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MICROENCAPSULATION PROCESS WITH SOLVENT AND SALT

FIELD

[001] The present invention relates to processes for preparing microparticles using

solvent and salt in the continuous phase.
BACKGROUND

[002] Microparticles have been used to deliver a wide range of active ingredients
from perfumes to pharmaceuticals. However, typically in an encapsulation process, an
organic solvent is used to dissolve a polymer in the dispersed phase. The polymer is the
wall-forming or matrix material of the microparticle. For advantageous processing, the same
or similar organic solvent is also used in a saturating solubility quantity in the aqueous based
continuous process medium (also referred to the continuous phase). Unfortunately, this leads
to processing challenges related, in part, to the large volume of organic solvent in the
continuous phase system. Reduction of the amount of organic solvent in the continuous
phase system while maintaining the advantageous processing conditions are desired but have
not been overcome in the art.

[003] There is therefore a need for a process that can overcome the above
deficiencies.

SUMMARY

[004] In accordance with the purposes of the disclosed materials, compositions,
articles, devices, and methods, as embodied and broadly described herein, the disclosed
subject matter, in one aspect, relates to an encapsulation method for producing
microparticles comprising (a) forming an emulsion or double emulsion comprising a
dispersed phase comprising an agent, a polymer, and a first solvent for the polymer, in a
continuous process medium, wherein the continuous process medium comprises at least one
salt and at least one second solvent, wherein the second solvent reduces the solubility of the
first solvent in the continuous process medium; and (b) extracting the first solvent from the
dispersed phase to form the microparticles.

[005]  According to a preferred embodiment, the present invention provides an
encapsulation method for producing microparticles, comprising:

(a) forming an emulsion or double emulsion comprising a dispersed phase comprising
an agent, a polymer, and a first solvent for the polymer, in a continuous process
medium, wherein the continuous process medium comprises at least one salt and at
least one second solvent, wherein the second solvent reduces the solubility of the

first solvent in the continuous process medium; and

I
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(b) extracting the first solvent from the dispersed phase to form the microparticles;
wherein the second solvent is in a saturating amount in the continuous process
medium;
wherein the second solvent 1s an organic solvent; and

wherein the microparticles have an angle of repose of <35, as measured using a

Hele-Shaw cell.

la
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[006] 1In another aspect, the disclosed subject matter relates to microparticles made
by any process of the inventive disclosed subject matter.

[007] In another aspect, the disclosed subject matter relates to microparticles
having an angle of repose of <35, as measuring using a Hele-Shaw cell.

[008] In another aspect, the disclosed subject matter relates to an emulsion
comprising a dispersed phase comprising an agent, a polymer, and a first solvent for the
polymer and a continuous phase comprising a polymer non-solvent, a second solvent,
wherein the second solvent reduces the solubility of the first solvent in the polymer non-
solvent, and a salt that reduces the solubility of the first solvent in the polymer non-solvent.

According to another aspect, the disclosed subject-matter relates to the polymer
microparticles disclosed herein, having an angle of repose of <30, as measured using a Hele-
Shaw cell.

According to another aspect, the disclosed subject-matter relates to the polymer
microparticles disclosed herein, having an angle of repose of <25, as measured using a Hele-
Shaw cell.

According to another aspect, the disclosed subject-matter relates to the polymer
microparticles disclosed herein, having an angle of repose of <20, as measured using a Hele-
Shaw cell.

According to another aspect, the disclosed subject-matter relates to the polymer
microparticles disclosed herein, having an angle of repose of <18, as measured using a Hele-
Shaw cell.

According to another aspect, the disclosed subject-matter relates to the polymer
microparticles disclosed herein, wherein the microparticles are microspheres.

According to another aspect, the disclosed subject-matter relates to the polymer

microparticles disclosed herein, wherein the microparticles are microcapsules.
According to another aspect, the disclosed subject-matter relates to the polymer
microparticles disclosed herein, wherein the polymer comprises a lactide or lactide-glycolide

copolymer.

According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the second solvent is in a saturating or near saturating amount in
the continuous process medium.

According to another aspect, the disclosed subject-matter relates to the method

disclosed herein, wherein the salt comprises sodium chloride.
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According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the salt comprises potassium chloride.

According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the salt is in a concentration in the continuous process medium of
from 0.1 to 20 wt%. |

According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the first and second solvents are the same solvent.

According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the first and second solvents comprise organic solvents.

According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the first and second solvents comprise methylene chloride or ethyl
acetate.

According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the second solvent comprises two or more solvents.

According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the continuous process medium further comprises water.

According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the continuous process medium further comprises substantially

water.

According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the continuous process medium further comprises a surfactant.

According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the surfactant comprises PVA.

According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the dispersed phase and continuous process medium forms an

emulsion.

According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the dispersed phase and continuous process medium forms a

double emulsion.

According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the temperature of the continuous process medium is adjusted

from ambient temperature to decrease the solubility of the first solvent in the continuous

process medium.

2a
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According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the temperature of the continuous process medium 1s adjusted
from ambient temperature to increase the solubility of the first solvent in the continuous
process medium.

According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the angle of repose of the resultant microparticles is at least 10
degrees less than the angle of repose of the resultant microparticles made without a salt
and/or solvent in the continuous process medium.

According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the angle of repose of the resultant microparticles is at least 15
degrees less than the angle of repose of the resultant microparticles made without a salt
and/or solvent in the continuous process medium.

According to another aspect, the disclosed subject-matter relates to the method
disclosed herein, wherein the angle of repose of the resultant microparticles is at least 20
degrees less than the angle of repose of the resultant microparticles made without a salt

and/or solvent in the continuous process medium.

1009] Additional advantages will be set forth in part in the description that
follows, and in part will be obvious from the description, or can be learned by practice of the
aspects described below. The advantages described below will be realized and attained by
means of the elements and combinations described herein. It 1s to be understood that both
the foregoing general description and the following detailed description are exemplary and

explanatory only and are not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[010] The accompanying drawing, which is incorporated in and constitutes a part
of this specification, illustrates several aspects described below. Like numbers represent the

same elements throughout the figures.
[011] FIG. 1 is a graph showing the saturation solubility in weight percent for the

organic solvents ethyl acetate and methylene chloride versus sodium chloride content in
weight percent in a 2% PV A aqueous continuous phase solution.
[012] FIG. 2 is a graph showing the saturation solubility in weight percent for the

organic solvents ethyl acetate and methylene chloride versus sodium chloride content in

weight percent 1n a 1% PV A aqueous continuous phase solution.

2b
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[013] FIGS. 3A and 3B are scanning electron microscopy (SEM) images (250x
magnification) of representative microparticle product produced from a double-emulsion
process using a 150 microliter volume of internal aqueous phase and a continuous phase
(CP) system comprising 2M sodium chloride (salt) and (a) no added organic solvent (lot
002161-0064); (b) saturated level of organic solvent (ethyl acetate) (lot 002161-063).

[014] FIGS. 4A and 4B are scanning electron microscopy (SEM) images (250x
magnification) of representative microparticle product produced from a double-emuision

process using a 300 microliter volume of internal aqueous phase and a continuous phase

2¢
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(CP) system comprising 2M sodium chloride (salt) and (a) no added organic solvent (lot

002161-0069); (b) saturated level of organic solvent (ethyl acetate) (lot 002161-068).

5 DETAILED DESCRIPTION
[015] Before the present processes are disclosed and described, it is to be
understood that the aspects described herein are not limited to specific processes,
compounds, synthetic methods, articles, devices, or uses as such can, of course, vary. It1s
also to be understood that the terminology used herein is for the purpose of describing
10  particular aspects only and, unless specifically defined herein, is not intended to be limiting.

[016] Also, throughout this specification, various publications are referenced.

Definitions

[017] In this specification and in the claims that follow, reference will be made to a
number of terms, which shall be defined to have the following meanings:

15 [018] Throughout the description and claims of this specification the word
“comprise” and other forms of the word, such as “comprising” and “comprises,” means
including but not limited to, and is not intended to exclude, for example, other additives,
components, integers, or steps.

[019] It must be noted that, as used in the specification and the appended claims,

20 the singular forms “a,” “an” and “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “solvent” includes mixtures of two or
more such solvents, and the like.

[020] “Optional” or “optionally” means that the subsequently described event or
circumstance can or cannot occur, and that the description includes mstances where the

25  event or circumstance occurs and mstances where it does not.

[021] Ranges can be expressed herein as from “about” one particular value, and/or

to “about” another particular value. When such a range is expressed, another aspect

includes from the one particular value and/or to the other particular value. Similarly, when

values are expressed as approximations, by use of the antecedent “about,” it will be
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understood that the particular value forms another aspect. It will be further understood that
the endpoints of each of the ranges are significant both in relation to the other endpoint, and
independently of the other endpoint.

[022] A weight percent of a component, unless specifically stated to the contrary,
is based on the total weight of the formulation or composition in which the component is
included.

[023] “Polymer excipient” or “polymer” as used herein refers to homopolymer or
copolymer or blends comprising homopolymers or copolymers and combination thereof that
are used as the microparticle wall forming or matrix materials. This term should be
distinguished from the term “excipient” as defined herein below.

[024] “Excipient” 1s used herein to include any other compound or additive that
can be contained in or on the microparticle that is not a therapeutically or biologically active
compound. As such, an excipient should be pharmaceutically or biologically acceptable or
relevant (for example, an excipient should generally be non-toxic to the subject).
“Excipient” includes a single such compound and is also intended to include a plurality of
excipients. This term should be distinguished from the term “polymer excipients” as
defined above.

[025] “Agent” 1s used herein to refer generally to a compound that is contained in
or on a microparticle composition. Agent can include a bioactive agent or an excipient.

“Agent” includes a single such compound and 1s also intended to include a plurality of such

compounds.

[026] The term “microparticle’ 1s used herein to include nanoparticles,
microparticles, microspheres, nanospheres, microcapsules, nanocapsules, and particles, in
general. As such, the term microparticle refers to particles having a variety of internal
structure and organizations including homogeneous matrices such as microspheres (and
nanospheres) or heterogeneous core-shell matrices (such as microcapsules and
nanocapsules), porous particles, multi-layer particles, among others. In one aspect, the
agent 1s encapsulated in the microparticle. The term “microparticle’ refers generally to
particles that have sizes 1n the range of about 10 nanometers (nm) to about 2 mm
(millimeters).

[027] The dispersed phase comprises an agent, a polymer, and a first solvent for
the polymer. The agent can be any agent that can be encapsulated. Such agents include, but
are not limited to, any type of drug or bioactive agent or immunological agent, including

small molecules, peptides, proteins, antibodies, nucleic acids, etc.

4
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[028] The polymer can be any polymer used in the encapsulation art. Typically,
the polymer 1s a biocompatible or biodegradable polymer if the microparticle is to be
delivered to a living entity. The polymers can be homopolymers or copolymers, including
block or blocky co- or ter- polymers, random co- or ter- polymers, star polymers, or
dendrimers. Any desired molecular weight polymer can be used, depending on the desired
properties of the microparticle. In certain aspects, if a high strength polymer is desired, then
high molecular weight polymers can be used, for example, to meet strength requirements.
In other aspects, low or medium molecular weight polymers can be used when, for example,
when resorption time of the polymer, rather than microparticle strength is desired.

[029] The molecular weight of a polymer can be important given that molecular
welght imnfluences the biodegradation rate of a biodegradable polymer. For a diffusional
mechanism of bioactive agent release, the polymer should remain intact until all of the drug
1s released from the polymer and then degrade. The drug can also be released from the
polymer as the polymer bioerodes. By an appropriate selection of polymeric materials, a
polymer formulation can be made such that the resulting polymer exhibits both diffusional
release and biodegradation release properties. Molecular weights can be measured by
methods known in the art, including gel permeation chromatography, viscosity, light-
scattering, among other methods.

[030] The polymer can be formulated so as to degrade within a desired time
interval, once present in a subject, or a biological medium. In some aspects, the time
interval can be from about less than one day to about 1 month. Longer time intervals can
extend to 6 months, including for example, polymers that degrade from about =0 to about 6
months, or from about 1 to about 6 months. In other aspects, the polymer can degrade in
longer time intervals, up to 2 years or longer, including, for example, from about =0 to
about 2 years, or from about 1 month to about 2 years.

1031] The desired bioactive agent release mechanism can influence the selection of
the polymer. A biocompatible polymer, for example, can be selected so as to release or
allow the release of a bioactive agent therefrom at a desired lapsed time after the implant
device has been implanted in a subject. For example, the polymer can be selected to release
or allow the release of the bioactive agent prior to the bioactive agent beginning to diminish
its activity, as the bioactive agent begins to diminish in activity, when the bioactive agent is
partially diminished in activity, for example at least 25%, at least 50% or at least 75%

diminished, when the bioactive agent is substantially diminished in activity, or when the

bioactive agent 1s completely gone or no longer has activity.
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[032] Examples of suitable polymers include one or more of a poly(lactide), a
poly(glycolide), a poly(lactide-co-glycohide), a poly(caprolactone), a poly(orthoester), a
poly(phosphazene), a poly(hydroxybutyrate) or a copolymer containing a
poly(hydroxybutarate), a poly(lactide-co-caprolactone), a polycarbonate, a polyesteramide,
a polyanhydride, a poly(dioxanone), a poly(alkylene alkylate), a copolymer of polyethylene
glycol and a polyorthoester, a biodegradable polyurethane, a poly(amino acid), a
polyamide, a polyesteramide, a polyetherester, a polyacetal, a polycyanoacrylate, a
poly(oxyethylene)/poly(oxypropylene) copolymer, polyacetals, polyketals,
polyphosphoesters, polyhydroxyvalerates or a copolymer containing a polyhydroxyvalerate,
polyalkylene oxalates, polyalkylene succinates, poly(maleic acid), and copolymers,
terpolymers, combinations, or blends thereof.

[033] Lactide-based polymers can comprise any lactide residue, including all
racemic and stereospecific forms of lactide, including, but not limited to, L-lactide, D-
lactide, and D,L-lactide, or a mixture thereof. Useful polymers comprising lactide include,
but are not limited to poly(L-lactide), poly(D-lactide), and poly(DL-lactide); and
poly(lactide-co-glycolide), including poly(L-lactide-co-glycolide), poly(D-lactide-co-
glycolide), and poly(DL-lactide-co-glycolide); or copolymers, terpolymers, combinations,
or blends thereof. Lactide/glycolide polymers can be conveniently made by melt
polymerization through ring opening of lactide and glycolide monomers. Additionally,
racemic DL-lactide, L-lactide, and D-lactide polymers are commercially available. The L-
polymers are more crystalline and resorb slower than DL- polymers. In addition to
copolymers comprising glycolide and DL-lactide or L-lactide, copolymers of L-lactide and
DL-lactide are commercially available. Homopolymers of lactide or glycolide are also
commercially available.

[034] In a particular aspect, when the biodegradable polymer is poly(lactide-co-
glycolide), or a mixture of poly(lactide) and poly(glycolide), the amount of lactide and
glycolide in the polymer can vary. In a further aspect, the biodegradable polymer contains O
to 100 mole %, 40 to 100 mole %, 50 to 100 mole %, 60 to 100 mole %, 70 to 100 mole %,
or 80 to 100 mole % lactide and from O to 100 mole %, 0 to 60 mole %, 10 to 40 mole %,
20 to 40 mole %, or 30 to 40 mole % glycolide, wherein the amount of lactide and glycolide
1s 100 mole %. In a further aspect, the biodegradable polymer can be poly(lactide), 95:5
poly(lactide-co-glycolide) 85:15 poly(lactide-co-glycolide), 75:25 poly(lactide-co-
glycolide), 65:35 poly(lactide-co-glycolide), or 50:50 poly(lactide-co-glycolide), where the

ratios are mole ratios.
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[035] In another aspect, the polymer can be a poly(caprolactone) or a poly(lactide-
co-caprolactone). In one aspect, the polymer can be a poly(lactide-caprolactone), which, in
various aspects, can be 95:5 poly(lactide-co-caprolactone), 85:15 poly(lactide-co-
caprolactone), 75:25 poly(lactide-co- caprolactone), 65:35 poly(lactide-co- caprolactone),
or 50:50 poly(lactide-co- caprolactone), where the ratios are mole ratios.

1036] The first solvent for the polymer can be any solvent used in dispersed phase
that solubilizes or at least partially solubilizes the polymer. The first solvent can be a single
solvent or two or more co-solvents. In certain aspects, the first solvent comprises ethyl
acetate or methylene chlornide.

[037] The continuous process medium typically includes a non-solvent for the
polymer, at least one salt and at least one second solvent. The non-solvent for the polymer
can be any base solvent for the continuous process medium that is not a solvent for the
polymer so that the polymer forms an emulsion when mixed with the continuous process
medium. Typical examples of the non-solvent for the polymer include, but are not limited
to, an aqueous mixture or solution, or water. In one aspect the continuous process medium
further comprises water. In another aspect, the continuous process medium further
comprises substantially water.

[038] In one aspect, the salts are one or more ionic salts, metal halide salts (metal
halides), salts of alkali metals and halogens, or salts of alkaline earth metals and halogens.

The halogens can be F, Cl, Br, or I. In a specific aspect the salt is sodium chloride or

potassium chloride.
[039] The salt is typically present at from 0.1 to 20 weight %, 2-20 weight %, or 2-

15 weight %, 1n the continuous process medium. In another aspect the salt is sodium
chloride, and is 1n an amount of from 0.6 to 20 weight % or from 0.1 molar (M) to 3.4 M.
[040] The second solvent 1s typically one or more organic solvents added to the
continuous process medium. The second solvent reduces the solubility of the first solvent
for the polymer 1n the continuous process medium. Saturating the aqueous medium with
organic solvent prevents partial emulsion droplet extraction during homogenization. This
second solvent can be the same or different from the organic solvent used to prepare the
dispersed phase, that 1s, the second solvent can be the same as or different from the first
solvent. In one aspect, the second solvent 1s the same as any of the first solvents used for

the dispersed phase. In certain aspects the second solvent is methylene chloride or ethyl

acetate.
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[041] The second solvent is typically added to the continuous process medium at
levels up to the saturation solubility of the second solvent in the continuous process
medium. The actual saturation solubility concentration of the second solvent in the
continuous process medium will vary depending upon, among other factors, the amount of
salt 1n the continuous process medium. Typically, the amount of second solvent used is
from 0.01 weight % of the continuous process medium up to the saturation solubility of the
second solvent in the continuous process medium. In another aspect, the second solvent is
added 1n a range of about 0.1 % to 100% of the saturation solubility concentration of the
second solvent in the continuous process medium.

1042] In one aspect the second solvent 1s in a saturating or near saturating amount
1in the continuous process medium. In one aspect the first and second solvents are the same
solvent. In one aspect the first and second solvents comprise organic solvents. In one
aspect the second solvent comprises two or more solvents. In another aspect the
temperature of the continuous process medium is adjusted to modify (increase or decrease)
the solubility of the first solvent in the continuous process medium. In this manner,
temperature may also be used, in addition to salt concentration, as an additional means of
adjusting the final saturation solubility limit of the first solvent in the continuous phase
medium. By changing temperature, the required amount of salt and first solvent in the
continuous phase may change, and the ratio of required salt to first solvent may also change
to achieve the desired result. Changing amounts of salt or first solvent required or the ratio
of the two will affect solvent extraction, volume of extraction, separation and collection

among other things.

[043] In one aspect, a surfactant or emulsification agent is used in the continuous
process medium. Any surfactant or emulsification agent typically used in encapsulation
processes can be used herein. In one aspect the surfactant is polyvinylalcohol (PVA). In
these aspects, the PVA can be used from 0.01 weight % to 10 weight %, 0.1 weight % to 5
weight %, or 0.1 weight % to 2 weight % of the continuous process medium. Typically, the
concentration of the surfactant or emulsification agent is adjusted as needed in order to
remain soluble at a given composition of salt and second solvent concentration level. At
certain concentrations of the salt, second solvent and surfactant, the surfactant can
precipitate out. In various aspects, typically the concentrations of the salt, second solvent

and surfactant are adjusted such that the continuous process medium is a homogeneous

solution.
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[044] Any microparticle formation process utilizing a dispersed phase in a
continuous process medium (a continuous phase system) can be utilized. Any process to
form the emulsion can be used. Any process to remove the solvent can be used, such as, for
example, a hquid-liquid extraction, solvent evaporation, or a combination thereof. The
emulsion itself can be a single emulsion, such as an oil-in-water or a solid-in-oil-in-water,
or a double emulsion, such as a water-oil-water emulsion. Double emulsions are typically
formed by the agent not being fully soluble in the first solvent for the polymer.

[045] An advantage of the present invention is that the presence of the salt in the
continuous process medium reduces the solubility of the first and second solvents in the
continuous process medium. Thus as the salt concentration increases, the first and second
solvent solubility in the continuous process medium decreases. Even though the second
solvent 1s saturated in the continuous process medium, when it is an organic solvent, less
total organic solvent 1s required in the continuous process medium and in the overall
system. This reduces the amount of extraction phase medium that is needed to remove any
residual organic solvent. Additionally, lower quantities of organic solvent in the continuous
phase medium results in lower total quantities of organic solvent in the overall processing
system which provides for safer handling and more inexpensive waste disposal. Further,
lower quantities of organic solvent in the continuous phase medium changes the sink
conditions for extraction of the first solvent during subsequent processing steps used to
remove solvent from the emulsion droplets, allowing for different processing conditions as

compared to more standard emulsion systems. More generally, changes in continuous

phase and extraction phase can affect separation and isolation of extracted microparticles,
such as reducing required rinse water or reducing equipment requirements to transfer
extraction suspension for collection.

[046] Additionally, a cost savings is achieved by using salt while reducing the
amount of second solvent, typically organic solvent, which is typically more costly than the
salt. Additionally, the use of the salt in the continuous phase or the continuous process
medium of the emulsion process has various advantages, including, improved properties of
the final product, such as flowability, spherical shape and surface features of the particles,
encapsulation efficiency, density, reduced initial burst and affect on longer-term release

characteristics.

1047] Further, the present methods and microparticles can provide for improved

encapsulation efficiency and performance of the microparticle product. The addition of

salts to the continuous phase (CP) medium can in various aspects affect the precipitation
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behavior of the polymer 1n the emulsion system. Solutions containing high salt
concentrations can be used for precipitating polymers in a salting-out phenomenon. Thus,
the polymers 1n the organic-phase of the microencapsulation emulsion can have their
solubility properties affected by their exposure to the high-salt-containing CP medium and
that, in-turn, affects the polymer precipitation properties of the system as compared to
emulsion systems that do not contain high salt concentrations in the CP medium. The
different polymer precipitation phenomena in the systems of the present invention,
therefore, can be one cause for differences in bulk properties of the final product obtained as
well as any differences obtained in encapsulation efficiency and performance of the

microparticle product.

[048] Extraction rate 1s directly dependent on the concentration gradient from the
dispersed phase into the mixed continuous and extraction phase. Displacing solvent in the
continuous phase with salt decreases the amount of solvent in mixed continuous and
extraction phases. At low concentrations of salts, solubility of solvents is not affected.
Because salt 1n the mixed continuous and extraction phases is extremely dilute, the
concentration gradient for extraction of the microparticles is maximized. The presence of
any solvent in mixed continuous and extraction phases decreases the concentration gradient,
and associated extraction rate, for microparticle extraction. This greater rate of extraction
precipitates polymer more rapidly having benefits of: (1) trapping agent within precipitated
particles, (2) reducing surface porosity related to initial burst, and (3) creating smoother

microspheres with decreased angle of repose (as defined in Example 3).

[049] The method of the current invention, whereby both a salt and a solvent are
utilized in the continuous process medium (i.e., continuous phase), can produce a
microparticle with a static angle of repose (hereinafter “angle of repose” or “AOR”), as
defined and as measured using a Hele-Shaw cell, smaller than the angle of repose for
microparticles prepared with no salt in the continuous phase or no solvent in the continuous
phase or no salt and no solvent in the continuous phase. That reduction in angle of repose
can be as much as at least 5, 10, 15, 20, or 25 degrees lower for the salt and solvent process
of the current invention as compared to the no salt, no solvent, or no salt/solvent cases. The
resultant angle of repose of microparticles made by the process of the current invention can

be as little as 85, 80, K5, K0, 48, or 17 degrees.
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EXAMPLES
[050] The following examples are set forth below to illustrate the methods and

results according to the disclosed subject matter. These examples are not intended to be
inclusive of all aspects of the subject matter disclosed herein, but rather to illustrate
representative methods and results. These examples are not intended to exclude equivalents
and variations of the present invention which are apparent to one skilled in the art.

[051] Efforts have been made to ensure accuracy with respect to numbers (e.g.,
amounts, temperature, pH, etc.) but some errors and deviations should be accounted for.
Unless indicated otherwise, parts are parts by weight, temperature is in °C or 1s at ambient
temperature, and pressure 1s at or near atmospheric. There are numerous variations and
combinations of conditions, e.g., component concentrations, temperatures, pressures, and
other reaction ranges and conditions that can be used to optimize the product purity and
yield obtained from the described process. Only reasonable and routine experimentation

will be required to optimize such process conditions.

Example 1
[052] An equilibrium/saturation study was performed to measure solvent

solubilities in PV A solutions in increasing salt concentration levels. The saturation
solubility in weight % of ethyl acetate and methylene chloride were individually tested with
varying sodium chloride weight % 1n a 2% PV A aqueous solution. As can be seen from
Figure 1, as the sodium chloride content was increased, the saturation solubility of the two
organic compounds decreased. At about 15 weight % sodium chloride contention, the PVA

began to salt out of the solution. Similar trends are observed using a 1% PV A aqueous

solution as 1s shown in Figure 2.

Example 2

[053] Microparticle formulations were made with a continuous phase (CP) system
containing high salt concentration (2M) both with and without added organic solvent in the
CP system. Formulations were made by first emulsifying either 150 microliters or 300
microliters of an inner aqueous phase solution consisting of 0.1 wt% solution of poly(vinyl
alcohol) (PVA) into 1.5 g polymer solution consisting of 25 wt% 50:50 poly(lactide-co-
glycolide) (0.3 dL/g) (5050 PLG 3E) in ethyl acetate. The emulsification of the inner
aqueous phase solution into the polymer solution was performed for 60 seconds with a

Polytron PT10-35 mixer using a speed setting of 3. The resulting primary emulsion was
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used as the dispersed phase (DP) solution, which was emulsified into 50-g continuous phase
(CP) solution éonsisting of 1 wt% PV A and 2M sodium chloride and, optionally, 3 wt%
ethyl acetate. Emulsification of the DP into the CP was performed by slowly introducing
the DP solution to the mixer head of an IKA Ultra-Turrax T-25 mixer (using a speed setting
of 1) that was immersed in the CP solution. Emulsification was performed for 30 seconds at
which time the resulting emulsion was poured into a beaker containing 140 g stirred
extraction phase (EP) water. Extraction was carried out, while stirring, for 1 hour and then
the resulting microparticle product was isolated from the suspension by collection over a
20-micron test sieve. The collected microparticle product wés washed with approximately
2-L water. The product was then dnied by lyophilization.

[054] Scanning electron microscopy was used to take photomicrographs of samples
prepared in this example. Figures 3A and 3B show images of representative microparticle
product from formulations prepared using 150 microliters inner aqueous phase solution
when using no additional organic solvent in the CP solution (Figure 3a) and when using 3
wt% ethyl acetate in the CP solution (Figure 3b). Similarly, Figures 4A and 4B show
images of representative microparticle product from two similar formulations prepared
using 300 microliters inner aqueous phase solution.

[055] Comparison of SEM images in Figures 3A and 3B and 4A and 4B
demonstrate that the addition of organic solvent to the salt-containing CP solution system

can result in an improved microparticle product having a narrower particle size distribution,

fewer irregular particles and/or less non-particle residue.

Example 3
[056] Angle of repose is a technique used to characterize the flowability of solids

such as powders. Improving the flowability of a powder is advantageous by providing
better handling during powder filling and packaging operations, lower losses of materal
during transfer, and reduced aggregation. The U.S. Pharmacopeia (USP) General Chapter
<1174> “Powder Flow” (reference: USP32/NF27) (2009) refers to four general methods

that are commonly employed to characterize and compare powder flow characteristics, one
of which 1s the Angle of Repose (AOR) method. The USP describes basic methods for

assessing the AOR and 1dentifies two important experimental variables that should be

defined 1n any general method used to determine AOR: (1) funnel height should be
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specified as being either fixed or varied relative to the base during measurement; and (2) the
base should be specified as being etther of a fixed diameter or variable diameter during
measurement. One technique commonly described in the literature for determining AOR 1s
through the use of a Hele-Shaw cell. In this technique, the funnel height 1s kept at a fixed
height during measurement (fixed relative to the base of the cell) and the base diameter is
fixed during measurement.

[057] Angle of repose measurements were performed on microparticle
formulations using a Hele-Shaw cell. A Hele-Shaw cell was constructed of two plastic
plates affixed parallel to one another with a gap of approximately 5 mm between the two
plates. The plates were sealed on all sides. In one corner of the cell, a funnel was inserted
into the cell to permit powder to be dropped down vertically along one edge of the cell.
Samples were analyzed for angle of repose (AOR) as follows. The cell was firmly affixed
to the bench top with the funnel positioned at the top of the cell pointing downwards.
Approximately 2 grams of a microparticle formulation was added to the funnel and allowed
to flow down the cell and accumulate at the bottom comer of the cell. Photographs were
then taken of the resulting powder mass 1n order to capture the final height and width of the
powder sample. AOR was then determined directly from photographs of individual
determinations by directly measuring the angle at which the resulting powder sample rises
up from the bottom (horizontal) edge of the Hele-Shaw cell (using a protractor). Triplicate
experiments were performed on each microparticle formulation and results are reported as

the mean and standard deviation (SD) of the triplicate determinations.

[058] In this manner, smaller AOR’s are associated with powder samples that are
able to flow further in a horizontal direction away from spot to which the sample was
dropped. As aresult, smaller AOR’s are directly associated with powder samples that have
relatively better powder flow characteristics. Table 1 1s taken directly from the Chapter

<1174>1n USP32/NF27 showing the relative trends between AOR and powder flow

properties.

Table 1: Flow Properties and Corresponding Angle of Repose'

b bbbl bbubudaliek PP g

Flow Property Angle of Repose (degrees)

Excellent ) l 25-30

Good 31-35
Fair (aid not needed) | 36-40

Passable (may hang up) | 41-45 ) |
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Poor (must agitate, vibrate) 46-55 J

I Very poor I 56-65 |
B Very, very poor >66 -

I Reference: Chapter <1174> in USP32/NF27 (2009).

[059] Three microparticle formulations were prepared using an emulsion-solvent
extraction process. One lot was prepared with a continuous phase (CP) solution comprising
high salt (2M sodium chloride), a second lot was prepared with a CP solution comprising a
saturated level of organic solvent (7.5 wt% ethyl acetate), and a third lot was prepared with
a CP solution comprising both high salt and a saturated level of organic solvent (2M sodium
chloride and approximately 3% ethyl acetate). Otherwise, the CP solution in all cases
further comprised 1 wt% PV A solution.

[060] Microparticle formulations were prepared using a dispersed phase (DP)
solution comprising 14.4 g 85:15 DLG (4.5E) poly(DL-lactide-co-glycolide) polymer
(Brookwood Pharmaceuticals), 57.6 g ethyl acetate, and 14 mg coumarin-6. This DP
solution was continuously emulsified into one of the continuous phase solutions described
above using a Silverson L4RT mixer at a stir speed of approximately 1100 rpm. The
resulting emulsion was immediately diluted with fresh deionized water as the extraction
phase (EP) solvent. Flow rates of the DP, CP, and EP were approximately 13 g/min, 125
g/min, and 1250 g/min, respectively. The resulting suspension was collected in a tank and
stirred for one hour at which time the suspension was passed across 125-micron and 20-
micron test sieves. The product collected on the 20-micron sieve was rinsed with 4-L
deionized water and was then dried by lyophilization on a Iaboratory freeze dryer.

[061] Results of AOR measurements are presented in Table 2. The sample
prepared using a CP solution comprising both high salt and saturated level of organic
solvent had a markedly lower AOR as compared to the samples prepared either with a CP
solution comprising either the high salt alone or the saturated level of organic solvent. The
16.7° AOR for this sample reflects a sample having “excellent” flow properties (according
to the criteria set forth in the USP) as compared with the other two samples which had
AOR’s of powders that are characterized by the USP as having “fair” to “poor” flow

properties.
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Table 2: Results of AOR determinations on microparticle formulations.

Angle of Repose (AOR),
CP solution composition
| In degrees (mean (SD))
2M sodium chlonde 39.2 (2.0)
Saturated with ethyl acetate (7.5 wt%) 46.0 (5.2)
2M sodium chloride, saturated with ethyl acetate (3 wt%) 16.7 (1.2)

Masaman sy Maaaaaaas o aas e e oy T e e

Example 4

[062] Four microparticle formulations were made from a double-emulsion
microencapsulation process in which the composition of the continuous phase (CP) solution
was changed by either the presence or absence of 2M salt (sodium chloride) and the
presence or absence of a saturating amount of organic solvent added to the CP solution.
Formulations were made using dexamethasone sodium phosphate as a model hydrophilic
drug and ethyl acetate as the organic processing solvent. Formulations were made by
dissolving 1.25 grams of dexamethasone sodium phosphate into 2 grams deionized water.
The resulting solution was used as an inner aqueous phase and was emulsified into 55 grams
of polymer solution consisting of 20 wt% 75:25 poly(lactide-co-glycolide), 0.48 dL/g (7525
PLG 5E) m ethyl acetate. The emulsification of the inner aqueous phase solution into the
polymer solution was performed in a continuous manner by pumping the aqueous and
organic phases into an IKA ultra-Turrax T-25 mixer with inline mixer-head attachment
(speed setting 6000 rpm). The two solutions were pumped into the mixer at a flow rate of
0.7 mL/min for the aqueous phase and 14.3 g/min for the organic phase. The resulting
primary emulsion was used as the dispersed phase (DP) solution, which was emulsified into
725 grams continuous phase CP solution consisting of 2 wt% PV A and (optionally) 2M
sodium chloride and (optionally) a saturating level of ethyl acetate (either 7.4 wt% ethyl
acetate when no additional salt was used or 3.0 wt% ethyl acetate when 2M salt was
present). Emulsification of the DP and CP was performed by introducing the DP and CP
solutions at the inlet port of a Silverson mixer L4R-T mixer with laboratory in-line head
assembly. The Silverson speed was set at 1700 rpm. The mix rates for the DP and CP
solutions were 15 g/min and 125 g/min respectively. After passing the mixed DP and CP
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solutions through the mixer head, extraction water (EP) was added at a rate of 2.2 L/min.
The combination of the three phases (DP, CP, and EP) was collected in a vessel which
contents are stirred with a suitable mixer for 20 minutes to facilitate further solvent removal.
The resulting microparticle product was isolated from the suspension by collection over 125
micron and 20 micron test sieve setup. The material collected on the 20 micron test sieve
was used as the collected microparticle product. The material collected on the 125 micron
sieve was discarded. The collected microparticle product was washed with approximately 2-
L water. The product was allowed to air dry on the 20 micron test sieve under a laminar
flow hood for 48 hours.

[063] Samples of the dry microparticle product were then analyzed for drug
content by HPLC. A known quantity of sample was dissolved in dimethylsulfoxide
(DMSO), and water was added to the sample to precipitate the polymer. The resulting
suspension was filtered to remove polymer and the remaining solution was analyzed by
HPLC using a Phenomenex Luna C18 4.6 X 150 mm by Phenomenex (Torrance Ca).
Chromatography was performed on a 40-pL injection volume by an isocratic method using
a mobile phase of 70% (by volume) 25mM sodium phosphate pH 3 and 30% acetonitrile.
Detection was performed by UV at 240 nm.

[064] Results shown below demonstrate the encapsulation of the drug was
improved by the use of a CP solution containing both a high salt content (2M sodium

chloride) and a saturating level of organic solvent (3 wt% ethyl acetate).

[065] Summary of Batches prepared:
Added Salt in the CP Added Solvent in the CP

Batch 2M  none saturated none L
1 v v
2 v v
3 v v
4 v v L

[066] Table 3. Dexamethasone sodium phosphate loading in model formulations

prepared with and without 2M sodium chloride in the Continuous Phase (CP) processing

solution.
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[Batch ] fDrug content, wt%

1 3.57 ) |
[ 2 3.52

3 3.23

4 4.80

[067] In summary, the batch prepared with both 2M salt and a saturating level of
5  organic solvent added to the CP solution (batch 4) had a higher drug loading level (higher

encapsulation efficiency) than those without either or both components.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

. An encapsulation method for producing microparticles, comprising:

(a) forming an emulsion or double emulsion comprising a dispersed phase
comprising an agent, a polymer, and a first solvent tor the polymer, in a
continuous process medium, wherein the continuous process medium comprises
at least one salt and at least one second solvent, wherein the second solvent
reduces the solubility of the first solvent in the continuous process medium; and

(b) extracting the first solvent from the dispersed phase to form the microparticles
wherein the second solvent is in a saturating amount in the continuous process

medium;
wherein the second solvent is an organic solvent; and

wherein the microparticles have an angle of repose of <335, as measured using a
Hele-Shaw cell.

2. The method of claim 1, wherein the at least one salt comprises sodium chloride.
3. The method of claim 1 or 2, wherein the at least one salt comprises potassium
chloride.

4, The method of any one of claims 1 to 3, wherein the at least one salt is in a

concentration in the continuous process medium of from 0.1 to 20 wt%.

5. The method of any one of claims 1 to 4, wherein the first solvent and the at least

one second solvent are the same solvent.

0. The method of any one of claims 1 to 5, wherein the first solvent and the at least

one second solvent comprise organic solvents.

18
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7. The method of any one of claims 1 to 6, wherein the first solvent and the at least

one second solvent comprise methylene chloride or ethyl acetate.

8. The method of any one of claims 1 to 7, wherein the at least one second solvent

comprises two or more solvents.

9. The method of any one of claims 1 to 8, wherein the continuous process medium

further comprises water.

10.  The method of any one of claims 1 to 8, wherein the continuous process medium

further comprises substantially water.

11.  The method of any one of claims 1 to 10, wherein the continuous process medium

further comprises a surfactant.

12.  The method of claim 11, wherein the surfactant comprises polyvinylalcohol
(PVA).

13.  The method of any one of claims 1 to 12, wherein the dispersed phase and

continuous process medium forms the emulsion.

14.  The method of any one of claims 1 to 13, wherein the dispersed phase and

continuous process medium forms a double emulsion.

15.  The method of any one of claims 1 to 14, wherein the temperature of the
continuous process medium is adjusted from ambient temperature to decrease solubility

of the first solvent in the continuous process medium.

16. The method of any one of claims 1 to 14, wherein the temperature of the
continuous process medium is adjusted from ambient temperature to increase solubility

of the first solvent in the continuous process medium.
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17.  The method of any one of claims 1 to 16, wherein the angle of repose of the
resultant microparticles is at least 10 degrees less than the angle of repose of the resultant
microparticles made without the salt, the solvent, or both, in the continuous process

medium.

18.  The method of any one of claims 1 to 17, wherein the angle of repose of the
resultant microparticles is at least 15 degrees less than the angle of repose of the resultant
microparticles made without the salt, the solvent, or both, in the continuous process

medium.

19.  The method of any one of claims 1 to 18, wherein the angle of repose of the
resultant microparticles is at least 20 degrees less than the angle of repose of the resultant

microparticles made without the salt, the solvent, or both, in the continuous process

medium.

20.  An emulsion comprising a dispersed phase comprising an agent, a polymer, and a
first solvent for the polymer and a continuous phase comprising a polymer non-solvent
and a second solvent, wherein the second solvent reduces the solubility of the first

solvent in the polymer non-solvent, and a salt that reduces the solubility of the first

solvent in the polymer non-solvent.
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