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PROTEIN-STABILIZED LIPOSOMAL
FORMULATIONS OF PHARMACEUTICAL
AGENTS

[0001] The present application claims priority to U.S.
provisional application Ser. No. 60/424,230, filed Nov. 6,
2002, the entire specification of which is incorporated herein
by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates generally to the fields
of drug delivery. More particularly, it concerns methods for
preparing and administering a protein-stabilized lipid for-
mulation containing at least one pharmaceutical agent.

[0004] 2. Description of Related Art

1. Field of the Invention

[0005] Liposomes are phospholipid vesicles, composed
mainly of naturally occurring substances that are nontoxic
and biodegradable (Lasic 1993). They are made up of at least
one lipid bilayer membrane containing an entrapped aque-
ous internal compartment. When combined with water,
phospholipids immediately form a sphere because one end
of each molecule is water soluble, while the opposite end is
water insoluble. Water-soluble medications added to the
water are trapped inside the aggregation of the hydrophobic
ends; fat-soluble medications are incorporated into the phos-
pholipid layer.

[0006] Liposomes are particularly useful for drug delivery.
Liposomes have been employed for a number of therapeutic
applications, in particular, for delivering drugs to target cells
following systemic administration (Drummond et al., 1999;
Gibbson and Paphadjopoulos 1988; Lasic and Paphadjopou-
los 1998; Olson et al., 1982; Rahman et al., 1982; Working
et al., 1994a; Working et al., 1994b; Working et al., 1996;
Working et al., 1999; Mayer et al., 1989). Liposomal for-
mulations of pharmaceutical agents are often superior to
drugs injected in the free form. When used in the delivery of
certain cancer drugs, liposomes help to shield healthy cells
from the drugs’ toxicity and prevent their concentration in
vulnerable tissues (e.g., the kidneys, and liver), lessening or
eliminating the common side effects of nausea, fatigue, and
hair loss. For instance, liposomal formulations of the anti-
cancer agent vincristine exhibit greater efficacy against
L1210 leukemia cells than does free vincristine and have
reduced collateral toxicity. Liposomes have also been used
to deliver certain vaccines, enzymes, or insulin to the body.
They have also been used experimentally to carry normal
genes into a cell in order to replace defective, disease-
causing genes.

[0007] Commercial liposomal drug delivery is gaining
attention because of the enhanced stability of liposomes,
reduced toxicity, improved pharmacokinetics, enhanced
blood circulation time, and increased accumulation of lipo-
somes in the target sites. Reduction in toxicity may result
from the ability of liposomes to decrease drug exposure, and
subsequent damage, to susceptible tissues (Allen et al.
1991). In fact, the first liposomal drug oncology formala-
tions approved for medicinal use, were of the anthracyclines
daunorubicin (DaunoXome; Nextstar Pharmaceuticals,
Boulder, Colo.), EVACET (The Liposome Company, Inc.,
Princeton, N.J.) and DOX [Doxil; Alza Corporation, Palo
Alto, Calif. (CAELYX in Europe)].
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[0008] The use of liposomes as a vehicle of drug delivery
has produced many promising results. Major advances in
improving the therapeutic index of amphotericin B encap-
sulated in liposomes have been demonstrated in counteract-
ing systemic fungal infections in cancer patients (Olsen et al.
1982). The liposomal entrapment of this antifungal drug
causes a remarkable reduction in toxicity. Liposomes have
also been found to be effective in delivering doxorubicin
(Williams et al. 1993), vincristine (Woodle et al. 1992),
vinblastine, actinomycin-D, arabinoside, cytosine, dauno-
mycin (Julliano and Stamp 1978), mitoxantrone, epirubicin,
daunorubicin, (Madden et al 1990) and paclitaxel (Suffness
1995). In a liposomal drug delivery system, if the drug is
highly hydrophobic, it tends to associate mainly with the
bilayer compartment (Sharma et al., 1995, 1997).

[0009] Several methods have been utilized for the produc-
tion of liposomes. Because vesiculation of natural phospho-
lipid bilayers is not a spontaneous process, physical and
chemical methods are used to produce well-defined lipo-
somes from hydrated lipids. Usually, these methods require
the input of high energy (e.g., ultrasonic treatment, high
pressure, and/or elevated temperatures) to disperse low
critical micelle concentration phospholipids as a metastable
liposome phase (Lasic and Paphadjopoulos 1998).

[0010] One method for the preparation of liposomes
involves the solvent evaporation of an oil-in-water emul-
sion. The oil-phase contains one or more pharmaceutical
agents, cholesterol and lipids and the aqueous phase con-
tains an emulsifier. An emulsion consists of two immiscible
liquids (usually oil and water), with one of the liquids
dispersed as small spherical droplets in the other.

[0011] In addition to having utility for drug delivery,
liposome-like emulsions can be found in several foods, such
as mayonnaise, milk, margarine, and butter. In most foods
that contain emulsions of oil and water, the diameters of the
droplets usually lie somewhere between 0.1 and 100 um
(Dickinson and Stainsby, 1982, Dickinson, 1992). An emul-
sion can be conveniently classified according to the distri-
bution of the oil and aqueous phases. A system that consists
of oil droplets dispersed in an aqueous phase is called an
oil-in-water or O/W emulsion (e.g., mayonnaise, milk,
cream etc.). A system that consists of water droplets dis-
persed in an oil phase is called a water-in-oil or W/O
emulsion (e.g., margarine, butter and spreads). The process
of converting two separate immiscible liquids into an emul-
sion, or of reducing the size of the droplets in a preexisting
emulsion, is known as homogenization.

[0012] In both liposomes used for drug delivery and
emulsions in food products, the breakdown of the vesicle
structure of the compositions has been observed. The term
“emulsion stability” is broadly used to describe the ability of
an emulsion to resist changes in its properties with time.
Emulsions may become unstable through a variety of physi-
cal processes including creaming, sedimentation, floccula-
tion, coalescence, and phase inversion. Creaming and sedi-
mentation are both forms of gravitational separation.
Creaming describes the upward movement of droplets due to
the fact that they have a lower density than the surrounding
liquid, whereas sedimentation describes the downward
movement of droplets due to the fact that they have a higher
density than the surrounding liquid. Flocculation and coa-
lescence are both types of droplet aggregation. Flocculation
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occurs when two or more droplets come together to form an
aggregate in which the droplets retain their individual integ-
rity, whereas coalescence is the process where two or more
droplets merge together to form a single larger droplet.
Extensive droplet coalescence can eventually lead to the
formation of a separate layer of oil on top of a sample, which
is known as “oiling off”.

[0013] Thermodynamics are largely responsible for the
separation of phases. If an emulsion is generated by homog-
enizing pure oil and pure water together, the two phases will
rapidly separate into a system that consists of a layer of oil
(lower density) on top of a layer of water (higher density).
This is because droplets tend to merge with their neighbors,
which eventually leads to complete phase separation.

[0014] The disruption of liposome structure over time and
premature drug leakage present significant, and potentially
very hazardous, problems for using liposomes as vehicles
for drug delivery. Drug leakage from liposomes during
long-term storage, lyophilization and reconstitution can
decrease the predictability and increase the toxicity of drug
delivery using liposomes. Specifically, the premature release
and leakage of the drug from the liposome results in a faster
distribution of the drug in the plasma component, increased
toxicity, and decreased concentrations of the drug released at
the tumor site. Furthermore, for pegylated liposomal doxo-
rubicin, a novel dose-limiting form of skin toxicity known as
palmar-plantar erythrodysaesthesia or hand-foot syndrome
has been described (Gordon et al. 1995). Thus a need exists
to improve liposome design to increase liposome stability
and eliminate premature drug leakage.

[0015] In the food industry, the use of emulsifiers and/or
thickening agents have been used to produce more stable
emulsions. Emulsions usually are thermodynamically
unstable systems. It is possible to form emulsions that are
kinetically stable (metastable) for a reasonable period of
time (a few minutes, hours, days, weeks, months, or years)
by including substances known as emulsifiers and/or thick-
ening agent prior to homogenization.

[0016] Emulsifiers are surface-active molecules that
adsorb to the surface of freshly formed droplets during
homogenization, forming a protective membrane that pre-
vents the droplets from coming close enough together to
aggregate. Most emulsifiers are molecules having polar and
nonpolar regions in the same molecule. The most common
emulsifiers used in the food industry are amphiphilic pro-
teins, small-molecule surfactants, and monoglycerides, such
as sucrose esters of fatty acids, citric acid esters of mono-
diglycerides, salts of fatty acids, etc (Krog, 1990).

[0017] Thickening agents are ingredients that are used to
increase the viscosity of the continuous phase of emulsions
and they enhance emulsion stability by retarding the move-
ment of the droplets. A stabilizer is any ingredient that can
be used to enhance the stability of an emulsion and may
therefore be either an emulsifier or thickening agent.

[0018] An efficient emulsifier produces an emulsion in
which there is no visible separation of the oil and water
phases over time. Phase separation may not become visible
to the human eye for a long time, even though some
emulsion breakdown has occurred. A more quantitative
method of determining emulsifier efficiency is to measure
the change in the particle size distribution of an emulsion
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with time. An efficient emulsifier produces emulsions in
which the particle size distribution does not change over
time, whereas a poor emulsifier produces emulsions in
which the particle size increases due to coalescence and/or
flocculation. The kinetics of emulsion stability can be estab-
lished by measuring the rate at which the particle size
increases with time.

[0019] In oil-in-water emulsions, proteins are used mostly
as surface active agents and emulsifiers. One of the food
proteins used in o/w emulsions is whey proteins. The whey
proteins include four proteins: f-lactoglobulin, a-lactalbu-
min, bovine serum albumin and immunoglobulin (Tornberg,
1990). Commercially, whey protein isolates (WPI) with
isolectric point ~5 (Tornberg, 1990) are used for o/w emul-
sion preparation. According to Hunt (1995), whey protein
concentrations of 8% have been used to produce self-
supporting gels. Later on, the limiting concentrations of
whey protein to produce self-supporting gels are known to
be reduced to 4-5%. It is possible to produce gels at whey
protein concentrations as low as 2% w/w, using heat treat-
ments at 90° C. or 121° C. and ionic strength in excess of 50
mM (Hunt et al, 1995).

[0020] Proteins derived from whey are widely used as
emulsifiers in the food industry (Phillips et al, 1994; Dal-
gleish, 1996). They adsorb to the surface of oil droplets
during homogenization and form a protective membrane,
which prevents droplets from coalescing. The physico-
chemical properties of emulsions stabilized by whey protein
isolates (WPI) are related to the aqueous phase composition
(e.g, ionic strength and pH) and the processing and storage
conditions of the product (e.g, heating, cooling, and
mechanical agitation). Emulsions are prone to flocculation
around the isoelectric point of the WPI, but are stable at
higher or lower pH (Philips et al, 1994). The resistance to
flocculation may be interpreted in terms of colloidal inter-
actions between droplets, i.e, van der Waals, electrostatic
repulsion and steric forces (Philips et al, 1994; Dalgleish,
1996). The van der Waals interactions are fairly long-range.
Electrostatic interactions between similarly charged droplets
are repulsive, and their magnitude and range decrease with
increasing ionic strength. Short range interactions become
important at droplet separations of the order of the thickness
of the interfacial layer or less (e.g., steric, thermal fluctua-
tion and hydration forces; Israelachvili, 1992). Such inter-
actions are negligible at distances greater than the thickness
of the interfacial layer, but become strongly repulsive when
the layers overlap, preventing droplets from getting closer.

[0021] Although emulsifiers and thickening agents have
been successfully used in the food industry, there is still a
significant need for improving drug-delivering liposome
stability. Because most small-molecule chemotherapeutic
agents have widespread distribution via i.v. administration
(Chanber and Longo, 1996; Speth et al., 1988), this results
in a narrow therapeutic index due to a high level of toxicity
in healthy tissues. A method for producing more stable
liposomes would result in more consistent pharmacokinetics
while retaining the advantages of liposomal delivery.

SUMMARY OF THE INVENTION

[0022] The present invention overcomes deficiencies in
the prior art by protecting lipid formulations, preferably
liposomes, with protein molecules to minimize or eliminate
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drug leakage from the liposome. Specifically, the present
invention provides a method of preparing a protein-stabi-
lized lipid formulation containing at least one lipophilic
pharmaceutical agent, the method comprising: preparing an
organic solution comprising one or more phospholipids,
mixing at least one pharmaceutical agent into said organic
solution, infusing said organic mixture into an aqueous
solution comprising an emulsion-forming protein to form an
emulsion, and removing organic solvent from said emulsion
to form the protein-stabilized lipid formulation.

[0023] In one embodiment of the invention, the lipid
formulation in this method comprises protein-stabilized
liposomes. In another embodiment of the invention, the
liposome-forming components further includes cholesterol.
The liposome-forming components may include a PEG-
phospholipid. In certain embodiments of the invention, the
PEG-phospholipid comprises poly(ethylene glycol)-deriva-
tized distearoylphosphatidylethanolamine (PEG-DSPE)
and/or poly(ethylene glycol)-derivatized ceramides (PEG-
CER). The lipophilic pharmaceutical agent is further iden-
tified as a substantially water insoluble pharmaceutical
agent. Using the method of the present invention, the
phospholipid and lipophilic pharmaceutical agent may be
included in the organic solution at a ratio ranging from about
0.01:25 to about 1:10 drug:lipid (w/w).

[0024] The present invention preferably uses an emulsion
forming protein. In certain embodiments of the present
invention, said emulsion forming protein comprises an albu-
min, immunoglobulin, casein, insulin, hemoglobin,
lysozyme, immunoglobulin, a-2-macroglobulin, fibronec-
tin, vitronectin, fibrinogen, lipase, or enzyme. In one
embodiment of the invention, the preferred emulsion form-
ing protein is an albumin.

[0025] The pH of the aqueous solution may also vary in
the present invention. In one embodiment of the present
invention, the said aqueous solution is at a pH of between
about 6.0 and 7.6. In some embodiments of the present
invention, the emulsion-forming protein comprises from
about 0.1% to about 20% (w/v), more preferably from about
1% to about 10% (w/v), of the aqueous solution.

[0026] The emulsion is preferably formed by steps that
comprise: agitating said mixture at between about 1000 and
about 24,000 revolutions per minute, more preferably 3000
and about 10,000 revolutions per minute, and subjecting the
agitated mixture to high pressure microfluidization or
homogenization at 5,000 to 30,000 PSI, more preferably
10,000 to 30,000 PSI. In certain embodiments of the inven-
tion, the mixture may be agitated using a homogenizer, such
as a rotary homogenizer. In other embodiments of the
invention, the lipid formulation is filtered; for example, the
lipid formulation may be filtered through a 0.20 or 0.22
micron filter. In other embodiments, the lipid formulation is
lyophilized to provide a powder suitable for reconstitution in
an aqueous suspension; for example, the lipid formulation
may be lyophilized in the presence of one or more cryopro-
tectants, such as sucrose, mannitol or trehalose.

[0027] The pharmaceutical agent preferably comprises a
cardiovascular drug, respiratory drug, sympathomimetic
drug, cholinomimetic drug, adrenergic or adrenergic neuron
blocking drug, analgesic/antipyretic, anesthetic, antiast-
hamatic, antibiotic, antidepressant, antidiabetic, antifingal
agent, antihypertensive agent, anti-inflammatory, antine-

Jul. 19, 2007

oplastic, antianxiety agent, immunosuppressive agent, anti-
migraine agent, sedatives/hypnotic, antianginal agent, antip-
sychotic agent, antimanic agent, antiarrhythmic, antiarthritic
agent, antigout agent, anticoagulant, thrombolytic agent,
antifibrinolytic agent, hemorheologic agent, antiplatelet
agent, anticonvulsant, antiparkinson agent, antihistamine/
antipruritic, agent useful for calcium regulation, antibacte-
rial agent, antiviral agent, antimicrobial, anti-infective,
bronchodialator, hormone, hypoglycemic agent, hypolipi-
demic agent, protein, nucleic acid, agent useful for erythro-
poiesis stimulation, antiulcer/antireflux agent, antinauseant/
antiemetic, oil-soluble vitamin, mitotane, visadine,
halonitrosourea, anthrocycline or ellipticine. In various
embodiments of the invention, the pharmaceutical agent is
Proscillaridin-A, oleandrin, digitoxin, digoxin, odoroside-A,
colchicine, colchicine derivatives, ara-C derivatives, diphyl-
lin, justicidin-A, diphyllin derivatives, cleistanthin A, chlo-
roquine, amphotericin B, paclitaxel, docetaxel, cyclospo-
rine, camptothecin, 7-ethyl-10-hydroxy-camptothecin,
10-hydroxy-camptothecin, a camptothecin derivative, podo-
phyllotoxin, podophyllotoxin derivatives, vinblastine, vinc-
ristine, dihydroartemisinin, mitoxantrone, amphotericin B,
epothilone-A, epothilone-B, epothilone-C, epothilone-D, an
epothilone derivative, a benz[c]-phenanthridine alkaloid
derivative, a chelerythrine alkaloid derivative or cisplatin.

[0028] Phopholipids are preferably used to create the lipid
formulations, preferably liposomes, of the present invention.
One or more of said phospholipids preferably comprise one
or more of hydrogenated soy phosphatidylcholine (HSPC),
egg phosphatidylcholine (EPC), phosphatidylethanolamine
(PE), phosphatidylglycerol (PG), phosphatidylinsitol (PI),
monosialogangolioside,  spingomyelin ~ (SPM),  dis-
tearoylphosphatidylcholine (DSPC), dimyristoylphosphati-
dylcholine (DMPC), or dimyristoylphosphatidylglycerol
(DMPG). In certain embodiments of the invention, the ratio
of pharmaceutical agent to lipid-protein ranges from about
0.0005 to about 1 (w/w), more preferably about 0.0005 to
about 0.5 (w/w), more preferably about 0.001 to about 0.1
(Wiw).

[0029] Methods for physically mixing the lipid formula-
tion to produce nanoparticles may also be used with the
present invention. In certain embodiments of the invention,
the lipid formulation is subjected to high shear stress to
reduce particle size. Specifically, the lipid formulation is
preferably defined further as comprising nanoparticles hav-
ing size less than about 220 nm, more preferably between
about 80-160 nm, more preferably between about 100-120
nm.

[0030] The present invention also includes a protein-
stabilized lipid formulation comprising a lipophilic pharma-
ceutical agent, the formulation prepared by any of the
processes stated above.

[0031] Another embodiment of the invention includes a
method of treating a disease in a patient comprising: obtain-
ing a lipophilic pharmaceutical agent drug indicated for
treatment of the disease, preparing a protein-stabilized lipid
formulation of said pharmaceutical agent; and administering
an amount of the lipid formulated pharmaceutical agent to
said patient that is effective to treat the disease. In this aspect
of the invention, the protein-stabilized lipid formulation of
said pharmaceutical agent is prepared in accordance with the
methods stated above. In certain embodiments, the disease is
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a hyperproliferative disease and the pharmaceutical agent is
an anti-hyperproliferative agent. In certain embodiments of
the invention, the formulation is administered parenterally;
preferably by slow infusion or bolus injection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The following drawings form part of the present
specification and are included to further demonstrate certain
aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in
combination with the detailed description of specific
embodiments presented herein.

[0033] FIG. 1: The chemical structure of N-Pentanoyl-
deacetyl colchicine.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0034] The present invention overcomes deficiencies in
the prior art relating to liposomes by protecting liposomes
with protein molecules to minimize or eliminate drug leak-
age from the liposome. As the protein uniformly coats or
forms a shell around the liposome, the drug is protected from
any further degradation of the liposome. The method of the
present invention can also be used for the entrapment of a
high concentration of drug inside the liposome compart-
ment.

1. Definitions

[0035] Lipid formulations include emulsions and lipo-
somes. Liposomes include: multivesicular liposomes, mul-
tilamellar liposomes, and unilamellar liposomes.

[0036] As used herein, the term “micron” refers to a unit
of measure of one one-thousandth of a millimeter.

[0037] As used herein, the term “biocompatible” describes
a substance that does not appreciably alter or affect in any
adverse way, the biological system into which it is intro-
duced.

[0038] As used herein, the terms “cell proliferative dis-
eases” or “hyperproliferative diseases™ refer to disorders
resulting from abnormally increased and/or uncontrolled
growth of cell(s) in a multicellular organism that results in
harm (e.g., discomfort or decreased life expectancy) to the
multicellular organism. Cell proliferative diseases can occur
in animals or humans. Cancer is an example of a cell
proliferative disease, and certain embodiments of the present
invention relate to the treatment of cancer.

[0039] “Emulsion forming protein” refer to any protein
that adsorb to the surface of freshly formed lipid formulation
droplets (preferably liposomal droplets) during homogeni-
zation, forms a protective membrane that prevents the lipid
formulation droplets (preferably liposomal droplets) from
coming close enough together to aggregate, increases the
viscosity of the continuous phase of lipid formulations
(preferably emulsions, more preferably liposomes), or
enhances the stability of lipid formulations (preferably
emulsions, more preferably liposomes) by retarding the
movement of the lipid formulation droplets.

II. Lipid Formulations

[0040] The present invention relates to lipid formulations.
Lipid formulations include emulsions and liposomes.
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[0041]

[0042] The present invention provides a method for pro-
tein stabilized liposome (PSL) nanoparticle formulations of
substantially water insoluble pharmaceutical agents and
methods of preparing and employing such formulations. The
advantages of these PSL nanoparticle formulations are that
a substantially water insoluble pharmaceutical agent is
entrapped in either dissolved or precipitated form. These
compositions have been observed to provide a very low
toxicity form of the pharmacologically active agent that can
be delivered in the form of nanoparticles or suspensions by
slow infusions or by bolus injection or by other parenteral or
oral delivery routes. These PSL nanoparticles have sizes
below 400 nm, preferably below 200 nm, and more prefer-
ably below 120 nm having hydrophilic proteins coated onto
the surface of the nanoparticles.

a. Liposomes

[0043] Phospholipids preferably form an important part of
liposomes. Phospholipids are, in their simplest form, com-
posed of glycerol bonded to two fatty acids and a phosphate
group. The resulting compound called phosphatidic acid
contains a region (the fatty acid component) that is fat-
soluble along with a region (the charged phosphate group)
that is water-soluble. Most phospholipids also have an
additional chemical group bound to the phosphate. For
example, it may be connected with choline; the resulting
phospholipid is called phosphatidylcholine, or lecithin.
Other phospholipids include phosphatidylglycerol, phos-
phatidylinositol, phosphatidylserine, and phosphatidyletha-
nolamine. The fat-soluble portions associate with the fat-
soluble portions of other phospholipids while the water-
soluble regions remain exposed to the surrounding solvent.
The phospholipids of the cell membrane form into a sheet
two molecules thick with the fat-soluble portions inside
shielded on both sides by the water-soluble portions. This
stable structure provides the cell membrane with its integ-
rity.

[0044] The components of liposomes determine the physi-
cal characteristics of the liposome. Liposomes preferably
consist of amphipathic lipid molecules, with phospholipids
being the major component. Most commonly, phosphatidyl-
choline is used as the primary constituent. Other lipids,
including phosphatidylethanolamine, phosphatidylserine,
sphingomyelin, glycolipids and sterols are often added. The
physical characteristics of liposomes depend on pH, ionic
strength and phase transition temperatures. The phase tran-
sition consists of a closely packed, ordered structure, called
as the gel-state, to a loosely packed, less-ordered structure,
known as the fluid state. The phase transition temperature
(T.) depends on the acyl chain length, degree of saturation,
and polar head group. For example, the T of egg phosphati-
dylcholine with a high degree of unsaturation of the acyl
chains and varying chain length is -15° C. However, in a
fully saturated distearoylphosphatidylcholine (DSPC), T, is
over 50° C. Most liposomal formulations contain cholesterol
in order to form a more closely packed bilayer system during
preparation. Cholesterol addition to phosphatidylcholine
changes the melting behavior of the bilayer, as cholesterol
tends to eliminate the phase transition. Cholesterol addition
has a condensing effect on the fluid-state bilayer and
strongly reduces bilayer permeability.

[0045] b. Emulsions

[0046] The present invention can also be employed using
emulsions. Most emulsions can be considered to comprise
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three regions that have different physicochemical properties:
the interior of the droplets, the continuous phase, and the
interface. The molecules in an emulsion distribute them-
selves among these three regions according to their concen-
tration and polarity (Wedzicha, 1988). Nonpolar molecules
tend to be located primarily in the oil phase, polar molecules
in the aqueous phase, and amphiphilic molecules at the
interface. It should be noted that even at equilibrium, there
is a continuous exchange of molecules between the different
regions, which occurs at a rate that depends on the mass
transport of the molecules through the system. Molecules
may also move from one region to another when there is
some alteration in the environmental conditions of an emul-
sion (e.g, a change in temperature or dilution within the
mouth). The location and mass transport of the molecules
within an emulsion have a significant influence on the
aroma, flavor release, texture, and physicochemical stability
of food products (Dickinson and Stainsby, 1982, Wedzicha
et al, 1991, Coupland and McClements, 1996).

[0047] Many properties of emulsions can only be under-
stood with reference to their dynamic nature. The formation
of emulsions by homogenization is a highly dynamic pro-
cess which involves the violent disruption of droplets and
the rapid movement of surface-active molecules from the
bulk liquids to the interfacial region. Even after their for-
mation, the droplets in an emulsion are in continual motion
and frequently collide with one another because of their
Brownian motion, gravity, or applied mechanical forces
(Melik and Fogler, 1988, Dukhin and Sjoblom, 1996). The
continual movement and interactions of droplets cause the
properties of emulsions to evolve over time due to the
various destabilization processes such as change in tempera-
ture or in time.

[0048] Often, the most important properties of emulsion
are determined by the size of the droplets they contain
(Dickinson and Stainsby, 1982, Dickinson, 1992). Conse-
quently, it is important to control, predict and measure, the
size of the droplets in emulsions. If all the droplets in an
emulsion are of the same size, the emulsion is referred to as
monodisperse, but if there is a range of sizes present, the
emulsion is referred to as polydisperse. The size of the
droplets in a monodisperse emulsion can be completely
characterized by a single number, such as the droplet diam-
eter (d) or radius (r). Monodisperse emulsions are sometimes
used for fundamental studies because the interpretation of
experimental measurements is much simpler than that of
polydisperse emulsions. Nevertheless, emulsions by homog-
enization always contain a distribution of droplet sizes, and
so the specification of their droplet size is more complicated
than that of monodisperse systems. Ideally, one would like
to have information about the full particle size distribution
of an emulsion (i.e, the size of each of the droplets in the
system). In many situations, knowledge of the average size
of the droplets and the width of the distribution is sufficient
(Hunter, 1986).

[0049] III. Protein Stabilized Liposomes (PSL)

[0050] The present invention is directed in one important
aspect, to the use of PSL nanoparticle formulations contain-
ing pharmaceutical agents in the treatment of various dis-
eases in humans, including the cell-proliferation disease,
cancer. More particularly, the invention is directed to the use
of novel PSL nanoparticle formulations with reduced tox-
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icity, long-circulating time in the bloodstream and able to
deliver the drug to the target sites such as tumor sites. These
PSL nanoparticle formulations are higher than or substan-
tially equivalent in efficacy to each one of the pharmaceu-
tical agents in its free form, yet generally have low toxicity.
In another aspect, the present invention provides composi-
tions and methods which are useful for the treatment of solid
tumors in a host and which are also useful for increasing the
therapeutic index of each one of the anticancer agents in a
host. The pharmaceutical compositions are PSL nanoparticle
formulations comprising a mixture of egg phosphatidylcho-
line (EPC), hydrogenated soy phosphatidylcholine (HSPC),
phosphatidylethanolamine (PE), phosphatidylglycerol(PG),
phosphatidylinsitol (PI), monosialoganglioside and sphin-
gomyelin (SPM); the derivatized vesicle forming lipids such
as poly(ethylene glycol)-derivatized distearoylphosphati-
dylethanolamine (PEG-DSPE), poly(ethylene glycol)-de-
rivatized ceramides (PEG-CER), distearoylphosphatidyl-
choline (DSPC), dimyristoyl-phosphatidylcholine (DMPC),
dimyristoylphosphatidylglycerol (DMPG), and dipalmi-
toylphosphatidylcholine (DPPC), cholesterol, and proteins.

[0051] Many kinds of lipids may be used to create lipo-
somes. The vesicle forming lipids include: egg phosphati-
dylcholine (EPC), hydrogenated soy phosphatidylcholine
(HSPC), phosphatidylethanolamine (PE), phosphatidylglyc-
erol(PG), phosphatidylinsitol (PI), monosialogangolioside
and spingomyelin (SPM); the derivatized vesicle forming
lipids such as poly(ethylene glycol)-derivatized dis-
tearoylphosphatidylethanolamine (PEG-DSPE) and/or poly-
(ethylene glycol)-derivatized ceramides (PEG-CER); and
cholesterol are dissolved in organic solvents along with one
or more substantially water insoluble pharmaceutical agent.
The phospholipids can be either synthetic or derived from
natural sources such as egg or soy. The phospholipids can be
distearoylphosphatidylcholine (DSPC), dimyristoyl-phos-
phatidylcholine (DMPC), dimyristoylphosphatidylglycerol
(DMPG), and dipalmitoylphosphatidylcholine (DPPC). In
order to make the protein stabilized liposomal nanoparticles,
substantially water insoluble pharmaceutical agent, lipid and
other agents are dissolved in a suitable solvent (e.g., chlo-
roform, methylene chloride, ethyl acetate, ethanol, tetrahy-
drofuran, dioxane, acetonitrile, acetone, dimethyl sulfoxide,
dimethyl formamide, methyl pyrrolidinone, or the like, as
well as mixtures of any two or more thereof). The substan-
tially water insoluble pharmaceutical agent to lipid-protein
weight ratio varies between 0.01 and 1, preferably between
0.1 and 1. Additional solvents contemplated for use in the
practice of the present invention include soybean oil, coco-
nut oil, olive oil, safflower oil, cotton seed oil, sesame oil,
orange oil, limonene oil, C1-C20 alcohols, C2-C20 esters,
C3-C20 ketones, polyethylene glycols, aliphatic hydrocar-
bons, aromatic hydrocarbons, halogenated hydrocarbons
and combinations thereof.

[0052] An emulsion forming protein is preferably used to
generate the PSL. In one embodiment, to generate protein
stabilized liposomal nanoparticles, a protein (e.g., human
serum albumin) is added (into the aqueous phase) to act as
a stabilizing agent or an emulsifier for the formation of
stable nanodroplets. The emulsion forming protein is pref-
erably added at a concentration in the range of about 0.05 to
25% (w/v), more preferably in the range of about 0.5%-5%
(W/v).
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[0053] For the production of the protein stabilized liposo-
mal nanoparticles, an emulsion is preferably formed by
homogenization under high pressure and high shear forces.
Such homogenization is preferably carried out in a high
pressure homogenizer, typically operated at pressures in the
range of about 3,000 up to 30,000 psi. Preferably, such
processes are carried out at pressures in the range of about
6,000 up to 25,000 psi. The resulting emulsion comprises
very small nanodroplets of the nonaqueous solvent contain-
ing the substantially water insoluble pharmaceutical agent,
lipid and other agents. Acceptable methods of homogeniza-
tion include processes imparting high shear and cavitation
such as high pressure homogenization, high shear mixers,
sonication, high shear impellers, and the like.

[0054] Finally, the solvent is preferably evaporated under
reduced pressure to yield a colloidal system composed of
protein stabilized liposomal nanoparticles of substantially
water insoluble pharmaceutical agent in liposome and pro-
tein. Acceptable methods of evaporation include the use of
rotary evaporators, falling film evaporators, spray driers,
freeze driers, and the like. Following evaporation of solvent,
the liquid suspension may be dried to obtain a powder
containing the pharmacologically active agent and protein.
The resulting powder can be redispersed at any convenient
time into a suitable aqueous medium such as saline, buffered
saline, water, buffered aqueous media, solutions of amino
acids, solutions of vitamins, solutions of carbohydrates, or
the like, as well as combinations of any two or more thereof,
to obtain a suspension that can be administered to mammals.
Methods contemplated for obtaining this powder include
freeze-drying, spray drying, and the like.

[0055] 1In accordance with a specific embodiment of the
present invention, there is provided a method for the for-
mation of unusually small submicron liposomal particles
containing a substantially water insoluble pharmaceutical
agent, i.e., particles which are less than 200 nanometers in
diameter. Such particles are capable of being sterile-filtered
before use in the form of a liquid suspension. The ability to
sterile-filter the end product of the invention formulation
process (i.e., the substantially water insoluble pharmaceuti-
cal agent particles) is of great importance since it is impos-
sible to sterilize dispersions which contain high concentra-
tions of protein (e.g., serum albumin) by conventional
means such as autoclaving.

[0056] Sterile-filterable protein stabilized liposomal par-
ticles of substantially water insoluble pharmaceutical agents
(i.e., particles <200 nm) are preferably formed by dissolving
the substantially water insoluble pharmaceutical agent, lip-
ids, and other agents in a substantially water immiscible
organic solvent (e.g., a solvent having less than about 5%
solubility in water, such as, for example, chloroform) at a
high concentration, thereby forming an oil phase containing
the substantially water insoluble pharmaceutical agent, lip-
ids and other agents. Preferred solvents are set forth herein.
Next, a water miscible organic solvent (e.g., a solvent having
greater than about 10% solubility in water, such as, for
example, ethanol) is added to the oil phase at a final
concentration in the range of about 1%-99% v/v, more
preferably in the range of about 5%-25% v/v of the total
organic phase. The water miscible organic solvent can be
selected from such solvents as ethyl acetate, ethanol, tet-
rahydrofuran, dioxane, acetonitrile, acetone, dimethyl sul-
foxide, dimethyl formamide, methyl pyrrolidinone, and the
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like. Alternatively, the mixture of water immiscible solvent
with the water miscible solvent is prepared first, followed by
dissolution of the substantially water insoluble pharmaceu-
tical agent, lipids and other agents in the mixture.

[0057] In the next stage, human serum albumin or any
other suitable stabilizing agent as described above is pref-
erably dissolved in aqueous media. This component acts as
a stabilizing agent for the formation of stable nanodroplets.
Optionally, a sufficient amount of the first organic solvent
(e.g. chloroform) is dissolved in the aqueous phase to bring
it close to the saturation concentration. A separate, measured
amount of the organic phase (which now contains the
substantially water insoluble pharmaceutical agents, the first
organic solvent and the second organic solvent) is added to
the saturated aqueous phase, so that the phase fraction of the
organic phase is between about 0.5%-015% v/v, and more
preferably between 1% and 8% v/v. Next, a mixture com-
posed of micro and nanodroplets is preferably formed by
homogenization at low shear forces. This can be accom-
plished in a variety of ways, as can readily be identified by
those of skill in the art, employing, for example, a conven-
tional laboratory homogenizer operated in the range of about
2,000 up to about 15,000 rpm. This is preferably followed by
homogenization under high pressure (i.e., in the range of
about 3,000 up to 30,000 psi). The resulting mixture com-
prises an aqueous protein solution (e.g., human serum albu-
min), the substantially water insoluble pharmaceutical
agent, lipids, other agents, the first solvent and the second
solvent. Finally, the solvent is preferably rapidly evaporated
under vacuum to yield a colloidal dispersion system (lipo-
somal substantially water insoluble pharmaceutical agent
and protein) in the form of extremely small nanoparticles
(i.e., particles in the range of about 50 nm-200 nm diameter),
and thus can be sterile-filtered. The preferred size range of
the particles is between about 50 nm-170 nm, depending on
the formulation and operational parameters.

[0058] The protein stabilized liposomal nanoparticles pre-
pared in accordance with the present invention may be
further converted into powder form by removal of the water
therefrom, e.g., by lyophilization at a suitable temperature-
time profile. The protein (e.g., human serum albumin) itself
acts as a cryoprotectant, and the powder can easily be
reconstituted by addition of water, saline or buffer, without
the need to use such conventional cryoprotectants as man-
nitol, sucrose, glycine, and the like. While not required, it is
of course understood that conventional cryoprotectants may
be added to invention formulations if so desired. The lipo-
somal shell containing the substantially water insoluble
pharmaceutical agent allows for the delivery of high doses
of the pharmacologically active agent in relatively small
volumes.

[0059] According to this embodiment of the present inven-
tion, the liposome containing substantially water insoluble
pharmaceutical agent preferably has a cross-sectional diam-
eter of no greater than about 10 microns. A cross-sectional
diameter of less than 5 microns is more preferred, while a
cross-sectional diameter of less than 1 micron is presently
the most preferred for the intravenous route of administra-
tion.

[0060] Proteins contemplated for use as stabilizing agents
and/or emulsion forming proteins in accordance with the
present invention include albumins (which contain 35 cys-
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teine residues), immunoglobulins, caseins, insulins (which
contain 6 cysteines), hemoglobins (which contain 6 cysteine
residues per o2 P2 unit), lysozymes (which contain 8
cysteine residues), immunoglobulins, a-2-macroglobulin,
fibronectins, vitronectins, fibrinogens, lipases, and the like.
Proteins, peptides, enzymes, antibodies and combinations
thereof, are general classes of stabilizers contemplated for
use in the present invention. A presently preferred protein for
use is albumin. Specific antibodies may also be utilized to
target the nanoparticles to specific locations.

[0061] In the preparation of invention compositions, a
wide variety of organic media can be employed to suspend
or dissolve the substantially water insoluble substantially
water insoluble pharmaceutical agents. Organic media con-
templated for use in the practice of the present invention
include any nonaqueous liquid that is capable of suspending
or dissolving the pharmacologically active agent, but does
not chemically react with either the polymer employed to
produce the shell, or the pharmacologically active agent
itself. Examples include vegetable oils (e.g., soybean oil,
olive oil, and the like), coconut oil, safflower oil, cotton seed
oil, sesame oil, orange oil, limonene oil, aliphatic,
cycloaliphatic, or aromatic hydrocarbons having 4-30 car-
bon atoms (e.g., n-dodecane, n-decane, n-hexane, cyclohex-
ane, toluene, benzene, and the like), aliphatic or aromatic
alcohols having 2-30 carbon atoms (e.g., octanol, and the
like), aliphatic or aromatic esters having 2-30 carbon atoms
(e.g., ethyl caprylate (octanoate), and the like), alkyl, aryl, or
cyclic ethers having 2-30 carbon atoms (e.g., diethyl ether,
tetrahydrofuran, and the like), alkyl or aryl halides having
1-30 carbon atoms (and optionally more than one halogen
substituent, e.g., CH;Cl, CH,Cl,, CH,Cl-—CH,CI, and the
like), ketones having 3-30 carbon atoms (e.g., acetone,
methyl ethyl ketone, and the like), polyalkylene glycols
(e.g., polyethylene glycol, and the like), or combinations of
any two or more thereof.

[0062] Especially preferred combinations of organic
media contemplated for use in the practice of the present
invention typically have a boiling point of no greater than
about 200° C., and include volatile liquids such as dichlo-
romethane, chloroform, ethyl acetate, benzene, and the like
(i.e., solvents that have a high degree of solubility for the
pharmacologically active agent, and are soluble in the other
organic medium employed), along with a higher molecular
weight (less volatile) organic medium. When added to the
other organic medium, these volatile additives help to drive
the solubility of the pharmacologically active agent into the
organic medium. This is desirable since this step is usually
time consuming. Following dissolution, the volatile compo-
nent may be removed by evaporation (optionally under
vacuum).

[0063] The liposomes containing substantially water
insoluble pharmaceutical agent stabilized with protein, pre-
pared as described above, are delivered as a suspension in a
biocompatible aqueous liquid. This liquid may be selected
from water, saline, a solution containing appropriate buffers,
a solution containing nutritional agents such as amino acids,
sugars, proteins, carbohydrates, vitamins or fat, and the like.

[0064] For increasing the long-term storage stability, the
PSL nanoparticle formulations may be frozen and lyo-
philized in the presence of one or more protective agents
such as sucrose, mannitol, trehalose or the like. Upon
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rehydration of the lyophilized PSL nanoparticle formula-
tions, the suspension retains essentially all the substantially
water insoluble pharmaceutical agent previously loaded and
the particle size. The rehydration is accomplished by simply
adding purified or sterile water or 0.9% sodium chloride
injection or 5% dextrose solution followed by gentle swirl-
ing of the suspension. The potency of the substantially water
insoluble pharmaceutical agent in a PSL nanoparticle for-
mulation is not lost after lyophilization and reconstitution.

[0065] The PSL nanoparticle formulation of the present
invention is shown to be less toxic than the substantially
water insoluble pharmaceutical agent administered in its free
form. In the present invention, efficacy of PSL nanoparticle
formulations of the present invention with varying lipid
compositions, particle size, and substantially water insoluble
pharmaceutical agent to lipid-protein ratio have been inves-
tigated on various systems such as human cell lines and
animal models for cell proliferative activities. Furthermore,
effects of PSL nanoparticle formulations and various sub-
stantially water insoluble pharmaceutical agents in their free
form on the body weight of mice with different sarcomas and
healthy mice without tumor have been investigated. Effects
of PSL nanoparticle formulations and various substantially
water insoluble pharmaceutical agents in their free form on
the DNA fragmentation in different normal and tumor cells
are investigated. These examples are not intended, however,
to limit or restrict the scope of the present invention in any
way and should not be construed as providing conditions,
parameters, reagents, or starting materials which must be
utilized exclusively in order to practice the art of the present
invention.

[0066] The following examples are included to demon-
strate preferred embodiments of the invention. It should be
appreciated by those of skill in the art that the techniques
disclosed in the examples which follow represent techniques
discovered by the inventor to function well in the practice of
the invention, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in
the art should, in light of the present disclosure, appreciate
that many changes can be made in the specific embodiments
which are disclosed and still obtain a like or similar result
without departing from the spirit and scope of the invention.

EXAMPLE 1

Preparation of PSL-Proscillaridin-A

[0067] A lipid mixture containing DSPC:cholester-
ol:PEG2000-DSPE (Northern Lipids Ltd, Canada) in a
molar ratio of about 55:40:5 was dissolved in a chloro-
form:ethanol mixture. For example, 600 mg of DSPC, 208
mg cholesterol and 100 mg PEG2000-DSPE were dissolved
in 6 mL of chloroform: and 0.7 mL of ethanol (9.0:1.0
vol/vol) mixture. 70 mg of Proscillaridin-A (Sigma-Aldrich
Co, USA) was added to the above chloroform-ethanol
solution and shaken until it was dissolved. A 4% human
albumin solution was prepared by dissolving 2 gm of human
albumin (Sigma-Aldrich Co, USA) in 50 mL of sterile Type
I water. The pH of the human albumin solution was adjusted
to 6.5-6.7 by adding either 1IN hydrochloric acid or 1IN
sodium hydroxide solution in sterile water. The above
organic solution was added to the albumin phase and the
mixture was pre-homogenized with IKA homogenizer at
6000-10000 RPM (IKA Works, Germany). The resulting
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emulsion was subjected to high-pressure homogenization
(Avestin Inc, USA). The pressure was varied between
20,000 and 30,000 psi and the emulsification process was
continued for 3-6 passes. During homogenization the emul-
sion was cooled between 2-5° C. by circulating the coolant
through the homogenizer from a temperature controlled heat
exchanger (Julabo, USA). This resulted in a homogeneous
and extremely fine oil-in-water emulsion. The emulsion was
then transferred to a rotary evaporator (Buchi, Switzerland)
and rapidly evaporated to a nanoparticle suspension. The
evaporator pressure was set during the evaporation by a
diaphram vacuum pump (Laboport) at 10-50 mm Hg and the
bath temperature during evaporation was set at 50° C.

[0068] The particle size of the suspension was determined
by photon correlation spectroscopy with a Malvern Zeta-
sizer. The cryoprotectant Trehalose dihydrate (Sigma-Ald-
rich Co, USA) was added to the suspension so that the
concentration of Trahalose dihydrate in the suspension was
in the range of 4-9% by weight. The suspension was
sterile-filtered through a 0.22 pum filter (Nalgene, USA). The
particle size of the suspension was between 30 and 220 nm.
The suspension was frozen below —40° C. and lyophilized.
The lyophilized cake was reconstituted prior to further use.
The particle size did not change appreciably following
lyophilization and reconstitution.

[0069] The above method has also been used for preparing
PSL-nanoparticle formulations containing other cardiac gly-
cosides oleandrin, odoroside-A, neriifolin and digitoxin.

EXAMPLE 2

Preparation of PSL-N-Pentanoyl-deacetyl-colchicine

[0070] A lipid mixture containing DSPC:cholester-
0ol:PEG2000-DSPE  (Northern Lipids Ltd, Canada) in a
molar ratio of about 55:40:5 was dissolved in a chloro-
form:ethanol (about 8.5:1.5 vol/vol) mixture. For example,
600 mg of DSPC, 270 mg cholesterol and 100 mg PEG2000-
DSPE were dissolved in 6 mL of chloroform and 0.7 mL of
ethanol (9.0:1.0 vol/vol) mixture. 70 mg of N-Pentanoyl-
deacetyl-colchicine (Synthesized from colchicine using
known procedure, structure in FIG. 1) was added to the
above chloroform-ethanol solution and shaken until it was
dissolved. A 4% human albumin solution was prepared by
dissolving 2 gm of human albumin (Sigma-Aldrich Co,
USA) in 50 mL of sterile Type I water. The pH of the human
albumin solution was adjusted to 6.5-6.7 by adding either
IN hydrochloric acid or 1IN sodium hydroxide solution in
sterile water. The above organic solution was added to the
albumin phase and the mixture was pre-homogenized with
an IKA homogenizer at 6000-10000 RPM (IKA Works,
Germany).

[0071] The resulting emulsion was subjected to high-
pressure homogenization (Avestin Inc, USA). The pressure
was varied between 20,000 and 30,000 psi and the emulsi-
fication process was continued for 3-6 passes. During
homogenization the emulsion was cooled between 2-5° C.
by circulating the coolant through the homogenizer from a
temperature controlled heat exchanger (Julabo, USA). This
resulted in a homogeneous and extremely fine oil-in-water
emulsion. The emulsion was then transferred to a rotary
evaporator (Buchi, Switzerland) and rapidly evaporated to a
nanoparticle suspension. The evaporator pressure was set
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during the evaporation by a diaphram vacuum pump
(Laboport) at 10-50 mm Hg and the bath temperature during
evaporation was set at 50° C.

[0072] The particle size of the suspension was determined
by photon correlation spectroscopy with a Malvern Zeta-
sizer. The cryoprotectant Trehalose dihydrate (Sigma-Ald-
rich Co, USA) was added to the suspension so that the
concentration of Trahalose dihydrate in the suspension was
in the range of 4-9% by weight. The suspension was
sterile-filtered through a 0.22 um filter (Nalgene, USA). The
particle size of the suspension was between 30 and 220 nm.
The suspension was frozen below —40° C. and lyophilized.
The lyophilized cake was reconstituted prior to further use.
The particle size did not change appreciably following
lyophilization and reconstitution.

[0073] In a similar manner, the above method has also
been used for preparing PSL-nanoparticle formulations con-
taining other colchicine derivatives N-(1-Adamantanecar-
boxyl)-deacetyl-colchicine and  N-(cyclohexylacetyl)-
deacetyl-colchicine.

EXAMPLE 3

Preparation of PSL-Paclitaxel

[0074] A lipid mixture containing DSPC:cholester-
ol:PEG2000-DSPE (Northern Lipids Ltd, Canada) in a
molar ratio of about 55:40:5 was dissolved in a chloro-
form:ethanol (about 8.5.:1.5 vol/vol) mixture. For example,
600 mg of DSPC, 270 mg cholesterol and 100 mg PEG2000-
DSPE were dissolved in 6 mL of chloroform and 0.7 mL of
ethanol (9.0:1.0 vol/vol) mixture. 100 mg of Paclitaxel
(obtained from China) was added to the above chloroform-
ethanol solution and shaken until it was dissolved. A 4%
human albumin solution was prepared by dissolving 2 gm of
human albumin (Sigma-Aldrich Co, USA) in 50 mL of
sterile Type I water. The pH of the human albumin solution
was adjusted to 6.5-6.7 by adding either 1N hydrochloric
acid or 1N sodium hydroxide solution in sterile water. The
above organic solution was added to the albumin phase and
the mixture was pre-homogenized with a IKA homogenizer
at 6000-10000 RPM (IKA Works, Germany). The resulting
emulsion was subjected to high-pressure homogenization
(Avestin Inc, USA). The pressure was varied between
20,000 and 30,000 psi and the emulsification process was
continued for 3-6 passes. During homogenization the emul-
sion was cooled between 2-5° C. by circulating the coolant
through the homogenizer from a temperature controlled heat
exchanger (Julabo, USA). This resulted in a homogeneous
and extremely fine oil-in-water emulsion. The emulsion was
then transferred to a rotary evaporator (Buchi, Switzerland)
and rapidly evaporated to a nanoparticle suspension. The
evaporator pressure was set during the evaporation by a
diaphram vacuum pump (Laboport) at 10-50 mm Hg and the
bath temperature during evaporation was set at 50° C.

[0075] The particle size of the suspension was determined
by photon correlation spectroscopy with a Malvern Zeta-
sizer. The cryoprotectant Trehalose dihydrate (Sigma-Ald-
rich Co, USA) was added to the suspension so that the
concentration of Trahalose dihydrate in the suspension was
in the range of 4-9% by weight. The suspension was
sterile-filtered through a 0.22 um filter (Nalgene, USA). The
particle size of the suspension was between 30 and 220 nm.
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The suspension was frozen below —40° C. and lyophilized.
The lyophilized cake was reconstituted prior to further use.
The particle size did not change appreciably following
lyophilization and reconstitution.

EXAMPLE 4

Preparation of PSL-Cyclosporine

[0076] A lipid mixture containing DSPC:cholester-
0ol:PEG2000-DSPE  (Northern Lipids Ltd, Canada) in a
molar ratio of about 55:40:5 was dissolved in a chloro-
form:ethanol (about 8.5.:1.5 vol/vol) mixture. For example,
600 mg of DSPC, 270 mg cholesterol and 100 mg PEG2000-
DSPE were dissolved in 6 mL of chloroform and 0.7 mL of
ethanol (9.0:1.0 vol/vol) mixture. 100 mg of Cyclosporine
(obtained from China) was added to the above chloroform-
ethanol solution and shaken until it was dissolved. A 4%
human albumin solution was prepared by dissolving 2 gm of
human albumin (Sigma-Aldrich Co, USA) in 50 mL of
sterile Type 1 water. The pH of the human albumin solution
was adjusted to 6.5-6.7 by adding either 1N hydrochloric
acid or 1IN sodium hydroxide solution in sterile water. The
above organic solution was added to the albumin phase and
the mixture was pre-homogenized with a IKA homogenizer
at 6000-10000 RPM (IKA Works, Germany). The resulting
emulsion was subjected to high-pressure homogenization
(Avestin Inc, USA). The pressure was varied between
20,000 and 30,000 psi and the emulsification process was
continued for 3-6 passes. During homogenization the emul-
sion was cooled between 2-5° C. by circulating the coolant
through the homogenizer from a temperature controlled heat
exchanger (Julabo, USA). This resulted in a homogeneous
and extremely fine oil-in-water emulsion. The emulsion was
then transferred to a rotary evaporator (Buchi, Switzerland)
and rapidly evaporated to a nanoparticle suspension. The
evaporator pressure was set during the evaporation by a
diaphram vacuum pump (Laboport) at 10-50 mm Hg and the
bath temperature during evaporation was set at 50° C.

[0077] The particle size of the suspension was determined
by photon correlation spectroscopy with a Malvern Zeta-
sizer. The cryoprotectant Trehalose dihydrate (Sigma-Ald-
rich Co, USA) was added to the suspension so that the
concentration of Trahalose dihydrate in the suspension was
in the range of 4-9% by weight. The suspension was
sterile-filtered through a 0.22 pum filter (Nalgene, USA). The
particle size of the suspension was between 30 and 220 nm.
The suspension was frozen below —40° C. and lyophilized.
The lyophilized cake was reconstituted prior to further use.
The particle size did not change appreciably following
lyophilization and reconstitution.

EXAMPLE 5

Preparation of PSL-Vinblastine

[0078] A lipid mixture containing DSPC:cholester-
0ol:PEG2000-DSPE  (Northern Lipids Ltd, Canada) in a
molar ratio of about 55:40:5 was dissolved in a chloro-
form:ethanol (about 8.5.:1.5 vol/vol) mixture. For example,
600 mg of DSPC, 270 mg cholesterol and 100 mg PEG2000-
DSPE were dissolved in 6 mL of chloroform and 0.7 mL of
ethanol (9.0:1.0 vol/vol) mixture. 100 mg of Vinblastine
(obtained from China) was added to the above chloroform-
ethanol solution and shaken until it was dissolved. A 4%
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human albumin solution was prepared by dissolving 2 gm of
human albumin (Sigma-Aldrich Co, USA) in 50 mL of
sterile Type I water. The pH of the human albumin solution
was adjusted to 6.5-6.7 by adding either 1N hydrochloric
acid or 1N sodium hydroxide solution in sterile water. The
above organic solution was added to the albumin phase and
the mixture was pre-homogenized with a IKA homogenizer
at 6000-10000 RPM (IKA Works, Germany). The resulting
emulsion was subjected to high-pressure homogenization
(Avestin Inc, USA). The pressure was varied between
20,000 and 30,000 psi and the emulsification process was
continued for 3-6 passes. During homogenization the emul-
sion was cooled between 2-5° C. by circulating the coolant
through the homogenizer from a temperature controlled heat
exchanger (Julabo, USA). This resulted in a homogeneous
and extremely fine oil-in-water emulsion. The emulsion was
then transferred to a rotary evaporator (Buchi, Switzerland)
and rapidly evaporated to a nanoparticle suspension. The
evaporator pressure was set during the evaporation by a
diaphram vacuum pump (Laboport) at 10-50 mm Hg and the
bath temperature during evaporation was set at 50° C.

[0079] The particle size of the suspension was determined
by photon correlation spectroscopy with a Malvern Zeta-
sizer. The cryoprotectant Trehalose dihydrate (Sigma-Ald-
rich Co, USA) was added to the suspension so that the
concentration of Trahalose dihydrate in the suspension was
in the range of 4-9% by weight. The suspension was
sterile-filtered through a 0.22 um filter (Nalgene, USA). The
particle size of the suspension was between 30 and 220 nm.
The suspension was frozen below —40° C. and lyophilized.
The lyophilized cake was reconstituted prior to further use.
The particle size did not change appreciably following
lyophilization and reconstitution.

EXAMPLE 6

Preparation of
PSL.-7-Ethyl-10-Hydroxy-Camptothecin (SN-38)

[0080] A lipid mixture containing DSPC:cholester-
ol:PEG2000-DSPE (Northern Lipids Ltd, Canada) in a
molar ratio of about 55:40:5 was dissolved in chloroform.
For example, 600 mg of DSPC, 230 mg cholesterol and 100
mg PEG2000-DSPE were dissolved in 6 mL of chloroform.
25 mg of 7-Ethyl-10-Hydroxy-Camptothecin (SN-38)
(Abatra Corporation, China) was dissolved in 1.0 mL of
Dimethyl Sulfoxide and the solution was added to the above
chloroform solution and shaken until it was dissolved. A 4%
human albumin solution was prepared by dissolving 2 gm of
human albumin (Sigma-Aldrich Co, USA) in 50 mL of
sterile Type I water. The pH of the human albumin solution
was adjusted to 6.5-6.7 by adding either 1N hydrochloric
acid or 1N sodium hydroxide solution in sterile water. The
above organic solution was added to the albumin phase and
the mixture was pre-homogenized with a IKA homogenizer
at 6000-10000 RPM (IKA Works, Germany). The resulting
emulsion was subjected to high-pressure homogenization
(Avestin Inc, USA). The pressure was varied between
20,000 and 30,000 psi and the emulsification process was
continued for 3-6 passes. During homogenization the emul-
sion was cooled between 2-5° C. by circulating the coolant
through the homogenizer from a temperature controlled heat
exchanger (Julabo, USA). This resulted in a homogeneous
and extremely fine oil-in-water emulsion. The emulsion was
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then transferred to a rotary evaporator (Buchi, Switzerland)
and rapidly evaporated to a nanoparticle suspension. The
evaporator pressure was set during the evaporation by a
diaphram vacuum pump (Laboport) at 10-50 mm Hg and the
bath temperature during evaporation was set at 50° C.

[0081] The particle size of the suspension was determined
by photon correlation spectroscopy with a Malvern Zeta-
sizer. The cryoprotectant Trehalose dihydrate (Sigma-Ald-
rich Co, USA) was added to the suspension so that the
concentration of Trahalose dihydrate in the suspension was
in the range of 4-9% by weight. The suspension was
sterile-filtered through a 0.22 pum filter (Nalgene, USA). The
particle size of the suspension was between 30 and 220 nm.
The suspension was frozen below —40° C. and lyophilized.
The lyophilized cake was reconstituted prior to further use.
The particle size did not change appreciably following
lyophilization and reconstitution.

EXAMPLE 7

Preparation of PSL-Dihydro-Artemisinin

[0082] A lipid mixture containing DSPC:cholester-
0ol:PEG2000-DSPE  (Northern Lipids Ltd, Canada) in a
molar ratio of about 55:40:5 was dissolved in a chloro-
form:ethanol (about 8.5.:1.5 vol/vol) mixture. For example,
600 mg of DSPC, 270 mg cholesterol and 100 mg PEG2000-
DSPE were dissolved in 6 mL of chloroform and 0.7 mL of
ethanol (9.0:1.0 vol/vol) mixture. 100 mg of Dihydro-
Artemisinin (obtained from China) was added to the above
chloroform-ethanol solution and shaken until it was dis-
solved. A 4% human albumin solution was prepared by
dissolving 2 gin of human albumin (Sigma-Aldrich Co,
USA) in 50 mL of sterile Type I water. The pH of the human
albumin solution was adjusted to 6.5-6.7 by adding either
IN hydrochloric acid or 1IN sodium hydroxide solution in
sterile water. The above organic solution was added to the
albumin phase and the mixture was pre-homogenized with a
IKA homogenizer at 6000-10000 RPM (IKA Works, Ger-
many). The resulting emulsion was subjected to high-pres-
sure homogenization (Avestin Inc, USA). The pressure was
varied between 20,000 and 30,000 psi and the emulsification
process was continued for 3-6 passes. During homogeniza-
tion the emulsion was cooled between 2-5° C. by circulating
the coolant through the homogenizer from a temperature
controlled heat exchanger (Julabo, USA). This resulted in a
homogeneous and extremely fine oil-in-water emulsion. The
emulsion was then transferred to a rotary evaporator (Buchi,
Switzerland) and rapidly evaporated to a nanoparticle sus-
pension. The evaporator pressure was set during the evapo-
ration by a diaphram vacuum pump (Laboport) at 10-50 mm
Hg and the bath temperature during evaporation was set at
50° C.

[0083] The particle size of the suspension was determined
by photon correlation spectroscopy with a Malvern Zeta-
sizer. The cryoprotectant Trehalose dihydrate (Sigma-Ald-
rich Co, USA) was added to the suspension so that the
concentration of Trahalose dihydrate in the suspension was
in the range of 4-9% by weight. The suspension was
sterile-filtered through a 0.22 pum filter (Nalgene, USA). The
particle size of the suspension was between 30 and 220 nm.
The suspension was frozen below —40° C. and lyophilized.
The lyophilized cake was reconstituted prior to further use.
The particle size did not change appreciably following
lyophilization and reconstitution.
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EXAMPLE 8

Preparation of PSL-Podophyllotoxin

[0084] A lipid mixture containing DSPC:cholester-
ol:PEG2000-DSPE (Northern Lipids Ltd, Canada) in a
molar ratio of about 55:40:5 was dissolved in a chloro-
form:ethanol (about 8.5.:1.5 vol/vol) mixture. For example,
600 mg of DSPC, 270 mg cholesterol and 100 mg PEG2000-
DSPE were dissolved in 6 mL of chloroform and 0.7 mL of
ethanol (9.0:1.0 vol/vol) mixture. 100 mg of Podophyllo-
toxin (obtained from India) was added to the above chloro-
form-ethanol solution and shaken until it was dissolved. A
4% human albumin solution was prepared by dissolving 2
gm of human albumin (Sigma-Aldrich Co, USA) in 50 mL
of sterile Type I water. The pH of the human albumin
solution was adjusted to 6.5-6.7 by adding either 1N hydro-
chloric acid or 1N sodium hydroxide solution in sterile
water. The above organic solution was added to the albumin
phase and the mixture was pre-homogenized with a IKA
homogenizer at 6000-10000 RPM (IKA Works, Germany).
The resulting emulsion was subjected to high-pressure
homogenization (Avestin Inc, USA). The pressure was var-
ied between 20,000 and 30,000 psi and the emulsification
process was continued for 3-6 passes. During homogeniza-
tion the emulsion was cooled between 2-5° C. by circulating
the coolant through the homogenizer from a temperature
controlled heat exchanger (Julabo, USA). This resulted in a
homogeneous and extremely fine oil-in-water emulsion. The
emulsion was then transferred to a rotary evaporator (Buchi,
Switzerland) and rapidly evaporated to a nanoparticle sus-
pension. The evaporator pressure was set during the evapo-
ration by a diaphram vacuum pump (Laboport) at 10-50 mm
Hg and the bath temperature during evaporation was set at
50° C.

[0085] The particle size of the suspension was determined
by photon correlation spectroscopy with a Malvern Zeta-
sizer. The cryoprotectant Trehalose dihydrate (Sigma-Ald-
rich Co, USA) was added to the suspension so that the
concentration of Trahalose dihydrate in the suspension was
in the range of 4-9% by weight. The suspension was
sterile-filtered through a 0.22 um filter (Nalgene, USA). The
particle size of the suspension was between 30 and 220 nm.
The suspension was frozen below —40° C. and lyophilized.
The lyophilized cake was reconstituted prior to further use.
The particle size did not change appreciably following
lyophilization and reconstitution.

EXAMPLE 9

Preparation of PSL-Proscillaridin-A

[0086] Lipid mixtures (Egg sphingomyelin:Phosphatidyl-
choline:cholesterol: PEG2000-DSPE=1:1:1:0.02 molar
ratio) were dissolved in a chloroform:ethanol (9.5:0.5 vol/
vol) mixture as in Example 1. 100 mg of Proscillaridin-A
was added to the above solution, resulting in a drug to lipid
ratio of about 1:10 (wt/wt). The above procedure described
in Example 1 was employed to prepare PSL-Proscillaridin-
A. The particle size of the suspension before lyophilization
and after reconstitution was between 50 and 220 nm.

EXAMPLE 10

Preparation of PSL-Proscillaridin-A

[0087] The above procedure described in Example 1 was
employed to prepare PSL-Proscillaridin-A. However,
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instead of the lipid, PEG2000-DSPE, PEG2000-ceramide
was used. The particle size of the suspension before lyo-
philization and after reconstitution was between 50 and 220
nm.

EXAMPLE 11

Preparation of PSL-Podophyllotoxin

[0088] The above procedure described in Example 8 was
employed to prepare PSL-Podophyllotoxin. Lipid mixtures
(Distearylphosphatidylcholine:cholesterol: PEG2000-cera-
mide=1.5:1:0.02 molar ratio) were dissolved in a chloro-
form:ethanol (8:2 vol/vol) mixture. The particle size of the
suspension before lyophilization and after reconstitution
was between 50 and 220 nm.

EXAMPLE 12

Preparation of PSL-Digitoxin

[0089] The above procedure described in Example 1 was
used for the preparation of PSL-Digitoxin. Lipid mixtures
(Distearylphosphatidylcholine:cholesterol=2:1 molar ratio)
were dissolved in a chloroform:ethanol (8:2 vol/vol) mixture
or in chloroform or dicloromethane. The particle size of the
suspension before lyophilization and after reconstitution
was between 50 and 220 nm.

EXAMPLE 13

Preparation of PSL-Oleandrin

[0090] The above procedure described in Example 1 was
employed to prepare PSL-Oleandrin. Lipid mixtures (egg
phosphatidylcholine:cholesterol=55:45 molar ratio) were
dissolved in a chloroform:ethanol (8:2 vol/vol) mixture or in
chloroform or dicloromethane. The particle size of the
suspension before lyophilization and after reconstitution
was between 50 and 220 nm.

EXAMPLE 14

Preparation of PSL-Paclitaxel

[0091] The above procedure described in Example 4 was
employed to prepare PSL-Paclitaxel. Lipid mixtures (1,2-
di(2,4-Tetradecadienoyl)-3-phosphatidylcholine:choles-
terol=2:1 molar ratio) were dissolved in a chloroform:etha-
nol (8:2 wvol/vol) mixture or in chloroform or
dicloromethane. The particle size of the suspension before
lyophilization and after reconstitution was between 50 and
220 nm.

EXAMPLE 15

Preparation of PSL-Proscillaridin-A

[0092] The above procedure described in Example 1 was
employed to prepare PSL-Proscillaridin-A. However,
instead of the lipid, DSPC, egg phospholipid was used. The
particle size of the suspension before lyophilization and after
reconstitution was between 50 and 220 nm.

EXAMPLE 16

Preparation of PSL-Podophyllotoxin

[0093] The above procedure described in Example 9 was
employed to PSL-Podophyllotoxin. However instead of the
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lipid, DSPC, partially hydrogenated phosphatidylcholine
was used. The particle size of the suspension before lyo-
philization and after reconstitution was between 50 and 220
nm.

[0094] All of the COMPOSITIONS and METHODS dis-
closed and claimed herein can be made and executed with-
out undue experimentation in light of the present disclosure.
While the compositions and methods of this invention have
been described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be
applied to the COMPOSITIONS and METHODS and in the
steps or in the sequence of steps of the method described
herein without departing from the concept, spirit and scope
of the invention. More specifically, it will be apparent that
certain agents which are both chemically and physiologi-
cally related may be substituted for the agents described
herein while the same or similar results would be achieved.
All such similar substitutes and modifications apparent to
those skilled in the art are deemed to be within the spirit,
scope and concept of the invention as defined by the
appended claims.
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1.-37. (canceled)

38. A protein-stabilized lipid nanoparticle formulation
comprising at least one lipophilic pharmaceutical agent, one
or more phospholipids and one or more emulsion-forming
proteins, wherein the formulation includes liposomal nano-
particles having sizes below 400 nm and emulsion-forming
protein adsorbed onto their surfaces.

39. The formulation of claim 38, wherein the nanoparticle
formulation further includes cholesterol.

40. The formulation of claim 38, wherein the nanoparticle
formulation includes a PEG-phospholipid.

41. The formulation of claim 40, wherein said PEG-
phospholipid comprises poly(ethylene glycol)-derivatized
distearoylphosphatidylethanolamine (PEG-DSPE) and/or
poly(ethylene glycol)-derivatized ceramides (PEG-CER)

42. The formulation of claim 38, wherein the lipophilic
pharmaceutical agent is further identified as a substantially
water insoluble pharmaceutical agent.

43. The formulation of claim 38, wherein said emulsion
forming protein comprises an albumin, immunoglobulin,
casein, insulin, hemoglobin, lysozyme, immunoglobulin,
a-2-macroglobulin, fibronectin, vitronectin, fibrinogen,
lipase, or enzyme.

44. The formulation of claim 43, wherein the emulsion
forming protein is an albumin.

45. The formulation of claim 38, wherein the nanoparticle
formulation is lyophilized to provide a powder suitable for
reconstitution in an aqueous suspension.

46. The formulation of claim 38, wherein the pharmaceu-
tical agent comprises a cardiovascular drug, respiratory
drug, sympathomimetic drug, cholinomimetic drug, adren-
ergic or adrenergic neuron blocking drug, analgesic/anti-
pyretic, anesthetic, antiasthamatic, antibiotic, antidepres-
sant, antidiabetic, antifungal agent, antihypertensive agent,
anti-inflammatory, antineoplastic, antianxiety agent, immu-
nosuppressive agent, antimigraine agent, sedatives/hyp-
notic, antianginal agent, antipsychotic agent, antimanic
agent, antiarrhythmic, antiarthritic agent, antigout agent,
anticoagulant, thrombolytic agent, antifibrinolytic agent,
hemorheologic agent, antiplatelet agent, anticonvulsant,
antiparkinson agent, antihistamine/antipruritic, agent useful
for calcium regulation, antibacterial agent, antiviral agent,
antimicrobial, anti-infective, bronchodialator, hormone,
hypoglycemic agent, hypolipidemic agent, protein, nucleic
acid, agent useful for erythropoiesis stimulation, antiulcer/
antireflux agent, antinauseant/antiemetic, oil-soluble vita-
min, mitotane, visadine, halonitrosourea, anthrocycline or
ellipticine.

47. The formulation of claim 46, wherein the pharmaceu-
tical agent is Proscillaridin-A, oleandrin, digitoxin, digoxin,
odoroside-A, colchicine, colchicine derivatives, ara-C
derivatives, diphyllin, justicidin-A, diphyllin derivatives,
cleistanthin A, chloroquine, amphotericin B, paclitaxel, doc-
etaxel, cyclosporine, camptothecin, 7-ethyl-10-hydroxy-
camptothecin, 10-hydroxy-camptothecin, a camptothecin
derivative, podophyllotoxin, podophyllotoxin derivatives,
vinblastine, vincristine, dihydroartemisinin, mitoxantrone,
amphotericin B, epothilone-A, epothilone-B, epothilone-C,
epothilone-D, an epothilone derivative, a benz[c]-phenan-
thridine alkaloid derivative, a chelerythrine alkaloid deriva-
tive or cisplatin.
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48. The formulation of claim 38, wherein said one or more
phospholipids comprise one or more of hydrogenated soy
phosphatidylcholine (HSPC), egg phosphatidylcholine
(EPC), phosphatidylethanolamine (PE), phosphatidylglyc-
erol (PG), phosphatidylinsitol (PI), monosialogangolioside,
spingomyelin (SPM), distearoylphosphatidylcholine
(DSPC), dimyristoylphosphatidylcholine (DMPC), or
dimyristoylphosphatidylglycerol (DMPG).

49. The formulation of claim 38, wherein the ratio of
pharmaceutical agent to lipid-protein ranges from about
0.0005 to about 1 (w/w).

50. The formulation of claim 49, wherein the ratio of
pharmaceutical agent to lipid-protein ranges from about
0.0005 to about 0.5 (w/w).

51. The formulation of claim 50, wherein the ratio of
pharmaceutical agent to lipid-protein ranges from about
0.001 to about 0.1 (w/w).

52. The formulation of claim 38, wherein the lipid for-
mulation is defined further as comprising nanoparticles
having size less than about 220 nm.
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53. The formulation of claim 52, wherein the nanopar-
ticles have a size of between about 80-160 nm.

54. The formulation of claim 53, wherein the nanopar-
ticles have a size of between about 100-120 nm.

55. A method of treating a disease in a patient comprising:

(a) obtaining a formulation in accordance with claim 1
comprising a pharmaceutical agent drug indicated for
treatment of the disease; and

(b) administering an amount of the lipid formulated
pharmaceutical agent to said patient that is effective to
treat the disease.

56. The method of claim 55, wherein the disease is a
hyperproliferative disease and the pharmaceutical agent is
an anti-hyperproliferative agent.

57. The method of claim 55, wherein the formulation is
administered parenterally.

58. The method of claim 55, wherein the formulation is
administered by slow infusion or bolus injection.
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