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(57) ABSTRACT 

The present invention generally relates to nanocapsules and 
methods of preparing these nanocapsules. The present 
invention includes a method of forming a surfactant micelle 
and dispersing the surfactant micelle into an aqueous com 
position having a hydrophilic polymer to form a stabilized 
dispersion of surfactant micelles. The method further 
includes mechanically forming droplets of the stabilized 
dispersion of surfactant micelles, precipitating the hydro 
philic polymer to form precipitated nanocapsules, incubat 
ing the nanocapsules to reduce a diameter of the nanocap 
sules, and ?ltering or centrifuging the nanocapsules. 
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Figure 2A 

Nanocapsules prepared under different dispersion conditions. 

Figure 2B Figure 2C 

Cumulative release studies for Quantitative recovery of DNA from 
nanocapsule formulations. receiver solutions. 
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Figure 3 
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Ncmocopsule modulo’riQn of cellular uptake. 
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Figure 4 
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Figure 5A 

Nonocopsule-delivered Transgene production in porcine dermis. 

Figure 5B 
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Figure 6 
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Figure 7A 
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Figure 78 
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Figure 8A 
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NANOCAPSULE ENCAPSULATION SYSTEM AND 
METHOD 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
[0001] This application is a continuation of application 
Ser. No. 09/796,575 ?led Feb. 28, 2001, Which claims the 
bene?t of US. Provisional Application No. 60/185,282 ?led 
Feb. 28, 2000. 

BACKGROUND OF THE INVENTION 

[0002] The present invention generally relates to a ?eld of 
controlled-release delivery systems for macromolecules, 
particularly those for nucleic acids and gene therapy. More 
speci?cally, the present invention relates to nanocapsules 
having a diameter of less than about 50 nanometers, in 
Which a bioactive component is located in a core of the 
nanocapsule, and to methods of forming these nanocapsules. 

[0003] Over the past several decades, active and extensive 
research into the use of nanoparticles in the delivery of 
bioactive agents has generated a number approaches in the 
preparation of nanoparticles. These approaches typically 
include the use of heat, high pressure homogeniZation, or 
high intensity ultrasound sonication to prepare nanoparticles 
having a diameter of more than 100 nanometers, or high 
amounts of solvents or oils, cytotoxic chemicals, such as 
cross-linking agents, adjuvants, catalysts or any combina 
tion of any of these, to prepare nanoparticles having a 
diameter of less than 100 nanometers. Furthermore, these 
approaches are challenging due to a number of variables. 

[0004] For example, When organic solvents are included in 
the manufacturing process for nanoparticles, the organic 
solvent may denature the bioactive agent Which reduces 
most, if not all, ef?cacy of the bioactive agent. In fact, 
denaturation of the bioactive agent may promote a toxic 
response upon administration of the nanoparticle, to a 
human subject, for example. 

[0005] In addition, When an organic solvent is used to 
prepare nanoparticles, the organic solvent may undergo 
degradation to form a loW pH environment that destroys the 
ef?cacy of the bioactive agent. Therefore, organic 

[0006] As a result, organic solvents are typically removed 
during the manufacturing process of nanoparticles. HoW 
ever, inclusion of one or more organic solvent removal 
techniques generally increases the costs and complexity of 
forming nanoparticles. 
[0007] The incorporation of high pressure homogeniZation 
or high intensity ultrasound sonication to prepare nanopar 
ticles typically results in entangling or embedding the bio 
active agent in a polymeric matrix of the nanoparticle. 
Entangling or embedding the bioactive agent in the poly 
meric matrix may also denature the bioactive agent to 
thereby reduce the ef?cacy of the bioactive agent. 

[0008] Entangling or embedding the bioactive agent in the 
polymeric matrix of the nanoparticle may also reduce the 
ef?cacy of the bioactive agent by permitting premature 
release of the bioactive agent prior to reaching a target cell. 
Premature release of the bioactive agent typically promotes 
cytotoxicity or cell death during administration of the nano 
particle. 
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[0009] Furthermore, nanoparticles that reach the target 
cell are typically transported into the target cell via endo 
somal regulated pathWays that results in lysosomal degra 
dation of the bioactive agent and the nanoparticle. There 
fore, functional activity of the bioactive agent inside the 
target cell may not occur since the bioactive agent and the 
nanoparticle undergoes degradation. As used herein, the 
term “functional activity” refers to an ability of a bioactive 
agent to function Within a target cell for purposes of pro 
viding a therapeutic effect on the target cell. 

[0010] Additionally, high pressure homogeniZation or 
high intensity ultrasound sonication techniques often require 
complex and expensive equipment that generally increases 
costs in preparing nanoparticles. Therefore, an urgent need 
exists to prepare nanoparticles Without the use of cytotoxic 
chemicals like organic solvents or the use of complex and 
expensive equipment. Furthermore, an urgent need exists to 
prepare nanoparticles that do not entangle nor embed the 
bioactive agent in the nanoparticle so that cytotoxic 
responses are minimiZed. Additionally, an urgent need exists 
to develop a nanoparticle that maybe transported into a 
target cell Where the bioactive agent is released to accom 
plish therapeutic delivery of the bioactive agent. 

BRIEF SUMMARY OF THE INVENTION 

[0011] The present invention generally relates to nanocap 
sules and methods of preparing these nanocapsules. The 
present invention includes a method of forming a surfactant 
micelle and dispersing the surfactant micelle into an aqueous 
composition having a hydrophilic polymer to form a stabi 
liZed dispersion of surfactant micelles. The method further 
includes mechanically forming droplets of the stabiliZed 
dispersion of surfactant micelles, precipitating the hydro 
philic polymer to form precipitated nanocapsules, incubat 
ing the nanocapsules to reduce a diameter of the nanocap 
sules, and ?ltering or centrifuging the nanocapsules. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a schematic of a method of the present 
invention for preparing nanocapsules. 

[0013] FIG. 1A illustrates atomic force microscopy of 
nanocapsule formulations prepared under different disper 
sion conditions. 

[0014] FIG. 1B illustrates results from an experiment 
documenting quantitative recovery of small amounts of 
DNA from releasing solutions. 

[0015] FIG. 1C illustrates cumulative release over 72 
hours for nanocapsules prepared under different dispersion 
conditions. 

[0016] FIG. 2 illustrates relative pinocytotic activity of 
HacaT keratinocyte cultures treated With DNA complexes, 
nanocapsules containing DNA or no treatment. 

[0017] FIG. 3 illustrates the results of Western blotting of 
total protein from rat ?broblast cultures. 

[0018] FIG. 4A illustrates 

[0019] FIG. 4B illustrates immuno?uorescence micros 
copy of porcine dermal tissue sections from the experiment 
of FIG. 4. 
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[0020] FIG. 5 shows incorporation of nanocapsules into a 
solid dosage form. 

[0021] FIG. 6A illustrates polyvinylpyrolidone nanocap 
sule uptake and Green Fluorescent Protein (GFP) expression 
in 35 mm human dermal ?broblast and immortalized kera 
tinocyte cultures. 

[0022] FIG. 6B illustrates tumor targeting of GFP plasmid 
DNA by Tenascin nanocapsules. 

[0023] FIG. 6C illustrates an effect of nanocapsules that 
are coated With Tenascin and nanocapsules that are not 
coated With Tenascin on growth inhibition of squamous cell 
carcinoma and human dermal ?broblast (HDF) cultures. 

[0024] FIG. 7 shoWs uptake of HDF cultures treated With 
nanocapsules containing 20 mer Fitc-labeled O-methyl RNA 
oligonucleotides. 

DETAILED DESCRIPTION 

[0025] The present invention generally relates to nanocap 
sules having a diameter of less than about 50 nanometers 
(nm). The present invention also relates to a method of 
preparing these nanocapsules. According to the method of 
the present invention, a nanocapsule is formed by partition 
ing a bioactive component Within a core of surfactant 
molecules, and surrounding the surfactant molecules With a 
biocompatible polymer shell. 

[0026] A method for producing the nanocapsule is gener 
ally depicted at 10 in FIG. 1. In the method 10, a bioactive 
component 12 is homogeneously dispersed into a ?rst aque 
ous composition 14 to form a hydrophilic composition (not 
shoWn). Next, a surfactant composition 16, including a 
surfactant component (not shoWn) that contains a plurality 
of surfactant molecules, and an optional biocompatible oil 
component 18, are introduced into a ?rst dispersing appa 
ratus 20 along With the hydrophilic composition. The sur 
factant composition 16 is subjected to conditions in the ?rst 
dispersing apparatus 20 that initiate at least partial adsorp 
tion of the surfactant molecules onto a surface of the 
bioactive component 12. 

[0027] Partial adsorption of surfactant molecules onto the 
surface of the bioactive component 12 initiates partitioning 
of the bioactive component 12 into a core of a shell formed 
from the surfactant molecules in the ?rst aqueous compo 
sition 14. Adsorption of the surfactant molecules onto the 
surface of the bioactive component 12 may proceed until an 
entire surface of the bioactive component 12 is covered by 
the surfactant molecules to complete partitioning of the 
bioactive component 12 into the core of surfactant mol 
ecules and form a surfactant micelle 22. 

[0028] Next, a biocompatible polymer component 24 is 
added to the surfactant micelle 22 to stabiliZe the surfactant 
micelle 22 located in the ?rst aqueous composition 14. 
Preferably, the biocompatible polymer component 24 sur 
rounds the surfactant micelle 22 in a stabiliZing apparatus 26 
to form a stabiliZed surfactant micelle 28. 

[0029] After stabiliZation, the stabiliZed surfactant micelle 
28 is transferred from the stabiliZing apparatus 26 into a 
second aqueous composition 30 located in a second dispers 
ing apparatus 32. Preferably, the second aqueous composi 
tion 30 includes a solute (not shoWn) that is capable of 
precipitating the biocompatible polymer component 24 that 
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coats the stabiliZed surfactant micelle 28. After precipitating 
the biocompatible polymer component 24 of the stabiliZed 
surfactant micelle 28, dispersed, optionally atomiZed pre 
cipitated nanocapsules 36, hereinafter referred to as nano 
capsules 36, are formed. 

[0030] It has been discovered that dispersing a surfactant 
composition, that includes a surfactant component having a 
hydrophile-lipophile-balance (HLB) value of less than about 
6.0 units, into an aqueous composition that contains a 
bioactive component forms surfactant micelles that surround 
the bioactive component. It has further been discovered that 
stabiliZing the surfactant micelles by adding a biocompatible 
polymer coats the surfactant micelles to form nanocapsules 
having a diameter of less than about 50 nm. 

[0031] As used herein, the term “nanoparticle” refers a 
particle having a matrix-type structure With a siZe of less 
than about 1,000 nanometers. When the nanoparticle 
includes a bioactive component, the bioactive component is 
entangled or embedded in the matrix-type structure of the 
nanoparticle. 
[0032] The term “nanosphere”, as used herein, refers to a 
particle having a solid spherical-type structure With a siZe of 
less than about 1,000 nanometers. When the nanosphere 
includes a bioactive component, the bioactive component is 
adsorbed onto the surface of the nanosphere or embedded in 
the nanosphere. 

[0033] Similarly, the term “nanocore”, as used herein, 
refers to a particle having a solid core With a siZe of less than 
about 1,000 nanometers. When the nanocore includes a 
bioactive component, the bioactive component is entangled 
in the nanocore. 

[0034] As used herein, the term “nanocapsule” refers to a 
particle having a holloW core that is surrounded by a shell, 
such that the particle has a siZe of less than about 1,000 
nanometers. When a nanocapsule includes a bioactive com 
ponent, the bioactive component is located in the core that 
is surrounded by the shell of the nanocapsule. The term 
“nanocapsule” is not meant to encompass, and generally 
does not include, a particle having a siZe of less than about 
1,000 nanometers, in Which a bioactive component is 
entangled or embedded in the matrix of the nanocapsule or 
adsorbed onto the surrounding shell of the nanocapsule. 

[0035] The bioactive component 12 may be included into 
the ?rst aqueous composition 14 as a liquid, vapor or in 
granular form. The form of the bioactive component 12 that 
is selected preferably permits the bioactive component 12 to 
(1) remain stable prior to dissolving or dispersing into the 
?rst aqueous composition 14, (2) be homogeneously dis 
persed into the ?rst aqueous composition 14, (3) be option 
ally condensed to reduce a siZe of the bioactive component 
12, (4) be partitioned into the core of the surfactant micelles 
22, (5) be released upon degradation of the biocompatible 
polymer shell 24 of the nanocapsule 36, and (6) be func 
tionally active upon release from the nanocapsule 36. 

[0036] The bioactive component 12 may be characteriZed 
as “hydrophilic” or “hydrophobic”. As used herein, the term 
“hydrophilic” and “hydrophilicity” refers to an ability of a 
molecule to adsorb Water or form one or more hydrogen 

bond(s) With Water. All references to “hydrophilic” is also 
understood as encompassing any portion of the molecule 
that is capable of adsorbing Water or forming one or more 



US 2004/0137071 A1 

hydrogen-bond(s) With Water. As used herein, the term 
“hydrophobic” and “hydrophobicity” refers to an ability of 
a molecule to not adsorb Water nor form one or more 

hydrogen-bond(s) With Water. All references to “hydropho 
bic” is also understood as encompassing any portion of the 
molecule that is not capable of adsorbing Water nor forming 
one or more hydrogen-bond(s) With Water. 

[0037] When the bioactive component 12 is a hydrophilic 
bioactive component, the hydrophilic bioactive component 
maybe directly added to the ?rst aqueous composition 14. As 
an alternative, the hydrophilic bioactive component 12 may 
be optionally dissolved or dispersed in one or more solvents, 
such as Water, a nonpolar solvent, a polar solvent, or any 
combination of any of these. 

[0038] As used herein, the term “nonpolar solvent” refers 
to a solvent that does not have a permanent electric dipole 
moment, and therefore has no ability for an intramolecular 
association With a polar solvent. Additionally, a nonpolar 
solvent may be characteriZed as a solvent that includes 
molecules having a dielectric constant of less than about 20 
units. Similarly, the term “immiscible”, as used herein, 
refers to an inability of tWo or more substances, such as tWo 
or more liquids, solids, vapors, or any combination of any of 
these, to form an intramolecular association With another 
substance. Some non-exhaustive examples of nonpolar sol 
vents may be found in Perry’s Chemical Engineer’s Hand 
book, Sixth Edition, Which is incorporated herein by refer 
ence. 

[0039] As used herein, the term “polar solvent” refers to a 
solvent that has a permanent electrical dipole moment, and 
therefore has an ability to form an intramolecular association 
With another polar substance, such as a liquid, a solid, a 
vapor or any combination of any of these. Additionally, a 
polar solvent may be characteriZed as a solvent that includes 
molecules having a dielectric constant of more than about 20 
units. Likewise, the term “miscible”, as used herein, refers 
to an ability of tWo or more substances to form an intramo 
lecular association With each other. Some non-exhaustive 
examples of polar solvents may be found in Perry’s Chemi 
cal Engineer’s Handbook, Sixth Edition, Which has been 
incorporated herein by reference. 

[0040] When the bioactive component 12 is a hydrophobic 
bioactive component, the hydrophobic bioactive component 
may be dispersed or dissolved in a solvent that is capable of 
dispersing or dissolving the hydrophobic molecule, such as 
the above-mentioned Water, a nonpolar solvent, a polar 
solvent, or any combination of any of these. Preferably, 
When the bioactive component 12 is a hydrophobic bioactive 
component 12, the hydrophobic bioactive component 12 is 
dissolved or dispersed in a Water-miscible solvent, such as, 
acetone, acetonitrile, ethanol, dimethyl acetamide (DMA), 
tetrahydrofuran (THF), dioxane, dimethylsulfoxide 
(DMSO), and dimethylformamide (DMF). Other suitable 
non-exhaustive examples of Water-miscible solvents may be 
found in Perry’s Chemical Engineer’s Handbook, Sixth 
Edition, Which has been incorporated herein by reference. 

[0041] As noted, the bioactive component 12 may be 
optionally condensed in the ?rst aqueous composition 14 
prior to forming the surfactant micelle 16. For example, 
When the bioactive component is a polynucleotide, the 
polynucleotide may be condensed using a DNA-condensing 
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agent. As used herein, a “DNA-Condensing Agent” is a 
molecule that facilitates condensation or a siZe reduction of 
DNA. 

[0042] While condensation of the bioactive component 12 
is not critical to the present invention, condensation of the 
bioactive component 12 maybe practiced to reduce the siZe 
of the bioactive component 12. Condensation of the bioac 
tive component 12 generally reduces the siZe of the bioac 
tive component 12 prior to partitioning into the core of the 
surfactant micelle 16. Reducing the siZe of the bioactive 
component 12 may permit maximum incorporation of the 
bioactive component 12 into the surfactant micelle 22 or 
may assist a reduction in the overall siZe of the nanocapsule 
36. Increasing the amount of the bioactive component 12 
that may be included as part of the nanocapsule 36 permits 
incorporation of macromolecules having a large number of 
monomers, such as a large number of base pairs or amino 
acids, for example. Some non-exhaustive examples of con 
densing agents have been revieWed in Rolland, A. P. (1998). 
Crit. Rev. Therapeutic Drug. Carr Syst. 151143-198, and is 
incorporated herein by reference. 

[0043] The bioactive component 12 may further include 
additional components that are compatible With, and that do 
not interfere With solvation or dispersion of the bioactive 
component 12. Some non-exhaustive examples of additional 
components that may be added to the bioactive component 
12 include a DNA-associating moiety, Which refers to a 
molecule, or portions thereof, that interact in a non-covalent 
fashion With nucleic acids. DNA-associating moieties may 
include, but are not limited to, a major-and minor-groove 
binder, a DNA intercalator, a polycation, a DNA-masking 
component, a membrane-permeabiliZing component, a sub 
cellular-localiZation component, or the like. Major- and 
minor-groove binders, as used herein, are molecules thought 
to interact With DNA by associating With the major or minor 
groove of double-stranded DNA. 

[0044] Similarly, the term “DNA intercalator”, as used 
herein, refer to a planar molecule or planar portion of a 
molecule thought to intercalate into DNA by inserting 
themselves betWeen, and parallel to, a nucleotide base pair. 
As used herein, a “polycation” is thought to associate With 
the negative charges on the DNA backbone. The DNA 
associating moiety may be covalently linked through a 
“reactive group” to a functional component of this inven 
tion. The reactive group is easily reacted With a nucleophile 
on the functional component. Some non-exhaustive 
examples of reactive groups (With their corresponding reac 
tive nucleophiles) include, but are not limited to N-hydrox 
ysuccinimide (e.g., amine), maleimide and maleimidophe 
nyl (e.g., sulfhydryl), pyridyl disul?de (e.g., sulfhydryl), 
hydraZide (e.g., carbohydrate), and phenylglyoxal (e.g., 
arginine). 

[0045] The term “DNA-masking component”, as used 
herein, refers to a molecule capable of masking all or part of 
a polynucleotide folloWing release from a nanocapsule to 
increase its circulatory half-life by inhibiting attack by 
degrading reagents, such as nucleases, present in the circu 
lation and/or interfering With uptake by the reticuloendot 
helial system. Similarly, the term “membrane-permeabiliZ 
ing component”, as used herein, refers to any component 
that aids in the passage of a polynucleotide or encapsulated 
polynucleotide across a membrane. Therefore, “membrane 
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permeabiliZing component” encompasses in part a charge 
neutraliZing component, usually a polycation, that neutral 
iZes the large negative charge on a polynucleotide, and 
enables the polynucleotide to traverse the hydrophobic inte 
rior of a membrane. 

[0046] Many charge-neutraliZing components can act as 
membrane-permeabiliZers. Membrane-permeabiliZation 
may also arise from amphipathic molecules. A “membrane 
permeabiliZer”, as used herein, is a molecule that can assist 
a normally impermeable molecule to traverse a cellular 
membrane and gain entrance to the cytoplasm of the cell. 
The membrane permeabiliZer may be a peptide, bile salt, 
glycolipid, phospholipid or detergent molecule. Membrane 
permeabiliZers often have amphipathic properties such that 
one portion is hydrophobic and another is hydrophilic, 
permitting them to interact With membranes. 

[0047] The term “subcellular-localization component”, as 
used herein, refers to a molecule capable of recogniZing a 
subcellular component in a targeted cell. Recognized sub 
cellular components include the nucleus, ribosomes, mito 
chondria, and chloroplasts. Particular subcellular-localiZa 
tion components include the “nuclear-localization 
components” that aid in carrying molecules into the nucleus 
and are knoWn to include the nuclear localiZation peptides 
and amino acid sequences. 

[0048] The bioactive component 12 may be included at an 
amount that is therapeutically effective to transform a plu 
rality of cells, such as in vitro, in vivo or ex vivo cells. As 
used herein, “transform” refers to a presence and/or func 
tional activity of the bioactive component in the plurality of 
cells after exposing the nanocapsules to the plurality of cells. 

[0049] Furthermore, those of ordinary skill in the art Will 
recogniZe that the amount of the bioactive component 12 
may vary depending upon the bioactive component 12, the 
temperature, pH, osmolarity, any solutes, any additional 
component or optional solvents present in the second aque 
ous component 30, the surfactant composition 16, a type or 
an amount of the surfactant micelle 22, the biocompatible 
polymer component 24, any desired characteristics of the 
stabiliZed surfactant micelle 28, any desired characteristics 
of the nanocapsules 36, or any combination of any of these. 

[0050] The bioactive component 12 of the nanocapsule 36 
maybe supplied as an individual macromolecule or supplied 
in various prepared mixtures of tWo or more macromol 
ecules that are subsequently combined to form the bioactive 
component 12. Some non-exhaustive examples of hydro 
philic macromolecules that may be suitable for inclusion as 
part of the bioactive component 12 include, but are not 
limited to polynucleotides, polypeptides, genetic material, 
peptide nucleic acids, aptamers, carbohydrates, mini-chro 
mosomes, molecular polymers, aggregates or associations of 
an inorganic or organic nature, genes, any other hydrophilic 
macromolecule or any combination of any of these. 

[0051] Some non-exhaustive examples of hydrophobic 
macromolecules that may be included part of the bioactive 
component 12 include, but are not limited to, adregergic, 
adrenocotical steroid, adrenocortical suppressant, aldoster 
one antagonist, and anabolic agents; analeptic, analgesic, 
anesthetic, anorectic, and anti-acne agents; anti-adrenergic, 
anti-allergic, anti-amebic, anti-anemic, and anti-anginal 
agents; anti-arthritic, anti-asthmatic, anti-atherosclerotic, 
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antibacterial, and anticholinergic agents; anticoagulant, anti 
convulsant, antidepressant, antidiabetic, and antidiarrheal 
agents; antidiuretic, anti-emetic, anti-epileptic, anti?brion 
lytic, and antifungal agent; antihemorrhagic, in?ammatory, 
antimicrobial, antimigraine, and antimiotic agents; antimy 
cotic, antinauseant, antineoplastic, antineutropenic, and anti 
parasitic agents; antiproliferative, antipsychotic, antirheu 
matic, antiseborrheic, and antisecretory agents; 
antipasmodic, antihrombotic, antiulcerative, antiviral, and 
appetite suppressant agents; blood glucose regulator, bone 
resorption inhibitor, bronchodilator, cardiovascular, and 
cholinergic agents; ?uorescent, free oxygen radical scaven 
ger, gastrointestinal motility effector, glucocorticoid, and 
hair groWth stimulant agent; hemostatic, histamine H2 
receptor antagonists; hormone; hypocholesterolemic, and 
hypoglycemic agents; hypolipidemic, hypotensive, and 
imaging agents, immuniZing and agonist agents; mood regu 
lators, mucolytic, mydriatic, or nasal decongestant; neuro 
muscular blocking agents; neuroprotective, NMDA antago 
nist, non-hormonal sterol derivative, plasminogen activator, 
and platelet activating factor antagonist agent; platelet 
aggregation inhibitor, psychotropic, radioactive, scabicide, 
and sclerosing agents; sedative, sedative-hypnotic, selective 
adenosine A1 antagonist, serotonin antagonist, and serotonin 
inhibitor agent; serotonin receptor antagonist, steroid, thy 
roid hormone, thyroid hormone, and thyroid inhibitor agent; 
thyromimetic, tranquiliZer, amyotrophic lateral sclerosis, 
cerebral ischemia, and Paget’s disease agent; unstable 
angina, vasoconstrictor, vasodilator, Wound healing, and 
xanthine oxidase inhibitor agent; immunological agents, 
antigens from pathogens, such as viruses, bacteria, fungi and 
parasites, optionally in the form of Whole inactivated organ 
isms, peptides, proteins, glycoproteins, carbohydrates, or 
combinations thereof, any examples of pharmacological or 
immunological agents that fall Within the above-mentioned 
categories and that have been approved for human use that 
may be found in the published literature, any other hydro 
phobic bioactive component, or any combination of any of 
these. 

[0052] As used herein, the term “polypeptide” refers to a 
polymer of amino acids not limited by the number of amino 
acids. It is also to be understood that the term “polypeptide” 
is meant to encompass an oligopeptide, a peptide, or a 
protein, for example. 

[0053] As used herein, the term “polynucleotide” refers to 
RNA or DNA sequences of more than 1 nucleotide in either 
single chain, duplex or multiple chain form. The term 
“polynucleotide” is also meant to encompass polydeoxyri 
bonucleotides containing 2‘-deoxy-D-ribose or modi?ed 
forms thereof, RNA and any other type of polynucleotide 
Which is an N-glycoside or C-glycoside of a purine or 
pyrimidine base, or modi?ed purine or pyrimidine base or 
basic nucleotide. The polynucleotide may encode promoter 
regions, operator regions, structural regions, termination 
regions, combinations thereof or any other genetically rel 
evant material. Similarly, the term “genetic” as used herein, 
refers to any material capable of modifying gene expression. 

[0054] The ?rst aqueous composition 14 may be included 
in the method of the present invention as a gel, liquid, or in 
vapor form. The form of the ?rst aqueous composition 14 
that is selected preferably permits the ?rst aqueous compo 
sition 14 to (1) remain stable prior to dissolving or dispers 
ing the bioactive component, the surfactant composition 16, 
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the surfactant micelle 22, or optionally the stabilizer surfac 
tant micelle 28, (2) homogeneously disperse the bioactive 
component 12, the surfactant composition 16, the surfactant 
micelle 22, or optionally the stabilizer surfactant 28, (3) 
function as a continuous phase in an oil-in-Water emulsion, 
(4) not interfere With, or mask the functional activity of the 
bioactive component 12, and (5) not modify or degrade the 
bioactive component 12, the surfactant composition 16, the 
surfactant micelle 22, or optionally the stabilized surfactant 
micelle 28. 

[0055] The ?rst aqueous composition 14 may include only 
Water, or may optionally include additional solutes or sol 
vents that do not interfere With the method of forming the 
nanocapsules 36 nor mask the functional activity of the 
bioactive component 12. Furthermore, those of ordinary 
skill in the art Will recognize that an amount of the ?rst 
aqueous composition 14 used to prepare the nanocapsules 36 
may vary depending upon the bioactive component 12, the 
surfactant composition 16, the temperature, pH, osmolarity, 
optional solutes or optional solvents, the surfactant micelle 
22, the biocompatible polymer component 24, any desired 
characteristics of the stabilized surfactant micelle 28 or the 
nanocapsules 36. 

[0056] The bioactive component 12 may be added to the 
?rst aqueous composition 14 or the ?rst aqueous composi 
tion 14 may be added to the bioactive component 12. While 
the order of addition of the bioactive component 12 and the 
?rst aqueous composition 14 is not critical to the present 
invention, the hydrophilic composition (not shoWn) that is 
formed When the bioactive component 12 is dissolved or 
dispersed in the ?rst aqueous composition 14 is preferably 
capable of maintaining a homogeneous solution or disper 
sion in the hydrophilic composition. 

[0057] The ?rst aqueous composition 14 may be supplied 
as an individual component or supplied in various prepared 
miXtures of tWo or more components that are subsequently 
combined to form the ?rst aqueous composition 14. Some 
non-exhaustive eXamples of the ?rst aqueous composition 
14 include, but are not limited to, the above-mentioned 
Water, nonpolar solvents, polar solvents, or any combination 
of any of these. Preferably, Water is the ?rst aqueous 
composition 14. 

[0058] The surfactant composition 16 maybe introduced 
into the bioactive component 12, the ?rst aqueous compo 
sition 14, the hydrophilic composition as a liquid, vapor or 
in granular form. The form of the surfactant composition 16 
that is selected preferably permits the surfactant composition 
16 to (1) remain stable prior to introducing into the bioactive 
component 12, the ?rst aqueous composition 14, or the 
hydrophilic composition, (2) be homogeneously dispersed 
into the bioactive component 12, the ?rst aqueous compo 
sition 14, or the hydrophilic composition, (3) form a micellar 
structure, (4) be adsorbed onto a surface of the bioactive 
component 12, the ?rst aqueous composition 14, the hydro 
philic composition (5) displace the ?rst aqueous composi 
tion that is located on the surface of the bioactive component 
12, (6) partition the bioactive component 12 or the hydro 
philic composition into a core of the micellar structure to 
form the surfactant micelle 22, and (7) provide a thermo 
dynamic driving force that is effective to reduce a size of the 
bioactive component 12, surfactant micelle 22, the stabilized 
surfactant 28 or the nanocapsule 36. 
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[0059] As used herein, a “surfactant” refers to any mol 
ecule containing a polar portion that thermodynamically 
prefers to be solvated by a polar solvent, and a hydrocarbon 
portion that thermodynamically prefers to be solvated by a 
non-polar solvent. The term “surfactant” is also meant to 
encompass anionic, cationic, or non-ionic surfactants. As 
used herein, the term “anionic surfactant” refers to a sur 
factant With a polar portion that ionizes to form an anion in 
aqueous solution. Similarly, a “cationic surfactant” refers to 
a surfactant having a cationic polar portion that ionizes to 
form a cation in aqueous solution. LikeWise, a “non-ionic” 
surfactant refers to a surfactant having a polar portion that 
does not ionize in aqueous solution. 

[0060] While not Wanting to be bound to theory, it is 
generally believed that a surfactant refers to a molecule that 
is effective to reduce a surface or an interfacial tension 
betWeen a ?rst substance dispersed in a second substance 
such that the ?rst substance is solvated and any molecular 
groups of the ?rst substance are dispersed. Typically, a 
hydrodynamic diameter of the ?rst substance increases after 
addition of the surfactant. Nonetheless, the surfactant com 
position 16 is believed to be effective to reduce the size or 
diameter of the surfactant micelles 22 in the ?rst aqueous 
composition 14, to thereby reduce the size of the nanocap 
sule 36 When practicing the present invention. 

[0061] The surfactant composition 16 may include the 
surfactant component only (not shoWn), or may optionally 
include the biocompatible oil component 18. The surfactant 
component may be characterized on the HLB scale that 
ranges from less than about 1 to more than about 13 units. 

[0062] A surfactant component having an HLB value of 
less than about 6.0 units may be described as being poorly, 
or not dispersable in an aqueous or Water-based composi 
tion. In addition, a surfactant component having an HLB 
value of less than about 6.0 units may be characterized as a 
hydrophobic or non-ionic surfactant. A surfactant compo 
nent having an HLB value of more than about 7.0 units may 
be described as being capable of forming a milky to trans 
lucent to clear dispersion When the surfactant having an 
HLB value of more than about 7.0 units is dispersed in an 
aqueous or Water-based composition. 

[0063] Preferably, the surfactant component of the surfac 
tant composition 16 has an HLB value of less than about 6.0 
units When practicing the method of the present invention. 
Still more preferably the surfactant component of the sur 
factant composition 16 has an HLB value of less than about 
5.0 units to facilitate preparation of nanocapsules having a 
diameter of less than about 50 nm. 

[0064] The surfactant component may also be character 
ized in terms of a critical micelle concentration (CMC) 
value. Preferably, the surfactant component of the surfactant 
composition 16 has a CMC value of less than about 300 
micromolars Still more preferably, the surfactant 
component has a CMC value of less than about 200 pm. 

[0065] While not Wanting to be bound to theory, it is 
believed that the surfactant component of the surfactant 
composition 16 adsorbs onto the surface of the bioactive 
component 12 When introduced into the ?rst aqueous com 
position 14 to minimize eXposure of a surface of the hydro 
phobic surfactant component to a thermodynamically unfa 
vorable environment created by the ?rst aqueous 
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composition 14. Therefore, the surfactant component 
adsorbs onto the surface of the bioactive component to 
reduce the surface area of the surfactant component that may 
be exposed to the ?rst aqueous composition 14. Adsorption 
of the surfactant component onto the bioactive component 
12 is believed to facilitate the siZe reduction of the bioactive 
component 12 and/or the surfactant micelle 22. 

[0066] The surfactant component of the surfactant com 
position 16 may be supplied as individual surfactants or 
supplied in various prepared mixtures of tWo or more 
surfactants that are subsequently combined to form the 
surfactant composition 16. Some non-exhaustive examples 
of suitable surfactants having an HLB value of less than 
about 6.0 units or a CMC value of less than about 200 um 
be listed in Dermatological Formulations (Barry, B., Marcel 
Dekker, (1983)), or in Percutaneous absorption: drug, cos 
metics, mechanisms, methodology, 3rd ed., Bronough, R. ed., 
1999, or the Handbook of Industrial Surfactants (Ash, M., 
Ed., GoWer Pub. (1993), Which are incorporated herein by 
reference. As an example, the surfactant component maybe 
2, 4, 7, 9-tetramethyl-5-decyn-4, 7-diol(TM-diol), blends of 
2, 4, 7, 9-tetramethyl-5-decyn-4, 7-diol(TM-diol), mol 
ecules having one or more acetylenic diol groups, cetyl 
alcohol or any combination of any of these. 

[0067] The optional biocompatible oil component 18 of 
the surfactant composition 16 may be combined With the 
surfactant component as a liquid, vapor or in granular form. 
The form of the optional biocompatible oil component 18 
that is selected preferably permits the optional biocompat 
ible oil component 18 to (1) remain stable prior to intro 
duction into the surfactant composition 16, (2) be homoge 
neously blended into the surfactant composition 16, (3) 
dissolve or disperse the surfactant component, and (4) 
increase the hydrophobicity of the surfactant composition 
16, and therefore, the degree to Which the siZe of the 
bioactive component 12, the surfactant micelle 22, the 
stabiliZer surfactant micelle 28, or the nanocapsule 36 may 
be reduced When practicing the present invention. 

[0068] Preferably, the concentration of the optional bio 
compatible oil component 18 in the surfactant composition 
16 ranges from about 10'7 Weight percent to about 10 Weight 
percent, based upon a total volume of the stabiliZed surfac 
tant micelles 28 in the ?rst aqueous composition 14. Con 
centrations of the optional biocompatible oil component 18 
higher than about 10 Weight percent, based upon the total 
volume of the surfactant composition 18, may be less 
desirable because such higher concentrations increase a 
phase volume of the biocompatible oil, and consequently 
may cause dif?culties in preparing, dispersing and/or han 
dling the surfactant micelles 22, the stabiliZed surfactant 
micelles 28 or the nanocapsules 36. Concentrations of the 
optional biocompatible oil component loWer than about 10'7 
Weight percent in the surfactant composition 16 may be less 
preferred, because such loWer concentrations Would not be 
effective to solvate the surfactant component, or increase the 
hydrophobicity of the surfactant composition 16, and may 
ultimately increase the diameter of the nanocapsules 36. 

[0069] The optional biocompatible oil component 18 of 
the surfactant composition 16 may be supplied as an indi 
vidual biocompatible oil or supplied in various prepared 
mixtures of tWo or more biocompatible oils that are subse 
quently combined to form the optional biocompatible oil 
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component 18. Some non-exhaustive examples of suitable 
biocompatible oils that may be included as part of the 
biocompatible oil component 18 may be found in Derma 
tological Formulations (Barry, B., Marcel Dekker, (1983)), 
or in Percutaneous absorption: drug, cosmetics, mecha 
nisms, methodology, 3rd ed., Bronough, R. ed. , 1999, or in 
the Handbook of Industrial Surfactants (Ash, M., Ed., 
GoWer Pub. (1993), Which have been incorporated herein by 
reference. Preferably, food or USP grade oils, such as 
DMSO, DMF, castor oil, or any combination thereof, are 
used to practice the present method. 

[0070] The surfactant composition 16 may be included at 
an amount that is effective to form the micellar structure that 
partitions the bioactive component 12, the ?rst aqueous 
composition 14 or the hydrophilic composition into the core 
of the micellar structure When forming the surfactant micelle 
22. Still more preferably, the surfactant composition 16 is 
included at an amount that is effective to provide a maxi 
mum thermodynamic driving force that minimiZes the siZe 
of the bioactive component 12, the surfactant micelle 22, 
and ultimately, the siZe of the nanocapsule 36 When prac 
ticing the present invention. 

[0071] Furthermore, those of ordinary skill in the art Will 
recogniZe that the amount of the surfactant composition 16 
may be varied based upon the bioactive component 12, the 
?rst aqueous composition 14, a ratio of the surfactant 
component to the optional biocompatible oil 18, any desired 
characteristics of the surfactant micelles 22, the stabiliZed 
surfactant micelles 28 or the nanocapsules 36. For example, 
a surfactant composition containing a surfactant component 
having an HLB value of about 6.0 units mixed With a 
nonpolar biocompatible oil like castor oil, may provide the 
same degree of a thermodynamic driving force as a second 
surfactant composition containing a surfactant component of 
about 4.0 units mixed With DMSO. 

[0072] The amount of the surfactant composition 16 may 
range up to about 0.5 Weight percent, based upon a total 
volume of the stabiliZed surfactant micelles dispersed in the 
?rst aqueous composition 14. Still more preferably, the 
amount of the surfactant composition 16 is less than about 
0.25 Weight percent, based upon the total volume of the 
stabiliZed surfactant micelles 28 dispersed in the ?rst aque 
ous composition 14. Most preferably, the surfactant compo 
sition 16 is present at an amount of less than about 0.05 
Weight percent, based upon the total volume of the stabiliZed 
surfactant micelles 28 dispersed in the ?rst aqueous com 
position 14. As one non-exhaustive example, the surfactant 
composition 16 may be added to the total volume of the 
hydrophilic composition at a concentration of about 500 
ppm, based on the total volume of the stabiliZed surfactant 
micelles 28 in the ?rst aqueous composition 14. 

[0073] The ?rst dispersing apparatus 20 initiates and pro 
motes formation of the micellar structures that are based on 
the bioactive component 12, the ?rst aqueous composition 
14 and the surfactant composition 16. Adsorption of surfac 
tant component onto the surface of the bioactive component 
12, or hydrophilic composition continues until all of the 
surfactant molecules cover, and therefore, entrap the bioac 
tive component 12 or hydrophilic composition in the core of 
the micellar structure to form surfactant micelles 22. For 
mation of a plurality of surfactant micelles 22 in the ?rst 
aqueous composition 14 forms a dispersion of surfactant 
micelles 22. 
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[0074] In general, any conventional dispersing apparatus 
20 that is capable of homogenously blending or dispersing 
may be suitable for use in forming the dispersion of surfac 
tant micelles in accordance With the present invention. 
Furthermore, those of ordinary skill in the art Will recogniZe 
that the ?rst dispersing apparatus 20 may vary depending 
upon the desired characteristics of the nanocapsules 36. For 
example, the ?rst dispersing apparatus 20 may include any 
device, such as a sonicating or a vortexing apparatus (not 
shoWn), or the like to disperse the bioactive component 12 
in the hydrophilic composition, and the formation of the 
surfactant micelles 22 after addition of the surfactant com 
position 16. Nonetheless, While the ?rst dispersing apparatus 
20 may include a sonicating or a vortexing apparatus, the 
sonicating or the vortexing apparatus is not critical When 
practicing the method of the present invention. 

[0075] As used herein, a “surfactant micelle” may be 
characteriZed as a close packed mono-molecular barrier of 
surfactant molecules at an interface betWeen the bioactive 
composition 12 and the surfactant composition 16, such that 
the barrier encapsulates the bioactive component 12, the ?rst 
aqueous composition 14 or the hydrophilic composition. It 
is also to be understood that the term “surfactant micelle” 
encompasses partial or hemi-surfactant micelles that par 
tially enclose the bioactive component 12, the ?rst aqueous 
composition 14 or the hydrophilic composition. 

[0076] When the bioactive component 12 is a hydrophilic 
bioactive component, the polar portion of the surfactant 
molecule associates With a surface of the hydrophilic bio 
active component. When the bioactive component 12 is a 
hydrophobic bioactive component, the hydrocarbon portion 
of the surfactant micelle associates With a surface of the 
hydrophobic bioactive component. 

[0077] The formation of a surfactant micelle typically 
occurs at a Well de?ned concentration knoWn as the critical 
micelle concentration. As noted, surfactant components hav 
ing a CMC value of less than about 200 micromolars are 
preferred When practicing the present invention. 

[0078] After forming the dispersion of surfactant micelles 
22, the dispersion of surfactant micelles 22 is transferred 
into the stabiliZing apparatus 26 Where a biocompatible 
polymer component 24 is added to stabiliZe the dispersion of 
surfactant micelles 22. Alternatively, the biocompatible 
polymer component 24 may be added to the dispersion of 
surfactant micelles 22 in the ?rst dispersing apparatus 20 
Which obviates the need for the stabiliZing apparatus 26. 

[0079] The biocompatible polymer component 24 stabi 
liZes the dispersion of surfactant micelles 22 to form stabi 
liZed surfactant micelles 28 Within the ?rst aqueous com 
position 14. Therefore, a dispersion of stabiliZed surfactant 
micelles 28 are present Within the ?rst aqueous composition 
14 after addition of the biocompatible polymer component 
24. 

[0080] As used herein, the term “biocompatible” refers to 
a material that is capable of interacting With a biological 
system Without causing cytotoxicity, undesired protein or 
nucleic acid modi?cation or activation of an immune 
response. 

[0081] The biocompatible polymer component 24 may be 
introduced into the dispersion of surfactant micelles 22 as a 
liquid, vapor or in granular form. The form of the biocom 
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patible polymer component 24 that is selected preferably 
permits the biocompatible polymer component 24 to (1) 
remain stable prior to addition into the dispersion of surfac 
tant micelles 22, (2) be homogeneously dispersed into the 
dispersion of surfactant micelles 22, (3) increase a viscosity 
of the ?rst aqueous composition 14, (4) form a boundary 
layer at an interface of the surfactant micelle 22 and the ?rst 
aqueous composition 14, (5) be absorbed onto a surface of 
the surfactant micelles 22, (6) be capable of iontophoretic 
exchange, (7) be capable of being precipitated upon addition 
of a solute, (8) be capable of enZymatic degradation, surface 
and/or bulk erosion, (9) not interfere With or mask the 
functional activity of the bioactive component 12, (10) 
prevent aggregation and/or agglomeration of the dispersion 
of surfactant micelles 22, and (11) be capable of obtaining 
a particular dissolution pro?le. 

[0082] The biocompatible polymer component 24 may be 
included at an amount that is effective to coat and therefore 
stabiliZe the surfactant micelle 22. Furthermore, those of 
ordinary skill in the art Will recogniZe that the amount of the 
biocompatible polymer component 24 used to stabiliZe the 
surfactant micelles 22 may vary depending upon the bioac 
tive component 12, the ?rst aqueous composition 14, the 
surfactant composition 16, the temperature, pH, osmolarity, 
presence of any optional solutes or optional solvents, the 
surfactant micelle 22, any desired characteristics of the 
stabiliZed surfactant micelle 28, the nanocapsules 36, or a 
desired dissolution pro?le. 

[0083] While the concentration of the biocompatible poly 
mer component 24 is not critical to the present invention, the 
concentration of the biocompatible polymer component 24 
is preferably based upon the bioactive component and on the 
desired dissolution pro?le. When the concentration of the 
biocompatible polymer component 24 is to high, the shell of 
the nanocapsule 36 may not dissolve. If the concentration of 
the biocompatible polymer component 24 is to loW, the shell 
of the nanocapsule 36 may dissolve rapidly in a manner that 
promotes cytotoxicity, for example. In addition, too loW a 
concentration of the biopolymer component 24 may not 
provide an effective degree of mechanical force to stabiliZe 
the surfactant micelles 28. 

[0084] Concentrations of the biocompatible polymer com 
ponent 24 that are to high may also be less desirable because 
such higher concentrations may increase the viscosity of the 
?rst aqueous composition 14, and consequently may cause 
dif?culties in preparing, mixing and/or transferring the sta 
biliZer surfactant micelles 28. Concentrations of the biocom 
patible polymer component 24 that are to loW may be less 
preferred, because loWer concentrations may not provide the 
needed viscosity to stabiliZe the surfactant micelles, nor be 
capable of effectively coating the surfactant micelles 22 to 
prevent aggregation of the surfactant micelles 22 in the ?rst 
aqueous composition 14. 

[0085] The biocompatible polymer component 24 may be 
supplied as individual biocompatible polymers or supplied 
in various prepared mixtures of tWo or more biocompatible 
polymers that are subsequently combined to form the bio 
compatible polymer component 18. Some non-exhaustive 
examples of biocompatible polymers include polyamides, 
polycarbonates, polyalkylenes, polyalkylene glycols, poly 
alkylene oxides, polyalkylene terepthalates, polyvinyl alco 
hols, polyvinyl ethers, polyvinyl esters, polyvinyl halides, 
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polyvinylpyrrolidone, polyglycolides, polysiloXanes, poly 
urethanes and copolymers thereof, alkyl cellulose, hydroXy 
alkyl celluloses, cellulose ethers, cellulose esters, nitro cel 
luloses, polymers of acrylic and methacrylic esters, methyl 
cellulose, ethyl cellulose, hydroXypropyl cellulose, 
hydroXy-propyl methyl cellulose, hydroXybutyl methyl cel 
lulose, cellulose acetate, cellulose propionate, cellulose 
acetate butyrate, cellulose acetage phthalate, carboXylethyl 
cellulose, cellulose triacetate, cellulose sulphate sodium salt, 
poly(methyl methacrylate), poly(ethylmethacrylate), poly 
(butylmethacrylate), poly(isobutylmethacrylate), poly(heXl 
methacrylate), poly(isodecylmethacrylate), poly(lauryl 
methacrylate), poly(phenyl methacrylate), poly(methyl 
acrylate), poly(isopropyl acrylate), poly(isobutyl acrylate), 
poly(octadecyl acrylate), polyethylene, polypropylene poly 
(ethylene glycol), poly(ethylene oxide), poly(ethylene 
terephthalate), poly(vinyl alcohols), poly(vinyl acetate, poly 
vinyl chloride polystyrene, polyvinylpryrrolidone, polyhy 
aluronic acids, casein, gelatin, glutin, polyanhydrides, poly 
acrylic acid, alginate, chitosan, poly(methyl methacrylates), 
poly(ethyl methacrylates), poly(butylmethacrylate), poly 
(isobutylmethacrylate), poly(heXlmethacrylate), poly(iso 
decl methacrylate), poly(lauryl methacrylate), poly(phenyl 
methacrylate), poly(methyl acrylate), poly(isopropyl acry 
late), poly(isobutyl acrylate), poly(octadecl acrylate) and 
combination of any of these. 

[0086] Additionally, biocompatible polymers that have 
been modi?ed for enZymatic degradation, or change upon 
application of light, ultrasonic energy, radiation, a change in 
temperature, pH, osmolarity, solute or solvent concentration 
may also be included as part of the biocompatible polymer 
component 24. Preferably, the biocompatible polymer com 
ponent 24 is a hydrophilic polymer that is capable of 
substantially coating, and preferably continuously coating 
the surfactant micelle 22. Still more preferably, the hydro 
philic biocompatible polymer component 24 is capable of 
ionotophoretic exchange. 

[0087] Though descriptions of the present invention are 
primarily made in terms of a hydrophilic biocompatible 
polymer component 24, it is to be understood that any other 
biocompatible polymer, such as hydrophobic biocompatible 
polymers may be substituted in place of the hydrophilic 
biocompatible polymer, in accordance With the present 
invention, While still realiZing bene?ts of the present inven 
tion. Likewise, it is to be understood that any combination 
of any biocompatible polymer may be included in accor 
dance With the present invention, While still realiZing ben 
e?ts of the present invention. 

[0088] In general, any conventional apparatus and tech 
nique that is suitable for permitting the biocompatible poly 
mer component 24 to stabiliZe the surfactant micelles 22 
may be used as the stabiliZing apparatus 26 in accordance 
With the present invention. Furthermore, any other device, 
such as high pressure homogeniZation or high ultrasound 
sonication is preferably not included during stabiliZation. 

[0089] After stabiliZing the surfactant micelles 22, the 
stabiliZed surfactant micelles 28 may be transferred into a 
second aqueous composition 30 located in a second dispers 
ing apparatus 32. The stabiliZed surfactant micelles 28 may 
be transferred by mechanically forming droplets of the 
stabiliZed surfactant micelle 28 that are subsequently intro 
duced into the second aqueous composition 30. 
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[0090] The second aqueous composition 30 may include 
Water only, or may optionally include a solute to precipitate 
the biocompatible polymer component 24 surrounding the 
stabiliZed surfactant micelle 28. Some non-exhaustive 
eXamples of solutes that may be used to precipitate the 
biocompatible polymer 24 include ionic species derived 
from elements listed in the periodic table. 

[0091] Preferably, the second aqueous composition 30 
includes a solute in an amount that is effective to precipitate 
the biocompatible polymer component 24 and form the 
dispersed, and optionally atomiZed nanocapsules 36 of the 
present invention. As used herein, the term “precipitate” 
refers to a solidifying or a hardening of the biocompatible 
polymer component 24 that surrounds the stabiliZed surfac 
tant micelles 28. It is also to be understood that the term 
“precipitation” is also meant to encompass any crystalliZa 
tion of the biocompatible polymer 24 that may occur When 
the biocompatible polymer component 24 is eXposed to the 
solute. 

[0092] Additionally, any other component that is capable 
of modulating the ef?cacy the nanocapsules 36 may be 
included as part of the second aqueous composition to 
thereby modulate the functional activity of the nanocapsule 
36. For eXample, the second aqueous composition may 
include additional coating eXcipients, such as a cell recog 
nition component or various ionic species, such as Mn2+, 
Mg2+, Ca2+, A13", Be2+, Li3O , Ba2+, Gd3+, or any other ionic 
species that is capable of interacting With the biocompatible 
polymer component 24. 

[0093] The term “cell recognition component”, as used 
herein, refers to a molecule capable of recogniZing a com 
ponent on a surface of a targeted cell. Cell recognition 
components may include an antibody to a cell surface 
antigen, a ligand for a cell surface receptor, such as cell 
surface receptors involved in receptor-mediated endocyto 
sis, peptide hormones, and the like. 

[0094] It has been observed that When the stabiliZed 
surfactant micelles 28 are alloWed to incubate in the second 
aqueous composition 30 that includes the solute to precipi 
tate the biocompatible polymer component 24, the nanocap 
sules 36 undergo a reduction in siZe. Furthermore, the 
formation of a ?occulated suspension of the nanocapsules 36 
has also been observed after incubating the stabiliZed sur 
factant micelles 28 in the second aqueous composition. 

[0095] As used herein, “a ?occulated suspension” refers to 
the formation of a loose aggregation of discrete particles 
held together in a network-like structure either by physical 
absorption of bioactive components, bridging during chemi 
cal interaction (precipitation), or When longer range van der 
Waals forces of attraction eXceed shorter range forces of 
repulsion. The ?occulated suspension of nanocapsules 36 
may entrap varying amounts of the ?rst aqueous composi 
tion 14 or the second aqueous composition 30 Within the 
network-like structure. Additionally, the ?occulated suspen 
sion of nanocapsules may be gently tapped to disperse the 
nanocapsules 36. 

[0096] The stabiliZed surfactant micelles 28 may be trans 
ferred into the second aqueous composition 30 via atomi 
Zation through a noZZle (not shoWn) having a particular 
ori?ce siZe or through an aerosoliZing apparatus (not 
shoWn). AtomiZing or aerosoliZing the stabiliZed surfactant 
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micelles 28 typically includes the application of a shear 
force that may be capable of further dispersing the stabilized 
surfactant micelles 28. Furthermore, the application of the 
shear force during transfer may also be effective to (1) 
reduce the siZe of the nanocapsules 36, or (2) break up any 
agglomerates or associations betWeen stabiliZed surfactant 
micelles 28 that may have formed in the stabilizing appa 
ratus 26. NoZZle pressures of less than about 100 psi, for 
example, may be used to atomiZe the stabiliZed surfactant 
micelles 28. 

[0097] The diameter of the nanocapsules 36 may also be 
varied depending upon the ori?ce siZe of the noZZle that may 
be used to transfer the stabiliZed surfactant micelles 28 into 
the second aqueous composition. Alternatively, the stabi 
liZed surfactant micelles 28 may be added to the second 
aqueous composition 30 containing the solute that precipi 
tates the biocompatible polymer 24 to form a dispersion of 
nanocapsules 36 for purposes of providing the dispersion for 
sub-cutaneous delivery of the nanocapsules, for example. 

[0098] After precipitating and/or optionally incubating the 
nanocapsules 36 in the second aqueous composition 30, the 
nanocapsules 36 may be ?ltered, centrifuged or dried to 
obtain separate and discrete nanocapsules 36. The nanocap 
sules 36 may be froZen or reconstituted for later use or may 
be delivered to a target cell or tissue by such routes of 
administration as oral, intravenous, subcutaneous, intraperi 
toneal, intrathecal, intramuscular, inhalational, topical, 
transdermal, suppository (rectal), pessary (vaginal), intra 
urethral, intraportal, intrahepatic, intra-arterial, intra-ocular, 
transtympanic, intraumoral, intrathecal, or any combination 
of any of these. 

[0099] The nanocapsules 36 having a diameter of less than 
about 50 nm are advantageous in the delivery of bioactive 
components to target cells for several reasons. First, nano 
capsules 36 having a diameter of less than about 50 nm 
enhances delivery of bioactive components by protecting the 
bioactive components against degradation during transport 
to the target cell. 

[0100] Second, nanocapsules 36 having a diameter of less 
than about 50 nm promotes ef?cient cellular uptake. Ef? 
cient cellular uptake into the target cell typically occurs 
When a particle has a diameter of less than about 50 nm, as 
opposed to When a particle has a diameter of more than 
about 50 nm. 

[0101] Third, it is believed that uptake of the nanocapsules 
36 by the target cell occurs via transport systems, such as a 
non-endosomal pathWay, that prevents lysosomal degrada 
tion of the nanocapsules 36. Indeed, it is believed that the 
nanocapsules 36 of the present invention are ef?ciently 
exported into a cell via a caveolin-regulated pathWay that 
circumvents most, if not all, endosomal-regulated pathWays 
that typically degrade nanocapsules 36. 
[0102] Fourth, the nanocapsules 36 have a biocompatible 
polymer shell that is separate from the bioactive component. 
In fact, the bioactive component is not entangled in, embed 
ded in, or adsorbed onto the biocompatible polymer shell of 
the nanocapsules 36. When the bioactive component is not 
entangled in, embedded in, or adsorbed onto the biocom 
patible polymer shell, the cell that incorporate the nanocap 
sules 36 avoid apoptosis or cell death. 

[0103] Fifth, enclosing the bioactive component Within a 
core surrounded by the biocompatible polymer shell When 

Jul. 15, 2004 

preparing the nanocapsules 36 in accordance With the 
present method is advantageous in avoiding premature deg 
radation of the nanocapsules 36, or a cytotoxic response 
during in vivo transport of the nanocapsule. Enclosing the 
bioactive component Within the core results in a linear 
release rate of the bioactive component Without any Zero 
burst phenomenon during release from the nanocapsules 36. 

[0104] The linear release rate of the bioactive component 
from the nanocapsule Without any Zero burst phenomenon is 
also an advantageous feature as the linear release rate alloWs 
rational design of coating dissolution pro?les to minimiZe 
cytotoxicity. As used herein, the term “dissolution pro?le” 
refers to a rate at Which the biocompatible polymer shell is 
dissolved or degraded to release a bioactive agent from a 
core of a nanocapsule. 

[0105] Another bene?t of the nanocapsules 36 prepared by 
the method of the present invention is that little, if any, 
addition of an organic solvent is required to form the 
nanocapsules 36. Eliminating the use of most, if not all, 
organic solvents from the method of the present invention is 
bene?cial since organic solvents may damage the bioactive 
component 12, destroy the target cells, or be toxic during 
preparation of the nanocapsule 36. The elimination of most, 
if not all, use of organic solvents eliminates the need for 
complex solvent removal techniques, such as solvent dilu 
tion, vacuum evaporation, or the like, and obviates any 
associated costs or complex process strategies during prepa 
ration of the nanocapsules 36. 

[0106] The nanocapsules 36 of the present invention fur 
ther permits stable encapsulation of a bioactive component, 
and in particular, hydrophilic bioactive components, such as 
polynucleotides and polypeptides. “Stable encapsulation”, 
as used herein, refers to maintenance of the encapsulated 
bioactive component’s structure. For nucleic acids, the 
appearance of loW molecular Weight nucleic acid breakdoWn 
products, Which may be assayed for by electrophoresis, is 
substantially eliminated. The nanocapsules 36 may also be 
used to encapsulate any bioactive component regardless of 
Water solubility or charge density. 

APPLICATIONS 

[0107] The nanocapsules 36 may be combined With addi 
tional polymeric binders, surfactants, ?llers, and other 
excipients to incorporate the nanocapsules 36 into solid 
dosage forms such as granules, tablets, pellets, ?lms or 
coatings for use in enhanced bioactive component 12 deliv 
ery. In this Way, design of the dissolution pro?le, control of 
the particle siZe, and cellular uptake remains at the level of 
the nanocapsule. Such applications include, but are not 
limited to, creation of rapidly dissolving nanocapsule pellets 
for pulmonary delivery or nanocapsule ?lms for device 
mediated delivery. 

[0108] In another application, the nanocapsules 36 may be 
designed for speci?c cellular or tissue uptake by polymer 
selection and/or inclusion of cell-recognition components in 
the nanocapsule biocompatible polymer shell or coating. 
Such coatings Will have utility for speci?c or increased 
delivery of the bioactive agent to the target cell. Such 
applications include, but are not limited to tumor-targeting 
of chemotherapeutic agents or anti-sense DNA, antigen 
delivery to antigen-presenting cells, ocular delivery of 
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riboZymes to retinal cells, transdermal delivery of protein 
antibodies, or transtympanic membrane delivery of peptide 
nucleic acids. 

[0109] Property Determination and Characterization Tech 
niques 
[0110] Various analytical techniques are employed herein. 
An explanation of these techniques folloWs: 

[0111] FIG. 1A: Samples Were prepared on freshly 
cleaved mica as dispensed, dried in air and imaged using a 
Nanoscope II multimode AFM (Digital Instruments) With a 
J type scanner and ambient tapping mode holder. 125 pm 
long silicon cantilevers type IBMSC Were from IBM and 
have resonant frequencies of 250-450 kHZ. All imaging Was 
in tapping mode, images Were 512x512 pixels and scanning 
frequency Was 1 kHZ. Height, amplitude and phase images 
Were collected. Images Were processed in DI softWare and 
analyZed in NIH Image SXM. A: Formula Q from 2-phase 
system, loW HLB surfactant, B: Formula S from 2-phase 
system, high HLB surfactant, C: Formula T from 1-phase 
system, high HLB surfactant, D: Formula V from 2-phase 
system, surfactant beloW CMC. 

[0112] FIG. 1B: Nanocapsules Were released into a solu 
tion of 10% isobutanol in Phosphate-buffered Saline (PBS), 
pH=7.2. Samples Were run in duplicate. FIG. 1C: Nominal 
300 ng samples of DNA Were aliquoted from a master batch 
containing surfactant and processed through commercial 
miniprep columns. Eluate Was recycled through Qiaquik 
columns and collected either 3 times (4, 5) or tWice (6,7) or 
recycled through Zymoclean columns and collected tWice 
(8,9). Samples Were alcohol precipitated using a commercial 
coprecipitant, electrophoresed on 1.5% agarose gels modi 
?ed With Synergel, stained With SybrGold dye, digitiZed on 
a Storm 860 and compared to unmodi?ed but reprecipitated 
samples from the same master batch (10,11). Lanes 1-3: 100, 
50 and 5 ng of ?_DNA. 

[0113] FIG. 2: Endocytic activity Was assessed by immu 
nosignal levels of clathrin (Chemicon). Potocytotic activity 
Was assessed by immunosignal for caveolin-1 as described 
in the literature (Transduction Laboratories). Lysosomal 
activity Was detected by an monoclonal antibody to Lamp-1 
(Transduction Laboratories). Nanocapsule localiZation Was 
detected by streptavidin-biotin immunocomplexes directed 
against sheep IgG (Jackson Laboratories). Nanocapsule 
coatings Were spiked With ovine IgG to enable this detection 
strategy. 

[0114] FIG. 3: immortaliZed Rt-1 ?broblast cultures at 
70% con?uence Were treated for 4 days With increasing 
amounts of nanocapsule formula K and transiently treated (3 
hours) With an optimiZed liposomal formula (dose, 500 ng) 
Results are expressed as a percentage of cellular actin 
integrated intensity and compared to the liposomal formula. 
Expression vector Was code 448: pEF/myc-his/GFP (Invit 
rogen). 
[0115] FIG. 4A: Radiated porcine biopsies Were snapfro 
Zen 7 days after treatment With saline or 6 pg of controlled 
release nanocapsules, then homogeniZed in RIPA. 100 pg 
lysate samples Were electrophoresed on SDS-Page gradient 
gels, transferred to nitocellulose membranes and detected 
for either §-galactosidase (121 Kd) or involucrin (~100 kD) 
using chemiluminescence. Results Were normaliZed to the 
post-transfer gel stained With Coomassie due to interference 
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at 100 kD from a gel defect. Involucrin, a component of the 
corni?ed membrane, manufactured by suprabasal cells can 
be detected in radiated porcine skin and Will be used for 
future normaliZation purposes. Lane A: N, topical, biopsy 
oc-2; B: N, topical, biopsy oc-3; C: 0, topical, biopsy 1-1; D: 
PBS only, biopsy 1-5; E: N, subcutaneous injection, biopsy 
1-6. 

[0116] FIG. 4B: The [3-galactosidase reporter protein Was 
detected by a monoclonal antibody directed at an incorpo 
rated fusion protein tag. A: N, topical, biopsy oc-1, detection 
With anti-Xpressa; B: Matching vieW to AWith detection for 
anti-von Willenbrand factor (Sigma);C: untreated biopsy, 
detection With anti-Xpress"‘(Invitrogen). 

[0117] FIG. 5: Nanocapsules Were incorporated into an 
aqueous suture coating and sutures Were applied to pigskin 
biopsies in organ culture. Nanocapsules Were detected With 
Cy3 conjugated-streptavidin-biotin complexes to incorpo 
rated ovine IgG and GFP transgene expression Was detected 
by rabbit polyclonal antibodies to GFP (Abcom) in combi 
nation With Fitc-conjugated polyclonal antibodies to rabbit 
IgG and Alexa 488-conjugated polyclonal antibodies to Fitc 
(Molecular Probes). Controls omitting primary antibodies 
Were included for signal-to-background level estimation. 

[0118] FIG. 6A: Nanocapsules Were detected as previ 
ously described and GFP transgene expression Was detected 
by rabbit polyclonal antibodies to GFP in combination With 
Cy3-conjugated antibodies to rabbit IgG (Jackson Labora 
tories). 
[0119] FIG. 6B: GFP expression Was detected as 
described in FIG. 5 and cell nuclei Were counterstained With 
10 pig/ml bisbenZamide. 

[0120] FIG. 6C: Carcinoma cells and HDF’s Were seeded 
overnight into 96 Well plates at 2000 and 6000 cells per Well 
respectively. Cisplatin preparations Were added to Wells for 
18 hours as noted on the graph than Washed out. After 72 
hours cell viability of assessed by a commercial MTT assay 
(WST assay, Boehringer Mannheim). Wells Were executed 
in duplicate. 

[0121] FIG. 7: ColocaliZation With lysosomes Was 
detected using a monoclonal antibody to Lamp-1 (Trans 
duction Laboratories). AFM images are included of O-me 
thyl RNA formulated by nanoencapsulation or complexation 
With 27 KD polyethyleneimine. 

EXAMPLES 

[0122] The present invention is more particularly 
described in the folloWing Examples Which are intended as 
illustrations only since numerous modi?cations and varia 
tions Within the scope of the present invention Will be 
apparent to those skilled in the art. 

[0123] Reagents: 

[0124] A. Nucleic acid condensing agents 

[0125] Poly(ethylenimine) (PEI) at 27 KiloDalton PEI Was used at optimiZed conditions (90% charge neutral 

iZation) 
[0126] Polylysine (PLL) at 70-150,000 molecular Weight. 
PLL condensing materials Were conjugated With nuclear 
signal localiZation peptides, either SV-40 T antigen or cys 
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gly-tyr-gly-pro-lys-lys-lys-arg-lys-val-gly-gly using car 
boxiimide chemistry available from Pierce Chemical (Rock 
ford, Ill.). 

[0127] Preparations of nuclear matrix proteins (NMP). 
NMP Were collected from a rat ?broblast cell line, and a 
human keratinocyte cell line using a procedure described in 
Gerner et al. J. Cell. Biochem. 71 (1998):363-374 Which is 
incorporated herein by reference. Protein preparations Were 
conjugated With nuclear signal localiZation peptides as 
described. 

[0128] B. Surfactants 

[0129] 2, 4, 7, 9 - tetramethyl-5-decyn-4, 7 - diol (TM 
diol): HLB=4-5, CMC is not determined 

[0130] Poly(oxy-1, 2-ethanediol), a-(4-nonylphenol)-W 
hydroxy, Tergitol NP-40 (NP40): HLB=17.8, CMC 180 pM, 

[0131] Polyoxyethylene 20 sorbitan monooleate (TWeen 
80): HLB=10, CMC 920 #M, Cetyl Alcohol: HLB=4,CMC 
is not determined. 

[0132] C. Polymers 

[0133] Hyaluronan, bacterially-derived, 1 million kiloDal 
ton (MM kD) and conjugated With nuclear localiZation 
signal peptides as described in US. Pat. No. 5,846,561, 
Which is incorporated herein by reference. 

[0134] Hyaluronan, derived from human umbilical cord, 
about 4MMKD and not conjugated. 

[0135] Povidone (polyvinylpyrolidone, PVP) 10,000 kD 
MW and not bioconjugated Povidone (polyvinylpyrolidone, 
PVP) 40,000 Kd MW and not bioconjugated Povidone 
(polyvinylpyrolidone, PVP) 360,000 kD MW and not bio 
conjugated Tenascin, 220 kD and not bioconjugated. 

[0136] D. Expression Vectors 

[0137] 334: pcDNA/His/LacZ, produces galactosidase, 
incorporates CMV promoter, based on pcDNA 3.1. (Invit 
rogen), 8.6 kB 

[0138] 425: pEGFP-c/farn, enhanced GFP (green ?uores 
cent protein) expression vector modi?ed With a farnasyl 
moiety to improve microscopy, CMV promoter, 4.6 kB 

[0139] 423: pEGFP-c3/p57(Kpn/Sma) Clontech enhanced 
GFP (green ?uorescent protein) expression vector modi?ed 
With a nuclear localiZation tag from a cyclin dependent 
kinase to improve microscopy, 4.6 kB 

[0140] E. Cells 

[0141] CCRL 1764: ImmortaliZed rat neonatal ?broblast 
cell line 

[0142] HaCaT: immortaliZed human keratinocyte cell line 

[0143] Ca9: human tumor cells derived from a squamous 
cell carcinoma of tongue origin. 

Example 1A—Effect of changing dispersion 
conditions on hydrophillic nanocapsules. 

[0144] The importance of appropriate dispersion condi 
tions Was investigated in the folloWing series of formula 
tions. Formulae Were produced by i) predispersing 25 pg of 
DNA (425) on ice using a bath sonicator, ii) condensing 
DNA in a small amount of Water by vortexing then incu 
bating on ice for 20 minutes, iii) adding surfactant then oil 

Jul. 15, 2004 

folloWed by 30 seconds of probe sonication at 10 Watts, iv) 
diffusion dilution to 3 milliliters (mL) by ?rst adding saline 
then 1 MM kD hyaluronan polymer (1%) as a protective 
colloid, v) mechanically shearing emulsion into droplets by 
pumping through a 250 micrometer ori?ce into 22 mL 
of PBS, 10 milliMolar (mM) Ca“, 200 mM Li", vi) incu 
bating overnight end over end and vii) centrifuging to 
recover nanoparticles for resuspension and ?lter steriliZa 
tion. The condenser-to-DNAWeight ratio Was determined by 
dye exclusion at 90% charge neutraliZation. TM-diols Were 
used in this experiment to represent Water-immiscible sur 
factants, While Tergitol NP40 and TWeen 80 Were used to 
represent Water-soluble and even more Water-soluble emul 
si?ers/dispersing aids. 

[0145] Dispersion conditions Were systematically varied 
to discourage micelle formation in aqueous media by i) 
choosing Water-soluble surfactants (Formulae S,T,U, and 
V), ii) removing the dispersed phase (Formula T) and iii) 
decreasing surfactant loading beloW that required for micelle 
formation. Formula U featured use of a Water-miscible oil 

(silicone oil). 
[0146] Formulas Were characteriZed physically and tested 
for functionality in in vitro gene transfer. Quantitative 
results are summariZed in Table 1A: 

TABLE 1A 

Effect of changing dispersion conditions on hydrophillic 
nanocapsules. 

Formula 

Q R S 

Experimental surf > CMC surf > CMC surf > CMC 
Modi?cation: 
Critical Micelle ~0 ~0 360 ppm 
Concentration (CMC) 
Pre-aerosol surfactant 500 ppm 500 ppm 600 ppm 
Concentration (3 ml 
basis) 
HLB number 4-5 4 17.8 
Phases Water/ Water/ Water/ 

misc. oil misc. oil misc. oil 
Formula 
Characteristics: 

Nucleic Acid 86 r 8 67 r 1.4 50.3 r 12 

Incorporation (%) 
LOW MW DNA 15.00 76 93.00 
Appearance 
(% above bkground, 
Post nanocapsule 
digest by 
electrophoresis) 
Supercoil retention 87% 65% 66% 
(post 
100 hrs release) 
(area %, initial 
distribution = 76% 

supercoiled) 
Particle Size 42 r 2 45 r 3 73 r 4 

(mean 1 SE) 
Secondary Structure(s) 25% 30% 70% 
Flocculation Status 100-200 nm 500 nm 300 nm 

stringy ?ocs stringy ?ocs spheroid 
aggregates 

Comments: 
Performance: 

Transduced GFP 420 340 0 
Protein Generation 
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TABLE lA-continued 

Effect of changing dispersion conditions on hydrophillic 
nanocapsules. 

Formula 

Q R 

(pixel units, % of 
control liposome 
formula, 100 ,ug total 
protein, Day 11) 

[0147] 
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[0148] Nanocapsule sizing Was determined by tapping 
mode AFM and images are illustrated in FIG. 1A. The data 
indicate average nanocapsule sizes less than 50 nm are 

achievable only With multi-phase systems in combination 
With loW Water solubility surfactants (Table 1A: Formulae 
Q,R vs. S,T,U,V, and Furthermore, only nanocapsules of 
less than 50 nm resulted in detectable transgene production 
in CRL-1764 rat ?broblast cells (Table 1A). Effective dis 
persion also corresponded With decreased aggregation and 
enhanced DNA stability (as indicated by decreased electro 
phoretic breakdown products). The starting DNA Was par 
tially relaxed (76% supercoiled by electrophoresis). Using 
this value as a basis, supercoil retention in DNA still 

TABLE 1A 

Effect of changing dispersion conditions on hydrophillic 
nanocapsules. 

Formula 

T U W V 

Experimental 
Modi?cation: 
Critical Micelle 
Concentration 

(CMC) 
Pre-aerosol 
surfactant 
Concentration (3 ml 
basis) 
HLB number 
Phases 
Formula 
Characteristics: 

Nucleic Acid 
Incorporation (%) 
LOW MW DNA 

Appearance 
(% above bkground, 
Post nanocapsule 
digest by 
electrophoresis) 
Supercoil retention 
(post 100 hrs 
release) 
(area %, initial 
distribution = 76% 

supercoiled) 
Particle Size (mean 1 SE) 

Secondary 
Structure(s) 
Flocculation Status 

surf > CMC 

360 ppm 

600 ppm 

17.8 
Water only 

39 r 1.7 

53.00 

59% 

226 r 11 

S < 10% 

surf > CMC surf > CMC surf < CMC 

360 ppm 1200 ppm 360 ppm 

600 ppm 4000 ppm 90 ppm 

17.8 10 17.8 

Water/immisc. oil Water/misc. oil Water/misc. oil 

32.8 r 6 37 r 1.41 57.6 r 16 

66 28 41.00 

43% 65% 80% 

291 z 25 150 z 7 199 z 11 

S<10% S>40% S>80% 
400 nm 

yeast-like aggregates 
aggregates 

Comments: 
ppt. during 

aerosolization 
ppt. during ppt. during 

aerosolization aerosolization 

Performance: 
Transduced GFP 
Protein Generation 
(pixel units, % of 
control liposome 
formula, 100 ,ug 
total protein, Day 
11) 






















































