AN | MPLANTABLE BI OVATERI AL AND A METHOD OF PRODUCI NG SAME [ 0001] The
present invention relates to an inplantable biomaterial and nethods of
produci ng sanme. In particular, the invention relates to a nethod of
treating a collagen---containing biomaterial to reduce and/or alleviate
calcification and inprove |longevity of the biomaterial, 10 which can be
used on or with an |nplantable devi ce and net hods of prodUC|ng sane.
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BACKGROUND

15 [0002] There are numerous methods for chemically
changing and/or fixing the collagenous matrix of
bioclogical tissues to enable such tissues to be implanted
into a living mammalian body. Examples of changed and
fixed implantable biological tissues include cardiac

20 wvalves, blood vessels, pericardium, skin, dura mater,

tendons and ligaments.

[0003] These biological tissues consist mainly of

collagen and elastin. The rigidity/elasticity of most
25 Dbiological 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

30 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

35 molecules (intermolecular).

[0005] Collagen-based biomaterials, when used as



35 nol ecules (internolecular), inplantable dcvdces in differont. recipient
species, are prone to hyperacate rejection. This hyperacute rejection is a
nat ural i mmunol ogi cal response, triggered by antigens present in the
structure of the collagen-based biomaterial. Hyperacute rejection is a
rapi d degenerative process, which affectspthe function and durability of
such an inpl ant abl e devi ce. FO0061The antigenicity of coliagen-based
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low density cross-linking. Chemical agents such as
formaldehyde, glutaraldehyde, dialdehyde starch and

15 certain polyepoxy compounds have been used as chemical

cross-linking agents in collagen-based biomaterials.

[0007] Cross-1linking 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



both ends of a five carbon aliphatic. chain. Apart fromfixing the tissue,
gl ut arai dehyde is an excellent. sterilising agent for preparing

bi ol ogi cti ssues for piantation, [0010]1n particular, permanently

i npl ant abhe bi omaterials, which have been fixed w th! giutaraidehyde,

i ncl ude porcine bioprosthetic heart val ves, -bovi ne pericardi al val ves and
bovi ne pericardial patches, [0011] A probl em associated with the
inplantation of piological. materials, cross-linked with chem cal agents,
10 is that these raferials, specifically the collagen and eiastin in these
materials, tend to calcify. Calcification of these materials can result in
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10 is that these materials, specifically the collagen and
elastin in these materials, tend to calcify. Calcification
of these materials can result in stiffening which result
in degradation and failure of the material. It is known
that both extrinsic and intrinsic calcification is

15 responsible for the calcification of cross-linked

biomaterials.

[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 biomaterials.

(0014] Many attempts have been undertaken to find ways



[ 0013] The mechani sm of calcification of cross-linked 30 biomaterials ias
not yet been fully understood, Cinical data have shown that factors such
as patient age, infection, host tissue chem stry, dehydration, distortion,
dietary factors and i nadequate initial anticoagulation therapy can pronote
calcification of inplanted 35iomaterialsy -to mtigate the calcification of
cross-1linked bionaterials Research on the mtigation of calcification of
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bionaterkhl’ekpbsegito alcohol. Even in instances where tissues are
pre-incubated in the presence of alcohol, the period of
15 exposure is often too short to be useful or the presence
of buffer and other agents adversely affects the 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 its 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



am no-di - phosphat e and surfactant has denonstrated reduced calcification in
these biomaterials after inplantation However, these agents tend to wash
out of the blomaterial after inplantation and only delay the calcification
process, [0016] The use of alcohol in the treatnment of biomaterials is well
known, but is limted to its use as a selwent and/or sterilising agent. For
exanpl e, the use of alcohol in the treatnent of blomaterial s agai nst

pathol ogi ¢ caystfs Calbofss Joited Lo | ! salsentrRLeYLAYS! Y1 0gs: -1 1 nked
col i agenous biomaterials; US Pat No. 5,746,775 (Levy atand International
Pat, W84/ 0189284(®bd%} Consequent!ly, there still exists a need for a method
of producing a biomaterial that has a. long-termresistance to
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to an al cohol --containing solution for at |east 24 hours. 20

SUMMARY

10 [0018] The inventors have developed methods that
overcome or at least alleviate the problems of
calcification with collagen-containing implantable

biomaterials.

15 [0019] Accordingly, 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



[0020] I n a second aspect, the present invention. provides a nethod of
treating a collagen containing biomaterial to produce calcification

resi stant biomaterial conprising: 25(a) exposing a biomateriai to an

al cohol - containing solution for at |east 24 hours. [0021]1n sone

enbodi nments, the nethod of the flrst andgsecond aspects further conprise
the steps: 30(b) exposing said material in stepto a cross inking agent; and

(c) exposin sal eria di i step d ;are
sequential to°Step® @OS%5pr%g§%§ggﬂﬁ o f&ég%fgga ?H}Q i?eﬁ%?i4gghours,
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[0023]Accord?ng§@? st C ?rdpagpéct ¥he presgnt |nvent?gn provi des a

nmet hod for pr@%cP%@l%ﬁ |nplantable bi omaterial conprising:
5

[0023] Accordingly, in a third aspect the present
invention provides a method for producing an implantable
biomaterial comprising:

(a) exposing a biomaterial to an alcohol-

10 containing solution;

(b) exposing sald material in step (a) to a
cross-1linking agent; and

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

15 wherein step (b) and (c) 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—-1linking 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



(a.) exposing a biomateriat to an al cohol -containing soli t'on,:

(b) exposing said material in stepto a cross-Ilinking agent; and

(c) exposing said naterial in stepto an acidic solution; wherein. step (b)
and (c are sequential to step (a ]0024)in a fourth aspect, the present

i nvention provi des a nethod of treati-ng & collagen cont ai ni ng

bi omateriai to produce calcification resistant biomaterial 20 conpri sing:
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andare sequentdfbr-i9-5t€P1{&Yen[0025] I n some enbodi nents, between steps (a)
and (o) and/or between steps (.)) and (o) of the nethods of the invention
the biomaterial or collagen containing material is rinsed to renove

residual al conpd2and/ orieroessel bnkbagnagbs) . theebesabtyritheibi ama trial or
col | agen contaifégg meterial is further rinsed after step (c) to remove Jo

residual aci di'& %ﬁi%h§sue, & prosthesis containing ex
matrix obtained from an animal, a reconstituted tissue

(e.g. collagen matrix), or the like.

10 [0028] It will also be appreciated that the biomaterial
might comprise 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

15 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

20 naturally occurring and has been isclated 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.

25 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.

30 [0030] The biomaterial may be any type of cellular
tissue. Preferably, the cellular tissue 1is selected from
the group consisting cardiovascular tissue, heart tissue,
heart valve, aortic roots, aortic wall, aortic leaflets,
pericardial tissue, connective tissue, dura mater, dermal

35 tissue, a vascular tissue, cartilage, pericardium,
ligament, tendon, blood vessels, umbilical tissue, bone

tissue, fasciae, and submucosal tissue and skin.



[0026] 1t will be appreciated by those skilleiJd in the art that the nethods
di scl osed herein may be useful for treating any biomat.erial, Preferably,
the bi omater al conprises collagen. 10027JIn sonme enbodi nents, the
biomaterial is a cultured tissue, a prosthesis containing extra-cellular
matri x obtained froman animal, a reconstgtuted tissue g. collagen matrix),
or the Iike. 10[0028]1t wll also be appreciated that. the Lomaterial m ght
conprise synthetic anal ogs formed from synthetic polyners, biological

pol yners, or both, including those generally found in natural tissue
matrices. Suilt®blle syntlhretdanegpoinmerisndmcd uddie fioromexanplal, ipolarabides and
| ¢ pol ysul ph Bi i l.yners r i r
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manmmal i an orderts. i.e. 25 Artiodacftyla, _Lgonorpha, Rodentia,

Ferl ssodactyl -, Carnivora and Marsupialia. Mre preferably, the animal is
sel ected fromthe group consisting of an ovine, a bovine, a caprine, an
equi ne, a porldGvel] a nmalitsupliaimadmt i huwmd  130[s0630] (Fhe fviomatteriedn may be
any typeiof geldulalsty ssues-Areferably, the cellular tissue is selected
fromthe group consisting cardi ovascul ar tissue, heart tissue, heart valve,
aortic roots, aortic wall, aortic leaflets, pericardial tissue, connective

tissue, dura pet3], dermmd alcohol-containing solution used in step (a)

is preferably a liquid, and is water-based i.e. is an

aqueous solution of greater than about 50% alcohol, and
15 preferably between 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

yellowed 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,
pentancl, 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 ethancl and about 10% isobutanol is effective.

[0036] The biomaterial in step (a) can be exposed to



35 tissue, a vascular tissue, cartilage, pericardium |iganent, tendon,

bl ood vessels, unfilical tissue, bone tissue, fasciae, and subnucosal
tissue and skin. - 9 - 100311lin sone enbodi nents, the biomateriaf is

and/ or conprises discrete i.e, isolated collagen rather than a
natural |l y-occurring col |l agen-containi ng-tisssue. The discrete coll agen may
be used in its isolated State or fO-Md into any MediCal. deViCe Or article
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[0037] In some embodiments, e.g. those in which the

biomaterial has been exposed to the alcohol-containing

solution for greater than 24 hours, the biomaterial may be
15 used directly in the treatment methods of the invention

disclosed infra.

[0038] In some embodiment, the biomaterial, after
exposure to the alcohol-containing solution, is removed

20 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,

25 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,

30 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),

35 polyaldehyde and diphenylphosphoryl azide (DPPA).

[0039] In some embodiments, the polyaldehyde is a bi-,



30 [00351I n sone enbodi nents, the al cohol -containing solution conprises a
m xture of two or nore al cohols provided that the conbi ned vol une of the
al cohol is greater than 50% For exanple, a m xture of about 70% et hanol
and. about 10% i sobutanoi is effective. the alcohol-containing .solution
for any length of tine as long as it is gufficient to render the

bi bmaterial resistant to in vivo pathogenic calcification. Preferably, the

hi onat eri al rgqgj i W t hqt Q?P .dﬂéﬁh olution for
sufficient tine to%%fen({alblcagr%eﬁgdaﬁ 'cohrbo J]Eteaoﬂd'l sdee glnsg perneate into the
bi omat eri al . Wmfepissf-erably, the biomaterial is exposed to the. al coho
containing solution for at |east 24 hours, even nore preferably at |east 36

hours and nost preferably, at |east 104C ho-urs [0037]1n some enbodi nents,
e.g. those in[%?ﬁoc]h t hetThi it &9 eert "k pd<ed o the9 step (b)

al cohol - cont aisnifiig 1salddt ivh Faip great eridhanr 24 tholrts ,art hienthiomatierddal may
be 15 used di re%[ in the treat.ment of . t.he i.nvention di,scl osed
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al cohol - cont ami rgrisblasdadn,e ist rigreved s20. ran chreipos edb diof yoiney drharor e
cross- | 1 nki ng: AQeNtsq MY SAMN] SrAsslinkiAg Ae! ddion 4 Jheard or
conbi nation thereof may be used as long as it 1 s capable of cross-11nking
col | agen, Acdar dinfglyomatagilal e tapprecitated theatr Br08s-91 MidH-agent s,
include byt arginctyild Mdied dP.binding sites. Alternatively, 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 amine groups on the
collagen to form amide bonds. Preferably, the acid in the
15 acidic 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-

20 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
25 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 these sites need to be reduced,
30 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.

35 [0042] The step of rinsing the biomaterial is conducted

using a phosphate-free solution of 0.9% saline.



25 divinyl sul fone (DVS), polyethylene glycol div.tnyi sulfone (VS-PEGVS),
hydr oxyet hyl net hacryl ate divinyl. sul fone (HEMA-DI S-HEMR), fornal dehyde,
gl ut axal dehyde, al dehydes, isocyanates, alkyl and aryl halides,

i mdoesters, N-substituted nal ei m des, acvl ating conpounds, carbodlimd..,
30hydxoxychl ori de, N hydrox:isuccinimde,;]Jight (e.g., blue Iight and W
light), pH, tenperature and conbi nati ons thereof. Preferably, the

cross-|nking, agent [ g chem Saleoroos- LK) ng., ageph sel sgbed fLom the

gr oup con3|st yepoxy e one (DvVS),
35 pol yal dehy@l@@mdsmmhémylbhoéqahbmr atedel(@@A)Moreosgefﬁrsbilmdl heat s,

the poly lcehydedsopiatms Ocolyibdehydel ubaraydebydeals especially

preferred. [00401l n sone enbodi nentshe cross-linking step (1la) 5 is
foll owed by step (c), with or without an intervening. wash step. The acidic

sol ution gsed[doust ep (w:alp@nwl @ﬁlanyea@;:Jplr@@p@bé@ % tRasti yaum@daﬁﬂ/ or
nmodi f yi ng the fixed gﬁg/or cross-1linkin ent nD|e£h presen
T 6 et

the bi omat eridic atte eTQ@?%E%@% dF V%gﬁ%eeiﬁha95l cafc? m
bl bdi be sitesthdupmﬂ$emtvemvenbromnladdarrnadt@utthe actdceisodtalj ontused
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carboxyl groups Wi I vat rou agen to form
am de bonds. Prefesrablit, artte 4XCd m@rﬁh@referably, between 4 C and 30°C

10 and most preferably, between 5°C and 25°C.

[0045] In one embodiment, the alcohol, cross-linking
agent and acidic solution, rinsing solution and
sterilizing solution are all buffer-free.

15
[0046] It will be appreciated by those skilled in the
art that the methods disclosed herein are capable of
producing a calcification-resistant biomaterial, which
retains less than 50pug 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 50pug/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



15 acidic solution conprises an am nocarboxylic acid. Preferably, the

am necarboxylic acid is art acid having at | east one am no group and at

| east one carboxylic acid substituent. Mdrre preferably, the am nocarboxylic
acid is selected fromthe group consisting of L-areinine, L- 20

| ysine,L--glutamate or L-aspartate. [0041pln sone enbodi nents, step (o) of
the di scl osed nethods is replaced by or supplenented with a nethod of
inhibiting t for t| t el nas n ei C

prosent 1o (HE BB & Ao ARedt (AT n oS id it 2 TR S sue a
hi gher per certvagé cofnediasts rpfi @qmdewmg tthen bipretteeriali ssuealistHesedl asti b
nol ecul es canp JprQvj de sites for the formati on of netalloprotei nase as such
these sites need to be reduced, 30 renoved or inactivated. As shown. In
Exanmple 1 infra. a buffer-free solution, containing a nulti-valent cation
fsuch as rragpq&vmm: Ler e At ra) 1%061211%%81!;&&1 %\%J‘pel&t usee tgﬁffs%gi_JtCe the |
ormati on of ,metalibpreteina e ri,nsi.n e bicrmateria

i s csandur- I15iNgs éltéj Vééfessolaﬁ{ %T?qu@ba‘?% R 0OH3SE one
preferred enmhmBan ke doilonetierdtaloraficeri sstaepy (Cloniag efniratlher sterilised.
More prefera teri-al iljsed after.

5100421V\h| I eQJ‘l t wﬁ@%@e%ﬁicﬁzﬁﬂe? %qu glsezl slﬁﬁt%&r?ﬁsleaqgjrt d';if]lea%etrhe

t enperature @tomml@r@%as@qorxﬁartyh@nm% of the. present invention is
carried ogt-is not critical, it

[0050] In some embodiments, the calcification resistant
biomaterial is coated ontoc a surface of a medical device.
In a further embodiment, the device further comprises at

least a second coating.

15
[0051] It will be appreciated by those skilled 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.



wi |l be understood that preferably, the tenperature is between 2C and 40C,
nmore preferably, between 4C and 30C and nost preferably, between 5C and
25C. [0045]1n one enbodi mht, the al cohol, cross-linking agent and acidic
solution, rinsing solution and sterCLizing solution are all buffer-free.
[0046]1t will be appreciated by those skiited in the art that the nethods
di scl osed herein are capable of producing a calcification-resistant

20 great er | A 30D aay 5o posEoPAY Ui VB WL AACat RoRC | OB ol woFdS s TR

cal cificationf¥esishangrovonacesiatiof chehpresepeprnienti basiis capabl e of
bei ng '”plantEﬁbfgﬁlQé@aéféwEHaPagQQrgg%gGg?%ggggdgeefqggggﬁggkabrowth

increasing its cal ciumcontent above I ssue,
[ 0047] Accor di FFyOr | RBCYI f t hehspedtOorhe fesentr iNGEnti 6RiPEsTRdesravth

azlcifiCaE!gni§@§é§tGQGfbhoﬂﬂéﬂli?Llﬁﬁapgk?hB? ﬁ?@?@rbi?kﬁﬂdCQL|?Qggi%
erein sai i r s a c i umcagntent of | ess an abou g per
ng of bionate??%?ﬂéﬁaéahepg?ﬁeéﬁfdgﬁfbﬁﬁgegfawtbsféﬁﬁaﬁlZpgﬁFgeiﬁﬁmor

i mpl ant ed foramgiodeastis208ctdays (WaFhputathel biroaatierhal ikdcyeasihg its
cal cium conte % i i al 48] W t wishing to be
bound by any %%?5 gfgﬁéggt§é§?£8$?£§éi§oﬁ§?%égg gt%%%ggge(ggﬁgffication
resi stant obseryedt¢snbroughevabobiectarpaptariy Bt He GEproesenc € Gor-Psecondary
am es injphe fﬁ%é@ﬂ@@kpﬁﬂﬁghiLa@PUt%g%n&f@c?@éhﬁQérBEthQdEBHBHythe

bi omateriai as disclosed herein. [0 1Accord|ngly n si xth aspect, the
present stimulating factor (GM-CSF); inter euklns, and

interferons.

[0054] In some embodiments, the device of the present

15 invention further comprises a biocabsorbable material
selected from the group consisting of polylactic 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 alcochol, 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 compression device, an
intra or extravascular compression device, a heart valve
prosthesis, an annuloplasty ring, a dermal graft, a

35 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



i nvention provides an inplantabl e biol ogical device conpr*sing a
calcification resist: ant biomaterHal conprising cross-linked coll agen,
wherein said collagen conprises secondary am nes. [0050]1n sone

enbodi ments, the cal- fication resistant biomateyial is coated onto a
surface of a nedical device. In a. furthey enbodi ment, the device further
conprises at | east a second coating, 15 [0051]1t will be appreciated by

s such: el PR oY, LS oS bR 400! A otk CoTD L o

agents such &S TantitomiCr bi"al 'ag ent gt Fal-agent's factors,
antl-dehydramu@mt@@@n§s @ruanmarye@ﬂﬁddeag@mp§th26ySDO@SEPEréﬁﬁhaﬁiy, t he

anti-m crobi al,.agent . g.sel.ected 31 1M, 28 197 %u%é¥yﬁﬁéﬂéd@% Qfe18QN1 8271 a,

et hanbut ol , pyra2|nan| e, strept cin, ciofazirdrie, rifabutn,
f1 uor oqui nol GHES1Ce BRacitn, aspar W@@Wlarr. F&mpitn, 225 CazachiSsRpG mnd

clarithr 05W0|anco@@k’e%ioQ%,thtthe"raCY@ﬁen@re@elﬁanW@h@, @vrcf lioxacindart
doxycycli ne, a hotericin B, ketoconazole, fluconazole, pyrinetham ne,

sul f adi aci ne,”eclVien&amydi hﬁSH% ‘nccnyci h, pentanidi ne, atovaquone,
paromonycin, diciasaril, acyclovix, " trifluorcuridine, foscarnet,

penicillin, g% gdCI N, gangic e%‘f)'(?rdm{eg}troc%%z%ﬂe‘?uég %ﬂrﬁzg&e% % at dnum

Zn- pyrlthlon metal’s 1 nciu not. I'imted to
si | ver, Z|nccaﬂ@rd@@p@rthﬂﬂmqfﬁﬁaQM§mﬁmhﬂ§YQSﬁaﬁ;ﬁnﬂmlﬁmrﬁ?lmﬁﬂtQ¥‘%uch as

chlori de10 br aide.ctii0di-ge 133 and periiadat e, and conplexes with carriers,
and ot her fornms.
[0057] Preferably, the tissue fragment will include a
plurality of cells, which, upon implantation at a surgical
site, will proliferate and integrate into the surrounding

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 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

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.



[ 0053] Preferably, the growmh factor agent is selected. fromthe group

consi sting of hydroxyapatite, basic fibroblast growh factor (bEGF), acidic
fibroblast growmh factor (aFGF), nerve growh factor (NGF), epidernmal
grow h 5factor. (1177), insulin-like growmh factors 1 and 2, (1G-1 and

| GF-2), platelet derived growh factor {PDGR), tunor angi ogenesis factor
(TAP), vascul ar endothelial growh factor (VECF), corticotropin releasing
factor (GT..i.F), transformng growh factors aand p (TOl-a and TGE-p) 10
i nterieukin- 8 (IL 8); granul ocyt e-macrophage colony. stironlatinc factor
(GWO05F); intE¥Pelkins, Tand PreeRfePoest, [ DDS4PrASSoieleiBadilRents, the

device of the,presens aLnyenEoﬁnréyam@ﬁ cQnprikses %%9%8%%%&@ erial
sel ected fromthe group conmstg@ga g glactlo aci d, polyglycolic acid,
€c

pol yl acti.c acid--pol ygl%kcol #cS oFJHEFS, h68ﬂ98l8Q§n pefore
po:y?aFLoEact@amclﬁmwapE@mldeslsp@hycatbmaaéesalpobyhpd&exnbubybabe,

pol y(al kyl ene, 20 oxal a copo) yners n acetates w.th _unsaturated
ot boxyl | ¢ act HecShar ot T ol B reut spardi o el S8R P SlR hsrry At o deats
et hyl ene OX|d£npm¢qneasd polyacrylanlde col | agen, gel atin,

pol y(orthoester), bol yamides; of, aminp.aci ds, pOLy¥inyh, %ggh@@h sRgk¥uiny!
pyrrolidone, 25 polyetnerether et onb, trlcaFC|un1p hosphat tures
thereof. [0055]11t. wi Il beaporeciatecithe devices of the present i nvention

can be any deypgg2for Whhch tenth aspect, the present invention
provides a method of treating living tissue, comprising:
(a) providing a calcification resistant
biomaterial comprising cross-linked collagen, wherein said
collagen comprises secondary amines; and
15 (b) implanting the biomaterial in or on a

subject in need of treatment.

[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



30 calaiflcation resistance would be desirable. Preferably, the device is
selected. fromthe croup consisting of an artificial heart, an extracardi ac
conpression device, an intra or extravascul ar conpression device, a heart
val ve prosthesis, an annul oplasty ring, a dermal graft, a 35 vascul ar
graft, a vascular stent, a structural_signt, a vascular shunt, a.

cardi ovascul ar shunt, a dura matter graft, a cartilage graft, a cartil age

i npl ant, eri cardium graf t S a prost hesi s,

a"ar  nar y bPAUGEE Cor BEERESFE, S4 b Eagor Coaran: arb: "ol Paaoat|

i n- dmelllngspefaubanEGBS deyﬂcég saagnoaglpéﬁéhquéféﬁﬁdlé@&§éﬁpir stent, a
coated stent and a abbyerthapdeyi ¢eel s a heart
val ve prost géﬁéu%Fég 61 ngsgggkgﬁgoggﬁgﬁ?g%gfﬁe devi ce V furth

conpri se a wpssdedfragreat THatRest 6AMPESRTAN2RNPRAN Hﬁcﬁwgﬁﬁ%hégeg anal og
of a tissue, FOQS7]Brekerablyy ,t hegtrbssue rheagientnwehlt iFdehydeaaiplhural ity
of cells, |ch upon |nplantat|Qn at a surgical site, wll oroliferate and
integrate i RE6TENETs@Fr BT IGPLISsGI°70058] In a sever= aspect, the
present invention provides a bloconpatlhle iraptaht, conprlsing a

conpati bl e ffold conprisi a Cij [ resi [ tenisal

conpri si ng iﬁ@é&qllnk &egglpﬁg_ e%gfn salgkeggﬁ& gflg%q%gg g%gé%glum
content of B@gscbh&mgahouumﬁ@u;geﬁéﬁawgyofaﬁléﬁﬁﬁérWQF &rd Wiverei FYSA d.
blorate{bal |§ C %Q%%a%fgb ng jipl-anted Jan a3t east Q@ days without the
bi omat eri al i'ncr S|n cal ci um cont ent above ﬁg_o/nq of biomaterial .
[0059] I n an péleéﬁtrﬁbéype@tonstlﬁéspreé;ss@ﬁ}t erdentiforoLttagen

BRIEF DESCRIPTION OF THE FIGURES

15 [0068] Figure 1 shows kangaroo pericardium tissue that
was pre-treated with 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 guantitative 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



provi des a bioconpatible inplant, conprising a bioconpatible scaffold
conprislng a calcification - 30 resistant. biomaterial conprising
cross-iinked collagen, wherein said collagen conprises secondary am nes,

[ 0060] Preferably, the inplants of the present invention will further
conprise a synthetic polyner,a 35 naturali1polyner, an injectable gel, a
ceram c material, autogeneic tissue, allbgeneic tissue, xenogeneic tissue

and conbi natip i%@&r€8f$arl9991L£ﬂ eﬂéﬂgﬂlf§88ﬁ%ethﬁﬁéso%tpEB&EEE&8H (a

provides a kit Tor repairing a tissl I nj g
a sterile confal®ernfdvi A 6ABTEE: nﬁ@éYeaﬁélﬁﬁcéﬂﬁéntpe Estaferbicontdt eri dl s

conprising cresst | tngeﬂeﬁmh@g@@y %éaeh@réﬂhd1§0Eb§9€HeC9%bb§%5 ogecondary
am nes; and truct s for an injured suojeci.

01 0067] I -2 SRAERLBLRECRS P hEUDrboSHPOTATERE Pontpr 0, dBS Chiiernat L4t
treating I5 viagdtissnuet totpnéstingo be limiting whaphovidingealimited
caIC|f|cat|on ﬁf i ta@£6b|onat ri.al congr|5|ng cross-1linked coll agen,

wherein said €O n conp sesegeconaary am nes; and (b)

i mpl anting the blonaterlal in or on a subject in need of treatnent.
[0063] The net hogh o1 treai MeplpMY,PeoaRY LheahiBNhnd patent

applications cited herein, whether supra or infra, are

10 hereby incorporated by reference in their entirety.
However, publications mentioned herein are cited for the
purpose of describing and disclosing the protocols and
reagents which are reported in the publications and which
might be used in connection with the invention. Nothing

15 herein 1s to be construed as an admission 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 skill of the art. Such techniques
are well known to the skilled worker, and are explained
fully in the literature. See, e.qg., Coligan, Dunn, Ploegh,

25 Speicher and Wingfield “Current protocols in Protein
Science” (1999) Volume I and II (John Wiley & Sons Inc.);
and Bailey, J.E. and 0Ollis, D.F., Biochemical Engineering
Fundamentals, McGraw-Hill Book Company, NY, 1986;
Immunochemical 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
144 and \\the//

include plural reference unless the context clearly

” Ww

35 appended claims, the singular forms “a, an,

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



i nclude prophylactic and therapeutic treatnents. Preferably, the nethod of
treatnent is selected fromthe group consisting of tissue repair, deep

ti ssue protection, tissue bul king, cosmetic treatnment, therapeutic
treatnment, tissue augnentation, and tissue sealing, 25[0064]1n an el eventh
aspect, the present invention Provides-ajgwound dressing conprising a
calcification resistant bionaterial conprising cross-1inked collagen,

wherein sai d gol)agan,qonprises sacondary. ames., 30L00OSIPre! erably, the

coil. in. the biomateri ecte e group “consi sting of ovine

col | agen, bowvinge acélelfﬁgféﬁl(“@cém i cdlacagen, 1eqai e feslanggent,o portiafe

col 'agen, manguRi all coldiagen and humarcol hagens [Qaislddan &Q@ﬁ@@dl ment s,
t he wound dressing further conpri, ses a sul phat ed pol ysacch%rl de | ected

from the grddg ¢EReEINstGag 38 Fepam n, t ichdidisi (557 % dispivate D adékt
sul fate, der fdardcathesulifratse ashe:ma(ﬁrldhlys wirfdatres,t deer atyar rsuldfate;d ihexar onyl

nexosam nogi re}{arllsul f | Q:OSCI toI . Qlezc%sul f%tveent%%% (ir gse act asul fate.

Pref erably, the vvound%élr essi ng furJ’tCher conpri ses an a "W cr obi al agent,
5 an anti -vi Falthagem any gmwtmafl@ctamd rraarthams Sdehﬂ@rratqrorecageml@t an

anti-septic %e%thos[eo%%]&fl%fe%f Ei‘@ﬂévlnt Q%nh'b%ﬁ%ts%rd al, qonprdsses at {gast

50% col | agen, nore preferably, at |east 70% coll agen, 'even 10 nore

preferably, &hd @éﬁsw/mq%mfaﬁ@%tef@rréﬁéﬂr ABILE T \Edifs i2tSs Meddwmts al |y

or ool |l agen. :BRl EoDESCRriHaN OF THE FI GURE 15[ 0068] Fi gure 1 shows
kangaroo pericardiumtissue that was pre-treated with al cohol then

hl ut ar ai dehyde fi xed conpared to gl utaral dehyde fixed tissue Le. no al cohol
pre-treat nentl00ared "freashorid ssfuehe broadest aspects, the present

invention relates to a method for producing an implantable
biomaterial.
15
[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
20 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%.

25 [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

30 helical molecule. The term is alsoc intended to encompass

the various types of collagen.

[0079] The major portion of the helical portion of
collagen varies little between mammalian species. Indeed,

35 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



20[ 0069] Fi gure 2 shows kangaroo aortic tissue that was pre-treated with

al cohol then glutaral denvde fixed conpared to gl utaraadehvde fixed tissue
|.e. no alcohol pre-treatnment and "fresh" tissue. [0070] Figure 3 shows the
resistance to enzymatic degradation of (A ) porcine cusp and (fl) aortic
wal | tissues. [0071] Figure 4 shows the quaat+tative calciumlevels 30. of
(A) explanted porcine valve cusps and (B) porcine aortic wall tissue after

ei ght weeks ingassu ngeLs : DET. DESCPAI - THE - EERRED
ENBOD 4ENTS [ 07 gﬁﬁ%grggdegggﬁb?ﬁgs%ﬁé r@EgﬁﬁsrnégﬁﬁyggFfﬁHdgﬁggP%;is

to be underst3o8RRatREhPSULRGENERER PS*nEEAURREt 88108 OFar Bitc thar | y

exenplified metbodstofiepreducti QRi1whinesBBYNAOE COUES Ba s sk g nakso
to be understood that th terniﬂolggé used herelg is_for the purpose of
descri bi nc7 partPLoPir eﬁﬁSdPHﬁ £ETIFet REINRVERL NERCIALY, Takd igaReend

i ntended to heolisal tEng8ahilehewl NEBbeakbastsednonhybby st e 2appended iekal, ms.
[ 0073] Al l pubk&gggisgstgﬁgthg gng B3t epk ggghi% tions cited herein,
nfra, are 10 Heregy

whet her supra or i . . i ncorporated by reference in their
entirety. Howevep:/pubVicabionsmrpahi ongd. hekben aveesi tédchdrlagke pavpose

of descri bi ngs apd; di-s¢kosi 89otherphAt Qe%shefagwg@ge%% whighar e chgport ed
in the publications and which m ght be used in connection wth the
i nvention. hb@%@%%otlde sequence homology between porcine collagen
10 alpha I type I and ovine collagen alpha I type I is 90%
(see, NCBI accession numbers AF29287 (Ovine) and AF201723

(Porcine) http://www.ncbi.nlm.nih.gov).

[0080] Given the level of common ancestry and biology
15 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
20 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

25 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

30 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
35 Dbiomaterial comprises a cultured tissue, a reconstituted

tissue or the like.



nS herein is to be construed as an adm ssion that the invention is not
entitled to antedate such disclosure by virtue of prior invention.

[ 0074] Eurt hernpae, the practice of. the prese 20 invention enploys, unless
ot herwi se indi cated, conventional inmunol ogical techniques, chem stry and
pharmacol ogy within the skill of the artpgSuch techniques are well knomn to
t he skiIIed morker and are explained fully in the literature, See, e.g.,

Col i h, d. t |
Protern’ Sci e Co%?iggg;ﬁ% Peane tre JeRttuprag g SRE PR R8s Ty,
J.E. and A i biEsug- buF@crhemam@LeEngmeelemgTEun@aﬁéﬁﬁamsghlvt@@aw Hi |l Book
Conpany, NY,C%%%@OV%@EUQQQh%q%%%% Methods Emog@lkléQQQNb%%%%ka&lng%?gy

30(Mayer and VMl ker, eds., Academic Press, London, 1987); Handb
Experi nent al hPﬁﬁEné’Péﬁ? YOI irhes TPOFV - ( BOTIE CWARE landOEt 1€, 1BPAdNSI |

eds., 198%), bQQEéhH&aHU$hs@@eDObQanﬁthéStd%%dehetﬁenm&mdlmno&h%o35
appended clalns ﬁ S|n%plar forns " an 't he" nclud% pIura
e

ref erence, ufifess elel éxtdgFgaPF§65VCF§F@§l FhEPRCe 2 TRES™
exanple, a reﬁeseecedUQa"mater18cammséa@emkpaglageduhnhndh@de@na,pIurality

of such agen%%nd%gdbﬁo %f%%%g%ﬁstoum%qgﬁhggh s, abo%%f% 1§R1Ce to one or

nmore al cohol s orth Nl éss i ne erwise, all technical and
scientific térAsiasedaner uhmhapsatlhé isane @éaﬁkﬁ@sa§saédnﬁﬁhﬁ@e@ﬁﬁerstood

by one oioor@bﬁ?&xsgglsbmencbhq g@h to which this invention bel ongs.
Al t hough any materials and nmethods simlar or equivalent to those described

herel .n can be used to practice or test the present invention, the
preferred mat[eoisalls andtnmetihods 150 @@ea@QWedeacebbe@at[&&EGbﬁmnam@rdblthe
br oadest aSp%E%%t %E% %%%S%%%prlse synthetic analogs formed from
synthetic polymers, purified biological polymers, or both,
15 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.
20
[0085] Purified biclogical polymers can be
appropriately formed into a substrate by techniques such
as weaving, knitting, casting, moulding, extrusion,
cellular alignment, and magnetic alignment. Suitable
25 Dbiological 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
30 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-
35 limiting examples include, polypropylene, polylactic acid,

polyester, nylon, silicone and the like.



invention relates to a. nmethod for producing an inplantable biomterial.
[0077] As used herein, the term"bioraterial refers to any material that
potentially has a biological use., wherein the material conprises sone
col | agen. The coll agen m ght be any type of collagen fromany source and
m ght be 20 present alone or in conbination with other material s.
Accordng]y, the collagen mght represent as little as 1% w w of the total

wei ght of the;hj teri : 9 8] The _t | agen”
asherein refe ngg?na e§%r§%%?IBFE§BP§aC%QQé% %gggokglgFo?ég;s%g ?gare
char act eri seddbycihesd Berein migbtehéveaﬁd@d Rélfecal ost puejviouséy Three

col | agen po'V@?@ébdflﬁﬁ@Hnﬁlomé 8r¢hai pge méEﬁO$QUHQS@ﬂ%g@@ ﬁ@%@lﬂtgﬁé to
formthis helical nolecule. The termis also i ntended to enconpass

various typesiBfenesf| agefc POOFOPThENFEPSF- poREEEnLof th@aﬁéwﬁcaprportlon
of coll agen verieselihbterbetween manmal i an species. indeed, in a. nunber

of coll agen types have hi gh degrees of nucleotide and am no acid sequence

honol ogi es. For exanpl e, the nucleotide sequence honol ogy for coll agen

al pha | type [008Teast 88&eontparbngmhtirans] kgui hesnaadgnttiede. iHutans and

D e ® dohe a2 e eRgr LANPLAGK: Rhnl "Ry RUELERL! denbTuelactlif, & Tose and

equi ne have . uence ho € nuc e sequence honol ogy for
human. and 5 Thous bamtaBSQ@(se@d hmmplané ét@nuﬁadbéﬁge@62528 ( Equi ne

NND331501@R|Eﬂ@@ér@ﬁgnﬁgggi%ngéngy§e}eEQEtQoléﬂ@mhﬂgﬁhtp menichegov) . Ot her
types of collagen have sim | evel s of am no acid og For exanpl e,

t he nucIeotld%l%%ﬁﬁ%ﬁkﬁlhoﬂ%Vhﬁ?Sb@Fmééﬁeﬁér@ﬁnéhéoPFéﬁéﬁt Yhvention tb

be placed within or onto living tissue of an animal
without leading to rejection, infection or toxic problems.
It should be understood that the term “implantable” can
15 include a partially of biomaterials or devices and also
includes partially implanted devices et cetera such as

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 soluticon 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 alcochol.

[0089] 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



10 alpha I type I and ovine collagen alpha | type | is 90% (see, NCEI
accessi on. nunbers AF29287 (Ovine) and AN201723 (Porcine)

http://ww. .nrabi.nl mnih.gbv). [0080] Gven the |evel of commopn. ancestry
and biol ogy for many of the above animals, the high degree of am no acid
and nucl eoti de sequence honol ogy for col bagen across a nunber of species
such as cattle, sheep, mce and pigs, a person skilled in the art would

appr eci at et hal LR ATe! hodschak 107 0die! 9 e, bL ARl ghlial: 25 1dhad osed

herein are applicab of col l'agénous naterla i sol ate roma manmmal i an
ani mal s. [ onAdecobdilngMprei predwe aéiboditientd cotke Bisoraterfail94es sol at ed

or harvest ed jfhr-omean janiamal, rof e <25 sefl ytthe nmamm®liamdens fer@bly,
Ar Li odact vi a, Laganor pha, Rodcntia, Perissodactyl a, Carnlvora g&g
inc, an

Mar sapi al i a. ?ﬁeaéﬁpﬁﬁﬂ 'S Fraferabl TR SVFnE I CAPh&INe St da

equi ne, asponeihenca, rr@rtmpﬂoal fy a oherano 1Wh I1|s©ptrh>©aﬁhlo€lﬂ’ﬂtp&fdp®|noils
preferably i olateq fromthe .same nlnal speci. as the re%L@;%nt i's

envi saged t hat HEERE bl@ﬁEFSPP&V i tﬁgoggoﬁgfe ronla ferent speC|es
to the recipient, [0092]Alternat|vely, in sone enbodlnents the 35

bi omat er{ al_q@mBihses iUl ol diisslieo o 80RR! ey toasye. A he

i ke, [0083]The hioa t be an e of cellular tissue. For exanple,
t he ceIIuIartﬁﬁ§§weoﬁi@ﬁpoﬁée§&ﬁdl §@Uﬁﬁﬁoﬁss§@@sﬁﬂﬁﬁnﬂﬁaﬂl6@@ tissue,

heart tissueaiheat —‘é@)'n\é%anﬁ(?lrgt is® 1@k, a@erilkite wal |Loo%@ernt1|rﬁ; lteaf | et's,
t.i ssue, trix of, soft or

pericardial ti conne oI|d organs
dura mater, iiﬁﬁepl§§&@ &§€UP§F‘F&§§& QsﬁﬁﬁéPYQflﬁﬁ
pericardiunlshm@@nﬁﬁbe tamdmmebmomdSMQgselS97@meﬂanﬂlm|Bﬂthydxﬁutaissue,

fasci ae, and subryngsal |liSsug O gk 1133 A 9htNess +1Q eonmn3es, Some

col | agen.
and amine groups found in collagen are esterified in the

15 presence of the alcohol-containing solution such that they
become available for cross-linking in later steps. As
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 agueous 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



[0084] 1t will also be appreciated that the biomaterial mght further
conprise synthetic anal ogs fornmed fromsynthetic polyners, purified

bi ol ogi cal polymers, or both, 15 including. those generally found in
natural tissue matrices. Suitable synthetic polymers include, for exanple,
1: ..ol vam des and pol ysul phones. Bi ol ogicak pol yners can be naturally
occurring or produced in vitro by, for exanple, fernentation and the |iKke.

S betr ey {L68en b0l 0hGALPILYIPLE G204 0°,8RREARLIR! By LatRd pato 2

substrate by ues such as 0, castin
ext rusi on, cebi@mateaiagnnea@stana hagmétVEVaIpghhegenlSucaébhélZEtlon

bi ol ogi cal po&a{@ematn@hgdﬁajmegvur(ll Ny gamgﬂ pggzgﬂgg% gstt;n si |k,
keratin, gelatin, polyamno acids, polysacchari ose and

starchi, and %%%%@?%%r%ngfa%ﬁ9e grPREBeLOTEF eRampl ag@élﬁé@en and el astin
pol ymers @an @@té@IﬂElenPQeﬂeﬁ&Blyettﬁe3316ﬁﬁt§@§§9|Qeﬁﬁhﬂ%ldh bynaaycof a

vari ety of tech uc S ving and. ul ding. Synthetic t|ssue
anal ogs minic” %Q%qu?a? tP gg ??FQ ﬁl?8}ﬁg%P9eE§F §§%FH€PFE sUb¥Er at es
can he used toofenambhet tssueécohbhér tal dnéforet aget hermekth naturahby

occuring subsiseleston. HS.L! BLLEDO-EXATPLES LOGhuder.Re! YO oRbens. |

polylactic acid ester and
will be appré@@aﬁ%@ @h@@hﬂhrpénthénﬁ@gh@@éutlon for at least 24 hours,

10 even more preferably at least 36 hours and most

preferably, at least 48 hours.

[0094] Once the biomaterial has been exposed to alcohol
it is removed. In some embodiments, the biomaterial is

15 rinsed after 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



di scl osed herein m ght have some effect on previously cross-Iinked

bi omaterial the nethods disclosed herein are intended to be used on
uncross-linked i,e. "native" or "naive" material, [0087] Once the

bi omaterial has been acquired it is prepared for inplantation. The terns
"inplantation,” "inplantable,” and "inplantX are used. herein 10

i nterchangeably and all refer to the ability of the bionmaterial, devices et

o o et may SuPiaReRL, LYeathon (18,081 BLACSR ) LY QrCQQEQbe%%@% Li ssue

of an ani nal rej ec on or toxic robPéns It
shoul d be understbedtt hapmﬁﬁé"@éﬁ—m 'Hpmlvam ablteméémb%apﬁél@@détgdpam| ally

of b'Onater'%h%s@rsﬂgiﬂgéslﬁn@hél§9t'@ﬁ%@dﬁssggékhék|fokﬁpb&nted devi ces et
cetera such as_contact | enses and th 68)In_an initial gtep of the

met hods of tReélpiésent o0 -rAvéRtrsh PﬁemBFSﬁéﬁérFaP P§ BXPEEEESt BYan

al cohol - cont airBsBg1sakihyoRheABivsadcherei aftehestepm(aexposed, " or
"exposing" refers to the active step of contacting the biomaterial or a
col l agen containing material with an al cohol -containing solution as
descri bed herfép%6i as 26cdesicénighed iinf sapesabbeduartity odnttaieniomg sené

promaterial whhAnelBashbnkl Uargent Bei doe 156LU! LORLQL HOACK FRLLEN for a

sufficient perio esired outcone hods
exposi ng theaﬁtéﬁa?éppéprﬁotoféﬂcéﬁéﬁppé thre §B€§ﬁ6ﬁ-@@np§ﬁnpﬁgm§éput|on

gre"“B||1$SOE?thF§Qﬁh?@ %&bssEQ&nﬁ&ﬁqpb@ent@ g@ﬁ@r@bmmth@l&mgﬁgh©mlgw car
e "exposed"” to al coho rayin I ng _or 1 mrer e biomateria
in a soIutloﬁScBﬁﬁP|Q?ﬁ&lgnr§¢€6ﬁoFg F868gr?hguP§FﬁPna gﬁ@%’dﬁs used

her ei n ref er grbapany pakeehel aknownhi rnast oshicek ifd veapahienofchreemovithg or
2:?;8;;? ;?guggggg ﬁ&&l%%l%g%c%rl%%%e%@gk%% bga%EyB%%%h%i%%%l&%bQ%_H@e
the art, with any form of cross-linking agent as long as

15 it is capable 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,

20 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

25 compounds comprising backbone of 17-25 carbons and 4-5
epoxy groups, polyepoxy ethers, polyethylene glycol
divinyl sulfone (VS-PEG-VS), polyglycerol polyglycidyl

ether and temperature and combinations thereof.

30 [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) .

35
[0098] It has also been demonstrated that polyepoxy

compounds comprising backbone of 17-25 carbons and 4-5



col | agen, Preferably, the alcohol is a water-soluble al cohol. Mre
preferabjy, the alcohol is a C7,C.6 |ower alcohol in a buffer-free
solution. Even nore preferably, the alcohol is selected fromthe group
consi sting of methanol, ethanol, cyclohexanol, isopropanoi, propanol,
hucanol , pentanol, iscbutanol, sec-butanopsand t-CQutanoi. [0090] Wt hout
w shing to be bound by any particular theory or hypothesis the inventors

consi der that 1 oli,cont aj nji.ng LUt | assiLs i n_l.ooseni he
ol | agen 11 pTeopbi Ta 00 Fharehy binosr aihoacsoar irt 85 °teod L haPlbe &
Ni shi da, 1979CoBerdehi nFBFopfayseczamBae( 1Y Bo6- 18pplikeyNal-so consi der

that the carbpxyloendsam ne/gr oupsibund)i nteohhagensar gcest ehilihednibp the
presence of the al cohol -contalﬁgggpsolutlon such t hat the¥@gecone

avai | abl e fortF ose¥+7hk¥ ngti RO X¥t 6PEPOARAS LR, 1oVFrefbrredaltcBhol

sol ution i5s omeuconpldshngeat aheasheabout gbQ¥%vty. ornbreupeefresabhyeat
| east about 7098viv.and Enét greferabl east abou%.SOW v/vy.al cohol to
1ndu 0 s é %P

at |
20 buffer-fres Aqueous soIu%loﬁgslﬁegﬁéaaﬁﬁoﬁpngﬁ?Pof ogl%8h Csolution is
70% et hanol \f¢ycinol, O¥sal inecéesontéi neagtOngnivi PNSE21[@691] I n one

enbodi nent t - n % I r oy Hi met.hod for
pr oduci ng anqﬁﬁgﬁ%%?gb?%.%?gﬁg?gégaFgégnégig?%%ggggésﬁggqggﬁﬁgﬁaégriaI to
an al cohol - coft@ifi higl duf ety geedsblacrBRaEdRpLi sy ngSEess fTohaRx200%s

a:coﬂo: ﬁ@rta¢obf@a§tlgﬂ:howm§92$9{9992klPﬁ%@Hﬁan?equen%§3§h@emanu
al cohol - cont ai ni ng so , as._\V as other_s ions and reagents are
"buffer-free €as? t'iéf%%ggthggFigd Pﬁgﬁn?heEEF§9§?Pgﬁirnﬁoﬁééﬁﬁ§ntlyf
cont ai ni ng algehyseoxeactspwiihtist he battetbddr bpng bhxapireficeausi Bgoss-

depol ynmer. zatjon. of th | dehyde, [0093] The step of exposing the
bi omat eri al t%ﬁ%%@g%J%%%%ﬁlcontaining solution may be carried out for any
- 23 - length of tinme as long as it is sufficient to render the bionmateri al

resistangsto jahyéyo pathogenic.galgifleali opye cross-linking agent

comprises about 1% glutaraldehyde and the length of
exposure 1is 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



and that the majority (i,e, a high percentage) of the carboxyl and am ne
groups found in collagen are esterified. Preferably, the biamteri al
remains in contact with the al cohol-containing solution for sufficient tine
to enabl e the al cohol to diffuse and perneate into the oiomaterial. Mre
preferably, the biomaterial is exposed_-togthe al cohol -containing solution
for at least 24 hours, 10 even nore preferably at | east 36 hours and nost
pref erabl vy, at .| east 4 F$no~ 00 h n osed
to al cohol. |Ftw§epe%0€e g Eo %mégé%B&geéégégi%) %%%%% é??ﬁ?ﬁﬁgiﬁfgs d
after the exp@gumeqtopabé@Mlewn &ertivasiong® @oaudléh‘%onpr|3|ng a
phosphate-free solution of 0.9% saline, However, any non-buffered
phyS|oIog|caII{ accept abl e solution may be used as _a rinsin sol ution. The
purpose of t H&1PPAsi ng OSGIRUEITSHA v s FkicAl JFhEo Cremsve 18%deds Salsohsin©20 and
as such is nefiogkickirgal, l[sog%k/éfrta@rlyt ke nBleamaterials 10l @@Illu&g@m eeidrai ni ng

mat eri al has be xposed _t reater than hours can bhe used
directlyinpl&ﬁtgg?g be Pg%f 809&F05P FrREEIGN 1A odén - ?@&ever'
previ ously bytowhéﬂsagblhabeta@@m@maaabbytheenthsedlm@1$@emmbmsast|ssue

rat her than Rifi [ the carboxyl and am ne groups found in

col | agen. As%gggﬁy g&e%%r%' exposure to al cohol has been relatively
short e.g. less than 24 hours and not sufficient to enable the ful

penetrati®n qbhibhe t'S%%Ql%%lh@et%%c%@%Es—é§nﬁlh%S%E%pth%&elﬁa%tqgﬁﬁe@p
appreci ation, prlor to the present invention, _that

t
cal ci fi cat i onlFesisfaRe 5F§ﬁa?§F@§lt@§e€r8§§|ﬁﬂp$éﬁglﬁﬁﬁﬁy &8@ d be
produced by prl@ln@mg@dall mayglte@herexbb@@d%oh@w ac&)@p@swo&u%so@f a
bi omat eri al to an al.coh --contalnlng soI T % %pans t hat the
bi onat eri al , Pt@ﬁnénggﬁyeaF&dtﬁgpg &§h8l-&8ﬁf |Hi §SoPGV SR for greater
t han 24 hourmodadahdgbehe|ﬁpk@mte@ddpmeGMnyedescpﬁbedumﬁﬂm@ agSrd

Ca|C|fIC§$|0 o;%%ﬁ%EaEEeglﬁan%rQ%k bH%W%%%riaﬂt %%E& Rr%C' ted by
t hose ski in the art that a Iag@rlor ormo caIC|f| ati on-resi st ant
bi omat eri al é&&nche prodecedeby Vs icrdds- CpAkilng tRadAnenatiéssal after step

(a). Alternatively, 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.



1..00961Accord_iq in sone enbodi nents of the present. invention the
bdomaterl al or collagen containing material after exposure to al cohol is

t hen exposed to one or nore 10 bifunctionad cross-|inking agents. The term
"bi functional” as used herein refers to the two functional al dehyde groups,
present at both ends of the five carbon- cliaih. The cross-1inkino can be
undertaken by any technique known d the art, wth any form of

cross-|inki N[ Easnf a%ﬂ@n&oﬁéeﬁ%ré&&@p@@@h@faﬁ{gééakbakgpgccgbkégen
Cross-linking agents, 171clude but are not- limt

conpounds, adf R B darom| Hahyaesua bl kyid angedr ynd h@thaéspaba@eheaat es,

ciar bod: i m'zgesSucgh ta\/éhntilétéllijrﬁ&)é\@ &p\/@%e 1&95%5!@{1%?%5gguaﬁagtﬂshygﬁe

gl yoxal , ene diisecyanate, roxychl ori roxye

met hacryl at e qﬁ%¥y ?ﬁtaﬁsme%ﬁk@IW%$k¥%#§ |ﬁ?ﬁb%s?grngP§8€§%ﬂé¥%§c
l'i ght (e.@.IﬂamﬁInqﬁblammkékhallgwm)d bd-alydt oxysucThai mbde, important

N-subst i h h h d
(0PPA) . pol yet %@éy C HpoNCE EHUET ) o A EaCkbong o L 7. SRS oar LORS ake 4. 5

epoxy groups,Ppleiwepbky Eﬁ¢@¢sabbmlw@l®WL@m@,ghqn@lpdeﬁenyblsobébne PHS
(Vs- PEG-VS), pol v yceral rpolygl vici dy) ether and genperature and

combi nations thereof. 307]In sone enbodi nents, the cross-linking agent is a
chem cal cross-1linking agent such as carbodllnlde pol yepoxy et hers, di

vi nyl sulbonef ((1%7@) geri phie @hw@i@éﬂ@hyﬂee doraet debydei andis gmg

dlphenylphosph Sld 5 epo roups. shom1a hi gh eff|C|ency
for the cro ﬁ@ i&ﬁﬁl?é%%-p?%r ere U Pt l%@bfg NoSLr
20040059430 (vEBiNmalsG];Bﬁ,cAﬂ”)ate{th@es ald ;albeen siown that the toxici ty of
pol yepoxy conpounds is |ower than that of | ut axal dehyde, and the

antigenicity or i mmune-response induction of tissues decreases in
proportion toGHe Ir eactliton kioratenichses ofxpesedihyg Wieh helical

pol ypeptide nolecil 8, sUeh @sacoh | ageme Nataual b ynohts Shpywserghatlvely, good
bi oconpatibilitv (see, for exanple,
at least 24 hours, even more preferably more 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 (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
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 Dbuffer-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



10 Lohre et al., (1992), Art/f. Organs, 16:630-633; Uenmatsu et: al.,
(1998), Artif. Organs, 22:909-913p. Consequently, pcayepoxy conpounds as
descri bed are one preferred cross-|linking agent. 15[0099]1n sone

enbodi ments, the cross-1|inking agent conprise.. about [|% gl utaral dehyde and
the I ength of exposure is at |east about284-hours. It will be appreciated
that the tine length for exposure of the biomaterial to the cross-1inking

agent depends 90 Lig 292900 WSkl cconeag! Labhal A0d the Lamper ature.

Typically, the lTength of exposure is between 24 hours to 28 days. The
detern1natloﬁTGﬁlﬂHéeﬁreC|se anount of exposure tine for the biomaterial to
the cross-linking agent is well within the scope of a person skllled in the

art, [0100] Agai.n, .without wi shing to be _bouyndan prtlclar heor

hypot hesi s, &ﬁéqiorlvent 3?’? SERE Ger SEREL 1Y "Ex é? % & | é(l t hat

has been &xpesed mTth@IdC@rfolsttealalcsramimﬂ |knlo|vmg mgeme atrme f@&t enilfliacan

car boxyl gr oups and an ne .gr.oups ag p t-h terial
pe &a F&f@lf[\ﬂﬁ%lrla’ gc Ehe 'bg%gn%tt rrlal a.lg;' o

are cross-link eltvvlll ppr’eC|at “hose ski'l l'ed in 35
the art that subhectedpératuses eatll iwhingh agacly dfe -the @tépgvéfd tsrt@rp{l@%nt

invention is (carried oyt o $nef, %%hg%%aliu%%f@ﬂdehgﬁeug@q%%EQﬁg tdhat o
preferably, the tenperature is” - bet ween 2C. "and 40C, nore

preferably, Bétkdensa4EoandB6CrandOfbst PrEPErabiyitaBetiNed sC and 25) c.
[0102] Once agailiitiaht ekt e ersess-ini Rithg nstceépn WHEh heat (i.e.

warming above room temperature, but below a temperature
which would cause damage to the biomaterial), as the
sterilant. Alternatively, a suitable sterilant solution
may comprise an osmotically balanced aqueous solution

15 alone or in combination with a non-contacting source of
sterilisation (e.g., radiation, electron beam, UV, or
other similar expedient), or include an aqueous solution
of glutaraldehyde in combination with phosphate buffered
saline. In instances where a 0.625% glutaraldehyde

20 solution 1s 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

25 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/1

30 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

35 between 40-50°C for more than 60 minutes.

[0113] The biomaterial, after treatment with the



bi omaterial is preferably rinsed in rinsing solution such as that used
after the al cohol exposure step (a). However, it will again be appreciated
that the rinsinc step is nerely a preferment. 10[0103] Fol | owi ng the
cross-linking step, or if utilised the rinsing step after the cross-1inking
step, the biomaterial may then exposed to2@an-acidic solution containing any
acid capable of inactivating and/or nodifying the fixed and/or unfixed

Cross-'inkinqn@Q@@as151§§i§gé&she£@§ﬁnthag ghﬁlehomebAFtek @Eggetgh@e D)

to renove or reduce avai | e cal C|un1b|nd|n sites ernatively, or in
addition to, theCatrdftcabliari obnSuséll A st Eaéé}fé6ﬁﬁépﬁ§r§ﬁ9séépa capabl e

of further crossmdtoki g’ thenactivat edacai boxytighoups wskh hbecaetivated
am ne groups on_t he collagen to form am de 1Pre&§rably, the acidic

sol ution conpri&essat®| 8&st °bne" 3nWﬁ685r86§5P?8gé89 P¥RE-FEPmM
"am nocar Boxydsgoataded aStusedaheteDnal$yapyoaecddhavbmgtatlbeast one

ari no group anduat, | east oneccahexylLe,acl g subist i uent. Representati ve

exarrpl es of am I C acCl are use sen I'nventi on
i ncl ude., butebasthot.|Twihed pneVLougluthﬁaneshgwaseaat tysispe

14- ar gi ni ne, ﬁa{%§£éﬁé”éanTBQcBMép8§§c9ﬁlé83f6§lgkﬁnéohﬂbﬁgﬁtb%1BHD fol d:

firstly, the am nocarboxylic acid assists in the inactivation and
nodi fi cati on '6fthHe Fikedaoand ﬁﬂ?hx%ﬂlﬁ%éégaFFﬁRlﬁ@naﬁéﬁﬁlﬁnﬂétles thereby

reduci ngior akld®viatiinge apyi adveise btoa@grsaht@éﬁeststhseﬁaaabyeraae
an1nocarboxydﬂg a d further _cro i vat ed carbox groups wth

S e ac .
The act] vat s b orOhBS Bh PRECLOIFARERTT o RbF N anrae Honatr L TE8%08) The
concentrati omrmod thevantocoacboxyhi €iaeddcwilbgdependbupontthéaact ual acid

used and othggdgﬁﬁgggt@ S sy Qtaﬁeéﬂ%ﬁi Hg%f Bgt%ﬁgcp gﬂgkerlal used and

the like, In a a n1n nrum we am'nocar boxylic acid
to bi omat eri ataWouf Hcdel abovecard, ighenkpsvni nportrantigspedridficehéoaci di c

sol uti onqiss the @ﬁng@@eptg@HSEyb@hpebQ@bp%l%ZtleﬁeB@reghxleﬁlgwapl 16,
nor e preferably bel ow pH5 and, nbst Ere era bel ow about oH4.6. 10[0106]In

one enbodi mert[O%HER &R HPRS sl hibibntis éhﬁeﬁnPhBEéPEBQ?FFE aérduper
mllilitre oflﬁ&ﬂ&m&ﬁ@dtmgt@éllm@eﬁhmaﬁrpﬁoaﬁaat@mﬁéae aadlabouktpiniid.
[0107] The blonnfcr féa fogx OSGQarac%erlsed 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 50pg, preferably less
than 20pg, 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.



15 am nocarboxylic acid for at |least 6 hours, nore preferably at |east 24
hours, even nore preferably nore than 48 hours. Wile the incubation
tenperature is not critical it is preferably between 5C and 55C, nore
preferably between. 10C. and 45C, nost preferably about. 45C. 20 [0108]In
sone enbodi nents, step (c) of the disclosed-nethods is replaced by or

suppl enented with a nethod of inhibiting the formati on of netall oproteinase
on elastin nolecules present in the biomaterial. Specifically, in 25 tissue
such as aortic tissue a higher percentage of elastin is present than in
other tissuelOThese el @stenfavhedul ebecanpppovibieesbiesateiriBheofor mati on

of ”EtallOPreBﬁhﬁﬁéﬁ één%HEﬁlh esgtektgs B%GQhE0p9§séﬁ@uﬁﬁ@enEQGEV%Qnor
i nactivated. As own in anple 1 infra, a 30 buffer-free saol ution,

cont ai ni ng atﬁﬁptpevéﬁéﬁtt@aFF@ﬁtsGcﬁuggeﬁa@ﬁegPBﬁﬁtFQPﬁléHQASIaIunlnlum
sal ts carp bequseddtesr educe the formatdon of netall oproteinase. [01091The
niomater al, after the step of exposing the biomaterial or collagen
containing material to the acidic solution and/or buffer-free solution
contai ning alfrul?ival eftneatiion, itbeagairmspireternabhy, i isedaicnenitiseng -

sol ution. ing ﬁQ”ElﬁBbQQE”EE qr EQSlH'QBHREEhaEfEéc%EEB sherhhiseduan
[0110step of sterilisin onater|al
or animal, thelr tlssue or cells o obtain a desired

10 pharmacological and/or physioclogical effect. The effect
is especially therapeutic in terms of a partial or
complete cure of a condition and/or disorder. “Treating”
as used herein covers any treatment of a condition and/or
disorder in a vertebrate, a mammal, particularly a human,

15 and includes: (a) inhibiting the condition and/or
disorder, i.e., arresting its development; or (b)
relieving or ameliorating the symptoms of the condition
and/or discrder, i.e., cause regression of the symptoms of
the enzymatic degradation/condition and/or disorder.

20
[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.

25 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,

30 connective tissue, dura mater, dermal tissue, a vascular
tissue, cartilage, pericardium, ligaments, tendon blood
vessels, umbilical tissue, bone tissue, fasciae, and

submucosal tissue are also encompassed.

35 [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.



5 any nethod of sterj.isataon known in the art for collagen containing
material. For exanple, the biomaterial nmay be subjected to a sterilising
agent (e.g., a liquid sterilant such. as 0.2-2.0% by wei ght gl utaral dehyde
solution) sterilisation tinme period. A 0.625% gil utarai dehyde sol uti on may
be used in conbination with heat (i.e. wabhing above room tenperature, but
bel ow a tenperature which woul d cause danage to the bionmaterialp, as the
sterilant. Al¢@mﬂa&tyﬁbysuafsubbabhelaﬁe;ibaﬁtaselubtomlmayedonprise an.

osnotically bala ced aguepus_solu lone or.in +C atlon mnth a
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or other simbaneexpedient Jluoddsi ncl bdesansaqleousasohati onnefluding
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term nal Stertblé@ﬁt@@tSbgeoaaMrh@tﬁ@Efe&gsdegft@hepm@@agbmgd@blbag
bi omaterial in |is final contalneﬁfﬁ there? ating the_need for any
subsequent hahdf11ige 23 6F YR8 GPondt eff af gﬁ hnkﬂ8ogl%ﬁSBFlﬁnplantatlon
[gllé]ln one @feietcedlenbaﬂtBenhrtﬁhechamnahmwea stetiilfiised lbykiexpgsi ng
the biomaterial, t i rai i.an ter .containin
.9.07 g/1 30 po%agé?h%?d%eﬂyapggghgngggﬂéﬁ buP 808 F%%%2?$%§Od )
steru||sdﬂxonosy@pnaayrbe banEIéddOGﬁrﬂépvéﬁyUﬂéﬁgIﬁpéﬁCﬁmﬁ@témdb@ﬁ?

i ncl ude Stora%fos€ﬁ? ésnpsaﬁeungééf stepi bi-sati,0on i g Rreker ablky igagki ed
out between 4 or nore than m nutes. The bi omat erlal

aftc. atment . trﬁpl@ﬁ@ment29@Vlﬁ§?h06§tBP§SFéseﬂoﬁéﬁél Lepgssa Rrghateger of

resistance torgal gkficahiioniks@e thlksra. aneakeybheaticonnreskgbantation
bi omateni al ". The,t alcification" as used ?%FEIH r. fer%annegne gg_the

naj or patholo@?ﬁaﬁcg?abl tration systems, dgra gul
15 dwelling catheters, laboratory instruments, 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
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of | etprese %SEQEEE%hO%Oqe%%% %ﬁ%, the Jhiseraten alupraf,t éhda n vi vo

tﬂp a24at|on _ east” 2 glys“ shows, | ess, t han SYo Rieferapy |ess
an 24t.g, andmevemimdree Gerefer abFd 688 (AN £Ot I 015&5 talti um per

of dried tis%ﬂgéyufy.its removal . [0115] Preferably,the biomaterial of ?ﬁe

present invention is also resistant to enzymatic de i

. _ _ _ gradation- The ter
;eshstah® to enzymatic degradation” as used herein refers to the abir}ty
of the biomatenizal] of tihe presentdianantdort oV tHRHR et T e 4rC

degradation tp?:eaferca nipyariahblt%el evel with traditionad dieed féissueinilaldo -
to wound dressings known in the art. However the invention
may also take other particular conformations. For example,
15 wound dressings of the present invention may be produced
by cutting a desired design pattern 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 sServe
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



[0116] Once fornmed, the inplantable biomaterial or collagen containing
material of the present invention can then be used to treat: a nunber of
conditions and/or disorders. [0117] Generally, the terns "treating,"
"treatnent." and the like are used herein to nean affecting an individual
or animal their tissue or cells to obtaLn3g desired pharnmapol pgi cal and/ or
physi ol ogi cal. effect. The effect is especially therapeutic interns of a

partial or copnpl c ondi,t i and/ aor, di sorder. "Treating" as used
herein coversﬂgngﬁgfegﬁgggg %Paaﬁgg%gggﬁoggaﬁg gbﬁgﬁggﬁdgﬁ|%¥qgsvgffgbrate,
a mammal , par&h€uRAPLycathaman, 15 and includes: (a) inhibiting the
condition and/or disorder,earresting its developnent; or Cb) relieving or

anel i orating EFﬁ %inptons of the condition and/or disorder, i,e., cause
regressi on of Lt he®synpt Oms V6F NERe UERz Y REL tESdedPEAAEIdA Sorddttitén and/ or

di sorder, 520 present invehbBgoherssinCcendi HeoAveaRdoar +hdirsQder -aang used
herein intercggggeabléﬁggd refigg.to abnornaliﬁgﬂditions affecting ani mal s,

i ncl udi ng hunans; "’ Whi gEntBe-t'rédted " ugiig® bi GriratEMCAE 67 %Che present
i nvention, 25apetordinghy, Thertpeatmenf lgf aatwoendgeatlsesiagn, tissue

degenerati on, i crobial - nf i ur a e iition is
i ncluded in t%grg%g%g%%giﬁbén?ﬁgnggﬁﬁgggve??etﬁgﬂbepﬁggggé tbgﬁ%%egft
val ves, aorti@nfode¥, 1aettfe warfimigspbiiell earhéss, iperivdandi &utt inssue, 30

connective tissderedura FRLHakungder ABbntkSSHacjapkasewlian bigsswe,
cartilage, pericardiu | i ganents, tendon bl ood vessels, unbilical tissue,
bone tissue, FALtT%er2anddShbrueBeaPtiisBaEe2arE1al 898 SonpESEEs.
35[0113] The cakctbiept bngiveshstantchbesnt entaliaftltheapoesenyennyention
ey, aleo e, agpli et g0y ot 3, W 8e YarLebye sl ceonkacting surtases o,
limted to, metals and other wound healing agents.

15
[0127] Examples of antimicrobial agents that can be
used in the present invention include, but are not limited
to, isoniazid, ethambutol, pyrazinamide, streptomycin,
clofazimine, rifabutin, fluoroquinclones, ofloxacin,

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



surfaces that are intended to contact blood, cells or other bodily fluids
or tissues of an aninmal, including specifically a human_ Suitable
contacting surfaces include one or nore surfaces of nedical devices that
are intended to contact blood or other tissues. The nedical devices include
aneurysmecoils, artificial blood vessels3gartificial hearts, artificia

val ves, artificial kidneys, artificial tendons and |igaments, blood bags,

bl ood 10 oxyggna or s, anerg@ghcgg 8¥§Sfu 24 éep[§@@n§n5§d boney) |
pr ost heses, he W%xes car di ovascu grafts, cartilage |replacenent
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gui de channe dwei .Tinu catheters, |abora nstru
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pacenakers | eadstopsohesd B astieli esd sbunpy,istents;ksuppot Is-4 or

pepti des, surgical instrunents, sutur s i r 5
replacenentsggﬁﬁﬁ A°B6° B9 ef PREEI S wol %h%r%égﬁﬁgétlH 9§&%8%|?ﬁg ovi Les
and ot her nedhealindevieekiknpwaniinthheiarerfE0220JCt her exanpl es of nedi cal
devices that would benefit fromthe application of the present inventicn
will 25 be readily apparent to those skilled in the art of sur |caL and
medi cal procédures andoéh@rtﬁ@?@iérEhan%@énBPa%%GOBQOFﬁEe?n%Pg =

i nventi ory T@Suﬁ&”&?@éé@ﬁg§u6fa€§e”§Yeb@§tUQﬁvénHESh aQélhbmﬁlatable

bal | oon, or any other structure whi e bei. |nplanted at a
t ar get IocatmBﬁOPPﬁEPGGFH@rFﬂF?a%ﬁgiﬁﬁépg g@ﬁ% lﬁﬁf?% enal | ocations,

| ocati ons WﬂhéparﬁﬁllHepasinesuaﬁdtéhehbpkE1n6héswnphamaahh eudéuicee can he
i nt ended for nanent orar at ch es
BT er boluebiRERe Yol FRUSDEE! Ao0zasue e icgo meste.

del i vered byPof ravascul er medi cal
cat heters. Therpageessnoflcoaﬂemg ehédsuphdceslontsibeh devi ces can be
perfornegaby the plasnma coating techni que, as described in the

I nternational patent application No.
[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



W96/ 24392 In one preferred enbodi nent, the biomateriais the
present invention are used directly as wound dressings. For exanple, as
descri bed supra, the bibmerials can be dried and used as a wound dressing
directl, [0123] The wound dressingsthe present invention are preferably in
the formof a continuous sheet form simbBgr-to wound dressings known in
the art. However the invention may al so take other particul ar

conf or Mati onsy ; kot - gXapl Gna¥EyRY. dbessioognal 08 RLARGNL Lhventi.gn may be

produced by cuttin esired design pattern fromstock sheets ‘o
bi of faterial d@escPfbebdcabeve. "Fencekanpbé, indécehest thay béedildsted from

stock sheets of chignBt grbakeqd0LRL24LI RaHS8ote Wound ndressiags of the
present inventjion are preferably used as the primary dressing placed in

direct contactlFWEREherRodRE1CBEd, 2BF B&Ynedr Ma¥ PPacEcalr ea§aitnsBYt he
wound bed.5 Thecdrnesstngs bEY sermeaas anpacking,maher iahiard, tiof, reouired,

may be secured into position with a sui t,abl e.secondary, nd dressing or
dezice such agh%E%Y% , ?%E%ngghﬁePﬁﬁaa? stbuirés anlPE.'ﬁﬁgu&re§ ngs may
be tenporary prrpeentnentisandgnmay”béngecmtnenthyti noer pasaked eiletenthe
heal ed t'ssuegreV%sguﬁﬁgsséér%an&gﬁogggngﬂgr%ﬁakngangkgﬁghggg%%nQ% fhyst 30

renovi ng any over-dressing naterial & en renovi . Ssi ng, er eby
any accunul at’ed peefetie BVsSdenandtérudasecnsipilfivedfiway. "Fhatt enporary

wouhd dr egsi ngnefudihegpaesent ehbMent i oaraBY sbecr-ephaced hyca tgsh dressing
or ot her SU|tﬁﬂ£$B% und coveri nr e cut dified t

b shaped and no 0
accommodat e n b e AR 8bBW?EEFiBh§? FO128F ALRGPEREL Su¥eé thoP Tt he
bi omaterjai s ednthebute to the activity or action specified in the

disclosure for the listed elements. Thus, the phrase
“consisting essentially of” indicates that the listed

15 elements are required or mandatory, but that other
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



present invention is in the delivery of therapeutically active agents
including in any of the aforenentioned applications. Therapeutically active
agents may participate in, and i nprove, the wound healing process, and nay
i nclude antim crobial agents, including but not 10 limted to anti-fungal
agents, anti-bacterial agents, anti-virakgagents and anti-parasitic agents,
growm h factors, angiodenic factors, anti-inflannatory agents,

ant'-thrOHbOE'ggen nt§lggpgggggsgkg mycapel ysacehatl_es. (mELAl Syaad of her

wound heallng antimcro gents that can be
used in the peeséat”eneewasbﬁdlhwhuae—nbmﬁea€@7ﬁ09 Prnﬁﬁ dneosoil¥shrazi d,

et hanmbutol, pylag b??gbgﬁiuﬁthetggﬁeb@d shef@akgfaglyrbﬁeaﬁbunfrom
quorOQU|nC|ones I oxaci n, 20 spar | oxaci n, zi t hronycin,

cl arit hronycPAhc@apsohat pefr AEYERI @nn@F§%ﬁ?oﬁ9§?He C|Eﬁ8fﬁ8%§&Fn
dOXyCyclhlme, raa’esﬂqhghnthambeiweh ¢bnvEs ketecanazeteesdf lfuconanel e,

pyri met ham ne, sul fadi.az cl.i ndanyci i pco ent am di_ ne

at ovaquone, EﬁﬁBﬁﬁnﬁEpnp geg.&pagg?.FngC§¢9avg¥ﬁlpr.§ u%?&H%P i ne T
foscarnet, peheeyltnathgéntamfonygl- @anor¢HeV|PMSFatr&b@n@@@ﬁ@ardﬂ@@nazoie
zn- pyr i thi i hERNYCIPLaLe h RkudLngec O NOLLOTHI elod0sa0phl, Pl At M

silver, zinc and eir co ns |nclud|ng salts, such as
chl ori de, chﬂbﬁﬂﬂénglﬁdﬁmM AHdFperfodhteyaaiadc BAPILELes ORILEN "eaPE er s,

and ot herg f orps. H0428],Geawt i faet or sagent snthab 1wy obe conearpanat ed into
t he wound dreSS|ng devices of the present inventipn. 35 include, but are

not linited £8°Fbasic fibrobl ast gromh factor (pff:I1F), acidic fibroblast
growth factor (aFGFD, nerve growth factor. (NGE), epidermal growh factor

(=B, [0135] A water-soluble alcohol-containing solution of

60-80% v/v by volume alcohol ethanol was prepared. The

15 pericardium was immersed into the alcohol solution after
overnight storage 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

20 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
25 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
30 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
35 solution at 1-5°C for a minimum period of 24 hours to

crosslink proteins present in the collagen of the tissues.



- 34 - insulin-Thke growh factors 1 and 2, (IG~1 and 1 G-2), platelet
derived growh factor (PDGF), tunor angi ogenesis factor (TED, vascul ar
endot helial growh. factor (VEGF), corticotronm n releasing factor (ORE),
transformng gromh factors it and 13 (TGF--a and TGF-P) interieukir-8
(I'L-8); aranul ocyte-nmacroohage colony atfagctor (GWOSP); the interleukins,
and the interferchs. [0129CQt her agents that may be incorporated into the

wound. ~dressi pgs3 @f th?’Tﬂ?ée?%PiﬁééPéiﬁ%iQﬁdaﬁﬁe%éﬁyggtcg%k!%a%@@éi98§e

i ncluding, but not |limted Earln, eparin_sul epar i nor ds,
der mat an sul fEREOVERnEBRANC PO Y5RF BEedelkEfie uPoset lagarbderiahiei An a

dextran, carrageenid, ol dnobsicumrciloandeakbaniobne [ 91301 Exanp! gsrofg
anti-inflammatory and, anti- thronbotic agents include endonetbycin,
heparin, indomt Hact Tty bepf oPen, tag prererehor £ net shPfcyiaseénadi f 1 uni sal ,
magnecdumssal sepltat €n wagnesi vt chodii oe 20psakieytate, 1satsa | ate,

flurbi profen, fenoprofen, ketoorofen, naprpsyn, naproxen sodi um oxaPrQZini
di cl of enac sodi um dicl of enac m soprostol, etodoiac, indocid, ketorolac,
nat unet one, siliddac, tBheepénicauifumpyndzone, vaipydi damblie, robtkopeddne,
val degoxi b, 2ondiptecoMd du By I OFBCs ¢ eRalEL fo SOk oYL TBL enafl €n8CEd e
cycl ophospham de, cycl osporine m cromnui sion, chloranbucii, anagrelide,
cl opi dogr el , RIRFGTE3t aZldf ; PEhecaht Ut hibfbf e ageht cfaygobeignroots

anti coagubantysed ecies-§£@m & he 96 PEPr cONSE SEb NG Obnhepatknnidg amhgeparin,
and enoxapar i

., tinzaparin, danaparoid, elpirnden and hnrudin, 101311The
t her apeut i cal(ipjgf:%kf‘? Hyetts n%%lbﬁngoﬁﬁafo%ﬁ‘ﬁ%rwﬁﬁﬁgiXSEFﬂ?eorT%e pH
chentcal ly. taf tites biohwt eon abss oddjhetpdesent pRvent ob bytmethodsumel |
known in the S lyiluteq hydrochloric acid. The pericardium and the
valved aortic roots were immersed in the solution at a

15 temperature of about 45°C for about 48 hours.

[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.



By -conpri a ing" is neant inciuding,but.not Ilimted to, whatever foll ows
the word conprising”. Thus, use of the term'conprising"” indicates that the
listed elements are required or mandatory, but that other elenments are
optional and rmay or may not be present. By "consisting of" is meant
including, and limted to, whatever fol|l3mns- the phrase "consisting of".
Thus, the phrase "consisting of" indicates that the listed elenents are
required or Mﬁﬂg a“d #Ehat ooy OLRENpBLeFRAE SoieyHfes Present 1By

"consi sting ly rs—neant— 10 Trnclhuding any elfenents Iisted after
the phrase, and Iinited to other elenments that do not interfere with or

contribute topd aCt'[yéﬂé/t@fa’@féﬁ olfvexﬁ;p@@amﬁ@ ig aﬂneudp@ﬁtmuneeamm he
|isted el enents hus phrase, "consi %Hh f ntlaII ndi cat es
Forye

that the Ils@%dC%W%ﬁm;&%k%?% Pl +eY o CBﬁtm af other el enents
are opti gnal sansh gy, oduﬂaylnptyb@n@r3§ea¢rﬂepend|ng upon whet her or not
they affect the activity or action of the listed el enents. 20[0133] The
invention will now be further described by way of refe. .ence oan to the
fol | owi ng nofalifi ti ngBexanpl esriterdhoul e beokinebred 0bEOMhdWeVeR L t hat t he
exanpl es fol L ow 1§rfn'\h%]é'§é£§t)%ﬁ{§t9§i¥a and shoykdopetabect aken in any
way as a restriction on t enerality of the inventjon dgscrlbed above. In
particul ar, %hb©éat%éY|ﬁWeh@?onTh§ BesEFRped Rt nvyet af FAP R refation to the
treat menty of ypericedi um ryxahyed aortic roots, valve |leaflets and aortic
wal | tissues from bovine, porcine and narsuplal sources, it will be clearly
understood that the 3e findings herein are not limted to these specific

ti ssues or anpmab]sources, dEXAMPLES 1BASES- ROTESSY NCBI OVATERI Al

35[ 0134] Kangar 0o _he res fron1 g ted
by a prof essfonaf®kangar 66 gﬁoggkgdlggéégég? us??g ?gegﬁggfggﬁgg%¥§§d to
t he IaboratmnyEEﬂmpte backssLtampayed, pufs bpvieat RerFrardium fixed

15 in 0.625% buffered glutaraldehyde (Control Pericardium) .

[0146] 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.

30



hearts were washed twi ce in ice-coD. 9% saline solution. The pericardi umwas
renmoved and carefully cleaned from adherent fat and | oose connective
tissue. The aortic roots with the aortic valves were. dissected fromthe
hearts and placed. in ice-cold 0.9% saline containing 0.5ffM

Phenyl - net hyl - sul fonvi -ficoride (PMETF)= JIhe-pericardi umwas stored
overnight at 4C. in ice-cold 0,9% saline containing 0.5nM PMF and t he

val ved aortic roots washed 10 for 20 ni@yggﬁ Fn the 0_9% saline solution
cont ai ni ng PVSF, [0135] A wat er-sol ubl e -containing solution of

60- 30% v/ v by—veturre—al-eohot—ethanel—was—+esaree—TFhe—tb—pericardi-umwas
[ mlTerzed [ ?t oryhe & C@h@éuém utl on Q\fdn&fexOVer ni gbhr§hﬁé§§eTéfnpeﬂ§tuIBe
Va Ve aor | G 0.0 A e a a 010 a anansyia a
after the final wash in ice- cold 0. 9@6sallne (contalnlng 0.57M PMSF) . The
peri cardi Gm anhsht hel vk vedaadftinc rootsOwere 20 kept Ba.thetabcohol

sol ution at apgg§ é%:ﬁé%lgﬁp&fl [OlTh;5p%r|ga6dhgn1and t he
val ved aorti et00 e foved i . c
about 10 25 minutes with 0.9% saline. Durlng the rinsi.ng perlod the
tenperature of the rinsing solution was maintai ned at approximately 10C.
r0137The pericardiumand the val ved aortic roots were 30 inmersed in a

0, 625% sol uti on of gi utaral dehyde containing 9.07g/1 potassium di hydrogen
phosphate buffer in sterile, deionised water. The pH of the gl utarai dehyde
soluton was adjusted to 7.4 with sodi um hydroxi de. The eel ardium and. the
val ved aortic roots were fixed. in the glutarai dehyde .35 solution at 1-5C.
for a m ninmum period of 24 hours to




37 [0138] The pericardiumand the valved aortic roots were renoved fromthe
gl ut ai ai dehyde solution and rinsed in a sterile 0.9% sodi um chl ori de for
about 15 mnutes, During the rinsing period, the tenperature of the
rinsing. solution was nmai ntai ned at approximately 1000, [0139] The

peri cardium and the valved anftlc roots were then treated by two
alternative procedures. In the first procedure, the pericardiumand the
val ved aorti gxhRets 10 verepniiRpaee. bRcRaBITRN bicd reftirgnicont ai ning
8ny di car box per i m—de-tonirsed water votunme. The pHof the
solution was adjusted to a pH of 4.5 with a volune of diluted hydrochloric
aci d- The peripgardi um apd thecvabyedea0ktihécb00LS Wk altMeHsed ada tike,
solution at a 15 tenperatuyre of about 45C for about 48 hog&s. 2 4%%%2 t he
second proce8dr 8OVAECpEFT AP M and TERE TG Al FEG A6 T e HPodt’s “ner sed
in a buffer-deeersokdt ionExeontia N Ngraamekt pevalkentdicat)i, owasuclongs: r20
magnesi um ferric,and al um ni_um ts, dissol ved,i-n -d-0ni sed ater, at a
pH 3.5 for agéﬁb €8V%Pnu%§§?°%6f§ %éxgﬁoﬁgtéf%gp°wg§fgﬁgﬁﬁgteriIized

ei ther by i myrsieng ltké vdesswenitiroa ©@e28%agoliuti)on of gi ut aral Rehyde

[0148] A pronase solution was prepared by dissolving
10 100mg pronase (Streptomyces griseus) and 100mg calcium
chloride, in 200ml of HEPES buffer solution (0.01M,
pH7.4), containing 0.1M glycine. Fixed tissue samples
were rinsed in deionised water for 3 minutes, blotted,
dried overnight at 70°C and weighed. These samples were
15 incubated in the pronase solution at 50°C for 24 hours.
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.

20 Results are summarised in Table II.



25 containing 9.07g/ 1 potassiumdi-hydrogen phosphate buffer in sterile,
dei oni sed water, The pH of the al dehyde solution was adjusted to 7.4 with
sodi um roxi de. The process of sterilization was carried out at a

t emperature about 45C for about. 120 minutes, [0142] Alternatively, the

bi omaterial was sterilized in an aqueous spolution conprising. 2%

Epoxypr opane conbi ned with 20% et hyl al cohol by weight c _LL. 37C for about
24 hours. The sterilised tissue was thm}i@ in 0.2% 35 buffered

gl ut ar al dehyde phis 15% i sopropan. ol 2FJFFECT OF | 4PERATURE ON
TO9E Bl O ATFRI AL [0143] Denaturation tenperat.ure i s an inportant neasure

of cross-1li nkTﬂ[Qe st bt kkyeand Wimpel | et Sampiesi als stsqngthy i dupabiTity
and integrity. [0144] Bovi ne pericardi um was obtained froma local abattoir
in Western Australia and transported to the Taboratory on ice. The

descri bedsi n &anpbe ferTeardium was cleaned as [0:L451%he+degpee of

cross-1inking L bOVINE. i cardium 10 89.13 + 0.39




peri cardium as prepared according to the nethods described In Exanple 1,
was conpared with bovine pericardiumfixed M5 in 0,625% buffered

gl ut ar al dehyde (Control Pericardiun). [0l461Representative pericardi al
sanple stripsl0 Tr!) in each group were attached to aa isonetric force
transducer (M.TO500, AD Instruments, Ausiyalia), interfaced with a PowerlLab
data acquisition system and a desktop personal conputer. Sanples were kept

i n const ant with QA MAEfISEL i n an open,
tenperature gﬁi{@ﬁ%—@ wat efEt!L]JaL n g??ﬁ?%ﬁgﬁ?:?%@ 9% saline, The
tenperature of the water bath was gradually increased at approxi mately

1.5C mn from to 9BbG s Shs i fkageytienerat ungpyesahndheat ede abf a sharp
defl ecti on point Trom constant exten on wh t.he coIIa enous ngéf

denat ured. RetFE52Y shirfAkAlge FRMET ?ﬁ%ﬁéﬁ%ﬁ%@%%ﬂ As” eyt 28 SIUS) are
summari sed ipidabbe. 3(D - 39 TABLE H . Type]..of tissue: Nunber Shrinkage
Tenperature 5 Control Pericardi unmlO Treatedyericardi.?L ..... 10 84.10 0.17

85.54 + 0.15 . , ,
[0150] The tensile strength of bovine pericardium,

prepared according to the methods described in Example 1

(treated pericardium), was compared with bovine
10 pericardium fixed in 0.625% buffered glutaraldehyde

(control pericardium).

[0151] Tensile strength of representative pericardial
strips (8 x 80 mm) of both groups of tissue were measured
15 with a hydraulic Zwick/Roell (Model 2010) tensile testing
machine, fitted 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

20 2 B R



- 40 - ..*ADAt1 O OF-.810MATERI AL [01.471Tha | evel bl "-rv..si.sta.nbb of

bcvt he pericatctLuni prepted .acc.cccdln to the?t: hods .bonpard. with

bovi ne. perihrdkonD. 6.251 buffered lutatal.d.eycLe (cent rd i.:4eearcd4n) A
pto-flar:-.,e solution wasbw. dibbbjibg. prbAasb
tStreptbnyb.sgrLs':..9::tl1lsl.arLdlOm q cakgi umtnbuffer solution (0OkM?

4l ytine. Fi x6d tisSuh..sanples intde.i,bntseb it).1.0ttea
bx4ed, : bve-411.i0ht. at 10tC and wei ghgd; -Thesc. 84111pleb were
lr,.1hd4k?a:..... hd i.n rho pronase SOiXt—%gﬁggi. hbuts. Remai b.inqg tissue
0...0-vies. wore rins.e..d dx.ietEto p.r.oa..s.:..e di eat ion was
determ ned by the mass O pbrboi,Ilt.:age.

Type of Number of Tensile Elongation (%)

5 tissue samples strength (N/mm?)
Control 10 36.59 £ 1.33 14.18 + 1.67
Pericardium
10 Treated 10 T1.82 &= 3.33 15.99 % 0.61

Pericardium




Ta7.01e.'1.1.. TABLE TypeNal .lththt ofRema 521. :Pe i"..i.c"..-04."q*
10Fii. '9.%$ 1.., 97 Ttatced, P,if.-1:4:::atdit.tir,. 10e...9 .. 13 -..,
0.., 3.9 EXAWPL' 4TENSILE STFENGT' OF bl DVATERI AL 191491sttric.lttaTott N i
rietbis.ate of atefletbJend 5 tisties- 015L41The tensile
;i-.t.re...1-1q..t. of' p.r.--,:pa,e3.5-lgec.e.e.tdl:1....2:::7:Tt, the
a...attedda.at:...tiibein. .F.xanpl..t:. was Cxzuoarec. with.:.,1)...Yit.e.

1..0 .perittpabys fixed in 0, 528% Byt on40ke010k. HeagthihpEesaNt a. i ve

[0152] Experimental studies in small and large animal
models have been performed to assess the effectiveness of
5 the above-described process in mitigating calcification of

treated collagen containing biomaterials.

[0153] In the first animal study, kangaroo valve
leaflets and kangaroo aortic wall tissues, prepared by

10 standard fixation in only 0.625% buffered glutaraldehyde
(untreated tissue), were compared with kangaroco valve
leaflets and kangaroo aortic wall tissues treated
according to the methods described in Example 1 (treated
tissue).

15
[0154] Dortic 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 ng calcium per mg tissue

30 (dry weight). These data are summarised in Table IV.
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TABLE IV
Type of Number Untreated Treated
Tissue Tissue Tissue
5
Valve leaflet 10 6.45 + 4.65 1.3 £ 0.74
Aortic wall 10 28.67 + 7.22 + 0.15
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EXAMPLE 6 FURTHER CALCIFICATION STUDIES IN SHEEP

10 [0156] In a further animal study, kangaroo valved
aortic conduits, fixed in 0.625% buffered glutaraldehyde
as described in Example 1 (treated tissue) were compared
with valved aortic roots extracted as in Example 1
(untreated tissue). The aortic roots were rinsed in 0.9%

15 saline for 5 minutes and surgically implanted in the
pulmonary artery position of juvenile (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.



Scientific, Perth, WA at 90C. for 48 h. The dried sanples 25 were wei dhed,
and the calciumcontent extracted in f.:..0nm 6 N ultrapure hydrochloric
acid (Merck, Perth, TAWat 75C for 24h, The extractabl e cal cium content was
t hen measured using an atom c absorption spectrophotoneter (Varian AAl 275)
and expressed as pg calciumper ng tissueq{dry weight.). These data are
summarised in Table IV-. Type of Nunmber Untreated Treated Tissue Tissue
Ti ssue Valve leaflet 10 6.454,65 1.30. 7dpprr v

5 Type of Number Untreated Treated
Tissue Tissue Tissue
Valve leaflet 12 2.54 + 1.30 1.20 £ 0.94
Aortic wall 12 137.93 £ 12.68 3.22 £+ 0.75

10
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EXAMPLE 8 FURTHER CALCIFICATION STUDIES WITH PIG-

DERTVED TISSUE

[0158] In a further animal study, untreated porcine

5 aortic valved conduits, fixed in buffered 0.625%
glutaraldehyde (untreated tissue) were compared with
porcine valved conduits prepared according to the method
described in Example 1 (treated tissue). The porcine
valved conduits were rinsed in 0.9% saline for 5 minutes

10 and surgically implanted in the pulmonary artery position
of juvenile (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 the atomic absorption

15 spectrophotometry described supra.

[0159] Results (pg Calcium per mg dried tissue) are

summarised in Table VI.

20
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O Nunber Unt r eat edTr eat ed

Type of Number Untreated Treated

5 Tissue Tissue Tissue
Valve leaflet 6 40.68 + 5.39 3.60 = 1.75
Aortic wall 5 142.62 + 14.25 5.54 + 1.99

10
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potential of bovine pericardium fixed in 0.625% buffered

5 glutaraldehyde (control pericardium) was compared with the
calcification potential of bovine pericardium prepared
according to the method described in Example 1 (treated
pericardium). Representative samples of each group were
trimmed to 1 x lcm size and rinsed in 0.9% saline for 5

10 minutes. These samples were surgically implanted in
subcutaneous pockets, created in the central dorsal wall
area of growing (6 weeks old) male Wistar rats. These
tissues were removed after 60 days, host tissue removed
and the calcium content determined by atomic absorption

15 spectrophotometry. Results (pg Calcium per mg dried

tissue) are summarised in Table VII.
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TABLE VII
Type of tissue Number Calcium Content
5 Control Pericardium 10 136.68 + 11.39
Treated Pericardium 10 4,10 £ 2.11
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EXAMPLE 10 CALCIFICATION OF DECELLULARIZED
KANGAROO PERICARDIUM

[0161] In another animal study, the calcification

5 potential of kangaroo pericardium fixed in 0.625% buffered
glutaraldehyde (control pericardium) was compared with the
calcification potential of kangaroo pericardium, which had
been decellularized and prepared according to the methods
described in Example 1 (treated pericardium).

10
[0162] Represented samples of each group were trimmed
to 1 x lcm size and rinsed in 0.9% saline for 5 minutes.
These samples were then surgically implanted in
subcutaneous pockets, created in the mid-abdominal dorsal

15 wall area of growing (6 weeks old) male Wistar rats.
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

20 Table VIII.



cy? EXAMEL2 1 C G &L Cl FICIT:LOWN - ;CLLOtARI .zEL wu5L.. 1=ANARQO ')
?. ERI CARnl UM 0161% I n another aninlL st.04yi the taititictitn
t/ffper.4: 6eedlee febtr:el.w asthe 'keng.e.r.e:p beentethe nethods *n

Kaelole | ttteateaptriee"rdem..Y. | O
101621Be91: eseneed. !, -7, " arctipl egl eup wete ~fl:Ze. and .:ci...e' aed in5
ej...eute. pockets, created In the '..;..1d,-.:abdelt:Tin,sl 4cese-1
TABLE VIII
Type of Tissue Number Calcium Content
5
Control Pericardium 5 2.440 £ 0.600

Treated Pericardium 7 0.406 = 0.029
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EXAMPLE 11 RECELLULARIZATION OF DECELLULARIZED
KANGAROQO PERICARDIUM

[0163] In the sixth animal study, the recellularization
5 potential of decellularized kangaroo pericardium fixed in

0.625% buffered glutaraldehyde (control pericardium) was
compared with the recellularization potential of
decellularized kangaroo pericardium prepared according to
the method described in Example 1 (treated pericardium).

10 The kangaroo pericardium was decellularized for 24 hours
at room temperature in 0.25% Triton x-100 and 0.25% Sodium
dodecyl sulfate and rinsed in culture media for 20
minutes. Represented samples (n=5) of each group of
pericardium were trimmed to 2 x 2 cm size and rinsed in

15 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

20 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 (+):

25 3). More than 50% matrix surface covered with fibroblasts
(++) ;
4) . Matrix completely covered by multiple layers of

fibroblasts (+++).

30 [0164] A rapid colorimetric assay, MTT (3-[4,5-
dimethylthiazol-2-yl1]-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

35 method see, for example, Zund et al., 1999, Eur J
Cardiothorac Surg., 15(4):519-24). Results are summarised
in Table IX.
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[0164] A rapid color imetric assay, MIT (3-[4,5-

di met hyl t hi azol - 2-y1) - 2, 5di phenyi tertra-zol | um bromi de test was enpl oyed at
Gay 21 to confirmthe absence of abl e fibroblasts on the control

peri cardi um and presence of viable fThrgblasts on the treated pericardi um
(for MIT method see, for exanple, Zund et al., 1999, Fur J Cardi ot horac
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[0165] Two types of kangaroo tissue, aortic wall tissue
and kangaroo pericardium, were treated using the procedure

5 outlined in Example 1 up to and including step (b) i.8.
alcohol-solution pretreatment and then glutaraldehyde
cross-linking. These treated tissues were then compared to
glutaraldehyde fixed tissue i.e. no alcohol pre-treatment
and “fresh” tissue. Figure 1 and Figure 2 show the cross-

10 1linking stability of pericardium (Figure 1) and aortic
wall tissue (Figure 2). It can be seen that pre-treatment
with ethanol has a significant affect on the stability of
the cross-linking at ~85°C-86°C. These data can also be
seen in Table X.

15
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TABLE X

CROSSLINK STABILITY - KANGAROO PERICARDIUM

5
Shrinkage Temp (°C) : n =5
Fresh 66.55 + 1.200
Glutaraldehyde fixed 80.74 + 1.047
10 Alcohol + Glutaraldehyde fixation 84.62 £ 0.465
p = 0.016 (Glut fix versus alcohol + glut fix)
15
CROSSLINK STABILITY - KANGAROO DESC AO 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)
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EXAMPLE 13 CROSSLINK STABILITY AND CALCIFICATION

BEHAVIOUR IN A SUBCUTANEOUS RAT MODEL

[0166] This study aimed to compare the crosslink
stability and calcification behaviour of porcine tissue
(cusp and wall), treated with the method disclosed in
Example 1 as compared to a glutaraldehyde-fixed tissue
control and commercially prepared Freestyle® and

PrimaPlus® bioprosthetic tissues and.

[0167] Fresh porcine valved aortic roots were harvested
and transported at 4°C in phosphate-buffered saline (PBS;
0.1M, pH7.4). Representative aortic valve cusps (n = 30)
and aortic wall samples (n = 30; 10mm x 15mm) were removed
from the aortic roots and divided into two groups. Group
I 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
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
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
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

desktop personal computer.
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[0169] 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 at

5 approximately 1.5°C min from 25°C to 95°C. The shrinkage
temperature was indicated as a sharp deflection point from
constant extension when the collagenous material was

denatured.

10 [0170] The shrinkage temperatures for valve cusps and
aortic wall tissues are listed in Table XI. No
significant differences were identified between the
control, test procedure of Example 1 (“test”), Freestyle®
and Prima Plus® cusps. Test procedure - treated aortic

15 wall tissue showed a significantly (p < 0.05) higher
shrinkage temperature compared to control, Freestyle® and

Prima Plus® wall tissues.



Fresh. G utarai dehyde fixed Al cohol + G utaraidehyde fixation p = 0.002
(GL,4- fix versus a+ glut fix) HX4TIPLE 13 CROSSLI NK STABI LI TY AND
CALCI FI CATION _  BPHAVICTIR I N A SUBCUTANEQUS : RAT MODEL [0166] This
study ained to conpare the crosslink stability and cal cification behaviour
of porcine tissue (cusp and wall), treat@d with the nethod disclosed in
Exanple 1 as conpared to a. qlntaral dehyde-fixed tissue control and

comercially prepared Freestyle(r) and Primal:due(r) bioprosthetic tissues
and.
TABLE XI

SHRINKAGE TEMPERATURES (°C) OF VALVE CUSP AND AORTIC WALL

5 TISSUE
Sample Cusp Aortic wall
Control 84.6 + 1.40 86.73 £ 0.26
Test 85.5 & 0.24 89.34 £ 0.15~
Freestyle 85.7 £ 0.35 86.16 £ 0.40
Prima Plus 84.3 + 0.18 86.37 + 0.34

(n = 10 per group)

10 Values are mean * SE.

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

15
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10 solution at 50°C for 24h. 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 the pre-digested tissue mass.

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 150-200qg)
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.
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ACP8PI C MALErea was shaved and disinfected with 15% diluted
chlorhexidine gluconate (ICI Pharmaceuticals, Perth, WA)
5 and ethanol (Merck Chemicals, Perth, WA) .

[0176] Implants were thoroughly rinsed in deionized

water for 2 min to eliminate residual fixative, and then

implanted into subcutaneous pouches through an incision of
10 2.5cm into the back 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

15 muscle wall, containing the subcutaneous implants, was
removed for quantitative and qualitative tissue calcium
analysis. FEach retrieved sample was divided into two
anatomically symmetrical halves. One half was used for
atomic absorption spectrophotometry, and the other half

20 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 Kossa stain for
25 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

30 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

35 spectrophotometer (Varian AA1275) and expressed as pg Ca
per mg tissue (dry weight).
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[0180] Histological examination indicated the presence
of severe, intrinsic calcification in the explanted
control cusp samples (data not shown). No visible
calcification was noted in either the ADAPT, Freestyle or

5 Prima Plus valve cusps (data not shown).

[0181] Explanted aortic wall tissue revealed several
calcifications of the media ((data not shown) in control
samples. No visible calcification was noted in the

10 explanted test aortic wall tissue ((data not shown).
Moderate calcification of the media was noted in the
explanted Freestyle (data not shown) and Prima Plus (data

not shown) aortic wall tissues.

15 [0182] The quantitative 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 £ 7.9%ug/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 pg/mg and Prima Plus® was 1.54 + 0.17
pg/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 l-treated aortic wall

samples (4.86 = 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.
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[0184] These data suggest that the method disclosed in
Example 1 is effective in reducing the calcification in
both porcine cusp and wall tissues in a subcutaneous rat
model. These data further suggest that enhanced cross-

5 1linking plays an important role in minimizing aortic wall

calcification.



_ [0171] Resi stance to proteol ytic enzyne di gestion was based upon the

met hod of Grardot & Grardot (J. Heart Valve Din., 1996, 122: 71-82), A
pronaae sol ution was prepared by dissolési ng 10 ng pronase E (type XIV from
Streptonyces griseus"! Sigma) and 100nmg cal cium chl oride, in 200nl. HEPES
buffer solution. (0.01M 7. 4) tainin . glycine. Fixed tissue
sanpl es wer ?MéREFW'ﬁﬁﬁgﬁi@@ﬁé@ﬁ%ﬁf'g%l‘o"ﬂ%‘ bl otted, dried overnight
at 70C, and wei ghed. These sanpl es were then incubated in pronase 10
solution at 50C for 24h. Remaining tissue sanples were rinsed in deionized
wat er, drited oNgemb@it p@dtiucidG @rdicatdh gdethnt IRPSinGbR Menatedialompasisg: di gest i on
was determ ned by the mass of remaining tissue, expressed as a percentage
of the prdadexgesitgd coliagseontrining materlar todrrelgthskeontening ol et el leasiédr adat i on
is illustmatred in Figure 3. Test procedure, Freestyle(r) and Prima Plus(r)
cusp tissues showed significant (g<0. OOﬁ][% increases in resistance to

pret eol yt i(® @HPGHRY FAFhMEEHA) Kystap (9100 A GTEEHINI1298% Ylixe PAL No signi fi cant .

di fferenc J - 1 I el £ ( Iy d Pl us(r)
e o vl R e
resistance (p - t'0” proteolytic digestion, as the control tissue, and a
significantly (p<0,01) higher resistance conpared to Freestyle(r) and Prima
Plus(r) wall tissues (Figure 313), [0174] Young, nmale Wstar rats

(bodywei glat 150- 20@ethodvef teeating/ b delihgemtcontainiog gomatesial tormsodyce gplcifigation 10)

t ecei ved. resistgnt biomphtand) soragridinghe second group (n = 10) received aortnt wall.
i npl ants. Each ani mal received one sanple of each of the four groups of

ti ssues, ,ﬁqjkepxlﬁgsi@ 3 eallagengpntgiping mgreg_iﬁlttg an alcohol-containing solution;

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

(¢) exposing said material in step (b) to an acidic solution; wherein step (b) and (c) are
sequential to step (a).

3. A method according to claim 1 or 2, further comprising a rinsing step between steps
(a) and (b) and/or between steps (b) and (c) with a non-buffered physiologically acceptable
solution,

4, A method according to any one of claims 1 to 3, further comprising a rinsing step after
step (c).

5. A method according to claim 4, wherein the step of rinsing the material is conducted
using a phosphate free solution of 0.9% saline.

6. A method according to any one of claims 1 to 5, wherein the material is isolated from
an animal selected from the group consisting of an ovine, a bovine, a caprine, an equine, a
porcine, a marsupial and a human.

7. A method according to any one of claims 1 to 6, wherein the material is a cultured
tissue, a prosthesis containing extra-celiular matrix obtained from an animal or a

reconstituted tissue.



[0175] Rats were anesthetized with pentobarbital (Nenmbutal (r).; 45ny/kg,
intraperitoneal), The dorsal nuscle area was shaved and disinfected with
15% di | uted chl or hezi di ne gluconate (| @ Pharmaceuticals, Perth, WA and

et hanol (Merck Chemicals, Perth, WA). [0176] I nplants were thoroughly rinsed
in deionized water for 2 I'TAn to elimnate residual fixative, and then
imanted into subcutaneous pouches through an incision of. 10 2,5cminto

he back I h
TP $8hba act r%mgfzg @8& Wauﬁé 9%069 tr;? E:Q:fér qgsn&ciga:res

% ' S
23[)2:]% ;LZ 'gﬁi‘el% Egﬁgg’ grou %m é1 ge;oéoﬁi; alp @ oneu per’ cafa?z{? t?su ng the
tiSguie, fhe T3 rl"i vsgﬁ oga

Ve tissue

cal ci um arf3Mpey ({]d g -t Mascﬁlﬁf onmically
symmet ri cdFs aﬁ’%B‘ate@F@” PrfPe({EALditin g 3?18'? h’??) Ye§He! digs &'B‘W&orretry,
and the oA isH, fasgee\ﬁ/a%quoiaéaswaﬂ %"buffer ed fcr.nmal denyue and processed
for histology. [0178)Pi xed sanpl es were enbedded in paraffin wax, sectioned
at 3pm and treated with Von Kossa stain for qualitative cal cium anal ysis;
Hi st ol ogi @al examichkii RES NG teailsicOsi BRIMeIS it 8, herGh \theD HisodMEoritaighy

M cr 0scopgelutidd Lé& iIFseh ) tcBMprides SHErFMPLESC | warat-sdilviedbvisHRfcongs.e di ssect ed
free of surrounding host tissue and dried in a 30 Biethermincubator (Selby

Scientific, Perth, WA at 90C for 48 h. The drled sat ples were weighed,

and the cal ciumcontent extracted in 5.0nml N ul trg‘fure h%%rag:ehl oric acid
(Merck, PdPth, Anmethed a?@@*“sfferc'%gh‘”hef%”@ﬁraﬁ:t‘éﬁf?r ofubledp At'dht was

measur ed ggecﬁ@ &amathenboup essigingopf methanol, ethanol, cyclohexanol, isopropanol,
propanol, butanol, pentanol, isobutano!, sec-butanol, t-butanol and combination thereof.

11. A method according to any one of claims 1 to 10, wherein the alcohol-containing
solution comprises less than 100% alcohol in a non-buffered aqueous solvent.

12, A method according to any one of claims 1 to 11, wherein step (a) is carried out for
at least 48 hours.

13. A method according to any one of claims 1to 12, wherein the cross-linking agent is
selected from the group consisting of carbodiimide, polyepoxy ethers, divinyl sulfone
(DVS), genipin, polyaldehyde, diphenylphosphoryl azide (DPPA) and combinations thereof.

14, A method according to claim 13, wherein the polyaldehyde is glutaraldehyde.

15. A method according to any one of claims 1 to 14, further comprising a sterilisation
step after step (c).
16. A method according to any one of claims 1 to 15, wherein step (a) is carried out at a

temperature of about 5°C.

17. A method according to any one of claims 1 to 16, wherein step (c) is carried out at a
temperature between 5°C and 55°C.



i(r -.3 spectrophotoneter (Varian AAlI275) and expressed as Hg Ca per ng
tissue (dry weight), [O t3Hi stolc,.1cai examnation indicated t. e
presence of severe, intrinsic calcificayion in the explanted control cusp
sanpl es (data not shown). No visible calcification was noted in either the
ADAPT, Freestyle or Prima. Plus valve cusps (data not shown).

[ 0181] Expl anted aortic wall tissue reveal ed several calcifications of the

nmedi a ((data ngt s ont r ol | e. i.on was
noted in the 16 @%E? dfianing K a8 ol BLT 1o 1 ButR B b oL s

Moder at e CHPEPLPEANT FraroRPiEa? % was noted in the expl anted Freestyle
data not shown) and Prima Plus (data not shown) aortic wall tissues,

[0182] The quantitative tissue calciumleyci explantpd cusps are illustrated
in "N, ,gtitpe 45\ nfemdl bedord@ytplcasn 18, iwheain the ghinbaraixgietayidds saced fainowed t he
hi ghest | exsa)roupfco@dtiah biD-higtiding] ISagmmhe] L-92s, B-Hludnfat®a Inagpartdtbe cal ci um

| evel s of the tissue treated by the nethod of 20 Exanple I were 2.090. 22
1. 1g/ ny tissues vvhile Freestyl eQwas 2.03 1 0.29 ug/ng and Prima Plus(r)
was 1.54 hi s nmeans t hat he eat e nificantly
reduced c&Pm un1’°1 '@9‘@?‘%3"(" ding "‘()6’1 °’1?0‘?er% ?9 (‘S’ﬂ?rleé'l he g@i -etaiNpg

si gni fi cafelutpns sressdnideo Igeat AWER Gk Re bbl‘%?) f%ssue cal ci um | evel s of
Exanple 1, Freestyle& and Prima Plus& cusps after eight weeks.

The quantitative tissue calciumlevels for explanted aortic wall sanples

are illuspiat edalRethddiebddiAd & anlie GREIGIMEN 6 Q0! ®dreid btef(@MPleplaced beat ed
aortic walkle, SATR! eidplértlent® WitDstd? (dy S6idUstdp @F BEMPridR§ esbdmgf Jamianbteial (P

step (b) to a buffer-free solution containing one or more multi-valent cation.

22. A method according to claim 21, wherein the multi-valent cation is selected from the
group consisting of magnesium, ferric and aluminium salts.

23. A calcification resistant biomaterial produced by a method according to any one of
claims 1 to 22,
24. A calcification resistant biomaterial according to claim 23, wherein said biomaterial

has a 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 and wherein said cross-linked
collagen comprises secondary amines.

25, An implantable biological device comprising a calcification resistant biomaterial
according to claim 23 or 24.

26. A device according to claim 25, wherein said biomaterial is coated onto a surface of
said device.

27, A device according to claim 25 or 26, further comprising at least a second coating.



<0.001) lower by (95.9% than that of control sanples (120.11 -1: 7.48
ug/nd tissue). Freestyle(r) and Prima Plus(r) aortic wall sanples showed
reductions in calcification of 3547.8%.,and 51.95% respectively. -
thd-e,..a data aaggast: that: the tﬁetéﬁdi' sclc&ed in Frnpl.. A both po
citiecus and w;.-.141lin a. subc;,:tane.e$ Tat 1c::Sth Kt

fflx. 114. o@r StagalaRe tacddidig 81elamn 2B dvheirtRd al Inksdt nepopd ayatingnomprispoamiant .
... 2. 1. . Shid@drabidl fddet laRManti-viral agent, an anti-fungal agent, a growth factor, an anti-

dehydration agent or an anti-septic agent.

29. A device according to any one of claims 25 to 28, 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.

30. A device according to claim 29, wherein the device is a heart valve prosthesis.

31. A biocompatible implant, comprising a biocompatible scaffold comprising a
calcification resistant biomaterial according to claim 23 or 24.

32. A kit for repairing a tissue injury, comprising:

(a) a sterile container having one or more devices according to any one of claims 25 to 30
or an implant according to claim 31, and

“(b) instructions for use on an injured subject.

33. A kit according to claim 32, further comprising:

(¢) a harvesting tool for collecting at least one viable tissue sample from an injured subject.

34. A wound dressing comprising a calcification resistant biomaterial according to claim
25 or 26.





