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[0004] Hence, in principle, transdermal delivery provides for a method of
administering active agents that would otherwise need to be delivered via hypodermic
injection or intravenous infusion. Transdermal agent delivery offers improvements in
both of these areas. Transdermal delivery, when compared to oral delivery, avoids the
harsh environment of the digestive tract, bypasses gastrointestinal drug metabolism,
reduces first-pass effects, and avoids the possible deactivation by digestive and liver '

enzymes.

[0005] The word “transdermal” is used herein as a generic term referring to passage of
an active agent across the skin layers. The word “transdermal” refers to delivery of an

agent (e.g., a therapeutic agent such as a drug or an immunologically active agent such as
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reservoir is adapted to contact the skin, which enables the active agent to diffuse through

the skin and into the body tissues or bloodstream of a patient.

[0008] Transdermal agent flux is, in general, dependent upon the condition of the skin,
the size and physical/chemical properties of the active agent molecule, and the

concentration gradient across the skin. Because of the low permeability of the skin to
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vaccine was applied either topically on the skin, such as disclosed in U.S. Patent No.
5,487,726, or as a wetted liquid applied to the scarifier tines, such as disclosed in U.S.
Patent Nos. 4,453,926, 4,109,655, and 3,136,314.

[0012] Scarifiers have been suggested for intradermal vaccine delivery, in part,

because only very small amounts of the vaccine need to be delivered into the skin to be



because only very small anmounts of the vaccine need to
be delivered into the skin to beeffective in
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[0016] The disclosed systems and apparatus employ piercing elements of various
shapes and sizes to pierce the outermost layer (i.e., the stratum corneum) of the skin.
The piercing elements disclosed in these references generally extend perpendicularly
from a thin, flat member, such as a pad or sheet. The piercing elements in some of these
devices are extremely small, some having a microprojection length of only about

25 - 400 microns and a microprojection thickness of only about 5 - 50 microns. These
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25 - 400 mcrons and a m croprojection thickness of

only about 5 - 50 mcrons. Thesetiny piercing/cutting
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mcroslits/mcrocuts in the stratum corneum for

enhanci ng transdermal agent delivery therethrough.

[0017] The di scl osed transd SySt ens.
S P AR R e = S e
strafif} éofRenfBRPEnhBRG BrASd M8l a%erﬁ velem therditirangf er the

agent fromthe reservoir through the stratum corneum
such as by hollow tines of the device itself. One

[oo%ag@ 1d}s%g>2§cyt v\ﬁs@eﬁqﬁvdeﬁ@e %/sghﬁ Gl ARE i AT SE AR rgl_&@mr

as a I"qui d agent” reservolr.
for hﬁémg el activaegent ahd wdvlewery sep tegmsfer teaagent fan the resgevoir

ent throu n u a t
g @08 bre Uy Lot N el s Qe B DogPlhmpe
of sublfa &setRds gisulgkd ARG DPuRNG. WQJMSHS#DWh&H disagliquid agent
pressurizable liquid reservoir, and npllcat ons %
resqrYpiE HRTe PSS ERISh PONCYSE B BT RITAR 0 drF e drg il At
the [tlgggd%hlaﬁﬁelgérﬁ dsRe tliensldrl PDisadddn@dpbs é’pﬁich@@hb@ﬁndl@ie the

Y
which is fully incorporated by reference
addee casitplication dnd expenss fopadsiing apressutizable lignid ey Yeagent

com&ﬁlcgtgorr]l? glllén t\égﬁeleﬁeééﬁcaeto?q p?égftﬁ@ 16riBn Gl PR s _l_ﬁsi‘férh.o ns instead

reservolr. s elimnates
the necessity of a separate physi cal reservoir and

el ; t f t
r0of o Risclihed T R Pt st Pbh 5. flinfoFRo R Gy
inchiQuRa by réferéRicalereth, aWbaaksossibid talhva dwaatiag egent to be
associated with coated mecr eciion syste
el e HEd MG Fcro RS 8 HSEr B Bne s on s Lhistaresayar
Thi %Hﬁfna teb }he n'eé@s&%f h @eﬂa Plﬂﬁd 9 bl esBifvoll @ dbtedpifdh dpent

coat ed and del i vered, pendi ng on the size of the
formglatlmeommpnuh@bipe@ﬁcﬂﬂiyé@rd]m'@feéYﬁHi ons is typically
limted to delivery of a few hundred m crograns of an
active agent. There are additional drawbacks
[0048 O0Theat ed, wwehemmemhcya\nbackwddﬁseums gespciated with

t hereof) with s I asses of ac
coR TRl AN PREFSors IR hie ac s e o heems
aref g@hdibllyalrhi@ASn tHeQO0}t oﬁﬂrugshek lzﬁm doted laed deliveradnamﬂr der
to efficiently coat the m &ectlon ar.r

dependipg pi thgisize of e B?‘éffaalné nym qr ORJPISSHORKS i§ %%llay;ally Hihited

Q %E"E?éw?&lmd&a%&%%xfaing o Acﬁvé/ag%ﬁto UBhebOhrdbil@oi t he
pol ypepti de. For nos ol ypepti des, these types of

dra@scbrams.amslaad withepatinginfieropigleetiang (LS therapRiyith several
clagsrese %fa%lﬁ% a?%ﬁts Ialaa/ Emln{llgﬂlgn(:s‘ %e?é%lf, Yhid dsthptl@er aﬁdeﬂ?&eitno

formulations.

[0020] As is known in the art, in order to efficiently coat the microprojection arrays,
one must be able to prepare a stable, often highly concentrated, and sufficiently viscous
solution of the polypeptide. For most polypeptides, these types of solutions are very
difficult to achieve. Many polypeptides have limited solubility, or tend to precipitate

from the solutions at pH values close to their pI or near physiological pH.



fromthe solutions at pH values close to their p or
near physiol ogi cal pH [0021] Typically, in order to
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[0024] Additionally, during and after the application of a microprojection array or
patch, the coated polypeptides can, and in many instances will, undergo proteolytic
degradation in the skin even before reaching the systemic circulation. It is believed that

the proteolytic degradation is caused, in significant part, due to the presence of
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degradation in the skin even before reaching the
systemic circulation. It is believed that the
w@e@soelogt i ¢ degradation is caused, in signifiPeRUS2004/034925
part, due to the presence of proteol ytic enzynes
produced by the skin cells. However, as di scussed in
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£ i s anot her object of the present invention
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accordance with this invention conprises a
[00881CT R BY RAbHEL b1ékt BEMD ?Feseﬂ@’ﬁbé?ﬂoﬁ‘t roVidé & tdnddbrmal agent

m'croproj ections that are adapted to pierce the
deliyeryapparstsorndanethet having ap axtersled drugkleliverePiodiddj ect i on

menber having a bi oconpati bl e coating having at | east
one biologically active agent disposed thereon, the

bi ol ogi cal |y acGUWQWA@HhﬁFEHEﬂgVENT§MNed fronmthe

00fiosByprarr sy +RE et Bh taRi e ul G

becdint BpR@dny BEIbS, BE @ppiﬁﬂtus\f@draﬁfdéfﬂlilbﬁieﬁ@ringw lﬁ@ogwally active
bi oconpati bl e wat er - sol ubl e pol yners:

agepbiopPRRSAT dhsgpidarne Withdhiy vaﬂomfpxpgqlqea @ fcroprojection member
havﬁ%% AL r@&rﬁ%ﬁ‘oﬂ@ﬁom Pd%k HERADWIRX 91%1%[3 ¥{¥Estratum corneum of

yet hyl'oxazol 1 ne, pol yhydr oxypr opyl oxazol i ne,

the p@ﬂmphymmwycmr@wion meentbaidiaying gibiheompaijasaatiag heningtilepst

one biologically active agent disposed thereon, the biologically active agent being

selected from the group consisting of peptide and protein conjugates.

[0030] Preferably, the peptide and protein conjugates with polymers are derived from
the following biocompatible water-soluble polymers: polyethyleneglycol,
polyvinylpyrrolidone, polyvinylmethylether, polymethyloxazoline, polyethyloxazoline,



pol ydi met hyl - acryl am de,
pol yhydr oxypr opyl net hacryl at e,
w@odoglysdxyet hyl acryl ate, hydroxymet hyl cel | ul PEEUS2004/034925
hydr oxyet hyl cel | ul ose, pol yet hyl enegl ycol ,
pol yaspartam de, copolyners thereof, and

ol.yet hyl eneoxi de- pol ypropyl ene.oxide. . [ -
pobobGEeNae o TSPy B P e s P ndteplam e
polﬁmbtﬁ?lsacf'ﬂmdé, PORhyaredypIvpylmEtiacrylatee pelyiafdtoxyethdasylatean
300 m crons, even rmre%“‘][i)referg]gf[ﬁ , IeE,s 1t ha}n 2?10 W
hydrgxymsthylceliers Apydroxyehlerliioss PRNBBYPIHEREC PO FRATIIS:
copbfg}ﬁ%ﬁtthé}ébﬁ énh‘goi%tﬁ 1@@%@1&%@13@?%1&6&1&&0! udes a
vasoconstrictor.” Preferably, the vasoconstrictor is
sel ected fromthe group consisting of am dephrine,
f api.pol ! &0kt ' §¥Ban 1000 mi
005} SRR 4 LS P AT o R ERAIRBDEL N 00 pion
mord plefekiabligLlessniznl 389 alicrogs, eveomoheé pieferabiy fessithiam @30 microns.
orni pressi n, oxynethazol i ne, phenyl ephrine,
phenyl et hanol am ne, phenyl pr opanol am ne,

[00B210 P AartEs kinBEdimpSey eReMets, ir bidcepaityedcwating intledes a
tramazol i ne, tuam noheptane, .typmazoline, vasopressin

Vasagrasiggion e s 18 VRSO SIOTHESEEFFR RABSLe gPup consisting of
' APakd GRRbdrREn A, IPRS ihd) @piRbyhirRe el Redsingns

amﬁgﬁg?le*f e?dgﬁ{i@’ I esgén?%nhlﬂé’go mglg??rl}g I1r311 olsrljié errfgzlgi nment

indarfazolire, inetizsting, exidodrine nepheesling. rddcdiimestodrine, pEigesiRan

25 m ckons,. ' Iy | rovi des
o gRT ST Bt P bR BEERIRE B FRERRIASe oV
propgihéxedrimg pseiid@phddise, pettappirozationjtagatdingridaminpheptane,

engll oyed, a Di oldo i cal I(ﬁ. ef fective anmount of the
tympZ o HSPRPE AR XHARBCRERY g is further dried onto the

m croproj ections using drying nethods known in the

art. [0035] The bioconpatibl e coating_.can be applied
(003G i thckiers 6FiPHEATP B35BE S00T 6T LS THEORRBRIP™
pregegéclh%%gs 151 BPHRronEOmn ¥ RABbBmeAHE tHY ifVAREDIIRGhERS can

rsed or partially imrersed i nto an aqueous
thidmedsiinlgsstbindy oisrond\l t er nati vel y, the coating sol ution
can be sprayed onto the mcroprojections. Preferably,
the spray has a droplet size of about 10-200
[0034 T OIThé Biosompdible cpatp ravidley a bioheicdlp plifestive imembpighe
.placenment is precisely controlled.using printi
bicfesaiHY Ge1E 288 PhIPOHET SOt R ar o ared s bRloBREY o
B8 Ginb R R e WhR cHHsEIcAR Theshiinis fiathdr drddd cani the ot her
“non-pi ercing" portions of the nmenber having the

migroproinsHesasing 8rang meserss Knaeintis #bd for transdermal |y
delivering a biologically active agent to a patient,

[0035] The biocompatible coating can be applied to and dried on the microprojections
using known coating methods. For example, the microprojections can be immersed or
partially immersed into an aqueous coating solution. Alternatively, the coating solution
can be sprayed onto the microprojections. Preferably, the spray has a droplet size of
about 10-200 picoliters. More preferably, the droplet size and placement is precisely

controlled using printing techniques so that the coating solution is deposited directly



I n accordance with one enbodi nent of the invention,
conprises the steps of (i) providing a m croprojection
woreebos498Bvi ng a plurality of m croprojecti onsPCTaB2084/¢34925
adapted to pierce the stratum corneum of the patient,

(ii) coating the mcroprojection nenber with a

i oconpatibl e coating having at |east one biologically
onfy B AR GiykiRe ons al nat RO Qheh, 1R cooRipmn oF e gber
has B @eteidropfpépibiie group consisting of peptide and

protein conjugates and (iii) applying the
m croprojection nenber to the skin of the patient,

[0WdH3T elipy rﬂe'ﬂﬁ)d%lctFa%’c{e%ﬁﬁxdegQ%[eﬁgqtﬁ%lé 1{1&29 %&R/etag&t ?qt %@5&%,

_ corneum of the patient "an iver ol ogi ca
in gecordpaceayiénene eBRPEHmMeDESOR iRTnG, CPmPiHEs DRAVMPNGRI) 0037]

: . advant ages..w I.| .becone. appar ent
oV E nid FRPIER AOShEMNAN AR mi O RER PR Ao
ad?qftf}i tplp@&rtge girmmb &dhmnbﬂh@f)e_ltiehle ((jﬂ) RYRing itf@ﬁnic?%yojec\;cviﬁn )

il.lustrated in e agcconpanyi rawi ngs, and in ic
et e R R Bl con e T BE g HEs: P BiolP@raly PEva Hent e
biglagiéatly Qttivel sgErR BEigg bERIMURRMN! the Rfip\ChiRGing 8 \5bptide M Btein

[0038] FIGURE 1 iS a perspective view o _a@gortl on of
copjugatesanfilidarplying the Yiaprrajeatian reembsr todthe skinol3be paticGURE

. .arr

WighS R REAC Rl el betdpRloe Sy QRO e
deliyes thyhidpgienlly aetive agetor di ng to the invention; [0040]

FIGURE 2A is a cross-sectional view of a single

m croprojection taken along line 2A - 2A in Figure 2,

accordi ng t o BRIEF DESERIFTION QRTHEDRAWIRES 3 i s a pl ane
oxi mal si of a m croprojection

i-ew_of a .skin pr [ 1
[0di7Y g Srh iy i g e pparepidrogy tha folioipg and
mdt@ﬁérﬁéiﬁar@lééb@igﬁ@ MBS PreBACIBHERlim&HeCoigH iHQenEiQxll,talé] ﬂlustratfed in

invention;[0042] FIGURE 4 is a side sectional view o

theAcpQpRanSnS disdtesrasd in which like efespnce] detaciers esnerally feferitmthe
saifl f)afrﬁ lof Ql_%m%&?ﬁﬂr&%ﬁouﬂ% \}ég\gs b4 ﬂ'tv{]}ﬁ(%,[ ent

m croproj ections, according to e 1nvention; [0043]
FIGURE 5 is a side sectional view of a mcroprojection

[00?3r8]r aXSI(E@MS NYs ggerér’})%gt‘ievsélv\{eew gfa acpkolrtli]c%; of one example of a

microprojection array;

[0039] FIGURE 2 is a perspective view of the microprojection array shown in
FIGURE 1 having a coating deposited on the microprojections, according to the

invention;

[0040] FIGURE 2A is a cross-sectional view of a single microprojection taken along

line 2A — 2A in Figure 2, according to the invention;

[0041] FIGURE 3 is a plane view of a skin proximal side of a microprojection array,
illustrating the division of the array into various drug delivery segments, according to the

invention;



[0044] FIGURE 6 is a side sectional view of a retainer
havi ng a m croprojection nenber disposed therein; and

WO 04534988 GURE 7 is a perspective view of the PEL/abI004/034925
shown in FIGURE 7. DETAI LED DESCRI PTI ON OF THE
I NVENTI ON [ 0046] Before describing the present
invention in detail, it is to be understood that this
invention is not limted to particularly exenplified

[0048] EFIGURE 4 i®4 H86I%ecinabliéw 6f Afu@Berdnfbodiufeht dYmicRiprojection
course, vary. Thus, althojgg a nunber of materials and

arr%tawm@féqr?ﬁt cagtings ar@éfeﬁ fpdlifissent picrppaiseliqpeaepqriiag to the

invB&idpt N can be used in the practice of the present
invehtion, the preferred materials and nethods are
descri bed herein. [0047] It is also to be understood

[OO%Q@ W%% E)s?ar 4 el s% ac%nag | nrgll}]c?%:;rg Fcft?)ﬁ a%rg%ehe{%] 2 aﬁheswe

badkitlgy and i s not |ntended to be limting. [0048] Unless
defined otherwi se, all technical and scientific terns
used herein have the sane neani ng as conmonly

[0048 e FRIORIE 6 bya QiEseB@otial e bEU Rediner Bdvingd a hitrdpa§ e@roh mé@nber
whi ch the invention pertains. [0049] Further, a

dispesstl fhersin: 8P, pat ents and patent applications C|ted
herein, whether supra or infra, are hereby
incorporated by reference in their entirety. [0050]

[00rP haFIGUREAE ivmspatspiestiviehviesv aftlesoiefainemshiown im RIGUWRS 7.
appended cl ains, the singular fornms "a, "an" and "t he"
i nclude plural referents unless the content clearly
di ct at es 1mﬁﬂnﬁLED$HmCRﬂﬁﬂn¢OFTHEﬂWMENTKEWerence to
y ent” includes t uch a

r00sBF Bl o BTHTE e bl 5 eion e R i b6 o lont s

inveMeR im&nﬁﬁfeen&gdm&maﬂy@@sinﬁlhﬁd lrﬂa't‘e@rals Dﬁéth&istdr eftgeth 001 ]
The term "transdermal ', as used herein, means the

suchnayyelropuise. vary- dgennlthengh 2 angbesof miaterialg And methedy similayy or

eqdl%éxlt too&xos%mgc? '%cﬂ}érgiﬁ LaP¥%u 5£(ﬁ 9% prﬂﬁ%e Bf“t{lgrl)lig]:sent 1nvent1

transder nal as use ereln, neans e rat
thetpreafctmdlenataialmimm@lnqu are described herein.

[0047] It is also to be understood that the terminology used herein is for the purpose of
describing particular embodiments of the invention only and is not intended to be

limiting.

[0048] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one having ordinary skill in the art to which

the invention pertains.

[0049] Further, all publications, patents and patent applications cited herein, whether

supra or infra, are hereby incorporated by reference in their entirety.

[0050] Finally, as used in this specification and the appended claims, the singular

forms “a, “an” and “the” include plural referents unless the content clearly dictates
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[0053] The term "co-delivering”, as used herein, neans
that a supplenental agent(s) is adm nistered
woeassdmssal |y either before the agent is del i REF/EH2004/034925
bef ore and substantially concurrent with transderna
flux of the agent, during transdermal flux of the
agent, during and after transdermal flux of the agent,
othermdseo T hug, e examplpJaferchen tof pusctive ageRe iagdedes two or more such
ageﬁgdlle e'réﬁ@@lcl ¥ iEfU?rowcHWriﬁcl@deQquﬁérg YuddGhich () ﬁgﬁssclnd
may be coat ed ont ot he m croproj ections resufting In
thedibe.del i very of the biologically active agents. [0054]
The tern1"bio|ogica|Iy#ﬂﬁth%p agent", as used herein,
refers to a conpositio PP ter or nixture
[006 Ot ‘Bhetefhg “tBanedcii@aliM tis Gibedi Herefi) afeamahd ddives!dfyn edeheiaiol ve

when adm nistered in a therapeutically effective
am%mﬁ@ﬁFgﬂ%iﬁﬂﬁgﬁ m%#”§ﬁ$ﬁ“ﬁ§?ﬁ?& agents incl ude,

without limtation, polyner conjugates of therapeutic

peptides or proteins, Preferred polynmers conjugated to
[00pBle ‘Blast tppwe pransdermnaldugdens pesdyherehy meprsghs wat of transdermal
delR@Lkyvinyl pyrrolidone, polyvinylmethylether,

pol’ynmet hyl oxazol i ne, pol yet hyl oxazol i ne,

pol yhydr oxypr opyl oxazol i ne, _
[OOS%I ;‘gﬁ%@% gﬁ{cge@y%,«;ngﬁ,} ag glfs:e%'e%ﬁ‘{‘q, AR ans R RS NAG LY B is
adnpiaisyeheddraaxdephsip\ithatteaes the agedt is delivered, before and substantially

pol yhydr oxyet hyl acryl ate, hydroxynet hyl cel | ul ose,
congATE Rya et e 86T isny Bha Ryl of th agént
durif @ R tiaAflcHBal f16RBOIhY AR ahdI6! SR irarRB&mal flux of the agent.

pquethyleneOX|Qe-ppI¥prqpylene oxide. [0055] It isto
Adgigonakly effvoras srre biglogispltyeactiveaagerip sap pe Fegadcamta the act i ve

. i . ' it ] of this
i X b EO R BT B ED iR LR BT Cgent

in no way excludes the use of two or nore such active

nt.s. | 0056], The, term "biglogically effective amunt)
10038 BRe e Mo Pt LR 20k, B hetely. FErpS G A S RRERE of
maftdier RiighRGosainkig aaltiid Whick@ehhrniasolagipdiBrafRceugtvieal | y
active agent and refers to the anountogr rate of the

h
admygistereddn p dsrapayiicplinelisehive appunt TRepply of srebpedepsiie
incRR8 Wigut INEHABE Wolstner @b Sfardd %Fgﬂéﬂaﬁ&ﬁil(: peptRRY bl protdn§

anmount of active agent énployed in the coatings of the
Prefaned pelyowrssionitgdied tortka podypeptide irpdudspolieliyieaedebl ver a
pol QRUBARILAS potRubElots, BURHIy Rhadfifi, 361 RoRRE e
polpiyaledxiypepylokdzsling, polyhyaroxypiopidimetivherybamaiile golypethatrilemide,

rticul ar ar ol, oqgi cal ctive agent bei.n

polfielE i RIE ARES SR i B S o8B BRLD Bervisie,
hydzefaictyse] leieNBydi :8athedelllldie, pdBsthkRAedlvel, pPBaphiCamide,

effect and the dissoluti&;%o nd rel ease kinetics for

comgmpe&seqh?re%ﬁ; aqqig)lgavé(}qleqxli ypropylene ox1ge.

[0055] Itisto be understood that more than one biologically active agent may be
incorporated into the coatings of this invention and that the use of the term “active

agent” in no way excludes the use of two or more such active agents.

11



the coating into skin tissues. [0057] The term
"biologically effective anount” or "biologically

wetdososdose rate” shall also be used when the PCT/US2004/034925
bi ol ogically active agent is an inmunol ogically active
agent and refers to the anount or rate of the

(ob SA i B Bl Al LM R B CGIB dfhaty bARURE e St

Inftiate th I mmunol o |c

bervggvlien tﬂ'dwlaolagmmm;t actifie mgeet ik aphmmh@gu@aﬂb Iamwa@géﬂt @ncﬁﬁéwﬂst
the i nvention w

o SRR he e g PEEBREY aapRtecdre torgesidhs el

thagrafic, Bﬁaﬂl@éﬂleﬁaalaﬁébmlﬁ%etahﬁ)uﬁ’t%i aétRAd agémbiﬂﬁllo G i e
resul% In practice, this wll vary wdely dependlng

copiign o the mdsmtqneml&ra thabAipnsTt Befessan ty delives W@le@g@ﬁmlb'el ng
efid@lve YL of RSBV Beftfto GidvY %{eydes@e'a?h %ﬂagut% S50 44 Igr%gttlce

and rel ease kinetics for deliver active a
this milbvask widely depensing §r00 58] paftivelat phamadbmgmanpmuve agendivsiy

deﬁﬂ:qed {ﬁ'e %{té) Ff C%‘il(/%i’i tﬁ g’evemy gf %18 5%1{ &mt 8m|§|tr§?t8€ tlaﬁ, c?eémd

thctrdtpewmgdffethSher ditsohation b Ruderkintitder dulstedyloy theGigent from
or epiderms and derm s layers, of

th?%%mg%gh BW% SY&5ving animal, particularly a mammal  and
nmore particularly a human. [0059] I n one enbodi nent of

i nvention, the mcroprojections have a projection
[0(55@]1 gtT ke tega prmﬁaﬂng‘@ecﬁy%ﬁwt” qrybiglogigpliyheffective rate” shall

als% B askla Wk thetmﬁo%fbﬁfy%%\% £bit! 1@&1%%%8108108!}%08%% %ﬁ%ﬁ] and

| ength of |less than"300 m-crons, nore
refers mthe B@ovrit or ttesof tihimurotagally ative aga:st ieggidcta lsiluylulhtﬂ\be

k The
lmﬂﬂ%%%%%g%ggP%%héoﬁﬁi Egg? Qﬁﬁﬂt F@P@ﬁ?ggﬁapes
imgundlogielly aetifcegentleoiployed makedatngshl 8@deSwentidnsill be that

oG5y Bt Syt of e g gEie Fer 1oabhigreahe rod

implkdledital YesOlt. B grdcBBE, Ai® GALl @dﬁ?wﬁfefyﬂﬁﬂ&ﬂmgrﬁpéﬁ‘th@ IR @¥uihO"

I ercing the stratum corneum The mcr opr oj ection

lmﬁlfd‘i’%@gl Y agfEvefageribeing deliseredi theysitsrofdelinstyi, mer the dissnlwtiont v
an@fele%e%r%ﬁf:@fo?ﬁ&ﬁ@%f ofithelBife %é%hﬂ{lt%tgﬁﬁtnﬁ&'ég fol ding or

bendi ng the m croprojection e plane of the
sheet to forma conflguratlon such as that shown in

[5¥ cti array nay,al so he f.orned
[oacsk'P # - 61539}1% %} agag JRictopr sqa%sr Tﬁsﬁ‘éecﬁﬁéelﬂlrgfgﬁ’btpe
piesdirrg] qlmndna;vthattgrenad@pte@ fdzplaeé oraSthedugh the 3RatBMABrRhim A6 bhe
uné)erlymg ep1 ér{nl1£ l(d%r or ep1dermls and dermis layers, of the skin of a living

animal, particularly a mammal and more particularly a human.

[0059] In one embodiment of the invention, the microprojections have a projection
length less than 1000 microns. In a further embodiment, the microprojections have a
projection length of less than 300 microns, more preferably, less than 250 microns. The
microprojections typically have a width and thickness of about 5 to 50 microns. The
microprojections may be formed in different shapes, such as needles, hollow needles,

blades, pins, punches, and combinations thereof,
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di sclosed in U S. Patent No. 6,050,988. [0061]
References to the area of the sheet or nenber and
WO 2fosers® to sonme property per area of the shPEr/US2004/034925
menber are referring to the area bounded by the outer
circunference or border of the sheet. [0062] The term
“solution” shall include not only conpositions of
[006Q) | Yhefpam onireepreetion ABRL saspised herein refgss e palusiisy off
miGHPIRRARAL §rra Ji Hpeln"hgra gleﬂﬁ’ﬁg thé G c$rﬁet1np rpfeei n
viruas artlc |nac vi ruses, and it-virions.
mlc[roma]sc}tlomeray maprbé ﬁamt:ébmetm cprrpghchnw plsnalityh:ér ei n,
. oat i n a e to.sel ected ar
mids i S ic? 15551 bhuRR sREdife A SERlne Bh Bi GFuPR A Pl e
plascdfitieeshagran forgaaconfigyratidnesuch enbatetiown indFig. 1S |'1r1@I e

.M croprojection a Pattern coatings can be Iled
migFeproiRgH a&%mr@eﬁ? birseiofs kRO 8 by Tolming

onelir SRBAS PO o‘ﬁb&%@ld’ﬁ@ alle@dcQeRALIF R sBijfls)iabk
j.et coatlng i ndi cat ed above, the present
dis¢lpsed it Pon P Oéﬁ -appar at us and system for

ext ended transdernal delivery of biologically active
agents, particularly, polymer conjugates of
[006 her Befersnées t(p@ptafedeﬁ the ﬁhbepwronmhws andl'rh@r@ystoesmne property
er reera]leo %'e S eelt ngrlnglgl Cr are re e:%:rlr O eCta 8n f&gbﬁ{ V ng a
P M Croproj ection array co ﬁ& 3 PG efu
cirdiimférenpe of Beriderasfshe shadt. ar e adapted to pierce through
the stratum corneuminto the underlying epiderms
| ayer, or epiderms and derm s |ayers. [0065]
[00621ef Bhcteiny ¢‘soliRn il SRRl 86t dn®NSont}RYiBlods dTPdly didolved
thereon that contains at |east one bloloqlcall active
conzompits butiglsa spiperions §f eoreprogertaingydins, ve behlinied to, groteine

irsKaRicleds Ny £ s.coating is dissolved by
wngggym % ﬁa ??%t@%%gﬁ?ﬁﬁggﬁgﬁuids and extracel | ul ar
fluids such as interstitial fluid) and released into
k n for local 0% stem ¢ ther ...[ 0066].
1008 ot Bt e 8 e, MO B e e
onte @Eﬂédtdﬁigiréﬂs 98 the uititioprogations € MpasStBambnd bislegien a@ﬂvd@&yz can
factors includi ng the natuyre of the blolog%c al

be BT RoRIa BRfP 3 SINEE TRSERPIHG PR BERs CATerR EORIBR o Ppplicd to

the Hiérﬁfﬁﬂfé@ﬁor@ Rink RBow O Aldr&L6uid AEPERIe t@RnigBestuch dhe
presence of coating fornulation additives). Depending

micgppipatiag ped wkd® cRItWEt i cs profile, it may be necessary
to maintain the coated m croprojections in piercing
relation with the skin for

[0064] As indicated above, the present invention comprises an apparatus and system

for extended transdermal delivery of biologically active agents, particularly, polymer
conjugates of therapeutic peptides and proteins. The system generally includes a
microprojection member having a microprojection array comprising a plurality of
microprojections that are adapted to pierce through the stratum corneum into the

underlying epidermis layer, or epidermis and dermis layers.

[0065] Preferably, the microprojections have a coating thereon that contains at least

one biologically active agent. Upon piercing the stratum corneum layer of the skin, the

13



extended periods of tinme (e.g., up to about 8 hours).
This can be acconplished by anchoring the
WOR@sopt98§ ect i on nenber to the skin using adheBCT/ES2004/034925
by using anchored m croprojections, such as descri bed
in mo 97/ 48440, which is incorporated by reference
herein.in its entirety. 067]. Referyr ow to Fi
ogefE g S e Mg Moare e e Ro s ese e
fluide SiRBas Mtdr@ftiaHhEd)nt Relb8 BIARSEn tRYRAL dr@?sten'% therapy.
illustrated in Fig. 1, the m croprojection nmenber
includes a mcroprojection array 7 having a plurality

[008&] m&gé&@ﬁé’ioecﬁé Q8o Qh%ﬂ-H&ngiOP{h? Q&Ring gisgcﬁ&ﬁ) apd releats% o

preferably” extend at ‘substanti a angl e 1T om
wilbdapend Qrﬂmanmh@brs iimebidirgsbe waten ofitys bibclloglc[aﬂﬁ) 68ive Agrmt; ltmh ng
.0 the Lnyent rp
corf Byt b ks SRR erang e RS ok 1B Peficeof
coasihg ﬁirmilllétlolﬁfmdhtivasb ddperidingoalthe/reicns! kirtkeicastbfis) 1‘t/ﬁ}1a§ 243

adhering.the patch to the skin (see Fi hIS
necgsAy P ﬁ%ﬁ*ﬁam ’Ehﬁéoﬁ?dcff%mp&l@@f)%‘ﬁ@q@n%’fegﬁ%g}vﬁh in for

ext@lded b&Ebd9 bf RHE ru@ t& atut'8 aburk Jy ms dah & 9&619131@5%& gns 10
froma thin netal sheet 12 and bend i ng

ancherinedpe BliseRrPiseion IepEhgt toghe %meuwgaadéeseves Ph@/ usiganchpped
mlclnrggggltlo-ﬂg Su fd@&hﬁ&?ﬁ%@@ﬁ% RNhﬁ:hq c&ﬁo ted bY regesrence

acture ron1var|ous net a suc as 3t
hergin@eits erttirgtani um ni ckel tltanlun1alloys or S|n1Iar
bi oconpati bl e materials, such as polyneric materials.
Preferably, the mcroprojection nenber 5 is
[006BINUR efeirlig @otw@oIFigof, thdré B@h(bWﬁ o&ﬁ]&@gﬁlent\@ﬁmmﬁfopi@&tibm n
nbers tha an be e ed with the pres
memBgreHr 8% Wlﬁeﬁwssenble}v P gatﬂuﬁﬁrémct adg d; fEhe menber s
mlﬁbﬁgjk&ﬁﬁ%dn{be% clided ERlcrdieGectn 83y 1RKkind: Hadi988 and

975, which are incorporated by reference herein
miqreprejRetians ht Tlreetnymptom@m}s 10t eferably cxispd afj substangially a 90°

ggﬁﬂgg th the present
nven?ﬁﬁﬁgﬁa%l dlﬁdﬁ%£ §¥?%¥ﬁ%d by etching silicon
u5|ng S|I|con chip etchlng technlques or by nol di ng
sing, et ch Cc such as t.he ers
r00RF S chisuie P piiGin. Hostnoas T3 7 s a1 oierted G o ehvery
pat¢H) GRIjaedgaltackihy 15 of ﬁ{e@m‘ee 14) @ﬁ&inlay hdHitidnal e Ml &adhesive for
[0072] Referring nowto Fig there i s shown the

adhﬁqngg- 1'(135 PeFletorthofkinseride- 53 ﬁ)atmsrq:glbodlment the microprojections 10

are formed by etching or punching a plurality of microprojections 10 from a thin metal

sheet 12 and bending the microprojections 10 out of the plane of the sheet 12.

[0069] The microprojection member 5 can be manufactured from various metals, such
as stainless steel, titanium, nickel titanium alloys, or similar biocompatible materials,
such as polymeric materials. Preferably, the microprojection member 5 is manufactured

out of titanium.
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m croproj ections 10 that include an agent-contai ni ng,
bi oconpati bl e coating 16. According to the invention,
wo b@soomB8s ng can partially or conpl etely coverPERUB2004/034925
m croprojection 10. For exanple, the coating canbe in
a dry pattern coating on the m croprojections 10. The
coating 16 can al so be applied before or after the
[0070Lr Mi¢ropraiseiionTgemeerathat dap baewployedovit) thapressngiingetion
inchf3€, tul %S bt 1ﬂﬂlmedtt9 Ehé RRhbad dfkﬁo&?ﬂﬁ@ saPé}Lﬂt?ﬁ) st Qodse,
m croproj ections by a vari et nown net hods.
6,059,688 Sardlt$,89 1, %7 h.evitcnare lrrg,orpsramdlby refpohdeddreirpinttheisantirety.
portions the mcroprojection nenber 5 or
m croprojections that pierce the skin (e.g., tips 18).
[007@P7 @}heﬂ?ﬁcrspwjbctﬁmagédﬂg:rmﬂgﬁtg@ﬂb@@ﬁﬁlb}ieﬁ @sthdhpreeat Ih ng.
. Di p-coatjng can be described as a coat the
mVﬁ?tEqndﬁﬁw} é*g%m‘z?&gowdp%tqha}a Slicgp usipg sHigop © Pinitine, g the
techhiGled BF Bj' Reldir3ashio udifg SclRdaAsbindds ScH it R mdBbetise Of
a partial inmmersion technique, it is possible to limt

dlsglﬁ@d&gtﬂaﬁ@t ¥e % %79@3%6ywh1ﬁ}@1st1nqg>§aog_qgeddjy refigeence herein in its

entfbGr Opr oj ections 10. [0075] A further coating nethod
conprises roller coating, which enploys a roller
coati ng nmechani smt hat sinilarly limts the coating 16

t he s of cro ti The ler .
o7+ REsHieiio P 21tk S feaorhisssiorieh e Siavine
mldr@]bl@ﬁ&l(ﬁl@‘lo thwinelud¢ 8n agRencapimie BiobympatibrIcenag 16er ei n

in |tstgnt|ret &%076% As discussed in detail _in
Aceqrding it the IyBRIonc e Pomting { f sanrastially obepmnigtely FO¥B&hng

mié¥BhrbfRekidR 1@V 'F@?éiaﬁlpmtcbatﬁl%Q% IchPbd lhal 6,» Sttt co%?g dndthe

di sl’'odged fromthe m croprojections during skin
MigSPRIPIEFHYS 1frh7éh@s¢ﬁ9t31@§116:¢3@§§0§>é epnligd befpreton after ihe

nn@&@ﬁgg%ﬁkFg%%g?.é p coating is Further illustrated in

ccording to the invention, the
n1cropr01ect|ons can further include neans adapted to
ei,ve enh ce,the vol ume of th atlng 16,
1005 E A SEr et BOORRG: k AgS 16 R B el B 5 FRG hovn)
mi&tirbjactéonk 110 89 atdty RS 00AMletldOVIPrEfeblySthEicbaing is only
i fications, wherein the nmeans provides, increased

appéla? fothesepopions s migHeProjFcHORMER PR > o0& FisiPRIOsptiQns 49 hag

piefRMd2RideRAsbE e¢). [0078] Another coating nethod that
can be enpioyed within the scope of the present

[0074] One such coating method comprises dip-coating. Dip-coating can be described
as a means to coat the microprojections by partially or totally immersing the
microprojections 10 into a coating solution. By use of a partial immersion technique, it

is possible to limit the coating 16 to only the tips 18 of the microprojections 10.

[0075] A further coating method comprises roller coating, which employs a roller
coating mechanism that similarly limits the coating 16 to the tips 18 of the
microprojections 10. The roller coating method is disclosed in U.S. Application No.

10/099,604, which is incorporated by reference herein in its entirety.



i nvention conprises spray coating. According to the
i nvention, spray coating can enconpass formation of an
wW@ersseiossuspensi on of the coating conpositi onPCT/HSA04/034925
preferred enbodi nent, an aerosol suspension having a
droplet size of about to 200 picoliters is sprayed
to the mcroprojections 10 and then dried. [0079]

[Ooﬂé} efs disgusacslindstattinthe noted applications thefiselatsd deles eatiae
mema fpydwa%% Isﬁemh%ogfngftef e%t SO 4i918dded fRRPhb ﬁﬂngggmjgcuons

erent segnents of the mcroprojection ne
10 delsnggﬂkmm@rcmg Thognootscrogstsectipn Oéthp maefioptogagtioy tip eaating is
Fuxt?l?eY lﬂgtrﬁgéj{nrﬁé)ﬁASkl Il in the art, the noted
enen 1Tows a single n1cropr01ect|on array 7 to
be enployed to delivery nore than one biologically

06371 KEekbRl iRt ™Rk e Pl g s el

ade@)ﬁlﬂttb ﬂa@eﬁ@hﬁﬂ/d)r%ﬁhdnﬁe fhe POk @€ the BbAink N6, such as apertures (not
m croprojections_via pattern coating As illustrated

shqvp)rgrepvesy(nopghomny ﬁ“llf%’é lrrﬁgelfa%%dp@@b%wr signiler mogiiestiope

wh&%ﬁlttﬁéjm\%rfs ?rﬁn&'s Hc%a?erdtsugécg Ccifégﬁl d xmn %ﬁtafep Qmount of
desi gnated generally 30 - 0081 e patt

cm@mapmHQCbewmbe appl i ed u3|ng a di spensi ng systen1for
positioning the deposited liquid onto the
m croprojection surface. The quantity of the deposited
[007BuiAdother qmatﬁfgamab(bcythhtmaﬁ beemploge wathirthd s¢ope B0the present

. nollters/n1cr i 0 of 16suitabl e

i OB aaY SO o W AROB S g o SIS EH |

enddm‘éass Herinifibn DS acRrsOilBsperdon & tHdcdafi®sontposifidn. Sk prétbiged
(38, 728; which are fully incorporated g¥ ref erence

emh@dd@m an a51yE0) SURReBF B hajnect 4r@metc§@atof ahput o} ter308 micolitgys is
qxawﬁ%ngq<§Qﬂﬁ®§%ea§hpg)&Qﬁh&ﬁﬁwaechnology usi ng known

sol en0| di spensers, optional fluid notive nmeans
and p05|t|on|ng means which is generally controlled by

[00")5@ hﬁ ﬁ'e%ﬂgg%f)%ctg %L ¢ 3 flll‘l %lf\%%hle%&l%ﬁigh%@ lrc'ﬂ)"/ ﬁile %V% t1on| a Hgferent

odtmqgsl e:?pﬁbdstp diffireny sdgﬁﬁht@ of thg ynibromafectioh Itlflﬁb? I5t dee@ﬂatbce
t t t t

20 1 3e e P B s <ol o BasBaig ok dp Bhesed 16 vt on,

arring@meRatiowda §iAle hii@BprbeEtital e} @ BSbAR bR td 8elfvBS more than
m _croprojection nenber to formsolid coatings conprise

ong higeigalboreppeagenighsing 8% coat i ng sol utions) having a
bi oconpati ble carrier and at |east one biologically
active agent. The bi oconpatible carrier can include,

[008D} hBefierringmiowsd Fegn4, ih amather mbodiinant, a very small quantity of the

coating solution is deposited onto the microprojections 10 via pattern coating. As
illustrated in Fig. 4, each of the microprojections 10 can further be coated with a

different biocompatible coating (designated generally 30 — 36).

[0081] The pattern coating can be applied using a dispensing system for positioning
the deposited liquid onto the microprojection surface. The quantity of the deposited

liquid is preferably in the range of 0.1 to 20 nanoliters/microprojection. Examples of



pol ygl utam c acid, polyaspartic acid, polyhistidine,

pent osan pol ysul fate and pol yam no aci ds. According to
w0 b@siomeent i on, the active agent can be di ssol R€TUS2004/034925

within the bioconpatible carrier or suspended wthin

the carrier. [0084] The concentration of the

bi ol ogically active agent in the coating solution is
suitghleprecisiohyneteredliquihdisepparone diatleded . SaPatenpNagp, 816,524;

s FBAES Lt P8 TR R BBy Ry

of the biologically active agent in the solid
coati ng(s). can be up tqQ approximately, 95 wt.. % .In one
[00&7H YicFRARRIcCOR QORI CRMEPPBHSVFe "‘tPH{éé/dp‘fSB’lgdﬁlf igjeppoloey
usifRAnb¥8 sQERIA vl diRn$Rd, bticnaPdliNBio8Ye thank BMSpdsitiohg
range of approximately 5 - 80 w. % [0086] .
medms shichapgsneraiiy eonsioled biyuss of at @bﬁ&l%@@éd-aov%llwﬂ digbepgng
r LI | t i 1.5Q- . QL
L e T e
the aiit cano@rspdfor aplyitgthe lpbiten pragihg pfibisynventi@. coat i ng
solution has a viscosity in the range of approxi mtely
10 - 100 centipoise. 17[0087] According to the
[0083]V Eftone Bmbédidetles tHe il eaiie, tHrGoithig cklngssornuldiyme apidied
upon the density of the nmicroproject] oEs ,Eer unit area
to thy micHRPTYFiion ot Reon LG SPIPLRIPRISHLRHE PARRSHIBT
(or g%gg% g@ﬁ%&g)ol%@%ﬂﬁ%%iédo%aﬁﬁe Ylidr aR®attlf¥8t GRMidINECANR bRt

) e coating thickness is |limted as for
ageit. Thetbiacemhatibdpegartins an inelpde ithput pimdiatiorns Jumpn YhigRint he
. pref . y ! .
ol P LB M1 505 BEACIRESS sl 83k b
acidsO @88Jrding tothe ievehidoh, thenttivetagent coshd diggolvhd wikhiedlse i s

. less than 50 m crons, .nore preferably, |ess than
blo?ﬂnﬁpragh@ °3r§lelﬁr%ra§§fﬂ'eg%%fwlﬂﬁ? ?’ﬁgatherCr opr oj ection surface.
Even nore preferably, the coating thickness is in the
range of approximately 1to 10 microns., [0089] .. .
[008¢1c oFles Gogetngrationeofithriplogioaly et aggitat thy KORIAE e
preflBPYEsGRId AppREihMQy 30 R 1% GRGE BrfPIbIY, Nethe range of _
m croproj ections of "a m croprojection array can be in
apprérématgly@e 20fwt1%mi crogramto 1 nmilligram Anmounts
within this range can be coated onto a m croprojection
array of the type shown in Fig. 1 having an area of up
[0086] 1Acexrdngtocth@invention, the concentration of the biologically active agent in

the solid coating(s) can be up to approximately 95 wt. %. In one embodiment, the
concentration of the biologically active agent in the solid coating(s) is thus in the range

of approximately 5 - 80 wt. %.

[0086] Preferably, the coating solution has a viscosity less than approximately 500
centipoise and greater than 3 centipoise in order to effectively coat each microprojection
10. More preferably, the coating solution has a viscosity in the range of approximately

10 — 100 centipoise.
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m croprojection density of up to 2000 m croprojections
per cn2. [0090] In one enbodi nent of the invention,

wo b@sameent of biologically active agent del i vRCBUS1004/834925
patient froma 1 cnR microprojection array is in the
range of approximately 5 - 7 g. [0091] As indicated
above, the coatings of the invention conprise at |east

[008He Atcordyeg te s ipveation. je degieadicoatmedhighneps i depepdent upon the
denplgpéfqgé Iflﬁwgoj ChheSor BREREs GNP ISR TheRNcYEB and
canj ugat e e

rapeutic peptides and proterns. Mre
conpentrhtioradfltlys cobties doimpositjorcas Wl asdhei opatingyaethod ehosen. Also,

conj ugated with. least e of Lol | owi
v SR i a0l Bl ph B s v e
skit Pkafarhbly,| thy ¢oatthd WRREess BAsy Wan B0 madrbyd, eiokepreferably, less thian
pol ynet hyl oxazol i ne, pol yet hyl oxazol i ne,
25 B3Iy dr oxypr opyl oxazol i ne
pol yhydr oxypr opyl - net hacryl am de, pol ynet hacryl am de,
pol ydi met hyl - acryl am de, ) )
[00BRII yimyerie @%g?ﬂh@p‘w the corbing (hickness is less than 50 microns, more
r ] I e
pre NS LR P el b B A KR B AR C Bven
morqirsfasplay thasdatieg thidkpess yse s> radpeof affproxdimately 1 to 10 microns.
pol yet hyl eneoxi depol ypr opyl ene oxi de. 18[ 0092]

Applicants have found that the use of PEGyl ated
[00R9]Ot REddsdihd D tedidvetioblnhexdial artchint 6fthe Uidlogftally &itine agent
a%rgovides_rrany advant ages, anludin%@ékg,eﬁtensi%q of
coatedio g PCEPFAULIHERS Firi THCTPBIOIGCHPY AFRYGRR PY Brinprense of
midrSBTAR P9 L R LU mA AR WART thik kahge Ednl HelcohtBdlbRbON 1 N
aggregate formation, (iv) increased resistance tp
miqsepseiedioptairey efithe traastionm, in Fig) 1 hamircrnegearypite &0 camad 2
. 1 cal kit oy, ] ' t coati ng and
nu%&%ﬁ%%ﬁ%f%%%ggkg%%ﬂﬁ%gﬁﬂg oﬂggghgﬁﬂ°?§i) significantly
i mproved solubility and ability to form stable

centrated.sol utions that .facilitate. effi.cient
100§ iy SO EPY S et Py T REeRpE Rk agsu
delfvefeti RS pdtREEbrh hatnPE@tbprbRetidradkheisis tHeawmeehif giproximately
solubility in physiologic solutions and near neutra
S —gPM8PEGy| ated proteins also facilitate solubility in
the derms froma coated solid state. [0094] According
to the invention, the coatings of the invention can

[009kk| deléndipaterl ebeyte, hpeoatings efleyinysatiemesmprisaat 6P such
R S g T B b P e e
corijungatet of tlesndplentét peptides and proteins. More preferably, the biologically active
agent is conjugated with at least one of the following biocompatible polymers:
polyethyleneglycol, polyvinylpyrrolidone, polyvinylmethylether, polymethyloxazoline,
polyethyloxazoline, polyhydroxypropyloxazoline, polyhydroxypropyl-methacrylamide,
polymethacrylamide, polydimethyl-acrylamide, polyhydroxypropylmethacrylate,
polyhydroxyethylacrylate, hydroxymethylcellulose, hydroxyethylcellulose,
polyethyleneglycol, polyaspartamide, copolymers thereof, and polyethyleneoxide-
polypropylene oxide.
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set forth in the noted Co-Pendi ng Application, the
pat hway patency nodul ators prevent or dimnish the
W@ Ro05/0s4988t ur al heal i ng processes thereby prevPC/URL04/034925
the closure of the pathways or mcroslits fornmed in
the stratum coraeum by the m croprojection nenber
array. Exanpl es of pathway patency nodul ators i ncl ude,
[009@]t haplickitsrhdvatfownd thad theoisé of Pightated rreteigs insteadiofj pmmodified,

o b L B S ROI BraPon
viv@$ii)deductiedof imnivnegdnoityPaidditigndppl (1il) adduction fnppilegate
includes anti-inflamuatory, g ﬁnts ,su_g,as d phvsical and
for%@toén%‘f)ﬁ‘é%r%%d ’?iliSta’Eﬁ‘?_d% BWEFPB“‘% %ﬁaﬂ?ﬁ’g |1{paproved physical an
chetnid . PERHIRG] QOE 2 8@ EIE MedBatinb-adil &ﬁfﬂig%dé&%ﬂh@foﬁ storage and (vi)
y

_ h%drocor amat e hydrochl oride, rocortisone
signl

trotlyp inanrevadi sebwbilimanslability wdemydthleenapabragisolutions that

faci)j l?eoéﬂagﬁt%ogin%%qg{i&bnﬁtgjaefzﬁon@t hyl predni sol one

-succl naate”sodi u t, paranet hasone di sodi um
phosphat e and predni sol one -succi nate sodiumsalt, and

ti coggul apts,. such as. citsfiG . acid, .citr s
T R
phy8®Rigid solugitss o hlar defPABH. PRSyedipingss afo fdeHitita veubilign
~can further include a vasoconstrictor to contro
in thy SRS FPAS SeHE S®t er appl i cation on the

m croproj ection nenber. Preferred 19vasoconstrictors
include, but are not limted to, am dephrine,
[0004)f adiapnding toyhe npemioarhaeatisis o% (heprvsatiti sanginclude at least
ani . essi . .  2ald ne.
onBYRGAPRAOR LA, oRAARAZER PO 01
Applicatipr ¥e 19705082 ¢,rmettitteiz dicbipetated g myfbrepderiendn in its entirety. As

henyl. et h i ne, phenyl propanol ani ne
set iy e Rt eero e AR B aRn R B By o dyprs pgovent
or dimdi8zeat LA s nitualhadheplosdes theyn prveiting thaslopresstiha,
xyl onet azol i ne and the mi xtures thereof. The post
pather oF Paosissiorpsisip thesiraig operm Py thsgnisepipiesiien member

arr% %ﬁ?!ak BEpattivily ARG BERNAE inoRE& RATBLI Mitation, osmotic
tizoline, tramazoline, tymazoline, oxymet azol i ne and
agentsl (oge seitiun chietidd) God Zyiteriprie careporndse 8o ATHRRIRE{S) s,
such as stabilizers and excipients known in the art,
can al so be added to the coating solution as |ong as
[000Bey Thiotenmn tpalovayrmiehyy mbdubddrtas defired dstharGo-Berlding | i t y

aoffiaipn iy w¥uar Tl afn B0 S et R AR R g 21 "
phosphate disodium salt, triamcinolone acetonide 21-disodium phosphate,
hydrocortamate hydrochloride, hydrocortisone 21-phosphate disodium salt,
methylprednisolone Zi-phosphate disodium salt, methylprednisolone 21-succinaate
sodium salt, paramethasone disodium phosphate and prednisolone 21-succinate sodium
salt, and anticoagulants, such as citric acid, citrate salts (e.g., sodium citrate), dextrin

sulfate sodium, aspirin and EDTA.

[0096] The coatings of the invention can further include a vasoconstrictor to control

bleeding during and after application on the microprojection member. Preferred
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[0098] In all cases, after a coating has been applied,
the coating solution is dried onto the
WOR@sop98§ ect i ons by various nmeans. I n a pref eP€BUS2004/034925
enbodi nent of the invention, the coated nenber 5 is
dried in anbient roomconditions. However, various
tenperatures and humdity |evels can be used to dry |
vaspppusigielatsi ipgdudso buftareoret Hmited topamiderivippregfaseinpl grclopenfamine,
e bARR, tpinephlie, JA R R ELolr e,
napthezalisermorlefriveostadrine, drniprestilb @xpmethizojne, fheedéphRater ri ng
now.to . Figs..6 and 7, . for storage.and application, the
skt apide phen merseleedle, BofiAFE Al v BNl ' 2
tetraidedzoBe, frafigrofifle, Byanasihestunee tyhbsling, vadspiesi yludtbtazbline
detai,l in_ Co- Pe,@gi ng U. tS Appl i cat,ion No. 09/976,762
and the Bixtiggs thoigels / dg grosteryterrh Y 4SpeopairipiRs RS pRigeRy ne.
naphfS FENGRhMARERIlRe ifdahdz8liRNMnbtiliNe, thRAdRIneAhiREoline,
pl acement of the m croprojection nmenber 5 in the
oxynegtagohesrand xplgmetazolinge i cr opr oj ecti on menber 5 is
applied to the patient's skin. Preferably, the
m croprojection nenber 5 is applied to the skin using
[00af] | GpPecformplplioncaidvives, suhhas atbdizers land exkipientSéndem ti the)

oy RS B0 B3 ) BN

nedeSsaBRluBLiednd0/idoysitytBarB@stistics @itk dvatiyg siitidn dnd théyghysical
. art, the present invention can also be enployed with
integiey ofthidited cRtingdr ug del i very system and appar at us
di scl osed in Co-Pendi ng Application No. 60/514, 433.
[0102] As will also be appreciated by one havin

[0098Hi Freathcassisi after p poating hasrbeen anpbied thescopting saketinn i Hriestanto

A SRDNE A, RO Rttt

thei ceatad memberistie driedninampienarpomrconditionsr lpareder, vhtiawst r at i ve
el ect r ot

enfinrire el 6 st dy BUSOEE SfeBsRe8e ST

miSropoR3Mns. AbEtieha319) 1S tiabd n¥mBah b ¢dh BtRatadC Yopitilizdde teday
reference herein in their entirety. [0103] The term

driehoresirpilas techpigirs uped tp &51aqve the Watefdfist BF cOF#% he passage
of a beneficial agent, e.g., an agent or agent
precursor, through a body surface such as skin, nucous

[0498hrb Rafewring nawitp §igsahandt T eor siokage amchpligatipgip efmigroprojgetion

mefBEs isip§efé.:rgl§i§7J S&Bexfﬁ%d mﬁ&%grh?é’ 46 Wadhesive tabs 6, as described
in detail in Co-Pending U.S. Application No. 09/976,762 (Pub. No. 2002/0091357),

which is incorporated by reference herein in its entirety.

[0100] After placement of the microprojection member 5 in the retainer ring 40, the
microprojection member 5 is applied to the patient’s skin. Preferably, the
microprojection member 5 is applied to the skin using an impact applicator, such as
disclosed in Co-Pending U.S. Application No. 09/976,798, which is incorporated by

reference herein in its entirety.
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application of an electrical potential, which results

in the application of electric current, which delivers
woroosih@stes delivery of the agent, or, for "rPOBPUSH04/034925

el ectrotransport, sanples or enhances sanpling of the

agent. The electrotransport of the agents into or out

of the human body may by attained in various manners.

[01001 0A} withbe sppdesiajedhy@de bdvigtardinararekgbintthgard dhespresent
. 1Lant ophot esi s, i nvol. th lectrically j C
imp AR ZRE S B Snnlaithi: et SRt SRERGR gppareus
distlyged i0Co-Pendihg Applivatqad¥d. 6pSD443S | nvol ved in the
transdernmal transport of uncharged or neutrally
charged nol ecul es (e.g., transdermal sanpling of
[019bHCAS QI alsO¥OAPpRZiaktdd By FRYRRRZlor@nad) skal MaRd aritiidprédest
_agent through a nenbrane under the influence of an
inveptioacan &mﬂliagy be erpplayed inersiuaetionvithgiwide yiisbhefr t ype of
I o . .
cloR AR STTROR e LU HE S IRiCATT B s PR
llvatrdiivg leleviodtrangmoriplih s delivery spstemsraby diselosqddn @53 Hah Nrany
i r n €. not ed pr ses.
SR R e N RS o S
by Afgercd haglnyin thehreentigtym " el ectrotransport” is given
herein its broadest possible interpretation, to
include the electrically induced or enhanced
[0183] I RSRAN teledtrofndpBR Sl B fhahl @6l tHRpatkashei R deficial
agent, or mxtures thereof, regardl ess of the specific
agaib Elga N 88508 Pr 4PNt ipcErion, Houghahpdy surice sugh ap skig; myeous
mehtbAASE ALilsCthd hORRPITHERALLRG hOLEGRNBIRRACE bitlah@d by the
one of ordinary ski In‘the art—can easily ascertarn
appilicationtdfen pleetsieal pofentieb ntlidhrresudtrorigheaphlégativim phejectric current,
vi.des an, effect.ive d efficient neans,for
R PRt SRS A ol PO EPT o ales B eaarngr
san@lés of @nik@editsamplingofiitdgent The ddrdirafspont dflthdxents into or out
&pgreciated by one having ordinary skill in the art,
of thp Sugprshodymay Ry SHpIneR FAIERMS HB¥ESEny advant ages, such
as: Transdermal delivery of polymer conjugates of
t herapeutic peptides and proteins Extended delivery

[019#bf Prewidsly Wed plogfraanspgrt atopess.domtpphetssis, (ypdef thrne use
o TERLE R Sl R MR L i vo
electn@tansfiortgprocess involved in the transdermal transport of uncharged or neutrally
charged molecules (e.g., transdermal sampling of glucose), involves the movement of a
solvent with the agent through a membrane under the influence of an electric field.
Electroporation, still another type of electrotransport, involves the passage of an agent
through pores formed by applying an electrical pulse, a high voltage pulse, to a

membrane.
[0105] In many instances, more than one of the noted processes may be occurring

simultaneously to different extents. Accordingly, the term “electrotransport™ is given

herein its broadest possible interpretation, to include the electrically induced or enhanced
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Extension of activity duration in vivo Reduction of
i mmunogencity and antigenicity Reduction in aggregate
wo orosme498h1 | ncreased resi stance to proteol ytiBCT/US2004/034925
degradation Inproved solubility for coating |nproved
solubility in the skin and uptake into circulation
| nproved physical and chem cal stability in_solution
trangppit o3t eapt hggharzed ppppshateed eIty Mgusey f}?fﬁ}?fﬂdm%‘sless of
the SRR ML RdnReh(§ 12 280 id RIafRbdids REPEEN. 5- 25%
e%%?ypept?%@ é&?ﬁﬁwg%s tﬁ%?g%aciai?a#egeffzcient
coating of mcroprojections Protection during the
atd n roc ” = i )
07 i REEPebbefprinh MEbr o Bk MBhBh AL AEED)
ascérhiirsthatriveprededniny antion,cim @ngahthea thingskpriovidessam effekévevadietiicgent

changes and nodifications to.t.he inyvent.ion to adapt |t
me%tﬂé%%#ﬁeaﬁgg the Sgesdemiia] JBUVRaY of RSl tiup ol o PRent.

changes and nodifications are properly, equitably, and

intended to be, within the full range of equival ence
[0167] tAewillhe appicpigted bxiorg havingordingts siiflbin thesarbythe presgns -
invtioft BrotRR fahsivhRheds! @Rpder mal |y delivering a

lologically ‘active agent to a patient conprising a

m or ojfrangdenndl delivesndfarolymer|couiugaescof phemapshii¢ geptifies and

stratungporneun}piercing m croproj ections having a

biocoﬂﬁ bl e coati ng di sposed thereon, said

bi aC oppaidelldeliveeairbfilsonBlol@idaly active agedes. cal |y active

agent selected fromthe group consisting of peptide

and protein conjugates. 2. The apparatus of Caim1l,

o1 Bid 18 B} PEOIRLS o RERS & AnRE R8O § frods
O 41080 B AL o

mapodddisiohslladvesgdegs dicludied: yvi nyl pyrr ol i done,
pol yvi net hyl et.her ol ynmet hyl oxazol i ne,
poIy%tE%%%%%&é#?ﬁgg”ﬂg%§ﬁéﬁWgyypropyIoxazoline,

pol yhy geaxyiph oppimiekbacs whasitibeniciopl ymet hacryl ami de,
pol ydi net hyl - acryl am de,

pol yhy &ednelipn dyagereatts fermatigh e,
pol yfy ﬂ{cpgéye%trgéﬂtgrﬁg ¥CL ﬁlto‘?eolytic degradation

e Improved solubility for coating

o Improved solubility in the skin and uptake into circulation

e Improved physical and chemical stability in solution and solid state

o Improved ability to form highly concentrated (above 2%, and typically
between 5-25%) polypeptide solutions that facilitate efficient coating of
microprojections

e Protection during the coating process (e.g.: shear, air-water interfaces)

[0109] Without departing from the spirit and scope of this invention, one of ordinary skill
can make various changes and modifications to the invention to adapt it to various usages
and conditions. As such, these changes and modifications are properly, equitably, and

intended to be, within the full range of equivalence of the following claims.
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hydr oxynet hyl cel | ul ose, hydroxyet hyl cell ul ose,

pol yet hyl enegl ycol , pol yaspartam de, copol yners
wo b@soefss and pol yet hyl eneoxi de- pol ypr opyl ene BPXI/U82008034925

The apparatus of Claim1l, wherein each of said

m croproj ections has a |l ength of [ess than 1000

mcrons. 4. The apparatus of Claim3, whéerein each of

sai d mcroprojections ha&lé&lMéngth of |ess than 300
will 8 MfedR: The apparatus of Caim4, wherein each of

sald mcroprojections has a length |l ess than 250

M cl.ofs appGiratukifer tegusdermally dafveth@a hiologioatip netivie agant th a patient

bi oconpatible coating furfher c rises ..
comBy B HRICFPED 510N em e g udine 4 ALY SERIATHR pomgyRPisrdine
mi&8préjebions AFARd 4 BibniaRbld atidSdishosél hkRES Sald@sompaible

approximately 50 mcrons. 8. The apparatus of Claiml,
coafiifs insfuding bolpgierdly pprivei aacat wlssier fighiae sroup pRyistag ef peptide

and (F9Rin  dAfAARPr oxi mately 25 microns. 9. The apparat us
of Claim1I, further conprising an applicator having a

cond-athd apparsiys PECleim 1, wiibereinrsaid pieptideiand omtein exstoonjmgated to a

' | ' | | gat: :
polfBPEElected of R0, U EHRE SERAR M LLBRR, 1 Rilipieydone
polpvihylgethykiitr, polymatiyjorardlinef pudgethyixazdmeat act with said
v B3P RSBl an oS e SRRt BibudRheunpise
polfdietR@AlacBTHmiwd, bblyﬂydﬁtﬁt‘ﬁ@&o@ﬂm@hadrﬁ@t&,tpo@h?)&rok?éthﬁ&rﬁﬁé,

cm2 of mcroprojection nenber in 10 mlliseconds or

hydreppanethyicpulose, Rk argahylsiellplpgmpelrthpraglygel pokusspargrmide,
co@%@t}e‘?&ﬂh@@ht Xndq&gﬂeﬂﬁleﬂ&gﬁﬁe-gglyﬁopﬁgﬁee&&de. conprising the

s of: providing a mcropfojection menber havi n? a
pl u¥-alheapparktuppCElaipr bjvebereioresch ¢fsnidamieropriagstions has a length of

les:ptihgﬁ ?(ﬁ)osrﬁliicfjo Eati ent's stratum corneum coating said
m Cr Opr o] ection member with a coati ng formul ation

hav4.nfhesapipatatos of Clginch Mvileraintersheofagidmhictoprdj@tionshas a length of
1 bi oc%{})ati bl e coating, wherein said biologically
esi0pt v GBS i s sel ected fromthe group consisting of

peps.i tie: ppstaik 6f Clath £ Qhélgiale8sh of3R microprojections has a length
less than 250 microns.

6. The apparatus of Claim 1, wherein said biocompatible coating further comprises
a vasoconstrictor.

7. The apparatus of Claim 1, wherein said biocompatible coating has a thickness
less than approximately 50 microns.

8. The apparatus of Claim 1, wherein said biocompatible coating has a thickness
less than approximately 25 microns.

9. The apparatus of Claim 1, further comprising an applicator having a contacting
surface, 1wherein said microprojectiornn member is releasably mounted on said applicator
by a retainer and wherein said applicator, once activated, brings said contacting surface
into contact with said microprojection member in such a manner that said microprojection
member can strike a stratum corneum of a patient with a power of at least 0.05 joules per

cm? of microprojection member in 10 milliseconds or less.
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appl ying said mcroprojection nenber to said patient's

skin, whereby said mcroprojection nenbers pierce said
wa teoawystor neum and del i ver sai d bi ol ogi cal | ypers2084/034925

agent. 11. The nmethod of C aim 10, wherein said step

of coating said mcroprojection nenber conprises

i mersing said mcroprojections in said coating )

f or HulAmedied fortrampeesmaily deltyering abiglogically adfive pgsnhiogpatient,

g said microprojection nenber conprises

Cm@%&ﬁ?ﬁﬁaﬁggﬁgpcoating formul ati on onto said

m cpropdiog echicoopsojedt®n nidnebenkvingth ralilyaif midroprofegiians élpat are

i.Si t.he.. f: i di [
R 5RO L1, 2 2Bl oot

M Cdoafdighjafd inic@BpraRONET mérfiber tithascbling foRhilhtsh Haningdiid
viofel €t gt i foip Slrp B s g Wisr Az Pilogicall aciv
ageRAPREACHedMrbA (BREQuPt&IsRRALL GRS andBIREH chijuSdishardl

manner that said m croprojection nenber strikes said

st rapplyingssidhaingeproigction member to said patient’s skin, whereby said
microprojection members pierce said stratum corneum and deliver said biologically active
agent.

11. The method of Claim 10, wherein said step of coating said microprojection
member comprises immersing said microprojections in said coating formulation.

12. The method of Claim 10, wherein said step of coating said microprojection
member comprises spraying said coating formulation onto said microprojections.

13. The method of Claim 10, further comprising the steps of:

providing an applicator having a contacting surface, wherein said microprojection
member is releasably mounted on said applicator by a retainer; and activating said

applicator to bring said contacting surface into contact with said microprojection member

in such a manner that said microprojection member strikes said stratum corneum.
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