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ABSTRACT

The present invention is directed to size-stabilized drug nano

particulate compositions and methods of preparation thereof.
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Curing Curve of Complexed Ganaxolone Particles
Containing Sodium Benzoate at pH 4.0
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D50 (nm) vs Time Plot
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NANOPARTICULATE FORMULATIONS AND
METHODS FOR THE MAKING AND USE
THEROF

Jan. 1, 2009

technique entails grinding drug in a milling chamber With
grinding media (beads) to produce small particles. For pro
ductivity, those skilled in the art appreciate that one Wants to
mill for as short a period of time needed to make a stable

[0001] This application claims the bene?t of US. Provi
sional Patent Application No. 60/861,616, ?led on Nov. 28,

2006, the disclosure of Which is hereby incorporated by ref
erence in its entirety.
FIELD OF THE INVENTION

composition and also as concentrated in drug as possible.
Recirculation of a tank of drug suspension through a ball mill
is the most common technique. As the milling is a high energy
process, to avoid contamination from abraded materials

(milling chamber and grinding balls), the shortest milling
time possible With the loWest energy is the most preferred
process. As oral nanoparticulate formulations are formed

[0002] Described herein are nanoparticulate formulations
of drugs having an aqueous solubility of less than 1 mg/ml in
a pH of about 7.4 Which provide enhanced stability, physical
and chemical properties and can provide enhanced pharma
cokinetic properties to achieve an optimal balance betWeen

generally to increase dissolution rates in the gastrointestinal
tract, maintaining a constant particle siZe until the compound
is absorbed is the key parameter to monitor.

pharmacodynamic and side effect pro?les in mammals, and

nm) have been described since 1988 (H. Steffen B T Gatte
fosse No. 81, 1988 pp. 45-53; US. Pat. No. 4,540,602 (Mo
toyama, et al.); and US. Pat. No. 5,145,684 (Liversidge, et

dosage forms containing the same, as Well as methods of

making nanoparticulate drug formulations and their use in the
treatment of various disorders.
BACKGROUND OF THE INVENTION

[0003]

It has been very di?icult to formulate therapeuti

cally effective dosage forms speci?c for drugs having an
aqueous solubility ofless than 1 mg/ml in a pH of about 7.4,

[0007] The preparation of small particle pharmaceutical
compositions (effective particle siZe (D50) of less than 500

al.)). These submicron (nanoparticulate) compositions all
describe using non-crosslinked excipients associated With the
surface of the small particle to stabiliZe the composition from

signi?cant particle siZe groWth and/or agglomeration. Gener
ally, surface stabiliZers fall into tWo categories: non-ionic
(also called steric stabiliZers or modi?ers) and ionic stabiliZ

across a broad range of therapeutic agents (eg medrox

ers. The most common non-ionic stabiliZers are excipients

yprogesterone acetate, carbamaZepine, phenyloin, nifedipine

Which are contained in classes knoWn as binders, ?llers, sur

and ganaxolone). Generally, conventional formulations of

factants and Wetting agents. Limited examples of non-ionic
surface stabiliZers are hydroxypropylmethyl cellulose, poly

drugs having an aqueous solubility less than 1 mg/ml in a pH
of about 7.4 demonstrate variable and loW bioavailability and
have also shoWn particularly large exposure differences When
the drug is administered in the fed and fasted state. Based
upon this dif?culty, there exists a need in the art for improved

drug formulations and dosage forms for drugs having an
aqueous solubility less than 1 mg/ml in a pH of about 7.4.
Herein are described liquid and solid dosage drug formula
tions Which address this need and Which provide improved

pharmacokinetic properties Which maintain e?icacy While
reducing side effects and enhancing subject compliance.
[0004] Various methods to improve the solubility and bio
availability of drugs have been used by those skilled in the art.
One such method involves the comminuting in siZe of the
drug particles. Small particles have more surface area and

vinylpyrrolidone, Plasdone, polyvinyl alcohol, Pluronics,
TWeens and Polyethyleneglycols (PEGs). A subset of surface
stabiliZers commonly used is ionic in nature. These ionic
surface stabiliZers tend to fall into the class of excipients
Which are typically used as surfactants and Wetting agents.
Ionic stabiliZers used in the prior art are typically organic
molecules bearing an ionic bond such that the molecule is

essentially fully charged in the formulation. The tWo most
described ionic surface stabiliZers are the long chain sulfonic

acid salts sodium lauryl sulfate and dioctyl sodium sulfosuc
cinate (DOSS). Broad ranges for all surface stabiliZers have
been claimed in US. Pat. No. 5,145,684 (the ’684 patent)

ranging from 0.1% to 90% by Weight of the composition.
Typically, one adds 20%-150% (Wt % of drug) of a nonionic

therefore dissolve into a ?xed amount of media faster. This

surface stabiliZer and 0.2%-5% of an ionic surface stabiliZer

results in higher oral bioavailability for Water insoluble com
pounds especially those Which have restricted areas of

(Wt % of drug) to achieve maximal particle siZe stabiliZation

absorption in the GI tract, have high ?rst pass clearance (liver
metabolism) and have a high dose requirement.
[0005] One Way to provide for a small “nano” particle drug
formulation is to form a nanoparticle liquid formulation, e.g.,

nanosuspension. When dealing With nanosuspensions, the
less Water soluble and more lipophilic the drug, the more
dif?cult it is to obtain a stable small particle “nanosuspen

sion” in polar solvents like Water. Particle groWth (OtsWald
Ripening) and aggregation must be minimized in nanopar
ticulate compositions if the bene?t of small particle formula
tions is to be realiZed.

[0006]

Preparation of nanosuspensions is knoWn in the art.

from these surface stabiliZers. Since 1988, many papers and

patents have published relating to nanoparticulate composi
tions and various Ways to optimiZe the method of manufac
ture, use and stability of such compositions.
[0008] In preparing drug nanoparticles via a Wet ball mill
ing process as described in the ’684 patent, milling suspen
sions With drug concentrations of 5-30% are typically milled
With a hard grinding media in a ball mill to obtain particles
With a D50 in the 100-500 nm siZe range. The literature

teaches that particle siZe reduction using milling is conducted
at a su?icient speed and time to obtain a desired particle siZe.
The surface stabiliZers are present or added to keep the par
ticle siZe constant over a variety of stability indicating mea

ing, precipitation, high pressure homogenization). Many

surements as compared to the particle siZe (D50) obtained at
the end of milling. One of the major issues in Wet ball milling
is potential residual metals in the composition due to

marketed small particle formulations today are prepared uti
liZing Wet ball milling techniques. For example, one common

ticle siZe (Jia, L. Current Nanoscience, 1, pp 237-243 (2005)).

Mo st current commercial technologies involve the use a Water

based system to generate small particles (e.g., Wet ball mill

extended milling or energy needed to obtain the desired par
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[0009]

Enhancing stability has been the focus of much

excipients, the amount of drug complexed particles may

research. Stability is a broad reference and in the pharmaceu

range from about 1% to about 99%, based on the Weight of the

tical industry is generally recognized as testing needed to
determine storage stability (the stability of the formulation

entire composition and the amount of pharmaceutically
acceptable excipient may range from about 1 to about 99%
based on the Weight of the total composition.
[0016] In another embodiment, the present invention is

under storage over time), purity stability (the purity pro?le of
the formulation over storage conditions), release or disper

sion stability (the stability of release or disintegration char

directed to siZe-stabiliZed drug complexed particles compris

acteristics for the formulation in Water and physiological

media). The physiological media for dispersion stability is

ing a drug capable of forming a cyclodextrin inclusion com
plex and having an aqueous solubility of less than 1 mg/ml in

dependent on the route of administration (simulated gastric

a pH of about 7.4 in association With effective amounts of a

and/ or intestinal ?uid for oral products, saliva for buccal and
tant to the performance or tolerability of a formulation must

surface stabiliZer and a complexing agent capable of forming
a cyclodextrin inclusion complex, the siZe-stabiliZed drug
complexed particles having a volume Weighted median diam

be monitored for stability.

eter (D50) from about 50 nm to about 500 nm; the drug

sub-lingual products, etc). In general any parameter impor

complexed particles exhibiting an increase in volume
SUMMARY OF THE INVENTION

[0010] Described herein are compositions, pharmaceutical
compositions, methods for treating, methods for formulating,
methods for producing, methods for manufacturing, treat

ment strategies, pharmacokinetic strategies using nanopar
ticulate formulations of drugs having an aqueous solubility of
less than 1 mg/ml in a pH of about 7.4. The drugs that Would

Weighted median diameter (D50) of from 0% to not more than
about 200% When the formulation is dispersed in simulated
gastric ?uid (SGF) or simulated intestinal ?uid (SIF) at a
concentration of 0.5 to 1 mg drug/mL and placed in a heated
bath at 36° to 38° C. for 1 hour using a TypeI or II dissolution
apparatus and a stirring rate of 75 RPM, as compared to the

D50 of the drug particles When the formulation is dispersed in

bene?t from this approach are limited to those that can form

distilled Water under the same conditions.

a cyclodextrin complex.
[0011] The inventors have prepared stable submicron drug

[0017] In certain other embodiments, the present invention
is directed to a solid pharmaceutical formulation, comprising

particles With particularly advantageous pharmaceutical
properties. Stable drug particles described herein comprise a
complex of drug and a complexing agent. Additional factors
that affect stability and particle siZe are described herein.
[0012] In certain embodiments, the present invention is
directed to drug complexed particles having a volume
Weighted median diameter (D50) from about 50 nm to about
500 nm, each of the particles comprising in association (i) a

drug capable of forming a cyclodextrin inclusion complex
and having an aqueous solubility of less than 1 mg/ml in a pH
of about 7.4, (ii) a surface stabiliZer, and (iii) a complexing

agent capable of forming a cyclodextrin inclusion complex

a plurality of inert beads spray layered With a coating com

prising (a) drug complexed particles having a volume
Weighted median diameter (D50) from about 50 nm to about
500 nm, each of the particles comprising in association a

drug capable of forming a cyclodextrin inclusion complex
and having an aqueous solubility of less than 1 mg/ml in a pH
of about 7.4, (ii) a surface stabiliZer, (iii) a complexing agent

capable of forming a cyclodextrin inclusion complex;
together With effective amounts of (b) a Water soluble spacer

and (c) an ionic dispersion modulator.
[0018] In another embodiment, the present invention is
directed to an orally ingestible tablet, comprising a com

When the particles are cured for at least about 3 days. In

pressed mixture of (a) drug complexed particles having a

certain embodiment, the complexing agent may be included

volume Weighted median diameter (D50) from about 50 nm
to about 500 nm, each of the particles comprising in associa

in an amount effective to cause an initial increase in the siZe

of the particles, Wherein the volume Weighted median diam
eter (D50) of the particles before the initial groWth is from
about 100 to about 400 nm and the D50 at the end of the curing
time is 20% to 300% larger than the D50 measured before the

curing period. For example, in certain embodiments, the com
plexing agent is included in an amount from about 0.1% to

about 8%, W/W of the siZe-stabiliZed drug particles
[0013] In certain embodiments, the volume Weighted diam
eter (D50) of the complexed particles does not change by
more than 10% after a time in consecutive measurements

separated by about 72 hours.
[0014] In certain embodiments, the complexed particles

tion (i) a drug capable of forming a cyclodextrin inclusion
complex and having an aqueous solubility of less than 1
mg/ml in a pH of about 7.4, (ii) a surface stabiliZer, (iii) a
complexing agent capable of forming a cyclodextrin inclu
sion complex; together With effective amounts of (b) a Water
soluble spacer and (c) an ionic dispersion modulator; an inert
diluent; and a tableting lubricant.

[0019] In yet another embodiment, the present invention is
directed to a siZe-stabiliZed nanopar‘ticulate liquid composi
tion comprising a drug capable of forming a cyclodextrin
inclusion complex and having an aqueous solubility of less
than 1 mg/ml in a pH of about 7.4 in association With effective

increase in effective particle siZe from about 0% to about
200% upon dispersion in simulated gastric or intestinal ?uid

amounts of a surface stabiliZer and a complexing agent

as compared to dispersion in Water under the same conditions.

Wherein the volume Weighted median diameter (D50) of the

[0015] In yet another embodiment, the present invention
provides for a pharmaceutical composition comprising the
drug complexed particles described above together With at
least one pharmaceutically acceptable excipient. In certain
embodiments, the pharmaceutical composition may be in the

capable of forming a cyclodextrin inclusion complex,
siZe-stabiliZed particles is from about 50 nm to about 500 nm

after curing. The nanopar‘ticulate liquid compositions, may
further contain at least one additional pharmaceutically

acceptable excipient selected from the group consisting of a
hydrophilic polymer, a Wetting agent, an ionic dispersion

form of a solid dosage form. In other embodiments, the phar
maceutical composition may be in the form of a liquid dosage
form, e.g., suspension. When incorporated into a pharmaceu

modulator, a Water soluble spacer, and any combinations or

tical composition comprising pharmaceutically acceptable

composition is converted to a solid nanopar‘ticulate composi

mixture thereof.

[0020] In certain embodiments, the nanopar‘ticulate liquid
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tion by removal of solvent (e.g., via spray drying, spray
granulation, spray layering onto inert cores).
[0021] In yet another embodiment, the present invention is
directed to a method for preparing stabilized drug particles,

comprising: a) reducing the siZe of drug particles capable of
forming a cyclodextrin inclusion complex and having an
aqueous solubility of less than 1 mg/ml in a pH of about 7.4
into a siZe range of about 50 nm to about 200 nm; b) adding an

effective amount of a surface stabiliZer to the drug particles

to, drug particles, liquid formulations, and oral solid dosage
forms (e. g., immediate release, sustained release, delayed
release and pulsatile release).
[0028] In certain embodiments, the invention is directed to
a solid composition comprising particles comprising a com
plexed drug; and an effective amount of an ionic dispersion

modulator to reduce agglomeration and particle siZe groWth
of the particles (e.g. upon storage, dispersion in physiological
?uids and Water), Wherein the volume Weighted median

before, during or after reducing the siZe of the drug particles
to form particles comprising the drug and the surface stabi

diameter (D50) of the particles is from about 100 nm to about

liZer; and c) further stabiliZing the particles of step b) by
adding an effective amount of a complexing agent capable of

[0029] In certain embodiments, the invention is directed to
a solid composition comprising particles comprising a com

500 nm.

forming a cyclodextrin inclusion complex to provide particles

plexed nanoparticulate drug; and an ionic dispersion modu

that attain a stabiliZed siZe such that the volume Weighted
median diameter (D50) of the particles is from about 50 nm to

lator in an amount of from about 1% to about 50%, W/W, based
on the Weight of the siZe stabiliZed particles, Wherein the

about 500 nm.

volume Weighted median diameter (D50) of the particles
(dispersed in Water and/or physiological ?uids) is from about

[0022] In certain embodiments, the siZe stabiliZed particles
are prepared by contacting drug particles With a complexing
agent such that the siZe of the particles exhibits an increase in
volume Weighted median diameter of from about 20% to
about 300% and an endpoint is reached such that the particles
are siZe-stabiliZed. The endpoint can be, e.g., from about 1 to

about 20 days.
[0023] In another embodiment, the present invention is
directed to a suspension of siZe-stabiliZed drug complexed
particles comprising a drug capable of forming a cyclodextrin
inclusion complex and having an aqueous solubility of less
than 1 mg/ml in a pH of about 7.4 in association With effective
amounts of a surface stabiliZer and a complexing agent

capable of forming a cyclodextrin inclusion complex, the
siZe-stabiliZed drug complexed particles having a volume
Weighted median diameter (D50) from about 50 nm to about

100 nm to about 500 nm.

[0030]

In certain embodiments, the excipient comprises a

Water soluble spacer. The Water soluble spacer can be a sac
charide or an ammonium salt, a polyethylene glycol or urea

that is a solid at temperatures of 50° C. or more. The saccha

ride can be selected from the group consisting of fructose,
sucrose, glucose, lactose, mannitol and mixtures thereof. The
polyethylene glycol can be selected from PEG 3350, PEG
4000 or PEG 6000.

[0031]

In other aspects, the invention is directed to phar

maceutical particles comprising drug or a pharmaceutically

acceptable salt thereof, the complexed particles being stable
(suitable curing time) such that the volume Weighted median
diameter (D50) of the particles does not increase by more than
about 50% after 28 days storage at room temperature, the

500 nm; the drug complexed particles exhibiting an increase

volume Weighted median diameter (D50) of the particles

in volume Weighted median diameter (D50) of from 0% to not
more than about 200% When the formulation is dispersed in
simulated gastric ?uid (SGF) or simulated intestinal ?uid
(SIF) at a concentration of 0.5 to 1 mg drug/mL and placed in

the particles does not change by more than about 25% after 28

a vial and heated in a bath at 36° to 38° C. for 1-3 hours as

compared to the D50 of the drug particles in suspension
before dispersion into SGF or SIF.

[0024] In certain embodiments, the siZe-stabiliZed drug
particles comprise from about 30 to about 95% drug, from
about 3 to about 70% surface stabiliZer, based on the Weight
of the siZe-stabiliZed drug particles, and from about 0.1% to
about 8% complexing agent, based on the Weight of the siZe

stabiliZed drug particles.
[0025] In certain embodiments Where the complexed siZe
stabiliZed drug particles are spray-layered or spray-dried, the
particles further comprise from about 0 to about 40% ionic
dispersion modulator and from about 0% to about 60% Water
soluble spacer, based on the Weight of the siZe-stabiliZed drug
particles. In certain embodiments, the amount of ionic dis
persion modulator may range from about 0. 1 % to 40%. The %
Weights are not meant to be limiting.
[0026] The present invention is further directed to methods

of preparing the compositions disclosed herein, including but
not limited to, drug particles, liquid formulations, and solid
dosage forms (e. g., immediate release, sustained release,

delayed release and pulsatile release).
[0027]

The present invention is also directed to methods of

treating subjects comprising administering to a subject any of
the compositions disclosed herein, including, but not limited

prior to storage being from about 50 nm to about 500 nm; the
particles milled for a su?icient time to achieve the stability. In

other aspects, the volume Weighted median diameter (D50) of

days storage at room temperature (250 C.) conditions, does
not change by more than about 15% after 28 days storage at
room temperature, does not change by more than about 10%
after 28 days storage at room temperature (25° C.) and or does
not change by more than about 10% after 4 months storage at
25° C./60% relative humidity and 40° C./ 75% relative humid

ity.
[0032]

In another embodiment, the present invention is

directed to a formulation of solid siZe-stabiliZed drug com

plexed particles comprising a drug capable of forming a
cyclodextrin inclusion complex and having an aqueous solu
bility ofless than 1 mg/ml in a pH ofabout 7.4 comprising (a)

drug complexed particles having a volume Weighted median
diameter (D50) from about 50 nm to about 500 nm, each of

the particles comprising in association (i) a drug capable of
forming a cyclodextrin inclusion complex and having an
aqueous solubility of less than 1 mg/ml in a pH of about 7.4,
(ii) a surface stabiliZer, (iii) a complexing agent capable of
forming a cyclodextrin inclusion complex, the drug com

plexed particles exhibiting an increase in volume Weighted
median diameter (D50) of from 0% to not more than about

200% When the formulation is dispersed in simulated gastric
?uid (SGF) or simulated intestinal ?uid (SIF) at a concentra
tion of 0.5 to 1 mg drug/mL and placed in a heated bath at 36°
to 38° C. for 1-3 hours using a Type I or II dissolution appa
ratus and a stirring rate of 75 RPM, as compared to the D50 of
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the drug particles When the formulation is dispersed in dis
tilled Water under the same conditions.

[0033] In certain embodiments, the invention is directed to
a solid composition (e.g., a poWder, immediate release dosage
form, or controlled release dosage form) comprising siZe
stabilized drug particles and at least one pharmaceutically

stabiliZers of drug nanoparticles in Water (H. Steffen B T
Gattefosse No. 81, 1988 pp. 45-53).
[0037]

Preservatives are also sometimes added to nanosus

pensions to protect the formulation from contamination. For

example, Megace ES Suspension® (Parr) is preserved With

?uid (SGF) or simulated intestinal ?uid (SIF) at a concentra

benZoic acid (as sodium benZoate buffered to pH 4.0 With
citric acid and sodium citrate).
[0038] In our US. patent application Ser. No. 11/606,222
entitled “Solid Ganaxolone Formulations and Methods for
the Making and Use Thereof’ and US. patent application Ser.
No. 11/605,700 entitled “Liquid Ganaxolone Formulations
and Methods for the Making and Use Thereof”, both of Which

tion of 0.5 to 1 mg drug/mL (in any suitable volume, e.g., 15

Were ?led on Nov. 28, 2006 and both of Which are hereby

mL to 1000 mL) and placed in a heated bath at 360 to 380 C.

incorporated by reference, We disclosed ganaxolone formu
lations Which provide enhanced stability, physical and chemi
cal properties and can provide enhanced pharmacokinetic

acceptable excipient, the siZe-stabiliZed drug particles exhib
iting an increase in volume Weighted median diameter (D50)
of from 0% to not more than about 200%, not more than about
150%, not more than about 100% or not more than about

50%, When the formulation is dispersed in simulated gastric

Without stirring for 1 hour, as compared to the D50 of the drug
particles When the formulation is dispersed in distilled Water
under the same conditions, Wherein the volume Weighted

properties to achieve an optimal balance betWeen pharmaco

median diameter (D50) of the drug particles dispersed in

dynamic and side effect pro?les in mammals, and dosage

distilled Water is from about 50 nm to about 1000 nm, from
about 100 nm to about 500 nm, or from about 100 nm to about

forms containing the same, as Well as methods of making
ganaxolone formulations and their use in the treatment of
epilepsy-related and other central nervous system disorders.
For example, this enhanced stability Was achieved via the

350 nm. The volume Weighted median diameter (D50) of the
coated beads prior to dispersion can be, e.g., from about 0.1
mm to about 5.0 mm. The solid formulation can be, for

example, a poWder, a tablet, a capsule, etc.

[0034]

In certain embodiments, the present invention is

directed to liquid pharmaceutical compositions containing
siZe stabiliZed drug particles comprising a drug complex

preparation of particles comprising ganaxolone and a com
plexing agent, Wherein the volume Weighted median diameter
(D50) of the particles is from about 50 nm to about 500 nm.
The complexing agent Was disclosed as, for example, a para
ben, benZoic acid and mixtures thereof.

exhibiting a D50 after dispersion in SGF or SIF at 36 to 380 C.

for 1-3 hours of not greater than about 500 nm, and in certain
embodiments having a ratio to D50 after such dispersion in
SGF or SIF to the D50 prior to dispersion of less than about
3:1.
[0035] Particle siZe measurement is generally described
and Well knoWn to those skilled in the art. The volume
Weighted median diameter or D50 is a commonly accepted
measure of particle siZe. Sometimes one ?nds loose aggre

gates forming upon storage or under physiological ?uid test
ing. Loose aggregates can generally be broken up via sonica
tion. The formation of loose aggregates could impact the

pharmacokinetic performance (variability, systemic levels
and bioavailability) of a nanoparticulate formulation. The
impact of loose aggregation in a formulation or physiological
?uid must be ascertained on a compound by compound basis
as the performance of a formulation is dependent on a multi

tude of variables (dose required, site of absorption, solubility,
crystalline properties and degree of aggregation) of the drug
as Well as Whether the formulation is a suspension, immediate

release or coated solid formulation protected from gastric
?uids. In cases of nanoparticulate formulations of Water

insoluble drugs it is obvious that any formulation that results
in less aggregation (loose or otherWise) or particle groWth as
measured by an increase in D50 values over time or When

exposed to the physiological media that the drug Will be

subjected prior or during absorption is most preferred (more

CERTAIN DEFINITIONS

[0039]

As used herein, the terms “comprising,” “includ

ing”, “containing” and “such as” are used in their open, non
limiting sense.

[0040]

The term “about” is used synonymously With the

term “approximately.” As one of ordinary skill in the art

Would understand, the exact boundary of “about” Will depend
on the component of the composition. Illustratively, the use of
the term “about” indicates that values slightly outside the
cited values, i.e., plus or minus 0.1% to 10%, Which are also

effective and safe. Thus compositions slightly outside the
cited ranges are also encompassed by the scope of the present
claims.
[0041] For purposes of the invention, the term “drug”
means any therapeutically active agent capable of forming a
cyclodextrin inclusion complex in aqueous based solutions/
suspensions. In certain embodiments, such drugs (not as a
cyclodextrin inclusion complex) have an aqueous solubility
ofless than 1 mg/ml at a pH of about 7.4.
[0042] “Bioavailability” refers to the degree to Which a
drug becomes available at the site(s) of action after adminis
tration. By Way of illustration, the bioavailability of a drug
formulation refers to the percentage of the Weight of drug
dosed that is delivered into the general circulation of the
animal or human being studied. The total exposure (AUC(O_

stable). One could theorize, hoWever, that a nanoparticulate

00)) of a drug When administered intravenously is usually
de?ned as 100% bioavailable (F %). “Oral bioavailability”

formulation Which is formed for a Water soluble compound

refers to the extent to Which drug is absorbed into the general

that is being protected from storage degradation might actu
ally bene?t from aggregates (longer absorption time due to

circulation When the pharmaceutical composition is taken
orally as compared to intravenous injection. The degree and

larger effective particle siZe). Signi?cant tight aggregation

timing in Which an active agent becomes available to the

(unreversible) and particle siZe groWth are obviously unde

target site(s) after administration is determined by many fac
tors, including the dosage form and various properties, e.g.,
solubility and dissolution rate of the drug.

sirable as this Would effectively loose the advantageous
increased kinetic dissolution of the drug.

[0036] Hydroxypropylmethyl cellulose, e.g., HPMC-15
and sodium lauryl sulfate, have also been described as surface

[0043] A “blood serum concentration” or “blood plasma
concentration” or “serum or plasma concentration or level”,
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typically measured in mg, pg, or ng of a drug per ml, dl, or 1
of serum or plasma absorbed into the bloodstream after
administration. As used herein, measurable plasma concen
trations are typically measured in ng/ml or ug/ml. It is under

stood that the plasma concentration of a drug may vary sig
ni?cantly betWeen subjects, due to variability With respect to
metabolism and/ or possible interactions With other therapeu
tic agents. In accordance With one aspect of the present inven
tion, the blood plasma concentration of drug may vary from
subject to subject. Likewise, values such as measured con
centration of the active agent in the plasma at the point of
maximum concentration (Cmax) or time to reach maximum

plasma concentration (Tmax), or total area under the plasma
concentration time curve (AUC(O_OO)) may vary from subject
to subject.
[0044] “AUC(O_T) or “exposure or bioavailability” is the
area under the curve of a graph of the concentration of the

active agent (typically plasma concentration) vs. time (I),
measured from time 0 to 'C.AUC(O_1:) is also used to de?ne the
exposure to the drug over a de?ned period of time. Due to
variability, the amount necessary to constitute “a therapeuti

the group consisting of phenol, parabens, ascorbic acid,

methyl anthranilate, salicylic acid, acetosalicyclic acid, toco
pherol, organic acids, carboxylic acids, aromatic acids, aro
matic esters, acid salts of amino acids, benZaldehyde, cinnim

aldehyde, imidaZole, menthol, thiophenol, m-aminobenZoic
acid, anthranilic acid, picolinic acids and alkyl esters thereof,
toluidides, sodium benZoate, methylparaben, sodium meth
ylparaben, para-aminobenZoic acid and esters, sorbic and
benZoic acids, 2,6-di-t-butyl-alpha-dimethylamino-p-cresol,

t-butylhydroquinone, di-t-amylhydroquinone, di-t-butylhyd
roquinone, butylhydroxytoluene (BHT), butylhydroxyani
sole (BHA), pyrocatechol, pyrogallol, esters, isomeric com

pounds thereof, pharmaceutically acceptable salts thereof,
and mixtures of any of the foregoing.
[0050] “Controlled release” or “modi?ed release”, consis
tent With its use herein, means a dosage form for Which the
drug release characteristics versus time and/or conditions at
the site of dissolution are chosen to accomplish therapeutic or

convenience objectives not offered by conventional immedi
ate release dosage forms. Controlled release dosage forms

cally effective amount” of drug may vary from subject to

include sustained release, prolonged release, pulsatile release

subject.

and delayed release forms. Controlled release dosage forms
can provide therapeutically effective levels of drug for an
extended period of time and therefore provide a longer thera
peutic period relative to immediate release forms. Addition of
a complexing agent can also impart additional suspension

[0045] “Carrier materials” include any commonly used
excipients in pharmaceutics and should be selected on the

basis of compatibility With drug and the release pro?le prop
erties of the desired dosage form.
[0046] The term “curing” means treating the drug (either
before, during or after particle siZe reduction) With a com

stability during freeZe/thaW cycles and boiling if steriliZation
is needed.

plexing agent under suitable conditions to obtain a siZe sta

[0051]

biliZed drug product. In certain embodiments, a measurement
of stability can be via the comparison of the particle siZe (e.g.,

means a dosage form that releases a portion or all drug at any

“Delayed release”, consistent With its use herein,

time other than immediately after administration and/or at

D50) of the uncomplexed drug versus the complexed drug.

any other location in the gastrointestinal tract more distal to

[0047]

that Which Would have been accomplished by an immediate

The term “curing time” means a su?icient time until

an endpoint is reached such that the properties of the (com
plexed) drug are stabiliZed. In certain embodiments, the cur

release dosage form.
[0052] The term “disintegrate” is the dispersion of the dos

ing time can be measured as the time until a siZe stabiliZed

age form When contacted With gastrointestinal ?uid. “Disin
tegration agents or disintegrants” facilitate the breakup or
disintegration of a formulation. Examples of disintegration

particle siZe is reached under a speci?ed test condition. For
example, a suitable curing time may be such a time Wherein

the D50 of the (complexed) drug particles do not change or
substantially change after time in consecutive measurements
separated by approximately 72 hours, e.g., by more than the
accuracy of the measuring instrument:5%. in 72 hours after
the curing period. Preferred curing times are 1-20 days, 2-15
days or 3-10 days. In other embodiments, a suitable curing

agents include a starch, e.g., a natural starch such as corn

starch or potato starch, a pregelatiniZed starch such as
National 1551 orAmijel®, or sodium starch glycolate such as
Promogel® or Explotab®, a cellulose such as a Wood prod

uct, microcrystalline cellulose, e.g., Avicel®, Avicel®
PH101, Avicel® PH102, Avicel® PH105, Elcema® P100,

time may be such a time Wherein the D50 of the (complexed)

Emcocel®, Vivacel®, Ming Tia®, and Solka-Floc®, methyl

drug particles do not change or substantially change after

cellulose, croscarmellose, or a cross-linked cellulose, such as

time in consecutive measurements over 3 hours at 37° C. in

cross-linked sodium carboxymethylcellulose (Ac-Di-Sol®),

simulated gastric and/or simulated intestinal ?uid.
[0048] The term “complexed” or “complexed nanoparticu

cross-linked carboxymethylcellulose, or cross-linked cros

late drug” indicates an association of molecules and/or a

particle including drug, a complexing agent and other com
ponents Which results in better particle siZe stability of drug

carmellose, a cross-linked starch such as sodium starch gly
colate, a cross-linked polymer such as crosspovidone, a cross

linked polyvinylpyrrolidone, alginate such as alginic acid or

particles or some other desirable effect. In some cases, com

a salt of alginic acid such as sodium alginate, a clay such as
Veegum® HV (magnesium aluminum silicate), a gum such as

plexing agents initially increase particle siZe (D50) before

agar, guar, locust bean, Karaya, pectin, or tragacanth, sodium

imparting stability or other bene?cial attributes to the formu
lation. In certain embodiments, complexed drug or com

starch glycolate (Explotab®), bentonite, a natural sponge, a
surfactant, a resin such as a cation-exchange resin, citrus

plexed nanoparticulate drug made by adding complexing

pulp, sodium lauryl sulfate, sodium lauryl sulfate in combi

agents requires a curing time.
[0049] “Complexing agents” are small molecular Weight

nation starch, and the like.

molecules Which can form a cyclodextrin inclusion complex

to the process of movement of drug from site of administra

and after suitable curing time impart additional stability to the

tion of a drug across a barrier into a blood vessel or the site of

drug. Complexing agents include small compounds under

action, e. g., a drug moving from the gastrointestinal tract into
the portal vein or lymphatic system.

MW 550. Complexing agents include but are not limited to

[0053] “Drug absorption” or “absorption” typically refers
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[0054] “Effective particle size” and “particle size” is inter
changeably used With “D50”. By “D50”, it is meant that 50%

such as simulated intestinal ?uid (SIF) prepared using USP
guidance is an aqueous phosphate buffer system at pH of

of the particles are below and 50% of the particles are above

6.7-6.9.
[0058] “Immediate Release” means a dosage form that

a de?ned measurement. D50 can be used to describe different
parameters (volume, length, number, area . . . etc). “Effective

releases at least 80% of drug Within 2 hours of administration,

particle siZe” or D50 as used herein indicates the volume

more speci?cally, Within 1 hour of addition to a commonly

Weighted median diameter as measured by a laser/light scat

accepted simulated gastric ?uid. Typically an immediate
release composition is tested in dissolution apparatus (Type I

tering method or equivalent, Wherein 50% of the particles, by
volume, have a smaller diameter, While 50% by volume have
a larger diameter. The volume Weighted D50 also relates to
the percentage of Weight of the particle under a certain siZe.
For example a D50 of 500 nm means that 50% ofthe particu
late mass is less than 500 nm in diameter and 50% of the
particulate mass is greater than 500 nm in diameter. The

effective particle siZe is measured by conventional particle
siZe measuring techniques Well knoWn to those skilled in the
art. Such techniques include, for example, sedimentation ?eld

?oW fractionation, photon correlation spectroscopy, light
scattering (e. g., With a Microtrac UPA 150), laser diffraction
and disc centrifugation. For the purposes of the compositions,
formulations and methods described herein, effective particle
siZe is the volume-Weighted median diameter as determined

using laser/light scattering instruments and methods, eg a
Horiba LA-910, or Horiba LA-950. Similarly, “D90” is the

volume-Weighted diameter, Wherein 90% of the particles, by
volume, have a smaller diameter, While 10% by volume have
a larger diameter and “D10” is the volume-Weighted diam
eter, Wherein 10% of the particles, by volume, have a smaller
diameter, While 90% by volume have a larger diameter. It is
sometimes useful to express the D50 value after sonication
for 1 minute or less using about 40 Watts of sonicating poWer

at room temperature (250 C.).
[0055] An “enteric coating” is a substance that remains
substantially intact in the stomach but dissolves and releases
the drug in the small intestine and/or colon. Generally, the
enteric coating comprises a polymeric material that prevents
release in the loW pH environment of the stomach but that
ioniZes or solubiliZes at a higher pH, typically a pH of 5 to 7,
but at least above 3.0, more or above 5, or even more speci?

cally at a pH of about 5.5 to about 7, and thus dissolves
suf?ciently in the small intestine and/or colon to release the
active agent therein. In some embodiments, the enteric coat

ings release greater than 50% of the drug that is coated in the
small intestine. In other embodiments, the enteric coating
provides the release of a substantial portion (greater than
40%) of the coated drug in the mid-small intestine, e.g., the
jejunum. Additionally, enteric coatings may comprise a semi
permeable membrane Which releases drug sloWly in a non
pH-dependent manner.
[0056] The term “grinding media” refers to the material

used in milling to physically reduce the particle siZe of a

composition. For milling operations, preferred grinding
media are spherical balls of yttrium stabiliZed Zirconium
oxide, glass or a plastic resin.
[0057] “Gastrointestinal ?uid” is the ?uid of the gas
trointestinal tract of a subject or the saliva of a subject or the

equivalent thereof. An “equivalent” of stomach or gastric
secretion” is an in vitro ?uid having similar content and/or pH
as stomach secretions such as simulated gastric ?uid (SGF)

or II mo st common) in an amount considered to be therapeutic

in patients and a volume of SGF of 500-1000 mL.
[0059] “Ionic Dispersion Modulator” is de?ned as a salt
(not a sulfonic acid), Which When added to a complexed small

particle composition Will reduce the amount of certain ingre
dient(s) needed to stabiliZe solid dosage forms or blends
When dispersed in Water, SGF and SIP.
[0060] “Milling chamber void volume” is the open volume
in a milling chamber available to the milling slurry after
grinding media has been added. Milling chamber void vol
ume is related to the amount of grinding media (volume %)
and the volume of open space When the spherical beads are
stacked on one another (grinding media void volume). For

0.2-0.4 mm spherical milling grinding media, a range of
approx. 36-42% of the volume occupied by the grinding
beads is the grinding media void volume. Milling chamber
void volume (mL):Total milling chamber volume (mL)-vol
ume of grinding media (mL)+grinding media void volume

(mL).
[0061] “Milling residence time” is the time that a particle is
present in the milling chamber over the total time of milling to

obtain desired particles. Milling Residence Time (MRT) is
de?ned as: MRT (minutes):Milling chamber void volume

(ml)><total milling time (minutes)/Milling Slurry Vol. (ml)
[0062] The term “milling slurry” refers to a suspension
containing the drug for particle siZe reduction and other
ingredients to facilitate the milling process. The composition
of the milling slurry is usually not the ?nal formulation com

position.
[0063]

The term “milling media” refers to the components

of the milling slurry minus the active pharmaceutical ingre

dient(s).
[0064]

The term “milled slurry” refers the milling slurry

after it had been reduced to a small particle suspension by
milling. The most preferred milling slurries for a liquid dis
persion are those that meet particle siZe and compositions that
can be diluted With Water and appropriate ingredients to
obtain the ?nal formulation. For a solid dosage form, pre
ferred milled slurries are those that can be utiliZed With mini

mal manipulation to yield the ?nal solid dosage form.
[0065] “Pharmacodynamics” refers to the factors Which
determine the biologic response observed relative to the con
centration of drug at a site of action.
[0066] “Pharmacokinetics” refers to the factors Which

determine the attainment and maintenance of the appropriate
concentration of drug at a site of action.

[0067] “Preservatives” are compounds Which inhibit
microbial groWth and are typically added to dispersions to

prevent microbes from groWing.
[0068] A “pulsatile release” dosage form is a dosage form
capable of providing more than one peak blood plasma con

prepared using USP guidance of about 0.1N HCl solution in

centration folloWing a single administration. A “pulsatile

Water containing about 0.03M NaCl at a pH of around 1.2. In
addition, an “equivalent” of intestinal secretion” is an in vitro
?uid having similar content and/ or pH as intestinal secretions

release” formulation can contain a combination of immediate

release, sustained release, and/or delayed release formula
tions in the same dosage form.
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[0069]

“Phar'macokinetic parameters” are parameters

Which describe the in vivo characteristics of the drug over

[0075] “Steady state,” as used herein, is When the amount of
drug administered is equal to the amount of drug eliminated

time, including, for example plasma concentration of the

Within one dosing interval resulting in a plateau or constant

drug. Pharmacokinetic parameters include C max! T max: and

plasma drug exposure.

AUCO_1 (each discussed above).

[0076] “Subject” as used herein is any mammal. Subjects
include individuals in need of drug treatment (patients) and
individuals not in need of drug treatment (e. g. normal healthy
volunteers. Humans are preferred subjects and patients.
[0077] “Delayed Release”, consistent With its use herein,

[0070]

“SolubiliZers” include compounds such as triacetin,

triethylcitrate, ethyl oleate, ethyl caprylate, sodium lauryl
sulfate, sodium doccusate, vitamin E TPGS, dimethylaceta

mide, N-methylpyrrolidone, N-hydroxyethylpyrrolidone,
polyvinylpyrrolidone, hydroxypropylmethyl cellulose,
hydroxypropyl cyclodextrins, ethanol, n-butanol, isopropyl

means a dosage form that alloWs at least a one dose reduction

in dosing frequency per day as compared to the drug in
conventional form, such as a suspension or an immediate

alcohol, cholesterol, bile salts, polyethylene glycol 200 to

release solid dosage form.

600, glycofurol, transcutol, propylene glycol, and dimethyl

[0078] A “therapeutically effective amount” or “effective
amount” is that amount of a pharmaceutical agent to achieve
a pharmacological effect. The term “therapeutically effective

isosorbide, miglyol, glycerin, glycerol, and the like.
[0071] “Spray Drying” is a process by Which a solvent is
removed from a composition yielding a dried form of the

ingredients in that composition. Drying is effected by spray
ing the composition through a noZZle into a heated environ
ment containing a vacuum or a How of air or inert gas. Spray

drying can produce amorphous or crystalline poWders of
drugs or granulations, both Which can be converted into a

solid dosage form by those skilled in the art.
[0072] “Spray Layering” is a procedure Where a solution or

suspension containing ingredients are sprayed through a
noZZle into a ?uidized bed containing particles Which are
coated With a ?lm containing the composition of the solution
or suspension as the solvent is removed by the How of a heated

amount” includes, for example, a prophylactically effective
amount. An “effective amount” of drug is an amount needed
to achieve a desired pharmacologic effect or therapeutic

improvement Without undue adverse side effects. The effec
tive amount of a drug Will be selected by those skilled in the
art depending on the particular patient and the disease. It is
understood that “an effective amount” or “a therapeutically
effective amount” can vary from subject to subject, due to

variation in metabolism of drug, age, Weight, general condi
tion of the subject, the condition being treated, the severity of
the condition being treated, and the judgment of the prescrib

ing physician.

gas. Spray layering typically involves coating an inert core

[0079] “Treat” or “treatment” refers to any treatment of a
disorder or disease, such as preventing the disorder or disease

usually comprised of a sugar and starch or cellulosics or
combinations thereof. Such cores are typically 20 to 35 mesh

from occurring in a subject Which may be predisposed to the
disorder or disease, but has not yet been diagnosed as having

in siZe. Spray Layering is used extensively for applying coat

the disorder or disease; inhibiting the disorder or disease, e. g.,

ings (?nish or enteric) to solid dosage formulations as Well as
spherical beads containing a drug for use in a capsule or tablet
formulation.
[0073] “Size-stabilized” means the D50 does not substan

the disorder or disease, causing regression of the disorder or
disease, relieving a condition caused by the disease or disor
der, or reducing the symptoms of the disease or disorder.

tially change (greater than 50%) after an initial time is de?ned
(e.g., after an appropriate curing time) and up to 4 months
storage at room temperature (250 C.). For example, the siZe
stabiliZed drug particles described herein in an aqueous dos
age form will not shoW an increase in effective particle siZe of
greater than 50% over a four month storage period, and pref
erably no increase in effective particle siZe of greater than
50% over a tWo year storage period. Similarly, the siZe-sta
biliZed drug particles described herein in a liquid or solid
form Will shoW an increase in effective particle siZe of about
0% to about 200% upon dispersion in simulated gastric or
intestinal ?uid as compared to dispersion in Water under the
same conditions. In some embodiments, the formulations

described herein does not produce any signi?cant amount of
unidenti?ed drug degradation impurities up to 4 months stor
age at room temperature (250 C.) at individual levels of about

greater than 0.1% by Weight as compared to the impurity
levels at the initial time designation.
[0074] “Stabilizers” include agents Which maintain a desir
able attribute of the formulation over a time interval including
but not limited to mechanical, chemical and temperature
stressing that can be tested in a laboratory setting. Such
attributes include stable particle siZe or homogeneity result
ing in concentrations consistent With the labeled potency and
maintaining purity. Some but not all of the attributes are listed
above.

arresting the development of the disorder or disease, relieving

BRIEF DESCRIPTION OF THE DRAWINGS

[0080]

FIG. 1 is a graph shoWing the curing curve of soni

cated and unsonicated complexed ganaxolone particles at
room temperature (250 C.). FIG. 1a shoWs the curing curve of

ganaxolone particles complexed With sodium benZoate at pH
4.0. FIG. 1b shoWs the curing curve of ganaxolone particles

complexed With parabens.
[0081]

FIG. 2 is a graph shoWing the D50 vs. Time of

paraben complexed and sodium benZoate complexed (at pH
4.0) ganaxolone particles at room temperature (250 C.).
[0082]

FIG. 3 is a graph shoWing stability plots (D50 vs.

Time) of uncomplexed ganaxolone particles With varying
milled residence times.
[0083] FIG. 4 is a graph shoWing measured D50 values for

uncomplexed ganaxolone particles as a function of milling
residence time for a typical milling run using a Dyno-Mill
KDL equipped With four 64 Mm polyurethane agitator discs.
[0084] FIG. 5 is a graph shoWing particle siZe distribution
(after 1 minute loW poWer sonication) of re-suspended solid
dosage forms containing sodium chloride (With and Without
methylparaben as the complexing agent).
DETAILED DESCRIPTION OF THE INVENTION

[0085]

Reference Will noW be made in detail to embodi

ments of the compositions, formulations, and methods dis
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closed herein. Examples of the embodiments are illustrated in

ganic pharmaceutical excipients such as described in US.

the following Examples section.

Pat. Nos. 4,540,602 and 5,145,684, and can be present in an

[0086]

amount of 2.0-70%, preferably 3-50%, and more preferably
5-25% by weight based on the total weight of the drug in the

Unless de?ned otherwise, all technical and scien

ti?c terms used herein have the same meaning as is commonly
understood by one of skill in the art to which the inventions

formulation.

described herein belong. All patents and publications referred

[0093]

to herein are incorporated by reference.
[0087] Many drugs are poorly soluble in water and other
pharmaceutically acceptable solvents. As a result of the low

step can be selected from rigid media preferably spherical or

aqueous solubility of the drugs of the present invention, there
exists a need in the art for drug formulations, which provide

increased bioavailability and therapeutic e?icacy of the drugs
described herein. However, it is known that increasing the
maximal systemic levels (Cmax) of an active agent likewise
results in the possibility of increased side effects.
[0088] The drug formulations described herein can be
administered to a subject by conventional administration
routes. Drug oral solid dosage forms and oral aqueous sus
pensions are included herein. Immediate, modi?ed, con

trolled, and pulsatile release drug dosages forms are provided
herein.
[0089] It is now well-known that drugs which complex with

The grinding media for the particle siZe reduction

particulate in shape, e.g., beads. However, grinding media in
the form of other non-spherical shapes are expected to be
useful in the practice of this invention.
[0094] The grinding media preferably can have a mean
particle siZe up to about 500 microns. In other embodiments
of the invention, the grinding media particles have a mean

particle siZe preferably less than about 500 microns, less than
about 100 microns, less than about 75 microns, less than
about 50 microns, less than about 25 microns, less than about
5 microns, less than about 3 mm, less than about 2 mm, less
than about 1 mm, less than about 0.25 mm, or less than about

0.05 mm. For ?ne grinding, the grinding media particles
preferably are from about 0.05 to about 0.6 mm, more pref
erably, about 0.1 to about 0.4 mm in siZe. Smaller siZe grind

ing media will result in smaller siZe drug particles as com

cyclodextrin have the required shape and siZe to ?t at least

pared to the same conditions using larger siZed grinding

partially into the cavity of the hydrated cyclodextrin mol

media.

ecule; see, for example, Brauns and Muller European Patent
No. 0149197 B1. and Challa et. al.; “Cyclodextrins in Drug
Delivery: An Updated Review”. AAPS Pharm Sci Tech. 2005;
06(02): E329-E357. Such drugs that can form a cyclodextrin

density, e.g., glass (2.6 g/cm3), Zirconium silicate (3.7 g/cm3),

inclusion complex are considered to be within the scope of the
invention.
[0090] The drug formulations described herein can com

prise drug particles having a D50 of less than about 500 nm.

The starting drug composition can be predominantly crystal
line, predominantly amorphous, or a mixture thereof. These

drug particles can be made by using any method known in the
art for achieving particle siZes of less than 500 nm including,

[0095] In selecting material, grinding media with higher
and Zirconium oxide (5.4 g/cm3) and 95% Zirconium oxide
stabiliZed with yttrium, are generally preferred for more e?i
cient milling. Zirconium oxide, such as 95% Zirconium oxide

stabiliZed with magnesia, Zirconium silicate, and glass grind
ing media provide particles having levels of contamination
which are believed to be acceptable for the preparation of

therapeutic or diagnostic compositions. However, other
media, such as stainless steel, titania, agate, glass and alu

for example, milling, homogenization, supercritical ?uid

mina, are believed to be useful. In addition, polymeric media
having a density typically from about 1 to about 2 g/cm3 are
also expected to be useful.

fracture or precipitation techniques. Exemplary methods are
described in US. Pat. Nos. 4,540,602 and 5,145,684, each of

[0096] If polymeric grinding media is utiliZed, then the
grinding media can comprise particles consisting essentially

which is speci?cally incorporated by reference.
[0091] Methods of making compositions comprising nano
particles are also described in US. Pat. Nos. 5,518,187;

5,718,388; 5,862,999; 5,665,331; 5,662,883; 5,560,932;
5,543,133; 5,534,270; 5,510,118; 5,470,583 and US. Pub.
Appl. 2004/0067251, each of which is speci?cally incorpo
rated by reference.

Milling to Obtain Drug Dispersions Comprising Submicron
Particles

[0092]

In certain embodiments, the drug is milled in order

to obtain submicron particles. The milling process can be a
dry process, e.g., a dry roller milling process, or a wet process,

i.e., wet-grinding. In some embodiments, this invention is
practiced in accordance with the wet-grinding process
described in US. Pat. Nos. 4,540,602, 5,145,684, 6,976,647
and EPO 498,482, the disclosures of which are hereby incor
porated by reference. Thus, the wet grinding process can be
practiced in conjunction with a liquid dispersion medium and
dispersing or wetting agents such as described in these pub
lications. Useful liquid dispersion media include water, saf

of the polymeric resin. Alternatively, the grinding media can
comprise particles comprising a core having a coating of the

polymeric resin adhered thereon. The polymeric resin pref
erably has a density from 0.8 to 3.0 g/cm3. Higher density
resins are preferred inasmuch as it is believed that these

provide more e?icient particle siZe reduction.
[0097] In general, polymeric resins suitable for use herein
are chemically and physically inert, substantially free of met
als, solvent and monomers, and of su?icient hardness and
friability to enable them to avoid being chipped or crushed
during grinding. Suitable polymeric resins include but are not
limited to crosslinked polystyrenes, such as polystyrene

crosslinked with divinylbenZene, styrene copolymers, poly
carbonates, polyacetals, such as DelrinTM, vinyl chloride

polymers and copolymers, polyurethanes, polyamides, poly
(tetra?uoroethylenes), e.g., Te?onTM, and other ?uoropoly
mers, high density polyethylenes, polypropylenes, cellulose
ethers and esters such as cellulose acetate, polyhy

droxymethacrylate, polyhydroxyethyl acrylate, silicone con
taining polymers such as polysiloxanes, and the like. The
polymeric polymer can be biodegradable. Exemplary biode

gradable polymers include poly(lactides), poly(glycolide)

?ower oil, aqueous salt solutions, ethanol, n-butanol, hexane,
glycol and the like. The dispersing, and/or wetting agents

copolymers of lactides and glycolide, polyanhydrides, poly

(alternatively referred to herein and in the prior art as “surface
stabilizers”) can be selected from known organic and inor

(hydroxyethyl methacylate), poly(imino carbonates), poly
(N-acylhydroxyproline)esters, poly(N-palmitoyl hydrox
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yproline) esters, ethylene-vinyl acetate copolymers, poly
(orthoesters), poly(caprolactones), and poly(phosphazenes).
In the case of biodegradable polymers, contamination from
the media itself advantageously can metabolize in vivo into

biologically acceptable products Which can be eliminated
from the body.
[0098] The core material preferably can be selected from
materials knoWn to be useful as grinding media When fabri
cated as spheres or particles. Suitable core materials include
but are not limited to zirconium oxides (such as 95% zirco

nium oxide stabilized With magnesia or yttrium), zirconium

silicate, glass, stainless steel, titania, alumina, ferrite, and the
like. Preferred core materials have a density greater than

about 2.5 g/cm3. The selection of high density core materials
is believed to facilitate e?icient particle size reduction.
[0099] Useful thicknesses of the polymeric coating on the
core are believed to range from about 1 to about 500 microns,

although other thicknesses outside this range may be useful in

some applications. The thickness of the polymer coating pref
erably is less than the diameter of the core.
[0100] The cores can be coated With the polymeric resin by

techniques knoWn in the art. Suitable techniques include
spray coating, ?uidized bed coating, and melt coating. Adhe
sion promoting or tie layers can optionally be provided to

dry or liquid dispersion form) using conventional separation
techniques, such as by ?ltration, sieving through a mesh
screen, and the like.

[0105] In one aspect of the invention, the grinding media
comprises beads having a size ranging from 0.05-4 mm,
preferably 0.1-0.4 mm. For example, high energy milling of
drug With yttrium stabilized zirconium oxide 0.4 mm beads
for a milling residence time of 25 minutes to 1.5 hours in
recirculation mode at 1200 to 3000 RPM. In another example,

high energy milling of drug With 0.1 mm zirconium oxide
balls for a milling residence time of 2 hours in batch mode.

Additionally, the milling temperature should not exceed 500
C. as the viscosity of the suspension may change dramati
cally. Elevated temperatures also may result in precipitation
of certain polymers in the milling slurry and Will increase
Wear on the mill seals. If supplies of milled suspension
exceeds the void milling chamber volume then this process

Will require recycling the material to a cooled holding tank
and re-milling of the material until the desired particle (D50)
size and appropriate properties are achieved in continuous
mode and the mill is also jacketed With cooling. In another
aspect, the mill can be jacketed to help control internal tem
peratures in both continuous or batch mode. In our practice,

this Weight percentage is based on total Weight of the milling
slurry. The milling concentration is from about 10% to about

30% drug by Weight vs. the milling slurry Weight. The milling

improve the adhesion betWeen the core material and the resin
coating. The adhesion of the polymer coating to the core
material can be enhanced by treating the core material to

media is de?ned as the Weight of the slurry that is milled
minus the Weight of the drug in that slurry. In one embodi

adhesion promoting procedures, such as roughening of the

media (Weight). In one embodiment, the milling media con
tains at least one Wetting and/or dispersing agent (altema

core surface, corona discharge treatment, and the like.

[0101]

Grinding can take place in any suitable grinding

mill. Suitable mills include an airj et mill, a roller mill, a ball
mill, an attritor mill, a vibratory mill, a planetary mill, a sand

mill and a bead mill. A high energy media mill is preferred
When small particles are desired. The mill can contain a

rotating shaft.
[0102] The preferred proportions of the grinding media,

drug, the optional liquid dispersion medium, and dispersing,
Wetting or other particle stabilizing agents present in the
grinding vessel can vary Within Wide limits and depend on, for

example, the size and density of the grinding media, the type
of mill selected, the time of milling, etc. The process can be
carried out in a continuous, batch or semi-batch mode. In high
energy media mills, it can be desirable to ?ll 80-95% of the

volume of the grinding chamber With grinding media. On the
other hand, in roller mills, it frequently is desirable to leave
the grinding vessel up to half ?lled With air, the remaining

volume comprising the grinding media and the liquid disper
sion media, if present. This permits a cascading effect Within
the vessel on the rollers Which permits ef?cient grinding.

HoWever, When foaming is a problem during Wet grinding,
the vessel can be completely ?lled With the liquid dispersion
medium or an anti-foaming agent may be added to the liquid

dispersion.
[0103] The attrition time can vary Widely and depends pri
marily upon the particular drug substance or imaging agent,
mechanical means and residence conditions selected, the ini
tial and desired ?nal particle size and so forth. For roller mills,

processing times from several days to Weeks may be required.
On the other hand, milling residence times of less than about
2 hours are generally required using high energy media mills.
[0104] After attrition is completed, the grinding media is
separated from the milled drug particulate product (in either a

ment, the concentration is 25% drug by Weight vs. the milling
tively referred to herein and in the prior art as “surface stabi
lizers”) to coat the initial drug suspension so a uniform feed
rate may be applied in continuous milling mode. In another

embodiment, batch milling mode is utilized With a milling
media containing at least one agent to adjust viscosity and/or
provide a Wetting effect so that the drug is Well dispersed

amongst the grinding media.

Microprecipitation to Obtain Drug Dispersions Comprising

Nanoparticles
[0106] Drug particles can also be prepared by homoge
neous nucleation and precipitation in the presence of a Wet

ting agent or dispersing agent as described in US. Pat. No.
5,560,932 and US. Pat. No. 5,665,331, Which are speci?cally

incorporated by reference. Such drug particles are storage
stable and do not shoW an appreciable increase in effective
particle size over time. This is a method of preparing stable
dispersions of drug in the presence of one or more dispersing
or Wetting agents (alternatively referred to herein and in the
prior art as “surface stabilizers”) and one or more colloid

stability enhancing surface active agents. Such a method

comprises, for example: (1) dispersing drug in a suitable
liquid media; (2) adding the mixture from step (1) to a mixture
comprising at least on dispersing agent or Wetting agent such
that at the appropriate temperature, the drug is dissolved; and
(3) precipitating the formulation from step (2) using an appro
priate anti-solvent (e. g., Water). The method can be folloWed
by removal of any formed salt, if present, by dialysis or
?ltration and concentration of the dispersion by conventional
means. In one embodiment, the drug particles are present in
an essentially pure form and dispersed in a suitable liquid

dispersion media. A preferred liquid dispersion medium is
Water. HoWever, other liquid media can be used including, for
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example, aqueous salt solutions, oils (e.g., saf?oWer, olive or
cremephor), and solvents such as ethanol, t-butanol, hexane,
and glycol. The pH of the aqueous dispersion media can be
adjusted by techniques knoWn in the art. In this embodiment,

the drug particles comprise a discrete phase having been
admixed With a dispersing agent or Wetting agent. Useful
dispersing agents or Wetting agents are experimentally deter

mined, but effectively minimize the difference in lipophilicity
of drug and the dispersion media by inducing a non-covalent
ordered complex betWeen the media, the Wetting agent, and

drug.

present in an amount of about 0.1-10 mg per square meter

surface area of drug. The dispersing agents or Wetting agents
can be present in an amount of 0. 1 -90%, preferably 5-50% by

Weight based on the total Weight of the dry drug particles
during the particle size reduction.
[0110] The resulting drug dispersion is storage stable and
consists of the liquid dispersion medium and the above-de
scribed particles. The dispersion of drug particles can be
spray coated onto sugar spheres or beads or onto a pharma

ceutical excipient in a ?uid-bed spray coater by techniques
Well knoWn in the art.

Homogenization to Obtain Drug Dispersions Comprising

Nanoparticles
[0107] In yet another embodiment, the drug particles
described herein are produced by high pressure homogeniza

[0111] The drug particles generated by any of the methods
described herein can be utilized in solid or aqueous liquid

dosage formulations, such as controlled release formulations,

pulsatile dosage forms, multiparticulate dosage forms, solid

tion (see generally US. Pat. No. 5,510,118). Such a method

dose fast melt formulations, lyophilized formulations, tab
lets, capsules, aqueous dispersions, or aerosol formulations.

comprises dispersing drug particles in a liquid dispersion
medium, folloWed by subjecting the dispersion to repeated

The Use of Surface Stabilizers

homogenization to reduce the particle size of the drug to the
desired effective average particle size. The drug particles can

[0112] In certain preferred embodiments, the drug particles

dispersing agents or Wetting agents. Alternatively, the drug

are prepared With the use of one or more materials knoWn in
the art as surface stabilizers or modulators (previously or

particles can be contacted With one or more dispersing agents
or Wetting agents either before or after attrition. Other com
pounds, such as a diluent, can be added to the drug/dispersing

alternatively referred to herein or in the art as Wetting and/or
dispersing agents) Which are, e.g., adsorbed on the surface of
the drug compound. The surface stabilizer(s) can be con

agent composition before, during, or after the size reduction

tacted With the drug compound either before, during or after
size reduction of the compound. Generally, surface stabilizers
fall into tWo categories: non-ionic (also called steric stabiliz

be reduced in size in the presence of at least one or more

process. In one embodiment, unprocessed drug can then be
added to a liquid medium in Which it is essentially insoluble
to form a premix. The concentration of the drug in the liquid
medium can vary from about 0.1-60% W/W, and preferably is
from 5-30% (W/W). It is preferred, but not essential, that the

dispersing agents or Wetting agents be present in the premix.
The concentration of the dispersing agents or Wetting agents
can vary from about 0.1 to 90%, and preferably is 1-75%,
more preferably 20-60%, by Weight based on the total com

bined Weight of the drug and dispersing agents or Wetting
agents. The apparent viscosity of the premix suspension is
preferably less than about 1000 centipoise. The premix then
can be transferred to the micro?uidizer and circulated con

tinuously ?rst at loW pressures, then at maximum capacity
having a ?uid pressure of from about 3,000 to 30,000 psi until
the desired particle size reduction is achieved. The particles
must be reduced in size at a temperature Which does not

signi?cantly degrade the drug substance or cause signi?cant
particle size groWth through solubilization. Next, one of tWo
methods can be used to collect the slurry and re-pass it in a

ers or modi?ers) and ionic stabilizers. The most common

non-ionic stabilizers are excipients Which are contained in

classes knoWn as binders, ?llers, surfactants and Wetting
agents. Limited examples of non-ionic surface stabilizers are

hydroxypropylmethylcellulose, polyvinylpyrrolidone, Plas
done, polyvinyl alcohol, Pluronics, TWeens and polyethylene
glycols (PEGs). A subset of surface stabilizers commonly
used is ionic in nature. These ionic surface stabilizers tend to
fall into the class of excipients Which are typically used as

surfactants and Wetting agents. Ionic stabilizers used in the
prior art are typically organic molecules bearing an ionic
bond such that the molecule is charged in the formulation.
The tWo most described ionic surface stabilizers are the long

chain sulfonic acid salts sodium lauryl sulfate and dioctyl
sodium sulfosuccinate (DOSS). Broad ranges for all surface
stabilizers have been claimed in US. Pat. No. 5,145,684 (the
’684 patent) ranging from 0.1% to 90% by Weight of the
composition. Typically, one adds 20%-150% (Wt % of drug)

micro?uidizer. The “discreet pass” method collects every
pass through the micro?uidizer until all of the slurry has been

of a nonionic surface stabilizer and 0.2%-5% of an ionic

passed through before re-introducing it again to the microf

size stabilization from these surface stabilizers.
[0113] Conversion of a nanoparticulate composition con
taining surface stabilizers is most commonly described via a

luidizer. This guarantees that every substance or particle has
“seen” the interaction chamber the same amount of times.

The second method re-circulates the slurry by collecting it in
a receiving tank and alloWing the entire mixture to randomly
mix and pass through the interaction chamber.
[0108] If some dispersing agents and/or Wetting agents, are
not present in the premix, they can be added to the dispersion
after attrition in an amount as described for the premix above.

Thereafter, the dispersion can be mixed, e.g., shaken or
stirred.

[0109]

The relative amount of drug and dispersing agents

and/ or Wetting agents (alternatively referred to herein and in
the prior art as “surface stabilizers”) can vary Widely. The
dispersing agents and/ or Wetting agents preferably are

surface stabilizer (Wt % of drug) to achieve maximal particle

spray drying, spray granulation or spray layering process.
These procedures are Well knoWn in those skilled in the art. It
is also common to add additional excipients prior to removal

of solvent in the nanoparticulate suspension to aid in the
dispersion of the solid composition in medium in Which the

solid composition Will be exposed (e.g. gastrointestinal ?u
ids) to further prevent agglomeration and/or particle size
groWth of the small drug particles. An example of such an
additional excipient is a Water soluble spacer (also referred to
as a redispersing agent) Which has been described is sucrose

(U .S. Patent Application Publication No. 2004/0214746, the

disclosure of Which is hereby incorporated by reference).
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Other examples of Water soluble spacers include sugars, poly
ethylene glycols, urea and quarternary ammonium salts.

sole (BHA), pyrocatechol, pyrogallol, propyl/gallate, nordi
hydroguaiaretic acid, esters, and isomeric compounds
thereof, pharmaceutically acceptable salts thereof, mixtures

Obtaining Size Stabilized Particles: Complexing Agents as

of any of the foregoing, and the like.

Particle Growth Stabilizers

[0118] As demonstrated in the appended Examples, this
groWth in particle size is especially observed, e.g., initially

[0114]

A concern With the preparation of any small particle

suspension is the stability of the size-reduced (e.g., milled)
particles. After size reduction, the particles after a period of
time (e.g., four Weeks) may tend to groW and/or agglomerate
and result in increased particle size as compared to the par

ticles size immediately after size reduction. When creating
small particle formulations (D50 not greater than about 500
nm) most compositions never stabilize and continue to groW

until large particles (l-30 microns) are realized. The rate at
Which these particles groW depends on the composition and
the residence time of e.g., milling. The art around producing

small particle compositions of organic molecules has focused
on various methods and compositions to suppress particle

groWth or aggregation.
[0115] In contrast, one aspect of the invention is directed to
the use of complexing agent(s) Which stabilize the size of the

particles. The addition of such complexing agent(s) initially
provide a rapid particle size groWth over a curing period, and

after adding methylparaben With or Without propylparaben or
benzoic acid/ sodium benzoate. A non-preservative complex

ing agent providing similar results in the appended Examples
is methyl anthranilate.
[0119]

The ?nal storage stable particle size of a nanopar

ticulate suspension as measured by volume-Weighted-median
(D50) is dependent upon the concentration of the complexing
agents and/or milling residence time. When the concentration

of complexing agents Was kept constant, the post-milling
groWth of particles correlates closely With residence time.
Therefore, certain aspects of the present invention are
directed to the unexpected observation that the residence time

that the active agent particles (e.g., drug particles) are sub
jected to during the milling process, has an impact on the

variability of the subsequent groWth in particles size after
milling. The milling residence time is de?ned by the folloW

ing equation:

then results in size-stabilized particles Which have more

Milling Residence Time:(milling chamber void vol

desirable attributes than the uncomplexed particles. Gener

ume/milling slurry volurne)><milling time

(Equation 1).

ally, the resultant size-stabilized particles have a D50 value of
not greater than about 500 nm (the meaning of size-stabilized
is de?ned herein at paragraph [0073]). When combined With

[0120] Within Equation 1 the void chamber volume is the
void space in the mill chamber that can be occupied by the

particles comprising drugs useful in the present invention

space in the beads (for 0.4 mm yttrium-stabilized zirconium
oxide beads, the bead void space is approximately 36-40% of
the beads volume) and void chamber volume is the volume of
the milling chamber-the volume of the beads+the bead void
space (all in the same volume units). When milling under

(preferably With effective amounts of a surface stabilizer(s),

such complexing agents provide added stability and superior
physical properties such as storage stability, freeze/thaW sta

bility, heat stability and stability in the physiological medium
(e.g., simulated gastrointestinal ?uids) that the formulation
Will be exposed to. This enhanced stability alloWs the small
particle compositions to be exposed to a variety of conditions
as mentioned in the previous sentence and/or to be redis

persed While maintaining a D50 not greater than about 500
nm. Complexing agents also can minimize the milling time
needed to manufacture a stable nanoparticulate formulation
and increase the concentration of drug content in various
formulations.

[0116]

The types of complexing agents Were not previously

identi?ed in the art as providing such bene?ts and are small

molecular Weight molecules (MW less than 550) Which can
form a cyclodextrin inclusion complex and after suitable cur

ing time impart additional stability to the drug. Complexing
agents include but are not limited to aryl or heteroaryl (N, O,
S) aromatic acids and esters and salts thereof. Complexing
agents can be substances containing a phenol moiety, an
aromatic ester moiety or an aromatic acid moiety.

[0117]

Examples of complexing agents include but are not

limited to phenol, parabens (e.g., methylparaben, propylpa
raben, potassium methylparaben, sodium methylparaben),
BHT, sorbic acid, ascorbic acid, methyl anthranilate, salicylic

milling slurry. It is calculated by estimating the bead void

re-circulating conditions (passing multiple times through a
mill by creating a loop betWeen a milling slurry in a vessel and
the mill, the disclosed residence times are obtainedusing ?oW
rates varying from 1/4 of the estimated void volume/minute to
3 times (3 x) the estimated void chamber volume/minute.
Ideally ?oW rates of 0.5x void chamber volume per minute to
1.5x void volume per minute are used.

[0121] As demonstrated in the Examples section, it has
been observed that after obtaining a desired particle size,
continued milling Which does not signi?cantly reduce the
particle size any further, does produce more groWth stable
particles as compared to the shorter milling residence time
When measuring storage stability of the formulation. One
factor that may contribute to the groWth of the particle size is
the association of a complexing agent With a drug particle. It
is also possible that this complex can further associate With
other particle excipients, e. g., a viscosity enhancing agent or

Wetting agent (alternatively referred to herein and in the prior
art as “surface stabilizers”). These complexes Which are ini

lic acids, aromatic acids, aromatic esters, acid salts of amino

tially reversible under sonication, increase over the curing
time to become larger, size-stabilized particles. (See FIG. 1).
The curing time is the time needed for the complex to become
a size-stabilized particle. The effect of the milling residence
time may affect the variability of size groWth due to that

acids, benzaldehyde, cinnimaldehyde, imidazole, menthol,

prolonged milling produces more particles With smoother

acid, acetosalicyclic acid, tocopherol, organic acids, carboxy
thiophenol, m-aminobenzoic acid, anthranilic acid, picolinic

surfaces that have less area for contact and are less prone to

acids and alkyl esters thereof, toluidides, sodium benzoate,
benzoic acid, para-aminobenzoic acid and esters, sorbic and

aggregation. To minimize cost and contamination of the for

benzoic acids, 2,6-di-t-butyl-alpha-dimethylamino-p-cresol,

t-butylhydroquinone, di-t-amylhydroquinone, di-t-butylhyd
roquinone, butylhydroxytoluene (BHT), butylhydroxyani

mulation by abrasion of grinding media and the portions of
the mill in contact With the milling slurry, a preferred embodi
ment is shorter and loWer energy milling by Which a size

stabilized nanoparticulate composition can be formed by add
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ing a complexing agent. Additional preferred embodiments
include nanoparticulate compositions in Which addition of a
complexing agent allows for more concentrated drug compo
sitions.
[0122] Thus, certain embodiments of the present invention

provide pharmaceutical particles comprising complexed drug
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reduce the particle siZe of the complex, apparently due to the
loose nature of the neWly-formed complexes. Over a period of
time, these loose aggregates become permanent (irreversible)

larger particles. Generally, after no change in particle siZe
groWth is observed over 48 hours the curing process is com
plete. When methyl anthranilate is used as a complexing

thereof Which exhibit a stable groWth pro?le over time, i.e.,

agent With certain nanoparticulate phenyloin compositions,

the particles provide a D50 ratio of 1.511 or less as compared
to D50 after 4 months storage (250 C.) With the D50 after a

the curing time is 5-7 days.
[0129] The initial target siZe for the drug particles consid

suitable curing period. The novel nature of adding a small

ered desirable by the inventors Was in the range of about

molecule complexing agent is seen in some embodiments

100-200 nm. When milling one gets a non-linear curve. Ini

Where one can reproducibly increase the particle siZe by
about 20% to 300% Within 1-4 Weeks curing. After this curing
period the particle siZe is stable for many months.
[0123] In certain embodiments, the invention is directed to

tially a large decrease in particle siZe is obtained per unit
milling time Which then decreases so that very little particle

a composition comprising particles comprising a drug (pref

materials (from the milling chamber lining and balls) in the
suspension. On the other hand, the longer a drug is milled, it

erably With a surface modi?er(s) and an effective amount of a

complexing agent (added during or Within 24-48 hours after
particle siZe reduction) to stabiliZe the particle groWth after an

initial particle groWth and endpoint is reached (curing time),
Wherein the volume Weighted median diameter (D50) of the
particles before the initial groWth is from about 50 to about
200 nm and the D50 at the end of the curing time is 20% to

300% larger than the D50 measured before the curing period.
[0124] In further embodiments, the particles have a ratio of
D50 values four months storage (250 C.) after curing to of
about 1.25:1 or less; or about 1.15:1 or less.

[0125] In order for the milled drug particles of the present
invention to provide a groWth stable pro?le With drug par
ticles in the 100-500 nm range (D50), the particles have a
preferred milling residence time of at least 25 minutes if a
complexing agent is added. HoWever, these times are not
meant to be limiting. The residence time necessary for obtain
ing a groWth stable formulation can be ascertained by one of

siZe change With additional milling occurs. Longer milling
times are generally associated With an increase in residual

has been generally found (e.g., With ganaxolone), the more
stable it is to particle siZe groWth over time.
[0130] The inventors have found that When adding a pre
servative to a suspension of drug particles (necessary to pre
serve the suspension), e.g., ganaxolone in siZe range of 100
200 nm manufactured using a surface stabiliZer(s), it Was

noticed that the drug particles exhibited a rapid rise in particle
siZe that kept on groWing. For example, under high energy
ball milling, if one grinds Ganaxolone to 120-170 nm and

then adds 0.1% methylparaben and 0.02% propylparaben
(very normal preserving levels), a rise in particle siZe to 300
nm Was noted, independent of When the milling process Was
stopped (i.e., 120 nm siZed drug particles greW to 300 nm; and
particles milled for less time and having a particles siZe of 170
nm greW to 300 nm) over a 10 day period or so. In vieW of this

skill in the art, given the guidance provided by the present

drug particle siZe groWth, the inventors added other preser
vatives to milled suspensions not containing parabens. Ben
Zalkonium salts Were not good (?occulation of particles).

disclosure.

Addition of sodium benZoate/benZoic acid shoWed a sloWer

[0126]

particle siZe groWth than parabens but also more than doubled

The resultant particles of the milling process dis

closed herein can have a D50 of less than 500 nm, less than
400 nm, less than 300 nm, less than 200 nm or less than 100
nm. The resultant particles can also have a D90 of less than 1

over a feW Weeks. It Was thereafter noted that in the case

Where parabens Were added to the ganaxolone drug particle

suspension, the particle siZe of the drug particles stabiliZed

micron, less than 500 nm, less than 400 nm, less than 300 nm,

(stopped groWing) after a certain period in time and after

less than 200 nm.

folloWing for a feW months no further changes Were noted.

[0127] The end product of the milling processes to obtain
groWth stable particles can comprise the active agent particles
suspended in Water (i.e., a suspension).
[0128] Addition of a complexing agent during or preferably
post-milling Was found to improve the physical stability (stor
age and dispersed in simulated gastrointestinal ?uids) of drug
particles formulations (e.g. liquid suspension and solid for
mulations). The improvement in physical stability is believed
to be the result of the formation of complex’s of drug particles
and the complexing agent Which causes an increase in drug

Despite this fact, it Was noted that the methyl and propyl

paraben drug particle suspensions failed When tested for
microbial effectiveness. This Was not predicted by the inven
tors as the levels used Were Within 50% of their solubility

limit. Thus, the parabens Were not acting as a preservative in
the formulation. In fact, a suitable amount of benZoic acid
(added as sodium benZoate) Was added to the 300 nm drug

particle suspension in order to pass preservative testing. It is
hypothesiZed by the inventors that the parabens Were tightly
bound to the surface and therefore not able to be an effective

particle siZe. Without being bound by theory, it is hypoth

preservative. This hypothesis is provided for possible

esiZed that the increase in drug particle siZe in complexing
agent containing formulations is achieved through a particle

complex forming process. For example, the complexing

explanatory purposes only, and is not meant to be limiting in
any Way With respect to the appended claims.
[0131] Further studies demonstrated that the addition of

agent(s) can act as an aggregating for drug particles to form

methylparaben (and to a lesser degree, propylparaben) gave

drug-aggregates associated With the complexing agent and
possibly other ingredients in the suspension. These aggre
gates are relatively Weak during the early stages (?rst 2-3
days) of the complex formation, eg in the case of adding

ganaxolone suspensions more stability than Without it. It Was

thereafter found that adding a non-preservative (methyl
anthranilate) caused a rapid rise in particle siZe Which Was
then stable. This Was the ?rst non-preservative that Was iden
ti?ed as a “complexing” agent. As one folloWs the ganaxolone

methylparaben or methylparaben and propylparaben or para
bens and benZoic acid/sodium benZoate to ganaxolone. This

particle siZe curing period, it Was seen that measuring par

is evident as sonication of the formulation in this stage can

ticles siZe With and Without 60 seconds of sonication shoWed
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that initially a loose association formed (could be reversed

partially by sonication) but after the curing period the particle
siZe of the complexed compositions Was siZe stable to storage

and dispersion in simulated gastrointestinal ?uids. Further
evidence to shoW that methylparaben Was acting in a unique
manner in the suspension Was seen by ?ltration. Taking a

ganaxolone suspension (170 nm) containing standard surface
stabiliZers but not methylparaben (uncomplexed) could be
?ltered through a 450 nm ?lter and 95% of the particles

less than 2 hours milling residence time and do not contain
complexing agents continue to increase gradually in siZe over
a number of months (FIG. 3.).

[0136] Complexing agent concentrations also affect the
complex curing process. Higher concentrations lead to larger
particles and faster curing. For example, tWo identical drug
particle formulations (D50 of 140 nm) With 0.1% and 0.2%
methylparaben had D50 values of 190 and 300 nm respec

passed through the ?lter. After a paraben curing period sig

tively after the same curing period.

ni?cant back pressure Was seen in ?ltration and only a feW

[0137] Parabens are esters of para-hydroxybenZoic acid.
Parabens Which can be utiliZed in the present invention

percent of the particles ?ltered through the 450 nm ?lter even
though at least 60% or more should have. Similar poor ?ltra

include methylparaben, ethylparaben, propylparaben, and

tion Was even seen With 1 and 10 um ?lters. This result

butylparaben. Other parabens Which can be utiliZed in the

indicated that the ionic/non-ionic stabiliZers With ganaxolone
and parabens form a complicated complex that has a large
effective particle siZe via ?ltration (even though laser scatter

benZylparaben. Pharmaceutically acceptable salts, e.g.,

ing only shoWs 300 nm particles present).
[0132] The manufacture of siZe-stabiliZed drug particles
can also be accomplished using a Wide range of drugs (as
de?ned herein) and complexing agents other than the para

bens. For example, nanoparticles of phenyloin (5,5-diphenyl
hydantoin) have been complexed With methyl anthranilate to

provide initial rapid particle siZe groWth folloWed by simi
larly siZe-stabiliZed particles.
[0133] A common property of all complexing agents and
drugs Which are capable of forming a complexed, siZe-stabi

liZed particulate composition is the ability of these complex
ing agents and drugs to form a cyclodextrin inclusion com
plex. It is noW understood that a complexing agent, as the term
is used in the present application, may be de?ned as a loW

molecular Weight organic molecule (MW<550) capable of
forming a cyclodextrin inclusion complex.
[0134] Different complexing agents affect the drug (e.g.,

ganaxolone) complex formations differently. For example,
methylparaben drug complexes typically take 5 to 7 days to
cure While sodium benZoate and/ or benZoic acid-drug aggre

gates take much longer (up to 3 Weeks) to cure, as illustrated
in FIG. 2. FIG. 2 shoWs the particle siZe groWth plots for both

methylparaben and propylparaben and sodium benZoate (ad
justed to pH 4.0) With drug 100 to 200 nm particles. Both
formulations contain 5% drug, 5% HPMC, 1% PVA, 0.1 to
0.2% SLS. The parabens formulation contained 0.1% meth
ylparaben, 0.02% propylparaben and 0.1% simethicone
While the sodium benZoate formulation contained 0.17%
sodium benZoate, 0.13% citric acid and 0.01% sodium citrate

present invention include isobutylparaben, isopropylparaben,
sodium and potassium salts, can also be utiliZed in the present
invention. Especially preferred parabens for use in the present
invention include methylparaben and propylparaben and their
sodium salts. If the sodium salts of parabens are utiliZed an

equimolar amount of an organic acid, e.g., citric acid should
be added.

[0138] Typically, milled drug particle suspensions are con
verted into a solid dosage form. Governmental drug regula
tory agencies such as the FDA, requires justi?cation of all
ingredients and their levels in a formulation. Therefore, it is
quite uncommon for a preservative to be included in a solid

dosage form. With respect to nano-siZed dosage forms, com
mercialiZed solid dosage forms prepared from a nanosuspen

sion (e.g., TriCor®), Emmend®) and Rapamune®)) do not
contain any preservatives. As shoWn in the examples, com

plexing agents impart signi?cant stability qualities into solid
dosage forms.
[0139] The complexing agent can be present in any suitable
amount, e.g., from about 0.001% to about 5%, from about
0.01% to about 2.5%, from about 0.015% to about 1%, from
about 0.1% to about 0.5% or from about 0.02% to about 0.1%,

based on the Weight of the milled slurry.
[0140] Certain embodiments of the invention are directed
to minimiZing aggregation and/ or particle siZe groWth due to

the association of the drug particles and the complexing agent
When dispersed in simulated gastrointestinal ?uids. These
embodiments are directed to pharmaceutical particles com

prising drug thereof associated With a complexing agent, the

anthranilate, approximately 0.05% Was added to a non-com

particles exhibiting a ratio of D50 after dispersion in SGF or
SIF at 36-38° C. for 1-3 hours to D50 prior to dispersion in
SGF or SIF ofless than about 3:1; less than about 2.7:1, less
than about 2.5:1, less than about 2: 1, or less than about 1.5:1.
In certain embodiments, the invention is directed to pharma

(pH 4.0). It has recently been found that the addition of
methyl anthranilate can form a complex Which does not

change after sonication after 1 day. In the case of methyl
plexed drug particle suspension at 180 nm and a D50 of 390

ceutical particles comprising drug thereof stabiliZed With a

nm Was seen 72 hours later. Addition of 0.4% methyl anthra
nilate increased one ganaxolone composition from 220 nm to
480 nm over 3 days Which Was not reversed by sonication.

of D50 after dispersion in SGF or SIF for 1-3 hours to D50

prior to dispersion of from about 1.5:1 to about 3:1; from

The 0.4% complexed methyl anthranilate-ganaxolone com

about 1.8:1 to about 2.7:1 or about 2:1 to about 1.5:1.

plex shoWed no aggregation in SIF or SGF While the uncom

Percentages for liquid formulations are given as Wt %/W

[0141] Certain embodiments of the invention are directed
to the “cured” complexes Which exhibit siZe-stabiliZed par
ticles. These embodiments are directed to pharmaceutical

(Weight %/total formulation Weight).

particles comprising drug thereof complexed With a complex

[0135]

ing agent, the particles cured for a su?icient time until an

plexed ganaxolone composition aggregated signi?cantly.
The cured drug-particles appear to have much better

physical stability than drug particles that do not contain the
complexing agent. Once the drug particle complexes are
formed, no further substantial increase in drug particle siZe is
observed. Drug particles of ganaxolone that Were milled for

complexing agent, the complexed particles exhibiting a ratio

endpoint is reached such that the D50 does not change by
more than about 5% as measured over 3 days after curing. In
other embodiments, the particles are cured for a suf?cient
time until an endpoint is reached such that the D50 does not
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change by more than about 12%, more than about 10%, more

[0148]

than about 8% or more than 5% over 1 month after the curing

Agent
[0149] Foaming during the nanosiZing of pharmaceutical

period.

Milling With Simethicone as an Anti-Foaming

[0142] In further embodiments, the particles are cured for a
suf?cient time until an endpoint is reached such that the D50
does not change by more than about 5% (over the instru

products can present formulation issues and can have nega

ment’s variability at the measure particle siZe) after 20 days
after curing, 40 days after curing, 60 days after curing, or 80
days after curing storage conditions of 50 C. to 250 C. Cured

drastic increase in viscosity rendering the milling process

drug particulate complexes are more desirable as these com
positions Will provide a more uniform result due to a

decreased change in particle siZe over time, better thermal
stability and less aggregation in the gastrointestinal tract.
[0143] The endpoint needed to reach siZe stabiliZed par
ticles canbe ascertained by one skilled in the art. For example,
the endpoint can be reached in about 5 days to about 25 days;
in about 5 days to about 7 days, in about 7 days to about 14
days, in about 14 days to about 21 days, or about 10 days to
about 15 days.
[0144] In certain embodiments, the particles have a D50
prior to storage ofless than 350 nm, less than 250 nm or less
than 150 nm. In other embodiments, the particles have a D50
prior to storage of from about 50 nm to about 350 nm, from
about 75 nm to about 250 nm or from about 100 nm to about
150 nm.

[0145]

The bene?ts of having a complexed nanosuspension

include but are not limited to the folloWing: (1) very stable

particle siZe once cured (e.g., no signi?cant change in particle

siZe after about 2 years); (2) the non-complexed drug suspen

tive consequences for particle siZe reduction. For example,
high levels of foam or air bubbles in the mill can cause a

inoperable. Even a very loW level of air presence can dramati

cally reduce milling ef?ciency causing the desired particle
siZe unachievable. This may be due to the resultant air in the

mill cushioning the milling balls and limiting grinding e?i
ciency. The air also can form a microemulsion With the milled

ingredients Which presents many issues With respect to the
delivery of an accurate dose and palatability. Addition of a
small amount of simethicone is a very effective anti-foaming

agent Which minimiZes milling variability or special handling
techniques to avoid the introduction of air into the milling
process.

Drugs
[0150] Suitable drugs Which can form a cyclodextrin inclu
sion complex for use in the present invention include, but are

not limited to, antineoplastics (anticancer/antitumor agents),
sedatives, antiin?ammatory steroids (glucocor‘ticoids such as
actometasone, betamethasone, beclomethasone, ?uocinon

ide, ?unisolide, dexamethasone, cortisone, hydrocor‘tisone,
methylprednisolone, mometasone, predni solone, prednisone,
?uticasone, budesonide, and triamcinolone), tranquilizers,
anticonvulsants, antivirals, antihistaminics (fexofenadine),

sions of similar composition are generally less stable in simu
lated gastric and intestinal ?uids, e. g., When incubated at 370

vitamins/nutritional factors, emetics (apomorphine), antico
agulants (dicumarol or coumadin), cardiotonics (including

C. for 3 hours; (3) the complexed drug suspensions can be
boiled and froZen Without a signi?cant change in particle siZe,
Whereas non-complexed drug suspensions have been found to
double in siZe (e.g., changing in particle siZe from 140 nm to

the cardiac glycosides such as digoxin or digitoxin), diuretics,

330 nm); (4) the milling time can be decreased via the use of
a complexing agent to get a storage stable particle siZe as

carbonic anhydrase inhibitors, non-steroidal analgesic and/or

anti-in?ammatory agents (NSAID’s), androgens (17-meth
yltestosterone and testosterone), estrogens, anabolic agents
(?uoxymesterone and methanstenolone), vasodilators, anxi
olytics (e.g, benZodiaZepines) antidepressants (sertraline or

opposed to obtaining a storage stable particle siZe by increas

sulpiride),

ing milling time (also less contamination). Milling time is

pimoZide and pen?uridole), hypnotics (etomidate) and/or ste

also called residence time and is the time a particle is in the

roidal hypnotics/anesthetics (alfaxalone), antifungals,
progestins, antiprotoZoals, anthelmintics, anesthetics

mill When being recirculated through the mill into a large
tank. With complexing agents, milling residence time to
obtain a storage stable drug particle suspension may be, e.g.,

antipsychotics

(Ziprasidone,

?uspirilene,

(lidocaine), vasoconstrictors, hypoglycemic (acetohexam
ide), antibacterials/antibiotics, and anti-infectives, platelet

from about 30 to about 35 minutes versus about 1.5 to 2 hours

inhibitors, muscle relaxants, antiemetics (dimenhydrinate),

(Which translates to a 3-4 time increase in productivity).

radiodiagnostics, antispasmodics, angiotensin converting

[0146] Complexed drug suspensions comprising drug (e. g.,
Ganaxolone), HPMC, SLS, methylparaben, propylparaben,

inhibitors, gastrointestinal agents such as loperamide and

and PVA Were found to provide desirable pharmacokinetic
results in animal studies versus uncomplexed Ganaxolone
formulations With D50 values 1/3 that of the complexed mate

enZyme inhibitors, antiarrythmics, carbonic anhydrase
cisapride (including H2-antagonists and other anti-ulcer
agents), antihypertensives especially including those useful
as anti-glaucoma agents, serotonin antagonists, narcotic

With increased dissolution but not higher bioavailability.
Higher Cmax levels Without an increase in bioavailability is

antagonists, narcotic agonists, mixed narcotic agonists-an
tagonists, pharmacologically active proteins such as peptide
hormones, prostaglandins (alprostadil, prostacyclin or epo
prostenol), dopaminergic agents (L-DOPA), mineral corti
coids (desoxycor‘ticosterone), neurosteroids (except for
ganaxolone), enZymes, antibodies and other biologically pro
duced substances, anti-Parkinsonism/dopamineric agents
and drugs for treating AlZheimer’s disease (THA).

an undesirable attribute for some compounds as higher side
effects Will be seen Without any additional bene?t.

ited to, beta-hydroxy-delta 5-compounds, such as preg

rial. Surprisingly, the total exposure (AUC) Was slightly

higher With the complexed and higher D50 composition. Pre
vious prior art claims that smaller particle siZe result in
increased bioavailability Which is not the case With com

plexed ganaxolone formulations. The smaller uncomplexed
formulation gave higher Cmax values as one Would expect

[0151]

Suitable neurosteroids may include, but are not lim

[0147] Formulations containing drug complexes as

nenolone (PREG) and dehydroepiandrosterone (DHEA),

described above may provide a more desirable pharmacoki

their sulfates, and reduced metabolites such as the tetrahy

netic performance (e.g., improved bioavailability, reduction
in variability, etc.).

nane-20-one (3 alpha,5 alpha-THPROG).

droderivative of progesterone 3 alpha-hydroxy-5 alpha-preg

