BOTULINUM NANOEMULSIONS Related Applications [0001]The present

application is related to and claims priority under 35 USC 119(e) to USSN
W@W93/04389, filed December 1, 2005 (the '139 application); thBEFig006/046236

contents of the '139 application are incorporated herein by reference.

Background [0002]BotuBQINUICENUM NAROBMULISTONSetic
dermatology to treat a variety of skin conditions and disorders. For
example, botulinum toxin has been used to treat wrinkles (e.g.,

hyperlcinetic facial lines), platygemteansispiestiehbands, hyperhidrosis,
a ﬁ tain neyromuscular disorders. Ty ica}{w, botulinum toxin is
ad90rLg by inj OGRS ARPURRIISR R Eraledite 26 RS BIRAN dRite USC

gOReNRBAORSKIe i 1Rkl i id Deud deienatioDo g s kin s aphhichaersMBatentire
glands; etc). OOOSéUnfo,rtunately, current strategies for delivering

bSANiRREAbhR denerpicatinnedis mcriperaiet hersia oredstsnssie,

improper injection techniques can damage tissue and /or can deliver
botulinum toxin to unintended and/or undesirable locations. In the
periocular region, lid and brow ptosl?é“éfé‘iﬁ\'ﬂé‘rtant adverse effects. Pain,

hegoadgma, ecayriRsitn AN PRdiSHEr AR RAc06aEfd ABRAMIIBEY Breat a
techniques (e.g., cooling the skin prior to injection to reduce pain,
hérﬁwdrﬁ&sgmr%gg? and Hrarsers) Fave e cabosiipum dexinhgs been used

MigiRizecaIkae cide BifpSiRinhRy ceNaIRs A RIs6 R dhRIdRIaRRaNRE,

improved systems and/or formulations for delivering botulinum toxin.

shrreiBijresitanth serasBIoSHNEl A disrdenye hiibic B Hp heddinum toxin is

NABRRAHICH SRIRRAURSKE Ste %@%@f@é{'mm@m@{eimﬁﬂm%ogp

toxin. Such compositions are useful, for example, in various cosmetic an
nissheasip feanshiklerrsband Errbadancinte skitheoriainitisswsatugiands; etc).

n rticle COH}HBEE}‘i’Jiélﬁréuﬁgiﬁ%ﬂé%éfg@ﬁm&éﬁﬁ%%ﬂ&éﬁm toxin

embodiments of the invention, botulintun'nanoparticle compositions are
ushRer O RHERETAYD adnRIss Siepiss drarcaabpIginTaptenst thishtivariteniques can

b i%@%ﬂﬁr}&Q'SaﬁodBH{?éi%‘Bhﬂﬁiﬁ{ﬁn%' ‘?otﬁr{{&%hﬁ&t%?l&/m undesirable
contracture and/or overactivity. Other uses of the inventive botulinum
nigvepansclindbmpirsuhs meieisditibeditieve pasirror inibditanishiesse effects.
opgiIQ,f I%%'ﬁ@fﬂa? lé%mgsﬁ[tand bruising can also occur.
[0004] Although techniques (e.g., cooling the skin prior to injection to reduce
pain, hematoma, ecchymosis, and bruising) have been developed that can minimize

certain side effects, there remains a need for the development of improved systems

and/or formulations for delivering botulinum toxin.

Summary of the Invention
[0005] The present invention provides nanoparticle compositions (e.g.,
nanoemulsions) containing botulinum toxin. Such compositions are useful, for
example, in various cosmetic and medical applications. In some embodiments of the
invention, botulinum nanoparticle compositions are utilized to smooth wrinkles. In
some embodiments of the invention, botulinum nanoparticle compositions are utilized
to treat hyperhidrosis. In some embodiments of the invention, botulinum nanoparticle
compositions are utilized to treat muscle contracture and/or overactivity. Other uses
of the inventive botulinum nanoparticle compositions are described herein and/or will

be apparent to one of ordinary skill in the art.
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WO 2008/045107PCT/US2006/046236 [0006]In some embodiments of

the present invention, botulinum nanoparticle compositions are prepared
WQR08%dEie to high shear forces; in some embodiments, botBiiik2006/046236

nanoparticle compositions are prepared by microfluidization; in some

eloood]ments, Detdine sibadipaiticls crRPRasiiansatton epaksuBy highparticle
pressure. homogenization.,[0007]Inventiye botulinym nanoparticle )
PSRRI SRR RO e SHE e R ARG SRBoients
nobtiltiiech teartpasiaeoaihpasit dng iepigankal ¢y ttcayiidisation; in some
subcutaneous, or intramuscular injection). The present invention |

e FERADIRNS bRIGHMR AR eE e BBRAT I AL SK-PreERAEFA PYChieh pressure

conpesgépngiean be delivered transdermally without changing or altering
the structure of the skin. For example, abrasive agents or agents that

el8887dr deteridryrEtvS BopLitR PRRARAEI S QRIROSHHORS ARk fradmipistered by
aghiexeatiaednEmalideliens Aur ot I iop Nt AccAEAINIoaHREHY RS8R on (e.g.,

invention. Thus, in many embodiments, transdermal delivery of botulinum

{ORIALCABE DRI AREAH Sl L HIHESHEN HHiSsIARD thbesRipsent invention
(093 eding @nﬂ]ﬁ?ﬂ?ﬁ%ﬁ%ﬂ%ﬁﬁhﬁﬁ@%rﬁﬁﬁbg%‘i@gcmﬂﬂo@ﬁions can
av

accomplished in any o ariety of formats. In some embodiments, an

inve At EcERstiTAnAs MRt bp ithast Drisagionakarps the mraerwaiehte skin. For
CISAMFILChbat PABHIRYB} XA RIS IS ARG Qi%%d%%x@i%?ii%?&“of the

of the cream to the skin. In some embodiments, an inventive botulinum™
n&kiBFERTRME IEaHipskit GahisHecErpesteraal\drHNeEy whheBBingE fraisraseruding to
thak RRIURUM EBN'S PRMIBISIRIRY dmhBoaiSRt RS teRAE0 VERPSHN
some embodiments, inventive botulinum nanoparticle compositions are
eRAIHIBHE doXkRISiACP ) lnedi vt Sigaids and vInda raadieniaskin

ipdadim diam i iffet het i
A e N e e
3e0complished in 30y P6E, \GOieQ0 0T rewts olnotolas embadif0ouL.Citnsmpniéve

RO Hen 'féfesc%gmﬁf?&wifgqﬂaatppgmfeewgﬂq BRAIGISRNHRN
inventive botulinum nanoparticle compositions have diameters that are
sieihidintina toaboistRI0C B0 4002 480e40by 3p0liGOON250h20GANE, theGkin.

1%95(]1?1? ’eﬁi'b%dﬁggnf%,oaﬁ %OEﬂu% 'l?ostﬁlinum nanoparticle composition is
incorporated within a transdermal patch such that botulinum toxin is administered to a
subject from the patch.
[0009] In some embodiments, inventive botulinum nanoparticle compositions
are emulsions containing a population of particles having maximum and minimum
diameters, wherein the difference between the maximum and minimum diameters
does not exceed about 600, 550, 500, 450, 400, 350, 300, 250, 200, 150, 100, 90, 80,
70, 60, 50, or fewer nm.
[00010] In some embodiments, particles (e.g., botulinum-toxin-containing
particles) within inventive botulinum nanoparticle compositions have diameters that
are smaller than about 600, 550, 500, 450, 400, 350, 300, 250, 200, 150, 130, 120,
115,110, 100, 90, 80 nm, or less.
[60011] In some embodiments, particles (e.g., botulinum-toxin-containing
particles) within inventive botulinum nanoparticle compositions have diameters
within the range of about 10 and about 600 nanometers. In some embodiments,

particles within inventive botulinum nanoparticle compositions have diameters within
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[00011]In some embodiments, particles (e.g., botulinum-toxin-containing
particles) within inventive botulinum nanoparticle compositions have
WQIRMSHETYWithin the range of about 10 and about 600 nanonmR&dYYSA06/046236
some embodiments, particles within inventive botulinum nanopatrticle
Coine paxsgidarta bawtel Gia 005 tEds20.0i 0-118 r a0 g Of B 020, 111306, 10-P10,10-100,
10-]1%0 rglO-lSO, 10-120, 10-115, 10-110, 10-100, or 10-90 nm [00012]In
e e9 b8timents, particles (e.g., botulintun-toxin-containing particles)
wjdeeliziventivelb et emboditopas plerticissyositi dasuliaven o danerageaining
particli s'zeﬁ&atis underrEbo t 300, 250, 20Q, 150, 130, 1231,?0r 115, 110,
1687157560 W LEMEYE %‘HE‘W AR e SR P HABS IR G 4R iFRee
therelgeiol abow 1iABoB03B602 58)-2019), 185; 150, 79613P11i8). INSQ0TE or 90
embodiments, the ayerage particle size is about 80-110 nm. In some
o BodTERE TESVEFRR S AVIEPSE BRI iR 06. e s About 10-
SQOT; SOIREip0e2ds, 837130 19¥-08 thenpalkiclaad fbdddidiibithe average particle
toxin-containing particles) within inventjve compositions have diameters
bé’l%%%@?ﬁ&%ﬁ‘f%g 1070 1 RATRCF B ROGHREP B EHTIESFRAEHIS S RROUt 90-
theypgierity is more than 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9% or more of
HOM R les in 1hEXBe FSRREMERID AIBAIPEBHAL i BUURS & SinbRtipum-
NENQRRGIA AR PAELIenSWAIRIR HRNART R HBSsRIRREHR U (Srtbters below a
botulinum-toxin-containing particles) having diameters greater than about
150eRikiedrhigers Withinm ensriiediinases Ip spmeeanrodiments, the majority is more
bt mamy; tewen; GeBIaITENE REUHOLES) Wb 93verybas aullingm, 999, 99.5%,
nanoparticle compositions have diameters within the range of about 30
2108k 30 776 45,38/ S8R0 97 SopF L HISRAFHEIESIHeR £ PRRE gRicles
(§@be RAUlinuMQXIRCORtIBIRRE TiRleR VU IRIPS FITRRRIIANBAY Gre
diameters within this range; in some embodiments, such compositions are

ssattantally fice of prittrdrsd (&g basslimmmeorms B RgRiEtasidgying
having iR BRIRLS {H48 Sh AT APtk e HBIRES b S@MEnts, particles (e.g.,

embodiments, particles (e.g., botulinum-toxin-containing particles) within
inketrtivamsaxinwenanbgatiel e mpbiriBNs e ara : Bajepartigle
{@@8&@9%@&&&9%5&@%%% > Ut 20506 AR IBBENS A Rbters.

rticles (e.g , botulinum-toxin-containing particles) within such
cdm@mmquavémamewﬁ anwﬁiﬁ&@ge M@mﬂmémgnn@mfmme
comResiRRRKESIAan iR CLRARRAHIRARTIIRIS BrghEan
about 70’'nanometers. [00015]In some embodiments, inventive
nambpditsiets chbosinepnsitians are|sekstanidalisfieetqd moiislies (s, gf, botulinum-
Paiiglesiy ' ' jofity:
LSS R SO MRS, AR o

raage efiiodimee:s; partivlestea bevbinumdprtatontaipeg ferisleal within
digneters b‘é’fﬂﬂﬂlﬁ%é%r%%t‘?&ngjrﬁﬁo%ﬁ? R ﬁiﬁ&%%?m%MRQﬁng}eof

composition Is not contaminated with particles greater than 120 nmin
drboettdf) to about 70 nanometers. In some embodiments, most of the particles (e.g.,

botulinum-toxin-containing particles) within such compositions have diameters within
this range; in some embodiments the compositions are substantially free of particles
with diameters larger than about 70 nanometers.

[00015] In some embodiments, inventive nanoparticle compositions have at
least two distinct populations of particles. For example, in some such embodiments, a
majority of the particles in inventive nanoparticle compositions have diameters within

the range of about 30-70 nm, while a second population of particles has diameters



[00016]In some embodiments, botulinum toxin is present partially or

entirely within nanoparticles in inventive botulinum nanoparticle
WQaMpB4iidhs; in some embodiments, botulinutn toxin is adsoR6édAUSANMed46236

surface of nanoparticles in inventive botulinum compositions; in some

ewithitimenimdeasfMourpdexin ik asaacsatttewitodhiteits taceohgiveaesh ot

nanoparticles and the dispersion medi In some embodiments,

o SRR G I 6 MG AP PR BTG within the

nhqmm}l icle comrs@ﬁia'@flnlia@%&id f 13| iﬁmﬁnﬁfﬁb@ﬂiﬂi@fﬁ%ﬁ?ﬂmmm%@@mirely

the hatulinum toxin is selected from the group consisting of type A, type B,

o DATE T G308 B G SO e PR SR & e

betiboaiméardberiasa ioxendl d3ekrtRd BHARIRLITace BFEnenbadi Bl i inventive

the botulinum toxin is present as part of a protein complex. [00018]This

apSARER FORRROTHIORR IS YRfFT PRt SRS RO R iR ds@ssociated with

ingRIRALAAL BerRitRheiarenaridRefiREons JRPCAARasion: TR]JRIN
"abrasign," as used herein refers to any means of altering, disrupting,

refBARIY SO 1o i QP R i i maFe S thesrinsatinpe Mtighin the

abraRipaiele @Hpasmeahanical means of altering, disrupting, removing, or
destroying the top layer of the skin. In some embodiments, abrasion refers

tol 808 éhical nfBapmsrmbadigenis AfghadnYertoviige bpabiswsy tayimis selected
topdavate st c&gigﬁf%la@kyapée)g W'g&;@@ﬁrﬂgé@z, D YBOES and type

fine particles (e.g magnesium or aluminum particfe , acids (e.qg. o
alfhdIhSRIRS:GMRadunsitse the POBLD R ANINI BIRS AL Riednd selstedpratsin in
IngrRUALREHRARL A BORARREAS SHAN AR 0GR BRI hriRE i mpIEx.
by Donovan (e.g. US Publications 2004/009180 and 2005/175636, and _
PPHBbiicatiod MEORMITBIBAF fardHeioNn Fele e hertnes Bbolastich are
anctbSJrHBlieRIAR BPHIERG24), etc., are expected to cause abrasion.

Of course, those of ordinary skill in the art will appreciate that a particular
agent may cause abrasion when present at one concentration, or in
association with one or more other ﬂ?ﬁ}ﬁ Mt may not cause abrasion

under different circumstances. Thus, w ether or not a particular material is
at0Mdlsive agéntisdepenlis smeoabeadionliasinedtheregnntifprbéo any means of
a d rdinary.skill i S i
oG AL e
slesbipdimrisabrastisrgiesrio e meskinisakbrsaon o falterisg adismpdrgeum.

[0 inj 101 "administration,” S rej refer.
e e Ty SR O B
linrsitexs to anbepaicatmsans ofabetingiksropteng, tremoying. @ destepyang dlse top

a é:ip(;' tlgljpy]t 0 ical Tgla ity. F e, th sent.inventio
coritem gla%tles ro%%es%?@gi\%ering%@b%s m%%%%gr?gtlfﬁgte%fc%%le%’bﬁ?ea 3%85:65
litwite dnegneshsdemahipintranpastoles), acsisideigaalpbarbythraeriaiis or beta-
embpdiments of the,invention, administration is transdermal. ..
O A X R I R e iom e sveh
aetivhoag dnstnbfel.0o araymplih dipddmthvani{ag détvityblicatinind@§i64/009180 and
sg%n‘ r organism, For inst : nce,that, when

a mln/is?(?r%cg 16'% e%?oarz?ﬁllgfr%c? ﬁg% a |&%@%%$£§ff(%rcl gnr afh%flgf'g%n[ljssn{%ts?m
cortl8gEN aaddéSofuiblicatiin 20064936R4)1 et anernbpditte i caudeatierasion. Of
protein or polypeptide is higlagigally active, a portion of that protein or _
B h e A R DR GeBRRe b P ol e mey
polyse phdsisntyyliea hraseferae drte ameetinialiogioa lin assiwaitior tvaith one or more
o058 PIoPaicRl Y Aeinn BHAHH HRRCR 0GR P,

whether or not a particular material is an “abrasive agent” depends on context.

Abrasion can readily be assessed by those of ordinary skill in the art, for example by



[00022]Botulinum nanoparticle composition: The term "botulinum
nanoparticle composition," as used herein, refers to any nanoparticle

WQaM$B4HOh in which at least one nanoparticle includes botul PR URHi6/046236
The botulinum toxin may be present within the nanoparticle, on the
nabegadie srédaess s/ eriniibinog thiakiannidsn hisot drfiningiimeion of skin
napo article.ll?%?OZB Botulinum toxin; The term "bptulinurn toxin," as used
R e o R B TP By L B A

Exesgus othenndsgrindigated, The tamn ‘edadnpaases fragmeniz@in to refer to
portions, (e.g., the light chain and/or, the heavy chain) of such neurotgxin
th%@mp BPALYSTARR AP ARG I GHL RAURPPSIERAP ARAIGTL HhBp himigd to
"baty pare R IfbuRDUSRAHRE 18 Bra0GRIV PARE QR dBRIIPAY IpRRO AXIB by the
serotypes A, B, C, D, E, F, and G. Botulinum, toxin, as used herein, also

e COBUNBILYa BOTGHIMA S s REFHRFRUCR CuXsmPIRIcHTOUBDOf
6QR1128En3QR khhnraelfiEMadsmdlal & i are wati gichited 1dotxRIBRIAl,

isolated) botulinum toxin (i.e., for example, about 15010). "Purified

bRARTRCHIRTn OTS eRamtRRp oS o BiENALIS RBaA ARtk hadeyerfion,

substantabidaqlatadsdepmapther proteins, including protein that for a
botulinutn toxin complex. A purified toxin may be greater than 95% pure,

ak@09kranly Biglegics! hnasiivoggaiticAty Hordhsreiraithsrharne irpiplogiaally
wikapp %@B‘%&@é’s%%ﬁ&%ﬁ%@fajﬁw@ﬂﬁ? RdS NI iR IR RRYSHAT and/or
source of botulinum toxin. For example, botulinum toxin foruse in '
ac%ga}a&ﬁmEﬁnhnﬁﬁ@p?esénbmﬂbﬁt_mlbédmm&mdma@mmamm has a
befl 03] @%ﬁp&%%%”ﬂsﬂqm%ré@% P@b‘i’&%ﬂf&ﬁ% active. In

recombinantly (i.e., in a host cell or organism other than Clostridium
b@mﬂﬁuhl)_ eatbofoments] O sisccRipier prnelymntl%@ﬁédegmawagve, a
USREARr S InEE i ERA %g&?g@f&&w@ﬁ%&%ﬂ&%ﬂ%%ﬁ {0396 ity of the
retinol) that possesses both’cosmetic and pharmaceutical properties. A

casaticiveanipelyRepede ralypigsdh rederesddeores appiidegical tadtsiopertion.

CHBRIEXIAN RLAYE AL RIYsIcal ARAGA aDGS: i QSLIRERIIGRHE, HRAY PRent

B 4
applied as compositions including, but not limited to, creams, oils, foams,
spraysiifiquids etc. To give but a few examples, carotenoids, phenolic
C ds an | ioxi S may-act Q ceyticals.
O e R L A D e o
heesiopastrdiecompasiprallasapsdibheceim pofitioe thytremopdriscneomposition in
QRN E@QQSQ §he %}é}&g&? ‘{H?kﬁrdI? @%ﬁi%&%%ﬂ%ﬁ@@éﬁﬁin%m toxin may
cosmetic formulation may be a skin softener, nutrition lotion type
ebrisiEsantiedhisitge otoopatadasinglereanopskiiclmiicfare ehidiot isitbim a
massage cre e ient cream, make-up base, lipstick, facial pack or
facial %%1% enélnrg}l ?orfr:nklfu %ot%esﬂ%?logs slﬁfémpoos, rinses, body cleanser,
h#00f23Ls, or sBepdrandioria dEhmtmothoalloompositnphasucedbesein, refers to
58 SiRment 0eh L83 BRlehANd Br i, (0020 GLeamTE 188 ace
cream’ refers to a spreadable composition, typically tormulated Tor
apipdi catio ankp thpassdn f@gaamis brpoaiymsdaiaintiznl ghteidior fadiprabieheavy
baﬁed-m?trix Creams for L{Iat d accordingttot e.present inveptio ma

C n& of such n? otoxin fhat retain ag r(?ﬁrl Fac 1V{§’ ieeﬁ , MUSCIC relaxan
contain hanoparticles and may be ¢ Ba e of substdntiatly complete
peoetigtion e ghrases Uobtulanop askinlg5) e d dietie, skiconpasséspheabotulinum
administration. Su ould alsq act.as a catrier for incorporated
R S G SRR PG Ao
megiompakies tenin 4 Sispdmiontorediiomphs (sed fbessumpbiotsetd0® Jigoidand 900

ium in which icl 0., icl di I l, .
OB ot AR s 1o Rl b o i
comhifimcexAmpbel-abouatei0 Hi3perBinifisddmatinubicbxiny jpaldithed asa
di d withi i i dium. A "water-in-oil" .

I RRB OB OB el B e piatAl el e dram v oy
disptuding pradinnhdifose bitatthoaryoskilcddmplex. A purified toxin may be greater
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the art will appreciate that a dispersion can be formed from any two
immiscible media and is not limited strictly to combinations of aqueous
WQRHHMNSHEdia. The term "dispersion medium" therefore applRESTIHEHWG/ G236
any dispersion medium notwithstanding that it is common to refer to
"abie 8%, pind,"aily pesttegbivas a2 FlmnoapsplatedrHdie éfididinary skill in the
‘encapsulated”.(also "encapsulate” or "encapsulating”) is used herein to
L T P LHE R o SPGB Tl ORI AR B egouree of
misdarialurha@iie MorereneaMmpitliadiotogiadly aetiveaagadafecgwith the present
botulinym toxin?) may, be encap Iate_g_wit in a nanopatrti Ieég an inyentive
eNRYRIBAR S EARAIBISH AR (ridy BeUeaaH 48 BRYMBRARIA
fogimatiaized ans PRI EIRLORSHINM(E: Qi.cd NPNRESNHESION bri@nism other

example during microfluidization. [00029]In conjunction with: As used

h&RBThCARYTARHLR & YfiBY €ff conjunction with” refers to the co-delivery
of§092a] Mmore hiRBR LARRILICTIR (@aeOEdNIRelR i8R roseMM BRI TetRR to

phrase is used herein in reference to delivery of a biologically active agent

whRRYiRgERifesndRb BXATSS BErRM RSFOHdsRIEEBRIp ButtiBpseases both cosmetic

SUAIBRSSALAARA! [oIRBIC IR SANIBaGHON WikHaNAPastiRleRNOIRE e
substance or agent Is combined with nanoparticles and/or nanopatrticle
corplisstionstadrapraysdhntemplexinn Setsral RbYHerl drRedaReharticles;

IS ASSACIRIRR M & RIHIFIR Méﬁ%ﬁﬁ‘ HeriSi AP IRIRA IR Feams,
surface of a nanoparticle. A substance or agent to be delivered in

conjtirfeans Rt Yiadiepidsiess AAEVE Rihapartieramslan sermenoaphenolic
gcauaisvindnkadir hricaagpRticesRRdQsRreaRALs!e

compositions. A substance or agent to be delivered in conjunction with

nddPticles aﬁafwﬁﬁnfmwm@@b%&fmﬁmﬁwt& f@@%iq;é’ is used herein
aached 40 RANGRAPIRE L ARHIR A RRALHGISIHO BRI IRAS Qgerrllts having

adsorption forces. In many embodiments of the present invention, the
bi@ﬂ@gﬁ@%pr@@weeagéﬁt @gﬁmfﬁwmm&m Oﬂsmatwéﬁapgk@m oray be a
"IRAPIEIE CAMARTH ASLHReR I GH RGP IMIEtPIBRAIRR, T, skin
term microfluidized” is generdlly used herein to deScribe compositions that
havidkbemeldigpblsidno Mighagh szedios snotlisohsecampoaierantbase thpstick, facial
[ [ iti 2 instr e
e SR A RS BN Gler, i
teloniencuspssardionacammaoivgicah aomps tiéem wigb @sed et tigbisinesnt, gel,
fo y : example, high shear force may be administered
bé%%l\%fﬁ%gnhrgﬁ@@ilsg#%iessure homogenization. Alternatively or

adioe36hlly, higbrsawar Toecemaiztserntministtredipyadaplsscompodiigm,

p | 00 I o] i t [
A BN T e T R
emTsoiifatiytacid baggthiatmx r rngerns Evoutl2edan el 00thpgiresent invention
indicated. high_shear fqorce may he administer ssage through an. .
S SRR B Rracion
(Mécgofedistich Copmraibes MED ghahposkitiononr tothed lidendtevicgion. Such a
Microfluidizer(r). Processars proyide high pressure and a resultant high
o AT N R RIS S o
vélotribnfimn goxepeduction to the nanoscale range. The fluid is split in two

a:ix%ﬁzgtshed tbr.ou%h.rnicroghar]nﬁ]s \{vith t‘y&)ical dimensions,in the?%r er.

oft 75 fhiitrons at Aigh VelolitiE4 fin the riige GPB0 500 ) A e i ™
exdfethomiigochamdalmiidornshqisriidiesi €ollidenotirtieissirare dipparsédg In
microchanngls. In the ¢ anngls }tlhe fltulid experiences }%I%h stgearéuég to bined
167 WicR T SruE 0 %a‘é’nﬁﬁge ﬁ?ﬁher?ﬁ%‘é& Ot Conventionay o omee.
teahrioiddiesvalaf’ chifjsicionradt iin mwhdictgoityspirtivkroardediepefdedrefdiim an
high sheaé.and imﬁ)acﬂtdare responsible for particle size reductior]gand .
ARG B ARSI FER L tn e RATEr B SAPRS RAh 9By IR G pgueous
epdradiesantsichbthreepreshin anveihtidisparsampledsitimitiaffeidfz@dinary skill in
through exposure to high shear forces for a period of time less than about

10 minutes. In some embodiments, the period of time is less than about 9,
8,7,6,5, 4,3, 2, or 1 minute(s). In some embodiments, the period of time

is within the range of about 1-2 minutes or less; in some embodiments,
the nariod of time ic ahoitit R0 ceconde In ecome embodimente of the



as defined by the National Institutes of Health. Those of ordinary skill in

the art will appreciate that, the term "nanopatrticle" as used herein
WQHsL0the dispersed phase in a dispersion or emulsion. PCT/US2006/046236

[00033]Nanoparticle composition: As used herein, the term 'nanoparticle

cahepositidhippfermtothmyactispposdincaiiiad fonudbf @hleastwoémmiscible media

nangparticle. In some embodiments, a hanoparticle compositign i
LA nes faleR YrRdn i ombunations Sh Ak s st ol miede e
hédispeastotypiedilyrerthdritvis asplispbroians tdruspdiepersiondiisdinis, a
nanoparticle composition is stable. In some embodiments, a nanoparticle
S BRSSP ORI Ry U Hforto FRcEores.
d¢iioe2sl in corfubgtianadth thieenannpernidaipmldeso AR Eehosisnents, dhe
ngnoparticle, composition is a nanoemuylsion. It will be appreciated by
thdS&BEBIAREry SRS h’?é%t‘?ﬁ&?%?rﬂéﬂ&ﬁ%ﬁﬂﬂ@éﬁﬁfﬁf?§%ﬁ m&ypRletely
prepRiadiedt9raiothte MaAYRIlTbleiteannoHNaRple/ N I¥RITRIAlY active agent
chemical oy, mechanical means. In some emhadiments of the present |
in\feftiBATS RGP i SBSARSHIeH AR @ BIRORBIEEG as TG ve
toerrigsaiiidizal @R cAPsePATIBroRMBOBiraeHIts & the bxverpiend@ing ToRALHSE of a
composition is prepared without use of toxic solvents and/or is

SOBRLIRARY RRBRASIHRI Cofvehbanpsnndsinid: K8 ssamplstddrigh: The
phkaseindiseaminated with,” when used herein to refer to a

nanoparticle composition, is synonymous with "substantially free of' and
déM9%Ys a nakBpamiis iemprsition skamiRie My plyrstdsH st 500
OLBMuRGIROMAEHAl-HO" 1R 018G BARIPBFIAIS-CRMRLS O PAsiSais

to be "substantially free of' particles whose diameter is outside of a stated
res§RIINE TN BT RS AR SBEQnEtSRbrase 1p #p66 BerRin PR LS raReRsiaislivery of
havs liRmeis s aviSIdR R [RNERIVE SABS AR ANRRRRai LR than
25% of the particles are outside of the range. In some embodiments, no.
NRSFERASH T A1 B s.on FaRntis delnvsoed 1mgonimmsiorowithioamomyticles

8 Whey I Ebstahicd G- a%%?xt 29 BomBindPviAn %m@spﬁ%ﬁaggﬂ%icle
diameters outside of the stated range. [00035]Pharmaceutically
aSEEINRBIRITHE tagepsylrehateempiitplscuarsanded by naeeppdielgs; is
refs iR QRIS 4RahopiRIBIENGSAARE SRV NOMHEA! i HRIGR &ﬁefa[ge of a

suitable for use in contact with the tissues of human beings and anima
wisRagtieles shyeubiskasiop, drrigaid o Siatelio ersshiorenn) wativre witto hieparticles
COmPUCALRL, 0T ihar i o}
O RIS Tl o e
copmepriticlevirdTEnenastiplatdespesit gnendysubstdnes genpgeatdabe delivered

n . e :

o R e AL ORISR o8 ey o
hifhattached dodbe genepartisl eraaruifar tiekespacodediog positiony byeadsorption

[ on. | i remix: i llegti f ingredients
o o N S B B LR 0 agen
cdehiyssidon semjurzatianuwitbramasemptcize oenopesititnconprsitivngftbntulinum
C%Iﬁ,{ps a liquid dispersion medium and other components sufficient to
generate nanoparticles within the dispersion medium. According to the
pe8e3djinventidfichyiulihized:tdtin teray ‘atsorbfhinithedd dsipetiaabhe nsed Hérein to
PERTpDRY,A1RS 6013 CNS hmore. surfadiapis andiarther poents, In
some em oI(IJILr[r)nenlts, he premix CONSIRULES & SOfutioN. In Some parfl%ular
eenblpatiments of thhioty¢heqmahe xonghosimiobakaleetopdocassdbbyaanther

biologically active agent, the botulinum toxin (and/or other hiologicall 3
R B B R AT e R et R eagnse
[0bO iR efiastpassdhantecomipesitototyit dmsiseth leepeisedrafdiighiclasay force by
subject that does not respond yith an expected clinical efficacy following

e pLaE s I8

r
the dglevaélrsy of 5%’%“0%&3 3%]%1(5: Ve a%recﬁ S praf R RIS c%rcnaﬁltl)@l iOh°" by

abipbpreatiyre hearogenimapioactisitgratbdibabpedditivielly, high shear force may be
[00038]Self-administration: The term "self-administration," as used herein,
refers to the situation where a subject has the ability to administer a
composition to him or herself without requiring medical supervision. In

some embodiments of the invention, self-administration may be performed
nirteide nf a clinical cettina To aive hiit one evamnle in come



[00039]Small Molecule: In general, a "small molecule" is understood in the
art to be an organic molecule that is less than about 5 kilodaltons (Kd) in

W@ 8iEWhe embodiments, the small molecule is less than AUV S2RA$/ 046236
Kd, or 1 Kd. In some embodiments, the small molecule is less than about

8a0mimistesdD); 608D ENrS EOHBEOR I8t 18,abb 05 [00Mpshnie some

embodiments, smal| molecules are nqn-polymeric. |n some_embhodiments,
T PR BT 0 SPa PP eHie AR oot 26,000
emsIoni RN erebodinteats,G g Sdie i et 616 0 ASHB R 0)0EdaotIis00psi. As

some embodiments, small molecules.are not saccharides or )
SRS a6 B P BF S B ARe gpRb fscrument

N3NEES]IRIE SOMPRSIH Mk RETEIIz 1R PRecHEs M RPOTRAGIIO TS IHRatIBIIMFIC
one or mare aspects of their physical structurege.g., size range and/or

diSOTBATRIP DY Yarthab Bk e dey e Mier ot tidizen BT onitBatde e pssure

inyenH e dsiahlelarapatichs aereResifipnie pRAIMRE WiaBH e @vehadRels to a
particle size, the maximum particle size, the range o%?larticle sizes, and/or

theehiRoGHs B frfudioadqithe nropraledatese ShpAididssabintyo and is

d%ﬁlyﬁatﬁﬁl&j@ ﬁﬁ&&hﬁﬂﬁ%ﬁ@%@g&l%ﬂﬁ%éﬁﬁ%ﬁh&l{@&d& BELRINGGns at

for.a period of time, In some embodiments, the period of time is at least
b vrlecuits (m Bs e eh Mo h i/ the Hethsdwidiprdtsdhamitrodhannsls it

1@ohRdRtOPRRICH BRYICRSI BBk %9&%)1%%09%&@. mQﬁU”bHMYﬁ&els the
(2) months, three (3) months, four g‘z) months, five (5) months, six (61)1

wihexpsgrness Mehahsatdin 1) thdrthwhisserders efgnagaitude higher than

WAt YoMV E AR AN SIDRE STl R IPEIEHS FReRIR 8Nian ' BESIRE R level.
time is within the range of about one (1) d%to twenty-four (24) months,

twidrepsfare ehighoshrangad 1mpach At seRnsd ¢iBnrsiiel fiveqsydueinnand
etqixiiy RNRShalARARA RN HBNARMMIS AR RATIPES 17 %@P&%&@mems

prolonged storage, temperature changes, and/or pH changes and a

il dhRPISSERE InveRiRM iR Raplere palstoatindizadihinraharanestae ipithighshear
StRlRAS ANAE fod IOF SR TRIEHRE MBEM 1IAARIRNIRARIY e IZBMNERE the

nanoemulsion is stable. For some such populations, a majority is more

tHeian ehtisooks kesshanebor908009%, H5463.6%, bguoesh, boseme
B8R 1O JeRo @ BRI &MW{&%@ &Pﬁ&?@?b%g&?&taﬂfess; in

the |nvent|on,. where a nanpparthle cpmposmo comprises otulinum
tosime AtYepdamienist baaetedrabibiogisadhpaclilecsgeds; thespmespebtdiments of

C%ﬁ@@%&%ﬁ%ﬂ?&?ﬂﬁiﬂ@ﬁ?@rﬁi@ﬁﬁd{&&%&%@&%ﬂi%@e%

: B?é%@i&@'ié{ g&LV&ear
agent (e.g., botulinum toxin) i1s maintained in the composition over t

déeiepramgipenbadimenie ara delerretblsihesgtasssimizdopaisondcrofluidization.
[0@9@1??@16“}@98&&&%5%9 bl&ﬁtéxﬁﬁlﬁéﬁqsﬂ?iﬁfﬁoﬁﬁ(]’gﬁetﬁn% ARG s a
which an inventive nanoparticle composition maybe livered or
adystamsteranFistiegaifrplsuadsdispsesadi ayitbenwithnuhanegutsafiecdnapig,
NG BSR RN ISR & nants of
o R L RS SRR e e
ACkdinek i ad enblhoseatindderiom Eyhipto@8CGhe Buutcea vimremndsion,” as
”PJe%.?Pé?éPtOPQf%r%f%S‘ RAL {ﬂ'é"‘#&?'ﬁlevavﬁ?chd??er% %8&8%??&'0&'31%?90@6da}ﬁcles)
magnltudert’e.g., intensity) or frequency. For purposes of clari g[/’ a ag/ln
tHeondemnafterp o tibe anoynesiosizés angssi oy ed lb he dodersobod diydimop¢he

fr h tom. To give but afew examples, . where the .
o R R P SR SRS T pHARS BBt one
retiongeszahdvfodah sinelbe phiaramdéoveravisiiy dfophetsarpantéclesinkles in the

Sqlier] 2roa infeduced \Where e condiion o guestion s musdls. .
contracture, symp’%o%s are réduced when the musclé becomes 1S 8nga™
apariete ddlaogid dibinaiert aftessidaninfi0h eanesetatsfuentidn swerlinettdsbdiments,
only to cases where the symptoms are eiminated., The present.invention .
o e B B S R S e R T LR B{FeT Scence
isFarendatone dn(smddkenboduiitents of theapabjedt isathedéhyetnpfdesdhan 100 nm
albeit not completely eliminated. [00043]Therapeutically effective amount:

As used herein, the term "therapeutiBally effective amount" means an

amount that is sufficient, when administered to an individual suffering from

or susceptible to a disease, disorder, and/or condition, to treat the
Adiceaca dicarder and/or conditinn Thoce of ordinarv <kill in the art will



[00045]Treatment: As used herein, the term "treatment” (also "treat" or
"treating") refers to any administration of a biologically active agent that

W 20859 completely alleviates, ameliorates, relives, inhibitsPdBB§2006/046236
onset of, reduces severity of and/or reduces incidence of one or more
swéedines by fertivasonb Bl paiticedarfdisabke, Thssy d€ orditcigr skahdhitihe art will
e.g., facial wrinkles). Sych treatment may be of a subject who dpes no
TR dh6 1R, SHPCISHEE FRANGE P EH O e HoPERgS ghase
subpedispbeiexlbibtimwisiyrearly signs of the disease, disorder, and/or
copditiqn. Alternatively or additionally, such tregtment may be of a subjec
PUARR: s orgP ARG B GHBIGNAIS GRS B EFTEIBy A ETab g oPart cle
dissrgeisiaae/ofefandiiany [Ru4GIHeWera indiediaran leaitaine nabpartisied In
herein in reference to a nanoparticle composition, refers to a nanoparticle
camgsgmsﬂ%mw@m&a%a 100 R Ui Setstien Pange
ohpAspale diMBEiopzeRIEesayaniias tesaibedarsRos inenisical yiaiNions or

nanoparticle composition is.one in which the, difference hetween the

riRSEHP B HL IS APRIIRAIY diaARoRAT Htle CoRPasition s stable. In some
2RRTRIRGALY, §MAn5FRER0 AL sHI0h FRDBIVRE.ROR Hi5Re1RMy Wiive

80, 70, 60, 50, or fewer nm._In some embodiments, particles (e.qg., )
bBRFAIIA-RE ArlNsR i SEPURGERISRhS RRRORRTECIRSiT s BBEAMbAdiments,
nARORAEieTMRASIRRIR N8 tianeiarsdhatasasradisyrtianeatithose of
600,_5508,5%0,. 450, 400, 350, 300, 250, 200, 150, 130, 120, 115, 110, ’ )

10t ioarygtkitlin Graaskthet 3 nORIRISEIFABINCS BaRBRs R Ryepared according to
b@HipTANK NSRRI HBINGRATHE @RI N HAYSIRHY §r WAL BAHHIAHE In some
nanoparticle comégf%sitions have diameters within the range of about 10

2R BRSMBT0A AMORTRTERS INHESH R ©ARBORATHGNSFRRAEIESIRRRFPared Dy
INYRRMEE A QR ROB B AABRRAGIC! S SRS HIRRERANS sFaHeSH Rk tion, a
within the range of about 10-300, 10-200, 10-150, 10-130, 10-120,
102n98artigle OMPOSIGEn & Prepadnvithewovse efrfdelirpkienis padietds

(%stggggmugggqﬁiﬂ;ggrgg\j{,@ggparticles) within inventive botulinum
nanoparticle compositions have an average particle size that is under
aIBQﬁI{

33@0, 250{\/2099'11501,1"1@94_112&:pTll_ele{ﬂ@i‘llmommwm&xﬁeNhen
eqhaqimats, IQFeP%eJ%Qﬁdfi%HiEl% SIS MERINREAARSRE 308 substantially
10-300, 50-250, 60-200, 65-150, 70- 130 nm. In some émbodiments, the
aliegl padtiascsibesia panoueBEle OmApsifigpeeetaimbediments, taa about 50%
AYPHAGSRALIGE BIZE IS ERULITLOR PIELSAME SOMOLIMENIS «Bid 10 be

majority of the particles (e.g., botulinum-toxin-containing particles) within
invabstantiglitofraeredn mostitlde wbasp deanagier havutsidmedie statns oemge, then no
specifi [ ithi ifiad.r p ' .
LR gt R DA LI e o
Ol ro8ss, DosreIBYNUNBYS, 00 MIts URBPYS PO partioles efeloatside of the.
S s s COmMBARIARs SAME BRPogUmeits, of éﬁg,l Entn, 25%, 14%,

nifofrm nanoparticle composition Is achieved by mitrofluidization of
sdafplel 26if0de Lriplitn dFaHee) fdnid o1 810274, i@ Ssboless ofiche particles

e ' rfic i istribution of a microfluidized
bg%‘&%r%{?n‘%tgo{ﬁ?% %‘gr%é%ré%%f%gr?g\%d 6§68/045107PCT/US2006/046236

[d00933Figure Zshows anéeinvodipiehiaf Ehedeticlé pharmetzudistiipaticeptable”
055.'85“8 enized] 811%‘{%5??#@@5’%%{]‘{%%%”1}1‘%%‘88' g% 6‘8}1?1' uer(?l%l‘:b?/ﬁ\évr%eaﬁt, are
patient attempting maxintal brow elevation prior to (Panel A) an 0
waetabkffer (RPanet@itdopieah abktissstmtibhunianbeivgntivé anmplssitidout
comcgrisin a bo uIinU{‘n nanoparticle comgositioal. e
€xcessivetoxicity, irritation, allergic response, or othier problem or complication,
commensurate with a reasonable benefit/risk ratio.
[00036] Premix: The term “premix” as used herein, refers to any combination

of components that is subsequently used to generate a nanoparticle composition or

9



Description of Certain Preferred Embodiments [00050]The present
invention relates to botulinum toxin nanoemulsion compositions useful for

WQaHBHTI®hd medical treatments. Among other things, the préSEAtS2006/046236
invention provides systems for producing nanoparticle compositions that

caaprEa e dhe presiaxithvand durtier pxaviples pethadssainystofetion of
compo itionseinv rious onteé;s. In on en;%‘crl)diment, a medical treatment
réf?&&e‘ﬁ' TRELLA Y OER PANRFE LI {5 SRS S SPERRRT St

a Joesitiablte depriseatievamtiypeIhissat enibaiit: & agiraait,id a collection of
cosmetic treatment smoothes skin wrinkles. In one embodiment, a .

D RETA IR S P LA P L BIERS iO&@éaﬁﬁe&Wm%ﬁ?ﬁafa%ﬁmnopmde
Agbnipisdiace sueh ROt RGP X HRHHAER Bl De RemdthRehontains a

methods. including but not limited to intramuscular injection or transdermal

ot dppeesinnAnesotman ot feBIBRIGY I SBBEITBLR BSOFRRE AAnaREsarles

B¥AtHmAredisgdsiomatedauly thecendapobithOpeseRORIERHRACKSHum toxin
Clostridium botulinum and is a potent polypeptide neurotoxin. Most

nStavRsebingluded in tas PograRay fBSIRTBREX MY RAA S A A AR QfsmoTe
refertRehitsamBRHE: BINC RRIENBs AR UMRO BRIk BsaUaRdRe:

lining of the gut and attack peripheral motor neurons. Symptoms of )
b&BlMHOmM 18,3PMstBATHSHEN eBRqsisseisdtTWhicfheurtgizIkisldes botulinum

SWAHRYWHIo AR HRE BIMNSLCaRP RS L2k HIEHE BIHAIA0M SR 820 BB other
death. [00052]BTX-A is the mast lethal natural biological agent known to

nizialopra il DEGiie Rgentle Sivise wiien bedpin igh sBeanigyoR isanphsdreidhy
ayailable BTX-A is about 50 picograms; this amount is defined as 1 Unit of
BTX-A. On a molar basis, BTX-A is about 1.8 billion times more lethal

tHAAWBhtheriaRaB6atoan0 FatitsaminTeSaaony Tamuseh Aerstu iptsrsyamie subject
2RO RO B ORGSR % '&E?@ér@?ﬁ&iﬁ&%ﬁ%ﬁﬂé&,&?ﬁﬁl@%&g e By of a

times more lethal than cholera (Singh, et al., ed., "Critical Aspects of

Bhistagigatipotstivy eging ONpharalateoxticsl icopinosisa apharmal lp ehssried by
YRk A998 In Q.7 BORINARL07PCT/US2006/046236 [00053]The different

serotypes of botulinum toxin vary in the animal species that they affect
alPBe sevebalf-admisisaatorot The fsarafssk-adeyimisbrEORSReXRaeddlerein,
it i tLBIX-Al ti t | LTCSN
B e e ey L rbosition o
Ahgitionbgrse B WUB tare pasngiershedhsupeoviiano ritorivérepbintireents of the

d?ﬁ&e&tﬁéxﬁ%&f(-ﬁgrﬁ(yﬁ'&g{ ogq[?é#’ t}gégﬂgﬁﬁgg QRS HPakion %é%né To give
Furthermare, 1t Is known that botulinim toxin type B has, upon
inbrrons cxdanpigeirtisome shbetimgutsitib tho fiaativtitgnaa dais adlsoshastic cream may

p%gegg r}lharsl gr‘g BA atstfﬂ)e Spme deos% Ievg(l).n[lgoo54]Botulinum toxin
apparenlt?yl/ ihds with ]I!né)% a |n|I%y fo cho INErgic motor neurons, is
tri)13%hted inttthi Molgaranth igovislihae ‘seled seobdcatetyomuderstood in the

E?%E%E’g%%“gPé‘m%éomxh’lécﬁf‘e"%aeﬁ'Pe%‘ssﬁ%ﬁ”aﬁgﬂlcf‘hﬁ%&‘éﬂ%ﬁsf?kﬂi‘?n size. In
some embodiments, the small molecule is less than about 3 Kd, 2 Kd, or 1 Kd. In
some embodiments, the small molecule is less than about 800 daltons (D), 600 D, 500
D, 400 D, 300 D, 200 D, or 100 D. In some embodiments, small molecules are non-
polymeric. In some embodiments, small molecules are not proteins, peptides, or |
amino acids. In some embodiments, small molecules are not nucleic acids or
nucleotides. In some embodiments, small molecules are not saccharides or
polysaccharides.

[00040] Stable: The term “stable,” when applied to nanoparticle compositions

herein, means that the compositions maintain one or more aspects of their physical

10



of certain neuromuscular disorders. In particular, BTX-A has been

approved by the U.S. Food and Drug Administration for the treatment of
WQREB#dHTasm, strabismus, and hemifacial spasm. Non-typePSTHBi 6236

toxin serotypes apparently have a lower potency and/or a shorter duration

okaatitiity esgcosiyearaddamilot-AstGhnioa effpatddéy)@vpheadriod of time. In

intramuscular BTX-A are usually seen within one wegk of injection. The

WA SRR S B L o S Biapnetle ot et

ofbick-haxesagepanild shireathvanikon B patiAdhegthaliaie bopdinidla sizes,

toxins serotypes apparently inhibit release of the neurotransmitter

B O LB L BAARE AER A e R TP D ShPaRUEhgpove 2

diffieignited yiasantesebupiateintapaitsdcieasing these israigingiakd for a period
different sjtes. For example, botulinum types A and E both cleave the 25
|cﬂ§8§}f‘orpi‘|€19¥’§ﬁalﬁ? - JES PERRSP m%fm&t%}mﬁgws in some
tasadoditiRnas i PagoacH tisRsaneRs IHBIRstNIG REatsBnB oY HRYMBARXI week,
twﬁsﬂ% D, F and G act on vesicle-associated protein (VAMP, also called
S

OYEG1S), BRI T8RP BYE LRy thishiotanenibs, fitsfdhmepths, five
Fb?uﬁomﬁa k8 i erdRthépeiEht (39TIRER SRAWTVIGIRMMe tRRINSYIBNths,
an

SNAP-25. These differences iIn mechanism of action may affect the

rdMEVE 1orE e dRemiis OF AABREDT HESOMOFIROGIRRINS HispiRiahablime 1s
SQrARIRRe RigsRIEbAtIbIR KIPaWy IhakidiRycréaseh of RBRMEaHe s WReks to
cells contains at least SNAP-25 (Biochem J 1;339 (pt 1): 159-65 (April :
1680hye Al SerthtobrOVIR) MRS LY 6Dmanths: ¢/e3): Fpreycample, if a
[oﬁswame SPABRAIRLINRIL ?Iaﬁfc‘l'é? 10QtHj Bty RIRs AR SRRISE HEmiQature
all se

ven of the known botulinum toxin serotﬁ%es, is about 150 kD.

IrtBrEEEh WA/ eicPbbetinngrs Wdiasnaiarieloddbe i auiiclasindhe eoriHaten
COMBIEXES BRI NGRS o 9kl 'tfﬂumfm;aaﬁ{ﬂtéiee@%@afful%glm}ﬂamly

with associated non-toxin proteins. Thus, the BTX-A complex can

pidtud 2l Bpctbsinnar sk st FRIDOBBC YD RABUYBIRS Fonaierity is

Botylinum, LN, ¥pes Enanch(uh, k6-APaE Y Droshicasias oy 3d0de
complex. Botulinum toxin type D is pfoduced as both’300 IcD and 500 kD

cOfplexs. 7FmaMs BolRittnenaencty besomenmbodimprsciidbe iaseign, where
apRpARR I SR K AOM G sLOONRRTAS Bl SRIRISRI! She INRSE

compositions having molecular weights greater than about 150 kD) are
bbirlpgicall caetixmagensriie xignnpariaelglcempepittnaiis aprbilered swbile Hithe
non-toxi i - . et i : .
e R S e e b e
cemphegitiomyeatths desigtatedatsitindag dimst wades detignatedrsstadtotinditions.

topR lecule . protegti Qégﬁli igest i iNAS n: _
ir?‘gggfqelj . Addit%%%ﬁgt{oiggé&osslb et zgt{tk?g %?gj‘??é grgéggg{ﬁﬁgﬁoﬁufgbm
kil @oulkveneighiusgartirmlerccoxpssoomrieneberdaljversdoiradnsiogtered. For
r iffusi tuli oxin. away.from a site of intramuscular, .
e R M S R MO B
chamststeanly henytidinbddimentoedahe preschtt iy preserthmseyjticris a human.
it will bg appreciated by those,of ardinary skill in the art that any
oG PR AR QI AL SRR, B R LGRS
approptiates activetuced) whantibize drasate sgriipgdnireot in pfHOAEET Idisdase, disorder
S%Jdcggrsi B iisrl geigatg 1IrliI %’{abot%@ur{g t0>§in[érrllsf}'b'>t%1p %galslgi%m nglgironu oses of
induced release of both acetyicholine Sin norekg'nep Fihe Trom prlrﬂa%)/
celhuotytr dsley mahestesettisapartidulitionatiptanhaschesderep orte dotinabf

botulinum ioxin inhibits t voked release of both glycine and glutamat
i SR e e S R
prepdiatioms dettivruim fexah wiikits thenpteascob tlea chrafitioa are reduced when

n urgtr smitters acetylcholine, dogamine por.e 'neé)hrine CGRP agd

ﬁ’f’ e%ﬂ %rG VEri 8nebor more wrinkles 1nf9£1e ellected tarea 1S re L*ced.
glutamate. AS notéd above, the source of botulinum toxXin 1s ho
citiberetththeondition in question is muscle contracture, symptoms are reduced when
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present invention. For purposes of completeness, however, we note that a

variety of sources, including commercial sources, for certain botulinum
WS PteHerations are readily available. [00062]For example, B TR 0BF 6236

complex can be obtained by establishing and growing cultures of

Clhstrdisste bedotitdieds tedey arissrafadbidn hekvestingaded phaifiogident

fermented mixture in accordance with known procedures, All the, 1

p RUALAR RS @§°a%5ﬁ§ier§}syesgﬁﬁﬁ§g\2@ana§ﬁﬁ§bm/aa§ﬁﬁ*g@f Rprfsent

praiemsonBisdtifelstbeoatenitstartriskpehbyuRioleaseR & BREEMBnptoms is/are

neuroactive. The bac ,erialdzgr ins that make botulinum toxin serotypes A

%J@ﬁﬁ%&@sﬁ% 598 ﬁ%ﬁ@?&é 'Sy U R She EheAnoL

theselseechediaeayaead from bacterial cultures in predominantly their
active form. In contrast, botulinum toxin serotypes C1, D and E are

Y0043 ed by HisHpRSHgHL ieshice Grepupt thsassRhgipiRalhy term
urgpéat e efecve EabiRMBEdiy 6n 2RQINPAREB AREfciehe when

produced by both proteolytic and nonproteolytic strains and therefore can

bédedpstsied 1 anirdividiakivdesing fomrshicePide iR, dvesardisorder,
PERiER lsnAtERIAS N RERTARUGS ALY, QXRARIS alafoB ot AT OtYRE s BitsHinary

only cleave a portion of the toxin produced. The exact proportion of nicked

tos kit kBe Aol MR ear E3E e SerhethsrrpprsrmibiafigrsiyaAmenat” does
terpPaI #iET SR hiRE G ESuITREISIRHE bR SETEVR PRI G PAIRE8I2 BRKidual. Rather,

preparation of, for example, the BTX-A toxin is likely to be inactive. The
pichsewicalrwitcebta Ameutbrayhe et RBoH BirtiprevidepaRars aubar

copbiiRuisHaR A¥erall RaisHdptk AL IR HERRIPLCAIWRIER 1228 HEERcant

linked in"'some commercially available botulinum toxin preparations to

ineyErss @ bRt needdisueh e mang Y issspreibspBifieadsrstood that
[ : . . . 0P

e el b e B R
1emoumtg, dn Aizebyi2ne ofdedetrare Dae®nnsib) enttrryt hamest oot

baRAINgI9; ﬁ&?ﬁ%‘??ﬁh@é&?&H@a@%ﬁb?&l%{ﬁébﬁ’ép?ﬁ‘%&ﬁ@%xﬁﬁo‘dg%@nts,

to obtain crystalline botulinum toxin including type A (Shantz et at, 1992,
MieiesBsicrte . (TesageytitadisAfetive iy uiansstht uefarsaiee dompiaxosa as
be.i : ifled. from: obic fermentation by cultivating
C%%%ﬁ%%%%ﬁ%ﬁrﬁ%gg %@t@p@e%@%ga suitable medium The known
pl88844]can belusétsalpon. sépassdorersin chefemoitesiingremdingsfeos to any
ohtai li oxt u o e le; purified [inum toxin
iy Rt e e B
potslecstasidiby ankQd bRlbtuty/skilon ghe artrapaniieal soistirwantoxilndgdeving

B with i ly,156 kD molecul ight with ifi
S0 I ROl 8 AP Ee A aaReEe R o

5 mg or greater, an
wittveabuhpdroxignaitehles, 364D solutats iacivdéghimettly lsslfexifle, doteatisyl of
1-2 x. LS50 [ greater, Q65]Alternatively or additionally,
e BT R GNP A TG N e,
bendeliames.from, for example, List Biological Laboratories, Inc.,

Cﬂf&%ﬁ I, Ca“ff;rgc]z m%%p trgsfgge%q{%lrlg%’ t I%rtoe?ilr(l)l‘otgé/a rrrl]gngj(also “treat” or

“treating”) refers to any administration of a biologically active agent that partially or

completely alleviates, ameliorates, relives, inhibits, delays onset of, reduces severity
of and/or reduces incidence of one or more symptoms or features of a particular
disease, disorder, and/or condition (e.g., facial wrinkles). Such treatment may be of a
subject who does not exhibit signs of the relevant disease, disorder and/or condition
and/or of a subject who exhibits only early signs of the disease, disorder, and/or

condition. Alternatively or additionally, such treatment may be of a subject who
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Research, Potion Down, U.K.; Wako (Osaka, Japan) as well as from

Sigma Chemicals of St Louis, Mo. [00066]Pure botulinum toxin, when
WQaens4ieved as a free solution, is so labile that it is generallyP§3/ US¥W¢§46236

prepare a pharmaceutical composition. Furthermore, the botulinum toxin

cerhildxamaochihe daiblitype Ageompinx ehevatsdibeass)stispideteatd/or

deg%ﬁur.ation due to surface denaturation, heat, and alkaline conditions. In

s6 %la@es, inactivated toxin forms toxoid proteins which may be ‘

injoooaepenic. Reswiing ahékatdicucdorieNdaich padehénaf agiefyrtadoxina

injection. [00067]In some embodiments, the pfresent invention r_ovi{kes_ ..

b SRR S PBAY PSR E °6§>Fﬂ60‘§?ﬁ83§‘”(’§.§.??{ﬁﬂ%%mé{b‘r’{%j‘ih fiogividual

thexheputiitles Haxingrdifiednegstapibiodeamerares Boewamnie, in some

admijnistered free sqlutions. That is, In some,em,bodimenti hotulinum

P RAYBE RIS AT AEHERRP RIS P AEIBSHSP S R s iR dhe fliiprence
legstniBeRaRe HRMAiIEaRhRI6 aHIehaRIGANE FRMeKe I aS hetbxabdline

conditions, acidic conditions, degradative enz&mes, host organism

aARBEHERER At Solatitbrally 388tdi A0k ptE8enPif 0 70. 60,
Inye ¥R WANARAMCIS ceBROsHiatn 1 PAShRY (835, BuHARRAERAIHBYMIning

than an otherwise comparable preparation of botulinum toxin in free

SORTSIEST YR BYEwREE dpatorm BREHBIED 5aNRyGAs RORPRItIMNs Aave
toximwithinigmier ofiadizexhnaBe6NeeI5i 89 (RSeR disg, hthe S eseNt 50, 200,

invention will be protected from certain adverse conditions, etc that may

rektflt 13 Qutiled HeddQirkiRrGobdnmusadkss, dneomsembsdimspterarticles
IneptigB: ERTANRASREH IS KB ROSIHHAR R RO 1Y tRRulinum

stabilized by incorporation into a nanoparticle composition. Those of

oftiRRRYTERIR RoRMROSIH QDY hevedipmstsisciathinihe aanga b ahayel 0 and about 600
COMRATIHAR. AGCURIOgH DI RRE GhAIIRE DIESE HVBNE LI AR FOAY Q@htulinum

prepared by any available means. [00069]The present invention further

pROVIRA AR ARTRYIHIAAT RS sirmste o Buithsranac! Abpelidlibrdy200,
nyAise, e eIy A G s IRRIEVRSL ARG R RRY MR SkiRdvhen

compared to currently admlnlsfergad free solutions. For example, botulinum
tosthbirdmgrdsanadtighienite. g pliorelioidiz ik inarmodamnikgmadisderomighio theentive

PR GRhRY SHORL AR DRERYS A BAS A2 R Bf‘%?lg%ﬂﬁt%lt rﬁB@Eﬂ&?i%“ﬁ]ﬁfér about

compared with such free solutions. In one embodi e minimal time

bafle2?0aaifinlShalidh AA0 prrbicaIliBr Kb uambimon Fesameipnebasbmests, the
" g%%ggmmtmm@ fincs é%%%o%l;‘é%%r@%%ﬁﬂs%‘d&)?i%?ﬁés-l50, 70-

04510/PCT/US2006/04 [Mor€over, as
détomrstrdresb msreinbedimemss ctheiaverago pasrolédezeboablion $0td X thnm. In

n3naeaHEIEIAACMRCHIORS BT BOlIRIN B8ORS dhgeln
without requiring alteration or disruption of skin strictures. For example,
cembediviatiys ;v bt edlihe pgladdotamnboatimumatinimisortaonngfparticles)
biolagicall tive agents traditignally require.chemical,.physical, electrical .
o TGS R A SO e fied
caurseirritdbiomn sprddstdiziegn ebicansicenbffdutents) dhie majorytednore than
agsthetig, (o) o1 r t dnyenti i i (O)(! o
R B A R e e S By, 90.6%
sigfhitisa BthBYs, 196t ab ynorit atEthlegpaiitinl esl/ tresradp dhi airalnisome
g%rrﬁﬁé‘ﬁi‘qqé‘%‘é Xf%h%' o R U 1OXIN {0 BRI AR S IR 8UE &R by
lological effects.

microfluidization of a sample.

Brief Description of the Drawing
[00047] Figure 1 shows one embodiment of a particle diameter distribution of a

microfluidized botulinum toxin nanoemulsion.
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[00071]As with proteins generally, the biological activities of the botulinum
toxins (which are intracellular peptidases) can be affected by changes in
WRRWE/MMBNhsional conformation. Thus, botulinum toxin type AEAAB06/046236
detoxified by heat, various chemicals, surface stretching and surface
dnoeess)dditionsibsri isdkaewnibahdbdiaral she paxiclednpiekoliaiitdion of
b)é\ft&;e known_culturing, fermentation and purification to the much, much
I

oIR8 RIHAE RSB ALY R B FER<BHEF AR Ce utical composition

fojpoglggjon resuyits:inerapid We topHirai AR «PhSa d O i EB RO SHAMSN prior to
stabilizing agent is present. Dilution of the toxin from milligram quantities
toBasslutibAnddmainerk hafiergane fortomentedprsidmudanghine dpentive
diglichiienibe caHsRishids FeridlessHhspaeiie WHFibsiRean such great
dilution. Since the toxin may be used months or years after the toxin
containing pharmaceutical composition is formulated, solution

preparations of they¥igia G Prderidaaaidslirinhagent such

as albumin. [00072]As noted above, the present invention provides

stil58H preparbsiBresSSBBYSRHAMIESRS 1Q SO X Brnerailoeal
SRRy RN RERE 1RILRE R AREHMRRT R ARHAM AR, BRE It SBIMES, the

embodiments of the invention, use of additional stabilizers is N
covesPRplaNSATIFD PEXEARNS By SIeBs Hes Biodiidna aanopatticleseenposHins it

P %ﬂd%%@ﬂgﬁ%‘?{u‘ﬂ’ EH&%&%H&%%H&? ﬁi@tﬂ@ﬁ%ﬁ%ﬁ? E’chl'@(?rﬁb%sitions

this additional protein comprises albumin. In some emb ents, this

ammmams;ommmwmmmw prezurestistinetiymosedan
2 QORI ISR CORRIE 189GE d&éf’@:ﬁ’ﬁﬁ%@%ﬁl%ﬁﬂ%‘df&fﬁ*Lf‘eé%%ﬂ{'{)é?ieves

a complete botulinum toxin complex is employed. In"'some suc

etinsdmdspsts. dibaneisicbatimenii zechsTietis, tieatoens emshitmentsyiiakles. In
present inventi oyide linum microfluidized nangemulsion . .. .
B N T LG b
sadminsbetiim efiteodilihunp texanninoemidsiptis enaytodi parfotoxid biilizetiads

B N.BOT ) Sj ifi lj int o
el R A RS S el appftion
form. [00074]The botulinum toxin type A present in BOTOX(r) is made

fl’g&lﬁi%ld%.l Oglfnt%eo all strain of Clostridium botulinum grown in a
mmni;mﬂg#ﬂl%‘%nine and yeast extract. The botulinum toxin type
Al8088XIEX is plifiebinmoniakia BN ER DK iDproguacskinemnirabigthe anaerobic,

precipitations to a crystaline complex consisting, of the active;high.
AR R SRR NSRS AT R R s,
Theucoystallinklcstmpleblys BI-Hissoived irt@argedtdlgticadintainin duaatine arld

albumin ang sterile filtered. (0.2 microns) prior to. vacuum-drying.
B%%rﬁec%rﬁe%éorggtgﬁgf?fé%d%Cs er?l%?aﬁgrrl?-lﬁr %Sgr%ﬁréﬁﬁ%ﬂﬁf% othe
intnang st thagirtjend attaBlaptriphéal BOBHON(MonsNiSyRspatasibi 6Otulimism toxin
(U) of Clostridium botulinum toxjn type A purified neurotoxin complex, 0.5
GRS AT R R e m Al bty ek Lo andhreHig e
inparatesiteo Ve raspichien) innmsclyioid depteservative. [00075]Currently,
B risu ecaonstituted with 0.9% sodium chloride, for
an@n@ ﬁﬁ%éfration Eﬁ%&%ﬁoﬁeﬁwéﬁ%?wlﬁggﬁiBé‘%Jﬁ%PeISIB%ﬁ(bg’f?ﬁ‘g The
olLEkgilarfeiedéns adstaliebstirentita € h8300enfly tuectee:ially hailadle BTX-A is
BOTOX(r), .as a free solution, is.recommended to b inistered within
PR A8 R R PR M LT o PR AGTOE Bass,
iNBELXoA, il abdutth8rbiditominmidaskéiiath chastipteheB &) AEDS(d (ersidiedtimes
in a refrigerator (i.e,, for example, between 2 to § C). Recopstituted .
T KA RO LT LB Arr ot o7 BAICTIAME G OB Tt sy toxin
baad sbparieciliabB Grhepaiorb dats eimbl s8] brLlliesh, se i gsda s Critical
Aspects of Bacterial Protein Toxins™ Natural Toxins II, pp. 63-84, Plenum Press, New
York, 1996).
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follows: (1) about 75-125 units of BOTOX(r) per intramuscular injection
(multiple muscles) to treat cervical dystonia; (2) 5-10 units of BOTOX(r)

W 2008 ¥iscular injection to treat glabellar lines (brow furroW§I{§328{ig046236
injected intramuscularly into the procens muscle and 10 units injected
infomosAjcularly Thtodeffere sosergaies sfibetallinmuantt) v4s) inthetand0species

its af BOTOX(r) to treat constipation by.intrasphincter injection of the
o e AR 1S ST S RGP R YRS EURi For
inisaiadl 8@ HayteptadteaninepisoBPasSA Rystjedieg iedaseak than is BTX-B,

pre-tarsal orpjcularis oculi muscle of the upper lid and the. lateral pre-tarsal
P R LN (% S, A S e o ARG T2 B s

MiksgleR@avembe 16 bejastetbind apHsaaas it wilbseeiFusen aRe Uk Argh UEBout 12
of BOTOX(r), the amou tiﬁ]ig)céed varying based upon both the size of the

mitBER 5 BEECdrs sKtertBMTIRE HdrAfSkm et eqtylpum toxin
atypuIl PAd)iOpianFREMRGHANA eFiEeddn(Q) SoHePd wRBsH BTREPRFUEIMs also less

following stroke by intramuscular injections of BOTOX(r) into five different

upetsTf BBk R dhessamerdnerveveh) flexor digitorum profimdus: 7.5 U

oy 600SAfo) fexschliam Sublipntp i kg lamrpauRiniAdsic
IorrLljo’EgrérllgulijogCQ iﬂset)r(gxis(l:c?crgtleglai(ﬂ% ItshelnSelllJrotr? z?n% %locks the release of acetylcholine.

[00055] Botulinum toxins have been used in clinical settings for the treétment
of certain neuromuscular disorders. In particular, BTX-A has been approved by the
U.S. Food and Drug Administration for the treatment of blepharospasm, strabismus,
and hemifacial spasm. Non-type A botulinum toxin serotypes apparently have a
lower potency and/or a shorter duration of activity as compared to BTX-A. Clinical
effects of peripheral intramuscular BTX-A are usually seen within one week of
injection. The typical duration of symptomatic relief from a single intramuscular
injection of BTX-A averages about three months.

[00056] Although all the botulinum toxins serotypes apparently inhibit release
of the neurotransmitter acetylcholine at the neuromuscular junction, they do so by
affecting different neurosecretory proteins and/or cleaving these proteins at different
sites. For example, botulinum types A and E both cleave the 25 kilodalton (kD)
synaptosomal associated protein (SNAP-25), but they target different amino acid
-sequences within this protein. Botulinum toxin types B, D, F and G act on vesicle-
associated protein (VAMP, also called synaptobrevin), with each serotype cleaving
the protein at a different site. Finally, botulinum toxin type C; has been shown to
cleave both syntaxin and SNAP-25. These differences in mechanism of action may
affect the relative potency and/or duration of action of the various botulinum toxin
serotypes. Significantly, it is known that the cytosol of pancreatic islet B cells
contains at least SNAP-25 (Biochem J 1;339 (pt 1): 159-65 (April 1999)), and
synaptobrevin (Mov Disord 1995 May; 10(3): 376).

[00057] The molecular weight of the botulinum toxin protein molecule, for all
seven of the known botulinum toxin serotypes, is about 150 kD. Interestingly, the

botulinum toxins are released by Clostridial bacterium as complexes comprising the
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(e) biceps brachii: 50 U to 200 U Each of the five indicated muscles has
been injected at the same treatment session, so that the patient receives

W 9asi0io 360 U of upper limb flexor muscle BOTOX(r) by PCT/US2006/046236
intramuscular injection at each treatment session. (7) to treat migraine,

pElSOFI@Dilbbhniﬁmﬁdt(iﬂiﬁ@%&W?;ﬁ&dﬁ%&@tw@lﬁmwfaﬁ@ﬁtiaiisoﬁﬂﬂproteins.
‘ . ot 5 U - nifieant
a0 06 B DA B AT 2 M A S Gl K. 500
Ml sinescoykieaieas BonEaH eSOl MigaB endeliuas ayparaxiiyaroduced as
o S A i St Al o
demeRsiiatesySEmdy exaiientsaimpessEand §)Rairaautaeively

botulinum nanolgéirticle composition containing BOTOX(r), when

indRRFRRRatF M Y KRAPHIEXSS: applied to the skin for transdermal
deiigesgof the WKNRIThRYESIBIeLqEIEat KBS ESibEsiBAY REGRLMNTHLIaS)

comparable to those historically observed with injection of a botulinum

toRFEREsAtOhRRRe A PP ate belty et C Bt HRE PiX hgmagglutinin
[OQRTaHTAH RSV Ginisa HesReas e ATHRAMIAMEL R IRE AHas i6e Hon-

interest in other botulinum toxin serotypes. A study of two commercially
aveNHORESRIRRRIC R AIeNE Bith the behdinsoytexa alsg Breoppnse y relevant
angd REeparpiinnpIek PRI BT HvRIDRSHH ALk bIBraRiAIneH s om

Wako Chemicals, Japan) has been carried out to determine local muscle
wheldiny taxneipleslapndproiseteneepie tisssBer@midmyvhsmitoxin is
prapasaiiongRIsHISCied Miathr headefiRerightaRsURENARIS 50 kD
muscle (0.5 to 200.0 units/kg) and muscle weakness was assessed usmg )
thaGHsULE Higielib qoBtlarsTimme wssplp sy 96 ipasanweree of diffusion
CpHlRSh TR RG SRR I MRS FARRARIACHHIORA RN ER Qi im
intramuscular injections to’determine LD50 doses. The therapeutic index
W&%?(Eh‘l@m@ﬂétﬁ as LD50 /ED50. Separate groups of mice .received. hind
IMibdRsEions GAREEABrrehiod BPuRIHSAARL BB R R YBERance

(50.0 to 400.0 units/kg), and were tested for muscle weakness an

invfidadedpreacat soreoteTptibilertk iavat thsiagpaesintgtey whodebforrdigary skill in
t igeni ' ly i lar. , -

e B ek Tt P e

nGIRYIDTIBOFRO Y mdebk ytilisetcapdegonded hergiduration were dose

r ralls . Jnits/ka): wer )

fg’#&'ﬁﬁ@d %%P&&J&%QQ@?Q&Q{}%%E%%E@ thﬁéLtbﬁ%ﬁ&’rﬂﬁﬁ F&?ﬁi"ﬁﬁﬁtﬁ% pfassium

lows: BOTOX(r): 6.7, DYSPORT( Inum toxin type B:

toc2ddnCnduted nelensoxin igearetzlh@idd @ (nprepinapbrige frdor priomacy cell

a .ﬂ'i]r t11111| in typa: rgg tuli [ g\ge ' .
B RO BB SR g AR i
banhibitsithosivkpdaeb:ageofifeite ghsintandigintamateie atenanymideres of spinal
inj ith botuli tXi ' TOX(N), although. . . ...
bg?g ﬁ%r{% %&i#@%@&w@%&%ﬁ%ﬁggﬁ%ﬁ %S%a%g%%(égﬁnuﬁég%sgﬁ ter olL)JIrt s the
mistehss of iegelsid kseZhofind fasme thrsatestylibioling, dopegimm cerafidephrine,

( treated with.6.5 ng/kg) rabbits developed antibodies against

botu |nuF£r$ ?oée(l?llntafi}gégB In a separate study, 0 of 9 BOTOX(r) treated

rel@0R6 lJe monstatededritivad]¢beagairstdidtotidummidrininypech el to the
results indicate relative peak potencies of botulinurn toxin t being .
o B SRR SRR e IR SE el by of
thalvety imindbox totypeBial¥ihreegaid tehirabotldfieffectibptepnttions are
tor><eigdt evésl\%al% greater than botulinum toxin type B, and botulinum toxin
type. aaura%lon of effect was greater than botulinum toxin type F. As
sije0@62ly the thienapemisl¢nBaXved BEX tbentploxccan e otialpsé baradiablsshing
of botulinum toxin type A.(BOTOX(r) and DYSPQRT (1)) are different. The
A T R e B VLA TS o R vesting and
inpectfyim g filso fetinemetbxi i tyeea Bacwhiches tith dinieallpreigdifieantAll the
amounts of this serotype entered the murine systemic circulation. The

results also indicate that in order to ¥thieve efficacy comparable to

botulinum toxin type A, it is necessary to increase doses of the other

serotypes examined. Increased dosage, however, can compromise safety.
Eirnirthermore in rabbhite tvne R wac more anticdenic than waec ROTONX/(r)



WO 2008/045107PCT/US2006/046236 [00081]As indicated herein, the

present invention contemplates use of botulinum toxin of any serotype.
WOrpW8d6riBTdinary skill in the art will readily be able to assessRa@/US2006/046236

appropriateness of a particular serotype for a particular use and,

aboartingrtoitia serthprgadkdriinllyifyberasiiedapieparenangdpahadieproteins
co sition taini tulinum toxin.. Thus, the resent [ tion
a5 RSB B PR BT BRI St i Pocteria
sef@methélmﬁwmo&qmuﬂswmeﬂn@wmg@rdﬂﬁWwyana@g&h@ﬁ@t@mases
and compositions Contam"éhgrg e or other pro é:rﬁ]s In some.embodiments,

SR SFHRYRFDR AR B SO 686 RS SIATS iRagksral SHBEiTents,
betelibrimiatinthemaiayescte. ampiaedt [BORBRIEPBReeilypRY@laDand E

sources of hotulinum toxin that may be utilized in accordance with the

prESENRIRRRARb AIMORRIS kY it S ORI AR S B TRS P cBly Spesates when
(Géealigidm Hatelinue. REofYFRXIB BEdRaR WD SR 85tW iFoRidNER and

serum albumin and lactose; Ispen Limited, Berkshire U.K.) and/or

VARBRSPISR At aRd R ERIG SR BRERSONGTEE Bbﬁhih?ﬂﬁl?‘%&ﬂhvﬁ/ﬁ@ﬁacuve
higghan SRINEVGRURIRNS PRIMEBISHE GIRAIR ARCR68IE) fhlexidepRHR BTX-A

Elan Pharmaceuticals, Dublin, Ireland), etc. Nanopatrticle Composmons

[CEU3DS RisEn el h slete hBOBHOBCH i e piib RTGHYRfb S hs R5RE BReRprtion of

tmm%m&%ﬁw&m@ém%&&em%mﬁ HTGBB&'B‘&B@QH@%EC'(?
compositions that contain botulinum toxin.. [00084]In general, a

nigiBpRiRieie ebhpeultie. id hepiosenp ssHivh ReatsABLR! ek asmererasRiion of, for
NRRARBILCE. Be%INYANA RV EPyeamRAsion: s@ﬂ@@?fﬁ&!ﬁve botulinum

compositions that contain botulirium toxin. The botulinum toxin may be

efEpsOMesHley Bonehiica) naPAsRiRIL Y B COREIBR IR BT éha sk eniein load of
aEOGiRRENE WEPRAPAUSIEIETRcEmRARARSAIREA 1 4PR B&E&ﬁnum

surface of one or more nanoparticles. Botulinum toxin may or may not be
cowsie DIRPHFtId tdaRCTRaseh aRtierry aye vitheraeattitetivgripis tlorsal
bafgligum toxin may or may not be attached to the nanoparticles and/or
nanoparticle compositions by adsorption forces. [00085]In some

et@B86Fhents, Hignguelitneaopstatiicie kep pustitsmntape A canfberproduced from
C%@ﬁﬁﬁ&@@éﬂ%ﬁ'ﬂﬁdzﬁ% EXARG JIEUNELLROMNGUS; ey Dimg, an

difference between the minimum diameter and maximum diameter of

nanapArtictdddss dran(éitansl nahispretipiétonmpbaitbngduegeh eleeitopbaresis.
aﬁﬂre%me%hamz process can be used to obtain crystalline botulinum toxin

including type A (Shantz ef al., 1992, Microbiol. Rev., 56:80).

[00064] Generally, the botulinum toxin complex can be isolated and purified
from an anaerobic fermentation by cultivaﬁng Clostridium botulinum (e.g., type A) in
a suitable medium. The known process can be used, upon separation out of the non-
toxin proteins, to obtain pure botulinum toxins, such as for example: purified
botulinum toxin type A with an approximately 150 kD molecular weight with a
specific potency of 1-2 x 10 LDso U/mg or greater; purified botulinum toxin type B
with an approximately 156 kD molecular weight with a specific potency of 1-2 x 10
LDso U/mg or greater, and; purified botulinum toxin type F with an approximately
155 kD molecular weight with a specific potency of 1-2 x 10’ LDso U/mg or greater.
[00065] Alternatively or additionally, already prepared and purified botulinum
toxins and toxin complexes can be obtained from, for example, List Biological

Laboratories, Inc., Campbell, Calif.; the Centre for Applied Microbiology and
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600, 550, 500, 450, 400, 350, 300, 250, 200, 150, 100, 90, 80, 70, 60, 50,
or fewer rim. [00086]In some embodiments, particles (e.g.,

W 0sdToxin-containing particles) within inventive botulinuR€T/US2006/046236
nanoparticle compositions have diameters that are smaller than about

6B s&dr0h A} tbDoAa() 1BKD, R0 468aR4)Japat), k3011 20frdhbSikhih
100, 90,89 g}gﬁ %[roless. 0087]In some embodiments, particles (e.g.,

iRt iﬁE St % particles) within inventive botulinum
n§eaQEELicle copupebiialialinexitawriarsdwithisidid sngkcefsaholdn] & so labile
and about 600 nanometers. In some embodiments, particles withi
b BOIT ARG A R ARUSHRAE PAGAL CRIRGREIQ b Rore
rang®sthiBhewmt td QB 08mpRRE) sdéh Hdtokink3pe ACcdapickOcdA Blsdbd d¥hceptible
10-100, or 10-90 rim. [00088]In some embodiments, particles (e.g.,

o RSFRAHEAOR S A HERABER A RCR B ALK BORG RS TIORS. Tn some

NARRRATHISIE RBIRBRIHIBIAR S ﬁi&éﬁﬂﬂaﬂﬁéﬁq{%gig@ fthafufdgeAR! Resulting
about 300, 250, 200, 150, 130, 120, or 115, 110, 100, or 90 nm In some

e ASRAMRSRRD AR deT S BRI PLISHERS ORE S MR HIFRIPANge of about 10-
3P60de¥1250, 6Qn2n Sl irfintsd HAPrdt SOIMR ABRYEPRIRELERGinum toxin

average particle size is about 80-110 run, In some embodiments, the
aPerRpaTHElt ERINOE OIS & ORRNNSSIP NSO IBYTHF R s S B Rk has
2 {mBievEd SfahE I AEIEE IRl B A RH BT XA BB RBIGIRNs. That is,

within inventive compositions have diameters below a specified size or
withfTaesEiBBRHEE A BOTH SN BRI SRS AR HBVE TS FiBARORIEHS than

Q0 %oﬁ@é’/grgé%/ﬁecﬁg%e&%%g%&%&ﬁ% 1RES(0oR/ vl 3¢00AdMRon such as
99.5%, 99.6%, 99.7%, 99.8%, 99.9% or more of the particles in the

chsbalirlincoondtpassarid CrapatipIs ndseirdaiTc 8NFa RS alifelorganism
COMRRIIRNS, Ara\RIRRIARIGI fé&&i@&%&%@g‘ﬁﬁ\ﬂm&ﬁi PRIEIRE iR inventive

" excess of 120 nm. Specifically, in some émbodiments, fewer than 50%, of

tHARRRFS PR eRIBIPSIHOBA tREY ﬁhﬁwda_ﬁﬁ s lesprimsitisriionabananiaibritsise
g Sopd ﬁl?e?)ﬁgﬂro'ﬁ' &f’_éﬁﬁlﬁm?;? g ASeiRWERthAD q‘%‘)@i% 8 one specific

particles have a diameter in excess of 120 nm In some embodiments,
fewamplanS0icoge9ns adwsulinem 1696, wisbin a4nicrofeidizedmanoesndsion

S%SCZI"{ﬁn?"{& ALt ention Wb RALIERP I ERAIIGRR RBYS Ritions,

diameter Th exce s'of 120 nm. Furthgr ore, in some embodiments, the
nafsdpat ety seaulive stviessadropbmitiencompositions have diameters

Wititoe8)e "an9gakds) odeDpld: YR LPRBMR RIRARG A R0L0¢ 6230

recognition that botulinum toxin may be stabilized by incorporation into a
nanoparticle composition. Those of ordinary skill in the art will readily appreciate
that a nanoparticle cdmposition according to fhis aspect of the present invention may
be prepared by any available means.

[00069] The present invention further provides botulinum toxin nanoparticle
compositions (e.g., nanoemulsions) in which the botulinum toxin has improved ability
to permeate skin when compared to currently administered free solutions. For
example, botulinum toxin incorporated within a microfluidized nanoemulsion
according to the present invention has improved membrane permeability properties
when compared with such free solutions. In one embodiment, the minimal time
between administration and intracellular accumulation results in a method of

administration having improved efficacy and decreased side effects.
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[00091]Zeta potential is a measurement of the electric potential at a shear
plane. A shear plane is an imaginary surface separating a thin layer of
WRGM8/Hdit to a solid surface (e.g the surface of inventive nd€JpEPAGHe4H6236
and showing elastic behavior from the rest of liquid (e.g. liquid dispersion
MEP@eT0) showiMpraivesladdeaimfiehedinsrdin shepresedaimeaiis, provides
inventive nanoparticles haye a zeta potential ranging between -50 mV to
 BSTHPR 5 R 2RBBEIR S AR R IRV R PRI TE AR do3a.gan cross the

p@I@ﬁlt@alﬂﬁaagie@bghya%&aa5mvmmgﬁdmlff bﬂtiﬁ%@cﬂmodiﬁi%i@nple,
Inventive nopartjcles have a zeta potential rangin etween - to
+fewr§%bg%ﬁf iﬁﬁ?@?@ﬂ@%&fﬁaﬁ% i ?ai%rﬁ}eweaﬁb%\{ogicaﬂy
eRuHSoNsAIs HEBRISHANS . rHy SR &RIBAC PRSIt BR SSIHIQBIHARS dikRuption of
"oil-in-water" dispersions (i.e., dispersions, in which oily particles are
diEEPSEERG AT éﬁysrqafei;a% ﬁéﬁgr‘%ﬁﬁiﬂﬂﬂ%ﬁﬂ%ﬁ%%&ﬂ@‘é?ﬁb%ﬁiﬁ?éﬁ@?

thid &R EAP SRR AEC aMASL knifivailted I BRRRRIGNS i@ mEIS PEKS IpRSeR YWkt ion
agueaqus patrticles are dispersed within an oily dispersion medium). )
[0PF9YHRs Beminum e RanRPaRidp Goa RatEpas R, (P SdmENHEters g skin,
res S \OHEFRANEPIS Mi@@iﬂrﬁﬁ%{ﬁ%w&ﬁﬁﬁ%ﬂm@%&%@&% corneum,

inducing formation of nanoparticles in a composition utilize toxic (typically

orPehief abrBhriulinuBHiexEnip samErE thavkinilRhaxs ds diglggical effects.
CQUIReEHions da nQk ieALITE ROMMEES BIE BIS e AN ARVETHHEBRtulinum

strategies for preparing compositions hat contain nanoparticle structures

rquins pulyehets Pooesiiiispentidasisd aambaalfasiedhby shaagep arfiaree
C%P&éﬁ%‘ﬁﬁﬁé&%}’&ﬁ%l%ﬁ.“%,%ﬁﬂﬁﬂﬁ%&ﬂﬁ’&{p@%‘%&?&c@mpﬂi% heat,

than other nanoparticle compositions. For example, in some

efBENInThsBIGalsepRfac sHolsanE andoacstiinBavidaienallysitds known
abSarBHARANY SIS @&?2&%?8‘1'1‘% B RARA AR RERIERR ion and

that are not uniform, that utilize one or mofe toxic (e.g., organic) solvents,
abersicazentiifee onechr muste lpwigntexin (0008BIRIIeBNSashitToRhATERES Utical
'W&HBM&WMH%O%%%'EP {E &t&%gﬂUmo@ﬁﬁpg§ﬁﬂ%ess a suitable
compositions) are stable. In some embodiments of the invention, a stable
natbpirng agahisasrisatisiditetifon ofttlehtexéndvemnpel banarlgusinetiesdo a

o B e R R A P
anfitbe mansidesa ekstigrifiethxigigeupbaized) Ienadthatinad fonce furioaiofmay be
time. 4 ' .peri i i I fone. r
e A e
(Ifadawlaied, (Ol vimakprepar iPpnreefdicsnsifimnsdbeforwad 4Ry mathtastabilizing
three (3) months. four (4) months, five (5) months, six (6) months, eight (8)
mg@ﬁ%{é,g raﬁ ?iai,br%rg%hs twelve (12) months, twenty-four (24) months, or
lol9§872h someAsmbiediabents thegmseiutd wicitienigravitidis iabitingbppéparations
a ne (1 t nty-four (24) months. two egks to twelve (1
R i R R BE R RNRL by
ptpuintiorivé tﬁmmdmisulsiibsekfaimistﬁads:mbb}ﬁmenlti@b@dngadiem nesgenf
temperare SRRgcs, andlon pid changes, and 8 MAGHY GG e ot feast
nanoparrhcles In the popu?a I0R malntam & diameter Withiny 4 Stated rahge

(i ene¢ folditkamabieo tahicesed pgakiimatelytiO bohdthnm Yothe. Nanoparticle

composition.is stable,.Eor some such populatiqons, a jority is more than _, .
- ErboimEn s i Adtisl Bl GoipHSES atiinin. 10 Sopte Smbadipients, his
98daitipBsL P61 RihpHSedWmenmnoee bf danpeotsiisadinneiits fofitidein a
invention, where a nanoparticle composition cogmprises bptulinum, toxin
S S e o b oS R A eion. & complete
cbotphbsitinnasineosigene s stapleyiédhdrcssme stretiiomisddimntagscalbuadtive also

agent (e.g,,,botulinum toxin) is maintgined in the composition pver.the ..
o T BT R e e L e s PR AN BB e
desicrifhd diese nariovmnlsiemnenopasiigiaibampositions are useful in

various medical, cosmetic, and nutraceutical applications. Such
compositions may be delivered to aXubject by any available route

including, but not limited to injection, oral delivery, transdermal delivery,

etc. In certain embodiments, the compositions are delivered by injection.
In cartain embodimente the comnocitione are delivered trancdaermallv/



[00097]It should be noted that inventive botulinum nanopatrticle
compositions are readily distinguishable from other

W e0s¢HToxin-containing compositions that have been desdMBEYSF6/046236
example, Donovan has described a preparation in which botulinum toxin
h§600e8] incorpoaiad énibaliiptheesiche feedeantoermion dhbvaitulidim toxin

Publication @0 ch vesicles also.reguire the incotporation of
aleit é.ﬁﬁé&t ﬁ@ﬁéﬁﬁ%ﬁ%&ﬁ&? PRI RAR UL SR LR R A
bh@tﬂﬁpwn BDBi{ﬂnﬁlﬁFd@MJ Bottiars kil?loaaa puat%]géiqm ﬁ%dﬁil%),&&glbtliﬁﬂdﬁ@(mrm.

that is_incorporated.into a transfersome, which are deformabhle cayriers
MR Hh ipicd 2 BORUHRAR GHER A S ERE B S0 a0 2
Seiifture A3 Hanskdia Bptanibidam PoR)ikenerenskestiealintessiibasg N-

the preparation of phosphatidyl choline + sodium cholate liposomes

infSPRaRE FRIRRCtoxiRe (PRIBBIS NP RRE A eemplRsitpyifed from the
desiiResh RURREPP VLS 1of liTas ARsitd abed MURMAS bRt ishsisting

edh
macro-beads; one of the literally hundreds of compounds that is said to

belheARINSIbigh SPRISHAIATSIERS tBdrTeStei F0kap ABIRGIAGA hemagglutinin
2QaR 2402 2}y inalislecoin SleR BRI veg thofsoRlt R NEAESE saline and

multi-lamellar vesicular liposomes are lyophilization/rehydration and o
orbrRiR andisisrde i trmeddi) A Guicsns ferpa tatRs umedy Bgn BATEHAI can be

methedaafarastndngi P asamesyetid Rt e xRt BAARRHYMUAS: injection. Each
microparticle-sized vesicles. Methods of Making Nanoparticle

CHRIFHORO X Oorrgams gearertiOinnEn(V elnlqstidaerdatiisamdnsin type A
(& 8ri RAFBHIHSTL RANQRAPISIE S MPRBARS S MAYNRR RAGRALASLENAAXd 0.9

available method. In some embodimeénts, nanoparticle compositions are

prephiesensyofsediienichlends iMaveuls, Wranmtdriednmondhord uireservative.
topygegpically FgRRiE) SHYARB N SEMSSMROALRRALE D8RG ium

compositions are prepared in accordance with the present invention

witletidatiziedmintsiradondpisnjeorn ohin R QberibrAesaiend by

" : . i L ' a.a

L Sl Y ar e M AL

tehATERE aravrdaca enbution, dstoreummeniéegaraicndoninistered vithimbteriaurs

aﬁﬁ&@@?&%ﬁ?ﬁéﬁ??&?ﬂéﬂ%@ﬁ&@@ﬁ‘9&88!% itdd0e éﬂ&?n Je?i&ﬂ?}?ﬁﬁmﬁer
to igh's

[000101]Any method known In the art can be use enerate h ear
forsesnmendeddhatisoensiisnted BOERRONbS tiomd o geckigarstoyti shéer

AR CERAIING 2 LRPCReRbIOKEHNRN I HOR O AREh A ARSI rce of
(i.e., high’shear forces) can’replace or minimize any requirément to use
costiycatai¢onatizic chemical solvents; can increase the speed at which
NOSGPR icles [ ikl icle I

in‘a parAt cular ﬁ}%%%%r%%%%oe&?}%%%% o? gg% g?%%%%%%%e%h%%%%%ﬁgggs as
cdetlowpreparing nanoemulsion compositions. Furthermore, in those
embodiments in, whi n age ® a biologically active agent (e.q.
potuinut S s SIS BEETDRE B MR BRI o

the use ofusighssiteteibreevozal dystesise the loading capacity of the
nanoparg&r“?lﬁ_a} Cor%poafr %Q')tfﬁseﬁitie?rfn ranrr?thglﬂgr%fg L 1oirr1] 90?9eg?p?arl:t>iglll%§ lines
In traditional methods, loading of%gen SWIthi or on fhe sutace &
nanoparfinles fypioalty (Elimstompitfadionrahtizevdgeninm the mtekorsandgole and
to the sy celtgfi;[lhecpegr{ggarticsle.f cordin tgfth(}-;ngretsent inverlltiond tt’i )

use of hig hedrtarce canaltow iar the thanurStlreo sTaist Bé?’[lg eg”
(e.g., on(3yebagt}@:80/onits MOBOTD ol istribeicn pitipar byl ensizgshinceer

nanoparggle?:ggrrln &qﬁglggborectalis muscle;
(4) about 1-5 units per muscle of intramuscularly injected BOTOX® to treat
blepharospasm by injecting the lateral pre-tarsal orbicularis oculi muscle of

the upper lid and the lateral pre-tarsal orbicularis oculi of the lower lid.
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WO 2008/045107PCT/US2006/046236 [000102]In some embodiments,

high shear forces are achieved by exposure to high pressure, for example
W@ R088MET93us turbulent flow at high pressure, for example abRft/V§200¢046236

psi. In some embodiments, such high pressure is within the range of about

18,000 tesale 26000 Phiisesane 2o bacichaiay ¢ be Withjedie rangaBtularly
about 20,000, to 25,000 psi. [000103]In some gmbodiments, high shear

force or K B?E%%?ﬂégﬂﬁk/lbg ‘HHFﬁﬁ#&éogg%y’éﬁ?/i?ﬁ%ﬂ)‘ﬁ%ﬁﬁé‘?%?@%%based
homogenizaiibath G024 BhtEe masers be dinaiised gl sheaktarcef maydne

administered by passage through an jnstrument such as, for example, a
MicrofluiB#: XF)SF‘}%S&'?EQ@F(W‘PB% A LOPLFSEFERRR Worporation)

or other [ikpt6l@dacupiic b dzatEith ReSaAESRER B9 HEBNRISSEHFEnjections
and a resuyltant hi%g shear rate by accelerat_ig.gtthe product throu

microch&B 43 HigR fufodificrsriinpsel igﬁxﬂfﬁéﬁ%ﬁo@%gl%‘}&’ﬁge.

The fluid is splitay fieeoragkitoruahadfibiaugh mickecimunels with typical
dimensions in the order of 75 microns_ at higrzlt]évelocities (in the range of

50-300 m/s). A§thBexandigiteryne sailipdsaiidistit A s jets which collide
with jets from oppariRg: RisPahRRRERD N dhgechannels the fluid

experiences high shear (up to 11)7 1/s) which is orders of magnitude
higher than that O M rresiBac{abRnb dgiesdDét collisions result in

mixing in submigsandeyeb-ddigresore. digheshear and impact are

responsible for particle size reduction and mixing of multiphase fluids in

the Micréfglinidhe)ftueindrsigd ool onrsdrecn erieeiar abthsispstuitigerent
may be apyiaviceiBRRPNBER ASIBYG FIRDIERS Ty BLHT‘BFJJ?%mb flexor

intensifier pump amplifies the hydraulic pressure to a selected level which,
in turn, iFBeste BAT PR sdrantemespbag irtestion Al cAGh HEaYDERS $estier
through re: g . o . nSiam r
through ﬁ%ﬁﬁﬁ%{c‘%ﬁ%ﬁgrﬁ%%?ﬁ?ﬁﬁ%%ﬁ%ﬁé g n chamé%reﬁragyeﬁto

speciallyeirbsiitredraxalisgashirmonsiis sepsalem iniprboyRfAAithahBOTOX" has
product sfream WihascalereiR iR NAHVGIRGIHES. HeRiRa USRSk ABhpared

impact forces that can generate a uniform nanoparticle composition (e.g.,

nanoem EFPSYQW%%@%QH%WWW@_@W %W%ﬁdqs@n% d

on Wear}{ﬁ&ﬁiﬁmé:‘w EusI9RLY @%gﬁg niensiiie %‘ﬂ%gﬁﬁﬁrﬂ%%%r '[Re three
pressure stroke, It revetdes direction and draws In'a new volume of

product. neatensnigdfeHeviimgikbasBdkkinteatiam reverses direction and

B T S

inbe thetiam iohantive behdipvou nandpasticin reugpoaition containing BOTOX®, when
incorporated into a cream that is applied to the skin for transdermal delivery of the
toxin, achieves biological results (i. e.., reduction of Wrinkles) c':omparable'to those
historically observed with injection of a botulinum toxin solution containing
approximately the same about of BOTOX®.
[00078] The positive clinical responses of botulinum toxin type A has led to
interest in other botulinum toxin serotypes. A study of two commercially available
botulinum type A preparations (BOTOX® and DYSPORT®) and preparations of
botulinum toxins type B and F (both obtained from Wako Chemicals, Japan) has been
carried out to determine local muscle weakening efficacy, safety and antigenic

potential. Botulinum toxin preparations were injected into the head of the right

gastrocnemius muscle (0.5 to 200.0 units/kg) and muscle weakness was assessed
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onboard heat exchanger which regulates the product to a desired
temperature. At this point, the product may be recirculated through the
W@ essiid® Turther processing or directed externally to the neXRESEaPA0¢@46236
process (US Patents 4,533,254; and 4,908,154). [000108]In some :
ennioglhremicust tigipibdattion\weotiag,a3saqfIphSis Py Alidizedre calculated
throu gﬁexposure to high shear forces for a period of time less than about
éﬂ?ﬁ% é%.refﬁp%ﬁqé”érgﬁ)godiments, the period of time is less than about 9,

80003793, 4, 3, AdditionainuieéSiete gmiﬁmmmtﬁnjéaacggéi@@aéﬂm&e LDsp
is within the range of about 1-2 miputes qr less; in sgme embodiments, i
R f‘oﬁi;ﬁmefig%aﬂ%ovg%&%?ﬁé@?g@é HEB e SEABRIGATEHRS 6f mice
thedeveationd #SMRR NI EROTIREYS. t1ovglD asisale) SXRRSMIBUIR toxin
high shear forces; such embodiments are referred to .herein as "single

pAge R ARt Hnitsden ae e iesied [RuamHsle etrabnfsa aaddnmreased
recR@nkinRihaRIDIBCBE PHRIRII iR R BeATHR IER A CARIRISR
nanoparticle composition, and in particular can generate a uniform
nRABPAAICKETEISehBh MR Nirgeser Wisqtiem i fbithklchor 6.5 ng/kg
i%%m%@%@mﬁ@ﬁg/ﬁéﬁf&r B@ﬁl‘@(@)mﬂg&k %ﬁs@[ﬂl‘éﬁﬂﬁ@ss and
of high shear force is expected to contain at least two immiscible

nHEIOR Wie asrmriasdifios SHtRRRE dispersion medium (i.e., the
liqyigogdium iDA’@iEbRWii@%((ﬁi@sﬂ(@?W@%@@ﬁ%@@B’@P@ﬁ@%iﬁ,the

ultimate nanoparticle composition). An "oil-in-water" dispersion is one in

wHIERRINR Baitides bpaibnpe festn i ad 7 trodis GibpakmmtdipeF:
" eRE P XN IR RS ANR RN VR AGHERUSRAIHIES 858if i[?ﬁ}% gest

within an oily dispersion medium Those of ordinary skill in the art will o
apprelina thaintypederhsmapgntisardemsalesrwanypadel lemsi &I hedia. 5.,

AHISPIR HPIEY TS IBCRMRIRAILA8S305 AGHRAUS ARG Rer LG in

term "dispersion medium" therefore applies broadly to any dispersion

miaifie mjﬁmimgmmmttqmmctmﬁrﬁdh@%hﬁ@T%e@d&omb@winmn
C%Qﬂ?%@) -éQQQsl.Pe%lTe*Hé%ﬁ%%‘?gagaﬁ%?S#kmﬁgfés."f&@tgﬁ ?é(&ﬂ%%ﬂﬂéé"éf injections
premix Will contain an aqueous dispersion medium and an oily medium

tr%mf)é&wdmrs aRgbed swghin :ﬁaxgd@rﬁmb%frﬁ (whieee dispiersivithmecuigfirgirabbits
Samls%goﬁg@%%&%mgm@mim&*agéi%%'é1§9'i'ﬁam££§?é'¥mdy, 0.0f 9

dispers n lum and an aqueous me hat becom Ispersed in
nBESPANilecasedh iablhts diyndispreteibantiedigmegaingObotulinum toxin type A.

ZWI&OT%§&IQS7F &IA%%glgggleoée%?’p%tencies of botulinum toxin type A being equal to

botulinum toxin type F, and botulinum toxin type F being greater than botulinum
toxin type B. With regard to duration of effect, botulinum toxin type A was greater
than botulinum toxin type B, and botulinum toxin type. B duration of effect was
greater than botulinum toxin type F. As shown by the therapeutic index values; the
two commercial preparations of botulinum toxin type A (BOTOX® and DYSPORT ®)
are different. The increased water consumption behavior observed following hind
limb injection of botulinum toxin type B indicates that clinically significant amounts
of this serotype entered the murine systemic circulation. The results also indicate that
in order to achieve efficacy comparable to botulinum toxin type A, it is necessary to
increase doses of the other serotypes examined. Increased dosage, however, can
compromise safety. Furthermore, in rabbits, type B was more antigenic than was
BOTOX®, possibly because of the higher protein load injected to achieve an effective
dose of botulinum toxin type B. Eur J Neurol 6(Suppl 4):S3-S10 (1999).
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[000113]Those of ordinary skill in the art will be well aware of suitable
agueous media that can be used as dispersion media or as media to be
WQIR8#60Th accordance with the present invention. RepreseR{atiVe 2061446236
agueous media include, for example, water, saline solutions (including
piesgsigte bufferethsring) heteia) dey prisetiomvehtshavairdisiateelasdsb
dextrgse, Ringer's.solutions (lactated Ripger's injectjon, lactated. Ringer's
BRI 8 R SEH 412 DR G HF LR NG S I be able
Iselytedss tirchfpedittatandsconinaiiong deesegic00Q bhdictnasaohnd,

ordinag( skill in the art will also beyﬁ Il ayare of suitable oily media that . .
cAABERRP edrgsaTRrshRRema O B8 ARLGIS PERATERNNRAH I compositions

aceatslanae s BHRIMEALRINY TR (IRGRESERITIAILRISH Provil¥es iparticle
include, far example, saturated and unsaturated almond, apricot kernel,

aGBERAS IS £ONAIB NG BATBHNYRI N PL APE SERRIRFigE Uige compositions

CREMAMIRGHIP BotefirNA6GA RIS SASIMPONIAINRRAREAMPBHEDT other
coconut, cod liver, coffee, corn, cotton seed, emu, eucalyptus, evenin

pRHAFEBE; f1§ﬁ,oﬂ%&%@ée95@?8%01?669%@%@%%{1%%%%&?#%g&gﬁ!bumin;
10iR REmIC ekiH M A BEtTIIIRME IS (MBI ISER erbrhRdmacademia
nut, mallow, mango seed, meadowfoam seed, mink, nutmeq, olive,

ol38882rangeormgrarcishivnvatinhik spvesep ehbARBRAYE!, tasuihet sepphe

etz BY MRIEL RERK e WRRIRE Prdd6Rt PHIBn tiBRGHIAIe SRHH QW SHot limited to,
sandalwogod, sas%i%%% savoury, sea buckthorn, sesame. shea butter,
, I

sifEOHeXsohEaR S ttidinrebotwiatie? ¥ppdxiovétibemagalutiningemplex

WHSRLAEETH gaﬁu{alaﬁﬂu%@aﬁ@imee'%@g lyGRIIEE; BaRERi I 9Yes iRy or

mlomethico(ge; diethyl sebacate; dimethicone 360; isopropyl myristate;
SAB& octpndrisctabls; solstioa sopystigiRo iR tes i MR§ R Hgman

theran] QMR KRR I R BEHHQSNIHSEl: M BIa AP Ea X

according to the present invention may include, for example, one or more
bidhegragppaetivelgdinsirelandhétalinum toxin) and/or one or more
surfactants or emulsifying agents.Suitable such surfactants or emulsifying
agents include, but are not limited to, phosphoglycerides;

s]aicEsls IROSIERRAIMitoyl phosphatidylcholine (DPPC);

QRANTH
di osphatidy: lamire L . .
o oropyl ey Lo SR (AR inyeption provides, among siber
cHuRrStctompeBiEste tbilenpepditicligyopeitvncinglydare ranagadide
dMfggﬁggy{@yggﬁ%%gﬁgmmqecanol; fatty alcohols such as
polyethylene glycol (PEG); polyoxyethylene-9- lauryl ether; a surface
a8ty acidngenierak pakniterisit comipisitieidisfanty carigwsitity theidincludes

des- fatty acid dialvcerides: fatty acid amides: sorbit .
e T e
potyspesitens Ohar wentai dptubolysoixate b batwbnubd Jopinlysay heteneapsulated
T -65); -80): pol T -85):
o S POMTSERALE B e G A e
ao@mdadahtg@scrbitmmmqmbed I@cth@i ngtysew&iﬂ@i of one or more
o N L el e e

atl ylethanolamine (cep 1olipin; phosp acl
carsbpesitdss aiday iphogptiatk; dipwositoyiphosphatioytghioena; or may not be
stearylaming: dodecylamine; hexadecyl-amine, acetyl palmitate; glycer
.aﬁ%(%ée g ﬁm ng o&yﬂx%c €S ancﬁor nan(}/ a%m:lle dompto%(lt ons gy aﬁfﬁg 0 qlorces.

ricinoleate; hexadecyl sterate; |soprop)ﬂ myristate; tyloxapol; po ylene
gPOOB8SP00-phirs phrat dyhbibd netats) imye ptlyy atmplparéicle compositions have a
glycal)400-monostearate: phospholipids; synthetic and/or natural

o T R e S SR s BB, e
cydftlenteibstebaothepidsalisnidiapaieingnd gentinamddtonednin afidies
thnereoofal}igle s%rfac}a‘r)t om onent qy be a mi turg of diffterent 4 - matel
sUARZANTS STHHe SR SUadtan %nr(T’Pay Be STAEE Bh OSLSJ Afle& v approximately
natural source or may be prepared synthetically in a laboratory. Ina"
preferred embodiment, the surfactants are commercially available.

[000116]In some embodiments of tHe present invention, all of the

components present in the final nanoparticle composition are present in

the premix and are subjected to high shear force to produce the
nannonarticle comnoc<itionon 1N come embodimente of the nrecent invventinn

CRHY




may assemble into particles before the application of high shear force. At

least some of such particles may be microparticles or even nanoparticles.
WOorReWAES Eihbodiments, an inventive nanoparticle compositiorPISTHPEpiieeit6236

from a premix, wherein the premix is selected from the group comprising

a GUGFERSIHT0O4 040008150y 13000 250 spode EtbiddinIonss), TONEHe0, or fewer
particle structures do not form in the premix before application of high

si&%r force. [000119]In certain embodiments of the invention, relative
aneeosspf prentix seonepantssdineiass pletides ¢e. adjbstelinimpeangratentaining
nanoparticles having desired characteristics, |n some embodimenis, the
R BB P r SO BN T DORTBS Ararpgers he
sereeRaRetineaboutEn0a5900500, 1959 4a0!350iS epreaimedchs 0,330, 120,
1:1,2:1, 3:1.4:1, 5:1, 6:1, 7:1, 8:1, 9:1 or 10:1. In some embodiments, the
ralioof %er*é)&a?ﬂ’tgodﬁs%fdﬁ%ximately 0.5:1, 1:1, 2:1, 3:1, 4:1, 5:1, 6:1,

700887)9:1 or Dsdnle SABMIIGIBRRIFRERIEs teg DI RRNIseSGitanthg
surfactant at a ratio ranging between 0.5 -2. In some embodiments, the

reRABUAIGH WS TS RpitanimAanpRrti¢lecamppsition, hay,diameters
emvhatifR1m O e abisudl 6 uactant (0o his iR MASHHE- erdbodin s,

2:1. In certain embodiments, the ratio of oil to surfactant is approximately
1 RaTfiRben YE i dBYSBtSI BotlinsmaanePpricl rosmapitionhgyes digmeters within

rapgesnae esd R %= o drneome-esmadiTanisohe pargansof @i iv the-10o,
premix is 1%, 2%, 3%, 4%, 5%, 6%, 7%, 9%, 10%, 11%, 12%, 13%, 14%,
199 0rBOqmM 704, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%,

[00088] In some embodiments, particles (e.g., botulinum-toxin-containing
particles) within inventive botulinum nanoparticle corripositions have an average
particle size that is under about 300, 250, 200, 150, 130, 120, or 115, 110, 100, or 90
nm. In some embodiments, the average particle size is within the range of about 10-
300, 50-250, 60-200, 65-150, 70-130 nm. In some embodiments, the average particle
size is about 80-110 nm. In some embodiments, the average particle size is about 90-
100 nm.

[00089] In some embodiments, a majority of the particles (e.g., botulinum-
toxin-containing particles) within inventive compositions have diameters below a
specified size or within a specified range. In some embodiments, the majority is more
than 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, 99.5%,
99.6%, 99.7%, 99.8%, 99.9% or more of the particles in the composition.

[00090] In some embodiments, inventive nanoparticle compositions are
substantially free of particles having a diameter in excess of 120 nm. Specifically, in
some embodiments, fewer than 50%, of the nanoparticles in inventive nanoparticle
compositions have a diameter in excess of 120 nm. In some embodiments, fewer than
25% of the particles have a diameter in excess of 120 nm. In some embodiments,
fewer than 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 10%, 9%, 8%, 7%,
6%, 5%, 4%, 3%, 2%, 1%, 0.5% or less of the particles have a diameter in excess of
120 nm. Furthermore, in some embodiments, the nanoparticles in inventive

nanoparticle compositions have diameters within the range of 10 - 120 nm.
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26%, 27%, 28%, 29% or 30%. In some embodiments the percent of oil is
approximately 8%. In some embodiments the percent of oil is

WQpHiEMA8Tely 5%. [000121]In some embodiments, the percePEHUS2006/046236
surfactant in the premix ranges between 0% -30%. In some embodiments
th@@aTent of Afagiaaitialtieapreasisémbin o2 the 3lctAdpdintialar 4 ¥hear
90/1, 10%, 11%, 12%,.13%, 14%, 15%,f16%, 17%, 180/,.1?%0(9, 20010, 2 O/g d

s 3§ S5, PB S Aaylin sy s oS8 oSt a fHizp b of higbid bbund to

eqbsiivemsdie peresntats vifastant appinspaiabs Bihd Khe@ing elastic

embodjments the percent of surfactant is approximately 5%. [000122]In
s&ﬁ?@\éﬂﬁ BHIBREESHY h%&éa&ér&te&?ﬂ%a&m Uk LuHYg Resrel
thascenethali 0 Mesemb eflibranifeiiReintaap i samfestinr Bxdta potential
comprise two or mare oils. In some embodiments, the nanoparticle

CORBBERSNESES HHMBRAAMHRYe Hs0 B QMdiments:iPYsRtYe nanoparticles

emRedi N ottt NanPRLIBIRWwQR PES HANIAY LRIVPIRSIWe &hB¥dithents,
surfactants. [000123]In some embodiments, the nanoparticle composition

comeatieseannatielshars? arfprosuistderginehe s i kil mY-

Sm@ﬁpqu imeREntiie RABPRANIIE|6oRPORRRIHO Rre SRSIGIR EeSRSaHY &

nglitseprérgir(])r?sl!’ ﬁl some embodiments, the compositions are “oil-in-water” dispersions
(i.e., dispersions in which oily particles are disperéed within an aqueous dispersion
medium); in some embodiments, the compositions are “water-in-oil” dispersions (i.e.,
dispersions in which aqueous particles are dispersed within an oily dispersion
medium).
[00093] In some embodiments, inventive nanoparticle compositions do not
require toxic solvents. By contrast, many conventional strategies for inducing
formation of nanoparticles in a composition utilize toxic (typically organic) solvents.
In some embodiments, inventive nanoparticle compositions do not require polymers.
By contrast, many conventional strategies for preparing compositions that contain
nanoparticle structures require polymers.
[00094] In some embodiments, inventive nanoparticle compositions have better
tissue absorption and/or better biocompatibility than other nanoparticle compositions.
For example, in some embodiments, inventive nanoparticle compositions have better
tissue absorption and/or better biocompatibility than nanoparticle compositions that
are not uniform, that utilize one or more toxic (e.g., organic) solvents, and/or that
utilize one or more polymers.
[00095] In some embodiments, inventive nanoparticle compositions (e.g.,
botulinum nanoparticle compositions) are stable. In some embodiments of the
invention, a stable nanoparticle composition is one for which the average particle size,
the maximum particle size, the range of particle sizes, and/or the distribution of
particle sizes (i.e., the percentage of particles above a designated size and/or outside a
designated range of sizes) is maintained for a period of time. In some embodiments,
the period of time is at least about one hour; in some embodiments the period of time

is about 5 hours, 10 hours, one (1) day, one (1) week, two (2) weeks, one (1) month,
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surfactant, at least one botulinum toxin, and at least one substance used
to produce and/or preserve the nanoparticle composition (e.g. proteins,
W@ NeB/@4E197[000124]In some embodiments, the nanopatrticle E6FH939061§46236
consists of water, an oil, a surfactant, and a botulinum toxin. In some
e diinasishihthrendpardetksc rup b inenae) Sists Of ivaies,asixaib)anonths,

surfactgnt, at least one hotulinum toxin, at least one supstance use

o o P B SaHEDS CH B R et L hanihs, or
sa&iﬁg@tcnr;] Adetb @dﬂ)@ﬂi&miﬂielﬁﬁgd‘d&mﬁﬁwg@@i?gﬂm@ﬁ@&?of about one (1)
000125]The prese vention provjdes methods iverin

R A L ET RS DH T SR DAty ey Rymonths
vap giig eppticatien e clrding.atapRXaplepslastiedt nmbeanasiieopativles is
medical applicatjons. Such nanoparticle compositions may include one or
M ﬂ@%&é&@g@%@mmﬂwemﬁaaﬂ%m?ﬁ&ﬁaﬁ fba
CRRARASHI QA SH BB AL UMK S EH R A 2RI RtERIAQI RMBREWIBNESa tifted

present Invention contemplates methods of deliveri%% inventive

n&fRESAiE RO BT REMRIO PRI BRI e d 18 tathsBemaapparticle
inm&ﬁwarism@.cmsmtséﬁmm ISHANMy IDGR5Gd IR ut 50%,
or

administration are particularly favored for formulations (e.g.,certal

b&RUimd Y 1o} ndlshatitte CompaLhidRY)-hatoare e Pho Fal699.8%
logalipedefiRet. IHRSARUSHbSERHM AIAHIPRGNE (e RHeRoparticle

ingredients, however, is not always predictable. [000127]In some )
e IBERT EARCOMAEsSPERtinwR HidR arenaticast eraaibridintagiselly active

eREaRSWRIBSh IS AraRit PSP baSRIIcANISs R § G IRfRCHIBIRFBIY
into cells. Lipid-based carrier efficacies, however, may be dependent

uBBOBiSRIRY aeHSEER qige. PRSP sem psinhisiainirispdiafer qoamgeayitipn over
the SHUSIHRLE fri R SRR Siae anfl pkhionizatigpl gl amyRiologically

active agent or other entity included in the composition; and iii) the overall

hd80@9961 the subfedesarted hesein; inventivnneoarariisisteenepenibiositiaresuseful in
and{BGLhALE (Rl iRHN IR IR fiG éﬁ?li&@ﬁ%@ @é&%%%ii%@ﬂéﬂl%ay be

either lipid-based carriers thereby improving the bioavailability
céshesed fie alsubiect fey exmavpitatiorantaincluding) oot 2siitad foragestion,
invent ifi Vi thads. o nistel) uli i,
e et R A, EBehionsar
coel pesseubbis iisction trémoergin shveaibore s dhd @amplisétéerssargrdelivered
copditipns;.triinical effects of peripheral injection (i.e., intramuscular or
subcutaneous), or topically applied transdermal administration, of

bR toxink sheuld bglyotesbihatithvendive botulinum nanoparticle compositions

are readily distinguishable from other botulinum-toxin-containing compositions that
have been described. For example, Donovan has described a preparation in which
botulinum toxin has been incorporated into a lipid vesicle for transdermal delivery
(US Publication 2004/0009180). Such vesicles also require the incorporation of an
enhancing agent, such as an alcohol, to facilitate the absorption of botulinum toxin
through the skin. Donovan also describes a neurotoxin that is incorporated into a
transfersome, which are deformable carriers containing lipids and membrane softeners
(Hofer et al., 2000, World J. Surg., 24:1187; and US Patent 6,165,500). Donovan
specifically describes the preparation of phosphatidyl choline + sodium cholate
liposomes incorporating botulinum toxin.

[00098] Suvanprakom et al. have also described suspensions of liposome-

encapsulated materials in discrete macro-beads; one of the literally hundreds of
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week. The typical duration of symptomatic relief (i.e., for example, flaccid
muscle paralysis) from a single intramuscular injection of botulinum toxin
WQRR98SA4dAbe present for up to four months four months or I0PfgBUS2006/046236
durations of clinical effect following transdermal administration of
betipoindoxias g el tirts: tentbedpbbsenthoxpatianonds tBgresetit fusup

to_fQur months o r,.depending on the characteristics of the |ndividual
s55?@&?%}9&%38%0#%8483c%elf&ffﬁadraﬁ%ww e e Bt Riong these
Nangnakiss arepacatianiphaoMtd A wibhrisaiseeEatMothasERbanic solution
o%ﬁg}zzry skill in the art that botulinum toxin is currently administered

a

PRKONEURA 5y FREERTAN arl TR SANNEP ) MEagh HrRxarisiae
SEPRcIAbdIPBuId BEdYpREQNS BNl deami cRdyapidiizsdeareRasRiion. As
already discussed herein, botulinum toxin in the context of such
preparations is especially vulnerable to instability resulting in a loss of

pigte b @NSf WIS REBRI Qe vimpaieddgstability is suspected to a

result of protein denaturation, degradation, dimerization, and/or )
pER O zation [T BERIBLHBSFRES IBIRATHE S FRABRF HENT {6 b SRIHTRM

Stabiliphe Gestpsstha AP W e JHEPOP IR & VMBGHRAMERA. In some
consequences of human-derived albumin have recently been discussed
(@Qb&gm%ﬁ%mm@mmmwmmm%ﬁh@@gee_iape_an& However,
resRmRaAk AR HA'se sRreRAId e SRR Soidestanl e

amino acids may result in botulinum toxins having an improved efficacy
relahRd i st RaRMPaTHSepRRsHiNS FocuasTEddiescerdanstadtythepresent
dﬁ%ﬁﬁ%ﬂwﬁ@&gﬁﬁfﬁiﬁg%@?%ﬁ@ﬁgidiUm botulinum toxin type A

complex, human serum albumin, and sodium chloride packaged in a

sRL08Euum larreatiomeiphodimenisp droprssantca Yontinp arerasiige
stesile 00t a%gg%m sreéﬁﬁﬁ%égyaﬂ&%%%a@%ﬂ_ {Hélg?emix to high

injection grade). Specifically, standard injection protocols involve drawing
uphess trsger Ametadthisreiingéhe term Eshppr dpkeatasliens &y riterse diatis parallel to
B i o . ilarvi o "
o B R e et
BOateyialr). For sterility reasons, standard injection protocols involve

adkninatgring a 1 E%?‘SEE) fi ighi t

re?ggglgt tion. égg%ge}ﬁﬁhoug ﬁggﬁeﬁéﬁﬂﬁﬂggﬁ\%}%ﬁ% (E)EJE Rusr}ﬁear
tcfyoimﬁrebmamnh@@immgsmaqugégg@@@mﬂgembglmbgahames.
b%%’%o"x\’cﬁ% ORI RYe D O{H%“d?é'E%PanS’ﬁ’aeni%Sié‘ QFVG{?QG.% h shear
Furthermate, |nJe8tlon remains thie standard approac for Hetvetin
bmmrm)nampi,an@mmmmzmmmmwammsmmmé{mmqgb@nical
asncrall: patisntdiacamiod. eie JRRIaRIThe AiesenLiRkention provides
improved botulinum toxin"€ompositions (e.g., ORUTinURY toXim nanoparticle.
comjsbsftimnspaatic dsi gérearpeavinl e partjpndee chivethadspohdetsyandr can greatly

botgﬂggm toxin. fpcgesatrtut:ular the present invention proyvides ar%mods of .

t
d(rﬁlverlng oraimufs ngngf)e icle (r:lgpnoﬁcr)ns‘ftl%ﬂrsl ((Bl)l/1 %Sy}tle?\?asl‘l S Toute ,e » 10
att$arthdrodimeioks sSmveiiubcs aigdelivarings bdtidlpgieatiyxactbye raeta ogher
tkban imlecti n..[QQ0133]In gen r.a{, inventti.ve botulinym nanoemL{Ision
ofull 0X1 1S,1NC orated in 8 nventive naxroB 1c1e COmpos1 H)I‘IS the use Of
compositions may be administered by any available means mcluding,

witighushkarifatianc reiremmeasaltiie doatingreapadeynodiye hawaphrticle as compared to
opthalmically, yaqginally, rectally, etc. In certain embodimen oyever
it g e e R
sapenttawgbirsdnjectiesurfaenéramiyadiciests fiyaiirestiessonldiffogdatiofithe

in som hodiments by intravenqus injection, etc. In certain ..

AR B R VLD MR RSP G eBtiEecapine to the
agresaisterachtiamstiensaly high shear force can allow for the manufacture of smaller

particles (e.g., on average) and/or a more narrow distribution of particle sizes in a

nanoparticle composition.
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[000134]In certain embodiments, the present invention provides methods

of administering botulinum toxin transdermally. Human skin comprises the
WQ|2¢P8I84AHY the epidermis. The epidermis has several layers SCIEEH06/046236

namely, stratum corneum, stratum lucidum, stratum granulosum, stratum

si008402], and Birash dmisedén{ites) tifigh shearderdeoarelachieited Budapesafe to

the skin inward). [000135]The stratum comeuym presents.the most

SRR e RS B AR PP B SR Ry exemple
presunBR00pehtuliRumdexibodipeHisach Highgrassure ¢omihim tie range of
typicall t 10-15 ick, and it consists of flattened, keratised cells
R A U sy SR R A g
thebeanendes 3 filtedpiith lipidic structures, and may play an important

role i permeation of substances through skin (Bauerova et al., 2001,
Ei§8€ﬁ§3 JourAFBMS ABDOLmBRs et e Wﬁseafﬁw&aa@ﬁ%%%w be

[ORRARGITEhel Nep ¥ tae 2Rt diRH pRekuve st neum is
ai&r}oximately 150 p.m thick. The dermis is abqut 1-2 mm thick and is
lo

U08biow tHesopasmiedimrRsehish TRarHEGE@@DYeAdfpRstered by

CaRUlAue RASUR kit SR RRR L RERGRS B S A RABIS AIRASHSGINRY® Processor
administration of pharmaceuticals generally has been.the subject of

rdMicrORlHdig R EPRERHRVIME LenCaTRARAIOR) RIS ik dleiseatiicepfluidizer®
MeRicaiienspitia highdssialic.aansRAVRARAS ASIRHAISE WIHARIREHERS the

and oral ékzﬁvery. For examﬁiclce, needles often cause localized pain, and

poredusiheymsmistdrrne v gl aeity tor sigomedprHandie dgaanoscale
Orai @dministratias giignsfieasdrepRed mﬂﬁl\gﬁiﬁb‘i&i&ﬁrﬁn@% alaYBical

due to the extremely acidic environment of the patient's stomach.

[odoessienroRdhe-Rd e Y frinirsaBs s hithy elapidies finaihsdanErselatbA 00 m/s).
tegBIRURA U RS i R RAGRIYIGAIS RS 30 SUARR LI RS A G L RRRE

shortcomings by providing noninvasive administration. It is genérally

despapikewnkraciemstmdndbeshranatiohedirid aspedansag bigh hearicim to 107
sKify) Tilih [5a0a8R" Gk SHAian 9faH‘ﬂﬂF@f'96h0%ﬁM6ﬁ8%8@hﬁBlo§ies. Jet

eliminate pain associated with injections, reduce the likelihood of bloo

centtipmmatier bidnixpe e senbrsandaudlilitihsrefargshigic shgse prd émpact are
"RARAR Sy SIETURALY. ARSI HRAHRRAY bR al
adm?%istra%én 8§ meg??:ga)tél%n %avegéeen ocu@%ﬁﬁ?ﬁn@@aﬁgﬁﬁﬁggqﬂp
p&igeefbiidjzer thecknelrsy. corneum. Some attempts have included using
Chigooitas e hangild aarnsa BRSNS RAUIEARY ROl REEHIGR
tk?rpugh the skin. Sorme attergijpts #lave |}_101Iugé% ggng rjf¢1'et(:3ha{:nica%tIBJ s a
apielarsing byisasdior pwshne Phetiotenvficn@emptampldsssherhydraulic pressure
agdifion. AUF LT NAG Wﬁ&% SRl | | |
facil%tatee_the permeaﬂf}gn’ rci)k? pF a’rmagceuticatf? tﬁ?%%%f?%%gﬁﬁg%ﬁ%%é% - Asthe
cavep travelo shieaghie pressursrrrohacis diiveisabe ptotysicatisonstmbtiressure
MAISEE HDSRHIR G Thiln BERICRRYLER AR Bima to
ca%i?la%y bedﬁ ?n tlélé léerm %{s}nwhereﬁme aé%i%[ ?n%a%%%ns%/%;a{gﬁb’%%gﬁ?/gp eC?auy
indenigoedtBaddigetimesybieicroolanhidy theotighy ayhéchitheffeaduct stream will
accelerate to high velocities, creating high shear and impact forces that can generate a
uniform nanoparticle composition (e.g., nanoemulsion) as the high velocity product
stream impinges on itself and on wear-resistant surfaces.
[000106] As the intensifier pump completes its pressure stroke, it reverses
direction and draws in a new volume of product. At the end of the intake stroke, it
again reverses direction and drives the product at constant pressures, thereby

repeating the process.
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[000140]Although small molecules have been a major focus of

transdermal administration techniques, it is important to note that it
WQRHBAS tAAL large molecules, such as polypeptides, and prot4i/US2006/046236

complexes, are also amenable to transdennal administration.

Efotonrjietin, Whitheis tatptie48ttcattioaschisabbeehegprodessiidhys through an
transdemially administered with the assistance of ultrasound (Mitragotri e .
DT DB Al SRR LS P RLES e RS SO S PSS At this
[Wﬁﬂﬁlﬂl@@@o%i&ﬁ?ﬁﬁymmﬁﬁﬁmwgdﬁ%%mﬂr{&s%fm ibﬂlﬂs;hﬁiqifwéfsﬁfg or
administerin ulinum toxin transdermally t not re 0
ARy A b
elgoug;abanagnetic, etc.). Rather, the present inventors have surprisingly
found that botulinum toxin incorporated into inventive nanopatrticle
coMidons is R AYEGERPAGIERECE tfsBRESTAI RRHER 4 5AMBI St ps to

permeaBilizR 20 tibrdRE NS pH Al Toaa BRI SR RIEHEHAUSIET BRIRRS than
with inventive botulinum nanoparticle compositions is not necessaril

pAROBEYTHE S ML AmE AR Bife danPRRIRS-RIGHME it lashthamabout 9. 8, 7,
reg)uirad3 (00814 2hIMadpse s ensinveaiBo dhrEaiorm O [RYISE S MiatB e8l&/Rhin the
administering botulinum toxin through the topical application ofan =~
inARgad ARRUNAhIRAMSH AFERs: B FIB RIBROHI e thapmsinhehtners about
iInyggivgnotulinum nanoparticle composition is applied directly to the skin

and for absorption through the epidermal layers. In some embodiments,

thOYHPRhum aroms fanbedmpusiabie pvpativtsaeameledp Tayerfiuidized”
skiRolHUARG NS PBAIHMCRTELBA O8R! PRIR SN e el efeRed o

without the use of Cchemical or mechanical skin permeation enhancers or
ofifaeiagensinakRasssaseabishizabon143]1t will be appreciated by those

Z‘Lﬁﬁﬁi’l@'}y skillyfdhe-ath i dAMER LR SRPARQS HANR [BEIPRITAhat subjecting a

ministration may have a cosmetic formulation such as skin softener,

n@taN toddehtsracionsessian gensraing RANPAETCkhepaPEpinn, andimppeticular
el Rt Ilo N RSP 6FRRIPISBRING AL G am, make-up base, lipstick,

facial pack or facial gel, cleaner formulation such as shampoos, rinses,

b&RfPdnser, Wegersrabshe psuapsiromuehishiblsgntarqumpstidn suppositions
aglOPRRr QN IR SrHEATIE o PHERSHAAF RS I Y ontain at least

inventive composition for topical administration may be formulated and/or
atisinisreissdble srteraalsronendfuibishiyoil koo st twkithp dissevicaboediem (Le.,

Ulled:gnm he-4 ?P‘é/ﬁ? “g" &955 PRGN Soalild DRAdIME0Sy;
the cé%ppé%orﬁg qrmu%t éHan pi'%mﬁgg?ered s% ?f?&gtz%gtween%out imate
102RapATY e dakpraition)kg\randdermwalty plispesiou ot patueh oidkiparticles
I foms smAdmENS JRcOmpaRon s {armylated andioh adrigierah
s%ﬁtﬁgg%etween about 1 -1 U%%Sﬁé éhout ﬁﬁég pass t rtl)ug- thessps ° Qn s
patiemy svbivh. dqusonseattlesiareeditpetisedositiposiior ysifspensitataved noror
administered.so that.hetween abaut 0.1 units.an %%outs units pa
B e ST L PR e A T R B Tormed from
ordiin&wp shithincilée amedidl andpsonibientited stritslndoaiomblatdi oo bfits|teats and
are,biologically egquivalent or bioactively.equivalent to,Units defined b
e e e T CRURETL e bl Ry
dispersion medium notwithstanding that it is common to refer to “aqueous” and “oily”
categories.
[000112] Thus, in some embodiments of the invention, the premix will contain
an aqueous dispersion medium and an oily medium that becomes dispersed in
nanoparticle form in the dispersion medium; in some embodiments of the invention,

the premix contains an oily dispersion medium and an aqueous medium that becomes

dispersed in nanoparticle form in the oily dispersion mediums.
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[000146]The therapeutic effects of botulinum toxin administered according
to the present invention may persist as long as do the effects of injected

W@ aNeShe effects of such injected solution can persist for B6TOUaRG{046236
months. Furthermore, use of a synthetic polymer carrier that can retain the
b¢0ed1a8] toxinHeptealfibidingteaBRislowyrmvayl bwmlgakb@regestﬁtietmueous
to abqut five years (US Patent 6,312,708). [00014.7]Iin gne, embodiment,
sghadnt ?%9&&5%?%83&8%@% RO 3 BE CRRERF oA ence
awi@hampgéﬁ&?k mve@iiaﬁtim@fes‘éudiﬁgebbwmd dH@aﬁedléaiasy?uaﬂH,clfor example,
toxicity or botulism poisoning. In gne embodiment, dasages of hotulinum
ORISR R DAL Mg PHOTET Iy AP LB PO NRES Ighygcon, shor
aleRyiinlaléoldR 29/h WX @68 PRIHEEP HHNHBHS (Wbfated Mgt isihpicagErs@ated
side effects. The particular dosages may vary depending on the condition :
b&HPFSREYE ARt ARErapR eI bR RIRsEs BeriRAnhiEmosol-M, Isolyte

treatine mofi ke AR e RIRIRCTGBTUSCles may require high
transdermal dosages (e.g., 1000 units to 20,000 units%?of botulinum toxin.

In 000 dkison, TeesetrdinasrskybmchenraiiibalsA B WyHeruatr afswahle

9l By HRAHS BelbEl SIRITANRARRTG SOSREBSIEDE dRpered HNI
to about 1,000 units) of botulinum toxin. [000148]One embodiment of the

pRESEFAARTR B G RetRp Aty sl pha RABKSSERiGAM e Y oloRebmipRkide, for

a stapifredhaiinuritexiadesEaaras i abiely RemiBic. 9@ BRatiant.
The botulinum toxin can be selected from the group consisting of

b&ERAT tblaskgpEeTA sesdchorsge, qadengacontl SRRC M A¥HBIp FFEAUb?,
(i & AROUARRSEDIRBIHIHER O ASHE; 3 DALY EBH SERIBRIRRA Ymu,

made botulinum toxin. The composition can comprise between about 1
SRR B YOI RIHRECSE tHEh Saiicah 2685aRIAngPtid. ComRp GeftbAazghnut,

COPRASER ABARAURLRE hatuliamniosiusuiinien! ines i A MRaRHGut,
effect lasting between 1 month and 5 years. [000149]in some
efmpbe etz e qskanerdontermaiegskoviaks nbjnes) fJivewRiange efange roughy,
batuli " (e, . : " h .
e T e DL gt e o, rce
pérmemmigﬁﬁﬂ@mamsiwmmﬁqaammmyeﬁesbn@lﬁhmplaeﬁame,
SQHG Eﬁ‘&%?dgﬁi‘@ g, Qég%%fiﬂ,"s‘?ﬂﬂfg% AT %ﬁ%ﬂé RuBaly, 9¥§O¢i¥?é§alnut, and
e botulin nt a

than about 5% of t um toxin present in the pharmaceutic
covhpysition pdsiindybsthatete; bkpoulivdsigy cqrte applitatiglyskade;

in i ical. I tion, [000 T f . 1.
oD AR, A TSR U BRRLE 00, IS RS pinerel il

in the art w

aonfzldoderasdbroeadeahvktdiomobBomiiambiationsghirsof.

o g b e R e ipes o e

opiisany BRitintithappysoidtel¢hfariavamile ootulimuorezngictldjeactive agents

C%.né) ,Oggigﬁﬁu?ﬂa%xin) and/or one or more surfactants or emulsifying agents. Suitable
such surfactants or emulsifying agents include, but are not limited to,
phosphoglycerides; phosphatidylcholines; dipalmitoyl phosphatidylcholine (DPPC);
dioleylphosphatidyl ethanolamine (DOPE); dioleyloxypropyltriethylammonium
(DOTMA); dioleoylphosphatidylcholine; cholesterol; cholesterol ester;
diacylglycerol; diacylglycerolsuccinate; diphosphatidyl glycerol (DPPG);
hexanedecanol; fatty alcohols such as polyethylene glycol (PEG); polyoxyethylene-9-
lauryl ether; a surface active fatty acid, such as palmitic acid or oleic acid; fatty acids;

fatty acid monoglycerides; fatty acid diglycerides; fatty acid amides; sorbitan trioleate

(Span 85) glycocholate; sorbitan monolaurate (Span 20); polysorbate 20 (Tween-20);
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readily be incorporated into any of a variety of such structures. In some
embodiments, a transdermal patch may further comprise a plurality of

W aeiesSttending from one side of the patch that is applied ®BGHESHIN/046236
wherein the needles extend from the patch to project through the stratum
C@sIosebatdto Skivedi-60NBoBRhedInEN T Waenresdias orbater 80T cn-80);
blood vessel. %)%152 In om embodiments of the present |nvent|on1
bSRINReRPRAIS:AA (LY RIS RRRRnOSIFRTB S Kk poloxomer; a

prévrisies n@%w&seimmgh&atﬁh@mm rRagptie ie1deraich
causes_botulinum toxin to be directed out of the patch (optlonal% through

n@BARRERUAY SFHBG PPN A RSOl SPRIRSOTS i 1SRN agnine
Of(égﬁlﬁ[ﬁﬁeBéﬁ@i%ﬁ@rblfb§fﬁxﬁﬁﬁﬁfﬁl@&f@f‘éﬁﬂ8ﬁh&e&é‘&ﬁ9ﬂ€s§iﬁﬁt¢30me

exan%%es of adhesive patches are well known (for example, see US

pdippitsiphasplatieytebyrerokstemdamiae, @é@alﬂun@; Beadecyl-amine;
5 2481 Bananded A9eeicitlchelarly sRalhe s genealp phaRiatized

as having an adhesive layer, which will be applied to a person's skin, a

dadewcrbwwmkﬁelgiw@amarm&éehﬁwla&w@w@lsnp@}a&tbylene
fﬁ%ﬁ@@%@i&%&%@@gﬁﬁmm@meﬁyaﬁaﬁfm 88BRentfaving

exterior surface of a patch is typically nonadhesive. [000154]In

adehcHrBstantPIARCHieS IR dIdeiss Bk peinshTRapiEoRsoTeie diompairing
they PRSP dBAbINS BAYIRIRXT reMalisrsihlieih SsteRCRd PRI dS Hire of

time. For example, the neurotoxin may be present in an inventive

beififierh syslaspatic/Ehasmpsigtant ymerregiceireed gadipwalfipd them a natural
NSRRI LB ECRRVNARH IR ROMIBHG IR hakAlARHZES Pafment,

neurotoxin, and permits the neurotoxin to diffuse from the matrix and the
palﬂéﬁlﬂlﬁﬁlétﬁéﬁlﬂétd;@ﬁlmelylalboay@ﬂﬁbbrporated into the adhesive layer of

@(ﬂﬁtf@ so thaf 9&‘}[;% hsoBalR ao%ﬂriél‘ée% ﬁﬁ?ﬂ&tﬁﬁ? ‘FHE‘%B%B@%%emS

use th ough th in In one em e adheswe ermay b
h@msaetuvatb@l ﬁmémempmmﬁe@p@samsp@mwh@a@hesm iUS

Sl%ﬁ%&gﬂl %yh§ tm&@% 98890%' Et&qn%git Xﬁ'eln some

adhesive may remain tacky when stored at s than 37C, and once
apmlwitmhe thneth@mermetlose@ms)tanhms‘sﬂa%qomuaﬁe@ tiﬂtt@re present

R S SRR O A SO A e

tranﬁuavmmlpmwymﬂr@meuamgoﬁu ﬁe&lc@m’h:mimhompem@ That is,
b%’i%’ﬁx‘é‘%&%&?ﬂﬁéﬁfé%g%%‘CB%%&R’@J&ﬁ}’o %g'%q{?tﬁ%’ate YN8 to the

few other exam evice may be empldyed that allows t
cmmmgmm&ﬁtmb@appbamﬂnthbupMmpphphjgm todngbadicr{cccene's

hich ma ad to undesirable sis of t f|n ers Suitable
ngggsylclud? sgalf? as S\%/J)va%s s?/rlng%?s Wl%%hoa ngeel snalr)falsa%fﬁggr%asa
pacdhiesn piger &b epahdamnroef\h@eslmatrferhke magnteoplare firenaeapectikde

be msert d int iner.co ta|n| hec pasition. U es
may gsgéggsm&p hncdu % eas Re syrlno lcaF% %Vgoa il ggtggh%?ﬂg
coorpysitidnofiery dbstrable foptbalbdcﬂp@@zllpyidheeﬂmmlasw&mb&dm the
ma IIe fra |n es ont rson s skin.
a%[yg( 0 m%en n}f%he INVERtionn Qy u&eé?rggf@'tgL?w ‘:1']“\}%’0}181:
bbinlogicalipxctite agbnais oiabitein delaasty)ﬁﬁeﬁ the sedie @niodiombiaation of
such limited d l| ma ccom |IS e ilizing an inventive
T R DU e G R
ap&oaimnnoéqhaﬁimmsgtlmdﬂma tarediitennitiipakipwvithout applying
tkﬁ@ ositio to non-ta S|tetar2a§ of the sfkln Clearl a transdennal
T8 be e DRSS A R0 RS ISR BYETHOR My, FFOBES agRonents
tcmay myamblappbqﬁmamﬂiyfmm@ﬁmmmbﬂﬁgh SHeer faigas Adydsesome
%lrl% 0 mgceegrglaate or otherwse E)rotected from exaosui . .
y be microparticles or even nanoparticles. In some embodiments,

an inventive nanoparticle composition is prepared from a premix, wherein the premix
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Treatment Applications of Botulinum Toxin 10001571As described herein,
many embodiments of the present invention involve delivery of botulinum

WS AElbject in the context of a nanoparticle composition? GliER2006/046236
delivery is useful in a variety of contexts, including in particular certain
C%&lﬂ&eﬁ%ﬁi&ﬂ&@(ﬂ@ﬂﬂﬁﬁﬁﬁ@ﬁ}g@@ﬁ@ﬂﬁ@%fﬂ &Wﬂﬁ?lt&ﬁﬁlﬁdi@n. Ifl some
discyssed in more detail belJow. Cosmetic Applications [000158]Botulinum
to?lﬁi;ﬂﬁtg*?%ﬁz)ﬁ?é{?ﬁ%rCBﬁ@%e\ﬁfﬂéW‘{%é@M&%H%Hémﬁﬁéeaéﬁﬁﬁ}&ﬁgy.
Agiyetiserpitesatrigh Bileaf\feRserved with cosmetic use have a significant

[ Eact on patient compliance. CurrentI%/, BTXA is administered by medical,

m .
pdV98LE and 17 sscimnambedimy BSAiBRE iR tiopx ik Rty ARAURL RIPEgMIX
ingeatisthenviliahe [RIBHES dFalliRskRPis QRN MARRRAHSR S hevingiaERes

for preventing adverse effects from BTXA are knowledge and skill. Use of

cGHUREIRTStfSN TR eAmE GRLRAIMSABAtBRPGHES Aog¥TSY QH e shEfadlantat a

CRutee eahYi ICREFRREEET BNIGUE . IKRBWICEAB Rfi RMANRTARIY. it € S@factant is
example, facial and extrafacial muscles), is important for phlyS|C|ans to

sERRIOHBHEHN P dodel -thile iha%deRntghd To8:1, 9:1 or 10:1. In some
20RO RIS, thE M5 8P PrALEAC DR Io B PR ARl ¢ OB O ﬁg)@! 3€1, 4:1,

effects of current procedures for administering BTXA are pain an

héiefomd: I8¢ leahd Oidhdn Bmecudrdisienisathepiemireerpipriecadnnd
to,the ReRIoRURLEEHNE Y BB &Bowzpt?ﬁi&ﬁ{%ﬁﬂaﬁlﬁ{%ﬁg)’ﬁmg&ﬁo of oil to

effects. Adverse effects such as pain, hematoma, ecchymosis, an

. brwERsgRtdy st sEeaeli b Lippbrardalolesramesarhedimentatheietio of
Si{GRra Qe E&Gﬁ%@ﬁg‘}l@%{&ﬁ%&ﬁ{@@!ﬁii%ﬂy%z hut@renaklisiiashifents, the ratio

headache and possible interaction with concomitant medications.
SobeesecHeravet bernpiosiaratelaldid the most unwanted adverse effects

byo§oR e nting, s RraRshiseRRIgUSES ﬁérggﬂ{iS’f'oﬁtﬁrﬂﬁ: ARSI e tween

as well as the careful exclusion of patients with any contraindications Fain,
h&8Mat3fia; é@mmmw@ﬁ@@a%efmémmé@mwiih%xl%&é, 3%,
s, DefOrgyRNgh Aftay, BIHEA et o,li?%rl_'ﬂ/£tf’§*ﬁ, Ty, derparts, 19%, 20%
corrécted using apraclonidine of phenylephrine eyec?rops (Wolliha et’al’,

200%. ARYD3BYalA%06 2644, 26002 by 28YnifigdnondiVérshetiout smdodiments

wj r i confrast, t e inventi o s
o O K. Y S, D UL B B o it
adppirostedtelyoblinum toxins in a manner that minimizes adverse side

e oo SR S Rl
cbrtpesitioth edAfpridimsgomn andpalitictets tepesitoncfisthfagaat in the premix is
B STR Tg, PTIRR B, 1,
18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29% or 30%. In some
embodiments the percent of surfactant approximately 8%. In some embodiments the
percent of surfactant is approximately 5%.
[000122] In some embodiments, the nanoparticle composition does not contain
more than one oil. In some embodiments, the nanoparticle composition may comprise
two or more oils. In some embodiments, the nanoparticle composition does not
contain more than one surfactant. In some embodiments, the nanoparticle
composition may comprise two or more surfactants.
[000123] In some embodiments, the nanoparticle composition consists

essentially of water, an oil, a surfactant, and a botulinum toxin. In some

embodiments, the nanoparticle composition consists essentially of water, an oil, a
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[000161]Those of ordinary skill in the art will appreciate that inventive
botulinum nanoparticle compositions may be formulated together with any
WQRY¥/B#EB/ of cosmetically acceptable media in cosmetic prePaiAtioH6/046236
such as liquids, creams, emulsions, gels, thickening lotions, or powders;
theyfaanmoatdasvadebandialsn ayncasttieatyorecupiadiccaniyd i, produce
particular, monoalcohols, such as alkanols having 1 to 8 carbon atoms
Hhnde bt G G Y
pedpaILRdols, stshRaseadinbedr@iveotid il datiaconifydiinm gbianitand water,
propylene glycol), and glycol ethers, such as mono-, di-, and tri-ethylene .
T UK AS RO B AR Gt Papgpricle
argraiRidieheoaliselineaameihyliethrifiaast SH tisobie BoNKHHR. tSkighand at
components can be present, for exa%e, in proportions of up to as much

asergoRnsyShsianee rkediie REHICLAGIOr BT SR YEtRECHIRISHIIR composition (e.g.
10aR AR 15ansmetis preparations including inventive botulinum

nanoparticle compositions may contain at least one filler, especially in

order to obtain a matte product, which is especially desired for individuals

W HERSY A ih eI ilispaiSRToRiPoAfBIEE that is solid at room

temgerature and atmospheric pressure, used alone or in combination,

wHBRESEs not tearesseinanyiqrarmddsametiady ridieivsrirgmanoparticle
CRBRPSHIRshS 08 oV s RS AN SRHIPIG HRIENESRIPMIRAIS Visr SUESVAtications

these ingredients are brought to a temperature above room temperature

arRF B dny axrtnele-comariie poirmcsrisahandmasdicganpticationsindyeh
fi'mwm@%&ﬁgssm%ﬁm%piﬁémk lsRsbhigbR! 8Pl Fa@Nd BELIRE. I

still higher than 200C. [000163]Fillers may be absorbent or'nonabsorbent,

L anasgiriphodimeiticthamenepsbdaephposilions iReledmhobsinwmndadialso
thediigical substances Saamiak iRk i SRIDR ERRILIMER Sethods of
fillers are particulate and have an apparent diameter ranging from 0.01 to
1901}y eRNBrefsRibYg ﬂammm&ﬁ TO0PPSiHAES b@@i@dm bathpm élmemd 1ot
8%&&%#F&%ﬁﬂh?&éﬂe@fsﬁ‘&'&r&ﬁﬁg&%%%‘&t@le_o? %?dmﬁ?{u%?’é}f? Gﬂfel& 'Butes of
w eda t

|ch' the elementary part’lcle IS INSCrl ong its smallest dimension
(thebRiTdsizatéen aneatriby iR Avored fofProvRaedsE 6 00ert 8] Fegiihum toxin

WHIHIS ROV G RGN AR S'ARSNAL TOMHAR 296lar Rer9rolel §5RINSen:

are a common aesthetic problem and are believed related to overactivity

ofisseanhserifing rldhe fausslaten’s iredentmhdeytretayapivaysgredictable.
gl 61@’7}3’””k'ﬁ?ééxﬁ%'é‘ﬁ%b&hlgx?t%tdﬁtﬁé‘gre ﬁlf'%lggml,qﬁxpfnme formulations
underlying procerus, corrugator supercilii, ang orbicularis ocuﬁ muscles.
FW&IHM@@M%@E@@WQW lephé-basesb areig Iprg@c@ tfacilitate entry
aﬁ’;&Sacreﬁ‘I}.C%éiﬁ%Q&d' 05N AR NIRRT ﬁEBHHgéR{ %%%;%% lipid
manifestations of negative emotions (se.g., angér, anhxiety, sadness),
fatigopowticréss, fo0eBBpie, modrwemigeiaeotimge)f bptwistmetoxzite. 2.,
solutions._hay 2 one of S lar.therapies for.the .
O B S o) G AT bRABHENID SRR, Bother enity
parelydedon weatcemplatisinnameiic) thesolesThvial tyopftterstipjedudés present
eliminates the.a rance of wrinkles.,Sadick,NS..."T,he ¢ etic useof. ,.
o R R o0 LN B8 R el 6 TN i FSifaize

(2006 DEEIinprisitigla temipic (sedfcariets iherebioxiprolitinthevas

fQl;ioavailability of cosmeceuticals (i.e., for example, botulinum toxins).

[000128] The present invention specifically provides methods of administering
botulinum toxin, and particularly of administering botulinum toxin nanoparticle
compositions, for the treatment of various disorders, diseases, or conditions. Clinical
effects of peripheral injection (i.e., intramuscular or subcutaneous), or topically

applied transdermal administration, of botulinum toxins are usually seen within one
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treatment of forehead frown lines (Carruthers et al., 1992, J. Dermatot

Surg Oncot, 18:17). It has also been noted that injection of BTX solution
WS IRtysma produces an uplift of the mouth (Brandt et RCTAYF006/046236

Dermatot Surg., 24:1232). Injection of BTX solution into the point of the

chirdlasiseybeean deacdiebiraatimefsicripiment BestahifRaAsRccid muscle
(Carruthers et al., "Caosmetic Uses of Botulinum A Exotoxin," pp. 325-48,

ARSI H PR ASRSID G armHisH AL Be R Of RUBYDPELIBHBIY RaE 58D e
199491 PR AT RsuPreseRt o Mo Y oY idagd anaRa s 8 LaMRaAskiBas
for. the treatment of facial wrinkles and/or unsightly facial expressions

(RO B GTGRSRIR) iR BRI HRVA-RS RO HES AN AST O bl She resent
p@ﬂ@éﬁl@c&l%ﬁ/aé §M%Rﬁﬁtbeﬂ§ﬂﬁﬁb§ﬁﬁbgrt[6§é€}?8é n@ﬁ@bﬁ"i'&k'es
and/or expressions may equally be applied to undesirable lines or wrinkles
cef&é&fwwa%eféf&dnﬁtyfé%M%tiM@m% fpecifieformadatign pfin

SRRV BBLINERLS ANEPANRIBFRORARIRIE. COMPpositions for use in
treating wrinkles comprise one or more neurgparalytic toxins; in some

e knts slickitbRrpareciaipdbietbess oferdiriziskill da hs aeday: in
SYHRISTROHRRS IS uReAh y RIS F BRI SRR IR {RK B (Bt I S8 En

embodiments, the present invention contemplates administration of a
mMRYGSYIATAUIBISEHRTLA AdiGHId sabreriaikibenosaally TaengEEIPd0DABS] It

hag PRATEaGREN- RGN Suggested that the onset of facial wrinkles and/or .
lines can be delayed by the long-term use of botulinum type A toxin
tréeeaadyidipepisatbbensjachond i mdexipoote Aestier 24 a0 eh asepgattpns is
8428k V%%Yr?«{raﬁp?&Eﬁ&éﬂlg@'9&%@&5‘%9&%8&5% SR HRBP DS rotein

is a'risk of injecting unintended musc oups, potentially causing .
adotMe sidechffedabilityiprasneyied sontesuthbbptaieintdenabuatimmdegradation,

NAREMARIN IR ABPHSH e daGe FRABLOCTING! ALAHSRSPIRGHAY have

of time to delay the onseét of facial (or neck) lines or wrinkles. In some
erbmﬁnum@,béli@'btgIﬁftﬂﬁmiamwib\m@aﬁﬁl@goasiiégmm@%mko
th@of%ﬁ&ﬂ%? %E‘ﬁ%lﬁ».&%(ﬁfeﬂ()e%%nlgg?ﬂ BS&'é’PeQJn%Ig%\{Qnda%L%Mst&% ppget of

facial lines or wrinicles. In some embodiments, a botulinum toxin is
apluidigation g0y 03686@T3 td hirpiicatioiqropeieotat eparibhafttaibamin’s,
g r.than elay.the.o f facial li r wrinkles .
SR RS U AR 30D A8 SRR St
fatoxiandéonmeei ovproaqierflidao timlatiyectateativaalbuear peepatayotise
Ogéﬁéﬁi(ffc'a' ';&?ﬁ %ra‘fé””a'fr%%ﬁ'g&%@&&%%9' oke) o atulllllqc?{e Q8% Rium
applied at regular intervals to ace and/or néck over a period of time
glettdintimaridx iyetars th detapltkchonset wiiackblines, and sokies. dhlsodee
eubedinents, abgulinum o isapplisd stsauiarinenals g faee i,
ahdior neck oVer a period of time greater QED yEars 1o defay the hedt sihe
ofsfeslalnoresbsalinmkigboutly PeRISIMET (0. PAGCM I & ide, injection grade).
[0Q00169]Injection of Botulinum toxin t B (BTX-B) has heen evaluated i
e R AR P A S ok AR e PR GH L of
pdileets inghe teatetiatitsid®Eytng60 Sinits BUXEXR héenaturmhbivgrbubbling or

orhicylaris oculi, or frontalis muscle. Facial line rovements may be
oo e s L ey e s e ebahing o
Ndesiztiatkdretiouninef BepkiRN BOFDXNe it sy ritiporeasbas snsdhaf injection

effectt Was within 7 houri. WIS and Rman sittes WerE.stftisthcaﬁl{v f
beEP St heatmTt Wi e et st SOKLTASEHBA FOBLAGHTS after
ne¢ecnatinnidarate improvement (grade 2) on WIS and a 2-point

[ ent on RNKLS mirez et aJ., 2002, Otolwyngol. Head Neck .
T MR R R PR A
c@niclnpigiembility issues, sterility issues, efc.) have been well known, few improved

formulations have been developed. Furthermore, injection remains the standard

34



administration of a botulinum nanoparticle composition such as a
microfluidized botulinum toxin nanoemulsion to hyperkinetic facial lines. In
WM EAIBbdiments; the present invention contemplates adnRGiEtEs36906f#6236

a botulinum nanoparticle composition to regions of the face that typically

deyplepchiokdipeidid davuhkien esrialinstwitis exngee etk thadogpdaied of

such administration may delay onset f%r reduce intensity or severity

o AIIELHTUY Sy STERREHENP LTI G RRAOEY, H606, Arch. Facile Plast,

S900182j26). PLiETp¢SiA iBANim pEHAdeslihipioeidbmimimatoxaad thin
layer of muscle that is sjtuated on each side of the neck immediatel )
PRSP R BRI PP RR T 5 GO RAOR) hép grovides
is ilnpesvadad diyodeofadd il BEnsch *OHHMat WxanySENEatesgatiRR @t invention
corner, of the mouth tq the side and down and when moved forcefully
oRAHESTREMONR ShteirsnEsEUREPHRAIRPPEFEY POTRRSIRNT Gy any
bekdinyRr I@iii@?,zahai'rthﬁ%? pepateseHed! seadinemestiPRNLa toxin by routes
platysma muscle bands (i.e., typically referred to as the aging neck). A
cIQESTiEIAHINSFERI (1 to IV) based on horizontal neck rhytids, platysma
baoge133)d skindepdhefAnsaiBERIBEHIIRERIAR AhURIBHREMADS RAIY AP be

a guideline faor suggested dosages of botulinum. For example: Type 11

refdRRIRISIRTRY Ry PR RURIRRIR PRATIdnakiding: o shaychral RS RENA
angamylc s iRy T vasallyrefamioimnedeiaia horz eatalnesk Mytidsiain

thick, moderate platysma muscle flaccidity; and moderate $f<jn laxity
(MERBPEBETES. 10 vRYS0, thR-RTmRAsHiRNS a5 Admimsiad by pisction; in some

2QAUOARIEE kb2 eARB I G-3EA0 A §3H2 en® SRS NhtiARuscular

present invention contemplates administration of a botulinum nanoparticle
cORRRSRoH SQBIE SBRAMRIGHE Y ZBH BSRMHLA ISHAN Ao BR RS to
PlatyssaRands Madical SRHGALRDH DR QMR SHEARP RHEARRERS
[000174]BTX produced by the bacterium Clostridium botulinum reversibly
paraydeanaiintied muscle when administered in sub-lethal doses. BTX

hagdpasa used 1 LR e eHmaRiR AN YRGRE RLPRNOMLS SHRA SIS ERIS of

and conditions involving muscular spasm and/or contracture including

v@d@u@mﬁfg@p&igyma@répmé@m@mym@nm ﬁénrmanmim_ahﬂﬂennis and
trenpQniSPRASHC e SiaresHi g tammyiiele &Cﬂﬁgﬁéjﬁm%%ﬁgp%@{ﬂln corneum,

muscle, and various other ophthalmologic conditions’(Carruthers et at,
199stumalisidundstpam srenulRsunggratum spinosum, and stratum basale

(identified in order from the outer surface of the skin inward).

[000135) The stratum corneum presents the most significant hurdle in
transdermal delivery of medications generally, and presumably of botulinum toxin in
particular. The stratum corneum is typically about 10-15 um thick, and it consists of
flattened, keratised cells (corneocytes) arranged in several layers. The intercellular
space between the corneocytes is filled with lipidic structures, and may play an
important role in the permeation of substances through skin (Bauerova et al., 2001,
European Journal of Drug Metabolism and Pharmacokinetics, 26:85).

[000136] The rest of the epidermis below the stratum corneum is approximately
150 pm thick. The dermis is about 1-2 mm thick and is located below the epidermis.
The dermis is innervated by various capillaries as well as neuronal processes. |
[000137] Transdermal administration of pharmaceuticals generally has been the
subject of research in attempt to provide an alternative route of administration of

medications without undesirable consequences associated with injections and oral
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Facial Palsy [000175]It has been reported that injection of BTX into a

group of muscles on one side of a patient's face has been used to treat
Wod/eRMesis and vertical asymmetry caused by facial ne®ReTE)06/046236

(Armstrong et al., 1996, Clin. Otoknyngol., 21:15). In the latter procedure,

theeléxator Boigidhoiite, 2xgdivatfen caagerlodalivies it aedprseaiadilbose
oris muscles associated with t uth together with yarjous.muscles
P eSO e R B R SPCS A MBI RT o fen

treafRasaABongsOCPHId ARVt B tTGhHIegIbiKe Yesisahsvirerisly akalic
patient's face étg %ompensate for effects of nerve palsy on the untreated

sifRVGrHBR #81R AR hbodiment, the present invention

CquodTBERtes apmbRiStiaio Beeh At GG RRMESH R S0IROSISIBASHCh
as a mijcrofluidized botulinum toxin nanoemulsion to spastic facial

miGERRgUEA EPHeRTRPRIATORS PRI I AR B e PR 9 RVarseme dbessshortcomings
resPERSAdM FaRRMOSsARChHNYIRHERH tRsithefile RYaUB WSSk Eermal

also known as eyelid spasm). In some instances, the eyelid may L
refSERRARPHRIE ASAHERARRA8E s Amatienbh EHNT HoHSARIsHAl piginistration
CQTGHEA:SROAMUY YRR S BRI FRHOPSAN S ERS a RAUNH GRS T388 e the

spasms begin, however, they may continue off and on for a few days.

widrdthogbathlors comtanyimimm assiimpora the bieruailability of drugs once they

CoRlraliPpSraYdaeR iR SNRid completely closes, are possible. This
a%ﬁravated condition can be caused by irritation of the surface of the eye

(c br the Madiinanids AN EremisTehpdmmisationcofgnedigation
eyald brdeRiadapts MYCSARIRE ﬂéﬂ&%ﬁiﬁ?{%f'&%@%ﬁ’ﬁfﬂ@ﬁn@%?%me
also cause your eyelids to cloSe completely. [000179]Symptoms of
bletitrapsshrighineledrieuing shemiseli e gpgspitintinerevatiotiable
gvy&%g%ﬁgé RRSORLHNS BN Y Skl SR ARG PR R AR g
mechanical apparatus to bypass or ablate portions of the stratum coneum. In
addition, attempts have included use of ultrasound or iontophoresis to facilitate the
permeation of pharmaceuticals through the skin. In most cases, the goal has been to a
pharmaceutical agent, typically a small molecule, through the skin, typically so that
an agent may pass to the capillary bed in the dermis where the agent may be
systemically incorporated into the subject to achieve a therapeutic effect.
[000140] Although small molecules have been a major focus of transdermal
administration techniques, it is important to note that it appears that large molecules,
such as polypeptides, and protein complexes, are also amenable to transdermal
administration. Erythropoietin, which is about 48 kD, has also been successfully
transdermally administered with the assistance of ultrasound (Mitragotri ef al., 1995,
Science, 269:850; and US Patents 5,814,599 and 6,002,961).
[000141) The present invention provides, among other things, methods of
administering botulinum toxin transdermally that do not require use of abrasive or
other disrupting agents (whether chemical, mechanical, electrical, magnetic, etc.).
Rather, the present inventors have surprisingly found that botulinum toxin
incorporated into inventive nanoparticle compositions is effectively delivered

transdermally without further steps to permeabilize or disrupt the stratum corneum.

Use of such agents or steps with inventive botulinum nanoparticle compositions is not
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[000180]In some embodiments, the present invention contemplates
administration of a botulinum nanoparticle composition such as a

WO fdid®7ed botulinum toxin nanoemulsion to the eyelid muBERUS2006/046236
Cerebral Palsy [000181]Cerebral palsy includes a group of disorders

chetesterifeprbyludss bf allereboditherthostiné praempaiventivictianaisbieset
disorders are caused by injuries to the brain that occur during fetal
dé%‘fbrﬁ ent or near the time of birth. Cerebral palsy may be caused by

injoop1d2he cerehepredtheitargeiimnmidiefons paevidedmaerhvds ¢f HivelnBtkring
wijth higher mental facylties, sensations, and voluntary musgle activities).
(ORRIIBY iRy b e e LRI CaL PR LERPRb AB L P HER RO RAHRHEs
widebypditiere sbataasidielglasacahibodingafsChRasnseasgtisibotiliengased
muscle tone) which may affect%%ingle limb, one side qf the body (spastic

hFBREEEC SOTARRYE R % 8RR A PSS bt Bt shimeandan agsorepguhrough the
Qprpieslifydfs adkliinne HiEPBdTRHRS R Bighah i 158 Rl em@Ysition can

(pa%r%g/sis), sensory abnormalities, and defects of hearing and vision.
SB

FrigdhEioRIANSE afdheairimdRchitingetbe Aivm eeym, dermal pores,
[08R1S3dkHalestad JuRalent &R PaHER AV NS SRR INKHE fReiYeation

bright normal to severe mental retardation. Symptoms are usually evident

bERIRNSE]E o afrTReRVe bt 43 AR RPear as early as 3 months.

CaiePraspalsy is Wil RppRGaRNS NS R SRk ORaH Y tHuRY fathBventive
brain) and symptoms directly resulting from the disease do not worsen.

[OBEROSEIRRSSAE SARIFRl afpuRiTFaliommeYTAYRIE <Psaatiic yarmiairn such as skin
alpenan dumiiRR: 1%%@%@9@599&&&%@%&%%&9? Qfreaseskin milk,
e

Dyslcinetic (athetoid) cerebral palsy affects about 20%. It involves )
dERQBisRidRtionabAsiREa CHiave STBAcAhGEHY, fdakeipdastndipstick, facial pack

MOVERIEITE); Aaxs BRI PR IMMOES ST HR 408 Haled 985 Qfonics,

coordination, and abnormal movements. It affects about 10%. The
reith 803RTg by maialnical camBRON BRHSWI R BlojiebmBiREIRIH o Lt Clisams,
swgﬁgg@ gg&%SS]Symptoms of cerebral palsy include, but are not

limited to, seizures,
[000144] An inventive composition for topical administration may be formulated

and/or administered such that an amount of botulinum toxin between about 107 U/kg
and 10 U/kg passes through a patient's skin. In some embodiments, the composition
is formulated and/or administered so that between about 10 U/kg and about 1 U/kg
transdermally pass through the patient's skin. In some embodiments, the composition
is formulated and/or administered so that between about 10" U/kg and about 1 U/kg
pass through the patient's skin. In some embodiments, the composition is formulated
and/or administered so that between about 0.1 units and about 5 units pass through the
patient's skin to a subdermal target.

[000145] Those of ordinary skill in the art will appreciate that units herein relate
to Units that are biologically equivalent or bioactively equivalent to Units defined by
commercial manufacturers of botulinum toxin.

[000146] The therapeutic effects of botulinum toxin administered according to
the present invention may persist as long as do the effects of injected solution. The
effects of such injected solution can persist for up to about 4 months. Furthermore,

use of a synthetic polymer carrier that can retain the botulinum toxin so that it is
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muscle contractions, difficulty sucking or feeding, irregular breathing,
delayed development of motor skills, such as reaching, sitting, rolling,

WQ SIS 1Walking, motormental retardation, mental retardatioRCIPeen6/046236
abnormalities (dysarthria), visual abnormalities, hearing abnormalities,

spelstistd) sloolyrassiverdonp chautfetwds: lipitesboan oo eanti@s daeag
t(—:‘geg})%[(ﬁgj86]80tulmum toxins are effective in treating the child with
Isy and other hypertonias by decreasing deformity, promoting

fwootDQm]mprO\Ym@nmamfo@m@@d B hRIGNHE b5 PRI ENGTh TUpSEES.
Far childre fo al hypertonia bot;&numtoxms offer a dramatic but
te%?ﬁ% Lﬁ‘;‘ﬁ é ERURISRE: aft LipadePriFristiconnTisatarsRH ydimgyput not
haseRatyeg Renpopkiia R desballite iikaniap. ImPeiE R A i GiRRgs of

limitations. The long-term use of botulinum toxins and the role the toxins

oPBPYHRE P GBHEISBAPPSE theEhdreBh i & I BHbBEES FERLALOw o5

digeyeler ant ¥ehin e detsninerotaaniie oaiiiaiatmkl 2908 RR¥ssdrr
Rehabil Clin. N Am., 14:703). 000187]In one embodiment, the present

infAshion Hompartishas Somers RN NGH AR Bkmg R hesasditinr being treated
COURPBER A A BEIRiOle R LRI ARRAPBIISIOR A 2

patient exhibiting symptoms of hypertonia. In one embodiment, the
hYBRFBRIY EEMERIE DaY isARG Hl tansirearh Saerase ke, Snd PRRiERIS 220,000

Chiteks PR AM KPS SIS EARISAYSHINYOIMRS H Y AR Qi A aRMANN or

of one eye in relation to the other and is also referred to as crossed eyes,

ebynIprveOEsH Blasdumevregaireyelativsysneaalb transdesmabiosngesde. g about
CaUREHDUBLIRAK PRI BRISRREINERR e eves. As aresult, the eyes

look in different directions and do not focus simultaneously on a single

ptR0188I0189)(Prsmersbedyrsnsosiambpsasestiieenlivasonienilates &
Eh&%\ﬂeeﬁ%ﬁ%&!ﬁ%&#@ﬁf QeRmhEaS @S RIS P&Qﬁ?ﬂﬁ%ﬁgdennal

ortly after birth (congenital strabismus). When the two eyes fail to focus

oflelhecanint irfageanativainheahiadinum tghmeam beiplgeted fiamsheygroup
'fmlﬁlﬁg%wsgtﬁ?&&ﬂtw% ?)&eﬁﬁ% ihs, kﬁf 8@%‘%‘%‘1&8&%&%‘%

well. ThisToss of vision is called amb opla anditis requenty assoclated
witiirdteddismakou\l603deshond rempoxiy 32 0@H/646 286 ve or recombinantly

gﬂﬂ%&é%ﬁﬁ%ﬁ?%%ﬁbﬁ@ USHBAGHER EANRTMERVSSARYAMBISR 1uHiPro about

20,000 units of the botulinum toxin, and the composition can comprises an amount of
botulinum toxin sufficient to achieve a therapeutic effect lasting between 1 month and
S years.

[000149] In some embodiments, the present invention provides topical
formulations of botulinum to*in (e. g., of botulinum nandparticle compositions) that
allow the botulinum toxin to permeate through a subject’s skin without permeating in
significant amount through a blood vessel. For example, in some embodiments of the
invention, less than about 25%, or even less than about 5% of the botulinum toxin
present in the pharmaceutical composition permeates into a blood vessel upon
application of an inventive topical and/or transdermal preparation.

[000150] Those of ordinary skill in the art will appreciate that inventive
compositions that achieve transdermal administration of botulinum toxin may be
incorporated into a device such as, for example, a patch.

[000151] A variety of transdermal patch structures are known in the art; those of

ordinary skill will appreciate that inventive botulinum nanoparticle compositions may

38



the eye or brain, including closed head injuries and strokes. People with
diabetes often have loss of circulation causing an acquired paralytic
WQAHIS8MIY Loss of vision in one eye from any cause will usuedly/BaR(KIe/046236
the eye to gradually turn outward (exotropia). Because the brains of adults
anealigdslyinaplanrd tatovisipof theapikablefadhssaaiaiad. Withamdlyopia,

in which the brain ignores input from one eye, do not occur with adult

SR o e AL RIS Y AN, Comeises BUFal odestes

toetyeditigdt appgrrsitossebe pyeh that Wapsticdignte thinsainedii datineedles
vements, doubje vision, or vision in opnly one eye

uncoordinated eye mo
R s N e DT OGBS O R Ao some
. tf@fﬁb@ﬁiﬂg@?ﬂ%ﬁ&nlaa&l&gd@qwifﬁﬁtﬁ%@]ﬁ@dh&‘fq@ebeen reported.
Sixty-eight children (age range, 8-64 months) with acquired esotropia .
110 53 il th%%%ﬁ@?ﬁ\%%ﬁaw&mm%?ﬂww Wrel %ﬁmﬁatﬁﬁﬂée-g-, a
v tmadied HRabpMates adRRRtHy Qiabispovigse Rvallipadiht aadiPso that
weeks; 3, 6, and 12 months; and every year after the last injection.
[ORFS T8¢ aReSHh @0@?@%9@%@&&%@&@%&%@%&%&%@ iPHeefidhe patch

ME@iicHiEeSRoNaR QRtAREAIREHPHNER YWHhanEoRIeEkHoN (52.9%),
increasing to 48 (70.6%) and 60 (88.2%) children after two and three
infBRALY resphraomy srbRFiRIEHE GiotprssshimeAtianag raasdermal patch

PerRhesab i sipRsicateaan: LRRRIIBAREN SPattied ¥ BRHU known (for

stereoacuity of at least 400 seconds of arc categ(%)rg;/1 2 binocularit

R SEF N B 8208 DBy ST a Y IR o 683,712

e30SimI3 At H19gsess Aredintoss ohmeates %aw Al AAPYOR Aaving an
and favorable motor alignment were associated with better binocularity

ogthsiiye fope1 viish tith brerpliad iRy Berwn efkicy dcdrney aereiervoir for
Uegiieih phanauaH &I ALoR 2l 2 SREGEH MiHEEIUhIR FRIRD MR IYE the

hypermetropia, minimal amblyopia, and small esotropic deviation (Tejedor
e@%&?ﬂﬁ%ﬂ@h&h@@ﬂﬁt%ﬁ%@@hﬁﬁ%ﬁlaﬂa@h@é typicabynon-
[OQRLORMN one embodiment, the present invention contemplates
administration of a botulinum nanoparticle composition such as a

mi@P8isitlized Hotespidenosinitthsapraseibinusrtipnsdetnsuntiogig is

SYRIBIBBSE S8 AIRPlE BARG: AREORAINEOH HaG RANGHIHR 30t ended periods
Dystonia WO 2008/045107PCT/US2006/046236

of time. For example, the neurotoxin may be present in an inventive botulinum
nanoparticle composition. Alternatively or additionally, the neurotoxin may be
incorporated into a polyrﬁeric matrix that stabilizes the neurotoxin, and permits the
neurotoxin to diffuse from the matrix and the patch. The neurotoxin may also be
incorporated into the adhesive layer of the patéh so that once the patch is applied to
the skin, the neurotoxin may diffuse through the skin. In one embodiment, the
adhesive layer may be heat activated where temperatures of about 37°C cause the
adhesive to slowly liquefy so that the neurotoxin diffuses through the skin. The
adhesive may remain tacky when stored at less than 37°C, and once applied to the
skin, the adhesive loses its tackiness as it liquefies. The administration of the toxin is
complete once the patch no longer adheres to the skin.

[000155] Those of ordinary skill in the art will appreciate that a transdermal
patch is but one example of a device with which inventive botulinum nanoparticle
compositions may be administered. To give but a few other examples, a device may

be employed that allows the composition to be applied without first applying the
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[000196]Dystonia is a medical condition comprising involuntary slow and
twisting movements. An uncontrolled or slow movement is defined as an
WORHBHIHEAT of the muscle tone (usually in large muscle groupB§, T¢EbIpg046236
slow involuntary contractions of the head, limbs, trunk, or neck (i.e.,
cephgaisilysioniahekHingtayy siidhusaiMicith g nwdssirebitspafalyuicldshe fingers.
hetosis) or. sustained muscle contyaction (dystonia) may pe caused by a
D ERIOR S SR COTEL R G SO AL o e e
effetibedI@RRIST epaapRalppatity, anthdlusingipreguiRoreaddiecabmeringted

movement may be reduced or disappear during sleep, but it is worsened

by AT SEB AN AR hF URBOSHIRBHIHEL S DRI HR RS R igled by
a fphifasiaien f WasemewBpsiion QPR LIApbaneLrmbogicnartdprally
present invention contemplates adminijstration of a botulinum nanopatrticle
cORTBRL RIbHS SRAMESORTERIy R 7Y RSt GHRAEM A SIom AR SETngRI i the
PaUeRhexdihiting symptoms of dystonia. PROSTATE HYPERPLASIA
[000198]Botulinum toxin injection may be effective in_ men with benign
pl89kROhy perpshansRPAERSRIOb A VSREGAiE szs&fp%&aﬁér@ limit
ergeairgin AoARERMIZedite GNP FOntlRE §H¥ry Ik a1RasaIEmbodiments,

evaluation, each participant received 4 mL of solution injected into the
prdsthiiniiad delvaumpayParecomplishpd by Wkigie fR AU B BRIM I
D%ﬁﬁ%‘éﬂﬂd@%6?@96@%&5%%%?&%&899&19@ BRI X Anti DR the

outcome of each group was evaluated by comparing the symptom scores,

SEATPYYHSmIE-3 FEeric U agdheckir SYithat APPRUBE RO ASIOPRSI i togign-target
regid UpldriTRneolime cang p ek AHEIRRA HOMk £ 65y RRA I8 Ris end.

months, 13 patients in the treated group and 3 in the control group Flad
sédjernievsbnastetddiinallvef{ Porbromy Wyxin isdeidstapphesdrionstally to only a
DL IRXIBBESYBMANSCRFR AR FHLIGRTDY SMERMRABRILIR from
baseline values and the serum prostate-specific antigen concentration by
5E3PYAS-baseline. In patients who received saline, the symptom score

and serum prostate-specific antigen concentration were not significantly
changed compared with the baseline values and 1-month values.
Fdlteatmgnizdepligations 6f Botdigunnhitxén Maria et al., 2003, Urology
8888710002000 5 0 RO S0l NERISEENL VIO EQDIPPIAIRS
administration of a botulinum nanoparticle composition such as a
milyoinsdigevenoadlhaimbinorirtaxande msubjeet io thestiniexerhibitangparticle

S%%lﬁb%@lﬁ&f pé%%haé%lh%ﬁ’? R lé?eiﬁil in a variety of contexts, including in particular

certain cosmetic and medical applications. Certain such applications are discussed in

more detail below.

Cosmetic Applications
[000158] Botulinum toxin A (BTXA) has become a widely used drug in
cosmetic dermatology. Adverse effects of BTXA observed with cosmetic use have a
significant impact on patient compliance. Currently, BTXA is administered by
medical personnel and in a clinical setting both because BTXA is administered by
injection, which requires trained personnel, and because the major tools for
preventing adverse effects from BTXA are knowledge and skill. Use of correct
injection techniques is mandatory since most unwanted effects are caused by incorrect
technique. Knowledge of human anatomy, (i.e., for example, facial and extrafacial

muscles), is important for physicians to select the optimal dose, time and technique.
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HYPERHIDROSIS [000201]Hyperhidrosis is a medical condition in which

a person sweats excessively and unpredictably. People with hyperhidrosis
WQRaNEAsa0even when the temperature is cool, and when theyPaiéURp8&046236

Sweating helps the body stay cool and is perfectly natural. People sweat

mgedisdjarm taimparesticemmaicadirese effxaisef arrteriepnoeadeardo for

situations that them nervous, angry, embarrassed, or afrai ..
U SBD e SR S T TRt AR TS solution s
Thdrtnidtéréd/peinjdctios whe et hiseroyia i duabbglansssithAée common
uncontrollable sweating can lead tq significant discomfort, both physical . .
B GOTAIS WY PSS LS U A P A e S5O S, 4R bruising
anfitslsi saaliat hiénpperantoialfiypesidiogisxPafaaay e Dibiee pisssible
affects 2%-3% af the population, yet less than 40% of patients with this

cOtfSh SRS sids: BEVREE DRf tHRMRI8riRPstash Y PRASENG pisRstion with

CasRsontaRUHedIeAi BRsfOSNELJiFRRMaVIO bekh hideiliesoliitR sueain@anted
occurs as g result of another medical condition, it is called secondary

AR RRE ILretSTe @b isReR) iR aranesver indprs R tipmagiprage, and
logglizeehl@NRIRER IhEQNEIPE IhabrHTRSERN RS TRIRSIRIBAHAS. Pain,

but are not limited to, acromegaly, hyperthyroidism, glucose control

JRBRAPE DIFELRHRITSRADRL HAfBiReSsurOiAe branaking e Akindxore and
INfEH BIBX M ShIRBAbIS S BRENHACHIS IO HEY: IRkl RBFKBRANSIAISSS 8 lonidine or
heart or lung disease, medications, substances of abuse, or anxiet

cahardprhrpcyrdrery Yoo hi¥hidresis (dinddssgrol., 63:/141)-
[O08RRIB A MRHEHOKIN % BT R A, AR ¥aR A¥sthe FDA in

2004 for the treatment of severe underarm sweating, a condition called

priPRQASALil1ary B serkitflo Sis, Reesemt docadion prpwidehBretadmpadsampositions

INBEGEINENerRRECEN MARMRMANY HIRHH IS BRI DA SHUReminimizes

sweating. Side effects include injection-site pain and flu-like symptoms.

Bosirersy sideeliaeis shearmershodimsalithecatisseat s aitonantemplotesynethod
WeRKDRIH AR RERTSE RN 2LOPRPOAIT 9RE SMRARIMETL RS REESEM  tion

invention contemplates administration of a botulinum nanoparticle”
cGATPPERIBA SNRPORSTHS CRIADMIzes Bt armiesaflaired marnsrsnulsion. In
PIHENLRBIURIING UM IR FERTERRE oE X RPARIH GRHRRent, oil, £
[0002051The following egg}ﬁﬁf)eslare%g%ntean(?eﬁo ﬁrqc?\ﬂg‘geﬁ]ldgtlréti%ar%
oBBpGiftgsnbodiments contemplated by the present invention. The
SX00REE 7€ e JAenAsdiin A IRY EB@&%%&E‘%@p@éﬁ%%&hventive
Botulinum Nanoemulsion Formulation [000206]This example presents one
eppislimernaopantséemasipesiitersamesy by formulated together with any of a

variety of cosmetically acceptable media in cosmetic preparations such as liquids,

creams, emulsions, gels, thickening lotions, or powders; they can contain water and
also any cosmetically acceptable solvent, in particular, monoalcohols, such as |
alkanols having 1 to 8 carbon atoms (like ethanol, isopropanol, benzyl alcohol and
phenylethyl alcohol), polyalcohols, such as alkylene glycols (like glycerine, ethylene
glycol and propylene glycol), and glycol ethers, such as mono-, di-, and tri-ethylene
glycol monoalkyl ethers, for example, ethylene glycol monomethyl ether and
diethylene glycol monomethy! ether, used singly or in a mixture. Such components
can be present, for example, in proportions of up to as much as 70% by weight,
relative to the weight of the total composition.

[000162] Cosmetic preparations including inventive botulinum nanoparticle

compositions may contain at least one filler, especially in order to obtain a matte
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microfluidization comprising botulinum toxin (i e., for example, BOTOX(r)).
[000207]A preparation for microfluidization was made as follows: 1. 59 of

WQYsaHa18il and 59 of Tween 80 were mixed, heating as nee®&d/([¥pRM8alhf6236
not required) to emulsify the mixture. 2. 100 Units of BOTOX(r),

insRRAtes oMb iespeblamadeal bai it MaividARaarENekGA) TWaterm "filler"
added to 100 mL of deionized/distilled water and stirred untjl evenly
RS SnE Rasticls ik ia sok gog&am%bemmpaﬂhmm@ﬁwwed

UBIBIRVEY (BhsBEhafiok! QRACAIIRYRS Rash eBaRnicaly it MMOVARI8S tngredients
resulting particle distributions in Table 1 and Figure 1) 5. Single-pass

e GRBERY AP Bed e pesArsotr Pl iRdRese insrsrligntsifyey When these
MK%EEBJ%%@%P&Q@&% 1dAPOAAGE TBsvie RN ApBRRILIRA fééﬂ@éallr to
eva e

uated for particle size using the Malvern Nano S patrticle sizer capab

othsinsgfisaing peiBban ketheipBin B0 ANt 68BehRstrilesEyRisRiy have melting

NBBRRIHIRAR RBRATRERN TReUn PaLEieEIT RiBRAKRARYIB@N average
particle size of 95.33 mu (Table 2 and Figure 2). Table 1: Particle Size

DIgHGRbN of & HisrhapIeAb R PRI MEEhssioh cavRblE ihpaytigular of

|rH§§b?{§Yng the oils of the composition and also the biological substances secreted by
the skin. In some embodiments, fillers are particulate and have an apparent diameter
ranging from 0.01 to 150 pm, preferably from 0.5 to 120 um and better still ranging
from 1 to 80 um. An apparent diameter corresponds to the diameter of the circle in
which the elementary particle is inscribed along its smallest dimension (thickness for

lamellae).

TREATMENT OF WRINKLES
[000164] Facial wrinkles involving the forehead, glabellar, rhytids and/or
periorbital regions are a common aesthetic problem and are believed related to
overactivity of the underlying facial musculature. For instance, the development of
glabellar wrinkles is related, at least in part, to the dynamics of the underlying
procerus, corrugator supercilii, and orbicularis oculi muscles. Facial lines are
considered problematic because they produce the appearance of aging. In some cases,
they can also b¢ misinterpreted as manifestations of negative emotions (e.g., anger,
anxiety, sadness), fatigué, or stress. |
[000165] In recent years, injections of botulinum toxin solutions have become
one of the most popular therapies for the treatment of hyperfunctional facial lines.
After injection, the toxin acts to paralyze or weaken facial mimetic muscles. This
apparently reduces or eliminates the appearance of wrinkles. Sadick NS., “The
cosmetic use of botulinum toxin type B in the upper face” Clin Dermatol. 22(1):29-33
(2004).
[000166] The initial cosmetic use of a botulinum toxin solution was for
treatment of forehead frown lines (Carruthers ef al., 1992, J. Dermatol. Surg Oncol.,
18:17). It has also been noted that injection of BTX solution into the platysma

produces an uplift of the mouth (Brandt er al., 1998, Dermatol. Surg., 24:1232).
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Width (nm) Z-Average: 3391 Peak 1 1512 100 76.6 PDI: 0.341 Peak 200
O Intercept: 0.5852 Peak 30

WO 2008/045107 PCT/US2006/046236
Injection of BTX solution into the point of the chin has also been done for treatment
of prominent mental crease (Carruthers et al., “Cosmetic Uses of Botulinum A
Exotoxin,” pp. 325-48, Advances in Dermatology, James, et al., eds., Mosby-
Yearbook, Chicago, 1997).

[000167] The present invention provides nanoparticle compositions for the
treatment of facial wrinkles and/or unsightly facial expressions (e.g., due to
overactivity of underlying facial musculature). Of course, the principles and/or
compositions relevant to the treatment of facial wrinkles and/or expressions may
equally be applied to undesirable lines or wrinkles caused by muscle activity
elsewhere in the body (e.g., neck lines, etb.). In some embodiments, inventive
nanoparticle compositions for use in treating wrinkles comprise one or more
neuroparalytic toxiné; in some embodiments such toxins ére capable of blocking
facial muscle activity; in some embodiments, such toxins comprise botulinum toxin
(BTX). In some embodiments, the present invention contemplates administration of a
microfluidized botulinum toxin nanoemulsion to facial wrinkles.

[000168] It has been recently been suggested that the onset of facial wrinkles
and/or lines can be delayed by the long-term use of botulinum type A toxin treatment
via repeated injections (Binder, 2006, Arch. Facial Plast. Surg., 8:426). However,
repeated injections are painful to the patient, and there is a risk of injecting
unintended muscle groups, potentially causing adverse side-effects (e.g. ptosis). In
some embodiments, a botulinum nanoemulsion is applied to the face and/or neck over
an extended period of time to delay the onset of facial (or neck) lines or wrinkles. In
some embodiments, a botulinum nanoemulsion is applied at regular intervals to the
face and/or neck over an extended period of time to delay the ohset of facial lines or
wrinkles. In some embodiments, a botulinum toxin is applied at regular intervals to
the face and/or neck over a period of time greater than 6 months to delay the onset of
facial lines or wrinkles. In some embodiments, a botulinum toxin is applied at regulaf
intervals to the face and/or neck over a period of time greater than 1 year to delay the
onset of facial lines or wrinkles. In some embodiments, a botulinum toxin is applied
at regular intervals to the face and/or neck over a period of time greater than 5 years
to delay the onset of facial lines or wrinkles. In some embodiments, a botulinum
toxin is applied at regular intervals to the face and/or neck over a period of time

greater than 10 years to delay the onset of facial lines or wrinkles.
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0 0 Table 2: Particle Size Distribution of a Microfluidized
BOTOX(r)Nanoemulsion Diam. (hm) A Intensity Width (nm) WO
WQous/083907PCT/US2006/046236 1-Average: 95.33 Peak 1 PCT/US2006/046236
HYPERKINETIC FACIAL LINES
[000169] Injection of Botulinum toxin type B (BTX-B) has been evaluated in the
management of hyperfunctional facial lines. For example, twenty-four patients were
treated with 400 to 800 units BTX-B in the corrugator, orbicularis oculi, or frontalis
muscle. Facial line improvements may be evaluated using the Wrinkle Improvement
Score (WIS) and Rated Numeric Kinetic Line Scale (RNKLS). One study reported an
onset of effect was within 72 hours. WIS and RNKLS for all sites were statistically
better after treatment, with the effect lasting 8 weeks. In general, patients noted a
moderate improvement (grade 2) on WIS and a 2-point improvement on RNKLS
(Ramirez et al., 2002, Otolaryngol. Head Neck Surg., 126:459).
[000170] - In some embodiments, the present invention contemplates
administration of a botulinum nanoparticle composition such as a microfluidized
botulinum toxin nanoemulsion to hyperkinetic facial lines. In some embodiments, the
present invention contemplates administration of a botulinum nanoparticle
composition to regions of the face that typically develop wrinkles prior to wrinkle
formation. It is expected that repeated such administration may delay onset of and/or
reduce intensity or severity of wrinkles that may ultimately develop (Binder, 2006,
Arch. Facila Plast. Surg., 8:426).

PLATYSMA BANDS
[000171] The platysma is a broad thin layer of muscle that is situated on each
side of the neck immediately under the superficial fascia belonging to the group of
facial muscles, that is innervated by the facial nerve, and that draws the lower lip and
the corner of the mouth to the side and down and when moved forcefully expands the
neck and draws its skin upward.
[000172] Injection of botulinum toxin Z has been reported to treat sagging
hypertrophic platysma muscle bands (i.e., typically referred to as the aging neck). A
classification system (I to IV) based on horizontal neck rhytids, platysma bands, and
skin laxity can categorize the degree of deformity and serve as a guideline for
suggested dosages of botulinum. For example: Type II refers to mild horizontal neck
rhytids; thin, mild platysma muscle flaccidity; and mild skin laxity; Type III refers to
moderate horizontal neck rhytids; thick, moderate platysma muscle flaccidity; and

moderate skin laxity (Matarasso et al., 1999, Plast. Reconstr. Surg., 103:645).
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134.2 76.49 31.03 PDI: 0.252 Peak 2 44.97 23.51 6.34 Intercept: 0.9659

Peak3000
WO 2008/045107 PCT/US2006/046236
[000173] In one embodiment, the present invention contemplates administration

of a botulinum nanoparticle composition such as a microfluidized botulinum toxin

nanoemulsion to platysma bands.

Medical Applications
NEUROMUSCULAR DISORDERS

[000174] BTX produced by the bacterium Clostridium botulinum reversibly
paralyzes striated muscle when administered in sub-lethal doses. BTX has been used
in the treatment in a number of neuromuscular disorders and conditions involving
muscular spasm and/or contracture including various forms of palsy, facial
contracture, dystonia, hemifacial spasm, tremor, spasticity (e.g. resulting ﬁom
multiple sclerosis), retroorbital muscle, and various other ophthalmologic conditions

(Carruthers et al., 1996, J. Am. Acad. Dermatol., 34:788).

Facial Palsy
[000175] It has been reported that injection of BTX into a group of muscles on
one side of a patient's face has been used to treat facial synkinesis and vertical
asymmetry caused by facial nerve palsy (Armstrong et al., 1996, Clin. Otolaryngol.,
21:15). In the latter procedure, the levator anguli oris, zygomaticus major, rizorius and
depressor anguli oris muscles associated with the mouth together with various
muscles associated with the eye on the normal side of a patient's face were all treated
as a group in order to affect the entire vertical symmetry of a patient's face to
compensate for effects of nerve palsy on the untreated side of the face.
[000176] In one embodiment, the present invention contemplates administration
of a botulinum nanoparticle composition such as a microfluidized botulinum toxin

nanoemulsion to spastic facial muscles.

Blepharospasm
[000177] Blepharospasm is diagnosed in response to repeated and rhythmic
contraction of the eyelid muscles (i.e., also known as eyelid spasm). In some
instances, the eyelid may repeatedly close (or nearly close) and re-open. The
origination of this condition commonly results from fatigue, stress, and/or caffeine.

Once spasms begin, however, they may continue off and on for a few days.
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Example 2: Muscle Relaxant Effect of Injected BOTOX(r) Nanoemulsions
[000209]This example presents one embodiment of BOTOX(r)

W 2Bd4iusions that have comparable efficacy as free solutioREIRNREG46236
injections as a saline solution. [000210]The experimental design

c(§000ans] the flomisey évea BORENS(Y, whperaiconlid pEaplédXyrdloses, are
nanoemulsions, prepared in accordance with mple 1, were.injected vi
R G AP RS b TN (RS o PR GE OCP AR MDSHE) F OF the
Seiiegitabsier healenibiahes IR ThOE(I rRiRe gahdinag. Wihe fbiﬁilitﬁd;yelid
via intramuscular (IM) injection jnto the hind le strocnemius muscle o
L R R TR el UG5 PP ST RGBS, BRoHan Sy Sour
aggaldyas ¢1sesldentiatesrpine local muscle weakening efficacy (Aoki,

1999§. The DAS values were assigned as follows: (0) flat foot, digit spread

saM8LRbontrobYaptermsiat RicRharefnaseriasivdenBuhiaarot timgited to. 2
alepesine caronaiet d01dhe eeritie by efdieiis dpahRguany theussd: lid),

spread completely; (2) flat foot, slight space open at tips of all digits or
thight SRLYEERRGIYBY fididgits touching if foot is flat, four digits

tommopf fc.)o.t o) SHﬁY@%@&d%@fﬁéj, fHQb@QeﬁY%QQﬂﬁ;BOé&H' lates
[000212]IM injection of BOTOX(r) nanoemulsion and BOTOX(r) saline

sORMEHSHateR0h/ BesH By DRI RATERE SYTDPHEPE MFlyRS-B AR BtEATd
Disaustrias il radeRiatisa iR des bedhihsRotulinum toxin

nanoemulsion (3.96 U/5 Ill) and botulinum toxin saline solution (3.96 U/5
Al). The control group, which is a blank nanoemulsion, had DAS (0). Each
group (botulinum toxinJaaipgnuision, saline, and control) was comprised
of five (5) animals. [000213]This information proves that microfluidization

tl@9itlds do ferefualpilninkindeonarerneddisasdris hasectarivash tptass of

A5G EARRIER RS LURFLRNVRT ABHEHET oA G d LI B 5RlGries to

solution and that the botulinum toxin nanoemulsions are functionally

effeschixaan that occur during fetal development or near the time of birth. Cerebral palsy
may be caused by injury to the cerebrum (the largest portion of the brain, which is
involved with higher mental faculties, sensations, and voluntary muscle activities).
[000182] Injury to the cerebrum can result in the loss of nerve functions in
widely different areas. The classical finding of CP is spasticity (increased muscle
tone) which may affect a single limb, one side of the body (spastic hemiplegia), both
legs (spastic diplegia) or both arms and legs (spastic quadriplegia). In addition, there
may be partial or full loss of movement (paralysis), sensory abnormalities, and defects
of hearing and vision. Speech abnormalities are common and seizures may occur.
[000183] Intellectual function in CP patients may range from extremely bright
normal to severe mental retardation. Symptoms are usuélly evident before age 2 and
in severe cases may appear as early as 3 months. Cerebral palsy is a non-progressive
type of encephalopathy (injury to the brain) and symptoms directly resulting from the
disease do not worsen.
[000184] Classifications of cerebral palsy include spastic, dyskinetic, ataxic, and
mixed. Spastic cerebral palsy includes about 50% of cases. Dyskinetic (athetoid)
cerebral palsy affects about 20%. It involves development of abnormal movements
(twisting, jerking, or other movements). Ataxic cerebral palsy involves tremors,

unsteady gait, loss of coordination, and abnormal movements. It affects about 10%.
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Example 3: Muscle Relaxant Effect of Transdermal BOTOX(r)

Nanoemulsions [000214]This example demonstrates the therapeutic
WRAME8YdI Transdermally applied botulinum nanoemulsions (i RCT{§i52006/046236

example, a BOTOX(r) nanoemulsion). [000215]A BOTOX(r) nanoemulsion

(Or9deRRinIhg posRared s dtearsanecewitkifhiayplanbinuasdagitdaliybove
administered to the hind leg gastrocnemius muscle of five (5) Swiss
WEBREYEmale mice. A control group of five (5) Swiss Webster female

miceos3ived ByiaeoHEAHY RrepRIIgshRANAENIYSHNN SX¥eRPliRaEd to, seizures,

BOTOX(r) was gmitted, During the sevepn days followjng treatment, DAS
B I TATBOBITLE, Shod i R HER RRYESARRe el

the:Babinene e xiatoANARR) WIRR AL eatRth B! SitnaUEd1BhY) SReAERIBL Qlalking,
grouE. Aggravation of the skin (e.qg. irritation, redness, etc,). was not
0

AipbrRataE o epeRtal Rt sRRsChIrORCIRAILIE dsrihria), Visual
toAdIARGERISanHS MIRNOGIGHN A GIUEHERY NHARSSE TR ACEBINISHRNEN limited

in a manner similar to conventionally administered botulinum toxin
injARER AL TN AEREENRFRIe Relaxant Effects Due to Administration of a

Bripirsep Nangsmuisionokastregdeeone %ﬁ%ﬁﬂx’% REERT W IfHREI8Bral palsy
Botulinum vs. Topical Botulinum Nanoemulsion in Mice [000216]This

eRBfhpieepRPereniE BN HEAEd e ERFABRILY RISBHRE AtB e dpjTexirgmmotor
ot aRinY eRHvEIRRiaBh AN RARKIYISIRN eRiNALELREBR D rtonia,

relaxant effects equivalent to a standard injected botulinum pregara ion

(thatuliasm sesnsafismn dramaliohetioanose? ITTaablefRang fifigets
WehHarwics. r‘:r%‘é&ﬁ%ﬁ%@ﬁﬂ? Hmamwa@w@@aﬁm@{xﬁ& on

grams of weight. Upon arrival, all animals were acclimated to their cages

o mREiangrbus tenad dunstatipns pdhe dereperncyse pidy tdimea Fuswpnd the
a : . 2 : . f _
o%ﬁggg%%ﬂi@ E%%uction Scor?ng (Dﬁgslﬁ)J %%ﬁ%%%%&%ﬁ%%ﬁocal ypertonic

ndiserdefuarstion folhswivigrapmtit dtiepbbi SBOTON|r 2A8AoRMNEIditsd. Rehabil.

prepargd in,accprdance with Example 1. In the DAS assay, mice were
suspended by the tail briefly (10 seconds) to elicit a characteristic startle
rd80848¢lin whistpasembpdanentethaduegent invention contemplates administration

of a botulinum nanoparticle composition such as a microfluidized botulinum toxin
nanoemulsion to a patient exhibiting symptoms of hypertonia. In one embodiment,

the hypertonia comprises cerebral palsy. In one embodiment, the patient is a child.

Strabismus
[000188] Strabismus involves deviation of the alignment of one eye in relation
to the other and is also referred to as crossed eyes, esotropia, exotropia, squint or
walleye. It is believed that strabismus is caused by a lack of coordination between the
eyes. As a result, the eyes look in different directions and do not focus
simultaneously on a single point.
[000189] In most cases of strabismus in children, the cause is unknown. In more
than half of these cases, the problem is present at or shortly after birth (congenital
strabismus). When the two eyes fail to focus on the same image, the brain may learn
to ignore the input from one eye. If this is allowed to continue, the eye that the brain
ignores will never see well. This loss of vision is called amblyopia, and it is

frequently associated with strabismus.
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hind legs and abducts its hind digits. This assay was performed once a

week for 3 weeks. [000218]Three treatment preparations were prepared
WO 9éatment groups of mice: 1) BOTOX(r) in a saline sBfitibia¢16/046236

injection, 2) a nanoemulsion containing BOTOX(r) and 3) a "blank”

n§@etIMYsion confeiridgtalbifiaonsitukntanbteBell3Xfiuries to the orbit of

ngnoemulsjon. except the BOTOX(r). that was also processed.thrqugh the
VA A T SRR £ ASE BT LA T3 OH o O LI habetes
Cofi@iningeB6d GPHrbuldeainariHrdadigiied parlAlcsadBisn{ti) 18ss of vision

Mice were injected with 10U/5uL of BOTOX(r)/kg of body weight that was
sURHBRGEE ﬁmlgamf@%m&%awdiwmﬁj S R R

messleopidheBunshiegrRf BRend i deRdLRQlkuaiipdévdiopiaald hisdicahe
were treated topically with 10 U/100.ill of nanoemulsion of BOTOX(r)/kg of

bBIRPFaIS REIACIEIRA VB ARBIYORKe BKhiAN e PRl S3RaTgTigRHETOm one eye,

gastHeEReRIMRRURRIR afibrAind leg. [000221]Group 3 (Control) 15 Mice
were treated topically with blank nanoemulsion containing no BOTOX(rL
that

tHAOQEY hpplied ERERmsia Srahisiednslusdsyivny mmenpidiraitedinigyes
méi(%féﬁr efdbedingtlegfasastMaA I09R22AONRMESK aesdRigtlitNeye
ana/o

r transdermal application, the DAS assay was used to determine ™
pEIENERERIS fOHDICIBSINBaARE MIBIg R FeeRdYoMEceriElth Iopshdenth werseption.

PE6UTISS ONCq Bnyeini LR RETHUBRM K BPT M Patfd iBCHY acquired

and/or transdermal application of BOTOX(r) or a control preparation, the

vERpRRPiRBRYe BestdrpeEBdu Sivt - wiabt<ds b (reciiaagse fttdcmentbs: with
na&q%a}ée ARSI WEEaan: oL RRAVEUAN AN S SR iRNIRRSIGR AP as

an observer who was masked to treatment. Results and Conclusion

injected in the two medial recti. Motor and sensory statuses were evaluated at 1 and 2
weeks; 3, 6, and 12 months; and every year after the last injection.

[000193] After an average follow-up of 4.8 years since the last injection, motor
success was obtained in 36 children with one injection (52.9%), increasing to 48
(70.6%) and 60 (88.2%) children after two and three injections, respectively. Forty-
eight (70.6%) patients had at least peripheral fusion (category 1 binocularity) and 32
(47.1%) had stereoacuity of at least 400 seconds of arc (category 2 binocularity).
Higher hypermetropia, less severe amblyopia, and a smaller angle of esotropia were
the best predictors of motor success. Minimal amblyopia and favorable motor
alignment were associated with better binocularity outcome.

[000194]  Botulinum toxin rhay be an effective long-term treatment of acquired
esotropia. It is especially useful in children with high hypermetropia, minimal
amblyopia, and small esotropic deviation (Tejedor ef al., 2001, Investigative
Ophthalmology and Visual Science, 42:2542).

[000195] In one embodiment, the present invention contemplates administration
of a botulinum nanoparticle composition such as a microfluidized botulinum toxin

nanoemulsion to a patient exhibiting symptoms of strabismus. In one embodiment, the

patient is a child.
Dystonia

48



[000223]At one week after treatment, the group of mice (Group #2)
treated with the topical botulinum nanoemulsion preparation achieved a

WM N8B + 0.3 on the Aoki scale compared to the control FEUEHBONGBE6236
(Group #3) treated with the blank nanoemulsion that had a score of 0.5 +

0.04B196P01). By sionpay satedibaiseo Mo Copippidny inastiadaittlow and
botulinum in a saline solution ha? a score of 3.5 + 0.3., Bé/ﬁ%hre weeks .
aftBFHBEMHRYRTGBE (R YrERTEH AR SR VERERS 45t -w@et?&tanﬁmwmem
NJTARIMNISHNS fOFRNRKAANG BIAAROSRIIVIESroUPSTeehustho bW MWFBlihtary

saline had Aoki scares that were at control levels, as expected_ by the

pGBntRetons A ihehsadnlizrhsatBEIMAG it hfe GebrisRl chstAnidki Seerlow
MiGRBastheahebseryaR faRTHRLN ¥ Rebul ) Whsuvhick I eveHBRISS action

has a continued anti-wrinkle effect for several months when used at

tHEbsRRIA Bk LS FRHGHhENE Menheehrorditigutanstivhing errealpalsy,

irdiRiioRakednGsy Sie @S abRRRCESShRARPYH AR LMERBE horea. The
[000224]In sum, this controlled data suggest strongly that the topical

beRIMTIRl MONSEIRTIINAY Brcisaraas QudRonpeer SWdng e BYSiBIgiasened by
effacionertad DAHIRHED aﬁ%%ﬁrﬁéfﬁ&&@ﬁ@ﬁ@?&éﬁﬂw B manifestation
e

Nanoparticle Composition to a Human Subject to ieve Wrinlcles
[0RIOosA APNSFERISe topical botulinum nanoemulsion was prepared and

aff@b@fh‘ﬂ a peﬁ%%h&"%%ﬂﬁ'&ﬁ[‘%ﬂ@iﬁ@%@ winkles E@rﬁ@ﬁ?ﬁmﬂ.&eaﬁrﬁinistraﬁon
could be effective in relaxing the muscles in the forehead that generated
thelse hoRHinus Manape ehecoamesiian suehisata gl the Expd batul om toxin

the, A0KRINISHEALe: 9588%%&%@%%%9&3%@&%&3””6 solution that

was injected into those muscles). Méthods [000226]A botulinum
nanoemulsion was made employing the following steps: 1. Stir 800 mg of

soybean oil angg09MmaofrTyeen 80,in a sterile vial for Sminutes 2. Add
8.4 mL 0.9% saline with 4500 units of an approved botulinum type A toxin

peIMHASE uticaB st v oximinestion Hmnbe e Hewi vaimprefovithibenign
prostatic hyperplasia. Thirty men with benign prostatic hyperplasia were enrolled in a
randomized, placebo-controlled study. After a baseline evaluation, each participant
received 4 mL of solution injected into the prostate gland. Patients in the control
group received saline solution and patients in the treated group received 200 U of
botulinum toxin A. The outcome of each group was evaluated by comparing the
symptom scores, serum prostate-specific antigen concentration, prostate volume,
postvoid residual urine volume, and peak urinary flow rates.
[000199] After 2 months, 13 patiéﬁts in the treated group and 3 in the control
group had subjective symptomatic relief (P = 0.0007). In patients who received
botulinum toxin, the symptom score was reduced by 65% compared with baseline
values and the serum prostate-specific antigen concentration by 51% from baseline.
In patients who received saline, the symptom score and serum prostate-specific
antigen concentration were not significantly changed compared with the baseline
values and 1-month values. Follow-up averaged 19.6 +/- 3.8 months (Maria et al.,
2003, Urology 62:259).
[000200] In one embodiment, the present invention contemplates administration
of a botulinum nanoparticle composition such as a mi'croﬂuidized botulinum toxin

nanoemulsion to a patient exhibiting symptoms of prostate hyperplasia.
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4. Stir sample for 20minutes 5. Microfluidize once at 23,000 psi [000227] ,

The nanoemulsion was added to an equal volume of skin cream (Base
WEQesH43atishing Cream Light) and was vortexed into a unifoRQkEaAY6/046236

WO 2008/045107PCT/US2006/046236 [000228]A patient who had

significant horizontal wrinkles over his forehead, representing overactivity

of his frontalis muscles, was selected for treatment. This patient had had

never been treg%gawwg%&ulinum product or a dermal filler product. The

PP0BOZ0VRS asIespatidrisidostiaatdient duhaiborid-warthiacdelastioweats

surgeon using a 4-point wrinkle scale, wijth a scare of "I" equal to "no X
ek andmbresticiphly Beopls i A RETATISS FAB ARl fv g hen the
assapeRtws RIS Srhichahar P igdagesstasShedpsthalpd b Bbdysitay cool and
attempted to create_maximal wrinkles_ by contracting his frontalis muscles.

wisieAHFSL ARl BOPITEWRB TS 1 AL RERHE iV BFR theyexercise, or
("M axipialsB to WifaleiaiaRal RO 2L hThtsveatioMdha /54946l b AL RN,

and 4 on maximal brow elevation. He demonstrated excellent mobility of

b&H992k to colRPERiThEFERRRSHRA BT Bathont ek triggers. Those with
PROjRAARDSY aies BodigiiabobRcaemairas Ml aprliatabMies MbRotvéding

Rest and when asked to perform a Maximal Brow Elevation (Figure 3A,

miakisad fecheribcartatissamest kathpbigicrband soratinplat Bhep gxcessive

a§&f’e§tﬂ@éﬁé&?tﬁ@ﬁiﬁ&@k&é‘é‘ﬂ@ﬁﬂbﬁ_b‘ﬂt@@ﬂ%ﬂ _'Hi@r;déiffgﬁal
treatment but wash his face prior to coming to the office with Ivory Soap.

whesrBidrsisticanershopeptidiesitbaivcion e ridhe peppleiomsetstdess than
Exampiephiivis ARRIRH RA0RIDANSHE miRiRIPAR RYCTH R URHIPIOR Himary

his frontalis muscles by the plastic surgeon. The cream was applied to the
phtipprhideneneawsian eApsesipbe faHadu Birsamstty thi drifemylige 1f the

SWIEEAR/SIAEISINISHKGIVESHMAR BT ARG, YT II60reABhUAS

no longer visible by the surgeon. The patient was observed at the
phyBREfiA B8 ddgsmerangiparde-ril wuer sk badyepidttBadtbhilosaliend sejone

Mo d2 RUPGRTL ‘iﬂ‘iﬁc%ﬁ%%%@dﬁ%ﬁ% a&%%ﬁ%aﬂfé‘gu‘("&%eﬁom& fcg?d)t

was the observed on follow-up afte y and thenatl, 2, 4, 8, an
wessREeGH Yollppetiy vesitissmh gl petieroninelrikkesdarsRelstashebatavidrimnal

Brow: ' e physici iciary .
T e b eSO TS SN C imury,

[ctokel Ragkinsofirsdisease dirartasdung diseass pagdivatiens gwlistangss of abuse, or
. . A s b
o R TR A e
210002631 and BotulinxintexiBroncARATOX Hevehysiviand birtlzaFDA in 2004
agSesRMenh s JPALIBR URALMERL tiﬂﬂ#&%&%i?@ﬂ‘Bé‘i’lteed%?fr%'é’r%ﬁﬁm

the treated muscles that was equivalent to treatments
hyperhidrosis. Small doses of purified botulinum toxin injected into the underarm

temporarily block the nerves that stimulate sweating. Side effects include injection-
site pain and flu-like symptoms. BOTOX® used for sweating of the palms can cause
mild, but temporary weakness and intense pain.

[000204] In one embodiment, the present invention contemplates administration
of a botulinum nanoparticle composition such as a microfluidized botulinum toxin

nanoemulsion to a patient exhibiting symptoms of hyperhidrosis.
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he had performed on other patient's using injections of botulinum toxin in
a similar treatment area. The patient had a slight restoration of brow

WYY Week 8 but continued to have a significant reductR§TIY$%406/046236

brow mobility at Week 12 of observation. [000232]The patient was able to
move his other facial muscles ungexeaiplisi@itidan not treated and no
'fle-effects were ot{),s rved by the plastic s rg,eon,ﬁig luding np changes

Sl
tol 400N immdafte %W@%ﬁ?&ﬁ?&? PR &Eﬁﬁl‘\% e iphsfgions of
thepeatierinibp@ites R sitepiiashintly glageanin change STheligashpletah not

irrjtatioF{L redness, etc.) at any time after treatment. Conclusion 1000233]In
suRtenArd & ABY WAR L BE Mg WEygests that the topical botulinum
nanoemulsion preparation delivered a significant biological and clinical
effect that was assessed by t
cl R Hicac i RO ed for following a
StRmRUbfreatmens @I(Hi‘ni@%@ﬁiégeﬁ%ﬂiBﬁ%ﬂib@dﬁlﬁﬁﬂi%ﬁﬁ&&%ﬁﬂ}ﬂ@ﬂbxféﬁared by
this patient. Example 6: Further Botulinum Nanoparticle Compasition,
FeiRnEHiHzf iR PRI BEOG Y IRHRE b funifRl TR ARREH AHOX -
CQUURRBHICNS WRTBrBFERAGH B AGERIHANEL MM IS 2k f1RaRs that in

some cases, there were differences in the equipment used, the pressure

applied, the amd%iAt e dwaniat rndducef Tvaemh8Q srimmiseAdisyagiateiceded
composition Preg ieah Y Rediiiear EoLmieINGAiaRILY of the sizes
0

observed. The following average %rtlcle size and distributions were

observe@-(TabléoébUPé}‘@I@fﬁ@ Hitle Qﬁ@@i@ﬂ%d’t’l@ﬁ@ﬂ ieran @igigiasn matrix
BOTOX(r) NanggutsiangvIMe R ars!8iaa& N mL of deionized/distilled

water and stirred until evenly mixed.

3. Step 1 preparation was added to Step 2 preparation and stirred until
evenly mixed.
4. Preparation was homogenized for 1 minute (see resulting particle
distributions in Table 1 and Figure 1)
5. Single-pass microfluidization procedure at 24,000 psi was performed
using a Microfluidizer® Processor.
[000208]

Malvern Nano S particle sizer capable of sizing particles between about 0.6 nm —

The resulting nanoemulsion was evaluated for particle size using the

6000 nm. The BOTOX® nanoemulsion preparation had two particle size peaks
having an average particle size of 95.33 nm (Table 2 and Figure 2).

Table 1: Particle Size Distribution of a Homogenized BOTOX® Microemulsion

Diam. (nm) | % Intensity | Width (nm)
Z-Average: 3391 | Peak 1 1512 100 76.6
PDI: 0.341 Peak 2 0 0 0
Intercept: 0.5852 | Peak 3 0 0 0

Table 2: Particle Size Distribution of a Microfluidized BOTOX® Nanoemulsion

Diam. (nm)

% Intensity
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Width (nm)




76.8 91.594.2 95.3 97.9 112.4 Avenge _

WO 2008/045107 PCT/US2006/046236
Z-Average: 95.33 | Peak 1 134.2 76.49 31.03
PDI: 0.252 Peak 2 - 44.97 23.51 6.34
Intercept: 0.9659 | Peak 3 0 0 0

Example 2: Muscle Relaxant Effect of Injected BOTOX® Nanoemulsions

[000209] This example presents one embodiment of BOTOX® nanoemulsions
that have comparable efficacy as free solution BOTOX® injections as a saline
solution.
[000210] The experimental design compared the following two BOTOX®
preparations:
1) BOTOX® nanoemulsions, prepared in accordance with Example 1,
were injected via intramuscular (IM) injection into the hind leg
(gastrocnemius muscle) of Swiss Webster female mice.
2) BOTOX® saline solutions were injected via intramuscular (IM)
injection into the hind leg gastrocnemius muscle of Swiss Webster
female mice.
[000211] The Digit Abduction Score (DAS) assay was used to determine local
muscle weakening efficacy (Aoki, 1999). The DAS values were assigned as follows:
(0) flat foot, digit spread same as control leg; (1) flat foot, a difference in the width of
digit abduction compared to the control leg or two digits touching and the rest spread
completely; (2) flat foot, slight space open at tips of all digits or three digits touching;
(3) five digits touching if foot is flat, four digits together if foot is curved; (4) curved
foot, all five digits touching.
[000212] IM injection of BOTOX® nanoemulsion and BOTOX?® saline solution
were evaluated by DAS seQen days under a single-blind protocol. DAS scores of 1-2
were observed for both the botulinum toxin nanoemulsion (3;96 U/5 pl) and
botulinum toxin saline solution (3.96 U/5 pl). The control group, which is a blank
nanoemulsion, had DAS (0). Each group (botulinum toxin nanoemulsion, saline, and
control) was comprised of five (5) animals.
[000213] This information proves that microfluidization techniques do not
destroy the functional characteristics of botulinum toxin as demonstrated by injection
of non-microfluidized botulinum toxin saline solution and that the botulinum toxin

nanoemulsions are functionally effective.
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95 Distribution Threshold (um) % above 120 36.4 48.6 47.6

WO 2008/045107 PCT/US2006/046236

Example 3: Muscle Relaxant Effect of Transdermal BOTOX® Nanoemulsions

[000214] This example demonstrates the therapeutic efficacy of transdermally
applied botulinum nanoemulsions (i.e., for example, a BOTOX® nanoemulsion).
[000215] A BOTOX® nanoemulsion (9.9 U/100 pl), prepared in accordance with
Example 1, was topically administered to the hind leg gastrocnemius muscle of five
(5) Swiss Webster female mice. A control group of five (5) Swiss Webster female
mice received an identically prepared nanoemulsion except that BOTOX® was
omitted. During the seven days following treatment, DAS scores of 1-2 were
observed, scored in accordance with Example 2, for the botulinum toxin
nanoemulsion treated group but not in the control group. Aggravation of the skin
(e.g. irritation, redness, efc.) Was nét observed at any time after treatment. The data
show that a botulinum toxin nanoemulsion is biologically active upon transdermal
administration in a manner similar to conventionally administered botulinum toxin

injections.

Example 4: Muscle Relaxant Effects Due to Administration of a Botulinum

Nanoemulsion: Controlled Comparison of Standard Injected Botulinum vs. Topical

Botulinum Nanoemulsion in Mice

[000216] This example provided a controlled experiment to demonstrate that
application of an inventive topical botulinum nanoemulsion could induce muscle
relaxant effects equivalent to a standard injected botulinum preparation (that was not a

nanoemulsion).

Method
[000217] Thirty-five female Swiss Webster mice were purchased from Charles
River at approximately 20 grams of weight. Upon arrival, all animals were
acclimated to their cages for one week (group housed 5 mice per cage per Group as
defined below) and provided with standard cage bedding and Purina 5001 chow.
After one week, Digit Abduction Scoring (DAS) was used to determine local muscle
function following application of a BOTOX® nanoemulsion prepared in accordance
with Example 1. In the DAS assay, mice were suspended by the tail briefly (10

seconds) to elicit a characteristic startle response in which the animal extended its
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hind legs and abducts its hind digits. This assay was performed once a week for 3
weeks.

[000218] Three treatment preparations were prepared for three treatment groups
of mice: 1) BOTOX® in a saline solution for injection, 2) a nanoemulsion containing
BOTOX® and 3) a “blank” nanoemulsion containing all the constituents of the
BOTOX® nanoemulsion except the BOTOX® that was also processed through the
Microfluidizer® Processor in a manner identical to the nanoemulsion containing
BOTOX®.

Treatment Paradigms
[000219] Group 1 (IM) 15 Mice were injected with 10U/5uL of BOTOX®/kg of
body weight that was suspended in a saline solution and then injected into the
gastrocnemius muscle of the hind leg of the mice.
[000220] Group 2 (Topical) 15 Mice were treated topically with 10 U/100 pl of
nanoemulsion of BOTOX®/kg of body weight thaf was applied to the skin of the mice
overlying the gastrocnemius muscle of the hind leg.
[000221] . Group 3 (Control) 15 Mice were treated topically with blank
nanoemulsion containing no BOTOX® that was applied to the skin of the mice

overlying the gastrocnemius muscle of the hind leg.

Assessment
[000222] One week after injection and/or transdermal application, the DAS
assay was used to determine potential local muscle weakening effects of treatment.
This assay was performed once a week for the next three weeks. Following injection
and/or transdermal application of BOTOX® or a control preparation, the varying
degrees of digit abduction was scored on a five-point scale (0 = normal to 4 =
maximal reduction in digit abduction and leg extension) by an observer who was

masked to treatment.

Results and Conclusion
[000223] At one week after treatment, the group of mice (Group #2) treated with
the topical botulinum nanoemulsion preparation achieved a score of 2.8 + 0.3 on the
Aoki scale compared to the control group of mice (Group #3) treated with the blank

nanoemulsion that had a score of 0.5 + 0.3 (P <.001). By comparison, those mice
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(Group #1) injected with botulinum in a saline solution had a score of 3.5 + 0.3. By
three weeks after treatment, both the group of mice treated with the topical botulinum
nanoemulsion preparation and those mice injected with botulinum in saline had Aoki
scores that were at control levels, as expected by the published literature on injected
botulinum. (This decrement in Aoki scale in mice has been observed repeatedly with
botulinum, which nevertheless has a continued anti-wrinkle effect for several months
when used at therapeutic doses in humans.) Furthermbre, aggravation of the skin (e.g.
irritation, redness, efc.) was not observed at any time after treatment.

[000224] In sum, this controlled data suggest strongly that the topical botulinum
nanoemulsion preparation delivered a comparable biological effect to injected

botulinum.

Example 5: Administration of Botulinum Nanoparticle Composition to a Human

Subject to Relieve Wrinkles

[000225] An inventive topical botulinum nanoemulsion was prepared and
applied to a person with significant forehead wrinkles to determine if it could be
effective in relaxing the muscles in the forehead that generated those wrinkles (in
much the same manner that would be expected from the administration of botulinum

suspended in a simple saline solution that was injected into those muscles).

Methods

[000226] A botulinum nanoemulsion was made employing the following steps:

1. Stir 800 mg of soybean oil and 800mg of Tween 80 in a sterile vial for
Sminutes

2. Add 8.4 mL 0.9% saline with 4500 units of an approved botulinum type A
toxin pharmaceutical. Stir for 20 minutes

3. Homogenize sample for 1minute
4. Stir sample for 20minutes
5. Microfluidize once at 23,000 psi

[000227] = The nanoemulsion was added to an equal volumé of skin cream (Base

PCCA Vanishing Cream Light) and was vortexed into a uniform cream.

55



15.7 21.7 11 % above 300 0.0 0.6 4.5 0.0 3.6 9.6 3 Example 7:
Relationship of Pressure Applied to Average Particle Size Achieved

WQ aB823810R premix formulation was prepared as described inPEXAMI861046236
(except for the absence of botulinum toxin) and was split into 4 100 ml

aljgoo12sf-D, eagheénwhieb WasspasteshiiougihaiMisaivicizer (isdbeehead,
different pressure, res,ultintghiy; ? different average particle s%e, as
1S It

inEEPIESS R RE AV STRSELARS ontalis muscles, was selected for treatment. This

patient had had never been treated with a botulinum product or a dermal filler
product. The patient was assessed prior to treatment by a board-certified plastic

“17’

surgeon using a 4-point wrinkle scale, with a score of “1” equal to “no wrinkle” and a
score of “4”equal to significant wrinkle. The patient was assessed using this scale
when his face was “At Rest” and when he attempted to create maximal wrinkles by
contracting his frontalis muscles which was achieved by attempting to maximally
elevate his eyebrows (“Maximal Brow Elevation™).

[000229] This patient had a score of 4 at rest and 4 on maximal brow elevation.
He demonstrated excellent mobility of being able to contract the frontalis muscles.
The patient was photographed using a digital SLR camera as well as digital video,
both At Rest and when asked to perform a Maximal Brow Elevation (Figure 3A,
maximal brow elevation prior to treatment).

[000230] The patient was asked not to use any facial make-up or sun-screen on
the day of treatment but wash his face prior to coming to the office with Ivory Soap.
When at the office, 0.6 CC of the nanoemulsion cream (as prepared in Example 1)
was applied to the patient’s forehead over the distribution of his frontalis muscles by
the plastic surgeon. The cream was applied to the patient’s forehead skin by a pipette
and rubbed into the skin by the surgeon using his finger (covered by a plastic glove)
ﬁntil the cream was no longer visible by the surgeon. The patient was observed at the
physician’s office for three hours. He was asked not to touch his forehead for 12
hours and then to wash it off with Ivory Soap and water. The patient was the
observed on follow-up after 1 day and then at 1, 2, 4, 8, and 12 weeks. On follow-up
visits, the patient’s wrinkles At Rest and at Maximal Brow Elevation were assessed
by the physician. As well, the physician repeated standardized digital still
photographs and video.

Results

[000231] By the first week after treatment, the patient was unable to contract his
forehead muscles as evidenced by an inability to lift his brow on requested Maximal
Brow Elevation (Figure 3B). His wrinkle score was 2 At Rest and 2 on Maximal
Brow Elevation. The physician’s clinical assessment was that the treatment had

induced a complete paralysis of the treated muscles that was equivalent to treatments
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Table 4: Particle Sizesof BOTOX(r) Nanoemulsions Microfluidized at
Different Pressures Preparation Pressure (psi) Average Particle Size (am)
W28080851972 nm 10,000 107 nm C 17,000 94 nm PCT/US2006/046236

he had performed on other patient’s using injections of botulinum toxin in a similar
treatment area. The patient had a slight restoration of brow mobility by Week 8 but
continued to have a significant reduction in his brow mobility at Week 12 of
observation.
[000232] The patient was able to move his other facial muscles under areas of
skin not treated and no side-effects were observed by the plastic surgeon, including no
changes to the skin immediately after treatment or in any follow-up visit. Likewise,
the patient reported no side-effects, including any changes to his skin (e.g. irritation,

redness, efc.) at any time after treatment.

Conclusion

[000233] In sum, this experiment strongly suggests that the topical botulinum
nanoemulsion preparation‘ delivered a significant biological and clinical effect that
was assessed by the plastic surgeon to be comparable in clinical efficacy to what
would have been expected for following a standard treatment of injected botulinum

(in a simple saline solution) for this patient.

Example 6: Further Botulinum Nanoparticle Composition Formulations

[000234] A variety of different botulinum nanoparticle compositions were
prepared in accordance with Example 1 except that in some cases, there were
differences in the equipment used, the pressure applied, the amount of botulinum
added, and the volume of nanoparticle composition prepared, which may account for
the variability of the sizes observed. The following average particle size and

distributions were observed (Table 3):

Table 3: Particle Size Distribution of Microfluidized BOTOX® Nanoemulsions

Mean Particle Size (nm)

76.8 | 91.5 | 942 | 953 97.9 | 1124 A_vz?gs
Distribution
Threshold
(nm)
% above 120 | 364 48.6 47.6 54.7 50.7 53.8 49
% above 130 | 21.0 37.8 35.5 37.3 40.8 45.2 36
% above 150 9.1 274 24.8 20.3 314 36.8 25

57



D 24,000 89 nm Equivalents and Scope [000236]The foregoing has been

a description of certain non-limiting preferred embodiments of the
WORMBIR.0Those skilled in the art will recognize, or be able toPAICERRANH/046236

using no more than routine experimentation, many equivalents to the
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one unless indicated to the contrary or otherwise evident from the context.
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relRYAALI0 A AN PRIRRNGLEr RIARRSTed BRI SNtaBIalp0 includes
embodiments in which morethan one or all of the group members are
present in, employed in, or otherwise relevant to a given product or
PrOCqSRd MPEHRAIS: Lo B ARSI RENALE RBized at Different
encompasses all variations, combinations, and permutations in which one
or more limitations, elements, clausdedaigesiptive terms, etc., from one or
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that methods of using the composition for any of the purposes digc168td

nerein are induded, and methods of M4j00g the comppsition accggding to

Ay-of-the-methods-of-makihg-disclosed-hereir-orothermethedskrewn-n

the art are included, unless otherwise indicated or unless it would be

evident to one of ordinary skill in the art that a contradiction or

inconsistency would arise. In addition, the invention encompasses
compositions made accordingttBURMEH AN MRS for preparing
Coa0p238jons dingdaeeshbRieas[FOGP 8PN RBIR £ BMieAisnH e IRSEREfréR red

lists, e.g., in Markush group format, it is to_be understQod that eac

BTG TS SRR AR LB SRS T 2 PILTREPTLI A iaable o

reiieyachiiemglAe MieRhihisoalsteniRdithattthiR e an FRAUIVSIKS t6 the
intended to be open and ge{mits the inclusion of additional elements or

stassific srhadiveninaéaroonantenidsgenbred herriare theshRepritiparyskill in the
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elements, features, steps, etc., certain embodiments of the invention or

2 BherE JRDRIIENTEOR e SBirk i SRAREEhE Iy SR dDXEPERImahesfined in

faptufsitowigR21AtHs.For purposes of simplicity those embodiments have
not been specifically set forth in haec verba herein. Thus for each
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or consist essentially of those elements, features, steps, etc.
Claims or descriptions that include “or” between one or more members of a group are

considered satisfied if one, more than one, or all of the group members are present in,
employed in, or otherwise relevant to a given product or process unless indicated to
the contrary or otherwise evident from the context. The invention includes

embodiments in which exactly one member of the group is present in, employed in, or
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[000239]Where ranges are given, endpoints are included. Furthermore, it

is to be understood that unless otherwise indicated or otherwise evident
WSS tintext and/or the understanding of one of ordinary B&ill1i$2Ag6/046236

art, values that are expressed as ranges can assume any specific value

withieritisesicltadiagegiiredl e it enprocissemMbeohithatioveliomdadse
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comprising any nanoparticle, any method of manufacturing nanopatrticles,
afyTPERRtGMdEitirPeradrinred shemshpdusbysineshesrarpgsition for any of
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claims. For purposes of brevity, all of the embodiments in which one or
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of particles, wherein the majority of particles have diameters between
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nanoemulsion can penetrate skin without altering or changing the skin. 2.
Tﬁ@ﬂ?&_ﬁl@&nm@i@weg@ﬁymﬂ@tmldmi,e_%mm, or 165-170, wherein
tl%ﬁdﬁé‘ﬁ]'ty Of RAFUFLES MRt DA Ql IR BRES DL PRI ARRFBITIB R Ymat, it

0 and approximately 250 nanometers. 3. The nanoemulsion of any one
ofciaibesundanspad thas eadesugronmefahe glenmanipirplee diseloked Hmdeany
r i imatel raxi Q P
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nanoemulsion of any one of Claims'1, 149-151, or 165-170, wherein the

miafenstyebirpatticlesceavuiaingyetich tinpiarsrnh éeataes. st inacelyaii
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claims 1, 149-151, or 165-170, rein the majority of particles have a
raassenbildiaoheterk dementn fpprssirstatslye0 oo pyspesssmbsilyplioly those
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betbesimzgn aiineatoigntiorathd taoprprisenteky GOrae elemiats, features, steps,
etc., the invention also provides embodiments that consist or consist essentially of
those elements, features, steps, efc.
[000239] Where ranges are given, endpoints are included. Furthermore, it is to
be understood that unless otherwise indicated or otherwise evident from the context
and/or the understanding of one of ordinary skill in the art, values that are expressed
as ranges can assume any specific value within the stated ranges in different

embodiments of the invention, to the tenth of the unit of the lower limit of the range,

unless the context clearly dictates otherwise. It is also to be understood that unless
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8. The nanoemulsion of any one of claims 1, 149-151, or 165-170,
wherein at least 70% of particles have a range of diameters between
WQpHEMA8Tely 70 and approximately 130 nanometers. 61 9 PFHEUS2006/046236
nanoemulsion of any one of claims 1, 149-151, or 165-170, wherein at
leagicritde ahdiastiedas beveaisasgrlaftdiomealrrsdaeixtesid/apioxiaiabnhding of
80 and ap _roxim%fly 1¥&?nometers. 10. The nanoemulsion of any one
ofPORPhETHINARY Sl 10 el VUGS TR IR A TADBSH SR A SUIC ALY Subrange
supishan tad yireerah pariagsinaniéhapdmm iehinsakeast atSSbitsed b the
The nanoemulsion of any one of claims 1, 149-151, 165, or 167-170,
WHRERSIASERR PIRSA1ER% Br e eihtiefdbeimt of Hisoarer limisebie sngso

npo@z40]he NFRARIAHSHOR &f e AR RételdMRlarkASakR AP diment of the

167-170, wherein fewer than 25% of the particles have a diameter in

eREESILInyEntion may by rentisibemigludsd Soampmrengosmiase af the claims.
196} ehbbaemehtl Blerhdf, Mﬁﬁ@,&@ﬂ@&tm&%i@%&f Hﬁtﬁ%’&ﬁ&?&]{%ﬁ% &nd/or

diameter in excess of 300 nm. 14. The nanoemulsion of any one o

clERtRogls phghe invepsionde. g Any; botHBvEN FEiReA Qi 50ty Shpfactant, any
p%ﬁﬂﬁlﬁ%@ﬁ%@hﬁﬁ%ﬁq{d{bﬁﬁﬁ§QMpB@ti&%omi%@%ﬁﬁ%ﬁ%gfcle,

any one of claims 1, 149-151, or 165-170, wherein fewer than

paricrasthed efanspwrasrinedanopasickooanmrorts orHecatinb efadsig srtion,
ayP L3P fichddmpotidh s hathinBRred) dhe) PoRURIIBhed from any

particles’is substantially free of particles having a diameter in excess of
20096 Mo qlaansades Prrpesessi g Ve 2t efdhe smbadigens imvhich one or
165- . % : . . o
e o RS S IRUE el okt enpliciy
1491811 or 165-170, wherein fewer than 25% of the particles have a

diameter in excess of 200 nm. 19. The nanoemulsion of any one of

claims 1, 149-151, or 165-170, wherein fewer than 10% of the particles

have a diameter in excess of 200 nm.
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62 20. The nanoemulsion of any one of claims 1, 149-151, or 165-170,
wherein fewer than 5% of the particles have a diameter in excess of 200
nm. 21. The nanoemulsion of any one of claims 1, 149-151, or 165-170,
wherein fewer than 1% of the particles have a diameter in excess of 200
nm. 22. The nanoemulsion of any one of claims 1, 149-151, or 165-170,
wherein the population of particles is substantially free of particles having
a diameter in excess of 120 nm. 23. The nanoemulsion of any one of
claims 1, 149-151, or 165-170, whEl8iffewer than 50% of the particles
have a diameter in excess of 120 nm. 24. The nanoemulsion of any one

1 of cl%l\mns 1, 149-151, or 165-170, wherein few ré&pngnw%S% of tﬁl&‘ r[%artlckes

“have o GIANTOLET I eXCaag 51196 RAPUZE T RETRSAMGISIOn or ARy and Of

padiattmirngve, dikgeEl s dreldBen7ap pvhrimat¢ébniiagan Xiotkielf theCoaaticiesters,

' i S The, s f -
ER G R e i L
nanaeadlsianmeasriansttriesssin pihnut ermeesnaitehealsion. of any one
of claims 1, 149-151, or 165-170, wherein fewer than 1% of the particles

B G B8 PO IRt
aof ¢claims 1, - , , , or - , . wherein the difference
majafBbeh ISR RYS RARTE LSRR PE R AR I A and

apgiaxiatatetipeshotrsnesdrapproximately 600 nm. 29. The nanoemulsion
of any one of claims 1, 149-151, 165, 166, or 168-170, wherein the

3. differpnes HEOWRRTSIOs SRIHD WMeRG HElm A ElRL A0 RAXIMM TN the
particle diameter does not exceed approximately 500 nm.
majority of particles have a range of diametersvbeh approximately 10 and

approximately 200 nanometers.

4. The nanoemulsion of any one of claims 1, 149-95165-170, wherein the
majority of particles have a range of diametersvbeh approximately 10 and

approximately 150 nanometers.

5. The nanoemulsion of any one of claims 1, 149-95165-170, wherein the
majority of particles have a range of diametersveen approximately 10 and

approximately 120 nanometers.

6. The nanoemulsion of any one of claims 1, 149-95165-170, wherein the
majority of particles have a range of diametersvbeh approximately 10 and

approximately 100 nanometers.

7. The nanoemulsion of any one of claims 1, 149-95165-170, wherein the
majority of particles have a range of diametersvbeh approximately 10 and

approximately 50 nanometers.

8. The nanoemulsion of any one of claims 1, 148; 0% 165-170, wherein at least
70% of particles have a range of diameters betwapproximately 70 and approximately

130 nanometers.

61

ME1 9570325v.1



63 30. The nanoemulsion of any one of claims 1, 149-151, 165, 166, or
168-170, wherein the difference between the minimum particle diameter
and the maximum particle diameter does not exceed approximately 400
nm. 31. The nanoemulsion of any one of claims 1, 149-151, 165, 166, or
168-170, wherein the difference between the minimum particle diameter
and the maximum particle diameter does not exceed approximately 300
nm. 32. The nanoemulsion of any gne of claims 1, 149-151, 165, 166, or
9. 03-106 NG AE A HAER R SR e T A i G s east
70 dftpartiednhaveartioigedificiata e tos $ ad@Eprndd apy 8dmatehp giXimately
118mnan303mTtré? nanoemulsion of any one of claims 1, 149-151, or 165-170,
Wherei the difference between the minimum particle diameter and the
maximum particle diameter does not exceed approximately 100 nm. 34.

10The ABRIENORTIATPAY Bhk F1erRiFaImsI Lol #B10%} aBd-A%0vhaieiaine
poPlRIFRIGNSERABYGE RUBSEM AN FeBASH AR S IREVAIE M S P A EREBS of 300

particle diameter does not exceed approximately 50 nm. 35. The
NMhanoemulsion of any one of claims 1, 149-151, or 166-170, wherein the

particles have an average diameter of 300 nm. 36. The nanoemulsion of
1lany dine ofaciaemsilkidal Bf Eoily, omel 65elai0)snh eréPr 1686, parliéled havearein

refUPIRST SIRT ST EL RNl T, \Sig-piapy, one of claims

erein the particles have an average diameter of
150 nm. 38. The nanoemulsion of am{?one of claims 1, 149-151, or _
121 65-106, NReRMHBO P 2 RIVORSRS sl gkt BidBrater 410l Antvierein

feWEetRAN PSS iR Plarii &R RleCtalininbtédPeds s bf F0baemL 70, wherein

the particles have an average diameter of 75 nm. 64
13.  The nanoemulsion of any one of claims 1, 14D-1865, or 167-170, wherein

fewer than 10% of the particles have a diametexgess of 300 nm.

14. The nanoemulsion of any one of claims 1, 14B-185, or 167-170, wherein
fewer than 5% of the particles have a diametexaess of 300 nm.

15.  The nanoemulsion of any one of claims 1, 14D-95165-170, wherein fewer

than 1% of the particles have a diameter in exc€880 nm.

16. The nanoemulsion of any one of claims 1, 14B-b% 165-170, wherein the
population of particles is substantially free oftpes having a diameter in excess of 200

nm.

17.  The nanoemulsion of any one of claims 1, 14D-95165-170, wherein fewer

than 50% of the particles have a diameter in excE260 nm.

18. The nanoemulsion of any one of claims 1, 14B-b% 165-170, wherein fewer

than 25% of the particles have a diameter in exge260 nm.
19.  The nanoemulsion of any one of claims 1, 14D-95165-170, wherein fewer

than 10% of the particles have a diameter in exge260 nm.

62

ME1 9570325v.1



40. The nanoemulsion of any one of claims 1, 149-151, or 165-170,

wherein the particles have an average diameter of 50 nm. 41. The

nanoemulsion of any one of claims 1, 149-151, or 166-170, wherein the

particles have an average diameter ranging between 10 - 300 nm. 42.

The nanoemulsion of any one of claims 1, 149-151, or 166-170, wherein

the particles have an average diameter ranging between 50 - 250 nm. 43.

The nanoemulsion of any one of claims.1, 149-151. or 165-170, wherei
206 pHRRIEORSTRISIPAE ARG GRE AP T gind B RASR a0 0 AR tEaver
tharhBus aickenpidstiviesf e cndiafeina éxdd@e05imor 165-170, wherein

the particles have an average diameter ranging between 65 - 150 nm. 45.

217he RARQRIAPISIANGEATDY QRF &i&'é’ﬂ'aéii‘nslf,glltﬁ,lmﬂé@iﬂ%ﬂ\ﬂ?@fﬁ%éver

the particles have an average diameter ranging between 70 - 130 nm.
tham &% deenpistisest RaKe shdidmatanis €XaRRRPIMor 165-170, wherein
the particles have an average diameter ranging between 80 - 110 nm. 47.

22The maeqeMusiansidany ang eicleiniaimsl# ot 151015540, Qumdreneithe

the particles have an average diameter ranging between 90 - 100 nm. 48.
pop{ton SERAIfSksr & SR SRS ot PR A diame T ke of 120
nnthe nanoemulsion is substantially free of toxic solvents. 49. The

nanoemulsion of any one of claims 1, 149-151, or 165-170, wherein the

23NaNORRAUISIRAANINERES 657 SRRMLPEIAIME 1 XIABONLTES. 159 Wirein fewer

nanoemulsion of any one of claims 1, 149-151, or 165-170, wherein the
thaRB¥RTIYISrPEsHRISSsbave s iR e PeRk&9dIents. 51. The

nanoemulsion of any one of claims 1, 149-151, or 165-170, wherein the
24nanoeneulsinoetnotginaast Esg dharol OkdimbtoxiASebE165-170, wherein fewer

than 25% of the particles have a diameter in excE$20 nm.

25. The nanoemulsion of any one of claims 1, 14B-b% 165-170, wherein fewer

than 10% of the particles have a diameter in exge$20 nm.

26.  The nanoemulsion of any one of claims 1, 14B-95165-170, wherein fewer

than 5% of the particles have a diameter in exae$20 nm.

27. The nanoemulsion of any one of claims 1, 14B-05 165-170, wherein fewer

than 1% of the particles have a diameter in exa$20 nm.

28.  The nanoemulsion of any one of claims 1, 14B-165, 166, or 168-170,
wherein the difference between the minimum partitdeneter and the maximum particle

diameter does not exceed approximately 600 nm.

29.  The nanoemulsion of any one of claims 1, 14B-165, 166, or 168-170,
wherein the difference between the minimum partitdeneter and the maximum particle

diameter does not exceed approximately 500 nm.
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65 52. The nanoemulsion of any one of claims 1, 149-151, or 165-170,
wherein the nanoemulsion comprises less than 5% of toxic solvents. 53.
The nanoemulsion of any one of claims 1, 149-151, or 165-170, wherein
the nanoemulsion comprises less than 1% of toxic solvents. 54. The
nanoemulsion of any one of claims 1, 149-151, or 165-170, wherein the
nanoemulsion is stable. 55. The nanoemulsion of any one of claims 1,
149-151, or 165-17Q, wherein the majority of particles are stable for at
e aet DBAF TSR RGN A ARyPohe P el 01 ABLRSH 69
whiksbirl Ttk differeimcthbetnvegerityhef parinlen pretdiiehiedonati dashianieeks. particle
i ferHREDRsMUlsion.of anx.one of s, 149-151, or 165-170,
Wherain the majorﬁy o(ij pgﬁlc oS Gt iable or at least 2 months 58. The
nanoemulsion of any one of claims 1, 149-151, or 165-170, wherein the

31majofife sRpReRIEs A Aftabledoe &f 1Hakns mdlid B9 e or 168-170,
WHERBREIRW 75y 0h 8 S0 Bh CRIMSAmAR Perbi@idR%-AAQ (MERI&KNIO particle

_majority of particles are stable for at least 12 months. 60. The
digBREE ARSI AP bEXFRESRPBF XrAtely 398.1%1 . or 165-170, wherein the

majority of particles are stable for at least 24 months. 61. The
32nanoEmeutsinoaerhalisioorsd ahglamaoi clbdasl 511 4D-165, 1745, oh d&8A1Te,

Isi S e i r f , . .
e L A H A U T 8 i paricte
diamessdoesiorohexcged@ppeoxbyaighoaddfenta high shear force for less

than 10 minutes. 63. The nanoemulsion of any one of claims 1, 149-151,

330r 16fmd TfanuBaigisisheonangemelsidianmas penanased 6. EX0Oonnadmhith
_shear force for less than 2 minutes. _ _ _
difference between the minimum particle diametet ye maximum particle diameter

does not exceed approximately 100 nm.

34.  The nanoemulsion of any one of claims 1, 14B-95 165-170, wherein the
difference between the minimum particle diametet ye maximum particle diameter

does not exceed approximately 50 nm.

35.  The nanoemulsion of any one of claims 1, 14B-95 166-170, wherein the

particles have an average diameter of 300 nm.

36. The nanoemulsion of any one of claims 1, 14B-b% 165-170, wherein the

particles have an average diameter of 200 nm.

37. The nanoemulsion of any one of claims 1, 14B-b% 165-170, wherein the

particles have an average diameter of 150 nm.

38.  The nanoemulsion of any one of claims 1, 14B-95 165-170, wherein the

particles have an average diameter of 100 nm

39. The nanoemulsion of any one of claims 1, 14B-b% 165-170, wherein the

particles have an average diameter of 75 nm.
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66 64. The nanoemulsion of any one of claims 1, 149-151, or 165-170,
wherein the nanoemulsion was generated by exposure to high shear force
for less than 1 minute. 65. The nanoemulsion of any one of claims 1,
149-151, or 165-170, wherein the nanoemulsion was generated by
exposure to high shear force for less than 30 seconds. 66. The
nanoemulsion of any one of claims 1, 149-151, or 165-170, wherein the
nanoemulsion was generated by exposure to pressures greater than,

403 000 RRTEBSCTHISERGLAISOR B SRYER-cFRRRACE 43. BRETSIN the

patt@det Hhwehereindize o aivwestasidbOvamgenerated by exposure to
pressures greater than 10,000 psi. 68. The nanoemulsion of any one of

4lg'aimﬁqé, ARt QbA 8P APoMBrRIR RS PanRsBEIRieNWaS PRARIALRML

y exposure to pressures greater than 18,000 psi. 69. The nanoemulsion
Pagicey e sntrRiRIgde dipmetar GNOF PRIMEAB3EM AR nanoemulsion

was generated by exposure to pressures greater than 24,000 psi. 70. The
42nanceteulginoephalgionns ahgleimoilclbidsld 1l - 185-46'A.70heteireihehe

anoemulsion was generated by microflyidizatio 1. The nanoemulsion
Pl TS T ATRIEe DTS, o0 Hiad PR T nanoermulsion
was generated by microfluidization at a pressure greater than 3,000 psi.

4372, THeermansamukion of any ene of elaims 1, 148-0%1651765vtrerein the
paRRIEIRANe Q?QQ@FH&@@QM@%&%I@%{?BM@WWO” ata

pressure greater than 10,000 psi. he nanoemulsion of any one of

claimg 1, 149-151, ar 165-170, whegein the na Is] S generated
Ay S AAREEH B, AR00RE AP an HRb 60 110, Fhgrenn the
partvies hautsian al/arggerdiavhetammantingl 8etédeol 3651170, wherein the

nanoemulsion was generated by microfluidization at a pressure greater

45than 24.008,88mulsion of any one of claims 1, 14D-05 165-170, wherein the

particles have an average diameter ranging bet#¥@en130 nm.

46.  The nanoemulsion of any one of claims 1, 14B-95 165-170, wherein the

particles have an average diameter ranging bet@@en110 nm.

47.  The nanoemulsion of any one of claims 1, 14B-95 165-170, wherein the

particles have an average diameter ranging bet@@en100 nm.

48. The nanoemulsion of any one of claims 1, 14B-b% 165-170, wherein the

nanoemulsion is substantially free of toxic solgent

49.  The nanoemulsion of any one of claims 1, 14B-95 165-170, wherein the

nanoemulsion comprises less than 50% of toxic stdve

50. The nanoemulsion of any one of claims 1, 14B-b% 165-170, wherein the

nanoemulsion comprises less than 25% of toxic stdve

51.  The nanoemulsion of any one of claims 1, 14B-95 165-170, wherein the

nanoemulsion comprises less than 10% of toxic stdve
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75. The nanoemulsion of any one of claims 70-74, wherein the
microfluidization is single-pass microfluidization. 67 76. The
nanoemulsion of any one of claims 1, 149-151, or 165-170, wherein the
nanoemulsion was generated by cavitation. 77. The nanoemulsion of any
one of claims 1, 149-151, or 165-170, wherein the nanoemulsion was
generated by high pressure homogenization. 78. The nanoemulsion of
any ane of claims 1, 149-151, or 165-170, wherein the botulinum toxin i
52l SRR RESH RS S FIS R o A e e
natleémsiltjcivOehidrjswsliesslthianvae refitottie strdimmum toxin is adsorbed on
the surface of the particles. 80. The nanoemulsion of any one of claims 1,

53149-4RL IR Qo WBEERH Sg B?HQWH%HE%A@J M‘fé@i-ci?@%ﬁgrbﬁ%hle

particle interface. 81. The nanoemulsion of any one of claims 1, 149-151,
NapgpeBBUSAN CRIBPEREMHE BDINRULYEXIIPICIBEBd from the group

comprising type A, type B, type Ci, type C2, type D, type F, and type G.
5482. Theenanasimidiion of any one of claims 1, 149-051651765wWHéein the

whereq%the.botul' um toxin is type A botulinum toxin. 83. The

nangso ll.l(?gi(s%%? y one of claims 1, 149-151, or 165-170, wherein the
botulinum toxin is a botulinum toxin complex. 84. The nanoemulsion of

55¢claiml B8, NanesTtBie hafLaimu AN oRfrt Eimip fex1dB ke rRodexain the
mé]smylggwﬁjaég%rgmm-tggg AQiemagglutinin protein. 85. The

nanoemulsion of any one of claims 1, 149-151, or 165-170, wherein the
botulinum toxin is jncorporated within an albumi trix .
56. e nanoemu‘sﬁ)n %? any one opcﬁaums fnidr)})nﬂ)% 165-170, wherein the

majority of particles are stable for at least 2 kgee

57. The nanoemulsion of any one of claims 1, 14B-b% 165-170, wherein the

majority of particles are stable for at least 2 then

58.  The nanoemulsion of any one of claims 1, 14B-95 165-170, wherein the

majority of particles are stable for at least 5 then

59.  The nanoemulsion of any one of claims 1, 14B-95 165-170, wherein the

majority of particles are stable for at least 12hths.

60. The nanoemulsion of any one of claims 1, 14B-b% 165-170, wherein the

majority of particles are stable for at least 24nths.

61.  The nanoemulsion of any one of claims 1, 14B-95 165-170, wherein the

nanoemulsion was generated by exposure to higir &rea.

62. The nanoemulsion of any one of claims 1, 14B-b% 165-170, wherein the

nanoemulsion was generated by exposure to high &rea for less than 10 minutes.

63.  The nanoemulsion of any one of claims 1, 14B-95 165-170, wherein the

nanoemulsion was generated by exposure to high &rea for less than 2 minutes.
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86. The nanoemulsion of claim 85, wherein the albumin is human albumin.
87. The nanoemulsion of any one of claims 1, 149-151, or 165-170,
wherein the botulinum toxin is a purified botulinum toxin protein or
fragment thereof. 68 88. The nanoemulsion of any one of claims 1,
149-151, or 165-170, wherein the botulinum toxin is isolated, or
substantially isolated, from other proteins. 89. The nanoemulsion of any

f clai 1, 149-151 165-170, wherein the botuli toxjn is .
O oiat . BT EB R MRS F L RHBR Tt LSRG L53. 4HgIin the

nanasorizidsi ovasfgeme cnedbylexpsslird 48 High, trebtiorlléds wimrdimtinate.
botulinum toxin is isolated from Clostridium botulinum. 91. The

65" 2NORRRYISIANhADOANE Sh'BHES Fcilfislp 1125 483449 70N RrRiReiRghe

botulinum toxin is chemically synthesized. 92. The nanoemulsion of any
napRemsHigivimyas gaerstetoby 6xPROreveciian feeadailiramtii@asisseconds.

produced recombinantly. 93. The nanoemulsion of any one of claims
66149-Thd, murEmulowbeaein dhe baoREMIIEIA41a% peBelr@evdkétein the

without altering or changing the skin. 94. The nanoemulsi ny.one of
e o AT RO SR (A SRR aT] Ste T Fobtrate

skin without the use of skin permeation enhancers or abrasives. 95. The
67nano'5fhmm§6ﬂ€tbmét|ﬁw6r€é anylanaoi claags 51140-064-953 /dheharetRdhe

naRBBARIRUFILSAHLRENREAS, RS IBRURYRS BfesiBrdsP NN W Gfspkin

permeation enhancers or abrasives. 96. The nanoemulsion of claim 95,
wher_?'n the tog I%P(er of tpe skin is tpe s.urfaie 9{ t%%itégui@ corneum.
68. e nanoemuision of any one of claims 1, 14B- -170, wherein the

nanoemulsion was generated by exposure to pressugater than 18,000 psi.

69. The nanoemulsion of any one of claims 1, 14B-b% 165-170, wherein the

nanoemulsion was generated by exposure to presgi@ater than 24,000 psi.

70.  The nanoemulsion of any one of claims 1, 14B-95 165-170, wherein the

nanoemulsion was generated by microfluidization.

71.  The nanoemulsion of any one of claims 1, 14B-95 165-170, wherein the

nanoemulsion was generated by microfluidizatioa ptessure greater than 3,000 psi.

72. The nanoemulsion of any one of claims 1, 14B-95 165-170, wherein the

nanoemulsion was generated by microfluidizatioa ptessure greater than 10,000 psi.

73.  The nanoemulsion of any one of claims 1, 14B-95 165-170, wherein the

nanoemulsion was generated by microfluidizatioa ptessure greater than 18,000 psi.

74. The nanoemulsion of any one of claims 1, 14B-95 165-170, wherein the

nanoemulsion was generated by microfluidizatioa ptessure greater than 24,000 psi.

75.  The nanoemulsion of any one of claims 70-74reim the microfluidization is

single-pass microfluidization.
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97. The nanoemulsion of claim 95, wherein the top layer of the skin
includes dermal pores. 98. The nanoemulsion of claim 95, wherein the
top layer of the skin includes dermal glands. 69 99. The nanoemulsion
of any one of claims 1, 149-151, or 165-170, wherein the nanoemulsion
can penetrate skin without the use of chemical permeation enhancers or
abrasives. 100. The nanoemulsion of any one of claims 1, 149-151, or
165-170, wherein he nanoemulsio netrate skin. without the use of

6 meci AR RS SH AAEr Db AR el 18 L e FOmUBRIEIEIUTE

naabamuisienofatagencaletDklSdaviratich-170, Whereln the particles can
penetrate skin without altering or changing the skin. 102. The

77NanoRIUISIARREARILANS 9h BN AcAGLE 1 25 4854 70N RRinAGhe

particles can penetrate skin without the use of skin permeation enhancers
nappaRrdsipasvasge neiaieaide MR SAR N e@deRIaims 1, 149-151, or
165-170, wherein the botulinum toxin can penetrate skin without altering

780r chwwmﬂsammiorileﬂaﬁylembﬂemuisiqn Dimuag 068-070laimeréin the
9 15 or 165-170, w ﬁ@%%r%ﬁj ullnu oxin can penetrate skin

bovbﬂfﬁ'gm X'rﬁése%}csﬁg %Ql% €or abrasives. 105. The

nanoemulsion of any one of clalms 1, 149-151, or 165-170, wherein the

79nanoEfRUISIDACEDHIP A8 aﬁ)bﬂnqgﬁcrﬁiiéﬁﬂénb@nﬂﬁ@ﬁﬁﬂélawqw the
bo¥NARTEENAE SRBIBEE G AR Nifrdraup: eaRpistng of almond, apricot

kernel, avocado, babassu, bergamot black current seed, borage, cade,
cam ile, canola, cara arnau castor, oa butter
805ocollE LORREH SO N EroHE BRI o BOARSHC0, BOBHRTY
bomlmmmeoilahsfbwmegwahlmegmnmlgrmS%d hazel nut, hyssop,
isopropyl myristate, jojoba, lculcui nut, lavandin, lavender, lemon, litsea

81°ubePR, MACALRMGIH b BN ONe ’Bﬁ&%ﬂﬁ?fdiﬁfbeﬁﬁ'%’éo% SiRerdMke

nutmeg, olive, orange, orange roughy, palm, palm kernel, peach kernel,

bop i, tﬁéiﬂb&? setertpd ﬁﬁgmﬁ%amuam@@w% ﬁréhp‘Pd%eWB&@type G,

ty@fiolyge sapraliypeds sasquana, savoury, sea buckthorn, sesame, shea
butter, silicone,

82.  The nanoemulsion of any one of claims 1, 14B-95 165-170, wherein the

botulinum toxin is type A botulinum toxin.

83. The nanoemulsion of any one of claims 1, 14B-b% 165-170, wherein the

botulinum toxin is a botulinum toxin complex.

84.  The nanoemulsion of claim 83, wherein the ltwh toxin complex comprises a

non-toxin hemagglutinin protein and a non-toxic +@magglutinin protein.

85. The nanoemulsion of any one of claims 1, 14B-b% 165-170, wherein the

botulinum toxin is incorporated within an albumiratmx.
86. The nanoemulsion of claim 85, wherein the alloushnhuman albumin.

87.  The nanoemulsion of any one of claims 1, 14B-95 165-170, wherein the

botulinum toxin is a purified botulinum toxin prateor fragment thereof.
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70 soybean, sunflower, tea tree, thistle, tsubaki, vetiver, walnut, and
wheat germ oils, and combinations thereof. 107. The nanoemulsion of
claim 105, wherein the oil is soybean oil. 108. The nanoemulsion of claim
105, wherein the oil is selected from the group consisting of butyl stearate,
caprylic triglyceride, capric triglyceride, cyclomethicone, diethyl sebacate,
dimethicone 360, isopropyl myristate, mineral oil, octyldodecanol, oleyl
alcohgl, silicone oi], and omblnatlo s thereof. 109. The na ulsion of

855y QN SPOERLIE A6 25 e B il Hiid Tarh RS s

bongirhaveaxiaris ibalaieoe ailsubstantizd ynaede fnoitsiothef proteins. of claims
1, 149-151, or 165-170, wherein the nanoemulsion comprises a

93“rfaﬁ%aﬂ&ém%?oﬂ%%jﬁlHﬁ@Bfol&'ﬁfEhligg"ﬂ%eféﬁ‘ 18 SpraRAhS

a nonionic detergent. 112. The nanoemulsion of claim 108, wherein the
bogy] HecRateris @Ié@t@@ﬁ(ﬁﬁ $HB%%@9'M|%|HQW%§%B@W@W&S

phosphatidylcholines; dipalmitoyl phosphatidylcholine (DPPC);
9odiolevhté1aapbaﬁwwhm@iayrm @@laﬁis 1, 14D-b5165-170, wherein the

ro ltriet n|u dloleoylphosphatldylchol|ne

b E m o?efﬂf %8@3 H1 lacylglycerolsuccinate;

dlphosphatldyl glycerol (DPPG) hexanedecanol fatty alcohols such as
91poIyéfh?léﬁ@@%dﬁ(%@)@@bW}%Wi@ﬁ%@%ﬂﬂﬁérﬁ%uﬂ%@@in the
boRfiMEiabYiRG: seieht-a Aitisspgig or oleic acid; fatty acids; fatty acid

monoglycerldes fatty acid diglycerides; fatty acid amides; sorbitan

trlole n a8 cocholate; so bitan m
2ty 1B 5 RN ST RS ROBAED s SrL s tbsteiaghe
bo(linveen 16%)n [mjysciinsdd R OhvbdéesmBY); polysorbate 85 (Tween-85);
polyoxyethylene monostearate; surfactin; a poloxomer; a sorbitan fatty

932Cid RICHSHEBATISRIPERAAYRaSH E@&l‘mw%ﬁiﬁﬁ'ﬁ‘?o wherein the

phosphatidylserine; phosphatidylinositol; sphingomyelin;

NapREEBHaIRH fEih REBRIKTI S B YHEIRYT éﬁﬁﬂl@%%ﬁ@ﬁ%éﬁ&c acid;
cerebrosides; dicetylphosphate; dipalmitoylphosphatidylglycerol;
94stear}7lwmﬂﬁodmﬂm¢imﬁaayrmmdecwmmelmwnaahnmm@y@mrme

I S T R Eer R e e

abghpoadR100-monostearate; phospholipids; synthetic and/or natural
detergents having high surfactant properties; deoxycholates;

95CY Cloflex T SRRARIARISH SR{PoRNAVANG LIS, 859 SQTRNWIYIRIN the

thereof. 113. The nanoemulsion of claim 110, wherein the surfactant is
NafGRIBHIBON £32 PEREHAISIER LRBIbYST 859@@‘5#&%&%% qf Ski peymeation
enh8hcked ot 69r id®, Wherein the nanoemulsion does not have more than

one surfactant. 115. The nanoemulsion of any one of claims 1, 149-151,

06" 18 TnYBRIEIS RSP ARG LIS FOMBISESA L PR R ace of

the stratum corneum.

97.  The nanoemulsion of claim 95, wherein the &yt of the skin includes dermal

pores.

98. The nanoemulsion of claim 95, wherein the &yt of the skin includes dermal

glands.
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116. The nanoemulsion of any one of claims 1, 149-151, or 165-169,
wherein the nanoemulsion comprises an oil and a surfactant, and wherein
the oil and surfactant are present in a ratio ranging from 0.5 - 2.0. 117.
The nanoemulsion of claim 115, wherein the oil and surfactant are present
in a ratio ranging from 0.5 - 1.5. 118. The nanoemulsion of claim 115,
wherein the oil and surfactant are present in a ratio ranging from 0.5 - 1.0.

119. The nanoemulsion of claim 115, wherejn the oil and surfactant are
99 o NE A ATV ABOL® O SR TB0 A I IR ORI el e
nahdBbnwisiveicdheei etrats skinctatianet ipsasoindinical aldorraaging drdraricérs or
ab-2.0. 121. The nanoemulsion of any one of claims 1, 149-151, 165-168, or

HRIVES: e : : .
, Wherein the nanoemulsion comprises an oil and a surfactant, and
wherein the percent of oil in the nanoemulsion ranges from 1% - 30%.

10922, Tt MRIRRIAMIEASHCH By OPROHE @RS 1198 don £65 16K 1wBetsin Hoe

nalGERRIIHE Mﬁéﬁéﬂﬁ@‘sﬁﬁmﬂﬁﬁﬁ aneQisaRgASeHRS R e aflsh ditf&iers or
the percent of oil in the nanoemulsion ranges from 1% - 20%. 72 123.

abfigsiVeSnoemulsion of any one of claims 1, 149-151, 165-168, or 170,
wherein the nanoemulsion comprises an oil and a surfactant, and wherein
10the pEheemandenhinsibe obaogondsabrcleanges, figh 194 63078, Whérdihehe

' i herej t of oil in the nanoemulsion
P 1R Sk IR BT A0, < nerenn the
percent of oil in the nanoemulsion is approximately 5%. 126. The

10RanoReUNSBASTEIEIN P1ENNRERR MRiPeréekBruHaRthfR iMRsein the

pal@es BuHsien saaaesifivMitkbut #usd 37 plififdaipesnuisiee .l slaiBtasives.
115, wherein the percent of surfactant in the nanoemulsion ranges from
10§(.)/0 i 0éycl)'ianoemulsion of any one of claims 1, 18B-br 165-170, wherein the

botulinum toxin can penetrate skin without alterorgchanging the skin.

104. The nanoemulsion of any one of claims 1, 18B-br 165-170, wherein the
botulinum toxin can penetrate skin without the okskin permeation enhancers or

abrasives.

105. The nanoemulsion of any one of claims 1, 18B-br 165-170, wherein the

nanoemulsion comprises an oil.

106. The nanoemulsion of claim 105, wherein thesaslelected from the group
consisting of almond, apricot kernel, avocado, Bababergamot, black current seed,
borage, cade, camomile, canola, caraway, carnaab#r, cinnamon, cocoa butter,
coconut, cod liver, coffee, corn, cotton seed, eemgalyptus, evening primrose, fish,
flaxseed, geraniol, gourd, grape seed, hazel yagdp, isopropyl myristate, jojoba,

kukui nut, lavandin, lavender, lemon, litsea cuhebacademia nut, mallow, mango seed,
meadowfoam seed, mink, nutmeg, olive, orange, @aogghy, palm, palm kernel,

peach kernel, peanut, poppy seed, pumpkin seeeseagd, rice bran, rosemary,
safflower, sandalwood, sasquana, savoury, sealmrcktsesame, shea butter, silicone,
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128. The nanoemulsion of claim 115, wherein the percent of surfactant in
the nanoemulsion ranges from 1% - 10%. 129. The nanoemulsion of
claim 115, wherein the percent of surfactant in the nanoemulsion is
approximately 8%. 130. The nanoemulsion of claim 115, wherein the
percent of surfactant in the nanoemulsion is approximately 5%. 131. The
nanoemulsion of claim 115, wherein the oil is selected from the group
consisting of almond, apricot kernel, avocado, babassu, bergamot, black
oYl UL B AGe RIS moHR UG a ARy WhEeh el Qlfyand
conibiramons deme@doutter, coconut, cod liver, coffee, corn, cotton seed,
emu, eucalyptus, evening primrose, fish, flaxseed, geraniol, gourd, grape
1050COTRBARLRUNIISRAPoIARRRASTNIRIALR: iRiSlibyBdgH B 1avandin,
lavender, lemon, litsea cubeba, macademia nut, mallow, mango seed,
meadowfoam seed, mink, nutmegq. olive, orange, orange roughy, palm,
105 im e BTN R C O e LT 5 b el
corisetifgrof lesghacaraaffl onsilisandaleanth Sasaigyes idy/atyyioseethicone,
. huckthorn, sesame, shea buytter,. silicone, 73 _soybean, sunflower, tea
i R U a8, S T 2 g Eanol, oley
aladmobisiitons thile seaf.cA3binctiematierenflsion of claim 115, wherein the
oil is soybean oil. 133. The nanoemulsion of claim 115, wherein the oil is

108¢leciRd HORbEMRUIRIPIF AN TR IPAMS ST Ak COPSVIIS TGN ERIASNe

capric triglyceride, cyclomethicone, diethyl sebacate, dimethicone 360,
NaRRRIBAFN HIRRaROThRERANENE deanditiceinol, oleyl alcohol, silicone oil,

and combinations thereof. 134. The nanoemulsion of claim 115, wherein
11the sUHactanbésrailsmmafianetargeftcldists T Hspamobsselsionvaielaimthe
na%lgmwps%eiré (m]e ﬁgga%t%ntr 'jsc gl cted from the group consisting of

p osp%ogl'}cerio%s; p%osp atl ypc'olines; dipalmitoyl phosphatidylcholine

(DPPC); dioleylphosphatidyl ethanolamine (DOPE);

Lldioleyloxyistensmitsinahrainuk QDU RIEN); BSRBRHR S PRAIRIYABIRIGENT.

cholesterol; cholesterol ester; diacylglycerol; diacylglycerolsuccinate;
11diphcsphatidyealydsitel §DBIRG) 10exanedecandhdaint alceiedsesucbrashe group

e R R R S R T BB U R Pyghoine
(DRreGpghaesidw Seltytidyicethglyckerndes; (AP apiddmxdes mdiiethglammonium
OSSR RIS e A ey gyce
digayiggerespusoinstebdteres gmatshh @pseiRieom arxapgderaan!aByty alcohols
suER'XQ%?&Y%@BR%ﬁ%@%;%W%tﬁﬂé&%ﬂm%fﬁh%r?%@i!i?f’&éé“a/ctive fatty

acid ester such as Sorbitan trioleate; lecithin; lysolecithin; _ _
acish SsshaarRIPRIHe asitbepRigieprdsiasidgsiniboasiémenoglycerides; fatty acid
dighresiinadicuteinanelannes( CenrbrtinirAsdig s Daseoaislieecidiitan

cerebrosides; dicetylphosphate; dipalmitoylphosphatidylglycerol;
maRelaTaifieb B ALy R RS AICONSAr A ARERALS A e 2o

pori;ltsian?aeéesdﬂ(sméh @ﬁ%g}?pﬁl}%éﬁ@ﬁf@@ﬂ mw@é)?]tgmsvél oxeRel 830(y (e,
col)5000-phosphatidylethanolamine; poly(ethylene. ,
PRSI R e aIEREA EhOU AEIP i POYRBI RO A8 A Al ester such as
sorsgtargeioledtayiegithigh lssdiacidnh ppopsiilddsddoxyphokdhatidylinositol;

clodextrins; chaotrapic,salts: ion pairi nts:.and. combination -
P aee el PR S e s i ety Ehaseaiie acic
cefebeasid®®, dicetylphosphate; dipalmitoylphospigkglycerol; stearylamine;
dodecylamine; hexadecyl-amine; acetyl palmitatgcelol ricinoleate; hexadecyl sterate;
isopropyl myristate; tyloxapol; poly(ethylene glys®00-phosphatidylethanolamine;
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137. The nanoemulsion of any one of claims 1, 149-151, or 165-170,
wherein the nanoemulsion comprises oily particles which are dispersed
within an aqueous dispersion medium. 138. The nanoemulsion of claim
137, wherein the aqueous dispersion medium is selected from the group
consisting of water, saline solution, phosphate buffered saline, short chain
alcohols, 5% dextrose, Ringer's solution, lactated Ringer's injection,

actated Ringer's plus 5% dextrose injection, acylated Ringer's injection,
SRS e o
detdrgams havingHeghistinkacgueprspdisies: sieltohesit oy itodaierinst 4habhepic
sa té‘-”.%em“'ﬁir?” ofecrll éma% 7dovr\§1 e|rr1%ii trﬁ'etﬁg}( g%e?rticles comprise an oil
Salectetiiom e group consisting o Aimon , apricot kernel, avocado,
babassu, bergamot, black current seed, borage, cade, camomile, canola,
118araihg, nirAa0BASIeASE i EH M s edh iBErRRNE de dNReBSHliver,
coffee, corn, cotton seed, emu, eucalyptus, evening primrose, fish,
11#axsaed, garasinligonrdf grynsneasiciaiaze lnugsIssR6BopEopYl 170,
myristate, jojoba, kukui nut, lavandin, lavender, lemon, litsea cubeba,
whereld Jas e EIgn doem st e MSIDSRARLRE, mink, nutmeg,
olive, orange, orange roughy, palm, palm kernel, peach kernel, peanut,

11poppYheaanperuisiar et anmpes o ¢laios BralBBdic ke /Eaiibeeain the
naPRBARINRANSRRANRAR S BYAUHY S8 RILEKH oM, sesame, shea butter,

silicone, soybean, sunflower, tea tree, thistle, tsubaki, vetiver, walnut, or

heat germ oil. 141. The nanoemulsion of clajm 137 erein the oil

118,08 EBRR RSBSOS TRE e RRSAR GE SRRESA the
nanwbeneiisite coypasticles ciirnpdseanfadtaatpdietefnometiod gnougurfactant are

consisting of butyl stearate, caprylic. triglyceride, capric triglyceride,
pr%‘i’/%ﬁ%r'rrm]e i%%%é?)@%% rgg’b(gggsat_e,élg)l'methicone 360, isopropyl myristate,

mineral oil, octyldodecanol, oleyl alcohol, silicone oil, and combinations
11therebre 1agogRBlsiHbEhGlAA br AN RE dh@athsymagianiage present in a
rati®Parghgthsremghengnoemulsion comprises aqueous particles which

are dispersed within an oily dispersion medium. 75 144. The

an ulsion of claim 143, wherein the aquepus particles comprise an . .

1 R Ch oL e rEc) TRROE LT er Wt et in =
ratso hatngin @ frospBabe-bliffered saline, short chain alcohols, 5% dextrose,

Ringer's solution, lactated Ringer's injection, lactated Ringer's plus 5%
1196XUrPRE UAGHANISBAVLEANRYGLS INRFLRANHEMSIIRRIEM dROPHEsENt in a

145. The nanoemulsion of claim 143, wherein the aqueous particles
ratie FRpAE0REY 1-9462Fhe nanoemulsion of claim 143, wherein the oily

dispersion medium is selected from the group consisting of almond,
128pricthkarasheamoisialo pbalbassiy] bendenein, thiaod curfactseede wesgea; in a

cade, camomile, can caraway, carnauba, castor, cinnamon, cocoa
ra%oi{?qup&%ﬁm,ld%%l%%ﬁ coffee, corn, cotton seed, emu, eucalyptus,
evening primrose, fish, flaxseed, geraniol, gourd, grape seed, hazel nut,

123y ssdpeisaprRpyHinipisaiRnopsa keRinsk, Rirdn; 165eatdr dewrprein the

na“fé@%@l‘éhﬁb@e _ HHa M NRALRWa FANGEnBRaA . tlepERWIRNGIERChe
mink, nutmeg, olive orange, orange roughy, palm, palm kernel, peach

nal?@ﬁ@l{'ﬂé’&rf@ﬂ%ﬁ?@e]e@,bﬁ kin seed, rapeseed, rice bran,
rosemary, safflower, sandalwood, sasquana, savoury, sea buckthorn,
128esaifites sheadmttisrosilidany, oy o ataissntlolBd; 165-168, tnisile, wherein the

nalfAAIS T GMAIRY R AP R ST Al Ao BRI BAIOOR BESRGH he
147. The nanoemulsion of claim , Wherein the oily dispersion medium

napostyisim sandesiromelianoddialsion of claim 143, wherein the oil is
selected from the group consisting of butyl stearate, caprylic triglyceride,
capric triglyceride, cyclomethicone, diethyl sebacate, dimethicone 360,
isopropyl myristate, mineral oil, octyld@decanol, oleyl alcohol, silicone oil,

MERTd EShibinations thereof. 149. A nanoemulsion comprising a population
of particles having diameters between approximately 10 and
approximately 300 nanometers, wherein said nanoemulsion comprises at
least one botulinum toxin, and wherein the botulinum toxin is part of a
complex comprising a botulinum toxin associated with non-toxin proteins.



76 150. A nanoemulsion comprising a population of particles having
diameters between approximately 10 and approximately 300 nanometers,
wherein the nanoemulsion was generated by exposure to high shear
force; wherein the nanoemulsion comprises at least one botulinum toxin,
at least one oil, and at least one nonionic detergent; and wherein the
botulinum toxin is incorporated within a human albumin matrix. 151. A

L e SRl SRR B e
naaperolsibnucoigrisecatdrast ane @ busiadtantpicegeinaheperserfactariltin the

wherei‘} the nano%rﬂlélr%i%/Ow_a_sL&%nerated by exposure to high shear

napoemu range i o
orce. pharmacedatical composition comprising any one of the

nanoemulsions of claims 1, 149-151, or 165-170. 153. The composition of
1285im s napreraiisioe ebriprifidn.iwBereldasBraheigrille csngseimgsion is
apBfékfFRABYY 8Jption, a gel, an ointment, a spray, a powder, an emollient,

and combinations thereof. 154. The composition of claim 152, wherein

12 ol RUTGLR T ARY U b1 £ LS L PR b AP e muision s

appeatimptelynkiés, facial lines, and/or neck lines. 156. A composition
comprising the nanoemulsion of any one of claims 1, 149-151, or 165-170

128" U@ iRIax A Isghmh Wiiskigse faiahbansGrRtiss AsAKinGS:

157. A method of manufacturing a nanoemulsion, comprising steps of:
NanORRBYRIRTY A e BbATBITsPY°-
127. The nanoemulsion of claim 115, wherein thegmrof surfactant in the

nanoemulsion ranges from 1% — 20%.

128. The nanoemulsion of claim 115, wherein thegmrof surfactant in the

nanoemulsion ranges from 1% — 10%.

129. The nanoemulsion of claim 115, wherein thegmrof surfactant in the

nanoemulsion is approximately 8%.

130. The nanoemulsion of claim 115, wherein thegmrof surfactant in the

nanoemulsion is approximately 5%.

131. The nanoemulsion of claim 115, wherein thésoslelected from the group
consisting of almond, apricot kernel, avocado, Bababergamot, black current seed,
borage, cade, camomile, canola, caraway, carnaab#yr, cinnamon, cocoa bultter,
coconut, cod liver, coffee, corn, cotton seed, eemgalyptus, evening primrose, fish,
flaxseed, geraniol, gourd, grape seed, hazel yagdp, isopropyl myristate, jojoba,

kukui nut, lavandin, lavender, lemon, litsea cuhebacademia nut, mallow, mango seed,
meadowfoam seed, mink, nutmeg, olive, orange, @aogghy, palm, palm kernel,

peach kernel, peanut, poppy seed, pumpkin seeeseagd, rice bran, rosemary,

safflower, sandalwood, sasquana, savoury, sealrcktsesame, shea butter, silicone,
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an oil; (ii) a surfactant; and (iii) an aqueous phase; and 77 (b)subjecting
the premix to high shear force or high pressure homogenization for a
period of time and under conditions which achieve a nanoparticle
composition of any one of claims 1, 149-151, or 165-170. 158. The
method of claim 159, wherein the premix comprises a botulinum toxin.
159. A method of manufacturing a nanoemulsion, comprising steps of:

SOMH B DA (TG LB ARSI e BHDE L A ofs. and

combinations thereof.
132. The nanoemulsion of claim 115, wherein thesasloybean oil.

133. The nanoemulsion of claim 115, wherein thesaslelected from the group
consisting of butyl stearate, caprylic triglyceridapric triglyceride, cyclomethicone,
diethyl sebacate, dimethicone 360, isopropyl mgtestmineral oil, octyldodecanol, oleyl

alcohol, silicone oil, and combinations thereof.
134. The nanoemulsion of claim 115, wherein théastant is a nonionic detergent.

135. The nanoemulsion of claim 115, wherein théastant is selected from the group
consisting of phosphoglycerides; phosphatidylcresjrdipalmitoyl phosphatidylcholine
(DPPC); dioleylphosphatidyl ethanolamine (DOPEYIelyloxypropyltriethylammonium
(DOTMA); dioleoylphosphatidylcholine; cholestercholesterol ester; diacylglycerol;
diacylglycerolsuccinate; diphosphatidyl glyceroRPG); hexanedecanol; fatty alcohols
such as polyethylene glycol (PEG); polyoxyethyl@alauryl ether; a surface active fatty
acid, such as palmitic acid or oleic acid; fattidacfatty acid monoglycerides; fatty acid
diglycerides; fatty acid amides; sorbitan trioleg@ean 85) glycocholate; sorbitan
monolaurate (Span 20); polysorbate 20 (Tween-2flysprbate 60 (Tween-60);
polysorbate 65 (Tween-65); polysorbate 80 (Tween{@blysorbate 85 (Tween-85);
polyoxyethylene monostearate; surfactin; a poloxg@aorbitan fatty acid ester such as
sorbitan trioleate; lecithin; lysolecithin; phospdgiserine; phosphatidylinositol;
sphingomyelin; phosphatidylethanolamine (cephatajdiolipin; phosphatidic acid;
cerebrosides; dicetylphosphate; dipalmitoylphospigkglycerol; stearylamine;
dodecylamine; hexadecyl-amine; acetyl palmitatgcelol ricinoleate; hexadecyl sterate;
isopropyl myristate; tyloxapol; poly(ethylene glys®00-phosphatidylethanolamine;
poly(ethylene glycol)400-monostearate; phosphadipgynthetic and/or natural
detergents having high surfactant properties; delwodates; cyclodextrins; chaotropic

salts; ion pairing agents; and combinations thereof

136. The nanoemulsion of claim 115, wherein théastant is Tween 80.
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(c)subjecting the premix to high shear force or high pressure
homogenization for a period of time and under conditions which achieve a
nanoparticle composition of any one of claims 1, 149-151, or 165-170.
160. A method of manufacturing a nanoemulsion, comprising steps of:
(a)providing a premix comprising: an oil; (ii) a surfactant; (iii) an aqueous
phase; and (iv) a botulinum toxin; (b)forming a solution comprising the
remix; and (c)subjecting the solutign to high shear force or high pressure
13 AT IO B G P i e AR e T e
nanasopasimieconmppiesiioilygh antiy|on evhfati ainpeelisetd®ithirl aarakhfedirddispersion
%v]herein the oil and surfactant are present at a ratio ranging between 0.5 -
.t'fr(%y weight); and wherein the high shear force is generated by
microfluidization. 161. A composition comprising the nanoemulsion of any
138ne dadiaiemusionsef elaings-3701Beiese IRCEREIE 8 PesHOf MRRIKIBS'S

sef@éial g MeliGonp LolRpsinghaRRdPSsaamRHIBRIS SRS IRITAEY saline,
administered to the skin of the subject. 78 _ o

short chain alcohols, 5% dextrose, Ringer's satytectated Ringer's injection, lactated

Ringer's plus 5% dextrose injection, acylated Riisgajection, Normosol-M, Isolyte E,

and combinations thereof.
139. The nanoemulsion of claim 137, wherein theeaqa dispersion medium is water.

140. The nanoemulsion of claim 137, wherein the pdrticles comprise an oil

selected from the group consisting of almond, apkernel, avocado, babassu,
bergamot, black current seed, borage, cade, camoraihola, caraway, carnauba, castor,
cinnamon, cocoa butter, coconut, cod liver, coféeen, cotton seed, emu, eucalyptus,
evening primrose, fish, flaxseed, geraniol, gogrdpe seed, hazel nut, hyssop, isopropyl
myristate, jojoba, kukui nut, lavandin, lavendembn, litsea cubeba, macademia nut,
mallow, mango seed, meadowfoam seed, mink, nutolizg, orange, orange roughy,
palm, palm kernel, peach kernel, peanut, poppy,saedpkin seed, rapeseed, rice bran,
rosemary, safflower, sandalwood, sasquana, saveeaybuckthorn, sesame, shea bultter,

silicone, soybean, sunflower, tea tree, thistlghaki, vetiver, walnut, or wheat germ oil.
141. The nanoemulsion of claim 137, wherein the pdrticles comprise soybean oil.

142. The nanoemulsion of claim 137, wherein the pdrticles comprise an oil
selected from the group consisting of butyl stesredprylic triglyceride, capric
triglyceride, cyclomethicone, diethyl sebacate, etimcone 360, isopropyl myristate,

mineral oil, octyldodecanol, oleyl alcohol, silienil, and combinations thereof.

143. The nanoemulsion of any one of claims 1, 18B-br 165-170, wherein the
nanoemulsion comprises aqueous particles whicliapersed within an oily dispersion

medium.
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162. A composition comprising the nanoemulsion of any one of claims 1,

149-151, or 165-170 for use in the prevention of the onset of wrinkles,

facial lines, and/or neck lines, wherein the composition is transdermally

administered to the skin of the subject. 163. Use of a composition

comprising the nanoemulsion of any one of claims 1, 149- 151, or 165-170

in the manufacture of a medicament to treat wrinkles, facial lines and/or

neck_ lines, wherein the medicament is transdermally administered to the
14 PR BRREE S BSOSt o MBS b EER RS . COmprise an
aqoaoosuisiamed seleomrel doctathes grolip Lokpdtima a5 shliférsthation, phosphate
buW&”Hfég%g aham. %{ﬁ]aé‘ﬂfﬁ’ﬁé% pg%’%ﬁe&%o”esreé OBYMHQF"?B&{a%%' ingers

and/orneck’lines, wherein the medicament Is ttansdermally administere
injeztibe JRrtaibthRisglejes b ussSYAdratioseniifsio aydated st arfsopidation, or
N Oqﬁ%%réil%,sts\g,%ée@ the majo.rity of particles have diameters between _

approximately "10 and approximately 300 nanometers, and wherein said

nanoemulsion comprises at least one botulinum toxin, and wherein the
148artidiBS AZVESIAUAGE AR &tb3 . ARG TS DB R BRISIRS HAMAKES water.

nanoemulsion comprising a population of particles, wherein the majority of
14partidles haveahautsoers fdaive dd apphedematbly difpansappredimais|gelected

uster ot @ .
o B ] o B AR RO B Bl b 8 Gamor, black
cutfiemhegadnhbsxegss cAENTamMOMIBY, . cantiaoes@gioaldsmpaisiog einnamon,
cogegwaﬁen ob o3l ,'%Elsdvmsr%ﬂa%,nem%fegagm, RAEIFRIE T 8ning

between approximately 10 and approximately 300 nanometers, wherein
PrigaiesafsBnianses GaURHRIRIeS SPIEEsUHARSERRAGHS! At toRiyP SR Wprmy|

myASt&lEE5068, ReR A ENaVAHHMURLBAEIRON ARRIS BBEBRC MaRdau i nut,

article diameter does not exceed approximately 200 nm. 168. A

P :
Ma{lonb RIS I PRI WIRR 1 B Ba gy EREaaHR ANGB R ERY;
pahaltiElph RevreHipaeierehedeearaRppoyplaiaydbkiand agprapésatelyrice bran,

300 nanometers, wherein said nanoemulsion comprises at least one
oY uRRBRNE 2 RANRAR hﬁ&H@@%&%Y@ﬁ%& BPHLRETARGIE HaRR butter,
silienacs wigtieat, £0nfle@krAtcaneeniisite eRinisiog aploptlahdndfeat germ

i arti%]es, v¥)her in th&ma'qrity of particles have diameters between

o ’p%? Xima éR/a 1850 %rg roximately 300 nanometers, wherein said

nanoemulsion comprises at least one botulinum toxin and at least one oil,
14Znd Wheraanassnisiahebflaininlthe WAesein Ui @b Rangies msfium ipsoybean
0il10%. 170. A nanoemulsion comprising a population of particles, wherein

the majority of particles have diameters between approximately 10 and

ppraximately 300 nanometers, wherein said nangemulsion comprises at
L SRR G ST vkt 1 AR S el o 2 b
coasdtmgufactyhstaachteheegrylicaral\aredi sapidc tagtyaeride ssalomatratione,
- ranging from 0.5- 171, faco It rsin
g iy sk P, e ST AR B Bcifiocecanal, oy
alapbolu iikitore ofia anddicarhnatfonsrdwiagfwrinkles, facial lines, and/or

neck lines. 172. Use of a composition comprising the nanoemulsion of

148Ny QUALH{SEAMSidn %%p?ﬁm@'é{&%&ﬁ%ﬂ Bipaenafas eRaPhders between
of w

medicament for delaying the onse rinkles, facial lines, and/or neck
appgximately 10 and approximately 300 nanometengrein said nanoemulsion
comprises at least one botulinum toxin, and whetteerbotulinum toxin is part of a

complex comprising a botulinum toxin associatechwibn-toxin proteins.
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150. A nanoemulsion comprising a population ofipka$ having diameters between
approximately 10 and approximately 300 nanometengyein the nanoemulsion was
generated by exposure to high shear force; whéneinanoemulsion comprises at least
one botulinum toxin, at least one oil, and at |eas nonionic detergent; and wherein the

botulinum toxin is incorporated within a human atbo matrix.

151. A nanoemulsion comprising:

a population of particles having diameters betwaggroximately 10 and
approximately 300 nanometers;

at least one botulinum toxin;

at least one oil; and

no more than one surfactant;

wherein the nanoemulsion was generated by exptsingh shear force.

152. A pharmaceutical composition comprising ang ohthe nanoemulsions of
claims 1, 149-151, or 165-170.

153. The composition of claim 152, wherein the cosifon is selected from the
group consisting of a cream, a lotion, a gel, axtreént, a spray, a powder, an emollient,
and combinations thereof.

154. The composition of claim 152, wherein the cosion is a cream.

155. A composition comprising the nanoemulsionrof ane of claims 1, 149-151, or

165-170 for use in treating wrinkles, facial lineagd/or neck lines.

156. A composition comprising the nanoemulsionrof ane of claims 1, 149-151, or

165-170 for use in delaying the onset of wrinkfasjal lines, and/or neck lines.

157. A method of manufacturing a nanoemulsion, ausimng steps of:
€) providing a premix comprising:

(1) an oil;

(i)  asurfactant; and

(i)  an aqueous phase; and
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(b) subjecting the premix to high shear force ghhpressure homogenization for a
period of time and under conditions which achieveaoparticle composition of any one
of claims 1, 149-151, or 165-170.

158. The method of claim 159, wherein the premmpnses a botulinum toxin.

159. A method of manufacturing a nanoemulsion, aising steps of:
(@) providing a premix comprising:

0] an oil;

(i)  asurfactant; and

(iif)  an aqueous phase;
(b) forming a solution comprising the premix; and
(c) subjecting the premix to high shear force ghhpressure homogenization for a
period of time and under conditions which achieveaoparticle composition of any one
of claims 1, 149-151, or 165-170.

160. A method of manufacturing a nanoemulsion, aising steps of:
€) providing a premix comprising:

(@ an oil;

(i)  asurfactant;

(i)  an aqueous phase; and

(iv)  a botulinum toxin;
(b) forming a solution comprising the premix; and
(c) subjecting the solution to high shear forcéigh pressure homogenization for a
period of time and under conditions which achieveaoparticle composition of any one
of claims 1, 149-151, or 165-170;

wherein the oil and surfactant are present ati@ ranging between 0.5 — 2.0 (by

weight); and wherein the high shear force is gardrhy microfluidization.

161. A composition comprising the nanoemulsionrof ane of claims 1, 149-151, or
165-170 for use in the treatment of wrinkles, falirees and/or neck lines, wherein the

composition is transdermally administered to tha sk the subject.
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162. A composition comprising the nanoemulsionrof ane of claims 1, 149-151, or
165-170 for use in the prevention of the onset hkles, facial lines, and/or neck lines,

wherein the composition is transdermally adminedeo the skin of the subject.

163. Use of a composition comprising the nanoeronlsf any one of claims 1, 149-
151, or 165-170 in the manufacture of a medicarteetreat wrinkles, facial lines and/or
neck lines, wherein the medicament is transdernaaliyinistered to the skin of the

subject.

164. Use of a composition comprising the nanoermnlsf any one of claims 1, 149-
151, or 165-170 in the manufacture of a medicarteptevent the onset of wrinkles,
facial lines, and/or neck lines, wherein the meuhieat is transdermally administered to

the skin of the subject.

165. A nanoemulsion comprising a population ofipkas, wherein the majority of
particles have diameters between approximatelyntiGapproximately 300 nanometers,
and wherein said nanoemulsion comprises at leasbotulinum toxin, and wherein the

particles have an average diameter ranging betd@&50 nm.

166. A nanoemulsion comprising a population ofipkas$, wherein the majority of
particles have diameters between approximatelyntilapproximately 300 nanometers,
wherein said nanoemulsion comprises at least ongitnam toxin, and wherein fewer

than 5% of the particles have a diameter in exa€860 nm.

167. A nanoemulsion comprising a population ofipkas$, wherein the majority of
particles have diameters between approximatelyntiGapproximately 300 nanometers,
wherein said nanoemulsion comprises at least ongditnam toxin, and wherein the
difference between the minimum particle diametet e maximum particle diameter

does not exceed approximately 200 nm.

168. A nanoemulsion comprising a population ofipks$, wherein the majority of
particles have diameters between approximatelyntiGapproximately 300 nanometers,
wherein said nanoemulsion comprises at least ongituam toxin, and wherein the

nanoemulsion does not have more than one surfactant
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169. A nanoemulsion comprising a population ofipkas, wherein the majority of
particles have diameters between approximatelyntilapproximately 300 nanometers,
wherein said nanoemulsion comprises at least ohditnam toxin and at least one oail,

and wherein the percent of oil in the nanoemulsages from 1% to 10%.

170. A nanoemulsion comprising a population ofipks$, wherein the majority of
particles have diameters between approximatelyntiCapproximately 300 nanometers,
wherein said nanoemulsion comprises at least ongditnam toxin, and wherein the
nanoemulsion comprises an oil and a surfactantydredein the oil and surfactant are

present in a ratio ranging from 0.5-2.0.

171. Use of a composition comprising the nanoermnlsf any one of claims 1, 149-
151, or 165-170 in the manufacture of a medicarfaeriteating wrinkles, facial lines,

and/or neck lines.

172. Use of a composition comprising the nanoeronlsf any one of claims 1, 149-
151, or 165-170 in the manufacture of a medicarfrdelaying the onset of wrinkles,

facial lines, and/or neck lines.
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