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METHOD AND DEVI CE FOR ENHANCI NG TRANSDERMAL AGENT FLUX
FI ELD OF THE PRESENT | NVENTI ON [ 0001] The present

WO pwsotd4an rel ates generally to devices for treoEUSI00HD25168
delivery and sanpling of agents Nbre particul arly,

this invent tran rmal  del ivery of
agents thr oh}/gﬁﬁi[ @Qh}oﬁ If[
transder nal sanpF Sd?EBWs\(?EUW]ﬂ:UKdy surf ace,

such as gl ucose, other body anal ytes and substances of
abuse, such as ohal Ll gl BACKGROUND
OF THE | NVENTI %ggﬁﬁﬂm@‘ﬁ Wﬁﬁgf%‘]ansder mal

[ogeli Vﬁa/preéenpﬁﬂsﬁﬁ&f Iéiaté%%ﬁérﬁﬂ ﬁﬁc&%@de@%rytrél%&gﬁgﬁélh%ry and

as "hi gh nol ecul ar wei ght "peptides, proteins an
sawpligp ofadentst Mas panmulaaltycﬂlmasyerttmntrbﬂeteh tothe txnederimgl delivery

R B RS B0k 8 e S Sl g gom
boﬁ? dulPREOHRL Y %élk@skél @thblnb(i(gr SlyPd ARl ki emceBOGr 5 suc,:h as

form The t bi ol ogi call'y active agent”, "agént
aMohuhnﬂaﬂEﬂkha@ﬂ "drug" are used |nterchangeably herei n

and broadly include physiologically or

phar macol ogi cal |y active substances for producing a

| ocalized or sy Qgﬁgﬁﬁﬁﬁﬁﬁqﬁ;@ﬁEqﬂﬁﬂgﬁf(ﬁ@ mammal s,

i ncl udi ng humans prinmates, avians, val uable
[Omﬁ}E Shhietesh outhe hahdiermplatelivaty of demairil apdiss, e@peciaﬂy such agents
n1n|ster|ng to | aboratory anjnmals, such as

as jlughgmolgen]arawcightpeptidery Drveis Amckol epRiclpefidsa and v ARIIgS gl the
huh{éﬁlbl&gg 2§ tHEl e?}rl]gc%%s aal?]bgﬂl saﬁf?%' é&?ﬁﬂﬁ&es t8 row as g}%i){}u.lmaHer of such

anal ar e I'Ssue,

médlwll@ eIl gfenBl adadsro@k aahbéconld availatsel slasitcR@ntiidithnd pure
illicit drags, etc. that can be sanpl ed through the
forpi hhe [egeeé?lofp@aaﬂﬂ et aggel’i \AgeRt” o subsiancgotrdy i rarg used

1nt%}clhfnlé$_<|:a§1§/%e 195.]111({ r%g &uggll?cpe \ﬁ@mlo{gﬂaﬂlﬁ%?%ﬁ@agﬂﬂg fl‘j%/ active

subdiirvdg tbrtphedus, fgra 1bsa11ze§ of §ys€enﬁa bffb& oRELBALS &n ﬁaﬂﬂidlsr ed
t herapeutic effect due to their |arge size/ nolecul ar

mc\zﬂmhgﬁ uzaey Byd nrimaaies, ﬁvyns, dablablg dpme@targhpwahq;ldaﬁport or farm

anfBpC Gy ABRRERR ™ [eprk Bplng Rl il blhgg P, ana
th@f¥e. t Phea¥fediRth PRSI indBidR substances, such as glucose, other body analytes

that are found in the tissue, interstitial fluid and/or blood, alcohol, licit substances, and

illicit drugs, etc. that can be sampled through the skin.

[0003] Transdermal delivery of the noted agents still face significant problems. For
example, in many instances, the rate of delivery or flux of such agents through the skin
is insufficient to produce a desired therapeutic effect due to their large size/molecular
weight and/or inability to pass through natural pathways (pores, hair follicles, etc.) that
exist in the skin. Likewise, the passive flux of small (e.g., 200 to 500 daltons) water

soluble agent molecules is often limited.

[0004] One method of increasing the transdermal delivery of agents is through the

application of an electric current across the body surface, which is commonly referred

1



10

15

20

25

30

sol ubl e agent nolecules is often limted. [0004] One

nmet hod of increasing the transdermal delivery of
wag@ase4isd t hr ough the application of an el ect P€T/US2004/025168

current across the body surface, which is conmonly

referredto as"electrotransport As is well known in
torage elgpirotransprt’s rAst is Aredldiomn 1n dhecart "glepiEpteansport Fefare generally

BSSRRRES AU ARl 539 v B RlR oy s

surface,tsaclnamﬂm mescous Aichbramg thailbeankditkelikel MBhd fr@RBE@OF the
of the agent is induced or_ enhanced by the application
agspt igAndyced of erhancqsltydhe paplicaipr ehar dedirieal pofentigle which results

I del i
AP G0 PORRE ST SR ERDES et I O o s
el ectrotransport of agents through a body surface can

be attained in various manners. One wi dely used

[090&Lt dbe ﬁb@ﬁ%@t@%nspw gf:w@ts thmugb plhefesyriceican be ¢dainedia

a% o%gt [ (}srrsm g)ng nglHecl 3?%2 an; p%fgl’I p%lé]%rsgtlglghg nogr'ﬁis involves the
elwtﬁsﬁmndu@u@ﬂaﬁqsi)rﬁ Jﬁéhﬁi%‘é@ B3t EMctdosifbyE Ahotiet fipt BE

agent through a nenbrane under the i nfl uence of "an -
elmté&tansp,ort preress, 1@@@@&%9 orereinent, ofst solvenhwish g ageybélr@igh a

RS BE Hihnis gy ot R R aRCoURT 08 Sother type of
el@étﬁﬁfahbp'@{ RIS tﬁ@pa@sd@é@%ﬂﬁgent kﬂoﬁ@f‘ﬁoré@ﬁﬁﬁ@@ 8% applying a

nore than one of these processes may be occurring
high volttgeradenigéa) pulse th 4 l‘nemé)m'neeim gnhyg 1ns[a@1©é)s6}nore than one of these

Accordi n t he ter trotr ort" is glven
PRERSrRY b e el ont e | IEER S Srsticon,

include the electrically induced or enhanced transport

of at | east one charged or uncharged agent, or
[000&} uesotdivelg dife terme gdbdtcﬁzaﬂspﬁn"tih givep beidefri 'ﬂ:s broadest possible

111?%&%?333@?1%dml[1%g;]6 h ! h a ﬁ?fjs?f 1&%{@?@? mprt ofgat least one
ral I | arge

C&?‘%%Cﬁ dﬁh%,\g&{ %ﬁg %re g}?g{sﬂe(s ‘ill?éréd{tefe)éflrdgeg% Bf glgs?gélﬁc

micethaaisnve) Iby)whﬁhsha/@enr isactnaky beihg tramdpoytedssi st ed

transdermal delivery. However, further increases in

t r ansder mal delivery rates and reductions in

2B PSR AL AR SRS e L LA SE Ny e

mbtbeuag enright spucid €. gRbolgtpiitides)y relive to passiveas non—electncally
pretreating the skin wth, or co-delivering with the
agsistrsk tramsdgrmabeliverya Igwweﬁéﬂﬁhqtm@ﬁases in transdermal delivery rates

and reductions in polypeptide degradation during transdermal delivery are highly

desirable.

[0008] One method of increasing the agent transdermal delivery rate involves pre-
treating the skin with, or co-delivering with the beneficial agent, a skin permeation
enhancer. The term "permeation enhancer” is broadly used herein to describe a
substance which, when applied to a body surface through which the agent is delivered,
enhances its flux therethrough. The mechanism may involve a reduction of the

electrical resistance of the body surface to the passage of the agent therethrough, an
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enhancer. The term "perneati on enhancer" is broadly

used herein to describe a substance which, when
wappbioed4d o a body surface through which the aP€mnUS1084/025168

deIivered enhances its flux therethrough. The

. mechani nvolve reduction of the electrica

H}Cé%%sgi% f}?&“&s SirerRedikly of e Myﬁg‘éceoﬁhq eation of

suephcpe: negaﬁ#% BPORE SR oS LELREESL e taion o
theef agh;xt{retg;fdegrmia@m yoekys eniAynespduringe:ladyrasipottace,

and/ or a reduction in the degradation of the agent
(e g., degradation by skin enzynes) during

e T R
tceaﬁano&atr&rtsd&m‘hélﬂm suth Hs(dls&ti&hl ia%J 8 Batmoest. 3.8 IJIJO§7 issued to

(J;latent No 3.814, 097 issued to Ganderton et al
ngerepns 4l $27De 5susdde Sress chpl, 5.508% wamdite Egeet alo

r
B8 e OB, LS Ry RE A Byl et nd
PPUPubNNo. WJD%/33'7555TheT(ﬂ1scwl¢eacdeOﬁeﬁtygmuy afilizy/fbaRl by
utilize tubular or cylindrical structures generally,

culindisabirucaires ganealEsldpugh Gawstel Heesdigclese the hesrof other shapes,

to %Pc%%he B&FH r‘rg nrtog tﬁ é oslgezpllerra(]: r{gheéé)nféeritg ﬁlg?liéﬁ%d jg th tpese references
ge@amq;aéﬂtan merr@q’ftdn a whiarlay nfch®et, @uiada pAdBdr metal sheet.

menber, such as a pad or netal sheet. [00010] More
recently, attenpts have been nmade to anchor the ti ny

[(?d(ﬁ &g ié%}g{eﬁrlgge n;ft{epg)ﬁs %Patbd Sy C S |0 éoretgg ﬁh? \Rjﬁrﬂ%ﬂg eleements
oP AR e rfthe Ykintif bﬂlégfb IEeléE tigd d[rﬂg ﬁ%ﬁﬁﬁﬁ&%ﬁﬁt@&aﬁ%@, which

m croproj ections. See, for exanple o
POPIASAN A, cuum‘nughuhmtmtw checaudy thé nitrepwitotions| Yee, for

snmal | t he ecti.ons, f or ma |on of
cXanpe, Bif Babravbar e EnanBRpely forahee of the Bxfiemely
st s0R ro@kl?&ﬁﬁc?%ﬁ' Oﬂeénchﬁ CiAR 5 ahivn S BArb§ BEM Sichi AR Qn@h@ﬁﬁg
to the cost The m croprojection arrays
ebbinsntsomeiiie irmcﬂeﬁfbj e’e'éﬂubns Ndaechwally cugleagingragd iaddg toghd orstn
of a thin nmetal sheet having a plurality of

agent transmtting openings therethrough. The sheet

_ . Lot _
81, S RSl QUL 5B O b Siohal opddat e
ﬂ&wbenwfmam@hhqamﬁeﬁémwmgu@ﬁnhMyﬁﬁh@mﬁh&mmhﬁnngop@ﬂmgs

surface of the sheet. A reservoir ad pt d to ﬁ a| n
therefhynigh c 86 siet hagenikingpioxiaslpyriace q@@eﬁ

pé\ﬁ?lﬁty%ff ofREEY Enéﬁmahéwlcr&ﬂ}SJ RGN ex'te?1d98§éﬁ1§/ B%gncﬁ&lﬁpf from
the skin distal surface of the sheet. A reservoir adapted to contain (in the case of agent
delivery) or receive (in the case of agent sampling) the agent is positioned on the skin
distal surface of the sheet. The microprojection array and the agent reservoir are then
pressed onto the skin surface and maintained on the skin using an adhesive overlay or

similar securing means, as shown in Figure 1 of Pub. No. =~ WO 97/48440.

[00012] As illustrated in Figure 1 and discussed in detail in the noted publication,

sheet member 6, having the microprojections 4 extending from a skin distal surface
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di stal surface of the sheet. The m croprojection array
and the agent reservoir are then pressed onto the skin
waosava4@nd nai ntai ned on the skin using an aPtiEEB2004/025168
overl ay or simlar securing neans, as shown in Figure

Pub. No. WD 97/ 48440. [00012] As illustrated in
thmie@f; isplaceshen te skinseighthe migrepry ¢ctions ¢ mensiratiag into the skin
[
B B0 1381 T BRhy ORI ise pispagt 6. T
staldtiraatdiefslhce drsthp lslélﬁsd b@mntoheﬂ@}k?s Rawvihg BdRd’IRre coated on at
m croprojections 4 penetrating into the skin surface.
le w@mjﬂwr@b@més P theredf s InsaegiliPre fhetpisramkpigciiinstcan be

oot oo Bl oot Sy TG oo Sl daBuaf pibid e

mi&q&bjebh&lsgeﬂuﬁlﬁm@dm surfaces 9 thereof, h addition,
the m croprojections can be confi gured to incl ude

various skin retention elenents, which also aid in

th thin.th Kin.
PR et st et "B ng i o Bised 1 2ttt cppposed
oﬂ@oﬁ%ﬁlpllahﬁn%ﬁ% @héwascg%p @%@HI sk c&ﬁﬁﬁaxﬁ offal dvefl lowable,
mat eri als such as gels.” Such soft conpl i ant and even

mitetolaireze prefred far Bseve cenjprasionrwigslfeot member Gisince the gel

G RBIAR b B oPRER e S G LB gl
ditdet 858 Wi Q8o nto direct contact with skin 30.
[00014] As disclosed in U S Patent Application No.

10/ 045, 842 and U.S. Pat. Pub. Nos. 2002/0193729,

1OBRES: dblelaef vor Erinoanmisstphor {0 PeS 5t sad . pat pob

NB@‘Q@OQ/@@?&@' YE)2AGENR39 Qﬁfzdo%/(h@s?@ %ﬁhéhva%%ium%@grated

on the mcroprojections I nstead ¢ont al ned
bypieyserwalherans 6t 18 @ossibIE e hax&lthmatazbegeﬂthbatnemdﬁsdeﬂmemﬂ a

R e S RO D S
el rfFReEY Ble" necésggg Ejsys m@#@éﬁ@%s&{/oﬁ: %ﬁ(ﬁ BEve [Lopu]gg an agent

m croproj ectio owever t
foplhykticabt yorgdpesidacipe¢ificdily foodiciragrfdiom t he
m croprojections during insertion of the
m croprojections into and through the skin (i.e

PR RGP 51 i g o
plagbp displacingitles @ﬁhﬁg ﬁ@iﬂ the gi@BProfétyiof O dlirinitinkdieibn bAe

been placed thereon. It is thus possible to
microprojections into and through the skin (i.e., stratum corneum). As the
microprojections are inserted into the skin, the skin tissue will push and rub up against
the microprojections and any coating that has been placed thereon. It is thus possible to
dislodge some or all of the coating whereby some or all of the coating is not inserted
into the skin, not exposed to interstitial fluid and not dissolved and, hence, not made
available for release into the skin.
[00016] A prior art example of microprojection array is shown in Fig. 1.

Microprojection array 10 is composed of sheet 14 with microprojections 12 having

been formed or etched out of sheet 14. The etching process or forming process forms
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di sl odge sone or all of the coating whereby sone or

all of the coating is not inserted into the skin, not
wexpesed4t o interstitial fluid and not di ssol vedr/asap4/025168

hence, not made available for rel ease into the skin.

[00016] . A prior art exanple of m croprojection array
MICEOPEQIBRHPTS A 2 2 OPeningscho phsjBICEQRERI el qayl 2 pge fhen bent out of the
Plé‘% g 19f sheet 14 with m croprojections 12 having

en orned or etched out of sheet 14. The etching

process or formng process formsm croprojections 12

and _openi ngs, 16. The m croprojections 12 are then bent
[08%7] ofs s Ipingfig. bithep aemosgriagesoneny oAshamisippipiscimng 12

r

thgt aré Erg)?egtegic ?f %ﬁcggﬁje?ﬂglf arg@reﬁ%% g?ecél E{gen fu%d inserted into body

suﬁfa@é apItajes Gfth@limaf edtonp 1 266H thigdie exPdsddrs esiitact wik the
body surface, aces of the mcroprojections 12
bagy isirfage ad e @dﬁb\m tisgnee ghthgepictgpreicetivas B ddave g coativg 18

r
aifafedt QeI RS AR SIS ot MR oL B Gt
cohti@ss 1BUCh cont act coul d di sl odge and di srupt coatings
[00018] This could result in a substantial anobunt
of the agent not bei ng deposited far enough into the
ere it.wuld cont.a w th interst tla
10p ] e P st R sl o B e e ) pEinggdepped far
en@agmntd ﬂlettﬁﬁlé:@ﬁérb RO RE el ibéoni Rt fBeHeAfitiaPBuids. Without
avai l able to the recipient. SUMWARY OF THE | NVENTI ON
supl 00t&dt, Httle, if e @fithei ageetrin ithacostibg vantd kd teleapestandds aypilable
gl%l/ercone% the limtations of prior art coated
OBt ect i on systens by transdernal |y delivering a
bi ol ogi cally active agent using a m croprojection
array having a plurality of mcroprojections, at |east
one of the rri cr opUMMARYDOF THE DNy EXTION er i or regi on

robBRa i o il Sstaiia hogie o oxderies Rt bonor
r{{&g%&% eaﬁfa {5?9@9&{0 Is sﬂlpgftrg@aeﬁﬁanm%ﬁgg aefo@ogqmy

rou stratum corneun) with
actiub sgemn tisiag b ynieroposgeatpntarey badhg a@lurmhtptm)fmm@prcgmmbas;tat

with the tissue. The biqglogically actl age
lea PR e PRI EAtONE B@ﬂ% %ﬂ Wr&we&l@l toBlegb @ solid,

sumgﬂtially dry coating containing at least one biologically active agent, wherein the
microprojections can be inserted into and through the tissue (or stratum corneum)
without substantially exposing the coating to physical contact with the tissue. The
biologically active agent is selected to be sufficiently potent to be effective when
delivered from a solid coating on a plurality of skin piercing microprojections. The
coating preferably has sufficient water solubility such that when the microprojections
are disposed within the patient's tissue the coating is easily and quickly dissolved,

thereby releasing the biologically active agent.

[00020] One embodiment of this invention thus comprises a microprojection member

having interior and exterior surfaces, the exterior surface substantially enclosing the
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delivered froma solid coating on a plurality of skin
pi ercing mcroprojections. The coating preferably has

wa@edosiooisent wat er solubility such that when t hBCT/US2004/025168

m croprojections are disposed within the patient's
. tissue_the coating is, easily and quickly. dissolved,
nfeHgy %@C?sér@agalwmm@bkﬁ OrbRg dispesgd 9B the iateigs syrface, the
m{cp(%ggj.gltio%elﬁga%iﬂl éeﬂitag@ﬁ £ Eﬂbﬁ%ﬂéﬁ st I:&H ct of the coa%ng
co I'ses a m croproj ection menber “having interior an
wigh therbody swifiick @lagag irtsheioaxlf eid micrgitojeatien Siehbtainto ik lbydy
encl osing theinterior surface; and a bioconpatible
SUEf@ef-i ng di sposed on the interior surface, the
m croproj ection nenber being adapted to substantially
restrict contact of the coating with the body surface
[0doZ1]NG drieS@ibodner® bf tHednventibathe pecbp@ijedienbermbanludes a
t he body surface. [00021] In one enbodi ment of the
supstortiplly dengitudmahslér opr oj ecti on menber includes a
substantially longitudinal slit. [00022] In another
enbodi nent, the m croprojection nenber includes a

[0PO22] alnl dntiRf claBbdifieat, tiaNgid bibjcetidEmembby Pulildes Mplurality of
exterior and interior surfaces. [00023] In one

pesiopdignsithat exiend theoughvibeextenor anddnteiier sisfaggsect i on
menber is constructed out of a material selected from
the group consisting of stainless steel, titanium

[000Z3 €ln drietedbodima@t lo®i iAthtioh ke BliQepripddtioR neember is
materials. [00024] |In another enbodi nent, the

compieuatyst @jt of & nviterind atlected Fomdhe grouptcensising affstaanless steel,

BRSSO bR BB o

menber is coated with a non-conductive material .
[ 00026] I n one enbodi nent of the invention, the
[00924] olr amjoiet Emhodiereht thdvasreprbjenigtrhmembsr istvanstructed out of a
apprgximatel y.1000 m crons. [00027] Preferably, the
n%ﬁ%%@ﬁﬁﬁ??ﬁﬁén%oating is produced by applying a
coating fornulation on the m croprojection nenber.
[ 00028] I n one enbodi ment of the invention, the
[00028]i Ingp fusthendalbodimentrodlthidserionl theshicopeojbétainogembéd iy
active agent selected fromthe gro consi sting of a
copr@fllﬁx\éﬁba pgg}-gggi'uﬁtgve material. group 'sting

[00026] In one embodiment of the invention, the microprojection member has a

length less than approximately 1000 microns.

[00027] Preferably, the biocompatible coating is produced by applying a coating

formulation on the microprojection member.

[00028] In one embodiment of the invention, the coating formulation includes at least
one biologically active agent selected from the group consisting of a hormone releasing
hormone (LHRH), LHRH analog, vasopressin, desmopressin, corticotropin (ACTH), an

ACTH analog, calcitonin, vasopressin, deamino [Val4, D-Arg8] arginine vasopressin,

)
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hor mrone (LHRH), LHRH anal og, vasopressin,

desnopressin, corticotropin (ACTH), an ACTH anal og,
w@2006/016ami n, vasopressin, deam no [Val 4, D- ArgBJT/US2004/025168

argi ni ne vasopressin,interferon al pha, interferon

beta, interferon gamm, erythropoietin (EPO

intgyfenonabntipt BieHsErndisia deterfalon spmaa, siepeighn (R Q) sranulocyte

GRSt 8 AN B AR, BARILD8 A Sptaing o
(GhoSIP figerl etk Basd (10- f0poilasagoit#byth hoiswohé releasing factor (GHRE),
_insulinotropin, calcitonin, octreotide endor6phi n,.

inspRNy, INSALIBEOPEK ealeitqnin, (pstreotide, endorphin, TRN, NT-36 (chemical name:

TSP G BORARH s,
soﬂlﬁﬁﬁwﬁhﬁéﬁdylélﬁﬁﬁoﬂidt&ﬁipﬂ;, pﬂklt@l%t’%ﬂ@ived %Eththa@i‘)ﬂWldﬁsing factor,

factor rel easi tr;)%l_f_act or, chynopapai n, chol ecyst oki nin,
chymopipain, chejeshstdkininsiharionis genasiotienis, cpepresiensy, hirulog,

interferon, . interl eukin not ropi n Cl -
et Sl Rl Ep iRl BRI R i O aminogen
ackiV ki, REskeras&NENP ANRP Glinad afibittt] Migi@énsi@ll Gh@geist, n
antagoni st, antidiuretic hornone agonist, bradykinn
antidiusgisriiosmone agonikh daadyRB8In angagovist, saicdasget el calcpaia gene

TP e SRS BET 7 51
neﬁfcjtlraggiﬁﬁtﬁaagr SohPstimPREAE MIR] ShrMa{oRIEorddee 8@ BbSHist,

t
par yroi d hormone ant agoni st prost agl andi n .
pasathwagaticsmpnpantegoyet . hestaglawtie anta@nigy pingigatids;, praseiniC,

pr{}fgglbgrrt@glrg;lyﬁ%qg L0 ogllppaiﬁgﬂo éﬁr@é}%gﬁ&k}’iﬁ‘@; Ya;gggfgﬁ%n antagonist
anglo Céélggér-:i‘%ﬂﬁ%yépsi-ﬁ éé%ﬁﬂﬁnan@)?@‘%é,%ﬁdap%ﬁﬁﬁ@fdeﬁaﬁn,

art f1brotide, enoxapari'n, hirudin,
datteysbrip defibrotides enqpaapaniy, Hifudiza padroparin eewipaan tinzaparin, pentosan
I | fate, oli | eoti J i | eoti.de . .
R R SR T S
o CacRE itfhn dd RO B Lra A acid RicGcRE Hdedronic acid,
S e D B R o DA P iacRE Kegonic ac
tildadogidraeit, eoladiodic aaidyaigaobbam, RRVY 445157 fahd RWA-671818.
RW-671818. [00029] h anot her enbodi ment of the
invention, the coating formulation includes at |east
(06851 RESHofiEr 80hShRA: b BTN RA AL UkPechANS koitrullioRindhdles at
vacci ne, Lynme di sease vacci ne, rabies vacclne, neasles
ledsB66¢ MiciBsBR6tel fi0ad the grap cokeistipoaf facaiche, Lyamakdisemex
vacci ne, hepatitis vaccine, pertussjs vaccine, .
vageipptRbies Ba0pHIECIAS]eS VEEHRGITABAPS YACIE HligksadoR&acqng, small
vacci.ne ;and.t herapeuti.c cancer v N 3 .
ook GEHER. SRBu e g Erdt Ve s RERbOH uio b TekghBinen
proRidRHcatne IDNIANGCHiEE Sndtherapeutic cancer vaccine.

[00030] In another embodiment of the invention, the coating formulation includes at
least one buffer selected from the group consisting of ascorbic acid, citric acid, succinic
acid, glycolic acid, gluconic acid, glucuronic acid, lactic acid, malic acid, pyruvic acid,
tartaric acid, tartronic acid, fumaric acid, maleic acid, phosphoric acid, tricarballylic

acid, malonic acid, adipic acid, citraconic acid, glutaratic acid, itaconic acid, mesaconic
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| east one buffer selected fromthe group consisting of
ascorbic acid, citric acid, succinic acid, glycolic
wa@eiod/oighuconi ¢ acid, glucuronic acid, |actic BCI/US2004/025168
malic acid, pyruvic acid, tartaric acid, tartronic
aci d, fumaric. acid, maleic acid, phosphorlc acj d,
acidy Figramghe p§if félmeéqﬂplprﬁmoam aeich diglic agidi elr/%ermc , methacrylic

3101?1I fso&%?o%cc adfg 'cgotogxlc Ear Qﬁgeﬁc Q@H dhdyd'rattc?ilﬂ{%ﬁ hrd Bgrtlc acid,

nmesaconi cacl d I onicC

ghﬁ&hﬁdwkl@bmﬁmﬂ&dﬁmx@hﬁﬂﬁﬁbcfaCId nethacryllc aci d,
i socrotonic acid, crotonic acid, angellc aci d,

hydracrylic acid, aspartic acid, glutam c aci d

[O@%ig{ﬁ%ﬁ@% %ﬂlﬁ%&é&?ﬁtvoe n 1%9@1‘&%({1 091%3 olatn%fo?ﬂ?t tt]i]Sfl tmcludes at

ledséhdiemic@aht debRedd foie tt&ug‘rémécamsuﬁg besddegn laweearhpieacetate,
consi st n of sodi um | aur oanphoacet ate, sodi um
sO m&%ﬂ

ecwuffaﬂeé PShsytylyadipigy chivnde (wPEhidedeaydiripretioy |

S TR Y TR R T P o e
soahidbAamtARs vatives. [00032] |a another enbodi nent of

the invention, the coating fornulation includes at
| east one polynerlc mat eri al selected fromthe group

O@@S’(}j M&xﬁg frHE%/cﬁgrﬂ%ﬁ cretI tﬂ%/ %@ghtlc&ib co #I }drmulauon includes at

1ed%v9ﬁ@wﬁheﬁyﬁﬁ{elnui Q¥R iddHRSh ,tha;% b&ehdnﬁg%e (M),

hydr oxyet hyl met hyl cel | ul ose
hyétdxybthyeliyseefHi0)c by drok psepyEpia elhElOSIO@I?]MCh anot her

NN S TN DS R T

Hﬁ;ﬁ\g £dheet9§?1 ofygtmemss Hroxyet hyl starch,

tTan, vi'nyl “al cohol ), poly(ethylene OX|de)
pol y( 2- hydroxyethylnethacrylate) poly(n Vi nyl

ol i done), | yeth col .and ure t her .
(0P 3 ik AP MCBAIIDT HUREGH (e 0ahg onyl Bles at
Pl AR bAERADSILAES 1 pbBgEin oty ol rocycty
suﬁdn$ksﬁmn@obtwhﬂmmmhabnmﬂwhﬂwhme@mgbmqehéﬂ-hunan

al bum n lutam ¢ acid, pal %Espartlc ac

hyémxyﬁﬁhgimﬂhw atgh pelySuinybPyrelifgned. oy 8‘1}’500&&%3,
m&k{_&g%&%@ogr ehal ose, nelezitose, raffinose and

[00034] In another embodiment of the invention, the coating formulation includes at
least one biocompatible carrier selected from the group consisting of human albumin,
bioengineered human albumin, polyglutamic acid, polyaspartic acid, polyhistidine,
pentosan polysulfate, polyamino acids, sucrose, trehalose, melezitose, raffinose and

stachyose.

[00035] In another embodiment of the invention, the coating formulation includes at
least one stabilizing agent selected from the group consisting of a reducing sugar,

non-reducing sugar and polysaccharide.



10

15

20

25

30

[ 00035] I n another enbodi nent of the invention, the
coating fornulation includes at |east one stabilizing
wag@inieel ected fromthe group consisting of aPCEHUSZINHIORS168
sugar, non-reducing sugar and pol ysacchari de.[00036]
Preferably, the non-reducing sugar is selected from

(00036 ] gristasatdniibe sen-rriveing sueat dstelectadalrem daegroup sembwg of
| Dos ferably, t he pol ysacchari de
suggg%e LL? & Ey%%%?%ﬁik@@%% consi sting of dextran,
sol ubl e starch dextrin and insulin. [00038]
Pref erably, the reduci ng sugar is selected fromthe
[0803U pPr@&ﬁgblg,tthﬁ goldsacalpﬂrtsiges sehecsast i dhe grpup sensistingede,
| ose GOS quercitol, quinovose,
de?‘ﬁ @gﬁe sg 13 (%X?rgt atnnLdégsé&mf ruct ose, gal actose, -
gl ucose, gul ose, hamanel ose, idose, mannose, tagatose,
primever ose, vicianose, rutinose, scillabiose,

[0@@-3 q] ohteﬁe*équgbm tqd@bme §@gar Imsﬁﬂm@l frorma chagrove Comtmﬁsﬁé

el i bi.ase hor. nose. anot h
copor e BROTEDR Ty BHOF S PRES B0 gurS AP BTe
rhhfﬂﬁ&ééd%os@t allr6 &S Fruoo s, gﬁ%&@@gkfcb&t gmo§@ Ih@ﬁltaefékfse Qfbse,
the group consisting of am dephrine, cafam nol
mayeke paatqasm prane\cee@cyﬂplanwhmtmese ecpﬂlaiapm celtobiose,

fel sin, nazol tizol m dodri ne
cHBpNBofEHBS, TS omt e ashesorhpine PRCEFose.

oxymet hazol i ne, phenyl ephri ne, phenyl et hanol am ne,

phenyl propanol am ne, propyl hexedrine, pseudoephedri ne,
[00@39] alyhotien Embedintentofthe investion, tlancqathg ﬁmmnmtion includes at

tymazol i ne, vaso S | omet azol i.ne and. t
Lo R TRSeCasEI o IR BACH A e B C%ﬁ’é fiRep! BRiSERRRSt of
#ﬁﬁnbﬁ%ﬁ&&%@hm&@ %e%??e{]i)ﬁﬂbgcy A In@bi @, FGHdes idanazoline,

east way pate ulat or " sel’ected from
méthelige,anjlodins inaphaxgling, narlefrigotiodringemhipressn t er i oni c

d d ti-infl 04
Ko ey
S RS BTl DLATRBES 00, 1 BRgSH5e
typlgsiRat Sophydh 0o0hanzdl@e Axd teahixourbdtereof. '

hydrocorti sone -phosphate di sodi um salt,
nmet hyl predni sol one - phosphat e di sodi um saI t,

B e T s

includes at least one pathway patentency modulator selected from the group

consisting of an osmotic agent, zwitterionic compound and anti-inflammatory agent.

[00041] Preferably, the anti-inflammatory agent is selected from the group consisting
of betamethasone 21-phosphate disodium salt, triamcinolone acetonide 21-disodium
phosphate, hydrocortamate hydrochloride, hydrocortisone 21-phosphate disodium
salt, methylprednisolone 21-phosphate disodium salt, methylprednisolone 21-
succinaate sodium salt, paramethasone disodium phosphate and prednisolone 21-

succinate sodium salt.
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succi nate sodiumsalt.[00042] In one enbodi nent of the

i nvention, the pathway patentency nodul ator conprises
wa@eooantdsedagul ant sel ected fromthe group consPGL/USP00625168

citric acid, citrate salt, dextrin sulfate sodium

aspirin and_ EDTA. [00043] In anpother enbodi nent of the
(090474 i o embrdingai of fig tRgmgan.dhe pHhVAY pefgatenecy mpdylator

0 e . . om Lh

cof B S U bo RN SACRLEHLAEHRTh (O Rlh Y T itrae
salBedeatrizyail factesotiun, asfimmand Bl odext ri n, '

gl ucosyl - al pha- Cycl odextri n,

mal t osyl - al pha- Cycl odextrin,

y| - - i . . . .
[Oﬁ%ﬁﬁ gliqy 9@1%% %p%@}n%gg éii t?l? ﬁl”velﬁtilodqr (t)l}(eyc&a% %%’ Formulauon includes at
led3ebige SHNHiRSIRYEShplexidighipeit@xepied Mivh thetstoupyeineidans bf Alpha-
dr oxypr opyl - gar nma- Cycl odextri n,

CM%&%BWC dextoys (sesna-Cyelodergtimglugasylalpha-Cyclodextrin,
| ' .f |t her- Al pha- i .
R RS Cohap b B bR RISk Rctogextin,

hyﬂfﬂx&ﬁ@?&%&i—hﬂommQ%@@@i%&i—ﬁetamlod@k@lﬁq?m ed
sol ubi ['i si ng/ conpl exi ng agents are beta-cycl odextrin,
hyyaty Doyt s aiodeyieinobakoriefy ! betayrcbodpstap yretind bata-

CYRTS P S0l B an P G S bdexein
antl QUM AYILMB-BARMA- Nt RAGS A Y MRBSretdRa s@%il%%?’%%xgpgg)]dng

500 centipoise and'greater than 3 centi pose.
agPute e bt -gycladestron Ay duoyyirepyl detakiyclodesising 2-hytexlypropyl-beta-

t 00 mc s.. [,L00046] | ccordance with a further
C@E%HM SB#%‘H@S&W@W?%‘BW%%"&%r oproj ection for
insertion into biological tissue surrounded by
interstitial fluid is provided, the m croprojection
[0604) r Insd prgfeared @mbodinmdnt,rthe caitiag tforomlatemiders ahasdosity k&ss than
wal |, thft i nclydes interior angl exterior surfaces, the
apgrpEppisly 0 qenireisq ak FrateraPan, S eFHPSSS-ng the interi or
surface; and a bioconpati bl e coating di sposed on the
interior surface, the mcroprojection nenber being
[0aCkR)t P fdrablg,ths taatingdlak y thielatesd effthe tess dmh 160 nbihmons.
coating with the biological tissue during insertion of
the m croprojection nenber into the tissue, the

. C Qi : . . i .
OGR! REGTeh SR EREP fbOGp 4416} Flegft B3hlcfor fection
fonisbrtioh iith ®id1bgieslpiseyesikioandedebyiaterstiti@DOdid]is provided, the
preferred enmbodi ment, the_m croprojection nmenber js

MISEPEPIECiianeqPnEnyising a porous microprojection member having a wall that
includes interior and exterior surfaces, the exterior surface substantially enclosing the
interior surface; and a biocompatible coating disposed on the interior surface, the
microprojection member being adapted to substantially restrict contact of the coating
with the biological tissue during insertion of the microprojection member into the

tissue, the microprojection member having sufficient porosity to allow migration of the

interstitial fluid through the wall of the microprojection member.

[00047] In a preferred embodiment, the microprojection member is constructed out

of a ceramic material.

10
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of a ceramc material.[00048] |a one enbodi nent of the
i nvention, the mcroprojection nenber has a closed tip
wanpasionakbudes a plurality of perforations thatPERUS2904/025168
t hrough the exterior and interior surfaces. [00049] In
one enbodi nent of the invention, the m croprojection
menber includes at | east one openi ng di sposed
[
[Oggrébég d%%te?&t%ﬁgh%ﬁ ?? g{e 18%&1&199 4R0 hléﬁgﬁmﬁ:g %B%&{rﬁtsjer thﬁs a closed
tip @RiSinélnasy aglpratixg @fﬁie@fo}latibﬁ@ﬂlaﬂbﬁémmrodgﬂiﬁﬁ5 e)ltenor and interior
Preferably, the bioconpatible coating is produced by
PSying a coating formul ation on the m croprojection
menber. [00052] In one enbodi nent of the invention,
the coating fornulation includes at |east one
[0b045] OB dilembodiihént ©f G@dfvensioh et aderbpRijeciios ngdrabe includes at
consi sting of a hornone rel easi ng hornmone (LHRH), LHRH
leaph ahoepeningsdiprased pipxigas theplessditi®;, corti cotropin
(ACTH), an ACTH anal og, cal citonin, vasopressin,
deam no [Val 4, D-Arg8] arginine vasopressin,
[0008 | hed pfedteRRtmbollihéit f1BE MicrBflopectibM hRhitRE Bk HRABM, less
erythropoietin (EPO, granulocyte macr ophage col ony
than apmbamatﬁéyi%(&mtcwr@/r CSF), granul ocyte col ony
stimul ating factor (G CSF), interleukin-10 (IL-10),
gl ucagon, grow h hornone rel easing factor (GHRF),
[000§1ql Pféferh‘tb’l?)%é BRJcBﬁaghﬁble eadtﬁﬂgtlpﬁfoﬂucéaoay SlJifi€a coating
endor phi n cheni cal nane
fornfifatien) omﬂr@mmﬁ}mtz]emm mygtaberar bonyl ] - L- hi sti dyl - L- prol
i nam de), liprecin, aANF, bMsSH, somatostatin,
bradyki ni n, somatotropin, platelet-derived gromﬁh
[0b852 r]orn 61 SRR AN HerltRF HRY inv&RHDRE RS hg f@ﬁﬁﬁl@ﬁ&ﬂrﬁlﬂd@b B least
chori oni ¢ gonadotropin, epoprostenol, hirulog,
orerttielogiealbnactiva tagazﬂteeillectﬁd fnoentbe gﬂpl[prcs’nsmm;g @A Imrmone releasing

hERY RS EL AR ARSI Gapimss AP OIEESH: caHisPBPBRGACTED, an

|
e
m&@ﬁtdrﬁﬂpl(%feroﬂ bktapinédriensy ganfiia, fdrystbrmniexinl(ﬁEOp,gmmd@cyte
pressor, |GF1, neurotrophic factor, colony
mgqrpmﬁgatcpmy fliapisting ﬁa&t%t(@}f G154 )=r%arﬁ%ﬁ>féftﬁ’a?f&0%ﬂﬁ%lﬁtmg factor

(RESR] Akl 0 TROOPARADN, S PhAM AL BRI 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, platelet-derived growth factor releasing factor,
chymopapain, cholecystokinin, chorionic gonadotropin, epoprostenol, hirulog,
interferon, interleukin, menotropins, oxytocin, streptokinase, tissue plasminogen
activator, urokinase, ANP, ANP clearance inhibitor, angiotensin II antagonist,
antidiuretic hormone agonist, bradykinn antagonist, ceredase, CSI, calcitonin gene
related peptide (CGRP), enkephalins, FAB fragment, IgE peptide suppressor, IGF-1,
neurotrophic factor, colony stimulating factor, parathyroid hormone and agonist,

parathyroid hormone antagonist, prostaglandin antagonist, pentigetide, protein C,

protein S, renin inhibitor, thymosin alpha-1, thrombolytics, TNF, vasopressin
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protein S, renin inhibitor, thynosin al pha-1,

t hronbol ytics, TNF, vasopressi nantagoni st anal og,
w@b@hatedamt i t rypsin (reconbi nant), TGF-beta, PCT/US2004/025168

fondapari nux, ardeparin, dalteparin, defibrotide,

enoxagarln hi rudi n, nadroparin, revi

angagapishanaleg, alpbar safyRwe (Feeambinant), diG Igbﬁacﬁoaémaal@%nd
ar@ipaBRGHERRY, gsﬁﬁsﬁ y%hbyasamgi . A0l opRh q'ev18ar1n, tinzaparin,

roni c- aci roni c-acl IC "acl

pehftSadpelpsfags bﬁgor@ﬁlﬁbdd@ﬁnctol@bhdcle(ﬁtlm&mwesﬁﬂbﬁﬂromc acid,
tiludronic acid, zoledronjc acid, argatroban,

cloirgni 2cidaptifirpuig 30167@811@0111[‘3@9@5?]03‘?@“1&@6%% @ammlas iapidnt
Rl VGl OrIERRY AR RO B S BRI R R

67a818.| u vacci ne, Lyne di sease vacci ne, rabies vacci ne,
neasl es vacci ne, munps vacci ne, chicken pox vacci ne,
smal | pox vaccine hepatitis vaccine, pertussis

[Ogg%j! ﬁlgano | E(&(ilp]ﬁgt afﬁtgl Ihv'gptg%ng “éoc'ore]xﬁgé]f L\ﬁ]ailcog 1ﬂceludes at
leds9 8RS HdccaR@bREted EFROGE ddhsibiig MMEPAdcRIB, L 6 disease

coating fornulation includes at |east one buf
vageihe,aelids ¥acoimet lhnea@frsowpcm@nsmrsps YRgCIE, dsd@nmox va@mnle small

succi ni c_aci. aci d, . gl uconi
P gtegtin et A B AT T Vs bGP B B Teseig oombinant
pr@ﬁéfﬂ"\ydc&n@CDFtA YRELE 51‘1&3 t}ﬁﬁip@utlé nkEQRk&ingci d, fumaric
acid, maleic acid, phosphoric acid, trlcarballyllc

acid, malonic aC|d adi pi ¢ aci d, C|tracon|c acid,

o e iAERR o B SR Sl fongntudes

le&k¢ bﬁie b Geleked %hgthe %@%ﬁéﬁsﬂn’fg @icdsgorbicsé%ﬁf @tAPKEd, succinic
acid, crotonic acid, angélic acid, hydracrylic acid,

acak ghicolic add, glucogladcadyighucaningg acyd, ymtmeacah chaticyatids pgruvic acid,
t hereof. [00055]. I.n anot her enbodi.ment of . the
tagtaRcearid: SHITopIcEctdy S 3 HALES AGiFh TSP RYiScacih tricastalylic

acﬂi" g?a%{ﬁ% Q&Haa[lﬁ 12 Sélﬁcélﬁgcofnﬁ@ dd %‘Futg{) &‘an 'tlﬁ:'o? | g, Mesaconic

auroa oacet at e, ate

ac(cﬁla&)amahetayidpgmaﬂmolpmpmdih@amdtmglﬁlam glycenc acid, methacrylic
dodecyl tr.i net hyl annonlun1chlor|de
ackh APSTLRIHS AL EPOBK K, apg Welfdbawscramaqs@ah ajpartic acid,

glﬁtﬁéﬁé 1ag 1ﬁe I}{&ﬁm%&g{ggf I n anot her enbodi ment . of

nve e coating tormulation includes at
| east one polyneric materi al selected fromthe group
consi sting of
[00055] In another embodiment of the invention, the coating formulation includes at
least one surfactant selected from the group consisting of sodium lauroamphoacetate,
sodium dodecyl sulfate (SDS), cetylpyridinium chloride (CPC), dodecyltrimethyl
ammonium chloride (TMAC), benzalkonium, chloride, polysorbates and other

sorbitan derivatives.

[00056] In another embodiment of the invention, the coating formulation includes at
least one polymeric material selected from the group consisting of

hydroxyethylcellulose (HEC), hydroxypropylmethylcellulose (HPMC),
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hydr oxyet hyl cel | ul ose (HEC),
hydr oxypr opyl net hyl cel | ul ose

W@ M) 64ly dr oxypr opycel | ul ose (HPC), met hyl cel PC/0S®04/025168
(MC), hydroxyet hyl net hyl cel | ul ose (HEMC) and

et hyl hydr oxy- et hiyl cel | ul ose (EHEC). [00057] .In _anpot her
hymx%%lluiqse{ﬁécb,mmlpéhﬂ%@r(Maae Ydrmgyerd]aflmthdfqeﬁ ose
H;ﬁg ﬁ@;}_ ophidAc pol yner sel ected
( rogrgrﬁﬂgetgi%kp coﬁs?gfwggeo@%(;)()xyet hyl starch,

dextran, polyvinyl alcohol), poly(ethylene oxide),

OI%(Z- hydr oxyet hyl net hacryl ate), poly(n-vinyl .

(0893701 Incraeiher e@épwﬁw@h@@%@}, theepating forpadationdpeydes at
. r i i I ti
el o A TR0 B b S G5 B
stditig GleRad, ipblygviasl dléchivl)sedleEtistenkroaide) il group

consi sting of human al bum n, hi oengi neered human
hygdraxyathwlmesbaayyipied deivén-yeypyiebagned malystleylerg glycol and

| yhi.sti di ne, pentosan pol ysul fate, polyam no acids,

mg‘?]%%% ’reo?.r ehal ose, nel ezitose, raffnose and

stachyose. [00059] In another enbodi nent of the

i nvention, the coating formulation includes at | east

[060%8]s raariother iemodigesnt okthe dsteation, thmeaatiag dergupation includes at

consisting of .a reducin ar,.  non-reduci n .
153 P Hoshap R ot e et R Fus PO FREHTRR S BHAL aflfhin
biSbilAkect &l MMhACAIRE! SETyF1HRNAE 841N, P&yeﬁ; gitic AGidpolyhistidine,

sugé%se, trehal ose, Q?Z%hyose and raffnose. | 0361]
peRtashe palysylfate, ipelypoliyeaidth sndreks, irehalescemeleditoseoralfinese and

roup consisting of dextran, soluble starch, dextrin
St’gﬁ]i'él'oghsulin. [ 00062] Preferably, the reducing sugar is
selected fromthe group consisting of apiose,

ar abi nose, |yxose, ribose, xylose, digitoxose, fucose,
[08089]c I atotheyeimbodmsant of tha imeEntion,ahé osating dotnustéon includes at

fructose, . gal actose,  glucose, gul ose, .hanpnel ose
leptl 506 SR RIS T SR DO PEF DGR sue
n Mfédﬁ&ﬁg'svgﬁ'ah{ig&gga%gharﬁﬁ! | obi ose, genti obi ose,
act ose, ctul 6se, maltose, nelibiose, sophorose and

turanose. [ 00063] I n anot her enbodi ment of the
i nvention, the coating.formulation a %Bﬁggs at | eas

[A9REO), Rsefershlyt Hieaopredibing Sgar If SElfTPh &0 ;&T%J&F@Pglﬁﬁ%of
sug:ﬁ'os%%%ﬁ& 'ﬁgcthé%fa%H'rg%lﬁosequl opent am ne,

o .
eoxyepi nephrin epin rine, felypressin,
i ndanazol i ne,

[00061] Preferably, the polysaccharide is selected from the group consisting of

dextran, soluble starch, dextrin and insulin.

[00062] Preferably, the reducing sugar is selected from the group consisting of
apiose, arabinose, lyxose, ribose, xylose, digitoxose, fucose, quercitol, quinovose,
rhamnose, allose, altrose, fructose, galactose, glucose, gulose, hamamelose, idose,
mannose, tagatose, primeverose, vicianose, rutinose, scillabiose, cellobiose,

gentiobiose, lactose, lactulose, maltose, melibiose, sophorose and turanose.

13



10

15

20

25

30

nmeti zoline, mdodrine, naphazoline, nordefrin,

octodrine, ornipressin, oxynethazoline, phenylephrine,
w@b@aglathanol am ne, phenyl propanol am ne, PCT/US2004/025168

propylhexedrine pseudoephedrine tetrahydrozol i ne,

zol i ne, ane, tynmzoline, vasopressi
[052@5333 ik BT ﬁ’él 8&2;'6“ %f) %%V@P%%/n:tﬂFFe?%Pg mé%mn ipgfudes at

ng
et Sl RA ol ARy MBI 1
caMﬂubhbmlop@ﬂtMeoﬂebxmﬁebhnm, epineplais, ﬁlymgssﬁf idanazoline,
osnptic agent, zwitterionic conpound and

mefigoling.ipidefFae srphaggling, noydshtis SPLOBFES.SHBBFSSin he

ol P R RO B SRR SOl B |

prbpymmﬂﬁﬁé @@eucmﬁphsdﬁmd,eteﬂahydro&oﬂh@ MRaptaesii iuminoheptane,
hydr ocort amat e hydrochlorlde hydr ocorti sone
tymgrelEishasepEsEBAnIomaaTalme gad gl mpaes BisTeohe
- phosphat e di sodi um salt, nethyl predni sol one 21-
succi naate sodi um sal t, paranethasone di sodi um

opb&g o aBdtE el ¥Rt E eht O eheddverBioa Cihe @bgtireoirtiatiah t -
66] I n one enbodi nent of the |nvent|on t he
mpladm

35 beRaRAEEY FASNIGIEY mod@lﬁﬁ?;rsebé@deﬁpm the group
antilcoa ul ant .sel eq t ed. from t he g &J{)}ﬁ:on& iltl n ¢
LY At %Smoé‘l"taigS’i‘ &2 HONIG SORPPY R 7Y agen
aspirin and EDTA. [00067] In another enbodi nent of the
i nvention, the coating fornmulation includes at |east
[066165]s Brefitriblysihe gnid-omfrinemtary aggatis seletted fiom the groupreonsisting

%&?ﬁ%@@?ﬁ%éﬁyﬂ%ﬁa@%ﬁ&u@% gb‘g%(g]?c?r(lgcﬂoné acetonide 21-disodium

ptﬂJsFl%i’@ WydRIcBR AN &% Bl ddexIbFil) hydrocortisone 21-phosphate disodium
t osyl - al pha- Cycl odextri n,

sadf] nu@dsf}grectmuém@ﬂl -plehsrhate d],sodlum salt, methylprednisolone 21-

oGEmae Jed st RO by ar Beg BT ﬁ%@?&@%ﬁ%@?&?ﬁ Al
1%@3&%%6@%%P%mpy| gamma- Cycl odextrin,

roxyet bet a- Cycl odextrin, methyl -beta-
Cyclodextrln sul f obut yl et her - al pha- cyclodextrin

sul f obut yl et hey. - bet g- cycl odextri n,
10306910 Bripi GE PR e e RS pHSg B Flogeto
b |
i, b AAhER SXL ORI 50 ARy A0 e
saQly ddxidde xiulfite sedidmgsaspirobartdyBBTAer 7 bet a- cycl odextri n.

[00068] In a preferred enbodi nent, the coating
formul ati on has a viscosity |ess than

[00067] In another embodiment of the invention, the coating formulation includes at
least one solubilising/complexing agent selected from the group consisting of Alpha-
Cyclodextrin, Beta-Cyclodextrin, Gamma-Cyclodextrin, glucosyl-alpha-Cyclodextrin,
maltosyl-alpha-Cyclodextrin, glucosyl-beta-Cyclodextrin, maltosyl-beta-Cyclodextrin,
hydroxypropyl beta-cyclodexirin, 2-hydroxypropyl-beta-Cyclodextrin, 2-
hydroxypropyl-gamma-Cyclodextrin, hydroxyethyl-beta-Cyclodextrin, methyl-beta-
Cyclodextrin, sulfobutylether-alpha-cyclodextrin, sulfobutylether-beta-cyclodextrin,

and sulfobutylether-gamma-cyclodextrin. Most preferred solubilising/complexing
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approxi mately 500 centi poi se and greater than 3
centi pose. [00069] Preferably, the coating has a

wao bdosknases of the | ess than 100 ni crons. BRI ERPCT/US2004/025168

DESCRI PTI ON OF THE DRAW NGS [00070] F| g. 1is a
ers ective _view. o:‘h%%ioprlor art m rOj ection arra

et cydedaniiin SYRIORYhPERYr Grcladerya Pawdipxgpropyl-beta-
C c@&{%mn Sl Bob1ehPPHAREGIbIGn ew of a prior art
croprojection array t is simlar to the array
shovvn in Fig. 1, having an agent coating; [00072] Fi g.
i.S_a perspect|ve vi ew of an enbodi nent of th

099@8 eht a prefestedicgbogiasnd; the W?ém&nfemﬂaf&r@aq%\ﬁswa@y lgss than

R s el T S

VI ew of an enbodi nent of the present invention wherein
he m croprojection has a standard hol | ow need| e-1i ke
0@%?]. Bieferablynthe seatingdiag e dhirkneswef the dess ihan; 19Qgnickms.
extend through the walls; [00074] Fig. 3Cis a
perspective view of an errbodi ment of the present

i nventi on whegreimF HBSCRIFCIION OF GHE DR AWINGSSes a
porous ceram c material having a standard hol | ow

[0REEQ! Eig. il iea D@‘ﬁWC@lMﬁ ateinoef. a froyenshicripgojegivn aray that does not
not her enbodi ment of the present

n]e %?ctlve tVI ew ) es
%g?é\'en ?tHJé mcr opr Oj ection corrprl Ses a

porous ceram c material having a standard hol | ow
needl e-li ke configuration;[00076] Fig. 4 is ato
[Q607He Fig. s @pelapmefemew off apsiarart migreprejiecticn drray togt is similar

cro ec ave been etched out of the
togth 4%’aﬁ’l(ﬂ’ lpgzn i“ﬂ%gm%%e&}gii?ﬁ“é‘%u ons bei ng bent
per pendi cuI ar to the sheet according to the invention;

[00077] Fig. 5 is a perspective view of the sheet
[CONB2N Fign 3B ig 2 pérsphaiveiiiew héammbqﬂom@pmﬁth@p@SMW@eb@@m

ent ubst anti.ally_ perpen r to of t he
gﬁ“&é’t b5 BB B e hine SR b By e otz iondfy o
Rucﬁilﬁ%ﬁt\” ew of another flat sheet, illust ratl ng a

p urality of m croproj ections having slits etched into
the body of the mcroprojections according to

[00073] Fig. 3B is a perspective view of an embodiment of the present invention
wherein the microprojection has a standard hollow needle-like configuration and a

plurality of perforations that extend through the walls;

[00074] Fig. 3C is a perspective view of an embodiment of the present invention
wherein the microprojection comprises a porous ceramic material having a standard

hollow needle-like configuration;
[00075] Fig. 3D is a perspective view of another embodiment of the present invention

wherein the microprojection comprises a porous ceramic material having a standard

hollow needle-like configuration;
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the invention; [00079] Fig. 7 is a perspective view of
the sheet shown in Fig. 6 wherein the m croprojections

whaws/obaen bent substantially perpendi cul ar t oP€T®ES2004/025168
pl ane of the sheet according to the invention; [00080]

Fig. 8.is.a Eg{spective vi ew of an enbodi nent of the
[G9PER)e Hite- Aag & ni Ripne Haw of & sheat 1llustratin g pipdurelitysdinpigreprojections

PR v S s of Wi el i PR Bt B

perp@Idiqul 2t el sBB&;act 8RB b tid iflverPiohS a perspective view
of an enbodi nent of the present invention, simlar to
t he enmbodi nent shown in Fig. 7, but which also

' es.a ort.ing. br tt ached .between the ti
[0GPTHERS 53 SDRSIHT i 138 ek EHOGuRas Fne e 0
midréSjeeii@W Hafe BEertEAP SibFRNEAIGS pdrPdhdRI@A R0 thd JIEE A RO sheet

which shows a flat sheet having a plurality of groups

aqgprdstgpiiol thevmivertias ched into the flat sheet; and [00083]
Fig. 10Bis a perspective view of the flat sheet shown
in Fig. 10A after the sheet has been nodified to form

0BOPSIUFRI. 612 Blp pThd ABK QAif B4the Fat SR Q118 rANL WMk G of
[gr ou]pi ﬁglgslo? gngaﬂill hol es. DETAI LED DESCRI PT %\I OF f%s—iEo

MIINENEEOMs[ 0008 4] itsBethedantddbebodyi afght mécrppregaetions according to
tinven{.i on in detail, it is to be understood that this

he iUEREPN is not linited to particularly exenplified
mat eri al s, nethods or structures as such may, of

course, vary. Thus, although a nunber of materials and .
[008T7Holge. Fiisra baspastive yiewel the theebshowosie g Scwhérenh the

herein can be used in the practice of the present
MGHORIRICHPPS Wégﬁ?rg?e@? U CREREY PG A R By e sheet
aé%%ftﬁﬁ%ﬁecﬁeﬁﬁéﬁtiidﬁ' [00085] It is also to be understood

t hat 'e term nology used herein is for the purpose of
descri bing particular enbodi mrents of the invention

only and _i,s not intended to be Iimting. [00086] . )
[0RB s 5 &t pEersRRcHias we@@ft a8 iRt oA VioapTaseRE Fivgtion (hat s
. i . | q i A
S e e R S g B P Rl P indERa SRR g race
attached between the tips of each pair of microprojections;

[00081] Fig. 9 is a perspective view of an embodiment of the present invention, similar
to the embodiment shown in Fig. 7, but which also includes a supporting brace attached

between the tips of each pair of microprojections;

[00082] Fig. 10A is a plane view of an embodiment of the present invention, which
shows a flat sheet having a plurality of groups of small holes etched into the flat sheet;

and
[00083] Fig. 10B is a perspective view of the flat sheet shown in Fig. 10A after the

sheet has been modified to form a plurality of microprojections centered around the

groupings of small holes.
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whi ch the invention pertains. [00087] Further, all

publ i cations, patents and patent applications cited
wheoosiomdd4mhet her supra or infra, are hereby  PCT/US2004/025168

incorporated by reference in their entirety [ 00088]

Fi Iy, f
Cppendod o BETRILEROES CRERION GF AEtE ﬁﬁﬁwognd “the"
[00@911}1 ik Hﬁ&hb{ng i @%‘sént &ﬂﬂeﬁﬁén M@teﬁf’ E‘h? ! %tgod that
a , er e ce

di ct'at es ot herw or ex

thisimvetidnie natgﬁnttéd torpattitaéslyt emmhﬁad)ﬁﬁt@iarsh nRGRYAE S structures
reference.to "a mcroprojection” includes two or nore

aL$Heh MAYe PlofNBICe KAty o h B AHheued 3 nuymeber pEmatfriaisgme methods
herern
51[199.8 rgtgécb \Eégernté Fcf fﬂo%@@gﬁnﬁét{(ﬁe?%ﬁ r%% g% gé‘éﬁﬁﬁ% rearﬁrggude oﬁ &he present
invantich, dfe pafennd materials dhdmBdthodyngle H&sctib&l dttigr surf ace
of a pI ant. [00090] The te n "transdermal", as used
herein, means the delivery of an agent into and/or

era
(RS 585 Rl BB o B b B AP P BB
of @dserilsihg patiosldeemBddithRhis Ve the inb &8 2h1yT4 ik 8b¢intended to be
"COo- deIrverrng , as used herein, neans that a
%@@ﬁ!enental agent(s) is adntnrstered transdermal | y

ei ther before the agent is delivered, before and
during transdermal flux of the agent, during

[(008HT UR1lEHE Heﬁﬂléd)btﬂérvﬁsféealﬂb%ﬁﬁmal%ﬂ's&gnﬁ‘ﬁ@te?tﬁg @8ed herein have
transdermal flux of t he agent, and/or after

thersams desamalg 25 ool Urslersiendtby ongdiavingreadingry skibinghe art to
“%ﬁ%% brolo cal active agents nay be formulated in
homy e Pations of the invention, resulting
in co-delrvery of the biologically active agents.
[ 00093] The terns "biologically active agent"” and
[00Q§&h Fuythers all pehlications, patente fand patentaapptimtms titehheyéin, whether
matter .or re cont a drug 1 hat
RAPREAS! WEDESPY JroBRREErd DErRRER sl Gefea i n
therapeutically effective anount. Exanples of such
active agents include, without limtation, snal
[GOOB 8L Urlirzallyyvesi upbd itmmﬂpﬂciﬁsatiqmatnylﬂhqaappéﬂéed Qaiotsethessingular
ol i gonuc S, aci ds sacchari des.
f[l@@%@%’anjpam{ S? iag P Bualgf ef%%rnﬁat% Qe feqiy dictates

oRERNES " THURCEH damPfe! 3B Endeitd hiPAdHRB agent” includes two or more such

agents; reference to “a microprojection” includes two or more such microprojections

and the like.
Definitions
[00089] The term "body surface", as used herein, refers generally to the skin, mucous

membranes, and nails of an animal or human, and to the outer surface of a plant.

[00090] The term “transdermal”, as used herein, means the delivery of an agent into

and/or through the skin for local or systemic therapy.
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| eutini zing hornone rel easi ng hornone (LHRH), LHRH
anal ogs (such as goserelin, |euprolide, buserelin,

W0 eooptoorsed i n, gonadorelin, and napfarelin, menpCT/ORINNE025168
(urofollitropin (FSH) and LFD) vasopressin

essin, corticoLrgpin , ACTH anal ogs such
@?ﬁgﬁ%ﬁf}eé%4 anS%f'améf{l%fﬁs uw&é@fﬁ%maﬁs theaaie %@ransdennal
d&l}()%hﬂ D- Arg8] arginine vasopressin, interferon al pha,
interferon beta, interferon gamms, erythropoietin
(EPO), granul ocyte macrophage col ony stinul ating

GVt CSF) , _granul ocyt e colony stinulating factor
({0@,8@53)11% t?rﬁ’cc%or delixprngl pag dsed herein, gmm&@wha sgdsmental agent(s)

f%réd%e&@&érﬂﬂll @ﬁ e?rbcfo%':) eﬁtqg g 11ve(!;ﬁ1 BPfBﬁ? apd during

|nsu I notropl n, oni n, OCt eot

tré[iRNsrrM {16 off ¢Meﬁta Huﬁr@g’lﬁansdermal flux of the agent, during and after
N-[.[(s)-4-0x0-2-azetidinyl]carbonyl]-L-histidyl-Lproli

transdeiaeal flupobyt léﬁ‘c%g@n anes afEﬁVBlaltlS@ﬁﬁﬁ]tﬂ}m efithpagent. Additionally,

oS S48 Rog RPN Bt Bl AL BUTRTREL e Bt rmpipions o
thehevedneioh cregnﬁﬂgllmt doofdliRery oty sistognally aetivt ke,
aggregation inhibitor), glucagon, hirul og,

|nterferons i nterleukins, menotropins (urofollitropin

hg% strepto unas tissue .

gg)'n ncg)geen Al P%%%a(ﬂ% actiys, ngs % ,&F\lﬁseéﬁ?seé?lﬁﬁ@ger toa

cdrﬂlbtbsﬁﬁdrpcﬁf&natﬁéﬂ ot pliR0f dontadilh 2 @ﬂigsthﬁb is PRArnthc8logicay effective
hor none agoni sts, bradyki nn antagoni sts, cer edase, CSI'

Whem; &qhmmaﬁ@rpdu 1rg@ﬂ1@rapemtmablm effertviedenquaGRByammekefsuah active

osab B RS RT IR P55 o0l s GBI T SeR fgmPaiids, nolvpeptides,

pmﬁﬁg Bﬁg@ﬂ&lé%ﬁﬂé@ﬁﬁclél@%ﬁ%ﬁu ?$1§sa091"i’:{rﬂte§‘yr oi d hornone
ant agonr sts, prostaglandi n antagoni sts, pentigetide,

protein C, protein S, renin inhibitors, thynosin

| Bhas hr onb -
(BRI Gutne AR R S ngkely o Bt Bt b i ggation,
1L ARBARA rRENe re?éagﬁ'@ bt Ron AR HFEPR T HRH Qﬁaﬁb B QLR goserelin,

enoxaparin, hirudin, nadroparin, reviparin,
leupl_rmhdp,abuscrehp,dnptmsdm golhaylsndhhaaml napffirglon mdoetbpides and

oI onucl de vatives.such as formvirsen
Tlé?ﬂHFQm? _36151%3? bARRATESSigk AT QeI RPTEicaieiin (ACTH,
o)
AT RSB hEACTR QN efoi Bk va R BB OMabhnifl [ o, D-Args)

argirgad vasbpressiWitedidionGhaginter ¥ beta, [ ot g'EhﬂnarJ @t’ﬁhiropmetm
bi ol ogi C@)I |y active agents can also be in vario

(BESPgrany Weégampélégeo ey stigeylatang fagier eM-GpLly M&F&é@
cmﬁfﬁﬂhﬁﬁtmgf AR E‘Gﬁ@ ), Ot IRLERY O%[Lﬁ@ﬂ@h?c’égg‘n, %'Eowth 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, platelet-
derived growth factor releasing factor, chymopapain, cholecystokinin, chorionic
gonadotropin, epoprostenol (platelet aggregation inhibitor), glucagon, hirulog,
interferons, interleukins, menotropins (urofollitropin (FSH) and LH), oxytocin,
streptokinase, tissue plasminogen activator, urokinase, ANP, ANP clearance inhibitors,

angiotensin II antagonists, antidiuretic hormone agonists, bradykinn antagonists,
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nonirritating, pharmacol ogically acceptable salts.

Further, sinple derivatives of the active agents (such
w@20080hanes, esters, am des, etc.), which are eRSI/U$2004/025168

hydrol yzed at body pH, enzynes, etc., can be enpl oyed.

00096 he term "bi ol ogi cal . ctive agent", as used
C%@‘%@?’résgﬁ’ sgcliia geng ra?a?f:d&z?ﬁﬁﬁ% (CGBR), enRenbelias, FoyB Hagments,
[ y e 0 - .

S PPNF SOPRArS K P cHRRERER oAb by stiplaing Gotors,
paraihsiviehaindneiand egomgs, tpastiproidioiimone aftagunists, prostaglandin

i mmunol ogi ¢ally actjve agent, and which is directly or
antASANISLS PEYHGSHARIPISH PPty rrepiniiphabiiprsthapesiniadatar e d

i i: ' - 21 4l 7). _The
ﬂ?@gﬁ@y@%ﬁ??ﬁ%?&bgg%%ég@%%%ﬁg%%@ﬂ?@?ggéagéggo %%tional
(reduaitonarey) MGH-béta) foydapuahlgatdRpmad canesarin, O6iB161i 08 enditiparin,

not limted to, flu vaccine, Lynme di sease vaccine,

napdyopasnsVipaandingapayie BeHesanpehsylistgceligeaucleotides and

oJyl] - DO ' . % i N hepati.tis. _ .
oS R B 0hcn PR AERL DR SRR BRMonR: acc
etidemioatidaibanfroiceichi, waadionR, acidNPamatz6nib @cidNHsedronic acid,
therapeutic cancer vaccine. The term "vacci ne" thus
tijudeaniciecdd, spladrentie adifrargaitobem, RWA g ERs apd RVREGT B 1% of

protei ns, polysaccharides, oligosacchari des,

| i poproteins, weakened or killed viruses such as

[00VOFTEHS heedbislogid@Bpddtilve §%&té/&d_htb$so heiBatatibh$foEmy,) Subl as free
human_ papi |  omavirus, rubella virus, and varicella
bases tagids, ehanged e gnelrargdd meldeiess cempenasitsedf meleprdamoml¢xes or

ertussis,Costridiumtetani, corynebacterium. .
oIS PP o5l ascPebls salie AT HEE SBRg Pt vatives of the
aRRUBBRE (dudh a9 BihSSEsskdds, MBNHI i) 9Bich RECHFDVRIAESIyzed at body

aer ugi nosa, streptococcus pneunoni ae, treponena
pHatizyhesy etaneanielamimdoysdol er ae and i xt ures t her eof .

[00098] It is to be understood that nore than one

bi ol ogi cal ly active agent may be incorporated into the

[d‘o@%]’n e 4lialob Rty AR cG8aH" eS8 RYtineHsd ReEgtd @m
of thi's invention, and that the use of the term
cShpeditiayi cfahhiyerac hiiveregattiting er ‘viaate” ve otige imthjnelogically
way excl udes the yse, of r. nore such active
A6 S TIDGEYT TG IsERRAD G D SERE thy PEXk gy Yhan

: e ~bial.agi:cal W ' . ;
SO sty SR ald e ISk o B abhuopcar
effeivendentadaahiktgreddh ian inmgeotograldy eféotive atmouthe anount
or rate of the pharnacol ogically active agent needed

to effect the desired

[00097] The term “vaccine”, as used herein, refers to conventional and/or
commercially available vaccines, including, but not limited to, flu vaccine, Lyme
disease vaccine, rabies vaccine, measles vaccine, mumps vaccine, chicken pox vaccine,
small pox vaccine, hepatitis vaccine, pertussis vaccine, diphtheria vaccine,
recombinant protein vaccine, DNA vaccine and therapeutic cancer vaccine. The term
“vaccine” thus includes, without limitation, antigens in the form of proteins,
polysaccharides, oligosaccharides, lipoproteins, weakened or killed viruses such as
cytomegalovirus, hepatitis B virus, hepatitis C virus, human papillomavirus, rubella

virus, and varicella zoster, weakened or killed bacteria such as bordetella pertussis,
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therapeutic, often beneficial, result. The anount of
active agent enployed in the coatings of the invention

wowdos/oba4a hat anmount necessary to deliver a  PCT/US2004/025168

therapeutically effective anmount of the active agent

to .achi eve.the desired therapeutic result. In .
clpgf, (i ROB Gt rip SRS, AR TERiO0RRSHS pgionella
g _ _ . Ly .
PR O Tl PRl ARERLARE B ioBOhY RrfBi0G, PR perise
praunwinideoteinaieny pallalate dnd tvibeiodbsleradnt hekapeithbof

effect and the rel ease kinetics for delivery of the

agent fromthe coating into skin tissues. [000100] The

Thi j ' y "bi.ol ogi cal |

(PP  BobiRt oGl PRSI Riny Rhle Wetinarhe
inboipboidciatd the aottingefoagaationsaind Roatings PEdAGEE eekdfr RS bi s
. agent an referstgthe ampunt, or rate of ,t,he‘ ] _
lnivgﬁl%mw%cgthebihrsw%e thg éerpy diglogisalbeastive agent ifrsaetiveragent”) in
TR S| ' o n benefi ci al
m? g’éﬁ F?lﬁdﬁﬁgﬁ%gn%udrﬂﬁ%gfo r %@IQJ%@%%@ eoa%fe%%%l |y active agent

enpl oyed in the coatings of the invention will be that
nmount necessary to deliver an anount of the active

a
[09g3% The tsad DieJogispllesticctineamewitt et hiptegivellp gffective rate” shall

o | r Lee, this w.ll vary w.dely dependin
o S5 e B PO RE 0 nelih ittt HRU GBS g gorer
todtBe meieithr ritb @f Helhafthadd®igh déﬁ&ﬁcti@“%ehh&eﬂé&&oéffgc't R desired
and rel ease kinetics for delivery of the active agent

theygpeutisy phen benefiets], rpodio e janmivat efeactive 2game mmplayad in the

coaRSARE Fyonlen VB e PR St el o e NGO
effddeive h®dUE: ofithd StSkiabbitho hdnidve tROEsRER IRPSheuft 6QOR! I
licit substances, and illicit drugs, etc. that can be

preetinst s whl varg widelp dspending[upon fig2jartidndarntpdyarmacologically active
"mcr. j ect) . d h i n f to piercin

AP e R RS RS Sl

the tdéﬁﬁédrﬂl&ﬁﬁéiﬁiér@ffegtt aﬁld,ttﬂ@r%g@fiihﬁi&QfoP@él%f}%istfhle ggeﬁft from the

or epiderm s and derm s |layers, of the ski'n o

cdating nyo akinrtebyesparticul arly a mamal and nore
particularly a human. The term "m croprojection” thus
i ncl udes such projections often referred to as

[Ogi})%(ﬂb%‘éﬁém *tﬁafag&aﬂmﬁé&wsﬁﬁﬂo » ot iolc[gQ&Ql}%g%ectt{\%erate”

scussed I n detai’l herein, Iin one enbodien

shal\aésothiearsed tvhen thedriclpgioplbcidtion aggr éf ar mithyndlagiealty active agent

projecti ﬁn | ength of | ess than 1000 m ¢rons, nore )
and refers to the amount or rate of the immunologically active agent needed to stimulate
or initiate the desired immunologic, often beneficial result. The amount of the
immunologically active agent employed in the coatings of the invention will be that
amount necessary to deliver an amount of the active agent needed to achieve the desired
immunological result. In practice, this will vary widely depending upon the particular
immunologically active agent being delivered, the site of delivery, and the dissolution

and release kinetics for delivery of the active agent into skin tissues.

[000101] The terms “agent” and “substance”, as used herein, also include substances,

such as glucose, other body analytes that are found in the tissue, interstitial fluid and/or
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preferably, [ess than 250 microns. [000104] The term

“m croprojection array", as used herein, refers to a
w@bassaldstyy of m croprojections arranged in an BCT/H$2000025168

piercing the stratumcorneum As discussed in detail

erein, e.mcroprojection array can be fornmed b
bgpéarﬁl?f&wia HIGH&HE%WS:&HBM%M& &¢- thatcan be @ja@pleﬂéﬁrgugh the
gfiom a thin sheet and folding or bending the

m croproj ections out of the plane of the sheet to form

a configuration. [000105] The terns "bi oconpati bl e

coating" and "coating", as used herein, refer to a
[AGRs  Fredhrm HRHCTP RO, o e Baian, tdfess to pietcing elements that

i i ecL] nhodi ment the .. .
oGR8 A 8P E Pl P SR P Rl Wit
la3@¢ 6f epili@trad mddemiOayroalthdskivold REABRAIA Sarticularly a

carrier. According to the invention, the coating is
mgagd eadimose partigulady e Srwan pil by ermi “eysropragection” thus includes

abi.li.zation properties,. i abi.lity to be quickly
s PRURUERS SRR SRR LB st h e direr. firPeedenfi
to forma structure that retains sol uble agents and
i nsol ubl e agents when substantially dried on the
[Q00&9Hp rAy dsquisendsin dedIGEesD, inoné ebeditmedt afibe éyventiomrlee
enbodi nent, the.present inventjon. c ri.ses devi ce
R prat iRy BERA prbiRy SOl E T Ss Sty D8 et more
pleBdrably,aBsadRri P40 Yidhd. vering a biol ogically active
agent into and through the stratum corneum or sanpling

an agent through the stratum corneum the device

' di a _m.croprojection nber _havi ng exterior and
[dOﬁgé i ﬁ%rtg@? olﬂg’rggr c‘?l(m AFor asrUéa(ii gge]:pa fﬁré tg a.p?urahty of
nBeB5RTRAbALA BAnG Ot ﬁﬂ%@g@ﬁﬁgrcﬁﬂg%@ Qatub Q.| AP discussed

i ncluding at | east one agen the m croprojection
imdetdEnerbin] thg naidaptraection astap saaix foainky by ekihir@gnr poacliag b

R DN T T
e

m croproj ections, each of the m croprojections having
an interior region that is coated wwth a solid,

(008G lankhedrms ‘digooppatiPligoiont AnAi frpliag - 128 48¢d atein, refer to a

BHBLSRLETL cRRIOE R8Pl MOREELIIAS, oty o epimens

of ths $tienlion, thd @ltinpitdidee dhleamiohb activesigbst tAadeirbdrdy optionally, a
exposi the coating to physical contact with the

[ in 3 ) / :
blop%nﬂilb%? euTs0ghcREdIBE £Q thg THERLED U epatiga s soipsied for its
a(ﬁ{égl\gﬂ p%l)%rt?e@?ﬁsg étgﬁﬂgat%tn p?operties, its ability to be quickly dissolved within

the epidermis layer, and its ability to form a structure that retains soluble agents and

insoluble agents when substantially dried on the microprojections.

[000106] As indicated above, in one embodiment, the present invention comprises a
device for forming a microslit through the stratum corneum for transdermally delivering
a biologically active agent into and through the stratum corneum or sampling an agent
through the stratum corneum, the device including a microprojection member having

exterior and interior regions, the interior region having a biocompatible coating
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m croprojection 20 that can be enployed within the
scope of the present invention. As illustrated if Fig.
W@ 29050@40mi cropr oj ecti on 20 has a shape that iBCHURIWA025168
to a standard holl ow syringe needle. The
m croprojection 20 al so includes a slit 22 that
disResen derea fhifcoating wejuding at iggstone agewtothgimigrapsojesiéon member

i: i ' . 11 al ful l
LSSy A, 2B S 0, RSB
dariny iebfetioe of thabddioprijéctioh higto Shd dtrafidn S¥ERHENS

longitudinally, as shown in Fig. 3A, andis preferably
di sposed substantially parallel to the |ongitudinal

h §-70f ] topecti.on 20.. 1 n,additional . .
[@%%i %%F@h@negiﬁl?ogﬁxg%ﬁoﬁ eemé%}t{on.zgle%g lcg comprses a plurality of
nS@bpRdjdciony, eé?dhb.ﬁ‘ttﬁéhh!i@b%ﬁj cBBSIe g EUnahtetiBr fd3fon that is coated

| ongi tudinal axis. In the noted enbodi ments, nore than

withe seliflt subgiantillysirp eoasing|coyiaming gdenst ofe Wolngialngetive agent,

he. i i on. a ing f | at i dj d i
vyl B SEbsRsdofe B Rdat ST i Rub i BRIt (oDaragpm
céigul) ®itRQIt hieeAritNy dRpRnt tHE t&fink bRYIMRR c&Bhétdvith the tissue.

coating 28. Wen the coated mcroprojection 20 is
inserted into the skin (i.e., into and/or through the

u or.neum , ntact, of. t he skin and.under|ying
(bR Ehe RePrngReh o 18 ma- M sl ena RO s BERE PEY eat
mi&8p@dctiorn 20 Bia® ¥ PR MBw N inWhé §ddpk BF feSirbdchBinvention. As
flurd fromthe surrounding tissue can conme in contact
illuistrited feFig.cet,ithgm2@oprofretien 0 Hass sape thpt ishemdentol axgarRiard
d releasing a agent di sposed. therejn.[
h vgpyqu.gﬁ nﬁ%‘aﬁ't Engngcro%rg ecﬁﬁg? alsg 1%% aasﬁggi g].a.t extends
r&lﬁpﬁq'fﬂﬁ‘lmhqun pz N r@x&_ro?cﬁﬁgi:@t‘% 18R nE0h, e §111221 AN @REh@Partially or
As 1llustrated in Fig. 3B the mcroprojection 30 has a
fidlyaper thierterigtls of the micropprjejtient20on 20 shown in Fig.
However, in this enbodinent, instead of a slit, the
m croprojection 30 includes a plurality of

| . . .
(RRAD9L 2 e LB 400 Heob Rl 6, ol
Fidh8 A, niliceisiposferablyi dispo3éd substantiallyepdrallet cathedongituldinal axis of the
coating formulation to forma solid coating.28.
GEBFOiRCHgn £8- Thaddiirnah pBRIMEAENQHTEOWBHPe §if 22 can extend

I ) . n,
e L e
embodintentsafoye b shasiiticah bigo besiplaiéd; the
perforations 32 in the wall 34 of the m croprojection
30 providing means by which interstitial fluid from

[(S(Rﬁ 10] According to the invention, a coating formulation (discussed in detail
below) is disposed on the interior region 26 of the microprojection 20 and dried to form
a solid coating 28. When the coated microprojection 20 is inserted into the skin (i.e.,
into and/or through the stratum corneum), contact of the skin and underlying tissue with
the coating is substantially restricted; the slit 22 providing means by which interstitial
fluid from the surrounding tissue can come in contact with the coating 28, thereby

dissolving the coating 28 and releasing any agent disposed therein.
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surroundi ng tissue can conme in contact with the

coating 28, thereby dissolving the coating 28 and
WO elosasismy any agent di sposed therein. [000113PCT/HNSIN€025168

enbodi nment, the mcroprojections 20, 30 are

t.r ed out of _stainless steel, tjtanium nicke

oBYER; dfeesiring i Yo ries 3h inare is b seathes cnhagirarnian s

|20 ikAHiod 50 BMAL HRfenGHROAI 1CFH SRORE e HE 3OS
Hbogﬁé%éé?e construg?gﬁpou%HggﬁgbﬁgﬁFg%%%U@?%@§%¥kg&§mn30
haset shapeasimilaromizsopaojpetion i shoMntie Fika BiA dlywetddgin this

C s 20, 30 can be coated with a

R o Hggﬁtgh’gf‘% gpﬁalﬂteﬁeém?r%m Retion IBpglnderey plprality ofperforations
. ; . e EE
OERLPRPRIEERE A o4 PEFL TRt o ol o+t e

m croprojections 20, 30 have a length | ess than

ximately 1000 _nmicrons, nore preferably, |ess than

[0§§8{23x iAf?th?tVt@GG Fig 3B dihs injprdorangion B61s sinulsdly spatied withe
LOXi - 0.ni cron 000116

coRERB sl BB P KRR B e AR ATSTERRT. HsRLTEhoKen the
coapdl hietbprejettive 30 i6 idpried B iHeREin?BontdA vith the skintA8 underlying
.solid bioconpatible coating 28 can conprise aqueous.
tisgael WitBibeepating & siwilaily subistangally wewicter) thepesforations 82 tmie

' . j at.i.bl e coating.28 includes.
wRERE B BRI prebRieloB R e el Sy Vit ipl dier B rom he
sueBding &issudi dahl Qbine il Gartat Wath, thé 4HtInBI2BI ﬂﬁré&g@i@%ﬂﬁring the

rel easi ng hornone (LHRH), LHRH anal ogs (such as
coglae 28 ppereleasingrapy pernt Hispesedithereint r i pt orel i n,

gonadorelin, and napfarelin, nenotropins

(urofollitropin (FSH and LH)), vasopressin,

[00OSTR PR 5/ SnbsdbhtC He'RiRtdpréje&idil 20,60 e 2BALAREISIHE BF
as ACTH (1-24), calcitonin, vasopressin, deam no

stgiviebsistedd. tiani8in, aicleliitanumeioys,@s sinn]aribitcentpetible nadtpdils.

[ feron beta, interferon ganm,. er ropoietin
ropRHEY T il Bipedticti Bp Rg EDRRT A L0 ey toted out of
a hALEHuCEN Edial, SIcANK laoWnterC QIRMAHSEN M aicRBrdiBGIRS 20,

(G CSF), interleukin-10°(I'L-10, glucagon, growh

3theanrherated Ive s map-¢anductive iGHRAY ], suchsiParylene”, or a hydrophobic
sohfani, e e Sl omh 19 Llee gy PO P
N-[[(S)-4-o0xo0-2-azetidinyl]carbonyl]-L-histidyl-L-prol
i nam de), liprecin, aANF, bMsSH, somatostatin,
[0B60 bihy k iPnéferablypthetnaitroppdjectioqnk 20 £3 (thavd erlenvghl 1egs cwtnh

factor re|easing factor, chynopapai n, chol ecystokinjn,
apé’ﬁ?i?ﬁn@?ﬁ%l%)@m&nﬁdapﬁ Preﬁsb’%% Lesedgm appro¥irgpigly 500 microns

and an outer diameter in the range of approximately 20 — 200 microns.

[000116] According to the invention, the coating formulations applied to the
microprojections 20, 30 to form the solid biocompatible coating 28 can comprise

aqueous and non-aqueous formulations.

[000117] In at least one embodiment, the biocompatible coating 28 includes at least
one biologically active agent which can comprise, without limitation, leutinizing

hormone releasing hormone (LHRH), LHRH analogs (such as goserelin, leuprolide,
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aggregation inhibitor), glucagon, hirulog,

interferons, interleukins, nenotropins (urofollitropin
w@ E®sp1amd LH), oxytocin, streptokinase, ti SSURCT/US2004/025168

pl asm nogen acti vator, urokinase ANP, ANP cl ear ance

b%?%@h@%%shﬁ%%éﬁ%as' PRI T
|
and- ) h %!OEILCEQ c% Iggg%sé'n? c@ﬂﬁ:@t ﬁﬁt(ﬁ‘t@r&? A CRAPy analogs such as

ment's, ppr €ssor s

AKEH (1-24)ecalcitandrp IVIaSDpﬁ‘aSIlnodSa,mm@ [‘(Ml}l BtArg8] aitginige Vasopressm
s, . parat hyroi d hornone and agoni sts, . parathyroid

mﬁ%? o cHomalPhminigEFioabsta, 16}“6 %gwnermm ng(EPO), granulocyte

mﬁﬁf&ho tdo gﬁ%‘iﬁhﬁ r&@}’[%@ ) ﬁﬁﬁ@%}gg g&p eg Etﬁrﬁ{lﬁtmg factor

@ﬂﬁgqnteslbsklan@l (0940), glupb]@:m aruvith hypsone I(ereaaﬁgr‘ﬁactt&r(GHRF)
TG--heta, fondaparinux, ardeparin, dalteparin,
ingwlis, bﬁiwﬂm@l@om@,rr@i@t@amb ﬂctrw’ﬂfl@»cﬁnﬁorphaur 8&2.&\11%36 (chemical name:

NGB B RE By PEARSRIRRLKAHAIR Sorein, sy, ovasi,

I'ves such

s@Batb AR, brddRihin, sameIdEOPM] flatldtdieriotdgiodih Eactsirbleasing factor,
etidronic aci d, ibandronic acid, incadronic acid,

clyararapaini ehodesygokinins émrm@g@@d@tronm; RGP eNoA (platelet

o B R S R R i o BAG B menotponias,

(Jrafoulttedpm mﬂooh@ldqmv sibtrtb@iﬁ Adtrepititiake, ¢RETESSndihbyen actllvator

avai | abl e vaccines, including, but not limted to,
uxpkees e NP LANE cltiaraas tihikitoss, nagiotensindbantaganisis antidiuretic

measl| es vac mu S vacci ne X_vaccin
AT SO auT e MO R couet) wet SpaRRtulighe Mued
pYAREI (CGRB n@iﬂ&pmm AR ﬁ\é.gﬁl‘éht@ eIgEr@?ﬁa@mp@fass&g i
vacCcCl nes, VaCCI nes an t hera | C cancer
newotroples facmrg colomptstigatrsing rfacttcbre, nayatthyrotd lmrmogf: asd agonists,

h d | h
PR ER GOBRoe Hedno T VReERuUA AeenlrEghEsify grotein C
pﬂﬁﬁﬁ@ tdrdn BinWifors th}}i‘@c@,ﬁi d1phS 1 GnMnfbblytiid "BNE, vasopressin

pap! | I omavi r us, rubella virus, and varicella zoster,
amsagdaste dnadogss a]lphedl ah‘atmmlm érecsumbmag) E{‘&}Ej‘e@te,l ﬂoadapannux

pertussj a ost m tetani, .corynebacteriu
alajemﬁlm éila]sg@nn gg%ot €g W‘%‘ﬁ?% élgt}gl}l/l PATORATIDY feaflpann tinzaparin,
paAts mgysluffate N DRELIbRIdEE Fhd tholﬁgﬁeotl@éﬁéf%ﬁ%‘sas%ch as
aerugi‘nosa, streptococcus pneunoni ae, treponena
faalivirsbamaleadebnid deid, cloclhalie néé, aiddornit x¢1d,rlbsndrhlac @cifl, incadronic

000119] | mbodi
a[%léaml}ﬁ]él%‘? @pgq? gtsg%g}clr?&nf%n tg@g%frg%g gc1|d n%/o e&r!)r?lrc] a01d argatroban RWJ

445167, and RWJ-671818.

[000118] The biologically active agent can further include conventional and/or
commercially available vaccines, including, but not limited to, flu vaccines, Lyme
disease vaccine, rabies vaccine, measles vaccine, mumps vaccine, chicken pox vaccine,
small pox vaccine, hepatitis vaccine, pertussis vaccine, and diphtheria vaccine,
recombinant protein vaccines, DNA vaccines and therapeutic cancer vaccines, e.g.,
antigens in the form of proteins, polysaccharides, oligosaccharides, lipoproteins,

weakened or killed viruses such as cytomegalovirus, hepatitis B virus, hepatitis C virus,
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| east one buffer. Exanples of such buffers include
ascorbic acid, citric acid, succinic acid, glycolic

waeood/oighuconi ¢ acid, glucuronic acid, |actic BCI/US2004/025168

mal i c acid pyruvic acid, tartaric acid, tartronic
aci d, ﬁnarlc aci d nalel acj| d phosphorlc aci

Ingrpsny pRrsHeTgYiTUs, Hbple vigs elm varigellyzosken [rekeaed ar Kiled bacteria
t
SRUE BRIl LR S BRI B o

stespitatoctusglegionalta ﬁneugiophﬂz[ Irté1s§@*idine1ﬁﬁg1haesr plsélﬁoﬂﬁ)hﬁis
i socrotonic acid, D hydroxybutyric acid, crotonic

L PIROS . SHEA9COCERS RICUR Hipg dFopPRemapaldura sk vibio glglerae and

nﬁ&ﬂﬂ%gg%géﬁCId glycine or m xtures thereof. [000120] h
one e nt of the invention, the coating '
formul ati on includes at | east one surfactant, which

can bhe zwitterioni C, arrphot eri C, cati oni C, ani oni c, oOr
[008A1 Bnile ong pepodimegt ofihe Fygation, the man@g] forgwdatiomincludes at

A8 PRTPBROECA B SR AMASHRTN S i SR i, s

adidrpdydolionacidl Qllubdﬁc éaiﬂ/P@)lcur&ﬁB éa&ikﬁﬁﬂlélémd qﬁﬂw elcﬁ’d? pyruvic acid,
pol ysar bates such as Tween 20 and Tween 80, othér

taglaip peidfageonic epid,femarie gad, m%lels;@mla phespherie agie, tnaarballyhc
such as ureth 4, 00012

s 5B B RERI Bl R AR e KRG mbaconic

acfl@ roffedradlicodtid, e sE §ID 1R pibAie 2bidON S PRy, BBy defic BB EMkMhcrylic
or pol yner t hat has anphi phi ilic properties, whi ch can

acu@rtmqr@emc\mdh Suhydroxsbutiricanid, ceotanic awé, ahgelieatidhydracrylic

R e U S s

[0z X VIR oA ¥&B bl A5 6f &Hﬁf;)enu&e&ﬁa/é&aﬁhg B8 atiMheludes at
hydr oxyet hyl met hyl cel | ul ose ( HEMO),

leastiopk lsyifacsant evhigh can bm\mten(nalle@)lphca@‘lmationas anionic, or

| h d h
e T P R S SRR 8
lefa ]jr%?f Eé?&lggﬁfﬁlﬂﬂm%}%‘r@de OXI&3LY kiR bRy CimmEENH @loride

pol yvi altc yl éne oxide),

(’Jﬁ‘dlAﬁl()ZI?jdmyaﬂkomyml, hlyllonédlc Ipatysyﬂbatee)suclwl an\ﬂorapld Tween 80,
K RS i gRErLsich Bp RO I GEhaRosHBISE HaHE Sofich as

1sughynvention, the coating fornulation includes a
bi oconpati bl e carrier, which can conprise, wthout
Iinitation human al bum n, bi oengi neered human

bum n ol utam c aci ol yaspartic, ac
[O&Qﬂ%ﬂl gplagfpﬁ egr embodiment of %e 1r?ven¥1on ptﬁe coating fjormulatlon includes

at least one polymeric material or polymer that has amphiphilic properties, which can

.

comprise, without limitation, cellulose derivatives, such as hydroxyethylcellulose
(HEC), hydroxypropylmethylcellulose (HPMC), hydroxypropycellulose (HPC),
methylcellulose (MC), hydroxyethylmethylcellulose (HEMC), or ethylhydroxy-
ethylcellulose (EHEC), as well as pluronics.

[000122] In another embodiment, the coating formulation includes a hydrophilic
polymer selected from the foilowing group: hyroxyethyl starch, dextran, poly(vinyl
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pent osan pol ysul fate, polyam no acids, sucrose,
trehal ose, nelezitose, raffnobse and stachyose.

WO 0@80PAI0 h anot her enbodi nent, the coating foPOTIUS1000625168
includes a stabilizing agent, which can conprise

ou tation, a.n reducj ng sugar,
alﬁ?h‘{bs MF&%{I%G Fde, P(&M@E‘}Yﬁ@o%@a notbigirylate) oly(n-viny]
PRGIG RS HR R ol B BRI R0 e
sucrose, trehal ose, stachyose, or raf f nose. Suitable
(@ol saccharides for use in the t hods and

silR PBRtaeIRMbqsEmpnhad the la}ﬁefltlﬁ’@i %@Oa‘fm&foasaahﬁp@ includes
a@ﬁé{nﬁ@?&blé Q%Hgll %vh%l%a%@bm%ﬁ& lr}’&lﬁlou?ﬁlglhtbp thhluﬁi&n alabrlll in,

€ reducrng sugars

bioeginsidd lomsarodlbirhi, polyghitanto amﬁgbolsmpaxftmracﬁb( pomhRtidine,
nmonosacchari des such as, for exa , apiose,

PEXQIBP ROLYEUI 4G, Robming BYd® SUGESeo & al@ﬁegme&wg%e, rgffipessend
“%ﬂ§£§ toI qui novose, rhammose, aIIose al trose,
ose, gal actose, glucose, gul ose, hamanel ose,
i dose, nmannose, tagatose, and the like;, and .

di sacchari des such as, for exa pri mever ose,
[4p0E24dnds enothen soplesslimenscibelcadsi rmvéletwl@mcwsiés a stablhzmg
| act Qs ose, nal tose

5P S eontr Rb Ll AL RSP R Pl Ry b P Gecharide

oPRiIhEhg SHde RuilBle nonfedwcddd dupdrsifor el iathOmethogs ades a
vasoconstrictor, which can conprise, wthout

cqriprsitéomis of theam/@t&pnrmqi@de Eafeanmnlsl sucegsel Gphatasandtagiiyose, or

h h fel
o S TP etee BRI R oY uaf B FrebS R 2B Sopsiions of e
nﬁgﬁt‘i’(ﬁf tRde a6# &gﬁﬂﬂ]@ de%iﬂ R618BRI sbhrclD ¥R AZPinkMle. Suitable
phenyl ephri ne, p enyl et hanol am ne,

rqdbeing kpgaopfomaseir the mephodp whd eorepsi s of sliiwerpivadnélnds, for
t et rrahydr ozo tramazol i ne, tuanlnoh
cRlE AT RO LEL P oL RIS, BB ABO A wse, bose

?ib?ff, 'd{g?t%x@)ﬁae fRQEe, qlBRiHD aﬁmgﬁ%g &b 8o M2 8RERNAHEE fiRtfse,
ncl u

eplnephr|ne naphazol i ne,
gtledtoseh yhicosen puloed, hamamzose, ndgse TBRAIGE; tn@toaer antbtho Illikn,eﬂnd

tngzollne 0X netazohlne and X Ionetazol ﬁﬁ

disAcchAades St A 60 SHEMPl% PIIRECIPy LHf140GHS Tt oS 5’56
I

cél ,?%én,ﬂgbl 1%‘#&2 Bltulo88$halRRE, mﬁﬁﬁ@é@ay rg%fd%@ Chd

h conpri se, out tation,
turanose and the like.

[000125] In another embodiment, the coating formulation includes a
vasoconstrictor, which can comprise, without limitation, amidephrine, cafaminol,
cyclopentamine, deoxyepinephrine, epinephrine, felypressin, indanazoline,
metizoline, midodrine, naphazoline, nordefrin, octodrine, ornipressin,
oxymethazoline, phenylephrine, phenylethanolamine, phenylpropanolamine,
propylhexedrine, pseudoephedrine, tetrahydrozoline, tramazoline, tuaminoheptane,
tymazoline, vasopressin, xylometazoline and the mixtures thereof. The most

preferred vasoconstrictors include epinephrine, naphazoline, tetrahydrozoline -
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osnotic agents (e.g., sodiumchloride), zwitterionic

conpounds (e.g., amno acids), and anti-inflamatory
wag@ahsad4euch as bet amet hasone 21- phosphat e di BOTUSIM4/025168

salt, triantinolone acetoni de -di sodi um phosphat e,
.hydrocortamate hydrochl oride, hydrocortisone 2
indaprrelipamestigpEex) itamasaline, hmazaliig osunetsdloresand

Xy g&%&%ﬁ{ee di sodi um sal t, methyl predni sol one
g‘-su00|naate sodi um sal t, paranet hasone di sodi um

phosphat e and predni sol one -succinate sodiumsalt, and
anticoagul ants, such as citric acid, citrate salts

[QU0120] 18 sapthes enbediment of dlsdnyerntionythe spatingfirmniation includes

LT D 1 0 »l N yet anot her embodi.nment .
o354 B A Woncy WO Lo OB bR Gt FHBP e ion
osinbtitdgehts i(@.g./, S6UTRnShldHEleR GOfteriohd EdSRNds QP! dffo acids),

Al pha- Cycl odextrin, Beta-Cyclodextrin,
Aghdh e PEPIHS, sytluadesfamethgsioae ZY-pbosphrterdisndium salt,

hﬁa‘ﬁé@o@%@%ﬁ{%ﬁ@%?@%@ ﬁl{p Qsphate, hydrocortamate hydrochloride,

h%@bé&ﬁéﬁnethpﬁro%@&’@édiﬁxh%althﬁ&h YddnBYone 21-phosphate
et a-cycl odextrin, 2-hydroxypropyl-beta-Cycl odextrin,

dizodibmpchali>appihylpy¢ dnisetene- Xysticcidaste sediym salt, paramethasone
B B e ST B B P 3¢ ptiposgntants

sifll o QRHE Ytif! Akt RElkA(DY Fo@RBXEifthid), RREin sulfate sodium, aspirin
sul f obut yl et her -gamma-cycl odextrin. Mst preferred

agbEDBAl i si ng/ conpl exi ng agents are beta-cycl odextrin,
hydr oxypropyl beta-cycl odextrin, 2-hydroxypropyl-beta-
Cycl odextrin and sul fobutyl ether7 beta-cycl odextrin.

[00099H28h ybaRRRS Beho GRRAEL FRB t{iﬂ%ﬁti&ﬂ fnd EBQ%H% I huIddn

coati'ng fyor mul ati on I ncl udes east one non-aqueous
ircbldeeatolubkilislngaengl dxampigent, siichogarcomprise AgirmeCyclodextrin,
propano| , butanol, propylene glycol, dinmethysulfoxide,
B@ia;@@.lq XUy, (FegIRis w%mrﬁlg@sﬂr?dplf:?ofimi%q%énalwsyl-
A inl IhethN k % 'ﬂﬁyﬁ idg i
a%gér( ‘r‘rﬁgl*;laoté ?’gﬁg’ %gg‘i%gi’%t?‘}?%@id% H bes aﬁéttgp r ooxc%e}r%tal}nél y

hp@iox gropsil peiasschddxtgihezthedrok iaopyd-teenCi¢dodextfifl@ 0] I n
one enbodi nent of the invention, the thickness of the

h
hyjroxerpRilissmmacbxelP g hvdtsyethynbelobyRiodFoRs; madykbeta-
C&El%ﬁg{tﬁgl S%lfgtlgtﬁfeé’ l??—?.g)élggyﬁbﬁéﬂlqﬁ,’ suftSb UG R Bl &R0,

croproj ecti
and sulfobutylether-gamma-cyclodextrin. Most preferred solubilising/complexing
agents are beta-cyclodextrin, hydroxypropyl beta-cyclodextrin, 2-hydroxypropyl-beta-

Cyclodextrin and sulfobutylether7 beta-cyclodextrin.

[000128] In another embodiment of the invention, the coating formulation includes
at least one non-aqueous solvent, such as ethanol, isopropanol, methanol, propanol,
butanol, propylene glycol, dimethysulfoxide, glycerin, N,N-dimethylformamide and
polyethylene glycol 400.

[000129] Preferably, the coating formulations have a viscosity less than

approximately 500 centipoise and greater than 3 centipose.
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[000 Referring nowto Fig. 3C, thereis shown another

enbodi nrent of a m croprojection 40 of the invention.
weecwsntismy to the invention, the nmicroprojectiPOT/AS2008625168

a simlar shape and size as the m croprojections 20,

30 shown in Figs. 3A and 3B. However, in this

enbodi nent, the mcroprojection 40 is forned froma
[008150T Gn Bhe %hb@diﬁ&%h@%f tﬁ‘%1 inVEﬁtfcIne b inddd B HR A0 dnpatible

mat eri al exhibits a high surfaée energy an as a
cdating is lpssrtbani 160 mivroiee noanprefepdblapysAkam s gligrodd) as m@@sured

% [000132]  h.one enbodi nent of the invention, the
fremtheamicraprpisction sSE&Sean average pore size in the range

of approximately 0.5 - 50 microns. In the enbodi nent

shown in Fig. 3C, the noted porosity is facilitated
[00013 1§ n Reefireidy nvwao Eig)13aY Gletd iy sedwis hidtBerbZabdd@8&k IR As

w || be appreciated by one having ordinary skill in_
migieprgjeetion HRoBs ipvwatipn r H8¢arding i theliBnbienalpnkcegragction

_ . _ : . ' . furth

AL BTG ALl A0 50088050 85 bl f 0K s

3B.hHoperasint tiisantiodimaas Be ﬁiia@?ﬂig@tiaﬁue li$ frn@8 fin & B&amic or
ceramic material used in the fabrication of the

lilkeipafisrial. Rreferabho flececranis nederiad exkibitee hich wypfoeciensngy and has a

o BB P el SRR BT %eent being

rs ul ar é‘gent bei ng
delivered. [000134] As illustrated in Fig 3C, the
interior region 44 of the mcroprojection 40 is

(09013 2]adn gne eabedimait of the sysntiony theeramigmaierial iag an ayesage

solid.cgatin . Accor.di tQ.the invention en,the .
paB R R eplS e PR BRGNP blfrnd Bk ety iim in
FigOBC aGk nWiel PotdiRy SdfabilieAel R efianréd)Srid 4 PREitWoF Klith Be.

coating is Simlarly substantially restricted; the

porous ceram c material providing nmeans by which

QBT s orasba RO g Rl e B R i

p%!osﬁ%%ayﬂ A B MR8 by BB ARNEnH R EASHES ARG Ns will further
i sposed therein. The rel eased agent will then diffuse

boaipréaiaed bhen hanieg bolinarg gkitinn e aof, thehmrodityramdfapjper dizn

40, either_ back through fhe porous ceram ¢ wall ar
CHAAUTSHOS Petbb SR P ABTEL Ve DR ARSICo AR of he Cerantl

G5 BRI AbRClah R s8cte BAdkdTh (RS cdatihb $5hRHSAhn dnflbfedfnd/or th
mt rglgijrzét%erl or reéi oﬁ 44 of the (r;n'aclrgproj ecti onlﬁ4geis or e
melaculaachayacteratiesofight Ipadicobabgang béiog deliveredn to form a
solid coating 28. According to the invention, when the
coated mcroproj ection 40 is inserted into the skin,

[db@TiéﬂCtAsVﬂthrated in Fig 3C, the interior region 44 of the microprojection 40 is
similarly coated with a coating formulation to form a solid coating 28. According to
the invention, when the coated microprojection 40 is inserted into the skin, contact with
the skin and underlying tissue with the coating is similarly substantially restricted; the
porous ceramic material providing means by which interstitial fluid from the
surrounding tissue can come in contact with the coating 28, thereby dissolving the
coating 28 and releasing any agent disposed therein. The released agent will then
diffuse out from the interior region 44 of the microprojection 40, either back through

the porous ceramic wall or through the opening 46 at the end of the microprojection 40.
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the skin and underlying tissue with the coating is

simlarly substantially restricted; the porous ceramc
worios/oi@ho provi di ng neans by which interstitiaPCT/ustod4/025168

from-the surrounding tissue can cone in contact with

the coating 28, thereby dissolving the coating 28 and

rel easi ng any agent disposed therein. The rel eased
(REPE bt B it SEPn St S AR o JUE ol BB 40
sifpilaflyi Sodted @ith @ comfing REmblation ghfoiie sfidtbighdtB. ahcddiding to

end of the mcroproj ection 40. [000136] According to i
the feventorivhearihe eoptedpiprompiceliomdfl tinwiied pp ithaiskimoontact with

m_cy opr.Qj y 40 t. d ' c .
o SR sl yi i OPTy SRl SR Bhrged: the
pdrotigitdrahicahSerill Beodink Weeaf g B vhiching it Pl Eniid se

any of the aforenmentioned agents. [000137] Referring
syranneling tisgpe @D comdn eontact stivihe peating 7S hereby fissal ghihe

of. a,gi croproj ection of the invention i ]
o a2 N Bl B P nBep Pl s et el b ten
dIRE blttrom ACiBictioP Eogich 446f theMBGbpRbctibh @0 8itHeP PAdK through

ection 50 has a simlar shape and size as mcroproj .
theqlorars c8Bymis wallor itmowgiyhe op&ying AG ke wod af fhewnigraprgjegfon 40.

perforations 52. However, in this enbodi nent, the

m croproj ection 50 includes a solid piercing edge 54
[RD4 36N €A RlordTRE £ AP &iVieRdsn, T CHafiRe fchuliiRRi Applied ke

piercing edge 54 to aid in the dissolution of the
micrapiofgtias 46its fomete solid drating ter similarly gpwnriss anyraf the

' ' ti S . [1000138] A di to.t :
ofrriooH SoeR RISt REart Eaipry S o SR ey o
i A6l Rtidi ¥ gst he desired introduction of

Interstitial flurd(s) and rel ease of the agent(s)
[@uNBE] nRefeirimgtriosy toddg.i 3Ty theraignhefvaryetahodindycdibediment ofie
openi ngs, 56 have .a curviljnear .or, scal |l.oped sha
TGOS TORSOH HssEYENeR: Thickis ATy REFTRbIS PER] Bgaporous
cSantif el SRR B0 yitich. Tl AORYIEEN 54 1 & Snlr
shgrendisirg at mitbprojevtien BDoshowntie FigshaB cinaludthgre plnmpitsodt
ection 50 is inserted into the skin, contact 'thﬁﬁf 1d
pexipatigRsd 2 ndev exerrg this savadiant the@icreryp)gqgor g meludes a so

simlarl t ' r4ct:ed: 1) doe 54
B B
toBRANG thYdivddhidn of the coating 28 disposed in the interior region of the

microprojection 50.

[000138] According to the invention, openings 56 can comprise various shapes and
sizes to achieve the desired introduction of interstitial fluid(s) and release of the
agent(s) contained in the coating. In a preferred embodiment, the openings 56 have a

curvilinear or scalloped shape.

[000139] As illustrated in Fig 3D, the interior region of the microprojection 50 is
similarly coated with a coating formulation to form a solid coating 28. According to

the invention, when the coated microprojection 50 is inserted into the skin, contact with
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interstitial fluid fromthe surrounding tissue can
cone in contact with the coating 28, thereby

wale@solesiing t he coating 28 and rel easi ng any ap@€ns2004/025168
di sposed therein. The agent will then diffuse out from

the interior region of the nic(op&%jection 50, either
thp gkik and nadeylyingiesspewithiike ¢astisg Sosimdpdy igeangeliprestricted; the

r.Qus ramc | of the nicroproj.ection.50. .
pP R0 thor s 26 e SomiS roly e BBt Sl Mink s by which
infedtifial Bhidron? Bl sufQuidifg tifdue kR borh€ e Ehtt withahe coating 28,
m croprojection 50 to fromthe solid coating can
therehy diseolyingdhpedating &b yndfeleasmgaany egend disposrddhersay: i Hip agent
fornul.ations. . The active agent..can.simlar.l onprise
w8 s O v TSl B GoR B i tudion ol i P
thtd¥Bh ISP R R RIS 5D OdpentHas 56Qr Pervas Berh@NOWhIl bee thidfiprojection
approxi mately 1000 ‘'mi crons, nore preferably, |ess than
SGpproximately 500 microns and an outer dianeter in the
range of 20 - 200 microns. [000142] Referring now to
Fig. 4, there is shown the first phase in the
[O@@m{ﬂ aGt RbRIIEY t0dhSRELNHY BRSO inE PRI B R apPlied tE interior
invention. Amcroprojection array 6CAis initially
regonrd dhd moomozrojebiion Sheefrors thdsolidicohfingycanveiyilay eompiise any of
to_provide gpenings 68. . As i]Jlustrated . in FEi 4, .
(R PR T BB S o S SF BEGh ey BEpEicppmEse any
: .5 Stage, the m croprojections 62 and
“@%egggagéFff$%% P%%oned in the plane of sheet 61
[ 000143] Referring nowto Fig. 5, there is shown the
m croprojection array 60B with the m croprojections 62
and 64 bent out of the plane of sheet 61 and separated
e - 66 [ [ WG 5,
(AR E B s RERE ey o0, S M s
aptbsihardly ab0ymiespendiepreferatily ledsehahapptomithatelyds @l microns and
I sposed substantially parallel to each other. As
aﬁQW?h@@HEﬁ*H§@P§F€6Ofﬁoﬁ%QQH@PKWﬁe ni croproj ecti ons 62
and 64 include inner faces 67a, 67b, which face each
ot her, and outer surfaces 65a, 65b.[000144] In a
[0SHEY resheembedivieFig. of tHeheisishyen thieofivst pifasein thhenanufacture of
m croprojections 62, 64 are pbent out of the sheet 61, ..
a seavnd gengalicorhodinent of thednugitione & Mgrraprojestien 200 gy igitially

formed from a thin sheet 61 by etching away material to provide openings 68. As
illustrated in Fig. 4, proximate the etched openings 68 are microprojections 62 and 64.
At this stage, the microprojections 62 and 64 are still positioned in the plane of

sheet 61.

[000143] Referring now to Fig. 5, there is shown the microprojection array 60B with
the microprojections 62 and 64 bent out of the plane of sheet 61 and separated ‘from
each other by gap 66. As illustrated in Fig. 5, the microprojections 62, 64 are
preferably bent substantially perpendicular to the sheet 61 and are disposed
substantially parallel to each other. As further illustrated in Fig. 5, the microprojections
62 and 64 include inner faces 67a, 67b, which face each other, and outer surfaces 65a,

65b.
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preferably, both of the inner surfaces 67a, 67b of the

m croprojections 62, 64 to forma solid coating.
weecwsntismy to the invention, the coating is prBpCEUSEA4/025168

from bei ng di sl odged or abraded as the

m croprojections 62, 64 are inserted into the skin.

[000145] In a further embodi ment of the invention, the

i1NGf a roj .

(A gy e e ot bR SR OB Bl ER bR,

64ba1&tbeﬁumt©ff titehsheqloang cda‘tmg Hernsiie®in is applMALE G} 1eaft ode, more
further envisioned enbodi ment of the invention, t he
prefsaringpotly phibe dinen srrfases i 64 pf theanicroprojectisus 62, 64 to form a

r ¢tio
sqfooREE Aol 8L MR EREPLET ubbtid o Pebftigodecd
on¥bpaded akitlgSmi Jﬂ@)@cﬂonst@e&ﬁaﬂein@k’t@@ﬁh’[b e di@f.mat i on of
a further enbodi nent of a mcroprojection array of the

i nventi on. AS|IIustrated|n Fig. 6, the

prQj n 1.l ar for by .et chi ng ..
(TR 8T R uBplol RELR 13iMaPhy sy MrE oG, Poied
toa@l inflBloBrdjdteioR B2 AhA 85 pABr A the mlﬁb?m&k@ﬁg 6D1%3 bbing et out of
[000148] Referring nowto Fig. 7 he m croprojections

theplanepfaheesheetill. arl y bent substantial ly perpendicul ar
to the plane of the sheet 71 with i nner surfaces 77a,
77b facing each other. As illustrated in Figs. 6 and

[0001861C hin fﬁft@e&reﬁin@fbhb& BmBdimeAt bk ﬁﬁ%ﬁu@{ thsptingne,
preferably, a plurality of openings 79 that are

fatnsjptivads also appdied deltheolitas sutiages 66 aH50jof the mivratojePidons 62, 64
00149 r di o the invention, the openings 79

to[cfgﬁm@&‘?%ﬁ]it@ggfgﬂl é‘egﬂ%pes and sizes. In a preferred

[RORAH "Eéﬁ:ml%tﬂl%wqewgsng%néﬁeth&é%EWﬂ @Jelfwnﬁa%hwg%ﬁner

I n shape 0150] In a preTerred enbodi nent of
emhvdintenbof a midrqno;eh‘eomarwym:frtb? wbm‘rmm Aillugigated @ Elgn@ the

S i BB A i
o/
n%?éér %)gr Ojblils?t | Oﬁﬁ&%ﬁ/{%g lgg %gelﬁﬁggo rgmﬁg nggrolbgﬁ%cgg{lls Z}%} 74| n

a further enbodi nent of the invention, the coating

f or mu at lied t h jgction 72 and
(O] CReiFinee D Boh BdBr GHOEHTIS 72, T PRGN ot

sﬁjstatnli}ﬁlly L&B&cﬁéuﬁlj}g tl?é"ﬁﬁﬁe dfthe sheet 71 with inner surfaces 77a, 77b

facing each other. As illustrated in Figs. 6 and 7, each microprojection 72, 74 includes
at least one, preferably, a plurality of openings 79 that are disposed in the body of each

microprojection 72, 74.

[000149] According to the invention, the openings 79 can comprise various shapes
and sizes. In a preferred embodiment, the openings are substantially rectangular in

shape.

[000150] In a preferred embodiment of the invention, after the microprojections 72,
74 are bent out of the sheet 71, a coating formulation is similarly applied to at least one,

more preferably, both of the inner surfaces 77a, 77b of the microprojections 72 and 74
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[ 000151] According to the invention, the openings 79
facilitate the contact of interstitial fluid of the
whoay/ovd4th t he coating after the microprojecti POT/ER208Y025168
70B has been inserted into the skin. The openings 79
further facilitate the dissolution of the coating in

to fpran p pelideaating s put Birther epladimpet afiths wyewjase thecesting

o 93 ] i BahicB DR G 265 R By ons
72094 Beink BAIE bf 18 plarke W tHahe@Ml Si oned enbodi ment  of

the invention, thé coating fornulation is also applied
to the outer surfaces 75a, 75b of the m croprojections

sl AR N A BB kL B b 2903P
inRpdRiedi Mealorede EbdFFivﬁﬂpﬂﬁé Qb Aol aFRr BlermardpE&Feétidnt@ray 70B has
invention. As illustrated in Fig. 8, th

t he

bean arsepiedinée theshinarhgppedaps 7% furibienfactlidate theadis®@mion of the

shownin Fiqg. 5 However, in t.his enbodi Lathe arr
coge THBP BIFEESH SRS R SR rURoPLTParS  bof 4 Har daatdby
thé ek biRfaced 774, 97O RAPIE GEIbRBDf B a%eﬁt-_&ﬂuairﬁﬁg Qbatirntdthe

the invention, brace 80 provides additional structura
badygi dity and assists in nmaintaining the distance

bet ween the inner surfaces 67a, 67b between the

m croprojections 62, 64 (i.e., gap 66). [000154]
[086njoﬁgr IR0 9 AR bRvikibRed SnbddiRER JfShSRQYRINE theRRbHET

enbodi nent of a mcroprojection array 70Cof the
formulation sralsofepiikd tosthe atted surfacks g3a, 95b phithe microprojections 72, 74

rricroprg'_ection arr %/ 70Cis simlar to array 70B
todphan addifignal poafpig ta¢rae%-ar | y i ncl udes brace 80, which

' ef fii t gl ' RS 72
oo PSR aB) 16 s Rl PRy o g oReleShon
miBréproReOpresiayos i 62the Giventich. 7R8s illtdtrated pr Eige8 abé ypisiopmgection
such that the pair of mcroprojections (e.gd. gé@ ﬁﬁg
arggat 00%sis SingilaTge arpe A FRAWILI K83 cEORRYFTt iRgis cRbPmt, the
. gt ) g : . ; >
oSG s befs poPEE RPN B0 ik o B jcions
625l 641Ss8Edoeding 106 thetilventibm, lbracBy]0i pravidys addidorghpbtural rigidity
bet ween respective pairs of mcroprojections_is

' h
andaasgietsan mappriaKictae SIIENBbIVEFLINE IRRST SHEAGEE £7%0d bBebween the
ok 9{8&@5?21%%%gfrlﬁ{)%%%agtét%ﬁam croprojections 62, 64, 72,

n

[000154] Referring now to Fig. 9, there is shown yet another embodiment of a
microprojection array 70C of the invention. As illustrated in Fig. 9, the microprojection
array 70C is similar to array 70B shown in Fig. 7 and similarly includes brace 80, which

is preferably affixed the tips of microprojections 72 and 74.

[000155] The gap 66 between the microprojections 62, 64 and 72, 74 is preferably
sized such that the pair of microprojections (e.g. 62, 64) act as a single penetration
device and that there is no "coring", i.e., there is no insertion of tissue between the

microprojections as the microprojections are inserted into the skin. Typically, the gap
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approxi mately 1000 m crons, nore preferably, |less than
approxi mately 500 m crons. [000157] In a preferred

wertsdigmnt of the invention, the mcroproject PONESHB/025168

64, 72, 74 are constructed out of stainless steel,
titanium nickel titaniumalloys, or a simlar
bhPEEstpEPIItiFe Raireef raicropapieiiarats indhg rangp ef approximately 25
mggr&{sqgr gb%?&o%]s 62, 64, 72, 74 can be coated with a
n-conductive material, such as Parylene(r), or a
hydrophob| c material, such as Tefl on(r), silicon or
her | ow ener rmterl al. [000158] In a further
(ORI relarabin rn@mprom@wgr@p j renicagh g fan

ool ol O RS OB TRUG P

coating formulation can be applled to the
m croprojections 62, 64, 72, 74 by a variety of known

[G981 Hidddn apmefewed ﬁnb@hmﬁnfgofﬁm mqrétmrma misgoprojections 62, 64,
78 o DL PR GG DR Sk Gimapas o)

sihfBEbRcHSphtiRe MatdrBPr RitQRLHRNS 182middprojédtions 42068, B, 74 can

coating solution. By use of a partial i mer si on
be easitadi Wil 2 npn-cpsdmgs ifatesial, su¢h a5 Raryloeec one hndropoton| y

thegm.cr opr ons 62 4, 72, T4.
mﬁ%ﬁ‘ﬁf_légﬁ% heﬁﬂc%oéla&rlolmf ﬁﬁe"i’ fadee fles roller
coati ng, Whl ch enploys a roller coating nechani smthat
simlarly limts the coating to the tips of the
(G805 p rInjaefuttherrmviSiZmecﬁ dmbc?dimeﬁt} theTmh:rmprbjeeﬁortscﬁt, bhg2, 74
thooclll\%s di scl osgd in %gl i cati.on No. 10/099, 604
arg oM AGOR, R %’sfa)matml 785 % RSFSEr at ed by
[({9@‘1 of1e n&&oﬁﬁﬁg tdhk ﬁhvehﬁor? Afd Edatidg fo%ﬁmqutﬁ)%aﬁ 8da ?ﬁhed to the
tail in e noted application, the roller coa
miebprofecpivny b2 éd, 2 §mhy‘tarvameaztofmgowhamethcmst tiare such coatlng

restricts, the coating from.bein s edfrom
msfhof sprpries 1Br?§at6‘¥ Tai oo o b PRy 7 Tl 4 gt the

n{rlnaggft)?dm% 1l gyztrnotg%h?}tgﬁl\égﬁﬁ fgiﬁ m?ls{b?EOéect10ns 62, 64,72, 74

roj ec I ncl ude”
imea ﬂSatﬁ@ad@h&d)nt Byseor y pamaﬁfnﬁneremhamlquhelt veopaseibleath limit
the coatin such as, grooves (not shown surface

theraoaiiing @rqft}’ﬂ’;@ tipsef t@ﬁ@\ﬁfﬂpf‘éiﬁc%qnﬁﬁlza?‘l 72,774,
nodi fi cati ons, wherein the nmeans provi des increased
surface area upon which a greater anmount of coating

[oanctle Alepasdricesting088dEImyyide Edlleg comay vhirhreiglow a roller
that can be enployed within the scope of the

coating mechanism that similarly limits the coating to the tips of the microprojections

62, 64, 72, 74. The roller coating method is disclosed in U.S. Application No.

10/099,604 (Pub. No. 2002/0132054), which is incorporated by reference herein in its

entirety. As discussed in detail in the noted application, the roller coating method

provides a smooth coating that further restricts the coating from being dislodged from

the microprojections 62, 64, 72, 74 during skin piercing.

[000161] According to the invention, the microprojections 62, 64, 72, 74 can further
include means adapted to receive and/or enhance the volume of the coating 35, such as

grooves (not shown), surface irregularities (not shown) or similar modifications,
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present invention conprises spray coating. According
to the invention, spray coating can enconpass
wo orosmid4am of an aerosol suspension of the coaPCTyS2004/025168
conposition [000163] Pattern coating can al so be
ed to coat the n1cropr01ect|ons 62, 64, 72, 74.
WlT‘FYél ﬁ@ psaRs RrgXidenBicearedrariassomreapensyhigha sieajereamaquagof
ioning the deposited liquid onto the
“ﬁﬁﬁésga%?%égg%%fsurface Exanpl es of suitable
preC|S|on metered |iquid dispensers are disclosed in
U S. Patent Nos. 5,916, 524; 5,743,960; 5,741,554; and
[080%33, FoBirthgneeating methad th@/t can be epwicaed avithin thefseppmefdhe
preéaenﬂ tggnogoﬁﬂseg/%p%oyg a?ljn CC(gﬁlngotﬁglll Vg qgﬁu Spal"g.}ll goa%ng

or SO I ons can

cah%ﬁb@ﬁb&@ Yoru§utiogl olf BRWerosn Is@sp@hﬁoﬂ af the cehtmnedbniosition.
optional fluid notive means and positioni ng means

which is generally controll ed by use of an electric

0By Fil et PRrobi SRR Oy R Rl ob AR08 o2, o4
3,eah
e o Lo o g e T e e TG gy v doning

thAdesdﬁdl @qmd ancethie rwemmwtlon herf@@atEmglpﬂeﬁrcrﬁgumbl@ n

d .t h t 62
pEpRoBgsreg SR R e iovge iy £ttt ol
5,04 D0607814104%2d aﬁd’%B@gzi HRH ALIMPincdPBrAsd by RIGGFR!
can simlarly conprise any of the "af orenenti oned

hexgient s. [ 000166] Referring nowto Fig. 10A there is
shown the first step in the formati on of yet another
enbodi ment of the present invention. Sheet 90 is

[oitogi ‘?43 a |1\lﬁér<§§r8ﬁ@ﬁjon RJ4hs ?diim‘a[atl%ﬁ?bleé‘otluﬁcﬁls 88 8lso BE p1idag

rmon nore groupi ngs 94 of small openings 92.
ushegimkd etrtgcltrxoldgymsmlg\kﬂmzvncsu],endnkie/abpehsmgsers; aptiowatpluidmotive

vari ous sjizes and shapes. [ 000167 econd .
MEYHEAPOS IO SIRTH? Rt gﬁﬁ_’fég’r‘]@P ooty @P&f&cﬁ&r field.
N R S i S B
dltslb@mﬂgrtaﬂmb&iglyymmvﬁmedlelaermoh as¢difoe npplyingfthopateor coating of

nore of mcroprojections 96. The fornmulation is dried

thisgnVeftila sol i d coating along the interior surface of
one or nore of mcroprojections 96.

[000165] According to the invention, the coating formulation applied the
microprojections 62, 64, 72, 74 to from the solid coating can similarly comprise any of
the aforementioned coating formulations. The active agent can similarly comprise any

of the aforementioned agents.

[000166] Referring now to Fig. 10A, there is shown the first step in the formation of
yet another embodiment of the present invention. Sheet 90 is initially etched, punched
or subject to laser drilling to form one or more groupings 94 of small openings 92.

According to the invention, the openings can comprise various sizes and shapes.
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[000168] As will be recognized by one having ordi nary
skill in the art, when the coated m croprojections 96

wae@siongerted into tissue, the coating is protECr/Es20asns168
not exposed to physical contact with the surrounding

' e, the openings 92 in mcroprojection 96 allow n

[0?3{%%575 he'he §erod stsRrcompsisen the Aefarmationer sisstehingpfsggienseof sheet

' Lt 1] j tional..eny.sione
o SbSiEm eBhonditiyd4 I B of fip RGBSR T L Fine
foeratladibs & then piefdritdd pladed e MW i@erisisf@edr aforé BE

m croprojections 96. [000170] Although the groupings
MIAOPIECHIHAP- | Therdprnulatem is drpd isra aolidigbaling along the interior
supfal QBEGIER B o?ﬁﬁgplp&%gec%gns §he openings 92 and

arrangements thereofr can conprise various sizes and

configurations. Clearly, the circular shape is nost
efficient, since it enables all of the openings 92 to

(098168 c yspwillheageegrizsd bronpheving pulieay s ioéhe roodEn e

Thaugh not. sho t he area of.sheet 90.that |
ooy B s e et Radt PP isP Bl o b R rebErige gud no
exXpdbdied phisiddl @Bnfabiwitiame seRe& dinstiGhoURE bferfifes 9PNins
woul d result in openings 92 only being di sposed near
midneprojeptiert Iorildovoipe drebe subse@ent disgdutia] ofthe entiaglby the
. the.m croprojection 96 has a length | ess than
‘ngﬁgF%¥ﬁ ely 1000 m crons, nore preferably, |ess than
approxi mately 500 m crons and a maxi num di aneter | ess
than 200 m crons, nore preferably, |less than 100
[00D 6% ndn additionat BhviFlenedyembdimgets of e idesitipn, b cotling
i nvention disclosed hereinis directed to a . .
romRi B ph Giteales B SRl bt oee: Spopdscefemigagioipgtions 96
contai ning an agent to be delivered, the invention can
al so be enployed in conjunction with sanpling a body
[o0DUTQy, Altlwhghshed growrisgs 4 at stidwn th FighE) A gemprison¢iaiuted
in the coatin, cgfld be one fhat enhances Bodu tion of,
AANGENLRIRT OPRRIBET A NS ORHMINSS 9% i e%%%%nfsgt ERR T OTEse
Vaﬁ*[ogl%i UGEL Ay &JPfif%}%ﬁﬁB?g. Q1) theCcifdulir QBAps ik BRIt &icient, since it
and/ or one o e aforenmenti oned an anti coagul ant or
ertables H alfittgoppangt 92 t BOMETrhpratal intd the necapprjedioatddd by
one having ordinary skill in the art, the
m croprojections of the present invention can be

BRSPS B AT Lol Sean gt
mi@bprofd@fon 96 could be larger in area than any specific grouping 94. This would

result in openings 92 only being disposed near the tip of microprojection 96.

[000172] Preferably, the microprojection 96 has a length less than approximately
1000 microns, more preferably, less than approximately 500 microns and a maximum

diameter less than 200 microns, more preferably, less than 100 microns.

[000173] Though the general design of the invention disclosed herein is directed to a
microprojection design that protects a coating containing an agent to be delivered, the
invention can also be employed in conjunction with sampling a body fluid, such as

interstitial fluid. The agent contained in the coating could be one that enhances

35



10

15

20

6, 050, 988, 6,083,196, 6,230,051 and 6, 219,574, and
active transdermal systens, such as the systens
wale@sihomed in Pat. Nos. 5,147,296, 5,080,646, PCLE6S2088225168
and 5, 169, 383; the disclosures of which are expressly

incorporated herein in their entirety. [000175]
production of addsifadanatemalssughds pilecarping tmslhtamet the sroductlon of sweat

beconme appare skilled. in
fob P RIA g PP b RereGieB i iop gy of A
hehfthSadeiuention. It should be understood that this
invention is not intended to be unduly Iimted by the
|IIustrat|ve enbodi ments and exanpl es set forth her ei n

o7y Ao b AP BB e e e ccunpy S ExBe FvBR: | on
mic%lpz&@@t‘ijoﬂs‘bf Iﬁ?e ﬂr\e{@nﬁ ﬁl%ﬁiﬂn)baﬁ%letel‘l%k%}eﬁ 'vﬂﬁl ﬁa%ﬁlvé Bhhddermal

I'n as fol ai med .
devices apd sjstents, suchfas ithe prsgive tr@msdﬁnnzd sgsthine Idrsg]osai in Pat Nos.

o Jifl el Gr0s 1Pk 40 oy Sl AL B G PP e s

as%tfés;fs%%é cﬁ%{lé(se@nl?bﬁ’tsmg $aji49. 29@t %B@ 646 W {ACH A%, £59,383;

bio at1 bl e coating di sposed on said’interior

the drsf;memes stwticinace exprasslydndooporaedihereidbin thgir antaptyed t o
substantially restrict contact of said coating with
the body surface during insertion of said
m croprojection nenber into the body surface. 2. The
m croproj ectionof Claim, wherein said mcroproj
ection menber includes a substantially Iongitudina

The m croproj ectionaf Ca erelﬁ said
[Oﬁf)bﬁapr\’cﬁﬂ%ém%‘rﬁ%%eﬁﬂ .aﬁelfaaa@%toé 1}§I1&Y%I|UP%1;W1 foecome apparent

to Qﬁ rsf e%kﬁfed%q te{}%ltﬁﬁft %.%garﬁlﬂé ﬂ&gﬂhé @t’:o%e QR @1!(3) #’1‘9 g glllfk‘rjlnn’ventlon.

erior SU aces Croprojection

It %ﬁtﬁﬂ@ba ufdirstosd tHabiineaitionrs ﬂ@umﬁndaacstodimmﬂumtmﬂecbw the
of a material selected fromthe group consis

¢
illysteativieesbodireaits ang Qxamplﬁﬁsefnﬁosiaéllere@m ﬁ%wham%fi |eggt§1913ﬁ gnd
erpp SRS ERE AP S Rdple onfPRANEL ARHOLE AR ThAARby

Sai’d
intended to be limited only by the claims set forth herein as follows.
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I's constructed out of a non-conductive material. 6.
The m croprojection of Claiml, wherein said
worR@sopra) ecti on nmenber is coated with a non- cRemusiove25168
material. . The mcroproj ectionof Claim, wherein
said mcroproj ection rren‘%er has a |l ength | ess than
approxi mately 1000 m cron LAMSrhe i cr oproj ection of
Wahedsdimeaher ei n sai d bioconpatible coating is
produced by applying a coating fornulation on said
m crbpr oj Aahicoopreyectiverfor Mserfibe inth abiglo SkgGutfaes, 9bmprising:
Caim@8, wherein said coating formnul ation includes at

| east THEP) ey merbeyhaying ipferiog apd exteriersvafaces; saifl exterior
LS . |.easi ng hornone
su?%lg—lé;{%b%%ﬁﬁléﬁ %I%g?s%{& Sa{/d;g f)eg{(rgg g%r ?a%,e ? %‘213 nopr essi n,
cor ta bioterapatibl¢ &t disposeAChHaniatedidr sadcej t oni n,
vasop[(gssi n, deam no [Val 4, DAr ?{%1 ar gi ni ne )
vas oPtEREGIAPTo] estien MEmyAL ‘@qn@g-, adapfedkte splestanialg restrict contact of

[ : ol et |. P .granul ocyte .
solCRULE A HEPOR, bt A S A i BRecREH hibmber oo
thgbadwhiatyte col ony stimulating factor (G CSF),
interleukin-10 (IL-10), dl ug:agfon, growt h hornone
r el easi ngThamiGerroieefm of Clanili wheteinssald misreryp)eqtion member
infRUEd 4 QB A} BRI SFL 90T PRI N RN T30
N-[[%.s) - 4Tﬁlé<ﬂlicﬁo$k_éﬁbti&1 oy Clafan beAvelr dalt Sidrétojection member
. L-prolinan de), liprecin, aANF, bMSH somatostatin,
inplugdes apluradity ebpafosaticapithnt exend Birewghdaid epgeriqyrapdinierior
Sufﬁﬁcésor rel easi ng factor, chynopapain, chol ecyst okinin,
CROTT oni ¢ gonadot ropi n, epoprostenol, hirulog,

| Nt e4.f er oMhe idrEfropkbmer CRARY! RRbRE safX X @6pr8jection member
_ streptokinase, tissue plasm nogen activator, _
is goutiugted @ut AliPmaieipl ssflestadainane thadrobp corsisting gif staiess steel,

B o S SRS e o
pepts de ( MGroHﬁBj%@ﬁ&?M ORim TARhE AR nicrb 86 REOE hidgiber

suppressor, |G- neurotrophi c factor, col ony
1s sonstmictedi ou of anomwronduatiet tgtenald hor none and agoni st

par 3Lyt of] ot one oL sRanlel.  RLOSLa0l 0L i e
e T L

(recnbi ndh picrd@Edicbomof Claimd pwheminsaidmiep@ojection member
hasa loth lese that approxmatdly' 1050 Tiadas. "

8. The microprojection of Claim 1, wherein said biocompatible coating is
produced by applying a coating formulation on said microprojection member.

9. The microprojection of Claim 8, wherein said coating formulation
includes at least one biologically active agent selected from the group consisting of a
hormone releasing hormone (LHRH), LHRH analog, vasopressin, desmopressin,
corticotropin (ACTH), an ACTH analog, calcitonin, vasopressin, deamino [Val4, D-
Arg8] arginine vasopressin, interferon alpha, interferon beta, interferon gamma,
erythropoietin (EPO), granulocyte macrophage colony stimulating factor (GM-CSF),

granulocyte colony stimulating factor (G-CSF), interleukin-10 (IL-10), glucagon,
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hi rudi n, nadroparin, reviparin, tinzaparin, pentosan

pol ysul fate, oligonucl eotide and ol igonucl eotide
walerswat4sves, al endroni c acid, clodronic acid, PCT/US2004/025168

etidronic acid ibandronic acid, incadronic acid,

DS B Eree ras @sang GaloaBE 13%@ g8, PR —
erfd¥¥sHy ]1%8 q{aﬁﬁrﬂil_f@zh%ooi %éstﬂﬁr{pl]l%arboFylg)-rIfé

wher ei’n sa| coa | ng ornul at inei ud eas

hlvtaactymLﬂprohahmﬂeEmpfmmmaAM? QMSH; somaﬁds&ltmn@raﬂffklﬁinu
vacci ne, Ri%}ﬁlﬁt;g se vacci ne, rabi es vacci ne, neasles

SOt LT GRAD, BRI hcfﬁ"?t%lkré}?aﬁ@ﬁ Tackere Pimanopsnainl  pox
SRS TR LI B B S v

mesdtTipies, an;domh,esrtapmktnaee mamqﬂasﬂﬁﬁ@gdﬁewtwaﬁﬂ @rokinase, ANP,
m croprojection of Claim8, wherein said coating

AN/cligirace RhibHes dsiaionsin [|8BSE0 e 2B Pisfic SemBencigonist m
orp A R G051 34,00 3, ARAGHIY en8Eliflea BLid]TRA,

ccinic coli ¢ aci
erfepleling ¥ AB &ﬁigﬁmeni ?H béptid6 kkbpréembi, QGFQ' deurPitbphit €actor, colony
acid, tartaric aci tartronic acid, fumari c aci d,
stivaulating faeton pamtbgpﬁdmmomm a&omsts @ﬁt?éhlyrylldl Iwnaon@antagomst
| an di aC| d
prRn8Rhin 3flaoni®C bBlECAT Broth X 3ERRNS, A st S ShoSin
alghmtthwnmd@ympm oa@gf@s1nbhﬁgbﬁst%bmg, abyEe rahﬁtr%fshﬁ}*

met hacrylic acid, isocrotonic acid, crotonic aci
(r qwg&lm@t)am-bmcfp@iqp@nm@c, aksieparim slplenaria, defitdotide, enoxaparin,
t am.c_aci ci.ne and m xtures.thereo
nifdh b pRb v FantE iefife, el SRnS e g g ot and
olf nIMbEE dCdbrivagvdidfend@bnit %é’iﬁt cl@&%nﬁ:bﬂcicﬁ%héf&ncsﬁluﬁ GbRdronic
fromthe group consisting sodi um | aur oanphoacet at e,
acsdy dhaadraioci gl pagudﬂoatcac(dSDSédrome tagidpiihideinmg amd, coladromieacid,

Ltri nium chl ori de (TMAC),
Mé&ﬁ@&ﬁk@%‘fﬁ%lgﬁl%ﬁﬁ{}@ﬁzmsor bates and ot her
sorbjgan gge in‘féir%bféfe%tmﬂ@f cihig 8%&1‘&8{ Qhi€EedtiAp f&frmﬁ%tﬁir{n
8, wherein said coating fornulation includes at |east

1nolmdeq3a:tl lyask pnvaraineselatted fbacthe grdupmnmhtm&wfdilpvaccme Lyme

conS| sting of dr.oxyet hyl cel | ul ose g 2
1565‘;;5? SW%B%‘%‘%/’HVP% angasied ¥aecmgpipmps vac ine, chicken pox: vaccine,
h%/’lgé&?(%ﬁrcﬁﬁ%/ﬁ : LlH% 9&‘3 re "f?guss(l% 28 é)lhltﬂeﬁﬁ §aéd¥hd, recombinant

oxyet Cel il bse
pletdnybiDﬁdTeQWEVMEr&einﬂ tihepgru i ECCEr vaccine.

11. The microprojection of Claim 8, wherein said coating formulation

S

d

includes at least one buffer selected from the group consisting of ascorbic acid, citric
acid, succinic acid, glycolic acid, gluconic acid, glucuronic acid, lactic acid, malic
acid, pyruvic acid, tartaric acid, tartronic acid, fumaric acid, maleic acid, phosphoric
acid, tricarballylic acid, malonic acid, adipic acid, citraconic acid, glutaratic acid,
itaconic acid, mesaconic acid, citramalic acid, dimethylolpropionié acid, tiglic acid,
glyceric acid, methacrylic acid, isocrotonic acid, crotonic acid, angelic acid,

hydracrylic acid, aspartic acid, glutamic acid, glycine and mixtures thereof.
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14. The mcroprojection of Claim8, wherein said
coating fornulation includes at |east one hydrophilic
w@ologer4eel ected fromthe group consi sting of PCT/US2004/025168
hyr oxyet hyl starch, dextran, polyvinyl alcohol),
pol y(ethyl ene, oxi de), polg(z- . . .
hydr oy et Riginisrorzeieqiion o) Clajse By vherginspid eopting ferewdation
. I ' S ereof .. 15, The
i T e P e S ping B s
lafirormphedcktare, sodilmdiddedi shlLas (SIBEcRIpoadRAI BhiSride (CPC),
carrier selected fromthe group consisting of human

dodegiinnethy) spungiinachlogids (RMH Q) bervalkonpwhyclaridgnpalysorbates
anﬁ%wﬂnggﬁ%gﬁggggﬁg&acid, pol yhi sti di ne, pentosan
polysirrate. pot

ol'yari no aci ds, sucrose, trehal ose,

el er3. t 0SEhe makbproRERorPERL18#n@8NWRGSIn shfil cobfifig formulation
m croprojection of Claim8, wherein said coafing

in¢lgden At leasbend prdymeresmateripleglscted feons thetgrpuy ¢omgistige nf

I ISt f j
Sl BR e h a s e bioRe PERNEY O e
hyﬂi-&dypﬁ{p?belﬁﬂésieC(H‘Pt?,%@ehﬂbelldmr(M@, 8drdx ARy REH el Blose

d fromthe group consisting of

sugar is selecte g
(}Eﬂggbw ethylapdiossethybelelhyod@ZEd raf fi nose. . The
m cropr ojectionof. Clai wherej n sai d, pol.ysacchari de
s o oot B MBIt ol for bt RRuLE fotion
inSQHedt %a%ECI SheaydrapBNid polyAtel Rl frdin the b BdifsisRRE OF

ect i onof aim, "wherein said reducing sugar iIs (
hysestyetityd stafobpdexthe, grivumnyt aleehd), ipnly(ahylans asids), poly(2-

rabi nose, | yxose, ribose, xyl.gse, di.gitqxose, fucose,
IR E R AR G SRSt I R
midiuet 8sfordal act ose, glucose, gul ose, hamanel ose,
id

ose, mannose, tagatose, prineverose,
vi ci HnoseThamiagsejectai ¢ Glainy §ewherein saill améing formulation

. gentiobi ose, |lactose,_ |actul ose, | tose, nelibjose,
mg'agwoart cast opePipepmpbble cagger Sﬁ*ﬁ%teﬂﬁ%ﬁb%? SF I GoBFisHRe of

. _ C . s . i -
el 4Tt hnist BREbifloctel fufiPtb iR, BRI AR dold) B AnR acid,

patvhisiidine, pgntofarapolyhatthte] pedyamiab avidsducrosy,atahplont,andlesdtose,
deoxyepi nephri ne, epi nephrine, felypressin,
rafifesp andstreyossret i zol i ne, mi dodrine, naphazol i ne,

nor dletf.r i nThé)ﬁﬁcqg&joj%g‘cior%mla{rﬁ %,S{.Nﬂerein said coating formulation

includes at least one stabilizing agent selected from the group consisting of a reducing
sugar, non-reducing sugar and polysaccharide.

17.  The microprojection of Claim 16, wherein said non-reducing sugar is
selected from the group consisting of sucrose, trehalose, stachyose and rafﬁnose.

18.  The microprojection of Claim 16, wherein said polysaccharide is
selected from the group consisting of dextran, soluble starch, dextrin and insulin.

19.  The microprojection of Claim 16, wherein said reducing sugar is
selected from the group consisting of apiose, arabinose, lyxose, ribose, xylose,
digitoxose, fucose, quercitol, quinovose, rhammnose, allose, altrose, fructose, galactose,

glucose, gulose, hamamelose, idose, mannose, tagatose, primeverose, vicianose,
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oxymet hazol i ne, phenyl ephrine, phenyl et hanol am ne,

phenyl propanol am ne, propyl hexedri ne, pseudoephedri ne,
WO edosakosde ozol i ne, tramazol i ne, tuam nohept anepPCT/US2004/025168

tymazol i ne, vasopressin, xylonmetazoline and the

m xtures thereof,. 21. The .mi croproj, ectionof C aimS8,
U RIS e%@bma SeBRORIPE |S1osFastiiass matos Zaibisse.
So?ﬁ&@g@gn@ﬁgﬁﬁg@ncy nmodul at or sel ected fromthe group

onsisting of an osnotic agent, zwitterionic conmpound

and 2t i - Thd mimombReyoragbOlim 32whdiem i dcapingjfeedulgion
.of Claim?2l1l, wherein said anti-inflammtory agent is
ingludesatdepst prfYaspeongiristas selspis Sopnige growpeamsitgeone

4- . | , 1 . . | .
s s R R B S, Ao AR R B ARELAE Efpressin
inbiyeizoling, mcdiaokne, plidskhal aplhsdiaie ibréétih, octodrine, ornipressin,

nmet hyl pr.edni sol one, - phosphat e di sodi um sal t, .
owq&%@h@@ mhseylenhaing pheprlethrpelpmingg aheminsgpanolamine,

gh . : ;
PR AR e AR OASRIRER BB SRl cpan
tyEladbliie, vidbprekin, Shbdetpasiineayd pet wikiees shergodul at or

conpri ses _an anticoagul ants selected fromthe group.
cons2bt i nghemierpprojestion pHClaim Sy whereipsaid coagiag formyilation

g EAs Rkt B Bl ety il enifor e srgeo

cdRIstH) 3F b9 Bsthted 4B z@ittekioaRicog@und and anti-inflammatory agent.
sol ubr'l'i si ng/ conpl exi ng g&ent sel ected fromthe group

cons23t i nghemigpopieieciye pHeHsm ALy Whesitesay aitoidlapymaiory
ag%%é%&lgl e%%%?%’g lé))lljggll%ﬁ%é’ E)Pll)é%}géthz%éﬁla Qg%ﬁ)gﬂhrzlte disodium

s, Usasdtholbst AccftdPHeatsbdilim pHRkBIRASY hbélodortamate hydrochloride,
Cycl odextrin, hydroxypropyl beta-cyclodextrin,

hdrhyattisongrleghpisplinge disodbye selanethyiprednisolone 21-phosphate

2- hydr oxypr | - ganma- Qycl odextrin,. hydroxyethyl - bet a-
abpiliul Ref el R e s BPerUaaRlphal. Paththsone
dRH IFuﬂ‘Egﬁéé Rl ehd AleBiSo160ED RERX% Tatdsodium salt,

%u{i 0 tyFet Eer - gt a-cycl odextrin, and

sul f abut yTat neirrogenjention ¢ Cialend I, whereisaid patbvey paigntency
n],g_s O@al o Lpl‘gspwl ngyésco 1&12%?1 %thcﬁidaéo%q %‘?et garblcl: (c::olnosgs%)l(ltg o Bitric
LASEERNRY ABinRlRe SYELACER BapgTaul f obut vl et her 7

etacyclodéxtrin. 25. The m croprojection of Claim8,

wher @dn sdihd ntiompiajertibaofila &) whtasn saidiceatvrg foymiletien
_than appr oxi mat el 3{ 500 centi poi se aTd %rt?at %5 than 3 . .
igcdydes Iggggst one solubilising/complexing agent selected from the group consisting
of Alpha-Cyclodextrin, Beta-Cyclodextrin, Gamma-Cyclodextrin, glucosyl-alpha-
Cyclodextrin, maltosyl-alpha-Cyclodextrin, ghucosyl-beta-Cyclodextrin, maltosyl-
beta-Cyclodextrin, hydroxypropyl beta-cyclodextrin, 2-hydroxypropyl-beta-
Cyclodextrin, 2-hydroxypropyl-gamma-Cyclodextrin, hydroxyethyl-beta-
Cyclodextrin, methyl-beta-Cyclodextrin, sulfobutylether-alpha-cyclodextrin,
sulfobutylether-beta-cyclodextrin, and sulfobutylether-gamma-cyclodextrin. Most
preferred solubilising/complexing agents are beta-cyclodextrin, hydroxypropyl beta-
cyclodextrin, 2-hydroxypropyl-beta-Cyclodextrin and sulfobutylether7 beta-

cyclodextrin.
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26. The m croprojection of Caim1, wherein said
coating has a thickness I ess than 100 mcrons. 27. A

wor@sopra) ecti on for insertion into biol ogi cal PET/5S2004/025168

the tissue being surrounded by interstitial fluid, the

m croprojection conprising: a porous ncroprojection

menber having a wall that includes interior and

ext epkor - S.ai [ d tanti.al.l

el 631 ng AR ReiR bt of Ll S il 8F oSHBR AR has
a gizabsityjedi thpogptoimatedi D0 sthepoies asligrb@eethas 8icdntipose.

m crproj ectiqon nenber bei ng adapted to substantiall

r est ?gct dOp Hetoriofeclian af Edmim; In gvharaimsait sodding hagiadhickness
1dsé 85HS o8 Wiikfads i nsertion of said mcroprojection nmenber

Into the tissue, said mcroprojection nenber having

suf f R2i entA p@trqsbjeytidrofoa insermioniigiodlié10Ficalf tiskhe the tissue being

[ nter;éiq%l al fluid through sajd wall of said mcroproj
surqunded iy piestitial dluidy e micsonspiestieeeqnantisgtie: d ai m 27,

wher gi ' LCF ' ' 1,8..C ructed ou

of a2 2R nloiBbfi ARk Ghler Sy ARPR eyt BaCiaH R G ARE: &
efiedomsuZfacesyketd exterisedudfatd SibeRhBIBCecRIZiPRATENnt MRS s@ face; and

closed tip and includes a plurality of perforations

t hat abiacenatible sogjingshspgsekeresdidintering siwfacss i or

surf . T 1 cr.opr o] ection, of alm29 wherejn

ot do o gy SR B E b B By B S Reg Rl of
s eButING witls the Beslo @b s ot Airingiifkcfl Sehald Microprdf26tion member
_mcroproj ectionof Caim27, wherein said m Croproj
inge thedissiember has a length | ess than approxi mately

1000 _m.cr.ons. .32. The .m craprojection of. ai.m 27 .

aher & SRt ion G i b6 St ERigh! BorBiibita UV pteration of
tHRRReYHiRE] fuid bl AYsA@waHlorkdig ali@l%?ﬁ%e&i_omn@é@wrm ection

menber. 33. The m croprojection o aim 32, wherein

sai d28.oat iThgnfienoptejextipn of Chadin ke whattein srad mignprojection member
. biologically_.active agent selected fromthe group
lsc°8ﬁ§tf‘g1t?cﬁ‘§ut81fa§e%6’rl ©18b| easi ng hor mone (LHRH), LHRH

anal 9g, VaReRi&SPIfbctids DFORIMSS, Yherein said microprojection member

has a closed tip and includes a plurality of perforations that extend through said exterior

and interior surfaces.

30.  The microprojection of Claim 29, wherein said microprojection member
includes at least one opening disposed proximate said closed tip.

31.  The microprojection of Claim 27, wherein said microprojection
member has a length less than approximately 1000 microns.

32.  The microprojection of Claim 27, wherein said biocompatible coating
is produced by applying a coating formulation on said microprojection member.

33.  The microprojection of Claim 32, wherein said coating formulation
includes at least one biologically active agent selected from the group consisting of a
hormone releasing hormone (LHRH), LHRH analog, vasopressin, desmopressin,
corticotropin (ACTH), an ACTH analog, 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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corticotropin (ACTH), an ACTH anal og, cal citonin,
vasopressin, deam no [Val 4, DArg8] arginine

wo a®spL@assi n, interferon al pha, interferon betBCT/US2004/025168
interferon gamma, erythropoietin (EPO), granul ocyte

h l. stinmul atj fact .
BENIOE e O PrX AmEIaYinG e Ry ST mipdeuiing 19 GEc B, dlesvesey
i L g
em‘c‘drplhi_h,d]?\]:{N , NTe36r (ehérhide], nagmed O- [{(1) -0 xi0Rx azdMidid@ ] carbonyl]-L-
em ca

h :
h%ﬂﬂ(@f@@%ﬁ@ﬂ&%@@%ﬁ% AP I8 ovpprdtostating bradykinin,

s B AR e Sl B0 Felc M oS TR SRR
cligledystokinh,@hsttgc basddotropi@ygopRsaiol hitlvy, @asFérok, iftelleukin,

chorioni c gonadotropin, epoprostenol, hirulog,
meRPEPHIBY, O YtopkRs EFdpéakinase, tsvroplagpingsen apkiyeios wokinase, ANP,

' e fissue plasm e L4 vat qQr .
AN QAR AR ot pREER I FEMARRRT Byt Topmape pagrist
baudykiEn rah@goniapéérédaué,@slgcdlafdamge@qelra{eatpepm@@kpdn
antagoni st, ceredase, CSI, calcitonin gene relate
epfeaphiléns, FABHRgmeahRelp heptidesuppiassof.rigdnb mevrotyyBhisdpetpd eolony
SUPPL.eSS0o | GE=1, .neurotrophic factor, col.on .
SHRRFEERley reiibig i EpReR FhOp ey nab SRt S ome aptagonist
PRATBIMNTOArfh DATSTDER SaGRBeHT ¢, RoRSt 8deamdhRibitor, thymosin

antagoni st, pentigetide, protein C, protein S, renin
alphhilbthrembolytig iBSH, rvasdppéssin antagonishiswilog, alphaTtNmtitrypsin

vasopr essi t agoni,st .anal o al pha- anti.t i,n .
OEPEBAET halyEl DDA I G R P o 1k JEfBRHE. enoxaparin,
hﬁﬁhiﬁ?ﬂeﬁﬁbﬂhﬁnﬁj&f\dﬂﬁﬁﬁ} tlll%{) arB) P¥ABEH pblysiliatddbeonucleotide and

nadroparin, reviparin, tinzaparin, pentosan
ohgdnusidofid¢ éerivative nlgndmoici adel, alvdralic godutidentic d@d, ibandronic

derj vatives,. al endronic.acid, clodronic acid,. .
agih P RITPRIC AL CPATIGERKR SHSCISSRORIo ToHb AHABATIE e gpledronic acid,

' o7 384197, fdasednyrigi@ci d, tiludronic acid,
a%%ﬁgga{rrg%\@ acl g7’ argat roban, RW 445167,

andR34 - 67 B &nicidgrojddtien wif Clapr 33, edercimsad c@tmignio8ylation
.wWherein said coating, fornul ation includes at .| east ope
inphedes gbleast oge vagsmey }ﬁcteﬂémruoglﬂ WE%@@WH@ Obfiuppcping, Lyme

dYs@&s%!v%@ciné%ﬁeﬂa%@iﬂé,emé!&feﬁ!vﬁ eind, %mrﬁés \yﬁsiﬁh,r@ricl&ﬁ%%k §3ccine,
vacci ne, runps vaccine, chicken’pox vaccine, snmall pox
stnall oR &acdiep Abpatitis viaied, pertugeBrviatkise, sliphalostianegccine, recombinant

di pht heria vacci ne, reconbi nant protein vaccine, DNA
Pioiein;vVaeciagh PN Adpegyes Andithergpewic GaResE VARG | The

1[no(r: ﬁrg’?; ?JI gﬁlg‘iljligllgppgj ecHofoFCfm %wh%.fe% sS4k goﬁ&%tfioﬂﬂulation
includes at least one buffer selected from the group consisting of ascorbic acid, citric
acid, succinic acid, glycolic acid, gluconic acid, glucuronic acid, lactic acid, malic
acid, pyruvic acid, tartaric acid, tartronic acid, fumaric acid, maleic acid, phosphoric
acid, tricarballylic acid, malonic acid, adipic acid, citraconic acid, glutaratic acid,
itaconic acid, mesaconic acid, citramalic acid, dimethylolpropionic acid, tiglic acid,

glyceric acid, methacrylic acid, isocrotonic acid, crotonic acid, angelic acid,

hydracrylic acid, aspartic acid, glutamic acid, glycine and mixtures thereof.
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i ncludes at | east one buffer selected fromthe group

consi sting of ascorbic acid, citric acid, succinic
wa@eood/oighycol i ¢ acid, gluconic acid, glucuroni BCRUSZIN4/025168

lactic acid, malic acid, pyruvic acid, tartaric acid,

tartronlc aC|d fumaric acid, maleic aC|d phosphorlc

aci d30tri €hg ’5%91”13131]0]eétl%PﬁCIa#mﬁ@nWherﬁm said mnpg forayilation

in€ b &AM o RC actg LRl Ald 'ﬁ:orﬁ'?lbedgraﬁﬁ & I}%{%ltlgg 8? 8%41%?? o

mesaconi ¢ acl rana I ¢ aci
laamiathphbdogtate; sahuﬁh dodbst etilifse ESDHS), cmytp amydm ¢hR&ide (CPC),
i socrotonic acid, crotonic acid, elic acid,

dedayliampsthylempmpenumeehioride; (EMVEACH be@zf caite, ahdgritle, polysorbates
&%M§$ﬂﬁﬂ§@§dgﬁ NLES t hereof.36. The m croprojection

re|n said coating formul ation includes

at | gast Dhemsobiafetaon oS5€laah 38 dwhére saltfcdafify Bormulation
consi sting of sodium|l auroarrphoacet ate, sodi um dodecyl

lngmﬁﬁ%l@téea(ssgs) polyeerys pyicrial selasraddivm thegrowora)sisting of

R R AT D S e
hﬁp@:@p&@yc@iﬁﬂmqﬂu)@Smetﬁﬁceﬁm@samcp E&&ioﬁ?éﬂéﬂﬂleﬂ{ykgll@ld%

wherein said coating fornulation inc es at | east

Gﬂﬂ@cb@n@ﬁ@VmﬁmﬁﬁF@ﬂwkwﬂgbﬁéGQ@EC}ron1the gr oup

ﬁ;gféi;lppg}b()f h }%rw%)é %}1 E‘y é el %EP“')ESIC&I sa1%) doating formulation

mm))/{ﬂréég%gisﬁ%ﬁgﬁlﬁ 4 lm&lﬁﬁé%selégg\c}gﬁ%ﬂg Eﬁé #b8S SoksMahg of

hoxyeting dtmhyd@mn% e (vinyd sbotlﬂbﬁ@y(e@&ena hmde) p01Y(2-
s TP e RSl Grvind 2o OReShSerr ahKers E5paipter

m$alReiggedir om t he group consi sting of hyroxyet hyl
starch, dextran, poly(vinyl alcohol), poly(ethylene

oxi d&9., pﬂihcy(nierom_ﬁhctimy ef Glaims2hwberginagag) goating formulation
ofagbe st e Dot bl oG D POt SR e 35
h Qﬁ Shlm§ah eﬁ%l%éf@@hﬁﬁﬁlﬁnﬂb%g??) 8’%‘&& f%sacﬁi Sbﬁas?ﬁart‘?@@cid,

I oconp atrb arrier selecte TOU

p@lgmmme gnobarhpotpsul fateh polyamirioi aa&isgsmme,etde}faima,rmelezitose,
al bum n, pol yglutam c acid, polyaspartic acid,

r%@ll%ﬁﬁlag d plariese.pent osan poI ysul fate, pol yam no aci ds,
Sucrage, %ﬁgﬁl‘%rgﬁr% ecﬁgﬁ bf Cia%%a mgeh{]&%?c@a@iﬂg formulation

st achyose.
includes at least one stabilizing agent selected from the group consisting of a reducing

sugar, non-reducing sugar and polysaccharide.

41.  The microprojection of Claim 32, wherein said non-reducing sugar is
selected from the group consisting of sucrose, trehalose, stachyose and raffinose.

42,  The microprojection of Claim 32, wherein said polysaccharide is
selected from the group consisting of dextran, soluble starch, dextrin and insulin.

43.  The microprojection of Claim 32, wherein said reducing sugar is
selected from the group consisting of apiose, arabinose, lyxose, ribose, xylose,
digitoxose, fucose, quercitol, quinovose, rhamnose, allose, altrose, fructose, gglactose,

glucose, gulose, hamamelose, idose, mannose, tagatose, primeverose, vicianose,
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40. The m croprojection of Caim32, wherein said

coating fornulation includes at |east one stabilizing
wag@shiced ected fromthe group consisting of aPCEUSIONORS168

sugar non- reducing sugar and pol ysaccharide. 4 . The

crog ﬁ ectl o Gl ai m32, wherein said non-reducing

TuSingse S¢i higfeecd! lquso%ﬁnflﬂ@Ogﬂ: bstpsedaeiilose.paltsise, melibiose,

o%ﬂ@fo@éﬁndﬁlhﬁ{%@é ose, st achyose and raffinose. 42. The
croprojection of Claim32, wherein said

poI y$hcchihé miécroprofeetion b£01aith 00) WhereB AUPcREAE fSnuletion
dextran, soluble starch, dextrin and insulin. 43.

e?r"i“‘é?%b?‘%ﬁ WEPFMSIIorepleried Som e ar @rPrPO@éliSHng efiuci ng

algfrag nlgaé & NG :cg leo? ng]génl% Qé(u'?(g gsf%ﬁgpg% b gl %’t eéjx 0 n? 318 g’égds sin,

indmeazolitie) Imetﬂbﬂilrlﬁ) md@inrfehﬁdﬁh@ﬁﬂme andr@sfein, @dtbdﬁl@ee ornipressin,
fructose, gal actose, Iucose gul ose, hananelose

oxsaaihazolis, @b@l@ylen@@a{ ylethanelamincoplenylpropanolamine,

gLl obio
T T .
tyﬁ&@&l@{dawsogfsésm bbE}ﬂdSlﬁ&@zolfh% an'd’lﬂﬁa mb@nepaRi&eEt i on of

Claim 32, wherein said coati ng fornmul ati on i ncludes at
| eas#5-on eTheamissoproiactien of Claémn 821 whereingwid ¢natige Gerpulation

. deph
G030 g R SRy iR A oo R w8l "
cdn@féﬁﬂ%épﬁﬂ Motimigbﬁto biviterioficdetipbifd ar{@ﬁﬁ?ﬁl‘ﬂ'ahﬂl@atory agent.

nordefrin, octodrine, orni g;essn n, oxynethazoline,
phen/}@ ephThmmmrppr@mnem hBQin nwherem said anti- 1nﬂammatory

R PARHER 2 8 2 e e BY e o S o RE AT BRGLPRAL difSanum

sdlly ARl dI6ne éé%&)%ﬂfeeﬁsﬂl%dlﬁ1¥1|;ﬁﬂ§ﬂ}1%?eoh &8ccﬁﬂﬂné’c@ ﬁydrochlonde
m xtures thereof. 45. The mcroproj ectl on of Caim 32,

hydrecogiisons Zil d)hosxdtater@smbumtshlatmcihylpmdhmdMe af -ghesgitatone
pat.hway. pat at or, s ed fromthe ou

SR By P ol Sghintate 594 b shl g GBiHgBEn

di%?&luﬁa Hosﬂ)lﬁlftel ATRERL Y0182 suctBiate B3GiuM &1OPT O] ection

I m45, wherein said anti-inflamatory agent is
sel ed1.ed ﬂ‘h@nnctrbp:rogsrcﬁup of Clusisitsi wgenafn det patbwhapataetency

B GEaF P ST ook B S5 D et ctrc
d
RSgREF R  geil am ot

The microprojection of Claim 32, wherein said coating formulation
includes at least one solubilising/complexing agent selected from the group consisting
of Alpha-Cyclodextrin, Beta-Cyclodextrin, Gamma-Cyclodextrin, glucosyl-alpha-
Cyclodextrin, maltosyl-alpha-Cyclodextrin, glucosyl-beta-Cyclodextrin, maltosyl-
beta-Cyclodextrin, hydroxypropyl beta-cyclodextrin, 2-hydroxypropyl-beta-
Cyclodextrin, 2-hydroxypropyl-gamma-Cyclodextrin, hydroxyethyl-beta-
Cyclodextrin, methyl-beta-Cyclodextrin, sulfobutylether-alpha-cyclodextrin,
sulfobutylether-beta-cyclodextrin, and sulfobutylether-gamma-cyclodextrin. Most
preferred solubilising/complexing agents are beta-cyclodextrin, hydroxypropyl beta-
cyclodextrin, 2-hydroxypropyl-beta-Cyclodextrin and sulfobutylether7 beta-
cyclodextrin.
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di sodi um sal t, nethyl predni sol one 21-succi naate sodi um
sal t, paranet hasone di sodi um phosphate and

w@e@doi@ad one -succi nhate sodiumsalt. 47. The PCT/US2004/025168
m croproj ection of C aim45, wherein said pathway
pat ent ency nodul at or conpri ses an anti coagul ant
sel ected fromthe group consisting of citric acid,

citrgte lts, dextrin f.ate sodi um .aspi.rin. and ..
cordD: 45 T wRereptafidie g uifl 22, PG G 3Bh o Bffation

ha$abHc a9 thanQipPkdxahh@ly J00Cehisiscddnd Bafbr tARE3 centipose.
sol ubi I'i si ng/ conpl exi ng agent sel ected fromthe group
con$Plst i Adre oficypphiectiopelf Gdaizy 27, wheren saidgeitongehas rithickness

-ycl odextrin, glucosyl-al pha- Cycl odextrin,
3 IGS%%Q "5%fa- Oycl odextrin,

gl ucosyl - bet a- Cycl odextrin, naltosyl beta-
Cycl odextrin, hydroxypropyl beta-cyclodextrin,
2- hydr oxypropyl - bet a- Cycl odextrin,
2- hydr oxyproryl - ganma- Cycl odextrin, hydroxyethyl - bet a-
Cycl odextrin, nethyl-beta-Cycl odextrin,
sul f obut yl et her - al pha-cycl odextri n,
sul f obut yl et her - bet a- cycl odextrin, and
sul f obut yl et her - gamma- cycl odextrin. Mst preferred
sol ubi I'i si ng/ conpl exi ng agents are beta-cycl odextri n,
hydr oxypr opyl betacycl odextri n,
2- hydr oxypr opyl - bet a- Cycl odextrin and sul f obutyl et her?7
bet acycl odextrin.49. The m croprojection of Caim 32,
wherein said coating fornulation has a viscosity |ess
t han approxi mately 500 centi poi se and greater than 3
centi pose. 50. The m croprojection of Caim 27,
wherein said coating has a thickness | ess than 100
m crons.
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