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COMPOSITIONS AND METHODS FOR ALTERING THE RATE OF
HYDROLYSIS OF CURED OIL-BASED MATERIALS

RELATED APPLICATIONS

This application claims priority to, and the benefit of, U.S. Application No.
61/365,125, filed on July 16, 2010. The entire teachings of the above application(s) are

incorporated herein by reference.

The disclosures of co-pending U.S. Publication Nos. 2006/0078586 to
Ferraro et al., published April 13, 2006, entitled “Barrier layer”, 2006/0067983 to
Swanick et al., published March 30, 2006, entitled “Stand-alone film and methods
for making the same”, 2006/0067974 to Labrecque et al., published March 30,
2006, entitled “Drug delivery coating for use with a stent”, 2007/0202149 to
Faucher et al., published August 30, 2007, entitled “Hydrophobic cross-linked
gels for bioabsorbable drug carrier coatings”, 2009/0181937 to Faucher et al.,
published July 16, 2009, entitled “Cross-linked Fatty Acid-Based Biomaterials”
and 2009/0208552 to Faucher et al., published August 20, 2009, entitled “Cross-
linked Fatty Acid-Based Biomaterials” which relate to oil coatings and materials
used as stand-alone films and as medical device coatings are incorporated herein

by reference in their entirety.
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BACKGROUND OF THE INVENTION

The availability of oils that may be cured and used to develop
biocompatible materials (e.g., for use as drug delivery vehicles, stand-alone films,
or as coatings on medical devices) remains limited. Depending on the intended
application of the cured oil composition (e.g., as a coating on a substrate such as a
medical device) the physical properties of the oil used to prepare such cured oil
composition may render it unsuitable for its intended application.

Cured oils that have been successfully developed have relied
predominantly on fish oil triglyceride esters as the starting oil composition. In
addition to fish oil, there are numerous other oils that may have potential
applicability in the development of biocompatible products such as cured coatings
and materials, however many of these oils may not be suitable for specific
applications because of their inherent physical and chemical properties. For
example, some oils may not effectively form solid gels, materials or coatings
upon exposure to appropriate curing conditions. Similarly, some oils that are
capable of forming solid coatings, materials or gels may not readily dissolve or
hydrolyze upon exposure to appropriate conditions (e.g., in aqueous fluids),
thereby making their use unsuitable for certain applications (e.g., as a vehicle or
matrix with which to deliver a therapeutic agent to an intended site of action).

Novel methods and compositions for tailoring or otherwise altering the
physical characteristics of cured oils are needed. Particularly needed are means of
tailoring the properties of cured oils (e.g., viscosity and hydrophilicity) such that
they may be rendered suitable for use, for example, as gels, materials and/or
coatings useful for delivering one or more therapeutic agents. Also needed are
methods and compositions useful for altering the polarity and/or hydrolysis rate of
a cured oil coating, material or gel as a means to control the rate of release of a

therapeutic agent to a target organ.

PCT/US2011/044292
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SUMMARY OF THE INVENTION

The present invention provides novel methods and compositions that may
be used to tailor the physical characteristics of cured oils, such as marine and
plant oils, to render such cured oils suitable for use, for example, as a
biocompatible material for use as or with a medical device or as a coating capable
of eluting one or more therapeutic agents. In certain embodiments, the methods
and compositions disclosed herein identify and exploit the chemical properties of
oils, both in native and synthetic form, that influence their ability to form both
hydrolyzable and non-hydrolyzable cured oil based products or materials (e.g., a
biocompatible material or coating, including a gel, or films, particles, or other

.

structures or formations). In other embodiments, the methods and compositions
disclosed herein relate to modifying and/or enhancing the physical and/or
chemical characteristics of the oils that are used to prepare such cured oil
materials or coatings, and include modifications or enhancements made to
enhance the probability that such oils will form a biocompatible cured oil material
or coating. Also disclosed are correlations to altering starting oil compositions
(e.g., by blending of different oils) and the resulting cured coating prepared
therefrom and methods of modifying or enriching such oil compositions such that
the characteristics of the cured coatings prepared therefrom are modified. The
methods and compositions of the present invention expand the population of oils
that upon curing may be used as a stand-alone film, particle, as a coating on
medical devices, or the like, and thereby enhance the ability to customize oil
coatings based upon desired physical characteristics (e.g., release of a therapeutic
agent, resorption kinetics and/or rate of coating hydrolysis in vivo).

Disclosed herein are cured oil based products or materials capable of use
on or within a medical device and which comprise one or more cross-linked fatty
acids, wherein the oils used to prepared such cross-linked fatty acids have been
structurally modified from their native form to be enriched with one or more fatty

acid alkyl esters (e.g., lower alkyl esters of fatty acids) prior to curing. In one

embodiment, the esterified fatty acid used to enrich the oil is a lower alkyl ester of
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a fatty acid (e.g., an ethyl ester of eicosapentaenoic acid (EPA) and/or
docosahexaenoic acid (DHA)). Contemplated lower alkyls esters may be selected
from the group consisting of linear and branched C;-Cg alkyls and include, for
example, methyl, ethyl, propyl, butyl, pentyl, hexyl (e.g., in both linear and
branched forms) and combinations thereof. Preferred fatty acid alkyl esters
include, for example, the ethyl esters of eicosapentaenoic acid (EPA), ethyl esters
of docosahexaenoic acid (DHA) and combinations thereof.

In certain embodiments, the inventions relate to cured coatings (e.g.,
coatings that may be disposed or otherwise applied onto a medical device) or
materials that are prepared using an enriched oil composition (e.g., blended oil
compositions). Such enriched oil compositions may generally comprise one or
more oils (e.g., a native oil such as fish oil triglycerides or a plant oil such as
flaxseed oil) to which is added one or more fatty acid alkyl esters (e.g., lower
alkyl esters of eicosapentaenoic acid (EPA) and/or docosahexaenoic acid (DHA)).
In some embodiments, the enriched oil comprises flaxseed oil and ethyl esters of
eicosapentaenoic acid (EPA) and/or docosahexaenoic acid (DHA). In other
embodiments, the enriched oil comprises native fish oil triglycerides and ethyl
esters of eicosapentaenoic acid (EPA) and/or docosahexaenoic acid (DHA). The
enriched oil compositions used to form such cured oil coatings and materials may
comprise between about 1% to about 99% fatty acid alkyl esters (e.g., about 10-
90% or about 25-75% fatty acid alkyl esters).

In certain embodiments, the enriched oils may be prepared by blending or
otherwise combining one or more marine or plant oils with a second oil (e.g., fish
oil ethyl esters) to form a blended oil compositions. In certain embodiments, the
enriched oils may be prepared by blending or otherwise combining one or more
marine or plant oils with a second, third or fourth oil. Suitable plant oils may
include, for example, flaxseed oil, grapeseed oil, safflower oil, soybean oil, corn
oil, echium oil, hempseed oil, walnut oil, olive oil and combinations thereof,

The coatings disclosed herein may be prepared from oils or enriched oils
comprising at least about 50% polyunsaturated fatty acids. For example, the

coatings may be prepared by curing (e.g., thermally curing) an enriched oil
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comprising at least about 60-65% polyunsaturated fatty acids (e.g., at least about
60-65% EPA and/or DHA).

In certain embodiments, the cured coatings and materials disclosed herein
are hydrolyzable. Where such cured coatings are applied onto a substrate such as
a medical device (e.g., a surgical mesh, a graft, a catheter balloon, a stand-alone
film or a stent) they may be hydrolyzable in vivo. Disclosed are cured coatings
and materials that undergo complete hydrolysis in a 0.1M NaOH solution in less
than about 60 minutes at 37°C (e.g., in about 30-45 minutes). Preferably, such
cured coatings completely hydrolyze in vivo into substantially non-inflammatory
compounds (e.g., free fatty acids, monoglycerides, diglycerides and glycerol).
Also disclosed are cured coatings and materials that are porous or that otherwise
comprise one or more voids,

In certain embodiments, the cured coatings and materials disclosed herein
are non-hydrolyzable. Where such cured coatings are applied onto a substrate
such as a medical device (e.g., a surgical mesh, a graft, a catheter balloon, a stand-
alone film or a stent) or used to form a stand alone material they may not be
hydrolyzable or absorbable in vivo, however, they may still maintain low to
substantially non-inflammatory properties.

The coatings disclosed herein may be prepared such that they are
hydrophilic in nature. For example, such coatings may be characterized as having
a contact angle of less than about 90° (e.g., a contact angle less than 87.5°, 85°,
80°,75°,70°, 65°, 60°, 55°, 50°, 45°, or less). In other embodiments, the coatings
described herein are characterized as having one or more polar functional groups
(e.g., hydroxyl functional groups, as indicated by an infrared absorption spectrum
having a peak absorbing at approximately 3300-3600cm™"). The presence of such
polar groups render such coatings more hydrophilic and thereby increase the
likelihood that such coatings will hydrolyze following exposure to polar solvents
(e.g., water) in vitro or in vivo.

In certain embodiments, the cured coatings and/or materials may be
prepared such that they comprise one or more therapeutic agents. Such cured

coatings or materials may be prepared to elute or otherwise release such
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therapeutic agents from the cured coatings or materials over a pre-determined
period of time in vivo (e.g., at least one, two, three, four, five, six, seven, fourteen,
twenty-one, thirty, sixty, ninety, one hundred and twenty days or more).
Examples of contemplated therapeutic agents include, but are not limited to, anti-
proliferative agents, anti-inflammatory agents, antimicrobial agents, antibiotic
agents and combinations thereof.

Also disclosed are methods of altering (e.g., increasing or decreasing) the
hydrolysis rate of a cured or cross-linked oil coating or material by enriching or
supplementing that oil with one or more alkyl-esterified fatty acids prior to
curing. Such methods generally comprise the steps of enriching one or more oils
(e.g., a native plant triglyceride oil) used to form the cured oil coating with one or
more oil or fatty acid alkyl esters (e.g., linear or branched C;-C¢ lower alkyl
esters) thereby forming a blended or enriched oil composition. The blended or
enriched oil may be exposed to curing conditions (e.g., thermal curing condition)
to form the cured oil material or coating. In certain embodiments, the hydrolysis
rate of such cured oil coating or material is increased relative to the coating or
material formed from the un-enriched or native triglyceride oil. In other
embodiments, the hydrolysis rate of such cured oil coating or material is
decreased relative to the coating or material formed from the un-enriched or
native triglyceride oil (e.g., such that the biocompatible coating is non-
absorbable).

In an example embodiment, the cured oil based products or materials are
prepared using oil blends that impart different physical characteristics (e.g.,
exhibit faster or slower hydrolysis rates) to such cured oil based products or
materials relative to the cured native or non-enriched oil. In accordance with the
present invention, suitable native or non-enriched triglyceride oils may include,
but are not limited to fish oil, flaxseed oil, grapeseed oil, safflower oil, soybean
oil, corn oil, olive 0il and combinations thereof. In one embodiment of the
present invention, the cured oil based products or materials may be prepared by
enriching or supplementing the native triglyceride oil used to prepared such cured

oil based product, coating or material with between about 1% and about 99% fatty
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acid alkyl esters prior to curing, (e.g., about 5%, about 10%, about 15%, about
20%, about 25%, about 30%, about 35%, about 40%, about 50%, about 60%,
about 75%, about 80%, about 90%, about 95%, about 99% or more fatty acid
alkyl esters) depending upon the desired physical characteristics of the final cured
oil.

The above discussed, and many other features and attendant advantages of
the present invention will become better understood by reference to the following
detailed description of the invention when taken in conjunction with the

accompanying examples.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the relative amounts of the polyunsaturated fatty acids
linolenic acid (LLA), alpha linoleic acid (ALA), eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) present in three native triglyceride oils. As
illustrated, the major polyunsaturated fatty acid species present in both grapeseed
and flaxseed oils are LA and ALA, respectively. EPA and DHA are the two main
polyunsaturated fatty acids present in native fish oil. The polyunsaturated fatty
acids EPA, DHA, ALA and LA are responsible for the solidification observed
following exposure of such native oils to thermal curing conditions.

FIG. 2A illustrates the predominant poly- and monounsaturated fatty acids
present in native fish oil, flaxseed oil, grapeseed oil, safflower oil, soybean oil,
corn oil and olive oil. FIG. 2B illustrates the reméining poly- and
monounsaturated fatty acids present in fish oil, flaxseed oil, grapeseed oil,
safflower oil, soybean oil, corn oil and olive oil after exposure to thermal curing
conditions.

FIG. 3 illustrates FTIR spectral identity analysis indicating that the
coating prepared using the fish oil ethyl esters had significantly increased
hydroxyl functional group substitution relative to the coating prepared using
native fish oil triglycerides. The increased hydroxyl functional groups present in
the coating prepared using the fish oil ethyl esters contribute to that coating’s
hydrophilicity and its ability to uptake water and subsequently hydrolyze at a
more rapid rate.

FIG. 4 depicts a comparison of a contact angle analysis of coatings
prepared using fish oil ethyl esters and coatings prepared using native fish oil
triglycerides. As illustrated, the coating prepared using the fish oil ethyl esters
had a significantly lower contact angle, demonstrating that the coating was much
more hydrophilic in nature relative to the coatings prepared using native fish oil
triglycerides.

FIG. 5 illustrates the hydrolysis times in 0.1M sodium hydroxide solution

of cured coatings prepared using native flaxseed and fish oils enriched with
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increasing concentrations of fish oil ethyl esters as a function of the ethyl ester
content in such coatings. As illustrated, enrichment or “spiking” of both native
fish and flaxseed oils with increasing concentrations of fish oil ethyl esters result
in a corresponding reduction of the time required for the cured coatings formed
from such enriched oils to hydrolyze in 0.1M sodium hydroxide solution.

FIG. 6 depicts the overlaid FTIR spectral identity analysis of various
coatings prepared using various blended concentrations of native fish oil
triglycerides enriched with fish oil ethyl esters. Increases in the concentration of
fish oil ethyl esters in the blended oil cause a corresponding increase in the
absorbance intensity corresponding to polar hydroxyl functional groups absorbing
between 3300-3600 cm™.

FIG. 7 illustrates the overlaid FTIR spectral identity analysis of various
coatings prepared using various blended concentrations of native flaxseed oil
triglycerides enriched with fish oil ethyl esters. Increases in the concentration of
fish oil ethyl esters in the blended oil cause a corresponding increase in the
absorbance intensity corresponding to polar hydroxyl functional groups absorbing
between 3300-3600 cm™.

FIG. 8 graphically depicts contact angle measurements recorded from
various coatings prepared using blends of native fish oil triglycerides enriched
with fish oil ethyl esters at various ratios. Increases in the concentration of the
fish oil ethyl esters in the blended starting oil composition resulted in lower
contact angles of the cured coatings prepared from such blended oil compositions,
thus indicating that the surface of such coatings are more hydrophilic.

FIG. 9 graphically illustrates contact angle measurements recorded from
various coatings prepared using blends of native flaxseed oil triglycerides
enriched with fish oil ethyl esters at various ratios. Increases in the concentration
of the fish oilxethyl esters in the blended oil composition generally resulted in
lower contact angles of the coatings prepared from such blended oil compositions,
thus indicating that the surface of such coatings are more hydrophilic.

FIG. 10 represents overlaid FTIR spectral profiles of the blended cured

coatings prepared using native fish oil or flaxseed oil triglycerides enriched with
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fish oil ethyl esters. Blended oils that produced coatings having the lowest contact
angle measurements are identified. Increases in the concentration of the fish oil
ethyl esters in such flaxseed oil based blended compositions in excess of 75% and
in excess of 90% in the native fish oil resulted in average contact angle
measurements between 61-64°,

FIG. 11 illustrates dissolution curves of the therapeutic agent triclosan
from coatings that were prepared using native fish oil, flaxseed oil and fish oil
ethyl esters from an aqueous media. The triclosan was eluted into the aqueous
dissolution media at different rates from each of the coatings into which it was
incorporated. The triclosan eluted from the coating prepared using fish oil ethyl
esters the fastest and nearly all triclosan was recovered after 3 days. The triclosan
eluted from the coating prepared using native flaxseed oil triglycerides at the
slowest rate as only about 30% of the triclosan was recovered from the aqueous
media after 15 days.

FIG. 12 depicts images of cross-sections of a coated polypropylene mesh
that was prepared using native fish oil two months after being implanted into
rabbit muscle tissue. As illustrated, after two months of implantation in the rabbit
muscle tissue, the coating appeared to be partially absorbed by the surrounding
tissue.

FIG. 13 depicts images of cross-sections of a coated polypropylene mesh
that was prepared using flaxseed oil after two months of being implanted into
rabbit muscle tissue. As illustrated, after two months of implantation in the rabbit
muscle tissue, the coating did not show evidence of significant resorption.

FIG. 14 depicts images of cross-sections of a coated polypropylene mesh
that was prepared using a fish oil ethyl ester blended oil composition two months
after being implanted into rabbit muscle tissue. As illustrated, after two months
of implantation in the rabbit muscle tissue, the coating appeared to have been

almost completely absorbed by the surrounding tissue.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention is based on the discovery that the chemical
properties of oils may be used to predict the physical properties of a resulting
cured oil based product or material that is prepared therefrom, and in some
instances the ability of the cured oil or material to form a biocompatible gel,
material or coating, which may for example, be used as a standalone article, such
as a film, particle or alternatively as coating on a medical device. The present
invention is also based upon the finding that the chemical and physical properties
of cured oil based products or materials that are prepared from native or non-
enriched oils (e.g., properties such as the rate of hydrolysis of the cured oils in
vitro or in vivo) may be modified by enriching such native or non-enriched oils
with fatty acid alkyl esters prior to exposure to curing conditions. For example, in
certain embodiments, the rate of hydrolysis of cured oils may be modified (e.g.,
increased or decreased) by blending such triglyceride oils with fatty acid alkyl
ester oils prior to curing. In other embodiments, cured oil materials can be
produced which are biocompatible, but are not hydrolyzable in-vivo.
Additionally, the polarity as well as the cross-linked structure of cured oil
materials can be altered as a means of controlling the release of therapeutic agents
to a target organ or tissue.

In various embodiments, the cured oil based coatings and materials
described herein are formed from or otherwise derived from oils (e.g., marine oils
and/or plant oils), and in particular from the constituent fatty acids (e.g.,
polyunsaturated fatty acids) that comprise such oils. Generally, such fatty acids
may be present in the oil in their native triglyceride form and/or as free fatty
acids, fatty acid alkyl esters, monoglycerides and/or diglycerides. Also disclosed
herein is the exposure of such oils to curing conditions (e.g., thermal curing
conditions) such that cured or cross-linked oil based materials and/or coatings are
formed. In certain embodiments, such cured or cross-linked oil based materials,
and/or coatings are formed without the use of chemical cross-linking agents or

additives. Such cured or cross-linked oil based materials may be used for a

PCT/US2011/044292
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variety of applications. For example, in certain embodiments a homogeneous
solid cured oil material may be useful as a dissolvable barrier or a drug delivery
matrix or coating (e.g., as a coating on a medical device). In other embodiments,
the materials or coatings are porous (e.g., coatings on a medical device
comprising one or more voids).

As used herein to qualify the oil-derived coatings, materials, gels, films,
particles and any other partially solidified compositions of the present invention,
the term “cured” means that the oil has been subjected or exposed to some degree
of processing, for example thermal or ultraviolet light exposure, such that some
degree of oxidative cross-linking (e.g., partial or complete non-polymeric cross-
linking) of the constituent fatty acids present in such oils is catalyzed.
Contemplated methods for curing oils (e.g., native and/or enriched oils) to
produce a cured or partially-cured material or coating include, but are not limited
to, heating (e.g., by employing an oven, a broadband infrared light source, a
coherent infrared light source such as a laser, and combinations of the foregoing)
and ultraviolet (UV) irradiation. The exposure of such oils to curing conditions
(e.g., thermal curing at 200°F in the presence of oxygen) catalyzes the oxidation
of the constituent fatty acids in the oil, thereby resulting in the cross-linking of
such fatty acids (i.e., oxidative cross-linking). In certain embodiments, such
cross-linking of fatty acids is achieved without reliance upon external cross-
linking agents. In accordance with some embodiments of the present invention,
the cured oils are characterized by an increase in viscosity relative to the uncured
oils.

In various embodiments, increases in viscosity observed upon curing some
oils may occur as a result of the cross-linking of one or more fatty acids (e.g.,
fatty acid alkyl esters or fatty acid triglyceride esters) that comprise such oils. In
other embodiments, increases in viscosity observed upon curing some oils may
occur as a result of the volatilization of one or more species (e.g., as saturated or
monounsaturated fatty acid ethyl esters or as secondary oil oxidation by-products
including aldehydes, ketones, alcohols and/or hydrocarbons) present in the oil.

Continued curing of the oil may increase the number or the degree of fatty acid
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cross-linking and thereby increase the viscosity of such cured oil material such
that a solid or a semi-solid coating, material or gel is produced. In certain
embodiments, such solid or semi-solid cured oil materials are suitable for use as a
coating on a device (e.g., medical device).

Oils (e.g., blended oil compositions prepared by enriching native fish oil
triglycerides with fish oil ethyl esters and/or various plant oil triglycerides) may
be partially cured (e.g., by exposure to heat). In certain embodiments, partially
curing oils induces an initial amount of fatty acid oxidative cross-linking of such
fatty acids and in certain embodiments may increase the viscosity of such oils.
The process of partially curing an oil has the advantage of creating an initial
platform of oxidized fatty acid cross-links that are capable of being hydrolyzed by
tissue in vivo (e.g., by human tissue). Accordingly, in certain embodiments, the
oils are cured to induce partial cross-linking of the constituent fatty acids that
comprise such oils.

It has been determined that the ability of an oil (e.g., a plant or marine oil)
to undergo cross-linking is dependent upon the constituent fatty acids comprising
such oil and furthermore, that the ability of an oil to cross-link may be
manipulated by altering its fatty acid composition. For example, contemplated
herein are modifications made to native or non-enriched oils to increase the
probability that the fatty acids comprising such oils will oxidize and/or cross-link
(e.g., upon exposure to curing conditions). As used herein to qualify one or more
oils, the term “non-enriched” refers to an unmodified oil, whether synthetically
derived or in its native or natural state. Non-enriched or native oils may include,
for example, marine oil triglycerides or alkyl esters, and plant triglycerides
including, but not limited to, flaxseed oil, grapeseed oil, safflower oil, soybean
oil, corn oil, echium oil, hempseed oil, walnut oil, olive oil and combinations
thereof. The designation “non-enriched” is intended to distinguish such oils from
their enriched counterparts (e.g., blended oil compositions comprising a plant oil
enriched with one or more lower alkyl fatty acid esters) which are also the subject
of the present invention and in certain instances is used synonymously with the

term “native.”
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The physical characteristics of the cured oils of the present invention are a
function of the chemical characteristics of the oil from which they were prepared,
and such chemical characteristics may be used to predict the physical
characteristics of the cured oil composition (e.g., ability to be hydrolyzed). For
example, upon exposure to curing conditions (e.g., by thermal or ultraviolet
treatment), some non-enriched oils may remain in a liquid state that may be
difficult to physically manipulate or that may not be physically suitable as a stable
coating on a medical device, but may be suitable for other applications. As shown
in Table 1 below and as further illustrated in the Examples, upon exposure of
some native or non-enriched oils to thermal curing conditions for at least about 24
hours at about 200°F the resulting cured oil materials demonstrated varying
degrees of solidification and/or changes in viscosity. For example, native olive
oil did not produce a solid coating and remained liquid throughout the curing
process. Native corn oil and soybean oil, on the other hand, demonstrated an
increase in viscosity, but did not demonstrate the physical handling characteristics
seen for example with cured fish, grapeseed, safflower and flaxseed oils following
exposure to the same curing conditions. Although not all oils are capa
forming cured coatings or materials, such oils or materials may be suitable for

alternative uses.

Table 1

Oil Type Physical Observations

Fish oil Forms solid coating

Olive oil No solidification - remains completely liquid

Flaxseed oil Forms solid, flexible coating

Grapeseed oil Forms solid, slight tacky flexible coating

Soybean oil Some solidification - very sticky

Safflower oil Forms solid, slight tacky flexible coating

Corn oil Very little solidification - very sticky and wet

To determine the relevant characteristics of oils that influence their ability

to oxidize and/or form coatings or materials following exposure to curing
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conditions, the oils used to prepare such coatings or materials were evaluated to
determine their constituent fatty acids and the relative concentrations of such fatty
acids in such oils. The fatty acid compositions of native or non-enriched oils
(e.g., marine oils and plant oils) are unique relative to each other. For example,
FIG. 2A illustrates the unsaturated fatty acid compositions of non-enriched fish,
flaxseed, grapeseed, safflower, soybean, corn and olive triglyceride oils as
determined by gas chromatography. The fatty acid compositions of the same non-
enriched oils subjected to thermal curing for 24 hours at about 200°F are
presented in FIG. 2B. By comparing the fatty acid compositions of oils both pre-
and post-exposure to curing conditions and then correlating the differences to the
observed physical properties of the cured coatings prepared from such oils it is
possible to correlate the physical characteristics of such cured oils to such oil’s
chemical composition.

When correlated to the physical characteristics of the cured oils, as shown
in Table 1, it was determined that curing of native or non-enriched oils and the
ability (or inability) of such cured oils to form materials or coatings was directly
dependent on the fatty acid composition of the oil from which such cured oils
were prepared. In particular, it was discovered that the more polyunsaturated
fatty acids present in the non-enriched oil, the more efficient that oil would be at
undergoing oxidative cross-linking and forming a cured material, gel or coating.
Specifically, the C22:6, C20:5, C18:3, and/or C18:2 polyunsaturated fatty acids
present in fish and flaxseed oils are more efficient in forming a cured or cross-
linked oil based material, gel or coating. Conversely, the oils which are deficient
in the C22:6, C20:5 and C18:3 polyunsaturated fatty acids are more prone to
forming less viscous (e.g., more liquid-like) compositions.

These findings are supported by contrasting the presence of
polyunsaturated fatty acids in the non-enriched oils both pre- and post-exposure to
curing conditions as shown in FIGS. 2A and 2B. Upon exposure to the curing
conditions (e.g., thermal curing), the polyunsaturated fatty acids present in the
native or non-enriched oils are modified. While not wishing to be bound by any

particular theory, it is believed that the polyunsaturated fatty acids are oxidized
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and participate in the formation of non-polymeric fatty acid cross-linkages that
develop during exposure to curing conditions and which are characteristic of oils
which form cured coatings or materials. The degree of cross-linking observed in
the cured oil based materials (which is a function of the concentration and size
(i.e., chain length) of polyunsaturated fatty acids present in the oil from which
such cured materials was prepared) directly correlates to the viscosity of such
cured material. In particular, increases in the viscosity of cured oil materials
correlate to increases in intermolecular linkages or cross-links resulting from the
increased concentration of available cross-linking fatty acids. Increases in
viscosity are also related to the volatility of the oil and, for example, the
constituent fatty acid species comprising such oil. Generally, the constituent
species comprising the oil that are not participating in the cross-linking reactions
described herein (e.g., saturated and monounsaturated fatty acid alkyl tails) may
be fractured and the released hydrocarbon chains volatilized from the oil upon
prolonged exposure to thermal curing or vacuum conditions and thereby cause an
increase the viscosity of the cured oil materials prepared therefrom.

Polyunsaturated oils with only iwo double bonds in their fatty acid chains
(e.g., non-enriched grapeseed and safflower oils which have C18:2 fatty acids) are
capable of forming a semi-solid or solid composition, but only in the presence of
a higher concentration of C18:2 fatty acids (e.g., more than about 65-70% C18:2
polyunsaturated fatty acids). Oils containing less polyunsaturated fatty acids (e.g.,
soybean and corn oils which contain less than about 60% polyunsaturated fatty
acids) demonstrate an increase in viscosity following exposure to curing
conditions, but remain sticky and fluid. Finally, oils that contain predominantly
monounsaturated fatty acids (e.g., non-enriched olive oil) are unable to form a
cured material or coating on a selected substrate (e.g., a polypropylene mesh) and
remain in a liquid state following exposure to curing conditions.

The comparison of the fatty acids, and in particular, the polyunsaturated
fatty acids (PUFA), present in such native or non-enriched oils both pre- and post-
exposure to curing conditions reveals that certain polyunsaturated fatty acids are

being consumed following exposure of such oils to thermal curing conditions,
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thereby confirming that such fatty acids are participating in the cross-linking
reaction that is catalyzed by exposure to such thermal curing conditions. The
polyunsaturated fatty acids from native fish oil triglycerides that are participating
in the cross-linking reactions include the C22:6, C20:5, C18:3 and C18:2 fatty
acids, as evidenced by their absence in the cured coating. In comparison, the
plant oils poljunsaturated fatty acids participating in the cross-linking reactions
include the C18:3 and C18:2 fatty acids, as evidenced by their absence or reduced
concentration in the cured materials. The concentrations of plant oil
polyunsaturated fatty acids (e.g., relative to native fish oil triglycerides) capable
of participating the cross-linking reactions correlate with a reduced ability of the
fatty acids present in some the subject plant oils to participate in oxidative cross-
linking reactions and thereby form a solid coating or coating. Consistent with the
properties observed for some of the cured plant oils (e.g., little to no solidification
following exposure to thermal curing conditions), the concentrations of
monounsaturated fatty acids present in the plant oils (e.g., C18:1 monounsaturated
fatty acids) generally remained consistent both before and after exposure of the
subject plant oils to thermal curing conditions. The lack of consumption of the
C18:1 monounsaturated fatty acids therefore confirms that such monounsaturated
fatty acids that are present in the plant oil triglycerides (e.g., C18:1 fatty acids) are
not participating in the oxidative cross-linking reactions. Similarly, the relatively
low concentrations of polyunsaturated fatty acids in some of the plant oil
triglycerides (e.g., corn oil and olive oil) correlates to the inability of such plant
oils to form solidified cross-linked materials, gels or coatings following exposure
to thermal curing conditions.

The identification of the constituent fatty acids comprising the oils that
participate in the oxidative cross-linking reactions provides valuable information
that can be used to further manipulate the behavior of other oils. For example, the
ability of the polyunsaturated fatty acids EPA and DHA to participate in oxidative
cross-linking and form solid coatings provides information that may be used to
direct the modification of other oils that do not efficiently undergo oxidative

cross-linking to form solid coatings. In particular, certain oils (e.g., plant oils that
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are partially deficient in polyunsaturated fatty acids) may be enriched with other
secondary, tertiary and/or quaternary oils known to be high in polyunsaturated
fatty acids to promote cross-linking of such oils and the production of a cured oil
based material or coating. Enriching oils with, for example a secondary oil,
therefore provides a means of imparting one or more desired characteristics to the
oil and the cured oil coating or materials prepared therefrom. Generally,
enrichment may be accomplished by combining one or more secondary oils (e.g.,
native or synthetic marine oils) to a primary oil (e.g., a native plant oil). For
example, the enrichment of oils (e.g., native fish oil triglyceride esters) with fatty
acid alkyl esters (e.g., lower alkyl esters of eicosapentaenoic acid and/or
docosahexaenoic acid) has been found to modify and/or enhance the physical and
chemical properties of the cured oil.

As the term is used herein to qualify one or more oils, “enriched” refers to
oils to which have been added one or more secondary oils. Generally, enrichment
imparts one or more benefits to the oil or the cured oil material or coating
prepared from such oil. In certain embodiments, the secondary oil used to enrich,
for example a plant oil, comprises one or more faity acid alkyl esters (such as, for
example, ethyl esters of fish oil with concentrated levels of EPA and/or DHA).
Curing of enriched oils has lead to the development of biocompatible materials
and coatings demonstrating modified hydrolysis characteristics relative to the
cured non-enriched oil. By varying the degree of enrichment (i.e., the
concentration of fatty acid alkyl esters in the native or non-enriched oil) the
properties of the cured oil can be specifically modified (e.g., the rate at which the
cured oil hydrolyzes can be increased). In some embodiments, an oil is enriched
with a secondary, tertiary or quaternary oil of different origin(s). For example, a
plant oil (e.g., flaxseed oil triglycerides) may be enriched with a marine oil (e.g.,
native fish oil triglycerides) and vice versa to form a homogeneous blended oil.
Such blended oils may be exposed to curing conditions to catalyze cross-linking
of the constituent fatty acids (e.g., polyunsaturated fatty acids) that comprise such

blended oils and thereby form a hybrid cured coating or material
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Enrichment of oils with fatty acid alkyl esters may be used as a means to
alter the chemical and physical characteristics of oils. For example, cured oils
that are resistant to in vivo hydrolysis may be considered for targeted delivery and
extended or long-term release of a therapeutic agent to an intended site of action.
Enrichment of such oil prior to curing may be used as a means of modifying the
chemical and physical characteristics of the cured oil such that it may be easily
hydrolyzed in vivo. The ability to manipulate coating hydrolysis behavior may be
exploited depending on specific release requirements based on the properties of
one or more therapeutic agents and the doses needed to effectuate a therapeutic
response.

In certain embodiments the cured oil coating or material is hydrolyzable
(e.g., in vivo). The ability of a cured coating or material to be hydrolyzable may
be a function of both the types and the quantity of cross-links formed between the
constituent fatty acids of the oil material following exposure to curing conditions.
Accordingly, in some embodiments the cross-links or partial cross-links comprise
bonds that render such coating or material hydrolyzable in vivo (e.g., ether and
ester cross-links). In particular applications where the cured oil coating or
material will be applied as a coating onto a device (e.g., a medical device) or used
as a stand-alone film for in vivo applications, it may be preferable that the coating
hydrolyzes in vivo into fatty acids, glycerols, and glycerides; hydrolyzes in vivo
into non-inflammatory components; and/or contains an amount of polar hydroxyl
or carboxylic acid groups sufficient to facilitate hydrolysis in vivo.

Alternatively, in one embodiment of the present invention, enrichment
may also be used as a means to alter the characteristics of the cured oil such that
the cured oil material is resistant to hydrolysis relative to the non-enriched oil
(e.g., by blending oils). For example, an oil may be enriched or otherwise
combined with a second oil such that upon exposure to curing conditions, the
cured oil material or coating is non-absorbable or is poorly absorbable in vivo, yet
would still be biocompatible. In this particular embodiment, enrichment using an
oil may provide a means of conferring altered chemical or physical properties to

the cured oil. For example, if the intended use of the cured oil requires a less
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viscous cured oil composition, a second 0il comprising one or more fatty acids
which are less efficient in forming cross-links (e.g., C18:2 fatty acids) may be the
oil used to enrich the first oil. Similarly, if the intended use of the cured oil
requires that such cured oil demonstrate resistance to in vivo hydrolysis,
enrichment using a second oil demonstrating such desired characteristics may be
used as a means to modify the characteristics of the cured composition. Enriching
a native or non-enriched oil with a second oil (i.e., blending the oils to form a
homogeneous oil composition) may provide additional means of tailoring the
physical and chemical characteristics of the cured material to better correlate with
the intended use of such cured material.

Enrichment of oils (whether done using fatty acid alkyl esters or other
triglyceride oils), and in particular the degree of enrichment, may also be used as
a means of altering or manipulating the release characteristics of the cured oil as it
relates to the elution of one or more therapeutic agents incorporated therein (e.g.,
as a coating on a drug eluting stent, hernia mesh or standalone film). For
example, enrichment of an oil may be used a means of extending the release or
elution of a therapeutic agent from a cured oil over extended periods of time in
vivo (e.g., for delivering a therapeutic agent to its intended site of action over
about 6 hours, 12 hours, 24 hours, 2 days, 3 days, 1 week, 2 weeks, 3 weeks, 4
weeks, 1 month, 2 months, 3 months, 4 months, 6 months, 9 months, 12 months
or more).

Fatty acids esterified with lower alkyls such as, for example, fish oil ethyl
esters are distinguishable from native oils. For example, the chemical structure of
each fatty acid comprising fish oil ethyl esters is altered relative to native fish oil
triglycerides such that each fatty acid ethyl ester is approximately one-third of the
size of that found in native fish oil (where the fatty acids are present in
triglyceride form). To distinguish the lower alkyl ester forms of fatty acids from
native triglyceride fatty acids, the lower alkyl ester forms of fatty acids are
generally referred to herein as “fatty acid alkyl esters”. Ethyl esters of fish oil
fatty acids may be referred to herein as “fish oil ethyl esters” to distinguish such

ethyl esters from native fish oil triglycerides. Each fatty acid ester consists of one
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fatty acid linked to a lower alkyl compound (e.g., ethane) head group, while
native triglyceride oils consist of three fatty acids bound to a glycerol backbone.

The fatty acid alkyl esters contemplated by the present invention include,
for example, lower alkyl esters (e.g., such as methyl and ethyl esters of EPA
and/or DHA). As the term is used to describe fatty acid esters, “lower alkyl”
means a group having about one to about six carbon atoms in the chain, which for
the purposes hereof may be straight or branched. The use of designations such as,
for example, “C-Cs” is intended to refer to a lower alkyl (e.g., straight or
branched chain and inclusive of alkenes and alkyls) having the recited range
carbon atoms. Enriched oils may contain higher concentrations of esterified fatty
acid species (e.g., ethyl esters of DHA and/or EPA) relative to the non-enriched
oil. For example, enriched oils may contain about 5%, about 10%, about 15%,
about 20%, about 25%, about 30%, about 35%, about 40%, about 50%, about
60%, about 75%, about 80%, about 90%, about 95%, about 99% or more fatty
acid alkyl esters. The enrichment of fish oil (e.g., native fish oil triglycerides)
with fatty acid alkyl esters can be exploited as a means to alter (e.g., increase) the
hydrolysis rate of the cured oil coating. In certain embodiments, enrichment
using fish oil ethyl esters (which are typically concentrated in EPA and DHA
content) increase the probability (e.g., relative to the un-enriched or native oil)
that the fatty acids comprising the enriched oil will cross-link and form a cured oil
material or coating.

The increased rate of hydrolysis of the cured enriched oil occurs as a result
of the length of the fatty acids and the availability of unsaturated sites in such
fatty acids that comprise the enriched o0il. Chemically, the rate of hydrolysis of
the coating prepared using the enriched oil may be altered based on the selection
of the esterified fatty acid. For example, factors such as the fatty acid chain
length and the degree of unsaturation of the esterified fatty acid may alter the rate
at which the cured enriched oil will hydrolyze.

The rate of hydrolysis of the cured oil is also dependent upon the nature of
the fatty acids esters used to enrich the oil. For example, relative to triglyceride

esters, ethyl esters of fatty acids demonstrate faster hydrolysis. Accordingly, by
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enriching oils with fatty acid alkyl esters (e.g., ethyl ester fatty acids) the resulting
cured oil composition can be more easily hydrolyzed (i.e., the rate of hydrolysis is
increased). As shown in FIG. 5, the enrichment of native fish oil triglycerides
with fish oil ethyl esters was demonstrated to alter the hydrolysis rate of the cured
oil coating prepared from such enriched oil. Specifically, FIG. 5 demonstrates
that the kinetics of the hydrolysis rate of the cured oil coating increases as a
function of enrichment with esterified fish oil fatty acids. The methods of altering
the kinetics of hydrolysis of cured oils using enrichment with fatty acid alkyl
esters (e.g., fish oil ethyl esters) can be applied to different oils and the hydrolysis
rate can be tailored based on the oil component fatty acid chemistry and the
amount of ethyl esters present, as demonstrated in FIG. 5 for flaxseed and fish
oils.

In certain embodiments, the cured coatings prepared using enriched oil
compositions comprise polar functional groups (e.g., hydroxyl groups) that
facilitate the hydrolysis of such coating or that render such coating more
hydrophilic. The presence of more polar functional groups will encourage water
hydration of the cured material or coating and thereby cause such cured material
or coating to hydrolyze at a faster rate. In various embodiments, enrichment (e.g.,
using fish oil ethyl esters) can be utilized as a means to alter (e.g., increase) the
polarity of cured oil surfaces. For example, enrichment of a native plant oil with
fish oil ethyl esters may be used as means of rendering the cured coating formed
from such enriched oil more polar (e.g., as determined by a contact angle less than

about 90°).

In various embodiments, the polarity of the cured oil materials or coatings
is determined with reference to the contact angle of such cured oil material
coating. Cured materials or coatings characterized as having a high contact
angles (e.g., greater that 90°) indicate that such cured materials or coating are
more hydrophobic in nature. Conversely, cured materials or coatings
characterized has having low contract angles (e.g., less than 90°) are indicative of
cured materials or coatings that are more hydrophilic in nature. In certain

embodiments, the cured materials and coatings described herein have a contact
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angle of less than about 90° (e.g., less than about 85°, 80°, 75°, 70°, 65°, 60°, 55°,
50°, 45°, 40°, 35° or 30°).

The presence of polar functional groups in the cured materials and
coatings described herein may also be determined by FTIR spectral data analysis.
The FTIR spectral data analysis provides a signal plot in which functional groups
present in the cured coating’s molecular structure absorb at specific wavelengths.
Each cured oil coating has a unique spectral profile that may be used as a
fingerprint to distinguish differences in chemistry. Functional group abundance
can also be inferred by absorbance intensity comparison (e.g., spectral peak
height). In certain embodiments, preparing the cured materials or coatings using
enriched oils increases the presence of one or more polar functional groups (e.g.,
increasing the presence of polar hydroxyl functional groups as determined by the
coating exhibit a broad peak absorbing between 3300 — 3600 cm™).

In certain embodiments, the cured materials or coatings undergo complete
hydrolysis in a basic media (e.g., 0.1M NaOH solution) in less than about 30-120
minutes (e.g., in about 30-90 minutes). In embodiments where such cured
coatings or materials are used as coatings on medical devices, preferably such
coatings completely hydrolyze in vivo into substantially non-inflammatory
compounds (e.g., fatty acids and glycerides).

In addition to altering the rate of hydrolysis of the cured oil coating,
enrichment can alter other physical properties of the cured oil. As shown in Table
2 below, the flexibility of the cured oil coating appears unaffected until an
enrichment with at least 75% fish oil ethyl esters is achieved. Enrichment with a
fish oil ethyl ester concentration of 75% resulted in a cured coating that became
physically stiffer, which may be useful or desirous in the formation of stand alone
articles, such as films, particles and stents for some alternative applications.
Similarly, the cured oil formed using 100% fish oil ethyl ester oil is inelastic,
which may also be useful in some alternative applications. Enrichment of native
oils (e.g., using fish oil ethyl esters) therefore provides a means of modifying the

physical properties of cured oil materials prepared from native oils.
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Table 2
0 . 1 . .
I? Enrlched.Flsh (.)]l Physical Handling
thyl Ester in Native . . .
. . Description of Cured Time of Hydrolysis
Fish Oil Coatin
Triglycerides ating ; ,
0 Uniform texture; flexible 20 min 13 sec
10 Uniform texture; flexible 16 min 52 sec
25 Uniform texture; flexible 11 min 43 sec
50 Uniform texture; flexible 6 min 30 sec
60 Uniform texture; flexible 5 min 8 sec
75 Uniform te‘xture; less 3 min 39 sec
flexible
100 Leav-es' res@ue on liner; 2 min 0 sec
rigid / will crack
In certain embodiments, the cured coatings and materials described herein

comprise one or more therapeutic agents. As used herein, the phrase “therapeutic -
agent(s)” refers to a number of different drugs or agents presently available, as
well as future agents that may be beneficial for use with methods and processes
described herein. The therapeutic agent can take a number of different forms
including anti-oxidants, anti-inflammatory agents, anti-coagulant agents, drugs to
alter lipid metabolism, anti-proliferatives, anti-neoplastics, tissue growth
stimulants, functional protein/factor delivery agents, anti-infective agents, anti-
microbial agents, anti-imaging agents, anesthetic agents, therapeutic agents, tissue
absorption enhancers, anti-adhesion agents, germicides, anti-septics, analgesics,
prodrugs thereof, and any additional desired therapeutic agents such as those

listed in Table 3 below.

Table 3

CLASS EXAMPLES

Antioxidants Alpha-tocopherol, lazaroid, probucol, phenolic antioxidant,
resveretrol, AGI-1067, vitamin E

Antihypertensive Agents | Diltiazem, nifedipine, verapamil

Anti-inflammatory Agents | Glucocorticoids (e.g. dexamethazone,

methylprednisolone), leflunomide, NSAIDS, ibuprofen,
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acetaminophen, hydrocortizone acetate, hydrocortizone
sodium phosphate, macrophage-targeted bisphosphonates

Growth Factor Angiopeptin, trapidil, suramin

Antagonists

Antiplatelet Agents Aspirin, dipyridamole, ticlopidine, clopidogrel, GP IIb/Illa
inhibitors, abecximab

Anticoagulant Agents Bivalirudin, heparin (low molecular weight and
unfractionated), wafarin, hirudin, enoxaparin, citrate

Thrombolytic Agents Alteplase, reteplase, streptase, urokinase, TPA, citrate

Drugs to Alter Lipid Fluvastatin, colestipol, lovastatin, atorvastatin, amlopidine

Metabolism (e.g. statins)

ACE Inhibitors Elanapril, fosinopril, cilazapril

Antihypertensive Agents | Prazosin, doxazosin

Antiproliferatives and Cyclosporin, cochicine, mitomycin C, sirolimus

Antineoplastics micophenonolic acid, rapamycin, everolimus, tacrolimus,

paclitaxel, QP-2, actinomycin, estradiols, dexamethasone,
methatrexate, cilostazol, prednisone, doxorubicin,
ranpirnas, troglitzon, valsarten, pemirolast, C-MYC
antisense, angiopeptin, vincristine, PCNA ribozyme, 2-
chloro-deoxyadenosine, mTOR targeting compounds

Tissue growth stimulants | Bone morphogeneic protein, fibroblast growth factor

Promotion of hollow Alcohol, surgical sealant polymers, polyvinyl particles, 2-
organ occlusion or octyl cyanoacrylate, hydrogels, collagen, liposomes
thrombosis

Functional Protein/Factor | Insulin, human growth hormone, estradiols, nitric oxide,
delivery endothelial progenitor cell antibodies

Second messenger Protein kinase inhibitors

targeting

Angiogenic Angiopoetin, VEGF

Anti-Angiogenic Endostatin

Inhibitation of Protein Halofuginone, prolyl hydroxylase inhibitors, C-proteinase

Synthesis/ECM formation | inhibitors

Anti-infective Agents Penicillin, gentamycin, adriamycin, cefazolin, amikacin,
ceftazidime, tobramycin, levofloxacin, silver, copper,
hydroxyapatite, vancomycin, ciprofloxacin, rifampin,
mupirocin, RIP, kanamycin, brominated furonone, algae
byproducts, bacitracin, oxacillin, nafcillin, floxacillin,
clindamycin, cephradin, neomycin, methicillin,
oxytetracycline hydrochloride, triclosan, chlorhexadine
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selenium,

Gene Delivery

Genes for nitric oxide synthase, human growth hormone,
antisense oligonucleotides

Local Tissue perfusion

Alcohol, H20, saline, fish oils, vegetable oils, liposomes

Nitric oxide Donor

NCX 4016 — nitric oxide donor derivative of aspirin,

Derivatives SNAP

Gases Nitric oxide, compound solutions

Imaging Agents Halogenated xanthenes, diatrizoate meglumine, diatrizoate
sodium

Anesthetic Agents Lidocaine, benzocaine

Descaling Agents Nitric acid, acetic acid, hypochlorite

Anti-Fibrotic Agents

Interferon gamma -1b, Interluekin - 10

Immunosuppressive/Immu

f O M T

nomodulatory Agents

Cyclosporin, rapamycin, mycophenolate motefil,
leflunomide, tacrolimus, tranilast, interferon gamma-1b,
mizoribine, mTOR targeting compounds

Chemotherapeutic Agents

Doxorubicin, paclitaxel, tacrolimus, sirolimus, fludarabine,
ranpirnase

Tissue Absorption
Enhancers

Fish oil, squid oil, omega 3 fatty acids, vegetable oils,
lipophilic and hydrophilic solutions suitable for enhancing
medication tissue absorption, distribution and permeation

Anti-adhesion Agents

Hyaluronic acid, human plasma derived surgical
sealants, and agents comprised of hyaluronate and
carboxymethylcellulose that are combined with
dimethylaminopropyl, ehtylcarbodimide, hydrochloride,
PLA, PLGA

Ribonucleases Ranpirnase

Germicides Betadine, iodine, sliver nitrate, furan derivatives,
nitrofurazone, benzalkonium chloride, benzoic acid,
salicylic acid, hypochlorites, peroxides, thiosulfates,
salicylanilide

Antiseptics Selenium

Analgesics Bupivicaine, naproxen, ibuprofen, acetylsalicylic acid

Some specific examples of therapeutic agents useful in the anti-restenosis

realm and that may be delivered by the cured coatings of the present invention in

accordance with the methods and compositions disclosed herein include

cerivastatin, cilostazol, fluvastatin, lovastatin, paclitaxel, pravastatin, rapamycin, a
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rapamycin carbohydrate derivative (for example, as described in US Patent No.
7,160,867), a rapamycin derivative (for example, as described in US Patent No.
6,200,985), everolimus, seco-rapamycin, seco-everolimus, and simvastatin. With
systemic administration of a therapeutic agent, the therapeutic agent is
administered orally or intravenously and is systemically available. However,
there are drawbacks to a systemic delivery of a therapeutic agent, one of which is
that the therapeutic agent travels throughout the patient’s body and can have
undesired effects at areas not targeted for treatment by the therapeutic agent.
Furthermore, large doses of the therapeutic agent only amplify the undesired
effects at non-target areas. As a result, the amount of therapeutic agent that
results in application to a specific targeted location in a patient may have to be
reduced when administered systemically to reduce complications from toxicity
resulting from a higher dosage of the therapeutic agent,

Calcineurin is a serine/threonine phospho-protein phosphatase and is
composed of a catalytic (calcineurin A) and regulatory (calcineurin B) subunit
(about 60 and about 18 kDa, respectively). In mammals, three distinct genes (A-
alpha, A-beta, A-gamma) for the catalytic subunit have been characterized, each
of which can undergo alternative splicing to yield additional variants. Although
mRNA for all three genes appears to be expressed in most tissues, two isoforms
(A-alpha and A-beta) are most predominant in brain.

The calcineurin signaling pathway is involved in immune response as well
as apoptosis induction by glutamate excitotoxicity in neuronal cells. Low
enzymatic levels of calcineurin have been associated with Alzheimers disease. In
the heart or in the brain calcineurin also plays a key role in the stress response
after hypoxia or ischemia.

Substances that are able to block the calcineurin signal pathway can be
suitable therapeutic agents that may be administered in accordance with the
methods and compositions of the present invention. Examples of such therapeutic
agents include, but are not limited to, FK506, tacrolimus, cyclosporin and include
derivatives, analogs, esters, prodrugs, pharmaceutically acceptably salts thereof,

and conjugates thereof which have or whose metabolic products have the same
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mechanism of action. Further examples of cyclosporin derivatives include, but
are not limited to, naturally occurring and non-natural cyclosporins prepared by
total- or semi-synthetic means or by the application of modified culture
techniques. The class comprising cyclosporins includes, for example, the
naturally occurring Cyclosporins A through Z, as well as various non-natural
cyclosporin derivatives, artificial or synthetic cyclosporin derivatives. Artificial
or synthetic cyclosporins can include dihydrocyclosporins, derivatized
cyclosporins, and cyclosporins in which variant amino acids are incorporated at
specific positions within the peptide sequence, for example, dihydro-cyclosporin
D.

In various embodiments, the therapeutic agent comprises one or more of
mTOR targeting compounds and a calcineurin inhibitor. The term “mTOR
targeting compound” refers to any compound that modulates mTOR directly or
indirectly. In various embodiments, mTOR targeting compounds inhibit mTOR.
An example of an “mTOR targeting compound” is a compound that binds to
FKBP 12 to form, e.g., a complex, which in turn inhibits phosphoinostide (PI)-3
kinase, that is, mTOR. Suitable mTOR targeting compounds that may be used in
accordance with the methods and processes disclosed herein include, for example,
rapamycin and its derivatives, analogs, prodrugs, esters and pharmaceutically
acceptable salts.

In various embodiments, the mTOR targeting compound is a rapamycin
or a derivative, analog, ester, prodrug, pharmaceutically acceptably salts thereof,
or conjugate thereof which has or whose metabolic products have the same
mechanism of action. In various embodiments, the calcineurin inhibitor is a
compound of Tacrolimus, or a derivative, analog, ester, prodrug, pharmaceutically
acceptably salts thereof, or conjugate thereof which has or whose metabolic
products have the same mechanism of action or a compound of Cyclosporin or a
derivative, analog, ester, prodrug, pharmaceutically acceptably salts thereof, or
conjugate thereof which has or whose metabolic products have the same

mechanism of action.
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The therapeutic agents that may be administered in accordance with the
methods and compositions disclosed herein also include antimicrobial agents,
including antivirals antibiotics, antifungals and antiparasitics. Specific
antimicrobial agents that can be used with the cured materials and coatings of the
invention include Penicillin G, Ephalothin, Ampicillin, Amoxicillin, Augmentin,
Aztreonam, Imipenem, Streptomycin, Vancomycin, Clindamycin, Erythromycin,
Azithromycin, Polymyxin, Bacitracin, Amphotericin, Nystatin, Rifampicin,
Tetracycline, Doxycycline, Chloramphenicol, Nalidixic acid, Ciprofloxacin,
Sulfanilamide, Gantrisin, Trimethoprim Isoniazid (INH), para-aminosalicylic
acid (PAS), and Gentamicin.

In certain embodiments, the ability of the cured materials and coatings
disclosed herein to elute one or more therapeutic agents is a function of the rate at
which such cured materials or coatings ability to hydrolyze upon exposure to
predetermined conditions (e.g., in vivo). Such coatings may be prepared to elute
or otherwise release such therapeutic agents from the coatings over a pre-
determined period of time in vivo (e.g., least one, two, three, four, five, six, seven,
fourteen, twenty-one, thirty, forty, fifty, sixty, ninety, one hundred twenty days,
one hundred eighty days or more). As previously discussed, the rate at which
such cured materials or coatings hydrolyze may be modulated (e.g., enhanced) by
modifying or enriching the oil from which such cured materials or coatings are
prepared. Accordingly, in certain embodiments, enrichment (e.g., using fish oil
ethyl esters) can be utilized as a means to alter (e.g., increase) the rate at which
one or more therapeutic agents elutes from a cured coating or material. For
example, enrichment of a native plant oil with fish oil ethyl esters may be used as
means of increasing the rate at which a cured coating formed from such enriched
oil hydrolyzes and therefore elutes one or more therapeutic agents. Similarly, one
or more oils (e.g., native fish oil) may be enriched with a secondary oil (e.g.,
flaxseed oil) to retard the rate at which a coating formed from such enriched oil

hydrolyzes and one or more therapeutic agents elute.

While certain compounds and methods of the present invention have been

described with specificity in accordance with certain embodiments, the following
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examples serve only to illustrate the compounds of the invention and are not
intended to limit the same.

The articles “a” and “an” as used herein in the specification and in the
claims, unless clearly indicated to the contrary, should be understood to include
the plural referents. Claims or descriptions that include “or” between one or more
members of a group are considered satisfied if one, more than one, or all of the
group members are present in, employed in, or otherwise relevant to a given
product or process unless indicated to the contrary or otherwise evident from the
context. The invention includes embodiments in which exactly one member of
the group is present in, employed in, or otherwise relevant to a given product or
process. The invention also includes embodiments in which more than one, or the
entire group members are present in, employed in, or otherwise relevant to a
given product or process. Furthermore, it is to be understood that the invention
encompasses all variations, combinations, and permutations in which one or more
limitations, elements, clauses, descriptive terms, etc., from one or more of the
listed claims is introduced into another claim dependent on the same base claim
(or, as relevant, any other claim) uniess otherwise indicated or uniess it would be
evident to one of ordinary skill in the art that a contradiction or inconsistency
would arise. Where elements are presented as lists, (e.g., in Markush group or
similar format) it is to be understood that each subgroup of the elements is also
disclosed, and any element(s) can be removed from the group. It should be
understood that, in general, where the invention, or aspects of the invention, is/are
referred to as comprising particular elements, features, etc., certain embodiments
of the invention or aspects of the invention consist, or consist essentially of, such
elements, features, etc. For purposes of simplicity those embodiments have not in
every case been specifically set forth in so many words herein. It should also be
understood that any embodiment or aspect of the invention can be explicitly
excluded from the claims, regardless of whether the specific exclusion is recited
in the specification. The publications, websites and other reference materials
referenced herein to describe the background of the invention and to provide

additional detail regarding its practice are hereby incorporated by reference.
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EXAMPLES

The following examples illustrate that the chemical properties of oils, and
in particular of the constituent fatty acids that comprise both marine oils and plant
oils, may be used to predict the ability of such oils to undergo oxidative cross-
linking, for example upon exposure to thermal curing conditions. Additionally,
the physical properties of the coatings or materials prepared upon exposure of
such oils to, for example, thermal curing conditions may also be predicted based
on the chemical properties of the oil. These teachings provide means of
manipulating oils such that cured coatings or materials prepared therefrom have
one or more properties capable of rendering such coatings or materials fit for a

articular purpose (e.g., as a drug-eluting coating on a medical device).
P ©.g

Example 1
The purpose of the present experiments was to investigate the ability of

native or “un-enriched” plant oils to thermally cross-link and form a cured oil
material or coating; to compare the properties of such plant oils to native fish oil
triglycerides; and to investigate how the fatty acid composition of the plant oils
evaluated influenced the properties and chemistry of the final cured oil coatings
prepared therefrom. The plant oils investigated included corn oil, echium oil,
flaxseed oil, grapeseed oil, hempseed oil, olive oil, peanut oil, safflower oil,
soybean oil, sunflower oil and walnut oil.

| The oils were each gravimetrically applied to a 6 x 6¢cm polypropylene
mesh by pipette and subsequently thermally cured by exposure to 93°C for a
minimum of 24 hours. After thermal exposure, the coated mesh samples were
physically inspected for oil solidification, appearance and texture. As depicted in
Table 1, following the exposure of specific plant oils to thermal curing conditions,
varying degrees of solidification were observed. For example, some of the plant
oils evaluated (e.g., olive oil) did not cure or cross-link and remained in a liquid
state. Other oils appeared to exhibit an increase in viscosity and partially

solidified around the polypropylene mesh, but subsequent heat exposure did not
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result in the formation of a solid, dry coating. Some of the plant oils investigated
readily cross-linked and formed a continuous coating around the polypropylene
mesh following exposure to thermal curing conditions. In particular, cured
coatings physically similar to the coatings prepared using native fish oil
triglycerides were achieved with flaxseed, safflower and grapeseed oils.

By evaluating the fatty acid compositions of native oils and comparing
such fatty acid compositions to the fatty acid compositions of cured coatings
prepared from such oils, it was determined that the fatty acid composition of the
subject oils was the determining property responsible for the physical differences
observed in the thermally-cured plant oils. The plant oils that were capable of
cross-linking to form a cured material or coating upon exposure to thermal
conditions contained higher concentrations of the polyunsaturated C; fatty acids.

FIG. 1 graphically illustrates and compares the typical concentrations of
the major polyunsaturated fatty acid constituents found in grapeseed oil, flaxseed
oil and fish oil that are available to participate in the oxidative cross-linking
reactions and are responsible for the observed formation of a solidified coating or
material on or around the polypropylene mesh substrate. As illustrated in FIG. 1,
the major polyunsaturated fatty acids present in both grapeseed and flaxseed oils
are linolenic (LA) and alpha linoleic acids (ALA), respectively. Conversely, and
as also illustrated in FIG. 1, eicosapentaenoic acid (EPA) and docosahexaenoic
acids (DHA) were the two main long-chained omega-3 polyunsaturated fatty
acids present in native fish oil triglycerides that were responsible for the observed
solidification (i.e., ability to cross-link) following exposure of such native fish oil
triglycerides to thermal curing conditions.

None of the plant oils evaluated contain EPA or DHA in their triglyceride
structures. Rather, each of the plant oils evaluated comprised triglyceride
molecules with unique fatty acid compositions that differed markedly from the
fatty acids found in fish oil. For example, the alkyl tails of the fatty acids
components of the plant oil triglycerides ranged from about C;4-C;3 in length with
varying degrees of saturation (e.g., each unsaturated fatty acid in the evaluated

plant oils contained one to a maximum of three double bonds). In contrast, the
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alkyl tails of the fatty acid components of the fish oil triglycerides ranged from
about C4-Cy; in length with varying degrees of saturation (e.g., each unsaturated
fatty acid contained one to a maximum of six double bonds).

The native fish oil triglycerides and the selected non-enriched plant oils
were also analyzed to determine the relative amounts of the constituent fatty acids
that comprise such oils. The amount of constituent fatty acids present in the oils
were then compared to the fatty acid composition of the thermally cured coatings
that were prepared using the native fish oil triglycerides and plant oils. As
illustrated in FIG. 2A, the fish oil triglycerides predominantly consist of
polyunsaturated fatty acids that are capable of participating in the oxidative cross-
linking reactions described herein (e.g., C22:6, C20:5, C18:3 and C18:2 fatty
acids). Following their exposure to thermal curing conditions, the
polyunsaturated fatty acids present in the fish oil (e.g., the C22:6, C20:5, C18:3
and C18:2 fatty acids) participated in the oxidative cross-linking reaction and
were consumed, as evidenced by their absence in the cured coating. Therefore,
the consumption of polyunsaturated fatty acids such as, for example, EPA and
DHA, that are present in the fish oil triglycerides following exposure to thermal
curing conditions confirms that such polyunsaturated fatty acids are participating
in the thermally-induced oxidative cross-linking reaction and the formation of the
cross-linked material or coating.

Comparéd to native fish oil, the plant oils evaluated predominantly have
C18:2 polyunsaturated fatty acids and C18:1 monounsaturated fatty acids. FIG.
2A further illustrates the absence or relatively low concentration of, for example,
the C22:6, C20:5 and C18:3 polyunsaturated fatty acids in the plant oils
evaluated. The comparatively low concentrations of polyunsaturated fatty acids
(e.g., relative to native fish oil triglycerides) correlates with a reduced ability of
the fatty acids present in some the subject plant oils to participate in oxidative
cross-linking reactions and thereby form a solid coating or material. Consistent
with the properties observed for some of the cured plant oils (e.g., little to no
solidification following exposure to thermal curing conditions) and as depicted in

FIGS. 2A and 2B, the concentrations of monounsaturated fatty acids present in
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the plant oils (e.g., C18:1 monounsaturated fatty acids) generally remained
consistent both before and after exposure of the subject plant oils to thermal
curing conditions. The lack of consumption of the C18:1 monounsaturated
therefore confirms that the monounsaturated fatty acids present in the plant oil
triglycerides (e.g., C18:1 fatty acids) are not participating in the oxidative cross-
linking reactions. Similarly, the relatively low concentrations of polyunsaturated
fatty acids in some of the plant oil triglycerides (e.g., corn oil and olive oil)
correlates to the inability of such plant oils to form solidiﬁed cross-linked

materials or coatings following exposure to thermal curing conditions.

Example 2

As an alternative to native fish oil which comprises fatty acids largely in
triglyceride form, fish oil fatty acids in ethyl ester form were evaluated for their ability to
undergo oxidative cross-linking and form solid coatings upon exposure to thermal curing
conditions. To distinguish the ethyl ester forms of such fish oil fatty acids from native
fish oil in triglyceride form, the ethyl ester forms of fish oil fatty acids are referred to
herein as the “fish oil ethyl esters”.

The fish oil ethyl esters evaluated were distinguishable from the native fish oil in
several ways. For example, the chemical structure of each fatty acid comprising the fish
oil ethyl esters was altered relative to native fish oil such that each fatty acid molecule
was approximately one-third of the size of that found in native fish oil where the fatty
acids are largely present in triglyceride form. Furthermore, each fatty acid comprising
the fish oil ethyl esters consisted of one fatty acid linked to an ethanol head group, while
native triglyceride oils consist of three fatty acids connected via a glycerol backbone.

The fatty acid composition of the fish oil ethyl esters also differed from that of
native fish oil. For example, the fish oil ethyl esters contained the same polyunsaturated
fatty acid species as the native fish oil, however such polyunsaturated fatty acids were
present in different proportions. The higher concentrations of EPA and DHA present in
the fish oil ethyl esters corresponds to approximately twice the amount of omega-3
polyunsaturated fatty acids EPA and DHA found in native fish oil, which typically
contains about 16-18% EPA and 10-11% DHA.
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To evaluate the ability of the fish oil ethyl esters to undergo oxidative cross-
linking and form coatings, the fish oil ethyl esters were applied gravimetrically to 6 x 6
cm polypropylene mesh by pipette and subsequently cured for 24 hours at 200°F. For
comparison purposes, native fish oil was also applied gravimetrically to 6 x 6 cm
polypropylene mesh by pipette and subsequently cured for 24 hours at 200°F.

A dry, solid, coating was formed upon exposure of the fish oil ethyl esters to the
thermal curing conditions. Small voids were also observed within the gaps of the
polypropylene mesh substrate onto which the fish oil ethyl ester coating was formed, that
were not observed on the coatings formed using the native fish oil triglycerides. The
voids were evident despite having applied the same mass of starting oil per unit of

polypropylene mesh surface area. The presence of such voids in the coatings were

acids that were not directly participating in the oxidative cross-linking reactions during
the exposure of such fish oil ethyl esters to thermal curing conditions (e.g., saturated and
monounsaturated fatty acids).

The cured coatings made from the fish oil ethyl esters were observed to be
physically stiffer (i.e., more rigid and less flexible) and more inelastic in texture when
compared to the coatings prepared using native fish oil under the same conditions. The
increased physical rigidity observed with the coating prepared using the fish oil ethyl
esters was likely due to increased intermolecular linkages or cross-links resulting from
the increased concentration of available cross-linking fatty acids (e.g., EPA and DHA).

Further evaluation of the coatings prepared using fish oil ethyl esters also revealed
marked differences in the chemical and physical properties of such coatings compared to
the coatings prepared using native fish oil triglycerides. In vitro bench hydrolysis testing
was performed using an aqueous 0.1 molar sodium hydroxide (0.1M NaOH) solution and
demonstrated that the coatings prepared from the fish oil ethyl esters dissolved at a much
faster rate than the coatings prepared using native fish oil triglycerides. As illustrated in
FIG. 3 FTIR spectral identity analysis indicated that the coatings prepared using the fish
oil ethyl esters had significantly increased hydroxyl functional group substitution, which
would contribute to the coating’s ability to uptake water and subsequently hydrolyze at a

more rapid rate. Contact angle analysis also demonstrated that the coatings prepared
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using fish oil ethyl esters were much more hydrophilic in nature compared to the coatings
prepared using native fish oil triglycerides. For example, as illustrated in FIG. 4, the
coatings prepared using the fish oil ethyl esters had a significantly lower contact angle
relative to the coatings prepared using native fish oil. The combination of this FTIR
spectral data and contact angle measurements demonstrate that the coatings and materials
prepared using fish oil ethyl esters appeared to be more polar and hydrophilic relative to
the coatings prepared using native fish oil triglycerides. The enhanced polarity and
hydrophilicity of such coatings enhance the hydration of the coatings, thereby causing

such coatings to hydrolyze at a faster rate.

Blends of native oils from different origins (e.g., plant oils and fish oils) and fatty
acid compositions were investigated to determine means of manipulating the physical
properties of the oils and of the cured coatings prepared using such oils. Native fish oil
triglycerides were enriched with oils of plant origin at various ratios to form a blended oil
composition and such blended oils were evaluated to determine their ability to cross-link
and form solidified coatings or materials upon exposure the thermal curing conditions.
Additionally, further studies were conducted using blended oils that were prepared by
enriching native fish oil triglycerides with fish oil ethyl esters. In the foregoing studies,
the blended oil formulations were prepared gravimetrically at different ratios (e.g., at
10%, 25%, 50%, 75%, and/or 90% w/w), were each applied as homogenous liquids onto
6 x 6 cm Prolite Ultra polypropylene mesh by pipette and subsequently exposed to
thermal curing conditions for at least 24 hours at 200°F. Following their exposure to

thermal curing conditions, the coated meshes were further evaluated.

Blends of Native Plant and Fish Qils

Blended oils were prepared by enriching native plant-oils with native fish oils to
determine if the polyunsaturated fatty acids from native fish oil (e.g., EPA and DHA)
would participate in the oxidative cross-linking reactions with the polyunsaturated fatty
acids from plant oils (e.g., LA and ALA) to form cured hybrid coatings or materials. The

plant oils assessed included flaxseed oil, which (as discussed in Example 1) was capable
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of forming a solid coating or material upon exposure to thermal curing conditions, and
olive oil, which (as also discussed in Example 1) was incapable of forming a solid
coating and remained liquid during exposure to thermal curing conditions.

Following exposure to thermal curing conditions, the blended combination of
native fish oil and flaxseed oil readily formed homogenous coatings at all of the ratios
evaluated. In particular, upon exposure to thermal curing conditions, polyunsaturated
fatty acids from the native fish oil triglycerides (e.g., EPA and/or DHA) participated in an
oxidative cross-linking reaction with polyunsaturated fatty acids from flaxseed oil
triglycerides (e.g., LA and/or ALA) and thereby formed coatings on the polypropylene
mesh. The observed solid coatings produced upon thermal curing of the blended fish oil
and flaxseed oil combinations support the conclusion that fatty acids of different origins
{e.g., plant- and marine-based polyunsaturated fatty acids) can readily cross-link with
each other to form solid coatings and materials.

To determine whether enrichment of olive oil with native fish oil triglycerides
could facilitate the cross linking of the fatty acids present in olive oil, additional studies
were conducted using a blended oil formulation prepared by gravimetrically combining
native fish oil and olive oil at different ratios. Following exposure to thermal curing
conditions, the blended oil combinations of native fish oil and olive oil did not produce a
solid homogeneous coating at any of the ratios evaluated. Accordingly, enrichment of
olive oil with fish oil triglycerides could not induce cross-linking of the polyunsaturated
fatty acids present in the olive oil with the polyunsaturated fatty acids present in the

native fish oil triglycerides to form a homogeneous solid coating or material.

Blends of Native Fish Oil Triglycerides and Fish Qil Ethyl Esters

Additional studies were conducted to determine whether fatty acids from different
triglyceride oils would react to form a cross-linked network with the fish oil ethyl ester
fatty acids having an enriched EPA and DHA content. Blended oil formulations were
prepared by enriching native fish oil or flaxseed oil with fish oil ethyl esters at various
ratios.

Following exposure of the blended oils to thermal curing conditions, all of such

blended oil combinations at all ratios evaluated produced solid homogeneous coatings on
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the polypropylene mesh substrates to which they were applied. Upon exposure to
thermal curing conditions, the fish oil triglycerides enriched with the fish oil ethyl esters
produced homogenous, coatings at all ratios evaluated. Similarly, the flaxseed oil
enriched with fish oil ethyl esters produced homogenous, coatings at all ratios evaluated.
The foregoing provides evidence that blended oil combinations can be used to produce
coatings or materials and that triglyceride fatty acids can react with ethyl ester fatty acids

to form oxidative cross-links.

Example 4

Additional studies were conducted to evaluate and compare the ability of coatings
prepared using plant oils, marine oils, fish oil ethyl esters and blended o0il combinations
of the foregoing, to hydrolyze in an alkaline hydrolysis solution. In the foregoing studies,
the oil formulations were prepared and applied as homogenous liquids onto 6 x 6 cm
polypropylene mesh by pipette and subsequently exposed to thermal curing conditions
for at least 24 hours at 200°F. Samples were obtained by taking a 1 x 1" laser-cut area of
each cured oil coated mesh. Such samples were then placed in clear glass vials,
submerged into a fixed volume of 0.1 molar sodium hydroxide solution and monitored
for complete coating dissolution. During the coating hydration and hydrolysis reaction
time, the vials were heated to 37°C and stored on a shaker table rotating at approximately
75 rotations per minute. The temperature evaluated was equivalent to the typical body
temperature to which the coating on a substrate (e.g., a medical device) would be exposed
in vivo. The purpose of the present studies was to provide a metric with which to
compare coating integrity and resilience under basic conditions. The data generated with
this in vitro hydrolysis test method are useful to help predict coating breakdown and
performance in vivo.

Under the test conditions evaluated, the coatings prepared using native fish oil
triglycerides completely hydrolyzed into solution after about 20-30 minutes. All of the
plant oil coatings evaluated, which included flaxseed, safflower and grapeseed oils, took
significantly longer to hydrate, hydrolyze and dissolve. In comparison, the coatings

prepared using the fish oil ethyl esters hydrolyzed at a significantly faster rate.
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Coatings were also prepared using blends of either native fish or plant oil
triglycerides enriched with fish oil ethyl esters and were also evaluated for ability to be
hydrolyzed upon exposure to the basic media. The coatings prepared using the blended
oils comprised either native fish oil or flaxseed oil enriched with fish oil ethyl esters
provided unique, altered hydrolysis profiles. A graph depicting these in vitro hydrolysis
times for these oil blends as a function of ethyl ester quantity in the blended oil material
is illustrated in FIG. 5. Similarly, Table 2 illustrates that the direct relationship between
the concentrations of fish oil ethyl esters and hydrolysis time. Specifically, the time of
hydrolysis of the cured oil coatings can be increased by increasing amount of fish oil
ethyl esters used to enrich the native fish oil used to prepare such coatings.

As depicted in FIG. §, as the concentration of fish oil ethyl ester in the blended
oil formulation was increased, the final cured coating produced had a reduced hydrolysis
time in the 0.1M NaOH solution. Therefore, the present studies provide that enrichment
of native plant or marine oils with fish oil ethyl esters can be utilized to alter the

hydrolysis properties of coatings prepared using such native fish oils or plant oils.

Example 5

The coatings prepared using the blended oil formulations (i.e., plant oil or fish oil
enriched with fish oil ethyl esters) were also evaluated for coating polarity using FTIR
spectral identity and surface contact angle analysis. The FTIR spectral identity provides
a signal plot in which functional groups present in the coating’s molecular structure
absorb at specific wavelengths. Each cured oil coating prepared had a unique spectral
profile that may be used as a fingerprint to distinguish differences in the chemical
structure of such coating. For example, the presence of hydroxyl functional groups in the
coating exhibited a broad peak absorbing between about 3300 — 3600 cm™. As depicted
in FIG. 6 and FIG. 7, a direct relationship was observed between the amount of fish oil
ethyl esters added to the native fish oil or plant oil and the absorbance of the final cured
coatings by FTIR due to hydroxyl group abundance.

The polarity and the hydrophilicity of the coatings prepared using blended oils

were also evaluated and compared by determining the contact angles of such coatings.
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The contact angle analysis was conducted by placing a drop of water onto the coating and
thereafter a snapshot image was immediately acquired. The image of the water droplet
upon the surface of the coating was then analyzed to calculate the angle at which the
water droplet contacted the surface of the coating. Angles of higher degree (e.g., greater
than 90°) indicate that the surface is more hydrophobic in nature. Conversely, angles of a
lower degree (e.g., less than 90°) indicate that the surface is more hydrophilic in nature.
The presence of polar species on the surface chemistry of a solid material encourages
wettability (i.e. hydrophilicity). As depicted in FIGS. 8 and 9, the surface contact angle
analysis demonstrated that the blended coatings prepared from fish oil or plant oils that
were enriched with higher concentrations of fish oil ethyl esters produced more polar
coatings. Accordingly, there is a direct relationship between the amount of fish oil ethyl
esters in the blended oil composition and the rate of hydrolysis of the cured oil coating
prepared therefrom, further supporting the conclusion that the physical properties (e.g., in

vitro hydrolysis) of the cured oil coating or material can be manipulated by increasing

- amount of fatty acid ethyl esters added to both plant and marine oils. As the amount of

fish oil ethyl esters in the starting oil formulations was increased, the final cured coatings
exhibited increased absorbance by FTIR due to hydroxyl group abundance that correlated
with the observed contact angles, as depicted in FIG. 10.

The FTIR spectral data and contact angle measurements presented herein
demonstrate that the addition of fish oil ethyl esters can be utilized to alter the polarity of
cured oil coatings or materials. The ability to modify the surface chemistries of cured oil
coatings and materials can be advantageous in that more polar functional groups will

encourage water hydration and thereby facilitate the hydrolysis of the coating.

Example 6

The instant studies were conducted to compare the release profiles of a model
therapeutic compound from the coatings prepared using native plant oils or fish oils
enriched with ethyl ester fatty acids. Three cross-linked oil coatings were prepared by
applying native fish oil, flaxseed oil or fish oil ethyl esters to 6 x 6 cm polypropylene
mesh by pipette and subsequently curing for 24 hours at 200°F. Triclosan, a lipophilic,

hydrophobic, antimicrobial therapeutic agent, was incorporated into the three different oil
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formulations at the same target drug load. Samples of each cured coating prepared were
then subjected to a drug dissolution testing. High performance liquid chromatography
(HPLC) was performed to assay the dissolution aliquots of the quantity of drug eluted
from the coatings in order to generate the release curves unique to each coating.

The triclosan dissolution curves are shown in FIG. 11. Triclosan was eluted into
the aqueous dissolution media (0.25% Tween 20 in PBS) at different rates, depending on
the cross-linked oil coating into which it was incorporated. The coating which eluted
triclosan at the fastest rate was the coating prepared using the fish oil ethyl esters. As
illustrated in FIG. 11 nearly all of the triclosan was recovered from the coating prepared
using the fish oil ethyl esters after 3 days. The coating which eluted triclosan at the
slowest rate was the coating prepared with flaxseed oil triglycerides. As shown in FIG.
11, only about 30% of the triclosan was recovered from the coating prepared using
flaxseed oil after 15 days. The present study demonstrates the ability of manipulating
release of therapeutic agents from cured oil coatings of varying fatty acid composition

and polarity.

Example 7

The present studies were conducted to evaluate the in vivo biocompatibility and
resorption kinetics of blended coatings on polypropylene mesh. The coated
polypropylene meshes were implanted into the muscle tissue of rabbit models. The
cross-linked oil coatings were prepared using either native fish oil triglycerides, fish oil
ethyl esters, flaxseed oil, or various blends of marine oils enriched with fish oil ethyl
esters. After 2 months implantation time, the coated polypropylene meshes were
harvested from the muscle tissue and evaluated microscopically.

All animals evaluated survived until scheduled sacrifice. Histological evaluation
of the harvested tissue did not indicate any adverse cellular responses or inflammation
with respect to any of the implant coated meshes. Microscopic evaluation of the
explanted coated meshes did indicate differences in amounts of remaining coating present
on the mesh as well as cellular infiltration. Images of cross-sections of the devices

inserted into tissue after 2 months are shown in FIGS. 12, 13 and 14.
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As illustrated in FIG. 12, after two months implantation in rabbit muscle the
coating prepared using native fish oil triglycerides was partially absorbed. As illustrated
in FIG. 13, the coatings prepared using flaxseed oil (which does not contain EPA or
DHA) did not absorb within the two month period and appeared very similar to initial
implantation. The coating prepared using blends of native fish oil and fish oil ethyl
esters, however, were almost completely absorbed within the 2 month timeframe, as
illustrated in FIG. 14. These differences further demonstrate that it is possible to
manipulate and alter coating resorption kinetics in vivo by altering the composition of the

starting oil.

Discussion

The foregoing studies illustrate that cured lipid or oil-based coatings or materials
having desired properties may be formed by altering the oil composition used to prepare
such cured coatings. In particular, manipulating the underlying chemical properties (e.g.,
fatty acid composition) of the oils (e.g., by blending with other oils) prior to exposure to,
for example, thermal curing conditions, facilitates the tailoring of the cured coating’s or
material’s physical characteristics, which include, for exampie polarity, flexibility and the
ability to hydrolyze. Furthermore, the present inventions provide means of controlling
the elution of therapeutic agents from a coating or material to thereby control the release
of such therapeutic agents. The teachings provided herein also provide means of tailoring
the properties of cured coatings or materials and thereby expand the potential application
of oils and such cured coatings or materials prepared from such oils and thereby expand
the purposes for which such oils or cured coatings may be used (e.g., as a drug-eluting
coating on medical devices), and further provide that modifying the composition of
starting oils provides a means of manipulating coating resorption kinetics in vivo.
Accordingly, by manipulating chemical properties of oils, the compositions and methods
disclosed herein effectively increase the population of available native or enriched oils
that may be cured or cross-linked as well as the number of specific applications for which

such oils may be used.
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CLAIMS
What is claimed is:
L. A coating for a medical device comprising one or more oils, wherein the

one or more oils have been at least partially cured to form cross-linked
fatty acids, and wherein the one or more oils have been enriched with one

or more fatty acid alkyl esters to form an enriched oil.

2. The coating of claim 1, wherein the fatty acid alkyl esters comprise lower

alkyl esters of fatty acids.

3. The coating of claim 2, wherein the lower alkyl esters of fatty acids are
selected from the group consisting of a linear C;-Cg alkyl and a branched
Cl-C5 alkyl.

4, The coating of claim 1, wherein the coating comprises between about 1%

and about 99% fatty acid alkyl esters,

S. The coating of claim 1, wherein the esterified fatty acid comprises an ethyl

ester of eicosapentaenoic acid (EPA).

6. The coating of claim 1, wherein the esterified fatty acid comprises an ethyl

ester of docosahexaenoic acid (DHA).

7. The coating of claim 1, wherein the esterified fatty acid comprises ethyl

esters of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA).

8. The coating of claim 1, wherein the esterified fatty acid comprise about 1-

99% of the enriched oil.
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9. The coating of claim 1, wherein the one or more oils are plant oils.
10. The coating of claim 9, wherein the one or more oils are selected from the

group consisting of flaxseed oil, grapeseed oil, safflower oil, soybean oil,
corn oil, echium oil, hempseed oil, walnut oil, olive oil and combinations

thereof.

11. The coating of claim 1, wherein the enriched oil comprises flaxseed oil
and ethyl esters of eicosapentaenoic acid (EPA) and docosahexaenoic acid

(DHA).

12. The coating of claim 11, wherein the enriched o0il comprises between

about 1-99% flaxseed oil.
13. The coating of claim 1, wherein the one or more oils are marine oils.
4. The coating of claim 1, wherein the enriched oil comprises fish oil and
ethyl esters of eicosapentaenoic acid (EPA) and docosahexaenoic acid

(DHA).

15. The coating of claim 14, wherein the enriched oil comprises between

about 1-99% fish oil.

16.  The coating of claim 1, wherein the enriched oil comprises at least about

50% polyunsaturated fatty acids.

17. The coating of claim 1, wherein the enriched oil comprises at least about

60-65% polyunsaturated fatty acids.

18. The coating of claim 1, wherein the coating has a contact angle of less

than about 90°,
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The coating of claim 1, wherein the coating has a contact angle of less

than about 70°,

The coating of claim 1, wherein the medical device is selected from the
group consisting of a surgical mesh, a graft, a catheter balloon, a stand-

alone film or a stent.

The coating of claim 1, wherein the coating completely hydrolyzes in a

0.1M NaOH solution in less than about 60 minutes at 37°C.

The coating of claim 1, wherein the coating completely hydrolyzes in a

0.1M NaOH solution in less than about 30 minutes at 37°C.

The coating of claim 1, wherein the coating completely hydrolyzes in vivo

into substantially non-inflammatory compounds.

The coating of claim 1, wherein the coating has one or more polar
hydroxyl groups as indicated by an infrared absorption spectrum having a

peak at approximately 3300-3600cm™".

The coating of claim 1, wherein the coating further comprises one or more

therapeutic agents.

The coating of claim 25, wherein the one or more therapeutic agents are
selected from the group consisting of an anti-proliferative agent, an anti-
inflammatory agent, an antimicrobial agent, an antibiotic agent and

combinations thereof,

The coating of claim 25, wherein the one or more therapeutic agents are

eluted from the coating over an extended period of time.
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28.  The coating of claim 27, wherein the extended period of time is at least

fourteen days.

29.  The coating of claim 27, wherein the extended period of time is at least

about thirty days.

30.  The coating of claim 27, wherein the extended period of time is at least

sixty days.

31. A method of increasing the in vivo hydrolysis rate of a cured oil coating
having cross-linked fatty acids, wherein the method comprises the steps of
(1) enriching one or more oils used to form the cured oil coating with one
or more fatty acid alkyl esters to form an enriched oil, and (ii) exposing
the enriched oil to curing conditions to form the cured oil coating, such

that the in vivo hydrolysis rate of the cured oil coating is increased.

32.  The method of claim 31, wherein the fatty acid alkyl esters comprise

lower alkyl esters of fatty acids.

33.  The method of claim 32, wherein the lower alkyl esters of fatty acids are
selected from the group consisting of a linear C;-C alkyl and a branched
C]-C6 alkyl

34.  The method of claim 31, wherein the enriched oil comprises between

about 1% and about 99% fatty acid alkyl esters.

35.  The method of claim 31, wherein the fatty acid alkyl esters comprise an

ethyl ester of eicosapentaenoic acid (EPA).
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The method of claim 31, wherein the fatty acid alkyl esters comprise an

ethyl ester of docosahexaenoic acid (DHA).

The method of claim 31, wherein the fatty acid alkyl esters comprise ethyl

esters of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA).

The method of claim 31, wherein the one or more oils are selected from
the group consisting of fish oil, flaxseed oil, grapeseed oil, safflower oil,
soybean oil, corn oil, echium oil, hempseed oil, walnut oil, olive oil and

combinations thereof.

The method of claim 31, wherein the enriched oil comprises flaxseed oil
and ethyl esters of eicosapentaenoic acid (EPA) and docosahexaenoic acid

(DHA).

The method of claim 39, wherein the enriched oil comprises between

about 10-90% flaxseed oil.

The method of claim 31, wherein the one or more oils are marine oils.
The method of claim 31, wherein the enriched oil comprises fish oil and
ethyl esters of eicosapentaenoic acid (EPA) and docosahexaenoic acid

(DHA).

The method of claim 31, wherein the enriched oil comprises between

about 10-90% fish oil.

The method of claim 31, wherein the enriched oil comprises at least about

50% polyunsaturated fatty acids.
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The method of claim 31, wherein the enriched oil comprises at least about

60-65% polyunsaturated fatty acids.

The method of claim 31, wherein the coating has a contact angle of less

than about 90°.

The method of claim 31, wherein the coating has a contact angle of less

than about 70°.

The method of claim 31, wherein the coating completely hydrolyzes in

vivo in less than about 60 days.

The method of claim 31, wherein the coating completely hydrolyzes in

vivo in less than about 90 days.

The method of claim 31, wherein the coating completely hydrolyzes in

vivo into substantially non-inflammatory compounds.

The method of claim 31, wherein the coating has one or more polar
hydroxyl groups as indicated by an infrared absorption spectrum having a

peak at approximately 3300-3600cm™".

The method of claim 31, wherein the coating further comprises one or

more therapeutic agents.

The method of claim 52, wherein the one or more therapeutic agents are
selected from the group consisting of an anti-proliferative agent, an anti-
inflammatory agent, an antimicrobial agent, an antibiotic agent and

combinations thereof,
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54, The method of claim 52, wherein the one or more therapeutic agents are

eluted from the coating over an extended period of time.

55.  The method of claim 52, wherein the extended period of time is at least

seven days.

56. The method of claim 52, wherein the extended period of time is at least

fourteen days.

57. The method of claim 52, wherein the extended period of time is at least

about thirty days.

58. The method of claim 52, wherein the extended period of time is at least
sixty days.

59. The method of claim 31, wherein the curing conditions comprise heat.

60.  An oil based composition comprising one or more oils having been at least

partially cured to form cross-linked fatty acids, wherein the one or more
oils have been enriched with one or more fatty acid alkyl esters to form an

enriched oil.

61. The composition of claim 60, wherein the composition comprises between

about 1% and about 99% fatty acid alkyl esters.

62. The composition of claim 60, wherein the fatty acid alkyl esters comprise

an ethyl ester of eicosapentaenoic acid (EPA).

63.  The composition of claim 60, wherein the fatty acid alkyl esters comprise

an ethyl ester of docosahexaenoic acid (DHA).
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The composition of claim 60, wherein fatty acid alkyl esters comprise
ethyl esters of eicosapentaenoic acid (EPA) and docosahexaenoic acid

(DHA).

The composition of claim 60, wherein the one or more oils are selected
from the group consisting of fish oil, flaxseed oil, grapeseed oil, safflower
oil, soybean oil, corn oil, echium oil, hempseed oil, walnut oil, olive oil

and combinations thereof.

The composition of claim 60, wherein the composition is coated onto a

medical device,

The composition of claim 66, wherein the medical device is selected from
the group consisting of a surgical mesh, a graft, a catheter balloon, a stand-

alone film or a stent.

The composition of claim 60, wherein the composition has a contact angle

of less than about 90°,

The composition of claim 60, wherein the composition has a contact angle

of less than about 70°.

The composition of claim 60, wherein the composition completely
hydrolyzes in a 0.1M NaOH solution in less than about 60 minutes at
37°C. '

The composition of claim 60, wherein the composition completely
hydrolyzes in a 0.1M NaOH solution in less than about 30 minutes at
37°C.
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The composition of claim 60, wherein the composition completely

hydrolyzes in vivo into substantially non-inflammatory compounds.

The composition of claim 60, wherein the composition has one or more
polar hydroxyl groups as indicated by an infrared absorption spectrum

having a peak at approximately 3300-3600cm "

The composition of claim 60, wherein the composition further comprises

one or more therapeutic agents.

The composition of claim 74, wherein the one or more therapeutic agents
are selected from the group consisting of an anti-proliferative agent, an
anti-inflammatory agent, an antimicrobial agent, an antibiotic agent and

combinations thereof.

The composition of claim 74, wherein the one or more therapeutic agents

are eluted from the composition over an extended period of time.

The composition of claim 76, wherein the extended period of time is at

least seven days.

The composition of claim 76, wherein the extended period of time is at

least fourteen days.

The composition of claim 76, wherein the extended period of time is at

least about thirty days.

The composition of claim 76, wherein the extended period of time is at

least sixty days.
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The composition of claim 60, wherein the one or more oils have been

partially cured by exposing the one or more oils to heat,

An oil based composition comprising one or more oils, wherein the one or
more oils have been at least partially cured to form cross-linked fatty acids
and wherein the one or more oils have been enriched prior to the partial

curing to form an enriched oil.

The composition of claim 82, wherein the one or more oils have been

enriched with one or more fatty acid alkyl esters.

The composition of claim 82, wherein the one or more oils have been

enriched with one or more additional oils.

The composition of claim 82, wherein the one or more oils are plant oils.

The composition of claim 82, wherein the one or more oils are marine oils.

The composition of claim 82, wherein the composition forms a coating for

a medical device.

The composition of claim 87, wherein the medical device is selected from
the group consisting of a surgical mesh, a graft, a catheter balloon, a stand-
alone film or a stent.

The composition of claim 82, wherein the composition is hydrophilic.

The composition of claim 89, wherein the composition has a contact angle

of less than about 90°,
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The composition of claim 89, wherein the composition has a contact angle

of less than about 70°,

The composition of claim 82, wherein the composition completely
hydrolyzes in a 0.1M NaOH solution in less than about 60 minutes at
37°C.

The composition of claim 82, wherein the composition completely
hydrolyzes in a 0.1M NaOH solution in less than about 30 minutes at
37°C.

The composition of claim 82, wherein the composition completely

hydrolyzes in vivo into substantially non-inflammatory compounds.

The composition of claim 82, wherein the composition has one or more
polar hydroxyl groups as indicated by an infrared absorption spectrum

having a peak at approximately 3300-3600cm ™.

The composition of claim 82, wherein the composition further comprises

one or more therapeutic agents.

The composition of claim 96, wherein the one or more therapeutic agents
are selected from the group consisting of an anti-proliferative agent, an
anti-inflammatory agent, an antimicrobial agent, an antibiotic agent and

combinations thereof.

The composition of claim 96, wherein the one or more therapeutic agents

are eluted from the composition over an extended period of time.

The composition of claim 98, wherein the extended period of time is at

least seven days.
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The composition of claim 98, wherein the extended period of time is at

least fourteen days.

The composition of claim 98, wherein the extended period of time is at

least about thirty days.

The composition of claim 98, wherein the extended period of time is at

least sixty days.

The composition of claim 82, wherein the one or more oils have been

artially cured by exposing the one or more oils to heat.
ixd &

The composition of claim 82, wherein the composition comprises a plant

oil and a marine oil.

The composition of claim 82, wherein the enriched oil comprises flaxseed
oil and ethyl esters of eicosapentaenoic acid (EPA) and docosahexaenoic

acid (DHA).

The composition of claim 82, wherein the enriched oil comprises fish oil
and ethyl esters of eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA).

The composition of claim 87, wherein the coating is porous.

The composition of claim 87, wherein the coating comprises one or more

voids.
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The composition of claim 85, wherein the composition completely
hydrolyzes in a 0.1M NaOH solution in more than about 30 minutes at
37°C.

The composition of claim 85, wherein the composition completely
hydrolyzes in a 0.1M NaOH solution in more than about 60 minutes at

37°C.

The composition of claim 85, wherein the composition does not

substantially hydrolyze in vivo.

The composition of claim 111, wherein the composition is biocompatible.
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