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STABILIZATION OF FLUOROCARBON EMULSIONS
BACKGROUND OF THE INVENTION
The present invention relates to emulsions comprising
highly fluorinated or perfluorinated compounds. More
particularly, it relates to fluorocarbon emulsions having

superior particle size stability during storage.

Fluorocarbon emulsions find uses as therapeutic and
diagnostic agents. Most therapeutic uses of fluorocarbons are
related to the remarkable oxygen-carrying capacity of these
compounds. One commercial biomedical fluorocarbon emulsion,
Fluosol (Green Cross Corp., Osaka, Japan), is presently used
as a gas carrier to oxygenate the myocardium during
percutaneous transluminal coronary angioplasty (R. Naito, K.
Yokoyama, Technical Information Series No. 5 and 7, 1981).
Fluorocarbon emulsions have also been used in diagnostic
applications such as imaging. Radiopaque fluorocarbons such
as perflubron (perfluorooctyl bromide or C,F,,Br) are
particularly useful for this purpose.

It is important that fluorocarbon emulsions intended for
medical use exhibit particle size stability. Emulsions
lacking substantial particle size stability are not suitable
for long term storage, or they require storage in the frozen
state. Emulsions with a short shelf life are undesirable.
Storage of frozen emulsions is inconvenient. Further, frozen
emulsions must be carefully thawed, reconstituted by admixing
several preparations, then warmed prior to use, which is also
inconvenient.

Davis et al., U.S. Patent No. 4,859,363, disclose
stabilization of perfluorodecalin emulsion compositionsjby
mixing a minor amount of a higher boiling perfluorocarbon with
the perfluorodecalin. Preferred higher boiling fluorocarbons
were perfluorinated saturated polycyclic compounds, such as
perfluoroperhydrofluoranthene. Others have also utilized
minor amounts of higher boiling fluorocarbons to stabilize
emulsions. See, e.g., Meinert, U.S. Patent No. 5,120,731
(fluorinated morpholine and piperidine derivatives), and
Kabalnov, et al., Kolleoidn Zh. 48: 27-32 (1986) (F-N-
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Davis, et al. suggested that the primary phenomenon
responsible for instability of small ©particle size
fluorocarbon emulsions was Ostwald ripening. During Ostwald
ripening, an emulsion coarsens through migration of molecules
of the discontinuous phase from smaller to larger droplets.
See generally, Kabalnov, et al., Adv. Colloid Interface Sci.
38: 62-97 (1992). The force driving Ostwald ripening appears
to be related to differences in vapor pressures that exist
between separate droplets. Such a difference in vapor
pressure arises because smaller droplets have higher vapor
pressures than do larger droplets. However, Ostwald ripening
may only proceed where the perfluorocarbon molecules are
capable of migrating through the continuous phase between
droplets of the discontinuous phase. The Lifshitz-Slezov
eguation relates Ostwald ripening directly to water solubility
of the discontinuous phase. See Lifshitz, et al., Sov. Phys.
JETP 35: 331 (1959).

It is known that addition of higher molecular weight
compounds, having lower vapor pressures and lower solubility
in the continuous phase, reduces such interparticle migration.
This, in turn, reduces Ostwald ripening and improves particle
size stability. Thus, the conventional prior art solution to
the particle size stability problem is to add a certain amount
(e.g., 10-30% of the fluorocarbon content) of a higher
molecular weight fluorocarbon to the discontinuous phase.

Fluorocarbon emulsion particles are taken up and
temporarily retained by cells of the reticuloendothelial
system (RES). It is desirable to minimize this retention
time. Unfortunately, when the prior art included higher
molecular weight fluorocarbons in fluorocarbon emulsions,
organ retention times were also increased considerably. Organ
retention time for most fluorocarbons bears an exponential
relationship to the molecular weight of the fluorocarbon. See
J.G. Riess, Artificial Organs 8: 44, 49-51; J.G. Riess,
International Symposium on Blood Substitutes, Bari, Italy:
Jun. 19-20, 1987, Proceedings pp. 135-166.
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There is a need for perfluorocarbon emulsions that
exhibit both storage stability in the nonfrozen state and a
rapid rate of elimination from the body. Accordingly, it is
an object of the invention to provide fluorocarbon emulsions
having these characteristics.

SUMMARY OF THE INVENTION

The present invention involves stabilization of
fluorocarbon emulsions with higher molecular weight
fluorocarbons that include a lipophilic moiety.
Alternatively, any fluorocarbon having a critical solution
temperature that is 10°C or more below that which is predicted
by its molecular weight, or that has an organ half life at
least about 30% less than what is predicted by its molecular
weight can be used to stabilize fluorocarbon emulsions in
accordance with this invention.

A major advantage of the present invention is the
surprisingly short organ retention times‘of the stabilized
emulsion. Perfluorodecyl bromide, for example, has a measured
half-life in vivo in organs of the reticuloendothelial system
(RES) of between 23 and 66 days, while those of nonlipophilic
perfluorocarbons having about the same molecular weight vary
from about 90 to 385 days (see Table IV). These half-lives
were measured using the 28-day method of Yamanouchi et al.
(Chem. Pharm. Bull., 33 (1985) 1221). This distinction is
critical; it spells the difference between formulations which
are physiologically acceptable and those which are not. Note
that none of the prior art stabilizers are lipophilic; thus,
none share the advantageous properties of the present
invention. For example, with reference to Table IV and Figure
5, the stabilizers of the present invention all have critical
solution temperatures (CSTs) and projected organ retention
times much lower than those of the prior art stabilizers of
Davis, et al., Kabalnov, and Meinert. Aside from the
stabilizers of the present invention, conventional
fluorocarbons exhibit a direct correlation between retention
time in RES organs and molecular weight. Also, aside from the
lipophilic fluorocarbons used in the present invention, the
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perfluorochemical structure has little effect on the strong
retention time/molecular weight relationship. Thus, the
presence of heteroatoms or cyclic structure has little effect
on organ retention time.

Another major advantage of the present invention over the
prior art is that the emulsions are remarkably stable. This
is particularly true when both the major (first) fluorocarbon
and the stabilizing (second) fluorocarbon include lipophilic
moieties.

Thus, in accordance with one aspect of the present
invention, there is provided a storage stable fluorocafbon
emulsion, comprising a continuous aqueous phase, an effective
amount of an emulsifying agent, and a discontinuous
fluorocarbon phase, comprising from about 50% to about 99.9%
of a one or more first fluorocarbons, and from about 0.1% to
about 50% of one or more second fluorocarbons having a
molecular weight greater than each such first fluorocarbon,
wherein each such second fluorocarbon includes at least one
lipophilic moiety. The first fluorocarbon can be selected
from a variety of materials, including bis (F-alkyl) ethenes,
perfluoroethers having the general structure C/F,,,,-0-C..F, . .1/

wherein the sum of n and n’ equals 6 to 8,
perfluoromethylbicyclo [3.3.1]-nonane, perfluoro-2,2,4,4-
tetramethylpentane, perfluorotripropylamine, bis(F-
butyl)ethene, (F-isopropyl) (F-hexyl) ethene,

perfluoromethyladamantane, perfluorodimethyladamantane, F-N-
methyldecahydroisoquinoline, F-4-methyloctahydroquinolidizine,
perfluorodecalin, or most preferably, perfluorooctyl bromide.
In one embodiment, each first fluorocarbon has a molecular
weight from about 460 Daltons to about 550 Daltons, and also
preferably has a half life in vivo of less than about 4 weeks,
preferably less than 2 or 3 weeks, and most preferably 7 days
or less. In the second fluorocarbon, the lipophilic moiety
or moieties are advantageously Br, Cl, I, H, CH,, or a
saturated or unsaturated hydrocarbon chain of 2 or 3 carbon
atoms. In one preferred embodiment, the second fluorocarbon
is an aliphatic perfluorocarbon having the general formula
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C,FynaR or C.F,R,, wherein n is an integer from 9 to 12 and R
is the lipophilic moiety. In various preferred embodiments,
the second fluorocarbon is selected from the group consisting
of perfluorodecyl bromide, perfluorooctyl ethane, o,w-dibromo-
F-decane, o,w-dichloro-F-decane, C,,F,Br, or C,,F,; .CH.42, Br-
(CF;)10-Br linear or branched brominated perfluorinated alkyl
ethers. Most preferably, the second fluorocarbon comprises
perfluorodecyl bromide or perfluorodecyl ethane. It is
desirable that each second fluorocarbon has a molecular weight
greater than about 550 Daltons. Pursuant to an alternative
definition of the second fluorocarbon, each second
fluorocarbon has a critical solution temperature in hexane at
least 10°C lower than that of a fully fluorinated fluorocarbon

having substantially the same molecular weight (i.e., a
molecular weight within 10, and preferably within 3, 4, or 5
daltons). Alternatively, it has an organ half life at least

about 30%, preferably at least 50%, less than other
nonlipophilic fluorocarbons of similar (substantially the
same) molecular weight, such as fully fluorinated
fluorocarbons. In preferred emulsions, the discontinuous
fluorocarbon phase comprises from about 60% to about 99.5% of
the first fluorocarbon, and from about 0.5% to about 40% of
the second fluorocarbon; more preferably from about 80% to
about 99% of the first fluorocarbon, and from about 1% to
about 30% of the second fluorocarbon. A particularly
preferred emulsifier is egg yolk phospholipid, and preferred
amounts of this emulsifier are 1%-10% w/v. Also preferred are
the fluorinated surfactants.

Another aspect of the present invention comprises a
method for imparting small initial particle sizes to a
fluorocarbon emulsion having a discontinuous phase of one or
more first fluorocarbons and a continuous agueous phase,
comprising the step of including in admixture with said first
fluorocarbon an emulsion-stabilizing amount of one or more
second fluorocarbons having a molecular weight greater than
said first fluorocarbon, wherein each said second fluorocarbon
includes within its structure a lipophilic moiety. In this
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method, the definitions of the first and second fluorocarbons,
the surfactant, and the various emulsion parameters can be the
same as for the emulsions discussed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 represents accelerated stability testing (T=40°C)
for 90% w/v fluorocarbon, 4% w/v egg yolk phospholipid
emulsions containing mixtures of perfluorooctyl bromide and
perfluorodecyl bromide. The stability of emulsions with 0%,
1%, and 10% w/w perfluorodecyl bromide are presented in plots
of diameter cubed (um®) vs. time (months).

FIG. 2 (a,b) represents represents particle size
histograms (as obtained by photosedimentation) after three
months storage at 40 °C for a 90% w/v fluorocarbon emulsion
containing 95/5% w/w mixture of perfluorooctyl bromide to
perfluorodecyl bromide prepared under similar conditions to
those of Figure 1. The emulsions are stabilized by 4% w/v egg
yolk phospholipid. (Note the emulsion particle diameters as
reported on the Figures are not corrected for the vesicle
fraction which shows up as a peak in the first histogram bar).

FIG. 3 represents accelerated stability testing (T= 40°C)
for 60% w/v fluorocarbon, 4% w/v egg vyolk phospholipid
emulsions containing mixtures of perfluorooctyl bromide and
perfluorodecyl bromide. The stability of emulsions with 0%
and 10% w/w perfluorodecyl bromide are presented in plots of
diameter cubed (um®) vs. time (months).

FIG. 4 represents a plot of percent mouse lethality vs.
dose (ml/kg) for a 3% egg yolk phospholipid, 90% w/v
fluorocarbon emulsion containing 90%/10% w/w perfluorooctyl
bromide/perfluorodecyl bromide. The LD, of this emulsion is
approximately 48 ml/kg.

FIG. 5 represents a plot of fluorocarbon molecular weight
(g/mol) versus critical solution temperature against hexane
(°K) for wvarious fluorocarbons including the prior art
emulsion stabilizers proposed by Davis, Meinert, and Kabalnov.

FIG. 6 is a plot of the organ half-life in days vs.
molecular weight of the fluorocarbon in g/mol. It is clear
that the lipophilic compounds do not fit the general trend in
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that they have shorter organ retention times than would be
predicted for their molecular weight. PFDB has a half-life
less than the prescribed 3 week cutoff. (Note- because the
organ half-life depends on dose and method of measurement, the
values for PFOB and PFDB have been scaled relative to F-
decalin knowing that the ratio of half-lives for PFOB/FDC =
4/7) .

FIG. 7 is a plot of the initial median diameter vs.
[PFC]/[EYP] in 90% w/v PFOB and 90% w/v (90/10 w/w) PFOB/PFDB
mixtures. Whereas it is not possible to achieve droplet
diameters less than ca. 0.2 mm for PFOB emulsions even with
increasing [EYP], it is possible to significantly decrease the
droplet diameter with added PFDB. It is thought that the DFDB
decreases Ostwald ripening in the small droplets, thereby
allowing the achievement of smaller initial sizes.

FIG. 8 is a plot of the pharmacokinetics of PFOR/PFDB
mixtures. Total bromine content in the RES (liver and spleen)
following intravenous infusion of a 90/10 w/w and 70/30 w/w
mixture of PFOB/PFDB at a dose of 5.4 g PFC/kg and 2.7 g
PFC/kg, respectively. A double exponential pharmacokinetic
model (Minsg II, MicroMath, Inc.) was used to fit the data.
The initial and terminal half-lives of bromine for the 90/10
w/w mixture were 5 and 23 days, respectively, presumably
corresponding to the PFOB and PFDB components. The half-lives
in the 70/30 w/w PFOB/PFDB mixture were 4 and 43 days,
respectively. The half-life of PFDB in PFOB/PFDB mixtures is
a complicated variable which depends critically on the total
fluorocarbon dose, ratio of the two fluorocarbon components,
the tissues studied, and the duration of the experiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
I. Introduction
The fluorocarbon emulsions of the present invention
comprise two phases: a continuous aqueous phase and a
discontinuous fluorocarbon phase. Osmotic agents and buffers,
generally, are also included in the continuous phase to
maintain osmolarity and pH to promote physiological
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The discontinuous phase of modern fluorocarbon emulsions
for therapeutic use generally comprises from 20% w/v to up to
125% w/v of a fluorocarbon or a highly fluorinated compound
(hereinafter referred as a "fluorocarbon" or a
"perfluorocarbon"). As used herein, the expression "weight
per volume" or "w/v" will mean grams per 100 cubic centimeters
or milliliters. Also, as used herein, the
expression "weight per weight" or "w/w" will be used and
understood to mean the weight fractions of components that add
up to give a desired weight per volume.

The present invention provides stable fluorocarbon
emulsions by forming the discontinuous phase from a mixture of
at least two fluorocarbons, at least one of which has a
relatively higher molecular weight and which includes in its
molecular structure a lipophilic moiety. Unlike prior art
emulsions in which a higher molecular weight fluorocarbon is
included to prevent Ostwald ripening, the present added
fluorocarbon (s) are excreted at a rate which is
physiologically acceptable. Stable fluorocarbon emulsions
with particle sizes as small as ca. 50 nm may be prepared,
with good particle size stability. Surprisingly, emulsions of
the present invention may be stored with little or no particle-
growth at relatively elevated temperatures of 20°C to 40°C.

A preferred embodiment wutilizes two fluorocarbons;
however, the "first" and "second" fluorocarbons discussed
below can instead comprise mixtures of fluorocarbons, each of
which has the specified characteristics.

The first fluorocarbon preferably has a molecular weight
from about 460 to 550 Daltons and is employed in a relative
ratio of 50% to 99.9% by weight. The second fluorocarbon is
preferably an aliphatic fluorocarbon, including within its
molecular structure at least one lipophilic moiety, and having
a molecular weight greater than about 550 Daltons at a
relative ratio of 50% to 0.1%. Linear fluorocarbons are
preferred for both the first and second fluorocarbons. The
second fluorocarbon is preferably terminally substituted with
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the lipophilic moiety, although substitutions at other
positions are also contemplated.

A first alternative definition of the second fluorocarbon
focuses on its critical solution temperature (CST). In
accordance with this definition, the second fluorocarbon has
a CST that is lower than the CST of a fully fluorinated
fluorocarbon (lacking a lipophilic moiety) having
substantially the same molecular weighf. Preferably, the CST
of the second fluorocarbon is at least 10° lower than such a
fully fluorinated fluorocarbon.

A second alternative definition of the second
fluorocarbon focuses on its organ half-life. It is possible
to predict the organ half-life from a log plot of the
molecular weight of the fluorocarbon. In the present
invention, the second fluorocarbon preferably has an organ
half-life that is less than what is predicted by the
aforementioned log plot, and is significantly less than other
fluorocarbons of similar molecular weight.

Emulsions may be prepared through the method of the
present invention at very high fluorocarbon concentrations (up
to 125%, w/v), virtually any desired particle size, and with
very low quantities of emulsifying agents, without losing

stability. Unlike prior art, stabilized fluorocarbon
emulsions, the organ retention time of the added fluorocarbon
is well within acceptable limits. Further advantages and

attributes are discussed below.

-II. The Compositions

A. The Discontinuocus Phase

The characteristics of fluorocarbons suitable for use in
the present invention are discussed in more detail below.
Examples of suitable fluorocarbons are provided.

1. The First Fluorocarbon

The first fluorocarbon is selected for its short organ
retention time and biocompatibility. 1In general, the half
life in organs is preferably less than about 4 weeks, more
preferably less than about 2 or 3 weeks, and most preferably
7 days or less. The molecular weight is from about 460 to
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about 550 daltons.
Such fluorocarbons include bis(F-alkyl)ethenes such as

C,F;CH=CHC,F, ("F-44E"), i-CF,CF,CH=CHC,F,, ("F-i36E"), and
cyclic fluorocarbons,  such as CioF1g (F-decalin,
perfluorodecalin or FDC); F-adamantane (FA); perfluoroindane;
F-methyladamantane (FMA); F-1,3-dimethyladamantane (FDMA);
perfluoro-2,2,4,4-tetramethylpentane; F-di- or F-tri-
methylbicyclo[3,3,1]lnonane (nonane); C,,, perfluorinated
amines, such as F-tripropylamine, F-4-
methyloctahydroquinolizine (FMOQ) , F-n-methyl-
decahydroisoquinoline (FMIQ), F-n-methyldecahydroquinoline
(FHQ) , F-n-cyclohexylpyrrolidine (FCHP) , and F-2-
butyltetrahydrofuran (FC-75 or RM101).

Other examples of appropriate first fluorocarbons include
brominated perfluorocarbons, such as perfluorooctyl bromide
(CeFy,Br, USAN perflubron), 1-bromopentadecafluoroheptane
(C;FcBr), and l-bromotridecafluorohexane (C.F,,Br, also known
as perfluorohexyl bromide or PFHB), and o-w dibromo-F-octane
(CgF1¢Br,) . Other brominated fluorocarbons are disclosed in
U.S. Patent Nos. 3,975,512 and 4,987,154 to Long.

Also contemplated are fluorocarbons having other

nonfluorine substituents, such as l-chloro-
heptadecafluorooctane (CgF,,C1, also referred to as
perfluorooctyl chloride or PFOCl), a-w dichloro-F-octane
(CeF16Cl,), perfluorooctyl hydride, and similar compounds

having different numbers of carbon atoms.

Additional first fluorocarbons contemplated in accordance
with this invention include perfluoroalkylated ethers,
halogenated ethers (especially brominated ethers), or
polyethers, such as (CF,),CFO(CF,CF,),OCF (CF,),; (C,Fy) ,0.
Further, fluorocarbon-hydrocarbon compounds may be used, such
as, for example compounds having the general formula CaFaonia-
CoHonrnai CoF2naOChHpnyyi or CF,,,CH=CHC,.H,..,,, wherein n and n’
are the same or different and are from about 1 to about 10 (so
long as the compound is a liquid at room temperature). Such
compounds, for example, include GC,F,,C,H; and C¢F13CH=CHC.H,,.

Particularly preferred fluorocarbons for use as the first
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fluorocarbon include perfluoroamines, terminally substituted
linear aliphatic perfluorocarbons having the general
structure:

C,FsnaR or C.F,R,, wherein n is an integer from 6 to 8 and

R comprises a lipophilic moiety selected from the group

of Br, Cl( I, CH,, or a saturated or unsaturated

hydrocarbon of 2 or 3 carbon atoms,
bis (F-alkyl) ethenes having the general structure:

CpFan.1-CH=CH-C.F,,.,,, wherein the sum of n and n’ equals

6 to 10, and
perfluorocethers having the general structure:

CoF2ni1-0-C.Fap,,, wherein the sum of n and n’ equals 6 to

9.

In addition, fluorocarbons selected from the general
groups of perfluorocycloalkanes or perfluoroalkyl-
cycloalkanes, perfluoroalkyl saturated heterocyclic compounds,
or perfluorotertiary amines may be suitably utilized as the
first fluorocarbon. See generally Schweighart, U.S. Patent
No. 4,866,096.

It will be appreciated that esters, thioethers, and other
variously modified mixed fluorocarbon-hydrocarbon compounds,
including isomers, are also encompassed within the broad
definition of fluorocarbon materials suitable for use as the

_first fluorocarbon of the present invention. Other suitable

mixtures of fluorocarbons are also contemplated.

Additional fluorocarbons not listed here, but having the
properties described in this disclosure that would lend
themselves to therapeutic applications, are also contemplated.
Such fluorocarbons may be commercially available or specially
prepared. As will be appreciated by one skilled in the art,
there exist a variety of methods for the preparation of
fluorocarbons that are well known in the art. See for
example, Schweighart, U.S. Patent No. 4,895,876.

2, The Second Fluorocarbon

The second fluorocarbon is an aliphatic fluorocarbon
substituted with one or more lipophilic moieties and having a
higher molecular weight than the first fluorocarbon.
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Advantageously, the lipophilic moiety dis a terminal
substitution on the fluorocarbon molecule. Preferably, the
molecular weight of the second fluorocarbon is greater than
about 540 Daltons. Constraints on the upper limit of the
molecular weight of the second fluorocarbon will generally be
related to its organ retention time and its ability to be
solubilized by the first fluorocarbon. Usually, the second
fluorocarbon has a molecular weight 1less than about 700
Daltons.

Most preferred second fluorocarbons have boiling points
greater than about 150°C and water solubilities of less than
about 1X10°° moles/liter.

Of course, as will be appreciated by one skilled in the
art, many fluorocarbons substituted with different lipophilic
groups could be suitably used as the second fluorocarbon in
the present invention. Such fluorocarbons may include esters,
thioethers, and various fluorocarbon-hydrocarbon compounds,
including isomers. Mixtures of two or more fluorocarbons
satisfying the criteria set forth herein are also encompassed
within the broad definition of fluorocarbon materials suitable
for use as the second fluorocarbon of the present invention.
Fluorocarbons not listed here, but having the properties
described in this disclosure that would lend themselves to
therapeutic applications are additionally contemplated.

The lipophilic moiety is optimally selected from the
group consisting of Br, Cl, I, CH,, or a saturated or
unsaturated hydrocarbon of 2 or 3 carbon atoms. Consequently,
preferred second fluorocarbons may be selected from the group
of terminally substituted perfluorocarbon halides as
represented by the general formula:

CoFonnX or CiF,X,, wherein n is 8 or greater,

preferably 10 to 12, and X is a halide selected

from the group consisting of Br, Cl, or I;
l1-alkyl-perfluorocarbons or dialkylperfluorocarbons as
represented by the general formula:

CiFanai- (CH;) CH; wherein n is 9 or greater,

preferably 10 to 12, and n’ is 0 to 2;
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l-alkenyl-perfluorocarbons as represented by the general
formula:
CoFanii=CoHiznooy), wherein n is 9 or more, preferably
10 to 12, and n’ is either 2 or 3; or
brominated linear or branched perfluoroethers or polyethers
having the following general structure:
Br- (C,F3,,,-0-C,.Fyniy;) , wherein n and n’ are each at
least 2 and the sum of n and n’ is greater than or
equal to 8.

Most preferably, the second fluorocarbon of the present
invention is selected from the group consisting of linear or
branched brominated perfluorinated alkyl ethers,
perfluorodecyl bromide (C,,F,Br); perfluorododecyl bromide
(CquBr);1—perf1uorodecylethane(CNFHCHAHQ);perfluorodecyl
ethene (C,F,,-CH=CH,) ; a-w-dibromo-F-decane (Br- (CF,),,-Br); a-w
dichloro-F-decane (Cl-(CF,),,-Cl) with perfluorodecyl bromide
and perfluorodecyl ethane preferred.

In accordance with a first alternative definition,
whether or not they satisfy the foregoing definitions,
fluorocarbons having critical solution temperatures (CSTs) vs
hexane more than 10°C below the CST of a fluorocarbon having
substantially the same molecular weight (variations of up to
about 10 daltons being acceptable) are also suitable for use
in the present invention. A comparison between the CST and
molecular weight of a number of perfluorocarbons is presented
in Table IV, below. Methodology for determining CST 1is
presented in Example 9.

A second alternative definition of the second
fluorocarbon is evident from Figure 6 (Example 8) and Table
IV. Suitable second fluorocarbons may be selected from those
which have significantly shorter half-lives than nonlipophilic
fluorocarbons of substantially the same molecular weight. As
is evidenced in Figure 6, the half-life in days of a suitable
second fluorocarbons can be at least 30% less, or preferably
50% or more less than the corresponding nonlipophilic

fluorocarbon.
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3. The Emulsifying Agent

The fluorocarbon emulsions also include an emulsifying
agent. As used in this specification, an emulsifying agent is
any compound or composition that aids in the formation and
maintenance of the droplets of the discontinuous phase by
forming a layer at the interface between the discontinuous and
continuous phases. The emulsifying agent may comprise a
single compound or any combination of compounds, such as in
the case of co-surfactants.

In the present invention, preferred emulsifying agents
are selected from the group consisting of phospholipids,
nonionic surfactants, fluorinated surfactants, which can be
neutral or anionic, and combinations of such emulsifying
agents.

Lecithin is a phospholipid that has frequently been used
as a fluorocarbon emulsifying agent, as is more fully
described in U.S. Patent ©No. 4,865,836. Egg vyolk
phospholipids have shown great promise as emulsifying agents
for fluorocarbons. See e.g., Long, U.S. Patent No. 4,987,154.

Other emulsifying agents may be used with good effect,

such as fluorinated surfactants, also known as
fluorosurfactants. Fluorosurfactants that can provide stable
emulsions include triperfluorocalkylcholate;

perfluoroalkylcholestanol; perfluoroalkyloxymethylcholate;
C,F,0(CF,) ;,C(=0)NH(CH,) ,N(O) (CH;), (XMO-10); and fluorinated
polyhydroxylated surfactants, such as, for example, those
discussed in "Design, Synthesis and Evaluation of
Fluorocarbons and Surfactants for In Vivo Applications New
Perfluoroalkylated Polyhydroxylated Surfactants" by J.G.
Riess, et al. J.G. Riess et al.,; Biomat. Artif. Cells Artif.
Organs 16: 421-430 (1988).

The nonionic surfactants suitable for use in the present
inventionincludepolyoxyethylene—polyoxypropylenecopolymers.
An example of such class of compounds is Pluronic, such as
Pluronic F-68. Anionic surfactants, particularly fatty acids
(or their salts) having 12 to 24 carbon atoms, may also be
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used. One example of a suitable anionic surfactant is oleic
acid, or its salt, sodium oleate.

It will be appreciated that choice of a particular
emulsifying agent is not central to the present invention.
Indeed, virtually any emulsifying agent (including those still
to be developed) capable of facilitating formation of a
fluorocarbon-in-water emulsion can form improved emulsions
when used in the present invention. The optimum emulsifying
agent or combination of emulsifying agents for a given
application may be determined through empirical studies that
do not reguire undue -experimentation. Consequently, one
practicing the art of the present invention should choose the
emulsifying agent or combination of emulsifying agents for
such properties as biocompatibility.

B. The Continuous Phase

The continuous phase comprises an aqueous medium.
Preferably, the medium is physiologically acceptable. For
instance, a preferred emulsion will have the ability to buffer
and maintain pH, as well as provide an appropriate osmolarity.
This typically has been achieved in the art through the
inclusion in the aqueous phase of one or more conventional
buffering and/or osmotic agents, or an agent that combines
these properties.

Additionally, one may supplement the continuous phase
with other agents or adjuvants for stabilizing or otherwise
increasing the beneficial aspects of the emulsion. These
agents or adjuvants include: steroid hormones, cholesterol,
tocopherols, and/or mixtures or combinations thereof.
Suitable steroid hormones include fluorinated corticosteroids.

c. Preparation of the Emulsion

Fluorocarbon emulsions according to the invention are
prepared by means of conventional emulsification procedures,
such as, for example, mechanical or ultrasonic emulsification
of an emulsion formulation in a Manton-Gaulin mixer or
Microfluidizer (Microfluidics Corp., Newton, MA) as described
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in Example 1. _
The first and second fluorocarbons are combined with the

aqueous phase in the desired ratios, together with the
surfactant. Usually, a preemulsion mixture is prepared by
simple mixing or blending of the various components. This
preemulsion is then emulsified in the desired emulsification
apparatus.

The second fluorocarbon can comprise from about 0.1% to
50% (w/w) of the total amount of fluorocarbon; in preferred
embodiments, the second fluorocarbon comprises from about 0.5%
to about 40% of the total amount of fluorocarbon, with the
first fluorocarbon comprising the remainder of the total
fluorocarbon. The combined fluorocarbon concentration in the
emulsion is preferably anywhere within the range of about 20%
to about 125% (w/v). In preferred emulsions, the total
perfluorocarbon concentration is from about 30%, 40%, or 50%
to about 70%, 80%, 90%, or 100% (w/v). Emulsifiers are added
in concentrations of from about 0.1% to 10%, more preferably
1% or 2% to about 6% (w/v).

4, Effect of Stabilizer on Emulsion Particle Size

The addition of stabilizing second fluorocarbons such as
perfluorodecyl bromide to 90% perfluorocarbon emulsion
comprising perfluorooctyl bromide provides substantial
decreases in the range of particle size and improves particle
size stability (Example 3, Table 1). The data in Figure 1
representing average particle size growth in 90% w/v
perfluorocarbon emulsions containing 1% and 10% perfluorodecyl
bromide (PFDB) indicate that the stabilizing effect of PFDB on
particle size can be observed in emulsion comprising only 1%
w/w PFDB, and that substantial improvement occurs at the 10%
w/w concentration level. The data of Figure 2 indicate that
PFDB at an intermediate concentration of 4.5% w/v (equivalent
to 5% w/w of total perfluorocarbon) also maintains a narrower
distribution of particle sizes in a 90% w/v perfluorocarbon
emulsion after 3 months of aging as compared to a non-
stabilized emulsion. Perflubron emulsions stabilized with
PFDB also have smaller initial particle sizes (Tables I and
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II, Figure 2). The data of Figure 7 indicate that it is
possible to prepare emulsions with significantly lower initial
particle sizes than 1is possible without a secondary
fluorocarbon component.

The stabilizing effect of PFDB in perfluorocarbon
emulsion is also independent of total fluorocarbon
concentration (Table II, Figure 3). Emulsions comprising 60%
w/v or 90% w/v perfluorocarbon, consisting of 10% w/w PFDB and
90% w/w perflubron, demonstrated similar initial average
particle sizes and particle size stability on aging. The
stabilizing effect of PFDB also operates in perfluorodecalin
emulsions (Example 6, Table III), to produce emulsions having
a small initial particle size and to substantially retain that
size during three months of aging at 40 °C.

The stabilizing effect of PFDB operates in both
perflubron and perfluorodecalin emulsions comprising either
60% or 90% to produce emulsions having a small initial average
particle size and to retain that size and substantially
retaining that size during 3 months of aging at 40°C.

Further details of the method of the present invention
can be more completely understood by reference to the

following illustrative Examples.

EXAMPLE 1

Preparation of Reference Emulsion

Composition of Reference Emulsion:
Perflubron/Lecithin (90/4% w/v)

A reference emulsion containing 90 g PFOB, 4 g egg yolk
phospholipid (EYP), and physiological levels of salts and
buffers was prepared by high pressure homogenization according

to the method of Long (U.S. Patent No. 4,987,154).
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EXAMPLE 2

Stabilization of a 90% w/v Fluorocarbon Emulsion
(Perfluorooctyl Bromide/Perfluorodecyl Bromide)
The protocol of Example 1 was repeated to form four
additional emulsions, except that in successive emulsions, the
fluorocarbon was perfluorooctyl bromide containing 1%, 2%, 5%,

and 10% perfluorodecyl bromide (w/w), .respectively.

EXAMPLE 3
Emulsion Stability

The emulsions prepared by the procedures of Examples 1
and 2 were placed on accelerated stability testing at 40°C for
three months. Table I demonstrates particle size stability
over time for 90% (w/v) fluorocarbon emulsions. Such
emulsions include a control, in which 100% of the fluorocarbon
phase is perfluorooctyl bromide, and emulsions of the present
invention in which the fluorocarbon phase is 99% to 90% w/w
perfluorooctyl bromide, with from 1% to 10% w/w of
perfluorodecyl bromide added as a stabilizer. In Figure 1 and
Table I, "EYP" is egg yolk phospholipid, "perflubron" is
perfluorooctyl bromide, "PFDB" is perfluorodecyl bromide, and
"S" is the rate of particle growth in units of um®/mo. Figure
1 illustrates typical Lifshitz-Slezov graphs of & as a
function of time for these emulsions. The cubed term is
chosen for-the ordinate since Lifshitz-Slezov theory predicts
that plots of @& vs time will yield a straight line. In fact,
this linear dependence is generally observed for fluorocarbon

emulsions.
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TABLE I

Stabilizing Effect of Perfluorodecyl bromide
(90% w/v Emulsion Containing Perflubron/Perfluorodecyl
bromide (PFDB)

5 with 4% EYP, T = 40°C)
Initial Size Size Size
PFDB Size After After After S X 1000
% (pm) One Two Three
10 w/w Month Months “Months
0% 0.23 0.39 0.49 0.52 44 .4
(0.13) (0.19) (0.20) (0.23)
1% 0.23 0.29 0.37 0.37 14.2
(0.12) (0.16) (0.19) (0.18)
2% 0.19 0.23 0.26 0.32 8.3
(0.09) (0.12) (0.14) (0.17)
5% 0.18 0.20 0.24 0.28 5.4
(0.08) (0.10) (0.13) (0.14)
15 10% 0.20 0.25 0.27 0.27 3.9
(0.12) (0.13) (0.14) (0.16)

wn

10

(parentheses indicate the standard deviation in the distribution of particle sizes)

EXAMPLE 4
Stabilization of a 60% w/v Fluorocarbon Emulsion
(Perfluoroctyl Bromide/Perfluorodecyl Bromide)

Table II compares particle size increase in a 60% w/v
perflubron emulsion containing perfluorodecyl bromide with a

-particle size increase in a reference emulsion that does not

contain PFDB.

Table IIX

Stabilization of a 60% w/v Fluorocarbon Emulsion
(Perfluoroctyl Bromide/Perfluorodecyl Bromide)

Sample Initial | Size Size Size S$x1000
Size after 1 | after 2 after 3 (pm®/mo)
(pm) month months months
(40°C) (40°C) (40°C)
0% w/v PFDB 0.20 0.34 0.38 0.39 16.9
10% w/v PFDB 0.18 0.20 0.23 0.23 2.3
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EXAMPLE 5
In Vivo Data
5 Figure 4 graphs the % lethality in mice injected with

10

15

20

25

various doses of a 90% w/v fluorocarbon containing 90% w/w
perfluorooctyl bromide and 10% w/w perfluorodecyl bromide,
along with 3% w/v EYP. The LD,, was approximately 48
ml/kg. Figure 9 graphs the LDy, in mice of a 90% w/v
perfluorocarbon emulsion-of the present invention,
consisting of 90% w/w perflubron, as the first
fluorocarbon, and 10% perfluorodecyl bromide, as the second
fluorocarbon, emulsified with 3% w/v egg yolk phospholipid.
The LD;, was approximately 48 ml/kg.

EXAMPLE 6

Stability of Perfluorodecalin/Perfluorodecyl bromide
Emulsions

Concentrated perfluorodecalin emulsions were prepared
according to the procedure of Examples 1 and 2 are studied
for stability as described in Example 3. Stability data

is presented in Table III.
Table III

Stabilizing Effect of Perfluorodecyl Bromide on
Concentrated Perfluorodecalin Emulsions

Sample Initial | Size Size Size Sx1000
Size after 1 | after 2 after 3 (pm?/mo)
{um) month months months
(40°C) (40°C) (40°C)
58.2% w/v FDC 0.17 0.33 0.40 0.49 36.6
4.6% w/v EYP
58.2% w/v FDC 0.18 0.19 0.22 0.25 3.3
10% w/v PFDB
4.6% EYP
81% w/v FDC 0.24 0.34 0.45 0.57 56.6
3% w/v EYP
81% w/v FDC 0.19 0.22 0.25 0.27 4.3
9% w/v PFDB
3% EYP
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EXAMPLE 7
Predicted Organ Retention Times

Table IV compares physical data (including organ
retention times) of stabilizing fluorocarbons suggested in
the prior art with comparable data for compounds of the
present invention. Note that although the molecular weight
of F-decyl bromide is comparable to other prior art
stabilizers, the critical solution temperature (which is
related to organ half-life) is dramatically lower.

Figure 5 illustrates the critical solution
temperatures of several fluorocarbons as a function of
molecular weight. Note that the prior art stabilizers of
Davis, et al., Meinert, Perftoran, and Green Cross (F-
tripropylamine), and 50 other assorted fluorocarbons all
exhibit a predictable relationship between CST and
molecular weight. On the other hand, the iipophilic
stabilizers of the present invention have substantially
lower CSTHs, and therefore substantially shorter predicted
organ half-lives. Yamanouchi et al. (Chem. Pharm. Bull.,
33 (1985) 1221) have developed an empirical relationship
between organ half-life and CSTH, and this forms the basis
of the predicted values in Table IV. Note that the
empirical relationship works poorly for lipophilic
perfluorocarbons.



WO 94/09625 PCT/US93/10286
-22-
Table IV
Physical Properties of Minor Components Discussed in Literature

(Proposed Minor Components are listed in Boldface)

Name Formula MW(g/mol) b.p.(C) CSTH(C) tie
(days)

Davis, et al. (U.S. Patent No. 4,859,363)

F-perhydrofiuorene C.:Fo 574 192-193 n.a. n.a.
F-perhydrophenanthrene CiFou 624 215-216 48 n.a.
F-perhydrofiuoranthene CieFas 686 242-243 n.a. n.a.

Kabainov, et al. (Kolloidin Zh. 48:27-32(1986))

F-N-methylcyclohexyipiperidine  C,,F,N 557 n.a. 40 60
Meinert (U.S. Patent No. 5,120,731)

F-N-cyclohexylmorpholine C,oF1sNO 492 n.a. 31 13
F-dimorpholinoethane C1oF20N,0, 560 164 38 24
F-dimorpholinopropane C,FuN,0, 610 182 45 50
F-dimorpholinopentane C.5F N0, 710 215 60 280
F-dipiperidine C,oF N, 452 145-150 36 24
F-dipiperidinomethane C,iFisN, 502 165-175 42 55
F-dipiperidinoethane CF0N; 5§62 181-186 49 124
F-dipiperidinopropane C.FN, 602 195-203 56 282
F-dipiperidinobutane C..FauN, 652 231-238 72 1460

Present Study

F-decalin CioFis 462 142 22 7
F-hexyl bromide CF,,Br 399 n.a. n.a. 2
F-octyl bromide - C,F,,Br 499 143 (-19)° 4
F-decyl bromide C,oF2Br 599 (198)° (19)° (18)
F-bromopolyether C,,F,;0,Br 697 n.a. 32 30

® values for the critical solution temperature with hexane are estimated from extrapolations from linear plots
. of the critical solution temperature vs. hydrocarbon chain length.

® the value of the boiling point of F-decy! bromide is estimated from Hildebrand solution theory.

EXAMPLE 8
Organ Retention Time vs. Fluorocarbon Molecular Weight
Figure 6 presents data for organ retention times vs.
molecular weight for a number of fluorocarbons. The
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fluorocarbons of Meinert, Kabalnov, and Davis are all
contained within the large group, which show a tight
correlation between organ retention time and fluorocarbon
molecular weight. Effective emulsion stabilizers generally
have a molecular weight greater than ca. 550 g/mol, more
preferably ca. 600 g/mol. Nonlipophilic fluorocarbons with
a molecular weight of ca. 600 g/mol have organ half-lives
between ca. 23 and 66 days, i.e. significantly less than
the nonlipophilic alternatives. Based on this the optimal
molecular weight for blood substitute applications has been
defined to be 460-550 g/mol. It is clear from Figure 6 and
Table IV that the lipophilic fluorocarbons PFOB, PFDB, and
perfluoropolyether bromide (PPEB) all have significantly
shorter organ half-lives than would be predicted for their
molecular weight. Due to their decreased water
solubilities (which follows with molecular weight) PFDB and
PPEB are expected to stabilize fluorocarbon emulsions by
decreasing Ostwald ripening.

EXAMPLE 9

Measurement of Critical Solution Temperature (CST)

Critical solution temperature for fluorocarbon liquids
was measured in the following manner: Equivolume mixtures
of the test fluorocarbon and hydrocarbon (e.g., hexane) are
placed in a sealed vial and submerged in a temperature
controlled water bath. Samples are cooled until two
distinct phases are present. At this point, the
temperature is increased slowly. The lowest temperature at
which the two phases are completely miscible (i.e., a
single liquid phase) is defined as the CST.

For comparison purposes, all CST temperatures used in
this patent are reported versus hexane. It is often not
possible, however, to measure the CST for lipophilic
fluorocarbons versus hexane, since the CSTs for these
substances are very low. Thus, the CST for lipophilic
substances is often measured in longer chain length
hydrocarbons, and the value versus hexane is determined via
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extrapolation of linear plots of CST vs. alkane chain
length.

Although the present invention has been disclosed in
the context of certain preferred embodiments, it is
intended that the scope of the invention be measured by the
claims that follow, and not be limited to those preferred
embodiments.

EXAMPLE 10
Measurement of RES Half-Life for PFDB in PFOB/PFDB
Mixtures: XRF data

RES half-lives (liver and spleen) were measured in
male and female Wistar rats following intravenous
administration of emulsion at a dose of 5.4 g PFC/kg (90/10
w/w PFOB/PFDB) or 2.7 g PFC/kg (70/30 w/w PFOB/PFDB) .
Tissues were collected at 3, 7, 14, 28 and 56 days
postdosing and analyzed for bromine content via X-ray
fluorescence (XRF). Since XRF is not able to discriminate
between PFOB and PFDB, a double exponential pharmacokinetic
model is used to extract individual PFOB and PFDB rate
constants. The rate constants are then converted into
half-lives for comparison purposes. Figure 8 illustrates
the curve-fits to the data. The PFDB half-life increases
from ca. 23 days in the 90/10 w/w PFOB/PFDB mixture to 43
days in the 70/30 w/w PFOB/PFDB mixture.

EXAMPLE 11
Measurement of RES Half-Life for PFDB in PFOB/PFDB
Mixtures: Head Space Gas Chromatography Measurements

Individual excretion data for PFOB and PFDB can be
obtained via head space gas chromatography. This was done
for the 70/30 w/w PFOB/PFDB emulsion. The half-life of
PFDB (as extracted from a first order log plot) was
calculated to be 66 days following the 28-day convention of
Yamanouchi et al. It is clear that the half-life of PFDB
in PFOB/PFDB mixtures is a strong function of the total
fluorocarbon dose, the ratio of the two fluorocarbon
components in the emulsion, the duration of the study, the
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tissues examined and the pharmacokinetic model applied.

For the purposes of Fig. 6, the lower value of 23 days and
the upper value of 66 days were averaged, such that the
reported half-life for PFDB is 44 days. Although this
value is not as low as the low CSTH value would predict, it
is still significantly lower than other perfluorocarbons of
comparable molecular weight (half-life>90 days). Another
lipophilic fluorocarbon, perfluoropolyether bromide (PPEB)
has a significantly shorter half-life than would be
predicted for its molecular weight.
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WE CLAIM:
1. A storage stable fluorocarbon emulsion,
comprising:

a continuous aqueous phase;
an effective amount of an emulsifying agent; and
a discontinuous fluorocarbon phase, comprising
from about 50% to about 99.9% of a one or more first
fluorocarbons, and from about 0.1% to about 50% of one
or more second fluorocarbons having a molecular weight
greater than each said first fluorocarbon, wherein
each said second fluorocarbon includes at least one
lipophilic moiety.
2. The emulsion of Claim 1, wherein said first
fluorocarbon is a bis (F-alkyl) ethene.
3. The emulsion of Claim 1, wherein said first
fluorocarbon is a perfluoroether having the general

structure:
CoF2ny1-0-CyFan,y, wherein the sum of n and n’ equals 6

to 8.

4. The emulsion of Claim 1,‘wherein said first
fluorocarbon is perfluoromethylbicyclo [3.3.1]-nonane,
perfluorodimethyl bicyclononane, perfluoro-2,2,4,4-
tetramethylpentane, perfluorotripropylamine, bis(F-
butyl)ethene, (F-isopropyl) (F-hexyl) ethene,
perfluoromethyladamantane, perfluorodimethyladamantane, F-
N-methyldecahydroisoquinoline, or F-4-
methyloctahydroquinolidizine.

5. The emulsion of Claim 1, wherein said first
fluorocarbon is perfluorooctyl bromide.

6. The emulsion of Claim 1, wherein said first
fluorocarbon is perfluorodecalin.

7. The emulsion of Claim 1, wherein said each first
fluorocarbon has a molecular weight from about 460 Daltons

to about 550 Daltons.
8. The emulsion of Claim 1, wherein said first
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fluorocarbon has a half life in vivo of less than about 4
weeks.

9. The emulsion of Claim 1, wherein said lipophilic
moiety is Br, Cl, I, H, CH,;, or a saturated or unsaturated
hydrocarbon chain of 2 or 3 carbon atoms.

10. The emulsion of Claim 1, wherein said second
fluorocarbon is an aliphatic perfluorocarbon having the
general structure:

C.FonaR or C.F,R,, wherein n is an integer from 8 to 12

and R is said lipophilic moiety.

11. The emulsion of Claim 9, wherein said second
fluorocarbon is selected from the group consisting of
perfluorooctyl ethane, «o,w-dibromo-F-decane, «,w-dichloro-
F-decane, C,,F,,CH=CH,, or C,,F,,CH,CH,.

12. The emulsion of Claim 9, wherein said second
fluorocarbon comprises perfluorodecyl bromide.

13. The emulsion of Claim 9, wherein said second
fluorocarbon comprises a brominated linear or branched
perfluoroether having the following general structure:

Br- (C,F;,,,-0-C,.Fyry,) , wherein n and n’ are each at

least 2 and the sum of n and n’ is greater than or

equal to 8.

14. The emulsion of Claim 1, wherein each said second
fluorocarbon has a molecular weight greater than about 540
Daltons.

15. The emulsion of Claim 1, wherein each said second
fluorocarbon has a critical solution temperature in hexane
at least 10°C lower than that of a fully fluorinated
fluorocarbon having substantially the same molecular
weight, or wherein said second fluorocarbon has an organ
half life at least 30% less than other fully fluorinated
nonlipophilic fluorocarbons of substantially the same
molecular weight.

16. The emulsion of Claim 1, wherein said
discontinuous fluorocarbon phase comprises from about 60%
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to about 99.5% of said first fluorocarbon, and from about
0.5% to about 40% of said second fluorocarbon.

17. The emulsion of Claim 1, wherein said
discontinuous fluorocarbon phase comprises from about 90%
to about 99% of said first fluorocarbon, and from about 1%
to about 10% of said second fluorocarbom.

18. The emulsion of Claim 1, wherein said emulsifying
agent comprises egg yolk phospholipid.

19. The emulsion of Claim 1, wherein said effective
amount of emulsifying agent comprises 0.1%-10% of egg yolk
phospholipid, w/v.

20. The emulsion of Claim 1, wherein said emulsifying
agent comprises a fluorinated surfactant.

21. A method for imparting particle size stability to
a fluorocarbon emulsion having a discontinuous phase of one
or more first fluorocarbons and a continuous agqueous phase,
comprising the step of including in admixture with said
first fluorocarbon an emulsion-stabilizing amount of one or
more second fluorocarbons having a molecular weight greater
than said first fluorocarbon, wherein each said second
fluorocarbon includes within its structure a lipophilic
moiety.

22. The method of Claim 21, wherein said first
fluorocarbon is a bis (F-alkyl) ethene.

23. The method of Claim 21, wherein said first
fluorocarbon is a perfluoroether having the general
structure:

CpF2ns1-0-Ch Fonyy, wherein the sum of n and n’ equals 6

to 10.

24. The method of Claim 21, wherein said first
fluorocarbon is perfluoromethylbicyclo [3.3.1] -nonane,
perfluoro-2,2,4,4-tetramethylpentane,
perfluorotripropylamine, bis(F-butyl)ethene, (F-isopropyl)
(F-hexyl) ether, perfluoromethyladamantane,
perfluorodimethyladamantane, F-N-
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methyldecahydroisoquinoline, or F-4-
methyloctahydroquinolidizine.

25. The method of Claim 21, wherein said first
fluorocarbon is perfluorooctyl bromide.

26. The method of Claim 21, wherein said first
fluorocarbon is perfluorodecalin.

27. The method of Claim 21, wherein said first
fluorocarbon has a molecular weight from about 460 Daltons
to about 550 Daltons.

28. The method of Claim 21, wherein said first
fluorocarbon has a half life in vivo of less than about 4
weeks.

29. The method of Claim 21, wherein said second
fluorocarbon is selected from the group consisting of
perfluorococtyl ethane, «o,w-dibromo-F-decane, «,w-dichloro-
F-decane, C,,F,;CH=CH,, or C,,F,,CH,CH,.

30. The method of Claim 21, wherein said lipophilic
moiety is Br, Cl, I, H, CH,, or a saturated or unsaturated
hydrocarbon of 2 or 3 carbon atoms.

31. The method of Claim 21, wherein said second
fluorocarbon is an aliphatic perfluorocarbon having the
general structure:

CpFonaR, wherein n is an integer from 8 to 12 and R is

said lipophilic moiety.

32. The method of Claim 21, wherein said second
fluorocarbon comprises perfluorodecylbromide.

33. The method of Claim 21, wherein said second
fluorocarbon comprises a brominated linear or branched
perfluoroether having the following general structure:

Br- (C,Fy,,,-0-C,.Fonvyy) , wherein n and n’ are each at

least 2 and the sum of n and n’ is greater than or

equal to 8.

34, The method of Claim 21, wherein each said second
fluorocarbon has a molecular weight greater than about 540

Daltons.
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35. The method of Claim 21, wherein each said second
fluorocarbon has a critical solution temperature in hexane
at least 10°C lower than that of a fully fluorinated
fluorocarbon having substantially the same molecular

5 weight, or wherein said second fluorocarbon has an organ
half life at least 30% less than other fully fluorinated
nonlipophilic fluorocarbons of substantially the same

molecular weight.
36. The method of Claim 21, wherein said

10 discontinuous fluorocarbon phase comprises from about 60%
to about 99.5% of said first fluorocarbon, and from about
0.5% to about 40% of said second fluorocarbon.
37. The method of Claim 21, wherein said
discontinuous fluorocarbon phase comprises from about 90%
15 to about 99% of said first fluorocarbon, and from about 1%
to about 10% of said second fluorocarbon.
38. The method of Claim 21, wherein said emulsifying
agent comprises egg yolk phospholipid.
39. The method of Claim 21, wherein said effective
20 amount of emulsifying agent comprises 0.1%-10% of egg yolk
phospholipid, w/v.
40. The method of Claim 21, wherein said emulsifying

agent comprises a fluorinated surfactant.
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FIGURE 1
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FIGURE 2

Particle Distribution Comparison
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FIGURE 3
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FIGURE 4

% Lethality
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FIGURE 5 Molecular Weight (g/mol)
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4 CsF17Cl 12, C11F2204N; (F-dimorpholinopropane)
s. CsF17Br 13. C12F24N> (F-dipiperidinoethane)
6. CyoF21Br (F-decyl bromide) 14. C12F2409N; (F-dimorpholinobutane)
7. C11F503Br 15.  Cy3F3N; (F-dipiperidinopropane)
16. C13F250:N; (F-dimorphelinopentane)
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8 (CsF7)3N (F-tripropylamine) 18. C14F2309N; (F-dimorpholinohexane)
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-Figure 6
Correlation of PFC Molecular Weight
and Organ Half-Life
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Figure 8
XRF Study Of PFC Elimination From

BES In PFOB/PFDB Mixtures
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