§H§tates with
unsaturated carboxylic acids, water soluble or dispersible
cellulose derivatives, ethylene oxide polymers,
polyacrylamide, collagen, gelatin, poly (orthoester),
polyamides of amino acids, polyvinyl alcohol, polyvinyl
pyrrolidone, polyetheretherketone, tricalcium phosphate,
and mixtures thereof.

45, A device according to any one of claimg 38 to 44,
wherein said device is selected from the group consisting
of an artificial heart, an internal or external cardiac
assist device, a heart valve prosthesis, an annuloplasty
ring, a dermal graft, a vascular graft, a vascular stent,
a structural stent, a vascular shunt, a cardiovascular
shunt, a dura mater graft, a cartilage graft, a cartilage
implant, a pericardium graft, a ligament prosthesis, a
tendon prosthesis, a urinary bladder prosthesis, a
pledget, a suture, a permanently in-dwelling percutaneous
device, a surgical patch, a cardiovascular stent, a coated
stent, and a coated catheter.

46. A device according to claim 45, wherein the

device is a heart valve prosthesis.

47, A device according to any one of claims 38 to 46,



treatnment technique selected fromthe group consisting
of tissue repair, tissue bul king, cosnetic treatnent,

WO b@sapseti c treatnent, tissue augnentation, aPdI/AUS®&NE01928
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sealing. 65. A wound dressing conprising a
cal cification resistant biomatekial conprising _
cross-linked coll agen, wherein said collagen conprises

se f: i.n 68. d si_ng according_to
orSPRILK SR SBiCE SRR dhBST08 B EEAY dgnent.
bi omateri al has been exposed to al cohol before

crags-|linkeda §&vibeWgl SLAg cQr ding . Al
66, .wher ei_n ?aidngcohoFgr§E§§C§?C%§ gae?bélg%%g%$ﬂ6ghe

A WGGRESdFEagmsYtadSoParNESEEAcFAPM B, 2RABAAI N t he

C -C6 lower alcohol is selected fromthe group

copsi sting o hanol , et hanol , cycl ohexanol ,
isg%fopanql,£p§§%gﬁgl?Cﬁﬁfgﬁgg,tﬁeﬁiﬁﬁ%l?g?sggﬁfﬁﬁﬁlFhe
sedbidmanolisamglecbetafivbm 6Be grwopndodeéssing of a human, a

acegldi B0pkg, aBY4BYe. 87 agkdl Mnfda! Rafiflaryper ein the
cross-llnﬁlng agent 'is se etted fromtHe group
consi sting of carbodiimde, polyepoxy ethers, divinyl

subbone (DVSL degedéphdcon@iyg| €6hyde 88 of claims 38 to 49,

di phenyl. ph hqryl azide, (DPPA) 70. ,A wound dressi ng

ac@gF %ﬁg ?%gcﬁg¥ﬁ$§9?uﬁﬁé?5iH%Wﬂglﬁﬁﬁyﬁl8¥H§B§tF§ analog of
gl at biakdehyde . 71. A wound dressing according to any

one of clainms 65 to 70, wherein the biomaterial is

sel ected fromthe group consisting of ovine collagen,
bo¥ine col | ayetevice according to any one of claims 48 to 50,

wherein the tissue fragment includes a plurality of cells
and, upon implantation at a surgical site, at least a
portion of the plurality of cells is able to migrate out
of the tissue fragment, proliferate and integrate with

surrounding tissue at a site of implantation.

52. A biocompatible implant, comprising a
biocompatible scaffold comprising a calcification-
resistant biomaterial comprising cross-linked collagen,
wherein said biomaterial has a calcium content of less
than about 50pg per mg of biomaterial and wherein said
biomaterial is capable of being implanted for at least 200
days without the biomaterial increasing its calcium

content above 50ug/mg of biomaterial.

53. A biocompatible implant according to claim 52,
wherein said biomaterial before implantation has a calcium

content of less than about 20ug per mg of biomaterial.

54. A biocompatible implant according to claim 52,
wherein said biomaterial before implantation has a calcium

content of less than about 10ug per mg of biomaterial.



capri ne col |l agen, equine collagen, porcine coll agen,
mar supi al col |l agen and human col | agen. 72. A wound

wa@le@s®6a3g7 according to claim 71, further conprPGI/AY2@5/001928

sul phat ed pol ysacchari de selected fromthe group

consi sting of heparin, chondcokgin sul phate, dextran

sul fate, dermatan sulfate, heparan sul fate, keratan

sulsfzat e, hexyr n sulfate, .inosito

exaaultate, and eoRPAEIBTLy S RAR, "Bt R g,
@%&cﬁ@9%9¥9L§ ﬁ&aﬁﬁoéﬂyC@m@roﬁlwgawﬁﬂCﬁﬁltati@n resistant

be&B&ht@QﬂBﬂ'%bﬁ@raﬁl gtbrgb%fQEh%%da%%ﬁﬁa B wherein said
anti-viral agent, an an fungal agent, a oWt h

f abPor-295R & rl&@ﬁy&ﬁ&?P@ﬁrggéWﬂnéﬁ -an anti-septic

5agent. 74. A wound dreSS|ng accordlng to claim73,

wherei n the bi al ent Iected fromthe
grgﬁp conS|s$|ng g an oﬁFSQF 1ngth SFBW >, wherein the

ySé@ﬁﬁ@&ddéurshegpbompwuaescaoégnthenec pbﬂyhaklna natural

noL@n C spa C :

| pongauirolansy cothorachsy SHekbrbghachisgyis), ausosensic
teFﬂééy6p|ﬁélogﬁyﬁﬁpoﬁyéﬁﬁe,cxsn@geaﬁaéuhlssue and
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ket oconazol e, fluconazol e, pyrinethanine,
sul fadi azi ne, clindanycin, |inconycin, pentam dine,
at 6Vaquone, bakmhnﬁwnlnepmiziﬂgaaltlsﬁﬂgciﬂyufy, comprising:

{ri 1 uorour gipe, of 88RT0E! coREDL LI hllys GSNLAT! 6l Nyore

ganci cl ovir, At r oconazo hazol €
hedoVifBEaRECPRELDE RY, abMtoﬂ@tOflﬁiaGMStGB go|51 or an

pl adpDaAt ae&agalngles 8y SREPSE. c29UmENELT 608RI Ngdy

forms includ |n
9 instructions for use on an injured subject.

58. A kit according to claim 57, further comprising:
(c) a harvesting tool for collecting at least
one viable tissue sample from an injured subject.

59. A kit according to claim 58, further comprising
at least one reagent for sustaining the viability of the

at least one tissue sample.

60. A kit of claim 58, wherein the harvesting tool
further comprises a processing tool for dividing the
tissue sample, under sterile conditions, into at least one
tissue fragment.

61. A method of treating living tissue, comprising:
(a) providing a calcification resistant
biomaterial according to claim 34; and
(b) implanting the biomaterial in a subject in
need of treatment.

62. A method according to claim 61, wherein the



salts, such as chloride, brom de, iodide and
peri odate, and conpl exes with carriers, and ot her

wo 200966376. A wound dressing accordi ng to cl ai Pe73P2005/001928

wherein the growth factor agent is selected fromthe
group consisting of basic fihbrehklast growh factor
(bFGF) , acidic fibroblast growth factor (aEGf)
ner, I C gr.owt act o
(oA e (), PRl BaTen, U g o 2h8ken tnko
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, corticotropin releasing factor
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nECPLETaRS. DRk AL P St PoRCPLER, BRE b SRabAEPAR the

coﬁybﬂgpﬁgbéﬂngstreaked col | agen, wherein said

cross-1linked collagen conprise secondary am nes. 77 .

A calcification resistant biomaterial according to

cl 4fm 76, whirBehhefeasrokndingi &P enpeneeefaclpbmngt 61 to 63,

50%&e@bhagene %8th6dC@ECtEéé@ﬁhintﬁ§§hét@Bta tissue

d 7, wh th
MASheSh ERERFOLD OLELEL Hp TR0 IS O ting oo

catcsSuearepalrestssane bumhmhgylabsaetmbdtﬁgatgegtalm
78 h rial ' east
LEFPERSESLE1LE- UL B P oCTPLLaREPLLERS! o oene
acéﬁﬁgFﬁg

65. A wound dressing comprising a calcification
resistant biomaterial comprising cross-linked collagen,

wherein said collagen comprises secondary amines.

66. A wound dressing according to claim 65, wherein
said calcification resistant biomaterial has been exposed

to alcohol before cross-linked.

67. A wound dressing according to claim 66, wherein

said alcohol is a C;-C¢ lower alcohol.

68. A wound dressing according to claim 67, wherein
the C;-Cs lower alcohol is selected from the group
consisting of methanol, ethanol, cyclohexanol,
isopropanol, propanol, butanol, pentanol, isobutanol, sec-
butanol and t-butanol.

69. A wound dressing according to any one of claims
65 to 68, wherein the cross-linking agent is selected from
the group consisting of carbodiimide, polyepoxy ethers,
divinyl sulfone (DVS), genipin, polyaldehyde and
diphenylphosphoryl azide (DPPA)



to claim79, wherein the biomaterial consists
essentially of collagen.
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70. A wound dressing according to claim 69, wherein
the polyaldehyde is glutaraldehyde.

71. A wound dressing according to any one of claims
65 to 70, wherein the biomaterial is selected from the
group consisting of ovine collagen, bovine collagen,
caprine collagen, equine collagen, porcine collagen,

marsupial collagen and human collagen.

72, A wound dressing according to claim 71, further
comprising a sulphated polysaccharide selected from the
grouﬁ consisting of heparin, chondroitin sulphate, dextran
sulfate, dermatan sulfate, heparan sulfate, keratan
sulfate, hexuronyl hexosaminoglycan sulfate, inositol

hexasulfate, and sucrose octasulfate.

73. A wound dressing according to any one of claims
65 to 72, further comprising an anti-microbial agent, an
anti-viral agent, an anti-fungal agent, a growth factor,

an anti-dehydration agent or an anti-septic agent.

74 . A wound dressing according to claim 73, wherein
the anti-microbial agent is selected from the group
consisting of isoniazid, ethambutol, pyrazinamide,
streptomycin, clofazimine, rifabutin, fluoroquinolones,
ofloxacin, sparfloxacin, rifampicin, azithromycin,
clarithromycin, dapsone, tetracycline, erythromycin,
ciprofloxacin, doxycycline, ampicillin, amphotericin B,
ketoconazole, fluconazole, pyrimethamine, sulfadiazine,
clindamycin, lincomycin, pentamidine, atovaquone,
paromomycin, diclazaril, acyclovir, trifluorouridine,
foscarnet, penicillin, gentamicin, ganciclovir,
iatroconazole, miconazole, Zn-pyrithione, heavy metals
including, but not limited to, gold, platinum, silver,
zinc and copper, and their combined forms including,
salts, such as chloride, bromide, iodide and periodate,
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and complexes with carriers, and other forms.

75. A wound dressing according to claim 73, wherein
the growth factor agent is selected from the group
consisting of basic fibroblast growth factor (bFGF),
acidic fibroblast growth factor (aFGF), nerve growth
factor (NGF), epidermal growth factor (EGF), insulin-like
growth factors 1 and 2, (IGF-1 and IGF-2), platelet
derived growth factor (PDGF), tumor angiogenesis Ffactor
(TAF), vascular endothelial growth factor (VEGF) ,
corticotropin releasing factor (CRF), transforming growth
factors aand B (TGF-a and TGF-B) interleukin-8 (IL-8);
granulocyte-macrophage colony stimulating factor (GM-CSF);

interleukins, and interferons.

76. A calcification resistant biomaterial comprising
cross-linked collagen, wherein said cross-linked collagen

comprise secondary amines.

77. A calcification resistant biomaterial according
to claim 76, wherein the biomaterial comprises at least

50% collagen.

78. A calcification resistant biomaterial according
to claim 77, wherein the biomaterial comprises at least

70% collagen.

79. A calcification resistant biomaterial according
to claim 78, wherein the biomaterial comprises at least

90% collagen.

80. A calcification resistant biomaterial according
to claim 79, wherein the biomaterial consists essentially

of collagen.



