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prevalent for smaller particles. Impaction occurs when the momentum of an inhaled particle
is large enough that the particle does not follow the air stream and encounters a physiological
surface. In contrast, sedimentation occurs primarily in the deep lung when very small

particles which have traveled with the inhaled air stream encounter physiological surfaces as
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pressurized liquid systems, a variety of nebulizers (including small volume nebulizers) are

available to aerosolize the formulations. Compressor-driven nebulizers incorporate jet
technology and use compressed air to generate the liquid aerosol. Such devices are
commercially available from, for example, Healthdyne Technologies, Inc.; Invacare, Inc.;

Mountain Medical Equipment, Inc.; Pari Respiratory, Inc.; Mada Medical, Inc.; Puritan-
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Injectable formulations of lorazepam are preferable over oral administration doses
because intravenous (IV) or intramuscular (IM) administration of a drug results in a

significantly shorter response time as compared to oral administration. Moreover, injectable
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The present invention is also directed to aqueous, propellant-based, and dry powder
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delivery, in which essentially every inhaled particle contains at least one nanoparticulate

benzodiazepine, such as lorazepam, nanoparticle. The nanoparticulate benzodiazepine, such
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the invention is directed to a proces rg,)os(!ltlon1
formulations gamenisingmbensadiagenines Sehss doRFERRAEY %‘g‘ Ry mona /or nasa

adminisB2HD a{(%f a(fll# E‘ E&ﬂﬁl%g | AP entGHS tahr@&edi & AgRR&Mand he

nanopar ti cu enzodi azepl ne, such | or azepam

compositﬁfnl’fdi' pitoipelfemt-bhsedisgstemy emMpnnngrayxaqunartmm&t&t berizadiagepane, such
one or nore pharnmaceutically acceptabl e excipients,

as lorazgpdh as non toxic physiol ogi cal |y acceptable Iiquid

R Bﬁﬁ)ﬁ)ﬁmcﬁﬁ@@nﬂé&bﬂgnﬁgﬁﬁh%ﬁ 1Rhzph@S Riraldtiéasof the invention

anot aspect of the invention there is provided a
may opnmtdﬂtydnmiﬁdqowmmnwg pham:lanalmﬁﬁﬂ}’ aseentahlecexcipients, such as non-

i PRSI TE SRR il B B Eing R, BPbRs0Mves

NesRpR: bsdet @ﬁtﬁe divepessiherss pﬁ:ﬁr@lieldm mekod gf preparsg theand
I nj ectabl'e nanoparticul ate benzodla%epl e Co OSIEIOHS
nanopagistlatrcbapaediazspinge sucHias L9TAZEPaRe RIS &1 5gosol formulations of the

inventi r{]efﬂeoxiatngﬁ\nrﬁ&ﬂatgr HREILS ruhéd dﬁ%alglﬁ#ﬁéiioé@mgﬁeéfmy\“ in

exenp ry net conprises: (1) dispersing
nanopafliciRzindizadiepipire, conpokitiass ba’mrla:zm;nkrhy et milling hipphogenization,

d d h du
precipiiGlo 1o PRPRSTIEAb 0 B B URP B 1 3n PSR pod
compn%% P)tdlé’;%r %95 888 0BRLEHiIR, Sud a’s%ra@e;ﬂtm ih 8 SiguidiBdpeti@itnedia;

nm- At Teast one surface stabilizer can be added
and (2)1mechhmca:11y3tpéu<sng)the petficle siza ¢fiche betzodiazening forie deyired effective

er. particle size e '
e G0 AL L BebAsahSTABtY B, Lo ROTARE. GRS
added t® lﬂﬁé‘ ﬁﬁﬁ%rﬁbﬁﬁiehiazdiﬂlet SeféreP@MHEQ BLak@Ipdrtiie sikd h:dactlon of the

nmol ecul ar wei ght of |ess than about 40, 000 daIiI

benzodpzepiae.abl gue diment for the injectable composition, the surface stablhzer isa
povidone polymer with a molecular weight of less than about 40,000 daltons. Preferably, the
liquid dispersion media is maintained at a physiologic pH, for example, within the range of
from about 3 to about 8, during the size reduction process. The nanoparticulate

benzodiazepine dispersion can be used as an injectable formulation.
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liquid dispersion nedia is maintained at a physiol ogic

pH, for exanple, within the range of fromabout 3 to
W@bwassB94 duri ng the size reduction process. TPET/US2006/005224

nanoparti cul at e benzodi azepi ne di spersi on can be used

as an injectable fornulation.Dry powders conprising a

nanoparti cul ate benzodi azepi ne, such as | orazepam can

g'g%%egyco C!Lrﬁé'n I\t@ %@%dﬁ%{%ﬁ gcg a8y Ssol%aze%am fan be

er si ons e na |cI I’SpPer s1°ons

made byrsprdyedmmgyos ﬁem dmmgcaqum dmpbrsmmmlf tl&alaﬂbpeﬁﬁblVQ dThe
dis ?ﬁnggter grlor to drg@(ag 3 bot h
persiis S5 FiJBE SHAS B RES 888 FPL B A ¢ B SR eH b RSBk rior o
drying b@ defiish&ye BotlOprBRk Az HHARBR I Pr&dhidted REMELHAARRL B be
such as Iorazepam conposi tions 1 n non agueous
emplo;ggg@ ke nanppgetculatrobdnaspdiazpist suh as herazapamn toropositidmsrienon-
i ded a nethod of treating a subject in need
aqueousﬁ}/sﬁgr?%:e I nj ectabl e and/ or aerosol nanoparticul ate

e @ambaleepspaen of Sk ihvaiidnO ThRZSI PPoviG&APasthbil @Pﬁeeﬁfngtahs%bject
| nveg{el .. In an exenpl ary nmethod, therapeutical

in needgyitle thejinigctabis @ae/ op perasp! napapsttisylase benzadinzenite, such a5 lorazepam,
compoﬁﬁmtﬁé ﬁ’Hl&l‘rM h& 34 %%rﬁ‘él‘éi& HELSE '{H&%%etulugﬁ r?p fgeclﬁﬁzﬁ gmount of

nventi on m ni ster Subj ec
an inj ewteblh od 8ero$ol mhm)pammmte mmemammmmpoeaionm tle inudjtioatis

i LB e L L e
for stati¥ EriRPESIsNBSItA AR 11‘%15%%19 Bowa' FHARe! Qleéi?ﬁﬁ&&{fon acute psychosis,

conprising inmaging of the adninistered dosag
and presanssthegomedisation siagndsyic miethadsy emigrting Maglrg dfdhebaadmmlstered
d that both the fore 0| ng general description
dosagelf %"taﬁe A% o?chmpﬁﬁseggyéﬁlq e rﬁ ©lription are exenplary
ame tE¥PhRIRAHESYtharbbtR iR fHRLeREeend:al ws%t%% aﬁqﬂrtﬁé‘f%‘ﬂowmg

expl anation of the invention as clai ned
detaﬂe%?SéEPtson e garmplgesandsxplapeonl anee uﬁ@sledn‘tq protvjeie further

explan%tf%?l@f e 1?19 I'}]g c%ﬂgé& oél%exts %eé‘cggdvﬁﬂ&g aa}{ﬁl;qo%rﬁlofm htires will

| ow ng escrip
be readDEﬁpgbdxﬁﬂ) tdS)EEEé@RleII[éd]ﬂ thE-art ond MVENTdvaNg Ubeileddneablidr0ethe
of the invention enconpass a nanoparticul ate
inventigf\; odi azepi ne, such as | orazepam having an effective
average particle size of |ess than about 2000 nm For
the injectabl e conpositions, the nanoparticul ate

benzodi aﬂﬂ@i@.@w has an
O R APt e e R

as loraszzih?i Odivazenl dffectibéishras Jaficdd §RasT leMEa@chﬁlft beed 4 bﬂ'ie For the
average particle size of |ess than about 2000 nm 1In

injectable, gorapRsiiinseihe namopericulaty banzpdiazepinge surdiras fenezdroul, atederably
has an GRAAOALALER DEAALEL 6F BS: AY Bk bGRR! FPTSMERF®

st abi adsor
compositions, the nanoparticulate benzodiazepine, such as lorazepam, has an effective

average particle size of less than about 2000 nm. In one embodiment of the invention, the
nanoparticulate benzodiazepine particles have at least one surface stabilizer either adsorbed
onto or associated with the surface of the drug particles. The compositions are formulated
into either an aerosol dosage form or an injectable dosage form. The aerosol dosage form can

be either an aqueous aerosol or a dry powder aerosol.
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onto or associated with the surface of the drug

particles. The conpositions are fornulated into either
w@rooamssssobl dosage form or an injectabl e dosageCt/osIme6/005224

The aerosol dosage form can be either an aqueous

aerosol or a dry powder aerosol.Using the

nanoparticul ate benzodiazepine aerosol conpositions of

gﬁ% nvent | ?.ﬁ%ula g 38 %ﬂc&%’@l’é Xer%l %5111283@!)1%@%3 1nvent10n an

razep e delivered to
essentiafl{ @va@%@ﬁ@sdlﬂbl@ber&bdﬁz&;ﬁnee slidheds lmzepans siabbedelivered to the deep

tremely difficul tor mul
lung. Thisgs Gfes bet BRssiEIe.arsSBrIEN GLBERS StiP SEF O Ba ISR
mlcromFed \kfﬁltgf %sblﬁbﬁ%ﬁ?&ﬁa{% ian r P&@ﬁ' ARG RAGHY Ienecebialy RS

pam conposi 1t 0N are intended for systemc
benzod@iﬁpnﬂal &ldhats |lmazépamau&ap@betecmslthatgrajmtmd@i foraystens r api d

admlmsg]g’gs}gl{) tclagqn p M 1?4%3'??6}%8 tragﬁg gl? 180t (r:ot%%l;@ &)1"}{1%%12[8 the
b1oodst%51%§/3he hﬁ%&?tthmdaﬂﬁﬁg%?ﬂsodsa%mmer of

|azep|ne such orazepam partlcles per unit
’(Hbe;presmﬁi BN incionsad it Moo REROIRZPRIAD (FaFh Aclgrageram,

di
partlcleﬁngré}%g: cg) 5%41 reg‘&l? S & és%%tr)uécg)rngé%g%ﬂo g{llta% ﬂteﬂﬁ&ﬁéz nglne such as
lorazepStH 2&Melr Ta)lar@ér phys@ldgv@l eefak araaris Zeﬂipimed z(mtheaamp iqunentity of a
such as | orazépam . For systemic de e Q
de1werE]adxdrln1@43@1%\?6}d hegee aZePWPssuﬁb 95 ARAFPERK Qr %?iﬁ‘?% FELRrAkY dfe
pulmongﬂ'y 1o <5ééﬁ t Efnﬁa%ﬁngﬁ %@Vﬁﬁ%%fttﬁéje){téhslﬁesurface area

Veo a I on- us produci ng favorabl e
presentbEihziel| alazz@lat fb@onsadhusalsroﬂmmg spanfavoablesnyodizaspineesich as

g Bl SR RS X B 5 ion

@/%1‘93\% 1ﬂ'c§ zfs?t&ﬂﬁ;rorﬁ?é&%@lﬂéo@ RRA6BAOPEsiOhs, aqueous dispersions
wat er -insol ubl e nanoparti cul ate benzodi azepi ne, h

ofa Wm-lhﬂﬂlﬁewamnlataebmmMerm sichaa kapFepam; Gan be nebulized
i.zed .dr s too | ar g
ultraso%tpzmym H:lrm;z %mutf)i) ?agge {” X nevgl%dggé}dl r&ﬁ& an ultsr;aszoglc

nebuhzg{st ermnes in vivo deposition of a benzodi azepi ne
e., verg smal | particles, about <2 mcrons, ar 1
dhbpb*e&rlw qtermings iavipesieposifion gt bepgpdipggpine, 7 %b&?}? sgafl ,

pamcleise% out iﬁ) nﬁbcr%pg ¥e déHy ?re q{) kSRl B b %é?%aﬁfc%ciﬁdﬁlt 2to %bout 10

dr nasa very, i ¢l es of about
micronk, Carabéliﬂerelﬁe the troactiolaregipn;efd forethsalKeliseryt pastielss pY ahput 5 to

s eSS o S .
as lora%%p]g g oRkgte (s§z'e§ Shic daQWBir NRSaRsd GidrbMet sned aﬂ@ﬁv@ more effectlve

ent benzodi azepi ne uni formt targ ?
and mdre efﬂmenﬂ G, ,r@dz@tbazepmeymrfegn@ﬁ targpiirg foghe, é%ﬂﬁ@é% 1Yﬁf% egion.

This 1561pt B%g&&%ﬁ%g%&?%gﬁggf ?edl 8 1g$e ine, a Itpgﬁ%c!?ea{&é &t Serﬁ}'?ai%zepme

areas suc

is too [hfdR t3t¥8Qladdas kR RRhOAlvEdler ﬂegi’cbg of Wl&ﬁ}g eMormwen ewtrewhen
mcroni zed benzodi azepi ne | s i ncorporated into g
micronizedpiicarodiazepine it ineomperatic igio largsy gg)@f t sizes, the resultant erosol

formulation is heterogeneous (i.e., not all droplets contain benzodiazepine), and does not
result in the rapid and efficient benzodiazepine delivery enabled by the nanoparticulate

aerosol benzodiazepine, such as lorazepam, formulations of the invention.
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formul ation is heterogeneous (i.e., not all droplets
contai n benzodi azepi ne), and does not result in the
wo apoassad ef fici ent benzodi azepi ne delivery erebUszho&§05224
t he nanoparticul ate aerosol benzodi azepi ne, such as
| orazepam fornul ations of the invention. The present
invention al so enabl es the aqueous aerosol delivery of
e tbr&@ﬁﬁﬁv‘ﬂ% 1;)?%%&%}%25@%5?@% gsueoﬁy %}o%ﬁéfeﬁrz&é ?QTEP dfgesagf
benzodmbpl)le, Sﬁhln 8s ]osazepam,antan axtremeiytshm darvenbid.anal 1-2-s2ébnds (1

adm i 0 erl served wth, pul nonary
putd. i Bieopfatun RieicBRutBpniic PO AT: i Maeti L oPe clreed with
pulmorafLadtbsb] F&hRsflons @Pﬁxﬁ’&éﬁlk&%ﬁé e FRRRG Rk & 8P Serosbich
as Iorazepan] powders of the present I nventi on are
nanopagfistiate benizogiagening sth m@@zm mewdmh afithipresent eehtion are

sphenc%%%réaﬁ lbe éﬂ%r Metpc %Igl%gc'rg%é?{ 8%191 ll, ﬁﬁ%ﬁp@é &grfﬁjaerosol
compomﬁ@&bia&mgfbeﬁeﬂ ﬂ‘@wdﬁdl ti¢péreidn peopeReesdaRIaba16 of BéiAglbIVered to
the aerosol benzodi azepi ne, such as | orazepam
the deeEé‘l‘ﬁﬁOSl tions of the present invention enable rapid
I 0l
ZS@? Ialax‘rfl)g(S kep%?ﬂeg@g u%ﬁ gé’ lrcr)gatrzgﬁr o %ﬁ?}{/ogglﬁgs of the present
inventimfomﬂbhi naptyl ttalaairdehwryo MNazad debresrp 05uch@eisl dongisitat ailebe

a8 S8 Dby, RS RechphL o, e Sosage

cleared@?ﬁﬂé&@t:b&ﬁ&y%@oﬁﬁnﬁﬁh' bit a variety of release
%ro iles upon admnistration to a patient including,

b¢ desegrforens afithd Resent myeatidronay be p‘ifavfdudmm fatiubmionhahich

i R A S A R T T
an IR fcsrhmmfoas@ OR forvERtib® that AbwWEsHek ey dw a)dnﬁﬂi@tr&k&ﬁﬁ aﬁ%

ay (or one dose per suitable tine i od, such
combl%@kp)g,bcg]p 1Rand ﬁﬁyi?mnglg@cppsd Feagesei(dk p@thed:ges{eh@mvention can
i BESE8O6e SAURIESE BRLNE Y BAENF EOEE, APty o

monthlya)grpjc&hyk)dagerfotﬂmplﬁﬁdkGherfn)amﬁtsbﬂ‘ eAlQ8P patidne Gorivennce and
but not I|n1ted t.o, the use

|
compliggfe ﬁﬁ% %amn?%ﬁ? ﬁt&g}ﬁﬁ%ﬁ & élense empload bt (R Fostn may be
accompﬂl%é@ih%t\}aﬁ@@ oi’%‘ﬂs AIRLiAE Bt ¥ tqﬁlm«{c)ﬂB | G uEOEFUL MpiPNS -

Advant ages of nanopartlcu ate benzodi azepi ne
fOﬂnqu@nmﬁ@SI@hsorﬁfollbﬂ dorimlations,and @mpticadlyventroBehforfhatatisns.

R Py AR PRAE o ymenion o
conventhdianl Asdfhs obutbeﬂicﬂlaﬁ@fnnk i sitR 8flobRepdnd e. % Ne&ER aﬂﬁhﬁa’ie or
solubility; (2) i ncreased bi oaval | abi ity; (3) smaller

solubiliggskdnsags @m\s)smﬁléd@lb@t p1g nohlated tb: Iﬁl)daeraaseébvawrtsylub(lﬁy 2
{ {
increas cﬂ%igz{ilvglﬁ Fﬁgﬁp %%5 dnfa lgg)gf glg‘esrlzleg g ﬂl}%ﬁ?ﬂ higavailghility;

4) lowea'fthﬁapaltxd ubsztg@s H@a/\&)rerﬁ@n?deﬂ ®1oaa£\1¢hbﬁlﬁ)1 N bt edirifladf 18fanted

eni ence and conpl i ance.
side effScts due to ower dosing; and (6) enhanced patient convenience and compliance. A

further advantage of the injectable nanoparticulate benzodiazepine formulation of the present
invention over conventional forms of injectable benzodiazepines, such as lorazepam, is the
elimination of the need to use polyoxyl 60 hydrogenated castor oil (HCO-60) as a solubilizer.

A further advantage of the aerosol nanoparticulate benzodiazepines, such as lorazepam, is a
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further advantage of the injectable nanoparticul ate
benzodi azepi ne fornul ati on of the present invention
wo@@r/08s3p/ent i onal forns of injectabl e benzodi BzEpsIes)05224
such as |orazepam is the elimnation of the need to
use pol yoxyl 60 hydrogenated castor oil (HCO 60) as a
sol ubilizer. A further advantage of the aerosol
reduced &P BRLAWAHL AL 8. Dgn4Odi azepi nes, such as |orazepam is
ar educed %ﬂscﬁbtlo unwant ed side effects. The present
i Thegmeseoninu¢rgioniatmol incdedesmanopatitilate batzdiazepine, such as
benzodi azepi neg, such.as | orazepam conposi{ions,
lorazepag, 8?‘??8?81%5?115h%§ﬁ@‘e’bW1tﬁ8P%%Iaﬁxet%*@X\S@é@l@foawaawwptable
carrier G8jRRARE)] R veRicTek RoHlectRRlBMedl o 8§ ctBBIsC MBS compositions can be
collectively referred to as carriers. The con‘pgsn t1ons
formulgtgd fasepatasiarall injestiort (g pairavenens lintranjuscylag or whegtaneous) or

I Ak-rave it r cul Qr cut aneous), or
serosol Qi B B, LA RS S BB sl S HeRER Ao, ¥ mpponry or
nasal dsliver@bl e delivery, such as pul nonary or nasal

(L;j@il ivery. The present_invention is described herein

e gesERhBY SiItion ds describesierein ysing sevess dafiniionsy aa set forth below
d thrbHRUERRUL L pplication. The term"effective
o a{i/ger age pg?lﬁ@gfng size of |ess than about 2000 nni, as
Ude derhefedfentiveearsage pattichd sikealitssT0in sfout DEO0 nm”, as used herein
di i ne, h.. ticl h
means B0 1645T S 181 e Do geiin o BURLcPOBObHRTICRBYY & ize, by
weightBFa&34Beh Mbut F6V0 B ANRInEme a3 BN BH MR EL SRpIE! ©lifnddtAWn feld flow
. fractionation, photon correlation spectroscopy, [ight
fractionggign phofangoriglagion spertiosdamy alighs meateridg odislecentréfmbatiogy esd other

. o, t.hose . of...skiJ|l in the art. As used herein,
teChmq'lﬁgg_ ou}t&n%tﬁ?ét?gsuwd&%ia&hd by persons of ordinary
Fiused herelnh eabdint” wilicbeWindersibddbylRrDANEE GiRR sigN it 4R art and
context in which it is used. If there are uses of the

will varyelp spiif icg et Gontexieiarvhieh jb i usehs Hgherg it wgs pf tkiterm which
. . . e.

.

“about’pailt neail ey tot @usor Amus 8% dfehepartivilatteref erence to a

t abl e benzodi azepi ne, su as | grazepam particle .
?&ﬁﬁ%‘f hereingyith eferppge t iarﬁag PEOUMEPHI, HHshas irazapam, particle

connotdsObiltQ¥vh i RASPIIRINE 108 moke of tAE Mﬁﬁhﬁ% E@Ja ?te?sa&fgi I%Ig%’digﬁpine

.. not appreciably flocculate or agg rate d
particles do @ppanpréciabdy Hpequdnte pveggdanerets due toidiepatiske attractive forces or

Sl gnj fd ly increase,in parti.cl e, si over tipe; (2
otherw3y SRR e ARG HrESst tinee i o BosisnlRiuckird of the
benzodfaaépih€pgticles isHot aRdrb@ b tRVE bud ¥y UG sBR H¥n an amorphous

onversion froman anor phous phase'to a crystalline

C . : . .
phase top, geystalling)phase (3) thet the hensariazenineeartieles 4re ichemisally stable;

' i’ t.he..benzodi azepi n
andlor R FRLETLE KormbBREinPAR Bl bodh) wEY € R upE BEP B S7B e
meltingrpefinitiof hedwnaddiafepiredn erprestiratzenifiite hahobhticles OP eediréset
inventic?nf the nanoparticles of the present

The term “conventional” or “non-nanoparticulate™ active agent or benzodiazepine,
such as lorazepam, shall mean an active agent, such as lorazepam, which is solubilized or
which has an effective average particle size of greater than about 2000 nm. Nanoparticulate

active agents as defined herein have an effective average particle size of less than about 2000
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i nvention. The term "conventional" or
"“non- nanoparticul ate" active agent or benzodi azepi ne,

WG aaa/088894 or azepam shall nean an active agent PCHUSHO@B05224
| orazepam which is solubilized or which has an
effective average particle size of greater than about
2000 nm Nanoparticul ate active agents as defi ned

nm. herein have an effective average particle size of |ess

t han about 2000nm The phrase "poorly water sol uble
d¥hegeirases‘paertidwhter sdlnble dfugs’s at usetl iessén thifers o thosd dringythat have

&.s0l ubi | i in water aof |ess than out 30 L,
a soluti i Wherorfest it ) e/ R cprk G s o5 e P D,
preferabhialessdban bbok? 108 ghn], o@@ra@é@tﬂzn@sﬁ bfanl 98t 1 hgmpbout 1
/m . As used herein, the phrase "therapeutically
ggsr wsed ihgrein iha phrases herapenteatlytefitsetive amgount’d shgdl mévatthat drug

' t i £ I C response for
doss AT NE RS o MORLIBI LAy LRRRRISTR, e
administeregllib jaatgnifidant magrberof sshjedis in'r@all GBRich tidatrthént. It is emphasized
hasi zed fIha\t a thergpeutically effective amunt of
that a tg&g?‘ﬂ’&ctﬁﬁ%? fyclive gl @rdswe that i agminiptereddp aparsjcaler sybject in
a particulR3hdtArfcH |vﬁﬂ nbpﬁk%?’é:ﬁe (Wfé hivO tr@zltig(gﬂ’?e &%xdﬁfo%x?@s’egs%s Wcribed
_treating the conditions/di seases scribe erern,
herein,@yemthongly gichslosigeds degeed to bdadherdpdutichidy effective amount by those
¢ k'lt'h rapeutically effective anount by those of skill in
oLs lltlﬂgheaaﬁf The term "particul ate” as used herein refers
tThederdt BialticflateredstiBbd Weteihtefess t"ét!tasrtelﬁé: Ban'a?c&dW%i}éh i ¥haracterized

presence of discrete particles, pellets, beads or
by the preagnge 6F disereteisetialesy pellstts, bazdsror grans]es siregpective of their size, shape

I h rm . ulkt i partqi cul ate” as, used herei
or mor RGP Afbico] 5ph ey it Hh BRI Ishil BFng LRSS of BEELLL or
aggregpad,tiacticdss, pglidtd, Bbsds, panass olgh Ak @fer€Ut iffespetti® JMRGLAE.,
irresg ctive of their size, shape or norphol ogy. The
shape qr&RorPholeEY f i ed rel ease” as used herein in relation to
; e :  Lhe L : .
e OO SE 00 OB e
the invenivarmeess rdeast mdli¢heid noeineasiiate seledsaiané i taledneta 2acorAPds
| ayed rel ease.. The t " del ay" as used herein
Contmlfegfrg‘?é%set 6“#%?‘15_8}635% Bl?fie %&Xeﬂﬁgl‘g%ﬁ?t ween admini stration
dhhe tidteh ‘GRAPOTAY I BhséRerbigcfer 18 ACARhHi RESERAL BAGRLNE.

. .such as lorazepam froma particular conponent. The
adminigteation of shy qonmnesities and éhe thlenssi of benfadiazepine; sueh a$ lopazepam, from

. ivery of active ingredient fromone
apamc?c;ﬁ?rp\églﬁg%'?&zl&nd t he subsequent delivery of

Hénzadi 'dzepingtas seed he@f lefira@rBa finc HeBRAMRMIDESK of active
. .conponent .
ingredient from one component and the subsequent delivery of benzodiazepine, such as

lorazepam, from another component.

1. Preferred Characteristics of the Nanoparticulate Benzodiazepine Compositions

There are a number of enhanced pharmacological characteristics of the

nanoparticulate benzodiazepine, such as lorazepam, compositions of the present invention.
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I. Preferred Characteristics of the Nanoparticul ate
Benzodi azepi ne Conpositions There are a nunber of
wendvangsso4 phar macol ogi cal characteristics of tPeT/US2006/005224
nanoparti cul at e benzodi azepi ne, such as | orazepam
conpositions of the present invention.A |ncreased
Bi oavai l ability The benzodi azepi ne, such as | orazepam
for mulidt) Bi .esent i nvention exhibit
increase&ggﬁ%an%Fggﬁpﬁ?y at the sane dose of the sane
BléheAsdiaiiazppime, sushehloaszepan ploepalatiowsnaf thepigbdne isRBlibreexhibit
. doses a npared to pri conventiopal
increas AR S S B i S i mshgs orasepan,
and reci&ﬁl’fé%ﬁiéﬂén dRed @ QB akddo | pRibe c&ﬁ@ﬁ@&ia@gé‘r&'oﬁﬁz%pﬁﬁk‘é Ru@Pas
orazepam dosage formrequires |ess drug to obtain
lorazepame feyadationar nacol ogi cal effect observed with a

[ ' rystal.line benzodiazepi ne, such as .
R T e Sk s
less dripetozbetiiadRpame phatngdtoRgidaDEBdt BB vadOsiROL chid/cmib@s an
. i ncreased bjoavailability as conpared to the
microckysialae hegrediazepmeorich &6 Kirpsenampdasperifoame Fiheeeforsudh as

i net.i
nanop e B g A AR shl Moz hiE R TRAP AT frensed
bioavailabilitytas oompared tothe Abhweaitiodal yictoosysfaditheienEediiRging! @ich as
1 of the S?bjﬂgct I ngesting the Conpositions The
orazepam, 38 {Ys of the present invention enconpass a
benzodi azepi ne, such as | orazepam wherein the
phar macoki netic profile of the benzodi azepine i s not
Hubst driei Hiarmagokinetie Brofiles dtthie Bbnoodirasgtine Comgiositivhs af the
subj edunvéntipasire myt Alffectedriyothie Fledror Fhsted Strtens th@Subject
t her e Ingesting theCompositisppr eci abl e difference in the
guantity of drug absorbed or the rate of drug
aig ebmpbioTAhd Hiesdhd ReAtkd &iébﬁbsssba%&le&di%?m N&ich as
such_as | orazepam conpositions are admniste ed’in
lorazepppye Wheigin, ibe pharmasekinetic prafitet oftthe bidendirzdpinedis nat sibstageally

j i al | i mi he ef f of f
ot 8 o8 SRR ks BB Sl PR
there isilitde ewsi a@revidllediffeeaep i 48 aantas of BRigBRIrBEd 086 $at0 6F drug

need to ensure that they are taking a dose either with
absorptign \ypan{Be nanqpatiiculpti berzadiazepines uchies lorazepamy Roppesitions are

admini%é&@ﬂ%fhe%@érglﬁﬂﬁgfﬂeﬁateﬁ‘e.benzOdi azepi ne, such as

orazepam , an increase In the nedical condition for
Wenefits bfie davagg form whichguipstasially bikclimmas theefidrs of £0d.include an
pvi des a

s D B RS 5 S BER! 55 Bapnsn o i
not nee? 8@&@%?2&9}1% RRGRKh 063d &GthBY Rith bEwiER B ThS §ESif ficant,
as with poor subject compliance with a benzodiazepine, such as lorazepam,, an increase in
the medical condition for which the drug is being prescribed may be observed.

The invention also preferably provides a benzodiazepine, such as lorazepam,
compositions having a desirable pharmacokinetic profile when administered to mammalian
subjecigs. The desirable pharmacokinetic profile of the benzodiazepine, such as lorazepam,
compositions preferably includes, but is not limited to: (1) a Cpyx for benzodiazepine, when
assayed in the plasma of a mammalian subject following administration, that is preferably

greater than the Cp,x for a non-nanoparticulate benzodiazepine formulation administered at
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subj ects. The desirabl e pharmacokinetic profile of the
benzodi azepi ne, such as | orazepam conpositions

w@e@bossbl y i ncl udes, but is not limted to: (RQT/ASIOOEN05224
for benzodi azepi ne, when assayed in the plasm of a
manmal i an subject followi ng admnistration, that is
preferably greater than the Cracfor a

the sang{z]ﬁag? gat%gf;bg&i)aa&%@ esfgf'll%mgg& en%/hgﬁ’ 5§§‘d éﬁl‘nQHe 1L3J1acsma ofa

osage,; and/ or
mammalien &g feliiwiag atvhinistatonytbat is prefdreblp Iga%lim ﬂaﬁfn the AUC for a

non-nalgggrﬁrlg}lﬂla%rl%ﬁ% gztcetgpfe l | O\ﬂﬁﬁ)gl g\%n?sléefrte A hS%amé H agé Sand/or (3)
a Tmax @%eﬂ%@ Eg{ eCthal %s@ﬁﬁ%ﬁ HeANRRMGY f AbiMHafibh Olibject following

nister at the sane dosage; and/or Wal a Tmax for
admmlshenom dﬂua&lzaemfwably\h@mﬂas gy Brlax fprtamnmaa@ igjlatg

benzodxﬁ;eé)p%er 15}15 fj @gﬁﬁq&% {eﬁ.&t s%!n?d%’s%ter %E (aquatthat i's

pharmam%@ﬁﬁﬁ@ﬂ%t dsGisb@harehie nZhdpaadptsigndtierprofilethansyred after the
adm ni stered at the same dosage. The desirable
initial dpsraofithe bitizadiazerigt-of i | e, as used herein, is the

h%zrgneg? GOtk ngrgce ngl%gﬁ%ed b%}m%wgﬁg Kbk 8¢ lotri"z%phrﬁ' édn%osmon

laze one enbodi nment
exhibitPih@bsiphRtve pl‘ia?rﬁﬁbadﬁald’testlrgumﬁl anon-namme}:mniate benzodlazepme

e o SR oIS SOt 8L B RS
about 96‘%0 Ho%eit&r B4 9@% shar HZ%' Bbdt&NtharRsBBul 79%ehhrédtertthen about

X not greater than about 90% not .
60%, n@rgedtarthammw HOYit n(&(gyeatcrrdharga@at 30%:¢ i igrentes thamaipgt 25 Y, not

not t han ut 60%
greater gly% HBtt Ogﬁ’ g]fea?eﬁ ﬁﬁl gg 71 53€ 0909 %r%?tteg ghé‘é?g?ut??% for not
greater Ulho g5, oR e Tl CadiBbitddNtha hontha@Reticobite beneadierepine, such

an about 15% not greater than about 10% or not
aslorazgpaat@mtlhaﬁnabout 5% of the Tmax exhi bited by the

fr[] Mﬁ%?e?@%?tdﬁrﬁ%ﬂtgﬁﬁg Pger I n%@éce @h&?as 15%%9[)2@? coRIBHAPABY the

inventi&e BBt SineBIIparatise pharﬁﬁtcd)klnametpﬂmg mmmosm—nampaﬁfcuiaﬁﬁs
i nvention exhibits i

t ki
e L e s e PRk ..
which i%lﬁ‘f n:ag bb\gtr @Zﬁ as‘g a‘%ﬁyi (RPh, AR eaStHBoB 2000%5,8¢ leakt dbbet 300%, at

which is at |east about 50% at
least chﬁ&Sd)O%ballMasﬂﬂﬁﬁzﬁ 5@0%; o dest atoot60W0.0deast abiouh 20%4s% dast

about &0@5«,3 @t gggﬁga@(ﬁ?@f 5.E lepg gﬁ%utilg)gh‘? %‘rols&? ggéutﬁgg(z% gtg%aust about

1200%2,3 Qtolc(ﬁst abot 836622 Qkst FRVE 460% | £ asibt Abauls C&)@Q&%eaatabout
east about 1100% at |east about 1200% at

1600%a biolagst 260.0%7 006, ideast abivb 18000400 legst abegtsl(%gg’a%ﬁater than the

| t_ab
RNl e
tiaget AduehdeRBboaidnD theberzydiaepimeg suohaasdqnampanu Icameosmon of

benzodi azepi ne, such as | orazepam ation.
the invgnidarhehikifpip ePmeARVE PRATBA “&2%%5‘:“% nH’s%‘&‘PF ‘&%mPa Ariitfase

benzoch%e%ﬁx%?ﬁﬁh af %I:Q%Entn', ﬁﬂmﬁfatlon, administered at the same dosage, an AUC
which is at least about 25%, at least about 50%, at least about 75%, at least about 100%, at
least about 125%, at least about 150%, at least about 175%, at least about 200%, at least
about 225%, at least about 250%, at least about 275%, at least about 300%, at least about
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the invention exhibits in conparative pharmacoki netic
testing with a non-nanoparticul ate benzodi azepi ne,
WG aala/088894 or azepam fornul ati on, adm ni st ered BCT/UR®06/005224
same dosage, an AUC which is at |east about 25% at
| east about 50% at |east about 75% at |east about
100% at | east about 125% at |east about 150% at
350%, | 7 0 0
7o SR 000 008, aCfea T B ATbo RO P00, SOBE 8RR S5 0%, a
least alous 600%bas UeasBURU 750%) iéaa'dst oot 7(BB0%t lakt dbeasTSM@h i least

0% . at | east | east about 500% at
sbout 009t B aBORRSTI 3t Lor Aboueibgls eloedaban S50t o lapsabout
1000%75Q%st albout 20:50% 2R sHst AT 1096, £ 3Lt ABOUE15090%

.| east about 808% at |east about 850% at Peég} ﬁ%aswbout
1200 A)ngp;gr than the £4C gkloibitedbothe nan-ranemttiathae bert0dR¥%epiag, such as
1 1050% at | east about 1100% at | east
c)mmﬁaa 63‘% m%? %o or at |east about 1200% greater than the
AUC exhi bited by the non-nanoparticul ate
%Tenzo% azepine, such as |orazepam formulation. C

‘0eq ‘M%Y@mf"ftth%Bmeﬁw&mpmmftthens of
the | AvesntiognWgs A dsgimistered dn ghie Fed Viarsus¢hie Fasted Stathe
Fast ed State The invention al so enconpasses a

nprising a nang articulate
b enz Ig%fl{éz eglis% & Oﬁp@ﬁsegg CPH’PS?EB%ﬁ?mPWI%? Bppoparticulate

benzodaxitaplﬁe sticlahy 1@&2@%&111& he vaRPRBAihisRRidiPoBhs b@hﬁé&ﬁtldﬂo% subJect
I oequi val ent to adm nistration of

sted state,is
ina fas@gﬁ%@st biegquivgleat to gsimdaistrptipreofithel ceynpasitionThe subject in a fed
di fference in absorption of the conpositions
conprising the nanoparticul ate benzodi azepi ne, such as

The diféparce imblesorstibm ofitlsd @mesbsitiont bempedny MeSidopdioulate
b df ast.ed st atsg is preferably |ess than about 100% I ess
enzodiageping 5Bth 2sduzenaus svhen admumisigreddn dhe fed yarsuntha fastest atate, is

preferal?lg%ss ke2SabbBRTH08H QeMs (B Abols A}lg%%ﬁ?%ht ?(2’ leg ? about

t han about 40%) |ESS than a ess
70%, legpthan pbeiy 60%a tess Bontaba&os0%, de&s thanerboat0dh, 12@%11&1{ ﬂﬁﬁlt 35%,

s o B0 005y ST 00, HRE e O 5L IO

about 107y &34 than ab& W& %, br @k kR BBGOIASSes nanoparticul ate
benzodi azepi ne, such as |or azepam wherein

Inienerrnahodamensof die inventioonie sivention cm:ompsa&ﬁbp eatoparticalate

benzodife@%o éfs&JhazIsq?llaﬁeéQ&no%\%%%e}{g c?mfm?‘tég&g?g Sc%{rﬁ%%ﬁpg? Cebfug)']ect in

a fastedawltel sfhlmﬁqdlmknﬁmadnaﬁﬁtr&h@ @ftthéledrhp@stic %%rbubjéci A& fed state,
Drug, Adm nistration and t

E nd
in partigli as Gk oCma PO AL BUgeN e 6rpn g dhe ' §. Evespnd Dmger
F
i SR8 B g SR SEUS Pl TR IR, By
FDA gm@@nasn dwepeshicts dpetetlesls atk WOeduivaler? 5f thd 8% Confidence Intervals
(CD for KGEY @,th dte %etwe b 80%0 ? %r}tl"max measurements are not relevant to

bioequivalence for regulatory purposes). To show bioequivalency between two compounds

state.

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 Cax must between 0.70 to 1.43.
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bi oequi val ence for regul atory purposes). To show
bi oequi val ency between two conpounds or adm nistration
wa@ eovdiogssens pursuant to Europe's EMEA gui del i neCT/US1066/005224
90% ClI for AUC nust be between 0.80 to 1.25 and the
90% Cl for Crax nust between 0.70 to 1.43.D.
Di ssolution Profiles of the Benzodi azepi ne .
@Ok MR Prdfli& JHE %h%igﬁgiﬁe@mﬂbﬁﬁgﬁ ¢ TMSBntion
as | orazepam conpositions of t prese I'nvention
haheebenpmliqrepinefugh ds bomerepam dicmgmisitions of {he pfdskmsnvdisiph ave
dj ssol ution. of an adnyni stered. active ent js )
unexpile 3R inEE o Beo Pl P g BEP R SAMGER of S Py inisered egive agent
is prefdr@lsit Sl fYIGRfissofutidh bbialBNEadl 8 FheEr QR ALH@RIAd dr¥aterTO
. improve the dissolution profile and bioavailability of
biocavailitydiTadewrows, the dissolution ryofilesipd bigavailabikity of bkudodiagepine,

' 3 ' [ L ut i t hat | I .
such as IBFEGARE, 1 Al Bl B dhle” B ubik B st g Lovel
close t@$00%/r azepam conpositions of the present invention

g@gfer ably have a dissolution profile in which within
henzpdidzapingsugh ay lorzepaBARMPReioas of the preserd deyention

i i . . r i . i i o
oty s SO g SEROIE e Sl AT RRRv o
the conspestiioads Hissdveh dmotleo epbsditients dfshejinsmidneﬁkfleasﬁ Bbout 30% or

ut, 5, mnutes.. In yet other enbodi nents e ...
sbout ER08F P bR Aog Erpisil b Sieg st 485 HobS Gssiredaydn about s
minute@DRKet B0 edBOM e U 1 infheh, F0M&G My LNBast about _4g%, about

benzodi azepi ne, such as |orazepam conposition i
50%, abgus $8Ya, eblouki 708, ar altont 0% habenesdiamiping, bych asdomameprirer

i BN dhe .in ti.o .eferably at | east abo
compo e 5 BbyEy Y 581k RGHEL bk BiaintbEthe
inventibe pzefeiadBenildust athuc 0% satoat 88 PasBut wmp&sdbbhpmd% of the

di ssol ved within about 20 mnutes. Dissolution is

benzodizepigs.SHFly asherrzapast compasitiedisdissphiedrvithin about 20 minutes.

Lo : | ) e 1 oduc
L M el S AL R By e 68
dissolutiew inediaweilyprolvict ewe merydiiffarehidisotutiphahirtes $or thogsductschaving
vy e Dl Gt el 4 R Pa S o icive
of in vith GSQIdnOsT TR PERLLR. A AUBOHS B A OBhA 18 aR9qidos
. surfactant sodium lauryl sulfate at 0.025 M
mediunpeerspiningshe snfastant sralieombumy! wifstsalt 0685 MnDetermianatipe df the

hot trv., Th tati b] ad th
e X GRS Gt R SRS e
(EuropéhinPiatiiidopBeiafcan®edised ey mbddutd divsoRftdhi | es of the

Benzodi azepi ne Conpositions of the Invention An
addi tional feature of the benzodi azepi ne, such as

lEEr az ﬂﬁke&%ﬁﬂsﬂdfﬁ&% Bet he present invention is
(et S AUHECIMPob b PBESasil Pt 1
An additional feature of the benzodiazepine, such as lorazepam, compositions of the
present invention is that the compositions redisperse such that the effective average particle
size of the redispersed benzodiazepine, such as lorazepam, particles is less than about 2
microns. This is significant, as if upon administration the nanoparticulate benzodiazepine,

such as lorazepam, compositions of the invention did not redisperse to a nanoparticulate
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size of the redi spersed benzodi azepi ne, such as
| orazepam particles is | ess than about 2 m crons.
wQabios/ 08889461 gni fi cant, as if upon adm ni strati oPCT/082006/005224
nanoparti cul at e benzodi azepi ne, such as | orazepam
conpositions of the invention did not redi sperse to a
nanoparticul ateparticle size, then the dosage form nay
part1clé gise tﬁé?leth@ ap&kt tf&rrr?ﬂhﬁ? [di@ thedBenbfls %?&e'dq% thifulating the
benZodi azepi né, such as |orazepam 1 nt
benzodqmpmar such @b lzarezepant intd @naiopertichlategrotice Buze:uAaiaaolmmmlate
for the vention is an effec

size sullflh 1 oFi bfterk b <BRGRE G <P BTN sy Ehet BofeISutsp et anyabou

2000 nﬁﬂ%ﬁﬁbthéﬂ&ﬁﬂcbdiﬁ@ht, a RaRbpARRAlH G¥d AliRbRIf3LHhS PrdsBR iBvention is
for the present invention is an effective aveéerage

an effegiiyq gverage ppsticleofizq efdesstthanabaybed0 00 nm | ndeed, the

f th
10RREL SRR L A5 s RRTRESAE e Bl i gni ot
from t}mfsmdhlqaaamxﬂe viee afihptactive adeht ifaié hotiveagemtidodoRst rB@kperse into a
erse intq a small particle S|ze upon

redis
small Bagigle 1 PoRn Bhpintghpn, @}eﬁnﬁ]élmﬂﬁr onpplonERid aati s agepkparticles
are forﬁ@@ "HW1H§ kd #h€ le@BeBES W Zne | Stk ?e ﬂ%ée na%?pmt {e ngﬂ%fpr f&%ﬁfe sysiem

high sufface free oparti e Sys
and thegthermdsynamisrdrvdynfondectodchivienan drabretoctionhindiee eaergy. With the
eraII uction in fre ner e forpmation
format(36 3 ugh degHicraPpithelssy i EioaLabHEY bF s paelisbrs oy g wel
below thagokesRE Svifah8igEM dispetsiomtolm Be Hﬁvi’lahbﬁ’értl&h%@ YL ehd)

the liquid dispersion formof the nanoparticul ate
denegeergigie ﬁﬂnOHWrCél&ﬁt%benZPﬁl@ZQmm peghtdsdodaagnem, composmons of

the mvgﬁc\%n?&g)ﬁtedg?gﬁg%c Ifeﬂféperg g ergl, g%ggpglﬁgt% Sllﬁthl[d?f%%plge suc as

lorazepaan ppriclel QpbRadmbesiateh azeemammm SUEh a9 hilnBARS K], as
adm nistration to a mammal, such as a

demon: mr;}%iqulo%%%lgﬁtlﬁg}o TeESRFETOM it ¢ Bipedevispt aqueous media such that the
effectﬁe%@f&%& Bﬁﬁ%k%er ﬂhé&?{sé&@&i bedhzBdidk Er?el SYANS l@rgye%gﬂls particles

dia such that the e ctive avera particle siz
is less ﬂhh@almﬂ Rspieraned Sb@nlzlonhlmamqueoussnema am lbamgzmpams media that

o TR R D b o
media. tTlﬂ:I deSéd %‘; fand hﬁu@'ﬁfdn@%ré HYs6 that AR '}gﬁljé‘s e%fh@w@ Br gmllcﬂgglcal

formthe sis for the biorel evance of

conditigssforediingtbe Anaran bedys %HChén@”@hvaﬁ @qudros medtveaanaheefor example,

sauconf BRERSEN A1 0L AR ShAPS o SEAT R 0 Spination
thereoff Whlch)e&hlﬂbitehc diieOpH @l eatis Okatigeh. sol utions or aqueous
g onshkﬁf an]ésémal t, acid,_or base, or a conbination
St Rihisovelkamey ip theat.dBas %@pmﬂnaﬁhe sfogich, the pH ranges
from sl?gthﬂ? n&g lfhanEﬂ Q%?{'y?}’c%% gﬁ:‘“‘t 'trEh ||2|luP KDGW 5! h‘!%%rrﬁliltl{l’lieﬁ%{e the

exafnpl e, anges from's
pH canlrm frdmﬁ tQ 6( dngtt intthypdodant 1tynalgraagé &oni 61&118 1B1ou¢1e¢ramt fbn@d

strengtlgis %lﬁ SHgel whgtﬁgskég%qgt?tg Igggng %HH{ l%rs]t%g 1%1{18 rsrt]rcfrnlg,rth of about
0.1M whiile TRkRVARE irt&tingl S %agarhlohﬁ: s@x'eﬁé’th"&la{)otﬁw 9ed e%h & indahl

art. Fasted state gastrlc luid has an 1onic stre
et al., “Gharagigrization of Fluids

Women,” Pharm. Res., 14 (4): 497-502 (1997).

It is believed that the pH and ionic strength of the test solution is more critical than

om the Stomach and Proximal Jejunum in Men and
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0O.IMwhile fasted state intestinal fluid has an ionic
strength of about 0.14. See e.g., Lindahl et al.,

WO @aisssber i zation of Fluids fromthe Stomach BEOTUS2006/005224
Proxi mal Jejunumin Men and Wonen," Pharm Res., 14
(4): 497-502 (1997). It is believed that the pH and
ionic strength of the test solution is nore critical

the specggcb% ﬁceﬁ %gﬁfex’tqj %Bﬁiﬁrﬁqgl aggi&gr]ﬁfét H ARERLA é@&h%th values can be

ate p vaI ues can
obtamed)ﬂir@lgrhaﬁmidildsm;u@hqbﬁnmmnmuﬁsmmg‘[amda,t strong basfes,sqa}tawglgle or

multlplggg;ﬂ?tiggg %:Ecg @gs(q%ggg qa% a(:ids 5%%530% p% g Jﬁr?é that acid),
monopr89§ Qﬁgﬁfﬂbﬁgeﬁéﬂr&l e@fe15 hat aci d) monoprotic and

ectro yt 'es, etc. Representative
Eblﬂesanmltm elestblytd sohsions parbles, bistare apelimised 10, Gl selutigns,

rangingjn Gg%%kggt%m @E@%W& aﬁ%%%ef;M %{nlﬂ gﬁgﬁ Eoﬁ%&ﬁoﬁhgmg in
concenttRARREH abdiR0.001 99 e 0t1 1L, Bl mbxaweb ditkedd. Eoanmpdie

m xtures thereof. For exanmple, electrol te sol lttl 0618
electrolptarsoliionhean ke butfse not limitestor ghousfd M HELloriessicgboyt 0.01 M

1t o |68 oA 9L L e pISNRTRH sl i 0 NGO or s

about 0100% ™ NlOD ot 1es, @ﬁdnﬁ/khﬁm@lth@eoﬂ éﬁfsthesaretbctrbxrtmsoé@ions, 0.01 M HCI
thereof. O t hese el ectrol ol uti

and/or i HaCh ere MORepresetalIvVioE as fﬁo{p%icg]ilcql\r/lgk_{?éla owing
to the p%%ﬁ@ )éﬁé’géttﬁ gbrﬁﬁ‘tllorﬁ%@%et ﬂr@ﬁi?nal %K‘étﬁﬂﬁ&ﬁnﬁh@ao@ H and

onic stre condi tions of the proxura
@mnommmemmﬂons o001 M HEL, r(b@lyMeHGb roé Atl Miileheorgpspond

to pH 33p1g%1.| ‘%ﬁ_qé'r}d geﬁp%qlvelggs'[‘&g Q &I M?E'%luﬁ&[ %\ﬁ%}%&ﬁdtmgalpﬁldlc

conditiGR HEAPH A %hﬁEI?SAtsMRﬂu@ﬁ'of aqnmlma@mlﬂ¢Mamubid in

the stomach. A solution of 0.1 MNaCl prov
approxm@mé Biecionjs shrengthraendivionstlopnthrighetithe Ew& jncluding the

s U5 RSO LBy oy g b

simulat@ fehednditions vﬁthinmenmmabe}lermt oyed to sinul at e fed
conditions within the human

Eopplan S BFOSATEYS, GEH S48 CN B R HaTS Sich exhibit the
desired S;{i—? Qr?@koRmVMeﬁ efﬁt! AL but e ngﬁﬁhft@(ﬂtoﬂiﬁo%lﬂ)rﬂc%Bid%hosphate salts

I'ncfude ut are not limted toposp oric
+ sodlmlpdytamosm]xﬂtoalcsah saltstofshldridey acpide acidcsirtasdischbedivm

|t hi
potass1§%a§§l§p{g G Cogpgoa etd ct%oglg:l d/(@ﬁllc%ﬁ%t gat§ Q%:l{ar—*b%orﬁlﬁ@g ﬁb%ssmm
and cal@ﬁl'rrg Ldpis G Efﬂ%ﬂé& ean§ Alikis adid,%ﬁﬁutélmlts Radod B, patasidmeakicaleinom

alts of chloride, and citric aci d/citrate salts +
saltsofsml;brtdm pot assi um and cal ciumsalts of chloride. In

gtg ??% ‘5@8% Ps 03' 61(18 nlvgxe[ op%gl% qulﬁé&rsegh%nfcﬁﬂzégx?xé S&h as
lorazeplaft, aticRR O(E‘Mhmbﬁmdispeﬁfﬂ moumeusoushbiordé ey or anpother

any ot her
suitable rr%gdm) have an effective average particle size of less than about 1900 nm, less than

about 1800 nm, less than about 1700 nm, less than about 1600 nm, less than about 1500 nm,
less than about 1400 nm, less than about 1300 nm, less than about 1200 nm, less than about
1100 nm, less than about 1000 nm, less than about 900 nm, less than about 800 nm, less than

about 700 nm, less than about 650 nm, less than about 600 nm, less than about 5 50 nm, less
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suitabl e nmedi a) have an effective average particle

size of less than about 1900 nm | ess than about 1800
wWmRegoelossss4 t han about 1700 nm | ess than about RGDOSIM0$/005224

| ess than about 1500 nm [|ess than about 1400 nm | ess

t han about 1300 nm | ess than about 1200 nm |ess than

about 1100 nm | ess than about 1000 nm | ess than

a 900 n | ess an abo 8 t
a3t 2 e P 000 208 e AP D bRl B BB o
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for measiiringesffectina avealpeuiartide sing arknoeason@drsby of ordinary skill in the art.
i ght-scattering nmethads, m ¢roscopy, ,or other
éﬁ%ﬁ%ﬁlﬁﬁ%%‘i’%&a&é US0E Ay B RBBEIS KapyR IR G art. See e.g, the

exampl%@:%i%ﬁé POUS Pechi NE EYE P ldCh EseNAR paftiBulsitown to
a person of ordinary skill in the art.

Compoftgdis@enpiising a Synargistip €ombinatidn 0§ p Rglyarsyicsvirfagp Sabilizer and
. ns known i.n the art. See e.g., the exanple sections
Dioctyloetyi U etk 6, 375, 986 for "Solid Dose
Nanoparti cul ate Conpositions Conprising a Synergistic
Conbi nation of a Polyneric Surface Stabilizer and
B oct Penmptinzemims Compottippabeedine. Benzodi azepi ne
Conpo Sionjwritiougeith Dth@oh¢tivecAgemts wi t h Ot her Acti ve
Agents The benzodi azepi ne, such as | orazepam
Thebesiotiaaesnafsutihes lorazepin, eompasitiankdbfithe imavkhtyon can
.. conprise one or nore co unds_useful i.n the condition
addltweaglmmnﬂé%%?r IEQIEHOPEO S WA Ty é?n%ew %Pgbﬁa%%gﬁds
ExampleB 6F Hﬁgvsoﬂ@t”act?\yeea Ris ihdiRe 86 drOno@thitdeR! SRRBPieSsants, steroids,

st er ol , antienetics, anfl nauseant S,- spas_m)l yt| CS,
antiemedivs, quéipaisetits, spasopilpilassantipay dhiotion apiogdso easpislopg/levodopa or

dopani.ne a i,sts, ,anest.hetics, and narcoti cs.
doPamlEﬁ%%%@ a&fgsqgﬁfcrs’odé’srngg@gﬁ%s i ncl ude, but are not
@x&iinf)ﬁ)g of ntidpleRGintMBCclaeE, Bupate Mot BptakS sélodtiveist@ichin
S

(SSRI's) and tricyclic, antidepressants (t ri@/cl I.CS) .
reuptakg grhibitgrn (SRS @m\ﬁfg@y‘awﬂé@ré@emﬁ Arigpelies): (bYRIs dnchadeedrugs

T
(brand aatle:PevtacRIparerefi cnghdnae: PZxilaihtiertiiline gorhricesame: Zoloft).
sl A P b BT B bt e i
imlprar%@gglt)?ﬁiﬂ’ ha@p Tc)frz?.ﬂsj aﬁﬁﬁérﬁiﬁﬁlﬂé Bfan( AR AaRa; Pahmcilor). Other

Panel or) . er antidepressants exi st tha

antidephesvantsiéxfifteha mavediffercat wags &f workitgthan the S8 endipigylics.

tricylics. Co | vy used .ones. venl af axi n br.and .
Commii eckgiRs 5 AN A RO LT s Al SRR T
Serzon§i Bﬁ;ﬁ@%@ﬁ (bRh@ASmBAWRIbEh), BlfthZapine (Blahl adabi Reméddnpand

nanme: Reneron) and ) ) .
trazodone (brand name: Desyrel). Less commonly used are the monomine oxidase inhibitors
(MAOISs), such as phenelzine (brand name: Nardil) and tranylcypromine (brand name:
Parnate).

Examples of steroids include, but are not limited to, betamethasone, budesonide,

cortisone, dexamethasone, hydrocortisone, methylprednisolone, prednisolone, prednisone,
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trazodone (brand nane: Desyrel). Less comonly used
are the nonom ne oxi dase inhibitors (MAOs), such as
w@b@aosssosne (brand name: Nardil) and tranyl cypPONMURE06/005224
(brand nane: Parnate). Exanpl es of steroids include,
but are not Iimted to, betanethasone, budesonide,
corti sone, dexanethasone, hydrocortisone,
andtriﬁﬁ&ﬂéfl pgedni sol one, predni sol one, prednisone, and
I'nol one. Exanples of antienetics or
éiﬁamm&éanﬁ&netm lovdetinalsdanarieclndd, blut are hedlihiied to, promethazine
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(Anzera%t@ogra@é@tr@r(m#@n@td@nge}ron @), tr@nls@m dopameipg
antago%gfgaﬁl%ﬁtag ?&n&é“i&% @gl(/fo)& 6%1@)?(&)%@1’5({0%@[{1 gs%‘?e I,E?lopendol
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oy pr.oma
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as cyely nivery tg%‘ﬁP@t Ryamagminef® gMarezinefts Meslicot®, Meskveri®),
dlphenﬁcﬁhﬁﬁ{er éhméﬁlm@ﬁﬂﬁ‘)ertMl%H@ (Iﬁl)aﬁly g(ﬁ‘t‘é@g‘aﬁﬁ&{l&drmate

. divert(r) di phenhydr arii ne,” di’nen
(Drimipe @Y antl @al)nabmoicbgaw(lra): meij@woarad efaripdl. di menhydr i nat e

SRARE o oreomitih e SRR R AE B B APk 43

methocaffahfd ARATEhG S, dRSEHEE daRivdleRd, Phéikoih] tﬂlt&l%ﬁnfe%xybutymn
net hocar banol , guai fenesin, di azepam dantrol ene,

ﬂaVOXﬁéS%@ﬁ?temeﬁmmlmlterodl ne, oxybutynin, flavoxate, and

X3 Ili)ge{yc#g}m@gﬁq% c§ %nc?tideal%t B %(%ri%ft dstf),( ca%a%%% ( ozar11®)

ozar

risperiddng pﬁEmpeidl@)( &aﬁi@iﬁd@pﬁeka@)} |lqaeiame S etogupl@ X aibfakidone
i ne (Seroq lnfl (r zi prasi done (Geodon(r)), and

(Geod p‘?‘ YRIPAzIARNPIIEYER Exanpl es of opi oi ds
sttt s ) ity
morphinh ¢hadine®, Q@M@msdemnm end thebgnei (@) sheribyahdticapioid defivatives,
BN T e A
hydrocgdicﬁhédﬂ@?@x@@bdh@ne h}’%ﬁi@?ﬁlﬁl’% BRymEpHORE, R ﬁﬁ:onﬂ)?ﬂmme 3)

ni conor phi ne; ntheti ¢ opi oi ds, such as

synthetighesjipidapugh aﬁﬁahe eyl aptylamiings m@vdvae areshasiode and levo-
alphacétﬁ%?e%ﬁﬁg&ﬁl{e @ﬁl%#é;pl%w e§)bl)udpn e%&fn@ ?rrnlelgjeln me’)
fentanyl, alfentanil, sufentaml remifentanil, ketobemidone, and carfentanyl, (c)
diphenylpropylamine derivatives, such as propoxyphene, dextropropoxyphene,
dextromoramide, bezitramide, and piritramide, (d) benzomorphan derivatives, such as
pentazocine and phenzocine, (e) oripavine derivatives, such as buprenorphine, (f) morphinan
* derivatives, such as butorphanol and nalbufine, and miscellaneous other synthetic opioids,

such as dezocine, etorphine, tilidine, tramadol, loperamide, and diphenoxylate (Lomotil®).

25



fentanyl, alfentanil, sufentanil, rem fentanil

ket obem done, and carfentanyl, (c) diphenyl propyl am ne
wa@leoocwsespres, such as propoxyphene, dextropr opPXypPRENE)05224

dextronmoram de, bezitram de, and piritram de, (d)

benzonor phan derivatives, such as pentazoci ne and

phenzoci ne, (e) oripavine derivatives, such as

e T R e o R e

ropinirglgnpiastipaxotepinol cdbergsliieh basnabeiptine mesylatt ¢Parhidel®), pergolide
i ]jdine . tramadol, .| operam.de, and diphenoxyl a )
mesylaid (GERP) mRETRY ST GooRar s QUFa) GG P girole hydrochloride

(Rgmﬁgnganine agoni sts include, but are not limted to,
ropinirol e, pram pexole and cabergoline, bronocriptine
rrseyIpiaseof apesthedige iInchudg, bys erayuit lidtedde,dnflumne, halothane,

o e RS hALSE I AR, s

thiopersiest heti cs include, but are not limted to,
enfl urane, hal ot hane, isoflurane, nethoxyfl urane,
ni trous oxide, etom date, ketam ne, nethohexital,
. REGRPSSions?Nd thiopental. I'l. Conpositions The
[ rovi des conpositions conprising
Naeopamtivs patides kremposiﬁalzsammish@umho;mgtic}nm{ta bemﬁiazepine,
articles and at | east one surface,stabjlizer. The
such ot Ahos 526 E Kt PR A A 1 G R g pizens are
preferaBBSISbBEE b MY dsbodidied SithRCErAte bHGe IB@I%‘afjdzéllﬁﬁQ'sﬂal as
such as | orazepam particles. Surface stabili Zers
lorazepage paiticlesr Stirfactotabdlizechenfud hbtein desattchemidally heact with the

nzodi azepine, such as .l orazepa ticles.o

bensodBERERE! BT BBy bl o GREnloa0aP s PR R molecutes of the
surfacesstibiilafe aft 3Bintib B fre@ bLines ORI bidsd-lifaged. In another

j nterpol ecul ar craoss-1inkages. In another enbodi nent,
embodinat. therpRmpestiinns obtherniesept iaxeion; can 6pMPH#e (Fvonoranens shface
smbﬂﬁkﬁp or nore surface stabilizers. The present invention

al so includes nanoparticul ate benzodi azepi ne, such as

[Tdhe @z&spﬂﬁve}ﬁi@p@kbtihﬂﬂﬁs&ﬂg@iamulaﬁ bénzotdazeyind|Bhich as

non-t oxi ¢.physi ol ogi.cal | y acceptable carriers,
lorazepala]j, GUBRPLt q§¥t0 SrURET 371[&15%6606 maze pp@-éqx&c pPlysilegigaliypcgeptable

carriersS 8djul &1t$ or V%pﬁ@,%ﬂé&tkﬂg%f&éﬁ 1085 ERFHOY! 848 dokhBSsitions can be

parenteral injection (e.g., intravenous,
formulted fampatatdralrinjeotiorns(el untaveoass), idranasewsn br sidicitapequs) or
I n.certain enbodiments, of..the invention, the
acrosol el £ Rerfely SMBERISRIs 21 415 Rectiofote Jdbomspicslate m
benzodia2Epiué, autIPASl08dz8pdni, BB fitaddIntan| iRfetlable Bin 3 AL 8Gbsol

dosage form A. Benzodi azepi ne Particles
dosage form.

A. Benzodiazepine Particles

The invention is practiced with a benzodiazepine, such as lorazepam. The
benzodiazepine, such as lorazepam, is preferably present in an essentially pure form, is
poorly soluble, and is dispersible in at least one liquid media. By “poorly soluble,” it is

meant that the benzodiazepine, such as lorazepam, has a solubility in the liquid dispersion
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The invention is practiced with a benzodi azepi ne, such
as | orazepam The benzodi azepi ne, such as | orazepam
WO 300p/0848e+ abl y present in an essentially pure POT/I$2006005224
poorly soluble, and is dispersible in at |east one
liquid nedia. By "poorly soluble,” it is nmeant that
t he benzodiazepine such as Iorazepan1 has a
I|t

media §gl?€ﬁ hf}éa m ng %Pctprg eé%ﬁ GST 30 aﬁ%uq g/s nﬁf g?ﬂoted

above,[THé §8lubiney d}qbﬁﬂe@hpme\uat&m ososlrﬂgtduty of lorazepamin
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vE ding cot boeshoctadt fiome i viaestyt HoeMOélaaZﬁﬁﬁ@s for tr§@taxeu*s0f status
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R
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r|p o ese cl ass aze
each chisé d:ﬁltbdeﬂlguﬁli 1ntS1MEﬂirﬁsley\TlgdlEﬁr£Bl@i’1}In@b@ﬁ>sla(} EWeb@-ﬁlﬂmrEﬂmdm (The
Martindal e, The Extra Phar.nmacopoei a, ni nt
Pharmpeguiieg)Presshkonsioay i@pp@ﬁﬁﬁl@%p@%&ﬁ%@@g) he drugs are
r s are
comnSEER ST oL GRS St USRS B,
t éﬁiannapmascemycameptablt has wmed hefeialmfematoethosewamlapunds matenals
acce sed erein re o t has 0
compIGHEER AL dp g STt BHEE iR 6 S0 OF Sy TR gmen,
suitabRT8r usMih Ebﬁ’caéthﬁﬂﬁﬁ@ RigsuRl oS RuAsh PEAECAl anffE®Athout excessive
suitable for use in contact with the tissues of human
toxicityeirmigtiomraticrsit reapansni arlogher peobless ot camplinefien topmmensurate with a

reasong%“ te%éﬁt nskre‘?thl ergi c response, or other problem or
commensurate with a reasonabl e

bﬁl’lﬁfmﬁdeﬁltlsdﬂyra%bépiable Rharamd eawis’ aalised lreie pifak e dadtatises
and esters" as used herein refers to derlvatlv S
whereiBe Benreflipgenian seds %ﬂ@r@zmm dumpdidied by makangapid pibase salts

thereogggﬂr{%*l@ Qf%/p 5&%1@5&1 tzgﬁé Gal %élgcllcl B&f 2?9 hot hm ted (o,

armaceu y accept a ts incl
minerddwir oegammid staihmof bakid mslduesnmch las @mlrms,gpékulnorangmls sdltssof acidic

.. of si c residues, s : al kal.i or or
residugi it i FrEr e o Ks oL IB6 TG o HRaB Ry o RO AR Slffnelude
the coﬁ%ﬁbhﬁ‘l%n-@ﬁc RAEY dﬁﬁ@é}ﬁdrféﬁlaky aRfARARIIR oFfdld &nzodlazepme
i ncl ude the conventional non-toxic salts or the

and prgfesatdadorarspaznfoomed rfosenample fromheobtarioisicrgasisi gy @rganic acids.

For example, such conventional non-toxic salts include those derived from inorganic acids
such as hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric, nitric, and the like; and the
salts prepared from organic acids such as acetic, propionic, succinic, glycolic, stearic, lactic,

malic, tartaric, citric, ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic, glutamic,
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N.J.)); Tetronic 1508® (T-1508) (BASF Wyandotte Corporation), Tritons X-200®, which is
an alkyl 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
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bromide, goeemit mgth}fj ldsydhoryiety] aram@nnpuachlemalfamqbramm dexml triethyl

ammon BRSSP e TR gl

15dimettyil bpdroxetRymmith i@ hridd @ r Bforide), mod@nut Gﬁﬁ&ﬁy'lt hﬂ%}l})é{hyl
di hydr oxyet hyl ~anmonj um chl ori de or brom de,

ammongym élﬂlﬁvfie anbremidannemis e thyleanymoriumenpay] sulfate lauryl

R L L T

chloride aclrnotided Nnﬂkjnlydc 1ﬁyldﬂ)@mﬁiﬁhbdnzﬁmmﬁbmmndhﬂ&[degﬁ-aﬂkyl (C 14-

BV T S R A
monohytcﬁéctéydlm@‘cﬂwamé&yl CRINGRA Ehibr AR nd (C12-14) dimethyl 1-

napthylmethyl ammonium chloride, trimethylammonium halide, alkyl-trimethylammonium

salts and dialkyl-dimethylammonium salts, lauryl trimethyl ammonium chloride, ethoxylated

alkyamidoalkyldialkylammonium salt and/or an ethoxylated trialkyl ammonium salt,
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chloride or brom de, N-alkyl (Cl12-18)di nethyl benzyl
anmoni um chl oride, N-al kyl (Cl4- 18)di nethyl -benzyl
wa@nove/08880a chl ori de, N-tetradecylidmet hyl benzyl Penusooams224
chl ori de nonohydrate, dinethyl didecyl anmoni um
chloride, Nalkyl and (Cl2- 14) dinethyl 1-
napt hyl met hyl ammoni um chl ori de, trinmethyl anmoni um
. hal i de,_ . al kyl -trj met hyl, i,u alts.and . .
dislky ppeeR eGP PO i SaREEey et Bopm ghtoride, N-
' lnffoniBh RaroHd8 eshohydrate, N-alkyl(C12-14) dimethyl 1-
tetradeg?@g%ﬁﬁﬁg% Ilnﬂﬁmuﬁltl, \ 0 yi( ) y

di al kyl'anmoni um salt and/or an . )
naphthetthetkyl arednitimi coldide aathdod¢aytdimathylbgnayl epmeniyme siloride, dialkyl

di al kyl ammoni bl or i . N di | dj '
A e T
ammoRRAPENSH R SlkyTbetlzbiVdifnelit dhinodiuiie biowlidd,-C12, C15, C17 trimethyl

napht hyl met hyl ammoni um chl ori de and

ammoniyeekpinddesediderybenayl triehd amimAnaHn shlogde. nely ky|

o T LSBT R i
alkyldiidthylagienonink ihlopatidas| tridktybmietiyl ammoniwmchlioodé.de, C

2, Cl15, Cl17 trine [ ammpni brom des, dqd I b I
decyltfimegtywmmmrgwgcr% pg&cag]gleltﬁywammomum %romlge,e cyl benzy

tetrad%?h%%ﬂyﬁ%ﬂbﬁﬁ&%bﬁ?ﬂ&?ﬁkﬂm &RcAN AR ARAIMGIde (ALIQUAT 336),

anmoni um ¢ i des, al Kyl di met hyl anmmoni um

POL YIQU A sairetasylatmiapainy bronsiteyHenzyhiomiethiyl aormeitaromide, choline

esters gsglg% l@%, fr;ll%ql]fnt&lg%{g%% n :qugiﬁlf)sé,rqb?};}gaj]éonium chloride, stearalkonium chloride

compduBlll AREE ¥4 SEdrREMBhRRNENOHIB didalidieteyldiBbiiyin chioride), cetyl
trioctyl amoni um chl oride (ALI QUAT 336), POLYQUAT,

pyridipieny biomigd enrahberidenhalide wplieof weteryired palvRpRipYIAROHPEAS:

1 d i ] 4400 oo
AR 0 BT B3 B A Ty AR ST St i,
such a8 Aligldntiaes; dipiolndied sillahohmisdsepoly¢thylenepol yamiods, DilNde
- and di stearyl di nmoni um chl ari gg,, cetyl g%/lr di ni um tat
dialkylgrapalkylcr e s end dInyh BYERc. SRHRS S35 Y I agpine acetate,
steary%%@(%?t%g lﬂngglﬁgl’éﬁgﬁ )§/a[lt, Wh RARAimAeo Ml AGR AR iikeAdides;

pyridiniumsalts; "am nes,
imide suclinias saltk praonatebquatiradryplryiimidss; ndtikdetod anatpraery polymers,

ol hyl enepql yam nes Ndj al kyl am | .
wen BT TSRV DS RSP ATISIPEN g
chloriH&byd cABaReyAcet at e, stearyl am ne acetate,

al’kyl pyridiniumsalt, and al kylim dazoliumsalt, afnd
aupleexsuiplers;cationig surfacs stabilizaisaar piher ypefulsgtipalg surface

.guat er nar v, acr vl ami : : . :
sabil R BRCHOBER, ERERR ErEhR, CAREhiENAEAA Analytical and
Biologilﬁlkd%\}agﬁa}tioﬁ@dlgml ?emm%ylp.ugmwh Ruoisimigh :(Editm-), Cationic

chl oride]; and cationic guar. exenpl ar i.onic
Surfagiapts dtg sekmisey Viaral Beier BULFand SalrBmbRs PR
PN ' i J 0 and E. Singer,
Surfa@agl?tipb%géﬁgiglﬁgg%t ﬁt%lg{akégﬁgleyﬁr’cgglgogldséi ol ogi cal "
Eddnpalyirenic (sMfacaitatilidekeare atP gdipolEnerimebnipoupd sivalh

Edi.t or ionic, . .
benzagkonium c?ﬂ’origg,tal 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
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Surfactants: Physical Chemistry (Marcel Dekker, 1991);
and J . Richnond, Cationic Surfactants: Oganic
w@h@aiossspd/, (Marcel Dekker, 1990). Nonpol yneri eCHUsI0a€@®5224
stabilizers are any nonpol yneric conpound, such
benzal koni um chl ori de, a carboni um conpound, a
phosphoni um conpound, an oxoniun1conpound a hal oni um

oGRS SBRPAEn L AROESALL £ LAIRGHAL, rfmonium

or ous” conp ni‘um

compoﬁﬁd@dﬂxhﬂforﬁmlaﬂﬁRﬂRﬁRBIM(G() ﬁEowwhpoandmﬁ’fha farmulONRORDOR3RA(H):
a . hydroxyl ammoni um conpound, a prinmary anmoni um
c@npodi%‘e of RdeRbag&rNEmoni um conpound, a tertiary

a(?;ﬁm &'%dc nd quarternary anmoni um conmpounds
he orrrula R 1R2R3R4(+). For conpounds of the
f@imul thresllRf RAFRR4EH3;(i ) none of R1-R4 are CH3; (ii)
0(1[1]‘50“ -4i43 '.(iii)three of RI -R4 are CHS;

/) B CH3; (v) two of R1-R4 are CH3,

$ OftwBlofRY -R S atbtfa e cﬁm-ﬁm% @éHf@HB“aﬂd%n@'?of R'lkﬁli 1s an

chain of seven carbon atons or |ess; (vi) two of -
are CHakylshainef s@enRartion agem@HeEss; and one of Ri- R4 |s

et ee 9 nor e

o M T Re B P R PR AR B Re e s
CGH5( Gitiyl Rhainfef hihefeeh cailbvh atoms ovanére; R1- R4 are CH3,
one of RI-R4 is C6H5CH2, and one of R1-R4 conprises at
|@HSt BROTRIRE gre OFF apd eye ofipl-Bet imtherpoun GOEME HDAewhere
of R1-R4.is C6H5CH2, and one of R1-R4 conprlses at
| east oné hal ogen; (x) two of R1-R4 are CH3, one of
Rtiip4 twe «CGRHEKHATe GHE, aref®]-R1 iFE6HH0HE ) adonatof Rédd4

one cyclic. fr ment l%x%{) two of RL-R4 are CH3 and one
of Rlcﬁﬁnﬂr’§esaa8??éﬁ9lile G192ty (xii) two of R1-R4 are

@B andotdbR 10R4 B (%3 R TWIERY 1@@6@5@1{2 Canfdrd'i‘lg PR R4
Such conpounds i ncl ude, but are not limted to,

behenaiokumisenatdedsbenedealogssnz et honi um chl or i de

cetyl pyridi i de, | ori -
@Lr af% Sni &{% ﬂ?\qlag%% ecffgteltgﬂ ﬁﬂ;ﬂgﬂa&m one 09%1 R4
cet ri rofipHIedLtdsastione @Qh& ifapietkn chl oride, cethyl am ne
(xi) two of R1-R4 are CH3 and one of R1-R4 is a phenyl ring; or

(xii) two of R1-R4 are CH3 and two of R1-R4 are purely aliphatic fragments.

Such compounds include, but are not limited to, behenalkonium chloride,
benzethonium chloride, cetylpyridinium chloride, behentrimonium chloride, lauralkonium
chloride, cetalkonium chloride, cetrimonium bromide, cetrimonium chloride, cethylamine
hydrofluoride, chlorallylmethenamine chloride (Quaternium-15), distearyldimonium chloride
(Quaternium-5), dodecyl dimethyl ethylbenzyl ammonium chloride (Quaternium-14),
Quaternium-22, Quaternium-26, Quaternium-18 hectorite, dimethylaminoethylchloride
hydrochloride, cysteine hydrochloride, diethanolammonium POE (10) oletyl ether phosphate,
diethanolammonium POE (3)oleyl ether phosphate, tallow alkonium chloride, dimethyl
dioctadecylammoniumbentonite, stearalkonium chloride, domiphen bromide, denatonium
benzoate, myristalkonium chloride, laurtrimonium chloride, ethylenediamine

dihydrochloride, guanidine hydrochloride, pyridoxine HCI, iofetamine hydrochloride,

31



hydr of | uori de, chlorallyl nethenam ne chl oride
(Quat erni um 15), distearyl di noni um chl ori de
w@ catssspd um 5) , dodecyl di net hyl et hyl benzyl BOTDR2006005224
chloride (Quaternium14), Quaternium 22,
Quat erni um 26, Quaternium 18 hectorite,
di met hyl am noet hyl chl ori de hydrochl ori de, cysteine

hydrochl.ori de i.at ha ' P . . .1 et her
megtam R G e st AT e fpthiod
oleyltrib@isphail@idel pblyguiitahiani Urocdiheiydetehlogidepdooybetaine,

di oct adecyl ammoni unbent onite, stearal konif:ﬁ;y chl ori dg

stearalkguitmphratpTiieotiatel oRBmAE ARt 58E BEYEToNythy SprapRlspidigmine
dihydroglt]{ql@%éf gagﬁ“kﬁﬁgéﬂﬂmw%er %@A ﬁ{/ﬁgﬁ%&#ﬁﬂ% BRGH AR Bromide.

lori guani ori de, pyridoxine
MOt of thésetsarfhgesstdbylizencirt dnoete phaglagedtivel ¢xetriodh bt drde,

describegf %?A%{aﬂbﬁﬂéﬁqt Eﬁ?&%{%g% ?y? Jgé}ﬁ%%g%é{s@ﬁ?@%ﬁ&&%@ j gi%’tly by the
Americit PERHASRIAOLRLEEI S an L PEOBRERRSMItic A (RBIeA) $0BId Britain (The
bentonite, stearal koni unhectonite, stearyl

Pharmatetitiegldiressy 2000)] speeifipgilyeineeriparatatiehedtin i referenes-i de,
tallowtrinmoni umchl oride, and hexadecyl tri et hyl
ammoni um brom de. Mst of these surface stabilizers

RbEdémoRsTyRbidr maceut i cal excipients and are descri bed
in detail in the Handbook of Pharmaceuti cal .
Pxvifpnearalymers gia prefeagd swilanel siabbizerser asgeiniterpulating an

injectabi AHIBE ALk en ROk B, ARNAT el ABaly BFRGEAL Mvidone

polymex'ego @1@% knsslmg a? pélyaildbllya(e), _lpgoidpnmmf EﬁPJmﬂqjotyvﬁnyylpﬁfcd'rdgnc,are sold
OoVvI done 0] nmer ovi done 0 mer s r el eryr e

under the fFadgamst KisThIong (BAREICATR e Redams, 4ISEnbecapologies, Inc.),

R R
pyrrolidisoreqiojymnete afd )} svimyd2gharalidinoBYBplyareds. Povidone polymers are

o o S 8 e S 1 05 020 o

about 10900 /P4 ©80,00(M&aldons. TNE Be AEGUPAl VBAEMSBifier for a drug
macr onol ecul ar nol ecul es, with a chem cal nane of

compoundgo fre aginirdstensd to o agimanide povidaey olamgr must have a molecular

.o lavinyl - 2- LA I Poyi
i b B R B SRR DPNUEL R B DS BAATES S0t
would ¥ dirEiciepslearigate bady. Wei ght s rangi ng from about

10, 000 to about 700,000 daltons. To be useful as a.
Boyidapepelparmiass Prepired b ign cxsileirPre § peeeess, comprising:

) obtaﬁg\% i gs-fﬁ\g?rﬁ:%i(fl Froth HREH e a#d{f&rﬁ’ﬁ&i@%@ By R Ke%g;e titkRitene

ecul ar wel 0 ess t about , 000

synthestha (2)alelydragerating tieciy-dutanedighdveo torgpee att 200° tdformdO, 000
dal tons woul d have difficulty cl eari_ng) t he body.
butyrolmigney end (P aeaghing s-babwolpeteparel apynoripfo wrldmyrelidone.

sovseol G AT BAPHEA R B SRR M. P mepions
carried BePPEhdaihash @R@resence of H,O and NH;. See The Merck Index, 10" Edition,
pp. 7581 (Merck & Co., Rahway, NJ, 1983).

The manufacturing process for povidone polymers produces polymers containing
molecules of unequal chain length, and thus different molecular weights. The molecular

weights of the molecules vary about a mean or average for each particular commercially
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synthesis; (2) dehydrogenating the 1, 4-butanedi ol over
copper at 200 to formg- butyrol actone; and (3)

WO e@6883g4 g- but yrol actone with amonia to yi el BCT/US2006/005224
pyrrolidone. Subsequent treatnent with acetyl ene gives
the vinyl pyrrolidone nononer. Polynerization is
carri ed out by heating in the presence Of H20 and NH3.

availa gra !c'\:/ct,e ru(szal,< ]stn&l ffg%xét)]tg d.?}? ﬁﬁ%]%ol?l%er % gx%%ercéi\gg g@@fg‘gimcﬂy,
the mopowid@@ﬂﬁe@ ﬁieﬂf&lfc&" chisSIGaE Sarfuls YO e 43 G glit @ 4il@s is by K-values,

nol ecul es of unequal chain length, and thus different

based oppyigeqsity magairgments. FheKnvalees of Yarigws @Mﬁ@ 0§ Poyif@ne polymers
Y,

remes LT o B G AR ey B ity

measuxﬂ:nfehtscamﬁtcalculatbdtaecasrdng tb Iﬁd@ptsblyeﬁ:srfosnuﬂal ecul ar wei ght

ectl t he t Wi de use tho of classif
e eAeRea LR GG ags VG 1o ey Bpd s melfiodd gha
measul%r’thé’ WREAS INthdBARALRIRIM Ruled NBcKay BY Hgﬁt s@ﬁtte\fﬁ‘l@ %Ele 1
grades of povi done pol ynmers represent function of
providesmolgoelrnyeighbdase foraevandi cgmmereindy avaelaw@rpovwne polymers, all of
Vi sc&%gt y neasurenents and cal cul ated according to

which gte sofbl her s formul a. The wei ght - average of the
nmol ecul ar wei ght, Mv, i srABLErmM ned by nethods that

measure the weights of the individual mlecules  such

aPayydaneght |sdeMadrd hg. ™ e 1 pPMavi des nol e ar

wei ght_data f or_sever a(Datoms¥ici p(Daltoavkil abl éDaltons)**
Plpdvihed0416®pol yier ¢, al | o7,00éi ch ar®56l ubl e. | TABLE31000
PlasBES2u39®t he| g ecul ar V\@ggdju I s| @r sgg+er tham 40, 008,500

dal t ons, thistOV|done polyner S not useful as a

R ge] T b 2 ohy9 T BB 00, "1y, L300

nr nrl

quhdor\ﬂkl%l%q.t Q@&: ag rm?é QJI ar D%JTO g the 2,500
KaMiddne?s"aver alg4-8d| eclil ar 29@0Qht , | 286004, 0@0 the wei @00
a\Bxcage thometullar wakzhgistgredidy thadd (yb0ndienslahie povidede pylymer
is not hsefilttas & s@ficerstabflizRNtbr Ul dri@ciRpdunt fio Be hdiaihist&dd pAdéntersly (i.e.,
injectedft €r m ned by viscosity neasurements. Based on the

data, QY ’v 1 leg fholecu% Wﬁzﬁh@ rMn R @k Slf®Fr-avera molecular

hiS U 1sah e itdhed b
ng}le s%{t_t?n?g rgv]ﬂ?rr] d:entr aﬁ;ﬁll(x%sn F%i:gﬁ??gg‘gr s?gﬁté easureemeri;:s
HEeR A s By 30 g6 L e
povidotélg ﬁvgﬁ%&?ﬁmfh\ﬁs M Sre%ft [ihfiled 1 'Pi&sdBie EBBSUREHidY 12 PF|®

ntional particle size ngasuring techniques we
Kollid&in 0OWRF® cartdidsiidon 25°.

C. Nanoparticulate Benzodiaze;pine Particle Size

As used herein, particle size is determined on the basis of the weight average particle
size as measured by conventional particle size measuring techniques well known to those
skilled in the art. Such techniques include, for example, sedimentation field flow
fractionation, photon correlation spectroscopy, light scattering, and disk centrifugation.

Compositions of the invention comprise benzodiazepine, such as lorazepam,

nanoparticles having an effective average particle size of less than about 2000 nm (i.e., 2
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skilled in the art. Such techni ques include, for
exanpl e, sedinentation field flow fractionation,
W@ bwbossseor r el ati on spectroscopy, |ight scattepcTygs20a6ah5224
di sk centrifugation. Conpositions of the invention
conpri se benzodi azepi ne, such as | orazepam
nanoparticles having an effecti ve aver age particle
: z c
n’llCI‘OIIg%. hlerchféer c nen S @S &%{R%l hlé’g‘l?tg(%é I on 1?,1265{}}6 gu%ﬁsal loraﬂtpam
nanopdn&cizs:hhvaaﬁmfﬁeeuvmefaga@aﬂtmte&zmifﬂess nhaogbaat 1200asn,essehan

o S ST A S A B o B o
less thd'iiﬁboh?‘ﬁﬁﬁ)otlﬂﬁ"leﬁl%ﬁéﬂ ablaﬁppit(m)rﬁm | 18%%&&@5&@?26611&519& 8l about

| ess than about 1400 nm | ess than about 1300 ess
1100 npiy dass M@bomzl@oo mm, 1¢se§gmtaham AWBoun, 1dsk0Bamabout 8&snh Hass than

sbout G 1 et Mo o T B i PULB, s ik bt g3 B loss

than aboit 50EEE, khahaniot 4§@anl&s 1has Sbdl 00 A0 Wss THA alBHtu 350 nm,
| ess than about 500 nnéSQ ess t han about 450 nm | ess

less thanaheubHlamJees then ab wanleabdan abB 2Afnm, dess thahahout 150

o, 1330S 50 £20H 8500y G52 10 et

hght—scmltpnh@mthoﬂ@,ﬂnﬁhﬂbﬁpy? br otiver apprdpeiate mb@odabout 50 n m
35 neasur ed ht-scattering nmethods, rmcroscop

R aBethere 186‘?" SFRICHASALI® ToMBRRHQNS of SipgsEcALMY ention,
and thd 1Bféc&%ﬁq%6ﬁdrﬁéﬂl%%oﬁ1 HHﬁ&ﬁstlh‘f)Qﬁlcﬁfart ﬁtg?{sgﬁgr%dlazepme, such

i nventi on, he i1 njectable nanopart |
as lorampnmo sautqpomplqs rthqm Anvd audifactive evipagegmritdev szt afdessithay about

ticles that .ha
600 no, b sueRER T ke tveaes it SeSisira hanaggpe 550 .
less th&QfboN300 fin TefaharLAHHRE 1 SRR Slesd A8n BhSR AN Ytﬁl ?éé@ﬂﬁﬁ%bout 300
particle size is |ess than about 550 nm |eSs

nm, 163&6]@1?\1&&1399‘()25%1“4 lesssharhghouhBYLmmAses thay abasg 459 hmnleabthatl about
100 nm4(1)€%S gﬁgﬁté}ﬁ re}g)s%%an a%% I ess than about 250

out ess than about 150 nm

IAas‘Seffehave aloage p:laﬁil:lemnm:2 ?Hﬁﬁ; thinasboyp 2000 rih” ﬁféhrll@ﬂhaﬂ R 3&ast
0 an ab ut 50 nm_ An "effective average particle sjze
50% 0%1\1 ez dicReiie SKEh ASletsacham. DEiches TeNad paticlcesiaa losgbgbibe

effectntehﬁrefh%@ Z&%é%ﬁpb Feles§’ G a nﬁ?\ﬁ 2@6? ?ﬁc thep@fffeétweea%e%gy Particle

a particle srzé I'éss tha t1ve average
size” 1&/\]@$Sghtm, ab0u131900 ws stheiairleash ebiut 30V0ofithe bérdzotiiagepine, such as

SRR s T PANK R,
noted tO@NZREE. ATEPEIND is T6 ITox%"le b&%ﬁﬁ@rﬁ@l@sm@@f&f&%h@c@l Apove ﬁ’i other
size of |ess than about 1900 nm when neasured b

embodisprnite Ablead abesNg aelsast TheutLe at kastrabeut o tdrat steubout

99% off b bbiefiagusBiE on & GREREnE PR en byt h PR BA TR e
effecti@ferage, iad, lbssabin #o0t2000%%h ot 00&inzZ aBbAZIBD0 Men, e&UCH

as | orazepam particles have a partlcle si ze | ess than
p thedyreseat inyentione thg yalueiforD50 pEa sanaparicylag berzodigzapine, such

as loraﬂ:BQﬂﬂE PRt is ARPAABA%e BbwaHifich 50% of the benzodiazepine, such
as lorazepam, particles fall, by weight. Similarly, D90 is the particle size below which 90%

of the benzodiazepine, such as lorazepam, particles fall, by weight.

34



In the present invention, the value for D50 of a
nanoparti cul ate benzodi azepi ne, such as | orazepam

W@ 0vp08$shd on i s the particle size bel ow whi ch BOR@S1006/005224
t he benzodi azepi ne, such as |orazepam particles fall,
by weight. Simlarly, D90 is the particle size bel ow
whi ch 90% of the benzodi azepi ne, such as |orazepam

rti C ti

nop;(l; eL kmngenzo aigﬂklztlecb[gll gﬁe zgo%z% Pt an%{%'ﬂ'f“l"fezset?gmzers
The rebtla:t ameulﬁﬁmﬁbﬁrﬁodlﬁzdpﬁw adjhaag efrargpams bdo@Sor more surface
| orazepam , and one or nore surface stabilizers can

stabilizggy Gan yaghetidelyTHEheptingh Pogreh i theindvpdual fvmnml@amdepends for

examp i % cEtaIi %? Itjﬁagd&tg Ig%cag 4 e&erSth %lgﬂg?s%g?l lgsﬁ(a s? and
benzocmmpmd iselzetpd.secls e the hgdk;ophxﬂnc hipephitib balayakr GFilB)| inelting point, and

hi | | t d th
the surfiof Pition cE nefs Ao b tahe sBFlier g BepAi e Bttt ser
FrefeRBNZ At RABRItRGon SF BenZEHﬁEc%ﬁl%) kioh dsN6racQREE '&Eﬁ iy Fdm

of benZzodi azepi ne, such as |orazepam can vary from

about 9% tto 80w 9,006 %a Hom at@ut)@i‘i%to rbarnOdfaur fgpyabant 86%1io about
0.5%, %}aévé?ghg %a{eﬁ%@ttﬁ% qutlcld é:%l?}éme in’étoﬁ %x ?é%%%céazepm% and at least one

surfaceoeatd letir Azoe prichediagothai edcgaadts. O]Hfghsw(fnaélﬁraﬁ)ﬁbbf thé @étive
not inclu t her, exci pi ents. her concentrations

ingredigpt qrg; gengey Mnlgreféﬁgii ér@ireﬁfiosgra@dgeﬁ@f igReystadpeinkd from
ProRASIAML &)‘i’i@é tﬁlftlt)h FERE¥e §%\Bfﬁgroéaﬁtva frglfnedﬁa O{S%ttg @bout

concentrati on sur ace st I zer ‘car vary
99.999%) dwtm. Fhobi¥/s 1000 mmbam D% roth aboutell®dbito &06%9 ﬁ)"/oabpuhlght

0
tasd o a7 oSS S i B a b
one sulRRZAMI 8L HoP iR LtRS dxefphg@Pam and at | east one
surface stabilizer, not i ncI udi ng ot her excipients. E
O her Phar maceut i cal Exci pi ents Pharnaceuti cal
npo e} ention may al so conprise one or
%r e E(?ttrl]] ﬁg‘a%m%%‘i@‘“a@H‘Pﬁa&agem s, lubricating
&@eﬂh&euﬁm pePosigorRAE HeSinvana tnediedSo cdnh@®elonB@r more binding
servatives, buffers, wetting agents,
agents, 2{%’%? ﬁ’(@ca@% %0@8%%“&&4&%‘3 SHRELBICHe flavoring agents,

preservgﬁgés?h\gﬂ%,s\ggcgﬁg g$é?195 Hﬂﬁﬁggggrﬁ%u 2%1‘\%8941’1’[ Lgéﬁ('téq b4 bk %lplents

m desir exci pi ar e
dependiargouponithe tdute aff admifisampinemdahe dodapé figmadyeiteds Such excipients are
1 | act. oﬁ]é r{%mohydr ate, |actose anhydrous, and vari ous
well kngfy i -exanpl es of binding agents are various

@Jahﬁbﬁé@%? %llﬂ{gdag%ﬁ@ Sa§e' fabt%ls‘eeﬁoﬁéﬂyﬂ\’dt@ M&&bfé’era%h&&ji%ﬁée 'and various

mcrocrysta I ne cel |l ul ose such as Avi cel
starchegyrrampies off bindineHipnts and vrrivus peltodes aed croby- hnlcesle and

oty S R 3 RS S5 B 85 R v P2
microcAGtallie dehfloké, anabilicifie mikrdchrtAINERIuRe P& oSolv SMCC™),
Suitable lubricants, including agents that act on the flowability of the powder to be
compressed, are colloidal silicon dioxide, such as Aerosil® 200, talc, stearic acid, magnesium
stearate, calcium stearate, and silica gel.
Examples of sweeteners are any natural or artificial sweetener, such as sucrose,

xylitol, sodium saccharin, cyclamate, aspartame, and acsulfame. Examples of flavoring
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conpressed, are colloidal silicon dioxide, such as
Aerosil (r) 200, talc, stearic acid, nagnesium

wGoL@ansgse4s cal cium stearate, and silica gel. ERenpbme6/005224
of sweeteners are any natural or artificial sweetener,
such as sucrose, xylitol, sodium saccharin, cyclamate,
aspartane, and acsul fane. Exanples of flavoringagents

sgcnts BTGB IISRE et 5 BFATC O GbRE el ot Typrs, and

the 1ikr €servatives are potassi um sorbate, nethyl paraben,
propyl paraben, benzoic acid and its salts, other
dStaprpdesoff ppeseniativesony petassding serbatd, metiylmsaben, propylparaben,

.but.yl paraben, al cohol s.such as ethyl. or.,benz
benzoig peitiABT i o offeE o By e s ik oyt paraben,
alcohoBUsath 84 &RYYordRABA URGEOIS HEdhoBe cOBPadlds QREHAY sHahEI ke -

Sui tabl e diluent’s include pharmaceutical |y ‘acceptable
quarteinget qonfouneés snch gg benzalkomvat eldegids. al | i ne cel | ul ose,

I €y:1.d] hCiCal Cl .d

S8R SR AR e AR ORS DB SREA T 6 Ron o5
microclydtalind Seliuludk Udéetoss, dibasic yalcainl piwphatt,| satadatdess indiommixtures

Avicel (r). PH O and Avjcel (r). PHLQ2; | actose ?%Ch as
of any pf thedereehipgo fyramaics of drpergsiaclyde asraerystalling cellulose, such as

B : Cr L . .
Avicel FPATITR 38 Bidel Dbt G2 140638 SR CIUBNARAL Jaqi bt drous,
and PhaffaigddPaDeE2 1 ; Qibdstiaiwth phodpbateantsad Bigtordpreks g Rtanyitol; starch;
. crosslinked polyvinyl pyrrolidone, corn starch, potato

sorbitod sueoRe; amgighicoss. ar ch, and nodified starches,

SRR e SR A s,
potato efat@dy, weaiearclggah i dificd seirélesyasoanheltse pbdism, srosfip@ddone,

. an organic¢c acid and a carbonate or bicarbonate.
sodiunsgfatel @O&t@éﬁg@léWQ?éh?rﬁ%ﬁ ude, for exanple, citric,
t 1éCof fReSeent 4
é?gu I C %ci S dﬁg ahhydrides and acid salts. Suitable
a carbamtdariatabomiad Siieblebogaiescidniotiude, fof evamplaeptie, tartaric, malic,

.s0dj.um car.bonat sodi um bi.car bpnat e ot assi
Fomarig Ao e oInBoR MO 451 AP BOHRCEIoh aiyh B i v ahig carbonates
and biSPBHAMRs FhIEdd) CorGRhMPRASRIuh chivdh#te, LalRPBRh®onABhotassium
argi ni ne carbonate. Alternati vel y, only the sodium

carbongiec hetBEsim bicothppaisemegnsbiunhearbrats, yedibmralydnuparbonggg L-lysine
: . 0S i 3 i
carborge, BAER SR CordiBled SRleam B, Bh U sl BRRR b fent of
the effefvesspassipRangsbd presamipri si ng a nanoparticul ate
benzodi azepi ne, such as | orazepam Aerosols can be
defined as colloidal systens conprising very finely
Vi degl. | gt : [ [ ed in
gl;]. 1 s ulg?lgﬂamﬂ'ngt{/lgg&gsta@ NindPaYtifhle BnzedfleRRES
The compositions of the invention encompass aerosols comprising a nanoparticulate

%@Eﬂ dre eBBivBient SHGESNuEh a@Morganic acid and

benzodiazepine, such as lorazepam. Aerosols can be defined as colloidal systems comprising
very finely divided liquid droplets or dry particles dispersed in and surrounded by a gas.
Both liquid and dry powder aerosol compositions are encompassed by the invention.
Aerosols intended for delivery to the nasal mucosa are inhaled through the nose. For
optimal delivery to the nasal cavities, droplet or aggregate dry powder particle sizes of about

5 to about 100 microns are useful, with droplet or aggregate dry powder particle sizes of
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Both liquid and dry powder aerosol conpositions are

enconpassed by the invention. Aerosols intended for
wa@ledocessy4 t 0 t he nasal nucosa are inhal ed thr opghusive6/005224

nose. For optimal delivery to the nasal cavities,

dropl et or aggregate dry powder particle sizes of

about 5 to about 100 mcrons are useful, with droplet

about §U toaagg %ﬁr&{sybeg‘%:’iﬁgferr r'i“heclxagloﬁﬁﬁgﬁla&fﬁg%{{laz%g %arucles

0 m crons referre he ‘nanopar
are eltltee Buapdnwsp |t1nfe11cpaa1 thioplet Soraneqecdus eispstsiomerreedl, ion cdhhprlsed in

dropl et f.or ueou dlspe si on aerosol, or
the ag?&%%%gf‘r ﬁgfé/ r P%C%@%fé@g EOYEI fs Plofs apzal delivery.gylagger
mhaledjﬁéfuﬂ@‘é% hs @RIES R maﬁﬁﬁzé"iﬂgﬁb’u&%ﬂ 8 m¥sal FruleBSO81 to mlmmlze

i nhal ed particle size is désired to maxim ze | npact
or prevept Ruh@onars glepesiitwsel thaadministired frirmslationp irdmmdtpamcles may be

t f th f
deineP ) 156 (5GSBS RS Bl G s
lorazepArQ P )airs p@@i&ws 0% b e dSt S8 dach NAEIBZQ AT, 6(9} s powder
particle, such as |orazepam (2) dry particles of

agereciien obrinaneppitivlatehsspodiazepcasish asorggpaiy gr (&Mﬂewamcles ofa
dlluentWF}?%‘}L seoafn e%ﬂ%?ﬁe)oﬂgﬁrntz&%‘i ?*n% Qﬁﬂzag%rgéef)ﬁfng iﬁlﬁlghes.

orazepam or I'cres o
domdeliwey nthe nppetdespitany fgicag ahialed, paititldisiass of about 2 to about

. ticl d I fo the upper
0 B B s e S Bo
upper 1’é§bn%|&§fgtreg19h Ha§be Bés@a‘bfe of & B%Jp%ﬂlcuMﬁH &n&ﬁ&gﬁgﬁﬁd stich as

to about m crons. Fivery to
lorazepraelslpﬁnpmr@plps,rth@fu aofntormy loogllyd eEhus sdiecarfsora mnopartlculate
te ben such as raz

benzodi BB R B RE GPEa IR yphER R ienk GEF B Rissolve and
act on e GRS AudtEGNAE hirG by, dhtBe BT BHLAZRRIRA in®URO bRBdstream of
| orazepam deposited in the upper respiratory tract

the patiegh ldowevsr.the goal forcan ighaledbenzadiereping, sedheasdragépam, is systemic
t
deliverfy Ry o AN R Re OB 2Pl Mt g ottt

oral adimidistkaidnb &niz pelifazeipthaie b@ucdl?ﬁ@lﬂepmhe@ ddPazdpams y@ﬁ&l{]m c
BTN S N N .
99.99906Mh8 bodilaBle Rifacd ireé for %rtﬁhﬁfcfle?z@gfrl]lg 2531 ?a?ﬁﬁ‘ﬁ% LAZERbMon is

such as | orazepam which Is 1nt or systemnc
locatedg itherpesiphental amgolbeThs) witk aéxmmsiraltlba tatheableatar regjommamd

absorpfdifoa IR EG e et Be B HEGhERD RUeh5haIE Figicle

sizes of lesxh@dlabdut L iRk bRRERredl veol i . ThUS Wi th
adm ni stration to the alveol ar region, rapid

absorption can be realized. For delivery to the deep

lung @al ve n rgicl i zes of |ess
t han gbout QLf &L%égﬁéfgpgan peafrgﬂ!l%ge ﬁinm&%g%‘ﬁ?r ation
Obr Naropaudrowl Ifc&hmlﬁﬁmz,wnwmme berzoauents saet &5 0|
fornmul ati o nanoparti cul at e benzodi azepi ne, such

lorazeppyg, a&z@ﬁamcpqs éﬁ%lﬁﬁ?etni 8 aeongeniration 96 Abous 0.0§ me/mL up to about 600
mg/mLC 3¢ 8R! FAtde? QeBboldBMiathd Sndﬁgfaﬁﬁjcﬁigtetb%n%%‘?&tepﬁg such as

lorazepam, nanoparticles are present at a concentration of about 0.05 mg/g up to about 990
mg/g, depending on the desired dosage. Concentrated nanoparticulate aerosols, defined as

comprising a nanoparticulate benzodiazepine, such as lorazepam, at a concentration of about
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ng/ mL. For dry powder aerosol fornulations,

nanoparti cul ate benzodi azepi ne, such as | orazepam
Wo2006/0888b4 cl es are present at a concentrati on BET/ERIING/005224

0.05 ngy/g up to about 990 ng/g, depending on the

desi red dosage. Concentrated nanoparticul ate aerosol s,

defined as conprising a nanoparticul ate

n ' ' 0
10 mg BAEO) AHEPLAFmaRHE ordu REAERRBTLrRMaBoRORREMALN S flg up to
about %)rmg/(glfof dnyrpmgalbr &a18s0l ﬁo*rdlu&imult a%@spwglllfgallm eficongdaset] by the
for r er aer oso or mu tion
Presenglﬁg%rrtﬂnc ANlorg ceme&érﬁtv&g@s@swomé%wse@ﬁ? hﬁfi@%&vrﬂwf large
quantltl}@ro? aGRNGRR {lﬂﬁt@ @e&%ﬁﬁ%ﬂmé @ﬁéﬁ‘és‘ﬂah i&nae |1@ra£ , to the lung

delivery of large quantitiés of oparticula
ina venesimdcpeapé of time, élamby asoviding pﬂfmtwc udlekw@y t@ apme]pxm ateas of the

t he | ung. ver hort period o
hung or kS g B ShoAAPTERTPBRDRS be.alsst Bk Pl T pekRads s
compatddao |a§1'iiﬂu§tfati@ﬁ$ﬁ{es RV kd B %o RO mINAES asHHIADNINTohnRdritdRal
times, i.e., less than about 15 seconds as conpared to
pulmomatynabwizentherpiesi mes of up to 4 to 20 minutes as found
in conventional pul nonary nebulizer therapies. 2.
Agqueous Aerosols The present invention enconpasses
aqueols f or A evius AepodWPr i Si Nng nanoparticul ate

enzodi azepi ne, such as | orazepam nanopartic|es.
SOERST Y FRIORSNEARPITFES WG?W@H‘PW@W@&W@%% nanoparticulate

benzodi®e ﬂﬂedﬁich% ’r&e hlﬁnﬁaéx%gaﬁcﬁg’oﬁlqi{ed@ﬁtf&ﬁn MR8 the invention

nanopafticul ate en%o zepi ne, orazepam iIn
comprige ceidm@ wiispesshins lo€ a phodh mtee—salabkesmhomﬂculaie bgnmdt&zplmne

trasoni c nebul i ze The advant es of
such af gbabaciyin oL VBRI U LS deh By i ﬁlﬁ’é‘ﬂuaﬁgle{ fgltrasonic
nebuliZerZ €PheddvaRRERITh ik @ltRn2Al beQ Y @Rl bkﬁc@ﬁ@&hﬂ%ﬂe sizes of
benzodi azepi he, such as | orazepam particles wth the

nanopastiowate gnd poryightionnl @pcr@ngegﬂ)bmd@aemgc suehvasrdpiagensm, particles
with thgesbzl‘ég afﬁ@uci(‘al g%ga?e\{gﬂ{odgcegil bl},t €O, 1ongfjne% 1§er§ abon\?entlonal

mlcrordzean@zttexﬁalam geriesal B1HDOONL maetbehys hhaoﬁsamsﬂeziﬁ d&mdtehemd 1s
qui d dropl et size produced by nedical nebulizers.
approxetaﬁt@%r&@ samgFapas e dignigidopetrsresdrradusse by medicah n%.lzuhzers In

contragt q{a"ﬁé E‘ﬂalal%rb%gé%d*’% E' QA ¥ E)??% éﬁﬁ drb SibstAGaly GRLIRE $han

In su an aer aerosols conpri sing
the dropéetoipasuth enbhabslbdhag demzdp comprisng haramaﬁmuh:teelpmnbdlazepme,

i rove dr del i ver eff i enc uch aer osol
such o (IR RP SR TR G AN CBRIRar L SueR TeRrBE RrPr i pigher
numbef 85 8anopSiFieleh 'p@19uﬂ1ﬂdc%@%s1ﬁﬁﬁ§ﬁf€abl¥ actosi10R Qfopta %ﬁﬂaﬁﬁﬁggactwe

active benzodi azepi ne, such as |orazepam Thus, with
benzodignepimestuchis bnazspamhe same dosages of nanoparticul ate

ol R AR BB B BB iR

benzodi@zrepﬁl@l sufcﬁ hﬁlﬂr@ielp@ﬂﬁ @erluhg biNgasal deii9 PaifideGiidadik Covered by the

benzodi azepi ne,, such as | orazepam
aerosol formulation comprising a nanoparticulate benzodiazepine, such as lorazepam.

Another advantage of the invention is that the compositions of the invention permit a
poorly water-soluble benzodiazepine, such as lorazepam, to be delivered to the deep lung.
Conventional micronized drug substance is too large to reach the peripheral lung regardless

of the size of the droplet produced by the nebulizer, but the present invention permits
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Anot her advantage of the invention is that the
conpositions of the invention permt a poorly
wowioe/08ssel ubl e benzodi azepi ne, such as | or azeppOT/USHO&@5224
delivered to the deep lung. Conventional mcronized
drug substance is too large to reach the periphera
l ung regardl ess of the size of the droplet produced by
.t he bul izer j [ s to
nebuliogry SF bR vec? $hell (BRREET B A RILIORD gquequs droplets g
deliver 4 poc@bowhteRsotirble des)odiagagneisuch aplomtzepany, iudhd foum of

poorly water-saql ubl e benzodi,azepi ne,, such a
nanoparfglen ipAvePl. (18 SKAPRIEGE SHDLEE FEPES TpHaF hegerosel
[ | e of such devices is the
(Westm%&i F‘g)gé.h }‘chtgﬂn%?, AATP

aerosol (Westned Corp., Tucson, Ariz.).
Yet araitet hévantee ari thegevation hethphultratonismebslizgig gan be used to

. | ' L b [, :
activer §apaf SRTH B BeRsoM s aprsct SRR A b IS N e 0Py

convenfidl iinizbMinateSiak ARNALticAREd benzodiardpted sudhtasiombepam, are
nanoparti cul ate benzodi azepi he, such as, | oraze

| m .ar
readily peyastilizod aed ghony goaddn afty dapemitign ehprﬁﬁewkc?-voSé’sggF P?%ﬂﬁl?age
.char.acteri.sflLcs. A i £ . - i
e sFAE RS e BoRRE T b B AP bk ok R,
be acroREQ B areponie nelsulizhrsaghitloregriepa mndpertivelaebagofiazepine, such

by ultrasonic pebul jzers which require a .
a5 lorazR BB R PERUITONER VBRRTHAER 14 Rntibe S Of rearapsaliveq Groplets
While o?)ﬁ%chtfoﬁﬁlod'fﬁg rﬁﬁ?&%ﬂ {VoliR 1Rrex éc{ii&ﬁtot&cﬁﬁe tHeQporéNeudi ze of

e aerosolTzed droplets. € conventional drug
nanopaftiztibtdsalre mnch smbkerenp ean pass thyougittha peres watheyt ificuiye h

anqgparti cul at are nuch small er St
Aretor e Ro e BT rraa 0 e b SRRy p iRl
water-sb bR Ben@fdibeptResiehhg Naegtph@l ®hith iglhastidallliinsvluifle m water.
poor 1y wat er - sol ubl e benzadi azepi ne, . such

S .
Since dissplation zatg isshiupptiansofheotal sautacy arersdi ahgpeodzepitetuch as

Since di.ssol ut | 138+ @ of i e : h
s G PRI P B RAB ISR L 05 bt
much fisteriBssOigion rmesthan comreatidnah eligrodized deg faeticiesdi Ehisganresult in
., hanoparticles) have nmuch fast tion

: di |
o Syl e S5l hete TEn it e O ssokt LG,
adminidtBled bgﬁ’ibdﬁ&%ﬁié&, sulh Epfo?azéﬁeﬁh,cﬁ ahsest inQhoefcomipldid ftssogddion of

enzodl azepl such as lorazepam For a nasally
the dosaghihaei witlea eshdperticobitadepiofidie keuaddizrspingr sueh p&lﬂfalepa@a‘ihe

[t ip[ | et t f th ' :
T R e N R e R
mechaSit@h as | orazepam the nanoparticles can dissolve

rapidly and conpl etely before being cleared by the
mucoci liary mechanism 3. Dry Powder Aeroso

Formulati o ot he | the invention is

dir ect32d t ﬁgﬁo%%%%@%wl?@énﬁul ations conprising.

A ReREQdiddRnin of tiruasvension isodiszmdaondryf powdr laemselfprmulations

and/ or nasal adm nistration. .. .
comprising a benzodiazepine, such as lorazepam, for pulmonary and/or nasal administration.
Dry powders, which can be used in both DPIs and pMDls, can be made by spray-drying an
aqueous nanoparticulate dispersion of a benzodiazepine, such as lorazepam. Alternatively,

dry powders comprising a nanopatticulate benzodiazepine, such as lorazepam, can be made

by freeze-drying dispersions of the nanoparticles. Combinations of the spray-dried and
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Dry powders, which can be used in both DPIs and pMI s,
can be nmade by spray-dryi ng an aqueous nanoparticul ate
wale@pessbon of a benzodi azepi ne, such as | or azB@EEDS2006/005224
Al ternatively, dry powders conprising a
nanoparti cul at e benzodi azepi ne, such as | orazepam can
be nmade by freeze-drying dispersions of the
i [ SAr
freeze B R RS D8 B PO WBE gy
aerosolfetmulationg MbhsopaFinulale Yerrodidespies sadods 16@arepahg iR, présent at
ano icul benzodi uch as.| orazepam nay
aconc‘s’érﬂaglée fﬁ'%oua? 03 rpg/8 g, Aby 8%8 T ARANNE dijionsthegneye aenqeatrated
aeroso%%ﬁlaﬁgﬁ)s @9/, 90r dr p@’&éf@éﬁa‘e%o fo%gﬂﬂf)ﬁs R ?l%fto about 990

aerosol formulations (i.e ry po er aef
mg/g) hayerthg addiidorsl acb@utagi Of m’o@ngj targ@qmuues @Dzi)balgb@)zzdpa’nee such as

t he . addi.t,ion ar nt|
lorazer gt 0 BN b AT o oD B Rk F P PepBanind G geibout 1 shout 2
secondel@j pwgy.ed to the lung in a very short period of tine,

.., about 1 to about 2 seconds ( 1 puff). The
|Wéﬁ‘f€ln@}ﬁn issaleg disecifdrie dnepowders piohoninprise nariaphrticulate

compoglﬂgf?ﬁr fof g@?d?ﬁi;}%#ﬁ%i'd% 19er?0'mg éo&vd%p?n | W r?ﬁ‘ﬁg?rm gjgllaag%l

aggregatgg obgaimpanicuataene@daidpiie| aich ab ﬁﬂﬂb@hlﬁ; mhﬁﬁablé pahicles of a
| orazepam or i nhal bI e particles of a diluent
dlluentvﬁl}

iglhe P ablsasi one gbeddsddentndinrarine suph avlomazepame Powders
compriSig R rﬁﬁoﬁa@ﬁﬁﬂﬁ@ BEZoHREGHS SHATRY lb?izﬁ;%n‘? can be Ereﬁ)ared from

nanoparti cul at e benzodi'azépi ne, suc orazepam can
aqueous digpeusjpais efindnopmtiztps byusmdvisp ﬁreswat_msbsoéprabadryw o1 lgbptslization

I i ng .t he er. b n or . )
(recze BT YR iy R LRy aE Sl epeing than frogegdrving
and theréfOR BORTIBL TN HEWSvEXReRR BzbdAfpldesa%eh 3 Mrd¥pam,

and therefore nore cost-effective. However, certain

benefitfeamy b&pbﬂ@pﬁmer@thes then sperytdsyiag ép awkmﬁéhzepowdﬂrfomulaﬂons

| Ki
T
repeataﬁhlvddhem el $riteted abloant o l&ﬁZ(bHi@iepimé, sueh@s lcﬁr@iefpama Moreover

eat ab el i r t he i ntended anount of
such dgy E&H%S&J?%ﬂ? iy chspase [ty dry PP BT by iBdividual partiples of a

resplraEi@\éizﬁe@oHVé{noH@l 1ﬁf%hﬁn£e‘&ecfrb%#)é{rtlgl'e§ BES-S Fc'i]&lsqﬁ%d?l?é@gea&e often

into individual particl a respl e size
difficulCtsnmetet amh@lbpma:mcsmaﬂemadmmﬂg beeause of ‘Ehs etdctr@stBtigeabiesing forces

e TG e B U oL S R ey

device 8OWER by ﬁlcf)ﬁbfe@e?pdvv&@ H%?Ersidﬁ ahd %ﬁb%ﬁ%ﬁﬁf &livda8 She lung. Many
ifficulties can | oss of drug substance to %

drug qul@quvé% padisplagly aehenmhalzeame; sveb aplaseasppoyete intended for deep

t del th
hung dfiv B8 38 <o BRLSRRR. ST R Pl i oL Sty
preparddairppepders af @ubliy 2rile earfgo bf de®midronyg tibefrdcyionh Wf aaebrial which
em C éeibsor ption. Since the average particle sizes

actuaﬂ}b%éae‘%ﬂw% Vel (Pglop mycetritg spafovdides.sleliyesy of migmopizedhdry
powders Iﬂ@tﬂ’eq{l‘xgge eSfectilld tHH AVOS rebildE, & @ﬁérhl%%é% B8k Aecause of

the propertles of the powders themselves.
The dry powder aerosols which comprise nanoparticulate benzodiazepine, such as

lorazepam, can be made smaller than comparable micronized drug substance and, therefore,
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actual ly reaches the alveolar region may be quite

smal | . Thus, delivery of mcronized dry powders to the
wo movg/osssspeci al |y the al veol ar regi on, i s genepPel/Ug2006/005224

very inefficient because of the properties of the

powders thensel ves. The dry powder aerosols which

conprise nanoparticul ate benzodiazepine such as

an nade conpar abl e
ave ay PR EE Sy SEHVRY T8 darilung  BIRSE v, Agptpestes of
nanoFRRERE badRd{28pife fsuel /MbradShdnY ks L}fh@ﬂ&ﬁ% g&5Reth 4 have good

Mor eover, aggregates of nanoparti cul
flow pronetigs. éh@pb}h@ldlrgun Idowsmeton@g aphdrpositien sHtheradoanistered

compggggggr[%e %roi}ﬁl\ég ﬁgf' ow properties, thereby aiding

ose e %03|t|on of the adm ni stered

c Ay ahopapticulste bbhﬁpbdiﬂ@ls%n Bassdd 1%&1{ DPE-an®p¥IDIs. (In this
nangpart i cuI ate conpositions can be used in both DPIs

invengigm, “gRp| istery fof qanmrositiondiyingdess tipnabonief% materd a
conposition having | ess than about 5% water.) a.
Spray-dried powders conprising a nanoparticul ate
benzodi azepiane P@piay-slrivdpowideirnepmprisgingparti cul ate
benzodi azepi ne, siasbpagicubitebeRsdiazepihebe made by
spray-dryi ng agueous di spersions of a nanoparticulate
b eIt soRIA gﬁﬁ%ﬁpﬁﬁcdl%% \[/5n Eg sﬁcl?&lar Io ?a&@pam can be
stabilizer 'to forma dry powd conpr |

made Ry gperyadreigragnemadispersicas of b ammmdrtmxltaltmbanzedlatepam such as

m .The re es can haye ze of about 1
lorazgg 3 B R BRI  SPpr e B formiss Pegeated
nanopﬂtﬁildu‘lwé YenzbbRz@ggraeiRbLlopRepdnt. Thehdhe&ad 8 hhﬂ&& §28 6fabout 1

to target alternative delivery sites, such as

to abqyh danicrong NewGhals spigailefer épemlagaﬂembsshmgggrm@mmg size can
be 1n<fr9£e§%%% ?etr{lﬁﬂze%feh@erg gso gl!ldz?lzag %enl?pénels grongﬁial region or nasal

orazepa I'spers
mucosaoy masiasigg tlfeeeodcaﬂﬂaﬁbn sf a Bergﬁﬂﬁlzqﬁﬁad stidh dsh@ra&ﬂjaay in the spray-
ernativel aqueous di spersion of a

aried HighSion ey BY HA b OB RGPSl by orzpain anc
S WieA@ivelyaielalyd&Ius & eﬁﬂﬁmf 'asrﬁnﬁpa‘ilf Vﬁgﬁg \5%0‘3 Hé such as

such as |actose or mannitol n spray
lorazepgmpgnd ﬁhﬁilca bﬂablhdcﬂ aaercbmpesd & disedyededibiientduchiak d}ictose or mannitol

C rises ast e, € ed benzodi L such
whiotf SR 35T B, (RERS D B B GEH| G mieh OF S19H Couporiogf least
one eflbtdiRA bepydidzepias, sitch Bs RFaz8phe A8y RIS Al 3&BRERBDilizer. The

such, as Iorazepan] nanopartlcles can have a particle

diluerd pagticlss vthoan embedded bensodinzening, sweh asdolazeriames nﬁmpactmé@

| th rt |
v | S48 o S g G e SEeR Se,
addltlelm,cthe diduenb partiplesizelanbe hlc@éasécb’@l t@x@eﬂﬂteﬂ%@ﬂelfﬂéﬁ}oﬁ%s bs)ﬂch as
i t.he concrntratl on of dissolved diluent in

in
the uppfie faais}?égldgglap SpBE| BHCPRRbyngrEAsisr hy comappigtionnf digsolved
diluerlt REHRAFUA s WP HAP:RY: 1S ALy drying, or by increasing the droplet size

generated by the spray dryer.

Spray-dried powders can be used in DPIs or pMDISs, either alone or combined with
freeze-dried nanoparticulate active agent powder. In addition, spray-dried powders
comprising a nanoparticulate benzodiazepine, such as lorazepam, can be reconstituted and

used in either jet or ultrasonic nebulizers to generate aqueous dispersions having respirable
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generated by the spray dryer. Spray-dried powders can
be used in DPIs or pMDIs, either alone or conbined
wowaok/08sseeze- dri ed nanoparticul ate active agenPCposzies/005224
In addition, spray-dried powders conprising a
nanoparti cul at e benzodi azepi ne, such as | orazepam can
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stabilizu.c Euasagtgt’@afbamiy Hine 6i38s wﬁhlﬁeﬁespifabl%daﬂgb{\ﬁi er abcﬁft 2tth@bout 5
ropriate parti.cle size can al so_be obtai ned

. ap
micronsy ¢@5eeT AESFPERSC BRftiels sirearatples Qhtened fxr th&ﬁzrzgoﬁlfazr@ﬁ drdivery sites,

Suchasc,glgqla?aqrﬂﬁggdzepam and surface stabilizer, which
additironally nmay conprise a dissol ved dlluent such as

| Exe¢zesiried powdansiof die. appropriaesmrticls siae casalsdbe Mitemzda by freeze

dri ed powders c ri se respirabl article
drying ghh i BRPEShs 67 Dho A drin et s IR tnals ong sa tase siabilizar
which BAIASRk/ia nfprRe RZRALRZE RlIRG s§dlﬁ1% 18todeUr3EARABY. In these
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instancsp thedlreeas dried mwwmmme\mmabbrmw@m cﬁ”dhluelgt each of which
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comprBLRTRE bk o R RE b R oot 56 R o e
SEi‘eéze&dede’oaﬁeﬁ&ﬁh be aBedoi IVRIE o IMILE, Withel And diseshbinkd with
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Spray-%F@é@agpad“ﬂ@ﬂ@F @pwﬁér HavAfigon cgsize-dprd Pavegs epntginiias
nanopé?’ﬁ&ﬁ?te SRfrdd tsuGl‘P ok anziltcah %@Eécoﬂg’tﬁu‘ced and used in either jet
nanoparticu ate enzo l azep sSuc orazep
or ultrzﬁomc exbulatestto panapia ratlumﬂs aﬁ@edlcmp dnging msmmb‘le dk@d)et Bezres,
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where g iPRIgH A PR Ba A dASh 0 wAng B A G rheREoisBin st 8
lorazeéégf COYRAkrhtOM nhiopdticBREEH s fPsiBnPhF SRS b NSEIGRTRAS hide®R of the

invention.

c. Propellant-Based Aerosols
Yet another embodiment of the invention is directed to a process and composition for
propellant-based systems comprising a nanoparticulate benzodiazepine, such as lorazepam.
Such formulations may be prepared by wet milling the coarse benzodiazepine, and
preferably, lorazepam particles and surface stabilizer in liquid propellant, either at ambient

pressure or under high pressure conditions. Alternatively, dry powders comprising a
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propel | ant - based systens conprising a nanoparticul ate

benzodi azepi ne, such as | orazepam Such fornul ations
worayelogssps epared by wet nmilling the coarse PCT/US2006/005224

benzodi azepi ne, and preferably, |orazepam particles

and surface stabilizer in liquid propellant, either at

anbi ent pressure or under high pressure conditions.

. [ t [
nenop T Bei st oA RSl B S RE T o PREY B B -G
freeze-SRiAY adlepd\@isPrsibheLeZenmbyirtiGulas lb%ﬁxtﬁhai!e?me ek l§10@efzepam
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with thejresltentepormsist disnersed dviaspisabiy Bioeplkud fonues @&Oﬂmt@nal pMDls.
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f@mthd:mmhmdsncm of eesnvention npdicaptad tha ppdREsandeotiesition for

he inventi.o directed to 0cess
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pMDI\@RRprisé Hﬂﬂi’ér ehPEREOd indERRItEes HdGhrface dtaliRzee Nidregates of the
pMDI's can conprise either the discrete nanoparticles

nanopastieles gird setace stabilizerz o dilugghpaseleeeoraprisipgthe embedded
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es conprising nan artlc
the lungaor the aleeld. Comph@tge tomgntidrel ﬁﬂﬁﬁ!ﬂatroasl ithe/prebdng invention

conductjing air of the lung, or the aly oI|.
affordgggisaseds celflefiyery o eree D S TPBIPRLPosartHES InbHE ﬁ?%@’é’ﬁtﬂdes are
smallel PR bhRRBA HidD ii% ﬁg (@?}nﬁéf@ﬁs?l L@ afeBstHBSRA Hi'é}gl larger

regi ons because the nanopar es are snal
mucostharal ol entfawrrata asi aonmarezletd mtadzmzadadrugxz m cr ons) and

o i e PR S8 BB Binstod o non
chlorif¥diOR8pdiiaatsl WA csHtkigedMWbsar@éul4te QeloByIEBih@RtiGRTan also be
utilize either chlorinated or nonchl ori nat ed

emploprcoipaiMiabs s. Concentrat ed nanoparticul ate aeroso

fl%rar% ci)%&?s S&Q-pﬁels&&lé@& m%ﬁ@lgr%yﬁ%nkgn@y%%%ué gqlﬁd which has a

non- ag ue non=pressuri ze

vapor pﬁ@su@é]blﬁpuﬁl bif Igsh o rodih Ginasiu iv aparasprmiing @ediimlandtmay be
or |ess & droomtenperature s used as a.m
d

evaporged; 10 wiekha dppRrneBAEG MBS PP entliaZsPipe o paefeﬂ?&ya lotdzepam
nanop{ﬂ‘ﬂ@l%p ahd bR dRRZ Q‘ﬂé A6t n-ghs 0 gﬁ!id% R |e¥<amgle a high-

razepam nanoparticles a
boihng]haiemjamdds/dchqnhod Ty dt}a;anbpmleudaWeazochazhpxthdlprefgrably,
hal o nat e rocarb The gr articul
lorazeiign SRR SREPRHPIgR G wPaEiey mAsgR: B B HaHObAPYieblce
propel Uap%bbémtst S8 ROHERehat pemibe mixed with a
sui t abl e propel | ant or ?ropellants and used in a
cOHlemativednah aprgdpurized milling operation, a non-aqueous liquid which has a
vapor pressure >1 atm at room temperature is used as a milling medium for making a
nanopatticulate benzodiazepine, such as lorazepam, and surface stabilizer composition. Such
a liquid may be, for example, a halogenated hydrocarbon propellant which has a low boiling

point. The resultant nanoparticulate composition can then be used in a conventional pMDI
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Alternatively, in a pressurized mlling operation, a

non-aqueous |iquid which has a vapor pressure >1 atm
W@R0o6088304 enperature is used as a mlling ned poT/82006/005224

maki ng a nanoparticul ate benzodi azepi ne, such as

| orazepam and surface stabilizer conposition. Such a

liquid my be, for exanple, a hal ogenated hydrocarbon
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compo§i@idR @smpl R, BRBPbA $E&H/whased on % w w.  benzodi azepi ne

(such as Iorazepan) 5 - 50% povi done pol(yrrer 0.1 - 50%
pr es erbgarqdiazspime @gich ag larsmppm) adj ustﬁnéoé’gent pH about

6 to for injection q.g | ary

pr esezlfpl%’%jt vegwﬁ{% ude nmet hyl par aben (abou 0. 18% based
on % whregervapivepyl par aben (about 0. 02963%a828%0n %vv/vv)
phenol out 0.5% based on % w w), d benzyl ohol
(up tdﬂé@awt%g agpi exenpl ary pH adj Lﬁgﬁb@‘tgd%ﬁ]?oqi
sodi u%ﬁgpﬁ)pméﬁonand an exenpl ary %gw d carrier
sterile water for i njection. O her ef ul
preservatives, pH adj usting agents, and liquid

i h L th
NEIErHIAY R BRO Ut 001 e PR e ABTBARS 1 wird
propyl PREBR{WBAR D1 029% basea Bn 35 w/RY, PRERA MO VBISbdse®BA %6 Mwand
made usi ng any suitable nethod known in the art such

benzyl@gcohpbﬁupé«xgmﬂ/@) MR px@m@ary@ﬁg@gmnggﬁgp@tns sodium hydroxide, and
an exeBpB) RBhO, O BURBIG T ERor | Ui LN AR Atives, pi

anopar Icu

adjustif@ ARSI, bhdlguid carridesat mbﬂdcnomnunfa;e dPat ent  No.
5,145, 684. Met hods of maki ng nanoparticul ate
conpositions are also described in U S. Patent No.

ML Sviedfddd ©f Mking the Benzodiazepine Formulations

Nanoparticulate benzodiazepine, such as lorazepam, compositions can be made using

any suitable method known in the art such as, for example, milling, homogenization,
precipitation, or supercritical fluid techniques. Exemplary methods of making
nanoparticulate compositions are described in U.S. Patent No. 5,145,684, 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-
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"Met hod of Grinding Pharmaceutical Substances;" U S.
Patent No. 5,718,388 for "Continuous Mthod of

w@2ioamsssgd Phar maceut i cal Substances;” U. S. PatBOr/uBmo6/005224
5,862,999 for "Method of Ginding Pharmaceuti cal
Subst ances;" U.S. Patent No. 5,665,331 for
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and di sp er3|?le can pe used, such
benzodiazepine, such as Iorazepam, 1s poorly soluble and dlsper51ble can be used, such as

safflower oil, ethanol, t-butanol, glycerin, polyethylene glycol (PEG), hexane, or glycol.
Effective methods of providing mechanical force for particle size reduction of a
benzodiazepine, such as lorazepam, include ball milling, media milling, and homogenization,

for example, with a Microfluidizer® (Microfluidics Corp.). Ball milling is a low energy
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safflower oil, ethanol, t-butanol, glycerin,
pol yet hyl ene gl ycol (PEG, hexane, or glycol.

wEbdoeo8ssv£ net hods of providi ng mechani cal foreer/82006/005224
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t han about 2000 nm for the aerosol formul ati on, and

formylggion. t han about 600 run for the injectable
f %glﬁlsﬂodpﬁepme, such as lorazepam, can be added to a liquid media in which it is

essentially insoluble to form a premix. The concentration of the benzodiazepine, such as
lorazepam, in the liquid media can vary from about 5 to about 60%, and preferably is from
about 15 to about 50% (w/v), and more preferably about 20 to about 40%. The surface

stabilizer can be present in the premix or it can be added to the drug dispersion following
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The benzodi azepi ne, such as | orazepam can be added to
aliquid nedia in which it is essentially insoluble to
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be dispsesag ithadigpidiasdia ysing awitabls agiepeme. suriCatles dvpstmigar until a
homog?r%ggﬁlgﬁﬁg?%i%g'lé bl%s%%/eﬁ‘rﬁq \A}?lfchtdd’lére %eslfogl_a%ééag ! ovr\ﬁllelégt%% gigié)le to the

naked eyiexdt is pmffbliréd ﬂmahthﬁlp%ﬂﬁ@&&u@b@tﬁ@ tehueh aipperdligy digpkrsidn step
V\/nlchthere re no Iar% glorrerates visible to the
when afegircylating media mdll fsyspd for é‘&Fr“H%ct the prem x be

sxqﬁjne&hgﬁcmqn&m p“naarts F’éduké i) bgh?&ﬁéz%t)ﬁ’ig fERBs Mf,%e%pﬁn,

recircul ating ned I's use trition.
paﬁiclmmwmvcmbnulwewmsta]moﬂlb |f<91m oftn disphasien ntilk. Beitahie lmpapioneyills
can

i B RS Pt £ SR PR Sl 4
bead mfll.] ASmédig hﬁﬂi@s reRarell d? td the ddlatilely sHodter Millihg tlﬁle required to
vibratory mll, and nedia mlls such as a sand m [l

providethg dgsitrdradugtion in panislgisizenitior medlapmélm, ﬂmma@nt visedsiy of the
premix 1ﬁ Lo?egéréﬁﬁ 3%) dp%?tﬁomd Aboﬂ?léqo”%p{ef? aﬁc‘ij E)robaﬁr OYIéngethe

esl ron In

apparemn\hsidomlgy of the peqmaﬁsepthfmlﬂy @sirt aboaf 1 hbeo SRl 80 béntipoise. Such
out 1000 centi poi se,

ranges t? a&b {5%‘}1{ ongiral °“5qqﬁ§e9\a%&§§wnmmg pig Tegctigpuand media

erosiofPr em x is prefer abI y fromabout 1 up to about 100
centi poi se. Such ranges tend to afford an opti nal
Bk atititoh Emesan vedyfwidelyrand plapdrids peinsiieupeadhe partiouland

eros on. The attritio W|de and
mechaffE] ofbsB B Rape P esabitipheirsied dor B HED ahESide Bfsof w
to five e d?ﬂ@lfg%ﬁ fiiah Be GEUIRHH] ANCrvaLEIG! cesE’ﬁ"g tﬁ)@éslof sk |th°an 1 day
rocessing times of up to five days or ma
(residencecimescqf onpmianigawpito s¢veral howsparsipagsible melﬁl ¢ uB@@é,ﬁ hipl ghear
medla%lllijay (residence tines of one mnute up to several
ours) are possible with the use of a high shear nedia

Mihlelbenzodiazepine, such as lorazepam, particles can be reduced in size at a
temperature which does not significantly degrade the benzodiazepine, such as lorazepam.
Processing temperatures of less than about 30 to less than about 40°C are ordinarily
preferred. If desired, the processing equipment can be cooled with conventional coolihg
equipment, Control of the temperature, e.g., by jacketing or immersion of the milling

chamber in ice water, is contemplated. Generally, the method of the invention is
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The benzodi azepi ne, such as | orazepam particles can
be reduced in size at a tenperature which does not

W@ k@niogsseant | y degrade the benzodi azepi ne, SucPCHEES2006/005224
| orazepam Processing tenperatures of |ess than about
30 to | ess than about 40C are ordinarily preferred. If
desired, the processi ng equi pnment can be cooled with

.conventi pnal cool i Rg. _equj :
convemrlarétp}zp(@lrré?cﬁ?% ’ungergconlc’f%x)?njggtg eﬁﬂ@@ﬁt texgﬁ&ltafrirlgée ar.tg{ %[:??cg%esstnﬁge pressures
which af¥ dakd 410 Fhafbefor ithe hilEng\ploedss. IASnlﬂemtpearqelssa'ng;iressures are

Ceneral ly, the nethod of the iéspventi on isconveniently
typical Qfélﬁﬂlf@léllsscﬁﬂﬂ’f@rmé]ls aWdbisnBils anbi ent tenperature

and at proceSS|ng pressures which are safe and

ef1.8% % for the mlling process. Ambient processing
presstres are typical of ball mlls, attritor mlls,

and vibratory mlls. Ginding Media The grinding ne medj
Thngimling msdiapan cowpease panielesihat 3g @feé@rablyyubstantlally sphencal

355 R S RO 1B 8 syt e indin

media cﬁh t&hpald ¥ &y ha‘hﬁg a@bath}i ofa pobdheaicesinadhged terenc die
having a coating of a polyneric reS|$ dhered thereon.
polymefip eespotaphere & dﬁ@%Wrﬁ%ﬁb%\Pé‘ 19 apaps] ﬁf M om about 0.8

E n%rallltsui?iaﬁﬁ gm i c Ir&l gﬂ@ E@mlcﬁw 5@%@31‘@91'13)’ fRft §ubstantially

insare ¢ si ca i‘nér t
free of ﬁsluiaEsl; goliémm) dnd rﬁasmﬁnm anébﬁkufﬁcsm l\wedne,ss antifrisbil sy enable

e i e
crosshrﬁ'é& Eglllygt?ﬁengy sh@PALL PRI HER ¢ ér@séh%ﬁéd‘ﬁdth ﬂﬁhhlﬂsenzene styrene

"pol styrenes such g yrene
copolymm@spdlymmams; ﬂsnlyhoetaﬂw lodares é)ﬁéx;m sty én é’onbfﬁmNyme% and Co.);

vinyl o gridbont e RSP G, Ty e By POSATR e, pol ymer
poly(teﬁ"% ??awlxﬁ%?for A %”'W eﬁ%i‘@iﬂ%ﬂt BON¥ARUARSd Co.), and other

e.g., Teflon(r)( I, du
ﬂuoropBIyli’ttersj éidliedenitg palyethflengs; pa}ygrqwleeps fcbllmipgqﬁjhgrﬁrgn@; esters such

e SRR 5L 082, o B GPLEPEEE S
contam?x?g dﬁ&?’rﬁé@’éﬁé@%}ﬁﬁiﬁﬂoﬁﬁ&s aR@HeNIEr Thy @bliyer aat P& Biodegradable

I conecont al ni ng pol ynmers_such as ponS|on?
Exemplmyi btoldegmdm pdilmemns/lné‘? p@sdactiden); pRlsgyrglifpleopolymers of

tacti de%g} c@il ar Ogd fg%,ygﬁ@ 5012@’|Y31g;§‘§'§thg%|%g late)é Foﬂygg%m% os

carbon@ceg f.%ly?‘@ab;giﬁydrﬁﬂifptamib})@tdr@lQﬁ)ly(Nqba}mnyylrMyce;tprhne) esters,

hacy ol y(imino car bonatia %ﬂ
cthylengoyigy eI e PeIv{oTtoeg PR POLRGARQIRE BTSN Gy |
poly(ph&’sgﬁ%é}{@s:) glFb Fdfgg%(;%ﬁfb o rﬁé’ﬂ)s %Taﬂlﬁyﬁor?ﬁ&h PEmedia itsell

ers), pol y(caprol act ones)

advant@geduglo eyt ﬁhtﬁ)phﬂfzmn@m) intdFwiplogicale gecapital leqarp@c%@agcan be
contan1nag gn fromthe nedia itself advantageously can

elimingfed ERBI S 8¢ vivo into biol ogically acceptabl e

PFQRA el Hadia pRfferdBly ranges in size from about 0.01 to about 3 mm. For fine

grinding, the grinding media is preferably from about 0.02 to about 2 mm, and more

preferably from about 0.03 to about 1 mm in size.
In a preferred grinding process the particles are made continuously. Such a method

comprises continuously introducing a benzodiazepine, such as lorazepam, into a milling

48



elimnated fromthe body. The grinding nedia

preferably ranges in size fromabout 0.01 to about 3
wome068ss9f i ne grinding, the grinding nedia i s PCT/US2006/005224

preferably fromabout 0.02 to about 2 mm and nore

preferably fromabout 0.03 to about 1mmin size. In a

preferred grinding process the particles are nade

i | . .S eS.: i . e
chamb&O BbAt AR Shy ben%H&Hz%l%B; gllébl(ﬁgag %’xg%’é' ﬁﬁxé 2\11@%?219%@&1%( nwthge in the

I htroducing a benzo ,
chamber tairéduica gehzampediazeponetpadidagze, hed bextnadisly epnowdng thech

as _lL.graze Wi t rindi.n dia while in the chanber

nanopﬁcql%aﬁgﬁﬁ%e%gﬁga&t %%ﬁﬁé%’ﬂ?ﬁ% e size, and
CRHatdritidHgshydis RISRpARRA Fen HeR9IPRY hidphAlcBlate benzodiazepine, such
benzodi azepine fromthe mlling chanber. The grinding

as lorazgpama using selpygniensd s¢nagtioniechriques dn a aeropdaryipeedess wich as by

: [ ' u m i c ent i onal

simple 20AR, RE0R MpnBliE hel? & R SERAT anl At TS Rn

technidmgs suchiak eeitrifdgatbn any akodéichpldrdough a nmesh filter or
screen, and the Iike. O her separation techni ques such

centrifugati on may al so be enployed. Sterile

%%8&6%‘"@%5&&%@?@PV Devel opment of injectabl e
conposi tions requires the production of a sterile
Hﬁ@@}dftﬁh‘ten{r SEinfEBRABlcaGPobiREnPfqER&ShO brddBSHR SSEArile product.
invention is simlar to typical known manufacturing

The mgpuirsamingproesss of e iprasentinyration indmilar toytppical knowemdnmfacturing

' nuf actuyi n recess fl.owchart is. as
proces @ ASIIC RpBMORS b bIEhRES Sisnubh iR leehpdraress
flowch&it zeasHelowé:i on Vial Filling (Lyophilization) and/or

(Termnal Sterilization) As indicated by the optional
steps in parentheses, soO odf.,the processing is
dependent upon the M diting)c| e si ze reduction
and/or method of sterilizat)ion. For exanple, nedia
conditioning is not required for a mlling nmethod that
does not use nedia. |fComipoumbhg sterilization is not
feasi ble due to chem cal and/or physical instability,
aseptic processing can be wursed. Aerosol Formul ati ons A
nanoparticul ate ben ' j h as | orazepam
conposition for aer%%g};@?g%@n?dsﬁcﬁgﬁi on can be nade by,
for exanple, by (1) nebuliing an aqueous di spersion

of P
Vial Filling
\2

(Lyophilization) and/or (Terminal Sterilization)

As indicated by the optional steps in parentheses, some of the processing is dependent
upon the method of particle size reduction and/or method of sterilization. For example,
media conditioning is not required for a milling method that does not use media. If terminal
sterilization is not feasible due to chemical and/or physical instability, aseptic processing can

be used.
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nanoparti cul at e benzodi azepi ne, such as | orazepam

obtai ned by mlling, honobgenization, precipitation, or
wawe/08s8p4 i cal fluid processes; (2) aerosolizi POI/ASTNG005224

powder of aggregates of nanoparticul ate

benzodi azepi ne, such as | orazepam and surface

nodi fier (the aerosolized conposition may additionally

Qfe%ﬁﬂ??oﬁnﬁl‘ah&%m) or (3) aerosolizing a suspension
0

a nanoparticul ate benzodi azepi ne, such as
| A nwxmaawmlaa@@magduawmm swchras herazppanmy somppayiitdn fonberoddie
admini?lg Le3at ?ﬁg %8 rl]ngg g%ztghég | atﬁp gg{]ui%%g?%%%hg&s ds sup%Pswansof
nanopzdélilite %Bl@éddi/az%ﬂﬁ& auth & 18kdzH9HM, obBAREdYY MRREs, HdnRgenization,

non- pressurized or a pressuri Zed non- agqueous system
precipi@ioneonsuperetitiesd flagbprotesseny @taﬁmsshzmg/a dryspovister ok eggrbgates of

manop R bR orpttoe ST S, Yo S8l i g perosoived

composixienilagrafdaigHgibLicontaih laldilgerﬂ}, @€ EPSerdi6Zzag h 86HRhA6A of a
| orazepam particles are dispersed in a liquid

such a
nanopaaﬁl%@? i’%?ﬂdm@a?lae éﬁ%h HOETRAPR A AZ B AHSS Ins? AgIhRqueaUS propellant.
[ he P
The aglfigalt 5P AREBRy B 0 o BBt Skl of RRAGAD BBl bz,
which ohey iadédonetlfyentdntamea dxleerrﬂ,gﬁn pamidde i a aba-@resdilrtzepar & pﬁdsﬁfﬂzed
can be red n size in.the resence of one
non-aqlflp S¥emy ;&HF?I’E’@F‘? depgsp LBl aps/may plgo %arrtaﬁe Pagucethods.
be contacted with one or nore surface stabilizer
ei ther before or after attrition. Oher conpounds,
Shich a%qleGS Mnélmg tocﬁhtaheNadcmtmolathBeiumdx:mtpawd?xspﬂsmns
gﬂ%ﬁe% g{aze \n ﬁ surfa Ge st bilizer ﬁ osi tion
Ut 59 PREDs TR ena ¢tq BRCPro ceé%% AP 51T 81 TR e
particlé¥Rin|figpdrstideiel adRjtlid Misedtsiby nRdial dhdIndeBhsiBal TGRS ishpplied in the
Precipitation to Obtain Nanoparticul ate Benzodi azepi ne

presencssmesineonedintoteRese the pHolesizeradilg bryzediazaping, sush as
lorazepﬁﬁln ePak tdﬁﬁlg:% e?fe%ﬁ% 5%9 e pﬁ{tf%ﬁi é.&ec AR ?ﬁ(ﬁésl &tn' b%r}educ'%d Th size

prepari di sp s ons
in the preﬂmpramﬁ oreulr afcae banfioe dtabiepisn e%lteemmivekw tHleaﬁtmaﬁh ben
esence of neso nor e sygﬁﬁce stabilizers_ and

r
contacflghiBorigh SruRrGied SGPHIH § 5t BrfuiE s A" U Hare OB | ve
compo@ﬁlﬁnﬁlﬁhfaﬁ ﬁ%lﬁén‘ta&)ﬁ He' RIAEd {oocﬁé Se&%hﬁ%‘éplﬁe Qe 18RIz %ﬁaﬁ? And

eavy netal | rrpurl ties. Such a net conpri ses,
Surfacee@mirgzee copysitiorsdwring the sivé eedpetivroptoasse, pDispersgans foambe

a suit olvent with mxing; (2)
manufacggg% (pr{%nwém'f‘%}f%nfttfagﬁl Iiﬂp%i‘n step (1) with mixing to a
sol ution conprising at | east one surface stabilizerto
forma clear solution; and (3) precipitating the

fB)r rruIPd‘PF‘Bﬁafl?'bFﬁ Qbéfpn Nanopprticukits iBegzedipzepin;mCompositions
C l,l owed by
renov a?ﬂﬁﬁ r éE%E}Et deS-EF(Fnﬂ%bQI?ngee(ﬁ%bepsoor( g bg| ySI S or

micropecifiiation. aThxs fis :anﬂtlmdnﬁ@rﬁpaﬁhg snable fdispbeiois 9P assipartichlate
conventional neans. The resultapt nanoparti cuI ate

benzodizping; yolept IomzeRyieHindde Prrease phoRe ity suifee sabilizses 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
benzodiazepine, such as lorazepam, in a suitable solvent with mixing; (2) adding the

formulation from step (1) with mixing to a solution comprising at least one surface stabilizer
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utilized in Iiquid nebulizers or processed to forma
dry powder for use in a DPlI or pMDI. C. Non-Agueous
woleveBsssssuri zed M 1ing System | n a non- aqueoPST/US2006/005224
non- pressurized mlling system a non-aqueous |iquid
havi ng a vapor pressure of about 1 atmor |ess at room
t enper at ure and in which the benzodi azepine, such as
to fornl QFI@I R gr §nc?§§ ﬁgblt(c ﬁalux ch,]hgéstg}rntﬂhgt? d oerﬁsé?e% (Q)Swﬂh%a’l%ing using
an apptypria@dioaz@pénte The nmlthoals:ah be dczlkpwah byaemposli dfia@n forhied salt, if
ch. r oces a ry of bhenzqdi azepi ne,, such as
presen 87 g Gt slobedioion ef e RPIS By ForvRgionsl
means."PHe AFURAH %aﬁ@ﬂi'tﬁ:ula@e E&ﬁ@ﬁlﬁi&‘mﬁa P tld)l%#g%h‘le 1ghsperswn can be
benzodi azepi né, such as |orazepam Exanp
utilizedsix Liquid me ﬁeraqupmggssnckm farmncshy gewdtr{anade, in a DPI or pMDI.
tri chl oronmonof | uor onet hane, (CFC-1 1), and
di chl orotetrafl uoroethane (CFC-1 14). An advant age of
&I Ng NdlcAedits Mo Prédsufiaéd BRI SR at only
rmr gi nally cool roomtenperatures, whereas CFC-1 14
r %amOP@ﬁU?ﬁHSen%WﬁS@W@Hmdbnﬁ PYSIOh < ROR-2RMeO s liquid havmg a
r 0
vapor |RUSRRY b0 MR IGATP L RhuStlPe shlt HEblef st it Bazepine

such ash agdepain, rse:s&elntm]ﬂbgmsoiubledf yseﬂaﬁ apast it at&lia to make a
| ' , |l orazepam nanoparticle

ben d})aze i ne, and ferably
nanopaé%‘i’ﬂéag% tHAGHIAZERe, G %,S ﬁﬁé%ﬁama&ﬁmﬁavﬂ%ew yeh piprocass, a slurry
of benﬂoﬂia@eﬁln@ WhépR l%ra"i@;%ff"aﬂ@ rsuﬁm ?J(?{)ﬂ'iz%?fg ﬂﬂllteP iR Hel 3R aguequs
propel | ant. Exenplary final product propellants, W Eh
media jogisaerate rdoopasticwatn banzodidzepine rsatleds loyatepaar Emmples of suitable

nonaq s it PR £ty Holero BRSO R el o 11 ana

dichlorpfe@pfidraethsnd (&F dﬂﬂégf efieAdvastafObf @ME CPOTE 'i‘sttﬁlat it can be handled
reasons, chlorinat propel l ants may al so be used in

at onlytnpﬂrgmglgp&q refgm fayepargyeest Wasreas FGid hd regiygesmiore controlled
coniBEESAS A DAL A e
removedamil mg:oaemed pmdemraemﬁn foe hsat@gj fekwldng inva giyaahepartifidite 1

t m.at aomte ature is used in the mlling process.

benzod{a&emﬁ,é’m SFSPRPY} (2P BaRORsEde epmprsitian ctheglsy composition
may thé:PbSERRPMo £ ATRER &5\%&%& ahd cft % edWith b@@fﬂ;ﬁgbé}laﬁ Fxemplary

sui t abl e hal ogenate rocarbon prope
final produny ﬂDI‘QmﬂaIdS splecls lcbmllyrdq nitecohialin eidoﬂmat@ﬂ:h)l'cyocamﬂmlsamclude

e 4R O 8 2 B W vt

propell!ilﬁﬁhiav Getpeefiir€d fbr 3nEFohnReina 96Hs3%C PhIBAnatsd Efbp@ﬁants may also be
nanoparticul ate Con‘pOSI tion.

| orazepa

usedmé@ﬁﬁmt r?dhetfé’ﬁnﬁfi’rén be filled into an appropriate
container and charged with a suitable propellant for
use in a pMdl. E. Spray-Dried Powder Aerosol

Bor muNai- Ageects Payssdrived MillingSytaness used to obtain
2 Eowder conpri si ng napoparticul ate drug
n a non-aqueous, pressurlzed milling system, a non-aqueous liquid media having a
vapor pressure significantly greater than 1 atm at room temperature is used in the milling
process to make nanoparticulate benzodiazepine, such as lorazepam, compositions. If the
milling media is a suitable halogenated hydrocarbon propellant, the resultant dispersion may

be filled directly into a suitable pMDI container. Alternately, the milling media can be
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particles followi ng particle size reduction of the
benzodi azepi ne, such as |orazepam in a |liquid nedia.
WO poogessspal , spray-drying is used when the |i geeTUREd6/605224
has a vapor pressure of |ess than about 1 atmat room
tenperature. A spray-dryer is a device which allows
for liquid evapor ation and powder collection. Aliquid
a_sol u [
removed EgsepsF iter bt 1 18R oG BacliBlyfi it
lorazepan@iahBpattiéiate cdmpbagiden. othia banposi?lﬁbrt @nab@ube fida! lmfn am
di anet'er which are then {r ed by a.car gas
appropriatg epripiagrANA ghagedivah 2 S‘Fﬁ EOIPF ot SorusE MMl e i s
typically between about 80 and about 200 degrees C.
The droplets are subjected to rapid |iquid

BV apospiayeDried @awdﬁgAkeedﬂohﬂorInylapanh cl es which are
collected, in a s

serv 0|
S AEKiE 1 4 propgss ued gk xS IR %ﬁ’&’ﬁg‘ %ﬁ‘ypgah%?a‘*e drug
palrtlclegj f(ﬁ{?ﬁ%\ﬁ % gﬁ“tlé’lfe stbe @é’cﬂﬁﬁ@ﬁ b G lbehR R BFa sazle lra)mzepam Hn a
orazepam and surface stabilizer, the _collected
liquid npedied Untgenérhl, sproyisyise lsquhfé piben fhedipidpadiadhapp veps pressure of
0 rtlclate benz l.az¢e

s o RSRT A R 2 Racl 1 B omaspay i
evapordﬁ%ﬂ@ﬁ@ pbivate®llestionhi A Hquid shmple eidiek alemlmt1mmblemsa¢nsm3 is fed

di ssol ved (such_as | actose or nni toi t.he col E dc20
into a spie @azle Wil be negahRansIEtesdrQRlsE O%eg*amp edhjeé %‘?ge ot abou

to abou%% o{n) diR@Lt &fbﬁ;ﬁ AHLER g%ﬁ’éﬁ@ft&& By 3@9@39 g4k into a drym_lg

nano ate enzodl az such | orazepam
chambdr] Mk c&irize ga(sftemberatmdc Iseppiedlypraderemst ab@ahS(b@ndcahwt N @qgrees C.
and depe n the con entrat.ion of. nang
The draplets ara.ps Blsied & adf AL Sresp b afaeVinf BISRE i Bl fynich ax
collectécﬂﬁ ng P%hl&e%k Benedth ABlclondappdiguslr opl et si ze
u he spray-dryer nozzle. For deep |u
dﬁﬂhﬁ\hquyd sampnesco@amspam aqueevs diprerdon phe fl@wpaﬁi’&a@gq
ss t han r
benzodfifrerySL &t BrzeRidule R e e LACLBTR AL WO

comprisd'§heAtdiaetrdates oKiue haﬁdpéﬂwhﬁtdﬂ@en&bdmtepmet suchbe l]N:ra&pam If
m crons in diranmeter, and for nafsal del.i very

the liqujé saraple @amr@rlww@taqﬁﬁ% TepeRiso Al PEOQRSTRIER I YEh fp g suent
materidl v%aerd sgl%f? &ufﬁﬁé L& Eﬁ}fiﬂ)@)t %e%ﬂeét&@ﬁro@ﬁct%ﬁd:oh@nse

VEntT ona or pu monary or nasal ellvery
diluentd.gR 4868 or Mapnidgiy bhrsinkes wihinh agseprise emk@i@ ngnopasculate

articles may be recqnst.ituted I8 |
benzodiazgping y ¥R as prazgRam; a]e%ze c?fttﬂ%v@ & {gd é)gcgc}urlég ga[ne&tcontrolled

feiAftioh OF nhbphRRuRRY Bdhz6dik: 1r[6@§n&ihla’sllortaibpam
andde?éﬁ?ls%@éﬁe{‘ﬁgl er’nat elrl ngnprgpertl es of thg@fl

n
and/or aﬂumt magheds]nebsaamlgé ab@’eﬂhlé theadreplghdre Pﬂ@éuafgrbé@i{\ﬁ ?l?féifrdfyef

M R (VTR R i
about TRSGAETT A&l ESQEESe1gith fheCdmhlﬂucting afyevags #lis d@lwahle for the

colects it gt opes o i doh ol R s iivery o
collectggB%aocdtucttJ]% %%Bﬁ ARdhhf ﬁﬂm?%s%’ Srefoprlll @MdeteSPIAucts may

rier y consi st
then be used in conventlonal DPIs for pulmonary or nasal delivery, dispersed in propellants

for use in pMDIs, or the particles may be reconstituted in water for use in nebulizers.
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sugars such as lactose, mannitol, or trehal ose. O her
inert materials, including polysaccharides and
w@elob8sssd cs, may al so be useful as carriers. PCT/US2006/005224
Spray-dried powders conprising nanoparticul ate
benzodi azepi ne, such as | orazepam may used in
conventional DPls, dispersed in propellants for use in
'] i bt ULEGbleto adll bl et ABSHrdo fiRMspHhFedri¥dt h
ﬁ’el\%h}%ilgééélé{egé?&%gége-Dr}eegl I\Ianopaerti cul ate P )
materialGorR@siveithnmefeting ardperties of thedpiahprodhelt This mey asngeiely e the
destabilized by heat, suc S Vi R | ow_n®l t.i
case whep iherspray. é!e, Pé%/i“@ﬁ’f 15767% %nagb@iﬁs Q@%’oabgsé? E’é%m@ ok 'c‘@,gn fhe

intende@YEYHRL @xtre%é?%v QGhR Swhettt) dd¥B i ctinghepsigtLdiffshito VR Reneral, such
evaporation to obtain a dry powder nanoparticul ate

carrier jpotiges(atsodmowiins bulkingrecaigberedemlargripibricivapdiy thpdmg and
L T

sugars SuEE 87 Ro@ky, inihn@bl, by eelilédez dith@rinerc auaterialst mabwinghe

shelf stability of a benzodi azepine, particularly for
polysacbhasideg pedeeliptastpscnay alsp e #eefil 3s€at5a% t i cl es can al so

Sg’%‘g%@ﬁg i}?){é{cjlglts %gm%girgltng ?ﬁ?@g{a@ti@?ﬁé‘ bl &RlBze AN s8dRIs98radépam,

nano enzodi azepi ne, such as, )
may usédinavapamonslddPIsedibpezseden prapeHars fivawse dr pMpdsude reconstituted in

. internedi ate?l 0{j used alone in DPlIs and pMD's for
~ aliquidgpedig forpae AMNGKOWACHonar y del i very. Sublimation

i nvol ves freezing the product and subjecting the
sanple to strong vacuum conditions. This allows for
ffhe f &rewd-Diiel Nonvparticuladé Compesigiopgct |y froma solid

tate to.a vapoy state. ch 2 ' j .

3bfh EriaReRagtane il QeGP Y aBh BHEAEM Hed Mtiohaving 2 Jow
meltingSpYiAY(. 61 ¥bdig 70 Thebdue 350 HertesiC Rz cfodetatblpriddugics, sublimation

contai ns benzodi azepi ne, such as |orazepam and.at ... .
is preferiedsyeieDeIH PR IO BBy BAWIer TRBORENI F S9RBPHHON- [ 1s

as .l,.or a ' . \ViDj ' ad;
becausG AR TR | HHERP o ARETS Sp PR EOR R Biving. In
additiopWubtimatiyn, atsokasahas fieazesdnyjngmutlyaphilidatipn,diah deasease the shelf

. materials, (lactose, nnital, ete.),. i.n IS of.
subilitgp § BEGRIEL T BT ISHIgEder HoloehabaPhutl. TroreipE g es con
also begé%o\-gx:‘sfgggg%gﬁ ub&H AUHEBRLLRET AP¥regdtés dfFrdeBParit@dndparticulate

enzodi azepi ne, such as |orazepam_ dosage .
benzodiarepint frach delorazepans dae heddpnded avithpitheidry owdgiigtramediptes or

t he, [ IV0,. and that. render .
used alBP%H&éﬁﬂﬁB& QX){I#S)&COIC% f Al Qs i@?ﬁargfﬁglslggrg% ot her
anpaaiatioh idvosep fREANE tHerprediict aml pikipctide theasampldtodtrohg

treating a manmal, including a hunman, requiring status..
vacuure gphdipense (s albsatsrienthe fpqutla%r%beo%%é@f%@# gy ffom a Solid

state totpqt ‘Z%ﬁ’gg@ﬁé Sslilgﬁg%réé%gﬁg tlﬁémy efffctnfakts Ylfeli‘&%fe? prdRides greater yields
than spray-drying. The resultant freeze-dried product contains benzodiazepine, such as
Jorazepam, and at least one surface stabilizer. The benzodiazepine, such as lorazepam, is
typically present in an aggregated state and can be used for inhalation alone (either
pulmonary or nasal), in conjunction with diluent materials (lactose, mannitol, ezc.), in DPIs or

pMDIs, or reconstituted for use in a nebulizer.
v
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medi cati on using a nanoparticul ate benzodi azepi ne,
such as | orazepam formulation of the invention. Such
woreaohosssoconpri se the step of adm ni stering toPEr/US2006/005224
subject a therapeutically effective anount of a
nanoparti cul at e benzodi azepi ne, such as | orazepam
formul ati on of the present invention. In one
IV. SVRAHIG ¥ reatdién¢nanoparticul ate benzodi azepi ne, such
as rorazepam ftornulation is an injectable
florhwdaattheyapy, litis anparteat teeprbeide adehzodidrepine, such as lorazepam,

rt| ul a.e benz azepi.ne, suc s, | or.azepam
dosagd SR AR PP I0% srtE CaBFOREP Aot S ubus pupabhat ronders
the dr@dd@d’ﬁaﬂgﬁ@ ipa EQRtME BAnfr, tTAGS, @h@t%@ﬁéspéé”c\b?'iﬁe' F8sehfnlbitfon
that the pharmaceutical formilation of the invention
providgroesethet of érqaﬁmgea when, es@n@eg @ﬂlumanyl@qmyﬂng meatugl epd@}btlcus

weatm 1R ORHORE AR uBhuBhe R 0D Iam RERYSh G ok PE-
anesthdfmgimedloamﬁls&l‘g aCﬁHi@pﬁBhbﬁIhteQﬁndel&epﬁﬁl éuch ab Wizepembe
eneral protocol for injectable

formulsi o (B¢ e dpn. cHprmefhedscoprise therfepcaliagmirstering to a subject a
e RERARFLESEHL oS Al L SARERT AL EPA
formulationgof thh presenidwdindze plmee emiodiment) the azeparticulate

b SItI nslof t he @nveg .iopn can, be used for

enzoQi R8BI HEPERa A EPR ey inicpiab RdRERYaigny In another
embodiréslt atﬁ@%é‘tﬂ f}ﬂﬁidul/a@é YerBb&iaRPirtd, %Uh%rs |lé(rakb?§fnu ForbRfiatioR8s an

delivery benzodi azepi ne, and prefer | orazepam

aerOSOb\ﬁﬁ)il’ltlhlatlgn dParticelatly advanthgeousdeatiies of tl@rprw@ut iegegion include that

r r i ntranasal .del
the phAEL Y Bl Mol bt AP IR e b ERRRER R 4R o bpviene
glycol ehed propylend glybbl&a@tstd%llfzeﬁs a6 a@ditibheh@injectdd for@SlatidRef the
aerosol s, of the present invention, both aqueous and

nventigh Gamprgrisie,a higlelosarepite wpasaniratierema small Yolume febe imiasted. A
generapéﬁc;a SPfok & Q%Y1 S&faﬁ?ﬂra't bh Qﬁﬁéﬁscés‘fi ghls e@t%cg]
y ms] Foni ¢

sema, ‘respirato drstTess eyn
benzodiazepinkj tick as loystepamf wbh 08¢ sontmhbumﬂasi injestion) ¢dthetethan a slow

. . pul.nonary di sease, organ-transplant rejection,
mfusm?‘ gc‘ﬁ?ési s and other infections of the Iung, fugal

I THe@Rhk QRSrepiS; Sﬁﬂcﬁ %§ Rir¥zephth r‘&ﬁ§)O§§§)9§ bAfe %Wnﬁbn 1 cap be used for
acqui red inmune deficiency syndrome, oncol ogy,

pulmongyy peiitenasahdalivety: dtiloanasy and 1mmnasaladdmecy ara pattipekily useful
for the %@ﬁ\% ? g?ﬁen% gfaz a &) Pﬂ%geiﬁ{ﬁﬁﬁ’a@%&g@a{ﬁ t ﬁﬁﬁaﬂ? %o c%?iver by

other r@tﬂwacﬁfcwlﬁnbl‘ﬁr&thﬁl aIiJIIihthﬁry of BfrahSRAE QSlivRBER IeBetieldth &F systemic
zepam_ In_addition, the aerosols of the invention,

dehverhsatl% fordperbiaed deliyent { trawdiseaseefithpair gawties.n a et hod

f
5 A 0P B SoELO BRIRE s
useful i m tHe gatoshi of msm@mrynelefeﬂ éldidsys sﬁd’ﬂii aﬂtmap eaelgdent,

of the articu ateaer di agnosti c i mage
fesplra@%ﬁﬁsﬁ% 3 S8 ‘?frfg’h‘ S"T‘H’éL’é’éf ?YéPC fOS}Se%@tDma obstryqt Wﬁg

pulmonary disease, organ-transplant rejection, tuberculosis and other infections of the lung,

fugal infections, respiratory illness associated with acquired immune deficiency syndrome,

oncology, and systemic administration of an anti-emetic, analgesic, cardiovascular agent, efc.
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of the body containing the adm ni stered contrast agent
is exposed to x-rays or a magnetic field to produce an
WO 2008883p4 magnet i ¢ resonance i mage pattern PCT/US2006/005224
corresponding to the presence of the contrast agent.
The image pattern can then be visualized.
"Therapeutically effective anount” is used herein with
respect to a drug dosage, shall n t hat_dosage that
The foprplatigesandnectspbastl £ BHAP YRS BROI A WEBER S67 Foferage by the

adm1n%$er&{1%etngg<g1g£éf>9ﬂe cgmqa@fl&ljafeg)ﬁ&ed in a significant nunber

treatnment. It is
enanhia&iozlgeﬂletahmsols ol éredreantion Aty agfebas anid/dry pawider, can be used
S

A R e SR RIS vt
test sugi eﬁﬁ"ﬁgﬁéd gﬁﬁ GabRSdc li‘lﬁﬁ?é dh efﬁéﬁ’@e EAHIAGBEGN @Lﬁa@lﬁ of he

erapeutically effective anount"” t hose
nanops:kmhlla@diemsot diegrzostic 1mag¢eqoap@qjtcpmap$lyo@f Tl@qggqftﬁé 3 MRS portion

ncl ud t hat
or e Bp&prgining T &y BRI eondBinael Sy kR Bt Pbnar e qaggete
field t8 Qﬁﬂﬂﬁé“’arﬂi-@ay bimBeHetit @dsbAdnck MBhgNFRBIm oefesporelingts the pﬂesence
dosages, or wth reference to drug ] evels as neasured
of the |0nntmsb‘eﬁﬁnt COhlee intage patteracyn thepbe V@ﬁuﬁllz%ﬂppr eci ate that

eltfes e\lﬁﬁcaa} £ fétkc)ﬁvé)g 18urﬁeﬁzl§gﬂ R&EMN \Qﬁlfn f@%ﬂ&'@ t3 drug dosage shall

| of aZ & e determ ne enpirica can
mean ﬂiﬁpﬂ@s&&gdthaﬂpmufdes ﬂ:&rspiemﬁc phduﬁraeolsgmhl lfespcmse forivgtich ﬁhn drug is

et oL st able ULV en el e B SR e
that t%%ﬁ?ﬁ)‘éﬁ?@v effdbily B Qm%ﬁﬁto %lﬁ%réd% AaARur S@BTB@SH hipRular

ention may be varied to obtain an ampunt of
instanbe nalbdotartepysrie, effutive msrdating thephiseasastigscribsd dpteis ey grothough

0 ohtain a degsired therapeutic res
such 4534 6 BPARSLL BB T ST A RUCTISE RB T s g n the ant
“Therd] t1§ﬁ StRdveassaa” bRy ehclidie hahaioantdpsn éffedtperfot frephylaxis.
esire thera eutic effect, the route of

It is teabkrfumiher uraiersmpd thfedrpe flessass B¢, iRRErtidlfr Mstangese greasured as oral
dosagg$, bf Sl AERPLAE 1o G TR -0 ALRRAT bicble des) T ed

actors. Dosage unit
C OMRQFiotdiens sHﬂleﬂKH}ip&lc[ht@ﬂﬁhef&uﬂuﬂ tmooits sfie henzodlazepme such

a5 orgeepRY. ¢R5GS el gpedt PGB a Cab e CRBIEGRIE PR AL g Where
such %Prﬁgk k€ 11912&1& E@e\ﬁﬁl:alg}pi @I%'ﬁ(bl@ U, 'eQﬂéf K Fﬁﬂ'i'lhgi‘f&mWAdtual dosage

vari et actors: ype and degree
levelsodf Hehmcha—zlepmb,aaucb s [phyzspah oigi thgaerps@g}, pqu g@eqtztbleb@omposmons of the

achi ev actj vi t . of the ci f|
1nveng% pwg)a VaflﬁcLJ[ 1ap @mé)b\g 68?0 %zre';g ﬁu%ié%lg {e@%ggﬂl%at 18
effecﬁ\téeto%@?am Qﬁgﬁreﬁﬁh&ﬁﬁeutll %&961&’4«3 fbﬁ@birhcul@ﬁé@mmdloﬁil aﬁtl nedfthod of
the patient; the tinme of adm nistration, route

f
admimigtnitreins {Thaselepted dashge kvel brredye dependh uppn E}ﬁé‘e%“éﬁbﬂape“m

dur atl on. of
etk YR N R b R h BRI L R SR b rodiazepipe, such s
lorazédaeh,| thk Geii@@td@f@ow@fltrektmm ahd othee favens. CaI art s | t

will be apparent to those skilled in t % %
V dP95086 UMD PSS ATk ergyg's of s subimiftipls thereof a

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
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can be nmade in the conpositions, nmethods, and uses of
the present invention w thout departing fromthe

W@ pio6iossses scope of the invention. Thus, it isPeTUsINdes224
that the present invention cover the nodifications and
variations of this invention provided they cone within
the scope of the appended clains and their

ui valent.s,. The.fo i ' i j :

R
general HBABY, §8x0064 dispwktie patidnbiahe tilne of pdmiristentidn sooeperf@fimirigration,

i nvention | S not to he I,im'% tothe.(irgecific .
and ratecfeaptetional e agentthe dutsiion pf thedrepment; Shgsuasd i oqyppination or

inci ith 8! o0t 41 i R héAdaTBrtd. hat

commd;ﬁxgﬁrug% ﬁgfgeec?%r gwﬁ%%ﬁ?gg%{%cpﬁ %g&ﬁgﬁ 8%11,1& ’iﬂ%cl uding U S.

hatilbeappaes thdrosbykilzdireths byt that veripusrmodificaipns and variations

: : | f _thi I
can be e S A AT RO P o B et Tt e

departid(g%&ﬁ ARAPirifl B3PS tRNinvARiGRI UBRANS fiifRAdel ik thé pledat
w w) | or azegam conbined with 2% (w w ) e
inventiquodoyet thy Innylificatipaoans areRynsafdhis anvention poided sy come within

di | sul fosyccin 8 S uld be milled in a 10
the scopg O%gﬁ%?ﬁ?éflg%‘fa%%ﬁgr? %ﬁﬂ??ﬁq%@&lﬁsq( NanoM | | Syst ens,
Kh& 1Rk ph‘b@?étic dﬁé\mpﬁeelg ggzeg.to ilhlsﬁiege lFaaH N]i%rlml;ent\bwention. It should
6,431,478), along wt m ¢r.on Pol, r ..
be undezgteed, ﬂlptyﬁvqfe@lafathg SRt ERbiFOES PE@B .11)\"6(13%’@/&%’8 i*-%b‘f Hmiggd to the
spe:ciﬁcI donfftiofis Smelt@yqseg& 835 t}%i§ &&ng}lé(%ﬁ’tr BoGRWnY Belimitkd Bflthe
at’ a speed of 2 6 rpms tor 60 mnutes. Foll ow ng

scope ofittlel dlaims thadolfraw.t Atilrefesinzes idéntifted heidih,doclhding 2bpapatents, are

particles can b negfured, i n deioni zed distilled
hereby Gepressly EPTRETALAYEIENK 910 particle size anal yzer.

The initial nmean mlled | orazepamparticle size is
Exampfepected to be [ess than 2000 nmWe Caim 1. A
nanoparticul ate conposition conprising: (a) a

benzodi azepi ne having an effective aver a]gﬁwggr({.i cle h
Jhe pugose elsthisieramplenisto PrpereaRanpRaisate hsgzodiazepine, such as

loraze Q&n %Jllu%gpl ne is selected fromthe group consisting
Por- & prazolam brotizolam chlordi azepoxi de, cl obazam

Alnompzepalispetdiar alZ)ya (y/vod omxerpep anmbired methefio [(w/w)

f : I ' | am,. d
poivirnis b AR B DSB8 o SL LR s oo
be mﬂl]l;cpﬁlaazﬁpﬁmwﬁ&% 8P 2 NanSVEE@RATD (NahbRER S§5femb S0RE DB BUssia, PA;

oprazol am pharmaceutically acceptable salts and

see .20 Bt Ratanh dloe631,478), aliorg with<S 00 eicenmRoldd1® gitritien mediay(Dow
Chemical %03%&%%36 1ett ﬁ)%lcd | I%ea&rexemplary process, the mixture could be milled at a
speed of 2500 rpms for 60 minutes.

Following milling, the particle size of the milled lorazepam particles can be measured,
in deionized distilled water, using a Horiba LA 910 particle size analyzer. The initial mean

milled lorazepam particle size is expected to be less than 2000 nm.
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2. The conposition of claim1, wherein the surface
stabilizer is selected fromthe group consisting of a

WO oicos8se4 surfactant, an ionic surfactant, a cCPECT/OR1006/005224
surfactant, an anionic surfactant, and a zwitterionic
surfactant. 3. The conposition of claim1 or claim 2,
wherein the surface stabilizer is selected fromthe

We Cl up consisting of hypronell ose,
_%%r oxypropyl cel | ul ose, polyvinyl pyrrolidone, sodium

1. Imnar;dpaﬂmhfa&t emphisitioh\cbmplikipagucci nat e, gel atin,
sein,, |ecjthin, _dext ranffsgum acaci a, chol esterol

G hgadEProdiasepmr baving jap eEEE AVRIBSEP DRsticlel el Qfdess than about
2000 nﬁﬁ bbbt &k ®RhAIIzefinY ?sesrei%'ctelff?{%ﬁ?] ! %@ﬁﬁeonﬁ%ﬁﬁ%EPﬁﬁ%&olam

al cohol , cetomacrogol enuls sor
brotizogggn, @hk)rdlpzﬂppmdﬁeﬂhbdzemeclahmpamx ﬁarasepapm IdymmyMepgahe n e

I t I I bi t
fhumaz§F (Bt Wi S Ry e e”e@ef’z%éqq'a Hrin, ¥
nitrazepdr@adxak&am, @rﬁﬂéz@}aﬂﬁ' loﬁdzblb&Q hrbePath BRaS RAAoBAn, temazepam,
ul ose cal cium  car met h I cel I'ul ose

car boxynet hgl cel
loprazajasa nh@rmaﬁ@u sallyecrentadesalisyad @s@:@tthqrp ammm@geres thereof; and

R,Jor onp ea&soﬁlug&lf&%ls?atb izeponcryst alline cellul ose,

nestum alumnum'siTicate, triethanol am ne,
poI yvinyl al cohol, tyloxapol, poloxamers, poloxani nes,
etronic, 1508( an_al kyl aryl polyet her sul f gnat e, a

2. SqqRosion Iaa’gé wherghbihe sy e§t?@rle§élsoﬁiebee@érﬁ5methe group
conmstﬁl&o? Q%Hiblnm?ﬁét‘égp éﬂA b&&%ﬁfa@ﬁh@, a cSHAAE Sl tank AUk onic

Surfactmmmwmem@tlhwr@cmam de; n-decyl
(- D-gl ucopyranosi de; n-decyl (-Dmaltopyranoside;
n- dodecyl (-D- gl ucopyranosi de; n-dodecyl

3. (ThPcbRbbat b8 6f cliaPt aPeMim D'r@ﬁéi&'nghélﬁﬁfﬂcg tabilizer is selected from
n- hept yl - (- D- gl ucopyr anosi de;

the grogp g)rtsmh@g ot byrypaelioss, h@(gxyp@wmgpy,rMnﬂgyrrohdone sodium
lauryl SPHI I? Xlztgig'uﬁg‘w&ing‘! ugquﬁnd %ase IIQ?nt{thI’W flatﬁ%la%)‘ua gcama

pyranosi

cholestarohataghea@ﬂﬂ)s‘@hu@ any, rI&ﬁQe&k@iﬁum@hIo)‘ide calcium stearate, glycerol
yr anosi de; PEGphosphoI i pid,

tggl}t hi o% uco "E

monostppiaies FRIPHEH B Btohopreiontisrogs! erulsiiiag wWaxi soykitan esters,
plyos AL AT s ECT LR, Eock 00 AL o
sorbitaig fattyanidoestros, melm@mlscpﬁymmk}wmxea@és, _omlilcﬂdal silicon

dioxidep Pga%/sa?gcgg %g%gg}?%ﬁtﬁg Cﬁlﬁ‘gg |11|‘1ﬂl{i]‘%§ll)q%%megt}ytlée?lﬁ o%e sodium,
methymmmbmw@eﬁ@m@nww@ hyﬁ@hq\énaserﬁﬁmareyﬁdn@mtame cellulose

anthryul pyridiniumchloride, cationic phospholipi

magnesgHp tabwnumpsdmﬁw iathanololiys ipalpvinyl diseboletylgpabyh pelneamers

poloxax@ﬂleg rl?tﬂr&éLexy ?%)g }1 &lear %oqfet%ﬁm%%uragﬁ{x%ge 0? sucrose stearate
and su@@demstwﬁtpyﬁ-is@hbﬂ@ﬂ&naxypéﬂﬂ@élwH@IDTICﬁ@@éslﬂié'SL 40® (Croda, Inc.);

and S@ﬁhﬁ%ﬁﬁé AUTH AN Seli‘rlqééﬁctqcﬁﬁéﬁ%émﬁa%ﬁﬁde a-decyl (-D-
e L Y
methylg:lucamde n—hwptﬂb(laDIglmnppmnusrde;hi~berptyd€(-D4ﬂaoghmu¢s1de; n-hexyl (-D-

glucopyranoside; nonanoyl-N-methylglucamide; n-noy! (-D-glucopyranoside; octanoyl-N-

methylglucamide; n-octyl-(-D-glucopyranoside; octyl (-D-thioglucopyranoside; PEG-
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trimethyl ammoni um brom de, coconut nethyl
di hydroxyet hyl ammoni um chl ori de, coconut et hyl
waldvgasssay et hyl anmoni um brom de, decyl tri et hpeT/US2006/005224
amoni um chl ori de, decyl dinethyl hydroxyethyl
amoni um chl ori de, decyl dinethyl hydroxyethyl
anmoni um brom de, Cl12-15di met hyl hydroxyethyl anmmoni um
peey - 15db ARt y npn N
phosplﬁ)li‘igﬁf ng}' %hg(};%ﬁ%(?l ile] {fﬁ e]s{%oq gg%éi%{e\{ghb}l:‘é h{m M PEG-vitamin E,
lysozymlaj nand(dn copagmatstof d’lrmbpjmybhdmd aad yiiyh ydeteﬁmﬂdnﬁﬁpolymers,
g FI myri,styl tr| Iﬁ\éﬁ anmoni um net hyl  sul f at e,
Ca‘ﬂomF IRPPIYnigTsrsetignic pRRsarehaiden ftinmie P WHpHes, Catiqmig/plainates,

g ARt Gt g,

anthrqulg:tynénm )cllloalriﬁmahum lphmphdhplds\}chitkgahl polylysme

polyvn§y di %Ipﬁgrtb ogﬁ%%h %ﬁﬂ]ﬁﬁegl or{hlygygunomum%romlde

bromidd; h@iy[c&@ﬁ&ﬁhbtﬁ?lﬁh'ﬂiﬁn‘ﬁﬁﬂ 6Vdm1@mllﬂr\}iﬁ91§wr&ldo@§-2-
rmnoh drate, dinet % di dec%v anmoni um chl ori d
b

dlmethbd.aapkcg,qth}gmpﬂ(l@mme ethy sl cationigditigd, ﬁ@lfmum, phosphonium,
9! I hal, i .
avrte FAMHTHR Sl ng, oo ST AHes s, Pl

chlorosthayDeshylhmanmioytunt bioptd) wbcammnnamyldnirﬁbmdm chﬁirl&é%&do@h@td
. a& kéarri doa] ky gl al kyl ammoni H msalt, an ethoxyl at ed
trimethy} mey}unahwn fpecnut meghyh by fessystinlaremanivi eerisie aegonut
1 ¥
T e e e
dimethpiomehgrietityd amioaivay iilGde, ey diimethilhydtexyethyl ammonium

o BRI SO LS e G101 St bdonyy

ammorR@R2eaaiie kUdcoﬁﬁﬂHi’ﬂﬂbthl‘}l E}tﬂr@iye@@l ain%ﬂﬁm thloRRE, kbonut dimethyl
amoni um chl ori de kyl berizyl” met hyl anmoni um

hydroxyeihy areraoniznilromids mrlswa triméthy] eammeniumrmethphyudifete, Buryl
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dlmethpkﬂeﬂiénatyl)y lachintoRi Uy I AITIT ey 1 ki Cih ey @ethéhoﬁ?)éﬂ'aﬂlmomum bromide,
chI i des, al kyl di_net hyl ammoni ur nhal ogeni des,

N-alkyf{ ek &33“ @?nz&h%mpnwnmlwdedél “alkyl (C14-18)dimethyl-benzyl
ammorﬂ%ﬁgzgﬁﬂtdr@?g?ﬁt&/ﬁ@ﬁﬁ%&%ﬁ%&ﬁ%pﬁnmmlm chloride monohydrate,
dimethyledidenyé @mhtmnunetlhiytldﬂmﬁaﬁkyha@r(@fizdlet,) dime¢thyll 1-napthylmethyl

tri og | .ammoni.um chI or|

AMMOTR © 1 SRR de iyl ety mopism s ialkyl-
dimethPla@m &Hum GHIe), m@ymﬁﬁlet}@l aﬂ%ﬁx@ﬁﬁ'rrké’rﬂbﬁ&@ %mosawaﬁ:@

st ear al koni um chl ori de conpounds, cetyl pyridinium
alkyamigaghsyddialkglemproniym salit.ranethaxiylated telkyhamindeivensdls of

dialiy AR S o 5 e S TR S oS Ro oyl &Y

tetrade@tlahieyﬂ}&bﬁnnﬁlsamrﬁbiﬁaﬂg tlloiiae monpipldy gt N a88@IbyRYidngsthyl 1-
N-di al kyl am noal kyl acryl ates, vi nyI pyri di ne, am ne

naphthylmethyl amgignjym ghioride. slodecaldimethydhongy! s privsicdlaride, dialkyl
benzen& 1K aﬂﬁﬁbxﬁhﬁeclﬂgezrg% ! ltduﬁ] \ a%?t%'lgi: ot 01%10 u a'%hg%ﬁe’, al%ﬂb@&zyl methyl

oxi des I ni
ammonium chloride, alkyl benzyl dimethyl ammonium bromide, C12, C15, C17 trimethyl

ammonium bromides, dodecylbenzy! triethyl ammonium chloride, poly-

diallyldimethylammonium chloride, dimethyl ammonium chlorides, alkyldimethylammonium
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quat ernary acryl am des, nethyl ated quaternary

pol yners, and cationic guar. 4. The conposition of any
won@ensssed ains 1 to 3, wherein the nanoparti cubEL/@S2006/005224

benzodi azepi ne particles have an effective average

particle size selected fromthe group consisting of

| ess than about 1900 run, |ess than about 1800 nm

| e t.h b 1700, | t h t 1600
halogepfiss, GiHguL e SR RRPTES i s e TR AR o,
dodecﬁﬁ%yl érﬁl@lgnﬁ?ﬁ bﬂoﬁﬁ&: ttéiﬁtﬂe@@@l‘rﬁeﬂ%ﬁ&ﬁmﬁﬁimﬂ Biothilld) afethyl

about” 11 | ess 't han about 1000 nm | ess t han
tr1octyéﬂwu©n19m03hmdel B@LYtQ{éM,atbmhutﬂ@mnmum brosmidedienatout

| ess _t.han bout 65
trlmetl}yﬁ,?m{ngkgqu rgﬁngeﬁ gﬂo 1r§5e6teﬁs %e?zglskgn aﬁﬁlg g%t%gg%ko%% chloride
compdu@ds ckiybpyradifiiin Ydthide ety Eogiditiam chbaide, Hilersalts dfxpaternized
t han about 350 n | ess t han abou{ 300, nm |ess than

polyoxgisthyialiodamines, MESAPOheALKSGIY A2tk HRyridiuum salis, aadesst
alkylar;lgr%s,l 1kg'§x§§nésa%\gﬁl‘?oq%§ﬁ1eél%gg%{ﬂ?z}]éngéﬁ 5%1%1% ?ﬁﬁug ﬁéla%ﬁhoalkyl
acrylaeseingfl pglhdin&ﬁanimb Galds, lavhg raaiine adetnte Gtvpgd amiieracetite,

f or,nul at erosol qf an aqueous ers
el oy U B G B AL £ B er TEGe R i Ry g dpponated

t

o e T o I

t he benzodlazeplne has a solubility in the aqueous

pers €SS t about ., 1 /[
U s SR TR S S AR b T b A
benzo8lia2dpRteSfarfididdidve g esfet tharverage gamblets@ze%mutedfﬂﬁn the group
m crons. 6. The aerosol conposition of cla

consisting oblepyban abapilAe0 nm, jssediamabays 1808 Be ot thafl PB?P‘E 1700 rm, less

f
than a&ﬂtﬁﬁb@ g.m[, [e% hgg?b%g@g%%fésgtoﬂgb% 1#89 Eﬁzegérgy%@ él?éut 1300
nm, leaﬂb’(huﬁ aﬁcﬁﬁ 1@@0) nin, tess than ebowad 60@ nﬁo&sm@lﬁmbmrt 1600 em, less than

st SR o A 51 s A B0 B R i P e

than aﬁ&ﬁmﬁ Intd, 9% HSinSbLESH08 i, Q8 s GHA dblodi S(Riﬂrﬁnleﬁfthﬁﬁ‘%out 450 nm,
benzodi aZepi ne dosage in about 15 seconds or |ess.

8.
less th@ihebews 408 oin, tesapiwsiabpetr 50funn Agss dpa abpued ) nre, 18ssttharyabout 250

o, 3 350 531 388 A 3, Ao

75nmpgﬂ§h§gﬂ@gagﬁngqui 2 to about 10 mcrons, about 2 to
about 6 m crons, |ess than about 2 microns, about 5 to
about 100 m crons, and about 30 to about 60 m crons.
L 0 | 3 < t
5. %&F%ﬁgﬁ%ﬁgﬁ 81{ %I{}g%xel Jnf cf'«ﬂ%[xs gIQ(Z 4%}1&[31% H® cémf)&ltfbn is formulated
into an aerosol of an aqueous dlspersmn of the composition of claim 1, wherein essentially

each droplet of the aerosol comprises at least one nanoparticulate benzodiazepine particle,
wherein:
(a) the benzodiazepine has a solubility in the aqueous dispersion of less than
about 10 mg/mL; and
(b)  the droplets of the aerosol have a mass median aerodynamic diameter

(MMAD) less than or equal to about 100 microns.
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conposition. 10. The injectable conposition of claim
9, conprising as a surface stabilizer a povidone
w@eiogesso4 11. The injectable conposition of clBeTUDN6/005224
wherei n the povi done pol ynmer has a nol ecul ar wei ght of
about 40,000 daltons or less. 12. The injectable
conposition of any one of clains 9 to 11, wherein the
ef fective average particle size of the benzodi azepi ne
6.  pHietdesasebeampasiiog of l§kaimab sirereguihe hanzofBzemne s prownbim a
conceinﬁgt%n' %ﬂac?ed% G r&[ﬁ% 0518 tiﬁg Bgfr&)l%ll a@guta(g.& Hfg%ﬁ hp"d abdlt 600
e subj ect ‘a nand%ar rcula enzodiazepi n
mg/mt??m& 10 nAmC@rpidrs; abgut ¥(m)mg/nﬁeﬂ?1ﬁldieazlmﬁtt] aeo h%\h‘hhg)r arore,
effective average particle size o ess than about
about 488 sngiml armesres ddiasaut Ry 288z epi ne is sel ected from
the group consisting of al prazolam brotizol am
chl ordi azepoxi de, cl obazam cl onazepam cl orazepam
7.  dBwmeamsepempdsitiomedetrit,S drl claimze péwreih teapepasition is suitable for
. m.dazol nor dazepam, nedazepa di azepam ni trazepam
adming3li0R ohihe heqaoriizeRine |9 ass db ahau 1§ SSLBIRET itz epam
triazolam temazepam |oprazolam pharmaceutically
acceptable salts and esters thereof, and m xtures
8. tHeerasodsol enmapqsiionaaf anpy ane obelaimsuy foal evhsreabihieidzeplets pfithe
T fi. ¢l ai 3, - rel [ ilizer
serosql 5 CR HS waf nBlofl i YRS SLINIIRRS 4ol B68 ST heieh b

consigihgfoRabant2, toabBoutdii iicsdisf #ouBDta atdue hiiowdhs, less than about 2
. surfactant, an anionic surfactant, and a zwitterionic
microgg,abgiel; Jaidrabouisl 00mpisrqns: askabspt 34 teiabrutblumiczonsi m 14,
wherein the surface stabilizer is selected fromthe
group consisting of hypronell ose,
9.  Hilekracoxyposivioylof ehy aheoslaips|yte idnidrmytateal inthoareinjestadbleum
| auryl sul fate, dioctylsulfosuccinate, gelatin,
compsiu@i-n | ecithin, dextran, gum acacia, cholesterol,
tragacanth, stearic acid, benzal koni um chl ori de,
cal cium stearate, glycerol nonostearate, cetostearyl
10. alkeohisctableetonpesitiog of cleim Ps¢dmprisingmne sus@edstabilizer a povidone
ol q;ters, pol yoxyet hyl ene al kyl ethers, polyoxyethyl ene
POV st or oi | derivatives, pol yoxyet hyl ene sorbitan fatty
acid esters, polyethylene glycols, polyoxyethyl ene
stearates, collojdal sjlicon dioxide, phosphates,

11.  cHhegsiegisblerpmnorttion o€ elain 10; whsreindhepaxidenetplyaen has ggrelecular
weig QEL L 4 bbﬁh(ﬁk'?h&ée’ hydr oxyet hyl cel | ul ose,
lﬁy p}g)se p%t al ’

promel ate, noncrystalline cellul ose,
magnesi um al um num si l i cate, triethanol am ne,

| yvi n al cohol , tyl oxapol ol axamers, pol oxam nes,
12. FElattbeEsshts ton Y BRY R s ot raberB (o parae gverage
particld 43 68hOberB81a2SAnSHBREIRS B less than about 600 nm.

13. A method of treating a subject in need comprising administering to the subject a
nanoparticulate benzodiazepine composition comprising:

(a) a benzodiazepine having an effective average particle size of less than about
2000 nm, wherein the benzodiazepine is selected from the group consisting of alprazolam,
brotizolam, chlordiazepoxide, clobazam, clonazepam, clorazepam, demoxazepam,

flumazenil, flurazepam, halazepam, midazolam, nordazepam, medazepam, diazepam,
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and sucrose di stearate,
p-i sononyl phenoxypol y- (gl ycidol), Crodestas SL-40(r)
WO ooms8894 nc. ) ; and SA9OHCO, PCT/US2006/005224
decanoyl - N- et hyl gl ucam de; n-decyl
(- D-gl ucopyranosi de; n-decyl (-Dmaltopyranoside;
n- dodecyl (-D- gl ucopyranosi de; n-dodecyl

e% D- mal t osi de hept a Nret glucam de; . .
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nonanoyl - N- met hyl gl ucami de; n- noyl
(Cb- glaldmy@mlsﬁad%m@bmrnoyl Nnet hyl gl ucani de;
n-octyl - (- D-gl ucopyr anosi de; octyl
(- D-t hi ogl ucopyr anosi de; PEGphosphol i pi d,
14. PEenehadasstcainl 13, Rbtreghidk @ﬁﬁ'ﬁe@tabﬂ&fer isa;telexzted from the group
PEG vitam n A PEGVltamn E, |ysozyne, a¥n
consisgigef 4 AeHeNe SRR, ByiPPiG |SM%@%%P‘C\9PWW a%ié’efa%amomc
r 4 oni ¢ bi opol ymers, cationic
surfac{éﬁ’{ ag&aggwgc?é%%ﬁ{:atl oni c cellulosics, cationic
aI gi nates, cationic phosphol i pi ds, catl oni ¢

gﬁgﬁﬁ%@ﬁé@? ol G et 45+ Wheredhs SRS SRBL R pereed from
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cholesbes@ybdes%ﬁbtb; %,tgaﬁrt o%hcg szrﬁ %@é\{%] @?mgﬁn&ﬁ S%Itchunil stearate, glycerol

monodi@irdt8.deidsaasyl dlcﬂﬁélh yétoﬁu&rﬁgél%mmﬁfyl@wax |sbﬂh‘dﬁ esters,
sul foni um phosphoni um_quarternary

polyoxsisiybansdskyl sthets polypxyRERgICHAHanY, Her YR @elyoxyethylene
sorbitd S a%lwegt%m ?@&?&g@h@ﬁ y)c&E %1%&&% Rf-9ted€eolloidal silicon

coco coconut tri methyl
dioxide/phwsphates) cnbbmnethgdceihmtse reelchynh, cdrﬂmyyhmebhykebﬁy]lose sodium,

N AT A T R ST TR

magne%ﬁﬁl}( Lﬂuﬁh{ﬁﬁh @Mica@}’gfe%}igltaﬂﬁ'ﬂe ﬁBH@ﬁh‘ypﬂb&{Hl 0(?10@ oldﬁ(ﬂtﬁzamers

hydr oxyet hyl anmoni tum’ br omi de, Cl2- 15di met hy
poloxmm,esg@eemhyzl 15a&®pm @lkylmqumlytéher @gﬂﬁonai@ ivnig sy pf sucrose stearate

o s S S SRR B B SRIE R S Pl oo o

and SRYGHTXY, Ql"el%ﬂo ?@Lwaﬂm@ ﬁfdeHYIr(l-]SIg)hkcobyiaﬁBilhty In-decyl (-D-
ammoni um rret sul ate, lauryl dinmeth benz

maltomﬁmidmmdmyl&@ glusepypanagideerdpfecybis ma %%%helﬁtﬁnoyl-N-

meth;{ij%ﬁ i ge dﬁeﬁﬁ%’ll (| lg Cﬁﬁéo?#ap@%&%w ﬁplﬁﬁm%%lh%&de n-hexyl (-D-

glucopradsiti; nd)ﬁaﬁibﬂyN Iﬁ&hﬂglﬁhﬂldﬂfah-lmpyk(eﬁZglhccmlymnnmdm octanoyl-N-
chl ori de, (Cl4-18) di ne anmoni u
methyfalpeirge, H'R?W{é%fsa%léi‘iﬂy?@d\‘?@gﬁw%aﬁﬁ o ACeIF o G
phospﬁylgﬁé,y}]‘ﬁ@tcﬁole%ﬁtl*E@-chl@ﬁ&Y)i dEHVIRE, lPEG’-mt&ﬁhﬁ& PEG-vitamin E,
and (C12-’14) di net hyl 1-napt’hyl met hyl anmoni um
lysozyaid, manddm cdpoiym&rh gf Hlmbwrmhdhm andleyinyl acetate, cationic polymers,

di | d h.
catiorg ibmolvingfh G FOTHTBadArn i SRR, SO R TR
cation®d ﬂﬂi@gﬁ&ﬁﬁdlé( Mzitﬂin@d Kotpe itic Wdinpaluds, polyai-methylBtidihium,

trial amoni um sal t,
anthryul pyr1d1n1um chloride, cationic phospholipids, chitosan, polylysine,

polyvinylimidazole, polybrene, polymethylmethacrylate trimethylammoniumbromide
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di al kyl benzene di al kyl anmoni uni chl ori de,

N- di decyl di met hyl amoni um chl ori de,
wok@bnsssecy| di met hyl benzyl anmoni um chl ori de PCT/US2006/005224

nonohydrate, N-al kyl (C12-14) di nmethyl 1-

napht hyl met hyl ammoni um chl ori de,

dodecyl di net hyl benzyl ammoni um chl ori de, di al kyl

bromichE ey ey RS S oA TR

dimeﬂ%ﬂnﬁhb&@yl Iﬁé’[hé@l‘%ﬁf‘%%fﬁ%’[h?l §Btaby hatﬁﬁ?i@ﬁlbldmsbrf@tﬁuﬁﬁeph@%ﬁomum

trinet anmmoni um br onm des, dodecyl benZ)(
quarteﬂnarﬂﬂmyxbnmmmmmdﬁ|sma:r}d{te1methylammomum chloride, benzyl-di(2-

cntoroE Rl Tt it BBy R LA i oo

trlmetlgfl @i ofiuriBdiyide mmtlﬂﬁﬁtﬁﬁdﬂ{yd@@;yethyl ammonium chlonde coconut
ecyl tri met hyl ammoni um br om de
methyhdjhgéryxyqthjétaﬁynmmr@mﬂgr @ﬁwb‘@lethyl ammonium chloride, decyl

dlmet}p?hg%gﬁfﬁf%oﬁéﬁm@h ala igl'e u&@ﬁ?{@%ﬁ& h%rogyéthyl ammonium
brom1dle§Ulaklwﬁjﬂlahﬂmykiwnybmghalﬂmpnhﬁndybnder O’l@tlli}i@rmﬁmmydmxyethyl
s A O S5 DEDERL O UL ity
hydror%{J Imdnfiny brcﬁﬁﬁﬁé %ﬁﬁ#ﬁ] tﬁﬁl'eﬁf Qﬁmo'ﬂﬁinh H@t}@@ kdigat® flauryl

at'erni zed pol yoxyet an1nes

dlmethgdl KA@AZmn@mkyﬂ\ chdynde:hlmnulrﬂlmaﬂwl;berm mmoalun@yb@mlm éauryl
ames§ RSB IRAE e BRL MR ORPS B i

N-alkyqqt:u% 8}(@&&1‘1&&1@1’&9] emssiiah @hlogide aﬂéélkya(‘mml&)@ﬁhahﬁrbenzyl
Kyl pyridinitumsalt, alkylimdazoliumsalt,
ammonmnu@lﬁorldq;i\a@traé@ﬁymmmhyﬂvgnm anw%xl@ﬁ shlogidg EI&%DQPY&F‘S?

aime A T SEALGE BB 1 sy

ammohﬁmilall?tm‘fg Eﬁhéthylamn}i?ﬁmp dalide lall@l-&uhethzlamnmétph rselts dialkyl-
articles have an effective avera t

dlmeﬂ%yéqw@@p@wn% fabien lewRl 5}%?} Y%@?%ﬂ%%?%w r%té ﬁfﬂs about

alkyar%r%gglkgmalﬂqﬁéﬁn{o ahouh e%%%a{éﬁkrlilﬁﬁsan{rﬁ@ﬁuﬁbﬁut 1700

ss than about 1600 ' ess than about 1500 nm
d1alkylte:a$ertehha1kyibmumnhm Ohlnmie |1wédsiecﬂam@m§dmnm®00rnmmondéslg

t 1 n an_ a t 1 0, n
craad RS e OB o G RaS s CRAT 335 gy 1
naphﬂ%@&emm aﬁlﬁx%ﬁmhhémoﬁ@@ ubd%lemmhylbaﬁ@uamﬁb@aﬁ \¢hloBiae, dialkyl
| éss than about 600 nm |ess than about 550

benzen@élsyl emaroniyn ghloside, lawryl trmhxlr@mm%wtchks@emwylg@%fl methyl
t han S

L T S e S
ammo%ﬁﬁ}n Bfﬁmﬁésrs] ﬁodd&glbeﬁi}d mlﬁetﬂﬁ&nngmllnhmaﬁﬂdﬁi‘danpcﬂpo ut 100

| ess than about an ess t 50, nm .
dlallylﬂnnethhlémmrﬁ% CBlorléﬁaﬂs B LA EIORIR Chigrids, glgy dyRghdapmonium
halogérﬂ@escﬂfwg? l‘gf'Pafnﬁl Whl@hgg de@lﬁnﬁ‘é”chﬁﬁfrﬁ%llurﬁfbrcﬁﬂlde

I spersion o

aquebdus he composition of claim1
dodecyththylam&smnn bmmlﬁeﬁattdedylmmhaﬁlybmmmma@m@e methyl

trlocqagp rolefugns ch rléee ?’%tlﬂ?(gﬁAr’Pte%% ty a(r:rynligﬁlsm %‘r%l? enz ne

trimethylammonium bromide, choline esters, benzalkonium chloride, stearalkonium chloride

compounds, cetyl pyridinium bromide, cetyl pyridinium chloride, halide salts of quaternized
polyoxyethylalkylamines, MIRAPOL, ALKAQUAT, alkyl pyridinium salts, amines,
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wherein: (a) the benzodi azepine has a solubility in
t he aqueous di spersion of |ess than about 10 ng/nilL;
wan@oe(ky894 he droplets of the aerosol have a naBEST/IBZNGMNS224

aerodynam c di aneter (MVAD) |ess than or equal to

about 100 mcrons. 18. The nethod of claim 17, wherein

t he benzodi azepine is present in a concentration

sel ected fromthe group consisting of from about 0.05
alkylargings. dzqdlcylwnmwllcaamtanngmpolyatbm@nemamynmN;N -digkplaminoalkyl

acrylﬁgéjl{é ygiggr 5‘97 ma.t_mge sa rlgmygg%%ﬁaebgg&e a@‘-%gr nefﬁgtatfh o

alkylpﬁtdiﬁldnﬁs‘altpzidﬁyllimiﬂﬁz@lfunﬁl ke, Bindi, oX\MIB[ @hible bARinium salts, protonated
npositiqQn is suitable for adm ni stration of the

quatetma& sy desnmcthylierbauate Bty P LYIBTS SBO RHOT S¥ass.  20.
The nmet hod of any one of clains 17 to 19, wherein the
dropl ets of the aerosol have a mass nedi an aerodynamni c
16. dThemmethod CMYDInsel datmsd 3fto ¢y wm&eigrthmmrmpmiicalla‘terl@nm&azepine

ut about 10 m ¢rons, ou 2 to about 6
particlii s n o8B Herats Butie S s EgRS foub 08 S R o TSR of Tess
than ﬂlQ)Qt [‘900’ Iﬁﬂ Slessdhgh ﬁﬁ)%“l 8G¥Pnrh Qe@k%ﬁéﬁ at¥ft MY & lﬁﬁslesszﬂlian ddRit 1600

nmet hod any one of clains 13 to 16, wherein t

nm, 1@&§ﬁ1@azisab@ublr15q0§mﬂ desniham about 0 ram. lessjtea di@luélmﬁ)srag,eless than
th I 2.1
o 9Py s T APty S Bty EOBRL nygap0

less thdn aHoat Sﬂ(ﬂlﬁn M&”Beth@ﬁ £bduh 0Pam| Renah abMABs0 RAS Ias than about 600
nol ecul_ ar MEIght of about 40, 000 daltons or | ess,

nm, lqgéhapeabritd Wrnthnlpssohen doue PO wig, lessithar abapit 43 armaiags i about
400 n‘ﬁ{ fl&@tu;)a%eabeﬁqgggn@g% tthéiLoutﬁ’c %‘3)0 hemRe iR b 8% BRI RS than

articles is
about 200 nm, less than about 150 nm, less than about 100 nm, less than about 75 nm, and

less than about 50 nm.

17.  The method of any one of claims 13 to 16, wherein the composition is formulated into
an aerosol of an aqueous dispersion of the composition of claim 1, wherein essentially each
droplet of the aerosol comprises at least one nanoparticulate benzodiazepine particle,
wherein:
(a) the benzodiazepine has a solubility in the aqueous dispersion of less than
about 10 mg/mL; and
(b)  the droplets of the aerosol have a mass median aerodynamic diameter

(MMAD) less than or equal to about 100 microns.

18.  The method of claim 17, wherein the benzodiazepine is present in a concentration
selected from the group consisting of from about 0.05 mg/mL up to about 600 mg/mL, about
10 mg/mL or more, about 100 mg/mL or more, about 200 mg/mL or more, about 400 mg/mL

or more, and about 600 mg/mL.
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19. The method of claim 17 or claim 18, wherein the composition is suitable for

administration of the benzodiazepine dosage in about 15 seconds or less.

20. The method of any one of claims 17 to 19, wherein the droplets of the aerosol have a
mass median aerodynamic diameter (MMAD) selected from the group consisting of about 2
to about 10 microns, about 2 to about 6 microns, less than about 2 microns, about 5 to about

100 microns, and about 30 to about 60 microns.

21.  The method of any one of claims 13 to 16, wherein the composition is formulated into

an injectable dosage form.
22.  The method of claim 21, comprising as a surface stabilizer a povidone polymer.

23.  The method of claim 22, wherein the povidone polymer has a molecular weight of
about 40,000 daltons or less.

24.  The method of any one of claims 21 to 23, wherein the effective average particle size

of the benzodiazepine particles is less than about 600 nm.
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