WD 03/ 030956 PCT/ US02/32941 | MPROVED BONE GRAFT Rel ated Applications The
present application clains priority to co-pendi ng provisional applications
USSN 60/ 3@d,0862095ent i tl ed "I nproved Bone Graft", by Knaackcatusab/3ze4iil ed
June 27, 2002, and USSN 60/ 329, 156, entitled "Osteoi nductive Conposition”
by Traianedes et al., filed October 12, 2001, each of which is

i ncorporated herein by reference inits entirety. Background [01] The
rapid and effective repair of by injury, disease,
wounds, surgery, etc., has |oﬁ§%§§k§c’%§§ﬁa‘§?§gﬂ hopaedi ¢ surgery. Toward
this end, a nunber of conpositions and materials have been used or
proposed for use in the repair Ome%Apﬁi&Qﬁﬁs The bi ol ogi cal, physical,
and nmechani cal properties of the conpositions and naterials are anong t he
maj or factors i MfHeyeesentragplitetion ciiint atibtifytty caipanding ﬁmvmxabapphcauvm& ous
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and functional characteristics appropriate for the particular recipient.
Unf or t unat etly filedCB:tpler 33 3004y eeich ab idhris encdotperatedihareinibyrrelsfence irciihst ances.
Sone i ndi vi dual S lack ACB of appropriate dinensions and quality for

t ranspl ant §ln? Mor eover, donor site norbidity can pose serious problens
for patients and their physi cians. [03] Much effort has been :invested in
the identification or devel opment of alternative bone graft mat erials.

Deri neral i zed bone matrix ("DBM') i nBeekgreundve been reported to be
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renmoved aseptically and reatéd to Kil y.infectious agents. The bone
is then 1 materials are among the major factors influencing their suitability and performance in

various orthopaedic applications.

[02] Autologous cancellous bone (“ACB”) is considered the gold standard for bone
grafts. ACB is osteoinductive, is non-immunogenic and, by definition, has all of the
appropriate structural and functional characteristics appropriate for the particular
recipient. Unfortunately, ACB is only available in a limited number of circumstances.
Some individuals lack ACB of appropriate dimensions and quality for transplantation.
Moreover, donor site morbidity can pose serious problems for patients and their
physicians,

[03] Much effort has been:invested in the identification or development of alternative
bone graft materials. Demineralized bone matrix (“DBM”) implants have been reported
to be particularly useful (see, for example, U.S. Patents 4,394,370; 4,440,750, 4,485,097,
4,678,470; and 4,743,259; Mulliken et al., Calcif- T issué Int. 33:71, 1981; Neigel et al.,
Opthal. Plast. Reconstr. Surg. 12:108, 1996, Whiteman et al., J. Hand. Surg. 18B:487,
1993; Xiaobo et al., Clin. Orthop. 293:360, 1993; each of which is incorporated herein by
reference). Demineralized bone matrix is typically derived from cadavers. The bone is

removed aseptically and/or treated to kill any infectious agents. The bone is then



WD 03/ 030956 PCT/ US02/32941 particulated by mlling or grinding and then
the m neral conponent is extracted (e.g., by soaking the bone in an acidic
sol uti on)wobb@3meemi ning nmatri x i s mall eabl e and can be framttsez/3Pancessed
and/or forned and shaped for inplantation into a particular site in the
reci pient. Dem neralized bone prepared in this manner contains a variety of
conponents including proteins, glycoprotei ns growt h factors, and
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within 24 hours after inplantation, and in some instances the osteogenic
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provi de | |th @F ng assistance in recruiting cells. [05] In addition to
the active PaEEPPEHresent within the DBM the overal | structure of the
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and/ or  ( 3)mucdefobdherding pedcennwhichasiyenkadieelts toencagsnthe implanted rﬁBMlalThe
present inventi on@%tier efore row des DBM conpositions in which

ost eoi nductTHePEY gﬂea‘?renoﬁ}s jslansed teegitng cells.
[05] In addition to the active factors present within the DBM, the overall structure of

the DBM implant is also believed to contribute to the bone healing capabilities of the

implant.

Summary-of the Invention
[06] The present invention provides improved demineralized bone matrix (“DBM”)
compositions, related methods for preparing and using the inventive compositions, and
kits containing the inventive compositions. The invention encompasses the recognition
that the fast reduction in osteoinductive capabilities observed with Apreviously available
DBM compositions may result from (1) degradation of osteoinductive agents, for
example, as a result of proteases, sugar-degrading enzymes, or other enzymes present in
the host or the DBM itself; (2) diffusion of osteoinductive agents out of the DBM; and/or
(3) reduced activation of osteoinductive agents in the DBM. The present invention

therefore provides DBM compositions in which osteoinductive agents are protected from



2 WD 03/ 030956 PCT/ US02/ 32941 degradation and/or fromdiffusion out of the
conposition. The present invention may also include activation of the

ost eoi nduwoim®3®act ors found in the DBM for exanple, in &CTamsat/soki ed tinme
rel ease manner. In sonme enbodi nents, the invention also provides inproved
shape-retaining characteristics contributing to the overall efficacy of the
DBM conpositions. Also, in sone enbodinents, the inventive DBM conposition
can be used as a delivery device to adm ni ster bioactive- agents. [07]
Protection dégtbigicactndie ffoac tiffusionbtihdfithe bempiifidns ThHequésddnwsitiog nfak)

di ffusion barr.ier e.g., polymers, starch), (2) .enzynme inhibitors (e.qg.,
plr ot galse i nﬁﬁBi‘%“g}@E} e,gcn("gt)‘on &}h%%st“?ot“?%@é% %Olr%l%%’)éld Hh%’élnﬁl\l/f(ﬁ;f e;ﬁ%@klfnlél a
moi eti es. Coph@dideiBofidBObantd. \@md aﬂmﬁm&&sﬁﬁ@m@ﬁ@?}gﬁgm%é tions

conprising a stabilizing agent such as a polyner or tor (e.g.,
prot ease i nhinbiaved shapeReinengtiayactetivécspobiribating $o the divéfhli effeacypaf the ®BMs
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degradati onag afdél_ivd%rfif:ﬂ%%dnﬁﬁirsfefEi'bfa’ctﬁffe'agaﬂs.' nvention may al so work
through alternative nmeans by decreasing the diffusion of the activating
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agent. [08] .l n sone. enbodi nents of . the invention, the stabilizing agent may
conprise a 88t W@%&PO 104 ORPI G Pé&e&?ﬁ%‘} Hbﬁﬂgﬁé?gr@é%t@n,ratﬁ-hge PRPR bi t s

or del ays dibhifritsd OMtheinveRSSERRNENS WoMehARR S ermaHe Abadstsy JBMLGRIRRSI ti on,
and/ or bl ocks access of degrading and/or activating enzynes to the

ost eoi nduct dif&isigyeniithy activelagplasesto the fates atksbitdn thedDHesomiositionde
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I ncl ude and/pgsrsibtﬁ lasting weeks or even months. In certain preferred embodiments, the rates of
degradation, release, and activation are balanced to yield a DBM composition with the
desired level of osteoinducﬁvity over time. Inventive compositions containing a
stabilizing agent typically‘ show osteoinductive activity for longer periods of time than is
seen with comparable comioositions lacking the stabilizing agent.

[08] Insome embodiments of the invention, the stabiliziné agent may comprise a
polymér, such as a biodegradable polymer (e.g., that inhibits or delays diffusion of
osteoinductive agents-out of the DBM composition, and/or blocks access of degrading
and/or activating enzymes to the osteoinductive agents). Examples of biodegradable
polymers include starches, dextrans, cellulose, poly-esters, proteins, polycarbonates,
polyarylates, and PLGA. Preferably the polymers are biocompatible and biodegradable.
[09] In other embodiments, inventive DBM compositions may include and/or be

treated with agents that inhibit the activity of one or more activating enzymes, proteases,

or glycosidases. Such inhibitory agents are expected to reduce the activity of specific



treated with agents that inhibit the activity of one or nore activating
enzynes, proteases, or glycosidases. Such inhibitory agents are expected
to reducewpDle/awsé vity of specific 3 WD 03/030956 PCT/ USO2C3A%44/329¢nzy mes
(whet her derived fromthe host or fromthe DBM that woul d ot herw se
interact wth osteoinductive agents or other active agents in the DBM

t hereby reducing osteoinductivity or wound healing. Alternatively or
additionally, inventive DBM conpositions may include inhibitory agents
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[12] The present invention al'so provides systens and reagents for preparing

and appl yi RelyDRMthe exftert, of grosedinking of thegrodyreerathe thickupenoisa fiahilizing avdting, bone

defects usi 1 size of the particles, the amount of inhibitors of activating or degradatory enzymes,
etc. Adjusting the amounts or locations of the different DBM preparations within the
overall inventive DBM composition can modify the characteristics of part or all of the
inventive composition. Ig this manner, for example, the formulation could be customized
to the patient, type of injury, site of injury, length of recovery, underlying disease, efc.
[11]  In another aspect, the present invention provides methods of preparing inventive
improved DBM compositions. For instance, the present invention provides methods of
formulating an improved DBM composition for a particular site or injury.
[12]  The present invention also provides systems and reagents for preparing and
applying DBM grafts, as well as systems and reagents for treating bone defects using
DBM implants. For example, the DBM composition may be provided as a paste in a
delivery device such as a syringe. Preferably, the DBM composition is sterile and is

packaged so that it can be applied under sterile conditions (e.g., in an operating room).



DBM i npl ants. For exanple, the DBM conposition nmay be provided as a paste
in a delivery device such as a syringe. Preferably, the DBM conposition is
sterile awo mm3ospackaged so that it can be applied under @rerisop3menditions
(e.g., in an operating roomj. 4 WO 03/030956 PCT/US02/32941 [13] The
present invention further provides a systemfor characterizing DBM
conposites, and for identifying and preparing DBM containing materials with
i nproved properties. [14] Furthernore, the present invention provides a
system for [d8] i VEfe preseht m&eﬁtiovﬁurtm@fﬁ\&deswhteﬂsfogcmmdnerfz&(gleM (e.g., bone
nor phogeni ¢ proteins rowm h factaors, an ctors
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use of a Dgy%ﬁﬂH395|tlon as a delivery vehicle for bioactive agents
provi des f unexpected result of an inproved healing response to the
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be used to deliver nore han one bi oactive agent, preferably nore than
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composition is provided in which DBM, together with a stabilizing agent, is used to
deliver the biologically active agent. It is expected that the stabilizing agent will protect
the biologically active agent;éfrom degradation, and therefore will extend its active life
after delivery into the recipient animal. In certain embodiments, the bioactive agent is an
osteoinductive agent, and‘in Ecertain embodiments, the DBM may be used to deliver more
than one bioactive agent, preferablyi more than two, and more preferably sometimes more
than three bioactive agents. The bioactive agent may be associated with the DBM. For
example, the bioactive agent may be associated with the DBM through electrostatic
interactions, hydrogen bonding, pi stacking, hydrophobic interactions, van der Waals
interactions, efc. In certain embodiments, the bioactive agent is attached to the DBM
through specific interactions such as those between a receptor and its ligand or between
an antibody and its antigen. In other embodiments, the bijoactive agent is attached to the

DBM through non-specific interactions (e.g;, hydrophobic interactions).



interactions, etc. In certain enbodi nents, the bioactive agent is attached
to the DBM through specific interactions such as those between a receptor
and its |Iwgan@3mse bet ween an antibody and its antigen. | ®Caiiser/32941
enbodi nents, the bioactive agent is attached to the DBM through
non-specific interactions (e.g~, hydrophobic interactions). 5 WO 03/ 030956
PCT/ US02/ 32941 Brief Description of the Drawing Figure 1. Three week
i n-vivo radi ographs showi ng evidence of bone formation. Figure 2. Six week
x-rays or faxitron imges. Fi guBfiefDesQuiptiot af tlveDearaingat i on of Vascul arity
(A) and Residual_Dem neralize Bone Fi ber, ( he vascul arity
and narrow cel | fig#¢ {y Thrreves étHVWHr%fg?gr%hS[%B“%% ea")l%eé’g%o t%i)élpendent f ashi on
with mcregﬂnrag ogoncentrations of hrhBwWP-2x, which was not evident in the
devitalized group. The wild type rhBWP-2 at the 5 .tg dose was simlar to
the hybrid BMP. F@wé’ﬂeSmewedua%ayE)BFfaKéMIMG% significant part of the
nodul e in each italiz Th
dose- dependent | ’3}@% ga&é’& YR e‘faﬁ 1§ fﬁéscu}ﬂ%ﬁ ﬁg’zé“%?@‘]ﬁ“@g@e %(nefarlllze
active DBFpg Qgpgergjﬁ];)l\{gd type rhBMP-2 was not as effective in rermdel i ng
the DBF as the hrh -2X.” Figure 4. Conparison of untreated . hr hBMP- 2x
treat ed deV| taI iized Ahd vasulaydy amBRaei celulamy g eased ep acRIYBE Bv? 808 DerF
present wt tion ele [
hr hBMP- 2x: B%ﬁgﬁﬁl?rh}”% SR &%%ﬁ%tl&l\eéxog %h&ge%‘: (n@;rgdhéféeé n%%?%?vgw th
many adi pOQNﬂ@%ele%@'@ﬁiﬂp Tﬁﬁéwﬁle,tyrﬁthN’EB -vet theise:d dmsemtas eimikat to bat er edge
of nodule but no rimpresent. DBF. Rimof residual DBF present with
ext ensi ve &bib @B@@t es bone, and some nmarrow formation. DBF + 10
hr hBMP- 2x: Thi n Qe TR HEE TS CRARE] WM R ERS YEnDABRe FiaTRL 0l

re

t hrough out nodul’ e very [i1ttle residual mai ni ng at center;
devitalized groups The re51dua1 DBF dose-dependently deceased thh increasing

amounts of hrhBMP-2x in the active DBF group. The wild type rhBMP-2 was not as
effective in remodeling the DBF as the hrhBMP-2x.

Figure 4. Comparison of untreated and hrhBMP-2x treated devitalized and active
DBF matrix.

Devitalized: Only residual DBF present with no bone formation elements

evident.
Devitalized + 10 ng hrhBMP-2x: New bone lining residual bone; extensive

immature marrow with many adipocytes throughout nodule; extensive bone formation at
outer edge of nodule but no rim present.
DBF: Rim of residual DBF present with extensive chondrocytes, bone, and some

marrow formation.
DBF + 10 pg hrhBMP-2x: Thin rim of mature new bone with extensive bone

formation through out nodule with very little residual DBF remaining at center;
extensively vascularized with well developed hematopojetic marrow present.

Figure 5. Histological comparison of hthBMP-2x and wild type thBMP-2 treated
DBF matrix. There was significant bone formation in the hrhBMP-2x treated group
compared to the thBMP-2 group as evidenced by fewer spicules of bone and an extens.ive
fatty marrow in the wild type group. A more developed, blood marrow was evident in

the hybrid thBMP-2x group.



extensively vascularized with well devel oped henat opoi etic marrow present.
Figure 5. Histol ogi cal conparison of hrhBMP-2x and wld type rhBMP-2
treated WBM30BMEé X. There was significant bone formati onpca/usaz3tanhBMP- 2x
treated group conpared to the rhBMP-2 group as evidenced by fewer spicul es
of bone and an extensive fatty marrowin the wild type group. A nore

devel oped, bl ood marrow was evident in the hybrid rhBMP-2x group. 6 WO
03/ 030956 PCT/ US02/ 32941 Figure 6. Chem cal structure of sonme exanpl es of
mat ri x met al | opr Bigeraas€hermival fiivcatsof doafel exiatnplHf nlatd} mAssoporitde W th: A
stabilizing. Egent or other chem cal entity is associated with DBM or other
ost eogeni ¢ 038 accor di ng to the present invention if it is retained by
the inplant |ong enough to significantly enhance the osteoi nductivity of
the inplant. Specific exanples incl Udﬁeﬁﬂitﬂ% freely diffusible fromthe
DBM as determined in in vitro diffusion assays in sinulated body fluids;
and/ or 2) h§s]andeotendadimalfstdbilizing agehte ddRYichasicabsnay BGiswicidied wak i n
sol ution. | ne enbodi nents, associ ati Onﬁ are cqvalent; in others they
are non-cov £T OlERLORFASEIIGFOHE R e SuHPR o the RreseridrYsHen ikl ygkained by the

el ect 1 05t at infplahiIb) AEhEONPicEANSANBAAGhGhie SILADRPBE BebbgRECt T 0n

and van der als interactio Fo nstance, a bl oactive age y b
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DBM and th - .S caonsi der mre closely associ-ated with the
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matrix, as used. herein, refers to any materi al 1{igenerat ed by rempving
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cal ci um an
may be rendered associated with a DBM by virtue of a physical interaction with one or

more entities that are themselves associated with the DBM. For example, the BMP-2 in
Example'12 is considered to be associated with the DBM, and the BMP-2X is considered
to be more closely associated with the DBM than the BMP-2.

[16] Demineralized bone a;czivz‘ly refers to the osteoinductive activity of demineralized
bone.

[17]  Demineralized bone miairix, as used herein, refers to any material generated by
removing mineral material frc;m living bone tissue. In preferred embodiments, the DBM
compositions as used herein iztmlude preparations containing less than 5% calcium and
preferably less than 1% calcium by weight. Partially demineralized bone (e.g.,
preparations with greater than 5% calcium by weight but containing less than 100% of
the original starting amount of calcium) are also considered within the scope of the
invention. '

[18] Diffusion barrie( refers to any material, coating, film, or substance that decreases
the rate of diffusion pf a substance from one side of the barrier to the other side, and more .

specifically, from outside to in or vice versa. The diffusion barrier in certain



preferably | ess than 1% cal cium by weight. Partially dem neralized bone
(e.g., preparations with greater than 5% cal ci um by wei ght but contai ning
| ess t harwD@B3MBWE6 the original starting anount of cal ci uPCTArSe2/31980D
considered within the scope of the invention. [18] Diffusion barrier
refers to any material, coating, film or substance that decreases the
rate of diffusion of a substance fromone side of the barrier to the other
side, and nore specifically, fromoutside to in or vice versa. The
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growt h fact®r®r delivery to an inplant site. The matrix may be
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two or four weeks or | onger, and ften | onger .than 60 days. Growth factors
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as the matrix 1n assocliation w an actor suc BMP.
More speci f caaprisg aBMRbEr of materials and forms in combination such as fibers and particles. In

one preferred embodiment, the matrix is comprised of heat pressed demineralized bone
fibers. In other embodiments, the matrix comprises resorbable plastic polymers such as
those described below as suitable for use as diffusion barriers. In other preferred
embodiments, a particulated amorphous calcium phosphate is used as the matrix in
association with an adsorbed growth factor such as a BMP. More specifically BMP-2 or
BMP-4 or derivatives thereof. Still other matrix embodiments requiring the addition of
an exogenous growth factor include, but are not limited to, particulated ceramics,
preferably calcium sulphates or calcium phosphates. The most preferred matrices are
calcium phosphates, the preparation of which is well known to practitioners in the art
(see, for example, Driessens et al. “Calcium phosphate bone cements™ Wise, D. L., Ed.
Encyclopedic Handbook of Biomaterials and Bioengineering, Part B, Applications New
York: Marcel Decker; Elliott Structure and Chemistry of the Apatites and Other Calcium
Phosphates Elsevier, Amsterdam, 1994; each of which is incorporated herein by

reference). Calcium phosphate matrices include, but are not limited to, dicalcium



BMP-4 or derivatives thereof. Still other matrix enbodi nents requiring the
addition of an exogenous growth factor include, but are not limted to,
parti cul awed3wosmasri cs, preferably cal ci um sul phates or cacaiuser/pivesphat es.
The nost preferred matrices are cal cium phosphates, the preparation of
which is well knovvn to practitioners in the art (see, for exanple,
Driessens et al. "Calcium phosphate bone cenments” Wse, D L., Ed.

Encycl opedi ¢ Handbook of Bioi naterials and Bi oengi neering, Par t B,
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met hod vvlth an 1n vi v opl c one mat | dassay as -desc Zhang
et al. "A qa@\nsabdealiolcabbratssh@smnbuMe ostled withuat inwiitoyeatdpic barredfarmation

dem neral i zed bon Per j gdont ol 1076- 84,. Novenber. 1997,
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agai nst a pPhewen déMinedli¥ W QRitEx DR V& fodb AL 68’{]1}@@*&1 -84 N§kehibbL Blo7because
the ability of a conpound to induce an apparen ost eogeni c" phenotype in
tissue cul t ircernemieisreinibyagsraee. CSﬁMEﬂfaQIEQf th tnhzztz@na;saymg@mst dArQYFn flew bone

formation i 0;¥ie¥@icB¥Fs tdrRatiod Hodbids criR@ BLAUShY BB compound to induce

an apparent “osteogenic” phenotype in tissue culture may not always be correlated with

the induction of new bone formation in vivo. BMP, IGF, TGF-8, parathyroid hormone
(PTH), and angiogenic factors are only some of the osteoinductive factors found to
recruit cells from the marrow or perivascular space to the site of injury and then cause the
differentiation of these recruiteci cells down a line responsible for bone formation. DBM
isolated from either bone or dentin have both been found to be osteoinductive materials
(Ray et al., “Bone implants” J. Bone Joint Surgery 39A:1119, 1957; Urist, “Bone:
formation by autoinduction” Science 150:893, 1965; each of which is incorporated herein
by reference).

[21] Osteoinducz‘z‘yity score refers to a score ranging from 0 to 4 as determined
according to the method of Edwards et al. (1998) or an equivalent calibrated test. In the
method of Edwards ef al., a score of “0” represents no new bone formation; “1”

represents 1%-25% of implant involved in new bone formation; “2” represents 26-50% of



(PTH), and angi ogenic factors are only sone of the osteoinductive factors
found to recruit cells fromthe marrow or perivascul ar space to the site
of i njurywerd/osdsen cause the differentiation of these reecaiuserd3m™el | s down
a line responsible for bone formation. DBM isolated fromeither bone or
dentin have both been found to be osteoinductive materials (Ray et al.,
"Bone inplants" J. Bone Joint Surgery 39A: 1119, 1957; Uist, "Bone:
formati on by autoi nduction” Science 150: 893, 1965; each of which is
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activity, of22f spegicld®givesfrefesa premiRion[?ZIBNMADBM bomPssifddReshonef ers to
a preparation of DBM DBM conpositions, or bone sanple that has been
milled, grotieple Pt hasibeenemilless srornd mulwaized dueharvise rdpesdto apatianlaté or m

The size ofglhe marti - hd i I,6al ter than 5 1,6r ons,
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refer to average,particle di ter. for. nor spherical -1i ke particles, and
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indicated it refers to the smallest cross-sectional dimension of the particle. In certain
embodiments, the composition may include even larger sized particles, preferably greater
than 1 mm, greater than 1.5 mm, or most preferably greater than 2 mm in their largest
dimension. The particles or fibers may be of any shape including wedges, rods, spheres,
cubes, discs, ovals, irregularly shaped, etc. For example, in certain embodiments, the
particles may be wedge-shaped and be approximately 2 mm in their largest dimension
and 100 microns or less in another dimension. The particles or fibers may be sieved or
sorted in order to collect particles of a particular size. These particles or fibers may be
mixed with a solution, slurry, deformable solid, or liquid to form a paste to be used in
administering or applying the graft of DBM, inventive DBM composition, or bone
sample. Preferred methods of particle or ﬁber preparation are disclosed in issued U.S.
Patents 5,607,269; 5,236,456; 5,284,655; 5,314,476; and 5,507,813 eac;h of which is

incorporated herein by reference.
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enbodi nents, the conposition may include even |arger sized particles,
preferably greater than 1 mm greater than 1.5 mm or nost preferably
greater twerv3@3eysein their |argest dinension. The parti clPez/us02/839bers nmay
be of any shape includi ng wedges, rods, spheres, cubes, discs, ovals,
irregularly shaped, etc. For exanple, in certain enbodinents, the
particles nmay be wedge-shaped and be approximately 2 mmin their |argest
di mrension and 100 m crons or |less in another dinmension. The particles or
fibers may B8l siBelpthcoraridgoastusad heretm théers toamyopdlpmer qravigdmbest afbdydrate
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bone sanple. Preferred nethods of particle or fiber preparation are
di scl osed i b svathssiged degrovopm therlekoraion) 2 dpgcciBridesisdaed fHnesatwebsurces

5, 314, 476; - _eagh, of i egh. i i ncorpor.at.ed herein by
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herein, refghmpliayaty, gobylhrfedRrPdydageizEidediayg alsh 0b ¥illicrkRaightsitdars- The
pol ymer may consi st of anywhere fromtwo to hundreds to thousands of sugar

units. Pol y&dsEeHarlhgemaygonigia hoth patiaband/ grimnatiral srrbebyrate sesidrer ABe pl ant s
or may be i i i i.50l.at ed
From mat ur o Hegu ger e e ANE ol et LAl b e R R M AR €
or physi cal lipragpenlyiaesildtde ©.synthpthospndsty] Bxadples obsydabetagidds include

Pol ysacchari des may .al so be either strajght or branch- chained. They nay
contain bot??qlr‘fgl_s&r%‘l"‘m rap RSt >ﬁ?%ﬂlé%a§i‘f8ﬁfifﬁg?% apd fgosss The Iinkage
bet ween t hearyoskinself@ins e didieohiiabeahoBilighatdakage found in nature or
may be a linkage only available to synthetic chem sts. Exanpl es of

pol ysacchar [2dbs Preg¢asel énhikitrs, ab osad hepqb tare chamsical eowmpostdarcepgblerofinhibéting
starch, dexgir fructose.. . d,ycosam nogl ycans .are .al.so consi dered
ol enschar M aley RS L 8 f e AR R UGS B RisRol TR af Bt cal
conpounds ciahiiteé belhdse borhpdindginctude semze/protehsespadid Miotaas@f mplaflb@oteasdseavi ng

enzynes (i.e., proteases). The proteases _inhibited by these conmpounds
i nci ude ser §eK@Mped Phesesmalsix; raetyiaprelsase dnhipiers preghewr aaBigyre Qexanpl es of

some natri Xc%@bé@%{aﬁ%%g%ﬁﬂggtgﬁg?é,tcggéing:?goéﬂg\’\é}c.i nd ]glfgic:é.ragaljﬁéibitor ay act

car boxypepti dase, cystel prot ease, protease
i nhi bi t or nepgcidicelly ®pekibitionhl 4 gpetificipndtedsictor ohbyofprefeeses fdrdt paphcaseeor
cl ass of protease ct

genéra y%y ir?}rxib{uing oSt 1T not ETI) £>r%teases. Preferred protease inhibitors are protein
or peptide based and are commercially available from chemical companies such as
Aldrich-Sigma. Protei‘:n or peptide-based inhibitors which adhere to the DBM (or
calcium phosphaté or ceramic carrier) are particularly preferred as they remain associated
with the matrix providing a stabilizing effect for a longer period of time than freely
diffusible inhibitors. Examples of protease inhibitors include aprotinin, 4-(2-
aminoethyl)benzenesulfonyl fluoride (AEBSF), amastatin-HCl, alphal-antichymotrypsin,
antithrombin III, alphal-antitrypsin, 4-aminophenylmethane sulfonyl-flunoride (APMSF),
arphamenine A, arphamenine B, E-64, bestatin, CA-074, CA-074-Me, calpain inhibitor I,
calpain inhibitor II, cathepsin inhibitor, chymostatin, diisopropylfluorophosphate (DFP),
dipeptidylpeptidase IV inhibitor, diprotin A, E-64c, E-64d, E-64, ebelactone A,
ebelactone B, EGTA, elastatinal, foroxymithine, hirudin, leuhistin, leupeptin, alpha2-
macroglobulin, phenylmethylsulfonyl fluoride (PMSF), pepstatin A, phebestin, 1,10-

phenanthroline, phosphoramidon, chymostatin, benzamidine HCI, antipain, epsilon-
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generally by inhibiting nost if not all proteases. Preferred protease
inhibitors are protein or peptide based and are commercially avail abl e
f r om chemvoaB/oswspani es such as Al drich-Sigma. Protein orCcpasoe/sm4based
i nhi bitors which adhere to the DBM (or cal cium phosphate or ceramc
carrier).are particularly preferred as they remain associated wth the
matrix providing a stabilizing effect for a | onger period of tine than
freely diffusible inhibitors. Exanples of protease inhibitors include
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little or no osteoinductivity of its own and works either by increasing the half-life of one
or more of the active entities within the inventive composition as compared with an
otherwise identical composition lacking the stabilizing agent, or by prolonging or
delaying the release of anvactive factor. In certain embodiments, the stabilizing agent
may act by providing a barrier between proteases and sugar-degrading enzymes thereby
protecting the osteoinductive factors found in or on the matrix from degradation and/or
release. In other embodiments, the stabilizing agent may be a chemical compound that
inhibits the activity of proteases or sugar-degrading enzymes. In a preferred
embodiment, the stabilizing agent retards the access of enzymes known to release and
solubilize the active factors. Half-life may be determined by immunolgical or enzymatic
assay of a specific factor, either as attached to the matrix or extracted there from.
Alternatively, measurement of an increase in osteoinductivity half-life, or measurement

of the enhanced appearance of products of the osteoinductive process (e.g., bone,

cartilage or osteogenic cells, products or indicators thereof) is a useful indicator of
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reference sanple will not contain the stabilizing agent, but in all other
respects will be the sane as the conposition with stabilizing agent. The
stabi |l i ziwg oagsss al so generally has l|ittle or no osteoi mdaatSoys1y1 of its
own and works either by increasing the half-life of one or nore of the
active entities within the inventive conposition as conpared wth an

ot herwi se identical conposition |acking the stabilizing agent, or by

prol ongi ng or delaying the release of an active factor. In certain

embodi nent stabitikiag sfiatis Ifmrzanraghaqeah bsteqieductive myrizpeaupasiting. 41 MeAFEPIEEL ween

pr ot eases a d enz s .t her

ost eoi nducPFWqungE‘{ %rr‘geq?yﬁ r‘ilB %(rrg SYHE 9 %%%‘l’}r}d@ tTci)reor(r%g élger‘gélgﬁﬁngﬁdlg 4/ or
rel ease. | mdRdahi9s oﬁmﬁa@ﬂeamh%tabmﬁofsa fabior caipigl aiRatdelmyd benakipafithal
conpound that inhibits the activity of proteases or sugar-degrading

enzynes. | factorpeetistred enbodi nent, the stabl lizing agent retards the

access of EngyTGS, KnoMLLD d ShSRE Ao BhUYLhas b Gk bendRct o s

Hal f-l1ife I mruno enzymati ¢ assay of a

speci fic faghpssiti®is! WHI didet &ietoaﬁipedtmrototdneammﬂam site@t caust tiedheattivher e f r om
Al ternatively, neasurenent. of an increase in osteoi ngpg élt%é? hal f-1j or

measur emen€omMpPsifinLoapRaNda @ PApisERF srcRIE th walRignd s s 3550 t | ve

process (e ; I ﬁdé)l’e d ndi cators
Cher aor) 1 2y gl maRbLyAPRAD Ef&%%&%%?%%‘o‘%%k%mﬂ” GIETEN

st abi | i zi n@ypkbleatgstiipagats @ahaiiodts dppadd oltknownmecaptars, andc:@mpf@sﬂ tThese The

measur enent of prol onged or del pear ance of gst e Qi.nductive
response WHECHSASFHP WY&@ as?%&ﬂt%g‘f”?%@% ORVeRHYT RUPRHE éonit??I 181&6?‘@' W Bgf a
factor couphgdowiéd 11?:61‘31@{1@13&95‘3 tHaﬁ"t‘%ﬂé}ﬁv@feoﬁ@@sln&@@dﬁxfec@ﬂ&d ¥piariculp? 7]
Targeting agent is any chem cal entity that, when included in an inventive

conposi ti om5$uewﬂghndn1meﬁslmh@r®ﬁﬁm@S| tion to a particular site or cause the
inventive conposition to remain in a particular site within the
recipient's body. A targeting agent may be a small nol ecul e, peptide,

protein, biological nolepesesiptips by QeghinobieiaredEmbodiypntal tar geting
agents are anti bodies, Ilgands of known receptors, and rece hese

targeting dg¥nt Asfsyeriheddisrciniths REsH YNSTHR FrAviSRt ?W%HH’BB 8@‘35—% ough
coval ent - Of.), RONEGH) x%rdtDBlOItcﬁr hiowth fbRk cérﬁ%niﬂ’gvc%ﬂiﬂoyﬁoﬁso r]?%l&kft ion is

directed to a rtl\c6 tlssu organ, injured site, or cell 3/

Descri pt i orcendin @epdetsi af pPﬂsfejfred embodambutslpfréhetisvention are described in more detail
and with reference to the Figures of the Drawing. Those of ordinary skill will appreciate
that a variety of embodiments or versions of the invention are not specifically discussed
below but are nonetheless within the scope of the présent invention, as defined by the
appended claims.
[29] DBMis comprised principally of proteins and glycoproteins, collagen being the
primary protein substituent of DBM. While collagen is relatively stable, being degraded
only by the relatively rare collagenase enzymes, the vther proteins and active factors
present in DBM are quickly degraded by enzymes present in the host. These host-
derived enzymes include proteases and sugar-degrading enzymes (e.g., endo- and exo-
glycosidases, glycanases, glycolases, amylase, pectinases, galacatosidases, efc.). Many
of the active growth factors responsible for the osteoinductive activity of DBM exist in
cryptic form, in the matrix until activated. Activation can involve the change of a pre or
pro function of the factor, or release of the function from a second factor or entity which

binds to the first growth factor. The instant invention alters the time course over which
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[ 28] As described herein, the present invention provides conpositions and
methods relating to inproved DBM or synthetic growh factor containing
conposi t iwol3/0BBsOW, certain aspects of preferred enbodi memtusops2othe
invention are described in nore detail and with reference to the Figures
of the Drawi ng. Those of ordinary skill will appreciate that a variety of
enbodi nents or versions of the invention are not specifically discussed
bel ow but are nonetheless within the scope of the present invention, as
defined by theectigpheiotaptesnhimBM gl expiitheirpsteoimsiuctiehaivitn eitheablyyl) of

proteins an .Y CODPLOt el NS | | agen.bei ng the. | mar rof ei.n substituent
b Dot v P BE LS R0 of B S0 b etenEin REM;Biohe LRt BT | he
rel atively iciger @oili¢rRg ENasH RNy Mketict, e 2}&proldﬁgﬁlgﬂﬁ@fe@éa@§ oBbYt @Ghdry e

factors present in DBM are qui cklg degr aded by enzynes present in the
host. These api@tfacters foprthe dmplanb 91 P halfauas thylindiies of actiation gheneugreidi ng

enzymes (e grypiefiess 2tk £X0n ALUAR5M085: O LHEARRRER L LA AT 0% nEM.
anyl ase, pectiinases, ‘gal acat osi dases, e 0.3. ny o PHEUACEYVE gro
factors respompoditicen Hyo(l) blgingsthekinatesaifiavigvagion of tiyptio factdsh) (B)alsking the |

cryptic form..in the matrix until _activated. Activatign can involve the
change of aggﬁlll\ée%?nd?(ﬁrréleﬁifrfg@%\‘? Betor ey the maix, apd/pr(3a seducipe prefeolytinict i on

froma secopdyf@sinor e £ALd Gk | d WS h factor. The
instant invention alters ? éefaﬁo\en,g‘hc&?lgesr%ge\/%’ergﬁ%g#ﬁé@@%b%%OBOQSG
PCT/ US02/ 329dmpodithen. rtréasel hawtiomsatpnesenmably doBids danugxthetredriighnent of

ost eoi nducti ve a(ihi.vi ei t her. bé 1% sl owi ng the degradation of the active
factors preSERT ST RS IYROSEHS PIFIUWi%g them |onger residence time as

active nDi ef3®S, TRE indlanPiObARG RH6viELioLLARASRIE to WNEprBleclBl 6f acdivh FatRors
factors fromthe inplant, or 3) altering the kinetics of activation of one

or nore cr yiom degradetion By eiittes hpsisdeained prandagdnens envymsas Bactotydo b prageciade

ost eoi nduct i vj.t ROSI.t | l,t er.i,n kinetics of
activation O éycgréfgﬁ?%ﬁﬁlé%?%%&o ﬁ%thngr% i f}a\étog #edfégi ?1\%?)]# éﬁé’f an%éeeq%ease of
active fact aatfix compdiionmt Piotsctidan @ moviddd thr@gtahdgseral diffuiondbanttegmbadat i on
of the active fac%gji)_ wthin or as the% are rel eased, from the DBM

conposi ti on SRS BRSHASHOHOMPEHHES FUBSIHES SuHaDymekingsokeHeH LGSt frene

recrui tment fof apBRLGCE ﬁiag%eiu@wﬁtJbﬁtrep&leg&%{i&n 9&9&‘%%:??&: ofl dRbinf&idNSt ant

i nvention provides four approaches to the protection active factors

f r om degr addadtens ilhyygid foen. Fosexaerle,efugen nderg enauatng ymayse iRbibitorss t o
be protect e%revent activating enzyme from reaching the cryptic factors or from acting upon the
cryptic factors. Preferably, degradation, release, and activation of active factors within

the DBM composition is balanced to yield a desired osteoinductivity profile over time.

Demineralized Bone Matrix
[31] DBM preparations have been used for many years in orthopaedic medicine to

promote the formation of bone. For example, DBM has found use in the repair of
fractures, in the fusion of vertebrae, in joint replacement surgery, and in treating bone
destruction due to underlying disease such as rheumatoid arthritis. DBM is thought to
promote bone formation in vivo by osteoconductive and osteoinductive processes.
Osteoconduction occurs if the implanted material serves as a scaffold for the support of
new bone growth. Osteoconduction is particularly significant when bone growth is
desired across a large or “critical size” defect, across which bone healing would proceed

only slowly or not at all. Tt is generally believed that the osteoconductive properties of
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may be endogenous to DBM preparations or factors added to either DBM or
synthetic matrix conpositions. Protection is provided through the use of
a) diffusworesloamsé ers, b) enzyme inhibitors, c) conpetitiPca/sobsionnat es,
and/ or d) masking noieties. These sane four approaches nay be used to
control the activation and/or rel ease of osteoinductive factors in cryptic
form For exanple, diffusion barriers or activating enzyne inhibitors
prevent activating enzynme fromreaching the cryptic factors or fromacting
upon the dBMitrepataiohons. prévvidédbpatie yctudethppoatd wherened efdbeimplad. ddts vat i on

of active factors wi.thin the DBM conposition is balanced to yield a
desi r ed ost@%%f@ﬁﬁ’?%?lﬁﬁoﬁ%ﬁir}gee%%ﬂ .ten%@%aﬁaﬁ%ﬁwwtﬁ‘é)&ﬁag%ﬁ%’?i x [31]
DBM pr epar ?rbﬁ%?@es@é“é&n@%@%t&ﬁ%@éjﬁlﬁ&ﬁs, WY oRAkEpe ar@hi S0 ARl AingTBEnGi ne to

pronote the formation one. For exanp as found use Tn the repair
of fract urvsch fend tdyeesfensd tha siepewearlfos belzezence f theiDBMrsubstdocntean lesditgery,
and in tre%t%t?;?bo?e .destruction due to underlying di sease such as

r heumat oi d HFEhTPE FE ™ HBRACPE “Phought to pronote bone formation in vivo by

ost epconduqsiéye BRGsREhEMNEWElLVES iRHRBEITISM colifositiens Bukdughttoqesily s i f
the inplanted material serves as a scaffold for the support of new bone

growt h. Ostfee theduesenesrofiastipagromsly fagkary pesagih Ph thedplatam epllagerrbaspddORtHX | s
desired acrgs . "CRIL hZ e fegt : ' aling
oul dpr ocelre Belef Bu mefbeliiths PF . 1GF Gl mMPorazR MHLED, Pafeuical 1O
0st eoconducdxai@led bOpREdhRBL0f faclets WEIAB/TTFOB TG FPLTGES) BRI BMIBEM

preparations are provided by the actual. shape @gg coher ((ainc,e f the i.nplant.
Thus DBM cisHBBEPIdi herBoRG D stibrngitesnigI 8o PErS opleidpdivRARROS §IKEY i or

ost eoconducki tocéggli{? IBIE‘CII é\%&%&gﬁ? 5 V\ﬁ 18914 @ He8RSsehd FATHBIST proREAidAE aWeRr

preparati ons. chtend'to preserve the shape and/or
coher ence dFherdrare BBMliellyso bt athet unsamddandntiscovermdt asteobwluetifedpetprsgpresent

properties.. [ The osteoi nductive effect of inplanted DBM conpositions is
t hought to ¥ fromthe presence of active growh factors present on
t he isol at e@d3

Fol A%Q%%@ﬁ%ﬂoﬁ@hﬁhé&_alizeﬁ%ﬁ@ rdaB e Sarhiivils uaky veaniesdinche t he
TGF- (3, I1G-, and BWP protein famlies. Particular exanples of
ost eoi nductpredice &€ themsesepicinvensionGRRN prengred by gogmuethodzppy be eppoyed

par 10, SRR DT 0,0, BB AOAS SRR ARSIt e

i n DBM pr epgepdrations, fally wepdrtially demineralized preparations, mixtures of fully and partially
demineralized preparations, including surface demineralized preparations as describ%d by
Gertzman et al. (U.S. Patent 6,326,018, issued December 4, 2001; incorporated herein by
reference). Preferred DBM compositions are described by Dowd et al., U.S. Patent '
5,507,813, which is incorpc}rated herein by reference. Also useful are DBM preparations
comprising additives or cal%iers such as polyhydroxyl compounds, polysaccharides,
glycosaminoglycan proteiné, nucleic acids, polymers, polaxomers, resins, clays, calcium
salts, and/or derivatives thereof,
[34] In certain embodiments, the DBM material utilized to formulate inventive
compositions has greater than 50%, preferably greater than 75%, more preferably greater
than 80%, 85%, 90%, or 95% and most preferably greater than 98% of the calcium
phosphate removed. The bone used in creating the DBM may be obtained from any
source of living or dead tissue. Often, it will be preferred that the source of bone be

matched to the eventual recipient of the inventive composition. At a minimum, it is often
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There are also likely to be other unnamed or undi scovered osteoi nductive
factors present in DBM [33] Any of a variety of dem neralized bone matrix
pr epar at iwo93sopsbe utilized in the practice of the preseatr/tisaysi on. DBM
prepared by any nethod may be enpl oyed including particulate or

fi ber-based preparations, m xtures of fiber and particul ate preparations,
fully or partially dem nneralized preparations, mxtures of fully and
partially dem neralized preparations, including surface dem neralized

pr epar at i 0ngesasbld @ fHeIBHoMd rE@PIeANBB oftheBhme bpdcRs, ROE AN veR x3REcAES,

i ssued Decenber 4, 2001; incorporated herein by reference). Preferred DBM
conposi t i on¥uzges agepeenitiséd by Dowd et al., U S. Patent 5,507,813, which is

i ncor porat e er gj reference.. Al so, usef.ul are .DBM preparati ons
conpr ot ng. b 1 Dbt SBh RS Sorelieh L S IEH D i B AR ke e
pol ysaccharfedased to glyictisRTbRe gl seferRt eimdbfisnenidiitk Qhfichsivil be Redaydralisn,

pol axoners, resins, clays, calcium salts, and/or derivatives thereof. [34]
In certain énBédpPreinthel mpampmpimgnsen. arorg praferally grester dhami0Qmaicronseand ve

conpositio Eh@g : r t %

pr ef er abl ynlg;lr0 eat ar ‘Ea%%gr%at 0% gg@//g’“ 1%8%; q%?‘p%a%%g%%gﬁﬁobs? trﬂ)gérhet %r(?ae?};étg?deat er
t han 98% of of the prddreddinventibo fptb atabilize impkdts coheinigneartideslesantha 8@ i ng t he
DBM rmay be obtai ned from any ource of liying or _dead tissue n, it
will be pr e%??@d?ﬁﬁ&@lﬁqqélogéﬂg@ge '_rlalgo%n#és %’_ﬁ'ﬁﬂé GRS P féic &%gal

reci pi ent  ofidrbis iU NYollNinG ERBSHA1iBon, Alre Bndr Vo BIOR ibiteli 8 it en 15 WO
03/ 030956 PCT/ US02/ 32941 desirable that the donor anci reci pient are of the
sane speci egstedindigtimite wedhaspeots g€ teprewoumnyesioamsyderused techhaf@3he @tidtya

bone sanple is obtained, it.is mll round, pul.verized, ar. ot herw se
educed Lo Bl RuRIRE papisiesr Vstlo Aot pRaERbisPRGs Bl opthest SRRl
be greater ib&nat 1é5t BhCHAMNSzihH ad @i ns8ll RhiBATEIIBNSINANK ofB6R cBlldaphaib! Y
greater than 100. mcrons, and nore preferably greater than 150 microns.
However, i tokisBvingsechesesadparhicles Gre, madrppiigeondtihreig kidyrgied eV &R on i s
to stabilize- | L al Al 1 SS: 1.cr iI.nh an
di mensi on aﬁnci) “6@?%%mﬁgg%%e%&ﬁ%%s‘gﬁ@hé% }?%Mm%ceﬁlgﬁg ﬁ%ﬁtgier&?lfi% levgéro%%?%e' Y
m crons or Iresljtidnodrlabisvnagyethe pi diffudbn Batieowill by @edenoinretaed tha\e€fld«d off t ed or

no osteoinductivyit and aspects of the present invention nay be.used to
enhance t he'25tors pxp)éhe partcxjcles. pIn certain embo?hnﬁ)ents, the part?c es are at least %OO microns

across the greatest dimension. The particles may be any shape including ovals, spherical,

cuboidal, cones, pyramids, wedges, efc. In certain embodiments, the particles are
wedges, pyramids, or cones being 200 microns across their largest dimension. In other
embodiments, the DBM composition may include a mixture of several different sizes
and/or shapes of particles.

[36] Following particulation, the DBM is treated to remove mineral from the bone.
‘While hydrochloric acid is the industry-recognized demineralization agent of choice, the
literature contains numerous reports of methods for preparing DBM (see, for example,
Russell et al. Orthopaedics 22(5):524-531, May 1999; incorporated herein by reference).
For the purposes of the present invention, any material that provides a scaffolding
containing active osteoinductive factors is considered DBM. The DBM may be prepared
by methods known in the art or by other methods that can be developed by those of
ordinary skill in the art without undue experimentation. In some instances, large
fragments or even whole bone may be demineralized, and then particulated following

demineralization. DBM prepared in this way is within the scope of the invention.
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of these small size particles as well. For preparations enployi ng DBM of
these small sizes, at |east one stabilizing agent is used which retards
t he i nfl uwooB/obwsé cells capable of renoving such snall partisot/a®4(e. g.,
macr ophages and foreign body giant cells) long enough to allow the active
factors within the DBMto elicit an osteoinductive response. In addition
or alternatively, a diffusion barrier will be present to retard the effl ux
of factors fromthe particles. In certain enbodi nents, the particles are
at | east 20037 cABks praparivg she inprovedddBNE cotippsitions rihe IWBM pampdnehtsayrhy be

any shape i i | spherical ., .. cubpi dal, cones ram d wedges,
et %:/ I npcer %g(%l%qedr%%(g%%ipgcgﬁs chS%p%rluglle%ng} WPropItadLe %?rﬁﬁf aéér or gones
bei ng 200 nidembngaliarios Sl deethih ehod Bdnts] iHERSH QO sizé 1§ LG that RGBT S,

t he DBM conposition may include a m xture of several different sizes
and/ or shapd¥reprefgiaplycpeging fromjabmel 106vp aboyp 3PP mitrans, end mob@rEsBNMbI S

treated 10 IRADMELT g@ Edbolif ) Qé{ﬁ%r&g.ngfte{ &g#dlg%g%égﬁeﬁwc{qg{ﬁoﬁ?ﬁié ﬂ}ei s the

i ndustry-recogni zed “dem nera i'on agen ure

cont ai ns numesimdssizee ferhistoé map bl e@dsed wrseletepasd g dMBNIasReired 9Fe. esanpl e,
Russel|l et al. .Orthopaedics 22&@)4: 524-53 1, Nay 1999; incorporated herein
by ref er enc&§ttain gyoodprents;the JABM Rortileramay besgigted; thoushd Whmicaensiens, goral

that provi d%%ef@ragﬁﬁg %%ﬁﬂ%&gm&?%@mgtgge@%%ﬁ?}ﬁ’%‘?ﬁmy&é! ve factors is

consi dered M The may be prepar nown in the art or by
ot her met hod38]t h&dneqmantidudaryarsefubped tdprotdebsmalbfize partélnafrymsi¢iitlbr ingedtion art

W t hout undue,experiment.ati.on, |I.n sone jnstances, |large . fr S Or. even
whol e bone A& Of)groaé‘%e%%%ﬁ?’}gﬂ?e%ﬁgo FW@?‘?%’Q‘H‘P@JP%D ¢ Bllolagigﬂ’fr%ge matrix,
deni ner al i zahd gfén fRBMDE SR PRI ddntdHhifig WaNolithidWnhix InfoMart RGOS s Yre hé}e

invention. 16 WO 03/030956 PCT/US02/32941 [37] In the preparing the
i mproved DBiMaE0RIBisensops eratle sERIer Sanp 8A axitronayand enostyprefenably greateh rani se

processed i I € . DOr Opr i size before o .t er

deni neral i zg%legﬁelro}j%%{c@réltrg%ﬁﬁ%ﬁglgrgﬁ‘in%@ﬁt g;e%eflﬁéedz%gtlptc?sc Oée@f’?cgn?%sanﬂegpy t han
75 m crons, panioles incledebiadinypatidlegioigndrs and eddnl cal@mtpBosihatéiceR @@ m crons,
and nost preferaply frqom abgout 200 to abqut 2000 m crons. After grinding

t he DBM con%%’ﬁ%1r Vithe pHEculzie HBMgolimes weight raowilk engrafjors abeitdvet ahoukel ect

e oL Pl SRRy A ORI L

m cron si ev&artigntitivnof therredrelitbtan & at0@nplishedhy somweational milling or grinding, or
through the use of cryomilling, or freezing followed by pulverization. In one preferred
embodiment, lyophilized DBM is embeddedi in a resorbable polymer. In a second
preferred embodiment, lyophilizéd DBM is embedded in one of the setting calcium
phosphates known to the art.

Stabilizing Agents

(391  Diffusion barriers. Diffusion barriers retard the diffusion of degradative enzymes
and/or water to the active moieties within the inventive formulations. Enzymes retarded
in their diffusion to the included DBM may be capable of releasing the active factor from
the matrix, and/or degrading or inactivating the active factor. They also may act by
retarding diffusion of the active factors from the implant site. In these ways, the barriers
provide for longer residence time of the active factors at the implant site. This is
particularly useful for forming bone in higher species such as humans, where bone

formation appears to require the presence of active factors for longer times.
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[38] One particularly useful way to protect small size particles from
cellular ingestion and/or provide a diffusion barrier is to enbed themin
a nonol i tWoaslsmwabsor babl e matri x, and then fragnent thePCT/US02/32941
particle-containing nonolithic matrix into particle sizes greater than 70
m crons, preferably greater than 100 m crons, and nost preferably greater
than 150 microns in their smallest dinmension. Preferred matrices for
enbedding small DBM particles include bioconpatible polynmers and setting
cal ci um phddfhat Gemeaibnhmterialsenest alhitajaldﬂoaemalaﬁ diffuskih®abiv pil easilyei ght
ratio wll ran L‘ﬁkﬂ bout 1:5 to.about, 1:3. In the case of calcium

phosphat e, THE onsmibPG BFTIx B dhgico i 06‘}“\/@1’@%‘?3 oI 1KS] ati on of
the nmonol i t&yneARNPE aﬁﬁ&%ﬁﬁ 5&9@%9&&&9&%@@9@} Jl{)mufa ioDGk1PgE NG, or

t hrough the use of  cryo ing, or freezing y pu verization. In
one pr ef er rpzdparedrboaliataively ﬂo;accblfnrmabl@dsol'i)&m g.sfoe depmépananwsrtebe ubabihe

polynmer. In_a,second ref r di I i s enbedded in
one of the %Oéfer"ioﬁgﬂ%%ﬁ@ %‘ﬁ spbﬁéeg e%%ﬁh B"ﬁ ﬁié éﬁj“smé 451 zi ng Agent s
[39] Diff usthemsélRés degtadle ifPh hilclieiade Mahich & Snrh@kaktvd fAstod fihusiontepthan
degradative enzynes “and/or water to the active noieties within the

i nventive fwelmld|r@mdbsoccmzyh@@sp@qeaqf@ehffuwn bivder Riisérbabicoalyneers with

|ncluded I ng _t.he. actlv factor

i andr ST AR i sk S B AL Y HEG St ebie? oy
act by r et apsdiymgrsd IPﬁlftitﬁlaﬁl? usdful &ie hp@éelsuﬁ:ef)ﬁlﬂb Oip&l Baseedrigyrs isighl ;3Fhttyphdids 1 N
these ways, the barriers _provide for |on residence tine of the active

factors at %Qﬁié’}ioﬁﬁ}oélﬁ% Ss‘i"]ﬁléhm%“@H vgth BBM. Iélmeaampwethodummwhem ng bone

i n higher s Rtic! Q . f to require
t he presence a%:t |L&\q/)eS act ors Osﬁfﬁgoﬁﬁgg&?]%nggﬂ{ewwg%‘g%

PCT/ US02/ 32;ﬁ4para@@tﬁ]pr@edmpmldng¢d stabiftyi l@l cmnltmﬂed snrhiskblgenfithe esronsivative

di ffusion barrier be .easi | M or synt

t f
Chor oo 08 PaFfors Thett bispas s gendat heTiedhe fhomt et arapre ARLHOUBHIF s ome

embodi ment swith Hﬁ:fé?é’dtHb%‘a&ﬁﬁh&in’fesfa@fo%hghﬂ 1085t Wb HifRGent PREPAT B8N  the
relatively non-deformable solid for matrix preparations to be used

in posteri®md aptige Fctospi ne f usi on) In preferred errbodl ments, the

o 11T on R o6 ARSI s R DA

a di f f usi onfab@r copositRes diddate rﬁnﬁ@ﬂ polEh&rs Siidhhas protems (e.g., collagen) and
polysaccharides (e.g., starch, modified starch, maltrin) as well as man-made resorbable
polymers such as poly-orthoesters. These pqumers when mixed with the inventive
growth factor containing compositions retard diffusion of the host’s degradative enzymes
and/or water to the active factors contained within the composition, thereby retarding
release and/or degrading 6f the active factor contained therein.
[42] Polymers that may be included within inventive compositions include, for
example, natural polymers such as lipids, polysaccharides, proteoglycans, and proteins.
Preferred polysaccharides include starches, dextrans, and celluloses, and preferred
proteins include collagen. Polysaccharides such as starches, dextrans, and celluloses may
be unmodified or may be modified physically or chemically to affect one or more of their
properties such as their characteristics in the hydrated state, their solubility, their
susceptibility to degradation, or their half-life in vivo. Polysaccharides such as starches
and celluloses are attractive as they also have known degradqtion rates. Generally, the

celluloses degrade more slowly within the body, breaking down on the order of weeks or
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known hydrolytic rates are useful as diffusion barriers as well as
enzymatically degraded polyners. Particularly useful are |ipase

suscept i bWwe oBiopiode based carriers such as fatty acids andporasptadoupi ds,
which mx well with DBM In certain DBM enbodi nents, the conposition does
not include phosphati dyl choline. Sone particularly effective preparations
provi de prolonged stability by controll ed unmaski ng of the osteoi nductive
factors. These preparations generally involve the use of two or nore

di f f usi on Jparthi,eslsile mbdshstatch fret lépitl popgrasidag degnadei rapidlyadd edirdgy ofhotwsast t wo

different rates of unnmasking the .sane_ acti.ve factor,. [41] Bi odegradabl e
pol yners u B g‘ﬁr 1@6@@%‘%@%@?&%‘9@‘“&%%92 Sar’?ﬁlﬁaf{dﬁ?’épg\l}ﬁsﬁ ag‘flactor
conposi t i Ogyﬁ%fggéé(tﬁ&d%@%ﬁé&%ﬁ%ﬂ@'&f%@ﬂ%&ﬁ BRciPloah&bthth (Rg@dingeakymeen) and

pol ysacchar e.g., sta modi fied starch, maltrin) as well as,
man- made rsshrbablykse, petymmeess asl-glugesigase s ot innosenieogsidarberindasighiis when

m xed with_ the inventive . gr h factor containing - ositi ard
di f f usi on B’F”?‘f‘?é‘nﬁﬁg}m’é‘%ﬂ@gsr %ﬁ? %ﬁ%cﬁlffﬁ%y a%?n%yag? Omﬁ?nﬁtg O?%@y%g%i ve
factors cogfsadfiedimsbbitrchBepeoraoabhivefiond Plafeddyrdeeil dhypgpply aliease and/ or
degradi ng of the active factor contained therein, [42] Polyners that may be

i ncl uded wkedhwindgentegmeduge faronsions hairg ¢ Aesingd stabflisy imex Braserecd Sfehgsal

pol ymers su as _Lipids, palysac ri 3 Calsn i ns.
Preferred B’@Fﬁ}%g&%‘%%%ﬁ“édgs Slqr'qé %eagggtﬂé%gﬁgg{)&?fegtg% 15, an%ag)gﬁf%ﬁfgges, and
preferred gpaRt&aA90bNpdrdde Thiskagerhes Rob ysaemivés iodiegradatiin yspestinasehes,
dextrans, and cell ul oses may . be un _défi d or ge nodj fi eld p%ﬁi cal ly
or cheni caPpdfor BnypfedamylseIsistapbplarcas T@%fgi Ausﬁﬁgg%e Yog% ARRALS 1R bey
characteri st I 1 : : j olah %y hter extent
suscepti bi ?llgétd;[é{%&géggl?ya%%%{dgh?g%g&%gwé E%Fglf?ﬂ@tﬁa%?év%ﬂ gi?’ol sacchari des
such as st analegrovaddRMIdr symibeic goethdhttosmairizefoavuiahens ratpoedhiag@ RAFGWN

degradation rates. Cenerally, the cellulos degy ade nor. | it hin
the body, _BFES NEORT THEAdhe SBPBER I AEREe s < 1e HOPHa QA gpe

PCT/ US02/ 3294hy13BNh S fordihinhfvER DB M bathchodifidd kiapihdvquleprEahitinaategr ade
rapidly, on"thé order of 'hours or days. Starch in the natural state is a

m xt ure of lenger padf-Yiaivotrds ¢emparadio heee improveshy Bipwith pﬁmoqiﬁéd starch.
Susse | b b PSR B SR e P il e
consi der at isrchi lipid esinBitiatichs. (Chedanby & the/enfitgnaridnatfilipitsand Brrostetosidet ed i n
the art ar %m?f\llaves‘era g\us?:feptgbrillei}‘cyvis'(:31 éiiveerE %/y %frov?engtl aa}.s‘%nhibition of Enzymic Digestion of
Amylose by Free Fatty Acids In Vitro Contrébutes to Resistant Starch Formation” J.
Nutr. 130(8):2006-2008, Aligust 2000; incorporated herein by reference. Similar
considerations apply to lipids and their degradative enzymes the lipases. A large variety
of mono-, di-, and triglycéri%ies with varying degrees of susceptibility to lipase
degradation are available frc;m commercial sources. Some embodiments include one or
more polymeric materials, pi;eferably biodegradable, such as tyrosine polycarbonates,
polyfumarates, tyrosine polfarylates, and poly-orthoesters such as polylactide,
polygalactide, and co-polymers thereof. These polymegs are biodegradable, and their
properties can be modified by altering the chain length or degree of cross-linking of the
polymer and/or the chemical structure of the monomers. Additionally, co-polymers can
be prepared using combinations of resorbable polymers.

[43]  Enzyme inhibitors. Alternatively or additionally, the inventive compositions may

be stabilized by the addition of one or more degradation inhibitors, active against growth
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susceptibilities of starches prepared fromvarious plant sources and may
apply this know edge to produce fornul ations having a desired stability
time. PreWermsndsé arches will degrade as nuch as 10% per pdayjsops®iier abl y
50% per day, and nost preferably greater than 90% per day. Those starches
| ess susceptible to degradation by pectinase and/or anyl ase

(anyl ase-resi stant starch; Starch Austral asia, Sydney, Australia) may be
used to naxi mal Iy extend the osteoinductive half-life in vivo to an even
great er extf@mr actmayl degrpdiog @gerEBfﬂuad insthey hpstorganigroendioria dheoiprphast r i x

forrrulatlons are fro ce h modi fi ed
St arches arg"PRSOR ShuReTHPL s 58 agy oty o by L0 FLEEE RaersflY
i nproved DBJ&"HWtﬁn@ dﬁ&dinﬁu@tdvesmbmmmmlvmﬁﬁpmbhy Deavlation brargestidnal f-1i fe
in vivo as conpared to those inproved DBM wi th unnodified starch. &

h the

preferred rikihtersuseiulindbe prsijocefdhaprssabmvaitananmelds fopexamnls,
f d
and star on g apr LG SHARRHIR. i O HR A Dbk, RRRTIRPGA A B pighi®

"I nhi bi ti ore: Qfsofsl&éWh@talE&rgae&L Dt Met%ﬂyﬂmmdsgs ﬁd&hefﬁﬂﬁbﬁc@x:(:dﬁeﬂtn Vitro

Contributes to Resistant Starch Fornmation" 130( 8) 008
August 2000>tatuhanst Bgres Cenllsages e Va’i’sé’f’%‘ff%clg(l) fﬁﬂl%ﬁo Qf@tﬁég 3 ons

apply to | H‘Qfe%c@n 9¥§t$1ﬁ% groqugé AEATHOKE o FBSYARE ﬁﬁﬁ&ﬁ)ti 'aﬂ@%ﬁ%o&@asls agsitaar i ety

of nono-, riglycerides wth-varyi ng degrées of susceptibility to
| i pase degi'mdﬁnmpmteaﬂeen}abaoﬂsazbéfel mrthnwpre@mm&eairewumwwnmd@deeﬁ@odl ment s

Lyrost ne. poPEalbBrREES: Faaryrmanrreer PP EUThRg S hRSFRedER R G e o
pol y-ort hoeﬁﬁ&ﬁ%ﬁuﬁﬁn&%@ﬁl Mhﬁtﬁ}dn@tﬁn 111 Fa%ﬁéglfhhﬁ sﬂ@,,4 ARThoplnpRhotiERes

thereof. These pol yners are bi odegradabl e, and their_ properties can be

nodi fi ed bysusfongrflungideaPYEE)natbbatariinecd. m@&wr@ch%ésbqstaﬁm% 0dth t he
pol ymer a“%ﬂroghriﬁgc&f a1%1?r%uab1{?g?ﬁc%ﬂ)raﬁ ibft 1'0RHR yﬁnhﬁ?fg Hé/?t[b@#ajtl}ﬂ

co- pol ymer s~ca inations o resor ners.
[431 Enzy anllsﬁblﬂopyIlﬂ@lbﬁ)phééﬁ}ﬁfer(ﬁtﬂPy Eﬂlp(Epﬁﬂyl@d;ﬁhdas@ﬂﬁiﬂl'gbﬂotrhﬁpnonn (Am EI-G‘E:

conposi tions may be stabilized by addi tion of aone or radati on
i nhi bitors, Eé&@ﬁr@"fa@)&iaﬁﬁneg”r (S’WlHCtOl}%B D4 Bavigsrl. @Pf‘k’@@gﬁ@;@ﬂ%%}’f act or

activity deg {ﬂﬁﬁﬁﬂge Inﬁ&%%ﬁ}ﬁ?@ﬂa&&l&ﬂiﬁnhﬁ% RN ?ﬂﬂﬁ&mel(pmm i pl ant

conposi tion. itors ma [ so inhi |t t'he activity of enzynes

r esponsi bl epepatin va phelgsts,t lgH- phhmnu}mélné,aﬂlosp@rmdphechm@bmﬂ@m&mléme

Degradat | OnH&E a%glgélil}ll aetp|s1 on-aminocaproic acid, N-ethylmaleimide, trypsin inhibitor, 1-chloro-
3-tosylamido-7-amino-2-heptanone (TLCK), 1-chloro-3-tosylamido-4-phenyl-2-butanone
(TPCK), trypsin inhibitor, sodium EDTA, a£1d the TIMPs class of metalloproteinase
inhibitors. Particularly useful ones are those stable under acidic conditions and effective
at acidic conditions. As will be appreciated by those of skill in this art, the less
osteoinductive factors lost or degraded during the processing of the bone to form DBM
the more will be available for recruitment once the DBM composition is implanted.
[44] Competitive substrates. Use of competitive substrates for the host’s degradative
or actjvating enzymes may also be employed to stabilize the osteoinductive factors of the
DBM or exogenously added growth factors. Examples’of competitive substrates include
di- and poly-lysiﬁes. Di- and polysaccharides can be employéd as competitive substrates
of glycosidases, amylases, and/or pectinases. Particularly useful are stereoisomers of the

competitive substrates.
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i nhibitors useful in the practice of the present invention may include, for
exanpl e, acid protease inhibitors, serine protease inhibitors,

nmet al | oprwDa@assnIsahi bitors (shown in Figure 6; also, seePdiusozkmal et al.
"Matrix Metalloproteinases and their Inhibitors-Current Status and Future
Chal | enges” Celltransm ssions 17(1):3-14; incorporated herein by
reference), cysteine protease inhibitors, glyconase inhibitors, and

gl ycosi dase i bitors. . Specifi.c protease |nh| itors usef

practice of A{aﬁ% SFBEER Sp?ﬁ%mqaglﬁng BTG 368?r LR épe%g%lty R’H?“?f

4-(2-am nOGElhglle)eE@tS}@ RBSHbS Qfidtes %H%n&ﬁﬁaﬁf@@ﬂ@ownamtcﬁkfaﬂatﬁg

al phal -antichynotrypsin, antithrombin 111, alphal-antitrypsin,

4- ani nophengstivetirgenaymeip bo hidcked wey bel énC(OAFllksZBlS)O;r emgmguﬁeﬂm thematrixar Peaneni ne

B, E-64, be 4- nh| .t or, cal pai n

Pt b tor 1 Teoung erufies Bikraiingtind foa MRsnaiRi B dh bR et Sicky B erRb RS phat o
(DFP), di pebé thdyktpephidagelf \Ohdbidah g, mﬁkﬁrﬁf&mfy Heridati9hgnderskind4d, E- 64,
ebel actone A, ebel actone B, EGTA, elastatinal, foroxymthine, hirudin,

leuhi stin, Pealkiomm and/osrepese ofeae egmermActive faskenyOrwttine thelntaskipe entityor i de
(PVBF),  pepglatdilady oﬂﬁ@ﬁﬁ%@%ﬁ?a&dﬁtﬁil%agf%ﬁ g&l{a Qi %romgg &%ﬁ.@é@ﬁ&n o

chynostatin, benzamd on-am-~hoca
N- et hyl mal eﬂegratatlom rppﬁmsmri Tedrtibais trepresedt acgdn@femzed form of masking entity by

3-tosyl am do- 7- am no none ( TLCK)

L chi or o - BELHERIFASE He ATERSe A AR FrCRyes o Fypionll e BPYEY
sodi um EDTAfaCﬁ,QéiastsmatI&mtﬁé §;0f nmetal | oproteinase inhibitors.
Particularly useful ones are those stabl e under acidic conditions and

effective é’rmarblf@htw luamigprmbw Ygtually Evdne emqnemeﬁullaanmﬂnbgrowtmﬁetoofs skill

inthis art ess uc .ve fact t _or,_degr.ade dur| t he
processi ng 0 krflOVY ﬁoebebagﬁom g PRt ﬁgiﬁgtﬁats%mg\?g YiBe W%g
recrui t ment fone ePﬁﬂi@edQB%e&@M&if&h&@ binBirgTRbteRk @an b Aftbalel) %etauaéd/t%
substrates. Use of conpetitive substrates for the host"s degradative or

activating PRM REpartgnsioservsas arskisg satitites. stytieal igpevth factorshieding drettiny e
factors of I f es_ o

conpet 1 ve Lre P EhoCHBRANAR kS HHEE O Ml TP BinamBIGRS

pol ysacchar 11ﬂelm—hlm1g1bwtlefmm3bedm§pmwmemgentsen@uddsd baikid tofhePBMIOSI dases,

conpet i t1 verSHRSL PR B0 ticr B U oM S BB b BN NERAG. SPETI RS,
orngl ¢ ont 1y aomeny e ??ﬁ‘%‘n{??‘??iffn??%%e‘éﬁ%%@? EREPA LRy o @
degr adat i veenrsgpsulated in a b1odegradab1e polymer so that the agent is released over an extended
period of time, thereby leadlng to the release of growth factor over an extended period of
time.
Lectins. Lectins are preteins which can bind to the sugar moieties of glycoproteins.
Since growth factors are generally glycoproteins, lecting can be employed to bind to the
growth factors and potehtially retard or inhibit access of proteases or growth factor
releasing enzymes to the active growth factors. Ideally the lectin will be selected
according to the identity of the terminal sugar on the active glycoprotein of interest.
Lectins include, but are not limited to, membrane-bound lectins, I-type lectins, and P-type
lectins. Specific lectins include galectins, calcium-dependent lectins, selectins, collectins,

and annexins.
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activating enzyne to be bl ocked may be endogenous or exogenous to the
matri x. The masking entities generally bind to a |ligand present on the
mat ri x whwotosmsypser nay not be the active factor itself. pOrasobsa9ad t he
masking entity sterically hinders the breakdown and/ or rel ease of one or
nore active factors. Over time the masking entity either unbinds or itself
is degraded | eaving the Iigand and or growth factor susceptible to
degradation. Diffusion barriers represent a generalized form of masking
entity by prgbedits Momectaaborqfolydienat egitadis speeifty toakd Aot ifgors &8 Rsé O
many or all tt%e s(;,leri)%vvth fa tO{}é assaqci at ed vv]thh the matrix. G owth factor
bi ndi ng pr oPEI"HES “fnttﬁéﬂchﬁtoé aqHvE Tacters &ter abeie) msbieeddedinthe foyenthie i s
know to be assREd j Epdi i j . ivity
of the growth f;@%ﬁ%ﬁi\%ﬁg?ﬁ %Féelge%¥d§%2?%°?§r§#§m¥ygg €ﬂiél{slggglll %%F%%ﬁé ?ﬁz t ers'ns can
be prepar ed[4dndInvgnied DBM GRMpqsitEpanayiabamat els er adlithmatiadk siabilieed i tites.
Typi cal gro&%h fhactor b{ ndi Hrceogr tei n% i ncl ude but %re not limted to
noggi n, chordar it FEPTFSOAPAMORELe: & sPh; HEPHEIES 6tce) Widenyhichidggrading ageniy
growt h fact @6 nbi fudkiie dprietaBiyRs theARBRdS RPN SO wiIe n&%ﬁ&i&%ﬂe%ﬁﬁgﬁ.,

| ng

conposition to induce the release of the growh factor fromits
protein. | nlevéepHai n  enbodi ment's, the agent known to induce rel ease of the

growt h fact ma . sul.a i.n_ a biodegradabl e pol yner so that the
agent is ref‘{eﬂse dQﬁmn%Pg £ i8hiBilots cdtnp 3 8Rs. asking agent g'#% t he

rel ease of greoworationof any oibescamntieiss Ridnd ipehtiRdfophulatibf®e is def&hiips. Lectins

are proteins an'lgﬁghc n bind to the sugar noieties of glycoproteins. Since

growt h fact 85 shaanding|the metestlsion olqeales ioh interast ihen epiybpyaselyt o bi nd

to the growshpdi® Qifr a0y ' iPhnel 201 R LRGSR 100

pr ot eases or .g? owt h fact o?’ﬂpge ea@{ndg%%gnegsg{?r%s n?glet?%tg 12’(13% Pv eré)\flgvbvt% A %(%:t ors.

| deal | 'y t hewiitbdyophiliseti malxix fed retdtively lawdiguidi-togotid vohvend @b td foymof slirhe

term nal sugar on the actiyve. coprotein of interest._  Lectins include,

but are not qﬁﬁ? T W%ﬁﬁh&zg%é‘“ﬁ‘gﬁa&’ PEREF the, eFlr?‘is/BgMé‘@mu}%anénd P-type

lectins. Speilfi Onk asddpBsted Rabie 8f BRIIRGH RfenGd & ibiPHAeRE i 6%

sel ecti ns, col]_l ect | ns,}dp and annexi ns. 21 WO 03/ 030956 Pﬁ%%%%?lggg%{ﬁ

Ant i bodi es. thegRwetiBaenzyge 1pb1by@11so¢mnpeémw _buhaltr@ss, speesking apents diterdesithee

o) e PRGOS PE O ok BRI ProBh b Pt R BY prévenfiSs &eRsd 1
endogenously present degradative enzymes to the active factors present in the matrix.

This is particularly true for DBM formulations which are prepared containing water (e.g.,
DBM preparations with hydrogel carriers such as hyaluronic acid or collagen, or hydrated
starch carriers). |

[48] Many of the osteoinductive factors found in DBM are in cryptic form and must be
“activated” or “released” m order to be osteoinductive. The activation of osteoinductive
factors may involve a conformational change, a post-translational modification, a
cleavage of the peptide, a change in tertiary or quaternary structure, release from the
DBM, release from a binding protein, efc. For example, the factors may be in a pre- or
pro-form which requires proteolytic cleavage to be active. In addition, the osteoinductive
factors may be associated with a binding protein or a pfoteill of the matrix of the DBM.
The same processes such as proteolysis involved in degradation of the active factors may
also be involved in the activation of these factors. Therefore, all the same methods
described above that can be used to slow degradation may also affect activation rates.

One of skill in the art preparing a DBM composition could balance the rates of

22



formul ations to protect specific growmh factors from degradative or

rel easi ng enzynes. [45] Inventive DBM conpositions may alternatively or
addi t i onawlbysloso9sé abi | i zed through exposure to conditi on®Craisg2/329pH,
tenperature, etc.) under which degrading agents do not function optinmally
or the degradatory enzymes will not function effectively (e.g., [|ow pH).
[46] Addition of enzyne inhibitors, conpetitive substrates, and maski ng

agents. The, incorporati.on. of any of these entities. into.the inventiv
Formul ati o PERE Rl PifioP e BeHinta A PR LI LR SAIAEC T HE roP BEUPPIaS
mol ecul es  odvek BirR! @ hdditlord SuREORHs P hoh conesmatibll® olel ERlorasnnl | be
known to those skilled inthe art. This buffer will be mxed wth

| yophi | i zedrffast piosein fimgtienednslfonfelding ey hffept the-actvatiohiof ostedindectivatfaaorso f orm

| . Fhe, sl j | yophi | i d e .the desired
Do £ or wut Ak BBl T B 8 at B A i Tt B R BRI Hi0GRE o0 e
that the i ngofeROriatdeAsinembadimedts, fdrRRahpleWhérd HENZN Mol dTRitRY 4 8tion of

conpetitive substrates, or nmasking agents often has the additional feature
of i nprovi riytactkos thehBM empesiticnmanzchidearchericahsomponng fechas eapdymogr

endogenousl j e acti vieaf o[ S: P t in
Che nat i x. RS BLeoS SRR difc GREITRE: besgl Py BRI B U B 2
prepar ed cofat@rswvitiginwet PBM engpositionBlvh ptheparnbsdimastswi hibddpyatablpelolyas i er s
such as hyal uronic acid or coll agen, 1()5’:'? hydrated starch carriers), %48]
Many of t he™BY FEGHRIARE PT YBFofeqst BRsiselfia  ArTvBisMtE Steomduey v fegtorphihand
nust be " apBihyahRehsitRh. el eased” in order to be osteoinductive. The
activation of osteolnductive factors nmay involve a confornmational change,
a post -t r angi9ht i Beladse wbthefoseaindoetjvedactbmdvag thealelivérg mpdyit ndgalsa behange i n

tertiary or. quaternary structure, . rel e fromthe ..DBM, rel roma

bi i ng pr oF R LAt B ST » M s R 1 s SN

pr o- f or m whirzbific@aiif EsroRiRtag dkstiibed BbSRARIRolgh R-RtientelaBtidddiA i on, the
osteoi nductive factors may be associated with a binding protein or a

protein of BeFEORAE e fackirs may nppMo beTrlsassdfromp hsceaigein eudehtods astiv wbilysi s

i nvol ved in [ " . . j i I i.n the
het tvats on SHEREREAOR, flivt DEBShINE FAERBITBYs o M B G el
above that bacerbi faswee, ol heovhaafer@ohticelbs may inddrs wiflf @hér faabisbauhdto

rates. One_of skil in the art preparin M conposi tion coul al ance
the rates o@eﬁ% J@@? W 8E 1@@'?%3%2?@?8@%“ the ma%?x and the factor to ?n uce

bone production. The rate of release of the osteoinductive factors may be controlled by

diffusion barriers or agents which affect the jbinding of the factors to the matrix or their
binding proteins. As described ébove, in certain embodiments, it is preferred that a
diffusion barrier be degraded over time so as to release factors or allow recruited cells to
interact with the matrix. Degrac}ation of the diffusion barrier may also allow proteases
into the DBM implant to activatje and/or release osteoinductive factors.

[50]  As will be appreciated by one of skill in this art, the DBM composition may be
prepared to balance degradation, activation, and release of osteoinductive factors to
create a composition with a desired osteoinductive activity. The osteoinductivity of the
DBM composition may be suited for a particular applic’ation, site of implant, or patient.
For instance, certain application would require an extended period of osteoinductivity
ranging from weeks to months; whereas other applications may only need
osteoinductivity for days to weeks. One of skill in the art can prepare a DBM |

composition with a desired osteoinductivity time profile.

23



degradati on and activation to achieve a desired | evel of osteoinductivity
fromthe inplant over tinme. In addition, such factors as pH, ion
concent r awoan/03ms56 ot her factors which affect protein funecrarsoasm4or
folding may affect the activation of osteoinductive factors found in DBM
These factors also may effect the release of a factor fromits binding
protein. In certain enbodi nents, for exanple, where pH plays a role in the
activation of a factor, the DBM conposition nmay include a chem cal
conpound such as a polyner which will break down over tinme and rel ease an
aci d by-pro&&@ﬁﬂm@g@lactivating the factors within the DBM

conpositio n pt her | ment, a.bi odegradabl e pol yner rel ease
i orrlrg or a 315511[ ea@é IPP‘]%ﬁ%OP? S&@F‘@”‘%Ga' P e\}ﬁg@r 0 eftdoy Fé%’?"rﬂi%? %&a?lﬁct ors of
the DBM cofim@isiihi @gbmsf_ 4911;1\43@& with ahd'itAstan Bféﬂgérhdéu%:e{ SiRsisg 2&%&1@1 g he

delivery matrix may (al so ortant inits osteol Ivity.
factors mayexpesetomddr sémb@bdtnhymh gioBManditisug fe. gspHc]éf lphymmgncmlgsabn@ttel ns as

factors mayesgute st RtV BRI SRR el SPeRt Ordseal BERe RIS wni | o

others may theipnotdie camdtitvitsdTitheeD BRU MMostioftenakia Rl Be apedtbake FRh &Qr}fp%‘ar uited
to the matrix Dby certain factors, and then once there, the cells nmay

i nteract wiRaRaiBt Aertidases pbibs likspuRderse f@h@aﬁm qrimatriy hempesiei buvakdonasid t o

interact w ne nr oduct i on.
The rate oféo‘lalglagg éirsjoeett\g% éewg)&s(]?rgﬁ? tEﬂ&ctl ve £1s Eegarrgfﬁ%’a 66%85%8%%??63%”8
di ffusi on bansiderd tobe gqc&iﬁasdmmgfbrfﬁfﬂmﬁeshlﬂg Brdf&tdalgndifsatbﬂa)ffo%ék@dsﬁnt o the
matri x or th bi ndi n&cﬁr ot ei.ns. % %fescrl bhed above, in certain
of TG

embodi nent s° Pfle jramppolpgicsl datection andlqr QT thagakdewn. pin Welifioadedhover
time so as dn@yhet BARGH3GLAL %th@f er@gh&‘é"sﬁ& s@o&lé‘%nﬁ&g b Mbm%at?&n@%@m wi th

the matri x. Degradation of the usi on barri may a SO a pr ot eases
into the DBWeYmMp$ anwell as glyedsidases namddlsxrbermedﬁ’ertmstadpmsnfubmnhaeré@m @rs.

[50] As wil reciated skj in_thi

L ommos t 1 orine B BRREERRANG Saliin e Bl B i Sheta et thebe cngionsng

rel ease of wpsiifio mdmtpwtemﬁ pek@it n e DRNEBALbEEIN S aﬂﬂngﬁowgm Beligdd red
ost eoi nduct i ve activity. The osteoinductivity of the M conposi ti on may

be suited fHFas BelAPEIaRSSEH gel:ahepfmphosqsweﬂ@mngrrmsm blots, opethérent . For
i nstance, Cﬁl%fyﬁbélrﬁ&ﬂb&scl&to?vﬁr}nm ] require an extended period of

osteoi nductivity ranging fromweeks to nonths; whereas other applications

may only ndéd] dSilkeiingthetidentifiyatioarofdaydidate sbitizsrs 110511@ abbvesdsidyl, tHeDBNE art
can prepare rrmBB vatl)ns con%?ni}lé J[h% réanvgutiahte gtgglfllzér%%reot%gtg 1nt leJ ggtlec\)aln;[lgctlalllt}rfr%ss%gfg file.

described elsewhere herein.

Osteoinducer

To the improved DBM may be added other osteoinducing agents. These agents
may be added in an activated or non-activated form. These agents may be added at
anytime during the preparation of the inventive material. For example, the osteoinducing
agent may be added after the demineralization step and prior to the addition of the
stabilizing agents so that the added osteoinducing agent is protected from exogenous
degrading enzymes once implanted. In some embodiments the DBM is lyophilized in a
solution containing the osteoinducing agent. In certain other preferred embodiments, the
osteoinducing agents are adhered onto the hydrated demineralized Bone matrix and are

not freely soluble. In other instances, the dsteoinducing agent is added to the improved
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23 WD 03/ 030956 PCT/ US02/ 32941 Test for Enhancenent [51] The invention
al so provides a sinple in vitro test for the screening of suitable
stabiliziwgoagsrse. DBM prepared with and w thout the bi ocegrsdabioel
stabilizing agent is exposed under sinulated physiological conditions
(e.g., pH 7.4, physiological saline) to an enzyme or conbination of
enzynmes known to be capabl e of degrading sone or all of the protein

constituents of the DBM Mst often this will be a protease such,%
trypsin, papdiafter pditionefsbe stahiliving apenigo thay thesiceindBeingagY 38 VAR r i x
conponent %ﬁﬁ@ LS. : the two preparations. Materials
retardi ng the E{rage\zgia%@lml ?%Hgégég%af?lgéﬁg%si dered to be good candi dates for
further testing.OskRokiducing@gemslinchidensy afenbtiaaleddato or ientednuekethe fmmmatibogf cal
detection of TG:-(3 and/or |G- breakdown. In additjon to th enzymnes

i ndi cat ed &8BYelhoeTiernTARABEItRRMILRISB N, FERETe LT SYARRRHPAATTO RS of
enzymes as éé’ﬁltb 1S BHERH SRiRST sPHIS or BEndiRedatiGR kel ALRh@AhAYIcHS &tk 1 n
this regard Is the natural degradatory activity of serumor tissue
extracts. edetion tfasarizovidéh mansybseqpeaty findergamkeraljzaide ithesagentasanteadn. t he

DBM may be tracked by inmunol qgi cal hod such as r.adi oi nmunoassay or
gel el ect r SpHTEETeas rFEfoi’q}tiW&%@Q‘f’ﬁﬁtﬁ%‘f@?}y&mjﬁfrﬁi PSte%mg‘lwﬁg %%fp%srret hods
known i n t hgl@dd bork 3drpRschRWr&t8ink QBMPGI\F Mlahfbaihk @fovrh FEANITER®),
stabilizers in the above assaé, the DBM fornul ations containing the

candi dat e seadintlike@rewdrfactor@EEd )i paratherogbhasione (REHy pud/angiesepis Taglesscr i bed
el sewher e herei ng t eoi nducer -To.the | ot her

ost eoi nduciSH%h %Sg\e[%%I qu'ﬂreles%regegeeﬁteglbogr%%/eangé)g%ﬁg%Elﬁ%hgﬁly déll(%ﬁllgsa%g@gs or

non- act i vatgefeticalrendinesel @aohipsiseay aldihoaditbdqadnce amydhi gremaies itietbihdiag
preparation of the . inventive material. For exa he osteo”&%%cing

le, .
agent my 56 thedaducingpecst torthe DidMion dreaprmcat SerCea ltar?@TdEPQﬂ/O Tt he
addi ti on Ofi%édgforaéh%gfeliﬂ r%&%n{ie}cﬁge &@%&oﬁ@ﬁo@%ﬂl@%ﬁ%@ﬂé&%dﬁg agent

is protecte om exogenaus egfadi ng enzynes once i In sonme
enbodi nent sroweh BB, suitaplefhr hsezeth DBMA  sol uti on cont ai ning t he

ost eoi nduci ng agent. In certain other preferred enbodi nents, the

ost eoi nduci ng agents are adhered onto the hydrated dem neralized bone
matri x and rgulasgh freely soluble. In other instances, the dsteoi nducing

agent is aqdgd tgghdred ARG compositions of the present invention may be formulated for

a particular use. The formulation may be used to alter the physical, biological, or

chemical properties of a DBM preparation. A physician would readily be able to
determine the formulation ne@ded for a particular application taking into account such
factors as the type of injury, tﬁe site of injury, the patient’s health, the risk of infection,
etc.

[S4] Inventive compositiorfs therefore may be prepared to have selected resorption/loss
of osteoinductivity rates, or even to have different rates in different portions of an
implant. For example, the formulation process may include the selection of DBM
particles of a particular size or composition, combined with the selection of a particular
stabilizing agent or agents, and the amounts of such agents. To give but one example, it
may be desirable to provide a composition whose osteoinductive factors are active in a
relatively constant amount over a given period of time. A DBM cqmposition comprising
factors with longer half-lives can be prepared using a less biodegradable polymer or a

larger amount (e.g. , a thicker coating) of podlymeric compound. Alternatively or
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24 WD 03/ 030956 PCT/US02/32941 DBM after addition of the stabilizing agent
so that the osteoi nducing agent is available inmmediately upon inplantation
of the DBND 0G®8®66é Nnduci ng agents include any agent that | eadaSop3mnl
enhances the formati on of bone. The osteoi nducing agent may do this in any
manner, for exanple, the agent may lead to the recruitnent of cells
responsi ble for bone fornmation, the agent nay lead to the secretion of

mat ri x whic equently undergo m neralizat.ion,, th e may | ead
to the dec raggg%éaﬁgg%? @?ﬁ@ﬁ S%? e %5 ?mg?%e_m% AT RiPRe e llﬂ?%ﬁ%r‘)? ilbe

ost eoi nduciingengige MBM cbipbsitien. PRNRrimRIREREEN t/biBletis ' 16EMASE formulation
transformng gromh factor (TG-(3),  insulin-like growth factor (IGF-1),

par at hyr oi dOHOIGBHE 2apxye ofpfeticesy Perdanitlea fiferent dalfdifis rSueh avEature coulgne

referred E‘;HPQ L | i j IS i I
gngi neered ‘to g% %& :tes? g%ﬁg%ﬁ%%}\%ﬁ)ar%?sgﬁgé) 5 3) gtlégfélagﬂﬁ%ﬁ&tﬁ?% %f’%gl%% héél ﬁgéli n)d/i ng
of the i ndymiiod ofigjemetratging frem[dBi4 for wedke t€ arohihe depspaiial o thé nédds of the

PCT/ EPOQ' 00637, i ncorporated herein by reference, describe the production
of exenpl arfUBhgfABRPEHONSRER RIS £2p BE %‘,’mﬂﬁt@ 91 Sinfudate bere gpwH: ipgiuman

Fornul ati o t-g%n{ﬁ% V8 Gh LS QISIHHG @,gggg [ 'Q][%f t g%@()ﬁ) [ wyention
may be for?ﬁlat ed for ﬁ:at%g}zlartl g%?ar ﬁusle. %Zt#egrrm g’%?c%?%%% e us(g{c]é/to
al ter the plojlsgaadpongd, ehdgietaibly oompahelritec 200 pg,cnd midsegrefifratdy DRIOImg

preparation @gphysi cian would readily be able to determ ne the
formul ati onrhﬁ ded for a particular application taking into account such

factors as [5Bp tBHSicAl prbpdriéssuch BEdSFbin@atlfityail Wikosify M tRADBRMaP alRE3kE h,
the risk of infection, ‘etc. [_541 I nventive conpositions therefore may be
prepar ed t cheeéspedepending eq thewsgicptar hinicdswpliedtions {fae partoles pfihe ympetved, ~ or

even to ha " . s in diff.eren rtions of L mplant . For
xanl o ¢ naB i bin PERA AT bR Ml 3Bl SRR KM o Bfos o2
particl es ahe émplant iFoukedmsie,z2ke DiproodtPDBM hateriatRERbe ket With sther ghect i on
of a particular stabilizing agent or agents, and the anmounts_of such
agents. To ‘GiPBIYEVWRE hedmgplaess sgenigagashiaciyde Arugpinsotemspeptidese a

compos, | crpRs BNCRINHE LU Rkl BB (Sl velY |
factors w t[f6] onblerpantadlés-dfiDRN (onmveetiverRPN mdterisl) ngy aldodsSoimatiatr adabl e
pol ymer or hrious shapes and configurations. The particles can be formed into rods, strings, sheets,
weaves, solids, cones, discs, fibers, wedges efc. In certain embodiments, the shape and
size of the particles in the DBM composition affect the time course of osteoinductivity.
For example, in a cone or wedge shape, the t’apered end will result in osteoinductivity
shortly after implantation of the DBM composition, whereas the thicker end will lead to
osteoinductivity later in the healing process (e.g., hours to days to weeks later). In
certain embodiments, the particle have a length of greater than 2 mm, greater than 1.5
mm, greater than 1 mm, preferably greater than 500 microns, and most preferably greater
than 200 microns across its widest dimension. Also, larger particle size will have induce
bone formation over a longer time course than smaller particles. Particles of different
characteristics (e.g., composition, size, shape) may be used in the formation of these
different shapes and configurations. For example, in a sheet of DBM a layer of long half-
life particles may be alternated between layers of shorter half-life particles (See U.S.
Patent 5,899,939, incorporated herein by reference). In a weave, strands composed of

short half-life particles may be woven together with strands of longer half-lives.
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| arger amount (e.g., a thicker coating) of polyneric conpound.
Alternatively or 25 WD 03/030956 PCT/ US02/ 32941 additionally, the particle
size nay we wopwsée ant in determ ning the half-1ife of thepPcirrisensisvve DBM
conposition. In certain preferred enbodi ments, an inventive fornul ation

may include a m xture of particles, each wth a different half-life. Such a
m xture could provide the steady or possible unmaski ng of osteoinductive
factors over__an extended eriod of time ranging fromdays to weeks to

mont hs depeld] nglnﬂe@ﬁ@eﬁﬁ@g%b%lﬂmﬁfﬁé’fth%flﬂ?fwon brous PBM ishapgdintes t hi s can
be fornul at [ : ' t] to
A S R ki Ty B R
sponge, andEymeafler Hb&yl 4aenpaddet heatizo fabfidatnn) dakbwitHie shamidadBk iy then10 ny

rhBMP. [55] Physical. properties such as defor ility .and_viscosit f the
DBM may[_al g e@%@_ﬁw SRR PAGCHRPE W@%ﬁﬁ?ﬁ&% p%?lpﬁp’é%%i &t on.
The particlggo8dd ﬁ*&%f‘tﬁ@ﬁﬁ‘éﬁ(qnat%ﬂ !P‘Ez}ﬁcﬁ%rl?‘p’f@iﬁrrm Bl'afl%gﬁ{agi@é &l Bdrsh,and

factors to inprove other characteristics o t he 1 npl an or exanple, the
i mproved DBptasphatidybé¢holing, tpesint peljcabotmies tieosingpolyarylates, paipadideswound

heal i ng. These ts may incl dr.ugs rot ei ns tides, e

pol ynucl got?(gﬁ%a?&ggﬁé’ﬁ? o ]E?ﬁ%rﬁ‘_? %POlé’glr‘?Fo(ﬁﬁﬁg?fyH}eﬁ' @S%&?F PFfpPEed R ggs [ 561
The parti cl vy 6bmIBMe(R4triteMRANE & ¥embIBMisPé BlimddiattaYd Bhe& 1Rginkor med into

vari ous shapes and configurations. The particles can be forned into rods,

strings, shes¢anduciiEapreperticspidise pardinelarly ypefekin mrpmpeling bane depss fasmation i

certain enbﬁgl S of the particles in the DBM
conposition a %I:Feﬁﬁ?%%gﬁlﬁgﬁg%ﬁg@m@?é@éﬁeoi nductivity. For exanple, in a
cone or wedf8] shpmotieh embadigikegitbfeRdinwkhtion; &8ghtive DBNSéca@iosdieat havihy a

shortly after ipplantation of the DBM conposition, whereas, the thicker end
will |ead tHe-Sa@B@aitbfaﬁétmmStoyah SheRs arp RrePREdryAepsriedrpetieation of iglividpalyr s t o

days to we ef&Zetls 3k E'@M, o exétiglé ?% g—?gﬁ@%éﬁrﬁécriﬁet}%ly@ﬁgiﬁ? %ﬁ [mj‘?%t&lﬂ engt h

of greater than 2 mm~ grea : greate preferably
great er thah430063riand o1fd 8,68Accanipsf whickfiemabipprajedlatrein by réfarenef) @ndiSeckons

across its w i mens| so, |larger .particle si w |l have induce
bone. T or mat Hit Ge ST SHEAHTE Fhe ot e AN Siee DI E EE DRk | ol es
of di ffer engompitRiadlRIGAISHAKESze( DEM proRfaRek tdrAfernslivdy moh 38@brifemBhe used
in the formation of these different shapes and configurations. For

exanpl e, i nlagersfsated srithomMilizinggasntsgfter dengshignfof multiple layers.
[S9] In the process of preparing improved inventive DBM materials, the materials may

be producéd entirely aseptically or be sterilized to eliminate any infectious agents such as
HIV, hepatitis B, or hepatitis C. The sterilizétion may.be accomplished using antibiotics,
irradiation, chemical sterilization (e.g., ethylene oxide), or thermal sterilization. Other
methods known in the art of preparing DBM such as d:efatting, sonication, and
lyophilization may also be used in preparing the improved DBM. Since the biological
activity of demineralized bone is known to be detrimentally affected by most terminal
sterilization processes, care must be taken when sterilizing the inventive compositions.
In preferred embodiments, the DBM compositions described herein will be prepared

aseptically or sterilized as described in Example 11.
Applications

[60] Improved osteogenic compositions of the present invention may be used to

promote the healing of bone injuries. The compositions may be used in any bone of the
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life particles may be alternated between | ayers of shorter half-life
particles (See U S. Patent 5,899,939, incorporated herein by reference).
In a weavwp ss@nels conposed of short half-life particl epcrasobsmopven
together with strands of |onger half-lives. 26 WO 03/030956 PCT/ US02/ 32941
[57] In one preferred enbodi nent of the invention, fibrous DBMis shaped
intoa mtrix formas described in U S. Patent 5,507,813, incorporated
herein by reference, and Exanples 13 & 14 (enbedded matrix fabrication)

bel ow. The sdigpechnbBMd & ihfien Tieveeesed DBRMohpdsHiohhusbaen dedpfddad type
matri x, such that a portion of the matrix is left exposed free of the

matrix mat ePPaRce hoae in byman pq}wpwflﬁksfl@davomla@mﬁg apiaveldimilarte 19%&@ H00
phosphat i dy

pol yl act i de“g’%pé}g aggn%doé{giqéel gﬂ ot epgrggég$ Sab. i%r?%s) q;%ﬁg)f IXP??’ SBopo yrrer S.
Devi ces pr elmace that part e ﬁpam@iyusirfgdh& MmWemtémQWIMe atheoid)iffvatal aiasalf

i mredi at e and. |.onger, Iastlng ost(gm nductive properties and are
parti cul ar | SFCHRiRE Parictal, frapasel mgngblsemarila. 2v8Pmatic.drcusnstanesrasleus,

post er ol at eglicfRIcREbrhL ShAAcik REHORE, gﬂlﬁ bar lveftebrad) S%}%hﬁémﬁﬁpﬁgé I?ﬁ?d?/liclé)f the

i nvention, inventive DBM conpositions having a pre-seé
t hr ee- di mnsamdwhmmumeraﬂmpambmgesrmpwrpaﬂ t=pps, |phal‘ang:ds, ibdumi, ndi VI dual

| f DBM. f 3- i.nt bed G S.
bt onts 5. BGuGORS HNGS Smargelth Bk BfuelRrts PR era ety by
ref erence; ’g{??i&@hﬁgur?tan@hablptostreaﬁﬁérﬁQ\hﬂﬁhg@rﬁ pfRéd M%Me%ﬁgdéﬁé@ n by

ref erence. erent” | ayers may conprise individual stabilized
pr epar at i orissulbpg Homeiniay. brewght pleapt dunigs ths somBi/f fuargey sinfacten, @m;hlwltilh:y,

th
R A S e R T

produced entdur@ygies spisinetdt,|ayid @fal bed mhﬁlﬂlbfaciaeéutfgibaﬁtﬂoﬁ‘édiﬂés%u&ﬂys thef&qwid ous
|V, hepatitis B, or_hepatitis C. The sterilization maybe

agents such as

agcorrpl is he‘axfa %Pgﬁnéﬁf)mﬁpwﬂ fractures andpamanions, cxn] i intpreal fixgtoasijoit (e. g.
et hyl ene ox I 1 the art
of %r epari nfgeg@étl\l/ﬂlug%%ﬁs%ém% %rﬁ]&(t?(i{e'ﬁls @%ﬂﬁ? grzgt %ﬂ%an‘?&ﬁggﬁ%¥f| Zat | g)h may

al so be useﬁmonalrané[ham&my heelrderepllaparnm&\,cfetﬁai\dl h&dmfatehmplnceﬂnaglanatotalaohqit vity
of dem neral i e detrl IaII fected. b t .
termnal stB C?Ifl?rﬁt 5%?1‘%&3@%&%2’” 89;11?18““&8 ’6‘8 SP%/W? SWH@HE%%F‘QD f?}?itlﬁﬁ’ t he
inventive CRMMRSIlgeBNz.g., defici Eﬁfr%ﬁ e QRN Somy, RRcEBYE 9RALE Ons

descri bed herein wil|l Dbe prepare
tumors, anterior cervical and thoracic operations, repair of spinal i 1nJurles scoliosis,

lordosis and kyphosis treatments, intermaxillary fixation of fractures, mentoplasty,
temporomandibular joint replacement, alveolar ridge augmentation and reconstruction,
inlay bone grafts, implant‘ placement and revision, sinus lifts, efc.

[61] Inventive DBM compositions may also be used as drug delivery devices. In
certain preferred embodiments, association with the inventive DBM composition
increases the half-life of the relevant biologically active agent(s). Particularly preferred
inventive drug delivery devices are used to deliver osteoinductive growth factors. Other
preferred agents to be delivered include factors or agents that promote wound healing.
However, inventive compositions may alternatively or additionally be used fo deliver
other pharmaceutical agents including antibiotics, anti-neoplastic agents, growth factors,
hematopoietic factors, nutrients, ec. Bioactive agents that can be delivered using the
inventive DBM composition include non-collagenous proteins such as osteopontin,

osteonectin, bone sialo proteins, fibronectin, laminin, fibrinogen, vitronectin,
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aseptically or sterilized as described in Exanple 11. Applications [60]

| nproved ost eogeni c conpositions of the present invention may be used to
pronot e tWe od@alosag of bone injuries. The conpositions napchaseysm4i n any
bone of the 27 WD 03/030956 PCT/US02/32941 body on any type of injury.

The i nproved DBM conposition has been designed to produce bone in human

patients with simlar timng and at a level simlar to 10 g to 100 g,

pr ef er abl ytr@@BospofdinQprbtddglyehins; H&ddn (p”roaoglqbérag‘ea"ta-gmagénglifmn szgaeqphe,
specific bones that can be repaired using tlg%l nyentiye rrat eri,al _include
t he et hni uerIsz%ﬁ%%ﬁcm,rra@tém gla preteihy Sta&}ronaalaﬁ? gioing > Petides RIS

maxilla, Z¥l?8%t§’ ﬁogél’ iccon g%ﬁ%eﬁr&aﬁ@hétﬂﬂé comﬁ?ﬁc@?@éfﬁé@ﬁst r8Rin t horacic

vertebrae sacriom sternum , clavicle, scapula,
huner us, uhyjﬁesrsadmfu&orscfar m&iynias;nmammsehmmnpal sohhead ipfrdilitde gasporichtsum

i schium elvis te . tibia, fibyla, calcapeus, talus,
and ot bt APQE TBGHES STl gt gt inachgtl $PoSHBhBP S TREHE AR t h ¢ he

i mproved Dglliia %&k@lﬁm@%ﬁ c@ﬁfsﬁﬁac% boli§Blgdrdn shl kA trihdaked folh UBdtholahaut

during the course of surgery, i1nfection, malignancy, or devel opnent al
mal f or mat i mnerleﬁhms; antieens; \beoan’atf&acrqrradounwhbfear@lgled@lytqsﬁd dissuspdieshicc,
neur osur gi cosnmetic, .and oral and ,maxill ofaci al tscgaﬁ%l das%goe&edures

such as th a%faf)‘&?’r BFTILS TiSTE SHAERE SREL T llﬁgengg Feg” on- Ui ons,

external apgyhetie rce@koafffdf@stwmm§areﬂdamh1 cdll@Cﬁfg‘idgrekiﬁztdr@ pelygleriasarriers
arthrodesi s, "general arthroplasty, gharthro Iast the hip,. fenoral

and huneralcorﬁ@atilgrfémcé;!@émﬁs eﬂ@ﬁmﬂﬁﬁ @aatlwaea@e é‘ﬁ%"ﬁ@éﬁ%’cﬂ HA% t ot al

LA e PSRN o BB Rl SRS SR 2 MG sl 07

| am nect onyiyvingxells swh a@fchsmﬂra@hesgmmbblatstmmtsoclm @ibtablastsebaticandrramdells,
thoracic operations, repair of spinal a{lurles scol i osis | or dosi s and

kyphosi s t meagneBmal StFrﬁtcépﬁﬁ%i 3 tsaye ransRlants oRiogthepiv ey PQRRBIOHRRET VI ast v,
t enpor Oﬁa“t}k&ahéha rahﬁ%ﬁﬁggfdg&m feﬁsltd&e(?kﬁff béta)d BRuBMURE Blodkh BRiGRNd

reconstruction bone gr I mpl ant pl acement and revi si on, sinus
lifts, etc (IC{PGl]I(}IhQ)g rpiatdet BENEE gropds factos (EDREY; ‘@rguaﬁ@rm@daca@rS&Fﬁé)
dellvery devi c

f d h th
i nventive Iﬁ%‘f\?f‘@‘(ﬁﬁﬂg‘r%]‘h?lfagrﬁ%%ﬁﬁré%s@?c&ﬂ@em ef%fnl %Fa fthgﬁ??} ég thne
bi ol ogi cal Ipt@Wih¥i8g SRS, %)g iRtk 26 dvih factet srnﬂe@ prbﬂame(mme-zd rug

delivery devices are used t del i ver ost eoi nductive gromh factors., O her
IGFBP-3, IGFBP-4, IGFBP 5, IGFBP-6); angiogenic agents; bone promoters; cytokines;
interleukins; genetic material; genes encoding bone promoting action; cells containing
genes encoding bone promoting action; cellsa genetically altered by the hand of man;
externally expanded autograft or xenograft cells; growth hormones such as somatotropin;
bone digestors; antitumor ‘agent;s; fibronectin; cellular attractants and attachment agents;
immunosuppressants; bone reso@tion inhibitors and stimulators; mitogenic factors;
bioactive factors that inhibit and stimulate second messenger molecules; cell adhesion
molecules, e.g., cell-matrix and cell-cell adhesion molecules; secondary messengers;
monoclonal antibodies specific to cell surface determinants on mesenchymal stem cells;
portions of monoclonal antibodies specific to cell surface determinants on mesenchymal
stem cells; clotting factors; polynucleotides; and combinations thereof. The amount of

the bioactive agent included with the DBM composition can vary widely and will depend

on such factors as the agent being delivered, the site of administration, the patient’s
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preferred agents to be delivered include factors or agents that pronote
wound heal ing. However, inventive conpositions may alternatively or

addi ti onawbyslosossced to deliver other pharnmaceutical agemC3/usawbadi ng
antibiotics, anti-neoplastic agents, growmh factors, henatopoietic
factors, nutrients, etc. Bioactive agents that can be delivered using the
i nventive DBM conposition include non-col |l agenous proteins such as

0st eopont i ghysioRpiQPEGRK tidh, RO Mhe %}Jﬁhﬁmﬂé@lﬂbdﬁsg ddtbrtinaEitd Pecifiasasei n,
fibrinogen, "vitronectin, 28 WO 03/ 030956 PCT/ US02/ 32941 tronbospondin,
pr ot eogl ycesesd unteiche iniendsd useelghy memant. bet a- gl ycan, bi gl ycan, aggrecan,
veriscan, ascin..mtrix gla t ej nan: ; L No: aelds;
pepti des; l;%glgr g‘gc’ﬁ ie%(amgfee%%x%{%v;e Ilsﬁ orcgg%f)gmg%%%%ﬁﬁ%gﬁeggre gg%% g? F?%ﬁd@

conpounds; o2k aedre combpeinde ket 6ynhd@dup comsitimgtod daugk diat ectzy sEmptic

vi tam ns; hornones; soluble and insol ubl e cf,orrponent s.. of .the jimune system
sol ubl e aredingutsietfseter fasgnabpites (e} HEPAshPERshadoline. milocapipgh| e,

i nsol ubl e, c - - Li ' ugli; ; @%Peﬁgg L4TE

chenoki nese}t%gglr?t gérotpgu |ntrlf%&E)ﬁ}éér%l)l(:g ?%glﬁé’;sggﬁgglg{lﬁgﬂee’ %%ﬁ%g{i} Ellgs% t Nat P gfr?e ’

endocyt os edhpainiss debwtmiriessugrotetanal afbntesol, progomolohesetatese drugs thatres awuch as

col | agenase, pepti dases, oxidases, etc.; .. pol ric cell scaffolds with
par enchy ma&e E"é’r“[ai DeLYRHS S -c‘i’:l*‘_jfd?,ze?ﬁﬁ}’ Sf?g?ﬁ%nﬁaﬁa_?‘?% ’ DEBAEANR | ng

bi oactive ﬁ%%@f cSRERRRE! BLLdiR] ﬁg%&éiﬁe,éﬂﬁﬂ&aﬁhn@ DaReliNG pReRBif, i N ti me-
rel ease for colml agen lattices; antigenic agents; cytoskeletal agents;
cartil age falmgiveanid carbainazepine; bfdnwcspicte, awrphondeseyil enliraone ebloxsns );

ost eocl ast fibroblasts, .bone nmarrow cells, .nesench . stemegells, etc.;
Ciseue tr aiip it @OuRR s ARG LY TS i IOt hra e B
transf or m pgrafe@WtBrol &C t@molyiF@odhet, Meophyifitt) Arughk ket affesthdnaf @cvar (1 G- 1,

| G~-2), platelet derived growmh factor (PDGF); fi brob] astq?g]rowth factors
(FGF), vaerdipgascalanbinetpn (.2 glugwenideadiagide ymdamide, spirenolasiine of28iPH L act or

(EGF), gro : For bi fach F ins a4 4 0 b h factor

bi ndi ng pr %ﬁ%lp ﬁlﬁ(alfsﬁﬁlgsli)éﬁ% %&@@‘Bhﬁ%ﬁ%ﬁml, Idg;%g{-’é‘{b rﬁhgglgggg%éngi ogeni ¢
agenfj S; bgh@acafnenmﬁtﬁ'fdme, ﬁcj/e:mkihaeﬁgitlallih,nhwalsmﬁk,! lnsastegiﬂnﬁtrivastamta erial; genes
encodi ng bone pronoting actjon; cells containin enes encodi one
pronot i ng %qugﬁlﬂtgsgémgé A F‘ittgésft’f%m%?t‘tn@fé‘ﬁc @ﬁ:’eg%%a% & ﬁifﬁa?g‘tegxt ernal ly
expanded aphpeifdsle 9r té&%@?(gfrngf élinﬁ%%réh, Aok CROB NRNEiS c SHGRicABN,

somatotropin, bone”di ges antitunor agents; fibronectin; cellular

at t r act ant sanspbyains pertietin Gageonisilin, geniamissu ppitleiogwains ciptdlesagiezsor pt i on

| nhi bi tor Sdc?xrgfg:ycsﬁriletrgclzy%&o%rirf .Zidgn;/&(fi)rgee(wff )f g&é,ocfdi;ribavirin, cefaclor, cephalexin,
streptomycin, gentamicin, tobramycin, chloréunphenicol, isoniazid, fluconazole,
amantadine, interferon, ); anti-cancer agents (e.g., cyclophosphamide, methotrexate,
fluorouracil, cytarabine, rﬁercaptopurine, vinblastine, vincristine, doxorubicin,
bleomycin, mitomycin C, hydroxyurea, prednisone, tamoxifen, cisplaﬁn, decarbazine);
immunomodulatory agents (e.g., interleukins, interferons, GM-CSF, TNFa, TNFj,
cyclosporine, FK506, azathioprine, steroids); drugs acting on the blood and/or the blood-
forming organs (e.g., interleukins, G-CSF, GM-CSF, erythropoietin, vitamins, iron,
copper, vitamin By, folic acid, heparin, warfarin, coumérin); hormones (e.g., growth
hormone (GH), prolactin, luteinizing hormone, TSH, ACTH, insulin, FSH, CG,
somatostatin, estrogens, androgens, progesterone, gonadotropin-releasing hormone
(GnRH), thyroxine, triiodothyronine); hormone antagonists; agents affecting calcification

and bone turnover (e.g., calcium, phosphate, parathyroid hormone (PTH), vitamin D, '
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bi oactive factors that inhibit and stinul ate second nessenger nol ecul es;
cell adhesion nolecules, e.g., cell-matrix and cell-cell adhesion

nol ecul eswogvpadary nmessengers; nonocl onal anti bodi es speaifsoz3zel cel |
surface determ nants on nmesenchymal stemcells; portions of nonocl onal
anti bodi es specific to cell surface determ nants on nesenchymal stem
cells; clotting factors; polynucl eotides; and conbinations thereof. The
amount of bigghesplionaest, cakitagenfludrive), witeching (.8 , riveflDBM metipisicid.on can vary
widely and w |l depend on sych factqrs as .the agent heing-.delivened, the
site of acﬁWﬂPQHFaHWl?CW%%C@EWtHhPh‘gmfgl %@aﬁggﬁ%gﬁﬁﬁlﬁ%%% 21
physi ol 0gi Galy; jidd thdid bR Vevel&tdiei migledeii-vianad i n a
specific c\gfégmﬁ?;ge(fhglgg)ﬁ%%%e ?_n eﬁ%%dﬂﬁrsge of the inplant. [62] For
exanpl e, ilipmsomiesy,®NDRNreimpasjUghBaSNtEpIISELPRE) aF edesrrentiauch 3P ePRE ude
one or nore co%‘pounds selected fromthe group consisting of drugs that act
at synapti%emé ¢f-neur oef f ect or junctional sites (e.g., acetylcholine,

met hachol i g8  Pir QEEHRINMdimaE, AR dpent HURNIeliverbd & adphipedmtdr gthieneise

succi nyl chol i ne, epi nephrine, norepinephrine, dopam ne, d buhg{lérgit ne,.

i sopr ot er essebgiatadl puithshomatrpy bginrginallatted. sSEICALEH THIY bypsipdatehytth 4d MBEX t he
central neryou stem (.e. chaonaz o PV hlent

benzocai ne?fvtﬁﬁi)m&?gipﬁ%gm?%%%%li Sﬁ%ﬁ€%%€é| nggq@gﬁcgg%gigne, eror

anm tri ptyl hdiecofalidn@xREatitons P Bxaxples ofspecifislipenictomdhdpdcthpisdetrapiane,
bronocri ptine, norphine, fentanyl, naltfrexone, _nal gxone, ); .drugs that
nodul at e i hgdrarardtageseni@sp BRiLws a{“@?‘b?-r}tlbggﬁi 45 nEX%ﬂB%&Eq?&?PWH? bupr of en,
naproxen, L35 5 W0 HROPBM dsteti® inteMEMGS, hi@etiafl fect renal
and/ or ca?%eﬁéé\}g%garfcglé&wﬁﬁc%hgﬁiq(% S.C,&gur.oser%_de,n?hi azi de%@gm | ori de,
spi r onol actmeracticapdippleiitteractoms| eqordet Waalsintesgetions, hyitogembendingneedi pi ne,
verapam |, digoxin, .isordil, dobutamn | i dpcai he i_ni d#l i ne,
digitalis, Cm%%@g?‘?lﬁ}enfso@‘ﬁé‘g%tilﬁ?t?ag%‘?fﬁ%st?%maﬁfx us%aaﬁg(ﬁragoe ?tetg? %ge:? le'?iat
af fect gaskLok&sLhRalit WebdpRst o Gitdlof acliBB M 96 B costaliv@bleatd) ;
antibiotics (e.g., tetracycline, clindanycin, anjt)hot ericin B, q%ldl nlhne,

met hi ci | | i embogiarentsythsiagentge e deliveres maay hergbiached 10 achegisnl sompqupd such as
eryt hromycin, ci prof.l oxaci.n i Iokitiod! Hovudicne (AZT),
ddC, ddl | PPBROGT PR iSSP gnired t,’}g@l)éé‘%ﬁ%&?ﬁl? ﬁfi%%’ o e &1 .

t obr anyci nempbliRdcarRheAieaoto bd dtinérad isthttathadcto na zotiendy, anfaaged: thereof,

i nterferon,

); anti-cancer agents (e.q., cyclaph m de,..net hot r exat e,
f 1 uor our acithal TRIPERIZEHITHIIIORE Qi%i‘ﬂt"ﬂ%t‘ﬂ &ﬁé{lat%;i‘ Hgﬁ’&m‘immoﬁ&??-s ‘e,
doxor ubi ci lﬂarticularly preferred embodiment, the agent is a BMP, TGF-B, IGF, parathyroid
hormone (PTH), growth factots, or angiogen!ic factors. In certain embodiments at least
two bioactive agents are attached to the DBM composition. In other embodiments at
least three bioactive agenté are attached to the DBM composition.
[64] The growth factor stabilizing strategies described herein, may also be applied
directly to growth factors associated with synthetic matrices such as ceramics, bone
cements, or polymers. In these embodiments one, two, or more growth factors are
associated with the synthetic matrix. A growth factor is associated with an anchoring
matrix (e.g., amorphous or crystalline calcium phospha{e associated with a growth factor
such as BMP), wherein the composition is prepared in the presence of a diffusion barrier

such as amylose, fatty acid, or a resorbable polymer, or with a combination of at least two

or more of these stabilizing agents. In a preferred embodiment, a poorly crystalline
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bl eomycin, mtomycin C hydroxyurea, prednisone, tanoxifen, cisplatin,

decar bazine); imunonodul atory agents (e.g., interleukins, interferons,
Gwvt CSF, TWbBa3/030b86-[ 3, cycl osporine, FK506, azathi opri ne, petrarsoz/sto¥1 dr ugs
acting on the blood and/or the blood- form ng organs (e.g., i-nterleukins,

G CSF, GWCSF, erythropoietin, vitamns, iron, copper, vitamn B12, folic
acid, heparin, warfarin, coumarin); hornones (e.g., growh hornone (GH),
prol act i n, cJiibigHogie SALBBARM itk grdbitlrons Eoét mikStnitkGstarafissiigat at | n,
estrogens, androgens, progesterone, gonadotropin-rel easing hornmone (GiRH),
t hyr oxi ne, diffusiondeatrteyr oni ne); hornone ant agoni sts; agents affecting
calcification and bone turnover (e.g., calcium phosphate, parathyroid
hormone (PTH), vitamin D, 30 WD 03/ 030956 PCT/ US02/ 32941 bi sphosphonat es,
cal ci toni nigsf | UPhésH@Nd oMek @%ﬁe@@ of Bie PreseritiiR@dkian ivill boifeddr aprediatdpon

pyri doxi ne, pantothenic acid, biotin, choline, inositol, carnitine, vitamn
C, vitam ncoxsidevatioawif theefollowingrixamles, Weaigh aterateagsd wglnstetq@rigin  vi ral

vectors, nucl.ei.c-aci d~beari N - iR coni

ant1 - senserayenassroGhmERh of fie jisRESE Hiwe IV RRG Aok KOR B ity 1
certain enppdie®iiing, the agent to be delivered is adsorbed to or otherw se
associated with the matri x being inplanted. The agent may be associ ated
with the matrix of the DBM conposition through specific or non-specific
interactions; or covalent or non-covalent interactions. Exanples of

specific interactions include those between a ligand and a receptor, a
epi tope and an anti body, etc. Exanpl é&xamiplaon-specific interactions

i ncl ude hydrophobi c_interactions,. electrqgstatigc. .ihteractions, nagnetic

i nt eract i okxamalesls| RreparingDerpingralize ed@?“% { nteractions, hydrogen

bonding, etc. | hHp\ehiPhdiEpResidRnks, méthed 88RBAniE Ridwacinekk Ao(sthe matrix
using a linker so that the agent isS free to associate with its rece)ptor or
? .

site of actuesella aliGrohopedics 82EHE-pile et KPY; evpaersiehbacinbhecisyeft) to be
ooy 20 oY o A S Ao B SRS S8 by SATROR A eBS serRERL ARl T

recogni zed conp n anot her enbodi nent,
t he agent t@oRWeclde} kveDedinesaliatd Betekhplamteh Clintdshio Mastio Sufgendié2t2X3her eof |

t hat recogni zes an epitope found within the trix of the, DBM co sition.
In a part 24 A1yl 98peWich AN RE TS Bﬁé%@éﬁ?-ﬁ%ﬂeé%wel\gﬁa@i%, | GF,
par at hyr oi Q‘roééﬂ %@2%5%?@% %ﬂe&%@ atyPEih@fedit p@iosRe, AURBleCconACHVE SissdeD

certain enbodi )
tendons, ligaments, and cartilage. Cancellous bone may be separated from dense cortical

bone and processed as large pieces. Cortical bone may be cut into small pieces to
improve the efficiency of subsequent Washe; and extractions. Denser bone from larger
animals may need to be frozen and hammered in order to produce chips less than 1 cm.
The resulting pieces of bdne are thoroughly washed with cold, deionized water to remove
marrow and soft tissue.

The cleaned bone is then extracted with frequent changes of absolute ethanol for
at least 1 hour. Typically, a'total of 4 liters of ethanol is used per 100 g of bone. The
bone is then extracted with frequent changes of anhydrous diethyl ether in a fume hood
for 1 hour. Typically, 2 liters of ether is used per 100 g of bone. The bone is dehydrated
by these extractions of ethanol and ether and can be stored at room temperature.

The dehydrated bone is then frozen and then pulverized in a liquid nitrogen
impacting mill. Pulverized bone is then sieved into fractions of 75 to 250, 250 to 450,

and greater than 450 microns. Bone particle fractions are then demineralized using 0.5 M
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two bioactive agents are attached to the DBM conposition. In other

enbodi nents at |east three bioactive agents are attached to the DBM
conposi t iwn.03joswke The growt h factor stabilizing strategi epcaasor/sived
herein, may al so be applied directly to growh factors associated with
synt hetic matrices such as ceram cs, bone cenents, or polynmers. In these
enbodi nents one, nor e growth factors are associated with the
synthetlc I i g matrix
(e.0. . amorpi 00&@05@&1%??2?1 e TR R bl AR "G e
factor s uchagnstiBYers whmrxmunattdaeo p&mnsmnheamngs Im&@)aﬁlﬁﬂibﬂ bont¢ el odsence

of a diffusion barrier such | ose, fatty acid, or_ a resorb

pol ymer, orarmtrﬁgépd@gmlﬁ@lm?#% %ﬁ;ﬁ@ﬁ&?@ﬁa oidh> Wbhudra¢hlerieas g ”@i bth631 o
stabilizin k7ahR pocRL et S RRACAITBRLpLiEIROBY hihifig ¥ebal | ne

03/ 030956 %](‘#%Eﬁ %g R Earcium phosphat e | ociate th a growth

gr gwt [1 hf ac trmndm;[ai@eﬂ?d/\]iuﬁﬂolctgusieﬁr?meb éaintossa stdlni) f Uib¢ acid ![aaal tibeated pﬁﬁe]raffg ese
and ot her aspects o e in i on. ur r upon
consi der at iaégwﬁheflr‘?@’aﬁ’ (YYlFlgW?ﬁiQP “@ge I&’E‘gt{‘%‘f"éﬁﬂ@ﬁlaﬁ% r ate
certain path&kxfat&airh@wafé@wa%gs%a@%eH&@nﬂea\ﬁ%ﬂmemargybaﬁe&samcm _@mﬁ!ﬁé to

limt its scope, as defined by the clainms. Exa . Preparing
Deni ner al i ZIBIYV@BOIDdldwaslle&nmmremdmeb‘élfpg@parfmn thei fimgr amcln%tﬁhﬁj or

t echni que kno in the art (see t ho 4-53 1,
May 1989 %Sgnf’rﬁoslt?[ réﬂmﬁ%gra@&wxwatgg%ﬁﬁgﬂcg)\m?er?ﬁ (&eﬁgﬁrﬁﬁg %‘g}%é’)ﬁﬂ %ierrpl ary
pr ocedure fOF pr@é&ﬁfdefb%zé'&%ﬂ%ﬂfo@ide?s%@e Sonetedevittv@fnfdsyNabsdl@watisholebr al .

" Dem ner al |§q%gp§ggiezgo ﬁgg@@%ﬁgﬁa&:@lsn Pl as(gec Surgerrlé@mégrgﬁsg:% 241,
April 1985 i Fﬁl%‘% one
fragments [ T,
misel o coraried I Fafhfo VARG (BHPHE, CK AR I RSB of s
bone nay beethar;ﬁr gt&doﬁstarﬁnglbmpmlés cfter t]ba)laet cmadgqnfmlmmrdmsed dnge

i b t |
2:‘ fe Fg;sency éﬁm oy m)ﬁﬂﬁ’gﬁ‘g‘gﬁ%ﬁ%’%}%gﬁ%ﬁe Lé&heg%h‘g‘af ?‘hﬁﬁel?aﬁr ger
ani mal s ”ayve{rbhﬁge& W&%M&Z@éﬁoﬁﬂ%e%&l@s&%o@wﬁﬁ@%d HRCRIQ AR Qe YeRBe | €SS

than 1 cm e resul ting pieces of bone are thoroughly washed wth cold,
dei oni zed wédamginerazeddyome enaterial, it may be treated with cold ethylene oxide or irradiated.

To test the bioactivity of the prepared DBM, 25 mg of the material is implanted
into each of two thoracic subcutaneous pockets in shaved, anesthetized 28-day old male
Charles River CD rats. The implanted specimens may then be harvested and inspected
several days after implantation. The composition of the induced tissue can be quantified

by histomorphometric analysis and be biochemical techniques.

Example 2: Another Method of Preparing DBM.
DBM may be prepared using any method or techniques known in the art (See
Russell et al. Orthopedics 22(5):524-531, May 1999; incorporated herein by reference).
Demineralized bone matrix was prepared from long bones. The diaphyseal region
was cleaned of any adhering soft tissue and then ground in amill. Ground material was
sieved to yield a powder with particles approximately 100 um to 500 pum in diameter.
The particulate bone was demineralized to less than about 1% (by weight) residual
calcium using a solution of Triton X-100 (S1gma Chemical Company, St Louis, MO) and
0.6N HCI at room temperature followed by a solution of fresh 0. 6N HCI. The powder

33



marrow and soft tissue. The cl eaned bone is then extracted with frequent
changes of absolute ethanol for at least 1 hour. Typically, a total of 4
liters ofwetohasmwbsei s used per 100 g of bone. The bone isPpchdrsozstonnct ed

wi th frequent changes of anhydrous diethyl ether in a fune hood for 1
hour. Typically, 2 l'iters of ether is used per 100 g of bone. The bone is
dehydrated by these extractions of ethanol and ether and can be stored at
roomtenpe hﬁ%éﬁfaﬁwasTPﬁ‘seé%Mld&e’i‘&ﬁEedt\%@r il HJ&G;‘JH %le%ﬁteaﬂﬂnuhﬁ Nt @whwasi zed in
aliquid nitrogen 1npacting mll. Pulverizéd bone is then sieved into
fractions ecbak%lrt’&%sthanﬂwdtfme%@ned tariebs gravat’e residvahmaobured crons. Bone
particle fractions are then dem neralized using 0.5 M 32 WO 03/030956

PCT/ US02/ 32941 hydrochloric acid (50 m per granm) for 3 hours at room
tenper at ur gxehpRi3: %rﬁ&ﬂla’uﬁ??ﬁ&ﬂré‘d Eikvbitive TBM Cdinpdigidngt i on to prevent:

over heating. Lar ge chi ps of bone and bl ocks are extracted corrpl etely at 4C
with f requent ch ﬁg@yebwas)prﬁpm%wm&m@ppréxmat%iy 6% (Wirorafikeraedided | on

process can ed r adi | cified
hi st ol ogi c SEaE hﬁgques %Pgﬁoxl%g% /gl%g%‘;]) & 8eT g( 0?5%&)%)3{ g m ﬁgr al s
are washed 6a\5exy (Witwl) BteﬁxD:l deloﬁﬁe@mafeedmamertumntzaslheaﬂa& t@00f totphegalatitizemat ches
the pH of the water. The water washes can be decant ed from%he | ar ge

particl es dhePenggaiingzedgpixaire wag Hspdransiered e p ssanagtockye ved by
centri fugats HH %dg)&’ﬂtfnlifedfa't ?@%fﬁ'h%ﬁs TPJ ﬂ%ulti‘?@%ﬂk e Blcfifad £6 s{s?e%cy
appr oxi mate g er per “gram of starting one partic

Deni ner al i z;é;iudzhmga Tovabetes carrerenxikivae esithed tdmbinah geth IDBMatiool Evt@n}é@ Banol

for 1 hour sing .200 i et hano ram of. ticles.
The mat o1 20 Male if ot efppR e R e ko b MR AP ey
ether for %héﬁqmplamefdhnéb%mlcq&s 18438 oBRbinanAIigf starting bone particles.

After the last Change of €ther is renoved, the den neralized bone powder
is |eft ovelmingive pmbediaehioo®tnitcompandnts sueh peglyderal Weretpsdedhassa soluioar | zed.

The partlcles sho t lize

the dem né?é’lmm gy%?%r‘r’gﬂel gfscerm%]tg V¥4ﬂ‘)l5ttgrtarte rgéﬁf;]%r% %otl fhat %féljene

oxi de or i rduglflg &Ie&'d}al dempesion ity amlokdry fdundad htveaceegpisle a@hdnlag/l 25 ng of

the material is inplanted into each of two thoracic subcutaneous pockets

in shaved, ch#asiengicszed 28-day old male Charles River CD rats. The

i npl ant ed speci nens nmay then be harvested and i nspected several days after

i npl antation. The conposition of the induced tissue can be quantified
Example 4: Stabilized DBM

The table below describes the preparation of a variety of inventive DBM
compositions with different stabilizers. All preparations are prepared aseptically, and all

preparations may be used with DBM particles, fibers, or solid formed matrices.

Class of Stabilizer DBM form Method
Stabilizer
Diffusion Barrier Resorbable polymers in Approximately 150-1000 Pre-swollen particles are

powdered form: micron particles lyophilized | mixed with polymer

Tyrosine poly arylate and then pre-swollen with powder. The mixture is

Tyrosine polycarbonate 100% glycerol, excess Melt cast at 60-115°C.

polyorthoester removed by filtration Following cooling the
polymer DBM monolith is
pulverized

Phosphatidyl choline Approximately 150-1000 One or more of the

Phosphatidyl-ethanolamine micron particles lyohillized indicated lipids are

Squalene blended with the DBM to

Starch phosphatidy! choline prepare a paste containing
about 30-80% DBM
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Example 5: In vitro assessment of protective agents

Samples of DBM w1th carrier with, and without stabilizing agents (or various

concentrations and/or formulatxons of stabilizing agents) are prepared and incubated with

serum or individual enzymes ( e.g., papain) in pH 7.4 PBS buffer and incubated at 37°C

for 0.5,1,2, 4, 8, and 24 hours Samples are then extracted to determine the

concentrations of growth factors and other matrix proteins as outlined in Ueland et. al.

(“Increased cortical bone content of insulin-like growth factors in acromegalic patients” J

Clin Endocrinol Metab 1999 Jan;84(1):123-7; incorporated herein by reference).

Samples are prepared for native and denaturing SDS gel electrophoresis followed by

Western blot analysis or Western Ligand blotting as described in Ueland et al. (1999) and

incorporated herein by reference (Ueland ef al. “Increased cortical bone content of

insulin-like growth factors in acromegalic patients” J Clin Endocrinol Metab 1999
Jan;84(1):123-7; and Walker, J.M. (Ed) The Protein Protocols Handbook, Second
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Class of Stabilizer DBM form Method Stabilizer D ffusion Barrier

Resor babl e polyners in Approxi mately 150-1000 Pre-swol |l en particles are
powder ed worosi0309s€r on particles |yophilized m xed w th polrgmarse2/Izgapsi ne
poly arylate and then pre-swollen with powder. The mixture is Tyrosine
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Example 6: Determining Time Course for Induction of Bone Growth by Intermuscular
Implant

[66] This Example characterizes the time course of induction of bone growth in an
intermuscular site using the inventive materials, as compared with DBM base powder (as
in Example 1), at time points of 7, 14, 28, and 35 days. This Example is similar to the rat
model for assessing osteoinduction of DBM found in Edwards et al. “Osteoinduction of
Human Demineralized Bone: Characterization in a Rat Model” Clinical Orthopaedics
357:219-228, December 1998; incorporated herein by reference.

[67] The study was conducted in athymic (nude) rats in order to minimize the potential
for a cross-species incompatibility response to human tissue implants. The hind-limb
intermuscular site was used for the initial determination of heterotopic bone induction
properties because the site does not naturally; contain bone.

[68] Female homozygous mu/mu rats in the 50-75 g range were obtained from Harlan
(Indianapolis, IN). The réts were housed for one week for acclimatization purposes prior
to surgery. Sterile microisolator cages were used throughout the investigation, with
sterile water and rodent diet provided ad libitum.

[69] Implant Placement: A single intermuscular (IM) site was utilized in each hind
limb of 30 rats. To provide a common positive control over all animals, a single 40 mg
sample of rat DBM powder was placed intramuscularlf within the left pectoralis (LP)
muscle of each rat. Animals were allowed normal activities following surgical
procedures.

[70] Implant Materials: DBM and test materials were kept at room temperature. Eight
145 mg samples of Test and eight 40-mg samples of DBM pdeer were tested for
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Enzyme Inhibitors Tl MPs Soybean trypsin Conpetitive Substrates
Poly-lys- arg D - mannose Pol y mannose Poly-L- lysine Exanple 5@ In
vitro asswegmmsosef protective agents Sanples of DBM wit hPcarusoms2owi th, and
wi t hout stabilizing agents (or various concentrations and/or fornulations
of stabilizing agents) are prepared and incubated with serum or individual
enzynes (e.g., papain) in pH 7.4 PBS buffer and incubated at 37C for 0.5,

1, 2, 4, 8; Le then extracted to deternine the

concentr at ilrgﬁ%ﬂ%a% 8? g&iﬁfﬁgﬁ) (E)J?d:zggcrll Sbgﬁgiam ?Srol%fa \gfrggﬁééég:%g&aﬁ'ned in

Uel and et . Tk 40 rig bamopleas@BRogdwdea veloRRyawd et 100 I\p/t&@ﬁ%ﬂ%i%éé '9' Ee growth
ta an;

factors in r lic patients” J Cin Endocrinol i

84(1):123- ﬁ%i@é‘?ﬁ%%i SE?HD’(H@]«: Eptongyv, e Barbeof thI@W§rI@Cb?dép&féhllltlor
native and yigh J: - | ' l J: . - pl ot
anal ysi s or V‘égjinLelsrlylF\lH%' ggﬁéggi%oﬁltﬁ%égs (%‘gc(fééfols%%% %H%Igry% dle\éﬁﬁjtégcgl(v?ggg)
and i ncor fopaf 8 same énplabtg. r ef erence (Uel and et al. "lIncreased corti cal
bone conte ulin-like growth factors in acrongegalic patients" J

din Endocﬂh’igic 4(7%‘?@9’%9 rapafcrg apasyhelizel with amixies & ;cargi_rim(ZQOEag), The

AN o R T A

by ref er endejght administered intraperitoneally.
[72]  Procedure: Aseptic surgical procedures were carried out in a laminar airflow
hood. A 1-cm skin incision was made on each upper hind limb using a lateral approach,
and the skin was separated from the muscle by blunt dissection. A superficial incision
aligned with the muscle plane was made to allow for insertion of the tips of the scissors.
Blunt dissection was performed from this line deep into the muscle to create a pocket to
hold the implanted material. A single suture was inserted to close the muscle pocket, and
the skin was closed with metal clips. . |
[73] Implantation of specimens in the left pectoralis muscles involved making a 1-cm
skin incision over the chest, blunt dissection of the muscle to create a pocket, and
positioning of the rat DBM powder using a blunt syringe. A single suture was inserted to
close the muscle pocket, and the skin is closed with metal clips.
[74] Rats were euthanized with CO, folloiiving the designated implantation time.
Implant materials were locéted by palpitation, retrieved by blunt dissection, and cleaned
of the surrounding tissue by careful trimming. An observer blinded to implant type
performed a macroscopic ei/aluation of the implant material. Color, vascularity,
hardness, and integrity Weré scored according to the scheme outlined in the Table below.
(The highest score for the most robust response would be a 4 while a specimen showing
little or no osteoinductive potential would score a 0.) Experience with this model has
shown a high correlation between visual observations aild histological observations of

implant performance only at the extremes of both ends of the scale.

Macroscopic Observation Scoring Guidelines
Color: White (W) + | Grey (G) Red (R)
Vascularity: None (N) Some (S) Robust (R)
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Sanpl es contai ning stabilizing agents denonstrating | ess degradation of
gromh factors or other proteins than sanples w thout stabilizing agents
are then wesBmshss®©r osteoinductivity at 7, 14, 21, and 2@cdayss2/8194t he
athym c rat assay. Extract sanples can also be tested rapidly for

bi ol ogi cal activity in a tissue culture assay as described in Zhang et al.
(1997). Exanple 6: Determning Time Course for Induction of Bone G owh by
I nternuscul ar | pplapt—661—This—Exarpteeharaeterizes the-tinecourse of

i nducti on of bon _Eﬁ}&ss;i i:’l _usli%é Ejs ﬂFIBr(Fijp HewMHhe i ndenti.ve

materials, as copHE®#YWi th | ) t @s i n| Nedwsi®)1) . lat tine
points of 7, 14, |S8&reand 35 days. This @fple is simlar to the rat nodel

for assessing osteoi nduction of DBM found 1 n Edwards et al. "Osteoi nduction
of Human Dem neraljzed Bone: Characterization in a Rat Mddel " d i nical

Ot hopaedi 8] 3&fstolege Beriersdonatsapls voosiixedis dioybrbreterekbfosmalibyAfter er ence.
[67] The s u i t 1: .S, |:R der t L.nLm ze

t he pot ent ?‘lg ¥O%§Oggdggb%%®g%§e€?r§g Q?%gﬁ%g}uﬁ/lz Folrr?lélé?éel%’p%rﬁ?ggra e(C)l(i’llll g} &Q%ﬂ i ssue
i npl ants. dleehdis retkletiddd iniTBt4e (vt nletacsilite Podscisnad, nor, Whenitoh! PA)

determ nati opn of. heterotopic bone induction properties because the site
does not n&RdpesripPRede h‘fea]irl?‘?r%??éfﬂofl%'é’freﬁ%dé“ﬁb Jige birerand eralpgted by n t he
50-75 g r angg: MRE&c tained fromHarlan (Indianapolis, IN). The rats were
housed for oOne week Tor acclimatization purposes prior to surgery. Sterile
m croi sol a{¥l cdbes ewplantsyeeehistnlogighiyivatubted usiug atsemifuiantitativé tbthodt eri | e

wat er and rodent diet. provided ad libitum 9] Inplant Placenment: A single
It o muscuPEETY Af SRl A TR 3 Ad P RO SRR AT b B G AR S To
provi de a @EHHEN4POHbk VG 108 tfvelved s hei ibbndfdhiRich; 38 §1-19YEndlvéMin sanpl e
of rat DBM powder was placed intranuscularly within the left. pectoralis

(LP) nusclevdpnefumation 2 AR¢-A8Ysingelved &l nepilete fommdionat = 2 1% @f tifeol | owi ng

i cal : | Rt eri . t naterial
kept ot r oSk EEtiSea th Bk HoR iyl S 5 PEN A SE NG “ao- g
sanpl es of ehfMhpoiEiefonaEsrenaties irtduding thd3eradehRIFRIR JPChOMPORAS2 dilve

inplantation tinmes of 7, 14, and 28 days._ Six sanples of each were tested
at 35 days osteoblasts, osteoid, newly formed and mineralized bone, and/or marrow and associated

fat cells.

Scoring of Histological Sections

Score New Bone Formation
0 No new bone formation
1 <25% new bone formation
2 26-50% new bone formation
3 51-75% new bone formation
4 >75% new bone formation

[77] Following histological analysis, average scores were calculated for each material
type. Based on previous experience with this animal model, each group was assigned an
assessment of osteoinductive potential based on the avérage histological score.

[78]  Results: This protocol was followed with the test material, a DBM with a starch
stabilizer as described in example 3, as compared with control GPS1-2 base DBM
powder. At the 7-day timepoint, DBM with a starch stabilizer and GPS1-2 powder

achieved the same level of induction, with a histologic score of 09+04and1.0%0,
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The 40 ng sanpl es of DBM powder were rehydrated with 100 | of sterile
ALLOPREPTM ( Cst et ot ech, Eatontown, NJ). Each of the sanples was packed into
alm bWwors/oswese syringe. |nplantation was random zed soPchatSoas®ingl e
animal did not receive two of the sanme inplants. [71] Anesthesia: The rats
were anesthetized with a m xture of ketam ne (200 ng), xylazine (400 ny),
and physiol ogical saline (10 mM). The dosage was 3.5 m /kg body weight

adm ni stered intraperitoneally., [72].Pro rg: i ocedur es
were car ri"8SPegLYeLY: nXgS eﬁglﬁyea}f%ef"]g%ulaﬁggggf% f@in%%s%eﬁw%g#g ?%Er;cﬁévas nmade
on each uppedaytidéholit e WHNMGvith 4 sthrhatabippr @akied a gredicr fevebdd indwwion
separated fromthe nuscle by blunt dissection. A superficial incisjon

rf
al i gned with#n thed3RRIsZ pewvdsrawish adestotagie seqe 8F P8 ¢-0An¢ A& t L 87FPEFeHe ti ps
of the sci rs. | .u i i . i i into
t he nuscl eétﬁgte%roéfﬁﬁ%ndgécﬁ'gecs keef%%e%%\gﬁgu fB ﬁ{ehfei%r?};}? gﬁ?&%%? g?aibg%zeﬁiﬁgﬁﬁgl e
sut ure wasAt ﬂhssa[m:g)ihghg!fesﬁletphardaﬁwl;eesmmri,clmm oftdhendiocytessms cl osed

with netal clips. [73] Inplantation of specinmens in the |left pe ralis
miscl es. | rRPOTUER SoHEk A AoaBr SEHROIBI I FHOREICaHS B eteat kel R

di ssecti ongof a%ﬁ?ch’%afb?ﬁz%r bPiE R 182 BoRBGK Rllost SAEblePOSiditclMdtte®oné Bp T at
DBM powder using a unt syringe. A'single suture was inserted to close
t he nuscl ethpotdget Soardistieenfikiation svas noted dn tirgerpfitee BBM With, stfru§tatmhizey wer e

eut hani zed wi th fol.l owi ng the desi.gnat. i.mpl ant.at.j o [ ant
mat eri al s Y&t esl%zé‘f"gﬂ%g&? pﬁé{‘%ﬁf ?aﬂﬁq%,ﬂ}eg?ggg%ﬁc%ﬁ %rlthﬁ@é&\{[s%;glcat%t%% and
cleaned  ofi,tifigerSHhpRYMH R &£ 1S BEwa sBRpREUIThé histidgidscoftfopigeDBRf bl i nded
to inplant type perforned a macroscopi ¢ eval uation of the inplant

mat eri al . @ohersjarshagtehilizer rtrpainecheangiratafier dbedl4 dyagriargasies bistoiqgiepore
accordin o .the schene outlin i ' t score
for “t he okt teomlEr PREQRL RSt K MLl GA Mtk tleys 11U T BARS SFPIP, ¢
or no ost e@itheuGidnvcaRDdRAfE AdteduisH tHossGamelea athy 3 Exipetienoitwi t h t hi s nodel
has shown a high correl ation between visual observations and histol ogical
observations of inplant performance only at the extremes of both ends of
the scale. Macroscopic ObseryvatiMeasEbstologicSeoms| i nes  Color: White (W
Gey (G Red (R VaPecodwti ty: ope T-May Sonel4-Bry Rob28tDHR) | 337Day
DBM (GPS1-2) with a 09+04 | 36+05 | 3.6+05 |35+0.8
starch stabilizer
DBM (GPS1-2) powder 1.0+0 29+1.0 | 39+04 |3.7£05
(Control)

[791 Conclusions: Thé results of this study indicated that the rate of induction for the
DBM with a starch stabilizer increased to the 14-day timepoint and remained elevated
through the end of the time course. The GPS1-2 powder exhibited induction at a slower
rate at the 14-day time point but was the same as the DBM with a starch stabilizer
samples by 28 days. At this point, the osteoinductive potential for both products was
nearly the same with only a difference of 0.3 in mean histologic scores and remained the
same at the 35-day time point. The DBM with a starch stabilizer sample showed a faster
rate of bone formation compared to the powder control. The qualitative evaluation of
increased number of chondrocytes present was indicative of increased bone formation in

the DBM with a starch stabilizer samples.
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WO 03/ 030956 PCT/ US02/ 32941 Hardness: Mushy (M Firm (F) Hard (H) Irate ri
Diffuse (D) Flat (F) Nodule (N) Score: 0 0.5 1 [75] Hi stology: Retrieved
mat er i al sweas@3fsxed in Neutral buffered formalin. After POTAZ02/82941 N
formalin, sanples were decalcified in 10%form c acid, dehydrated in graded
al cohol s, enbedded in JB-4 (glycol nethacryl ate, Polysciences, Inc.,
Warrington, PA) and sectioned. Five- n1 cron sections were stained wth

t ol ui di ne nd eval cros e Iants wer e
i st ol og oy EonddedaEhiee sricafy sUEERIAG ShomPRb i PRl
nuneri cal DERICR based on a five-point scal e was assigned to each section of
nodule: 4 = nore than 75% i nvolved in new bone formation; 3 = 51-75%

i nvol ved i Rackgeeunsbinforingtiorst Morselized-aegenous ¢aneations Bone (ARG h‘%ﬁ‘éﬂg ]'t‘ﬁeﬁfat i on;

1 = 1-25% of ¢t t ed jin.

evi dence f 8% éedpt?%c%‘gg stg?gaéﬁdggﬁgtealnaﬁ&’g%ﬁgﬁ oaﬁgﬁag?:g%agpll’srﬁc[ gl ng the
presence Oprikésedid @ifcabEinahion dﬁxﬁﬁ&ﬁx&ﬁely,&h& hiveunt@$ Btbhedlable ioitréwi dndnew y
formed and m neralized bone, and/or. marrow and associ ated fat cells.

Scoring of tharsisait lf@sf@aﬁ%sergtqabmgr 1@56?%0%@\%1 mahdhHRvesting BrocedWs: new bone
formation 51-75%
new bone fbﬁrem%ar%lnn?‘é‘{l?lagé}%@}r %%Mﬁ@aﬁ%ﬁg?%%%?gﬁgﬂ cgéhiﬁ%bﬂ%ahﬁ% ogi cal
anal ysi s, puehtgeao BE.eOnyef e adlj@ulistieshtiges te dahinamtieed bine mgtpg is Balsiéd on
previ ous experience with this ani mal nodel ac [ was assi.gne
assessnent °§ n gegsautt Refddhs Weﬁ‘gﬁ"éﬁ*ﬁ?%l SPRES 88%8#&{] f%%%%ﬂ%@él%oﬁlﬁﬁ ‘geé?cé[al
score. [78L; 58 stﬁomalgk! %rx?ﬁﬁ&lﬂ %us%stlsg&l ITeeek: Wikle, DiFbasia f@cRri al, a

DBMWlthast st described in exarrpeS as conpared with
contr ol GPSta.‘bﬂﬁ;et) @ﬁ@rs@&bim-pdmi@murd\so thatthz thtay dltmeﬂiélpml rpaceDBM miinteingdst ar ch

stabi |1 zer aid GoSL.2, pouler  AChPYRd LS AR dhtSla RS LRGRestd th 2

hi st ol ogi cl
_ test the efficacy of osteoinductive and osteoconductive growth factors and matrices as

substitute to autogenous bone graft. The aim of this study was to evaluate the bone
inducing capacity of the new DBM formulation grafting material in comparison to
previous formulations and ABG.
[82] Materials and Methods:
Study Design Summary:
A. RaBbit bilateral 2-cm ulnar defects.
Treatment groups:

1. DBM + starch

2. Starch Carrier alone

3. Autograft (historical data used for comparison)
Surgical Procedure: Six months old male New Zealand white rabbits were used. A 2.0
centimeter non-uniting defect was surgically created in the bilateral ulnae of all rabbits.

© After complete periostectomy, thorough defect wash, and partial diaphyseal wash,

grafting was implanted (according to test groups) via ofnen surgical technique into each
defect. The wound was closed primarily in layers. The test groups are listed in the table
below. When anesthesia was achieved, both forelimbs were shaved and prepared with
the rabbit supine (limbs up) position. Longltudlnal incisions (3-4 cm) were made over

both ulnae and the diaphysis (midshaft) portlon of the ulna was exposed. The distal
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38 WD 03/ 030956 PCT/ US02/ 32941 respectively. Al sanples were
hypercellular wwth a few chondrocytes present. At the 14-day tinepoint,

t he DBM wiwohizms®sar ch stabilizer achieved a greater |evel paff/isoziszsti on

than the GPS1-2 powder, with a histologic score of 3.6 + 0.5 and 2.9 + 1.0
respectively. Cdusters of chondrocytes were present in all of the DBMw th
a starch stabilizer sanples. At this time point, half of the powder

sanpl es al so_had €l usters of chondrqcytes, or. scattered cells. At the

26- tay poi rEHEW SHOMEFD L FRdEom o iTRaserh (Vi) St ad HEmE BER OSiFaiAmy
starch st abihhdg®0cR rdnle %o@a:éﬁl%pﬁ@ﬁg RfcatedP5 bm SRR, CfhefastoRintigslweRt ur €

bone by this stage. Sonme tissue’infiltration was noted in three of the DBM
W th a starghated aithlaihigh speshbipt.e Sharedultant lagke bloek phdieigy ssal phewas Tvesed

hi stol ogi c scpre for the. it st ar st.abi |l i zer sanpl es .and of
the powder ‘é”ﬁﬁ-b?@%?msﬁ?&“ ’f’i’l%g%ﬁy Beg?’ctﬁg XW@% ?f?nttlﬁ’grws e ?%Y‘e_s()ff gl?ecﬁgg{?
stabilizer foestht)esteSm@NSEaAGh vak b6t reblicedl 4A MM EigaiBE HRR Stckilsallhs tPleRBIVE
score for the powder inmproved from2,9 1.0 to 3.9: 0.4 between days 14

and 35 daysbloodibonend sagient iegannts tha gelapigneterialsrasplrsed insthergefest. Ahe t he

35-day tine It 1 i h P ¥/ ; 2.8- 35- Da
DBM (GPS 1. 9B cial B33 Ghhied ab 3 ISR AP ooy S eionidsie, o S
(GPS1-2) poVieskid was-OloRedSwith Bitedntet lch Sitoke+ Adpdst-ofeciVier @bsing/APlint was
Concl usi ons: pﬂ;g r(gsults of this study indicated that the rate of induction
for the DBW rocrespoyed pn thedprth pest-opR@HERddd to the 14-day timepoint and
remai ned el .h 1 : : i : 51 - er
exhi bi ted |§Hd%%§%‘gﬁ§ a%ﬂg S (%V\&glro F Péhé(?‘;era%}{gqﬁgéeB%i&gggﬁlg?%&?ﬁ?%%%? was t he
sanme as t hearOBMdwidnhl mdsgapbdwetediidniaz 8y 6, % anpl 2wetks. 2Bgldeassiutidt t hi s

poi nt, the gsteoi nductiv otential.far..both. products egrly the sanme
Wth only aCaTHTR) BHASSRS B REemeehigpo Rl s ob Fad CRar i aa St he
sane at theyt3pheey ol 17Wedk@l Mhree DNAILRNMsWER Bsctleadtcling bait fir B8Ae SaNpl e
showed a faster rate of bone formation conpared to the powder control. The

qual i t at i vefosmatiemandonmetelingncr eased nunber of chondrocytes present was
I ndi cative pf.,h0CEea58HPANGHE o FBLLR nbated BEnBMMALNVA SIRLER, RLabi i zer

sanpl es.

starch-based formulation (Figure 1). At 6 weeks, trabeculation was observed and almost
complete bridging of the critical-sized defect with the starch-based formulation (Figure
2). '

Conclusion: The starch-based formulation aﬁppea.red to improve the rate at which

bone formation developed.

Example 8: The following ":table Summarizes the Resulis of Biocomﬁaﬁbﬂity and Safety
Studies for the Starch—Base‘Ei Diffusion Barrier DBM Formulation of Example 3.

All studies listed in fthe table below, with the exception of study #12, were
performed by NAMSA (North American Science Associates, Inc.) - ISO 9001 certified
and fully accredited by the Association for Assessment and Accreditation of Laboratory
Animal Care International (AAALAC). FDA guidelinés were followed and NAMSA is
registered with the USDA. All samples submitted to NAMSA were tested according to

laboratory quality guidelines necessary to assure valid data.
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I nventive Conpositions in Healing Bone

[ 80]

Exanple 7:

Eval uating Efficacy of

Def ects Background | nfornmation:

Mor sel | zestOaawaecous cancel | ous bone (ABG has | ong beenpcaarss2/smuaed t he

"gol d standard"” for osteoinduction when a bone graft

is required in an

orthopedic clinical situation. Unfortunately, the amount of ABG avail abl e
is limted, and there i's at | east a 5%surgi cal norbidity associated with
t he harvest+ Ag—PpTro oced ||| Re. ‘(Il‘l [ C‘n BBI\V has—beer-shown
to have equal to supe$'7369h9gf; m%%'ﬁ‘ﬁ RBEPT@%“EM the majqr
di sadvant ages_tq dem ner al Mﬂmﬁh@& SRBBED WITHINBGDAYE  oft en does ndt hol d
the three diNendibedINayEge ofTEsie def ecMODERus, | | MEgsiodn (oPASSHBAIeflect
site occurs fromthe surrdqundismerisiisdl e ti ssue. [The test ar¢PMMENISEM with
a starch st abi l|iGretoxicof f erdlim Esiextion g gk vido tseast-ur p4sdoutradt (the -Nar-ee |
di mensi onal spage was nai nt-Gimed. [ O2Pm@useabb t ul na defagiotoxiepdel | has
been nodif{ed anfd used in ridjibedPEsto test the efficacy of
ost eoi nducti-ve—gnd-osteoc r{ﬂ&&gﬂ’w&{ owt-h-factors and nmatrices as
substitute|td altBFaNEs boS@]é“egi‘té?Ftﬂo F\%ﬁﬁﬁﬁo Fhi's st udy| Gigs Nt"?) evial uat e
the bone {nducijng capacit ki ation graffPA§ material in
conparisonjto Hrew ous fdr Hyoéfaéx 0% and ABG [8R] Materi aTI s and Metihods:
St udy Desi gmm3umt on A\ h@ggg{e@,{t‘;ycﬁ(ﬁt qgl@dvenéuscm Ul Rekaiie EC S Nl eat|ment
groups: 1. |DBM 4 starch 2.| ghagch Carjrihjediod! 986t PmeaAtsQGr I;ym@ghostorl cal
data used for cdnparison) [Sungimabd) Prlocedure: SiXndimpbds ol d mal e New
Zeal and white rabbits wereg Us®ehlexbacd.|0 centi net emjettda- uni tl ng def ect was
sur gi cal | y| créeat|ginotpxidithe |Bi Jeliteer al  ul Inaigo oAmed | Maebb’bmﬁt AfPhs - Noonpl et e
periostect pny, tlhorough deffstrctionash, |adskyparti al | direvoitpiseal mukeesic  grafting
was i npl anted (gccording t&alt“éfst roups) Vi a opeH sur gi cal technl guel into
each defe¢t. The wound Waé4 g rimarily in jayers. Thie: tFast; 1\Ej’floups are
listed in {he tdble bel ow, 38 F*%i§8st hesi a” was achi eved, b’B‘ftT'?e‘i“?)rel nbs
wer e shaved and |prepared v*Efx ction-
Carrier
(M180/B980)
(4g:20m) extract)
5 Acute a. Saline Saline extract - 4,24,48,72 a. Pass —Non
Systemic Extraction-Carrier | IV injection — hour reads toxic
Toxicity (M180/B980) mice
{(4g:20ml extract) b. Pass—Non
b. Cottonseed oil | Cottonseed oil toxic
Extraction-Carrier | extraction —IP
(M180/B980) injection — mice
(4g:20m! extract) '
6 Sensitization a. Saline Maximization Induction I Induction I:
Extraction- Assay - Guinea {zero time) no
Carrier pigs Induction I (6 | abnormalities
(M180/B980) days) detected
(4g:20ml extract) Challenge (13 | Induction I:
b. Cottonseed oil days post no
Extraction- induction II) - | abnormalities
Carrier 24,48, 72 hour | detected
(M180/B980) reads Challenge: No
(4g:20ml extract) evidence of
Topical causing
Application delayed
dermal contact
sensitization
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the rabbit supine (linbs up) position.

made over

exposed. Wbhasds®tal
-cm fromthe ul nocar pal
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were created with a high speed burr. The resultant |oose bl ock of
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30cc volume. bioresorption
N=3 profile
11 Systemic a. Final product | Rabbit Sacrifice time | Pass
Toxicity — (rabbit N=4,for each points at 7, 14, | Histopatholog
Intramuscular specific) dose@ each time | 28,60 and 90 | y—No
Implantation  |b. RabbitDBM | point days subject to | evidence of
powder alone | N=3 DBM absorption systemic
Using Direct powder profile. Blood | toxicity
Contact controls@ each | and urine at 72 | No evidence of
Implantation time point hours. carrier at 7
Low (high clinical Blood and days
dose, 1X @ Surgical urine analysis | Termination of
3.8g/rabbit @ implantation with histology | study at 60
approx lg/kg) and | along vertebral (liver and days - No
High dose (5X column and kidney); changes in
high clinical dose) | along ribs for Evaluation for | hematology or
implantation high dose 2ross- clinical
anatomical chemistry
lesions values;
No evidence of
systemic
toxicity;
Evidence of
ectopic bone
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| aboratory quality guidelines necessary to assure valid data. 41 WO

03/ 030956 PCT/ US02/ 32941 Starch Diffusion Barrier DBM Formul ati on Testi ng
MATERI AL wBSGRBEEs W THI N 30 DAYS No. TEST NAME TEST MODEL PREMHGEBBASS/ FAI L
- MATERI AL COMMENTS 1 Cytotoxicity Saline Extraction In vitro assay - 48
hour read Pass - Non -Carrier L-929 nouse cytotoxic (M 80B980) fi brobl asts
49g: 20nL extract) 2 Henol yS|s Sallne Extractlon In vitro assay - Pass - Non
-Carrier rabpit —en o} 1;13980) 2om—ext rogen
Sal i ne Ext rafc%tl Oﬁeflil%%}r ave ﬁ(l)nt\Jé}sFo e%aglg#e gtPass Non H%s eegshngr Eg apie

Rabbit neasures| 1-3 pyrogenic (ML80B980) hours &o@s% 49: 2 gﬁ@ extraLt)
injection 4 Genbtoxicity . Saline In vitro - Ames Measur ¢ mihdion. Pass -
Non- Extraction- Assay of revertants nutagenic Carrier (MIB80B980) b.
Pass- Non 4920nl extract) mutagenic b. DVSO Extraction- Carrier

(M 801B980 loqompazmtye»ft BiYk wyith aatarch stgbilizgr.i ﬁ&raa@m sfudiex condiemed the, 24,
48, . 72 a. P&ﬁ@val BPBBN?XJ%&I rgtgrcl%éttaﬁf?i%r cgrr}leg:ﬁroﬁ t%% 1m lan{1 Alt%cug e%sn than 98 lZiaysr eads

toxic

classifying it as a class B tissue/bone implant category for ISO 10993 biocompatibility
studies. Four evaluation tests for consideration for Class B tissue/bone implant category
are listed in the ISO guidelines. They are: cytotoxicity, sensitization, implantation and
genotoxicity. Acute systemic toxicity may also apply in specific cases. In addition to the
suggested four tests, a total of nine additional safety, biocompatibility, and efficacy
studies were performed (including Example 7). These studies are summarized in the

table above.

Local reactions

A. Acute intracutaneous injection, and acute muscle implantation studies were
performed. The intracutaneous studies involved both saline and cottonseed oil extracts of
a starch stabilizer. DBM with a starch stabilizer prepared with Rabbit DBM was used for
muscle implantation. DBM with a starch stabilizer produced minimal irritation in both
studies, being deemed a non-irritant when compared to the positive control in the muscle
implantation and having a primary index characterization of negligible when
administered as an intracutaneous extract. Intramuscularly applied DBM without starch
carrier, was found to be a moderate irritant.

B. Cytotoxicity and Genotoxicity. Extracts of a starch stabilizer demonstrated no
ability to induce cell lysis or bacterial mutagenicity. The cell lysis study employed a
saline extract of DBM with a starch stabilizer. The genotoxicity studies utilized both
saline and DMSO extracts tested on two bacterial species: S. typhimurium and E. coli.

C. Hemolysis and Pyrogenicity. Saline extracts of a starch stabilizer were deemed to
be non-pyrogenic and non-hemolytic. Body temperatures in rabbits injected with saline
extracts of DBM with a starch stabilizer gave no indication of pyrogenicity, and the
extract produced a hemolytic index of 0 when added to anticoagulated pooled rabbit
blood.
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Toxicity (MLBOB980) mce (49:20nml extract) b. Pass -Non b. Cottonseed oil
Cottonseed oil toxic Extraction-Carrier extraction - |IP (MB0B980)

i nj ecti orweo ogioams6 (4g: 20nl extract) 6 Sensitization a. SalPcmarsSWxioni zati on
I nduction I Induction I: Extraction- Assay - Quinea (zero tinme) no Carrier
pigs Induction 11(6 abnormalities (M 80B980) days) detected (4g:20m
extract) Challenge (13 Induction 1: b. Cottonseed oil days post no

Extraction-, isnductian | - abpornual.ities ,Carrier 2 48 2 hour .det ect ed
(M B0B980) M <SSty s R Bt eyl ea mp PhisEhecihdnlen ri St ol
causi ng  ApgdsiteatibenTile kRnodniheseR b sARR kLA tottGRB& bil &@kdcRbf tfkZa¥Mer03/ 030956
PCT/ US02/ 32941 7 Intracutaneous a. Saline 0.2 nl 24,48, 72 hour a. Pass

-Non React iGHinep pisa teegivedoan ingadrroebiniseie plthe extracty angnfollogdng 4 wEOYaEY ect i on
@1ve (1 30400 SRRt LGRS it o RSE L el B TET 014250
E. DBM with a starch stabilizer Systemic Safety/Tox. No evidence of toxicity was
observed in studies in which DBM with a starch stabilizer (rabbit DBM) was implanted
intramuscularly (high dose also had subcutaneous, see below) in the paravertebral
muscle, and animals monitored for 60 days. In these studies, rabbits were implanted with
either approximately 3.5 cc (low dose) or 17.5 cc (high dose) of DBM with a starch
stabilizer (~1.1 gm/cc). The doses on a gm per kilogram basis (~1.3 gm/kg; ~6.41 A
gm/kg) are approximately equivalent to 5.6X and 28X average human implantation dose
(15 ¢cc/70 kg or 0.23 gm/kg) respectively. In the case of the high dose, due to space
limitations in the paravertebral implant site, only 3.5cc of DBM with a starch stabilizer
were implanted paravertebrally and the remaining 14 cc were implanted subcutaneously
in the dorsal thorax.
Necropsy results for the test animals failed to show any treatment effect. Blood
chemistries and urinalysis values all fell within the normal range, with the exception of
serum alkaline phosphatase which was expected to increase due to the induction of

ectopic bone formation in response to DBM with a starch stabilizer.

Example 9: Assaying Osteoinductivity of Test Materials

[83] Objective: The goal of this Example is to assess the characteristics of various
potential Protective Agents, and particularly to identify those with no negative impact on
osteoinductivity. Preferably, the Protective Agents are easy to handle, irrigatable, non-
toxic, degradable, and moldable (preferred consistency resembles plumber’s putty).

[84] Methods and Materials: This study is conducted using an athymic (nude) rat
model. Preferably, a single DBM preparation is utilizea in all formulations. Potential
Protective Agent materials are sterilized by irradiation. Various Test Compositions, and
control DBM, are implanted intd animals, 6-8 sites per material. Each animal received
bilateral intramuscular implantations into the hindlimbs Each Test Composition contains

40 mg DBM per bone site. The volume can vary dependingh on the nature of the carrier.
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(4 :20mL extract) 8 Muscle a. Final product 6x2nl portions 1, 2, 4 and 24
Conmplies with Inplantation (rabbit specific) over hour reads cl earance of
< Study wBioBosgsk. Carrier dorsolunbar 30 days (ML80B980ycmaisnnse@ ear ance
in < 1 week 9 Muscle a. Final product Rabbit, Surgical 3 and 7 days a.
Pass -non- Inplantation (rabbit specific) Method reads irritant Study

-H sto- b. Carrier 0.2mL inplanted Irritation and pat hol ogy (ML80B980)
toxicity b, _Pass - nop-.c. Rahbit M eval uati.on irritant .powder alone a.
Pass non- mﬁr' %&W’tﬁs; ?b‘slﬂﬁ?}f) (%S 3BAedRp %L}I%E%fﬁ?msﬁfets# {I}gmﬁgqlﬁqng,_ ﬁ@ earance <
2 d ear anceyfRji MHMT B Test (Urisbiaashafe idipldhtednWeRKenimWBElBM Whdidy Dog
specific Inplantation To Subsequent Absorption; Site reads SUblj ect

Adj acent t onplaivsd irtto 8 30t vidvall amineals bPwtestive peeih wen=stergizsfl by eutoglaviggst eni ¢

a. Final prod Rabbi acrifice.time Pass Toxicity - (rabbit N=4,for each
poi nts at &fqe%ﬁow&?@é"ﬁgﬁ%ﬁ@@m §%?t}°3W§Eeu?r§Pa?%%ecific) dose@ each tine 28,
60 and 90 y - No Inplantation b. Rabbit DBM point days subject to evidence
of powder _alone N=3 DBM ahsorption systemc lUsing Direct powder profile.

Bl ood toxilcity Contact cdModidied@tarchiSolitipn Preparatior2 No evi dence o
| npl ant at i| ¥anké e Ipgredientsour s. carrier at 7 Low|(Steglizatiomni cal Bl ood and
days dose,|—-1X-@-Surgiecal—uri-ne—analysts—Termnation—of n
E 8% Starch, 1.6 g B980, 18.4 g DI water Autoclave for 40 minutes
F 8% Starch, 18.4% glycerol: 1.6 g B980 + Autoclave for 40 minutes
18.4 g 20% glycerol
G 8% Starch, 28.5% Maltrin 180: 2.8 g Starch | Autoclave for 40 minutes
+22.2 g DI water before additionof 10 g
Maltrin M180 .
H 8% Starch, 12.7% glycerol, 28.5% Maltrin Autoclave for 40 minutes
180: 2.8 g Starch +22.2 g 20% glycerol before addition of 10 g

solution Maltrin M180

[86] The following Test Composition formulations were prepared:

Implant Preparation

Name | Composition Recipe

E 8% Starch (n=8) 0.4 g of DBM powder mixed with
0.80 g of solution E. Mix
thoroughly.

F 8% Starch, 18.4% glycerol (n=8) 0.4 g of DBM powder mixed with
0.80 g of solution F. Mix
thoroughly.

G 8% Starch, 28.5% Maltrin 180 (n=8) 0.4 g of DBM powder mixed with
0.73 g of solution G. Mix
thoroughly.

H 8% Starch, 12.7% glycerol, 28.5% 0.4 g of DBM powder mixed with

Maltrin 180 (n=8) 0.73 g of solution H. Mix
, thoroughly
Control | Human Powder (HDBM) ,

[87] In addition, as a positive control in every animal, RDBM was placed in the left
pectoralis.

[88] Results:
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3.8g/rabbit @inplantation with histology study at 60 approx |g/kg) and

al ong vertebral (liver and days - No Hi gh dose (5X col um and ki dney);
changes iwo odiogfes€l i ni cal dose) along ribs for Eval uati onPicarusazsmtpl ogy or
i mpl antati on high dose gross clinical anatom cal chem stry |esions val ues;
No evidence of systemc toxicity; Evidence of ectopic bone formation
43 WD 03/ 030956 PCT/ US02/ 32941 12 Fenoral Final Fornulation Rat. 12 Weks;
Radi ogr aphi ¢ Defect Histology and evidence o X-rays bone formation

Bi oconpatibility of mwbmﬁmmmmmh st abi | | z&Meaxt ear aBPe st udi es

confirmed the renoyv arch—st=a rZzef CRIy rer fromthe
i nplant site in |ess %%lfy Ujl? a Class| B ti ssue/ bone
i n‘pl ant cat egory for E(‘})35T%Q Qr‘nnmnf bt : st ||r~|' es— Fnu.‘r eval uati on

t

tests for considerat| dHEOE O ass B tissuel hbne ’—H‘ml a 04 egory are
listed in the | SO guj Sehplads. They are: cytotoxi®8ty.| selditivation,

i mplantation and gengdmed ty. Acute system c tD&icity ARy al so apply in
specific cases. In adglérﬁlblgrp{to the suggested fays tests).2a tptal of nine
addi tional safety, broconpatibilTity, and efficacy studies were perforned
(1 ncl uding T bove.
Local react[@c;n K%Cli%:lut efq]gs’l(teerS g@%&g neécgl;}ﬁld%] e tll%%%gh%b&aiﬁoéﬁ%g@%

i npl antation studies were perforned. The intracutaneous studies involved

both saline and cottonseed qil .extracts .of
Example 10: Osteo?n uction in ara rE}‘cmodel

Introduction and methods: Fifty-five male New Zealand White rabbits were
assigned to three treatment groups. Test article was prepared as described in Example 3.
Those animals assigned to the Low Dose treatment group (n=20) received 3.5 ml of the
test article in the right paravertebral muscle following a protocol specified procedure.
Animals assigned to the High Dose treatment group (n=20) received 3.5 ml of the test
article in the right paravertebral muscle and 7.0 ml of the test article in the subcutaneous
tissue of each side of the dorsal thoracic area. The animals assigned to the Control
treatment group (n=15) were implanted with 3.5 ml of control article (rehydrated DBM
powder) in the right paravertebral muscle. At 7, 14, and 28 days post-implantation, four
animals from the Low and High Dose treatment groups and three animals from the
Control groups were humaneiy sacrificed. At 60 days post-implantation, the remaining
animals were sacrificed (e1ght from the Low and High Dose test groups and six from the
Control treatment group). The implant sites were collected from each rabbit and fixed in
10% neutral buffered formalin (NBF). The test and control implant sites from the 60
days post-implantation study interval were placed in decalcification solutions for 3 days
after adequate formalin fixation. All tissue samples were processed using standard
histological techniques, sectioned at 5 pm, and stained with hematoxylin and eosin.

Results: Osteoinduction was noted in the subcutaneous and intramuscular implant
sites for the test article and in the intramuscular site for the control DBM (no
subcutaneous implantation at 28 days post-implantation). New bone was characterized
histologically by being slightly more eosinpphﬂic than the demineralized bone

components of the test and control articles. The new trabeculae were lined by plump
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by the amount of remodeling and the presence of loose fibrovascular stroma and

hematopoietic tissue) was greatly increased at 60 days for the test article.

Presence of New Bone and Cartilage by Treatment Group

- and Time Post-Implantation

Treatment 7 Days Post- 14 Days Post- | 28 Days Post- | 60 Days Post-
Group Implantation | Implantation | Implantation | Implantation
Bone/Cartilage

High Dose

Muscle 0/0 (n=4) 0/0 (n=4) 2.0/1.5 (n=4) | 3.5/0.0 (n=8)

Subcutaneous 0/0 (n=8) 0/0 (n=8) 1.4/1.5 (@=8) | 2.7/0.9 (n=15)
Low Dose

Muscle 0/0 (n=4) 0/0 (n=4) 2.3/0.8 (n=4) | 4.0/0.4 (n=5)
Control

Muscle 0/0 (n=4) 0/0 (n=4) 0.7/0.7 (n=4) | 2.5/0.2 (n=6)
[90] The ratings in the table above were*based on a 0-4 scale with 0 being 0% of

implant area occupied by new (viable) bone/cartilage; 1 being 1-25% of implant area
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in the dorsal thorax. Necropsy results for the test animals failed to show
any treatnent effect. Blood chem stries and urinalysis values all fell

wi t hi n t woransmbe range, with the exception of serum al k@crnsopbmsphat ase
whi ch was expected to increase due to the induction of ectopic bone
formation in response to DBMwith a starch stabilizer. Exanple 9: Assaying
OGsteoi nductivity of Test Materials [83] Objective: The goal of this Exanple

is to assess the characteristics of variaus ent.ial Protective,Agents,
and parti cO g l?yoneiv%ié’ﬁ%l?)j’of‘?é?gﬁﬁe%hﬂﬁg %@5% qu}?ﬁ%@‘iea(?ﬁcupweé by
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irrigatable, non- toxic, degradable, and noldable (preferred consistency
resenbl es popebatilage;andrhbeing Bl 00k of suplasimecavseapicd by newlivigbls} udy i s
conduct ed %%hglgm?pa]g@t hym c¢ (nude) rat nodel. Preferably, a single DBM
preparation is utifrzed in all fornulations. Potential Protective Agent
materials are sterilized by irradiation. Various Test Conpositions, and
control DBM are jnplanted into animals, 6-8 sites per material. Each

ani mal rec le Ji:| tarwingl Sterilizafifiscul ar i npl antations into the hindlinbs

Each Test Conposhtd W3 . ke, ¥ol ume can
vary dependi ng (S)Fr%jEl gt ﬁﬁ%nﬁ%q%er%%ﬁ%fg a#gréﬂg%l?%}%?ﬂongﬁgw %ﬁ; &gg}é&%\ég

PCT/ US02/ 328%bind1&bjity Resih tig: inWdritive preparmatiohs. was appl ied to four different
Test Conpositions, .plus rol DBM The Test Conpositions were inplanted
into 30 ani mal s?ﬁ’f’)ﬁﬁﬂ%%e B%%P@H?@HO?WSP@@‘% Widdh ?ﬁ?ﬁlﬁéy%?nrﬁnéggﬁ’ti ve
Agent s wer eyfafistie? Ghe inihd REDIEMIS At placklgn fdhi@Wdr %%EEQ&E&U ve Agent

Sol utions were prepared: Mdified Starch Solution Preparation Nanme
| ngr edi ents St erfach ray isqriaded 89msardivnyaclsealing B98Gitusi@udiap Ekctweld dt.,

Aut ocl ave for pnutes. . F 8% Starch, 18. 4% gl ycerol.; - B980 +

Aut ocl ave f\ggesﬁg{@aﬁé‘@mh i%?“ﬁi’ge%@?&w q’GB%‘%EY%‘?@gf QQ%R?’Y%‘@?@?/@I%% rin
180: 2.8 g gab.aBeforait aay@u&agwaré@emdme@&re dvadeatéd ShdBackBIET wite (HRras _
addition of 10 g Mltrin ML80O H 8% Starch, 12. 7% glycerol, 28.5% Maltrin

Aut ocl ave FBERUEDIESF@lowing sealing, the gas mixture remains in each tray package.
The packaged implants are then sealed packages and then treated with 15 KGy

gamma radiation from a cobalt 60 source to reduce the bioburden of the implants to the

desired level

Example 12: Comparing Osteoinductivity of DBM preparations to BMP and/or other
growth factors.

In the series of studies presented here, hybrid recombinant human BMPs (hybrid
rhBMPs, hthBMPs) were prepared possessing stronger heparin-binding epitopes at the N-
termini compared with the wild type BMP. The heparin-binding site enhances binding to
the ECM increasing local residence time éf the BMP so that the potential for interaction
with the appropriate cells in vivo is maximized (Kubler et al. “EHBMP-2. Initial BMP
analog with osteoinductive properties” Mund Kiefer Gesichtschir. 3 Suppl 1:5134-9,
1999; incorporated herein by reference).

The aim of the studies was to compare the osteoinductive potential of hybrid
rthBMP-2x (hrhBMP-2x) with wild-type BMP-2 (thBMP-2) to determine whether a
synergistic potentigl existed when hrhBMP-2x was combined with. a demineralized bone

matrix or a devitalized (inactivated bone matrix).

49



180: 2.8 g Starch + 22.2 g 20% gl ycerol before addition of 10 g solution
Maltrin ML80 [86] The follow ng Test Conposition fornmulations were

pr epar ed:wologjppb@sé Pre arati on Name Conposition Reci pe E @¥rStsar/siv4( n=8)
0.4 g of DBM powder m xed with 0.80 g of solution EE Mx thoroughly. F 8%
Starch, 18.4% gl ycerol (n=8) 0.4 g of DBM powder m xed with 0.80 g of
solution F. Mx thoroughly. G 8% Starch, 28.5% Maltrin 180 (n=8) 0.4 g of
DBM pomder]é(géﬁedd with 0.73 g of solution G Mx thoroughly. H 8% Starch,
12. 7% gl yc 00528.5% 0.4 g of DBM powder mixed with Maltrin 180 (n=8)

0.73 g of sol utTg@pgdkls i 5stec§iﬂ(ﬂ.fcﬁk’9 Q&t)(/it'yg?@ﬁe_r %FH'LE%&&?M?B aﬁq‘&*quwt& [87] In

addition, as a positive control In every ani wds’ pl ac n the
| eft pect whBMI-2x 788 plResiudnts20046g Widsh @800 BemRCT¢niReRli3@Pebhe fibapl ant
Mat eri al 2.9 1.0 ME- 135- 040501- 10

Sanpl e E 3! ?rgatggg%inép g Bétef??%ﬁg%@ﬁﬁla@ywa@s fr _gl dayyPFg PRF 8091 2

E)S ?éoicﬁgﬁlc?ﬁ ?tﬁirh&riI ok phPARASH ithe? Td ot USRS PotentlalRAS hpPBkimately
50% of that usually seen so that differences between treated and untreated DBM were
evident. Controls consisted of osteoinductive human DBF matrix alone, inactivated
human DBF matrix alone (“devitalized”, GuHCI extracted) and inactivated human DBF
combined with 1, 5, and 10 pg hrthBMP-2x, active and inactivated matrix with 5ug wild-
type BMP-2. All samples were measured histologically using a 5-point scoring system
(score 4= >75% of the cross-sectional area of the implant with evidence of bone
formation, 3= 51-75%, 2= 26-50%, 1= 1-25%, 0= no bone formation) (Edwards JT,
Diegmann MH, Scarborough NL. Osteoinduction of human demineralized bone:
characterization in a rat model. Clin. Orthop. 357:219-28, 1998; incorporated herein by

reference).

Results
Histological scoring as described in the methods section was inadequate for

scoring most of the samples that contained a morphogen. The devitalized sample alone
(inactive DBF matrix) scored 0; devitalized + 1 pg hrh-BMP-2x scored 0.8+0.4; DBF ‘
matrix scored 2.5 % 0.8; all other samples scored 4.

To further distinguish the extent of development of the nodules, a qualitative
scoring system was devised to determine the vascularity of the sample and residual DBF
remaining in the sample. The following scales were used:

Vascularity (bloody marrow): none=0; minor=1; few vessels, small vessels=2;
moderate cellularity and vessel size=3; extensive cellularity, large vessels=4

Residual DBF: none=0; minor=1; low=2; moderate=3, extensive=4

The active DBF matrix treated with hrhBMP-2x produced a more differentiated
nodule with little residual DBM present, extensive new bone formation and highly
developed vasculature which was not evident in the devitalized group even at the highest
concentration of morphogen. The devitalized carrier can be compared to the collagen

sponge — essentially an inert, 3-dimensional structure to support bone growth. The wild-
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Exanpl e 10: Gsteoinduction in a rabbit nodel Introduction and nethods:
Fifty-five male New Zeal and Wiite rabbits were assigned to three treatnent
groups. Twetosmswsel e was prepared as descri bed i n Exanpl e PEBT/USONB®@1 ani nal s
assigned to the Low Dose treatnent group (n=20) received 3.5 m of the

test article in the right paravertebral nuscle follow ng a protocol
specified procedure. Aninmals assigned to the H gh Dose treatnent group
(n=20) received 3.5 nl of the test article in the right paravertebral

nuscl e and typeghRMPo? pradacedes welk devadorediviasquiptins abd maaosobevever, deasesighaleach
si de of th%oggg ﬁé&‘@?%%éat%&iﬁjﬁ'thT Swgmﬁt%'ﬁg% se{rgned to the Control

treat nent group ante of control article
(rehydr at edCdsBMsiomowder) in the right paravertebral nuscle. At 7, 14, and

28 days post-inplantation, four_ animals fromthe Low and Hiq%g Dose
treatnent grSApLaFPv thatise mndifiekhrhBYR-2RRossessed plennegr esiprindustize humanel y

sacrificed - % af i . i i i .
saori 11 cod P HRLE BRSioRAM PR Db TR SRSl Bl | |
Control tr dahertissue ghroveed)a dehber sinupluen Sysdrpistc wenles wedelobetindl WhsnrhriEBl®- r abbi t
and fixed in 10% neutral buffer formalin (NBF).. The test and.control

i npl ant si PESVEORPERE 6B ac&a%?@do@emﬁﬁfi BAt éﬂﬂ%ﬁvt‘é&%@- Tht seoai<her e
placed i n depRhsidhifsAthbhRMhdLtit ARIoARE haf.g%fthémﬁwggga%e formalin

fixation. AT tissue sanples Wwere processed using standar hi st ol ogi cal

t echni ques impkwtationsitk. dhe Pensisteane obthaigrevdhiatdr 4 dratiexajlomaed fordomsssi n.

Resul ts: Gst.eoi nducti on s.not ed,,i n,t he subcutaneous and i ntranuscul ar
Coplant sivBeere i SRRl B TareT i eRpE P AR SeepnnE ST ESAHPEL e
control DB eftepic boRefbiRREAHS tok MPINARE A indifixaubaASntdhalySndtesded tHEpl ant at i on) .
New bone was characterized histologically by bei n? slightly nore

eosi nophi | ioStePRERCVR Preneriissed dhg srogenyaly adé%ﬁ;@@ﬁéhh astosfpresyatablygtue smdhe

control ar %gﬁlfﬁl%? é%gilﬁgﬁel@é’ 6’2#‘%@8%%@& 160 g%%%bﬁq%r?%n?in“&@niﬁ%aﬂ%d%%@ 30956

PCT/ US02/ 3 ast s, C precursors, ‘osteord, and
poor |y m néKabler erdil.0tbgeic bone andheyrticgs mwrfhogeresiseR et BSIPaa gimoemd i esent

and sone evidgnce, of osteonal re | ing, .Ln. sone cases cartilage was
present . Atmé‘(’.) “nggmﬁ’ﬁg”f’_?lp 1 S € g{) ‘ﬁg}é&t‘%é 9§ Ewﬁ%tgeﬁ]'e”\ﬂzs %fgeFfrﬁfl Jéﬁgrﬁnt
charact eri zgdersRHihAHRTbRhiRM IpYBﬁeHiés B¢ FRBRShahtBRIIC B GIRABLYPR /AN d
frequently | oose fibrovascular stronma (norphologically the same as observed
in bone ndrFupn) 2:6663-8i 2000y edvhrrdtvdpdi ieticoraraied bempisbyotsdarencell bet ween t he
t rabecul ae.

Example 13: Process of making a species-specific osteoimplant with defined dimensions.

Long bones from human Rhesus Monkey, canine, and rabbit were used to prepare

species-specific solid formed implant matrices. Bones were aseptically cleaned. The

cortical bone was processed in the bone milling apparatus described in U.S. Patent No.

5,607,269, incorporated herein by reference, to yield about 65 grams of elongate bone

fibers. The elongate bone fibers were placed in a reactor and allowed to soak for about 5-

10 minutes in 0.6 N HCI plus 20-2000 ppm nonionic surfactant solution. Following

drainage of the HCl/surfactant, 0.6 N HCl at 15 ml per gram of total bone was introduced

into the reactor along with the elongate bone fibers. The reaction proceeded for about 40-

50 minutes. Following drainage through a sieve, the resulting demineralized elongate

bone fibers were rinsed three times with sterile, deionized water at 15 ml per gram of

total bone, being replaced at 15-minute intervals. Following drainage of the water, the

bone fibers were covered in alcohol and allowed to soak for ét least 30 minutes. The
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Subj ectively, the test article had a greater degree of bone formation in
the nmuscle inplant sites than the control article. The anmpbunt of cartil age
present vapioa@3des ween the inplant sites. This variati onpraagSoms2o4i i kel y
due to differences in the mcroenvironnment for those individual inplants.
The precursor cells involved in new bone formation are pluripotential and
under certain mcroenvironnmental conditions will formfibrous tissue,

til Th til hin th d
dochondr BEOD) U 1 AEH Brh BB CEHERTD SR Hoa WP R LR VRSt ssue
response, - ADBA{IR OB theronbRIdd A0 QLY LBON! 1P ETycbippdrasimart | Cl e

i nplanted wthin the subcutaneous tissue and that inplanted I n nuscle were
due to anatignbanalfiversdndizbowd b mbfstfmln dalonitied fretes peregramindtdme benet fikkers svo

ti ssues. Bane ti.on not.ed oth,t est j@ngd.contr icle
i mpl ant  si ‘E?t%é @ﬁ@n}ﬁ@mﬁ his i YVF‘% amfﬂgmg%ﬁﬁstunérﬁcjh UI’I?OSﬁ{ t he
bone (as eydgRing ByrokiSat8OUNS (vok) E&@nReRikdd) cdhfate B@n@ﬁ@é&@%ﬁtr@ﬁsférﬁ(ds e
fibrovascul ar stroima and hematopoietic tissue) was greatly increased at 60

days for tkeaf b xddehatadd coptaivingcrelibhavipgn E@F?éltféﬂﬁpreﬁ?@mg aglentaiony eat ment

G oup and,Tine.Pos | ant tlonTe 1 WA 28
Days Post - (aé)@ %V%te)ltﬂos{g)m ér} 81 llnn‘p dl{h %ldtqg%h’l rrp%éﬁ? gl?gé&)th) fheﬁ@nvt%ist ﬁﬁy
| mpl ant at i gmce@@tﬂﬂ{e(ﬁwl& bﬁﬁ%at%@lhd@@tﬁﬁ‘oﬂdl&ﬁérﬁe Difefsedihro ﬂfeﬁﬁb(el‘ﬁd)exﬁt ﬁl?/ 1.5

4) 3.5 8) Subcut 0/0 (n=8) 0/0 (n=8) 1.4/1.5 2.7/0.9
(1=18)  CoWtiRsesmtsalbe oppsqian asgrsitR-be Smgnso (i i gpts i o)

Con.t rol ?I?Jﬁ% s?éc%‘c(i%r é)e S%e%f és)teogméfaﬁt 1% lPeﬂ%I' ﬁle Wﬁ’{lﬁ IﬁéH'—e@a)f IHE&&]Z The

ratings ove vver ase 4 sca 0 being 0% of
i mpl ant ar Ghe oestiltinigedt fiycaseiad ithaisiony oﬁéﬁe‘kmmrlemgth,gk5 crh 1bew1di@ and zb%tc&

| ant area .4 03/ O 956 PCT/ US0O2/ 32941
Ib(r)rﬁe/ carti MEgén g?\g/ﬁe(i)’h‘&l e@b%tg‘[rquébﬁ%qnsg% S5 b&/aﬁ\lﬁéw %t@ I e)
bone/ car t i |geiof e 4M8md Trne3618wds MinAfhced e an 8@&}%@'4@% IRk AV Viibl ©)

composition was then frozen overnight at -70°C and then lyophilized for 48 hours.

Following lyophilization, the mold was disassembled and the sponge-like formed
composition was cut into individual pieces that contained troughs.

The resulting composition was cohesive, flexible, sponge-like with an obvious
continuous three-dimensional structure with visible open pores, had a defined shape
including the indentations made by the lid protrusions, did not require rehydration before
use, but was rapidly hydratable and retained its shape once wetted with fluids and

freezing was not required for storage.

Example 14: Method for Fabricating a‘Partially Embedded DBM/Polymer Composite
The following method is used to produce a demineralized bone matrix partially
embedded in a resorbable polymer. Such partially embedded DBMs provide an initial
level of osteoinductivity from the non-embedded DBM portion, and then a continuous
source of un-degraded active DBM as the polymer degr'ades with time. The method is
particularly well suited for embedding DBM in tyrosine polycarbonate DT (Integra life
sciences) and poly (L-lactide-co-D, L-lactide 70/30) (Boehringer Ingelheim). This device
has particular application in posterior lateral spine fusion, where it can be placed within

the lateral gutter to promote intertransverse process bone formation. The method can be
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bone/cartil age; and 4 being 76-100% of inplant area occupi ed by new
(viable) bone/cartilage. Exanple 11: Termnal Sterilization This exanple
descri beswa w@saysmal sterilization method which m ni m zes pcadtsepdavducti vity
|l oss in the inventive preparations. The inventive DBM preparations are
produced in a clean roomenvironnment from human tissue. The finished
inplants are placed in individual tray packages. Each tray is placed in an
Audi onvac i r i ; hed dre@dedvihi ch i s
supplied lelng Oaﬂl%g/ I'n e@%g‘ﬁéﬁ%ﬁﬁgaﬁ&%ﬁ% haé(g?%g})eﬁﬁll%g]?egton gas. Before
the tray ackades) as@esealtetativdpye cllecttvanfidamantraivdd beriksl hone bgist h t he

as mixt twice. Fol | ow ' h i xt enBi NS4 i ht
Dackage.  THETHHisiiEs el SRENTRie Pt dR e Pe kb BT IR Feated
with 15 K@and&%m@@tﬁe%gfé;&%f&é GReR sGBRA 1S QaeDEIrGieh b1 drRdiee eart bee

bi oburden of the Inplants to the desired |evel Exanple 12: Conparing
Ost eoi nduqartidltyyenafed DB\ pthespaethod.ons to BVMP and/or other growth factors.

In the series o t ydi es presented h . ri ' 1 7. BIVPs

(hybrid r hBI\/stL S%ﬂ‘ﬂ%ﬁ%ﬁiefl %ﬁélisgab?ﬁ %6%%%“6@%&2%?%@@@%@& )?:g%g?’? n- bi ndi ng
epi t opes af{ecljém@s WNed 4@ hoTH fie GOMRPHEFmEY, blong Rethwhé thvicy pertiBiRf thehe
hepari n-bi nding site enhances binding to, the ECM i ncreasij nq I

i ocal .
r esi dence deminerslizadronsnbhe Bberhaindierds msbie samRlp IrsRtersd B MRe ?IBHﬁeWW% t he

appropriate _cells iR Vi i .S i Fazed (K : ’ s dnatéimlt i al  BMP
anal og w tﬁ?ao%%rg‘scl)?&ngﬁé S:{‘%ed G%P g%éroﬁt%cs“ F\tglle%lg?glre ager%usnld tsceﬁi ra.1 3 Suppl
1:5134-9, Hée&Qchﬁh appliedas dicamdbsideion t}kwclamlf an}élrthe%olyl?jihehai meltsdd. tTlhﬁ st udi es)
was to conpare .the osteoinductive potenti. 0 rid..,rhBWvP; 2 nr - 2X
with wild-4lgpe isieo sighte lag)etetraeﬁﬁ@@r‘ﬁmeﬂ]ﬁﬁié{;ﬁ&r lsé““s%ll}?’(%%&% ?Er.g‘élg Lol
potential exl S ShCRPRIbABE . WThE pSlyHRAL AGietal Zaberbone
matrix or @%@%ﬁé’a I zg‘é&?ﬁgﬁ?@\%ﬁd bone mat ?i X). p4g WO 03/ 030956

PCT/ US02/ 388Bded thebbloaid thoclarsp esrsotedecrobeddin gribie bvyey goriom; of ithefiksrs ifle hybr i d

FhBVP-2X, Lidporgnd: 109 |

o

In preferred embodiments resorbable polymers are employed. Temperatures are
used which melt the polymer to a suitable viscosity to allow the melted polymer to flow
in and around the demineralized bone. Most often the temperature employed will be
from about 0 to about 15 degrees above the glass transition temperature of the polymer.
Since the biological activity of DBM may degrade if maintained at temperatures above
60°C for significant periods of times, the preferred polymers will have glass transition
temperatures lower than 100°C preferably lower than 80°C and most preferable below
60°C. For tyrosine polycarbonate DT a temperature of 115°C for 10 minutes is
employed. For poly (L-lactide-co-D, L-lactide 70/30) 70°C is suitable. This method is
also applicable if a suitable polymer solvent is used instead of heat to facilitate polymer

flow.

Example 15: DBM preparation comprising a mixture of stabilized DBMs with a
prolonged half-life diffusion barrier

Two demineralized bone formulations are prepared:

Demineralized bone preparation #1. DBM,is prepared from about 150-1000 micron bone

particles demineralized, lyophilized and then pre;—swollen with 100% glycerol, excess
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hr hBMP- 2x were pl aced onto 200ng osteoi nductive human dem neralized bone
fiber (DBF) matrix and inplanted heterotopically in athymc rats for 21
days (n=6wpas/osmeap). The DBF matri x was prepared so thatPCrhso2/32941

ost eoi nductive potential was approximately 50% of that usually seen so
that differences between treated and untreated DBM were evident. Controls
consi sted of osteoinductive human DBF matri x al one, inactivated hunman DBF

e PR i T bt i b

conbi ned -2Xx, active and inactivated matrix with
5g wild- typaoBMBetlateNTycs amyiNeth Heven, RFasunixdd AD Sty wejghtdb hymagensiya

5-point scoring system (score 4= >75% of e cross-sectional. area of the
i npl ant wi M&léf),? DR o The e s Fl@lft_ﬁa%"il%‘ﬁ?n gl &5375039%’@“83'!%‘& 112506 0=
no bone f O%B@Hegr)ﬂnl\({ ﬁgo%gg)ms %Il’vexiigdqg TR N an PSREDPL ik size of about

Gst eoi nduct’i dn unan erali zed bone: characterization in a rat
nodel . C i n30-R0hafcrodb7: 219- 28, 1998; incorporated herein by reference).

Results Histal ogical scoring as descrihbed.in t hods section.was
inaplequateqeé’rm@r%%?ﬂibﬁéeﬁ’f%’_f’r%lpn_t é%&ﬁ@?@@aieﬂzﬁ%?%ﬁr éod“glpfr?g?‘ﬁgﬁogen. The
devital iz eqc&@dmg %Oﬁggxsﬁho&d%ﬂ%tér\ézﬁ “BRErBBE BXbcts 6PLEGMR: adievinhad DBAY + 1g

hr h- BMP- 2x score F matrix scored 2.5 0.8 all other sanples
scored 4. o Honefhdrctidh &t NodaRas’ Ahdragifremtho?s dAveysd pasting of the Recisbdul es,

a qualitatiyve,. scori t.em was vised to determ ity of

the sanple f%rﬁ%m “&Egﬁ@#m(’%egg mlebr?' rteﬁeéens?g’rrp rgﬁ?ﬁo&ﬁ?&éﬁ%g\%b% scal es
vere used: (NageuhALédithid @bﬁgmy? DRhhewwithniRgrQalizsdnonsht a feghvetisebs, snal |
vessel s=2; ~ noderate cellul ari and vessel size=3: extensive cellularity,

| arge vessdpiveen ROY; lgeisinOB¥s DRMHe=0% leriir40% PBM2; noder at e=3,
extensive=4 The agtiv ' f | & diead 28y iPr e
differentiated ﬁgnér&sgar\i%ﬁ@?%rﬁﬁg}agggégﬁg}% E%R%?Eé@ﬁ%ﬁggitgensi ge nlew bone
formati on ahdettegidnythatienebapitd witeitbat desinatalicdl buvs wistadded iddhe sthight he
devitalized group even at the highest  concentrat.ion of norphogen, The
devi t al i zeFaEHFr Erél_?la%ea?f thereEsgag o thérds Hgg%’lnle é?‘fpb‘?ﬁolﬁﬁg&do%gglenti ally
an inert, 3ph ARNGLONGLIRHMUES RES JrEpFHRAGH SPPNET BiOMatpld.MEheM | d- 50 WO
03/ 030956 [ US02/ 32941

composition is then mixed to form the implant preparation.

Examplel6: Competitive substrate

Poly-L-lysine may be used as a competitive inhibitor for serine protease enzymes.
This example describes the preparation of demineralized bone incorporating poly-L-
lysine. Poly-L-lysine (10-300 kD) is prepared in 1mM HCL in a range of concentrations
from about 1-10 mg/ml. Demineralized bone is prepared. Following final washing it is
mixed with the poly-L-lysine solution in one of 5 concentrations to form a thick slurry
(~0.33gm/mL). The demineralized bone/substrate mixture is lyophilized to dryness. The

demineralized bone thus prepared is used directly or formulated with a carrier.

Example 17: A fatty acid/starch diffusion barrier matrix

Demineralized bone is prepared as described in example 14 with the modification
that the polymer/DBM preparation is omitted, being replaced by an equal weight of the

lecithin preparation.
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type rhBMP-2 produced a well devel oped vascul ature and marrow however, the
resi dual bone content was far greater that the active DBF counterpart.
Concl usi owp 037056 esul t s show that the nodified hr hBMP- 2x Ppadseysmdi
stronger osteoinductive properties than its corresponding wld type.
Ossification was accel erated and the induced bone tissue showed a denser
structure. Synergistic results were obtained when hrhBMP- 2x was conbi ned
with active ri sayn i ; T \ y

expl anat i onﬁaéi‘ﬂtiﬁm%ée@gﬁ%n |u§g$sn 'S tﬁﬁlgéoll‘rggﬁgg?@%ﬁ ?Xﬁyggég‘a{wgahr hBMPs- 2x at
t he inpl ant at i ofthspinposeTdfahis Exsinpleanioeveluatetthe gstenindnctize paentid of PBMi t e

allowed for longer intergction tine wth lggal cells ra t han achi ng
into the suf%?f%&f% uﬁngg&lg TR PRtEoigduqtye gg’t%ﬁil@pfgﬁ : 0%%?‘?1%‘?’?%?1?}5‘?‘? es. An
active mat rCﬁn.sgnﬁ&;mev.qiels.yasmoem,epbgsh@ris@S&z@@éenmgg%x@rggm@?éawheﬁ of the
exogenously added growth factor pr esumably due to the conbined

i nt eract i onwhish inaegrngrajed by feduenseh BierleBYYcqmpasition inefudesrrubridalisherad bone
bd i vi ¢ PEM g S Rmios O DRY pbBSgs USRS 8N g, ATR oRlBeLY 11 YO

"Effect of dffro@pew002Bas4 R eschdT vithéh ibdituded hidtatg bp fdpendd) eShaddroeaesbi nant
BMPs" Mund Kiefer Gesichtschir. 4 Suppl 2:S465-9, 2000; each of which is

i ncor por at edrclibe Biedominapkecll tzpeaythe gubs b the IBM fallgwane Sdaymplaiation.

speci es- spegi {.i i L L | i i ] from
naman: Rhesus TRsay - FRUR e IRt hite kPl A58 IR ISIQAS of LABL.AMES

speci es- speednfiodeliag hitthidf the deahinergdizeditortiedl ciloes. Bones were aseptically

cl eaned. The cortical, bo s, processed in.the bone mll.ing apparatus
described in U. SMapidnen .e\f%g?’Gg?uagSQ{HWCHSBF%‘BF%fa@EPI%W@gWg%y ref erence,

to yield abgut: S/ 413880 Az Wi pgaéagecm@s mll bR Sippe &%ﬁﬁg&n%@g}ﬁ@éﬁq@@lafe! ber s
were placed 1'n a reactor and aflowed to soak for ‘about 5- 10 m nutes in 0.6
N HCL plus 2hyaiostppencrobtrin foons Meflac SpragusBrwlaydne. (Fdlianepilisg!N)dr ai nage of
t he HCl/surfactant, .Q.6 HC1 at. 15 nl per,gram t ot n

i nt roduced W%sﬁ?égq’?%%\t%%PmﬁlogﬁlﬁngﬁPgteﬁggté%gﬂggté§aggggggi g%-‘rﬁgf e
reacti on prdgegaflant Hered@Uiat0- 50 m nutes. Fol | owi ng drainage through a
sieve, the resulting dem neralized el ogngate. hone fibers were ri nsed%éhree

) 19 :
times with, sterilbeImplanbyiies sgrapssespeddistongispllpe Ihetihen compopegt Hias seft
bei ng repl ag - i rval Ss |l 0w i f ter, the
bone fi bers(lﬂlr\gc\g}3 gﬁdce(;)!@ ?}églléitcﬁb% cgr%a?a%ﬁ%é glal@mméegﬁ?lgcgfggﬁggo@aa% Bﬁgggt 30

m nut es. Theerhibjuantitative scale based on percent of fiber area involved in new bone formation.

The cube portion was assigned a score based on the percent of central Haversian systems
involved in new bone formation.

" Results: New bone, marrow, and adipocytes were present throughout the fiber
portion of the nodules. Chondrocytes were present within the central Haversian systems
at all time points. At the 28-day time point, the mean osteoinductive score for the fiber
portion was 3.1 = 0.5 for the fiber portion 89.8 + 5.8 % of the Haversian canals occupied
in the cube portion. Cubes were surrounded by new bone or marrow and pockets of

- chondrocytes occurred within and between cubes.

The mean osteoinductive score at the 49-day time point was 3.5 + 0.5 for the fiber
portion with 98.1 + 2.4 % of the Haversian canals occupied in the cubes. The notable
differences from the 28-day samples included almost complete remodeling of the fiber
portion, large pockets of chondrocytes and areas of new bone within the cubes and

remodeling at the edges of the cube.
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WD 03/ 030956 PCT/ US02/ 32941 al cohol was then drained and the bone fibers
were rinsed with sterile, deionized water. The bone fibers were then
cont act edwwaioBlod@seri xt ure of about 4.5 nml gl ycerol per gramcafusonsipsbone
fi bers and about 10.5 m sterile deionized water per gram of dry bone
fibers s for at |least 60 m nutes. Excess liquid was drained and the
resulting liquid conposition containing approxinmately 11 % (w v)

dem nerali zed, 10 - PPNE. i : : : m
nol d cont ai ni ng@ggfy?ggﬁsaw ngcofé{lp?gi?og}é\??d )}/’tag?ﬁ g?@cﬁtﬁg‘f%ﬁ}eﬂo&g&ﬁ ng?altié/ﬁ%jofc
(appr oxi matlel HBM Gempositidnb diite icnbesi agk dut dioch ¢eetictl bonand] thegentral Hepdrkipn t he

lid was gentl | aced on the pold sych that, the indentatjons becane
i mersed | ﬁ?%%{stmgv’gie _Bélﬁglr"ldé’oé‘%@ét?’ t %&gﬁageipp{spsémg,aggrsgﬁ Yér?o%r}‘i@eiz‘d 8sition as
possi bl e. by M PBRRSLARS rééﬁ‘ﬁlalgfﬁidelf§ﬂﬁ%la§f@@r£€%ul Pﬂ?r%g?@ﬂl.e%%(aa{zs?r Tthge

f
si ze of the o5steol npl ant O%epqw red for the aninmal node I nterest.
resul ting thecuppeshesvetl adiddicrerfsemndeling albed strwer thangheyfibers2 Bénecmmodelngit h
and about 8 mm.i.n _height (or thickness) w.th.trough di nensio 3.5 cmin
Mengthe 1 SRR Nt ot i RS ) RS dIRaiEhen pl aced
in an oven cahtirfhe o pRNidt thOhSortahPSupp6R ARES AldodbtetARiub@NsibiD ZRRirey eorni ght
at -70C and then |yophilized for 48 hours. Follow ng |yophilization, the
nmol d was dineesa baht Edmanen thieugheoiibehtdling r¢spemsd  conposi ti on was cut into
i ndi vi dual pieces that contained troughs. The resulting conposition was
cohesive, flexible, sponge-like with an obvious continuous
t hr ee- di meEsiampil 195 tHsteblislir@emiol Bavidisd dollerapaistipofee Suvdadite sogisitivad shape

i ncluding the i ngent ations made by the lid _grotrusi,ons, did not require
rehydration bef dPé follpying pxamplg dejeripesths addidemelaamngibizeddions feat i t s shape

once wette ki {: i Ir : .Exanpl e
T2 Vet hod Tap Bt e 2Bt o Ao B R A S EEr e SRR B e
f ol | owi ng mephodconspassied. {The pradpile dewritienthn establishednboivm apptapiixtepartaral | y
enbedded in.a r.esorhabl.e polyner,. h par.tiall dded Ms provi de an

T tian | et SAPEHR o DEVE Gnl ik ot B GO0 opERE PR and
then a contof HéQdtmpet@WbiPostiontn- degraded active DBM as the pol ymer degrades
with time. The nethod is particularly well suited for enbedding DBMin
tyrosine pol ycaisrient Biseppitp) Thedgventive Slerchdapasirosposidiods pisteprepared as

(L-Tact de'd%&}i}i?ed h{ﬁ}?ﬁﬁﬂlgg @R@ %%i&?%?%}E}cﬂ%(m{e?%*o@%n%ng ﬁigﬁlsabgﬁ"éo/% g has
particul ar applrcatron i n posterior-lateral sprne Tusion, ere it ‘can be

pl aced wi t hbout 460 Tiadt sarah pgwiiére fvak enipgdomioh eratentuad theanisues ses prodasd tbone

formati on. The met hod can b ,
produce a sterile hydrateée starch preparation. The autoclaved starch was then tested for

viscosity. Starch formulations with Viscositi:es within the range of 5000 to 20000 sCp
were used to prepared DBM compositions.

A Brookfield Viscometer (HB-DV III+) with the appropriate sample adaptor
(SSA27/13RPY s/n RP66162 with spindle #27), supported by Rheocalc32 software was
used to determine the viscosity of the starch carrier.

Mixing of carrier and DBM. The starch carrier with a viscosity of approximately
5000 sCpi was mixed with varying quantities of DBM (from about 10% to about 50%
DBM by weight) to produce a composition with a consi'stency similar to that of modeling
clay or bread dough. Variations employing lesser amounts of DBM resulted in a
composition with a cohesive yet almost flowable product. Formulations employing more

DBM produced a product with a very stiff consistency, and formulations with high levels
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52 WD 03/ 030956 PCT/ US02/ 32941 wused to half enbed an appropriately shaped
matri x produced by the nethod described in Exanple 10 above, or

al t er nat iwelog/o3@se€ol | ecti on of dem neralized cortical bonecfriusez/32941 wher e
the fibers, are cut approximately 1 inch in length and arranged in a
cylindrical bundle with the |long axes of the fibers substantially parall el
with one another can be partially enmbedded by this method. A stainless

steel ad] Ui vl AT SR L6 Am A ARRIA| TR A0Sl g Dl O

is used to e groun ower por ifon o

dem ner al i z@dntiiainvely aibesséd mmabm@lae defcnrﬂsadbe:lstarrpl e is centered i n the
cl anp, | eaving pace around the inside perlpher of .the clanp to receive
the ground poly T eqrngsitiondggdlingpropaiiies p g OYVB“&IFiéth%&’@FEi‘e@éoof t he

clanp unti leg Bﬁsh%héi&@ﬁ r?gﬁsl‘xaﬂmllﬁgieﬁop&fl oﬁ*@%?ﬁtﬁetclaﬁ{boghgﬂg %&s@dcﬁgm er

reduced) while the poly I's st owab orcing-t r toflow
into the | @wxgﬂoymgitaroh-b'am daidoers whih petharatidh eesptdngaealues nmﬁeHlQ@N waret hen

al l oned to coal ding the | owe rtion of the
i bers. i n CREarBl fea glgh bt vien P etk RL Pt ta e MEGERBBIEE B yror
are enpl Oyaﬁlueﬂ'ﬁéﬁél@éﬂ@f—% I\@Eﬁng%&ﬁn&ﬂ’é‘pﬁ&eﬁﬁié the polyner to a suitable
viscosity to allow the nelted polynmer to flow in and around the

demi neral i zed bdh&’ dimpster &F 9 anrﬂueac@dﬁ&mm@hmﬁpwmummo the acthirtom about
0 to about above tr.an emperature of the,
pol ymer. é’%%é\g??ﬁ%% 511)63 tﬁ’“ﬁ%{ﬁ%tm‘: ﬁfﬁ &/mg% déAPIF ?ﬁh?ai ned at

t enper at ur elaradiaV 6” BRGH BV Cigitivhd @@t&e&%ﬁh@ﬂij ofthé for@stradsB@cpaef £r r ed
polymers will have glass transition _tenperatures |ower than 100C

pref erably %Wlahrb&ﬁt watrlaerdl urslsmepthdt tercatsh dhaertpded bos fonaulatlgrrt oAilfie
pol ycar bonatyg B 58, ﬁmﬂfa ?p |7sQq ejm or
poly (L-lacti 35 co- lﬁ) E%i‘?%sgg%fg/]o\}ﬁ %% %S,%%w §b%ﬁld %/ﬁﬁ';gm%
al so appl i omshmglfedantsm icalsylengmdrydrimdedm’nwe‘mmlp of ths eﬂmg&aisﬁfgdi aéanhéyt to
facilitate flow. e 15: DBM preparatijon co in amxture
of st abi | | 256 BN PR %{HEEIF%‘F 2 eﬂmsw P FIRgLe Biratdriiat it
deri ner al i zB@ 19018 sHRfJEULALIIARA RFiRa ﬁi@@fh%@ d@?ﬂP“v@% b bgs%ﬁllbﬁpspﬁh the
preparation #1. DB prepe{jr ed from ﬂ%out 15 1000 mi cron bone
plunger facmg up. The whole assembly (PVC pipe, spacer, and syringe) was centered on
the load cell directly under the push rod. The center of the plunger was lined up with the
center of the push rod. The 1kN load range was used for the first test of each new bone
formulation. When the maximum load required to extrude the bone mixture was less
than 90N, then the 100N load range was used during subsequent tests to achieve a higher
degree of accuracy. The test sample was preloaded under load control to 5N, the
displacement was zeroed, and the test was executed. Bone formulations were extruded at

a rate of Smm/min to a maximum displacement of 20mm in compression. The average

maximum force required to extrude each bone formulation was then determined.

Example 20: Detection of Amylase Sensitivity

This example describes the assessment of amylase resistance for starch-based
stabilizers and diffusion barriers (carriers). Increasing the amylase resistance of a starch-
based carrier increases the effective residence time of the carrier following implantation

and therefore enhances the stabilizing effect of the carrier.
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particles dem neralized, |yophilized and then pre-swollen with 100%

gl ycerol, excess 53 WO 03/030956 PCT/ US02/ 32941 gl ycerol is renoved by
filtrati owooimstesrer 9-1, a caprol actone glycoilide & cal ecarmsozsmar oyl

| actylate (Tyco Inc.North Haven, CT) is mxed 10:1 by wei ght to honobgeneity
with the DBM The m xture is nmelt cast in a nold at 70C. Fol |l ow ng cool i ng,
the polynmer DBM nonolith is pulverized in a cryomll and sieved to a

particle size ofuaRditionloidesddRl sHrQles Asquirbeiie NS¢ &f parftalonamylBpandt i on

#2: A lecithin based DBM preparation is prepared according to the nethod
of Han et ahyloglByeridagt that efféetivelytdstast the dedakdewn ehemyasearesioRR stgshedne

I nduction i,n Nude Rats" Abstract fromthe 28th Annual Meeting of the

Soci ety f%l?lcﬁeomateri al s (2002) incorporated herein by reference. Briefly,

Posphol i pon 90Crhe brEIoWeT theefthichiand StarsRami conspdiitioas ofEkimplesd i) i zed
bone at a weight ration of between 40% I ecithin:60% DBM to 6%0@@ .
| eci t hi n: 4% DM well asinewy eandidete asaess reivini slesghies arrdl woAkied staETEH P ed
according to Exappl.e 2 wt.h .t i t Nl tihe total
dem neral i %1881%%r8§§31n ﬁqeéaﬁganttsgﬁ%}ﬁée(s%gfglrt gﬁm cg%a}zyfe}irexnﬁgﬁf\a&t}g%ggé%dtLhe
remai ni ng tAvayloivcesidat adeiylass MeilnedA OANE)eihed 86l¢d, £404 Metud (6118,

dem lized b f ti #1 & #2 of thi I Th

Composi 1 ol STHER MireAiNoo 4r FOTRUE P Ve GreakTorh "EkERST L

Conpetiti Vﬁa\%%ﬁéiorngés@st]aoglllﬁé&dnlélfﬁejc{]ﬁlW be used as a conpetitive inhibitor
mes. [

for serine proteasé enzy s exanpl e describes the preparation of
dem neral i zed bone incorporating poly-L- lysine. Poly-L-lysine (10-300 kD)

is prepared in | HCL .in a range.of concentrations from about 1-10 ng/m .
Dem ner al | gé%%éﬂi'g@f}}/ﬁa‘gy%&?gfp%?%ww&sfi nal washing it is mixed with
the poly-L-1ysi nge 8QlowWihOEorhpbsits Werdplephie@ i 4 didilenfashion ko thissaddsbiibdd
slurry (-0.33gmnL). The dem neralized bone/substrate mxture_is

| yophi | i zeéh Exandplynas 15;Tand 17d prrriens ayerg atfodeved fonebminrsesdp stgrilige thery
directly or .fO{rruJ ated.ﬂ\l/\bgg/[a carrier. Examlp e 17: A fatty acid/starch

di ffusi on BEPY %P & Vi 'x "Defi neral i zed bone is prepared as described in
exanple 14 with the nodification that the pol yner/DBM preparation is

omtted, being replaced by an equal i.ght of_ the eci.thin atration.
Combination #1 - Cau};ier 1 cor?sisted X\Fabgout 8‘% PenE)rd l\)Iaps 2% and Dy 0ihin

with the remainder being water.

Combination #2 - Carrier 2 consisted of about 8% Penford Maps 281 and 15% Lecithin

with the remainder being water.

Combination #3 - Carrief 3 consisted of about 6% GPC B980 and 5% Lecithin with the

remainder being water.

Combination #4 - Carrier 4 consisted of about, 6% GPC B980 and 15% Lecithin with

the remainder being water.

Each of the four carrier combinations wete mixed with human DBM to yield a
bone content of about 25%. These bone mixtures were then tested for osteoinductivity as

previously described in Example 6.
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54 WD 03/ 030956 PCT/ US02/ 32941 Exanple 18: Osteoi nduction of DBM
conposition in an Athym c Rat Mbddel The purpose of this Exanple is to

eval uat e wba3m3wee®i nducti ve potential of DBM conpositi on®Crdisay3m41

het er ot opi ¢ osteoi nductive 28-day inplant nodel (Edwards et al., din
Othop. Rel. Res. 357:219-228, 1998; Urist, Science 150: 893-899, 1965; each
of which is incorporated by reference). The DBM conposition includes

cuboi dal shaped DBM particles in conbination with DBM fibers (See USSN

60/ 159, 774, filed Cctober 15, 1999; WX0232348; each of which is included
herein by reference). Chondrocyt d3theaEmbBddémpatedom nant cel |l type in the

cube of the DB oLl owmng 2 Iant ion. This study extends the
inplant tine t 0(5‘?%9511531%@ %8 z@?ﬁc &Fﬂ%‘BﬁPPﬁ%Hn% I'-fﬁ}dem)del i ng

Wi thin t heexﬁ%ﬂlfﬁ%ﬁ@of ﬁﬁ%\%ﬁ%h C?hos%qy?%rdlﬁ@? SFil13h &e%@%ﬁﬁp\%’e@?& e

vol umes of crunch sanples wei ghing approxi natel re pac aged in
2.5 nl bl uvarioup ghangesgind modificatiting e émddsemmioe mergztﬂewmd:e wighut depeetigbt ai ned

fromHarl ap S Da d | h h
i of - SuRGERYE PARLEe B kiR e R S 045me 8 (e JO ISR,y | mpl ant &

were evaluated. The inplant sites were assessed histologically. The fiber
conponent was scored independently of the cubes and was assigned a
nunerical score based on a 5 point semquantitative scale based on percent
of fiber area involved in new bone formation. The cube portion was
assigned a score based on the percent of central Haversian systens

i nvol ved in new bone formation. Results: New bone, marrow, and adi pocytes.
were present throughout the fiber portion of the nodul es. Chondrocytes
were present within the central Haversian systens at all tinme points. At
the 28-day tinme point, the mean osteoi nductive score for the fiber portion
was 3.1 0.5 for the fiber portion 89.8 5.8 % of the Haversian canal s
occupied in the cube portion. Cubes were surrounded by new bone or marrow
and pockets of chondrocytes occurred within and between cubes. The nean
ost eoi nductive score at the 49-day tine point was 3.5 0.5 for the fiber
portion with 98.1 2.4 % of the Haversian canals occupied in the cubes. The
notable differences fromthe 28-day sanpl es included al nost conplete
renodel i ng of the fiber
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portion, |arge pockets of chondrocytes and areas of new bone within the
cubes and renodeling at the edges of the cube. 55 WO 03/ 030956

PCT/ US02/\8294/030980ncl usi ons: The cortical cubes play an i mroarusans2onpl e in

t he osteoinductivity of the DBM conposition. The cubes are cut from
cortical bone and the central Haversian canals provide a natural porosity.
Cartilage persisting after 28 days coincides wwth a delay in bone
.formation presumably due to the del dpagcul ar ingrowh. At 49 days,

t he cubes showed evi dence of renpdeling albeit slower than the fibers. Bone
renmodeling occurred faster on the external surfaces conpared to internal

surfaces. The ¢ . inue to provide.t i.mportant s ort trix and
ost eoi nduct i ve g?egﬁlé’f"%?% UPFEF 355 ts%%?%ﬁ%ﬂ@%?ﬁﬁ?‘?so %Pr(?ﬁ%ﬁout t he
heal i ng r epeiie arExanubstads hksing bidisgiom attafy, Mandiid e abretes,i stics for

I nventive conpositions The follow ng exanple describes the addition of
demi ner al | S sempeuls, ProfisnPelyeeRiidabipplyaideptisamucleapyoteingi f f usi on

barrier to -8 | j Cli [ . €O Siti. The
exanpl ¢ deRDy FRgEE SO TR R b P AR e Redar .
m xi ng t hearwdwgsitkereati t h DBM and adj ust ment of the final handling

properties of the co ted conposition. Carrjer Viscosity.. The_ inventive
starch based co%rb?f@? %OWWéﬁT}B?‘éH&P@H‘PQ‘éﬂ sdrd aHEe yikize mPBM, with a

variety of cshadssibntd? tEh8EntlAlihAsdd RRg: 9 out 45% The
starch povv%l_erlgcg_vvaél m xed V\rn'lt{oﬁd\}vat er a%ypgﬁ%hfn&bx@ﬁggbﬁgﬁrg@p& aved to .
produce a biokgidally ayitheaostposndr BiefoaEpahatghomwt nddessagil, dod drueds artesthath was

then tested for ,viscaosit tarch..farmyl ations with viscosities within the
range of SHBGTEEIIIS00cEe TR AT S T e AT B B HOSTERORL. A

Br ookf i el dagdnsgempsat P()HEXQA@}I&J drirgs ok himbEscaRRAART tha b AS@iRl 81 edant or
(SSA27/ 13RPY s/ n RP66162 wit i ndl e #27), supported by Rheocal c32

sof t war e V\é%o-5:@s3édhlpég}d%@]ét4ﬁ9ﬁzgl drags/fos veistingry afe listed by thedDA anddréd. M xi ng
o 5™ 1 I8 BT e B SEeD o SRR AL BLIRELY
50% DBM btheweesghitjovelpapyraetusevarksonposi tion with a consistency simlar to
that of mdeling olay or bread fough. variations employing |esser amunts
DBM and other polymers. Moreover, peptides and proteins which may normally be
lysed by tissue-activated enzymes such as peptidases, can be passively protected in
polymers or DBM as well.
The term “biologically active compofmd” includes pharmacologically active
substances that produce a local or systemic effect in animals, plants, or viruses. The term
thus means any substance intended for use in the diagnosis, cure, mitigation, treatment or
prevention of disease or in the enhancement of desirable physical or mental development
and conditions in an animal, plant, or virus. The term “animal” used herein is taken to
mean mammals, such as primates, including humans, sheep, horses, cattle, pigs, dogs,
cats, rats, mice; birds; reptiles; fish; insects; arachnids; protists (e.g. protozoa); and
prokaryotic bacteria. The term "plant" means higher piants (angiosperms,
gymnosperms), fungi, and prokaryotic blue-green "algae" (i.e. cyanobacteria).
The biologically active compound may be any substance having biological

activity, including proteins, polypeptides, polynucleotides, nucleoproteins,

polysaccharides, glycoproteins, lipoproteins, and synthetic and biologically engineered
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conposition with a cohesive yet al nost flowable product. Fornul ations

enpl oyi ng nore DBM produced a product with a very stiff consistency, and
f or nul at iwo93ms®ke hi gh | evel s 56 WD 03/030956 PCT/ US02/ 32€4S0w529DBM
becanme crunbly and fragnented while m xi ng. These fornul ati ons were then
guantitatively assessed for handling as described bel ow. Assay for
conposition handling properties. The foll ow ng nethod was used to

tablish ' ' | 1. ng, ti f the i t . iti :
Compos 1 G M ThE e B BB e Y e 84 15 P8Rt ance
val ues of @ entfhiNawey weptidan Sitderading OF paitalt ay be by BRIE&19TacER: 90N

representing a nore preferable range and val ues between 40 - 65 N being
even nor e PPEReTASPHEde, patyrallyjosperiag oxsithetisng t hreaded (14 tpi) push rod

was nounted to t : Welall { ' ith a
| KN force tr ans%ghgn r. dii%)ﬁéelgséﬁ%%ﬁf Mgﬁb&g%érre ere§5§1-egsldf’:%§%vﬁl%t0%§g%wms
cent er ed \@owilchdrynercltdmgfioimend, ransitopin-rakRdsing hbi@eR, yel ighgont aias

pl aced underneat? it to catch the extruded bone formuJation. A 1"  1.D X
0.5" thi clHILE a%i%uﬁﬁ» SBRogAR 6‘@5( B 2n3iRevupyy/Eonasisttaging sachvasdpigiFing one

m xture VWasmbas i : 6o SOHH . i t -p;pf the
syringe using aé %ﬁggic%ﬁgﬁmg@gg syr iogg’g)egﬁgeng’g@j%g?lﬁﬂ%ﬁg’ Q&? %th*nglr?gved j ust
bel ow t he hprmiong dluragons sitsepeessinatxysonit,angiotendind aho &g behdykimim gellidas pl aced

vertically 4ntq the spacer/PVC, pi assenbly with.the plunger facing up.

The whol e aaé%lgﬁ%ﬂ‘;o?cﬁ@tﬁ?ﬂﬂ%@ﬁggrﬁ@gf‘tfm‘iﬁtiﬂn% B%)mﬁldi’?’ glé‘ﬁ"fggflé‘ad t he

| oad cel | wlini@6d ahalopak@rant REngASR Jrakb fold@ipansetuled. the plunger was |ined
up with the center of the push rod. The 1 kKN | oad range was used for the

first test of cal@penalbiploaisally aetivislcamiponndswieh eanebentandadiiniol cesslinksgui red to
trude t 1e | : ON. 1 he 100N |
extrude ;%Elgs)%%ggeﬂ ¥lellofs %@141§§§%ﬁnn§8u§e IBlut aﬁg I;g(r)]t lgggerdé 10, 81}t1—§®§sr ange was

used duri quent te eve a’hig uracy. The
t est sanplsebsascepsatiaaned subssteced, aadbiosy omutdubdessahs (e.di, aﬁdl@%ﬁﬁﬁ@t was
zeroed, and._the tﬁ%t was executegﬁ Bone formul ations were extruded at a

rate of ST SEPSEnfesx FHYSTABHAS RRVERIOBNS, piidS: AyRRANSH 88 hisiminese
average B4R o kit t 0 ' t hen
et er i ned L b e S A AR PR St
descri bes anespasmedisrradmustleaopirastents,ggiotitsandenfiahobbegh - dntisgahcoma

stabili zerg, nqngii ffusion barrier carriers). l.ncreasing the anyl ase
. ¢ xrﬁ)o - an antl- b
resi st ances algthﬂqrasﬁe d/or 1p§'otozoa compounds, anfi-hypertensives,

a sta
analgesics, anti-pyretics and anti-inflammatory agents such as NSAIDs, local anesthetics,
ophthalmics, prostaglandins, anti-depressants, anti-psychotic substances, anti-emetics,
Imaging agents, specific taﬁgeting agents, neﬁrotransmitters, proteins, cell response
modifiers, and vaccines. |

A more complete 1iéting of classes of compounds suitable for loading into
polymers using the presentfmethods may be found in the Pharmazeutische Wirkstoffe
(Von Kleemann et al. (eds) Stuttgart/New York, 1987, incorporated herein by reference).

Examples of particular biologically active substances are presented below:

Anti-AIDS substances are substances used to treat or pfevent Autoimmune Deficiency

Syndrome (AIDS). Examples of such substances include CD4, .
3'-azido-3'-deoxythymidine (AZT), 9-(2-hydroxyethoxymethyl)-guanine acyclovir(),

phosphonoformic acid, 1-adamantanamine, peptide T, and 2',3' dideoxycytidine.
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based carrier increases the effective residence tine of the carrier

follow ng inplantation and therefore enhances the stabilizing effect of

t he carriwn.038309%¢@0 03/ 030956 PCT/ US02/ 32941 CQuantifi cati eaTafSor/a®ust ant
starches requires the use of pancreatic a anylase and anyl ogl ucosi dase t hat
effectively detect the breakdown of anyl ase-resistant starches to gl ucose.
The breakdown of the starch and starch/lipid conpositions of Exanples 3, 9,

15, and 17.as well,as new candi date | ase resistant starch

o 1 o0 SPEREE 8 et PR Fred W HAR s GRERE BPte P RRRRES DN 11 om
Megazyme lsiibs@4raas ineRak mdtglRRste Ldi%latin( Pradhisahd) 69&IoRRSERtefine, ase Met hod
ACAC Met hod 996. 11, AACC Met hod 76.13, |CC St andar I\/%t hod No. 168).

For nul at i arsreiyprogshiovgms ectirtearersaoldcriatey disliyatiliestrolatpatopte®np ongest
stabilizat] f t ] Y . pi r:i.er Conmpositions
The foll 0\5&& (ﬁgoﬁag)%fp?glglx}lﬁgs\f{\ésmﬁ%rv gﬁj g‘irneﬂﬁgr e nlsﬁﬁeg(’gla/ﬁ%lbgrd g?“ﬁ‘%*?‘%lﬁ’ to those
descri bed dokérubiciilbly@oxPure®, prddarbazi@d, dufinoglatathiatide, wetEoliaaghgved for 20
mnutes to sterilize them prior to mxing wth DEM Conbi nati on #1-
Carrier 1C¥elABhapymise. mepbelagoymalineigdyaperangucih SysBhm PPN with the
remai nder i rpat ks - oy g%k e f t 8%
Penf ord I\/é%g{lgg‘fm%gfbf%% @*g@hélh%{a '{1 ﬁz‘%ﬁgﬁ(?%%rrlaei%ﬁger lg@hg‘eg}é’%lg?ay’

Conbi nat i dho#@iracilCarfhicesuracil; optaiabtredcyidsiabaabin6AdGR2r8@8epuaing, 5% Lecit hin
with the. remai nder .being water. Conbination #4 - Carrier 4 consisted of
about, 6% C@@C%@B%t}ﬂg@}%aﬂ’é‘éithi n with the remainder being water. Each
of the four carrier conbinations were m xed with human DBMto yield a bone
content of about 25% These bone m xtures were then tested for

ost eoi nducduitibioticsase arpresogrozes] apddessbptpacksiwhighiahplitghggrosgh wi»rdal 030956

PCT/ US02/ ?ﬁ%gcflo]brg isrr]r?sr. E{{%‘i’&h@%gﬁ Be produced synthetically or by microorganisms.

Examples of antibiotics include penicillin, tetracycline, chloramphenicol, minocycline,
doxycycline, vanomycin, bacitracin, kanamycin, neomycin, gentamycin, erythromicin

and cephalosporins.

Anti-viral agents are substances capable of destroying or suppressing the replication of

viruses. Examples of anti-viral agents include a~methyl-P-adamantane methylamine,
1,-D-ribofuranosyl-1,2,4-triazole-3 carboxamide, 9-[2-hydroxy-ethoxy]methylguanine,
adamantanamine, 5-iodo-~2'-deoxyuridine, triﬁuorothymidine, interferon, and adenine

arabinoside.

Enzyme inhibitors are substances which inhibit an enzymatic reaction. Examples of

enzyme inhibitors include edrophonium chloride, N-methylphysostigmine, neostigmine
bromide, physostigmine sulfate, tacrine HCI, tacrine,1-hydroxy maleate, iodotubercidin,
p-bromotetramisole, 10-(alpha—dietﬁylaminopropionyl)— phenothiazine hydrochloride,
calmidazolium chloride, hemicholinium-3, 3,5-dinitrocatechol, diacylglycerol kinase
inhibitor I, diacylglycerol kinase inhibitor II, 3-phenylpropargylamine,
Ns-monomethyl—L-arginine acetate, carbidopa, 3-hydroxybenzylhydrazine HC,
hydralazine HCI, clorgyline HCI, deprenyl HCLL(-)-, deprenyl HC1,D(+)-,
hydroxylamine HC, iproniazid phosphate: 6-MeO~tetfahydfo~9H-pyrido-indole,
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The foregoing has been a description of certain non-limting preferred
enbodi nents of the invention. Those of ordinary skill in the art wll

appr eci atwotodasossevar i ous changes and nodifications to thi ecaasorspui on nmay
be made without departing fromthe spirit or scope of the present
invention, as defined in the following clains. 59 WO 03/030956

PCT/ US02/ 32941 Appendi x A The biologically active agents that in the DBM
conposi tions of the present invention are any substances having biol ogical
activity, waemids, mgrayhing HGMmthCLcshmmmlded{mlotrm&cypmmMe|H(§

Py eoor ot e R EoE R k5 oy C&}’ﬁ@%é“%@%ﬂﬁ“ P S ea e AR
anal ogs thpdp@@énne@l@l"ﬁﬁ&?né?ﬁaeﬁidoi—@ 16&tYV2-BEdrbY }e‘eﬂ?ﬁﬁﬁﬁe 'E?&ro%ﬁl%hdé“ ght be

utilized in_a DBM corrp03|t|ono he invention include literally any

hydr ophi | i $3slichigigrapiednilenzyoinePEMBY active conpound. Pr ef erabl vy,

and- o1 1 oot OB s e SR R e P e Ry . *For
exanpl e, _dp-agsndedutethitiiie tar&@th(S&}e;ﬁiaﬁNndgﬂ\ﬁetE%dBM@ﬁte%@—)QBEoﬁ) rodiag; 5, 331

t hr ough 36 440- 4@0 drugs for veterinary use |listed by the A under 21
C.F.R 5oo~’ﬂ1 shomefhyliyiosiieds-etDbremuathy yyosinst R Lemsstazelpmidgl flichlombienunisy,
accept abl egf, g o8 0 networks. Drugs that are
not thensel vgsro ?qul?égngt%ﬁ% %Eﬁﬁggrr%led%a an%g) H@'e i ncorporated into DBM and
ot her polyners. Moreover, peptides and proteins which may normally be

| ysed by tj.ssue-activat ed eni}%/}g s, such as pti dases, can be passively

prot ect ed 4 um%?%sr‘?é?§ hstanpgs fae 2 toxig glteetop t %PWB‘@%’&?WG’&?W%

conpound” digl dRestHRAL FRARE Qg’eﬁ@i'kllc&eaﬁﬁéﬂﬁs cﬁéﬂ%{%} Dh&RobRAL, Produce a
| ocal or systemc effect in anim pl ants, or vi uses eterm t hus

means any ipgiels nertosordad alﬁdwthmumtoxme Bxagplesofadrangrgig’ nemrotogmsl on,

L eatent BRSOl Langh dLASRAS ok del BEGETRESTEN, ladsBl P! e
vi rus. ThecHotineng calﬁﬁdﬂ@tbxmg&Qﬁld@@é@ylﬁthy&hbﬁﬁéﬁuﬁtﬁrd Hﬁ%&h@m@akﬁmﬁlﬁ Bf as
primates, incl udl ng humans, sheep, horses, cattle, pigs, dogs, cats, rats,

m ce; bi r oA REEIC neRrotexinyincude by droxsdenamineEBror ot i sts (e.g. protozoa):
and 1-methyl-4-(2-methylphenyl)-1,2,3,6- tetrahydro-pyridine hydrochloride,

1-methyl-4-phenyl-2,3- dihydropyridinium perchlorate, N-methyl-4-phenyl-1,2,5,6-

tetrahydropyridine HCI, 1-methyl-4-phenylpyridinium iodide.

Opioids are substances having opiate like effects that are not derived from opium.
Opioids include opioid agonists and opioid a;ltagonists. Opioid agonists include codeine
sulfate, fentanyl citrate, hydrocodone bitartrate, loperamide HCI, morphine sulfate,
noscapine, norcodeine, noﬁnoxphine, thebaine. Opioid antagonists include
nor-binaltorphimine HCI, buprenorphine, chlornaltrexamine 2HCI, funaltrexamione HC),
nalbuphine HC], nalorphine HCI, naloxone HCI, naloxonazine, naltrexone HCI, and
naltrindole HCL.

Hypnotics are substances which produce a hypnotic effect. Hypnotics include
pentobarbital sodium, phenobarbital, secobarbital, thiopental and mixtures, thereof,
heterocyclic hypnotics, dioxopiperidines, glutarimides, diethyl isovaleramide,

a-bromoisovaleryl urea, urethanes and disulfanes.
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prokaryotic bacteria. The term"plant"” nmeans hi gher plants (angi osperns,
gymosperns), fungi, and prokaryotic blue-green "al gae" (i.e.
cyanobactwpioa)p3o93he bi ol ogically active conmpound nay be amgTdishzsmace
havi ng bi ol ogi cal activity, including proteins, polypeptides,

pol ynucl eoti des, nucl eoproteins, polysaccharides, glycoproteins,

| i poproteins, and synthetic and biologically engi neered 60 WO 03/030956
PCT/ US02/ 3 : l.ogs ereof ...The term " teln" s art:-recogni zed and
f or purposé@éégggﬁgg .ﬁwéﬁ??%ﬁVﬂgég%mgﬁﬁﬁﬁﬁg§§@§{%ggbﬁagg?hwﬁgn bteins or
pepti des nByayslesinylude gy, CilogshehiyAning et SiyBra0bliRS BAd @R likeat ural Iy
occurring or synthetic. Exanples of proteins include antibodies, enzynes,
steroids, growh hornmone and growh hornone-rel easi ng hornone,

gonadot r opi i . Lt i . an oni st. ogues,
omat ost at a3 A0 ARLERAR B LA o o A AR R BBk O rone
and fol |i chre-dslivened. aftangpléwositisiegicplgpictite hibrichhy fnehrle 6y dt@ind salpRl at hyroi d
hor mone, ¢l ucagon, vasopressin, oxytocin, angiotensin | and |1, bradykinin,
kal 1'idin, adrenocorticotropic hornone, thyroid stinulating hornone,
insulin, g s : ; g t he

f or egoi ng %%@%%%3%§QQE$§§?3§HO %ﬁ%?@g?%giig %ﬁﬁgsgagbﬁgéégﬁggﬂhich can be
| oaded i nt basudizstsiinklede cljetopramsizng, plomanipe hibhendaind) reseipmee désexpindingicl ude,
but are not(finitﬁ%gto, anti-Al DS substances, anti-cancer substances,

anti bi ot i c&¢ PO Ppr essants (e.g., cyclosporine) anti-vira

subst ances, enzyne inhibitors, neurotoxins, opioids, hypnotics,

anti histam nes, lubricants tranquilizers, anti-convulsants, mnuscle

rel axant s Andrcamyulsanisdee pahstansesahighbavs an eblget of pperenting.asdwimg, puscl e

contract angs,,; m: of I apt] - | J ics,. anti-glavco conpounds,
anti - par sy o) bR DR BisR ok ASh AR B SR e SRt

anal gesi csyalpmwbie; Ok efd ehoardmaet i -i nfl ammat ory agents such as NSAI Ds,

| ocal anesthetics, ophthalmcs, prostaglandins, anti-depressants,
anti-psychotic substances, anti-enetics, inmaging agents, specific
targeting RERL Sola W BRI Sihechl PoOlols R rol RIAMIRE or FBHLS T S,
and vaccines. A nore conplete 1i1sting of clfasses of conpounds suitable for
| oadi ng i ntlgminptelsympteniassagated withPedausbn'’s dchred Exampldsef fabregeintn t he

Phar mazeut sehle ASLOY Loy CYan K eeimn, et of Sritk S A GRILANEYY York
hydrochloride, levodopa/carbidopa, and biperiden.

Anti-spasmodics and muscle contractants are substances capable of preventing or

relieving muscle spasms or contractions. Examples of such agents include atropine,

scopolamine, oxyphenonium, and papaverine.

Miotics and anti-cholinergics are compounds which cause bronchodilation. Examples
include echothiophate, pilocarpine, physostigmine salicylate, diisopropylflucrophosphate,

epinephrine, neostigmine, carbachol, methacholine, bethanechol, and the like.

Anti-glaucoma compounds include betaxalol, pilocarpine, timolol, timolol salts, and

combinations of timolol, and/or its salts, with pilocarpine.
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Exanpl es of particular biologically active substances are presented bel ow
Anti - Al DS substances are substances used to treat or prevent Autoi mmune
Def i ci encwoO 0Sysmds©nme (Al DS). Exanpl es of such substances ipaalusdz36Dy,

3' -azi do-3' -deoxyt hym di ne (AZT), 9-(2-hydroxyet hoxynethyl)-guani ne
acyclovir(), phosphonoformc acid, 1-adamantanam ne, peptide T, and 2',3
di deoxycytidine. 61 WO 03/030956 PCT/US02/ 32941 Anti-cancer substances are

subst ances, ysed t.o treat or ent er. npl es of such substances
i ncl ude néﬁtb??%%‘fc‘m 208 %‘f‘{?}m ‘E‘fﬁ'i‘ %Hﬁﬂﬁ%@&é 8%erone, .
nedr oXypr Qg8 8 By eRelias %hﬁ&ﬁnydiﬁ%ﬁ%b@hoﬁ@ﬁ@&t@hn GhRia¥ine L hdiR@Rdd, @hd
testosterone propionate, quoxynesterone vi nbl’astine, vincristine,

vi ndesi ne,migergzoleubi ci n, doxor ubi ci n, hydroxyurea, procarbazine,
am nogl ut et hi m de, rrechl or et ham ne, cycl ophospham de, nel phal an, uracil

mustard, chloranbucil, busul fan, carnustine, |onusline, dacarbazine (DTIC
di met hyl t FAIQZQMeﬁﬁﬁ@J 26 SEBHNR E@ible aﬁ&dmﬁtar@mg Bigh HlbstDpressuaci |

5-fl uorouracil cyt ar abi ne, cytasine arabi noxi de,_ mercaptopurine,

6- ner capt JpERINS O tSH%i;kbaﬁamP@ ingApdq Aiphsrnethyldppa and the prelpylewethghrstesof

subst ancesaéq},g_rg gl t the gromh of or kill mcroorganisns. Antibiotics
can be pro e g eticall y or by mcroorganisms. Exanples of
antibiotics include penicillin, tetracycli ne chl or anpheni col , m nocycl i ne,

doxycyclin vanonyci baC|tr kana neo ent
RSB SEL PSS QSR A IR TN o i S
of dest rOYdMalgémééJiB&h@éﬁio‘i‘ﬁnﬁ@ﬁﬂfaﬁ’e"béd&ﬁfe' sﬁﬁa@fmeﬂérfdﬁ%e%nd E&ié&%ﬂn@s of

anti-viral agents include a-nethyl-P-adamant ane net hyl am ne,
1, -D-ribofuranosyl -1, 2, 4 tr| azol e-3 car boxam de,

O-[ 2- hydr oxy. h di
RO SRS LRy H oA f BIRTRR LR R e rerr BT SRR, D

are subst apess aW‘ddbbtahdH@lcEpébI@Bf QENIREDE off ﬁ@pielsﬂﬁ%n@éﬁﬁﬂt@ﬁ BkampREY e
i nhi bitors include edrophoniumchloride, N-neth ysosti gm ne, neostigm ne

broni de, pHyPeesigeyks lﬁ@u%ﬂm@ﬁsah%}élﬁaﬁ@ H@om%@m Aedivmp 916§$§¥a%| eat e,
i odot ub | |
bhenot hi ast HeTpie, P AIRAE HEARED cBindidel EhibiBrd) ShiMABAGRERP DI )
3, 5- di ni t rdiclafe;etyahdoptofan yhd kydiemahblidylandde

Local anesthetics are substances which have an anesthetic effect in a localized region.

Examples of such anesthetics include procaine, lidocain, tetracaine and dibucaine.
Ophthalmics include diagnostic agents such as sodium fluorescein, rose bengal,
methacholine, adrenaline, cocaine, and atropine. Ophthalmic surgical additives include

alpha-chymotrypsin and hyaluronidase.

Prostaglandins are art recognized and are a class of naturally occurring chemically
" related, long-chain hydroxy fatty acids that have a variety of biological effects.

Anti-depressants are substances capable of preventing or relieving depression. Examples

of anti-depressants include imipramine, amitriptyline, nortriptyline, protriptyline,
desipramine, amoxapine, doxepin, maprotiline, tranylcypromine, phenelzine, and

isocarboxazide.
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inhibitor 1|, diacylglycerol kinase inhibitor II, 3-phenyl propargyl am ne,
N6- nononet hyl - L-ar gi ni ne acetate, carbidopa, 3-hydroxybenzyl hydrazi ne HCO ,
hydr al aziwe 08i@q95€! or gyl i ne HCl, deprenyl HCL, L(-)-, depr eaylushiZizomn +) -,
hydr oxyl am ne HCl, iproniazid phosphate, 6-MOtetrahydro-9H pyrido-indol e,
62 WO 03/ 030956 PCT/US02/32941 nial am de, pargyline HCl, quinacrine HC1,
sem car bazide HO, tranyl cyprom ne HC ,

N, N- di et hyl am noet hyl - 2, 2- di phenyl val erat e hydrochl ori de,

3-isobutyl -1-nethyl xant hne, papaverine HCl, indonethacind,

2-cycl ooct x), es o

> 3 di ohl 0 %%ﬂ%?_ﬂ%%%g%sﬁ& %\gos{'é)ﬁD%é\%ﬂmwﬁlbéﬁy psychotic behavior. Examples of

8, 9- di chl osuwh agatwnwephahyldmnesab@wm@hmwmh@:dmbcmﬂsor| de,

p-am nogl utethim de, p-amnoglutethimde tartrate, R(+)-

p-am noglutethimde tartrate, S(-)-, 3-iodotyrosine,

al pha- met hyh. m@ﬁésﬂﬁe bubstaaabadﬂarhrcﬁ%&éwhﬁdfragéwa@,n@uéea or 36811870 Ahd:denple

di chl or phenam de, r oxy- 2- benzot hi azol esul f onam de, and al | opuri nol .
hburotOX|n@ﬁﬁﬂeaﬁdb§maﬁu@hl fumamive a toxic effect on the nervous system
e.g. nerve cells. Neurotoxins include adrenergic neurotoxins, cholinergic
neur ot oxi ns, dopam nergi ¢ neurotoxins, and ot her neurotoxins. Exanples of
adr ener gi CLiidpeidl plefisiafSagehtyCapaifle of imaging a desired site, e.g. tumor, in vivo.
N-(2-chloroethyl )- N et hyl - 2- br onbbenzyl am ne hydrochlorlde Exanpl es of
chol i ner gi Exarelesridiagugiagents i udesnitancayhaving # belwiaich isdaiReAYCTHI or i de.

Exanpl es o i r d

AL D e e e S N
1- met hyI Jdamitvedigs eﬂ&ﬁgmmmsmre@;ﬁyri di ni um perchl orate,

N- et hyl - 4- phenyl -1, 2,5, 6- tetrahydropyridi ne HCIL,

1- met hyl - 4- phenyl pyri di ni um i odi de. Opi oids are substances havi ng opiate

l'i ke ef f ectgectiabrodtife ROMtIREIMEY érﬁ@c!@p%lb HﬂHelw@ﬁh@b@ﬁerhﬁHﬁhb‘ deerPRi i d

agonsts and opi or d anfagoni sts. I oi d agoni sts include codeihe sulfate,
f ent anyl cdqsrraci gife, hmhmdmﬂepmwmga@@@peuh@ﬁéfeaﬁnm ofﬁ@g@imgrﬁé%tal fate,

noscapi ne, . npr,codei ne aQr m t d t cl ude
nor - bi nal t mrc uﬁle REHE YYIE]ICH C%ﬁﬁ?%ﬁt)of P |Oﬁ§%% ?#%grrtsn‘%? &Oava;ﬁ? en:e%g A}
funal trex anrh@mﬁgeﬁﬁg agerdi@hdbp b REidddY linked W rapbkinge. EiGicin mad)mmabb@

nal oxonazi ne, naltrexone HCl, and naltrindole HCI. Hypnotics are
subst ancesliddpagiegiuce a hypnotic effect. Hypnotics include

Neurotransmitters are substances which are released from a neuron on excitation and
travel to either inhibit or excite a target cell. Examples of neurotransmitters include
dopamine, serotonin, g-aminobutyric acid, norepinephrine, histamine, acetylcholine, and

epinephrine.

Cell response modifiers are chemotactic factors such as platelet-derived growth factor

(PDGF). Other chemotactic factors include neutrophil-activating protein, monocyte

- chemoattractant protein, macrophage-inflammatory protein, platelet factor, platelet basic
protein, and melanoma growth stimulating activity; epidermal growth factor,
transforming growth factor (alpha), fibroblast growth factor, platelet-derived endothelial
cell growth factor, insulin-like growth factor, nerve growth factor, and bone

growth/cartilage-inducing factor (alpha and beta), or other bone morphogenetic protein.
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pent obar bi tal sodium phenobarbital, secobarbital, thiopental and m xtures,
thereof, heterocyclic hypnotics, dioxopiperidines, glutarimdes, diethyl

i soval er awnda/030986 br onoi soval eryl urea, urethanes and di swecrarses32968 WO

03/ 030956 PCT/ US02/ 32941 Anti histam nes are substances which conpetitively
inhibit the effects of histam nes. Exanples include pyrilam ne,

chl or pheni ram ne, tetrahydrazoline, and the I i ke. Lubri cant s are

substances that_j ncr ase t he lqlflgﬁl Ci t enyi rf)egrs }Dnto whi ch t hey
are delivered. é%SPSPS%‘FlB 136‘59 B‘Si’t%qr w8hPHYP GHe wat er and
sal i ne. ?@H@lﬂdﬂ fe%lg?t%rsafn%l@ &meaanwr@ﬁgmm@éﬂe%@ot LAQEYbAS, Zi ng ef fect.

Exanples o tranquili zers 1 nclude chl oropromazi ne, promazine,
f | uphenzaiindpding siphp, ety andesarma; dlemetopmamij&OIlndu&hngcryﬂnmedm;NuI sants

are substan i ch have ect of even uci or

el i ni nati g ‘?% %QIWSSU“E@&H% gé%to{afna'g aga?gcé)%‘?né'gﬁt%ﬁ% B&PW‘&one
phenyt oi N, grafAd oMb Eropldde RN %hﬁﬂfalaﬁg Eﬂcﬂﬁ‘ tubvles Glkrokie FRYAB i Scladfg
ant i -Park| nson ag@nts are agenP’ rel ax nuscles or reduce or

elimnate aéghapmd tan eustirating gwivith fanmrk(hq%nnglu@mg@a‘@el beteahpetes’, of such
agents ing henesi n, et hocar I obenzapri ne hydrochl ori de,
tri hexyl le g}rbgﬂggwedxémorq 8%%3{)’%%%3; i dopa, and bi peri den.

Antl-spasnndlcs and nmuscl e contractants are substances capabl e of
preventing or relieving nuscle spasns or contractions. Exanples of such
agents include atropine, scopolamne, oxyphenonium and papaverine.
Motics and anti-cholinergics are conpounds whi ch cause bronchodil ati on.
Exanpl es i nclude echot hi ophate, pilocarpi ne, physostign ne salicylate,

di i sopropyl fl uorophosphate, epi nephrine, neostigm ne, carbachol,

met hachol i ne, bethanechol, and the |ike. Anti-glaucoma conpounds include
bet axal ol , pilocarpine, tinolol, tinolol salts, and conbinations of
timolol, and/or its salts, with pilocarpine. 64 WO 03/030956 PCT/ US02/ 32941
Anti-parasitic, -protozoal and -fain agals include ivernectin,
pyri met ham ne, trisulfapyrimdine, clindamycin, anphotericin B, nystatin,
fl ucyt osi ne, natanycin, and
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m conazol e. Anti-hypertensives are substances capabl e of counteracting high
bl ood pressure. Exanples of such substances include al pha-nethyl dopa and

t he pi valwoloonywshyl ester of al pha-net hyl dopa. Anal gesi ®@sTAarse2/319b6t ances
capabl e of preventing, reducing, or relieving pain. Exanples of anal gesics
i ncl ude norphi ne sul fate, codeine sulfate, neperidine, and nal orphine.
Anti-p_r etics are substances capable of relieving or reducing fever and
anti-inflammtory agents are substan%ﬁs capabl e of counteracting or
suppressing i nfl anmati on. Exanpl es Uh agents include aspirin
(salicylic acid), indonethacin, sodiumindomethacin trihydrate,

sal i cyl am de, nﬁﬂr@?faﬂtabfe 0(}1'3 6\9&1 'in u%ﬂl R pggitwﬁ%llnpxqan difluni Sél

di cl of enac, indoprofen an um sa | 'am oca sthetics are

subst ances whi ch havenmmﬁnest heti c effect in a localized region. Exanples
of such anesthetics |qclude procaine, lidocain, tetracaine and di bucai ne.
Opht hal mi ¢s i ncl ude &i'S35h8%¢% 2’&9“%@%‘?’&0%’ Bch as sod| um fl uorescein, rose

bengal , net hachol i ngg; giql&ﬁ]%aa! ERGvher QR Bleeabi sk Addn 35}13@ thal mc
surgi cal addi tives mglaude aIg -ch yrmterypsl n and ﬁ u?eéq’nl dase.

Pr ost agl andsteminducéivigy of ﬂaeccogmozledn snuliting &1 anwbesisbapt fcvmtattmabbliat}mscur ring

chemcally d - chain. r fatt ds that have a variety of
bi ol ogi cal C@?Qaé%‘igome %%ngi‘ﬁﬁ %béh?éﬁ% hces capabl e of preventing
or relieving depression. Exarrpl es of anti-depressants include impran ne,

amtriptyline, nortriptyline, .protriptyline, desipramne, anobxapine,
doxepi n,  mapr ot TW ﬁ@npqsﬁtmf%ﬁb}n%feﬁpﬂhéﬁ@lbﬂlzm aggnids stlstechfromthei de. 65

O 7 0o BRP ISR St (PR SRS LARSER A u B ARag, v o

but yr ophenentéts,camd dohjbmaaahilemmf Ant i -erretl cs are substances whi ch prevent
or alleviate nausea or vomting. An exanple of such a substance includes
dramami ne. | neging agents are agents capable of inaging a desired site,
e.g. tumorg in yhye &%@Jﬂ% B wmwlm 3981 hudgcisUbskanGas having
a | abel which is dectmect abl e ﬁal V]iV . .e ant %Zgngdelﬂ%s at%acﬁ?ﬁ to

f | uor escengrouplsehssstinftd natwrah paiptmdyn aﬁymnamlr&ldnelymﬁmlmodlﬁed or derivatived

natural polymers, modified or derivatized non-natural polymers, and combinations

thereof; and wherein the matrix is at least partially embedded within the stabilizing agent.

4. The composition of claim 3, wherein the natural polymer is selected from the

group consisting of lipids, polysaccharides, and combinations thereof.

5. The composition of claim 4, wherein the lipid is a fatty acid.

6. The composition of claim 4, wherein the polysaccharide is a starch

7. The composition of claim 3, Wherein the stabilizing agent is resorbable or
biodegradable.

8. The compositien of claim 3, wherein the non-natural polymer is a resorbable

polymer selected ﬁpm the group consisting of poly-lactic acid, poiy-glycolic acid, co
polymers of poly-lactic and poly-glycolic acid (PLGA), polydextran, polyester,
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anti bodies or fragments thereof. Specific targeting agents include agents
capabl e of delivering a therapeutic agent to a desired site, e.g. tunor,
and proviwpng/oassher apeuti c effect. Exanpl es of targetingpragarshy32oincl ude
agents which can carry toxins or other agents which provide benefici al
effects. The targeting agent can be an antibody linked to a toxin, e.g.
ricin A or an antibody |inked to a drug. Neurotransmtters are substances

whi ch ar e}?&g\égflﬁl%ghglr{;r%sﬁl%ﬁ%&&égggﬁ lokiak %Qﬁaﬁﬂ'ﬂes, thSfV&JthJe?ceﬁj t her

inhibit o te a target nples of neurotransmtters 1nclude
dopami ne, pdgladides poly giyatides potyetliecs, aoly dimantaspoliepiers, ar) chrpelymaisne,

acetyl choline, and epinephrine. Cell response nodifiers are chenotactic
factors sHEHOhs pl atel et-derived growh factor (PDG). Oher chenotactic
factors include neutrophil-activating protein, nonocyte chenpattractant
protein, macrophage-inflammatory protein, platelet factor, platelet basic
protein, and nEhaeromposiionvaiislaimi ywharcimige metixistay leasimadiéallyeartipubigch f act or
transform ng gromh factor (al pha), fibroblast growth factor,

pl atel et -derived endothelial cell growh factor, insulin-like growh

factor, nepve Thownpdsaioh®T.clamd, hoBRin G awlik Bacledcleddom ddyesoupg f act or
(al pha and beta), or other bone norphogenetic protein 66 WO 03/ 030956

PCT/ US02/ SEBH#ING eyramicscRalymeess peiies Sorpipatiafizesh kong, extiaped lylarra#trig aodns |

i nterl eukin i:nht bi r interleukin receptors, including interleukin 1
t hrough | %@%‘W%&%tﬁ&éf%ff)i nterferons, including al pha, beta and gamm;
hemat opoi eti ¢ factors, including erythropoietin, granulocyte colony

stinmulating factor, macrop e colony stinmulating factor .and

gr anul ocyt g naﬁ"obq%“}%‘l %ar?gm%]t kw%a%ei%‘be FEeTst ‘?ODE‘EFF'ﬁ?F cHeipiosPag ¢ or s,
i ncl udi ng . 3heha sanstebeta; transformng growth factors (beta), including
beta-1, beta-2, beta-3, inhibin, and activin; and bone norphogenetic
proteins.. 67 WO 03/ 030956 PCT/US02/ 32941 Cainms 1. An inplantable bone

growth | n%{Ci $né& 8%}90%&&(&1100 anP fli, %\;h@x%.in th8 c%}urnil 61;105phate is sglected from the
group consisting of amorphous calcium phosphate, poorly crystalline hydroxyapatite,
nanocrystalline hydroxyapatite, stoichiometric hydroxyapaptite, calcium deficient
hydroxyapatite, substituted hydroxyapatites, tri calcium phosphate, tetracalcium

phosphate, dicalcium phosphate dihydrate, and monocalcium phosphate

13.  The composition of claim 3, wherein the matrix is a non-natural resorbable

polymer or derivative thereof.

14.  The composition of claim 3, wherein the polymer is selected from the group
consisting of poly-lactic acid, poly-glycolic acid, co polymers of poly-lactic and poly-
glycolic acid (PLGA), polydextrén, polyester, polyvinylalcohol, tyrosine polycarbonates,
tyrosine polyarylates, poly-orthoesters, polylactides, polyglycolides, polyethers, poly-

fumarates polyesters, and co-polymers thereof.
15.  The composition of claim 1, wherein the growth factor is selected from the group

consisting of osteogenic factors, vaxcularizing factors, angiogenic factors, and

combinations thereof.
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at least one growth factor; and a stabilizing agent wherein the stabilizing
agent enhances the osteoinductivity of the conposition resulting in

i mproved wora/osmserat i on ability as conpared to the conpo®ctiusa/sisthout the
stabilizing agent. 2. The conposition of claim1l, wherein the stabilizing
agent is selected fromthe group consisting of diffusion barriers, enzyne
i nhibitors, conpetitive substrates, masking entities, and conbi nations
thereof. 3. The conposition of claim1l1l, wherein the stabilizing agent is
selected fromthe group consisting of natural polynmers, non-natural

pol yners, medi f TRdeodiipddRion\@lclav@d 5, RBérdiahe ftopFRIcTactbPHIstlcedd Bom the
derivati zed non- nat ural pol yners, and combi nations_ thereof; and wherein

the matri x2io¥p gensisiing of BMR.i FY QG@W&H@@!&W% AR GSHe stabilizing agent. 4.
The conposition of claim3, wherein the natural polyner is selected from
the group consisting of |ipids, polysaccharides, and conbi nations thereof.

5. The conp®si t Aadmplantabki toné grovrdigdusidghempbsitidn compridiagty acid. 6. The
conposi tion of claim4, erein the polysaccharide is a starch 7.. The
conposi tion of c Rarticalateficsranig, t he st abil i zi ng agent is resor babl e or

bi odegr adabl e. q%o,‘}g rein the non-natural
polymer is a resorﬁ%ﬁﬁrl po %é%%gdg/?tg?%eggfﬁommaﬁe group consi sting of
poly-l actic aci dar@othab@IQtdnxbdegrﬂabld,pobfmer,pol ynmers of poly-lactic and

pol y-glycolic .ci PLGA) , dextran, es WO, 03/ 0309

PCT/ US02/ 32941 g‘F P&F@Bi%‘?d Cefaﬁ?‘&‘séﬁ‘ﬁ éé"éﬂhb‘b ROLMS AT S}FFéem

pol yaryl ates, IOOltﬁé @fe’bﬁﬁﬁ&ﬁﬁfﬁ@fth@@ér}rﬁb&ﬁidn%great%?Eﬁéﬂ'tﬂ@@dt&cﬁ&ﬁmﬂﬁ@} yed hers,
pol y-funarates pol yesters, and co- nmer s hereof. 9. The conposition of

clai m3, wher ei ncempositen ¢6¢he pa@mula@éwamprmdaass@mmd gioyah factat along0. The
conposition of claim9, wherein the matrix is selected fromthe group
consi sting ceramcs, polyners, bone, dem neralized bone, extracellular

matrix, ands. cowm cabpaitontdfetantl7, dherelthBe pOIVRES is Jeidtedlfrah eeprdih Wherein

the cerami c conp es cal ci um phosp hat% of calciumsulfate.. L
con51st1ng 0 polysaccharides, hp1ds resorbable polymers, resorbable plastics, derivatives

thereof, and combinations thereof.

19.  The composition of claim 17, wherein the ceramic is a calcium phosphate

ceramic.
20.  The composition of claim17, wherein the polymer is a starch.
21.  The composition of claim 20 further comprising a lipid.

22. A demineralized bone matrix (DBM) composition comprising a demineralized

‘bone matrix (DBM), and a stabilizing agent.

23.  The composition of c}aim 22, wherein the DBM comprises particles of at least 1

mm in their largest dimension.

24.  The composition of claim 22, wherein the DBM comprises particles of at least 1.5

mm in their largest dimension.
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12. The conposition of claim11l, wherein the cal cium phosphate is sel ected
fromthe group consisting of anorphous cal ci um phosphate, poorly

crystal | iwe oapsivexyapatite, nanocrystalline hydroxyapati t€T/tSbo3mi onetri c
hydr oxyapaptite, calciumdeficient hydroxyapatite, substituted

hydr oxyapatites, tri cal cium phosphate, tetracal cium phosphate, dicalcium
phosphat e di hydrate, and nonocal ci um phosphate 13. The conposition of
claim 3, wherein the matrix is a non-natural resorbable polynmer or
derivative thereof. 14. The conposition of claim3, wherein the polyner is
sel ect ed f2%m tTe cgmpogition ofislasn RPRgwisdreip sheyDB&Cedneprises partiplss 9f glleasbl i ¢
acid, co polynmers of poly-lactic and poly- glycolic acid (PL&A),

pol ydext réﬂ?”ggli‘%ﬁggﬁ‘fl%‘&li}%'nyl al cohol , tyrosine pol ycarbonates,

tyrosi ne polyaryl ates, poly-orthoesters, polylactides, polyglycolides,

pol yethers, poly- fumarates polyesters, and co-polyners thereof. 15. The
conposi ti of. of Tleaiompositinhef elaim LRewhgromithe PBM eymprises pidiclesd from t he

group consisting of_,ost.eqggeni ¢ factaors, v l.arizl ]8 i;ogeni c
factors, and conbi n‘?g%e’lr%ﬂ %%&%%? ?re%§e %rg@;%ggé-g@p%%r&%@gf @Sq"?ﬁdla The
conposi tion of clai mfﬂ&ein\tﬁgpﬁﬁﬂeﬁ&%a@&bﬁqmiiﬁtﬁe@chfgresﬂcﬁnﬁﬂﬂi@ﬁMérOmthe
group consisting of BMP, T | G, MCSF, statins, and GSF. 17. An

i npl ant abl e bone grd\EPW@W@FGEﬁW@Wé?WWI@WSF%-ng: a particul ated
ceramic, a growh factor associated with the ceramc; and a resorbable or
bi odegr adabl e pol yner; wherein the particulated ceramc is distributed

wi t hi n t he2pol yhercongosditivhef elaim 22hehasingbd stehiliting iaggat if seldveeddompd®si tion is
greater than the os.teolL ctivity of a conposition of. the particul ated
Jeramc ardoss Sourirent Gition heimaroendrBhehibgrs saedtivscr Rl BRI m
17, wher ei §y#R€ RO ¥ BhaliSnsIBe86E €d fromthe group consisting of

pol ysaccharides, lipids, resorbable polyners, resorbable plastics,
derivatives thereof, and combi nations thereof. 19. The conposition of

claim17, Mer Stk éo%?po%1 1od'0r G143 23, \(;:vﬁér%{n e Re%ﬁ%% tagentgse LSS from the

group consisting of natural polymers, non-natural polymers, modified or derivatived

natural polymers, modified or derivatized non-natural polymers, and combinations

thereof; and wherein the matrix is at least partially embedded within the stabilizing agent.

29.  The composition of claim 28, wherein the natural polymer is selected from the

groups consisting of lipids, polysaccharides, and combinations thereof.
30.  The composition of claim 29, wherein the lipid is a fatty acid..
31.  The composition of claim 29, wherein the polysaccharide is a starch.

32.  The composition of claim 28, wherein the stabilizing agent is resorbable and/or

biodegradable.

33.  The composition of claim 22, wherein the stabilizing agent is selected from the

group consisting of protease inhibitors, glycosidase inhibitors, and combinations thereof.
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20. The conposition of claim 7, wherein the polyner is a starch. 21. The
conposition of claim20 further conprising a lipid. 22. A dem neralized
bone mat rwp 03DBM6 conposi ti on conprising a dem neralized PoONEsBa9Mi X
(DBM, and a stabilizing agent. 23. The conposition of claim22, wherein
the DBM conprises particles of at least | nmmin their |argest dinension.
24. The conposition of claim 22, wherein the DBM conprises particles of at
least 1.5 nmmin their |argest dinension. 70 WO 03/ 030956 PCT/ US02/ 32941
25. The cordfesi thhemompositien of daim ¥hevheian thecoDBMittEubitsas ismaletied fos of at

I t 2 in their.l. t, di ion. 26. T i t.i f,claim?22,
wherei n 1 naeRE SirsicH 8L 8F 3oty DooRS POt A i DAPCIET 6. SRt B Faper ed.
wedge- shapehbkredf] artioReivsihaR€gbre@d Wherein the particles are at least 1 mm

in their largest dinmension and are approximtely 100 m crons in anot her
di mension. 27. The conposition of claim?22, wherein the stabilizing agent

is selectedsfro . | §41 i on barriers,.enz

i nhi bitor s%sbon?g%?ﬁ?egg@%gg @gﬁ?ﬂe?, vﬁ%@%‘ ng SIafgﬁfiln%% ae%ﬁ? ]ﬁr?(fn%sgf'ﬂ%ial%’%]{?ons

t her eof . 28eledihé fxmrthe gidup@onsifting ¢fi1e8tia3, antibadied, Brdvith fadtalbihdial Btagent i s
sel ected frog1 the . group consjsting of natural polyners, non-natural

pol yners, fBALFHEE Ve orfombinatiopatheraoht ur al pol yners, nodified or
derivatized non-natural polynmers, and conbi nations thereof; and wherein
the matrix is at |least partially enbedded within the stabilizing agent.

29. The corosi tlhenompogitiai of d8m Merterain tHeamonatatirall popphyies réssriableect ed

f h | sti f lipids, I har i, d I i
thereof . 3GoNHE STEHEbEPt Hn EeaupePariaiets! FANaREH Chc oy BPaORas At ty
acid.. 31. pbRenosmRL-14c88 and Fsﬂgag'ly@o@i%,acmﬁmw), ﬂd?ﬁde%g]ta%{l,glﬁ)ﬁfegﬁp de is a

starch. 32. The conposition o l'ai m 28, wherein the i ng agent is
r esor babl e Paltinylalcaliob dgsiad ablysarbgmatesT heosumpgirylatns, pdlyortbest2?, wher ei n

e gt | RNl A0 LA DR B RCERSE S0 Bt ooc°

thereof.

37.  The composition of claim 22, wherein the stabilizing agent is selected from the
group consisting of aprotinin, 4-(2-aminoethyl)benzenesulfonyl fluoride (AEBSF),
amastatin-HCI, alphal-antichymotrypsin, antithrombin III, alphal-antitrypsin, 4-
aminophenylmethane sulfonyl-fluoride (APMSF), arphamenine A, arphamenine B, E-64,
bestatin, CA-074, CA-074-Me, calpain inhibitor I, calpain inhibitor 11, cathepsin
inhibitor, chymostatin, diisopropylfluorophosphate (DFP), dipeptidylpeptidase IV
inhibitor, diprotin A, E—64§, E-64d, E-64, ebelactone A, ebelactone B, EGTA, elastatinal,
toroxymithine, hirudin, leuhistin, leupeptin, alpha2-macroglobulin, phenylmethylsulfonyl
fluoride (PMSF), pepstatin A, phebestin, 1,10-phenanthroline, phosphoramidon,
chymostatin, benzamidine HCI, antipain, epsilon-aminocaproic acid,\N—ethylmaleimide,
trypsin inhibitor, 1-chloro-3-tosylamido-7-amino-2-heptanone (TLCK), 1-chloro-3-
tosylamido-4-phenyl-2-butanone (TPCK), trypsin inhibitor, sodium EDTA, and

combinations thereof.

38. A demineralized bone matrix composition comprising demineralized bone matrix
(DBM) and a diffusion barrier.
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71 WO 03/030956 PCT/ US02/ 32941 34. The conposition of claim 22, wherein
the conpetitive substrate is selected from the group consisting of

pol ypept iwed3/opwbe - am no aci ds, pol ysacchari des, conbi nat ipemassot/bmaeof, and
derivatives thereof. 35. The conposition of claim 22, wherein the
stabilizing agent is a masking agent selected formthe group consisting of
| ectins, antibodies, growh factor binding proteins, and derivatives or
conbi nati ons thereof. 36. The conposition of claim28, wherein the
non-natural polynmer is a resorbable polynmer selected fromthe group

consi st ng y-lacti.c acj q pol y- gl ycglle acid, co poly

pol y-1 acti @ andoﬂﬁlﬁIWmﬁPﬁ}E‘Eﬂ pleclaim 39, ("ﬂ‘l?@l} WV&@MN’&W paaB@%ngfiraZﬂe%g”

pol yvi nyl al,gahQkeidi ngldﬂﬁerggjrycar bonates, tyrosine polyarylates,
pol y-ort hoesters, 'yl acti pol ygl ycoI i des, polyethers, poly-funmarates

pol yesters, and co- pol ynmers thereof. 37. The corrposi tion of claim 22,

wherein the sta I zin cted.fr he rou ons In f
aprotinin, 4 (2%%‘6‘88?19&} B‘é‘f‘] igﬂe}febeﬁwhe ‘?OHE’I%WE%%@&?S St a1
anmast at i n- g in #efabeaiheydot rypsin, antithronmbin 111,

al phal -antitrypsin, 4- am nophenyl net hane sul fonyl -fluoride (APIVBF),

ar phaneni ne A arphamenl ne B, E- 64 bestatin, CA-074, CA-074-Me, calpain

i nhi bi tor 41 cal-pai n_inhj b|t he hi bi t or
di i sopr opyI A uor@ﬁ CSmBﬂ%{t %n? 3% Vﬁgﬁl %pBI%)Q GOTHEE Wgﬁﬁ?iﬁt? aPtrb
di protin Amifz-ib4eir 1@6&@,1111&5% ebel actone A, ebel actone B, EGTA,

elastatinal, foroxymthine, hirudin, |euhistin, |eupeptin,
al pha2- macr ogl obul i n, phenyl nmet hyl sul fonyl fluoride (PMSF), pepstatin A,

phebestin, gb, 101@1@%?1%%59&815 bf‘&am{’?@m?%ﬁ%qﬁ’@ﬁl cfoﬁr‘gﬁfﬁBﬁ%hbl@ benzam di ne

HCl, antipain, epsi ani nocaproi ¢ acl ypsin
i nhi bi tor, 1-chloro- Svhemyt}&madmlésamoaﬂrmmdg@mma' LoStedpne- §haq>éd and- 3-

t osyl am do- 4- phenyl - 2- but.anon trypsin,i itor,. sodium EDTA, and
combi nati ons t her eof Whgein &@ﬁ‘f‘%%sraé?ﬁtzlé E rl"rgle%rq@(rgﬁf BEIstquAnd are
conpri sing dem neral iy 8%}(9%@1},%@%1&%5 PBMhitrpdirderdichf usi on barrier. 72 WO
03/ 030956 PCT/ US02/ 32

43.  The composition of claim 38, wherein the diffusion barrier is selected from the
group consisting of natural polymers, non-natural polymers, modified or derivatived
natural polymers, modified or derivatized non-natural polymers, and combinations

thereof; and wherein the DBM is at least partially embedded within the diffusion barrier.

44,  The composition of claim 43, wherein the natural polymer is a lipid, a

polysaccharide, or a combination thereof
45.  The composition of claim 44, wherein the lipid is a fatty acid..
46.  The composition of claim 44, wherein tlie polysaccharide is a starch.

47.  The composition of claim 44, wherein the polymer is resorbable and/or

biodegradable.
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39. The conposition of claim 38, wherein the DBM conprises particles of at
least 1 mmin their |argest dinension. 40. The conposition of claim 38,
wherei n twe oBByssOnpri ses particles of at least 1.5 nm i mCrhesoz/319ar gest

di mensi on. 41. The conposition of claim38, wherein the DBM conpri ses
particles of at least 2 mmin their |argest dinension. 42. The conposition
of claim3 8, wherein the DBM conprises particles; wherein the particles
are are tapered, wedge-shaped, or cone-shaped; and wherein the particles
are at | ead8. 1 nPnddnfinérakied Yoae gestix dompossicarcoapdisage deapmraideddbrd y 100

mcrons in anqgther dinension. 43. The conposition of clajm38  wherein the
i {1 s on BRE ooV aﬁ%e%seﬁaﬁeﬂ@ﬁwmet \ﬁ}gm&s GREPSHHAR b g oF ayeater
pol yners, n aﬁaaafvﬁg g%%'na)’&ﬂ sitfgﬂﬁifftﬁfﬁBMal&%égﬁﬁ&d’c%ﬁﬁﬁieﬁﬁt ural polymers,

nodi fied or derivati on-natural polynmers, and conbi hations thereof;
and wherein the DBMis at |east partially enbedded within the diffusion -

Toia: a0 ysdbeRampoRtonst ol i et ey Cisprapsts Bk peB T of °
claim44, whenghRitifieedtidphéhsich.a fatty acid.. 46. The conposition of claim

44, wherein the polysaccharide is a starch. 47. The conposition of claim
44, wherein the polyner is resorbable and/or biodegradable. 73 WO

/ / / . dem | | X, i1
compr i i ng>Them MeParPeto arnhEE P TP S R b ERIRP e

wher ei n t hen@ORBRS 1ired di@snsionl 0% or greater osteoi nductivity than a
conposition of the M al one wi thout excipient. 49. The conposition of
claim48, wherein the DBM conprises particles of at least 1 mmin their

cl ai m 43, her es es )
comri ses parti o seoapodioh SETRRRLE Akclh o R A BEPRPR MR L) e

conposi t i ommfin tHedd langdR dimbresi@i.n t he DBM conpri ses particles of at |east 2
mnmin their |argest dinension.

52.  The composition of claim 48, wherein the DBM comprises particles;
wherein the particles are are tapered, wedge-shaped, or cone-shaped; and
wherein the particles are at least 1 mm in their largest dimension and are

approximately 100 microns in another dimension.

53.  The composition of claim 48, with a 20% or greater osteoinductivity than the

DBM alone without excipient.

54.  The composition of claim 48, with a 35% or greater osteoinductivity than the

DBM alone without excipient.
55.  The composition of claim 48, wherein the excipient is selected form the group
consisting of diffusion barriers, enzyme inhibitors, competitive substrates, masking

entities, and combinations thereof.

56.  The composition of claim 48, wherein the excipient is selected from the group

consisting of natural polymers, non-natural polymers, modified or derivatized natural
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52. The conposition of claim48,,wherein the DBM conprises particles;
wherein the particles are are tapered, wedge-shaped, or cone-shaped; and
wherei n twe opasts€l es are at least 1 nmin their |argest @crdarse2/s4and are
approximately 100 mcrons in another dinmension. 53. The conposition of
claim48, with a 20% or greater osteoinductivity than the DBM al one

W t hout excipient. 54. The conposition of claim48, with a 35% or greater
osteoi nductivity than the DBM al one w thout excipient. 55. The conposition
of cl ai m 4golyshes ehddifiddeoreieeivaiwainonsatighlgnlyestr, ahthcbmeirgtionthereof)andt i ng
of diffusion barriers, enzynme inhibitors, conpetitive, substrates, masking
entities, AMFreiDihsilRMisatlcariopasily egbed émé”l@éﬁﬁ&qxﬂpﬁ of clai m 48,
wherein the exci pient is selected fromthe group consisting of natural

pol ymers, non-natural polymers, nodified or derivatized natural 74 WO

03/ 030956 PCT/ USMi/c3iPdsitionpof glaiet 56, wiwtkif ittecbxoipicteis sektied éicbnm dre-graupur al

pol ynmers, and .conbi nail onﬁ t hereaof, and erein the DBMis at |east
partial |y &qBUsiePinPlBass %@S&Eﬁﬁla@ﬂﬁom }?atlefﬁéh?fﬁ‘?ﬁpom tion of claim 56,
wherein the excipient is selected fromthe group consisting of

pol ysaccharides, lipids, and conbinations thereof. 58. The conposition of
cl ai m 56, Viier eiThetchmpesiGoppteltin §6,avidrgin tiepaicipsat trealipidépolysaschamde | on. 59.
The conposition of claimb58, wherein the |ipid is phosphatidylcholine and
the starcH?® lrg‘%ﬁ?'ose resi stant starch. 60. The conposition of claim 48,
wherein osteoinductivity is nmeasured in an athymc rat hindnuscle or the
paravertebral space of a rabbit after at |east 7 days follow ng

i npl ant ati 0. 61TheThmpesitiposf ¢lrign 58f wldrein thegipid WH&Oéwhﬂtléxkb@lﬂwétthﬁm ty is

measured affe h%tamy?o%ggemy d%}(& fol l owi ng inplantation. 62. The
conposition o erern"osteoinductivity is neasured after at

l east 21 days followi ng inplantation. 63. The conposition of claim 60,
wherein osteoi nductivity .is neasured after at | east
00.  The composition of claim 48, wherein osteomductwfcy is measured in an athymic
rat hindmuscle or the paravertebral space of a rabbit after at least 7 days following

implantation.

61.  The composition of claim 60, wherein osteoinductivity is measured after at least

14 days following implantation.

62.  The composition of claim 60, wherein osteoinductivity is measured after at least

21 days following implantatidn.

63.  The composition of claim 60, wherein osteoinductivity is measured after at least

28 days following implantation.

64.  The composition of claim 60, wherein osteoinductivity is measured after at least

40 days following implantation.

65.  The composition of claim 60, wherein osteoinductivity is measured after at least

60 days following implantation.
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28 days following inplantation. 64. The conposition of 'claim®60, wherein
osteoi nductivity is neasured after at |east 40 days foll ow ng

i npl ant atworn3/08®56 The conposition of claim 60, wherein ostediusdusuvity is
nmeasured after at |east 60 days followi ng inplantation. 75 WO 03/ 030956
PCT/ US02/ 32941 66. A DBM conposition conprising DBM and an exci pi ent

havi ng at | east 25% of the osteoinductivity of 10 gg BMP-col | agen sponge
preparation, 67. The conpqgsition of claim66, wherein the DBM égm)r ses
particles & atARBMcomposiion rompraiing PRMaad angpxeipiait faving gt legsy ({‘b‘FFJposi tion

of claim I Al J at least 1.5 mmin
their lar S@gto ?Eﬁ%%vgggfg%lﬁe ggﬁ%gg?ﬁﬁgﬁ%gﬁﬁﬂa?'m 66, wherein the DBM
conprises particles of at least 2 mmin their |argest dinmension. 70. The
conposi tion of gl aim66, wherein the DBM co | ses particles; erein the
particles &fe al® (oEposLign Oﬁé]@t{%ﬁgh‘é{]b@ﬁ,n t%?ﬂg&h%"-r%ﬂ%ﬁ%afmﬁﬁa Of%ﬂgqsg!lln t he
particles indheit BAskt dim@MibR their |argest dinmension and are

approximately 100 m<Trons 1 n another dinension. 71. The DBM conposition of
cl aim 66 having at |east 50% of osteoinductivity of 10 gg BMP-col | agen

sponge preparation. 72.. The M sitipn claim 66 havin | east 75%
of ost eoi n‘g%ct i J&ﬁ? (PgRosign 065)1';%%-82%%@8&% Q%M&%nwsgﬁg?%ﬁéfsﬁga@%@ $‘§ie DBM
conposi ti omnph théiRlaeBOdiRRKEIBE at | east 90% of osteoinductivity of 10 gg
BMP- col | agen sponge preparation. 74. The conposition of claim66, wherein

the excipient is selected fromthe group consisting of diffusion barriers,

Combi nat o 1 nepeaF gL B0 SHohhakERe RS WO e BRe B2 1 o

of cl ai m 6fam Whieielangdshdinexsibpi ent is sel ected fromthe group

70.  The composition of claim 66, wherein the DBM comprises particles;
wherein the particles are are tapered, wedge-shaped, or cone-shaped; and
wherein the particles are at least 1 mm in their largest dimension and are

approximately 100 microns in another dimension.

71.  The DBM composition of claim 66 having at least 50% of osteoinductivity of 10
ng BMP-collagen sponge preparation. |

72. The DBM composition of claim 66 having at least 75% of osteoinductivity of 10
ng BMP-collagen sponge preparation.

73.  The DBM composition of claim 66 having at least 90% of osteoinductivity of 10
pg BMP-collagen sponge preparation.

74.  The composition of claim 66, wherein the excipient is selected from the group

consisting of diffusion barriers, enzyme inhibitors, competitive substrates, masking

entities, and combinations thereof.
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consi sting of natural polyners, non-natural polyners, nodified or
derivatized natural polyners, nodified or derivatized non-natural

pol ymer s, wand/osmsbi nati ons thereof, and wherein the DBM ipsTAtSOY/BMgt
partially enbedded within the excipient. 76. The conposition of claim 75,
wherein the excipient is selected fromthe group consisting of

pol ysaccharides, |ipids, and conbinations thereof. 77. The conposition of

lalm 75, . el blent | : . . ion. 78,
Ce o] i ooy oo RiFh B b, fud' o SppSRSCRAL Ao fONDLRRS 0", 7
the st ar céonsiBtingyf @sealrRbiséd Monsiadirahpolyiflers, hedifiedpoédriviatipeddatwrbiai m 66,

wherein osteoinductivity is neasured in an_athym c¢ rat hindnuscle 8r t he
par aver t ebPymesamadiged ar desiygiizednanapatyral palygers;and spmbinatipapihggpot, an

i npl ant at i %r%% i £ j : [;p;0st eoi nductivity is
measur ed a??gﬁi%gc%le %g/étfs ﬁo%a;%gﬁ%}g%@gév(\lna %%%%ﬁ%llt%%ﬁlg%ﬁ 81. The
conposition of claim79, wherein osteoinductivity is neasured after at

whr ei n-os{tbor nUIRAEoR ¥ RRB S cHbiRghe ST ERe Smie Ry HOFPOR ng
| npl ant at i @fsisfe of iy AATRASLS Higfﬁl]@,geltrlld@oﬁibﬂlafigns #hgbei N osteoi nductivity is

neasured after at least 40 day ow ng i nplantation. 77 WD 03/030956
PCT/ US02/ 32941 84. The conposition of claim 79, wherein osteoinductivity

i ft t | t .60.d | | owi ng..i.npl.ant.atjon. 85. .Th
composi {1 oot CramesSToRAEERIR TonehSealt P g dCR P S et dpary
structure cdhisinstidn. Ng agent. 86. The conposition of claim85, wherein the

tertiary disrupting agent is selected fromthe group consisting of
al kyl ati ng agents and sul hydryl nodifying agents. 87. The conposition of

| al m 85, . - ) . e 2 h
consi sting 51 gubr Bne TR R Sgr bR ARER e bR REL AR f e 1P 0 01
met hyl i odsideh ismndyladdegdisthmdstaien.

79. The composition of claim 66, wherein osteoinductivity is measured in an athymic
rat hindmuscle or the paravertebral space of a rabbit after at least 7 days following

implantation.

80. The composition of claim 79, wherein osteoinductivity is measured after at least
) 4

14 days following irnplarﬁation.

81.  The composition of claim 79, wherein osteoinductivity is measured after at least

21 days following implantation.

82. The composition of claim 79, wherein osteoinductivity is measured after at least

28 days following implantation.

83.  The composition of claim 79, wherein osteoinductivity is measured after at least

40 days following implantation.
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88. A nethod of preparing a dem neralized bone matrix conposition, the

met hod conprising steps of: providing DBM providing a stabilizing agent;
and cont awDioa@3the DBM wi t h stabilizing agent to form a mpca/sozkiser DBM
conposition in vivo. 89. The nethod of claim88, wherein the step of

provi ding DBM conprises treating the DBMwth a protease inhibitor. 90. A
drug delivery device conprising: demneralized bone matrix; a bioactive

agent to be delivered adsorbed onto the matrix; and  a stabilizing agent.
91. The dr 84- delTiheepmperaidneef cbdimc]% wheodn osiprdrdiicAvibhis magasied jafier #deast i s an

ost eoi nduct,Vv (. .7 03/ 030956 PCT/US02/32941 92. The drug
delivery dg\bid‘g{gg%?l%g’fnginr?%&g%m erein the bioactive agent is selected from

the group consisting of bone norphogenetic protein, TG (3, and | G-. 93.
The drug delivery device_ of claim90, wherein_ the bioactive agent is bone
mor phogenetfc priggeépmposyion ofifdaigy 37 Vasrain eyptagiAnggsnt i§ pAFHAYFIUGHET ei n

t he bi oacti I.s covalently attached to the matrix. 95. The drug
delivery dggsﬁuc@ﬂ%f%%ﬁtai m 90, wherein the bioactive agent is non- covalently
attached to the matrix. 96. The drug delivery device of claim90, wherein

t he bioactive agent is selected from the _gro consisting of smal |
mol ecul es, 8éhen‘i |00@8%%9é§a1€)e$£§{hew ﬁﬁ?ﬁg@t‘ﬁﬁ%t}ng. BY@iS%n&ef)gpti des,
drugs, and g Ht%?g%oupgclz)nsig_ & 41918481 d MRRM wH@Vias IRl ntdddiyiigdentdherei n the

bi oactive agent is Selected from the group consisting of antibiotics,
anti-neopl astic agents, growh factors, hematopoietic factors, wound

heal i ng facggors,-and nutrients.. 9 he .ost eol.nduct i ve conposition,for
i npl ant at i § Cat &eSBWBO%té?ré%tt cﬁglfr{ gS,%eE%n aqeetertlary isrupting acrer:BP R'sbleBa
from the group consisting of guanidine hydrochloride, dithiothreitol, iodoacetic acid,

methyl iodide, and alkyl iodide.

88. A method of preparing a demineralized bone matrix composition, the method
comprising steps of:

providing DBM,

providing a stabilizing agent; and

contacting the DBM with stabilizing agent to form a more stable DBM

composition in vivo.

89.  The method of claim 88, wherein the step of providing DBM comprises treating
the DBM with a protease inhibitor.

90. A drug delivery device comprising:
demineralized bone matrix;
a bioactive agent to be delivered adsorbed onto the matrix; and

a stabilizing agent.

91.  The drug delivery device of claim 90, wherein the bioactive agent is an

osteoinductive factor.
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conprises osteoi nductive dernineralized bone matrix in a carrier of
hydrated pol ysaccharide, the type and quantity of polysaccharide present
in the cawpioai3deé ng sufficient, upon hydration, of i nporCirngot/smdwability
to the conposition and providing an osteoinductive activity of at |east |
as neasured by the athym c rat nodel assay. 99. The osteoi nductive
conposition of claim98, wherein the polysaccharide is selected fromthe

group consi sti n% of starch and cellul ose. . 100. The qst eoi nductive
conposi ti ofzof dPaffaegsliveindewre ot ¢Haim PG viersin thediegeligargempselected from

PCT/ US02/ S&%%}Olg@dngﬁﬁggoffg&%gr}@ﬁggeﬁg% dﬁg{éﬁ%%h—n@, a% I@Er n starch, wheat

starch, potato arc Ice sta inati’ons thereof. 101. The
ost eoi nducti ve conposition of claim98, wherein the cellulose is nethyl

cel | ul ose a Level of .from about .0. 5% tq ahout <3.0% by weight of the
ost eoi nduc %’ve Lrgﬁﬁﬁ'\gﬁep‘i’%ﬁg]e‘i]@%’%ﬂa’@? g&t"%ﬁé‘?%&heahm BH?E)F eé’it?’?dgoé‘ﬁne derived

particles g{bgﬁ)}gg@ﬁ&ﬂ RbtefpOMbi nation of starches. 103. A graft materi al
conpri sing cal cium phosphate particles, starch or conbination of starches,
and a biologically active factor. 104. A conposition conprising

St abi 1 21 ngagente HRdiRry AE ket ey 20 e UEehinBEPF oo dr 0ROy 105,

A conposi t hpsche® fPth Sdafek, DBM and an exci pi ent, wherein the excipient slows
the rel ease rate or extends osteoinductivity lifetime of the DBM 80

95.  The drug delivery device of claim 90, wherein the bioactive agent is non-

covalently attached to the matrix.

96.  The drug delivery device of claim 90, wherein the bioactive agent is selected from
the group consisting of small molecules, chemical compounds, cells, polynucleotides,

proteins, peptides, drugs, and viruses.

97.  The drug delivery-device of claim 90, wherein the bioactive agent is selected from
the group consisting of antibiotics, anti-neoplastic agents, growth factors, hematopoietic

factors, wound healing factors, and nutrients.

98. The osteoinductive; composition for implantation at a bone defect site which
comprises osteoinductive demineralized bone matrix in a carrier of hydrated
polysaccharide, the type and quantity of polysaccharide present in the carrier being
sufficient, upon hydration, of importing flowability to the composition and providing an

osteoinductive activity of at least 1 as measured by the athymic rat model assay.

99.  The osteoinductive composition of claim 98, wherein the

polysaccharide is selected from the group consisting of starch and cellulose.

100.  The osteoinductive composition of claim 98, wherein the starch is
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selected from the group consisting of corn starch, wheat starch, potato starch, rice starch,

and combinations thereof.
101.  The osteoinductive composition of claim 98, wherein the cellulose is methyl
cellulose at a level of from about 0.5% to about <3.0% by weight of the osteoinductive

composition.

102. A graft material comprising bone derived particles and starch or combination of

starches.

103. A graft material comprising calcium phosphate particles, starch or combination of

starches, and a biologically active factor.

104. A composition comprising demineralized bone matrix (DBM) and a stabilizing

agent, wherein the stabilizing agent extends the half-life of the DBM activity in vivo.

105. A composition comprising DBM and an excipient, wherein the excipient slows

the release rate or extends osteoinductivity lifetime of the DBM.
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