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poor patient an a ternative,
agent datigely mmghodchaldisysteny. provi des for a met hod of
adm ni stering bi ol ogi caI I y active agents, particularly

vacci nes, that C% .{Cﬁ Irfb e del i vered
Vi a hypoderm c I'njection, 1ntravenous i nfusion or

[0008]al Agtweﬁgaﬂs@be drugh) aramost mmvdmﬁonuﬂay gldrmﬁfsteml either orally or by
es e

n both.of t
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asSYRNgNIOHAP ?a“&H ﬁ? hﬁe%?né@i‘r&% a ’[“%WPO‘TH%E‘ 3@641%1 inconvenient,
painful AISHEEHRtable PoceRel wARh Sdrfstines ré}aﬁl’t‘@fn'pQOIt RkiBhtlBRApliance.
refers to delivery of an active agent (e.g., a

therapeutic agent, such as a drug or an
[000MTMUROLLHERLILY, tBRIdeMal delivery provides for a method of administering

biologically active agents, particularly vaccines, that would otherwise need to be
delivered via hypodermic injection, intravenous infusion or orally. Transdermal vaccine
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. Conversely, the digestive tract is not

subjected to the vaccine during transdermal administration.

[0005] The word "transdermal”, as used herein, is generic term that refers to delivery of
an active agent (e.g., a therapeutic agent, such as a drug or an immunologically active

agent, such as a vaccine) through the skin to the local tissue or systemic circulatory system
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agent, such as a vaccine) through the skin to the
| ocal tissue or systemic circulatory systemi t hout

W@ msieaTss al cutting or penetration of the skiPCT/B8204/034923
as cutting with a surgical knife or piercing the skin
with a hypoderm c needle. Transdermal agent delivery
i ncl udes delivery via passive diffusion as well as
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nction of the LCs is etect, capture
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ext@l{s% eendndht th8e B dtiRs -Beﬁ&ee'eh the shRO@BIng 3Bs. The normal function
fectiveness of the skin imune system.is responsible
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ttenuated sna ox vacci ne by
traffiching foi regipnad skihaleaining bewnﬂdbgl anfédremtlgg @l@a%sed antigens to T
CelEradlcatlon of the deadly small pox disease.
ntradermal injection using 1/5 to 1/10 of the
standard I'M doses of various vacci nes has been
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safet@ wiresccinatidnystr bue glemhemafve be¢mtbrgaed tovéik ssippMac@nation with a

. Transder nal

v PR pts e PRaksra Gria e AP T o gotahe

eragichtibna$ theleadyTbimell poxgHeasPditradpans! isjatteni usglgtllffetoslkl 0of the
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staﬁ%bqjﬁ\gg?sss]o{)\farlgbseﬁcgp?;@g bg%-l %EE%E\éeplgblilCBlcglg 1mmune responses

with a number of vaccines while a low-dose rabies vaccine has been commercially

licensed for intradermal application,

[0009] Transdermal delivery offers significant advantages for vaccination, given the
function of the skin as an immune organ. Pathogens entering the skin are confronted
with a highly organized and diverse population of specialized cells capable of
eliminating microorganisms through a variety of mechanisms. Epidermal Langerhans

cells are potent antigen-presenting cells. Lymphocytes and dermal macrophages
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elimnating mcroorgani sns through a variety of

mechani snms. Epi dernmal Langerhans cells are potent
wW@risgeTspr esenti ng cel ls. Lynphocyt es and der P&l/US2004/034923

macr ophagesper col at e t hroughout the derm s.

Ker ati nocytes and Langerhans cells express or can be

i nduced to g@nerate a diverse array of inmmunol ogically
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“mégégﬁﬁgﬁyéﬁhﬁ%F t he endosonmal pathway of antigen
presenting cells. The antigens are processed and
P ssQc it .
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acti,vation. Replicat vacci.nes, ot her
innpgaco o 43 ens SLaseht O LS gt B B EGn S eson
assSoiadd \pﬂxclmq QIME Scksul@adn i ffedtive COSV el hutiveticl. Replicating
ceIIuIar ne res onses aqg are co S|dered helhggld

vacgingsn b g 0“5 (§8e Y‘hé@em‘?{e YiHSPSa UG Rl

vacEBEH RS & SRIGT MMFA D el RGP MU AR rBYp A 4ndGE dW@Sidered the
0011] In contrast, r1goly pepti de based vacci nes, like

“g Mpid” gmeRg Yrssines 1y sigiilpr laraawmnearﬁipoe%ﬁdpe?tr%} can be

ach¥REFbBRAARGhdsCi t predomi nantly a hunoral response,
as the original antigen presentation occurs via the

class Il MHC pathway. A nethod to enable the
[oomc%ﬁ @BlﬂIaEtO Bv\géﬁp dﬁﬁﬁﬁe %Elh&eﬁk?sluﬁﬁni\f 'vé'ccﬁl{é? &h @ﬁ@d liral

greaf value, as it woul d w den
andtlhetelrlfrhmweﬁ de plvispredqseinantly mhu@o@nlzqsps@@easahe pregien] matigen

pre ?iféﬂor?&%ggsxb\ﬁae@ﬁtcﬂgstl ﬁﬂ{[@ﬁétﬁwgf A :L:ﬁlo%lncg 'egﬂ]esthgﬁfésgﬁatlon of

ornu sur to ant
thegrasamisatsb oin the elagsHMACasthwhy wamlth\hay)f great veﬂdfu eeit would
en- s ecific class I-restricted CTLs
W (%Eh&ﬂ?g UrToe pecﬁrm% 1992). Introduction of protein
anti gen by osnntlc | yses of pinosones has al so been

ted to ant i cess
000 R v 2t R PRE e b BEE Ry Qe
with e@fictagdledding otahtighngeesemationvid e tllass] pmh\@amcll isduce
vitro d,in vivo 25Qﬁn artl Iar g c@
anisiro RS reatigisn 29T B & Mot B drrligpon,of
profbR{IRigE B &eholib &fsed $IQ)11dﬁb1hbS€}fayalso been demonstrated to lead to a
class I antigen-processing pathway (Moore, et al.). Ultrasound techniques have been used
to introduce macromolecules into cells in vitro and in vivo, and, particularly, DNA-based
therapeutics. Studies with plasmid DNA have clearly demonstrated that the delivery

efficiency can be significantly enhanced when ultrasound is employed.



efficiency can be significantly enhanced when

ultrasound is enpl oyed.[0013] There is, however, no
w@ebioettesl | iterature regarding in vivo intrackCT/Ubz04/034923

ul trasound delivery of protein-based vacci ne nol ecul es

into skin antigen-presenting cells (APC) that |eads to

cel lular expression of the protein onto class |
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loning t use of a mcroprojection arr %
no menrt}ommf thieone of & nicudprojedion adaytio carghngioa with wltnmund to achieve
thi delivery of a DNA vaccine intracellular”™ and
11S means.

subs€quent cel |l ul ar expression of the protein onto

class I MHC/ HLA presentation nolecules in addition to

1. MHC/ HL ta | ul ) 0015] As..i
00787 Thetsiiaas 1o PRUBAI R T RAE R ar b bR
arrgef eMmhonu path uttheouna melachiconiofivotdagivedyiof a DNE vadctie and

B AR e O B BB AL LE P e ad acaTeh

pretdiatib®oRetleebiIdlitiby toaflast HOISKIHLA proderiptichhScules.
transdernmal delivery has had |limted applications. For
exanpl e, in many instances the flux of agents via the
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Ry

conidgloatof“ e skinetge pies ardihygical/ghantigal srapsttissot tiedagmolegide, and

the %ﬂc@ﬁt%ﬁ gﬁa}ﬂie‘ﬂt éc"f‘é/s‘é‘ FheWinC BeGRARSIIRS 1 pdrm@ibili§ @R ehe skin to
i W th keratin fibers (i.e., keratinocytes)

magsuthlgﬂma@éewl Aeliyeey hap hw@a@d applicatippsg Hioy cxaede.dg many
mséﬁd'ey%lfqu o‘?gce{?ﬁe\/lé e 'terlﬁbrlaﬂya%&% t?ﬁ%fdgﬂhﬁll ?OJté%l 1?{0‘0\{% ﬁéd to

maab l'e ar act tratum cor neum
be @mmlﬂmhy plfctivd Tofs 10w peremshilify it Héipderdsprimearily to the stratum

COI’BJU%’F?[%%UE@I'HOQI E]ﬁl @ep\gﬁ]} ch ?tﬂ\?fgtts off hé&x 3&%31\/ hyﬁﬁed w1t¥1 hertathn

re-treatl I Ng Lverl
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therethrough However, the efflcacy of these nmet hods
hanci n rotein fl

001 oo B R o eraE g g b erRg ARfopagent
invblne&d ﬂre&bitﬁmg thO&l it e b@daivsmgh\aiﬂe tHeegantn@slin permeatlon

t echni ques and ste dev
enligiiiE - REEIGHORPLRTRSE T Ronet S RTiACS Ryt "k sy
ageaf i€ AtlivegedpaihaMey shel ﬂﬂﬁ\@f th agéKihBretitough. However, the efficacy of
these methods in enhancing transdermal protein flux has been limited, at least for the

larger proteins, due to their size.

[0017] There also have been many techniques and systems developed to mechanically
penetrate or disrupt the outermost skin layers thereby creating pathways into the skin in
order to enhance the amount of agent being transdermally delivered. Illustrative are skin

scarification devices, or scarifiers, which typically provide a plurality of tines or needles
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order to enhance the anmpbunt of agent being

transdermal |y delivered. Illustrative are skin
wa@easiobd7emt i on devi ces, or scarifiers, which tRpEI/Us1004034923

provide a plurality of tines or needl esthat are

applied to the skin to scratch or make small cuts in

the area of application. The vaccine is applied either
thattaespapebigd tp therskinHe seyrich or weletsmal cuis dxthe geed of appiication. The
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Oogjmﬁﬁel 1f\éerrs lil/agg %f%%ﬂ%éef {29 r m ra'erma accme ?él J%F}érup bg}? because

onlvdry braiall arsountseof alre \ax@esl&eammwwmcbmanm«: glvi@go be effective in

sati.sfactory i ni zati o
imiiizses GF belel (bR g OB oL Rt ARt GupGRRhy
critRltsiné€ aR @eBis, anusf hlRachicd eatistetory Bnrhindzatibhf i cul ty in
determ ning the transdermal agent flux and the
resul ting dosage delivered. Also, due to the elastic,
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resi st puncturing he tiny piercing el enents 3%% n do

suchaga wpmerlmhy dﬁ@ﬂé%&f‘%@fﬂ%ﬂ%ib? fransdam! agand fix ree

leSLQtfmgadolséd%LHeﬁve?&ﬁtAlW d6d toaf AR deERRAMeSIH Pesﬁil@éh@hzﬁtﬂﬂeldi’ Bkin
her systens and apparatus that e ¥ t|n
to dsﬂq:qﬁ algq r@m@tmgctenrenﬁmt@y pigredgigreaty th"ﬁ%é‘ggﬁll” AN

‘ . 326,
pen 8té 5k %ﬁ@mgdé%@&;% g %@5 bghel%uz%is 20pa hE G anl g, ubof 5%337

penammlon’CT Publ i cati on Nos. WO 96/ 37155, WD 96/ 37256, WO
96/ 17648, WO 97/03718, WO 98/1 1937, WD 98/00193, WO
97/ 48440, WO 97/48441, WD 97/48442, WD 98/00193, WO

[OOEIQ/ 6158@)’“% 98/2pBOFVS theEngdyy29FBin paerdiny\eleggngg emhance

fcornor.at I | e Iaf
transcrl] rma nt d?[%“'ﬁ% ?ﬁscl%dé?islglxoig t%ﬁt 5 I8'?‘9 §$ 3 8151?032 Us
5 2@;@303' 9@4 #82¢ Reigsue No 21637, axd RGF Pldﬂsatghdﬁxss wa(a (9657 k¥s
Y
w Gy REShy PR A e LRlRlo nBrg, VRO BR 0
97/4 3440 WOV ABH &1, 67[71@@3/4@4342610\&]) bg/0@reB WD §E6438AdWEUDHREOR 7,
t hi sucE as. ad or sheet. The
W%%é%"%g““& 'ké%hﬁ ;593493 n@Blﬁ%"PﬁurPte ﬁsrge%a’éfsﬁf&egge Y deir entirety.
extrenely smal |, some having a mcroprojection Iength
nl y about 25 - 400 m crons and a m.cropro
008} e et s5fifps PP SBoloRPiEr eI HDS Bt Ty Shaves
andRiRE & LS bhieBnost layer (ie., 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 tiny piercing/cutting
elements make correspondingly small microslits/microcuts in the stratum corneum for

enhancing transdermal agent delivery therethrough.



el ements make correspondi ngly snal

mcroslits/mcrocuts in the stratum corneum for
werivanet7sg) t ransder mal agent delivery PCT/US2004/034923

t her et hrough. [ 0022] The di scl osed systens farther

typically include a reservoir for holding the agent

and _al sop a deliver temto transfer the agent from
[003He T?%é@?‘\?ﬁﬁdrsyitﬁfl%é’&ﬁg %c@%%ﬁ%aéﬁ%a&? helliige e aggnt
andRRb |a‘a@{1¢dr§7‘§%§teﬂ'f tottllaﬁsféiﬁlt{é é‘%@ﬂ etk reseRBir @lifé\f@l‘i BeQ@fratemch
a device 1s disclosed in 93/17754, which has a
comev@uwh agBnboljosstiney of the devies iselé P semplect sugihandeiise is

dlsc%e@fne@wwmsh t\@th%g & ng‘!ﬁe alvénﬂf*ébé}lv@lgeme rbRF-FRubhe
tiny tubular el’ements and into the skin. Disadvantages

howstersbretressuiized ée farercthe Heuid peentitiepagh he Hpy fubiltar §lements and
intoTHOGRD O RALE: 0G50 RE AR MeSadtil AL ATEH ARl kepense
conpl i cations he presence o
for pﬁdewessdmabbdlqdeﬂ lmewyr assl soreplicafi@o 284 toAb,e pifeserico o€
t l'ication No. 10/045,842, which is
me$&E%h§%%§%%% S§§8§ by reference herein, it is possible
to have the active agent that is to be delivered

ated,. 0 fi. GO ed in
005 e b AT TRt el o R S84 Ry o
mcc&p@ etpabméem’mﬁuemai 1tnelscem1kmtas hava @hediemel agpitrigatas o wgent

t|o or.co It on s y for. the . .
act Gl A OGP AR GEoLER sy ded servorr. This
elmﬂ’ha?wsctpé @@cesstty ofa Sepaiariphysical tdatoit el derdbpiignanpemt of

| ivered active i.S limted, since the abilit
forgg e FPRP G e NI KT ARy st hor eofy 1o

penetrate the stratumcorneumis reduced as the

coating thickness increases. Further, ffectively
[002H ¢t rgivbaghipd sughycopigdmicioRTRIGFHORISY Fiem i Fh&b&l& RS

amQUAY bR 1iderbdactike sgeat isMichi i SRS afd abilier &ke mtchaprbjaaa&{s (and
energy of the applicator must be increased,

array (S ESDitp PYICHAIS s iamAsRrIesmds [shersd phibs cpating tmm*%ér
lncgéséy\bﬁfr{ﬁef %o éfﬁ%ﬁvélj?ﬁéﬁeﬁﬁt@ 8{5 sﬂ%\tﬁﬁQO&Quﬁ vl ey (S}*Qj%ctlons

agent del i'ver Active t ranspor
havingsithigk coriine dssp@ssd Hewmendhpinapeldnergy ehtha ﬁﬁéwa@é RUSE ey x

mcxreggeﬁ’ L{ggr rm%S 1ﬁt§fe¥é§le%9ﬁs@§&@ug ﬁ}p%&cﬁ 81@\ 'HALk is that

trans agent delrvery i erred to as
' they gt diotitedta aamipﬂa'fype agemh&livay @tbfdy/st em enpl oys an
electric potential, which results in the application
of electric current is aid in the transport of the
[Ooaﬁe Mctitvh trenspbrt sysensthaad also oen nmplm/ec[tc eaiBincetagant fllnethrough

ve trans nonl nred.
the stb'c}ji%ﬂ 88%8?18 SBglﬁ suuﬁ systtelrrlnfm “INTTR MY ad agen ellvgl%J 1§ Pef8fed to as
"electrotransport”. The noted system employs an electric potential, which results in the
application of electric current is aid in the transport of the agent through the stratum

corpeum.

[0026] A further active transport system, commonly referred to as "phonophoresis”,
employs ultrasound (i.e., sound waves) to aid in the transport of the agent through the
stratum corneum. Illustrative are the systems disclosed in U.S. Pat. No. 5,733,572 and
Pat. Pub. No. 2002/0099356 Al.



enpl oys ultrasound (i.e., sound waves) to aid in the
transport of the agent through the stratum corneum

WO doass9788 | ve are the systens disclosed in U SPCPEB2004/034923
No. 5,733,572 and Pat. Pub. No. 2002/0099356 Al.[0027]
In U S Pat. No. 5,6733,572, an active systemis
di scl osed that includes gas-filled microspheres a
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MHuzhand h0 M. rithlidrahger gfdreqidnains bdschsvexer, b)sfentslyqnvrctmlbe of limited

m crosphere 002/ 356 Al.,
use BB RS oSy i B BER s O B RO
typicalchioepheges. m croneedl e array” that ut|I|zes sonlc

energy to deliver or extract bionolecul es through

menbranes. A maj or drawback of the noted systemis
ooizst]usm Phe Puts N L00T/moossaedl, e Surthiadtiet kyétin i ARcBSIL VEhe

nota o ’é‘,‘tm{]}‘@s gg{ﬁqlc{ygqfegr ggr(r:%/ fur ! %rgs &%?%Pg&f%&eﬁgg o extract

blonlﬁbléblﬂ% tﬁﬂ)'u% rr@ﬁﬂbfa‘{l@s aagﬁlajbr &ﬂa@b&mtfqﬁ el s RisARh S BB Sise
2003/ 0083645 Al, another active

of @59@@1@%1q%*l%ﬁ‘ﬁél@?fd&%%ﬁtwér%nh dthe 3 Wyetersresfupinraiopgnot teach or

sugBLPIRYSIIVE-F 6 CNERELES! dnQ ofi} bi¥BEichIREacRGL dERt RHEMked | N
contrast to the aforenentioned ultrasound systens, the

micr@g4gedipgs.em enpl oys an oscillator systemthat is
adapted to vibrate the m croneedl es to enhance the
penetration of the mcroneedles into the skin. [0031]

(00 ils Pailub. Nnot3/0A8361e Adr %mOﬂIGh@tﬁée sistemigdiselosesl. The noted

kT S TR
Mbsmsmmmwdcmp&amdmyﬂamnﬂnﬁﬂimgﬁa&smp&y@ﬁnadMamrQﬂ@h]ﬂmth
adaet%?‘s es gra%est 1ea i ‘i{% c?r{see S’tto %r'ﬁisaaﬁ%tg(?: p?r}eﬁ atff‘on g?l% né@lgpéedqg%ﬂto the

ﬁuﬁe5|rable to prOV|de a frequency aSS|sted agent
delivery systemthat enpl oys m croprojections and
arrays thereof having a bioconpatible coating

[0031] Asis well known in the art, there are numerous disadvantages and drawbacks

associated with microneedles. Among the drawbacks are the microneedle system
complexity and the necessity of additional components and/or systems, such as a reservoir,

pump, valves, actuators, etc.

[0032] It would therefore be desirable to provide a frequency assisted agent delivery
system that employs microprojections and arrays thereof having a biocompatible coating

that includes the biologically active agent that is to be delivered.



that includes the biologically active agent that is to
be delivered.[0033] It is therefore an object of the
w@r@smoet758 nventi on to provide a frequency assiBCEUS2004/034923
transdermal agent delivery nmethod and systemt hat
substantially reduces or elimnates the aforenenti oned
drawbacks and di sadvant ages associated with prior
[0033g e At 1s dhergiors ay 0B 0k Hig Preses Awpntiqn tp groxjsrafEraugsy é‘étStedf

tranfsdb?mﬁ’lra%@ﬁr&itell‘ilé"}yﬁ%bd)éhdts‘?st%%@t 6t s@nfidIBFERREYorafMinates the
transder nal ent delivery nmethod and systemt hat

aforementipsed dw@a pies @adwfmﬁ@e@:@a@%ewmhplaorm*@@@ﬁﬁdwem e
syst@n‘ﬂ?t' ng that includes at | east one biologically active
agent. [0035] It is a further object of the present
invention to provide a frequency assisted transdernal

e
[00%5 e R e TR A
na@emal dgomt ddbwry/mct;hod/aral system ¢ipat b]cbldts mmsopr@@@@ﬁi coated iwgth
et a r ik 0 provide
a bi com Lfil[e]lﬁlg cgatug m&lu?%saa&]Ii;e set?)rl}g ?i%ﬂ) 1ca{5 gﬂ{v n;i/ et hod
and system t hat i ncreases cel lul ar uptake of DNA and

enti.onal vacci.pes. 37

oo $ER 5 R MR o TE Riss D UM LB O sSSP e
tranddidr hlalbfgeiit&i&h{/@ﬂ sdthad ndrybtemhles dmmclaquoay(mgel teedronit oftah ast

& el i verl]\é, st em ffor gr ansder.nal IXFBdeI ivering a
oneiRlpgieal B ACTVF agentify e anyiapyorgPiolesiist  conpri ses a

m croproj ection menber having a plurality of

m_cr.opro ectlosth are adapted to erce throu
[003¢]e Igtsrya{qalmheb? theprgserhia B vpﬂae Erﬁwa?ynasgged
tnan's@é{l%ﬁb ageht RALGE Fn@lh%d anrsysemThat idchdsTell@ar Pk bADNAMRNd

of the bi ol ogi cal ly active agent and an oscillation
conyeiigad! ﬁ’@ccdléff\?i ce that is adapted to cooperate with the

m croproj ection nenber to produce high frequency

oscillations. [0038] In a }lgr ef erred enbodi nent of the

i nvention, the SYMMARY hTHRINYENGIQ¥vi ce produces
OO§’HbSIB %E]c.to!rc?ahté/ leWh@)éf)cﬁ e ogﬁ&s lalllc?trhb&'}ﬁatwlll 33 ?nentloned and VFIIH

ections m croproj ection menb
becpmn gm:)aoefnt bglpwoke dq;itveﬂy;sys_[@n fora@osagrmal [ygiglodring a blologlcally

. tj ,
LB oSS S AR o
micosprojedtamns trasarohdapted tcn])ICercJ projgbdld tragim gpradyen into the

ect % | 0 0 nt of
oy FBG KL, TSt PR Pl gt PemoaBeg 2
biologically active agent and an oscillation inducing device that is adapted to coopelate

with the microprojection member to produce high frequency oscillations.

[0038] In a preferred embodiment of the invention, the oscillation inducing device
produces substantially uniaxial oscillations of the microprojections in the

microprojection member in the range of approximately 10 - 400 um.

[0039] Alternatively, the oscillation inducing device is adapted to produce
substantially transversal oscillations of the microprojections in the microprojection

member.



adapted to produce substantially circular oscillations
of the mcroprojections in the mcroprojection nenber.
WO 04059751 a preferred enbodi nent of the i nvenPCDOS20041634923
oscillation inducing device provides high frequency
vibrations in the range of 200 Hz - 100 kHz. [0042] In
an additional enbodi ment, the system further includes
[004H Up erotkes smbodimgntcas thegnentiem dhe aseilpticndndrging devirs/isr y
adaBtfed H}ﬁo&ucg Elgﬁ{aﬁﬁzlliyymr@&lgﬂ (}églllgl%llggf th@rnﬂérg }él:t){onstlm@le
I'trasoni c device provides sound waves aV|ng
micfqpegjestins yneimbet. he range of approxi mately 20 kHz - 10
MHz [0043] In one enbodi nent of the invention, the
m croprojection nmenber has a m croprojection density
[004F] dba Ipeﬂdfs‘tedabpxbmﬁmen’mfeﬂlq/in\lefmtiml chopcidpeat indueingaleice
I n
WOQg%ﬁl ﬁg“éﬁﬁk%sgggﬁ“% %?ggEOJecklons/cnﬂ [ 0044]
In one enbodlnent the n1cropr01ect|on menber is
n truc of sta nl ess
rooffly Th il diforB am SRRl o4 e nchioh T o BFECe
to eﬁhh(hbe ﬁa]sﬂ@lrmmmhlvayl’diﬁt}ﬁ thii b gicallly @&%]acrém BieferdWlgtivat i ve

di nent, the m croprojecti is co structed
R Ve ORIt P Pt FaengU heganeg ool vrror
appAIXiBEtEIR D0 Kellz)-, 10tNIEZz M cr opr oj ecti on nenber can be
coated with a non-conductive material, such as
Paryl ene(r). [0046] In one enbodi nent of the

[OOM]VGIHBh@élnbdd'ﬂﬁex@bpﬂh@giv‘éﬁﬁdn}’th@‘iﬂldnh‘ﬁoﬁgﬁdhtm&ﬁﬁwhhsSif-‘S a
vacCccCl ne, an anti genic agent or an i mmunol gally

mlwaceﬂrwwéloagémﬁtyo eagbappryEmatel 10 suerapraiegh §’é‘s 3G

preRBGLEIH e 1 eﬂ%@gﬁo{t N2 83pFidx MARE HRS-2000 W&@ﬁ@ﬁ&fdn@@mb ased
vacci ne, nucl ei ¢ aci d- based vacci nes. 0047

Sui tabl e antigenic agents include, wthout I|n1tat|on

OO@LQt 'Ig%ﬁ]ec‘eﬂiﬂbdtl §1tft95 Mid E(%}r@&gfoﬁ'n{% ef’@chr?s@rﬁ&E@Mt@?stamless

nj ugat es, I gosacc I"des oproterns. These
steed, s, md@bﬁltn@gmlaﬁom@rl sigdar @mcg@pétllhlamptemlwwhsas
pm§$$. % hant PT accince - acellular), CGostridium
ani purified, reconbinant), Corynebacterium
di ptheriae (purified, reconbinant) Cyt onegal ovi rus

[OO%%l NGR% t r?ath/e %rlﬁggcpm]?l}t’ thF m?crg%l Pde%tﬁo rRér%e??s cldistructed out of

copro e€l'n su uga
a ngeéondadtivh atatetial, wichlas b @blamas Alenwticiely Mhpmitrgirojegept | des

menﬁ.hefnrt(ogs g% gq#e% B’lga rioggcg F(%!L%cg\gea rrnglterelglséucf'\lﬂa&galylene%’

[0046] In one embodiment of the invention, the biologically active agent comprises a
vaccine, an antigenic agent or an immunologically active agent. The vaccine can include
viruses and bacteria, protein-based vaccines, polysaccharide-based vaccine, and nucleic

acid-based vaccines.

[0047] Suitable antigenic agents include, without limitation, antigens in the form of
proteins, polysaccharide conjugates, oligosaccharides, and lipoproteins. These subunit
vaccines in include Bordetella pertussis (recombinant PT accince - acellular),

Clostridium tetani (purified, recombinant), Corynebacterium diptheriae (purified,
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epi topes, cysteine protease, Coa peptidase), Hepatitis
B virus (reconbinant Pre SI, Pre- 82, S, reconbinant
W@ 00s/0pa76% ei n), Hepatitis C virus (reconbi hant PET/US2004/034923
expressed surface proteins and epitopes), Human
papi |l omavirus (Capsid protein, TA-GN reconbi nant
protein_ L2 an E7 fron1HPV— L Dl - 501 reconbi nant
recogupap) GFGRFERRINS glxg?amtfv%u Bib: PEUB AGTRIRECEEP LI

glyk@ﬂr&@‘n"s‘ﬁ’%t@ﬂ ly&R¥njligake GRIIY-AL foly sattthatilMy iltBtetab iMEx &d, M
row1HPV—éﬁj , Legronella pneunophila (purified
protgigmeptides linkqgrtq sxangrrbins %VlerSNM g, aluwﬁkeﬂfgtm egific

epltélsﬂsyéy%&erw@Js@ C%ﬁa@ptt(ﬁ&@ aﬁt%@vms,(reeéﬁmmr@@l Pre-
aerugi nosa (synthetic pept es), Rubella virus

52, Baiperntindng cqie protede) Hemritls Etvor@b@mglbpmmﬁ%ﬁiea%d surface
10& Ak YL Y 91‘3 és?' 98En [p:!t;élllémaén‘s Q@ap@/&&rot&?ﬁ  TARN relgl}{bma’.zrﬁ F]

conj ugat 0 Nneni ngococca ycoconj ugate |4,
protgiB, L20d Eﬂ4flom8¢l’v-§9 MEDBH]1 rcmn}mgaat %bIP L6 frorR\HBY- 11,

QuadkiV OGS egm%fhtaﬁt%b%ﬁoﬁnr}@% %Vll‘i1 gﬂ@% azns Tpeg]

conj uga re o dum (surfacé
LANHPEET}C{E@UEHPM)M])VB@@IQT@M pnfmo‘@plsfa (pmrrﬂml bagtertial girtyace protein),

Nel?se% 1m01 ﬁgll’yu%cgsgu\g[tgg/htg té% oxg% (P‘ée%%l%g ts f:rugmosa

r us or
(syrtinecic lpd;ﬁxdesm Rilgelit virumwmhetmrp,epmte}alsefﬂ;ﬁdcqo@uslpnbdmmnae

VI I USes t tlt
esfetsiines Ptur BB S ERERC SN P Ry befinfpogelat®
OM\t};’ | glySocodinghty g4, |6¢3$|9¥a14z Q8CEIF, mgk@@@teano KRM10d,
acteri a u a rt ussi d
CIYREOUIHAS Ly Bt ebh Al diop Ha Pabeaisp e pRATIoe &
TrepdreRR bIGiAGE léﬁbrfab@mjdpl’tﬁélhﬁ PARUNDRiet FrusMeibesigr i a
nmeni ngl t1s, é)seu onbnas aer ugl nosa, pt ococcus

SlyGOREAG B and Vi rﬂ%ﬁ@#ﬁéﬁcmvgaredwolmacmvﬁi o chol erae,
and m xtures thereof. [0049] Additional conmercially

avai | abl e vacci nes, which contain anti ni ¢ agents,
[004§]c | Werle vigns 3 daetend inplpda, wéthoutdimitatjen tve%@e Wﬂ'«lfd viruses,

such! hi%%?ev\éﬁ)%ﬂug e pdi tﬁllg IBeNARPARR C ﬂﬁ@%ﬁﬁn YasiabRsvirus,

vaccl ne I cken POX vaccl ne, SI’TH POX vaccl ne,

rubgibapan.tand verisdi fx@ter,pevmh@g@d oy killgd bpsiesia, *&wh aglbgredefelld a
I
peﬂ?(lgsgﬁ? hlggtl ld{‘i’\/lgltqg%]l}llf yﬁ?’?l?ébggérllﬁﬁ) H;Bflﬂeﬁéen gro[}(?g sﬁ%ﬁto&fébl&i‘s

mtation, singl randed and’
legiduallelpeewhophiialedissauienesningitisi preudoseohs agegiost, SESRAPROF@IS

pneél%gﬁ ¢ ?w})gn% :p?ﬁlmng P¥ibrdd B8Rk Péegi&@re%,e Jgosmi ds;

I'cral chronosones’
artificial chronosones (YACS) manmal i an artificial

one .
[OO%ﬂl\b&{rcpd%hoga&o?éne&?15?}1":évnﬁab§ef acgmés w dlCE gcﬁm%ﬁ gﬁtbg%ﬁ%rggén%,
inclubk wahoatdintifation, flu vaccines, Lyme disease vaccine, rabies vaccine, measles
vaccine, mumps vaccine, chicken pox vaccine, small pox vaccine, hepatitis vaccine,

pertussis vaccine, and diptheria vaccine.

[0050] Vaccines comprising nucleic acids include, without limitation, single-stranded
and double-stranded nucleic acids, such as, for example, supercoiled plasmid DNA,;
linear plasmid DNA; cosmids; bacterial artificial chromosomes (BACs); yeast artificial

chromosomes (YACs); mammalian artificial chromosomes; and RNA molecules, such

10



kil obases. In addition, in certain enbodinents of the

i nvention, the nucleic acid can be coupled with a
wW@r@sms9Iaceous agent or can include one or norBCT/US2004/034923

chem cal nodifications, such as, for exanple,

phosphor ot hi oate noi eti es. The encodi ng sequence of

the nucleic acid conprises the sequence of the antigen
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[00@1]a|s§ﬁg,qle g OH%“ag?g%,%%@ %@&ﬁaé{tq:'\yq)nchl\l?gg%%l%l' Mg

Vacgihé’ Qﬁt@@ﬁf GYh SOMMRE B vabdigy 1h@iﬁde(@@ﬁt)num§dh8 hhte BEIQ hluf@um

npl ex (Zn-Pro-8 Im
sy HROHRO RS2 ioB ] SRR G405 block

pol lﬂwmﬁln{léah vaN‘e@@te,\—BBlagh ?Sﬂ)%"g%a H@Hl@tlh‘nbdﬁ{ﬁ@%uhedéﬁ D(2-
-D-isod g%cero di pal mtate;

>1)moh@§@tﬁﬁgano€51%@@m@1 e adjusproN-parpghucqamineeiLl-N-
acegiﬂ‘g%r%%g[ L 21_%'16‘{% ]ﬁgﬁéﬁm%t@/ﬂ)ﬂ, Qh&hyl d}fbcgtldé@?arhm&ﬁ,lrg 1
chleridgi(RBANyAind pioting sedilompB¢ Tarliro®k Imiguimpdéi K2mol ;
el B Dbl A5 RN bR e BERR AN
acetyllmla'alylb/l—l.‘ﬁld&i)eiso‘@llu IDAilasgigtemldmahm'IatQiMTH -RE dpdseuics:ne

) c - n
cgProgbaEnas: Had CUMAER A N IR ARBIIT AR g
Pleatan: gﬁglumneQSiﬂ eS° 8443: Mnhmtol-ao a-dlmcxhjzlehH: umdazld[ésbqlalemohm-
1 eﬁlﬁn 8sc[glg?_ tlIdE %88}3@3%' ?—f(ﬂ (% lﬁﬁgdoh &gﬁﬁpg B4 i eonyl-
MDB’mlﬁﬂtﬁﬁdH@) HL@et&EnlélampaLﬁlrE(ﬁgflLD&Ts@glMalﬁing)’talldInlitgrleukme

t c e use 0 t.erna

15, R g noR edprrsako behas DATIGERaL e Ig for
exaBPRCPG containing oligonucleotides. In addition, nucleic acid sequences
encoding for immuno-regulatory lymphokines such as IL-18, IL-2 IL-12, IL-15, IL-4,
IL10, gamma interferon, and NF kappa B regulatory signaling proteins can be used.

[0052] Alternatively, the formulation comprises other biologically active agents.
Suitable active agents include, without limitation, leutinizing hormone releasing
hormone (LHRH), LHRH analogs (such as goserelin, leuprolide, buserelin, triptorelin,

gonadorelin, and napfarelin, menotropins (urofollitropin (FSH) and LH)), vasopressin,
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Sui tabl e active agents include, without limtation,

| eutini zing hornone rel easi ng hornone (LHRH), LHRH
war@boews§ such as goserelin, |euprolide, buserkCT/NS2004/034923

triptorelin, gonadorelin, and napfarelin, nenotropins

(urofollitropin (FSH) and LH)),

vasopressi n, desnopressin, corticotropin

desiaARIP s CATIEArORE (A@ifﬁ)(dcbﬂ)anal@%ﬂ sueh mhhT &h%bﬁ@é@@pw,
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relats'é,meatldeég PGSR gliteP Al HAEREN gk PRRE oG evpysysors, IGF-1,
neumlssﬂ@ kS colohBstini AR ThcRors, pafaiienl héiehche RIM SRRISS |
G- 1, neurotrophic factors, colony stimulatin
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445167, RW-671818, fentanyl, renifentanyl,

sufentanyl, alfentanyl, |ofentanyl, carfentanyl, and
[oom]xtlu bRSehbeIaaT: of{h@%zaﬂmdnnthe fstmaistionl boBpriseOh biolsrenpauble
ntiqn, the f ation conprises a bioconpatible

I.n
cc»atmor that is disposed on at east the microprojections.

[0054] The coating formulations applied to the microprojection member to form solid
coatings can comprise aqueous and non-aqueous formulations having at least one
biologically active agent, which can be dissolved within a biocompatible carrier or

suspended within the carrier.
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coating that is disposed on at |east the
m croproj ections. [0054] The coating fornul ations
wappkioedss o the m croprojection nmenber to forMPEDUBI04/034923
coati ngs can conprise aqueous and non-aqueous
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ne cel | ul ose

, hyd
(Héf‘y)dsz&w%@rﬁ%{efhrygﬂ%ﬁglese((ﬁﬁ*}&;@ lﬂa@e%\yp@@vqe&lp%éeeﬂiﬁ%)

mem%(rééma/s@f(m r@amy&rs‘allhledhs)@améd% M or
ﬂhﬁhﬂ¥ h drox%eth ylcellul ose (EHEC), as well as

phictylee @EéFHEﬁ)@ﬁ@eBﬁbﬂaﬁﬁﬁﬂt of the invention,
the concentration of the polymer presenting
anphi philic properties is preferably in the range of
[00a8iprlorheremeddyment f the ip@ntign, thercorasnteation of e ablyner i n t he

0, in
pref GGy R ATRU LIRS Moty m ot ot o hERLEREL 20
wt.i%aharel preéerdbyd irofbhirdnige Obftﬂpmmnatsle 08Bt-eld it %mfltltﬁecoatmg
foll owi ng group: polyvinyl alcohol), poly(ethylene
oxi de), poly(2- hydroxyethyl net hacryl ate),
Umpﬂlwbmnmhﬂwhmpmnmhﬁdmmemugﬁmmyéﬁhy$mnbdgﬁyﬂEMﬂﬂhdmbmwr

f d I . 1,0060] .|
seiflefitti g Tt arefi Pol bR BRRATE PRy by, Povve-
hydysdethp i detiacryizdd)ypaty(nivinyl peroliduae), polyéthylend gydodmnd mixiunes
%pproxinately 0.01 - 20 wt. % nore

the range of
thef5PE B b §o P>
[0060] In a preferred embodiment, the concentration of the hydrophilic polymer in the

coating formulation is in the range of approximately 0.01 — 20 wt. %, more preferably, in

the range of approximately 0.03 — 10 wt. % of the coating formulation.

[0061] In another embodiment of the invention, the coating formulations include a
biocompatible carrier, which can comprise, without limitation, human albumin,

bioengineered human albumin, polyglutamic acid, polyaspartic acid, polyhistidine,
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the range of approximately 0.03 - 10 wt. % of the
coating fornmulation. [0061] In another enbodi nent of

wo b@siospresit i on, the coating fornul ati ons i ncl UPKET/ES2004/034923
bi oconpati bl e carrier, which can conprise, wthout
[imtation, human al bum n, bi oengi neered human

al bum n utam ¢, acid, po]yasparti,c ac
persy el B AP D %f%&re{ﬂ%ﬂ R "
stachyése0se, trehal ose, nel ezitose, rafflnose and
stachyose. [0062] Preferably, the concentration of the
bi oconpatible carrier in the coating fornmulation is in
[00b11e Frée@slyOhe @&%ﬁﬁtﬁﬁbﬂh}é b%COmEéi)iblMoarr% iffRé @oatmg
preferably, in the range of ,PprOX|nateI 5 50 wt. %
forrgplatioqels it range ploappipxinateli 2 {10083% MAreréfaieblyetn the range
ofa%??b Qﬁaﬁ@{ﬂg soh&. %Qﬁ?ﬂé&aﬁ@rmlﬁétioﬁns include a
't z1 ng agent, which can conprise, wthout
limtation, a non-reducing sugar, a polysaccharide, a
[ Nasein er
[OOBﬁbLig agg'rt]tt%ijglﬂ oeo‘i’lf:le(:)lgt ¥ ?OF fﬂ?lingftafl%{r? Smclh?o%@iﬂdablilﬁu‘%naggﬁ}
whigh socomprisd, otidoyt lumra@hn,caawnfrcﬂmpmg swgar, wi ohsadcharide, a
mdg5§%£§&%9g L depi |l ne, cafam nol, cycl opentani ne,
nep rine, eplnephrlne fel ypressin,
|ndanazoI|ne neti zol i ne, m dodrine, naphazoline,

[oo@ﬁr dlefarrlcl) Eer em%%é’m{ghtn e c%{pn:gg"{)rmu?atlgns REMEE g Daas%constrlcfor,

rine
whmhamﬂqmpu&amﬂ&aﬁﬂmamupnmpy&hhmmﬂcﬁh&mopsgﬂ@m&mmﬁdr|ne
p tetrahﬁdrozo E iranazo Ip Huan1q Fg $
CONYTRYY BT e SPIRRETRS SRSy PIBREGIRG IPFHHIAS, Jiddgine,
napl’[hz)()}llmf aSrdEfﬂﬂhr @dﬁédrlnmammﬁhn,p;;x@&ahaz@dne/ @ﬁ@@@ﬂfbﬁh?q, ctors
clu rine aphazol | tetra rozoline
pheing'a'&ﬁ %ﬂ“ ?1 ‘??%RrP%‘P H@’e PWBHE‘%‘SW“F?ePSW%FQE%ﬂ“ﬁe
tetrﬁlwmbﬁﬂeolrhrﬂ&oﬂﬁ@ toayl i RS RHaRD Wlﬂh@@llr{eo%@res-ghle xylometazoline
concentration of the vasoconstrlctor i f oned IS

anddhemaitupy frereef. (s moghryefeged Eé?ﬁﬁ‘r"@%r'ﬁ‘ﬁfséwu@ epingphring, ¢ o
napiino\Mle teﬁ’aﬁ&dr@)ﬂﬁn@ RRbA26linel Q@@z@]mé Bam8loliRe Q&lh@iolme

nmbodi ment he invention, the coating fornulations
O\YIWZQW?’M\V'@&@Y&Z@W@ " pat hvvay pat ency nodul at or",
whi ch can conprise, without limtation, osnotic agents
., sodiumchloride), zwitterionic conpounds (e.q.

[Oog&ieﬂi ieaenagayationrnd thervesocprstticiymif eoplpyery ismreferablyd thegange
of z{ﬂ?ﬁo@[ﬁ?&t@9§ 916G 215 RHQS. f%gﬁljc_ glgﬂ'ifﬁg' um sal t,

I'anci nol one” acet oni S dlun1phosphate,
hydr ocort amat e hydrochl ori de, hydrocorti sone 21-

[0066] In yet another embodiment of the invention, the coating formulations include at
least one “pathway patency modulator”, which can comprise, without limitation, osmotic
agents (e.g., sodium chloride), zwitterionic compounds (e.g., amino acids), and anti-
inflammatory agents, such as betamethasone 21-phosphate disodium salt, triamcinolone
acetonide 21-disodium phosphate, hydrocortamate hydrochloride, hydrocortisone 21-
phosphate disodium salt, methylprednisolone 21-phosphate disodium salt,
methylprednisolone 2 1-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.
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phosphat e di sodium salt, nethy [ prednisol one
21- phosphat e di sodi um salt, nethyl predni sol one 2
wa2@am06476@at e sodi um sal t, paranet hasone di SodPTIUS2004/034923
phosphat e and predni sol one 2 1-succinate sodium salt,
and anticoagul ants, such as citric acid, citrate salts
g g[ odlumC|trate dextrin sulfate sodium
[00§&)hiTp .arfwﬁwu erEb?%“F‘@@éfﬁT invgntion the caming Spgudaticn mcl%*fzs tthe

leadt BNEMtHoRMant! PEicIE OAL Berbquegtémg' At /Nolinkl UEAS cdtic haast
one antioxi dant, which can be sequestering 'such as

EDSAdethrieed- qim@txlg-tetmapqtgc@cxg};@rcfree ERoR] scavengers such as ascorbic
acid, hMLEAL s6Hikth ta§do¥t%fet Gitd tE@ﬁl?et 'ﬁﬁ%@ei@ﬁeé £1ﬁ%xfd§% cal

scavengers such as a$corbic aci hi oni ne, sodi um
inclyde BPhAtand meHdonitee | i ke. Presently preferred
anti oxi dants i nclude EDTA and net hi oni ne. [0068] In
certain enbodi nents of the invention, the viscosity of
[0068]e lo @atta'imgnb@ﬁmntaoﬁ tbinventientbadewsityofzbielconging ow

for ?%Qlla%r{ is eﬁlya 86%%nt g 5y Yc!l%}Hgyn? u%{gp 93 rfErcHle ?_I#IQO% dlﬁgﬁ rﬁle

03| Ve or mu atlon
ageut ls6 ca:pbslyveeuma@ﬁ <at tlng f(b]’muhttleli pldandhapistsig- eahanamgdounternon

corﬁlq{g[:%%n c%a&ng atat?wg tw?]%cll 1%p ? 'uitig? %ch(itl)s 1n%{3($edn§len, acid,
mahcazlidkﬁlma@onaﬁacdi tadudtip held,adiptt, aciel], titracmivi acidafiinthricfavidpgliaric
| ut ari Cld itaconi ¢ acid | ut ol , .
acidhSacinisthetd Bk fiecl Gisarantede oot Ha T aicsidy tarronic
acid, @Lthf adid, gn@@baﬂyll@acﬁd leﬂw&ﬁdzdiiamlhfjtbtﬁa'abélmabwl d'xs@aﬂlg la6lid,
et hyl enedi ani net et r.aacet aspartic aci
glutgmig agid: &araeriﬂaa%aﬁu[f@m %‘Ja&‘?cﬁ%oéﬁhoflaf‘?‘é acid, and
phosphoric acid. [0069] Another preferred enbodi ment

is directed to a viscosity-enhancing m xture, of
[00e Bl rbratles e foxrre eatbrdimsat iagissetedriaa viscssxicphapeing X YE At

cant&ﬁoﬁso\K/ﬁ@l‘élmHe%r&erﬁIﬂa@@ shtive RASE atARERhuARS FOMNM £ [e'agn
Is an acid aV| ng at least two acidic pKas. The other

onecq il akhtgion is ap Acid Bpngtiegsighe agidicabyas  Preaetherrumipiiqugis
?fold M toﬁéocl)@ncﬁ'g Fgés mlnhﬂg:g g@?ﬁggﬂgl&\} ?J 1h€1u@é:ﬁﬁrochlor1]c agld

ydro romc ac ntr uric acid ma
hydmbrdmlcmqtdsplhmaccd adfudic apidrmaleie agid) thesrheriaatid, bemh ane

sulﬁ)ch C?uﬁgﬁlet%%edsulfgﬁlg 5&8 cﬂ% gmd SSH&({} Qhééd agl‘f};cgllc id gﬂjcfbﬁw

uconi ¢ acl ucur gni ¢ acl
acmh;@lucuroam adid, laymcmmd: rraadnp dc;ld,tpamvacrac:td tactandg adi@ tartromic gcid,
ace
funbaélﬁ ta%\lﬂbacce:tlca%ﬁldd plogédrnﬁc acl c\’penta glc acid aﬁl?on?ca%:?dd %m'logﬂcpaud
adlalc iackd, Cdﬂratcbﬁlc cacmdpleadmd; acldegllutarln lamd atanmw gdldgtnafrgﬂwtolam d,
t acon nesacon

L R L
acill khdCaialetinzte@bdttiandd.et hyl enedi ani net etraacetic

aci d.
[0070] Generally, in the noted embodiments of the invention, the amount of counterion
should neutralize the charge of the antigenic agent. In such embodiments, the counterion
or the mixture of counterion is present in amounts necessary to neutralize the charge
present on the agent at the pH of the formulation. Excess of counterion (as the free acid

or as a salt) can be added to the formulation in order to control pH and to provide

adequate buffering capacity.
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[0070] Generally, in the noted enbodi nents of the
i nvention, the anmount of counterion should neutralize
wo b@sobesgie of the antigenic agent. In such  PCT/US2004/034923
enbodi nents, the counterion or the m xture of
counterion is present in anmounts necessary to

utralize e char ent on the a he pH
100 3 Brae G A s GO SR IeBG Bkt b Mg kg 1Ha F e
coudfelih Rfa v@s%oﬁtyse@hér)clrﬁaﬁl\ﬁﬁé Fdd@derions tigerd ﬁblﬂuh@%rbigj’bﬂ n
order to control pH and to provide adequate buffering

citrig apidclettyriq asiry mplig rrlférildtilﬁetilowr ¥l ehveRficcrish andrsstic 2Githe

PreREBNY, chRferRnPAS aided 8o f368HRIADA daﬁiec@wrs@crsitﬁni thSrafige
Vi scosi ty-enhanci ng m xture of counterions osen from
<fabW§2§r89%°®f citric acid, tartaric acid, malic acid,
hydr ochl ori c acid, egcolic acid, and acetic aci d.
Preferably, counterions are added to the fornul ation
(0074 duvhipesferres epibediownt thejviscosig-enbangimg opelienian ipan acidigQ
COUSiBI‘lOlL Q.BK %;1; l I & Ea[keaqme 'f%%o'l.ﬁ‘?ﬂhﬁ wéalil 01d counterions .
VI SCOSIty- &nhancing counterion is an acldi ¢ COURteErion
pregutcdt last ae laclic\pdlaand b inteltingpalat bighat thanciowtdl0SE iot 4 bajling

pom @glite?&la ?bo%‘i‘to%&' Fﬂ% H%%%E g%ﬁiclgggfstlgcgg% c‘r’}&ic% a, pKa

suchmclamidgglpmlmtambj ghr@mctdaainglamwlc dc?@@@tlaiac@ahaﬂlc acid,
Exanpl aci ds. j nclude C|t ic acid, succinic
Pyl a iR deRile il BEHHEREAL ' o1 Deuroni o acd.
| actic acid, nalic aC|d pyruvic acid tartaric acid,
fumaric aci er

troni aC|d oth
0051 pufer Fasb bR b sRtftonls & Sone A N EaT g
can$§ rd@{h&dat@ petSertiap ath@asdgifd pE}?doﬁSr tﬂdn@?@ﬁtt] I’lgiaﬁipéds eﬁﬁk? 0 3 e
.pKa r than a t a es .o uch aci cl ude
acrf%y w@ﬁ@émc@log& F‘Cd‘? Lf’ﬁ?‘&P'&HP%i‘ﬁ‘% nifri¢ ?f*‘g r?i“??‘i‘%a%i |St!il?““°
aci® Wl QOhGd, pabshhorfddcid) berze@CutfoniDBdi€ htd B6thshe RITOEPRAA.I C
aC|d, benzene sul fonic acid and met hane sul foni ¢ aci d.

[0074] Another preferred enbodinent is directed to a

[00721Xt A R e? bref QM eRILbARRNIE @ﬁ &ied t@B n‘iu&ﬁt%tof o8 t&@fond Rerein
counterion is a strong acid and | east one of the

at leasUane e thsreoprferipn) lﬁ)ﬁiﬁwu@t?idlail@ 9t lwéhweapé ithg, copnigr] S Tow
VNQ? Q@Q{Qﬂeferred embodi nent is directed to a m xture
counterions wherein at | east one of the counterions
is a strong acid and at | east one of the counterion is

[OO%SO]We {5 hpefé’vl s *%m*iib&l%te‘{ﬁ% Qltiécltédttg a Y&L%tc}f cGunt&ifhis @/ﬁ. rein
unterions present east one pka gher t an_a out
at 1&astaorct oathmlotnmtmganpaﬂ adtrongwid andad teasttrog of HEGGerica is a
weaki\ acnd Wih f% VOlatllqu\B{/Olatlle weak acid counterions present at least one pKa
higher than about 2 and a melting point lower than about 50°C or a boiling point lower
than about 170°C at Py, Examples of such acids include acetic acid, propionic acid,

pentanoic acid and the like.

[0076] Preferably, the acidic counterion is present in amounts necessary to neutralize
the positive charge present on the antigenic agent at the pH of the formulation. Excess
of counterion (as the free acid or as a salt) can be added to the formulation in order to

control pH and to provide adequate buffering capacity.
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t han about 1700C at Patm Exanples of such acids
i ncl ude acetic acid, propionic acid, pentanoic acid
war@sbess i ke. [0076] Preferably, the acidi c cPURUSI000084923
is present in anmbunts necessary to neutralize the
positive charge present on the antigenic agent at the
H of the fornulation. Excess of counterion (as the
(0077 b elngrgt ethesrentbodianests| of fhedmyentien, aardedaniowheye the antigenic
o I I ' e
oo AR e BR r TP bahth SRR Rl b RInGBeh R Mty
basiqpdswdieriont s of the invention, particularly where the
anti geni c agent has a negative charge, the coating
formul ation further conprises a low volatility basic
[0058Lintner preferred §r00xBheritthacqatied Brmeldtierdoogi immtlpwtvhbtility
weclgggesle g(%.ldlg ?1{(3)?}" L ﬁ\twlvo gtlF@/rq) k %?es%% galleée %lgltgc;éllse Iblagl M’E ?ndaz}
melt@g$bind hghhaharmbpiﬁaﬁ O%(El dr @batiirig gohg hpghen’thalhal@her?Of(h atrPyyy.

Exgp&%?%%}%@éﬁspla%l r’no% r?cﬂcgélélg ! ﬁ%ﬁqn&&h E51‘5‘@ ?rle%anolam%?ac

tronfethaains aneth gigiudemine, 2at hAnedamidene, tri et hanol am ne,
tromet ham ne, net hyl gl ucam ne, and gl ucosam ne. [0079]
In anot her enbodi nent, the low volatility counterion

[0079TTPIn ahi6heiBentRlirfent, Whd @ voRififity o esedn ddghpaikeslagAsit one
aci dic pKa, an t two basjc §§5Wﬁ@ wherejn the

2w iGHBRS Prese et fﬂaﬁr@&e &t pspa ot logh Airfoherg the

nuRBrdif Gadikf Bs is BARPIER tRfumv&lbe ‘é&ﬁﬁ%ﬂﬂ@s EkARPIEEISS such
hi sti di ne, |ysine, and arglnlne In yet other

COTEPRHES ‘r‘i*’élﬁfi%hw‘t“ﬁée lsieyBXl AFgining. 'y counterion conprises a
strong base presenting at |east one pKa hi gher than
about 12. Exanpl es of such bases incl ude sodi um
[0G$0Hr @mea@thenm'@ésmqmm thy dpvoxeleidity ecnterigRronpRrissx# sleongdase

egﬁg 651 4% QlYedﬁ@a?(l'u?l?er a9k 14X E‘@Jmﬁé’s%ffgﬁéh%%es include

2nbodi ments co se a m xture of basic counterions
sodiampydrekide mtagwm higdioside calethmahyteadidebarslemaginesiun dwdroxide.
volatility. Alternatively, suitable counterions
i nclude a strong base and a weak base with high
[008d] aOibler pxyferdel‘d ginbtvdjinamtis tanpyrisb a sestuprof Hasid ccamterierasst one
umpgl%ér?b eF ﬁrng §%sg ljipa é? ga%le'I tgl éocm qatql mk{texpz%u%fy §1htable
coat@iohs héldEa aﬂror@a‘iam antbaawgak &sse (Wlthémg}moﬂmﬂile,ss High volaelity
anmonij nd, nor,pho 082 gfe t he basi
oo e Rt SeRaSaie Tw Ao bl L ekt Dallpe pejft BREH fan
abd@ 80ICadriaz@iling point lower than about 170°C at Py, Examples of such bases

include ammonia and morpholine.

[0082] Preferably, the basic counterion is present in amounts necessary to neutralize
the negative charge present on the antigenic agent at the pH of the formulation. Excess
of counterion (as the free base or as a salt) can be added to the formulation in order to

control pH and to provide adequate buffering capacity.

[0083] Preferably, the coating formulations have a viscosity less than approximately

500 centipoise and greater than 3 centipoise.
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the negative charge present on the antigenic agent at
the pH of the formulati on. Excess of counterion (as

W0 b@s5/069968 base or as a salt) can be added to tPET/US2004/034923
formulation in order to control pH and to provide
adequate buffering capacity. [0083] Preferably, t he

ating fo | atiQns . have a vi scosit, ess. t han

[Oog‘gprlﬂ)? ?r‘é}f‘é‘wm%@?ﬂ@ HVERANs e SpRiing eI fean g 25
micPER] hPRipscterh 2814];5 thdh @EicRAPRdheEntd abmithemidnvesititn,

t he coat i ng thickness is |less than 25 microns, nore
Surfb%f erably, less than 10 microns as neasured fromthe

m croproj ection surface. [0085] In another aspect of

the invention, the fornulation conprises a hydrogel
[00%Hi dn ae%thert@'épqch@ﬁihwmle@ theformglatips copweires a[hryé%fl which
can @Rk RRRPAH BEJ Yoel &kpert ai n enbodi ments of the

i nvent’l on, rogel formul ati ons contain at | east

one biologically act ive agent. Preferably, the agent

[

Oogﬁnmdélsé@éongnﬁl)p En Jeﬁﬁn 2 n‘B&ﬁﬁ@ﬁ]tg bg@? ﬂ‘nsvélzt%glhglg %g%rto%erli a
forpuletigisroitaped loastioos hlekwlcpibl a;csamgwat iRlefebblethevgati ne,
corr?r?%?secynrrge r?t?lkl}g:nago e%elg%%ee vac ﬁ sI ig_lglt%lldlg Vg ﬂg)H? llm}:tF%BB\%\PE%and
bacteyld; woeln-fasedvtcaine pcﬂyqancmfamlealbﬂsgd covipe,iase nwdtie neithhsed

d I k
o e B P PR BTl bR b ¢ e
pol ymer netvvork conprises, wthout limtation,

[ooﬁijg ;’lﬁé@}j{%l Ffﬁxé?lﬁl &)?}g?rgsgragb co, 1}q[b\ﬁ:yater -based hydrogels having

ma&ﬁﬂhb@&MWWﬁ@idﬂéWl@ (HPC), nethylcel lul ose (M),
hydr oxyet hyl nmet hyl cel | ul ose (HEMC),
et hyl hydr oxyet hyl cel | ul ose (EHEC), carboxynet hyl

[oogsy | IH Ia(ﬁﬁe.ﬁ éa\éabodménwﬂ thYinvédtien1aé ﬁol?/nﬂ@l De6RdrR ¥biB Pidses,
oxi de), - hydroxy etpél net hacryl a

Wltb@ltwwath raw&ylcaw@)e( el hpfﬂ‘@?‘lfiﬁ%‘éme‘ﬂ‘@'%l@i‘os?he
qu ‘chﬁjoxyﬁ%ﬁpélemlbs@'@m)@)r ﬁ{eﬁl&ﬁ@ilmogew@de one

surfact ant, can zw tterionic, hot eri c,

hy«hﬁa‘tw@mwth)d@ﬁll@mse:(HEMCheﬁhw@mlr@we[tkydmd}lkw ESHL),

: he
S e L T A
hyckaapiyfsﬁwbne(tlsmolate)c poly(npymil dimlidane) hnd)PIMUJQICéCPC)
dodecyl tri nmet hyl anmoni um chl ori de (TMAC),

benzal koni um chl ori de, pol ysorbat es,
[0089] The hydrogel formulations preferably include one surfactant, which can be

zwitterionic, amphoteric, cationic, anionic, or nonionic.

[0090] In one embodiment of the invention, the surfactant can comprise sodium
lauroamphoacetate, sodium dodecyl sulfate (SDS), cetylpyridinium chloride (CPC),
dodecyltrimethyl ammonium chloride (TMAC), benzalkonium, chloride, polysorbates,
such as Tween 20 and Tween 80, other sorbitan derivatives such as sorbitan laurate, and

alkoxylated alcohols such as laureth-4.
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such as Tween 20 and Tween 80, other sorbitan
derivatives such as sorbitan |aurate, and al koxyl at ed
w@b@shael7ss such as | aureth-4.[0091] I n another PCT/US2004/034923
enbodi nent, the hydrogel fornmnulations include
polymeric materials or polynmers having anphophilic
OOSglro perties, which can conprise, wthout limtation,

a1 Iy pensher gmppdigenty thg hydroadh fopgnuiejiensorgladanalrgricmasgials
or p()HE‘g}s hal(%%rag?fﬂﬂ%maﬁéfﬁhgy L@l dah Q&ﬁ‘ hdePM&out timitation,

ydrox propycel’l ul ose PC), neth ce I1ulose (M),

Cellﬁyaﬁds?w@m\fwlsn@h mhycl@kmhbd@élul(o ), lgidroxypropyl-

R S S S e L T
hydromyethy linethy lae HeloseyEED L orf atinyihpidenniy ethgleel bvinsa i(BHEE), hewelt
asPﬂH@h @Ihmay pat ency nodul ator, which can conpri se,

out limtation, osnotic agents (e.g., sodium
chloride), zwitterionic conpounds (e.g., am no acids),

d.an |an ents h,as eta t has
001 188 BB PR R oY B A, B ED SR AP R AR
leaslL et gatidayrpaphospbatlgor, Widh caosdngniae, evithpdr laaition, cd@ptic

rocortis hat e di ium sa
eetb 0 Sl UG B P SR a B B dcidg pnd anti-
mﬂmﬁqbltkbbpzﬁoed@l ﬁ@%ﬁt&:&a&ﬂeﬁ&b@ﬁi?m@ﬂb@h&@ distdmiumahlk,, trllamcmolone
a t hasone _di i um e. and predni sol one

acepnid, @ LidimaR BTGP RIe S B OC cox tafaifqr%%]godﬁiﬁalw{ﬁgocoe,ﬁ@wﬁ
phogﬂﬁfe' cﬁso@ﬁindsaltcin%ﬂ@tpﬁédﬁﬂblbﬁe 11 E%Q)spha&Qﬂéddmm: kit at e),

xtrin sulfate sodium and 0093] In

methylgiedpiso e%dd$%éIﬁ@at%%odttﬁbsaﬂtnwwqtbﬁﬁOnet CH@ H%P*&@@}ate and

predr®doMBHe 3 L QRSn i GIHAEsaftl ardd@8BloaB1Enty, ISACRRELE h&d, Rlirate
whi ch can conprise, without limtation, epi nephri ne,

Salth@fmé@éwm@ratﬂe@?WWW%?GP‘E“H‘@, el i ne,
netizoline, tramazoline, tymazoline, oxynetazoline,
xyl omet azol i ne, am dephrine, cafam nol,

(0023 ciln ygtmngﬂp\emangmny eihe glrymt]onethe bxqr@@‘b Fringlations include

at lJa@lJ % fo%b&tl 1dt5}d\gﬂl?ﬁ 9411' d%ﬁygnE@Wnﬁé’dt llﬂﬁtatlgﬁ %gﬂéﬂhﬁllﬁe,
azo nor rmn, odr ornip Sin,
napbazy)heet heimb}/drnmlmp helm}dzelmfw mgtazoliph e\nmhe:tlha,rtwmamiin@

oxyﬁ‘nh Faggll;]r%r Q@ ?ta?omn D S, RH%(&! hﬁxrﬁ?l01 A clg%ﬁ%#%? ephedri ne,

ydrozoline, ‘tra
deokyapirrephiiinee gpinephope, e@lspressmnnhdmalz@nei lazt(zlolm@ ,mldmidnt he

ran g B TR s e B Sy g PREB P et

pheﬁy?iBthbn&»l@ﬂiﬂéﬁdhﬁ@dprbphnalahmdi p@eY) héxedring, ateudoephedrinbe gel
ﬁ% apdlna i oconpat.i bl e

tetranhydrozaoline, tramazoline, tua moheptane tymazoline, vasopressin and

xylometazoline, and the mixtures thereof.

[0094] In a further aspect of the gel pack embodiments, the biologically active agent
can be contained in a hydrogel formulation in the gel pack and in a biocompatible

coating applied to the microprojection member.

[0095] In accordance with one embodiment of the invention, the method for delivering

a biologically active agent (contained in the hydrogel formulation or contained in the
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coating applied to the mcroprojection nenber. [0095]
In accordance wth one enbodi nent of the invention,
wo b@soet7sod for delivering a biologically actiRET/a§E04/034923
(contained in the hydrogel formulation or contained in
t hebi oconpati bl e coating on the mnicroprojection menber
or both) conprises applying the m croprojection nmenher
blOP%mﬁat\’?bﬁﬁPéP“%ors‘le ﬁucral?léhe@tf%wnhﬁr ar i) gomprses pPPIYiRg the

mlgﬁﬁﬁfétc!l&gm&h@eﬂ@ﬁ hdaho@dal QE'klh ']ﬁéfgﬂaﬂg Vikear e Biafof, and operating
facilitate penetration of the microprojections through
thetqﬁ@llgttqnatl@}mr@dleﬁ@e iA faghiatearengsrajion phidie BEQPRrPigetians throug
the sﬂ%ﬁf Jbgne(aﬁlv'ﬁ@fef%@dfl‘l@ %MHHUQH 1rfd'i19flé‘ &Wféé pYbotﬂl'é?stlh s in
he range of approxinmately 2 kHz. [0096] In
fleqwczavmla@mmut IaNEs, oftam@ows@telly %ﬁwﬂr IQQd@Iz; ng device
is incorporated into the m croprojection nenber.
Al ternatively, the oscillation inducing device
(0096 rpni ®¢=,tainam®epiamtsethd escillgion dticing dpliedenicarporated into the

mlClOﬁb e@ﬁé’ﬁ 1%%1%1‘3 HE{“&? Tyely ftﬁeec{scﬁlht‘i:"onn}lﬁl{cpn%rtg%igg%n%%ﬁ%s a

sepmdwdnﬂxscemlﬁat hshﬂaaembe titei mnropquanms mepbadifier the microprojection
uni axi.al ,oscillations, substantially

s%bst antli Itl l
MPPEHS PBYER BF B an N ally circular oscillations in

t he m'croproj ectlons with the oscillation inducing

itate penetratio
oY+ e atenclf e TPl orRE PPt ree mivide) A
oscﬁll)e[tiohg @ulﬁt’dﬁﬂﬁﬂﬂ)’mﬂ{svdﬁal blhﬁbstmt@ny blgcmlzﬁ @BJIMNAtiBASin the
providing a rasoni ¢ devi ¢ce and _transmttin er gy
migrpYeSUPIF ‘Y}ﬂlﬁ% %fﬂfaeoagw%c ‘iﬁf"fcérto Bﬂtart?:ﬁetnie%ﬁ‘ogfo?a
miffofrofRfiSdsekloh SNhEBRREhH cb@edCi | i tate deliver)' of t he
bi ol ogi cally active agent. Preferably, this conprises

transmtting energy fromthe ultrasonic device in the

[O(TDEEQ?\ fgfthé? RN FRE &eie i8GnkibR c diiorikOs MoidinBRh Eftrasonic
TI ON. OF THE DRAW NGS [ 0099] ther features

deuﬁma@dwaﬁm@wsewgv|fronb@&1*étr%ﬁ@pia deviee frfreo apRlisetionaif thswi ng
miglja gﬁ{ﬁn H@ﬁﬁ)#ﬁb’ e@:flltfg@ﬁ&fvle%tdf% 5?510%19&9 Iy e gfg[ﬂ?cd

I rents o e I nventi as I | rate
Prefergblirpthisyciomgrishs ananymfging anetey fromthewtrasokie dpélﬁfeméht@dge of

apﬁp%{lﬁ?eﬁfﬁ(%ﬁ% Lou trefe_r to the sane parts or

enent’s he views, and in which: [00100]
FIGURE |Ais a schematic illustration of one

enbodi ment of @EF%‘ESUR%TIB%&)F% %Wb%e for

transdermal | y i'vering a biologi 'y active agent,
[00D6t oF ahithreg) fdaqurésemd advantages will become apparent from the following and

more particular description of the preferred embodiments of the invention, as illustrated in
the accompanying drawings, and in which like referenced characters generally refer to the

same parts or elements throughout the views, and in which:

[00100] FIGURE 1A is a schematic illustration of one embodiment of a oscillation
inducing device for transdermally delivering a biologically active agent, according to the

invention;



i nvention;[00101] FIGURE IB is a schematic
illTustration of one enbodi nent of a oscillation

W0 peao697§8 devi ce having a m croproj ecti on nmenbPC€T/U82004/034923
transdermally delivering a biologically active agent,
according to the invention; [00102] FIGURE 2 is a
perspective view of a portion of one exanple of a

[00t0¢} B ORE d Biipa sanembiir illuftd 106 onkle@bREMEnt of agscillation

e wn
md%{é{ng%gﬁﬁg(ag r}g %ﬂc?cfpé&gcglgﬁh%gq%g{e f‘élo § shegﬂg {fﬁ%&?%
biatogicably mofji ectgegnscodingae thermgyehtiort he i nventi on; [ 00104]

FIGQURE 3A is a cross-sectional view of a single
m croproj ection taken along line 2A - 2A in Figure 3,
[0GIOeD FHGURE Lds 4 hearspentrenti¢voof a pdd@dDE]oné bXadiple ¢f & 1miceopsdjeteion
ctional view of a mcroprojection nenber having an
"AREsi ve backing; [00106] FIGLTRE5 is a side sectional
view of a retainer having a mcroprojection nenber

di erein; 010 GURE 6 is. a pers ectlve
0%@31??3?3%% 1 & PEYPRF Pves‘%l\/\ﬁtl:‘;“ﬁmﬁr%ﬁﬁéﬁ@mﬁ 8o iBURE
FIGURS 2ihvaxshl Qe@th Rpbsiee 6h théenidiopivjedfiond) e caaheds R Miveafion;

a gel pack of a microprojection system [00159] FI GURE

8 is an expl oded perspective view of one enbodi nent of
[0 08] EICDRBIAGE h bes@&%ﬁ&m Vleﬁ/%ﬂi sﬂn§le%l&blﬁ_ﬁbﬁgtlbrﬂtaken along line

conjunction wt gel pack shown in FIGURE 7; and
24 mlli)¥urF:ﬁ(}9Rgd91glt§ﬂ‘§ "b‘@fl%%'ect ive view of anot her

enbodi nent of a m croprojection system DETAI LED

DESCRI PTI ON OF THE | NVENTI ON [ 001 11] Before
[O}IOSE FIBVRE 4tinesige esstipnal viavef & moeroprajegiéandnembar haying arp
adp&1\}é%ga{1§%00d that this invention is not limted to

particularly exenplified materials, nmethods or

structures as such may, of course, vary. Thus,

I [ LS
(0GR SHATRE SIS TRAE s RliolHE Bl P Red PR R TerSirBlelftn Rbmer
dispheedphicaciny ce of the present invention, the preferred

materi al s and nmet hods are descri bed herein. [001 12]

It is also to be understood that the term nol ogy used
[00e7 e FIGWRE 6as a bérepeptivegpdse obdihe retainer shown in FIGURE 5;

[00108] FIGURE 7 is an exploded perspective view of one embodiment of a gel pack of a

microprojection system;

[00109] FIGURE 8 is an exploded perspective view of one embodiment of a
microprojection assembly that is employed in conjunction with the gel pack shown in
FIGURE 7; and

[00110] FIGURE 9 is a perspective view of another embodiment of a microprojection

system,



descri bing particular enbodi nents of the invention

only and is not intended to be [imting. [001 13]
wondossed7aef i ned ot herwi se, all technical and seCEOB10D4/¢34923

terns used herein have the sane neani ng as conmonly

understood by one having ordinary skill in the art to

whi ch the jinvention pertains 4] _Further, al

bl T cat | ohET &l MERCREM DR er Ak e ttobe i e

[00 DEN BB dTore WBREBRL tRURERNAhvenbd B de@iICit R]S 8PMnderstood that thls
i ncorporated by reference in their entirety

inverition iy 3ot ligidted tapprtiqylaglyjexenaplidied mageélla]solﬁetgw of ﬁ%uctures as'such
maRRPENRRvGY AITASs, altlbeeS h REHREE hHFBIs 2 metBbls s@hthe of he”

I'nclude’ plural referénts unless the content clearly
equmatemhmébosetdh@rlhﬁ:@@relrrhmsbe usest ingheaprpdtise of e present éversion,
the pRI ARG GAIRE Incul A LiUER bl TOT € SuCh agents;

erence to "a mcroprojection' 1ncludes two or nore

such n1cropr01ect|ons and the like. Definitions [001

|"
(0050 P BADT) B pldeAARH B BN BT Bitor B Pl e
destritoed panﬁc@@r@h@ﬂdlmehh@f &pynve[ﬂﬁ)ﬂﬂonly?@nd‘ﬁh&ottnﬁeuded to be limiting.

"transdermal flux", as used herein, neans the rate of

transdermal delivery. [001 18] The term
[00'1 mq Idﬂbsis\deﬁtheldg)’ther‘aSe tdleethhieal @nd scieneidiao serink atedaerein have the

ni.stered tr

song R ERer gpEOTRanagunEREIRY G bR aRe g Whic

medukhmgukﬁamsdernal flux of the agent, during
transdermal flux of the agent, during and after
transdermal flux of the agent, and/or after

[001 TR NER@ETRI phiblieXtics, JaRRtsad @ Pitent APSlichiiGR Itk Y herdiMOMether
nor e blologlcally active %ents may be formulated in

SUPEARY i e EcLy iRFoBIras A lenfrwlﬁmlb?qtm' resulting in
co- dellvery of the biologically active agents [ 001

b% he term "biol ogically active agent", as used
[00R EY) fimallyy asfused in this apasifigpiéad andl dhe appernviad eletmsethesingplay forms

"a Gzﬁl LA Qh{‘gnaﬂd@]flﬁﬂayl% e@&%le@%\ﬁg Lbide t‘é’ﬁbl@@dkﬁtes otherw1se
a

rmaco oglca ectlve en a nlnlstere
TthSh@n axpaule, e@tblteyceetf)f acadtiveaggntd irrludesemgsinegye @#ch@gcms

1efe§ cle Y@”aqg%wg%dﬁ{%h‘uﬂaud é\gvg glglzl)lf)lle smﬁ L‘ﬂ%‘r me&fgﬁg ilnd the like.

ecul ar conpounds ypept prote
ollgonucleotldes nucl ei ¢ aci ds and polysaccharldes
[00120] Further exanple ]m0$ ologically active
agent s" incl ude, mﬁthou ation, the |eutinizing
[00hbF] rdreemelteasdengalhas oeed dreielnkRielns th&-ﬂ%lﬂvanalfalgsgmsmmh

and?or tl%%l?;ﬁlrt?lle Liflh for local or systemic therapy.

[00117] The term "transdermal flux", as used herein, means the rate of transdermal

delivery.

[00118] The term "co-delivering", as used herein, means that a supplemental agent(s) is
administered transdermally either before the agent is delivered, before and during
transdermal flux of the agent, during transdermal flux of the agent, during and after

transdermal flux of the agent, and/or after transdermal flux of the agent. Additionally, two
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| euprolide, buserelin, triptorelin, gonadorelin, and

napfarelin, nenotropins (urofollitropin (FSH) and
WQR)op/06978% 0pr essi n, desnopressi n, corticotropi PCT/BEWBY/)34923

ACTH anal ogs such as ACTH (1-24), calcitonin,

vasopressin, deamno [Val 4, D Arg8] arginine

vasopressin, interferon al i nterferon beta,
orilmlégro&géfﬁll@ APHTE ags/mAY b@pgrrewlptﬁd inthyoatingscandiop bydregel

h Jo [ F),

P L T T A AR R RSy

interleukin-10 (I1L-10, glucagon, growth hornone

[Oggﬁlﬁ%ie B %%19 caq ??ﬁ@e' agélg's Wk | h!éd hb f%%de'feﬁﬁ_{o o(fb'n{b’osmon of

I toni n, OCt or pni
m{ttsh eningdiire namtemlmgj-an active agent or drug, which is pharmacoloolcally effectlve

wlgcln( ghnﬁst?l?ég 1r?a ﬁﬁ%paﬁ)é\g@}l %)f%%{-l\pe aWouLli osxtglln{sa es oy suci‘ aalve agents

sonma
mdudﬁj yku]multrhmlmmnn,tsm‘atlmrmlmulapkvaighﬂ w@inpdends V}ﬁﬂiyp@ptdstlprot_ems,

r el ea fact mpapai n, chol ecyst oki ni n,
Ol@ﬁ%l}(}?&ﬁldﬁs Cﬁ g? ﬂdrPowéijcbﬁarq@gst enol (pl atel et
aggregati on i nhibitor), glucagon, h| ruI 0g,
Ki n nmenotr o rof o

op P Bhe Sl S5 G e b adnde e, B
lemhﬁ:ﬁﬂg h&rgRie Atdasiahimony KMH?&HR}PNEIOgAMRCIQhMQB]Qﬁ

i.bifors EG-, | ote ant agoni sts .
leuiph cg piyssrelip, tﬁ‘Bﬁofoﬁeg%‘@%%% an ‘BPE?G%}% RANLRP S GHPfligropin
(FSH§ @ﬂﬁEH)) %E&essﬁlahé‘sh sté?n ,@BABOT Aﬁdl“ I-IP)eRUI@Fanalogs such

enkephal i ns, fragment s eptid

sATRH Bﬂ b2y salcijonn, VaSOW@Eﬁﬂlbtd%w Bahd gr%Sﬁ) aighyesopressin
infe} f'en'&llaﬂﬁh Ngltef ROh LS, inRafkRh R materARFJFBREN @f}q))agl‘aﬁul&ty%

par at hyroi d hornone ant agonl sts, Pprostagl and
megieRigehealeny, stiguiating dackards Mo%li)egrﬁmdpcyrﬁr@ﬂ@wtlsulaﬂemfaﬁtor

(G- @@F)bintté}l'eﬁkumtl'@/(@ﬂr)])néﬂl:%ﬁ‘ lgwththt]ﬁﬂ?dﬁg%lé%ingsfacta_%

vasopr essi n antago ts an 0gs,
infWliacioatinatippin, cam@mlbacaeotfdsn@dgahnnnD&N I&T@épﬁdremcal name N-

arj

BRI o LRI 5 ADOKRAp P AL s i

sopmtcy@tlh flmda’knmi |sgoatutrd>mmtplatﬂ@€ -daricedgdrogtbrfadreoleagie factor,
der i

d
cha/inoaarpa n, | ¥ESlecS dtob ¢ 10110mc gonada@(bpuga?e{)gwprrogtre]%o é)?lc gpet

ony & Acr roni ¢ “aci
aggmgatmhnonhbﬂ«aﬁ,l gjiucagm;mdulogunmteﬁﬂbﬂ hutaledlnm] imenateapihs

RS N IO E T

ursihes) ANp) ANaIcfeefahmyhlbltbr@fmm AIRAE, aﬁgﬁ@t&n@m Haylagonagig
1 0

m.xt ures t hereof,. 0 The term"” | ogi cal Ly .
ar e PO e SHs PR b Ao St SR s legbnin gone
1el’étbﬂ'@@§tﬁdel (OJKERPQ diRépgh@linsPFABIfbbMERs, GO béptiak Behpaessors, IGF-1,
or o her i mmunol ogical ly active agent such

n
neagotraﬂhlaﬁéﬂtﬁéﬁo %Ft&ﬂulﬁ%“gcféﬁ%i Ryl Pggsne gd agonists,
pab @ bid Goahor M HIHERENiEE SPEREnW@Rtagonists, pentigetide, protein C, protein

S, renin inhibitors, thymosin alpha-1, thrombolytics, TNF, vasopressin antagonists
analogs, alpha-1 antitrypsin (recombinant), TGF-beta, fondaparinux, ardeparin, dalteparin,
defibrotide, enoxaparin, hirudin, nadroparin, reviparin, tinzaparin, pentosan polysulfate,
oligonucleotides and oligonucleotide derivatives such as formivirsen, alendronic acid,

clodronic acid, etidronic acid, ibandronic acid, incadronic acid, pamidronic acid,
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adm ni stered in an i munol ogically effective anount.

Exanpl es of such agents include, without Iimtation,
waoRrasersand bacteria, protein-based vacci nes, PCT/US2004/034923

pol ysacchari de- based vacci ne, and nucl ei ¢ aci d- based

vacci nes. [00122] Suitable antigenic agents that can

be used in the present invention include, wt

risqdromic 2089, ipdreme ?Cg@»r?@lep'f?“tciﬁiéldf weaaban, 5L 43187, Ttls71s1s,

fen[%l?l!yw RAAEARNY D SRR M IR Rany| AbleSRRACGHRAhAS; S‘amd <'imﬁltures
| poprot ei n5. These subunit vaccihes in include

tl‘lf“‘«B‘@fdeteIIa pertussis (reconblnant PT acci nce -
acellular), dostridiumtetani (purified,
reconbi nant), Coi ynebacterium di ptheriae (purified,
{00d 2 Hohtisi taramtYioloGpaltnastiad esent'uas %gf hesaimrabrogefarsdap gmnRC)Sltlon
P 1t
of B B e SRhARRRRL Sl SORR B Rn U gty agent. sch o
an armgem dvhig¥ lplcw}tablerﬂfpeggerlmg$ b¢11eﬁ¢ueldlmrmnb oesbamge shbuni t

carrier.s, r ot.ei.n ival ent, t
adnélgllsieé% elg ‘an 1m 1tunolo%1call A %étévé’ a Bt E¥(Q1? P%g §f; uch ents mclude

witBowtilitigtifn, e/dmmslandibhctd?faeplﬁtem lﬁsm} \Sﬁcm&, paslg&aoﬂiarld@bﬁsed
core rotF 3% Fbg itis Cvirus (reconbinant -
Vsl B CY PA&@‘%W%?@?ns and epitopes), Hunan
papi |l l omavirus (Capsid protein, TA-GN reconbi nant

t 2 dE7 [f HPV- NMVEDI - 501, mbi t
o8l §iifhp e 5By s U e B SRR RSNV ERHon BER O,

with&wt 0 itaRYh, BhtigddP¥r the forldRY protéins, @6119sa|CWr1dé-8onjli-g%fé€- E7
[from HPV-16]), Leglon I 1a pneunophila ( Lfi

ri.fied .
Oll%ectcewd&ﬁ @erlwaeretemsot Fhyub um@.vg@g}eﬁa“ﬁ%lmy priptgliapertussis

(re&&hm&&@ PjabdAdee a%lmals el iBurh %R hurifibs ewa&mmaa@
eruglnosa (synthetic peptides), Rubel [ a virus

Copaghactesipmcipiapriaedeyrified; et iese GetopRealpvine &glycoprotein
suiﬁ.lgity @?%o/gkﬁ‘%c%c&gs (gl§'¢op{btelﬁ %abu%ﬁ" Ol%cori}@ggte 3\p A23F]

conj ugated to neni ngococcal ngg}lcoconj ugate [ 4,
pOl@@uClglVde ath tetgms tag, I\lep}elrgmpp@@dt togo ynit carriers, M

SRS o By BB o
virhd (pespmbinentn¥ S1\MRretSZes. racozrtbs;taetuow pm@m(),sldﬂmmlsc virus
. o . .
PR SRR 0 VR AT BB B o
pr qtmn;HIMGN mcmhknuantlprmmaﬂlammm MHH@%]OMEDHSIO@ gecombinant
i.ru S 4SYh Vi r r
AR R T R TR B e
16 Vand BV - 88) AL ABP-E 2 [ fr@n HOFt ), Legadedia @deun’ropklld (perdfied bacterial
j Cl ost r.idi um

S S T e g
Psutlbapiaeaemgiidsa (spghaikgkpicpNRuaNRRirha(symitis peptide),
Stropoaotels preimBnes (el oananjuaste RS 9B, oN! {2 REQSSKS 5k
conjugated to meningococcal B OMP, glycoconjugate [4, 6B, 9V, 14, 18C, 19F, 23F]
conjugated to CRM197, glycoconjugate [1, 4, 5, 6B, 9V, 14, 18C, 19F, 23F] conjugated
to CRM1970, Treponema pallidum (surface lipoproteins), Varicella zoster virus (subunit,

glycoproteins), and Vibrio cholerae (conjugate lipopolysaccharide).
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pneunoni ae, treponema pallidum and vibrio chol erae,

and m xtures thereof. [00124] A nunber of comercially
w@r@sloedsse vacci nes, which contain antigeni c aP€mnUS2004/034923

al so have utility with the present invention

i ncluding, without limtation, flu vaccines, Lyme

di sease vacci ne, rabies vacci ne, neasles vaccine,

(09423 SVhale Eirgpeor béﬁpr&@ﬁlu%xvmba@dmn@tm@ resekengdgr Kitkedovinvess,
su&?%&&n‘le@al\éaﬁﬁkqﬁ tRRH UARI RpMAEE Mfbs, l‘ﬁﬂﬁanqia il&ﬁﬁ\hﬂls

vaccl ne. é accl nes co r|S|ng nuc eic acid
rupdilatvirggin éammlla gestasd wadsoediirkdled baetprda, ﬁmhmb@rd@tﬁllq he

peltﬂéls?snglbgndlulrggghlfjgo Y1 .bg{}%%n b meI %n%ﬂ IAstleptococ us,

si ngfl e-stran el c aci
legi oresthla pueuniaphila yaispdrie, nlesnmgetrscnaeu@nhthsmginmtreptmmews

pn?llgﬁ%sn‘%e? tl@é@e{n%g%{pd?ﬁ%t?rgﬁ%r ré(})l?r%rsa%{éld E %& S “ge%ﬁmfrgﬁ

artifici aI chronpsones; and RNA npl ecul es, such as

00 & PR e groRY afiE e Pheclh ol ShBitRbigeafhenS
alﬁl’lﬁ@dhﬂiﬂﬁph&thoﬁe prasent Mveribh mludtrigewhhmit Hindtatimi flu eaBinbE

L ﬁ%ﬁd Wi t.h alfrotelnaceo gent or_can include one

yé“re & VRERATCATCHBET P CHRTENECCIRG SHMPS Vagegt €y

vapdifs phall pbhveaine, mspatatslve@cmeTE@ru Sadting, ne dipeRae vﬂ:fcme
the nucleic acid conprises t sequence of the antigen
agai nst which the i mune response is desired. In

[oebdi) tVia@kines ddntphiSing a8&ei0 beiNMat Bk 88BIREredREording to the methods
pol yadenyl ati on sequences are al so |ncorporated in the

of {higdiBysibiopdndvdey withoup hignitghien. geplerstaided apd dubleritiagrsd nucleic

aclddCubiglgs, &yl exﬁﬁﬁlb %Bélgmfé@ %@ﬂ%ﬁAofméanﬁl@%M@ﬁA cosmids;
di seases, pat hogens, as cancer antigens. The

bagfgrpl gyt caaduvh@moamesr@ﬁ&?shp/msr wfipiakchrgmagsomraies); in
m&xﬁ‘ﬁaﬁdn%'r@ﬁlél ’IIOE?\)F&SOHI% R SRTESes! %@Eﬁ?%’%?or e @nh BE GHr89A.

aut ol nmune, annator di seases
Thesize gbthe munlnmeldru@s bons o tb@}gﬁt@h@f h@ota@ﬂswraad@slomhn chrtain

en]ib%gﬁ!ie'ﬂ?srof\{\ﬁ 1|H dénlaig \{ﬁé:ﬁ"t\c%?c %‘3 ’coﬁd‘f’f{h &ménoﬁzﬁla[‘,&%s agent

vacci ne 1nc foumt num p at €
or kgdinobaidel ene erlngak cgdlmc@lmodtﬁcghmaamph ehbirexanplexi n B

ph%?pl?lgpoéﬁloate Illo%eglgg Tl"l%BC'?l\C(p(Jll'lo%:Sléﬂlpe%Cé/ {)Ti%fle nuctle(lu c!quEc? COI%‘IS%JS)qﬁC

i near
sedp&eﬁ@eZef thelant;geﬂl ygwru;cwt\fch tieerioxyune sespdngé isclosierd. Geaddition, in the

et
cofe oG PR PP SRR s et s ondncpeapeg m e
vadmtmtdmydx uadli 7mlmd atﬂngelyihamm ge Hllglodétl in¢ludkeall @Dﬁémc Zdnf@nents of
| Ne Ssa n

Y R g A g S 35661 Ypithing] The Rt sy find
appANIBE rfof dimpl; RCBE Fik1g4 CRREAIY Uisbhsas; eArcbRLHllends; LAl a-

autoimmune, and inflammatory diseases.

[00126] Suitable immune response augmenting adjuvants which, together with the
vaccine antigen, can comprise the vaccine include aluminum phosphate gel; aluminum
hydroxide; algal glucan: b-glucan; cholera toxin B subunit; CRL1005: ABA block
polymer with mean values of x=8 and y=205; gamma inulin: linear (unbranched) 3-D(2-

>1) polyfructofuranoxyl-a-D-glucose; Gerbu adjuvant: N-acetylglucosamine-(b 1-4)-N-
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D-i sod u-L-Al a-glycerol dipalmtate; MIP-PE |i posones:
C59H108N6O19PNa - 3H20 (MIP); Muraneti de:

wol@shea7s8 - Al a- D- G n- OCFD; Pl euran: b-gl ucan; PESF/PR$2008034923
28463: 4-am no-a,
a-di nmet hyl -1 Hi m dazo[ 4, 5-c] qui nol i ne-1 - et hanol

ace&ﬁ%ﬂ%’aﬁ}}ﬁgr&q E/BP;{C?E qﬁl}m(q Fﬁetlhyl\é)l gfeﬁ ammon um c%? ride

(Dnm; Mgl protikd @myshapléw(gmgws)amuwmoara;t(w-ﬂltemryb@%mmﬁ-
2 1L-12, IL-1 vants al so includ

| L-
ImISMO&bﬁanug@!lMe%nm%d@ﬁﬂ%r stPce@sl%lwa@myta@%ﬁwﬁwhb

AlRDLigNNG -8Rt dIARS0] dlfal AR, MPMPE NPSoRies @OH0SEMIBPRRS
encodi ng for 1 mmuno-requl atorp{ @)é&hom nes such as
n-

3HRQ (MTR); Myrametjde: NaopMur{L-4lg-D- Pleyragrdhgigcan; QS-21; S-
28463t f?—%fn?rfooen a-d"ﬁﬁgthN:lIJf"f}Hfaézo 25 %ELI_L WindhR-Y- egnhlgﬂa%cla'ag 8eqt1de

rotelns can be used e note ogl

V%’L&ESP@I&gHﬁﬂ dLclkinl 63158 pbletldeh av«hﬂlre@ugl ¥1DPrd erlrsmd@“%\é\l acetyl
mufalr 1% th‘ﬂ?e%ﬁyl- _%0@ an(fl Qragg fhté?{eulHHé; h?rllg eaniBl g¢ F‘* Q\%Qilfva?ts

onent’s ar conpl exes dr pharmaceut’i c
alsatmbpt Emﬁeolwlnu@eotﬁqs tsharas, fSl epinpled€pGantamang of t he

oh%‘l}h&lﬁ&m@g eﬂta%dlﬁl%h' CHlépz?é?if gmg' %qﬁ?ncgsseél%dei% f%mnqlgﬁno %%&Pt)ory

lynmphinkibes smphsd)tetﬁ IIL-OGILQI&] IU—I5 i[Isr4;IdL1b,@aumhemstfa@d and &F
i ve agent can be

kappagsorrﬁb%lgtgfy Ségnaﬁ??)plio éns cﬁ% us§éur ce, reservoirs, and/or

coatings of this invention, and that the use of the

actiyve udes.the use of t
r00g# e didao B leackif Buts B 3KChe R SRty S pivon
base§iabld@haabd o Lelfcﬁeegetd mae@n@m&npo@mg &g @@€8 Abhilexes or
ef fective rate" E ﬂ her e| nmeans Be ) .
phagmageyipally|arsepiably splts a%-lé gr. PP el AL 7 RSHVE pechts(yrl as
ethéd ed%fersaﬂﬂlcfeﬁfeﬁf)s Wh&htarbeeaﬁmwﬂﬁolﬁred Etﬁﬂoﬁy 9f—I &ﬁ?mes, etc., can be
i mmunol ogi cal ly active agent needed to stinulate or

empley¢d- at e t he desired i mmunol ogic, often benefici al
result. The anount of the i rmunol ogically active agent

enpl oyed in the hydrogel fornulations and coatings of
(00 B Itmﬁéﬂ?@ updersiped thatemerp ghan appbiplogiselbeassiue seenteadidki ver

inc oﬁt‘f@aq% tﬁg aote oﬁfc@' l%&l‘\'%g? %d/&?@(ﬁﬁg sth tiA§ mvﬁﬁ’tﬁ)nt Ji‘)'% that

sired |nnuno glca] resu I'n pra tice,
the\pacp of the tbemhyaclivp egadit'nig na @ excﬁgdep thetuse of tayo or more such active

o ggically active agent being delivered, the site
a°ég¥%aleﬁng'ery, and the dissolution and rel ease kinetics

for deli very of the acti ve agent into skin
[OO&%@:’IH%’ te . e?né&?l%caﬁy f{éer%{é ena oupfé?r)gLqj)lggikz%lgﬂe%ebti\%srat%%eclg used
herein, means the biologically active agent is an immunologically active agent and refers
to the amount or rate of the immunologically active agent needed to stimulate or initiate
the desired immunologic, often beneficial result. The amount of the immunologically
active agent employed in the hydrogel formulations and coatings of the invention will be
that amount necessary to deliver an amount of the active agent needed to achieve the
desired immunological result. In practice, this will vary widely depending upon the
particular immunologically active agent being delivered, the site of delivery, and the

dissolution and release kinetics for delivery of the active agent into skin tissues.
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are adapted to pierce or cut through the stratum
corneuminto the underlying epiderms |ayer, or
wepidesetss and derm s | ayers, of the skin of arPCT/ub10g4/034923
animal, particularly a manmal and nore particularly a
human. [00131] In one enbodi nent of the invention, the
iercing el ements _have a projection |ength |ess than
(041580 The ?e:"an giicrpprojeciqists |36 psed hstsin, rateis to Rigreingielements gyhich

arE) RPRMSpiBRY 6r @ht @l{l Qlllg?lcthé bl E‘&Béﬁnpfntd t’ﬁ@ fnd gﬂlg%g{aﬁrmls

m crons, nore referab y, | ess t mcr
layer.cor epdefasan ntsmetsapf the Hawef aallngmndnaartlwl@mss

méﬁﬁﬂggyhg§é§?§@ﬂ . The microprojections my be

erent shapes, such as needles, hollow
needl es, bl ades, pins, punches and conbi nati ons

[0% 1§ZL 'f‘rﬁéne é&%ﬁ%&nt Pﬁ%ﬁ n%monn{hg %Pcrn% 8§ ﬁén?snha%gtfo?caectlon

erelrn, genera rojec
lerggtly lays tbmntﬂ()lOsmlng)na ]}nlal,ﬁ:laherteylbodlmﬂiltgme premnm:élelnﬂﬁs have a

arr.an an  arr f.or I erci COF neu
pr PR A8 RGRY miftbad mEiePraBrb it st 2R BRTRG The
mlpltd)ptﬂmcngnsayplbalt}dialvé ¥ wadth ahd thighnh e 6f:zild001ﬂ$tof‘i()0mcﬁ)n§ h'rm

PP ARD B FORE! RERrer §apgs A T Ol

blRlgs; Ppim Spunbiads, siembiratibisgherdof. The m croproj ecti on
menber can al so be forned in ot her known nanners, such

as by formng one or nore strips having

[00M3C] TRE @@ Cini@Bsro U@bmgnaﬂbeed g@uséﬁ h@f@ﬁlho&feramp Qosokds B( S)
as disclosed in S. Patent . 050. 98 88, which is

MiFOPEPRF P RIS S e By gty Péw&éonrweqtpgs gFangedinyan array for

pidr&Rd #3lstrdthd dofielin, FIHE HHSBEjRES Iﬁ&ﬁl‘}’er carfBe RREH NEK&Hinh or
generally refers to the dellver} of a therapeuti'c

pua@m a plarbipgddicipnedicetigesdrond p thin shegtraad foldiag @ppgnding the
miB@ptd &&Hbﬁddoﬁth\éﬁgﬁ BEthe EMECHIHn §Hﬁ Wguaae;ff % s $H4Ethown

as s mucous rane, or na
in igh 2.vBhe/mjcsopsejepticagnentzer canealioybei forched dujotber laiosadndnyers.fsach
t
as gfs)gc%rkﬁ%c%ng %I H’Iorchétgéh lia?og?ﬂggl‘é)g?}?ecﬁm r@% %g léc?;%/ of each of the
strip( 9 ee gisdpsedtin biS. XateatyNo.HeI56 98BS, \{'lﬂﬂlllshhewssmpmmmaaﬁ by

lﬁ%gg&eml&ggmg esent invention generally conprises (i) a
oproj ectiron nmenber (or systen) having a plurality

of n1cropr01ect|ons (or array thereof) that are
to,pierce throug stratum eum j nt.g. t he
o RETREIHS EfisEsa R T as botg po e el P e ore
thdrmeeﬁi&@nd(chal £9d, andhacdet| @ tmigires fdeonNNpartdaNirbea $aetine,
through a body surface (such as skin, mucous membrane, or nails) wherein the delivery is
at least partially induced or aided by the application of high frequencies that produce

oscillations in a microprojection member and/or microprojection array thereof.

[00134] As indicated above, the present invention generally comprises (i) a
microprojection member (or system) having a plurality of microprojections (or array
thereof) that are adapted to pierce through the stratum corneum into the underlying
epidermis layer, or epidermis and dermis layers and (ii) a oscillation inducing device for

transdermal delivery of biologically active agents.
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transdermal delivery of biologically active
agents. [ 00135] I n one enbodi nent, the m croprojections
whans/oe976at i ng t hereon that contains at | eastPONES2004/034923
bi ol ogically active agent, such as a vaccine. Upon
piercing the stratumcorneum | ayer of the skin, the
ent -containing coatjing i.s dissolved by body f|UId

[00(1?%& fnpngepbpdipept, thedRickoRep) eekipRsdiaxs a?aémg fhetﬁoaéhag ERAYipinscRt
leabt/¥n8 bldgiday afdveiaddntadiedh ££) RRSIRE Uﬂérppl&}aﬁ‘q el drafubr &rneum
bol us delivery) for systemc therap élscusse i n

laygreatahe skt thsi agentgoptainidggsiatingis dissel hyht@dy fluid (intracellular

fluﬁi‘s aﬁ@&t&taﬁﬁar%dﬁﬁ&eﬁrymtm&m&irdg Fﬁaoﬂeﬁeagéd%o ﬁrermﬁr@ LS
ubj ected to high frequency osci tions via th

bolss a¢livea famysterdigchargpyd s dssussed inedenilcherstith @fteltamph@gon of the
f (Te )
mlﬁﬁgggeﬁ%ﬁg ber! éh&:! ﬁqlﬁ%ga{"eééén W}g{r rlgaéagje&%éiv ¢ fﬁré?queﬁ&
oscgilations @r JHe cnssldaﬂldnandmng dedlige tapgmden/dthe things, emlamebagent flux.
used in accordance with the present invention. As
illustrated in Fig. IA the oscillation inducing
[00d&6]) Refedggewan &id. Al that isdbswaa bcmekxiamgllllmrﬂﬁen ofl& examplary

osciikig BB SR ridive Py Tabctoepis T B Aol in PPy
1llu1;ﬁatec$ indig.as\, sheaBtidimian jpdwigadeeict 10 ger@satiylihchidas a backmg

Pr ef bl th 12 d
el Ch 08 B RGPS et At (DR F SEiH G gosCeiated
cir@ftiReraaa e ehipfilh beciDaei 16, aich@na 6@¥hkeidkelodiit bgillator.

atien kin. [00 7 In a preferred enbadi nent he
Prefty tﬁ\? bashine ;f aJ@ ¢ Jﬁsmberr&w Ydabsyngghawn) to
facflftﬁé]d&l&%ﬁcé/bﬂh@bédﬂm%ohHe\tl&'@IUcﬂﬂE@ Ren®OQintz - 100

| CHz. [00138] Preferably, the OSCI||atI0n i nduci ng

devi ce 10, 20 produces substantially uniaxia
[0095%] Inl Af:bRASA ethBoBmeihi! ﬁ%éc@l‘[htlbﬁ’ naLeiHIERAe W 2dpbti8es high

m croproj ections, in the associated n1cropr01ect|on
fregienpieyiblagors in txppngaof298 Hzad§@ K&k approxi mately 10 -

400 mm [00139] In an alternative enbodi nent, the

oscillation inducing device 10, 20 produces
[00d gis Prefrrabdy, Ithe asedlatioreindedingoderick 16t 30ameduges suhggantially uniaxial
oscHREREL 3 £18peRch R R oA SRR Ao Bne opllt sl
migopriopatiaf methkeri(e.g dQriojtteatigens apdr@ind@]y 10n Wietther
alternative enbodi nent, the oscillation inducing
devi ce 10, 20 produces substantially circul ar
[00832] Inl aatailtomstiaf et fodiraes,ald m:éldtnm inthoprodesct ilomOrmafchnees
. Q....30). Such.circular oscillations.can facilit
sots il GhnisrRE e RURR Geite AR PFRR GG rBbhy s & o
Suaintransteesah adcillagiopsdandhdikiate the Jueing\ustic@nofithy hiR@sprojections.
conprises an ultrasonic device to facilitate delivery
of the biologically active agent. Preferably, the
[00u40] RsBiher slRyratiee aﬁscduelaﬁ hObdedllaviely Btludiay ddviced 0, 20

frequency .in the ran roxi mtely 20 kHz
proguge substantlally circular osc%?atlons (?fp ID associated micropr Q]CCthl’l mem%er (e.g.,

30). Such circular oscillations can facilitate the cutting action of the microprojections.
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[00142] As will be appreciated by one having ordinary
skill in the art, various oscillation inducing devices
W@ amws06976%1pl oyed within the scope of the i nvenP@DNS1004/034923

i nduce the high frequency oscillations in the
nicroprojection menber (e.g., 30). [00143] According
to the invention, the oscillation inducing device 10,

[0031]dB Antpdtesiatyogmepdipen, the pysEus UM eTcopPEpSeniubpsonic device
to H&H{% I 1RBY ot lﬁ%gltcﬁ’l i%'ﬁ@@&g%n{ rﬁei@&\?\ﬁt th hit¥sonic dev1ce

Referring now to Fi here i1s one enpodi ment
progidessopnd mayeohaving ofieqverydn tegatgsiof aprsoximetelyt HekHz — 10 MHz

present invention. As illustrated in Fig. 2, the

m croproj ection menber 30 includes a mcroprojection
[00a42]24s 21 hawpmieriziedbuorel liaving ofdimay ol o] tbe autms0®4czsc1nht®n

mdm %%58%5%"3‘5 'bg &%P%‘}e&)ﬁﬁﬂ ﬁ t}%éugp\ﬁ?gﬁl?e]quve%% HI§ {1 %miheahlg

ang rom

ﬁemnbcyd:sadmlonmmlthﬂawrmegmtmgsne&&er (0D 1304 Accor d| ng to
the invention, the sheet 36 nmay be incorporated into a
delivery patch, including a backing 40 for the sheet

[00363] Adrdiay tadiitvieotia, the dsﬂﬁht“ﬂencadmgﬁbwee 1® 2D @tin be

the patch to .the skin
e AT P R P B SBPBERePo ALY 3l & pieinedpgeeni T
Reffriigintgy ©IFi ) eHekeng stov eteddmbodin®ht $6 a0hRvpedjetibh @lRfmbak0
froma thin netal sheet _gg‘an ,sfnﬁi%% t.he
for e} i) REESENORY 88N ot 1BPUEFEn fmipiqeroiqslien meggber 30
inc[u@€lARIcrbproRBEoEFRG ma{aﬁlg @fpldrmy bﬂMﬁ‘;Ftt;ﬂréjébtlohB% The

m Cr oproj ection nenber pr o] ect
ml(a@ﬁgqu:twr@ﬂélétl efpléggtexgﬁg Iab%bﬁﬁ'ft@llly a f@ angle from the sheet 36,

whf&h‘Mtﬁ@h@te%‘%‘iﬂ%ﬂfrﬁ&@%oluﬂ@sr%eﬁﬁgi?Efab' y, in the range of
at | east approximately 20

m croproj ections/cn. Preferably, the nunber of

[002RAM RG3diRE ko Mg'lﬁveﬂﬁcﬁlat}{er%ﬁ&'t'g@ veagbe thcg) BrafIGAG ara@ﬁv%?y%

i s at | east approxinmately 10 op m? and | ess
patelth awludmgm b'czrkmg 4ddenthn glse/et Eovnd pep adrifionally inghiide adhseiye 16

o RSB S5k 905580 1 51O N B L e
34 meécn opd djyestehinge mBactiey @ plargbityodieitioprojdcgmst 34 fofm b deismetal
she‘él_h%rﬁné %nqﬂlﬁé Eh%r}%lm OIgIOégCtl% L? ouéfgh pla%g' 3f t‘i1h Ak E%%S have

i ons Fso pre 314
a MAdth and thlckness of about 5 to 50 mcrons.[00147]

n1cro ection nmenber 30 can be. manuf act ur from
00 54T B SRR ERhL B BG o e 88oBFsEEN oot
mmmbgedudn demBitylof «ldastyspproatmalnl 0 &ﬁcrb;br@]k@ﬂimﬁ}chﬂl Bore
t such a olyneric er| Pr ef er
pref R R e R el B gt T2 P el SR e
Prefdrdb) théhumber of openings per unit area through which the agent passes is at least

approximately 10 openings/cm?2 and less than about 2000 openings/ cm?2.

[00146] As indicated, the microprojections 34 preferably have a projection length less
than 1000 microns. In one embodiment, the microprojections 34 have a projection length
of less than 500 microns, more preferably, less than 250 microns. The microprojections

34 also preferably have a width and thickness of about 5 to 50 microns.
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[00148] According to the invention, the

m croproj ecti on nenber 30 can al so be constructed out
w@R008/060088 conducti ve material, such as a pol yne€T/US2004/034923

Al ternatively, the mcroprojection nenber can be

coated with a non-conductive material, such as

Paryl.ene(r). [0014 [ Oproj ecti on ers  that
(0032} 18%313 #ftwwm%wg qrn%ﬂm%%ip E%e [VEIGRLS THSATS, Such
as SMdifledRQteel, itiAMIGA, fikel flﬁﬁluﬁﬁmé?é’ 9r Slinglat B8 allble mdterials, such

Patent Nos. 6,083,196, 6,050,988 and 6, 091, 975, whi ch
as pelwmer frprteslat Biafassbly. dcohisrpacierdionmenbsr 3isinpanufactured out of
titaffdfnl rety. [00150] Ot her microprojection nmenbers that

can be enployed with the present invention include

menbers forned by etching silicon using silicon chip

i i : [ ghed

00F G e G S, I D B AShbg N AT B o
consjpuctesl @nof 3 pen-colductive matenad ouplotsst eadysr. rdfearativada the

' e : 0
lnléll‘ﬁc\%@%ﬁl%ﬁ}qh{ilﬁg '64{1 ‘015 %aYega\lL i alﬁ’&x}cd%&&{vg h{%@erfai’ shdhs
Parglehd®.er ed can be contalned in the hydrogel fornulation

di sposed in a gel pack reservoir (discussed in detai

bel ow), contained in a bioconpatible coating that is
[ood4+Y Mﬂ;c&dpro'ﬁctﬁdirﬂnminbﬂs fraogaadte iempldyeatmzeth ti(presentdondndomed

o oth the.hyd fornul iQn, a t l e
inclufle B3 e b TS] R PR FHIRRL AR PRt N ARE L8
6,05he88naral 60T, D[ vhizh hicdAcdtporined b3 fefdrante M@rein in their entirety.

m croprojections 34 that include a bioconpatible
coating 35. According to the invention, the coating 35
[oogm] Dkt in@ﬂrb;)fo}ébtuﬁﬁﬂ@h@én tseihyt @lgge Emga&)gbu Wite ﬂfé?i'&bﬁqﬁ\}eﬁfbn

) : r exa e coatin can he in
mcb’g‘f msrrweecfarfr?pwgbyoqﬁc "Fé’eS“rﬁOBr“g‘ﬁB silisen ¢hip stching te?hleques or by

momtm@gl&émg@ehe& Ber88n ABPLUcRds h;@fnsernﬁ)eerd@ﬁdsed Ut Batent No.
croprOJectlons 34 are forned. [00153] According to

3,87 h&26, mhdsht ip Higorporrdedyaefergcabergigin Beeﬁﬁw ed to the
m croprojections 34 by a variety of known nethods.
Preferably, the coating is only applied to

[00d hid seprevding Hsthe ineentian gngrb@-]l%@anllw BetierAgelt tabe dalivered can be

con@alsFerdQF 61%1 l@ﬁi{d%ﬁmﬁﬂla Qﬁ"ﬁls ls€d 1% Eg%‘f\lfés@r\&)ﬁ (@isousge'd@r?detall

e such coating ne rises
belelivp codained i a Ppgerepstiblersgatingrihdy ds djam?d cbetde acroprojeelite
O " .
b 0 NG B GLIS L AT AR b gk g
solution. By use of a partial inmmersion technique it
mi,t the oat ing 35 to

ssible to I
[OO:L’SZ] g? ft%?,r'mg r%ogr% #%JBG‘@f:re o\;);vg a 1cropr0Ject10n n%mtber 30t haQ/mg
microprojections 34 that include a biocompatible coating 35. According to the invention,
the coating 35 can partially or completely cover each microprojection 34. For example,
the coating 35 can be in a dry pattern coating on the microprojections 34. The coating 35

can also be applied before or after the microprojections 34 are formed.

[00153] According to the invention, the coating 35 can be applied to the microprojections

34 by a variety of known methods. Preferably, the coating is only applied to those
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[00155] A further coating nmethod conprises roller

coating, which enploys a roller coating nechani smthat
W@ RwsI069758 | imts the coating 35 to the tips 3BCDUS100€034923

m croprojections 34. The roller coating nethod is

di sclosed in U S. Application No. 10/099, 604 (Pub. No.

2002/ 0132054), which is incorporated by reference
portiens diemickoRreigCtigRmeahey 30 pOMIEEYOjaeions §% thetpigrep thegplsinge-g-,
tm§3@%the noted application, the disclosed roller coating

hod provides a snooth coating that is not easily
di sl odged fromthe m croprojections 34 during skin
Pl C il A6

100 R Pl ing RN 68 B SRSl ip' Dfimeo e deperbed
as afngns ®Aoaf 18 IEFPpIRGT e hygoatt@lly hetotahlvemmemmg thhie

. i S d.
mlcgaé)%]gcglé)ﬁ%/ g& ar{r‘%cg écr)a%iéﬁ %@Htéée se o:fgﬁellﬁgfnﬁe%lgn %?l?lﬁ(gu% it is
mmﬁBbt@UmhtasuapegBﬁkﬁmﬂﬁﬂwtms&%mﬁ$engmommgsn@mdﬁ

shown), surface irregularities (not shown) or simlar

nodi fi cati ons, wherein the neans provides increased
[00 5350 fAafiethar emting arthotlicolpiseg Fakt eratiagmovhith @ﬁplsyasad rioflgr

can i ted. 0158] A fur er.. coat ] t hod
corfi e Gan SR h Sy TR e e SEune e T aoant
mickdpyEedtiofd 34 0MR tofleScoaffigiyiettiod isidi@losAriaal.di Agplicatidn .

1B i, BV (RSP Rehpoion okl e
entigdipodi ment, an aerosol suspension having a dropl et

size of about 10 to 200 picoliters is sprayed onto the
m croprojections 10 and then dried. [00159] Pattern

[00 A A iR d 3k §8allpﬁl tBORS QY BHILRiAORE dfsBiBsed roller coating
m Ccroproj ections 34. The pattern coating can be

methphprorides s FRECtA caatglséh?é ilSerJt edsily divlofaed fhergithg raqupgomﬁl@ns
34 &lﬁﬂ%%klh %%l?lﬂu' ‘#h@ﬁﬁ&tﬁ 88s ﬂegﬁ&ﬂgqlllflﬁéc?@? J%&E}fn%b%nat

deposite I qui era int

NNhgn@@UmﬁdonEmaéAzo nanol i t ers/ m croproj ecti on.

Exanpl es of suitable precisionnetered |iquid

di spensers are disclosed in U S. PatentNos. 5,916, 524,
[00657] 48c0@ing B, tFAhy&Bidn, thethiGopia8etid8 34 wim Bintherr igclfidd theans
adaR}'Ieg ar legerl\% § d/ot%nflaenfcg [h% ﬁ.\meeorf%le coa{nQ 03:]56 Qtlchl as aPertures énot

proj et ["ati
shoezh}s grobeesa(mpt $lred/nbj$unf@elmkgujlaeine$ Gmhsimlvsmgyl ﬂmllmgnkdlﬁwnons
noi d val ve

when Ok Bt rREec s e GRRemin el B by
coatisecanfhe dBpeditedtric field. Ot her liquid

[00158] A further coating method that can be employed within the scope of the present
invention comprises spray coating. According to the invention, spray coating can
encompass formation of an aerosol suspension of the coating composition. In one
embodiment, an aerosol suspension having a droplet size of about 10 to 200 picoliters is

sprayed onto the microprojections 10 and then dried.

[00159] Pattern coating can also be employed to coat the microprojections 34. The

pattern coating can be applied using a dispensing system for positioning the deposited
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di spensing technology fromthe printing industry or
simlar liquid dispensing technology known in the art
weanwses7ssed for applying the pattern coati ng BPET/URI084/034923
i nvention. [00161] As indicated, according to one
enbodi ment of the invention, the coating formnulations
plied to the mcroprojection nmenber 30.to foarmsolid
liqui %rtt? thg aniergprotes gy §u8 %C%qﬁléeo‘l}’émé\tﬁ At Rsrdierepifedliguid is preferably

in theaaRBd @129 30 AA!RGs/AlicrbSBRbtEN %)@ln?le@ S GHablé pREidiore
agent According to the i nvention bi ol ogical |y

metggee iligeid digaeisers are diwlased ngeBatwttNﬂSnS Al 6% drfpaPobi e
5, 7@135" sl ﬁ{d 038598 peNALe il hin@or%)&%te@%rl Lffencd HR4R2]
A¢cordi ng to the i nvention he coating fornul ations
preferably include at |east one wetting agent. As is
I ' I
10001 1Rk eafn ol cRAGH G REBPLT ke
Jet edmbgnsigg krivevnetetd ingvaligetitpenssrsappslonelditid mative means and
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the wetting agent meki ng it susceptlble to wetting by

S ent surfact nts as
ool 37 A3udiEt, peblehng SR EMrBaitS ol PR, BReffEs
forth Q&3 hpplidd e e ﬂﬁd&@;ﬂiom%ﬂbn ﬁlfembhe?aol to Y&t sodid codth@s can
coating fornul ati ons Lnclude at | east one suyfactant
00“)1?6‘6%?%%?1‘6 apd nprhadueNe i mBlgtions haviag at lsast qnt 'elggogtca Y $5dive

a%ﬁt"“ﬁc&&ﬂln@% the IRRRIRGY @hid KiologidAllyOdttiGe ag@it QAR disdblved within a
noni oni c. anpl es_ of surfactants include, sodium

b10¢0amaal§ﬁﬁﬁsard§tsa%pénde§owfuM@&a@@y| sul fate (SDS),
cetyl pyridiniumchloride (CPC), dodecyltrinethyl
anmmoni um chl ori de (TMAC), benzal konium chloride
[00 1] yAcspidngde tl@u@wnﬁ@ Theeastipplosmulatiorsariefgrblygngluge at least

onean éth‘lg{(a%&ltd%@ hhad a CohorFque &8 wehll] atg@tﬁs l:zﬁluéeﬁ&%lw be described

xyl at ed s such as [latreth
as qnméfpérlmelml@uleﬁ atthame solutien peivaimne the veotingragsatiis geplied frla
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act ant e I art appr oxi mat e
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surBipbiroRa Gae e Nscn g el pioHics

[00163] In one embodiment of the invention, the coating formulations include at least one
surfactant. According to the invention, the surfactant(s) can be zwitterionic, amphoteric,
cationic, anionic, or nonionic. Examples of surfactants include, sodium
lauroamphoacetate, sodium dodecy1 sulfate (SDS), cetylpyridinium chloride (CPC),
dodecyltrimethyl ammonium chloeride (TMAC), benzalkonium, chloride, polysorbates

such as Tween 20 and Tween 80, other sorbitan derivatives such as sorbitan laurate, and



hydr oxyet hyl cel | ul ose (HEC),
hydr oxypr opyl net hyl cel | ul ose (HPMO),
whyasosyps opycel | ul ose (HPC), nethyl cel | ul ose PEAZPS2004/034923
hydr oxyet hyl et hyl cel | ul ose (HEMC), or
et hyl hydr oxyet hyl cel | ul ose (EHEC), as mell as
pl uronics. [00166] In one enbodi nent
alkpmeéﬂ jlenholstsheh asdaweathrt- AYipg mpreser rqdfﬁ@rfp%swwlqéﬁ dueeit Ihg
TwedPdy, i $i§. properties is preferably in the range of
approxi mately 0.01 - 20 wt. % nore preferably, in the
range of approximately 0.03 - 10 wt. % of the coatlng
[00f ?4{] “Nlei%Ia'bBﬂ the'%\éﬁéénﬂ%& &*’tﬁé ﬁﬁﬁptlaﬁft'is Lﬂﬁ B¢ SPeI)Pﬁ: {lely
Ing agent 1s e range of appro y
000112“d56mfﬂw@@nmgﬁhmnomanmn@ﬁﬁmrnulat|on [00167] As
w || be appreciated by one having ordinary skill in
the art, the noted wetting agents can be used
OOskéﬁdnatfeﬂtlyel embodimeondfi thaiven®n, the 0d6i8¢ fdknmdntxdhmgclmdle at
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hycwxypidpglwma)qse patQ)e iestlyerauigby/@al), ﬂytdomemy%aﬁylbmncgef

(Hﬂ‘ggé&r 5§y@1ﬁ@)ﬁ§y fy&ge@@gge d@%@s %{‘X‘;e 3%31% 2 é t he

concentratlon of the hydrophilic polyner in the
formylation is preferably in the range of

00&6@ rlaﬂlﬁﬁmewmem@f the lzmelwpn thg C%?léraBP'éP%ﬁhaﬁP';/mer Pregenting

amPlﬂBlgﬁc Rlop&RBY 9% fEhBlY Yn @le%ge O@Qpaeémm%eeio b De2CREbA, Rbbre
ormul at1 on. Even nore re era Wgr{ @fe concentrati on
4

prefpablip én theranga gl @@éﬁ&ma@ % H03 hid the cepbine dxmyatieny Even
mof® &eféra@l}{v\fhe cc(ﬁcgﬁtl ét% o \k/&gn%%'emﬁg & e pe} %Qgé%g)tl oximately

Accord to the 1 nvention e coati ng I ons
01cénwf%Mﬂﬁ@#ﬂmmﬁﬁbﬂeubﬂﬁloconpatlbIe carrier such as
those disclosed in Co-Pending U S. Application No.
10/ 127,108, which is incorporated by reference herein
[00i1 617 ] Aswt}lnbzei apgteyiateEbtarmpk dsving otdiracoskplatn the ert.gbe ndted wetting

ageirl}& aﬁj? s q@a@m‘%‘él Hmn cioml%lma?lo | neer .ed human _al b.“”? n,

spartic acid, polyhistidine,
pentosan polysulfate polyan1no aci ds, sucrose,

S ezit raf fi nas
00 B3 e STBRG: e e B SR SRIER dtute s e
hydrajpmli@ocmﬂdn e férats Iuheliyidedphil ik mt;eﬁ@ﬁs&teleyted Aronhthe fellogeng
grogemgcﬂyé iaﬁa oholl)ypozly(ethy?ene o‘(lde/g poly(” h}Pcf;g‘Iy%trh?/Pmé{thacll'yqatcta)t]e
poly(n-vinyl pyrolidone), polyethylene glycol and mixtures thereof , and like polymers.

As is well known in the art, the noted polymers increase viscosity.

[00169] The concentration of the hydrophilic polymer in the coating formulation is
preferably in the range of approximately 0.01 - 20 wt. %, more preferably, in the range of
approximately 0.03 - 10 wt. % of the coating formulation. Even more preferably, the
concentration of the wetting agent is in the range of approximately 0.1 - 5 wt. % of the

coating formulation.
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approximately 5 - 50 wt. % of the coating fornul ation.
Even nore preferably, the concentration of the wetting
W@o@s64788 i N t he range of approxinmately 10 - 4BCTMIS2094/034923
of the coating fornmulation. [00172] The coati ngs of
the invention can further include a vasoconstrictor
s those disclosed in . Co:Pendj n ation
100 R AclFinRds B Rfiens resoinmmelian @ BrteEBrbETh: oq
blod@%hpéﬁfle&gﬂéégu&ﬁcfsghd@e tinsdlclhecﬂ in cajapegrfdﬁ{gle SAspplefatibOR6N 1N
t he note Pendi i cations, .the vas constrl tor
10/524,108; W%lser&ﬁtpptﬂteggb ReESTERTC BEfeing it RRHrEpY Eramples of
bioRRPaiiiatirAts RIVIE Buith & bR, BfdehRcIRNMRan @ligr r ed
vasoconstrictors include, but are not limted to,
pol}g‘lﬁt@r@ﬁ@pq niRo ya@@mﬁﬁczﬁmpoly}m)ys(qugnﬁémlmrh@)lysulfate polyamino acids,
suc@?@&ll@a%s@erﬁéléinﬁ% rBiRh SEPRRAA sREhy k! ypressin,
i ndanazoline, metizoline, m ddodrine, naphazol|ne
nordefrin, octodrine, ornipressin, oxymethazoline,
[OOpﬂZ%E @m%ht%on 9%931'0%%1?\% 95‘31 & in the coatm onn lation is
phenyl propanol am ne ro exe rine, pse oep hedr ne,
preferablydhyitrranss|of seproximatedy oF 7wt %.uaere mtﬂf@plvlane the range of
icn a a
sopl KRR 50 o 23 BPUEE b g JH LA h BRIy e
con¢emirhtircheo feblps Wty dgag ,is rmameamgie iof eppro@meagbyydr ook, Peof the
umﬁn %“ ﬁg&&pe netizoline, tramazoline, tymazoline,
Net az0li ne and xyl onet azol i ne. [00173] The
concent rati on of the vasoconstrictor, if en‘pl oyed, is
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ApIRAERE, tAsodtiétEtoi is B1skd@oR@S 1M @din@iufifd @ﬂaezﬁfée apiftic&ion
inits entirety. As set forthlnthe not ed - Pendi ng

on the, BiGrepspIeEen l?qlié’eb At RiRiedyasesARriciera inchdss lgut ﬁlreé’\péhlplted to,

aml%ﬁm 1Hé théhn{dﬂ% @5}beﬂta§nﬁéltdéf)@jstepnl@?lrldége;ﬁﬁéﬁﬁﬁﬁ@ €Sypressin,
t hereb reven%, the cl osure of the pathways or
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t'erm " path patency nodu Fine
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um salt riranci nol‘one ace on| de 2
1 d| SOdI um phosphate, hydrocortanmate

[00173] The concentration of the vasoconstrictor, if employed, is preferably in the range

of approximately 0.1 wt. % to 10 wt. % of the coating.

[00174] In yet another embodiment of the invention, the coating formulations include at
least one "pathway patency modulator", such as those disclosed in Co-Pending U.S.
Application No. 09/950,436, which is incorporated by reference herein in its entirety. As

set forth in the noted Co-Pending Application, the pathway patency modulators prevent or
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hydrochl ori de, hydrocorti sone 21-phosphate di sodi um
sal t, nethyl predni sol one 21- phosphate di sodium salt,
woreiolipbgsedni sol one 21-succi naat e sodi um sal t, PCT/US2004/034923
par anmet hasone di sodi um phosphate and predni sol one
21-succinate sodiumsalt, and anticoagul ants, such as
citr id, citrate salts e.g., sodiu trat
dimpish t:h? st pfurplehea i RsRcosses ;slilqr?hg( HigiFnEsiRe CFelefi ?gf he|
patl6@dyk 8t mMicershedbrRatiSthelstrhii domeant bydhe midtprdjesictShéMber
and stabiljty of the bloloqlcally active_agent

arrqyo FEAMPIFTIYf PEGAREY REoTcaT Heduwd ?réwqhsdeewlacr%@antss»mlaeanw
ageln@wé.%%péoatum dHiokide UMY B {tRASNic bémARRIE ML dinlBO hoidd) ne
agent has a positive charge at the formulati on pH and
the viscosity-enhancing counterion conprises an acid
[OOWS\I'T'%Q tén "}p?cﬁv%yf; c?‘h‘l ufatHKaS defRith e & REddthe
I nCl ude malelc ac ic acid, malonic a0|é
Appligaticy ﬁu:thaun@ludea@ntpm‘lmn@ory@gmta@mh as bateingthasanegil i ¢
pho' ége'cdé%h%hg%hgmglg%@%bhg g&g(gf % ’ﬁcéhgordgﬁ?b%ﬁbg%t?,A1ydrocortamate
hydr@htoriderihydacartisone i2t 1phospdnat|eeﬂ;soﬁmmﬂhbtabﬂllylhofe@iniaoliod¢ 21-
pho?qg %’ a%%ﬁgllmasn]& 1%&%}/181%%%1%5%86 3f: SLgcclngg'tQ%c}uu% %‘l: pgla d1ethasone
disqmlm plmplnate emdmbdn[s@l(aﬂlé 2]-smmdaeiodmne§aﬁr meldanendmgdlamem;ch
asci'tl i clt esa‘ e Sgcos 1§£t {A)ﬁ L o)c<i EDTA.
(B R biC sl e R e R ARES MRt o Bhmant ey

t he fornulatlon pH and at | east one of the counterions

Vi n east ., t The. ot her

00 B effashem et e P ey RHOTE “PAGRE AR o
biolEically dcald pemCiodininicddaciag hﬁfﬁiﬁﬁﬁbﬂl BreinBandéd Bly adding low
hydr obr omi ¢ gcid, itric a sul furic acid, nalelc

VO%{&%COU&WU@% R PR qpodimepg,f %ﬁ%@némwwvael?aage Hdthane

forlﬁulhﬁ@mwalmllaws&dsw bithaa6ing co&i@@@n%fhpﬂgds dn aBiliaFhb 6t least
| uconi ¢ acid, glucuronic acid, |actic aci d,
tWOrPaldil‘bPI‘a?éi §u1tq&iﬁramsewé'&ednalﬁlawsflrléh%rdd majogiq gcifh tastaric
aCI@%BI?lC b BrhOnRGL -, fuﬁ%?fc'a@ld,aglhfarlc Qélgﬂ'ta@%l@ a@§) IQGOIutol
anoi ¢ acl d, carbonic acid, malonic acid, adipic )
mesggeqnic acd, syeginiicid, saanalip acid taopicagidglcitrigl agich Fricerbalyli acid,
j l,

etl1§15&3%mé1%€e?1%%£g% IE'::S@ gﬁeg{al? %u'{f% nglgl ic%cfﬁu%égl?n&{éé 5@%'3 [iffic acid,
andtphpsphipticaddids| i ¢ aci d and ethylenedlan1netetraacetlc

acid. [00178] GCenerally, in the noted enbodi nents of

the invention, the anmpbunt of counterion should
[00 h’éﬁ]tma)ltliez prefeiied embodyment is trectatibiagesepgtyspbacing mixgure hf

od| nt.s, the ?ounterlon or th

coun IQ erein the agent nas atposmve chalﬁef‘ at the orm
dounterion s presen n ano neces
of theetunglibrsas hrhmnctliwzmgeatperaemtacmlm juie::} Ege ntheactouhmeop H an

aci(g{z:vfté Qngq,ofr%‘rloqy Lﬁetlsl. (E;;hmgi(e% 0 sultaEle thec fuld® lﬂycgrocshlorlc acid

ufé[lon ?II—)I and at least one

hydrobromic acid, nitric acid, sulfuric acid, maleic acid, phosphoric acid, benzene sulfonic
acid, methane sulfonic acid, citric acid, succinic acid, glycolic acid, gluconic acid,
glucuronic acid, lactic acid, malic acid, pyruvic acid, tartaric acid, tartronic acid, fumaric
acid, acetic acid, propionic acid, pentanoic acid, carbonic acid, malonic acid, adipic acid,

citraconic acid, levulinic acid, glutaric acid, itaconic acid, meglutol, mesaconic acid,
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as a salt) can be added to the fornulation in order to

control pH and to provide adequate buffering capacity.
wQ 00EP8758 n one preferred enbodi ment, the agenPCTras2084/034923

positive charge and the counterion is a

viscosity enhanci ng m xture of counterions chosen from

group. of citric acjid rtarjc.aci nallc cid,

Cltrﬂpw&sm @Pf%ﬁ%@emamg |a91€oglvtem&&%fl tré%abaﬁéslé% fddang g,
ahﬁ&ﬁhﬁﬁﬂmﬁamm&ﬂya&@rlOnS are added to the fornul ati on

to achieve a viscosity in the range of about 20 - 200

cp. [00180] In a preferred embodinent, the
[00Y7$ C(%%bxtal/ly,% R Moted SnboMReRls 'opme 1§veﬁﬂoﬁ%eddn%tﬁ‘1%f‘éo%ﬂe%‘n

such as a low volatility weak acid. Low volatility
shopldarutgadizel theshareeef thhantjgeris agant. gl uely embestiments.i thi eoupiesion
or tgg \fﬁﬁg‘é% %dluﬂ{gn 1Eﬁ)isﬁv esgﬁtgg %B%'{)do&aﬂutéc%ggl%%o g?&ﬁé&%ﬁcl@ charge
preguberpthe sgant atéhﬁ:m{ atthel @rmnbtlem eExriesy ofonetpon @sitheifreie@cid or
as ﬁas‘ﬁlt can%xle Y& t(? thlg%rq'ful Hﬁp&ﬁ& t@gbrqtrolgvh%%ﬂrtg E Ogld%%h ate

I C acl yruvi ¢ aci tartaric

Md&angpqnmgfa0|d, and funarlc acid. [00181] In another

preferred enbodi nent the counterion is a strong acid.

Strong acids can be defined as presenting at |east one
OO[DKH Th omeprefeha«h embcmmhelﬁ thExmplhassa pﬁmtsrel clim gcc:imzﬂsthé oaintedien

\X PFIC ﬁy q ron1§ A@ ﬁ
isa Lﬁ"?sétﬁ LN, m‘é‘i&i‘ FUrPEEE 3 S HET 5’“’9‘ %%’“pﬁ 8‘%%38}‘1 c
tartadd adid, batiz edié hsdidotidoiicacid; ig @/calm‘fadmtahaa&tﬁ akido rl?rdferaﬁllvd

referred e irecte

coiegpitiche BB he B REORRar R S e i Ghegr of povt 20 -
200c@unterion is a strong acid and at |east one of the

counterion is a low volatility weak aci d.[00183]
Anot her preferred enbodinent is directed to a m xture

[000£0] AR PEFEAQARMBORIeRT, PhedliscbEFShhaEnPdouhRBof RUALRIION
is a strong acid and at | east one of the counterion is

cougtefippRIch@f qux Yetiitgweakaacit Loy vplatiig] weak asidgoypterensd
pregequme%rsﬂ &@%Clafc%i@%d 2lelfRPoinP AghBiBaitiesochan R/t

and a neltin oint | ower than about 500C or a
pmwdilgheh@lalp @bcwt 1 t Panh drxamplss of sipbpcida inchgle gitriEsadyshesdnic

a
acuP r?réglr?]%?c?l: %Ihg%é&‘%% ﬁfoﬁ[g acid %g %%rc?ﬁ,_r elﬁg'glﬁl dFﬁhgic acid,
taﬂ@mmtde fartpeni¢ @Kb reed Burtaric ﬁClém)u nts necessary to
neutralize the positive charge present on the agent at

the pH of the fornul ation. Excess of counterion (as
[001 $1g Ih peaher preferred embodiment the counterion is a strong acid. Strong acids

can be defined as presenting at least one pKa lower than about 2. Examples of such acids
include hydrochloric acid, hydrobromic acid, nitric acid, sulfonic acid, sulfuric acid,

maleic acid, phosphoric acid, benzene sulfonic acid and methane sulfonic acid.
[00182] Another preferred embodiment is directed to a mixture of counterions wherein at

least one of the counterion is a strong acid and at least one of the counterion is a low

volatility weak acid.
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acid or as a salt) can be added to the formulation in

order to control pH and to provide adequate buffering
w@eawaosd7y8 [ 00185] In yet other enbodi nents of P€TYES2004/034923

invention, particularly where the antigenic agent has

a negative charge, the coating fornulation further

conpri ses low volatility basic counter_ ion. [00186]

[0} 3 1t pstlesy @relf%dém@eéwewﬁ dirqctrd t@ @ AYXWE gisOHMEReNsoYherein at

lea$t %HPM t§@§ou§tel1 BWisVade@h hdid ¥ndMe RKstRAS 6F 1he %B&ﬁ%&ﬂl&ﬂs alvx%w\ acid
volatility weak bases present at |east one basic

with highgolelifyi V@lasidd vieakiacgvewnterivan prebatiat 1s@y OnopKahigh er “than

f

abo%)?(%laﬁ elgplgP Emnlijlgggétgérh%ﬁ%@g@é&h%ﬁﬁ%g&nF Wthan about

17QﬂC@t RanoFsanples oftsnéharchia moluderpeetic a@ld,tmaplhamanel pentanmc acid

amﬂﬁ%ﬁw gl ucam ne, and gl ucosam ne. [00187] |In another
enbodi nent, the low volatility counterion conprises a
basi c zvvi tterion presenti ng at I east one acidic pKa,

OO%]AQI "li}lte F? gii’}:s’ctouB‘c\é\ﬁ()nbfrJl ? relcfser{? H}fﬂm{uﬂt@ nﬁtﬁ%l&f oo?eugrgﬁ%stge Sgsitive
cllameﬁpresantEmal’mdgﬁt ad thesC4F tiooforroulattts. IERcd 93 chiumsdriodi (Methe free

d 00188
acid ek S o2 PR e ST BT st RS Lot wrowide
adeqndt@blgffeblageambﬁ}sentl ng at |east one pKa higher than

about 12. Exanpl es of such bases incl ude sodi um
hydr oxi de, potassi um hydr oxi de, cal ci um hydroxi de, and

[OOM e yeibhd ¥ abedidets of e 1R9dtioa! freliculiSf Whdre the antigenic agent

enbodj nents conprise a m xture of basic counterj ons

éd%%twg chea t@t%&'@% fggadation quithepeamperisgs a Iow vplatilgy basic
coiRk @i 1ity. Alternatively, suitabl ecounterions include

a strong base and a weak base with high volatility.

Hi gh volatility bases present at |east one basic pKa

I
o 550 A SRR T

weqltghans coERIEHPI- elsovo Folatilith Wealskasesinmsenidéleantrmsibasiania and a
mefmg g&ﬂ! llngl%r tdaggg&QkO%& eoroﬁﬁg}ﬂom{ llﬁghé? %ﬁérp?b%ﬁyﬁoeé hplmatm

rese I n anpbunts necess to " neutr I'ze th
Exama@@tqfv@hdiaasg@hmeemnethmlqrmge disthag@aminea gesthanalamiee

trmgf%_t'lel%tngé t}l?etlgs%ln}ﬁnﬁﬁ F(% 51@%%85%%01‘ counterion (as the

ase can added to the
formulation in order to control pH and to provide

bufferln aac t% g\”]o
[00%’@?8 Sarsl,(ﬁ%n epqénggl}lg V%]étéll goynierion SPg]tpleefs :leasw Zwitterion
pregeating &ridactnme Gaidickyd af ammﬂ lelagt two basic pKa's, wherein the number of
basic pKa's is greater than the number of acidic pkA's. Examples of such compounds

include histidine, lysine, and arginine.

[00188] In yet other embodiments, the low volatility counterion comprises a strong base
presenting at least one pKa higher than about 12. Examples of such bases include sodium

hydroxide, potassium hydroxide, calcium hydroxide, and magnesium hydroxide.

[00189] Other preferred embodiments comprise a mixture of basic counterions

comprising a strong base and a weak base with low volatility. Alternatively, suitable
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U . S. Patent Application Serial Nos. 60/484,020, filed
June 30, 2003 and 60/484,020, filed June 30, 2003; the
walr@slewsss es of which are incorporated by ref ePE€nUs2004/034923
herein in their entirety. [00192] According to the
i nvention, the coating formul ati ons can al so include a
non aqueo solv uch as et hanol hl orq

covgieRgps mftf@f‘p@ttréﬁ% HE e tWeﬁbtaﬁewmt@hé’o(&t%o|nghaol@wey

baskd fi€senthit Esast dik BARIWIS lovBethin bobd BF sd aﬂﬁélﬂﬁg"bélﬁﬂower than
enhancers, excipients, and other conventi onal

abogpe9eAPailing ptgmtdpwedhan abewll 1 787 G diltrs Bemplesros deshrbases
incR8YARRSniK ARMAolpRofifte art. [00193] G her known
fornmul ati on adjuvants can al so be added to the coating
formul ations as |ong as they do not adversely affect
|
R Nl R T R S B B S
neb@tlvetcﬂterga present oo deiantigen[cogag 4} thepBfof trebfoymulatien. doaeisng
Y t X
co%%&gyggitl?eo%ﬂi%s%&aoﬁ 39& \s(zilli gant eﬁéld!x?@%he ﬁ?ﬂu%ﬁgﬂe 1% Srﬁ]ea‘ttc? ééﬁtrol
pHamﬂEﬂﬁewdawbhwnmmdkumaumamncroprOJectlon 10. Nbre
preferably, the coating fornul ati ons have a viscosity
in the range of approximtely 3 - 200
[00¢21) tHupthersdscu&ichIBdardiag the dsanef 16w vblaglity Reerttiias,cai hefound in

U Sy EReT PR oh o b e D E Y SRk e e

Juns BeEX003He dibosvtes 0O&hicl aRnitkogitedy @tdréte Obreihi@ their
coating conposition as well as the coating nethod

enti¢ysen. Preferably, the coating thickness is |ess than
50 microns. [00196] In one enbodi ment, the coating

thickness is |less than 25 mcrons, nore preferably,
(00} 923 AGCRRFED the nYeafian, Hhs RUEIP@RHIiopRFTESo include a Hon-

aqu%t%rs@ﬂﬁlﬂ.l ﬁﬁﬁ hORhaAYY, Eﬁtsl%forévenerﬁ%sylateegl%@bftdryetﬁme Iycol
coatin hickness is_in the range of approXi nately f

andqthe kikeg gifﬁﬁsplglpem aret filigrsapqrmgagion enhageersy exgipic ?%Oth%rs
conbﬁﬁi%nﬁQBht'p%ttstolP ﬁha‘ft‘ﬁ@@e’uﬁ&l ot @Itfaggde'tﬁapdc'v%gs Rt in the

the mcroprojections 10 by vari ous neans.

art.pr ef erred enbodi nent of the invention, the coated
menber 5 is dried in ambient roontconditions. However ,
various tenperatures and humdity | evels can be used

[001 %3] dpthertknewn @a‘muh@om awantstcpoalsobg alded e the coating formulations

as lgﬁgﬁa[sqgg hegt%E %&QF& 8Aﬁfg tttllle r%@és]scx% sélﬁb‘?l %Q%E’SCQF @bc‘:ﬁlm a?tenstlcs

of th@@tanngqfoemulasedantdmher}mmv:ﬂ mttrgltyvafthc dnflecbmatlhg coati ng.

[00194] Preferably, the coating formulations have a viscosity less than approximately 500
centipoise and greater than 3 centipoise in order to effectively coat each microprojection
10. More preferably, the coating formulations have a viscosity in the range of

approximately 3 - 200 centipoise.
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[00198] Referring nowto Figs. 5 and 6, for storage
and application (in accordance with one enbodi nent of
W0 b@siosaresit i on), the m croprojection nmenber 30PCHUS2004/034923
preferably suspended in a retainer ring 50 by adhesive
tabs 31, as described in detail in Co-Pending US.
d@ﬁglrcatron No. 09/976, 762 (Pub. No. 2002/0091357),
(00 chesording e dhegpyeation thndesiedeniing thiskussyis depengdent upon the
derBRY bf @8 Mhicr &;Q&@&%hs ﬂr gt aRh BEREBIYet Hd thd¥iscosity and
mcroproj ecti'on nenber 30 in the retainer ri'ng 50,
concgnteatigg @flrtbw@jtleg:@mm@sﬁ@mewelge thecegpipg mediod ehasere
croprojection nmenber
ng%&¥§qggg?ﬁ§gﬂmMEkﬁg%& ?ﬁ“ﬁ%?ﬁ§°§% i mpact applicator,
such as disclosed in Co-Pending U S. Application No.
raf hereln
o0 IR o Lt sl B BRAGR bt W B BE R B 2,
pre8ratiy dese thas 16 moanmnsas inersuingirfram memqucmplemtrmu('face Even

R T N

and 8, the systen160 |ncludes a gel pack 62 and a

00T B EE R CRET Psanp B 1o e85k ot ane

the Ftigropidjlfiéhd A0 by Atk dicags. tIo abl‘@erfeﬂ\éﬁibbdlm&nt dffie igention,

ack, 62 l.udes .a housin n 4 havin
thee&*ﬁr%rrbeg %b@éa BB 98 CoRf e HoRg b6 AT R mesrartures
andAdANEQletdds Fa8 G YA ta dgrtﬁ@i@iaﬁﬂ oﬂﬁﬂlam th®ni@oprojecti ons.
gel fornulation 68 th illustrated in

hydr
Ad#ana?lr the fRatgdimpggnben > £3jt herhepted, dz&rn@&egd drepacicAgr HiHer
tecRBqueB Bledit® refos ® B2 Okt Brohl¥Re Q34kiRE. Pl anar surface of the
ring 64. Preferably, the backing nmenber 65 is
i npernmeabl e to the hydrogel fornulation. [00202] In a

OOﬁ’ﬁfﬂfI@JFélﬁg% 24t R)df"l e r“tand bher ggrlagepeﬁﬁlﬁpﬁg.aﬂ%(tlﬁl r'dQﬁ‘cle W

a strippable rel 8ase liner 69 that Is ere
Oneoml@rimgan pidbeinggntionk thyaniciopwiccriomgeslensl as r:sreferably

sus? a'rgt'af?lle %%2@%8/ a%heﬁ% t&t)%%q désth%gcrfbgd ﬁﬁlte%ﬁl m 88 tPQIWhng

e re ease I'S renove rnor
U. Soﬁpph@tlgleNowWW@ (Rxbt Ne. 24ppDIBGSPowhish gag@dpm ated by
o1l j.ect | ssenbly 70. [00203] Referring now to
mﬁ%%%?gg%%?ﬁggﬁﬁgggprojection assenbly 70 includes a
backi ng menbr ane ring 72 and a simlar nicroprojection
32, The ro ectlion_assegply furth
[OO%% fctiee g)lacem nt n}tgra fer ob ge?mo gmeﬁner ?@ B‘%‘rﬁﬁjetaﬂﬁ {IH%?O the
muxﬂ@ira;]led:tﬁ)nmﬁentﬂaem islapisited ad te papéint'pskirk Frfembly, the
mrcrop(f&ggtlro(r)rjn?e%blep & %ﬁﬁ{éﬁltéf ch gkin zrj}ging 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.

[00200] Referring now to Figs. 7 and 8, there is shown a further microprojection (or
delivery) system that can be employed within the scope of the present invention. As
illustrated in Figs. 7 and 8, the system 60 includes a gel pack 62 and a microprojection
assembly 70, having a microprojection member, such as the microprojection member 30

shown in Fig. 2.
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wel | as additional enbodi ments thereof that can be
enpl oyed within the scope of the present invention are
wa@easher7ssh i n Co- Pendi ng Application No. 60/ 51BCB8%2004/034923
which is incorporated by reference herein inits
entirety [00205] As indicated above, in at |east one
odi ment of the invention, the hydrogel formulation
[OO%Q)HtPaﬁCﬁgd"t&tOIﬂteagtenaﬁ% th; g5 B@#éamcylda%% Qusing QBHRE 64 having

a céhfraly M@;ﬁﬁ»édql%serlld?r @} dﬁelﬁhé @5 hat 1's %@ pRARORLAROL pl‘%ﬁet&%ned
i nvention, the ormul ation is devoid
%gtéﬁ?

amwnbpﬁ;glp@mge&,foggglp%t ing g illysspfedin Hig 7nﬁ1|eé|ng 65 further
incRY& Aol iARg méﬁliﬂmﬁmt i{ §4% %r Og&% or i€ &J’tﬁ é{{llﬂnalt s(ﬁritaaseof the 1811%?4.

|nvent|on fornu on 1I's devol
Pregerdhilio Ith's'fgha@lgng wembm Gﬁes mepsnmeablerfe thadiyipgel dgranlatios.

ei ther coated on the mcroprojection array 32, as

descri bed above, or contained in a solid film such as
[00802d dh e peaderiad eR®Ddinent, thdcgel paCk 98meﬁﬁgluddsia&“hippsble release

linez :g?}ltra?{s a?fhel&f:tg rtlpeosu‘tkletl'%gl'fa o%ﬁ F %f:ﬁ)agl\erm e§4ev1a aco v'eﬁt‘?onal

on the skin si ¢roprof €2 ron
adhasiveayAs3®scribied in desailhesort, cblmdleaste linhlfﬁ9n9teeﬁbv€d)p1ﬁ?ﬁm«ﬂ appyglication

Cc n.No. 60/514, 3870r .the .t of the
or 4P pS AR g RS ietrd i vhioPa e R TS
Co- Pendi ng Application, the solid filmis typically
.cast i a Jiquid for Iatlo Si the
oo st R BeE b i guieon et e e B L ool
nlenalt‘:lrélg:a/gﬁgi)zjwzﬁidfaydlrﬁﬂdr:nhit:n@ﬁﬁ:)ljectlclxll arlray 32 il"l;'ep l‘l\l’}ICC)I’OpI‘O_]eCtIOI’l assembly
ydr oxypr opyl net hyl cel | ul ose
f‘"’ét?’d?%!&k‘{j]‘ﬁFé'ﬁyégltelsﬁ%% "¢HPC), met hyl cel | ul ose (M),
hydroxyethylnethylcellulose ( HEMO) ,
droxyetm¥lcellulose (EHEC) 5 carboxynet hyl

t hyl
[002%‘1] inulr%%léietaémﬁ e Hheyaiehgal pagkrsad yllcrmpwétnwtetﬂt%y 70, as

welP¥d éi'l@)tmn@%b%()@lmemé%e%@f %{am’dnm%tehﬁﬁ)%’d @ftﬁ)t 'the scope of the
| n Vi ny rS?/I'O [ One or p uroni cs, ? asti ci si ng
&

pr: e@g’g_\]ﬁyen‘ug@ glﬁ: S gh }‘b@? Bpndlrrg@ch@w@ 1\5:1 9@/514 s which is
mc«ﬂ Mﬁa B%lrﬁa@n&lh)éfeﬂ m i eﬁtlﬁre%fa(:t ant, such as TVVeen 20 or

and a vol atile solvent, such as water,
|sopropanol, or ethanol . Follomnng casting and

[oogﬁﬁggﬁ%fcﬁ%@gg?ﬁ 198 @abﬁﬁ%%d{%%ht’ﬁ%f m\%nl%&lt i ydr83e1 S

forfartian cniaon st st bh@blphgemlty a@nvugmtt su;b amt/:mcmbaéredn
altegttégl(/ oséi]gm%_l%fI %f" @19 ?nv%ﬁtgfl {h% rhy<]§r<e)r e%rl ?or{nupa{lan 1sa(litcvc§)|<ri1 3fa

biob'g’roel@rq:mw ideht etnyl hc{n@@&%rel@& hyﬁna‘tmi medhaoiam. i n the art,
hydrogel s are macronol ecul ar pol yneri c networ ks t hat
are swollen in water. Exanples of suitable polyneric

(002 Woockslidgrte khedeventibi, Rdhigh the hydrogel formulation is devoid of a

biologically active agent, the active agent is either coated on the microprojection array 32,
as described above, or contained in a solid film, such as disclosed in PCT Pub. No. WO
98/28037, which is similarly incorporated by reference herein in its entirety, on the skin
side of the microprojection array 32, such as disclosed in the noted Co-Pending

Application No. 60/514,3870r the top surface of the array 32.
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l[imtation, hydroxyethylcellul ose (HEC),
hydr oxypr opyl net hyl cel | ul ose (HPMO),
whyasosyps opycel | ul ose (HPC), nethyl cel | ul ose PEAZPS2004/034923
hydr oxyet hyl net hyl cel | ul ose (HEMO),
et hyl hydr oxyet hyI ceI | ul ose (EHEC), car boxyrret hyl

cel | ul ose (vinyl alcohol) y(et hyl ene
[OOé&ﬁ’]d‘bi)dIquéﬁle? gt o e mmbeions By SOl allynovicals
Rt L S b W

polpoéryarertsrialsauclbes lu&dtca:iyﬁtbﬂcalhlwaﬂm@shmwewpphmlmmellnlgse

[ t therefore
Rl B O Ao TRUECE bRl NE A (B "1 G020,
hy%‘e’&@p’htﬂﬂw,loeﬂhbs&:@ﬁﬂé@l, ﬁthyllhpd‘roanetltyltelll{doiey(ﬁﬁii?@,

mat er r 0.5 -.,40 wt
carlBy Rt TLeciBiand oy BRRETT HfRRY BEUER Frd sl el
hyd&@«ymhlymdt}mmsylané) pdlﬁnm‘me pjfrbbdbnpl ef umbicy, ahfAaseicising agent,
nts e ctivit t0|ns
suc s RhTATT DR AL A B DD AT EhcY g diieen 20
or ”%Wﬁeﬁ 80; ainﬁﬁlvﬂgﬂ[ets’élmemf uch aﬂmbﬂ isSfropdho m étl’mml CBélloRGig
etween the fornul ati on an op ction array
castyng aaﬂc‘fu%%ﬂwngw&poramq %f'r}‘éﬂ f° e“‘t ﬁéoq]’éicfr l‘i“d 5%"{‘00212]
According to the invention, adequate vvettl ng
properties are achi eved by incorporating a wetting
[00 (gﬁ

e bhibe Rydoay dermuditipes Aihonyenept POPRIISF yateg cbased

hydf®dlelsl BB/ dRGER by eéﬁ@feﬁk@ﬂmﬁ@laﬂlcﬂl@ 8RR rafin High WReS@hiefk and
fﬁ m_[00213] eferably, the wetting agents i ncl ude

bioggmpagibidity. one” sur fact ant. According to the invention,
the surfactant(s) can be zwitterionic, anphoteric,
cationic, anionic, or nonionic. Exanples of

[002Qf /axcis st §nowie inibieart.dwydiogets tramasampkrstleepalyracriosistiv ks
thaBSEen Bl St of G B SR AP RIS
limisgrenalidoniyethy celhilenei(HEC), ppdrgsiordpatnegthydestinloas (HRMER 20
e r

v RS pRPEEM S i e B HAR0 0SEL AP ITR BHE e ARicee
(HEMQY, ethiythgdr okmhylmilefose (Eéﬂ%@)ucraﬂmxymemsl qehmlbseo[émgeen

T d SDS. r ef t.he ttin
potfin T LESRLCP BB By e b Sl Fediteryi), AR G-
pyrhlawna)ganalmhophs | Tlee mbs; p&fetrnee$olyiﬁxﬁmbteﬁall©lﬁretchmlmt ed

I nc e, thout Jim¢tatio ce
der RN ot Fosk B BRicnbe Ao Sei el trntid Blren
aveligd ke PrORYighind Yheeblewkigis e diffdRMheological properties.
hydr oxypropycel I ul ose (HPC), nethylcellul ose (M),

hydr oxyet hyl et hyl cel | ul ose (HEMC), or
[00210) Y& RAbBXMe thddehRdtlon o e pbIFERd maRSal is in the range of

approximately 0.5 - 40 wt. % of the hydrogel formulation.

[00211] The hydrogel formulations of the invention preferably have sufficient surface
activity to insure that the formulations exhibit adequate wetting characteristics, which are
important for establishing optimum contact between the formulation and the

microprojection array 32 and skin and, optionally, the solid film.
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wel |l as pluronics. [00215] Preferably, the
concentration of the surfactant is in the range of
wappsosiaat el y 0.001 - 2 wt. % of the hydrogel PCT/US2004/034923
formul ati on. The concentrati on of the polyner that
exhi bi ts anphiphilic properties is preferably in the
range of approximtely 0.5 - 40 wt. % of the hydroge
[002 124 rpcaidingrfo tegrention, Adeappte weiiiag Appraies araahipyeddiie
incd1pdrhiieh @\K/chﬂtaﬁéénﬁlﬁ'tlllé hyldFogbNSrmlidtiont RptiBRIIEds Wetkihé Afnt can
agents can be used separately or in conbi nati ons.
alsq paipaorporaied sy the sdidtfdmt he i nventi on, the hydrogel
formulations can simlarly include at |east one
pat hway patency nodul ator, such as those disclosed in
[0021&] Fféﬁdnaglg e Setting pgémfein@lud\e HNideast@De 95 GcHBE . Aghording to the
GGY,
ll‘Wél‘ﬁ.]igh ﬁﬁésngfaQQ?tKgb%r} lF:eZV\H?é P) a [%lsrm 1 %aﬁgﬁgg at%o%i Slar[bmomc.
Exasrqﬂhswmsw Eﬂctantsdm:)ludezwdhmbummlphaammawndﬁsm(c@dgayl stdlﬁaten 0
(S l gfs?lourl]% Qltﬂ(lirl&en(ﬁ(ll;’gg"a%le%g/ g{‘l &Hn&%{i’f@ cBi3ride (TMACQ),
bentc’rlk(amm‘l Johlopide, ml}ebnbatbdﬁlcﬁ as ‘ﬁw&mdlmami fpheapd@oeher sorbitan
hydr oco tana drochl ride rt| one
cer YR SR T RS2l ey RN SoRe-4 Moo
prefehos phfat@ndiimtdie TwWes@bd, Tweed By, lapd 8OR] sol one
21-succi naate sodi um salt, paranethasone di sodi um
phosphat e and predni sol one 21-succinate sodiumsalt,

[002N] FREtiaBRagy k@ﬂmg,ag@Msoaﬁclgdet;rdlﬁnemhﬂbtercdlstJr@b@méﬁsl ts
sodiumcitrate) dextran sul fate sodiu and

hav(méﬁmph[p@d@mpwfr?é ﬁw%iféa thegtpdIPRbMSE 1BEHIS GHpE

limlt&thUdBuRte dpRatved) @ﬁchvﬁf'n?@]‘%ﬂﬁétﬂ}llé‘eﬁlmose ?IE )abI €
vasoconstrictors |nclude W t hout tio

hydécpqya@ﬁwmeﬁwlceHﬁaﬁdﬂé’M%hydr@%yp@anél@éﬁ GPH’&) methylcellulose
(Md:)n Hanagel Hynﬁethﬁ@éuwo@é {HEMC oﬁgﬁﬂ%dl&%tﬂyyagﬁaew (EﬁEC) as

ymet azol'i ne,” xyl onet azol i'ne, am dephrine, cafam nol
We%yﬁﬂwgmﬁ$an1ne deoxyepi nephrine, epinephrine,
fel ypressin, indanazoline, netizoline, mdodrine,
naphazol i ne, nordefrin, octodrine, ornipressin,
[002)}»53} Rs¢fhablyl thaeoncphteatiph ebthe suréactaphie mythe range of appraxamately
0. 0{5’1 L QRAD ﬁJ(d’i‘@eP Fo’rleraﬁ(pY | ﬂ%’éSQJeht?a%on%? ﬁ%}%@%? fid ne.
etTahydrozol1 ne, tranazo tuam
exhiwusmmphnplmep pw@smips isspsdfasralz{mdl ﬂwlang@d)ﬁmpiqxnmatelalﬁd -t4hevt. %
Of4p%? ref,f , of [ 00219] According to the invention,
h ﬁEF Bt nul ations can al so include a non
aqueous sol vent, such as ethanol, propyl ene gl ycol,

0B R YR Bpar e e A hal g et e s B DSt wetine

agefifs B&T by &ﬁbtaﬂa%&br in combinations.

[00217] According to the invention, the hydrogel formulations can similarly include at
least one pathway patency modulator, such as those disclosed in Co-Pending U.S.
Application No. 09/950,436. As indicated above, the pathway patency modulator can
comprise, without limitation, osmotic agents (e.g., sodium chloride), zwitterionic
compounds (e.g., amino acids), and anti-inflammatory agents, such as betamethasone 21-

phosphate disodium salt, triamcinolone acetonide 21-disodium phosphate, hydrocortamate
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conmponents of pharmaceuti cal products or transder nal
devi ces known in the art. [00220] The hydrogel
wo evosioberss ons of the invention exhibit adequatBCT/US2004/034923
viscosity so that the formulation can be contained in
the gel pack 60, keeps its integrity during the
ap Ellcatlon process, and is fluid enough so that it
hydgog IOfIfiQa\hzvcilm%wne?—h@h%ﬁpb&t@élﬁ@ﬂl@walbﬁleﬁy%mwbaﬁ)éh ngs
pho%‘Qte' cpstogluPnrk%lt %étﬂylﬁl%ﬁ#ﬁ!@&% 2 1L R048:ble Bt WA ReRlethasone
formulations that” exhibit Newt oni an properties, the
disogjugte phgisphptesind prrdnisglenoglebuctipptagpdivm calt, jasd @Jﬁ@ﬁ@u@blsysuph
t 2 P
o5 cHE o DR SR TR R A IR G Ao FTA.
formul ations, the vi scosnty, as neasured at 25 C, is
roef . 0 P,
1002457 FE Bt B0 sl Rt o sBpcto@ior L
Suitdble aamnctnsfrmtommilnamm@ rvdthottHgnitatisie, @ememmmsmp’mzshnee d at
t he ra eof oxl mat el
reurdifgsauin JRGE GRS eyl forks @8, o B0 SRl s et
xyldlmt&bllhee amtdeplﬁﬁleemﬂlmalﬁmcldpénthlhelej dweydpimphrlrfeI@mephrme,

flg,ﬁle ?%fjﬁ mJIatlnco %nsa gast on cne
eIyBReg TRy geliclite e e v PheroBie nprefip e
ornipfeddigRMheBnRAnY @ﬁ@ﬂyhll’&pgrme[ Q%?ﬁ}haﬂ?lﬁlﬂrrﬁj }ﬂ@n}tlprobzhﬁlamme
venil on, en the or mu atl on cont ai ns one
pmlaﬁnhet?*ﬁ ‘"éfﬁfF‘g;’éa‘ﬁdH é‘y ’i?gké‘gi”r?é‘ge timazq e dpaaingheRtape,
tymRERRHE Masoplessin GRNEAGMERLIIAE ahM IR NER&Fes Aerdpt Ur ation or

bel ow saturation. The anount of a vaccine enployed in
the mcroprojection systemw || be that anount

[00319% @&Qc%@‘abﬁgtt@thg EhveNGdn, ﬁletl@@{ogﬂQWiﬂL@:ﬁﬂohy cafal BGAIIMR a non-
amount of the vacciné to achieve the desired result.

aqueqys 5plueiti se@h asteffagolpropylgng glyaal drelvythalepe alieal gndithe ke, e,
p1g19§\ﬁ§ Iy Get! fifer V e Rfon J%ﬁél fje‘ic@fen%ee{n:%i\b%{ey corhvBioAgVerity
1 on, es

con erapeutic effect.
contpaents qftphalglan@ttlcﬁrpa@ctup@ & trensdefom| dryicgs lozonini io theamtt. r ange
for the therapeutically effective anount of a vaccine
i ncorporated into the nethod. [00224] In one
(00230 ddhee ﬂrEthwecbfomiu@tibm/cﬁ“mlnei iovgntiph exhilhastenuateatibasityofo thdihe
0
for%lﬂ%t?oggcgil ‘3? c(;)ornrtraﬂI egit Pghﬁeng%&)agg gﬁ]kel ssgtétrng;:%ltﬂ ?urM&]the/ gp%fllce{tgﬁ
proe@shand iydinid eﬂnbuglm thatvienah iflow, thrbagh the mncaglﬁqacmbn assembly
the m CI‘OpI‘OJ ection assenbly is simlarly

{
Opeﬁ'ggsf%@g‘btlf) CSHOPEHNES i n the retainer 50 shown in Figs.

5 and 6. After pI acenent of the mcroprojecti on
[OO@j?ﬁﬁgl&ﬁr%l oxmyl GBPI{SEE{’%IFQS iﬁgemiagﬁgpgrrtlgg tl# v1sc:051ty ot the
hydF¥gef ®Faihtion it preferably in the range of approximately 2 - 30 Poises (P), as
measured at 25° C. For shear-thinning hydrogel formulations, the viscosity, as measured
at 25° C, is preferably in the range of 1.5 - 30 P or 0.5 and 10 P, at shear rates of 667/s and
2667/s, respectively. For dilatant formulations, the viscosity, as measured at 25° C, is

preferably in the range of approximately 1.5 - 30 P, at a shear rate of 667/s.
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m croprojection assenbly 70 is simlarly applied to

the skin using an inpact applicator, such as discl osed
WO pooSoePendi ng U. S. Application No. 09/ 976, 798PCT/08286934923

After application of the mcroprojection assenbly 70,

the release liner 69 is renoved fromthe gel pack 60.

The gel pack 60 is then placed on the m croprojection
[00222% é\lsrbmqrcam in,# daegitppe embodigignt o B invptian, fribydrogd i s
forrﬁtﬁétfbﬁ%@l%amﬁ %éshgn&%kcnﬁ@%eégb%hﬁlg YERidREmBR&ER 'oﬂeg§f (RS

In the mcroprojection array 3 passes through
afOlnm@lrtt@Qtd Yagcings.t he stratum corneum formed by the

m croprojections 34, mgrates down the outer surfaces

of the mcroprojections 34 and through the stratum
(00228} rewrrding tathkiieweetidm whlen the hpdreged firmulation equaing @@ 22T
afmléelle]fn%fé)nécpgc}cm%%v ‘ihe acgne cra’g bé %ge%t Etac%ggemgtg%t hlg%essa %f be
satuestiph oymiostettmanoﬁ rTae smome ob4 vdchiae pmplsem initivieittdposjectids

il lustr din Fi S
sysippedlbE ey nibsrsgh: bR LR ERER B Fmommtasipe
vacoifie taradhlg%l Oth@a@;kl e&iﬁksdesm(rjplratwcb ahovidl @Mwﬁlﬁ@%p&rﬁn@lu?ﬁn the
a 28 ccor dance, W one, enbodi ment, o
par R RGBT SHEELHB TSIty GBIRG: 0 (e desired
therBpeRliOffce! Thusaie isl ieepRERaL to(de it Aaf@sllar Fand €or fiyedr ogel
formul ation, or cont%l ned.in the bi oconB %‘ﬁg“i‘f coati ng
thergprupiprdy EF B ABIOBRLIL SrY R TRIFI B e B3P ses t he
fol |l ow ng steps: the coated m croprojection nenber

:& ? |s|n|t|aIIyapplledtothe{)atlentsskln
[00324% %?Peaf‘@@‘{?ét%‘?m fHoe EVAntinethprIcepagpRet herceng ipndice

ranJenﬁaﬁlEz[s@tl“m &PW@HH& h;ﬂ%&%%ﬁlh@&d on i nduci ng device
is then placed on the applied mcroprojection

merrber and a frequency in the range of 200 Hz - 100

Oota?i Acg‘onﬁﬁll%lté) Gk eh QAR of fle RRerR oh %Pﬁglja @mﬁlrﬁggﬁéaf[grmthe

€ mcroprojection ne 1S 1 COI‘p
miciapragectine agsswblylinsimdarly m@&mbbgsu@l@vd@em 2@, retainer 50 shown in

03614} W | 358k o
Flgs %hxl,l !5 }%h&g&é&q{éﬁf JH 10102’?0&«,%910 §ssg 1"5)1? %@ ,"9%9]2%@8? StOh ee
mlcmpmm‘plom psescmbkyrf/'@ 1pap@dnc@totth@pasltmtatskum Coferelmtbnd a
. frequency in h@.ra 0 k Hz. 1

mlcfo(%ogeopg i seenplélfya |1§/ §1111 ﬁrey %Hpgl?(g tﬁlr_%ej Sé\(l: 1959 r%san,o;ﬁlp&t %F;ﬁ cht?rd
such s disedosedingeo-Béndapdy.SxApmpicetion N 09/92!@0981111 nor e

preferably. [00231] In one enbodi ment of the

i nvention, the mcroprojection nmenber includes a
[00206F rATRE @@;_ﬁi@&tﬁdmrbfalrenﬁmofpéoﬁbamh agerablp 7 0aheRddabdlier 69 is
rem%\cf)e ! l'orhgtl]glg% fafffgot Ell?er g% pac h6%tls thgncllalgcde% onahe microprojection
assembly 70, whereby the hydrogel formulation 68 is released from the gel pack 60
through the openings 38 in the microprojection array 32, passes through the microslits in
the stratum corneum formed by the microprojections 34, migrates down the outer surfaces
of the microprojections 34 and through the stratum corneum to achieve local or systemic

therapy.

[00227] Referring now to Fig. 9, there is shown another embodiment of a microprojection

system 80 that can be employed within the scope of the present invention. As illustrated
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| east one biologically active agent, as illustrated in
Fig. 3. [00232] In a further enbodi nent, the
WOR@SOM768 ect i on nenber conprises a m croproj eeCT/082004/034923
array/ gel pack assenbly 80, as illustrated in Fig. 9,
wherein the gel pack 60 includes an agent-containing
hydr ogel fornmul ation. [002331 In an alternative
in FignBolbi srisiem compaises ayl infggretad Pt epsnrisigdlsemicropsoiedion aiember
70 a'n_ﬁ‘ ggl)ob Ekoﬁﬁéles&‘ﬂ{eﬂléh@\te 18 sﬁo@vn 1ﬁ'?1g9@'|an@§0k 60 and in a
DI npati bl e coating applied to the m croprojection
nmenber. [00234] Fromthe foregoi ng description, one of
[Ooﬂ%g'hp?c'cgrdﬁllfée!vl'itﬂ eeﬁl%oﬂrntentcoq%e‘%ﬁvﬁé ntidf %%ecrﬁéthé'd fbrhg%rin a
the present invention, anon er ¢ hi ngs, provides &
biolegicaékytaicnir@ a@nnt (mmalmwntlmdwgéldoannmn of eantaingl in the

A s RAPALGRL oS LR ARE sl
stethhet‘lmateddlap@ptoua’(cgoIﬁ membdfl hegs m)ns initatig appﬂmpeo thfe phtidngs skin
i nv of. ord lnary

n

vio etk W e oGPl BReY 25 Petre 1Rl Sl otfRoe

oscmﬂnonaﬁmmm ddldslag €6 isahh ptesdot the Iaﬁplle.é\sl?lsmpﬂmj ec_tlblegxlember ancgj a
chan an are properly, equitably, an

ﬁeq“‘f'ﬂcé%ﬂéla rqnge gg%%é* fdr(ﬁ‘?%és ?RPIIIF T gngeyof gqui val gnce

of thefollovvlng clains.Clains What is clained is: 1.

ivery syste or delivering a biologica active
[0%131; .Iﬁ an %Jtewag%fle@ecﬁm%ﬁm%? Hg: “%‘é}oﬁ‘ioé,e[cﬂfﬂ @f@&%

incdTRIFREd infPihb BEbilfatidh tdakihg Mevie 29! thabsimEoh MRMBMP deVied 20ds
m croprojections; a fornul ation havi n%P saj d

plagsd gn Bigipetanty sleie propanaigfrliverysite, ahegsby tha micraproisiaBTRIFEE
the SEWINE SorhQlRL adBa ALRREEDn R rARERES RS 182 WM 048 applied.

m croproj ection nmenber to produce high frequency
oscillations. 2. The systemof Claim1l, wherein said

[0 ipldrg %mgr}hé ﬁ@'gg;]sr et %Bﬁ:gﬁﬁfa%qH?lfe%aﬁ&éfotaﬁﬁ%klﬂlaeYy 10 -

axi al oscl ons. e systemof Claim?2
400\Mnemmr¢1pl§&nd>lbosci |l ati on inducing devi ce produces
oscillations of said mcroprojection nenber in the
range of approximtely 10 - 400 mm 4. The system of
(00131 4ilmpide, emvtlodimednm oS the cthveigdin) themiiaoeprbjechiom memigke vichuges a

micporp(r)o%'lc%%rsf array 34 having a biocompatible coating disposed thereon that includes at

least one biologically active agent, as illustrated in Fig. 3.

[00232] In a further embodiment, the microprojection member comprises a
microprojection array/gel pack assembly 80, as illustrated in Fig. 9, wherein the gel pack

60 includes an agent-containing hydrogel formulation.

[00233] In an alternative embodiment, the biologically active agent is contained in
hydrogel formulation in the gel pack 60 and in a biocompatible coating applied to the

microprojection member.

[00234] From the foregoing description, one of ordinary skill in the art can easily

ascertain that the present invention, among other things, provides an effective and efficient

45



substantially transversal oscillations. 5. The system
of Caiml1, wherein said oscillation inducing device
w@e@dioewss substantially circul ar oscill ati ons. PEr/UI10e4/034923
systemof Claim1, wherein said oscillation inducing
devi ce provi des high frequency vibrations in the range
of a prOX|nateI 200 Hz - kHz. 7. The system of
meag$ £ ﬁ? hpncigg &eéwaﬁsd%md flyzef s Plaio%ﬁllbf ?ﬁﬂ% PERGL EaAng ghrough
the Q&mﬁ E&RSunRHr dibatit@soni ¢ device adapted to apply
ultrasonic energy to said subject. 8. The system of
Claim7, wherein said ultrasonic device generates
[ooigggr@gl)t(lll{éﬁn%&‘ezfﬁnﬂg 'ﬁBE\ the Mﬁt%@@@ of‘thﬁﬁﬁ\éé'ngglg %S%B% (%rdlaarg -
skilhcanywese saripus ghangen and @p]ddjce@qns tnthardnvsetiontg gdapt it to various
[
uso EAOTRANEAL | P IRE Yyhesha MEARLAARLEIHIRN ity
andwhterded o avdhimtlor o rojge of ¢cplwatmnda@ith¢1ﬁ$loaing claims.
m croprojection density in the range of at |east
approxi mately 200 - 2000 m croprojections/cm 2. 11.
The systemof Claim 1, wherein said mcroprojections
are adapted to pierce through the stratumcorneumto a
depth of | ess than about 500 microns. 12. The system
of Caiml1, wherein said biologically active agent
conprises an inmunol ogically active agent sel ected
fromthe group consisting of proteins, polysaccharide
conj ugat es, oligosaccharides, |ipoproteins, subunit
vacci nes, Bordetella pertussis (reconbi nant PT accince
- acellular), Costridiumtetani (purified,
reconbi nant), Corynebacterium di ptheriae (purified,
reconbi nant), Cytonegal ovirus (glycoprotein subunit),
G oup A streptococcus (gl ycoprotein subunit,
gl ycoconj ugate Group A pol ysaccharide with tetanus
toxoid, Mprotein/peptides |inked to toxing subunit
carriers, Mprotein, nmultival ent type-specific
epi t opes, cystei ne protease, C5a peptidase), Hepatitis
B virus (reconbinant Pre SI, Pre-S2, S, reconbinant
core protein), Hepatitis C virus (reconbinant -
expressed surface proteins and epitopes), Human
papi |l l omavirus (Capsid protein, TA-GN reconbi nant
protein L2 and E7 [from HPV-6], MEDI -501 reconbi nant
VLP LI fromHPV-1 1, Quadrival ent reconbi nant BLP LI
[from HPV-6], HPV-1 1, HPV-
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16, and HPV-18, LAMP-E7 [from HPV-16]), Legionella
pneunophila (purified bacterial survace protein),
wOlRI0SHes7s8 meni ngi ti des (gl ycoconjugate wi th tPCEHONR04/034923
t oxoi d), Pseudonobnas aerugi nosa (synthetic peptides),
Rubel la virus (synthetic peptide), Streptococcus
pneunoni ae (gl yconconjugate [1, 4, 5, 6B, 9N, 14, 18C,
Clamgy/ 23F] conjugated to meni ngococcal B OWP,
whtliyageepisgate [4, 6B, 9V, 14, 18C, 19F, 23F]
conjugated to CRML97, glycoconjugate [1, 4, 5, 6B, 9V,
141 18CA detirery g3 (6 AglivgeredbiplosicRly acoyoagent epsHbiRd,
comP@biht.dum (surface |ipoproteins), Varicella zoster
virus (subunit, glycoproteins), Vibrio cholerae
( conpisgareedtiop @pmbyslmbigaamlm‘e&ty ofkttsitum gornem-piseednger i a,
. .or killed viruses, cytonegal o virus,
‘“”wﬁgﬁgﬁgﬁé B virus, hepatitis C virus, human
papd fotrowtatiam hasingisaitd éldlagicsily agjvewgmit:cetll a zost er,
weakened .or . kil.led bacteria d I I ' C o
G a6 Bt iuping fo PR3 it Bap BRI G o E iR Broigsgon
mendbes ta @piee biptusqudneg bsilédtibas. pneunophi | a, nei sseri a
meni ngitis, pseudononas aerugi nosa, Streptococcus
pneunoni ae, treponema pallidum vibrio cholerae, flu
vagei neShe dytth sliAEmsE whakin JaR), ostilliticdsSndeingidaeice produces
neasles.vaccinﬁ,.nunps vacci ne, chicken pox vacci ne,
subsiantiplly WXl Lsel#ie % epat i ti s vaccine, pertussis
vacci ne, diptheria vaccine, nucleic acids, ,
si ngl e-stranded and dou%lefstrand d.nucl e{ c acj ds,
super colt ey s mphg e‘[ei"rr“ééijrosf)‘ﬁ%t% 1pdyspgs, depisg progduces
oscilAEd8 bt &id Atidrdrbiediah n?éﬂftféﬂﬂ&%ﬁge(cﬁéﬁﬁrbxin%&ﬁﬁto - 400 pm.
artificial chronosones (YACs), mammalian artificial
chronosones, and RNA nol ecul es. 13. The system of
A ai m 12y, WRehEHTISA O Whefeidaff ds@NatihGhal{e® RBice produces
I munol ogi cal 'y potentiating adjuvant. 14. The system
subgigntiglniransygsalwhratlasions. sai d adj uvant is sel ected from
the group consisting of alum num phosphate gel,
al um num hydr oxi de, al gal glucan, b-glucan, cholera
t 0% n BThebystent of Qi 1, 008reinABAl dskidationpodugingrdeyiice hrogecss

=8 . =205, ganma insulin, |inear
sub AT ofuidt S P05 9
pol yfruct of uranoxyl - a- D- gl ucose, Gerbu adj uvant,
- B N B ERARECT £ sersiy ridsrgiaionindus ey provides
higidfregriehgyl vistatatsad e ydngaobappuwrirndtelp 200 8z ¢ DDAKEHz.zi nc
L-proline salt conplex (Zn-Pro-8), I m quinod
(1-(2-methypropyl)-I Himdazo[ 4, 5-c] qui nol i n-4-am ne,
| myTher Thepystem of Claim 1, wherein said oscillation inducing device comprises

an %&éﬁ%é&&u&%&% ‘Poy elpi)wu?t(r:aesE)Xilc gyerrgayn%lsz_iila_su%jgc_t.[} I soG u-L-A

8. The system of Claim 7, wherein said ultrasonic device generates sound

waves having a frequency in the range of approximately 20 kHz to 10 MHz.

9. The system of Claim 1, wherein said microprojection member has a

microprojection density of at least approximately 10 microprojections/cm?,
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dipalmtate, MIP-PE |iposonmes, C59H1I08N6OL9PNa - 3H20
(MIP), Muranetide, Nac- Mur-L-Al a-D @ n-0CH3, Pleuran
wh2@bcass QS-21; S-28463, 4-am no-a, PCT/US2004/034923
a-di met hyl -1 H m dazo[ 4, 5-c]quinoline-I-ethanol,
sclavo peptide, VQGEESNDK HCl (IL-1b 163-171 peptide),
threonyl -NDP (Ternurtide(tm), N-acetyl
mur ¥hy 1 -The sytes af/Clain 1.9digrain said misrorrejeesion gngaiber ha a
’ d a2 G
mick gtk A i e N R P60 08T
mikeprpiactRns/eglil at or y S|gnaI|ng proteins, heat - shock
proteins (HSPs), GIP-CGDP, Loxoribine, MPL(r),
Mur apal m ti ne, and Theram de(tm). 15. The system of
Cl ailm 1,Theisgsten nf Ghindl b)i/lmkdingisar’tdainlioyomcjbcttmes ageaddptedsto pierce
d fromthe n Ieut|n|2|ng
thr(hugh?h Sglatrué Cé)éns‘a'luﬂqgw%gﬁ?rgﬁggﬁf bpgﬁ_ﬂﬁﬁlgﬁ)g’f ogs (such

as goserelin, leuprolide, buserelin, triptorelin,

Curor o 1ty ¢aly g FO0loGR L pasen cmprises

1mld@rﬁilﬁgﬁh’aﬂ§5 adtive agant Eél&ﬁﬁdrfmk the (AP Iddnsistiag bif m&hr@gs such
ACTH (1.24 al ci vasop res‘%l n, deam G[e% \a{\l

PO‘WA‘?‘B@TC %ﬂnwgm)eﬁ@ﬁ s lfpoprofsinsy ¢ P@h%&%ﬁ% or
pertu@i@(réd%[rﬁbmahﬁl@"ﬁaucin"dé esdeRiilON, QadR@umatHhiTp@Ridetet finbinant),
(EPO), .granul ocyte rmacrop ha e colony stinulating

COW&W&W%I@@!@W (RyFifipds %ewéla%|dele£@lows(aﬁglyraaprpﬁm or
subﬁ@t)@F Sup A fteBlok6ddlss i (b'lvcgﬂo{elanub@w g@lcé%ﬁﬂlgﬁe A6 h

hornone r el easi ng f act or
polysqseiprigeoy ith fstanus ©xpidi Mmﬁ@tvaemd@@b@lieééo @ﬁ@@rsplmn# carriRg, M

ploMn %ﬁllt{v%nﬁmyﬁ@%pe@ﬁti'r%pltopes cLsteme protease, C5a pegtld%se] Hepatitis B

S) - 4- ox0- Z-azeti dinyi]carbonyl]-L-h
VIHLS-(}iﬂC@m inaniPere§ L, Pra-p2. Sciepom Mmtcor‘slvs}tpmlsblﬁmt@@ﬁa‘tlm

(re A rg\preegiegggltf%tg @Po?élﬁ]s’ an Erloog %t ﬁﬁx‘h!ﬁﬁ’ E%J 1%19&%10?( apsm

actor re tor l'ecyst
protfire Tie@Ngegorbaot profsind,2 amp(ﬂﬂr[frsme?ﬁb‘l’ 6I Mléwleﬁ(dtlecombmant

B e

16,(a|i¥<SH))_Va]8d IJA-H)IP Ed){ﬁ‘bmd-ilﬁ/ 16D, rI.&gtonklla’m]smnolthlla$1rlmtled bacterial

asm nagen. activator., u cle rance

surfich B S AR e Bhoaices (R hPRREa N s el

Pseadmhdiakmc&tlglﬁosh(){ym&c pepaddsy (Raubelb Ay lﬁyﬂﬂheﬂnﬁ@gdm st S,
r edase cal ci toni n.gene ept.

St PRSI B e Acan e N 4 & B T Yaetir)

conjupaRt esmetifgocbédat B OMElgll}Qb«fdhﬁlhhté f4aeB,0n\s .14 I8 NYF, 3F]
[ ' actors, par@ hyr oj.d_hor and. a

AR Bt A SRR R e R

to CRVIRGAN TR SnenRgfallidaet klﬂr&ce Bp Pk &EiRs)CVaideQh Sdster Sirud @Muit,
i nhi bi to‘r?e‘g tﬁquarlo sin ( ha-ﬁ(%} throrrbol yti csr TKIF@

glyw&s@ﬁlﬁ@s&hﬁlc@h@a@%ﬁﬁogwgatahamb@awh@l bWhPlea‘H‘t“F’tl}aﬁtﬁg%n
wedNeBERIREIRAN thses, HonRA18 virh O BEARAS BRs, hepatitis C virus, human

papillomavirus, rubella virus, varicella zoster, weakened or killed bacteria, bordetella
pertussis, clostridium tetani, corynebacterium diptheriae, group A streptococcus,
legionella pneumophila, neisseria meningitis, pseudomonas aeruginosa, streptococcus
pneumoniae, treponema pallidum, vibrio cholerae, flu vaccines, Lyme disease vaccine,

rabies vaccine, measles vaccine, mumps vaccine, chicken pox vaccine, small pox vaccine,
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ardeparin, dalteparin, defibrotide, enoxaparin,

hi rudi n, nadroparin, reviparin, tinzaparin, pentosan
w@olopmed7fat e, ol i gonucl eoti des and ol i gonucl eoP¢THES2004/034923

derivatives such as formvirsen, alendronic acid,

clodronic acid, etidronic acid, ibandronic acid,

i ncadraoni c aC|d pam droni c aC|d ri sedronic aC|d
hepafifigiceinf.Peresl vasiicedipbaiicyaseing nugeigacideb atnglerignded and

do%@&@ﬁded@%l‘e@@:ﬁl; %upér@d?fe@ﬂbékmldrmf1%51315'15@m1d DNA, cosmids,

sufent anyl, al fentanyl, | of entanyl, carfentanyl, and
bacigriat arFiBeiak dheqmaspmesi@ACrh eveasy artifipip bthranesomes (Y ARy ei n

map@laflad %ﬁyihl%kd?ﬁbq&ﬂ@@o LAPRR AT SiQALdsNg di sposed on at

east one of said m c¢roprojections. 17. The system of
Claim 16, mhereln said formul ati on i ncludes a

SUT¥ act gﬂltte 'S sefl@l?i n Y2 ﬁg B dlon MGESLE said

sur fed from t he group conS|st|ng of
immpudilegwallapreatimbng adietaat.e, sodi um dodecyl sulfate

(SDS), cetyl pyridiniumchloride (CPC),

dodecyl tri net hyl ammoni um chl ori de ( TMAC),

benial kdrhegpstent bf Olaind &3, mfeySMdmijLemt is smdsctalsfroTV\&le rgrodp

and T n .80 or erjvat,i S rate
coPftaggf i R Bi B Al in B Rie T bRl bIRE "
chcﬁra'td‘ﬂn?]lg I,subl\thﬁ @RI OSﬁ,IZ/(C)BA ‘b:]omd b@llyineﬂwitl? ﬁlé&kdﬁﬂue?gf x=8 and
111 r . al m
v~ FeeiaPe i Bres e hiansned e S Hob Heion R ot P Brgtvaqee
Ge@n@uj@vm NSla&dty1BRc@hmBel (b Wl493eaddg i@y LESianyl-D-glutamine

(Glﬂég oxye hyI %tealqllg%:lﬂ%}srg@uprﬁ P%}gléde(qq% zinc L-proline salt complex
(zm}mrs@wmmw el- ﬁ%aﬁﬁr&ﬁmﬂ nﬂﬁam{& §R1duitloPaa-dnivke,

ylc ul ose

dr 0x et hyl net
Imig gy P ooy sl Mo by laPdsosflur oplacabicest.
dlpg-llﬂﬁ a%fg/g{@?%{,p& ﬂ%@g&ﬁlmfﬁ?ﬁ\l é%ﬁ’%@@g%%%]pde, Nac-
MUGLaAmIZ-ﬁln-@IQéﬁePhulsw halglho;anr Qp12il] $-L8408| 4amino-z asiheabyldd-
£ a I
lmldgﬁ%gj(g Elyﬁ“e)g%ol gt(ﬁg@%l s%faUc?@e%ng Q}d(glgﬁmbK II—ﬁﬁ'?l‘i l)lj 163-171
pepimxdél)[ thxqoaphMME{trhamrtydea‘#)eN acg@gll ryléramK] D—ylhle@yyﬂ-m ﬂs@’gﬁma)llne
et hyl e xtures, t 23. The
mtf@@%‘% H ﬁa‘g"m)ﬁig I%ﬂgroglg‘ﬁmglﬁiﬁbdef’o&?é COR'PIHMEI ncl udes
ohg’xbnbcbl@&@lﬁ@ ahihRb terferon, NF kappa B regulatory signaling proteins, heat-shock
proteins (HSPs), GTP-GDP, Loxoribine, MPL®, Murapalmitine, and Theramide™,

15, The system of Claim 1, wherein said biologically active agent is selected
from the group consisting of leutinizing hormone releasing hormone (LHRH), LHRH
analogs (such as goserelin, leuprolide, buserelin, triptorelin, gonadorelin, and napfarelin,
menotropins (urofollitropin (FSH) and LH)), vasopressin, desmopressin, corticotropin
(ACTH), ACTH analogs such as ACTH (1-24), calcitonin, vasopressin, deamino [Val4,
D-Arg8] arginine vasopressin, interferon alpha, interferon beta, interferon gamma,
erythropoietin (EPO), granulocyte macrophage colony stimulating factor (GM-CSF),
granulocyte colony stimulating factor (G-CSF), interleukin-10 (IL-10), glucagon, growth

hormone releasing factor (GHRF), insulin, insulinotropin, calcitonin, octreotide,
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carrier. 24. The systemof Caim 23, wherein said
bi oconpati bl e polyner is selected fromthe group
wa@omsioed7ss1ig of human al bum n, bi oengi neer ed huPEIUS2004/034923
al bum n, polyglutam c acid, polyaspartic acid,
poI yhi sti di ne, pent osan pol ysul fate, poI yarri no aci ds,
crose, trehal o mel ezitose, raffi

end%‘tphk‘f’h}}%%]eNTﬁé (ohppraced 9@@%@?{ dfs) @IOAPﬁTaZ@‘dIWEP@PWIkéThéPtIdY"

L- pfo‘?iﬁﬁﬂ%id@)t llgl@mhrMN{d SRS, QAR ARET biadiSHin, s%ﬁrato-ﬁiaﬁmsp’l%%m
d ai'm wher ei n Sald vasoconstrictor is sel ected

derwcbgfpwﬁwefagmol@pa%@m@pt@mqhgm@pap@m, ehojssy stekanincheranis| i ne,
ngﬂ@ﬂygfﬁ%@téngﬁ( J&ﬁl 2 égrgédtf%ﬁ mhr@ttor)zélhéaﬁgm hirulog, interferons,

tra OXynet azo
mtexlyuls@tm:_\mglijwopm@ (urgfwld@pkmr(i: HH) angidﬂ—é)m))r},@cpcm streptokinase, tissue

pla eﬁ%ﬁﬁ&m{& rh‘?ok %é’W'Aﬁ\ﬁp&l&ir&hece n%ﬂ:hﬂ%?spﬁf\l'l)”%GF

ressin nazol i'ne m dodr i
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17.  The system of Claim 16, wherein said formulation includes a surfactant.

18.  The system of Claim 17, wherein said surfactant is selected from the group
consisting of sodium lauroamphoacetate, sodium dodecyl sulfate (SDS), cetylpyridinium
chloride (CPC), dodecyltrimethyl ammonium chloride (TMAC), benzalkonium, chloride,
polysorbates, such as Tween 20 and Tween 80, sorbitan derivatives, sorbitan laurate,

alkoxylated alcohols, and laureth-4.

19.  The system of Claim 18, wherein said formulation includes an amphiphilic

polymer.
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hydrogel conprises a macronol ecul ar pol yneri c network.
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25.  The system of Claim 16, wherein said formulation includes a

vasoconstrictor,

26.  The system of Claim 25, wherein said vasoconstrictor is selected from the
group consisting of epinephrine, naphazoline, tetrahydrozoline indanazoline, metizoline,
tramazoline, tymazoline, oxymetazoline, xylometazoline, amidephrine, cafaminol,
cyclopentamine, deoxyepinephrine, epinephrine, felypressin, indanazoline, metizoline,
midodrine, naphazoline, nordefrin, octodrine, ornipressin, oxymethazoline, phenylephrine,
phenylethanolamine, phenylpropanolamine, propylhexedrine, pseudoephedrine,
tetrahydrozoline, tramazoline, tuaminoheptane, tymazoline, vasopressin and

xylometazoline.
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33.  The system of Claim 31, wherein said low volatility counterion is selected
from the group consisting of monoethanolomine, diethanolamine, triethanolamine,
tromethamine, methylglucamine, glucosamine, histidine, lysine, arginine, sodium
hydroxide, potassium hydroxide, calcium hydroxide, magnesium hydroxide, ammonia and

morpholine, and mixtures thereof.
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consisting of sodium lauloamphoacetate, sodium dodecyl sulfate (SDS), cetylpyridinium
chloride (CPC), dodecyltrimethyl ammonium chloride (TMAC), benzalkonium, chloride,
polysorbates, such as Tween 20 and Tween 80, sorbitan derivatives, sorbitan laurate,

alkoxylated alcohols, and laureth-4.

41,  The system of Claim 36, wherein said formulation includes an amphiphilic

polymer.
42.  The system of Claim 41, wherein said amphiphilic polymer is selected from

the group consisting of cellulose derivatives, hydroxyethylcellulose (HEC),
hydroxypropyl-methylcellulose (HPMC), hydroxypropycellulose (HPC), methylcellulose
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54. The nethod of O aim 53, wherein said ultrasonic
devi ce generates sound waves having a frequency in the
WO 20806088 approxi mately 20 kHz to 10 MHz. PCT/US2004/034923

(MC), hydroxyethylmethylcellulose (HEMC), ethylhydroxyethylcellulose (EHEC), and

pluronics.

43.  The system of Claim 36, wherein said formulation includes a pathway

patency modulator.

44.  The system of Claim 43, wherein said pathway patency modulator is
selected from the group consisting of osmotic agents, sodium chloride, zwitterionic
compounds, amino acids, anti-inflammatory agents, betamethasone 21-phosphate
disodium salt, triamcinolone acetonide 21-disodium phosphate, hydrocortamate
hydrochloride, hydrocortisone 21-phosphate disodium salt, methylprednisolone 21-
phosphate disodium salt, methylprednisolone 21-succinaate sodium salt, paramethasone
disodium phosphate, prednisolone 21-succinate sodium salt, anticoagulants, citric acid,

citrate salts, sodium citrate, dextran sulfate sodium, and EDTA.

45.  The system of Claim 36, wherein said formulation includes a

vasoconstrictor.

46.  The system of Claim 45, wherein said vasoconstrictor is selected from the
group consisting of epinephrine, naphazoline, tetrahydrozoline indanazoline, metizoline,
tramazoline, tymazoline, oxymetazoline, xylometazoline, amidephrine, cafaminol,
cyclopentamine, deoxyepinephrine, epinephrine, felypressin, indanazoline, metizoline,
midodrine, naphazoline, nordefrin, octodrine, ornipressin, oxymethazoline, phenylephrine,
phenylethanolamine, phenylpropanolamine, propylhexedrine, pseudoephedrine,
tetrahydrozoline, tramazoline, tuaminoheptane, tymazoline, vasopressin and

xylometazoline.

47. A method for transdermally delivering an biologically active agent to a
subject, comprising:

providing a system with a microprojection member having a plurality of stratum
corneum-piercing microprojections, a formulation having said biologically aptive agent
and an oscillation inducing device that is adapted to cooperate with the microprojection

member to produce oscillations;
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applying said microprojection member to a desired location on said subject; and
activating said oscillation inducing device to facilitate penetration of said

microprojections into said subject.

48.  The method of Claim 47, wherein said step of activating said oscillation

inducing device generates substantially uniaxial oscillations of said microprojections.

49.  The method of Claim 48, wherein said step of activating said oscillation
inducing device generates substantially uniaxial oscillations of said microprojections in

the range of approximately 10 - 400 pm.

50.  The method of Claim 48, wherein said step of activating said oscillation

inducing device generates substantially transversal oscillations of said microprojections.

51. The method of Claim 48, wherein said step of activating said oscillation

inducing device generates substantially circular oscillations of said microprojections.

52, The method of Claim 48, wherein said step of activating said oscillation
inducing device generates high frequency vibrations of said microprojections in the range
of approximately 200 Hz — 100 kHz.

53. The method of Claim 47, wherein said oscillation inducing device
comprises an ultrasonic device adapted to transmit ultrasonic energy to said

microprojections.

54, The method of Claim 53, wherein said ultrasonic device generates sound

waves having a frequency in the range of approximately 20 kHz to 10 MHz.
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