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Acetaminophen, a slightly bitter, white, odorless, crystalline powder, is a non-opiate,
non-salicylate analgesic and antipyretic. It is commercially available from multiple sources,
such as under the trade name TYLENOL® Tablet, from McNeil Consumer, and is available in
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insoluble in water, the dissolution of conventional acetaminophen tablets is reduced in the
fasting state as compared to the fed state. The slow dissolution rate results in a slow absorption
rate. Because of the slow absorption rate, maximum plasma concentrations of acetaminophen
do not occur until approximately 0.4 to 1 hour after administration of a dose. The improvement
in dissolution rate would enhance the rate of absorption of acetaminophen allowing the maximal
plasma concentration to be achieved much more quickly and therefore therapeutic efficacy
would begin much sooner. In addition, food delays the time to maximum serum concentration
of acetaminophen. Thus, acetaminophen has limited bioavailability in the fasted state as
compared to the fed state which limits the therapeutic outcome for all treatments requiring

acetaminophen. There is a need in the art for acetaminophen formulations which overcome this
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characteristics;” U.S. Patent Publication No. 20030108616 for “Nanoparticulate compositions

—,

comprising copolymers of vinyl pyrrolidone and vinyl acetate as surface stabilizers;” U.S.
Patent Publication No. 20030095928 for “Nanoparticulate insulin;” U.S. Patent Publication No.
20030087308 for “Method for high throﬁgh put screening using a small scale mill or
microfluidics;” U.S. Patent Publication No. 20030023203 for “Drug delivery systems &
methods;” U.S. Patent Publication No. 20020179758 for “System and method for milling
materials; and U.S. Patent Publication No. 20010053664 for “Apparatus for sanitary wet
milling,” describe nanoparticulate active agent compositions and are specifically incorporated
by reference.

In particular, U.S. Patent No. 5,518,738, for “Nanoparticulate NSAID Compositions,:
and U.S. Patent No. 5,552,160 for “Surface Modified NSAID Nanoparticles,” describe

nanoparticulate NSAID compositions. The ‘738 patent describes compositions comprising a



There is a need in the art for inproved dosage forns of acetam nophen. The
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A preferred dosage form of the invention is a solid dosage form, although any
- pharmacentically acceptable dosage form can be utilized.

_Another aspect of the invention is directed to pharmaceutical compositions comprising a
nanoparticulate acetaminophen, or a salt or derivative thereof, particle and at least one surface
stabilizer, and a pharmaceutically acceptable carrier, as well as any desired excipients.

One embodiment of the invention encompasses a nanoparticulate acetaminophen
composition, wherein the pharmacokinetic profile of the nanoparticulate acetaminophen is not
significantly affected by the fed or fasted state of a subject ingesting the composition.

In yet another embodiment, the invention encompasses a nanoparticulate acetaminophen
composition, 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.



Both the foregoing summary of the invention and the follow ng brief
description of the drawi ngs and detailed description of the invention are
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: Shows a 100x phase objective using immersion oil of a nanoparticulate
formulation of 10% (w/w) acetaminophen, 2.5% (w/w) hydroxypropyl cellulose SL (HPC-SL),

and 0.1% (w/w) docusate sodium; and

Figure 2: Shows a 100x phase objective using immersion oil of a nanoparticulate
formulation of 10% (w/w) acetaminophen, 2.5% (w/w) Plasdone K29/32, and 0.1% (w/w)
sodium lauryl sulfate.

DETAILED DESCRIPTION OF THE INVENTION
L Nanoparticulate Acetaminophen Compositions
The present invention is directed to nanoparticulate compositions comprising an
acetaminophen, or a salt or derivative thereof. The compositions comprise acetaminophen, or a

salt or derivative thereof, and preferably at least one surface stabilizer adsorbed on or associated



derivative thereof, conpositions together with one or nore non-toxic
physi ol ogi cally acceptable carriers, adjuvants, or vehicles, collectively
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A preferred dosage form of the invention is a solid dosage form, although 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 fast melt dosage form, controlled release
dosage form, lyophilized dosage form, delayed release dosage form, extended release dosage
form, pulsatile release dosage form, mixed immediate release and controlled release dosage
form, or a combination thereof, A solid dose tablet formulation is preferred.

The present invention is described herein usihg several definitions, as set forth below
and throughout the application.

The term “effective average particle size,” as used herein, means that at least about 50%

of the nanoparticulate acetaminophen particles have a size of less than about 2000 nm, by



t he present invention. The term "conventional” or "non-nanoparticul ate
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2000 nm. Nanoparticﬁlate active agents as defined herein have an effective average particle

size of less thau about 2000 nm.

The phrase “poorly water soluble drugs™ as used herein refers to drugs having a
solubility in water of less than about 30 mg/ml, less than about 20 mg/ml, less than about 10
mg/ml, or less than about 1 mg/ml. |

As used herein, the phrase “therapeutically effective amount” shall mean that 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 those of
skill in the art.
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phar macoi dnetic profile, as used herein, is the pharmacokinetic profile
nmeasured after the initial dose of acetam nophen or a salt or derivative
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(D

in comparative pharmacokinetic testing with a non-nanoparticulate formulation of the same
acetaminophen, 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 T«
exhibited by the non-nanoparticulate acetaminophen formulation.

In another embodiment, the composition comprising a nanoparticulate acetaminophen
exhibits in comparative pharmacokinetic testing with a non-nanoparticﬁlate formulation of the
same acetaminophen, administered at the same dosage, a Ciax 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
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a salt oWVOEPV4Pa1%ve t hereof. The conpositions can be PCAGHINMIORLS6 n any way
as described herein and as known to those of skill in the art. 3. The

Phar least akoutd 000%Patdéast alsoudfl 10006, AdeasbatondH106%, @b Igastsabbiiol 308, at Iebit | nvent i on

A T TR N R P Y I S
phar %8(;036/% ‘r& ?tglg%sg 3b<9ftq bb%, ﬁéat?‘tﬁ&?ﬁb opPh&RidiRd ’B?tt}héhﬁ}ﬁﬁﬁﬁgh%ﬁlﬁteaf fected by

t he stafe of ubject "Thgesting the conposition. This neans
t hat adetaarirophen darnaubdtstnant i al difference in the quantity of drug absorbed or

the rate of drug absqrpti onetgnen t he, nanoparti cul ate acet am nophen

Conposi t i tﬂ?‘gh%&m%r?ﬂ&"f“’em € compeRiiqneempLisupR nanePsrticlate st ate. 12 WO
2007 : | ] mul ati ons,
e, R R B i O o AR O o a R e ™ =
adm fdzmtlhtienriof?\nhb sathe acbt?}ﬁﬂiiopheﬁ, btlﬂmhaésmred htrthahugm msiaglla anQXg€mwidch isiat h ]
conventi pnal__acet am npphen for ations js undesira , The acet am nophen
f or MepsEPRIHSI s 2t Ieast QW)M“ Q@jﬁt@gﬁ t/hiagfeﬁt@gp%oo%%afi%ésl‘_eﬁg%‘_!tam nophen
f OF MYL | Rt BBUCRS09p ot R dBpEPH 2596 UPRAABbOR' 0o elet 18 83b6u928) b cant |y

di fferent absorption ['eve en ‘adii ni stered  under as ‘conpared to
f ast least abart @50%00 aidleadBabmiti275%0 bt laasti alsoat) 800% ) ahledst abous ABA@%qattléast aboukl | M nat es

the effect. of food jnclude an i ease in, sub t convepien t her eb

i ncr&wﬁﬁél‘%‘ﬂ gﬁttﬁé)gcmﬂt.e&?ka@?“@%%ét gﬁﬁja@‘ﬂtg& %@ ahl%f’?t aﬁ%‘gcf%(ﬁ%’ é‘h;ur eyt hat
they1ea§t%b&ﬁk7§0% & 1988 Q‘P&‘dt%@% W 1edbt Bou75 MUl 1ERPED J@p@%z a Aé‘isgﬁioil* cant, as
wi t h "poor subjett conpliance an increase In the rrecﬂca condition for which
t he 85096 at keasktebout 90086 Rt tdakicahonted50B€ ablesstabeut, 1000%, at least nbag @05@%48j at or fever

ncet R ABOH A0 g detet PO 143061t o fraubp B2 Ok arestar SR SiARH |t he Fed
Ver suhiaf o454 Sl e Biid AYBRIAGACR kABBRRATDASSSS provi des 2

nanoparti culate acetam nophen conposition 1n which adm nistration of the
conposi t i lnrone embodimiiné of therineentian,ithel Tk af ecataminbplean,ivhenh essayeadan the

adm ni stratjon of the conposition to a bjject_in a fed, state..Th

o DS S he DaBrmAan s s gharcabogs & Ao & bt b olhat SASHAIRENS nophen
CONPQShi | s of i A ﬂ? A | t he
fast%%hgw?%&bgigrgﬂﬂaﬁ%a%s p&?@@ﬁ%ﬁﬁgb%%?gg%dspggs t gtﬁ)uggglé#l%BS% | ess
t hanlesdtbar atiodt4d hbersslessthan about 8 hobes,; lebsthan aboan 2 hebrs,tessidtm abag d hohgn about

35% l.ess, than ut 30%, | ess, than about 25% |ess than about 20% |ess
thanorgmibml%&qg@yﬁﬁﬁegg%{m Dl ess than about 5% or |ess than about
3% [0001] The desirable pharmacokinetic profile, as used herein, is the pharmacokinetic profile

measured after the initial dose of acetaminophen or a salt or derivative thereof. The 4
compositions can be formulated in any way as described herein and as known to those of skill in
the art.

3. The Pharmacokinetic Profiles of the Acetaminophen Compositions of
the Invention are not Affected by the Fed or Fasted State of the
Subject Ingesting the Compositions
The invention encompasses acetaminophen composition wherein the pharmacokinetic
profile of acetaminophen is not substantially affected by the fed or fasted state of a subject
ingesting the composition. This means that there is no substantial difference in the quantity of
drug absorbed or the rate of drug absorption when the nanoparticulate acetaminophen

compositions are administered in the fed versus the fasted state.
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I n one enbodi nent of the invention, the invention enconpasses conpositions
conpri si articul ate acetan1nophen wher ei n adg}.nj ' of the
conp03|9§§ﬁ&F@§§895ubject in a fasted state is bIOGQUIeg?gﬁ%h?@h%%
adm ni stration of the conposition to a subject in a fed state, in

parti cul aForepnyentionabrdsianinophen faumlaiongsia NSELENOLM; the abiserptios of Food and

Drug__ Adm ni stratlon d, t he, cor escpwag n 53’60 gan re Iator agency
(EnERSamngeens oreksod Wiy iomimelsred Wil foid, s G
bi oegbdeyaldaHith ¢6nvbﬁtﬂm9.ﬂ8@e%ﬂﬁb§lﬁﬂ%nﬂdl&tﬂfn¥i’d &deﬁi‘&blé OThe %ﬁﬂ%h@"ﬁ are

between 0.80 to 1. .,,,, Neasurenents are not relevant to bioequival ence
for fasmulatioos of the rnp@a@gt) oveTeorat this prioblem, as/the epetgminephere formmtationsweduaeds or

RO o9 BB 0 5ah Rl i ARSI b o e
0. 70yhder fedlak coﬁgpayéqtg%%gggﬁ@ﬁom/ US2006/ 021656 * 5. Dissolution Profiles

of the Acetam no Conposi tions of the Invention The nanoparticulate

acet am noPersfits of a é0~°@3¢ formrwhich suhstantially ¢liminates tlmffmtof food énchifdetane

R Hheege Bt b eEh Ry oo, (e SRer B esuiodcoribes of PRaphittn e B ¢ oot s
di ssféddttb @Aste e el ¥rd QRIAS aldosd e Withrbe Slitheht fosd! TR idFignificAn! &
bi oavai l ability. To inprove the dissolution profile and bioavai I abi | i ty of

tﬂe watb@pamuthmphm?an mcmweﬂagmedwal sonditigador wblcaﬁh@dlﬁgaﬁmm ution so
ot plsborfid b Aie dhstB e Shoreed Rt oE SARE K aROEeBfect SRR RGO Oh 1 O

aboUjcebariiinbplicps at | east about 20% of the conposition is dissolved. In other
enbodi ments of the invention, at |east about 30% or about 40% of the
acet am nophen conposition is dissolved within about 5 mnutes. In yet other
enbodi nent s of 4t he Binegniviatemcy of Acttamibophent Compesitioncef thé Jiyendion| east about
50% at |east about Wik Adininistesdd imlthe Fed VérsusrthaFastedBtateabout 80% of t he
acet am nophen conposition is dissolved within about 10 m nut es. Finally, in
anot her efhogiveRitn Ao éﬂ%@mbﬂéé@@f)ﬂo‘?f&es Ehﬁﬁc?aﬁﬁh}ét@éce{ﬁﬁﬁb gzg%n at | east
about 80% at |east about "90% or at t about 100% of the acetam nophen
c onpisswhich adininistragion lof the comipokition &Da sibjest sa fasied stakadsibioequivalentfoer abl y
measur ed s di.scri m@gt&ﬁsg Such a dissolution nmedium

cu

will¥q %@64?3@013%%689?1’8@?@% hTUPHRCL M rves for two products having

very di ff%@ﬂfffe?én‘ééﬂ{ éﬂsbﬂiﬁoﬁr(m)d ¢ A, Méﬁdnﬁ?irﬁbﬂﬁﬁ acbtaﬁxmoph@ﬁ’ di ssol ution
medi umis predictive of “in vivo d| ssol ution of a conposition. An exenpl ary

di ssedmpaosironsef therinventian, whmmﬁhmmmmmmf@dtvarsus thy fasted statef prefezably tsodi um

car  esnanebug o ket Binaboierr oo e ol 0y ToR T then R i plan

Phar g RO%), Rebs $hah absut 859 1ds8 tHHR ABHitS 094, 3658 thini aBBut 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 a nanoparticulate acetaminophen, 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 Cpex and AUC guidelines given by the U.S. Food and Drug
Administration and the corresponding Eﬁropean regulatory agency (EMEA). Under U.S. FDA
guidelines, two products or methods are bioequivalent if the 90% Confidence Intervals (CI) for
AUC and Cpx 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 Cpax must between 0.70 to 1.43.
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6. Redispersability of the Acetam nophen Conpositions of the Invention An
additional feature of the acetam nophen, or a salt or derivative thereof,
composi tVOR807/4581% he i nvention is that the conpositi onPCTAHRY6HREE6 such t hat
the effective_average Pa_rticl e size of the redispersed acetam nophen
particles is Pess Diwa rofilesiof thpAcetamimophens gnj ficant, as if upon
admi ni strati on t he Gospasitionsoféhe Inyentien t i ons of the invention did not

redi sperse to a substantially nanoparticul ate size, then the dosage form

may | oseThéealupagiculate adetamidephehyor o sattrowldativatiye tieeecfs edrapositivp ofthient 0 a
nangpar i cul ate size. 14 WO 2007/ 053197 PCT/ US2006/.02165, .This ,is because
nanSPYSREOTaTe RrQposed tohavs yaeRpeetsthy & sss@Wepipro led ik emd disselptionelr t i ¢l e

1 260 QmidiRorBE btk BRI préilrablBCasTiblr fiseBfbRBh RGN RbafoIRRESGSLIYO L he
smal T "particle size upoR admni stratton, them e )(mrps or aggl oner at ed
act nstioncydrgregterrtiomiatisbititye Toormpeaie thewisgplutiort prefilecatkdiidoavhilabilitytofshe f ace free

energy of the nanoparticuylate system and t.he_ ther npdynam driving force to
ac h RESFEMRAPRAAEF Wopld besetul éﬂﬂnpwa%ertg%dgwgéréjwh\rmnwt% lcoulatien alevek such

agg particles, the bioavailability of the dosage formny fall well
bel g%g‘feaog%@g/ﬁserved with the liquid dispersion formof the nanoparticul ate

active ag‘hﬁ heetdminophen clzommﬂiogmf the drIVenﬁmh jmem?lﬂy have 4 diirsqila'ch%mﬁﬁbed
acetanjn n, .or salt or erivative ereof , partjcles, of the invention
o & WRICB YR gt S\P@P&% aplapst abaul 0%6,4F the cargasitidRein dissalith PSRETt han: about
190 : tﬁl#?,-g t ess than about
160gm3m egg?ft anva out at]lig%gawn{%t3?%?3%%21%%6%%%?#&?&%3 t han about
13000mpositidneis dissolyed wiithint abibROH nrimgted. dr yet dther emibtmdimérkts 6f theinveatian,t han about
1000 .4l €ss than apaut 900 _nm_1ess than ab On | ess than about
700 PHAY &L estanoutlle % b0k hout 056 % b B A0 boesideastibout £8%, afn about
400 0 &Hﬁn’rﬁ% t; 5&1‘2? han about 200
nm 1%B'Eérﬂsasb b?ﬁ@n/g ggg‘ﬁ?d Q150 n ﬁe:f‘léﬁsnéﬁc{%ﬁg:# lgg{%ﬁtﬂplo t%%%bmelsdsﬁtﬁﬁgéﬁ' about 75 nm
or Fardy, it haothabaubodmeninf thsinverdony pefdgbly atletst abatt76%4, atleast tahouts

m cLOsco r r appropria o ods. Moreover, the.napnoparticul ate
ace%g ﬁﬁ%ﬁ?&gp%‘?bﬁ%ﬂ gﬁﬁqs?a@"ltt 3001921\?’% S HEF 092’5%]5@@?“1“6%15(5‘%5?1?(8 i nventi on
eXhigihin 25 AiRidsC redi spersion of the nanoparticul ate acetam nophen

particles upon admi nistration to a manmal, such as a human or aninal, as
denonst r Bissdlutipn isprefesatily uteasmed indi medivimi wirich is disdpingnatingy #uch aqueous nedi a

such.that the, effectiye gverage.partjcle.size of the redi rsed

2 o Bt By wiTEarod o vp e el it ist uYos SRS oSTRARH B reey ant
aquQeyliffEehialist Mitidf prot @ﬁi’%&@&lﬁ jieeY; fel DRidiRyRtBh nddifn bdi6Gve dfoni ¢
streﬁgth and pH, which f_CG)_rm he g)asi S ?_or the bi o_rel_evan@ﬁof the_e medi a. The
des iy gispolutnn dferdompositiong An exemplanpdigsalition mediumedp an agurous mediugf

physi ql.o iglcé%lfSﬁ&@?@%ﬁ@?&%@%@%ﬁgﬁW@{J{bod aﬁosllljgpmte)ia%ro%tevant aqueous

cont: if
dissolved can be carried out by spectrophotometry. The rotating blade method (European

(o)

nmedra

Pharmacopoeia) can be used to measure dissolution.

6. Redispersability of the Acetaminophen
Compositions of the Invention
An additional feature of the acetaminophen, or a salt or derivative thereof, compositions
of the invention is that the compositions redisperse such that the effective average particle size
of the redispersed acetaminophen particles is less than about 2 microns. This is significant, as if
upon administration the acetaminophen compositions of the invention did not redisperse to a
substantially nanoparticulate size, then the dosage form may lose the benefits afforded by
formulating the acetaminophen into a nanoparticulate size.
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sol utions or aqueous solutions of any salt, acid, or base, or a conbination
thereof, which exhibit the desired pH and ionic stren th. Biorelevant pHis
wel | knoWR2%7/45887art . For exanple, in the stomach, th@CHWS2A0¢HLS56 f r om

slightl ess.than 2 (but.typicall reater ,than 1) .up to 4 or_. 5. In the
Sl S Prec e BigPARin AR S BEd SampOSIBOns hrEet o S arpAtcE an + ange
f t.

g tap Sftaactive B it ackiopafort UEETAN Hishetse Bl thetall JeRRIDSHA RO 71 o
st ataelminisstiong thend Ffelimipsian agglomerited active agenh parftickeb are fofiméd, owisgtoahe. |

Li ndahl et .al., 15 2007/ 053197 PCTJ] US2006/ 021 Characteri zati on of

Fl ui%emebmlgmwécsgemwo ﬁm %&ffiﬁ@mt%aﬂfgﬁleéh SMAgRAC  phar m

Res. qrividly ol to 40K R0 SVRRTdedubdlon it 526 ehé O Withe kiignRbtichst bt © St rength

of t test solutiron 1s nore critica specl em cal content.
Ac c caggtlomgirsted paticlenthebipapdilability obihis dosage éongt my\fall weedl hekrw that obsbtvad ned

t hr ough,  nyner ous cqnbi natlo s of str aclds trong bases, salts, single
or n¥ ﬂi?lli’@m ?H%%@r@c‘? %%@‘QP%F‘I%%%@FI@*‘ e\ﬂgak aC| ds and correspondi ng

salts of b d [ C.
Represent%l[bﬁ% e ectrol yte g%ﬁvg%%hghe?%wﬁhtﬁ%t are not )b?g?nalttglél to, HC
sol uerivative theraof] paticles oftheanv&ntlan hama a?rreffmﬂmanerigeqﬁrﬁclde sizabbless tharl M and
NaCl _sol uti n on frao 001 to about 0.1 M
and 3PPREISH a"c?"é’%gﬁio ’rle ﬁ‘b? ot i%@&l?dﬁ%@%% g%n@a]ﬁss %n but are

not dbbﬁ? 1600 on? des@%&itabgutll MO‘E‘H l&rs ﬂllzﬁx%outapmgtnnp 1%% tﬁﬂﬂﬂu@ about
0. 001 HCO dr Tess, about O. | ess, out O. 01 NaCI or | ess,

abodess(’.thﬂmbom NAOnnledseban aboah tll()@i mn,dmsthmoabioomim,t lhmhamﬂwut 9@ yt e

| i .. 0.01 d 0. f f d
P 8 L0 T P e aboub 70 Tt e SR 100 B ices enabeptn © o'
con CBOU'IR@ slesgfthin%oﬂtr 400' iR 1esaR A SHout @GU lhﬁ albsstthﬁ%bougbw Hnoieﬁé fhan

concentrations of O. MHCl, 0.01 1 torrespond to pH
3, mhouc ZQQrmn,ﬂess Ihanr@gptabi() nim) lpss tliatud;oualm mm, lvsman sbcmn {75 am, or less at es

t dit f th h. As f 0.1 M NaCl
P *?%s%%%ﬁf:%u'wﬁ}fy Bt cateBin BRetoUS TR eeoit Ok Alber oo ons & gund

t hr gegthegyt t he body, i ncl udi ng the ogastrointestinal fluids, although
concentrations higher than 0.1 M maybe enployed to sinulate fed conditions

Wit hin trMomwmthnammlnqulmemmyplmlomws grwn@ah'cﬁaeraxfu ds, bases or
conbi nati.ans t hi b .t _the desired pH and ni c strength,
 neltoRonipt ot EveniaH i SaRbe mPrsena SroMBORREFED s “sadi um
pot %éthﬂﬁﬁo%ﬁ@h ﬁé’h@lbﬁﬁib(&%&xﬁmﬁ&aﬁ&ﬁ 1o'd 1 Smmak @ﬁérpasa&mﬁﬁafsat@hﬁals@ ts + sodium

pot assium and calciumsalts of chloride, car boni ¢ aci d/ bi car bonate salts +
sodidemongpimatedby renonstithtionlredigpersion lin @blotelezvhnbaqmeus madiashchrthetthei d/ citrate

salt .sodi u i assiu nd .cal ci s .of c ri.d h h

o e etz pREC R 8 R roofpeSd et Surih sbiclin i Bsn A 8b 2ot ¢ o
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

3

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.

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.,
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derivative thereof particles of the invention (redispersed in an aqueous,
bi orel evant, or any other suitable nedia) have an effective average

particl VQRYE/08319T ess t han about |ess than about 1900 PEHUS2086/8216%an about

1800 nun, |.ess than about 1700 urn, |ess_than about 1600 rim |ess than
abotiCharagignization of Fluids frem the)3temach eud RrpximalJejunpayin MenandWomensi, | ess t han

aboyt 120 n 587 out 1100 nm |ess than about 1000 urn, |ess than
Bhaghdtben (A€ 3570201997

abo it 800 unu, |less than about 700 mm, |ess than

about 65 i8belidved shat iftepH bedjonftQretigth of kittsst isbiation xotibrexdicalnthan thess t han
about 500 nm, | ess than about 450 ma, |ess fhan about 400 nm_ | ess than
abosgpeciirchemicgbconiont. girsonimghyappropyiats Ridabignicsirength yalues pambaabout 300 m n,

| es . 1.2 eSSl d . 2150 urn,
| co SRR R0 npthoft oy itork o B authas: Ui BoocdePithe, e BRMMIPIE ° 11"
rreaawg&gate b(yileaQé‘l%aifsC(hé.t weilngridedndadgresponding saltpof, thatracid) aona@peiopid at e

nmet hods. Such nethods suitable for neasuring effective average particle

si zBolyprotigedegirolesaetser son of ordinary skill in the art. Redispersibility

can betﬁk _'Qg ' N . i . 1 he
exanmpl e Se felg%ﬂr‘%ﬁ of I%Qrélﬁ%gc%@%n%ﬁgﬁﬁ@%ﬁ %%3@9 6@&3?5*(?15 o@?g& ribigh ngt
Nan @ipediceitdtivhdrdno BPms 01000 16 abdub OYIrMs ambNaCiSoheions, sthgingindvnoedtiation of a
Pol yneri.c Surface Stabilizer and D octyl Sodium_ Sul fosuccinpate."

7.
Ac eti9F #hoyh 890 Etmeheut PildYsandsaixtyrgs f.uFrriexample elscteeliesolsiony @atagent s The

acehamyiopie linf}fed i"i'?,isa%ﬁ { MR $PTebe! Goddt A ANT HELHMER! L8aE6.08

he
i nvertt1 on can onatl(f')y conprise’one of nore conpolnds useiu in the

t r efliClopnlessfabant®s MANAChat 1ass, abaht Or0d M NG or tdss, fabuwtr0.001dM A EClt ezdessondi t i ons,
or the acetanm nophen conpositions can be admnistered in conjunction with

suc AnGmixpgss thryeofs Qithess slsstipkyte sohtionsd. 01k Hel endrien0.1 M NatChare wostar cot i ¢
SOTP s e E ' done. and
ooy LaAEcfittiy SR Ast8a nu pitiol b4 B\ BfciBng, BRAR Mokl AT i tRAREOTOTOTE: 1

pr ovéntitorsaiplsprokinm gastropitestinabtrat.et am nophen, or a salt or derivative

t hereof, partjcles and at | one surface abi Lizer. The surface
stabiliz eé’trﬁhéq %‘?n&E‘P@at‘é’P%OF@géb icpr'l(,)l M’Hét%‘é P MHG ¢omrespad R ur f ace of

t he ' ' ) r i L ger Se RDEGA -msef ul herein
br PSS B, 388 RECL ARERULIEE Ty d 67 M ERY sohfh SimuipeGpfal fille” 1, 1o
nan oqatitiors fbendindhe stamacin pAeolutien of 0)18d Nadtllpralidesatreasonableal | y react with

t he acetani nophen . particles of.itself_ _1ndjvidually adsorbed nol ecul es of
theaERIP¥‘§E?é‘°§Pg§13| ipgig streneth g fsdpyad W%‘&Lm#hﬁﬂdér HS P

CT OSStloiIEAMEByid it Edhcdmt4B0hd IRBhG B 0.1 8 HAG Be aHIGRI RO BdRilate OF @ salt
or erﬂlovaﬁ%%e t‘ﬁereo?,@lcorr%om tPltcl)nsgltloget er V\nﬁftaz gngﬁ%r nor e non?toxi c

phy &dadonditioas wjthircthe ptimbh &l¢act: i ers, adj uvants, or vehicles, collectively
el e T ed STy Sotiiiotis O salfec acidh, Bises of Sombingtions thercof. Whish 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 acetaminophen or a salt or
derivative thereof particles of the invention (redispersed in an aqueous, biorelevant, or any other
suitable media) have an effective average particle size of less than about 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
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for parenteral injection (e.g., intravenous, intranuscular, or

subcut aneous), oral admnistration in solid, liquid, or aerosol form
vagi nal ,WR28&/033198ct al , ocul ar, |ocal (powders, oint neﬂi’?g'WO“@?Eé%)

b I t l,. i ' t dth
IPE&%Ies % Sl et A oS aelees that S 200 Ao s Rab Bbottci s The
'rfni Q&S {1n q?]sﬁﬁt ldovﬁﬁtlbéérthﬁ%’%ht ?fma,aafbkgé tisn Mo S6 hAThMRAR LT @ salt

rlvatlve t reof. The partlc es can pe 1 n a crysta I né phase,

s e mbychght—tedtﬂenngnmﬁaxle MiCEUSOOY) OV ethph&ppeqprm&meﬂmds p‘Blmhmq:ﬂmkesmtaiﬂe a
conbj nati on th

&r 2. Surface, St abj | S Conblr}a é‘?l ﬁg e than one
sur fIQE MeAULPE £ s@nge REFPRP BAUG ECFIAE TS KO- P RETENR OLog skl indhe.

stabiliz I?T}f@‘jan ge not
limted ?f)ealéy%ﬁgﬂ\/\% or g?ﬁltéc\s@n | nopggirrtﬁtbge %ﬁ%ﬁ?\s@gg@tl#l@g &gisceie?%nt S. Such
exciqxamplesections wf &.8 AR atea No. 637§,986 for “Solid PoseNehepartienlaé Composjtions s,

nat utal products, and _surfactan Exe Iar ace stabiljzers include
noni TSR S pnct iRt PRbIERPR BhA ROV itkoecSiaGhioe: aud AisetyLfadiom

Repr %511 > exanpl es of surface st ab| I i zers include hydroxypropyl

met hyl ce ose (now known as hypronel |l ose), hydroxypropyl cellul ose,

pol yvi nyl pyrrolidone, sodiumlauryl sulfate, dioctylsulfosuccinate,

gel atin, caseim, | etéetdrninophen Cohfgiositiony Usédfd r an, gum acacia, cholesterol,

tragacanth, steari QCeifjuflcti®iewith Owher AetiebAgene, cal cium stearate, glycerol
nonost ear ate, cetostearyl alcohol, cetonmacrogol enulsifying wax, sorbitan

esters, -Ral

cetomacrogola\é%g%lg"§()li"l’¥lg rb?a%hf%# &F ﬁ{e’étgggeiogrmﬂ%glgg?gé% Ig\g-g}éﬁn&pg%oxyet hyl ene

sor Iﬂdﬂﬂl@nﬂb}t(tom;ﬁmednestﬁroﬂe 60311 undsinsefulctmmmmméﬂtpfamhﬁd)ban Tamdens(r) such
68 Tween 20(r). and Tween 80(.r) Speciality, Chemcals));

poI Edusjior aEfeyes ang rglated conditions, s ynamp%w)capbm on Carbi de)),

pol Yef I I

Car AR Eortb fALR i il rr@b?@%oxéﬂﬁ& i

met Hithited tb nbrestic almlgisivsysichak,drt hot hsiced tbymbqﬂliﬁieL csdeinep hydra¢aioge, and

noncrystal l i ne cellul ose, magnesi um alum niumsilicate, triethanol am ne,

pol yKyeRdone.a| cohol (PVA), 4-(1,1,3,3-tetranethyl butyl)-phenol pol ymer with

et hyl ene oxi de and fornal dehyde (al so known as tyl oxapol, superione, and

triton), poI oxarrers (e. g , Pluronics F68(r) and F108(r), which are bl ock

I ' I ' . 9.,
ot roni ¢ Woa( AmopRERGURE ACLEARGBhERCoRBRSBRRF) o C S 5 Lot af tnet i onal

bl ock copol yner derived from sequential addition of propyl ene oxide and
et hyI ene Tawiiention pravides eompbsitidmscofPASAg\ApetauiinapbeCor pealhor derjvattes si ppany,

2 B S b g OB S AR R i)™

Cr oqsérBed Et% bt %bklate‘d’f%ﬂh thSsuRfab ot tHE Scé?efmﬁxblflﬁ ASArd162 Rirfic@Siabifikés 0se
di stearate (Croda |nc. 12 ? i sononyl phenoxypol y- (gl ycidol), also known as
A i resp@@lly)useful herein preferably physically adhere on, or associate with, the surface of the

nanoparticulate acetaminophen particles, but do not chemically react with the acetaminophen

particles or itself. Individually adsorbed molecules of the surface stabilizer are essentially free
of intermolecular cross-linkages.

The present invention also includes acetaminophen, or a salt or derivative thereof,
compositions together with one or more non-toxic physiologically acceptable carriers,
adjuvants, or vehicles, collectively refetred to as carriers. The compositions can be formulated
for parenteral injection (e.g., intravenous, intramuscular, or subcutaneous), oral administration
in solid, liquid, or aerosol form, vaginal, hasal, rectal, ocular, local (powders, ointments or

drops), buccal, intracisternal, intraperitoneal, or topical administration, and the like.
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Surfactant 10-r) (Ain Chemcals, Stanford, CT); Crodestas SL-40(r)
(Croda, %@}\'{; and 18 WO 2007/ 053197 PCT/ 1JS2006/ 021656 SA9OHCO, which is
018H37CHX(’ (W31 - c1 2( cHOH) 4( CH2C]—|) 2 (East manKodak oBCT/U52006/021656
decanoyl - N- et hyI gl ucam de; n-dec (3- D gl ucopyranosi de; n-decyl (3-D

mal t opyr anosi -@8@9&’10 phemP é@@ﬁ)yr anosi de; n-dodecyl f3-D naltoside;

T s i i

nonajeplyhtivé tirerebs | niapaﬂmldaacanrbeﬁwlcrys&ilﬁxegihm pethincrgstalline phadeanoy! -
met hyl gl ucam de; n-octyl-(3-D gl ucopyranosi de; octyl

( 3- Bm9sphs mavysm@nhomaﬂ;asepﬁbgsmbmpm theweef.chol est er ol

PEG chol esterol derivative, PEGvitamn A PEGvitamn E, |ysozynme, random
copolynmers of vinyl pyrrolidone and vinyl acetate, and the |ike. Exanples of
useful cationiy, surSptseStabilizérser s 1 nclude, but are not limted to,

pol ynmers, biopol yners, pol ysaccharides; cellulosics, alginates,

phosphol i pi ds, and nonpol yneric conpounds, such as zwitterionic

stabiliz @pblp@mqnsmf mmhappnc gunfiscestabilizetsropu be psed igiths imventismi dfsefid,

ool B FAARARR POIRIcRn bF PhB RO g R HBb D B A s Bty ) ' "

hex @ QsdrbdricBid bR Phim Vet a1l ex %I%Bﬁuclﬁéﬁlﬁ&{tyﬁicﬁwbﬁfﬁﬁéﬂl i done- 2-

di met hyl ami noet hyl nethacryl ate di net fate. Other useful cationic
st amdlymers,slownmla@dar weightaoligomets, natutal prsbdu@ts, apgdsiefactants. Bremplarysul f oni um

h d h
G cabyiRcs A Bk RN B atiier SRR, S5t ER e a1 armroni um

brom de, Eéiﬁés@ﬂthtwé ExatifldRydf sﬁﬁ'ﬁ%‘“ﬁt&lﬁﬁhz‘éﬁ’d ﬁélud@hyuroiayﬁapﬁenet R6dNRIdse et hyl
di hydr oxyet hyl ammoni um chl oride or brom de, decyl tri et@qi/1 anmoni um

chl dnpw&nowa @y hypromslipse), hyﬁmmmlvpllulammymmylnymobdpm sediumrlawrye,

Cl2-1 h nl .o d di met hyl
y orbgie Gy R ki R SR Bhoh e Rlee PO s oo um
met fw&bles@wmﬁa%wanﬂh %waﬁh a@iu,npénamkoﬂamZdﬂorﬁiérmlwm st AE Idglyceecsl brom de,

| auryl di net (et henoxy anmoni um chl ori de or brom N- al kyl
( C1narstearats, ﬁyﬂosiemwc@lmtqmmﬂ%pmulslfymgavaxysorb(tmestqs) di met hyl - benzyl

?rom?”y&#g?@yf’eé? %’3?’%%&% dgc&% oy i %F@ﬁg‘%ggf&qb A ??312 14)

di majolytixy, %y@@bﬁdr@ﬁdbﬁva@él@?p’ul fd i ed@rbztaﬁ md &eerp i g/rmbal i de,
S an I a

al kyl -trimet hyl anunoni um g sa di_me moni um sal ts, |auryl

tri reommercighyayailehiecFwesns tguchas moyTvme@cZO anﬁ?mméa‘?(lﬂl Spedidity armoni um sal t

i =1 BRI SR o o CHTRRRISR0! g SO CRERRD.
t et rpwﬁﬁ:ybmyrmé btbb:b%@;@bﬂlomamncmmhé,qhb@[ﬁmﬁmm@ymem 1d¢tlaldey | (C12. 14)
di net hyl 1- napht hyhnet hyl amroni um chl ori de and dodecyl di net hyl benzyl

m’nﬂﬂlﬁéﬁﬁlxﬂﬂﬂ& thyineHploye sodivrn zapthicrlulosgahydrpxyatier e fuleps, )lpé@?l911039r| nmet hyl
am%'l:ﬁﬁﬂtg, 'Hoﬁf:fygtﬁllmg lcéﬁ'ﬂl@&?ﬂﬁlgném Yumininm silicate, triethanolamine, polyvinyl

alcohol (PVA), 4-(1,1,3,3-tetramethylbutyl)-phenol polymer with ethylene oxide and

formaldehyde (also known as tyloxapol, sﬁperione, and triton), poloxamers (e.g., Pluronics

F68% and F108%, which are block copolymers of ethylene oxide and propylene oxide);
poloxamines (e.g., Tetr;)nic 908®, also known as Poloxamine 908°, which is a tetrafunctional
block copolymer derived from sequential addition of propylene oxide and ethylene oxide to
ethylenediamine (BASF Wyandotte Corporation, Parsippany, N.J.)); Tetronic 1508% (T-1508).
(BASF Wyandotte Corporation), Tritons X-200®, which is an alky] aryl polyether sulfonate
(Rohm and Haas); Crodestas F-110®, which is a mixture of sucrose stearate and sucrose
distearate (Croda Inc.); p-isononylphenoxypoly-(glycidol), also known as Olin-10G® or
Surfactant 10-G® (Olin Chemicals, Stamford, CT); Crodestas SL-40® (Croda, Inc.); and
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19 WO 2007/053197 PCT/ US2006/ 021656 ammoni um chl ori de, al kyl benzyl

di met hyl _anmmoni um brom de, Cl12, C15, C17 trinmethyl anmoni um brom des,
dodecyl b¥®3M07P3¥t hyl ammoni um chl oride, poly- dial | ylRGTmesdgdeessni um
chl ori de (DADVAC), dinethyl anmmoni um chlorides, alkyldi nethylammoni um

hal oBASOHES), whidtis(G1isHisg Chip(CONGEH3 6 HR(CHOH) o CHZ05p | (Bastmen Kpkiakmoni um

brom de, dodecyltriethylamoni um brom de, tetradecyltrinethylammoni um

br oan(L delmobdr -mﬂwlglwaandﬁgrdﬁwbﬂrﬂaghud@pmMS@m de%ﬂfm) dPo_YSJIA_T 10TH,
oot maliRaoe T AbAeeRlh dEpip s oeide: § adbeal BB SaalBsioR iAo O i o

D - Bl RMAEIS b BB BnoSHE b Beberl (B MIdEIIGBREL G BD-02 10 4o
S al t Sluedpytuhakide; rnowﬁoylmﬂzﬂmwghmlaé Wh«?mﬂlbsglu%[p%‘)ﬁ&ﬂé* ] REEALKAQUATTH

(Al 'karil Chem cal Conpany), al kyl pyridinium sa am nes, such as

al kématlhyl%mpxmﬂeah@dtjdfﬂ-Daglucomanaﬂdb,a}d)deﬁeD-thmlllpepmnmtqpBESE‘ram nes, )

NN-

I?Erél? coglpiy iﬂi’%ﬁ catest Y BT Siguesboor et Phfig ar?aﬁ(ﬁ%té%ﬁ . and asd
3ua¥é¢n§ry acry arr?%i@me met h?‘/‘i g?ﬂgﬁé%ﬂ&?grﬁ@g&tﬁeodrrrlglrtgmﬂgﬁc:}sasprOtOnate

pol y[ di al Exdmplesaftusgfuh oativmicsurfabé stabitisdrs mﬂ;dppbqtatd\hotéirm;dd toolyrhergyr i di ni um
and .cationjc Suc exe Iar ghpléaq, C su face stabilizers

hi d
C s HonallingSapalysketiamidas. Sebioriay aleimae EAUBLEEDERS 1 5. O bss.

d { t . | ti
?nl\/ar ceIp%uﬁ k@ch%gﬁgﬁ?bﬁor&’étﬁ@ﬁ&&ﬁ‘@g ‘r%gl&;ém{%& ; iCat | on Surufrg\é?aﬁ?sl: o
ghy?cﬂﬂ@tﬁda c}hmmoqlhoyphdé\lﬁmdseb};lmmx@olh);é)&mlpolymuhﬂudﬁobhmim&tpncﬁt i oni c f
urfa e r rc npol yneric surface
st abl?q %)éh‘hq%%&a mﬁﬁﬁ M‘?’E“‘é Bmﬂgg%é?@ﬁ%ﬁ Thi ulrc:1 %:/hl oride, a
car mym&ﬂ@mm&n@nnﬁeswmae FH!IDM)@PHM pol§in9ip9Rblddseorpound, a hal oni um

conpound, "a cationic organonetallic corrpound a quarternary phosphorous

conp@tmtrﬂ),yl@nlpwﬂl!ilmcthmrybtqibmnﬂlyl gmifateai | i ni um conpound, an anmoni um

conpound, Iamm u ammoni ym. conpound, a

secondar @‘ﬁ'fﬂb%gﬂ t@ﬁﬂ‘éersénﬁ(%?%@eﬂm @?%0 hnB‘lfﬂ &and guarternary
%ﬂﬁ ﬁmﬁf ah@ PhedFy banldRhine Bsdunds, digh agonpounds of t he

forrrula NR] |? none of R1-R4 are CH3; (ii) one of R1-R4 is CH3;

(iii gtearﬂtrgaetbylamnqnmm chlogide; benzyldi(2a¢hloropthyHethryl apmeoniyg brargide, cocomut
trimethyl ammonium chloride or bromide, coconut methyl dihydroxyethyl ammonium chloride

or bromide, decyl triethyl ammonium chloride, deéyl dimethyl hydroxyethyl ammonium
chloride or bromide, C;5.jsdimethyl hydroxyethyl ammonium chloride or bromide, coconut
dimethyl hydroxyethyl ammonium chloride or bromide, myristyl trimethyl ammonium methyl
sulphate, lauryl dimethyl benzyl ammonium chloride or bromide, lauryl dimethyl (ethenoxy),
ammonium chloride or bromide, N-alkyl (C;2.15)dimethylbenzyl ammonium chloride, N-alkyl |
(Cyss8)dimethyl-benzyl ammonium chloride, N-tetradecylidmethylbenzyl ammonium chloride /
monohydrate, dimethyl didecyl ammonium chloride, N-alkyl and (Ci2.14) 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 dialkylammoninm chloride, N-didecyldimethyl ammonium chloride, N-
tetradecyldimethylbenzyl ammonium, chloride monohydrate, N-alkyl(C;2.14) dimethyl 1-
naphthylmethyl ammonium chloride and dodecyldimethylbenzyl ammonium chloride, dialky!
benzenealkyl ammonium chloride, lauryl trimethyl ammonium chloride, alkylbenzyl methyl
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WO 2007/ 053197 PCT/ US2006/ 021656 (v) two of R1-R4 are CH3, one of RI-R4 is
CoH5CH2, and one of R1-R4 is an alkyl chain of seven ¢ n or |ess;
(vi) tWOF0TASIRT are CH3, one of RI-R4 is CGHSCHZ ﬁ@o%ﬁ)&%m is an

| kyl h; I net b t t f RI-R4 CH3

ot el SELADeCREboR R0t B IBreh, (Y11, Clowmetivk wo of RL- Ra
are conprises at |east one
het eﬂtﬁto 1(]) @@V@%g#ﬁkﬁp%g l @éga‘ﬁﬂﬁn %IP%IIBé is C6H5CH2, and one of
R1- Rﬁanyddimatls}danmbmuhedﬂbndﬁ@Mh dinfethyl tamonafiuiRThiedides,e CH3, one of

R1-R4. is 5CH2, and ne o R1-R4, co ises at | east one cyclic fragnent;
( xi )alkyldi r’éﬁﬂ} drigelyl Be momé'macba% | ring; or (xii) two

corrpouﬁﬁg E'l‘rlﬂn@d}%ntb‘f’&nﬂfe &de?flu?eﬂg,é&dfn‘ah lRR@Lic fragments. Such

t are hot e ena dni um chl ori de,
benzte&myhmmamylmmdﬁumMmidpymeﬂhyhurmMmedm chbwider(ALIQUATUM chl ori de,

| aur al kon ride cet al koni um chl or.i.d tri um br.om de,

cet r33®ON E’Eﬂéﬁﬁ% Tci’é)m @W@W@%B %ew? %iaapnma@t henamni ne
chl @1@# C ium5
dodg‘%?ﬁﬁddé gﬂe#r@ll]“%)ar?zcy ﬁ%é?rré%ér% gfm Hé) t')%l%Jat erni um 51%%3 i
((jgjat steapalkoniim, cth:]dﬁlthhtcempl bgﬂlﬂsﬁ&ach@atem‘yﬂnmnnﬁ&ud blklotide amdalgl-ste?ﬁyldn_ngmmn

i me no chl oyi de r.Qc | st ei ) rochl ori de, :

di et‘ﬂ’é‘*&f 4 {’@G}l %g’é‘f ‘Pn&@b ﬁ%l}deeﬁﬁ@%ﬁb‘{fﬁ{a thanol anmoni um POE
3 10 ﬂérﬁ"ig

f:li Lgé&#xffhgﬁ%k‘}ﬁl u %%{IMQL %éy'%earty‘k(gj‘A or| %lydp earl%y)drom de,
denaetlbyilpyndhmnnsdtseammes,l ssich hix alki/lamineds) dlalkgﬂannndsaalkanolmmes;m chl ori de,

o Ol 5 i B

chl i I erniuml,
Ofsi] etaeétﬁfe @téb?&l%@%%gfeé?tﬁe &in‘éﬁltciﬂdg«fe n)qﬁmd%lﬂéﬂi’éﬂt

procai ne ydroch ori de eara koni um tonite
st ezand|adoiné cmtia; iiveeolimumasalis; pmtom;mtf quagerndry lacrylanaidys; emsthiylated ne

di hydr of | uor tal | owt r oride, .and hex, adecyl trjnethyl ammoni um
or orAUBEAFK 8o e et ot PP LY LA RPU S R R hiorida) 500 BTG can bo
prepﬁﬁﬁ#rﬁﬁﬁ'&ﬁleﬁﬁ@ﬁm&(%d@a}he art. Mst of these surface stabilizers

are kno har maceut i'Cal excipients and are described in detail in the
Handbook Su‘chh;aemplasmatmnic sExfacquitahilizers pubdthertusefu] citivniossuoface stebiliZerer i can

Phar mageut. oci op. and The P ceutlc of eat Britain
(Theé™ é?ﬁﬁphgﬁlé‘tfﬁi 3%5335 g%&?fwmggagn&%tél -YtWZF‘fS‘Z%é’tl ca;?;/ ref er ence.
21 VDo ddioh QRBART DRI lﬁ@ﬁ?@ @Ad 8P 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 NR{R,RsR;. For compounds of the formula NR;R;R;R,™:

@ none of Ry-Ry are CH3;

(i)  one of R;-Ryis CHj;

(iii) three of R;-R4 are CHs;

(iv)  all of Ry-R4 are CH3;
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3. O her Pharmaceutical Excipients Pharmaceutical conpositions according to
the invention nay al so conprise one or nore binding agents, filling agents,
| ubri cat WRGOUHSAI%, suspendi ng agents, sweeteners, fl| aPCATFJ0060QLHE S,
preservatives, buffers, wetting agents, disintegrants, effervescent agents,

and ot her(v) exdwpeiRisRs &g E:esns qfiRarRsis £sHs@Hpwnd one ofB1-Ra is antallgylpl es of
filling agents,are dacto nonohydrat e, | actose anhydrous, and vari ous

star ches; exar%‘f@s°égF$%1%§?Wq%gﬂE : *%are various cellul oses and cross-|inked
pol yvi nquo?r I QlyiotHITRE -R 1ar6 IR/ ol oFIR LREis CRHLCH 284 ofi¢! 61 R AR, &va:pmg,ﬂr ) PH101

and Avicel (r) PH102, mcrocrystalline cellulose, and silicifie
m crocryst al | ioheincef|ningtesnecartonauns,orSR@ETV) . Sui t abl e | ubricants, including

o 1ot daltoE) | it Pt are CHE e ohd oy B HROSR € Rt SRISRATC, 6 ©
nmagnesi Unwiiht aioV R -RAdrs IOHY) s HRALR, is GJH;CH), a8 of€bf RFERF Bthfsedfat

sweeteners are any natural or artificial sweetener, such as sucrose,
xylitol, sodilgsstenehetenoptom;cycl amate, aspartame, and acsul fane. Exanpl es of

fl avori ng.agent s weet t.r k F, hubbl. e m fl avor,
and frut (O] P SRR R Y R OrRialiie CeRETres A obORTRUR PR B 0
sorbate, nethykapbadkilogdy opyl paraben, benzoic acid and its salts, other
esters of parahydroxybenzoi c acid such as butyl paraben al cohol s such as
ethyl or (B}anzWanfd%Hbd are Fbnens; QfRJchiéQﬁHsCléu@ﬁd ane pfRnB corBprivsat t enar y
conpounds suc nium chl oride. Suitable diluents include

benzal X v
phar maceut i capf’%%%%%?iﬁgﬁ%gqeﬂ rt fillers, such as mcrocrystalline

cel | ul osqxi)l aQW@&ﬂ’&QiﬁﬁféUm(éﬂ&@hélemPR%Mlﬁnyﬁ%ﬁﬁC;Bﬁri des, and/or m xtures
of any of the foregoing. Exanples of diluents include mcrocrystalline

cel | ul osdxiikudioxf RasRacase CHs andtwoof RrnBa Avei nawsly eliphpticdagmentst ose such as
| act ose nonohydrate, |actose anhydrous, and Pharmatose(r) DCL21; dibasic
cal ci um phosphate such as Entonpress(r); mannitol; starch; sorbitol;
sucrose; SieH c@inP_ﬁﬂ‘ﬁi%-in&ﬁdé, bt fre dblimit@DioabéRnAlREhikshechidritfe] benzethegiahd nked
pol yvi nyl pyrrolidone, corn starch, @ potato starch, mmize starch, and

nodi dhiasideseeiylpyridinive ehlerdenbrheptrimenium sijorideolouralicopivam glloride odi um st ar ch

glyc : L Xt .her, 0 e cen .a[ e

o ¥ SaBicBin Chtofus o SR S ARRL R S e Lot AR S,

bi c ashiwaliiethSharhingchlopidg éQuatermiingtd 5), distéavldinioniug ¥BIopilde (Qadtérhien-5),art ari c,
malic, firmaric, adipic, succinic, and alginic acids and anhydri des and

aci dlodggy dimethykesipylaenzyl yamapium chloridetQuatergimand 4y Quataraiy®-23,0r  exanpl e,

» t . e . . ' !
b1 o HBARLLRIE Crar el Th RGBHE Sy BORSRRULTGBEAIAM e BT 1T ) |
200 Hydfs3hRAE S AEMOBIGEBOE| 20)uletgl etherghdspitags, dietieinchninordie POE |

Al ternatively, only the sodi um bi carbonate conponent. of .
(3)oleyl ether phosphate, tallow alkonium chloride, dimethyl dioctadecylammoniumbentonite,

stearalkonium chloride, domiphen bromide, denatonium benzoate, myristalkonium chloride,
laurtrimonium chloride, ethylenediamine dihydrochloride, guanidine hydrochloride, pyridoxine
HC], iofetamine hydrochloride, meglumine hydrochloride, methylbenzethonium chloride,
myrtrimonium bromide, oleyltrimonium chloride, polyquaternium-1, procainehydrochloride,
cocobetaine, stearalkonium bentonite, stearalkoniumhectonite, stearyl trihydroxyethyl
propylenediamine dihydrofluoride, tallowtrimonium chloride, and hexadecyltrimethyi
ammonium bromide. ‘

The surface stabilizers are commercially available and/or can be prepared by techniques
known in the art. Most of these surface stabilizers are known pharmaceutical excipients and are
described in detail in the Hardbook of Pharmaceutical Excipients, published jointly by the
American Pharmaceutical Association and The Pharmaceutical Society of Great Britain (The
Pharmaceutical Press, 2000), specifically incorporated by reference.
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the effervescent couple may be present. 4. Nanoparticul ate Acetam nophen
Particle Size The conpositions of the invention conprise nanoparticul ate
acet am n¥PHAK/03197a salt or derivative thereof, parti ECIISI6HRLAAVe an
effective average particle size of |ess than about 2000 run (i.e., 2

ni crons), | esst harOthssRharmageyticyl Exeipientshan about 1800 run, |ess than
about 1700 run, |ess than about 1600 nm |ess than about 1500 nm |ess than
about 14(Pharmaceuties sompasitiomdbaraordir(o theipvéntion mipalsabomprist2m0 onmord ess t han

bouyt, 1.100 , th hout 1000 | t bout 900 | th
2 boinding oz, UG aeems. uBBGHine S8, ParRenling e A IGEREYS, ATRE cse ¢ han

abo @,@Qig intk tdF; ss than

aboﬁgeﬁgg%ﬁm%tﬁ?%ggh?ﬁén a gjgag%ormg rlrrllj eg’s mﬁgﬁ‘gggicﬂ%gga P bﬂr?? | ess t han
abougxciigiéhts nfuchexsipientsrare kbown inthearh or | ess than about 50 nm as neasured
by light-gcatteri .ret hods, m croscopy,, or . ot her _appropriate nethods. By
"an ef f eckXapplesl; gagwpquypgc sggloggﬂ drate, l?ﬁawam&%uwkuﬁt i s meant

t hatg l&ﬁaﬁpl ordid &@se&g%'ﬁkﬁﬁra 1085 bh@bRss-iar& a particle size of
Iesssiﬁ-%er?’t e e%?’ecﬁ veég%/erage, y \;\%g%t% (orl%§§/ ot her suitable
measpolgviryipyriralidone,quierocsystalling cdinlose) suckeas Avicei®rPH Hilcan)d, Avicel® PH102,ess t han
about , 2000 mm, 1900 ma, 1800 _nm  etc., when asured by the above-noted

lt ec mﬂca%féxstalliaﬁ ‘éﬁuﬁk%se’ié%éﬂiqm wicggerysialling cedlviqse fProgelvi SICC™ b out eoc? at
east a 'Eagﬁ {%brgétt.«)lgtgt &g@g;(g%b%égtg%{%ct% tﬁ?ﬁéﬁmﬁﬁ%ﬁtﬁ%ﬁ%\g&% g §ast about

95% or at [Teas _ acet am nophen ave a particle
Si zecomipréssed; atdvlloldabsititérediokide, ek asBerosil® 200, tAleSdiedritaid, 8lagndsi2@00 nm
1900 nm 1800 nm 1700 nm etc. In the present invention, the value for D50

of estemaieysaloium sleanate, andsiliod gadphen conposition is the particle size bel ow
whi ch 50% of e sacetam nophen rticl fall. by weight. Simlarly, D90 is
the: par ¢ HemR s SEHBT ARHRD BBk ot uitlal sv sty Eh 4 nrder ety 1,
wei glatiunDsacEleing eolahite hspirtiE badhdralfinas. BRdnSles befievotingRpbitz s The

relative arm#nts of acetam nophen, or a salt or derivative thereof, and one

or rMagnaswestr fradentadoof MASCO) hubble gymilaser, gnd fitki flayersnand therdikeit of t he
acet an noBHEHI 1 PUPCRYercld BRAt Y SEbEcHBLY bat DehroRYBRRIN |1 ¢
| | PORRhkdib GoiBah@ 06 Salfst bilier estiR bi Pitaliydirdiyberdft éckk?smfa%ﬁ%ﬁlage;b%hpn of water

solutions - of the surface stabi | zer, etc. 23 WO 2007/0
PCT/dighoBauciz a6yl orfhenzyd alcohol; phanolic cdmpdvmds sutheasiphepdleor quartemaryy f r om

about 99h€‘%tohabé)ut % 0019% &g&)m about 95%to about 0.1% or from about 90%
to SEGRPTEEH By ORER ﬂ’E“,umoggg %n the total conbined weight of the

acetam n?iﬁﬁﬂe%ﬂﬂerﬁ& idcﬁﬁﬁtph%ﬁac%'ﬁéaﬂy‘%&bﬁblé ih&R HilleRObuchia§! udi ng ot her
exci pi ents. '

microcrystalline cellulose, lactose, dibasic calcium phosphate, sacchaﬁdes, and/or mixtures of

any of the foregoing. Examples of diluents include microcrystalline cellulose, such as Avicel®
PH101 and Avicel® PH102; lactose such as lactose monohydrate, lactose anhydrous, and
Pharmatose® DCL21; dibasic calcium phosphate such as Emcompress®; 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 anhydn'des 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
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The concentration of the at | east one 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 9%bMp7/8819Mei ght , based on the total conbi ned RGI/IHRIGE t he

acet am nophen and at | east one surface stabilizer, not including other

exci qitsonate, afid argiswpdabonaiéa nitematively, enly thesddam bivattena®zbnpbndmbfrul at i ons
Several exenplary aceta nophen tabl et formul ations are given bel ow. These
exan‘bPégeW5$C€n?ﬁﬁqu BeE@h init the claims in any respect, but rather to
provi de exenpl ary tabl et formul ations of acet am nophen whi ch can be

utilized in th £ nplary tablets can al so
conprise a coal'ing gggﬁé}i“fﬁ%&*&g&& X %p ary ﬁ%ﬁ%n I cul ate Acetam nophen
Tabl et Forrml atiopn, #1 npo nnt g/ K Acet am, ngophen about, 50 to about 500 H
r omel | oselhe gompasKions of dn% PR comprissaperariculalg acriamingphen, 812 salt ey apout

abou@ﬂﬁgeafmc{g %ﬁes%?%&@qﬁéﬁg out v?%%% g%%é%ofg s‘;ﬁmf‘a(};)io*}fegbom Lo

M cr2000ysi @ld,i2neicrents),Ubssharedbout 1990 ring less thetn D06t 1800asdessdieaneabold= about 20
to apbout 300 Magnesium Stearate, NFa t 0.5t oaou able2 Exerrplary
Nano &Bt%d?sétﬂ%an %%388% ﬁ@ﬂ ﬁ@ﬁﬁ thepbept rﬂ%&?ﬁs JmRess 2

Acet t bout 50
oo oL PR A0 et At ?2"‘“@“ Ségﬁ%ué%ﬁf)"f"?uﬂé‘?’égﬁd’ﬁ&‘%ﬁﬁt‘?@ ? o about
300 leSdHaniabduh 80§ hmSless Aiar AboWE 860 ant, leks thanabmtt’?OGﬁhm lgzs timaabbitrg®ydr at e, NF
b o\ 085 the S0 9CIBRe Leshiban BN 400 (SR 0o JONRG AL DR 9DRH at o, N2
aboujsoly Clgﬁga tRP4HouP 260 Qe 96%%%?30 BS}T feéﬁ%%%&ﬁ%éﬁm 1ablfn3: Exe”p' ary

Nanoparti
about 75 nm, or less than about 50 nm, as measured by light-scattering methods, microscopy, or

other appropriate methods.

By “an effective average particle size of less than about 2000 nm” it is meant that at
least 50% of the acetaminophen particles have a particle size of less than the effective average,
by weight (or by other suitable measurement technique, such as by volume, number, etc.), i.e.,
less than about 2000 nm, 1900 nm, 1800 nm, etc., when measured by the above-noted
techniques. In other embodiments of the invention, 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
acetaminophen particles have a particle size of less than the effective average, i.e., less than
about 2000 nm, 1900 nm, 1800 nm, 1700 nm, efc.

In the present invention, the value for D50 of a nanoparticulate acetaminophen
composition is the particle size below which 50% of the acetaminophen particles fall, by
weight. Similarly, D90 is the particle size below which 90% of the acetaminophen particles
fall, by weight.

5. Concentration of Acetaminophen and Surface Stabilizers

The relative amounts of acetaminophen, or a salt or derivative thereof, and one or more
surface stabilizers can vary widely. The optimal amount of the individual components can
depend, for example, upon the particular acetaminophen and/or surface stabilizer selected, the
hydrophilic lipophilic balance (HLB), melting point, and the surface tension of water solutions

of the surface stabilizer, efc.
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Acet am nophen Tabl et Formul ati on #3 Conponent Acetam nophen about 200 to
about 225 Hypronell ose, USP about'42 to about 46 Docusate Sodi um USP
about 2 WO 28438198 Sucrose, NF about 200 to about 225PCEAHRMNGI0RESE V|

Sul fate, NF about 12 to about 18  Lactose Mnoh drate NF about 200 to about
205 Si | i Thefdonepniiption o£thg acetpminephesean viags Gomabaut i otte abons §:001%6

Crospovi done., 1 t i St gar.at e ut 0.5 to
about°B f’g%@é A’%l:(:) %5@#%}%6? §r f{glﬁiagg tﬁ%ﬁ’a@gﬁ%@& gglwlfig%i’etf?sﬁda%q[\@a%&glr mul at i on
#4 c@ﬁi’ﬂi&%ﬁ%iglﬂdﬂ%e%@faﬁfﬁéplﬁh@ﬂd afeast odd SurfaGe afabilizer; At inkMBingHeler 0Se, USP
about 42 to about 46 Docusate Sodium USP about 2 to about 6  Sucrose, NF
abolfxcipits. o about 224 Sodium Lauryl Sul fate, NF about 12 to about 18

Lact ose nohydr at a . L kcifi ro crystalline
Col | ur oseldtitentafon HFug AR barbh8 shihRaahugef fon i Bl bl 458 8,017 1 g

Ma.g niBsiitgn, BRI fEdne abdMt 53090t aibub99.9%2bPRémIbbut 10% ksloued9. 54 b9

Nanoparticul ate Acetam nophen Conpositipns The nanoparticul ate

ac etvegighiopased on e tatat eombined deyr weight afdhe aretaminophen #pd ot leasione swficke  made

usi ng, . or exanple 111 ing. honogeni zation, precipitation, freezing, or
tenﬁqﬂﬁllge&rﬂﬂtg}%gtghﬁnqx&ﬁ%?&aenpl ary nmet hods of maki ng nanoparticul ate
active agent conpositions are described in the “684 patent. Methods of
making_nanoparg i CuliiciflaRPRahpA BRYRICAB S MindtRG "Fdbél Fotatdatineal ent o,
5,518,187 for "Metho o@ | nd(?l%g ,P“ar maceut | cal SL?LS'[ ances;" oU. S. Patent
No. 5,718,388 for "Continuous Method of Ginding Pharnmaceutical Substances;”

U. S. Pat Severabexempd6? ab&8mimphéiMableo formillaGonsate piveRiteiow cEhese exdmded st ances;
cr ereci i tation of oparticul ate

" U S Paten . .D, 665,331 for "Co- n

PR SRS A e RS Lo eC PR HEN TPk X ompIoty Rt ot | No
5,6 SR Iof 285 RicRi L, (s 0fy 5 r}%&&gi r uti cal
Age(r;ftgrslﬁl\%étt1 ﬂg&fﬁ gﬂn&ﬁgﬁﬁ Na&?‘??%?@hﬁﬁ lﬂlgﬁ at e%st%%%?ﬁg@()%g}g for

"M cxemplacy tabletst danmalsofcohipmisp aicoating agext. Phar naceut i cal Agents;" U.S. Patent
No. - 5,543,133 for "Process of Preparing X-Ray Contrast Conpositions

O

Cont ai ni ng NT-Q-G-[Q&LL—L—CLE'L -
Table 1: Exemplary Nanoparticulate
Acetaminophen Tablet Formulation #1
Component g/Kg
Acetaminophen about 50 to about 500
Hypromellose, USP about 10 to about 70
Docusate Sodium, USP about 1 to about 10
Sucrose, NF about 100 to about 500
Sodium Lauryl Sulfate, NF about 1 to about 40
Lactose Monohydrate, NF about 50 to about 400
Silicified Microcrystalline Cellulose | about 50 to about 300
Crospovidone, NF about 20 to about 300
Magnesium Stearate, NF | about 0.5 to about 5
Table 2: Exemplary Nanoparticulate
Acetaminophen Tablet Formulation #2
Component '
Acetaminophen ' about 100 to about 300
Hypromellose, USP about 30 to about 50
Docusate Sodium, USP about 0.5 to about 10
Sucrose, NF about 100 to about 300
Sodium Lauryl Sulfate, NF “about 1 to about 30
Lactose Monohydrate, NF about 100 to about 300
Silicified Microcrystalline Cellulose | about 50 to about 200
Crospovidone, NF about 50 to about 200
Magnesium Stearate, NF about 0.5 to about 5
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PCTI US20067-02 1 Methods of Making Nanoparticulate Acetaminophen Compositions

The nanoparticulate acetaminophen, or a salt or derivative thereof, compositions can be

made using, for example, milling, homogenization, precipitation, freezing, or template emulsion

techniques. Exemplary methods of making nanoparticulate active agent compositions are

described in the ‘684 patent. Methods of making nanoparticulate 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;”
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using an appropriate non-sol vent. The net hod can be followed by renoval of
any forned salt I f present, by dialysis or diafiltration and concentration

of "t he” dWOFV Y3 by conventional means. 3. Hormpgeni z RCTBIS2006/084656; n
Nanoparti cul at e, Acet am ngphen Conpositigns. Exenpl.ary honogeni zati on net hods
o Spﬁeﬁagmengﬁa&mim%’Wﬁmn&saable%@mmm@?wae_ga,tmtbed n
Comp8; 17 DL 1¥or Brodthe b rerfie TREARARD QmudofiRRl CRlnMIBE RARHRIlent o i ng
par t il US. BatermtrNo. o405 83nfoptilethod of Rreparing Nenaparticle CoxpositionsOdntaininga | i qui d

o r Chtraed PEPhaiL PR st Aghogaon Lot ViEh & e ieRl HeaPrRFidR oct ve
or : ective
averﬁeg&emrt icle size. The acetam nophen particles can be reduced in size

in the presence of at |east one surface stabilizer. Alternatively, the

a;: eL alm: no'iﬁhten_s\{dmnt habﬂo];partic'alate tnﬁandmiptinfn _eoi_npbsitﬁncxlmhrw dispersions ceméhé miiizecri]

G | virofid o e daengs dompiefRnscach a5 AU HIRPBIORF 0, SRBT bR S pos | | on
eith f ' : ' td : G68SulatidmsPer si ons can
be rrgl%ﬁ‘?gfcct%fﬁ?‘gya %%lgﬁ%ifgﬁgglg 91%?&?@@?@%%&#%&%%&% yogekrlllf;aéI§ ’IF\)/Et hodol ogi es |
t o Clableis) capsales pizldyed rdledse fovonilativng epteadedzigass farmnludiods) puisetile reledsed of |
fornin ujhe desired napo articul&tte ace arIi nophen, or a salt or derivative

¢ her boguladgng Baxed innsdats gelesse apd pousBlion Sleie oMU BL) | Thi st echnol ogy
conprises an organi c or organoaqueous solution of acetam nophen with

stabilizers, which is injected into a cryogenic liquid, such as liquid
ni trogen. The Yropl MilingftotOltaicNagopantipiiete Acetaminaphef Disprersians a r at e

ffici g I ni m talli,zatj o i, Cl wt h, t.h
For mul at | MiliAg AL SeshiEophin ot s sk AsaER ek LSBT HEOR® he choi ce
of _Saikiaiibn o845 RTHABErSRIRE AhEin6 AR hftAES in b RURAIARAIL

acet ani nophen particles Can have varyi n% particl’e norphology. In the
i sol which theacefamindphen iis pangkyrsohrble, Sallovesdtbyapplyingmedtinicatimeansintiti t i ons t hat

comsnne 8 Buitn et b FRER R rifics Sed b AR PRABPRARE hesSRg "5 2o be
usedefféative aﬂﬁ%g;a@mé ¥igé.€The BB3p&§ibh HicHitne tanttses feBxRRPIRS WaRd shfffowRs W th

greatly enhanc surface area.” URF conprises an organic or oOrganoaqueous -

sol ueil,sthagel, kbeteaeh glyperin pelyethyiang iglyco@EG)ohaxane, or glycolehiptefemeskt rat e. 27
WO 2007/05319%. PCT/ U§2006/ 021656 5. Enul sion Met hodol ogies to Cbtain
Nano SR eh s oL R nophen Conpositions Another nethod of formng the

desired MERORRkiiRsghthparickisdah Bo RIIABsd ifllsizd if @ldprédence of at least one

surface stabilizer. Alternatively, acetaminophen particles can be contacted with one or more

surface stabilizers after attrition. Other compounds, such as a diluent, can be added to the
acetaminophen/surface stabilizer composition during the size reduction process. Dispersions

~ can be manufactured continuously or in a batch mode.

2. Precipitation to Obtain Nanoparticulate
Acetaminophen Compositions

Another method of forming the desired nanoparticulate acetaminophen, or a salt or
derivative thereof, composition is by microprecipitation. This is a method of preparing stable
dispersions of poorly soluble active agents 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
acetaminophen in a suitable solvent; (2) adding the formulation from step (1) to a solution

comprising at least one surface stabilizef; and (3) precipitating the formulation from step (2)
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derivative thereof, conposition is by tenplate enul sion. Tenpl ate enul sion
creates _nanostructured acetam nophen particles with controlled particle
si ze di sWOBWI8H7and rapid dissol ution perfornmance. PRA/GRI6MAIEONDr i ses

an oil-in-water, emul sion t is.pre e th swel led wi £th a_ nqgn-aqueous
ol it A AR P Soeat of e AR B, SR b obas By ol St bogma it ool s
di StiE bt By ﬁﬁlg&i‘g%r afaBitiAd¥on QRN @BndRatrhtidil G¥Ihd ispersibh 8 cohftibhalof the size
of t enul’si on droplets prior to loading with the acetam nop%en a property
whi aheanan be controlled and optinized in this process. Furthernore, through
sel ected use of solvents and stabilizers, emulsion stability is achieved
with no or suppressed Ostwal d ripening. Subsequently, the solvent and water

are renoved, afd t hgomba&iikdtichtorOp@sd r uct ured acet am nophen particles are
recovered. Various MibnRRe ek h@ﬁdﬁﬁhﬁﬂﬁioﬂgi es can be achi eved by

appropriate control of processing conditions.” D. Methods of Using the
Nanoparti cul ate Acetam nophen Conpositions of the Invention The invention
provi des Exdﬁqﬂmchoﬁi‘oﬁéﬁzimshaﬁody cIPrepating attivieyageiit anopataenophen, or a
salt or derivative thereof in a subject. Such a nmethod .conprises orally
adnioempositiongareslescribed in Y. PawnéNpe%%lQ;bl & dsuRrocsss of Rrepasing Theswewtifpr i si ng
an ) ] ' 1.0 ke -] ). .hophen
oI By CHhtaiiile RaopdHLIEE SEh  HletipoteoibRRl d Blrsb BurBERE BEM P U
bi o aetatmitophed,\or tafsalt of deradué tHeddof dhadiquid difsusion medicen tfolevdd bydosage form
about  40% greater, ., about 30%.greater, about 20% qr about 10% greater. The
conpgRicetRgthe dspersion; ta hamogeHzation to sduge the particle size0f ancacetagrinephga © and pai n,

and TTey ] r&el.a b1 ] C or a salt
o at B BBt AYEEE pARCle:fiel 18 ofABlob O Fpartties AN MR L 7, 07,
subjiﬂitllle pr'eSBnalef TldeBSEMei mbl I e stebilizer wdtemhtwl I ti ?l,y, the tacetamirophen patticles caw al | y,
rectally, ocularly, otically, renterally (e.g., intravenous,

|t s AoBtagies witlyAieLqr SBare awAs SYabilizER ¢1iaex Hoforeioh atsy aUTHORo IRSF

intr ' o AL ri o&eﬁq . ' WELSEiSi ' or
droﬁgwgﬁﬂé?"gaggcdélglﬁﬁbér:&nnasadggbﬂglggeéﬁsﬁ&ém%?n, t ger?ieor ' QE ject" is
us e ckither befare, duringaor aftdr thqwizd redediion proceasimBispersions cahi begmandfactesed or

non- hugran. The .terns, patj ent and subject nay be used interchangeably. 28 WO
200FrH le%’wwgﬂﬁb%mf?%% Conposi tions suitable for parenteral

I njection may conprise physiologically acceptable sterile aqueous or
nonaqueous sol utions, dispersions, suspensions or enul sions, and sterile
powders for rekonstCryogemin Methodalbgies taeObtgimct abl e sol uti ons or di spersions.
Exanpl es of sui t ablNanopaguttailateadcttanimophe® Confpasitionss, dil uents, sol vents,

or vehicles including water, ethanol, polyols (propyleneglycol,
pol yet hyl ene-gl ycol, glycerol, and the [i _keg, sui tabl e m xtures thereof,
veget abl Amsithes methedoiforming ke dasirpd aanepprticulatedsetandnephencorsstaliios such as

et hyderi%t?@ettﬁeregfi ggr%{)osition is by spray freezing into liquid (SFL). This technology

comprises an organic or organoaqueous solution of acetaminophen with stabilizers, which is
injected into a cryogenic liquid, such as liquid nitrogen. The droplets of the acetaminophen
solution freeze at a rate sufficient to minimize crystallization and particle growth, thus
formulating nanostructured acetaminophen particles. Depending on the choice of solvent
system and processing conditions, the nanoparticulate acetaminophen patticles can have varying |
particle morphology. In the isolation step, the nitrogen and solvent are removed under
conditions that avoid agglomeration or ripening of the acetaminophen patticles.

As a complementary technology to SFL, ulira rapid freezing (URF) may also be used to
created equivalent nanostructured acetaminophen particles with greatly enhanced surface area.
URF comprises an organic or organoaqueous solution of acetaminophen with stabilizers onto a

cryogenic substrate.
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fluidity can be nmai ntained, for exanple, by the use of a coating such as

| eci thi mai nt enance of the required particle size in the case of
disbers?gﬁg%oggﬁugy the use of surfactants. The nanopdiGI/E3Pe(021656
acet am nophen, or a salt or derivative thereof, conpositions my also
conprise adjuvants such as preserving, wetting, enulsifying, and di spensing

agents. Preveptio ' ani sns can be ensured b
vgri ous anti b%t er |rE 3;{};3 -%ﬁgﬁ%o& fl{f’%ﬁ%ﬁn@gﬁ“ﬂ@s par abens, Y
. an e | 1I’Ke.

chl or obut anol , phenol’, " *sorbi c aci may al so be desirable
to include isotonic agents, such as sugars, sodiumchloride, and the I|ike.

Pr ol ongedAncihrdidtho Pof Bimingthé déstred AopaiidalatPetaifiédheh 06 aifdr be brought
about by the use of agents del aé sorption, such as al um num

by 2Nt ¢ i ng ab |
nondlstivative therapfi coapesition isdy) tergplatemyusion hemplate epnlsiongreptes st r at i on

or arigretike iR oo pafloid rig ARBSIRE persb B3R o g RIS i T
| easdissolitiof beifiendnot! Thé Athodapmprises@h olicihewAteeduleiss ithit & \repdred, thadl i er s) ,

such as sodium citrate or_dical cium phosphate; (b) fillers or extenders,
suc tswelled with amen-aquaeussolition sempraing the acetgminophen and eipbilizers The i ci ¢ -aci d-

(c) f Se di : [ cel l: -1 Lagin,

pol }g‘lh %g?e %ger ‘rh%#ﬁ’gf)lﬁ%??@ %rgé(%'gﬁfogﬁ%l @(g&é&gl&%&%ﬁ% L%%Er}gﬁz&:tﬁ? gﬁggg@ﬁ as glycerol;
(e) ediuision a®plots priora teiding witle theasetagiiophertd propatty iwliohcean heRahifolledot at o or
tapi oca starch, alginic _acid, certain conplex silicates, and _ sodium

car Fodapmized)in tis process. Farthermore threughhselectedasgof solvents and stehilizgss.i on
o ' _ X ' ts,
o e Rt 8ot S Aoy Bl B3t rBR O STRANIE subSaullib) W0 2900,

kaolsolvearuhdenércie tanovwdgladd the stebilizéd@mbsiructuied actarhimbphenqRirtidlesarst ear at e,
magnesi um stearate, solid polyethylene glycols, sodiumlauryl sulfate, or

mi x trefaveredn Magiens ageipmigaphan naticlesperphelogisn garphq dclueved by apprapdattor ms  may

al s i | £ gents. Liquid dosage forns for oral admi nistration
[ nc%&ﬁ@%ﬁ%@%ﬁ ?%ﬂﬂ%ﬁaccept abl e emul sions, solutions, suspensions,
syrups, and elixirs. In addition to an acetam nophen, the |iquid dosage

f or ns mayD.conMethods oEUsingithe Nahepartienlnté Acetandnophdnhe art, such as water or

ot her sol vent Corfpésitions ofithe Imgatioa, and enul sifiers. Exenplary emulsifiers
are ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate,

B o
cot tsan s£@divative thefdoBUR @iubjedl. |Suck & btRRY doniirlses tally @d@idistegdsfoer oi |, and
sesane oil ’e@%l %cerol , tetrahydrofurfuryl al cohol, polyethyleneglycols,

€

f at tsybjaetian Yosaraoury of Bicomposition ernprisingsanpicetaminephenb i eneces, and the

li ke, ' i nert,.dil uent ' de

i FHGREhhE Be 43 vepliBh: cnf béchBonch MnFOTROR, ) ARaF@REWAR e OO,

swe gihefhdegkinbliopmttice) hawvswibipsvdilkbilinthaiie absut 50% greater than a conventional
dosage form, about 40% greater, about 30% greater, about 20% or about 10% greater.

D

The compositions of the invention are useful in the treatment of aches and pain, and
reduction of fever and related conditions.

The acetaminophen, or a salt or derivative thereof, compounds of the invention can be
administered to a subject via any conventional means including, but nbt limited to, orally,
rectally, ocularly, otically, 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.
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"Therapeutically effective amount” as used herein with respect to an

acet am no§hen1 dosage shall nean that dosage that provides the specific
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sel edrBgtag¥sage | evel therefore depends upon the desired therapeutic

ffect t . el . ol q
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resp chiev activity o e spgecific dgent of conposition
enp| eydediratile ¢o mpkde isotonigagents, suchas spgass, sodinmaipdridecand thidikegBroldnpdy wei ght ,

general health, . sex,. apd diet of .the tient: the time of adm nistration,
outbeamtaant H?eé{lJP‘éPPIPISHBA@Fﬂ?e\“&FLf%P cala pe beughtAbopt %ﬁ@%ﬁsﬁ ageffe durati on
of t : Hﬁ’[% . U?ﬂﬂmb E’E@?rﬁﬁt :wcoi ncidental wth the

specil i%ﬁgz;g%asn; g,n%EF?i%l acto&dh\%el r%g%eflafﬁn.t he nmedical arts. The

f ol | owi ngSdlidainshgesforme foyioval adninistrdtientinctude, butarpnetslemited toyeapsilesy. 1t shoul d
be understood, however, that_the spiyit and scope of the invention is not
Lo Hbefnlacpalen et paaiies oin wgh i direBtiprgt ah pevaeBELMIRRT { he
exarmplie st i oR0BHNE FANWINGS () loflb bPoRYinkf1exSFRAR (6f cdrfire} Quohfs 20053197
PCTI US2006/ 021656 . clains that follow Al references identified herein,

i nclaittatagr dicglciymapkospbate(be fillers o gxtengers; suthyas starchmsplactasg dudrgse; ef er ence.
Ex I 1 The. f thi I ti | at
s T SRR D S R A

st abgélétﬁcneb&yviﬁ?lp%%_ﬁ@éife, SUcROR! SldPatadih; @Y REABIAAL G &OPESEE W th one or

more surfacé stabilizers, at the concentrations shown in Table 5, bel ow,
was (¢) Histegrating agents; such asagamHagar ealbivm eaftbanate, 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 polyethylene glycols,
sodium lauryl sulfate, or mixtures thereof. For capsules, tablets, and pills, the dosage forms
may also comprise buffering agents.

Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, solutions, suspensions, syrups, and elixirs. In additibn to an acetaminophen, the
liquid dosage forms may comprise inert diluents commonly used in the art, such as water or
other solvents, solubilizing agents, and emulsifiers. Exemplary emulsifiers are ethyl alcohol,

isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
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NanoM Il (r) 0.01 (NanoM || Systens, King of Prussia, PA, see e.g., US
Pat ent No 6,431, 478), along with 500 m cron PonMII%ﬁZr attrition nmedia
(Dow CheYP2WH 0581804 mredi a | oad). The nilling tine and WSZ%@éE%sed for

t f t I T bI abl e 5:
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doc ®sodium 4 10% (W w) 2.5% (W w) Plasdone C- 13 87.4% 10 90 2800

(Pol yvi nyt&\ldés%héﬁi%ﬁ cﬁueﬂtg’ th@eokipdsion)cafl ARY Yisdhld 4jp/ahtd, sueRAk wettial t 5 15%
(wWw 3.75% (ww) Lutrol | uroni'c) F68 81.1% 50 90" 1333 ( Pol oxaner 188)
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- 1% W w sodi um lauryl” sul fate 10 1 %(w/w) 2.5% (ww) Plasdone K-1 7

87 mmommmmtem signifieant aumaber afisuijhets in m@dpfsm%wmw)t ® 5% (W w

Pl asd K29/ 4% 50 33 0,1%( | ul Th Il ed
comisSRpP o i g@eail% v gt lidted BRRgotl whietod “was
do n%#ﬁéﬂlﬁ iAsthRei vl AREHTs BE Bffdtive n frddin AR dikéaaby de%@;weaqlefd@tz%@t or y

| nstrunents and
though such dosage is deemed a ‘therapeutically effective amount’ by those skilled in the art. It

is to be further understood that acetaminophen dosages are, in particular instances, measured as
oral dosages, or with reference to drug levels as measured in blood.

~ Oneof ordinary skill will appreciate that effective amounts of an acetaminophen 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 an
acetaminophen in the nanoparticulate compositions of the invention may be varied to obtain an
amount of an acetaminophen that is effective to obtain a desired therapeutic response fora
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 acetaminophen, the desired duration of treatment, and other factors.

Dosage unit compositions may contain such amounts of such submultiples 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.

The following examples are given to illustrate the present invention. It should be
understood, however, that the spirit and scope of the invention is not to be limited to the specific

conditions or details described in the examples but should only be limited by the scope of the
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31 WD 2007/ 053197 PCT/ US2006/ 021656 Supplies Ltd., Ashbourne Co., Meath,
I rel and).. The mi croscopy observations for each fornulation are shown bel ow

in Tabl e¥8.20%45F276 Fornul ati on M croscopy Observati on®CT/URRM6Q2168¢ ¢ no
notion in.this s 2

si gns .of m nqQphepn nanoparticl.es .or. Br owni npl e.
Th ootae i Tofh JABIE Bt ee Bt R dnc AR S el FB Aot RV | o es
Pr espbérpofated Y Bferéfiekl on was al so clearly evident. There were no signs of
acet am nophen’crystal growth or acetan nophen particle flocculation. Figure
1 shows a 100x phase objective using imersion oil of this nanoparticul ate
acetamn en formulation (10% (W w) acetam nophen, 2.5% (w w)
hydrgﬁ%zﬂﬁ%gyl cellulose SL WC-SL), and 0.1% w w) docusate sodiun). 3

M cr oscopyheRfipdelof ehisechnifle wiaYo preparenhrmpparticulaté\gtet-Miinbpien sanpl e.  The
nanoparticul ate acetam nophen di spersion appeared well dispersed throughout
t he mmm;uwuﬁwvm@wgn%maa@m 1iZe88-t i cl e fl occul ation or

Sampr e SclneabeRhY HishirsBh o lupiing O it AR R e e 1 e
Ther & tH@Sondentfatighs SHowsl i@ WabR 5, Helowg fas THiédEinweY(Bm1.ar $0O D charflits 0fh un-mi | | ed

drug crystals or crystal growth. 5 There_appeared_ to be a lot of crystal rod
11 keNaRRMIE:P.0F Nans¥ibL Systares, Karngpl Bsussids P sorcy B Us Rotamt MophehL S0 | cl e

floc | . ] heRn. cryst. : . cet am nophen
nanciird MR 300 B ERPARAR SRR AR RA! SHticDI R REIE BRI S Sone

acet aflling e And 10 B iugb® for pedpardbiot H€ Bdchi fornilaticipigialsd showm ivEible bj ttl e

evi dence of Browni an noti on was observed. There were a |ot of rod-Iike
crystals clunped together throughout the sanple. 7 Sone acetan nophen
nanoparticl es were pre¥eble 5:nAcdiamiopber Farmula@ionsni an noti on was al so

obsef Sauple Haeeewirophdner e VrtaceStitdiizensd) r 0 Diefokieedc) Ml FMlimgole Millahd t he
sanp| e appe&ewentsdiorriel y fl occul ated and agdVaserer a¥dume B Thoerg] Speet ani nophen

nanoparticles were vilsible which di sPI ayed!| FEwinilaf(miaht | ¢nin) Ho@ewk |t he
maj o;L_L_éLQ[[ t He(wéw)i da 2% ¢w/ ) Bladdane, 51630 93% 10 60 | 2500

10% (wiw) | 2.5% (w/w) HPC-SL 87.4% 10 90 2500
(hydroxypropylcellulose)
0.1% (wiw) docusate sodium
3 10% (w/w) | 2.5% (w/w) Pharmacoat 603 87.4% 50 90 1333
0.1% (w/w) docusate sodium
4 10% (w/w) 2.5% (w/w) Plasdone C-13 87.4% 10 90 2800

(Polyvinylpyrrolidone C-13)
0.1% (w/w) deoxycholic acid
sodium salt '

5 15% (wiw) 3.75% (w/w) Lutrol (Pluronic) F68 81.1% 50 90 1333
(Poloxamer 188)

0.15% (w/w) Docusate Sodium
6 10% (w/w) 2.5% (w/w) Lutrol F-108 = - 85% 50 90 1333
(Poloxamer 338)

2.5% (w/w) Tween 80 (Polysorbate
80)

7 10% (wiw) 2.5% (w/w) Tween 80 (Polysorbate 87.4% 10 90 2800
30) :
0.1% (w/w) lecithin
10% (wiw) 2.5% Tyloxapol 87.5% 50 50 1333
9 10% (w/w) 2.5% (w/w) Plasdone S-630 87.4% 50 90 1333
0.1% (w/w) sodium lauryl sulfate '
10 10% (wiw) 2.5% (w/w) Plasdone K-17 87.4% 10 90 2800
0.1% (w/w) benzalkonium chloride
11 10% (w/w) 2.5% (w/w) Plasdone K29/32 87.4% 50 90 1333
0.1% (w/w) sodium laury! sulfate

o

The milled compositions were harvested and analyzed via microscopy. Microscopy was
done using a Lecia DM5000B and Lecia CTR 5000 light source (Laboratory Instruments and
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| i ke crystals which appeared to be severely agglonerated. 9 The sanple

appeared _to be well

WB290H953 ot i on was al so seen

vi si bl e.

di spersed with acetam nophen

nanoparti cul ates clearly

There was son®C@HRUeO21656

arti I e but the
Ironatj o?‘?édl%s 1ﬂ c{ ’r\‘g%lg%\ﬁ@tre ngn rﬂg{&ggqé@%m %@@oﬁ%ﬁ%er%&o&gs&ﬁéﬁgl gn of
acet mlulmbﬁlarmbwmjemvﬁhﬁmat I on or acetam nophon crystal growth. 10
M cr 0S COPY- showed-_acet :.\m_nnnhnn panopart icles. t hrLunhmlf the samle to be
sever ely aaal omer at ed._There vas ﬁEﬂ'}iién of Brownian nmotion. 11 This sanpl e
appear ¢ Formulatitinsper sed wi t h_aceiMicroseppy@bseryations t i cl es vi si bl e.| Browni an
motionjwas dl so c| Ehere wesvnalsipiis of adetaminophermhampatielea or Bogingian par tji cl e
flocculati on was phdflo@lisiis\asiple, Ther e vere no si gns of acetam nophen
crystal—grown or | ¥l a¥=T¢ We [y °u. el 100X |phase
obj ective using 3 a%g g{'ﬁ:ﬁé%i%i §E%‘gi%ég clehdd egldngor myl at i on
M cros¢opy Observ St Culare” acet/an nophen
formul ation (109 2%‘7\7@6}}/})" c}% ‘g@gﬂmuﬂ’ 9}3 F%E'B 9/32,| and 0.1%
(W w) s$odi um | aur y#CCRFIPCRAC Parfg ‘aEP% ?hoﬁ”ﬁé‘ €acet|ani nophen
particles was rreas@hJ@‘&lVeluﬁmgfllmmef@W ef this nagp aﬂﬂsuapﬁammpb% Particle
Si zer (Parti cul ar| fornglation (10% (w0 hers 2.0 fvavidydroxyprapyl n | K2
particle size was| catlatose 88 (HRC-SH), hyd .ith (wien) dagsate sbdiubmwi ng 60 geconds
soni cajion. 3 The [RRétbéddpiivas pardarmedehOrsy flldRRiganilling fofiEsafpl&altpl e Mean
D50 D9p D95 Soni carh@ﬂan mﬂhﬁ acamng@helgﬁs&gl n hp pearddagell t s availl abl e: The
nanolpa ticul St? N §H&tﬂi@§lfﬂ§'»§1 §§ﬂ§‘_g§|a oR di spgrsho? .
sanpl e|seened to n added to the
di Imtjeni in the ha &ggﬁ&&{f tm\ﬁec{r%c? ) I%E’ﬁ&‘ a PO 1. |Thi s was
al so st d-by &Wﬂﬁi W ltc' ng—the—observatien—that—nell i ght
scattefing 4 gnal mg saaelsrse@aeddercpmglw hy agglamerefRd a0giquaingplicsy jon t he
m crosg¢opy resul t snanopargiges Therg waa be gign Oéﬁr@manmqt@a There wges nqt a
successf ul also no signs of un-milled drug crystals or crystal growth.
5 There appeared to be a lot of crystal rod like material throughout the
sample, which may be acetaminophen particle flocculation or
acetaminophen crystal growth. There were some acetaminophen
nanoparticles present. However, no Brownian motion was observed.
6 Some acetaminophen nanoparticles were present in the sample but -
very little evidence of Brownian motion was observed. There were a
lot of rod-like crystals clumped together throughout the sample.
7 Some acetaminophen nanoparticles were present in the sample and
Brownian motion was also observed. However, there were a lot of
rod-like crystals evident and the sample appeared severely flocculated
and agglomerated.
8 Some acetaminophen nanoparticles were visible which displayed
Brownian motion. However, the majority of the slide displayed rod-
like crystals which appeared to be severely agglomerated.
9 The sample appeared to be well dispersed with acetaminophen
nanoparticulates clearly visible. Brownian motion was also seen.
There was some evidence of partially milled acetaminophen particles
throughout the sample but the majority of these were no bigger than
2000 nm. There was no sign of acetaminophen particle flocculation
or acetaminophen crystal growth.
10 Microscopy showed acetaminophen nanopartlcles throughout the
sample to be severely agglomerated. There was no sign of Brownian
motion,
11 This sample appeared well dispersed with acetaminophen

‘nanoparticles visible. Brownian motion was also clearly evident.
Some isolated acetaminophen particle flocculation was also observed.
There were no signs of acetaminophen crystal growth or unmilled

drug particles. Figure 2 shows a 100x phase objective using
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nanoparti cul at e acet am nophen di spersion fornul ati on. sarrpl e was white in

color, which indicates the presence of druarticles. ZP ﬁ%ztlﬁ“avai | abl e:

The nan%?qwgii’l te N The nanopart iculate vitam n K2 ‘acetam nophen

di sper sHeR—safple—seefea—to—y—eHSRERSIOA—WaS yel How—++ 4:"' er—ai-ss0l ve when

added t ent—in-the-and-appur B¢ 3 3 2ger voi r.

There W wﬁ%ﬂmméﬂ ed easily. gnal
pimpersioachit ¢fthisinanep late:sestansinopheasfomnulati®anpl § 1, the

sanpl e |Based on t h@l0f% (wivdaoeaminepheér, 2,5% (wiwv)Hlasdene K2032pandh1%h (nor mal |y
i ndi catles thi s was(vyw)uediaaskhutyl bllfatg)r esence of milled nanoparticyl ate drug.
formul alTon, as nanoparticles of acetam nophen were observed. 3 494 409
818 1091 N Particle size analysis and 1340 1429 2462 2795 Y m croscopy were
per f or ned Thapmtialexs'mtoé‘dlhsmil&adj asttamirtophert pasti€les was mensuréd, igMillioQ ¢semg. Thi s

o} ze tgng e 1O FobaReE SoeuBiriolar SdaRae HAPR DG on) . ho |
f 1 octaalih KD aﬁﬁ%@zé RaPfeureBifliall) andPRn aéélﬁ%mvwngrsbfssédnas bo?uéﬁ%n 4 No

results avail ab e: The nanoparticulate N Particle size analysis and
acet a"hempheaedhmmbdpwnn%biﬂlé) seerred to Y microscopy were perfornmed on

di ssevre—when—added—to—t+he—diuent e—harvested—rateral—atter—the 60
Hor i ba—treservoitr. This was-also -IEfl d- h\l mn.-mlling nrnr\nqclm t he
obsef Samplm | Mean hoD50gH: D98 &r D9 si| Femication bbser vEommentsy sanp e
addi tion, Thi@nBasethmh |t hno) ct oemdy [resuPts, | seemed very unusual| as the
mlled tlhis MSSMtva@bbUB@emﬁauﬂlC\ﬂaManoﬁ ar t iNul at pPaticltszernalypévad di sper si on
f or mil at i on| acstamipprbengdispersipn sample premed tor | whigh i niinisesecoy wareperfprmedaince of
druparti cl epdissaivoghen addsdyty ﬂf@é%‘p%?gﬁg N Particle Wﬁ%&ﬁ? e B3 WO
20074053197 the o;servatlon tgat no‘?qﬂ scattering signal
was observed during sample addition. This Based on the microscopy results,
seemed very unusual as the milled this was net a successful
nanoparticulate acetaminophen dispersion formulation.
sample was white in color, which indicates the
presence of drug particles. ‘
2 No results available: The nanoparticulate N The nanoparticulate vitamin K2
acetaminophen dispersion sample seemed to Y dispersion was yellow in color
dissolve when added to the diluent in the and appeared to have a low
Horiba reservoir. There was no light scattering viscosity which harvested easily.
signal observed during sample addition into
the reservoir. As with Sample 1, the sanple Based on the microscopy results,
was white in color which normally indicates this was a successful
the presence of milled nanoparticulate drug. formulation, as nanoparticles of
acetaminophen were observed.
3 494 409 818 1091 N Pa_rticle size analysiifand 4
- microscopy were performed on
1340 1429 2462 2795 Y harvested material after the 90
min milling processing, This
formulation is acceptable as the
microscopy analysis supports the
particle size distribution results:
when undisturbed (i.e. no
sonication), no flocculation
seems to occur, and the D50
<2000 nm criteria is met.
4 No results available: The nanoparticulate N Particle size analysis and
acetaminophen dispersion sample seemed to Y microscopy were performed on
dissolve when added to the diluent in the harvested material after the 60
Horiba reservoir. This was also supported by min milling processing,
the observation that no light scattering signal
was observed during sample addition. This Based on the microscopy results,
seemed very unusual as the milled this was net a successful
nanoparticulate acetaminophen dispersion - formulation.
sample was white in color, which indicates the
presence of drug particles.
5 9637 | 5609 | 18006 | 23753 N Particle size analysis and
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TABLE 10 Sanple Mean D50 D90 D95 Sonication Comments nm nmnmnm ? No post
sonication results available as the y mcroscopy were perfornmed on |anp
t ransm wrowossesched about 100% harvested nmaterial REEES200@020656 causi ng
aseline” error with the Horiba mn mlling processing. Based an the
bscopy results and pre-soni JABEE10article size data, this was|not a
Safple | Mean! aD50n.| 6DYO05| 60956 ISokdéhtiol Part i clGomimestsanal ysj s and
642 26V 7mad’1 (o) 4r o@@dPy | Wenm) Pgr foreped op  harvested material after
DU M N| Nb pdst dokicadbriYesisdviiible BafeCd QN 11 M Clr idlestBYy vt perfblehbd dnCl £ SI Z€
(i but i oNlamP Shtsifitance fehthéd 66\ 10%5 Uccgss ul  f of ik Add riferialagerka®o DSD
cl e s| zmsingaSbaseling" ckrowith2@MHdriban 7 |2767 2338| roih mdllifigdd&edtingar ti cl e si ze
ysis angd 2831 2777 5109 5842 Y m droscopy re performed on hayvested
fial affer the 90 mmn nmilling prqcessing. [FReasaibndhe midrescopy smwiscopy and
cle sife distribution results, tHis was no}andpissenicatiatpaiticle fizsr nlul at i on.
3855 368745 660533 727928 N Particlie size an s@%“@ﬁ%ﬂ38%§§@137700
771786 VM CLOSCOopnY Were pe d—on— harv ) t or | the 90
i | 16i ng| plM%eski 897 Has#x$lon t3021nilcr osMaopy ol siae fabyitand o o
(i butioh 1¥AUI|s 642t hi s26%s [nci874 qucce¥sf ul | TFBETI %I R ‘.’m’ﬁg 7| 178 254
ha ) ; sted material atiér the 9
N Parti¢le sizp anal ylsis and min milling processing,
Based on the microscopy and
particle size distribution results,
this was a successful
formulation, as the D50 particle
size was less than 2000 nm.
7 2767 2338 5152 | 6408 N Particle size leSiSrf and 1
microscopy were performed on
2831 2717 5109 5842 Y harvested material after the 90
‘ min milling processing.
Based on the microscopy and
particle size distribution results,
this was not a successful
formulation.
8 333855 | 368745 | 660533 | 727928 - N Pﬁrﬁﬂe size analys‘i;;nd 1
: microscopy were performed on
35565 | 37700 | 64407 | 71786 Y harvested material after the 90
min milling processing.
Based on the microscopy and
particle size distribution results,
this was net a successful
formulation.
9 187 178 254 287 N Particle size analysis and
' microscopy were performed on
270 264 363 393 Y harvested material after the 90
min milling processing.
Based on the microscopy and
particle size distribution results,
this was a successful
formulation, as the D50 particle
size was less than 2000 nm.
10 No results available; The nanoparticulate N Particle size analysis and
acetaminophen dispersion sample seemed to % microscopy were performed on
dissolve when added to the diluent in the harvested material after the 90
Horiba reservoir. There was no light scattering min milling processing,
signal observed during sample addition into
the reservoir. Again the sample was white in Based on the microscopy results,
color which normally indicates the presence of this was pot a successful
milled nanoparticulate acetaminophen formulation.
particles.
11 282 l 269 | 421 | 469 N Particle size analysis and
No post sonication results available as the Y microscopy were performed on
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stabilizers.

gur.tl'?age stabilizers, including various combination of surface

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 inventions without departing from

the spirit or scope of the invention. Thus, it is intended that the present invention cover the

modification and variations of the invention provided they come within the scope of the

appended claims and their equivalents.
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formul ations utilizing various surface stabilizers, including various

conbi nation of surface stabilizers. It will be apparent to those skilled in
the art that various nodifications and variations can be nmade in the

met hods and conpositions of the present inventions w thout departing from
the spirit WHATARTCRAIMED ftvention. Thus, it is intended that the present
i nvention cover the nodification and variations of the invention provided
they come within the scope of the appended clains and their equivalents. 35
VWHAT IS CLAIMED JS: 1, A, stable na rticul ate ac i nophen. conposi tion
conpri si ng: (a)i'partf’éfagie %agﬂg?rgf‘iﬂ%%%fﬁétmg@é’?h?ﬁ %Ogﬁénoginﬂoélré%glpgg}nﬁ' or
derivative there@) ti€les edhsBiih@6f hoctanfnplRa®r RAGL o€ deridtie tifredfess than
about 2000 nm, and gb. at | east one surface stabilizer adsorbed on the
surface of hayving apceftestiveaysiege naatiale sizeaf less thamabous aPYs I and of cl ai m 1,
wherein the partjcles_o acet ando o] t rj LV ereof are
selected fromth Sgro%}pfea%toﬁg‘? ssﬁ]i‘fgnﬁpgtgglzlﬁ%rr 3%%’3‘1[’?‘% (r%{é %ﬁaés%,ﬁkgn&aﬁr%gr phous
phase, and @ceﬁ&ﬂho;ﬂfeﬁ%ﬁicldsne phase. 3. The conposition of claim1 or claim
2, wherein the effective average particle size of the acetam nophen or a
salt or derivative thereof is selected fromthe group consisting of |ess

t han about 1900 fim |.g&ss ut 1 n I .1 h a 700 nm | ess
t han about 1600 in]'m @"s %E%ﬁoszﬁ%ut OESg%Pmn?f Ivgliegelbhgtﬁea %{016%4 nm | ess
than about d3@&hindphehess at ban crbdeivafiv®Ghéeredf ateeselettoanframotie gag nm | ess
t han about 1000 nm |[|ess than about 900 nm |ess than about 800 nm |ess
than about GweisHpg of e srystalliineaplase. apemMeRphous PhashAnd asei-cosblling | ess

t han about é‘%genm | ess than about 300 rim |ess than about 250 nm |ess

t han about Tim |ess than about 100 nm |ess than about 75 nm and | ess
t han about 50 nm 4. The conposition of any one of clains 1 to 3, wherein
the conposition is fornmulated: (a) for admnistration selected fromthe
group consi stingd-of phheseEpositiog eft¢laim lopmiclaimn.nivhenei ithen effectivs) i d,

1 aul d.or agrQ30b, iz 391 N8 accilAMohen 18 Shit o AciRMIYe QM !ocal
buccal , intracisst rnaF, I'ntraperitonear, andatopl Qa1 48 i setratlon, (b)
into a dosagfectedr frometheprep EdrBistihg &f §éss Uhart abit 900 GinQfleds thah dbout

di sper si ons el s, sachets, solutions, aerosols, ointnments, tablets,
capsul es, ct80Brm, less than about 1700 nm, less than about 1600 nm, less than about 1500

nm, less than about 1400 nm, lesé than about 13007nm, 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 600 nm, less than
about 500 nm, less than about 400 nm, less than about 300 nm, less than about
250 nm, less than about 200 nm, less than about 100 nm, less than about 75 nm,

and less than about 50 nm.

4. The composition of any one of claims 1 to 3, wherein the
composition is formulated:

(@ for administration selected from the group consisting of parental
injection, oral administration in solid, liqpid, or acrosol form, vaginal, nasal,
rectal, otically, ocular, local, buccal, intracisternal, intraperitoneal, and topical
administration;

(b)  into a dosage form selected from the group consisting of liquid
dispersions, gels, sachets, solutions, aerosols, ointments, tablets, capsules, creams,

and mixtures thereof;
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and m xtures thereof; 36 (c) into a dosage formselected fromthe group
consisting of controlled release formulations, fast nelt formulations,

| yophilized formul ati ons, del ayed release formulations, extended rel ease
fornmul ati ons, pul sati |l e rel ease formulations, and m xed i medi ate rel ease

and controlled I ;:“Zt 1; 0&&?%%‘1‘%19%%1&1%& ﬁo\@lﬁhe%%’ulfﬁdﬂgis ﬂ%gpgbl{ﬂ%%gof ‘5. The

conposi tion of a osition further
conpri ses aecleaser fommuhtlphsarﬂastcenttlﬁmhhlyltlmscém;mhiized fexmulatient, sielayad riers, or

a conbi nati on thereof 6. The co OSI ne of cl o 5 wherel n:
(a) acet ani'fi§p¥en ‘?rgmﬂﬂ“é’g%nt xRN ?g%%‘l(ﬁ aonsy d’fu?sfaf 99.5%to0

about 0. 001@hn, 14 ag%g}’rhlx%é%/ﬁlhﬁdﬁ@ﬂé‘ea& &@cgﬂﬂgllécf f218a; ?@f?ﬁ‘fnuﬁlﬁo/ﬁst %r about

0.5% by wei ght, on the total conbined wel ght acet am nophen and at
| east one surfac(d) st alny lcombimatiomtherevd! udi ng ot her exci pients; (b) at |east

one surface stabilizer is present in an anmount of from about 0.5%to about
99. 999% by wei ght, from about 5.0%to about 99.9% by weight, and from about

10% to about 99.55% bm&gggﬁgmi@wmg@ e 610EPalim§0mbn@dvﬂfe)d’el1n whé ght of

acet am nophen and at ne su stabilizer, not including other
exci pi ents; composm))nafmﬁrcbi namposest loae eof . mére Ttmrmaceutisally caccedtatdey one of
clains 1 to wherei,n the surf.ace tabilizer is selected fromthe group

consi sting e&FlpéF%ﬁmTISWr er aeombipatian thefept ;er | an  ani onic surface

stabilizer, a cationic surface stabilizer, a zwitterionic surface
stabilizer, and an ionic surface stabilizer. 8. The conposition of any one
of clains 1 to %. V\hélfleiqmntﬂoeitismaﬂ)aomeoiédla’hisllitné; wheresel ect ed fromthe group

consi sting of cet ridi.niumchloride, gelatin, sein h tides,
Goxtran ol yoer OB otraRimRIoh & piesettah on i fhnSaing ¢ ABE R o

benzal koni Wp)@lteab@lﬁ 0. (ﬂﬁ%'%ﬁl%@&r@/@m Ghotft @1 19, m{abﬂ?&ﬁta%ﬁtaé(% tget ost earyl
al cohol , cetonmacrogol enulsifying wax, sorbitan esters, pol yoxyethylene

al kyl et heraboutgb§Yboky eteight, drascbars thortotal ¢orufsinéd weightef ace&ﬁupmnhynnyét hyl ene
sorbitan fa aci d ter t col s, dodecyl trimethyl
anmoni um bl‘%ﬁﬁy §feone sgy M%éﬁg ‘@g‘? tgg‘y XCWIMTdal silicon di oxide,
phosphates, sodig HF dofl e el 51%&3 StEI R %Y prebdny it £ hﬂb@l&%f‘fﬂ)’n?h%ﬁ
hydr oxypropyl cellul oses, hypronel |l ose, carboxynethyl cellul ose sodi um
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 acetaminophen and at least one surface stabilizer, not including other
excipients; or

(©) a combination thereof.

7. The composition of any one of claims 1 to 6, wherein the surface
stabilizer is selected from the group consisting of a non-ionic surface stabilizer, an
anionic surface stabilizer, a cationic surface stabilizer, a zwitterionic surface

stabilizer, and an ionic surface stabilizer.

8. The composition of any one of claims 1 to 7, wherein the 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,
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met hyl cel | ul ose, hydroxyet hyl cel | ul ose, hypronel | ose phthal ate,
noncrystalline cellul ose, nmagnesium alum numsilicate, triethanol am ne,
pol yvi nyl al cohol, polyvinyl pyrrolidone,

4-(1,1, 3, 3-tetramet hyl butyl ) -phenol polynmer with ethylene oxide and

for mal dehY%ﬁl oﬂ%tﬂ%&ﬁ@i&bltﬁpﬂaﬁyﬁﬁﬁ%ﬁérs ﬁol%lﬁ&lgﬁ@' g]%@l%?cl&lbbﬂ'tﬂmethyl
di octyl sul fosucci nate, dial kylesters of i um sul'fosuccinic acid, sodium

lauryl sulafnenium| fyomidey | paipixpethylane s @t@@tﬁt eenlloidakt silicen oﬂlogld@r ose

T R R Y

(3- D nal t opyd: BeltlpskRsy | h B}nenésecomwa bl Icelﬂulﬂé&jeﬁé(dlum
(3-D nal toglyde 9%&)9?1%0 | - N- et hﬁiﬁl ucam de; n-ﬁﬁept? | - (3-D-gl ucopyr anosi de;

n- hept yl (mqfdl)tleﬁl sac chydmyethylh psep- lmprcgmcﬁk,)@@ ¢.daoncrystalline

| - i d
oot anoyl - NI SrHSRRHAE iR oicated HERRNBATR, dRiwingplsphals. o
t hi ogl ucopy bgfﬂﬁﬁymemhu&sﬁ@wo@m Bﬁarmh@tﬁglbaiyu)pmnoPﬁ&yﬁiapmt @hglene PEG-

chol esterol derivative, PEGvitamn A PEGvitamn sozyne, random
copol yners Oéidevm@/Ime%ﬂ@)’ée,aﬁﬂlovﬁlﬁ%S pelaxemingsna@, claarg@f/ |Pbﬁ$F&10bblldyrrer a
cationC AR cci Pl AhROlGeROM SHREAALIHice i Al R Guted] OS1 ©

cationic aI gl 1 oni nonpolynerirc co ) ronlc

phosphol i pisdifateadlk@nirgl polpettier sulfmhﬁé@;&hhddr@smf@wwdeaét@r&telaﬁetshmbaeﬂmm um
brom de, sul foni um conpounds, pol yvinyl E)yr rol i done- 2-di met hyl am noet hyl
met hacr y| atdistesraiet pyisononyipheroxypelyxahysidpl: rdesenayyN- mﬁmﬁlmdmﬂde

h h d
Denzyl i ( Je00 o ey EPRy R rmiboenf B mATRE AR bna b-4E e AP amroni um
chloride, W@Pﬁ%ﬂ&édé’ﬁh ke 'TD Hﬁlt &G Qdn H@ﬁano%f@?@ﬂl‘é% hylghdiiddi Ry dr oxyet hyl

anmoni um ¢ coconut th ydroxyet hyl | um br o de, decyl

triethyl amepuyl- p@xglﬂcopyﬁﬁosmecyh-heﬁiynet paD-titiyglnevsidet hyh-hagytonipu chl ori de,
decyl dinethyl hydroxyethyl —ammoni um chloride brom de, C12-15di net hyl
hydr oxyet hyglucapyranesida; c nbnﬁnOde-m@hzlgmm hy+n0ML/ dlﬁ@cgbmwratmsmm um

Gi et byl DGR ATAEEHGHRL  reA-DHyr S ARoE R Fret A1 arfopt m et Dyl
sul phate, | | hi yl et hyl
benzyl amréﬁ?%lﬁb%rg& gﬂ\é g;% dlrre WB% gno@?%ﬁﬁ%}gﬁurﬁ@%l oride,

| auryl di mehbﬂyi;tex(o«btﬁmmﬁye) 4PEGmntanum AerEGdetmmh aEkylysozyme, random

Cl2-18) di e | benzy nmmoni um chl qri de,. N-al k Cl4- 18)di net hyl - benzyl
gm’mnl u)m cI‘?PB‘W@SrS ‘%&‘f"@ﬁr%ﬂ‘é&ﬁ@%ﬁﬁ%@ﬁ%ﬂ ESFF Y“&‘T’f? 610?‘&%“3/ Y

monohydr at ! Bio gét;ﬁi;efrhé{ Eﬁﬂxﬂ@%s&m JeUACEH R béiﬁlloé\iaal Mlbnﬁ:hql%nﬁ%gza 14)

di net hyl nium chloride, tri yl ammon 11 de, alkyl -
catlomc nonpolymerlc compound, a cationic phospholipid, 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, coconut trimethyl 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, Cj,.;sdimethyl hydroxyethyl ammonium chloride,
Ciz-15dimethyl hydroxyethyl ammonium chloride bromide, coconut dimethyl
hydroxyethyl ammonium chloride, coconut dimethyl hydroxyethyl ammonium

bromide, myristyl trimethyl ammonium methyl sulphate, lauryl dimethyl benzyl
38



trimet hyl ammoni um salts, dial kyl -di net hyl am”moni um salts, lauryl trinmethyl
ammoni um chl ori de, ethoxyl ated al kyam doal kyl di al kyl anmoni um salt, an

et hoxyl ated trial kyl amoni um salt, dial kyl benzene di al kyl ammoni um chl ori de,
N- di decyl di met hyl anmoni um chl ori de, N-tetradecyl di net hyI benzyl ammoni um

chl ori de nmypRhydn&t a ”ﬁ{y}ﬂ ni um
chl ori de, dodecy‘iﬂl(%le%r%i it%le z&%&&nﬁ@ﬁng% gir‘ﬂ“g!‘ mgh&{ &e]#zee eal kyl
ammoni um cKéthenaky)s | @omghiusy i chdoridd, aumd nidimethil o@eﬂubapx)e)h kgulnhmmnylh met hyl
ammoni um chl or | al.k e th anmoni um pra rimet hyl
ammni um b?’ ng N'é@t g‘?ﬁ'é%ﬂ gﬁ' luﬁm%‘ﬁuaegﬁ & &ﬂ%ﬁ@ anmoni um
brom des, P@iﬁﬁéﬁh SWeaYyl drhmBhianl cHlBHHé“foétPialEQﬁicﬁﬁ?ethﬁE?ér& | ammonjum

di al Iyl di me hyl anmmoni um chl ori de (DADVAC), di net hyl "ammohi um chl ori des,

al kyl di net ehlegidemninohydratep deméthgslidecyl mamphlunreclﬂwdam}kwhmdsmmmi) de,
d I trimethyl ' b dod t t.hyl ' b.

Lot 1 adecyl (FEYh PAR I BRERTONR s Ho: A EDPaBb R AECHIYr | e,
POLYQUAT | GHiMetHy®lniabnitn HH@“HM[HyllHHﬁEtﬂflmnHﬁﬁm $allts MRAkky] apFRAHyYM

broni de, choliné esters, benzal koni um chlori de, stearal koni um chI oride
compounds, wungﬂlumyrqhthrldﬁumtbomhtdé alkmidogiyy]dmlkﬂlmnmhhml s, hmlide salts

oyt il amediry b RN e 8% 3Ry ngens Ayttt ) o ¢
pr ot onat ed mmee%laﬁﬁéthﬁ%mhaﬁhﬂp&loﬁ@é Wte%taaétywafeﬁfy[&wylpgﬁmaﬁﬁm and

cationic guar The conposition of any one of clains 1 to 8, wherein: (a)
upon admi niohlarislei monohydaatﬁ;aMkyk(ﬁa 1p)a|d1me1hjdslﬂfaphtd:1§hmﬂlyiopmgmnnun a salt or

derivative ereof . redi I such that .the e ctive
aver age parcH]cHdS sqofl c@éﬁo ﬁyghenfzy n"P’P%m&F’od% i ‘kag oz F%eé’@(y han about
2 mcrons mﬂrﬁ&ﬁuﬁlhé}ﬂoﬁ&@%uﬁf)@@m lhﬁx’i&arﬁtﬁﬁ%@&iﬁg aﬂ%@&n& nmeﬂﬁrfs t han
about 1700 39 nm |ess t han about 1600 nm | ess t han about 1500 nm | ess

t han about amfooniwm chlprides ﬁkbdrb@bﬂudmmm ammomumsbromém Ghdtimettyd0 ri m
| ess t han about .110q)ﬁnmi Iesa r}gglgout 1000 m har abﬁ]u 900 nm
| ess t han ZOUBIRNEH0 Biapidess Cisp e Lﬁlm?ﬁ"(‘)‘uﬁ’m PBE eSth H 4 00 nm
| ess than akgH6niBRA0 BFBmidessSdddeanbabgut méh%@ MRAmbRES {dAGIRDOYbly300 nm

| ess than about 250 nm | ess t han about | ess t han af)out 150 tun,

| ess t han allyldimgthylammpeiym cfﬂamdaﬁbﬁDMzSC); rd;lmatnhml aryawniunh ghlogidesat 50 nm
b) the par .es .of acet.an hen. t or rivative therepf
Eegji sper ge aﬁ@i&“‘&@ﬁa&“&%‘}ﬂn Eﬁﬁ’hﬁlﬁgyl trﬁféthﬁ rwglémha%}gor >effective

average decyltrimethylammonium  bromide,  dodecyltriethylammonium  bromide,

tetradecyltrimethylammonium bromide, methyl trioctylammonium chloride,
POLYQUAT 10™, tetrabutylammonium bromide, benzyl trimethylammonium
bromide, choline esters,. benzalkonium chloride, stearalkonium chloride
compounds, cetyl pyridinium bromide, cetyl pyridinium chloride, halidé salts of
quaternized polyoxyethylalkylamines, MIRAPOL™, ALKAQUAT™, alkyl
pyridinium salts; amines, amine salts, amine oxides, imide azolinium salts,
protonated quaternary acrylamides, methylated quaternary polymers, and cationic

guar.

9. The composition of any one of claims 1 to 8, wherein:

(a) upon administration to a mammal the particles of acetaminophen or
a salt or derivative thereof redisperse such that the 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
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particle size selected fromthe group consisting of |ess than about 2

m crons, |less than about 1900 nm |ess than about 1800 nm | ess than about
1700 nm less than about 1600 nm |ess than about 1500 nm |ess than about
1400 nm less than about 1300 nm |ess than about 1200 nm | ess than about
1100 nm "%ﬁ'ﬁ, 1ERaRa Bk lé@@&n,w&tﬂaﬁ%oﬁ@moﬂﬁﬁ’,%ssgtﬂgn Ahdut 1266 nIn']a” about
800 tun, less than about 700 Mh, |less than about 600 tun, |ess than about
500 nm | edesstthamaboiuo 30000, tnss tHagsbouth00 reibdass th@pabamy 110@8m, idsean about

250 nm 'le t han t 200 rj | e han .about 5 I han about
T00 nm 1 odgan e 3t S5 ehaf et 200 TR 5t e008 S ek iy 0
combi nat i ombgfit 160 nANtsé Ban abdut 6O nkO RS $hdn SHduPFOE ndd, 3. thah gk N t he

bi orel evant nedia is selected fromthe roup consisting of water, aqueous

el ect r ol yt é08ainytlessrtban abwapt 300 ams bessithaprabowtf254 el less thapuatwus 26dhmt i ons of an
id, | ut i f . nbi ' f. . Th
oo o488 bR TS0 R Fes NS {oF BEDLALS el % R god by T

acet am nophgsh MHoubsGamt or derivative thereof, when assayed in the plasnma
of a mammalian subject follow ng admnistration, is less than the T.. for a
non- nanoparti cul(dl e dbenmastialésont ccetaminaphee aicetsalti aophdvativeatheieof st er ed at

t he sane daosage; (.b) t.he . C .. . aof acetam nophe r-a sa or derivative
Lher oot . wiEHhsSBAbiorere et mpfla SR A b BRI a8 BieeierSFrgR ng

admi ni str atgaaible sige 95163EE fronfHhe LRGP doRSisEIBESS feSd than ABSutTARMRSHS, 1¢sy! at e
conposition of the sane acetam nophen, admnistered at the sanme dosage; (c)

t he AUC of thaneabout h8@hem, Iess thagaboutd800am, Jessithan atogt £HI0 nmhless thassayed i n

t he plasma of mrali an, subj e ol | qwi adm ni atign,.is . greater than
the AUC T orsPquit B dpd et eof Lodoimdesianghr 1Y 8% oaf afifophen.

adm ni st er edo@tnnd, s Heiieabdas BI0®: niR, ledsthar?about P10 Aa! ilesthhhabaaf10042. The
conposition of claim11l, wherein: (a) the Tnmax is selected fromthe group

consi st i ng o, lesstthayy e POR nam lessBwnabowod00rmee, lgsschareabauh 80 aolass 80% not

greater th abou % npt greater an abo 6 0% reat ey than about
50% not g%g?ﬂ gl?ou& Hsﬁﬁ %B’o@fs x 208 6%?@61?63? Lh%‘%’a%b&é]ﬁgﬁ{) rg%o ©SSB8 gr eat er
than about 23646 3000AmJIIRaten dHoan25Pam 1eksthan st A0GALL NedstRdh bt 10% and

not greater than about 5% of the Trmax exhi bited by a non-nanoparticul ate
conposi ti onl5@fnmhlesssthar aheowt HI¢i nroplesnthan @bouti 5t ameandidess than about 50

nm; or

(©) a combination of (a) and (b).

10. The composition of claim 9, wherein the biorelevant media is
selected from the group consisting of water, aqueous electrolyte solutions,
aqueous solutions of a salt, aqueous solutions of an acid, aqueous solutions of a

base, and combinations thereof.

11.  The composition of any one of claims 1 to 10, wherein:

(a) the Tmax Oof acetaminophen or a salt or derivative thereof, when
assayed in the plasma of a mammalian subject following administration, is less
than the Ty« for a non-nanoparticulate composition of the same acetaminophen,
administered at the same dosage;

(b) the Cyax of acetaminophen or a salt or derivative thereof, when

assayed in the plasma of a mammalian subject following administration, is greater
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t he sane dosage; (b) the C. is selected fromthe group consisting of at

| east about 50% at |east about 100% at | east about 200% at | east about
300% at | east about 400% at |east about 500% at | east about 600% at

| east about 700% at |east about 800% at |east about 900% at | east about

1000% at |tﬁaﬁ'§ﬂ1e@%?or]a19&f/ﬁaéﬁ%artilcﬁl§§tco%%gf[tioﬁ?&q% sithe h&ashindpil 1300% at

| east about 1400%m at | east ut 1500% a east about 1600% at | east
about 1700%dministeredst thetsoone db&P% or at | east about 1900% greater than the

Cmax exhi bited a n- oparticulate co sition of the sa

acet ami nophen, ggl)m niqget @RZ@ Ogtac?tﬁ‘é‘msozg 85@2%&; Or(‘iﬁrw ﬁ%e q%sgvg‘é‘? ected from
the group GeRSLSiH the pPanﬁ%f'aeiﬁéhmﬂﬁ’ﬁﬁub%e%’é?@llo%n Sd@ftniskaabh, i9Bfteat | east
about  75% at "| east about 100% at | east about 25% at | east about 150%

at | east althan the 2d9¢ fart a hemaanopagiculaddOdppasitidneefthe satho acet@nmophent | east
about 250% .at .| efafatt bout 275% at |east about 300% at |east about 350%
at | east agmnisEs,2 eslaglgsdpsa(ggogﬁ 450% at |east about 500% at |east
about 550% at Igpst ;abebibfiafida tiRteofeast about 750% at | east about 700%
at | east about 0% at | east about 800% at |east about 850% at | east
about 900% at | east about 950% at | east about 1000% at | east about 1050%
at- | east about 1000%1 at Iea§t aPﬁUI iéS % .or at |east about 1200% greater
than the 41 AUGZexhi BiecOmPRSHPR T elam LLehsisifi cul ate formul ation of the

sane acetam nog@en, RAM N i§tseleidd FHonk AR cORAAER; ofofot (Heaté@ thak ONDI Nat i on
t hereof . 13. Thggogorrposi {Ton of any one o@gﬁai s i%%to lz,gilv\,her ein the

conposi t i orabdate¥) %00t (greafercthas iahoit fS08a mok gredie fthancahoub G8%x, mot greateevel s when

admi ni ster under fed as conpared to fasting conditions,. The

Conpos: 1§ orfat Al 617 ion AR, T4 1o 1By Bt EeRAT AoRAeT aRYe gBt ( he

acet am nophgeer g aRAR28%6 1Bl Bidatel tHa AbbRD UL 1 erddi thashifht 35%L €, 1S

sel ected fromthe group consisting of |less than about 100% |ess f han about
90% | ess nohgreatebdhen 0% 10%s snd hengredteuthai @beut] 6 of theahnaleabibitéd o, | ess

t han about . 50% | ess t.han about 40% .l.ess than about 30% .l.ess .than about
25% | ess (HATORBBRPOHONHI| SEPOSER oL HE\RmE Sof APHREheh HMUEIGE 0 | cos
than about {hRan@dbsh&ss than about 3% 15. The conposition of any one of
claims 1 to 14, wheréin the pharmacokinetic profile of the conposition is
not significantl() af fteetCGagd bysdénted fdm the gravp ednsistatgeobht deastusdhontt

{ ngesting. (g, coMRash Ll Ofbosd G 1dIEaSORA  WhsPiboiMofox Last TS 1 L0 15
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 Cn.x exhibited by a non-nanoparticulate
composition of the same acetaminophen, administered at the same dosage;

© the AUC is selected from the group consisting of 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 aboht 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
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adm nistration of the conposition to a human in a fasted state is

bi oequivalent to admnistration of the conposition to a subject in a fed
state. 17. The conposition of claim 16, wherein "bioequival ency” is
established by: (a) a 90% Confi dence Interval of between 0.80 and 1.25 for
both Cm- AUC . ( a190% Conf | nt 1, ¢ t n 0 and 1.25
for AUC an a9 ob%%%fi en‘f:h(% If?ﬂqe)ég\?gpﬁggﬁgﬂgt \A@éﬁé&gﬂ% '?% \i{ﬁ‘gSS@gg Cmax. 18.
Use of a caogamidopben, administered at theaame dosageforcl ainms 1 to 17 for the

manuf act ure of 2 medi canment, 42 19. The use of claim 18, wherein the

medi cament furt K& cSMprrRsmatigytiesotnpre active agents sel ected fromthe
group consisting of an narcotic analgesic selected fromthe group

consi sting of norphine, codei ne, hydrocodone, oxycodone, and conbi nations

t hereof 20. A ndBhod Tdie porpesitiong ofi angnpuesiof | dainsodptol R ngvhessothe ti cul at e
acet am nophen or_.a salt or derivatjve th?r eott, con&ri si ng coC&ta ting

particl es SPMPSiHon HassMEnpIgduce signiticantlyy <hitfersnt ghsorpiiane lgvelsi PRen | east
one sur f aC Gy AdkliARHer s BothbdfEd ANstEhafiRAGI Li ons sufficient o

provi de an acetam nophen conpoSition having an effective average particle
size of |less than about 2000 nm and having the surface stabilizer adsorbed
on the surface of the_acetam ,n_oph%g .parti (ﬁl es. 21, The method of claim 20,

wherei n the contidct i ngecommosision of glaimdi3nyhesgin thedifferenes inrabsergtion zat i on,

tenpl ate enyl:gi ot d..0 : 3 i i eof . 22.
Th(rarp met hodmgftﬁ%%g?%ﬂg%ﬁg&’c%%nm%@sgﬁ%g?%% g Z?r egﬂle C%E %%Faré%gg particle
si ze of theeclacted dronnthehgroup astsisting of less ganebbeid] G006 Tedshthamgalmn 90%nSi st i ng

of |l ess than apout, 19 | ess t ha bout 1800 ri | ess t han about 1700
nm |ess 3mﬁﬁ%6mut%8%€m%tﬁ%g@%ﬁg%iﬁa& %mt%h%,ﬁﬁééﬁ%%%bout 1000
nm less thgn gL, %?&g 49, 1b&SHal Qﬂﬂ.n%‘%gtleés%%b%&t %59/§,Sle§shlﬁ5!n about 1200

100 ru an abBout nm

run, |ess thani “about n, less t ess than about 800
nm | ess t lahoutdd®dbitless Thah abont 1 ¥sslesdthmn adooti1 0%0Rsiitan bbag 584 and dsput 500 nm
| ess t han apout 4000 nm |ess than about 300 run, |ess than about 250 run,

| ess than 4PBWAPOBHYonm |ess than about 100 run, |ess than about. 75 urn,
and | ess than about 50 run. 43

15.  The composition of any one of claims 1 to 14, wherein the
pharmacokinetic profile of the composition is not significantly affected by the fed

or fasted state of a subject ingesting the composition.

16. The composition of any one of claims 1 to 15, wherein
administration of the composition to a human in a fasted state is bioequivalent to

administration of the composition to a subject in a fed state.

17. The composition of claim 16, wherein “bioequivalency” is
established by: |

(a) a 90% Confidence Interval of between 0.80 and 1.25 for both Chax
and AUC; or _

(b)  a90% Confidence Interval of between 0.80 and 1.25 for AUC and
a 90% Confidence Interval of between 0.70 to 1.43 for Cpax.

18.  Use of a composition according to any one of claims 1 to 17 for the

manufacture of a medicament.
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19.  The use of claim 18, wherein the medicament further comprises
one or more active agents selected from the group consisting of an narcotic
analgesic selected from the group consisting of morphine, codeine, hydrocodone,

oxycodone, and combinations thereof.

20. A method of preparing a composition comprising nanoparticulate
acetaminophen or a salt or derivative thereof, comprising contacting particles of
acetaminophen or a salt or derivative thereof with at least one surface stabilizer
for a time and under conditions sufficient to provide an acetaminophen
composition having an effective average particle size of less than about 2000 nm
and having the surface stabilizer adsorbed on the surface of the acetaminophen

particles.

21. The method of claim 20, wherein the contacting comprises
grinding, wet grinding, homogenization, template emulsion, precipitation,

freezing, or a combination thereof.

22.  The method of claim 20 or claim 21, wherein the effective average
particle size of the acetaminophen particles is 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 1000 nm, less
than about 1400 nm, less than about 1300 nm, less than about 1200 nm, less than
about 1100 nm, less than about 900 nm, less than about 800 nm, less than about
700 nm, less than about 600 nm, less than about 500 nm, less than about 400 nm,
less than about 300 nm, less than about 250 nm, less than about 200 nm, less than

about 100 nm, less than about 75 nm, and less than about 50 nm.
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