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(57) ABSTRACT 

This invention is directed to reduction of ?ake-like aggrega 
tion in nanoparticulate compositions. Also encompassed by 
the invention are compositions comprising a nanopaiticulate 
active agent, at least one surface stabilizer and a ?ake-like 
aggregation reducing agent, such as a buffer and a sugar. The 
nanopaiticulate active agent compositions comprise particles 
of the active agent having an effective average particle siZe of 
less than about 2000 nm. 
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REDUCTION OF FLAKE-LIKE 
AGGREGATION IN NANOPARTICULATE 

ACTIVE AGENT COMPOSITIONS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority to US. Provisional 
Patent Application No. 61/181,641, ?led May 27, 2009. The 
contents of that application are incorporated herein by refer 
ence in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to reduction 
of ?ake-like aggregation in nanoparticulate active agent com 
positions. More speci?cally, the invention relates to compo 
sitions comprising a nanoparticulate active agent, at least one 
surface stabilizer and a ?ake-like aggregation reducing agent. 
The nanoparticulate active agent compositions comprise par 
ticles of an active agent having an effective average particle 
size of less than about 2000 nm. 

BACKGROUND OF THE INVENTION 

A. Background Regarding Nanoparticulate Active 
Agent Compositions 

[0003] Nanoparticulate active agent compositions, ?rst 
described in US. Pat. No. 5,145,684 (“the ’684 patent”), are 
particles comprising a poorly soluble therapeutic or diagnos 
tic agent having adsorbed onto or associated With the surface 
thereof a non-crosslinked surface stabilizer. 
[0004] Methods of making nanoparticulate active agent 
compositions are described in, for example, US. Pat. Nos. 
5,518,187 and 5,862,999, both for “Method ofGrinding Phar 
maceutical Substances,” US. Pat. No. 5,718,388, for “Con 
tinuous Method of Grinding Pharmaceutical Substances,” 
and US. Pat. No. 5,510,118 for “Process ofPreparing Thera 
peutic Compositions Containing Nanoparticles.” 
[0005] Nanoparticulate active agent compositions are also 
described, for example, in US. Pat. Nos. 5,298,262 for “Use 
of Ionic Cloud Point Modi?ers to Prevent Particle Aggrega 
tion During Sterilization,” 5,302,401 for “Method to Reduce 
Particle Size GroWth During Lyophilization,” 5,318,767 for 
“X-Ray Contrast Compositions Useful in Medical Imaging,” 
5,326,552 for “Novel Formulation For Nanoparticulate 
X-Ray Blood Pool Contrast Agents Using High Molecular 
Weight Non-ionic Surfactants,” 5,328,404 for “Method of 
X-Ray Imaging Using Iodinated Aromatic Propanedioates,” 
5,336,507 for “Use of Charged Phospholipids to Reduce 
Nanoparticle Aggregation,” 5,340,564 for “Formulations 
Comprising Olin 10-G to Prevent Particle Aggregation and 
Increase Stability,” 5,346,702 for “Use of Non-Ionic Cloud 
Point Modi?ers to Minimize Nanoparticulate Aggregation 
During Sterilization,” 5,349,957 for “Preparation and Mag 
netic Properties of Very Small Magnetic-Dextran Particles,” 
5,352,459 for “Use of Puri?ed Surface Modi?ers to Prevent 
Particle Aggregation During Sterilization,” 5,399,363 and 
5,494,683, both for “Surface Modi?ed Anticancer Nanopar 
ticles,” 5,401,492 for “Water Insoluble Non-Magnetic Man 
ganese Particles as Magnetic Resonance Enhancement 
Agents,” 5,429,824 for “Use of Tyloxapol as a Nanoparticu 
late Stabilizer,” 5,447,710 for “Method for Making Nanopar 
ticulate X-Ray Blood Pool Contrast Agents Using High 
Molecular Weight Non-ionic Surfactants,” 5,451,393 for 

Dec. 16, 2010 

“X-Ray Contrast Compositions Useful in Medical Imaging,” 
5,466,440 for “Formulations of Oral Gastrointestinal Diag 
nostic X-Ray Contrast Agents in Combination With Pharma 
ceutically Acceptable Clays,” 5,470,583 for “Method of Pre 
paring Nanoparticle Compositions Containing Charged 
Phospholipids to Reduce Aggregation,” 5,472,683 for 
“Nanoparticulate Diagnostic Mixed Carbamic Anhydrides as 
X-Ray Contrast Agents for Blood Pool and Lymphatic Sys 
tem Imaging,” 5,500,204 for “Nanoparticulate Diagnostic 
Dimers as X-Ray Contrast Agents for Blood Pool and Lym 
phatic System Imaging,” 5,518,738 for “Nanoparticulate 
NSAID Formulations,” 5,521,218 for “Nanoparticulate 
Iododipamide Derivatives for Use as X-Ray Contrast 
Agents,” 5,525,328 for “Nanoparticulate Diagnostic Diatri 
zoxy Ester X-Ray Contrast Agents for Blood Pool and Lym 
phatic System Imaging,” 5,543,133 for “Process of Preparing 
X-Ray Contrast Compositions Containing Nanoparticles,” 
5,552,160 for “Surface Modi?ed NSAID Nanoparticles,” 
5,560,931 for “Formulations of Compounds as Nanoparticu 
late Dispersions in Digestible Oils or Fatty Acids,” 5,565,188 
for “Polyalkylene Block Copolymers as Surface Modi?ers 
for Nanoparticles,” 5,569,448 for “Sulfated Non-ionic Block 
Copolymer Surfactant as Stabilizer Coatings for Nanopar 
ticle Compositions,” 5,571,536 for “Formulations of Com 
pounds as Nanoparticulate Dispersions in Digestible Oils or 
Fatty Acids,” 5,573,749 for “Nanoparticulate Diagnostic 
Mixed Carboxylic Anydrides as X-Ray Contrast Agents for 
Blood Pool and Lymphatic System Imaging,” 5,573,750 for 
“Diagnostic Imaging X-Ray Contrast Agents,” 5,573,783 for 
“Redispersible Nanoparticulate Film Matrices With Protec 
tive Overcoats,” 5,580,579 for “Site-speci?c Adhesion 
Within the GI Tract Using Nanoparticles Stabilized by High 
Molecular Weight, Linear Poly(ethylene Oxide) Polymers,” 
5,585,108 for “Formulations of Oral Gastrointestinal Thera 
peutic Agents in Combination With Pharmaceutically Accept 
able Clays,” 5,587,143 for “Butylene Oxide-Ethylene Oxide 
Block Copolymers Surfactants as Stabilizer Coatings for 
Nanoparticulate Compositions,” 5,591,456 for “Milled 
Naproxen With Hydroxypropyl Cellulose as Dispersion Sta 
bilizer,” 5,593,657 for “Novel Barium Salt Formulations Sta 
bilized by Non-ionic and Anionic Stabilizers,” 5,622,938 for 
“Sugar Based Surfactant for Nanocrystals,” 5,628,981 for 
“Improved Formulations of Oral Gastrointestinal Diagnostic 
X-Ray Contrast Agents and Oral Gastrointestinal Therapeu 
tic Agents,” 5,643,552 for “Nanoparticulate Diagnostic 
Mixed Carbonic Anhydrides as X-Ray Contrast Agents for 
Blood Pool and Lymphatic System Imaging,” 5,718,388 for 
“Continuous Method of Grinding Pharmaceutical Sub 
stances,” 5,718,919 for “Nanoparticles Containing the R(—) 
Enantiomer of Ibuprofen,” 5,747,001 for “Aerosols Contain 
ing Beclomethasone Nanoparticle Dispersions,” 5,834,025 
for “Reduction of Intravenously Administered Nanoparticu 
late Formulation Induced Adverse Physiological Reactions,” 
6,045,829 “Nanocrystalline Formulations of Human Immu 
node?ciency Virus (HIV) Protease Inhibitors Using Cellulo 
sic Surface Stabilizers,” 6,068,858 for “Methods of Making 
Nanocrystalline Formulations of Human Immunode?ciency 
Virus (HIV) Protease Inhibitors Using Cellulosic Surface 
Stabilizers,” 6,153,225 for “Injectable Formulations of 
Nanoparticulate Naproxen,” 6,165,506 for “New Solid Dose 
Form of Nanoparticulate Naproxen,” 6,221,400 for “Meth 
ods of Treating Mammals Using Nanocrystalline Formula 
tions of Human Immunode?ciency Virus (HIV) Protease 
Inhibitors,” 6,264,922 for “Nebulized Aerosols Containing 
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Nanoparticle Dispersions,” 6,267,989 for “Methods for Pre 
venting Crystal Growth and Particle Aggregation in Nanopar 
ticle Compositions,” 6,270,806 for “Use of PEG-Derivatized 
Lipids as Surface Stabilizers for Nanoparticulate Composi 
tions,” 6,316,029 for “Rapidly Disintegrating Solid Oral 
Dosage Form,” 6,375,986 for “Solid Dose Nanoparticulate 
Compositions Comprising a Synergistic Combination of a 
Polymeric Surface Stabilizer and Dioctyl Sodium Sulfosuc 
cinate,” 6,428,814 for “Bioadhesive Nanoparticulate Com 
positions Having Cationic Surface Stabilizers,” 6,431,478 for 
“Small Scale Mill,” 6,432,381 for “Methods for Targeting 
Drug Delivery to the Upper and/or LoWer Gastrointestinal 
Tract,” 6,592,903 for “Nanoparticulate Dispersions Compris 
ing a Synergistic Combination of a Polymeric Surface Stabi 
lizer and Dioctyl Sodium Sulfosuccinate,” 6,582,285 for 
“Apparatus for sanitary Wet milling,” 6,656,504 for “Nano 
particulate Compositions Comprising Amorphous Cyclospo 
rine,” 6,742,734 for “System and Method for Milling Mate 
rials,” 6,745,962 for “Small Scale Mill and Method Thereof,” 
6,811,767 for “Liquid droplet aerosols of nanoparticulate 
drugs,” 6,908,626 for “Compositions having a combination 
of immediate release and controlled release characteristics,” 
6,969,529 for “Nanoparticulate compositions comprising 
copolymers of vinyl pyrrolidone and vinyl acetate as surface 
stabilizers,” and 6,976,647 for “System and Method for Mill 
ing Materials,” 6,991,191 for “Method ofUsing a Small Scale 
Mill,” 7,101,576 for “Nanoparticulate Megestrol Formula 
tion,” 7,198,795 for “In vitro methods for evaluating the in 
vivo effectiveness of dosage forms of microparticulate of 
nanoparticulate active agent compositions,” 7,244,451 for 
“Methods of making nanoparticulate drug compositions 
comprising copolymers of vinyl pyrrolidone and vinyl 
acetate as surface stabilizers”, 7,276,249 for “Nanoparticu 
late Fibrate Formulations”, 7,288,267 for “Bioadhesive 
nanoparticulate compositions having cationic surface stabi 
lizers”, 7,320,802 for “Methods of treatment using nanopar 
ticulate feno?brate compositions”, and 7,390,505 for “Nano 
particulate topiramate formulations”, all of Which are 
speci?cally incorporated by reference. 
[0006] Nanoparticulate active agent compositions are also 
described in US. Patent Publication No. 20080152720 for 
“Nanoparticulate tacrolimus formulations”, US. Patent Pub 
lication No. 20080152585 for “LoW viscosity liquid dosage 
forms”, US. Patent Publication No. 20080138424 for “Nano 
particulate ?brate formulations”, US. Patent Publication No. 
20080124393 for “Controlled release nanoparticulate com 
positions”, US Patent Publication No. 20080124389 for 
“Nanoparticulate and Controlled Release Compositions 
Comprising Cyclosporine”, US. Patent Publication No. 
20080113025 for “Compositions Comprising Nanoparticu 
late Naproxen and Controlled Release Hydrocodone”, US. 
Patent Publication No. 20080107741 for “Nanoparticulate 
Compositions of Angiogenesis Inhibitors”, US. Patent Pub 
lication No. 20080102121 for “Compositions Comprising 
Nanoparticulate Meloxicam and Controlled Release Hydro 
codone”, US. Patent Publication No. 20080095851 for 
“Nanoparticulate ?brate formulations”, US. Patent Publica 
tion No. 20080050461 for “Nanoparticulate Compositions of 
Angiogenesis Inhibitors”, US. Patent Publication No. 
20080025807 for “System and Method for Milling Materi 
als”, US. Patent Publication No. 20080003295 for “Bioad 
hesive nanoparticulate compositions having cationic surface 
stabilizers”, US. Patent Publication No. 20070298115 for 
“Nanoparticulate ?brate formulations”, US. Patent Publica 
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tion No. 20070298098 for “Controlled Release Compositions 
Comprising Levetiracetam”, US. Patent Publication No. 
20070281011 for “Nanoparticulate posaconazole formula 
tions”, US. Patent Publication No. 20070264348 for “Nano 
particulate ?brate formulations”, US. Patent Publication No. 
20070224279 for “Stabilization of chemical compounds 
using nanoparticulate formulations”, US. Patent Publication 
No. 20070202180 for “Nanoparticulate carvedilol formula 
tions”, US. Patent Publication No. 20070178051 for “Ster 
ilized Nanoparticulate Glucocorticosteroid Formulations”, 
US. Patent Publication No. 20070160675 for “Nanoparticu 
late and controlled release compositions comprising a cepha 
losporin”, US. Patent Publication No. 20070148100 for 
“Nanoparticulate aripiprazole formulations”, US. Patent 
Publication No. 20070141159 for “Methods of Making 
Nanoparticulate Compositions Comprising Copolymers of 
Vinyl Pyrrolidone and Vinyl Acetate as Surface Stabilizers”, 
US. Patent Publication No. 20070134339 for “Zonisamide 
and NSAID Nanoparticulate Formulations”, US. Patent Pub 
lication No. 20070122486 for “Nanoparticulate insulin”, 
US. Patent Publication No. 20070110776 for “In vitro meth 
ods for evaluating the in vivo effectiveness of dosage forms of 
microparticulate or nanoparticulate active agent composi 
tions,” US. Patent Publication No. 20070104792 for “Nano 
particulate tadala?l formulations,” US. Patent Publication 
No. 20070098805 for “Methods of making and using novel 
griseofulvin compositions,” US. Patent Publication No. 
20070065374 for “Nanoparticulate leukotriene receptor 
antagonist/corticosteroid formulations,” US. Patent Publica 
tion No. 20070059371 for “Nanoparticulate ebastine formu 
lations,” US. Patent Publication No. 20070048378 for 
“Nanoparticulate anticonvulsant and immunosuppressive 
compositions,” US. Patent Publication No. 20070042049 for 
“Nanoparticulate benidipine compositions,” US. Patent 
Publication No. 20070015719 for “Nanoparticulate clarithro 
mycin formulations,” US. Patent Publication No. 
20070003628 for “Nanoparticulate clopidogrel formula 
tions,” US. Patent Publication No. 20070003615 for “Nano 
particulate clopidogrel and aspirin combination formula 
tions,” US. Patent Publication No. 20060292214 for 
“Nanoparticulate acetaminophen formulations,” US. Patent 
Publication No. 20060275372 for “Nanoparticulate imatinib 
mesylate formulations,” US. Patent Publication No. 
20060246142 for “Nanoparticulate quinazoline derivative 
formulations,” US. Patent Publication No. 20060246141 for 
“Nanoparticulate lipase inhibitor formulations,” US. Patent 
Publication No. 20060216353 for “Nanoparticulate corticos 
teroid and antihistamine formulations,” US. Patent Publica 
tion No. 20060210639 for “Nanoparticulate bisphosphonate 
compositions,” US. Patent Publication No. 20060210638 for 
“Injectable compositions of nanoparticulate immunosup 
pressive compounds,” US. Patent Publication No. 
20060204588 for “Formulations of a nanoparticulate ?nas 
teride, dutasteride or tamsulosin hydrochloride, and mixtures 
thereof,” US. Patent Publication No. 20060198896 for 
“Aerosol and injectable formulations of nanoparticulate ben 
zodiazepine,” US. Patent Publication No. 20060193920 for 
“Nanoparticulate Compositions of Mitogen-Activated 
(MAP) Kinase Inhibitors,” US. Patent Publication No. 
20060188566 for “Nanoparticulate formulations of doc 
etaxel and analogues thereof,” US. Patent Publication No. 
20060165806 for “Nanoparticulate candesartan formula 
tions,” “US. Patent Publication No. 20060159767 for “Nano 
particulate bicalutamide formulations,” US. Patent Publica 
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tion No. 20060159766 for “Nanoparticulate tacrolimus 
formulations,” US. Patent Publication No. 20060159628 for 
“Nanoparticulate benZothiophene formulations,” US. Patent 
Publication No. 20060154918 for “lnjectable nanoparticulate 
olanZapine formulations,” US. Patent Publication No. 
20060121 112 for “Topiramate pharmaceutical composition,” 
US. Patent Publication No. 20020012675 A1, for “Con 
trolled Release Nanoparticulate Compositions,” US. Patent 
Publication No. 20040195413 A1, for “Compositions and 
method for milling materials,” US. Patent Publication No. 
20040173696 A1 for “Milling microgram quantities of nano 
particulate candidate compounds,” US. Patent Application 
No. 20020012675 A1, published on Jan. 31, 2002, for “Con 
trolled Release Nanoparticulate Compositions,” US. Patent 
Publication No. 20050276974 for “Nanoparticulate Fibrate 
Formulations,”U.S. Patent Publication No. 20050238725 for 
“Nanoparticulate compositions having a peptide as a surface 
stabilizer,” US. Patent Publication No. 20050233001 for 
“Nanoparticulate megestrol formulations,” US. Patent Pub 
lication No. 20050147664 for “Compositions comprising 
antibodies and methods of using the same for targeting nano 
particulate active agent delivery,” US. Patent Publication 
No. 20050063913 for “Novel metaxalone compositions,” 
US. Patent Publication No. 20050042177 for “Novel com 
positions of sildena?l free base,” US. Patent Publication No. 
20050031691 for “Gel stabiliZed nanoparticulate active agent 
compositions,” US. Patent Publication No. 20050019412 for 
“Novel glipiZide compositions,” US. Patent Publication No. 
20050004049 for “Novel griseofulvin compositions,” US. 
Patent Publication No. 20040258758 for “Nanoparticulate 
topiramate formulations,” US. Patent Publication No. 
20040258757 for “Liquid dosage compositions of stable 
nanoparticulate active agents,” US. Patent Publication No. 
20040229038 for “Nanoparticulate meloxicam formula 
tions,” US. Patent Publication No. 20040208833 for “Novel 
?uticasone formulations,” US. Patent Publication No. 
20040195413 for “Compositions and method for milling 
materials,” US. Patent Publication No. 20040156895 for 
“Solid dosage forms comprising pullulan,” US. patent Pub 
lication No. US. patent Publication No. US. Patent Publica 
tion No. 20040156872 for “Novel nimesulide compositions,” 
US. Patent Publication No. 20040141925 for “Novel triam 
cinolone compositions,” US. Patent Publication No. 
20040115134 for “Novel nifedipine compositions,” US. 
Patent Publication No. 20040105889 for “LoW viscosity liq 
uid dosage forms,” US. Patent Publication No. 20040105778 
for “Gamma irradiation of solid nanoparticulate active 
agents,” US. Patent Publication No. 20040101566 for 
“Novel benZoyl peroxide compositions,” US. Patent Publi 
cation No. 20040057905 for “Nanoparticulate beclometha 
sone dipropionate compositions,” US. Patent Publication 
No. 20040033267 for “Nanoparticulate compositions of 
angiogenesis inhibitors,” US. Patent Publication No. 
20040033202 for “Nanoparticulate sterol formulations and 
novel sterol combinations,” US. Patent Publication No. 
20040018242 for “Nanoparticulate nystatin formulations,” 
US. Patent Publication No. 20040015134 for “Drug delivery 
systems and methods,” US. Patent Publication No. 
20030232796 for “Nanoparticulate polycosanol formula 
tions & novel polycosanol combinations,” US. Patent Pub 
lication No. 20030215502 for “Fast dissolving dosage forms 
having reduced friability,” US. Patent Publication No. 
20030185869 for “Nanoparticulate compositions having 
lysoZyme as a surface stabiliZer,”U.S. Patent Publication No. 
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20030181411 for “Nanoparticulate compositions of mito 
gen-activated protein (MAP) kinase inhibitors,” US. Patent 
Publication No. 20030137067 for “Compositions having a 
combination of immediate release and controlled release 
characteristics,” US. Patent Publication No. 20030108616 
for “Nanoparticulate compositions comprising copolymers 
of vinyl pyrrolidone and vinyl acetate as surface stabiliZers,” 
US. Patent Publication No. 20030095928 for “Nanoparticu 
late insulin,” US. Patent Publication No. 20030087308 for 
“Method for high through put screening using a small scale 
mill or micro?uidics,” US. Patent Publication No. 
20030023203 for “Drug delivery systems & methods,” US. 
Patent Publication No. 20020179758 for “System and 
method for milling materials, and U. S. Patent Publication No. 
20010053664 for “Apparatus for sanitary Wet milling,” 
describe nanoparticulate active agent compositions and are 
speci?cally incorporated by reference. 
[0007] Amorphous small particle compositions are 
described, for example, in US. Pat. Nos. 4,783,484 for “Par 
ticulate Composition and Use Thereof as Antimicrobial 
Agent,” 4,826,689 for “Method for Making Uniformly SiZed 
Particles from Water-Insoluble Organic Compounds,” 4,997, 
454 for “Method for Making Uniformly-Sized Particles From 
Insoluble Compounds,” 5,741,522 for “Ultrasmall, Non-ag 
gregated Porous Particles of Uniform SiZe for Entrapping Gas 
Bubbles Within and Methods,” and 5,776,496, for “Ultras 
mall Porous Particles for Enhancing Ultrasound Back Scat 
ter.” These disclosures are also speci?cally incorporated by 
reference. 
[0008] None of these references describe the phenomenon 
of reducing “?ake-like” aggregation in a nanoparticulate 
composition or a mechanism of reducing the same. 

B. Background Regarding lnj ectable Formulations 

[0009] The skilled person knoWs that for any particulate 
composition to be approved by the FDA for intravenous (I.V.) 
or intramuscular (l.M.) administration, the composition must 
meet the standards set forth in General Chapter 788 of the 
United States Pharmacopeia (“USP<788>”). Speci?cally, in 
the United States, any particulate matter injectable solution 
must comply With the particle siZe and number requirements 
of USP<788>. That is, under the approved “Light Obscura 
tion” test set forth in USP<788>, knoWn as “Method 1,” there 
must be: (i) no more than 6,000 particles in a particulate 
composition that are greater than 10 pm in siZe and (ii) no 
more than 600 particles that are greater than 25 um in siZe. 
Under “Method 2,” the Microscopy test, a particulate com 
position must contain (i) no more than 3,000 particles in a 
particulate composition that are greater than 10 pm in siZe and 
(ii) no more than 300 particles that are greater than 25 pm in 
siZe. The theoriZed large particles represent the presence of 
aggregates of individual particles Which clump together. It is 
theoriZed that nano particulate formulations has an inherent 
propensity to form ?ake like aggregates (“FLA”), presum 
ably caused by colloidal surface phenomena. The “FLA’s” are 
presumably formed at the air-liquid interface as the aggregate 
morphology is extremely tWo dimensional in its overall 
shape. Such aggregates have commonly been observed using 
optical microscopy and scanning electron microscopy tech 
niques, but have not been detected using light scattering based 
particle siZing techniques. 
[0010] There is a need in the art to develop injectable nano 
particulate active agent formulations that are essentially free 
of “?ake-like” particulates, that meet the USP<788> criteria 
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for particulate mater, and that have better stability at room 
temperature. Ideally, the formulations are ready-for-use, i.e., 
do not require reconstitution, and are suitable for conven 
tional sterilization process. The present invention satis?es 
these needs. 

SUMMARY OF THE INVENTION 

[0011] The present invention relates to reduction of ?ake 
like aggregation in inj ectable nanoparticulate active agent 
compositions. The composition comprises a nanoparticulate 
active agent, at least one surface stabiliZer and a ?ake-like 
aggregation reducing agent. The surface stabiliZer can be 
adsorbed on or associated With the surface of the active agent 
particles. The nanoparticulate active agent particles have an 
effective average particle siZe of less than about 2000 nm. 
[0012] A preferred dosage form of the invention is an 
injectable nanoparticulate active agent colloidal dispersion. 
The composition optionally comprises one or more pharma 
ceutically acceptable carriers, as Well as any desired excipi 
ents. Preferably, the nanoparticulate active agent colloidal 
dispersion is steriliZed by passing through a ?lter having a 
pore siZe of 0.2 pm. 
[0013] In one embodiment, the ?ake-like aggregation 
reducing agent is a sugar or polyol, such as sucrose, mannitol, 
or dextrose. In another embodiment, the ?ake-like aggrega 
tion reducing agent is a buffer, such as a potassium phosphate 
buffer, a sodium phosphate buffer, or a sodium acetate buffer. 
In one embodiment, the buffer results in the composition 
having a pH above 7.0. Compositions according to the inven 
tion can comprise more than one ?ake-like aggregation 
reducing agent, such as a combination of a sugar and a buffer. 
[0014] In a related aspect, this invention further discloses a 
method of making the inventive nanoparticulate active agent 
compositions. Such a method comprises contacting the active 
agent With at least one surface stabiliZer in the presence of a 
?ake-like aggregation reducing agent for a time and under 
conditions su?icient to provide a nanoparticulate active agent 
composition having an effective average particle siZe of less 
than about 2000 nm. Alternatively, the surface stabiliZer and/ 
or ?ake-like aggregation reducing agent can be contacted 
With the active agent particles either before, during, or after 
particle siZe reduction of the active agent particles. 
[0015] In another aspect, the invention relates to a method 
for reducing the ?ake-like aggregates in a nanoparticulate 
composition. The method comprises preparing a nanopar 
ticulate dispersion of an active agent and adding a ?ake-like 
aggregation reducing agent to the dispersion. Alternatively, a 
nanoparticulate dispersion of an active agent is prepared in 
the presence of a ?ake-like aggregation reducing agent. 
[0016] In yet another aspect, the invention relates to a 
method for reducing the ?ake-like aggregates in a nanopar 
ticulate composition to meet the requirements of USP <788>. 
The method comprises preparing a nanoparticulate disper 
sion of an active agent and adding a ?ake-like aggregation 
reducing agent to the dispersion. Alternatively, a nanoparticu 
late dispersion of an active agent is prepared in the presence 
of a ?ake-like aggregation reducing agent. 
[0017] In a further aspect, the invention relates to a method 
of treatment using a nanoparticulate active agent composition 
according to the invention. The method comprises adminis 
tering a nanoparticulate active agent composition according 
to the invention, comprising at least one nanoparticulate 
active agent, at least one surface stabiliZer, and at least one 
?ake-like aggregation reducing agent to a subj ect in need. The 
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condition to be treated can be any condition susceptible to 
treatment by the active agent present in the nanoparticulate 
composition. 
[0018] Both the foregoing summary of the invention and 
the folloWing brief description of the draWings and detailed 
description of the invention are exemplary and explanatory 
and are intended to provide further details of the invention as 
claimed. Other objects, advantages, and novel features Will be 
readily apparent to those skilled in the art from the folloWing 
detailed description of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 shoWs the images of ?ake-like particulates in 
NCDTM formulations. 
[0020] FIG. 2 shoWs the particle siZe of a formulation con 
taining 2.5% meloxicam and 0.5% PVP K17 at 25° C. and 40° 
C. storage for up to a month. 
[0021] FIG. 3 shoWs the particle siZe of a formulation con 
taining 2.5% meloxicam, 0.5% PVP K17 and 0.25% NaDOC 
at 5° C., 25° C. and 40° C. storage for up to tWo months. 
[0022] FIG. 4 shoWs the particle siZe of a formulation con 
taining 2.5% meloxicam, 0.5% PVP K12 and 0.25% NaDOC 
at 5° C., 25° C. and 40° C. storage for up to tWo months. 
[0023] FIG. 5 shoWs the particle siZe groWth in the presence 
of 0.5% PVP at variable concentration of NaDOC for over 3 
months. 
[0024] FIG. 6 shoWs the particle siZe groWth in the presence 
of 0.75% PVP at variable concentration of NaDOC for over 3 
months. 
[0025] FIG. 7 shoWs a magni?ed image of the NCDTM 
comprising 5% mannitol and 15% sucrose after it Was ?ltered 
through an 8 pm ?lter at 200x magni?cation. 
[0026] FIG. 8 shoWs the images of an NCDTM formulation 
Without sugar (A) and an NCDTM formulation comprising 
sugar (B). The particulate aggregates are observed in (A) but 
not in (B). 

DETAILED DESCRIPTION OF THE INVENTION 

[0027] The present invention relates to reduction of ?ake 
like aggregation in nanoparticulate compositions. The com 
position comprises a nanoparticulate active agent having an 
effective average particle siZe of less than about 2000 nm, at 
least one surface stabiliZer adsorbed on or associated With the 
surface of the active agent particles and a ?ake-like aggrega 
tion reducing agent. 
[0028] As taught in the ’684 patent, not every combination 
of surface stabiliZer and active agent Will result in a stable 
nanoparticulate composition. The particulate matter test per 
formed on some nanocrystalline formulations using the ?l 
tration/microscopy method as per USP<788> found high 
level of “?ake-like particulates” as shoWn in FIG. 1. These 
formulations fail to meet the USP<788> criteria. 

[0029] One problem present in prior art formulations of 
injectable dosage forms is the need for solubiliZing solvents, 
such as cremofor, or in aqueous solvents that may contain 
co-solvents and/or involve harsh pH conditions, all Which 
may present signi?cant toxicity upon administration. Such 
formulations may still require large injection volumes, Which 
further adds to the toxicity of the drug product. Injectable 
dosage forms of poorly soluble drugs that can be adminis 
tered in aqueous based media in high concentration Without 
requiring harsh pH conditions or co-solvents are highly desir 
able. 
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[0030] An exemplary active agent that can be utilized in the 
formulations of the invention is meloxicam. Meloxicam 
(CAS No. 71125-38-7), chemically knoWn as 4-hydroxy-2 
methyl -N- (5 -methyl-2-thiaZolyl)-2H-1,2-benZothiaZine-3 - 
carboxamide-1,1-dioxide, has an empiric formula of 
Cl4Hl3N3O4S2 and a molecular Weight of351.403. Meloxi 
cam is a pale yelloW crystalline powder With no odor. Practi 
cally insoluble in Water. The melting point is 2540 C. 
[0031] Meloxicam belongs to the family of nonsteroidal 
anti-in?ammatory drugs (N SAIDs) and is used to relieve the 
symptoms of arthritis, primary dysmenorrheal, fever, and as 
an analgesic, especially Where there is an in?ammatory com 
ponent. 
[0032] Development of a nanoparticulate colloidal disper 
sion of meloxicam suitable for injection encountered di?i 
culty because it contained “?ake-like” particulates ranging 
from 10-600 um, Which failed to meet the USP<788> stan 
dard. 
[0033] Thus, the discovery of the present invention is sur 
prising in that a ?ake-like aggregation reducing agent could 
be successfully used to reduce aggregation of the particles of 
the nanoparticulate active agent. The obtained nanoparticu 
late active agent composition meets the criteria of USP<788> 
and is suitable for injection. 

I. DEFINITIONS 

[0034] The present invention is described herein using sev 
eral de?nitions, as set forth beloW and throughout the appli 
cation. 
[0035] As used herein, “about” Will be understood by per 
sons of ordinary skill in the art and Will vary to some extent on 
the context in Which it is used. If there are uses of the term 
Which are not clear to persons of ordinary skill in the art given 
the context in Which it is used, “about” Will mean up to plus or 
minus 10% of the particular term. 
[0036] “Nanoparticulate active agents” as de?ned herein 
have an effective average particle siZe of less than about 2 
microns. 
[0037] “Pharmaceutically acceptable” as used herein refers 
to those compounds, materials, compositions, and/or dosage 
forms Which are, Within the scope of sound medical judg 
ment, suitable for use in contact With the tissues of human 
beings and animals Without excessive toxicity, irritation, 
allergic response, or other problem or complication, com 
mensurate With a reasonable bene?t/risk ratio. 
[0038] As used herein With reference to stable drug par 
ticles, “stable” includes, but is not limited to, one or more of 
the folloWing parameters: (1) that the active agent particles do 
not appreciably ?occulate or agglomerate due to interparticle 
attractive forces, or otherWise signi?cantly increase in par 
ticle siZe over time; (2) that the physical structure of the active 
agent particles is not altered over time, such as by conversion 
from an amorphous phase to crystalline phase or convert from 
one polymorph and/or hydrate to another; (3) that the active 
agent particles are chemically stable; and/or (4) Where the 
active agent has not been subject to a heating step at or above 
the melting point of the active agent in the preparation of the 
nanoparticles of the invention. 
[0039] “Therapeutically effective amount” as used herein 
With respect to an active agent dosage, shall mean that dosage 
that provides the speci?c pharmacological response for 
Which the active agent is administered in a signi?cant number 
of subjects in need of such treatment. It is emphasiZed that 
“therapeutically effective amount,” administered to a particu 
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lar subject in a particular instance Will not alWays be effective 
in treating the diseases described herein, even though such 
dosage is deemed a ‘therapeutically effective amount’ by 
those skilled in the art. It is to be further understoodthat active 
agent dosages are, in particular instances, measured as oral 
dosages, or With reference to active agent levels as measured 
in blood. 

II. COMPOSITIONS 

[0040] The compositions of the invention comprise a nano 
particulate active agent, at least one surface stabiliZer 
adsorbed to or associated With the surface of the active agent, 
and at least one ?ake-like aggregation reducing agent. In 
addition, the compositions can comprise one or more second 
ary ?ake-like aggregation reducing agent. Surface stabiliZers 
useful herein physically adhere to or associate With the sur 
face of the nanoparticulate active agent but do not chemically 
react With the active agent or itself. Individual molecules of 
the surface stabiliZer are essentially free of intermolecular 
cross-linkages. 
[0041] The present invention also includes nanoparticulate 
active agent compositions formulated into compositions 
together With one or more non-toxic physiologically accept 
able carriers, adj uvants, or vehicles, collectively referred to as 
carriers. 
[0042] A. Active Agents 
[0043] The nanoparticles of the invention comprise at least 
one active, therapeutic, or diagnostic agent, collectively 
referred to as a “drug.” A therapeutic agent can be a pharma 
ceutical agent, including biologics such as proteins, peptides, 
and nucleotides, or a diagnostic agent, such as a contrast 
agent, including x-ray contrast agents. 
[0044] The active agent exists as a crystalline phase, an 
amorphous phase, a semi-amorphous phase, a semi-crystal 
line phase, or mixtures thereof. The crystalline phase differs 
from a non-crystalline or amorphous phase Which results 
from precipitation techniques, such as those described in EP 
Patent No. 275,796. 
[0045] The invention can be practiced With a Wide variety 
of active agents. The active agent is preferably present in an 
essentially pure form, is poorly soluble, and is dispersible in 
at least one liquid dispersion media. By “poorly soluble” it is 
meant that the active agent has a solubility in a liquid disper 
sion media of less than about 30 mg/mL, less than about 20 
mg/mL, less than about 10 mg/mL, or less than about 1 
mg/mL. Useful liquid dispersion medias include, but are not 
limited to, Water, aqueous salt solutions, saf?oWer oil, and 
solvents such as ethanol, t-butanol, hexane, and glycol. A 
preferred liquid dispersion media is Water. 
[0046] TWo or more active agents can be used in combina 
tion. 
[0047] 1. Active Agents Generally 
[0048] The active agent can be selected from a variety of 
knoWn classes of drugs, including, for example, nutraceuti 
cals, COX-2 inhibitors, retinoids, anticancer agents, 
NSAIDS, proteins, peptides, nucleotides, anti-obesity drugs, 
nutraceuticals, dietary supplements, carotenoids, corticoster 
oids, elastase inhibitors, anti-fungals, oncology therapies, 
anti-emetics, analgesics, cardiovascular agents, anti-in?am 
matory agents, anthelmintics, anti-arrhythmic agents, antibi 
otics (including penicillins), anticoagulants, antidepressants, 
antidiabetic agents, antiepileptics, antihistamines, antihyper 
tensive agents, antimuscarinic agents, antimycobacterial 
agents, antineoplastic agents, immunosuppressants, antithy 
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roid agents, antiviral agents, anxiolytics, sedatives (hypnotics 
and neuroleptics), astringents, beta-adrenoceptor blocking 
agents, blood products and substitutes, cardiac inotropic 
agents, contrast media, corticosteroids, cough suppressants 
(expectorants and mucolytics), diagnostic agents, diagnostic 
imaging agents, diuretics, dopaminergics (antiparkinsonian 
agents), haemostatics, immunological agents, lipid regulat 
ing agents, muscle relaxants, parasympathomimetics, par 
athyroid calcitonin and biphosphonates, prostaglandins, 
radio-pharmaceuticals, sex hormones (including steroids), 
anti-allergic agents, stimulants and anoretics, sympathomi 
metics, thyroid agents, vasodilators, and xanthines. 
[0049] Examples of representative active agents useful in 
this invention include, but are not limited to, acyclovir, alpra 
Zolam, altretamine, amiloride, amiodarone, benZtropine 
mesylate, bupropion, cabergoline, candesartan, cerivastatin, 
chlorpromaZine, cipro?oxacin, cisapride, clarithromycin, 
clonidine, clopidogrel, cyclobenZaprine, cyproheptadine, 
delavirdine, desmopressin, diltiaZem, dipyridamole, dolas 
etron, enalapril maleate, enalaprilat, famotidine, felodipine, 
furaZolidone, glipiZide, irbesartan, ketoconaZole, lansopra 
Zole, loratadine, loxapine, mebendaZole, mercaptopurine, 
milrinone lactate, minocycline, mitoxantrone, nel?navir 
mesylate, nimodipine, nor?oxacin, olanZapine, omepraZole, 
penciclovir, pimoZide, tacrolimus, quaZepam, raloxifene, 
rifabutin, rifampin, risperidone, riZatriptan, saquinavir, ser 
traline, sildena?l, acetyl-sul?soxaZole, temaZepam, thia 
bendaZole, thioguanine, trandolapril, triamterene, trimetrex 
ate, troglitaZone, trova?oxacin, verapamil, vinblastine 
sulfate, mycophenolate, atovaquone, proguanil, ceftaZidime, 
cefuroxime, etoposide, terbina?ne, thalidomide, ?uconaZole, 
amsacrine, dacarbaZine, teniposide, and acetylsalicylate. In 
one embodiment, the active agent is meloxicam. 
[0050] Exemplary nutraceuticals and dietary supplements 
are disclosed, for example, in Roberts et al., Nutraceuticals: 
The Complete Encyclopedia of Supplements, Herbs, Wra 
mins, and Healing Foods (American Nutraceutical Associa 
tion, 2001), Which is speci?cally incorporated by reference. A 
nutraceutical or dietary supplement, also known as a phy 
tochemical or functional food, is generally any one of a class 
of dietary supplements, vitamins, minerals, herbs, or healing 
foods that have medical or pharmaceutical effects on the 
body. Exemplary nutraceuticals or dietary supplements 
include, but are not limited to, lutein, folic acid, fatty acids 
(e.g., DHA and ARA), fruit and vegetable extracts, vitamin 
and mineral supplements, phosphatidylserine, lipoic acid, 
melatonin, glucosamine/chondroitin, Aloe Vera, Guggul, 
glutamine, amino acids (e.g., iso-leucine, leucine, lysine, 
methionine, phenylanine, threonine, tryptophan, and valine), 
green tea, lycopene, Whole foods, food additives, herbs, phy 
tonutrients, antioxidants, ?avonoid constituents of fruits, 
evening primrose oil, ?ax seeds, ?sh and marine animal oils, 
and probiotics. Nutraceuticals and dietary supplements also 
include bio-engineered foods genetically engineered to have 
a desired property, also knoWn as “pharmafoods.” 
[0051] 2. Anticancer Active Agents 
[0052] Useful anticancer agents are preferably selected 
from alkylating agents, antimetabolites, natural products, 
hormones and antagonists, and miscellaneous agents, such as 
radiosensitiZers. 

[0053] Examples of alkylating agents include: (1) alkylat 
ing agents having the bis-(2-chloroethyl)-amine group such 
as, for example, chlormethine, chlorambucile, melphalan, 
uramustine, mannomustine, extramustinephoshate, 
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mechlore-thaminoxide, cyclophosphamide, ifosfamide, and 
trifosfamide; (2) alkylating agents having a substituted aZiri 
dine group such as, for example, tretamine, thiotepa, triaZi 
quone, and mitomycine; (3) alkylating agents of the alkyl 
sulfonate type, such as, for example, busulfan, piposulfan, 
and piposulfam; (4) alkylating N-alkyl-N-nitrosourea deriva 
tives, such as, for example, carmustine, lomustine, semustine, 
or streptoZotocine; and (5) alkylating agents of the mitobroni 
tole, dacarbaZine and procarbaZine type. 
[0054] Examples of antimetabolites include: (1) folic acid 
analogs, such as, for example, methotrexate; (2) pyrimidine 
analogs such as, for example, ?uorouracil, ?oxuridine, 
tegafur, cytarabine, idoxuridine, and ?ucytosine; and (3) 
purine derivatives such as, for example, mercaptopurine, 
thioguanine, aZathioprine, tiamiprine, vidarabine, pentosta 
tin, and puromycine. 
[0055] Examples of natural products include: (1) vinca 
alkaloids, such as, for example, vinblastine and vincristine; 
(2) epipodophylotoxins, such as, for example, etoposide and 
teniposide; (3) antibiotics, such as, for example, adriamycine, 
daunomycine, doctinomycin, daunorubicin, doxorubicin, 
mithramycin, bleomycin, and mitomycin; (4) enZymes, such 
as, for example, L-asparaginase; (5) biological response 
modi?ers, such as, for example, alpha-interferon; (6) camp 
tothecin; (7) taxol; and (8) retinoids, such as retinoic acid. 
[0056] Examples of hormones and antagonists include: (1) 
adrenocorticosteroids, such as, for example, prednisone; (2) 
progestins, such as, for example, hydroxyprogesterone 
caproate, medroxyprogesterone acetate, and megestrol 
acetate; (3) estrogens, such as, for example, diethylstilbestrol 
and ethinyl estradiol; (4) antiestrogens, such as, for example, 
tamoxifen; (5) androgens, such as, for example, testosterone 
propionate and ?uoxymesterone; (6) antiandrogens, such as, 
for example, ?utamide; and (7) gonadotropin-releasing hor 
mone analogs, such as, for example, leuprolide. 
[0057] Examples of miscellaneous agents include: (1) radi 
osensitiZers, such as, for example, 1,2,4-benZotriaZin-3 
amine 1,4-dioxide (SR 4889) and 1,2,4-benZotriaZine-7 
amine 1,4-dioxide (WIN 59075); (2) platinum coordination 
complexes such as cisplatin and carboplatin; (3) anthracene 
diones, such as, for example, mitoxantrone; (4) substituted 
ureas, such as, for example, hydroxyurea; and (5) adrenocor 
tical suppressants, such as, for example, mitotane and ami 
noglutethimide. 
[0058] In addition, the anticancer agent can be an immuno 
suppressive drug, such as, for example, cyclosporine, aZa 
thioprine, sulfasalaZine, methoxsalen, and thalidomide. 
[0059] The anticancer agent can also be a COX-2 inhibitor. 
[0060] 3. Analgesic Active Agents 
[0061] An analgesic can be, for example, an NSAID or a 
COX-2 inhibitor. 
[0062] Exemplary NSAIDS that can be formulated in com 
positions of the invention include, but are not limited to, 
suitable nonacidic and acidic compounds. Suitable nonacidic 
compounds include, for example, nabumetone, tiaramide, 
proquaZone, bufexamac, ?umiZole, epiraZole, tinoridine, 
timegadine, and dapsone. Suitable acidic compounds 
include, for example, carboxylic acids and enolic acids. Suit 
able carboxylic acid NSAIDs include, for example: (1) sali 
cylic acids and esters thereof, such as aspirin, di?unisal, 
benorylate, and fosfosal; (2) acetic acids, such as phenylace 
tic acids, including diclofenac, alclofenac, and fenclofenac; 
(3) carbo- and heterocyclic acetic acids such as etodolac, 
indomethacin, sulindac, tolmetin, fentiaZac, and tilomisole; 
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(4) propionic acids, such as carprofen, fenbufen, ?urbiprofen, 
ketoprofen, oxaproZin, suprofen, tiaprofenic acid, ibuprofen, 
naproxen, fenoprofen, indoprofen, and pirprofen; and (5) 
fenamic acids, such as ?ufenamic, mefenamic, meclofe 
namic, and ni?umic. Suitable enolic acid NSAIDs include, 
for example: (1) pyraZolones such as oxyphenbutaZone, phe 
nylbutaZone, apaZone, and fepraZone; and (2) oxicams such 
as piroxicam, sudoxicam, isoxicam, and tenoxicam. 
[0063] Exemplary COX-2 inhibitors that can be formulated 
in combination With the nanoparticulate nimesulide compo 
sition of the invention include, but are not limited to, cele 
coxib (SC-58635, CELEBREX®, Pharmacia/Searle & Co.), 
rofecoxib (MK-966, L-748731, VIOXX®, Merck & Co.), 
meloxicam (MOBIC®, co-marketed by Abbott Laboratories, 
Chicago, Ill., and Boehringer Ingelheim Pharmaceuticals), 
valdecoxib (BEXTRA®, GD. Searle & Co.), parecoxib 
(GD. Searle & Co.), etoricoxib (MK-663; Merck), SC-236 
(chemical name of 4-[5-(4-chlorophenyl)-3-(tri?uorom 
ethyl)-1H-pyraZol-1-yl)]benZenesulfonamide; GD. Searle & 
Co., Skokie, Ill.); NS-398 (N-(2-cyclohexyloxy-4-nitrophe 
nyl)methane sulfonamide; Taisho Pharmaceutical Co., Ltd., 
Japan); SC-58125 (methyl sulfone spiro(2.4)hept-5-ene I; 
Pharmacia/Searle & Co.); SC-57666 (Pharmacia/Searle & 
Co.); SC-558 (Pharmacia/Searle & Co.); SC-560 (Pharma 
cia/Searle & Co.); etodolac (Lodine®, Wyeth-Ayerst Labo 
ratories, Inc.); DFU (5,5-dimethyl-3-(3-?uorophenyl)-4-(4 
methyl sulfonyl)phenyl 2(5H)-furanone); monteleukast 
(MK-476), L-745337 ((5-methanesulphonamide-6-(2,4-dif 
luorothio-phenyl)-1-indanone), L-761066, L-761000, 
L-748780 (all Merck & Co.); DUP-697 (5-Bromo-2-(4-?uo 
rophenyl)-3-(4-(methylsulfonyl)phenyl; DuPont Merck 
Pharmaceutical Co.); PGV 20229 (1-(7-tert.-butyl-2,3-dihy 
dro-3,3-dimethylbenZo(b)furan-5-yl)-4-cyclopropylbutan 
1-one; Procter & Gamble Pharmaceuticals); iguratimod 
(T-614; 3 -formylamino-7-methylsulfonylamino-6-phenoxy 
4H-1-benZopyran-4-one; Toyama Corp., Japan); BF 389 
(Biofor, USA); CL 1004 (PD 136095), PD 136005, PD 
142893, PD 138387, and PD 145065 (all Parke-Davis/ 
Warner-Lambert Co.); ?urbiprofen (ANSAID®; Pharmacia 
& Upjohn); nabumetone (FELAFEN®; SmithKline Bee 
cham, plc); ?osulide (CGP 28238; Novartis/Ciba Geigy); 
piroxicam (FELDANE®; P?Zer); diclofenac (VOLTAREN® 
and CATAFLAM®, Novartis); lumiracoxib (COX-189; 
Novartis); D 1367 (Celltech Chiroscience, plc); R 807 (3 
benZoyldi?uoromethane sulfonanilide, di?umidone); 
JTE-522 (Japan Tobacco, Japan); FK-3311 (4'-Acetyl-2'-(2, 
4-di?uorophenoxy)methanesulfonanilide), FK 867, FR 
140423, and FR 115068 (all FujisaWa, Japan); GR 253035 
(Glaxo Wellcome); RWJ 63556 (Johnson & Johnson); RWJ 
20485 (Johnson & Johnson); ZK 38997 (Schering); S 2474 
((E)-(5)-(3,5-di-tert-butyl-4-hydroxybenZylidene)-2-ethyl 
1,2-isothiaZolidine-1,1-dioxide indomethacin; Shionogi & 
Co., Ltd., Japan); Zomepirac analogs, such as RS 57067 and 
RS 104897 (Hoffmann La Roche); RS 104894 (Hoffmann La 
Roche); SC 41930 (Monsanto); pranlukast (SB 205312, Ono 
1078, ONON®, ULTAIR®; SmithKline Beecham); SB 
209670 (SmithKline Beecham); and APHS (heptinylsul?de). 
[0064] 
[0065] The compositions of the invention include one or 
more surface stabiliZers. The surface stabiliZers of the inven 
tion are preferably adsorbed on, or associated With, the sur 
face of the active agent particles. The surface stabiliZers espe 
cially useful herein preferably do not chemically react With 
the active agent particles or itself. Preferably, individual mol 

B. Surface StabiliZers 
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ecules of the auxiliary surface stabiliZer are essentially free of 
intermolecular cross-linkages. 
[0066] TWo or more surface stabiliZers can be employed in 
the compositions and methods of the invention. 
[0067] Suitable surface stabiliZers can preferably be 
selected from knoWn organic and inorganic pharmaceutical 
excipients. Such excipients include various polymers, loW 
molecular Weight oligomers, natural products, and surfac 
tants. Preferred surface stabiliZers include nonionic, anionic, 
cationic and ZWitterionic compounds or surfactants. 

[0068] Examples of useful nonionic stabiliZers, including 
but not limited to, dextran, gum acacia, tragacanth, glycerol 
monostearate, cetostearyl alcohol, cetomacrogol emulsifying 
Wax, sorbitan esters, polyoxyethylene alkyl ethers (e.g., mac 
rogol ethers such as cetomacrogol 1000), polyoxyentylene 
alkyl esters (e.g. Myrj®), polyoxyethylene castor oil deriva 
tives, polyoxyethylene sorbitan fatty acid esters (e.g., the 
commercially available TWeens® such as e.g., TWeen 20® 
and TWeen 80® (ICI Speciality Chemicals)); polyethylene 
glycols (e.g., CarboWaxs 3550® and 934® (Union Carbide)), 
polyoxyethylene stearates, methylcellulose, hydroxyethyl 
cellulose, hydroxypropyl celluloses (e.g., HPC, HPC-SL, and 
HPC-L), hydroxypropyl methylcellulose (HPMC), hydrox 
ypropylmethyl-cellulose phthalate, noncrystalline cellulose, 
triethanolamine, polyvinyl alcohol (PVA), polyvinylpyrroli 
done (PVP), 4-(1,1,3,3-tetramethylbutyl)-phenol polymer 
With ethylene oxide and formaldehyde (also knoWn as tylox 
apol, superione, and triton), poloxamers (e.g., Pluronics 
F68® and F108®, Which are block copolymers of ethylene 
oxide and propylene oxide); poloxamines (e.g., Tetronic 
908®, also knoWn as Poloxamine 908®, Which is a tetrafunc 
tional block copolymer derived from sequential addition of 
propylene oxide and ethylene oxide to ethylenediamine 
(BASF Wyandotte Corporation, Parsippany, N.J.)); Tetronic 
1508® (T-1508) (BASF Wyandotte Corporation), alkyl phe 
nol ethylene oxide (Triton X-100, Triton X-405, etc., DoW 
Chemical), Crodestas F-l 10®, Which is a mixture of sucrose 
stearate and sucrose distearate (Croda Inc.); p-isononylphe 
noxypoly-(glycidol), also knoWn as Olin-1OG® or Surfac 
tant 10-G® (Olin Chemicals, Stamford, Conn.); Crodestas 
SL-40® (Croda, Inc.); and SA9OHCO, Which is 
Cl8H37CH2C(O)N(CH3)4CH2(CHOH)4(CH2OH)2 (East 
man Kodak Co.); decanoyl-N-methylglucamide; n-decyl 
[3-D-glucopyranoside; n-decyl [3-D-maltopyranoside; 
n-dodecyl [3-D-glucopyranoside; n-dodecyl [3-D-maltoside; 
heptanoyl-N-methylglucamide; n-heptyl-[3-D-glucopyrano 
side; n-heptyl [3-D-thioglucoside; n-hexyl [3-D-glucopyrano 
side; nonanoyl-N-methylglucamide; n-noyl [3-D-glucopyra 
noside; octanoyl-N-methylglucamide; n-octyl-[3-D 
glucopyranoside; octyl [3-D-thioglucopyranoside; PEG 
derivatiZed phospholipid, PEG-derivatiZed cholesterol, PEG 
derivatiZed cholesterol derivative, PEG-derivatiZed vitamin 
A, PEG-derivatiZed vitamin E, PEG-derivatiZed castor oil 
(Cremafor), random copolymers of vinyl pyrrolidone and 
vinyl acetate (an example Would be Plasdone S-630, ISP). 
[0069] Preferred nonionic stabiliZers include, but are not 
limited to, Hydroxypropyl methylcellulose (HPMC), 
hydroxypropyl cellulose grade HPC-SL, Polyvinylpyrroli 
dones, Kollidone K12 (BASF) or Plasdone® C-12 (ISP Tech 
nologies, Inc.) Kollidone K17 (BASF)iPlasdone® C-17 
(ISP Technologies, Inc). Kollidone K29/32 (BASF)iPlas 
done® C-29/32 (ISP Technologies, Inc. (USA), block 
copolymers based on ethylene oxide and propylene oxidei 
Poloxamers sold under the tradename Pluronics® by BASF 
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(sold as Lutrols® in EU), speci?cally Pluronic® F 68 aka. 
poloxamer 188, Pluronic® F 108 a.k.a. poloxamer 338, Plu 
ronic® F 127 a.k.a poloxamer. 407, copolymer of vinylpyr 
rolidone and vinyl acetateiCopovidone sold under the 
tradename Plasdone® S-630 (ISP Technologies, Inc), dis 
tearyl palmitate glyceryl, polyoxyethylene sorbitan fatty acid 
esters such as polyoxyethylene 20 sorbitan monolaurate, 
polysorbate 20 aka. Tween@ 20 by lCl Americas, polyoxy 
ethylene 20 sorbitan monopalmitate, polysorbate 40" aka. 
Tween@ 40 by lCl Americas, polyoxyethylene 20 sorbitan 
monooleate, polysortbate 80 aka. Tween@ 80 by lCl Ameri 
cas, macrogol 15 hydroxystearateiSolutol® 15 BASE, 
Tyloxapol and Cremaphor. 
[0070] Examples of useful anionic stabiliZers, including 
but not limited to, fatty acids as Well as their salt forms such 
as oleic acid, stearic acid, palmitic acid, lauric acid, myristic 
acid, calcium stearate. Other common anionic stabiliZers 
include sodium dodecylsulfate, Duponol P®, Which is a 
sodium lauryl sulfate (DuPont), carboxymethylcellulose cal 
cium, carboxymethylcellulose sodium, dialkylesters of 
sodium sulfosuccinic acid (e.g., Aerosol OT®, Which is a 
dioctyl ester of sodium sulfosuccinic acid (DOSS) (American 
Cyanamid)), Triton X-200®, Which is an alkyl aryl polyether 
sulfonate (Union Carbide). Salt forms of bile acids are also 
useful as anionic stabiliZers, such as sodium deoxycholate, 
sodium cholate, sodium chenodeoxycholate, sodium dehy 
drocholate, disuccinylursodeoxycholic acid bisodic salt, 
sodium hyodeoxycholate, sodium ursodeoxycholate. 
[0071] Preferred anionic stabilizers include, but are not 
limited to, dioctyl sodium succinate (DOSS) sodium lauryl 
sulfate (SLS) a.k.a. sodium dodecyl sulfate (SDS) and 
sodium deoxycholate. 
[0072] Examples of useful cationic surface stabiliZers 
include but are not limited to polymers, biopolymers, poly 
n-methylpyridinium, anthryul pyridinium chloride, cationic 
phospholipids, chitosan, polylysine, polyvinylimidaZole, 
polybrene, polymethylmethacrylate trimethylammonium 
bromide bromide (PMMTMABr), hexyldesyltrimethylam 
monium bromide (HDMAB), and polyvinylpyrrolidone-2 
dimethylaminoethyl methacrylate dimethyl sulfate. 
[0073] Other useful cationic stabiliZers include, but are not 
limited to, cationic lipids, sulfonium, phosphonium, and 
quartemary ammonium compounds, such as stearyltrimethy 
lammonium chloride, benZyl-di(2-chloroethyl)ethylammo 
nium bromide, coconut trimethyl ammonium chloride or bro 
mide, coconut methyl dihydroxyethyl ammonium chloride or 
bromide, dodecyl trimethyl ammonium bromide, decyl tri 
ethyl ammonium chloride, decyl dimethyl hydroxyethyl 
ammonium chloride or bromide, Cl2_15dimethyl hydroxy 
ethyl ammonium chloride or bromide, coconut dimethyl 
hydroxyethyl ammonium chloride or bromide, myristyl tri 
methyl ammonium methyl sulphate, lauryl dimethyl benZyl 
ammonium chloride or bromide, lauryl dimethyl(ethenoxy)4 
ammonium chloride or bromide, N-alkyl(C12_18)dimethyl 
benZyl ammonium chloride, N-alkyl(C l4_ 1 8)dimethyl-benZyl 
ammonium chloride, N-tetradecylidmethylbenZyl ammo 
nium chloride monohydrate, dimethyl didecyl ammonium 
chloride, N-alkyl and (Cl2_14) dimethyl l-napthylmethyl 
ammonium chloride, trimethylammonium halide, alkyl-trim 
ethylammonium salts and dialkyl-dimethylammonium salts, 
lauryl trimethyl ammonium chloride, ethoxylated alkyami 
doalkyldialkylammonium salt and/or an ethoxylated trialkyl 
ammonium salt, dialkylbenZene dialkylammonium chloride, 
N-didecyldimethyl ammonium chloride, N-tetradecyldim 
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ethylbenZyl ammonium, chloride monohydrate, N-alkyl(C 1 2_ 
14) dimethyl l-naphthylmethyl ammonium chloride and 
dodecyldimethylbenZyl ammonium chloride, dialkyl benZe 
nealkyl ammonium chloride, lauryl trimethyl ammonium 
chloride, alkylbenZyl methyl ammonium chloride, alkyl ben 
Zyl dimethyl ammonium bromide, C12, C15, C17 trimethyl 
ammonium bromides, dodecylbenZyl triethyl ammonium 
chloride, poly-diallyldimethylammonium chloride (DAD 
MAC), dimethyl ammonium chlorides, alkyldimethylammo 
nium halogenides, tricetyl methyl ammonium chloride, 
decyltrimethylammonium bromide, dodecyltriethylammo 
nium bromide, tetradecyltrimethylammonium bromide, 
methyl trioctylammonium chloride (ALIQUAT 336TM), 
POLYQUAT 10TM, tetrabutylammonium bromide, benZyl tri 
methylammonium bromide, choline esters (such as choline 
esters of fatty acids), benZalkonium chloride, stearalkonium 
chloride compounds (such as stearyltrimonium chloride and 
Di-stearyldimonium chloride), cetyl pyridinium bromide or 
chloride, halide salts of quaterniZed polyoxyethylalky 
lamines, MIRAPOLTTM and ALKAQUATTTM (Alkaril 
Chemical Company), alkyl pyridinium salts; amines, such as 
alkylamines, dialkylamines, alkanolamines, polyethylenep 
olyamines, N,N-dialkylaminoalkyl acrylates, and vinyl pyri 
dine, amine salts, such as lauryl amine acetate, stearyl amine 
acetate, alkylpyridinium salt, and alkylimidaZolium salt, and 
amine oxides; imide aZolinium salts; protonated quaternary 
acrylamides; methylated quaternary polymers, such as poly 
[diallyl dimethylammonium chloride] and poly-[N-methyl 
vinyl pyridinium chloride]; and cationic guar. 
[0074] Such exemplary cationic surface stabiliZers and 
other useful cationic surface stabiliZers are described in J. 
Cross and E. Singer, Cationic Surfactants: Analytical and 
Biological Evaluation (Marcel Dekker, 1994); P. and D. Rub 
ingh (Editor), Cationic Surfactants: Physical Chemistry 
(Marcel Dekker, 1991); and J. Richmond, Cationic Surfac 
tants: Organic Chemistry, (Marcel Dekker, 1990). 
[0075] Particularly preferred nonpolymeric primary stabi 
liZers are any nonpolymeric compound, such benZalkonium 
chloride, a carbonium compound, a phosphonium compound, 
an oxonium compound, a halonium compound, a cationic 
organometallic compound, a quarternary phosphorous com 
pound, a pyridinium compound, an anilinium compound, an 
immonium compound, a hydroxylammonium compound, a 
primary ammonium compound, a secondary ammonium 
compound, a tertiary ammonium compound, and quarternary 
ammonium compounds of the formula NR1R2R3R4(+). For 
compounds of the formula NR1R2R3R4(+): 
[0076] none of Rl-R4 are CH3; 
[0077] (ii) one of Rl-R4 is CH3; 
[0078] (iii) three of Rl-R4 are CH3; 
[0079] (iv) all of Rl-R4 are CH3; 
[0080] (V) tWo ofRl-R4 are CH3, one ofRl-R4 is C6H5CH2, 
and one of Rl-R4 is an alkyl chain of seven carbon atoms or 

less; 
[0081] (vi) tWo of Rl-R4 are CH3, one of Rl-R4 is 
C6H5CH2, and one of Rl-R4 is an alkyl chain of nineteen 
carbon atoms or more; 

[0082] (vii) tWo of Rl-R4 are CH3 and one of Rl-R4 is the 
group C6H5 (CH2)n, Where n>1; 
[0083] (viii) tWo of Rl-R4 are CH3, one of Rl-R4 is 
C6H5CH2, and one of Rl-R4 comprises at least one heteroa 
tom; 
[0084] (ix) tWo of Rl-R4 are CH3, one of Rl-R4 is 
C6H5CH2, and one of Rl-R4 comprises at least one halogen; 
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[0085] (x) tWo ofRl -R4 are CH3, one ofRl -R4 is C6H5CH2, 
and one of Rl-R4 comprises at least one cyclic fragment; 
[0086] (xi) tWo of Rl-R4 are CH3 and one of Rl-R4 is a 
phenyl ring; or 
[0087] (xii) tWo of Rl-R4 are CH3 and tWo of Rl-R4 are 
purely aliphatic fragments. 
[0088] Such compounds include, but are not limited to, 
behenalkonium chloride, benZethonium chloride, cetylpyri 
dinium chloride, behentrimonium chloride, lauralkonium 
chloride, cetalkonium chloride, cetrimonium bromide, cetri 
monium chloride, cethylamine hydro?uoride, chlorallyl 
methenamine chloride (Quaternium-15), distearyldimonium 
chloride (Quaternium-5), dodecyl dimethyl ethylbenZyl 
ammonium chloride (Quatemium-14), Quatemium-22, 
Quaternium-26, Quatemium- 1 8 hectorite, dimethylaminoet 
hylchloride hydrochloride, cysteine hydrochloride, diethano 
lammonium POE (10) oletyl ether phosphate, diethanolam 
monium POE (3)oleyl ether phosphate, talloW alkonium 
chloride, dimethyl dioctadecylammoniumbentonite, stear 
alkonium chloride, domiphen bromide, denatonium ben 
Zoate, myristalkonium chloride, laurtrimonium chloride, eth 
ylenediamine dihydrochloride, guanidine hydrochloride, 
pyridoxine HCl, iofetamine hydrochloride, meglumine 
hydrochloride, methylbenZethonium chloride, myrtrimo 
nium bromide, oleyltrimonium chloride, polyquaternium-l, 
procainehydrochloride, cocobetaine, stearalkonium bento 
nite, stearalkoniumhectonite, stearyl trihydroxyethyl propy 
lenediamine dihydro?uoride, talloWtrimonium chloride, and 
hexadecyltrimethyl ammonium bromide. 
[0089] Examples of ZWitterionic stabiliZers include but are 
not limited to proteins, phospholipids, ZWitterionic polymers 
and ZWitterionic surfactant molecules. Examples of proteins 
albumin, including but not limited to human serum albumin 
and bovine serum albumin, gelatin, casein, lysoZyme. 
Examples of phospholipids include phosphotidylcholine, 
lecithin. The proteins and peptides are ZWitteronic may 
morph into cationic or anionic depending on the pH of the 
medium they are exposed to. In this embodiment, it should be 
understood that in the considered pH range, these are mol 
ecules are ZWitterionic. 

[0090] Most of these surface stabiliZers are knoWn pharma 
ceutical excipients and are described in detail in the Hand 
book ofPharmaceulical Excipients, published jointly by the 
American Pharmaceutical Association and The Pharmaceu 
tical Society of Great Britain (The Pharmaceutical Press, 5”’ 
ed., 2005), speci?cally incorporated by reference. The sur 
face stabiliZers are commercially available and/or can be 
prepared by techniques knoWn in the art. 
[0091] C. Flake-Like Aggregation Reducing Agent 
[0092] The present invention is directed to the surprising 
discovery that reduction of ?ake-like aggregation can be 
achieved by adding a sugar in a nanoparticulate active agent 
composition or by increasing the pH level of a nanoparticu 
late active agent to basic conditions. 
[0093] According to the present invention, the buffered 
formulation is at a pH that is suitably high enough to reduce 
?ake-like aggregation. The compositions of the invention 
have a pH level of about pH 7.0, about 7.1, about 7.2, about 
7.3, about 7.4, about 7.5, about 7.6, about 7.7, about 7.8, about 
7.9, about 8.0, about 8.1, about 8.2, about 8.3, about 8.4, about 
8.5, about 8.6, about 8.7, about 8.8, about 8.9, about 9.0, about 
9.1, about 9.2, about 9.3, about 9.4, about 9.5, about 9.6, about 
9.7, about 9.8, about 9.9, about 10.0, about 10.1, about 10.2, 
about 10.3, about 10.4, about 10.5, about 10.6, about 10.7, 

Dec. 16, 2010 

about 10.8, about 10.9, about 11.0, about 11.1, about 11.2, 
about 11.3, about 11.4, about 11.5, about 11.6, about 11.7, 
about 11.8, about 11.9, about 12.0, about 12.1, about 12.2, 
about 12.3, about 12.4, about 12.5, about 12.6, about 12.7, 
about 12.8, about 12.9, about 13.0, about 13.1, about 13.2, 
about 13.3, about 13.4, about 13.5, about 13.6, about 13.7, 
about 13.8, about 13.9, or about 14.0, or above about 14.0. In 
one embodiment, the pH of the formulation of the invention is 
in a range selected from the group consisting of pH about 9.0 
about 10.0, about 100- about 11.0, about 110- about 12.0, 
about 120- about 14.0. In another embodiment, the pH of the 
formulation is in the range of pH about 95- about 1 1.0. In yet 
another embodiment, the pH of the formulation is in the range 
ofpH about 70- about 9.5. 

[0094] In the context of this invention, a ?ake-like aggre 
gation reducing agent is de?ned as an agent that is capable of 
reducing the ?ake-like aggregation in a nanoparticulate active 
agent composition. Exemplary ?ake-like aggregation reduc 
ing agents include sugars, sugar alcohols and buffers. Exem 
plary sugars and sugar alcohols includes, but are not limited 
to, sucrose, fructose, glucose, erythritol, isomalt, mannitol, 
sorbitol, xylitol, sorbitol, and dextrose. Any pH buffering 
system suitable for IV. or IM. administration may be used, 
such as but not limited to a phosphate buffer, an acetate buffer 
or a citrate buffer. In some embodiments, the buffer is a 
potassium phosphate buffer, a sodium phosphate buffer, or a 
sodium acetate buffer. 

[0095] D. Other Pharmaceutical Excipients 
[0096] Pharmaceutical compositions according to the 
invention may also comprise one or more binding agents, 
?lling agents, lubricating agents, suspending agents, sWeet 
eners, ?avoring agents, preservatives, buffers, Wetting agents, 
disintegrants, effervescent agents, and other excipients. Such 
excipients are knoWn in the art. 

[0097] Examples of ?lling agents include lactose monohy 
drate, lactose anhydrous, and various starches; examples of 
binding agents include various celluloses and cross-linked 
polyvinylpyrrolidone, microcrystalline cellulose, such as 
Avicel® PH101 and Avicel® PH102, microcrystalline cellu 
lose, and silici?ed microcrystalline cellulose (ProSolv 
SMCCTM). 
[0098] Suitable lubricants, including agents that act on the 
?oWability of the poWder to be compressed, may include 
colloidal silicon dioxide, such as Aerosil® 200, talc, stearic 
acid, magnesium stearate, calcium stearate, and silica gel. 
[0099] Examples of sWeeteners may include any natural or 
arti?cial sWeetener, such as sucrose, xylitol, sodium saccha 
rin, cyclamate, aspartame, and acesulfame. Examples of ?a 
voring agents are MagnasWeet® (trademark of MAFCO), 
bubble gum ?avor, and fruit ?avors, and the like. 
[0100] Examples of preservatives include potassium sor 
bate, methylparaben, propylparaben, benZoic acid and its 
salts, other esters of parahydroxybenZoic acid such as 
butylparaben, alcohols such as ethyl or benZyl alcohol, phe 
nolic compounds such as phenol, or quaternary compounds 
such as benZalkonium chloride. 

[0101] Suitable diluents include pharmaceutically accept 
able inert ?llers, such as microcrystalline cellulose, lactose, 
dibasic calcium phosphate, saccharides, and/or mixtures of 
any of the foregoing. Examples of diluents include microc 
rystalline cellulose, such as Avicel® PH101 and Avicel® 
PH102, lactose such as lactose monohydrate, lactose anhy 
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drous, and Pharmatose® DCL21; dibasic calcium phosphate 
such as Emcompress®; mannitol; starch; sorbitol; sucrose; 
and glucose. 
[0102] Suitable disintegrants include lightly crosslinked 
polyvinyl pyrrolidone, corn starch, potato starch, maize 
starch, and modi?ed starches, croscarmellose sodium, cross 
povidone, sodium starch glycolate, and mixtures thereof. 
[0103] Examples of effervescent agents include efferves 
cent couples such as an organic acid and a carbonate or 
bicarbonate. Suitable organic acids include, for example, cit 
ric, tartaric, malic, fumaric, adipic, succinic, and alginic acids 
and anhydrides and acid salts. Suitable carbonates and bicar 
bonates include, for example, sodium carbonate, sodium 
bicarbonate, potassium carbonate, potassium bicarbonate, 
magnesium carbonate, sodium glycine carbonate, L-lysine 
carbonate, and arginine carbonate. Alternatively, only the 
sodium bicarbonate component of the effervescent couple 
may be present. 
[0104] E. Nanoparticulate Active Agent Particle Size 
[0105] The compositions of the invention contain nanopar 
ticulate active agent particles Which have an effective average 
particle size of less than about 2000 nm (i.e., 2 microns). In 
other embodiments of the invention, the active agent particles 
have a size of less than about 1900 nm, less than about 1800 
nm, less than about 1700 nm, less than about 1600 nm, less 
than about 1500 nm, less than about 1400 nm, less than about 
1300 nm, less than about 1200 nm, less than about 1100 nm, 
less than about 1000 nm, less than about 990 nm, less than 
about 980 nm, less than about 970 nm, less than about 960 nm, 
less than about 950 nm, less than about 940 nm, less than 
about 930 nm, less than about 920 nm, less than about 910 nm, 
less than about 900 nm, less than about 890 nm, less than 
about 880 nm, less than about 870 nm, less than about 860 nm, 
less than about 850 nm, less than about 840 nm, less than 
about 830 nm, less than about 820 nm, less than about 810 nm, 
less than about 800 nm, less than about 790 nm, less than 
about 780 nm, less than about 770 nm, less than about 760 nm, 
less than about 750 nm, less than about 740 nm, less than 
about 730 nm, less than about 720 nm, less than about 710 nm, 
less than about 700 nm, less than about 690 nm, less than 
about 680 nm, less than about 670 nm, less than about 660 nm, 
less than about 650 nm, less than about 640 nm, less than 
about 630 nm, less than about 620 nm, less than about 610 nm, 
less than about 600 nm, less than about 590 nm, less than 
about 580 nm, less than about 570 nm, less than about 560 nm, 
less than about 550 nm, less than about 540 nm, less than 
about 530 nm, less than about 520 nm, less than about 510 nm, 
less than about 500 nm, less than about 490 nm, less than 
about 480 nm, less than about 470 nm, less than about 460 nm, 
less than about 450 nm, less than about 440 nm, less than 
about 430 nm, less than about 420 nm, less than about 410 nm, 
less than about 400 nm, less than about 390 nm, less than 
about 380 nm, less than about 370 nm, less than about 360 nm, 
less than about 350 nm, less than about 340 nm, less than 
about 330 nm, less than about 320 nm, less than about 3 10 nm, 
less than about 300 nm, less than about 290 nm, less than 
about 280 nm, less than about 270 nm, less than about 260 nm, 
less than about 250 nm, less than about 240 nm, less than 
about 230 nm, less than about 220 nm, less than about 210 nm, 
less than about 200 nm, less than about 190 nm, less than 
about 180 nm, less than about 170 nm, less than about 160 nm, 
less than about 150 nm, less than about 140 nm, less than 
about 130 nm, less than about 120 nm, less than about 110 nm, 
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less than about 100, less than about 75 nm, or less than about 
50 nm, as measured by light-scattering methods, microscopy, 
or other appropriate methods. 
[0106] By “an effective average particle size of less than 
about 2000 nm” it is meant that at least 50% of the active 
agent particles have a particle size less than the effective 
average, by Weight (or by other suitable measurement tech 
niques, such as by volume, number, etc.), i.e., less than about 
2000 nm, 1900 nm, 1800 nm, etc., When measured by the 
above-noted techniques. In other embodiments of the inven 
tion, at least about 60%, at least about 70%, at least about 80% 
at least about 90%, at least about 95%, or at least about 99% 
of the active agent particles have a particle size less than the 
effective average, i.e., less than about 2000 nm, 1900 nm, 
1800 nm, etc. 
[0107] In the present invention, the value for D50 of a 
nanoparticulate active agent composition is the particle size 
beloW Which 50% of the active agent particles fall, by Weight. 
Similarly, D90 and D99 are the particle sizes beloW Which 
90% and 99%, respectively, of the active agent particles fall, 
by Weight (or by other suitable measurement techniques, such 
as by volume, number, etc.). 
[0108] F. Nanoparticulate Active Agent Particulate Matter 
[0109] One or more representative samplings of a particu 
late composition can be assayed according to the USP meth 
ods by using commercially-available particle sizing and 
counting machines. These commercially available particle 
counting machines are designed to ensure sample particulate 
injectable solutions comply With the USP <788> particle 
sizing requirements. 
[0110] 1. USP <788> Particulate Matter in Injections 
[0111] The folloWing text is taken from USP<788> guide 
lines for preparing particulate drug products for injections 
and Chapter 788 in its entirety is incorporated herein by 
reference. 
[0112] This general chapter is harmonized With the corre 
sponding texts of the European Pharmacopoeia and/or the 
Japanese Pharmacopoeia. These pharmacopeias have under 
taken not to make any unilateral change to this harmonized 
chapter. 
[0113] Portions of the present general chapter text that are 
national USP text, and therefore not part of the harmonized 
text, are marked With symbols (*4.) to specify this fact. 
[0114] Particulate matter in injections and parenteral infu 
sions consists of mobile undissolved particles, other than gas 
bubbles, unintentionally present in the solutions. 
[0115] For the determination of particulate matter, tWo pro 
cedures, Method 1 (Light Obscuration Particle Count Test) 
and Method 2 (Microscopic Particle Count Test), are speci 
?ed hereinafter. When examining injections and parenteral 
infusions for sub-visible particles Method 1 is preferably 
applied. HoWever, it may be necessary to test some prepara 
tions by the light obscuration particle count test folloWed by 
the microscopic particle count test to reach a conclusion on 
conformance to the requirements. 
[0116] Not all parenteral preparations can be examined for 
sub-visible particles by one or both of these methods. When 
Method 1 is not applicable, eg in case of preparations having 
reduced clarity or increased viscosity, the test should be car 
ried out according to Method 2. Emulsions, colloids, and 
liposomal preparations are examples. Similarly, products that 
produce air or gas bubbles When draWn into the sensor may 
also require microscopic particle count testing. If the viscos 
ity of the preparation to be tested is suf?ciently high so as to 
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preclude its examination by either test method, a quantitative 
dilution With an appropriate diluent may be made to decrease 
viscosity, as necessary, to alloW the analysis to be performed. 
[0117] The results obtained in examining a discrete unit or 
group of units for particulate matter cannot be extrapolated 
With certainty to other units that remain untested. Thus, sta 
tistically sound sampling plans must be developed if valid 
inferences are to be draWn from observed data to characteriZe 
the level of particulate matter in a large group of units. 
[0118] Method 1. Light Obscuration Particle Count Test 
[0119] Use a suitable apparatus based on the principle of 
light blockage Which alloWs an automatic determination of 
the siZe of particles and the number of particles according to 
siZe. The de?nition for particle-free Water is provided in 
Reagent Speci?cations under Reagents, Indicators and Solu 
tion section. 
[0120] The apparatus is calibrated using dispersions of 
spherical particles of knoWn siZes betWeen 10 um and 25 pm. 
These standard particles are dispersed in particle-free Water. 
[0121] Care must be taken to avoid aggregation of particles 
during dispersion. System suitability can be veri?ed by using 
the USP Particle Count RS (<11>). 
[0122] General Precautions 
[0123] The test is carried out under conditions limiting 
particulate matter, preferably in a laminar-?ow cabinet. 
[0124] Very carefully Wash the glassWare and ?ltration 
equipment used, except for the membrane ?lters, With a Warm 
detergent solution and rinse With abundant amounts of Water 
to remove all traces of detergent. Immediately before use, 
rinse the equipment from top to bottom, outside and then 
inside, With particle-free Water. 
[0125] Take care not to introduce air bubbles into the prepa 
ration to be examined, especially When fractions of the prepa 
ration are being transferred to the container in Which the 
determination is to be carried out. 
[0126] To check that the environment is suitable for the test, 
that the glas sWare is properly cleaned and that the Water to be 
used is particle-free, the folloWing test is carried out: deter 
mine the particulate matter in 5 samples of particle-free Water, 
each of 5 ml, according to the method described beloW. If the 
number of particles of 10 pm or greater siZe exceeds 25 for the 
combined 25 ml, the precautions taken for the test are not 
suf?cient. The preparatory steps must be repeated until the 
environment, glassWare and Water are suitable for the test. 
[0127] Method 
[0128] Mix the contents of the sample by sloWly inverting 
the container 20 times successively. If necessary, cautiously 
remove the sealing closure. Clean the outer surfaces of the 
container opening using a jet of particle-free Water and 
remove the closure, avoiding any contamination of the con 
tents. Eliminate gas bubbles by appropriate measures such as 
alloWing to stand for 2 min or sonicating. 
[0129] For large-volume parenterals, single units are 
tested. For small-volume parenterals less than 25 ml in vol 
ume, the contents of 10 or more units is combined in a cleaned 
container to obtain a volume of not less than 25 ml; the test 
solution may be prepared by mixing the contents of a suitable 
number of vials and diluting to 25 ml With particle-free Water 
or With an appropriate particle-free solvent When particle-free 
Water is not suitable. Small-volume parenterals having a vol 
ume of 25 ml or more may be tested individually. 
[0130] PoWders for parenteral use are reconstituted With 
particle-free Water or With an appropriate particle-free sol 
vent When particle-free Water is not suitable. 
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[0131] The number of test specimens must be adequate to 
provide a statistically sound assessment. For large-volume 
parenterals or for small-volume parenterals having a volume 
of 25 ml or more, feWer than 10 units may be tested, based on 
an appropriate sampling plan. 
[0132] Remove four portions, each of not less than 5 ml, 
and count the number of particles equal to or greater than 10 
um and 25 um. Disregard the result obtained for the ?rst 
portion, and calculate the mean number of particles for the 
preparation to be examined. 
[0133] Evaluation 
[0134] For preparations supplied in containers With a nomi 
nal volume of more than 100 ml, apply the criteria of test 1.A. 
[0135] For preparations supplied in containers With a nomi 
nal volume of less than 100 ml, apply the criteria of test 1.B. 
[013 6] For preparations supplied in containers With a nomi 
nal volume of 100 ml, apply the criteria of test 1.B [Notez Test 
1.A is used in the Japanese Pharmacopoeia] 
[0137] If the average number of particles exceeds the limits, 
test the preparation by the Microscopic Particle Count Test. 
[0138] Test 1 .AiSolutions for parenteral infusion or solu 
tions for injection supplied in containers With a nominal con 
tent of more than 100 mL. 

[0139] The preparation complies With the test if the average 
number of particles present in the units tested does not exceed 
25 per mL equal to or greater than 10 um and does not exceed 
3 per mL equal to or greater than 25 um. 

[0140] Test lBiSolutions for parenteral infusion or solu 
tions for injection supplied in containers With a nominal con 
tent ofless than 100 ml. 

[0141] The preparation complies With the test if the average 
number of particles present in the units tested does not exceed 
6000 per container equal to or greater than 10 um and does not 
exceed 600 per container equal to or greater than 25 pm. 

[0142] Method 2. Microscopic Particle Count Test 
[0143] Use a suitable binocular microscope, ?lter assembly 
for retaining particulate matter and membrane ?lter for 
examination. 

[0144] The microscope is equipped With an ocular 
micrometer calibrated With an objective micrometer, a 
mechanical stage capable of holding and traversing the entire 
?ltration area of the membrane ?lter, tWo suitable illumina 
tors to provide episcopic illumination in addition to oblique 
illumination, and is adjusted to 100110 magni?cations. 
[0145] The ocular micrometer is a circular diameter grati 
cule (see FIG. 1) and consists of a large circle divided by 
crosshairs into quadrants, transparent and black reference 
circles 10 um and 25 pm in diameter at 100 magni?cations, 
and a linear scale graduated in 10 um increments. It is cali 
brated using a stage micrometer that is certi?ed by either a 
domestic or international standard institution. A relative error 
of the linear scale of the graticule Within :2 percent is accept 
able. The large circle is designated the graticule ?eld of vieW 
(GFOV). 
[0146] TWo illuminators are required. One is an episcopic 
bright?eld illuminator internal to the micro scope, the other is 
an external, focusable auxiliary illuminator adjustable to give 
re?ected oblique illumination at an angle of 100 to 20°. 

[0147] The ?lter assembly for retaining particulate matter 
consists of a ?lter holder made of glass or other suitable 
material, and is equipped With a vacuum source and a suitable 
membrane ?lter. 
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[0148] The membrane ?lter is of suitable size, black or dark 
gray in color, non-gridded or gridded, and 1.0 um or ?ner in 
nominal pore siZe. 

[0149] 
[0150] The test is carried out under conditions limiting 
particulate matter, preferably in a laminar-?ow cabinet. 
[0151] Very carefully Wash the glassWare and ?lter assem 
bly used, except for the membrane ?lter, With a Warm deter 
gent solution and rinse With abundant amounts of Water to 
remove all traces of detergent. Immediately before use, rinse 
both sides of the membrane ?lter and the equipment from top 
to bottom, outside and then inside, With particle-free Water. 
[0152] In order to check that the environment is suitable for 
the test, that the glassWare and the membrane ?lter are prop 
erly cleaned and that the Water to be used is particle-free, the 
folloWing test is carried out: determine the particulate matter 
of a 50 ml volume of particle-free Water according to the 
method described beloW. If more than 20 particles 10 pm or 
larger in siZe or if more than 5 particles 25 pm or larger in siZe 
are present Within the ?ltration area, the precautions taken for 
the test are not su?icient. The preparatory steps must be 
repeated until the environment, glassWare, membrane ?lter 
and Water are suitable for the test. 

[0153] 2. USP <788> as Applied to the Invention 

[0154] The present invention is not limited to the speci?c 
instruments or strategies outlined in USP<788> for obtaining 
an approved particulate drug product. For instance, the skilled 
person knoWs that various aspects of the USP<788> “Micros 
copy” method can vary, such as the siZe of the pores of a ?lter, 
the source and direction of light illumination, the type of color 
?lter used to help visualiZe the particles With the microscope, 
and the various different Ways one can reduce the viscosity of 
a solution by dilution. For instance, the skilled person knoWs 
that the ?lter may have a ?lter pore siZe of about 5 pm in siZe, 
about 4 pm in siZe, about 3 pm in siZe, about 2 pm in siZe, or 
about 1 pm in siZe. In one embodiment, the ?lter pore siZe is 
about from 1-5 um in siZe. Similarly, the skilled person knoWs 
that the microscopy platform onto Which the sample is vieWed 
may be illuminated from the top or bottom of the microscopy 
apparatus. In one embodiment, the source of light illumina 
tion is from the top. LikeWise, the skilled person knoWs that it 
is possible to change the color ?lter used to visualiZe the 
sample depending on the source and direction of the illumi 
nation. Thus, the skilled person knoWs of the availability of 
dark, black, grey, or White ?lters for this purpose. In one 
embodiment, the ?lter is White. Thus, in one embodiment, the 
present invention contemplates obtaining a particulate drug 
product that complies With the USP<788> siZe threshold 
requirements by using a ?lter that has a 5 pm pore siZe, 
illuminated from the top using a White color ?lter. In another 
embodiment, the skilled person knoWs hoW to dilute a solu 
tion to reduce viscosity in the USP<788> methods. 

[0155] The skilled person Would be able to determine the 
optimal or suitable conditions for retaining the nanoparticu 
late active agent in a non-aggregated form, so that the formu 
lation complies With USP<788>. Thus, nanoparticulate 
active agent compositions of the present invention described 
herein contains (i) no more than 6,000 particles that are 
greater than 10 pm in siZe and (ii) no more than 600 particles 
that are greater than 25 um in siZe, under the Light Obscura 
tion test of USP<788>. And in another embodiment, the 
nanoparticulate active agent compositions of the present 
invention contains no more than (i) 3,000 particles that are 
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greater than 10 um in siZe and (ii) no more than 300 particles 
that are greater than 25 um in siZe, under use of the Micros 
copy method of USP<788>. 

[0156] The present invention is not limited to the particular 
siZe thresholds set forth in USP<788>. Thus in one embodi 
ment, an inj ectable formulation of the present invention has 
feWer than about 1000 particles larger than 25 um, feWer than 
about 900 particles larger than 25 um, feWer than about 800 
particles larger than 25 um, feWer than about 700 particles 
larger than 25 um, feWer than about 600 particles larger than 
25 um, feWer than about 500 particles larger than 25 um, 
feWer than about 400 particles larger than 25 um, feWer than 
about 300 particles larger than 25 um, feWer than about 250 
particles larger than 25 um, feWer than about 200 particles 
larger than 25 um, feWer than about 150 particles larger than 
25 um, feWer than about 100 particles larger than 25 um, or 
feWer than about 50 particles larger than 25 pm. 

[0157] In another embodiment, an injectable formulation 
of the present invention has feWer than about 10000 particles 
larger than 10 um, feWer than about 9000 particles larger than 
10 um, feWer than about 8000 particles larger than 10 um, 
feWer than about 7000 particles larger than 10 um, feWer than 
about 6000 particles larger than 10 um, feWer than about 5000 
particles larger than 10 um, feWer than about 4000 particles 
larger than 10 um, feWer than about 3000 particles larger than 
10 um, feWer than about 2000 particles larger than 10 um, 
feWer than about 1000 particles larger than 10 um, feWer than 
about 900 particles larger than 10 um, feWer than about 800 
particles larger than 10 um, feWer than about 700 particles 
larger than 10 um, feWer than about 600 particles larger than 
10 um, feWer than about 500 particles larger than 10 um, 
feWer than about 400 particles larger than 10 um, feWer than 
about 300 particles larger than 10 um, feWer than about 200 
particles larger than 10 um, feWer than about 175 particles 
larger than 10 um, feWer than about 150 particles larger than 
10 um, feWer than about 100 particles larger than 10 um, 
feWer than about 75 particles larger than 10 um, feWer than 
about 50 particles larger than 10 um, feWer than about 25 
particles larger than 10 um, feWer than about 15 particles 
larger than 10 um, feWer than about 10 particles larger than 10 
um, feWer than about 5 particles larger than 10 um, feWer than 
about 3 particles larger than 10 pm, or essentially no particles 
larger than 10 pm. 
[0158] G. Concentration of Nanoparticulate Active Agent, 
Surface StabiliZer, and Flake-Like Aggregation Reducing 
Agent 
[0159] The relative amounts of active agent, surface stabi 
liZer and ?ake-like aggregation reducing agent can vary 
Widely. The optimal amount of the individual components 
can depend, for example, upon the particular active agent and 
surface stabiliZer selected, the hydrophilic lipophilic balance 
(HLB), melting point, and the surface tension of Water solu 
tions of the surface stabiliZer, etc. 
[0160] The concentration of the surface stabiliZer can vary 
from about 0.5% to about 99.999%, from about 5.0% to about 
99.9%, or from about 10% to about 99.5%, by Weight, based 
on the total combined dry Weight of the at least one active 
agent and at least one surface stabiliZer, not including other 
excipients. 
[0161] The concentration of the at least one active agent can 
vary from about 99.5% to about 0.001%, from about 95% to 
about 0.1%, or from about 90% to about 0.5%, by Weight, 
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based on the total combined dry Weight of the active agent and 
at least one surface stabilizer, not including other excipients. 

III. METHODS OF MAKING 
NANOPARTICULATE ACTIVE AGENT 

FORMULATIONS 

[0162] The nanoparticulate active agent compositions of 
the invention, comprising at least one surface stabilizer and at 
least one ?ake-like aggregation reducing agent, can be made 
using, for example, milling or attrition (including but not 
limited to Wet milling), homogenization, precipitation, freez 
ing, template emulsion techniques, supercritical ?uid tech 
niques, nano-electrospray techniques, or any combination 
thereof. Exemplary methods of making nanoparticulate 
active agent compositions are described in the ’684 patent. 
Methods of making nanoparticulate active agent composi 
tions are also described in US. Pat. No. 5,518,187 for 
“Method of Grinding Pharmaceutical Substances,” US. Pat. 
No. 5,718,388 for “Continuous Method of Grinding Pharma 
ceutical Substances,” US. Pat. No. 5,862,999 for “Method of 
Grinding Pharmaceutical Substances,” US. Pat. No. 5,665, 
331 for “Co-Microprecipitation of Nanoparticulate Pharma 
ceutical Agents With Crystal GroWth Modi?ers,” US. Pat. 
No. 5,662,883 for “Co-Microprecipitation of Nanoparticu 
late Pharmaceutical Agents With Crystal GroWth Modi?ers,” 
US. Pat. No. 5,560,932 for “Microprecipitation of Nanopar 
ticulate Pharmaceutical Agents,” US. Pat. No. 5,543,133 for 
“Process of Preparing X-Ray Contrast Compositions Con 
taining Nanoparticles,” US. Pat. No. 5,534,270 for “Method 
of Preparing Stable Drug Nanoparticles,” US. Pat. No. 
5,510,118 for “Process of Preparing Therapeutic Composi 
tions Containing Nanoparticles,” and US. Pat. No. 5,470,583 
for “Method of Preparing Nanoparticle Compositions Con 
taining Charged Phospholipids to Reduce Aggregation,” all 
of Which are speci?cally incorporated by reference. 
[0163] A. Milling to obtain Nanoparticulate Active Agent 
Dispersions 
[0164] Milling the active agent to obtain a nanoparticulate 
colloidal dispersion comprises dispersing active agent par 
ticles in a liquid dispersion media in Which the active agent is 
poorly soluble, folloWed by applying mechanical means in 
the presence of grinding media to reduce the particle size of 
the active agent to the desired effective average particle size. 
The dispersion media can be, for example, Water, saf?oWer 
oil, ethanol, t-butanol, glycerin, polyethylene glycol (PEG), 
hexane, or glycol. Water is a preferred dispersion media. 
[0165] The active agent particles are preferably reduced in 
size in the presence of at least one surface stabilizer. Alterna 
tively, the active agent particles can be contacted With at least 
one surface stabilizer either during or after attrition. One or 
more ?ake-like aggregation reducing agent may be added 
before, during, or after attrition. Other compounds, such as a 
diluent, can be added to the composition before, during, or 
after the size reduction process. Dispersions can be manufac 
tured continuously or in a batch mode. 
[0166] The grinding media can comprise particles that are 
preferably substantially spherical in shape, e.g., beads, con 
sisting essentially of polymeric or copolymeric resin. Alter 
natively, the grinding media can comprise a core having a 
coating of a polymeric or copolymeric resin adhered thereon. 
[0167] In general, suitable polymeric or copolymeric resins 
are chemically and physically inert, substantially free of met 
als, solvent, and monomers, and of suf?cient hardness and 
friability to enable them to avoid being chipped or crushed 
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during grinding. Suitable polymeric or copolymeric resins 
include crosslinked polystyrenes, such as polystyrene 
crosslinked With divinylbenzene, styrene copolymers, poly 
carbonates, polyacetals, such as DelrinTM (EI du Pont de 
Nemours and Co.), vinyl chloride polymers and copolymers, 
polyurethanes, polyamides, poly(tetra?uoroethylenes), e.g., 
Te?on® (EI du Pont de Nemours and Co.), and other ?uo 
ropolymers, high density polyethylenes, polypropylenes, 
cellulose ethers and esters such as cellulose acetate, polyhy 
droxymethacrylate, polyhydroxyethyl acrylate, and silicone 
containing polymers such as polysiloxanes and the like. The 
polymer can be biodegradable. Exemplary biodegradable 
polymers or copolymers include poly(lactides), poly(gly 
colide) copolymers of lactides and glycolide, polyanhy 
drides, poly(hydroxyethyl methacrylate), poly(imino carbon 
ates), poly(N-acylhydroxyproline)esters, poly(N-palmitoyl 
hydroxyproline) esters, ethylene-vinyl acetate copolymers, 
poly(orthoesters), poly(caprolactones), and poly(phosp 
hazenes). For biodegradable polymers or copolymers, con 
tamination from the media itself advantageously can metabo 
lize in vivo into biologically acceptable products that can be 
eliminated from the body. 

[0168] The grinding media preferably ranges in size from 
about 0.01 to about 3 mm. For ?ne grinding, the grinding 
media is preferably from about 0.02 to about 2 mm, and more 
preferably from about 0.03 to about 1 mm in size. 

[0169] The polymeric or copolymeric resin can have a den 
sity from about 0.8 to about 3.0 g/cm3. 
[0170] In a preferred grinding process the active agent par 
ticles are made continuously. Such a method comprises con 
tinuously introducing an active agent composition according 
to the invention into a milling chamber, contacting the active 
agent composition according to the invention With grinding 
media While in the chamber to reduce the active agent particle 
size of the composition according to the invention, and con 
tinuously removing the nanoparticulate active agent compo 
sition from the milling chamber. 

[0171] The grinding media is separated from the milled 
nanoparticulate active agent composition according to the 
invention using conventional separation techniques, in a sec 
ondary process such as by simple ?ltration, sieving through a 
mesh ?lter or screen, and the like. Other separation tech 
niques such as centrifugation may also be employed. 

[0172] B. Precipitation to Obtain Nanoparticulate Active 
Agent Compositions 
[0173] Another method of forming the desired nanopar 
ticulate active agent composition is by microprecipitation. 
This is a method of preparing stable nanoparticulate active 
agent dispersions of poorly soluble active agents in the pres 
ence of one or more surface stabilizers and one or more 

colloid stability enhancing surface active agents free of any 
trace toxic solvents or solubilized heavy metal impurities. 
Such a method comprises, for example: (1) dissolving the 
poorly soluble active agent in a suitable solvent, (2) adding 
the formulation from step (1) to a solution comprising at least 
one surface stabilizer and optionally one or more ?ake-like 
aggregation reducing agent, to form a clear solution, and (3) 
precipitating the formulation from step (2) using an appropri 
ate non-solvent. The method can be folloWed by removal of 
any formed salt, if present, by dialysis or dia?ltration and 
concentration of the dispersion by conventional means. 


















