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1
POROUS MICROPARTICLES WITH HIGH
LOADING EFFICIENCIES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Patent Application No. 61/901,771 filed Nov. 8, 2013, the
entirety of which is incorporated herein by reference.

TECHNICAL FIELD

As disclosed herein are porous microparticles and meth-
ods of making the porous microparticles, which includes
porous microparticles that encapsulate one or more sub-
stances that are biocompatible and/or bioactive in nature and
may be of use in a biologic system.

BACKGROUND

Introducing biocompatible and/or bioactive substances to
abiologic system has its challenges. An ideal delivery would
follow zero-order kinetics, such that the blood level after
delivery of the biocompatible and/or bioactive substance
remains constant. Current delivery systems, including
porous polymers have been described but macroporous
polymers have never been shown to offer zero-order release.
Some porous polymers are strongly adhesive to the gastro-
intestinal mucus and cellular lining of the body, thereby
limiting their use for local delivery to other sites. In addition,
macroporous polymers have only been found to exhibit
first-order kinetics. Early evidence using polymers of poly
(lactide-co-glycolide) suggests that after 12 hours or so,
there may be a near zero-order kinetics; however, release of
protein was considered low. Using hollow microspheres of
poly(lactide-co-glycolide), others have ultrasonically pro-
duced holes in the spheres, which, it was suggested may
provide a means to releasing substances within its core.

With current microspheres, loading efficiencies of the
current systems remains quite low because loading occurs
after the polymer particles are formed, hence after they have
polymerized.

In addition to the above issues and the low encapsulation
efficiency currently found with said systems, there are
further limitations with current microspheres that include
particle size distribution, solvent removal, and bioactivity
loss.

The invention described improves upon current systems
and also overcomes challenges just described.

SUMMARY

Described herein are improvements to current polymer
delivery systems, providing new polymer compositions that
are also capable of encapsulating with very high loading
efficiencies one or more desired substances, including bio-
compatible and/or bioactive substances. The polymer com-
positions and methods of preparing said polymer composi-
tions are described. Said polymer compositions encapsulate
the one or more desired substances (e.g., biocompatible
and/or bioactive substances) prior to polymerization. The
polymer compositions described herein are compatible for
local delivery, irrespective of the location of delivery. The
polymer compositions described herein may be controlled
for size, shape as well as amount of substance to be released.
The methods include a solvent free template process for
fabricating particles. The microparticle compositions when
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formed are, thus, solvent-free. In one or more embodiments,
said particles are generally uniform. The particles sizes may
be tunable and have, themselves, a desired or tunable pore
size for the controlled release of one or more the desired
substances.

The compositions described herein are porous, thereby
suitable for encapsulation and release of said desired sub-
stance or combination of substances of compatible size,
exhibiting controlled release performance of said substance.

In one or more embodiments, a polymer composition
includes a mixture of two components in the form of a
double emulsion. The double emulsion is a water-in-oil-in-
water emulsion containing a first component and a second
component. Said components form a polyHIPE composition
that is porous. Said components form a polyMIPE compo-
sition that is porous.

The first component comprises an organic phase (con-
tinuous or oil phase) with an internal aqueous phase. Said
phases are solvent free. The first component is a first
emulsion prepared, in some embodiments, as a high internal
phase emulsion (HIPE) when the first component has a
water (or water-based, aqueous phase) volume of at least
about 70% or about 75% or greater. The organic or continu-
ous phase of the first component will comprise at least a first
biodegradable polymeric material and at least one initiating
agent which is a cross-linking agent. The at least one
initiating agent may be a free-radical oxidizing agent or
another suitable initiating agent, such as a thermal initiator,
UV initiator or redox initiator, and various combinations
thereof. The organic phase of the first component is selected
by having a low viscosity, suitable hydrophobicity to allow
a first emulsification with the aqueous phase, and does not
require any organic solvent for the first emulsification. The
aqueous phase of the first component will include at least
one chemical that prevents Ostwald ripening. The aqueous
phase of the first component is water or a water-based
solution and may also contain at least one substance, such as
a substance that is biocompatible and/or bioactive in a
biologic system. The substance when biocompatible and/or
bioactive in a biologic system may be one or more cells,
enzymes, growth factors, peptides, proteins, pharmaceutical
agents, nanoparticles and the like. The substance may be
organic or inorganic or have one or more organic or inor-
ganic linkages. A desired amount of the biocompatible
and/or bioactive substance may be provided into each
microparticle by the methods described herein.

The second component of the double emulsion is an
aqueous phase and may contain, in addition to water, a
surfactant, an initiator (cross-linking agent) and/or wetting
agent. In some embodiments, there is no surfactant in the
second component.

The first biodegradable polymeric material of the first
component is stabilized with an emulsifier in the continuous
or organic phase. The emulsifier is selected as one lacking
hydrogen bond donor sites (donors) in its hydrophilic, polar
head region. The emulsifier may be an amphiphilic surfac-
tant having a polar, water-soluble head group attached to a
nonpolar, water-insoluble hydrocarbon chain. In one or more
embodiments, the emulsifier has a hydrophilic-lipophilic
balance (HL.B) in a range of between about 2 and about 9.
In some embodiments, the emulsifier has a hydrophilic-
lipophilic balance (HLB) in a range of between about 3 and
about 5.

The first biodegradable polymeric material will include:
(a) a macromonomer (macromer) having at least one reac-
tive end group, which is biodegradable, and having a suit-
able viscosity for emulsion in water; and (b) reaction ther-
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modynamics that allow polymerization and/or curing at a
physiologic condition. The at least one reactive end group
will crosslink the macromer at a thermal or ambient or a
physiologic temperature. The molecular weight of the first
biodegradable polymeric material will assist in maintaining
a viscosity, and preferably a controlled viscosity that
replaces (and no longer requiring) a toxic diluent for emul-
sion stabilization. The at least one reactive end group has at
least one unsaturated (double) bond for undergoing free
radical cross linking. In one or more embodiments, the at
least one reactive end group may be an acrylate end group
or a methacrylate end group.

The macromer for the first biodegradable polymeric mate-
rial will have a selected viscosity and hydrophobicity. In one
or more embodiments, the hydrophobicity, determined by an
octanol-water partition coeflicient (Log P), is greater than 2.
In some embodiments, the Log P is in a range of between 2
and 8. In some embodiments, the Log P is in a range of
between 2 and 4. The macromer preferably is but is not
required to have a viscosity in a range that is near that of
water, which is 1 cP. In some embodiments, the viscosity is
in a range of between about 0.08 cP and about 1000 cP. In
some embodiments, the viscosity is not greater than 150 cP.

Suitable macromers are ones prepared from an ester based
monomer or from an anhydride based monomer. A suitable
macromer is represented by but is not limited to a biode-
gradable macromer having one or more ester linkages or a
biodegradable macromer having one or more anhydride
linkages. Exemplary embodiments include a biodegradable
fumarate based monomer having one or more ester linkages
(e.g., propylene fumarate dimethacrylate [PFDMA]), a bio-
degradable diglycol based monomer having one or more
ester linkages (e.g., ethylene glycol dimethacrylate
[EGDMAY), a butane diol dimethacrylate [BDMA]) and a
biodegradable acrylic based monomer having one or more
anhydride linkages (e.g., methacrylic anhydride [MA]).

The first component of the high internal phase emulsion
or the medium internal phase emulsion is formed by
mechanical dispersion of the above described constituents.
The first component is formed after a first emulsification in
a solvent free system.

The double emulsion includes introducing the first com-
ponent into the second component. The first component is
introduced drop wise, as droplets, into the second compo-
nent, thereby forming a second emulsion, which is essen-
tially a water-in-oil-in-water emulsion. The second compo-
nent is solvent free. The second emulsion will comprise
porous microparticle compositions. FHach microparticle
composition includes the first component, in which the
aqueous phase of the first component become encapsulated
in a polymeric matrix (organic matrix). When the first
component contains the at least one additional substance
(which may or may not be bioactive and/or may or may not
be biocompatible), then the microparticle compositions
when formed will retain the at least one substance in the
aqueous phase of the first component, thereby encapsulating
the at least one substance within the polymeric matrix. The
microparticle compositions may be spherical or somewhat
spherical in shape, and may be so shaped as desired by
means described herein. Said means include controlling the
size and shape of the droplets, controlling the rate of droplet
introduction (into the second component), and controlling
the rate of injection and/or volume of injection of the first
component into the second component. Microparticle com-
position will, in one or more embodiments, be capable of
having a well-defined size and/or shape, said well-defined
size and/or shape provided by the rate of droplet introduc-
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tion (into the second component), the rate of injection and/or
the volume of injection of the first component into the
second component. In one or more embodiments, micropar-
ticle compositions will have a cross sectional diameter (in at
least one direction) that is from about 20 micrometers to
about 1000 micrometers. Microparticle compositions will,
in other embodiments, have a cross sectional diameter (in at
least one direction) that is from about 20 micrometers to
about 100 micrometers. Further, microparticle compositions
will, in other embodiments, have a cross sectional diameter
(in at least one direction) that is from about 100 micrometers
to about 500 micrometers. In other embodiments, micropar-
ticle compositions will have a cross sectional diameter (in at
least one direction) that is from about 150 micrometers to
about 800 micrometers, or from about 200 micrometers to
about 800 micrometers. In additional embodiments,
microparticle compositions will have a cross sectional diam-
eter (in at least one direction) that is from about 300
micrometers to about 1000 micrometers. A standard devia-
tion of the microparticle compositions is generally not more
than 50 micrometers when the cross-sectional diameter is
greater than 300 micrometers. The standard deviation may
be less than 40 micrometers, or less than 35 micrometers, or
less than 30 micrometers, or less than 25 micrometers. The
standard deviation of the microparticle compositions may be
between about 20 micrometers and 35 micrometers when the
cross-sectional diameter is greater than 300 micrometers.

When fully polymerized and hardened, the compositions
form porous microparticles. Hardening may be performed at
a predetermined time or when desired after performing the
second emulsification. Hardening includes initiating cross-
linking after droplets are introduced into the second com-
ponent, such as by a thermal means, a light means, a redox
means, or other suitable means, depending on the type of
initiator incorporated into the first component. Cross-linking
and hardening of the microparticle compositions maintains
the porous microparticles in their initially formed shape,
unless further shaping occurs prior to completion of polym-
erization. Cross-linking and hardening of the microparticle
compositions may occur while the compositions remain in
the second component. Cross-linking and hardening of the
microparticle compositions may occur when the micropar-
ticle composition is in another environment removed from
or transitioning from the second component.

Cross-linking and, thus, hardening provides porous
microparticles with a three dimensional structural matrix
and porous region that includes a plurality of pores or spaces
therein. Porous microparticles may be dried in air or under
vacuum to remove water after cross-linking. Porous
microparticles may be dried by freeze drying. Alternative
means known in the art are also acceptable for drying said
particles. Porous microparticles may be stored for later use
after cross-linking. In one or more embodiments, porous
microparticles are fully hardened before being introduced
into a biologic system. In additional embodiments, porous
microparticles may be fully hardened after they are intro-
duced into a biologic system. No further manipulation of the
porous microparticles is required after they are fully polym-
erized, especially when porous microparticles are polymer-
ized in an aqueous phase or in biocompatible fluid, such as
one that is biocompatible with or is similar or the same as a
biologic system. Porous microparticles, when formed from
a composition in which the first component contains the at
least one substance (e.g., biocompatible and/or bioactive
substance), do not require further seeding or implantation
with the substance or in a biologic fluid after being formed.
The porous microparticles when formed do not need to
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undergo solvent evaporation, since no solvent is required for
formation. The porous microparticles described herein do
not need to be further washed or immersed in a solvent to
dissolve/remove certain undesirable components. This is
because the porous microparticles described herein are
formed of components that are compatible with a biologic
system. It is also understood that said porous microparticles
may be used in other systems, such as engineering, chemi-
cal, and/or environmental systems that may or may not
include biologic material(s). It is understood that said porous
microparticles may be loaded and, hence, encapsulated with
a substance useful in a system other than biologic system,
such as a physical, chemical and/or environmental systems
that may or may not include biologic material(s).

In one or more embodiments, a microparticle composition
is described that includes a polymeric matrix and a porous
region, said microparticle composition having been derived
from a double emulsion preparation. Generally, the poly-
meric matrix is shaped and sized as a microparticle. The
polymeric matrix will often present as a generally spherical
or somewhat spherical shape. The porous region includes an
interconnected network of pores that reside within the
polymeric matrix. The polymeric matrix may also present as
an ovoid or non-spherical shape. The polymeric matrix will
include at least the first biodegradable polymeric material
and the at least one initiating agent, which is a cross-linking
agent, as well as any other constituent of the organic phase
of'the first component. The polymeric matrix when hardened
will form the three dimensional structural matrix of the
formed porous microparticle.

A plurality of the pores in the porous region may be
interconnected, thereby providing an internal microarchitec-
ture. Not all pores are interconnected. When porous
microparticles are formed from a composition that includes
the at least one substance, the at least one substance will
reside within the porous region. In one or more forms, many
of the pores will include therein the at least one substance.
In some embodiments, the pores are relatively uniform. In
some embodiments, the substance is entrapped in the inter-
nal architecture of the microparticle composition. In some
embodiments, the substance will reside along the pore wall.
In some embodiments, the substance is adsorbed to the pore
wall. The porous region will further comprise other con-
stituents of the aqueous phase of the first component, unless
said constituents did not adsorb or diffused prior to intro-
duction of the microparticles to a system. Said constituents
may be releasable upon degradation of the polymeric matrix
in the system.

In the porous region of a microparticle composition, an
individual pore will have a size that ranges from about 1
micrometer to about 100 micrometers. In some embodi-
ments, the pore size will range from about 1 micrometer to
about 50 micrometers, and/or from about 2 micrometers to
about 40 micrometers, and/or from about 5 micrometers to
about 35 micrometers, and/or from about 10 micrometers to
about 30 micrometers, and/or from about 5 micrometers to
about 20 micrometers. In some embodiments, the pores are
relatively uniform.

A method of making the microparticle compositions
described herein includes a first mixing or emulsification of
the organic phase and the aqueous phase to form a first
emulsion, which may be a high internal phase emulsion. The
first mixing may also form a medium internal phase emul-
sion. After the first emulsification, which forms the first
emulsion (or the high internal phase emulsion; or the
medium internal phase emulsion), the first emulsion is
introduced as droplets into the second component, forming
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a second emulsion. The second emulsion will comprise a
plurality of microparticle compositions. The number of
microparticle compositions generally correspond with the
number of droplets introduced into the second component.
Hardening of the microparticle compositions occur via
cross-linking, which provides hardened porous micropar-
ticles having a three dimensional hardened structural matrix
with a porous region therein comprising pores or spaces, in
which a plurality of the pores or spaces are interconnected.
Hardening is initiated by any means for initiating cross-
linking, said means will be compatible with the initiating
agent contained in the organic phase. No further processing
steps are required. Thus, the method described herein does
not require additional seeding or implantation with a sub-
stance, such as a biocompatible and/or bioactive substance,
when the microparticle compositions are prepared with at
least one biocompatible and/or bioactive contained in the
organic phase. The method does not require pre-casting of
the compositions in a mold. The method does not require any
additional evaporation of a solvent. The method does not
require additional washing or immersion of the porous
microparticles after hardening for removal of undesirable
and potentially toxic components.

Microparticle compositions and porous microparticles
may be introduced to a system (e.g., biologic system) by any
suitable means. For a biologic system, said means of intro-
ducing include oral, parenteral, intramuscular, intravenous,
by injection, by inhalant, and the like. Microparticle com-
positions may be delivered locally, and in situ. Microparticle
compositions and porous microparticles may also be deliv-
ered cooperatively with other means for delivery or into
another three-dimensional network prior to delivery.
Microparticle compositions and porous microparticles
described herein are also suitable for any other applications
for which the porous microparticles may be useful or
desired, whether or not the porous microparticles encapsu-
late at least one substance, such as a biocompatible and/or
bioactive substance.

In one or more embodiments is a double emulsion com-
prising a first component comprising an organic phase. The
organic phase includes at least a biodegradable polymeric
material. The biodegradable polymeric material comprises
at least one end group selected from an acrylate and a
methacrylate and one or more linkages selected from an
anhydride and an ester. The biodegradable polymeric mate-
rial may be a monomer. The biodegradable polymeric mate-
rial generally has an octanol-water partition coefficient of
between about 2 and about 8. The biodegradable polymeric
material generally has a viscosity of between about 0.08 cP
and about 1000 cP. The viscosity may be at or less than 150
cP. The biodegradable polymeric material is stabilized with
a quantity of an emulsifier lacking hydrogen bond donors in
its hydrophilic head region while having a hydrophilic-
lipophilic balance in a range of between about 2 and about
9. The organic phase further comprises at least one cross-
linking agent. The first component further includes an aque-
ous phase. The aqueous phase may also contain a chemical
to prevent Ostwald ripening. In some embodiments, the first
component forms a high internal phase emulsion. In some
embodiments, the first component forms a medium internal
phase emulsion. The double emulsion further comprises a
second component. The second component is a second
aqueous phase. The octanol-water partition coefficient of the
biodegradable polymeric material is between about 2 and
about 4. The first component further comprises one or more
of a surfactant and a wetting agent. The chemical to prevent
Ostwald ripening is a salt. The cross-linking agent is a non
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aqueous free-radical oxidizing agent, a thermal initiator, UV
initiator, a redox initiator, and various combinations thereof.
The hydrophilic-lipophilic balance of the emulsifier is in a
range of between about 3 and about 5. The aqueous phase
further comprises a substance selected to be one or more of
compatible with and active in a biologic system. The first
component is a medium internal phase emulsion.

Also described herein is a method of making a double
emulsion comprising: preparing by mechanical dispersion a
first component as a high internal phase emulsion or a
medium phase internal emulsion comprising at least one
biodegradable polymeric material and at least one cross-
linking agent in an organic phase and a chemical to prevent
Ostwald ripening in an aqueous phase; adding drop wise the
first component in a second component to form a porous
microparticle composition, wherein the aqueous phase of the
first component is encapsulated in the porous microparticle
composition. The first component further comprises a sub-
stance selected to be one or more of compatible with and
active in a biologic system in the aqueous phase. The second
component is an aqueous phase having a fluid velocity. The
method further comprises initiating crosslinking. The initi-
ating crosslinking occurs after adding drop wise the first
component in the second component. The diameter of the
porous microparticle is affected by any one or more of the
group consisting of a rate of adding drop wise the first
component in the second component, viscosity of the first
component, a velocity of the second component, a diameter
of a passage for adding drop wise the first component, and
characteristics of a path containing the second component.
The method of claim 10, wherein the aqueous phase of the
first component is encapsulated in the porous microparticle
compositions prior to polymerization.

Further described is a method of making a composition
comprising combining by mechanical dispersion a high
internal phase emulsion or a medium phase internal emul-
sion, the emulsion containing a cross-linking initiator in the
continuous phase and a first aqueous phase. A substance,
such as one selected to be one or more of compatible with
and active in a biologic system, may be in the first aqueous
phase. A crosslinking agent may be in the aqueous phase.
The method includes adding drop wise the high internal
phase emulsion or the medium internal phase emulsion into
a second aqueous phase solution. After adding the high
internal phase emulsion or the medium internal phase emul-
sion into the second aqueous phase solution, the first com-
ponent is encapsulated in the continuous phase, such that the
continuous phase has a shape of a microsphere. The rate of
adding has an effect on the average size of the microsphere.
The velocity of the aqueous phase when adding the high
internal phase emulsion (or the medium internal phase
emulsion) into the second aqueous phase solution has an
effect on the average size of the microsphere.

Still further is described a composition comprising a
structural matrix and a porous region. The structural matrix
comprises a biodegradable polymeric material. The biode-
gradable polymeric material comprises at least one end
group selected from an acrylate and a methacrylate, and one
or more linkages selected from an anhydride and an ester.
The biodegradable polymeric material may be a monomer.
The biodegradable polymeric material has an octanol-water
partition coefficient of between about 2 and about 8. The
biodegradable polymeric material has a viscosity of between
about 0.08 cP and about 1000 cP. The biodegradable poly-
meric material is stabilized with a quantity of an emulsifier
lacking hydrogen bond donors in its hydrophilic head region
while having a hydrophilic-lipophilic balance in a range of
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between about 2 and about 9. The structural matrix further
comprises a cross-linking agent. The porous region contains
at least one substance selected to be one or more of com-
patible with and active in a biologic system. The structural
matrix further comprises an emulsifier. The composition
may have a shape that is spherical and a cross sectional
diameter that is of a generally uniform size, ranging from 20
micrometers to about 1000, with a standard deviation that is
not more than 50 nm when the cross-sectional diameter is
greater than 300 micrometers. The structural matrix may be
formed from a high internal phase emulsion in which the
biodegradable polymeric material has a viscosity that is
about or less than about 150 cP. The structural matrix may
be formed from a medium internal phase emulsion in which
the biodegradable polymeric material has a viscosity that is
about or less than about 150 cP. The composition is biode-
gradable when in the biologic system, releasing the at least
one substance into the biologic system.

These and other details relating to the various embodi-
ments are further described in the descriptions below.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments will be explained in more detail
with reference to the drawings in which:

FIG. 1A depicts a representative method of preparing
polymeric microparticle compositions described herein;

FIG. 1B depicts a representative schematic of a fabrica-
tion process and system described herein;

FIG. 1C depicts an enlarged view of the boxed region
along tubing 220 of FIG. 1B;

FIG. 2 depicts a general structure of a propylene fumarate
dimethacrylate macromer;

FIG. 3 depicts a general structure of an ethylene glycol
dimethacrylate macromer;

FIG. 4 depicts general structure of a butane diol dimeth-
acrylate macromer;

FIG. 5 depicts general structure of a methacrylate anhy-
dride macromer;

FIGS. 6A-6D depict representative porous microparticles
described herein of different cross-sectional diameters,
including ~800 micrometers (FIG. 6A), ~670 micrometers
(FIG. 6B), ~570 micrometers (FIG. 6C), ~400 micrometers
(FIG. 6D), and ~230 micrometers (FIG. 6E);

FIG. 7 illustrates a representative relationship between
velocity and particle size (cross sectional diameter);

FIGS. 8A-8C illustrates representative porous micropar-
ticles having differing pore sizes;

FIGS. 9A-9C show in close up the pores of the porous
microparticles of FIGS. 8A-8C, respectively; and

FIG. 10 illustrates a representative relationship between
emulsifier concentration and pore size.

DESCRIPTION

Although making and using various embodiments are
discussed in detail below, it should be appreciated that as
described herein are provided many inventive concepts that
may be embodied in a wide variety of contexts. Embodi-
ments discussed herein are merely representative and do not
limit the scope of the invention.

An improved polymer delivery system is described which
provides polymeric microparticle compositions and porous
microparticles formed therefrom. In some embodiments,
both the polymeric microparticle compositions and porous
microparticles encapsulate at least one substance. The
encapsulation occurs prior to polymerization. The amount of
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the at least one substance that may be encapsulated is
controlled by the methods described herein. In one or more
embodiments, the polymeric microparticle compositions
and porous microparticles are loaded with a high amount of
the at least one substance. In other embodiments, the poly-
meric microparticle compositions and porous microparticles
are loaded with a lesser amount of the at least one substance.
In one or more embodiments, the substance is one that is
compatible with and/or active in a biologic system. Said
substances are generally water compatible substances,
including but not limited to as cells, enzymes, growth
factors, peptides, proteins, pharmaceutical agents, co-fac-
tors, fatty acids, nanoparticles and the like. Said substances
only need be of a size that will be incorporated in the
polymeric microparticle compositions and thereby encapsu-
lated in the porous microparticles as described further below.
A substance may also have a modifier, such as one that
enables the substance to behave in a biologic or physiologic
manner. The modifier is typically small (about 5-200 nano-
meters or less than 1000 nm or some size therein) and often
includes a hydrophobic component or moiety. An example
of a modifier is but is not limited to an inorganic nanopar-
ticle. The inorganic nanoparticle may be further linked to a
hydrophobic component or fatty acid. Another example of a
modifier is but is not limited to an amphiphilic molecule
having a cell-adhesion or adhesive-like moiety (e.g., fatty
acid conjugated to cell-adhesion molecule, peptide or pro-
tein).

It is understood that with the methods described herein,
other substances may also be incorporated alone or in
combination.

The polymeric microparticle compositions and porous
microparticles are prepared as a first emulsion followed by
the formation of a second emulsion. The first emulsion is, in
some embodiments, a high internal phase emulsion (HIPE).
This first emulsion provides a first component, which is a
water-in-oil emulsion having an internal phase volume frac-
tion that is aqueous (water or water-based) with or without
the substance therein, such that the aqueous phase volume
fraction makes up about 74% or up to 99% of the total
emulsion volume, hence a 74% to 99% droplet phase. The
first emulsion is, in some embodiments, a medium internal
phase emulsion (MIPE). This first emulsion forms a first
component, which is a water-in-oil emulsion having an
internal phase volume fraction that is aqueous (water or
water-based) with or without the substance therein, such that
the aqueous phase volume fraction makes up about 40% or
up to about 74% of the total emulsion volume, hence a 40%
to 74% droplet phase. In some embodiments, the aqueous
phase volume fraction makes up greater than 50% or up to
about 99% of the total emulsion volume (greater than 50%
to 99% droplet phase). In some embodiments, the aqueous
phase volume fraction makes up greater than 60% or up to
about 99% of the total emulsion volume (greater than 60%
to 99% droplet phase). In some embodiments, the aqueous
phase volume fraction makes up greater than 70% or up to
about 99% of the total emulsion volume (greater than 70%
to 99% droplet phase). It is understood that in some embodi-
ments the first component may include an internal phase
volume that may be as low as 30%. The organic or continu-
ous phase of the first component includes at least one
stabilized biodegradable polymeric material (e.g., macrom-
ers as will be further described below) that is functionalized
and capable of undergoing further polymerization.

Fabrication of HIPEs have been described in U.S. patent
application Ser. No. 13/651,362 (the entirety of which is
incorporated herein by reference). Said HIPEs (as well as
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MIPEs) have now been improved upon that are also useful
in preparing a double emulsion, as described herein. Said
double emulsion provides a polymeric microparticle com-
position capable of encapsulating a substance. The poly-
meric microparticle compositions when fully formed and
hardened provide improved porous microparticles. As fur-
ther described herein are means for controlling one or more
of the following as it relates to the polymeric microparticle
compositions and/or porous microparticles: particle size,
particle shape, pore size, and the amount of substance to be
loaded. The polymer chemistry chosen for the first compo-
nent may be further tuned to alter and manipulate structural
hardness (e.g., compressive strength) of the final formed
porous microparticle. Fabrication of MIPEs are similarly
performed, in which the water content is adjusted as
described above.

The first component as described herein is biodegradable,
prepared with a biodegradable polymeric material in the
organic phase. The biodegradable polymeric material com-
prises a functionalized macromer capable of undergoing
further polymerization. In some embodiments, the first com-
ponent comprises only a single macromer. The first compo-
nent does not include oligomers or polymers. When forming
a HIPE, the amount of macromer in the first component will
range from about 1 wt. % to 25 wt. %. When formed as a
MIPE, the amount of macromer in the first component will
range from about 26 wt. % to 60 wt. %. The macromer is
provided as the cross-linkable component. No other cross-
linkable component (e.g., monomer, or otherwise) is
required.

The macromer used in the first component described
herein is either an ester based monomer or an anhydride
based monomer and will have at least one reactive end
group, which is biodegradable, a suitable hydrophobicity
(determined by an octanol-water partition coefficient [Log
P]) and viscosity for emulsion in water, and may be polym-
erized and/or cured at or near physiologic conditions. In
some embodiments, the macromer itself may be prepared
via a two-step reaction, such as that described in U.S. patent
application Ser. No. 13/651,362, which includes: (i) back-
bone synthesis, and (ii) functionalization. In some embodi-
ments, the macromer is considered a monomer. Prior to
polymerization, the first component does not comprise a
polymer. Thus, the macromer is not dissolved in a polymer.
The macromer is also not dissolved in a diluent.

The at least one reactive end group of the macromer
described herein is one that crosslinks at a thermal tempera-
ture or a lower temperature (e.g., ambient temperature,
physiologic temperature) and of a low molecular weight that
maintains a low viscosity for the macromer, hence acting to
replace and no longer requiring addition of a toxic diluent.
The at least one reactive end group has at least one unsatu-
rated (double) bond for undergoing free radical cross link-
ing. The carbon-carbon double bond in the at least one
reactive end group allows thermal decomposition to occur in
the presence of the initiators, to be described further. The
initiator or cross-linking agent suitable for cross-linking is
one that undergoes free radical cross-linking. In one or more
embodiments, the at least one reactive end group generally
includes an acrylate end group or a methacrylate end group.

The hydrophobicity of the macromer described herein is
defined by a Log P at about or greater than 2. It may also be
defined by a Log P from between about 2 and about 8. It may
also be defined by a Log P from between about 2 and about
4. A host of suitable macromers may be identified using
available tools, including online services, such as one pro-
vided by Molinspiration Cheminformatics. For example,
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Molinspiration Cheminformatics provides model predic-
tions of the Log P for more than 12,000 molecules or
compounds, generally calculated from the sum of non-
overlapping molecular fragments after fitting calculated Log
P with experimental Log P values.

TABLE 1
Estimated octanol-water partition coefficients
Molecule LogP
styrene 2.8
divinyl benzene 3.6
PFDA 2.3
PFDMA 3.4
BDMA 3.0
EGDMA 2.2
MA 2.4

The Log P value of various representative compounds
suitable under the definition provided herein are provided in
TABLE 1, including PFDMA, which is propylene fumarate
dimethacrylate (as depicted in FIG. 2); BDMA, which is
butane diol dimethacrylate (as depicted in F1G. 4); EGDMA,
which is ethylene glycol dimethacrylate (as depicted in FIG.
3); and MA, which is methacrylic anhydride (as depicted in
FIG. 5). These suitable and representative macromers are
compared to ones that are already used by alternative
methods to prepare a stable HIPE or a stable MIPE, such as
styrene and divinyl benzene.

The viscosity of the macromer described herein is defined
as being in a range between about 0.08 cP and about 1000
cP. In some embodiments, the viscosity is near that of water,
which is 1 cP. Generally, the viscosity is not greater than 150
cP.

The macromer as described herein may also be charac-
terized as a biodegradable polymeric material having one or
more ester linkages or a biodegradable polymeric material
having one or more anhydride linkages. Exemplary embodi-
ments include but are not limited to a biodegradable fumar-
ate based macromer having one or more ester linkages (e.g.,
propylene fumarate dimethacrylate [PFDMA]), a biodegrad-
able glycol based macromer having one or more ester
linkages (e.g., ethylene glycol dimethacrylate [EGDMA]), a
hydroxy (e.g., diol) based macromer having one or more
ester linkages (e.g., butane diol dimethacrylate [BDMA])
and a biodegradable acrylic based macromer having one or
more anhydride linkages (e.g., methacrylic anhydride
[MA]).

The macromer in the first component described herein is
stabilized in the continuous phase by an emulsifier. The
emulsifier may be an amphiphilic surfactant having a polar,
water-soluble head group attached to a nonpolar, water-
insoluble hydrocarbon chain. The emulsifier is selected as
one lacking hydrogen bond donor sites (donors) in its
hydrophilic, polar head region. The emulsifier has, in one or
more embodiments, a hydrophilic-lipophilic balance (HL.B)
in a range of between about 2 and about 9. In some
embodiments, the emulsifier has a hydrophilic-lipophilic
balance (HLB) in a range of between about 3 and about 5.

In the embodiments described, the prepared first compo-
nent is a water-in-oil emulsion comprising a stabilized
biodegradable polymeric material and at least one initiating
agent or cross-linking agent in its continuous (oil or organic)
phase. The stabilizer is the emulsifier, in an amount gener-
ally between about 5 wt. % and about 20 wt. % or may be
greater than about 30 wt. % (based on the total weight in the
organic phase). The cross-linking agent may be any initiator
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capable of initiating polymeric cross-linking by a thermal
reaction, by light, by a redox reaction, or by an oxidizing
reaction (e.g., thermal initiator, light sensitive initiator,
redox initiator, free radical initiator, free-radical oxidizing
initiator). In one or more embodiments, the cross-linking
agent or initiator is organically soluble. In one or more
embodiments, the cross-linking agent is a photoactivatable
initiator or photoinitiator, activatable, for example, by
actinic radiation. The quantity of the cross-linking agent is
in an amount that is sufficient to initiate extensive cross-
linking of a macromer chain (of unsaturated double bonds of
the one or more end groups). The amount of cross-linking
agent is generally up to about 5 wt. % or may be up to or
about 2 wt. % (based on the total weight in the organic
phase). The amount of the cross-linking agent may be
adjusted to effect the rate or time to harden (fully polymer-
ize). As described herein, unlike alternative HIPEs or
MIPEs, there is no solvent or diluent or paraffin material in
the continuous phase (in the first component prior to polym-
erization). Similarly, there is no solvent, diluent or paraffin
material in the second component.

The first component further comprises an aqueous phase
that is water or water-based, having one or more additives.
One of the one or more additives is often a chemical
preventing Ostwald ripening. The at least one chemical that
prevents Ostwald ripening may be a salt or an electrolyte.
Only a small amount of the chemical preventing Ostwald
ripening is typically required, generally about 1 to about 5%
(v/v). The additive may further comprise a modifier. In some
embodiments, the aqueous phase may further comprise a
second initiating agent. This has been found to be useful
when desiring to alter pore size of the formed porous
microparticle.

The first component is prepared as illustrated in FIG. 1A,
box 102 and 104, such that in the first emulsion the at least
one stabilized macromer and the cross-linking agent are in
the continuous (organic) phase and the chemical preventing
Ostwald ripening as well as the at least one bioactive and/or
biocompatible substance, when included, is in the dispersed
(aqueous) phase. In some embodiments, as described above,
a cross-linking agent may also be included in the aqueous
phase.

In some embodiments, the macromer is initially stabilized
with the emulsifier, after which the initiating agent is added.
To prevent early polymerization or cross-linking, the initi-
ating agent should be one that must be activated to initiate
cross-linking. The ratio of the organic phase to the aqueous
phase can be used to obtain a desired porosity of the final
porous microparticle. In addition, the final porous micropar-
ticle may be formulated by modifying mixing speed and/or
the amount of emulsifier used to stabilize the macromer.
Such modifications are used to specify pore size and/or pore
architecture.

The first component is then incorporated drop wise into
the second component, as depicted in FIG. 1A, box 106, and
FIGS. 1B and 1C. The second component typically includes
an (water-rich) phase and a small amount (generally about 3
wt. % or up to about 3 wt. % of the second component) of
at least one second stabilizing agent, which may include a
combination of several stabilizing agents, such as polyvinyl
alcohol, Tween 80, and Tween 20. Said one or more stabi-
lizing agents should be those that increases external phase
viscosity and acts to decrease interfacial tension at the
surface of the shaped object. Said stabilizing may also be
one that reduces droplet coalescence. Polymeric micropar-
ticle shaped compositions form with drop wise addition of
the first component (box 108, FIG. 1A). Variables that may



US 10,363,215 B2

13

be modified, which directly affect the formation of the
polymeric microparticle compositions, include stir rate
when adding droplets, injection (flow) rate of the droplets,
and volume of each droplet. Cross-linking is initiated, as
depicted in FIG. 1A, box 110, by activating the initiating
agent, present at least in the organic phase of the first
component. With cross-linking, porous microparticles are
formed and when fully hardened include a structural matrix
encapsulating pores. Thus, in one or more embodiments,
cross-linking only occurs after droplet formation and expo-
sure to a condition that activates the initiating agent. When
the aqueous phase of the first component includes a sub-
stance that is biocompatible with or is an active agent, the
fully hardened porous microparticles encapsulate the sub-
stance therein. The pores of the porous microparticles may
be controlled by selecting a specific flow rate of the first
component (droplets) and/or flow velocity of the second
component. For example, the rate of flow (injection) of
droplets may be adjusted from between about 0.1 to about 3
ml./hour, as examples. In addition, the flow velocity (stir
rate) of the second component may be adjusted from
between about 1 to about 500 cm/min. These adjustments
created monodisperse porous microparticles having average
particle sizes that were in a range from between about 100
micrometers to about 1000 micrometers (FIG. 7). Other
ranges are also expected with faster or slower flow rates,
faster or slower flow velocities, and/or larger or smaller
droplets.

A representative system for fabricating porous micro-
spheres as described herein is depicted schematically in FIG.
1B, in which the first component 202 (comprising a
described HIPE composition or a described MIPE compo-
sition) is loaded into first device 204, depicted in the figure
as a pump or syringe. First composition 202 is optionally
passed through a fluid passage 206, depicted in the figure as
aneedle, and released (e.g., drop wise) through a specifically
sized outlet 208. Outlet 208 feeds first component 202 with
second component 212, which is flowing through tubing 220
as it exits second device 214, depicted as a pump or syringe
having a fluid passage 216 positioned in parallel with tubing
220. Fluid movement is generally continuous and in the
direction depicted by the arrow in FIG. 1C. As is also shown
in FIG. 1C, the outlet 208 is configured in such a way to
release first component 202 in a flow pattern that is generally
parallel to the flow path or direction of second component
212 in tubing 220. The direction and size of outlet 208 also
assists in providing the cross-sectional diameter of shaped
objects 230 as they exit outlet 208. Shaped objects 230 may
exit as a first shape and then may naturally form and revert
to a more stable shape, which is often a more spherical shape
235 when the viscosity of the first component has a lower
viscosity. A shaped object 230 may be more oblong and
remain as such when the viscosity of the first component (as
directed by viscosity of the biodegradable polymeric mate-
rial) has a higher viscosity. Tubing 220 will generally
provide a directional movement or flow from a first end 222
to a second end 224 (FIG. 1B). A portion of said tubing 220
will pass an excitation or initiation region which induces
polymerization. Polymerization may be induced by device
240 (e.g., light and/or heat, depicted in FIG. 1B as a light
source, or a UV irradiation lamp) or other means for
inducing polymerization. With polymerization, said spheri-
cal shaped objects 235 will cure to form hardened porous
microspheres 250, which are collected at second end 224.
Porous microspheres 250 may undergo further processing
and/or filtering prior to use. Scaling of such a system is
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possible to incorporate cells and/other biologic substances
directly into the porous microparticles.

FIGS. 6A-6D illustrates porous microparticles formed
with sizes ranging from about 800 micrometers (FIG. 6A) to
about 230 micrometers (FIG. 6E).

In some examples, a first component was prepared, gen-
erally as described above using a speed mixer. A stabilizing
EGDMA was mixed with several differing amounts of
surfactant (polyglycerol polyricinoleate (PGPR)), 10 wt. %,
20 wt. %, or 30 wt. % (based on the weight of the
macromer). In addition, an organic phase, organically
soluble, free radical photoinitiator, 2,2-dimethoxy-2-pheny-
lacetophenone (DMPA), in an amount of 2 wt. %, was added
to each mix (also prior to emulsification). Once mixed, an
aqueous solution containing calcium chloride (1% v/v) in
deionized water was added to each organic phase (~75% v).
Addition of the calcium chloride generally occurred in the
three additions, each of which involved blending in a dual
asymmetric centrifugal mixer (e.g., FlackTek Speedmixer
DAC 10 FVZ-K). The speed here was about 500 rpm for 2.5
minutes. While, this preparation included an organic phase
soluble free radical initiator, an aqueous phase initiator
could also have been added, either as an alternative or as in
addition. The calcium chloride was added as the electrolyte
for preventing Ostwald ripening.

After blending, a first emulsion was formed, which was
transferred to a system as described above for fabricating
microspheres. In this example, a syringe that was protected
from light and stored at 8° C. until ready for use was loaded
with the first emulsion. A needle was used as the fluid
passage to introduce the first emulsion into the second
component. Addition of the first emulsion was drop wise
(e.g., via an infusion pump) into the second component,
which was an aqueous phase comprising 3 wt. % poly(vinyl)
alcohol moving through a plastic (relatively transparent)
tubing made of Tygon® (last registered to Saint-Gobain
Performance Plastics Corporation, Ohio, USA). Cross-link-
ing was initiated by exposing a portion of the tubing to
ultraviolet light. In this instance, a transilluminator illumi-
nating at 365 nm was used for a duration of about 2.5
minutes, such that the drop wise emulsion composition
exiting the syringe was thereafter in the presence of the
transilluminator for about 2.5 minutes. The photocuring
allowed the cross-linking to occur within minutes at room
temperature. Photocuring also eliminated the need for puri-
fication. Porous microspheres were then formed and col-
lected. The collected microspheres were filtered using
vacuum aspiration and dried in vacuo for about 24 hours;
some were dried for more than 24 hours. Average particle
size (diameter) and average pore size (diameter) were mea-
sured using a scanning electron microscope (SEM). SEM
analysis was performed also helped evaluate overall mor-
phology of the porous microspheres. At least 10 particles
were imaged to obtain particle size and at least 50 pores
were analyzed to obtain average pore size. In one example,
with a 30 gauge needle, a 1.6 mm inner diameter tubing, and
injection of the first component at a rate of 0.2 ml/hour,
particles were greater than 300 micrometers. When the same
gauge needle with 0.8 mm tubing was used and injection rate
of the first component was 6.0 ml./min, porous micropar-
ticles had an average diameter of less than 300 micrometers,
and generally between 200 micrometers and 300 microm-
eters.

Variations in needle diameter, tubing diameter, aqueous
flow rate, and emulsion ejection rate were modulated in
order to create desired particle sizes. For example, decreas-
ing needle diameter decreased droplet and particle size.
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Additionally, changing the tubing inner diameter in conjunc-
tion with some above variables was found to influence
particle size. For instance, a 0.8 mm tubing yielded the
smallest porous microparticles and a 1.6 mm tubing pro-
vided the largest porous microparticles. In other trials, the
largest porous microparticles were fabricated using 1.6 mm
tubing, a 27 gauge needle, and an external velocity of the
second component that was 14.9 cm/min. The smallest
porous microparticles were created using 0.8 mm tubing, a
30 gauge needle, and an external velocity of the second
component that was 298.4 cm/min.

Continuous phase flow velocity (of the second compo-
nent) and droplet phase viscosity (of the first component) are
two important factors contributing to droplet size, shape and
uniformity. The fluid velocity relates to the shear force on
the shaped object that is released from the outlet into the
second component (FIG. 1C). The viscosity of the droplet
(pre cure viscosity) also effected with particle size and
shape. The pre-cure viscosity (the viscosity prior to polym-
erization) described herein is suitable for injection. With
EGDMA, which has a relatively low viscosity, the porous
microspheres when formed were generally uniform and
spherical. On the other hand, with a higher viscosity HIPE
or MIPE emulsion, the shape of the object when ejected may
be more oblong. Similarly, when the ejection rate of the
emulsion into the second component is high, the droplet is
“jetted” from the needle, forming small and variable size
droplets. These relationships generally hold true when the
Reynolds number is <<l, indicating laminar flow, and
explains why smaller tubing when used allowed particle
diameters to be below 500 micrometers.

Aqueous flow velocity of the second component also
effected particle size as can be seen in FIG. 7. Using a same
tubing diameter (1.6 mm) and adjusting the flow rate from
1.2 mL/min, to 3.0 mL/min, to 4.0 mL/min, to 5.0 mL/min
(which increased velocity from 15 cm/min, to 37 cn/min, to
50 cm/min, to 62 cm/min) was found to decrease average
particle diameter from 814 micrometers to 418 micrometers.
Lower tubing sizes allowed even higher flow velocities,
which, then, provided particles with diameters that were less
than 300 micrometers. Particles having an average diameter
of about 229 micrometers were obtained when the external
flow rate was 6.0 ml/min (flow velocity of 298 cm/min) and
the injection rate of the emulsion into the second component
was up to about 1.0 mL/hr. Generally, the particles when
formed were relatively uniform, such that the standard
deviation was only between about 25-35 micrometers.

Represented porous microspheres are depicted in FIGS.
8A to 8C. Their pore shape and architecture were affected
independent of overall pore size, shape and diameter. While
the size and shape are generally determined as described
above (e.g., needle diameter, tubing diameter, aqueous flow
rate, emulsion ejection rate, pre-cure viscosity), morphology
and pore dimensions can be manipulated by surfactant
concentration, as depicted in FIG. 10. For example, for
EGDMA, pore size decreased from an average of 20
micrometers to 5 micrometers when the emulsifier concen-
tration (PGPR) increased from 10 wt. % to 30 wt. %. With
decreasing pore size, the pore structure internally was also
found to be more tortuous (a unit-less measure of path length
compared to end-to-end distance for travel). Rapid freezing
is likely better to prevent burst of the porous microparticles.
Freeze drying is likely to prevent contained substance build-
up near the particle surface, thereby allowing a slower
release of any substance contained therein.

Polymerization of the continuous phase of the first com-
ponent locked in the emulsion geometry and resulted in a
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high-porosity foam with an open-pore morphology. The
average pore size, with PGPR as the emulsifier (in an
amount from 10 wt. % to 30 wt. %) followed by polymer-
ization occurring upon exposure to ultraviolet light, was
from about 10 micrometer to about 30 micrometer (FIGS.
9A-9C), as depicted in the microparticles illustrated in
FIGS. 8A-8C, respectively. Importantly, pore size may be
controlled independent of microparticle size and vice versa.
For example, pore size was altered to vary from 10 microm-
eter to 30 micrometer by simply decreasing the amount of
emulsifier in the first component (e.g., from 30% PGPR to
10% PGPR, respectively) (FIG. 10). Thus, release rate of a
substance held within the pores is readily adjusted as
described herein.

In additional examples, HIPEs were prepared in first
emulsions and comprised formulations that included a mac-
romer (EGDMA) in amounts ranging from about 23.9 to
22.79 wt. %, an initiator (DMPA) in amounts ranging from
about 0.47 to 0.49 wt. %, an emulsifier (PGPR) in amounts
ranging from about 2.43 to 6.98 wt. % and water in amounts
ranging from 69.77 to 73.17 wt. %. The double emulsion
procedure and fabrication of microspheres was performed as
described above.

In further examples, loaded microspheres were formed by
a similar process described above, however, the first com-
ponent comprised the stabilizing macromer (EGDMA, 500
mg with PGPR, 150 mg), a photoinitiator (DMPA, 10 mg)
in the organic phase. While a biologic substance (recombi-
nant human bone morphogenetic protein-2 (BMP-2), 5000
ng) in water (1.5 mL) was the aqueous phase. The two
phases were mixed as described herein to form a first
emulsion and then provided drop wise to a second compo-
nent, thereby fabricating porous microspheres. In one
example, these porous microspheres were formed to be
about 800 micrometer in diameter. Loading efficiency of the
BMP-2 was determined by crushing the microspheres and
then incubating in 3 mL deionized water while agitating, for
about 15 hours in small containers (e.g., 15 mL tubes). After
agitation, the crushed particles were collected at a high
speed in the incubating containers, the incubating liquid was
removed and saved, and the particles were introduced to
additional water as before. Protein concentrations in the
collected liquids, when combined, was measured using a
seven point calibration curve, and the amount encapsulated
was compared to a theoretical maximum based on HIPE (or
MIPE) concentration. It was found that the protein could be
added to an aqueous phase and encapsulated without dis-
rupting emulsion. The emulsion containing the encapsulated
substance were formed into porous microspheres that were
about 800 micrometer in diameter (on average) and had an
average pore size of 14 micrometers. The protein encapsu-
lation had little effect on particle size and microarchitecture.
The protein assay found that the encapsulation efficiency
was 73%=3%. This is contrasted with prior methods (e.g.,
emulsion-solvent evaporations) that have an efficiency that
is significantly lower, sometimes as low as 15%. Without
being bound by theory, the increased encapsulation effi-
ciency may be associated both with the physical entrapment
of the molecules and possible adsorption onto the micro-
sphere pore walls. It is considered that efficiency of encap-
sulation may be further improved by decreasing pore size,
fabricating particles with a closed shell, and/or increasing
the concentration of the external aqueous phase (second
component). The process may also include steps that
decrease rate of diffusion (e.g., lengthening path length),
decreasing coefficient of diffusion, and/or decreasing the
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concentration gradient. The example is further evidence that
not only small substances but large proteins may be encap-
sulated as described herein.

The lack of organic solvents (diluents) in the making of
and in the described components that form the porous
microspheres provided the advantage of preventing toxic
leachables, especially those that could possibly denature
and/or destroy a substance contained within said micro-
spheres. As such, there should be little concern regarding
biocompatibility when adding a substance with the
described compositions.

In the claims, the word “comprising” does not exclude
other elements or steps, and the indefinite article “a” or “an”
does not exclude a plurality. The mere fact that certain
measures are recited in mutually different dependent claims
does not indicate that a combination of these measured
cannot be used to its advantage.

When values are given it is understood that any of said
numeric value may be considered to be about said numeric
value.

Whenever a numerical range of degree or measurement
with a lower limit and an upper limit is disclosed, any
number and any range falling within the range is also
intended to be specifically disclosed. For example, every
range of values (in the form “from a to b,” or “from about
a to about b,” or “from about a to b,” “from approximately
a to b,” and any similar expressions, where “a” and “b”
represent numerical values of degree or measurement) is to
be understood to set forth every number and range encom-
passed within the broader range of values, including the
values “a” and “b” themselves. Terms such as “first,”
“second,” “third,” etc. may be arbitrarily assigned and are
merely intended to differentiate between two or more com-
ponents, parts, or steps that are otherwise similar or corre-
sponding in nature, structure, function, or action. For
example, the words “first” and “second” serve no other
purpose and are not part of the name or description of the
following name or descriptive terms. The mere use of the
term “first” does not mean that there any “second” similar or
corresponding components, parts, or steps. Similarly, the
mere use of the word “second” does not mean that there be
any “first” or “third” similar or corresponding component,
part, or step. Further, it is to be understood that the mere use
of the term “first” does not mean that the element or step be
the very first in any sequence, but merely that it is at least
one of the elements or steps. Similarly, the mere use of the
terms “first” and “second” does not mean any sequence.
Accordingly, the mere use of such terms does not exclude
intervening elements or steps between the “first” and “sec-
ond” elements or steps.

The foregoing description is of examples embodying, at
least in part, certain teachings of the invention. The inven-
tion, as defined by the appended claims, is not limited to the
described embodiments. Alterations and modifications to the
disclosed embodiments may be made without departing
from the invention. The meaning of the terms used in this
specification are, unless expressly stated otherwise, intended
to have ordinary and customary meaning and are not
intended to be limited to the details of the illustrated
structures or the disclosed embodiments. Although the fore-
going description of embodiments have shown, described
and pointed out certain novel features of the invention, it
will be understood that various omissions, substitutions, and
changes in the form of the detail as illustrated as well as the
uses thereof, may be made by those skilled in the art, without
departing from the scope of the invention. Particularly, it
will be appreciated that the one or more embodiments may
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manifest itself in other configurations as appropriate for the
end use of the material made thereby.

What is claimed is:

1. A method of making a double emulsion comprising:

preparing by mechanical dispersion a first portion as a

high internal phase emulsion, the first portion as the
high internal phase emulsion comprising at least one
biodegradable polymeric material and at least one
cross-linking agent in an organic phase, and further
comprising a chemical to prevent Ostwald ripening in
an aqueous phase; and

adding drop wise the first portion in a second portion to

form a porous microparticle-like composition, the sec-
ond portion being in an aqueous phase,

wherein the aqueous phase of the first portion is encap-

sulated in the porous microparticle-like composition,

wherein the biodegradable polymeric material comprises:

a macromer having at least one end group selected from
one or more of an acrylate and a methacrylate;

one or more linkages in the macromer, the one or more
linkages selected from one or more of an anhydride
and an ester,

wherein the biodegradable polymeric material has an
octanol-water partition coefficient of between about
2 and about 8,

wherein the biodegradable polymeric material has a
viscosity of between about 0.08 cP and about 1000
cP;

wherein the porous microparticle-like composition

includes a porous region containing at least one sub-
stance selected to be one or more of compatible with a
biologic system, and active in a biologic system,
wherein the porous microparticle-like composition has a
spherical shape and a cross sectional diameter that is of
a generally uniform size, the cross-sectional diameter
in a range from between about 20 micrometers and
about 1000 micrometers, with a standard deviation that
is not more than 50 micrometers when the cross-
sectional diameter is greater than 300 micrometers, and

wherein the first portion and the second portion are
solvent free.

2. The method of claim 1, wherein the first portion further
comprises in the aqueous phase a substance selected to be
one or more of compatible with a biologic system, and active
in a biologic system.

3. The method of claim 1, wherein the adding drop-wise
the first portion is performed at a flow rate that is between
about 0.1 to about 3 ml per hour.

4. The method of claim 1, further comprising initiating
crosslinking after adding drop wise the first portion in the
second portion.

5. The method of claim 1, wherein the cross sectional
diameter of the porous microparticle-like composition is
affected by any one or more of the group consisting of a rate
of adding drop wise the first portion in the second compo-
nent, viscosity of the first microparticle-like composition, a
flow rate of the second portion, a diameter of a passage for
adding drop wise the first portion, and characteristics of a
path containing the second portion.

6. The method of claim 1, wherein the aqueous phase of
the first portion is encapsulated in the porous microparticle-
like composition prior to polymerization.

7. The method of claim 1, wherein the at least one
biodegradable polymeric material is stabilized with a quan-
tity of an emulsifier lacking hydrogen bond donors in its
hydrophilic head region while having a hydrophilic-lipo-
philic balance in a range of between about 2 and about 9.
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8. A composition comprising:

a structural matrix comprising:

a biodegradable polymeric material, the biodegradable
polymeric material comprising:

a macromer having at least one end group selected
from one or more of an acrylate and a methacry-
late;

one or more linkages in the macromer, the one or
more linkages selected from one or more of an
anhydride and an ester,

wherein the biodegradable polymeric material has an
octanol-water partition coefficient of between about

2 and about 8,

wherein the biodegradable polymeric material has a

viscosity of between about 0.08 cP and about 1000

cP;

a cross-linking agent; and

a porous region containing at least one substance selected

to be one or more of compatible with a biologic system,
and active in a biologic system,

wherein the composition has a spherical shape and a cross

sectional diameter that is of a generally uniform size,
the cross-sectional diameter in a range from between
about 20 micrometers and about 1000 micrometers,
with a standard deviation that is not more than 50
micrometers when the cross-sectional diameter is
greater than 300 micrometers.

9. The composition of claim 8, wherein the biodegradable
polymeric material further comprises one or more of a
surfactant and a wetting agent when formed.

10. The composition of claim 8, wherein structural matrix
is formed from a solvent-free high internal phase emulsion
in which the biodegradable polymeric material had a vis-
cosity of about or less than about 150 cP when formed.

11. The composition of claim 8, wherein the composition
is biodegradable when in the biologic system, releasing the
at least one substance from the porous region into the
biologic system.
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12. The composition of claim 8, wherein the biodegrad-
able polymeric material is stabilized with a quantity of an
emulsifier lacking hydrogen bond donors in its hydrophilic
head region while having a hydrophilic-lipophilic balance in
a range of between about 2 and about 9.

13. The composition of claim 8, wherein the biodegrad-
able polymeric material is stabilized with a quantity of an
emulsifier comprising an amphiphilic surfactant having a
polar, water-soluble head group attached to a nonpolar,
water insoluble hydrocarbon chain.

14. The composition of claim 8, wherein the composition
is introducible into the biological system orally, parenterally,
intramuscularly, intravenously, by injection, or by inhala-
tion.

15. The composition of claim 8, wherein the porous
region includes a plurality of pores, and wherein the plural-
ity of pores are interconnected.

16. The composition of claim 15, wherein an individual
pore of the plurality of pores of the porous region has a size
that ranges from about 1 micrometer to about 100 microm-
eters.

17. The composition of claim 8, wherein a first size of the
composition is tunable, and wherein a second size of the
porous region is tunable.

18. The composition of claim 8, the porous region con-
taining at least one substance selected to be compatible with
an environmental system.

19. The composition of claim 8, the porous region con-
taining at least one substance selected to be compatible with
a chemical system.

20. The composition of claim 8, the porous region con-
taining at least one substance selected to be compatible with
a physical system.



