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limted.to be therapeutically effective,[0005]
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| ayers. The word "transdermal " refers to Iivery o
or igrayenoys infusion. Transdermal drug delivery offers improvements in both of these

areas. Transdermal delivery when compared to oral delivery avoids the harsh
environment of the digestive tract, bypasses gastrointestinal drug metabolism, reduces
first-pass effects, and avoids the possible deactivation by digestive and liver enzymes.
Conversely, the digestive tract is not subjected to the drug during transdermal
administration. Indeed, many drugs such as aspirin have an adverse effect on the
digestive tract. However, in many instances, the rate of delivery or flux of many agents

via the passive transdermal route is too limited to be therapeutically effective.



(e.g., a therapeutic agent such as a drug or an
i mmunol ogi cally active agent such as a vacci ne)
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to diffuse through the skin and into the body tissues
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containing a high concentration of drug. The reservoir is adapted to contact the skin,
which enables the drug to diffuse through the skin and into the body tissues or
bloodstream of a patient. The transdermal drug flux is dependent upon the condition of
the skin, the size and physical/chemical properties of the drug molecule, and the

concentration gradient across the skin. Because of the low permeability of the skin to



attributed primarily to the stratum corneum the

out ernost skin layer which consists of flat, dead
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surrounded by lipid bilayers. This highly-ordered
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Patent Nos. 4,453,926, 4,109,655, and 3,136,314.

[0011] Scarifiers have been suggested for intradermal vaccine delivery, in part,

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



difficulty in determning the transdermal drug fl ux

and the resulting dosage delivered. Al so, due to the
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defl ect and resist puncturing, the tiny piercing
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the transdermal flux of such devices. [0014] O her
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references generally extend per pendi cularly froma
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[0015] The disclosed systems and apparatus employ piercing elements of various
shapes and sizes to pierce the outermost layer (i.e., the stratum corneum) of the skin.
The piercing elements disclosed in these references generally extend perpendicularly
from a thin, flat member, such as a pad or sheet. The piercing elements in some of these
devices are extremely small, some having a microprojection length of only about

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



corneum such as by hollow tines of the device itself.

One exanpl e of such a device is disclosed in WO
wONoi/p¥B41; which has a liquid drug reservoir. AEEUS2004/035051

reservoi r nmust however be pressurized to force the

liquid drug through the tiny tubular elenents and into

the skin. Disadvantages of such devices include the
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to 50 g of drug per day.[0022] It is another object of
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drawbacks and disadvantages associated with prior art drug delivery systems.

[0020] It is another object of the present invention to provide a transdermal drug

delivery apparatus and method having an extended drug delivery profile.

[0021] It is another object of the present invention to provide a transdermal drug

delivery apparatus and method that is capable of delivering up to 50 mg of drug per day.



[0024] In accordance with the above objects and those
that will be nmentioned and will becone apparent bel ow,
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pyrolidone), pluronics, and mixtures thereof. In a further aspect of the invention, the

surfactant is selected from the group consisting of Tween 20 and Tween 80.



(chem cal nane:
N-[[(S)-4-o0x0-2-azetidinyl]carbonyl]-L-histidyl-L-pro
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: S l§

Y CATF bBISIE AR Bl ABihafipb B MRl growen
fagton chiesing famtor,d chystoipelpaim icholegystdkininb elrdionic igonaotrapin,

nca i id m dr oni cid lsedron
cuBROfmapiRE piereBBRL BbiHlot icebon. bR BRRoMigertoucns
méASiidpihs (ﬂhﬂ‘ﬂﬂlﬁ?obﬂﬂ@ SH) et BRIy bxytbcﬁxmsfr@‘t&lﬁﬁaéé tissue plasminogen
suf ent any tanyl, |ofentanyl, carfentan I,_and

I T
agvaon Y m“taﬁf‘e G%{PO%W[HCP imhibitogs; BNRy VEGHGHe]

aﬁtﬁ@nis&vé‘rﬁitdiu‘?é'hc h‘bﬂﬁorﬁ)ﬁ%&ﬁ&@lbﬁﬁklﬁ}ﬁl At &ﬂstb "b‘é}eﬁéis%SCﬁts
| east one Eat pat éncy rmodul at or. [0028] |

caleitoniegene mehde (qqi?&)mn&;mhphm E4B |f@g1nmtﬁsti®E %epﬂde
sdéj?fés%gse?m@ldﬂeﬂk&ﬁ%bﬁic 'EH% { 36n gﬁ%um %c?&gé)%%thafﬁmd

the top sur e mc oprm
horerwbeand g0MIR9 ] patathyacid chmﬂrame entagdnlistsa pfostaglamdin embgreisoe nt

PRUEHIE: P RETLASFOF B G Bt A B PeReYs THF

v&BpreRarintp0nbe kil 6g, Apky DERBgbsih (e biandTGE bbth, a
m_cr oproj ecti on_nenber having top and bott om surf aces,
fogdanagipay. Pidgpasin, dpheparing defibtreitde cspoxanarinfyrydighnadpparin,
reVipBAiRRIRAHRAh | R FRREsuRAd oﬁg@luerfeéthcﬁg Xn@éhg%hmé i
corneum pl erci ng mCI‘OpI‘OtI‘USI ons that proje rom
derlyetitrs seabras Sumfivisen oflendneniniaid, detqne?(ﬂmdoctlcm adid, t he

ein t.ed. 19 f Lve th
1bgf1cﬁ‘519 cgli \/\ﬁer egl"%{é@b pehmlgrro(r)ncgﬁc%f o;?er% nlcﬁc ronic actl
zdld?drﬁrug heid h@an‘bbanpRWTJ 461670 RWTIB(WQGB fentanyl, remifentanyl,

sufentanyl, alfentanyl, lofentanyl, carfentanyl, and mixtures thereof.

[0027] In a further embodiment of the invention, the hydrogel formulation includes at

least one pathway patency modulator.



openings; and (iii) a coating disposed on the

m croproj ection nenber, the coating including at | east
woe@sisrogi cal |y active agent. [0030] |In the POL/ES2004/035051

enbodi nent, the hydrogel forrmulation simlarly

conprises a polyneric material and, optionally, a

surfactant. The hydrogel formulation is however

[@)38] ohmyet ynadleer @inﬁodgfrlem‘,, thie n?m'gjt)]mﬁbﬂlqn aahber &hc[ﬂﬂléﬁi tialysis

003 | n. ope enbodi.men t |nvent on,

msiraash b o e R R g e Yot B it aReoieg Re g ber

conprises a vaccine selected fromthe group consisting

of conventional vaccines, reconbi nant protein

LR SR SRR AT L R —
trRAETAES del[x@gffgl bbb gRaflPidkiPehee F&ct eggﬂlbo rﬁtehﬁack contalnmg a

bi ol ogical |y active agent is se
hydspgal Ermplgtion; (iDeumicrdpzojeation membnlehaweigeasmdg)ottmnrsmf@es a

oser
PSS s cpb ! AL ORP A BBR T b SRR i o
Stlmllm)L‘ommm-zple(mmgm&kdprcttfwmnmhéﬁﬁbj):ct&fuﬂl thelbdttom surface of the
vaso .cortlcotrophln ACTH

r essin ressi.n,
R DG S B RimeE YRR pLe St Rlogt ponh e aprabisdhige
patRaticitdy ihéalydrog - fiinaifdtion FIGivE tGuh ARORIRHRdjEbtion member
interferon al pha, interferon beta, interferon ganns,
ORSIPER 2B bilid e F?ﬁﬂ(lEF!’@yose@ piytha Mierpprejeen mpshbaiche edating
notuti i ladfeh R gnd granul ocyte col ony
lstlﬁgaatlngnfgg%gﬁmgguhgﬁgknﬁnterleukln 10 (IL-10),
glucagon grow h hornone rel easi ng factor (GHRF)

[dg%@or%ﬁ%len ﬁ&%ﬁ%%lt ¢ %)!g% #}onl %éo,nos?ntn argl comphses a

pd‘lbq[‘l@r(cs')latdmai xod, Dpthaetly,di smyfhdtzﬁﬁr Dledhyldiogkinfofitiil g30n-is however
aANF bMSH, somatostatin,

- pr.oljna ecin,

Opk]lpﬁﬁ&deﬁ?l %Wﬁ‘igﬂgl:l%b‘it‘r\’e materal et - deri ved growt h
factor releaS|ng factor, chynopapain, chol ecystoki nin,
chorioni c gonadot r opi n, Foprostenol (pl atel et

(0834 G sRbodmpn;of &he)lnveg ions gg&@plomq:al]magtgve agent contained in
thb %a@i‘hé @519}5}?9(35 h ARk @H&t&ﬁﬂorﬂ%%{u ROt ro?r:o lVlelllt fohgPi "
(FS , oxytocln, streptiokrnase, Tis
Va|9¢la@mqq@tgblnaracptqtmawmcmeu kA masmes dxi‘dFtherMBtlc baelaerazraecenes
i nhibitors, BNP, VEG-, angiotensin antagonists,
antidiuretic hormone agoni sts, bradykini n antagoni sts,
[0632] edaaefurt}@SEmbocﬁmbm the Biolog@aneadiiob ageadls RElBdtEHRom the
é é (§$ %7 FAB fragnents HBEF ptide
T S “l“@zmlg ORI HE F%H}guh@fm%t( )-ddiigAgnalogs
(Sﬁﬂllamgbéﬁdhﬂgleﬁﬁﬁﬁdér BuseiRfh,atiFeRh bohraRe Iﬂﬂ% RAAeR! sts,
par at hyroi d hor none anta%fnlsts prostag?an Ph
mepvtrapieh {usefsllitiopint(yfdl andd H)p veropiessic depn@lr@sm, @rtiqogmphin
icihb tICS TNE
L R malb e EEACR IR0 ch T RLSLER, o s
D-Arg8] arginine vasopressin, interferon alpha, 1nterferon beta, interferon gamma,

erythropoietin (EPO), granulocyte macrophage colony stimulating factor (GM-CSF),
granulocyte colony stimulating factor (G-CSF), interleukin-10 (IL-10), glucagon, growth
hormone releasing factor (GHRF), insulin, insulinotropin, calcitonin, octreotide,
endorphin, TRN, NT-36 (chemical name: N-[[(s)-4-0x0-2-azetidinyl]carbonyl]-L-
histidyl-L-prolinamide), liprecin, aANF, bMSH, somatostatin, bradykinin, somatotropin,
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(reconbi nant), TG beta, fondaparinux, ardeparin,

dal teparin, defibrotide, enoxaparin, hirudin,
woawsop®ri n, reviparin, tinzaparin, pentosan PCT/US2004/035051

pol ysul fate, oligonucl eotides and ol i gonucl eoti de

derivatives such as formvirsen , alendronic acid,

cl odronic acid, etidronic acid, ibandronic acid,

platptetrderived greveth dactpaeiedingrfactora chyopapsig,dholetydtok i chorionic

i [ cid | edroni ¢ aci.d,.. argatroban,, R\W
eyl B S o BT S 5 i B F Blicogon. hirviog
irgerfeents sintetlouland @Rhétropins (hrefolRtopRY(IFSHY i d in,and

' res.tﬁ%r of [ggégf I'n gﬁgtﬁgr angg?kgﬂ%$%% t he

m xt u )
SR HSSUE REESRBRErTRS Y 4ien Wakiwass, 4NBosNRslertapeaiphibitors,
BWF VRGF Sang{RdBnabhifagdfisRCAnGdinf i binGie gg(gﬂﬂs, %93!&§1'{iﬁﬁ1' ng
of am dephri ne, cafan1no1, cycl opent am Re,
anfaaoRipEpeerlar: CGYE's, calsiterdp Berienelated pépyide €SGRR), enkephalins, FAB

' ' ' [ ' i.he aphazol i.ne, .
oh SRR e TRAEN R TLOOIEAE e ORERAER
faotoemn yzliretpmoidi&],rmpi_memydlagdbﬂimy l(pﬁramygwd hormone anteagonistﬁ, dr

r opanol am n r o edri.ne, pseudoephedri ne,

e e LA T
alblynB 2rbnbelytisa SNPY RE6pressintila@oBita& Al dB AN Rk piES

t her eof 0034] In a further enbodi ment, the hydrogel
(rpcomypineab- TSAF-Pefas fopdaparipux) adeperip salienarimdefibistide ogxaparin,

hifH! hadrparin] ROPRin, -8k ’ '
lnicroprg%gg%iQﬁéﬁ%nbé¥ﬁfﬁgﬁﬁg%§nggﬁgﬁégﬁgﬁﬁ%%ggksgﬁ%t
oligoneglenbide detivativgsishelt as formdvirsop, dlendrenieaad, ctddeonic acid,

. CT: i ' 036] I n.accordance w.th yet
b T et G O R SR R A
tiludranis deid pallddyordehdid; ergatroban, RO 40§ 67aR W-61G 818/ Eena@ent

comprises.(i) a gel cont ai ni ng a hydr ogel
B e S.*‘Beﬁ{a)“%ln ﬁlge(“itqnyﬁ&%ﬁtaé% A pieRYh g msHEesthererfi ng
top and bottom surfaces, a plurality of openings that

xtend through the m croprojection nenber and a
[051”’31] r dhppgthesrembodimenhofthy nuentionithy edating nklodespraseoenitteter,

whibMs p%f&hﬁ?tselfed't%% glrekk?% %ﬁ&fn% e gmf?ife;[)l{rnl%, cafar%ilé?l,

meOpr.OJ ection ne , € mcroprojection ne
cyrkpentaming dgoxyspindphring repaptiring, faltyplessis tindanszoline, metizoline,

el 0gi A tive.agent. [0037] .In one.enbodi ment,
In?h§h§%+#®&%%P%ﬁP§% F%p%%%Hw%?ng POV RENEZS U f ace
phefiyl¢pheineripbemypatiogne Gitriie piisapipRipandldias P dpSThegstpmei ment
th olid filmis ?isgosed proxi mate the bottom
Ps%‘tﬂ%f‘li'@ém&‘f feffﬁ@(iwze 8% famazaling fuanpeleptang, bomgpling, a
vaRdpedssih) Bttt h Bt mixkh& thateirogel formul ation

simlarly conprises a polyneric material and,
optionally, a surfactant. The polyneric material can

[O@4t_| hef, a further embodiment, the hydrogel formulation includes at least one

pathway patency modulator.

[0035] In yet another embodiment, the microprojection member includes a dialysis

member that is disposed proximate the top surface of the microprojection member.



conprise a cellulose derivative or a polyneric
materi al selected fromthe group consisting of
woyasoxget hyl cel | ul ose (HEC) , PCT/US2004/035051
hydr oxypr opyl net hyl cel | ul ose ( HPMC),
hydr oxypr opycel | ul ose (HPC), nethylcellul ose (M),
hydr oxyet hyl net hyl cel | ul ose ( HEMO),
[@Bhly | aseardsnse mjthyet dnothesentodidkG) of thal’dvem:jdm?mh Yipparatus for

w5 B CRG o Ral Rve Rt mpre ) bk oy o

hydrogsl fotrimmle‘blon Rhdi(iD RingiSropARudtith MKEtb& hating fc%‘hﬁld @B@onﬁ R@faces,
iis selected fromthe group

t
a 8@5@1 c?ij olqgl%%gs ﬂ?r%gép?né thropeh the maisyopgyection glembgrr@g@ plurality of
stainTubraéun®Pictcin ARSI RBh ﬁ%r{)}lﬁctQﬁ\ﬂpﬁg bgtft or? surface fnf the

biol ogically active materi al ogi ca
mé%?ﬁ@é"t&’&é‘?ﬁmtméb%@@dom% eqtion I@mbpldinﬂil‘ﬂlng e arlidsfilm lhaaHﬂgytt

1669 BRE bisBeRalkPLk: | ected fromthe group consisting
of conlve%t‘laonal%k’9 %%Fnes reconmbi nant protein

vaccines, DNA vaccines and ther apeutic cancer vaccines

a n | ect ed 0 cons
S i R BinR ° oth Ellt R isHesP DGt Ryop g of e
mmnqir«ggmoﬁ &lmibeﬁsmglﬁsméteérﬂﬁddlrﬂeﬁﬂ EHe@blid8im Q%@B@d‘ ploximate the
t H% | onadare]in, and napfarelln nmenot r opi ns
%ﬂﬂ%ﬂ (#W%B%w“@ﬁsﬂﬁwaﬁ&anb) vasopr essin,
desnDpreSS|n corticotrophin (ACTH), ACTH anal ogs such

as ACTH (1-;@{, cal citonin, vasopressin, deam no
[0034]| 4ln apyrofer enéhoéimﬁnhéhfvlaﬁmgﬁlefsmuiatlomrsttmﬂafrbfrcompakqs ha,

YA B 8o G SR Ped bl Sl MARR) Filfhoer

granu éc cro
COﬂranmnsm cc(llﬁmsm)vatlieﬂg‘raamﬂmmm mwml g@ivgted tﬁiomJﬂhatgtdug

A ST N T

hydmwmpmnmmer(ﬂpcml 6thAEH 0losOGAC )L RYdrébeth§ RPN Rlose

@RN?)( gtjiylﬁy%&&veﬂl?&f@v'elpgﬁwﬁpéaa@ewgmqthx | reltlgsg yFMC),
pdl-y(pihﬁ' AldARSN, Gy ethy 1 BeSidR), p@ﬁ?:heydg%@g{hyllﬁ‘gg%&g&tt% ILOny(n-

bradyki ni n,” “somatot r opi n;
Vlﬁsé@t/r@hdcrn@), @agmgs ﬁlabmuilturescihgrmfpa]dahmoptmhailserfwarmiS| salected

frcg?g g{e ggdglk)lcéglgs?ﬁ%g %gft‘grg%rglz,o agjﬁ ﬁ?vgiglg%(f nﬂ] rt{){ﬁ%)é,eletjormul.atlon is
howeveoptomilg devoid effd iolopiosly asgveahatapilns (urofol litropin

(FSH) and LH), oxytocin, streptokinase, tissue
pl asm nogen activator, urokinase, ANP, ANP cl earance

[00390i Hyihe @Rﬁoglcﬁl‘l’?act}@%‘em ARPILY BNES %llhlﬁlﬁ%ﬁl%ﬁlaﬁ& Somprise a
antidjuretic hornone agoni sts, b;aai I nin antagoni sts,
nyenagy

vageinesglected froxthe sronp ensiHngIOigenve asging® pecondinant
pr&t%@cme? THER I@Q&dnﬂ% and- tﬁ@rap&fﬁg gﬁﬁgﬁacél% HGR %.ée%? selected

suppressors, |G--1, neurotrophic factors,
frost thegroap pmg;lstmg of leutlmzmg hormone releasing hormone (LHRH), LHRH

analogs (such as goserelin, leuprolide, buserelin, triptorelin, gonadorelin, and napfarelin,
menotropins (urofollitropin (FSH) and LH)), vasopressin, desmopressin, corticotrophin

(ACTH), ACTH analogs such as ACTH (1-24), calcitonin, vasopressin, deamino [Val4,
D-Arg8] arginine vasopressin, interferon alpha, interferon beta, interferon gamma,

erythropoietin (EPO), granulocyte macrophage colony stimulating factor (GM-CSF),
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factors, parathyroid hornone and agoni sts, parathyroid
hor none ant agoni sts, prostagl andi n antagoni sts,
w@enwsiogeri de, protein C, protein S, renin inhi BCT/OSHN4/035051
t hynosi n al pha- , thronbol ytics, TNF, vasopressin
ant agoni sts anal ogs, al pha- antitrypsin (reconbinant),
TGF- beta, fondaparinux, ardeparin, dalteparin, def
ghholbéyiecol @IYBKANRKIhE fachir (GdISTF), nﬁtaﬂkruﬁmam (.- 10)p ¥lup&oh growth
tinzaparin, pentgsan pol ysulfate, ol |agonucl eoti des and

hemogs Fricasia facts (GEREY, dasuljednsulingirogin, salsiionip petestide,

eRdoBIHE, QIRING I\ﬁ%@(ehé‘rhi@ﬁﬁﬁﬁﬂe%@m)m ofk3- Qieﬁﬂin‘}l]@a%dﬁyl -L-
i bandroni ¢ acid, incadronic acid, pam dronhi c aci

histidsddrpralieantdd) dlipredin, adNEn bMSHe sanatostpitia drraylkinim spatotropin,
p@ée%@%iéxﬁ\%g%ﬁ fb %lga%/nlg%yc\,g?r l#?&oﬁm;?eﬁﬁ ?Q%{stokmlm chorionic

gmaldbtecrmla rqpbprostnlmbl (:plxtt:l@t mrdghumnemlﬁlbm[r}) @%?gdnnmwlég; rt her

. odi nent the i.nventio t he i ncl.udes a

g snEere s MeagiERE LS RnoBR @Sl Sl el b b e

stedpOukinage) fissus pladdindfentattiti@d) iloRidaseC ANB/TANDclearance inhibitors,
cl OE' ent am ne, deoxyepi nephrine, epinephri nﬁ

Bf‘é b yE 3 s@gwteqsw&éﬁg%emsﬁeam Istis (lj‘PW“?fé‘e AR F%ﬁ‘@kmm

aARRAEOLdrOfse, BQY gecfafcitgmn %@ﬁqulﬁﬂeﬁ‘ Eeptfaﬁ (OORBS Shilkphalins, FAB
oxymet hazol i ne, phenyl epfri ne enyl et handl am ne,

fipgraenys, Fstopsarios ambivesors Kby fosioseplin factopss eal dasespimsdatinge,
fa%cﬁ)trsr ?ﬁ%ﬁ%ﬂ%ﬁﬂ&drﬁgne énd%g&ﬁ&)g( );)Pt%tnhg{'oli@ rﬂl%H(?Q&t ‘ﬁlsts

vasopr ess I'ne an m xture
ptolsllaglen:chn afjt@fdhiks, ﬁ%gﬂ&tehprdtefmﬁ pircvtan§dmnmmh]ln§ntors thymosm

r|n b 0|caII t|vea i ent,
oL oo R et Remiife Aot usher BveRt
(@wmmaﬁgﬂ(&tlae@tteﬁ@ap@lﬁm{:d ardéi:raﬂwcréltémna dbribebtide | eh¥BipYrin,
apparatus having a gel pack and m cragprojectio
wﬁwﬁ rowwgaquaawmémlm WW@@OWW%@ @fllg@rwmﬂl% iah,
oWt SIRRERIFCL Ah AEBRAYAY hRAUbAR AR QRO
surfaces, a plurality of openings that extend thrdugh
eindﬁemm@d,olpﬁndyoamacm ingedrbwie acihamiqsonie adid.trigedspnis eidt um
r t
tlﬁgﬁoﬁg LL{J[ o?q‘g“&!?‘ﬂace & gathBén ﬁ%&ﬁﬁ? %é%;gpwpéﬂls?z? fent£ny{“h
remifenpylojudaitingh) alfendngt, 1dfeitmgyl, aahﬁq:ﬂtzelgﬂ tuad heaetybeicb
gel pack whereby the hydrogel formulation flows
t hrough the m croprojection nenber openings; (ii)
[0BR0] YinnOfufthe efib6aigRAOdfaRd inOéhtiDR TREdolit @il A LRRs hent ' s
skin; and (iii) placing the gel pack on the

V??P%qﬂéfﬁlﬁ@f &eigholh Pregreidy seéweélrfroambp iSEoHP icopisting phamidephrine,
o b e R A, SLEPRAR) e

metiznping,guidodringotaphazolice, ntaltdeﬂmad)ct@dnnip, aippiessing lokymethazoline,

p elfllg'f al%gn%nlghenylethano andin e%eny?pfroﬁarr}glampn\éelg]rgpngéxectlrme

pseudoephedrine, tetrahydrozoline, tramazoline, tuaminoheptane, tymazoline,

vasopressin, xylometazoline and mixtures thereof.

[0041] The method for transdermally delivering a biologically active agent to a patient,
in accordance with one embodiment of the invention, comprises the steps of (i)

providing a drug delivery apparatus having a gel pack and microprojection member, the
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polymeric material conprises a cellulose derivative.

In a further aspect of the invention, the polyneric
woraioenimrl i s sel ected fromthe group consi sti nRCD1S2004/035051

hydr oxyet hyl cel | ul ose (HEC),

hydr oxypr opyl net hyl cel | ul ose (HPMC),

hydr oxypr opycel | ul ose (HPC), nethylcellul ose (M),

ghhvmicloxonediting mbydrggat Erinulatise ti{eldvidprojection member having top and

hyl hyd t hyl cel | ul EHECQ)., b t hyl .
oo YRS S BRI iR e By e gth § apry i member
afik b fiealitypefl syra@mhyoekicamyHébik MBérBa6fridicHs Mat pfb?écy i AA

0

pyrol i done pl.uronics, and m xtures there and,

befieT sdace §f the uerPPrateetit mayehes thermioranstieetion mpnthgpbeing
8 b 4
g e Al L PR PO r e YRS Ml ot Brfen the
nfigypprgleatioromennbrylopetdrgsatii) beriging teenigroplofegiiommbybads thee
BV g1 eY o r apl ect.ed fromthe gro

PRREH SelG T Pl At SPLE ISPl dnnntl MR,
applidiidn, ofithdRhicenpadjegion (embbr tashegadertel i n, | euprol i de,

buserelin, triptorelin, gonadorelin, and napfarelin,

menotropins (urofollitropin (FSH and LH)),
[0023 P PIESER sfhbo REAPHI RS Ml dhtiof,Ahd hyerdge PRhMak M chidprisd&H

anal ogs such as ACTH (1-24), calcitonin, vasopressin,
PelsERTI B ategal and, aptiapalis] a aFfigetantn & eugsepRcefdhginvention, the
pb8fid MaRAaiRoRPRses aERIISL R fvABSE. 2 ﬁﬁﬁérfa?e% ntion,

erythropoietin (EPO, granul ocyte macrophage col ony
thetnolyiniesic inraéeriabis tselect¢dhoncaie)groupreansisting pf Bydzayethylcellulose

QTR B s s e raraRbi g Spitolisy ek ST
1rieﬂszl¢bihﬁ?sei (N?:)l hm’“}’aﬁi’l?‘:thhgﬁblgbﬁﬁmw{@?t reotide,

RO B e isel ol B AR Firscb g oot (PSR R (vinvlr o
alcbtam, E@}/Qetﬂyieﬂé BLide), pﬁ%yd&%%?ﬁxlﬁ&ﬁﬂ‘ﬁ&t&ﬁg&g@- \/{1{13(11

bradyki ni n, somatotropin, p el et-derive ro
Pyrokdeied plurliesagidriixtuaestibgreof angds wpiienolly.r, surfactant selected from

m&@ﬁh@%%ﬁﬁ&ﬁfQk@“@&ﬁgy$ﬁﬁ5g]ggpadotropin, epopr ost eno
(pl atel Bito

el et aggregation 1 nhi r), glucagon, hirulog,
interferons, interleukins, nmenotropins (urofollitropin

F Yt oci St t QKi L, Lissue .
O e BB BB & Rl O o npfuges
leastohdbiolvipRalPiHve Mt whithgé peRRblyselediel #IMNHS fBup consisting

ntidi.uretic hornmone agoni sts, bradyki nin antagoni sts,
ofdgyinipiSormepe g hertinn (LD, FBRE alope{ststs sosercin

1e(iS 7T, buﬁfﬁﬁﬁpﬁ‘%{:oirélﬁl; g&rﬁ&rélﬁrﬂ%ﬁhﬁa?&relinggeﬁ’cﬁfbging gurofollitropin
éﬁfpressors, | GF-1, neurotrophic factors, colony
(ESH) aed BH)nypserietsiy desnpareatimpoicorapbim@d TandCaonalogs,
sudi E@AE‘X‘H)(? S;|Z45], %Eﬁﬁ&ﬁn, %§o%9e‘§§lh,scfe§min8 r[9§1&,319-'ﬂ2 ! arr]ginine
ant agoni st s,
vasopressin, interferon alpha, interferon beta, interferon gamma, erythropoietin (EPO),
granulocyte macrophage colony stimulating factor (GM-CSF), granulocyte colony
stimulating factor (G-CSF), interleukin-10 (IL-10), glucagon, growth hormone releasing
factor (GHRF), insulin, insulinotropin, calcitonin, octreotide, endorphin, TRN, NT-36
(chemical name: N-[[(s)-4-oxo0-2-azetidinyl]carbonyl]-L-histidyl-L-prolinamide),

liprecin, aANF, bMSH, somatostatin, bradykinin, somatotropin, platelet-derived growth



pentigetide, protein C, protein S, renin inhibitors,

thynosin al pha- , thronbol ytics, TNF, vasopressin
wa@nicdgensrst s anal ogs, al pha- antitrypsin (recopdi/ns2uwi/035051

TGF- beta, fondaparinux, ardeparin, dalteparin,

defi broti de, enoxaparin, hirudin, nadroparin,

reviparin, tinzaparin, pentosan polysulfate,

fagkdr g@mmgefmtcprd (ehymaspipmh | c@dlmystokmin disortbaici goaadcmepms uch

al endr. ron
<BrosPo e B AR oD Bicrbon Rirkfneoferon ghorcukins,
mm@imr{ummmrﬂm (FSTBARODHY; oayatbdn sh*eﬂ;tudh@gal fiss@Chlesminogen
zol edroni.c acj ,ﬁl};ﬁat r oban, 445167, RW-671818,

aptioR Y ingse ANRAMR glearancg ﬂlé%*hlté’ﬁ%/ PNPaVESHK: angjatensin 1T
ahtBfRi2 Al diurE@d ﬁ&&%ﬁ‘@é/éonlsﬁ Wadéﬂdfﬁﬂ%ﬁ%oﬁ RRr &Pldase] B91¢]

I n_anof her embodi nent, rogel fornulation
calpigqnirdgese salatpdpeptide (CeGlis%)t mkeghabm EAByiragowatsaligBmeptide

e r ion
A0 BOR R S0P O, BRGEORRLESH.
hpmmme mmd gohbyts, paghgoidmaromfantapeisg, @r@mglapémtanmgomsts

mer . 04 In. d ith f h
PEREER: phOSE] whEr S BB et o Ep R RSRH S Hor
vaRbievsd hfigzonishy a@lhl@@é @?hé-y al@fyp¥ie é §8M8indn®), TGP Hetagnt
conprises the, st providing a drug dellvery

fodpRar i S14eRYh ga%f:p@@v» dﬁ%@ktld&nawéaweflamda] BedrpRARID,
r&VRYHPR ! tinzh tRAFHol GANRI ot cRoBIG RISl gonucleotid
fornu1g?H%ﬁm9§%é n1§?%%r01ec?|oﬁ O gr g%?ﬁ%e?BB and
derévativen syely ¢saferemv1r@np plgndrbaie ymdzfclqdpmm wgé etifiranicesidend
allt of
1l;apﬁr8tfg Iac&i %cigr&ﬁé) 5)({1(? 8(51% dro% ch? g{ ot Slff %GI;%Q dronic %c\(f)cjl ect
zbledromit Iaadmgd:tmlms WB@EIG’I RtWiB67m8¢8 dpitajydatmifentamhber
the mc r o] i on e n ada ted to receive
S'ffg%ta'g'llali E‘P(ﬁ’a)ﬂ%m%%’} ¢ E’ 6811’“?“&9 Hsreqti on 1 ows
t hrough t he nicroprOJectlon menber openings; and a
coating di sposed on the mcroprojection 13nenber, the
[QU44L i Frprofher ermbastimentdhe hyskpaebiormyulatian ipeludgs@hleast ong Iyathway
e mcroprojection nenber to the patient's
p?&?%%kﬁ.gk?lli) pl aci ng the gel pack on the
n1cropr01ect|on menber after application of the

1,6 O ro' |on
(5L R S RSB b S SRRt rellest Fabbgs
neeivphe ﬂaslsahspoéeﬁmmmauameeﬁp Qirfage sk, thomickapasikdtion niember.
surfactant. The hydrogel is, however, optionally
devoid of a biologically active material. [0048] In
00a6] eTHRREb IR vih o A1fhdr BBt of tHA8nRAb® MeRbthdd for

actlve agent contained in .
transdermally delivering a biologically active agent to a patient comprises the steps of (i)

providing a drug delivery apparatus having a gel pack and a microprojection member, the
gel pack containing a hydrogel formulation, the microprojection member having top and
bottom surfaces, a plurality of openings that extend through the microprojection member
and a plurality of stratum corneum-piercing microprotrusions that project from the
bottom surface of the microprojection member, the microprojection member being
adapted to receive the gel pack whereby the hydrogel formulation flows through the

microprojection member openings; and a coating disposed on the microprojection
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the coating conprises a vaccine selected fromthe

group consi sting of conventional vaccines, reconbinant
w@e@seir7vacci nes, DNA vacci nes and t her apeut i BCOHSZDE4/035051

vacci nes. [0049] In a further enbodi nent, the

bi ol ogically active agent is selected fromthe group

consi sting of |eutinizing hornone rel easi ng hornone
‘T(e’EﬂIQH} he cppifag ineluding s bickzonllvertiyosgent |(1I1)ra,pplyﬁlgﬂh©| | de,

S SloRLAidh m&rglbé}tt?fhlglpla? ient 9&?@%&@&’ jgl%(a E“e)galopac Sn the’

menotTopins (uro
mjiepypicelsw membke sftemmpeketion ofithe ticearsjeivintndiied 1) the PoeEht.
anal ogs such as ACTH (1-24), calcitonin, vasopressin,
deam no [Val 4, D-Arg8] arginine vasopressin

[Q0dTer Ilﬁhenotedl ahaodlm&ttemé Bydedke DR Bulatic Shfi&iP ébngﬁﬂz@a

thro (EPO, granul ocyte macrophage col ony
@Y HFR BEIFHE P PBPIatlnt et b udoRsst 6, koresry optionally

deloid8faHiolb@cdIBGLaYe hsefapr) » I nterleukin-10 (IL-10),
gl ucagon, growth hornone rel easing factor (CGHRF),

i nsulin, insulinotropin, caIC|ton|n octreoti de,

[(ﬁaﬁ) E @;HHE ergg%eggoet?@e d1|(1 f ﬁ;n 1 béo glj:alb/mcg}/q "@f}?t contained in

the cgertmg |cpnamls£¢e)1 Va¢cnm:rselected fravANfe, grinlflonsisiigair @6ivahtidhal
atel et-derived growth

PLRE PPl YR e R0 ol R il el pacenconsines

chorioni c gonadotropin, epoprostenol (platelet
regatj on inhihbitor gl ucagon, hirul og,
[Oﬁ%er r emﬁ%m%%&w Riplogiga bﬁqﬁds pgent (SLSp]@ﬂi@di frotrtiepi n
t
gr()lﬁ%s@ﬁ}% df }Iﬂutm%ﬂgtkfb%&le rofkds h%hh%gﬁ%ﬁg@glgr analogs

pl .asm nogen acti vator, urokln
(shohss Bpseentia, legpqpl1de,/E@ereha,rtgptotebn,£0|nadcmﬂhﬁgmhl@faﬁehn

d ta t
maRY gt b B TR S AREDE Giopd B i Bertsdf, Fifacoophi
(A((II(H?PI}CTHmhelpgaéulcm 8s AEZ\B (&g eaeitonin, VeH6pIRedH, iddnino [Val4,

trophi c_fact |
DRPRTERRE Gphitin SRR CAHA Bieareror o Biesproomost s

ermropmbw EPO) N@EADES tARERPAR b Rony Qt‘irﬁél% A0 M- CSP),
oni sts, pentigetide, protein C, protein S, ren
grziuw %ﬁetcgllogy SHMYIAGNG fctor G lnterlpwﬁmiﬁ OlLyt0).cedycagodt; growth

honﬁ@rIé%l@a?sﬁigr}'a&&t @rﬁ-ﬁﬂjgsﬁl%liﬂnﬁg@ﬁgﬁop@ﬁ %hl%lto ant %Ft%/ Eis 'n

reconbi nant) apart HUX,

PhiggBRY; rNTééf(crlbnmal ume: BRpERHaKo-B; azétidimfncarbonyu-L-

r parin arln
N I ———
plaﬂ@q:trdtatmd@ﬁw&ﬂfa&tomleﬁﬂﬁgmawcblf %ﬁﬁn@pa@blﬁ%%yﬁo@ﬁh Ct:horlomc

rani ¢ ac % roni c acid, i bandroni ¢ aci d

g°P*}%18g§8Q‘%’n?P@P&°éF68°1 (Blafrict pggreeation hibiter) sHeneson, biralozd,
mtzﬂiéé?g[?mwg%lag% %g:ilg%@%ﬁ?%f&h%ng@ SBf) 9fd Lﬁ? %Qytog}{w
streptokinase, tissue plasmmogen activator, urokmase ANP, ANP clearance inhibitors,
BNP, VEGF, angiotensin II antagonists, antidiuretic hormone agonists, bradykinin
antagonists, ceredase, CSI’s, calcitonin gene related peptide (CGRP), enkephalins, FAB
fragments, IgE peptide suppressors, IGF-1, neurotrophic factors, colony stimulating
factors, parathyroid hormone and agonists, parathyroid hormone antagonists,

prostaglandin antagonists, pentigetide, protein C, protein S, renin inhibitors, thymosin
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rem fentanyl, sufentanyl, alfentanyl, |ofentanyl,
carfentanyl, and m xtures thereof. [0050] In another
wepdsdsrsent of the invention, the coating incledEESW04/035051
vasoconstrictor, which is preferably selected fromthe
group consi sting of am dephrine, cafam nol,
cycl opent am ne, deoxyepi nephrine, epi nephrine,
afmh-% plhBTn_&ﬁOIhS{tiCi;, AN ?mbieﬁl@n arl’faigohi&@ lahalegs, AbE D EhtRBpsin
na Zol. norgefrin, octodr]ne, Orj]npressin, .
GRyHERHR, Prihet ResRaiaph ArRearn dlagare: eleniss; snexapari,
hirhéin il apfop préx) edvahriA StinZBp LY pdAeX A d VA8 fatB SHLIARRDG IS 1E
0i_et r ahgdc{?glqu i ne, trammzoline, tuam noheptane,
Igopsiepdseleriyatlivepiueh as formivirpesmalengtonic seidagiodramiz acide s
elidt8hi8 @tid, ibARFklic ddl, Inchitohid 8kid STRRSLIE ﬁéid Adgondragel
formulation includes at |east ‘one pathway patency
titsenicaacist zolpdosie peifl rargastobam B4 5é6h BV FETit8 1 8.t faetanyl,

] ; 0]. 8t | incl udes .a_dial ysi s nmenmper i hat
B OF o TRRER B el el ok
m croproj ecti on nenber. BRI EF DESCRI PTI ON OF THE
005 Furt her features and advantages wl |l
[@gﬁvﬁlﬁh‘s’f %ﬁ%"dﬁ}“‘aﬁf’f the IWVSPWQS‘V\X%ﬁ §OHRg 11??3%’@5 %mw%mton
whehas prpfetadly sfeclel BoRY tBE BO0S LRI MR PhRfie, EA¥minol,

invention, as illustrated in the acconpanying
CYRORRIAR S, deeyySPieRineh eningpbripe fedynasssiadindsvarel e anetizoline,

lIl al . g N
G ot L bR R AR, B e oS g e 1 1
phanysriyingdelnyletheppdaning ehenyépromholeménespropylhexedtinef  t he
| t di t he i tion;
Pt Gae i iEd5usat i, RGOS By Rebd etV R UREw o

vaznpressivh) glonetatolink ahdaixtives thpreof. ect i on nenber,
according to the invention; [0056] FIGURE 3 is an
expl oded perspective view of one enbodi nent of the gel
[00aCk RSSRRd-embylident MR hFeED BERiubhibh MBI RS ast one
according to the invention; [0057] FIGURE 4 is a
Py Rtne BoWlER. of one embodi nent of the assenbl ed
drug delivery system according to the invention;
[0058] FIGURE 5 is a partial perspective view of one
[08dlo dinryetenother embddimenythe matroppojection ayembac moludésedislgsis
an.expl oded

[ J.on: . [ 0059 | GURE.6 i
RGN T R P —

BRIEF DESCRIPTION OF THE DRAWINGS
[0053] 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:

[0054] FIGURE 1 is an exploded perspective view of one embodiment of the drug

delivery system, according to the invention;
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delivery system shown in Figures 1 through 4,

according to the invention; [0060] FIGURES 7 through 9
w@e@sgamgr ammat i ¢ vi ews of various enbodi nent PET/UB®04/035051

m croproj ection nenber, illustrating the incorporation

and placenent of a dialysis nenbrane and active agent

film according to the invention; [0061] FIGURE is a
[0881]t i IGERES] den pkoded pewpectife dewef anaxaunbodimmegnt béthe ng a

m crqprojection nmenper, dis. d therein, according to
m{CFPé’r(?Jg‘i?thl}eB’rl?er R0] gtﬁ%&gz g ‘a perspective view of

the retainer ring shown in FIGURE 10; [0063] FlIGURE 12

is a further diagrammatic view of the drug del #%er
[0836]t iH8IRE whisian exnledormerspectivg gy wt ane ffmbqég?%f’ ag%/lrpéck
asRIAREI RN th@‘im&rbﬁroﬂe%o%bé? Mt B8ing RPIhE §f ention;

m croproj ection nber, according to the invention;
[0064] FIGURE is a bar chart show ng the gl obal

[Oggr’ﬁia;ﬁl 4 B%&Q%’E ChivE %lg@t ?gnepé{nlﬁ)dﬂ]l 8%9%&91&1519&" drug

ow n nt'ac vari ous ormul ati ons,
deticargsyhitang at@rdihgtol thevimmédtion; 16[ 0065] FIGURE 14 is a
bar chart show ng the percentage of pathways created
by a m croprojection array that represent increasing

[0688} NFICUREDIs@paftl pedietreGaH Sldne WinbbdiMesitl d@d $nicroprojection
formul ati ons, ~according to the invention; [0066]

arpay grErding tthe #veptili t showi ng t he percent age of
pat hways created by a microprojection array that

represent increasi %dst ai ni ng scores follow ng contact
[00F2]h KIGURFRGisfao explodedidiageammatisoiali eigthe embadkmer v e idoig;

A3 Sttt S LT uRep YRR SR AT 00 e ©
shO\le ng the vi ?c?sn ty of 0\62[;' om;lschr mul ati ons at
108t HGURES e SRR B STea7 PGt 'dke

mtclftrp%jedaloh A nt, MRfratdhgl the/inBpdiatidnl £8 plagethéie 3f PHidlysis
| oyi ng one embodi nent_of dr ug delivery system of

m?rﬁ apt alagtivg agomdimesrcodpg to themei®™: i s a gr aph

showi ng the concentrati on dependent flux of an

ol i gonucl eotide through the skin of a living hairless
[0§6i In FAGHIRE; 1(aind s¢cpionet] sidel pBwRF Qo agretainbmringhaaing a

mlsérr]éf)%jgc%otn rr]rlec:mbelr'&aisposgde tﬂgrg{r]lE acfc!)r %(ng% th%%?\ggﬁgn%s sin

[0062] FIGURE 11 is a perspective view of the retainer ring shown in FIGURE 10;
[0063] FIGURE 12 is a further diagrammatic view of the drug delivery system shown in
FIGURES 1 through 4, illustrating the placement of the gel pack on the applied
microprojection member, according to the invention;

[0064] FIGURE 13 is a bar chart showing the global staining of pathways created by a

microprojection array following contact with various formulations, according to the

invention;
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t hrough the skin of a living hairl ess guinea pig.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0072] Before
waele®snitsrng t he present invention in detail, iPCT/BS1004/035051
be understood that this invention is not limted to
particularly exenplified materials, nethods or
structures as such may, of course, vary. Thus,
[M68h o BYHURE it istyetvar offartshbwing llepersantapes RBSvasd bdial byt
%%ékggngnt to t?ose descri bed herein can be used in
MRS BIPLY A8y it feREs st MCEAsing oiaing iseses fohewipe eerdact with
variie formb Bitiamgl adbetdiRds dalifvedgssr i bed herein. 17[0073]
It is also to be understood that the term nol ogy used
herein is for the purpose of describing particular
00BPOOFIRITHS t ' | dds.not in ded
[t,gqbe_ mt s d H[ag‘éﬂ?%ﬁ%‘i“gglg%g}é’ié‘?t%%&#@flﬁg% C§%afte%ghyla
MicEIHpIPeiton agAYl thetiepiesdnt increesdngsainiag sconarfellowih@utdchith
i | y under stood by one havi ng
W%?g?%g@gﬂéﬂﬁ,?ﬁﬁﬁﬂgﬁgﬁgﬁpwP%nhhiCh t he i nvention
pertains. [0075] Further, all publications, patents

lications cited herein, whether supra or
ofgH, gﬁbgﬁ{? it é"t%‘/apﬁ‘ﬁ BHp® ihs carfats gngle peyasiusformulatinsisy
entirety. [0076] Finally, as used in this

cification and the appended clai nms, the singular
[Ogggj rngIGQ,RE' binis a.gragh shaveng tha yiserpity pf varmbs foemelatiorssit different
shedtr@8s the content clearly dictates otherw se. Thus,
for exanple, reference to "an active agent” includes
two or nore such agents; reference to "a

Aol ' i.on" includes,t r re_such . )
O P SIRES A& IV ip R denetlent A5 Ao wlispmyclopsige
thiopghtht siiané e tivinp hiirleaguinepig BRH Ry g oiBaRBodiREt e liuyer ¥
deﬁ&:anﬁ? eqﬁ into and/or through the skin for |ocal "or

VLY IR Rs BISSPt MBS The term "transdermal fl ux”
as used herein, neans the rate of transderna

ﬂ@biver%. [0079] The term "co-delivering", as used

(0§70 &iFEGUREARSs # Baph shosiineiheermnerdiatiorgdapefident flsx of an
ligsHicRbSISHR : / Lher. before the agent is

oligEHofeb i Ahiah GRRHSE IRl by H§*1%4§§H%18%?lﬁaﬁndf| ux of the
agent, during transdermal flux of the agent, during

[O(f‘irfjj ﬁé@f{E 20 is a bar chart showing the time dependent flux of desmopressin

through the skin of a living hairless guinea pig.

DETAILED DESCRIPTION OF THE INVENTION
[0072] Before describing the present invention in detail, it is to be understood that this
invention is not limited to particularly exemplified materials, methods or structures as
such may, of course, vary. Thus, although a number of materials and methods similar or
equivalent to those described herein can be used in the practice of the present invention,

the preferred materials and methods are described herein.
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transdermal flux of the agent, and/or after

transdernmal flux of the agent. Additionally, two or
worees/0bisol ogi cal |y active agents nmay be for nmul BeBUSI004/035051

the hydrogel formulation(s) or solid filmdisposed on

the mcroprojections resulting in co-delivery of the

bi ol ogically active agents. [0080] The term

[00FB DI Bgft dsd foybeantérsteodiyetthe terrﬂlﬁolugjeﬁlseh @éreints for eequspok®of
m xt ur taining a drug

L L TR
&ﬂm@ntnlstered in a therapeutically effective anount .
Exanpl es of such active agents include, wthout
limtation Ieut|n|2|n§hhornone rel easi ng hornone

[QO7ffrfnl eﬁ%—hﬁn%@m@gfgse( ehnigs! apdseiertifiaternsaispd hirein bave the
sEMSRER s cb anB érﬁoocg%?%éﬂbé Brdi dﬁ[&ﬁﬁ%\flfﬁ B4 & oW hich

menot r opi ns uro Irtropin
ﬂwa®@pﬁ@sgﬂmuwdesnvpreSS|n corticotrophin (ACTH), ACTH
anal ogs such as ACTH (1-24), calcitonin, vasopressin,
deam no [VaW D- Arg8] arginine vasopressin, interferon
[(mr/@h ﬁFurthet etlfpablﬁﬁéggﬁt patentmn'a rpaeﬁmppm@mhcned herein, whether
t hr opoi et i granu ocyte macrophage col ony

SEY fuf %/ j%? “ghqrgié'tlﬂ?or% ARFCSEElergeaiheesateetzol ony

stimul ating factor (G CSF), interleukin-10 (IL-10,
[@F&IC apialy, 8¢ ®al b ﬂﬂ%rsﬁémfracaﬂ&{ ﬁﬂsthc{‘ Eakh %fauﬁsgff?:s)ngular

|nsHILn” |nsuI|notrop|n cal C|ton| octreot
fosme & pHT rand TR lnRhld@glu(ad; reéfmraalhnlq:sathg content clearly dictates

S n “car -Lhi s
ot i, 8 e B TR oL TR T s s e such
agentapigferancato “sontertoptojezfiont’, ingihdis eh@bdr Here isMetn@ropydjéetions and
f% tor releasing factor, chynopapain, chol ecyst okinin,
¥i oni c gonadot ropi n, epoprostenol (platelet

aggregation inhibitor), dfagaden, hirul og,
ipterferons, interleukins, menotropins (urofollitropin

[OP&QH) Thederm | lIIFanSQ‘S’k’}?@l S rqsed§1efe§p SRS the deliveryd ge agent into

AV R ANP, ANP cl ear ance
alnh|b”%%?gyﬂggﬁﬁxﬁﬁﬂﬁSy%%g?%?gﬁgln ant agoni st s,

antldluretlc hornDne agoni st s, bradyklnin antagonists

g@%%e ep g err%ﬁlff:u;a_ct’&%gl ?egglﬁ@ﬁlr @%al}astd%jﬁgepcgl ttagsdermal

m$umpressors | GF-1, neurotrophic factors, colony
stimulating factors, parathyroid hornone and agoni sts,

par at hyroi d hornone ant agoni sts, prostagl andin

[087Y] agrHeit& S icoRIR A driig*, a8l sed BERIE Barfs th# 5. Q
|1ritgt]1| bitors, COh ITDSrI % gl psﬁe f hr arrtgol yt P@Jslane%talﬁgéﬁ{(gb s

adminigfpied &ansder létgéhﬂré??@reetheﬁéﬁfges delivered; befereiand gyaign
tr&ﬁ&ﬁﬁ%u&%@m fggr?: cg}?flﬁ "f’ransfdgl%?ﬁﬂ Mncﬂé(age%{ gﬁt@l?g ' after

dal teparl n, enoxap
transdermal flux of the agent, and/or after transdermal ﬂux of the agent. Additionally,

two or more biologically active agents may be formulated in the hydrogel formulation(s)
or solid film disposed on the microprojections resulting in co-delivery of the biologically

active agents.

[0080] The term “biologically active agent”, as used herein, refers to a composition of

matter or mixture containing a drug which is pharmacologically effective when
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hi rudi n, nadroparin, reviparin, tinzaparin, pentosan

pol ysul fate, oligonucl eotides and ol igonucl eoti de
walesoswasives such as form virsen , al endroni c BCT/US2004/035051

clodronic acid, etidronic acid, ibandronic acid,

i ncadroni c acid, pamdronic acid, risedronic acid,

tiludronic acid, zoledronic acid, argatroban, RW

adm'nlﬁéfﬁd E\Mhﬁiﬂe&ﬂi&llyfe&hd&tﬁe Yhourite BkABpleaeBshich active agents

Ifen Iofentanyl carfentanyl, and
FEUV I foRltsr L Oding hamonh i bains omsgr Gy, 1 H e
aBg et (Suchan g@%&ﬁn h@uﬁr&ldéaﬁds&‘éﬁn 9o lin, %Hﬁaﬁio?émf dfdhapfarelin,
bases, acids r unchar ged molecul es,

SRS Qﬂ‘ltr‘?ﬁﬂl 6%31)5#“1 éHvaaésn@*gssm desewpressin,aoitisgtrophin

Eﬁﬁﬁéﬁ NS
(gg?l vati v}gg111 ag(?éstsﬁce 3%%}?@ e§4<'3 %ﬁt%m?sug‘w;gsrsmé ér?g%llo [Val4,
DeAradi ergindne \@@@resemcm)erfeWmah:iha,amerfaas béty, ihgrferoh gamnaat

“Ver %‘qu?%kn (E ?( gaa}%r.ﬂo%tgg lmacré’ p a&s ﬁ?lglqgj%'g}/‘ﬁ%’élg [f‘f‘Fg‘?rébh/}rEgF)s 0

grapfilecge t(ﬂorfy mﬁmpmag ffacoun (QICSMytikteleuRin-10 LUDE glucagon, growth
i mrunaql ogi cally active

h
hRRE oS etk A SEIRAS i, e B oTY Pt Ry SRR e
efdoshi TR Nf- 3@{éhétﬁféh'lr}ﬁhﬁQNQ[F{L)LMO}@ﬁi-h%%dHQEEHﬂFm@[]‘i

whi ch i s_direct i ndi rectly i nmunol ogri cal
histigddproknappies, lanmlwas\ﬁ\b“s bMSHnScalitﬁwsmmnbrhd)gmmmISDIylatotrOpln
pﬁtee;leg I(aﬁlll\yer% égﬁg?tg @%cgor[é%%é\%e tfiﬂg‘%a dala%a%? Cchglgc stoﬁiS 1rr cﬁorlonlc
g@mépﬂrcam eep@a@@tﬁmééplauehtdlggchgmgm 1h)1n1b1t6r)gtgldcagnnt blchlbg} flu

e L sease ci ne,
s B PR o B i AR En O o Btne,
steapedklinapg Kissua plasnRogdieqedbdibr, Srokiasse] ANP, ARPUSAhSe inhibitors,

and dj pht heri a vacci ne, reconbi nant protein
Bﬁ’cg’FﬁgsangmﬂsW&%@t%gég%ﬁn@ﬂfiwwlﬁ PERqnE agepige bradykinin

atdEmisBeSeredhe CE L, WalcH iR ?E}ﬁ relh mﬁ Oﬂtlﬁ@ k@@ﬁf) eﬂﬂebﬂ:ﬁfﬂg FAB

I|n1tat|on antigens in otelns
fragnentsy tléfe%lppr@mg@oﬁc&: h?&unotre}shlc fapqgtsp cqimlm stisqulating
al ovj rus,
AL AR oy B L REE DA YRR

pmalpglhlicmnmtdtgou'sts, penkigdtida, proteinsG, pedteln Safehmehﬁlaltc&g?elﬁ}eﬁosin
telia

ed.or .Ki d bacteria, such as, bor
oI TSP ieS, NP e Sl BB e aerh amprpsin
(reoptbirhar)] BEF-bghFoidaparbiuk CRUGRAR, Qidﬁepahﬁ QiefBRtil& enoxaparin,
neu hila, neisseria neningitides pseudonnnas
higein, &P‘ﬁ BRAIIN, LSV iPatR, SEEIALBE DSHEtAIPAlySefate, phignsweleptides and

ol%hhdléﬂﬁﬁb déﬂgthésQﬁé}Pas%ﬁ'}s%g Qﬁ%r&ﬂ&%&i’& & dwh% 891 -
[ ] one

IS to be understoo
etgir@_nl@@ub gpamgrroa@taprdemg@e@mo &ad) phwidronic acid, r1sedronic acid,

tiludronic acid, zoledronic acid, argatroban, RWJ 445167, RWJ-671818, fentanyl,

remifentanyl, sufentanyl, alfentanyl, lofentanyl, carfentanyl, and mixtures thereof.

[0081] The noted biologically active agents can also be in various forms, such as free
bases, acids, charged or uncharged molecules, components of molecular complexes or

nonirritating, pharmacologically acceptable salts. Further, simple derivatives of the



i ncorporated into the hydrogel fornmulations and/or
coatings of this invention, and that the use of the
WO 2008104®Ct | ve agent™ in no way excludes the useCDUS1000035051
or nore such active agents or drugs. [0085] The term
"biologically effective anount" or "biologically
effective rate" shall be used when the biologically
a@tb/leiag@lta@mhtas iethem, ¢steas, pmotesitetcd)aivhich actensily lygeiyzedatdbody
ﬁ?tm Sed & thg qynunt gr rate of the pharnmacol ogically
YRS §n FHESHRPHES ef fect the desired therapeutic,
often beneficial, result. The anpbunt of active agent
oyed in _the hydrogel fornulatjons and coati ngs of
[‘fqggj i ﬁ%ﬁf‘? ofiolgeichl %baéP W hagentngsired hredipadsargfersdo a
caRBRIHoN F ntdre hﬁﬁﬁfétcbﬁt@inhdg BHh&S" bRoRIHHunBloglcAB) active
active agent to achieve the desired therapeutic
agest of an agery WhiGHAS papeble phiriggering|the preduciipeief an imapanldiciselly
R Rehan i PP DARERER) BB GRloN-ATRINELEORH | o
adrhigisteogtiin tan ommbigilogiedlly effe@ive ambentdesi red t her apeuti c
effect and the dissolution and rel ease kinetics for
delivery of the agent fromthe coating into skin
[A0BS]s UEBe tefrf) O@GYind8s ised Atrei] RESOIo@ahVNticHal S@VdrBmmercially
anopunt” or "bi o] og |caII¥meffect|ve rate" shall also be

aRUBIC AR e i Bfinohlimifedsior fly vacsigesLyme digepse vaccine,
rdbmﬁ&hﬂégﬂngﬁlels Yadflel Mﬁnﬁg@dagln@ REick&! fhSaldnd BRalf

or rate of the inmunologically active agent neede to
vapeing hepgtiisgacding, prausss vewem@teigd diptitheriaravoinageembifaneprotein

vASHEL TN bade i v e ATRMOE: ALl 1O Th AT ) SR E ALY

Ve agent ro e ons and
mctmdbs, wg.homﬂmnﬂaaon aniEgRhs mrthe/\foh‘n oﬁprotelilﬁt paysacthbrides,

necessar 0 de]iver of the active agent
ofERGRRbs Lo et reRihed o Ed Ritsroroh FLaomedtus. | o
hdpatitid B &Bus, hépabitin\C viruy, Atiaivbahall om A80E RsbeND viAROIhd Ricella
artlcular I mmunol ogji cal |y active agent bein

ZCH@M Weakengd of h'éle%bat%eﬂéﬁu@eqs ibiseiglla gerdussineciastridien tatarn
cAVRLDLEL SRR QiphinbRbd, %u%%rﬁt@%gb%@ﬁy 18 orz%jl L op igzbﬁll’ﬁla%ﬁgna

into skin tissues. tefm™v nstri ctor
meigngigéad, pendgnenas Mw@osaomapmmvpmspneummz@é trepdneen: or

%Jnl[”aﬁd%lg?i})cpo%rrag mlx reutgg JOf bl ood vessel s and,

UCes perlp era fl ow. Exanpl es of
SU|tabIe vasoconstrictors include, without limtation,

dephr i af a ol, cyclo entam
o8 R thep HP‘feFFéooryé g e ale © ielpgigg gy agent can be
mbcﬂﬁaﬂdﬂa @htb AR, hyﬂi%ﬁél&"&lniull‘a%onmrﬂm Chdifigs HERN Whﬂldﬁe and that
nordefrin, octodrine, ornipressin, oxymethazol i ne,

thﬁ H‘éﬁﬁflt]@ﬁ)‘ﬁm thtpqt@nty |llagnmg(ﬁb¢>@mdﬁ%the use of two or more such active
aRRERY hREgPancl ami ne, propyl hexedri ne,

[0085] The term “biologically effective amount” or “biologically effective rate” shall
be used when the biologically active agent is a pharmaceutically active agent and refers
to the amount or rate of the pharmacologically active agent needed to effect the desired
therapeutic, often beneficial, result. The amount of active agent employed in the

hydrogel formulations and coatings of the invention will be that amount necessary to
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pseudoephedri ne, tetrahydrozoline, tramazoline,
t uam nohept ane, tymazol i ne, vasopressin,
wogdosietsarol i ne and the m xtures thereof. [008BJT/Tkm®04/035051
ternms "mcroprojections” and "m croprotrusions”, as
used herein, refer to piercing elenents that are
adapted to pierce or cut through the stratum corneum
délivena tﬂempemistelﬂsl' t;ffen’gveemildﬂlﬁf ofithe dcdly€figenOio aeiﬂé\d:&hmiéslraﬂd
ers i n of, lLiving an

LR AN (A MR e
pﬁ@ﬁ8&jlog1¢hll§) ﬁ&l\&ﬂf@ﬁﬁ beBg telRbreti NBe élfé\(ﬁ'ﬂﬁl'l\ﬁépy tﬁel'k@verlty of the
n1croEFE%ect| ns have a prOJectlon en ess

cqen drgated, the ‘éeS‘F‘iiirfP?f@?eué%@w prskhe g1t8$1>e13ut10n and release
kifibtids F6H RIi8&GY bPMS afAY fofd tﬁé&%@dgﬁfﬁo’ R dsGRYL N of | ess

than 500 m crons, nore prefera ess than 250
m crons. The m croprojections typlcally have a wi dth

t s »Nl Gr.ons.. .Th . ”
388, RO Bl P s o
alsqjedusad wherethe é&logndaﬂsd edive p%ems is aﬁhhﬁﬁﬂilﬁ@lo g1az{11§f active agent and

atlon term"m croprojection
SR R el G
initiacy the d@jired toha ol 6pid, @ﬁ&ﬁ&nbfblﬁ'ﬂes@l’tr THe AB6uPbLELE! NY the

stra un1 orneum The m croprojection array nmay be
infrgy Y BYERPAEE 8PP IgYRddn thediydrogel dpranulatipneand coatings of the

inféioR MiPbE il ARSunt ﬁé&@ésértywhéiwé%%ﬁ«}oﬁﬁ otfﬂ?% a%'n{)é? C#mi xheeded

bendi ng the m croprojections out
togriete thedgsipdrinemunshdgicgliresls. dn prasUlwhthaswﬂlhmty \sidetmepdndmg
ctian ar d
uﬂc'_)h glget ;ﬁég}cq; %ﬂ\?ﬂnﬁ%ﬁﬁ%&ll ’act1ve élﬁené g% %%Ie ge Y % e

andtthe dissohiivn Ayl releasedgimevicetor Uellveryadf Gtthcave @é@ﬁm@fskﬁeﬁ&es.
of the strip(s) as disclosed in U S. Patent No.
6, 050, 988. [0091] References to the area of the sheet

[0087] METHR@ErmERVE sdcBhsBli @HE BasluSedHR BN, Péf&@% 3 bfon‘ﬂ%rsm@[% er or
fthe sheet or nenber are referrln%@ he area boun é
mpxipre fat Raows the lﬁ@ew%bl@qﬁc\@sae}s apdrhgese, mdueeh gcrijtherd blood

f1dv 09 pldi@r Elﬁfame v%chUﬁslg?cgo Vlllﬁl%ll“ﬂ%{tﬁ%&,uatmld%{)hrme

COTTpOSI tions of con‘ponen
ca@mwémebp@tm1ne,aiepmpmewrmes<ebmdphrgle, folypressiit, indamazotise,

| articl Ctlve VI I uses,
i, B R LS G Kb e
pheméezi)hhﬂdf @hmyldtlﬁfneraﬁx1ﬁepplféﬁﬂbto@@10@dﬂmﬁ@ tpkdpS1HRGRIRhHe, 0Nt O
3 .he nicroprojections. Mre than one
ps%ugif)?pgng %:Sra ZB epgfup%z,oﬂne tuaminoheptane, tymazoline,

vasopressin, xylometazoline and the mixtures thereof,

[0088] The terms “microprojections” and “microprotrusions”, as used herein, refer to
piercing elements that are adapted to pierce or cut through the stratum corneum into the
underlying epidermis layer, or epidermis and dermis layers, of the skin of a living

animal, particularly a mammal and more particularly a human.

[0089] In one embodiment of the invention, the microprojections have a projection

length less than 1000 microns. In a further embodiment, the microprojections have a
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coated onto a single mcroprojection array. Pattern
coatings can be applied to the m croprojections using
wopwdn4rsicr o- f 1 ui d di spensi ng techni ques such B&T/US2004/035051

m cropi peting and ink jet coating. [0094] As indicated
above, the present invention conprises an apparatus

and system for extended transdermal delivery of a
poojerttioy lengthlof leae thiair §0@méondns hmore prefetahly, lesd €lian\26( neiérons) The
t.0 a patient. The syste erally includes a, gel
P RRENE Tl Be S R gE OB ahaPe dn 39 Bufops, The
niitiIopRRC AR Ghdydse fHRIYAeh dif@iehidhages Mublli & needleblagtd, plntim
cor neum pi er.ci ng m croprojections (or
PHIES gRdeqnaRinations thesepbndi ng t her ef rom [ 0095]

Referring nowto Fig. 1, there is shown one enbodi nent
of the drug delivery system 10 of the invention. As
(90901 s Thetesrd “iicrpprgiection arfag”’, sywsed hereincretrie® aplgrelitypéic k

! .CLODNLe] ect | [..0r ch _20. [0096]
rpGro B ot h RS TR B ictneRe 18
nkicropriojegtiar array mgpybé foraned g e@higg oi prakhiyig diphipaseof

r.eservoj.r Qr openi th i.s adapted to receive a
T BB T 8 ARG PO nE GBI ons out of the
plaA€ bEth® shel 18 6@ Mtorfighftion, 3%chtS Bfdt AR Fig. S, TRS
[imted to circular or oval shapes but al so includes

THEPYGISAEN AT pey 2lsgrbe fompd Brether drase Slapparh sicbuas g dorming
A0G! RS stiDs lhén‘ifr?ﬁﬁc‘?(gg%ﬁ‘lﬁtﬁnf élgnrgo%lre@ggolf’?glii g'lietgé %}ngjlgs

0further I ncludes a g ne osed
desplosddan B Patept Mo 059 M8Bace of the ring 14.

Preferably, the backing nenber is inperneable to the
hydrogel formulation. [0097] Preferably, the ring 14
[0091F oRsferancésad theudreandt tife shés ot ineMber@ad yoTErence toVEdngd property
such as PETG (pol yet hyl ene terephthal at e, yCo
pﬁf&a?afq?&aﬂ shegs 8? B@fnﬁw heslorgne fﬁéﬁlw‘fagwa by|the gpter

R Blch@Cbr BBRRHSMRESheet N Ting 14 is constructed of
cl osed or open-cell foam The foam preferably, but not

excl usively, conprises polyethylene, polyurethane,

r a » . .
e e gt DR R ool BFMADsciyed,
cprobanents pyi asoesuspErFipnsEidpmpetents irebeline, besionlimd3p, @odin
Vt%lends of.tge abovekwgggggi.Referring nowto Fig. 2,
P aﬁilcg:‘?’sblﬁ?'c V&S 735 ncl udes a backi ng

menbrane ring 22 and a microprojection array 24.

Prgfer bly, .the backing nenbrane rin% 22 is )
(@8R5t Fie R “patterptoatingyodsytect hege it pletsita poatiag amagiiye agent

oR8lsy8dtydreRer t&%ﬂéfb{p%m% AMcte BRhYRE ARNE 88t mhi?b@pattern
preferred enbodi nent, "t he backing nmenbrane ring iIs
coated onto a single microprojection array. Pattern coatings can be applied to the

microprojections using known micro-fluid dispensing techniques such as micropipeting

and ink jet coating.
[0094] As indicated above, the present invention comprises an apparatus and system

for extended transdermal delivery of a biologically active agent (i.e., drug, active, etc.) to

a patient. The system generally includes a gel patch that includes a hydrogel formulation
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constructed out of a polyethyl ene nedical tape. [0099]
Referring nowto Fig. 5 there is shown one enbodi nent
w@bpooskesm cr oproj ection array 24. As il ustratBCr/Us2004/035051

Fig. 5, the mcroprojection array 24 includes a

plurality of mcroprojections 26 that extend downward

fromone surface of a sheet or plate 28. The

a@(B mqpobptkmtm@Mr Révieg £plpratifyef afodtym soimedin pidcishaped

mlcr Eene raslte the stratuT tﬂC’1eum o% t he epiderm s when
o' ah é"ra{‘&‘ﬁfopéoam?‘z?ni [FEeR g BFEEPBct i on nmenber 20.

[0100] The m croprOJ ections 26 are further adapted to

é{@rﬁjnm roslits in body surface to increase the
[ n ngfrfa%gi 9w t8fig 15@5@%%%1@@11 cae @nbOdH?%ﬂt 8 drug delivery
sfls@JnW(*) @Fth@fﬁ}/eﬂtf&ﬁo%g hllﬂsﬁ@te@m SUfHe3 o aﬂi‘ ﬁlcfuﬁé{%%é? g%)f( 12

surface", as used herein, era ge y to
a(’acfaﬁlﬂﬁf%mmﬁﬁlonémemh?matc[h@ml] The mi croprojections 26
are generally formed froma single piece of sheet
material and are sufficiently sharp and long to
(@90t t Wceording tosthe atvamncmotlm gelrpacif 12 mauﬁésiamouilﬂg bihéng 14

il.lustrated,.enbodi nent,, the.s formed with an
having§ ¢y r@’@ % ﬁseer?éf ‘?ﬁ%’?‘ﬁ?ﬁ gﬁ%@t‘? 6‘#@&56" fe6eBhhance
ptehaemn@mmunpctf alyarod ylotbmﬁéuomﬁdﬁah athéBrnehg NRNKRE

active agent ther et hr ou [0102] As di scussed in

aféwaism%lém&ﬁ to chiglaryp P éhapﬁi)‘?lﬁﬂ saincBiss plygonal shapes, or
pblﬁg’&ﬁf dhapsHifh (bl RS ke U&mll}ilsjﬂ%teg &l Fi alcéﬁld%z tﬁet}fn%qq Rurther

e openi ngs 30, pass through mcros |ts in
insfudas albackiog member Bt tireids Bigpasbeomihe pmpr Pirec surfms oﬁ’ﬁ;e ring 14,

f
PR R BB 1B BEER Bine Sioae reditium « o
achi eve |l ocal or systemc therapy [0103] According to
0 BB e R RSl S PR e At e
as/mmqloeyemytehe fefsphefatatd, GlychEmERELd) SdIfelnytent, Qﬁ'ﬁolyﬁgﬁﬁﬁe In

bei ng sanpied or delivered, delivery or sa
a geefaried epbediment, te ring 14 i Gopstrusied @éqalpsedpaggqnvc@ll f@@mﬂ‘h@ foam

RIS b bY@liveRt & %%ﬁl@
PiSe %g%ar ent to on g; o?ml) ot 0%} Ql{ia?%e ?@r.e}(\%’ Iﬁldtural
rupeere AR, butiebutagliage mitrite ERDVD é'f‘lCPbﬁ)olystynemqa ipolyestéri polgethmer
ect d e nore
fPlebpErabh; fe MG BRePHE, bOG, SRt froh el
because there are nore pathways. [0104] In one
nt of th |nvent|on the m croprojection
[@gg] #&Eﬁrl&tg nowte Bigy 2, the microprojection memberp20 1Jncludes a backing
membrane ring 22 and a microprojection array 24, Preferably, the backing membrane
ring 22 is constructed out of a polymeric material, such as polyethylene, polyurethane

and polypropylene. In a preferred embodiment, the backing membrane ring is

“constructed out of a polyethylene medical tape.
[0099] Referring now to Fig. 5, there is shown one embodiment of the microprojection

array 24. As illustrated in Fig. 5, the microprojection array 24 includes a plurality of

microprojections 26 that extend downward from one surface of a sheet or plate 28. The
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approxi mately m croprojections/cn2, nore preferably,

in the range of at |east approximately 200 - 2000
wWOorR@sopsoj ections/cm 2. In simlar fashion, theCHusises035051

of 24openings per unit area through which the active

agent passes is at |east approximtely openings cnR

and | ess than about 2000 openings/cn2. [0105] Further

nderppriojestiarts 2friaty wplenblystzed adashaped t@ derdarste thcherdtuabavieum of

BBl fleORft B el SR i atare o
dlsclosed in US Pat. Nos. 6,322,808, 6,230,051 and

- [ t . 10/ 045, 842, whi ch
fIbr Db BtarproisehoBF &6 & Gutieibisd O an ol Thadkegy
sir@tO & infRedse ikd Jehimi@Witib® of 4 Q}bstgncet(g‘g ﬁ’id% { fo?ﬁ:lulatlo 8 through

construction of the gel pack n1cropr01ec [
thediepesuriage. wihe temye “hod i e fapdad yredibarein) refersgenerallistorthe din of
ah Thifbhor Himab Ne backing nenber is adhered to the outer
surface of the gel pack ring via a conventiona

adhesi ve 40. [0107] A strippabl e release l'iner

RO, e %Rkt e e aeraiiediey e Shee alsge%«?ﬁ B
miateridledndiate du&idihm'tly Elﬁ&p skl 18851© puhdigre thesstlﬁﬁlﬂp&ﬁﬂzuﬁf of@He dkéh.
pack 12 to the engaged

t f.th
Infhe P@gﬁ?%% dg ‘?O&Hnwgﬁ%‘eﬁheﬁﬁ 1§ fomes) Witk aenening 3P Setsen the
iR Bfetts 26 RerAREK R SRR Ehe Hy@ﬂ)gglzfofnﬁllétioﬂ]akl@ "Hedce,

adhered to the mcroprojection array 24
a%@ﬁ@%ﬁi@@ﬁﬁﬂ“&@he3|ve Optionally, the n1cropr01ect|on
menber 20 al so includes a release |liner (not shown)
for maintaining the integrity of the nenber 20 when it
[G182]noAs discussadl. in Teteil bebeabehydroget foirlﬁulaﬁclffis |oﬁtHe)1n\a:dﬁ@i ad

re@eﬁse%%‘r {hle; gglgaa{:lb f {F@ E{k}réeé)%?ﬁégs %{Hgg]n?iglﬁslgm g[he

stfatinl b@heRN RirBtOPEde ﬂﬂ@@ﬁ‘oj&@ﬂiﬁns b, rﬁi'@&té deIthé BRtel AAfthces of
an additional release liner is di sposed on top

thsfm?rﬂeéfoﬁafé%s 1§ 2R iFERUgh dherstragmeprenpde peflivyg lecs! errstemic
thelaggntion, this would substantially reduce or
el 1'm nate contam nation of the piston of the
applicator with skln/body fluids during appllcation of

[Otl{);@ SX@JO?(?&% %Qﬂ%x n|t1§ré, t{l}e il ;eﬁ géf nel{gz}/olé%lﬁgcrt]edﬁgm ng é)penlngs '30

ofttheamtom:brdnmk@ntal'rey 2eiseassblswillerespecttortied dxaisal flixnefe, agehtt h
uch as, nenber

an addi tio menber 17
o Bl B A eriogs ot Bh BBk e oA anEr TGty o
paSsive, osmotic, pressure-driven, etc.,), and other factors that will be apparent to one of
ordinary skill in the art. In general, the larger the number of microprojections per unit
area (i.e., microprojection density), the more distributed the flux of the agent through the

skin because there are more pathways.
[0104] In one embodiment of the invention, the microprojection density is at least

approximately 10 microprojections/cm?, more preferably, in the range of at least

approximately 200 - 2000 microprojections/cm?. In similar fashion, the number of
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25conventi onal adhesive. Follow ng system application
to skin, the entire assenbly woul d be peal ed off and

wao b@soeser voi r applied on the backi ng nmenbr aneP€T/ngo84£035051
[0111] Referring nowto Fig. 7, in a further
enbodi nent of the invention, the mcroprojection
menber 20 includes a dialysis (or rate controlling)
Op@itgs anleUMIZdr@etthtou'gls wilick flesetivemgersttpatsesis tat kehe app@pximately 10

?ﬁléﬁ%ﬁﬁ dksthm*ﬁ#ﬁﬁ&ﬁ?eCtlon apray 24. According to

nveftl on ““ormul ation is devoid
of a blologlcally active material, the nmenbrane 42

I I I toff that
(oS, °Fidhef araty ot or el ahon e SR ARGy 1 oo
niérbfrofpbiRm d?:ﬁ/lcﬁbﬁm%ﬂd% thit cslhee &Hﬂ&)&%%ﬁhﬁﬁ)ﬁmg‘s‘% 3 de?ﬁ’le

Conversely, if the hydrogel for tion 1 nc S
“’dF'éﬂoég‘Ff‘c%qul‘gﬂeéét VidePaigien: 6.32h80%6:260, gﬁleBuano@efmmg .S.

S npre
A PG VB P g S et i b ey
of enzynmes and/or bacteria in the hydroge

112 ted bove preferred
bR g B pRBHER e or Sher 2GR Adidon
miooyirejectionaherha0 waNBe RiseitR8 @iy ARt TE Plo. 6,the an
b %ternat|v§ embodi nent of the invention, the hydroge
esigeRtten i sadprebiodhegutes switase afihe apl npclaring IAviagent
cavehtiongnRERssivestorer el y a hydrati on nmechani sm [0113]

According to the invention, when the hydrogel
formulation is devoid of a biologically active agent

bj '
[Otl bﬂ A%rj&%hﬁ@téléﬁs@ﬁﬁe‘r Yg Lf%ggﬁgrlﬁ aﬁlée% % o%ug%tsﬁ ac6 og he gel

mC.rOprO ction arra
patls ping ¢4 viagreohlostiodd) AdhtSiv8 42 Amdhsdaﬁlieﬁ'llﬂdéiﬁﬁbelm | tBdrefohse

' fporated by reference in their entirety, or
111%:on glrﬁnéave%r?rlg}lgo"}ppﬁ a? ﬂftgﬁge {}égrt]ltﬁ &gigsded in PCT
mPtedprojedion Wen®3t 28037, which is simlarly incorporated

by reference herein in its entirety, on the skin side

of the mcroprojection array 24 (see Fig. 8) or the

[O‘l@éﬂ SAbRES: Bfthd iﬁ@erﬁ%ﬁ aie gkl(’l% ﬁl%m%tage rlﬁ% 22 S%Z}%ly fiered

solid filmis typicall Y ma y casting-a
toftlsrrigropraieniion aray 24 ving cwfvetlthmatadhtsnm (ﬁa:itﬂoyalbzcthbv e

mﬁ%?%&cyg{n ﬁ%}lﬁf)@ﬁ? %%@Elﬁéﬁ releasg T’mer%not shown) for maintaining the

mtegmillywﬁﬂpnmqmyﬁerréo ijabn:e i ok DlS.Ee (‘TiREease liner is similarly adapted to

beh%//rd y o y—glpﬁg%/ I??.E]%lh?}”l eﬂ”P tgggély@mt hyérrcl:beelr |28 ltoot?lg p'cgtl\t/:% s skin.

ethylhydroxyethylcelIulose (EHEC), car boxynet hyl

cellulose (CMC), polyvinyl alcohol), poly(ethylene
(0581 g 6151 flﬁg}eg, (:12'_151oned embodiment of the invention (not shown), an additional

release liner is disposed on top of the backing membrane ring 22. According to the
invention, this would substantially reduce or eliminate contamination of the piston of the

applicator with skin/body fluids during application of the system.

[0110] In the noted envisioned embodiment, the top of the backing membrane ring 22
would be treated like the release side of a release liner, with an additional backing

member, such as member 17, adhered to the top of the backing membrane ring 22 via a
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26hydr oxyet hyl met hacryl ate), poly(n-vinyl pyrolidone),
or pluronics, a plasticising agent, such as glycerol,
wee@ppisne gl ycol, or polyethyl ene glycol, a PCT/US2004/035051

surfactant, such as tween 20 or tween 80, and a

vol atil e sol vent, such as water, isopropanol, or

ethanol .’ Typically, this liquid formulati on contains

canv2gonl etgilhgsgv e(; a ollag'éngtsystﬁﬁ 4fplinkticiotp eltity,rthe entive dentiily Would
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evaporation of the solvent, a solid f|In1|s pr oduced.
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pyrol i done), and pluronics. ThHe nost preferre
foygulatieni c materials are cellul ose derivatives. These
pol ymers can be obtained in various grades presenting
di fferent average nol ecul ar weight and therefore
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i nvention preferably have sufficient surface activity

hengesj i @grely atlﬁ’gfa“f’ﬁélef’]éﬁniﬁm ations exhibit adequate
wetting characteristics, which are inportant for
establishing o tinun1contact bet ween the formnul ati on
(A2l t Aecording @ﬂﬁ@jn@@ttioonwmnrthtyh)@ﬂogaﬁbrmﬂaﬁondm devoid of a
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agents can general|ly be described as
incOrporated by reference herein in its entirety, on the skin side of the microprojection

array 24 (see Fig. 8) or the top surface of the array 24 (see Fig. 9).

[0114] The solid film is typically made by casting a liquid formulation consisting of
the biologically active agent, a polymeric material, such as hydroxyethylcellulose (HEC),
hydroxypropylmethylcellulose (HPMC), hydroxypropycellulose (HPC), methylcellulose
(MC), hydroxyethylmethylcellulose (HEMC), ethylhydroxyethylcellulose (EHEC),
carboxymethyl cellulose (CMC), poly(vinyl alcohol), poly(ethylene oxide), poly(2-
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anphi philic nol ecul es. When a sol ution containing the
wetting agent is applied to a hydrophobi c substrate,

wo b@slydrophobi ¢ groups of the nol ecul e bi nd tBCT/H82004/035051
hydr ophobi ¢ substrate, while the hydrophilic portion
of the nolecule stays in contact with water. As a
result, the hydrophobic surface of the substrate is
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noti ceabl e at concentrations as | ow as about one order
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of the po at ex I'ts anphi proper |eS 1S
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9 e h rmul.at i on 8[012 As wi.l|l be
P 06 B AN R BBy PR e e O prorcifatety
Oﬁwmwmﬁyﬂﬂgela@ﬁmlsudﬁan be used separately or in
conmbi nations. [0125] In a preferred enbodi nent, the
hydr ogel fornul ati ons of the invention contain

[0117] The hydrogel formulations of the invention preferably have sufficient surface

activity to insure that the formulations exhibit adequate wetting characteristics, which are
important for establishing optimum contact between the formulation and the

microprojection array 24 and skin and, optionally, the solid film (e.g., film 44).
[0118] According to the invention, adequate wetting properties are achieved by

incorporating a wetting agent in the hydrogel formulation. Optionally, a wetting agent

can also be incorporated in the solid film.
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at | east one pat hway patency nodul ator or
"anti-healing agent", such as those disclosed in
w@oPesdrng U. S. Application No. 09/950, 436, whdT/S1084/035051
i ncorporated by reference herein inits entirety. As
set forth in the noted Co-Pendi ng Application, the
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formul ati on can be contained I n the ge eeps
loptas abeiitege Prdyr efumagnigudetbelosipht CYE.i on process, and is

fluid enough so that it can flow through the

m croproj ecti on nenber openings 30 and into the skin
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[0123] Preferably, the concentration of the surfactant is in the range of approximately
0.001 - 2 wt. % of the hydrogel formulation. The concentration of the polymer that
exhibits amphiphilic properties is preferably in the range of approximately 0.5 — 40 wt.
% of the hydrogel formulation.
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is preferably in the range of approximately 1.5 - 30
P, at a shear rate of 667/s. [0130] As indicated, in a
wee@bessed enbodi ment of the invention, the hyPeDYs1004/035051
formul ati on contains at | east one biologically active
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[042§]u dFlesriydrogel fdrmulations of the invention exhibit adequate viscosity so that

the formulation can be contained in the gel pack 12, keeps its integrity during the
application process, and is fluid enough so that it can flow through the microprojection

member openings 30 and into the skin pathways.
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zol edroni c acid, argatroban, RM 445 67, RW-67 1818,
fentanyl, rem fentanyl, sufentanyl, alfentanyl,

wo ofosnsmnyl , carfentanyl, and m xtures thereofPCT/03884/035051
As will be appreciated by one having ordinary skill in
the art, the present invention has utility in
connectlon with the delivery of biologically active
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agent can be a partlcu at e |ca
ligghein, aAMNE, bYHHb gematpgnting bradykdnin, somdewropid, plhtelat-derived growth

fa@foﬂe?e%ﬁ?ke!c{ agﬁ}hﬁ/@?@%? %olfcl%ge}&%gfnoého%lcﬁ%Lglf)l}(ada ﬁ'élﬂr e

IS el roje
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adti@htbl QrokgREY, ANP, ANP clearance inhibitors, BNP, VEGF, angiotensin II
antagonists, antidiuretic hormone agonists, bradykinin antagonists, ceredase, CSI’s,
calcitonin gene related peptide (CGRP), enkephalins, FAB fragments, IgE peptide
suppressors, IGF-1, neurotrophic factors, colony stimulating factors, parathyroid
hormone and agonists, parathyroid hormone antagonists, prostaglandin antagonists,
pentigetide, protein C, protein S, renin inhibitors, thymosin alpha-1, thrombolytics, TNF,
vasopressin antagonists analogs, alpha-1 antitrypsin (recombinant), TGF-beta,
fondaparinux, ardeparin, dalteparin, defibrotide, enoxaparin, hirudin, nadroparin,

reviparin, tinzaparin, pentosan polysulfate, oligonucleotides and oligonucleotide
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contained in the coating can also conprise any of the
af orenenti oned biologically active agents and

w@ oovbiosri ons t hereof. [0136] The hydrogel formal/E810041035051
and/ or coating can further include at |east one
vasoconstrictor. Suitable vasoconstrictors include,
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herein in its entirety. [0138] After placenent of the
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that in order to

[0134] The biologically active agents can be in various forms, such as free bases,
acids, charged or uncharged molecules, components of molecular complexes or
nonirritating, pharmacologically acceptable salts. Also, simple derivatives of the agents
(such as ethers, esters, amides, etc), which are easily hydrolyzed by body pH, enzymes,
etc, can be employed. The agents can also be in solution, in suspension or a combination
of both in the hydrogel formulation(s). Alternatively, the active agent can be a

particulate.
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facilitate drug transport across the skin barrier, the
present invention can also be enployed in conjunction

wowaok/oasni de vari ety of iontophoresis or PCT/US2004/035051
el ectrotransport systens, as the invention is not
limted in any way in this regard. Illustrative

el ectrotransport drug delivery systens are disclosed
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p%ngﬁﬁﬁﬁﬁlgfggﬁﬂk%ﬁé n}%dﬁglamﬁi/ ﬁ@%wlh edifne ée\/lg éhggfrﬁl

rane u e |nf uenc
tetrplaslrazoling, tremdzohﬁct éstriogheptand, gimazelitie] Vasapredsineandt ype of

{)ﬁ& ?‘ﬁg%gg%ormlx re&\ﬁ%{/\/ s the passage of an agent

ﬁore pplying an el ectrical pulse,
a hlgh voltage pulse to a nenbrane. [0143] In many
nore fhan one_ of the noted processes may be
[065@ fﬁf@lﬂ% |nPﬁﬁf|t?§ &d02ng H-doriqragerand prrlicatian, the

mASER6jE I nYomte 20 fs??éi‘éralﬁ& QiEshErilll BSRANHer rihs 6(95}3/ &lhesive
herein its broades ossi bl e interpretation,

tabn3g. azidesetiked dn detail inde-Papdingdlis ebprdication Adm @%/@76 762
(Pﬁgtl{l@ X @ﬂ6(§9 19572 hik qﬁc gél)?at&hgf Ig%gengg helf‘glﬁ Ii]l}]alrts(gen

agent m Xt ures t ere
nechanlsn(s) by mhlch the agent is actually being

ed, Add | | th h
0n & cRB sl St bis SlRapbiseEorimenbe JB ST Berstsioor i cbte
mib&)“pr&jectixbﬁ ad:mber 20i8 japiliet kPthe Phitdt’s BEn.| PRéRRILID the

microprojection member 20 is applied to the skin using an impact applicator, such as

_OHQ_

St i ¢

disclosed in Co-Pending U.S. Application No. 09/976,798, which is incorporated by

reference herein in its entirety.

[0139] After application of the microprojection member 20, the release liner 19 is
removed from the gel pack 12. The gel pack 12 is then placed on the microprojection
member 20 (see Fig. 12), whereby the hydrogel formulation 18 is released from the gel
pack 12 through the openings 30 in the microprojection array 24, passes through the
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[0144] When the invention is enployed in conjunction

Wi th el ectrotransport, sonophoresis, or piezoelectric
wWGEywsems71 t he m croprojection nmenber 20 is fi rBCT/US2004/035051

applied to the skin as expl ai ned above. The rel ease

liner 19 is renoved fromthe gel pack 12, which is

part of an electrotransport, sonophoresis, or

my¢redlbeingbe stiatung yarhewm fofinedsbyabs midpbprojesticank 26, milgeates down the

1. Cl.O jection r re t he hydrogel.
et s R I R K P
laplemisyg@nic thekdp®. m cr opr oj ecti on array 24, passes
through the microslits in the stratum corneum forned
by the m croprojections 26, mgrates down the outer

[Gl40f anesl ok aﬁﬂ}é‘cim&mﬂ{e%ﬂﬁ% biitry?&ilpAdnd £ AHGR ofdifto
stratum corneumto achi eve Tocal or system c therapy

fagilitaie deygitanseeiiacioacthe skimbarder e persery invieatinnren also be

' . F Ot.T: . i
SR DSOS g,
systearspdsehe mventipnenpt limitedt ling waly dsthisskgard. elfustrativhie art

| early. under st and .and pr [ t he_pr, t

o TR o A v S AR B hET P EE SRR g
510B@646; 5169,082 tdies, 1 698 83) ttheafischistiresBf whivh &% il@ipdeated by

i.llustrated as representative thereof. Exanple 1
refesqneg e‘i%}b%l&‘éllenflgﬁWm| ations having increasing

concentrations of HEC (NATROSOL(r) 250 HHX PHARM

HERCULES Int. Lim Netherlands, determ ned nol ecul ar
[Q4d1 lghTThe topn fgomotanspprt 15500 dugenetal, & the prssrge@Pn bedfigial

h , [ ' .

o e il ke o o ey S ASIEE IR iy s
membradel, taibnandrthe lilyd. dihe tlahapert dfthewaemnt prindueed ori enhirdeed by the

f ar mul at.i o at 1% for vi.sual izatjon qf the skin,
el o5 B Bt refenHh i R P atprieaie cpont
whigh dbliverd @ ehkgiced delivery €188 hdelit, by FoRrdetseN8lectiofBnspyist €m

was slightly nodified as ex%l ai ned bel ow. [0147] .
Sa}sgt?EqSioea 1BFESormelng dhiteragptolbe tirgiotaRsPal Al igforas qut
of¥hé Rurdh boap Ay b9 BRAH&GAR hridud nfdfthdrk €SS rats. The system

appl i ed conprised a foam doubl e adhesive ring

34(dianeter 3.8 cm thickness 0.16 cm) with a 2 cn?

er . . ction [ ay

AT R il B Rt ol ORI kP B %,
elegtricahly lirgluodd tegmppariofivhiretd/iofO Rlectiohempisaatiah tyipbef

sheet, an area.of 2 nd a m croprojectjon densit
electro?raﬁsport process involved ?nngle %’ansdermrgl trans ortJo uncilarge or neutra¥1y

charged molecules (e.g., transdermal sampling of glucose), involves the movement of a
solvent with the agent through a membrane under the influence of an electric field.
Electroporation, still another type of electrotransport, involves the passage of an agent
through pores formed by applying an electrical pulse, a high voltage pulse, to a

membrane.

[0143] In many instances, more than one of the noted processes may be occurring
simultaneously to different extents. Accordingly, the term “electrotransport” is given

herein its broadest possible interpretation, to include the electrically induced or enhanced
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of 72 m croprojections/cm 2. Each m croprojection had
a length of 500 mcrons. [0148] Fol |l ow ng
wOorR@sopsoj ecti on application, 0.350 L of the hpcir/ogmb4/035051
formul ati on was di spensed into the gel pack reservoir
and a backi ng nenbrane was applied to the adhesive
outer surface of the ring to seal the system After 1
trepgpor 1od atlledsbome chatged syckhargadagent corovistirestierédferegardless of

esi l.ation. hed f.rom t.he skin, cess dye
t%%g(gﬁ%{ngéh%h@@tgw& écgz%}\?ﬁ a{gﬁm‘}{’)&nfaglg %F%%Wnsg%%cﬁol pads
Agiddioaalfy, other teansfort dnbasiifganatisls tadhens sofdphéi@dis bysezoelectric
st.ai ni ng of the pat hways s eval uated visually by two
dﬁ‘é‘8eﬁlcgn??‘6sr‘?flllrh%’ n&??ﬂ%’éhgg“%(eﬁ‘qno 3 intensity scale
corresponding to "no staining", "faint", "noderate",
and "intense staining", respectively, and estimating
(98] pd¥heatbsiguension eammieipd in deatungiieatitiededmannssetsr e.
sgﬂogml%ﬁé, or PREG A Q64s, %e%@llogﬁnﬁ &bk BB oG8 kY %@tligcﬁjto
(see Fig. 13) as we as the average percentages ee
thei sy, as pRplained dp)yve. THo186se Reg (P isrembved fiom therpel gaak é2) which

. t | obal st.aining i.s onlyv sljght i npr,oved
i} AR BBt RS Lo SRRt ko Ronta Sl it B B
thiehalactd ghthe aricepriofeatioromemies: ZH}Ezlcllefdbyglhd hy'kifbgéﬁfdﬂﬁlﬂﬁiiondl 8 is

taihing (see Fiqg, 13). reflected in Figs. 14 an
@%ﬂseﬂ%ﬁ?@ #&?ﬁﬁ%ﬁig%ﬁra% t@oaﬁa@gﬁ%@ﬁbﬁ‘e@lwrwﬁ%loaegréh%%
pBfsed thRduih e AsikoMite BB GAGN aa8dm tdREePby thbdigHpbREE@ b,
Tween 80, indicating that poor contact ‘of the
nfigiates AR B owier sirfages of iemigreprojrstprs2Scingl threwgh thhstutime

' . £ . 9 80

Sl SERARIERLG o AL A0SR E Gl A TG
trehsport proegied &y elstisotiangpody @noghotrast orgfiezbblectfio prouésadsi on
with the skin. [0151] Following 1 hour contact, all
formul ati ons showed maxi mal staining with good
honogeneity (data not sIEWNPLESi cating that good

' t hj d, gi dditional tinme. In
sL - 66 oTGuing gnies s isemnFioge 1 e e Rt

Ra¥ RMestadi d Rk RWraeRdnveilith. i
cf o?gl) onvvi rﬁg pr%clnlgﬁ%ted W\E,:iégri ngl?%g%?ho(lz%}%%%&ﬁcﬁg%g?mdemd as

liytingrtheeaps oitharisentioatbutmernlatas bieiag Hiusttatdl as representativer s

tt%Petokmi' viscosity so that the hydrogel fornulation can
e contained in the gel patch, does not adhere to the

rel ease liner, and fl owsEsaifl¢ ti ently to make contact

[(}’Y"ﬁt%ﬂ ohggrgg'g FroRigons %{c‘; i%{%%%g gg%eﬁt'}'a‘?ioﬁé(épmaé RUrkH8 e
250 HHX PHARM, HERCULES Int. Lim. Netherlands, determined molecular weight:
Mw 1890000, Mn 1050000), i.e., from 0% to 3%, and the surfactant Tween 80, at
increasing concentrations varying from 0 - 0.25%, were prepared. In addition, methylene
blue dye was present in the formulations at 1% for visualization of the skin pathways
following hydrogel application. In order to be able to test low viscosity formulations, the

system was slightly modified as explained below.

[0147] Application of the microprojection array was performed with an impact

applicator in hairless rats. The system applied comprised a foam double adhesive ring

34



[0153] In order to understand the effective working
range of surfactants and viscosity enhanci ng agents,

wo b@soosract angl e of fornul ati ons cont ai ni ng REF/U82084/035051
concentrations of HEC and tween 80 were neasured on a
gold plate and the viscosity was neasured at different
shear rates. Results of contact angle neasurenents
(dibmoter 3.8 cifj thickoessdrl§ ttmi twith talRatm” HEEVOir 15 Btemeiddic esd 4 he

t..anal e, of. ter. hat, Tween. 80 al.so
SO RREUE P vt ind Bhia Y iR bR R PR T ORE: s n pugly of
apmroRinBRRYA0° (O hs lanEvadhe sliden Bn Brea Wi BaASdnkdya Microprojection density
| at | ons yiel ded the data shown in

HEC- cont aj ni.ng, f gr I

9 5 .mlaeﬂfaﬁgil?fgf%ggﬁjﬁth%M% ad algagth of POGRICHYS:
behavior. For this type of hydrogel fornulation, the
optimal viscosity, as neasured at 25 C, to achieve

({8t Erllqyviag micerrojestiqprappliqetion. P-35A mlhef theygieogst formglation
885 gt 8 it o A B0 Syl
adlfesie out@r Rrface df thawdngoReal éte sgitamr Aftert emindndAGidlis tierssistem
667/s, . I ectively. Additiagn af the .surfactants
SRS RS S e i bt S RS R E RGBSy
tlakdughily rethevedsiithy7 0061Rbaopyd tal B pids. andEX divpire oBthE GiddDds th&n.

is well known in the art, oligonucleotides are highly
negati vely charged conpounds that typically do not

[PEOEL D3 afali oF Kicbatwdhd WhCRBhbikd WshdIGWY th BedpFerr@h the
penetration enhancers or physical disfuption of the
PicRIres gy} toSrintepsitytspile casesranding te | noastrinihg g ShintT, Smolatate”, and

« v ar . AVA-Te [ 0 ysS in
PR RRprtti B3Rl Kl T B S RALT IR R oo
emhsrapr Bioecthiselatagaveeage globdlSinidgreasspkutadi(seelRigl@8) & well as
f oam doubl e,_adhesive rjn iameter 3.8 cm thickness

t}&a{%ra%erﬁerwttaﬁesgse&%%& i%ﬁ‘%a]l(sﬂl ng hydrogel fornulation
having a skin contact area of 2 cn2 in the mddle, and

stainless steel mcroprojection array having a .
[3 Hoi kReREs il pingpdicatsd thatpvaragaglghal statmifg is paly slg%lwapwed

b$ MAB&L0Y: 0189 Ri16E LbRESrRBA : :
prr oxi mately 90 to t herp?ahgﬁgg%?%@ggﬂﬁg%?(?mgﬁgugns of HEC

resitlg ingpduspdsteinig (shelidg. tl§). ofs reficctediic Figor1dj and t15 dretarogenddus
' Ji [ | h_of 500 m S,
SO BREAAERL PRI SOR Py By
sirfadtaotgBdech 80 nindiastingnhat podraomiact@r theifbrinaAilidn with the skin was
Li gonucl eotide gt various cancentrations in_2% HEC.
B i Tater 56 herd seeuS eSO Cat FAYs of Rivew 03y 025%
iS¢ ORBnRbeRei§) PR aiyR tRat these agents improve contact of the

formulation with the skin.

[0151] Following 1 hour contact, all formulations showed maximal staining with good
homogeneity (data not shown), indicating that good skin contact is achieved given
additional time. In contrast, very highly viscous hydrogels prepared with 23% PVOH did

not allow good skin contact even following prolonged wearing.
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renmoved and the residual drug washed fromthe skin.
The anount of drug penetrated during these tine

WO niosovers was det erm ned by measuring ol i gonurpdBUS1004035051
liver content (previous studies had shown that
followi ng system c adm nistration in HG s, about 50%
of the oligonucleotide accunulates in the liver). The
[0l521i| Aslditiond] expezitheatstdemenshepd it HEC(a ¢S -Bi %.offb)optimel

=en i e dant ..(see . Fig. .19). f]lux of the
ERASE R LR PO RR P00 SR gk rieihedinghate Brigh g6 e
aéhqnseﬁoh P it]n&;x:ateammer; mﬂﬂmeﬂlfﬂri]@em@% %n(bjk‘@cgﬁﬁﬁﬁ\eﬂi th@&niéxprrojection
r at e system using the peptide desnopressin.
a&%‘é’%‘@ﬁﬁf‘sﬁ‘?ﬂ» F%?Flt’fl% 1 BOOSEROULHRBIE N Exanpl e 2 was
provi ded. The m cropr 0] e%ga%]eag ray was constructed of
titanium and had a mcroprojection density of about
[338] nincordesrte paderstandSheeffectivmaworking eangp p byueleetants andiddscesity
' . i nel . 2
RIS s P s B of 4Bl By E TS LS o
HB¢eand ttiveenf§0| warevmsaspredparagdplate aist thegiseosP was mesaied bt

s _sol ution.conprjsed of 10 wt. 9% HPMC 291 P
RRHE YRS, RAEPTRAaS B mefityitens Rk ep i st
tHanHBEC2). 7502rediies the cbatatt adis 6f waxsr dndiBhd el e $(also dRredkes the

nmopr essi n, sol uti on and subsequently dried. The

% H de i
CQBpgt @F@? PtepRgsRralions ay® e \Y0Ps posed proxi mate the top
surface of the m croprojection nenber. The gel pack or
el reservoir contained 0.120 nL of 2% HEC
[(ﬁIQINTRERIF(UP? opwiscositiy! HECwantaining fomaidtiomoyitided thg data shown
: [ 4 [ ' ojeclion pd -t st em
P R he AT ELARE B AR ko TR
hydroged formjletion, e aptimbdbviscoaisy, ia$ hmesstired tae2b° idy tddchievd 2oodAkin

1.h d 24 h.aft ' ,on, .th 3), syste from
o resfio e e B BP LS ¢ 30 b G2 st pit bl Biion s figema
26672 edpdotivdly, ah€ okt pleferhbly iRt Witge 6f 3 t IEP Gf Yand 3 P, at shear

enetrated during these tines intervals was determ ned
rag%? Oﬁé%@hwdr?@%ai TR IVERE rdditinn obtherspifactarty Tseca20ondween 80

tosthébd it ull@enshons: et vidcDsityPsta n&ﬁ%\z@l)H desnopressin

injected intravenously 1s éxcreted in’urine). The
results indicated a ti nmeExtepdntlant fl ux of

' J e ' e Fig..,20). ..37[ 0162
L Rh SRk tolho o ShiticoRES oS i Py S
campauhds thatttypiaily da ol penetstetht altin sighifitartip eviphotshaise of
p%{nﬁ%ﬁ&%}&%ﬁ%ﬂgﬁg‘g{] &ygitcgec{isrttlpmog %fc'fheg ig Iargiglg.’ Igtc]hise E}Ip%?i}nlel\l/t?an
oligonucleotide was delivered by passive diffusion through pathways in the skin of hairless

guinea pigs (HGPs) created by a microprojection array.

[0156] The system included a foam double adhesive ring (diameter 3.8 cm, thickness
0.16 cm) with a drug containing hydrogel formulation having a skin contact area of 2 cm?
in the middle, and a stainless steel microprojection array having a thickness of 0.025 mm,
an area of 2 cm?, trapezoidally shaped microprojections bent at an angle of approximately
90° to the plane of the sheet, and a microprojection density of 241 microprojections/cm?.

Each microprojection had a length of 500 microns.
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means for extending the transdermal delivery of

biologically active agents to a patient. [0163] As
wowdos/ob87appr eci at ed by one havi ng ordi nary skPCT/US2004/035051

the art, the present invention provides many

advant ages, such as: Transdermal delivery of up to 50

g per day of biologically active agents with one

[Qﬂ}iSfZ] i dhe foomulatigix¢coanutised @135 mbenfy hpdrogsl f@mubition containing

th d i
o el A e B Fniob P WP T on, one of

ordinary skill can nake various changes and

fications to the invention to adapt, it to various
[(ﬁggig,eét Xp1ipUs Hrgs ﬂ%es ARplicalons thggs (3} Welems ERARGe SrqHey were

réfRledl becbdhb %éﬁiuﬁfc@u%‘)\'v&%iﬁ@d Fr¥m RO, Atk YmoRRGS umﬁ%@g&ﬁteho

be, within the full range of equival ence of
dpigng thesiehignedniarvels Was determing! yragaswringaligprrsiotide liver ppntent

(}?rgﬂ@ﬁsasuﬂ?esfhgﬁ sﬂo%ncﬁg%lmlhésﬁﬂnﬁcva%%ﬂ&ra%og ﬁrPi—I@@ C%OIUYSO%

active agent conpri sing contal ni
Of]’ghd Dbgﬂiuclkoildmtbalm@ertes 1altid: lever)] a he)rrsldisafeﬂecttd aﬂnm‘dxﬁpendant

d ity of .
B Ry oo SRRk R By B Rt o aBplce theonen
ﬂm&nﬁer and a plurallty of stratum corneum pi erci ng
m croprotrusions that prgject fron1sa|d bott om surface

of said microprojection FERI$4 said microprojection

[mgjoemﬁbé}gn@da@; @o@ld&&edts %%t e cén%bﬁ{ o@aie r&a&{ﬁbm?ﬁaﬁmmg
said y roge fornul ati on lows th roug Sa
&

theireplésisraspraenressin. desiem seipéamt@@gt presentg lé)mmlcaz wes prpvided.
I r lak b
Tv%ltﬂlédr%% alse n a?ﬂg? wad oqlstg&/ q{flﬁ&? itan uglg ! u@h ?rﬂa%ﬁ%cﬁéf&en@ty
ofidtene’a9 mlaroqirdjtgcdonﬁqeﬂl fEacInmlicactpr«)g pctivoipd & Bagthaf 200 microns.
polyneric material. 4. The apparatus of Caim 3,
wherein said polyneric material conprises a cellul ose

[060] V&hE W8tem included a 2 cm? solid film containing 5 mg tritiated desmopressin.
The thin film was prepared by casting a 20 mil thick aqueous solution comprised of 10 wt.
% HPMC 2910 USP and 20 wt. % glycerol. The film was dried and punched into 2 cm?
discs. Each disc was imbibed with a 20 wt. % *H desmopressin solution and subsequently
dried. The solid film was subsequently disposed proximate the top surface of the
microprojection member. The gel pack or gel reservoir contained 0.120 mL of 2% HEC
(NATROSOL® 250 HHX) in water.

[0161] Following application of the microprojection solid film system in HGPs, the gel
pack was placed on top of the microprojection member, as illustrated in Fig. 12. At1h
and 24 h after application, three (3) systems from each group of HGPs were removed and
the residual drug washed form the skin. The amount of the drug penetrated during these
times intervals was determined by measuring urinary excretion of tritium (previous studies
had shown that in HGPs, 71% of *H desmopressin injected intravenously is excreted in
urine). The results indicated a time dependant flux of desmopressin though the skin

(see Fig. 20).
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5. The apparatus of Claim 3, wherein said polyneric

material is selected fromthe group consisting of
WEREBS4B8MC, pol y(vinyl al cohol), poly(ethyl enePOrRUS®)P4/035051

pol y( 2- hydr oxyet hyl met hacryl ate), pol y(n-vinyl

pyrtolidone) and m xtures thereof. 6. The apparatus of

Claim1, wherein said hydrogel fornulation includes at

| east one biologically active agent 7. The apparatus

im 6, wher.ei I ve, agent.
Bl o e SHBEHIRE BB dn R oA IER e ARy °
atvertain et thelpeseit mgzeh@cmmnaag( dthdrithings| pikidedal eifystive and efficient

RS B et e ter3 ] ioRRICEB 5y Eenis Pt

parathyr0|d hor none (PTH), vasopressin, deam no [ Val 4,
g8] arginine vasopressin, interferon al pha

r

[(?lﬁé}sr Pergh %B anpieciatest byrong havingerdinary skillinheoasb thetresent

AvERS Ay gg e colony stinulating

lfactoﬂxg%543§§§¥59ra oc??g colony stinulating factor
(G CoF)lransddrmal delikern of p (Ol 30-nhgPer day ofitdgogicallyraotiteagents with
hor mone rel zastl ng hornmone (GHRH), growt h hornone
rel easi®RGHPAERE™ (GHRF), insulin, insultropin,

cal cé t grxteAdedddik &9 pldios oea%wgwanﬁactw%gems

N-[[(s)-4-o0x0-2-azetidinyl]carbonyl]

-L-hPstidyl-L-prolinamde, liprecin, pituitary

[@%&Fg?@ﬁto]y{ &?’%‘%‘iﬂé ﬂ?r&?@(};p dl}_ll %Rig §Pl%% V\ﬁﬁeﬁ grf' %hg of ordinary

skill chunhelgvagiooshiangea ahdmodifib#mas tmghé m&émmm (tc(ﬁﬁﬁ) it tobM?ibI,ls

GH,  saomat ast ati,n, dykinin, somat.atropin, .
et BRGEOERP Do o g e aERBYEHAGR: St prsperty cauiably,
aRbithadl s Swithih 8RMYICIaAgSsH dyaivBlendelty MRFSIRAIAg claims.

cholecystoklnln chori oni ¢ gonadot ropi n,

corcticotropin (ACTH), erythropoietin, epoprostenol

(platel et aggregation inhibitor), gluagon, HCG

hi rul og, hyal uroni dase, interferon, interleukins,

menotropins (urofollitropin (FSH) and LH), oxytocin,

st rept oki nase, tissue plasm nogen activator,

ur oki nase, vasopressin, desnopressin, ANP, ANP

cl earance inhibitors, BNP, VEGF angiotensin

ant agoni sts, antidiuretic hornone agoni sts, bradykinn

ant agoni sts, ceredase, CSFs, calcitonin gene rel ated

pepti de (CGRP), enkephalins, FAB fragnents, |IgE
pepti de suppressors, |G-, neurotrophic factors,
colony stinulating factors, parathyroid hornone and
agoni sts, parathyroid hornone antagoni sts,

prost agl andi n ant agoni sts, pentigetide, protein C

protein S, renin inhibitors, thynosin al pha- |,

t hronbol ytics, TNF, vasopressin antagoni sts anal ogs,

al phaantitrypsin
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(reconbinant), TG~ beta, and mi xtures thereof. 8. The
apparatus of Claim1l, wherein said hydrogel

wo eooskmri on i ncl udes at | east one pat hway patPRCIYS2004/035051
nodul ator. 9. The apparatus of Claim1l, wherein said
hydrogel formnulation has a viscosity in the range of
approximately 2 - 10 poises, said viscosity being
measured at 25 . 10. The &ppdvidtus of Caim 1, wherein

[ r apr.oj ecti on nmenber includes a dialysis
Wnlgdﬁgréa\?ﬁ@w(agal d di al ysis nmenbrane bei ng di sposed

pr oxilnat eAs apghrdtefostnsdeRaldf desinerthgd Kislogicsljyestivedpent,
nmenber. 11. The apparatus of Caim1, wherein said
YBPHSIE Y system i ncl udes a retainer ri ng that is

adapk g€l patk ERQRARSA BydtbdeNfopmPaiGhH agPpPl i cator. 12. The
apparatus of Claim, wherein sai d retainer includes a

m cr ®PHEPRISICEEN mentss haweeiop avhbatem susfapesceplvelitifd
oﬂérﬁﬁggf?ﬁa‘?]eﬁ&gi@ Eg?(?é% n%ﬁ a;e;ltnﬁ [ Afd4s lgxfahgo fﬁt&rﬁ

wherei n sal ne o e m cro proj ection
cmmlemnmmmqso@smnm that fdrdjectTan aqmmeMmmrﬁée &f saidm

rrtligrﬁ%rolecﬂoq a%mgegdsg pcfl rglgr(}pgqggﬁlgfn%&gsrr%%dg&e& t%ergceive said gel
padkovigspsbyjseidthiydiag g ddratulasien Howd hidugh T4l na@paloRictisn @Ember

Cl aim13, wherein, follow ng application of the
OR}Spr o ecti on menber to the skin, said backing

mi‘nbﬂ ane T4 Métub‘@ﬁ@laﬁ‘@l awﬁeﬁéﬂ).lsa"i’d ﬁ‘ydfnggel RMRSBEMEYmprises a
application of a gel pack An apparatus for

wareEhased hidpes) del i vering a b| ol ogi caI ly active agent,
conpgi Si Mphe a%ggrgtlus Bfa@llﬁm’f? q’%l%hﬂlt gltgd %%f f@)gtﬁtllatiwn compr dlses a

fornul ati on; m Croproj €ctl on ne avin
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thro id mcro r .and lurality of
stra {Jum cOlSfRBHEHF Eﬁ@{a gmqgfegbeabcqu}gpg&m%ﬁréatl C%‘PB‘yS@Et‘
célrumaamdmb@ttom surface of said mcr opr oj ecti on
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rece Ve s e&pagpt%,gfc@ a%%w@ggpnggpc&pq{wergg@qnenal is selected
bRt IERLp Ohsfstityer REQUMIC SRV IV IG QRES) foR(ERNAEIRES,

poly(2-hydroxyethylmethacrylate), poly(n-vinyl pyrtolidone) and mixtures thereof.

6. The apparatus of Claim 1, wherein said hydrogel formulation includes at
least one biologically active agent.

7. The apparatus of Claim 6, wherein said biologically active agent is
selected from the group consisting of a leutinizing hormone releasing hormone (LHRH),
LHRH analogs, vasopressin, desmopressin, corticotropin (ACTH), ACTH analogs,
including ACTH (1-24), calcitonin, parathyroid hormone (PTH), vasopressin, deamino
[Val4, D-Arg8] arginine vasopressin, interferon alpha, interferon beta, interferon gamma,
erythropoietin (EPO), granulocyte macrophage colony stimulating factor (GM-CSF),
granulocyte colony stimulating factor (G-CSF), interleukin-10 (IL-10), glucagon, growth
hormone releasing hormone (GHRH), growth hormone releasing factor (GHRF), insulin,
insultropin, calcitonin, octreotide, endorphin, TRN, N-[[(s)-4-0x0-2-azetidinyl]carbonyl]
-L-histidyl-L-prolinamide, liprecin, pituitary hormones, including HGH, HMG and
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openi ngs; and a coating di sposed on said

m croproj ection nenber, said coating including a
wher@sogiscal | y active agent. 17. The appar at us PET/TER04035051

16, wherein said hydrogel fornulation conprises

pol yneric material. 18. The apparatus of Caim 17,

wherein said polyneric material conprises a cellul ose
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1Si st i f a Ieutln in ne .rel easi ng hor
§ R prifaan bt e B LS RS Eort a8 piial TR,
eBl@phA MO I OP Fragrh &l B peﬁﬁaéiuw@&s@&smp NGlethdtd 1é\faadrs

(1-24), calcitonin, parathyroid hor npne (PT
cvla%ﬁ%é@tm faierarRarRd T oid TIong aisl agapigisrparashyroid hormone

| I
al tﬁ%cgl ?ﬁds{é lahdth %ﬁté%l{%‘f‘s ng?gﬂen %[gfo p‘i’g?g?u Fe'mn inhibitors,

thm@smpthﬁugel dm¢mbglyts:s; A, aasop@sﬁm@ntagon(sm@sgs), alpha-
cyte .col ct (G CsF),
allgtrt@@ %LIPZ Ombm t):’) %ﬁ}ﬁlﬁa a0 éag%sr%ﬁerac%gwt h hor none
rel edsi ngr l’map;mﬁﬁs OGEIR) 1 vojtegaM knidbydiegeefortliaAas ingludes at

factor RF i n 41i nsul tropi n, cal citonin,
I%&qnss%tfﬁa %ﬁ%ﬂsﬁpﬂa for-TRN,

N-[[4s)-4r l@%p@ra@@ 8t CRInNY, WifeddilP §4Y hidrogel formulation has a
-L-histidyl-L Erollnan1de liprecin, pituitary

ViSeRsHD ﬁb@e rqnge PLRAPFRYIPRLETY 2HVIG Reisds Geid ivispesity Sping meatusadeat

skaqklicle luteoids, aANF, growth factors, including
growt h factor releaS|ng factor (GFRP), bMsH, GH,
somat®st athempplomiasd ykChhinn |, veendd siid mmroproj ection member includes

B S B P e B8 B o

och@imnmqﬁQkummmmmqharlonlc gonadot r opi n,
corctlcotropln F&h‘erythrop0|§t| epopr ost eno

(pl atkl et 1&@@1@@@% Pictrlainh fi vheredh said deliygiyshstempyingludes a retainer
rifk el RAdagidEh bWt A2HEh a patch applicator.

12.  The apparatus of Claim 11, wherein said retainer includes a microprojection
member seat adapted to receive said microprojection member.

13.  The apparatus of Claim 12, wherein said backing membrane of the
microprojection member comprises a ring.

14.  The apparatus of Claim 13, wherein said backing membrane ring includes

adhesive tabs adapted to adhere to said microprojection patch seat.
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interferon, interleukins, menotropins (urofollitropin

(FSH) and LH), oxytocin, streptokinase, tissue
w@b@soasogen acti vator, uroki nase, vasopressi NPCT/US2004/035051

desnopressin, ANP, ANP cl earance inhibitors, BNP,

VEGF, angiotensin Il antagonists, antidiuretic hornone

agoni sts, bradyki nn antagoni sts, ceredase, CSFs,

cal cilf.oni Thappperatus bACkRN P& pthieckin, (AERM) g a@hkﬂi@h@ﬁhﬁs

ors,

e EPSlF O e et B SR i G BE PR o Fagrbea tmplae o

spiseqichydpplichtion D pét pamdagonl sts, parathyroid hor :jmne
ant agoni sts, prostagl andi n antagoni sts, pentigetide

pr ot gé’ cAn gprafatysforiransdgamally q’ﬂlfi"?ﬁftg@r@doglﬁ%lhﬁ)@wﬁ agent,
cBmpidng:, thronbolytics, TNF, vasopressin antagonists
anal ogs, al phaantitrypsin (recorrbl nant), TG beta, and
m xt &edPaelheqneabting 2bydrapebfoappatios us of O ai m 16

wher tr |
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opasmgs oines £xteind through s@@ érdpedjedtioamdniter grdaluatitysif stitng

f
o Bl i onsS s s Bt PR Pblodt prtece of said
niierOp0REM: fembdrBdal&@icidpeojeciibl BmbReheinptaRREPoIrBRive said gel

nordefrin, octodrine, orinpressin, oxymethazoline,

p@%éﬁl]ﬂreé}pf iilpi,l% rogﬂéqfwu@[tlﬁgﬂgw%ﬁw% said microprojection member

o | figopanol am ne, propyl hexedrine, pseudoephedri ne,
et ra’hydr ozol i ne, tramazoline, tuam noheptane,

t yma2 efating dlsm@pm %@,mwromgab@mummer, neid spadingiincudirgsa

e apparatus of O aim 23, wherein said
be?%cgg %ﬁr%lég eolr? conprises in the range of 0.1 - 10.0

w . 98.of ﬁwapparams pGlain? 56, wheinsgafitydtogs] fofmiThtiunCohBrises
V\Ih rein sai.d coating conprises a dry coating, said dry

PREAFTHY tc%?}prl sing an aqueous solution prior to

dryi ng. 2fhe aEBﬁat@P@ﬁ(Cl@ﬁrUW Qhefelrdal® p%@yméM&%a%rﬁl Mﬁlses a
coating.thickness is |less than 10 m crons. he

ceiyinse dETiEt¥E: O ai m 16, wherein each of said pI ur aI ity
of siq at r

engt | o e e SRRl MRer i Bt
frapgpbe gwmm&s@mﬁﬁ@@ GM@;palyqv1aﬂcaﬂpohbl),mimetmlweaixudey

p@&ﬁﬁ{}ﬁﬂ{){g&hﬁ a% yﬁ,a?lg%%qgtg 0 I%urﬁs ﬁllepFH%
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cc?r}cxprlsstesr {;" ga%gne selected from the group consisting of conventional vaccines,
recombinant protein vaccines, DNA vaccines and therapeutic cancer vaccines.

21, The apparatus of Claim 16, wherein said biologically active agent is
selected from the group consisting of a leutinizing hormone releasing hormone (LHRH),
LHRH analogs, vasopressin, desmopressin, corticotropin (ACTH), ACTH analogs,
including ACTH (1-24), calcitonin, parathyroid hormone (PTH), vasopressin, deamino
[Val4, D-Arg8] arginine vasopressin, interferon alpha, interferon beta, interferon gamma,
erythropoietin (EPO), granulocyte macrophage colony stimulating factor (GM-CSF),
granulocyte colony stimulating factor (G-CSF), interleukin-10 (IL-10), glucagon, growth

hormone releasing hormone (GHRH), growth hormone releasing factor (GHRF), insulin,
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corneum pi ercing mcroprotrusions has a thickness in

the range of approximately 5 - 50 mcrons. 30. The
wappanasos of Cl aim 16, wherein said coating hBGI/ES2004/035051

t hi ckness | ess than 50 microns. . The apparatus of

G aim 30, wherein said coating thickness is |ess than

m crons. 32. The apparatus of C aim 16, wherein each
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22, The apparatus of Claim 16, wherein said coating includes a
vasoconstrictor.

23.  The apparatus of Claim 22, wherein said vasoconstrictor is selected from
the group consisting of amidephrine, cafaminol, cyclopentamine, deoxyepinephrine,
epinephrine, felypressin, indanazoline, metizoline, midodrine, naphazoline, nordefrin,
octodrine, orinpressin, oxymethazoline, phenylephrine, phenylethanolamine,
phenylpropanolamine, propylhexedrine, pseudoephedrine, tetrahydrozoline, tramazoline,
tuaminoheptane, tymazoline, vasopressin, xylometazoline and mixtures thereof,

24.  The apparatus of Claim 23, wherein said vasoconstrictor comprises in the
range of 0.1 — 10.0 wt. % of said coating.

25.  The apparatus of Claim 16, wherein said coating comprises a dry coating,
said dry coating comprising an aqueous solution prior to drying.

26.  The apparatus of Claim 16, wherein said coating thickness is less than 10
microns.

27.  The apparatus of Claim 16, wherein each of said plurality of stratum

corneum-piercing microprotrusions has a length less than approximately 1000 microns.
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4339. The apparatus of Claim 38, wherein said
polyneric material conprises a cellul ose derivative.
waosks7appar at us of C aim 38, wherein said pPCHOE20040035051
material is selected fromthe group consisting of
EHEC, CMC, pol yvinyl al cohol), poly(ethylene oxide),
pol y(2- hydr oxyet hyl net hacryl ate), poly(n-vinyl
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( ),
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ctor , tnsulin, insultropin, calcitonin,
oct r @bt i d€he appatus lof G)aidT KRG, wherein said hydrogel formulation includes at

S X aze nyl ] carbonyl ]
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cticotropin (ACTH) eryt hropoi etin, epopr ost enol
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tigt exagidalitongls Said iG6pejeploaEniRI&Hl Bslital§toPktratum corneum-
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ant agoni sts, ceredase, , calcitonin gene rel at
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said top surface of said microprojection member.

37.  The apparatus of Claim 35, wherein said dry film is disposed proximate
said bottom surface of said microprojection member.

38.  The apparatus of Claim 35, wherein said hydrogel formulation comprises

polymeric material.
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colony stinulating factors, parathyroid hornone and

agoni sts, parathyroid hornone antagoni sts,
w@e@svagrandi n ant agoni sts, pentigetide, protePer/T52004/035051

protein S, renin inhibitors, thynosin al pha- |,

t hronbol ytics, TNF, vasopressin antagonists anal ogs,

al phaantitrypsin (reconbinant), TGF-beta, and m xtures
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ceifulee dpriyatiye. wherein sai d vasoconstrictor is sel ected

fromghe ShoBaGRastehinds AfhcAt &?&%UM&-C bR Rlected

cycl opent am ne, deoxyepi nephrine, epihephrine,

fifog! thp grsp consistinglahBIEGC CC, pady(vinyl alendiol) npadifethylaes, oxide),

n zolin nar def rin ct i QL NRressin

P RPARR By RNl Thoulti Rl SRR b PR AR RisReror

phenyl.pr opeappadius ef Claind py, Iwheretrdsaidigiplopiesllyckeaphadni ne,

t et r,ahgdrozol i he, g amazol i ne, .tuam nohegt anﬁ),{ X

CPPRESS P ivireinaseletpd 8eR;the SrQYn CRUEFIHEAL CARY CARPahY At iFSe s

rédagibaaht préfein vacBIsNONAGhcdifcd ARAIBERAPALY cBiRlet VREIBD a

bi ol ogical |y active agent to a patient, the nethod

conpf@q-si nihe appargtus pECIafm 3 vehgred saif iokopigaltretive egeyt is
. I - . Y ot

BB AN U A2 QLS lone i

LiHRHradakigs orsomessia, dismpppsso), ewtitaropime@deIi)hACTHgnelogs,

.and.. b . | | it f i t hat .
ERRRACHR AR S8F T RtV SldiofmSte GRER AN, deamino
[Vhlu;]aJArgga e@éinifiié Wﬁopm}%@ E)m?fmmdlgwf; iriﬂ@fem'frptmp gmérfemi @ffina,
t hat ro ect rom sal (0] om surtace .0 sal

ept P@S@t@} EEP)-srrarKs mactoghage solompsiinglamg oo EST).
g%hﬁ%@%ﬁﬁﬁﬁirﬁt@atfn%?ﬁftc?fg%}é@% ) iﬂl%hﬂﬂk?ﬁ?‘%(’ﬂ]ﬂ@ﬁ k%Yucﬁg’tjnggrowth

hydr ogel fornmul ation roug C o
hm.‘n@,qng mlgq.smgth:ogﬁor@f(ﬁﬁ@ﬁ-l)@@Whﬂ@gpor&p’pﬂegﬁnmfagtgﬁ (@HREF), insulin,
. r 0 3 ! i n...

AR, SUSE IR REN 0 5,05 By o
-bhisadyldapeblingppide,dgprdcon pibfitagaicimonesy iognding EiGH HME b r

SRR R L, TRV P R B
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dgr){\getiog?oev!/th ffa(l)crtor;urlzlgetlsiinognfac%&?ﬁgs%Lrggeigasg, begcln%/yrcrztienr siu(l:fatrer,aéhgrrniogallpéin,
cholecystokinin, chorionic gonadotropin, corcticotropin (ACTH), erythropoietin,
epoprostenol (platelet aggregation inhibitor), gluagon, HCG, hirulog, hyaluronidase,
interferon, interleukins, menotropins (urofollitropin (FSH) and LH), oxytocin,
streptokinase, tissue plasminogen activator, urokinase, vasopressin, desmopressin, ANP,
ANP clearance inhibitors, BNP, VEGF, angiotensin I antagonists, antidiuretic hormone
agonists, bradykinn antagonists, ceredase, CSI’s, calcitonin gene related peptide (CGRP),
enkephalins, FAB fragments, IgE peptide suppressors, IGF-1, neurotrophic factors,
colony stimulating factors, parathyroid hormone and agonists, parathyroid hormone
antagonists, prostaglandin antagonists, pentigetide, protein C, protein S, renin inhibitors,

thymosin alpha-1, thrombolytics, TNF, vasopressin antagonists analogs, alpha-1

antitrypsin (recombinant), TGF-beta, and mixtures thereof.
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48. The nethod of C aim47, wherein said polyneric

materi al conprises a cellulose derivative. 49. The
woredokodisof Cl ai m 47, wherein said pol yneri c nmaP€r/Usi004/635051

selected fromthe group consisting of EHEC, CMC,
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49.  The method of Claim 47, wherein said polymeric material is selected
from the group consisting of EHEC, CMC, poly(vinyl alcohol), poly(ethylene oxide),
poly(2-hydroxyethylmethacrylate), poly(n-vinyl pyrtolidone) and mixtures thereof.

50.  The method of Claim 47, wherein said hydrogel formulation includes at

least one biologically active agent.
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atl 56. The nethod of C aim 55, wherein
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colony stimulating factors, parathyroid hormone and agonists, parathyroid hormone
antagonists, prostaglandin antagonists, pentigetide, protein C, protein S, renin inhibitors,
thymosin alpha-1, thrombolytics, TNF, vasopressin antagonists analogs, alpha-1
antitrypsin (recombinant), TGF-beta, and mixtures thereof.

52.  The method of Claim 47, wherein said hydrogel formulation includes at
least one pathway potency modulator.

53.  The method of Claim 47, wherein said hydrogel formulation has a
viscosity in the range of approximately 2 — 10 poises, said viscosity being at 25° C.

54.  The method of Claim 47, wherein said microprojection member includes
a dialysis membrane, said dialysis membrane being disposed proximate said top surface

of said microprojection member.
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L nalogs, gasqpgessin, desipousessiar eprticotropin (ACTH), ACTH analogs,
including ACTH (1-24), calcitonin, parathyroid hormone (PTH), vasopressin, deamino
[Val4, D-Arg8] arginine vasopressin, interferon alpha, interferon beta, interferon gamma,
erythropoietin (EPO), granulocyte macrophage colony stimulating factor (GM-CSF),
granulocyte colony stimulating factor (G-CSF), interleukin-10 (IL-10), glucagon, growth

hormone releasing hormone (GHRH), growth hormone releasing factor (GHRF), insulin,
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t hynosi n al pha- , thronbolytics, TNF, vasopressin
ant agoni sts anal ogs, al phaantitrypsin (reconbi nant),
wagiesietsal and m xtures thereof. 61. The net hoRPCDUS2004/035051
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ANP clearance inhibitors, BNP, VEGF, angiotensin II antagonists, antidiuretic hormone
agonists, bradykinn antagonists, ceredase, CSI’s, calcitonin gene related peptide (CGRP),
enkephalins, FAB fragments, IgE peptide suppressors, IGF-1, neurotrophic factors,
colony stimulating factors, parathyroid hormone and agonists, parathyroid hormone
antagonists, prostaglandin antagonists, pentigetide, protein C, protein S, renin inhibitors,
thymosin alpha-1, thrombolytics, TNF, vasopressin antagonists analogs, alpha-1
antitrypsin (recombinant), TGF-beta, and mixtures thereof.

61.  The method of Claim 55, wherein said coating includes a vasoconstrictor
selected from the group consisting of amidephrine, cafaminol, cyclopentamine,
deoxyepinephrine, epinephrine, felypressin, indanazoline, metizoline, midodrine,
naphazoline, nordefrin, octodrine, orinpressin, oxymethazoline, phenylephrine,
phenylethanolamine, phenylpropanolamine, propylhexedrine, pseudoephedrine,
tetrahydrozoline, tramazoline, tuaminoheptane, tymazoline, vasopressin, xylometazoline
and mixtures thereof.

62.  The method of Claim 55, wherein said hydrogel formulation includes at
least one pathway patency modulator.

63.  The apparatus of Claim 55, wherein said microprojection member
includes a dialysis member, said dialysis membrane being disposed proximate said top

surface of said microprojection member.
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