System and Method for Transdermal Delivery
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[005] Hence, in principle, transdermal delivery provides for a method of administering
active agents that would otherwise need to be delivered orally or via hypodermic
injection or intravenous infusion. Transdermal agent delivery offers improvements in
these areas. Transdermal delivery, when compared to oral delivery, avoids the harsh

environment of the digestive tract, bypasses gastrointestinal agent metabolism, reduces
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[009] A widely used electrotransport process, electromigration (also called
iontophoresis), involves the electrically induced transport of charged ions (e.g., drug
ions) through a body surface. Another type of electrotransport, called electroosmosis,

involves the trans-body surface (e.g., transdermal) flow of a liquid under the influence of
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SYSEEHSt her obj ect of the invention to provide a system
and nethod to

[013] Accordingly, it is an object of the present invention to provide a transdermal agent
delivery system and method having an electrical field with improved homogeneity and

symmetry to deliver a biologically active agent.

[014] It is another object of the invention to provide a system and method to
electroporate cell membranes and provide intracellular delivery of a biologically active

agent using an applied electric field.
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electric field densities in the range of approximately 100 V/cm to 5,000 V/cm.

[021] Preferably, the circuit is also adapted to deliver a second electrical signal to the
electrodes, prior to the first, that facilitates transdermal delivery of the biologically active

agent.

[022] Also preferably, the second electrode has top and bottom surfaces and a plurality

of stratum corneum-piercing microprojections that protrude from the bottom surface of
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first microprojection member configured to maximize electric field densities to
electroporate cells. Preferably, the insulating coating is disposed on the bottom surface of
the electrodes and on a portion of the stratum corneum-piercing microprojections. In such
embodiments, each of the plurality of stratum corneum-piercing microprotrusions

comprises a tip and the insulating coating is preferably not disposed on the tip.
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as dobutamine and ritodrine; antiarrythmics; antihypertensives such as atenolol; ACE

inhibitors such as ranitidine; diuretics; vasodilators, including general, coronary,
peripheral, and cerebral; central nervous system stimulants; cough and cold preparations;
decongestants; diagnostics; hormones such as parathyroid hormone; hypnotics;

immunosuppressants; muscle relaxants; parasympatholytics; parasympathomimetrics;
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ydrogel reservoir to drate and di ssol ve the

h
bedwm%ect ind hyfreeel twewl@thm o fhe dnveptigsrinalede mpgremeplgeular
polydfer A6kvoME b sit@hcinbiaR hRghipRilib ¥olPmbd, ¥ $aR8& R krictor, and/or a

pathway patency modulator.

[037] According to the invention, the biologically active agent to be delivered can be
contained in the hydrogel formulation disposed in a gel pack reservoir, contained in a
biocompatible coating that is disposed on the microprojection member or contained in
both the hydrogel formulation and the biocompatible coating. Furthermore,
embodiments that comprise the biologically active agent in a coating can also employ a

hydrogel reservoir to hydrate and dissolve the coating.



conprising the steps of providing a transdernal
delivery systemthat conprises a first electrode
whawsnge1dop and bottom surfaces and a pl ural i tRCD1S2004/036180
stratum corneum pi erci ng m croprojections that
protrude fromthe bottom surface of the first
el ectrode, a second electrode, a biologically active
[03¢]e rithe dwigniden Alsosouipeisesd ndthdal foidelifverigga lﬁblegfcaugdmve agent

t I
o Bl Dr g o M S A R St s e
elﬁforrpéq haying teparciivtiemeotizces el zqﬂmab’ry?)f @ﬂ‘ratﬁhfb@in%@ﬁ@ﬁcfll&hg g
t
R o PR R raaR om B bo G et o brsCuiirour acerovde
elestrndd, g lbroé(nglctaﬁly Famelagém%@rcéﬁsﬁﬁfa@éd| v?ﬁklﬁﬂh% lﬁfs@é‘l%&ﬂfd% c&taining a
blélg%;%ﬂ ﬁvger ¢ aer %I%]tﬁ%;q\{tgaéla ﬁgto&eg 4 er@,%r%@]q%@@ﬁl, slxgjla]ato the first

ang exondlcledtedty dapale 6 @mbpdr@uﬁg@ceﬁInﬁ&ﬁbrﬁiee&w&éﬁ%ﬁ@% first
or to the first electrical

el Gl b F5ts1rous B B srondetorimds scafiewes (bt
1ntkuc®l|hﬂzgl teaabgdoyt el Wﬁo@%l@'tacu@h%eﬁt' 'P?éfer%l? Ghtd ﬁl@ﬂthoéﬁ %Hﬂér

% ferabéfy configured generate electri
°°‘&*8‘H Py dep 9 lﬁeélnlgéﬁﬁ‘é’néﬁleafﬂﬁ?lé@hﬁﬂ diefirgiGieciypdamnt the

seconf @Ecﬁﬂd@ ni)rl(fr%&]: fie bIRQSal Qfgnﬁlhﬁaﬂ AU BT ?Qnsg!nf}%l transfer of
efer nprise the step repeat ed
‘fhetptﬂ °$IP'1‘ taCBYf‘e%ﬂem dap figgt gk;atrlcal [szmi]ls mewbyhsr @fnﬁgaba ;q

gefidi@e §1€&ﬁ5‘ derldeRditi Q%L m %F%E 8%}%?&1198&1 90 M TORHI i O?? }g]ﬁls

plurality of stratum cor lercing m croproj

r e. fromthe bottom surface. [041] Met hods
[03(’?51 M‘?@l 8 éﬂ? jnosntiop else peaigrgbly eorppriss het stap ofreppatedly delivering

thectﬁgﬂey@fricaggl?lfl rst electrical signal to generate a
subst anti al y hormgenous electric field. [042] In one

i nvention conprises providing the
[O‘@im 8@* \9612%* F“é‘ he #6807 Glesfrodt ks Senr ot SuTsdowd a plurality

of SRMM tcfeutn-biefchlg McFIpRIN PRt - MRotR
Pref erably, f)t he gmst lE]Z]‘(i))iéltﬁ’corrpr| sg% pr g@?gltﬁéggcf e Ssu§fsa %

first electrode conprises a circular zone
W“ﬁ?%@“’ﬁi %e thesgsntion PEsferhly, sRpPTiEh therstee of delbietingt Bt r ode
eleafiea) GighalSo ger@rdwmﬁb@taﬁmly %mégﬂsu@a&%ﬂfé ifie circul ar
zone. Accordl ngly, delivery of the first electrical

herlcall symretrical electric

at es
[04? é’ne ?ﬁﬁ%{lm t F feRe) %?mpfl?Fé PIqVidite the ayssat wherein the

ﬁrsedtr&loshédhdeﬁecﬁ&{w EbrftisalalRSthatlopjdcAYSmehbéhe stratum
cor neum pi erci ng m croprojections on the first

o) rrber wherein the alternating rows
1045 QRSB e et PH fng St st es s
clecttode dc:jrﬂml’sés Stirdulte zor\E e Ridroptdj&tiBR HRRBCRAREY SE&hd
eledtiodd COHI’IIZI;}‘%GS a circumferential zone around the circular zone. Accordingly,

delivery of the first electrical signal generates a spherically symmetrical electric field.

[044] Alternatively, the first and second electrodes comprise alternating rows of the
stratum corneum-piercing microprojections on the first microprojection member,

wherein the alternating rows are separated by an insulator.



system wherein the first electrode conprises a first

m croproj ecti on nenber and the second el ectrode
wW@ovpiges a second microprojection menber. Pre¢EUSI904036180

delivering the first electrical signal generates a

substanti ally honogenous electrical field. Also
~preferably, the first and second m croprojection
m4&pﬂhenahaﬁﬁﬁpdﬁmiﬁ@hhdumaﬁbhﬁhemembwanmmgexnevwhgshe

el ectri.c ener at es sem S | C
sy B iy o P ey b oS Dekbr and the,
secbﬁlﬁelédﬂ‘élﬂ@édr@phsfw& toetd rﬁﬁfdpﬁdjéb?oﬁ hembte Prefrabliys dbisenrg
nsul ating, coating qn t i rst mcr.opr.oject.i an
the 43 BlEF T ek eReAtes Eaﬁ’é@nfe Iy haopsus Bt Feter Aoy
ﬁa@e[bzy' ifleSfrst A d Qb REY ﬁﬂ@é}fr@%&ldﬁ%dnﬂ)erﬁr@ﬁ@ﬁtﬁiﬂbd{ so thlie step
| Sposi n]gpan i nsul ating coat.in

Celfpanasbh G RrORe SERHEI B CUP PPy SYmPFES teckival
fieldt r at um cor neum pi erci ng mi croproj ecti ons uncoat ed.
[047] In yet anot her enbodi nent of the invention, the

del f | | | .
(0465, Olher BFBBL S R APt BRSO HS IS TR S HaPE JB oL e
codh® bl@ﬂﬂe%éﬂrﬁﬁc@ﬁd[] atBoR@eRber thiehd déﬁﬂguigd R 1586ai12d electrlc field

el ectrical signha ted to elegi opor at e
demﬁ%waq%@ctrawa@&alé% &’lﬁ@pﬁ&abgv the piER BF FisRySIRS R Wﬁlaﬂng coating on
the@lr&%lﬁﬂoﬁﬁh ecﬁbﬁ&@hb@&oh‘ﬂﬁse@ h&@einb Ggess Be aRknad cér@Beum-piercing

transport the biologically active agent across the
migreprojeptiand pagnated] 048] one preferred enbodi nent of the
invention, the step of delivering a biologically

(043Gt in%Rt AR oL BIMRMHRST tHShVUSSH, BB mmommfpﬁh@gienadring a
acti ve agent SucC as vi ruses, bacter.i ‘% &tz)(ﬂ ?

firsy glgetrierd sisnplap fhsesdectades adantde iavsdermaly delivey e diqlogically

actfgla Fenl? acﬁ:ﬁ@erﬁ%%%'e&@ﬁ eleEtrri%l%ig'ﬁl ad@ﬂéd/ﬁ%%ﬁéﬁdr% a cell membrane

confugates, oligosaccharides, antigenic agents and

and §ubepnottlidelverBRIAEmrORGORRAPTEENiaChe Tieptradrngterted iq dengport
the b%léé]?a{]lg ?ﬁﬁ‘a{ ﬁta%qus gvarhadeaned | | become appar ent

ng an nore particul ar descrlptlon of
the preferred enbodi nents of the invention,

[048] | I;sqnuc@reef@rrc?drﬁmh@élml&@frﬁb@wmﬁ@ndh%&%@fsdel%ﬂalgu apiclpgiealy
act \)ekagerft %&ﬁ@]%%g ﬂénféhﬁ% i rnﬁlo%%ﬁﬁflf%cjti)(le h&he rsué]rﬁhstvlﬁﬁs@ ane

enent s hout he vi ews, and

baw:nac profediEbased w&gms,polysacalwr@lwmd SECCHISP, sﬂ@é’@tq 3%1 sy
vaccmeg,r})?otgﬁp,%%iﬂ%%arﬁe cgﬂﬁga?éé;c’(gl?g%e{%ﬁhatnla@s, YRR Ia08hts and

lipoproteins.

4 BRIEF DESCRIPTION OF THE DRAWINGS
[049] Further features and 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:



[051] FIGURE 2 is a sectional side view of another
enbodi nent of the invention; [052] FIGURE 3 is
wW@erspeavs ve view with detail of a m croproj ece€DIS2004/036180
menber of the invention and an exenplary applicator;
[053] FIGURE 4 is a perspective view of a
m croproj ecti on nenber, according to the invention;
[0p @5 AIGERBURE a exsloded peispective e io€vheim AR aFBOwE SRR of

tthnv?ntﬁ%St em for transdernally delivering a
irol'ogi tal |y active agent, according to the invention;

055] FIGURE 6 is a detail view of a portion of the
[0Pd Jc F&BYBEQGS b ovetinmatisiele vizv dffagotherindotialeaet thdinkdiBRE

5; [056] FIGURE 7 is a detail schematic view showi ng a
0pDr tr fa ; ' | GURE 5. [057] FI E
O R b B el E el o g sy ember ot
inggngen g pnicspmpleofappkcatdrat can be generated using the
enbodi nrent shown in FIGURE 5; [058] FIGURE 9 is a

oSO her@uRE 4V e [ I: ener at ed

O ropr o aat | batheckieyBL REL loprFudRaer 586y e telfe

Iventiony 5 schematic view of the electric field generated
by anot her enbodi ment of the invention; [060] FIGURE
0543 BIGWERE 5 a i | i ol jeectio

O e e R B S BB Sl FRER Sl Rty

deﬁ%ﬂ'nﬁ B 8ipjogmaliyRetive2 e, ascqrding icathe peespact i ve view of a
m croproj ection nenber representing another enbodi nent

[033] FIGUREY &Y dl] vidRBES AbekiED, ON:
| NVENTI ON i062 Bef or & ﬁqéscr?‘ﬁﬁﬁﬁf@%‘éﬁﬁ%ﬁf of the
SYSER, Shotindm FIGURES i |, it is to be understood that this

invention is not limted to particularly exenplified
[036Rt PIGURIS7 i eddRarkehShattvieddnd ARl steffshown in
u

e, vary. Thus, although a n er of material s and
FK@@#&SdS simlar or equivalent to those described
herein can be used in the practice of the present

[057h VEIGURENS istasehdthidfcaiidvest idigslhdhirgd At TRliBO fS a8 Bat can be

descri bed herein.
genera?ed usag?he embodiment shown in FIGURE 5;

[058] FIGURE 9 is a schematic view of the electric field generated by the

microprojection member shown in FIGURE 5;

[059] FIGURE 10 is a schematic view of the electric field generated by another

embodiment of the invention;

[060] FIGURE 11 is a partial perspective view of a microprojection member representing

one embodiment of the invention; and

[061] FIGURE 12 is a partial perspective view of a microprojection member representing

another embodiment of the invention.



[063] It is also to be understood that the term nol ogy
used herein is for the purpose of descri bing

w@20osioeaabar enbodi nents of the invention only BEMUSR04/036180
not intended to be limting. [064] Unless defined
otherwi se, all technical and scientific terns used

herei n have the sane neani ng as comonly understood by
one havi ng BFEARED/ DERCRIPTIONtQRTHEINVENIEONh t he

[062]V %Tdr@@es@x%lfl?{h@ resLlQ%ﬁJent'i:dﬁrlh '&&%ﬂ il It%lpe%%ders% od g‘[aagl'l

patents and [t catlons Clte
in¥Hemisapt lilrmt@d tg pa@pelaﬂhemmphﬁc:bmaqemlammhomy of fiRfece

Efmb, R AR as,_use
s pe c}lln 1(‘% F ?:Oat {éo{rggrg n)rhl%shgelﬁ]g)]l% e¥ et pt PRgra &l ?{gf ‘g?th%‘ifl sijpilar or
eqpigplems to those' daserited dereinhoatt be nsz:ld lircithe placticd of tief p@eseAt ifvention,

thdhik hear ates otherw se. Thus,
@%}ﬁgg%%%gnaggﬁ<@§gn€gw %%mﬂﬁgggFPve agent” incl udes
or nore such agents; reference to "a

[0613\] c ftdpile) ledeivpder Stp@rbfﬂlalfdbstetm\mology ned dergindh for the purpose of
f 6.7] . Th
de:fé‘rlﬁfn@ %E.IQIICI?IQII il ‘?ﬂrrﬁ‘éﬁgs S5 m\éeng ign gu [X Iarrl]% gﬂgi%{ekg dot]@ bEy 2 ry

term"transder nma as use
limgfingan agent into and/or through the skin for local or
system c therapy. The tern1"transdernal flux", as used

8S 1 ccnnic R) len C ed l
[Od]lﬁr@tnfgr n(}IE%%?HS tha%csgﬁlﬁt a‘rtltafg’lla t ict rén: Y %ﬁ%ﬂg%g\/eﬁ%

Ive age n
SaApQEjIdNg as camwnbosldcrstond by omdtavmg oﬁﬁnaﬂy il itﬁthe art to which

ﬂwqgﬂhﬁ&P%?Quﬁ drug which is pharmacol ogically effective
when adm ni'stered in a therapeutlcally ef fective

nount. The term "agent" is also intended to have its
[OGéH oRerthst, 2|l pullicptiertsapatants zad patest applimitions ditad herelie, @fther
Rer & terns "dru
katherggg%%%gggﬁg%¥&&ggggggmﬂﬁgeﬁk F?ymggylve agent"

are_used 1linterchangeably to refer to any
[066h eFinplies usad inthigspeoificatorbaddiapervad clagns] el su@nlad forms

“a gad”' a4l n@le’ofngﬁp glmatl %{%@8? gsrs ?}egcﬁﬁtlerrl e(ije‘aBP/ gchaii?sy Qtherwise.

enefi ci al
U5 BIr expinerdg, Irgfelancta tvéara@am ggentiGhaheties twd érii@ett such agents;

L7 ' | 0gi aII active ents, for e
refé&?%i‘@? oot TR BEhAGI NS 2Bt TR Risksioctons SXFEE °
llk<ipo|ysacchar|de based vacci nes, proteins,

pol ysacchari de conj ugat es, ollgosaccharides,
Definitions

[067] The term “transdermal”, as used herein, means the delivery of an agent into
and/or through the skin for local or systemic therapy. The term “transdermal flux”, as

used herein, means the rate of transdermal delivery.

[068] The term “biologically active agent”, as used herein, refers to a composition of
matter or mixture containing a drug which is pharmacologically effective when
administered in a therapeutically effective amount. The term “agent” is also intended to
have its broadest interpretation and is used to include any therapeutic agent or drug. The

terms “drug”, “therapeutic agent” and “biologically active agent” are used
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| i poproteins, single-stranded and doubl e-stranded
nucl ei ¢ aci ds, polynucl eotide constructs for gene
wo basapips RNA nol ecul es, such as, for exanple3P¢mﬂm&mmmmnso
anti sense ol igonucl eotides, ribozynmes, and si RNA
(RNAi ) nol ecul es, chronosones, conventional vaccines,
DNA vacci nes, i nmmunogenic naterlals antigeni c agents
intgrehianeseldly trerefulanartbsapeSiaily hitiveanimmpbenant dslherdnea

und plications
I i %%%é&?’%iéfai%rﬁd R bFP%%”%%ffA& filed .
Att orney Docket No. ALZ5085NP], which are hereby
[0%930 é?laﬁi@lﬂétlﬁ dreifenret] risilogicatly iactia»teytgdays melji;dnf eudmeut HnGifibn,
I ased. vaccj nes. and
R Al BB Bl CuRbS PR B GriPSe! Wisanfn
polsisgasharisterhasasl Vaodizes, Ideﬂelmmoyysaﬁchﬁﬂﬂe c\tﬁjﬁgatﬂse oligodadchatides,

B L T AR

copgtutts |f¢r-geas‘éldrapﬁd@ﬂm enobpileq Rach B foPethipies MM Haflsense

nmol ecul e ion.to class Il WHC/ HLA
ol SR B-Tarc ot R RRAY plEtites” e ascaspypomentiona
vacuiies DA vaoinds i hogdn SRS s, iabti @h RIS ERand Vaédihe Wt h
delivery of the DNA-based

ad%%@ﬁ%@ﬁf%ﬁ%&%@%ﬁﬁ bV%F%ﬂsbqf@%misth@ Reafling| ar

Appkptieassaial Bb. 6018161138 GhdSerdhibgen encoded hyjed he DNA
I?acm e and IoadlngNof t he vaccine epltopes onto crass

[AforRexPpiket NP eAlem08o NBh Whishera heeabyiirposnented ishaiiensiress By
refbdendddC/ HLA presentati on nolecules in a subject. Also

preferably, a ceIIuIar and hunoral response in
only a

b ect. Alternativel
074 ?ﬂf 8@” Ye‘gﬁg dity ProfiRrbrsed) Vacf@lmndééwé@wes
elebm@o@@r@f@}abw p?&xﬁdléé & H9E RacdR! B'éiﬁeryVUfﬁ‘.}n:%Ecme In the
tati antigens in the formof proteins,
cas§ 8?19 ﬁ%ﬁeij H%"C@Sh jthig aelivery ipoiskipuesentingi celsleadsriel cellular
loaHin@‘éPﬂfétp%tE‘iﬁ ba&ﬁ%@cn%@ﬁﬁ@ﬁe& o}{t%%ﬂs@gglﬂd?ﬁtﬂ ?esentatlon

Bordetel|l a pertussis (reconbi nant accln
mojgeles i agifion &y gJass i MHGHHE-A paasentgtisurmdleaats in a subject.
Pre?&@cgﬂbd QRa0k) and(l:fﬂfrﬁél:b?% &L Ispd ke heriae (purified,
reconblnant Cyt one al Ovitr us gl ycoprotein
nit) C}ou A‘streptococcus gl ycoprotein subunit,

[07611 y%@d?ﬁpaﬁé? ONGy Gapings, gbivpryent died) N 8 dasadtvacdinst intousksin-
prebédXifg Bells %a@ﬁ & &llﬁ‘l/ap%ffésﬁ&%oi} t Qka%gmte Qnt ggﬁ( gé&%‘%ﬁ' bNa

carriers, PFOtEIn tlva
vaccine and loading of the vaccine epitopes onto class I MHC/HLA presentatlon

molecules in addition to class Il MHC/HLA presentation molecules in a subject. Also
preferably, a cellular and humoral response in produced in the subject. Alternatively,

only a cellular response is produced.

[072] Suitable immunologically active agents include, without limitation, antigens in the
form of proteins, polysaccharide conjugates, oligosaccharides, and lipoproteins. These
subunit vaccines 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-S2, S, reconbinant
W@ 0s/0gr10% ei n), Hepatitis C virus (reconmbi nant PET/US2004/036180
expressed surface proteins and epitopes), Human
papi |l omavirus (Capsid protein, TA-GN reconbi nant
giotein L2 and E7 [from HPV-6], MEDI -501 reconbi nant
rexupbinant); € ygimegajovirus (gyeagrateia bibunity GommiA. steptocBids L |
[yt s 00t idRMe @i oBYsoki - 16 HPV-18,. LAVP-E7 .
¢ f,rpgm ngv-.légfi}’ ‘iéé’é%“%%tgﬁ?/"é‘% pﬁu%‘gﬂ%ﬁ%hiaf‘%e Y’B}bnl’r?“’fni“% xoid, M
prefaigfneplides liskadita texing subwiitgarrieie M preteig nvitiviategt tybelgsecific
{tSheX ' i t oxqgi d), Pseudonpnas
P SR MRS b b Bl oS (S PREE Mo 51, pres
S, g‘?ﬂ?ﬁ menticor %Epﬁellﬂldqua?isr@mﬂgm@grﬁlbin?ﬁewsrlpll8 C&iss%% Slgfac% rlgteins
o G t . . 11 . ’ 3
o Bl Ry B Bt Bowib TG Y ebatygbaiein
an@ B7 [®am HPA-611 84EDILIH, re@31BjnaGOVI. RID & HOth @V@Rﬁ%ueﬁigig?:lem

i 4 6B, 9V, 14, 18C, 19F, 1

re OB P P G0 P Y Y ke, 33 P Wi €T B o
HRV-péipriepdinels) pneMabpliRl (hife@ bhdéria¥ kirfiSe powA N NEisseria
rm%h%%§%r§%§|qﬁ%, andﬂyibrlo chol erae (conjugate .

I"50156T \POLCEHAYSatFeY th tefapusdpxajhoP wudamanss aprugiaese éyvinthetic
peptitet) Rebelivirio@ynthétn ﬂeﬁﬁde?, Bire¥B B he@horihd dgﬁé@oncoajugate
LV Lus ? f%ﬁ% as. cytomegal o virus, hepatitis B Virus,
(Lo prat: PNs 16 1§y TRV, 2REheeniugated fomeningoeessal B OB, lgkycoconjugate

4,\6B( 0%, 142M8ICVIdIE £33 lcanjgoedd e kil

[ bB[teria such %?ﬂﬁgPéeteﬁ?gRgg??ﬁgggﬁg&E?%%Jﬁ%aﬁﬁ%’9“

144 18CA F9F, 288} spnisated & CRM 87 0p Frenenanmenal ligion(surfece lipoproteins),

VafitdRRbRGAGHY EsubliGd :‘grglagﬂr!)t@lngp SHIPRAL lcﬁcilergg {c%fcf%r 12
. nmeningitis, pseudononas aerlgi nosa, SUrepto Geths
hpﬁW@@%ﬁhm&@} treponema pallidum and vibrio chol erae,

and m xtures thereof. [074] Additional comercially

[073Y aWhaRRIveruY 8£6ARES ’incmie,tc\pitlﬁﬁf‘lﬁ td?ioﬂ,g\&éaﬁgﬁgdcoﬁg?rlgg tVﬁl’lses,

i nclude, without limtation, u vaccl nes,

sucliag gemesAle virsehepatitli B girysabepitités C mizess hersanpepdioneyirus,
V. ' j ' I X ci ne,

rubdid ) %Waﬂ@ella(‘zgét&]f %tal?e?xéd Xﬂ&ﬁéc{b%ctgf?iggﬁcam %?Dﬁﬁc%éﬁeilpl a

hepatitis vaccine, pertussis vaccin
peripsdis clpstridjugy Blany/getinehastedamdiphthieriap, gronp & trepocotsus,
legloRSi Y €mm Wb i Oxk Lk Lon. sikngl e-stranded and
e ot se T B e o SR s
pneyporiag dicperbnpl méliviuch, DidAibrid chekracpdmisnixchréNBeregOs i ds;
bacterial artificial chronmpbsones (BACs); yeast

[07@LtAédit‘§dlﬁl c%&@%ﬁa@g &agﬁl)nes s Wcll LA Alikdtd ol al
H Chr'onDsones: .andl nare ehrags Suchontaln antigenic agel?ts,
include, without limitation, flu vaccines, Lyme disease vaccine, rabies vaccine, measles
vaccine, mumps vaccine, chicken pox vaccine, small pox vaccine, hepatitis vaccine,

pertussis vaccine, and diphtheria vaccine.

[075] 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



13as, for exanple, nmRNA. The size of the nucleic acid

can be up to thousands of kil obases. In addition, in
weensainoenbodi ments of the invention, the nucP&i/USH04/0B6180

can be coupled with a proteinaceous agent or can

i ncl ude one or nore chem cal nodifications, such as,

for exanpl e, phosphorothioate noieties. The encodi ng

ass for weintpde, afRN A6 TheISik Lo fBhaicRicRMYah 56 8p I Bosaauerce of
kgg . 2@ g alnst whi ch the i mmune response iIs
'F8aTF- el 2 FIB% 0 peteAanRdERents of thejavestien thf nuolgig acid can be
copplRdmite b padéinRRbisaBeM0r 8dd RNuREIL PSR BERid] Iﬁgdlﬁcatlons
|n00ﬁ§orated in the vaccine construct. The antige

suply a5 T8 sxanpple. phespheithionts meistiest The prdogias |S%qU@@¢¢Mrﬂm1tuslelc
ac@f cohpti®GtihNdquehcs SARE %tlg@@ﬁéb%ﬁ@ﬁl};lll ﬂ% II\PE‘JU}IG A3pdid

antigens. The nucleic acids thus appl1ca |on for
cg¥hpl e, in the fields of infectious diseases,
cancers, allergies, autoinmne, and inflannatory

[07s]s eIﬁ&&&tloﬂi G/ th caeél JrEN AL kd}m{&eana Eél@%ﬁ?laﬁ‘&g&ﬁﬂ%m%re

adj uvant s whj ch, together Wi th the vaccine ant

algoheopRsRaied Bdhe yscipg eensiecti R m:geraqh@nﬁan bwmd@bhamée all
anﬂ nic c%hiﬁ@héh%ﬂ?ﬁ(fé&ﬁ?&k qgcas%ﬁeﬁﬁo&%ﬁ? Q@@eAll Eﬁ ﬁe‘f %H?%/ens The

olera toxin B subunit
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caﬁde&eﬁferéékn Qﬁteﬁlﬁ;}@fy rgin%egnmat Rl yf ruct of uranoxyl -

D- gl ucose; uvant acetyl gl ucosamne-( b
ﬁé Nacet yl mur anyl - L al anyl - D-gl ut am ne (GVDP),
[0?17] piAble igingie seroen ansremtinerndiratsiveduch; Dpather witinthe

vabeil likdHe ca%aéohpﬁ%rﬁﬁl: %&co%Zn%Jdg aﬁpmml.l h mgél ahgmmum

nethypropy )- 'H1mdaz ul no
hygiewiteenlgal elpcanpeatecay] dgblerdaxin Byslubumt CRLIOOS ABA block

ol 6 S A8 5 A0Stk Ay BBy o

>1§ Wfﬁ*uctd\ﬂmraﬂmm-bcdle-gldﬁa@' Welfou lad i drt: DY -G oyl ERebbsamle8 B 14):N-

acegylgﬁumyﬁ%- %rﬁf h‘ﬁlﬂfé%‘[%(}éﬂgq)g{l}nm&yl digctpdacriameioniust | avo

chipeié (DI®A), MREERPNRNE saﬁ%n&ﬁl@@n@rg—@g‘ Iﬁ]?cfunﬁg@ fi.@e); and
t hreonyl - MDP (Ternurti a
meRyPLoRyl- Hw%e[ﬂyﬁ-ﬂmngl@g @tnm ImemTlmB‘ Naacetyl ghudopminyl-

N-dBiytrhibradylb-ah2 DAsba by, ARkt 1\&@)&%
ol Iygonuc eotpléI1 > Sugﬁ é 9%/%1 d@a%ﬁ’eﬁ %(I))ﬁfog?eﬁ'i ng
Csxﬂw@dﬁuﬁ’ﬁN@ﬁﬁHdb@ﬂTﬂ’)nthmdtudamacmjmi-Ma-EeGm -QEHyPARS:
f no:re ulat suc
§ %q%%%gﬁ]—?}:_§£§4€_ Hamjno-a & mileL )ﬁ lhy 1'111}39 e qumolhne 1-
ethanol; sclavo peptide: VQGEESNDK e HCI (IL-1 163-171 peptlde); and threonyl-
MDP (Termurtide™): N-acety]l muramyl-L-threonyl-D-isoglutamine, and interleukine
18, IL-2 IL-12, IL-15, Adjuvants also include DNA oligonucleotides, such as, for
example, CpG 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.
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ILI O, gamme interferon, and N kappa B regul atory

signaling proteins can be used. 14[078] As will be
wappseeiieg ed by one having ordinary skill in tPeT/a82004/036180

with few exceptions, alumadjuvanted vaccine

formul ations typically |ose potency upon freezing and

drying. To preserve the potency and/or inmunogenicity
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buprempﬂ’ﬂﬂd alﬂmiialgmoaﬂ)n&@i@ﬂs@ bifedihBcsiHbrex R anSieki A lds;
useant s: ant ianeo plastics ; antiparkinsoni sm

anw{]} AR SRl g5(isr %tal%eratﬁgv@hsamwudwsw anticiabetic

higt iR Tieslh;GtihisBMindd 08-SR Rb D L ek
ag@lﬂ;‘;narramﬁ antlcﬁg Inerglacs1 rZO%%ﬁe??P%g&'xanthlne

PregPiist RBRSHOR P ieB\RSRAAH RS b pescapdlemiae afdhedanierrgn:
antﬁﬁh&h&@aﬁﬁ%?@ktm@l A RASEnsSMEN dfs: nﬂ?ﬂhﬁ&sﬂ Sntwg%h%tlcs

bl ockers; a- agoni sts such as do

antlﬂyf%'afr» @W&Pa%lmdilfér ingluding eastrolfestine) pet urénas; vetihslincngies
a%ﬁhﬁ%t’rlcﬁggnth@@ 'dgjntaﬂ(/ecs cc‘alﬂ(‘fipv géulgrap?ééa ragig?s i“&%\“B}%ar y

juretics; vaso ators I NC
Calﬁdvm|0bmehlplockawu@veaseabﬁe@zprnemm bledkenebet@a@nsyssﬁilelms

dob%&énmﬂﬁl aﬂﬁtrﬁodrﬁl% U%E.]l 1@2&1111? %] 291’(13 ?}és%}gé 9%03 &R atggolol ACE

decongest ant s, |’cs
inhib#prstshghr @Ir@lllmhn@]’(dnmetlch,wasmhlatoﬁs mx:lmﬂing @enepl] RIGAR, S ;

ras at h
e T
decpl@sﬂante,gilagnsgtmk;dmmmls alrqulg lp&ﬁtﬁ?ﬁoﬁd/lﬁﬁmoﬁf 8ypnotics;
a UI|IZ sui t abl e s inclu
imeh B3 Best R c{‘“B?"fe[ S RERPYTHRY §@ﬁf SRR Egtrics:
progiadlamiins; protbilsppeptides; psychostimulants; sedatives; and tranquilizers. Other

suitable agents include vasoconstrictors, anti-healing agents and pathway patency

modulators.

[080] Further specific examples of agents include, without limitation, growth hormone
release hormone (GHRH), growth hormone release factor (GHREF), insulin, insultropin,
calcitonin, octreotide, endorphin, TRN, NT-36 (chemical name: N-[[(s)-4-0x0-2-
azetidinyl] carbonyl]-L-histidyl-L-prolinamide), liprecin, pituitary hormones (e.g., HGH,
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[080] Further specific exanples of agents include,
Wi thout limtation, growth hornone rel ease hornone

w@ cRe910gr omt h hor none rel ease factor (GHRF), PCTIES10041036180
insultropin, calcitonin, octreotide, endorphin, TRN,
NT-36 (chemi cal name: N-[[(S)-4-0x0-2- azetidinyl]
carbonyl ]-L-histidyl-L-prolinamde), |iprecin,

HMIG, dwstrwp;eshm neanan6 tch, dolffcle Itkdills, NN Garo BHASHRIEY 88 49 growth

T A AN

plaBlet- dbﬂm?d otvet fabtor RIeaslK iabiof) asaedERa®s, bRBinYein sulfate,
h | at el et - d rlved wt.h factor releaS|ng actor,
¢ IEB%‘W%‘{ éyﬂ?}f"é‘ nﬁ?‘@’f IPRig gmedetEopin, ﬁvﬁﬁmﬁ‘émnepoprostenol
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opai et n, epoprostenol ( | af el et aggregati on
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(EPO}, @FdhBloefte #aBRBhage @Bl%ﬁ}fr &fngﬂatﬁlgtféot% (GhE bfs?% g&gg

i nterl eukins, interleukin- eryt

coloppeymulgfingfaster- QS%g‘lu@ﬂﬂ‘md@utmlm}or@@nmleasmg]@rmone
LHRER TR PR BB RN unf| B ST AL ING T act or
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farell n, ‘nenot ’tro
Argff])a)“gml@st yasopiessin, sit:srmmqsmnmste:ptrbpm &N@THD asCiH egoys such

as Q@I'Hvﬂqtﬁ'j ANP O&ILHB] gli%%rancg 182!8 gggl?]tens aﬁ"tapté%(%rp%% Iaﬁtqllgregic
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hoin@? lefroniAC Hradakiah enfsgamisesh cﬁ&laé&}@lﬂl’f, IJ:aIBAc)nm 2 rel &P peptide
ors nsi n nists,
(CEREP SRR 1 HakEeng B SO yPamserni ottt

factoes, edlase stuﬁﬁhtusg, faﬁals,Cpate@l[yrdSId g&lﬂlﬁ)né @h@&giﬂlspsepatrhtﬂ?rmd

hofy{Rh e GRS Bl nastppes (B T H st B sLche P Ry(1-34),

pr(ﬁtaglﬁhmﬁbntﬁgonﬁs'ﬂs; pertietiRapdichyC Proted W, FARLINABHRARRNSSS -
hor none ant agoni st's, arathyr0|d hor none

arat h
11’5 rOTtb? lﬁﬁmg§a5§3réﬁﬁua@tmmsf@ fnféqgs alphap ks pfigtyasiai n

(m@mﬁﬁmmaglgksngp@ahlgetlde protein C, protein S, renin
i nhibitors, thynosin al pha- , thronbol ytics, TNF,

O OB aL R BARER S Sn Sk FS e o B AF ) e
basb:t Qbﬂg icB&@td/orafmbhaydagREutes CRMpBhS dTendidbulsd Ed)rﬁﬂg'xes or
. such as free bases, acids, charged or uncharged

HO%F%@& Rermacgfgisalincsersablenltachiurther, simnle dsrivstivns of the
actie Bhdntd (k@i 49 gtheﬁhéfe@ aRided 'e&gl tv)ﬁcﬁ‘ ﬁl%ee%lﬂkﬂyﬁro?ﬂe& it body

Further, sinple derivatives
pH, enzymes, etc., can be employed.

[082] It is to be understood that more than one biologically active agent may be
incorporated into the agents source, reservoirs, and/or coatings of this invention, and that
the use of the term “active agent” in no way excludes the use of two or more such active

agents or drugs.
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active agents (such as ethers, esters, am des, etc.),

which are easily hydrolyzed at body pH, enzynes, etc.,
we2amwshoetespl oyed. [082] It is to be under st oodPCTIES2004/036180

nore than one biologically active agent may be

i ncorporated into the agents source, reservoirs,

and/ or coatings of this invention, and that the use of

[08%le Tthe tamm' “zhinld)glcmllggﬁhcttlve ifoNa” msblmg;éatugle&eéthe rat&eshell be
S or dr 083]. The

ct t
us%%@h ]IOFO &wggy P@ZIVS :a\é%é %%\Pgla%ﬂmcalv}g q,ctlv b@qdd'gﬁe{sﬁo
thearnemnc Dmteroa‘tﬂ&a p}ﬁhﬁdcblolgﬁal%s&dvé'\&g%ﬂt eB@edab efed itedebived

ctive e harnaceutically active agent an
thetpet€ o P‘H’Sﬁa‘ﬁﬁ it Fhe agounigt aptiye agERleHRIEG g1 Bal | y
hyﬂtzigel\fernagﬂi‘dﬁls aePeRtnds fefefigehtidWilldRThd: 8FholNSlARER 1

dgfte benefl ial, result. The amount of active agent
CBHPIRS é@er“iﬁc IR ETRSHYP sgarnt phihgastieiasens tasrdicye thei dssjeedof
thédrlyRutioneeqtt.i on wi || be that anount necessary to deliver
a therapeutically effective anmount of the active agent
chleve sired erapeutic result. [084] In
[O%ﬁa |p5a§tlcet 1%“’ Y4ty Wéqﬁb dzpending upen sdrrigiiabon t he

phﬁm’fabd)bglbzﬁry dot19¢ ARACIRR AV, Blsity 6f RASHY, MAE! héwnty of the
vered, the site of deliver t he severlty of

COB‘gH%H baingrrestsinte desirad digrapeytic cfedtiond életdpﬁéelap@umdcrelease
kititeot déiﬁgrtytcﬂ SncCHoB $OAddhi R AR QOJ‘EE& %ﬁé Skilt iBgkd cs for

delivery of the active agent fromthe coating |nto

tissyes. [085] The term "m croprojections”,
offedbhsiar RICTORIPIEFHONE o apises! BFraig. tefesniormiescing plements @fhlch

aredapib @t gidcPbsue f-hr&fgh %strﬁtﬂ&%%u&hﬁto%ﬁé lﬂIdUlgﬂr %5
into the under | yin erms |ayer, S and

id
laygl PRPRIdqrIRFAN de’iﬂls ?abf%szQf ithe sk of allwmgwgmmhu nagticularly a

mﬁﬁmgh&yha&hﬁn@ugﬁgqﬁhmggd nmore particularly a human.
[086] I n one enbodi ment of the invention, the piercing

epents haye a projection length |ess than 1000
i) ot S e Db AR TREnE lferepis et aupojection engih

les€th@AROG0SMRAMS. B quﬁh&‘étrﬂbgﬁ‘irﬂeﬁtnﬁlte%l&& %Q@ﬁcﬁt?%e@%ectmn

m crons, nore preferabl | ess m crons
length of Lesp e é99 @#%Oltsylﬁpheaﬁlr@fvalﬂwessahm 240 mieneus. t Hieckness

ml&f)p@}%@t%ns oy é%ll? BadB £ QAfPand T rIRER)s 31? 56 %n% xlr‘ga)i“h

f or med ferent shapes SucC as nee
ml%@dleéfsons E’ﬂaéldPé gormeil firs differenicherss, sadltasomatien abllonseedies,

blaﬁél,eﬁlﬁg punches, and combinations thereof,

[087] The term “microprojection member”, as used herein, generally connotes a
microprojection array comprising a plurality of microprojections arranged in an array for
piercing the stratum corneum. The microprojection member can be formed by etching
or punching a plurality of microprojections from a thin sheet and folding or bending the
microprojections out of the plane of the sheet to form a configuration, such as that
shown in Fig. 4. The microprojection member can also be formed in other known

manners, such as by forming one or more strips having microprojections along an edge
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[087] The term "m croprojection nenber”, as used

herein, generally connotes a m croprojection array
w@oopniEdsg a plurality of mcroprojections arP@nysmos/o86180

an array for piercing the stratum corneum The

m croproj ecti on nenber can be formed by etching or

punching a plurality of mcroprojections froma thin
of$h<ﬂﬁdftl&mﬂr11£(©)| #lidixgloedd iR ensliragnt K& 610501988 WHigfisiheRsy out

Bla e of the sheet to forma conflguratlon

m%‘ﬁ%‘ﬂatg% FPASTCROR G $T9Y-g. 4. The i croproj ection

menber can al so be forned in other known nmanners, such
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suvthdeqbuch s ket Woh@lﬁ@[ﬁ@l@ﬁ@b?ﬂm@)@ﬁ&&ﬁ rtlﬁﬁﬁ:ﬁvér? ok Eraction is at

term el ectrotransport”, as used
lear?EPaé{ ﬁ %?(BJPE‘E@J @%43@!5#@ sppliption ef aalecitis Botetiakykheact i on
el@froRarish@t HEE has RELHund ﬁ)hﬁrugﬁgl’ in WRGRALRESal 29 1mstrat10n of

m Xt ures thereof) t hrough a dy surface (suc
mayidiues dariusting r?@ﬁwf‘ahédm@?mwam fhiprid eewripilin, ped dﬁelhmvtbaSpne
A@@ %ﬁ ﬁs’éQ)tfleféE‘t diendort i€ AstiadiBdih
ml Fp [ Cc’rzltl g%;oof1 an a%geclt%QS{IJ%%IEQHB??GIR{FH% S?O%arp ne
IO@P@@W’@J@ Yansport process has been found to be useful
in the transdernmal adm nistration of many drugs

[089]C LAU\ﬁidBIQ ulsédjé?&ﬁ‘of}%lspm ﬁfo@&@ retléc§9ﬂf‘gratfoln l{aqu gﬁl}pd

peni Ci [ 11 n, and dexanet hasone. commobn use o
101&1)@@1?%1 iniekisothe elestricallindiped §P¢$g01é g5ehiargefl idns ds 2. sagept

101@53{h|r6h%ﬁ laibgd O:Pédrf%@r&ﬁ(ﬂﬁer &%Jgﬁo?&@&fo%h@@h' 116({ 8§&100Afn sis,

used el ectrotran roces romgd
m‘(Oé\{eei éheé@m beilyi surfeesnar eensdyrmal)rflowt ofediquiteundbetbe mﬂuaﬂdeyof

thd A gort of charged ions (e.g., agent ions)
@?oug © ‘f)ﬁegy surface. Another type of
electrotransport call ed el ectroosnosis, involves the

[090d o s pedystances axee (hen gne ofithearmtedamemesses fiapie ofcugring
S1 S n Cr’ ra l oft 1S giyen
nlldlﬁhléo% IF 'ﬂg&fferteﬁte ﬁéﬁié UEAGR; g&/é trid§ ﬁp%leﬁggt s npe Co; S ,«g’

I nst an an o
heli‘?@]t @Cbr‘iﬁdéﬁ posside m@ypr bletiat m.ﬂnclud@ths elettlitalydodigky ot emhanced

traﬂ%@f‘t of gt%as?&ﬁe%ﬂ&%ﬁd éclﬁlgﬁaqée%gdﬁgﬂt or mlx{uges gl][]eaeg)a}erggardless of

I'ect rotranspor eérein
thegﬁpsfsﬁcbmgchamm(s@bgwmqhmlm agent i$ autlaligdeinp @asdpegéd.i cal | y
i nduced or enhanced transport of at Ieast one char ged

[O%QEGTE{)%@LF ?chgctt% g%n”g%%ﬂ}d(l%e%l \Mﬁe}n%gl )ﬁ Teco n1 ?3{ elx%gssmé)
cellsdo gimmg)elelgmcrfgldsrfaﬁsmﬁp«trmds of time can temporarlly destabilize the cell
membranes. This effect has been described as a dielectric breakdown due to an induced
transmembrane potential, and may also be referred to as “electropermeabilization.”
Preferably, the permeabilized state of the cell membrane is transitory. Typically, cells

remain in a destabilized state on the order of minutes afier electrical treatment ceases.



[091] The term "el ectroporation”, as used herein,
generally recogni zes that exposing cells to strong
web@soed1es fi el ds for brief periods of tine canPCT/US2004/036180
tenporarily destabilize the cell nenbranes. This
ef fect has been described as a dielectric breakdown
due to an induced transnenbrane potential, and may
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active agent, to a patient. The system generally
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nol.dabl e el ast omer

r.ef er.abl onposed. qf injectio
h"fséf}ggf"fbyevﬁvﬁ%‘gg*?%ly&rlgaﬁ&wéf@.t PR oPEngsi e and [ e died
endsssfetidylogts beiNp hbBeBmelfediin brigl Bthes stké SidicirediPodapdRkasbly 98
conponents 40 and _ battery 32.

; %%iprete el ectrj cal 1

© ° PRYFTE Yo dod ThaNsIRE ) 19 ltagher 42 e yPpss hawing Hepsoyeaast s

adieRivE 36,"BMIpPeRsufae 3410f ARGHIeO bbb QHIROBBBINNGRer IR AsiRSSh
the ends of the posts being heated/nelted in

3b, 3 . :
angyRpst hqusing d § dncdydinedhe brettog) sugiases obwittes lassenbl y to t he
housing 16. Lower housing 20 is attached to the upper
[094DUShdveh (PYrtiaBAS thf underside of circuit board assembly 18 is a battery 32,

preferably a button cell battery and most preferably a lithium cell. Other types of

batteries may also be employed to power device 10.

[095] The circuit outputs (not shown in Fig. 1) of the circuit board assembly 18 make
electrical contact with the top sides 44", 44 of reservoirs 26 and 28 through openings 23,
23" in the depressions 25, 25' formed in lower housing. Electrodes 22 and 24, in turn, are

in direct mechanical and electrical contact with the bottom sides 46', 46 of reservoirs 26
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adhesi ve 30, the upper surface 34 of adhesive 30 being
adhered to both | ower housing 20 and upper housing

w0 p@baodilng) t he bottom surfaces of wi ngs 15. [ OPGi/USv04i086180
(partially) on the underside of circuit board assenbly
is a battery 32, preferably a button cell battery and
nost preferably a lithiumcell. OQher types of
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el ectrodes 22 contact
LEh Hobrghmirgdit @p@m angudipl soulﬁgmgrral ﬁdhecs g yze“lﬁseper bpon
depression of push button switch 12, the electronic

[095] " AWbAiE }Sle@tﬁ‘ocE'ZQ%Hél/Er QaRaR ¢ ﬁg e ?;%18 gl\e/egr?bel gomprised of

predeterm ned DC current to t el ec
silpep and/gr siler chlpridp.@r fany suatablle kelevigicallyi aonduotizag rnaferlal and
BB LIT 1384 Lolyr
I‘eSPr eferab dH Hlbg %5%?% j %&naprglssgn&)? Otlymetrﬁg&] §e§ fnaéer\ﬂ%ual
Elegtredes 22 nldlr@euz@nﬁ 26,128 icontaiikd biowen dedsingf20t [Fer agaii

. i . terval . ns of, LED 14 .
bloq(?élda}’lj Eé/tlve%%erﬁg dl#: oc’rathgcrrl:lc gu 2¥ ésgﬁ?] ogplg A&§Ervojry) W{nch
corgaigs the age'nbelaf:b ére. ahoc[lé)ﬁsﬁérvqﬁn@@b(ﬁltaﬁhmﬁlb@ﬂ@aﬁ@e aRreddite.

ode 24 npri sed of
Ong B YRGS L R G TS ratons g il esons, the
nmsWensmfoa&hwiconductlve material and reservoirs 26 and
28 can be preferably conprised of pol yner hydroge

t . d 6, 2
10978, B R bk S o e 5 SRR G B Qiasuohr 1§
andatbe bat@r)a@ﬂem'e gdhesively Cedaledt berwe@B®ip¥Oidusid8 16 &nd B®er housing
t he agent, and the

[ €SEr.VOi t ai ns
20. B0 by b B Pl Fbr e oo d eppierc mateial
Loetrdousing 90 B.prédaableomposed of A’\ﬁ)lhﬁi% oatélbst%Eﬂlc ﬂlt%é%‘?lge{i‘ér?a?(e 2.,
actjve agents, the

pOlygggﬁl}v;\% ?lg gtpllé Bec CI@? Jlglg (9 Itoclt%rm depressions 25, 25' and cut to form

openings 23, 23'. The assembled device 10 is preferably water resistant (i.e., splash
proof, and is most preferably waterproof. The system has a low profile that easily
conforms to the body thereby allowing freedom of movement at, and around, the
wearing site. The anode/agent reservoir 26 and the cathode/salt reservoir 28 are located
on the skin-contacting side of device 10 and are sufficiently separated to prevent

accidental electrical shorting during normal handling and use.
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[097] The push button switch 12, the electronic
circuitry on circuit board assenbly and the battery 32
wae@sadhesi vel y "seal ed" between upper housi ngPABUS2004/036180
| ower housing 20. Upper housing 16 is preferably
conposed of rubber or other elastoneric material.
Lower housing 20 is preferably conposed of a plastic
[0@8] dha st vioet | anhsﬂaefotthapetteﬁwsaiod& Surfhce (0] KB BY hRBS)of 2.

fl q an b dtoformdepressmns 25,
e AR R RO bpPrigLiond ang sody SbcHRE W d eadbae
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255Kk3' Bs RONLAGTaind Yovidr ‘H@us‘ﬁf \fﬂa@}{%ri ‘rf’d’]\?pg@f Fousid le ciently

separated to prevent acc enta ctricaf shorting
O%a g,gg ns?lr mal handl ing and use. 20[ 098] The device 10
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to fa@ﬂ'@dt@ﬁtrh&llﬁiaﬁﬁ&sﬁ&t égh?so%géﬁbgél’ﬁérgﬁﬁ APEBia #:ﬁ ]Atltgrpa?he&r

activity, and yet permts reasonabl'e renbva
thespertipR P teaitopated. In @mmdynmeﬁelqwourmmruppaudlble alarm

sigBADBRIME oFla gé?ﬁt 34 SO Bmd AUNELIOYS P?/lb Ia@r%a {éFﬂ‘llﬁed level

retains the ectrodes and agent rese
of RE AR tel é}gre@smdwlsesmplr%'r a predutelninaiy(e ize 1l Qintisutt)iskivery

1nté}9éis'l‘lgs‘l§12 r11 @éetrrﬁ{f&e% ’tzf?llrosugﬁ eur gpeo ﬁ\(ﬁ){? {n#évatl 5)‘1519(?1]“8%&6? the

de\d@wl Ocie inldh ative dgentetbiidry navde.UBheishttttyrpaefahblgihas RifAdent
t electric Si

ctivatio
corg Do SR P Hh R is® b af Bl mined b D ument for
the@etsmer(e Red4 harpwearing parickcond el ectric signal
configured to facilitate intracellular transport as

herei.n can be.initiated.. ternatlvely,
B SR BB P el e i st ot
invedtimotis dHVlcade Detvice wlcall]ﬂw)éﬁerﬁﬂaﬂy Eﬂ}GdoﬁVb’i;he‘ht §1£€01%h§}fet

by ) ) s o5 e BT

is ﬂekﬁtﬁ and daséafsﬁﬁ edniferi 18 afbolly @: b@ b E,‘If‘djﬂ&ew% morﬂ-igl
boc{n I glversé i nterval L D 14 remai ns
YHFY Gﬁ‘ﬁ%tu VifE SO 8RS APHISpLpRie év%q 52 hawing hettasigs S mounte

thel(éeﬁll Geénerdlly| ElrodR 5364 feMBvely Bik alﬁeﬂréfgﬁﬁbjl BRPfRsed BRE

ery y preferably has, sufficien
electromca ly conductive pathways printed, painted or otherw1se deposited on a thin,
flexible substrate 56 such as, for example, a film or polymeric web, e. g., circuit 52 isa
printed flexible circuit. In addition, to the power source 54, circuit 52 may also include
one or more electronic components which control the level, waveform shape, polarity,
timing, etc. of the electric current applied by device 50. For example, circuit 52 may

contain one or more of the following electronic components: control circuitry such as a
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capacity to continuously power the device at the
predeterm ned | evel of DC current for the entire

W@ 2009/0491881 hour) wearing period. [0100] In an BLCT/E82081/€36180

enbodi ment, as shown schenatically in Fig. 2, the
system of the invention is device 50. Device 50 can
have essentially any convenient size or shape, whether

curréiilﬂ tlantie llerqe: ?l a r@dlsmrldnlr akransistorthasddaugentfcontral cpe®); dniap/off
ocajion of th
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pat mays printed, palnted or otherw se deposited on a

fl exible sub e 56 .such
0101} PRyt SEEEPHE Po dasolegs oty Rafifpd bOPn SR u sl
Elechrb@xdsidngblieh 6% bid 64 4r8 s@dﬂteﬂlf@m orfe@nbther Hyoedecsal iogil B,
circuit 52 may, al so_includ nor e fjectronlg

66, 0 TBHORC A S B IePHRE . pBPurPRsss oF TP TALR

elec@&ﬂeaaﬁéeh%’ly 52 @s&ﬁe‘urﬁés‘}efeﬂ@d folae tRl“a6or? eleatoide asn;bma}ymmled
devi ce . For exa

t 52
clectidagereniiy OF KeomBIT S R LPge FeaPu e ST AS B

The%e%glﬁﬁ’e{tloﬁé SEHE Elodradid GReRBlicd arlifo EritRial arkiGhdy 8 redrsed in
a resistor or a transistor-based current

any patitwla degice euintoperagipn ofhodevics\#ig%h, and/or a
m cr opr ocessor adapted to control the current out put

[01@? It D& 1RBOCE dSRYERErdNé BB is fodtiondd ddfidérdt ab EgdﬁaﬁeséMQr 70
rcult outputs, each of which is overlalg ayer
whiksg copnianelestiog 74 isapsifioned Adiaeant YEUARHSEVOE /¢ E%}S?‘ contans
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'om one anot an el ectrical i nsul ator
Aqtﬁﬁus taaa@u drquoter sdsiemmmmallsswtgﬂ, areganeralpyanetaredahemi t .
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oL S B AL ST s
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[0103] Insulator 66 is composed of a non-electrical conducting and non-ion-conducting
material which prevents current (i.e., current in the form of either electrons or ions) from
passing directly between electrode assemblies 62 and 64 and thereby short circuiting the
body to which the device is attached. Insulator 66 can be an air gap, a non-ion-

conducting polymer or adhesive, or other suitable barrier to ion and electron flow.
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while a counter electrode 72 is positioned adjacent a

return reservoir 74 which contains an el ectrol yte.
web@spsaoes 68 and/ or 72 can conprise m cropr oPEDUSIING/036180

menbers of the invention, and are forned from any

suitable electrically conductive material. Reservoirs

70 and 74 can be polynmeric matrices or gel matrices
[018HaPreslgvice 56 @@e@dh‘?ra%iodh%%qw@hmeanwﬁ@mwalua%éwdéﬁtmg
athQ{/@fayéo lA\ﬁ%maﬁvelf P S o unYtiofehE icrBpijed 8RR @ leY¥nvention

preferred when delivering agents across bi ol ogi ca
mayrbereandigersd a5 babsie apelionthevindee edhngimrilhedlseisasdalsed

pregegelnb‘éfilﬂélggés%festgﬁ;aﬁ Tefe1Ose [ifi 96 Rk [s%eljnéveﬁ &k Egé&b& )ﬁ%watlon

ter retalnlng naterla
of the éfvéaed ﬂy: skimnpyltesrativaly, daviby tt @qnlheladbergbﬂoyhmaknsbbcmeaeas

e
deldegfdewmex:i (Eené‘mll?epndkmg, aApaplhasnzabvcﬂayNontaﬁ@ﬂﬁ]slﬁmzhﬁﬁmd the

pergxi;ﬁt?r og }V de?lgggg;ﬁ g{iﬁog%gc be{%er ege%eerglc%%rg %d gg ané the

patiRars-skinect ri cal conducting and non-ion- conductlng
material which prevents current (i.e., current in the

f .ei.ther ctrons
ot PE et & apfies i B ok S0 S bE haRaR e o1
ionizhiele eipplsdithé dim e agehi to @e tléie/etwddyd the cmimte:fresteh&)udkl\/ ice
can, be an

[ tt d | I ] ] .
colllﬁagl}ﬁ?q %‘ﬁ%@% alﬁet{(fqité slgc Ior ?exswpgd%oéigﬁ% %lcr)rg%?ggtﬁsgpm chloride,
or ialxkireah@ebfarAlteatatively, devicadticanl ceatinain iblicable, 82 irdidupply

The .device 50, c be adhered to the [ neans o
of 41 i PSR re e T4 e e iy el arRabTodry,
and¥4 wéul€® ﬁiﬁbtlﬂ(ﬁﬁatsl dfer diddgodd LEeaidlieg. it eRdiSple)fpokiti@e agent ions

i nvention may be confi gured g@agarb chor t he .

coupbbg detiversd fanebithe,skinrgiem e ?ytraﬁf's%fsiw yebhilsnpeative

agelnﬂi%hyéiﬁm Bt iftrbARBRRbE Hla8R8Se1bdiRAE akbmbljaiGeh&allyg iRV ed
ustsgrlor to application of the device to t he skin.

combipes skiprgopgaciing @réw%eéecnredecaéwnﬁ&le&wéma T fhewt SN by
squIRARS afdiut Hb ﬁ'?ﬁj Ekﬁj%fe\ﬁebtﬁ) Upidafy wilf rahgeeﬁ&ﬂ Bfout B%In dqBared to

conventi onal ed 1 n'transder agent delivery
ﬂxméﬂ?@3§mwﬁﬁnerally speaki ng, an adhesive overl ay
contacts the skin around the perinmeter of the device

[0 169] TR bR Bse AR BGHhd @&w@&ervaﬁ IR LY Bk ablivedy ddiete3D nRbibe
He patient's skin. [0105] In a typical device 50, the

plamgien fgens yanspviting Tedation veithi thespaiienieqies i tranpdsmpalbadeliger the
blog)%g'altqﬁp(!tﬁ/e ﬁ%ﬁfﬁg ! Msd&il Emsemgefn's‘ ﬂlleew@Q R Hlack@iiGtidek cMRhgd

e Cou r res rvolr
with the patient's skin. Various sites on the human body may be selected depending

upon the physician's or the patient's preference, the agent delivery regimen or other

factors such as cosmetic.

[0107] Fig. 3 shows a preferred embodiment of the invention comprising transdermal
delivery system 80 that has a microprojection member 82 comprising a plurality of
stratum corneum-piercing microprojections 84. Fig. 3A shows a detail view of

microprojection member 82 with a biologically active agent 86 coated on the
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contains a suitable electrolyte such as, for exanple,
sodi um chl ori de, potassiumchloride, or m xtures
wo baseef108 Al t ernati vel y, device can contai n anPCT/US2004/036180
i oni zabl e, or neutral, supply of agent in both
reservoirs 70 and 74 and in that manner both el ectrode
assenblies 62 and 64 would function as donor el ectrode
miceps@ediibne$t. Hreferabkyathp egting dad & thicknasg efiless tharsabouiulld be
m1cgo%s Xﬁgspi)gefé hglplé hcgoté)g%]eec\%gr'l gnerélh rﬁ,%‘g gepﬁ)%%?' gl n8 %Birf@rgﬁy
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v s A ik STl e s R SR S R o HRedinmaman
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bout 5.cm sguared to abqut cm squar e 010 T
aisigBior P ic B o pogten RS PaD I RIS P By oy p 9Pt pconied
micEtiphdj¥RION a8y df%e'%@es@ﬁtﬁﬁvehﬁorp | M6 grefétatigand coated

transmttlng rel ation w.th atient. so as

micqpEIETHP AHRY i 2plisdeth anfmpast ate %E aéfa(r P3oytes Pwmaggéﬂil@

mlck&*@édtmntanaimm@qn@cbn@ssdew ce is placed in intimate
contact with the patient's skin. Vhrlous sites on the

bod be sel ect endi n on th
(01 BHFEF s B e i o B RaPEA B s aogE g the
invéhibh Vﬁﬁé&oﬁx@ﬁbﬂ'@{é 99 fforBi RFosfit8 oF Mictopodin 8f sGRARDEum.
[0107]. Fig ows a preferred enbodi nent of the

Optiangkbh tﬂiedﬂlclffl?ﬁ?d?qt@%%? TP &R serdtenind WE 4 Reeh Y4 yhelneacly the

merhbélon BRSskéh GVtkd SRER] BI1bQIINRBRR ag8es S0P fvehtide cn pass
plurality of stratun1corneun}p|er0|n m croproj ect i ons

throggh opanings 8A Fhdng deliyerypplicatieng, the BigFdF dew the outer
surfIBRR fhe2 mﬁ@gﬁorbcﬁo&' 08 ﬂﬁ&l&%é‘&kﬁ\(&&ﬂ&ﬁ{ t03€hieRabeM or

on t proj ections Preferably, the coating
systannir therapiy. c?lnemgvment sassisiedasingiirgleqiiotrpnnert mathods of the

mva{tgﬁ eAs‘{Jram g e 91%9 g‘ﬁ%é oA %Pﬁﬁcr(?;ﬁo;eétlc{?@ By gxﬁdi@eplhg

to a patient rou he u
96 drtheaupplrcpmabmon&&gy 24is vewdxhqﬂvéh tespactiale @@mgd flwsiatei sggnt
bem%,]sa{nﬁpezi or ?v%‘réeglté) %Ierg%te‘%cerus%éijfré %?e\é{r&%[%sgqi}ﬁ gigslsi%g,tbéﬁltggc,
pres%pml-drﬁ/aﬁ |eun,) Sad othkr Rletors@9 WAV Be &/@&nt foi dne df Gdinatyeskilllid the

§ epiordr B BB pRelr o igs et TR RRER S B 1S
proj&"btﬁ‘d’rméhﬂtﬁ Cthé @Oreadisuabisedit thelfln pIf eRepént irvedhtthoskin blosdse

hlpreferabl the coated mcroprojection array is
theig 3 g Y&n inpact of at |east 0.05 joules per cn?
of the

[0109] In one embodiment of the invention, the microprojection density is at least
approximately 10 microprojections per cm squared, more preferably, in the range of at
least approximately 200 - 600 microprojections per cm squared. In similar fashion, the
number of openings per unit area through which the agent passes is at least
approximately 10 openings per cm squared and less than about 1000 openings per cm
squared. Similarly, in preferred embodiment, the microprojection piercing elements

have a projection length less than 1000 microns. In a further embodiment, the piercing
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m croprojection array in 10 nsec or |less. [0108] Fig.
4 shows a partial perspective detail of a
wore@soprog ecti on menber 90 of the invention. PCT/US2004/036180
M croprojections 92 formmcroslits or mcropores in
the stratum corneum Optionally, the m croprojections
92 can be configured with a barb 94 to hel p anchor the

eleraeritsettave a prdjetisk ldﬁgtﬁfoflebﬁthﬁlﬁiﬂoefﬂicronBl Rdre Breghily, 186 kave
pass openln s 96.

the inyention c h
2Py e e e G B & i b s Rhgegp beu a0
mickemsout er surfaces of the m croprojections 92 and

t hrough the stratum corneumto achi eve | ocal or

d th
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micptdjetibm uemes @ﬂd artdye tiabEHReE e@l&ﬂd%fmmh%e%bp@mhe%
mcro ol ectli on ar
oo E AtsOEe i L5 Bl KB & T2 RMEL TADSF Bihane Bodbengig b,

A@bﬂ@ns\ajmb/e% 842, dalch e ifcbrpdifibd Hﬁfe‘fergﬁg n6Rin4a Bkir entirety.
el ectrot ransport passi ve, osnot 1 c,

o5, drive ot he factors as will be
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area (I proj ection densH(i:iﬂH t he nore

co ‘ir%lter gk 59 fqegf ?lﬁ%trlﬁl @seweff andifEst29d srcorhpusirghcandecteri il o,

wiiECig btsfvel iN @F RteR il BY g R?itl\tﬂ‘éﬁ%ﬁ?oj eckiBd BRInbLi 08 rh%s a plurahty of
enbodi ment of the invention he m croprojectio

strgfumOppUMEPierping SHEPPIQISEHWS ehprefrydafem said bptea surfase plsaid
fir& iG] Lon H@l'hﬁerp 'M%El%gﬁfgcbfon th8nbd?9 05 ﬁ%gaedo%t)r Qgctxloﬁéa%8

appr oxi mat el y m cropr oj ect| ons
coReiaf &Confiw‘f@r Wﬂlaaﬁhomsh Aesail lntlhe n lfntﬁecptmfor@pemrmgestrode

110 %rcoHﬁélfrecﬁén%ﬁmth&ﬁfégp ML il 8RB0 0P 35S gsalsogo?ntegtgd to

| east approxi mately openi ngs per cm squar
cirgial{2dnerendwon 18phehn ngslaoe it llzpmwtsaheding Betwickraclbofrodésn
1095:5f Ar €d enmbodi ment, the m croprojection piercing
el ements have a prOJectlon  ength | ess than 1000
mcrons. In a further enbodi ment, the piercing
[0 lé%lnethfé igbodimeat, hoth ) dover mtrb@wm&andfcowm@@ldmade 1500
He%%cro &tleﬁ Qlfr@{) A a qro‘}lg 3 s&&&q hgw? ﬁg erln L5 rqormspeR% reaggn

mcropro IOI’]St eTa w
densh thagyshit qsstltabmscprmum Ofts. un[f@mpﬁnem?axron lgenerat&t avdrg of

s BEaRRIA 855 A0, TOHRE 050 RELARRUE TR e
homeagsheiyeid invrdabddrbetise themden®bredl the stratum corneum-electrode
interface. Such a homogenous field contributes to the efficiency, reliability and
reproducibility of the electrotransport of agents across the skin. One of skill in the art will
also recognize that this configuration provides a parallel plate capacitor geometry 114
symmetrically around the circumference of microprojection member 106, as schematically
shown in Fig. 8. This configuration maximizes the surface charge density across the
insulator interface, which in turn increases the overall electrostatic field. The electrical
field 116 shown in Fig. 9 that is generated by this geometry is spherically symmetrical.

The configuration also distributes the field over a broad area, maximizing the chance of

25



invention are disclosed in U S. Pat. Nos. 6,322, 808,

6, 230,051 Bl and Co-Pending U. S. Application No.
waosamiesl2, whi ch are incorporated by referenk€l/lis2064/086180

in their entirety. [0111] Referring nowto Figs. 5-7,

a schematic view of a transdermal delivery system 100

of the invention is shown. System 100 conprises an
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This ganSpRaiip, alsogirovigasithe lgﬁnafﬁicpf w@écrrammttﬁtlpn pfbagh thefsionor and

coﬁﬁt@ﬁéléc%&énm&k (f?sfc ?’Q@ Pét@eéﬁ%&é St ddibr ﬂ d%s% A counter

in the art SO recogni ze t
elfi?tfﬁ*ﬁﬁSd% ammwpbcra@om elean edecprinabdignal capl generate a]@amcalcfrelds

%F{oreYec&A]% r§£¥ Q”&m %1919} b% tlﬁ{s%%%ﬁlhgﬁr%tl% S \? ncgf aOf

n1cropr01e I on ne as sc
bigtpgjcally actiVsiagemson i gur atl on maxi m zes the surf ace
charge density across the insulator interface, which

[0l 1'3] g &nb%@rﬁf %ﬁ){sﬁngﬁ F%o Xey Alalyy o? &a@ﬁ»ﬁﬁ ﬂ'{a&r e bbfleRiondy1e

el éctrical fie wn 1n i's gener at’ed
magyfactyres agspmeepate ugits thatmactikbd be wym@tqgmrhm withTdreinsulating
layePRcvai ALk On al so distributes the field over a broad
area, maxim zing the chance of 25interaction between
the biologically active agent and the field. Further,
[0t e A@Q@ercﬁspem @ﬁ%p myprtniipshomnrimgig. 12 mibidhting patislperspective

vidw @Fh%ﬂﬁfoﬁarcﬁécﬂ%ﬁk&%@nj oy lA%%hown, microprojection member 140 has a

plurality of stratum corneum-piercing projections 142. An insulating coating 144 covers
the base 146 of microprojection member 140 and the body of microprojections 142. By
leaving the tips of the projections bare, electric field densities are highly concentrated at
that site. Application of appropriate voltage across the electrodes generates membrane-

permeabilizing energies, capable of forming micropores in a cell membrane.
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[0113] Another enbodi ment of the invention is shown in

Fig. 10. In this configuration, the transdernal
wa@edosHer1ys devi ce conpri ses two m croproj ecti onPCT/US2004/036180

el ectrodes spaced a suitable distance apart. Such a

configuration generates sem spherical symetrica

electric field 120, conprising a donor electrica
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agent he e I ments shown in q
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onigie SRR ] il TRk A S SR b OORs oL
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projections bare, elect field d t
s IGGEBAE PalBE e SeBES) SUch JBBY FERTT B LIRSV Ed o

and PoRBIEd BRKOSS the RBo Rl R Chthitenad @RREALE ice, to provide a fixed or
nenbraneperneab|I|Z|ng energi es, capable of formng

reneiveble poressofione ar merc|therenesHaestSPEAEL 7] Met hods of t he
i nvention conprise configuring the control to deliver

[0ﬁ9ﬁ E[e%{rotransport devices are powered by an electrical power source such as one or
more batteries. Typically, at any one time, one pole of the power source is electrically
connected to the donor electrode, while the opposite pole is electrically connected to the
counter electrode. Since it has been shown that the rate of electrotransport agent delivery
is approximately proportional to the electric current applied by the device, many
electrotransport devices typically have an electrical controller that controls the voltage

and/or current applied through the electrodes, thereby regulating the rate of agent delivery.
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electrical signal to the mcroprojection nmember to
facilitate el ectroporation and intracellul ar
webk®@snsads ansport of the biologically active apenus2004/036180
Preferably, the control is also configured to deliver
a second electrical signal to the m croprojection
menber, prior to the first electrical signal, to
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plurality of pulsés in a range of 750-1500 v lts/cm in the microsecond range. These
values are given for example only, and one of skill in the art will be able to select
appropriate values based on the intended application. Presently preferred electric field
strengths may range from 1000 to 5000 volts/cm for delivering molecules in vivo.
Excessive field strength results in lysing of cells, whereas a low field strength results in

reduced efficacy. Pulses are usually of the square wave type; however, exponentially
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el ectrotransport devices typically have an el ectrica
controller that controls the voltage and/ or current
wa@ppsioedog hr ough the el ectrodes, thereby regul BET/H20D41E36180
rate of agent delivery. 27These control circuits use a
variety of electrical conponents to control the
electrical signal, i.e., the anplitude, polarity,
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Pelke udi'ng el ectroporation.
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or g b ein 9 et insobl saf Bisfif h8h i Jeeli iR fi
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intended to be linmted to, 0,000 volts/cmfor a

entigbyat i on in the nanosecond to second range. A
preferred range conprises 100 - 5,000 volts/cm A
[opﬁj tcEMURE 1€ THR kieHBAH, t&@ﬂﬂ[ﬂg&”@&m@aﬁ@hi prefeeablypintingd attlgast
pul ses in a range of 1-500 vqlts/cm for af&? ation
onp ﬁvettmé agft| A8 @c%ﬂblm%wg% tharaﬂawifﬂv%%gea‘is Cp &gt 5?
deBHpS &8s dn[fbhgplﬁl?d"lﬁgleéiﬁes? Wnch2001uvieh Est4ifhg thetwigting agent is

m crosecond range. These
applied to a hydrophobic substrate the hydrophobic groups of the molecule bind to the

hydrophobic substrate, while the hydrophilic portion of the molecule stays in contact
with water. As a result, the hydrophobic surface of the substrate is not coated with
hydrophobic groups of the wetting agent, making it susceptible to wetting by the solvent.
Wetting agents include surfactants as well as polymers presenting amphiphillic

properties.
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val ues are given for exanple only, and one of skill in
the art will be able to select appropriate val ues
whawed4ans t he | nt ended application. Presently peEiUS00€06180
electric field strengths may range from 1000 to 5000
volts/cmfor delivering nolecules in vivo. Excessive
field strength results in lysing of cells, whereas a
[012@Wnfone kelbsdimemgtfkherieamtitns thercortigdfomabilgions dwbidle aHghst ese

re ally aof the ar.e t ype: v .
suffefighaerhele S sauiEgh t 2REbnic apohojer,
catthalcaddidtic, of n@actic.pBkmeplésf cafacrdts pnolgle, soiditirh.

El ect roporati.on ca e per d, w th. pul i, d
loreT T R et e (I e pisklisRif Bela R,
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alkBk LA ABHRL O as lakrethSs. | NTBR bieBdied bitdictdnbandTidTriden 20f

I nterest be near the exterior of the cell nenbrane

Twgke$D, end 88 cel| is in a perneabilized state. The
el ectrotransport functions of this invention a very

(084} PRR:S IS, He @abdnvatioh o thi QkRghtd ihyhaahdo s apprerimatdy
t he appropriate area prior tQ el ectroporation.

0.084 c 8™ ‘AG {he cpetingsoliEien fABIBLeY del i ver an el ectronic
signal to the electrodes the will facilitate the

[01 26 NSHRAB enfbodisaos t thofnvéidn thotaghg firhylatatsi indude at
agent. The electric igng% wi || Bﬁ ”onfigﬁred@to les of
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thdRddSIdlynfersibide, SHBDBAUBRI LN, ceBlloR| df 14184, Suchi gnal
configured to el'ectroporate cell nenbr ngﬁgnay be

hydyopsyatisdeellaloph@Tieebtdr rpeopyiethyiaellylpse |
hygg%g@&%))\éephgﬁm,Sxﬂ%ylc&fulésg W@?,%Z&ﬁk%}hﬂletﬂ?kblﬂﬂose

u nhancenent of i nvention
(HEHr orstyy hydppiysthigel iosa G Co anwelbasedirPpift ¢ si gnal to

the electrodes that is configured to transport the

[0 f‘%ﬁ ﬁ{(orferﬁr@égﬁe‘hh& tREVBARN! the 8shc&fttatioNTBNRE BEIPmerSreRhting
of “skill Il a

in the art w ppreci ate, one or a

| of th
anphippiicompetsiss isapelarbly in Sedaite LbrPPANAMABR; 44! “D%Q Wgt(yh é“oere
prajeﬁff‘lkriﬁttﬁquﬁ?#?c{lfgapégﬁé'_nﬁlte@fﬁ.bfr’p Qb k.19 Bf S B@eﬁfng el Aen.

rnvention. tl V? el ect I‘Ot' ranqur't an
Eveh ewte wplrabtyl, the canesntratital of therwettingagenids iathe @nesctfosed

apigr?)igr??eg%’&?t—ﬁ W09 ox‘ﬁhg‘égatigggofrm%?%ﬁ’ 646, 5,169,382 and

t He di"'scl osures are incorporated by
reference herein in their entirety., [0123] Accordin?
[0128] t4sevill e eprrpaiaied bhenedwaing wefinasy skl By thead the ated Wefige

agierﬂg lcallllq)% Bld Jesgrﬁtrely or in combinations.

[0129] According to the invention, the coating formulations can further include a
hydrophilic polymer. Preferably the hydrophilic polymer is selected from the following
group: poly(vinyl alcohol), poly(ethylene oxide), poly(2-hydroxyethylmethacrylate),
poly(n-vinyl pyrolidone), polyethylene glycol and mixtures thereof and like polymers.

As is well known in the art, the noted polymers increase viscosity.
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one wetting agent. As is well known in the art,
wetting agents can generally be described as
wa@ephioghdd i ¢ nol ecul es. Wien a sol uti on cont ai PCTYS100€036180
wetting agent is applied to a hydrophobic substrate,
t he hydrophobi c groups of the nol ecule bind to the
hydr ophobi ¢ substrate, while the hydrophilic portion
[0166] Tﬁe&:ofmln&e:ﬂdn&fsﬁeawrdphlhc qmlymet inth¢ ¢vatiag formulagorais

[ lf,. t h h b f th
pr ,qusb%élélépeer&g%ﬁ ﬁ{)o i %@Hi 3? 8\6 %?r% tp?] ?16 ?/,?’ E?he r%inge
of BYRRImatéHIBY llOtth?&EdelﬁH dolting foﬁnMﬁtdm Iﬁgelbmotdmeferably, the

sol vent . ttin ent.s .i ncl ude surf act
R I e AR e ey
codiilg RRuRAbRdi ment of the invention, the coatlng
fornmul ati ons i nclude at | east one surfactant

[0 12@0@{)%:_“{] fgg]t ghet 12}%%1:313%{ 3[}% !&o% 1%%{()'118‘,\]12%&12 g%% ﬁlﬁfﬁ'l%r 12101uc‘?n be

bloe&ﬂpdﬂﬁle%arrﬁiﬁ 363 ﬁﬁh@,& dﬁbﬂbieﬂ@ﬂi @oiPending Uisd %,ppB@dme\o.
| aur canphoacet at e, m do

sul f at SDS) .,
10/ 24 {08 yhic lsrfP%ﬂ‘fPthtF er(*“%ﬁﬁ%?fe}/”dli & E‘S‘}FFtS | .%ré?fﬂélﬁs of
su1ﬁm%c6ﬂbﬁm1@éa|r%s &Iwumzbﬁm&fﬂuk Hibdhine&bd Mmﬁﬁulbumm
sorbates such as, Tween 20 and Tween 8 oth

polgg#l PiGeFid @piosRertiy @sidsRrl i ng opagfasaPly %F@OIBQHHHO
aci@, KWsleqye%glo% ﬁﬁl&%it&e%ﬁfho%nﬁ@ﬂaﬁbg@ 4. Most preferred
surfactants i nclude Tween 20, Tween 80, and SDS.
125] Pref bl th t f.th
OIBST R e ke iR RaEre 1 (Bpatined o s
pretfé?ﬁolﬁ Rahé ﬂtﬁg§6’ﬂ dﬁbbiogﬁnefté]& DUl Bt O%, mbfIpe€tkrably, @ théhahFest

nmbodi nment _of e inventiagn, the coating formulatjons
apnr%m@éf %t 59 @és/? o consing dspietinny Byen £10re prefiul pnthe
cor{c tatiBRSf ﬁlEfWa&ﬁQ labdift ith ARGRIde®T o ;%aﬂimegsmoi 40 WE vnete
ol yners 1 nclude, "w t hout |n1tag|on cel l ul ose
cmﬂ@EﬁVHkae@ such as hydroxyethylcellulose ( HEQ) ,
hydr oxypr opyl net hyl cel | ul ose (HPMO),

[0 lagpﬁewﬂﬁ%fbyth@ﬁ%dﬂoﬁstﬁe (WU 51 forﬂiﬁtahyﬂscéﬁﬁ kiHhes@clubésy ,
el lul ose (HEMO)

roxyet hyl
stabt%l/lng Agant; @st«,keqs ijdse distlgsedde Ce%‘mbyg Ua% A\Rémaﬂa%No
6013 #‘ 59N Wit id 9111%%&1 atell b? ?@ex@ﬁ@%‘?ﬁfe‘ﬁ?’ﬂtlts Qhtirkhye BxAMBRE beN,
g concentr at pol ymer presenting
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t e preferably, in th
p°$§ﬁ§%%8 g%%%%%ﬁ%é%Qréqgﬁ%gn%mﬁR£9@$ t he coa¥|né °

fornul ati on.
[0134] The coatings of the invention can further include a vasoconstrictor such as those

disclosed in Co-Pending U.S. Application Nos. 10/674,626 and 60/514,433, which are

incorporated by reference hetein in their entirety. As set forth in the noted Co-Pending

(¢}

Applications, the vasoconstrictor is used to control bleeding during and after application
on the microprojection member. Preferred vasoconstrictors include, but are not limited
to, amidephrine, cafaminol, cyclopentamine, deoxyepinephrine, epinephrine, felypressin,
indanazoline, metizoline, midodrine, naphazoline, nordefrin, octodrine, ornipressin,

oxymethazoline, phenylephrine, phenylethanolamine, phenylpropanolamine,
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Even nore preferably, the concentration of the wetting

agent is in the range of approximately 0.1 - 5 w. %
wo@Rooshe1evati ng formul ati on. [0128] As will bePCT/US2004/036180

appreci ated by one having ordinary skill in the art,

the noted wetting agents can be used separately or in

conbi nations. [0129] According to the invention, the
proppihtieddnd, psandbephedsins, tetahyfliorelner tranrpeplinte traminpleRIpe | i ¢

r.. pPreferabl o] | I j

o o S LAYt RO RiskleS uBRoY TRle st prerred
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and like polynmers. As is well known in the art, the
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approximately 0.01 - 20 wt. % nore preferably, in the
[0186higeyebinodiep pokodimens|of thg ip@ntion] the\gpatingfermuldtions wakupde g

| P ; C tr @n

T S S bt e
Applicktien Howd9/93%436, whieh isdaoipogatédorymefeanic@hereih @ s §ntirety.

Accor.di t e, nvention,,.th ' S
As SOt bt ST NS b Raicha e BREND a5 MeGRlRE2
prevEn sedidiisich te ekinismafieal Reaiiglp prpctisS. thekpipt prewniingthilolosure

0/127,108, which.is incorporated by reference herein
of i pifee g miBey T Bl a6 SRhEL A S RS
meﬁ?gﬁ drRlys Eixﬁllﬁblldjd@f pathvag paﬂehnyfﬁlcﬁdl,uldﬁ(br@ emguidaeﬂmgt livtriteaion,

al bumn, po ut c acld, .polyaspartlc, acCl . .
oot AP (o asteh Saby BRI i 3 minoi g

sucrose, trehal ose, nelezitose, raffinose and
[0I1SVRThy e “pdidiaddatehbemoduiater asalefinedl infthet CrePending

bj.ocompati ble carrier in the coating fqrpulation,is
AppfiigR ABEF" i o SR BN e 2 By e thas e Al o
phdésphfe Pis6digh bk, YrianhdindifiR acebgee Df-disgiidphosphaty 5 - 50

wt. %of the coating formylation ven nore preferably,
hyqrpeorapntediyeioshiogde: gf’drf’?f)é“?%?!lz}'ﬁﬁosa ‘?‘lihs‘?{l,urfl %he range
me@y|FRRLIInERY ?)hbfsgﬂl&e disdfumtsalt, Yoty jrbdhisoRae 2D Guccinaate

formul ation. [0133] According to the invention, the,
sodiern s¢h gapetiatone ARGV RO AR PIEdRTAUNS 24 WAl iogugy
salﬁ%ﬁc{‘énticééé%ﬁn%%s&ﬂ qs&trliSkl Qasd sdifd (£8; RN Bigrate), Jextrin

I cation .
sulfate sodium, aspirin and EDTA.

[0138] According to the invention, the coating formulations can also include a non-
aqueous solvent, such as ethanol, propylene glycol, polyethylene glycol and the like,
dyes, pigments, inert fillers, permeation enhancers, excipients, and other conventional

components of pharmaceutical products or transdermal devices known in the art.
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60/ 514,533, which is incorporated by reference herein
inits entirety. Exanples of suitable stabilizing
w@ageaneidsicl ude, without limtation, a non-redRCI/ONH2004/036180
sugar, a polysaccharide, a reducing sugar, or a DNase
i nhi bitor. [0134] The coatings of the invention can
further include a vasoconstrictor such as those
[019915Gh 0S8 winToaar ATRA At difvdd.can alApid ddaed ioahe ddating formulations
10/ 674, 626 and 60/514, 433, which a£$ |n00t£onated by
as lppg asrthrcde ot pdverselatierdhs nespisary SpYoIiREANd FiSCPEW: 1 i n
chatddErifRL @4 tHeQo BB RthIARRah & ik ipBitcal b rivaSaEOMSIdrcbaingt
is used to control bleeding during and after

application on the m croprpjection.menber. Preferred
018K Rre bt herspins TRERRIES BE 24EONBHE fi:pRerSy oty 00
cerfiPbiSCRAI dr&tor talPd¥hiisdise i€ Mabiapefft@iveyoat each microprojection
deoxyepi nephri ne,  epi nephrine, fe| g[essin,
10; Maesrrasioreb e he Feting dpTIACOR AF56 P VESSI AbHA SHHEF RE,
mqggﬁggﬁﬁkﬁ+2@p&ﬁgﬁh§§, or ni pressin, oxynethazoli ne,
phenyl éphri ne, phenyl et hanol am ne,
phenyl propanol am ne, 31lpropyl hexedri ne, .
101 RoE b arine Bertobs it P B S o TP S A5pdnt upon the

deﬁsuflﬁhﬁe heqbRoRctidnd PRzt Ak, of MRSAEH 8851hE viscosity and
xyl onet azoli ne. and the m xtures thereof. The nost

conseriratipn efithy seBine fempysitiosas wel ey tha ouine M chasen-
Pre'?&mg,gﬁé éd'éﬁn% Iedih R YA Q2RIn S08nitidanazol i ne,

nmet | I ne, tramazoline, tymazoline, oxynetazoline and
xglonetazoane. L0135] The conc nniatéfn,of t he
[0 18k cans stubpdifept, thercod g RYgagss 1§ sphan & JFORS: WOlhe
pref@$ 105 1BRARDINLITRS & eQurdd Wom 186 thRroprojedtioRisuifdte. Even
coatln%. [0136] In yet another enbodi nent of thﬁ )
morgpieferabbi ,thet%étlltgdbch?‘FQS 5 én therares shaPPTaxEndely 14p 1P ugpns.
one "pat hway patency nodul ator”, such as those
[0 IQBfﬁJ &%@gﬂe@ts@?tl@qmﬁﬁl, bhe Biol 3l lly GodieQiged¥s contained in a
097 950, 436, which is |ncorporateq by %efenen e herein
hydragg! feymuiption e Pyplerally.dls hydenegifomplatie () Serignesn N BRETVeY

adfARRL bRAIAIR bledidBe AR w RSLIABEINyARSb el Aubli &5 HE BYESde] OF
dim nish the skin's natural healin rocesses  thereby
forprutajiens disdoset in Co-Bending Applicaiondig: ﬁgﬁ%‘% WHB s i ts

incfr?g%)g%% B;{}efe?&cglgr%qm&&ﬁi%ym by the nicroprojection

ray. anpl es of pat hway patency nodul ators

include, without limtation, osnotic a entg@éef twork
[0k Mg i il lraveneiy theeanelhydipgotsers @ﬁffremelsﬁlgm? e(”é%ﬁt.w,m s
hft T A% SV ater] BxFAbled ¥SukfidBolRAGRURWv RS BOIGNe, without
téﬁnggﬁgtorﬂ} s %E%ﬁ%g% in tﬁgiégaéendlng Appl i cation,
linfitatiom dydrionystndestiutose (HEGH ydrrapiopyimstiwireduloss (HEM(),
hygr%gc\?pqg];ﬁ?eﬁﬁﬁge ("i-i’[’C), methylcellulose (MC), hydroxyethylmethylcellulose
(HEMC), ethylhydroxyethylcellulose (EHEC),. carboxymethyl cellulose (CMO),
poly(viny! alcohol), poly(ethylene oxide), poly(2-hydroxyethylmethacrylate), poly(n-
vinyl pyrolidone), and pluronics. The most preferred polymeric materials are cellulose
derivatives. These polymers can be obtained in various grades presenting different

average molecular weight and therefore exhibit different rheological properties.
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phosphat e di sodium salt, triantinol one acetonide

21-di sodi um phosphat e, hydrocortamate hydrochl ori de,
whyasoeang i sone - phosphate di sodiumsalt, PCT/US2004/036180

met hyl pr edni sol one -phosphate di sodi um salt,

met hyl predni sol one 21-succi naate sodium salt,

par anet hasone di sodi um phosphat e and predni sol one 2
[0 4§ LAcdondihetoshelinnentia) the hphokehfurnuletonsiaksotiscludsinnh seréactant
.citric acid,, citrate salts .(e.q. Qdj 1 itrat ;
(g R AT R PR GEPE b sy BRI Bl o

ampldtericd taignicpardibiec,iof etibiiarExaiipées o atrfangnts duahde atodoms

can al so jnclude a, ngn u spl vent . such .as
iugpnahecetlsy e fsiegtruite (RSP dRLBAPRER CRER ne
dodldcyi@im&lyE SmnfUngl iR BISkidd (TRIAC)E bénlzﬁk@lium,eih!lmﬂibi' olysorbates,
enhancers, excipients, and, other convention
sugigipd Beht Sangk Lvptea SRRy spRign %flaswsf ek s poraRdRp A and
alkd@Mhte@cidBICH Bs Thitethd, tMos? Blefel@8 kur@dngits iKElodd Tween 20,
fornul ation additives can al so be added to the coating
Twegt #1284 PBAs as 1 ong as they do not adversely affect
the necessary solubility and viscosity characteristics
[006] PREraDA hd 1 dfcpeMstiiilhins Athet iCluddydiBalc mabeds ot y
of the dried coating. [014%%Wfre gfablﬁ, t he coa%éng
popBeiRiREnE SrEhiRRIE PEPDGTLSE Jsiaprples 5 RGH PASBICEX Il y
witO® [HEBtbR kR RNRrigdtRad, Slichlab Birexyetilde RIS HBT) or der
to effectively coat each m croprojection_ 10. re

Mb
hygreesrsprybngtyledlrlese SEYME)-AytiniyRembSuRet & vi scosi ty
mé[t}gfi%gl?ogé?(‘ﬂ@, H;tdr@agl%f@ﬁhawlaéllulo;& (HERRG), 6ent i poi se.

According to the invention, the desired coating
ethyfhiydionestieyl¢edlulpsp diHip: aipdlrspheotensi ty of the
m croprojections per unit area of the sheet and the

[01475 BRE 4By, I RmOHHEASH HthOdurREtardt hecoaRfst IEtWNVTD1% 2
as well as the coating nethod chosen. Preferably, the

2 wlo¥taf ity hydrasrifersulption. Eaeconpapfratimn ofiths Rphyner|thet g5hibifs,

' : | ' LIS ol £580 (vhan oLk
e S T
hydmad derevtlatioom t he microproj ection surface. Even nore
preferably, the coating thickness is in the range of

[0 PRP AR dBER! YocdldthghO atTesst OtSddihiBddd 3nbbdinmRh U hARRREGDS,
of "the invention, the biologically active agent

S
thecipvngipmale hdreechipanelgdons cortan Phieass pne pplegispliiaciive agrab
fo%?tgglgez{ vefc&ﬁ&uif’x%?éﬁm, e \%Qaﬁeado%g)gisésrbn@ of e Gfof&héntioned

ht one o e €l ectrodes conprise water-based
vatnjis,ogaiding, suthutdénitdtion ijisesgad bacteria, protein-based vaccines,

polysaccharide-based vaccine, and nucleic acid-based vaccines.

[0149] In a further embodiment of the invention, the hydrogel formulations contain 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.
Suitable pathway patency modulators include, 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-
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formul ati ons di scl osed in Co-Pendi ng Application No.
60/514, 433, which is incorporated by reference herein

WO poosgotehtirety. [0144] As is well known in tPET/E§1004/036180
hydr ogel s are macronol ecul ar pol yneric networks t hat
are swollen in water. Exanples of suitable polyneric
networ ks include, without Iimtation,

disbiigh @Ké’s@hdwﬂh@&ﬂobcbﬁm& I(}HEIE)ﬂ,orlde hydrocortisone 21-phosphate

stk 54 GOSN e S pepege SR ey age 21

sucBMgHt®304Rinh éfdltn”ﬁztrﬁlﬁétﬁﬁbhéldhﬁcﬁﬁuﬁ pid¥phate and predmsolone 21-
et hyl hydr o>ﬁ et hyl cel ose éEHE 29 box
sucglame PR Sbeg s erarRy ruch oo ic” SRS PRy Pt
cinghe), d83rin B Rwdeypthy | et hacr yl at e) pol y(nvi nyl
pyro | done) and pI uronics. The nost preferred
terials are, cell deri vat.i ves,.
(018381 Ao G S theuoeel b gatH bl BRuedif
a \Qb\fisfs%[v%ﬂtt SURH 8§ afholBdopedphidl, m@pmte gy, bdsl@ethflleﬂieeglycol and
exhi bi t dlfferent r heol ogi cal erties. 33
the Ake.glyas: Bigmeatss et ﬁH?FévrﬂeFrB‘??tm‘i‘ AP SRR Phﬁgj PglFl} ons
corfPeRdnhNGhipdEen st pﬁ&ﬁrfa@éﬂh@ﬂtpr((duct@ or trRidrinabdea @R kiown in
According to the invention, the surfactant(s) can be
theai t t eri oni ¢, anmphoteric, cationic, anionic, or
noni oni c. Exarrpl es of surfactants incl ude, sodi um

[o1ls& j{’ BCRiAI8HonS 04H furthelqatagdelat Rudtfons eas()ﬁﬁiﬁh,ctor
I.ni um chl or.i de (CPCO), ..dodecyl

S OO U RS e, Wi RGP o faphazoline,

tetﬁ%c%%‘h?@ﬁﬁﬁlaz@lﬁfé Nm @70 liNg 8Bma5b1ia8 dym R ahe, 3Rymethtine,
sorbitan derivatives such as sorhbitan |aur ate, and

xylamiexg)ing: aseidenheian spEminabieyelepqnigas, HeokyeBRrip.ef er r ed
ep1ﬁ%§fg gf tfg?%rfésshp ad%lgﬁo t120@ine Tfﬁﬁ&ﬁm% Oha Fﬁ&@lnap%ordefrm

era e hydr ogel formul ati ons furt her
ocuodmmmlgmsnyn@wmﬂwml@m phienylenhrige \phersiathanglpmiep.
o AR FRRb e e, (RERRPERR, R OMHe ROUAIS,
tuastnodhepisnd) yyolraasdyret mbmez*psmﬂndg{elomq@@)hne, and the mixtures thereof.
hydr oxypr opyl net hyl cel | ul ose (HPMC),
hydr oxypr opyl cel | ul ose (}ﬂ:’@pl jret hyl cel | ul ose (M),
hydr oxyet hyl net hyl cel | ul ose (HEI\/C) or
[0 léﬂh Eleht]@nomtrpeteffwts:@ﬂ theinyesive BHRC) Wer8§b$9é‘fqd ugigg the

B SR 3 B 5B PSRRI g el e
melntber &tymbrrsqbdm élmtmmraiucmmulseﬂabvecx)de@mﬁﬁ haviema efnceric

ad«lirl 801}/a|ire 1cropqgjtect?o)§1harray eRctrode ring around the core microprojection atray.
Both arrays are separated by a non-conductive ring, generating two electroporation
electrodes, each providing a plurality of microprojections in position where intracellular
uptake is desired. In this example, an increase of intracellular DNA uptake after
microprojection DNA delivery into HGP was achieved by applying electroporation
pulses through the microprojection array electrodes. DNA uptake was monitored by
detecting gene expression on the mRNA level and a comparison of the efficacy of this

system was made to a conventional, prior art macro-needle array electrode. This
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anphi philic properties is preferably in the range of
approximately 0.5 - 40 wt. % of the hydroge
w0 oooskeds on. [ 0148] As indicated, accordi ng tPCEHUS2004/036180
| east one additional enbodi ment of the invention, the
i nvention, the hydrogel fornulations contain at |east
one blologlcally active agent, for exanple, a vaccine.
exal?fp&‘ 1ﬁ61&h%s)&evdhhﬁamwﬂtgm@spmmusmg snigmprojsktiorhasrays with and

R SRS S EEA g AL L0 P clspporao
syswatci nes, pol ysacchari de-based vaccine, and nuclelc
aci d- based vaccines [0149] In a further enbodi nent of

e_inven t he r at
015 3EGEACDNA el BRfUSOpSlecte A M SER LA, 2
eleti @ahgwadugmeraioief ditnacellulaBdelAppl. i cati on No.
09/ 950, 436, which is incorporated by reference herein

[OIS%E{}{%@% %@) 1ver|y|LtJ)X]S1fl8Jo o %&V@y @@B@ﬂﬁ%w@@?&” ators

oSor i ¢ agents (e.g.,
ele&@ﬂjotﬂﬂibﬁ hppited d&@;ughmotmrmqmih'l avaitabtepotmelseqdée ayray clegirers
aci nd anti-inflamuatory agents, such as
Cyer ﬁ%yﬁgsone - phosphat e di sodi um salt, triantinol one

acet oni de 21- 34di sodi um phosphat e, hydrocortanate
[0 ]bﬂplGﬁmlpl 30 D“I\Hﬂedelilvyldrbnymcmp@mqmn preoSEAB fadlogied byl um

ot B BF RS9 RASIRAS i R ok

migepafetifitgayeldirsdedi um phosphat e and prednlsolone 21-
succi nat e sodiun1sa|t and anticoagul ants, such as

[
oL STy B TR Relar R RIRIRR)
ehﬂhﬁmmmyﬁnn@ﬁnnwmdnmﬂmywndgéhdﬁmwnnlat|ons can al so
i ncl ude a non aqueous sol vent, such as ethano

[0 ftsﬁg% ﬁ@%‘oﬂ)dNAF%feﬁ@% ﬁ%&lo%ﬁf&]gétlon%?JaY F&er{‘igdég AGIHUG9l and

nts nert pernmeati on
eleemdsmﬂemsapplmdcthlpugm emuagrcialiy h@ﬂald@m@rgme@ﬁ{garray electrode

nts of pharmaceutical products or transdernal
(CW@&E §1 nomn in the art. [0151] The hydroge
fornmul ati ons can further include at |east one

[0158% Grouyst: INA deliveSubiyt raistaprojeption st MEJ06¢ Withoutanwr | y

i ncl ude Mﬁtho ephri ne, naphazol i ne,
eletcg?tiraéﬁ?/%? ey sINR %r%léorll Jr)ﬂléttrr}%%fclﬁg} Gefiver ngt i zol i ne,

tramazol i ne, tynmazoline, oxynetazollne

[0k591] EireuraZ AN Adeliver jeplerapricction prsl M| 1066 followed by
elec%/roporgtleorﬁta%ghéhechroqgt%(X&ﬁh&@ﬁm L¥¥fable macro-needle array electrode

(Cytopulse, Inc.).

Materials and Methods
[0160] Microprojection arrays comprising titanium microprojections bent at an angle of
approximately 90° to the plane of the sheet, an area of approximately 2 cm? and
increasing protrusion length, MF $250 (250 um), MF 1065 (400 pm), and MF 1066 (600
um), were used. The arrays were coated with CENO14 (beta-galactosidase expression

plasmid) with a loading of 40 ng DNA per array. A closed backing adhesion pad was

36



epi nephrine, felypressin, indanazoline, netizoline,

m dodri ne, naphazoline, nordefrin, octodrine,
wW@resps9Essi n, oxymnet hazol i ne, phenyl ephrine, PCT/US2004/036180

phenyl et hanol am ne, phenyl propanol am ne,

propyl hexedri ne, pseudoephedrine, tetrahydrozoline,

tramazol i ne, tuam noheptane, tymazoline, vasopressin
useamds@wde@hmetrwab theekinaftle elheronmspmt eenditivers ecte coBfgurpd tor

oSy PBIA AT SSL SR L TR Bl By PR e

by TBtEbelke Dk 6tﬂa@dlé M’@@ esam (6NAly nrg;srteﬁﬂt'é thél'shm at the

m croproj ectio n, el ectroparation
i DO 7 et TRvIsr 100 D EF D 2L
del QL thly ABthicRipeseRiona@8) éledirods iy £BRRad GareRulsegXedliqunite

the core microprojection array. Both arrays are
geneEddr at ed by a non-conductive ring, generating two

el ectroporation el ectrodes, each providing a plurality
[018 | DEIEVePP6ThEDNARShd smmaﬁmrgume pizs I(HGPa)wislam fcﬂllows

uptake is, desired. Int
Copikd PHE@MPISH 0N THES WEE ARRIS EYG%%&H@HB 3 e aRication
sﬁéjl?lhﬂk&ﬁ FYNAMHeAveHABy %&oﬁﬁﬁbtﬁ)ﬁ%ﬁra?Waﬁ ﬁl@m/dnfb@ by electrotransport,
el ectroporation pul ses through the n1g%$§ ect%iw»
as dicalpd &1 Bablg bd%@ldWaUmSékw% AWGALT € 01467, or an

avilgde %p%hbéis}i if& fh% sEﬂﬁWf@§ § i@ N Hi¥opdRivbr (E‘P?{vas’:'d’tdle a

ari son of |cacx of this system was ]
1mened:1@ﬁqkyénltl¢wnaDNPpﬁﬂUP%bmt %@FWI%%C@@P@”%Y: ryle al Ahimals
refliSSt 8l mestitss, 35exanpl e incl udes seven treat ment
groups, conprising mcroprojection arrays with and
wi t hout el ectrotransport augnentation and a conmerci al
Macr o- needl e electroporaff %ysten1 [0153] G oup 1:

Grbﬂ ‘{fT MVEEY [0V TEETRIE QlpECT T OTAdteavatit S2 WG ERprébsion
ele

ctrotrlansport augnentatfi on of int racé;l | ul ar
deI verly. [0154] Group 2: DNA |d¥pthoéry by (rtPCR)
nicroprojection array S250 fol|l owed by el ectroporation

PPITEU $IH0 n& Cconmercial Ty gyal | abl'e ma¢r oonepeitice
grraf?e %%%rggg (Cytopul se, Inc.). [0155] Gjoup 3: DNA

del|very by ricroprojection arlray S250 follgwed hy

el efptd op%?ff{&t i|drepdle 888y confi gur’@d for el ect f opgpé%’F‘Bﬁe
app ied.throUgh the concentric| m croprojection array

§Irect{o0ess0 | MF micro-needle array | EP 2/3 positive
4 2 | 1065 | none none 1/2 positive
5 3 | 1065 | 6 needle array EP 1/3 positive
6 2 | 1066 | none none 1/2 positive

[0162] Intracellular uptake of plasmid DNA after microprojection array DNA delivery

was determined by measuring gene expression of the encoded beta-galactosidase protein
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[0156] Group 4: DNA delivery by mcroprojection array
MF 1065 wi thout any el ectrotransport augnentation of
WO niosmenahs ul ar delivery. [0157] G oup 5: DNA dedT/Us2094/036180
by m croprojection array MF 1065 fol |l owed by
el ectroporation applied through a comercially
avai | abl e macro-needl e array el ectrode (Cytopul se,
on theeRNA [€¢68] T RUPNE day[QNAhlds lafter DA liglivery, raojprady eat i on

1066 t hout an cirot.
sach et 3D AR B PiapeY weobaar hieptbap e Sbined fom s,
cenf?erlolfﬂb}l&rﬁ&%bmlﬁys ?ﬂraﬂﬂrﬁﬁﬁﬂfe&jcﬁ&&f@B]racamh&ytedl/ﬁqﬂ@ﬁﬁ
ol | one el ectroporatian .a [ th h
Bigpgigtapieivai %d dvogstzed byguipgn 5@&5&“ é?‘{wge\?‘g‘éﬂ@\é%rw&ae
extéaaéa ABHE B8R Strhgen RNNBkBEdtBh Kna(msd‘mllymA{mwa
crgg (éJ ection arrays conprising %ﬁctan
Mipipeep &gt Fé@g‘?“@ﬁ'@()%@hﬂ“ﬁfd“&fo Hegrau t“é?fpﬁ'pé%io?“fﬂ’t wdfirgo
str&n@ DRE\ sRI 28 SerRfatddNBing HREro S PAR RirSistredd o PCR i B elayend
and 1 ncreasing protrusion | ength, M S250

Ca;#@oomc) 10BER (repgtionsriyere paiEpried HW“(IBU@C’%%K“ m%‘r(’% %H%eélalx
(In;“&g glrlrogyﬁ)m?are coated with CENO 4 (beta-gal act osi dase
exp ession plasmd) with a | oading of 40 ng DNA per

array. A closed backi adhesi on pad was 36
[01$3LBER coplitions derythis @xqrﬁge WRGE@S foﬁq@(s el BEPHIBETS ﬁ%glﬁ%q&l?ded an

Intfoﬂ f" Hﬂér-W@G Q}Qﬂ({ g\ @T‘GfGNT ?GG(AA QF{QE% N EPAnd a

pul ses, /c 40 nsec,

eIt geém@nwr mrlwtrﬁ's"eT% 666 €TG AF@A&%FP&@ (I8 ID NO:
2]. dﬂfeef{agﬁq%nﬂs E‘cgllcgeﬁgvez&( %5%6%& l(ﬁslgsgmm (%818? Bﬁl(lﬁéstshgw @[pr'%i»fners
weH-zuspd wﬁb i pgdbtalsarting wAtxh & Shribreagios] @b% PGR r%acmycondltms

L o e
andhail 0 1nasextglsloneaa72;5’(3g58 ul IeIGBs)’CRHsaGaQn ve$ drolyzed Dogeled
R e A e Bt o

nuflyotities: M pmdteat de@emtsafeta%almmdaﬂe grRpmisent iby qualitative manner.
el ectrotransport, as indicated in Table 1. Resi dual

ORI YRR SR e s (Bt o
traf$ ferdd N A pe HatPi siin iRt slegrottemsgort augmentation (Group 1), no
expression could be detected (n=2). No expression was detected after electroporation
using a commercial six needle array applicator (n=3) either (Group 2). However, delivery
of DNA using the microprojection array with integrated concentric electrode and
application of an electric field directly after DNA delivery yielded two out of three mRNA
positive tissue biopsies, showing that this electrode is suitable for delivering electric
discharges and enhancing intracellular DNA uptake and expression in skin. In this
experimental group, the microprojection array electrode was superior to the commercial
six macro-needle two-row electrode in enhancing gene expression after DNA delivery by

microprojection member.
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i mredi ately follow ng DNA delivery by the
m croprojection array, while all animals remined
wapasn4Emest hesia. Table 1 Goup n M El ect r odePCHpg82004/036180
Augnent ati on Gene Expression Method (rtPCR) 1 2 S250
none none 0/ 2 positive 2 3 S250 6 needle array EP 0/3
positive 3 3 S250 MF micro-needle array EP 2/3
[0p6Si Withvant &pﬁﬁﬁ@&ﬁ}nﬂmﬁ @pifiomel stdpe af ats inivMﬁloﬁ cﬁleb@ﬁﬁlnﬁry skill
e arra 1/.3 posit.ive e nane
ool 554t T Bt Sudre FnBlionsdh o rbRaonp St fotuausages
andfcoaditiorisc rA@pncmL thetd dangk bRymbiificdlehd ae bbbp@ﬂlﬁ equitably, and

urin ene expr.essi of the encoded
G P SPGB B BRSO 16 THRRATS SO by
rt PCR. One day (24 hrs.) after DNA delivery, aninmals
were sacrificed and 8 nmm skin bi opsies were obtained.
Bi opsi es were obtained fromthe center of al
treatnment sites, intradermal injection sites, and
untreated skin sites. Biopsies were weighed,
honogeni zed by m nci ng and short sonication. RNA was
extracted using the Stratagen RNA extraction Kit
(Absol utely RNA(tm RT-PCR M ni prep Kit (Stratagene
400800) according to the manufacturer's protocol, and
first strand cDNAs were generated using the ProSTAR
First strandRT- PCR kit (Stratagene Cat# 200420).
rt PCR reacti ons were performed using an Invitrogen
Kit: PCR Superm x (Invitrogen 10572014). [0163] PCR
conditions for this exanple were as follows. The
prinmers used included an Intron RT 5 primer-5 CCG
GGA ACG GIG CAT TGG AA 3 [SEQ ID NO 1] and a #1057
b-gal intron RT 3 prinmer-5 ATC GGC CTC AGG AAG ATC GC
3" [SEQ ID NO 2]. The fragnents provided were 1286
bp (plasm d) or 459 bp (nessage). 2 mprinmers were
used with 5 ng total starting RNA in a 50 nl reaction.
The PCR reaction conditions
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were 95 C for 5 mn, 40 cycles of 92C for 1 mn , 66C

for 30 sec, 72C for 1 mn, and a 10 mn extension at
wQ2©s5/0®108 of the PCR reaction was anal yzed byP@EIS2004/036180

el ectrophoresis for the presence of a

bet a- gal act osi dase nMRNA specific fragnment of 1

nucl eotides. This nethod detects beta-gal act osi dase
CEARMSssion in a qualitative manner. [0164] As can be

seen in Table 1, when the microprojection array S250
WHRSs BB&H.4i¢ transfer DNA to HGP skin w thout

el ectrotransport augnentation (Goup 1), no expression

coul. d be detected (n=2). No expression was detected

aft dr el Acttepderdtansdermalyrdslisermgrarhiolegieallysicitvergeat e
copfpkiiig:appl i cator (n=3) either (Goup 2). However,

delivery of DNA using the mcroprojection array wth

i nt @dhrgckgtredshering tdpsnd bettem sutéicesrad appiralimof siratof  an

(S T Wamy & ' Lver el ded

coe i P TR R Dl P P PSR 0
elacliade:t his el ectrode is suitable for delivering

elegg&%gdggaﬁﬁgrges and enhancing intracellular DNA
upt ake and expression in skin. In this experinental

gr oapjolegi@llpractivepeeit satrcaassaiatalywie] @t firotectdde containing

S 0K . tQ.the pnnercial Si X nacrp-needle t wo- r ow
Sa%ﬁ%%@%%%gagﬁméﬁﬁ§h0|ng gene expression after DNA

del iandea yirdu?t atptedap el b ifiesd elgaﬂbeﬂ l‘signéi?{) %}]&ﬁi}s_t Medtkoab bnd
depart i rom e spirit and scope this 1 nventlion,
Smgﬁgx%%e%%&WﬁﬁﬂVLEKﬁFEdF§W”Wﬁﬁéc@i&F@ﬁ@n%hanges and

nodi fications to the invention to adapt it to various
such, these changes and

usages and conditions. As such, char \n

mod?f i cal FoREeR 0L C&"Bdewhsf?méa@iflr%tBleyt,ﬂcwegn?hfﬁ@h@tea to
intRelluMritahdFet dTQaill BldlogiANg8ctRE ag&GHi Val ence of the

followi ng clainms. 39CLAIMS What is Clained is: . A

systemfor transdermally delivering a biologically

act Bve apRMystes QIR 1N FherBin shili Hrst €leSfi |

and botLon1sE?fage$1and aepPSHa?%%Segﬁkéggg?ﬁﬁyhﬂ%ukga)
genesFie lgeHin field dermifiegiinthe pangp efanptaxématilytl 0 Vétnr todfe0GOrGiom.

said bottom surface of said first electrode; a second

el ectrode; )
The system of Claim 2, wherein said circuit is further configured to

deliver a second electrical signal to said first electrode and said second electrode that

facilitates transdermal transfer of said biologically active agent.
5. The system of Claim 1, wherein said second electrode has top and bottom
surfaces and a plurality of stratum corneum-piercing microprojections that protrude from

said bottom surface of said second electrode.

6. The system of Claim 5, wherein said first electrical signal generates a

substantially homogenous electrical field.
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a biologically active agent source associated with

said first electrode containing said biologically
wa@ewsweleent ; and a circuit adapted to del i vePCHUS1008£036180

electrical signal to said first electrode and said

second el ectrode capabl e of electroporating a cell

menbrane. 2. The systemof Claim1l, wherein said first

eI eLt ri Clte sgitgnaf Clain b) Wheatie said fitst eleetdda had said seaertder

id hiol ti t. 3. Th t f
eleﬁoéll ﬁ?rfpr‘%ﬁ%ef?rgllwc?gyoée% 1|or}r\é1?mg ggtri cal sieg?lZ\IS Ie;n °

configured to generate electric field densities in the

range of_ap FOXI 0.Vic The
(oo rRp e oBBlG 1, wicte s it pReifte ad D seopa
eleSiRik O pEst ZofesdE lidl st migenoRctioal reahbicr aad Wh‘ﬂrgn ahid ffiest
said first elect rod and salggllf second I ectrode that
clegtEade |d s oo RRICRNS F SRR a0 SFUiry i of ogi cal 'y
active agent. 5. The systemof Claim1, wherein said
second el ectrode _has top, and bottoniqsurfaces and

pl uP-al i tShespsten phETRM SoV PREirsHf Srst plseirase CPORHGS 38??%?%

zoﬁel'l\"i\a sdli QécroH&j@leétfo%gb }i)l%epé’&ﬁ“dﬁ'i’ﬁf&%ﬁtfa@,@(ﬁle(&foﬁa s&ld skaad
el ectrode. 6. The systemof Caimb5, wherein said

zoig r st el ect r| cal signal generates a substantially
honmogenous el ectrical field. 407. The systemof Caim
6, wherein said first electrode and said second
el et.r odBrecwystpniof Elaam 9} whereiniseid Sipit ojeesict| SHEnAlaTBEALCS 8.

wherein said first el ectrode
spEE BT R e

ectrode conprise zones of said first
nicroprojection menber and wherein said first

eI e‘f ld'gl%e slyge%%lf %a%g@o@ erglln%g&l gpg Gle @de\%ﬁﬁ’ ﬁlag&gn@y

e systemo ereln sald
eleﬁﬂrcﬁc&tcomlpasﬁarmladlebpiarqarcammrageometc)udtraundzm@umfmier@apﬂsald
second.el ectyode conprises a circunferential zone
m‘%fPB’iﬁ’ﬁa 1%‘5‘?“8‘“% "rcular zone. 10. The systemof Claim9,

wherein said first electrical si gnal gener ates a

spherically s tri.c ectr.
of &-aint @Vsym ﬁﬁ?l@?i’ B'E?rﬂnﬁudgr%@%%%dg "‘Sga‘“ Y °8“
eles®ERWmprise alternating rows of said stratum corneum-piercing microprojections

separated by an insulator.

13.  The system of Claim 6, wherein said first electrode comprises a first
microprojection member and wherein said second electrode comprises a second

microprojection member.
14.  The system of Claim 13, wherein said first microprojection member and

said second microprojection member are positioned to generate a semispherically

symmetrical electrical field.
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el ectrode conprise a parallel plate capacitor geonetry

around a circunference of said mcroprojection nenber.
wa2005/0kmosystem of Claim 7, wherein said firstPCT/US2004/036180

el ectrode and said second el ectrode conpri se

alternating rows of said stratum corneum piercing

m croproj ections separated by an insulator. 13. The

syst®em dfheGlysiermobClaivh 61 @ithersamgrifing at inallagigreoating disposed

on gagﬁrskglgcg?pgqgft[éoﬁm%n%bc L O%%%L gi%mgmgléze eﬁe&trlcr}del&’\@ensﬁes to
eletitappepy @jlect i on nmenber. 14. The system of C aim 13,
wherein said first mcroprojection nenber and said
second m croprojection nenber are positioned to
gengd. at €Tl sy&eh 9P URIth ¢ alvheteis yatdeioldetally atiBetagért ddmprises an
field. 4115 The systemof Claimb5, further conprising
immgpnqlogicall é{taFth‘(f 3P4t i ng di sposed on said first
m croproj ecti on nenber configured to maxim ze electric

field densities to electroporate cells. 16. The system
of B ai mhe sysieieoEClim di wheseip e pioiagioplly agtiv @y éﬁwﬁ@lecte

ﬂo&QW§&§§&@ﬁt1héW911%ét%§ Iaxmﬁsﬁdsva%naﬂﬁ%entslZna1 Rs,
systemof Claim 1, wherein said biological ive

fengrguln sufprganilp reé@tfe@éﬂnflxWmﬁ@h@m&alge%@qnshm%n%ﬁnesthetws
ancﬁ&l? SaRh it ntia Gt AR %ﬁt? §erb1?t?ﬁdevﬁt{tﬁ%nv%@s%ﬂt§ Santidepressants,

anal gesi Cs, fent any ent ani fem fentanil
antk;hﬁi»p%mgepm mldlaah@alsg e@tnhest@mn@ﬁ, anit-inflammatoneagentst angimigraine

pre? t{)&‘? Eﬁff’lmoﬁgﬁ El@ﬁe@né; Lﬁa?a?ron%tsh Q§§c§€%£ﬂqﬁe @%&cﬁnsetron

antico sants anti ressants,
antgmatdeaits metineophstést, sntiparkiisdiiar dings stipraifics fngipsyehotiss.,

antgmetlﬁdtgfntlls% 3 C(ﬁne%ng‘%ﬁc? ngfglcgrk&mmatg&%inﬁe%rl&r )?29'1%{11?% éie%}g‘tives
carémdasomidlamslmmtmns, ca]niurrnﬂlasrwdib]bskersa ntfedlmoqalbatatbilc&kers, beta-
r ki nsoni an. drugs ntipruritics
oudiits BmEe Mot R n GRieh Ahithiseh i veh Al PRY A
inh§yipatadnpidideedioietiss, vasadildorneented nmbus\sgsem stlmulants cough and
ations, calcium

ardlovasc | ar e nn bl o
col eGP e Co R AP Lo DR R AP o GRA TN Bhoes,
imfibifdR Iiréb@antﬁ Riuisale Fdlykiahis] pasasylﬁﬁetthdlytw@ rfa€RShp@Bomimetrics,
at eno ACE |nh|b|tors rani tidine, diuret

pr%@&%%ﬂ%?@ﬁ%ns e%@%mm&%&%?%y@é@rﬁeétuwmna{ﬁ@é?r&cough

and

18.  The system of Claim 1, wherein said biologically active agent source

comprises a biocompatible coating on said microprojections.

19.  The system of Claim 18, wherein said coating further comprises a
compound selected from the group consisting of a surfactant, an amphiphilic polymer, a
hydrophilic polymer, a biocompatible carrier, a stabilizing agent, a vasoconstrictor, and a

pathway patency modulator.
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col d preparations, decongestants, diagnostics,
hor nones, parathyroid hornone, hypnotics,

WO povngEaxppr essant s, nuscl e rel axants, PCT/US2004/036180
par asynpat hol yti cs, parasynpat hom netrics,
prost agl andi ns, proteins, peptides, psychostinmulants,
sedatives and tranquilizers. 18. The system of C aim
1 \loer eiThe Syt bf Ohiagi,celetein @it biviegralinictisoagenesource

nprlﬁa% Floconpatible coating on said

“WH%?E%? Bl ons. 19. The systemof O aim 18, wherein

said coating further conprises a conpound sel ected

fro the SIStI of.a s facta t
phi IT% 3&85! améﬂﬂ%\@lptgmﬁa}dl lylﬂgper cgmprises a

cd&lﬁéﬁﬂﬁ"&%cteﬁ'ﬁ%n@ﬁi’é rgfo%f) combisGh@bf 4 ﬁqur&ﬁol@&ﬁ ly%er network a
vasoconstrictor, and a pathway patency rmé[)0

supfactant, W@%&l]&ﬁ%?mw %Y%%?OPnStW éngya saéh\aaswa&nag medylptgr.
active agent source conprises a hydrogel. 2 . The
systen1of C ai m 20, wherein said hydrogel further
conp2i sed meibedis delivesag & biolagionlypitivh agegit exmpprising the steps
gonsi sting of a macronol ecul ar pol ymer network, a
surfactant, an anphiphilic polyner, a vasoconstrictor,
and @ pammmyng)atrmdgrmﬁb@hlvw @gystenp gompXisieet hod f or

del i ver i & DiplRLA@hiACkh Y6 BORM o FACRLE R Reor

steps of: rovi atr Ivery sys
stmbmpeorsecmrgplerc)ngnfcrquuecabwhat@d@ruda\ﬁpmghe bptoanshrfact ¢fdhe
and a plurality of stratum corneum piercing
ﬁéH&&%%géjectlons that protrude fromthe bottom surface
of the fiipst ekeohdedarode;i ) a second el ectrode; |||) a
blologlcally a source assocn

tiv 1 t ed e
T OLr Bt Y 0B Bioosielt? iftivs SETE FEr SRR St Bt "
elalgteﬂé corﬁitliingubloﬂkl)g@daﬂy Hd;;civeamntaﬁdi to deli \éerl a first
el ectrica nal .to t eco electro
Chrabl 6 90 of BeRtSrat gl o cBRERA i G S ana
seB@ld etefrbfeg cagdblt dfielestrofh 8k ﬁlcsla{neﬁﬂb@ﬁagl antl0 the fl rst
el ectrode and the second el ectrode to faci

i nt Acel [dghyrng said dpbelectdeal sigeal i e Sgit elertr e&e@ rh\?éecond
ele@@Be to facilitate intracellular transport of the biologically active agent.

23.  The method of Claim 22, wherein the step of delivering said first signal

generates electric field densities in the range of approximately 100 V/em to 5,000 V/em.

24.  The method of Claim 22, further comprising the step of repeatedly

delivering said first electrical signal.

25.  The method of Claim 22, further comprising the step of delivering a
second electrical signal to said first electrode and said second electrode that facilitates
transdermal transfer of said biologically active agent, wherein delivering said second

electrical signal occurs before delivering said first electrical signal.
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23. The nethod of Caim 22, wherein the step of

delivering said first signal generates electric field
walenwsiotdies in the range of approxi mately 100 VWCHUS2904/036180

5,000 Vicm 24. The method of Caim22, further

conprising the step of repeatedly delivering said

first electrical signal. 25. The nethod of Cl aim 22,

furher Theripathasi qf&lalmenswb?selafsaléémové plepiepdg havien Al
bot%‘dn?%gab&aind% ﬁggkt{, t)psu%afnsiccrrhéua{ @}cﬁ@trﬁ%@r@&@

second el ect hat facil |tates transdermal transfer
propidsfipnd thy bsittoryi suefhdeyof said perendiglesitode abwhgrein dfedt stapeafi ng

I ivering
oot FRROPLPLEShEL T LAl O05 AP EL AERR D,
hoiGbgeinouAQectrivhigeléi n sai d second el ectrode has top and

bottom surfaces and a plurality of stratum

corneum pi ercing mcroprojections that protrude from
t he2hot t Dia isethddaafeldfn 2aivtlersincaid dirgletectrodedad azid second

ei n t.he of del.iveri a first electrica
ele@‘ﬁ#‘?ﬁpmpﬂ?etarérﬁt I‘Blglr‘ﬁ]J’)F(p%ngn g g?rat ing a substantially
honobgenous el ectric fleld 27. The nmethod of C aim 26,
wherei n said S rode, an, econd el ectro
conpti selif ‘F?t{“%‘{ ftrﬁl r OPEEDS ‘ﬂ tﬁ%ﬁ%@ﬁ ‘ffgmp’i*ﬁeé & clrGilar
zotBRIFRAE nAtropdopdcidPriembdr@n@baid &abrﬁi efldzdtlﬁﬂe edngeisedle
conpri ses a C|rcuI@f zone of said g{g&gﬁt aQn d
%é%@mlaéﬁams%wwds% SHePlan 2088 ¢ Bt gelivering sai
ﬁrsq? bleGtHasIar %ﬁﬁlt geRbra®®h @h@ﬁ&&ﬂp@yﬁ&wlcﬂl dlé’étﬁoéﬂelcl one and
wherein the step of delivering said first electrica

signal generates a spherically symmetrical electric

fiebs. 28h. JBBod BN OFf witRinBaid GirsteiRir6ddhnd3hid sédohdt

el ectrode and sai d second el ectrode conpri se,
elegiradsrcnampiprplietiAngiows af srid iy ATESITRIFHIR 1gicEqpFRjections

on glﬁg g Véﬁ ErﬁérSﬁ{)Eg@ 12%111&9 bl fhdeSh B GARARILEEHE 98 SRR by

erei ternating rows are separated by an
aninsslatoat or. 30. The nethod of C aim 26, wherein said
first electrode conprises a first mcroprojection
menber and sai d second el ectrode conprises a second
mc B@Dpr oThﬂ:m&athvd mfefﬁbiaﬂ&awdiemieﬁ firsteddctiodd qogtprises a first

mcr O ect |
mifarisar g Bobe el seaeel TrdPugatRiBe s ToaLOpleRRgoR
meglbecind wlgdreis st diltst pémereje@nanember and said second microprojection
member are positioned so that delivering said first electrical signal generates a

semispherically symmetrical electrical field.
31.  The method of Claim 26, further comprising the step of disposing an
insulating coating on said microprojections to maximize electric field densities to

electroporate cells.

32.  The method of Claim 31, wherein the step of disposing an insulating

coating on said microprojections comprises leaving tips of said microprojections uncoated.
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sem spherically symmetrical electrical field. . The

met hod of Claim 26, further conprising the step of
waele@posilng) an i nsul ating coating on said PCT/US2004/036180

m croprojections to maxim ze electric field densities

to electroporate cells. 32. The nmethod of O aim 31,

wherein the step of disposing an insulating coating on

sai i crlbp lﬁt?ff@étoif EHdm 2o riprthes semprising the step pEdedivering athird

el@&tt‘;&a@ Ei?‘l‘?dh | 5L PRt HOHRaL ﬁﬂl saﬂ%@comdy% td ggnsggrt glﬁl m
er conprisin e ste ver|n
bleloemlnly aghive sgegh@iross epi mlunembrsne @teedlers@deoqumgdald
el gically active

Seggent&g?ragéér[ sal déeﬂv% nﬁ%ﬁlﬁ‘g{rgﬁ%@ﬁ erg%%ﬁe st eps of

delivering said second el ectrical signal and

delivering said first electrical signal. 45
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