
AN IMPLANTABLE BIOMATERIAL AND  A METHOD OF PRODUCING SAME [0001]The
present invention relates to an implantable biomaterial and methods of
producing same. In particular, the invention relates to a method of
treating a collagen---containing biomaterial to reduce and/or alleviate
calcification and improve longevity of the biomaterial, 10 which can be
used on or with an implantable device and methods of producing same.
BACKGROUND 15[0002]There are numerous methods for changing and/or fixing
the collagenous ma:trix of biological tissues to enable such tissues to be
implanted into a living mammalian body. Examples of changed and fixed
implantable biological tissues include cardiac 20 valves, blood vessels,
pericardium, skin, dura mater, tendons and lidaments. [0003]These
biological tissues consist mainly of collagen and elastin. The
rigidity/elasticity of most 25 biological tissues is largely determined by
the relative collagen and elastin content in the tissues and,or the
physical configuration of the connective tissue framework. [0004]Each
collagen molecule consists of three polypeptide chains intertwined to form
a coiled triple helix, Chemical agents used to preserve biological tissues
generally form cross-links between amino groups situated on the poiypeptide
chains within a collagen molecule (intramolecular) as well as between
abljacent collagen 



35 molecules (intermolecular),  implantable dcvdces in differont. recipient
species, are prone to hyperacate rejection. This hyperacute rejection is a
natural immunological response, triggered by antigens present in the
structure of the collagen-based biomaterial. Hyperacute rejection is a
rapid degenerative process, which affects the function and durability of
such an implantable device. F00061The antigenicity of coliagen-based
biomaterials can be suppressed by physical or chemical cross-linling of the
collagen. Physical cross-linking methods such as ultraviolet irradiation or
thermal dehydration results in low de=ity cross-linling. Chemical agents
suct as formaldehyde, glataraldehyde, dialdehyde starch and certain
polyepoxy compounds have been used as chemical cross -1 a.nlc.ng agents in
collagen-based blomaterials, F00071Cross-linking collagen involves the
reaction of a. cross-linkinc agent with wane 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
dlutamic and aspartic acid residues in a polvpeptide chain to react with
the amine groups of another polypeptida chain to form amide bonds. 25
F00031Cross-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. N0091In recent times,
glutaraidehyde has been the cross-linking agent of choice. Giutaraidohyde
is rendered bifunctional due to the presence of an aldehyde present at 



both ends of a five carbon aliphatic. chain. Apart from fixing the tissue,
glutaraidehyde is an excellent. sterilising agent for preparing
biologictissues for  piantation, [0010]In particular, permanently
implantabhe biomaterials, which have been fixed with! giutaraidehyde,
include porcine bioprosthetic heart valves, bovine pericardial valves and
bovine pericardial patches, [0011]A problem associated with the
implantation of biological. materials, cross-linked with chemical agents,
10 is that these raterials, specifically the collagen and eiastin 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,
giutaraldehyde is known to promote calcification in blomatePials. Reaction
of 20 aldehyde and primary- amines in the biomaterials form unstable imines
(Schiff base) which subsequently release giutaraldehyde from the
biomaterial. Unbound aldehydes present in the tissue can cause stissue
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 glutaraidehyde. 



[0013]The mechanism of calcification of cross-linked 30 biomaterials ias
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 35iomaterials,  to mitigate the calcification of
cross-linked biomaterials. Research on the mitigation of calcification of
biomaterials has primarily focussed on the treatment of the cross-linked
biomaterials and is described in, but not 7.limited to, US Pat, No,
4,553,974 (Dewanjee et al.); US , Pat, No, 4,120,649 (Schechter); US Pat.
No. 4,648,881 (Nashef et al.); and OS Pat No, 4,976,733 (Girardot)
Vyavanare et al, , 1997, Circulation, 95:479-488 and Pathak eta]., 2004, J.
Bilomed, Mater Res*, GSA: 140-144. These 10 publications generally describe
methods of treating fixed tissues with alcohol before implantation. In
other words, the tissue has already been cross-linked before being exposed
to alcohol. Even. in instances where tissues are pre-incubated in the
presence of alcohol, the period of Li exposure is often too short to be
useful Of the presence of buffet- and other agents adversely affects the
cros s--- ilfIkirIc_ stability (see, for example, Vyavahare et al., 1997,
supra), Alternative processes to fix biomaterials with non-giutaraldehyde
reagents have also been described. 20 and these include, but are not
limited to, the use of poi, 'yciPal. ethers (1Nr=ara et al., (1988), On. J.
Artif. Organs,:1101-1103); photo-oxidation (Moore et al.., (1994),J.
28-lomed. Mater, Res., 28:611-618). [00151Treatment of cross-lin,ed
biomaterHal, ,...-ti 



amino-di-phosphate and surfactant has demonstrated reduced calcification in
these biomaterials after implantation However, these agents tend to wash
out of the blomaterial after implantation and only delay the calcification
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 alcohol in the treatment of b1omaterials against
pathologic calctflcaLlon is limited to its use in previously cross--linked
coliagenous biomaterials; US Pat  No. 5,746,775 (Levy atand International
Pat, W084/01894, [0017]Consequently, there still exists a need for a method
of producing a biomaterial that has a. long-term resistance to
calcification. SUMMARY 10[0018]The inventors have developed methods that
overcome or at least alleviate the problems of calcification with
collagen-containing implantable biomateriais. [00 19]Accordingly, in a
first aspect the present invention provides a method for producing an
implantable biamaterial 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 biomateriai 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 stepto a cross inking agent; and
(c) exposing said material, in stepan die solution; em n step (b) and ;are
sequential to step- (a). 35  hours and most preferably, at least 48 hours,
it will be appreciated by those skilled in the art that in some
circumstancesstep- (a) may be carried out for a shorter. time period.
[0023]Accordingly, in a third aspect the present invention provides a
method for producing an implantable biomaterial comprising: 



(a.) exposing a biomateriat to an alcohol-containing soli t'on,:
(b) exposing said material in stepto a cross-linking agent; and
(c) exposing said material in stepto an acidic solution; 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
biomateriai to produce calcification resistant biomaterial 20 comprising:
(a) exposing a biomaterial to an alcohol -containing solution;
(o) exposing said material instep (a) to a cross-linking anent : and 25(c)
exposing said material in stepto an acidic solution; wherein step (b)
andare sequential to step (a). [0025]In some embodiments, between steps (a)
and (o) and/or between steps (.)) and (o) of the methods of the invention
the biomaterial or collagen containing material is rinsed to remove
residual alcohol and/or cross-linking agbnt. Preferably, the bioma trial or
collagen containing material is further rinsed after step (c) to remove Jo
residual acidic solution. 



[0026]It will be appreciated by those skilleiJ in the  art that the methods
disclosed herein may be useful for treating any biomat.erial, Preferably,
the biomater al comprises collagen. 10027JIn some embodiments, the
biomaterial is a cultured tissue, a prosthesis containing extra-cellular
matrix obtained from an animal, a reconstituted tissue g. collagen matrix),
or the like. 10[0028]It will also be appreciated that. the Lomaterial 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
lc polysulphones. Biological polymers can be naturally occurring or
produced in vitro by, for example, fermentation and the like. )029]In some
embodiments, the blomaterial is naturally occurring and has been isolated
from an animal. The biomaterial can be isolated from any animal, whether
from the same species as a recipient or from an animal of a different
species to the recipient. Preferably, the animal is from one of the
mammalian orders i.e. 25 Artiodacftyla, _Lgomorpha, Rodentia,
Ferlssodactyl-, 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 oiomaterial may be
any type of cellular tissue. Preferably, the cellular tissue is selected
from the group consisting cardiovascular tissue, heart tissue, heart valve,
aortic roots, aortic wall, aortic leaflets, pericardial tissue, connective
tissue, dura mater, dermal 



35 tissue, a vascular tissue, cartilage, pericardium, ligament, tendon,
blood vessels, umfilical tissue, bone tissue, fasciae, and submucosal
tissue and skin.  - 9 - 100311in some embodiments, the biomateriaf is
and/or comprises discrete i.e, isolated collagen rather than a
naturally-occurring collagen-containing tissue. The discrete collagen may
be used in its isolated State or fOrM2d into any MediCal. deViCe Or article
kTIOWn in the art, [0032]The biomaterial used in step (a) has not. been 10
previously cross-linked, [007'The alcohol-containino 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. Eithabuffered or non-buffered alcohol-containing
solution can be used; however, it is preferable that a. non-buffered
alcohol-con1:.ain2og solution is used as is 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. Preferably, the alcohol is a CI-C6 lower alcohol in a.
buffer-free solution_ Even more preferably, the alcohol is selected from
the group consisting of methanol, ethanol, cyclohexanol, isopropanol,
propanol" butanol, pentanol, isobutamol, sec-butanol and t-butanol. 



30 [00351In 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% ethanol
amd. about 10% isobutanoi is effective.  the alcohol-containing .solution
for any length of time as long as it is sufficient to render the
bibmaterial resistant to in vivo pathogenic calcification. Preferably, the
hiomaterial remains in contact with the alcohol- 5 containing solution for
sufficient time to enable the alcohol to diffuse and permeate into the
biomaterial. More preferably, the biomaterial is exposed to the. alcohol
containing solution for at least 24 hours, even more preferably at least 36
hours and most preferably, at least 104C ho-urs [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 biomaterHal may
be 15 used directly in the treatment methods of the invention disclosed
infra. [0038]In some embodiment, th.e biomaterlal, 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 div.tnyi sulfone (VS-PEG-VS),
hydroxyethyl methacrylate divinyl. sulfone (HEMA-DIS-HEMA), formaldehyde,
glutaxaldehyde, aldehydes, isocyanates, alkyl and aryl halides,
imidoesters, N-substituted maleimides, acvlating compounds, carbodlimid..,
30hydxoxychloride, N-hydrox:isuccinimide, 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 carbodiimlde, polyepoxy ethers, divinyi sulfone (DVS),
35 polyaldehyde and diphenylohosphoryi azide (OPPA), [00391in somediments,
the poly lcehyde is a  tmi- or di ,ldehydeGiutaraidehyde is especially
preferred. [00401In some embodimentshe cross-linking step (1a) 5 is
followed by step (c), with or without an intervening. wash step. The acidic
solution used in step (c) contains any acid capable of inactivating and/or
modifying the fixed and/or unfixed cross-linking agent moieties present in
the biomaterial after step, (b) to remove or reduce 10 available calcium
blbdibe sites. Alternatively, or in addition to, the acidic solution used
in stepcontains 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
aminecarboxylic acid is art 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-areinine, L- 20
lysine,L--glutamate or L-aspartate. [0041]In some embodiments, step (o) of
the disclosed methods is replaced by or supplemented with a method of
inhibiting the formation of ymtalloproteinase on eiastin 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 elastib
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 metalibpreteinase. r[00421The step of rinsing the bicmaterial
is csandur- 115ings ate-free solution of 0.9% saline.  [0043]In one
preferred embodiment, the biomaterial after step (c) is further sterilised.
More preferably, the biomaterial is sterilised after being rinsed-
5100441While it will be appreciated by those skilled the art that the
temperature at which eac.t of the steps of the. present invention is
carried out-is not critical, it 



will be understood that preferably, the temperature is between 2C and 40C,
more preferably, between 4C and 30C and most preferably, between 5C and
25C. [0045]In one embodimht, the alcohol, cross-linking agent and acidic
solution, rinsing solution and sterCLizing solution are all buffer-free.
[0046]It will be appreciated by those skilled in the art that the methods
disclosed herein are capable of producing a calcification-resistant
biomateriai, which retains leas than 5011g 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 5011.g/mg of tissue,
[0047]Accordingly, in a fifth aspect the resent invention provides a
calcification resistant biomaterial comprising cross-linked collagen,
wherein said biomaterial has a calcium content of less than about 5011g 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 above50g/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  presence or secondary
am es in the collagen brought about by the methods of producing the
biomateriai as disclosed herein. [00491Accordingly, in a sixth aspect, the
present 



invention provides an implantable biological device compr*sing a
calcification resist: ant biomaterHal comprising cross-linked collagen,
wherein said collagen comprises secondary amines. [0050]In some
embodiments, the cal- fication resistant biomateyial is coated onto 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 she 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. 2C) [0052]Preferably, the
anti-microbial agent is selected from the group consisting of isoniazia,
ethambutol, pyrazinanide, streptomycin, ciofazirdrie, rifabutn,
fluoroquinolones, ofloxacin, sparfioxacin, rifampin, 25 azithromycin,
clarithromycin, dapsone, tetracycline, erythromycin, ciprofloxacin,
doxycycline, amphotericin B, ketoconazole, fluconazole, pyrimethamine,
sulfadiacine, clindamycin, linccmycih, pentamidine, atovaquone,
paromomycin, diciasaril, acyclovix, " trifluorcuridine, foscarnet,
penicillin, gentamdcin, ganciclovir, iatroconazole, miconazole,
Zn-pyrithione, heavy metals inciudng, but not. limited to, gold, platdnum,
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.  



[0053]Preferably, the growth factor agent is selected. from the group
consisting of hydroxyapatite, basic fibroblast growth factor (bEGF), acidic
fibroblast growth factor (aFGF), nerve growth factor (NGF), epidermal
growth 5factor. (1177), insulin-like growth factors 1 and 2, (IGF-1 and
IGF-2), platelet derived growth factor (PDGF), tumor angiogenesis factor
(TAP), vascular endothelial growth factor (VECF), corticotropin releasing
factor (G.T..i.F), transforming growth factors aand p (TOT-a and TGE-p) 10
interieukin-8 (IL-8); granulocyte-macrophage colony. stironlatinc factor
(GM-05F); interieukins, and Hrterferors. [0054]In some embodiments, the
device of the present :Lnvent:on further comprises a bioabsorbable material
selected from the group consisting of polylactio acid, polyglycolic acid,
polylacti.c acid--polyglycolic acid. copolymers, poiydioxanone,
polycaprolactcne, 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), bolyamides of amino acids, polyvinyl alcohol, polyvinyl
pyrrolidone, 25 polyetneretherketonb, tricalcium phosphate, and mixtures
thereof. [0055]11t. will beaporeciatecithe devices of the present invention
can be any device for which 



30 calaifIcation resistance would be desirable. Preferably, the device is
selected. from the croup 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 matter graft, a cartilage graft, a cartilage
implant, a  pericardium graft, a iagasnentprosthesis, a tendon prosthesis,
a urinary bladder prosthesis, a pledget, a suture, a permanently
in-dwelling percutaneous device, surgical patch, a cardiovascular stent, a
coated stent and a coated catheter. More preferably, the device is a heart
valve prosthesis. [00561In some embodiments? the device will further
comprise a tissue fragment harvested from an animal or a synthet.c analog
of a tissue. F0057]Preferably, the tissue fragment will include a plurality
of cells, which, upon implantation at a surgical site, will oroliferate and
integrate into the surrounding tissue. [0058]In a sever= aspect, the
present invention provides a biocompatihie iraptaht, comprlsing a
compatible scaffold comprising a calcification resistant biomaterial
comprising cross-linked coil= wherein said biomaterial has a calcium
content of less than about 50u,g per Mg of biomaterial and wherein said.
bioraterial is capable of being implanted for at least 200 days without the
biomaterial increasing its calcium content above 50uo/mq of biomaterial.
[0059]In an eighth aspect, the present invention 



provides a biocompatible implant, comprising a biocompatible scaffold
comprislng a calcification - 30 resistant. biomaterial comprising
cross-iinked 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, allbgeneic tissue, xenogeneic tissue
and combinations thereof,  ]0061]In a ninrh aspect, thees it invention
provides a kit for repairing a tissue injury, comprising:              (a)
a sterile container having one or more calcification resistant biomateridls
comprising cross-linked collagen, wherein said collagen comprises secondary
amines; and              (b) instructions for use on an injured suojeci.
10[0062]In a tenth aspect, the present invention provides a method of
treating living tissue, comprising:               aproviding a
calcification resistant biomaterial comprising cross-linked collagen,
wherein said collagen comprises secondary amines; and              (b)
implanting the biomaterial in or on a subject in need of treatment.
[0063]The method or treatment may be any treatment, 



include prophylactic and therapeutic treatments. 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
coil. 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, [OOts]In some embodiments,
the wound dressing further comprises a. sulphated polysaccharide selected
from. the group consisting of heparin, chondroitin sulphate, dextran
sulfate, derff-tad sulfate, heparin, sulfate, keratan sulfate, hexuronyl
nexosaminogirean sulfate, inositol. hezasulfate, and sucrose actasulfate.
Preferably, the wound dressing. further comprises an anti-microbial agent,
5 an anti-viral agent, a growth factor, an anti-dehydration agent or an
anti-septic agent. [0067]Preferably, the hiematerial comprises at least
50% collagen, more preferably, at least 70% collagen, even 10 more
preferably, at least 90% collagen and most preferably, consists essentially
or oollaqen. BRIEF DESCP] 'ION OF THE FIGURE 15[0068]Figure 1 shows
kangaroo pericardium tissue that was pre-treated with alcohol then
hlutaraidehyde fixed compared to glutaraldehyde fixed tissue Le. no alcohol
pre-treatment. and "fresh" tissue. 



20[0069]Figure 2 shows kangaroo aortic tissue that was pre-treated with
alcohol then glutaraldenvde fixed compared to glutaraadehvde fixed tissue
I.e. no alcohol pre-treatment and "fresh" tissue. [0070]Figure 3 shows the
resistance to enzymatic degradation of (A.) porcine cusp and (fl) aortic
wall tissues. [0071]Figure 4 shows the quantitative calcium levels 30. of
(A) explanted porcine valve cusps and (B) porcine aortic wall tissue after
eight weeks in a subcutaneous rat model. DETAILED DESCPAN OF-THE PRE FERRED
EMBOD 4ENTS [C) 07 2Before describing the present invention in detail ,is
to be understood that this invention is not  limited to particularly
exemplified methods of production, which may, of course, vary, It is also
to be understood that the terminology used herein is for the purpose of
describinc7 particular embodiments of the invention only, and is not
intended to he limiting which will be limited only by the appended claims.
[0073]All publications, patents and 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 



mS herein is to be construed as an admission that the invention is not
entitled to antedate such disclosure by virtue of prior invention.
[0074]Eurthermoae, the practice of. the prese 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.g.,
Coligan, Dunn, Ploegh, 7 Speicher and Wingfield "Current protocols in
Protein Science" (1999) Volumeand II (John Wiley & Sons Inc, and Bailey,
J.E. and OliD.E.., 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-JV (D. M. Weir and C. C. Blackwell,
eds., 1986), [0075]It must be noted that as used herein and in the 35
appended claims, the singular forms 'a," "an," and 'the" include plural
reference, unless the context clearly dictates otherwise. Thus, for
example, a reference to "a  - 18 cross-linking agent" includes a plurality
of such agents, and a reference to 'an alcohol' is a. reference to one or
more alcohols, and so forth. Unless defined otherwise, all technical and
scientific terms used herein have the same meanings as commonly understood
by one of ordinary skill in the art to which this invention belongs.
Although any materials and methods similar or equivalent to those described
herel.n can be used to practice or test the present invention, the
preferred materials and methods 10 are now described. [0076]In one of the
broadest aspects, the present 



invention relates to a. method for producing an implantable biomaterial.
[0077]As used herein, the term "bioraterial 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.
Accordng]y, the collagen might represent as little as 1% w/w of the total
weight of the biomaterial or as much as 100%. 10078]The term "collagen"
asherein refers tb na extracellular family of fibrous proteins that are
characterised by their stiff, triple-stranded helical strucj,..re. Three
collagen polypeptide chains   ("a-chains") are wound around each other to
form this helical molecule. The term is also intended to encompass the
various types of. collagen. [0079]The major portion of the helical portion
of collagen varies little between mammalian species. indeed, in 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  least 88%comparing humans, equines and nurine. Humans and
equines have 93% sequence homology at the nucleotide level, while mouse and
equine have 89% sequence homology. The nucleotide sequence homology for
human. and 5 mouse is 88% (see, Nail accession numbers 062528 (Equine
NM033150 ORIEnan) and NM031163 (mouse) Ihttp://www,ncbi.nim.nih,gov). Other
types of collagen have similar levels of amino acid homology. For example,
the nucleotide sequence homology between porcine collagen 



10 alpha I type I and ovine collagen alpha I type I is 90% (see, NCEI
accession. numbers AF29287 (Ovine) and AN201723 (Porcine)
http://www..nrabi.nlm.nih.gbv). [0080]Given the level of common. ancestry
and biology for many of the above animals, the high degree of amino acid
and nucleotide sequence homology for collagen across a number of species
such as cattle, sheep, mice and pigs, a person skilled in the art would
appreciate that the methods for producing the biomaterial as disclosed
herein are applicable for collagenous material isolated from all mammalian
animals. [onAccordingly, in some embodiments, the biomaterlai is isolated
or harvested from an animal of one 25 of the mammalian orders i.e.
ArLiodactvia, Lagamorpha, Rodcntia, Perissodactyla, Carnivora and
Marsapialia. The animal is preferably an ovine, a bovine, a caprinc, an
equine, a porcine, a marsupial or a human. While the hiomaterial is
preferably isolated from the same animal. species as the recipient, it is
envisaged that the biomaterial might be isolated from a different species
to the recipient, [0092]Alternatively, in some embodiments, the 35
biomaterial comprises a cultured tissue, a reconstituted tissue or the
like,  [0083]The hioamtmight be any type of cellular tissue. For example,
the cellular tissue might be cardiovascular tissue, pelvic floor tissue,
heart tissue, heart valve, aortic roots, aortic wall, aortic leaflets,
pericardial tissue, connective tissue, the matrix of soft or solid organs,
dura mater, dermal tissue, a vascular tissue, dura mater, cartilage,
pericardium, ligament, tendon blood vessels, umbilical tissue, bone tissue,
fasciae, and submuposal tissue Or skin as all of these 10 comprises some
collagen. 



[0084]It will also be appreciated that the biomaterial might further
comprise 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,
1:..olvamides and polysulphones. Biological polymers can be naturally
occurring or produced in vitro by, for example, fermentation and the like.
20 L00851Purified. biological polymers can be appropriately formed into a
substrate by techniques such as weaving, knitting, casting, moulding,
extrusion, cellular alignment, and magnetic alignment. Suitable 25
biological polymers include, without limitation, collagen, elastin, silk,
keratin, gelatin, polyamino acids, polysaccharides (e. cm. cellulose and
starchi, and copolymers of any of theee. Tor example, collagen and elastin
polymers can be formed into a synthetic 30 rmplantable 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 he used to form a tissueei_ther alone or together with naturally
occurring substrates Non- 35 limiting examples include, polypropylene,
polylactic acid, polyester, nylon, silicone and. the like.  - 21 - [0086]It
will be appreciated that while the methods 



disclosed herein might have some effect on previously cross-linked
biomaterial the methods disclosed herein are intended to be used on
uncross-linked i,e. "native" or "naive" material, [0087]Once the
biomaterial has been acquired it is prepared for implantation. The terms
"implantation," "implantable," and "implant" are used. herein 10
interchangeably and all refer to the ability of the biomaterial, devices et
cetera of the present invention to 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. [0068)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 blomaterial to, for example, the alcohol-containing solution
are well known in 30 the art- For example, in general, the biomaterial can
be "exposed" to alcohol, by spraying, dipping or immersing the biomaterial
in a solution comprising an alcohol. [0089]The term. "alcohol" as used
herein refers to any alcohol known in art which is capable of removing or
reducing the amount of tridlycerides and at least 311y esterifying the
carboxyl groups found on  



collagen, Preferably, the alcohol is a water-soluble alcohol. More
preferabjy, the alcohol is a C7,C.6 lower alcohol in a buffer-free
solution. Even more preferably, the alcohol is selected from the group
consisting of methanol, ethanol, cyclohexanol, isopropanoi, propanol,
hucanol, pentanol, iscbutanol, sec-butanol and t-Outanoi. [0090]Without
wishing to be bound by any particular theory or hypothesis the inventors
consider that the 10alcoholicontaining solution assists in loosening the
collagen trip]e helix and thereby exposing hydropho'' sites (see, Karube &
Nishida, 1979, Belochim Bioplays 23;581(1): 106-13). They also consider
that the carboxyl and amine groups fbund in collagen are esterified in the
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% viv and most preferably at least about 80% v/v alcohol to
20 buffer-free aqueous solution. In one embodiment, the alcohol solution is
70% ethanol \fly in 0,9% saline (containing 0.5mM PMSFJ [0091]In one
embodiment the method of the present 25 invention provHides a method for
producing an implantable biomaterial comprising exposing a hiomaterial 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
depolymer. zation of the aldehyde, [0093]The step of exposing the
biomaterial to the alcohol-containing solution may be carried out for any
- 23 - length of time as long as it is sufficient to render the biomaterial
resistant to in vivo pathogenic calcification 



and that the majority (i,e, a high percentage) of the carboxyl and amine
groups found in collagen are esterified. Preferably, the biamaterial
remains in contact with the alcohol-containing solution for sufficient time
to enable the alcohol to diffuse and permeate into the oiomaterial. More
preferably, the biomaterial is exposed to the alcohol-containing solution
for at least 24 hours, 10 even more preferably at least 36 hours and most
preferably, at least 48 hours. :0094JOnce thc biomaterial has been exposed
to alcohol. it is removed. in some embodiments, the biomaterial is 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, [00951After the biomaterial or collagen containing
material has been exposed to alcohol for greater than hours, it can be used
directlyimplantation. 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 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  implanted directly ;described infra) as a
calcification-resistant blomaternal. However, it will be appreciated by
those skilled in the art that a. superior form of calcification-resistant
biomaterial can be produced by 5 cross-linking the hiomaterial after step
(a). 



1..00961Accord_iq in some embodiments of the present. invention the
bdomaterlal or collagen containing material after exposure to alcohol is
then exposed to one or more 10 bifunctionad cross-linking agents. The term
"bifunctional" as used herein refers to the two functional aldehyde groups,
present at both ends of the five carbon chain. The cross-linkino can be
undertaken by any technique known d the art, with any form. of
cross-linking agent as long as it is capable of cross-linking collagen.
Cross-linking agents, 171clude but are not- limited to, acylating
compounds, adipyl chloride, aldehydes, alkyl and aryl halides, bisimidates,
carbodiimides, ditvinyi sulfone (DVS), formaldehyde, gdutaraldehyde,
glyoxal, 20 hexamethylene diisecyanate, hydroxychloride, nydroxyethyl
methacrylate divinyl sultans (HEMA-DIS-HEMA), imidoesters, isocyanates,
light (e.g. blue light and UV. light), :4- hydroxysuccinimide,
N-substituted maleimides, pH, polyaidehyde, ddphenylphospharyl azide
(DPPA), polyepoxy compounds comprising backbone of 17-25 carbons and 4-5
epoxy groups, pcivepoxy ethers, polyethylene glycol divinyl solfone
(Vs-PEG-VS), polyglycerol polyglycidyl ether and temperature and
combinations thereof. 307]In some embodiments, the cross-linking agent is a
chemical cross-linking agent such as carbodiimide, polyepoxy ethers, di
vinyl sulfone (P7S), genipin, glutaraidehyde, formaldehyde and
diphenylphospharyl. aside (DPPA). 35  epoxy groups show a high efficiency
for the cro -link I collagen (see, for example, US Pat, Applic. No.
20040059430 (S/N 10/618,447). it has also been shown that the toxicity of
polyepoxy compounds is lower than that of   lutaxaldehyde, and the
antigenicity or immune-response induction of tissues decreases in
proportion to the reaction time, in case of reacting with helical
polypeptide molecules such as collagen. Naturally, it shows relatively good
biocompatibilitv (see, for example, 



10 Lohre et al., (1992), Art/f. Organs, 16:630-633; Uematsu et: al.,
(1998), Artif. Organs, 22:909-913p. Consequently, pcayepoxy compounds as
described are one preferred cross-linking agent. 15[0099]In some
embodiments, the cross-linking agent comprise.. about I% glutaraldehyde and
the length of exposure is at least about 24 hours. It will be appreciated
that the time length for exposure of the biomaterial to the cross-linking
agent depends on the 20 agent used, the concentration and the temperature.
Typically, the length of exposure is between 24 hours to 28 days. The
determination of the precise amount of exposure time for the biomaterial to
the cross-linking agent is well within the scope of a person skilled in the
art, [0100]Again, without wishing to be boundany particular theory or
hypothesis, the inventors consider that, by exposing the biomaterial that
has been exposed to alcohol to a cross-linking agent, the esterifi a
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  - 26 - between 2C. and 40C, more
preferably, between. 4C and 30C and most preferably, between 5C and 25)c.:.
[0102]Once again, after the cross-linking step, thE 



biomaterial is preferably rinsed in rinsing solution such as that used
after the alcohol exposure step (a). However, it will again be appreciated
that the rinsinc step is merely a preferment. 10[0103]Following the
cross-linking step, or if utilised the rinsing step after the cross-linking
step, the biomaterial may then exposed to an acidic solution containing any
acid capable of inactivating and/or modifying the fixed and/or unfixed
cross-linking agent 15 moieties present in the biomaterial after step OD)
to remove or reduce available calcium 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. 101Preferably, the acidic
solution comprises at least one aminocarboxylic acid. The term
"aminocarboxylic acid'' as used herein is any acid having at least one
amino group and at least one carboxylic acid. substituent. Representative
examples of aminocaxboxvlic acids that are useful in the present invention
include., but are not limited to, L--glutamate, L-aseatL-iysine
14-arginine, L-histidine. The purpose of the acidic solution is two- 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 carboxyl groups with
the activated amine groups on the collagen to form amide bonds.  [0105]The
concentration of the amincoarboxylic acid will depend upon the actual acid
used and other parameters such as total mass of the hiomaterial used and
the like, In addition, a mindnium wet weight ratio of aminocarboxylic acid
to biomaterial would be about 1:4. The most important aspect of the acidic
solution is the pH, The pH must be below p1-17, preferably below p1-16,
more preferably below pH5 and most preferably below about oH4.6. 10[0106]In
one embodiment, the acidic solution is emg aminocarboxylic acid per
millilitre of deionlsed water, which is phosphate-free and about p1-1.4.
[0107]The biomateriai is exposed to the 



15 aminocarboxylic acid for at least 6 hours, more preferably at least 24
hours, even more preferably more than 48 hours. While the incubation
temperature is not critical it is preferably between 5C and 55C, more
preferably between. 10C. and 45C, most preferably about. 45C. 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 buffer-free solution,
containing a multi-valent cation such as magnesium, ferric and aluminium
salts can be used to reduce the formatdon of metalloproteinase. [01091The
niomater al, after the step of exposing the biomaterial or collagen
containing material to the acidic solution and/or buffer-free solution
containing a multivalent cation, is again preferably rinsed in rinsing  -
solution. in some embodiments, the biomaterial is also sterilised_
[0110step of sterilising the olomaterial is by 



5 any method of sterj.isataon known in the art for collagen containing
material. For example, the biomaterial may be subjected to a sterilising
agent (e.g., a liquid sterilant such. as 0.2-2.0% by weight glutaraldehyde
solution) sterilisation time period. A 0.625% gilutaraidehyde solution may
be used in combination with heat (i.e. warming above room temperature, but
below a temperature which would cause damage to the biomaterialp, as the
sterilant. Alternatively, a suitable sterilant solution may comprise an.
osmotically balanced aqueous solution 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
giutaraidehyde in combination with phosphate buffered saline. In instances
where a 0.625% glataraldehyde 20 solution is used as the sterilant, the
sterilisation AMC! period may be 16 days at 37C or 1-2 days at 5000). This
terminal sterilisation step may he performed after packaging of the
biomaterial in its final container, thereby eliminating the need for any
subsequent handling 23 of the biomaterial until the time of implantation.
[0111]In one preferred embodiment, the hiomatnria sterilised by exposing
the biomaterial to 0.25%      giutaraidehyde 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 (5f sterilisation is preferably carried
out between 40-50C for more than 60 minutes. The biomaterial,
aftc.atment.t.h. the  - 29 - methods disclosed herein, has a high level of
resistance to calcification i.e. it is a. 'calcification-resistant
biomatenial". The term 'calcification" as used herein refers to one of the
major pathological problems 



5 associated with traditionally produced biomaterial comprising connective
tissue proteins (i.e., collagen and elastin). it has previously been shown
that these materials can become calcified following implantalion within the
body. Such calcification can result in 10 undesirable stiffening or
degradation of the biomater Two (2) types of calcification: intrinsic and
extrinsic are known to occur in fixed collagenous biomaterial, although the
exact mechanism(s) by which such calcification occurs is unknown.
intrinscalcification ", is characterised by the precipitation of calcium
and phosphate ions within the fixed bioprosthetic tissue, including the
collagen matrix and remnant cells. Extrinsic calcification is characterised
by the precipitation of calcium and phosphate ions within adherent
thrombus, 20including adherent cells (e.g., platelets) to the biomaterial
and the development of calcium phosphate-containing surface plaques on the
hiomateriai. [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 50tg, preferably less
than 24t.g, and even more preferably less than 10tIg of 30 taltium 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 refers to the ability
of the biomaterial of the present invention to withstand enzymatic
degradation to a. comparable level with traditional fixed. tissue.  - 30 - 



[0116]Once formed, the implantable biomaterial or collagen containing
material of the present invention can then be used to treat: a number of
conditions and/or disorders. [0117]Generally, the terms "treating,"
"treatment." and the like are used herein to mean affecting an individual
or animal their tissue or cells to obtain a desired pharmapolpgical and/or
physiological. effect. The effect is especially therapeutic interns 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,earresting its development; or Cb) relieving or
ameliorating the symptoms of the condition and/or disorder, i,e., cause
regression of the symptoms of the enzymatic degradation/conddtion and/or
disorder, 20             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 maidar., dermal tissue, a vascular tissue,
cartilage, pericardium, ligaments, tendon blood vessels, umbilical tissue,
bone tissue, fasciae, and submucosal tissue are also encompassed.
35[0113]The calcification-resistant biomaterial of the present invention
may also be applied to any of a wide variety of contacting surfaces of
medical devices.  - 31 - Conuact:i.n.g surfaces include, but are not
limited to, 



surfaces that are intended to contact blood, cells or other bodily fluids
or tissues of an animal, including specifically a human_ Suitable
contacting surfaces include one or more surfaces of medical devices that
are intended to contact blood or other tissues. The medical devices include
aneurysm coils, artificial blood vessels, artificial hearts, artificial
valves, artificial kidneys, artificial tendons and ligaments, blood bags,
blood 10 oxygenators, bone and cardiovascular replacements, bone
prostheses, bone waxes, cardiovascular grafts, cartilage ireplacement
devices, catheters, contact lenses, containers for cell and tissue culture
and. regeneration, emboli cation particles, filtration systems, grafts,
guide channels, jim 15 dwei.linu catheters, laboratory instruments,
microbeads, nerve-growth guides, ophthalmic implants, orthopedic implants,
pacemaker leads, probes, prosthetics, shunts, stents, supports for
peptides, surgical instruments, sutures, syrinecs, urinary tract
replacements, wound 20 coverings, wound dressings, wound healing devices
and other medical devices known in the art, [0120JOther examples of medical
devices that would benefit from the application of the present inventicn
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, coilinflatable
balloon, or any other structure which is capable of being 30 implanted at a
target location, including intravascular locations, intraiamenal locations,
locations within solid tissue, and the like. The mmplanrahl.e device can he
intended for permanent or temporary implantation. Such devices may be
delivered by or incorporated into intravascular and other medical
catheters. The process of coating the surfaces of such  devices can be
performed by the plasma coating technique, as described in the
International patent application No. 



W096/24392             In one preferred embodiment, the biomateriais the
present invention are used directly as wound dressings. For example, as
described supra, the bibmterials can be dried and used as a wound dressing
directl, [0123]The wound dressingsthe present invention are preferably in
the form of a continuous sheet form, similar to wound dressings known in
the art. However the invention may also take other particular
conformations. For example, wound dressings of the present invention may be
produced by cutting a desired design pattern from stock sheets of
bioffaterial described above. For example, the sheet may be die-cut from
stock sheets of biematerial. 20[0124]In use, the wound dressings of the
present invention are preferably used as the primary dressing placed in
direct contact with the wound. bed, or as near as practical against the
wound bed. The dressings may serve as a packing material and, if reouired,
may be secured 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
wouhd dressing of the present invention may be replaced by a fresh dressing
or other suitable wound coverinr  be cut, shaped and modified to
accommodate numerous uses and applications. [0126]A further use for the
biomaterjais of the 



present invention is in the delivery of therapeutically active agents
including in any of the aforementioned applications. Therapeutically active
agents may participate in, and improve, the wound healing process, and may
include antimicrobial agents, including but not 10 limited to anti-fungal
agents, anti-bacterial agents, anti-viral agents and anti-parasitic agents,
growth factors, angiodenic factors, anti-inflammatory agents,
anti-thrombotic agents, anaesthetics, mucopolysacchari_es, metals and other
wound healing agents. 15 [012Examples of antimicrobial agents that can be
used in the present invention include, but are not limited to, isoniazid,
ethambutol, pyTazinamide, streptomycin, clofazimine, rifabutin,
fluoroguinciones, ofioxacin, 20 sparfloxacin, rifampin, azithromycin,
clarithromycin, dapsone, tetracycline, etytnromycin, ciprofloxacin,
doxycycline, ampicillin, amphotericin E, ketoconazole, fluconazole,
pyrimethamine, sulfadiazine, clindamycin, lincomycin, pentamidine,
atovaquone, paromomycin, 25 diciazaril, acyclovir, trifluorouridine,
foscarnet, penicillin, gentamicin, ganciclovir, iatroconazole, micenazoie,
Zn-pyrithlone, 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 inventipn. 35 include, but are
not limited to, basic fibroblast growth factor (pff:IF), acidic fibroblast
growtth factor (aFGFD, nerve growth factor. (NGE), epidermal growth factor
(=E),  



- 34 - insulin-Thke growth factors 1 and 2, (IGF-1 and IGF-2), platelet
derived growth factor (PDGF), tumor angiogenesis factor (TED, vascular
endothelial growth. factor (VEGF), corticotromin releasing factor (ORE),
transforming growth factors it and 13 (TGF--a and TGF-P) interieukir-8
(IL-8); aranulocyte-macroohage colony atfactor (GM-OSP); the interleukins,
and the interferchs. [0129Other agents that may be incorporated into the
wound. dressings of the present invention are acid mucopolysaccharides
including, but not limited to, heparin, heparin sulfate, heparinoids,
dermatan sulfate, pentosan polvsnifate, cellulose, agarose, chitin,
dextran, carrageenin, linoleic acid, and allantoin. [0130]Examples of
anti-inflammatory and anti- thrombotic agents include endometbycin,
heparin, indomethacin, ibuprofen, aspirin, choline salicylate, diflunisal,
magnecdum salicylate, magnesium choline 20 salicylate, salsa late,
flurbiprofen, fenoprofen, ketoorofen, naprpsyn, naproxen sodium, oxaPrOZini
diclofenac sodium, diclofenac misoprostol, etodoiac, indocid, ketorolac,
natumetone, sulindac, tolmetin, suifinpyrazone, dipyridamole, ticlopiddne,
vaidegoxib, 25 rofecoxib, piromecicfenamate sodium, mefenamic acid,
cyclophosphamide, cyclosporine micromuision, chlorambucii, anagrelide,
clopidogrel, and cilostazol; the anti-thrombic agent may be an
anticoagulant selected from the group consisting of heparin, 30 ardeparin,
and enoxaparin, tinzaparin, danaparoid, elpirnden and hmrudin, 101311The
therapeutically active agents may be bound, either physically or
chemtcally. to the biomaterials of the present invention by methods well
known in the art, 



By -compri a ing" is meant inciuding,but.not  limited to, whatever follows
the word comprising". Thus, use of the term 'comprising" indicates that the
listed elements are required or mandatory, but that other elements are
optional and may or may not be present. By "consisting of" is meant
including, and limited to, whatever follows the phrase "consisting of".
Thus, the phrase "consisting of" indicates that the listed elements are
required or mandatory, and that no other elements may he present. By
"consisting essentially of" is meant 10 including any elements listed after
the phrase, and limited to other elements that do not interfere with or
contribute to the activity or action specified in the disclosure for the
listed elements. Thus, the phrase "consisting essentially of" indicates
that the listed 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 refe. .ence 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 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 3e findings herein are not limited to these specific
tissues or animal sources, EXAMPLE 1BASIC ROCESSINCBIOMATERIAI
35[0134]Kangaroo hearts from adult. Western grey kangaroos were harvested
by a professional kangaroo shooter in Western Australia and transported to
the  laboratory on ice packs Lt4 - ) -.ours of death. The 



hearts were washed twice in ice-coD.9% saline solution. The pericardium was
removed and carefully cleaned from adherent fat and loose connective
tissue. The aortic roots with the aortic valves were. dissected from the
hearts and placed. in ice-cold 0.9% saline containing 0.5ffM
Phenyl-methyl-sulfonvi-ficoride (PMETF). The pericardium was stored
overnight at 4C. in ice-cold 0,9% saline containing 0.5mM PMF and the
valved aortic roots washed 10 for 20 minutes in the 0_9% saline solution
containing PMSF, [0135]A water-soluble alcohol-containing solution of
60-30% v/v by volume alcohol ethanol was iresarec.. The 15 pericardium was
immersed into the alcohol solution after overnight storage at. 4C. The
valved aortic roots were immersed in the same alcohol solution immediately
after the final wash in ice-cold 0.9% saline (containing 0.57M PMSF). The
pericardium and the valved aortic roots were 20 kept in the alcohol
solution at about 5C for a minimum of 24 hours. [01The pericardium and the
valved aortic roots wer removed from the alcohol solution and rinsed for
about 10 25 minutes with 0.9% saline. During the rinsi.ng period, the
temperature of the rinsing solution was maintained at approximately 10C.
r0137The pericardium and the valved aortic roots were 30 immersed in a
0,625% solution of giutaraldehyde containing 9.07g/I potassium. di hydrogen
phosphate buffer in sterile, deionised water. The pH of the glutaraidehyde
soluton was adjusted to 7.4 with sodium hydroxide. The eel ardium and. the
valved aortic roots were fixed. in the glutaraidehyde .35 solution at 1-5C.
for a minimum period of 24 hours to 



37 [0138]The pericardium and the valved aortic roots were removed from the
glutaiaidehyde solution and rinsed in a sterile 0.9% sodium chloride for
about 15 minutes, During the rinsing period, the temperature of the
rinsinq. solution was maintained at approximately 1000, [0139]The
pericardium and the valved anftIc roots were then treated by two
alternative procedures. In the first procedure, the pericardium and the
valved aortic roots 10 were immersed in a buffer-free solution containing
8mg dicarboxylic acid per iml de-ionised water volume. The pH of the
solution was adjusted to a pH of 4.5 with a volume of diluted hydrochloric
acid- The pericardium and the valved aortic roots were immersed in the
solution at a 15 temperature of about 45C 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 ater, at a
pH 3.5 for about 60 minutes, [0141]The bionaterial was then sterilized
either by immersing the tissue in a 0.25% solution of giutaralRehyde 



25 containing 9.07g/1 potassium di-hydrogen phosphate buffer in sterile,
deionised water, The pH of the aldehyde solution was adjusted to 7.4 with
sodiumiroxide. The process of sterilization was carried out at a
temperature about 45C for about. 120 minutes, [0142]Alternatively, the
biomaterial was sterilized in an aqueous solution comprising. 2%
Epoxypropane combined with 20% ethyl alcohol by weight c_LL. 37C for about
24 hours. The sterilised tissue was then stored in 0.2% 35 buffered
glutaraldehyde phis 15% isopropan.ol  EXAMPLE 2FJFFECT OF I 4PERATURE ON
T9E BIOIATFRIAL [0143]Denaturation temperat.ure is an important measure
of cross-linking stability and it reflects material 5 strength, durability
and integrity. [0144]Bovine pericardium was obtained from a local abattoir
in Western Australia and transported to the laboratory on ice. The
described in Example 1. Tcardium was cleaned as  [0:L451The degree of
cross-linking f bovine 



pericardium as prepared according to the methods described In Example 1,
was compared with bovine pericardium fixed MS in 0,625% buffered
glutaraldehyde (Control Pericardium). [01461Representative pericardial
sample strips10 Tr!) in each group were attached to aa isometric force
transducer (MLTO500, AD Instruments, Australia), interfaced with a PowerLab
data acquisition system and a desktop personal computer. Samples were kept
in constant extension with a loan of 90  5g- and immersed in an open,
temperature controlled water bath ffij.led with 0.9% saline, The
temperature of the water bath was gradually increased at approximately
1.5C/min from 25C to 95C. Shrinkage temperature was indicated at a sharp
deflection point from constant extension when the collagenous material was
denatured. Results (shrinkage temperature expmessed as degrees Celsius) are
summarised in Table 3(D  - 39 TABLE H .Type]..of tissue:NumberShrinkage
Temperature  5 Control Pericardium10 Treatedyericardi.7L.....10 84.10  0.17
85.54 + 0.15  



- 40 - ..*ADAtIO'OF-.810MATERIAL [01.471Tha levelbl "-rv..si.sta.nbb of
bcvthe pericatctLuni prepted .acc.cccdln to the?t:hods .bompard. with
bovine. perihrdkom0. 6.251 buffered lutatal.d.eycLe (cent rd i.:4eearc4n) A
pto-flar:-.,e solution wasbw. dibbbjibg. prbAasb
tStreptbmyb.sgrLs':..9::t1s1.arLdl0m.q calcium tnbuffer solution (0OkM?
4lytine. Fix6d tisSuh..samples              intde.i,bntseb it).1.0tteai
bx4ed,:bve-411.i0ht. at 10tC. and weiqhed. Tbesc. 84111pleb were
Ir,.1h4k?a:.....hd i.n rho pronase soixt ion at. hbuts. Remaib.inq tissue
o...o-vies. wore rIns.e..d dx.ietEto p.r.oa..s.:..e di eat ion was
determined by the mass Of pbrboi,lt.:age. 



Ta7.01e.'1.1..  TABLE TypeNal.lththt ofRem:a 521. :Pe i"..i.c"..-04.'q*
10Fii. '9.$  1.., 97 Ttatced, P,if.-1:4:::atdit.tir,. 10e...9 .. 13 -..,
0.., 3.9  EXAMPL' 4TENSILE STFENGT' OF bIDMATERIAL 191491sttric.lttaTottNli
riet5is.ate of atefletbJend 5 tisties- 015L41The tensile
;:-.t.re...1-1q..t. of' p.r.--,:pa,e3.;Iec.e.e.td1:1....1:::7:Tt, the
a:..attedda.at:...tiibein. .F.xanpl..t:. was Cxzuoarec. with.:.,1)...Yit.e.
1..0 .perittratun fixed in 0. 52S% buf.-40te0 ot.reagth:tpre.sahta.ive 



striPa f3. z 3) 11.rlUL 6f with a. N.Yda'N1.1NSodel :2010) tensile test'inq
fitted with a 13. .ik:Nevton toad-cell at a, constant etenaion..rate. of
5Th:rat/Tin> Tensile Ofl 01 atwe 'tif!ttittadott:ed: a.ie.sumarized in
Tab-.1.e 2iIII.  - TAW .E I T. I Type p fr.umber
ofFensIJ.e.E.1.,.4rmiati("zi) ti.:4.e.v.p.amp 1 as t re:igt,!4.  .Contrp
'Pe rio rd S. utr 10 36,59  



107' re a e1071.82 33115.99 5. G.61 Pe riCZtrc1urfl  EXAMP CALCIF CATION
PROFILE OF BIOMATERFAL [0152]Experimental studies in small and large animal
models have been performed to assess the effectiveness of 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 glataraldehyel (untreated tissue.), were
compared with kangaroo valve leaflets and. kangaroo aortic wall tissues
treated according to the methods described in Example I (treated tissue),
15 [0154]Aortic wall tissue samples (10 x 5mm size) and aortic valve
leaflets of both groups were rinsed in 0.9% saline for 5 minutes, The
rinsed tissues were surgically implanted in subcutaneous pockets (one
sample of each 20 group per rat), created in the central dorsal wall area
of growingweeks old) male Wistar rats. After 60 days, the explanted tissues
were dissected out of surroundind host tissue and dried in a Biotherm
incubator (Selby. 



Scientific, Perth, WA) at 90C. for 48 h. The dried samples 25 were weidhed,
and the calcium content extracted in f.:..0m1 6 N ultrapure hydrochloric
acid (Merck, Perth, TAW at 75C for 24h, The extractable calcium content was
then measured using an atomic absorption spectrophotometer (Varian AAI275)
and expressed as pg calcium per mg tissue (dry weight.). These data are
summarised in Table IV-.   Type of Number Untreated Treated Tissue  Tissue
Tissue Valve leaflet 10 6.454,65 1.30.74 



Aortic wall  10 28,677,22 1_90.15  4, Tb..e .ef...:fHect4veri:p..s. of t.he
new pr.'0c00 ie..in Tabla. CalcJiam.treatedAcne oopa.T:abA.e to normally
present: i unf'4.se0 tissues and    the ..suneriorit:y ot the new process
compared to oluttaidehyd   only. EXAM 1FOnfl.P...'IbATIONHSTUDIE. In SHEEP



10t(Y-,.1'...).;.f.:",...]lb. a 1;-..4.rth;:.,b aertic oprtlpit..;3, tized
br: 0. 525% buffered qlntarai.ciehvde as described in Fixamnale 1 ttboate.d
tissue) were tbthparad wAth. vAled aortic. rbot5 extracted as 1
0.,9% s'4,,line. for .5...m.ih*.:tbisthe. .p01M.Oat 'attery
po'sitionjtv4:fli.leTxtb.lItts t12C'lc'tbtoa.O.re...d beiliov6ddays and the
taloith:-:...cott:et of valve leaflets and aottic wail tissues
de.t..f...:aal.):e.o. by .abflve, Nisi'RestltC:=Atlui,,t. per Mq dbiad
tisbol are summa neon in Table.  - 47 - T-ABLE V    5 type
OrNumberUntreatedTreated 



TissueTissueTissue Valve leaflet122.54  1.30 1.20 + 0.94 Aortic wall131.93
12...68 3.22 + 0.75 10  48 - .E.NAMPht.FUI-',...THERIC.1,1LCI STUbIES WIVM.
..... ... OSRTVED TISSUE            In a. futther aoAnal studv untreated
Pot.cinHa a:ortio valved conduits, fixed in tffanad., qiubaraidebyde i;
ohtreAtd.. tianne) were cap...af,.a.d with porefne f-afveaacatdin4: f.c)
th:6-thathad z,x4mpl. I. (t.;.c...4.t...e.ciThe...,p;t,falha
oahuitn were rinsed in 0. 9% aline for 5 rij.nutes ieand .furi.a.1.ty
13:tic:1ented io the Pvlitc-Oflat.).;061tibh taanb...$ old) t1e tLflOt
Dorset crossbred Theewere260 dayo end the calcium oantatt of the Va
l.veleatieto anaa2rti4. -1..etermlfle-.(1' by rstenot. n 



15 101591Res'oltstp.g('rjlt rer mg dfled.t1-01e) a:.;(* summarised in
T4td.e vi 20  Type. 21...NumpeTr.e.ate.d. 5Tissue Valve .141.1et6-
5393.601.73 w1 J.   14 2$2 . 144. 25541 t 1.99 10  8*APtE B
:.C.A14JEZ.Q.ATIO4 Ci 13:%(..1Nt  the ottmtiai oTtizea ? C-625% bufterici
to tile metb:P.O.:..4csc41-..)ed Ixrined In 0 ? 9% saline for 5. 



10Ertlinbtjs'.... These samples ere au.rqicaiLy 1:np"...artt.e.d.. in
p.t:eat,s3ici indot8da                 t.4.istarrats. These. after 60
days,. h..c)..st. tissue removed arid. 15.5pct.r.0.12.11t.othtryt
Result:5...gerO.q.dried tIssue) are. summarised In'Table VII..   TABLE VII
Type of tissueNumberCalcium Content 5 Control Pericardium10f 11.39 Treated
Pericardium10  4.10  2.11 



cy? EXAMEL2 1 C'Ci&LCI FIC1T:LOW   -  ;C:LL0tARI .zEL  u5L.. 1=ANARO:')
?.ERICARnIUM 0161%]In another animL st.04yi the taititictitn
t/ffper.4:6ee41ee fe6tr:el.w'asthe 'keng.e.r.e:p beentethe methods *n
Kaelole I ttteateaptriee"rdem...Y. I 0
101621Be91:esenee4.!,-7,'arctiplegleup wete :fl:Ze. and .:ci...e'aed in5
ej...eute. pockets, created In the '..;..1d,-.:abdelt:Tin,sI 4cese-1 



16. wall area ef qrowwcg 6 weeks e14) Thee SUS Weflt ter,eveei.afte-e bU
4ay.e) float tisue renioved And thecu id urn content Ote."17:ilined hy
atomic ebeetetip:n pet t:g. driedt 1 C, Table  TABLE VTII Type of
flTissueNumberCalcium Content  Control Pericardium 5 2440 0.600 Treated
Pericardium 



7 0_406 0,029  EXAME E, 11.RECELLULARIZATION OF DECELLURNRIZED KANC-\ROO
.EERICARDINK 10163In the sixth animal study, the recellularization
potential of decellularized kangaroo pericardium fixed. in 0.625% buffered
glutaraidehyde (control pericardium) was compared with the
recellularization potential of decellularized kangaroo pericardium prepared
according to the method descrited in Example 1 (treated pericardium). 10
The kangaroo pericardium was deceliularized for 24 hours at room
temperature in 0.25% Triton z-100 and 0,25% Sodium dodecyl sulfate and
rinsed in culture media for 20 minutes. Represented samples (=5) of each
group of pericardium were trimmed to 2 x 2 cm size and rinsed in lg 0.9%
saline for. 5 minutes. These samples were seeded under sterile conditions
with 3.0 x 10 human fibroblasts/om2, harvested from human saphenous vein
The seeded pericardium was incubated at 37C in standard static cell culture
conditions for fl 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 (4); 25 3). More than 50% matrix
surfacevered with fibroblasts (++); 



4)hatrax completely covered by multiole. layers of fibroblasts (+1-f).
[0164]A rapid color imetric assay, MTT (3-[4,5-
dimethylthiazol-2-y1)-2,5diphenyitertra-zollum bromide test was employed at
Gay 21 to confirm the absence of   able fibroblasts on the control
pericardium and presence of viable fThroblasts on the treated pericardium
(for MTT method see, for example, Zund et al., 1999, Fur J Cardiothorac
Surg,, 15(4):519-24). Results are summarised in Table IX.   - 5 5 TABLE!
TimeControl PericardiumTreated PerLcardirn Day()++ + +-i-++ Day 7 + 0 0 0 0



-F ++ + Day 14 0 0 0 0 0 ++  ++ Day 21 0 



0 0 0 0 +++ +++ -  1,:.7XXII,LE 12.'r.K.AXGARO 'TISSUE Two types were
.outlin.ed.1;:p   .-OtOtrattrIt and tberi qaut4TIehycle These treated
tissues: were then 4O.m42a:re4 to 10traidky.0e fixednopre ar..4.and
Fig"..K.ii)Pm toe. CtOSS-' IC8tbilityand.6.ttic 



wail tissue.(1.F.J.@ 21. .T.t. C5fl be aeen tl-Ot prettratmnt: the
$tability.t1 theThese dt can also be seen in Table K. 1.;';  TABLE X
CROSSLINK STABILITY - KANGAROO PERICARDIUM Shrinkage Temp (C)n e
Fresh.66.551.200 Glutaraldehyde fixed80 74.047 10 Alcohol e Giutaraidehyde
fixation84-62.$2.45 = 0.016 ;Glut fix versus alcohol + glut f
C.POSSL]STABILM.KANGAROO DESC AO Wt!. Shrinkage Temp (O)n = 5  



Fresh. Giutaraidehyde fixed Alcohol + Giutaraidehyde fixation   p = 0.002
(G1,4- fix versus a+ glut fix)  HX4TIPLE 13 CROSSLINK STABILITY AND
CALCIFICATION _   BPHAVICTIR 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. qIntaraldehyde-fixed tissue control and
commercially prepared Freestyle(r) and Primal:due(r) bioprosthetic tissues
and. 



[0Fresh porcine valved aortic roots were harvested and transported at 4C in
phosphate-buffered saline (PBS; 0.1M, p57.4). Representative aortic valve
cusps (n - 30) and aortin wall samples (n - 30; 10mn x 15mm) were removed
15 from the aortic roots and divided into two groups. Group I included
valve cusps (n = 15) and representative aortic wall samples (n - 15; 10am x
15mm) stored in 0.25% buffered giutaraidebyde. Group II included valve
cusps (n 15) and representative aortic wall samples (n - 15; lOmm 20 x
15no) exposed to the method disclosed in Example I and stored in 0.25%
buffered cilutaraldehyde. For comparison, third group (III) consisted of
valve cusps (n - 10) and aortic wall. samples (n - 10; 10 MM x 15 mm) from
Freestyle(r) bioprostheses, while group TV consisted of 25 valve cusps (n =
10) and aortic wall. tissue (n - 10; 10 un x 15 mm) from Prima Plus(r)
bioprosthese. [0168]Shrinkage temperature measurement was used to assess
the stability of the collagen cross-links of the 30tissue (Levy at al.,
1966; An. 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 (MI110500; AD Instruments, Australia), interfaced with a
PowerLab data acquisition system. and a 35 desktop persona. computer.  -
59. 1.0X..6,0]gampl.....e.z were k-..e.pt in constantwIth 



10..dd Of. 00.  5.g andea...aPeat 'tomPO:=,-.attktP- ,.obtro11..c.4d water
btth.The .telp.a.tata.re of the water bath wasia.c.taaseh: .et 5to'The was
indicatesharp detection point: from .c.oPS.tqtwhen tee hhllagen.cas
mate:J.:Jai wah.. 10[117.6.)The sii.tihlkago, temptetatat feu:
valt.t.e...chspe end ah..ttic Wall tiaa.14e.s. etP.Nh. diffep.ahCia.
controlct..E..:;:..avl...teP 1 :',.''test.,.ty, and Prjma.cueph.. Test
Orooe.dOrc:treated sort in 15. wall 1i4.0a.. ..ahawe.dc ignifigaP:t1Y.
Phtgat s..htenite.ge tt4eet.ata..tel Co1i1paPea to ...thatt.ol, FreestyieK
and Orima F.'...t.ha0wall ti....as.eas..,  TAP 1PFPATURESCE VALVE CUSP AND
ACP8PIC WALL 



5Pp  Salq?,1.Q.  CaSp.  A..p.r.U.c;  wall  "-; 64:6  86.73 +0.26  .25,5
89,34 0.18* 



Fraestyl.   86.16 1:0.40 P..61ma:    86.27  0.34   group) 10 Values are.
mean  SE. *p <0,05 (Test versus Control, Freestyle, Prima Plus). 15  



_ [0171]Resistance to proteolytic enzyme digestion was based upon the
method of Girardot & Girardot (J. Heart Valve Din., 1996, 122: 71-82), A
pronaae solution was prepared by dissolving 10 mg pronase E (type XIV from
Streptomyces griseus"! Sigma) and 100mg calcium chloride, in 200m1. HEPES
buffer solution. (0.01M, pH7.4), containing 0.1M glycine. Fixed tissue
samples were rinsed in deionized water for 3 min, blotted, dried overnight
at 70C, and weighed. These samples were then incubated in pronase 10
solution at 50C for 24h. Remaining tissue samples were rinsed in deionized
water, dried overnight at 70C and weighed, Resistance to pronase digestion
was determined by the mass of remaining tissue, expressed as a percentage
of the pre-digested tissue mass, [017 2]Resistance to enzymatic degradation
is illustrated in Figure 3. Test procedure, Freestyle(r) and Prima Plus(r)
cusp tissues showed significant (p<0.0001) increases in resistance to
preteolytic digestion compared 20 to control (Figuxe PAL No significant.
difference was seen between test procedure, Freestyle(r) and Prima. Plus(r)
cusp tissues. [0173]Test procedure-treated aortic wall tissue showed equal
resistance (p - NS) to proteolytic digestion, as the control tissue, and a
significantly (p<0,01) higher resistance compared to Freestyle(r) and Prima
Plus(r) wall tissues (Figure 313), [0174]Young, male Wistar rats
(bodyweight 150-200g) were divided into two groups; one group (n - 10)
teceived. cusp implants and the second group (n = 10) received aortmc wall.
implants. Each animal received one sample of each of the four groups of
tissues, making a total of 80 implants,  



[0175]Rats were anesthetized with pentobarbital  (Nembutal(r).; 45mg/kg,
intraperitoneal), The dorsal muscle area was shaved and disinfected with
15% diluted chlorhezidine gluconate (ICI Pharmaceuticals, Perth, WA) and
ethanol (Merck Chemicals, Perth, WA). [0176]Implants were thoroughly rinsed
in deionized water for 2 ITAn to eliminate residual fixative, and then
imlanted into subcutaneous pouches through an incision of. 10 2,5cm into
the back muscle wall. The incision was closed with 5-0 Proleno sutures.
[0177]Rats were sacrificed after eight weeks with an overdose of
barbiturates (Euthonase(0), and the dorsal 15 muscle wall, containing the
subcutaneous implants, was removed for quantitative and qualitative tissue
calcium analysis. Each retrieved sample was divided int(() two anatomically
symmetrical halveo. One half was used for atabsorption. spectrcphotometry,
and the other half 20 was fixed in 10% buffered fcr.maldenyue and processed
for histology. [0178)Pixed samples were embedded in paraffin wax, sectioned
at 3pm, and treated with Von Kossa stain for qualitative calcium analysis;
Histological examinations were performed using an Olympus EMS light
microscope. [0179]Explanted tissue samples from all groups were dissected
free of surrounding host tissue and dried in a 30 Bietherm incubator (Selby
Scientific, Perth, WA) at 90C for 48 h. The dried sat ples were weighed,
and the calcium content extracted in 5.0m1 6 N ultrapure hydrochloric acid
(Merck, Perth, WA) at 75C. for 24 h. The extractable calcium content was
measured using an atomic absorption 



i(r -.3 spectrophotometer (Varian AAI275) and expressed as Hg Ca per mg
tissue (dry weight),  [0 t3Histolc,.1cai examination indicated t. e
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 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,
[0182]The quantitative tissue calcium leyci explantpd cusps are illustrated
in 'N,,gtire 4A. Control samples, fixed in glutaraldehyde only, showed the
highest level of calcium in this model (92.37 M 7.9uq/mg). The calcium
levels of the tissue treated by the method of 20 Example I were 2.090.22
1.1g/mg tissues, while FreestyleQ was 2.03 1 0.29 ug/mg and Prima Plus(r)
was 1.54  0.17 pg/md, 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.
The quantitative tissue calcium levels for explanted aortic wall samples
are illustrated in Figure 413. The calcium content of Example I-treated
aortic wall samples (4.36 t 0,12 ug/mg tissue) was significantly (p 



<0.001) lower by (95.9%) than that of control samples (120.11 -1: 7.48
ug/md tissue). Freestyle(r) and Prima Plus(r) aortic wall samples showed
reductions in calcification of 3547.8% and 51.95%, respectively.  -
thd-e,..a data aaggast: that: the tnethdi scIc&ed in F*mpl.. A both po
:itiecus and w;.-.141in a. subc;,:tane.e$ Tat            1c::Sth Kt
fflx.114..er stgdea,t that enhanced. oxcs1.lnkInq plays an :Lmporuant.
r...2.1..0 dala.ifitation. 




