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(57) ABSTRACT 

Pharmaceutical compositions are provided comprising one 
or more orally deliverable dose units, each comprising a 
selective cyclooXygenase-2 inhibitory drug of low water 
solubility in a therapeutically effective amount, Wherein the 
drug is present in the form of solid particles, about 25% to 
100% by Weight of Which are smaller than 1 pm. The 
compositions are useful in treatment or prophylaxis of 
cyclooXygenase-2 mediated conditions and disorders and 
have particular advantages Where rapid onset of therapeutic 
effect is desired. 
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CYCLOOXYGENASE-2 INHIBITOR 
COMPOSITIONS HAVING RAPID ONSET OF 

THERAPEUTIC EFFECT 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/731,350 and claims priority of US. 
provisional application Serial No. 60/169,856 ?led on Dec. 
9, 1999. 

FIELD OF THE INVENTION 

[0002] The present invention relates to orally deliverable 
pharmaceutical compositions containing a selective 
cyclooXygenase-2 inhibitory drug as an active ingredient, to 
processes for preparing such compositions, to methods of 
treatment of cyclooXygenase-2 mediated disorders compris 
ing orally administering such compositions to a subject, and 
to use of such compositions in manufacture of medicaments. 

BACKGROUND OF THE INVENTION 

[0003] Numerous compounds have been reported having 
therapeutically and/or prophylactically useful selective 
cyclooXygenase-2 (COX-2) inhibitory effect, and have been 
disclosed as having utility in treatment or prevention of 
speci?c COX-2 mediated disorders or of such disorders in 
general. Among such compounds are a large number of 
substituted pyraZolyl benZenesulfonamides as reported in 
US. Pat. No. 5,760,068 to Talley et al., including for 
example the compound 4-[5-(4-methylphenyl)-3-(tri?uo 
romethyl)-1H-pyraZol-1-yl]benZenesulfonamide, also 
referred to herein as celecoXib (I), and the compound 
4-[5-(3-?uoro-4-methoXyphenyl)-3-di?uoromethyl)-1H 
pyraZol-1-yl]benZenesulfonamide, also referred to herein as 
deracoXib (II). 

(I) 

(II) 
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[0004] Other compounds reported to have therapeutically 
and/or prophylactically useful selective COX-2 inhibitory 
effect are substituted isoXaZolyl benZenesulfonamides as 
reported in US. Pat. No. 5,633,272 to Talley et al., including 
the compound 4-[5-methyl-3-phenylisoXaZol-4-yl]benZene 
sulfonamide, also referred to herein as valdecoXib (III). 

(III) 

[0005] Still other compounds reported to have therapeu 
tically and/or prophylactically useful selective COX-2 
inhibitory effect are substituted (methylsulfonyl)phenyl 
furanones as reported in US. Pat. No. 5,474,995 to Ducha 
rme et al., including the compound 3-phenyl-4-[4-(methyl 
sulfonyl)phenyl]-5H-furan-2-one, also referred to herein as 
rofecoXib (IV). 

(IV) 

O 

[0006] US. Pat. No. 5,981,576 to Belley et al. discloses a 
further series of (methylsulfonyl)phenyl furanones said to be 

useful as selective COX-2 inhibitory drugs, including 3-(1 
cyclopropylmethoXy)-5,5-dimethyl-4-[4-(methylsulfo 
nyl)phenyl]-5H-furan-2-one and 3-(1-cyclopropylethoXy) 
5,5-dimethyl-4-[4-(methylsulfonyl)phenyl]-5H-furan-2 
one. 

[0007] US. Pat. No. 5,861,419 to Dube et al. discloses 
substituted pyridines said to be useful as selective COX-2 

inhibitory drugs, including for eXample the compound 
5-chloro-3-(4-methylsulfonyl)phenyl-2-(2-methyl-5-pyridi 
nyl)pyridine 
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[0008] European Patent Application No. 0 863 134 dis 
closes the compound 2-(3,5-di?uorophenyl)-3-[4-(methyl 
sulfonyl)phenyl]-2-cyclopenten-1-one said to be useful as a 
selective COX-2 inhibitory drug. 

[0009] Us. Pat. No. 6,034,256 discloses a series of ben 
Zopyrans said to be useful as selective COX-2 inhibitory 
drugs, including the compound (S)-6,8-dichloro-2-(tri?uo 
romethyl)-2H-l-benZopyran-3-carboxylic acid (VI). 

(V1) 

[0010] Many selective COX-2 inhibitory drugs, including 
celecoxib, deracoxib, valdecoxib and rofecoxib, are hydro 
phobic and have loW solubility in Water. This has presented 
practical dif?culties in formulating such drugs for oral 
administration, particularly Where early onset of therapeutic 
effect is desired or required. 

[0011] Illustratively, the formulation of celecoxib for 
effective oral administration to a subject has hitherto been 
complicated by the unique physical and chemical properties 
of celecoxib, particularly its loW solubility and factors 
associated With its crystal structure, including cohesiveness, 
loW bulk density and loW compressibility. Celecoxib is 
unusually insoluble in aqueous media. Unformulated cele 
coxib is not readily dissolved and dispersed for rapid absorp 
tion in the gastrointestinal tract When administered orally, 
for example in capsule form. In addition, unformulated 
celecoxib, Which has a crystal morphology that tends to form 
long cohesive needles, typically fuses into a monolithic 
mass upon compression in a tableting die. Even When 
blended With other substances, the celecoxib crystals tend to 
separate from the other substances and agglomerate together 
during mixing of the composition resulting in a non-uni 
formly blended composition containing undesirably large 
aggregates of celecoxib. Therefore, it is dif?cult to prepare 
a pharmaceutical composition containing celecoxib that has 
the desired blend uniformity. Further, handling problems 
arising for example from the loW bulk density of celecoxib 
are encountered during preparation of celecoxib composi 
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tions. Accordingly, a need exists for solutions to numerous 
problems associated With preparation of compositions and 
dosage forms comprising celecoxib, particularly orally 
deliverable dose units. 

[0012] Further, there exists an especial need for orally 
deliverable formulations of selective COX-2 inhibitory 
drugs of loW Water solubility including celecoxib, such 
formulations providing more rapid onset of therapeutic 
effect than the corresponding unformulated drugs or knoWn 
formulations of these drugs. To the extent that rapid onset of 
therapeutic effect is related to rapid early absorption of the 
drug in the gastrointestinal tract, there is an especial need for 
orally deliverable formulations having pharmacokinetic 
properties indicative of such rapid early absorption, such as 
a greater maximum blood serum concentration of the drug 
(i.e., CMQX), a shorter time to reach a threshold blood serum 
concentration of the drug for therapeutic effect, and/or a 
shorter time to reach the CrnaX (i.e., TmaX) than the corre 
sponding unformulated drugs or knoWn formulations of 
these drugs. 

[0013] It Would be even more especially useful if formu 
lations could be developed having not only advantages of 
early absorption and therefore rapid onset of therapeutic 
effect, but also superior overall bioavailability, such as can 
be measured pharmacokinetically as the area under the curve 
of blood serum concentration (i.e., AUC). 

[0014] As indicated hereinbeloW, treatment With selective 
COX-2 inhibitory drugs including celecoxib is indicated or 
potentially indicated in a very Wide array of COX-2 medi 
ated conditions and disorders. It Would be of bene?t to 
provide formulations exhibiting pharmacokinetics consis 
tent With rapid onset of therapeutic effect especially for 
treatment of acute disorders Where early relief from pain or 
other symptoms is desired or required. 

[0015] Such formulations Would represent a signi?cant 
advance in the treatment of COX-2 mediated conditions and 
disorders. 

[0016] Selective COX-2 inhibitory drugs including cele 
coxib that are of loW solubility in Water are most conve 
niently formulated in solid particulate form. The individual 
or primary particles of the drug can dispersed in a liquid 
medium, as in a suspension formulation, or can be aggre 
gated to form secondary particles or granules that can be 
encapsulated to provide a capsule dosage form, or com 
pressed or molded to provide a tablet dosage form. 

[0017] Numerous processes are knoWn for preparing drug 
formulations having primary particle siZes in a desired 
range, or having a desired mean particle siZe, or having a 
particle siZe distribution characteriZed by a parameter such 
as D90, Which is de?ned herein as a linear measure of 
diameter having a value such that 90% by Weight of particles 
in the formulation, in the longest dimension of the particles, 
are smaller than that diameter. Other particle siZe parameters 
used herein are de?ned in similar fashion; for example D10, 
D25 and D50 parameters relate to linear measures of diameter 
having values such that 10%, 25% and 50% respectively by 
Weight are smaller than that diameter. 

[0018] For consistency With prior publications, the terms 
“microparticle” and “nanoparticle” are de?ned herein as in 
US. Pat. No. 5,384,124 to Courteille et al., to refer to 
particles having respectively a diameter of about 1 pm to 
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about 2000 pm, and a diameter of less than about 1 pm (1000 
nm). The preparation of microparticles and nanoparticles, 
according to US. Pat. No. 5,384,124, “is principally used to 
retard dissolution of active principles”. HoWever, US. Pat. 
No. 5,145,684 to Liversidge et al. discloses nanoparticulate 
compositions said to provide “unexpectedly high bioavail 
ability” of drugs, particularly drugs having loW solubility in 
a liquid medium such as Water. International Publication No. 
WO 93/25190 provides pharmacokinetic data from a rat 
study indicating a higher apparent rate of absorption from 
oral administration of a nanoparticulate (average particle 
siZe 240-300 nm) than from oral administration of a micro 
particulate (particle siZe range 20-30 pm) dispersion of 
naproxen. 

[0019] Numerous processes for preparation of nanopar 
ticulate compositions of therapeutic agents are knoWn. Typi 
cally these processes use mechanical means, such as milling, 
to reduce particle siZe to a nano (less than 1 pm) range, or 
precipitate nano-siZed particles from solution. 

SUMMARY OF THE INVENTION 

[0020] According to the present invention, a poorly Water 
soluble selective COX-2 inhibitory drug such as celecoxib 
provides more rapid onset of therapeutic effect if, upon oral 
administration of a composition comprising the drug, the 
drug exhibits pharmacokinetic properties leading to a greater 
maximum blood serum concentration (Cmax) and/or a 
shorter time folloWing the administration to reach that 
maximum (Tmax) or to reach a threshold concentration for 
therapeutic effect. 

[0021] In the case of celecoxib, the threshold blood serum 
concentration consistent With therapeutic effect depends on 
the individual subject, the nature of the disorder being 
treated and other factors, but for present purposes is about 50 
ng/ml. For selective COX-2 inhibitory drugs generally, the 
threshold concentration is that providing therapeutic effect 
equivalent to celecoxib at a blood serum concentration of 
about 50 ng/ml. 

[0022] It is contemplated that a greater CmaX, a shorter 
Tmax and/or a shorter time to threshold concentration are 
obtained by reduction of siZe of solid particles comprising 
the drug such that a substantial portion by Weight of the 
particles are smaller than about 1 pm in diameter, in the 
longest dimension of the particles. Without being bound by 
theory, it is believed that the greater CmaX, the shorter TrnaX 
and/or the shorter time to threshold concentration result 
from faster dissolution of the drug When particle siZe is 
reduced to less than about 1 pm. 

[0023] Accordingly, there is noW provided a pharmaceu 
tical composition comprising one or more orally deliverable 
dose units, each comprising a selective COX-2 inhibitory 
drug of loW Water solubility in a therapeutically effective 
amount, Wherein the drug is present in solid particles having 
a D90 particle siZe of about 0.01 to about 200 pm, a sufficient 
portion by Weight of the particles being smaller than 1 pm 
to provide a substantially higher CrnaX and/or a substantially 
shorter TrnaX and/or a substantially shorter time to threshold 
concentration by comparison With an otherWise similar 
composition Wherein substantially all of the particles are 
larger than 1 pm. Preferred compositions of the invention 
additionally exhibit enhanced total bioavailability (as mea 
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sured by AUC) by comparison With otherWise similar com 
positions Wherein substantially all of the particles are larger 
than 1 pm. 

[0024] There is also provided a pharmaceutical composi 
tion comprising one or more orally deliverable dose units, 
each comprising a selective COX-2 inhibitory drug of loW 
Water solubility in a therapeutically effective amount, 
Wherein the drug is present in solid particles having a D90 
particle siZe of about 0.01 to about 200 pm, and Wherein 
about 25% to 100% by Weight of the particles are smaller 
than 1 pm. 

[0025] The dose units comprising the composition can be 
in the form of discrete solid articles such as tablets, pills, 
hard or soft capsules, loZenges, sachets or pastilles; alter 
natively the composition can be in the form of a substantially 
homogeneous ?oWable mass, such as a particulate or granu 
lar solid or a liquid suspension, from Which single dose units 
are measurably removable. 

[0026] Also provided is a method of treating a medical 
condition or disorder in a subject Where treatment With a 
COX-2 inhibitor is indicated, comprising orally administer 
ing one or more dose units of a composition of the invention 
one to about six times a day, preferably once or tWice a day. 
Such a method is particularly useful Where the medical 
condition or disorder is accompanied by acute pain. 

[0027] Other features of this invention Will be in part 
apparent and in part pointed out hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 presents particle siZe data for celecoxib 
dispersions D1-D4 prepared as described in Example 1, as 
measured by Fraunhofer diffraction. 

[0029] FIG. 2 shoWs optical micrographs of samples 
taken from dispersions D1-D4 under non-polariZed (left) 
and polariZed (right) light. 

[0030] FIG. 3 shoWs time-course of in vitro dissolution of 
dispersions D1-D4. 

[0031] FIG. 4 is a schematic representation of apparatus 
used to perform the in vitro dissolution assay of Example 3. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] Selective COX-2 inhibitory drugs for Which the 
present invention is useful are drugs that inhibit COX-2 to 
a therapeutically useful degree While causing markedly less 
inhibition of cyclooxygenase-1 (COX-1) than conventional 
nonsteroidal anti-in?ammatory drugs (NSAIDs). 

[0033] The invention applies particularly to selective 
COX-2 inhibitory drugs of loW Water solubility, especially 
those having a solubility in distilled Water at 25° C. loWer 
than about 10 g/l, preferably loWer than about 1 g/l. 

[0034] The term “oral administration” herein includes any 
form of delivery of a therapeutic agent or a composition 
thereof to a subject Wherein the agent or composition is 
placed in the mouth of the subject, Whether or not the agent 
or composition is sWalloWed. Thus “oral administration” 
includes buccal and sublingual as Well as esophageal admin 
istration. Absorption of the agent can occur in any part or 
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parts of the gastrointestinal tract including the mouth, 
esophagus, stomach, duodenum, ileum and colon. 

[0035] The term “orally deliverable” herein means suit 
able for oral administration. 

[0036] The term “dose unit” herein means a portion of a 
pharmaceutical composition that contains an amount of a 
therapeutic agent, in the present case a selective COX-2 
inhibitory drug, suitable for a single oral administration to 
provide a therapeutic effect. Typically one dose unit, or a 
small plurality (up to about 4) of dose units, administered as 
a single oral administration, provides a sufficient amount of 
the agent to result in the desired effect. 

[0037] The term “present in solid particles” as applied to 
a selective COX-2 inhibitory drug herein encompasses com 
positions Wherein the solid particles consist essentially of 
the drug and compositions Where the solid particles com 
prise the drug in intimate mixture With one or more other 
ingredients. These other ingredients can include one or more 
therapeutic agents other than the selective COX-2 inhibitory 
drug and/or one or more pharmaceutically acceptable excipi 
ents. 

[0038] The term “excipient” herein means any substance, 
not itself a therapeutic agent, used as a carrier or vehicle for 
delivery of a therapeutic agent to a subject or added to a 
pharmaceutical composition to improve its handling, stor 
age, disintegration, dispersion, dissolution, release or orga 
noleptic properties or to permit or facilitate formation of a 
dose unit of the composition into a discrete article such as a 
capsule or tablet suitable for oral administration. Excipients 
can include, by Way of illustration and not limitation, 
diluents, disintegrants, binding agents, adhesives, Wetting 
agents, lubricants, glidants, substances added to mask or 
counteract a disagreeable taste or odor, ?avors, dyes, fra 
grances, and substances added to improve appearance of the 
composition. 
[0039] The term “substantially homogeneous” With refer 
ence to a pharmaceutical composition that comprises several 
components means that the components are suf?ciently 
mixed such that individual components are not present as 
discrete layers and do not form concentration gradients 
Within the composition. 

[0040] Compositions of the invention comprise one or 
more orally deliverable dose units. Each dose unit comprises 
a selective COX-2 inhibitory drug, illustratively celecoxib, 
in a therapeutically effective amount that is preferably about 
5 mg to about 1000 mg, more preferably about 10 mg to 
about 1000 mg. 

[0041] It Will be understood that a therapeutically effective 
amount of a selective COX-2 inhibitory drug for a subject is 
dependent inter alia on the body Weight of the subject. 
Where the drug is celecoxib and the subject is a child or a 
small animal (e.g., a dog), for example, an amount of 
celecoxib relatively loW in the preferred range of about 10 
mg to about 1000 mg is likely to provide blood serum 
concentrations consistent With therapeutic effectiveness. 
Where the subject is an adult human or a large animal (e.g., 
a horse), achievement of such blood serum concentrations of 
celecoxib are likely to require dose units containing a 
relatively greater amount of celecoxib. For an adult human, 
a therapeutically effective amount of celecoxib per dose unit 
in a composition of the present invention is typically about 
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50 mg to about 400 mg. Especially preferred amounts of 
celecoxib per dose unit are about 100 mg to about 200 mg, 
for example about 100 mg or about 200 mg. 

[0042] For other selective COX-2 inhibitory drugs, an 
amount of the drug per dose unit can be in a range knoWn 
to be therapeutically effective for such drugs. Preferably, the 
amount per dose unit is in a range providing therapeutic 
equivalence to celecoxib in the dose ranges indicated imme 
diately above. 

[0043] Dose units of celecoxib compositions of the inven 
tion typically contain about 10 mg to about 400 mg of 
celecoxib, for example, a 10, 20, 37.5, 50, 75, 100, 125, 150, 
175, 200, 250, 300, 350 or 400 mg dose of celecoxib. 
Preferred dose units contain about 25 mg to about 400 mg 
of celecoxib. More preferred dose units contain about 50 mg 
to about 200 mg of celecoxib. A particular dose unit can be 
selected to accommodate the desired frequency of adminis 
tration used to achieve a speci?ed daily dosage. The amount 
of the unit dosage form of the composition that is adminis 
tered and the dosage regimen for treating the condition or 
disorder Will depend on a variety of factors, including the 
age, Weight, sex and medical condition of the subject, the 
severity of the condition or disorder, the route and frequency 
of administration, and the particular selective COX-2 inhibi 
tory drug selected, and thus may vary Widely. One or more 
dose units can be administered up to about 6 times a day. It 
is contemplated, hoWever, that for most purposes a once-a 
day or tWice-a-day administration regimen provides the 
desired therapeutic efficacy. 

[0044] A composition of the invention preferably contains 
about 1% to about 95%, preferably about 10% to about 90%, 
more preferably about 25% to about 85%, and still more 
preferably about 30% to about 80%, by Weight of the 
selective COX-2 inhibitory drug, alone or in intimate mix 
ture With one or more excipients. The drug is at least partly 
in nanoparticulate form, i.e., in the form of solid particles of 
diameter less than 1 pm in the longest dimension of the 
particles. 

[0045] The effects on pharmacokinetic properties of 
reducing particle siZe from the microparticle range (greater 
than 1 pm diameter) to the nanoparticle range are generally 
unpredictable for any particular drug or class of drugs. 
According to the present invention, for selective COX-2 
inhibitory drugs of loW Water solubility, nanoparticulate 
compositions exhibit higher CmaX, shorter TrnaX and/or 
shorter time to threshold concentration than microparticulate 
compositions. In one embodiment of the invention, there 
fore, the percentage by Weight of the particles that are 
nanoparticles is sufficient to provide a substantially higher 
CmaX, a substantially shorter TrnaX and/or a substantially 
shorter time to threshold concentration by comparison With 
a comparative composition Wherein substantially all of the 
particles are larger than 1 pm. Preferably a composition of 
this embodiment has a suf?cient percentage by Weight of 
nanoparticles to provide a substantially shorter time to 
threshold concentration, more preferably a sufficient per 
centage by Weight of nanoparticles to provide both a sub 
stantially shorter time to threshold concentration and a 
substantially shorter TmaX, and more preferably still a suf 
?cient percentage by Weight of nanoparticles to provide both 
these advantages together With a substantially higher C 
than the comparative composition. 

rnax a 
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[0046] When administered orally to a fasting adult human 
subject, a celecoXib 100 mg dose unit of the invention 
typically provides a blood serum concentration of celecoXib 
of at least about 50 ng/ml Within 30 minutes of oral 
administration; preferred compositions achieve such a con 
centration in as little as 15 minutes. This early rise in blood 
serum concentration is believed to be associated With the 
rapid onset of therapeutic effect achieved by compositions of 
the present invention. 

[0047] Also When administered orally to a fasting adult 
human subject, a celecoXib 100 mg dose unit preferably 
eXhibits a TmaX. of less than about 90 minutes, more pref 
erably less than about 60 minutes and most preferably less 
than about 45 minutes, and a CrnaX of at least about 100 
ng/ml, more preferably at least about 200 ng/ml. 

[0048] For selective COX-2 inhibitory drugs other than 
celecoXib, suitable doses and blood serum concentration 
parameters can be identi?ed based on published informa 
tion, including that contained in patent literature cited 
herein, enabling estimation of relative therapeutic potency 
of such drugs by comparison With celecoXib. 

[0049] In another embodiment of the invention, the selec 
tive COX-2 inhibitory drug, illustratively celecoXib, is 
present in solid particles having a D90 particle siZe of about 
0.01 to about 200 pm, Wherein about 25% to 100% by 
Weight of the particles are nanoparticles. Where the percent 
age by Weight of nanoparticles is relatively loW, for eXample 
about 25% to about 50%, preferably the D90 particle siZe is 
about 0.01 to about 100 pm, more preferably about 0.01 to 
about 75 pm, still more preferably about 0.01 to about 40 
pm, and even more preferably about 0.01 to about 25 pm. 
Particle siZe can vary continuously across the nanoparticu 
late and microparticulate range, or the composition can have 
a bimodal or multimodal particle siZe distribution, With one 
set of particles having a D90 particle siZe less than 1 pm and 
another set of particles having a D90 particle siZe substan 
tially greater than 1 pm. It is generally preferred that at least 
about 50% by Weight, and especially preferred that at least 
about 75% by Weight, of the particles are nanoparticles. In 
one embodiment substantially all of the particles are smaller 
than 1 pm, i.e., the percentage by Weight of nanoparticles is 
100% or close to 100%. 

[0050] Primary particles, generated for eXample by mill 
ing or grinding, or by precipitation from solution, can 
agglomerate to form secondary aggregate particles. The 
term “particle siZe” as used herein refers to siZe, in the 
longest dimension, of primary particles, unless the conteXt 
demands otherWise. 

[0051] In a preferred embodiment, a composition of the 
invention has a Weight average particle siZe of about 100 nm 
to about 1000 nm, more preferably about 100 nm to about 
900 nm, for eXample about 200 nm to about 400 nm, or 
about 500 nm to about 900 nm. The drug can be in 
crystalline or amorphous form in the nanoparticles. Pro 
cesses for preparing nanoparticles that involve milling or 
grinding typically provide the drug in crystalline form, 
Whereas processes that involve precipitation from solution 
frequently but not invariably provide the drug partly or 
Wholly in amorphous form. 

[0052] Compositions of the invention comprise a selective 
COX-2 inhibitory drug of loW Water solubility, for eXample 
celecoXib, partly or Wholly in nanoparticulate form as 
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described above, optionally together With one or more 
eXcipients selected from diluents, disintegrants, binding 
agents, Wetting agents and lubricants. In one embodiment, 
nanoparticles comprising the drug have a surface modifying 
agent adsorbed on the surface thereof. In another embodi 
ment, nanoparticles of the drug are contained in a matriX 
formed by a polymer. Preferably at least one of the eXcipi 
ents is a Water soluble diluent or Wetting agent. Such a Water 
soluble diluent or Wetting agent assists in the dispersion and 
dissolution of the drug When a composition of the invention 
is ingested. Preferably both a Water soluble diluent and a 
Wetting agent are present. 

[0053] A composition of the invention can be a substan 
tially homogeneous ?oWable mass such as a particulate or 
granular solid or a liquid, or it can be in the form of discrete 
articles such as capsules or tablets each comprising a single 
dose unit. 

[0054] In a composition that is a substantially homoge 
neous ?oWable mass, single dose units are measurably 
removable using a suitable volumetric measuring device 
such as a spoon or cup. Suitable ?oWable masses include, 
but are not limited to, poWders and granules. Alternatively, 
the ?oWable mass can be a suspension having the drug in a 
solid particulate phase dispersed in a liquid phase, prefer 
ably an aqueous phase. At least a portion of the particulate 
phase is nanoparticulate. In preparing such a suspension, use 
of a Wetting agent such as polysorbate 80 or the like is likely 
to be bene?cial. A suspension can be prepared by dispersing 
nanoparticulate or partially nanoparticulate drug in the liq 
uid phase; alternatively the drug can be precipitated from 
solution in a solvent such as an alcohol, preferably ethanol. 
The aqueous phase preferably comprises a palatable vehicle 
such as Water, syrup or fruit juice, for eXample apple juice. 

[0055] The selective COX-2 inhibitory drug can be any 
such drug knoWn in the art, including Without limitation 
compounds disclosed in the patents and publications listed 
beloW, each of Which is individually incorporated herein by 
reference. 

[0056] US. Pat. No. 5,344,991 to ReitZ & Li. 

[0057] US. Pat. No. 5,380,738 to Norman et al. 

[0058] US. Pat. No. 5,393,790 to ReitZ et al. 

[0059] US. Pat. No. 5,401,765 to Lee. 

[0060] US. Pat. No. 5,418,254 to Huang & ReitZ. 

[0061] US. Pat. No. 5,420,343 to KosZyk & Weier. 

[0062] US. Pat. No. 5,434,178 to Talley & Rogier. 

[0063] US. Pat. No. 5,436,265 to Black et al. 

[0064] Above-cited U.S. Pat. No. 5,466,823. 

[0065] US. Pat. No. 5,474,995 to Ducharme et al. 

[0066] US. Pat. No. 5,475,018 to Lee & BertenshaW. 

[0067] US. Pat. No. 5,486,534 to Lee et al. 

[0068] US. Pat. No. 5,510,368 to Lau et al. 

[0069] US. Pat. No. 5,521,213 to Prasit et al. 

[0070] US. Pat. No. 5,536,752 to Ducharme et al. 

[0071] US. Pat. No. 5,543,297 to Cromlish et al. 

[0072] US. Pat. No. 5,547,975 to Talley et al. 
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[0205] Compositions of the invention are especially useful 
for compounds having the formula (VI): 

(VI) 

[0206] Where R3 is a methyl or amino group, R4 is hydro 
gen or a CL4 alkyl or alkoXy group, X is N or CR5 Where R5 
is hydrogen or halogen, and Y and Z are independently 
carbon or nitrogen atoms de?ning adjacent atoms of a ?ve 
to siX-membered ring that is unsubstituted or substituted at 
one or more positions With OX0, halo, methyl or halomethyl 
groups. Preferred such ?ve- to siX-membered rings are 
cyclopentenone, furanone, methylpyraZole, isoXaZole and 
pyridine rings substituted at no more than one position. 

[0207] Illustratively, compositions of the invention are 
suitable for celecoXib, deracoXib, valdecoXib, rofecoXib, 
5-chloro-3-(4-methylsulfonyl)phenyl-2-(2-methyl-5-pyridi 
nyl)pyridine, 2-(3,5-di?uorophenyl)-3-[4-(methylsulfo 
nyl)phenyl]-2-cyclopenten-1-one and (S)-6,8-dichloro-2 
(tri?uoromethyl)-2H-1-benZopyran-3-carboXylic acid, more 
particularly celecoXib and valdecoXib, and most particularly 
celecoXib. 

[0208] The invention is illustrated herein With particular 
reference to celecoXib, and it Will be understood that any 
other selective COX-2 inhibitory compound of loW solubil 
ity in Water can, if desired, be substituted in Whole or in part 
for celecoXib in compositions herein described. 

[0209] Compositions of the invention are useful in treat 
ment and prevention of a very Wide range of disorders 
mediated by COX-2, including but not restricted to disorders 
characteriZed by in?ammation, pain and/or fever. Such 
compositions are especially useful as anti-in?ammatory 
agents, such as in treatment of arthritis, With the additional 
bene?t of having signi?cantly less harmful side effects than 
compositions of conventional nonsteroidal anti-in?amma 
tory drugs (NSAIDs) that lack selectivity for COX-2 over 
COX-1. In particular, such compositions have reduced 
potential for gastrointestinal toxicity and gastrointestinal 
irritation including upper gastrointestinal ulceration and 
bleeding, reduced potential for renal side effects such as 
reduction in renal function leading to ?uid retention and 
exacerbation of hypertension, reduced effect on bleeding 
times including inhibition of platelet function, and possibly 
a lessened ability to induce asthma attacks in aspirin 
sensitive asthmatic subjects, by comparison With composi 
tions of conventional NSAIDs. Thus compositions of the 
invention comprising a selective COX-2 inhibitory drug are 
particularly useful as an alternative to conventional NSAIDs 
Where such NSAIDs are contraindicated, for eXample in 
patients With peptic ulcers, gastritis, regional enteritis, ulcer 
ative colitis, diverticulitis or With a recurrent history of 
gastrointestinal lesions; gastrointestinal bleeding, coagula 
tion disorders including anemia such as hypoprothrombine 
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mia, hemophilia or other bleeding problems; kidney disease; 
or in patients prior to surgery or patients taking anticoagu 
lants. 

[0210] Such compositions are useful to treat a variety of 
arthritic disorders, including but not limited to rheumatoid 
arthritis, spondyloarthropathies, gouty arthritis, osteoarthri 
tis, systemic lupus erythematosus and juvenile arthritis. 
[0211] Such compositions are also useful in treatment of 
asthma, bronchitis, menstrual cramps, preterm labor, ten 
dinitis, bursitis, allergic neuritis, cytomegalovirus infectiv 
ity, apoptosis including HIV-induced apoptosis, lumbago, 
liver disease including hepatitis, skin-related conditions 
such as psoriasis, ecZema, acne, bums, dermatitis and ultra 
violet radiation damage including sunburn, and post-opera 
tive in?ammation including that folloWing ophthalmic sur 
gery such as cataract surgery or refractive surgery. 

[0212] Such compositions are useful to treat gastrointes 
tinal conditions such as in?ammatory boWel disease, 
Crohn’s disease, gastritis, irritable boWel syndrome and 
ulcerative colitis. 

[0213] Such compositions are useful in treating in?am 
mation in such diseases as migraine headaches, periarteritis 
nodosa, thyroiditis, aplastic anemia, Hodgkin’s disease, 
sclerodoma, rheumatic fever, type I diabetes, neuromuscular 
junction disease including myasthenia gravis, White matter 
disease including multiple sclerosis, sarcoidosis, nephrotic 
syndrome, Behcet’s syndrome, polymyositis, gingivitis, 
nephritis, hypersensitivity, sWelling occurring after injury 
including brain edema, myocardial ischemia, and the like. 
[0214] Such compositions are useful in treatment of oph 
thalmic diseases, such as retinitis, conjunctivitis, retinopa 
thies, uveitis, ocular photophobia, and of acute injury to the 
eye tissue. 

[0215] Such compositions are useful in treatment of pul 
monary in?ammation, such as that associated With viral 
infections and cystic ?brosis, and in bone resorption such as 
that associated With osteoporosis. 

[0216] Such compositions are useful for treatment of 
certain central nervous system disorders, such as cortical 
dementias including AlZheimer’s disease, neurodegenera 
tion, and central nervous system damage resulting from 
stroke, ischemia and trauma. The term “treatment” in the 
present conteXt includes partial or total inhibition of demen 
tias, including AlZheimer’s disease, vascular dementia, 
multi-infarct dementia, pre-senile dementia, alcoholic 
dementia and senile dementia. 

[0217] Such compositions are useful in treatment of aller 
gic rhinitis, respiratory distress syndrome, endotoXin shock 
syndrome and liver disease. 

[0218] Such compositions are useful in treatment of pain, 
including but not limited to postoperative pain, dental pain, 
muscular pain, and pain resulting from cancer. For eXample, 
such compositions are useful for relief of pain, fever and 
in?ammation in a variety of conditions including rheumatic 
fever, in?uenZa and other viral infections including common 
cold, loW back and neck pain, dysmenorrhea, headache, 
toothache, sprains and strains, myositis, neuralgia, synovitis, 
arthritis, including rheumatoid arthritis, degenerative joint 
diseases (osteoarthritis), gout and ankylosing spondylitis, 
bursitis, burns, and trauma folloWing surgical and dental 
procedures. 
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[0219] Such compositions are useful for treating and pre 
venting in?ammation-related cardiovascular disorders, 
including vascular diseases, coronary artery disease, aneu 
rysm, vascular rejection, arteriosclerosis, atherosclerosis 
including cardiac transplant atherosclerosis, myocardial inf 
arction, embolism, stroke, thrombosis including venous 
thrombosis, angina including unstable angina, coronary 
plaque in?ammation, bacterial-induced in?ammation 
including Chlamydia-induced in?ammation, viral induced 
in?ammation, and in?ammation associated With surgical 
procedures such as vascular grafting including coronary 
artery bypass surgery, revasculariZation procedures includ 
ing angioplasty, stent placement, endarterectomy, or other 
invasive procedures involving arteries, veins and capillaries. 

[0220] Such compositions are useful in treatment of angio 
genesis-related disorders in a subject, for eXample to inhibit 
tumor angiogenesis. Such compositions are useful in treat 
ment of neoplasia, including metastasis; ophthalmological 
conditions such as corneal graft rejection, ocular neovascu 
lariZation, retinal neovasculariZation including neovascular 
iZation folloWing injury or infection, diabetic retinopathy, 
macular degeneration, retrolental ?broplasia and neovascu 
lar glaucoma; ulcerative diseases such as gastric ulcer; 
pathological, but non-malignant, conditions such as heman 
giomas, including infantile hemaginomas, angio?broma of 
the nasopharynX and avascular necrosis of bone; and disor 
ders of the female reproductive system such as endometrio 
sis. 

[0221] Such compositions are useful in prevention and 
treatment of benign and malignant tumors and neoplasia 
including cancer, such as colorectal cancer, brain cancer, 
bone cancer, epithelial cell-derived neoplasia (epithelial 
carcinoma) such as basal cell carcinoma, adenocarcinoma, 
gastrointestinal cancer such as lip cancer, mouth cancer, 
esophageal cancer, small boWel cancer, stomach cancer, 
colon cancer, liver cancer, bladder cancer, pancreas cancer, 
ovary cancer, cervical cancer, lung cancer, breast cancer, 
skin cancer such as squamous cell and basal cell cancers, 
prostate cancer, renal cell carcinoma, and other knoWn 
cancers that effect epithelial cells throughout the body. 
Neoplasias for Which compositions of the invention are 
contemplated to be particularly useful are gastrointestinal 
cancer, Barrett’s esophagus, liver cancer, bladder cancer, 
pancreatic cancer, ovarian cancer, prostate cancer, cervical 
cancer, lung cancer, breast cancer and skin cancer. Such 
compositions can also be used to treat ?brosis that occurs 
With radiation therapy. Such compositions can be used to 
treat subjects having adenomatous polyps, including those 
With familial adenomatous polyposis Additionally, 
such compositions can be used to prevent polyps from 
forming in patients at risk of PAP. 

[0222] Such compositions inhibit prostanoid-induced 
smooth muscle contraction by inhibiting synthesis of con 
tractile prostanoids and hence can be of use in treatment of 
dysmenorrhea, premature labor, asthma and eosinophil-re 
lated disorders. They also can be of use for decreasing bone 
loss particularly in postmenopausal Women (ie., treatment of 
osteoporosis), and for treatment of glaucoma. 

[0223] Because of the rapid onset of therapeutic effect that 
can be exhibited by compositions of the invention, these 
compositions have particular advantages over prior formu 
lations for treatment of acute COX-2 mediated disorders, 
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especially for relief of pain, for eXample in headache, 
including sinus headache and migraine. 

[0224] Preferred uses for compositions of the present 
invention are for treatment of rheumatoid arthritis and 
osteoarthritis, for pain management generally (particularly 
post-oral surgery pain, post-general surgery pain, post-or 
thopedic surgery pain, and acute ?ares of osteoarthritis), for 
prevention and treatment of headache and migraine, for 
treatment of AlZheimer’s disease, and for colon cancer 
chemoprevention. 
[0225] For treatment of rheumatoid arthritis or osteoar 
thritis, such compositions of the invention can be used to 
provide a daily dosage of celecoXib of about 50 mg to about 
1000 mg, preferably about 100 mg to about 600 mg, more 
preferably about 150 mg to about 500 mg, still more 
preferably about 175 mg to about 400 mg, for eXample about 
200 mg. A daily dose of celecoXib of about 0.7 to about 13 
mg/kg body Weight, preferably about 1.3 to about 8 mg/kg 
body Weight, more preferably about 2 to about 6.7 mg/kg 
body Weight, and still more preferably about 2.3 to about 5.3 
mg/kg body Weight, for eXample about 2.7 mg/kg body 
Weight, is generally appropriate When administered in a 
composition of the invention. The daily dose can be admin 
istered in one to about four doses per day, preferably one or 
tWo doses per day. 

[0226] For treatment of AlZheimer’s disease or cancer, 
such compositions of the invention can be used to provide a 
daily dosage of celecoXib of about 50 mg to about 1000 mg, 
preferably about 100 mg to about 800 mg, more preferably 
about 150 mg to about 600 mg, and still more preferably 
about 175 mg to about 400 mg, for eXample about 400 mg. 
A daily dose of about 0.7 to about 13 mg/kg body Weight, 
preferably about 1.3 to about 10.7 mg/kg body Weight, more 
preferably about 2 to about 8 mg/kg body Weight, and still 
more preferably about 2.3 to about 5.3 mg/kg body Weight, 
for eXample about 5 .3 mg/kg body Weight, is generally 
appropriate When administered in a composition of the 
invention. The daily dose can be administered in one to 
about four doses per day, preferably one or tWo doses per 
day. 

[0227] For pain management generally and speci?cally for 
treatment and prevention of headache and migraine, such 
compositions of the invention can be used to provide a daily 
dosage of celecoXib of about 50 mg to about 1000 mg, 
preferably about 100 mg to about 600 mg, more preferably 
about 150 mg to about 500 mg, and still more preferably 
about 175 mg to about 400 mg, for eXample about 200 mg. 
A daily dose of celecoXib of about 0.7 to about 13 mg/kg 
body Weight, preferably about 1.3 to about 8 mg/kg body 
Weight, more preferably about 2 to about 6.7 mg/kg body 
Weight, and still more preferably about 2.3 to about 5.3 
mg/kg body Weight, for eXample about 2.7 mg/kg body 
Weight, is generally appropriate When administered in a 
composition of the invention. The daily dose can be admin 
istered in one to about four doses per day. Administration at 
a rate of one 50 mg dose unit four times a day, one 100 mg 
dose unit or tWo 50 mg dose units tWice a day or one 200 mg 
dose unit, tWo 100 mg dose units or four 50 mg dose units 
once a day is preferred. 

[0228] For selective COX-2 inhibitory drugs other than 
celecoXib, appropriate doses can be selected by reference to 
the patent literature cited hereinabove. 
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[0229] Besides being useful for human treatment, such 
compositions of the invention are useful for veterinary 
treatment of companion animals, exotic animals, farm ani 
mals, and the like, particularly mammals. More particularly, 
such compositions of the invention are useful for treatment 
of COX-2 mediated disorders in horses, dogs and cats. 

[0230] This embodiment of the invention is further 
directed to a therapeutic method of treating a condition or 
disorder Where treatment With a COX-2 inhibitory drug is 
indicated, the method comprising oral administration of a 
composition of the invention to a subject in need thereof. 
The dosage regimen to prevent, give relief from, or ame 
liorate the condition or disorder preferably corresponds to 
once-a-day or tWice-a-day treatment, but can be modi?ed in 
accordance With a variety of factors. These include the type, 
age, Weight, seX, diet and medical condition of the subject 
and the nature and severity of the disorder. Thus, the dosage 
regimen actually employed can vary Widely and can there 
fore deviate from the preferred dosage regimens set forth 
above. 

[0231] Initial treatment can begin With a dose regimen as 
indicated above. Treatment is generally continued as neces 
sary over a period of several Weeks to several months or 
years until the condition or disorder has been controlled or 
eliminated. Subjects undergoing treatment With a composi 
tion of the invention can be routinely monitored by any of 
the methods Well knoWn in the art to determine effectiveness 
of therapy. Continuous analysis of data from such monitor 
ing permits modi?cation of the treatment regimen during 
therapy so that optimally effective doses are administered at 
any point in time, and so that the duration of treatment can 
be determined. In this Way, the treatment regimen and dosing 
schedule can be rationally modi?ed over the course of 
therapy so that the loWest amount of the composition 
exhibiting satisfactory effectiveness is administered, and so 
that administration is continued only for so long as is 
necessary to successfully treat the condition or disorder. 

[0232] Compositions of the present embodiment can be 
used in combination therapies With opioids and other anal 
gesics, including narcotic analgesics, Mu receptor antago 
nists, Kappa receptor antagonists, non-narcotic (i.e. non 
addictive) analgesics, monoamine uptake inhibitors, 
adenosine regulating agents, cannabinoid derivatives, Sub 
stance P antagonists, neurokinin-lreceptor antagonists and 
sodium channel blockers, among others. Preferred combi 
nation therapies comprise use of a composition of the 
invention With one or more compounds selected from ace 

clofenac, acemetacin, e-acetamidocaproic acid, acetami 
nophen, acetaminosalol, acetanilide, acetylsalicylic acid 
(aspirin), S-adenosylmethionine, alclofenac, alfentanil, 
allylprodine, alminoprofen, aloXiprin, alphaprodine, alumi 
num bis(acetylsalicylate), amfenac, aminochlorthenoXaZin, 
3-amino-4-hydroXybutyric acid, 2-amino-4-picoline, amino 
propylon, aminopyrine, amiXetrine, ammonium salicylate, 
ampiroXicam, amtolmetin guacil, anileridine, antipyrine, 
antipyrine salicylate, antrafenine, apaZone, bendaZac, beno 
rylate, benoXaprofen, benZpiperylon, benZydamine, benZyl 
morphine, bermoprofen, beZitramide, ot-bisabolol, bro 
mfenac, p-bromoacetanilide, S-bromosalicylic acid acetate, 
bromosaligenin, bucetin, bucloXic acid, bucolome, bufeX 
amac, bumadiZon, buprenorphine, butacetin, butibufen, 
butophanol, calcium acetylsalicylate, carbamaZepine, carbi 
phene, carprofen, carsalam, chlorobutanol, chlorthenoXaZin, 
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choline salicylate, cinchophen, cinmetacin, ciramadol, clid 
anac, clometacin, clonitaZene, cloniXin, clopirac, clove, 
codeine, codeine methyl bromide, codeine phosphate, 
codeine sulfate, cropropamide, crotethamide, desomor 
phine, deXoXadrol, deXtromoramide, deZocine, diampro 
mide, diclofenac sodium, difenamiZole, difenpiramide, 
di?unisal, dihydrocodeine, dihydrocodeinone enol acetate, 
dihydromorphine, dihydroXyaluminum acetylsalicylate, 
dimenoXadol, dimepheptanol, dimethylthiambutene, dioX 
aphetyl butyrate, dipipanone, diprocetyl, dipyrone, ditaZol, 
droXicam, emorfaZone, enfenamic acid, epiriZole, eptaZo 
cine, etersalate, ethenZamide, ethoheptaZine, ethoXaZene, 
ethylmethylthiambutene, ethylmorphine, etodolac, etofe 
namate, etonitaZene, eugenol, felbinac, fenbufen, fencloZic 
acid, fendosal, fenoprofen, fentanyl, fentiaZac, fepradinol, 
fepraZone, ?octafenine, ?ufenamic acid, ?unoXaprofen, 
?uoresone, ?upirtine, ?uproquaZone, ?urbiprofen, fosfosal, 
gentisic acid, glafenine, glucametacin, glycol salicylate, 
guaiaZulene, hydrocodone, hydromorphone, hydroXypethi 
dine, ibufenac, ibuprofen, ibuproXam, imidaZole salicylate, 
indomethacin, indoprofen, isofeZolac, isoladol, isometha 
done, isoniXin, isoXepac, isoXicam, ketobemidone, ketopro 
fen, ketorolac, p-lactophenetide, lefetamine, levorphanol, 
lofentanil, lonaZolac, lomoXicam, loXoprofen, lysine acetyl 
salicylate, magnesium acetylsalicylate, meclofenamic acid, 
mefenamic acid, meperidine, meptaZinol, mesalamine, 
metaZocine, methadone hydrochloride, methotrimepraZine, 
metiaZinic acid, metofoline, metopon, mofebutaZone, mof 
eZolac, moraZone, morphine, morphine hydrochloride, mor 
phine sulfate, morpholine salicylate, myrophine, nabume 
tone, nalbuphine, l-naphthyl salicylate, naproXen, narceine, 
nefopam, nicomorphine, nifenaZone, ni?umic acid, nime 
sulide, 5‘-nitro-2‘-propoXyacetanilide, norlevorphanol, 
normethadone, normorphine, norpipanone, olsalaZine, 
opium, oXaceprol, oXametacine, oXaproZin, oXycodone, 
oXymorphone, oXyphenbutaZone, papaveretum, paranyline, 
parsalmide, pentaZocine, perisoXal, phenacetin, phenadoX 
one, phenaZocine, phenaZopyridine hydrochloride, pheno 
coll, phenoperidine, phenopyraZone, phenyl acetylsalicy 
late, phenylbutaZone, phenyl salicylate, phenyramidol, 
piketoprofen, piminodine, pipebuZone, piperylone, piprofen, 
piraZolac, piritramide, piroXicam, pranoprofen, proglumeta 
cin, proheptaZine, promedol, propacetamol, propiram, pro 
poXyphene, propyphenaZone, proquaZone, protiZinic acid, 
ramifenaZone, remifentanil, rimaZolium metilsulfate, salac 
etamide, salicin, salicylamide, salicylamide o-acetic acid, 
salicylsulfuric acid, salsalte, salverine, simetride, sodium 
salicylate, sufentanil, sulfasalaZine, sulindac, superoXide 
dismutase, suprofen, suXibuZone, talni?umate, tenidap, 
tenoXicam, terofenamate, tetrandrine, thiaZolinobutaZone, 
tiaprofenic acid, tiaramide, tilidine, tinoridine, tolfenamic 
acid, tolmetin, tramadol, tropesin, viminol, Xenbucin, Ximo 
profen, Zaltoprofen and Zomepirac (see The Merck Index, 
12th Edition (1996), Therapeutic Category and Biological 
Activity Index, lists therein headed “Analgesic”, “Anti 
in?ammatory” and “Antipyretic”). 
[0233] Particularly preferred combination therapies com 
prise use of a composition of this embodiment With an 
opioid compound, more particularly Where the opioid com 
pound is codeine, meperidine, morphine or a derivative 
thereof. 

[0234] Combination therapy herein includes administra 
tion (to one subject) of a single composition Which itself 
comprises tWo or more different drugs (eg co-formulated). 
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Where a selective COX-2 inhibitory drug is co-formulated 
With a second drug, for example an opioid drug, the second 
drug can be formulated in immediate-release, rapid-onset, 
sustained-release or dual-release form. 

[0235] Combination therapy herein also includes separate 
co-administration (to one subject) of tWo or more different 
drugs, for example each of Which is present in an individual 
composition. Co-administration herein preferably means 
that each drug or drug-containing composition to be co 
administered is administered at relative times Which times 
are selected such that each drug has therapeutically effec 
tiveness for at least a period of time during Which the other 
drug(s) being co-administered are therapeutically effective. 

[0236] It is contemplated that each drug or drug-contain 
ing composition Which is to be co-administered Will be 
administered to the subject Within a period of about 5 hours, 
more preferably Within a period of about 2 hours, still more 
preferably Within a period of about 1 hour, and still more 
preferably at substantially the same time. Relative admin 
istration times for tWo or more drugs or drug-containing 
compositions Which are to be co-administered Will depend 
on, among other factors, the relative therapeutic onset-time 
of each drug or drug containing composition. 

[0237] In an embodiment of the invention, particularly 
Where the COX-2 mediated condition is headache or 
migraine, the present selective COX-2 inhibitory drug com 
position is administered in combination therapy With a 
vasomodulator, preferably a Xanthine derivative having 
vasomodulatory effect, more preferably an alkylxanthine 
compound. 

[0238] Combination therapies Wherein an alkylXanthine 
compound is co-administered With a selective COX-2 
inhibitory drug composition as provided herein are 
embraced by the present embodiment of the invention 
Whether or not the alkylXanthine is a vasomodulator and 
Whether or not the therapeutic effectiveness of the combi 
nation is to any degree attributable to a vasomodulatory 
effect. The term “alkylxanthine” herein embraces Xanthine 
derivatives having one or more C1_4 alkyl, preferably 
methyl, substituents, and pharmaceutically acceptable salts 
of such Xanthine derivatives. DimethylXanthines and trim 
ethylXanthines, including caffeine, theobromine and theo 
phylline, are especially preferred. Most preferably, the alky 
lXanthine compound is caffeine. 

[0239] The total and relative dosage amounts of the selec 
tive COX-2 inhibitory drug and of the vasomodulator or 
alkylXanthine are selected to be therapeutically and/or pro 
phylactically effective for relief of pain associated With the 
headache or migraine. Suitable dosage amounts Will depend 
on the particular selective COX-2 inhibitory drug and the 
particular vasomodulator or alkylXanthine selected. For 
eXample, in a combination therapy With celecoXib and 
caffeine, typically the celecoXib Will be administered in a 
daily dosage amount of about 50 mg to about 1000 mg, 
preferably about 100 mg to about 600 mg, and the caffeine 
in a daily dosage amount of about 1 mg to about 500 mg, 
preferably about 10 mg to about 400 mg, more preferably 
about 20 mg to about 300 mg. 

[0240] The vasomodulator or alkylXanthine component of 
the combination therapy can be administered in any suitable 
dosage form by any suitable route, preferably orally. The 
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vasomodulator or alkylXanthine can optionally be coformu 
lated With the selective COX-2 inhibitory drug in a single 
oral dosage form. Thus a composition of the invention 
optionally comprises both an selective COX-2 inhibitory 
drug and a vasomodulator or alkylXanthine compound such 
as caffeine, in total and relative amounts consistent With the 
dosage amounts set out hereinabove. 

[0241] The phrase “in total and relative amounts effective 
to relieve pain”, With respect to amounts of a selective 
COX-2 inhibitory drug and a vasomodulator or alkylXan 
thine in a composition of the present embodiment, means 
that these amounts are such that (a) together these compo 
nents are effective to relieve pain, and (b) each component 
is or Would be capable of contribution to a pain-relieving 
effect if the other component is or Were not present in so 
great an amount as to obviate such contribution. 

[0242] Nanoparticles comprising or consisting essentially 
of a selective COX-2 inhibitory drug of loW Water solubility 
can be prepared according to any process previously applied 
to preparation of other poorly Water soluble drugs in nano 
particulate form. Suitable processes, Without restriction, are 
illustratively disclosed for such other drugs in patents and 
publications listed beloW and incorporated herein by refer 
ence. 

[0243] US. Pat. No. 4,826,689 to Violanto & Fischer. 

[0244] Above-cited U.S. Pat. No. 5,145,684. 

[0245] US. Pat. No. 5,298,262 to Na & Raj agopalan. 

[0246] US. Pat. No. 5,302,401 to Liversidge et al. 

[0247] US. Pat. No. 5,336,507 to Na & Raj agopalan. 

[0248] US. Pat. No. 5,340,564 to Illig & Sarpotdar. 

[0249] US. Pat. No. 5,346,702 to Na & Raj agopalan. 

[0250] US. Pat. No. 5,352,459 to Hollister et al. 

[0251] US. Pat. No. 5,354,560 to Lovrecich. 

[0252] Above-cited U.S. Pat. No. 5,384,124. 

[0253] US. Pat. No. 5,429,824 to June. 

[0254] US. Pat. No. 5,503,723 to Ruddy et al. 

[0255] US. Pat. No. 5,510,118 to Bosch et al. 

[0256] US. Pat. No. 5,518,187 to Bruno et al. 

[0257] US. Pat. No. 5,518,738 to Eickhoff et al. 

[0258] US. Pat. No. 5,534,270 to De Castro. 

[0259] US. Pat. No. 5,536,508 to Canal et al. 

[0260] US. Pat. No. 5,552,160 to Liversidge et al. 

[0261] US. Pat. No. 5,560,931 to Eickhoffet al. 

[0262] US. Pat. No. 5,560,932 to Bagchi et al. 

[0263] US. Pat. No. 5,565,188 to Wong et al. 

[0264] US. Pat. No. 5,569,448 to Wong et al. 

[0265] US. Pat. No. 5,571,536 to Eickhoffet al. 

[0266] US. Pat. No. 5,573,783 to Desieno & Stetsko. 

[0267] US. Pat. No. 5,580,579 to Ruddy et al. 

[0268] US. Pat. No. 5,585,108 to Ruddy et al. 
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[0269] US. Pat. No. 5,587,143 to Wong. 

[0270] US. Pat. No. 5,591,456 to Franson et al. 

[0271] US. Pat. No. 5,622,938 to Wong. 

[0272] US. Pat. No. 5,662,883 to Bagchi et al. 

[0273] US. Pat. No. 5,665,331 to Bagchi et al. 

[0274] US. Pat. No. 5,718,919 to Ruddy et al. 

[0275] US. Pat. No. 5,747,001 to Wiedmann et al. 

[0276] Above-cited International Pat. Publication 
No. WO 93/25190. 

[0277] International Pat. Publication No. WO 
96/24336. 

[0278] International Pat. Publication No. WO 
97/14407. 

[0279] International Pat. Publication No. WO 
98/35666. 

[0280] International Pat. Publication No. WO 
99/65469. 

[0281] International Pat. Publication No. WO 
00/18374. 

[0282] International Pat. Publication No. WO 
00/27369. 

[0283] International Pat. Publication No. WO 
00/30615. 

[0284] One of ordinary skill in the art Will readily adapt 
the processes therein described to preparation of a poorly 
Water soluble selective COX-2 inhibitory drug in nanopar 
ticulate form. 

[0285] In one embodiment of the invention, nanoparticles 
of a selective COX-2 inhibitory drug are prepared by a 
milling process, preferably a Wet milling process in presence 
of a surface modifying agent that inhibits aggregation and/or 
crystal groWth of nanoparticles once created. In another 
embodiment of the invention, nanoparticles of a selective 
COX-2 inhibitory drug are prepared by a precipitation 
process, preferably a process of precipitation in an aqueous 
medium from a solution of the drug in a non-aqueous 
solvent. The non-aqueous solvent can be a lique?ed, e.g., 
supercritical, gas under pressure. Illustrative examples of 
these and other processes for preparing nanoparticles of a 
selective COX-2 inhibitory drug are presented With greater 
particularity beloW. 

[0286] In one particular embodiment of the invention, 
nanoparticles are prepared by a process comprising the steps 
of (a) dispersing a selective COX-2 inhibitory drug and a 
surface modifying agent in a liquid dispersion medium; and 
(b) Wet milling the resulting drug dispersion in presence of 
grinding media to result in crystalline nanoparticles of the 
drug having the surface modifying agent adsorbed on the 
surface thereof in an amount sufficient to maintain a Weight 
average particle siZe of less than about 400 nm, substantially 
as disclosed in above-cited US. Pat. No. 5,145,684. The 
surface modifying agent inhibits aggregation of the nano 
particles and can be any of various polymers, loW molecular 
Weight oligomers, natural products, surfactants, etc. The 
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nanoparticles in this and related embodiments are referred to 
herein as being composed of a nanocrystalline drug/surface 
modi?er complex. 

[0287] In a related embodiment of the invention, a nanoc 
rystalline drug/surface modi?er complex prepared as 
described above comprises a puri?ed surface modifying 
agent, for example a puri?ed polymeric surfactant, to pre 
vent particle aggregation during a subsequent steriliZation 
step, substantially as disclosed in above-cited US. Pat. No. 
5,352,459. 
[0288] In another related embodiment of the invention, a 
nanocrystalline drug/surface modi?er complex prepared as 
described above comprises as a surface modifying agent the 
surfactant p-isononylphenoxypoly(glycidol), substantially 
as disclosed in above-cited US. Pat. No. 5,340,564. 

[0289] In another related embodiment of the invention, a 
nanocrystalline drug/surface modi?er complex prepared as 
described above is associated With an anionic or cationic 
cloud point modi?er to increase the cloud point of the 
surface modifying agent, substantially as described in 
above-cited US. Pat. No. 5,298,262 (cationic or anionic 
surfactant as cloud point modi?er), US. Pat. No. 5,336,507 
(charged phospholipid as cloud point modi?er), or US. Pat. 
No. 5,346,702 (non-ionic cloud point modi?er). 
[0290] In another related embodiment of the invention, a 
nanocrystalline drug/surface modi?er complex prepared as 
described above further comprises a cryoprotectant, for 
example a carbohydrate or sugar alcohol, in an amount 
su?icient to permit the nanoparticles to be lyophiliZed, 
substantially as described in above-cited US. Pat. No. 
5,302,401. Apreferred cryoprotectant of this embodiment is 
sucrose. The method of making nanoparticles having a 
surface modi?er adsorbed on the surface thereof and a 
cryoprotectant associated thereWith comprises contacting 
the nanoparticles With the cryoprotectant for a time and 
under conditions sufficient to permit lyophiliZation of the 
nanoparticles. 
[0291] In another related embodiment of the invention, 
nanoparticulate drug particles having a surface modifying 
agent adsorbed on the surface thereof in an amount suf?cient 
to maintain a Weight average particle siZe of less than about 
400 nm are prepared by a process comprising the steps of (a) 
dispersing the drug in a liquid dispersion medium Wherein 
the drug is insoluble; and (b) grinding the medium (e.g., in 
a dispersion mill) in the presence of rigid grinding media, 
Wherein pH of the medium is maintained Within a range of 
about 2 to about 6, substantially as disclosed in above-cited 
US. Pat. No. 5,552,160. 

[0292] In another related embodiment of the invention, 
nanoparticles are prepared by a process comprising the steps 
of (a) providing a selective COX-2 inhibitory drug sub 
stance; (b) depyrogenating rigid grinding media, for 
example in an oven at about 200° C. to about 300° C. for 
about 6 to about 20 hours; mixing the drug substance and 
grinding media together and autoclaving at about 100° C. to 
about 150° C. for about 10 to about 60 minutes); and (c) 
adding a surface modifying agent (e.g., selected from poly 
mers, loW molecular Weight oligomers, natural products and 
surfactants) to the resulting autoclaved drug substance fol 
loWed by Wet grinding to provide and maintain a Weight 
average particle siZe of less than about 400 nm, substantially 
as disclosed in above-cited US. Pat. No. 5,534,270. 
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[0293] In another related embodiment of the invention, 
nanoparticles are prepared by a process comprising contact 
ing a selective COX-2 inhibitory drug With a surface modi 
fying agent (e.g., by adding the drug to a liquid medium 
comprising the surface modifying agent and Wet grinding in 
a dispersion mill) for a time and under conditions suf?cient 
to provide and maintain a Weight average particle siZe of less 
than about 400 nm, substantially as described in above-cited 
US. Pat. No. 5,429,824. In this embodiment the surface 
modifying agent is a nonionic liquid polymer of the alky 
laryl polyether alcohol type, for example tyloxapol. Option 
ally an additional surface modifying agent can be present. 

[0294] In another related embodiment of the invention, 
nanoparticles are prepared by a process comprising the steps 
of (a) forming a premix of a selective COX-2 inhibitory drug 
and a surface modi?er (e.g., selected from polymers, loW 
molecular Weight oligomers, surfactants, etc.) in a liquid 
dispersion medium (e.g., Water, salt solution, ethanol, etc.); 
(b) transferring the premix to a micro?uidiZer having an 
interaction chamber capable of producing shear, impact, 
cavitation and attrition forces; (c) subjecting the premix to 
these forces at a temperature not exceeding about 40° C. and 
a ?uid pressure of about 20,000 to about 200,000 kPa by 
passing the premix through the interaction chamber to 
reduce the particle siZe of the drug and to obtain a homo 
geneous slurry thereof; (d) collecting the slurry from the 
interaction chamber into a receiving tank; (e) reintroducing 
the slurry into the interaction chamber to further reduce 
particle siZe; and repeating the collection and reintroduc 
tion steps until the Weight average particle siZe of the drug 
is less than about 400 nm, substantially as disclosed in 
above-cited US. Pat. No. 5,510,118. 

[0295] In another related embodiment of the invention, 
nanoparticles are prepared by a process comprising the steps 
of (a) milling (e.g., in a dispersion mill), optionally in the 
presence of an oil, a selective COX-2 inhibitory drug in the 
presence of surface modifying agents (e.g., gelatin, casein, 
lecithin, polyvinylpyrrolidone, tyloxapol, poloxamers, other 
block polymers, etc.) substantially as disclosed in above 
cited US. Pat. No. 5,560,931. In this embodiment, the drug 
particles have a non-crosslinked modi?er adsorbed on the 
surface thereof, and are suspended in an aqueous phase 
Which is emulsi?ed in a continuous oil phase. Weight 
average particle siZe is less than about 1000 nm. The oil 
phase can be oleic acid, as disclosed in above-cited U.S. Pat. 
No. 5,571,536. 

[0296] In another related embodiment of the invention, 
nanoparticles are prepared by a process comprising the steps 
of (a) introducing a selective COX-2 inhibitory drug, a 
liquid medium, grinding media and a surface modifying 
agent into a grinding vessel; and (b) Wet grinding to reduce 
the Weight average particle siZe of the drug to less than about 
1000 nm, substantially as disclosed in above-cited US. Pat. 
No. 5,565,188 (block copolymer as surface modifying agent 
containing one or more polyoxyethylene blocks and one or 
more polyoxy(higher alkylene) blocks Wherein at least some 
of the blocks are linked together by an oxymethylene linking 
group) and Us. Pat. No. 5,587,143 (block copolymer of 
ethylene oxide and butylene oxide as surface modifying 
agent). 

[0297] In another related embodiment of the invention, a 
composition is provided comprising nanoparticulate selec 
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tive COX-2 inhibitory drug particles having a block copoly 
mer linked to at least one anionic group as a surface 

modifying agent adsorbed on the surface thereof. The com 
position is prepared by a process comprising the steps of (a) 
preparing the drug in particulate form, preferably at a 
particle siZe less than about 100 pm; (b) adding the drug to 
a liquid medium in Which it is essentially insoluble to form 
a premix; and (c) subjecting the premix to mechanical means 
to reduce the average particle siZe in the premix to less than 
about 1000 nm, substantially as disclosed in above-cited 
US. Pat. No. 5,569,448. Preferably, the surface modifying 
agent is present in the premix. 

[0298] In another related embodiment of the invention, 
nanoparticles are prepared by a process comprising the steps 
of (a) adding a selective COX-2 inhibitory drug and a 
surface modifying agent (e.g., a steric stabiliZer such as 
gelatin, casein, lecithin, gum acacia, cholesterol, tragacanth, 
sorbitan esters, polyethylene glycol, polyoxyethylene alkyl 
esters, polyoxyethylene stearates, etc.) to a liquid in Which 
the drug is insoluble to form a premix, and (b) subjecting the 
premix to mechanical means (e.g., in a dispersion mill) to 
reduce average particle siZe to less than about 400 nm, 
substantially as disclosed in above-cited US. Pat. No. 
5,573,783. 
[0299] In another related embodiment of the invention, 
nanoparticles are prepared by a process comprising the steps 
of (a) dispersing a selective COX-2 inhibitory drug and a 
surface active agent (e.g., poloxamers having a molecular 
Weight of about 1,000 to about 15,000 daltons, polyvinyl 
alcohol, polyvinylpyrrolidone, hydroxypropylmethylcellu 
lose, and polyoxyethylene sorbitan monooleate) in a liquid 
dispersion medium in Which the drug is poorly soluble, then 
applying mechanical means (e.g., in a dispersion mill) to 
reduce drug particle siZe to less than about 400 nm, sub 
stantially as disclosed in above-cited US. Pat. No. 5,585, 
108. 

[0300] In another related embodiment of the invention, 
nanoparticles are prepared by a process comprising the steps 
of (a) adding a selective COX-2 inhibitory drug and hydrox 
ypropylcellulose as a surface modifying agent to a liquid 
medium in Which the drug is essentially insoluble to form a 
premix, and employing mechanical means (e.g., in a disper 
sion mill) to reduce drug particle siZe to less than about 1000 
nm, preferably less than about 400 nm, substantially as 
disclosed in above-cited U.S. Pat. No. 5,591,456. 

[0301] In another related embodiment of the invention, 
nanoparticles are prepared by a process as described herein 
that employs a surface modifying agent, the surface modi 
fying agent being selected such that the resulting composi 
tion has a hydrophile-lipophile balance (HLB) of about 4 to 
about 9, substantially as disclosed in above-cited Interna 
tional Pat. Publication No. WO 00/30615. 

[0302] In another particular embodiment of the invention, 
nanoparticles are prepared by a process comprising the steps 
of (a) mixing a selective COX-2 inhibitory drug With a 
support material, preferably a crosslinked, Water-sWellable 
polymer; (b) grinding the resulting mixture in a grinding 
chamber Which is saturated With a solvent vapor (e.g., Water, 
ethanol, isopropanol, chloroform, methanol, etc.); (c) drying 
the ground mixture under vacuum; and (d) sieving the dried 
ground mixture to eliminate any aggregates formed, sub 
stantially as disclosed in above-cited US. Pat. No. 5,354, 
560. 
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[0303] In another particular embodiment of the invention, 
nanoparticles are prepared by a process comprising the steps 
of (a) forming a paste comprising nanoparticles of a 
selective COX-2 inhibitory drug, (ii) at least one thickening 
or binding agent (e.g., selected from polypeptides, high 
molecular Weight polymers, colloids, etc.) and/or extender, 
(iii) one or more stabilizing agents to prevent settling and/or 
rising to the surface of the nanoparticles, and (iv) a suitable 
amount of Water to adjust viscosity; and (b) lyophiliZing the 
paste, substantially as disclosed in above-cited US. Pat. No. 
5,384,124. 

[0304] In another particular embodiment of the invention, 
nanoparticles are prepared by a process comprising the steps 
of (a) preparing a selective COX-2 inhibitory drug in 
particulate form, preferably at a particle siZe smaller than 
about 100 pm; (b) adding the prepared drug to a liquid 
medium (preferably comprising a surface modifying agent 
such as a hygroscopic sugar) in Which the drug is essentially 
insoluble to form a premix; and (c) subjecting the premix to 
mechanical means to reduce the average particle siZe in the 
premix to less than about 1000 nm, substantially as disclosed 
in above-cited U.S. Pat. No. 5,518,738. Preferably, polyvi 
nylpyrrolidone and/or a Wetting agent, e.g., sodium lauryl 
sulfate, are also present in the premix. Compositions pre 
pared by this process preferably have a ?lm adsorbed on the 
surface of the nanoparticles comprising a polyvinylpyrroli 
done, a hygroscopic sugar and sodium lauryl sulfate. 

[0305] In another particular embodiment of the invention, 
nanoparticles are prepared by a process comprising the steps 
of (a) co-solubiliZing one or more polymeric constituents 
including, for example, a biodegradable polymer (e.g., poly 
lactic acid, polyglycolic acid or co-polymers thereof, poly 
hydroxybutyric acid, polycaprolactone, polyorthoesters, 
etc.), a polysaccharide jellifying and/or bioadhesive poly 
mer, and/or an amphiphilic polymer (e.g. polyethylene gly 
col, polyvinylpyrrolidone or polyvinyl alcohol) together 
With an agent modifying interface properties to form a 
polymer mixture, optionally in the presence of one or more 
solvents; (b) dissolving or suspending a selective COX-2 
inhibitory drug in the polymer mixture; and (c) forming 
particles consisting of the polymers, the agent modifying the 
interface properties and the drug by a technique of emulsion, 
extrusion, spray drying or spray congealing, substantially as 
disclosed in above-cited US. Pat. No. 5,536,508. Nanopar 
ticles prepared by this process preferably have a Weight 
average particle siZe of about 0.1 pm to about 150 pm. 

[0306] In another particular embodiment of the invention, 
nanoparticles are prepared by a process comprising the steps 
of (a) preparing a solution of a selective COX-2 inhibitory 
drug in a Water-miscible organic solvent; (b) infusing an 
aqueous precipitating liquid (e.g., Water, solution of mineral 
salt, or surfactant solution) into the solution to produce a 
suspension of precipitated, amorphous, solid drug in the 
form of non-aggregated particles; and (c) separating the 
particles from the precipitating liquid and Washing in an 
aqueous Washing liquid, substantially as disclosed in above 
cited US. Pat. No. 4,826,689. 

[0307] In another particular embodiment of the invention, 
nanoparticles are prepared by a process comprising the steps 
of (a) dissolving a selective COX-2 inhibitory drug in an 
aqueous base (e.g., NaOH, KOH, CsOH, etc.) With stirring 
to form a solution; (b) adding a surface modi?er (e.g., 
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various polymers, surfactants, loW molecular Weight oligo 
mers, etc.) to form a clear solution; and (c) neutraliZing the 
clear solution With stirring and With an appropriate acid 
solution (e.g., HCl, HNO3, HClO4, H2504, formic acid, 
propionic acid, acetic acid, butyric acid, etc.), substantially 
as disclosed in above-cited US. Pat. Nos. 5,560,932 and 
5,580,579. 
[0308] In another related embodiment of the invention, 
nanoparticles are prepared by a process comprising the steps 
of (a) dissolving a selective COX-2 inhibitory drug in a 
liquid medium base (e.g., NaOH, KOH, CsOH, trialky 
lamines, pyridine, etc.) comprising a non-toxic solvent in 
Which the drug is poorly soluble to form a solution; (b) 
adding an aqueous solution of one or more surface modi 
fying agents (e.g., anionic or nonionic surfactants, polymeric 
or oligomeric substances); and (c) neutraliZing the resulting 
alkaline solution With an acid (e.g., HCl, HNO3, HClO4, 
H2504, formic acid, propionic acid, acetic acid, butyric acid, 
etc.), to form a dispersion, preferably having a Z-average 
particle diameter of less than about 100 nm as measured by 
photon correlation spectroscopy, substantially as disclosed 
in above-cited US. Pat. No. 5,662,883. 

[0309] In another related embodiment of the invention, 
nanoparticles are prepared by a process comprising the steps 
of (a) dissolving a selective COX-2 inhibitory drug and a 
crystal groWth modi?er (i.e., a compound that is substan 
tially isostructural to the drug) in an aqueous base (e.g., 
NaOH, KOH, CsOH, trialkylamines, pyridine, etc.) to form 
a solution; (b) adding an aqueous solution of one or more 
surface modifying agents (e.g., a mixture of anionic surfac 
tant, nonionic surfactant, polymeric substance and oligo 
meric substance); and neutraliZing the resulting alkaline 
solution With an acid (e.g., HCl, HNO3, HCOl4, H2504, 
formic acid, propionic acid, acetic acid, butyric acid, etc.), to 
form a dispersion, preferably Wherein the drug particles have 
a Z-average particle diameter of less than about 400 nm as 
measured by photon correlation spectroscopy, substantially 
as disclosed in above-cited US. Pat. No. 5,665,331. 

[0310] In another particular embodiment of the invention, 
nanoparticles having a Weight average particle siZe of less 
than about 400 nm are prepared from a dispersion compris 
ing a ?rst particle distribution of a selective COX-2 inhibi 
tory drug together With a surface modifying agent such as 
polysulfated tyloxapol by a process comprising the steps of 
(a) placing the dispersion betWeen a ?rst electrode and a 
second electrode; and (b) removing a portion of the disper 
sion at a position betWeen the ?rst electrode and the second 
electrode, this portion of the dispersion having a second 
particle siZe distribution that is smaller than the ?rst particle 
distribution, substantially as disclosed in above-cited US. 
Pat. No. 5,503,723. 

[0311] In another particular embodiment of the invention, 
nanoparticles having a Weight average particle siZe of up to 
about 300 nm are prepared by a process comprising the steps 
of (a) dissolving a selective COX-2 inhibitory drug in a 
solvent to form a solution; and (b) spraying the solution into 
a lique?ed gas or supercritical ?uid in presence of a surface 
modifying agent dispersed or dissolved in an aqueous phase, 
substantially as disclosed in above-cited International Pat. 
Publication No. WO 97/14407. 

[0312] In another related embodiment of the invention, 
nanoparticles having a Weight average particle siZe of up to 
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about 300 nm are prepared by a process comprising the steps 
of (a) dissolving a selective COX-2 inhibitory drug in a 
lique?ed gas or supercritical ?uid to form a solution; (b) 
preparing an aqueous phase containing a surface modifying 
agent; and (c) spraying the solution into the aqueous phase, 
substantially as disclosed in the same above-cited Interna 
tional Pat. Publication No. WO 97/14407. 

[0313] In another related embodiment of the invention, 
nanoparticles are prepared by a process comprising the steps 
of (a) dissolving a selective COX-2 inhibitory drug and a 
surface modifying agent in a lique?ed gas or supercritical 
?uid to form a solution; and (b) expanding the solution into 
an aqueous medium, substantially as disclosed in above 
cited International Pat. Publication No. WO 99/13755. 

[0314] Excipients included in a composition of the inven 
tion can be solids or liquids or both. Compositions of the 
invention containing excipients can be prepared by any 
technique of pharmacy that comprises admixing the excipi 
ents With a selective COX-2 inhibitory drug that has been at 
least partially pre-prepared, optionally together With one or 
more excipients, in nanoparticulate form as indicated above. 

[0315] Compositions suitable for buccal or sublingual 
administration include, for example, loZenges comprising 
the selective COX-2 inhibitory drug in a ?avored base, such 
as sucrose and acacia or tragacanth, and pastilles comprising 
the drug in an inert base such as gelatin and glycerin or 
sucrose and acacia. 

[0316] Liquid dosage forms for oral administration 
include pharmaceutically acceptable suspensions, syrups, 
and elixirs containing inert diluents commonly used in the 
art, such as Water. Such compositions may also comprise, for 
example, Wetting agents, emulsifying and suspending 
agents, and sWeetening, ?avoring, and perfuming agents. 
[0317] Solid unit dosage forms for oral administration 
contain the selective COX-2 inhibitory drug in nanoparticu 
late form together With excipients and are most conveniently 
formulated as tablets or capsules. Non-limiting examples 
folloW of excipients that can be used to prepare pharmaceu 
tical compositions of the invention. 

[0318] Compositions of the invention optionally comprise 
one or more pharmaceutically acceptable diluents as excipi 
ents. Suitable diluents illustratively include, either individu 
ally or in combination, lactose, including anhydrous lactose 
and lactose monohydrate; starches, including directly com 
pressible starch and hydrolyZed starches (e.g., CelutabTM 
and EmdexTM); mannitol; sorbitol; xylitol; dextrose (e.g., 
CereloseTM 2000) and dextrose monohydrate; dibasic cal 
cium phosphate dihydrate; sucrose-based diluents; confec 
tioner’s sugar; monobasic calcium sulfate monohydrate; 
calcium sulfate dihydrate; granular calcium lactate trihy 
drate; dextrates; inositol; hydrolyZed cereal solids; amylose; 
celluloses including microcrystalline cellulose, food grade 
sources of a- and amorphous cellulose (e.g., RexcelTM) and 
poWdered cellulose; calcium carbonate; glycine; bentonite; 
polyvinylpyrrolidone; and the like. Such diluents, if present, 
constitute in total about 5% to about 99%, preferably about 
10% to about 85%, and more preferably about 20% to about 
80%, of the total Weight of the composition. The diluent or 
diluents selected preferably exhibit suitable ?oW properties 
and, Where tablets are desired, compressibility. 

[0319] Lactose and microcrystalline cellulose, either indi 
vidually or in combination, are preferred diluents. Both 
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diluents are chemically compatible With celecoxib. The use 
of extragranular microcrystalline cellulose (that is, microc 
rystalline cellulose added to a Wet granulated composition 
after a drying step) can be used to improve hardness (for 
tablets) and/or disintegration time. Lactose, especially lac 
tose monohydrate, is particularly preferred. Lactose typi 
cally provides compositions having suitable release rates of 
celecoxib, stability, pre-compression ?oWability, and/or dry 
ing properties at a relatively loW diluent cost. It provides a 
high density substrate that aids densi?cation during granu 
lation (Where Wet granulation is employed) and therefore 
improves blend ?oW properties. 

[0320] Compositions of the invention optionally comprise 
one or more pharmaceutically acceptable disintegrants as 
excipients, particularly for tablet formulations. Suitable dis 
integrants include, either individually or in combination, 
starches, including sodium starch glycolate (e.g., 
ExplotabTM of PenWest) and pregelatiniZed corn starches 
(e.g., NationalTM 1551, NationalTM 1550, and ColocornTM 
1500), clays (e.g., VeegumTM HV), celluloses such as puri 
?ed cellulose, microcrystalline cellulose, methylcellulose, 
carboxymethylcellulose and sodium carboxymethylcellu 
lose, croscarmellose sodium (e.g., Ac-Di-SolTM of FMC), 
alginates, crospovidone, and gums such as agar, guar, locust 
bean, karaya, pectin and tragacanth gums. 
[0321] Disintegrants may be added at any suitable step 
during the preparation of the composition, particularly prior 
to granulation or during a lubrication step prior to compres 
sion. Such disintegrants, if present, constitute in total about 
0.2% to about 30%, preferably about 0.2% to about 10%, 
and more preferably about 0.2% to about 5%, of the total 
Weight of the composition. 

[0322] Croscarmellose sodium is a preferred disintegrant 
for tablet or capsule disintegration, and, if present, prefer 
ably constitutes about 0.2% to about 10%, more preferably 
about 0.2% to about 7%, and still more preferably about 
0.2% to about 5%, of the total Weight of the composition. 
Croscarmellose sodium confers superior intragranular dis 
integration capabilities to granulated compositions of the 
present invention. 

[0323] Compositions of the invention optionally comprise 
one or more pharmaceutically acceptable binding agents or 
adhesives as excipients, particularly for tablet formulations. 
Such binding agents and adhesives preferably impart suffi 
cient cohesion to the poWder being tableted to alloW for 
normal processing operations such as siZing, lubrication, 
compression and packaging, but still alloW the tablet to 
disintegrate and the composition to be absorbed upon inges 
tion. Suitable binding agents and adhesives include, either 
individually or in combination, acacia; tragacanth; sucrose; 
gelatin; glucose; starches such as, but not limited to, prege 
latiniZed starches (e.g., NationalTM 1511 and NationalTM 
1500); celluloses such as, but not limited to, methylcellulose 
and carmellose sodium (e.g. Tylose TM); alginic acid and salts 
of alginic acid; magnesium aluminum silicate; PEG; guar 
gum; polysaccharide acids; bentonites; povidone, for 
example povidone K-15, K-30 and K-29/32; polymethacry 
lates; HPMC; hydroxypropylcellulose (e.g., KlucelTM); and 
ethylcellulose (e.g., EthocelTM). Such binding agents and/or 
adhesives, if present, constitute in total about 0.5% to about 
25%, preferably about 0.75% to about 15%, and more 
preferably about 1% to about 10%, of the total Weight of the 
composition. 


















