
SYNTHESIS OF AVRAINVILLAMIDE,STEPHACIDIN B, AND
ANALOGUES THEREOF Related Applications [0001] The
present application claims priority under 35 U.S.C.
119(e) to U.S. provisional patent application, USSN
60/662,647, filed March 17, 2005, which is
incorporated herein by reference. Government Support
[0002] The work described herein was supported, in
part, by grants from the National Institutes of Health
(CA047148) and the National Science Foundation
(National Science Foundation Graduate Research
Fellowship). The United States government may have
certain rights in the invention. Background of the
Invention [0003] Many pharmaceutical agents work by
covalently binding to nucleophiles found on their
molecular targets in vivo. For example, enzyme
inhibitors are frequently designed to target and
covalently bind to nucleophiles (e.g., thiols of
cysteines, hydroxyl groups of serine, threonine, or
tyrosine) in the active site of the enzyme. Functional
groups that bond covalently to active site
nucleophiles, therefore, frequently form the basis for
the design of potent and selective enzyme inhibitors.
Those functional groups that form covalent bonds
reversibly (e.g., carbonyl groups, boronic esters) are
especially valuable in pharmaceutical development (for
leading references, please see Adams, J. Curr. Opin.
Chem. Biol. 6:493, 2002, Lecaille et al. Chem. Rev.
102:4459, 2002; each of which is incorporated herein
by reference).[0004] Avrainvillamide and stephacidin
B, formally a dimer of avrainvillamide, have recently
been identified and have been shown to include a 3-
alkylidene-3 H-indole 1-oxide group, which is capable
of reversible covalent modification of a
heteroatom-based nucleophile. Both of these compounds
have been separately identified in culture media from
various strains of Aspergillus (for the isolation of
avrainvillamide, see Fenical et al. U.S. Patent
6,066,635, issued May 23, 2000; Sugie et al. J .
Antibiot. 54:911, 2001 ; each of which is incorporated
herein by reference; for the isolation of stephacidins
A and B, see Qian-Cutrone et al. J. Am. Chem. Soc.
124:14556, 2002; Qian-Cutrone et al, U.S. Patent
6,291,461, 2003; each of which is incorporated herein
by reference). Both compounds exhibit anti
proliferative activity (IC5O values ~50-100 nM), and
avrainvillamide has been reported to exhibit
anti-microbial activity against multidrug-resistant
bacteria. These compounds are apparently the first
natural product with a 3-alkylidene-3 -indole 1- oxide
functional group. [0005] Crystallization and x-ray
analysis has been used to establish the structure of
stephacidin B. It has now been recognized that
stephacidin B is formed by the dimerization of
avrainvillamide. A mechanism for the putative
dimerization reaction was advanced that involved the
protonation of avrainvillamide followed by formation
of bonds b and a, in that order, via cationic
intermediates (Qian-Cutrone et 



al J . Am. Chem. Soc. 124:14556, 2002; incorporated
herein by reference). [0006] Given the biological
activity of these newly isolated natural products, a
synthetic route for preparing these compounds and
analogs of these compounds would be useful in
designing new therapeutics and investigating the
structure-activity relationship of these compou
ndsSummary of the Invention [0007] The present
invention provides syntheses of avrainvillamide,
stephacidin B, and analogues thereof. The compounds of
the invention typically include the electrophilic
a,b-unsaturated nitrone group of avrainvillamide. In
certain embodiments, the compounds include the novel
electrophilic group, 3-alkylidene-3 - indole 1 oxide,
which includes an a,b-unsaturated nitrone group. These
compounds may be used as pharmaceutical agents
themselves or may be used as lead compounds in
designing new pharmaceutical agents. Particularly,
useful compounds are those which exhibit
antiproliferative activity or antimicrobial activity.
Pharmaceutical compositions and methods of using these
compounds to treat diseases such as cancer,
inflammatory diseases, or infectious diseases are also
provided. The present invention also includes
intermediates and synthetic methods useful in
preparing avrainvillamide, stephacidin B, and
analogues thereof. Furthermore, the invention includes
the use of biological targets of avrainvillamide
(e.g., cytoskeleton-linking membrance protein
(CLIMP-63) in screening for other compounds useful in
treating proliferative diseases or infectious
diseases. [0008] In one aspect of the invention, the
compounds include an a, b- unsaturated nitrone
functional group and are of the formula: In certain
embodiments, the represents a monocyclic, bicyclic,
tricyclic, or polycyclic ring system, preferably a
substituted or unsubstituted phenyl ring as shown in
the formula below:These electrophilic compounds are
useful in covalently modifying the nucleophiles of
biomolecules such as proteins or polynucleotides. In
certain embodiments, the compounds covalently modfiy
CLIMP-63 (e.g., CyslOO). Oxygen- and sulfur-based
nucleophiles have been shown to add to the b-position
of the a b-unsaturated nitrone. This property makes
these compounds useful in the design of pharmaceutical
agents as well as research tools in probing biological
pathways. Compounds resulting from the 1,5-addition of
a nucleophile to the a, b-unsaturated nitrone are of
the formula: wherein Nu is a nucleophile, preferably
an oxygen- or sulfur-containing nucleophile. The
nucleophile may be part of a protein (e.g., serine ,
threonine, or cysteine), peptide, polynucleotide, or
other biomolecule. In certain embodiments, Nu is
CyslOO of CLIMP-63. In other embodiments, Nu is
another nucleophilic amino acid of CLIMP-63 (e.g., a
cysteine, serine, threonine, tyrosine). [0009] The
invention also provides analogs of avrainvillamide
with the formula: or with the stereochemistry defined
as in formula:Analogs resulting from the 1,5-addition
of a nucleophile to avrainvillamide are also within
the scope of the invention. Such compounds are
typically of the formula: 



wherein Nu is a nucleophile. [0010] Analogs of
stephacidin B are also provided as in the formula In
certain embodiments, analogs of avrainvillamide and
stephacidin B have anti proliferative or
anti-microbial activity and are useful in treating
diseases such as cancer or infection. [0011] The
invention also provides pharmaceutical compositions of
these compounds for use in treating human and
veterinary disease. The compounds of the invention are
combined with a pharmaceutical excipient to form a
pharmaceuticalcomposition for administration to a
subject. Methods of treating a disease such as cancer
or infection are also provided wherein a
therapeutically effective amount of an inventive
compound is administered to a subject. [0012] In
another aspect, synthetic methods useful in preparing
avrainvillamide, stephacidin B, or analogues thereof
are provided. Such methods include the Suzuki
coupling, Stille coupling, or Ulmann coupling of an
a-iodoenone with an arylboronic acid, aryl stannane,
or aryl iodide, respectively, to produce a nitroarene
coupling product. The nitroarene coupling product is
then reduced in the presence of a metal such as zinc
powder to form the nitrone. Other steps in the
synthesis of the inventive compounds are also included
within the invention. [0013] The invention also
provides a method of identifying other compounds that
target CLIMP-63. Compounds that target CLIMP-63 are
useful in the treatment of various proliferative
diseases and infectious diseases. The method involved
contacting a test compound with CLIMP-63 to determine
if the compound has any effect on CLIMP-63. In certain
instances, the compound may alkylate CLIMP-63, prevent
the acylation of CLIMP-63, prevent the phosphorylation
of CLIMP-63, or prevent the binding of CLIMP-63 to
microtubules. Since these compounds typically
covalently modify their target, a labeled derivative
of the compound may be used to identify the biological
target. Identification of compounds in this manner may
then be used to refine and develop a lead compounds
for the treatment of diseases or for probing
biological pathways. [0014] Therefore, the syntheses
of avrainvillamide, stephacidin B, and the 3-
alkylidene-3 -indole 1-oxide core provide methods for
the preparation of these compounds as well as other
compounds which may be useful in treating diseases
such as cancer and infection. The use of the compounds
in pharmaceutical composition and treatment regimens
are also provided. The identification of CLIMP-63 as a
biological target of avrainvillamide provides for the
identification of antagonists, agonists, or compounds
which bind or modulate the activity of CLIMP-63. The
identified compounds are also considered part of the
invention. Definitions [0015] Definitions of specific
functional groups and chemical terms are descrfbedtn
more detailrbelowrFo r purposes of 1hisinventi n7the
chemical^lementsare identified in accordance with the
Periodic Table of the Elements, CAS version, Handbook
of Chemistry and Physics, 75th Ed., inside cover, and
specific functional 



groups are generally defined as described therein.
Additionally, general principles of organic chemistry,
as well as specific functional moieties and
reactivity, are described in "Organic Chemistry,"
Thomas Sorrell, University Science Books, Sausalito:
1999, the entire contents of which are incorporated
herein by reference. [0016] Certain compounds of the
present invention may exist in particular geometric or
stereoisomeric forms. The present invention
contemplates all such compounds, including cis- and
a/r-isomers, R- and S-enantiomers, diastereomers,
(D)-isomers, (L)-isomers, the racemic mixtures
thereof, and other mixtures thereof, as falling within
the scope of the invention. Additional asymmetric
carbon atoms may be present in a substituent such as
an alkyl group. All such isomers, as well as mixtures
thereof, are intended to be included in this
invention. [0017] Isomeric mixtures containing any of
a variety of isomer ratios may be utilized in
accordance with the present invention. For example,
where only two isomers are combined, mixtures
containing 50:50, 60:40, 70:30, 80:20, 90:10, 95:5,
96:4, 97:3, 98:2, 99:1, or 100:0 isomer ratios are all
contemplated by the present invention. Those of
ordinary skill in the art will readily appreciate that
analogous ratios are contemplated for more complex
isomer mixtures. [0018] If, for instance, a particular
enantiomer of a compound of the present invention is
desired, it may be prepared by asymmetric synthesis,
or by derivation with a chiral auxiliary, where the
resulting diastereomeric mixture is separated and the
auxiliary group cleaved to provide the pure desired
enantiomers. Alternatively, where the molecule
contains a basic functional group, such as amino, or
an acidic functional group, such as carboxyl,
diastereomeric salts are formed with an appropriate
optically-active acid or base, followed by resolution
of the diastereomers thus formed by fractional
crystallization or chromatographic means well known in
the art, and subsequent recovery of the pure
enantiomers. [0019] One of ordinary skill in the art
will appreciate that the synthetic methods, as
described herein, utilize a variety of protecting
groups. By the term "protecting group", as used
herein, it is meant that a particular functional
moiety, e.g., O, S, or N, is temporarily blocked so
that a reaction can be carried out selectively at
ahotheffeactive site in a multifunctional
compound,TITpreferfed^mbodiments; aprotecting group
reacts selectively in good yield to give a protected
substrate that is stable to the projected reactions;
the protecting group should be selectively removable
in good yield by readily available, preferably
non-toxic reagents that do not attack the other
functional groups; the protecting group forms an
easily separable derivative (more preferably without
the generation of new stereogenic centers); and the
protecting group has a minimum of additional
functionality to avoid further sites of reaction. As
detailed herein, oxygen, sulfur, nitrogen, and carbon
protecting groups may be utilized. Hydroxyl protecting
groups include methyl, methoxylmethyl (MOM),
methylthiomethyl (MTM), -butylthiomethyl,
(phenyldimethylsilyl)methoxymethyl (SMOM),
benzyloxymethyl (BOM), p - 



methoxybenzyloxymethyl (PMBM),
(4-methoxyphenoxy)methyl (p-AOM), guaiacolmethyl
(GUM), -butoxymethyl, 4-pentenyloxymethyl (POM),
siloxymethyl, 2-methoxyethoxymethyl (MEM),
2,2,2-trichloroethoxymethyl, bis(2-
chloroethoxy)methyl, 2-(trimethylsilyl)ethoxymethyl
(SEMOR), tetrahydropyranyl (THP),
3-bromotetrahydropyranyl, tetrahydrothiopyranyl,
1-methoxycyclohexyl, Amethoxytetrahydropyranyl (MTHP),
4-methoxytetrahydrothiopyranyl, 4-
methoxytetrahydrothiopyranyl S,S-dioxide,
l-[(2-chloro-4-methyl)phenyl]-4- methoxypiperidin-4-yl
(CTMP), l,4-dioxan-2-yl, tetrahydrofuranyl,
tetrahydrothiofuranyl,
2,3,3a,4,5,6,7,7a-octahydro-7,8,8-trimethyl-4,7-
methanobenzofuran-2-yl, 1-ethoxyethyl,
l-(2-chloroethoxy)ethyl, 1-methyl- 1- methoxyethyl,
1-methyl-1-benzyloxyethyl,
1-methyl-1-benzyloxy-2-fluoroethyl,
2,2,2-trichloroethyl, 2-trimethylsilylethyl,
2-(phenylselenyl)ethyl, -butyl, allyl, p -
chlorophenyl, /7-methoxyphenyl, 2,4-dinitrophenyl,
benzyl, p-methoxybenzyl, 3,4- dimethoxybenzyl,
o-nitrobenzyl, /?-nitrobenzyl, /?-halobenzyl,
2,6-dichlorobenzyl, p - cyanobenzyl, p-phenylbenzyl,
2-picolyl, 4-picolyl, 3-methyl-2-picolyl -oxido,
diphenylmethyl, p,p '-dinitrobenzhydryl,
5-dibenzosuberyl, triphenylmethyl, a-
naphthyldiphenylmethyl, -methoxyphenyldiphenylmethyl,
di(pmethoxyphenyl) phenylmethyl,
tri(p-methoxyphenyl)methyl, 4-(4'-
bromophenacyloxyphenyl)diphenylmethyl,
4,4',4"-tris(4,5- dichlorophthalimidophenyl)methyl,
4,4',4"-tris(levulinoyloxyphenyl)methyl,
4,4',4"-tris(benzoyloxyphenyl)methyl,
3-(imidazol-1-yl)bis(4',4"- dimethoxyphenyl)methyl,
1,1-bis(4-methoxyphenyl)-l'-pyrenylmethyl, 9-anthryl,
9- (9-phenyl)xanthenyl,
9-(9-phenyl-10-oxo)anthrylr^3-benzodithiolan-2-yl,benz
isothiazolyl S,S-dioxido, trimethylsilyl (TMS),
triethylsilyl (TES), triisopropylsilyl (TIPS),
dimethylisopropylsilyl (IPDMS), diethylisopropylsilyl
(DEIPS), dimethylthexylsilyl, -butyldimethylsilyl
(TBDMS), -butyldiphenylsilyl (TBDPS), tribenzylsilyl,
tri- -xylylsilyl, triphenylsilyl, diphenylmethylsilyl
(DPMS), -butylmethoxyphenylsilyl (TBMPS), formate,
benzoylformate, acetate, chloroacetate,
dichloroacetate, trichloroacetate, trifluoroacetate,
methoxyacetate, triphenylmethoxyacetate,
phenoxyacetate, p-chlorophenoxyacetate, 3-
phenylpropionate, 4-oxopentanoate (levulinate),
4,4-(ethylenedithio)pentanoate
(levulinoyldithipacetal), pivaloate, adamantoate,
crotonate, 4-methoxycrotonate, benzoate, p
-phenylbenzoate, 2,4,6-trimethylbenzoate (mesitoate),
alkyl methyl carbonate, 9-fluorenylmethyl carbonate
(Fmoc), alkyl ethyl carbonate, alkyl 2,2,2-
trichloroethyl carbonate (Troc),
2-(trimethylsilyl)ethyl carbonate (TMSEC), 2-
(phenylsulfonyl) ethyl carbonate (Psec),
2-(triphenylphosphonio) ethyl carbonate (Peoc), alkyl
isobutyl carbonate, alkyl vinyl carbonate alkyl allyl
carbonate, alkyl p ~ nitrophenyl carbonate, alkyl
benzyl carbonate, alkylp-methoxybenzyl carbonate,
alkyl 3,4-dimethoxybenzyl carbonate, alkyl
o-nitrobenzyl carbonate, alkylpnitrobenzyl carbonate,
alkyl -benzyl thiocarbonate, 4-ethoxy-1-napththyl
carbonate, methyl dithiocarbonate, 2-iodobenzoate,
4-azidobutyrate, 4-nitro-4-methylpentanoate, 



o-(dibromomethyl)benzoate, 2-formylbenzenesulfonate,
2-(methylthiomethoxy)ethyl,
4-(methylthiomethoxy)butyrate,
2-(methylthiomethoxymethyl)benzoate, 2,6-dichloro-
4-methylphenoxyacetate,
2,6-dichloro-4-(1,1,3,3-tetramethylbutyl)phenoxyacetat
e, 2,4-bis(1,1-dimethylpropyl)phenoxyacetate,
chlorodiphenylacetate, isobutyrate, monosuccinoate, (
)-2-methyl-2-butenoate, -(methoxycarbonyl)benzoate, a-
naphthoate, nitrate, alkyl
N,N,N',N'-tetramethylphosphorodiamidate, alkyl
Nphenylcarbamate, borate, dimethylphosphinothioyl,
alkyl 2,4-dinitrophenylsulfenate, sulfate,
methanesulfonate (mesylate), benzylsulfonate, and
tosylate (Ts). For protecting 1,2- or 1,3-diols, the
protecting groups include methylene acetal, ethylidene
acetal, 1- -butylethylidene ketal, 1-phenylethylidene
ketal, (4- methoxyphenyl)ethylidene acetal,
2,2,2-trichloroethylidene acetal, acetonide,
cyclopentylidene ketal, cyclohexylidene ketal,
cycloheptylidene ketal, benzylidene acetal,
p-methoxybenzylidene acetal, 2,4-dimethoxybenzylidene
ketal, 3,4- dimethoxybenzylidene acetal,
2-nitrobenzylidene acetal, methoxymethylene acetal,
ethoxymethylene acetal, dimethoxymethylene ortho,
1-methoxyethylidene orthoester, 1-ethoxyethylidine
ortho ester, 1,2-dimethoxyethylidene ortho ester, a-
methoxybenzylidene ortho ester, l-(L
iV-dimethylamino)ethylidene derivative, a- ( ,
'-dimethylamino)benzylidene derivative,
2-oxacyclopentylidene ortho ester, di-tbutylsilylene
group (DTBS),
l,3-(1,1,3,3-tetraisopropyldisiloxanylidene)
derivative (TIPDS),
tetra-/-butoxydisiloxane-l,3-diylidene derivative
(TBDS), cyclic carbonates, cyclic boronates, ethyl
boronate, and phenyl boronate. Amino-protecting groups
include methyl carbamate, ethyl carbamante,
9-fluorenylmethyl carbamate (Fmoc), 9-
(2-sulfo)fluorenylmethyl carbamate,
9-(2,7-dibromo)fluoroenylmethyl carbamate, 2,7-di-
-butyl-[9-(l 0,10-dioxo-l
0,10,10,10-tetrahydrothioxanthyl)] methyl carbamate
(DBD-Tmoc), 4-methoxyphenacyl carbamate (Phenoc),
2,2,2-trichloroethyl carbamate (Troc),
2-trimethylsilylethyl carbamate (Teoc), 2-phenylethyl
carbamate (hZ), 1-(1-adamantyI)- 1-methylethyl
carbamate (Adpoc), 1,1-dimethyl-2-haloethyl carbamate,
1,1-dimethyl-2,2-dibromoethyl carbamate (DB- -BOC),
1,1-dimethyl- 2,2,2-trichloroethyl carbamate (TCBOC),
1-methyl-1-(4-biphenylyl)ethyl carbamate (Bpoc),
l-(3,5-di- -butylphenyl)-1-methylethyl carbamate (
-Bumeoc), 2-(2'- and 4'- pyridyl)ethyl carbamate
(Pyoc), 2-(N,iV-dicyclohexylcarboxamido)ethyl
carbamate, tbutyl carbamate (BOC), 1-adamantyl
carbamate (Adoc), vinyl carbamate (Voc), allyl
carbamate (Alloc), 1-isopropylallyl carbamate (Ipaoc),
cinnamyl carbamate (Coc), Anitrocinnamyl carbamate
(Noc), 8-quinolyl carbamate, N-hydroxypiperidinyl
carbamate, alkyldithio carbamate, benzyl carbamate
(Cbz), p-methoxybenzyl carbamate (Moz), /7-nitobenzyl
carbamate, -bromobenzyl carbamate, /7-chlorobenzyl
carbamate, 2,4-dichlorobenzyl carbamate,
4-methylsulfinylbenzyl carbamate (Msz),
9-anthrylmethyl carbamate, diphenylmethyl carbamate,
2-methylthioethyl carbamate, 2-methylsulfonylethyl
carbamate, 2-(p-toluenesulfonyl)ethyl carbamate,
[2-(l,3- dithianyl)]methyl carbamate (Dmoc),
4-methylthiophenyl carbamate (Mtpc), 2,4-
dimethylthiophenyl carbamate (Bmpc), 2-phosphonioethyl
carbamate (Peoc), 2- 



triphenylphosphonioisopropyl carbamate (Ppoc),
1,1-dimethyl-2-cyanoethyl carbamate, carbamate,
5-benzisoxazolylmethyl carbamate,
2-(trifluoromethyl)-6- chromonylmethyl carbamate
(Tcroc), m-nitrophenyl carbamate, 3,5-dimethoxybenzyl
carbamate, o-nitrobenzyl carbamate,
3,4-dimethoxy-6-nitrobenzyl carbamate,
phenyl(o-nitrophenyl)methyl carbamate,
phenothiazinyl-(10)-carbonyl derivative, N'- olueri e
ul n lammocaTb y r de-amyl carbamate, S-benzyl
thiocarbamate, /?-cyanobenzyl carbamate, cyclobutyl
carbamate, cyclohexyl carbamate, cyclopentyl
carbamate, cyclopropylmethyl carbamate,
/>-decyloxybenzyl carbamate,
2,2-dimethoxycarbonylvinyl carbamate, o-
(N,N-dimethylcarboxamido)benzyl carbamate,
1,1-dimethyl-3 -(N Ndimethylcarboxamido) propyl
carbamate, 1,1-dimethylpropynyl carbamate, di(2-
pyridyl)methyl .carbamate, 2-furanylmethyl carbamate,
2-iodoethyl carbamate, isoborynl carbamate, isobutyl
carbamate, isonicotinyl carbamate, p-(p '-
methoxyphenylazo)benzyl carbamate, 1-methylcyclobutyl
carbamate, 1- methylcyclohexyl carbamate, 1-methyl-
1-cyclopropylmethyl carbamate, 1-methyl-1-
(3,5-dimethoxyphenyl)ethyl carbamate , 1-methyl-
1-(p-phenylazophenyl)ethyl carbamate, 1-methyl-
1-phenylethyl carbamate, 1-methyl-1-(4-pyridyl)ethyl
carbamate, phenyl carbamate, />-(phenylazo)benzyl
carbamate, 2,4,6-tri- -butylphenyl carbamate,
4-(trimethylammonium)benzyl carbamate,
2,4,6-trimethylbenzyl carbamate, formamide, acetamide,
chloroacetamide, trichloroacetamide,
trifluoroacetamide, phenylacetamide,
3-phenylpropanamide, picolinamide, 3-
pyridylcarboxamide, N-benzoylphenylalanyl derivative,
benzamide, p - phenylbenzamide, o-nitophenylacetamide,
o-nitrophenoxyacetamide, acetoacetamide, (
'-dithiobenzyloxycarbonylamino)acetamide,
3-(p-hydroxyphenyl)propanamide, 3-
(o-nitrophenyl)propanamide,
2-methyl-2-(o-nitrophenoxy)propanamide, 2-methyl-2-
(o-phenylazophenoxy)propanamide, 4-chlorobutanamide,
3-methyl-3- nitrobutanamide, o-nitrocinnamide,
iV-acetylmethionine derivative, o-nitrobenzamide,
o-(benzoyloxymethyl)benzamide,
4,5-diphenyl-3-oxazolin-2-one, -phthalimide,
Ndithiasuccinimide (Dts), -2,3-diphenylmaleimide,
N-2,5-dimethylpyrrole, N-1,1,4,4-
tetramethyldisilylazacyclopentane adduct (STABASE),
5-substituted 1,3-dimethyll,
3,5-triazacyclohexan-2-one, 5-substituted
l,3-dibenzyl-l,3,5-triazacyclohexan-2- one,
1-substituted 3,5-dinitro-4-pyridone, iV-methylamine,
7V-allylamine, N-[2-
(trimethylsilyl)ethoxy]methylamine (SEM),
iV-3-acetoxypropylamine, N-(l-isopropyl-
4-nitro-2-oxo-3-pyroolin-3-yl)amine, quaternary
ammonium salts, iV-benzylamine,Ndi(
4-methoxyphenyl)methylamine, iV-5-dibenzosuberylamine,
Ntriphenylmethylamine (Tr),
-[(4-methoxyphenyl)diphenylmethyl]amine (MMTr), N-
9-phenylfluorenylamine (PhF),
iV-2,7-dichloro-9-fluorenylmethyleneamine, -
ferrocenylmethylamino (Fcm), N-2-picolylamino N
'-oxide, N-1,1-
dimethylthlomethyleneamineT^^-diphenylmethyleneamine,
L-[(2-pyridyl)mesityl]methyleneaniine, N-(N', N'-
dimethylaminomethylene)amine,
N^iV'-isopropylidenediamine, N-pnitrobenzylideneamine,



iV-salicylideneamine, iV-5-chlorosalicylideneamine,
N-(5- chloro-2-hydroxyphenyl)phenylmethyleneamine,
-cyclohexylideneamine, N-(5,5-
dimethyl-3-oxo-1-cyclohexenyl)amine, iV-borane
derivative, iV-diphenylborinic acid derivative,
iV-[phenyl(pentacarbonylchromium- or
tungsten)carbonyl]amine, iV-copper chelate, iV-zinc
.chelate, iV-nitroamine, iV-nitrosoamine, amine
iV-oxide, diphenylphosphinamide (Dpp),
dimethylthiophosphinamide (Mpt),
diphenylthiophosphinamide (Ppt), dialkyl
phosphoramidates, dibenzyl phosphoramidate, diphenyl
phosphoramidate, benzenesulfenamide,
onitrobenzenesulfenamide (Nps),
2,4-dinitrobenzenesulfenamide,
pentachlorobenzenesulfenamide,
2-nitro-4-methoxybenzenesulfenamide,
triphenylmethylsulfenamide, 3-nitropyridinesulfenamide
(Npys), ptoluenesulfonamide (Ts), benzenesulfonamide,
2,3,6,-trimethyl-4- methoxybenzenesulfonamide (Mtr),
2,4,6-trimethoxybenzenesulfonamide (Mtb), 2,6-
dimethyl-4-methoxybenzenesulfonamide (Pme), 2,3,5,
6-tetramethyl-4- methoxybenzenesulfonamide (Mte),
4-methoxybenzenesulfonamide (Mbs), 2,4,6-
trimethylbenzenesulfonamide (Mts),
2,6-dimethoxy-4-methylbenzenesulfonamide (iMds),
2,2,5,7,8-pentamethylcliroman-6-sulfonamide (Pmc),
methanesulfonamide (Ms),
b-trimethylsilylethanesulfonamide (SES),
9-anthracenesulfonamide, 4-(4',8'-
dimethoxynaphthylmethyl)benzenesulfonamide (DNMBS),
benzylsulfonamide, trifluoromethylsulfonamide, and
phenacylsulfonamide. Exemplary protecting groups are
detailed herein. However, it will be appreciated that
the present invention is not intended to be limited to
these protecting groups; rather, a variety of
additional equivalent protecting groups can be readily
identified using the above criteria and utilized in
the method of the present invention. Additionally, a
variety of protecting groups are described in
Protective Groups in Organic Synthesis, Third Ed.
Greene, T.W. and Wuts P.G., Eds., John Wiley & Sons,
New York: 1999, the entire contents of which are
hereby incorporated by reference. [0020] It will be
appreciated that the compounds, as described herein,
may be substituted with any number of substituents or
functional moieties. In general, the term
"substituted" whether preceded by the term
"optionally" or not, and substituents confalnecTln
formulas of tMslnvelitiohTTetert  th^replacenient of
hydrogen radicalsin a given structure with the radical
of a specified substituent. When more than one
position in any given structure may be substituted
with more than one substituent selected from a
specified group, the substituent may be either the
same or different at eveiy position. As used herein,
the term "substituted" is contemplated to include all
permissible substituents of organic compounds. In a
broad aspect, the permissible substituents include
acyclic and cyclic, branched and unbranched,
carbocyclic and heterocyclic, aromatic and nonaromatic
substituents of organic compounds. For purposes of
this invention, heteroatoms such as nitrogen may have
hydrogen substituents and/or any permissible
substituents of organic compounds described herein
which satisfy the valencies of the heteroatoms.
Furthermore, this invention is 



not intended to be limited in any manner by the
permissible substituents of organic compounds.
Combinations of substituents and variables envisioned
by this invention are preferably those that result in
the formation of stable compounds useful in the
treatment, for example, of infectious diseases or
proliferative disorders. The term "stable", as used
herein, preferably refers to compounds which possess
stability sufficient to allow manufacture and which
maintain the integrity of the compound for a
sufficient period of time to be detected and
preferably for a sufficient period of time to be
useful for the purposes detailed herein. [0021] The
term "aliphatic", as used herein, includes both
saturated and unsaturated, straight chain (i.e.,
unbranched), branched, acyclic, cyclic, or polycyclic
aliphatic hydrocarbons, which are optionally
substituted with one or more functional groups. As
will be appreciated by one of ordinary skill in the
art, "aliphatic" is intended herein to include, but is
not limited to, alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, and cycloalkynyl moieties. Thus, as used
herein, the term "alkyl" includes straight, branched
and cyclic alkyl groups. An analogous convention
applies to other generic terms such as "alkenyl",
"alkynyl", and the like. Furthermore, as used herein,
the terms "alkyl", "alkenyl", "alkynyl", and the like
encompass both substituted and unsubstituted groups.
In certain embodiments, as used herein, "lower alkyl"
is used to indicate those alkyl groups (cyclic,
acyclic, substituted, unsubstituted, branched or
unbranched) having 1-6 carbon atoms. [0022] In certain
embodiments, the alkyl, alkenyl, and alkynyl groups
employed in the invention contain 1-20 aliphatic
carbon atoms. In certain other
embocGfnentsTthe^contain 1-10 aliphatic carbon atoms.
In yet other embodiments, the alkyl, alkenyl, and
alkynyl groups employed in the invention contain 1-8
aliphatic carbon atoms. In still other embodiments,
the alkyl, alkenyl, and alkynyl groups employed in the
invention contain 1-6 aliphatic carbon atoms. In yet
other embodiments, the alkyl, alkenyl, and alkynyl
groups employed in the invention contain 1-4 carbon
atoms. Illustrative aliphatic groups thus include, but
are not limited to, for example, methyl, ethyl,
n-propyl, isopropyl, cyclopropyl, -CH2-cyclopropyl,
vinyl, allyl, n-butyl, secbutyl, isobutyl, tert-butyl,
cyclobutyl, -CH2-cyclobutyl, n-pentyl, sec-pentyl,
isopentyl, tert-pentyl, cyclopentyl, -CH2-cyclopentyl,
n-hexyl, sec-hexyl, cyclohexyl, -CH2-cyclohexyl
moieties and the like, which again, may bear one or
more substituents. Alkenyl groups include, but are not
limited to, for example, ethenyl, propenyl, butenyl,
l-methyl-2-buten-1-yl, and the like. Representative
alkynyl groups include, but are not limited to,
ethynyl, 2-propynyl (propargyl), 1-propynyl, and the
like. [0023] The term "alkoxy", or "thioalkyl" as used
herein refers to an alkyl group, as previously
defined, attached to the parent molecule through an
oxygen atom or through a sulfur atom. In certain
embodiments, the alkyl, alkenyl, and alkynyl groups
contain 1-20 alipahtic carbon atoms. In certain other
embodiments, the alkyl, 



alkenyl, and alkynyl groups contain 1-10 aliphatic
carbon atoms. In yet other embodiments, the alkyl,
alkenyl, and alkynyl groups employed in the invention
contain 1-8 aliphatic carbon atoms. In still other
embodiments, the alkyl, alkenyl, and alkynyl groups
contain 1-6 aliphatic carbon atoms. In yet other
embodiments, the alkyl, alkenyl, and alkynyl groups
contain 1-4 aliphatic carbon atoms. Examples of
alkoxy, include but are not limited to, methoxy,
ethoxy, propoxy, isopropoxy, nbutoxy, tert-butoxy,
neopentoxy, and n-hexoxy. Examples of thioalkyl
include, but are not limited to, methylthio,
ethylthio, propylthio, isopropylthio, n-butylthio, and
the like. [0024] The term "alkylamino" refers to a
group having the structure -NHR', wherein R1is
aliphatic, as defined herein. In certain embodiments,
the aliphatic group contains 1-20 aliphatic carbon
atoms. In certain other embodiments, the aliphatic
group contains 1-10 aliphatic carbon atoms. In yet
other embodiments, the aliphatic group employed in the
invention contain 1-8 aliphatic carbon atoms. In still
otherembodiments, the aliphatic group contains 1-4
aliphatic carbon atoms. Examples of alkylamino groups
include, but are not limited to, methylamino,
ethylamino, npropylamino, iso-propylamino,
cyclopropylamino, n-butylamino, tert-butylamino,
neopentylamino, n-pentylamino, hexylamino,
cyclohexylamino, and the like, [0025] The term
"dialkylamino" refers to a group having the structure
-NRR', wherein R and R' are each an aliphatic group,
as defined herein. R and R' may be the same or
different in an dialkyamino moiety. In certain
embodiments, the aliphatic groups contains 1-20
aliphatic carbon atoms. In certain other embodiments,
the aliphatic groups contains 1-10 aliphatic carbon
atoms. In yet other embodiments, the aliphatic groups
employed in the invention contain 1-8 aliphatic carbon
atoms. In still other embodiments, the aliphatic
groups contains 1-6 aliphatic carbon atoms. In yet
other embodiments, the aliphatic groups contains 1-4
aliphatic carbon atoms. Examples of dialkylamino
groups include, but are not limited to, dimethylamino,
methyl ethylamino, diethylamino, methylpropylamino,
di(n-propyl)amino, di(isopropyl) amino,
di(cyclopropyl)amino, di(n-butyl)amino,
di(tert-butyl)amino, di(neopentyl)amino,
di(n-pentyl)amino, di(hexyl)amino,
di(cyclohexyl)amino, and the like. In certain
.embodiments, R and R' are linked to form a cyclic
structure. The resulting cyclic structure may be
aromatic or non-aromatic. Examples of cyclic
diaminoalkyl groups include, but are not limted to,
aziridinyl, pyrrolidinyl, piperidinyl, morpholinyl,
pyrrolyl, imidazolyl, 1,3,4-trianolyl, and tetrazolyl.
[0026] Some examples of substituents of the
above-described aliphatic (and other) moieties of
compounds of the invention include, but are not
limited to aliphatic; heteroaliphatic; aryl;
heteroaryl; arylalkyl; heteroarylalkyl; alkoxy;
aryloxy; heteroalkoxy; heteroaryloxy; alkylthio;
arylthio; heteroalkylthio; heteroarylthio; F; Cl; Br;
I; -OH; -NO2; -CN; -CF3; -CH2CF3; -CHCl2; -CH2OH;
-CH2CH2OH; -CH2NH2; - CH2SO2CH3; -C(O)Rx; -CO2(Rx);
-CON(RX)2; -OC(O)Rx; -OCO2Rx; -OCON(RX)2; - N(RX)2;
-S(O)2Rx; -NRx(CO)Rx wherein each occurrence of Rx
independently 



includes, but is not limited to, aliphatic,
heteroaliphatic, aryl, heteroaryl, arylalkyl, or
heteroarylalkyl, wherein any of the aliphatic,
heteroaliphatic, arylalkyl, or heteroarylalkyl
substituents described above and herein may be
substituted or unsubstituted, branched or unbranched,
cyclic or acyclic, and wherein any of the aryl or
heteroaryl substituents described above and herein may
be substituted orby the specific embodiments shown in
the Examples that are described herein. [0027] In
general, the terms "aryl" and "heteroaryl", as used
herein, refer to stable mono- or polycyclic,
heterocyclic, polycyclic, and polyheterocyclic
unsaturated moieties having preferably 3-14 carbon
atoms, each of which may be substituted or
unsubstituted. Substituents include, but are not
limited to, any of the previously mentioned
substitutents, i.e., the substituents recited for
aliphatic moieties, or for other moieties as disclosed
herein, resulting in the formation of a stable
compound. In certain embodiments of the present
invention, "aryl" refers to a mono- or bicyclic
carbocyclic ring system having one or two aromatic
rings including, but not limited to, phenyl, naphthyl,
tetrahydronaphthyl, indanyl, indenyl, and the like. In
certain embodiments of the present invention, the term
"heteroaryl", as used herein, refers to a cyclic
aromatic radical having from five to ten ring atoms of
which one ring atom is selected from Sj O, and N;
zero, one, or two ring atoms are additional
heteroatoms independently selected from S, O, and N;
and the remaining ring atoms are carbon, the radical
being joined to the rest of the molecule via any of
the ring atoms, such as, for example, pyridyl,
pyrazinyl, pyrimidinyl, pyrrolyl, pyrazolyl,
imidazolyl, thiazolyl, oxazolyl, isooxazolyl,
thiadiazolyl,oxadiazolyl, thiophenyl, furanyl,
quinolinyl, isoquinolinyl, and the like. [0028] It
will be appreciated that aryl and heteroaryl groups
can be unsubstituted or substituted, wherein
substitution includes replacement of one, two, three,
or more of the hydrogen atoms thereon independently
with any one or more of the following moieties
including, but not limited to: aliphatic;
heteroaliphatic; aryl; heteroaryl; arylalkyl;
heteroarylalkyl; alkoxy; aryloxy; heteroalkoxy;
heteroaryloxy; alkylthio; arylthio; heteroalkylthio;
heteroarylthio; -F; -Cl; -Br; -I; -OH; -NO2; -CN; -
CF3; -CH2CF3; -CHCl2; -CH2OH; -CH2CH2OH; -CH2NH2;
-CH2SO2CH3; -C(O)Rx; - CO2(Rx); -CON(RX)2; -OC(O)Rx;
-OCO2Rx; -OCON(RX)2; -N(RX)2; -S(O)2Rx; - NRx(CO)Rx,
wherein each occurrence of Rx independently includes,
but is not limited to, aliphatic, heteroaliphatic,
aryl, heteroaryl, arylalkyl, or heteroarylalkyl,
wherein any of the aliphatic, heteroaliphatic,
arylalkyl, or heteroarylalkyl substituents described
above and herein may be substituted or unsubstituted,
branched or unbranched, cyclic or acyclic, and wherein
any of the aryl or heteroaryl substituents described
above and herein may be substituted or unsubstituted.
Additional examplesshown in the Examples that are
described herein. [0029] The term "cycloalkyl", as
used herein, refers specifically to groups having
three to seven, preferably three to ten carbon atoms.
Suitable cycloalkyls include, but are' not limited to
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl and the like, which, as in the case of
other aliphatic, heteroaliphatic, or 



hetercyclic moieties, may optionally be substituted
with substituents including, but not limited to
aliphatic; heteroaliphatic; aryl; heteroaryl;
arylalkyl; heteroarylalkyl; alkoxy; aryloxy;
heteroalkoxy; heteroaryloxy; alkylthio; arylthio;
heteroalkylthio; heteroarylthio; 7F; -Cl; -Br; -I;
-OH; -NO2; -CN; -CF3; -CH2CF3; -CHCl 2; -CH2OH; -
CH2CH2OH; -CH2NH2; -CH2SO2CH3; -C(O)R x; -CO2(Rx);
-CON(R X)2; -OC(O)R x; - OCO2Rx; -OCON(R x)2; -N(RX)2;
-S(O) 2Rx; -NRx(CO)R x, wherein each occurrence of Rx
independently includes, but is not limited to,
aliphatic, heteroaliphatic, aryl, heteroaryl,
arylalkyl, or heteroarylalkyl, wherein any of the
aliphatic, heteroaliphatic, arylalkyl, or
heteroarylalkyl substituents described above and
herein may be substituted or unsubstituted, branched
or unbranched, cyclic or acyclic, and wherein any of
the aryl or heteroaryl substituents described above
and herein may be substituted or unsubstituted.
Additional examples of generally applicable
substitutents are illustrated by the specific
embodiments shown in the Examples that are described
herein. [0030] The term "heteroaliphatic", as used
herein, refers to aliphatic moieties that contain one
or more oxygen, sulfur, nitrogen, phosphorus, or
silicon atoms, e.g., in place of carbon atoms.
Heteroaliphatic moieties may be branched, unbranched,
cyclic or acyclic and include saturated and
unsaturated heterocycles such as morpholino,
pyrrolidinyl, etc. In certain embodiments,
heteroaliphatic moieties are substituted by
independent replacement of one or more of the hydrogen
atoms thereon with one or more moieties including, but
not limited to aliphatic; heteroaliphatic; aryl;
heteroaryl; arylalkyl; heteroarylalkyl; alkoxy;
aryloxy; heteroalkoxy; heteroaryloxy; alkylthio;
arylthio; heteroalkylthio; heteroarylthio; -F; -Cl;
-Br; -I; -OH; -NO2; -CN; - CF3; -CH2CF3; -CHCl 2;
-CH2OH; -CH2CH2OH; -CH2NH2; -CH2SO2CH3; -C(O)R x; -
CO2(Rx); -CON(R x)2; -OC(O)R x; -OCO2Rx; -OCON(R x)2;
-N(RX)2; -S(O)2Rx; - NRx(CO)R x, wherein each
occurrence of Rx independently includes, but is not
limited to, aliphatic, heteroaliphatic, aryl,
heteroaryl, arylalkyl, or heteroarylalkyl, wherein
anyUf the aliphaticTheteroaltphattc; aiylalkylT
oTTielero^lylalkylT i s ituentsdescribed above and
herein may be substituted or unsubstituted, branched
or unbranched, cyclic or acyclic, and wherein any of
the aryl or heteroaryl substituents described above
and herein may be substituted or unsubstituted.
Additional examples of generally applicable
substitutents are illustrated by the specific
embodiments shown in the Examples that are described
herein. [0031] The terms "halo" and "halogen" as used
herein refer to an atom selected from fluorine,
chlorine, bromine, and iodine. [0032] The term
"haloalkyl" denotes an alkyl group, as defined above,
having one, two, or three halogen atoms attached
thereto and is exemplified by such groups as
chloromethyl, bromoethyl, trifluoromethyl, and the
like. [0033] The term "heterocycloalkyl" or
"heterocycle", as used herein, refers to a
non-aromatic 5-, 6-, or 7- membered ring or a
polycyclic group, including, but not limited to a bi-
or tri-cyclic group comprising fused six-membered
rings having 



between one and three heteroatoms independently
selected from oxygen, sulfur and nitrogen, wherein (i)
each 5-membered ring has 0 to 1 double bonds and each
6- membered ring has 0 to 2 double bonds, (ii) the
nitrogen and sulfur heteroatoms may be optionally be
oxidized, (iii) the nitrogen heteroatom may optionally
be quaternized, and (iv) any of the above heterocyclic
rings may be fused to a benzene ring. Representative
heterocycles include, but are not limited to,
pyrrolidinyl, pyrazolinyl, pyrazolidinyl,
imidazolinyl, imidazolidinyl, piperidinyl,
piperazinyl, oxazolidinyl, isoxazolidinyl,
morpholinyl, thiazolidinyl, isothiazolidinyl, and
tetrahydrofuryl. In certain embodiments, a
"substituted heterocycloalkyl or heterocycle" group is
utilized and as used herein, refers to a
heterocycloalkyl or heterocycle group, as defined
above, substituted by the independent replacement of
one, two or three of the hydrogen atoms thereon with
but are not limited to aliphatic; heteroaliphatic;
aryl; heteroaryl; arylalkyl; heteroarylalkyl; alkoxy;
aryloxy; heteroalkoxy; heteroaryloxy; alkylthio;
arylthio; heteroalkylthio; heteroarylthio; -F; -Cl;
-Br; -I; -OH; -NO2; -CN; - CF3; -CH2CF3; -CHCl 2;
-CH2OH; -CH2CH2OH; -CH2NH2; -CH2SO2CH3; -C(O)R x; -
CO2(Rx); -CON(R X)2; -OC(O)R x; -OCO2Rx; -OCON(R x)2;
-N(RX)2; -S(O)2Rx; - NRx(CO)R x, wherein each
occurrence of Rx independently includes, but is not
limited to, aliphatic, heteroaliphatic, aryl,
heteroaryl, arylalkyl, or heteroarylalkyl, wherein any
of the aliphatic, heteroaliphatic, arylalkyl, or
heteroarylalkyl substituents descfibe3 abbve andTerem
mayTJelmbstitufed oFul sul3sl:itted,l)ra ched
irunbranched, cyclic or acyclic, and wherein any of
the aryl or heteroaryl substituents described above
and herein may be substituted or unsubstituted.
Additional examples of generally applicable
substitutents are illustrated by the specific
embodiments shown in the Examples which are described
herein. [0034] "Carbocycle": The term "carbocycle", as
used herein, refers to an aromatic or non-aromatic
ring in which each atom of the ring is a carbon atom.
[0035] "Independently selected": The term
"independently selected" is used herein to indicate
that the R groups can be identical or different.
[0036] "Labeled": As used herein, the term "labeled"
is intended to mean that a compound has at least one
element, isotope, or chemical compound attached to
enable the detection of the compound. In general,
labels typically fall into three classes: a) isotopic
labels, which may be radioactive or heavy isotopes,
including, but not limited to, 2H, 3IL 13C, 14C, 15N,
3 1P, 32P, 35S, 67Ga, 99mTc (Tc-99m), 111In, 123I,
1251, 169Yb, and 186Re; b) immune labels, which may be
antibodies or antigens, which may be bound to enzymes
(such as horseradish peroxidase) that produce
detectable agents; and c) colored, luminescent,
phosphorescent, or fluorescent dyes. It will be
appreciated that the labels may be incorporated into
the compound at any position that does not interfere
with the biological activity or characteristic of the
compound that is being detected. In certain
embodiments, hydrogen atoms in the compound are
replaced with deuterium atoms (2H) to slow the
degradation of compound in vivo. Due to isotope
effects, enzymatic degradation of the deuterated
compounds may be 



slowed thereby increasing the half-life of the
compound in vivo. In other embodiments such as in the
identification of the biological target of a natural
product or derivative thereof, the compound is labeled
with a radioactive isotope, preferably an isotope
which emits detectable particles, such as b particles.
In certain other embodiments of the invention,
photoaffmity labeling is utilized for the direct
elucidation of intermolecular interactions in
biological systems. A variety of known photophores can
be employed, most relying on photoconversion of diazo
compounds, azides, or diazirines to nitrenes or
carbenes (See, Bayley, H., Photogenerated Reagents in
Biochemistry and Molecular Biology (1983), Elsevier,
Amsterdam.), the entire contents of which are hereby
incorporated by reference. In certain embodiments of
the invention, the photoaffmity labels employed are
o-, m- and pa dbl ei yl s7 iublimited to
4-azido-2,3,5,6-tetrafluorobenzoic acid. In other
embodiments, biotin labeling is utilized. [0037]
"Tautomers": As used herein, the term "tautomers" are
particular isomers of a compound in which a hydrogen
and double bond have changed position with respect to
the other atoms of the molecule. For a pair of
tautomers to exist there must be a mechanism for
interconversion. Examples of tautomers include
keto-enol forms, imine-enamine forms, amide-imino
alcohol forms, amidine-aminidine forms, nitroso-oxime
forms, thio ketone-enethiol forms,
iV-nitroso-hydroxyazo forms, nitrocz- nitro forms, and
pyridione-hydroxypyridine forms. [0038] Definitions of
non-chemical terms used throughout the specification
include: [0039] "Animal": The term animal, as used
herein, refers to humans as well as non-human animals,
including, for example, mammals, birds, reptiles,
amphibians, and fish. Preferably, the non-human animal
is a mammal (e.g., a rodent, a mouse, a rat, a rabbit,
a monkey, a dog, a cat, a primate, or a pig). A
non-human animal may be a transgenic animal. [0040]
''Associated with": When two entities are "associated
with" one another as described herein, they are linked
by a direct or indirect covalent or non-covalent
interaction. Preferably, the association is covalent.
Desirable non-covalent interactions include hydrogen
bonding, van der Waals interactions, hydrophobic
interactions, magnetic interactions, electrostatic
interactions, etc. [0041] "CLIMP-63": The term
"CLIMP-63" or "cytoskeleton-linking membrane protein"
or "p63" or "CKAP4 protein" refers to CLIMP-63
polypeptides, proteins, peptides, fragments, variants,
and mutants thereof as well as to nucleic acids that
encode CLIMP-63 polypeptides, proteins, peptides,
fragments, variants, or mutants thereof. CLIMP-63 has
been found to be a biological target of
avrainvillamide. CLIMP-63 is an integral membrane
protein that links the endoplasmic reticulum (ER) to
the microtubule cytoskeleton. CLIMP-63 may be derived
from any species. In certain embodiments, mammalian or
human CLIMP-63 



is referred to. [0042] "Effective amount": In general,
the "effective amount" of an activebiological
response. As will be appreciated by those of ordinary
skill in this art, the effective amount of a compound
of the invention may vary depending on such factors as
the desired biological endpoint, the pharmacokinetics
of the compound, the disease being treated, the mode
of administration, and the patient. For example, the
effective amount of a compound with anti-proliferative
activity is the amount that results in a sufficient
concentration at the site of the tumor to kill or
inhibit the growth of tumor cells. The effective
amount of a compound used to treat infection is the
amount needed to kill or prevent the growth of the
organism(s) responsible for the infection. [0043]
"Polynucleotide" or "oligonucleotide" refers to a
polymer of nucleotides. The polymer may include
natural nucleosides (i.e., adenosine, thymidine,
guanosine, cytidine, uridine, deoxyadenosine,
deoxythymidine, deoxyguanosine, and deoxycytidine),
nucleoside analogs (e.g., 2-aminoadenosine, 2-
thiothymidine, inosine, pyrrolo-pyrimidine, 3-methyl
adenosine, 5-methylcytidine, C- 5 propynyl-cytidine,
C-5 propynyl-uridine, C5-bromouridine,
C5-fluorouridine, C5-iodouridine, 7-deazaadenosine,
7-deazaguanosine, 8-oxoadenosine, 8-oxoguanosine,
O(6)-methylguanine, 4-acetylcytidine, 5-
(carboxyhydroxymethyl)uridine, dihydrouridine,
methylpseudouridine, 1-methyl adenosine, 1-methyl
guanosine, N6-methyl adenosine, and 2-thiocytidine),
chemically modified bases, biologically modified bases
(e.g., methylated bases), intercalated bases, modified
sugars (e.g., 2'-fluororibose, ribose, 2'-deoxyribose,
T-Omethylcytidine, arabinose, and hexose), or modified
phosphate groups (e.g., phosphorothioates and 5'
-N-phosphoramidite linkages). [0044] A "protein" or
"peptide" comprises a polymer of amino acid residues
linked together by peptide bonds. The term, as used
herein, refers to proteins, polypeptides, and peptide
of any size, structure, or function. Typically, a
protein will be at least three amino acids long. A
protein may refer to an individual protein or a
collection of proteins. Inventive proteins preferably
contain only natural amino acids, although non-natural
amino acids (i.e., compounds that do not occur in
nature but that can be incorporated into a polypeptide
chain) and/or amino acid analogs as are known in the
art may alternatively be employed. Also, one or more
of the amino acids in an inventive protein may be
modified, for example, by the addition of a chemical
entity such as a carbohydrate group, a hydroxyl group,
a phosphate group, a farnesyl group, afiTsbfa esyl^r
dup, aTattjTacd grop7aTinkef foi^ohJ galfon7fu^tT
lializa tio oFother modification, etc. A protein may
also be a single molecule or may be a multimolecular
complex. A protein may be just a fragment of a
naturally occurring protein or peptide. A protein may
be naturally occurring, recombinant, or synthetic, or
any combination of these. Brief Description of the
Drawing [0045] Figure 1 shows the capped-stick and
space-filling models of the 3- alkylidene-3/i-indole
1-oxide function of avrainvillamide from X-ray data. 



[0046] Figure 2 is a series of 1H NMR spectra obtained
at 23 C (500 MHz, 1:1 DMSO- 5-CD3CN) of (a) synthetic
avrainvillamide, (b) synthetic stephacidin B, (c)
stephacidin B from a fungal source (Qian-Cutrone et
al., U.S. Patent 6,291, 2001; Qian-Cutrone et al. J.
Am. Chem. Soc. 124:14556, 2002; each of which is
incorporated herein by reference). [0047] Figure 3
includes 1H (500 MHz) and 13C ( 100 MHz) NMR of
synthetic avrainvillamide (2) in CDCl3. [0048] Figure
4 includes a 1H NMR spectra of authentic stephacidin B
(500 MHz, 50% ^-DMSO-CD 3CN) from Qian-Cutrone et al,
U.S. Patent 6,291,461, issued September 18, 2001,
incorporated herein by reference) {Figure 4A), of
synthetic stephacidin B (500 MHz, 50% ^-DMSO-CD 3CN)
{Figure 4B), and of synthetic stephacidin B (500 MHz,
50% ^-DMSO-CD 3CN) with an expansion of the peaks at
approximately 7.5 ppm {Figure 4C). The chemical shifts
at approximately 7.5 ppm vary slightly between
synthetic samples. [0049] Figure 5 shows the addition
of methanol to the a,b-unsaturated nitrone
funationality of avrainvillamide. [0050] Figure 6
shows a synthetic route to intermediates useful in the
synthesis of amino ester substituted nitrones. [0051]
Figure 7 shows a second synthetic route to
intermediates useful in the synthetis of amino ester
substituted nitrones. [0052] Figure 8 shows the
decarboxylation of the amino ester substituted
intermediate. [0053] Figure 9 shows another synthetic
route to intermediates useful in the synthetis of
amino ester substituted nitrones. [0054] ' riows he
IBX Hffsffypusefurin the preparation ofcompounds of
the invention containing the a,b-unsaturated nitrone
funationality of avrainvillamide. [0055] Figure 11
shows a synthetic scheme for preparing amino acid
derivatized compounds of the invention. [0056] Figure
12 shows GI50 data for avrainvillamide and stepacidin
B for four difference cell lines. [0057] Figure 13
shows GI50 data for several avrainvillamide analogues.
[0058] Figure 14 shows GI50 data for several
amino-ester analogues of avrainvillamide. [0059]
Figure 15 shows GI50 data for several nucleophile
adducts of analogues of avrainvillamide. [0060] Figure
16 shows GI50 data for tetramethyl-substitute
analogues of avrainvillamide. [0061] Figure 17 shows
IC50 and GI50 data for certain probe compounds used to
identify the biological target of avrainvillamide.
[0062] Figure 18 shows the decomposition of
stephacidin B into 1.7 equiv. of 



avrainvillamide. Avrainvillamide is the major species
present under physiological conditions. [0063] Figure
19 shows the effect of avrainvillamide on the cell
cycle. Avrainvillamide induces arrest in G2/M. [0064]
Figure 20 induces apoptosis at 1-4 mM and necrosis at
8 mM. [0065] Figure 21 is a schematic of the in
cellulo affinity based probe (pulldown) experiments
used to identify CLIMP-63 as a biological target of
avrainvillamide. The experiment uses a avrainvillamide
analog linked to biotin (shown on the right) as the
probe. [0066] Figure 22 shows the results of a the
pull down experiment in T-47D cells with controls.
CLIMP-63 can be shown pulled down in the lane with 9
mM probe (Compound 4). [0067] Figure 23 shows the same
gel from Figure 20 with the various bands identified.
[0068] Figure 24 shows the confirmation of CLIMP-63 as
a biological target of avrainvillamide by Western
blotting. sequencerof CLIMP-63 (SEQ IDNO:XX). [0070]
Figure 26 shows the synthesis of the biotin-labelled
probe. [0071] Figure 27 shows three ways of coupling
(Suzuki coupling, Ullmann coupling, Stille coupling)
the left and right halves of avrainvillamide analogs.
Detailed Description of Certain Embodiments of the
Invention [0072] The syntheses of the
3-alkylidene-3H-indole 1-oxide function of
avrainvillamide, avrainvillamide, and stephacidin B
are provided herein. The 3- alkylidene-3H-indole
1-oxide function is capable of undergoing reversible
covalent bond formation with nucleophiles. Such
functionality is thought to account for the biological
activity of avrainvillamide and its dimer, stephacidin
B. The syntheses of these compounds provides for not
only these compounds but other related compounds which
may be used as pharmaceutical agents in the treatment
of proliferative diseases such as cancer, inflammatory
diseases, diabetic retinopathy, etc. . Compounds
[0073] In one aspect, the present invention provides
compounds of the formula: wherein R , R1, R2, R3, R4,
R5, R6 and R7 are independently selected from the
group consisting of hydrogen; halogen; cyclic or
acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted
or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted,
branched or unbranched acyl; substituted or
unsubstituted, branched or unbranched aryl;
substituted or unsubstituted, branched or unbranched
heteroaryl; -OR G; -C(=O)R G; - CO2RG; -CN; -SCN;
-SRG; -SORG; -SO2RG; -NO2; -N3; -N(RG)2; -NHC(=O)R G;
- NRGC(=O)N(RG)2; -OC(=O)ORG; -OC(=O)RG;
-OC(=O)N(RG)2; -NRGC(=O)ORG; or 



-C(RG)3; wherein each occurrence of RG is
independently a hydrogen, a protecting group, an
aliphatic moiety, a heteroaliphatic moiety, an acyl
moiety; an aryl moiety; aheteroaryl moiety; alkoxy;
aryloxy; alkylthio; arylthio; amino, alkylamino,
dialkylamino, heteroaryloxy; or heteroarylthio moiety;
whererin two or more substituents may form substituted
or unsubstituted, cyclic, heterocyclic, aryl, or
heteroaryl structures; wherein R2 and R3 R4 and R5, or
R6 and R7 may form together =O, =NRG, or =C(R G)2,
wherein each occurrence of RG is defined as above;
represents a substituted or unsubstituted, cyclic,
heterocyclic, aryl, or heteroaryl ring system; and n
is an integer between 0 and 4. [0074] In certain
embodiments, is a monocyclic, bicyclic, tricyclic, or
polycyclic ring system, preferably is a monocyclic,
bicyclic, or tricyclic ring system. The ring system
may be carbocyclic or heterocyclic, aromatic or
nonaromatic, substituted or unsubstituted. The ring
may include fused rings, bridged rings, spiro-linked
rings, or a combination thereof. In certain
embodiments, is a monocyclic ring system, preferably a
4-, 5-, 6-, or 7-membered monocyclic ring system, more
preferably a 5- or 6-membered ring system, optionally
including one, two, or three heteroatoms such as
oxygen, nitrogen, or sulfur. In certain embodiments,
represents a phenyl ring. In other embodiments,
represents a six-member heteroaromatic ring. Ih other
embodiments, represents a five-member heteroaromatic
ring. In yet other embodiments, represents a
six-membered non-aromatic ring. In still other
embodiments, represents a five-membered non-aromatic
ring. Examples of particular monocyclic ring systems
include:NANOPARTICULATE BISPHOSPHONATE COMPOSITIONS
FIELD OF THE INVENTION The invention relates to
nanoparticulate bisphosphonate compositions, including
multiparticulate or monolithic oral controlled release
compositions and injectable formulations comprising
nanoparticulate bisphosphonate. The compositions are
useful for the treatment of disorders relating to
abnormal bone resorption in a mammal, in particular, a
human. BACKGROUND OF THE INVENTION A. Background
Regarding Bisphosphonates The methods and compositions
of the invention comprise a bisphosphonate. The
bisphosphonates of the invention are also referred to
interchangeably as the "compounds of bisphosphonate."
"Bisphosphonates are a class of drugs used to
strengthen bone. Bone is in a constant state of
remodeling, whereby new bone is laid down by cells
called osteoblasts while old bone is removed by cells
called osteoclasts. Bisphosphonates inhibit bone
removal (resorption) by the osteoclasts.
Bisphosphonates are used to treat osteoporosis and the
bone pain from diseases such as metastatic breast
cancer, multiple myeloma, and Paget' s disease. The
bisphosphonates include FOSAMAX(r) (alendronate
sodium), AREDIA(r) (pamidronate 



sodium), ACTONEL(r) (risedronate sodium), B0NIVA (r)
(ibandronate sodium), DIDRONEL(r) (etidronate), and
ZOMETA(r) (zolendronic acid). The compounds are also
used to treat osteoporosis that is caused by treatment
with a corticosteroid. 1. Background Regarding
Alendronate Alendronate sodium, which is commercially
marketed as FOSAMAX(r), is a bisphosphonate that acts
as a specific inhibitor of osteoclast-mediated bone
resorption. Bisphosphonates are synthetic analogs of
pyrophosphate that bind to the hydroxyapatite found in
bone. Alendronate sodium is chemically described as
(4-amino-lhydroxybutylidene) bisphosphonic acid
monosodium salt trihydrate.The empirical formula of
alendronate sodium is C4H12NNaO7P2 3H2O and its
formula weight is 325.12. The structural formula is:
Alendronate sodium is a white, crystalline,
nonhygroscopic powder. It is soluble in water, very
slightly soluble in alcohol, and practically insoluble
in chloroform. FOSAMAX(r) tablets for oral
administration (Merck & Co. of Railway, New Jersey)
contain 6.53, 13.05, 45.68, 52.21 or 91.37 mg of
alendronate monosodium salt trihydrate, which is the
molar equivalent of 5, 10, 35, 40 and 70 mg,
respectively, of free acid, and the following inactive
ingredients: microcrystalline cellulose, anhydrous
lactose, croscarmellose sodium, and magnesium
stearate. FOSAMAX(r) 10 mg tablets also contain
carnauba wax. Disadvantages of FOSAMAX(r) include very
poor bioavailability, fed/fasted variability in
absorption, and significant gastrointestinal
irritation. As to the clinical pharmacological
mechanism for alendronate sodium, animal studies have
indicated the following mode of action. At the
cellular level, alendronate shows preferential
localization to sites of bone resorption, specifically
under osteoclasts. The osteoclasts adhere normally to
the bone surface but lack the ruffled border that is
indicative of active resorption. Alendronate does not
interfere with osteoclast recruitment or attachment,
but it does inhibit osteoclast activity. Studies in
mice on the localization of radioactive
[3H]alendronate in bone showed about 10-fold higher
uptake on osteoclast surfaces than on osteoblast
surfaces. Bones examined 6 and 49 days after
[3H]alendronate administration in rats and mice,
respectively, showed that normal bone was formed on
top of the alendronate, which was incorporated inside
the matrix. While incorporated in bone matrix,
alendronate is not pharmacologically active. Thus,
alendronate must be continuously administered to
suppress osteoclasts on newly formed resorption
surfaces. Histomorphometry in baboons and rats showed
that alendronate treatment reduces boneturnover (i.e.,
the number of sites at which bone is remodeled). In
addition, bone formation exceeds bone resorption at
these remodeling sites, leading to progressive gains
in bone mass. As to the pharmacokinetics of absorption
of alendronate, relative to an intravenous (IV)
reference dose, the mean oral bioavailability of
alendronate in women was 0.64% for doses ranging from
5 to 70 mg when administered after an overnight fast
and two hours before a standardized breakfast. Oral
bioavailability of the 10 mg tablet in men (0.59%) was
similar to that in women when administered after an
overnight fast and 2 hours before breakfast. A study
examining the effect of timing of a meal on the
bioavailability of alendronate 



was performed in 49 postmenopausal women.
Bioavailability was decreased by approximately 40%
when 10 mg alendronate was administered either 0.5 or
1 hour before a standardized breakfast, when compared
to dosing 2 hours before eating. In studies of
treatment and prevention of osteoporosis, alendronate
was effective when administered at least 30 minutes
before breakfast. Bioavailability was negligible
whether alendronate was administered with or up to two
hours after a standardized breakfast. Concomitant
administration of alendronate with coffee or orange
juice reduced bioavailability by approximately 60%. If
oral administration of the bisphosphonate is desired,
relatively high doses must be administered to
compensate for the low bioavailability from the
gastrointestinal tract. To offset this low
bioavailability, it is generally recommended that the
patient take the bisphosphonate on an empty stomach
and fast for at least 30 minutes afterwards. However,
many patients find the need for such fasting on a
daily basis to be inconvenient. Moreover, oral
administration has been associated with adverse
gastrointestinal effects, especially those relating to
the esophagus. See Fleisch, Bisphosphonates In Bone
Disease, From the Laboratory to the Patient, 2nd
Edition, Pantheon Publishing (1995). These effects
appear to be related to the irritant potential of the
bisphosphonate in the esophagus, a problem which is
exacerbated by the presence of refluxed gastric acid.
For example, the bisphosphonate, pamidronate has been
associated with esophageal ulcers. See E.G. Lufkin et
al., Pamidronate: An UnrecognizedProblem in
Gastrointestinal Tolerability, Osteoporosis
International, 4: 320-322 (1994), which is
incorporated by reference herein in its entirety.
Although not as common, the use of alendronate has
been associated with esophagitis and/oresophageal
ulcers. See P.C. De Groen, et al., Esophagitis
Associated With The Use Of Alendronate, New England
Journal of Medicine, vol. 335, no. 124, pp. 1016-1021
(1996), D.O. Castell, Pill Esophagitis-The Case of
Alendronate, New England Journal of Medicine, vol.
335, no. 124, pp. 1058-1059 (1996), and U. A. Liberman
et al., Esophagitis and Alendronate, New England
Journal of Medicine, vol. 335, no. 124, pp. 1069-1070
(1996), which are incorporated by reference herein in
their entirety. The degree of adverse gastrointestinal
effects of bisphosphonates has been shown to increase
with increasing dose. See CH. Chestnut et al.,
Alendronate Treatment of the Postmenopausal
Osteoporotic Woman: Effect of Multiple Dosages on Bone
Mass and Bone Remodeling, The American Journal of
Medicine, vol. 99, pp. 144-152, (August 1995, which is
incorporated by reference herein in its entirety.
Also, these adverse esophogeal effects appear to be
more prevalent in patients who do not take the
bisphosphonate with an adequate amount of liquid or
who lie down shortly after dosing, thereby increasing
the chance for esophageal reflux. The interference
with the bioavailability of alendronate sodium
resulting from eating and drinking, and the adverse
gastrointestinal effects of bisphosphonates are
reflected in patient information for taking once
weekly FOSAMAX(r) tablets. The guidelines prescribe
that after swallowing a FOSAMAX(r) tablet one must
wait at least 30 minutes before taking food, beverage
or other medicaments of the day. The guidelines
further require that FOSAMAX(r) tablets are not taken
at bedtime or before getting up for the day. In
addition, 



the patient must stay fully upright after taking
FOSAMAX(r) for at least 30 minutes and after the first
food of the day. United States Patent Nos. 5,616,571,
5,994,329, 6,015,801, 6,225,294, 6,333,316, 6,432,932,
6,465,443 and 6,544,967, all to Daifotis et al.,
United States Patent No. 4,621,077 to Rosoni et al.,
United States Patent Nos. 5,358,941, 5,681,590,
6,090,410 and 6,194,004, all to Bechard et al. and
United States Patent Nos. 5,849,726 and 6,008,207,
both to Brenner et al., relate to the use of
bisphosphonates in the treatment of abnormal bone
resorption. These United States Patents are
incorporated by reference. 2. Background Regarding
Pamidronate Pamidronate disodium, commercially
available as AREDIA(r), is a bone-resorption inhibitor
available in 30-mg, 60-mg, or 90-mg vials for
intravenous administration. Each 30-mg, 60-mg, and
90-mg vial contains, respectively, 30 mg, 60 mg, and
90 mg of sterile, lyophilized pamidronate disodium and
470 mg, 400 mg, and 375 mg of mannitol, USP. The pH of
a 1% solution of pamidronate disodium in distilled
water is approximately 8.3. AREDIA(r), a member of the
group of chemical compounds known as bisphosphonates,
is an analog of pyrophosphate. Pamidronate disodium is
designated chemically as phosphonic acid
(3-amino-l-hydroxypropylidene) bis-, disodium salt,
pentahydrate, (APD), and its structural formula is:
Pamidronate disodium is a white-to-practically-white
powder. It is soluble in water and in 2N sodium
hydroxide, sparingly soluble in 0.1N hydrochloric acid
and in 0.1N acetic acid, and practically insoluble in
organic solvents. Its molecular formula is
C3HgNO7P2Na2-SH O and its molecular weight is 369.1.
Inactive ingredients for AREDIA(r) include mannitol,
USP, and phosphoric acid (for adjustment to pH 6.5
prior to lyophilization). Side effects of pamidronate
include pain at the site of catheter insertion
(including redness, swelling or induration, and pain
on palpation). Side effects also include
gastrointestinal pain, including abdominal pain,
anorexia, constipation, nausea, vomiting, diarrhea,
dyspepsia, gastrointestinal hemorrhage, and
stomatitis. 3. Background Regarding Risedronate
ACTONEL(r) (risedronate sodium tablets) is a pyridinyl
bisphosphonate that inhibits osteoclast-mediated bone
resorption and modulates bone metabolism. Each
ACTONEL(r) tablet for oral administration contains the
equivalent of 5, 30, or 35 mg of anhydrous risedronate
sodium in the form of the hemi-pentahydrate with small
amounts of monohydrate. The empirical formula for
risedronate sodium hemi-pentahydrate is C7H10NO7P2Na
2.5 H2O. The chemical name of risedronate sodium is
[l-hydroxy-2-(3-pyridinyl)ethylidene]bis[phosphonic
acid] monosodium salt. The chemical stracture of
risedronate sodium hemi-pentahydrate is the following:
Risedronate sodium is a fine, white to off-white,
odorless, crystalline powder. It is soluble in water
and in aqueous solutions, and essentially insoluble in
common organic solvents. Inactive ingredients in
ACTONEL(r)include crospovidone, ferric oxide red
(35-mg tablets only), ferric oxide yellow (5 and 35-mg
tablets only), hydroxypropyl cellulose, hydroxypropyl
methylcellulose, lactose monohydrate, magnesium
stearate, microcrystalline 



cellulose, polyethylene glycol, silicon dioxide, and
titanium dioxide. Side effects of risedronate include
gastrointestinal irritation. 4. Background Regarding
Ibandronate Ibandronate sodium is commercially sold as
BONTVA(r). BONIVA(r) is a nitrogencontaining
bisphosphonate that inhibits osteoclast-mediated bone
resorption. The chemical name for ibandronate sodium
is 3-( -methyl-iV-pentyl) amino- 1-hydroxypropane-
1,1- diphosphonic acid, monosodium salt, monohydrate,
with the molecular formula C H22NO7P2Na- H2Oand a
molecular weight of 359.24. Ibandronate sodium is a
white- to off-white powder. It is freely soluble in
water and practically insoluble in organic solvents.
Ibandronate sodium has the following structural
formula:BONIVA(r)is available as a white, oblong,
2.5-mg film-coated tablet for daily oral
administration or as a white, oblong, 150-mg
film-coated tablet for once-monthly oral
administration. One 2.5-mg film-coated tablet contains
2.813 mg ibandronate monosodium monohydrate,
equivalent to 2.5 mg free acid. One 150-mg film-coated
tablet contains 168.75 mg ibandronate monosodium
monohydrate, equivalent to 150 mg free acid. BONIVA(r)
also contains the following inactive ingredients:
lactose monohydrate, povidone, microcrystalline
cellulose, crospovidone, purified stearic acid,
colloidal silicon dioxide, and purified water. The
tablet film coating contains hypromellose, titanium
dioxide, talc, polyethylene glycol 6000, and purified
water. Side effects of ibandronate include
gastrointestinal irritation. 5. Background Regarding
Etidronate Etidronate is commercially available as
DIDRONEL(r) (etidronate disodium). DIDRONEL(r)tablets
contain either 200 mg or 400 mg of etidronate
disodium, the disodium salt of (1-hydroxyethylidene)
diphosphonic acid, for oral administration. This
compound, also known as EHDP, regulates bone
metabolism. It is a white powder, highly soluble in
water, with a molecular weight of 250 and the
following structural formula: ONa OH ONa Inactive
ingredients in DIDRONEL(r)tablets include magnesium
stearate, microcrystalline cellulose, and starch. Side
effects of DIDRONEL(r)include gastrointestinal
irritation, which can affect the dosage that can be
administered. Also, because of potential
gastrointestinal irritation, patients are advised to
avoid consuming food within two hours of dosing.6.
Background Regarding Zolendronate Zolendronate is
commercially available as ZOMETA(r) (zolendronic
acid). ZOMETA(r)contains zoledronic acid, a
bisphosphonic acid which is an inhibitor of
osteoclastic bone resorption. Zoledronic acid is
designated chemically as (l-Hydroxy-2-
imidazol-1-yl-phosphonoethyl) phosphonic acid
monohydrate and its structural formula is Zoledronic
acid is a white crystalline powder. Its molecular
formula is C5H10N2O7P2 H2O and its molar mass is
290.1g/Mol. Zoledronic acid is highly soluble in O. IN
sodium hydroxide solution, sparingly soluble in water
and 0.1N hydrochloric acid, and practically insoluble
in organic solvents. The pH of a 0.7% solution of
zoledronic acid in water is approximately 2.0. 



ZOMETA(r) (zoledronic acid) Injection is available in
vials as a sterile liquid concentrate solution for
intravenous infusion. Each 5-mL vial contains 4.264 mg
of zoledronic acid monohydrate, corresponding to 4 mg
zoledronic acid on an anhydrous basis. Inactive
ingredients in ZOMETA(r) include mannitol, USP, as
bulking agent, water for injection and sodium citrate,
USP, as buffering agent. Intravenous administration of
ZOMETA(r)has been most commonly associated with fever.
Gastrointestinal reactions such as nausea and vomiting
have been reported following administration of
ZOMETA(r). Local reactions at the infusion site, such
as redness or swelling, were also observed. B.
Background Regarding Nanoparticulate Active Agent
Compositions Nanoparticulate active agent
compositions, first described in U.S. Pat. No.
5,145,684 ("the '684 patent"), comprise particles of a
poorly soluble therapeutic or diagnostic agent having
adsorbed onto or associated with the surface thereof a
non-crosslinlced surface stabilizer. The '684 patent
also describes methods of making such nanoparticulate
active agent compositions but does not describe
compositions comprising bisphosphonates
innanoparticulate form. Methods of making
nanoparticulate active agent compositions are
described, for example, in U.S. Pat. Nos. 5,518,187
and 5,862,999, both for "Method of Grinding
Pharmaceutical Substances;" U.S. Pat. No. 5,718,388,
for "Continuous Method of Grinding Pharmaceutical
Substances;" and U.S. Pat. No. 5,510,118 for "Process
of Preparing Therapeutic Compositions Containing
Nanoparticles." Nanoparticulate active agent
compositions are also described, for example, in U.S.
Pat. No. 5,298,262 for "Use of Ionic Cloud Point
Modifiers to Prevent Particle Aggregation During
Sterilization;" U.S. Pat. No. 5,302,401 for "Method to
Reduce Particle Size Growth During Lyophilization;"
U.S. Pat. No. 5,318,767 for "X-Ray Contrast
Compositions Useful in Medical Imaging;" U.S. Pat. No.
5,326,552 for "Novel Formulation For Nanoparticulate
XRay Blood Pool Contrast Agents Using High Molecular
Weight Non-ionic Surfactants;" U.S. Pat. No. 5,328,404
for "Method of X-Ray Imaging Using Iodinated Aromatic
Propanedioates;" U.S. Pat. No. 5,336,507 for "Use of
Charged Phospholipids to Reduce Nanoparticle
Aggregation;" U.S. Pat. No. 5,340,564 for
"Formulations Comprising Olin 10-G to Prevent Particle
Aggregation and Increase Stability;" U.S. Pat. No.
5,346,702 for "Use of Non-Ionic Cloud Point Modifiers
to Minimize Nanoparticulate Aggregation During
Sterilization;" U.S. Pat. No. 5,349,957 for
"Preparation and Magnetic Properties of Very Small
Magnetic-Dextran Particles;" U.S. Pat. No. 5,352,459
for "Use of Purified Surface Modifiers to Prevent
Particle Aggregation During Sterilization;" U.S. Pat.
Nos. 5,399,363 and 5,494,683, both for "Surface
Modified Anticancer Nanoparticles;" U.S. Pat. No.
5,401,492 for "Water Insoluble Non-Magnetic Manganese
Particles as Magnetic Resonance Enhancement Agents;"
U.S. Pat. No. 5,429,824 for "Use of Tyloxapol as a
Nanoparticulate Stabilizer;" U.S. Pat. No. 5,447,710
for "Method for Making Nanoparticulate X-Ray Blood
Pool Contrast Agents Using High Molecular Weight
Non-ionic Surfactants;" U.S. Pat. No. 5,451,393 for
"X-Ray Contrast Compositions Useful in Medical
Imaging;" U.S. Pat. No. 5,466,440 for "Formulations of
Oral Gastrointestinal Diagnostic X-Ray Contrast Agents
in 



Combination with Pharmaceutically Acceptable Clays;"
U.S. Pat. No. 5,470,583 for "Method of Preparing
Nanoparticle Compositions Containing Charged
Phospholipids to Reduce Aggregation;" U.S. Pat. No.
5,472,683 for "Nanoparticulate Diagnostic Mixed
Carbamic Anhydrides as X-Ray Contrast Agents for Blood
Pool and Lymphatic System Imaging;" U.S. Pat. No.
5,500,204 for "Nanoparticulate Diagnostic Dimers as
X-Ray Contrast Agents forBlood Pool and Lymphatic
System Imaging;" U.S. Pat. No. 5,518,738 for
"Nanoparticulate NSAID Formulations;" U.S. Pat. No.
5,521,218 for "Nanoparticulate Iododipamide
Derivatives for Use as X-Ray Contrast Agents;" U.S.
Pat. No. 5,525,328 for "Nanoparticulate Diagnostic
Diatrizoxy Ester X-Ray Contrast Agents for Blood Pool
and Lymphatic System Imaging;" U.S. Pat. No. 5,543,133
for "Process of Preparing X-Ray Contrast Compositions
Containing Nanoparticles;" U.S. Pat. No. 5,552,160 for
"Surface Modified NSAID Nanoparticles;" U.S. Pat. No.
5,560,931 for "Formulations of Compounds as
Nanoparticulate Dispersions in Digestible Oils or
Fatty Acids;" U.S. Pat. No. 5,565,188 for
"Polyalkylene Block Copolymers as Surface Modifiers
for Nanoparticles;" U.S. Pat. No. 5,569,448 for
"Sulfated Non-ionic Block Copolymer Surfactant as
Stabilizer Coatings for Nanoparticle Compositions;"
U.S. Pat. No. 5,571,536 for "Formulations of Compounds
as Nanoparticulate Dispersions in Digestible Oils or
Fatty Acids;" U.S. Pat. No. 5,573,749 for
"Nanoparticulate Diagnostic Mixed Carboxylic Anydrides
as X-Ray Contrast Agents for Blood Pool and Lymphatic
System Imaging;" U.S. Pat. No. 5,573,750 for
"Diagnostic Imaging X-Ray Contrast Agents;" U.S. Pat.
No. 5,573,783 for "Redispersible Nanoparticulate Film
Matrices With Protective Overcoats;" U.S. Pat. No.
5,580,579 for "Site-specific Adhesion Within the GI
Tract Using Nanoparticles Stabilized by High Molecular
Weight, Linear Poly(ethylene Oxide) Polymers;" U.S.
Pat. No. 5,585,108 for "Formulations of Oral
Gastrointestinal Therapeutic Agents in Combination
with Pharmaceutically Acceptable Clays;" U.S. Pat. No.
5,587,143 for "Butylene Oxide-Ethylene Oxide Block
Copolymers Surfactants as Stabilizer Coatings for
Nanoparticulate Compositions;" U.S. Pat. No. 5,591,456
for "Milled Naproxen with Hydroxypropyl Cellulose as
Dispersion Stabilizer;" U.S. Pat. No. 5,593,657 for
"Novel Barium Salt Formulations Stabilized by
Non-ionic and Anionic Stabilizers;" U.S. Pat. No.
5,622,938 for "Sugar Based Surfactant forNanocrystals;
" U.S. Pat. No. 5,628,981 for "Improved Formulations
of Oral Gastrointestinal Diagnostic X-Ray Contrast
Agents and Oral Gastrointestinal Therapeutic Agents;"
U.S. Pat. No. 5,643,552 for "Nanoparticulate
Diagnostic Mixed Carbonic Anhydrides as X-Ray Contrast
Agents for Blood Pool and Lymphatic System Imaging;"
U.S. Pat. No. 5,718,388 for "Continuous Method of
Grinding Pharmaceutical Substances;" U.S. Pat. No.
5,718,919 for "Nanoparticles Containing the R(-
)Enantiomer of Ibuprofen;" U.S. Pat. No. 5,747,001 for
"Aerosols Containing Beclomethasone Nanoparticle
Dispersions;" U.S. Pat. No. 5,834,025 for "Reduction
ofIntravenously Administered Nanoparticulate
Formulation Induced Adverse Physiological Reactions;"
U.S. Pat. No. 6,045,829 "Nanocrystalline Formulations
of Human Immunodeficiency Virus (HIV) Protease
Inhibitors Using Cellulosic Surface Stabilizers;" U.S.
Pat. No. 6,068,858 for "Methods of Making
Nanocrystalline Formulations of Human Immunodeficiency
Virus (HIV) Protease Inhibitors Using Cellulosic
Surface Stabilizers;" U.S. Pat. No. 6,153,225 for
"Injectable Formulations of Nanoparticulate Naproxen;"
U.S. Pat. 



No. 6,165,506 for "New Solid Dose Form of
Nanoparticulate Naproxen;" U.S. Pat. No. 6,221,400 for
"Methods of Treating Mammals Using Nanocrystalline
Formulations of Human Immunodeficiency Virus (HIV)
Protease Inhibitors;" U.S. Pat. No. 6,264,922 for
"Nebulized Aerosols Containing Nanoparticle
Dispersions;" U.S. Pat. No. 6,267,989 for "Methods for
Preventing Crystal Growth and Particle Aggregation in
Nanoparticle Compositions;" U.S. Pat. No. 6,270,806
for "Use of PEG-Derivatized Lipids as Surface
Stabilizers for Nanoparticulate Compositions;" U.S.
Pat. No. 6,316,029 for "Rapidly Disintegrating Solid
Oral Dosage Form," U.S. Pat. No. 6,375,986 for "Solid
Dose Nanoparticulate Compositions Comprising a
Synergistic Combination of a Polymeric Surface
Stabilizer and Dioctyl Sodium Sulfosuccinate;" U.S.
Pat. No. 6,428,814 for "Bioadhesive Nanoparticulate
Compositions Having Cationic Surface Stabilizers;"
U.S. Pat. No. 6,431,478 for "Small Scale Mill;" U.S.
Pat. No. 6,432,381 for "Methods for Targeting Drug
Delivery to the Upper and/or Lower Gastrointestinal
Tract;" U.S. Pat. No. 6,582,285 for "Apparatus for
Sanitary Wet Milling;" and U.S. Pat. No. 6,592,903 for
"Nanoparticulate Dispersions Comprising a Synergistic
Combination of a Polymeric Surface Stabilizer and
Dioctyl Sodium Sulfosuccinate;" 6,656,504 for
"Nanoparticulate Compositions Comprising Amorphous
Cyclosporine;" 6,742,734 for "System and Method for
Milling Materials;" 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;" 6,976,647 for "System and Method
for Milling Materials;" and 6,991,191 for "Method of
Using a Small Scale Mill;" all of which are
specifically incorporated by reference. In addition,
U.S. Patent Application No. 20020012675 Al, published
on January 31, 2002, for "Controlled Release
Nanoparticulate Compositions," describes
nanoparticulate compositionsand is specifically
incorporated by reference. None of these references
describe compositions of nanoparticulate
bisphosphonates, nanoparticulate alendronate,
nanoparticulate pamidronate, or nanoparticulate
risedronate. Amorphous small particle compositions are
described, for example, in U.S. Pat. No. 4,783,484 for
"Particulate Composition and Use Thereof as
Antimicrobial Agent;" U.S. Pat. No. 4,826,689 for
"Method for Making Uniformly Sized Particles from
Water-Insoluble Organic Compounds;" U.S. Pat. No.
4,997,454 for "Method for Making Uniformly-Sized
Particles From Insoluble Compounds;" U.S. Pat. No.
5,741,522 for "Ultrasmall, Nonaggregated Porous
Particles of Uniform Size for Entrapping Gas Bubbles
Within and Methods;" and U.S. Pat. No. 5,776,496, for
"Ultrasmall Porous Particles for Enhancing Ultrasound
Back Scatter" all of which are specifically
incorporated herein by reference. There is a need for
compositions of bisphosphonates, such as alendronate,
pamidronate, and risedronate, that have enhanced
bioavailability and reduced adverse side effects,
including reduced gastrointestinal irritation. The
present invention satisfies these needs. SUMMARY OF
THE INVENTION 



It is an object of the invention to provide
nanoparticulate bisphosphonate compositions. Exemplary
bisphosphonates include but are not limited to
alendronate, pamidronate, risedronate, etidronate,
ibandronate, and zolendronic acid. The nanoparticulate
bisphosphonate has an effective average particle size
of less than about 2000 nm. The compositions of the
invention comprise at least one bisphosphonate and at
least one surface stabilizer for the nanoparticulate
bisphosphonate. The compositions of the invention can
be formulated into any pharmaceutically acceptable
dosage form. The compositions can also one or more
additional compounds useful in the treatment of
disorders relating to abnormal bone resorption. In one
embodiment, the nanoparticulate bisphosphonate, such
as alendronate, pamidronate, risedronate, etidronate,
ibandronate, and zolendronic acid, is formulated into
an injectable dosage form suitable for administration
by intramuscular or subcutaneous means. In one
embodiment, the injectable dosage form comprises a
complex of nanoparticulate bisphosphonate and
multivalent cations, such as Ca++, in combination with
at least one surface stabilizer.In yet another
embodiment of the invention, provided is an injectable
dosage form of a stable nanoparticulate
bisphosphonate, such as alendronate, pamidronate,
risedronate, etidronate, ibandronate, or zolendronic
acid, wherein the bisphosphonate is released from an
injectable depot over a period of time. Such a dosage
form is beneficial to patients suffering from
disorders relating to abnormal bone resorption, as the
dosage form provides therapeutic effects for extended
periods of time, thereby improving efficacy and
patient compliance. In one embodiment of the
invention, the injectable depot dosage form provides
therapeutic levels of drug for a period of up to about
five years. The injectable dosage forms can comprise,
for example, additional ingredients including
biodegradable polymers, lipid complexes, and/or oil
solutions which sequester the bisphosphonate and then
slowly release the drug from the injection site. It is
another object of the invention to provide oral dosage
forms of nanoparticulate bisphosphonate formulations
which overcome the bioavailability problems and other
problems associated with prior conventional
bisphosphonate formulations, such as FOSAMAX(r),
AREDIA(r), and ACTONEL(r), including gastrointestinal
irritation problems. The oral dosage form can
additionally comprise a penetration enhancer, such as
sodium caprylate, a chelating agent, a pH sensitive
coating, or a combination thereof. Another object of
the invention is to provide solid oral dosage forms
comprising a multiparticulate or monotlithic
composition comprising at least one nanoparticulate
bisphosphonate, such as alendronate, pamidronate,
risedronate, etidronate, ibandronate, or zolendronic
acid, and at least one surface stabilizer, wherein the
compositions have improved bioavailability and reduced
adverse gastrointestinal effects as compared to
conventional bisphosphonates. Another object of the
invention is a multiparticulate or monolithic oral
composition of a nanoparticulate bisphosphonate, such
as alendronate, pamidronate, risedronate, etidronate,
ibandronate, and zolendronic acid, and at least one
surface stabilizer, wherein a patient can 



take the composition just before bedtime or prior to
getting up in the morning. Another object of the
invention is a multiparticulate or monolithic oral
composition of a nanoparticulate bisphosphonate, such
as alendronate, pamidronate, risedronate, etidronate,
ibandronate, and zolendronic acid, and at least one
surface stabilizer, wherein the composition can be
taken by a patient without requiring that the patient
sit upright to avoidincurring the adverse
gastrointestinal effects of bisphosphonates.
Conventional bisphosphonate compositions, such as
FOSAMAX(r), AREDIA(r), ACTONEL(r), DIDRONEL(r),
BONIVA(r), and ZOMETA(r), cannot be taken just before
bedtime or prior to getting up in the morning. Such
conventional bisphosphonate compositions also require
that the patient sit upright for at least 30 minutes
following dosing to avoid incurring the adverse
gastrointestinal effects of bisphosphonates. These
limitations affect patient compliance with dosing
instructions, and consequently effectiveness of the
drugs. The above objects are realized by a
multiparticulate or monolithic composition comprising
at least one nanoparticulate bisphosphonate, such as
alendronate, pamidronate, risedronate, etidronate,
ibandronate, and zolendronic acid, at least one
surface stabilizer, and sodium caprylate. The
composition may further comprise a chelating agent.
The bisphosphonate particles are preferably coated
with a pH-sensitive coating. Following oral delivery,
the composition releases the bisphosphonate
nanoparticles in the intestine, thereby avoiding
gastrointestinal irritancy. ha another aspect of the
invention there is provided a method of preparing a
nanoparticulate bisphosphonate composition. The method
comprises: (1) dispersing at least one bisphosphonate,
such as alendronate, pamidronate, risedronate,
etidronate, ibandronate, and zolendronic acid, in a
liquid dispersion media in which the bisphosphonate is
poorly soluble; and (2) mechanically reducing the
particle size of the bisphosphonate to a desired
effective average particle size, e.g., less than about
2000 nm. One or more surface stabilizers can be added
to the composition before, during, or after particle
size reduction of the bisphosphonate. In one
embodiment, the bisphosphonate is complexed with
multivalent cations, such as Ca++, to reduce the water
solubility of the bisphosphonate. Such complexing
enables particle size reduction of the bisphosphonate
in an aqueous media. Following particle size
reduction, the nanoparticulate bisphosphonate
composition can be formulated into any
pharmaceutically acceptable dosage form, such as an
injectable or oral dosage form. In one embodiment,
this invention further discloses a method of making
multiparticulate or monolithic oral compositions of
the nanoparticulate bisphosphonate compositions of the
invention comprising the steps of mixing the
nanoparticulate bisphosphonate, at least one surface
stabilizer, sodium caprylate, and preferably, a
chelating agent, such as EDTA or EGTA, followed by
coating the drag particles with a pH-sensitivecoating.
The invention is also directed to methods of treatment
including but not limited to, the treatment of
disorders relating to abnormal bone resorption, using
the nanoparticulate bisphosphonate compositions of the
invention. Such methods comprise administering to a
subject a therapeutically effective amount of a
nanoparticulate bisphosphonate composition of the
invention. 



Both the foregoing general description and the
following detailed description are exemplary and
explanatory and are intended to provide further
explanation 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.
DETAILED DESCRIPTION OF THE INVENTION The present
invention is directed to nanoparticulate
bisphosphonate compositions comprising at least one
bisphosphonate, such as alendronate, pamidronate,
risedronate, etidronate, ibandronate, and zolendronic
acid, and at least one surface stabilizer, wherein the
bisphosphonate particles have an effective average
particle size of less than about 2000 irni.
Conventional tablets of bisphosphonates, such as
FOSAMAX(r), ACTONEL(r), DIDRONEL (r), and BONIVA(r),
have limited bioavailability. While bisphosphonates,
such as alendronate, pamidronate, risedronate,
etidronate, ibandronate, and zolendronate, are water
soluble, which is generally associated with high
bioavailability, upon administration conventional
bisphosphonates often complex with cations in the
surrounding environment and precipitate, thereby
inhibiting cellular diffusion of the bisphosphonate,
which is required for drug absorption. Moreover,
conventional bisphosphonates do not diffuse well
across the gut wall due to the high degree of polarity
of the compounds. The present invention encompasses
nanoparticulate bisphosphonate compositions
additionally comprising a chelating agent. The
chelating agent is proposed to enhance the
bioavailability of the bisphosphonate by bonding to
the cations in the gastrointestinal tract; i.e., the
chelating agent competes with the bisphosphonate for
binding to the cations in the gastrointestinal tract,
thereby reducing the quantity of bisphosphonate that
binds to the cations in the GI tract. The presence of
such a chelating agent would normally be expected
further decrease the bioavailability of the
bisphosphonate dosage form. However, reducingthe
particle size of the bisphosphonate to a
nanoparticulate size, which dramatically increases the
surface area of the drug, results in a bisphosphonate
composition with significantly improved
bioavailability as compared to conventional
bisphosphonate dosage forms. In another embodiment of
the invention, the nanoparticulate bisphosphonate can
be complexed with a multivalent cation, such as Ca++
or other salt that is poorly water soluble, or esters
or prodrugs that are poorly water soluble. Such
complexing enables particle size reduction of the
bisphosphonate in an aqueous media. Bisphosphonate
bioavailability can be further improved by mixing
particles of the bisphosphonate with sodium caprylate
particles, thereby allowing a smaller dose to give the
same in vivo blood levels as larger dosage amounts
required in the past. Moreover, for oral dosage forms,
the bisphosphonate particles can be coated with a
pH-sensitive coating that delays diffusion of the
contents of the particles until the particles reach
the intestine. Accordingly, the coated particles
lessen possible unwanted side effects resulting from
the release of currently used conventional
bisphosphonates in the gastrointestinal tract. The
methods and compositions of the invention are useful
for inhibiting bone resorption and for treating and
preventing abnormal bone resorption and conditions
associated therewith. Such conditions include both
generalized and localized bone loss. 



Also, the creation of bone having an abnormal
structure, as in Paget' s disease, can be associated
with abnormal bone resorption. The term "generalized
bone loss" means bone loss at multiple skeletal sites
or throughout the skeletal system. The term "localized
bone loss" means bone loss at one or more specific,
defined skeletal sites. Generalized bone loss is often
associated with osteoporosis. Osteoporosis is most
common in post-menopausal women, whose estrogen
production has been greatly diminished. However,
osteoporosis can also be steroid-induced and has been
observed in males due to age. Osteoporosis can be
induced by disease, e.g., rheumatoid arthritis, it can
be induced by secondary causes, e.g., glucocorticoid
therapy, or it can about with no identifiable cause,
i.e., osteoporosis. In the present invention,
preferred methods include the treatment or prevention
of abnormal bone resorption in osteoporotic humans.
Localized bone loss has been associated with
periodontal disease, bone fractures, and with
periprosthetic osteolysis (in other words where bone
resorption has occurred in proximity to a prosthetic
implant).Generalized or localized bone loss can occur
from disuse, which is often a problem for those
confined to a bed or a wheelchair, or for those who
have an immobilized limb set in a cast or in traction.
The methods and compositions of the invention are
useful for treating and/or preventing the following
conditions or disease states: osteoporosis, which can
include post menopausal osteoporosis, steroid-induced
osteoporosis, male osteoporosis, disease-induced
osteoporosis, idiopathic osteoporosis; Paget' s
disease; abnormally increased bone turnover;
periodontal disease; localized bone loss associated
with periprosthetic osteolysis; and bone fractures.
Advantages of the nanop articulate bisphosphonate
compositions of the invention as compared to
conventional bisphosphonate dosage forms, such as
FOSAMAX (r), AREDIA(r), ACTONEL (r), DIDRONEL (r),
BONIVA(r), and ZOMETA(r); include but are not limited
to: (1) increased bioavailability; (2) reduced
gastrointestinal irritation; (3) decreased pain upon
administration for injectable bisphosphonate dosage
forms of the invention; (4) smaller tablet or other
solid dosage form size; (5) smaller doses of
bisphosphonate required to obtain the same
pharmacological effect; (6) improved pharmacokinetic
profiles; (7) bioequivalency of the bisphosphonate
compositions of the invention when administered under
fed as compared to fasting conditions; (8) an
increased rate of dissolution; (9) bioadhesive
bisphosphonate compositions of the invention; and (10)
the compositions of the invention can be used in
conjunction with other active agents useful for the
treatment of disorders relating to abnormal bone
resorption. The invention also includes
nanoparticulate bisphosphonate compositions comprising
one or more non-toxic physiologically acceptable
carriers, adjuvants, or vehicles, collectively
referred to as carriers. The compositions can be
formulated for parenteral injection {e.g.,
intramuscular, or subcutaneous as a depot), oral
administration in solid, liquid, or aerosol form,
vaginal, nasal, otic, rectal, ocular, local (powders,
ointments or drops), buccal, intracisternal,
intraperitoneal, or topical administration, and the
like. 



Although exemplary dosage forms of the invention are a
solid dosage form and an injectable dosage form, any
pharmaceutically acceptable dosage form can be
utilized. Exemplary solid dosage forms include, but
are not limited to, tablets, capsules, sachets,
lozenges, powders, pills, or granules, and the solid
dosage form can be, for example, a fastmelt dosage
form, controlled release dosage form, lyophilized
dosage form, delayed release dosage form, extended
release dosage form, or a combination thereof. A solid
dose tablet formulation is preferred. In a preferred
form, a quantity of the injectable formulation is
maintained in a depot for continuous release to the
human patient by intramuscular or subcutaneous
injection. A. Definitions The present invention is
described herein using several definitions, as set
forth below and throughout the application. As used
herein, "about" will be understood by persons 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. As used herein with reference to
particles of the bisphosphonate, "stable" means that
the bisphosphonate particles do not appreciably
flocculate or agglomerate due to interparticle
attractive forces or otherwise spontaneously increase
in particle size. The term "effective average particle
size of less than about 2000 ran" as used herein means
that at least 50% of the bisphosphonate particles have
a size, by weight, of less than about 2000 run, when
measured by, for example, sedimentation field flow
fractionation, photon correlation spectroscopy, light
scattering, disk centrifugation, and other techniques
known to those of skill in the art. The term
"conventional" or "non-nanoparticulate" bisphosphonate
means a bisphosphonate which is solubilized or which
has an effective average particle size of greater than
about 2000 nm. Nanoparticulate active agents as
defined herein have an effective average particle size
of less than about 2000 nm. As used herein, the phrase
"therapeutically effective amount" shall mean the drug
dosage that provides the specific pharmacological
response for which the drug is administered in a
significant number of subjects in need of such
treatment. It is emphasized that a therapeutically
effective amount of a drug that is administered to a
particular subject in a particular instance will not
always be effective in treating the
conditions/diseases described herein, even though such
dosage is deemed to be a therapeutically effective
amount by thoseof skill in the art. The term "abnormal
bone resorption," as used herein means a degree of
bone resorption that exceeds the degree of bone
formation, either locally, or in the skeleton as a
whole. Alternatively, "abnormal bone resorption" can
be associated with the formation of bone having an
abnormal structure. The term "inhibiting bone
resorption," as used herein, means treating or
preventing bone resorption by the direct or indirect
alteration of osteoclast formation or activity.
Inhibition of bone resorption refers to treatment or
prevention of bone loss, especially the 



inhibition of removal of existing bone either from the
mineral phase and/or the organic matrix phase, through
direct or indirect alteration of osteoclast formation
or activity. The term "particulate" as used herein
refers to a state of matter which is characterized by
the presence of discrete particles, pellets, beads or
granules irrespective of their size, shape or
morphology. The term "multiparticulate" as used herein
means a plurality of discrete, or aggregated,
particles, pellets, beads, granules or mixture thereof
irrespective of their size, shape or morphology. B.
Preferred Characteristics of the Bisphosphonate
Compositions of the Invention 1. Increased
Bioavailability The nanoparticulate bisphosphonate,
such as alendronate, pamidronate, risedronate,
etidronate, ibandronate, and zolendronic acid,
compositions of the invention, including the oral
dosage forms, are proposed to exhibit increased
bioavailability and require smaller doses as compared
to prior conventional bisphosphonate compositions,
such as FOSAMAX(r), AREDIA(r), ACTONEL(r), DIDRONEL
(r), BONIVA(r), and ZOMETA(r). For nanoparticulate
bisphosphonate compositions comprising a chelating
agent, the particles of chelating agent improve the
bioavailability of the bisphosphonate by binding to
cations in the gastrointestinal tract. For certain
dosage forms, such as oral dosage forms, the
bioavailability of the nanoparticulate bisphosphonate
is also improved by the addition of sodium caprylate.
Also for certain dosage forms, such as oral dosage
forms, coating of the bisphosphonate particles with a
pH sensitive coating to prevent dissolution before the
bisphosphonate reaches the small intestine decreases
the adverse effects to the esophagus and the
stomach.Smaller bisphosphonate dosages, such as those
enabled by nanoparticulate bisphosphonate
compositions, benefit a patient by reducing the
potential for producing the adverse gastrointestinal
effects that can result from the administration of
conventional, nonnanoparticulate bisphosphonates, and
in particular, alendronate sodium. These effects may
occur in the esophagus, stomach, intestines and
rectum, particularly the upper gastrointestinal tract,
i.e., the esophagus and stomach. Non-limiting adverse
gastrointestinal effects for conventional
bisphosphonates, such as FOSAMAX(r), AREDIA(r),
ACTONEL(r), DIDRONEL(r), BONIVA(r), and ZOMETA(r),
include but are not limited to GERP, esophagitis,
dyspepsia, ulcers, esophageal irritation, esophageal
perforation, abdominal pain, and constipation. 2. The
Pharmacokinetic Profiles of the Nanoparticulate
Bisphosphonate Compositions of the Invention are not
Affected by the Fed or Fasted State of the Subject
Ingesting the Compositions The compositions of the
invention encompass a nanoparticulate bisphosphonate,
such as alendronate, pamidronate, risedronate,
etidronate, ibandronate, and zolendronic acid, wherein
the pharmacokinetic profile of the bisphosphonate is
not substantially affected by the fed or fasted state
of a subject ingesting the composition. This means
that there is little or no appreciable difference in
the quantity of bisphosphonate absorbed or the rate of
drug absorption when the nanoparticulate compositions
comprising a nanoparticulate 



bisphosphonate, such as alendronate, pamidronate,
risedronate, etidronate, ibandronate, and zolendronic
acid, are administered in the fed versus the fasted
state. Benefits of a dosage form which substantially
eliminates the effect of food include an increase in
subject convenience, thereby increasing subject
compliance, as the subject does not need to ensure
that they are taking a dose either with or without
food. This is significant, as with poor subject
compliance with a bisphosphonate, alendronate,
pamidronate, risedronate, etidronate, ibandronate, and
zolendronic acid, an increase in the medical condition
for which the drug is being prescribed may be
observed. The invention also preferably provides
compositions comprising at least one nanoparticulate
bisphosphonate, such as alendronate, pamidronate,
risedronate, etidronate, ibandronate, and zolendronic
acid, having a desirable pharmacokinetic profile when
administered to mammalian subjects. The desirable
pharmacokinetic profile of thecompositions comprising
at least one bisphosphonate preferably includes, but
is not limited to: (1) a Cmax for the bisphosphonate,
such as alendronate, pamidronate, risedronate,
etidronate, ibandronate, and zolendronic acid, when
assayed in the plasma of a mammalian subject following
administration, that is preferably greater than the
Cmax for a nonnanoparticulate formulation of the same
bisphosphonate (e.g., FOSAMAX(r), AREDIA(r),
ACTONEL(r), DIDRONEL(r), BONIVA(r), and ZOMETA(r)),
administered at the same dosage; and/or (2) an AUC for
the bisphosphonate, such as alendronate, pamidronate,
risedronate, etidronate, ibandronate, and zolendronic
acid, when assayed in the plasma of a mammalian
subject following administration, that is preferably
greater than the AUC for a nonnanoparticulate
formulation of the same bisphosphonate (e.g.,
FOSAMAX(r), AREDIA(r), ACTONEL(r), DIDRONEL(r),
BONIVA(r), and ZOMETA(r)), administered at the same
dosage; and/or (3) a Tmax for the bisphosphonate, such
as alendronate, pamidronate, risedronate, etidronate,
ibandronate, and zolendronic acid, when assayed in the
plasma of a mammalian subject following
administration, that is preferably less than the Tmax
for a nonnanoparticulate formulation of the same
bisphosphonate (e.g., FOSAMAX(r), AREDIA , ACTONEL(r),
DIDRONEL(r), BONIVA(r), and ZOMETA(r)), administered
at the same dosage. The desirable pharmacokinetic
profile, as used herein, is the pharmacokinetic
profile measured after the initial dose of the
bisphosphonate. In one embodiment, a composition
comprising at least one nanoparticulate
bisphosphonate, such as alendronate, pamidronate,
risedronate, etidronate, ibandronate, and zolendronic
acid, exhibits in comparative pharmacokinetic testing
with a non-nanoparticulate formulation of the same
bisphosphonate (e.g., FOSAMAX(r), AREDIA(r),
ACTONEL(r), DIDRONEL(r), BONIVA(r), and ZOMETA(r)),
administered at the same dosage, a Tmax not greater
than about 90%, not greater than about 80%, not
greater than about 70%, not greater than about 60%,
not greater than about 50%, not greater than about
30%, not greater than about 25%, not greater than
about 20%, not greater than about 15%, not greater
than about 10%, or not greater than about 5% of the
Tmax exhibited by the non-nanoparticulate
bisphosphonate formulation. In another embodiment, the
composition comprising at least one nanoparticulate 



bisphosphonate, such as alendronate, pamidronate,
risedronate, etidronate, ibandronate, and zolendronic
acid, exhibits in comparative pharmacokinetic testing
with a non-nanoparticulateformulation of the same
bisphosphonate (e.g., FOSAMAX(r), AREDIA(r),
ACTONEL(r), DIDRONEL(r), BONTVA(r), and ZOMETA(r)),
administered at the same dosage, a Cmax which is at
least about 50%, at least about 100%, at least about
200%, at least about 300%, at least about 400%, at
least about 500%, at least about 600%, at least about
700%, at least about 800%, at least about 900%, at
least about 1000%, at least about 1100%, at least
about 1200%, at least about 1300%, at least about
1400%, at least about 1500%, at least about 1600%, at
least about 1700%, at least about 1800%, or at least
about 1900% greater than the Cmax exhibited by the
non-nanoparticulate bisphosphonate formulation. In yet
another embodiment, the composition comprising at
least one nanoparticulate bisphosphonate, such as
alendronate, pamidronate, risedronate, etidronate,
ibandronate, and zolendronic acid, of the invention
exhibits in comparative pharmacokinetic testing with a
non-nanoparticulate formulation of the same
bisphosphonate (e.g., FOSAMAX (r), AREDIA(r),
ACTONEL(r), DIDRONEL (r), BONIVA(r), and ZOMETA(r)),
administered at the same dosage, an AUC which is at
least about 25%, at least about 50%, at least about
75%, at least about 100%, at least about 125%, at
least about 150%, at least about 175%, at least about
200%, at least about 225%, at least about 250%, at
least about 275%, at least about 300%, at least about
350%, at least about 400%, at least about 450%, at
least about 500%, at least about 550%, at least about
600%, at least about 750%, at least about 700%, at
least about 750%, at least about 800%, at least about
850%, at least about 900%, at least about 950%, at
least about 1000%, at least about 1050%, at least
about 1100%, at least about 1150%, or at least about
1200% greater than the AUC exhibited by the
non-nanoparticulate bisphosphonate formulation. 3.
Bioequivalency of the Bisphosphonate Compositions of
the Invention When Administered in the Fed Versus the
Fasted State The invention also encompasses a
composition comprising at least one nanoparticulate
bisphosphonate, such as alendronate, pamidronate,
risedronate, etidronate, ibandronate, and zolendronic
acid, in which administration of the composition to a
subject in a fasted state is bioequivalent to
administration of the composition to a subject in a
fed state. The difference in absorption of the
compositions comprising the nanoparticulate
bisphosphonate when administered in the fed versus the
fasted state, is preferably less thanabout 35%, less
than about 30%, less than about 25%, less than about
20%, less than about 15%, less than about 10%, less
than about 5%, or less than about 3%. In one
embodiment of the invention, the invention encompasses
compositions comprising at least one nanoparticulate
bisphosphonate, such as alendronate, pamidronate,
risedronate, etidronate, ibandronate, and zolendronic
acid, wherein administration of the composition to a
subject in a fasted state is bioequivalent to
administration of the composition to a subject in a
fed state, in particular as defined by Cmacand AUC
guidelines given by the U.S. Food and Drug
Administration and the corresponding European
regulatory agency (EMEA). Under U.S. FDA guidelines,
two products or methods are bioequivalent if the 90%
Confidence Intervals (CI) for AUC and Cmax are between
0.80 to 1.25 (Tmax 



measurements are not relevant to bioequivalence for
regulatory purposes). To show bioequivalency between
two compounds or administration conditions pursuant to
Europe's EMEA guidelines, the 90% CI for AUC must be
between 0.80 to 1.25 and the 90% CI for Cmax must
between 0.70 to 1.43. 4. Dissolution Profiles of the
Bisphosphonate Compositions of the Invention The
compositions of the invention comprising at least one
nanoparticulate bisphosphonate, such as alendronate,
pamidronate, risedronate, etidronate, ibandronate, and
zolendronic acid, have unexpectedly dramatic
dissolution profiles. Rapid dissolution of an
administered bisphosphonate is preferable, as faster
dissolution generally leads to faster onset of action
and greater bioavailability. To improve the
dissolution profile and bioavailability of comprising
at least one nanoparticulate bisphosphonate, it is
useful to increase the drug's dissolution so that it
could attain a level close to 100%. The compositions
of the invention comprising at least one
nanoparticulate bisphosphonate preferably have a
dissolution profile in which within about 5 minutes at
least about 20% of the composition is dissolved hi
other embodiments of the invention, at least about 30%
or at least about 40% of the composition comprising at
least one nanoparticulate bisphosphonate is dissolved
within about 5 minutes hi yet other embodiments of the
invention, preferably at least about 40%, at least
about 50%, at least about 60%, at least about 70%, or
at least about 80% of the composition comprising at
least one nanoparticulatebisphosphonate is dissolved
within about 10 minutes. Finally, in another
embodiment of the invention, preferably at least about
70%, at least about 80%, at least about 90%, or at
least about 100% of the composition comprising at
least one nanoparticulate bisphosphonate is dissolved
within about 20 minutes. Dissolution is preferably
measured in a medium which is discriminating. Such a
dissolution medium will produce two very different
dissolution curves for two products having very
different dissolution profiles in gastric juices,
i.e., the dissolution medium is predictive of in vivo
dissolution of a composition. An exemplary dissolution
medium is an aqueous medium containing the surfactant
sodium lauryl sulfate at 0.025 M. Determination of the
amount dissolved can be carried out by
spectrophotometry. The rotating blade method (European
Pharmacopoeia) can be used to measure dissolution. 5.
Redispersibility Profiles of the Nanoparticulate
Bisphosphonate Compositions of the Invention hi one
embodiment of the invention, the nanoparticulate
bisphosphonate compositions of the invention are
formulated into solid dose forms, including powders,
which redisperse such that the effective average
particle size of the redispersed bisphosphonate
particles is less than about 2 microns. This is
significant, as if upon administration the
nanoparticulate bisphosphonate compositions did not
redisperse to a nanoparticulate particle size, then
the dosage form may lose the benefits afforded by
formulating the bisphosphonate into a nanoparticulate
particle size. Indeed, the nanoparticulate
bisphosphonate compositions of the invention benefit 



from the small particle size of the bisphosphonate; if
the bisphosphonate does not redisperse into a small
particle size upon administration, then "clumps" or
agglomerated bisphosphonate particles are formed,
owing to the extremely high surface free energy of the
nanoparticulate system and the thermodynamic driving
force to achieve an overall reduction in free energy.
With the formation of such agglomerated particles, the
bioavailability of the bisphosphonate dosage form may
fall. Moreover, the nanoparticulate bisphosphonate
compositions of the invention exhibit dramatic
redispersion of the nanoparticulate bisphosphonate
particles upon administration to a mammal, such as a
human or animal, as demonstrated by
reconstitution/redispersion in a biorelevant aqueous
media such that the effective average particle size of
the redispersedbisphosphonate particles is less than
about 2 microns. Such biorelevant aqueous media can be
any aqueous media that exhibit the desired ionic
strength and pH, which form the basis for the
biorelevance of the media. The desired pH and ionic
strength are those that are representative of
physiological conditions found in the human body. Such
biorelevant aqueous media can be, for example, aqueous
electrolyte solutions or aqueous solutions of any
salt, acid, or base, or a combination thereof, which
exhibit the desired pH and ionic strength. Such
redispersion in a biorelevant media is predictive of
in vivo efficacy of the bisphosphonate dosage form.
Biorelevant pH is well known in the art. For example,
in the stomach, the pH ranges from slightly less than
2 (but typically greater than 1) up to 4 or 5. In the
small intestine the pH can range from 4 to 6, and in
the colon it can range from 6 to 8. Biorelevant ionic
strength is also well known in the art. Fasted state
gastric fluid has an ionic strength of about 0.1M
while fasted state intestinal fluid has an ionic
strength of about 0.14. See e.g., Lindahl et al.,
"Characterization of Fluids from the Stomach and
Proximal Jejunum in Men and Women," Pharm. Res., 14
(4): 497-502 (1997). It is believed that the pH and
ionic strength of the test solution is more critical
than the specific chemical content. Accordingly,
appropriate pH and ionic strength values can be
obtained through numerous combinations of strong
acids, strong bases, salts, single or multiple
conjugate acid-base pairs (i.e., weak acids and
corresponding salts of that acid), monoprotic and
polyprotic electrolytes, etc. Representative
electrolyte solutions can be, but are not limited to,
HCl solutions, ranging in concentration from about
0.001 to about 0.1 N, and NaCl solutions, ranging in
concentration from about 0.001 to about 0.1 M, and
mixtures thereof. For example, electrolyte solutions
can be, but are not limited to, about 0.1 N HCl or
less, about 0.01 N HCl or less, about 0.001 N HCl or
less, about 0.1 M NaCl or less, about 0.01 M NaCl or
less, about 0.001 M NaCl or less, and mixtures
thereof. Of these electrolyte solutions, 0.01 N HCl
and/or 0.1 M NaCl, are most representative of fasted
human physiological conditions, owing to the pH and
ionic strength conditions of the proximal
gastrointestinal tract. Electrolyte concentrations of
0.001 N HCl, 0.01 N HCl, and 0.1 N HCl correspond to
pH 3, pH 2, and pH 1, respectively. Thus, a 0.01 N HCl
solution simulates typical acidic conditions found in
the stomach. A solution of 0.1 M NaCl provides a
reasonableapproximation of the ionic strength
conditions found throughout the body, including the 



gastrointestinal fluids, although concentrations
higher than 0.1 M may be employed to simulate fed
conditions within the human GI tract. Exemplary
solutions of salts, acids, bases or combinations
thereof, which exhibit the desired pH and ionic
strength, include but are not limited to phosphoric
acid/phosphate salts + sodium, potassium and calcium
salts of chloride, acetic acid/acetate salts + sodium,
potassium and calcium salts of chloride, carbonic
acid/bicarbonate salts + sodium, potassium and calcium
salts of chloride, and citric acid/citrate salts +
sodium, potassium and calcium salts of chloride. In
other embodiments of the invention, the redispersed
bisphosphonate particles of the invention (redispersed
in an aqueous, biorelevant, or any other suitable
media) have an effective average particle size of less
than about 2000 nm, 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 900 nm, less than about
800 nm, less than about 700 nm, less than about 650
nm, less than about 600 nm, less than about 550 nm,
less than about 500 nm, less than about 450 nm, less
than about 400 nm, less than about 350 nm, less than
about 300 nm, less than about 250 nm, less than about
200 nm, less than about 150 nm, less than about 100
nm, less than about 75 nm, or less than about 50 nm,
as measured by light-scattering methods, microscopy,
or other appropriate methods. Such methods suitable
for measuring effective average particle size are
known to a person of ordinary skill in the art.
Redispersibility can be tested using any suitable
means known in the art. See e.g., the example sections
of U.S. Patent No. 6,375,986 for "Solid Dose
Nanoparticulate Compositions Comprising a Synergistic
Combination of a Polymeric Surface Stabilizer and
Dioctyl Sodium Sulfosuccinate." 6. Nanoparticulate
Bisphosphonate Compositions Used in Conjunction with
Other Active Agents The compositions of the invention
comprising at least one nanoparticulate
bisphosphonate, such as alendronate, pamidronate,
risedronate, etidronate, ibandronate, and zolendronic
acid, can additionally comprise one or more compounds
useful in treating boneresorption or related
conditions. The compositions of the invention can be
co-formulated with such other active agents, or the
compositions of the invention can be co-administered
or sequentially administered in conjunction with such
active agents. Exemplary additional active agents
include, but are not limited to, calcium supplements,
selective estrogen receptor modulators (e.g.,
raloxifene (EVISTA(r))), hormones such as calcitonin
(CALCIMAR (r) or MIACALCIN (r)), and or parathyroid
hormone (including PTH (1-84) and PTH (1-34) (e.g.,
teriparatide (FORTEO(r))). C. Compositions The
invention provides compositions comprising at least
one nanoparticulate bisphosphonate and at least one
surface stabilizer. The surface stabilizers are
preferably adsorbed to or associated with the surface
of the bisphosphonate particles. If the bisphosphonate
particles are present in a complex with a cation, then
the surface stabilizer is 



adsorbed to or associated with the surface of the
bisphosphonate complex. Surface stabilizers useful
herein do not chemically react with the bisphosphonate
particles or itself. Preferably, individual molecules
of the surface stabilizer are essentially free of
intermolecular crosslinkages. In another embodiment,
the nanoparticulate bisphosphonate compositions of the
invention can comprise two or more surface
stabilizers. The invention also includes
nanoparticulate bisphosphonates complexed with a
multivalent cation, such as Ca++ or other salt that is
poorly water soluble, or esters or prodrugs that are
poorly water soluble. Such complexing enables particle
size reduction of the bisphosphonate in an aqueous
media. The nanoparticulate bisphosphonate compositions
can comprise one or more non toxic physiologically
acceptable carriers, adjuvants, or vehicles,
collectively referred to as carriers. The compositions
can be formulated into any pharmaceutically acceptable
dosage form, including but not limited to oral and
injectable dosage forms. 1. Bisphosphonates The
methods and compositions of the invention comprise a
bisphosphonate, including but not limited to
alendronate, pamidronate, risedronate, etidronate,
ibandronate, and zolendronic acid. The bisphosphonate
when applicable, may be present either in the form of
one substantially optically pure enantiomer or as a
mixture, racemic or otherwise, ofenantiomers. The
bisphosphonates of the invention are also referred to
interchangeably as the "compounds of bisphosphonate."
The bisphosphonates of the invention correspond to the
chemical formula: wherein: A and X are independently
selected from the group consisting of H, OH, halogen,
NH2, SH, phenyl, C1-C30 alkyl, C1-C30 substituted
alkyl, Cl-ClO alkyl or dialkyl substituted NH2, Cl-ClO
alkoxy, Cl-ClO alkyl or phenyl substituted thio,
Cl-ClO alkyl substituted phenyl, pyridyl, furanyl,
pyrrolidinyl, imidazonyl, and benzyl. In the foregoing
chemical formula, the alkyl groups can be straight,
branched, or cyclic, provided sufficient atoms are
selected for the chemical formula. The C1-C30
substituted alkyl can include a wide variety of
substituents, non-limiting examples which include
those selected from the group consisting of phenyl,
pyridyl, furanyl, pyrrolidinyl, imidazonyl, NH2,
Cl-ClO alkyl or dialkyl substituted NH2, OH, SH, and
Cl-ClO alkoxy. The foregoing chemical formula is also
intended to encompass complex carbocyclic, aromatic
and hetero atom structures for the A and/or X
substituents, non-limiting examples of which include
naphthyl, quinolyl, isoquinolyl, adamantyl, and
chlorophenylthio. Preferred structures are those in
which A is selected from the group consisting of H,
OH, and halogen, and X is selected from the group
consisting of C1-C30 alkyl, C1-C30 substituted alkyl,
halogen, and Cl-ClO alkyl or phenyl substituted thio.
More preferred structures are those in which A is
selected from the group consisting of H, OH, and Cl,
and X is selected from the group consisting of C1-C30
alkyl, C1-C30 substituted alkyl, Cl, and
chlorophenylthio. Most preferred is when A is OH and X
is a 3-aminopropyl moiety, so that the resulting
compound is a 4-amino-l,-hydroxybutylidene- 1,1
-bisphosphonate, i.e., 



alendronate. Pharmaceutically acceptable salts and
derivatives of the bisphosphonates are also useful
herein. Non-limiting examples of salts include those
selected from the groupconsisting alkali metal,
alkaline metal, ammonium, and mono-, di, tri-, or
tetra-Cl-C30- alkyl-substituted ammonium. Preferred
salts are those selected from the group consisting of
sodium, potassium, calcium, magnesium, and ammonium
salts. Non-limiting examples of derivatives include
those selected from the group consisting of esters,
hydrates, and amides. "Pharmaceutically acceptable" as
used herein means that the salts and derivatives of
the bisphosphonates have the same general
pharmacological properties as the free acid from which
they are derived and are acceptable from a toxicity
viewpoint. The terms "bisphosphonate" and
"bisphosphonates," as used herein in referring to the
therapeutic agents of the invention are meant to also
encompass diphosphonates, biphosphonic acids, and
diphosphonic acids, as well as salts and derivatives
of these materials. The use of a specific nomenclature
in referring to the bisphosphonate or bisphosphonates
is not meant to limit the scope of the present
invention, unless specifically indicated. Because of
the mixed nomenclature currently in use by those of
ordinary skill in the art, reference to a specific
weight or percentage of a bisphosphonate compound in
the present invention is on an acid active weight
basis, unless indicated otherwise herein. For example,
the phrase "about 70 mg of a bone resorption
inhibiting bisphosphonate selected from the group
consisting of alendronate, pharmaceutically acceptable
salts thereof, and mixtures thereof, on an alendronic
acid active weight basis" means that the amount of the
bisphosphonate compound selected is calculated based
on 70 mg of alendronic acid. Non-limiting examples of
bisphosphonates useful herein include the following:
Alendronic acid, 4-amino- 1-hydroxybutylidene-
1,1-bisphosphonic acid.  Alendronate (also known as
alendronate sodium or monosodium trihydrate), 4-amino-
1-hydroxybutylidene- 1,1 -bisphosphonic acid
monosodium trihydrate.  Alendronic acid and
alendronate are described in United States Patent No.
4,922,007, to Kieczykowski et al, issued May 1, 1990,
and United States Patent No. 5,019,651, to
Kieczykowski, used May 28, 1991, both of which are
incorporated by reference herein in their entirety.
Cycloheptylaminomethylene- 1,1 -bisphosphonic acid, YM
175, Yamanouchi (cimadronate), as described in United
States Patent No. 4,970,335. 1,1 -dichloromethylene-
1,1-diphosphonic acid (clodronic acid), and the
disodium salt (clodronate, Procter and Gamble),
described in Belgium Patent 672,205 (1966) and J. Org.
Chem 32, 4111 (1967).
l-hydroxy-3-(l-pyrrolidinyl)-propylidene-l,l-bisphosph
onic acid (EB-1053).  1-hydroxyethane- 1,1
-diphosphonic acid (etidronic acid).
1-hydroxy-3-(N-methyl-N-pentylamino)propylidene-
1,1-bisphosphonic acid, also known as BM-2-210955,
Boehringer-Mannheim (ibandronate), described in U.S.
Patent No. 4,927,814.  [(cycloheptyl-amino) methylene]
bisphosphonic acid (incadronic acid).
6-amino-l-hydroxyhexylidene- 1,1 -bisphosphonic acid
(neridronate). 



3-(dimethylamino)-l-hydroxypropylidene-l,l-bisphosphon
ic acid (olpadronate).  3-amino-1-hydroxypropylidene-
1,1-bisphosphonic acid (pamidronate).
[2-(2-pyridinyl)ethylidene]-l,l-bisphosphonic acid
(piridronate), described in U.S. Patent No. 4,761,406.
l-hydroxy-2-(3-pyridinyl)-ethylidene-l,l-bisphosphonic
acid (risedronate).
(4-chlorophenyl)thiomethane-l,l-disphosphonic acid
(tiludronate), described in U.S. Patent No. 4,876,248.
1-hydroxy-2-(l H-imidazol- 1-yl)ethylidene-
1,1-bisphosphonic acid (zolendronate).  Exemplary
bisphosphonates include but are not limited to
alendronate, incadronate, olpadronate, cimadronate,
clodronate, tiludronate, etidronate, neridronate,
ibandronate, risedronate, piridronate, pamidronate,
zolendronate, pharmaceutically acceptable salts
thereof, such as alendronate sodium and alendronate
monosodium trihydrate, and mixtures thereof. 2.
Surface Stabilizers Combinations of more than one
surface stabilizer can be used in the nanoparticulate
bisphosphonate compositions of the invention. Suitable
surface stabilizers include, but are not limited to,
known organic and inorganic pharmaceutical excipients.
Such excipients include various polymers, low
molecular weight oligomers, natural products, and
surfactants.Surface stabilizers include nonionic,
ionic, anionic, cationic, and zwitterionic
surfactants. Representative examples of surface
stabilizers include but are not limited to
hydroxypropyl methylcellulose (now known as
hypromellose), hydroxypropylcellulose,
polyvinylpyrrolidone, sodium lauryl sulfate,
dioctylsulfosuccinate, gelatin, casein, lecithin
(phosphatides), dextran, gum acacia, cholesterol,
tragacanth, stearic acid, benzalkonium chloride,
calcium stearate, glycerol monostearate, cetostearyl
alcohol, cetomacrogol emulsifying wax, sorbitan
esters, polyoxyethylene alkyl ethers (e.g., macrogol
ethers such as cetomacrogol 1000), polyoxyethylene
castor oil derivatives, polyoxyethylene sorbitan fatty
acid esters (e.g., the commercially available
Tweens(r) such as e.g., Tween 20(r) and Tween 80(r)
(ICI Speciality Chemicals)); polyethylene glycols
(e.g., Carbowaxes 3550(r) and 934(r) (Union Carbide)),
polyoxyethylene stearates, colloidal silicon dioxide,
phosphates, carboxymethylcellulose calcium,
carboxymethylcellulose sodium, methylcellulose,
hydroxyethylcellulose, hypromellose phthalate,
noncrystalline cellulose, magnesium aluminum silicate,
triethanolamine, polyvinyl alcohol (PVA),
4-(l,l,3,3-tetramethylbutyl)- phenol polymer with
ethylene oxide and formaldehyde (also known as
tyloxapol, superione, and triton), poloxamers (e.g.,
Pluronics F68(r) and F108(r), which are block
copolymers of ethylene oxide and propylene oxide);
poloxamines (e.g., Tetronic 908(r), also known as
Poloxamine 908(r), which is a tetrafunctional block
copolymer derived from sequential addition of
propylene oxide and ethylene oxide to ethylenediamine
(BASF Wyandotte Corporation, Parsippany, NJ.));
Tetronic 1508(r) (T-1508) (BASF Wyandotte
Corporation), Tritons X-200(r), which is an alkyl aryl
polyether sulfonate (Rohm and Haas); Crodestas F- 



110(r), which is a mixture of sucrose stearate and
sucrose distearate (Croda Inc.);
pisononylphenoxypoly-( glycidol), also known as
Olin-IOG(r) or Surfactant 10-G(r) (Olin Chemicals,
Stamford, CT); Crodestas SL-40(r) (Croda, Inc.); and
SA9OHCO, which is
C18H37CH2(CON(CH3)-CH2(CHOH)4(CH20H)2 (Eastman Kodak
Co.); decanoyl-Nmethylglucamide; n-decyl
(-D-glucopyranoside; n-decyl (-D-maltopyranoside;
n-dodecyl (- D-glucopyranoside; n-dodecyl
(-D-maltoside; heptanoyl-N-methylglucamide;
n-heptyl-(-Dglucopyranoside; n-heptyl
(-D-thioglucoside; n-hexyl (-D-glucopyranoside;
nonanoyl-Nmethylglucamide; n-noyl (-D-glucopyranoside;
octanoyl-N-methylglucamide;
n-octyl-(-Dglucopyranoside; octyl
(-D-thioglucopyranoside; PEG-phospholipid,
PEG-cholesterol, PEGcholesterol derivative,
PEG-vitamin A, PEG-vitamin E, lysozyme, random
copolymers ofvinyl pyrrolidone and vinyl acetate, and
the like. Examples of useful cationic surface
stabilizers include, but are not limited to, polymers,
biopolymers, polysaccharides, cellulosics, alginates,
phospholipids, and nonpolymeric compounds, such as
zwitterionic stabilizers, poly-n-methylpyridinium,
anthryul pyridinium chloride, cationic phospholipids,
chitosan, polylysine, polyvinylimidazole, polybrene,
polymethylmethacrylate trimethylammoniumbromide
bromide (PMMTMABr), hexyldesyltrimethylammonium
bromide (HDMAB), and
polyvinylpyrrolidone-2-dimethylaminoethyl methacrylate
dimethyl sulfate. Other useful cationic stabilizers
include, but are not limited to, cationic lipids,
sulfonium, phosphonium, and quarternary ammonium
compounds, such as stearyltrimethylammonium chloride,
benzyldi( 2-chloroethyl)ethylammonium bromide, coconut
trimethyl ammonium chloride or bromide, coconut methyl
dihydroxyethyl ammonium chloride or bromide, decyl
triethyl ammonium chloride, decyl dimethyl
hydroxyethyl ammonium chloride or bromide, C12-
15dimethyl hydroxyethyl ammonium chloride or bromide,
coconut dimethyl hydroxyethyl ammonium chloride or
bromide, myristyl trimethyl ammonium methyl sulfate,
lauryl dimethyl benzyl ammonium chloride or bromide,
lauryl dimethyl (ethenoxy)4 ammonium chloride or
bromide, N-alkyl (C12-18)dimethylbenzyl ammonium
chloride, N-alkyl (C14- 18)dimethyl-benzyl ammonium
chloride, N-tetradecylidmethylbenzyl ammonium chloride
monohydrate, dimethyl didecyl ammonium chloride,
N-alkyl and (C12- 14) dimethyl 1- napthylmethyl
ammonium chloride, trimethylammonium halide,
alkyl-trimethylammonium salts and
dialkyl-dimethylammonium salts, lauryl trimethyl
ammonium chloride, ethoxylated
alkyamidoalkyldialkylammonium salt and/or an
ethoxylated trialkyl ammonium salt, dialkylbenzene
dialkylammonium chloride, N-didecyldimethyl ammonium
chloride, Ntetradecyldimethylbenzyl ammonium, chloride
monohydrate, N-alkyl(C12-14) dimethyl 1-
naphthylmethyl ammonium chloride and
dodecyldimethylbenzyl ammonium chloride, dialkyl
benzenealkyl ammonium chloride, lauryl trimethyl
ammonium chloride, alkylbenzyl methyl ammonium
chloride, alkyl benzyl dimethyl ammonium bromide, C12,
C15, C17 trimethyl ammonium bromides, dodecylbenzyl
triethyl ammonium chloride,
polydiallyldimethylammonium chloride (DADMAC),
dimethyl ammonium chlorides, alkyldimethylammonium
halogenides, tricetyl methyl ammonium chloride,
decyltrimethylammonium bromide,
dodecyltriethylammonium
bromide,tetradecyltrimethylammonium bromide, methyl
trioctylammonium chloride (ALIQUAT 



336), POLYQUAT, tetrabutylammonium bromide, benzyl
trimethylammonium bromide, choline esters (such as
choline esters of fatty acids), benzalkonium chloride,
stearalkonium chloride compounds (such as
stearyltrimonium chloride and distearyldimonium
chloride), cetyl pyridinium bromide or chloride,
halide salts of quaternized polyoxyethylalkylamines,
MIRAPOL and ALKlAQUAT(Alkaril Chemical Company), alkyl
pyridinium salts; amines, such as alkylamines,
dialkylamines, alkanolamines, polyethylenepolyamines,
N5Ndialkylaminoalkyl acrylates, and vinyl pyridine,
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. 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. Rubingh (Editor), Cationic
Surfactants: Physical Chemistry (Marcel Dekker, 1991);
and J . Richmond, Cationic Surfactants: Organic
Chemistry, (Marcel Dekker, 1990). Nonpolymeric surface
stabilizers 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 compound, a pyridinium
compound, an anilinium compound, an ammonium 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(+): (i) none of Rl -R4 are CH3; (ii)
one ofRl-R4 is CH3; (iii) three of Rl -R4 are CH3;
(iv) all of R1-R4 are CH3; (v) two of R1-R4 are CH3,
one of R1-R4 is C6H5CH2, and one of R1-R4 is an alkyl
chain of seven carbon atoms or less; (vi) two of R1-R4
are CH3, one of R1-R4 is C6H5CH2, and one of R1-R4 is
analkyl chain of nineteen carbon atoms or more; (vii)
two of R1-R4 are CH3 and one of R1-R4 is the group
C6H5(CH2)n, where n>l; (viii) two of R1-R4 are CH3,
one of R1-R4 is C6H5CH2, and one of R1-R4 comprises at
least one heteroatom; (ix) two of R1-R4 are CH3, one
of R1-R4 is C6H5CH2, and one of R1-R4 comprises at
least one halogen; (x) two of R1-R4 are CH3, one of
R1-R4 is C6H5CH2, and one of R1-R4 comprises at least
one cyclic fragment; (xi) two of R1-R4 are CH3 and one
of R1-R4 is a phenyl ring; or (xii) two of R1-R4 are
CH3 and two of R1-R4 are purely aliphatic fragments. 



Such compounds include, but are not limited to,
behenalkonium chloride, benzethonium chloride,
cetylpyridinium chloride, behentrimonium chloride,
lauralkonium chloride, cetalkonium chloride,
cetrimonium bromide, cetrimonium chloride, cethylamine
hydrofluoride, chlorallylmethenamine chloride
(Quaternium-15), distearyldimonium chloride
(Quaternium-5), dodecyl dimethyl ethylbenzyl ammonium
chloride (Quaternium-14), Quaternium-22,
Quaternium-26, Quaternium-18 hectorite,
dimethylaminoethylchloride hydrochloride, cysteine
hydrochloride, diethanolammonium POE (10) oletyl ether
phosphate, diethanolammonium POE (3)oleyl ether
phosphate, tallow alkonium chloride, dimethyl
dioctadecylammoniumbentonite, stearalkonium chloride,
domiphen bromide, denatonium benzoate, myristalkonium
chloride, laurtrimonium chloride, ethylenediamine
dihydrochloride, guanidine hydrochloride, pyridoxine
HCl, iofetamine hydrochloride, meglumine
hydrochloride, methylbenzethonium chloride,
myrtrimonium bromide, oleyltrimonium chloride,
polyquaternium-1, procainehydrochloride, cocobetaine,
stearalkonium bentonite, stearalkoniumhectonite,
stearyl trihydroxyethyl propylenediamine
dihydrofluoride, tallowtrimonium chloride, and
hexadecyltrimethyl ammonium bromide. Most of these
surface stabilizers are known pharmaceutical
excipients and are described in detail in the Handbook
of Pharmaceutical Excipients, published jointly by the
American Pharmaceutical Association and The
Pharmaceutical Society of Great Britain (The
Pharmaceutical Press, 2000), specifically incorporated
herein by reference.Povidone Polymers Povidone
polymers are exemplary surface stabilizers for use in
formulating an injectable nanoparticulate
bisphosphonate composition. Povidone polymers, also
known as polyvidon(e), povidonum, PVP, and
polyvinylpyrrolidone, are sold under the trade names
Kollidon(r) (BASF Corp.) and Plasdone(r) (ISP
Technologies, Inc.). They are polydisperse
macromolecular molecules, with a chemical name of
l-ethenyl-2-pyrrolidinone polymers and
l-vinyl-2-pyrrolidinone polymers. Povidone polymers
are produced commercially as a series of products
having mean molecular weights ranging from about
10,000 to about 700,000 daltons. To be useful as a
surface modifier for a drug compound to be
administered to a mammal, the povidone polymer must
have a molecular weight of less than about 40,000
daltons, as a molecular weight of greater than 40,000
daltons would have difficulty clearing the body.
Povidone polymers are prepared by, for example,
Reppe's process, comprising: (1) obtaining
1,4-butanediol from acetylene and formaldehyde by the
Reppe butadiene synthesis; (2) dehydrogenating the
1,4-butanediol over copper at 200 to form g-
butyrolactone; and (3) reacting g-butyrolactone with
ammonia to yield pyrrolidone. Subsequent treatment
with acetylene gives the vinyl pyrrolidone monomer.
Polymerization is carried out by heating in the
presence of H2O and NH3. See The Merck Index, 10th
Edition, pp. 7581 (Merck & Co., Rahway, NJ, 1983). The
manufacturing process for povidone polymers produces
polymers containing molecules of unequal chain length,
and thus different molecular weights. The molecular
weights of the molecules vary about a mean or average
for each particular commercially 



available grade. Because it is difficult to determine
the polymer's molecular weight directly, the most
widely used method of classifying various molecular
weight grades is by K-values, based on viscosity
measurements. The K-values of various grades of
povidone polymers represent a function of the average
molecular weight, and are derived from viscosity
measurements and calculated according to Fikentscher's
formula. The weight-average of the molecular weight,
Mw, is determined by methods that measure the weights
of the individual molecules, such as by light
scattering. Table 1 provides molecular weight data for
several commercially available povidone polymers, all
of which are soluble.TABLE l *Because the molecular
weight is greater than 40,000 daltons, this povidone
polymer is not useful as a surface stabilizer for a
drug compound to be administered parenterally (i.e.,
injected). **Mv is the viscosity-average molecular
weight, Mn is the number-average molecular weight, and
Mw is the weight average molecular weight. Mw and Mn
were determined by light scattering and
ultra-centrifugation, and Mv was determined by
viscosity measurements. Based on the data provided in
Table 1, exemplary useful commercially available
povidone polymers include, but are not limited to,
Plasdone C-1 5(r), Kollidon 12 PF", Kollidon 17 PF(r),
and Kollidon 25(r). 3. Other Pharmaceutical Excipients
The nanoparticulate bisphosphonate compositions of the
invention may also comprise one or more binding
agents, filling agents, penetration enhancers,
lubricating agents, suspending agents, sweeteners,
flavoring agents, preservatives, buffers, wetting
agents, disintegrants, effervescent agents, and other
excipients. Such excipients are known in the art.
Typical bonding agents or binders are starch paste or
methyl cellulose. Examples of filling agents are
lactose monohydrate, lactose anhydrous, and various
starches. Examples of binding agents are various
celluloses and cross-linked polyvinylpyrrolidone,
microcrystalline cellulose, such as Avicel(r) PHlOl
and Avicel(r) PHl 02, microcrystalline cellulose, and
silicified microcrystalline cellulose (ProSolv
SMCC(r)). Suitable lubricants, including agents that
act on the flowability of the powder to be compressed,
are colloidal silicon dioxide, such as Aerosil(r) 200,
talc, stearic acid, magnesium stearate, calcium
stearate, and silica gel. Aqueous suspensions
comprising the nanoparticulate bisphosphonate can be
in admixture with excipients suitable for the
manufacture of aqueous suspensions. Such excipients
are suspending agents, for example, sodium
carboxymethylcellulose,methylcellulose,
hydroxy-propylmethylcellulose, sodium alginate,
polyvinylpyrrolidone, gum tragacanth and gum acadia.
Examples of sweeteners are any natural or artificial
sweetener, such as sucrose, xylitol, sodium saccharin,
cyclamate, aspartame, and acsulfame. Examples of
flavoring agents are Magnasweet (r) (trademark of
MAFCO), bubble gum flavor, and fruit flavors, and the
like. Examples of preservatives are potassium sorbate,
methylparaben, propylparaben, 



benzoic acid and its salts, other esters of
parahydroxybenzoic acid such as butylparaben, alcohols
such as ethyl or benzyl alcohol, phenolic compounds
such as phenol, or quarternary compounds such as
benzalkonium chloride. Examples of buffers are
phosphate buffers, citrate buffers and buffers made
from other organic acids. Examples of wetting or
dispersing agents are a naturally-occurring
phosphatide, for example, lecithin or condensation
products of n-alkylene oxide with fatty acids, for
example, polyoxyethylene stearate, or condensation
products of ethylene oxide with long chain aliphatic
alcohols, for example heptadecaethylene-oxycetanol, or
condensation products of ethylene oxide with partial
esters derived from fatty acids and a hexitol such as
polyoxyethylene sorbitol mono-oleate, or condensation
products of ethylene oxide with partial esters derived
from fatty acids and hexitol anhydrides, for example,
polyethylene sorbitan monooleate. Suitable diluents
include pharmaceutically acceptable inert fillers,
such as microcrystalline cellulose, lactose, dibasic
calcium phosphate, saccharides, and/or mixtures of any
of the foregoing. Examples of diluents include
microcrystalline cellulose, such as Avicel(r) PHlOl
and Avicel(r) PHl 02; lactose such as lactose
monohydrate, lactose anhydrous, and Pharmatose(r)
DCL21; dibasic calcium phosphate such as Emcompress
(r); mannitol; starch; sorbitol; sucrose; and glucose.
Suitable disintegrants include lightly crosslinked
polyvinyl pyrrolidone, corn starch, potato starch,
maize starch, and modified starches, croscarmellose
sodium, cross-povidone, sodium starch glycolate, and
mixtures thereof. Examples of effervescent agents are
effervescent couples such as an organic acid and a
carbonate or bicarbonate. Suitable organic acids
include, for example, citric, tartaric, malic,fumaric,
adipic, succinic, and alginic acids and anhydrides and
acid salts. Suitable carbonates and bicarbonates
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. 4.
Complexing Agents The nanoparticulate bisphosphonate
can be complexed with a multivalent or divalent
cation, such as Ca++> Zn2+,Mn2+, or other salt that is
poorly water soluble, or esters or prodrugs that are
poorly water soluble. Such complexing enables particle
size reduction of the bisphosphonate in an aqueous
media. 5. Enhancers The bisphosphonate component of
the composition maybe accompanied, for example, by an
enhancer compound to modify the bioavailability or
therapeutic effect of the active ingredient. As used
herein, the term "enhancer" refers to a compound which
is capable of enhancing the absorption and/or
bioavailability of an active ingredient by promoting
net transport across the gastro-intestinal tract in an
animal, such as a human. Enhancers include but are not
limited to medium chain fatty acids; salts, esters,
ethers and derivatives thereof, 



including glycerides and triglycerides; non-ionic
surfactants such as those that can be prepared by
reacting ethylene oxide with a fatty acid, a fatty
alcohol, an alkylphenol or a sorbitan or glycerol
fatty acid ester; cytochrome P450 inhibitors,
P-glycoprotein inhibitors and the like; and mixtures
of two or more of these agents. 6. Solid Dosage Forms
of Nanoparticulate Bisphosphonates The
multi-particulate or monolithic oral nanoparticulate
bisphosphonate compositions of the invention
preferably include at least one chelating agent,
sodium caprylate, and a pHsensitive coating.
Conventional tablets of bisphosphonates, such as
FOSAMAX(r), ACTONEL(r), DIDRONEL(r), and BONIVA(r),
have limited bioavailability. While bisphosphonates
are water soluble, which is generally associated with
high bioavailability, upon administrationconventional
bisphosphonates often complex with cations in the
surrounding environment and precipitate, thereby
inhibiting cellular diffusion. The presence of a
chelating agent in the oral dosage forms of the
invention is proposed to enhance the bioavailability
of the active ingredient by bonding to the cations in
the gastrointestinal tract instead of bisphosphonate.
Typical chelating agents are a-hydroxy fatty acids,
palmitic acid, phytic acid, (lactoferrin), a-hydroxy
acids (for example citric acid, lactic acid, malic
acid), humic acid, bile acid, bile extracts,
bilirubin, biliverdin, ethylene diamine tetracetic
acid ("EDTA") and ethyleneglycol-b-s-(beta-aminoethyl
ether) -N N N N1 -tetracetic acid ("EGTA") and their
derivatives, unsaturated fatty acids and their
derivatives (for example g -linolenic acid, linolic
acid, oleic acid), folic acid and its derivatives, and
alaninediacetic acid. The preferred chelating agents
are EDTA and EGTA. The most preferred chelating agent
is EDTA. The pH-sensitive coatings useful in the
practice of the present invention are preferably
anionic polymers of methacrylic acid, methacrylates
and their phthalate esters commercially available as
the Eudragit(r) series of polymers and mixtures
thereof. Bisphosphonate bioavailability is further
improved by mixing particles of the bisphosphonate
with sodium caprylate particles thereby allowing a
smaller dose to give the same in vivo blood levels as
larger dosage amounts required in the past. Moreover,
the bisphosphonate particles can be coated with a
pH-sensitive coating, which delays diffusion of
bisphosphonate particles until the composition reaches
the intestine. Accordingly, the coated particles
lessen possible unwanted side effects resulting from
the release of currently used bisphosphonates in the
gastrointestinal tract. A multi-particulate or
monolithic oral modified release composition according
to the invention may be incorporated into any suitable
dosage form. Typically, the dosage form will be a
blend of the different populations of particles of
bisphosphonate for the treatment of disorders relating
to abnormal bone resorption, particles of sodium
caprylate and of a chelating agent. The particles are
preferably coated with a pH-sensitive coating. The
particles may be blended and the blend filled into
suitable capsules, such as hard or soft gelatin
capsules. The ingredient-containing particles may be
compressed (optionally with additional excipients)
into mini-tablets. The composition according to the
invention may comprise at least two populations of 



bisphosphonate-comprismg particles which have
different in vitro dissolution profiles.
Suchdissolution profiles can be altered, for example,
by varying the components present in the two or more
populations or by varying the particle size of the
bisphosphonate particles present in each population.
Preferably, in operation the composition of the
invention and the solid oral dosage forms comprising
the composition do not release the bisphosphonate
until the active ingredient reaches the intestine.
Release of the bisphosphonate is delayed, as described
above, by the use of a pH sensitive coating on the
active ingredient, sodium caprylate and preferably, a
chelating agent. 7. Injectable Nanoparticulate
Bisphosphonate Formulations of the Invention The
injectable dosage forms of the nanoparticulate
bisphosphonate compositions of the invention
preferably comprise at least one nanoparticulate
bisphosphonate and at least one surface stabilizer,
wherein the nanoparticulate bisphosphonate is
complexed with a salt or a poorly water soluble
prodrug. The complex can also comprise a multivalent
cation, preferably a divalent cation, such as Ca+
Zn2+, or Mn2+. The presence of such a multivalent or
divalent cation results in dramatically reduced side
effects and irritancy of the administered composition.
hi one embodiment, the composition is formulated into
an injectable dosage form for intramuscular or
subcutaneous injection, wherein the bisphosphonate
concentration in composition ranges from about 0.1% up
to about 60% (w/v). hi an exemplary embodiment, the
invention provides nanoparticulate bisphosphonate that
can comprise high drug concentrations in low injection
volumes. Exemplary compositions comprise, based on %
w/w: bisphosphonate 5 - 50% surface stabilizer 0.1-
50% preservatives 0.05 -0.25% pH adjusting agent pH
about 6 to about 7 water for injection q.s. Exemplary
preservatives include methylparaben (about 0.18% based
on %w/w), propylparaben (about 0.02% based on % w/w),
phenol (about 0.5% based on % w/w), and benzyl alcohol
(up to 2% v/v). An exemplary pH adjusting agent is
sodium hydroxide, andan exemplary liquid carrier is
sterile water for injection. Other useful
preservatives, pH adjusting agents, and liquid
carriers are well-known in the art. hi one embodiment
of the invention, provided are injectable
nanoparticulate bisphosphonate compositions that form
a subcutaneous or intramuscular depot to provide
continuous delivery of the drug to the mammal over a
period of time. The period of time can be up to about
1 week, up to about 2 weeks, up to about 3 weeks, up
to about 4 weeks, up to about 1 month, up to about 2
months, up to about 3 months, up to about 4 months, up
to about 5 months, up to about 6 months, up to about 7
months, up to about 8 months, up to about 9 months, up
to about 10 months, up to about 11 months, up to about
12 months, up to about 18 months, up to about 2 years,
up to about 30 months, up to about 3 years, up to
about 3 1A years, up to about 4 years, up to about 4
1A years, or up to about 5 years or once a 



lifetime. 8. Nanoparticulate Bisphosphonate Particle
Size As used herein, particle size is determined on
the basis of the weight average particle size as
measured by conventional particle size measuring
techniques well known to those skilled in the art.
Such techniques include, for example, sedimentation
field flow fractionation, photon correlation
spectroscopy, light scattering, and disk
centrifugation. The compositions of the invention
comprise at least one bisphosphonate having an
effective average particle size of less than about
2000 nm {i.e., 2 microns), hi other embodiments of the
invention, the bisphosphonate nanoparticles have an
effective average particle 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 900 nm, less than about
800 nm, less than about 700 nm, less than about 650
nm, less than about 600 nm, less than about 550 nm,
less than about 500 nm, less than about 450 nm, less
than about 400 nm, less than about 350 nm, less than
about 300 nm, less than about 250 nm, less than about
200 nm, less than about 150 nm, less than about 100
nm, less than about 75 nm, or less than about 50 nm,
as measured by light-scattering methods, microscopy,
or other appropriate methods. An "effective average
particle size of less than about 2000 nm" means that
at least50% of the bisphosphonate particles have a
particle size less than the effective average, by
weight, i.e., less than about 2000 nm. If the
"effective average particle size" is less than about
1900 nm, then at least about 50% of the bisphosphonate
particles have a size of less than about 1900 nm, when
measured by the above-noted techniques. The same is
true for the other particle sizes referenced above. In
other embodiments, 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 bisphosphonate
particles have a particle size less than the effective
average, i.e., less than about 2000 nm, less than
about 1900 nm, less than about 1800 nm, etc.. In the
invention, the value for D50 of a nanop articulate
bisphosphonate composition is the particle size below
which 50% of the bisphosphonate particles fall, by
weight. Similarly, D90 is the particle size below
which 90% of the bisphosphonate particles fall, by
weight. 9. Concentration of Nanoparticulate
Bisphosphonate Compound and Surface Stabilizers The
relative amounts of bisphosphonate and one or more
surface stabilizers can vary widely. The optimal
amount of the individual components depends, for
example, upon the particular bisphosphonate, and the
physical and chemical attributes of the surface
stabilizer(s) selected, such as the hydrophilic
lipophilic balance (HLB), melting point, and the
surface tension of water solutions of the stabilizer,
etc. Preferably, the concentration of bisphosphonate
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, based on the total combined weight of the
bisphosphonate and at least one surface stabilizer,
not 



including other excipients. Higher concentrations of
bisphosphonate are generally preferred from a dose and
cost efficiency standpoint. Preferably, the
concentration of 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
bisphosphonate and at least one surface stabilizer,
not including other excipients. D. Method of Making
Nanoparticulate Bisphosphonate Compositions
Nanoparticulate bisphosphonate compositions can be
made using any suitable methodknown in the art such
as, for example, milling, homogenization,
precipitation, or supercritical fluid particle
generation techniques. When the bisphosphonate
particle is to be reduced in size in an aqueous media,
then the bisphosphonate is first complexed with a
multivalent or divalent cation, such as Ca+ , Zn2+, or
Mn2+ , or other salt that is poorly water soluble, or
esters or prodrugs that are poorly water soluble, to
reduce the water solubility of the drug. Exemplary
methods of making nanoparticulate active agent
compositions are described in U.S. Patent No.
5,145,684. Methods of making nanoparticulate active
agent compositions are also described in U.S. Patent
No. 5,518,187 for "Method of Grinding Pharmaceutical
Substances;" U.S. Patent No. 5,718,388 for "Continuous
Method of Grinding Pharmaceutical Substances;" U.S.
Patent No. 5,862,999 for "Method of Grinding
Pharmaceutical Substances;" U.S. Patent No. 5,665,331
for "Co-Microprecipitation of Nanoparticulate
Pharmaceutical Agents with Crystal Growth Modifiers;"
U.S. Patent No. 5,662,883 for "Co-Microprecipitation
of Nanoparticulate Pharmaceutical Agents with Crystal
Growth Modifiers;" U.S. Patent No. 5,560,932 for
"Microprecipitation of Nanoparticulate Pharmaceutical
Agents;" U.S. Patent No. 5,543,133 for "Process of
Preparing X-Ray Contrast Compositions Containing
Nanoparticles;" U.S. Patent No. 5,534,270 for "Method
of Preparing Stable Drug Nanoparticles;" U.S. Patent
No. 5,510,118 for "Process of Preparing Therapeutic
Compositions Containing Nanoparticles;" and U.S.
Patent No. 5,470,583 for "Method of Preparing
Nanoparticle Compositions Containing Charged
Phospholipids to Reduce Aggregation," all of which are
specifically incorporated herein by reference. For
particle size reducing in an aqueous media, the
bisphosphonate is complexed with a multivalent or
divalent cation, such as Ca++, Zn2+, or Mn2+, to
reduce the water solubility of the drug. The resultant
nanoparticulate bisphosphonate compositions or
dispersions can be utilized in solid, semi-solid, or
liquid dosage formulations, such as liquid
dispersions, gels, aerosols, ointments, creams,
controlled release formulations, fast melt
formulations, lyophilized formulations, tablets,
capsules, delayed release formulations, extended
release formulations, pulsatile release formulations,
mixed immediate release and controlled release
formulations, etc. An exemplary method of preparing
the nanoparticulate bisphosphonate formulations of the
invention comprises the steps of: (1) dispersing the
desired dosage amount of a bisphosphonate complex in a
liquid dispersion media in which the drug is poorly
soluble; and(2) mechanically reducing the particle
size of the bisphosphonate complex to an effective
average particle size of less than about 2000 nm. A
surface stabilizer can be added to the dispersion
media either before, during, or after particle size
reduction of the bisphosphonate 



complex. The liquid dispersion medium can be
maintained at a physiologic pH, for example, within
the range of from about 3.0 to about 8.0 during the
size reduction process; more preferably within the
range of from about 5.0 to about 7.5 during the size
reduction process. Preferably, the dispersion media
used for the size reduction process is aqueous,
although any dispersion media in which the
bisphosphonate is poorly soluble can be used, such as
safflower oil, ethanol, t-butanol, glycerin,
polyethylene glycol (PEG), hexane, or glycol. Using a
particle size reduction method, the particle size of
the bisphosphonate is reduced to an effective average
particle size of less than about 2000 nm. Effective
methods of providing mechanical force for particle
size reduction of the bisphosphonate include ball
milling, media milling, and homogenization, for
example, with a Microfluidizer(r) (Microfluidics
Corp.). Ball milling is a low energy milling process
that uses milling media, drug, stabilizer, and liquid.
The materials are placed in a milling vessel that is
rotated at optimal speed such that the media cascades
and reduces the drug particle size by impaction. The
media used must have a high density as the energy for
the particle reduction is provided by gravity and the
mass of the attrition media. 1. Bisphosphonate
Particle Size Reduction Using Milling Media milling is
a high energy milling process. Bisphosphonate complex,
surface stabilizer, and liquid are placed in a
reservoir and re-circulated in a chamber comprising
grinding media and a rotating shaft/impeller. The
rotating shaft agitates the grinding media which
subjects the bisphosphonate complex to impaction and
sheer forces, thereby reducing the bisphosphonate
complex particle size. The bisphosphonate complex can
be added to a liquid media in which it is essentially
insoluble to form a premix. The surface stabilizer can
be present in the premix or it can be added to the
bisphosphonate complex dispersion following particle
size reduction. The premix can be used directly by
subjecting it to mechanical means to reduce the
average bisphosphonate complex particle size in the
dispersion to less than about 2000 nm. It is preferred
that the premix be used directly when a ball mill is
used for attrition. Alternatively,the bisphosphonate
complex and at least one surface stabilizer can be
dispersed in the liquid media using suitable
agitation, e.g., a Cowles type mixer, until a
homogeneous dispersion is observed in which there are
no large agglomerates visible to the naked eye. It is
preferred that the premix be subjected to such a
pre-milling dispersion step when a re-circulating
media mill is used for attrition. The mechanical means
applied to reduce the bisphosphonate complex particle
size can take the form of a dispersion mill. Suitable
dispersion mills include a ball mill, an attritor
mill, a vibratory mill, and media mills such as a sand
mill and a bead mill. A media mill is preferred due to
the relatively shorter milling time required to
provide the desired reduction in particle size. For
media milling, the apparent viscosity of the premix is
preferably from about 100 to about 1000 centipoise,
and for ball milling the apparent viscosity of the
premix is preferably from about 1 up to about 100
centipoise. Such ranges tend to afford an optimal
balance between efficient particle size reduction and
media erosion. The attrition time can vary widely and
depends primarily upon the particular 



mechanical means and processing conditions selected.
For ball mills, processing times of up to five days or
longer may be required. Alternatively, processing
times of less than 1 day (residence times of one
minute up to several hours) are possible with the use
of a high shear media mill. The bisphosphonate complex
particles can be reduced in size at a temperature
which does not significantly degrade the
bisphosphonate complex molecule. Processing
temperatures of less than about 30 to less than about
40C are ordinarily preferred. If desired, the
processing equipment can be cooled with conventional
cooling equipment. Control of the temperature, e.g.,
by jacketing or immersion of the milling chamber in
ice water, is contemplated. Generally, the method of
the invention is conveniently carried out under
conditions of ambient temperature and at processing
pressures which are safe and effective for the milling
process. Ambient processing pressures are typical of
ball mills, attritor mills, and vibratory mills.
Grinding Media The grinding media for the particle
size reduction step can be selected from rigid media
preferably spherical or particulate in form having an
average size less than about 3 mmand, more preferably,
less than about 1 mm. Such media desirably can provide
the particles of the invention with shorter processing
times and impart less wear to the milling equipment.
The selection of material for the grinding media is
not believed to be critical. Zirconium oxide, such as
95% ZrO stabilized with magnesia, zirconium silicate,
ceramic, stainless steel, titania, alumina, 95% ZrO
stabilized with yttrium, glass grinding media, and
polymeric grinding media are exemplary grinding
materials. The grinding media can comprise particles
that are preferably substantially spherical in shape,
e.g., beads, consisting essentially of polymeric resin
or other suitable material. Alternatively, the
grinding media can comprise a core having a coating of
a polymeric resin adhered thereon. The polymeric resin
can have a density from about 0.8 to about 3.0 g/cm3.
In general, suitable polymeric resins are chemically
and physically inert, substantially free of metals,
solvent, and monomers, and of sufficient hardness and
friability to enable them to avoid being chipped or
crushed during grinding. Suitable polymeric resins
include crosslinked polystyrenes, such as polystyrene
crosslinked with divinylbenzene; styrene copolymers;
polycarbonates; polyacetals, such as Delrin(r) (E.I.
du Pont de Nemours and Co.); vinyl chloride polymers
and copolymers; polyurethanes; polyamides;
poly(tetrafluoroethylenes), e.g., Teflon(r)(E.I. du
Pont de Nemours and Co.), and other fluoropolymers;
high density polyethylenes; polypropylenes; cellulose
ethers and esters such as cellulose acetate;
polyhydroxymethacrylate; polyhydroxyethyl acrylate;
and siliconecontaining polymers such as polysiloxanes
and the like. The polymer can be biodegradable.
Exemplary biodegradable polymers include
poly(lactides), poly(glycolide) copolymers of lactides
and glycolide, polyanhydrides, poly(hydroxyethyl
methacylate), poly(imino carbonates),
poly(N-acylhydroxyproline)esters, poly(N-palmitoyl
hydroxyproline) esters, ethylene-vinyl acetate
copolymers, poly(orthoesters), poly(caprolactones),
and poly(phosphazenes). For biodegradable polymers,
contamination from the media itself 



advantageously can metabolize in vivo into
biologically acceptable products that can be
eliminated from the body. The grinding media
preferably ranges in size from about 0.01 to about 3
mm. For fine grinding, the grinding media is
preferably from about 0.02 to about 2 mm, and more
preferably from about 0.03 to about 1mm in size. In a
preferred grinding process the bisphosphonate complex
particles are madecontinuously. Such a method
comprises continuously introducing the bisphosphonate
complex into a milling chamber, contacting the
compounds with grinding media while in the chamber to
reduce the particle size, and continuously removing
the nanoparticulate bisphosphonate complex from the
milling chamber. The grinding media is separated from
the milled nanoparticulate bisphosphonate complex
using conventional separation techniques, in a
secondary process such as by simple filtration,
sieving through a mesh filter or screen, and the like.
Other separation techniques such as centrifugation may
also be employed. Sterile Product Manufacturing
Development of injectable compositions requires the
production of a sterile product. The manufacturing
process of the present invention is similar to typical
known manufacturing processes for sterile suspensions.
A typical sterile suspension manufacturing process
flowchart is as follows: (Media Conditioning)
Compounding Particle Size Reduction Vial Filling
(Lyophilization) and/or (Terminal Sterilization) As
indicated by the optional steps in parentheses, some
of the processing is dependent upon the method of
particle size reduction and/or method of
sterilization. For example, media conditioning is not
required for a milling method that does not use media.
If terminal sterilization is not feasible due to
chemical and/or physical instability, aseptic
processing can be used.2. Bisphosphonate Particle Size
Reduction Using Homogenization Homogenization is a
technique that does not use milling media.
Bisphosphonate complex, surface stabilizer, and liquid
(or drug and liquid with the surface stabilizer added
after particle size reduction) constitute a process
stream propelled into a process zone, which in the
Microfluidizer(r) is called the Interaction Chamber.
The product to be treated is inducted into the pump,
and then forced out. The priming valve of the
Microfluidizer(r) purges air out of the pump. Once the
pump is filled with product, the priming valve is
closed and the product is forced through the
interaction chamber. The geometry of the interaction
chamber produces powerful forces of sheer, impact, and
cavitation which are responsible for particle size
reduction. Specifically, inside the interaction
chamber, the pressurized product is split into two
streams and accelerated to extremely high velocities.
The formed jets are then directed toward each other
and collide in the interaction zone. The resulting
product has very fine and uniform particle or droplet
size. The Microfluidizer(r) also provides a heat 



exchanger to allow cooling of the product. U.S. Patent
No. 5,510,1 18, which is specifically incorporated by
reference, refers to a process using a
Microfluidizer.(r) 3. Bisphosphonate Particle Size
Reduction Using Precipitation Another method of
forming the desired nanoparticle bisphosphonate
dispersion is by microprecipitation. This is a method
of preparing stable dispersions of nanoparticulate
particles of the composition according to the
invention in the presence 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 bisphosphonate composition according to the
invention, in a suitable solvent with mixing; (2)
adding the formulation from step (1) with mixing to a
solution comprising at least one surface stabilizer to
form a clear solution; and (3) precipitating the
formulation from step (2) with mixing using an
appropriate nonsolvent. The method can be followed by
removal of any formed salt, if present, by dialysis or
diafiltration and concentration of the dispersion by
conventional means. The resultant nanoparticulate
bisphosphonate composition according to the invention
can be utilized in a pharmaceutically acceptable
dosage form.E. Methods of Using the Formulations and
Compositions of the Invention The nanop articulate
bisphosphonate compositions of the invention are
useful in treatments including but not limited to the
treatment of disorders relating to abnormal bone
resorption. The methods and compositions of the
invention are useful for inhibiting bone resorption
and for treating and preventing abnormal bone
resorption and conditions associated therewith. Such
conditions include both generalized and localized bone
loss. Generalized bone loss is often associated with
osteoporosis. Osteoporosis is most common in
post-menopausal women, whose estrogen production has
been greatly diminished. However, osteoporosis can
also be steroid-induced and has been observed in males
due to age. Osteoporosis can be induced by disease,
e.g., rheumatoid arthritis, it can be induced by
secondary causes, e.g., glucocorticoid therapy, or it
can about with no identifiable cause, i.e.,
osteoporosis hi the present invention, preferred
methods include the treatment or prevention of
abnormal bone resorption in osteoporotic humans.
Localized bone loss has been associated with
periodontal disease, bone fractures, and with
periprosthetic osteolysis (in other words where bone
resorption has occurred in proximity to a prosthetic
implant). Generalized or localized bone loss can occur
from disuse, which is often a problem for those
confined to a bed or a wheelchair, or for those who
have an immobilized limb set in a cast or in traction.
The methods and compositions of the invention are
useful for treating and/or preventing the following
conditions or disease states: osteoporosis, which can
include p ost menopausal osteoporosis, steroid-induced
osteoporosis, male osteoporosis, disease-induced
osteoporosis, idiopathic osteoporosis; Paget's
disease; abnormally increased bone turnover;
periodontal disease; localized bone loss associated
with periprosthetic osteolysis; and bone 



fractures. Nanoparticulate bisphosphonate compositions
suitable for parenteral injection may comprise
physiologically acceptable sterile aqueous or
nonaqueous solutions, dispersions, suspensions or
emulsions, and sterile powders for reconstitution into
sterile injectable solutions or dispersions. Examples
of suitable aqueous and nonaqueous carriers, diluents,
solvents, or vehicles including water, ethanol,
polyols (propyleneglycol,
polyethylene-glycol,glycerol, and the like), suitable
mixtures thereof, vegetable oils (such as olive oil)
and injectable organic esters such as ethyl oleate.
Proper fluidity can be maintained, for example, by the
use of a coating such as lecithin, by the maintenance
of the required particle size in the case of
dispersions, and by the use of surfactants. The
formulations may also include biodegradable polymers
and lipid complexes. The injectable formulations may
also contain adjuvants such as preserving, wetting,
emulsifying, and dispensing agents. Prevention of the
growth of microorganisms can be ensured by various
antibacterial and antifungal agents, such as parabens,
chlorobutanol, phenol, sorbic acid, and the like. It
may also be desirable to include isotonic agents, such
as sugars, sodium chloride, and the like. Prolonged
absorption of the injectable pharmaceutical form can
be brought about by the use of agents delaying
absorption, such as aluminum monostearate and gelatin.
The compositions and formulations of the invention can
be administered to a subject by any conventional means
including, but not limited to, orally, rectally,
ocularly, parenterally (e.g., intravenous,
intramuscular, or subcutaneous), intracisternally,
pulmonary, intravaginally, intraperitoneally, locally
(e.g., powders, ointments or drops), or as a buccal or
nasal spray. As used herein, the term "subject" is
used to mean an animal, preferably a mammal, including
a human or non-human. The terms "patient" and
"subject" may be used interchangeably. Solid dosage
forms for oral administration include, but are not
limited to, capsules, tablets, pills, powders, and
granules. In such solid dosage forms, the
multiparticles of the bisphosphonate, sodium caprylate
and preferably, chelating agent, may be admixed with
at least one of the following: (a) one or more inert
excipients (or carriers), such as sodium citrate or
dicalcium phosphate; (b) fillers or extenders, such as
starches, lactose, sucrose, glucose, mannitol, and
silicic acid; (c) binders, such as
carboxymethylcellulose, alignates, gelatin,
polyvinylpyrrolidone, sucrose, and acacia; (d)
humectants, such as glycerol; (e) disintegrating
agents, such as agar-agar, calcium carbonate, potato
or tapioca starch, alginic acid, certain complex
silicates, and sodium carbonate; (f) solution
retarders, such as paraffin; (g) absorption
accelerators, such as quaternary ammonium compounds;
(h) wetting agents, such as cetyl alcohol and glycerol
monostearate; (i) adsorbents, such as kaolin and
bentonite; and (j) lubricants, such as talc, calcium
stearate, magnesium stearate, solid
polyethyleneglycols, sodium lauryl sulfate, or
mixtures thereof. For capsules, tablets, and pills,
the dosage forms may also comprise buffering agents.
Besides such inert diluents, the composition can also
include adjuvants, such as wetting agents, emulsifying
and suspending agents, sweetening, flavoring, and
perfuming agents. 



"Therapeutically effective amount" as used herein with
respect to the compounds of bisphosphonate,
pharmaceutically acceptable salts thereof, esters
thereof, and mixtures thereof, shall mean that dosage
amount that provides the specific pharmacological
response for which the bisphosphonate is administered
in a significant number of subjects in need of
treatment for disorders relating to abnormal bone
resorption and related disorders. It is emphasized
that "therapeutically effective amount," administered
to a particular 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. One of ordinary skill will appreciate that
effective amounts of the bisphosphonate can be
determined empirically and can be employed in pure
form or, where such forms exist, in pharmaceutically
acceptable salt, ester, or prodrug form. Actual dosage
levels of bisphosphonate in the nanoparticulate
compositions of the invention may be varied to obtain
an amount of the bisphosphonate that is effective to
obtain a desired therapeutic response for a particular
composition and method of administration. The selected
dosage level therefore depends upon the desired
therapeutic effect, the route of administration, the
potency of the administered composition of the
invention, the desired duration of treatment, and
other factors. Dosage unit compositions may contain
such amounts of such sub-multiples thereof as may be
used to make up the daily dose. It will be understood,
however, that the specific dose level for any
particular patient will depend upon a variety of
factors: the type and degree of the cellular or
physiological response to be achieved; activity of the
specific agent or composition employed; the specific
agents or composition employed; the age, body weight,
general health, sex, and diet of the patient; the time
of administration, route of administration, and rate
of excretion of the agent; the duration of the
treatment; drugs used in combination or coincidental
with the specific agent; and like factors well known
in the medical arts.Thus, a precise pharmaceutically
effective amount cannot be specified in advance and
can be readily determined by the caregiver or
clinician. Appropriate amounts can be determined by
routine experimentation from animal models and human
clinical studies. Generally, an appropriate amount of
bisphosphonate is chosen to obtain a bone resorption
inhibiting effect, i.e., a bone resorption inhibiting
amount of the bisphosphonate is administered. For
humans, an effective oral dose of bisphosphonate is
typically from about 1.5 to about 6,000 mg/kg body
weight and preferably about 10 to about 2,000 mg/kg of
body weight. For human oral compositions comprising
alendronate, pharmaceutically acceptable salts
thereof, or pharmaceutically acceptable derivatives
thereof, a unit dosage typically comprises from about
8.75 mg to about 140 mg of the alendronate compound,
on an alendronic acid active weight basis. The present
invention further provides a method of treating a
patient suffering from disorders relating to abnormal
bone resorption comprising administering a
therapeutically effective amount of the formulation
according to the invention to provide pulsed
administration of the bisphosphonate. Advantages of
this type of dosage form include 



reducing the dosing frequency required by conventional
multiple IR dosage regimes while still maintaining the
benefits derived from a pulsatile plasma profile. This
reduced dosing frequency is advantageous in terms of
patient compliance to have a formulation which may be
administered at reduced frequency. The reduction in
dosage frequency made possible by utilizing the
compositions of the invention would contribute to
reducing health care costs by reducing the amount of
time spent by health care workers on the
administration of bisphosphonates and, in particular,
alendronate sodium in an IR dose for disorders
relating to abnormal bone resorption. It will be
apparent to those skilled in the art that various
modifications and variations can be made in the
methods and compositions of the present invention
without departing from the spirit or scope of the
invention. Thus, it is intended that the present
invention cover the modifications and variations of
this invention provided they come within the scope of
the appended claims and their equivalents.We claim: 1.
A bisphosphonate composition comprising: (a) particles
of at least one bisphosphonate having an effective
average particle size of less than about 2000 run; and
(b) at least one surface stabilizer. 2. The
composition of claim 1, wherein the bisphosphonate is
selected from the group consisting of alendronate,
cimadronate, clodronate, tiludronate, etidronate,
ibandronate, incadronate, olpadronate, neridronate,
risedronate, peridronate, pamidronate, zolendronate,
pharmaceutically acceptable salts thereof,
pharmaceutically acceptable acids thereof, and
mixtures thereof. 3. The composition of claim 2,
wherein the bisphosphonate is alendronate sodium or
alendronate sodium trihydrate. 4. The composition of
any one of claims 1 to 3 formulated into an injectable
dosage form, wherein the bisphosphonate is complexed
with multivalent cation. 5. The composition of claim
4, wherein the multivalent cation is selected from the
group consisting of divalent cations,wherein the
cation is selected from Ca++, Zn+ Mn++ or the like, a
poorly water soluble salt, a poorly water soluble
ester, and a poorly water soluble prodrug. 6. The
composition of any one of claims 1 to 5 formulated
into an injectable dosage form, wherein upon injection
the composition forms a subcutaneous or intramuscular
depot for extended bisphosphonate release. 7. The
composition of any one of claims 1 to 6 formulated
into an injectable dosage form for intramuscular or
subcutaneous injection, wherein the bisphosphonate
concentration in composition ranges from about 0.1% up
to about 60% (w/v).8. The composition of any one of
claims 1 to 7, wherein the bisphosphonate dosage is
about 1.5 to about 6,000 mg/kg body weight. 9. The
composition of claim 6, wherein the extended release
is over a time period selected from the group
consisting of up to about 1 week, up to about 2 weeks,
up to about 3 weeks, up to about 4 weeks, up to about
1 month, up to about 2 months, up to about 3 months,
up to about 4 months, up to about 5 months, up to
about 6 months, up to about 7 



months, up to about 8 months, up to about 9 months, up
to about 10 months, up to about 11 months, up to about
12 months, up to about 18 months, up to about 2 years,
up to about 30 months, up to about 3 years, up to
about 3 1 years, up to about 4 years, up to about 4 V
years, and up to about 5 years. 10. The composition of
any one of claims 1 to 9, wherein the bisphosphonate
particles have a size selected from the group
consisting 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 900 nm, less than about 800 nm, less than about
700 nm, less than about 650 nm, less than about 600
nm, less than about 550 nm, less than about 500 nm,
less than about 450 nm, less than about 400 nm, less
than about 350 nm, less than about 300 nm, less than
about 250 nm, less than about 200 nm, less than about
150 nm, less than about 100 nm, less than about 75 nm,
or less than about 50 nm. 11. The composition of any
one of claims 1 to 10 further comprising a
biodegradable polymer, a lipid complex, an oil
solution, or a combination thereof. 12. The
composition of any one of claims 1 to 11 further
comprising a chelating agent. 13. The composition of
claim 12, wherein the chelating agent is selected from
the group consisting of a-hydroxy fatty acids,
palmitic acid, phytic acid, (lactoferrin), a-hydroxy
acids, humic acid, bile acid, bile extracts,
bilirubin, biliverdin, ethylene diamine tetracetic
acid, ethyleneglycol-b-s-(beta-aminoethyl ether) -N5N
N5N1 -tetracetic acid ("EGTA"), EDTAderivatives, EGTA
derivatives, unsaturated fatty acids, unsaturated
fatty acid derivatives, folic acid, folic acid
derivatives, and alaninediacetic acid. 14. The
composition of any one of claims 1 to 13, wherein the
bisphosphonate particles are coated with a
pH-sensitive coating that delays dissolution of the
bisphosphonate when administered orally. 15. The
composition of any one of claims 1 to 14, further
comprising sodium caprylate. 16. The composition of
any one of claims 1 to 15, comprising a blend of at
least two different populations of bisphosphonate
particles which have different in vitro dissolution
profiles. 17. The composition of any one of claims 1
to 16, wherein the composition further comprises one
or more pharmaceutically acceptable excipients,
carriers, or a combination thereof. 18. The
composition of any one of claims 1 to 17, wherein the
at least one surface stabilizer is present in an
amount selected from the group consisting of from
about 0.5% to about 99.999% by weight, from about 5.0%
to about 99.9% by weight, and from about 10% to about
99.5% by weight, based on the total combined dry
weight of the bisphosphonate and at least one surface
stabilizer, not including other excipients. 19. The
composition of any one of claims 1 to 18, wherein the
bisphosphonate is present in an amount selected from
the group consisting of from about 99.5% to about
0.001%, from about 95% to about 0.1%, and from about
90% to about 0.5%, by weight, based on the total
combined weight of the bisphosphonate and at least one
surface stabilizer, not including other 



excipients. 20. The composition of any one of claims 1
to 19, comprising at least two surface stabilizers.
21. The composition of any one of claims 1 to 20,
wherein the surface stabilizer isselected from the
group consisting of an anionic surface stabilizer, a
cationic surface stabilizer, a zwitterionic surface
stabilizer, a non-ionic surface stabilizer, and an
ionic surface stabilizer. 22. The composition of any
one of claims 1 to 21, wherein the at least one
surface stabilizer is selected from the group
consisting of cetyl pyridinium chloride, gelatin,
casein, phosphatides, dextran, glycerol, gum acacia,
cholesterol, tragacanth, stearic acid, benzalkonium
chloride, calcium stearate, glycerol monostearate,
cetostearyl alcohol, cetomacrogol emulsifying wax,
sorbitan esters, polyoxyethylene alkyl ethers,
polyoxyethylene castor oil derivatives,
polyoxyethylene sorbitan fatty acid esters,
polyethylene glycols, dodecyl trimethyl ammonium
bromide, polyoxyethylene stearates, colloidal silicon
dioxide, phosphates, sodium dodecylsulfate,
carboxymethylcellulose calcium, hydroxypropyl
celluloses, hypromellose, carboxymethylcellulose
sodium, methylcellulose, hydroxyethylcellulose,
hypromellose phthalate, noncrystalline cellulose,
magnesium aluminum silicate, triethanolamine,
polyvinyl alcohol, polyvinylpyrrolidone, 4-
(l,l,3,3-tetramethylbutyl)-phenol polymer with
ethylene oxide and formaldehyde, poloxamers;
poloxamines, a charged phospholipid,
dioctylsulfosuccinate, dialkylesters of sodium
sulfosuccinic acid, sodium lauryl sulfate, alkyl aryl
polyether sulfonates, mixtures of sucrose stearate and
sucrose distearate, p-isononylphenoxypoly-(glycidol),
decanoyl-Nmethylglucamide; n-decyl
b-D-glucopyranoside; n-decyl b-D-maltopyranoside;
n-dodecyl b- D-glucopyranoside; n-dodecyl
b-D-maltoside; heptanoyl-N-methylglucamide;
n-heptyl-b-Dglucopyranoside; n-heptyl
b-D-thioglucoside; n-hexyl b-D-glucopyranoside;
nonanoyl-Nmethylglucamide; n-noyl b-D-glucopyranoside;
octanoyl-N-methylglucamide;
n-octyl-b-Dglucopyranoside; octyl
b-D-thioglucopyranoside; lysozyme, PEG-phospholipid,
PEGcholesterol, PEG-cholesterol derivative,
PEG-vitamin A, PEG-vitamin E, random copolymers of
vinyl acetate and vinyl pyrrolidone, a cationic
polymer, a cationic biopolymer, a cationic
polysaccharide, a cationic cellulosic, a cationic
alginate, a cationic nonpolymeric compound, a cationic
phospholipids, cationic lipids, polymethylmethacrylate
trimethylammonium bromide, sulfonium compounds,
polyvinylpyrrolidone-2- dimethylaminoethyl
methacrylate dimethyl sulfate, hexadecyltrimethyl
ammonium bromide, phosphonium compounds, quarternary
ammonium compounds, benzyl-di(2-
chloroethyl)ethylammonium bromide, coconut trimethyl
ammonium chloride, coconuttrimethyl ammonium bromide,
coconut methyl dihydroxyethyl ammonium chloride,
coconut methyl dihydroxyethyl ammonium bromide, decyl
triethyl ammonium chloride, decyl dimethyl
hydroxyethyl ammonium chloride, decyl dimethyl
hydroxyethyl ammonium chloride bromide, C12-15dimethyl
hydroxyethyl ammonium chloride, C12-15dimethyl
hydroxyethyl ammonium chloride bromide, coconut
dimethyl hydroxyethyl ammonium chloride, coconut
dimethyl hydroxyethyl ammonium bromide, myristyl
trimethyl ammonium methyl sulphate, lauryl dimethyl
benzyl ammonium chloride, lauryl dimethyl benzyl 



ammonium bromide, lauryl dimethyl (ethenoxy)4 ammonium
chloride, lauryl dimethyl (ethenoxy)4 ammonium
bromide, N-alkyl (C12-18)dimethylbenzyl ammonium
chloride, Nalkyl (C14-1 8)dimethyl-benzyl ammonium
chloride, N-tetradecylidmethylbenzyl ammonium chloride
monohydrate, dimethyl didecyl ammonium chloride,
N-alkyl and (C12-14) dimethyl 1-napthylmethyl ammonium
chloride, trimethylammonium halide,
alkyl-trimethylammonium salts,
dialkyl-dimethylammonium salts, lauryl trimethyl
ammonium chloride, ethoxylated
alkyamidoalkyldialkylammonium salt, an ethoxylated
trialkyl ammonium salt, dialkylbenzene dialkylammonium
chloride, N-didecyldimethyl ammonium chloride,
Ntetradecyldimethylbenzyl ammonium, chloride
monohydrate, N-alkyl(C 12-14) dimethyl 1-
naphthylmethyl ammonium chloride,
dodecyldimethylbenzyl ammonium chloride, dialkyl
benzenealkyl ammonium chloride, lauryl trimethyl
ammonium chloride, alkylbenzyl methyl ammonium
chloride, alkyl benzyl dimethyl ammonium bromide, C12
trimethyl ammonium bromides, C15 trimethyl ammonium
bromides, C1 trimethyl ammonium bromides,
dodecylbenzyl triethyl ammonium chloride,
poly-diallyldimethylammonium chloride (DADMAC),
dimethyl ammonium chlorides, alkyldimethylammonium
halogenides, tricetyl methyl ammonium chloride,
decyltrimethylammonium bromide,
dodecyltriethylammonium bromide,
tetradecyltrimethylammonium bromide, methyl
trioctylammonium chloride, POLYQUAT 10(tm),
tetrabutylammonium bromide, benzyl trimethylammonium
bromide, choline esters, benzalkonium chloride,
stearalkonium chloride compounds, cetyl pyridinium
bromide, cetyl pyridinium chloride, halide salts of
quaternized polyoxyethylalkylamines, MIRAPOL(tm),
ALK1AQUAT(tm),alkyl pyridinium salts; amines, amine
salts, amine oxides, imide azolinium salts, protonated
quaternary acrylamides, methylated quaternary
polymers, and cationic guar. 23. The composition of
any one of claims 1 to 22, comprising as a surface
stabilizer apovidone polymer having a molecular weight
of about 40,000 daltons or less. 24. The composition
of any one of claims 1 to 23, additionally comprising
one or more non-bisphosphonate active agents. 25. The
composition of any one of claims 1 to 24, wherein the
composition redisperses in a biorelevant media such
that the bisphosphonate particles have an effective
average particle size selected from the group
consisting of less than about 2 microns, 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 900 nm, less than about 800 nm, less than about
700 nm, less than about 650 nm, less than about 600
nm, less than about 550 nm, less than about 500 nm,
less than about 450 nm, less than about 400 nm, less
than about 350 nm, less than about 300 nm, less than
about 250 nm, less than about 200 nm, less than about
150 nm, less than about 100 nm, less than about 75 nm,
and less than about 50 nm. 26. A method of making a
nanoparticulate bisphosphonate composition comprising:
(a) complexing at least one bisphosphonate with a
multivalent cation; (b) reducing the particle size of
the bisphosphonate to an effective average particle
size of less than about 2000 nm; 



wherein at least one surface stabilizer is combined
with the bisphosphonate either before, during, or
after particle size reduction. 27. A method of
inhibiting bone resorption in a mammal in need thereof
comprising administering a bisphosphonate composition
comprising: (a) particles of at least one
bisphosphonate having an effective average particle
size of less than about 2000 nm; and (b) at least one
surface stabilizer. 28. The method of claim 27,
wherein the composition is in an injectable dosage
forms that forms a depot following administration.29.
The method of claim 27 or claim 28, wherein the
administration is given to the mammal in need of such
therapy at frequency intervals of greater than one
week up to and including one year and up to once a
lifetime. 30. The method of any one of claims 27 to 29
which does not produce significant esophageal and
upper gastrointestinal tract discomfort resulting from
the administration of a bisphosphonate. 


