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Figure 1 
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Figure 2 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 9 
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NOVEL ACOUSTICALLY ACTIVE DRUG 
DELIVERY SYSTEMS 

REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority to US. provisional 
application No. 60/046,379, ?led May 13, 1997, incorpo 
rated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The invention relates to novel compositions and 
methods useful in delivering targeted therapeutics. More 
particularly, the present invention relates to methods for 
targeting a region of a patient by administering to the patient 
compositions having a surfactant and a therapeutic. 

BACKGROUND OF THE INVENTION 

[0003] The ability to move active agents from the locus of 
administration to an area of activity has provided a continu 
ing challenge to investigators. Providing a stable drug deliv 
ery vehicle Which both preserves the integrity of the drug 
and alloWs for a localiZed release have escaped these efforts. 
Eye diseases such as diabetic retinopathy and retinitis pig 
mentosa are uniquely suited for treatment by non-invasive 
techniques utiliZing the delivery of therapeutics to the site of 
action. Of the many other diseases Where targeted release is 
important, benign prostatic hyperplasia (BPH) and its phar 
macological treatment is also particularly amenable to drug 
delivery vehicles. 

[0004] SolubiliZation of a drug in a surfactant and option 
ally a carrier, preferably a nonpolar carrier, Would serve to 
optimiZe delivery of many drugs Where polar media are 
inappropriate. The embodiments of the present invention 
meet the needs for stable, localiZed non-polar drug delivery 
and local drug release. 

[0005] Microspheres consisting of both hydrophilic and 
relatively hydrophobic domains or layers are knoWn in the 
art. In PCT Publication WO95/26376 Coombes et al. dis 
closes a composition With a hydrophilic polymer outer coat 
and a hydrophobic core polymer, the tWo layers linked by 
polyethylene glycol. 
[0006] Ball milling of nanoparticles is also knoWn as, for 
eXample, in the disclosure of Wong, US. Pat. No. 5,569,448, 
Wherein sulfated nonionic block copolymers form shells for 
the sequestration of therapeutic or diagnostic agents. Simi 
larly, other dry poWder compositions have been formulated 
combining nucleic acids With hydrophilic eXcipients, then 
drying by lyophiliZation or spray drying. See, for eXample, 
Eljamel, et al. in PCT Publication WO96/32116. 

[0007] The use of surfactants to stabiliZe preparations of 
bioactive molecules is reported in the literature. Not all 
surfactants or conditions of use, hoWever, enhance sorption 
or binding of particular drugs to a delivery vehicle. One 
system Was reported in Harmia, et al., Int. J. Pharm. 1986 
33:45-54. Harmia et al. report that non-ionic surfactants 
beloW their critical micelle concentration prior to lyophiliZa 
tion improved sorption of pilocarpine to polymethacrylate. 

[0008] Another problem to be overcome in the formula 
tion of useful delivery forms for biopolymers relates to 
denaturation of proteins, especially enZymes. Spray drying, 
particularly at elevated temperatures and/or pressures selec 
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tively denatures some proteins. Broadhead, et al., J. Pharm. 
Pharmacol. 1994 46:458467, hoWever, reports conditions of 
spray drying Which maintain 70% yields of active [3-galac 
tosidase. 

[0009] Treatment of several diseases Would be enhanced 
With improvements in drug delivery technology. Retinal 
disease, for eXample, currently is difficult to treat. No 
effective treatments are available for the most common 

diseases. Another ophthalmologic disease, diabetic retinopa 
thy, is a common complication of diabetes. In this disease 
neovasculariZation results in a proliferation of blood vessels 
Which destroy the retina Diabetic retinopathy is treated by 
medical management of diabetes (better control of blood 
sugar) and ablating neovascularity With laser photocoagu 
lation. 

[0010] Macular degeneration is probably the most com 
mon cause of blindness afflicting the retina In this disease 
there are tWo predominant forms, neovasculariZation and 
primary photoreceptor death. NeovasculariZation results in a 
proliferation of vessels Which irreversibly damage the retina. 
Primary photoreceptor cell death is associated With Drusen 
formation. Drusen formation is believed to represent break 
doWn products from the photoreceptors. Drusen deposits 
increase as macular degeneration progresses. Currently, 
there is no good treatment for macular degeneration. 

[0011] Veno-occlusive disease is caused by venous throm 
bosis in the retinal vessels and is diagnosed by retinal 
hemorrhages. There is no effective treatment for retinal 
venous occlusive disease. 

[0012] Accordingly, neW and/or better targeted therapeu 
tics, as Well as methods of delivering and making the same 
are needed. The present invention is directed to these, as 
Well as other important ends. 

SUMMARY OF THE INVENTION 

[0013] The present invention is directed to a targeted 
therapeutic delivery system comprising a gas or gaseous 
precursor ?lled microsphere Wherein said gas or gaseous 
precursor ?lled microsphere comprises an oil, a surfactant, 
and a therapeutic compound. Methods of preparing the 
targeted therapeutic delivery system are also embodied by 
the present invention. The present invention includes a 
method comprising processing a solution comprising an oil 
and a surfactant in the presence of a gaseous precursor, at a 
temperature beloW the gel to liquid crystalline phase tran 
sition temperature of the surfactant to form gas or gaseous 
precursor ?lled microsphere, and adding to said micro 
spheres a therapeutic compound resulting in a targeted 
therapeutic delivery system, Wherein said processing is 
selected from the group consisting of controlled agitation, 
controlled drying, and a combination thereof. 

[0014] Methods of administering the compositions of the 
present invention are also set forth herein. 

[0015] These and other aspects of the invention Will 
become more apparent from the folloWing detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE FIGURES 

[0016] FIG. 1 represents a conventional gas-?lled phos 
pholipid microsphere. 
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[0017] FIG. 2 represents a therapeutic delivery system in 
accordance With the present invention. 

[0018] FIG. 3 represents a therapeutic delivery system 
con?guration as an antibubble. 

[0019] FIG. 4 shoWs NBD-DPPE-Dexamethasone, a neW 
lipid soluble conjugate suitable for delivery in a therapeutic 
delivery system. 

[0020] FIG. 5 shoWs the non-mixed components Which 
form a therapeutic delivery system after mixing. 

[0021] FIG. 6 illustrates the shaker for forming the a 
therapeutic delivery system in FIG. 5 as Well as their pre 
and post-shaking appearance. 

[0022] FIG. 7 shoWs the time course of attenuation of 
various formulations of a therapeutic delivery systems With 
an Without the application of 100 kHZ ultrasound for a 
soybean oil/l mg/ml DPPC mixture. 

[0023] FIG. 8 shoWs the time course of attenuation of 
various formulations of a therapeutic delivery systems With 
an Without the application of 100 kHZ ultrasound for canola 
oil/1 mg/ml DSPC mixture. 

[0024] FIG. 9 shoWs the time course of attenuation of 
various formulations of a therapeutic delivery systems With 
an Without the application of 100 kHZ ultrasound for a 
canola oil/5 mg/ml DSPC mixture. 

Detailed Description of the Invention 

[0025] De?nitions 

[0026] As employed above and throughout the disclosure, 
the folloWing terms, unless otherWise indicated, shall be 
understood to have the folloWing meanings. 

[0027] “Surfactant” or “surface active agent” refer to a 
substance that alters energy relationship at interfaces, such 
as, for example, synthetic organic compounds displaying 
surface activity, including, inter alia, Wetting agents, deter 
gents, penetrants, spreaders, dispersing agents, and foaming 
agents. Preferable examples of surfactants useful in the 
present invention are hydrophobic compounds, and include 
phospholipids, oils, and ?uorosurfactants. 

[0028] “Emulsion” refers to a mixture of tWo or more 
generally immiscible liquids, and is generally in the form of 
a colloid. The mixture may be of lipids, for example, Which 
may be homogeneously or heterogeneously dispersed 
throughout the emulsion. Alternatively, the lipids may be 
aggregated in the form of, for example, clusters or layers, 
including monolayers or bilayers. 

[0029] “Dry” and variations thereof, refer to a physical 
state that is dehydrated or anhydrous, i.e., substantially 
lacking liquid. Drying includes for example, spray drying, 
lyophiliZation, and vacuum drying. 

[0030] “Spray drying” refers to drying by bringing an 
emulsion of surfactant and a therapeutic, or portions thereof, 
in the form of a spray into contact With a gas, such as air, and 
recovering in the form of a dried emulsion. AbloWing agent, 
such as methylene chloride, for example, may be stabiliZed 
by the surfactant. 

[0031] “LyophiliZe” or freeZe drying refers to the prepa 
ration of a lipid composition in dry form by rapid freeZing 
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and dehydration in the froZen state (sometimes referred to as 
sublimation). LyophiliZation takes place at a temperature 
Which results in the crystalliZation of the lipids to form a 
lipid matrix. This process may take place under vacuum at 
a pressure suf?cient to maintain froZen product With the 
ambient temperature of the containing vessel at about room 
temperature, preferably less than about 500 mTorr, more 
preferably less than about 200 mTorr, even more preferably 
less than about 1 mTorr. Due to the small amount of lipids 
used to prepare the lipid composition of the present inven 
tion, lyophiliZation is not dif?cult to conduct. The lipid 
composition in the present invention is an improvement over 
conventional microsphere compositions because the amount 
of lipids are reduced in comparison to the prior art and the 
lipid composition is formulated to minimiZe loss due to 
?ltration of large (>022 pm) particulate matter. The latter is 
particularly important With lipids having a net negative 
charge (i.e. phosphatidic acid) because their solubility in 
aqueous-based diluents is marginal. 

[0032] “Vacuum drying” refers to drying under reduced air 
pressure resulting in drying at a loWer temperature than 
required at full pressure. 

[0033] “Ball milling” refers to pulveriZing in a holloW, 
usually cylindrical, drum that contains pebbles of material, 
such as steel balls, and optionally a liquid, that is revolved 
or agitated so the pebbles create a crushing action as they 
roll about the drum. 

[0034] “Resuspending” refers to adding a liquid to change 
a dried physical state of a substance to a liquid physical state. 
For example, a dried therapeutic delivery system may be 
resuspended in a liquid such that it has similar characteris 
tics in the dried and resuspended states. The liquid may be 
an aqueous liquid or an organic liquid, for example. In 
addition, the resuspending medium may be a cryopreserva 
tive. Polyethylene glycol, sucrose, glucose, fructose, man 
nose, trebalose, glycerol, propylene glycol, and sodium 
chloride may be useful as resuspending medium. 

[0035] “Carrier” refers to a pharmaceutically acceptable 
vehicle, Which is a nonpolar, hydrophobic solvent, and 
Which may serve as a reconstituting medium. The carrier 
may be aqueous-based or organic-based. Carriers include, 
inter alia, lipids, proteins, polysaccharides, sugars, poly 
mers, copolymers, and acrylates. 

[0036] “Lipid” refers to a naturally-occurring, synthetic or 
semi-synthetic (i.e., modi?ed natural) compound Which is 
generally amphipathic. The lipids typically comprise a 
hydrophilic component and a hydrophobic component. 
Exemplary lipids include, for example, fatty acids, neutral 
fats, phosphatides, oils, glycolipids, surface-active agents 
(surfactants), aliphatic alcohols, Waxes, terpenes and ste 
roids. The phrase semi-synthetic (or modi?ed natural) 
denotes a natural compound that has been chemically modi 
?ed in some fashion. 

[0037] “Polymer” or “polymeric” refers to molecules 
formed from the chemical union of tWo or more repeating 
units. Accordingly, included Within the term “polymer” may 
be, for example, dimers, trimers and oligomers. The polymer 
may be synthetic, naturally-occurring or semisynthetic. In a 
preferred form, “polymer” refers to molecules Which com 
prise 10 or more repeating units. 

[0038] “Protein” refers to molecules comprising, and pref 
erably consisting essentially of, ot-amino acids in peptide 
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linkages. Included Within the term “protein” are globular 
proteins such as albumins, globulins and histones, and 
?brous proteins such as collagens, elastins and keratins. Also 
included Within the term “protein” are “compound proteins,” 
Wherein a protein molecule is united With a nonprotein 
molecule, such as nucleoproteins, mucoproteins, lipopro 
teins and metalloproteins. The proteins may be naturally 
occurring, synthetic or semi-synthetic. 

[0039] “Stabilizing material” or “stabilizing compound” 
refers to any material Which is capable of improving the 
stability of compositions containing the gases, gaseous 
precursors, steroid prodrugs, targeting ligands and/or other 
bioactive agents described herein, including, for example, 
mixtures, suspensions, emulsions, dispersions, vesicles, or 
the like. Encompassed in the de?nition of “stabilizing mate 
rial” are certain of the present bioactive agents. The 
improved stability involves, for example, the maintenance of 
a relatively balanced condition, and may be exempli?ed, for 
example, by increased resistance of the composition against 
destruction, decomposition, degradation, and the like. In the 
case of preferred embodiments involving vesicles ?lled With 
gases, gaseous precursors, liquids, steroid prodrugs and/or 
bioactive agents, the stabilizing compounds may serve to 
either form the vesicles or stabilize the vesicles, in either 
Way serving to minimize or substantially (including com 
pletely) prevent the escape of gases, gaseous precursors, 
steroid prodrugs and/or bioactive agents from the vesicles 
until said release is desired. The term “substantially,” as used 
in the present context of preventing escape of gases, gaseous 
precursors, steroid prodrugs and/or bioactive agents from 
the vesicles, means greater than about 50% is maintained 
entrapped in the vesicles until release is desired, and pref 
erably greater than about 60%, more preferably greater Man 
about 70%, even more preferably greater than about 80%, 
still even more preferably greater than about 90%, is main 
tained entrapped in the vesicles until release is desired. In 
particularly preferred embodiments, greater than about 95% 
of the gases, gaseous precursors, steroid prodrugs and/or 
bioactive agents are maintained entrapped until release is 
desired. The gases, gaseous precursors, liquids, steroid pro 
drugs and/or bioactive agents may also be completely main 
tained entrapped (i.e., about 100% is maintained entrapped), 
until release is desired. Exemplary stabilizing materials 
include, for example, lipids, proteins, polymers, carbohy 
drates and surfactants. The resulting mixture, suspension, 
emulsion or the like may comprise Walls (i.e., ?lms, mem 
branes and the like) around the steroid prodrug, bioactive 
agent, gases and/or gaseous precursors, or may be substan 
tially devoid of Walls or membranes, if desired. The stabi 
lizing may, if desired, form droplets. The stabilizing material 
may also comprise salts and/or sugars. In certain embodi 
ments, the stabilizing materials may be substantially (includ 
ing completely) cross-linked. The stabilizing material may 
be neutral, positively or negatively charged. 

[0040] “Droplet” refers to a spherical or spheroidal entity 
Which may be substantially liquid or Which may comprise 
liquid and solid, solid and gas, liquid and gas, or liquid, solid 
and gas. Solid materials Within a droplet may be, for 
example, particles, polymers, lipids, proteins, or surfactants. 

[0041] “Vesicle” refers to an entity Which is generally 
characterized by the presence of one or more Walls or 
membranes Which form one or more internal voids. Vesicles 

may be formulated, for example, from a stabilizing material 
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such as a lipid, including the various lipids described herein, 
a proteinaceous material, including the various proteins 
described herein, and a polymeric material, including the 
various polymeric materials described herein. As discussed 
herein, vesicles may also be formulated from carbohydrates, 
surfactants, and other stabilizing materials, as desired. The 
lipids, proteins, polymers and/or other vesicle forming sta 
bilizing materials may be natural, synthetic or semi-syn 
thetic. Preferred vesicles are those Which comprise Walls or 
membranes formulated from lipids. The Walls or membranes 
may be concentric or otherWise. The stabilizing compounds 
may be in the form of one or more monolayers or bilayers. 
In the case of more than one monolayer or bilayer, the 
monolayers or bilayers may be concentric. Stabilizing com 
pounds may be used to form a unilamellar vesicle (com 
prised of one monolayer or bilayer), an oligolamellar vesicle 
(comprised of about tWo or about three monolayers or 
bilayers) or a multilamellar vesicle (comprised of more than 
about three monolayers or bilayers). The Walls or mem 
branes of vesicles may be substantially solid (uniform), or 
they may be porous or semi-porous. The vesicles described 
herein include such entities commonly referred to as, for 
example, liposomes, lipospheres, particles, nanoparticles, 
micelles, bubbles, microbubbles, microspheres, lipid-coated 
bubbles, polymer-coated bubbles and/or protein-coated 
bubbles, microbubbles and/or microspheres, nanospheres, 
microballoons, microcapsules, aerogels, clathrate bound 
vesicles, hexagonal H II phase structures, and the like. The 
internal void of the vesicles may be ?lled With a Wide variety 
of materials including, for example, Water, oil, gases, gas 
eous precursors, liquids, ?uorinated liquids, liquid per?uo 
rocarbons, liquid per?uoroethers, therapeutics, and bioac 
tive agents, if desired, and/or other materials. The vesicles 
may also comprise a targeting ligand, if desired. 

[0042] “Liposome” refers to a generally spherical or sphe 
roidal cluster or aggregate of amphipathic compounds, 
including lipid compounds, typically in the form of one or 
more concentric layers, for example, bilayers. They may 
also be referred to herein as lipid vesicles. The liposomes 
may be formulated, for example, from ionic lipids and/or 
non-ionic lipids. Liposomes formulated from non-ionic lip 
ids may be referred to as niosomes. 

[0043] “Liposphere” refers to an entity comprising a liquid 
or solid oil surrounded by one or more Walls or membranes. 

[0044] “Micelle” refers to colloidal entities formulated 
from lipids. In certain preferred embodiments, the micelles 
comprise a monolayer, bilayer, or hexagonal H II phase 
structure. 

[0045] “Aerogel” refers to generally spherical or spheroi 
dal entities Which are characterized by a plurality of small 
internal voids. The aerogels may be formulated from syn 
thetic materials (for example, a foam prepared from baking 
resorcinol and formaldehyde), as Well as natural materials, 
such as carbohydrates (polysaccharides) or proteins. 

[0046] “Clathrate” refers to a solid, semi-porous or porous 
particle Which may be associated With vesicles. In a pre 
ferred form, the clathrates may form a cage-like structure 
containing cavities Which comprise one or more vesicles 
bound to the clathrate, if desired. A stabilizing material may, 
if desired, be associated With the clathrate to promote the 
association of the vesicle With the clathrate. Clathrates may 
be formulated from, for example, porous apatites, such as 
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calcium hydroxyapatite, and precipitates of polymers and 
metal ions, such as alginic acid precipitated With calcium 
salts. 

[0047] “Antibubble” refers to a composition having a 
central sphere of lipid surrounded by a gas, liquid, or 
gas/liquid mixture, such as, for example, a per?uorocarbon, 
Which in turn is surrounded by a stabilizing material, such 
as, for example, a surfactant or oil. One or more targeting 
ligands may be incorporated into the surface of the anti 
bubble as shoWn in FIG. 3. 

[0048] “Gas ?lled vesicle” refers to a vesicle having a gas 
encapsulated therein. “Gaseous precursor ?lled vesicle” 
refers to a vesicle having a gaseous precursor encapsulated 
therein. The vesicles may be minimally, partially, substan 
tially, or completely ?lled With the gas and/or gaseous 
precursor. The term “substantially” as used in reference to 
the gas and/or gaseous precursor ?lled vesicles means that 
greater than about 30% of the internal void of the substan 
tially ?lled vesicles comprises a gas and/or gaseous precur 
sor. In certain embodiments, greater than about 40% of the 
internal void of the substantially ?lled vesicles comprises a 
gas and/or gaseous precursor, With greater than about 50% 
being more preferred. More preferably, greater than about 
60% of the internal void of the substantially ?lled vesicles 
comprises a gas and/or gaseous precursor, With greater than 
about 70% or 75% being more preferred. Even more pref 
erably, greater than about 80% of the internal void of the 
substantially ?lled vesicles comprises a gas and/or gaseous 
precursor, With greater than about 85% or 90% being still 
more preferred. In particularly preferred embodiments, 
greater than about 95% of the internal void of the vesicles 
comprises a gas and/or gaseous precursor, With about 100% 
being especially preferred. Alternatively, the vesicles may 
contain no or substantially no gas or gaseous precursor. 

[0049] “Suspension” or “dispersion” refers to a mixture, 
preferably ?nely divided, of tWo or more phases (solid, 
liquid or gas), such as, for example, liquid in liquid, solid in 
solid, gas in liquid, and the like Which preferably can remain 
stable for extended periods of time. 

[0050] “Hexagonal H II phase structure” refers to a gen 
erally tubular aggregation of lipids in liquid media, for 
example, aqueous media, in Which the hydrophilic portion(s) 
of the lipids generally face inWardly in association With an 
aqueous liquid environment inside the tube. The hydropho 
bic portion(s) of the lipids generally radiate outWardly and 
the complex assumes the shape of a hexagonal tube. A 
plurality of tubes is generally packed together in the hex 
agonal phase structure. 

[0051] “Patient” refers to animals, including mammals, 
preferably humans. 

[0052] “Region of a patient” refers to a particular area or 
portion of the patient and in some instances to regions 
throughout the entire patient. Exemplary of such regions are 
the eye, gastrointestinal region, the cardiovascular region 
(including myocardial tissue), the renal region as Well as 
other bodily regions, tissues, lymphocytes, receptors, organs 
and the like, including the vasculature and circulatory sys 
tem, and as Well as diseased tissue, including cancerous 
tissue, such as the prostate and breast. “Region of a patient” 
includes, for example, regions to be imaged With diagnostic 
imaging, regions to be treated With a bioactive agent, regions 
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to be targeted for the delivery of a bioactive agent, and 
regions of elevated temperature. The “region of a patient” is 
preferably internal, although, if desired, it may be external. 
The phrase “vasculature” denotes blood vessels (including 
arteries, veins and the like). The phrase “gastrointestinal 
region” includes the region de?ned by the esophagus, stom 
ach, small and large intestines, and rectum. The phrase 
“renal region” denotes the region de?ned by the kidney and 
the vasculature that leads directly to and from the kidney, 
and includes the abdominal aorta. 

[0053] “Region to be targeted” or “targeted region” refer 
to a region of a patient Where delivery of a therapeutic is 
desired. “Region to be imaged” or “imaging region” denotes 
a region of a patient Where diagnostic imaging is desired. 

[0054] “Therapeutic” refers to any pharmaceutical, drug 
or prophylactic agent Which may be used in the treatment 
(including the prevention, diagnosis, alleviation, or cure) of 
a malady, affliction, disease or injury in a patient. Thera 
peutic includes contrast agents and dyes for visualiZation. 
Therapeutically useful peptides, polypeptides and poly 
nucleotides may be included Within the meaning of the term 
pharmaceutical or drug. 
[0055] “Genetic material” refers generally to nucleotides 
and polynucleotides, including deoxyribonucleic acid 
(DNA) and ribonucleic acid (RNA). The genetic material 
may be made by synthetic chemical methodology knoWn to 
one of ordinary skill in the art, or by the use of recombinant 
technology, or by a combination thereof. The DNA and RNA 
may optionally comprise unnatural nucleotides and may be 
single or double stranded. “Genetic material” also refers to 
sense and anti-sense DNA and RNA, that is, a nucleotide 
sequence Which is complementary to a speci?c sequence of 
nucleotides in DNA and/or RNA. 

[0056] “Bioactive agent” refers to a substance Which may 
be used in connection With an application that is therapeutic 
or diagnostic, such as, for example, in methods for diagnos 
ing the presence or absence of a disease in a patient and/or 
methods for the treatment of a disease in a patient. “Bioac 
tive agent” also refers to substances Which are capable of 
exerting a biological effect in vitro and/or in vivo. The 
bioactive agents may be neutral, positively or negatively 
charged. Exemplary bioactive agents include, for example, 
prodrugs, targeting ligands, diagnostic agents, pharmaceu 
tical agents, drugs, synthetic organic molecules, proteins, 
peptides, vitamins, steroids, steroid analogs and genetic 
material, including nucleosides, nucleotides and polynucle 
otides. 

[0057] “Targeting ligand” refers to any material or sub 
stance Which may promote targeting of tissues and/or recep 
tors in vivo or in vitro With the compositions of the present 
invention. The targeting ligand may be synthetic, semi 
synthetic, or naturally-occurring. Materials or substances 
Which may serve as targeting ligands include, for example, 
proteins, including antibodies, antibody fragments, hor 
mones, hormone analogues, glycoproteins and lectins, pep 
tides, polypeptides, amino acids, sugars, saccharides, includ 
ing monosaccharides and polysaccharides, carbohydrates, 
vitamins, steroids, steroid analogs, hormones, cofactors, 
bioactive agents, and genetic material, including nucleo 
sides, nucleotides, nucleotide acid constructs and polynucle 
otides. 

[0058] A “precursor” to a targeting ligand refers to any 
material or substance Which may be converted to a targeting 
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ligand. Such conversion may involve, for example, anchor 
ing a precursor to a targeting ligand. Exemplary targeting 
precursor moieties include maleimide groups, disul?de 
groups, such as ortho-pyridyl disul?de, vinylsulfone groups, 
aZide groups, and ot-iodo acetyl groups. 

[0059] “Diagnostic agent” refers to any agent Which may 
be used in connection With methods for imaging an internal 
region of a patient and/or diagnosing the presence or 
absence of a disease in a patient. Exemplary diagnostic 
agents include, for example, contrast agents for use in 
connection With ultrasound imaging, magnetic resonance 
imaging or computed tomography imaging of a patient. 
Diagnostic agents may also include any other agents useful 
in facilitating diagnosis of a disease or other condition in a 
patient, Whether or not imaging methodology is employed. 

[0060] “Vesicle stability” refers to the ability of vesicles to 
retain the gas, gaseous precursor and/or other bioactive 
agents entrapped therein after being exposed, for about one 
minute, to a pressure of about 100 millimeters of 
mercury Vesicle stability is measured in percent (%), 
this being the fraction of the amount of gas Which is 
originally entrapped in the vesicle and Which is retained 
after release of the pressure. Vesicle stability also includes 
“vesicle resilience” Which is the ability of a vesicle to return 
to its original siZe after release of the pressure. 

[0061] “Cross-link,”“cross-linked” and “cross-linking” 
generally refer to the linking of tWo or more stabiliZing 
materials, including lipid, protein, polymer, carbohydrate, 
surfactant stabilizing materials and/or bioactive agents, by 
one ore more bridges. The bridges may be composed of one 
or more elements, groups, or compounds, and generally 
serve to join an atom from a ?rst stabiliZing material 
molecule to an atom of a second stabiliZing material mol 
ecule. The cross-link bridges may involve covalent and/or 
non-covalent associations. Any of a variety of elements, 
groups, and/or compounds may form the bridges in the 
cross-links, and the stabiliZing materials may be cross 
linked naturally or through synthetic means. For example, 
cross-linking may occur in nature in material formulated 
from peptide chains Which are joined by disul?de bonds of 
cystine residues, as in keratins, insulins and other proteins. 
Alternatively, cross-linking may be effected by suitable 
chemical modi?cation, such as, for example, by combining 
a compound, such as a stabiliZing material, and a chemical 
substance that may serve as a cross-linking agent, Which 
may cause to react by, for example, exposure to heat, 
high-energy radiation, ultrasonic radiation and the like. 
Examples include cross-linking by sulfur to form disul?de 
linkages, cross-linking using organic peroxides, cross-link 
ing of unsaturated materials by means of high-energy radia 
tion, cross-linking With dimethylol carbamate, and the like. 
If desired, the stabiliZing compounds and/or bioactive agents 
may be substantially cross-linked. The term “substantially” 
means that greater than about 50% of the stabiliZing com 
pounds contain cross-linking bridges. If desired, greater than 
about 60%, 70%, 80%, 90%, 95% or even 100% of the 
stabiliZing compounds contain such cross-linking bridges. 
Alternatively, the stabiliZing materials may be non-cross 
linked, i.e., such that greater than about 50% of the stabi 
liZing compounds are devoid of cross-linking bridges, and if 
desired, greater than about 60%, 70%, 80%, 90%, 95% or 
even 100% of the stabiliZing compounds are devoid of 
cross-linking bridges. 
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[0062] “Covalent association” refers to an intermolecular 
association or bond Which involves the sharing of electrons 
in the bonding orbitals of tWo atoms. “Non-covalent asso 
ciation” refers to intermolecular interaction among tWo or 
more separate molecules Which does not involve a covalent 
bond. Intermolecular interaction is dependent upon a variety 
of factors, including, for example, the polarity of the 
involved molecules, and the charge (positive or negative), if 
any, of the involved molecules. Non-covalent associations 
are selected from ionic interactions, dipole-dipole interac 
tions, van der Waal’s forces, and combinations thereof. 

[0063] “Ionic interaction” or “electrostatic interaction” 
refers to intermolecular interaction among tWo or more 

molecules, each of Which is positively or negatively 
charged. Thus, for example, “ionic interaction” or “electro 
static interaction” refers to the attraction betWeen a ?rst, 
positively charged molecule and a second, negatively 
charged molecule. Ionic or electrostatic interactions include, 
for example, the attraction betWeen a negatively charged 
stabiliZing material, for example, genetic material, and a 
positively charged lipid, for example, a cationic lipid, such 
as lauryltrimethylammonium bromide. 

[0064] “Dipole-dipole interaction” refers generally to the 
attraction Which can occur among tWo or more polar mol 
ecules. Thus, “dipole-dipole interaction” refers to the attrac 
tion of the uncharged, partial positive end of a ?rst polar 
molecule, commonly designated as 6", to the uncharged, 
partial negative end of a second polar molecule, commonly 
designated as 6'. Dipole-dipole interactions are exempli?ed 
by the attraction betWeen the electropositive head group, for 
example, the choline head group, of phosphatidylcholine 
and an electronegative atom, for example, a heteroatom, 
such as oxygen, nitrogen or sulphur, Which is present in a 
stabiliZing material, such as a polysaccharide. “Dipole 
dipole interaction” also refers to intermolecular hydrogen 
bonding in Which a hydrogen atom serves as a bridge 
betWeen electronegative atoms on separate molecules and in 
Which a hydrogen atom is held to a ?rst molecule by a 
covalent bond and to a second molecule by electrostatic 
forces. 

[0065] “Van der Waal’s forces” refers to the attractive 
forces betWeen non-polar molecules that are accounted for 
by quantum mechanics. Van der Waal’s forces are generally 
associated With momentary dipole moments Which are 
induced by neighboring molecules and Which involve 
changes in electron distribution. 

[0066] “Hydrogen bond” refers to an attractive force, or 
bridge, Which may occur betWeen a hydrogen atom Which is 
bonded covalently to an electronegative atom, for example, 
oxygen, sulfur, or nitrogen, and another electronegative 
atom. The hydrogen bond may occur betWeen a hydrogen 
atom in a ?rst molecule and an electronegative atom in a 
second molecule (intermolecular hydrogen bonding). Also, 
the hydrogen bond may occur betWeen a hydrogen atom and 
an electronegative atom Which are both contained in a single 
molecule (intramolecular hydrogen bonding). 

[0067] “Hydrophobic interaction” refers to molecules or 
portions of molecules Which do not substantially bind With, 
absorb and/or dissolve in Water. 

[0068] “Hydrophilic interaction” refers to molecules or 
portions of molecules Which may substantially bind With, 
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absorb and/or dissolve in Water. This may result in swelling 
and/or the formation of reversible gels. 

[0069] “Biocompatible” refers to materials Which are gen 
erally not injurious to biological functions and Which Will 
not result in any degree of unacceptable toxicity, including 
allergenic responses and disease states. 

[0070] “In combination With” refers to the incorporation 
of bioactive agents, steroid prodrugs, and/or targeting 
ligands, in a composition of the present invention, including 
emulsions, suspensions and vesicles. The steroid prodrug, 
bioactive agent and/or targeting ligand can be combined 
With the therapeutic delivery system and/or stabiliZing com 
positions (including vesicles) in any of a variety of Ways. 
For example, the steroid prodrug, bioactive agent and/or 
targeting ligand may be associated covalently and/or non 
covalently With the delivery system or stabiliZing materials. 
The steroid prodrug, bioactive agent and/or targeting ligand 
may be entrapped Within the internal void(s) of the delivery 
system or vesicle. The steroid prodrug, bioactive agent 
and/or targeting ligand may also be integrated Within the 
layer(s) or Wall(s) of the delivery system or vesicle, for 
example, by being interspersed among stabiliZing materials 
Which form or are contained Within the vesicle layer(s) or 
Wall(s). In addition, it is contemplated that the steroid 
prodrug, bioactive agent and/or targeting ligand may be 
located on the surface of a delivery system or vesicle or 
non-vesicular stabiliZing material. The steroid prodrug, bio 
active agent and/or targeting ligand may be concurrently 
entrapped Within an internal void of the delivery system or 
vesicle and/or integrated Within the layer(s) or Wall(s) of the 
delivery system or vesicles and/or located on the surface of 
a delivery system, or vesicle or non-vesicular stabiliZing 
material. In any case, the steroid prodrug, bioactive agent 
and/or targeting ligand may interact chemically With the 
Walls of the delivery system, vesicles, including, for 
example, the inner and/or outer surfaces of the delivery 
system, vesicle and may remain substantially adhered 
thereto. Such interaction may take the form of, for example, 
non-covalent association or bonding, ionic interactions, 
electrostatic interactions, dipole-dipole interactions, hydro 
gen bonding, van der Waal’s forces, covalent association or 
bonding, cross-linking or any other interaction, as Will be 
readily apparent to one skilled in the art, in vieW of the 
present disclosure. In certain embodiments, the interaction 
may result in the stabiliZation of the vesicle. The bioactive 
agent may also interact With the inner or outer surface of the 
delivery system or vesicle or the non-vesicular stabiliZing 
material in a limited manner. Such limited interaction Would 
permit migration of the bioactive agent, for example, from 
the surface of a ?rst vesicle to the surface of a second 
vesicle, or from the surface of a ?rst non-vesicular stabiliZ 
ing material to a second non-vesicular stabiliZing material. 
Alternatively, such limited interaction may permit migration 
of the bioactive agent, for example, from Within the Walls of 
the delivery system, vesicle and/or non-vesicular stabiliZing 
material to the surface of the delivery system, vesicle and/or 
non-vesicular stabiliZing material, and vice versa, or from 
inside a vesicle or non-vesicular stabiliZing material to 
Within the Walls of a vesicle or non-vesicular stabiliZing 
material and vice versa. 

[0071] “Tissue” refers generally to specialiZed cells Which 
may perform a particular function. The term “tissue” may 
refer to an individual cell or a plurality or aggregate of cells, 
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for example, membranes, blood or organs. The term “tissue” 
also includes reference to an abnormal cell or a plurality of 
abnormal cells. Exemplary tissues include myocardial tis 
sue, including myocardial cells and cardiomyocites, mem 
branous tissues, including endothelium and epithelium, 
laminae, connective tissue, including interstitial tissue, and 
tumors. 

[0072] “Receptor” refers to a molecular structure Within a 
cell or on the surface of a cell Which is generally charac 
teriZed by the selective binding of a speci?c substance. 
Exemplary receptors include cell-surface receptors for pep 
tide hormones, neurotransmitters, antigens, complement 
fragments, immunoglobulins and cytoplasmic receptors for 
steroid hormones. 

[0073] “Intracellular” or “intracellularly” refers to the area 
Within the plasma membrane of a cell, including the proto 
plasm, cytoplasm and/or nucleoplasm. 

[0074] “Intracellular delivery” refers to the delivery of a 
bioactive agent, such as a targeting ligand and/or steroid 
prodrug, into the area Within the plasma membrane of a cell. 

[0075] “Cell” refers to any one of the minute protoplasmic 
masses Which make up organiZed tissue, comprising a mass 
of protoplasm surrounded by a membrane, including nucle 
ated and unnucleated cells and organelles. 

[0076] “Alkyl” refers to linear, branched or cyclic hydro 
carbon groups. Preferably, the alkyl is a linear or branched 
hydrocarbon group, more preferably a linear hydrocarbon 
group. Exemplary linear and branched alkyl groups include, 
for example, methyl, ethyl, n-propyl, i-propyl, n-butyl, t-bu 
tyl, n-pentyl, hexyl, heptyl, octyl, nonyl, and decyl groups. 
Exemplary cyclic hydrocarbon groups (cycloalkyl groups) 
include, for example, cyclopentyl, cyclohexyl and cyclohep 
tyl groups. “Fluoroalkyl” refers to an alkyl group Which is 
substituted With one or more ?uorine atoms, including, for 
example, ?uoroalkyl groups of the formula 
CF3(CF2)n(CH2)m— Wherein each of m and n is indepen 
dently an integer from 0 to about 22. Exemplary ?uoroalkyl 
groups include per?uoromethyl, per?uoroethyl, per?uoro 
propyl, per?uorobutyl, per?uorocyclobutyl, per?uoropentyl, 
per?uorohexyl, per?uoroheptyl, per?uorooctyl, per?uo 
rononyl, per?uorodecyl, per?uoroundecyl and per?uoro 
dodecyl. 

[0077] “Acyl” refers to an alkyl-CO— group Wherein 
alkyl is as previously described. Preferred acyl groups 
comprise alkyl of 1 to about 30 carbon atoms. Exemplary 
acyl groups include acetyl, propanoyl, 2-methylpropanoyl, 
butanoyl and palmitoyl. “Fluoroacyl” refers to an acyl group 
that is substituted With one or more ?uorine atoms, up to and 
including per?uorinated acyl groups. 

[0078] “Aryl” refers to an aromatic carbocyclic radical 
containing about 6 to about 10 carbon atoms. The aryl group 
may be optionally substituted With one or more aryl group 
substituents Which may be the same or different, Where “aryl 
group substituent” includes alkyl, alkenyl, alkynyl, aryl, 
aralkyl, hydroxy, alkoxy, aryloxy, aralkoxy, carboxy, aroyl, 
halo, nitro, trihalomethyl, cyano, alkoxycarbonyl, aryloxy 
carbonyl, aralkoxycarbonyl, acyloxy, acylamino, aroy 
lamino, carbamoyl, alkylcarbamoyl, dialkylcarbamoyl, 
arylthio, alkylthio, alkylene and —NRR‘, Where R and R‘ are 
each independently hydrogen, alkyl, aryl and aralkyl. Exem 
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plary aryl groups include substituted or unsubstituted phenyl 
and substituted or unsubstituted naphthyl. 

[0079] “Alkylaryl” refers to alkyl-aryl-groups (e.g., 
CH3—(C6H4)—) and aryl-alkyl-groups (e.g., (C6H5)— 
CH2—) Where aryl and alkyl are as previously described. 
Exemplary alkylaryl groups include benZyl, phenylethyl and 
naphthyl-methyl. “Fluoroalkylaryl” refers to an alkylaryl 
group that is substituted With one or more ?uorine atoms, up 
to and including per?uorinated alkylaryl groups. 

[0080] “Alkylene” refers to a straight or branched bivalent 
aliphatic hydrocarbon group having from 1 to about 30 
carbon atoms. The alkylene group may be straight, branched 
or cyclic. The alkylene group may be also optionally unsat 
urated and/or substituted With one or more “alkyl group 
substituents,” including halogen atoms, such as ?uorine 
atoms. There may be optionally inserted along the alkylene 
group one or more oxygen, sulphur or substituted or unsub 

stituted nitrogen atoms, Wherein the nitrogen substituent is 
alkyl as previously described. Exemplary alkylene groups 
include methylene (—CH2—), ethylene (—CH2CH2—), 
propylene (—(CH2)3), cyclohexylene (—C6H10—), 
—CH=CH—CH=CH—,—CH=CH—CH2—, 
—(CF2)n(CH2 m—, Wherein n is an integer from about 1 to 
about 22 and m is an integer from 0 to about 22,—(CH2)n— 
N(R)—(CH2)m—, Wherein each of m and n is independently 
an integer from 0 to about 30 and R is hydrogen or alkyl, 
methylenedioxy (—O—CH2—O—) and ethylenedioxy 
(—O—(CH2)2—O—). It is preferred that the alkylene group 
has about 2 to about 3 carbon atoms. 

[0081] “Halo,”“halide” or “halogen” refers to chlorine, 
?uorine, bromine or iodine atoms. 

[0082] The Solvent 

[0083] The solvent of the present invention may be an 
aqueous solvent or an organic solvent. The preferable sol 
vent of the present invention is selected from the group 
consisting of alkylated alcohols, ethers, acetone, alkanes, 
dimethyl sulfoxide, toluene, cyclic hydrocarbons, benZene, 
and gaseous precursors. The ethers are selected from the 
group consisting of methoxylated ethers, alkylated ethers, 
diether, triethers, oligo ethers, polyethers, cyclic ethers, and 
croWn ethers; the alkylated alcohol may be methanol; and 
the alkane may be hexane. The solvent may be partially or 
fully ?uorinated. 

[0084] The solvent is a suspending medium for associating 
the surfactant With the therapeutic in the preparation of a 
therapeutic delivery system. The therapeutic is typically 
only marginally soluble in the solvent. 

[0085] The solvent useful in the preparation of the present 
invention may be removed during the processing of the 
therapeutic delivery system. During spray drying, for 
example, the solvent, the surfactant, and the therapeutic, 
may be combined together With a bloWing agent into a 
gaseous stream such that a substantial portion of the solvent 
is evaporated during spray drying. As a result, a therapeutic 
delivery system comprising a surfactant and a therapeutic is 
prepared. 

[0086] The Oil, War, Fat 

[0087] For purposes of the present invention, “oil”, “oils”, 
and variations thereof as used throughout the application, 
Will be understood to include Waxes and fats. Preferred oils, 
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Waxes and fats are those having melting points under 100° 
C. Especially preferred are synthetic oils With melting points 
betWeen —20° C. and 66° C., more preferably those melting 
less than 60° C., and most preferably those melting less than 
42° C. In this aspect, oils and Waxes are generally used to 
dissolve the drugs but may also be used to suspend crystals 
of dried drugs, e.g., etoposide or bleomycin. Waxes melting 
at temperatures above 60° C. may also be used, but generally 
loWer melting point Waxes are preferred. Many natural oils 
knoWn in the literature may be useful in the present inven 
tion. The melting points of some conventional oils are 
di?icult to determine due to a multicomponent nature Which 
decompose upon state change. 

[0088] Other commercially-available synthetic oils and 
surfactants are also suitable to substitute for the oils listed 
above in accoustically active lipospheres. Among these are 
those listed in US. Pat. No. 5,633,226 to OWen, et al., 
incorporated by reference herein, and include Captex 200 (a 
composition described in US. Pat. No. 5,633,226), Whitep 
sol H-15 and MYVACET 9-45K. Surfactants Which can 
optionally be included in AALs from the same reference 
include capmul MCM, Myverol 18-92, Cremophor EL, 
Centrophase 31, derivatives of polyoxyethylene, and those 
disclosed in US. Pat. No. 5,573,781 of BroWn, the disclo 
sures of Which are hereby incorporated herein by reference 
in its entirety. 

[0089] Examples of oils, Waxes and fasts suitable for the 
microspheres of the invention include, but are not limited, to 
those listed in the folloWing table: 

TABLE 1 

MELTING POINTS OF WAXES, FATS AND OILS (O C.) 

Oils/Waxes/Fats Melting Point 

Jojoba 11 
Cay-cay 3O 
WoolWax (anhydrous lanolin) 39.5 
Ucuhuba 42.5 
Spermaceti 44 
Hydrogenated Cocoa Oil 44 
Parra?n 45-68 
Orange skin 46 
Bayberry 47 
Cetyl alchol 49 
JapanWax 49-52 
Sorbitol distearate 5O 
Lanette Wax 5O 
Spermafol 52 51 
Cetyl palmitate 52 
Insect Wax (Ceroplastes) 55 
Diglycol stearate 56.5 
Indian Arjun 59 
PlioWax 55.5 
Ponderosa bark 58 
Chinese talloW tree 57 
CarboWax stearate 57 
Cetyl acetamide 59 
Jasmine ?oral 6O 
Beeswax 62 

Saturated Fatty Acids Melting Point Natural Origin 

Formic 8.4 
Acetic 1 6. 6 
Propionic —22 
Butyric —8 Milk fat 
Valeric —34.5 
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TABLE l-continued 

MELTING POINTS OF WAXES, FATS AND OILS (0 C.) 

Caproic —3.4 Coconut Oil, 0.5% 
Enanthic —7.5 
Caprylic 16.7 Coconut Oil, 9% 
Pelargonic 12.3 
Capric 31.6 Coconut Oil, Elm Seed 

Oil 
Hendecanoic 28.5 
Lauric 44.2 Coconut Oil, Palm 

Kernal Oil 
Tridecanoic 41.5 
Myristic 54.4 Nutmeg Fat 
Pentadecanoic 52.3 
Palmitic 62.9 Palm Oil, Cottonseed 

Oil 

Unsaturated Fatty Acids Melting Point Natural Origin 

Linderic 5.3 Seed Fat 
Tsuzuic 18.5 Seed Fat 
Palmitoleic 0.5 Soybean Oil, Sea 

Algaes 
Petroselinic 30 Parsley seed oil 
Oleic 16.3 Widely distributed 
Elaidic 43.7 Partially hydrogenated 

fats 
Erucic 33.5 Mustard Seed Oil 
Brassidic 60 trans Isomer of Erucic 
Linoleic —5 very Widely distributed 
Linolenic —11 Linseed oils 
Santalbic 42 seed fat 
ot-Eleostearic 49 Tung oil 
Punicic 44 Pomegranite seed oil 

Synthetic Fats Melting Point 

Triolein —4.5 
Trimyristin 5 6 
Triacetin —78 
Tripalmitin 66 
Tristearin 55 
Tributyrin —75 
Glyceryl Monooctanoate 29 
Glyceryl Monosterate 57 

Natural Fats Melting Point 

Beef talloW 43 
Mutton talloW 47 
Lard 41.5 
Butter 31 
Cacao Butter 24.5 
Laurel Oil 33 
Palm Oil 30 
Cocoa Nut Oil 24 
Nutmeg Butter 43 5 

—13 (average) 
—6 (average) 

Soybean Oil 
Rapeseed Oil 
Corn Oil —14 (average) 
Castor Oil —14 (average) 
Japanese Anise Oil —12.5 (average) 
Oil of Eucalyptus —15.5 
Mustard Seed Oil —12 (average) 
Rose Oil 20 
Almond Oil —20 

[0090] The Sufactant 

[0091] The surfactant of the present invention is prefer 
ably hydrophobic, nonionic, and include lipids, such as and 
not limited to phospholipids and oils, and ?uorosurfactants. 

[0092] Surfactants include, for example, plant oils, such as 
for example, soybean oil, peanut oil, canola oil, olive oil, 
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saf?oWer oil, corn oil, and maZola oil, cod liver oil, mineral 
oil, silicone oil, an oil composed of ?uorinated triglycerides, 
all biocompatible oils consisting of saturated, unsaturated, 
and/or partially hydrogenated fatty acids, silicon-based oils 
including, inter alia, vinyl-terminated, hydride terminated, 
siilanol terminated, amino terminated, epoxy terminated, 
carbinol terminated ?uids, and other silicon-based oils such 
as (1) mercapto-modi?ed silicon ?uid and saturated, unsat 
urated, or aryl-alkyl substituted silicon oils, synthetic oils 
such as triglycerides composed of saturated and unsaturated 
chains of Clz-C24 fatty acids, such as for example the 
glycerol triglyceride ester of oleic acid, terpenes, linolene, 
squalene, squalamine, or any other oil commonly knoWn to 
be ingestible Which is suitable for use as a stabilizing 
compound in accordance With the teachings herein. Addi 
tional surfactants include lauryltrimethylammonium bro 
mide (dodecyl-), cetyltrimethylammonium bromide (hexa 
decyl-), myristyltrimethylammonium bromide (tetradecyl-), 
alkyldimethylbenZylammonium chloride (Where alkyl is 
C12, C14 or C16,), benZyldimethyldodecylammonium bro 
mide/chloride, benZyldimethyl hexadecyl-ammonium bro 
mide/chloride, benZyldimethyl tetradecylammonium bro 
mide/chloride, cetyldimethylethylammonium bromide/ 
chloride, or cetylpyridinium bromide/chloride. Other 
surfactants are disclosed, for example, in US. application 
Ser. No. 08/444,754, US. application Ser. No. 08/465,868, 
US. Pat. Nos. 4,684,479 (D’Arrigo), and US. Pat. No. 
5,215,680 (D’Arrigo), and US. Pat. No. 5,562,893 
(Lorhmann), the disclosures of each of Which are hereby 
incorporated herein by reference in its entirety. 

[0093] Fluorinated triglyceride oils may be prepared by 
reacting a reactive ?uorinated species, such as for example, 
a ?uorine gas, With unsaturated triglyceride oils to produce 
the desired ?uorinated triglyceride. 

[0094] Suitable proteins, or derivatives thereof, for use as 
surfactants in the present invention include, for example, 
albumin, hemoglobin, ot-l-antitrypsin, ot-fetoprotein, col 
lagen, ?brin, aminotransferases, amylase, C-reactive pro 
tein, carcinoembryonic antigen, ceruloplasmin, comple 
ment, creatine phosphokinase, ferritin, ?brinogen, ?brin, 
transpeptidase, gastrin, serum globulins, myoglobin, immu 
noglobulins, lactate dehydrogenase, lipase, lipoproteins, 
acid phosphatase, alkaline phosphatase, (X-l-SCI‘UIII protein 
fraction, (X-Z-SGI‘UIII protein fraction, [3-protein fraction, 
y-protein fraction and y-glutamyl transferase. Other proteins 
that may be used in the present invention are described, for 
example, in US. Pat. Nos. 4,572,203, 4,718,433, 4,774,958, 
and 4,957,656, the disclosures of Which are hereby incor 
porated herein by reference in their entirety. Other protein 
based surfactants, in addition to those described above and 
in the aforementioned patents, Would be apparent to one of 
ordinary skill in the art, in vieW of the present disclosure. 
Polypeptides such as polyglutamic acid and polylysine may 
also be useful in the present invention. 

[0095] In addition to surfactants formulated from lipids 
and/or proteins, embodiments of the present invention may 
also involve surfactants formulated from polymers Which 
may be of natural, semi-synthetic (modi?ed natural) or 
synthetic origin. Polymer denotes a compound comprised of 
tWo or more repeating monomeric units, and preferably 10 
or more repeating monomeric units. Semi-synthetic polymer 
(or modi?ed natural polymer) denotes a natural polymer that 
has been chemically modi?ed in some fashion. Examples of 
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suitable natural polymers include naturally occurring 
polysaccharides, such as, for example, arabinans, fructans, 
fucans, galactans, galacturonans, glucans, mannans, xylans 
(such as, for example, inulin), levan, fucoidan, carrageenan, 
galatocarolose, pectic acid, pectins, including amylose, pul 
lulan, glycogen, amylopectin, cellulose, dextran, dextrin, 
dextrose, glucose, polyglucose, polydextrose, pustulan, 
chitin, agarose, keratin, chondroitin, dermatan, hyaluronic 
acid, alginic acid, xanthin gum, starch, such as HETA 
starch, and various other natural homopolymer or het 
eropolymers, such as those containing one or more of the 

folloWing aldoses, ketoses, acids or amines: erythrose, 
threose, ribose, arabinose, xylose, lyxose, allose, altrose, 
glucose, dextrose, mannose, gulose, idose, galactose, talose, 
erythrulose, ribulose, xylulose, psicose, fructose, sorbose, 
tagatose, mannitol, sorbitol, lactose, sucrose, trehalose, mal 
tose, cellobiose, glycine, serine, threonine, cysteine, 
tyrosine, asparagine, glutamine, aspartic acid, glutamic acid, 
lysine, arginine, histidine, glucuronic acid, gluconic acid, 
glucaric acid, galacturonic acid, mannuronic acid, glu 
cosamine, galactosamine, and neuraminic acid, and natu 
rally occurring derivatives thereof. Accordingly, suitable 
polymers include, for example, proteins, such as albumin. 
Exemplary semi-synthetic polymers include carboxymeth 
ylcellulose, hydroxymethylcellulose, hydroxypropylmethyl 
cellulose, methylcellulose, and methoxycellulose. Exem 
plary synthetic polymers suitable for use in the present 
invention include polyphosphaZenes, polyethylenes (such 
as, for example, polyethylene glycol (including, for 
example, the class of compounds referred to as Pluronics®, 
commercially available from BASF, Parsippany, N.J.), poly 
oxyethylene, and polyethylene terephthlate), polypropy 
lenes (such as, for example, polypropylene glycol), poly 
urethanes (such as, for example, polyvinyl alcohol (PVA), 
polyvinyl chloride and polyvinylpyrrolidone), polyamides 
including nylon, polystyrene, polylactic acids, ?uorinated 
hydrocarbon polymers, ?uorinated carbon polymers (such 
as, for example, polytetra?uoroethylene), acrylate, meth 
acrylate, and polymethylmethacrylate, and derivatives 
thereof. Preferred are biocompatible synthetic polymers or 
copolymers prepared from monomers, such as acrylic acid, 
methacrylic acid, ethyleneimine, crotonic acid, acrylamide, 
ethyl acrylate, methyl methacrylate, 2-hydroxyethyl meth 
acrylate (HEMA), lactic acid, glycolic acid, e-caprolactone, 
acrolein, cyanoacrylate, bisphenol A, epichlorhydrin, 
hydroxyalkyl-acrylates, siloxane, dimethylsiloxane, ethyl 
ene oxide, ethylene glycol, hydroxyalkyl-methacrylates, 
N-substituted acrylamides, N-substituted methacrylamides, 
N-vinyl-2-pyrrolidone, 2,4-pentadiene-1-ol, vinyl acetate, 
acrylonitrile, styrene, p-amino-styrene, p-amino-benZyl-sty 
rene, sodium styrene sulfonate, sodium 2-sulfoxyethyl 
methacrylate, vinyl pyridine, aminoethyl methacrylates, 
2-methacryloyloxy-trimethylammonium chloride, and poly 
vinylidene, as Well polyfunctional crosslinking monomers 
such as N,N‘-methylenebisacrylamide, ethylene glycol 
dimethacrylates, 2,2‘-(p-phenylenedioxy)-diethyl 
dimethacrylate, divinylbenZene, triallylamine, polylatcidec 
oglycolide, polyethylene-polypropyleneglycol, and methyl 
enebis-(4-phenylisocyanate), including combinations 
thereof. Preferable polymers include polyacrylic acid, poly 
ethyleneimine, polymethacrylic acid, polymethylmethacry 
late, polysiloxane, polydimethylsiloxane, polylactic acid, 
poly(e-caprolactone), epoxy resin, poly(ethylene oxide), 
poly(ethylene glycol), and polyamide (nylon) polymers. 
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Preferable copolymers include the folloWing: polyvi 
nylidene-polyacrylonitrile, polyvinylidene-polyacryloni 
trile-poilymethylmethacrylate, polystyrene-polyacryloni 
trile and poly d-1, lactide co-glycolide polymers. Apreferred 
copolymer is polyvinylidene-polyacrylonitrile. Other suit 
able biocompatible monomers and polymers Will be appar 
ent to those skilled in the art, in vieW of the present 
disclosure. 

[0096] Surfactants may be prepared from other materials, 
provided that they meet the stability and other criteria set 
forth herein. Additional synthetic organic monomeric 
repeating units Which can be used to form polymers suitable 
for shell materials Within the present invention are hydroxy 
acids, lactones, lactides, glycolides, acryl containing com 
pounds, aminotriaZol, orthoesters, anhydrides, ester imides, 
imides, acetals, urethanes, vinyl alcohols, enolketones, and 
organo-siloxanes. 
[0097] The introduction of ?uorine into the shell material 
can be accomplished by any knoWn method. For example, 
the introduction of per?uoro-t-butyl moieties is described in 
US. Pat. No. 5,234,680; SYNTHESIS OF FLUOROOR 
GANIC COMPOUNDS (Springer-Verlag, NY, 1985); 
Zeifman, Y. V. et al., Uspekhi Khimii (1984) 53 p. 431; and 
Dyatiin, B. L. et al., Uspekhi Khimii (1976) 45, p. 1205, the 
disclosures of Which are hereby incorporated herein by 
reference in their entirety. These methods generally involve 
the reaction of per?uoroalkyl carbanions With host mol 
ecules as folloWs: 

[0098] Where R is a host molecule and X is a good leaving 
group, such as Br, Cl, I or a sulfonato group. After adding 
a leaving group to the foregoing monomeric shell materials 
using methods Well knoWn in the art, per?uoro-t-butyl 
moieties can then be easily introduced to these derivatiZed 
shell materials (the host molecules) in the manner described 
above. 

[0099] Additional methods are knoWn for the introduction 
of tri?uoromethyl groups into various organic compounds. 
One such method describes the introduction of tri?uorom 
ethyl groups by nucleophilic per?uoroalkylation using per 
?uoroalkyl-trialkylsilanes. (SYNTHETIC FLUORINE 
CHEMISTRY pp. 227-245 (John Wiley & Sons, Inc., NeW 
York, 1992) the disclosures of Which are hereby incorpo 
rated herein by reference in their entirety). 

[0100] Fluorine can be introduced into any of the afore 
mentioned materials either in their monomeric or polymeric 
form. Preferably, ?uorine moieties are introduced into 
monomers, such as fatty acids, amino acids or polymeriZable 
synthetic organic compounds, Which are then polymeriZed 
for subsequent use as microsphere shell-forming material. 

[0101] The introduction of ?uorine into the surfactant may 
also be accomplished by forming microspheres in the pres 
ence of a per?uorocarbon gas. For example, When micro 
spheres are formed from proteins such as human serum 
albumin in the presence of a per?uorocarbon gas, such as 
per?uoropropane, using mechanical cavitation, ?uorine 
from the gas phase becomes bound to the protein shell 
during formation. The presence of ?uorine in the shell 
material can be later detected by NMR of shell debris Which 
has been puri?ed from disrupted microspheres. Fluorine can 
also be introduced into microsphere shell material using 
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other methods for forming microspheres, such as sonication, 
spray-drying or emulsi?cation techniques. 

[0102] Another Way in Which ?uorine can be introduced is 
by using a ?uorine-containing reactive compound. The term 
“reactive compound” refers to compounds Which are 
capable of interacting With the surfactant in such a manner 
that ?uorine moieties become covalently attached to thereto. 
When the surfactant is a protein, preferred reactive com 
pounds are either alkyl esters or acyl halides Which are 
capable of reacting With the protein’s amino groups to form 
an amide linkage via an acylation reaction (see 
ADVANCED ORGANIC CHEMISTRY pp. 417418 (John 
Wiley & Sons, NeW York, NY, 4th ed., 1992) the disclo 
sures of Which are hereby incorporated herein by reference 
in their entirety). The reactive compound can be introduced 
at any stage during microsphere formation, but is preferably 
added to the gas phase prior to microsphere formation. For 
example, When microspheres are to be made using mechani 
cal or ultrasound cavitation techniques, the reactive com 
pound can be added to the gas phase by bubbling the gas to 
be used in the formation of the microspheres (starting gas) 
through a solution of the reactive compound. This solution 
is kept at a constant temperature Which is suf?cient to 
introduce a desired amount of reactive compound into the 
gas phase. The resultant gas mixture, Which noW contains 
the starting gas and the reactive compound, is then used to 
form microspheres. The microspheres are preferably formed 
by sonication of human serum albumin in the presence of the 
gas mixture as described in US. Pat. No. 4,957,656, the 
disclosures of Which are hereby incorporated herein by 
reference in their entirety. 

[0103] Suitable ?uorine-containing alkyl esters and acyl 
halides are provided in Table 2: 

TABLE 2 

REACTIVE COMPOUND BOILING POINT"(O C.) 

ALKYL ESTERS: 

diethyl hexa?uoroglutarate 
diethyl tetra?uorosuccinate 

75 (at 3 mm Hg) 
78 (at 5 mm Hg) 

methyl hepta?uorobutyrate 95 
ethyl hepta?uorobutyrate 8O 
ethyl penta?uoropropionate 76 
methyl penta?uoropropionate 6O 
ethyl per?uorooctanoate 167 
methyl per?uorooctanoate 159 
ACYL HALIDES: 

nona?uoropentanoyl chloride 70 
per?uoropropionyl chloride 8 
hexa?uoroglutaryl chloride 111 
hepta?uorobutyryl chloride 38 

*at 1 atm (760 mm Hg) unless otherwise noted above 

[0104] In addition to the use of alkyl esters and acid 
halides described above, it is Well knoWn to those skilled in 
synthetic organic chemistry that many other ?uorine-con 
taining reactive compounds can be synthesiZed, such as 
aldehydes, isocyanates, isothiocyanates, epoxides, sulfonyl 
halides, anhydrides, acid halides and alkyl sulfonates, Which 
contain per?uorocarbon moieties (—CF3, —C2F5,—C3 F4, 
—C(CF3)3). These reactive compounds can then be used to 
introduce ?uorine moieties into any of the aforementioned 
materials by choosing a combination Which is appropriate to 
achieve covalent attachment of the ?uorine moiety. 
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[0105] Materials for preparing the surfactants may be 
basic and fundamental, and may form the primary basis for 
creating or establishing the gas and gaseous precursor ?lled 
vesicles. For example, surfactants and ?uorosurfactants may 
be basic and fundamental materials for preparing vesicles. 
On the other hand, the materials may be auxiliary, and act as 
subsidiary or supplementary agents Which may enhance the 
functioning of the basic surfactant, or contribute some 
desired property in addition to that afforded by the basic 
surfactant. 

[0106] It is not alWays possible to determine Whether a 
given material is a basic or an auxiliary agent, since the 
functioning of the material is determined empirically, for 
example, by the results produced With respect to producing 
surfactants. As an example of hoW the basic and auxiliary 
materials may function, it has been observed that the simple 
combination of a biocompatible lipid and Water or saline 
When shaken Will often give a cloudy solution subsequent to 
autoclaving for steriliZation. Such a cloudy solution may 
function as a contrast agent, but is aesthetically objection 
able and may imply instability in the form of undissolved or 
undispersed lipid particles. Cloudy solutions may also be 
undesirable Where the undissolved particulate matter has a 
diameter of greater than about 7 pm, and especially greater 
than about 10 pm. Manufacturing steps, such as sterile 
?ltration, may also be problematic With solutions Which 
contain undissolved particulate matter. Thus, propylene gly 
col may be added to remove this cloudiness by facilitating 
dispersion or dissolution of the lipid particles. Propylene 
glycol may also function as a Wetting agent Which can 
improve vesicle formation and stabiliZation by increasing 
the surface tension on the vesicle membrane or skin. It is 
possible that propylene glycol can also function as an 
additional layer that may coat the membrane or skin of the 
vesicle, thus providing additional stabiliZation. Compounds 
used to make mixed micelle systems also may be used as 
basic or auxiliary stabiliZing materials. Clathrates may also 
be useful in the preparation of surfactants for use in the 
present invention, see for example WO 90/01952, the dis 
closure of Which is incorporated herein by reference in its 
entirety. 

[0107] It may be possible to enhance the stability of 
surfactants by incorporating in the surfactants at least a 
minor amount, for example, about 1 to about 10 mole 
percent, based on the total amount of lipid employed, of a 
negatively charged lipid. Suitable negatively charged lipids 
include, for example, phosphatidylserine, phosphatidic acid, 
and fatty acids. Without intending to be bound by any theory 
or theories of operation, it is contemplated that such nega 
tively charged lipids provide added stability by counteract 
ing the tendency of vesicles to rupture by fusing together. 
Thus, the negatively charged lipids may act to establish a 
uniform negatively charged layer on the outer surface of the 
vesicle, Which Will be repulsed by a similarly charged outer 
layer on other vesicles Which are proximate thereto. In this 
Way, the vesicles may be less prone to come into touching 
proximity With each other, Which may lead to a rupture of 
the membrane or skin of the respective vesicles and con 
solidation of the contacting vesicles into a single, larger 
vesicle. Acontinuation of this process of consolidation Will, 
of course, lead to signi?cant degradation of the vesicles. 

[0108] The lipids used, especially in connection With 
vesicles, are preferably ?exible. This means, in the context 


















































































