COMPOSITIONS AND METHODS FOR TOPICAL APPLICATION AND
TRANSDERMAL DELIVERY OF BOTULINUM TOXINS [00011 This
application claim the benefit of priority to U.S. Provisional Patent
Application No. 60/550,015, filed on March 3, 2004. U.S. Provisional
Patent Application No. 60/550,015 is hereby incorporated by reference in
its entirety. BACKGROUND OF THE INVENTION [0002] Skin protects
the badyS1BKanBINS exidrid EarNDdnnBOR THIedSAdNnd BRI a3 aI0N
thermosta¥ o TRaiAR IDRNYABHEEAVER Yt ConBi6E bt Jeueral tiffersat
layers, each with specialized functions. The major layers include the

epigmis, thergdermis;and the fynedermis: the epidenmis is 3 Sratifying aicn:

layer of epithelial cells that overlies the dennis, which consists of
cOPNEEHve fiss e Bt theiegsideriis dhé tHe ‘defrhis Breigktnar Patent
supparied. by thedypogermisean intermablaver of adipese:tissue.,{0093]

The epidermis, the topmost layer of skin, is only 0.1 to 1.5 millimeters

thick (Inlander. Skin, New York, NY: People's Medical Society, 1-7
(1998)). It consists B‘f&&%‘ﬁ%&%?i?%?s‘%%ﬁehffmd Wleral layers
based on their state of differentiation. The epidermis can be further
diidsiied into $hengtratests Sorhedins angiuthérvinlske apidermisywiich! threats

consists of the-granular meiphigian and hasal cellsy The stratum. corngum .

is hygroscopic and requires at least 10% moisture by weight to maintain
il8 fesdbitity |t soktndgsd Thechygroddopiting is antriburdbil ihpartdkonhe the
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and flexibility it becomes rough and brittle, resulting in 3ry skin. [0004]

e Hehits dikich hdsguse berieaft thaspidetitiscisBo B b achiinimestarg the
thE@KNH giﬁetﬂ@tIﬁ@%ﬁﬁi&f@@ﬁh@%;@&é%@,ﬂ&% %’eﬂnm %‘f}g}j‘t&r}?dm@se tissue.
dermis is also home to most of the skin's structures, including sweat and
gibglands (which sgrretaisubstanaes:thaoughrepeningsin theskin galledeers
pores, or comedos), hair follicles, nerve endings, and blood and lymph
o G Ny S KPP SO L AN SRR i oo T
(2998} Howeverdhesmain coripenents e thel dernis)ard callagenandfs

e ?gtin. [00.05] 'litg]% hX; odermis i) ett}le eestt Iﬁggr of the skin. It acts both

a3 Sr “hlRTor 1oF BBUY hea TR Ao AHA S S ShbECaBLIps fop and

aigari iotedtionndntenderoSking NeweoskyNY rReopies Mediaall cells. The

Societ ,A-7 (1998)). In addition, .the hypodermis glso stores fat for energy
SR S RS MRS B SRR RN
tonthetpreseficelof amphotdticamifiodcigs)dagticity is atlributable in part to the

water-holding capacity of keratin. When the horny layver loses its sofiness and

flexibility it becomes rough and briftle, resulting 1n dry skin.

[00604] The dermis, which lies just beneath the epidermis, is 1.5to 4
mithmeters thick. 1f is the thickest of the three lavers of the skin. In addition, the
dermis is also home to most of the skin’s structures, including sweat and oil glands
(which secrete substances through openings in the skin called pores, or comedos), hair
follicles, nerve endings, and blood and lymph vessels (Inlander, Skin, New York, NY:
People’s Medical Society, 1-7 (1998)). However, the main components of the demnis

are collagen and elastin.

0005} The hypoderinis 1s the deepest layer of the skin. It acts both as an
mgulator for body heat conservation and as a shock absorber for érgan protection

{(Inlander, Skin, New York, NY: People’s Medical Society, 1-7 (1998)). In addition,



acid, and fatty acids from the secretions of the sebaceous glands. The
term "acid mantle" refers to the presence of the water-soluble substances
on most regions of the skin. The buffering capacity of the skin is due in
part to these secretions stored in the skin's horny layer. [0006] Wrinkles,
one of the telltale signs of aging, can be caused by biochemical,

ristalagicatmang physielogicrehanges hakaccumulate Jramn eavisenmental
damageéBenede‘gto, International Journal of Der?atologg, 38:641-655 .
16965Y 1B ditidn! THEMY A BHTeP SATBIaaRy FACORP AT Ear gt s factic
charagtenisiic dolds-fuirowscandcreases efiaciahwsinkles ([Stegmanetd

al., The Skin of the Aging Face Cosmeti rmatological Surgery, 2n ed,,
SR MO FMUSBY VS B S Teb 500 FHESs SaROH Ay FaEkops e
inchudeithe constantpuliof gravitkifrequentans comstantpesitionabred in the
pressure on the skin (ie., during sleep), and repeated facial movements

¢ H%élg‘ﬂ)mfﬁ%y&bntraction of facial muscles (Stegman et al., The Skin of

t ing Facg Cosmetic Dermatological Surgery, 2d ed., St. Louis, MO:
I Vo SO0 B ETTO00 e oAb Ra0s rh R
iniortern patehtiaby stoatellifyp spmecaf theasigestioftagmgn Tlheseom
techniques range from facial mojsturizers containing alpha hydroxy.acids .
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Q¥ ofithie pracipal furctionstofskilldsdo plevids & iartier tostheharactenstic
transPariation of water andshibstanees.potentially barmful tosarmiah,.
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Jermi- permeablacskintoTrmcskinieips {0 phevent ties ethy: dfdrdbmifghr Book: S-

spbsianees iniosthe hody, Athoygh,mast u%y@éﬁ@%@m@@gw%@,eﬁ@l&%m and

the barrier, a number of strategies have been developed to “selectively
iﬁ@ﬁéa@énﬁ@tpérq}héaf@mtgﬁ@mstﬁai%Wﬂiwrﬁﬁr@sa@@@%@w@mt%faﬁw&m
taxins(algo kRewnasiRotylin doxins, k- ROINUM. NEHLRIXINS) AT he Skin of

neurotoxins produced by the gram-positive bacteria Clostridium
bétufhsiirh [ TRe( aEPEd prOTUREaraR SIS 6F RiuSClES by préventing - Mosby

SYRRPLG . fransmigsion Orieirase of-aceiyiehohne. a61QSSiIRE in order potentially
neuromuscular junction, and are thought to act in other ways as well.

TREFAEHOH BESHHRAIN Boeke Bihald thale HorHal WeGIH Wauae thuscle

SPRRASMS; 26-SePHRAGLIANS,I FESWIING ) Ranalysisy«2 10009} Bottlinua 40Xi8: isnd
classified into eight neurotoxins that are serologically related, but distinct.

ORIFSES SAVEHIEE BXuse paralysis, namely
{6007} One of the principal functions of skin is to provide a barrier to the
transportation of water and substances potentially harmful to normal homeostasis,
The body wonld rapidly dehydrate without a tough, semi-permeable skin, The skin
helps to prevent the entry of hannful substances 1nto the body. Although most
substances cannot penetrate the barrier, a number of strategies have been developed to

selectively increase the permeability of skin with variable success.

[0008] Botulmum toxins (alse known as botulin toxins or botulinum
neurotoxing) are neurctoxins produced by the gram-positive bacteria Clostridium
botulimim. They act to produce paralysis of muscles by preventing synaptic
fransmission or release of acetylcholine across the neuromuscular junction, and are
thought to act in other ways as well. Their action essentially blocks signals that

normally would cause muscle spasms or confractions, resulting in paralysis.



botulinum neurotoxin serotypes A, B, C, D, E, F and G. Each of these is
distinguished by neutralization with type-specific antibodies. Nonetheless,
the molecular weight of the botulinum toxin protein molecule, for all seven
of these active botulinum toxin serotypes, is about 150 kD. As released
by the bacterium, the botulinum toxins are complexes comprising the 150

kipdwatulinum toxin; prateinx molecida inauestion aleng, with.assaciated
non-toxigﬂpiroteins. The botulinum toxin type A complex can be produced
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toxin typesB.and.Ghaeapraranty produced as enlyzacr0q kR.01;500 kD
complex. Botulinum toxin type D is produced as both 300 kD and 500 kD
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appreximaiely: B0 kB amplexesihecemplexes (b eomaleeylar weaight
greater than about 150 kD) are  believed to contain a non-toxin _
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toxin molecule comprise the relevant neurotoxin complex) may act to ,
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toxin complex. [000101 The different serotypes,of botulinum toxin.vary in
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peratysis they.eVbkeofRoieeanplejdichalsbeenidetermined:that botalirtm arc
texin ty, Acis 00 times more _potent, as measured by the rate of .
S e R S B
botufinuretokinatype 8hadbeeny determinedto lbenonitbxituinzprithates at
2o af 400 Lk apout Az imes dheprimale KDRA.1an pe A+, DUE 19,
the molecule size and molecular structure of botulinum toxin, it'cannot
CRO8%LdstFrathinl E 6 BT el e ¢ Litiile Yalydrsiof thelundedyitigeskinrotection
architeetyre L0010} Barlism, thecharacteristicsymptom complaxfiom ..

systemic botulinum toxin exposure, has existed in Europe since antiquity.
IN*1898 SERife D gaRLE frfe Rgeh first i otstalitthe @haembisin complexes may

sporadferming.bacillusfrom frw salted,Ratkmeat abiained fom . of
post-mortem tissue of victims who died of botulism in 3 Belgium. Van

EXHERYERt fEuNG R disaheatsbe catissd By ah extracellular toxin
[060010] The different serotypes of betulinum toxin vary in the animal species
that they affect and m the severity and duralion of the paralvsis they evoke. For
example, it has been determined that botulinum toxin type A is 500 times more
potent, as measured by the rate of paralysis produced in the rat, than is botulinum
toxin type B. Additionaily, botulinum toxin type B has been determined to be non-
toxic in primates at a dose of 480 U/kg, about 12 times the primate LDy, for type A.
Due to the melecule size and molecular structure of botulinum foxin, 1t cannot cross

stratum comneuns and the multiple layers of the underlying skin architecture.

[0010] Botulism, the characteristic symptom complex from systemic
botulinum toxin exposure, has existed in Europe since antiquity. In 1895, Emile P.
van Ermengern first isolated the anaerobic spore-forming bacillus from raw salted

pork meat obtained from post-mortem fissue of victims who died of botulism in
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that was produced by what he called Bacillus botulinus (Van Ermengem, Z
I lyyg Infektionskr,,26:1-56; Rev Infect (1897)). The name was changed in
1922 to Clostridium botulinum. The name Clostridium was used to reflect
the anaerobic nature of the microorganism and also its morphologic
characteristics (Carruthers and Carruthers, Can J Ophthalmol,
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Surg, 7:54-60 (1991)). In 1946, Dr. Edward J. Schantz and his collea%ues
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Hallgr Mr(Eds). L hsrapy s with BotWlinumeFaxim Meve el N¥e\aneelthers and
Dekker, 41-49 (1995) By 1949, Burden and his assouat 'S were b e to
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31%‘?5 ne s

d@m&%Wa?e%orﬁwsibieco%méﬁm Listle-pa AL
(Laman E%ggn&@ b3 (E3n TR I Seam aftemards: BEX-Arndasy,

re orted to be a successful treatmetp %%]Ihuman or str blsmSL)Jlsch1 d the
blepharoSadm, dhdPéBadthddie ¥iticamé tBatsn Bt aP EBAron £
F’@é@f@@mh% Enegold Si\‘:w(@d&)maa&ey &IrSd@ﬁSthaIgEibsSIm W {Eds) Therapy

Microbiology St. Louis, M Y a 2
C‘éfﬂ’tllf’éﬁ%%“ﬁﬁl@é)r‘rﬁﬁ%w ermé\toibig%%g éﬁ(%gﬁ)ﬁ% %%%rko%%tgﬂ*g
|rBuSIék€Klanld1 QIséEdsﬁsl-d\méeﬁla' r@ﬂmabMedtem@,t ik Rhitadelphiaocks

aunders, 441-444 (1991)). In an and A  Garruthers
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of Cosnistic BICAGATM Y Df@@lﬂ(]%&u%?r?uﬁ%?dﬂu%%pé%‘@%é i@ t8'be
th%tﬁ‘&&& %tﬂéﬂ {%@hﬁ%@@?@}gma | Medicine, 7" ed. Philadelphia: W.B, Saunders,

441-444 (1991)). In 1986, Jean and Alastair Carruthers, a husband and wife team
consisting of an ocuplastic surgeorn and a dermiatologist, began to evolve the cosmetic
ase of BTX-A for treatment of movement-associated wrinkles in the glabella area
{Schantz and Scott, In Lewis GE (Ed) Biomedical Aspects of Botulinum, New York:
Academic Press, 143-150 (1981)). The Carruthers’ use of BTX-A for the treatment of
wrinkies led to their seminal publication of this approach in 1992 (Schantz and Scott,
Tn Lewis GE (Ed) Biomedical Aspects of Botulinum, New York: Academic Press,
143-150 (1981)). By 1994, the same team reported experiences with other
movement-associated wrinkles on the face (Scott, Ophthalmol, 87:1044-1049 (1980)).
This in turn led to the birth of the era of cosmetic BTX-A treatment.



agent known to man. Spores of C. botulinum are found in soil and can
grow in improperly sterilized and sealed food containers. Ingestion of the
bacteria can cause botulism, which can be fatal. At the same time, the
muscle-paralyzing effects of botulinum toxin have been used for
therapeutic effects. Controlled administration of botulinum toxin has been

ysedtp providgdnusele paralysis 10 trealcendiionsaior exampleral viological
neuromuscular disorders characterized by hyperactive skeletal muscles.

CERUitBAY AT REVe BEET featdt itk BotGnGHPbiIFHALG 6 HeR IRl
spaspeadultonset spasmedin taricolimanalifisssiie, BIephARERASMY cause
cerebral palsy, cervical glg/stonia, migraine headaches, strabismus

i

tBRPEF MR GRar TomtAisOrdRF, ARG VaRotE &S bPAERER BrATFIHY
andispasmsx Moke tecentiydhe,muscle-pacalyzing. effastsiohBatdlinwmMtion of
toxin have been taken advantage of in therapeutic and cosmetic facial

appHERHEHS S B8R ARG RARKIESS Hobiahs aHErbtoar estiedor
ofx spasMs-ofeoniractons ef-faciabmuseles. [0012]-Fopicatanplication ef

b _tul_inumqtgxin would provide for ¢ afelr. and mare desirable treatment
alBPAELRIE dtie 18 the HAMALE Nt re® Bt Hpication T Figer Heatimast:
sutfacenases that-can he calierach ithesabiliydpfammlate acpuaitexia, Withical

higher specific actjvity, the reduced training necessary for.appl _ing_g}_e
R AP S A UG8 Tt WOt B4 RechRely e

praducettipes désirsd effectpandthiesfaskof Areqguirementioniarge wellsofng
toxin.fo reach &, therapeutic alinical result, An effective meansfor o oe
transdermal aehvery ot botulinim toxin, as WelFas an effedtive figans 16"
administelingbotulinues toxinrtoitret onkpeeyénta iumbendf tonditionso f
thgt glees nepragHire W&wﬁg@%ﬁ highly desirable. SUMMARY OF

E INVENTION [0013 “This invention relates to new compositions

cpmPrising a betulingm, foxin. mars.specifically 1o.sych compasitions that, .,
enable the transport or delivery of a botulinum toxin through the skin or
epitkelitii @y Tefere diisragmtrahsderhap deliveryyummd tvalithdrstoke
may be:used asstopical aprlications.for raviding A ROIKM,IOXIN 10.8 1.y
subject, for various therapeutic, aesthetic and/or cosmetic purposes, as
dBEEBEhErem i T00 41O HE AXPee STARY MvsHESATIS S prabide &
compasitioth&antaining ashotulinusdexinandia sariesshhecariarn hasa
polymeric_backbgne with attached 5 positively charged branching groups.

THS S RshoN b R EER T IR 2 thieldrge wells of toxin to reach a

therapeutic clinical result. An effective means for transdermal delivery of botulinum
toxin, as well as an effective means for administering botulinum toxin to treat or

prevent a number of conditions that does not require injection is thus highly desirable.
SUMMARY OF THE INVENTION

[0013] This mvention relates to new compositions comprising a botulinum
toxin, more specifically to such compositions that enable the transport or delivery of a
botulinum toxin through the skin or epithelium (also referred to as "transdermal
delivery”), and that therefore may be used as topical applications for providing a
botulinum toxin to a subject, for various therapeutic, aesthetic and/or cosmetic

purposes, as described herein.

[0014]} One aspect of this invention is to provide a composition containing a

botulinum toxin and a carrier. The carrier has a polymeric backbone with attached
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botulinum toxin is non-covalent. [0015] Another aspect of this invention is
to provide a kit for;administration of a botulinum toxin to a subject. The kit
includes a botulinum toxin present in all effective amount for transdermal
delivery thereof, and a carrier that has a polymeric backbone with
attached positively charged branching groups. The association between

theicarier anddheetulinumdadn isparcavalent-[0R16 1Y el aRetherihe

&%{)ect of this |nvent|on is to provide a kit for administration of a botulinum
Rivya it MPREREIRtudes a device for delivering the botulinum

toxin.to the skin and a composition containing a carr r havi

K Meric backBOHEWHEBIGE Y POHIVEI ShaT e RAHLATAG GPatipeation of
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ST S0 EREtHE ‘sHBBt: T Rraty }ﬁb}"egé RRani Sh BH it EPo Rommeric

al@@&hﬁdmaﬁwtz&ﬁe{mﬂ]xﬂu&]ﬁ@mm@ﬁm@r@m«ss dmethod afon

dministering a.botulin toxm to sub ect involvin toplcally applying to
gfé”ﬁ?ﬂ E ?&%Wﬁ%ﬁiﬂ'ﬁﬁ\ 6%%81%“% ié%f bb]t 8@tc§xm in conjunction

ith an effective. nt of a carrier, The carrier has a.polym
e with ShACRLA soicl Leage BACHIRE Cioube
associstes nonicovatemtywithithe botuljneim Toxik (00L& che asfiect,

?'?J’Jl"%@ tpn relates 19 A,6MAGEIoN compUS ,&&199% QH%Qé'Ba@m
efine ﬁereln and a carrier comprising a positively ch arge "packbone"
fhaving @pslwe&tyl@haqr@é@&br\aﬁhhmgbn? pfficientytiyragpdras-tescibeds

hefgingMost QrFJRfﬁb'?éﬁb)‘? Pasiiively-charaed, Garrier 1A 4009r shalNnapedia
positively charged po ypeptlde or a positively charged nonpeptidyl

poimiartorcbbmplescapoly fkylenestiné TPhelinventvhfurine e atesript
a4 dh fQr.produsing 4 Liglagic. gffect such asgmuscle paralysis,

reducing hypersecretion or sweating, treating neurologic pain or migraine

hegoache, reduging,Muscle SRASMISREEVERIING OF J84UGING RENE @il inum
reducing or enhancmg an immune response, by topically applylng an

&ffEictive! sttt o S BErARS SR isr e Raisty totie Skt "oF & Sibjabiect

Qrcpatient imneeh of sushiteatment. shhgrinventionalaq relatesdo ahe camier
method for producing an aesthetic or cosmetic effect, for example by

el 4B B BP Bt TR 16 YHATCH TSEe A B BY rfsetin

intentagial muscles&:[004.9% This inventianwalso provides kits for preparing
or formulating a
[0018] In one aspect, this invention relates to a composition comprising a

botulinum toxin (as defined herein} and 2 carrier comprising a positively charged
"hackbone™ having positively charged branching or "efficiency” groups, as described
herein. Most preferably the positively charged carrier is a long-chain positively
charged polypeptide or a positively charged nonpeptidyl polymer, for example, a
polyalkyleneimine. The nvention further relates to a method for producing a biclogic
effect such as muscle paralysis, reducing hypersecretion or sweating, treating
neurologic pain or migraine headache, reducing muscle spasms, preventing or
reducing acne, or reducing or enhancing an immune response, by topically applying
an effective amount of such a composition, preferably to the skin, of a subject or
patient in need of such treatment. The invention also relates to a method for
producing an aesthetic or cosmetic effect, for example by topical application of

botulinum toxin to the face instead of by injection inte facial muscles.



composition that comprises the carrier and the botulinum toxin, as well as
such additional items that are needed to produce a usable formulation, or
a premix that may in turn be used to produce such a formulation.
Alternatively the kit comprises means for separately but in conjunction
administering the botulinum toxin and the carrier to a subject. BRIEF

RisPGRIPTION, QI THE RRAVWING 2.[0920} frigre, |ireprs

results of an experiment demonstrating efficiency of trﬁnsiermaf& e%very
SPBeRHinom takiv sty alcorpositod Bfthetihventibricofipriging such

Reptide hackhong: [P0Z24] Figwe, 248 @ RRRIAAraRR ARRICHNY 08 SIa1e B may

the hind limbs of a mouse in which the area of one limb was treated with
ACompEsiteh B invehtbn 'eitetAB Gre A BEHE e Fiwds! reamsthsgitheans
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carrier according to the invention. [0022] Figure 3 is a photograph
depittifg wrinkles on subject's forehead before and after treatment with
"Essentia Botox lotion" topically. [0023] Figure 4 shows a Mikrosil cast of

the forehead (A) after fopigs itepiment offviinkies witw' Bsegntia Botox
Lotion", and (b) before treatment. These Mikrosil casts, which are useful

hggagse they mwpa'ﬁﬁq%@t s fhat.canresylt HP&[LR!%Q fogra &@%thgs

actual subject, clearly s at the untreated as deeper wrin
[ob24Figeré B1shows! plibtograp s dépicting Minorsestachfiodine wshe
Qg{@ﬁq‘gg@&ﬂ ubiect jcﬁg}(ghggg five.days after application of "Essentia

Botox Lotion (A) and a control lotion (B). The control lotion contained a

posiively chapgad-polvlysing:backbans withaimalasulanyeaioht of abapt
21,000 and with TAT branchln%jgroups These pictures were taken two

it & are BpiiestioH. J002BPPIGHE 6 Rsitha' Sate s Bigiire 5 hpety ention

exgept that theyweretaken-after Jaursinuteshadelansed-« {00261
Figure 7 shows the dose area used in the axillary hyperhidrosis studies.
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overed hy axillar X }l{m?o 25% }EI uroevSBzflE pre}slerlml S thte‘g resylts
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delﬁvesredciaa:imssamaa@tmkm as?asanmm}om\ otion” toplcal

[0023] Figure 4 shows a Mikrosil cast of the forehead (A) after topical

freatment of wrinkles with “Essentia Botox Lotion”, and (b) before treatment. These

Mikrosii casts, which are useful because they minimize artifacts that can resuli from

photographing the actual subject, clearly show that the untreated side has deeper

wrinkles

[0024] Figure 5 shows photographs depicting Minor’s starch/iodine test
performed on subject’s forehead five days after application of “Essentia Botox
Lotion” (A) and a control lotion (B). The control lotion contained a positively
charged polylysine backbone with a molecular weight of about 21,000 and with TAT

branching groups. These pictures were taken two minutes after application.

[0025] Figure 6 1s the same as Figure 5, but except that they were taken after

four minutes had elapsed. |

[6026] Figure 7 shows the dose area used in the axillary hyperhidrosis
studies. Note that the dose area extends one centimeter bevond the area of the skin

covered by axillary hair.



agent using a short peptidyl carrier for the treatment of axillary
hyperhidrosis on human subjects. Graph depicts significant reduction in
amount of sweat (mg per 5 minutes) measured gravimetrically 4 weeks
after treatment with Botox plus a short peptidyl carrier or carrier alone.
Results are 4 week values as ratio to baseline value for same group, with

Sﬂ&ﬁiﬁ}%ance deterningd Ry Wilcexan Roaksis Wth s Q8 dNhhikQating

patients. Figure §_b represents the results of an experiment demonstrating
efffesensy of Botulinam Wxih HFerapEiataI R HERVET A6 radadmibiet skintcal
a,fepicaliRgeni s ing dushest Rentidvicatientor the treatmentefiaxilian:

hyperhidrosis on _human subjects. Graph depicts significant reduction in
dBaRt P T Bat GrD pHBC EniHTEST PhEXBIH T dRaith et CAMy #iveekeer

aftgr reatment with- Botex plusia sharti peRtidyLcarier QREaTIek 3IRRE. short
Results are treatment values as ratio to control value for both timepoints,

VLR Sl hERIE 8 deHeIFhHEBeD | VHIEOXEI &ffaly i ViR P20, Ppstipe value

patients. [9028] Kigute-2i shaws phatoaraphs depisting MineRs with p<0.05.
starch/iodine test before and after treatement with "Essentia Botox lotion"

tOpie QIR iR SR Ih E OF asiar HY PRt GBI ST Ema T s 42
Bﬁﬁgl@%\y Ss2Mmeskils shawmwhese Hahy @xilla-wastreatedwithin as a topical

"Essentia Botox lotion" (a and c) and left axilla was applied with the
CORPOFBNStISHS T SUBIELT TS Frdse PHBTEE apHS Mstraictsiars o
benefitssobsived;afier drpatmeantwihcarrieribotaxincstarshdodineng per 5
Although some crossover is observed on the control side (consistent ijh
208 QBB grRVITMEtRE atd). Sighiftaht FalictioRs P Srdptied o
with treatment (eopsistentiwith Re5%sreduction in giavimetriatata omtro! value
tr atk?d side). DE'tI'AII, D DESCRIP !QN OF EQ%JI}IQ/%NT4Q} ;OQ% 1;1[?«0 05
THIS TRVERHSR provided mbodtions and Mathods Tor danfary, = i F=u-02
particularictransdermal delivery, of a botulinum toxin by topical application

of an appropriate formulation. [0030] According to the present invention, a
pbElEdely chardddwarfiehomoldeuie:haling efficieneyrgroups: @i déseritréd

herein. has heen found suitable-as a, ransportsystem ok A BetlioWD, ent of

toxin, enabling that toxin to be administered 8 transdermally to muscles
angiidrrotherskid:asisocitad stlicturesa Ths trarssport Geekis sWtiphere nght
covalg %Jﬁ%@ﬁtgm%ofé&%;ﬁwmeg%m- (99311 By dnesitively chargedcq
is meant that the carrier has a positive charge _ ‘
with the control (b and d) for subject #12. These photographs illustrate typical
benefits ohserved after treatment with carriertbotox n starch iodine. Although some
crossover is abserved on the control side {consistent with 25% reduction in
gravimetric data), significant reductions are afforded with freatment (consistent with

65% reduction in gravimetric data on treated side).
DETAILED DESCRIPTION OF THE INVENTION

[6029] This inveniion provides compositions and methods for delivery,
particularly transdermal delivery, of a botulmum toxin by topical application of an

appropriate formulation.

[0030] According to the present invention, a positively charged carrier
molecule having efficiency groups, as described herein, has been found suitable ag a

transport system for a botulinum toxin, enabling that toxin to be administered



under at least some solution-phase conditions, more preferably under at
least some physiologically compatible conditions More specifically,
"positively charged" as used herein, means that the group in question
contains functionalities that are charged under all pH conditions, for
instance, a quaternary amine, or contains a functionality which can

acauiieROSItVE Gharge Mnder serain;solutien:Rhase GORAItioNs.«SHEARS ccurs
pH changes in the case of primary amines. More preferably, "positively

cHERgBECaG T8t A1 HETEM PERT S PS8 BRdGpE that have the behavior of
assaciating with anions over_ physiologically compatible conditions.
PBfhers with RmRATgIGHY BT BEsHivERBRalgE dnbrBtidsead ot techaree
hemepalymersas willihe apparenhiaione skitedrihe At @heleast some
examples of positively charged moieties are well known in the prior art
e sean e Biroyel ey Al besapparérit i tese skisdarvtre 2
artelOR32] Genegralyathe pasifivelywehasged catrier (alsorafereddoasBarged
"positively charged backbane") is typically a linear chain of atoms, either
W grid afi HE QR BTG ' OV EnArg 8 L bRy SiBIBY o P Y
Wit @reup s QANYINgs A Rasitive chatge-atiachadtorsidaehains extendittgas pH
frcgmﬁthe backbone. ‘Yrefelrab?/, the ositiyelg_ch%{ ed backb]c))erﬁ itself will
notfiave ‘& défined ‘enziiiatic o therapedtic” bidl agrc BV THE IRvEars 1sed
Hackbonse:is ashydrogarban hadkbeneewhick is; i semesembadiments, over
;EL 3\§%§)ited by heteroal lected from nitrogen, oxygen, sulfur, silico

n

d by | atgms se t .oxygen, sulfur, silicon
SRl ot

carbhard Additienaty the Yzackibope! wilt oftenyhiel &palymernof repeddihg! in the
upits (0. A0 Aclds, RGNS Oy). ON(PIORVIENSAMINE) price ar and
polyalkyleneimine, and the li e)cbu{ can be a heteropolymer. In one group

of erhbadiments, itheihositively ichanged: backbenekidial in the art.
polypropyleneamine wherein a number of the amine nitrogen atoms are
ptedEHt as ammeritifvg bt pestetei sistRtedy eatiingeacpsditives ¢

charge- inanpihen embediment, the.positively chargsd hackbone.iSdn groups
nonpeptidyl polymer, which may "be a hetero- or homo-polymer such asa

PBIYRKIEHERTNE Soriexp I & Syt NEIfNHe opY With groups carrying a

hepropylensimingnbavingsa melecuiariweightoh HomRRoM 100040 e
about 2,500,000, preferably from about 100,000 to about 1,800,000, anof

niSStibrefeFABIg P dIe Ao 556 008 t6tdbiGr1datecdca2 i anothieh graapic
of;embediments, the hackhnoras attachedablu ality el sidexehal] in some

moieties that 9.include positively charged groups (e.g., ammonium
oF GRS B i RSN Yy IHESBHBRITGTEY S S eBtAtin Groips Sulfur

gLigintdinikm>grepiRsuer FNYEHAUAGEOURSIbone chain atoms are usually carbon.
Additionally, the backbone wil} often be a polymer of repeating units (e.g., amino
acids, poly(ethyleneoxy), poly(propylencamine), polyatkylenennine, and the like) but
can be a heteropolymer. In one group of embodiments, the positively charged
backbone 1s a polypropyleneamine wherein a number of the amine nitrogen atoms are
present as ammonium groups (tetra-substituted) carrying a positive charge. In another
embodiment, the positively charged backbone 1s a nonpeptidy] polymer, which may
be a hetero- or homo-polymer such as 2 polyalkyleneimine, for example a
polyethyleneimine or polypropyleneimine, having a molecular weight of from about
10,000 to about 2,500,000, preferably from about 100,000 to about 1,800,000, and
most preferably from about 500,000 to about 1,400,000. In another group of

embodiments, the backbone has attached a plurality of side-chain moleties that

&



The sidechain moieties in this group of embodiments can be placed at
spacings along the backbone that are consistent in separations or
variable. Additionally, the length of the sidechains can be similar or
dissimilar. For example, in one group of embodiments, the sidechains can
be linear or branched hydrocarbon chains having from one to twenty

SRR BiomS AN IpTmInalng: L he.disiahand (way omihe hackbene)

in one of the above-noted positively charged groups. In all aspects of the

PRESE A VEETOHD the  HSBHETR BTN e RUARH T BaiPMPanY tHE' BBy LIPS

agtive agent, ishynonceualentintesatiigngran-imitirg examplesaofngs along
which include ionic interactions, hydrogen bond,inﬁ{ van der Waals forces

ShebmbRARGHE tHERSSE [T 31 T BAB SRR 6F Bboditinpgathe e fensth of
nRsitively sharasd backions isaimpolypeptidehaying:nuliplepositively
charged sidechain groups (e.g., lysine, arginine, ornithine, homoargi in’e,y
ARPIEIREY, PreRIaBIythe PO PREHAS RRDE O '%FW&S}#“ Fhone
abautohQ, 000,19 ghauth 20000  mergrreferablyfeosm| about 26,006 tahe
about 1,200,000, most preferably from a Ql%)#)go, 00 to abﬂwUtzll-’QOththhe
REBPKIIINT I At it AT EA R THAI N e HHIng Aligs 4ré Usddin ©!

this portion-ofithe invention: thevsidechains saithave withes thadBH prctive agent
L-form (R or S configuration) at {he. center of e}t}acpmg.nh ,%E?qug}gvgw,

et ARbENE Cah BE AR ShAIBY SFE BBIVEEBhTE SUehas A peptoid. See,
forexample IKassien Angaw, Chem WinflsEdcdzngl 82:548:1983)jcreof.
Zuckennann et al. Chemtracts-Macromol. Chem. 4:80 (1992); and Simon
oftas¥Proc Natlh AvadicSpio USAGIO36T, (1992))ii Brlgiyeacpeptoiddgas

polydlycing inwhich the-sldechaln = atiachad e 40 Bagkpone iagen

atd e a‘carbon atoms. As above, a portion of the ~
sidectainsmwill: typicallyterminatednlz: pbsitively ierargethg st pre prévigke?

a pasitively charged; backbon nent. Synhesis ofHeptaids.is. 1
dlegs&c?l u\éadxﬁﬁ “1}%ng§§e§%q}§d|;%§2%§ NoL.15,877,278, Whicf%% hetre ymm

indorpOratsl by referdntdiflits Teptiratylerd tHé tarrrtg ety fgrdin about
positively.charged bagkhones thaihaye.a pentoid hackhane £OBSHUGHRR in

aré considered "non-peptide” as they are not composed of amino acids
halvingeriaeoradlieseurming siiieckamsiat 418 Aeartigirigbadony fofagalk or S
V%@Sﬁg%ﬂﬁ}ﬁFJP@%&R&%@%&%&Q%EEHL@ME%I@E&&@H&L@@ sterie oF

electronic mimics of polypeptides wherein the amide linkages of the )

peptide drendpizestd with's e opEedls et oL BEEMMRayES; thicHiiities "™

(-GeNH-Y revarseds HuthipamidekNHCS:), aminamethyleae NHOH2-)4:80

or the reversed methyleneamino R o - .
(1992); and Simon e al. Proc. Nar'l. Acad. Sci. UJSA 89:9367 (1992)). Brefly, a
peptoid is a polyglycine in which the sidechain 1s attached to the backbone nitrogen
atoms rather than the o-carbon atoms. As above, a portion of the sidechains will
typically terminate in a positively charged group to provide a positively charged

~ backbone component. Synthesis of peptoids is described in, for example, U.S. Patent
No. 5,877,278, which is hereby incorporated by reference in its entirety. As the term
is used herein, pasitively charged backbones that have a peptoid backbone

construction are considered “non-peptide” as they are not composed of amino acids

having naturally occurring sidechains at the o-carbon Jocatious.

[0034] A variety of othes backbones can be used employing, for example,
steric or electronic mimics of polypeptides wherein the amide linkages of the peptide

are replaced with surrogates such as ester linkages, thioamides (-CSNH-), reversed

10



(-CH2NH-) groups, keto-methylene (-COCH2-) groups, phosphinate
(-PO2RCH2-), phosphonamidate and phosphonamidate ;ester
(-PO2RNH-), reverse peptide (-NHCO-), trans-alkene (-CR=CH-),
fluoroalkene (-CF=CH-), dimethylene (-CH2CH2-), thioether (-CH,S-),
hydroxyethyiene (-CH(OH)CH2-), methyleneoxy (-CH20-), tetrazole

(N4 sulforanidp (SN methylenesufonamido . (LHRIQZNHino

reversed sulfonamide (-NHSO2-), and backbones with malonate and/or
LBl eocHRGy ESTMITSY e Xaltiple; a8 RAREREG By BfétchEP et all)
¢L998:LGhenm. Rew 98:46andaetaiied by referances.cited Hagrgin.

Many of the foregoing substitutions result in al(ﬁgrgximately isosteric

PO BalkBbRES Telative 6 BalkBERES i fed Trort a SRS Séds.
[0035L in sagh-efithe ackbonesiproyded ab o\ EHsOIRENRIN JRLIRSI S X y
be_appended that carry a positively charggd %roup_. For exapple,_the
SRRGHAB kel DAbRBOARE LSO bhid INFISES25 LA REUE
sidgchain. graupsattached tenthe dpitrogsTatorasd Skalaslystheh malonate
hydroxyethylene (-CH(OH)CH2-) linkage can bear a sidechain grou
O VA S S SR T B Sa e -
ddaptthe/ether dinkagesshemistiastohpraviderpesitivelytichaigetany of the
sidechain oups, using sftandgrd‘ synthgtip.me%bods. I[‘QOBGJ&IW Ne o lative
dRBBUIRCAE e 5SS Ko BASKBNE 16 & BohyBupUde Rating1ve
heanching: gr dupse(afsorrefemed tacas efficiency groups). As used herein,

an efficiency group or branching group is any agent that has the effect of
dfd¥igting the ltransiodatiohaok thepasitivéiy clrarge dibadkbogerthrotigha

tssue puGalmembrane,; NENAImIting, m@'&S&EH{@@?Hnglﬁ’foﬁEﬁSf@Q%mj
groups include -(gly)n1-(argjn2, HIV-TA or fragments thereof, or the
preteitranstuction gdomaiil 0P Antennapedidechem fragieptaherd of, tis

Vm'h%uéﬁ%«@%s%mmig an fﬂ@%‘ﬁ%& frem Q-torg@yimere, preferably 040,
8, still more preferably 2'to 5, and the subscript n2 is independently an A
U IvEg eF SITrSHCRBO Biid absiiy 285 horehprétefabiy'aboutir &t aeadily
]a%uaB’EQﬁE &ﬁ%ﬁ%‘iﬁﬁ%@@%‘ﬁi&ﬁ@@@ : Béléée%H‘éiiwm;%EM%@&@Q&B@J@%@W
embodiments in which the HIV-TAT fragment has the formula (gly)p
REROHRBORRBLEGSE91)p-Y GRKKRRQRRR-(gly)g. or
(gly)p-RKKRRQRRR-(gly)q wherein the . sybscripts p and g are eac ;

N Rndently i EG6F OiiSin 61626 AR B TAGMENL 1 St AchLPtS 1o

the-hackhonaviaeither theC-ferminus ok thei Mderpainys) ofthesdiagmentan

Preferred HIV-TAT, fra%q]e_nt_s are those in which %he ‘ ubsf%ripts and .

& 1i1fncy £roup or branting group Is any agent that has the etect of promoing the
translocation of the positively charged backbone through a tissue or cell membrane.
Non-limiting examples of branching or efficiency groups include -(gly)n~(argh:,
HIV-TAT or fragments thereof, or the protein transduction domain of Antennapedia,
or a fragment thereof] in which the subscript n1 is an integer of from 0 to 20, more
preferably 0 to &, still more preferably 2 fo 5, and the subscript n? 1s independently an
odd integer of from about 5 to about 25, more preferably about 7 to about 17, most
preferably about 7 to about 13. Still further preferred are those embodiments in which
the HIV-TAT fragment has the formula (gly),-RGRDDRRORRR-(gly),.

gly)p- Y GREKKRRQRRR-(gly), or {gly)p-RKKRRQRRR-(gly}q wherein the
subscripts p and g are each independently an integer of from 0 to 20 and the fragment
is attached to the backbone via either the C-terminus or the N-terminus of the

fragment. Preferred HIV-TAT fragments are those in which the subscripts p and q are

i1



each independently integers of from 0 to 8, more preferably 2 to 5. In
another preferred embodiment the positively charged-side chain or
branching group is the Antennapedia (Antp) protein transduction domain
(PTD), or a fragment thereof that retains activity. Preferably the positively
charged carrier includes side-chain positively charged branching groups

inan amount-afiatieast 2beut0.05: 46 as.ae PRIEeNage of shetat)igarrier
weight, preferably from about 0.05 to about 45 weight %, and most

prefarabi s asBUhY, OB BISEUE ISR IINE SH Ao U SRENRE dhargeythe
rapehing are aving thefermula:r (@Yini-(ren2thermost prefeuetnat

amountis from about 0.1 to about 25 %. [00371 In another embodiment,
tRE BasRBBIE JoitfeH R alioRAySiNE AR BeSitRET chakysa Brsrdhifg
greups @re.atiachedioiihe lysing sidechiainaning 1g5eups. T he polylsine
may have a molecular weight of from about 10,000 to about 1,500,000, .
BFETERHISy $ORT APBLE YL D008 BB o B0 e, 2RRH H st PraterhnR, weight
from,abou: 339959@91@@@%&@@%@@dehpao heiamyef the semmerciallyscd

available (Sigma Chemical Company, St. Louis, Missouri, USA) _
BEIpRyaTses atieh e M8 e ampIE Peiysid Havitg TRA: 395 Berhamount is
pRlylysing havinadMw of 70,000 to 150,000, polylysine having MW
150,000 to 300,000 and polylysine having MW > 300,000. The selection

ofenvpppropriatepahdysineodithdependatithe cemaining sqarmpesientsof
theﬂ,c_ornl ,oEiti_on d Vi\%” be sufficient to provide in overaall.negb ositive.
HAFYE 16 THE %%ﬁﬁu%@% e and Brovids & Tength ttl%{yi%]bt’réq erably fiom one
torofigur times the combinedisagtimofdhdanegatively thargéducamponentsout
Prefer ositively charged branching grou efficiency grou St
SR e A sty
drdd 1 METATLAO, iibtheb prefepfstt@mbibdiméntathiecp ositivelychargedavallable
ckbone is a | chain pelyalkylengiming, sue RRlyethylengimine,
o S AL AT & ool ekt of Doy 1 b0t o0 [ooaat
Tdﬁelmdsi}hﬁéwmg@dibawﬁéﬁe@&oéaméﬁmm%més&bfﬁbﬂ§i?ﬁ;000 fo
PRYRERTISS QL ReAleNRIIeS AYIAIIBALARIING HRURS ing v/ >

scri ove, are novel compounds and form an aspect of this~
iRVERton. oo 38Ednceny emboanpae af tHaAventibr o R & bosimvalymng

charged.cartiet,that haspesityaly. AharaedanNchIng, Oraups deral et

necessary for transdermal delivery of the botulinum toxin. In certain

embotiTeRtss thelpoxitiy érarseede i as olieprer-a Ry, Frsmere

argininge ORIy hRMRAGINIRe, ARG e dike) BN domponents. Preferred
positively charged branching groups or efficiency groups include, for example, ~gly-
gly-gly-arg-arg-arg-arg-arg-arg-arg {-Gly;Azgy) or HIV-TAT. In another preferred
embodiment the positively charged backbone is a long'chain polyalkylenemmine such
as a polyethyleneimine, for example, one having a molecular weight of about

1,000,000,

{0038] The positively charged backbones or carrier molecules comprising
polypeptides or polyalkyleneimines, having the branching groups described above,

are novel compounds and form an aspect of this invention.

[0039] In one embediment of the invention, only a positively charged carrier
that has positively charged branching groups is necessary for transdermal delivery of
the botulinum toxin. In certain embodiments, the positively charged camrier is a

polypeptide (e.g., lysine, arginine, ornithine, homoarginine, and the like) having
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12 multiple positively charged side-chain groups, as described above.
Preferably, the polypeptide has a molecular weight of at Jeast about
10,000. In another embodiment, the positively charged carrier is a
nonpeptidyl polymer such as a polyalkyleneimine having multiple
positively charged side-chain groups having a molecular weight of at least

abowih100000.8uah palyalkylensimines dnclude-palvethylener @ad, by, the

polypropyleneimines. In either instance, for use as the sole necessary

AGERTPN Ig SAsadrRisarHBIvEIg Y HdsntveRrehbigel chiriep hglepiadiment,
i[194%%?np%jt&%%béegfé%(ﬁ@ﬂi?Eﬂﬂﬁmwi@{;}%{ﬁ@}ﬁﬁ%a&@%%?J%@fﬂl%fﬂﬁgimine
-(gly)nl-(arg)n2, in which the subscript nl is an integer of from 0 to 20 )
hord pratstabiPosty G S el it HefehaBy 2 i B2 Yna IHBdehERripeRdis! at
indepgndgnily anodd dnteger @f fraraheute 18BN RPN

preferably from about 7 to about 17, and most preferably from about 7 to

AOSRTEBY ISPPUITRT OF fAlhBR HrefBoi 6 AR ANAPEarRPTD G Rlor
fragment shergol Preferahly the sidechainier hranching areepsfave-the
general formula - (gly)nl-(arg)n2 as described above. Other pre.ferred;
SHBSBITERETATE thGSESHRRIEH Wie BIAREAIAG dE etk grolpduga the
HYsTAJ flagmentsdhatiaxethe damutae (ghiR-RGR E?QQR? RBI%E&@M%@
(9ly)p-YGRKKRRORRR-(g1Y)q, or (gly)p RKKRRORRR-(gly ,qurejn
tﬁgésﬁb@b‘ﬁ Bts Py gfelse%@ﬁnﬁ%f&ﬁgﬁdéﬁ%@ APyl ST oM Dt 2 out
and the fragmenttisiatiached: to thebearrier moleculendargitherdhesbout 7 to
C-terminus, or the'y'-terminus of the fragment. The side,hranching groups
ik NP e LS e il el e

can have el
dttachun et {RPreferteds HEVTAT dragmelnts: are dhosevintihichdhe formula -

stbscripts p and aaus eadh, independentyinteders oL O Bmore, .,

prefetably 2o B, Other preterred” emBodiments are those in which the
brenvhing:groups! arecAntennapedia PYD! §ibupsionfragmeéents thereofinlz

that retain ¢ S, activity. These _ | 2 Art, for instance,
e Aol Sl Bt Chere 373 108 (3003)_ rcterably. e
d@éﬁv@%&ﬁé@é@ﬂlﬁé@y)mmd@e@smé@h&ﬂiiﬁ@ﬁiﬁvély etrarged bramehingly
9rowRs 40, AnAMoynt o atleast ARULD, 45,7, 85 APgICentage ofing ofal

carrier Weight, preferably from about 0.05 to about 45 weight %, and most
préferably fréprrabeueOthe o ebsurseveight 9s:cFor Posiiielyeisaraedroups
branehing.greups: iaving the formulas-(ghnl. (g Ry he-mast preferad:

amount is from about 0.1 to about 25 %. [00401 In another embodiment,

thectapiterid 4 polyIVsinewithrposively veHakges BianeRtag grdupse cach

attachesta the lvsing side:chain, aming greupssTN® o 5. Other preferred
embodiments are those 1n which the branching groups are Antennapedia PTD groups
or fragments thercof that retain the group's activity. These are known in the art, for
mstance, from Console et al,, J. Biol. Chem. 278:35109 (2003). Preferably, the
posttively charged carrier includes side-chain positively charged branching groups in
an amount of at least about 0.05 %, as a percentage of the total carrier weight,
preferably from zbout 0.05 to about 45 weight %, and most preferably from about 0.1
o about 30 weight %. For positively charged branching groups having the formula —

aly)gi-(argla, the most preferred amount is from about 0.1 10 about 25 %.
auy I

[0040] In another embodiment, the carrier is a polylysine with positively
charged branching groups attached fo the lysine side-chain amino groups. The

polylysine used in this particularly embodiment can be any of the commercially
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polylysine used in this particularly embodiment can be any of the
commercially 13 available (Sigma Chemical Company, St. Louis,
Missouri, USA, e.g.) polylysines such as, for example, polylysine having
MW > 70,000, polylysine having MW of 70,000 to 150,000, polylysine
having MW 150,000 to 300,000 and polylysine having MW > 300,000.

";{e eMenP re@@%’%fﬁﬁ %l%gék@é?aﬁd\"\év of atleastiaout 10,000 sines

rre szmve y charged branching groups or efficiency groups
include, foreexapipleokyly - §ycag arg-ari ary totdisiard p iy At
Hé\% AT@I 04, 1538 rggﬁm hithand Avtennapedia: P TR enfragmsnts ibereefving

In other embodiments of this invention, the caner is a relatively

B POIEInd opsulyetyierimine TPE]) BaskBoNE(ViH |é‘nlh‘%§yﬁﬁ€m 10,000.
g 1eAL.Q %asﬂﬁhqgi)c ﬁmemmm Resitively 9@@[&%@ branshingigaeuRs.

uch carriers are usefu for m|n|m|2|ng uncontrolled aggre atlon of the
sackivones ang betuinerr foXif g erEpeatc Compadit

Gauses, tbe fransport efficieney erdecreasendramatically. When the carrier

is a relatively short linear polylysine or PEI backbone, the backbone will

@H@]% moleculay weight-efiless:thandis,0RRnmerenprefaiably tessativaly short
0,000, and mostgreferably, less than 25,000. When thg carrier is

(RASIVETY® SEOREFANEHEPBRSine 87 PR BRSO noReVE? the aoched
bagkbene wil B@yﬁ@dﬁmﬁ@é@bWQ@htd%ﬁﬁﬁban% D&Qram@rz&qaneiﬁ@nabjy

less than 55,000, and most referabl I% n 50, Q%O 1 wevel X
A BIAG &gfé%%@(b%%@ﬁg %Oﬂe% ‘? Aitaée” ‘é“&%%p%%‘l? on

ﬂﬂ%ﬁ@@ﬁakﬂfxﬂwgh&@fm&brtamhemmmlysmeﬁmdd%Ej tbatek:bmes may
be up to 75,000, while the molecu i tof%J e Ilnear

F‘E‘I‘IB%{&%B‘ e\ér h?ﬁ%ecﬁfsl%liéd 6%\ Rga ol v51 nlgFﬁggc}\bone,

num toxin"
aﬁld}lS@ﬂJﬂ@Felﬂilﬁ Imeantiolcefdnto anlyioff e Knownh. m@esmfcbmafmm ess

IS R DYe BRciR I Or By MRSaTINanPEtndl Ry

pés that may subsequent iscovered inc ud|ng
engmeﬁﬁedmarwma mnﬁm@fnﬁbb@t@mhABm@mmﬁ@dva@dwﬁawﬁhéﬁ‘f6 a

present time, se ically.d L neusatexing have
beSh EhArACtS é’rlze r}%mﬂ@ bofu?IO¥ g%gggéﬁg)t}%n%fe{%typesA B, C, D,
EplEtamﬁ \@ | ceacirof Gieh i 6mt1ﬁmugme@twmémwzéﬁdkwmﬁed hereln are

ey E]C'f'%aenc%bo '%Jhﬁﬁgt&'mm »R%%?@F%’B%éﬁ@d%@ﬂﬁ?&%@% PEI

S gma-Aldric From Met iologics, Inc. "(Madison, Wisconsin), as well
ascfmbmzmhewsrmeéo TheWiffetsin ‘é’ér@@iﬁé@@f“ﬁ&m|ﬁf1}h@t(1)1iéi‘rﬁl‘/awyh sine

the aniRal.Spesies fNakihey alfess ad i the severity and

10042} The term "botulinum toxin" as used herein is meant to refer to any of
the known types of botulinum toxin, whether produced by the bacterium or by
recombinant techniques, as well as any such types that may be subsequently
discovered including engineered variants or fusion proteins. As mentioned above, at
the present tine, seven immunoiogically distinct botulinum neurotoxins have been
characterized, namely botulinum neurotoxin serotypes A, B, C, D, B, F and G, each of
which is distinguished by neutralization with type-specific antibodies. The botulmum
toxin serotypes are available from Sigma-Aldrich and from Metabiologics, Inc.
(Madison, Wiscousin), as well as from other sources. The different serotypes of
botulinum foxin vary in the animal species that they affect and in the severity and
duration of the paralysis they evoke. At least two types of botulinum toxin, types A

and B, are available commerciaily in formulations for treatment of certain condifions.
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duration of the paralysis they evoke. At least two types of botulinum toxin,
types A and B, are available commercially in formulations for treatment of
certain conditions. 14 Type A, for example, is contained in preparations of
Allergan having the trademark BOTOX(r)and of Ipsen having the
trademark DYSPORT(r), and type B is contained in preparations of Elan

JQ%PQ‘S%?Q&?%%M}QQE%9&@&;%9%%1@@?RHE?Q%‘%{%#}%SRQd%ark

the compositions of this invention can alternatively be a botulinum toxin
&@ﬁ%ﬁv@ ath@pufslpaeﬁdmwag rﬁhﬁth'a@m%&mﬁﬁ%ﬁ@«i AngictivigShigtcontained
GRNIRING AR 05 More eRemigal o duncional alierafions on any part or on

any chain relative to naturally occurring or recombinant native hotulinum

toxins; For instance, the batinims taxinmay, e &madifigdnis invention can
neurotoxin(e.g., a neurotoxin which has at least one of its amino acids

deletedl Hodifidd o Fepraced TG Tared s & RARS \erlghat has botulinum

recominanily Rroduced HRUIPIEXIA Al darivalye-Qhnifagmenttheraolly par
For instance, the botulinum toxin may be one that has been modified in a

WA HHEY FORTRSEANEE, BrRaHeBY REPIOPERISE O HuEAEAEEE (IndLirabik
side.affectsihutthatstil Jetaingthe desired botulinumdaxinastivitg. .The
botulinum toxin may be any of the botulinum toxin complexes produced
Bt BB a8 AU e A OB AT HERAAR S th B BOLURA AR TBired: 25

nay:he A texinpiepared:vsing :recompirani-anrsynthetic ehemicalative or
techniques (e.g. a recombinant peptide, a fusion protein, or a hybrid
NEtFBYIXiM B prepardd BB LUP ORI BIBOMAINE B Hitdre it Yot iRt
texidiserolypesa(se: IS i patent 6444209 fordpatance) X cbhe hotuditt s e
toxérj fgfay_alFo be a b rtion of r_ihe Qy.e!? malecule that has been shown to
POLEELS the "ReCBE ATy BatntM Tk ASVE"ANd Th LUK Case tay he ™
usethpersecamas part ofalicombinatiomor canjugatecmolecitke) forerium, as
instance a fusion protein. Additionally, the botulinum toxin may be in the.
O O ORI TN 5 Ccronr R 1oy OB R o (o

imstanderamentoxitzinc proteasethatipecdmes:toxicromnproteelytic, 2 fusion
cleavage. [0044]. This invention also.contempl he general u

CHY, Gra 1y SUIQLOXIT, DATC . ) ;
C%lr%fbllg ar ?"i\éll ncuro O\IEIOZFBJI% e E?Onpsg{)?l%llhiéhggﬁg d‘lﬁ%ﬂ 8?09&&“311{

Inationsand. mixtures otulinum toxins, a ( ue to their
differing: mature: andtpropé&rties, Smixteres. & botdlinumntoxin oerotpbs takenm
n&t{gne & a‘%%(?‘g cé])@rtﬁgﬁ%ﬁthtfp!ﬁlgmﬁ 1&%1&@31@%?%‘9@6&%&8%"E‘&'ﬁossess the
industries. [0045] Compositions of this invention are preferably in the form
ot reductd oo barapplieched e Skif Brespitkatiumasisubjet oo ppatienisrt of a
'So;ﬁlHH?é?t%%%%?&gazc molecule, for instance a fusion protein. Additionaily, the

botulinum toxin may be in the form of a botulinum toxin precursor, which may iiself
be non-toxic, for instance a nontoxic zinc protease that becomes toxic on proteclytic

cleavage.

[8044] This invention also contemplates the general use of combinations and
mixtures of botulinum toxins, atthough due to their differmg nature and properties,
mixtures of botulinum toxin serotypes are not generally adninistered at this thime in

the health-cars or cosmetic indusiries.

[(045] Compositions of this invention are preferably 1 the form of products
to be applied to the skin or epithelium of subjects or patients, 1.e. humans or other
mammals in need of the particular treatment. The term "in need” is meant to include
both pharmaceutical or health-related needs, for example, treating conditions

involving undesirable facial muscle spasms, as well as cosmetic and subjective needs,
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mammals in need of the particular treatment. The term "in need" is meant
to include both pharmaceutical or health-related needs, for example,
treating conditions’ involving undesirable facial muscle spasms, as well as
cosmetic and subjective needs, 15 for example, altering or improving the
appearance of facial tissue. In general the compositions are prepared by
ixing the batulinum toxin with the carrier, and Iy with ene or. mage.
e R R s el
simplestiformtheyemagidontainizesim pld dgueo tex phatthate otickdlyand usually
Agaepiabie AUl AL et uehas Rl sRlDe HON YRR nis. 1n
compositions may contain® other ingredients typical in topical
pharmagdatidabortbegmegeuticahcompositigns) uindladirgaitically acceptable
dermagloneal ARNTIACRUICA: ARERPIRBIC RIS YENIGE Oy contain
mediurn, (e, a carrier, vehicle or medium that is compatible with the
tisbues goewhich tthieyivwillibeep pleth ) Thsi tetrn: Usmsatofagicamprsiions,
QQ&[{&%&Q au{ 'e?r%'a'%;%%%pat@o I%" i %H&%ﬁzﬂ%@%@% %%ctpﬁjhg}?vehicfe or,
compositions or components ?hereof so destribed are suitable for use in
contactwith. theseitissudscdr forsein patientsmpgeheral Wvithotssiaidoevhich
et ncamaapliy Instablint ARIHIE (ERPONSRANAING IR Acpiabe,
appropriate, compositions of the invention may comprise any ingredient
conventionallyrosat ihihB fielisnmdere on s paishsahel partictrapy e are
cRsmelics, and dermatology, e GomposItions A1Se Mahinchde 8.l without

quantity of a small anion, preferably a polyvalent anion, for example
oHesphaKes B pareste 26b dithates TODAB) MIEspHSTBTRAGIE faRfhoMBoditions
of fhisinvention may: include, Sakiens, gmulsions {nelyding dient
mlcroemulsmns)}, suspensions, creams, lotions, gels, powders, or other
typIRAPSONd bt HEfifarcEin BEStORS SABFOF AP PIicARDAAS SKIH AnB COtET s
tigsues-whers thecompesitions mayshentisesk isuch qompositianspiayhion,
contain, in addition to the botulinum toxin and carrier, other inl?rerdients
tyBEAIY LSt SHER Broducts SSHER SsPARTRTRYOBIRE HiofdHEErs and
gtﬁdration agents, ﬁgenetrj&i n ‘al%?’nts, reservati\f%%,semul ifiers natU{g(lle

0 _naty
UWhithetic oild) SOI&AE USRS atergents, - emollients, @

antioxidants; fisgrances xfiller sy thickenbisy waxescodons alysorbetsiions, gels,
dyestuffs, colqring agents chers and optionally i éudin .anesth E -
WCETS, 1 ’If%PO' ik com B%mns LR ggigﬂlo% EUESs and
a%??flf%ﬁqaaﬁﬂ%\}%%?} g Snical extra Ut]"s Con%?tlonlng agents, 8 rkening or _
lightering: ageints; glitteripontectamsy iceserirerdlisopalyphendlsgy contan,
SLcopesr asrvaivas, iereel sundiaeke vianine A0t atyome ddnals.c,
[dﬁﬁ 1 partlcﬁlaﬂy pre erred embo Iments, the compositions include
products, such as antimicrobials, moisturizers and hydration agents, penetration
agents, preservatives, emulsifiers, natural or synthetic oils, solvents, surfactants,
detergents, , emollients, antioxidants, fragrances, fillers, thickeners, waxes, odor
absorbers, dyvestuffs, coloring agents, powders, , and optionally mchuding anesthetics,
anti-itch additives, botanical extracts, conditioning agents, darkening or lightening
agents, glitter, humectants, mica, minerals, polyphenols, silicones or derivatives

thereof, sunblocks, vitamins, and phytomedicinals.

[0047] In particularly preferred embodiments, the compositions include
gelling agents and/or viscosity-modifying agents. These agents are generally added to
increase the viscosity of the composition, so as to make the application of the
composition easier and more accurate. Additionally, these agents help to prevent the

aqueous botulinum toxin/carrier solution from drying out, which tends to cause a
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gelling agents and/or viscosity-modifying agents. These agents are
generally added ta increase the viscosity of the compo§ition, soasto
make the application of the composition easier and more accurate.
Additionally, these agents help to prevent the aqueous botulinum.
toxin/carrier solution from drying out, which tends to cause a 16 decrease
in, the actm oft Xin. Partlcul red enis are
t'rgljgcsrg t ealtna?{ee &%cha Olflol! aend) %11}1% nter er?z\l/}\[}llt%u? GmYein 2°
atdﬁwftyl“@‘r mueﬁn@n@@d)amﬁ thentoxinecterdericothp I@M@ﬂ;mmmrmssmag:skiry or the
elli ts ma be certa n.cellulose-bas e

e R e P e SRS Ry e
mmwﬂmrMmgleg@msfommratéddmmwmmo@hmmaw@ for
céﬂ/ E %1'%‘&?@%1‘%%311%@%%“%@ Fg‘% Pm Pc!u“ (r:]dl%o;lmn%gql N3 8 gozmulated- m
botulinum toxin/carrier complex may be altered y adglng pglyeth ene
gySok{PEG) Imvtheethbbdimentsrthevsbtulihamsoxinjcafrierkolution is
f@@m&ﬁ%w%ﬁ% iked Visaous Baepls: BHh.es 1?%?%*“'&?%119'55 V& iene

48] The compositions of this invention may optional
pRiited Aty agénie! }Alsmﬁédlhm@tm Jag! '(partktmmnt@‘agé:mt’h@ aulytion is

substance Qragitive hat has the -prorgrty Qf pre %ﬁnﬁkﬂw mJD mizing

unwanted or uncontrolled aggregation of the botufinum toxin with the

cayigyp of this-imentiop. fartilioning agents, may.Pewseiul, 1o examplgivning

when a concentrated botulinum toxin solution must be employed due to
Voliiie ConStrAiREICIn. thelkd EAEES (HE Bartining alent Reapd e that has the

bofinun texiRdispersediiharehy prexenting @ggﬁﬁgﬁt@hgmwa@@mf the
that would otherwise occur without the partioning agent. Generally, a

pATHHBRG HgBAY I8 (F AERLFHERENG )5 HE8s Aot destny e BoRinkmse ul.

taxinxE3)deesinot confecanydncrease.in permeabdity, nid)alfords reliable: ¢,
anq stable partlcle >Lizhe@l (5)is un%harged and (6) does not interfere with

HBIESY B tHE Yoxih Bd thetraRsaHmAT Ekirgr A Sxaliipio 8 g ™ foxin

sﬂutahlez-@artmemngra\gﬁmws ethapol{EtOH): inpiefarred embadiments.cur
the, I—Us less than 20% of the Cif osmon and most p eferably less

A% OF 8 e8I 3son {0045 By Alay 'SPERHREIE, T ubllima™ ine. ()
cdmstnmnﬂssneqm MrbmmsntHUn911Q@}Uoﬁf xbﬂtudmmﬁratgmnomz@cﬁlmidﬂﬁmb;_ ity,

Jutl ath r.than 2.5 * ne t plcally serve thetea tulinum
(? n@v?ﬁ(%fﬁ I:t[} uen‘“e%sfrtargeéééif}é alon{ nd this ﬁa G\Nére éét%wfy .ot
HDWSS?W vhihaddipde196 tEt@Htaszaadlépermmg;cagemﬁ duthyeactivityxisnpte of a

&%‘”SQ{‘? gnn‘?{fytgccn 1% QU at EE %ﬁﬂncfnm;re%%xorgd%?ng &%@S&t?’ﬁ?g‘ﬁ’t&{ 15

Botox(r
less than ’?{)% of the composition, and most preferably, less than 5% of the

composition.

10049] By way of exampie, if volume consirainis require reconstifuting 100 U
of botulinum toxin in 0.5 ml of solution, rather than 2.5 mi, one tvpically observes
that the botulinum toxin will exhibit undesirable aggregation, and thus lowered
activity. However, by adding 1% EtOH as a dispersing agent, fully activity is
maintained even after 24 howrs at this concentration. As another example, Botox® at
1.0 ml 0.9% NaCl reconstitution has full activity, while reconstitution at 0.5 ml in 1%

and 5% EtOH plus 0.9% NaCl produces solutions with full activity.

[06050] In certain embodiments of this invention, oligo- or polyanion bridges
are added to the botulinum toxin compositions to improve the complexation of the

toxin with a positively charged backbone camier. As is well known in the art,
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1.0 ml 0.9% NaCl reconstitution has full activity, while reconstitution at 0.5
mlin 1% and 5% EtOH plus 0.9% NacCl. produces solutions with full
activity. 10050] In certain embodiments of this invention, oligo- or
polyanion bridges are added to the botulinum toxin compositions to
improve the complexation of the toxin with a positively charged backbone

arrier. As is well knovyn in the art, 1. Q?tuli um }gxin IS actu Il%a .

Ot {INUN %_Oélﬁ 15 ac%ua ly a comipiex o %i; 'CTent profeins, sonie oﬁu Ich are
complex of differént proteins, some of which are positively charged. and
semavef whicharenégatively chatged. Becavde therexdcB distribtition~aft
IR, EOMRANENES ol e IR ¥ares dependind ol g SR Qb the. (P
ifl r‘naylf)e that Botulinum toxin from Certain Sources has a lower propensity
farxicomplexatidrwitiitheupositivelycehargeth backivomes dbsetiladivemein for
Howsier, ane. aspect of ihis nvanlion, » e disqexery IhaLhY, adding.n, one
0 |g<§- or pof)l/anlon r%l)ge to 'such ‘botulinum toxins, the e iclency an
effieacyfohiopicat@aoministrdifonvis vinereasedddramaticglly oSpitablaon bridge

xamples of such oligo-/polyanion bri include- [ -

B! (ROYANQ ?5%8%? ¢lyde 8 %%ﬂ'ﬂ? NA i
?‘f‘%}l E%Llépg%qgﬁ%/?L-aspari’étgc e.g., wﬁﬁ agh;ljw f13OOQ). 0_051%?_n s
Qompesitibvns ateordirg iobhés havantion may bé da-thelfemepprdges include
contplietislease a1 susianedyeizase sampanlions, WeLelRner 3000,
botulinum toxin and the canter ar% encapsulated or otherwise containe

within @ material such that they arg releasad . ante:the.skin in @ceptolied

manner over time. The botulinum toxin and carrier may be contained

VERRIFPHScE 8 QipbssTiness Ed i RIS E HP Su B —E RS SpHBrEs FrHg xin and

the: likey: ar withina solid Partiswatemaigrial-allofwhich s rselecethat they

and/or constructed to provide release of the‘bo_tuAIi_num toxin over time. .

TiHE "HBtaTh Ot A TR S REF hiay BE! ENEAPSTatbtrBgRtHEr (e Y in and

iRthe-samen capsule) onseparately () Iseparate, capsieshi1Re2UsINg

the comggsitions described herein, botulinum toxin can be ra%l},vqie to

rRISETER GGGVt e skin® BRb GIaHURR SHACES Within the' Sk, ih

an effective amoustieproduyse paralysis: praducetelaxation;aliesiatee. The

contr _ctions,,.prevelilt or alleviate s agmsz‘_{fgudlce glﬁndelag output, or

OBRBH i s Srecs L BEACIBVEN B tR BB 1BxiR fi this FisHHer

corelafford dosage, reductions; tesguts) toxicity and allow more precise

dosage optimization for desired effects relative to injectable or

irfiplahtable materials:053oTiecompositiohsrofrtha inlremtioarecan be

3pRILA.50 25, [0 AATININIELRD (EEGVE AU ALME AR sicin, in
an effective armount to produce paratysis, produce relaxation, alleviate contractions,
prevent or alleviate spasms, reduce glandular output, or other desired effects. Local
delivery of the botulinum toxin in this manner could afford dosage reductions, reduce

toxicity and allow more precise dosage optimization for desired effects relative to

injectable or implantable materials.

{0053] The compositions of the invention are applied so as to administer an
effective amount of the botulinum toxin. The term "effective amount” as used herein
means an amount of a botulimun toxin as defined above that is sufficient to produce
the desired muscular paralysis or other biological or aesthetic effect, but that
implicitly is a safe amount, i.c. one that is low enough to avoid serious side effects.
Desired effects include the relaxation of certain muscies with the aim of, for mstance,
decreasing the appearance of fine lines and/or wrinkles, especially in the face, or

adjusting facial appearance in other ways such as widening the eyes, lifting the
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means an amount of a botulinum toxin as defined above that is sufficient
to produce the desired muscular paralysis or other biological or aesthetic
effect, but that implicitly is a safe amount, i.e. one that is low enough to
avoid serious side effects. Desired effects include the relaxation of certain
muscles with the aim of, for instance, decreasing the appearance of fine

lines.and/arwrinkles, especially in,the.facg, o adiysting, gg}%ﬁlip or the general

appearance in other ways such as widening the eyes, lifti
ccmén:f olithelmoutioor Stobthingiinesdrdttan gﬁﬁt@fﬁémlﬂﬁé Qﬁpp@?qi&li‘or

agsneral, relief of musqular tepsion, The. 'aﬁﬂammb%@ﬁ%sﬁsﬁh%mbn

relle of muscular tension, can be effected in the face or elsewhere. T
aompositions eibth ean@@rﬁﬁwtwﬁasﬁwmaﬁ o h@b%ﬁﬁ@@ﬁéﬁl%?llcati@ll as

amount of the hatinurn toxin for application as; asipgle:dase raimetiace

or may be more concentratéd, either for dilution at the place of
adraimistratis o pfdpUBESin mulﬁ;ﬁlé Applicatons THvsey Hthesase Bethe

Rositively chagsd carriers of; this InVeRtion.a.BatinuEn, Oxin ca Piiistered

administered transdermally to a subject for treating conditions such as
Urdesitabie faeinr HifstILor cothermisbanr 3RS neNHpeMibsis! auisele or

ancanditions elsewhers.indheRedy-n. which salisfofipusculan aghe oF in

spasms is desired. The botulinum toxin is administered topically for
tPAPSH SPHTAICA BRVEN) 1D ARS8 BRID b iifeF Skinl s diaR s dktdfes.

The.administationinay e made.forexamplentadhe degs .ahouldarsssociated
back (including lower back), axilla, palms, feet, neck, groin, dorsa of the

ARG Ersfebte MIBOWSTHBeratSs Rifite o UPHEFIEGL” Biftt5ers S 1GRE:s: ack

pehvis.arany.atbenpait ofthehedywherr administriation okthenbotlipurn
toxin is desired. 00541 Admlnlztratlon of botulinurn Tioxm ma aI o be

catist o tr‘Hé?t ISt EBRdititHs DI EHint et b‘%foﬁé‘u YT e he
preveRtion-crireduttionob migraing headache oiwther headache pain,
prevention or reduction of acne, prevention or reduction of dystonia or
diiEtdaic contrachin)imss(wtiema”rmtnﬁ@miveo@m chimjicdly preventidwrio treat
NSl SR asnaIc D SReRIE freunieal duestbidasy
reducing persecretlorror sweating, redutin dnh ancing immune
resqgonse}lomrémmenh@lf bthércbomditiops forwhich admiistratiomof

borlinurn, toxin, %{M%ﬁmt%% hegn.sigoested o performed. {99%541 cor

Administration of botulinurh toxin or Sther therapeutic proteins descrl ed
heleinamay @lgoibe cairib ot fosimmemization:atdtad piitpissase or clinical

Surprisingly. administration.of botulinum daxin deseried NERIR NAYiPS une

carried out to
response, or treatment of other conditions for which administration of botulinum toxin

by injection has been suggested or performed.

{0055] Administration of botulinum toxin or other therapeutic proteins
described herein may also be carried out for immunization-related purposes.
Swrprisingly, administration of botulinuin toxin described herein may be cairied out to
reduce immune responses. More specifically, this invention allows a botulinum toxin
to be delivered by an altered route of administration, thereby changing the complex
anfigen presentation of the agent. In this way, the mvention may be useful to reduce
Immune response to antigens to botulmum texini, and to facilitate repeat
administration without immune-related reduction in activity. Aliernatively, the
complex can be prepared and applied topically to enhance an immune response, for

example to provide immunizations respecting various proteins, for example, for
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reduce immune responses. More specifically, this invention allows a
botulinum toxin tp be delivered by an altered route of administration,
thereby changing the complex antigen presentation of the agent. In this
way, the invention may be useful to reduce immune response to antigens
to botulinum toxin and to facilitate repeat administration without

NI SateR eaction I aevib lterparyebiy(0g, COMBIEY AR Afinc-
prepared and applied topically to’enhance an immune response, for
examplecto providefimmunizations' re§pecting varfiousoprorehedyfiopm toxin
SURTRLE: fobi, coigibaqd Immupizatians OO INEHR0R FARHEERin afier
connection with immune related activity, all "effective amount” refers to an
amoigatiof e botghmdap poiis euffidient to allow a subject to mount an
immune response to the botulinum toxin after application or a series of

dppfichtions oMes005E] Mbsti preferdsiyie esnipasiioiscdray or under the
agministered by ouinderthe gireetiongfa:pkysiciamer-other healihGate. cd

professional. They may be administered in a single treatment or in a
JerasaipErsEietrentinerts Gvel tedE S bnsde el tHefivéry ransdermal
ofbtulinurn sexin for EhePuEnase s mentionadahqy gy & COMPRSHIoN 88 as

described above is applied topically to the skin at a location or locations
R e P BESHRPIA BB OERTERR WERERH ARG RSt
toxin/carsier salution.is.applied dicectly e the:skintuit is preferable e conveln is
the treated area (e.g., with _Cet_athd[éerre moisturizer) or occlude the .
trsatisd sreaith 3 bsiier (5 §reTaY ih Srerth VAR TR saiutibh
fromsiningRulwhichoweud: lead dara.decreaseiin toxin: activity TBecpuserder
of its nature, mast preferably the amount of botulinum toxin applied, .
SHORIRY B Aot Wit erer AP & UpBICton Pl AN et ianty &t
application thatwitl proguce:thecdesitgd result withouth prdbluciiguany xin
adverse or in esired results. According| . for.instance, tggical v of
P oS HGHS SRR ER IO “ShSUld BEFARRHEE BHa Pate of 7o dbout IU
to@hout 201000k | iprefarabiy from @b ettull b id @b oub A6 BR0W sbatutimu e
toxin.per em2 of skin.sufage. Higher dosages within, ness ranges could.
pPRFSTABHy B8 SinpISy T IR onjUnation with Rontrolied release. materials.
fohinstamce;di-dllowedca stiorte rdwel timeabnithelskiv Priorctorrbmdval: about

L%(;‘ﬁgl% f?)r&ﬁ%r(} &ﬁ?%%ttlgf?ﬂ%];% eﬁ%l?ﬁ?%{}f}a%% B\rllgrs{l(%fgl% aigglsg:car‘t%qg%fcm%thln

m toxin/carrief composition s important for maintainirig the
effiescyofdheoddiptidaFor lmxampleyshe introduction o s apfactdatsrolgase

ti‘}lga %&fi‘sc,efo?futa@%&@,n ogoé’ﬂioweé a shorter dwell time on the skin prior to removal.

{00571 Proper preparation of the skin surface prior to the application of the
botulinum toxin/carrier composition is important for maintaining the efficacy of'the
solution. For example, the introduction of surfactants on the surface of the skin for
the purpose of cleaning off surface oils on the skin prior to application is surprisingly
counterproductive, because the surfactants appear to destroy the activity of the
botulinum toxin. This occurs even if the skin 1s subsequently washed with water
several times before application of the botulimum toxin/carrier solution. Even
extremely gentle surfactants, such as those found in baby wipes, appear to cause this
phenomenon. Accordingly, in preferred methods of administering the compositions
of this invention, the skin 1s pre-cleaned using water alone. Washing with only water

also appears to improve the transdermal transport of the botulinum toxin moderately.



the purpose of cleaning off surface oils on the skin prior to application is
surprisingly counterproductive, because the surfactants appear to destroy
the activity of the botulinum toxin. This occurs even if the skin is
subsequently washed with water several times before application of the
botulinum toxin/carrier solution. Even extremely gentle surfactants, such

a e found,in haby wipgs, appear tp cause thi enomenon.
Aﬁc]ygr%j ingly, inApgi r(zl-:-l %)r[?él yg%t %iéalg%]fa 5(? %fﬁ%‘%gﬁ%gt% t C(? %(grﬁ}beo%ﬁ%ﬁg opre
tHigyinvemntion, 4he8 skinispteedleanad using watercalonep Miaghingwithe, the

wat SQ. - € frar N3y tran:; f the
gg!x(,va@ &F sﬁx'@rgﬁ% eagaxgos %%Ov%&'zs Jga&l%%@&rﬁg’!%ﬁ%@gp&f&&sdgeém;

tulinum to rately 100581 Additiona kin may
stfippé@rft@ﬁéqméeim@@ﬁatuﬁvmm_zla@téwém@cct@naﬁpﬁchﬁghipﬁstmmrtaﬁL
beliny ﬁ%?‘!!&éﬁ&(é‘%i}é%ﬂﬂ@@d%dlﬁtPJH“&F?!% &T}Sruﬁ%r%ﬁl%ﬁlﬁflgtf@?ﬁ{?a 86 or
skin should lead to enhanced efficiency of transdermal transport o
bmﬂtmt‘fmpﬁmxﬁ.tﬂmweﬁﬁmétmémgmwgmpﬂh}éeg‘mntiéiimpmam. In
oy examale. ansianermediglededustion ot e aly cameumAer i

humans or” animals appears to reduce the activity of su sequen‘tiy applied
bt WxinDthapeitiast dipe swippingrtleticapplyind taperom thein and
surface i theskin a0 then.Jamevingthe fang) 2RREAFS. QAo A8ER8E , o
penetation of the botulinum toxin and dosage reduction in both mouse
niBeEka Fifratsy it IBepres Dhiba that RistakTon b cthecskinslafaci (g fape
vig,theuse of abrasive pads) would cause a similar effect as tape

stripping. [00591 This invention also comprises devices for transdermal
trepisoission of iascarepasiiondhat:coniains hetulipumoxinand-a,carE8h, of
that has qtposi'gively charged backbone with attached branching groups
a8 JETRET HErEIH, UV I AL A 8 A8 BT KO heRetior ye acharged
skinpateh wommay:bei more complicaiedsdryices thasinnchudeimeans{or be as
dispensing and monitoring, the dispensing of the composition, and
OB THBRE RS OO th EbRAHIGR B (e GBSt 4 ocs that
movilitdrimg:the fseactionsofdhedsubjeotta thesibstanees beingomposition, and
dispensed), 09601 It should b noted, that the cholce of materialsfor the
cohstruiction of the device is 1’mportémlt1.1 Teterred materials 1o fRanE the
cosstroctidniefsdelicery devicks aaresthase thaidocdat lead to a loss of

activity of the botulinum toxin/carrier solution, either through degradation
otififhnted adisthptidohthedbbaulinushtoximondesutdoe tof thestevice of

S{'i'ﬁjhyﬂg@%r Qﬁ&ﬂ‘.’i?‘}é}@ﬁ&%&i@%‘_?CEhéoéoﬁééHaHL% é{\t@%ﬂvmr:'}édevices

botulinum toxin/carrier in an aqueous solution contacts polypropyle
SEFfAGEs: B do not lead to a loss of activity of the botulinum toxin/carrier solution,

erther through degradation or unwanted adsorption of the botulinum toxin on a surface
of the device. Such undesired behavior has been observed, for example, when
botulinum toxin/carrier in an agueous solution contacts polvpropylene surfaces, but
not when the botulinum toxin/carrier solution contacts polyvinyl chioride (PVC)

surfaces.

[0061} Generally, the compositions can be pre-formulated and/or pre-installied
in a device or can be prepared later, for example using a kit that houses the two
ingredients (botulinum toxin and carrier) separately but provides means for combining
them at or prior to the time of application. The amount of carrier molecule or the ratio
of it to the botulinum foxin will depend on which carxier is chosen for use in the

composition in question. The appropriate amount or ratio of carrier melecule in a
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not when the botulinum toxin/carrier solution contacts. polyvinyl chloride
(PVC) surfaces. [00611 Generally, the compositions can be

pre-formulated and/or pre-installed in a device or can be prepared later,

for example using a kit that houses the two ingredients (botulinum toxin

and carrier) separately but provides means for combining them at or prior
tgithe time afapplication. Ens:AMOMMALeaITier Malaskla o fne datie, of it

to the botulinum toxin will depend’on which carrier is chosen for use in the
composition ivguestione Teeapstepldate amount or ratio of carrier

molecule in. a 21 given case can readily be determined, for example, by
cBWéE’ﬂ:ting on&'iRiGHe t%@(ﬁ@ﬁﬁﬁé%‘?té}%ﬁ%“ﬁ%%*&fé‘%ﬂiBé’d“ﬁ"élé\ﬁ/?e““g a

[0961Imoenerab thednventignalsa,campriges& Methodfos aAdministering
a botulinum toxin to a subject or patient in need thereof. The method.

iERIBEE NEdRIPFRIHG BPIEAIRN AeIANSIdts iy Ahosme efivee AMBURT B tHen i
otk oXimin GeniEnetien wWithsaicarvier having:aupesitivaly ghargad
backbone with attached positively charged branching groups, as o
destribeY Harsit By TH e8I Wil REMEEFIRthAY tHE tRgunction with” is
compenents{botulinuRniexin @ad.Garrker) areAdministered ldinistered in a
combination procedure, which may involve either combining themina .
COMPOLHIOR PIRRTEH S SUBEbBaEARy RtmTitiiered W RS SaBjaRe grmposition,
agminsieripg:them: sapanaielytebut ineauprenes suekithaitheyaet separatel v,
tﬁfgether to rg\/!dei the rgguijsit_e delivery of an. effective amount of the
tETAPSUTIE PBrEEIAY FoF BkarmpE & E6mMpEERion O tamiHg the darier &
mdy fitst heappliedite theagkini obthesuliect: follpied byrapplyingca:skining
pﬁltch or. other. _\/i%eA co tqip{n thei{boglflii um to;ggin."l'ﬁle bqt{.lllnurrl] toxin i
iy BE hESHBSTatEd iR FOoH in & SKin Pateh oF ofher dispensdig e @ skin
dexvidepwhiertiver i positivelychargedcarmier maybd hpplieditothe skimay be
surface befare %%pycation of the Qe}tch sQ that the two acttoge

her
INCOrporaiee 1l FIiorm n a skan patch Or.other DCNSINY ACVICE WEUFC the
resu(itrl%gcln he desired transdernial delivery. ﬁus, two Substances

(carsievandiboalinamidoxiny bewjptombitiationronperhdpsointanaottonn of the

for@cﬁ_s%or%‘a‘??ﬁétﬁ@o%Etc%%%né@%&ﬁ?[?'cir%%c&%r%!&%bfra‘iﬁ‘s éﬁ%%{‘ﬁiéiﬂ.&@? Thus,
comprises a kit that includes both a device for glspensmg otulinum toxin
viaahe skinsancea (iguidr ged, lwredmior therlikethatcomains the parniasor
bﬂﬁ'é%%% 1%'991 g@&ﬁ?poss%@pg% E%E%E’IPJ%HI%OSFH? %cl,@o% ﬁQRD%l'éJ{Hv f\3on also
subject. Kits for administering the compositions of the inventions, either ‘
uRdlePdisctisn bRadalts bare profession i erciyiheoyatient apsubjectic skin
may, alsg.inelyde acustom applicator sHitable farihat or hackbone, and that is
suitable for applymg fo the skin or epithelium of a subject. Kits for admimstening the
compositions of the inventions, either under direction of a health care professional or
by the patient or subject, may also include a custom applicator suitable for that

purpose.

[0063] The compositions, kits and methods of this imvention allow for the
delivery of a more pure botulinum toxin with higher specific activity and potentially
improved pharmacokinetics. In addition, the carrier can act & .« stabilizer, reducing
the need for foreign accessory proteins (e.g., human serum aloumin ranging from 400-
600 mg or recombinant serum albumin vanging from 2350-500 mg) and/or
polysaccharide stabilizers, and can afford beneficial reductions in immune responses
to the botulinum toxin. In addition, the compositions are suitable for use in

physiologic environments with pH ranging from about 4.5 to about 6.3, and may thus
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purpose. [0063] The compositions, kits and methods of this invention
allow for the delivery of a more pure botulinum toxin with higher specific
activity and potentially improved pharmacokinetics. In addition, the carrier
can act t stabilizer, reducing the need for foreign accessory proteins (e.g.,
human serum albumin ranging from 400- 600 mg or recombinant serum
lbumin.rangi I 250-500 mg) .and/or I ride stabilizer d._.
B e e
todim traddition cthendempositiviisarendiitabsle for use in physiologic
environments with pH ranging from about 4.5 to about 6.3, and may thus
49084Ve such B, [ IPHENSORTDESItIOR HECOPENY tes PSPV b9 I a1 Bie
stored githenat. Loy emRRKAtLLEQr MRder[efrigerated 0enditionss siin

[00641 The following are representative examples of the invention. They
deihensteaterdeliveryl of furstispai Gotd ity elrstonPe iplexds across
skin without requiring covalent modification of the neurotoxin to be
delivered. EXAMPLES EXAMPLE %A rangport of a botulinum toxin in
Vvivo using a peptidyl carrier. [00651 This experiment demonstrates the
use of a peptidyl carrier to transport a large complex containing an intact
labeled protein botulinum toxin aéradsMdthEt kkin after a single time
administration relative to controls. Backbone selection: [00661 The
positively CHRRSY R BORY MRS 88BN HEy by Ehuparidy! epEig7 to
Aalybsine (M, 112,000)1ia the, carbor ot the terminal glycine o free . por
mines of the lysiné Side 'chains at a degree of sa dration ot 18% (.e. 18
oulzofseachpit®@ dysine ne siduesdisl canpdgateditdarGhyBArgY). afhes intact skin
madified backbone,was. designated, KN, The control polycation was
unmodified polylysine (designated "K": Sigma Chemical Co., St. Louis,
MO) of the same size and from the same lot. Therapeutic agent: [00671
BEteX(?) bealaBT botulinum toxin A (Allergan) was selected for this

eépegment. It has a mol%%y[ rweéggt 0 a[zﬁrzoxjmatel\éllgg,poo.. i
A{L5Aation of ARG 1OBERT FE BATUAUNT X WAL Feeb RS ~
acopudipgita-thel marufactingr’sico) via the carboxyl of the terminal glycine to free
amines of the lysine side chains at a degree of saturation of 18% (1.e., 18 out of each
100 lysine residues is conjugated to a ~GlysArg;). The modified backbone was
designated “KNR”. The control polycation was umnodified polylysine (designated

“K.7, Sigma Chemical Co., St. Louts, MO) of the same size and from the same lot.

Therapeutic agent:

[0067] Botox® brand of botulinum toxin A (Allergan) was selected for this

experiment. ft has a molecular weight of approximately 150,000.

Preparation of samples

[00068] The botulinum toxin was reconstitufed accordmg to the manufacturer’s
instructions. An aliguot of the protein was biotinylated with a calculated 12-fold
molar excess of sulfo-NHS-LC biotin {(Pierce Chemical). The labeled product was

designated “Btox-b”.

[0069] In each case, an excess of polycation was employed to assembile a final
complex that has an excess of positive charge as in delivery of highly negative large

nucleotide complexes. A net neutral or positive charge prevents repulsion of the
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instructions. An aliquot of the protein was biotinylated with a calculated

12-fold molar excess of sulfo-NHS-LC biotin (Pierce Chemical). The

labeled product was designated "Btox-b". [0069] In each case, an excess

of polycation was employed to assemble a final complex that has an

excess of positive charge as in delivery of highly negative large

n otide com exes. Anetne utral ositive charge prevents repulsion

S L e R A SR st

andrextradetthalosnarbt Bidsbzdd sernas: Btandandized adrossvaligroups, final
vasfotal v g%ms %%%ﬁ‘ﬂ%k ) “%1 gomposition 1o.be applied. ;..

t p?(\;ally. Sam% es were fire a%jr%eddtgaPI (ﬁ]z‘)w?: I%}%5701 %r%ﬁ%pi% éilsefc?nows

"I 7" 2.0 units of Btoxib et aliauon (8, 2044 tatal and:pentidyl 20

carrier KNR at a calculated MW ratio of 4:1 were mixed to homogeneity
ahé:bifite s 2pDeATtrORERIS Jiitts Bhosphiahd Burfpedl dalimarameted Lo
r%%H!HQ&ERWQ%S&'R&W%MQJ&li@&&@_ﬁﬁr}:ﬁ{%g}(m 1 mLeLGeiaphi()
lotion and aliquoted in 200 microliter portions. [00711 Group labeled
" INIVAILB CoIDNIRItD B Bfoxibcgep diigustelicet 2ot total) ahd ®eabd®iwion and
rafig.ef 4 lwere.mixad oagmageneity and diluted to 200 microliters with
phosphate buffered saline. The resulting composition was mixed to
hprmogeneity with i, $:5elof ‘Getapkit-and aliquoted in-BOQMiciters 20 U
portions. Animal _e>gper_imenft_s to determine transdermal delivery
efficidnibs afdrSinghe time’ tledtiient kit pRitiayF eafviars il rbaied”
Bax: J0R¥21: iAf&mLsxweﬂﬁzﬁB%ﬂBﬁti@d"{\H@h zienalaigp&bsi‘gil@ﬂfll(@rﬁn@sd%{m 10
lication of treatments. After being anesthetjzed, C57 black 6 mice (n=4
R OB A AR B1 & b eeeAd S50 RIS dose
of the appropriate treatment applied to the cranial portion of dorsal back
skin(sélegted becatséthermotsesdannot fedch thig regionswith mouth or
livlsxs)s AgTindaie diekhot undé fanitation; 80 ehinetad o
treatment, mice were euthanized via inhalation of CO2, and treated skin
séents were Rirabstedcariltiekhass By binded so8ereatsiTieated
segmeniswaredivided inte:dhree.equalRERIORSE ey GFaNah RO WaSorous)
fixed in 10% neutral buffered formalin for 12-16 hours then stored in 70%

etAR0Y TGP PLrR AT BB ATy Fivec €t NSO WS shis frozenard
emplayed directydanbictimaisvalizationdy blince .aDeeIvers 8Scause the

summarized below. The treated caudal selgment was snap frozen for
s B}BB?ﬁfe?fi’Bﬂ“é'ﬁﬁ‘a'i’e‘é“S region with mouth or limbs). Ammals did not undergo

depilation. At 30 minutes after the mnitial treatment, mice were euthanized via

aepiat

inhalation of COh, and treated skin segments were harvested at full thickness by
blinded observers. Treated segments were divided into three equal portions; the
cranial portion was fixed in 10% neutral buffered formalin for 12-16 hours then stored
1m 70% ethanol until paraffin embedding. The central portion was snap-frozen and
employed directly for biotin visualization by blinded observers as summarized below.

The ireated caudal segment was snap frozen for solubilization studies.

[00673] Bictin visualization was conducted as follows. Briefly, each section
was immersed for 1 hour in NestrAvidin® buffer solution. To visualize alkaline
phosphatase activity, cross sections were washed in saline four times then immersed
in NBT/BCIP (Pierce Scientific) for 1 hour. Sections were then rinsed in saline and

photographed in entirety on a Nikon E600 microscope with plan-apochromat lenses.
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[0073] Biotin visualization was conducted as follows. Briefly, each section
was immersed for 1-hour in NeutrAvidin[err] buffer solution. To visualize
alkaline phosphatase activity, cross sections were washed in saline four
times then immersed in NBT/BCIP (Pierce Scientific) for 1 hour. Sections
were then rinsed in saline and photographed in entirety on a Nikon E600

migreseone With.plan-apechromat lenses. 24 Data handling and statistical
analysis: [0074] Total positive staining was. determined by blinded

ohseTyr via batehi image analysis Wsing-ipage.Pro Riusseiivere Media, |

Cybernetics, Silver Spring,‘)MDIZ and was normalized to total _
CrOEESEHSHAIEHRR eI pafstie &tV shamiir foPBxenSpring,
Metay) antstangard iefeanwvere susequentiy determingd foreagh 4 aY ve

Wi‘th,anal%{.s.is of significance at 95% confidence in one way ANOVA

répearen theadrB &ty SEdashessmArs PAbSsuS BerREEY ITAYor cach
Resulsyi 100754 T he mean srossrseotionatarsadiab was ROSHVe Al cneated
biotinylated botulinum toxin was reported as percent of total area after

SsiHGTE fRid Tosicat HamimEtiation SrEtoEE iR elther KNR (EB-Btox") or

K ("n1"). The results are presented in the following Table | and are

illfstrated in Figure 1. In Figure 1, the area positive for label was

determined as percent of total area after three days of once daily

tré¥thiént with *EBIBISX WiicECEohiNed Broxebsandithe peptidyhesmddr
KR @eh iy which contained. Biox-br with polycation K as a.confrol,,

Mean and standard error are depicted for each group. Table 1. Mean and
stafieare ardt forispeletf Botilifubm tBxinFAted as eréentndf) tothk results arc
cressesectiamaftensingle time topical-administration-of Biax-bwith KNR, ;..
(IMW-7).or K (JIMW-8) for 30 minutes. Group Mean 7°Std. Error IMW-7
3345783331 'IMWCh B 666667 07833358 PLO. DY (siyaftsahtar dovey! once
EXAMPLIm2:nT heniapeptis efficasy ot antapicalthotuinymitoxin preparation: ng
with a peptidyl carrier. [0076] Example 1 demonstrated that the peptidyl

trgihds dar m‘éiﬁ@rﬁ%?{%’ﬁ aoxmb with pelyeation K as a control. Mean and standard

error are depicted for each group.

Table 1. Mean and standard error for labeled botulinum toxin area as percent of
total cross-section after single time topical administration of Btox-b with KNR

{(IMW-T} or K (TMW-8) for 30 minutes.

Group Mean Std. Error
TMW-7 33 5.333334
TMW-§ 8.666667 0333334

P=0.0001 (Significant at 99%)

EXAMPLE 2.

Therapentic efficacy of a topical botulinum
toxin preparation with a peptidyl carrier.
[0076} Example | demonstrated that the peptidyl transdermal carrer allowed
effrcient transfer of botulinum toxin after topical administration in a murine model of
intact skin. However, this experiment did not indicate whether the complex protein

botulinum toxin was released in a functional form after transiocation across skin. The
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efficient transfer of botulinum toxin after topical administration in a marine

model of intact skin. However, this experiment did not indicate whether

the complex protein botulinum toxin was released in a functional form

after translocation across skin. The 25 following experiment was thus

constructed to evaluate whether botulinum toxin can be therapeutically
|vered across intact skin as a tEopi | agent using thi #1] | carrier

R e S B s R B e

dhatgedbackbbné Wwascdgaiv assembieth by ednjucrtingnt GlyAhg7prptidyl

rJC%Mg]_st%%.MW 12.000) vi }QS rb%xloqul’pe terminal glycine to free

‘ 1, withiout covalen LAD PTOLCIN . .
amines é lysine side chains at a degree of 2aturation of 18% (i.e., 18

HB%I each 1%4@%&%\[8@%“@%‘&1 %93@1\1{’)%?1@& 1o %?gé%%g’sé]ﬂ%@d -%wgonj_ ugating
odified backboné was designated "KNR". Control polycation was

urﬁhodiﬁ@;dt@wwm@(@é% hb&éﬁ}@%ﬂiaﬂig—m@z"@ﬁe*hﬂéélm@ﬂ@wmm%e to
Q) ghihe seme siagAnd.fram ihe. same lat, F e, same Rothinym i,

therapeutic agent was used as in Example 1, and was prepared in the
saielffabier Savpleswerspréphied dsitolisws: 10078 GOl Hbskvas
AW a2 WRis ot hatlingm toxinper Alauet{le » S Hitptalapth e q i,

peptidyl carrier KNR at a calculated MW ratio of 4:1 were mixed to

hoaiog eheltycant dilbtebias 608 Miefolifer with shivsphate Baffersd Galifes
The e@é&'ﬂﬂ&r@?%ﬁ%@@ﬁe\(\lﬁ z[@@f@‘?ltg Q&%B%Q‘?Q@%Wﬁf& 9.4.mkofs prepared
Cetaphil and aliquoted in 200 microliter portions. [OO7Qi Group labeled
"MW -SFO"e D0NIATts SIBYGTIMETR REXAA e r oot f.e. 60 U total) and K.

at a MW ratio of 4:1 were mixed to homogeneity and diluted to 600 _
miCrGiters with BHEspRAtE bfered safife e FEStinY Bompoatigh s (¢
naixetkctalhenaqgeneitywithe Srdrml of Geataphil-and aligupied 4m 200¢: mixed to

microliter portions, [0080] Group labeled "JMW-11": -.0 units of .
A S R e L AT
te:600micsalifers with - phosphate huffered:isaline: Thanesliingphil and
cqmpotsgiom% ) mlxgg to .hg%mogeneity with 5.4 ml of Cetaphil and
aliqictéd ih 200 microlité ortioris. Animal experiments to determine

g@)ﬁﬁ?ﬂﬁ“tic eﬁ't%-lai%}/%gﬁlefﬁ ﬁi_“ﬂlﬁx@@]%if %f’i‘}'{%ﬁ%@é Witk RER I[&‘?IH’:E?&

580001 e
m toxin: nimals were anesthetized via inhalation of

igofiurane candng sapplicatiohobirédtmernts1Afkibeingaresthetigadues 7o
b@%&%%ﬁ%ﬁﬁlpﬁﬁ&fﬁ%’ﬁé ipRerwentiorieal apRiGaHR R IRRIGIShs mixed
400 microliter dose of the appropriate
to homogenetty with 5.4 ml of Cetaphil and aliquoted in 200 microliter portions.
[0080] Group labeled “JMW-117: 2.0 units of botulinum toxin per abguot (i.e.
60 U totaly without polycation was diluted to 600 microliters with phosphate buffered
saline. The resulting composition was mixed to homogeneity with 5.4'm! of Cetaphil

and aliguoted m 200 microliter portions.

Animal experiments to determine therapeutic efficacy after
sinole time treatment with peptidyl carviers and botulinum toxin:

[0081] Animals Were anesthetized via inhalation of isoflurane during
application of treatments. After being anesthetized, C57 black 6 mice (n=4 per group)
underwent topical application of metered 400 microliter dose of the appropriate
treatment apphed uniformly from the toes to the mid-thigh. Both limbs were treated,
and treatments were randomized to either side. Animals did not undergo depilation.

At 30 minutes after the initial treatment, mice were evaluated for digital abduction
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treatment applied uniformly from the toes to the mid-thigh. Both limbs
were treated, and treatments were randomized to either side. Animals did
not undergo depilation. At 30 minutes after the initial treatment, mice
were evaluated for digital abduction. 26 capability according to published
digital abduction scores for foot mobility after botulinum toxin
administration [Aoki, KR..A.C arisop of the safety margins of .botulinum
e S T B R e
1B15: 200 Mouselmabitityiwas also ElfbjeCtivelycassessede Retayhandlimgo/
nd statistical analysis: [00821 Digital abduction.scares bulated,. .
e e o TR B
sulisetfuiently deterhihedv¥er elohgneopy slithsapsalysis of significance at
95% confidence in one way ANOVA repeated measures using Statview

spftware, M}pgggg,Sﬁ%l;glgymgﬁ})ﬂﬁesuIts: [0083] Mean digital abduction

scores after single-time topical administration of botulinum toxin with
KiNK (" IMW-G5) oo (5B Y O dikient withaist: priysatien: ((IM\Wed Biaded
are presented in table 2 and illustrated in the representative
pHStorRIcrotas ot fgires BEfW! Fhe et bar s RINE afforifduercup
statistiealy: ssigeifisantiunctional, delives ©f the hotdinumaexin-across

skin relative to both. controls, which were comparable to one another.
AWditigRa e pahiEHt %%%&H.%Eécbff&aﬁﬁ%?l% hadpendent
experiments all with identical conclusions in statistically significant
paealysis from topical botulinum toxin with KNR but not controls) of the
present experiment confirmed the present findings and revealed no
sighifitant diffstencds s topicar Botlin GHESIFIIP S ivithogtseation
(i-e hoth cantrols) v interestingly; the-trice consistently.amhukated:toward a
paralyzed limb m_/hicb occurred in 100% of treated animals and 0% of
COMEOIS Hom' Eithel ContF6IRgrotH; As SHowrift Figitire' 2! & i testadt e
With batiliaum,toximplss the-cantrohpelysatian (pelylySime.onwidh s:atistically
botulinum toxin without polycation ("Batox alone") can mobilize digits (as
SHFSER' EEHARSAT WK PidRed VP Bt e Tinthe trkted Witr © Poth
betulinumy texinsplus: the peptidyd cacrien KT {iRssentia-Botexdation)kttions
_ c&uld n% be moved. Table 2\_‘:.Di%i_ta.l bdycti nts\cires 0 minutes after I
st toCaP BB PRc At BHBOaMUN tSXIH Witk the Beptidy Lavrer
KN R Q1)) withianconiiol ipelydation xR VA -LEY, lon alenentrols) of the

JMW-11"). . . .
(present experiment confirmed the present findings and revealed no significant

differences berween topical botulinum toxin with or without K (1.e. both controls).
Interestingly, the mice consistently ambulated toward a paralyzed himb (which
occurred in 100% of treated anumals and 0% of contrels from either control group).
As shown in Figure 2, a limb treated with botulinum toxin pius the control polycation
polylysine or with botulinum toxin without polycation (“"Botox alone”™) can mobilize
digits (as a defense mechanism when picked up), but the limbs treated with botulinum

toxin plus the peptidyl carrier KNR (“Essentia Botox lotion”) could not be moved.

Table 2 : Digital abduction scores 30 minutes afier single-time topical
application of botulinum toxin with the peptidyl carrier KNR (“IMW-97), with a
control polycation K (“JMW-10"), or alone ("JMW-117).

Group Mean Std. Error 1
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Group Mean Std. Error 27 JIMW-3.333 0.333 JMW-10 0.333 033,

JMW-11 0793 0.3,00 P=0.0351 (Significant at 95%) Conclusions: [00841

This experiment’ serves to demonstrate that the peptidyl transdermal

carrier can transport a therapeutically effective amount of botulinum

therapeutic across skin without covalent modification of the therapeutic.

The experiment al Psor 5ulnb th Luui.uunum to KI@I ! unction when
. . . L ) .

applied topically in controls. EXAMPLE 3. Therapeutic efficacy of a

topical botulinum tdxivpiéparationOwith a nonpeptiélys carrier. [0085] This
experiment demorﬁt@ﬁxﬁtﬁrjv ce-of-a epe ptidyl—carrier in the
invention. Methods: Backbone s Ieclzlon [0086} }'Fhe positively charged

backbone was assembled/ydchijugaiingie GlyArLg7 to poiyethyieneimine
(PET) MW 1,000,000 via the carboxyl of the terminal glycine to free

apines, of the PEI side chains at a degree of saturation of 30% (he., 30
out of each 100 lysine residues is conjugated to a -Gly3Arg7). The
madifigd backbane was-gesignated (PEIRte:dencta the largey! ransdermal

nonpeptldyl carrier. Control polycatlon was unmodified PEI (deS|gnated
"SR g E e HI S S S E A U ERNE ) OR THB! SA PRI P E EAFHER e

samestof fhesame hatulinkindexinithesapeutic, agant Wasusgdas it also

example 1. [0087] Botulinum toxin was reconstituted from the Botox
pféal &*a&ara% Y THar R BRI S  RBH SO 1R eaeH ths s epirols.
excess of polycation was employed to assemble a final complex that had
an excess of positive charge as irEXialWehoBhighly negative large
nucleotide complexes. A net neutral or positive charge prevents repulsion
of the protein complEkefieRtitighkfinegaehe walichbatelipisteoglycans
and extracellular it BT hzabatistihtitis o vesd iwesc staidardized 28

[0085] This experiment demonstrates the performance of a non-pepudyl

carrier in the invention.
Methods:

Backbone selection.

[0086] The positively charged backbone was assembied by conjugating —
Gly;Argy to polyethylencimine (PED) MW 1,000,000 via the carboxyl of the terminal
glycine to {free amines of the PEI side chains at a degree of saturation of 30% (i.¢., 30
out of each 100 lysine residues is conjugated to a -Gly;Arg;). The modified
backbene was designated “PEIR” to denote the large nonpeptidyl carrier. Control
polycation was unmodified PEI {designated “PEI”, Sigma Chemical Co., St, Louis,
MOQO) of the same size and from the same lof. The same botulinum toxin therapeutic

agent was used as in example 1.

[0087] Botulinum toxin was reconstituted from the Botox product according
to the manufacturer’s instructions. In each case, an excess of polycation was
employed to assemble a final complex that had an excess of positive charge as in
delivery of highly negative large nucleotide complexes. A net neutral or positive
charge prevents repulsion of the protein complex from highly negative cell surface

proteoglycans and extraceliular matrix. The botulinum toxin dose was standardized
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across all groups as was total volume and final pH of the composition to

be applied topically. Samples were prepared as follows: [00881 Group
labeled "AZ": 2.0 units of botulinum toxin per aliquot (i.e. 60 U total) and

the nonpeptidyl carrier PELR in ultrapure form at a calculated MW ratio of
5:1 were mixed to homogeneity and diluted to 600 microliters with
pﬁQ§P@ﬂ§egrQH§ge£$qa§?tlé@ﬁ\:-Bhﬁl@?tHg'ﬂga@ @Q%?%Hé%%{‘{ 51 18&?9@'@@ apphed
homogeneity with 5.4 ml of Cetaphil and aliquoted in 200 microliter
pORIGHSY [J0B9] Groels kbelsd BACIR®sunits of botulinum toxin per

aliquot (i.e. 60 U totalgand PEI at a charge ratio of 5:1 were mixed to
hBﬂ%%Beneity drtP ko 600 mibrBnitsra\iRk: phosgRate Biftdkewt (fe. 60 U
saling ahhekesuiting gompesition was, mixgd.te chomagengity mithwd allio of
of Cetaphil and aliquoted in 200 microliter portions. Animal experiments to
deterilidtHerapeiniertficioneyafiéiisihg & the trabtrent i pbopyhate

Animalsiweare.anesthatized is.inhalation.of iseflurang.during.ApRlieationy| of
of treatments. After being anesthetized, C57 black 6 mice (n=3 per group)

UhBBRVEROPREAP o CEIbR 6T PHETEPSE 20D microliter dose of the

appro riate treatment aPpIiL; qnif)ormly,from the toes to the mid-thigh, _
B fimbs wer 1%&?&& “And freatleftS \We e PAHUBINZEY B eitifdsids: 0 U
Animals:diBBiet undergo-depiatonw At 30xainvtessaftenthe witiaiiuted to 600

treatment, mice were evaHIfugréed C[or digit abducgon capability accordin

1L, mice wer €a jor 4ig ' A ( 9. ..
16 BublisHed digltar abalictiviEcorsd or fobt mbbity after BBttt ©
administrationviAokl KRof Acephpatisodigfthe suetyymargifisofdpotukinum
neurotoxin serotypes t1, B, and F in mice. Toxicon. 2001 Dec; 39(12):

1815201 Monise mobility was also sibiectively assessed. Pata handling,

grid statistical analysis: [0091] Digital abduction scores were tabulated
independently hyitwosklinded -observars..Mean and standard.-groarwere
subsequently determined for each group with analysis of significance at
983 Confitlen e HBHE way IS VA B4t heshirst (diHGeSBatviag soup)
softivare: (Abacus Berkeley «CAkResults: {00921 Mean.digitababdiction
scores after sr!_én Ie-ti{:ne 1ﬁoypj.cal aldmirlistra ion of botglinum toxin with
ultrapare PEY “%'):{%' §IOr Rt o caion PRI BAY, Bré" 58 presdhisgricd:
intable 3randsrepetitiodpresented asitalle 4\(single dndepandento depilation.
o e exper S T RoReR I SareL PR AR cwon
capability according to published digital abduction scores for foot mobility after

botulimum toxim administration [Acki, KR, A comparison of the safery margins of
botulinmm newroroxin serotypes A, B, and F in mice. Toxicon. 2001 Dec; 39(12):

1815-20]. Mouse mobility was also subjectively assessed.

Daia handling and statistical analvsis:

{0091} Digital abduction scores were tabulated independently by two blinded
observers. Mean and standard error were subsequently determined for each group
with analysis of significance at 95% confidence in one way ANOV A repeated

measures using Statview software (Abacus, Berkeley, CA).

Resudts:

[0092] Mean digital abduction scores after single-time topical administration

of botulinum toxin with ultrapure PEIR (“AZ™, or control polycation PEI (“BA™), are
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functional delivery of botulinum toxin across skin relative to controls. As
before, animals were observed to walk in circles toward the paralyzed
limbs. Table 3. Digital abduction scores 30 minutes after single-time
topical administration of Botox with ultrapure PEIR ("AZ"), or control
polycation PEI ("BA"). Mean and standard error are presented. BAANn) 1

0 Mean.an Std. Err - . Z ~=0.00 ignifi %
G0 0T ) DgI MEaLat Seoa 40 et ar Sndleme g
Sriinistrationoh B dtoswithenkidip srsPE REFRZTorledrsesiien holysatisant
iy %%]%)v%? angisiAndard euotare;presented, GraupsMean g,
rror BA10.3)3r0211 - A71 _13.833 0 P=0.0001 (Signifcant at 99%)
Conelasionso§0098] Thisiéxpesimblt diionwarad trat thdbonpeptidyl
transdermal. carrier can transport therapeutic doses of botulinum toxin
qGines; skin without RHeR SRYaleRtednodification oftherbotulinumioxn.
These findings complement those with peptidyl transfer agents. ‘ThePFI
apEH Srsihg T A pBI R SR A kbt riéﬁ’foca%ﬁfg\%é“gh‘ém“ =
therapeutic.gifgstwilhallow.tailorngete spacific circumstances,
environments, and methods of application and add to the breadth of the
transdermal delivirg:@lgf,form of| tMisdnvention. EXAMBLE Af Therapeutic
efficacy of a topica XiR Q;;cparatic with-peptidyl carrier for
forehead hyperhidr&sts and wrir %e 230 (009&? iH)n’s experiment
demonstrates that'bgtulinum toxmagn be therapeytically delivered

hotulinum.tc
TTOTITrTarTT g

across intact skin as-a-topical-agent using-this peptidyl-earrier for the
treatment of forehead hyﬁéﬂi@@%i@%ﬁ%ﬁﬁk@%ﬁ%uman subjects.
Experimenial Procedure for Forehead Hyperhidrosis and Wrinkles Study:

[D6BE)] Baseliriei and gest-treatment pAotographsiof thezkubjeetepforéhead
WETS IAKEN OB RIS RATKARURTUPREA Mo DZDCRMRr AWLMo

(“BAT™). Meuan and standard error are presented.

[

1Group Mean Std. Error
I BAl 0.333 0.211
| AZ1 3.833 0.167

P=0.0001 (Significant ar 99%)

Conclusions:

{0093] This experiment demonstrated that the nonpeptidy! transdermal carrier
can transport therapeutic doses of botulinum toxim across skin without prior covalent
modification of the botulinum toxin. These findings complement those with peplidyl
transfer agents. The option of using a nonpeptidyl or a peptidyl carrier to achieve the
therapeutic effect will allow tailoring to specific circumstances, environments, and
methods of application and add to the breadth of the transdermal delivery platform of

this invention.

EXAMPLE 4.

Therapeutic efficacy of a topical botulinum toxin preparation
with peptidyl carrier for forehead hyperhidrosis and wrinkles.
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speedlight SB29s flash (Nikon, Inc. LISA). [0096) Baseline and
post-treatment videos of the subject's forehead were taken on a blue
background using a Sony Digital Handycam camcorder. [009-/ ] Minor's
starch/iodine test was performed to visualize sweat production using 10%
topical povidone iodine solution (Walgreen Co., Deerfield, lllinois) and

?Upgsﬁord s 10804 corR. AN thGRFAed & AmPARES NS MEMRNIS,

ennessee). The subject's forehead was painted with an'iodine solution
Usrigpsteifid lzotebianed| s rshnEsh R0 chirskiConegnies Reodiicpeptidyl
Cecemeam,t%{!mwswo}@ﬁégmwrﬁm@'&%@%M%ﬁ%ﬁ'ﬁism eots.
The area was lightly dusted with starch powder using sterile cotton balls
The sweat was mduced W|th physmal activity at ambient room

2L BRACBIR! B %&»fé@#ﬁ%ﬁg i f@s%@m@dthe
e and re cte \}/\él'gih starsc{ ppo}’yn ler. B]ase ine andf ost- eatm

rTho og],]raphs of I3 chinG-LELRT TRETIWSHS RAREREEH S L “b%& éj%ﬁ U&ﬁﬁ%
axNuk@WDa?@acaﬁsh&raaa}ﬂgrd\hk@nsTTg_a Macroispeedtight SB298flashTThéacro-
sub a eansed h /0% EtOH and then deionized
W}ﬁe(fﬁ‘@;%‘l?hﬁ asu%]ec an?ede éted treatment area on the forehead
WasoRiePared dy nan TLH % <I¥e fane, SIRRINGSmEelNo gu&%&‘ GIEhERINGHM
prior to treatment application. Precut tape was applie {0 the treatment -
dréanwithafiTivepressoreridpiow seeonds gitavilsrérmevednapidlyrby pulling
on one corner of the tape. The second tape was carefully applied to the

JAME hrea imiMéeRateRPEEIOtHECTISY (PR WHS TTeh SV EE Tapesstppinguction

was teneated 3:blimes.d reatment praparation: 100991 TheRetoNinois) and
reconstltutlnsg solution of sterile 0,9% sodium chloride” (Abbott

Labsratetiad “Nori e Rieadd; iRl 9 i< BW O H Su S S U Short ehisivies)

polyaspartaterselutian:selptianlabeled A36: (Ronlas BioRelymerk M6on balis
Bedford Park, 31 lllinois) was prepared (i.e., for every 1.0 milliter solution,

dé@?ﬁl%?o‘fﬁé?&i&o§t§ﬁ1§”t§‘§%f§88ﬁﬁ i ERRSde PIUSEE-mhickofitsrgpfand then
100%EtOkHr pIuSqﬁQemiczrohlﬁrsr@I shert otinai n@&@Wﬂ@l@@Eﬁ&l@&@hﬁ@@%g

Kn2 Twas at | milligram/milli ter concentration with 0.

Fr ER BN PSS 08 EHG TS0 Hibroie ot RAALF #a {ovt room
&I@Qﬂﬁﬁ&dlﬁﬂdﬁﬂ@xmlﬂﬁdﬂlﬁﬂs @fol@%ﬁ»ﬁ@l-ﬂiwas added)sAsyser:hesain and
ancerdro]; rsqttao 0\8'{'g/el csfé r X smetbac%<b nte having ga
molecular Wel lh 812 bO ¥ anc RS YRR TRt SrbisiTeh

(Adergan tivimen @Ayuwh&:kglound using a Nikon D70 camera with Nikon TTL
Macro-speedlight SB29s flash. The subject’s forehead was cleansed with 70% EtOH

and then deionized water.

f{0098) The subject’s predefined treatment area on the forchead was prepared
by non-invasive tape stripping method for stratum corneum prior to treatment
applicatton. Precut tape was applied to the treatiment area with firm pressure for few
seconds. It was removed rapidly by pulling on one corner of the tape. The second
tape was carefully applied to the same area immediately after the first tape was

removed. Tape-stripping was repeated 3-5 times.

Treatment preparation:

[0099] The Botox reconstituting solution of sterile 0.9% sodium chioride
{Abbott Laboratories, North Chicago, Ilinois) plus 5% EtOH pius 5% short chained
polyaspartate solution solution labeled A-3C (Donlar BioPolymer, Inc. Bedford Park,
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reconstituted with 1.0 milliliters of reconstituting solution using sterile 3 ml
latex free syringe with 15011/2 (Becton Dickinson & Co., Franklin Lakes,
New Jersey). The reconstituted Botox was carefully mixed by inversion 8
times. 200 units of Botox were used for each subject. The "Essentia

Botox solution” was prepared with 200 units of Botox and Kn21T plus 5%

H (ie. 2.0 milliters of Botox was added to 500, .micraliters pl.K._nZ T .
B 3 A LS00 RSP i L OO T LR o & e
niivdtes dorthehbotdplpke s torfanmiidd 60) Tbie Eohtichlsslslieranasers of short
Prepared with reconstituting solution:apd. KnalT pus, SY4FIOH (ie, 2.0,nil
of e GRSERG SO Was addad to 508 rﬁlcrolﬁersng% kh3l p]Iulsl%
mierotitersioh 10096 Bt@k)lamd keptidt pdon? ‘tefmpératuresTreatmeéntrs of
application: BILIG subiselarined on @ ablewtih piolegtve oue i,
around the ey%s, ace, and Upper body. The treatment was a pled évenly
tdkid Subject's farehead wsingadpipeties armdbnribsagbevimpathe skindnweight
cir atian with fingers while wearing powder-free, nitrile gloves. The
s e R g e
creams(Qalderwth, IFonbrthy X amdtintubatet for 60mmetés 3 AftdniB free

inute incubation, the, treatment was removed. with sterile gauze pads
Rl i S R e e
[G202]sRiglad Botlepicts sigritfitant ked botion drsvwniikiekesn gifidepthaditb tox
widin after fopical teatmentith- Beptiol qaur '&_ﬁﬁﬁb‘hb%’é_g&%ggm  with 200

combination. This experiment confirms that topically applied botulinum

torins whdnleo misired With utralisiérmalecdrren aratfdpd sighificasiced to 500
MyscHIRERaAlysiS fo.afford acasmetlic s 32eifeck frigure & is aMIkisihe st
cast of the treated skin (A) versus untreated skin (B). Wrinkles are visible
ofPtheredist oF tpie htreardst ekin. fU103] Figures 5 and 6 show the results

of the Minor's starch/iodine test. Figure 5 shows photos taken two

miffHBE after apPREATGR! SRt RANE RFRBALEPOHERG o tHa S aa e tsd
with Hesgntia Batex i etion, (;and gasel {(B)uepirespondingdadheisideco
treated with g control lotion containing kn21T carrier alone. Figure 6 is the
SHMTE A FIGUre’s, exBEPH AL it WaE tdKer B ¥ PRNRHCE NG more
premeunced coloration on the control lotion side, indicating that the skin on
that

Treannent application.

[0101) The subject reclined on a table with protective covering around the
eves, face, and upper body. The treatment was applied evenly to the subject’s
forehead using a pipette and massaged imio the skin in circular motion with fingers
while weanng powder-free, nitrile gloves. The treatment area was covered with a thin
layer of Cetaphil® moisturizing cream (Galderma, Fort Worth, TX) and mcubated for
60 minutes. After 60 minute incubation, the treatment was removed with sterile

gauze pads. The gauze pads and gloves were discarded in a bichazard bag.

Resylts:

[0102] Figure 3 depicts significant reduction m wriikle length depth and
width after topical treatment with Peptidyl carrier and botulirmim combination. This
expeniment confirms that topically applied botulinum toxin, when combined with

transdermal carrier, can afford significant muscular paralysis to afford a cosmetic



side is secreting more sweat. Also note that the sweating starts earlier on
the untreated side. Conclusions: 101041 This example demonstrates

that topically applied complexes of botulinum toxin can afford significant
aesthetic benefit in reducing fine and coarse wrinkles. This transepithelial
effect further confirms that muscle paralysis can he accomplished with

a riate carriers after topical licati \,lilol#']umtoxincmlex
s L BB
applicdtionrofbotidinnifitoxivi chibdemd toledlfifrom muscle spasms such
as blepharospasm; or torticollis as well as relief of muscle spasm-related
pdihldlich as IBweIcBackpaiRl EXAMPEES TRt ahBtC effficalkioofng test.

tepical BaiHinup foxin Rrenaration, withrre iy casries for axilark,

hyperhidrosis. [0105] This experiment demonstrates whether botulinum
toRimceR BE &Hefap adacalcdetivbrésatro S iatak o skin asl@1opicRl agent
using dhis aepticvi cander-for thetraatment ofipxdlany BYRErIdIoss.on.  sione.

human subjects (n=10 axillae per group with one axilla treated and one
chiftist per Patiemsinsad taRtomezeaPd Buibié Sbith e Fas RidRYT ItlusipniNote the

criteria.for axilan: hyparhidrasis. studysi [9306ki Ager &S YEAELHYDEN, o that

Healthy volunteers 33 Informed consent given and signed by the
VIRt B SUFEER il ERto AoRDRFIRStRICHS § wrd RSt orardiwedpe
Visits:atQURject has presence of pre-existing, subjective hyperhidrosis
Subject is NOT pregnant or planning on becoming pregnant within the
n?xt ::B%months Subject lives and/or work in San Francisco or near study

aréa-Subject has NOT had treatment for underarm sweating within the

PasiA; monthspgublect iz NQTRIAARING, QN ARG USRI ey es of

underarm sweating within
botulinum toxm can afford significant aesthetic benefit in reducing fine and coarse
wrinkles. This transepithelial effect further confirms that muscle paralysis can be
accomplished with appropriate carriers after topical application of botslinum texin
complexes such as those disclosed herein. This exampte thus indicates that topical
application of botulinum toxin can iead to relief from muscle spasms such as
blepharospasm or torticollis as well as relief of muscle spasm-related pain such as

lower back pain.

EXAMPLE 5

Therapeutic efficacy of a topical botalinum toxin preparation
with peptidyl carrier for axillary hyperhidrosis.
[0105] This experiment demonstrates whether botulinum toxin can be
therapeutically delivered across intact skin as a topical agent using this peptidyl
carrier for the treatment of axillary hyperhidrosis on human subjects (n=10 axillae per
group with one axilla treated and one control per patient in a randorized double-bhind

fashion).

Inchision criteria for axillary hyperfiidrosis studv:

[0106]
¢ Age: 18 years or older

« Healthy volunteers



the next 3 months Gravimetric measurement procedures. 10107] As a part
of the gravimetric measurement procedure, the subjects were first
acclimated to the testing area. Specifically, each subject sat for 15
minutes at a room temperature of 72-77 F in the resting position. [01081
Axillae preparation: (Powder-free, nitrile gloves were worn for the

followi rocedures.) The subject ch | intg disposable cape and bra
(if a'wgﬁ Qﬁﬁn%r%%?ke%rf WleﬂSggrs%gg%%?gnee\ﬁ(%u{ﬁ%lman) S0 as to
expesedhoethofthemxitae fullyindhedosemdreawatopfetetermined o be
the area covered by hair bearing skin, Plus an ar§§ @)gtenqing 1em
beySnd ¥ AR BERFITE €kt B aaCh Bxilfd DI HE doleP8A O3S cleaned
witha psgryvet stevite gaczepad framiaben-conicat iberaywipiag withd: 3
long strokes from top to bottom in the same direction using one side of the
gauze. “THis'Step was repeated three more times with a clean pre-wet

gauze pageachvime anhileringseanetilnatdeinitate vt alarade the skin.
The gauze pads were discarded in the trash. The same wash procedure

was YepeHtsaiforsthiOdthar S5 rhERLEHES TG dny <tisrmast 0
gauze hysiRg fine padding. motion from top to bottom of the axilla while
being careful not to irritate or abrade the skin. Then, the axilla was further
dried by phigshé A'filter papBRURUE S BB e ase SR I BNAAY e thin
filter to,dwellimthe test site for 5 minutes following the procedure for
gravimetric assessment, The patient sat with their anus against his/her
bog:_ly‘in a resting position. The filter papers were discarded in the trash.

THERUHESE REL ARG 1676564611 minute without axilla manipulation
Plighig the frsharaVimalif, 2sseasiment, 34 JAAR, SHEaLAOONEOR ccrs were

easurement (gra\}lmetrlc méasurem‘ent): (A new pair of powder-free,
nitrileagibveysias dornghprivrtothrsecmbasurdmepirs)! Fhécshibjectheid’ »
his 91, her hands together at thehackgf head;to expose axillae fully, while

being partially reclined (about 45 degrees). A pre-weighed filter paper was

Tgf@¥ed from a.oenicalsieragsdule and placed underdhe subiectsaxillac

with the tip of the filter aligning with the center of axillary crease line. The .
filfe paperradi Pla ce By bISTG HTgErs WIS SUBER TERABE Almd oman)
tq,thesiderafthg bodya T be-subiectsahwjthohatharms faeld tightly-againsti|iy.
his/her trunk for five minutes. The timing started vyh%lkﬁe_fgtgr_pcapgrs s
whhe SEAREY BRGBAHIBHBECor e AXiita. Bth Rkiifs Pdtes sin. plus an
measured simultaneausiyd Aftar:S minuteskihe fikenpapdrs Weeaicemovedas
from ) _ . . e
cleaned with a pre-wet sterile gauze pad from a 50 ml comical tube by wiping with 5
long strokes from top to bottom in the same direction using one side of the ganze.
This step was repeated three more times with a clean pre-wet gauze pad each time
while being careful ot to imitate or abrade the skin. The gauze pads were discarded in
the trash. The same wash procedure was repeated for the other axilla. The axilla was
dried with dry sterile gauze by using firm padding motion from top to bottom of the
axilia while being careful not to irritate or abrade the skin. Then, the axilla was
further dried by placing a filter paper under the axillary creasc and allowing the filter
to dwell in the test site for S minutes following the procedure for gravimetnic
assessment. The patient sal with their anns against his/her body in a resting position.
The filter papers were discarded in the trash. The subject was allowed to rest for 1

minute without axilla manipulation prior fo the first gravimetric assessment.
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the axillae and placed back into the same respective conical tubes. The

filter paper placed first was removed first. The caps of the conical tubes

were screwed tightly to prevent the evaporation of the sweat from the

tube. The sweat production was repeated two more times at one-minute
intervals. Minor's starch/iodine test: [01101 The subject held his/her hands
ipsietier at tha Rackahigadde EXAOS.dS Aas Tl TG IRdRneno: (4
solution was painted onto the axilla area pre eter_mlneé as before with a _
stevleafanfze pas drek dNowe &y siredry WWTReA Bheicelide wradcasomplentty The
dried. 2 thindayenef starehwas.padded ot e area,coVRIed PYRNg  while
with cotton balls. The iodine was allowed to air-dry before the application
ofestaretrinllprgertededivee riskEpssitive and-HEckare une Phecsulsjernoved
tlﬁ%ﬂlsﬂo\&\ﬂga% Q%h& &l M3 cNeld ﬁ'lgpély Lﬁ'ﬂ@ﬂﬁ%@%’?&r  (EUPKy l@@%}ﬁh@lﬂ!‘%@%@
the subject raised his/her arms and held hands together at the back of

Hel&d t sRposethyiifac ity Photogr aptis oheachiaxillsniadebeiha aijke by
axilla and the date clegrly.labelgd wergtaken. fhe sdllag wereicleaned s
with 70% EtOH and then with sterile deionized water. Treatment

prébaraticirotd 41 AR s Prapured ak feniligr araflitd e timing started

congentration with-saline RlusH% EIOH (L, 8OO micrelifers.of Kpal RLilize
was aliquoted and 25 microliters of 100% EtOH was added). As used

REFEIHDRAZED S TR &P A osititely° cREMES D6 SImeIEEREBRE RIS from
nelegular weight-of 21000 an8branc RiRg SOURS COMPIISING REALREIed er
oligoarginine. 100 units of Botox[err] (Allergan, Irvine, CA) was ,
rBEGRLHLTE R 6778 fiflitea o0 0% SOt ahbrda (ABbte e tighily to
Laborataries; pamiarthoChicageaillinaishusing sreklesd:mijaiex-fieewas
syringe with 18c11/2 (Becton Dickinson and Company, Franklin Lakes,
ENTIETLAY) mhhe FRES AStittitad BOtoX{EHT Was carefully mixed by
inversion 8 times. 200 units of Botox(r)R were used for each subject. The
teefatoment/salittionwassprepared with 200 units of Botox(r) and Kn2l pr
plus 5% EtOH (i.e., 1.5 milliters of Botox(r) was added to 500 microliters of
KA2A0br plus 255aisTHerE SR EOUT EREHT SHG Keibt B Fe6RPldiRiiatimRsse
for S:minutesito allowdhe complexesstofarnn After g aminutedneubatinned
period, approximately 1.0 milliters of 4% HPC (h droxyé% ﬁylcellulose

ro lulo;

(RAACIS EtH) Walladdet nd Miktd Genty 4rd thorotgly Wit a hall

metah spalula-Thethpmoge nous ireatmenti solulion Was:tansierradintiae

3 ml syringe and syringe tip cap. (Becton Dickinson o )
with cotfton balls. The 10dine was allowed to air-dry before the application of starch in
order to reduce false positive and background. The subject then sat with both arms
held tightly against his/her trunk. After 5 munutes, the subject raised his/her arms and
held hands together at the back of head to expose axiliae fully. Photographs of each
axilla with left and right axilla and the date clearly labeled were taken. The axillae

were cleaned with 70% TtOH and then with sterile deionized water.

Treatment preparation,

[0111] Kn2lpr was prepared at 1 mulligram/milliliter coneentration with saline
plus 5% BtOH (1.e., 500 microliters of Kn21pr was aliguoted and 25 microliters of
100% EtOH was added). As used herein, Kn21pr refers to a positively charged
polylysine backbone with a molecular weight of 21,000 and branching groups
comprising protected oligoarginine. 100 unuts of Botox® (Allergan, Irvine, CA) was

reconstituted with 0.75 milliliters of 0.9% sodium choride (Abbott Laboratories,
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and Company, Franklin Lakes, New Jersey). 10112] The control solution
was prepared with 09% sodium chloride and Kn2l pr plus 5% EtOH
(ie.1.5 milliters of 0.9% sodium chloride was added to 500 microliters of
Kn2lpr plus 25 micrometers of 100% EtOH ) and sat at room temperature
for five minutes. After incubation, approximately 1.0 milliters of 4% HPC

(WithiPoFQED, wasaddadand mixedoently andthoraughly with @ﬁ(ﬁ@é'm

metal spatula. The homogenous control solution was Stransferred into a 3

P S ARG (ST 1 Bap Tk Enditappieatiohhavea ot Belex®

nitrilecgleves,: 4 0&k3]yThe-subjegtheld m@@"@&m&%&@hﬂr‘@’md for each
|nterlock| ﬁ?fmgers and E;aced them on the back of the head to fully

XuECe thE SHBEEPSSAXTAS. THGH, @kﬁé‘f‘%%ﬁ(ééppéélw:ﬁ%@lﬂﬁ%%ﬁﬁﬁé B lpr

apmilm/fa aho dx:degreas: Bs ShoWnIRRIGYRIdedNe s00S8 HARMES K01,
V|sual7y mapped out (i.e. | cm be;/ond the hair bearing skin) for

aBPficatiBH R HoSe drea Werd SR Foruryresd T s fing e sap

wagswemovead;Tons therlabeledisyrnoemasked. Hat for lef and R ofohuery 1.0
gmt[ and pare%j for application onto the su?ljéects axilla. The treatment

rdd (GVEHT Y BFOBHATHE WO 8 Ak Wit Syt deiand mixed

msﬁggeﬁﬁ mﬁﬁmbe skiniwithstingersdiar shaminutescThersubiestthenplaged
hls/h(fr arms dowr;nalorjgg the side of the body and incubated for 60
mintted KidH 80 iU RLD RO T AEbaHaH S MseledRatr dtRickinson
stexil€ gapze pads: ke gaszepads:and gloves were discarded in a
bio-hazard bag. The subject was discharged. 36 Results: [01141
Edédaiia topical BTk reduted sweatingryn65% aind (listratedrincFigtite and

: e weeks fgr tre tment randamized by s with.
i%ﬁ?lpm 4 algkbonget{@ﬁrdq1 3 c%r%r‘g or kn2i pr Baét:k “o??g] pl §s 5()6(19@2( fo% 20"
(ratigab ibeseliha) | iStah@t&ahanaiyses Wyt W6 EX O signeédaranksausing
NEessulinbasnaedand. sanifcance ol P éseﬁ%%% 19, Pelmgwb of 25

101151 Second comparison: Baseline vs. |gure Sweat

pFafudtio: (hig HERD i @@M&%@kﬁfg@n@xmy teeatgiéntvith a small metal
(rgnelamizeg: lam%a%hd&n%z%!ﬁtﬁl&hﬁ%ﬁﬁ'&ﬁ&@@ﬂﬂ@'} OLlnelE St ang

backbone plus 200U Botox (ratio of treatment to control) present
TEBIE®, Gtatistical analyses by Wilcoxon signed ranks using- NPSS with
P as noted and significance at P<0.05. (pr T p=0.0217)

Treatment appiication (wear powder-free_nifrile aloves):

{0113} The subject held his/her hands together with interlocking fingers and
placed them on the back of the head to fully exposure the subject’s axiliae. Then, the
subject reclined in a chair to an angle of about 45 degrees. As shown in Figure 7, the
dose area was visually mapped ot (i.c. I cm beyond the hair bearing skin) for
application. The dose area were checked for dryness. The syringe tip cap was
removed from the labeled syringe marked “L” for left and “R” for right, and prepared
for application onto the subject’s axilla. The treatment solution was spread evenly
around the dose area with a syringe and massaged into the skin with fingers for 1
minute. The subject then placed his/her arms down along the side of the body and
mcubated for 60 minutes. Afier 60 minute incubation, the treatment was cleaned with
sterile gauze pads. The gauze pads and gloves were discarded in a bio-hazard bag,

The subject was discharged.



[n=10]. [01161 Figure 9 shows photographs depicting Minor's
starch/iodine test before and after treatement with "Essentia Botox lotion"
topically for the treatment of axillary hyperhidrosis. Starch iodine test at
Baseline vs. 2 week is shown where right axilla was treated with
"Essentia Botox lotion" (a and c) and left axilla was applied with the
centrol (b and d) for subject #12. These photographs illustrate typical
benefits observed after treatment with carriers botox in starch iodine.
Althaugh somesgragsovelds plasaued dntheieentyal sidercansistent Withgure
25% reduction in gravimetric data), significant reductions are afforded

th #&%m%&%é@ﬁﬁmw BORTBtEHON tRDravimeiidatdhohn tr
treatieshside)h s onalusions 0117} this examplEconfions thatdapisalline).

application of botulinum.complexes formed according to the invention
RIS R e 'ui‘f*y’%ﬁém hEREpELH BSent i Yeioadh Bt '&theating

inioohentotpatients with hygeeigdrosis - subjective or quantitative. This
effect in reducing sweating has also been afforded in the forehead case
plesefited aboveand v palmadplabtatiapplicationavh Eecdmmbined with &t
glove to limit spread of formulation during dwell time. T_ﬁh‘is transepith Iialﬂ. _
VLS 51 Bt N ComiTesied FarthA A eL BeREre SSAALCY S
forthiektRapthe dpproadhncameceixte Rdetbtdothercasks WHBFEBSNAR 2o of

fupction ar acetyleholing sfanalsyare. crugial such, as bladder dystunction, .,
or spasm, gastrointestinal app[llcatlons, or sebaceous gfarrd secretionsfor
smelsredustionSor sdhé peevepdiontireamientn @2 CIAIVS (RVAATIS217)
C‘#ﬁé\w HED IS: 1. A formulation comprising: a botulinum toxin, a positively
charged backbone, and and at least one member selected from the group

cansisiing of a martitioning.ageht, ligasbridae;and pelyanionbridge. st vefore

wherein the botulinum toxin is non-covalently complexed with the

pOSHIVER BRAFGed bAtkooHes B eThE 1 rmititatcPPACeordm g fot@aiweay of

wherein the, positively chatged dbackhonesfurther comprises bIANCHINGere ght
roups.

gaxéi?a was treated with “Essentia Botox lotion” (a and ¢} and left axilla was applied
with the control {b and d) for subject #12. These photographs illustrate typical
benefits observed after treatiment with carrier+botox in starch lodine. Although some
crossover 1s observed on the contrel side {consistent with 25% reduction in
gravimetric data), significant reduciions are afforded with treatment (consistent with

65% veduction in gravimetric data on treated side).

Conclusions:

[0117] This example confirms that topical application of botulinum complexes
formed according to the invention disclosed herein readily afford therapeutic benefit
in reduction of sweating iu a cohort of patients with hyperhidrosis — subjective or
guantitative. This effect in reducing sweating has alsoe been afforded in the forehead
case presented above and m palmar/planiar application when combined with a glove
to limit spread of formulation during dwell time. This transepithelial delivery of
botulinum toxin complexes for therapeutic benefit confirms further that the approach
can be extended to other cases where SNAP function or acetylcholine signals are
crucial such as bladder dysfunction or spasm, gastrointestinal applications, or

sebaceous gland secretions for smell reduction or acne prevention/ireatment.
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3. The formulation according to claims 1 or 2, wherein the positively
charged backbone has a molecular weight less than 21,000. 4. The
formulation according to claim 3, wherein the positively charged
backbone is polylysine or PEI. 5. The formulation of claim 2, wherein the
branching groups are either protected oligoarginine or TAT domains. 6.
The formulation according to claim 1, further comprising a viscosity
modifying agent. 7. The formufekiédMecording to claim 6, wherein the
viscosity-modifying agent is either hydroxypropylcellulose or Cetaphil. S.
wALkirtoe érpassarmag delivery of botulinum toxin, comprising the
formulation according to claim 1. 38 9. Use of a botulinum toxin, a
positively charged backbone, and and at least one member selected from
L.the grolspmdnigistiegrpfiangartitioning agent, oligo-bridge, and polyanion
bridge, wherein the,baitinuitexin is non-covalently complexed with the
positively charged backbaone, in the manufacture of a formulation for
treating wrinkles WSHRTRS R 85 FRRTSERT&16 be applied to an area of
skin of a patient, addidereis anmicslusiorddent sdar-bepeptidniilyof a
applied afterwards. 10. Use of a batulinum toxin, a positively charged
packbone, B et e oroup
consisting of a parhersiiily hefeHevsligsipidee-arie solynasa predgath
wherein theiRofstinwTy toxinds merseayalently complexed with the
positively charged backbone, in the manufacture of a formulation for
treating hyperhidrosis wherein said formulation is to be applied to an area
2.0f skithefapalicm, aeodlinhérelmmn ottagiothapgent vsliochawgtionally

appligd. aftewards., comprises branching groups.

3. The formulation according to claims 1 or 2, wherein the positively charged

backbone has a molecular weight less than 21,000.

4. The formulation according to claim 3, wherein the positively charged

backbone is polylysine or PHEL

5. The formulation of claim 2, wherein the branching groups are either protected

oligoarginine or TAT domains.

6. The formulation according to claim 1, further comprising a viscosity
modifying agent.
7. The formulation according to claim 6, wherein the viscosity-modifying agent

is either hydroxypropyicellulose or Cetaphil.

8. A kit for transdermal delivery of botulinum toxin, comprising the formulation

according to claim 1.
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11. The use according to claim 9, wherein the area of skin is selected from
the group consisting of the face, forehead, neck, hands and feet. 12. The
use according to claim 10, wherein the area of skin is selected from the
axillae, forehead, back, chest, palms, dorsal portion of the hand, instep, or
plantar portion of the foot. 39

9. Use of
a botulimum toxin,
a positively charged backbone, and
and at least one member selected from the group consisting of a
partitioning agent, oligo-bridge, and polyanion bridge,
wherein the botulinum toxin is non-covalently complexed with
the positively charged backbone, in the manufacture of a formulation for treating
wrinkles
wherein said formulation is to be applied to an area of skin of a patient,
and wherein an occlusion agent is to be optionally applied afterwards.

10, Useof

a botulinum toxin,

a positively charged backbone, and

and at least one member selected from the group consisting of a
partitioning agent, oligo-bridge, and polyanion bridge,

wherein the botulinum toxin is non-covalently complexed with
the positively charged backbone, in the manufacture of a formulation for treating
hyperhidrosis

wherein said formulation is to be applied to an area of skin of a patient,
and wherein an occlusion agent is to be optionally applied afterwards.

1. The use according to claim 9, wherein the area of skin is selected from the group
consisting of the face, forehead, neck, hands and feet.

12. The use according to claim 10, wherein the area of skin is selected from the

axillae, forehead, back, chest, palms, dorsal portion of the hand, instep, or
plantar portion of the foot.
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