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NANOPARTI CULATE BENZODI AZEPI NE FI ELD OF THE | NVENTI ON The present invention
is di rec&sdw&%sgggr“osol and injectable formul ati ons of W ddosHl at e
benzodi azepi ne, and preferably, nanoparticul ate | orazepam e conpositions
of the invention are useful in treating status epilepticus, sleep induction,
acute psychosis, irritable bowel syndronme, and for pre-anesthesia

medi cati on. Al so enconpassed by the invention are nethods of maki ng and

usi ng such conpositions. BACKGROUND OF THE I NVENTION 1. Admnistration

Routes for Drugs ThepReOL AN TRCTABLE FORMULATHONSUbSt ance can be
critical toits phar(gF(i\o @I TI %ﬁﬁﬁm A@FPﬂ‘i’E rout es of
a ave théeir

adm ni stration exist, an own advantages and di sadvant ages.
Oral drug delivery of tablets, capsules, liquids, and the |like is the nost
conveni ent approach to drug delivery, but many drug conpounds are not

anenabl e to oral adm ni st rﬂ*EiLqpomWﬂoﬁodem protein drugs which are
unstable in the acidic gastTl ich are rapidly degraded by
pr ot eol yt i cThapresans inventidreisdlingeted it gerosohand mjestabpoformolatidhsiof es f or or al
admnistratioon. Simlarly, pooyl er soluble c ounds ich do not
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when gj . . . oY i .
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of ph cqQl ogi.cal actjivit .ternative types of. .system c adm nistration
are :Egﬁ'ﬁt‘% 0% aggym th?@%%féﬂ%gg e %Kceﬁl}pgmﬁ roach avoids the
gastrointestinal tract and therefore can be an effective route for delivery
of proteins and peptides. However, these routes of adm nistration have a
low rate of patient conBACKGROUNDQF IHE INVENFION such as insulin which
must be adm nistered one or nore tines daily. Additional alternative mnethods
of drug delivery have been devel oped including transdermal, rectal, vaginal,
i ntranpsal , AQRfnis4tich Fiwle 'k DSy | WO 2006/ 088894 PCTI US2006/ 005224
Nasal drug TelrTv ation of an aerosol through the nose so

t hat acti veThe tptesofrsiministraticmofrasdrop subistanpaiean benarttizsbito itSrphgenacelagicabd f or

system ctivit an be e . .
y effectiveness. Various routes of administration exist, and all have their own advantages and

disadvantages. Oral drug delivery of tablets, capsules, liquids, and the like is the most
convenient approach to drug delivery, but many drug compounds are not amenable to oral
administration. For example, modern protein drugs which are unstable in the acidic gastric
environment or which are rapidly degraded by proteolytic enzymes in the digestive tract are
poor candidates for oral administration. Similarly, poorly water soluble compounds which do
not dissolve rapidly enough to be orally absorbed are likely to be ineffective when given as
oral dosage forms. Oral administration can also be undesirable because drugs which are
administered orally are generally distributed to all tissues in the body, and not just to the
intended site of pharmacological activity. Alternative types of systemic administration are
subcutaneous or intravenous injection. This approach avoids the gastrointestinal tract and
therefore can be an effective route for delivery of proteins and peptides. However, these
routes of administration have a low rate of patient compliance, especially for drugs such as
insulin which must be administered one or more times daily. Additional alternative methods
of drug delivery have been developed including transdermal, rectal, vaginal, intranasal, and
pulmonary delivery.



absorbed into the bl oodstream because the nasal nucosa is highly

vascul ari zed. Alternatively, if the drug is intended to act topically, it
is delivered directly to the site of activity and doe

di stri bu¥@ ZPW?OBEP@ﬁout t he body; hence, relatively | ow z’oggés&%éﬁs%e used.
Exanpl es of such drugs are decongestants, antihistam nes, and
anti-inflanmatory steroids for seasonal allergic rhinit i s. Pul nonary drug
delivery relies on inhalation of an aerosol through the nouth and throat so
t hat the dNaayl dmigslelivery relias méa]maiatidn@flanmgtosﬂdhrcmgbmmsam shaa@atiwae dr ugs,
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can include beta-agonists, anti cholinergics, and corticosteroids. A
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targeting succeeds or fails. Byr on, Aerosol For mul ati on,
Gener gietotsls forsedsapel alleegip rhlsltmg Nonrretered Systems," Respiratory Drug
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size particles. %vm ft (1980); Parodi borne Parti cI es and
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Chestbroﬁé}u&weg%a& s&&&ﬁgs &mﬁaaaé Ueta-hQJlﬁét?C&nﬁ%hblui‘ér@%s ahg subject to

deposition by one of two nechanisms: Tnpaction, which usually predoni nates
for I@Qrg@nstqn@!ﬂh cles, and sedinmentation, which is prevalent for smaller
particles. Inpaction occurs when the nonentum of an inhaled particle is

| ar ge enough that the particle does not follow the air stream and encounters

a_physi ol oflj cal DrapledPéiticld Sizé DRidriiihes BAMSIRA S on occurs primarily in the

deep | ung when very snal articles which have traveled with the inhal ed
air st reaningevelopingra tpelytpﬁ: cagtasel, ﬂamr@wesmm@ digtributien oftbe orhaled

PCT/ US2006/ 005224 . a r sult 0 |on wi.thin the stream For
ot r oFRTRIFY § B B gapcmaaﬁ, i artnb e dRorletet ol Sugh t he

nose, dépositidn 4ethe patérft; inGhoit!ie willl detefnfink Wibether Slug@&igbting succeeds or fails.
See P. Byron, "Aerosol Formulation, Generation, and Delivery Using Nonmetered Systems,"
Respiratory Drug Delivery, 144-151, 144 (CRC Press, 1989). Thus, a prerequisite in
developing a therapeutic aerosol is a preferential particle size. The deposition of inhaled
aerosols involves different mechanisms for different size particles. D. Swift (1980); Parodi et
al., "Airborne Particles and Their Pulmonary Deposition," in Scientific Foundations of
Respiratory Medicine, Scaddings et al. (eds.), pp. 545-557 (W. B. Saunders, Philadelphia,
1981); J. Heyder, "Mechanism of Aerosol Particle Deposition," Chest, 80:820-823 (1981).
Generally, inhaled particles are subject to deposition by one of two mechanisms:
impaction, which usually predominates for larger particles, and sedimentation, which is
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



on the nasal nucosa; thus, large (ca. 5 to 100 gm particles or droplets are
generally preferred for targeting of nasal delivery. Pul nonary drug
deliveryyl | i shed by inhalation of an aerosol t uth and
t hroat . é)rs%olﬁ‘g/ egahavi ng aerodynam c di aneters of gr ea%%%gw@g%%? 5

m crons generally do not reach the lung; instead, they tend to inpact the
back of the throat and are swallowed and possibly orally absorbed.
Particles having dianeters of about 2 to about 5 mcrons are snmall enough
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the al veol ar region by sedimentation, although very small particles may be
exhal &f tamgetimpof nagal debiweryFor Nasal And Pul nonary Drug Delivery Drugs

i ntended faqr.intranasal ..deli.ver st.em. d lagcal) c be m ni stered as
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powders. Metered-dose spray ~punps for aqueous fornulations, pMd's, and DPls
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formul ations nust be aerosolized by |iquid nebulizers enploying eit
hydr abbt are ¢go largerta seach theaalwerilic veorsmalenpasticlesav.e.p abwt Osytotabaet I equi r e

sui t abl.e pressurized. neiered-dose inhal ers | S. nd .dr rs require
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systens, a variety of nebulizers (including small volune nebulizers) are
avai | aptysmall pagiiddesonay be exhaledor nul ati ons. Conpressor-driven nebuli zers

I ncorporate jet technology and use conpressed air to generate the liquid
aerosol . Such devices are commercially available from for exanple,

Heal t hdyne glechimi@s €Red FOF NasdlWiiF PiiRaona?¢ DrugBélivedy 1 Medi cal Equi prent,
Inc.; Pari Respiratory, Inc.; Mada Medical, Inc.; Puritan 3 WO 2006/ 088894
PCTI US200600g2intendgsbion éntrangss delivery (systemiBeand loral} candbe admigistesed asnc. ; and
Hospi t Ing...U trasoni ¢ nebuli,zers rely on nechanical . ener in the form
of v Btk oty o FERafiaRt A s IfRGrS e Sinbng QR apibeendled A0l

propellants (pressurized metered-dose inhalers), or as dry powders. Metered-dose spray

pumps for aqueous formulations, pMDIs, and DPIs for nasal delivery are available from, for
example, Valois of America or Pfeiffer of America.

Drugs intended for pulmonary delivery can also be administered as aqueous
formulations, as suspensions or solutions in halogenated hydrocarbon propellants, or as dry
powders. Aqueous formulations must be aerosolized by liquid nebulizers employing either
hydraulic or ultrasonic atornization, propellant-based systems require suitable pressurized
metered-dose inhalers (pMDIs), and dry powders require dry powder inhaler devices (DPIs)
which are capable of dispersing the drug substance effectively. For aqueous and other non-
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-



i nhal abl e I'iquid droplets and are commercially available from for exanple,
Onron Heathcare, Inc. and DeVil biss Health Care, Inc. A propellant driven

i nhal er eases a netered dose of medicine upo c&jﬁg} Lygtion. The
medi Ci ne“’?’yﬂ’@s&@l‘at ed as a suspension or solution of arl) rugoos('z(@sitéance in a
sui tabl e propellant such as a hal ogenat ed hydrocarbon. pMDIs are descri bed
in, for exanple, Newman, S. P., Aerosols and the Lung, C arke et al., eds.,
pp. 197-224 (Butterworths, London, England, 1984). Dry powder inhalers
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agent $ohdbr, BRgladA9Rey, a variety of reasons. Prior to the present
I nventi on, at%enpts to devel op i nhal abl e agueous suspensions of poorly
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nebulization resulted in only a fraction of particles being aerosol i zed
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present invention was t on 4- mn) period of time 4 WD 20 088894

PCT/ Usewos edesorhavingan axial girfiplet tibpivpstecamenfiaovensir westriclipmdd?4c7Mse. Long

adm ni,str.ation ti are.require becau cpnvent i ona i i.d nmul ati ons
For naRtsTRll bR Sivad: ARG R B PHe ERBAdsRH natodh fia LK.
Pat. No. 5,785,049 to Smith et al., directed to dry powder delivery devices for drugs.

C. Problems With Conventional Aerosol
And Injectable Compositions And Methods

Conventional techniques are extremely inefficient in delivering agents to the lung for
a variety of reasons. Prior to the present invention, attempts to develop inhalable aqueous
suspensions of poorly water soluble drugs have been largely unsuccessful. For example, it
has been reported that ultrasonic nebulization of a suspension containing fluorescein and
latex drug spheres, representing insoluble drug particles, resulted in only 1% aerosolization of
the particles, while air-jet nebulization resulted in only a fraction of particles being
aerosolized (Susan L. Tiano, "Functionality Testing Used to Rationally Assess Performance
of a Model Respiratory Solution or Suspension in a Nebulizer," Dissertation Abstracts
International, 56/12-B, pp. 6578 (1995)). Another problem encountered with nebulization of

liquid formulations prior to the present invention was the long (4-20 min) period of time



suspensi ons of mcroni zed drug substance. Prolonged adm nistration tines are
undesirabl e because they |essen patient conpliance and make it difficult to
cont rol gm nistered. Lastly, aerosol formulatj Lcroni zed
drug ar e%%&@g@? | e for deep lung delivery of insol %#@%E@%g@ﬁ‘fs because
the droplets needed to reach the alveolar region (0.5 to 2 mcrons) are too
smal |l to accommobdate m croni zed drug crystals, which are typically 2-3

m crons or nore in dianeter. Conventional pMDIs are also inefficient in
del i veequigd dorgintinisehtiorcef 4 thetapeuticudvge. Long adsinistratiers{imed/Bllexequoredi st of

suspensi ons of m,croni z, drug.substance in hal ogenat ed . hydrocarbons such
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attractive forces event the powders W ng snoot hly and
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extent of dispersionis pendent” upon the patient's 1nspiration rate,
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dose. .5 2006/ 088894, PCT/,US2006/ 005224 Delivery of drugs to.the nasal
micos SERIPCIPR I PYa! SiTEisiAGEfoh Bt eoRc e aeys (uch & corticodrdids) can
lead to systemic absorption with resultant undesirable side effects. Additionally,

conventional micronization (air-jet milling) of pure drug substance can reduce the drug
particle size to no less than about 2-3 microns. Thus, the micronized material typically used
in pMDIs is inherently unsuitable for delivery to the alveolar region and is not expected to
deposit below the central bronchiole region of the lung,

Prior to the present invention, delivery of dry powders to the lung typically used
micronized drug substance. In the dry powder form, micronized substances tend to have
substantial interparticle electrostatic attractive forces which prevent the powders from
flowing smoothly and generally make them difficult to disperse. Thus, two key challenges to
pulmonary delivery of dry powders are the ability of the device to accurately meter the
intended dose and the ability of the device to fully disperse the micronized particles. For
many devices and formulations, the extent of dispersion is dependent upon the patient’s
inspiration rate, which itself may be variable and can lead to a variability in the delivered

dose.



propel | ant - based, or dry powder formulations. However, absorption of poorly
sol ubl e drugs can be probl ematic because of nucociliary clearance which

t ranspor Lied particles fromthe nasal nucosa t wher e

t hey arehéﬁgﬁpgéé%e Conmpl ete cl earance general ly occur@c&ﬁgﬁﬁﬂ&g ut 15-20
m nutes. Thus, poorly soluble drugs which do not dissolve within this tine
frame are unavailable for either local or systemc activity. As described

bel ow i n t he Background of Nanoparticul ate Active Agent Conpositions,
several pulelistryobfldnigs tpdicomisal mmbspedreaiso bqoadcbmphﬂmdsmﬂe&plebma aer osol s of

nanoparti cul ate drugs. Hopevyer, none qf thes ume escri.be aerosols of
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di hydrfmnBﬂahyﬂsabnchhtb tl4e ﬂnomMieaezthpy are2wallewed.t Sompletcle@andecgenerally i s
C15H10C12N20 and ecul a ht, of 6. Lorazepam.has only
sl i ghC&H? HERiY %bm 15 v’é&treanuteﬁ ”&ims, peorﬁvsv%ﬁ Brgid ok GsoREramn o

6, 699¢1§§8nfecfr a‘?ltabﬁlforelmgﬂéﬁ ﬁ?ﬁicfdcﬁ@it&y i ncor porated by

r ef erence, rs to orazepam an Benzodi azepi ne. Lorazepamis a

controlled Assmsctr&mdebelo\)bnﬂhe Badegtoun'ﬂi‘omepﬁﬂhcﬁdte Agtivedogent Mer ck & Co.
V\hite&ouse Station, gn rnaceutlcall acg tablg(5 Its

i ncl udOmPpositigasnisevera) n@flabe%gl%epéem BRIAAHGRS dRsCHpRIEE0s0
subst i agep%rtmﬁa@ epWevidBore ecfﬁﬁe%ea aul?&lt%stn,ﬂbé r8dRPey are al 50

i nten to 1 nc Iorazepém salts an esters and m xtures thereof. Because
of | omazepastidutaté benzodiaeepingIsudli dsilosazepam.i s general ly fornul ated for oral
adm ni stration. However, oral adm nistration of |orazepam has di sadvant ages.

For exanple, lorazepamis susceptible to enzymatic degradation by
gl ucugpny!l gael ARG N Intestine or in the intestinal nucosa,
as di scl os No. 6,692,766 to Rubinstein et al.,

whi ch i s i hotazppam isalbinzodimbepinndeis abtodariolva dsdpﬁhbpt&m(ﬂschlmeﬁheyyh)ﬂcﬂ udes a

reseryatjve sych as en I I cohol. and_req refri or azepam
8e| i véﬂé/drbengPXY%?rﬂa 1a7ePHA-21988r 8 fQ}‘ﬁg{%% lgscé’ aﬁwgﬁ% 2| nj e(F:)t abl e
for mul,gg ht%§a?ﬁolé&ﬂeﬁ7‘f‘e{?§fﬂg?@§l 61620 H%é%?ﬂ%t Sotabi fnrx%téPPedoses

because i1 ntravenous I ntramuscu ni str tion of ‘a drug
resul 0s08 mg/mL. sUgmd StatesPlatensNor 6,699 84&1pdmfes¢n etal.awhichiipspeeifichlly or al
adm ni,stration fétreover [ nJ ctabl e X;O 2006/ 088894 PCT/ US2006/ 005224
f or muliBROTRATtEd by & ERenS At fettp Jor hiazepimee LomZepAR S Bper at i ve

heal t Rof@fifed sWHRAfceC Mérck Index, Thirteenth Ed., p. 999 (Merck & Co., Whitehouse
Station, N.J. 2001). As pharmaceutically acceptable salts including organic salts or esters of

lorazepam can be employed as a substitute for lorazepam, the references below to lorazepam
are also intended to include lorazepam salts and esters and mixtures thereof,

Because of lorazepam’s low water solubility, it is generally formulated for oral
administration. However, oral administration of lorazepam has disadvantages. For 'example,
lorazepam 1is susceptible to enzymatic degradation by glucuronyl transferase enzyme in the
intestine or in the intestinal mucosa, as disclosed in United States Patent No. 6,692,766 to
Rubinstein et al., which is incorporated by reference. Sterile lorazepam typically includes a
preservative such as benzyl alcohol and requires refrigeration. Lorazepam delivered orally
may have a slow absorption and onset of action.

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



adm nistration may not be feasible. Injectable formulations of | orazepam are
particularly preferred, as |orazepamis not addictive, in contrast to other
| nj ect ab i ons of drugs, such as norphine an Tor adol '

. Howevyb Eo(alr;{%%?}abl e lorazepam fornul ati ons are di ffdpécsj'ﬁ'g{ogé/?"%?%ul ate due
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6,221,400 for "Methods of Treating Mammals Using Nanocrystalline Formulations of
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Compositions;" U.S. Pat. No. 6,270,806 for "Use of PEG-Derivatized Lipids as Surface

Stabilizers for Nanoparticulate Compositions;" U.S. Pat. No. 6,316,029 for "Rapidly
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| or azepam Amor phous. snal | particle conpositions are described, for exanple,

in U. System an ethod mexnmg Maicnals;ari@s eaa@p@ﬁmplﬁﬁ ednopositinnsiand afher eof as

Antimcrc%%ﬁ g t bl £ No. 4,826,689 for "Method for Maklng
Uni f oPFH Y 8 fpé’ﬁ F% L ?IFB?ﬁ Wat er -1 nsol ubl e O ganic Conpounds;" U. S.

Pat. No. 41@%&5& ﬂ&fumdl'@ &%ﬂnﬁ% M&b&%f‘d&h&pﬁiﬁdﬂm@dﬁ@@ indiadelW sl es From
I nsol ubl e Conpounds 1,522 for "Utrasmall, Non-

agg [1 efait Ble. R3tH081 ﬁar"AﬁrﬂSéb Gemtaiping &emogeﬂusqum?wkﬁ Hfgp@a@ngﬁlﬂl es
W 5,716 P
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speci Hbciddnys refteis 1ﬁ je@thbleadodipdsitons @Fmeﬁ&ﬁculzda%@gsﬁﬁaad@@l SIPAEdH. i n the
art for inproved dosa forns of benzodi azepi nes, ch

6,153,225 for "InJectable Formulatlons of Nanoparticulate Naproxen," and U.S. Pat. Nos.

5,399,363 and 5,494,683, both for "Surface Modified Anticancer Nanoparticles." None of

these documents describe injectable or aerosol compositions of a nanoparticulate

benzodiazepine, such as lorazepam.

Amorphous small particle compositions are described, for example, in U.S. Pat. No.
4,783,484 for "Particulate Composition and Use Thereof as Antimicrobial Agent;" U.S. Pat.
No. 4,826,689 for "Method for Making Uniformly Sized Particles from Water-Insoluble
Organic Compounds;" U.S. Pat. No. 4,997,454 for "Method for Making Uniformly-Sized
Particles From Insoluble Compounds;" U.S. Pat. No. 5,741,522 for "Ultrasmall, Non-
aggregated Porous Particles of Uniform Size for Entrapping Gas Bubbles Within and
Methods;" and U.S. Pat. No. 5,776,496, for "Ultrasmall Porous Particles for Enhancing
Ultrasound Back Scatter" all of which are specifically incorporated herein by reference.

There remains a need in the art for improved dosage forms of benzodiazepines, such
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10 WO 2006/ 088894 PCT/ US2006/ 005224 as | orazepam The present invention
satisfies this need. SUVWARY OF THE | NVENTI ON The present invention is

di rected rprising and unexpected di scovery of and
injectaﬂWégﬁ%@ﬁgéﬂforns of a nanoparticul ate benzodiazggﬁﬁg?agﬁ@ﬁﬁgs

| orazepam The formul ati ons conpri ses a nanoparticul ate benzodi azepi ne,
such as nanoparticul ate |orazepam having an effective average particle
size of |ess than about 2000 run. The nanoparticul ate benzodi azepi ne, such
as | oasderagepam. pThe presdnit invientorasatisBescthisawed.sur f ace stabilizer either
adsorbed onto or associated with the surface of the benzodi zepine. In one
enbodi nent of the inventy a6 tabtlizer is a povidone pol yner.
Because |orazepamis p O 'Qi£2¥g>. er, significant

bi oavail ability can be problematic. In one enbodi nent there is provided an
aer osol t h@ihe pt@bdny &venfiéh RRfiletRY tdihe 3GHridingand hasFgRied by ofHOW as

| orazepam The aerosols of the invention do not require a preservative such
as bewezrgdol andinjastablefinsege forms of 8 neropartisylate bengpdipzapjne, Fuchasdenagepaanbodi nent ,

For az SRG R RleBR (ot SRaR i Parherblihatle Rt S HRARMMBIGRET. Teea™ or
pr opylogdkepdth Y9 ingtdncb fRetiveiveragenartily sige of I8sithardabdue RgOih. Ghehydr ogenat ed

castor oil (HCO60), as solubilizers for injectable |orazepam conpositions,

and seanppartichlatethespodiagepise, sueh a5 fosadepemy preferahly hag atdeashone frfag@ er . This is

For miPabisr M isF R Sl s R PRR s e ieine B BPh PRy GLR" oo e
sol ubéhbédifent dfehPinveetivis tef sutfatestailizddiid 4 §@sfid@1ﬁf‘pd_lrﬁﬁé¥_. tBecagggaphyl acti c
shock (i.e., severe allergic reaction) and death. e i njectabl e dosage

f or nslosgzepam iy praetically insolible inswaten, sigaidicratdioavadability dandg proflemgtiout i ¢ anount

of the drug | [V, a render. .t he d | oavial | I N | @ _and

O e 97 S Bt S5k i By R BB BB o
the i BotRBdiagspind, SidhtRJora@épati TPRSdekdsBRof etV etiondiomay eequereracent rat i ons of a
benzodi azepi ne, such as |orazepam in |owinjection volunes, with rapid

drug Bieservativeisyeh apamzyloeotioltwhieh affectsTiorazppams stabilityivent i on is al so directed

t o aqueous I - a . DO . a nanoparticul ate
benzodi az elrﬂ %@fﬂ:%g8@8@?@3?%&@%e?ﬁeé?&epﬁ(ﬁl%%ef@@@ghﬁ%% delivery, in
whi chb@gpéiaképid, sutVyraképagd, ¢prodided CThe ffdttabl¢formulation elimidtes the

nanoparti cul ate benzodi azei)i ne, such as | orazepam nanoparticle. The

nanopggedi feupraprlene alyeel; and meivethylengaglycol, such as polyoxyl 60 hydrogenated castor
oil (HCO-60), as solubilizers for injectable lorazepam compositions, and solves the problem

of the insolubility of lorazepam in water. This is beneficial, as in convention non-
nanoparticulate injectable benzodiazepine formulations comprising polyoxyl 60
hydrogenated castor oil as a solubilizer, the presence of this solubilizer can lead to
anaphylactic shock (i.e., severe allergic reaction) and death. The injectable dosage forms of
the invention surprisingly deliver the required therapeutic amount of the drug in vivo, and
render the drug bioavailable in a rapid and constant manner, which is required for effective
human therapy. Moreover, the invention provides for compositions comprising high
concentrations of a benzodiazepine, such as lorazepam, in low injection volumes, with rapid
drug dissolution upon administration.

The present invention is also directed to aqueous, propellant-based, and dry powder
aerosols of a nanoparticulate benzodiazepine, such as lorazepam, for pulmonary and nasal
delivery, in which essentially every inhaled particle contains at least one nanoparticulate

benzodiazepine, such as lorazepam, nanoparticle. The nanoparticulate benzodiazepine, such

11
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wat er -i nsol ubl e. Preferably, the nanoparticul ate benzodi azepi ne, such as

| or azepa ffective average particle size of le han about 2

m crons. %I\lg%g%é@ﬁggul ate aerosol fornulations are descri?%g@qzw’“@p@?“ Pat ent
No. 6,811,767 to Bosch et al., specifically incorporated by reference.
Non- aer osol preparations of subm cron sized water-insoluble drugs are
described in U S. Pat. No. 5,145,684 to Liversidge et al., specifically
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such as lorazepam 1 njectabl e and aeroso rmul at1 ons "of 'the invention.
The nbmazsparhi Ambtheeembediaest ofithe irventiomis directad) tadnygowdenagtosalj ect abl e

nanoparti cul ate bepzodi azepi,ne ¢conpositions can be de by t mlling,
normog B HioBh ComRgts b BReP S GRP e O PG BHUE TRAbun 1 h ¢ he
art. fcﬁnﬁi‘sﬁ‘iﬁblﬁrYet“%bﬁﬁ? embORRIenP 6fthe {Iﬂvﬁn@aﬂ%ﬁ%a?e tla PRIZEQUInAZzepi ne, such
as |lorazepam 1n a |iqul | spersion media;, an 2) nechanically reducing
t he peompasitionsior propelldrtdaieedsystding zemprising @ nahepartiailate Herdoflimzeping suchver age
particlg} size, e.g., less than about 2000 nm At |east one surface

st abi 1§ 2E°Rar be added to the dispersion media either before, during, or
after partigd ﬁmﬁgaﬁicﬁﬁ%@ﬁ%&)h{eb&ch% gRLbpahe Ririflatiolls 8f'he GiFeAH6ATENt T O

the injectable ¢ '

nposi tion, surface stabilizer 1s a povidone pol yner
wi t h mapoptonallyrincedegdre afmadre pharntaseutidaty acotptabBexdifients suckPasafosr abl y, t he
i qui a si ol ogi c_ pH r exanpl e,

o SRer o el oS, et alned AL Bl okosl ol fr examl e,

process. TheafdfreRsett Stth@ifvention there is provided a method of preparing the
nanoparticulate benzodiazepine, such as lorazepam, injectable and aerosol formulations of the
invention. The nanoparticulate dispersions used in making aerosol and injectable
nanoparticulate benzodiazepine compositions can be made by wet milling, homogenization,
precipitation, or supercritical fluid methods known in the art. An exemplary method
comprises: (1) dispersing a benzodiazepine, such as lorazepam, in a liquid dispersion media;
and (2) mechanically reducing the particle size of the benzodiazepine to the desired effective
average particle size, €.g., less than about 2000 nm. At least one surface stabilizer can be
added to the dispersion media either before, during, or after particle size reduction of the
benzodiazepine. In one embodiment for the injectable composition, the surface stabilizer is a
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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benzodi azepi ne di spersion can be used as an injectable formulation. 12 WO
2006/ 088894 PCTI US2006/ 005224 Dry powders conprising a nanoparticul ate

benzodi a&g%g&%@gch as | orazepam can be nmade by Spr g %bd&%o?[u

freeze-d eous di spersions of the nanoparticl es. e di spersions used
in these systens may or may not conprise dissolved diluent material prior to
drying. Additionally, both pressurized and non-pressurized mlling

operations can be enployed to make nanoparticul ate benzodi azepi ne, such as
| or azepam Dryopepudsrs camprising a nanopatficulatesbenyediezepine, suohas lenagapasy, camsbrect  of

the inveniion here i ravi.ded a nethod .of treatin . subj.ect in need
wi th TREE PY,STEAY B o e -Iung sureons isperribe of B aanpdideoaJ88i ne., such as
| or azgi3pdtkionS EA P tHek @ Sifstedis thiEorl MYPRGH Rfhprisé dRBolP¢Edmlent Materialgisbr to
therapeutical |y effecti've anount of” an injectable or aerosol

nanopérying hddidonadlizath prespurived andpospressmized milimgioperationsoeenibe  adni ni st er ed
to a subject,in.need. The .nethods,.of the invention enconpass treating

2 ubj EploSEd o BekreopaPuRR pAREo Prine bk S Rr P G R BN M ore,

sl eepadqiddiiféystfns, acut e psychosis, and pre-anesthesia medication. Diagnostic
met hods, conprising imaging of the adm nistered dosa(i;e form are also
enconpassel y8§ an¢ther aspeaiof the. inventios, there iepronided amarthod ofreating i subjectf or egoi ng

| d i pt i d f ol | owi det ai.l ed i pti |
and R 200 B¢ it APE end)fictl Hstgers Rl vehPediBRbine bl R b e bR e ¥
| nventarmpostfors o tHEbfverfiol© Tn Pk:Giary MBRGH, BELspeutidlyviieetivd Anduites W Il  be

readily apparent to those skilled'in the art fromthe follow ng detailed
descr ppinjestabls on agzosol panspaitishlateigzodieppive Somppsitionofhe TREEDHNYIENTI ON The

cuch Sdbinfedla 2 HbideRy ksl T QR 5T o ATAEBR shochialt EepFRAGRORECT (o
about fo2QRRusepilepticns, thdatmentitif @M Bowdl 3Padrbink X)€op ihdectidaNames psychdsal e

benzodi azepi ne, such _as |orazepam preferably has an effective average
par t i 8ndkpreranesthysid medicatingm Ribguastic optheds, coprising imegngif thendousistereshs, t he

nanopgrticul ate benzodi azepi such | orazepam has an effective average
parti@?%g%?%’ﬁe %OS?CPWS?&S@EHMZ‘BW%?BT\. I'n one epbodi ment of the

i nvent i on, IR be\ddeRtsdd that LRtIEthe gore gstha zemdiralaicbaptiotlatd thrfoRoRingl east one
surface stabilizer either adsorbed onto or associated with the surface of

t he deAeigilesedeseription arqpereplaycod explasataryent gravintendedito pravidedunthesr an aer osol
dos agg, {10 HoR of M2 ihVinBiSh 30 BirSa A5 SHjlits, b Tartitled Sl nid08A8 S uled Wih €27
be readily apparent to those skilled in the art from the following detailed description of the

invention.

DETAILED DESCRIPTION OF THE INVENTION

The compositions of the invention encompass a nanoparticulate benzodiazepine, such
as lorazepam, having an effective average particle size of less than about 2000 nm. For the
injectable compositions, the nanoparticulate benzodiazepine, such as lorazepam, preferably
has an effective average particle size of less than about 600 nm. For the aerosol
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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be either an aqueous aerosol or a dry powder aerosol. 13 WO 2006/ 088894
PCTI US2006/ 005224 Usi ng the nanoparticul at e benzodi azepi ne aer osol

conposi ti f i nvention, an essentially water-insoluble

benzodi az‘gg?gde%,mééégh as | orazepam can be delivered to Phd/URM0I2%hg. This
I's either not possible or extrenely difficult using aerosol formulations of
a mcronized water-insoluble benzodi azepine. Deep lung delivery is
necessary for benzodi azepi ne, such as | orazepam conpositions that are

i nt ended f Using Yisd eatiopartialaierbentodidzepine hevoasivenpesitiohsiofithd étviention aal | ows
rapi d absorption of the drug,into th | oodst ream by, the al veol.i, thus
enabl FRERtRH AT gsaluRle beRaoHigRepin,such sloreeTaRy oAt PEHhTr bl Be dtdre nunber
of be di L : Fsin® ! affsBEforDiatiottests, and results
in di 1siltﬁgl ggfsﬁg%ﬂgg ngkﬁ%ﬁ%%aéﬁxgﬁﬁglyeﬂlgieoﬁgo i|n zae|l'§llsne,0 sugho as or azepam
over midraniged watey-fisolubls memkzodiazepinee Deep durgsdetivenyds aebessary fore sane quantity of

a de]ivered mcronized benzodi azepi,ne, such, as | grazepam For systemc
del i VE? ofiazenine, S‘}‘fE‘i ar?ﬁﬂ@??%ﬁ?@?%‘ﬂ?‘? tﬁﬁﬁf%‘é’&?@‘g@ssy B%um advant age of

the exifRskM ggeeq §§qﬂ e Is t hus

pr oduci ng mﬁgﬁyg‘%or a elég?%gn%gl?l ze%?’rﬁé%blg E@%@%&‘%fg{’%ﬁgﬁn& eeI lvery

pr of i blesdsteamibyathe alveoli,cghusenabbngrapiibmrspt ofaotiamd rapi d onset of action.

Mor eover , £I contrast to mcronized aguequs aerosol di spersions, agueous

di spor si ondhe Biesert ayeation ISHPSIthe PURRRHA! OPUAILPEP e SPERRLPERERAR, such as

| oraz qi_nped ' indidtEiBstRRl 2l M ' i 4aS | arge to
be deﬁﬁgi?%g&e i(?? g%fye%@?/s 151‘#1“ trasodgi%cﬁéﬁr? ue?@grl.;eﬁ%rxgp %de’s?dfggs

det er loraweparijover u darderpysiologicabsurfack areaad campgied ¢g the.seme quantity sfral |
partigles, about ,<2 mcrgns,, are gdeljvered tq the alyv oti; %ar er particles,
b bout deiveisdBistRnizeg befrdiepspinecich b lorwepwn. FOF PYRSTHE GREVATS P %gi on; and
for n WME! ¥ ' ARGH ' re

pr ef eﬁﬂgl.n hﬂggf,é’t seé@gﬁcﬂt@é% g{a()){bt al tﬁd%%esoga I xgcger%gzg iazée%?ﬁg such as

| or azpesentedaiarthé alveolsi rgmnwhithis praducifg mbrd faverablerbgezaliaztpimp) sichss zes al | ows
nore effective. and e efficient (i. e., benzodi azepine uniformty)

o gelirebt, ey SauPRies sieh p e AP cagpulfie absepEon w BB et of8haRs g

m croni zed Is | : e j shen ' ' | s too
Tar go ot Monarel EGRIR I iR oS el R o B B ont D
even ofewaterinsobiblezmuiopaticddiedeppidizepine] such aploragepain] cancbel rebglizeddr opl et

i op! WESSRUEATS, NGB AR o e pe B DLera TS B AR o and

ef fi cheulizienzodi azepi ne delivery enabl ed by the nanoparticul ate

Droplet size determines in vivo deposition of a benzodiazepine, i.e., very small
particles, about <2 microns, are delivered to the alveoli; larger particles, about 2 to about 10
microns, are delivered to the bronchiole region; and for nasal delivery, particles of about 5 to
about 100 microns are preferred. Thus, the ability to obtain very small benzodiazepine, such
as lorazepam, particle sizes which can “fit” in a range of droplet sizes allows more effective
and more efficient (i.e., benzodiazepine uniformity) targeting to the desired delivery region.
This is not possible using micronized benzodiazepine, as the particle size of benzodiazepine
is too large to target areas such as the alveolar region of the lung. Moreover, even when
micronized benzodiazepine is incorporated into larger droplet sizes, the resultant aerosol
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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aer osol benzodi azepi ne, such as | orazepam fornulations of the invention. 14
WO 2006/ 088894 PCT/ 1JS2006/ 005224 The present invention also enables the
aqueous aerosol delivery of high doses of benzodi azepi ﬁg orazepam
in an exwpéﬂ@?‘vsgﬁort time period, i.e., 1-2 seconds (%%T[/JI%# {09%%{‘3 is in
contrast to the conventional 4-20 min. adm nistration period observed with
pul monary aerosol formulations of mcronized drug. Furthernore, the dry
aerosol nanoparticul ate benzodi azepi ne, such as | orazepam powders of the
present i nVkepresent mventicpdies érmblesahmhquawsmramhéel@nw ofhigh Beses of cr oni zed

mat er L hereb uci ng_aer osol sition vin ette | ow and

di spe ‘I?eggzgql}a%ﬁpgf;e%/qwfleagq %'E]af:ﬂaﬂ @‘W}fﬂe %& tiyne P?}'éngae 8—5) fer?Bn(ifeép | ung.

Fi nal bfy), s 894 9&&&%%@9&@%@@6&4@&& a&miregtﬁ%@ﬁgeho&%@%wms of the
present “ invention enable rapid nasal delivery. Nasal delivery of such

aer ospnﬂnmnmw@smsokﬁosmulanbnw mistonded ddugyofurthermpond) thesinylaerosgbl et el y t han
mcronlzeda ositions before bein cleared by the mucociliary
Tech aTATORA B e FEUH AR Rl UG 38 KESGPRS o Sh1EF BIFSrAbABUBR B ded | n
for Wép’h%h@.ﬂ 2ndBArfbe mBdd ikhller: %aﬁ%ﬁicﬁﬁxyzeﬁfmdtﬁliﬂ 3tﬁ€re9§' 9fddu@§1§ld%'§ol
adm ni'stration to a patient including, for exanple formul ation, a CR
f or mut¢ampasitionk haviag betier flovcandodispetsign pmbpemﬁstandtcapable effeting delivetsditat i on of
both 1R and CR fornul ati ons. Because CR fornms of the present invention can

r equi dB‘FR{'/mSne dose per day (or one dose per suitable tine period, such as
veekl y or FHEMY,thd/dorost 6EnAaRARINd Q6dFEasb YL i, LBMPBARBAY dfth@ pregiHianced

pati ent conveni'ence and conpliance. The nechani sm of controlled-rel ease
enpl omchthm enhble ©pid nasal deliveny Nasat detjrierysofuich aerasolapimpositiois widle i ncl udi ng,

R

nanopgg%&g?%@&;@ﬂ PR BreeRinign f Or mul ations of the invention over
conventional forns of a benzodi azepi ne, such as |orazepam (e.g.

non- nanopathé desage formis of thel present m&mtmmsmgeba‘ prowvigipd imformalafionywhighe not

I d hili bi | abi | X
(3 shaniris virdn sErIGRRPRAE Fon SEntirrsabint Bhier HRURRE oy BORER. | over
t her apept fcﬁm@&%@ﬁ%Cﬁ%mﬁﬂaﬁ&hﬁaﬁ?ﬁ%vﬁ'oﬂé‘é’ﬁéﬂcﬁ?'ahintiﬂﬁstrétﬁﬁl Eﬁ‘diélced risk of

unwanted sid fects due to | ower dosing; and (6) enhanced patient

conv esdmbivaicof ot arthCB. fommulationsh Becade SR fages of thetpeesent igverdioh ean
nanoparticul ate ﬁgnzodl az |ne forrrulg,l&qbi of the prglﬁent nvention over
convefraPER ahly o5 seoqerldﬁy oéISIdQSeo%eﬁf & e pedod, Syelhaswedkly a0 o nam s t he

monthly), such dosage forms provide the benefits of enhanced patient convenience and

compliance. The mechanism of controlled-release employed in the CR form may be
accomplished in a variety of ways including, but not limited to, the use of erodable
formulations, diffusion-controlled formulations, and osmotically-controlled formulations.
Advantages of the nanoparticulate benzodiazepine formulations of the invention over
conventional forms of a benzodiazepine, such as lorazepam (e.g., non-nanoparticulate or
solubilized dosage forms) include, but are not limited to: (1) increased water solubility; (2)
increased bioavailability; (3) smaller dosage form size due to enhanced bioavailability;
(4) lower therapeutic dosages due to enhanced bioavailability; (5) reduced risk of unwanted
side effects due to lower 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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elimnation of the need to use pol yoxyl 60 hydrogenated castor oil (HCO 60)
as a solubilizer. A further advantage of the aerosol nanoparticul ate
benzodi q i uch as |orazepam is a 15 WD 2006/0

PCT/ US20 §ﬁ@@§§§?ﬁ reduced risk of unwanted side effects. zgmg?%g%nt

I nvention al so includes nanoparticul ate benzodi azepi ne, such as | orazepam
conpositions, together with one or nore non-toxic physiologically acceptable
carriers, adjuvants, or vehicles, collectively referred to as carriers. The
conporduceadriskadmniyanted sideelffectsd f or parenteral injection (e.g., intravenous,

used for - ahge bty R AR iptuddt e RatE Bl Rar S PintaSioh Bl  vory. The
DI €5 e hazkfif boniosindA0EhA A Girindte nb58Y BRloIELAY) ddoBfimbleas set

forth below throughout the application. The term "effective average
par t i edrdersj adguvaints, eseehi¢les; callestively oeforred to'as cagriars ethdenmpositions garsbe hat  at

oy BT GHTo¥ BT B ER o ReS BRHERER, e helip . *
sedi MeGbR] delvelry STHe AdrO¥dls édntsel ised 8rla suibdb dkives), k&dhAdsi pulinSmeF bf 0Scopy,

light scattering, disk centrifugation, and other “techniques known to those
of skhasal delivetye art. As used herein, "about" wll be understood by persons

of ordinary, skill in the arf and. will vary to.gome.extent an.the context in
ohion 111 SngEissent pveniich B destipd pétesn uilfl e bR ACHR RS B bt A0 BTeR o

per sopgd BtouphduttBé ¥pplichtién,i N the art given the context in which it is used,
“about! "wi Il mean up to plus or mnus 10% of the particular term As used
her ei n wi t Bhe tehwor‘effectivevarage particletsineas d¢sa tapi about mngs a$ vsed hepsitm

ticl t €S, i t..|inited f the fol | ow
bar anteg ol feasCinoRar e dehtdiadshine s rh 8 BieBim sl wiR 9okl are o
aggl ogRight,df 4§ tHa8 abBEEI0Nd mind, G¥HRn M dabiBed by Sof éa_fa@zﬁﬂe,csgdinf&mbwﬁ%m flow

significantly increase in particle size over ting;, (2) that the physical
st r ucfra¢tiongtion, photonsarrelation sprictresqony i light scattexingy sliskdenbifugationeandigther, such as

by copver.sion fro n_anmpr.phou hase to a crystalline phase; (3) that the

benzo?ﬁc 8}3‘?8 oﬁglrr???t&qsgg’}aggﬁ%ﬁ’&ﬁ%cally stable; and/or (4) where the

benzodi azepk MgedRsteil OtabbRE il o) d@érsiod %ﬁ Peabhd\6f srliRBrydkilPin e aMand he

mel ting point of the benzodi azepine in t eng_reparatlon of the nanoparticles
y

of t hwilpvarydasome extenitarothe camfextria whichcibiswsed.i Bitlgre argrusenofitha tarayshich cul at e
active 3¢ &%arot[) p%?sgleg gf c%ﬁﬁpa}ynﬁdill in the art given the context in which it is used,

“about” will mean up to plus or minus 10% of the particular term.

As used herein with reference to a stable benzodiazepine, such as lorazepam, particle
connotes, but is not limited to one or more of the following parameters: (1) benzodiazepine
particles do not appreciably flocculate or agglomerate due to interparticle attractive forces or
otherwise significantly increase in particle size over time; (2) that the physical structure of the
benzodiazepine particles is not altered over time, such as by conversion from an amorphous
phase to a crystalline phase; (3) that the benzodiazepine particles are chemically stable;
and/or (4) where the benzodiazepine has not been subject to a heating step at or above the
melting point of the benzodiazepine in the preparation of the nanoparticles of the present
invention.

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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such as | orazepam shall nean an active agent, such as |orazepam which is
solubilized or which has an effective average particle size of greater than
about 2000 nm Nanopartlcul ate active agents as defin | e an

ef f ect | VEORIWUEBAM harticle size of |ess than about 200%%1@%68’8%}9088894
PCT/ U82006/ 005224 nm The phrase "poorly water sol uble drugs"” as used
herein refers to those drugs that have a solubility in water of |ess than

about 30 ng/m, preferably | ess than about 20 rrg/m, preferably | ess than
about nth0 rrg/m or preferably Iess than about 1 ng/m . As used herein, the

o e b B e B E  an b ER e it i 0° 1

adm nj 3418 SbABds\ th&Pabo FB'(‘)'H:%? Dbrefatihl93és3 thah dMBELPMgARICH treat ment.
It is gﬁphgg};g{ewﬂetéigtg se{:ht herélpeutlcné % efchtlve anount ofg a drug that is
es

adni npeferally less tanphont Mghnlsmbprefctabllm sithpmebout JImag/milnst ance WI Il not

al ways be effective | n t at k nditions/ di sea descri her ei n,
even thouga é“ﬁi‘# Eie He‘ftl?a@% eqHyE AoRRt S i@? ﬁfaé ve anount
by t h8§s%§e Hat §1‘6‘vides'tﬂb §p@@1ﬁ@r hmﬂ%@lo@ﬁ%sﬁ%& fcﬁr'%}ﬁél?theﬁuglﬁed herein refers

to a state of matter which |s characterized by the presence of discrete
parti edlrasustqjedl frea sgnllﬁemmumbegoﬁmbjees in neesbofsuch treatofent. hléusremplmelzed; hape or

nor ph The,.t | uI at sed he rality of
D oo Bha tigrab ety Besefive asB ek of ol Ao pdi A RE © £ pahMtBL ek L1 %

t her e@%aﬂh%ﬁl%?ﬁﬂﬁhbé’ﬁ‘nlpﬁottdl‘@his B &ﬁctwe'ﬁh%%ﬁuﬂ’é ﬂx@QbﬁHﬁﬁbﬁQ&sea'E@sedés@ﬂEEd nodi fi ed
rel ease" as used herein in relation to the conposition according to the

i nvenhérein, excartboughl suiab dosdge éhddemed de bé athegapsuticalkyl effestiveardourd by dbase t o
encongfm C@Etrol | ed rel ease, sustained rel ease, and del ayed rel ease. The
ter &9“ as used herein refers to the duration of tinme between

adm ni st ra‘l‘h@fbrﬁf" phAR UKL Bkdd lﬁﬁelﬁ?&eish@arsﬁk@@ﬁﬁa@r vﬂﬁé}?fé@h&%@t@hi‘éﬂ: such as
| orazepam from a particular conponent. The term"lag time" as used herein
r ef er by the presence @&dlmeM@GWGMI pelletsy beaids ac giagules irragpestive of theﬂmeosl@pc onmponent

dth i) d h | f
ot haF MRHR Gk  be P ip gt e bitd BBt et PGl AERATPR ot o
Eﬁgf ggggggagﬁ??@gmo%msoa@ds I 8hResSdreniRtutd tHRRIof fbespBhinRGTthdanaseracol ogi cal

shape or morphology.

The term "modified release" as used herein in relation to the composition according to
the invention means release which is not immediate release and is taken to encompass
controlled release, sustained release, and delayed release.

The term "time delay" as used herein refers to the duration of time between
administration of the composition and the release of benzodiazepine, such as lorazepam, from
a particular component.

The term "lag time" as used herein refers to the time between delivery of active
ingredient from one component and the subsequent delivery of benzodiazepine, such as

lorazepam, from another component.

L 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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nanoparti cul at e benzodi azepi ne, such as | orazepam conpositions of the
present invention. 17 WD 2006/ 088894 PCTI US2006/ 005224 A. | ncreased

Bi oavai |l ghil | e benzodi azepi ne, such as | orazepam 7 | of the
pr esent &ﬁ&gﬁ%gﬁ‘}exhi bit increased bioavailability at@@igtgs% gse of the
sane benzodi azepi ne, such as |orazepam and require snaller doses as
conpared to prior conventional benzodi azepi ne, such as | orazepam

formul ati ons. Moreover, a nanoparticul ate benzodi azepi ne, such as | orazepam
dosage forA r eqlnareased Bieavailabilityo obt ai n t he sane phar macol ogi cal effect

observed w.ih, a canventional ,m crocrwstall,ine nzodi a Il ne as

| or azepamwré%gedﬁg PEHRRe, ﬁ'ﬁj'raesf18%?pafnnXom%%ﬂapfﬁﬁﬂr%eg%‘g?@b%ie%g@gi ne, such
as | ofRzAREBioAAH AR Althe Sfe e bfficRane BendddRa¥siht,a0th bd raspanmpared to
the conventional mcrocrystalline benzodi azepi ne, such as |orazepam dosage
f or m 2Bl requice shallemdossisias éompared &9 priercopventionalthenzediazeping seh@dnposi ti ons of

t he ior}ventigtn are..not Affected by the Fed or Fasted State of the Subject

I nges |?‘F§p?lﬁ °E%H‘§B§ﬁ‘sci ons The conpositions of the present invention _
enconpass Mdpesves) &l mapirtiCulate behzodtazepifé, dacadMorasbpdre) dbsigrefopt aédunedki net i ¢
profile of the benzodi'azepine is not substantiall affected by the fed or

§ | JYy C
f ast elessdmgdo obtain the bgrae pharmgeelogisal affeet ehsegyed withanconypationgbans that there

is litt raci i nce in Nt ug absorbed or
the r ?gég%&gtaﬁ@a%Qg@ggyﬁﬁhgnsqﬁ%%sﬁfo‘f%g_p%ndé%%%ttﬁ%& gpé%gogg?ztg%i azepi ne, such
as | ongpaRitulatbEpasdibiepiite, Sich as dstaidpam Bosage foim s ahafcr¥/egdus the fasted
state, Benefits of a dosage form which substantially elininates the effect
of f obipayailebility agepmpared otbe conventienad sricreenystalling henzodiazepiap,such as easi ng
subj et | } ance s the subject does not need to ensure that they are
t aki nS“%%ﬁ%ge ogﬁg%@gﬁw th or without food. This is significant, as wth
poor subject conpliance with a benzodi azepi ne, such as | orazepam, an
increase in the nedical condition for which the drug is being prescribed
may be obsBr vedTheRharmaeekinetic Brofilesnfthe Bepradigrepineicempositinnhef theepi ne,
such as | or azeplventionmpe vt Alfiectet] byithg Fed de Fasted Statetod theBukjectet i ¢ profile
when admi ni st er Begestingrtéine@binpositiondj ect s. The desirabl e phanmacoki neti c
profile of the benzodi azepi ne, such as | orazepam conpositions preferably

includes, Wy¢ chiipoiiodsioMiieSstedent invéntich niBMpas8'a HRRFFRAHPARPIUR as WhEN

lorazepam, wherein the pharmacokinetic profile of the benzodiazepine is not substantially

affected by the fed or fasted state of a subject ingesting the composition. This means that
there is little or no appreciable difference in the quantity of drug absorbed or the rate of drug
absorption when the nanoparticulate benzodiazepine, such as lorazepam, compositions are
administered in the fed versus the fasted state.

Benefits of a dosage form which substantially eliminates the effect of food include an
increase in subject convenience, thereby increasing subject compliance, as the subject does
not need to ensure that they are taking a dose either with or without food. This is significant,
as with poor subject compliance with a 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
subjec’;s. The desirable pharmacokinetic profile of the benzodiazepine, such as lorazepam,
compositions preferably includes, but is not limited to: (1) a Cpax for benzodiazepine, when
assayed in the plasma of a mammalian subject following administration, that is preferably

greater than the Cpgx for a non-nanoparticulate benzodiazepine formulation administered at
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assayed in the plasma of a manmmal i an subject follow ng adm nistration, that
Is preferably greater than the Cnex for a non-nanoparticul ate

benzodi azggi06s/dsgogu! ati on admi nistered at 18 WO 2006/ 0
PCT/ US2006/ 005224 the sane dosage; and/or (2) an AUC fi’%%aéﬁ%?@f’sﬁ‘épi ne,

when assayed in the plasma of a manmalian subject foll ow ng adm nistration,
that is preferably greater than the AUC for a non-nanoparticul ate
benzodi azepi ne fornul ati on, adm nistered at the sanme dosage; and/or (3) a

Trax thersame desagexandfir(3) amABIC fos benrediazeping avhenassayedin the plasmalofan subj ect

foll owin admni styation, .that is r.ahl l e n. Lhe x for a
non- nSRB E)[zlaarht‘ml1 8\51?38%5{)&%‘@%38{%%%%85) ‘?’g{ﬁﬁ?e??ﬁx%‘.’( , ﬁgq}%}ﬁ?%{hg rAé[geg?r% he same
dos agfen-féiidpaulaébédzo@Rapimapihilation; adhafisteed abthewamd dosige] ahd/arg3}) he
phar macoki netic profile nmeasured after the initial dose of the

benz od Tmasfonkenzodiazapines mhew pysayrd indheplasres pkaimgmmealdian subipetfellowizgh as

| oraz I.t.i on hi, D i tive I netic testing with
a nongﬁgﬁ%sggﬁ{ﬁgﬁ?tﬁ Bregeéﬁgﬁg‘igg%itﬁee?ﬁggg%% ’g’é“?%‘rgﬁé{egg‘g%& formul ati on,

adm nbéizediagepiie fohRukion, dafidigRredat Tiepamedosspee Atherdetifible about 90% not
greater than about 80% not greater than about 70% not greater than about

60% Rearmgeakinetic profls, 2iotsed hewsin, isthe pharsweekineticaprotilsgueassdatignthegr eat er

t han t, 25%... 10 eat. t han about 20% not greater than about 15% not
gr eat gg&#ﬁ&%’ %%Bﬁﬁélfﬁa/gazgoﬁ%ot greater than about 5% of the Tmex exhibited
by the noniéiecRetiddiientas prefafedtiéheddisiepiie, sidh Bs Iaxszephpedppositionor mul ati on.
I n anot her enbodi nent, the benzodi azepi ne, such as | orazepam_ conposition of

the pxhibitt insamprstive pharmacekingiia tastingavigha nomraenapagiculate benzpdigzepine, a

non- n rticul at dj azeni ch.as.| a f lL.ati on,

nam nPRARRi et Fornt AR hAE ARG o tHE hefCaq BREF Mo BB O | st
about aBdid 90%eahotl geadtér thwatoud 809, nétigré@Shartdbivut 7GR0f6t gréater th@siboabout 400%
at | east about 500% at | east about 600% at | east about 700% at |east

abo:Jt 6&honet exgaterdhan aboyh 0% onwgreater thansaboubHe: not goeser than aboyt5% gt I1100%
, % 9 0%
Sbous Brkish BaH Ebog 2008 nof kreafef Rlan RO 5% BT breRbr ERFhOBAOA o A0 2 | 1

1800%greater €ianlabasts% 6otHe T,,Q00Niiteddyethe hdtafadoperticClaexbenxbdibidpat, fycht he

non- nanoparticul at e henzodi azepi ne, such as |orazepam fornulation. In yet
anot hay logagepam.fermulatioe benzodi azepi ne, such as | orazepam conposition of

e | nvert e SRR L ARSI cPEIIE U 2

adm nisesticdexhibitshie comparatos pligemacskinmBtic testing with a non-nanoparticulate
benzodiazepine, such as lorazepam, formulation, administered at the same dosage, a Cyax
which is at least about 50%, at least about 100%, at least about 200%, at least about 300%, at
least about 400%, at least about 500%, at least about 600%, at least about 700%, at least
about 800%, at least about 900%, at least about 1000%, at least about 1100%, at least about
1200%, at least about 1300%, at least about 1400%, at least about 1500%, at least about
1600%, at least about 1700%, at least about 1800%, or at least about 1900% greater than the

Cmax exhibited by the non-nanoparticulate benzodiazepine, such as lorazepam, formulation.

In yet another embodiment, the benzodiazepine, such as lorazepam, composition of
the invention exhibits in comparative pharmacokinetic testing with a non-nanoparticulate
benzodiazepine, such as lorazepam, formulation, 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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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 | east about
175% at | east about 200% at |east about 225% at |le % at
| east ab¥QR00M8884 5t | east about 300% at |east about %?fgﬂ@%&%@g%?‘g%BM
PCT/ US20061005224 350% at | east about 400% at |east about 450% at | east
about 500% at | east about 550% at | east about 600% at | east about 750%
at | east about 700% at |east about 750% at |east about 800% at | east
about 38B0%t leatt dboais4004b,at leaSibimt 480%,@h astabout S0D56) %t least dbeasi50&hatit 1000%

t | t ab 0509 | pbout 110Q9% t | 1150% t
Fleas'ta ﬁ;ﬁ&g?lst%ﬁ‘%@% lﬁ%%gg’%‘?t%a%a% lggstg tg@?@?&l@% E qaﬁga%ﬁéﬁ%%pgi t ?cul ate
0enZ OB AL BRI CAbAP 8R! A26HRPMBout 00 A 1daSabol 9SIBSAMakediREY OF the

Benzodi azepi ne npositions o nventi on gn ed 1n the Fed
Ver su$0t0kg aFkastabo@t HI50%, ahkeastabeutt il 60%aatd east albatni 486% soraat deaspabouit | on

conprisi a hanoparti at e .benzogdi azepi ne, such as | grazepam .in which
i nl P8t b ALl it s o mar Sempiafe peazp Gt pies peh S, <

bi oeql&#gggtf ggbg. nistration of the conposition to a subject in a fed
st ate. ’Hp erence in absorption of the conpositions conprising the

nanoparticul ate benzodi azepine, such as | orazepam when adm nistered in the
fed versus _t he I}asted tate isBl@ég]‘era,bl | ess. t han out 100% | ess than
about 90% Ct essBlacgRValRncy of thy Benzediazepine Liompositigng of fhe s  han about 60%

| ess than about Imygusion ¥hen Administered irpthe HedsVersugthedastad 36366 | ess t han
about 30% | ess than about 25% |ess than about 20% | ess than about 15%

| ess t han T bout 10% |ess than about 5% or |ess than %rgo t . 3% In one
embodi nent ermtv%thnrﬁ;séonqwgwpaﬁs%a F PR RO LIPS A RAOP lﬁﬁiﬁ%?rt i cul ate

benz opérgaiaidiine, Sitthhsa6rabePasy, S M ch\WasimbifatRADf TheSdonfidsRidnab alslijeonposi tion
to a subject in_ a fasted state is bioequivalent to adm nistration of the
conpoii & lagtad stateds bigsfleivalenttoadministationsf the sompesitionp asubjsctdetifeded by C. and
AUC géiplel ines given by the U S. Food and Drug Adm nistration and the
corre ﬂShdi ng European regul atory agency (EMEA). Under U.S. FDA guidelines,
two producthe @iffefdplé afisbsafpioRio? @ftlionosifibnd éoriprasiMdife Gandpadeditae | nt erval s
(Cl') for AUC and Chax are between 0.80 to 1.25 (Tmax neasurenents are not

r el evbenzodiezepiney supli asdprerenant, svhen eduinistencd ipthefod wversus the fasteshstase.dequi val ency

Dt v e ekl GTBAHANS g 0o 485 Mt ghLd 9%, T8 ! B8 BOVGSH o S 0P
70%, less than about 60%, less than about 50%, less than about 40%, less than about 35%,
less than about 30%, less than about 25%, less than about 20%, less than about 15%, less than
about 10%, less than about 5%, or less than about 3%.

In one embodiment of the invention, the invention encompasses nanoparticulate

benzodiazepine, such as lorazepam, wherein administration of the composition to a subject in
a fasted state is bioequivalent to administration of the composition to a subject in a fed state,
in particular as defined by Cpax and AUC guidelines given by the U.S. Food and Drug
Administration and the corresponding European regulatory agency (EMEA). Under U.S.
FDA guidelines, two products or methods are bioequivalent if the 90% Confidence Intervals
(CI) for AUC and Cyyax are between 0.80 to 1.25 (Timax measurements are not relevant to
bioequivalence for regulatory purposes). To show bioequivalency between two compounds
or administration conditions pursuant to Europe’s EMEA guidelines, the 90% CI for AUC
must be between 0.80 to 1.25 and the 90% CI for Cpax must between 0.70 to 1.43.
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must be between 0.80 to 1.25 and the 90% C for Crex nust between 0.70 to
1.43. 20 WD 2006/ 088894 PCTI US2006/ 005224 D. Dissolution Profiles of the
Benzodi i ositions of the Invention The benzqg ' uch as

\ ; . S 224 .
| or azep%%(?@;‘ﬁ%g@??. ons of the present invention have unexpeg(%aerbﬁ?y dramatic
di ssolution profiles. Rapid dissolution of an adm nistered active agent is
preferable, as faster dissolution generally |leads to faster onset of action

and greater bioavailability. To inprove the dissolution profile and
bi oavai | abPt i t yDissoluéion Rrofiles of the Benyodiazeping Slompgsitians of th¢ Inventipn| to

I ncrease t rug.s _di.ssol utiqn so th it .coul ttain | eve | ose to
100% The ﬁﬁ%g%ﬁlgg’%%ﬁuﬁee ’su%ﬁo%eq a%ﬁ‘ g%’@Béﬂﬁmgsoomesﬁg N ?e&ﬁ g'lvgﬁt\f?rilléavg resent

| nventhaXpected]$ deinidtc)disialifion fp?éfﬁéé?' Rigpi®disgil@fiod 6f dnhdiihistered dciv@agdaout 5
m nutes at |east about 20% of the conposition is dissolved. In other
enbodisraeferabls; as faster diseolutiamgengrallydeads tafaster oaptpbactionsnd greatsys of t he

i ot BoBAERbEy. T4 frerd%s i AAERECh oFHTRERY hloBThi B B Oreliptti " Soet
about sytB%s Iethesphm,, 3R0useBPiotin€red6e tRd @b’ s didéolution 3b ehdlt itdbidaittainelevel

benzodi azepi ne, such as | orazepam conposition is dissolved wthin about 10
m nut elese © 94%.y, in anot her enbodi nent of the invention, preferably at

| east abou 9 out. 809 90%. or out 09 .henzodi azepi ne,
such as Ioiggg@ﬂﬁg%%bﬁ%%g\l% %ﬁ&%&ep g 8’%9%%8%%%{% p[;PSgeLntt E'glgntrln‘!{))nn ut es.

Di ssoprefdrabily havedd gissilatidryprofiRsit vetcH WitBinEBeit S inituite bt Ieastibdet 20%at i ng.  Such
a dissolution nmedia will produce two very different dissolution curves for

two pHssoapesitian istdssolnedy Lapthererabedimients of theiipyentions at|least ahouh3@oorc j ui ces,

i.e., 4h i,S | on.nedi.um | redi ctiv N ORARY ' f] f a
como St 4 AL SRR AP vl e FomBrat ¥ A ed S AR S

cont ajnimtes. TR getothértddhtdimens bfthe idveniibn, preferably aledst sbtut MY edoat m nati on of
the ampunt dissol ved can be carried out by spectrophotonetry. The rotating

b
bl ade %% thayt 60%.akave 207 opprahet 86 of the kearodiezepingdsuch apiaiazepamgi ssol ut i on.

| j o b . ; . SHER e oh
v onfoBRSIs glsbatbd Pl ibofl 10, A IR CRLG CRRRRBICM QB 00
CONPO fivehidis peeferable at Rastedott 70 eibbirc80%,5abbiied0% e abowiianls ofahe r edi sperse

such that the effective average particle_ size of the redispersed
benz obenzediszenine, suattasderagenagy: cpmppsifon isi digselyed avithinabaub 2e mip@es 2 ni crons.

This s si gaictf 88Nt preferdtly HRERAFT MheliEANRE: e HANRAME iSithat e

benzodi azepi ne,
dissolution media will produce two very different dissolution curves for two products having

very different dissolution profiles in gastric juices, i.e., the dissolution medium is predictive
of in vivo dissolution of a composition. An exemplary dissolution medium is an aqueous
medium containing the surfactant sodium lauryl sulfate at 0.025 M. Determinatibn of the
amount dissolved can be carried out by spectrophotometry. The rotating blade method

(European Pharmacopoeia) can be used to measure dissolution.

E. Redispersibility Profiles of the
Benzodiazepine Compositions of the Invention
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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such as | orazepam conpositions of the invention did not redisperse to a
nanoparticul ate 21 WO 2006/ 088894 PCT/ US2006/ 005224 particle size, then the

dosage f‘géglf)@!i@gse the benefits afforded by fornul at ip@&fﬁﬁﬁ‘osloo 2é4

benzodi a ch as lorazepam into a nanoparticulate partic size. A
nanoparticul ate size suitable for the present invention is an effective
average particle size of less than about 2000 nm |In another enbodi nent, a
nanoparti cul ate size suitable for the present invention is an effective

aver apartiplasizecthen diedosage fora smayHase the benefisodtarded b fsmalatingghenanoparti cul at e

active agent conmpositions of t resent | J.on.he | f t he smal |
parti E?rg%glia%eén %E?%haségwg%é@ﬁta%aﬁ&ﬁ%ﬂ%%? %lgf%%é%hpf é%réog aﬁf(’g Fedi sperse

i Nt o gize Sulble BAfeippdsenSinFentiopSarbeickive hvahgesurticld gize of ldsthan about

aggl onerated_acti ve a%en_t particles are forned, owng to the extrenely high

sur f ad@0G pme Inpnothey eatbodimentaranapartiewlptgsize syiatiefor shripresrat inyertiRs nani ¢

drivi rce to_achi aye er al i in free energy. Wth the
for m?t?gﬁgc&vggﬂgﬁgea%%’ﬁ%lﬁgﬁgtogxesé%ha@ﬁg@btngrg bi oavai l ability of the dosage
form may f gideedyghd narphiictilateaictiodagny Esimpasitionk BE tHel pieedt Mverntntensfitt or m of

t he nanoparticul ate active agent. reover, the nanoparticul ate
benzotirarthpsmall patticle size afdhegative agentoifhssActive agend floestnob redispsrse A aexhi bi t

A R R L
ani mahge fafined] eWipStHthé elrediely ﬁigﬁ@ﬁiﬂdetﬁéecaﬁéfggcﬁfsmueﬁaﬁiofsartiwla& systemel evant

aqueous_ nedi a such that, the effective average particle size of the
redi sped thethesmadyranis diving foreg o achievesnoversllrpdussioniin free engray.| Wath théyan about

2 m cg . [ | ' hat
e b ipeTHE R e BuRNA pAHER uhe BER SRR, cing BeaBOMERY B RA il T
bi or ebeloarthigt obbervePwithell kquid dipétsioh Teth pftha Aandpafticulsé activetagerdr e t hose t hat
are representative of physjol % | cal(E conditions found in the_human body.
ate henpo

Such bi or eMoregyer.dbgpaneparisul azepingy sush apfnrazepamg eripesitians €f r ol yt e

sol ut | . aql ti | . O onbi nati on
t her eg@?ﬁ‘éﬁ%ﬁhgﬁg‘g@ﬁ#b%fﬁ%t#erle%géel@é%ggﬁezln plaggcﬁl(h:aq% P %ﬁg@%gp'ﬁqglrl% é<;svant pH is
wel | kﬂ%@?axhﬂpdrﬁﬂeﬁﬁﬁon ddRdinRHatgH 1©.a haminBE sedtoasRCiumdn @ apbhilpages  from
slightly ess than 2 (but typically greater than 1) up or 5. In the

to 4
snal | depersirated byiraconstitytionsedisnsepiort m@rhimeieda@,aqaﬁsmﬁdim@%h%rﬁhqt can range

: s R e . . | ! '
Fast e giediyP avealt FfVEblze tcredRiid Elietaodindtol, Woh as SRR RArReR L | o1 o
st at eid ledsethidn abdut 2 micidnfaSuchrbioelvvantsigueoig infedid canlteliny Qqidous oeedlithat |

Li ndahl__ et at,,K "Characterization of Fluids fromthe Stomach and Proxi nmal
Jej unGxhibi thagdesisprhionic strength and pH, which form the basis for the biorelevance of the

media. The desired pH and ionic strength are those that are representative of physiological

conditions found in the human body. Such biorelevant aqueous media can be, for example,
aqueous electrolyte solutions or aqueous solutions of any salt, acid, or base, or a combination
thereof, which exhibit the desired pH and ionic strength.

Biorelevant pH is well known in the art. For example, in the stomach, the pH ranges
from slightly less than 2 (but typically greater than 1) up to 4 or 5. In the small intestine the
pH can range from 4 to 6, and in the colon it can range from 6 to 8. Biorelevant ionic
strength is also well known in the art. Fasted state gastric fluid has an ionic strength of about
0.1M while fasted state intestinal fluid has an ionic strength of about 0.14. See e.g., Lindahl
et al., “Characterization of Fluids from the Stomach and Proximal Jejunum in Men and
Women,” Pharm. Res., 14 (4): 497-502 (1997).

It is believed that the pH and ionic strength of the test solution is more critical than
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Wnen," Pharm Res., 14 (4): 497-502 (1997). It is believed that the pH and
lonic strength of the test solution is nore critical than 22 WO 2006/ 088894
PCT/ US20086%8mnadsost Ne specific chem cal content. Accordinal appropri ate
pH and ionic strgﬁ’é‘th val ues can be obtained through nﬂ’rﬁ'ﬁ%&%ﬁ“@’g%fnations
of strong acids, strong bases, salts, single or nultiple conjugate

aci d-base pairs (i. e., weak acids and corresponding salts of that acid),
nmonoprotic and pol yprotic electrolytes, etc. Representative electrolyte

sol ut therspecifin chemicalidontent  Aotordingiy; appropriat¢ioH agdlienic strength valwesicag ben
conceniratign from about 0.001.to about O. and NaCl. sal utions, ranging
o Bhe AR BAS bIEFIO8 £F SEORRAS BLOERYeSSin ity REMPSE ¢ her cof . For
exanphfyltipl€ b&gﬁg&é ¥4i8-basd I\hb’éiﬂsgﬂé, wedk R8s ﬁutcoﬁeg)oaefnglshm sffattRid)about 0.1 M
HCl or less, about 0.01 HCl or |ess, about 0.001"M HCl or |eSs, about 0.1
M NaCmonppiotis and polyprotio eletirMybsCeicor | ess, about 0.001 M NaCl or |ess, and

m xtures thereof. O these electrolyt olutions, .0..01 HC . and/or 0.1 M
Nadl , are g{esc?r)é?}}v&eiqf?ra&tqléoqgtfoqsgép E&S%T] ﬁﬁﬁoﬁﬁ%ﬁegg%d%lﬁgl%ﬂﬁi tions,

OW NQ rarfpthgl il RoR¢dnftafon £B8MCabdlf GOOL 1 fHBHH0.1 M Hd NaCl REIuBbRX I ng in
gastrointestinal tract. Electrolyte concentrations of O. 001 Cl, 0.01 M

HCl, apmteotration figh aboutr@dnaboutd). bM, 3pd plixtayesdheteqfH For examplect i vel y. Thus,

ot orrairehrTte S fietohn S B¢, Dbt b RAdh B B il B ST Shibas” Mot BYT Mt s oo
t he | @I0]Gr fdss,2BEETD.6PNKE HCPHSleb0 Hhsht DNNAUGTIW: 1458 abeaEY.01 MNaCHbNesd, he

gastrointestinal fluids, although concentrations hi gher than 0.1 M may be

enpl opbent0)01NVMNAC oe lese dind oridturésghereof. tOf theseredecmohde sadntionsa@.01 MEkSHp| ar y
| uti , id b . nbj .nat | t her. eof A ch hibit th
cos! r 0RE P M Nelch: € BiobCropreRetptngl o e AP s i pont SR Ehor ¢

aci d( I@&ﬂféﬂil‘?é:ﬁli@ﬂibts&en %@ﬂ’ﬁiﬁ@ﬂs df%@ﬁr%kﬁﬁﬁl%ﬁﬁxcﬁﬁhﬁhﬁﬂtr@@! ts of chloride,
acetic acid/acetate salts + sodi um otassi um and cal ci um salts of

chl ori de, &dgchohitecensenttdsionsrH0.081 M HLLLG0LMEEEL wnd 0poMa €l earrespend cal ci um

sal t s of.;chl grj de d.citric, acld/ci | t.s..+ sodi otassi.um and
cal of iPHZapH2. b pfllorespetivEiy” dtferd QREMEHTE no Beicn SRR whR BRI "
redi spgendifshsTBRAPRI the Siiath. AUelutidf of 0A'M2¢ClProHadstd kh@hable the invention
(redi spersed in an aqueous, biorelevant, or any other suitable nedia) have

an ef pRroXimationof thedopigstrengte cendidonstfoundthraughputthe bedyl dwpduding theess t han
Zggﬂz g %%&t%#{ﬁal hx%ﬁ?, aﬁtﬂggghac%%lééntr]a 'ggs ﬁg}xerl tﬁa?ns O.tl ti\firr]na‘%' Oeuetmp g)(')e% M less than
simulate fed conditions within the human GI tract.

Exemplary solutions of salts, acids, bases or combinations thereof, which exhibit the
desired pH and ionic strength, include but are not limited to phosphoric acid/phosphate salts
+ sodium, potassium and calcium salts of chloride, acetic acid/acetate salts + sodium,
potassium and calcium salts of chloride, carbonic acid/bicarbonate salts + sodium, potassium
and calcium salts of chloride, and citric acid/citrate salts + sodium, potassium and calcium
salts of chloride.

In other embodiments of the invention, the redispersed benzodiazepine, such as
lorazepam, particles of the invention (redispersed in an aqueous, biorelevant, or any other
suitable media) have an effective average particle size of less than about 1900 nm, less than
about 1800 nm, less than about 1700 nm, less than about 1600 nm, less than about 1500 nm,
less than about 1400 nm, less than about 1300 nm, less than about 1200 nm, less than about
1100 nm, less than about 1000 nm, less than about 900 nm, less than about 800 nm, less than
about 700 nm, less than about 650 nm, less than about 600 nm, less than about 550 nm, less
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| ess than about 1400 nm | ess than about 1300 nm |ess than about 1200 nm
| ess than about 1100 nm | ess than about 1000 nm | ess than about 900 nm

| ess t ha nm |ess than about 700 nm less t 0 nm
| ess thagvgggﬁ@ssgg‘g nm | ess tthan about 550 run, |ess ZWB@@/S 8894
PCT/ US2006/ 005224 than about 500 nm | ess than about 450 run, |ess than
about 400 nm | ess than about 350 rim | ess than about 300 ntn, |ess than

about 250 nm |ess than about 200 nm |ess than about 150 run, |ess than
about thaf @bouns00 ass ldsk dranaboutt4 S0mn, bess tlan dbesaisd0ham, lesschin SdpunBF0 s, measur ed

by Iljght-scatterjng methods, m_croscopy, or_other approp(iate ods. Such
net hoi?gs ti‘t‘!l‘i‘ ahayt SObP%pleﬁ% abew 7@9%8?%@%PH‘S@OM’BF¥I ar‘s?b?é‘gg(g known to
a persqn [ nan i | | 14l 4 ed using
iy oty ieh) (A% AR i), dcss ap oGS o, 7 4sE BB 30 ARl B U S
Pat enlightscattering mabdlsf micrdssopy,cbor Dtwe apgropyiate iethddat SuclOmethods siitabke

Conprising a, Synerqi stic Conbinat,ion of a Polyneric_Sutface . Stapilizer and
Di oct W%&%F Wtieragshagiole size gg kagwn 4o a perien @f)ﬂ‘gb“sai'fif? ﬁéﬂl&é&- in

Conj uncti Oﬁec‘fi%éeli’stiﬁlilﬁﬁémﬁ%ttké‘cgd @Q@&? ds%lg%%ﬁgkﬁ&ﬂp'id‘ﬁe aRUGhe 8§, r azepam

conposi tions el nvention can y conprise one or - nore
conpoexnuatypleissefions ofil) . ShBatextr1do.t6,3%5,986 for“Salidddese Nanbrartiple® of such ot her
ent,s include, byt are.n L m,ted

activg a t tg,. antidepressants, steroids,
ant1 oheRPESton  ThBRLSA e TERHE Rompiration ot BB SUFEGe SHRt B
car bi 9%?}‘1%8%&%99@1f6§hcci989?m ne agonists, anesthetics, and narcotics.

Exanpl es "of anti depressants include, but are not limted to, selective
serotonin reuptake inhibitors (SSRIs) and tricyclic antidepressants

(tricyclicg). Rl s i ncl pde_ drugs, such as escital opram (brand nane:
Lexapr o) cf‘t al c?éf"‘é?ﬂdﬂiﬁeﬁﬁ’@ q\%‘ﬁﬁ‘?s'%‘!s;ﬁ%’fl,mfl uoxetine (brand nane: Prozac),
par oxet i ne (br ak@niwmetion mith OtherdctiveAgents ne (brand nane: Zol oft).
Tricyclics include amtriptyline (brand name: Elavil), desipramne (brand
name: Nor pTherbenzpdiazepine, awihres 16tazepach, nampositiafsrafiibe inventtbnmant ri ptyl i ne

brand, pames: Aventyl, Pamelor). O her nt | deprgssant.s exi st that have
f:li ffe?‘t‘-ﬁﬁ °‘})%§§7§°‘\6/‘Pn§%?% ngn?rﬁé’ﬁznﬁ’ﬂgmgéﬁ@?‘é’rfhe F‘?’?‘ﬁ?f‘i’q Y?sb.etrXI nly use\é ones
are VE{E&rﬁ;Bl(@%bf“s%cﬁ BiiRP chvi@lrsgen@fiﬂc%e,r Dut aﬂ@ﬁ&%ﬁﬁ%&gﬁ Qﬁg@ﬁ&emﬂﬁ: steroRisZONe) ,

bupropi on (brand nane: butrin), mrtazapi ne (brand hane: Reneron) and

t r az ogntiemetibs, antinavaeants, Epasyrodytics, dntipsychoticspopipidssebidopa/lemedapamoni ne oxi dase
I nhi bi,t ors MAQ s) , i*lljeﬁlg asd%henel zine (brand nane: Nardil) and
t r any FORABTBHAFRLIS AlFTEpeigsrand narcotics.

Examples of antidepressants include, but are not limited to, selective serotonin
reuptake inhibitors (SSRIs) and tricyclic antidepressants (tricyclics). SSRIs include drugs
such as escitalopram (brand name: Lexapro) citalopram (brand name: Celexa), fluoxetine
(brand name: Prozac), paroxetine (brand name: Paxil) and sertraline (brand name: Zoloft).
Tricyclics include amitriptyline (brand name: Elavil), desipramine (brand name: Norpramin),
imipramine (brand name: Tofranil) and nortriptyline (brand names: Aventyl, Pamelor). Other
antidepressants exist that have different ways of working than the SSRIs and tricylics.
Commonly used ones are venlafaxine (brand name: Effexor), nefazadone (brand name:
Serzone), bupropion (brand name: Wellbutrin), mirtazapine (brand name: Remeron) and
trazodone (brand name: Desyrel). Less commonly used are the monomine oxidase inhibitors
(MAOQISs), 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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Parnate). Exanples of steroids include, but are not limted to,

bet anet hasone, budesoni de, cortisone, dexanethasone, hydrocorti sone,
met hyl pr | , predni sol one, prednisone, 24 WD 2

PCTI US20 g%@%’fg%g and triantinol one. Exanples of anti ?ﬁgﬁgﬁﬁszu
anti nauseants include, but are not limted to, pronethazine (Phenergan(r)),
met ocl opram de (Reglan(M, cyclizine (Merezine(M, diphenhydram ne
(Bena@mfll (r)), nmeclizine (Antivert(r), Bonine(r)), chlorpromazine
(Thor iﬁl@l\m)ﬂp ongr operi dol (I napsi ne(r)) hydr oxyzi ne (Atarax(r),
Vistaril( 4 ) Tigan(r)),
ci sapri dewﬁaiﬁél%gf or mgﬁ %%ar#lg?&? suc idz’adé l?lutéieﬁdﬁﬁﬂ%%ﬁ%g?#g@#%%

( Zof r (RhehYrgan®), mmxﬁammmegah@w@myzme/mmm@grm@mhyammesuch as

dol aset ron Anze (r gr anl set r%n (Kytril (r)%r ondan ron,(Zofran(r)),
tropi SR8 H@ﬁééhﬂﬁé( Wt’ ®)s ehlprpzem hosseRINEPeidal 1)) |

d o8 q
('rl'ﬁtlg(ra mg}e@)mn |s(tAam nes I:5 @ rp Aeﬁg‘%rg a%%%&%%%k’%& sﬁlcﬂe as

cygl i ﬂimﬂh«iﬂ&nkmgﬂeﬁl‘rgﬁngﬁmapnde gﬁ-r&@ttgmtmxgbm)stsN Sdehag nmaﬁdl;ne, :\/Ecl icot(r),
Medi vert (r i phen ani i_me ri nate avert(r egra(r
Dr arraﬂ%@at(li ezt%o)n @pﬁ%ﬁ@}@%ﬂk&ft@r@ﬂsﬁﬁﬁﬁ@g 5a)mn%ﬁ(=ma&%%1(§}u)ﬂb las i&?ﬂ(u és

o AR, B (IOR) ShahcRdronmE) eilertil hogatap ce el Ude

phte_nyaMagnms_tts; Istetr @Hag@eﬂtg@@ﬂgﬂnm@? fdquiewadaﬁ (énapa?ﬂ@,rtﬂm;:mdulm Exazrgl) es of
ant i i.cg,include, are imte ozapi ne .ozari :
ri spgﬁaﬁgﬁ@)@a@w%% oraa}ngf@saév éﬁéﬁgece éﬁ $25uch
(Sero %‘cﬁl ihk Aﬁtl ®, i‘iﬁﬂﬁé@ )Ma@ﬂﬂe@mbm&@o}vﬁd{«éa@)l fy(r)).
es 5 nc ude,’

Exanp | 0| are not limted (1) opi um al kal oi ds,
such drphemhyldpatmme, cﬁtﬁaﬂh)ah(naoe (AMert@a(AﬂI)spa@; &imnamte@hdimelnhbklmte (2)

sem s thet | ({E(?&é‘f rivati \éﬁ such as. di angr phi ne (heroin), oxycodone
( Oxy Hets®) ?‘fls sBeh abwatiuay and MaunQle odone,  di hydr ocodei ne,
hydrormrphEsasm RXSTRIBIA0 cs BEhIRPERITAIRBCHRIe, bildare AYMA 6, OPT OF S, such
as (a) pheyl heptyl am nes,” I ncl udi hg net hadone and [ evo- al phacetyl met hadol
( LAAMneﬂ(obarbplhehghpfmsmddlawam, darteofénegphwaytoinitolterodinpendytutysin,  f ent anyl ,
al f entani | su%ent anil, remfentanil, ketobem done, and carfentanyl, (c)

di pheh? B’p H‘élmvatlves such as propoxyphene, dextropropoxyphene,

Examples of antipsychotics include, but are not limited to, clozapine (Clozaril®),

-
-

risperidone (Risperdal®), olanzapine (Zyprexa®), quetiapine (Seroquel®), ziprasidone
(Geodon®), and aripiprazole (Abilify®).

Examples of opioids include, but are not limited to, (1) opium alkaloids, such as
morphine (Kadian®, Avinza®), codeine, and thebaine; (2) semisynthetic opioid derivatives,
such as diamorphine (heroin), oxycodone (OxyContin®, Percodan®, Percocet®),
hydrocodone, dihydrocodeine, hydromorphine, oxymorphone, and nicomorphine; (3)
synthetic opioids, such as (a) pheylheptylamines, including methadone and levo-
alphacetylmethadol (LA AM), (b) phenylpiperidines, including pethidine (meperidine),
fentanyl, alfentanil, sufentanil, remifentanil, ketobemidone, and carfentanyl, (c)
diphenylpropylamine derivatives, such as propoxyphene, dextropropoxyphene,
dextromoramide, bezitramide, and piritramide, (d) benzomorphan derivatives, such as
pentazocine and phenzocine, (€) 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®).
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dextronmoram de, bezitram de, and piritram de, (d) benzonorphan derivatives,
such as pentazocine and phenzocine, (e) oripavine derivatives, such as

bupr enor phi ne f) norphinan derivatives, such as but

nal buf i n@,o zgwsgﬁgécel | aneous ot her synthetic opioids, quﬁi@}g@oﬁ@%ci ne,
etorphine, tilidine, tramadol, |operam de, and di phenoxylate (Lonotil (t). 25
WO 2006/ 088894 PCTI US2006/ 005224 Exanpl es of carbi dopa/l evodopa or dopam ne
agoni sts include, but are not limted to, ropinirole, pram pexole and

caber gol i nExarhplesrofcarbidopelevedopaair dopdaink agaiifts jnclyler butl areinot limgited| taf e

Per max - Pram pexol e _di hydrochl ori de (M rapex , ropinirole
gydr OE%E%QQIEE”&T’REH@F gidpab %1%9%?“@%@%??&&%@9@93&&8&&5&]’cc{ear e not
limt ' | N biigous
ot de 18 B e B Bl M RirpeH e (MO A A BrochioRE T,
ConpofRequipt¥).The i nventi on provi des conpositions conprising nanoparticul ate

benzodi azepi ne,, spych as | or artjcles and.at | east, one surface
st abi | i zer EX%glegnggé@\egffsdgglﬁlﬁgmmgp@t i“_&f‘tﬁ‘?& SBﬂVaﬁ?jg’Gfoﬁwet o or
asso?is@hﬁﬁnlf‘”xﬁ%&wgﬁﬂlﬁé&%ﬂ u9meaeetégtﬁiaa&sik&mmepﬁeﬂﬁueﬂt&?éﬂmeewam

particles. Surtace stabllizers usef hefern do not chem y react with
t he Heopentilazepi ne, such as |orazepam particles or itself. Preferably,
i ndi vi dual nol ecules of the surface stabilizer are essentially free of
i nternol ecul ar cross-1inkages. In another enbodinment, the conpositions of

t he pmsenvb_gﬁh_{r}%ﬁgf;dn_gn can conprise two or nore surface stabilizers. The
present in on_al so i ncludes nanoparticul ate benzodi azepi ne, such as

| or azepam Theinyesfitn provides gempesitionstchmprising namapactiowtate benzodiapépped, ol ogi cal |y
acceptable. carriers,, adjuyants, or vehicl]es, cqllectively .referred to as
o v SHeh & forabenarmy partiefes b Bk B ot Sabiliaef ohmeirlatc iuliSen Rt o

(e.g. prd It ;ﬁmh‘fé‘d‘\l\rﬁl'i ﬁ:bd}q_h ; ol delivery. In
certa?%éfée}%lg\gia%ﬁﬁtoo({‘} at? e I nvent Ithg%ﬁrt? e naﬁgﬁggfa%‘fﬁhﬁ’gﬁaﬁnzodi azepi ne,
such kwaiepamzpgrticles. f Surfaceatabiizersarseful heraim dojod chebicelly wrant with the aer osol

dosage form A. Benzodi azepi ne Particl.es.The . invention is practiced wth a
bens o BPREPARPFLEe, SH SO R SR GHFISs i dSeIf P GRS Sopr L mBlrals PEBs s epar
IS prgfgicelabilerae tksenlalffi6s StiftekRble¥ulR¢r8sstiRilHed. Sin another

embodiment, the compositions of the present invention can comprise two or more surface

stabilizers.

The present invention also includes nanoparticulate benzodiazepine, such as
lorazepam, compositions together with one or more non-toxic physiologically acceptable
carriers, adjuvants, or vehicles, collectively referred to as carriers. The compositions can be
formulated for parenteral injection (e.g., intravenous, intramuscular, or subcutaneous) or
aerosol delivery. In certain embodiments of the invention, the nanoparticulate
benzodiazepine, such as lorazepam, formulations are in an injectable form or an aerosol

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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poorly soluble, and is dispersible in at |least one liquid nedia. By "poorly
soluble,” it is neant that the benzodi azepi ne, such as | orazepam has a
sol ubi |i | i qui d di spersion 26 WD 2006/ 088894 P 5224
medi a of {‘I)beésdsaw% g# about 10 ng/nlL, and preferably of Ieg{#%ﬁa%gzgt I
ng/ mL. As noted above, the solubility of |orazepamin water is 0.08 ng/nL.
The drug can be selected froma variety of benzodi azepines for treatnent of
status epilepticus, treatnment of irritable bowel syndrone, sleep induction,
acut e mpelic btigsstharauiisbup 1 @ mghnes aritbpreferabityl of lass thars abdert dfreg/atll. eAdneted cl asses
are benzodi azepi ne, syuch as |orazepam._an pharmaceutically acceptabl e
sal t s 2RAve &g ‘ébllléﬁ’ qucpra%@swwéﬁzaaﬁé s of particular interest are
al prazol ammr@%gﬂ ele(équ{'&h%/ﬁH 'o@%enz%h&é%?ﬁéyfof{r%}%ﬁp thd Or azepam
f zeni |, azo

denoxazepam ur azepam haazepam am nor dazepam
medaz epiepticusli treatmarnof irritabdz epreshsyndrampasigeprindiatiopsavute psyelrssamd peazepam
quazesgmapt (i az&),l am eegazep m a?d | pi’agol am Particul @F"la% r ef %rred
ben o GRS HASIATBAISH DTS BreiStabla ue (1RLiss BP SRvAOL SRR HFA 25 DrerfiirAdand
tri azqfy ' ' ' I ﬁ%&ﬂ : -L.Akd on of
t hese él ag}égs%gﬁ% &%gﬁerfcﬁ?ea%%izaﬁgg&éﬁ%fa[b??ileg??h?eo S%BI’@ZQW?‘QH each cl ass
((:_zli_ﬂ beiniﬁmsm’te lah}rmzfm,PrhiaﬂlmlaﬁEm(lchdiazefggghr clebazpne : Ichma%paml;l epe ylordzapdn;,Egi E) i on

e armaceut ical Press, London, ,, Specifica i ncqr por ated by
ref ﬁréﬁa@xm@w BRaz teaﬂeﬁ%wng bﬁyepyna%%darzl na#a?ﬁm; ?I?%Biigg;pﬁr ed by
echni : erein
refer s%ﬁﬁ%%%%o%?&&leﬁgﬁgs%g%g %z?gﬁgpa andé or’ahéos age forms
whi ch temazepain; imdloptazolaan Rartidulariyprefered bemdodjazepjnesre alpsasiolaabl e for use in
contact, with tI]e tissues of humaa belggis nd_api IT8| S W thout excessive
t oxi cithiflazqlam; ¢lopazgpam Jorazeram, apd Sipgnlam. Hhe Ryefdied brRAadiazemipe Sonpl i cat i on,

comre Wipt ipt oI I | | ratdq.. 1 F&S‘e‘é | y

accep':l gﬁ?ggaglél fA s&gﬁ%pt{est ers” Qggdsib:sgg%%ogilﬁh@lg%edpg atlgatk}gh at #%ggMVIher ein

t he beuagle diasszoapibedourlinMarsintale APreutra RimrmaaipbeiedT wyntyredinth gEdi#mind Toe base
salts _.thereof,. aml es, of rmaceutically ac table salis,include, but
are n(ﬁhaF‘P?'ﬁePE‘éFlEg‘fss’ nrﬁlQP’aIg%gi SB?%ﬁ?ﬁt“é’ 1¢9 rgtgﬁﬁg rﬁrlf)’relﬁlﬁ%i ﬁ“’r UENHEs such as
am nes. i : ' (Wl | s carboxylic

et ds.onRepeBally RiaiBbRARortEn bE pbad b holdiEs A BLEPRAS, T8 e the

convent i ondPhammceutidatly sateptable” as msedhexein eefersrty thoseooinpowrsis] matetiflst he
benzodi azepi.ne an referably, .l.orazepam forned, .for .example,, from
non- t GRFPOPIGRY 2RANET B9sags GRS SYIEh BE, VLB heSEaRe LSS SRR IdETeEhal
non- t Qxitebls Briude ISR WithARE iSRES ¥EELnl BTl I A8 BRintal @RAtHSUt excessive

toxicity, irritation, allergic response, or other problem or complication, commensurate with a

reasonable benefit/risk ratio.

“Pharmaceutically acceptable salts and esters” as used herein refers to derivatives
wherein the benzediazepine, such as lorazepam, is modified by making acid or base salts
thereof. Examples of pharmaceutically acceptable salts include, but are not limited to,
mineral or organic acid salts of basic residues such as amines; alkali or organic salts of acidic
residues such as carboxylic acids; and the like. The pharmaceutically acceptable salts include
the conventional non-toxic salts or the quarternary ammonium salts of the benzodiazepine
and preferably, lorazepam formed, for example, from non-toxic inorganic or organic 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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such as hydrochloric, hydrobromc, sulfuric, sulfamc, phosphoric, nitric,
and the like; and the salts prepared fromorganic acids such as acetic,
pr opi oni | glycolic, stearic, lactic, malic, ' itric,
ascor bi &Dﬁiﬁ@ﬁé&'ml ei ¢, hydroxynual ei c, phenyl acetic, Pg‘%‘ﬁ‘igg%é(/:@szﬁ WO
2006/ 088894 PCTI US2006/ 005224 benzoic, salicylic, sulfanilic,
2- acet oxybenzoic, fumaric, toluenesulfonic, nethanesul fonic, ethane
di sul foni c, oxalic i sethionic, and the like. B. Surface Stabilizers
Sui tab r e d d
AR R T e g G R e
pol yneemanddimlmiceoudtlw, isethignic, andftha;lﬂwers natural products, and
surfactants. Preferred surface stabilizers include nonionic, i oni c,
cationic, anionic, and zwitterionic surfactants. A preferred surface
stabilizer ﬁor a§urt‘a§ﬂ §ﬁtbﬂye?s nanoparti cul at e benzodi azepine forrmulation is
a povi done pol ymer nore surface stabilizers can be used in
ﬁogbl nat i onSul%ﬂst&nh | élet{abi?heexemm’pé wicméd ﬁmmﬂmcﬁmmmﬁ amkinerganicl ude
ydr oxy nmet hyl ¢cel l ul o now known as hypronel | ose)

%@ﬁgﬁv&@ il expipicats. @%@Pﬁﬁmeavrm@wm@us BRkMSHS, oW, P%ﬂlec% I“feé&hé

hydr ox®
di octyg e?? ‘hﬁﬁ] élgﬁc‘?du éxﬂfac&it‘se PlefelrEE Sirficl s@BﬁfgéRﬁ Ihateso xtran,
gum acac “Chol ero ragacanth, stearlic aci enza onlun1c | ori de,

cal ci umnw, eaﬂcﬁai(ﬁ anighics md)twnmmms sedactdnts. A prefetrebsurfacebtabihiatr, focad onacr ogol
emul si fying wax, sorbitan esters, polyoxyethylene alkyl ethers

macr og¥lecibifenanopartinulate Reppestiwrepisg formubainn is a,povidons BelicE nEwe 8% o |
deri vagj: Y&%}?stagf?ﬂz ﬁ@%éﬁ%@%ﬂlse%'}ﬁc?&)%maﬁ fatty acid esters (e.g., the

commer cl a aval weens as e.g., Tween 20(r) and Tween 80(r)
(1 Cl Speci aRepmsenﬁlﬁ'me&ahpI)e} of ﬂ.ﬂfaxbetﬂabﬂhem inglhydedlydrdxypeppyl fethytoetimlese 3550(r)

i oxi oBov R BRTaBrOmS ﬂvaai%@%ﬁ%%ﬁ%f 6 DaUSNIE Do RN C309ER PRlel | i ose
sodi um, %Gyd %géeqlfb's\?&?nat@#gfa%y%éﬁ{' Et%g? 3% r&’éﬁ{a{rl,l‘)%ﬁhQ&tc al ate,

noncrys I ne ose gne5| um a umn I ca anol am ne,

pol yvi abdlemrobhagacéﬂﬁéeteark 4cid, befizaliconbim ahietiby, caleiyh steplaes) glycprol ymer wi t h
et hyl ene oxi de and forrral dehiéde (al so knovvn as tyl oxapol, superione, and
t ri t onJRONOYRATHR LREGSE cetemasrogolesulsifyingwar sontitan esteff ch are bl ock

e

t et r af polybxyetinilerdel castior 6id detiyatives, @elyioxpdhylemosmtamefatty atid &sldfst(b @ thef

pcg(r)gyc/)lr ggqel@ﬁl%)l(f{ﬂg're%fgﬁ%gg t bw%legsiags&)l(llacsi% gt vaséeg)él()%ne nz:err]1680€®868'1: Specm dOt te
Chemicals)); polyethylene glycols (e.g., Carbowaxes 3550® and 934® (Union Carbide)),
polyoxyethylene stearates, colloidal silicon dioxide, phosphates, carboxymethylcellulose

calcium, carboxymethylcellulose sodium, methylcellulose, hydroxyethylcellulose,
hypromellose phthalate, noncrystalline cellulose, magnesium aluminum silicate,
triethanolamine, polyvinyl alcohol (PVA), 4-(1,1,3,3-tetramethylbutyl)-phenol polymer with
ethylene oxide and formaldehyde (also known as tyloxapol, superione, and triton),
poloxamers (e.g., Pluronics F68® and F108®, which are block copolymers of ethylene oxide
and propylene oxide); poloxamines (e.g., Tetronic 908®, also known as Poloxamine 908®,
which is a tetrafunctional block copolymer derived from sequential addition of propylene
oxide and ethylene oxide to ethylenediamine (BASF Wyandotte Corporation, Parsippany,
N.J.)); Tetronic 1508® (T-1508) (BASF Wyandotte Corporation), Tritons X-200®, which is
an 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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N.J.)); Tetronic 1508(r) (T-1508) (BASF Wandotte Corporation), Tritons
X-200(r), which is an alkyl aryl polyether sulfonate (Rohm and Haas);

Cr odest Whl ch is a mxture of sucrose ste rose

; . 022F

di st ear 3?’82 @1’3@3} I nc -i sononyl phenoxypol y- (gl yci d%@ﬁé@g 52;13 WO
20061088894 PCT/ U82006/ 005224 known as Ain-104r) or Surfactant 10-Qr)
(Ain Chemcals, Stanford, CT); Crodestas SL- 40(r) (Croda, Inc.); and

SA9OHCO, which i's C18H37CH2( CON( CH3) CH2( CHOH) 4( CH2OH) 2 ( East man’ Kodak Co.):
d ecankydwias@litjOGRLarSvirfietant 1 4ES) (Olin Chengicals optsmfordsC T Crodestas)HL-

b ol FORTCHPE B8 S TAGEHERY s BB NP 07 Syt anosi de

N- hepErh(CHOH)A (CHRUH)S PBAskRan Kuhﬂmb )(de@mwylmﬁﬁé féaifide; n-decyl (-D-

nonanoyl - N-met hyl gl ucam de; n-noy | dcopyr anosi de

oct angikopyranesidg) gﬂmmwaltnpmnqﬁl e n payd 6153 gusopyTarosidss nydodgcybi-

dor | VRO RERE RN el BRI ot P BB B S dsi B S o < o
Vi ny| thielasiddonBean ¢-D-ghib yﬁﬁ@i&é Bonanofl-NigethilstucalidBlivgl @D- usef ul

cationic surface stabilizers include, but are not limted to, ol yners,
bi opoglsamanOptdbym&N@emylgManud@@rwl (@D gluroprERnosidesho |(11:§. ds, and
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pol ynet hyl net hacryl ate trimet hyl amoni unbr om de brom de ( PMMI
hexy| aketafe.tand thetlile anmoni um bromi de (HDMVAB), and

ol nyl rroI do di met.h m n a | at e, @i I | fate.
O hor | uaer Hrastples e Coy itk SRS RN BierBhB BB Bl o, cat i oni c
L'i pi dﬁolyﬁx@fsf Bl@bbllmne[@%ﬁfbﬁ&haﬁﬂes @Ndlogiés dl@hdated, phasphepide) andnpounds, such as
stearyl trinmethyl ammoni um chl ori de, benzyl di (é chl or oet hyl ) et hyl ammoni um

br omi n@npoarsmmompoméa, syeh asaveRerianicstakilizets poly-nmethylmeridisennut et hy|

chl or PRESELR AR BONC R BeBho o SR BRHAE o) o o de, C 12-

| 5di ”Pélbvinyhm%@meﬁdlyﬁremrymamﬂﬁbﬂfac@ﬁt@mﬁt@ﬂmmonﬁﬁ@mmﬁddﬂl met hy|

hydr oxyet hyl — ammoni um chl oride or brom de, nyrl trimet hyI anmoni um

et hybrosuid¢ EANMMTMABY), hexyldesyHyimeBwiammoninmdn omrﬂ a9 bronide, |auryl

O SOOI M i lritbhy peney

amontationtd ¥tabili£ees indhide} i deonot lighird hy,| cagowy lipRisneuliotiting (phosphdgium,

and quarternary ammonium compounds, such as stearylirimethylammonium chloride, benzyl-

di(2-chloroethyl)ethylammonium bromide, coconut trimethyl ammonium chloride or
bromide, coconut methyl dihydroxyethyl ammonium chloride or bromide, decyl triethyl
ammonium chloride, decyl dimethyl hydroxyethy! ammonium chloride or bromide, C12-
15dimethyl hydroxyethyl ammonium chloride or bromide, coconut dimethyl hydroxyethyl
ammonium chloride or bromide, myristyl trimethyl ammonium methyl sulfate, lauryl
dimethyl benzyl ammonium chloride or bromide, lauryl dimethyl (ethenoxy)4 ammonium
chloride or bromide, N-alkyl (C12-18)dimethylbenzyl ammonium chloride, N-alkyl (C14-
18)dimethyl-benzyl ammonium chloride, N-tetradecylidmethylbenzyl ammonium chloride
monohydrate, dimethyl didecyl ammonium chloride, N-alkyl and (C12-14) dimethyl 1-
napthylmethyl ammonium chloride, trimethylammonium halide, alkyl-trimethylammonium
salts and dialkyl-dimethylammonium salts, lauryl trimethyl ammonium chloride, ethoxylated
alkyamidoalkyldialkylammonium salt and/or an ethoxylated trialkyl ammonium salt,
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nmonohydr ate, dinethyl didecyl ammonium chloride, Nalkyl and (C 12-14)
di met hyl 1- napt hyl met hyl amoni um chl oride, trinmethyl ammoni um hal i de,

al kyl -t r iswgbddglogyggPni um salts and di al kyl - di net hyl amplaf/?ﬁ@%/ %’%l auryl

trimethyl amonium chl oride, ethoxylated al kyam doal ky fni um sal t
and/ or an ethoxylated trial kyl anmmonium salt, 29 WO 2006/ 088894

PCTI US2006/ 005224 di al kyl benzene di al kyl anmoni um chl ori de,

N- di decyl di net hyl ammoni um chl ori de, N tetradecyl di met hyl benzyl anmoni um

chl or i diglkpmbeeye dalielarinahiuy ét@dﬁde}&dldemdlmmylmﬁmmm@ﬁww anmmoni um
chl oride and dodeC};I di met hyl benzyl anmoni um chl ori de, M@é benzeneal kyl

anmroni tetederyldimethylbengyi WWi%t lgri émﬁmhl/ﬁfﬁ@hNoaflkﬂéCl?aﬂ bl et hyl
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t ri met digllyl dingethylamBoaivnt chlofdo(D ABM £C), dﬁﬁethﬁtmhmaﬁummhloﬁdes esters of fatty
aci ds),,_ benzal kon| um ch| ori de, stear aI koni um ch] ori de . conpounds (such as

st ear yilkyldimgthylsmmenism halogenides; tsicetyf W@wh%m@mughplépnére) cetyl pyridinium

brom a yoxyet hyl al kyl ami nes,

M RAP cg&éﬁ%ﬁﬁg«%@ﬁ%ﬁl# JE,énd%nfl Tpanﬁ',)%jblgﬂ ? pyridinium salts;

am neStztra(wdyllmmsthgllamiﬁ@lﬁumetﬁomﬂieainkﬂlblhﬁiob’@mmmbﬁaﬂmmﬁdbe(s\.LIQUAT 336),

pol yeth eMol yam nes, N, N- dij al kal am noal, kyI acryl ates, and vinyl

pyri di AB tetzgbutylangmonivg bromids, bengyl framethylamnzonium biompide, cholife acet at e,

o/ Pt cidlihe B o Y dcllsh el i chionBB SARIBGAK| fthige | T 1V
pol ylrrchnpouadet(rSudSasmnéaﬂlgnmbmwndeemhdldmaryldirmdﬂnﬁn Icﬂkbhda)) detybl y- [ N- et hyl
gh?fyacﬁvyrﬁeéhﬁl broeics ox Ablobich chads &4 IO ANPBIASE POIRIE LY AUO MRS o <. S?'ec d
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Cat i onsuch asSalk§antiwes] &mwmkaMmms,deﬁmepMMes, N;Nll) and J.

R chno Cat i oni Surfactants; ni c, Chem str Mar ce| Dekker, 1990).
cﬂglkylamtinoalky acrylates, and vinyl pyndg ine, amine saﬂ; sucl%/as lgluryl amgne acetate, )

D

stearyl amine acetate, alkylpyridinium salt, and alkylimidazolium salt, and amine oxides;
imide azolinium salts; protonated quaternary acrylamides; methylated quaternary polymers,
such as poly[diallyl dimethylammonium chloride] and poly-[N-methyl vinyl pyridinium
chloride]; and cationic guar.

Such exemplary cationic surface stabilizers and other useful cationic surface
stabilizers are described in J. Cross and E. Singer, Cationic Surfactants: Analytical and
Biological Evaluation (Marcel Dekker, 1994); P. and D. Rubingh (Editor), Cationic
Surfactants: Physical Chemistry (Marcel Dekker, 1991); and J. Richmond, Cationic
Surfactants: Organic Chemistry, (Marcel Dekker, 1990).

Nonpolymeric surface stabilizers are any nonpolymeric compound, such
benzalkonium chloride, a carbonium compound, a phosphonium compound, an oxonium
compound, a halonium compound, a cationic organometallic compound, a quarternary
phosphorous compound, a pyridinium compound, an anilinium compound, an ammonium

compound, a hydroxylammonium compound, a primary ammonium compound, a secondary
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Nonpol yneri c surface stabilizers are any nonpol ynmeric conpound, such
benzal koni um chl ori de, a carboni um conpound, a phosphoni um conpound, an

oxoni um _cQ a hal oni um conpound, a cationic org ' onpound,
Wﬁa{ﬁgﬁ&gﬂ% . zgﬁnéldogzz

a quarte phorous conpound, a pyri di ni um conpound, aniTinium
conpound, an anmoni um conpound, a hydroxyl ammoni um conpound, a primary
anmoni um conpound, a secondary 30 WD 2006/ 088894 PCT/ US2006/ 005224 anmmoni um
conpound, a tertiary amoni um conpound, and quarternary amoni um conpounds
of tha?ﬁrmnﬁmh QOWG_B I&fifiaryanﬁnoni?mrmmpbdﬁd,aﬁd qhmefrmrma( banddRIR2R3RA(+) : (i)
none of R1-R4 are o (L ne o -R4 is ; L] -R4 are
CH3; cpmpgungs of e fmﬂa@@%@«ﬂ) qrmw%f%@#w@aﬁﬁ@gﬁﬁm R4 is
C6H5CH2, arﬁl Onaﬁﬁgo&%'ﬁéﬂ' al kyl chain of seven carbon atonms or |ess;
o’ R1- ,

(vi) two 1 are one 6f R1-R4 is C6H5CH2, and one of R -R4 is an
al kyl chai @iiof oheef R&+4R4iaIGHB) atons or nore; (vii) two of R-R4 are CH3 and

one of R-R4.is the C6 CH2)n, where n>l; (viii) two of R-R4 are
CH3, one ofliik]- ﬁ&e?efg%gﬁmgﬁ%nd one of RI-R4 conprises at |east one

het er oat omi; 6 | X4 1984 B~ are CH3, one of R-R4 is C6H5CH2, and one of
Rl - R4 cog%lr‘,?sesl tgt east o%’hal ogen; (x) two of RI-R4 are CH3, one of

R -R4 i s C§HbCHawo afiR 1 dRvbare fCHRL -oRd of Rb+Rat is C&541H2, aad bneofRtPRA isanf r agnent ;
(xi) two of RI-%?re,CI—? and ope of R1-R4 is a phenyl ring; or (xii) two of
R1-R4 are CH3 afty PL §QVeRAAIPR AGMSATYRSSY i phatic fragments. Such

conpounds {S‘?}?Lﬁ?‘?“’ oP Y- Ere@ﬁ%,!oh%?ﬁ‘#-ﬁ is 3‘?5‘?1@5 588 GHELERL 4 id8n

benzet honi ride, cetylpyridiniumec ehent ri noni um chl ori de,
| aur al koni um clalkyt thiin of minefetmwcarbon atbins ok dwyre;cet ri noni um br om de,

Chi or de ( QU e PP GERISA iR g Gtk RATHE SR SERCTER R o)
dodecyl di net hyln>e;’1 hyl benzyl ammoni um chl ori de (Quaterni um 14),
(viii) two of R1-R4 are CH3, one of R1-R4 is C6HS5CH2, and one of R1-R4
comprises at least one heteroatom;
(ix) two of R1-R4 are CH3, one of R1-R4 is C6H5SCH?2, and one of R1-R4
comprises at least one halogen;
(x)  two of R1-R4 are CH3, one of R1-R4 is C6HSCH2, and one of R1-R4
comprises at least one cyclic fragment;
(xi) two of R1-R4 are CH3 and one of R1-R4 is a phenyl ring; or
(xii) two of R1-R4 are CH3 and two of R1-R4 are purely aliphatic fragments.

Such compounds include, but are not limited to, behenalkonium chloride,
benzethonium chloride, cetylpyridinium chloride, behentrimonium chloride, lauralkonium
chloride, cetalkonium chloride, cetrimonium bromide, cetrimonium chloride, cethylamine
hydrofluoride, chlorallylmethenamine chioride (Quaternium-15), distearyldimonium chloride
(Quaternium-5), dodecy! 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)oley! 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,
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Quat erni um 22, Quaterni um 26, Quaternium 18 hectorite,
di met hyl am noet hyl chl ori de hydrochl ori de, cysteine hydrochl ori de,

di et hano ' CE (10) oletyl ether phosphate, die ni um POE
(3) ol eyl %g’l“%%gphate, tal | ow al koni um chl ori de, di n&%g"%&v&“

di oct adecyl ammoni unbent oni te, stearal konium chl ori de, dom phen brom de,
denat oni um benzoate, nyristal koniumchloride, laurtrinmoniumchloride,

et hyl enedi ami ne di hydrochl ori de, guani di ne hydrochl ori de, pyridoxi ne HCl,

ihm;I etmg%lﬁm_iﬂwd dmdmh@fdgﬂmzﬁ@ﬂbem&&ﬁﬁhhl QBRId, IRETIMSANGH blﬁbﬁgae%_ drregl um ne
ydrochl ori de, y] benzet honj um chl or.i de, t.rinmoni um bron de,

ol eyl ?@YWBW‘HWH‘BA%E&M}%W‘&RWW%Y %&ﬁﬁeﬂ?ﬁﬂbe&‘ﬁ?’ori de,
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and hdikpdtefiydride, tatlolwiimanimnéhionide; amd hkxadédytirimethyl hmsenium beaneidet abi | i zer s

are known pharnaceutical excipients and are described in detail in the
Handbook oMopkpiithese switaces %%FWEE{‘%W agﬂé’&a{%ﬁcmlws ¥he Anerican

Phar it ] I ' j i Britain
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stabilizers for use | orrmul.ating an injectaple nanoparticul ate
benz oftaapagsutieal Bigena0ho); Peeificy rﬁflcqramm@f’éw%gyr BFtbne  pol yrers, al so
known as pol yvidon(e), povidonum PVP, and pol yvinyl pyrrolidone, are sold

under the trade nanmes Kollidon(r) (BASF Corp.) and Pl asdone(r) (ISP
Technol ogi BeviddnedPdlymer§hey ar e pol ydi sperse nmacronol ecul ar nol ecules, with a

O e R A R PR RS Mo oy
COmmﬁx&'gﬂibié’n%%g&tiéﬁ&ﬂe%%niﬁdi%gﬁg,g%\élag?'ilﬂr&gpélﬁ% afi fl‘ov‘M‘Htht S ranging

from out 1 00 to about tons. lo be useful as a surface

modi f palymeémsy also kimaven acpotpvidon(e), potidomadnj BVE tand edlytvinydpyrectidehe, ardeldpovi done
ol ymer st have a ecukbar weight of_J|ess n about. 40, Q00, dal tons, as
B ol G e tWBP gﬁme%ﬁggw@ag? @ASH&}Q?M%BM F% 2’31’ 'ﬁﬁ‘)gﬂﬁoﬁlﬁﬁpgnﬂ?'f ficulty

cl ear L re: 3 _e, Reppe's
o ooe Th) & Bob AfersRMMONR AR HIEAA, il HARRY, Hiine OPT oB¥ATRLS: 0

f or mepytedliditeonb polynterRempb-vinyl-adiverotidineye pblgmiess. KoXidone pplimegemat i ng t he

1, 4- but anedi ol over_copper,at 200 to faormy- butyrol actqone; and (3) reacting
y- but Peducedcgpmamerpially anwnties of Brognets haype pispp mahesular weights ranging from

about 10,000 to about 700,000 daltons. To be useful as a surface modifier for a drug
compound to be administered to a mammal, the povidone polymer must have a molecular
weigh‘; of less than about 40,000 daltons, as a molecular weight of greater than 40,000 daltons
would have difficulty clearing the body.

Povidone polymers are prepared by, for example, Reppe’s process, comprising:
(1) obtaining 1,4-butanediol from acetylene and formaldehyde by the Reppe butadiene
synthesis; (2) dehydrogenating the 1,4-butanediol over copper at 200° to form y-
butyrolactone; and (3) reacting y-butyrolactone with ammonia to yield pyrrolidone.
Subsequent treatment with acetylene gives the vinyl pyrrolidone monomer. Polymerization is
carried out by heating in the presence of H,O and NH;. See The Merck Index, Ich 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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Subsequent treatnent with acetyl ene gives the vinyl pyrrolidone nononer.
Pol ynmerization is carried out by heating in the presence of H20 and NH3.

See The 10th Edition, pp. 7581 (Merck & T ﬁ@&%& 4NJ,
1983). T%W manus?acturl ng process for povi done pol yner sqg:r 6ches polyrrers
contai ning nolecules of unequal chain |ength, and thus different nolecul ar
wei ghts. The nol ecular weights of the nol ecul es vary about a nean or

average for each particular comrercially 32 WO 2006/ 088894
PCTI USQﬁﬁBIe@&kQéBecaum it mlifficylt 4ol deteBunathegolymeérts mpketulevveighbdickstlgr mi ne t he

C1 ads PRe/RRR WUARY BA HEER of S iing arighs RolFoier By BalBO8 oV Radler on

Vi SCO%héen ORBARHEIA R Eﬁs%rerﬂ{tﬁs Knvat%ﬁle%f%{dug'g&de& aﬂﬁosnaﬁne Yrarge pol yners

represent a function of the average nol ecul ar "wei ght, and are derived from
Vi scoscprgsentmﬁmumﬁndths averdgembleqtlat weight; and anerdgnvcd Epmeviscositer ' s f or mul a.

Th ht det db t hod
nat | THESEBAEE R GIPYHEL SRONERB S FIRFURCIOEE BIEL) co, such as by 11 ght

scatteri ngThI%hgqltJavelﬁgeyfﬂe%ldlw@& tVIEIng i defidinddoby methedgdhaconmer ci al |y
avai | abl e povi done pol yners, ich are soluble.” TABLE 1 Povi done

K- Val meeasnre Khe \MtlghfalofﬂwsndWI(thl mnbculies,auﬂmssbwhght tasistiogeTabled(r) 17 1

7,000 10, 500 0 Pl 0(r) 30.5 040 62.500* 16 50
Kol 11 EEidE3 '&‘a?“r‘?afﬂ@&@ d%?%@bs?{e@éﬁg@“ﬁﬁféa@ Sgyablg ppriugRr PR dhot 5 9, 300
7, 000viot0B0sAuBRO Kol |1 don 25 24-32 25,700 28, 000-34,000 6,000 *Because

the nol ecul ar weight is greater than 40,000 daltons, this povidone polymer
is not useful as a surface st abi | TABLEdr a drug corrpound to be adm ni st er ed

ar ent ereat-y et et —r—ts—t1h VHSeostty- er-ace—notecul ar
\a/ei ght, ?gﬁdﬂﬂenunﬂ efg e ge‘{grﬁgégl*ar ‘wa y n{l s Lhe height
aver age le ecul ar weigh £_ddPDa tﬂgﬂpd by Featkeri ng and
ul t r a- ceBlasddnedison, elﬁd:M was de®¥® ni ngd9PO0vi scosity meaé;@p@maht s.
Plasdone C-30° 305 38,000 62,500* 16,500
1.5
Kollidon 12 PF® 11-14 3,900 2,000-3,000 1,300
Kollidon 17 I;P—@ 16-18 9,300 7,000-11,000 2,500
Kollidon 25® 24-32 25,700 28,000-34,000 6,000

*Because the molecular weight is greater than 40,000 daltons, this povidone polymer
is not useful as a surface stabilizer for a drug compound to be administered parenterally (i.e.,
injected).

**Mv is the viscosity-average molecular weight, Mn is the number-average molecular
weight, and Mw is the weight average molecular weight. Mw and Mn were determined by
light scattering and ultra-centrifugation, and Mv was determined by viscosity measurements.

Based on the data provided in Table 1, exemplary preferred commercially available
povidone polymers include, but are not limited to, Plasdone C-15%, Kollidon 12 PF®,

Kollidon 17 PF®, and Kollidon 25%.

C. Nanoparticulate Benzodiazépine 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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Based on the data provided in Table 1, exenplary preferred commercially
avai |l abl e povi done polyners include, but are not limted to, Plasdone
C-15(r), weotoososseo4sl2 PF(r), Kollidon 17 PF(r), and Kol»dTiUseod&¢os)24 C.
Nanoparticnl at e Benzodi azepine Particle Size As used herein, particle size
I's determ ned on the basis of the weight average particle size as neasured
by conventional particle size nmeasuring techniques well known to those

skilled in the art. Such techni ques .include, for exanpl edj nentation
el o Pt R oBier smBpRBiPE b ReicRe e benrr BiseBiR B s RERCRE. "
scat t ahjhrticléihadte 8K effeéiivel advefigs parficleGRERAIdsk ipmabeht 1900 nnf)MeRthan conpri se
benzodi azepi ne, such as | orazepam nanoparticles having an effective

aver agbowdB0) aime lesh thanabowntcld§0 mmmn hess Bnntabotl®0A miny, jless thanabogl S@G1EB06/ 088894
PCTI U$2006/ 0052 m crons,) . Ln r _enbodi nent.s t he . nvent | t he
benzo 75 | -a??‘g?tzéﬁ?gMgeﬁsﬁwagﬁ%%g%g%%q%ggt i?aqpenq’éfr‘llesé"’rf g bl%\gte aver age
parti ql1e0 sz Rs®thah @66utt 1000 nah) Was thh8 QB0 P00 AS Jesk Higdh abdti800 de¥6ssithan | ess

t han about 1700 run, |less than about 1600 nm |ess than about 1500 nm |ess

t han &bout709100 lesmthaneabout 6l nmadessitharsgmuh 60 nmsless tham abys 360 nmolesaim | ess

t han Qut | ess th boui 1000 S h ab un, | ess
t han gﬁmbogé#b?rﬁﬂlﬁbfset&n élﬁﬂS@Bxgu{es ggnﬁ%}-lm ﬁé@@ﬁ]ﬁﬁ%&ﬁ?ﬁt@g% | ess

t han 3&84hand®BuiB00 A Sess thanate250 A 0lebdthah E5sut 2008, BROtHan 206ut130 | ess

t han about 450 tun, |ess than about 400 nm |ess than about 350 run, |ess

t han ainbuess Bom abant 109sun t lessrthathahout 25 0mper lessctban abouk 58 mouas measuredby | ess
t han g@gﬁt aéSO n Idess. t han abo% 100 nm Iest?) han about 75 run, or |ess
t han t¢ 6‘?‘%?19‘ mlg{ﬂsg@ybgro Frgq,ppgcga@&{etrg? RY* net hods, m croscopy, or
ot her appr gRkhéthér diEtddRtent, the nﬁﬁkﬂﬁaﬁﬁfulﬂé‘fmglbdﬁﬂﬂms of fif pradeapktntionl at e

an

conposi tions of the present invention,, d the injectabl e nanoparticul ate
conpogind ithgrinjectableananppartiewlate sompesitiensin padigulaz.compsise benzodiazeping sughepam

nanoparticl es that hav n.effectiMe .average Lt cl.es si of .l ess than
About s Myfeekim, plopeRisfes e Bar i luPy BV e B 0L S T8 i ateBT e ise i s
| ess  tg0e mnd RWthd 2thbd@imertts; #ife dffrtivelririgeARidlesize Rd8sstthaataloss0 A0 rim
| ess than about 400 nm |ess than about 300 nm |ess than about 250 nm

| ess tlesathanabout 300nmaless thaahawhASGmaulessitban abqut 408 sm, less thansheut 3060 nm

par ¢ 1 a1 TR Rt 0 ol i AP35 il o5 bR 56 e sk i G0F

benzodipa#aRiléde thahlu®bBuiEs hid] G+aed’ahan dbdit 5ChAS have a particle size |less than
the effective average, by weight, i.e., less than about 2000 run. If the
"ef f ect i ve Al caffegivgraverageiparticle size of less than about 2000 nm” means that at least

o

50% of the benzodiazepine, such as lorazepam, particles have a particle size less than the
effective average, by weight, i.e., less than about 2000 nm. If the “effective average particle
size” is less than about 1900 nm, then at least about 50% of the benzodiazepine, such as
lorazepam, particles have a size of less than about 1900 nm, when measured by the above-
noted techniques. The same is true for the other particle sizes referenced above. In other
embodiments, at least about 70%, at least about 90%, at least about 95%, or at least about
99% of the benzodiazepine, such as lorazepam, particles have a particle size less than the
effective average, i.e., less than about 2000 nm, about 1900 nm, about 1800 nm, ezc..

In the present invention, the value for D50 of a nanoparticulate benzodiazepine, such
as lorazepam, composition is the particle size below which 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.
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size" is less than about 1900 mm, then at |east about 50% of the
benzodi azepi ne, such as |orazepam particles have a size of |ess than about

1900 nm ured by the above- noted techniques. pFh od3q LT uUE for
t he ot he‘?wég&(“ﬁ@% sizes referenced above. In other en%oﬁfsraren s, at | east
about 70% at |east about 90% at |east about 95% or at |east about 99% of
t he benzodi azepi ne, such as | orazepam particles have a particle size |ess

than the effective average, i.e., less than about 2000 nm about 1900 run,
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wei ghsurfase siahilizer, npteincluding otheriekeipigntse Hjgher conaentratiensof dheactiye ne and at

| east. one. surface stabiliz nof 1ncluding other, excipients. Hi gher
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stabilizer can vary from about 0.5%to about 997999% from about 5.0%to

about 998994, from abowrh.e%d0 rbng A9, from eusIP%rg abeutP9is%, Hyaweighton t he

t ot al , conhi ned i ght. of b di azepi ne, such as |oraze and at | east
one. shiaan s afl VoBindd ppCeidBl Grlen A icB e iR 3 Beeso SRl

Phar magesitrfac@btabiiséhSiThSlufing OMRE 8kdipieAts. conposi tions of the invention may
al so conprise one or nore binding agents, filling agents, lubricating

agents, suspending agents, sweeteners, flavoring agents, preservatives,
DU, BB R By Sl ooeo 2onis and other
desired. SprémR¥&itiRhEWnTpaRitRINs of the invention may also comprise one or more binding
agents, filling agents, lubricating agents, suspending agents, sweeteners, flavoring agents,
preservatives, buffers, wetting agents, disintegrants, effervescent agents, and other excipients
depending upon the route of administration and the dosage form desired. Such excipients are
well known in the art.

Examples of filling agents are lactose monohydrate, lactose anhydrous, and various
starches; examples of binding agents are various celluloses and cross-linked
polyvinylpyrrolidone, microcrystalline cellulose, such as Avicel® PH101 and Avicel® PH102,
microcrystalline cellulose, and silicified microcrystalline cellulose (ProSolv 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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well known in the art. Exanples of filling agents are | actose nonohydrate,
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cal ci WyicdiPPHNG! end AOtcFPSPIEIER MRS Shdhds 14062 hlohy8iaty, tdtiose afkyird @) ;
sucrose; and glucose. Suitable disintegrants include Ilghtly crossl i nked

pol yviang Phayratase? D631 1; dibasic salaiunhphosphrte suchsas &inedompress? pmatitodistarelnd
modi fi &%, sf.archeg, chroscar mel | ose sodium cross-povidone, sodium starch
gl ycoleRouok suerose; apd glucoseher eof . Exanpl es of effervescent agents are

ef f er vescerteRulshReoratts 'ihcﬁ"f’deq{%hgig g@%ﬁ‘ﬁ‘ﬁg 5911@?@(13 anngﬁ?%&gﬁﬁfrﬁ stafch

bi carbonate. Suitable organic a citric, tartaric,
mal i ¢ potatd stamehj maize samhe andsmodified starches] cadsgammedlosecsodiunmtossrdoyitioneles and

acid salts. Suitable carbonates .  and bicarbonates include, for exanple,
sodi uﬁ?‘i‘mgl? ,ycgl_BH’r EF‘FF’E‘FWBQWEE‘)g _potassium carbonate, potassium
bi car bonat xaHBREeE bHEvEReRCARIE arSGRr Bt 6UPISs, SAEPANA G gadic hoid ahe

a carbonate or bicarbonate. Suitable organic acids include, for example, citric, tartaric, malic,

fumaric, adipic, succinic, and alginic acids and anhydrides and acid salts. Suitable carbonates
and bicarbonates include, for example, sodium carbonate, sodium bicarbonate, potassium
carbonate, potassium bicarbonate, magnesium carbonate, sodium glycine carbonate, L-lysine
carbonate, and arginine carbonate. Alternatively, only the sodium bicarbonate component of

the effervescent couple may be present.

F. Aerosol Formulations of Nanoparticulate Benzodiazepines

The compositions of the invention encompass aerosols comprising a nanoparticulate
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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carbonate, and arginine carbonate. Alternatively, only the sodium
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benzodi azepi ne, such as |or aze%am ,absorptionis |
intended for systemic administration, be delivered to the alveolar region of the lung because

99.99% of the available surface area for a benzodiazepine, such as lorazepam, absorption is
located in the peripheral alveoli. Thus, with administration to the alveolar region, rapid
absorption can be realized. For delivery to the deep lung (alveolar) region, inhaled particle

sizes of less than about 2 microns are preferred.

1. Concentration of Nanoparticulate Benzodiazepine
For aqueous aerosol formulations, nanoparticulate benzodiazepine, such as
lorazepam, nanoparticles are present at a concentration of about 0.05 mg/mL up to about 600
mg/mL. For dry powder aerosol formulations, nanoparticulate benzodiazepine, 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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| ocated in the peripheral alveoli. Thus, with adm nistration to the al veol ar
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Agueous Aerosols The present invention enconpasses aqueous fornul ations
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droplets 1 n suc aer 0so aerosol s conpri sing nanoparticul ate
benz odiieoeizedmaterial is generally about 2 to about 5 microns or more in diameter and is

approximately the same size as the liquid droplet size produced by medical nebulizers. In
contrast, nanoparticulate benzodiazepine, such as lorazepam, are substantially smaller than
the droplets in such an aerosol. Thus, aerosols comprising nanoparticulate benzodiazepine,
such as lorazepam, improve drug delivery efficiency. Such aerosols comprise a higher
number of nanoparticles per unit dose, resulting in each aerosolized droplet containing active
benzodiazepine, such as lorazepam.

Thus, with administration of the same dosages of nanoparticulate and micronized
benzodiazepine, such as lorazepam, more lung or nasal cavity surface area is covered by the
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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absorpti on of an i nhal ed benzodi‘azepi ne, such azepam For a nasally
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conpl r%to?e r%gl % 'i)gorpggn 8% an inhaled benzodiazepine, such as lorazepam. For a nasally

administered benzodiazepine, such as lorazepam, it can result in more complete absorption of
the dose, since with a nanoparticulate dose of the benzodiazepine, such as lorazepam, the
nanoparticles can dissolve rapidly and completely before being cleared by the mucociliary

mechanism.

3. Dry Powder Aerosol Formulations
Another embodiment of the invention is directed to dry powder aerosol formulations
comprising a benzodiazepine, such as lorazepam, for pulmonary and/or nasal administration.
Dry powders, which can be used in both DPIs and pMDIs, can be made by spray-drying an
aqueous nanoparticulate dispersion of a benzodiazepine, such as lorazepam. Alternatively,
dry powders comprising a nanoparticulate benzodiazepine, such as lorazepam, can be made

by freeze-drying dispersions of the nanoparticles. Combinations of the spray-dried and
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often
repeatably deliver the intended amount of benzodiazepine, such as lorazepam. Moreover,

such devices must be able to fully disperse the dry powder into individual particles of a
respirable size. Conventional micronized drug particles of 2-3 microns in diameter are often
difficult to meter and disperse in small quantities because of the electrostatic cohesive forces
inherent in such powders. These difficulties can lead to loss of drug substance to the delivery
device as well as incomplete powder dispersion and sub-optimal delivery to the lung. Many
drug compounds, particularly a benzodiazepine, such as lorazepam, are intended for deep
lung delivery and systemic absorption. Since the average particle sizes of conventionally
prepared dry powders are usually in the range of 23 microns, the fraction of material which
actually reaches the alveolar region may be quite small. Thus, delivery of micronized dry
powders to the lung, especially the alveolar region, is generally very inefficient because of
the properties 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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pomderﬁg‘grr&(&)%&gﬁ?m?%ﬁ&%& 1ngdé)9§gﬁgé6§1§ta§§3{:§$ 1etﬂ)(lgienzoecgllel1 azepl ne(?/ such as

| or az epamposition ih ¢hentadg osnashl eavitiesan conpar abl e mi croni zed drug substance
and, therefgre, 40 ,V\Sla2006/08,8,894 P /US%OOG/&))&S%M r ap&r riate for

ef ficient deFyRApartisilafecompositionnean hodtsedipehoth Jids anpldDIyy (In this
”anOPafn%{ft}Hnat‘&?eréféﬁ% @%%PHﬁtioéﬁﬂih%ﬁsé tﬁ%@&lﬁ‘d’x‘ﬁ@A @hfr.gpherical in geometry
and have good | ow propertres, thereby arding I1n dose netering and
deposition of the adm nistered conposition in the lung or nasal cavities.
Dry nanoparticul ate conpos'stion‘ir,g‘?n be used ipn ,both DPIs and pMDI's. (In
this invention, "dry® ref@PEYr¢riet POWAYS OISR 2 ng | ess than about 5%
water.) a. Spray-dried powBdprepartigplatehengodiazepipeparti cul at e benzodi azepi ne
Powders conprising a nanoparticul ate benzodi azepi ne, such as | orazepam can
be nade byPewdeaycamprisigg aqesupastiotlaspbenzodiazepide, suchaasdpazepam, cart be

benzodi azepi ne, such as |orazepam and a surface stapilizer to forma dry
onrier R B EBIFA Y eyt SERTEAS AP RS CETEZSEIE RS “such as

| or az e pagRendh SarAGHPGEAE Gabifiaek 1D &Rf wARBWombrisbOagdhQited? M Cr ons

which is sEita e for deep lung delivéry. The aggredgate particle size can
be i ncnampatticulatettwngadiazplines sucht ds\leragepaimy €Fhe aggtegates sarchavas sitecofiappiatrl

bronchjal, region or pasal . gsa, by . i ncreasi ng.the concentrati.on of a
benzod|SEPe AEctept whiEh 1 plgblefardesp funk AeTd g The AegEgag RapAR sitkioady py

i ncr eapd Rgrealt 8t RRE e flatifc AERREREIRD, R¥h beSPhEYVbrBhdtBAl redibh 6F Akl Vel y, the
aqueous di spersion of a nanoparticul ate benzodiazepi ne, such as | orazepam

and sumfugese h_ytiactxbasiugthe @amewa'fm cfia bﬁndodi_wlpimd suthlag éwazq:amh ira%l_e lsprayose or
g?nwh}[ gﬁedc(gnﬁgﬁl Cqﬁ@xé\é\?ﬁ{]iq%;geég%g%é dergpleI sciéerré;en|e1r']art]éac'1J lgiyb & sggal)llcli%gr. particles, each

Alternatively, the aqueous dispersion of a nanoparticulate benzodiazepine, such as

lorazepam, and surface stabilizer can comprise a dissolved diluent such as lactose or mannitol
which, when spray dried, forms inhalable diluent particles, each of which comprises at least
one embedded benzodiazepine, such as lorazepam, nanoparticle and surface stabilizer. The
diluent particles with an embedded benzodiazepine, such as lorazepam, nanoparticles can
have a particle size of about 1 to about 2 microns, suitable for deep lung delivery. In
addition, the diluent particle size can be increased to target alternate delivery sites, such as
the upper bronchial region or nasal mucosa by increasing the concentration of dissolved
diluent in the aqueous dispersion prior to spray drying, or by increasing the droplet size
generated by the spray dryer.

Spray-dried powders can be used in DPIs or pMDIs, 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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one enbedded benzodi azepi ne, such as | orazepam nanoparticle and surface
stabilizer. The diluent particles with an enbedded benzodi azepi ne, such as
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size can be increased to target alternate delivery sites, such as the upper
bronchi al region or nasal nmucosa by increasing the concentration of

di ssolved diluent in the aqueous dispersion prior to spray drying, or by
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powders .can be used in | s or | s,. either alaqne or canbhined with

PP ey G dpagepa PR eIEd AOPBREEH e U OTIRBLAS0 b usedan LheBn ESaehis 80 - ar i e
powder§e ifv@RRdA. S N @ nanoparticul ate benzodi azepi ne, such as |orazepam can
be reconstituted and wused in either jet or ultrasonic nebulizers to

gener ate aqueous dispersions having respirable 41 WO 2006/ 088894

PCT/ US2006/ 005224 dropl et_,si zeﬁ,,gﬁgre ea dropl et conprises at |east one
nanoparticul ate benzddi az«neg‘eﬁé‘?' Tl owders LOMBIBING & concent r at ed
nanoparti cul ate di spersi ondaneparticulgteBenzedinzepinenese aspects of the

I nvention. b. Freeze-Dried Powders Conprising a Nanoparticul ate

Benzodi azepNamphidiculate banzodiatepines suohdis dorezspam, dispersions camalsy bgpfieqze-

di sper sians n also be. e- dried:to obtain po rs syitable for nasal
or pul‘?}be(ﬁ)l;{f’)?ggﬂ? ?%&3‘}8 S"%%‘E?ﬁeté{)w&i%r mon%@‘fegg gﬂ @%%éﬁnﬁ%nopart i cul ate
benzodioagRie B@gre@éi@d‘n&ﬁ;phﬁfcﬁ@mocﬁﬁébﬁﬁ, fuch 4§ ieRpad! ABIihg 4 Slirfaceuch
aggregates may have sizes within a respirable range, i. e., about 2 to about

5 i cstehilizer] Ancjeagereggtasguaychayasizes withini amespirsble langen beaiahaut 2ftoaboutiSget i ng
alternate delivery sites, _such as the nasa cosa. Freeze .dried.powders of
Che  apBIeCH Hetieh HefPeriE purSl sdeeh bap BEoRARER o riag AlePRS sl "Squeous
di spergichastenab naRdsaazepi ne, such as | orazepam and surface stabilizer,

whi ch additionally may conprise a dissolved diluent such as |actose or

manni t ol . | Freeecdsied powdemrnddke appropitiatepasticle siad cpalde be obloingd by dreeesspi r abl e

articles of diluent..each,of ich conpri at | one. |k ded

P oy e it SE netzotthetifine S0P E 1852 mm. BR S ARG Cocer s can
be usewhich a@ffitisndlly R Somptidehidissdhvt dilaént GacHAs 186l drimariitolymthésed
nanoparticul ate powder. In_addition, freeze-dried fpowclers containing a

nanopainstarees shasfrenza dred powdern eomprisstrespirably pertéglemet dilantoeacheaf ovhieh t ut ed and
used | &n?ﬂr}sgg 5t 1643t one embedded nanoparticulate benzodiazepine, such as lorazepam.

Freeze-dried powders can be used in DPIs or pMIs, either alone or combined with
spray-dried nanoparticulate powder. In addition, freeze-dried powders containing a
nanoparticulate benzodiazepine, such as lorazepam, can be reconstituted and used in either jet
or ultrasonic nebulizers to generate aqueous dispersions having respirable droplet sizes,
where each droplet comprises at least one nanoparticulate benzodiazepine, such as
lorazepam. Concentrated nanoparticulate dispersions may also be used in these aspects 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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or ultrasonic nebulizers to generate aqueous dispersions having respirable
dropl et sizes, where each droplet conprises at |east one nanoparticul ate
benzodi a ' h as |orazepam Concentrated nanopapgd j,Spersions
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conve qrgﬁﬁ?o%ﬁ)ﬁ .lmsgaﬁ?i‘gr?&ﬁbﬁ"ma@a Saar%“g W&fsg‘?ﬁ?}f‘%ﬁ %n%gg%eﬁslﬁgé used for
ei t herregiofigbecaiselbfitheshadll (7¢€ labd& Mo ab&@r2 itk parYicRGiReH aGdilablei fidin such
formul ations afford increased delivery to the deep |ung pré,ggl ons because of

t he srih¢se nqthads, Copeentrated:agrospbiprmplatipey esngysoheramplpyedsip Bvail abl e from

t hese net ho Q f of. ' I . oyed in
oD . AnorhB HiE ket S8 R Rk LG A tfoc il REeRSLBRRACY °2
conpogirbpediant-bised MDRBebh@aitindaaedatibhlatetRAtdidvepihe\idh B Idrazphal e
benzodi_azepi ne, such as | orazepam pMJ s can conprise either the _discrete

nanopatPls 8 campriseeithes thesdisgsete nargparticdesand sudacetabiliger, aggregpiss of Bees and

: > L vent ! il dhed
anopaPpbtitl &fquchibe Spith offlehpdiciEO MR dANE BERERRGTICE
conduaianoparticlesyepDIs cant Beauskd i targetiigthe ahsakcdvity, thervpadeting airoapyeht i onal

formul ations, the present invention  affords increased delivery to the deep
| ung rtBglusgsontbe alyseli.t Gampaed te eonyantignal fqraulations, dhe presant gventicn,

convenig ) \: “?% ' By r 'o:ﬁ%{'t' t over a
Iargegffoﬁg%ég%}&g%gf%gé ar Q%hﬂuélgzg%{%s;&gglﬁ%ﬁr@p@gggfl 0 cgc?(%ézag% drugs. The
nanopasnialletithah eomiferigonl/lieroafzed hatdrial €& mivnorsy andidre distdbeted besr adiniger | nat ed

or non- chlorinated propellants. Concentrated nanoparticul ate aerosol

f or mul I&P‘?%ﬂ_sor@b‘ﬁ’ow §’_G'f45’§ areaAs|cotpared fo piggnazed, 18- non- aqueous,
non- pr essurfeGhn Ghdriddiste Wi AUDIGARL iR EHER San' difizk LichkH HibriddRd3r non-

chlorinated propellants. Concentrated nanoparticulate aerosol formulations can also be

employed in pMDIs.

In a non-aqueous, non-pressurized milling system, a non-aqueous liquid which has a
vapor pressure of 1 atm or less at room temperature is used as a milling medium and may be
evaporated to yield a dry nanoparticulate benzodiazepine, and preferably, lorazepam
nanoparticles and surface modifier. The non-aqueous liquid may be, for example, a high-
boiling halogenated hydrocarbon. The dry nanoparticulate benzodiazepine, and preferably,
lorazepam nanoparticle composition thus produced may then be mixed with a suitable
propellant or propellants and used in a conventional pMDI.

Alternatively, in a pressurized 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
nanoparticulate 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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vapor pressure of 1 atmor less at roomtenperature is used as a mlling
medi um and may be evaporated to yield a dry nanoparticul ate benzodi azepi ne,

and pref@r@ﬂbmssbﬁr azepam nanoparticles and surface noddy662006/d85224
non- aqueous |1 quid may be, for exanple, a high- boiling hal ogenated

hydr ocarbon. The dry nanoparticul ate benzodi azepi ne, and preferably,
| orazepam nanoparticle conposition thus produced may then be mxed with a
suitable propellant or propellants and used in a conventional pMI.
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whi ch_has ,a__vapaon pressure =1 agtmat roomtenperature is used as a mlling
medi uﬁ?rpﬁﬁ'lsH@Xiaﬁsabﬁmﬁ’%ﬁ’é’psgﬁﬂ?a}o?f'e benzodi azepi ne, such as | orazepam and
surface stabilizer conposition. Such a liquid may be, for exanple, a

hal ogenat ed hydr ocarbon propel | ant which has a _low boiling point. The
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can be bl en her™s ope entra aerosdl s may

al so lfiemiidtidnd yhas vahcommirive dégh drug conceatratiung iliwofigéction wohintes Petilz expidzepi ne
Formul ati gns The invention provides injectapl e nanoparticul ate
benz o drugdigsolutiondinen adminigrationp Imedditin, the inierghle napaparigfateonpri se hi gh drug

i oG ne, ByciCeh ofh Gl BB o ol ek B8 il retesd e 2 CEPT
such aslyogylatendiogehaeduastéd ciNGCD-60Nas 4 solebitizan Aal éxehipddre injectableed t o use

pol yoxyl 6Q hydrogenated cast or oil (HCO 60) as a solubilizer. An exenplary
i nj ecCABPEsItioneATRRIises.dRsKRYI WM, based on % w w. benzodi azepi ne (such as

| orazepam 5 - %g%oggagﬁigg&t%gﬂ%%g%reﬁn -50% sprapervatives 0.05-0.25% pH

adj usti ng agent a ter for injection gq.s. Exenplary
preservatives i poviddee paltingt par aben (about 0. 08% Bo%ed on % w w),

propyl paraben (about 0Q.02% based on % w w), phenol é%gout 0. 5% based on %
ww, and benzPFresgVABYSI (up to 2% v/v). An &Bmdl pH adj usting agent is

sodi um hydroxi d . enplary liquid cargy i f{he water for
injection. O he?Hu@@%lt}PQgggis{ervati ves, pH adjﬁl]fs |oﬁtgézti(g%b‘r?thg{7 and |liquid

carriers are wematdsfionmjection he art. q.s.

Exemplary preservatives include methylparaben (about 0.18% based on % w/w),
propylparaben (about 0.02% based on % w/w), phenol (about 0.5% based on % w/w), and
benzyl alcohol (up to 2% v/v). An exemplary pH adjusting agent is sodium hydroxide, and
an exemplary liquid carrier is sterile water for injection. Other useful preservatives, pH

adjusting agents, and liquid carriers are well-known in the art.

III. Methods Of Making 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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benzodi azepi ne, such as | orazepam conpositions can be nmade using any
sui t abl eywiiOesskglown in the art such as, for exanple, gdidlE0066/005224

honogeni zat1on, precipitation, or supercritical fluid techniques. Exenplary
nmet hods of maki ng nanopartlcul ate conpositions are described in U S. Patent
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described in U S. Patent No. 5,518,187 for "Method of G.inding

Phar mistapresapitation of Neseparticulate PhimnaspiticabAgenty with$dgstabgrowtitont i nuous

NEt ho s n {de e 0, 862,999 for
" Met h%ﬁ&ilﬁgéqgg Pas EIIRCa 630y RORERRED ‘tayﬂ?gﬁ%&% " "5, 665, 331
for " QGhakdacd@ick) AGeMS SEHICHEH CtRnaMedhess USl Eatemrmmp_‘odwazdbr of
Nanoparticul ate Pharpaceutical Agents with Crystal G owh

dif
Pat ent Migropescimitationat Napoperisuiate qu@ oA oo o) SePabaNol St &

ghgggqg,g;i,#,gegg fﬁa@ro%&l JFF&?] on %‘%oﬁgﬁ cuﬁththg%ﬁ%lggﬂﬁ%aI’\bAgent S;

U S. MPateatNoNS,5342 58 for IREthddoof P'rEilsaﬁmg&awé DBIgaNamopaglcl@sRaU SCBatentaNo.
Corrpo% I ons Cont ai ni ng_Nangparticles; ent . No._ 5, 534, f Q, for
" Met hoeP 195118 fan Rrpegss of Brspanng {he PP%'HB&%OF}R?F'@QHS ontginingN é‘?ﬂp €s;5, 510, 118

for "R e sNanoparti cl es;
" ancf!i1 %igs.%g{néﬁo. ﬁ%ﬁbggzi%eg\ggﬁ %égﬂ?r%ﬁ%ﬂ%ﬁllﬁr* (l%%epar |ﬂg& tli'[%lopart i cl e
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controll ed%ﬁ%ﬁ@%ﬂﬂ}a@wgﬁ?@#g&l yogﬁ Flsgéel}g&?ﬁr ITU?&?I on e aglted rel ease
f or mul chspemnrms cenbe utihzhdrm Imya@teble fagrasul Msaylﬁ)rmplahem, icoutrolEdaelsase

f or mul ns, e reI asea ntrolled rel or mul ati ons,
etc. ﬂ% sy Y\‘RPIPHZEE gltég [Lés ’%F‘BV aHeRs, FEiER &%Srf:@a¥ met hod of
Pr epars,hglbfihs ﬁiﬁ%ﬁ?@feﬁéa@é‘fcﬁhﬁla‘%ﬂ? %k@:ﬁgxghélﬁate%!@%e%d |cBhtPARBZEease

formul ations of I nvention. The conprises the steps of. (1)
di sperfeimgatiortsgerzodi azepi ne, such as |lorazepam in a liquid dispersion

di a; d | duc h, | cl [ he.
Bgnlzgdi ggeéq{éls{%ﬁgﬂﬂl e r i téﬁ':"egﬂtof"ﬁﬁggé%ﬁ’ég "iétﬁ‘g%ggvtgpag%rﬂéege particle
Si ze, rRHEphrAculate 5§nzomﬁ ﬁ@%u&h 206k zEan? FornRfati ST tiRiavéntRBO TREY A surface

i
stabilizer can be ad @%e fore,
method comprises the steps of: (1) dlspersmg a benzodiazepine, such as lorazepam, in a

liquid dispersion media; and (2) mechanically reducing the particle size of the
benzodiazepine, such as lorazepam, to the desired effective average particle size, such as less
than about 2000 nm or less than about 600 nm. A surface stabilizer can be added before,
during, or after particle size reduction of the benzodiazepine, such as lorazepam. The liquid
dispersion media can be maintained at a physiologic pH, for example, within the range of
from about 3.0 to about 8.0 during the size reduction process; more preferably within the
range of from about 5.0 to about 7.5 during the size reduction process. The dispersion media
used for the size reduction process is preferably aqueous, although any media in which the
benzodiazepine, such as lorazepam, is poorly soluble and dispersible 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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M crof l'ur di zer al so” provi a heat exchanger to allow cooling
and collide in the interaction zone. The resulting product has very fine and uniform particle

or droplet size. The Microfluidizer® also provides a heat exchanger to allow cooling of the
product. U.S. Patent No. 5,510,118, which is specifically incorporated by reference, refers to
a process using a Microfluidizer®.

Using a particle size reduction method, the particle size of benzodiazepine, such as
lorazepam, is reduced to the desired effective average particle size, such as less than about
2000 nm for the aerosol formulation, and less than about 600 nm for the injectable
formulation.

The benzodiazepine, 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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product. U.S. Patent No. 5,510,118, which is specifically incorporated by
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can be added to the drug dj spersion fol|ow ng 46 WO 2006/ 088894
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type mxer, until honogeneous, di spersi on i s, obseryed iinh which there are
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DI e Xyl oSUBREATH P hilishold SiFaldilipg di spersion step when a

recirculating ne used for attrition. The mechanical neans applied
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can take, the form af di spersiqon m )| ., Sui.tabl, i spersion mill, i ncl ude a
bal | rpﬂt1°5e Site SavPRERY P TRke e Jorep %*ltap(i PEFTiPR mifl §uidlils Hsetpivn e as a
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I
shorter mlling time require ovi de the desired reduction in particle
si ze. bead milbdAamedid tikhis, prefeered dpatocthe relatbetsshoytenmilling timerrequiredite pr ef er abl y

f1rom shodt #0040 About: 1000 centipoiae, and Aot bal Lyl Lag.thee appar ont
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particle size reduction and
apparent viscosity of the premix is preferably from about 1 up to about 100 centipoise. Such

ranges tend to afford an optimal balance between efficient particle size reduction and media
erosion.

The attrition time can vary widely and depends primarily upon the particular
mechanical means and processing conditions selected. For ball mills, processing times of up
to five days or longer may be required. Alternatively, processing times of less than 1 day
(residence times of one minute up to several hours) are possible with the use of a high shear
media mill.

The benzodiazepine, 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 cooliﬁg
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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erosion. The attrition tine can vary wi dely and depends prinmarily upon the
particul ar mnechani cal neans and processi ng conditions sel ected. For bal
mlls, prY69sGEH imes of up to five days or |onger L ed.
Alternatively,ygggiessing times of less than 1 day (rg?¥5§ﬁ%%ﬁ@&#%§ of one
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mll. The benzodi azepi ne, such as |orazepam particles can be reduced in
size at a tenperature which does not significantly degrade the

benz oelinygripitiiecarded putamdensanddisasof ammbignidempengture apdatanroeessing presayses t han

about _30.,t0 | ess n,.about, 40G..are_or di nard.l err esired, the
or oo e¥bithgReiafi i iR Se Rt and ik Brallet ARb Bl it =€y pren
Cont r gbicafl oftHafl thBRPArAbL AL, Sndvibrabfy hillket i ng or inmmersion of the mlling
chanber in ice water, is contenplated. Cenerally, the nethod of the

invention is 47 WO 2006/ 088894 PCT/ US2006/ 005224 conveniently carried out
under cond{tinding Madianbi ent tenperature and at processing pressures which
are safe and effective for the mlling process. Anbient processing pressures

typi - A £ LOF 10 : ol Pl
Vedi & The. Sbe Bl inelllcefeofiblitd ciB hhere bl sBb QRS il | Nl 19
subst arshiapd, ez, bebdy, bomsistingressehtiglly ofpolymerieresia, Adtensitivelypthegsindingi al |y of
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poly cC resins are c y and physicall nert, substantially free of
met al s, solnvgentral,anifable polyeresic resint avé clsniitally andtphysicaliessrtasubstantialy | ity to

bl e RS ER i BB iy 20
1 SR SRR A B I SRR Aol Borab e
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gﬂﬁygeﬂqurmﬁwﬁq@ﬁ@wd%ceﬂlsam@iaﬁ Peym%ﬂ@élh vBH@@e_Igﬁn%F 6?4/&83%5; e
ool yhyRFECHBO iRt 83 EORIHER. pdSuERundd BAGRARELLEY 11 e contai ni ng
pol y npsls(teteutinopsetBadngs), b @x anlon (Bl 4 ®ohi deNertbiers RAd YD abdthére

bi odeﬂr adabl e. )
uoropolymers; high density polyethylenes; polypropylenes; cellulose ethers and esters such

as cellulose acetate; polyhydroxymethacrylate; polyhydroxyethyl acrylate; and silicone-
containing polymers such as polysiloxanes and the like. The polymer can be biodegradable.
Exemplary biodegradable polymers include poly(lactides), poly(glycolide) copolymers of
lactides and glycolide, polyanhydrides, poly(hydroxyethyl methacylate), poly(imino
carbonates), poly(N-acylhydroxyproline)esters, poly(N-palmitoyl hydroxyproline) esters,
ethylene-vinyl acetate copolymers, poly(orthoesters), poly(caprolactones), and
poly(phosphazenes). For biodegradable polymers, contamination from the media itself
advantageously can metabolize in vivo into biologically acceptable products that can be
eliminated from the body.

The grinding media preferably ranges in size from about 0.01 to about 3 mm. For fine
grinding, the grinding media is preferably from about 0.02 to about 2 mm, and more
preferably from about 0.03 to about 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
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Q her separation techniques such as centrifugation may also be enpl oyed.
Sterile Product Manufacturing Devel opnent, of injectable conpositions
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r-l-

(Media Conditioning)
\
Compounding
\
Particle Size Reduction
\
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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(Lyophilization) and/or (Term nal Sterilization) As indicated by the
optional steps in parentheses, sone of the processing is dependent upon the
met hod of particle size reduction and/or nethod of steryjl. ' or
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or nore surface stabilizers. Alternatively, the particles can be contacted
wi th one or nore surface stabilizer either before or after attrition. Oher

conpounds, Auch AgnegusMilling to QbtainnNapepprticulate BenzodiszepineAdispersions uch as
| or azepam L4+ Lt ri | reducti on
process. D@%F’é&%@%@%@%ﬁ rgc%g’&ceégké:dén Pﬁ%bﬁ%ﬁfg go?a%héxg, bat ch node.
B. Pr guitivldsairé dispérsediatadiquidNaispgrsion inediaaind nBsshagidiladems ieapptisp sthe i ons
Anot her net hod of  for rri,nttg t he desired nanoparticle dispersion is by

mi cr opfiresenss efarinding myedia iq reducethe Rerticlsrsizerad She hangodipzaping, S¥ehFEr si ons of
nanopq&t&%&gthe desired effective average particle size. The particles can be reduced in size

in the presence of one or more surface stabilizers. Alternatively, the particles can be

contacted with one or more surface stabilizer either before or after attrition. Other
compounds, such as a diluent, can be added to the benzodiazepine, such as lorazepam, and
surface stabilizer composition during the size reduction process. Dispersions can be

manufactured continuously or in a batch mode.

B. Precipitation to Obtain Nanoparticulate Benzodiazepine Compositions

Another method of forming the desired nanoparticle dispersion is by
microprecipitation. This is a method of preparing stable dispersions of nanoparticulate
benzodiazepine, such as lorazepam, in the presence of one or more surface stabilizers and one
or more colloid stability enhancing surface active agents free of any trace toxic solvents or
solubilized heavy metal impurities. Such a method comprises, for example, (1) dissolving the
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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benzodi azepi ne, such as | orazepam in the presence of one or nore surface
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sui table "non-aqueous nedi a include ethanol, tﬁlphlorqnnnofluoronefhane,
( CFC- Bush asatatazegamhisessentialypinsolublsds hsedas @@rtmilling)medimteamiekana age of usi ng

CFC-11 i s_that .i . be .handl.ed . at onl i.nal | t t ,
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and preddia torgeperateonangpartioulaterbepzodiazepipe a3 lorazepam THaamples obsuitablet i on  may
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medi a rb@wiéiard recovered under vacuum or heating, resulting in a dry nanoparticulate

benzodiazepine, and preferably, lorazepam nanoparticle composition. The dry composition
may then be filled into a suitable container and charged with a final propellant. Exemplary
final product propellants, which ideally do not contain chlorinated hydrocarbons, include
HF A-134a (tetrafluoroethane) and HFA-227 (heptafluoropropane). While non-chlorinated
propellants may be preferred for environmental reasons, chlorinated propellants may also be

used in this aspect of the invention.

D. Non-Aqueous Pressurized Milling System

In a non-aqueous, pressurized 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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| orazepam The final size of the collected product can be controlled and
depenerlesied ima sprsind eeservaid bsneath agziclopaspraaist e benzodi azepi ne, such as

| or azepam nd/ or diluent i.n the |iquid sanpl as wel.| t he dropl et size
or oduced by BHadf bl Eierex e ape e oo FaBabfEouRS | %S dostr abl o
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for delivery to the conducting airways it is desirable for the collected

pr odueamprisespheyicebaggnegates pfthe ranoparticulate benznslidzapiae.caveh a3 loragegamolf nasal
d

el V&wiqﬁid sample comprises an aqueous dispersion of nanoparticles in which an inert diluent
material was dissolved (such as lactose or mannitol), the collected product will comprise
diluent (e.g., lactose or mannitol) particles which comprise embedded nanoparticulate
benzodiazepine, such as lorazepam. The final size of the collected product can be controlled
and depends on the concentration of nanoparticulate benzodiazepine, such as lorazepam,
and/or diluent in the liquid sample, as well as the droplet size produced by the spray-dryer
nozzle. For deep lung delivery it is desirable for the collected product size to be less than
about 2 microns in diameter, for delivery to the conducting airways it is desirable for the
collected product size to be about 2 to about 6 microns in diameter, and for nasal delivery a
collected product size of about 5 to about 100 microns is preferred. Collected products may
then be used in conventional 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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del i veaseavhen thersprayudrigdaoavdes lsrwnysmdbélws thansahoutid mienans)tdnwdwn thend ar e

[ h al J |
?r\gﬁm i ?n%eq)ﬁu%cer%%{%!eg{, gﬁtaﬁ @y‘éocsgr%fseft cl’fco?ﬁgﬁ%é@ﬁlﬁtg(ﬂ&?ifggﬁ% ari des
and_celrl S8 (@8 kn8haRs Bﬁlk‘ﬁ&eaf hisPaeq6 k@Y 5 belioedtd 6 raguler S

conpri si ng nanoparticul ate benzo ll ne, such as |orazepam  may used in
pﬂe(spei)

conv esitiplyimpapithe maitls pred theent and pwed. sSuchreatrises typiqelpicensisiof

reconsti | .a.for W Ijz 255 F. Freeze-Dried
Nanopﬁqglms(ﬁyeg?seﬁfﬁ?ﬁ%&q%ﬁt%gr gﬁl?al%Feb d?ﬂé’é‘ﬁ{éﬁ stWﬁ ding denatured or

dest aph géaé@lﬁhrf&sﬁlﬁpéelluﬁiéféa xﬁﬁy&@ab@asaullaewmmtlng point (i.e., about 70 to
about” 150 degrees C.), or, for exanple, biologics, sublimation is preferred

over evapoSpieydiied powderaicomprising npmmarcuieémbmdeIm suddvasdorkenagn. This is

because subl.i mation a he hi ro S er gtk es _asso dwth
opr ay TgY R heaRIIIRTS, i plisR o o SREGLAVELS pr BROBRRSF i "o

| yophi liggidinhédia fof abe With heBdgzetshe shel f st ab| lity of a benzodi azepi ne,
particularly for biological products. Freeze-dried particles can also be
reconstituted and used in nebulizers. Aggregates of freeze-dried
nanoparticyl ate en I NE.. S s |a zepam can be bl ended with

ei ther dr yﬂbomdle?fpelzﬁﬁ??@ﬁ%ﬁ?l’e@lﬁ?ﬁgﬁggﬁpﬁ%ﬁ in DPIs and pMDI's for either
nasal or pBbrDbezydidedpinecthit is eriitirg@ bt destabilixet b9 heht, &k adtating ajowduct and
subj ecting the sanple to st ron?5 vacuum condi tions. This allows for the

f or medRelting nointifice. 1&9}1&%&@1@% (btéqgrwﬂbm,afors@qwle@m@e% sublimaiiosr st ate.
such g &Héﬁﬁgéévér%v%ﬁ%%h t%f gagy derh%ﬁ?dé%[’t&ﬁlo €, c%n?ﬁ fo% IFfiser vields

than s resu al ns

benzobécansubimatioe ivoids the Mgai;&@m tempéranﬁrek es%ahatea@w&wp‘r@cerymgatlnl i zer. The
benzodlazeplne such as_| orazepa cally present in an aqgregated

st at ea¢didon sublispatiptiealse kRown AR ?raqzerﬁaylag 6h ngpbahch@n, can increase the sh
stability of a benzodiazepine, particularly for biological products. Freeze-dried particles can

also be reconstituted and used in nebulizers. Aggregates of freeze-dried nanoparticulate
benzodiazepine, such as lorazepam, can be blended with either dry powder intermediates or
used alone in DPIs and pMDIs for either nasal or pulmonary delivery.

Sublimation involves freezing the product and subjecting the sample to strong
vacuum conditions. This allows for the formed ice to be transformed directly from a solid
state to a vapor state. Such a process is highly efficient and, therefore, provides greater yields
than spray-drying. The resultant freeze-dried product contains benzodiazepine, such as
lorazepam, 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, etc.), in DPIs or

pMDIs, or reconstituted for use in a nebulizer.
v
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pul mronary or nasal), in conjunction with diluent materials (|actose,
mannitol, etc.), in DPls or pMJs, or reconstituted for use in a nebulizer.
'V 53 WQy3906/ 38§94 PCT/ US2006/ 005224 1V. Method of Pieaisiwigiood2as human
therapy, 1t 1s 1nportant to provide a benzodi azepi ne, such as | orazepam
dosage formthat delivers the required therapeutic amunt of the drug in
vivo, and that renders the drug bioavailable in a constant manner. Thus,

anot her aspect of the present invention provides a nethod of treating a
mamalV- i nﬁlﬂ.@ﬂnﬂ!ﬂ!ﬂﬂﬂ! requiring status epilepticus treatnent,
irritable Eharsth : L ' -an, osi s, or
pre- anest esm!zli necgil?@g’ﬁ?bsnl ?gﬁé%quﬁoﬁ]%%%n?%?%épgﬁb%%?o ?%ze I né, such as
| or azdgrage forfnathan dedivers nhofeqhine therapeauticemousiv ofthseinkiisviveg end thatrentiers st ep of

adm nistering to subject a thergpeuticaglly effective angunt .of a
nanopﬁ\etqr%&ge\éalb@?zeaicaewtrmnn%c Ug 200 %Rﬁmfc the BresE AR BHOB! 1t he

Pr eseggovfdégﬁ%étﬂé& of tflaaﬂﬂg a%ﬁ&ﬂﬂél[‘ﬁl@fudiﬁr%?fe}é R ,g&?%?:%’%ﬁh? e%i%:aél%di azepi ne,

such orazepam fornuration 1S an | t ab ation. "I'n anot her
enbodireatment, irnitabiabmpe syndromatteatnesnt, sthiep iudiction, asutelpspcholsisy arzgpam
f or mul at hgn s an, aer.,osol formul ati Parti,cul arl y .advant ageous features

tion.
of | t hBnGsHEsa mediGrtigh isigg anapoRasiculate Perizofiazening, such.A% IPRZFPAT Ll at i on of t he

| Vet AR Bf fRlint&hildh! Sutimefiods %}gﬁd&!‘m@a&%{sf MthBRCerinl t a3LbjRAG
propyl ene glycol as stabilizers. In addition, the i1 njectable fornulation of

the thevapettically effiectprecaniaimt af hnapophrdicatatemzodiazepirte; sitches lomzepasyal | vol une
to be_.injected,. A general protocol for.injectable adm nistration conprises
= bol HutiuHeBOF 16 Refoent ingentiig LA 25 PRBOMEh CITATSPELEHAR, w th one

cont i BBMAiabépthe, Isaaﬁgsggﬁlaepa&xﬁtf&%um{ms 8n ;ﬁ{fiééﬁéblé Rl Ridn0fn bhingr ug. The

benzodi azepi ne, "suc orazepam conposifions of the invention can be used
for pmbodimzny thernannpartiowlstel betzddiazepipe, sRoh aplosazgpamdformulatiomisaan del i very are

particul arl.y useful _ for the delivery_.of benzodi azepi.ne, .and preferably,
ot o B NARtAG. Rl Gripthonad 6ahuses SRR BRSRRELtOR SRTHEATL: rat | on.
Pul DR phafthadeidal Rfitllatidal dfIRY MvértioR doBEhdt \tequaR!the bREerR¥ DE polySthyléfe | Very
and for localized delivery to treat diseases of the air cavities. The
aer os glysoluindipnepylensglyeol as stabilizers., Ibastditicag thednjectahld famyulptbeniefithe ar e
particul arl usef.yl in,the treatnment, of respiratory-relat.ed jillnesses such
e astsRioTsapRyeYifln 2 highJeRrraaet porcaruationd aSyall volhne O dMieettr Anchi i s,
cysti gederdlppstbéol forinfRtableoRmiihistrhfiotEcomprises a bolus injection of a

benzodiazepine, such as lorazepam, with one continuous fast injection, rather than a slow

infusion of the drug.

The benzodiazepine, such as lorazepam, compositions of the invention can be used for

-

pulmonary or intranasal delivery. Pulmonary and intranasal delivery are particularly useful
for the delivery of benzodiazepine, and preferably, lorazepam which is difficult to deliver by
other routes of administration. Pulmonary or intranasal delivery is effective both for systemic
delivery and for localized delivery to treat diseases of the air cavities.

The aerosols of the present invention, both aqueous and dry powder, are particularly
useful in the treatment of respiratory-related illnesses such as asthma, emphysema,
respiratory distress syndrome, chronic bronchitis, cystic fibrosis, chronic obstructive
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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pul nonary di sease, organ-transplant rejection, tubercul osis and ot her

I nfections of the lung, fugal infections, respiratory illness associ ated
wi t h acqwg sideogggeyne defici ency syndronme, oncol ogy, anld?f/ﬁﬁoﬁmtﬁzu

adm ni stration of an anti-enetic, anal gesic, cardi ovascular agent, etc. 54
WD 2006/ 088894 PCTI US2006/ 005224 The formul ati ons and nmethod result in

I nproved | ung and nasal surface area coverage by the adm nistered

benzodi azepi ne, such as |orazepam In addition, the aerosols of the

i nventTherforrdihtiorGng enshaidsult in ippreied lugpandaasalsacfacd areacowetdpe byfthe

di agnosti,c, i magi ng. Such a nethod conprises admnistering to the body of a
test ddpjigisieradpepardiazsping, gic @ﬁ&'ﬁe@ammage an effective contrast-producing
anmount of t 4 ' i P | £ Iesd

conpositi onlheaﬁl%@r%fe?’gp?é%{ogg% glglg‘ﬁegﬁg%rbtgl on g?)‘%ld %ﬁeﬂg%gya%%t al nlllsﬁ% t he
adm niiataenabodfondiagadstiegmaginigs Saxlpa amthddrompridgsadministanimgne thebodf iofhd t o
produce an Xx-ray w(gnetic [ esonan |, mage patte&n,correspogﬂ{?ng to the
pr eserf6¥ subjectiin aeedpfia diagnose Hragemeicptvrcontipstaprpdycing At 9EhG; sual i zed.

"Ther | y @crra&gér? ' ﬁﬂ%f% Ry t 2. drug
dosag?ﬁgﬁdgﬁﬁhhﬁgﬁgtﬁﬁd&?ﬁ ?gsage r?gftﬁ?osrgw e;ﬁcﬁie spéea?ﬁe);’?gfég aatlrﬁr?gt(l:%} ogi cal

r es porufehd bodywdontaimit$ thecidunisteredadairast apatt édexposeal toixgrays borantagmeticher of

subj ec’:tlé in need of such treatnent. It , is enphasized that ‘theraBeuticaI |y
ef f ectHig}@ loRrOARS an XsHky O MALRFUGTesoNaRCe image Paltem corssRandIng fo the presenes)| ar

I NSt angeLd | Vi o LAg the di seases descri bed

her ei n, e%’/‘%dﬁaﬁgaga 'V@%ﬁﬁgg%géa%eg&%nﬁg%ﬁ%g{sgﬂiz?ﬁerapeut ically effective
anount " by ‘tThempewtidally effe¢tivetdnsount’t is usédilieeein vt respmict to aadriig dosage, shalbbunt "

al so includes, an appunt that is effective fqr prophylaxis, t .is.to be

Fur £ nAPoaR oS IR AP VIgF g SDRSfcRMaAcolo61ca) S PPETh fF MisdtBH B ¥ measur ed
as or ; , < I : I ' | ood. One
of or i TERRAIR R SNt i nhBbE RGP el O SUR SetRel A Lbhidcd

benz odhatZ dprapenticaliy effeativd amamt,) adminisiered o alparticulansabjeeti a partitulyr and can be
enployed in pure formor, where such forns exist,, i har maceuti cal |y

coept tpaesliot abiags be srtecisan ety CAcen fosgrbeshiteRLER haneh

benzodyag 8BiaRE is ffidd ASRRERABEAN effebtitd EnSBIPEPhod0 silldd Rthe Bhe
conpositions of the invention y be varied to obtain an anount of
benzodiThempeutically eifbctas damouatbalsomncludes ari amowt theat is affective fypeophylaxisesi r ed

th t f ticul .U d net hod qf
adn i 3¢ 80F SIS RBdersoad Tl g 5ess atfe 1 PREPURGPIERRSBSAER TG e desi r ed

ther apgidhies, orShitiefeferehddto do Rvélk asfithdtir&f dlody). the potency of the
adm ni st ered benzodi azepi ne,” such as |orazepam, the desired duration of

t reat nent, Quelofoarfimaryf skill wild appreciate that effective amounts of a benzodiazepine, such

as lorazepam, can be determined empirically and can be employed in pure form or, where
such forms exist, in pharmaceutically acceptable salt, ester, or prodrug form. Actual dosage
levels of benzodiazepine, such as lorazepam, in the aerosol and injectable compositions of the
invention may be varied to obtain an amount of benzodiazepine, such as lorazepam, that is
effective to obtain a desired therapeutic response for a particular composition and method of
administration. The selected dosage level therefore depends upon the desired therapeutic
effect, the route of administration, the potency of the administered benzodiazepine, such as
lorazepam,, the desired duration of treatment, and other factors.

Dosage unit compositions may contain such amounts of such submultiples thereof as
may be used to make up the daily dose. It will be understood, however, that the specific dose
level for any particular patient will depend upon a variety of factors: the type and degree of

the cellular or physiological response to be achieved,; activity of the specific agent or
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Dosage unit conpositions may contain such anmounts of such submultiples
thereof as my be used to make up the daily dose. It will be understood,
however, peci fic dose |evel for any particul i i1l
depend u&?%am\?gﬁgity of factors: the type and degree O?ET@%%&OE@%Z%H ar or
physi ol ogi cal response to be achieved; activity of the specific agent or 55
WO 2006/ 088894 PCT/ US2006/ 005224 conposition enpl oyed; the specific agents
or conposition enployed; the age, body weight, general health, sex, and

di et eampasitionempleied; thespedifie agantserforipesitian employeduthe age, badyweightr at i on,

and r C i a1 [: . : drugs
ased Pl hphsbe aiTat of BE pRARE i AR A USAL: 8Rulh, ol of R ERYon | |

fact osisd refl df ekeretion bhthelagentpthe datatiah of thel tfeatthérdt; dragepsediig démbinatiivere skil | ed
in the art that various_nodificatjons and yariations can _be nmade in the
conpo&9ingidental with the gpecifiagentand dike factorp well kmown iy thermedicaliatthout  departi ng
fromthe sfifj b (V. i Lhe el See | t the
present i ﬁ\)‘;eﬂrﬁbfghp %g@@? “?‘{?8%@@89 p} @EH"% vﬁgﬁ%v%tr)ihg% ?tbdr?g %'g{l] q?‘ﬁ?téoglgnve ntion
provi cecbethgde i dhEcorhpdiitivns, Metheds) ped ades bhtheqipgrentigidertioai withoand t hei r

equi val ents. The foll ow ng prciggeti c.exanple is given to_ illustrate the

pr esefepartingdrem she spirit osiseone! theinyertions {13wa, it isankended thatthe presentspi rit and

ot o1 PL BB ARER P eBoROlnd Pcifions S Suby B R Hui Pt °CC ope
of t hthegt@perof the@ipehddd cluymsAint thiedf @jubvatenss.i dentified herein, including U S

patents, are _hereby expressly incorporated by reference. Exanpl e The
pur pose of Tb%f@lowrag@mﬁmsexa@pmléw@e ty 11 tiRsp A Presamh Iy e BTy %Flﬂ‘ébi ne,

such i I i - 1610 )

or a2 e AAE Ry P EER and SoRAUERE S RABE IS B RS [P ana
0. 05%rienifiv)codditiony brsddtditssiesaribted iw thiséXaGjple butishduldlvalynbd limited by thelO ni

hanmb f M| I 0. M| I t , LK ia, PA
o g Saopaof fhecims st tflors AN refrengRSdHept N o IBb FRIETBH LEO S By
attrifl 1 : ] ) (89% nedia load). In an exenplary
proceiéésr%éﬁqﬁg%%égb%@l}ag}yg?eﬁﬁaféd at a speed of 2500 rpns for 60
mnutes. Following mlling, the particle size of the mlled | orazepam

parti Eksmpleslhh be neasured, in deionized distilled water, using a Horiba LA

910 particle size analyzer. The initial mean mlled | orazepam particle size

[ t to be | . th 000 . oeni
I'S expec eﬁlhe gmpgse oF this exgtgp S Was 10 lr;}epare a nanoparticulate benzodiazepine, such as

lorazepam, formulation.

An aqueous dispersion of 10% (w/w) lorazepam, combined with 2% (w/w)
polyvinylpyrrolidone (PVP) K29/32 and 0.05% (w/w) dioctylsulfosuccinate (DOSS), could -
be milled in a 10 ml chamber of a NanoMill® 0.01 (NanoMill Systems, King of Prussia, PA;
see e.g., U.S. Patent No. 6,431,478), along with 500 micron PolyMill® attrition media (Dow
Chemical Co.) (89% media load). In an exemplary 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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56 W Caim 1. A nanoparticul ate conposition conprising: (a) a

benzodi azepi ne having an effective average particle size of |ess than about
2000 . nm wherein the benzodi azepine is selected fromthe group consisting
of al prazolam brotizolam chlordi azepoxi de, cl obazam cl onazepam
clorazepam denoxazepam flumazenil, flurazepam hal azepam m dazol am

nor dazepam nedazepam diazepam nitrazepam oxazepam m dazepam | orazepam
prazepam quazepam triazolam tenazepam |oprazolam pharmaceutically
acceptabl e salts and esters thereof, and m xtures thereof; and (b) at |east
one surface stabilizer adsorbed on the surface of the benzodi azepi ne
particles. 2. The conposition of claim1l, wherein the surface stabilizer is
sel ect e& Claipm t he group consisting of a nonionic surfactant, an ionic
surfactant, a cationic surfactant, an anionic surfactant, and a
zwitterionic surfactant. 3. The conposition of claiml or claim2, wherein
t he surfaceAaalﬁﬁhmcaﬁfedoﬁlp%%klaﬁtc@rqp&mgﬂthe group consisting of

hypr onel | ose roxypropyl cel lul ose, "pol yvinyl pyrrolidone, sodiumlauryl
sul fat e, d| (ert ylasbmmxbmpmn haeng grebﬁctqtm aenagsipartidlesize ¢filess thmwtbp@tr?%@um
acaci a Ies ertg)l acant ge, g ear acid, b nzalfk ni uR; chlg

cal ci u’?ﬂl’s‘?’ 4r'a lée °gf ?}% 'Ineﬁsosﬁ Seg dron egroé'@tc(?g?l &N aEs 1&?8%crogol
enul si fordBzépdX%idesabRizhMNcIBSdz8pdm, cRRh X Edeitxartpaml RihashNeflsrazepam,

pol yoxg/et hyl ene castor ol |l derivatives, polyoxyethylene sorbitan fatty acid

g_ste_rz alazgparatidpeakam, nordazepain, Wwvedlﬁwpémenlgpwam 8X3ZeRAN,| o ﬂa: s: : i ?:on
sod unii Rt R N EBar SR IO il T er BB oY oL Y PRt %

noncr yﬂtaahhaeumatlglabwpm&: sarmgmbestaumhaﬂeufmrwmiﬂuﬂes d&t@f andi et hanol am ne,

pol yvi nyl cohol, tyl ox oI oxamers, polo | oxam ne gel, an
al kyl aryl @Ln yé’ttllf@? ong §y 1zgr %ﬁsg?aff%n@vf 'iyf &L}éhesl?eéé&ﬁﬁzép'&ﬁd sucrose
di st eapMiQes. P- i sononyl phenoxypol y- (glycidol), a sucrose

nonol aur at e, _SA9OHCO, decanoyl N- net hyl gl ucam de; n-decyl (-D

o] ucopzr anosi de; n-decyl (-D-maltopyranoside; n-dodecyl (-D- glucopyranoside;
n- dodesyl @h@cwmlomogncla@n lhwb@ramd?)/ft suxfage sthlyiliggr i sehacénd: from the group

- hept é’dnsﬁsﬂ &’a%%?&ﬁrca&?ﬁkt% oR &R sﬁ]ﬁ{flﬁct?mta ca&@hf%%'u“ﬁ&& t] %Elﬂ}onli](:exyl

(-Dg HAds| nonano

gl ucopwramaﬁﬂ, d&tamﬂttaﬂwbswfmhyl gl ucam de; n-octyl - ( D- gl ucopyr anosi de;
octyl (-D thioglucopyranosi de; PEG phospholi pid, PEG chol esterol,
PEG chol esterol derivative, PEG

3. The composition of claim 1 or claim 2, wherein the surface stabilizer is selected from the
group consisting of hypromellose, hydroxypropylcellulose, polyvinylpyrrolidone, sodium lauryl
sulfate, dioctylsulfosuccinate, gelatin, casein, lecithin, dextran, gum acacia, cholesterol,
tragacanth, stearic acid, benzalkonium chloride, calcium stearate, glycerol monostearate,
cetostearyl alcohol, cetomacrogol emulsifying wax, sorbitan esters, polyoxyethylene alkyl ethers,
polyoxyethylene castor oil derivatives, polyoxyethylene sorbitan fatty acid esters, polyethylene
glycols, polyoxyethylene stearates, colloidal silicon dioxide, phosphates, carboxymethylcellulose
calcium, carboxymethylcellulose sodium, methylcellulose, hydroxyethylcellulose, hypromellose
phthalate, noncrystalline cellulose, magnesium aluminum silicate, triethanolamine, polyvinyl
alcohol, tyloxapol, poloxamers, poloxamines, a poloxamine gel, an alkyl aryl polyether
sulfonate, a mixture of sucrose stearate and sucrose distearate, p-isononylphenoxypoly-
(glycidol), a sucrose monolaurate, SA9OHCO, decanoyl-N-methylglucamide; n-decyl (-D-
glucopyranoside; n-decyl (-D-maltopyranoside; n-dodecyl (-D-glucopyranoside; n-dodecyl (-D-
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vitamn A PEGvitamn E, |ysozyme, random copol yners of vinyl pyrrolidone
and vinyl acetate, cationic polyners, cationic biopolyners, cationic

pol ysaccharides, cationic cellulosics, cationic alginates, cationic
phosphol i pi ds, cationic nonpol ynmeric conpounds, poly-n- nethyl pyridinium
ant hryul pyridiniumchloride, cationic phospholipids, chitosan, polylysine,
pol yvi nyl i m dazol e, pol ybrene, pol ynethyl net hacryl ate

trimet hyl anmoni unbr om de brom de, hexyl desyltri net hyl amoni um brom de,

pol yvi nyl pyrrol i done- 2-di net hyl am noet hyl nethacryl ate di nethyl sulfate,
cationic lipids, sulfonium phosphonium quarternary amoni um conpounds,
stearyl trinmethyl anmmoni um chl ori de, benzyl -di (2-chl oroet hyl ) et hyl anmmoni um
brom dmaltcusdﬂbohcpiartoyl NembtyylghxmmideuMemyb(r-Degucopmaomjde nehiept (- ammoni um

b d t di hyd th hl orj d t met hyl
i hy or GIREBRARe ] Gl bianitees S eagnof FNanspY elHaide i efiaf de, "decy!
di met hglhcép&yédn@aqbi@t&amhoﬂWtwlﬁtdnqae dﬁ@ctylotqg;glluc@pﬁahdshyde badr omyet hyl

anmoni um brom de, C12-15di net’hy dr ox @i ammoni um chl ori de
e P

Cl2- 15mngtcnyyrawene02§6tm@spl@hn@w @rabe E¢peloenterel deéltvwwe Rkdr oxyet hyl
anmon | ,0 t ristyl
11 ot DY AR RRE R o S Hbm b ERIRUS oy PRTRRIAIEE RO, VT St
chl ori sketatd, aationic phlyfﬁéx’@ydaubmbidpolymmlatwmdqmymdﬂharldiaumﬂlondiclmﬁlbsi&s,

(et henoxy) 4 ammoni um chl ori de,. | aur di et hy (et henoxy anmoni um
br oni deAtioRje g&%tesé @Q’“fﬂﬁ‘@?ﬂ’é‘i“ﬁ Flféﬁ%fw “%‘?ﬁ?ﬁﬁ‘i‘eiﬁ‘rﬁ"@mp@\“i‘ el)"’AIN“aI kyl

(Cl4- iﬁkfﬂgfﬁ?h@%tunﬁ)%ﬁﬂrul% Rl RS bélﬁ)mcgﬁ%%l{oﬁﬂi%%hitgiﬁﬁt porIHgRZY !

anmoni um ori de’ nonohydrate, dineth amoni um chi ori de, N-al kyl
and (Qlcﬂy\linyllmlndarmlmpbl)dbrenn,aqnlmuhﬂtrhgliacxamtmmmh)dmmpmdmbrctmldcrbltohydcammn| um

o o heS e AN BT T 801 iyl §to i g 2 et an G U S2! =,

al kyamnétha&rlybéledhﬁkih?’/l AN tatonsAkdids, anfoatdﬁ%}sb%meﬁhuw qaér&yﬂarﬁmehmm salt,
di al kyl benzene i al kyl anmoni um chl ori de, N-didecyl di nmeth anmoni um

chl ori erénpq\m@%ﬁﬁeard&eylﬁammmlm shipride, &Wmdd%chkﬂw@xlb@y PRiEMat e,
N al k 4 t
dogec%{?l mat’g’] oBg{ntgﬁf hﬁ}lnfgr%m ﬁ%%%ﬁ%%dgyéo %@ hlglgaemnglghfeagi %%“%%%ﬁ?ﬁm

chl ori dxethdeihyauxgelthyﬂ ampnhuyh clammbmuhhethyldhhy@bykwtﬂyémyﬂonm hyl amoni um

hloride, alkyl b | dipe br C15, Cl7 hyl
ammon gfﬁf%?%ﬁ?ﬂége g a@eﬁnﬁ%%m&gﬂn A ﬁ{ynrveﬂamﬁmﬁm%ﬁ@m%um lorde, ™ Y
pol y- d!iéélyl mh@tﬂy?ﬁw&@wmmoﬁmn%ﬂoqﬁde @Jmﬁtsmetmﬂpavow&h)q R dndles -

al kyl di net hyl armoni urh hal ogeni des, tricetyl meth amoni um chl ori de,
decy! t ehloniden (Il 2ritidinietml by gk ighyl dmdmwnn briogtidhey bmh«llmﬁﬁyi bydrebeyethyl

tetradecylt, Iill n%tlor}laje cocorrllutuam met'il?my%rdx lhe}frllm})rgi{lr(r)lco Xml e, myrlst{g}l1 tgrqlle yl de,
ponqu% PR yet

ammonium methyl sulfate, lauryl dimethyl benzyl ammonium chloride, lauryl dimethyl benzyl

ammonium bromide, lauryl dimethyl (ethenoxy)4 ammonium chloride, lauryl dimethyl
(ethenoxy)4 ammonium bromide, N-alkyl (C12-18)dimethylbenzyl ammonium chloride, N-alkyl
(C14-18)dimethyl-benzyl ammonium chloride, N-tetradecylidmethylbenzyl ammonium chloride
monohydrate, dimethyl didecyl ammonium chloride, N-alkyl and (C12-14) dimethyl '1-
napthylmethyl ammonium chloride, trimethylammonium halide, alkyl-trimethylammonium salts,
dialkyl-dimethylammonium salts, lauryl trimethyl ammonium chloride, ethoxylated
alkyamidoalkyldialkylammonium salt, an ethoxylated trialkyl ammonium salt, dialkylbenzene
dialkylammonium chloride, N-didecyldimethyl ammonium chloride, N-tetradecyldimethylbenzyl
ammonium, chloride monohydrate, N-alkyl(C12-14) dimethyl 1-naphthylmethyl ammonium

chloride, dodecyldimethylbenzyl ammonium chloride, dialkyl benzenealkyl ammonium chloride,
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t et rabut yl ammoni um brom de, benzyl trimethyl anmoni um brom de, choline
esters, benzal koni um chl ori de, stearal konium chl ori de conpounds, cetyl
pyridi ni um brom de, cetyl pyridiniumchloride, halide salts of quaternized
pol yoxyet hyl al kyl am nes, quaterni zed amonium salt polyners, alkyl
pysidinium salts, am nes, al kylam nes, dial kylam nes, al kanol am nes,

pol yet hyl enepol yam nes, N, N-di al kyl am noal kyl acryl ates, vinyl pyridine,
amne salts, lauryl am ne acetate, stearyl am ne acetate, alkyl pyridinium
salt, alkylimdazoliumsalt, am ne oxides, imde azoliniumsalts,
protonated quaternary acryl am des, nethylated quaternary polyners, and
cationic guar. 4. The conposition of any one of clains | to 3, wherein the
nanopalatiyt tinaitkey | hemzenilina zklptide alkydbehzyd Ineeshyh amencaiunetliledde, ukkybbenzglge parti cl e

size selected fromthe o] consistin f less.than about 1900 n | ess

Chan o8By ABEORIYM prowdde; a7 ﬂ%&?ﬁﬂrwg@gﬂrﬁmm@m Formidgs dagecy ery m |ess
t han at*?i@thtyl AmABnitn ch'l@rﬁﬁ, th ia@l?%etia RnidMurh %éri&é}%ﬂn&i@ﬁ%ﬁnl&ﬂ@n nm |ess
t han abouf 1200 nm |ess than about 1100 nm |ess than about 1000 nm | ess

t han atideridesGdkyddimethydammeninmdiatpgenidetricaty] methybammaniuabehleride00 nm | ess
t han about .650 n | ess, t ha bout ,.600 n | ess, t han about 550 nm | ess
han ogRsimghy RifmqnEs ofdiife AAHABy Ao SRR oRRRR 2000t 200 nm' 1 eaet han
about @bfdectiffimétBglamhidaiung beutids} etiyinridcggsmbainmaditstide 25dlyquaerdigds t han
about 200 nm | ess than about 150 nm |ess than about. 100 nm |ess than

about tr5abitylammenivaskromides bensylirimsthyhmmeniumpsonilepehaling 84ersf any one of

cl ai ns I Iefclanalel SRR i sol of an
aqueougénélélg%ﬁehrlrg;lggﬁ}}@k ’rgtt%?gaq l((:orrpoglﬁlt0 Flgﬁ&or?ﬁo gﬁgé %&%ﬁﬁé’?'g’?ﬁ’%‘g@g%ﬁ% |y each
dr opl epyralinitinehbeidesulide salisof geseratzed palsoxyety latligiapaes, iqoatemizdbenzodi azepi ne
particle, wherejin: 59 (a he. benzodj azepi ne.has a salubility in the agueous
S per STBANGR S daatem bR gk AT e R es Aatittbb. of the aar oso
have aalR@fotaniiBes, ﬁ)_&y@tﬁyl@ﬁléﬁa%@hﬁnéi! RIRRHRIKyld MRy a8 fatdsh iRy Ofyridthiéadmine about
100 m crons. 6. The aerosol conposition of claim5, wherein the
benzodsadts.dpirsikamise peesaiarstearyl amineaspietentlkelpyidinivg) st dlylimidazalmve Houp

B B S RS B T o

or nor polyded, adeatio®guarg/ nL. 7. The aerosol conposition of claimb5 or claim
6, wherein the conposition is suitable for admnistration of the
benzodi azepi ne dosage i n about 15 seconds or |less. 8. The aerosol

composi t i OfnOEoRRitRARIShy ShbBhaifsti o 1, whEh BhdhahBBarlE ARt Biolbzdpif aer osol

particles have an effective average particle size selected from the group consisting of less than

about 1900 nm, less than about 1800 nm, less than about 1700 nm, less than about 1600 nm, less
than about 1500 nm, less than about 1400 nm, less than about 1300 nm, less than about 1200 nm,
less than about 1100 nm, less than about 1000 nm, less than about 900 nm, less than about 800

nm, less than about 700 nm, less than about 650 nm, less than about 600 nm, less than about 550
nm, less than about 500 nm, less than about 450 nm, less than about 400 nm, less than about 350
nm, less than about 300 nm, less than about 250 nm, less than about 200 nm, less than about 150

nm, less than about 100 nm, less than about 75 nm, and less than about 50 nm.
5. The composition of any one of claims 1 to 4, 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:
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have a mass nedi an aerodynam c di aneter (MVAD) sel ected fromthe group
consisting of about 2 to about 10 m crons, about 2 to about 6 m crons, |ess
t han about 2 microns, about 5 to about 100 m crons, and about 30 to about
60 mcrons. 9. The conposition of any one of clains | to 4, fornulated into
an injectable conposition. 10. The injectable conposition of claim9,
conprising as a surface stabilizer a povidone polyner. 11. The injectable
conposition of claim 10, wherein the povidone polyner has a nol ecul ar

wei ght of about 40,000 daltons or less. 12. The injectabl e conposition of
any one of clains 9 to 11, wherein the effective average particle size of

t he benzodi azepine particles is | ess than about 600 nm 60 13. The use of a
nanoparti cyhpt e thebehaodiazpicas & ostpbitiiyt in the egsididpegion(d)lesa tha@nzodi azepi ne
havi ng an effective average particle size of |ess than about 2000 nm
wher ei n t hetbBnigue/adegnthe i s sel ected fromthe group consisting of

al prazol am,br oty I i | am cl orazepam
denoxazepa bpflJﬁ%@gﬁgFPﬁ%%§%§%E§ﬁ$g%%gfggg%gﬁé%ﬁ?kgggﬁgﬁ%&ﬁordazepam
medazepam di azdpMiviADiildss thme panaquabsoeabeptak®0 micaz.epam | or azepam prazepam

gquazepam tygiazolam tenmnaze . | ppr,azol am har maceutical ]y acceptable
Salts Gnd cUICGPSEhamAGrion RECRM v T banodiazrline Pyrekit Maost one
sur f acg@nsératibh #@écted fforh AR gBIPERGKEIRE Ao abBRA 0 ©3 TRIIIL ubfto abhiR 6uge of claim
13, wherein the surface stabilizer is selected fromthe group consisting of

a noni Baiml, abeytd OmzgimL asmarermbeutsi@Pmegimbrar mage, ahowt@H0 angmlradranaboyn
ani onigoos#é{%i\(,:é{%] e ﬁtﬂ%bgut&) n’g t/l%lLi onic surfactant. 15. The use of claim 13

or claim erern the surtace stabilizer is selected fromthe group

consi sting of hypronell ose, hydroxypropyl cellul ose, polyvinylpyrrolidone,
sodium | auryl sulfate, dioctylsulfosuccinate, gelatin, casein, |ecithin,
dext r ah, gaﬁ? el aqmz%awé@f@%@r > orclagy & Whergin tg% gqnRasitionjigisuigbls fan koni um

Chl O | ifinfS @ TR A58 Erep B YBSOkn RO GREALG lescet OSt earyl al conol

cetomacr ogol enul sifying wax, sorbitan esters, polyoxyethylene al kyl ethers,
pol yoxyet hyl ene castor oil derivatives, polyoxyethylene sorbitan fatty acid

t t hyl L I I t hyl t. , || oi dal, sili
i oxt o, pRBS L Emedieiraraey Rt SR G Sle T Ba R I B S YD oel | ul ooe
sodi UnhaveBinitéh fRlTaH h&S8ynaie dRNERE (MIMAED] s8I RER, frdhy HeQBlY Qn6istinagbat e,

noncrystal | ine cellul ose, magnesium alum numsilicate, triethanolam ne,
pol yvi fig 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.
9. The composition of any one of claims 1 to 4, formulated into an injectable composition.

10.  The injectable composition of claim 9, comprising as a surface stabilizer a povidone

polymer.

11.  The injectable composition of claim 10, wherein the povidone polymer has a molecular

weight of about 40,000 daltons or less.

12.  The injectable composition of any one of claims 9 to 11, wherein the effective average

particle size of the benzodiazepine particles is less than about 600 nm.
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al cohol , tyl oxapol, pol oxanmers, pol oxam nes, a pol oxam ne gel, an al kyl aryl
pol yether sulfonate, a m xture of sucrose stearate and sucrose distearate,
p-i sononyl phenoxypol y- (glycidol), a sucrose nonol aurate, SA9CHCO

decanoyl - N- et hyl gl ucam de; n-decyl (-D gl ucopyranosi de; n-decyl

(- D mal t opyr anosi de; n-dodecyl (-D glucopyranoside; n-dodecyl (-D

mal t osi de; hept anoyl - N-net hyl gl ucam de; n-heptyl - (-D gl ucopyranosi de;

n- heptyl (-D thioglucoside; n-hexyl (-D glucopyranoside;

nonanoyl - N- net hyl gl ucam de; n-noyl (-D 61 gl ucopyranosi de;

oct anoyl - N- et hyl gl ucam de; n-octyl -(-D gl ucopyranosi de; octyl (-D

t hi ogl ucopyr anosi de; PEG phosphol i pid, PEG chol esterol, PEG chol esterol

deri vati ve ThEEe of\ifaadPaitidlat&Féazvdlibapine BmpbMEeT Ydieprisiadom copol yners of
vinyl pyrrolidone and vinyl acetate, cationic polyners, cationic

bi opol ymer s(@) catd tsaredigzspipe heving an gidective avdragei nartickt $izs o/dewsshan abawt 2980 ¢

al gi nat es (Welg" l.1 pi I i oly-n-
et hy P b RRRRAE i M R IR U R RO IR MBI
chi t osehiordaépokite] clebazamotiyrazeydm rolatazphma, depalxybapame flupoeteniteflirgiapemhacr yl at e
trimet hyl anmoni unbrom de brom de,, hexyl desyl trj net hyl ammoni um brom de,

pol yvi PAI#75p3m-gnidagaiam 21ddazerary msdarpamlazerady RYRESPAE, 8X3FERAhy | sul f at e,
cat i onj,§dabdda i DRk e, UM conpounds,

st ear yflntﬂ}alwr:‘prgt ﬁ%rzﬁ%ﬁfﬁ&%&%ﬁ?g%e, Bgﬂﬁ%}aﬁg?{%ﬁ%ﬁ?{%@? r?}lm)]’et hyl ammoni um

br onmi deharmacsuticallytac¢apeabie/dalta ambestarsiheteb b rhd mixtuss theotoftandnet hyl anmoni um
brom de, cogonut ,  nethyl di hydrgxyethyl amoni um chl oride, coconut nethyl

di hydroxyet@jl aallnlﬁ?ﬁti%w%?cg a&@f%’ﬁecyl triethyl anmonium chloride, decyl

di met hyl thépdhensotetelvfla nagdigariedin chl ori de, decyl di nmethyl hydroxyet hyl

ammoni um brom de, C12-15di net hyl hydroxyet hyl ammonium chloride, C

12- 15di nmet hyl hydroxyet hyl amoni um brom de, coconut di nmethyl hydroxyethyl
anmoni c iLde, 1.6 n i . i om,. e i styl
e ot gt The BTl ATy WherSinTRE tacp HEKIA S ek TR W T B g B

chl or i adlagnibrétisytfacthintyah ligtic hefaztaht, a@aathid surfabtantyaeniohia surydctabt, mad Ay |

(et henox%t)ﬂé} ammPi um chloride, lauryl dinmethyl (ethenoxy)4 ammonium

br omi dBYIREYNKSHIACEN, 5_ 18) di net hyl benzyl anmoni um chl oride, N-alkyl (C
14-18) di met hyl - benzyl amoni um chl ori de, N-tetradecylidnethyl benzyl ammoni um
chl oride nonohydrate, dinethyl didecyl amonium chloride, N-alkyl and

(C12- 145. di Hestusglof ¢lainm dpohelpime hythergimihaisurfaceistabilizdeis sele¢ted fram thevanond um

hal i de, al kvl -t.ri et hyl nium sal t di al kvl -di hyl jum sal ts,
auryi <Rl 1 PR YRR RO Bgre, Ry b SR Tl
al kyanmulfagd, Biokwisalfssuceinmi)gelating edstin, ReitHh, iexyiriged dcidiglckylestadtioni um sal t,

di al kyl benzene di al kyl ammpni um chl oride, N-di decyl di net hyl anmmoni um
chl ori Hgacmtl@,égqag@égw Qﬂlﬁ%kmqlrﬂ@hl?yﬂe, calcium stearate, glycerol moriostearate,

cetostearyl alcohol, cetomacrogol emulsifying wax, sorbitan esters, polyoxyethylene alkyl ethers,

polyoxyethylene castor oil derivatives, polyoxyethylene sorbitan fatty acid esters, polyethylene
glycols, polyoxyethylene stearates, colloidal silicon dioxide, phosphates, carboxymethylcellulose
calcium, carboxymethylcellulose sodium, methylcellulose, hydroxyethylcellulose, hypromellose
phthalate, noncrystalline cellulose, magnesium aluminum silicate, triethanolamine, polyvinyl
alcohol, tyloxapol, poloxamers, poloxamines, a poloxamine gel, an alkyl aryl polyether
sulfonate, a mixture of sucrose stearate and sucrose distearate, p-isononylphenoxypoly-
(glycidol), a sucrose monolaurate, SAQOHCO, decanoyl-N-methylglucamide; n-decyl (-D-
glucopyranoside; n-decyl (-D-maltopyranoside; n-dodecyl (-D-glucopyranoside; n-dodecyl (-D-
maltoside; heptanoyl-N-methylglucamide; n-heptyl-(-D-glucopyranoside; n-heptyl (-D-
thioglucoside; n-hexyl (-D-glucopyranoside; nonanoyl-N-methylglucamide; n-noyl (-D-
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amoni um chl ori de nonohydrate, N alkyl (C12-14) dinethyl | -naphthyl nethyl
ammoni um chl ori de, dodecyl di net hyl benzyl anmoni um chl ori de, di al kyl
benzeneal kyl anmmoni um chl oride, lauryl trinmethyl anmoni um chl oride,

al kyl benzyl et hyl anmmoni um chl oride, al kyl benzyl dinmethyl amoni um

br.om de, Cl12, C15, C17 trimethyl ammoni um brom des, dodecyl benzyl 62
triethyl ammoni um chl ori de, poly-diallyldinmethylamoni um chl ori de, dinethyl
anmoni um chl ori des, al kyl di met hyl ammoni um hal ogeni des, tricetyl nethyl
amoni um chl ori de, decyltrimethyl amoni um brom de, dodecyltriethyl amoni um
brom de, tetradecyltrinethyl anmoni um brom de, nmethyl trioctyl anmoni um

chl ori de, polyquaternium tetrabutyl amoni um brom de, benzyl

tri netgiydopmmmndﬁjbbtam;ildemeﬁiy@lwamnmhefcs/l -(-Ibghiz ap e aruiside) adeylgrd-de,

st ear al koni um chl ori d bro et

pyri dit Lnoa ewrw@s ﬂﬁ%wﬁ"%%eﬁm dp éﬂafépkﬁlkga&w sieg mlwlvaﬂillﬁam nes,
quat eryiazfdA, ﬁB@WaH\nﬁ Eallyﬁozﬂme?'ﬁﬁﬂcﬁn cSpdfYtherP ¥t v@lymwmna&ket a'?nd vty nes,

al kyl am nes, "di al kﬁwﬁnlnes kanol am nes, pol yetHhyl enepol yamnes,

N, N- di agktigl eationisalokypiersicatjorae bigpolyinass| caprymcmpkveaccamm cagonic sellul@smsw am ne
acet at g a e ridi |um | kylim dazoliumsalt,
am ne cg)g? déglag r%#ﬁstfe Slpﬁ stp%E)lepslgT cgt},onl?(y Q[ngﬂlg Glc %gm Oun% ;%ly n-

rum qua ernary acryl am des,

met hylraétﬁgdpﬁtmhﬁhnaﬁmryuppyrydmmm chamdiep@hbmlpﬁo@uanpldsl@hn&he podgysdie, any one
of clainms 13 to 15, wherein the nanopartjcul ate benzodi azepine particles
have alefindinifazelespelybigae, @ameémmgﬁh%y@@taetewlamrwlwnérongﬁw%ws. sting

of les}%x&lla ltr1 ﬁﬂfian;rgglgunﬁrgro#{l zp()tl¥ han Bigfdoﬂcs@%uﬂ n{lla %e%h?ﬂn about 1700

nm | ess about 16 ut 1500 n ess an about 1400
nm | ersﬁhadnﬁateailuocthyl]s@ﬁatemmnohmélzpndsfm;ﬂfoalluuuphdsﬁbﬁhimm quartegeryt gnamombout 1 100

nm | ess tha abou 0 L ess, .t han, about,. 90 s, t han.about 800
| ot SRR 0T RManEE S B geR R b EES ANER o 600 nm
| ess thramidebeébname A arh@SSiuNAlorie Qdbcon i Grimbthyl SSotilAbréaRRd] codStut nM
| ess than about 400 nm |ess than about 350 nm | ess than about 300 nm

| ess tmethylaydropsthyhsmmpeive ehherideaensoput 2ohy sihydesgethylbginmpum 150 nm
| ess_than; Abgul, &I%gl‘éﬂlmpﬁﬁﬁl éhlc?r[hfgﬁ)et%g Té?th\xg}é¥og% %}ﬁlzﬁrgh%glg?&Q&ﬂdeSO nm

17. The use’ o fonis
f or mul decgidiimethel lwdro@elhgwsmhmoﬁlumbrami&po$2-(ﬂ5c9p1ems/i bydrofyethytamowpiogi ti on of

one. meREtFC s Gl BB HpRaPEER] REMBART CPB ey OB ITEy HEENS o azepi ne
225 a seth&tRbhich¥ridB, doBEnAAHEINA hYHDREEET I AhnRnidd SRonkiB&Mny R Wimddyimo/ nL;  and
ammonium methyl sulfate, lauryl dimethyl benzyl ammonium chloride, lauryl dimethyl benzyl
ammonium bromide, lauryl dimethyl (ethenoxy)4 ammonium chloride, lauryl dimethyl
(ethenoxy)4 ammonium bromide, N-alkyl (C12-18)dimethylbenzyl ammonium chloride, N-alkyl
(C14-18)dimethyl-benzyl ammonium chloride, N-tetradecylidmethylbenzyl ammonium chloride
monohydrate, dimethyl didecyl ammonium chloride, N-alkyl and (C12-14) dimethy! 1-
napthylmethyl ammonium chloride, trimethylammonium halide, alkyl-trimethylammonium salts,
dialkyl-dimethylammonium salts, lauryl trimethyl ammonium chloride, ethoxylated
alkyamidoalkyldialkylammonium salt, an ethoxylated trialkyl ammonium salt, dialkylbenzene
dialkylammonium chloride, N-didecyldimethyl ammonium chloride, N-tetradecyldimethylbenzyl
ammonium, chloride monohydrate, N-alkyl(C12-14) dimethyl 1-naphthylmethyl ammonium
chloride, dodecyldimethylbenzyl ammonium chloride, dialkyl benzenealkyl ammonium chloride,
lauryl trimethyl ammonium chloride, alkylbenzyl methyl ammonium chloride, alkyl benzyl

dimethyl ammonium bromide, C12, C15, C17 trimethyl ammonium bromides, dodecylbenzyl
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(b) the droplets of the aerosol have a mass nedi an aerodynam c di aneter
(MVAD) | ess than or equal to about 100 m crons. 18. The use of claim 17,
wherei n the benzodi azepine is present in a concentration selected fromthe
group consisting of fromabout 0.05 ng/nm. up to about 600 ng/ni, about 10
ng/ L or nore, about 100 ng/nL or nore, about 200 ngy/nL or nore, about 400
nmg/ mL or nore, and about 600 ng/nL. 19. The use of claim 17 or claim18,
wherein the conposition is suitable for adm nistration of the

benzodi azepi ne dosage in about 15 seconds or |ess. 20. The use of any one of
claims 17 to 19, wherein the droplets of the aerosol have a nass nedi an
aerodynam c di aneter (MVAD) selected fromthe group consisting of about 2 to
about trigtBylrinomamism chlvoide, ly-dial pldinetbylammoons chlaik, dinethyhbmotonRinri cr ons,

about to abqut,.10 1 Crons and.about 30 t bout .60 microns. 21. The use
o - anyPlsdedAng |y By hafReiER Hera mefGRrt M S F R at ed 1 nto- an
| nj ectRByIGiRQBASAMOATUM bréide] 8dddSErihylShmbRudlbrom@®ri sing as a surface

stabilizer a povidone polyner. 23. The use of claim 22, wherein the povidone

pol ymetradseylaimashdanmanivpebrgmideomeybiitoctylpmroggumhiosids, rolyqualsgium4. — The use
o e Lo ARSI S b BeeLae o el sie
benzalkonium chloride, stearalkonium chloride compounds, cetyl pyridinium bromide, cetyl
pyridinium chloride, halide salts of quaternized polyoxyethylalkylamines, quaternized
ammonium salt polymers, alkyl pyridinium salts, amines, alkylamines, dialkylamines,
alkanolamines, polyethylenepolyamines, N,N-dialkylaminoalkyl acrylates, vinyl pyridine, amine
salts, lauryl amine acetate, stearyl amine acetate, alkylpyridinium salt, alkylimidazolium salt,

amine oxides, imide azolinium salts, protonated quaternary acrylamides, methylated quaternary

polymers, and cationic guar.

16.  The use of any one of claims 13 to 15, wherein the nanoparticulate benzodiazepine
particles have an effective average particle size selected from the group consisting of less than
about 1900 nm, less than about 1800 nm, less than about 1700 nm, less than about 1600 nm, less
than about 1500 nm, less than about 1400 nm, less than about 1300 nm, less than about 1200 nm,
less than about 1100 nm, less than about 1000 nm, less than about 900 nm, less than about 800
nm, less than about 700 nm, less than about 650 nm, less than about 600 nm, less than about 550
nm, less than about 500 nm, less than about 450 nm, less than about 400 nm, less than about 350
nm, less than about 300 nm, less than about 250 nm, less than about 200 nm, less than about 150

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

17.  The use 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
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(b) the droplets of the aerosol have a mass median aerodynamic diameter

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

18.  The use 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.

19.  The use 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 use 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 use of any one of claims 13 to 16, wherein the composition is formulated into an

injectable dosage form.

22.  The use of claim 21, comprising as a surface stabilizer a povidone polymer.

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

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

benzodiazepine particles is less than about 600 nm.

64



