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POLYMER FORMULATIONS FOR DELIVERY OF BIOACTIVE AGENTS

FIELD OF THE INVENTION
The present invention relates to methods and pharmaceutical compositions
comprising apolymer and abiologically active agent in a solid form for the
administration and delivery of the biologically active agent. These compositions are
useful as pharmaceutical agents. More particularly, the present application relates to

polymer compositions comprising solid hydrophobic biologicaly active agents.
BACKGROUND OF THE INVENTION

Available vehicles for the administration of hydrophobic drugs, such as water-
insoluble or low water soluble compounds often result in undesirable side-effects.
Such undesired side-effects include hemolysis, thrombophlebitis or at times, blood
coagulation. Liposomes and oil-in-water emulsions have been employed as potential
carriers for these hydrophobic drugs that may reduce such undesirable side-effects.
However, there remain significant problems associated with stability and drug loading
capacity associated with the use of these delivery systems.

Implantable medical devices or compositions for the delivery of biologically active
agents are known in the art. However, the placement of metal or polymeric devicesin
the body are useful for treating avariety of medical conditions, but often results in
complications. These complications may include increased risk of infection,
inflammation, fibrous encapsulation, and potentially awound healing response
resulting in hyperplasia and restenosis.

One approach to reducing these adverse affects isto provide biocompatible
implantable devices. Several implantable medical devices capable of delivering
biologically active agents through releasing coatings are known in the art, including
U.S. Pat. No. 4,916,193; U.S. Pat. No. 4,994,071; U.S. Pat. No. 5,221,698 and U.S.
Pat. No. 5,304,121. U.S. Pat. No. 4,970,298 describes a biodegradable collagen
matrix suitable for use as awound implant. The matrix is formed by freeze drying an
agueous dispersion containing collagen, cross-linking the collagen via two cross-
linking steps and freeze-drying the cross-linked matrix. The matrix may also contain
hyaluronic acid and fibronectin.

EP-A-0274898 describes an absorbable implant material having an open cell, foam-
like structure and formed from resorbable polyesters, such as poly-p-dioxanone, other
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polyhydroxycarboxylic acids, polylactides or polyglycolides. JP.-A-03023864
describes awound implant material comprising a collagen sponge matrix reinforced
with fibers of poly-L-lactic acid. The collagen sponge matrix is formed by freeze
drying a solution of porcine atherocollagen. EP-A-0562862 describes bioabsorbable
wound implant materials that are composites comprising a collagen sponge matrix
having embedded therein oriented substructures of solid collagen fibers, films or
flakes. The substructures reinforce the collagen sponge and also provide a scaffold
for directional cellular migration into the implant.

It iswell known that the water insolubility of anumber of important drugs, such as
amphotericin B, phenytoin, miconazole, cyclosporin, diazepam and etoposide, makes
their formulation for adminsitration, such as by intravenous application, particularly
difficult. These drugs, for example, are currently marketed in cosolvent systems such
aspolyethylene glycol or propylene glycol-ethanol-benzyl acohol mixtures.
However severetoxicity problems, such asthrombophlebitis, have been observed
with injectable formulations of drugs dissolved in cosolvents. Alternatives to
cosolvent systems are micellar solutions or emulsions; however, the presence of toxic
surfactants in those systems makes them undesirable for intravenous administration.
Many pharmaceutically useful compounds have limited solubility in physiological
fluids. Delivery of such compounds presents aformulation challenge and often
requires use of hydrophobic carriers which often present undesirable side effects
when introduced in contact with the body. In addition, it is also difficult to modulate
the pharmacodynamic and pharmacokinetic characteristics of such formulations in
vivo. Therefore a continuing need exists for novel, stable and nontoxic formulations
and compositions for the delivery of hydrophobic drugs.

The present application describes a composition that utilizes a biocompatible matrix
(hydrophilic or hydrophobic) containing a solid form of bioactive agent dispersed in
it. Depending on the size (surface) of the bioactive agent particles and the nature of
the polymeric matrix (i.e. hydrogel, elastomer, solid polymer, hydratable dry polymer,
and biodegradation properties) the rate of said bioactive agent release and duration of
the release in vivo may be modulated in much wider range than currently know in the
art. In one aspect, the formulations described in this application enable new safer

therapeutic products for clinical use.
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SUMMARY OF THE INVENTION
The application provides anovel composition of matter comprising a solid form(s) of
abioactive agent(s) and abiocompatible polymer matrix. In one embodiment, thereis
provided abiocompatible polymer matrix that may be used as an implantable device,
wherein the device comprises polymer materials having inherent properties or
biological activity that be enhanced when employed in conjunction with the
biologically active agent. In certain aspect of the composition, the biological activity
resulting from the combination of the biocompatible polymer matrix is synergistic
with the biological active agent.
Embodiments, Aspects and Variations of the Invention:
The present application provides, in part, acomposition comprising an in situ
crosslinkable modified hyaluronic acid, wherein the modified hyaluronic acidisa
flowable liquid with an initial viscosity of between 2 and 150,000 mPas, wherein the
hyaluronic acid polymerizes in situ and forms ahydrogel with an elastic modulus of
lessthan 0.1 GPa, or less than 0.05 GPa, when the composition comprising the
modified hyaluronic acid and initiator is applied on atissue of amammal. In certain
aspects, the viscosity isbetween 10 and 50,000 mPa.s, or between about 50 and
10,000 mPa.s. In another aspect, the elastic modulus is 0.001 to about 0.1 GPa, or
about 0.01 to 0.05 GPa.
In one aspect, the composition further comprises acrosslinking agent selected from
the group consisting of polyethylene glycol diacrylate (PEGDA), poly(ethylene
glycol)-dimethacrylate (PEGDM), poly(ethylene glycol)-diacrylamide (PEGDAA)
and poly( ethylene glycol)-dimethacrylamide (PEGDMA), dextran acrylate, dextran
methacrylate, dextran glycidyl methacrylate, methacrylate functionalized hyaluronic
acid, acrylate functionalized hyaluronic acid, glycerol dimethacrylate and glycerol
1,3-diglycerolate diacrylate sorbitol acrylate, and derivatives thereof. In one aspect,

the modified hyaluronic acid comprises a formula:

Y NH J\ SH
\|:\”/ NH LT

O

n

wherein: n >2; Y comprises aresidue of the hyaluronic acid; and L comprises a
substituted or unsubstituted hydrocarbyl group, a substituted or unsubstituted
heterohydrocarbyl group, apolyakylene group, apolyether group, a polyamide
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group, apolyimino group, an aryl group, apolyester, apolythioether group, a
polysaccharyl group or acombination thereof. In another aspect, the composition
further comprises athiol comprising compound selected from the group consisting of
N-acetyl cysteine, glutathione, 2,3-dimercapto-1-propanesulfonic acid and 3-

5  dimercapto-1-propanesulfonic acid sodium salt monohydrate; or-further comprises
cysteine or a salt thereof. In another aspect, the composition further comprises a
bioactive agent as solid particles. The bioactive agent may be asteroid. Also
provided herein are kits comprising the compositions with an oxidant, and a buffer.
Also provided herein is amethod of treating amedical condition in a mammal in need

10  thereof, the method comprising using the composition or kit as described herein,
wherein the method comprises contacting the composition comprising the modified
hyaluronic acid at atissue site of the mammal. In certain aspect, the medical
condition is osteoarthritis or ischronic sinusitis.

In another aspect, there isprovided a composition comprising athiol functionalized

15  polysaccharide comprising abioactive agent, wherein the polysaccharide isin aform
of abioresorbable polymer matrix and the bioactive agent is dispersed within the
polymer matrix asasolid. In one variation, the solid isin the form of particles that
are between 0.01 microns to 2,000 microns. In one variation, the thiol functionalized

polysaccharide comprises acompound selected from the group consisting of:
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or mixtures thereof, wherein m >2 and n >2. |In another variation, the thiol

25  functionalized polysaccharide comprises a compound of the formulae:
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wherein HA is aresidue of hyaluronic acid or aderivative thereof, R is Ci-salkyl and

n >2. In another variation, the thiol functionalized polysaccharide comprises a

compound of the formulae:

or mixtures of each of the above formulae.

In one embodiment, there is provided akit comprising: a) athiol functionalized
polysaccharide; b) abiological active agent; and c) abuffer; wherein when the thiol
10 functionalized polysaccharide, active agent and buffer are combined together, a
crosslinked polysaccharide polymer matrix is obtained wherein the active agent is
dispersed in the matrix asasolid, I certain variations, the kit C(.)mpris& the
compound and compositions as provided herein,
I another aspect, there isprovided acomposition comprising abioresorbable
15 polymer matrix and abioactive agent prepared by polymerizing a suspension of a
solid form of the bioactive agent suspended in the media containing precursors of
polymerization. In aparticular aspect, there isprovided acomposition comprising
liquid precursor(s) of polymer matrix and a solid form of abioactive agent wherein
the precursor(s) are capable of forming an essentially non-flowing polymeric matrix.
20  hi another aspect, there isprovided acomposition comprising apolymeric matrix and
asolid form of abioactive agent, wherein up to half of the bioactive agent partitions
into physiological fluid in 1hour to 10,000 hours. In yet another aspect, there is
provided a composition comprising apolymeric matrix and a solid form of abioactive
agent, wherein more than half of the bioactive agent partitions into physiological fluid
25 in 1hour to 10,000 hours. hi another aspect, there is provided a-composition
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comprising apolymeric matrix and a solid form of abioactive agent, wherein the
bioactive agent partitions into physiological fluid with the partitioning rate
approximating zero-order Kinetics. In another aspect, there isprovided a composition
comprising apolymeric matrix and a solid form of abioactive agent, wherein the
bioactive agent partitions into physiological fluid predominantly as aresult of said
polymer matrix degradation.

In yet another aspect, there isprovided amethod of preparing abioactive agent
formulation, wherein the agent is present in asolid form and, wherein the agent is
occluded into apolymeric matrix by polymerization of polymer hatrix precursors or
by self assembly of the polymer. In another aspect, there is provided amethod of
treating amedical condition by delivering abioactive agent onto the tissue site in the
form of aformulation comprising bioresorbable polymeric matrix and solid form of
the bioactive agent. Also provided is akit for clinical use comprising a container
containing a solid form of bioactive agent and a container comprising aprecursor of a
bioresorbable polymer matrix, wherein the bioactive agent is contacted with and
polymerized with the precursor yielding abioresorbable therapeutic polymeric matrix.
The precursor may comprise of a single composition, two or more compositions in
different containers, or a mixture of compositions in different containers that may be
combined in situ to polymerize and yield the polymeric matrix. In one particular
aspect, there isprovided a composition for each of the above aspects and variations,
wherein the bioactive agent isasteroid. hi one variation of the above, the steroid is
beclomethasone, beclomethasone dipropionate, budesonide, dexémethasone, methyl
prednisolone, triamcinolone acetonide, triamcinolone hexacetonide and prednisolone.
In another variation, the steroid is beclomethasone dipropionate or prednisolone.

In certain variations, the composition is prepared by polymerizing a suspension,
colloidal solution, slurry of other form of solid bioactive agent and from aliquid
composition containing soluble monomers, pre-polymers or polymers and where the
polymerization yields apolymer matrix containing solid form of bioactive agent. The
solid bioactive agents may be present in the matrix in an occluded solid form. In
other variations, each of the polysaccharides isin dry form. In certain aspects of the
compounds, compositions and kits described herein, the modified hyaluronic acid isa
thiol functionalized hyaluronic acid. m some embodiments, the composition

comprising the polysaccharide may further comprises the biodegradable or
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bioresorbable polymer and copolymer compositions as described herein, or their
mixtures thereof.

In one embodiment, there is provided a method for coupling two or more thiolated
compounds comprising: a) contacting a first thiolated compound comprising the

formula1:

wherein: P and P' are each independently O or -NH-; Y comprises aresidue of a
macromolecule; and L comprises a substituted or unsubstituted hydrocarbyl group, a
substituted or unsubstituted heterohydrocarbyl group, a polyakylene group, a
polyether group, apolyamide group, apolyimino group, an aryl group, apolyester, a
polythioether group, apolysaccharyl group, or acombination thereof; b) with a
second thiolated compound comprising a modified glycosaminoglycan comprising at
least one SH group, and c) athird thiolated compound having a molecular weight of
less than 300 Daltons and comprises at least one SH group, in the presence of an
oxidant; wherein the first thiolated compound and second thiolated compound are the
same or different compounds.

In one variation of the method, the macromolecule is selected from the group
consisting of an oligonucleotide, anucleic acid or ametabolically stabilized analogue
thereof, apolypeptide, alipid, aglycoprotein and a glycolipid, or a pharmaceutically-
acceptable compound. 1n another aspect, the macromolecule is selected from the
group consisting of a polysaccharide, aprotein and a synthetic polymer. In yet
another aspect, the polysaccharide comprises a sulfated-glycosaminoglycan. In
another aspect, the macromolecule is selected from the group consisting of
chondroitin, chondroitin sulfate, dermatan, dermatan sulfate, heparin, heparan sulfate,
aginic acid, pectin and carboxymethylcellulose. In another variation, the
macromolecule is amodified glycosaminoglycan. In one variation, the
glycosaminoglycan is hyaluronan. In aparticular variation of the compound, P and P’
in the first and second thiolated compounds are -NH-. In one variation, L comprises a
polyalkylene group having the formula (CH.),, wherein nis from 1to 20, or a

polyether group having the formula (-OCH,CH.-) , wherein nis from 1t0 20. In



WO 2008/098019 PCT/US2008/053108

10

15

20

25

another variation, the first and second thiolated compounds are selected from the

group consisting of compounds Ha, Ilia and IVa, or mixtures thereof:
SH

-

[Ia

wherein P and P' are each independently abond, O or -NH-. In aparticular variation
of the method, P and P’ are -NH-. Tii another variation, the oxidant is selected from
the group consisting of molecular iodine, hydrogen peroxide, an akyl hydroperoxide,
aperoxy acid, adialkyl sulfoxide, ahigh valent metal, ametal oxide and ahalogen
transfer agent. In another variation, the oxidant comprises a gas comprising oxygen,
or wherein the oxidant further comprises hydrogen peroxide hi another aspect of the
method, the third thiolated compound has amolecular weight of less than 200
Daltons. hi another aspect, the third thiolated compound is selected from the group
consisting of cysteine and glutathione or amixture thereof. In another variation, the
third thiolated compound comprises about 0.1 to about 1.0 mole or more equivaents
of the first and second thiolated compound.

h another embodiment, there is provided a crosslinked macromol écular compound or

composition comprising: a) afirst thiolated compound comprising the formula1:

wherein: P and P' are each independently O or -NH-; Y comprises aresidue of a
macromolecule; and L comprises a substituted or unsubstituted hydrocarbyl group, a
substituted or unsubstituted heterohydrocarbyl group, apolyalkylene group, a
polyether group, apolyamide group, apolyimino group, an aryl group, a polyester, a
polythioether group, apolysaccharyl group, or acombination thereof; b) asecond
thiolated compound comprising amodified glycosaminoglycan comprising at least

one SH group, and c) athird thiolated compound having amolecular weight of less
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than 300 Daltons and comprising at least one SH group; wherein the first thiolated
compound and second thiolated compound are the same or different compounds. In
another embodiment, there isprovided a crosslinked macromolecular compound
prepared from amethod of coupling two or more thiolated compounds, the method

comprising: a) contacting afirst thiolated compound comprising the formula:

wherein: P and P' are each independently O or -NH-; Y comprises aresidue of a
macromolecule; and L comprises a substituted or unsubstituted hydrocarbyl group, a
substituted or unsubstituted heterohydrocarbyl group, apolyalkylene group, a
polyether group, apolyamide group, apolyimino group, an aryl group, apolyester, a
polythioether group, apolysaccharyl group, or acombination thereof; b) with a
second thiolated compound comprising amodified glycosaminoglycan comprising at
least one SH group, and c) athird thiolated compound having amolecular weight of
less than 300 Daltons and comprising at least one SH group, in the presence of an
oxidant; wherein the first thiolated compound and second thiolated compound are the
same or different compounds. In one variation of the above, the macromolecule is
selected from the group consisting of an oligonucleotide, anucleic acid or a
metabolically stabilized analogue thereof, a polypeptide, alipid, a glycoprotein and a
glycolipid, or a pharmaceutically-acceptable compound. In another variation, the
macromolecule is selected from the group consisting of apolysaccharide, aprotein
and a synthetic polymer. In another variation, the polysaccharide comprises a
sulfated-glycosaminoglycan. In another variation, the macromolecule is selected
from the group consisting of chondroitin, chondroitin sulfate, dermatan, dermatan
sulfate, heparin, heparan sulfate, alginic acid, pectin and carboxymethylcellulose. In a
particular variation, the macromolecule isamodified glycosaminoglycan. In yet
another aspect, the glycosaminoglycan is hyaluronan. In another variation, the
compound forms a gel having a persistence to substantially maintain the shape and
property of the gel in aneutral, aqueous solution at about 25 9C at pH 7 without
degradation or dissolution in the aqueous solution for at least 48 hours. In aparticular

variation, the compound forms a gel having apersistence to maintain at least 75% of
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the shape and property of the gel without degradation or dissolution for at least 3
days, 5days, 7 days, 14 days or 28 days. In another aspect, the compound forms a gel
having apersistence to maintain at least 95% of the shape and property of the gel
without degradation or dissolution for at least 3 days, 5 days, 7 days, 14 days or 28
days. hi another embodiment, there isprovided apharmaceutical composition
comprising abioactive agent and the above crosslinked macromolecular compound or
compostion. hi another embodiment, there isprovided a composite comprising (1) a
first macromolecular compound comprising afirst anti-adhesion compound
covalently bonded to afirst anti-adhesion support, wherein the first-anti adhesion
support comprises any of the above macromolecular compound or composition and
(2) afirst prohealing compound. hi another embodiment, there is provided a
terminally sterilized crosslinked macromolecular compound prepared from amethod
of coupling two or more thiolated compounds, the method comprising: a) contacting a

first thiolated compound comprising the formula:

0
Y. P )L SH '
h

0
wherein: P and P' are each independently abond, O or -KH-; Y comprises aresidue

of amacromolecule; and L comprises a substituted or unsubstituted hydrocarbyl
group, asubstituted or unsubstituted heterohydrocarbyl group, apolyalkylene group, a
polyether group, apolyamide group, apolyimino group, an aryl group, apolyester, a
polythioether group, apolysaccharyl group, or acombination thereof; b) with a
second thiolated compound comprising amodified glycosaminoglycan comprising at
least one SH group, and ¢) athird thiolated compound having a molecular weight of
less than 300 Daltons and comprising at least one SH group, in the presence of an
oxidant; wherein the first thiolated compound and second thiolated compound are the
same or different compounds. ha one variation the macromolecule is sterilized in the
presence of one or more of ascorbic acid, ascorbate salt, DTT, EDTA, Trolox and
sucrose. In another variation, the macromolecular compound is stable for at least two
weeks. In another variation, the terminally sterilized crosslinked macromolecular
compound isin dry form that is soluble in solution, wherein the macromoleculecul ar

compound ispartially crosslinked or is crosslinked. hi another variation, the above

10
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terminally sterilized macromolecular compound further comprises apharmaceutically
active agent. In another variation, the active agent is a steroid. In one variation, the
sterilized compound has a sterilization assurance level of 10®. In another
embodiment, there is provided amethod for preparing aterminally sterilized
macromolecular compound of as described above comprising: a) sealing an
unsterilized macromolecular compound of the above in a container; and b) subjecting
the macromolecular compound to electron beam irradiation or gammairradiation at a
dose sufficient to sterilize the composition; wherein the terminally sterilized
macromolecular compound isin dry form and is soluble in solution. In another
embodiment, there is provided amethod for improving wound healing in a subject in
need of such improvement, comprising contacting the wound of the subject with any
of the above compound or composition. In yet another embodiment, there isprovided
amethod for delivering at least one bioactive agent to apatient in need of such
delivery, comprising contacting at least one tissue capable of receiving the bioactive
compound with the above compound or composition. Further provided isthe use of
the above compound or composition as a growth factor, an anti-inflammatory agent,
an anti-cancer agent, an analgesic, an anti-infection agent, or an anti-cell attachment
agent. Further provided isthe use of the above compound or composition to repair a
tympanic membrane perforation. Further provided isthe use of the above compound
or composition to prevent sinus osteum closure during or after FESS, to promote
healing after FESS, to reduce scarring after FESS, to prevent adhesion after asurgical
procedure. In one variation of the above, the surgical procedure is selected from the
group consisting of cardiosurgery and articular surgery, abdominal surgery, asurgical
procedure performed in the urogenital region, a surgical procedure involving a
tendon, laparascopic surgery, pelvic surgery, oncological surgery, sinus and
craniofacial surgery, ENT surgery and aprocedure involving spinal durarepair. h
another aspect, there is provided the use of the above compound or composition to
prevent airway stenosis and for vocal fold repair. In another aspect, the above
compound and composition may be used to support the growth of primary cells or
immortalized cells, to support the growth of tumor cells, fibroblasts, chondrocytes,
stem cells, epithelial cells, neural cells, cells derived from the liver, endothelial cells,
cardiac cells, muscle cells, or osteoblasts. In another aspect, there is the use of the

above compound or composition for bone or cartilage repair, to extend the viability of

11



10

15

20

25

WO 2008/098019 PCT/US2008/053108

skin, to promote scar-free wound healing after a surgical procedure. Also provided
herein is an article coated with any of the above compound or composition. The
article maybe selected from the group consisting of a suture, aclap, a stent, a
prosthesis, acatheter, ameta screw, abone plate, apin and abandage. Also provided
isakit for asterilized crosslinked macromolecular compound or composition
comprising: a) the above macromolecular compound or composition in dry form that
is soluble in solution; and b) one or more of aradiation stabilizer, an excipient, buffer
or preservative. In one variation, the kit further comprises a crosslinking accelerant,
or wherein the composition further comprises apharmaceutically active agent. In one
variation, the pharmaceutically active agent is asteroid. In another variation, the
steroid is selected from the group comprising triamcinolone, triamcinolone diacetate,
triamcinolone acetonide and triamcinolone hexacetomde.

Also provided are pharmaceutical compositions comprising pharmaceutically
acceptable excipients and atherapeutically effective amount of at least one compound
of this invention.

Pharmaceutical compositions of the compounds of this invention, or derivatives
thereof, may be formulated as lyophilized powders for parenteral administration.
Optionally, excipients, such as polyvinylpyrrolidinone, gelatin, hydroxycellulose,
acacia, polyethylene glycol, mannitol, sodium chloride, or sodium citrate, may also be
added. Pharmaceutically acceptable carriers may be added to enhance or stabilize the
composition, or to facilitate preparation of the composition. Solid carriers include
starch, lactose, calcium sulfate, dihydrate, terra alba, magnesium stearate or stearic
acid, talc, pectin, acacia, agar, or gelatin. The pharmaceutical preparations are made
following the conventional techniques of pharmacy. Suitable formulations for each of
these methods of administration may be found in, for example, Remington: The
Science and Practice d Pharmacy, A . Gennaro, ed., 21st edition, Lippincott,
Williams & Wilkins, Philadelphia, Pa, 2006.

12
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DETAILED DESCRIPTION OF THE INVENTION

DEFINITIONS:

Unless specifically noted otherwise herein, the definitions of the terms used are
standard definitions used in the art of organic synthesis and pharmaceutical sciences.
Exemplary embodiments, aspects and variations areillustrative in the figures and
drawings, and it is intended that the embodiments, aspects and variations, and the
figures and drawings disclosed herein are to be considered illustrative and not
limiting. Before the present compounds, composites, compositions, and/or methods
are disclosed and described, it isto be understood that the aspects described below are
not limited to specific compounds, synthetic methods, or uses as such may vary. Itis
also to be understood that the terminology used herein is for the purpose of describing
particular aspects only and isnot intended to be limiting.

The term "alkyl group" asused herein isabranched or unbranched saturated
hydrocarbon group of 1to 24 carbon atoms, such as methyl, ethyl, #-propyl,
isopropyl, n-butyl, isobutyl, /-butyl, pentyl, hexyl, heptyl, octyl, decyl, tetradecyl,
hexadecyl, eicosyl, tetracosyl and the like. A "lower alkyl" group isan akyl group
containing from one to six carbon atoms.

The term "hydrazide compound" as used herein is any compound having at least one
hydrazide group having the formulaNH;NRC(O)-, wherein R can be hydrogen, a
lower akyl group, an amide group, a carbamate group, a hydroxyl group, or ahalogen
group.

The term "hydrazide-reactive group" asused herein is any group that can react with
the primary or secondary amino group of the hydrazide group to form anew covalent
bond. Examples of hydrazide-reactive groups include, but are not limited to, a
ketone, an aldehyde, or an activated carboxylate group.

Theterm "aryl group” as used hereinisany carbon-based aromatic group including,
but not limited to, benzene, naphthalene, etc. The term "aromatic" also includes
"heteroaryl group,” which isdefined as an aromatic group that has at least one
heteroatom incorporated within the ring of the aromatic group. Examples of
heteroatoms include, but are not limited to, nitrogen, oxygen, sulfur, and phosphorus.
The aryl group can be substituted or unsubstituted. The aryl group can be substituted
with one or more groups including, but not limited to, alkyl, alkynyl, alkenyl, aryl,
halide, nitro, amino, ester, ketone, aldehyde, hydroxy, carboxylic acid, or alkoxy.
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The term "bioactive polymer" means the polymer composition comprising the
polymer, or the degradation products of the polymer that has an effect on living tissue,
or that may have useful biological properties. The bioactive polymer may be
bioactive in itself, and may be synergistically bioactive when employed in
conjunction with the biologically active agent.

The term "bioresorbable polymer" means apolymer that is capable of being
metabolized, degraded or broken down and resorbed and/or eliminated through
normal biological actions or processes and excretory processes by the body. Such
metabolized or break down products are preferably substantially non-toxic to the
body, and such products may themselves be bioactive. Asused herein, the
bioresorbable polymers of the present application may also be bioactive polymers.
SeeD. D.Allison and K. J. Grande-Allen, TissueEngineering, Vol. 12, Number 8,
2131-2140 (2006).

The terms "bioabsorbable" or "biodegradable” as used herein interchangeably, refers
to the ability of atissue-compatible materia to degrade in the body after implantation
into nontoxic products that are eliminated from the body or metabolized. See, for
example, Barrows, " Synthetic Bioabsorbable Polymers," p. 243, In: High
Performance Biomaterials—A comprehensive Guide to Medical and Pharmaceutical
Applications, Michael Szycher, ed., Technomic Publishing, Lancaster, Pa., 1991.
The term "crosslinking” refers to the compositions as described herein that form
polymers or polymer compositions through reaction processes or polymerization
processes, including physical crosslinking, chemical crosslinking or combination of
both processes. Asisknown in the art, physical crosslinks may result from
complexation, hydrogen bonding, desolvation, Van der Waals interactions, ionic
bonding, etc. Chemical crosslinking may bemediated by a single or multiple
precursor components that form acovaently crosslinked network, thereby providing
physical integrity to the polymer matrix. The chemical crosslinking may be
accomplished by any of anumber of mechanisms, including free radical
polymerization, condensation polymerization, anionic or cationic polymerization, step
growth polymerization, etc ... A "crosslinkable" compound is acompound that is
capable of undergoing crosslinking.

The term "hyaluronic acid” refers to hyaluronic acid or derivatives thereof.
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The term "hydrophobic" refers to compounds or compositions which lack an affinity
for water.

"Optiona" or "optionaly" means that the subsequently described event or
circumstance can or cannot occur, and that the description includes instances where
the event or circumstance occurs and instances where it does not. For example, the
phrase "optionally substituted lower alkyl" means that the lower akyl group can or
can not be substituted and that the description includes both unsubstituted lower alkyl
and lower alkyl where there is substitution.

"Persistence” character of a gel means the ability of the gel to substantially maintain
the shape and property of the gel in aneutral, aqueous solution at about 25 9C a pH 7
without degradation or dissolution in the aqueous solution for an extended period of
time. In certain aspects, depending on the nature and compositidn of the
niacromolecule, the gel maintains a persistence wherein at least 75%, 80%, 85%, 90
%, 95%, 97%, 98% or 99% of the shape and property without degradation or
dissolution for an extended period of time. hi certain aspects, depending on the nature
and composition of the macromolecule, the gel provides a composition that maintains
persistence for an extended period of time, such as aperiod of at least about 24 hours,
36 hours, 48 hours or more, i certain aspects, the composition maintains persistence
for aperiod of at least 3 days, 5 days, 10 days, 15 days 20 days, 25 day, 30 days and 2
months, 3 months, 4 months, 5 months and 6 months or more.

The term "polyethylene glycol” or "PEG" issometimes also referred to as
poly(ethylene oxide) (PEO) or poly(oxyethylene). These terms may be used
interchangeably in the present application.

The term "polyanionic polysaccharide” (PAS) means apolysaccharide, including non-
modified aswell as chemical derivatives thereof, that contains more than one
negatively charged group (e.g., carboxyl groups a pH values above about 4.0) and
includes salts thereof, such as sodium or potassium salts, and alkaline earth metal salts
such acalcium or magnesium salts.

"Therapeutically effective amount” means adrug amount that elicits any of the
biological effects listed in the specification.

A "residue" of achemical species, as used in the specification and concluding claims,

refers to the moiety that isthe resulting product of the chemical speciesin aparticular

15



WO 2008/098019 PCT/US2008/053108

10

15

20

25

30

reaction scheme or subsequent formulation or chemical product, regardliess of whether
the moiety is actually obtained from the chemical species.

The term "drug," or "pharmaceutically active agent” or "bioactive agents,” as used
interchangeably, means any organic or inorganic compound or substance having
bioactivity and adapted or used for therapeutic purposes. Proteins, hormones, anti-
cancer agents, oligonucleotides, DNA, RNA and gene therapies are included under
the broader definition of "drug".

The term "solid" asused herein, means anon-fluid substance, including crystalline
forms, their polymorphs, non-crystalline, amorphous substances, precipitates, and
particles of the drug or bioactive agent. Each of these solid forms may vary in size,
from about 0.01 microns to 2,000 microns, as disclosed herein.

"Peptide," "polypeptide,” "oligopeptide” and "protein” are used interchangeably when
referring to peptide or protein drugs (or as bioactive agents), and shall not be limited
asto any particular molecular weight, peptide sequence or length, field of bioactivity
or therapeutic use, unless specifically stated otherwise.

The term "poly(lactide-co-glycolide)* or "PLG" means a copolymer derived from the
condensation copolymerization of lactic acid and glycolic acid, or, by the ring
opening polymerization of -hydroxy acid precursors, such as lactide or glycolide.
The terms "lactide," "lactate,” "glycolide" and "glycolate" are used interchangeably as
noted herein.

The term "pharmaceutically acceptable salts' refer to salts or complexes that retain
the desired biological activity of the compounds (or drugs or biologically active
agents) of the present invention and exhibit minimal undesired toxicological effects.
Non-limiting examples of such salts are (a) acid addition salts formed with inorganic
acids (for example, hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric
acid, nitric acid, and the like), and salts formed with organic acids such as acetic acid,
oxalic acid, tartaric acid, succinic acid, malic acid, ascorbic acid, benzoic acid, tannic
acid, pamoic acid, alginic acid, polyglutamic acid, naphthalenesulfonic acid,
naphthalenedi sulfonic acid and polygalcturonic acid; (b) base addition salts formed
with metal cations such aszinc, calcium, bismuth, barium, magnesium, auminum,
copper, cobalt, nickel, cadmium, sodium, potassium, and the like, or with acation
formed from ammonia, N,N-dibenzyl ethyl enediamine, D-glucosamine,

tetraethylammonium, or ethylenedi amine; or (c) combinations of (a) and (b); e.g., a
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zinc tannate salt or the like. Also included in this definition are pharmaceutically
acceptable quaternary salts known by those skilled in the art.

The term "polylactide” or "PLA" means apolymer derived from the condensation of
lactic acid or by the ring opening polymerization of lactide. The terms "lactide” and
"lactate" are used interchangeably.

Theterm "biodegradable polyesters’ means any biodegradable polyesters, which are
preferably made from monomers selected from the group consisting of D,L-lactide,
D-lactide, L-lactide, D,L-lactic acid, D-lactic acid, L-lactic acid, glycolide, glycolic
acid, caprolactone, hydroxy hexanoic acid, butyrolactone, hydroxybutyric acid,
valerolactone, hydroxy valeric acid, hydroxybutyric acids, malic acid and copolymers
thereof.

The term "thrombin" as used herein, includes natural thrombin molecules derived
from animal or human plasma, and synthetic forms such as those produced by
recombinant DNA technology including functionally active analogs that effectively

maintain clotting activity in an animal or human.
Bior esor bable Polymers:

The patents below disclose various bioresorbable polymer compositions that may be
employed in the present application.

The biodegradable polymer chains useful in the invention preferably have molecular
weights in the range 500 to 5,000,000. The biodegradable polymers can be
homopolymers, random or block copolymers. The copolymer can be arandom
copolymer containing arandom number of subunits of afirst copolymer interspersed
by arandom number of subunits of a second copolymer. The copolymer can also be
block copolymer containing one or more blocks of afirst copolymer interspersed by
blocks of asecond copolymer. The block copolymer can also include ablock of a
first copolymer connected to ablock of a second copolymer, without significant
interdispersion of the first and second copolymers. Such polymers are known in the
art, and described, for example, in U.S. Patent No. 6,793,938,

Biodegradable homopolymers that may be useful in the present application may
comprise of monomer units selected from the following groups. hydroxy carboxylic
acids such as o-hydroxy carboxylic acids including lactic acid, glycolic acid, lactide
(intermolecularly esterified dilactic acid), and glycolide (intermolecularly esterified
diglycolic acid); /3-hydroxy carboxylic acids including /3-methyl-/3-propiolactone; y-
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hydroxy carboxylic acids &-hydroxy carboxylic acids; and e-hydroxy carboxylic acids
including e-hydroxy caproic acid; lactones such as: j3-lactones; y-lactones; &-lactones
including valerolactone; and e-lactones such as e-caprolactone; benzyl ester-protected
lactones such as benzyl malolactone; lactams such as: 8-lactams; y-lactams; &
lactams; and e-lactams; thiolactones such as |,4-dithiane-2,5-dione; dioxanones,
unfunctionalized cyclic carbonates such as: trimethylene carbonate, alkyl substituted
trimethylene carbonates and spiro-bis-dimethylene carbonate (2,4,7,9-tetraoxa-
spiro[5.5]undecan-3,8-dione); anhydrides; substituted N-carboxy anhydrides,
propylene fumarates; orthoesters; phosphate esters; phosphazenes,
alkylcyanoacrylates, aminoacids, polyhydroxybutyrates;, and substituted variations of
the above monomers.

The use of such monomers results in homopolymers such as polylactide,
polyglycolide, poly(p-dioxanone), polycaprolactone, polyhydroxyalkanoate,
polypropylenefumarate, polyorthoesters, polyphosphate esters, polyanhydrides,
polyphosphazenes, polyalkylcyanoacrylates, polypeptides, or genetically engineered
polymers, and other homopolymers which can be formed from the above mentioned
examples of monomers. Combinations of these homopolymers can also be used to
prepare the pharmaceutical compositions of the present application.

The biodegradable copolymers can be selected from poly(lactide-glycolide), poly(p-
dioxanone-lactide), poly(p-dioxanone-glycolide), poly(p-dioxanone-lactide-
glycolide), poly(p-dioxanone-caprolactone), poly(p-dioxanone-alkylene carbonate),
poly(p-dioxanone-alkylene oxide), poly(p-dioxanone-carbonate-glycolide), poly(p-
dioxanone-carbonate), poly(capro lactone-lactide), poly(caprolactone-glycolide),
poly(hydroxyakanoate), poly(propylenefumarate), poly(ortho esters), poly(ether-
ester), poly(ester- amide), poly(ester-urethane), polyphosphate esters, polyanhydrides,
poly(ester-anhydride), polyphospazenes, polypeptides or genetically engineered
polymers. Combinations of these copolymers can also be used to prepare the
polymers of the pharmaceutical compositions of the invention.

In certain aspects of the present application, the biodegradable polymers are
polylactide and poly(lactide-glycolide). In some lactide-containing embodiments, the
polymer may be prepared by polymerization of a composition including lactide that

are optically active and/or optically inactive (i.e., racemic [D,L]-lactide and meso
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[D,L]-lactide). For example, the composition may contain, for example, 50% racemic
and 50% opticaly active lactide.

Many nontoxic bioabsorbable homopolymers, copolymers and terpolymers, that are
fluids at body temperature, may be used asasustained or extended release carrier for
intramuscular or subcutaneous injectables. In particular, there are anumber of sub-
classes of the above polymers that are lactone polymers (including polymers which
contain two or more monomers) composed of one or more lactone monomers selected
from the group consisting of glycolide, L-lactide, D,L-lactide, 1,4-dioxanone, e-
caprolactone, 1,5-dioxepan-2-one and trimethylene carbonate and other commonly
used lactone monomers that are fluids at body temperature. These polymers may be
linear, branched, or star branched; statistically random copolymers or terpolymers;
segmented block copolymers or terpolymers. Examples of suitable terpolymers are
terpolymers containing co-monomer combinations selected from the group consisting
of glycolide, L-lactide, and p-dioxanone; glycolide, e-caprolactone and p-dioxanone;
and L-lactide, €-caprolactone and p-dioxanone. These polymers should be purified to
remove unreacted monomer which may cause an inflammatory reaction in tissue.
Such polymers are known in the art, and described, for example, in U.S. Patent No.
5,653,992

Preferred polymers for use as sustained or extended release carriers are lactone
polymers selected from the group consisting of poly(lactide-co-e-caprolactone),
poly(lactide-co-p-dioxanone), poly(lactide-co-l,5-dioxepan-2-one), poly(e-
caprolactone-co-p-dioxanone) and poly(l,5-dioxepan-2-one-co-p-dioxanone).  The
co-monomer ratios of these copolymers may bein the range of from about 70:30 mole
percent to about 30:70 mole percent and preferably in the range of from 40:60 mole
percent to 60:40 mole percent of the first monomer to second monomer. In certain
embodiments, these polymers may be random copolymers.

In one embodiment, the copolymer carriers of this invention are characterized by
being liquids at about 37 °C (body temperature) and may also be liquids at about 25
0C in the absence of solvents or other liquids or solutions. Inparticular aspects of the
present application, the copolymers of the present invention may have an inherent
viscosity (as determined in a0.1 g/dL solution of hexafluoroisopropanol (HFIP) at 25
0C) ranging from about 0.05 to about 0.8 dL/g, or from about 0.05 to about 0.3 dL/g.

A copolymer with an inherent viscosity below 0.05 dL/g may fail to significantly
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impart a controlled release profile to apharmaceutical, and a carrier copolymer with
an inherent viscosity above 0.8 dL/g maybe too viscous to be easily administered.

In another particular embodiment of the present application, the biodegradable
material is alactide/glycolide copolymer, and the material may be in arange of 60%
70% lactide. Examples of other suitable materials include poly(dl-lactide), poly(l-
lactide), polyglycolide, poly(dioxanone), poly(glycolide-co-trimethylene carbonate),
polye-lactide-co-glycolide), polytdl-lactide-co-glycolide), poly(l-lactide-co-dI-
lactide) and poly(glycolide-co-trimethylene carbonate-co-dioxanone). Such polymers
are known in the art, and described, for example, in U.S. Patent No. 7,1 12,214.

In another particular embodiment, the biocompatible and bioabsorbable polymer may
be at least one polymer selected from the group consisting of polyglycolic acid,
polyglycolic acid/poly-L-lactic acid copolymers, polycaprolactive,
polyhydroxybutyrate/hydroxyvalerate copolymers, poly-L-lactide, polydioxanone,
polycarbonates and polyanhydrides. Such polymers are known in the art, and
described, for example, in U.S. Patent No. 7,070,607.

In certain embodiments of the present application, the bioabsorbable polymers are
liquid polymers. The synthetic, bioabsorbable, biocompatible polymers utilized in the
present application are the reaction product of apolybasic acid or derivative thereof, a
fatty acid, and apolyol, and may be classified as alkyd polyester liquids. In certain
embodiments, the polymers of the present application are prepared by the
polycondensation of apolybasic acid or derivative thereof and a monoglyceride,
wherein the monoglyceride comprises reactive hydroxy groups and fatty acid groups.
The expected hydrolysis byproducts are glycerol, dicarboxylic acid(s), and fatty
acid(s), all of which are biocompatible. In certain embodiments, the polymers utilized
in the present application may have aweight average molecular weight of about 1,000
daltons and about 100,000 daltons. In one particular aspect, the polymers comprise an
aliphatic polyester backbone with pendant fatty acid ester groups having relatively
low melting points, e.g. less than about 40 9C, or less than about 25 OC.

hi certain embodiments, the fatty acids used to prepare polymers of the present
application may be saturated or unsaturated, and the carbon chain of the acids may
vary in length from C, to C,; for saturated fatty acids, and C, to C;; for unsaturated
fatty acids. Non-exclusive examples of such fatty acids include stearic acid, palmitic

acid, myrisitic acid, caproic acid, decanoic acid, lauric acid, linoleic acid and oleic
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acid. Non-exclusive examples of polyols that may be used to prepare the polymers
include glycoals, polyglycerols, polyglycerol esters, glycerol, sugars and sugar
alcohols. Inone aspect, glycerol is apreferred polyhydric alcohol. Monoglycerides
which may beused to prepare liquid polymers utilized in the present invention
include, without limitation, monostearoyl glycerol, monopa mitoyl glycerol,
monomyrisitoyl glycerol, monocaproyl glycerol, monodecanoyl glycerol,
monolauroyl glycerol, monolinoleoyl glycerol, monooleoyl glycerol, and
combinations thereof. Preferred monoglycerides include monocaproyl glycerol,
monodecanoy! glycerol, monolauroyl glycerol, monolinoleoyl glycerol and
monooleoy! glycerol.

Polybasic acids that may be used include natural multifunctional carboxylic acids,
such as succinic, glutaric, adipic, pimelic, suberic and sebacic acids; hydroxy acids,
such as diglycolic, malic, tartaric and citric acids; and unsaturated acids, such as
fumaric and maleic acids. Polybasic acid derivatives include anhydrides, such as
succinic anhydride, diglycolic anhydride, glutaric anhydride and maleic anhydride,
mixed anhydrides, esters, activated esters and acid halides. In certain embodiments of
the present application, the polymer may be prepared from the polybasic acid or
derivative thereof, the monoglyceride and, additionally or optionaly, 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-pentanediol,
1,6-hexanediol, 1,8-octanediol, 1,10-decanediol, 1,12-dodecanediol, linear
poly(ethylene glycol), branched poly(ethylene glycol), linear poly(propylene glycal),
branched poly(propylene glycal), linear poly(ethylene-co-propylene glycol)s and
branched poly(ethylene-co-propylene glycol)s.

Copolymers containing other linkages, in addition to an ester linkage also may be
prepared. Non-exclusive examples include ester-amides, ester-carbonates, ester-
anhydrides and ester urethanes.

Functionalized polymers may be prepared by appropriate choice of monomers. In
another aspect, polymers having pendant hydroxyls can be prepared using a hydroxy
acid such asmalic or tartaric acid in the synthesis. Similarly, polymers with pendant
amines, carboxyls or other functional groups also may be prepared.

hi another embodiment, the polymers of the present invention may be endcapped in a

variety of ways to obtain the desired properties. Endcapping reactions convert the
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terminal and pendant functional groups, such as hydroxyl groups and terminal
carboxy! groups, into other types of chemical moieties. 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 isocyanantes and alkyl and aryl
isothiocyantes. Endcapping reactions can impart new functionality to the polymers of
the present application. For example, when acryloyl or methacryloyl chloride is used
to endcap the polymers of the present application, the corresponding acrylate or
methacrylate ester groups, respectively, are generated that may be subsequently
polymerized to form a crosslinked network.

The polymerization of the alkyd polyester polymers may be performed under melt
polycondensation conditions in the presence of acatalyst at room temperature or
above room temperature. The catalyst may be ametal or an organometallic catalyst.
The catalyst may be used in the mixture at amolar ratio of polyol and polycarboxylic
acid to catalyst in the range of from about 10,000/1 to 100,000/1. The reaction may
be performed a above room temperature, preferably at about 35 °C or about 50 OC, or
above 100 °C and less than about 150 OC. The exact reaction conditions, including
the catalyst, the mole ratio and the reaction temperature chosen will depend on
numerous factors, including the properties of the polymer desi red, the viscosity of the
reaction mixture, and melting temperature of the polymer. The preferred reaction
conditions of temperature, time and pressure can bereadily determined by assessing
these and other factors.

In another embodiment of the present application, the bioabsorbable polymer isa
polyanionic polysaccharide. Non-exclusive examples of polyanionic polysaccharides
or glycosaminoglycans that may be employed in the composition of the present
application include, hyaluronic acid (HA), carboxymethylcellulose (CMC)
carboxymethylamylose (CMA), chondroitin-4-sulfate, chondroitin-6-sulfate, dermatin
sulfate, dermatin-6-sulfate, heparin sulfate, heparin, keratin sulfate and their
derivatives, and combinations thereof. Such polymers are known in the art, and
described, for example, in U.S. Patent No. 6,056,970.

In aparticular embodiment, the polyanionic polysaccharide isHA, CMC or CMA
which isin the form of awater-insoluble derivative. A "polyanionic polysaccharide

derivative," astheterm isused herein, means one or more polyanionic
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polysaccharides (PAS) that are chemically modified from the native form. Such
chemical modifications may include the addition of functional groups (e.g.,
substituted amide groups, ester and amine groups); reactions that increase the water
insolubility of the PAS by covalently cross-linking the PAS molecules; and reactions
that increase the water-insolubility of the PAS by noncovalent interactions.
Additionally, the hemostatic composition can include two or more polyanionic
polysaccharides or their water-insoluble derivatives, e.g. HA and CMC or HA and
CMA.

In another particular embodiment, the polyanionic polysaccharide may be combined
with one or more hydrophobic bioabsorbable polymers or copolymers. Preferably,
the hydrophobic bioabsorbable polymer is chosen from the group consisting of
polyglycolide, polylactide (D, L or DL), polydioxanones, polyestercarbonates,
polyhydroxyalkonates, polycaprolactone (polylactones), and copblymers thereof.
More preferably, the polymer is selected from the group consisting of polyglycolide,
polylactide and copolymers of polyglycolide-caprolactone, polyglycolide-polylactide,
or polylactide-polycaprolactone. The concentration of hydrophobic bioabsorbable
polymer used in combination with the polyanionic polysaccharide ispreferably in the
range of 0.1 to 50 mg/cm?.

In another embodiment, the polymers are injectable, bioabsorbable polymers. The
polymer are selected from the group consisting of liquid polymers of at least two first
repeating units and liquid polymers of aplurality of first lactone and second lactone
repeating units; wherein the first lactone repeating units are selected from the group
consisting of e-caprolactone repeating units, trimethylene carbonate repeating units,
ether lactone repeating units (that is, |,4-dioxepan-2-one and |,5-dioxepan-2-one) and
combinations thereof and the second lactone repeating units are selected from the
group consisting of glycolide repeating units, lactide repeating units (that is, defined
as L-lactide, D-lactide or D,L-lactide repeating units), p-dioxanone repeating units
and combinations thereof. Such polymers are known in the art, and described, for
example, in U.S. Patent No. 5,824,333.

In another embodiment, there is provided a biodegradable copolymer composition
having reverse thermal gelation properties, wherein the composition comprises a
mixture or blend of at least two types of biodegradable polyester(A-
block)/polyethylene glycol (B-block) ABA or BAB tri-block copolymer components
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in aproper ratio so that the mixture has the desired reverse thermal gelation
properties. The first component of the triblock copolymer mixture may have an
average molecular weight of between about 2500 and about 8000, preferably 3000 to
6500, and consists of abiodegradable polyester A-polymer block and apolyethylene
glycol (PEG) B-polymer block in aratio by weight of 1.3 to 3.0, or about 1.8 to 2.6.
The second component of the triblock copolymer has an average molecular weight of
between about 800 and about 7200, preferably 1500 to 6000, and consists of a
biodegradable polyester A-polymer block and apolyethylene glycol (PEG) B-
polymer block in aratio by weight of 0.35t0 2.6, or about 0.55 to 2.5. Such polymers
are known in the art, and described, for example, in U.S. Patent No. 7,135,190.
Preferably, the biodegradable polyester may be prepared from monomers selected
from the group consisting of D,L-lactide, D-lactide, L-lactide, D,L-lactic acid,
D-lactic acid, L-lactic acid, glycolide, glycolic acid, -caprolactone, -hydroxy hexanoic
acid, -butyrolactone, -hydroxy butyric acid, -valerolactone, -hydroxy valeric acid,
hydroxybutyric acids, malic acid, and copolymers thereof. In aparticular aspect of
the present application, the biodegradable polyester is synthesized from monomers
selected from the group consisting of D,L-lactide, D-lactide, L-lactide, D,L-lactic
acid, D-lactic acid, L-lactic acid, glycolide, glycolic acid, -caprolactone, -hydroxy
hexanoic acid, and copolymers thereof. In another particular aspect, the
biodegradable polyester may be prepared from monomers selected from the group
consisting of D,L-lactide, D-lactide, L-lactide, D,L-lactic acid, D-lactic acid, L-lactic
acid, glycolide, glycolic acid, and copolymers thereof. In certain aspect of the present
application, the A-block copolymers are generally lactide or lactide-co-glycolide
moieties. Unless specifically referred to otherwise, the terms "lactide”, "lactate”, or
"L" asused herein shall include all lactic acid derivatives and "glycolide,” "glycolate"
or "G" shall include all glycolic acid derivatives.

hi the hydrophobic polyester A-block of both the first and second components, the
molar ratio of lactate content to glycolate content (L:G ratio) isbetween about 3:1 and
about 1.0, preferably between about 1:1 and about 1:0.

The average molecular weight of PEG in the first component isin arange of 900 to
2000, preferably 1000 to 1450. The average molecular weight of PEG in the second
component isin arange of 600 to 2000, preferably 900 to 1450. In certain aspects of
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the present application, the first component has a lower gelation temperature than the
second component.

Mixing of two or more types of ABA or BAB triblock polyester polyethylene glycol
copolymers may be performed by mixing two or more individually prepared tri-block
copolymers, or by preparing two or more tri-block copolymers in one reaction
container or vessel. The mixture of copolymers resulting from the above two
processes may have the same or different gelation properties. In the latter method,
both polymers have polyester A blocks with the same lactide/glycolide ratio,
molecular weight and polydispersity.

Exemplary bioresorbable polymers as described herein include both non-crossimked
aswell ascrossinked polymers.

Non-exclusive examples of non-crosslinked polymers, for example, may include
synthetically produced resorbable block copolymers of poly(ohydroxy-carboxylic
acid)/poly(oxyakylene). See U.S. Patent 4,826,945. These copolymers are not
crosslinked and are water-soluble so that the body can excrete the degraded block
copolymer compositions. See for example, Younes et a., J. Biomed. Mater. Res. 21.
1301 1316 (1987); and Cohn et al., J. Biomed. Mater. Res. 22: 993 1009 (1988).
Presently preferred bioresorbable polymers include one or more components selected
from poly(esters), poly(hydroxy acids), poly(lactones), poly(amides), poly(ester-
amides), poly (amino acids), poly(anhydrides), poly(orthoesters), polycarbonates),
poly(phosphazines), poly(phosphoesters), poly(thioesters), polysaccharides and
mixtures thereof. With respect to the poly(hydroxy) acids, polylactic acid,
polyglycolic acid, polycaproic acid, polybutyric acid, polyvaleric acid and copolymers
and mixtures thereof are preferred.

M acromolecules

A macromolecule asdisclosed herein isany compound having at least one hydrazide-
reactive group and/or aminooxy-reactive group. Examples of hydrazide-reactive
groups and aminooxy-reactive groups include, but are not limited to, a carboxyl group
including the salt or ester thereof or an amide group. The hydrazide-reactive group or
the aminooxy-reactive group can be naturally present on the macromolecule, or the
macromolecule can be chemically modified to incorporate the hydrazide-reactive
group or the aminoakoxy-reactive group on the macromolecule. In one aspect, the

macromolecule is an oligonucleotide, anucleic acid or ametabolicaly stabilized
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analogue thereof, apolypeptide, alipid, aglycoprotein, or aglycolipid. In another
aspect, the macromolecule is apolysaccharide, aprotein, or a synthetic polymer.
Present preferred bioresorbable polymers also include the modified macromolecules
comprising hydrazide-reactive group and/or aminooxy-reactive groups as disclosed in
PCT/US/2004/040726 (WO 2005/056608) and U.S. Publication 2008/0025950. In
particular, the macromolecules may comprise oligonucleoctide, nucleic acid,
polypeptide, lipid, glycoprotein, glycolipid, polysaccharide, protein, synthetic
polymers, and glycosaminoglycan. In particular, the glycosaminoglycan may be
hyaluronan. In aparticular polymer composition, the composition is
CARBYLAN-S® asdisclosed in the above cited PCT and U.S. applications, the
subject matter disclosed in this publication is hereby incorporated by reference inits
entirety.

Polysaccharides

Any polysaccharide known in the art can be used herein. Examples of
polysaccharides include starch, cellulose, glycogen or carboxylated polysaccharides
such as alginic acid, pectin, or carboxymethylcellulose. hi one aspect, the
polysaccharide is aglycosaminoglycan (GAG). A GAG isone molecule with many
alternating subunits. For example, HA is (GIcNAc-GICUA-)x. Other GAGs are
sulfated at different sugars. Generically, GAGs are represented by the formula A-B-
A-B-A-B, where A isauronic acid and B isan aminosugar that is either O- or N-
sulfated, where the A and B units can be heterogeneous with respect to epimeric
content or sulfation.

There are many different types of GAGs, having commonly understood structures,
which, for example, are within the disclosed compositions, such as chondroitin,
chondroitin sulfate, dermatan, dermatan sulfate, heparin, or heparan sulfate. Any
GAG known in the art can be used in any of the methods described herein.
Glycosaminoglycans can be purchased from Sigma, and many other biochemical
suppliers. Alginic acid, pectin, and carboxymethylcellulose are anong other
carboxylic acid containing polysaccharides useful in the methods described herein.
In one aspect, the polysaccharide ishyaluronan (HA). HA isanon-sulfated GAG.
Hyaluronan is awell known, naturally occurring, water soluble polysaccharide
composed of two aternatively linked sugars, D-glucuronic acid and N-

acetylglucosamine. The polymer ishydrophilic and highly viscous in agueous
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solution at relatively low solute concentrations. It often occurs naturally asthe
sodium salt, sodium hyaluronate. Methods of preparing commercialy available
hyaluronan and salts thereof are well known. Hyaluronan can be purchased from
Seikagaku Company, Clear Solutions Biotech, Inc., Pharmacia Inc., Sigma Inc., and
many other suppliers. For high molecular weight hyaluronan it is often in the range of
100 to 10,000 disaccharide units. hi another aspect, the lower limit of the molecular
weight of the hyaluronan is from about 1,000 Da, 2,000 Da, 3,000 Da, 4,000 Da,
5,000 Da, 6,000 Da, 7,000 Da, 8,000 Da, 9,000 Da, 10,000 Da, 20,000 Da, 30,000 Da,
40,000 Da, 50,000 Da, 60,000 Da, 70,000 Da, 80,000 Da, 90,000 Da, or 100,000 Da,
and the upper limit is 200,000 Da, 300,000 Da, 400,000 Da, 500,000 Da, 600,000 Da,
700,000 Da, 800,000 Da, 900,000 Da, 1,000,000 Da, 2,000,000 Da, 4,000,000 Da,
6,000,000 Da, 8,000,000 Daor 10,000,000 Dawhere any of the lower limits canbe
combined with any of the upper limits.

M odified-glycosaminoglycans

hi one aspect, any glycosaminoglycan in the art can be chemically modified so that at
least one of the hydroxyl groups present on the glycosaminoglycan is substituted with
ahydrazide-reactive group to produce a modifi ed-glycosaminoglycan.
Glycosaminoglycans in general possess aplurality of hydroxyl groups. The phrase
"at least one of the hydroxyl groups present on the glycosaminoglycan is chemically
substituted with a hydrazide-reactive group or aminooxy-reactive group” as used
herein refers to replacing or substituting hydrogen of the hydroxyl group with the
hydrazide-reactive group or the aminooxy-reactive group viaa chemica manipulation
of the hydroxyl group present on the glycosaminoglycan.

In one embodiment, the polymer composition of the present application is ahydrogel
formulation that may be used as amatrix composition. The matrix composition may
be susceptible to certain enzymatic degradation processes, by hydrolytic degradation
processes, or combinations thereof. hi particular aspects, the polymer composition
comprises hyaluronan (HA) that, when the polymer is degraded, the resulting
composition is known to have inherent biological properties such asbeing an element
in embryonic development, tissue organization, wound healing, angiogenesis and
tumorigenesis. SeeD. D. Allison and K. J. Grande-Allen, TissueEngineering, Vol.
12, Number 8, 2131-2140 (2006); G. D. Prestwich et al, TissueEngineering, Vol. 12,
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Number 8, 2171-2180 (2006); G.D. Prestwich et a, Tissue Engineering, Vol. 12,
Number 12, 3405-3416 (2006).

In one aspect, after the macromolecule has reacted with the aminooxy ether
compound, the resultant modified macromolecule has at |east one 'fragment having the

formula
H

X TN\ o I 0
0

wherein X can be aresidue of macromolecule; Q can be abioactive agent, an
aminooxy group, a SH group, or athiol-reactive electrophilic functional group; and L
can be a substituted or unsubstituted hydrocarbyl group, a substituted or unsubstituted
heterohydrocarbyl group, apolyalkylene group, apolyether group, apolyamide
group, apolyimino group, an aryl group, apolyester, apolythioether group, a
polysaccharyl group or a combination thereof.

In another aspect, the hydrazide-modifled macromolecule comprises at least one unit

0 /lk NRZ LA
x>y NR! T’/ SeH

0
wherein X comprises aresidue of amacromolecule; and R1and R2 comprise,

comprising the the formula

independently, hydrogen, a substituted or unsubstituted hydrocarbyl group, a
substituted or unsubstituted heterohydrocarbyl group, or apolyether group; L1 and L2
comprise, independently, a substituted or unsubstituted hydrocarbyl group, a
substituted or unsubstituted heterohydrocarbyl group, abranched- or straight-chain
alkylene group, apolyether group, apolyamide group, apolyimino group, an aryl
group, apolyester, apolythioether group, apolysaccharyl group, or acombination
thereof. In one aspect of formula, R and R? are hydrogen. In another aspect of the
above formula, L1and L2 are an alkylene group. Examples of alkylene groups can be
denoted by the formula -(CH,)n-, where nis an integer from 1to 20, 1to 15, 1to 10,
1to 8, 1to 6 or 1to4. In another aspect, L1is CH, and L?is CH,CH,,. In one aspect,

X in the above formula comprises chondroitin, chondroitin sulfate, dermatan,
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dermatan sulfate, heparin, heparan sulfate, alginic acid, pectin or hyaluronan. In
another aspect of the above formula, X ishyaluronan, R* and R* are hydrogen, L* is
CH,, and L2is CH,CH,. This compound isreferred to herein as Carbylan™-S.

hi another aspect, acompound having at least one unit of the above formula can be

produced by the process comprising (1) reacting a compound comprising the formula

0
L
X/ \Ll OH

wherein X comprises aresidue of amacromolecule; and L1 comprises a substituted or
unsubstituted hydrocarbyl group, a substituted or unsubstituted heterohydrocarbyl
group, abranched- or straight-chain alkylene group, apolyether Qroup, apolyamide
group, apolyimino group, an aryl group, apolyester, apolythioether group, a
polysaccharyl group, or a combination thereof, with a compound comprising the
formula

NR? L2\

-
RIHN \H/ SH

O
wherein R1and R* comprise, independently, hydrogen, a substituted or unsubstituted

hydrocarbyl group, asubstituted or unsubstituted heterohydrocarbyl group, or a
polyether group, and L2 comprises a substituted or unsubstituted hydrocarbyl group, a
substituted or unsubstituted heterohydrocarbyl group, abranched- or straight-chain
alkylene group, apolyether group, apolyamide group, apolyimino group, an aryl
group, apolyester, apolythioether group, apolysaccharyl group or a combination
thereof.

Crosslinked M acromolecules

Described below are methods and compositions for crosslinking any of the modified
macromol ecules described herein to produce aphysiologically compatible
macromolecular scaffold useful as atherapeutic aid. "Crosslinking” is defined herein
as the ability of two or more macromolecules to produce a pore-containing matrix,
where the macromolecules can be the same or different. One or more of
macromolecules can be modified using any of the methods and compositions
described herein. The use of additional compounds that will facilitate crosslinking are

also included herein.
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Oxidative Coupling
In general, oxidative coupling involves reacting two or more compounds that each

have a SH group in the presence of an oxidant. It is also contemplated that the
thiolated compound can couple with itself aswell as the other thiolated compound.
The reaction between the two SH groups produces anew disulfide bond (-S-S-). In
one aspect, the oxidative coupling of afirst thiolated compound Y-SH and a second
thiolated compound G-SH produces a compound having the fragment
NN
wherein Y can be aresidue of any niacromolecule described herein such asa
modified-glycosaminoglycan and Gis aresidue of the thiolated compound.
Depending upon the selection of the macromolecule, the macromolecule can be
chemically modified so that the macromolecule has at least on SH group. For
example, any naturally-occurring COOH groups or COOH groups added to the
macromolecule can be converted to athiol group using the techniques described
herein including, but not limited to, the hydrazide and aminooxy methods described
herein.
The second thiolated compound G-SH is any compound having at least one thiol
group. The first and second thiolated compounds can be the same or different
compounds. In one aspect, the second thiolated compound can be any macromolecule
described above. In one aspect, the second thiolated compound is a polysaccharide
having at least one SH group. Any of the polysaccharides described above can be
used as the second thiolated compound. hi another aspect, the second thiolated
compound can be a sulfated-glycosaminoglycan. In afurther aspect, the second
thiolated compound includes chondroitin, chondroitin sulfate, dermatan, dermatan
sulfate, heparin, heparan sulfate, alginic acid, pectin, cwboxynidhylcdlulose or
hyaluronan, wherein each of these compounds has at least one SH group.
The reaction between the first and second thiolated compounds is performed in the
presence of an oxidant. In one aspect, the reaction between the first and second
thiolated compounds can be conducted in the presence of any gas that contains
oxygen. hi one aspect, the oxidant isair. This aspect also contemplates the addition
of a second oxidant to expedite the reaction. hi another aspect, the reaction can be
performed under an inert atmosphere (i.e., oxygen free), and an oxidant is added to
the reaction. Examples of oxidants useful in this method include, but are not limited
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to, molecular iodine, hydrogen peroxide, akyl hydroperoxides, heroxy acids, dialkyl
sulfoxides, high valent metals such as Co*3 and Ce™, metal oxides of manganese,
lead, and chromium, and halogen transfer agents. The oxidants disclosed in Capozzi,
G.; Modena, G.In The Chemistry d the Thiol Group Part II; Patai, S., Ed.; Wiley:
New York, 1974; pp 785-839, which isincorporated by reference in its entirety, are
useful in the methods described herein.

The reaction between the first and second thiolated compounds can be conducted in a
buffer solution that is dightly basic. The amount of the first thiolated compound
relative the amount of the second thiolated compound can vary. Ih one aspect, the
volume ratio of the first thiolated compound to the second thiolated compound isfrom
99:1, 90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90 or 1:99. Inone
aspect, the first and second thiolated compounds react in air and are alowed to dry at
room temperature. In this aspect, the dried material can be exposed to a second
oxidant, such as hydrogen peroxide. The resultant compound can then be rinsed with
water to remove any unreacted first and/or second thiolated compound and any
unused oxidant. One advantage of preparing coupled compound via the oxidative
coupling methodology described herein isthat crosslinking can occur in an agueous
media under physiologically benign conditions without the necessity of additional
crosslinking reagents.

hi one aspect, described herein isamethod for coupling two or more thiolated

compounds by reacting afirst thiolated compound having the formula
o .
e M M
T
O

wherein Y can be aresidue of any modified-glycosaminoglycan described herein, and
L can be a substituted or unsubstituted hydrocarbyl group, a substituted or
unsubstituted heterohydrocarbyl group, apolyakylene group, apolyether group, a
polyamide group, apolyimino group, an aryl group, apolyester, apolythioether
group, apolysaccharyl group, or acombination thereof, with a second thiolated
compound having at least one SH group in the presence of an oxidant, wherein the

first thiolated compound and second thiolated compound are the same or different
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compounds. In one aspect, the second thiolated compound has the above formula. In
afurther aspect, the first and second thiolated compounds are the same compound.
The reaction between the thiolated compound having the above formula and the

second thiolated compound produces a crosslinked compound having the fragment
0
Y §\ /“\ AN
IR
O

where Y and L are as defined above. In one aspect, L in the above formula can be
CH,, CH,CH,, or CH,CH,CH,. In another aspect, G can be apolysaccharide residue
such as, for example, a sulfated-glycosaminoglycan residue. In another aspect, G can
be aresidue of chondroitin, chondroitin sulfate, dermatan, dermatan sulfate, heparin,
heparan sulfate, alginic acid, pectin, or carboxymethylcellulose or hyaluronan.
In another aspect, described herein isamethod for coupling two or more thiolated
compounds by reacting afirst thiolated compound having the formula

H

N L
T \0/ \SH

0
wherein X can be aresidue of any macromolecule described herein and L can bea

X

substituted or unsubstituted hydrocarbyl group, a substituted or unsubstituted
heterohydrocarbyl group, apolyakylene group, apolyether group, apolyamide
group, apolyimino group, an aryl group, apolyester, apolythioether group, a
polysaccharyl group, or a combination thereof, with a second thiolated compound
having at least one SH group in the presence of an oxidant, wherein the first thiolated
compound and second thiolated compound are the same or different compounds.

In one aspect, X is aresidue of any modified-glycosaminoglycan described herein. In
another aspect, X can be aresidue of hyaluronan. In one aspect, the second thiolated
compound has the above formula. In afurther aspect, the first and second thiolated
compounds are the same compound. The reaction between the thiolated compound
having the above formula and the second thiolated compound produces a crosslinked

compound having the fragment
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X

H
N L S
\]r \O/ \S/ \G

0
where X and L can be any macromolecule and linker, respectively, described herein.

In one aspect, X is amodified-glycosaminoglycan described herein. In another
aspect, X and G are aresidue of hyaluronan.

Anti-adhesion Composites

In one aspect, described herein are composites comprising (1) afirst compound
comprising afirst anti-adhesion compound covalently bonded to afirst anti-adhesion
support and (2) afirst prohealing compound. The term "anti-adhesion compound” as
referred to herein, isdefined as any compound that prevents cell attachment, cell
spreading, cell growth, cell division, cell migration, or cell proliferation. In one
aspect, compounds that induce apoptosis, arrest the cell cycle, inhibit cell division,
and stop cell motility can be used asthe anti-adhesion compound. Examples of anti-
adhesion compounds include, but are not limited to anti-cancer drugs, anti-
proliferative drugs, PKC inhibitors, ERK or MAPK inhibitors, cdc inhibitors,
antimitotics such as colchicine or taxol, DNA intercalators such as adriamycin or
camptothecin, or inhibitors of PI3 kinase such aswortmannin or LY294002. m one
aspect, the anti-adhesion compound is a DNA-reactive compound such as mitomycin
C. hi another aspect, any of the oligonucleotides disclosed in U.S. Patent No.
6,551,610, which isincorporated by reference in its entirety, can be used as the anti-
adhesion compound. In another aspect, any of the anti-inflammatory drugs described
below can be the anti-adhesion compound. Examples of anti-inflammatory
compounds include, but are not limited to, methyl prednisone, low dose aspirin,
medroxy progesterone acetate, and leuprolide acetate.

Representative process for the preparation of the polymer matrix:

A suspension of asolid form of ahydrophobic or poorly soluble bioactive agent is
prepared in awater-based solution of ahydrophilic monomer or polymer. The active
agents maybe in the form of asolid, such asparticles, microparticles, precipitates and
the like. hi certain aspect, the polymer formulation of the present application may be
prepared ashydrogel polymer formulation asknown in the art. In certain aspects, the

hydrogel formulation of the present application provides amatrix composition that
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may be susceptible to certain enzymatic degradation processes, by hydrolytic
degradation processes, or combinations thereof.

The polymer that may be employed in the process has the ability or may be
subsequently converted or modified to have the ability or capacity to be crossinked to
form athree-dimensional crosslinked polymeric matrix containing occluded solid
form of said bioactive agent. A number of well known biocompatible monomers, pre-
polymers, polymers and their activated derivatives can be used in the present
application as disclosed herein.

A variety of crosslinking chemical procedures can be used to form the polymeric
matrix in vivo or for the manufacture of the polymers. Preferred crosslinking methods
include, for example, reactions between electrophilic and nucleophilic functional
groups, 1,4-conjugate additions or Michael addition reactions to an unsaturated
carbon-carbon bonds, and radical chain reaction polymerization reactions. In addition
the polymeric matrix can be formed by ionic (charge) crosslinking reactions, phase
separation precipitation, aggregations, denaturation of polymers, complexation of
complementary ligands (e.g., avidin/biotin, hapten/antibody, complementary
nucleotide oligomers).

In certain aspect of the polymerization of the polymer of the present application, the
polymerization process may bebased on hydrophobic interactions, covalent bond
formation, charge interactions, phase changes associated with thermo sensitive
polymer compositions, denaturation processes, precipitations and various
combinations thereof asisknown in the art.

In one specific embodiment, we have incorporated solid form of steroid drugs into
CARBYLAN-SX hydrogel, and the release of the steroid drugs were observed over
time to provide ahighly controlled, therapeutically effective release profile of the
drugs.

In another embodiment, polymer composition of the present application comprising
the bioactive agent may be employed in various methods of adhesion prevention and
visco supplementation. See, for example, TheJournal d Rheumatology 1993, vol.
20, Supplement 39, Viscosupplementation: A New Concept in the Treatment of
Osteoarthritis; J. Physiol. 1953 119, 244-252, The Physiological Function of
Hyaluronic Acid in Synovia Fluid; Viscous, Elastic and Lubricant Properties, Cooke
et a., "Therheology of synovia fluid and some potential synthetic lubricants for
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degenerate synovid joints’, pp. 66-72. Engineering in Medicine, vol. 7, No. 2, 1978;
Gavrjushenko, "Recommendations with respect to the Improvement of lubricating
qualities of synovial fluid in artificia joints', pp. 111-114. Part H: Hornal of
Engineering in Medicine, Proc Instn Mech Engrs vol. 207, 1993.

Preparations for administration include sterile aqueous or non-agueous solutions,
suspensions, and emulsions. Examples of non-agueous carriers include water,
acoholic/aqueous solutions, emulsions or suspensions, including saline and buffered
media. Parenteral vehicles, if needed for collateral use of the disclosed compositions
and methods, include sodium chloride solution, Ringer's dextrose, dextrose and
sodium chloride, lactated Ringer's, or fixed oils. Intravenous vehicles, if needed for
collateral use of the disclosed compositions and methods, include fluid and nutrient
replenishers, electrolyte replenishers (such asthose based on Ringer's dextrose), and
the like. Preservatives and other additives can also be present such as, for example,
antimicrobials, anti-oxidants, chelating agents, and inert gases and the like.
Formulations for topical administration can include ointments, lotions, creams, gels,
drops, suppositories, sprays, liquids and powders. Conventional pharmaceutical
carriers, agueous, powder or oily bases, thickeners and the like can be necessary or
desirable.

Phar maceutically Active Agents:

In one embodiment, there isprovided abiodegradable polymer composition
comprising aformulation for the administration of ahydrophobic pharmaceutically
active agent. hi one particular aspect, the pharmaceutically active agent are
hydrophobic or the active agent may be made to be hydrophobic by chemical
modification or derivatization using methods and derivatives well known to one
skilled in the art. That is, the chemica derivatization may be the incorporation or the
addition of hydrophobic groups to the active agent at a specific functional group of
the active agent. Non-exclusive, representative functional groups amenable to
derivatization include carboxyl groups, hydroxyl groups, amino groups, thiol groups,
keto groups, and the like. The pharmaceutically active agent is hi the form of solid
particles, such as crystalline particles or in the amorphous solid forms.

In one embodiment, there isprovided abiodegradable polymer composition
comprising ahydrophobic pharmaceutically active agent selected from adrug, a

vitamin, anutritional supplement, a cosmeceutical or mixtures thereof.
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In one embodiment, the hydrophobic pharmaceutically active agent is selected from
the group consisting of antiinfectives such as antibiotics, anorexics, antiarthritics,
antiasthmatic agents, anticonvulsants, antidepressants, antidiarrheals, antinauseants,
antipruritics, antipsychotics, antipyretics, antispasmodics, anticholinergics,
sympathomimetics, xanthine derivatives, cardiovascular preparations including
calcium channel blockers and beta-blockers such aspindolol and antiarrhythmics;
Diuretics; vasodilators including general coronary, peripheral and cerebral, centra
nervous system stimulants, cough and cold preparations, including decongestants,
hormones such as estradiol and other steroids, including corticosteroids, hypnotics,
immunosuppressives, muscle relaxants, parasympatholytics, psychostimulants,
sedatives, and tranquilizers, and naturally derived or genetically engineered proteins,
polysaccharides, glycoproteins or lipoproteins.

In another embodiment, the hydrophobic pharmaceutically active agent is selected
from the group consisting of analgesics, anti-inflammatory agents, anthelmintics, anti-
arrhythmic agents, anti-bacterial agents, anti-viral agents, anti-coagulants, anti-
depressants, anti-diabetics, anti-epileptics, anti-fungal agents, anti-gout agents, anti-
hypertensive agents, anti-malarials, anti-migraine agents, anti-muscarinic agents, anti-
neoplastic agents, erectile dysfunction improvement agents, immunosuppressants,
anti-protozoal agents, anti-thyroid agents, anxiolytic agents, sedatives, hypnotics,
neuroleptics, /3-blockers, cardiac inotropic agents, corticosteroids, diuretics, anti-
parkinsonian agents, gastro-intestinal agents, histamine H] and H,, receptor
antagonists, keratolytics, lipid regulating agents, anti-anginal agents, nutritional
agents, opioid analgesics, sex hormones, stimulants, muscle relaxants, anti-
osteoporosis agents, anti-obesity agents, cognition enhancers, anti-urinary
incontinence agents, nutritional oils, anti-benign prostate hypertrophy agents,
essential fatty acids, non-essential fatty acids, or mixtures thereof. In aparticular
aspect of the present application, the active agent is an anti-inflammatory agent.

In another embodiment, the particular hydrophobic pharmaceutically active agent or
drug is selected from the group consisting of Troxatyl®, fenofibrate, etoposide,
aloxiprin, auranofin, azapropazone, benorylate, capsaicin, celecoxib, diclofenac,
diflunisal, etodolac, fenbufen, fenoprofen calcium, flurbiprofen, ibuprofen,
indomethacin, ketoprofen, ketorolac, leflunomide, meclofenaminc acid, mefenamic

acid, nabumetone, naproxen, oxaprozin, oxyphenbutazone, phenylbutazone,

36



WO 2008/098019 PCT/US2008/053108

10

15

20

25

30

piroxicam, rofecoxib, sulindac, albuterol, aatrofloxacin, azithromycin, baclofen,
benzathine penicillin, cinoxacin, ciprofloxacin HCI, clarithromycin, clofazimine,
cloxacillin, demeclocycline, doxycycline, erythromycin, ethionamide, levofloxacin,
lorefloxacin, moxifloxacin HCI, norfloxacin, ofloxacin, rifampicin, tetracycline,
trimethoprim, trovafloxacin, vancomycin, amprenavir, delavirdine, efavirenz,
indinavir, lamivudine, nelfmavir, nevirapine, ritonavir, saguinavir, stavudine,
cilostazol, clopidogrel, ticlopidine, amoxapine, bupropion, fluoxetine HCI
maprotiline HCI, mianserin HCI, nortriptyline HCI, paroxetine HCI, sertraline HCl,
trazodone HCI, carbamazepine, clonazepam, methylphenobarbitone, oxcarbazepine,
paramethadione, phenobarbitone, phenytoin, butenafme HCIl, butoconazole nitrate,
fluconazole, ketoconazole, miconazole, sulconazole nitrate, terbinafine HCI,
alopurinol, amlodipine, benidipine, benezepril, captopril, darodipine, dilitazem HCI,
doxazosin HCI, enalapril, eposartan, losartan mesylate, lisinopril, minoxidil,
nicardipine HCI, nifedipine, phenoxybenzamine HCI, prazosin HCl, reserpine,
terazosin HCI, chloroquine, chlorproguanil HCI, halofantrine HCI, mefloquine HCl,
quinine sulfate, dihydroergotamine mesylate, naratriptan HCI, sumatriptan succinate,
atropine, capecitabine, chlorambucil, cyclosporin, ellipticine, mercaptopurine,
methotrexate, mitomycin, mitotane, mitoxantrone, mofetil mycophenolate,
nilutamide, paclitaxel, procarbazine HCI, sirolimus, tacrolimus, tamoxifen citrate,
teniposide, testolactone, topotecan HCI, carbimazole, chlormethiazole,
chlorpromazine, chlorprothixene, clonazepam, clobazam, clonazepam, clozapine,
diazepam, droperidol, ethinamate, flunanisone, flunitrazepam, flurazepam,
gabapentin, haloperidol, lorazepam, lormetazepam, methaqual one, methylphenidate,
midazolam, molindone, nitrazepam, olanzapine, oxazepam, pentobarbitone,
perphenazine pimozide, prochlorperazine, pseudoephedrine, alprenolol, atenolol,
labetalol, metoprolol, nadolol, oxprenolol, pindolol, propranolol, amrinone, digitoxin,
digoxin, enoximone, lanatoside C, medigoxin, beclomethasone, betamethasone,
budesonide, cortisone acetate, desoxymethasone, dexamethasone, fludrocortisone
acetate, flunisolide, fluocortolone, fluticasone propionate, hydrocortisone,
methylprednisolone, prednisolone, prednisone, triamcinolone, acetazolamide,
amiloride, metolazone, spironolactone, triamterene, pramipexole, ropinirole HCI,
tolcapone, cimetidine, cisapride, diphenoxylate HCI, domperidone, famotidine,

lanosprazole, loperamide, omeprazole, ondansetron HCL, ranitidine HCI, cetrizine,
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cyproheptadine HCI, flunarizine HCI, loratadine, meclizine HCI, oxatomide,
terfenadine, calciprotriene, calcifediol, calcitriol, cholecalciferol, ergocalciferol,
etretinate, retinoids, pravastatin, probucol, simvastatin, dantrolene sodium, tizanidine
HCI, carotenes, dihydrotachysterol, essential fatty acids, non-essential fatty acids,
phytonadiol, vitamin A, vitamin B;, vitamin D, vitamin E, vitamin K, codeine,
dextropropoxyphene, diamorphine, dihydrocodeine, fentanyl, meptazinol, methadone,
morphine, nalbuphine, pentazocine, clomiphene citrate, cortisone acetate, danazol,
dehydroepiandrosterone, ethynyl estradiol, finasteride, fludrocortisone,
fluoxymesterone, medroxyprogesterone acetate, megestrol acetate, mestranol,
methyltestosterone, norethisterone, norgestrel, oestradiol, conjugated estrogens,
progesterone, rimexolone, stanozolol, stilbestrol, testosterone, tibolone, amphetamine,
dexamphetamine, raloxifene HCI, sibutramine HCI, sildenafil citrate, tacrine,
tamsulosin HCI, and tolterodine.

In yet another embodiment, the pharmaceutically active agents, drugs or their salts
that may be employed in accordance with the present application be selected from the
following group of non-exclusive drugs. c-adregerngic agonists such as adrafinil,
adrenalone, clonidine, cyclopentamine, detomidine, dimetofrine, dipivefrin,
ephedrine, epinephrine, norepinephrine, norfenefring, octodrine, octopamine,
oxymetazoline, phenylephrine, phenylpropanolamine, phenylpropylmethylamine,
pholedrine, propylhexedrine, seudoephedrine.

[B-Adrenergic agonists such as formoterol, methoxyphenamine, ritodrine and
terbuterol.

a-Adrenergic blocker such as dapiprazole, doxazosin, yohimbine.

a-Adrenergic blocker such as acebutolol, amosulalof, arotinolol, atenolol, bupranolol,
carvedilol, epanolol, esmolol, levobunolol, mepindolol, metipranolol, metoprolol,
moprolol, nadolol, nadoxolol, nifenalol, nipradilol, oxprenolol, penbutolol, pindolal,
practolol and propranolol.

Anabolic such as androisoxazole, androstenediol, ethylestrenol, formyldienolone, A-
hydroxy-19-nortestosterone, methandriol, methenolone, methyltrienolone, nandrolone
decanoate, stenbolone and trenbolone.

Analgesics such as afentanil, alylprodine, alphaprodine, anileridine,
benzylmorphine, bezitramide, bupreno@ hine, butorphanol, clonitazene, codeine,

dihydrocodeine, fentanyl, hydrocodone, levorphanol, lofentanil, meperidine,
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meptazinol, methadone, morphine, morphine derivatives, myrophine, nalbuphine,
nicomorphine, norlevo@ hanol, normethadone, normog hine, oxycodone,
oxymorphone, sufentanil;

Analgesics such as acetaminophen, acetaminosalol, acetanilide, acetylsalicylates,
acetylsalicylic acid, aceclofenac, alminoprofen, aoxiprin, auminum
bis(acetylsalicylate), aminochlorthenoxazin, 2-amino-4-picoline, aminopropylon,
aminopyrine, antipyrine, antipyrin salicylate, antrafenine, apazone, aspirin,
benorylate, etodolac, felbinac, fenoprofen, floctafenine, flufenamic acid, fluoresone,
flupirtine, fluproquazone, flurbiprofen, ibufenac, imidazole salicylate, indomethacin,
indoprofen, isofezolac, isoladol, isonixin, ketoprofen, ketorolac, p-lactophenetide,
lefetamine, loxoprofen, methotrimeprazine, metofoline, miroprofe