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ABETRALCT QF THEHE ITNVENTICK
The present invention is directed t¢o bone

repliacement devices and compositions <containing a

synthetic, biloabsorbable, bilocompatible liguid polymer
that is the reaction product of a polyvbaaic acid ox
derivative thereof, a polyol and a fatty acid, the
1iguid polymer having a meiting point less than about
40°C, as determined by differential scanning

calorimetry.
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BONE REPLACEMENT MATERIALS UTILIZING
ELE LIQUID POLYMERS

%

FIRLD OF Tde INVENTION

The present invention relates to bone replacement
devices and materials that utilize bioabsgorbable and

bigocompatible polymeric liguids,.

BACKGROUND OF THE INVENTION

Both mnatural and gyvanthetic polymers, including

nomopolymers and copolymers, which are botn
biocompatible and absorbable in vivo are known for use
in the manufacture of medical devices that are implanted
in body tissue and absork over time. Exampleg of such
madical devices include subure anchor devices, sutures,
staples, surgical tacks, c¢laips, plates and screws, driug
delivery devices, adhesion prevention films and foams,
and tissue adhesives.

Natural polymers may include cataout, celiulose
derivatives and collagen. Natural polymers tyvpically
absorb by an enzymatic¢ degradation process n the body.

Synthetic polymers may include aliphatic
polvesters, polvanhydrides and poly(orxrthoester)s.
Synthetic absorbanle polymers typically degrade by a
hydrolytic mechanism. Such synthetic absorbable polymers

include homopolymers, such as poly(glvoolide),
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poly ({lactide), poly{e-caprolactone}, poly({trimethylene
carbonate} and poly(o-dicxancne), and copolymars, such
as poly(lactide-co-glycolide), polyl(g-caprolactone-co-
glyeolide), and poly(glycolide-co=-trimethylens
carbonate). The polymers may be statistically random
copolymers, segmented copolymers, block copolymers or

graft copdlymers.

Several iniectable, biocabsorbable liguid copolymers
suitable for use in parenteral applications as well as
hard and soft tissue repaly or augmentation materials in
animals have been described. These liguid polymers
contain lactone repeating units, ilocludiang e-
caprolactone trimethylens carbonate, ether lactone,
glycolide, lactide, p-dioxanone, and combinations
thereocf. These liguld copolymers, however, are slow to
degrade, taking over six months to be absorbed by the
body.

AiLkyd-type polvesters prepared by ithe
polycondensation of & polyol, pélyacid and fatty acild
are used in the coating industry in a variety of
produgts, including chemical resins, enamels, varnishes
and paints. These polvesters also are uzed in the food
industry to make texturized oils and emulsions for use
as fat substitutes.

i

Thers 1ls a gr2alt need for peolvmeres for use in drug

delivery and medical devices that permit solventc-free
processing technigues in preparation of medical devices

ana compositions and that biodegrade within 6 months.
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The present invention is directed to bone
replacement devices and cowmpositions comprising a
synthetlic, biocabsorbable, biocompatible liguid polymerx
comprising the reaction product of 2 polvbasic acid or
derivative thiereof, a fatty acid and a polyol, the
liquid polymery having a melting point less than about
40°C, as determined by differential scanning

cailorimebry.

DETALLED DESCRIPTION OF THE INVENTION

Alkyd polymers have been prepared by several known

methods. For example, alkyd-tvpe polymers were prepared
by Van Bemmelen (J. Prakt., Chem., 68 (1886) B4) by
condensing succinic anhydride with glycercl. In the
“Fatty Acid” method (see Parkyn, et al. Polyesters
(1967), Iliffe Bcoks, London, Veol. 2 and Pattorn, In:
Alkyd Resins Technology, Wiley-Interscience New York
(1962)), 2 fatty acid, a polyel and an anhydride are
mixed together and allowed to react. The “Fatty Acid-
Monoglyceride” method includes a first stap of
esterifying the fatty acid with glycercl and, when the
flrst reaction is complets, adding an acid anhydride.
The reaction mixture then is heated and the
polymerization xaaction.takes place. In the *0i]-
Monoglyceride” method, an oil is reacted with glycerol

to form a mixture of mono-~, di-, and triglycerides.
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This mixture then ig polymerized by reacting with an
acid anhydride.

The synthetlic, bioabsorbable, biocompatible liquid
polymers utilized in the present invention are the
reacticon product of a polybasic acid or derivative
thereof, a fatty acid, and a po.yol, and may be
classified as alkyvd polyester liguids. Preferably, the
liquid polymears of the present invention are prepared by
the polycondensation cof a polybasic ac¢id or derivative
thereof and a monogliyceride, whearein the monoglyceride
comprises reactive nydroxy groups and fatlty acid groups.
The expected hydrolysis byproducts are glveerol,
dicarboxylic acidi{s), and [atty acid{s), all of which

are biocompatible. Preferably, the ligquid polvymers

utilized in the present invention will have a weight
average molecular welilght between about 1,000 daltons and
about 100,000 daltcns, as determined bv gel permeation
chromatography. The ligquid polymers comprise an
aliphatic polyester backbone with pendant fatty acid
ester groups that exhibit relatively lcocw melting points,
e.g. less than about 40°C, preferably less than about
25°C.

Fatty aclids used to prepare liquid polyvmeéers
utilized in the present invention may be saturated or
unsaturated, and may vary in length from Cs to G for
csaturated fatty acids, and ¢, to Cs for unsaturated
fatty acids. Examples of such fatty acids include,

without limitation, stearic acid, palmitic acid,
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myrisitic acid, c¢aproic acid, decancic acid, lauric
acid, linocleic acid and cleic azid.

Polyols that can be used to prepare the ligquid
polymers include, without Ilimitation, glvcels,
volyglycercls, pelyglycerol esters, glyeerol, sugars and
sugar alcohecls. Glycercol is a preferred polvhydric
aleohol due to its zbundance and cost.

Monoglycerides which may ke used to prepare liguid

poelymers utilized in the present invention include,

without limitation, mono=ztearovl glvcercl, monopalmitoyl
glycerol, monomyrisitoyl glycerol, monccaproyl glycerel.
monodecanoyl glycerol, monolauvroyl glycerol,
monolinoleoyl glycercl, monooleoyl glycercl, and
combinations therecf. Preferred monoglycerides include
monocaproyl glycerol, moncdecanoyl glycerol, monolaurovl
giycerol, monolinoleoyl glycernl, and monoclieoyl
gilycerol.

Polybagic acids that can be used include natural
multifunctional carboxylic acids, such as succinic,
glutarie, adipic, pimelic, suberie, and sebacic acids;
hydroxy acideg, such as digivecolic, malic, tartaric and
citric acids; and ungaturated aéids, sucnn as fumaric and
maleic acids. Polybasic acid derivatives include
anhydrides, such as succinic anhydride, diglycolic
ananydride, glutaric anhydride and maleic arhydride,
mixed anhydrides, &sters, activated esters and acid
halides. The multifunctional carboxviic acids listed

above are preferred.

i
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In certain embodiments of the invention, the liqguid
polymer may be prepared from the polybasic acid or derivative
thereof, the monoclyceride and, additionally, at least on
additional polyol selected from the group consisting of
ethylene glycol, 1,2-propylene glycol, 1,3-propanediol, bis-
2-hydroxyethyl ether, 1,4-butanediol, 1,5-pentanadiol, 1,6-
hexanediol, 1,8-octanediol, 1,10-decanediol, 1, 12-
dodecanediol, other diols, linear poly(ethylene glycol),
branched poly(ethylene glycol), linear poly(propylene
glycol), branched poly(propylene glycol), linear
poly(ethylene-co-propylene glycol)s and branched
poly(ethylene-co-propylene glycol)s.

In an embodiment, the liquid copolymer comprises the
reaction product of said polybasic acids or derivative
thereof, and at least two monoglycerides selected from the
group consisting of monostearoyl glycerol, monopalmitoyl
glycerol, monomyristitoyl glycerol, monocaproyl glycerol,
mondecanoyl glycerol, monolauroyl glycerol, monolinoleoyl
glycerol and monooleoyl glycerol.

In preparing the liquid polymers utilized in the present
invention, the particular chemical and physical properties
requlred of the liquid polymer for a particular use must he
considered. For example, changing the chemical composition
can vary the physical properties, including absorption times.
Copolymers can be prepared by using mixtures of diols, trial,
polyols, diacids, triacids, and different monocalkanoyl
glycerides to match a desired set of properties. Similarly,
blends of two or more alkyd polyesters may be prepared to
tailor properties for different applications.

Alkyd polyester liquids of the present invention can be
made more hydrophobic by increasing the length of the fatty
acid side chain or the length of the diacid in the backbone,

or by 1ncorporating a long chain diol.



10

15

20

25

CA 02423990 2011-04-26

Alternatively, alkyd polyester liquids of the present
invention can be made more hydrophilic or amphiphilic by
employing hydroxy acids, such as mali¢, tartaric and
citric acids, or some oxadiacids, in the composition, or
by employing poly(ethylene glycol)s or copolymers of
polyethylene glycol and polypropylene glycol, commonly
known as Pluronics, in the formation of segmented block
copolymers,

Copolymers containing other linkages in addition to
an ester linkage also wmay be synthesized; for example,
egter-amides, ester-carbonates, ester-anhydrides and
egter urethanes, to name a few,

Functionalized liquid polymers can be prepared by
appropriate choice ¢f monomers. Polymers having pendant
hydroxyls c¢an be synthesized usling a hydroxy acid such
as malic or tartaric acid i1n the synthesis. Polymers
with pendent amines, carboxyls or other functional
groups also may be synthesized. A variety of
biologically active substancesg, hereinafter referred to
as bioactive agents, can be covalently attached to these
functional liquid polymers by known coupling chemistry
Lo give sustained release of the biocactive agent. As
used herein, bicactive agent is meant to include those
subgstances or materials that have a therapeutic effect
on mammals, e.g. pharmaceutical compounds.

In another embodiment, the polymers of the present

invention may be endcapped in a variety of ways to

- ]

obtain the desired properties. Endcapping reactions
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convert the terminal and pendant hydroxyl groups and
terminal carboxyl groups 1nto other types of chemical
moleties. Typical endcapping reactions include but are not
limited to alkylation and acylation reactions using common

reagents such as alkyl, alkenyl, or alkynyl halides and

sulfonates, acid chlorides, anhydrides, mixed anhydrides,

alkyl and aryl 1socyanantes and alkyl and aryl

isothiocyantes. Endcapping reactions can impart new
functionality to the polymers of this invention. For
instance, when acryloyl or methacryloyl chloride is used
to endcap these polymers, acrylate or methacrylate ester

groups, respectively, are created that can subsequently be

polymerized to form a crosslinked network. In one

embodiment, the terminal and pendant chemical moieties are

selected from the group consisting of ethers, esters,

anhydrides, mixed anhydrides, sulfonates, and urethanes.

One skilled in the art, once having the benefit of the
disclosure herein, will be able to ascertain particular
properties of the liquid polymers required for particular
purposes, and readily prepare liquid polymers that pfbvide
such properties.

The polymerization of the alkyd polyester liquids
preferably is performed under melt polycondensation
conditions 1n the presence of an organometallic catalyst
at elevated temperatures. The organometallic catalyst
preferably is a tin-based catalyst e.g. stannous octoate.
The catalyst preferably will be present i1n the mixture at

a molar ratio of polyol and polycarboxylic acid to

catalyst in the range of from about 15,000/1 to 80,000/1.
The reaction preferably 1s performed at a temperature no

less than about 120°C. Higher
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polyvmerization temperatures may lead to further
increases in the melecular weight of the copolymer,
which may be degirable for numercus applications. The
exact rezaction c¢onditions clhicsen will depend on numerous
factors, including the properties of the polvmer
desired, the wviscosity of the reaction mixturs, and
melting temperature of the polymer. The preferred

reaction conditions of temperature, time and pressure

|

can be readily determined by assessing these and other
factors. | '

Generally, tlhe reaction mixture will be maintained
a2t about 180°C. The polymerigation reaction can be
allowed to proceed at thig temperature until the desired
molecular weight and percent conversion is achieved for
the copolymer, which typically will take from about 15

minutes to 24 hours. Increasing the reaction

temperature generally decreases the reaction time needed

to achieve a particular molecular welght.,

In another embodiment, copolymers of alkyd
polyester liguids c¢an be prepared by forming an alkyd
polyvester prepolymer pmlymeriz&d undeyr melt
polycondensation conditions, then adding ar least one
lactone monomer or lactone prepolymer. The mixture then
would be subijected to the desired conditions of
temperature and Time Lo copolvmerize th@\prapolymer with
the lactone monomers.,

The molecular weight of the prepolymer, as well as

1ts composition, can be varied depending on the desired
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charascteristic that the prepeolymer is to impart ¢o the
copolymer. Those gkillied in the art will recognize that
the alkyd poivegter prepolymers described herein can
also be made from mixtures of more than one diol or

dioxycarboxylic acid.

One of the beneficial properties of the alkyd
polyester liguids of this invenition is that the ester
tinkages are hydrolvtically ungtcable, and therefore the
polymer 1s bicabsorbable because it readilyv breaks down
into small segments when exposed to moist body Lissue.
In this regard, whiie 1t is envisioned that co-reactants
could be incorporated into the reaction mixture of the
polybasic acid and the diocl for the formation of the
alkyd polyestex, it is preferable that the reaction
mixture does not contain a concentration ©f any co-
reactant which would render the subsequently prepared
polymer nconabsgorbable. Preferably, the reaction mixture
1s substantially frae of any such co-reactants if the
resulting polymer is rendered nonabzorbable.

In one embodiment of the invention, the alkyd
polyester ligquids of the present invention can be used
as a pharmaceutical carriex in a drug delivery matrix,
or as a cell-based carrier in & tissus enginesring
application. To form the watrix, the liguid polymer
would be mixed with an effective amount of a bicactive
agent to form the matrix. The variety of bisactive

agents that caa be used in conjunction with the liquic

bolymer of the invention is wast. In general, biocactive

L0
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agents which may ke administered via pharmaceutical

compositions of the invention include, without

limitation, antiinfectives, such ag antioiotics and

antiviral agents; analgesicg ancd analges.ic combinatlons;

ancrexics; antibelmintics; antiarvthritics; antiasthmatic
agents; anticonvulsants; antidepressants; antidiuretic
agents; antidiarrheals; antihigtamines; antiinflammatory
agents; antimigraine preparations; antinauseants;
antineoplastics; antiparkinsonism drugs; antipruritics;
antipsychotics; antipyretics, antispasmodics;

anticholinergics; gympathomimetics; xanthine

derivatives; cardiovascular preparations including
calcium channel blockers and beta-blockers such as
pindolol and antiarrhythmics; antihypertensives;
diuretics; vasodilators, including general coronary,
peripheral and cerebral; central nervous system
stimulants; cough and cold preparations, including
de¢ongestants; hormoneg, =2uch as estradiol and other
stercids, including corticosteroids; hypnotics;
immuncsuppressives; muscle relaxants;
parasympatholviics; psyvchostimulants; sedatives;
tranquilizers; naturally derived or genetically
engineered proteins, polysaccharides, glyvcoproteins, or
lLipoproteins; oligonuclectides, antibodies, antigens,
¢holinergics, chemotherapeutics, hemostatics, clot

digsolving agents, radiocactive agents and c¢ystostatics.

13



U

10

ok
Py

24

CA 02423990 2003-03-28

Rapamycin, risperidone, and eryvthropcletin are

several bioactive agsnts that may‘be used in drug
delivery matrices of the present invention.

In two particularly preferred embodimenis the
bioactive agents for administrestion in conjunction with
the bicerodible pelvmers of the invention are
antibacterial agents for the treatwment of deep wounds,
and antibiotics for pericdeontal treatment {(e.g.,
tetracycline or the Like) . Other preferred drugs for use

with the presently digclosed polymers inciude

proteinacaous drugs auch as growth factors or growth

hormones.
The drug delivery matrix may be administered in anv
suitable dosage form such as parenterals, bhiocercdible

cintments, dels, creams, and similar soft dosage Eforms

adapted for the parenteral or topical administration of

bicactive agents. Other modes of administration (e.qg.,

Cransdermal) and compositional forms (e.qg., more rigid
Crangdermal forms: are within the scope of the invention
as well.

Parenteral adminligtration of a biovercdible
composition of the invention can be effected by either
subcutaneous, or intramuscular injectiorn. Parenteral
formulations of the copolymer may be formulated by
mixing one or more pharmaceuticals with a liguid

copolymer. Qtlier suitable parenteral additives may be

formulated with the copoclymer and pharmaceutical active.

However, 1f water is to be used it should be added

-
B
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immediately before administration. The biocercdible
ointment, gel or cream may alsco be injected as 1s or in
combination with one or morese suitable auxiliary
components as described below. Parenteral delivery is
preferred for administration of protelnacecus drugs such
as growth factors, growth hormone, or the like.

Rl
-

& and creams of the

The bioerodible cintments, ge
invencion will include an cintmesnt, gel or cream base

comprising one o more of the c¢copolymers described

herelin and a selscted bloactive agent. The hicactive
agent, whether present as a liguid, a finelvy diwvided
sclid, or any other physical f£orm, 1lg dispersed in the
cintment, gel or cream base. Typically, but copticnally,
Che compositions include one or more othsaer components,

e.g., nontoxic auxiliary substances sueh as colorants,

diluents, odorantsg, carriers, excipients, stabilizers or

the like.
The quantity and type of copolymers incorporated

into the parenteral, ointment, gel, cream, etc., is
variable., For a more viscous composition, a higher
molecular weight polymer is used., If a less viscous

compozition ig desired, a lower molecular weight pelvmer

can oe employved. The product may contain blends of the
liguid or low melting peint copolymers to provide the
desired release profile or consistency to a given

Tormuliation.

Wnile not essential for topical or transdermal

administration of many drugs, iv may in zome cases, with

12
bad
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some drugs, be preferred that a skin perwmeation anhancer
be coadministered therewithi. Any number of the many skin
permeation enhancers known in tne art may be used.
Example$ of suitable enhancers include dimethyvlsulfoxide
(DMS0O) , dimethylfoxmamide (DMF}, N, N-dimethvlacetvramide
(DMA} , deslymethylsulfoxide, sthanol, eucalyptol,
lecithin, and the 1-~N-dodecylceyclazacyclcheptan-2Z-ones.
Depending on dosage form, the pharmaceutical

compositions of the present invention may be

administered in different wavs, i.e., parenterally,

topically, or the like. Preferred dosage forms are
liguid dosage forms that can be administered

parenterally.

The amount of bicactive agent will be dependent
upon the particular drug smploved and medical conditcion
being treated. Typically, the amount of drug represents
about 0.001% to about 70%, more typically about 0.001%
Lo about 50%, most typically about 0.001% to about 20%
by weighit of the matrix.

The guantity and type of alkyd polvester liquid
incorporated intc the parenteral, ointment, gel or cream
will vary depending on the release profile desired and

W

the amount of drug employed. The product may contain

blends of polyesters to provide the desired release
profile or consistency to & given formulation.

The zalkyd polysster liguid, upon contact with body

fiuids including blood or the like, undergoes gradual

degradation, mainly through hvdrolysis, with concomitant
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release of the dispersed drug for a sustainec or
extended period, as compared Lo the release from an
isotonic saline sclution. Thlis can resu.t 1n prolonged

delivery, e.g9. over about 1 Lo about 2,000 hours,

preferably about 2 to akout 800 hours) cof effective
amounts, e.g. 0.0001 mg/kg/hour to 10 mg/kg/rour) of the
drug. This dosage form can pe administered as is

necegsary depending on the subijsct being treated, the

gﬁ‘#
L

severity of the affliction, the judgment of the
prescribing physician, and the like.

Indivicual formuiationsg of drugs and alkyd
polyester liquid may be tested in approprizce in vitro
and in vivo models to achieve tne desired drug release

profiles. For example, a drug <¢ould be formulated with

an alkyd polyester liguid and parenterally administered
to an animal. The drug releasse profile could then be
monltored by appropriate means, such as by taking blooed
samples at specific times and assaving the zamples for
drug concentration. Following this or samilax
proceqaures, those sxilled in tlhe art will be able to

fTormulate a varietyv of formulations.

-
bl

In a further embodiment of the present invention

the injectable liquid polymers can be ussd for a variety

of scoff tissue repair and augmentation procedures. For
example, the liguid polymers can be used in facial
Cissue repalir or augmentation including oHut notr limited

Lo camouflaging scars, f:1lling depressicns, smoothing

out irregularity, correcting asvmmetry in facial

W

}.ﬁ.ﬁ
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hemiatrophy, second branchial zrxch syndrome, facial
lipodystrophy and camouflaging age-related wrinkles as
well as augmenting facial eminences {lips, brow, ete.).
Addicionally, these injectable ligquid polyvmers can be
used tc restorse or iwmprove aphincter function such as
foy treating stress urinary incontinence. Other uses of
these injectable liguid polymers may alsc include the

treatment of vesicoureteral rveflux {(incomplete function

of the inlet of the ureter in children) by suburereric
injection and the applicaticon of these liguid polymers
as general purpose fillers in the human body.

Surgical applications for injectable, biodegradable

ligquaid polymers include, but are not limited to, facial

contouring {(frown or glakellar line, acne scars,. cheek

depressions, vertical or perioral lip lines, marionette
lines or oral commigsureas, worry or forehead lines,
crow’'s feet or pericrbital lines, deep swmile lines or
nasolabial folds, smile lines, facial scars, lipszs and
the like); periurethral injection including injection
into the submucosa of the urethra along the urethra, at

or around the urethral-bhladder -unction to the external

sphincter; ureteral injection for the prevention of
vrinary reflux; injection into the tissuss of the

gastrointestinal tract for the bulking of tissue to

prevent reflux; te ald in sphincter muscle coaptation,
internal or external, and for ccaptation of an enlarged

lumen; intraccular injection for the replacement of

vitreous fluid or maintenance of intraocular pressure
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for retinal detachment; injection into anatomical 4duces
to temporarily plug the outlet to prevent rellux or
infection piOpag&timn; laryox rehabilitation afterx
surgery oOr atrophy; and any other soft itissue which can
be augmented for ¢osmetic or therapeutic aiffect.
Surgical specialiste whe would use guch a product
include, bul zre noi limited to, plastic and
reconstructive surgesns, dermatologists, facial plastic
surgeons, cosmetic surgeons, otoclaryngologists,
urologists, gynecologists, gastroenterologists,
ophthalmologists and any other physician cualified to
utilize such a product.

The liquid copolymers can be administered with a

syringe and needle ¢r a variety of devices. It is also

envisioned that the liguid polymers could be sold in the
form of a kit comprising a device contalining the liguid
polymers. The device having an cutlet for said liguid
polvmers, an ejector for expelling the liguid polymers
and 2 hollow tubular member fitted to the cutlet for
administering the liguid polymers into an animal.

Additionally, the liguid pclymers, when sterilized,
are useful as adhesion prevention barriers.

In another embodiment, the ligquid polvmer is used
to coat a surface of a surgical article to =2nhance the
Lubricity ©f the coated surface. The polymer wmay be
appliaed as a coating using conventional technigues

It is contemplated that numerous surgical articles,

including but not limited to sutures, needles,

frat
~d
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crthopedic pins, <¢lamps, scryews, pliates, claps, @.g. for
vena ¢ava, Staples, hooks, buttons, snaps, bone
subgstitutes, e.9. 28 mandible prosthesis, intrauterins

devices, e&.g. as spermicidal devices, draining or

testing tubeg or capillaries, surgical instruments,
vascular implanta or supports, e.9. stents or grafts, or
combinations therecf, vertebral discs, extracorporeal
tubing for kidney and neart-lung machines, artificial
skin, and supports for ¢ells in tissue engineering
applications, can be ¢oatad with the ligquid polymersg of
this invention to improve the surface properties of the
articlie,

In yet another embodimant, the medical deviece
comprises a bone weplacement material cowmprising the
ligquid polymexr. The bone replacement materials may
further comprise lLigquid polymer mixed with a bivcactive
agent 1in a therapeutically effective amount, sucn a

growth factor, to facilitate greowth of bone tiszue.

Exampies of biocactive agents suitable for use with the
present invention include cell attachment medliators,
such as peptide-containing variations of the “RGDY
integrin binding sequence known to affect eellularx

attachment, bidlogically active ligands, and substances

that enhance or exclude particular varieties of cellular
or tTissue ingrowth. Examples of such substances include
integrin binding sesquence, ligan@s, bone moerphogenic

proteins, epidermal growth factor, IGF-I, IGF-II, TGF-B

I-III, growth differentiation factor, parathyrolid
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hormone, vascular endotheliai growth factor, hyaluronic
acid, glvcoprotein, lipoprotelin, bFGF, TGFz superfamily
factors, BMP-2, BMP-4, BMP-&, BMP-12, sonic hedgehoqg,

GDFL, GDF6, GDF8, PLGF, small molecules that affect the
upregulation of specific growth factors, tenascin-_,

fibronectin, thrombeealasgtin, thrombin-derived peptides,
heparin-binding domaing, and the like. Furthexrmore, the

bone replacement material may comprise ligquid polymer

mixed with a biologically derived substance selected

from the ¢group consgisting ¢f demineralized bone matrix

(DBM) . platelet rich plaszma, bone marrow aspirate and
bone fragments, all of which may be from autogenic,
allogenic, or xenogenic sources.

Alternatively, the bone replacement material mav
comprise liquid polymer mixed with an inorganic filler.
The inorganic filler may be selected from alpha-
tricalcium phosphate, beta-tricalcium phosphate, calcium
carbonate, barium carbonate, caloium sulfate, barium

suifate, hydroexyapatite, and mixtures thereof. In

certain embodiments the inorganic filler comprises a

polymorph ©f calcium phosphate. Preferably, the

inorganic Tiller is hydroxyvapatite.
The bone replacement matbterials may still further

comprise ligquid polymer mixed with 2 biocactive agent in

& therapeutically affective amount and an inorganic
filler.
Inn 8till yvet another embodiment, the bone

replacement material may comprise liguid polymer mixed
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with appropriate cell types prior to implantation.

Cells which can be seeded or cultured in the liquid
polyvmers of the current invention includes, but are not
limited to, bone marrow cells, mesenchymal cells,
stromal cells, stem calls, embrvonic stem cells,
osteoblasts, precursor ¢slls derived from adipose
tissue, bone marrow derived progenitor cells, peripherxal
blood progenitor ¢zlls, stem celils isolated from adult
tissue, and genetically transformed cells, ox
combinations of the above.

The bone replacement liguid polymers of the present
invention may be used 1n applications such as the £illing
cf trauma defects. BAlternatively, they may be coated on
orthopaedic devices to facilitate bone regeneration.
such deviceg include, but ares not limited to plates,
nalls, screws, rodsg, and suture anchors.

Furthermore, the bone replacement ligquid polvmers
may be injected into, or cogted on, naturally ¢x
synthetically derived tissue engineering scaffolds and
spinal cages. Natura.Lly derived Cissue snginesring
scaffolds include those formed from small wntestinal

submucosa, ¢ollagen, hyvaluronice acid, chitcsgan, and

aiginates. These scaffcolds may be in the form of porous
materials such as Ifgams oY sponges, or in fibrous form,
such as weaves, braids, OY NONWOVENS.

The relative amounts of liquid polymer, bioactive

agent, cells, and incorganic Eiller may be determined

readily by one skilled in the art by routine

20
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experimentation after having the benefit of this
disclosure.

The examples set forth below are for illustration
purposes only, and are not intended to limilt the scope
of the claimed invention in any way. Numerous
additional embodiments within the scope and spirit of
the invention will become readily apparent to those
skilled in the art.

In the examples below, the synthesized polymeric
waxes were characterized via differential scanning
calorimetry (DSC), gel permeation chromatography (GPC),
and nuclear magnetic resonance (NMR) spectroscopy. DSC
measurements were performed on a 2820 Modulated
Differential Scanning Calorimeter fxrom TA Instruments
using aluminum sample pans and sample weights of 5-10
mg. Samples were heated from room temperature to 100°C
at 10°C/minute; quenched to -40°C at 30°C/minute
followed by heating to 100°C at l0°C/minute. For GPC, a

Waters System with Millennium 32 Software and a 410

Refractive Index Detector were used. Molecular weights

were determined relative to polystyrene standards using

THF as the solvent., Proton NMR was obtained in

deuterated chloroform on a 400MHz NMR gpectrometer usind

Varian software.

Example 1: Synthiesis of Polyl{glyceryl monolincleate-

guccinate)

21
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22.97 gm {84.8&8 mmoles} @f glvceryl monolinoleare
were added to a dry 100 ml, single neck, round bottom
ftlask. A football stir bar was added and a nitrogen

iniet adapter was attached. The reaction f£lask was

placad intso a room tsmperature oil bath and a nitrogen
blanket was applied. The oil barth temperature was
railsaed to 140°C. COnee at 140°C, B5.47 gm (84.6 mmoles)
succinic anhvdride were added and the temparature was
raised to 200°C. Heat tape was wrapped around the
outside of the top of the flask and adapter to keep the
succinic anhydride from subliming. The reacticn was
continued for 3 hours at 200°C. The Elask was removed
from the il bath and allowed to ccol to room
temperature, The poelymer was a2 pale vellow, wviscous
ligaard.

For purification, the polymer was dissolved in
Ethyl acetate (5.0 gm pelymer in 20 mls EtQAc) and added
tec a separatory funnel. The solution was washed three
times with 20 wmls of a very dilute godium bicarbonate
soluticn. The funnel was agitated very slightly (in
craer to aveold forming an emulsion). The solution wag
then washed three times with a saturated sodium chloride

sojuticon. The polymer sgolution was decanted and dried

over magnesium sulfate. The soclution was gravity
filtered and evaporated to give a viscous vellow licuid.
The polymer was dried in the vacuum oven, where the oven

was et aroungd 40°C, for 48-72 hours.

t
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GPC measuremenit determined a number average
molecular welght of 2,264, and & welght average

molecular weilght of 3,955 daltons.

Example 2: Synthesis of Poly{glyceryl monolinocleate-
succinate)
The same procedure as Example 1 was used, except
cthe reaction was maintained at 200¢C for 24 hours.
GPC measurement determined a numbery average

nolecular weight of 6,624, and a weight average

molecuiar weight ©of 83,214 daltons.

GBxamole 3: Synthesis of Polvy(glycervl monogleate-
sugcinate)
30.0 gm {B4.1 mmoles) of glyceryl monocleate were

added to a dry 100 ml, single neck, round bottom f£lask.
A football stir har was added and a nitrogen inlet
adapter was attached. The reaction flask was placed into
a room temperature oil bath and a nitrogen blanket was
applied. The oil bath temperature was ralsed to 140°C.
Once at 140°C, 8.42 gum {(84.1 mmoles) succinic anhydride
wag added and rthe temperature was raisad to 200°C. Heat
tape was wrapped around the ocutside o the top of the
flask and adapter to keep the succinic anhydride £rom
subliming. The rsaction was continued for 3 hoursg atc
200°C., The flask was removed from the oil bath and

allowed Co ¢ool o room temperature. The polvyvmer was a

pale yellow, viscous liguid.

23
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For purification, the polymer was dissoclved in
Ethyvl acetate (5.0 gm polyvmer in 20 mls BtOAc) and added
to & separatory funnei. The sclution was washed three

times with 20 mls of a very dilute sodiwn bicarbonate

solution. The funnel was agitated very siightly (in

order to avoid forming an emulsicn). Tha solution was

~+

then washed three times with a saturated sodium chloride
sclution. The polymer solution was decanbted and dried
over magnesium sulfate. The solution was gravity
filtered and evaporated to give a viscous vellow liguid.
The polymer was dried in the vacuum oven, where the oven
was set around 40°C, for 48-72 hours.

GPC measurement determined a nuniber average

molacular welght of 2,145, and a weight average

93

molecular weightt of 3,658 daltons.
Example 4: Synthesgis of Poly(glyceryl monocleate-
succinate)
The same procedure &s Example 3 was used, except
CLhe reaction was maintained at 200°C for 24 hours.
GPC measurement determinsed a number average
molaecular weight of 3,24¢, and a weight average

moleculary weilght of 29, 303.

Bxampie 5: Synthesis of 50:50 Poly(moncstearoyl
glycerocl-¢co-glycezxvl monolinoleate-succinate)
25.0 gm (70.5 mmoleg) of glyceryl monclinoleate and

25.3 gm (70.85 mmoles) of monostearoyl glycsrol were
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added to a dry 100 ml, single neck, round bottom flask.
A football stir bar was added and a nitrogen inlet
adapter was attached. The reaction flask was placed into
a room temperature ¢ll bath and a nitrogen plankelt was
applied. The ©o1l bath temperarture was raised to 140°C.
Once at 140°C, 14.1 gm (141 .0 mmoles) succinic anhydride
were added and the tesmperature was ralsed to 200°(C.
Heat tape wags wrapped arocund the outsice of the top cf
the flask and adapter to keep the succinic anhydride
from subliming. The resctien was continuved for 3.0
hours at 200°C. The flask was removed Lrom the oil kbath
and allowed to cool to room temperature. The polymer
crystallized to ag off white pasty solid.

DSC measurements found a melting point of 32.49¢C,
and a specific heat of 33.33 J/g. GPC measurementc

determined a number average mclecular weight of 2,500,

and a welilght average molecular weight of 3,964.

Example §: Synthesis of 50:50 Poly{moncstearovl
glveocerol-co-glyceryl monocoleata-succinate)

25.0 gm (70.1 mmoles) of glyceryl monooleate and
25.2 gm (70.1 mmoles) of monostearoyl glycerol were

added o a dry 100 ml, single neck, round bottom flask.

A football stir bzr was added and a2 nitrogen inlet
adapter was attacned. The reacticon flask WaS placed into
a room temperature oil bath and a nitrogen blanket was
applied. The oll bath temperature was ralised o 140°C.

Once atc 140°C, 14 .0 gm (140.2 mmoles) succinic anhvdyride
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were added and the temperature was ralsed to 200°C.
Heat tape was wrapped axound the ocutside of the top of
the flask and adapter to keep the sucecinic anhydride
from subliming. The reaction was continued for 3.0

hours at 200°C. The flask was remeoved Tfrom the oil bath

and allowsed to cool te room temperature. The polymer
crystallized to an off-white pasty solid.
DSC measurements found a melting point of 29.31°C,

and a2 specific heat of 32.43 J/g. GPC mzasursement

determined a number averags molecular weight of 2,406,

and a welight average moleculay weight of 3,739 daltons.

Example 7: Synthiesis of 25:75 Poly(monostearovl

glycerel-co-glyceryl monclinoleate-succinate)

37.49 gm (105.8 mmoles) cof glyceryl monolinoleate
and 12.64 gm (35.3 mmoles) of monostearovl glycerol were
added to a dry 100 ml, single neck, round bottom flask.
A footbhall stir bar was added and a nitrogen inlet

adapter was attacihed. The reaction flask was placed into

a roow temperature oil bath ard a nitrogen blanket was

pr—— .

applied. The oil path temperature was raised to 140°C.

Once at 140°C, 14.1 gm (141.0 mmeoles) succinic anhydride
ware added and the temperature was raised o 200°(C.

Heat tape was wrapped arxound the outside of the top of

the flagk and adapter to keep the succinic anhydride
from subliming. The reaction was continued for 3.0

hours at 200°C., The flask was removed from the oil bath

4
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and allewed to cocl to room temperaturs. The polymer
was a very viscous, lignht amber liguid.

For purification, the polymer was dissolved in
Bthyl acetate (5.0 gm polymer in 20 mis ELQOAc) and added
to a separatory funnel. The solution was washed three
times with 20mls of a very dilute mpodium bicarbonate
solution. The funnel was agitated verxy slightly {(in
order ©o aveld forming an emulsion). The szolubion was
then washed three times wilh a saturated sodium chloride
soluticn. The polymer solubtion was decanted and dried
over magnesium sulfate. The solutlion was gravity
filtered and evaporatsed down to give a viscous vellow
liguid. The polyvmer was dried in the wacuum oven, whare
the oven was set around 40°C, for 48-72 hours.

DSC measurements found a melting point of about
Z20°C. GPC measurzment detsrmined a punber averadge

molecular weight ©f 2,115, and a weighit average

molecular weight of 3,326 daltons.

Bxample 8: Synthesgis of 25:75 Polylmonostearoyl
glycerol-co-glyceryl monooleate-succinate)

44 .12 gm (123.8 mmoles) of glycervl monooleate and
14.79 gm (41.3 mmoles) of monostearoyi glycerol were
added to a dry 100 ml, single neck, round bottom Flask.
A fTootball stix bar wasg added and & nitrogen inlet
adapter was attached. The reaction flask wag placed into
2 room temperature oil bath and z nitrogen blanket was

applilied. The oll bath temperature wag raised to 140°C.

A7
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Ongce at 140°C, 16.51 gm (1é5.0 mmoles) succinic
anhydride was added and the temperature was raised to
200°C. Heat taps was wrapped around the outigide of the
top of the flask and adapter to keep the succinic
anhydride from subliming. The reaction was allowed to
cook for 3.0 hours at 200°C. The flask was removed Lrom
the o1l bhath and allowed to cool to room temperature.
The polymer was a pale vellow, viscous liguid.

For purification, tha polymer was digsolved in
Ethyv]l acetate (5.0 gm pcolymer 1n 20 mles ECOAC) and added
Lo & separatory fumnel. The solution was washed thiree

times with 20 mls of a very dilute sodium bicarbonate

solution. The funnel was agitated very slightly (in
crder o avoid forming an emulsiocon) . The solution was
then washed three times with a saturated zodium chloride
gsolution. The polvmer zolution was decanted and dried

Qvelr

magnesium sulfate for approximately one hour. The
solution was gravity filtered and rotovapped down Lo
give a viscous vellow ligquid. The polymer was dried in
the wvacuum oven, where ithe oven was set arvound 40°C, for
48-72 hours. An “H NMR was taken to make sure all of
the solvent was removed.

DSC measurements found z melting point of 18.18°C,

and a specific heat of 18.29 J/o. GPC measurement

determined a number averadge molecular weight of 1,933,

and a weight average molecular weight of 7,122 daltons.

2B
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Example 9: Synthesis of Poly(monodecanoyl glycerol-co-
succinate)
15.0 gm {(60.9 mmoles) monodecancyli-rac-glycerol

were added to a dryv 50 ml, single neck, round bottom

-

flask. A teflon football stirbar was added and a
nirtrogen inlet adapter was attached. The reaction flask
was placed in a room temperature oil bath and a nitrogen
gas blanket was started. The reaction teuperature was
increased to 140°C. Onge at 140°C, €.09 gm (60.2 mmoles!
of succ¢inic anhydride was added. The temperature was
raised to 200°C znd maintained at this temperature for
three hours. The reactlion wag resmoved from the oil bath
and alliowed to ¢ooi to room temperature. The polymer
was a light amber liquid. <Crystallites began to form
within ten days.

GPC measurement dertermined a number average

molecular welght of 1,460, and a weilght average

molecular weight of 3,92% daltons. The 'H NMR showad the
following peaks: ¢ 0.86 triplet (23H), 1.34 multiplet
(12H), 1.62 multiplet {2H), 2.32 wmultipletr (2H), 2.72
multipler (2H), 4.15 multiplet (2H), 4.35 multiplet
(2H), 5.2% multiplet (1H).

Example 10: Synthesis cof Poly imonoclauroyl-rac-glycercl-
co-succinatce)

14.0 gm (50 mmoles) mono.auroyl glyvcerol were added
co a dry 50 ml, single neck, round bottom flask. A stir

bar was added and a nitrogen inlet adapter was attached.

{3
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The reaction flask was placed in a room temperature o1l
bath and a nitrogen gas planket was applied. The flask
was heated to 140%C. Onece at 140°C, 5.0 gm (50 mmoles)

of succinie¢ anhvydride were added. The temperature was

raised to 200°C and malntained at this temperature for 3
hours. After 3 hours the rsaction flagk was removed
from the oil bath and aiiowed to cool Lo room
cemperature. The polymer was a dark yellow liguid.
Crystallites began to form within seven davs.

GPC measurxement determined a number aveéerage

moleculay weight of 1,284, and a weight averac

b |

&

molecular weight of 2,158. The 'H NMR showed the

following peaks: ¢ 0.8% triplet (3K), 1.17 multiplet
(16H), 1.6 mulktaiplet (2H), 2.29 multiplet (2H), 2.6
mulciplet (4H), 4.23 multiplet (4H), 5.27 multiplet
(2H; .

Bxrample 1l: Syrnithesis of Poly (monocaproyvl glyvcerol-co-
succinakte)

15.0 gm (68.7 mmoleg) monocapryloyl glycergl were

added to a dry 50 ml, single neck, round bDottom flask.

A stir bar was added and a nitrogen inlet adapter was

attached. The reaction flask was placed in a room
temperature oil bath and a nitrogen blanket was applied.
The flask was heated toc 140°C and then £.88 gm (68.7
mmeles) ©f succinic anhydride were added. ‘The

temperature was ralsed Lo 200°C and the solution was

held at this temperature foxr 3 hours. After 3 hours the

132
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flask wag removed from the oil bath and allowed Lo Cool
to room Lemperature. The polymer was & light yellow
viseous liguid. The polymer began to c¢rystallize very
siowly in 7-10 days.

GEC measurement determined a pumbér average
molecular weight of 1,349, and a weight average

molecular weight of 2,301 daltons. The ‘H NMR showed the

following peaks: o 0.86 triplet (3H}, 1.25 multiplet
(8H), 1.6 multipler (2H), 2.30 multiplezn (2H), 2.65
meltiplet (4H), 4.13 multiplet (2H), 4.33 multiplet
(2H), 5.2¢6 multiplet (1H).

Example 12: Synthesis of Polyv{monogtearoyl glycerol-co-
succinate) Room Temperatuxe Solid

8.0 gm (22.3 mmoles) of monostearcyl g.ycerol were

1

added to a dry 50 mL, single neck, round bottom fiask.
A stir bar was added and a nitz

rogen inlet adapter was

attached. The reaction flasgk was placed in a room

temperature oil bath and a nitrogen gas blanket was

T

started. The flask was heated to 140°C and 4.46 gm
(44 .6 mmoles) of succinic anhvdride were added. The

temperature was vaised t¢ 200°C and maintained for 22.5

hours. The flask was removed from the oil bath T cool
to room temperatura. Once the solution crystallized, it
was deglassed and cleaned of any glass fragments. The
polymer was an amber colored solid.

DSC measuremants found a melt temperature of

48.41°C and a specific heat of 73.%8J/g. GPC

LR
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measurement determined a number average molecular weilght
of 2,546, and a weight average molecular wesight of

43,002 dalitons.

Example 13: Poly(monostearoyl glycerol-co-glycervl
monolincleate-succinate) liquid poelvmer as a bone
replacement materizsl

A bone replacement study was pericrmed in male New
Zealand white rabblts using poly(monostearoyl glycerocl-
co-glyceryl monoelinoleate~succinate) liguid. The

animals utilized in this study were handled and

maintained in accordance with current reguirements of

the Animal Welfare Act. Compliance with the above
Public Laws was accomplished by adhering to the Animzl
Welfare requlaticns (9 CFE;) and conforming to the
current standards promulgated in the Guide for the Care
and Use of Laboratory Animals.

Liquid poly{monostearoyl glycerol-co-glyceryl

monolincleate~sugcinate) was prepared as described in

Example 7. The polymer was heat sterilized in glass

vials sealed with a crimped aluminum seal arnd a septum,
The vials were heated to 160°C in an oven for 2 hours.

The ocutside of the vials were then cleaned using a 70/30

mix of iscopropancl and delonized water before the vial
was introduced into a sterile, laminar flow hood. The

polymer was then loaded winto 3cc sterile syringes in a

sterile hood and imjected into the radial defect (2 -
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2.5 cm) of four rvabbits until the defect was filled.
Explants were taken at 8 weeks.
In two of the four defects, bhone regeneration O

bone bridging was observed. Radiographic data showed

gradual healing of the defect in these Two cases. In

the case that resulted in bone bridging, this resultc
appeared to be fully achieved within four weeks. By
eight weeks, the bone appeared to be re-corticalized

which was confirmed by gross histology.

Example 1l4: Poly{moncstearovl glyeerol-co-glyceryl

monolinoleate-succinate) ligquid polyvmer mixed with
demineralized bone matrix (DBM) as a bone replacement
material

2 bone replacement study was performed in male New
Zealand white rabblits using a mixture o=F
poly {(monostearoyl glycerol-co-glyceryl monclinoleate-
succinate) liguid polvmer and demineralized bLone matrix
(DEM) . The animals utilized in this study were handled
and maintained in accordance with current regulrements
of the Animal Welfare Act. Compliance with the above
Public Laws was accomplished by adhering to the animal
Welfare regulations (8 CFR) and conforming to the

current standards promulgated in the Guide for the Care

and Use of Laboratory Animals.
Liquid poly({monostearoyl glycercol-co-glyceryl
menolincleate-succinate) was prepared as described in

Example 7. The polymer was heat sterilized in glass

Lnd
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vials sealed with a criwmped aluminum seal and a septum.
The wvials were nheated te 160°C in an oven for 2 hours.

The outside of Chs vials were tThen cleaned using a 70/30

mix of ilsopropanol and deiconlzed water kefore the vial
was introduced into a gterilise, laminar flow hood. Alss

loaded 1into the sterile hood were 2, 1 co packets of

rabbit DBM prepared by VIS Inc. (Kent, WA). The liguid

polymer was mixed with DBM in a sterile petri dish with

the aid ¢f a stainless steel spatula at a DBM to polymer
carrier ratic ©f 2:1 ratic forming a paste-like

formuiaticon of 87 weight percent DBM. The formulation

was then loaded into sterile svringes with cut ends.

The filling velums was 0.5 cc and each syringe was

vackaged in a pre-autoclaved sterile pouch before

removal from the sterile hood.

The surglcal procecdure for implantation of these
samples into defects in the radii of 5 rabbits is as
follows. A longitudinal skin Lacision was made over the
middle one third of the right front leg. The periosgteum
was Chen separated from the muscle and a 17 mm osteo-
periosteal defect was made 1in the radiuvs. The radial
segment was cut using an eir powered minil driverx
egquipped with an oscillating saw attachment. The defsct
was located approximately 2.0 to 2.5 cm proximal to the
radiocazpal jJoint. No additional fixatioen or hardwars
was necessary to stabilize the limb due to the strutting
of the forelimb by the ulna. The samples weres implanted

by injecting the polymar into the radial def=ct from the

{22
15



J

10

4 U

25

CA 02423990 2003-03-28

s Tilled

-

above prepared syringes until the defect wa

(~0.3 co). All incilisicns were cleosed with multiple

lavers of resorbable suture upon completion of the
operatlion.

Radicgraphic data was taken every Cwo weeks to

monitor the implant site. Explants were taken at 8

waeeks and in all 5 cases bone bridging occurred. The

defect gites in thiree of the five cases were sunken and

in general, the sgites reflected a diffuse pattern with
no organized structure, As early as 2 weeks, the defect
site was cloudy, emphasizing the gsteodoinductivity of the

DBM,

Bxample 15: 25:78 Poly{monostearovl glycerol-co-glyceryl

monooleate-succinate) liguid polymer mixed with

demineralized bone matrix {(DBM) as a2 bone replacement
material

A bone replacement study was performed in male New
Zealand white rabblits using a wmixture of 25:75
poly{monostearoyl glycercl-co«-glyceryl monooleate-
succinate) liguid polymer and demineralized bone matrix
(DBM) .

Licgquid 25:75 polyv{monostearovl glyce=zrol-co=-glyceryl

moncoleate-succinate) was prepared as described in
Example 8. The polymer was heat sterilized, mixed with

DBM and implanted into dsfects made in the radii of 5

rabbits [ollowing the procedure used in Example 14.

Raciographic data was taken evervy two weeks o

33
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monitor the implant site. Explants were taken at 8

weeks and in all 5 cases, bone bridging occurred. As 1n

Example 14, some of the defect sites had a sunken

appearance but, in general, thes radiographic data

indicated a slightly more organized cancellous

appearance to the newly Lormed beone, At 2 weeks, the

defect site was cloudy, emphasizing the ostecinduciivity

of the DBRM,

Example 18: Poly{glvecery! monocleate-succinate) liguid
polymer mixed with demineralized bone matrix (DBM) as &
bone replacement material

A bone replacement study was performed in male New
Zealand white rabbkits using a mixture of polyl(glyceryl
moncoleate~-succinate) liguid polymer and demineralized
bone matrix (DBM) .

Ligquid poly{glyceryl monooleate-succinate) was
prepared as described in Example 3. The polymer was
heat gterilized, mixed with DBM and implanted into
defects made in the radii of b rabbits f@lloWiﬁg the
proc¢edure used i Example 14.

Radiographlic data was Ltaken every two weeks to
monitor the implant site. Explants were taken at 8
weeks and, in all 5 <¢ases, bone bridging occurred. The

observed healing was advanced in c¢comparison to that

obgerved in Examples 14 and 15. Tiharee of the defect
csites showed not only complete bridging, but also clear

evidence of recorticalizaticn. In one case., there was
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evidence of rastoration of the marrow cavity. AL 2
weeks, the defect sice was cloudy, emphasizing the
osteoinductivity of the DBM. The extent to which this
cloudiness was vislble was wore prominent than in the

otlier Examples 14 gnd 15.

Example 17: Poly({glyceryl moncoleate-succinate) liquid
polymer end-capped with cleoyl chloride

A polyvmer was prepared fcllowing ths procedure in

Example 3, except using 253.12 g (0.71 mol) of glvcerol
moncoleate and 70.05 g (0.7 mol) of succinice anhydride
in a 500 ml single neck, round bottom £lask. GEC
measurement cetermined a number average molecular weight
of 2,280 and a weight average meolecular weight of 4, 040
daltons,

Ar end-cappling procedure was performed by

dissolving 25.2 g of the polymear in 75 ml of methylene

chloride in a three necked, 300 ml, round beottom flask,

to which 3.35 grams cof triethyl amins was added as an
acid scavenger. The flask was equipped with a glass
stirrer with a tefion paddle, a thermometer, and a
septum with N, inlet/outlet needles. The flask was
placed in a ice/NaCl slush bath, and the reaction
mixture was allowed to ¢hill to 0°C., 2 gnitrogen blanket
was plaged over the reaction through the sepbum.

In the glove box, 9.74 g olecvl chloride was
walighed 1n a gas-tight svringe, and the needle was

stoppered using a rubber gstopper. The cleoyl chloride
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was added to the chilled reaction mixture through the

septum in a dropwise fashion so as to keep the reaction

temperature between 2 and 7 °C, as read on the
thexrmometer. After complete addition of the oleoyl
chloride, the reaction was allowed to continue stirring
for another 2 hours. While still stirring, the sglush
bpath was removed and the reaction mixture wasgs allowed to
come to room temperature at which poant 2 ml of ethanol
was added to the solution and let stir for 1 hour to
react with any excess oleovl éhloride. The stirring was
stopped, and the reaction was stoppered and allowed to
sit in the refrigerator overnight.

The triethylamine hydrochloride salt was removed by
vacuum filtration and the filtexcake was washed twice
with 25 ml of cold methyvlene chloride. The product-
contalining methylene chloride solution was transferred
to a 500 ml separatory fumnnel and washed twice with
equal volumes of 1.0 M HCL followed by two washings with
ecqual volumes of brine sclution. The organic layer was
then dried over magnesium sulfate.

The magnesium sulfate was removed by vacuum
filtration over Celite. Finally, the methylene chloride
was removed by svaporation on a rotary evaporator

leaving behind the end-capped polymer which was allowed

[ -

to dry in a vacuum oven at room temperature untll it

exhibited constant weight.
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H' NMR showed the following peaks: § 0.84 triplet,
1.29 doublet, 1.83 multiplet, 2.01 multiplet, 2.30
multiplet, 2.45 triplet, 2.53 multciplet, 4.23 multipletc,
and 5.34 multiplet. Following the end~capping reaction,
Cne peaks assigned to the terminal hydroxyl endgroups at
& 3.5 - 3.8 on the starting polymer wers not resolvable
ahove the baseline, indicating that the termminal
hydroxyl groups were converted inte =sters.

The polvmer was heat sterilized for 2 hours at

160°C and mixed with DBM following the procedure used in

Example 14 in order {0 make a bone replacement material .

Example 18: Poly(glyceryl monocleate-succinate) liquid

polymer end-capped with acstyl chloride

Poly(glyceryl monocleate-succinate) liguid polymer
was prepared following the method of Example 17.

An end-capping procedure with 2.6 g acetyl chloride
was performed using the zame procedure as described in
Bxample 17, éxcept using 25.04 g of the polymer in
methylene ¢hloride, to which 3.35 grams of trietchyl
amine was added as an acid scavenger. The end-capped
polymer product which was allowed to dry in a vacuum

oven at 80°C until it exhibited constant weight.

H* NMR showed the following peaks: & 0.85 triplet,
1.30 doublet, 1.61 multiplet, 2.02 multiplet, 2.32
multiplet, 2.62 multiplet, 4.23 multiplet, and .33
multiplet. Following the end-capping reaction, the peaks

assigned to the terminal hydroxyl sndgroups at & 3.5 -
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3.8 on the starting polymer were not resolvable above
the baselins, indicating that the terminal hydroxyl

groups were converted into esters.

Example 19: End-capped poly{monooleate~succinate) liguid
polymer mixed with demineralized bone matrix (DBM)as a

bone replacement material.

A bone replacement study was performed in male New
Zzealand white rabbits uging a mixture of tha end-capped
ligquid polvmer as described in Example 18 and
demineralized bone matrix (DBM) .

The polymer was heat sterxilized for 2 hours at
160°C and mixed witn DBM, and the sterile samples were
implanted into defects made in the radii of 5 rabbits as

in Example 14.
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We claim:

l. A medical device, comprising: a bone replacement
material, said bone replacement material comprising a
synthetic, biocabsorbable, biocompatible ligquid polymer
comprising the reaction preduct af a polybasic acid orx
derivative thereof, a fatty acid, and & polvol, said

liguid polymer having a melting point less than about

40°C, as determined by differential scanning

calorimetry.

2, The medical device of claim 1 wherxsin gaid liguid
polymer comprisas the reaction product of said polybasic
acld or derivative thereof and a monoglyceride, said
monoglyceride comprising the reactlon product of said

fatty acid and said polyol.

3. The medical device of claim 2 wherein said

polybasic acid or derivative thereof is selected from
the group consisting of succinic acid, succinic
anhydride, malic acid, tartaric acid, c¢itric acid,
diglycolic acid, diglycolic anhydraide, glutaric acid,
glutaric anhydride, adipic acid, pimelic¢c acid, suberic
acld, sebacic acid, fumaric acid, maleic acid, maleic
anhydride, mixed anhydrides, esters, activated esters

and acid halides.

4. The medical device of claim 2 wherein said
monoglyceride is selected f£rom the group consisting of

monostearxoyl glycerxol, wmonopalmitoyl glycerol,
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monomyrisitoyl glycerol, wmonocaproyl glycerol,
monodecanoyl glycerol, monoclauroyl glycerol,

monolinoleoyl glycerol and monooleoyl glycerol.

F

5. The medical device of claim 4 wherein said

polybasic acid derivative is succinic anhydride.

S . The medical devige of ¢laim 4 wherein said

polybasic ag¢id is succinic acid.

7. The medical device of claim 1 wherein said liquid

polymer comprises a liguid copolymer.

8. The medical device of claim 7 wherein said liquid
copolymer comprises the reaction product of said fatty
acid, =said polyel, and at least two of said polybasic
acids or derivatives thersof selected from the group
consisting ¢f succinic acid, succinice anhydride, malic
acid, tartaric acid, citric acid, diglycolic acid and

diglycolic anhydride.

g . The medical device of claim 7 wherein said liguid
copolymer comprises the reaction product of said
polybasic acid or derivative thereof, and at least two
monoglycerides selected from the group consisting of
nonostearoyl glycerol, monopalmitoyl glycerol,
monomyrisitoyl glycerol, monoc¢aprceyl glycerxrol,
monodecanoyl glycerol, monolauroyvl glycerol,

monolinoleoyl glycerol and monosleoyl glycerol.
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10. The medical device of claim 7 wherein said ligquid

copolymer ¢comprises the reaction product of said

polybasic acid or derivative therecf, a monoglyceride
sele¢ted from the group consisting of monostearoyl
glycerol, monopalmitoyl glycerol, monomyrisitoyl
glycerol, monocaproyl glycerol, monodecanocoyl glycerol,
monolauroyl glycerol, monolinoleoyl glyc¢erol and
mon¢oleoyl glycerol, and at least one additional polyol
selected from the group comnsisting of ethylene glycol,
1.2-propylene glyceol, 1,3-propanedicl, bis-2-
hydroxyethyl ethér, l.4~-butaneaicl, 1,5-pentanedisl,
1,6~ hexanediol, 1,8-octanedicl, 1,1l0-decanedicl, 1, 12-
dodecanediol, othér diols, lineax poly(ethylene glycol),
branched poly(ethylene glycocl), linear poly(propylene
glycol), branched poly{propylene glycol;}, linear
poly{ethylene~co-propylene glycol)s and branched
poly{ethylene-co-propylene glycol)s.

11. The medical device of claim 1 further comprising an

incrganic filler.

12. The medical device of claim 11 wherein said
inorganic filler is selected from the group consisting
of alpha-tricalcium phosphate, peta-tricalcium
phogphate, calcium carbonate, barium carxponate, calcium

sulfate, barium suliate and hydroxyapatite.

13. The medical device of ¢laim 11 wherein said
inorganic fillex comprises a polymorph of calcium

phosphate.
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14 . The medical device of claim 11 wherein said

inorganic f£iller is hydroxyapatite.

15. The medical device of claim 11 further comprising a

bivaective agent.

16. The medical device of claim 15 wherein saild

bloactive agent is a growth factor.

17. The medical device c¢f claim 16 wherein said growth
factor is selected from the group consisting of cell
attachment mediators, biclogically active ligands,
integrin binding segquence, bone morphogenic proteins,

epidermal growth factox, fibroklast growth factor,

platelet-derived growth factor, IGF-I, IGF-II, TGF-PI-
ITI, growth differentiation factor, parathyroid hormone,

vagcular endothelial growth factor, bFGF, TGFg

superfamily factors, sonic hedgehog, GDF5, GDF6 and

'

GDF8.

18. The wmedical device of c¢laim 11 further cowmprising a

biolegically derived substance selected from the group
consisting of demineralized bone, platelet rich plasma,

bone marrow aspirate and bone fragments.

19. The medical device of <laim 1 further comprising &

bivactive agent .
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20. The medical device of e¢laim 18 wherein said

bioactive agent is a growth factor.

21. The medical device of claim 20 wherein said growth
factor is selected from the group consisting of cell
attachment mediators, biologically active ligands,
integrin binding sequence, bone morphogenic proteins,

epidermal growth factor, fibroblast growth factor,

platelet-derived growth factor, IGF-I, IGF-II, TGF-BI-

III, growth differentiation factor, parathyroid hormone,

‘vascular endothelial growth factor, bFGF, TGFg

superfamily factors, sonic hedgehog, GDF5, GDF6 and

GDEF'S.

22. The medical device of claim 1 wherein the polymer

further comprises terminal and pendant chemical moieties

prepared by suitable endcappling reactions.

23. The medical device of c¢laim 22 wherein said
terminal and pendant chemical moieties are selected From
the group consisting of ethers, esters, anhydrides,

mixed anhydrides, sulfonates, and urethanes.

24. The medical device of claim 22 further comprising
an inorganic filler.
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25, The medical device of claim 24 wherein said

inorganic filler is selected from the group consisting
of alpha-tricalcium phosphate, beta-tricalcium
phosphate, calc¢ium carbonate, barium carbonate, calcium

sulfate, barium sulfatce and hydroxyapatite.

26. The medical device of claim 24 wherein said
inorganic filler comprises a pelymorph of calcium

phoaphate.

27. The medical deviece of claim 24 whersein gaid

inorganic filler is hydroxyapatite.

28. The medical device of claim 24 further comprising a

biocactive agent;

29, The medical device of clailm 28 wherein gaid

bicactive agent is a growth factor.

30. The medical device of claim 29 wherein said growih
factor 1s selected from the group conzisting of ¢ell
attachment mediators, bioclogically active ligands,
integrin binding segquence, bone morphogenic proteins,

epidermal growth factor, fibrobiast growth factor,

platelet-derived growth factor, IGF-I, IGF-II, TGF-PBI-
I1I, growth differentiation factor, parathyroid hormone and

vascular endothelial growth factor,
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31. The medical device of claim 22 further comprising a
biologically derived substance selected from the group
consisting of demineralized bone, platelet rich plasma,

bone marrxow aszplrate and bone fragmentg.

32. The medical device of claim 22 further comprising

a bilioactive agent.

33. The medical device o2f claim 32 whersin said

biocactive agent is a growth factor.

34. The medical device of claim 33 wherein said growth
factar is selected from the grcoup consigsting of cell
attachment mediators, bilologically active ligaads,
integrin binding sequence, hone morphogenic proteins,

epidermal growth factor, Ifibroblast growth factor,

platelet-derived growth factor, IGF-I, IGF-II, TGF-BI-
I1I, growth differentiation factor, parathyroid hormone and

vasculary endothellal growth factor.

35. A bone replacement composition, comprising: a
liquid polymer comprising the reaction product of a
polybasic acid or derivative thereof, a fatty acid and a
polyol, said ligquid polymer having a melting point less
than about 40°C, as determined by differential scanning

calorimetry; and demineralized bone matrix.
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36. The medical device of any one of claims 17 and 21,
wherein the bone morphogenic protein 1s selected from the

group consisting of BMP-2, BMP-4, BMP-6 and BMP-12.

37. The medical device of any one of claims 15 and 19,
wherein the biloactive agent 1s selected from the group
consisting of hyaluronic acid, glycoprotein, lipoprotein,
tenascin-c, fibronectin, thromboelastin and thombin-

derived peptides.

38. The medical device of any one of claims 28 and 32,
wherein the biocactive agent 1s selected from the group
consisting of hyaluronic  acid, glycoproteln and

lipoproteiln.

39. The medical device of any one of claims 1-34 and 36-
38, wherein the melting point of said ligquid polymer is

less than about 25°C.
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