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Drug delivery vehicles suspended in nonaqueous perfluorinated carrier

Field of the Invention

The present invention relates in general to nonaqueous
pharmaceutical compositions intended for use in aqueous
physiological systems. More particularly, the present
invention is directed to pharmaceutical compositions formed
of drug containing microparticulate or microcapsule delivery
vehicles suspended in perfluorocarbons or fluorinated

‘gilicone liquids. The pharmaceutical compositions of the

present invention possess unexpectedly superior shelf-lives
and effectiveness and may be configured for convenient
multi-dose administration through all common routes of
pharmaceutical administration including oral, dermal,

intravenous, and nasal routes of administration.

Background of the Invention
Pharmaceutical medicaments and diagnostic compounds are

freguently incorporated into a delivery vehicle for adminis-
tration to a targeted tissue site. Typically, drug delivery
vehicles are formed as aqueous carriers, gels, polymeric
material inserts or particulates incorporating a phar-
maceutical compound. once the drug delivery vehicle is
placed at the desired delivery site, the pharmaceutical
compound is released from the delivery vehicle over a
prolonged length of time. The resulting time release
profile of the drug is dependent upon a number of variables.
Included in these variables are the release mechanism of the
drug from the drug delivery vehicle (typically either
erosion or diffusion), the amount of drug incorporated into
the drug delivery vehicle, the solubility of the drug in the
surrounding physiological milieu, and, in the case of
particulate delivery vehicles, the particle size or size
distribution of the vehicle.
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Depending upon the physical characteristics of the
vehicle itself as well as those at the intended target site,
drug delivery vehicles may be delivered to the tafget site
through a variety of known routes of administration. For
example, agueous based drug delivery solutions may be
ingested, injected, inhaled, or applied directly to the skin

. or mucus membranes as drops, mists, or the like. Con-

versely, gels and ointments are better suited to direct
topical application due to their relatiﬁely high vis-
cosities. Similarly, solid polymeric inserts must “be
physically inserted or affixed to the target site.

A particularly unique target site for pharmaceﬁtical
compounds is the ocular environment surrounding the surface
of the eye. Aqueous solutions, gels and solid inserts have
all been utilized to deliver ocular drugs as the controlled
delivery rate characteristics of such known delivery
vehicles make ﬁhem well suited for delivering therapeutic
and diagnostic compounds to the ocular environment.
However, tear turnover and drainage through the lacrimal
system quickly remove a major portion of any compound
administered as a drop to the eye so that only a small
fraction of the original dosage remains in the eye long
enough to be of therapeutic impact. As a result, repeated
administrations of a drug formulated as an aqueous drop may
be required to maintain an effective therapeutic level of
the drug in the eye. Thus, pharmaceutical compositions such
as ointments, gels or inserts which remain in the eye and
gradually release their diagnostic or therapeutic drugs into
the ocular environment reduce the need for repeated adminis-
trations of the drug to the eye.

”Recently, drug delivery vehicles formed of drug-
containing erodible microparticles or microcapsules have
been developed with some limited success. Such erodible
microparticles or microcapsules are designed to be suspended
in a liquid carrier medium and delivered to the target
tissue through injection, ingestion or using liquid drops.
Once at the target site the microparticulates or
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microcapsules are intended to remain at that location after
the liquid carrier has diffused or drained away. Typically,
microparticulates are formed of a drug containing polymer

. matrix formed in particles ranging from tens to hundreds of

microns in diameter. The polymer matrix may be erodible to
release the incorporated drug at the target site as the
matrix gradually breaks down. Alternatively, the
microparticulates may be formed of non-erodible polymers.
from which the incorporated drug simply diffuses out of and
into the target tissue. Microcapsules are comparably sized
particles formed of a polymer shell encapsulating the
desired pharmaceutical compound. The shell of microcapsules
may also be composed of either erodible or non-erodible polymers.
The 1long term storage of microparticles and
microcapsules requires a liquid carrier medium which is
physically and chemically compatible with both the polymer
of the drﬁg delivery vehicle and the incorporated thera-
peutic or diagnostic compound as well as the intended
physiologic environment. Generally, the liquid carrier of
choice is a sterile water solution of the appropriate pH and
osmolality. However, a problem with suspending micro-
particles or microcapsules in agueous carriers targeted for
an aqueous physiological environment is that invariably the
incorporated pharmaceutical compound will leach into the
aqueous carrier prior to administration. This results in a
significant loss of pharmaceutical activity at the site of
action as the leached drug contained in the agqueous carrier
will be flushed from the target site relatively rapidly.
The tendency of pharmaceutical compounds to leach into
the carrier also limits the effective shelf-life of drug
delivery vehicles suspended in aqueous carriers. Depending
upon the diffusion rate of the incorporated pharmaceutical
compound, the shelf-life will normally be much shorter than
the preferred shelf-life. Similarly, diffusion of the drug
into the agueous carrier makes it difficult, if not
impossible, to formulate pharmaceutical compounds into
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multiple dose packaging becausi uniform dose regimens cannot
be ensured.

More specifically, pharmaceutical compositions con-
taining drug delivery vehicles utilizing a polymer or drug
which is unstable or labile in an agueous environment cannot
be stored for extended lengths of time in their aqueous
carriers without significant chemical changes occurring. A
significant number of the polymers which are currently being
utilized as microparticulate drug delivery vehicles are
hydrolytically labile. This characteristic is central to
the ability of the polymer matrix to slowly disintegrate and
release the drug incorporated in the polymer matrix into the
aqueous physiological environment. Since the polymer
systems exhibiting hydrolytic instability cannot be stored
in aqueous vehicles, they must be stored in a dry state and
suspended in the aqueous carrier immediately prior to their
administration to the target site. This is a time consuming
and burdensome inconvenience to the end user. Moreover, it
requires specialized packaging designs which provide a
method for separately storing the labile polymer particles
and the carrier liquid in appropriate quantities. As a
result, the package configuration must be limited to unit
dose sizes with the attendant inconvenience and added costs.

Several nonaqueous liquid carriers have been utilized
in the art in an attempt to address these problems. Among
these are mineral oils, vegetable oils, silicone oils, and
free fatty acids. Though generally effective for oral and
dermal administration, when used in the ocular environment
a significant disadvantage associated with these oils is
that they combine with the 1lipid layer of the tear film
which results in a disruption of the film. This in turn may
cause the user to experience significant vision blurring and
an unacceptable oily sensation. _

Accordingly, it is a principal object of the present
invention to provide pharmaceutical compositions which will
effectively deliver water 1labile or poorly soluble

therapeutic or diagnostic pharmaceutical compounds to
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agqueous physiological target sites through a wide variety of
administrative routes including ingestion, injection,
inhalation, topical application, sprays, mists, drops and
the like. It is a further object of the present invention
to provide pharmaceutical compositions for delivering water
labile or poorly soluble therapeutic or diagnostic
pharmaceutical compounds which exhibit improved shelf-life
and stability.

It is an additional object of the present invention to
provide drug delivering pharmaceutical compositions in which
the therapeutic or diagnostic compounds do not prematurely
leach out of the drug delivery vehicles during storage yet
are released at the desired rate once administered to the
target site.

It is a further object of the present invention to
provide drug delivering pharmaceutical compositions intended
for use in aqueous physiological systems which may be
configured in multi-dose packages.

Tt is an additional object of the present invention to
provide pharmaceutical compositions containing hydrolyti-
cally labile polymers or drugs which are intended for use in
agqueous physiological milieus which are protected from
premature disintegration.

It is a further additional object of the present
invention to provide effective pharmaceutical compositions
which are transparent, nonirritating, and do not cause
vision blurring when administered to the ocular environment.

Summary of the Invention

The present invention accomplishes these and other
objectives by providing advantageous pharmaceutical composi-
tions formed of drug delivery vehicles suspended in nonague-
ous liquid carriers. The pharmaceutical compositions of the
present invention possess long shelf-lives with retained
pharmaceutical activity and may be packaged in multi-dose
configurations. Additionally, they can be formulated to
stably incorporate hydrolytically labile drugs and polymers
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and may be administered to intended target sites through any
available route of administration including injection,
ingestion, topical application and the like.

In accordance with the teachings of the present
invention, pharmaceutical compositions are preferably formed
from a perfluorocarbon or fluorinated silicone 1liquid
carrier and at least one drug delivery vehicle incorporating
the desired therapeutic or diagnostic compounds. It is also
contemplated as being within the scope of the present
invention to form the drug delivery vehicle of polymeric
particulates suspended in nonaqueous liquid carriers wherein
the polymeric drug delivery vehicles incorporate a
pharmaceutically effective amount of the desired therapeutic
or diagnostic compounds. Preferably, the polymeric drug
delivery vehicle is formed as a plurality of erodible
microparticles or microcapsules which inéorporate the
compound of choice and are suspended in the nonagqueous
liquid carrier. As those skilled in the art will
appreciate, mixtures of differing erodible microparticles
and microcapsules can be combined in a single carrier within
the scope of the present invention to tailor the
pharmaceutical composition to specific drug contents,
polymer erosion rates, and drug release profiles.

Due to the nohaqueous character of the liquid carriers
utilized in the pharmaceutical compositions of the present
invention they are particularly suitable for suspending
polymeric drug delivery vehicles prepared with hydrolyti-
cally labile polymers or pharmaceutical compounds. However,
pharmaceutical compositions comprising hydrolytically stable
polymeric drug delivery vehicles or pharmaceuticals are also
within the scope of the present invention.

Unlike the prior art delivery systems, the pharmaceuti-
cal compositions of the present invention possess stable,
long term shelf-lives without the associated loss of
pharmaceutical activity of the therapeutic or diagnostic
compound incorporated therein. This stability results from
the fact that the therapeutic or diagnostic compound does
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not leach or otherwise diffuse from the microparticulates or

microcapsules into the 1liquid carrier, but remains
incorporated in the drug delivery vehicle. Similarly, where
the microparticulates or microcapsules are formed of water
labile polymers, they will not erode or degrade in the
compositions of the present invention.

The pharmaceutical compositions of the present inven-
tion, preferably consisting of microparticulate or
microcapsule drug delivery vehicles suspended in the ligquid
carriers, may be packaged and sterilized by conventionai
gamma irradiation techniques. Sterile fill procedures can
be utilized for radiation sensitive systems. Additionally,

the pharmaceutical compositions can be configured for

multiple or unit dose packaging from, for example, a dropper
dispenser. The unique bacteriostatic properties of the
liquid carriers further facilitate the utilization of
multi-dose packaging by eliminating the necessity of
preservative additives commonly used in the art.

As'will be discussed below, a wide variety of polymers
and therapeutic and diagnostic agents can be utilized in
forming the compositions of the present invention. Polymers
and agents which are hydrolytically labile are particularly
suitable, however, the advantageous properties of the
nonagueous compositions can be obtained with hydrolytically
stable drug delivery vehicles as well.

Further objects and advantages of the nonaqueous
pharmaceutical compositions of the present invention, as
well as a better understanding thereof, will be afforded to
those skilled in the art from a consideration of the
following detailed description of preferred exemplary

embodiments thereof.

Brief Description of the Drawings
FIG. 1 is a graphical representation of the release

profile of sodium fluorescein from a microparticulate
suspension stored at 23°C illustrating the principles of the

present invention.
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FIG. 2 is a graphical representation of the release
profile of sodium fluorescein from a microparticulate
suspension stored at 45°C illustrating the principles of the
present invention.

FIG. 3 is a graphical representation of the temperature
stability profile of a water labile drug containing

microparticulate suspension stored at 37°C illustrating the

principles of the present invention.

FIG. 4 is a graphical répresentation of the temperature
stability profile of a water 1labile drug containing
microparticulate suspension stored at 23°C illustrating the
principles of the present invention.

Detailed Description of the Preferred Embodiments
In a broad aspect, the pharmaceutical compositions of
the present invention comprise one or more drug delivery

vehicles suspended in a perfluorocarbon or fluorinated
silicone nonaqueous liquid carrier. More particularly, the
pharmaceutical compositions produced in accordance with the
teachings of the present invention can be formed from a
perfluorocarbon or fluorinated silicone liquid carrier and,
suspended in the liquid carrier, at least one drug delivery
vehicle incorporating a pharmaceutically effective amount of
at least one therapeutic or diagnostic compound.

Because of the bacteriostatic, nonirritating, and in
fact, soothing and lubricating properties of the nonagqueous
liquid carriers, the pharmaceutical compositions formed in
accordance with the teachings'of the present invention are
particularly well suited for use in connection with the
diagnosis or treatment of injuries or diseases of the eye.
However, those skilled in the art will appreciate that the
pharmaceutical compositions of the present invention are
equally well suited for use in applications to other
physiological environments where the repeated administration

of a drug delivery vehicle to sensitive tissue areas is
desired.
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Accordingly, for purposes of explanation and without
limiting the scope of the present invention, where
appropriate the following exemplary embodiments will be

. discussed in the general context of ophthalmic pharmaceuti-

cal compositions utilized for the treatment of ocular
injuries and diseases. However, it should be emphasized
that the pharmaceutical compositions of the present
invention may be utilized through all common routes of
administration such as oral, dermal, intravenous, nasal and
others known in the art.

The perfluorocarbons which are preferably utilized as
nonaqueous liquid carriers in the pharmaceutical composi-
tions of the present invention include perfluorocyclocar-
bons, acyclic perfluorocarbons and their derivatives. As
one skilled in the art will appreciate, the perfluorocarbon
derivatives are typically nitrogen and oxygen containing
compounds such as amines and ethers. The nonagueous ligquid
carrier compounds, however, are preferably perfluorinated,
meaning that all of the hydrogens bonded to the carbons of
the compound are substituted with fluorine. Thus, perfluo-
rinated cyclic and acyclic hydrocarbons as well as the amine
and ether derivatives of these compounds may be utilized in
the pharmaceutical compositions of the present invention.

Exemplary perfluorocarbons which are particularly
suitable for use in the pharmaceutical compositions of the
present invention are blood substitutes. Perfluorocyclo-
carbon blood substitutes include perfluorodecalin, per-
fluoromethylcyclohexane, perfluoro-l-methyldecalin, per-
fluoro(1,3-dimethylcyclohexane), perfluorotrimethylcyclo-
hexane, perfluoroisopropylcyclohexane, perfluoroendotetrahy-
drodicyclopentadiene, perfluoro-l-methyl-4-isopropylcyclo-
hexane, perfluoro-1-methyl-4-isopropylcyclohexane, perfluo-
ro-n-butylcyclohexane, perfluoro(decahydronaphthalene),
perfluoro (decahydro-1-methylnaphthalene), perfluoro
(decahydrodimethylnaphthalene), perfluoromethyladamantane,
perfluorotrimethylbicyclo(3.3.1.)nonane,perfluorodimethyl-
bicyclo(3.3.1)nonane, perfluoro-l-methyldecaline. oxygen
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and nitrogen containing derivatives of perfluorocarbons
which may be used as liquid carriers include perfluorotri-
butylamine, perfluorotriisopropylamine, perfluorotetrahydro-
furan and perfluoroether.

Exemplary fluorinated silicone oils for use in practic-
ing the present invention are the polyalkylfluoroalkylmethy-
lsiloxanes. In particular, the polytrifluoropropylmethyl-
siloxanes with molecular weights of between 500 and 14,000
are suitable for use in the pharmaceutical compositions of
the present invention.

An additional aspect of the present invention involves
suspending a polymeric drug delivery vehicle incorporating
a pharmaceutically effective amount of at least one diagnos-
tic or therapeutic compound in the perfluorocarbon or
fluorinated silicone nonaqueous liquid carrier. Preferably,
the polymeric drug delivefy vehicle is in the form of a
plurality of erodible microparticulates, each sized on the
order of approximately 2 microns to 200 microns or, alterna-
tively, a plurality of microcapsules sized on the order of
approximately 20 microns to 200 microns. However, larger
drug delivery vehicles such as ocular inserts are also
contemplated as being within the scope of the present
invention. It is also within the scope of the present
invention to prepare pharmaceutical compositions comprising
a mixture of particle sizes or mixtures of microcapsules and
microparticulates with varying erosion rates. Such
combinations can be designed to provide specific drug
release profiles including hiéh initial concentrations or so
called zero order deliveries or may be utilized to provide
combinations of different pharmaceutical compounds.

The solid or suspended drug delivery vehicles utilized
in the pharmaceutical compositions of the present invention
can be prepared through a variety of methods known to those
skilled in the art. Exemplary methods for preparing
microparticulates include grinding or milling mixtures of an
appropriate polymer and therapeutic or diagnostic drug.
Alternative methodologies include grinding or milling the
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polymer to form microparticulates and subsequently absorbing
the drug of choice into the microparticulates so produced.
Microencapsulation techniques in which emulsions of the
polymer and therapeutic or diagnostic compound are
coacervated to precipitate the polymer and encapsulate the
compound also can be used to form microcapsule drug delivery
vehicles for use in -the present invention. Non-limiting
examples of such formation techniques are provided below.

EXAMPLE 1

A general method for the manufacture of
microparticulates involves the preparation of a
stock polymer solution wusing 0-30% drug
(preferably 0-10%) such as dipivefrin by first
adding the drug to the solvent of choice such as
acetone, acetonitrile, dimethylformamide, or ethyl
acetate. The drug and solvent are combined and
the mixture is stirred as the polymer (preferably
poly (methylvinylether/maleic anhydride)) is added
so polymer clumping is avoided. Mixing continues
until the polymer is completely dissolved. The
drug need not be completely dissolved in the
solvent/polymer system, but the drug particles
must be homogeneously dispersed. The mixture is
then transferred to a roto-evaporator and the
solvent is slowly removed. The temperature should
not exceed 60°C. When all solvent is removed, the
film is ground in the presence of dry ice with a
small blade grinder until the appropriate sized
range is achieved: 2-200m. For example, 5 g of

poly (methylvinylether/maleic anhydride) is
completely dissolved in a solution containing 100
mg dipivefrin in 95 ml of acetonitrile. This

polymer stock is then added to a roto-evaporator
operating at 40°C, and the acetonitrile is
completely removed. The drug/polymer residue is

removed from the evaporator flask and placed in a
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Teckmar grinder along with dry ice particles. The
dry ice facilitates grinding, and the grinding
takes approximately 2 minutes.

EXAMPLE 2
Alternatively, the drug/polymer stock mixture
from Example 1 is roto-evaporated to dryness and
the residue is first ground in a mortar and pestle
and placed in a roller bottle containing glass
beads with a nonaqueous diluent (preferably
perfluorodecalin, PFD). The suspension is ball
milled for approximately three days to reach the
desired 2-200um size range. -

EXAMPLE 3

Aiternatively, the drug/polymer stock mixture
from Example 1 is added dropwise with agitation to
an immiscible 1liquid (preferably mineral oil)
containing 0-10% emulsifier (preferably lecithin).
Microparticles are formed as polymer stock is
dispersed in the immiscible phase and the polymer
solvent is evaporated. Other immiscible liquids
include vegetable oils, silicone oils, and
perfluorocarbons. The ratio of polymer stock
solution to immiscible phase should not exceed 1:3
v/v. The final particle size distribution of the
particles is dependent on the degree of agitation
and the viscosity of the immiscible material.
Generally, a pneumatic mixer rotating at
approximately 300 rpm gives the desired particle
size range. Once all of the polymer solvent is
evaporated from the particles, the particles are

cleaned several times with a solvent, typically
hexane.

Exemplary polymers suitable for incorporating therapeu-~
tic or diagnostic compounds in accordance with the teachings
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of the present invention are those polymers which are
compatible with both the target tissue and with the thera-
peutic or diagnostic compound of choice. Included within
this class of polymers are both hydrolytically stable and
hydrolytically labile polymers. Those skilled in the art,
however, will appreciate that polymeric drug delivery
vehicles prepared from polymers which are hydrolytically
labile are particularly well suited for use with the
perfluorocarbons or fluorinated silicone carriers of the
present invention as they are stable in solution yet will
erode in the aqueous environment of the target site and
thereby eliminate themselves from the site as their
pharmaceutical compounds are delivered.

Exemplary hydrolytically stable polymers which are
suitable for use in the polymeric drug delivery vehicles,
include acrylate, ethylene vinylacetate, silicones,
polyurethanes, and polysulfones. Exemplary polymers which
are lab;le in an agueous environment include poly(methyl-
vinylether/maleic anhydride), collagen, gelatin, polyvinyl
alcohol, methylcelluloses, polyorthoesters, polyglycolic
acid, polylactic acid, polyvinylpyrrolidone, polysebacic
acid anhydride, polycarboxyphenoxypropane anhydride,
polyterephthalic acid anhydride, and polyphosphazine.

A preferred exemplary agueous labile polymer is Gantrez
AN, a Poly(methylvinylether/maleic anhydride) available from
GAF. Upon contact with an agueous medium the anhydride
functionalities of this polymer readily hydrolyze to form
the free acid. This initial hydrolysis leads to the
formation of a hydrogel with soft bioadhesive properties.
As hydrolysis proceeds, the poly(methylvinylether/maleic
anhydride) dissolves, and during the dissolution process the
incorporated drug is continuously released. However, in
accordance with the teachings of the present invention,
pharmaceutical compositions prepared from Gantrez AN
microparticulate or microcapsule drug delivery vehicles
suspended in a perfluorocarbon carrier do not prematurely

erode and release the incorporated drug. Similarly, they do
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not release the incorporated drug during storage and provide
a long-shelf life, yet they are very effective when deliv-
ered to the aqueous target environment. '

An alternative hydrolytically 1labile polymer drug
delivery system can be formed from those compounds which
have ionic side chains capable of complexing with a drug of

_ opposite ionic charge. Microparticulates formed of these

polymers erode in the aqueous physiological environment and
dissociate the drug which is ionically bound to the polymer
thereby delivering the drug to the target site. Pharmaceu-
tical compositions prepared from these ionic polymérs
suspended in a nonagueous carrier such as perfluorocarbon do
not prematurely release the ionically bound drug and
therefore can be prepared in stable, multi-dose forms.

Any pharmaceutical compound which is suitable for
therapeutic or diagnostic purposes and is compatible with a
suitable polymér may be incorporated in the drug delivery
vehicle of the present invention. Exemplary pharmaceutical
compounds included protein growth factors, oligopeptides,
antibacterial, antihistaminic, anti-inflammatory, miotic,
anticoloneurgic, mydriatic, antiglaucoma, antiparisitic,
antiviral, «carbonic anhydrase inhibitor, antifungal,
anesthetic, diagnostic and immunosuppressive agents.
Preferred pharmaceutical compounds for use in ocular
situations include epithelial growth factor, dipivalyl
epinephrine hydrochloride (DPE), levo-bunolol hydrochloride,
UK-14304-18, pilocarpine, dipivefrin, sodium fluorescein,
tetracycline, chlortetracycline, bacitracin, neomycin,
polymyxin, gramicidin, tobramycin,'ciprofloxacin, norfloxac-
in, penicillin, erythromycin, cefazolin, ceftazidime,

imipénem, idoxuridine, hydrocortisones, dexamethasone,
dexamethasone 21 phosphate, fluocinolone, medrysone,
prednisolone acetate, fluormetholone, betamethasone,

trimeinolone, phenylephrine, eserine salicylate, carbachol,
phospholine iodide, demecarium bromide, cyclopentolate,
homotropine, scopolamine, epinephrine, ibuprofen,
aceclidine, tretinoin, and catalin.

hy
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The amount of therapeutic or diagnostic compound
incorporated in the polymer is dependent upon the compound
of choice, the required dose, and the form of the drug

~ delivery vehicle. The effective amount normally ranges from

a few percent up to 60% by weight of the polymer with
microparticles generally having smaller amounts than
microcapsules.

Contributing to the economies of the present invention,
the pharmaceutical compositions may be prepared by methods
known in the art for formulating drug delivery vehicles
suspended in a liquid carrier. The amount of drug delivery
vehicle suspended in the carrier liquids of the present
invention depends upon the dose configuration and the
desired dose volume. For single dose units packaged in
dropper style delivery systems the volume ratio of carrier
liquid to microparficulate ranges from about 99.0 to about
5.0. Volume ratios for packaging configurations designed
for multiple uses typically range from about 99.9 to about
3.0 liquid carrier to microparticulate. Preferably, the
weight to volume rati¢ of suspended drug delivery vehicle to
nonaqueous carrier liquid will range from approximately 0 to
10%. However, those skilled in the art will appreciate that
these ratios are appropriately adjusted to adapt to the
intended applications, target sites and pharmaceutical
compounds utilized in accordance with the teachings of the
present invention.

The following non-limiting examples are illustrative of
methods used for formulating the pharmaceutical compositions

of the present invention.

EXAMPLE 4
To produce a microparticulate drug delivery
vehicle suspended in a nonagueous carrier the dry
powder microparticulate drug delivery vehicles
produced from the grinding procedure of the
Example 1 are simply added to perfluorodecalin in
a preferred ratio of from 0 to 10% w/V. Sonic
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agitation may be utilized to assist in the even
distribution of the microparticulates.

EXAMPIE 5

Alternatively, the microparticulate drug
delivery vehicle produced utilizing the ball
milling procedure of Example 2 can be utilized as
follows. As a preliminary step the drug
containing microparticulates are separated from
the glass beads of the ball mill. Where the
nonaqueous diluent in the ball milling procedure
is the preferred nonaqueous carrier liquid, such
as perfluorodecalin the separated microparticulate
suspension is simply diluted to the desired
concentration, preferably ranging from
approximately 0 to 10% w/v utilizing addition of
perfluorodecalin. As those skilled in the art
will appreciate, where alternative grinding
solvents are utilized additional separafion may be
necessary as is known in the art prior to
preparing the suspension.

EXAMPLE 6

Alternatively, microparticulate drugdelivery
vehicles produced through the emulsion technique
of Example 3 may be rutilized to form the
pharmaceutical compositions of the present
invention as follows. Once the microparticulates
produced through solvent evaporation are washed
with the appropriate solvent, preferably hexane,
the microparticulates are dried in a vacuum oven
until all residual hexane is removed. The dried
particles are simply added to perfluorodecalin or
other nonaqueous carrier liquids in the desired

proportions, preferably ranging from approximately
0 to 10% w/v.
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The pharmaceutical compositions prepared in accordance
with the present invention may be packaged and sterilized as
a unit dose in a conventional delivery device such as an eye
dropper or syringe. _Alternatively, the pharmaceutical
compositions may be packaged in a multi-dose system designed
for repeated administrations of the compositions. 1In either
case, polymeric drug delivery vehicles which are heat stable
at autoclave temperatures may be sterilized by conventional
autoclaving techniques or sterile pharmaceutical
compositions can be achieved by sterile fill techniques or
through gamma irradiation techniques.

As will be appreciated by those skilled in the art, the
exemplary perfluorocarbon and fluorinated silicone liquids
utilized in the pharmaceutical compositions of the present
invention provide unique chemical and physical properties
which make them particularly well suited for use as
nonaqueous liquid carriers for polymeric drug delivery
vehicles. More particularly, they are chemically and
physically stable. Thus, drug delivery vehicles prepared
from virtually any suitable polymer and drug combination may
be suspended in the perfluorocarbon or fluorinated silicone
liquid carriers for extended periods of time without
unwanted interactions between the carrier and the polymer or
drug. ”

In addition to these enhanced liguid storage proper-
ties, the pharmaceutical compositions produced in accordance
with the techniques of the present invention also have

~ unexpectedly improved shelf-lives when compared with

pharmaceutical compositions stored in a sterile, dry state.
It is Dbelieved that the hydrophobic nature of the
compositions precludes small amounts of oxygen and moisture
from gaining access to the drug delivery vehicles, and thus
they remain viable and pharmaceutically active for an
extended period of time.

In contrast, prior art drug delivery vehicles formed
from hydrolytically labile polymers can not be suspended for
long term storage in aqueous carriers. Normally, these
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vehicles are packaged and stored in the dry state in order

to achieve reasonable shelf-lives. Users of drug delivery
vehicles which are stored without the benefit of being
suspended in a carrier liquid are inconvenienced by the
necessity of having to suspend the vehicles in a sterile
aqueous carrier just prior to delivery to the target site.

The perfluorocarbon or fluorinated silicone suspension
vehicles utilized in the present invention provide a unique
and advantageous alternative to storing labile
microparticles or microcapsules in the dry state. The
pharmaceutical compositions prepared in accordance with the
present invention are "user friendly" in that they are
available in ready to use pre-mixed preparations.

As noted above, an equally beneficial property of the
pharmaceutical compositions of the present invention is
their ability'to remain stable for a long period of time
without leaching or loss of the pharmaceutical compound from
the polymeric drug delivery vehicle into the liquid carrier.
The pharmaceutical compounds are effectively locked in to
the delivery vehicle until the formulation is administered
to the desired physiological site. There, the nonaqueous
carrier solution is replaced by the agueous physiological
fluid at the target site which initiates release of the
incorporated pharmaceutical compound.

This is specially important when the polymeric drug
delivery vehicle wutilized to form the pharmaceutical
composition is a hydrolytically labile polymer. As those
skilled in the art will appreciate, hydrolytically labile
polymeré are characterized by their ability to physically or
chemically erode in an aqueous environment. This erosion
occurs over a period of time by any of a number of different
processes such as enzymatic degradation, hydrolysis, or
solubilization in response to contact with an agueous
physiological environment. Thus, when a drug delivery
vehicle which is formed from a hydrolytically labile polymer
and an incorporated pharmaceutical compound is placed in the
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ocular environment, it erodes in a manner that results in
the release or delivery of the drug to the eye.
The following examples are illustrative of the enhanced
shelf life and prolonged stability of exemplary pharmaceuti-
5 cal compositions produced in accordance with the teachings

of the present invention.

EXAMPLE 7

In order to determine the temperature
10 stability and release profile of the nonagueous
drug delivery vehicle suspensions of the present
invention microparticulates containing 5% sodium
fluorescein were prepared utilizing
poly (methylvinylether/maleic anhydride) as the
15 polymer matrix utilizing the manufacturing
technique of Example 1 and were suspended in
perfluorodecalin as a 2% w/v suspension utilizing
the technique of Example 4. This nonagqueous drug
deiivery vehicle suspension was divided in half
20 and equal portions were stored at 23°C and at 45°C
for thirty days. Samples were taken of each
portion during the thirty day test period and
fluorescein release profiles were obtained as is
known in the art. More specifically, the
25 dissolution tests were performed as follows. 500
ml of 7.4 pH phosphate buffer (0.05M) was added to
the kettles in the standard USP dissolution
apparatus set at 37°C. 10 ml of the 2% w/v
suspension was slowly added to the dissolution
30 medium and the propeller speed was set to 50 rpm.
Over a seven hour time period, samples were taken
from the dissolution medium and immediately
centrifuged. The supernatant containing the
released fluorescein was assayed for fluorescein
35 content by UV spectrophotometry. Release profiles
for the 23°C and 45°C samples are given in FIGS.

1 and 2.
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EXAMPLE 8

An additional set of experiments was
performed to determine if a water labile drug was
stable in the suspended drug delivery vehicle when
stored in the preferred nonaqueous carrier liquid,
perfluorodecalin. Microparticulates containing 2%
dipivefrin were prepared from three different lots
of poly(methylvinylether/maleic anhydride)
obtained from GAF, Inc. (Lot #8277, 8555, and
8609) utilizing the microparticulate production
technique of Example 1. The ground
microparticulates were added to perfluorodecalin
to form a 5% w/v suspension. As with Example 7,
portions of this suspension were stored at
different temperatures for thirty days. One
portion was stored at 23°C (essentially ambient
temperature) and a second portion at 37°C. At
various intervals during this thirty day period
samples were taken from each portion and the
microparticulates were extracted from the
perfluorodecalin phase using acetonitrile. The
content of undegraded dipivefrin and known
degradants in the acetonitrile phase were then

assayed using HPLC. Results of these experiments
are given in FIGS. 3 and 4.

As those skilled in the art will appreciate, the
foregoing examples illustrate the outstanding long-term
storage stability of the pharmaceutical compositions of the
present invention as well as the consistent drug release
rates following storage at varying temperatures.

As an added benefit, the pharmaceutical compositions of
the present invention can be packaged for multi- or single
dose use. The availability of the option for multi-dose
packaging is a significant advantage over single dose or
unit dose packaging which is required for many
pharmaceutical compositions. Single dose packing is more
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costly and many users prefer the _convenience of, for
example, large volume eye dropper delivery designs for
multi-dose applications.

Additionally, wunlike aqueous based pharmaceutical
compositions which will support the growth of bacteria if
preservatives are not used, the pharmaceutical compositions
of the present invention have bacteriostatic properties.
These bacteriostatic properties make it possible to provide.
pharméceutical compositions without preservative additives
and the possible side effects thereof. This is particularly
advantageous for users of ophthalmic preparations who have
a sensitivity to preservatives. Additionally, when the
pharmaceutical compositions of the present invention are
packaged in multi-dose configurations they can be sterilized
once and then repeatedly opened and reused without fear of
the subsequent growth of harmful organisms in the 1liguid
carrier.

Other beneficial characteristics of the pharmaceutical
compositions of the present invention derive from their
ability to operate in the ocular environment with minimal
vision disruption. The nonagueous carriers utilized in the
pharmaceutical compositions have refractive indices which
are very close to that of water. What is more, they are
immiscible with both the lipid layer and the aqueous layer
of the ocular tear film. This immiscibility reduces
disruptive interaction with the tear film layers. Addition-
ally, the nearly identical refractive indices of the
nonaqueous compositions and the aqueous layer of the tear
film substantially eliminates the vision perturbation
commonly associated with the use of current nonagueous
pharmaceutical carriers such as mineral oils.

As an added functional benefit, the preferred perfluor-
ocarbon carriers have specific gravities in excess of 1.2.
As a result, when utilized in conjunction with suspended
microparticles or microcapsules delivered to the cul-de- sac
of the eye, this relatively high specific gravity, coupled
with the carriers’ immiscibility with the aqueous layer of
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the tear film, causes the carrier to separate rapidly from
the particulate vehicle and to drain from the eye through
the lacrimal duct while leaving the slow release carrier in
the intended aqueous environment.

In accordance with the teachings of the present
invention, the pharmaceutical composition so produced may be
utilized to deliver therapeutic or diagnostic agents to
physiological target sites including the eye or other
similar environments through any currently available
administrétion route. |

This method for delivering therapeutic or diagnostic
compounds comprises the steps of providing a pharmaceutical
composition of a perfluorocarbon liquid carrier and at least
one therapeutic or diagnostic drug containing delivery
vehicle suspended therein and administering an effective
dosage of the pharmaceutical composition to the target site.
The administration route can be through injection, oral
ingestion, nasal inhalation, topical application, eye drops
or any other currently available administration route due to
the broad applicability of the compositions of the present
invention.

Having thus described preferred exemplary embodiments
of the present invention, it should be noted by those
skilled in the art that the disclosures herein are exemplary
only and that alternatives, adaptations and modifications
may be made within the scope of the present invention.
Accordingly, the present invention is not limited to the
specific embodiments illustrated herein.
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What is claimed is:

1. A pharmaceutical composition comprising:

a nonaqueous liquid carrier selected from the
group consisting of perfluorocarbons and fluorinated
silicones; and

at least one drug delivery vehicle suspended in
said nonaqueous liquid carrier, said drug delivery vehicle
incorporating a pharmaceutically effect amount of a thera-
peutic or diagnostic compound.

2. The pharmaceutical composition of Claim 1 wherein
said perfluorocarbons are selected from the group consisting
of perfluorocyclocarbons, acyclic perfluorocarbons, nitrogen
containing derivatives thereof, and oxygen containing

derivatives thereof.

3. The pharmaceutical composition of Claim 2 wherein
said perfluorocyclocarbons are selected from the group
consisting of perfluorodecalin, perfluoromethylcyclohexane,
perfluoro(1,3-dimethylcyclohexane), perfluorotrimethylcyclo-
hexane, perfluoroisopropylcyclohexane, perfluoroendotetrahy-
drodicyclopentadiene,perfluéro-l-methyl—4—isopropylcycloh-
exane, perfluoro-l-methyl-4-isopropylcyclohexane, perfluoro-
-n-butylcyclohexane, perfluoro(decahydronaphthalene),
perfluoro (decahydro-l-methylnaphthalene) and perfluoro
(decahydrodimethylnaphthalene), perfluoromethyladamantane,

perfluorotrimethylbicyclo(3.3.1.)nonane, perfluorodimethylb-

icyclo(3.3.1)nonane, and perfluoro-l-methyldecaline.

4. The pharmaceutical composition of Claim 2 wherein
said nitrogen containing perfluorocarbon derivatives are
selected from the group consisting of perfluorotributyl-
amine, and perfluorotriisopropylamine.
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5. The pharmaceutical composition of Claim 2 wherein
said oxygen containing perfluorocarbon derivatives are
selected from the group consisting of perfluorotetrahydro-
furan and perfluoroether.

6. The pharmaceutical composition of Claim 1 wherein
said perfluorinated silicone is selected from the group
consisting of polyfluoroalkylmethylsiloxanes.

7. The pharmaceutical composition of Claim 6 wherein
said polyfluoromethylsiloxane is polytrifluoropropylmethyl-
siloxane.

8. . The pharmaéeutical composition of Claim 1 wherein

said drug delivery vehicle comprises a polymer incorporating
said therapeutic or diagnostic compound.

9. The pharmaceutical composition of Claim 8 wherein
said drug delivery vehicle comprises a plurality of micro-
particulates.

10. The pharmaceutical composition of Claim 9 wherein
each of said microparticulates is sized from approximately
2 microns to 200 microns.

11. The pharmaceutical composition.of Claim 8 wherein
said drug delivery vehicle comprises a plurality of micro-
capsules.

12. The pharmaceutical composition of Claim 11 wherein
each of said microcapsules is sized on the order of approxi-
mately 20 microns to 200 microns.

13. The pharmaceutical composition of Claim 8 wherein
said polymer is a water stable polymer selected from the
group consisting of acrylate, ethylene vinylacetate,
silicones, polyurethanes, and polysulfones.
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14. The pharmaceutical composition of Claim 8 wherein
said polymer is as hydrolytically labile polymer selected
from the group consisting of poly(methylvinylether/maleic
anhydride), .collagen, gelatin, polyvinyl alcohol, methyl-
celluloses, polyorthoesters, polyglycolic acid, polylactic
acid, polyvinylpyrrolidone, polysebacic acid anhydride,
polycarboxyphenoxypropane anhydride, polyterephthalic acid
anhydride, and polyphosphazine.

15. The pharmaceutical composition of Claim 1 wherein‘
said therapeutic or diagnostic compound is selected from the
group consisting of protein growth factors, oligopeptides

antibacterials, antihistaminics, anti-inflammatories,

miotics, anticoloneurgics, mydriatics, antiglaucomals,
antiparistics, antivirals, carbonic anhydrase inhibitors,
antifungals, anesthetics, diagnostic and immunosuppressive

agents.

16: The pharmaceutical composition of Claim 1 wherein
said therapeutic or diagnostic compound is selected from the
group consisting of epithelial growth factor, dipivalyl
epinephrinehydrochloride(DPE),levo-bunololhydrochloride,
UK-14304-18, pilocarpine, dipivefrin, sodium fluorescein,
tetracycline, chlortetracycline, bacitracin, neomycin,
polymyxin,gramicidin,tobramycin,ciprofloxacin,norfloxac-
in, penicillin, erythromycin, cefazolin, ceftazadime,
imipenem, idoxuridine, hydrocortisones, dexamethasone,
dexamethasone 21 phosphate, fluocinolone, medrysone,
predisolone acetate, fluormetholone, betamethasone,
trimeinolone, phenylephrine, eserine salicylate, carbachol,
phospholine iodide, demecarium bromide, cyclopentolate,
homotropine, scopolamine, epinephrine, ibuprofen,

aceclidine, teretinoin, and catalin.

17. A pharmaceutical composition comprising:
a plurality of microparticulates suspended in a

perfluorocarbon liquid carrier, each of said
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microparticulates sized from approximately 2 microns to 200
microns and incorporating a pharmaceutically effective
amount of a therapeutic or diagnostic compound.

18. The pharmaceutical composition of Claim 17 wherein
said perfluorocarbon liquid carrier is selected from the

group consisting of perfluorocyclocarbons, acyclic perfluo-

rocarbons, nitrogen containing derivatives thereof, and
oxygen containing derivatives thereof.

19. The pharmaceutical composition of Claim 18 wherein
said perfluorocyclocarbons are selected from the group
consisting of perfluorodecalin, perfluoromethylcyclohexane,
perfluoro(1l,3-dimethylcyclohexane), perfluorotrimethylcyclo-
hexane, perfluoroisopropylcyclohexane, perfluoroendotetrahy-
drodicyclopentadiene, perfluoro-l-methyl-4-isopropylcycloh-
exane, perf1uor6-1-methyl-4-isopropylcyclohexane, perfluoro-
-n-butylcyclohexane, perfluoro(decahydronaphthalene),
perfluoro (decahydro-l-methylnaphthalene) and perfluoro
(decahydrodimethylnaphthalene), perfluoromethyladamantane,
perfluorotrimethylbicyclo(3.3.1.)nonane, perfluorodimethylb-
icyclo(3.3.1)nonane, and perfluoro-l-methyldecaline.

20. The pharmaceutical composition of Claim 18 wherein
said nitrogen containing derivatives are selected from the
group consisting of perfluorotributylamine and perfluoro-
triisopropylamine. ’

21. The pharmaceutical composition of Claim 18 wherein
said oxygen containing derivatives are selected from the

group consisting of perfluorotetrahydrofuran and perfluoro-
ether.

22. The pharmaceutical composition of Claim 17 wherein
said polymer is a water stable polymer selected from the
group consisting of acrylate, ethylene vinylacetate,
silicones, polyurethanes, and polysulfones.
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23. The pharmaceutical composition of Claim 17 wherein
said polymer is a water labile polymer selected from the

group consisting of poly (methylvinylether/maleic anhydride),

~collagen, gelatin, polyvinyl alcohol, methylcelluloses,

polyorthoesters,  polyglycolic acid, polylactic acid,
polyvinylpyrrolidone, polysebacic acid anhydride,
polycarboxyphenoxypropane anhydride, polyterephthalic acid
anhydride, and polyphosphazine.

24. The pharmaceutical composition of Claim 17 wherein
said therapeutic or diagnostic compound is selected from the
group consisting of protein growth factors, oligopeptides,
antibacterialé, antihistaminics, anti-inflammatories,
miotics, anticoloneurgics, mydriatics, antiglaucomals,
antiparistics, antivirals, carbonic anhydrase inhibitors,
antifungals, anesthetics, diagnostic and immunosuppressive

agents.

25. The pharmaceutical composition of Claim 17 wherein
said therapeutic or diagnostic compound is selected from the
group consisting of epithelial growth factor, dipivalyl
epinephrinehydrochloride(DPE),levo—bunololhydrochloride,
UK-14304-18, pilocarpine, dipivefrin, sodium fluorescein,
tetracycline, chlortetracycline, Dbacitracin, neomycin,
polymyxin,gramicidin,tobramycin,ciprofloxacin,norfloxac-
in, penicillin, erythromycin, cefazolin, ceftazadime,

imipenem, idoxuridine, hydrocortisones, dexamethasone,
dexamethasone 21 phosphate, fluocinolone, medrysone,
predisolone acetate, fluormetholone, betamethasone,

trimeinolone, phenylephrine, eserine salicylate, carbachol,
phospholine iodide, demecarium bromide, cyclopentolate,
homotropine, scopolamine, epinephrine, ibuprofen,

aceclidine, teretinoin, and catalin.

26. A method for effectively delivering pharmaceutical
compounds to an aqueous physiologic target site, said method

comprising the steps of:
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providing a pharmaceutical composition formed of

a nonaqueous liquid carrier and at least one drug delivery
vehicle suspended therein, said drug delivery vehicle
incorporating at least one pharmaceutical compound; and
administering an effective amount of said
pharmaceutical composition to said physiologic target site.

27. The method of Claim 26 wherein said nonaqueous
liquid carrier is selected from the group consisting of
perfluorocyclocarbons, acyclic perfluorocarbons, nitrogen

containing derivatives thereof, and oxygen containing
derivatives thereof.

28. The method of Claim 26 wherein said nonagqueous
liquid carrier is selected from the group consisting of
polyfluoroalkylmethylsiloxanes.

29. The method of Claim 26 wherein said target site is
the eye.
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