M CRONEEDLE FOR DELI VERI NG A SUBSTANCE | NTO THE DERM S Z 9 MAR 2005 FI ELD OF
THE | NVENTI ON [ 00011 The present invention relates to nethods for

adm ni stration of substances into the intradernmal |ayer of skin. CROSS
REFERENCE TO RELATED APPLI CATI ONS This application is a continuation-in-part
of U 'S. application No. 09/606,909 filed June 29, 2000. BACKGRC%%E%@ﬁ@&HE
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phar maceuti ca %ﬁ%ngggggﬁsucqVEBHS§5%%ggﬁﬁgﬁg%gﬁ§zégﬁgg rugsﬁ%as | ong been
recogni zed. Although an inportant consideration for all pharmaceutical

subst ances, obtaining adequate bioavailability of |arge nol ecules such as
proteins that have arisen out of the biotechnology industry has recently

hi ghl i ght gy tthb TigeeNveneRbRI N efficient and reproduci bl e absorption
(Celand et al., CURR OPIN. BIOTECHNOL. 12 : 212- 219, 2001). The use of
convent i off@01 iBediresntasention gelpes i metiodmier agrpindcaation of subdi@hdes éntbng
pharnaceu%jcal sugghfnce t o humans and ani mals by adm nistration through
the ski n. hesp@dgenal laver %¥8+ has been made to achieve reproduci bl e and
efficacious delivery through the skin while inproving the ease of injection
and reducing patient apprehension and/or pain associated with conventional
needl es. CROSSIREFRRIBYCE diQ BEhAJED ABPLIGYEIONS el i ni nate needles entirely,

ot ophor Ho BonlGRah & coPupRirombe D) SrivgictRa POl aD) oy

sonophor egjng oboohs.each the stratumcorneum the outernost |ayer of the
skin, and deliver substances through the surface of the skin. However, such
delivery systens do not reproduci bly breach the skin barriers or deliver

t he phar i ;ven depth bel ow the surface of the skin
and consgg%@#%#@@bgﬁfﬁﬁ&iﬁfﬁgiﬁw?g%gan be variable. Thus, mechanical breach
of the S[fongzlm*ﬂeqmpaﬁwee%!ﬂ@ﬂicaeslﬂwah@sﬂ@l?Qhﬁﬁnistbﬁn%ﬁﬁarﬁu&%w provide the
nost reproduci ble “method of adm nistrafi on of substances through the

surface ofubsipnces Righ asaliggnpgiongend ded dagnbasdongheenrretdgalyicfli Ajhdqughpl acenent of
adm ni stered s tan oei R 2005. [00 proaches .for. delivering
subst ance® %ﬂ he gﬁ thC%P ﬁggrgtﬁ? t<'2§)(r: gll %/F a?ﬁgeugllglglnsuﬁ%%}%C%E’aqbg%glflg g%quﬂtsei vely invol ved
t r ansder neibavagtabitityséflaict @idlecules @uchoslproteiny tiok hawhsisameasof the

biotechnology industry has recently highlighted this need to obtain efficient and

reproducible absorption (Cleland et al., CURR. OPIN. BIOTECHNOQOL. 12 : 212-

219,2001). The use of conventional needles has long provided one approach for

delivering pharmaceutical substances to humans and animals by administration
through the skin. Considerable effort has been made to achieve reproducible and
efficacious delivery through the skin while improving the ease of injection and
reducing patient apprehension and/or pain associated with conventional needles.
Furthermore, certain delivery systems eliminate needles entirely, and rely upon
chemical mediators or external driving forces such as iontophoretic currents or
electroporation or thermal poration or sonophoresis o breach the stratum corneum,
the outermost layer of the skin, and deliver substances through the surface of the skin.
However, such delivery systems do not reproducibly breach the skin barriers or
deliver the pharmaceutical substance to a given depth below the surface of the skin
and consequently, clinical results can be variable. Thus, mechanical breach of the
stratum corneum such as with needles, is believed to provide the most reproducible
method of administration of substances through the surface of the skin, and to provide

control and reliability in placement of administered substances.



through the skin to a site beneath the skin. Transdermal delivery includes
subcut aneous, intranuscul ar or intravenous routes of adm nistration of

which, intramuscular (IM and subcutaneous (SC) injections have HB&WR 5
nost commonly used. [0004] Anatomically, the outer surface of the body is
made up of two major tissue |ayers, an outer epiderm s and an underlying

derm s, i s i Vi ysi ol ogy,
B ocher 085 ARAGIAR tof AANelhik Sskiifes tefbdiy bleVurfu bt sifffafdv st Pl O
Gol dsmi t halmBst. exclGxiively dntditvoderasisdeymB @bsinisMetooy arck delb@B§t subFaeceepi der mi s i s

subdivided into five | ayers or. strata_of total. thi.ckness of between 75
and 150 utg‘{ouﬂéﬁ}&asb(ﬁl tpﬁeélltébfﬁe@mﬁ%% Sﬁﬁnggraf‘ ”Ei‘%lr‘%}hé(?ry\/%‘ﬁﬂ Scontains two
| ayers, aéﬁbcﬁhﬁe?)ﬁﬁqﬁganﬁ%ﬂﬁﬁlbpﬁ ihehrhbgdohRs 8t a&rﬂﬁisﬁ%ﬁ%ﬁ b%mcﬁer ms and a

deeper layer referred to as the reticular derms. The papillary derms

cont ai ns wmasmustukr Qo and|sabatancbhoO€) amjectiony qpledicen thel masisemmointy cont r ast
the reticular derms is relatively acellular and avascul ar and nade up of
dense colt4tfenous and el astic connective tissue. Beneath the epidernis and
derm s is the subcutaneous tissue, also referred to as the hypoderm s,

whi ch i s conposed of connective tissue and fatty tissue. Miuscle tissue |lies
beneat h t[0804jubetinsinalu shet hwsg serfa¢e0d 0l botly inotadel up bbivey mbjor Hstube

subcut anegus tissye and nmuscle tissue ve. been, co nly used as sites for
i ni of FAYSornGR G ARNFALS 61 EataCl GeaRuEs: ~ b e oo er  has.
rarely beg, iar @efRds@PIFsidlda§, Bﬁbhéﬁﬁﬁﬂrjfyllaﬁhll\@élb@ﬂarcﬁioﬁ;'g?%? fe%R$y, and this
may be due, at least in part, to the difficulty of precCise needle placenent

into the Sdcang Bdisiongl. A Szddsmithy Bdh ébifondd Jnieersity Plesudiewt Yerkd&9Hh)s, in

parti cul th api Ll .ar erm.s .has been. k .have hj gh degree of
P aceut ar + T SoiferRBs hsptviacRl i 1008 RS AAB B AptbHaaure Towe
advant ag 9753§ndt1f5:05m’f! BRefR ﬂ{e%@idéhniéd&@ tHeadeihls, wRicBRbadaths tRO 1dy@R) sy ed

absorption profile for adm nistered substances conpared to subcut aneous

admi ni st ret¢rgest postien jeferisd de aktbe parillary dletrais wpdl e daenss layeercfapsiddaps y  rapidly
beor bad e CRaSt ; SO Vas b
absorbed gf Eé%‘fcpf%?ﬁ% l%t[glgﬁ)%@ggliy{}fcﬁgfsQ:%{]tZlﬁESz#t%?%éﬁ&ﬁlht%?%ﬁﬁ@ 'algd‘ as_been

far nore easiTy an rge an erm-s een. On the

ot her hangmphht&s §lexuded. & thrRists the et deingik srehitielly yipéltadd andnot  wel |
absorbed through the capillary epitheliumregardless of the degree of
vascul ar i $%S@¥AraRdMagde BD Rbiange sRitagerays apd plasticepnpedtive tigyr. Bogsth t o achi eve a

si gni fi capt oHRSATPh AL NABRNRHLSHRGH ABSONS ATt rati on by the

hypodermis, which is composed of connective tissue and fatty tissue. Muscle tissue

lies beneath the subcutaneous tissue.

[0005] As noted above, both the subcutaneous tissue and muscle tissue have been
commonly used as sites for administration of pharmaceutical substances. The dermis,
however, has rarely been targeted as a site for admintstration of substances, and this
may be due, at least in part, to the difficulty of precise needle placement into the
intradermal space. Furthermore, even though the dermis, in particular, the papillary
dermis has been known to have a high degree of vascularity, it has not heretofore been
appreciated that one could take advantage of this high degree of vascularity to obtain
an improved absorption profile for administered substances compared to
subcutaneous administration. This is because small drug molecules are typically
rapidly absorbed after administration into the subcutaneous tissue which has been far
more easily and predictably targeted than the dermis has been. On the other hand,
large molecules such as proteins are typically not well absorbed through the capillary

gpithelium regardless of the degree of vascularity so that one would not have expected



nore difficult to achieve intradermal adm nistration even for |arge

nol ecul es. [0006] One approach to adm nistration beneath the surface to the
skin and into the region of the intradermal space has been routinely used
in the Mantoux tuberculin test. In this procedure, a purified zr -mm
derivative is injected at a shaIIOM/angIe to the skin surface § 27 or
30 gauge ea%ﬂilege § Xﬂfgalﬁtab%lrg)%oqﬁ'ﬁﬁfﬁnég over %u%%taﬁne(}u% ?ﬂ}mms@ht%?x%ryqﬁe of
uncertaln y 1 n platenen e I njection can : su in some

f al se negmbieviifficakto addavktistradvhndadaiipistth@ntcest fdndsgd motdeviesl a | ocal i zed
injection to elicit a response at the site of injection and the Mntoux
approach has not led to the wuse of intradermal injection for systemc

adrm ni St DAY AR G Sis AR hon SO ALOUDE oA 81 SRETAEfheON sySt e c

adm ni str een aracteri ze as er mal " injection.
I n one sumgiomexﬁdretintraiemmmeskms bedrudytindly umalbnmealv[aﬁmax aivdrontiat was
descri bed as_"int rader mal " i njection was perfaormed (Autret et al, Therapie

46 : 5- 8, testolytis pregediat pudEsdinrelsin degyativens aeded da S&‘eéléow angleid onin, a
protein Olfhegklmhﬁgéélugfnigm ﬁ%??%}‘?%ﬂééhﬁ A0n et bﬂé@ﬁobtﬂi@ﬁs % ed that

the drug was 1 njecte I'nj ecttons used a eedl e
pushed upAtchgree beudraseingt inphcamghicofolie wfkctidinta, hmud:vtrhambt masmbt ed in

pl acenent t he inject a depth of  about 3.5 and into the | ower
por ti on of@%?wsgqﬂéfﬁ.%meav s e RHIHo8 HONSHBIQRHABHICHPR e fat her  t han

into the Mﬁeﬁ%%%{)h@eeﬂ tRARHe|df A ¥YctiIa HH%he %Bmtohf‘aé;ﬁ‘&ihﬁa@ St 1e@IPHP | njected

into the | ower rtion of theretlcu ar derms er t anlntothe

subcut anemgsf intsdermal ifjectwulfal dystemxqpatmiedtratiat oftsabstandest ance woul d ei t her be
slowy absorbed in the relatively | ess vascular reticular derms or diffuse
into the subcutaneous region to result in what would be functionally the

same as SReHLSROHSup sAATE RipdHERDA Shichid a&ﬁﬁﬁitfhfnbﬂ'fiy whdERasafebyal or
functi onal subcutaneous adm ni stration would explain the reported | ack of

di f f er enceéhatastonsehass ifeaderma bingecting. Intoat swlisreparh arcautparisanstudyofi nt r ader mal
adm ni str?lﬁfl on, int entration was

o ehea. " ShsStaeou atd SpdrarS dtrip h AalB TR R s B REE Sor” The

curves. [QQRR} et iHeAIDiy46 BS-SSE@I? RtphatmacBstiiaDibkRh&de§08 e cef t azi di ne
in what was characterized as "intradermal™ injection using a 4 nm needl e

(Bressol | ealaitoni, a pmtein Phamelecglir .wmm of abpps3G007 althgwiy it wikbtateddhat d have
resul ted fhed ea(t:stlln%c Oqt%dg atllgt | 11%)’ e(ﬁmns %@% 2«9 ghge e.pugbei 1H)t tf{])e skin

surface to pr uce onfa Ut ane
the base at an angle of 60. This would have resulted in placement of the injectate at a

depth of about 3.5 mm and into the lower portion of the reticular dermis or into the
subcutaneous tissue rather than into the vascularized papillary dermis. If, in fact, this
group injected into the lower portion of the reticular dermis rather than into the
subcutaneous tissue, it would be expected that the substance would either be slowly
absorbed in the relatively less vascular reticular denmis or diffuse into the
subcutaneous region to result in what would be functionally the same as subcutaneous
administration and absorption. Such actual or functional subcutaneous administration
would explain the reported lack of difference between subcutaneous and what was
characterized as intradermal administration, in the times at which maximum plasma
concentration was reached, the concenirations at each assay time and the areas under

the curves.

[0008] Similarly, Bressolle et al. administered sodium ceftazidime in what was
characterized as "intradermal” injection using a 4 mm needle (Bressolle et al. J.

Pharm. Sci. 82 : 1175-1178,1993). This would have resulted in injection to a depth of



al t hough good subcut aneous absorption woul d have been anticipated in this
i nstance because sodium ceftazidine is hydrophilic and of relatively | ow
nol ecul ar wei ght. [0009] Another group reported on what was def§®hF§@pas an
intradermal drug delivery device (U S. Patent No. 5,007,501)%- A} ion
was indicated to be at a slowrate and the injection site was intended to

be in so i | ] i : I ween t he
OB 28100 (RELGsdbRe Ebﬁ%l@ﬂﬁétg aetual oroilﬁn%th(}éllﬁgsubbﬁtaﬁéofu@ﬁ‘fé%clggﬁ

epidermis and the derms or I nterior erms or ut aneous
ti ssue. TiHilwuglkeferdsnbe)latvowestesorptionoxaultbhvedeteanivipags! ib blds insaatad  suggest a

selective adnm nistrati.on.into.the derm or did.the reference s est an
oser bl o hifaReSodbEnERam S b ARk and Al R Vb fod i S el tet | v

adm ni stration. [0010] Thus there renmains a continuing need for efficient
and safe nethods and devices for admi nistration of pharnaceutical
subst ance00GUAMIIRY @R TREDTICVENTHAON af desttipediasenpnesdenmnaldirsg Haswre rel at es

to a use involvi n ral. adm ni.stratjo t hod based on directly
target i ng"t'Hé& (ﬁegg%ﬁ%c%%cgﬁmgbﬁo@%‘ﬁ@ﬁ Watat %%@MP@@M rﬁf'gfl’aﬁﬂger s the

phar mac okihp @it &n GitKivad it B FTRCRAAVAR T &8N bR thP@lidRESE.S. Qhe adm ni st ered
substances. By the use of direct intradermal (NID) adm ni strati on neans

her eaf t erinfesfaeg bateemthe spidernia kudihe deanigen s integer ehxbergéranis ersi ng

m croneed| e- hased [.nj ecti.on.and infusion systens t_other ns to

Rcourat o) Jorurnes e T R P s By AR R el o of *rrany
subst ance@ggmhtg@lmgze@aﬂm’ﬁstmn i6h A @sinliCnos URBih RETBR nceMbiobétt @ye especi al Iy
protein an ﬁjgeptlde hornones, can be altered when conpared to ‘traditional

par ent al RsHPle dermgcolincioydvastags thatmegit seseb drom snel selaetivgvenous del i very.
These fing%&ﬁﬁuaﬁglpertinent not only to mcrodevi ce-based injection neans,
but ot her delrvery nmethods such as needl ess or needle-free ballistic
injection of fluids or powders into the ID space, Mantoux-type ID injection,

enhanced iontophoresis through nicrodevices, and direct deposition of
fluid, sol0P#lThys thrhsmaingggontinyipe pged 1ot efficikat and safe metbedvddd is a net hod

Lo I NCT eagsid ol Bl fnilat 0 bR BahAEcu RAGBLGIAL] y- adm ni stered drugs wi thout
necessitating access. e S|gn|?|cant eneficial effect of this delivery
met hod is providing a shorter TMAX. (time to achieve maximum bl ood

goR;Eh;Bg&bﬁ@%gﬁaﬂgﬁaﬁ&gﬁ%pggﬁ t;al corollary benefits include higher 4 2
or a given unit dose (Cmax), higher
bi oavai | afph i1 Phe gHERt disclosure relates to a use involving a new parenteral
administration method based on directly targeting the dermal space whereby such
method dramatically alters the pharmacokinetics (PK) and pharmacodynamics (PD)
parameters of administered substances. By the use of direct intradermal (NID)
administration means hereafter referred to as dermal-access means, for example, using
microneedle-based injection and infusion systems (or other means to accurately target
the intradermal space), the pharmacokinetics of many substances including drugs and
diagnostic substances, which are especially protein and peptide hormones, can be
altered when compared to traditional parental administration routes of subcutaneous
and intravenous delivery. These findings are pertinent not only fo microdevice-based
injection means, but other delivery methods such as needless or needle-free ballistic
injection of fluids or powders into the ID space, Mantoux-type ID injection, enhanced
iontophoresis through microdevices, and direct deposition of fluid, solids, or other
dosing forms into the skin. Disclosed is a method to increase the rate of uptake for
parenterally-administered drugs without necessitating IV access. One significant
beneficial effect of this delivery method is providing a shorter Tyax. (time to achieve

maximum blood concentration of the drug). Potential corollary benefits include higher



rapi d uptake rates, nore rapid onset of pharnmacodynam cs or bi ol ogi cal
effects, and reduced drug depot effects. According to the present

i nvention, inproved pharmacoki netics means increased bioavail abi Ijgm 2005
decreased lag tinme (Tlag), decreased TMAX ; nore rapid absorption ra}% es
nore rapid onset and/or increased CMAX or a given amount of conpound

adm ni st %Qﬂmuﬁpéml?érgfhibﬁs R RGWARGRYSse (¢ AN B %eﬂ’ﬁilﬁz{ﬂii tfigfe non-1V

parenteral neans o rug delivery. [0012& "BY’ bloavai | abi y 1's meant the

t ot al anowpid uptaka rges; erwre opahenst heftphaevasiodyhanties ortdlicdlodicalortfsatst aeint . This is
general ly asured, as, the area ynder .the curve in a plot of concentration
vs. tinme.™ ea! 4 depppefiaess. %&%H‘"ﬁﬁ‘éﬂj&éﬁrwn{f@?%]é’ﬁ’ %fministration of a
conmpound gidmbdolrcties MBAS YRGB PloaBlBliARk&c-a®st @he PLagM | evel s. TVAX
is a value representing the tine to achieve maxi nal bl ood concentration of

t he conpodasetasedahaxGiviore irapid hlssorptionirains, Whayo dapid nusshandder inereasedched with a

gi ven dosg and adm nistration nethod. The tinme for .onset is a function of
TLaG Trenits e rea o bmpogamingfertd Buplen ifFDaneiedie 1 e
necessar Yintr@masdhl2 b LoBeOAROLY zﬁénté@[ﬁl%ﬁnstdf%mg?deliv@g@cent_ratl on necessary to
realize a biological effect. TMAXx and CMAX can be determ ned by visual

i nspection of graphical results and can often provide sufficient

i nf [ e L W0, h f, .adm ni ' f d. ,
numor 1 cal COMAREOTRA GRS SRIERE A BN ChPLTLA Bl BRIROIS, et e

nodel s (@sodlesapdriesht. liOM)pe el Ome Hubiras Iodtsa kitkwhel @rdeiaagl@fofskill in
the art. [0013] Directly targeting the dermal space as taught by the

i nvent i oncopEiatien virdiee. Byaiediman demegpt the felay betyrenthg gdmamsiraiioaghost i ¢

bsor ped Lo BAFIREIE iR EuP U o IR bRUTSEARSRRIEA0 BECRR T2 on that

sel ect i verjluaepRsatiag theaime tomhicvastiingd] bivvd doyieannatioe onihe compRind, ar i es,

t hus the substances may exert their beneficial effects nore rapidly than SC
admi ni st raid ewx iy Hednpdauarleodongeryrtipn senghed With a grgg<ioseydi ri ng rapi d
onset, s Esdlinba t (o , i n I+ ef h as for
br eakt hro@nggﬁﬂéer é%g(llr;ﬂ] eg{r%}%mﬁ)gragﬁeglesqa?%ﬂ%#,&?eﬁ%’pﬁ é‘?\lgf “?"ég%%}g drugs
such as adithesalpaneectns aifitiErceghotime nbizssarpto dvbiave nédoclr(er atgotissakrased i n

pul satile fashion with a rapid onset bur ollo by rapid cl earance.
Bcanpl es FHERHBOT REGTERY OBEIZ S BaPESdaaterh Tes g6hou 6 1 of ogi cal
sti mul us, jdiQmifeaiifaliSheBbR 6PsGphieMhsits ABPENES feRbRbSsIBckRITEI €
reproductive hornmdnes, which are released at tinme intervals in pulsatile
f ashi on. BI@MRLMAR @O{BEre two methods of administration of a compound. However,

numerical values can be determined more precisely by analysis using kinetic models

(as described below) and/or other means known to those of skill in the art.

[0013]} Directly targeting the dermal space as taught by the invention provides more
rapid onset of effects of drugs and diagnostic substances. The inventors have found
that substances can be rapidly absorbed and systemically distributed via controlled ID
administration that selectively accesses the dermal vascular and lymphatic
microcapillaries, thus the substances may exert their beneficial effects more rapidly
than SC administration. This has special significance for drugs requiring rapid onset,
such as insulin to decrease blood glucose, pain relief such as for breakthrough cancer
pain, or migraine relief, or emergency rescue drugs such as adrenaline or anti-venom.
Natural hormones are also released in pulsatile fashion with a rapid onset burst
followed by rapid clearance. Examples tnclude insulin that is released in response to
biological stimulus, for example high glucose levels. Another example is female

reproductive hormones, which are released at time intervals in pulsatile fashion.



Human growth hornone is also released in nornmal patients in a pulsatile
fashion during sleep. This benefit allows better therapy by m m cking the
natural body rhythms with synthetic drug conpounds. Likew se, it nay better
facilitate some current therapies such as bl ood glucose contrgl via insulin
delivery. Many current attenpts at preparing”"closed | oop"insuki 3@%& are
hi ndered by the delay period between adm nistering the insulin and waiting

for the biiemespeath Bbinte it As@eftdiked mmo&nalrmlﬁeﬁts id a phibdl€pishioho ascertain in
real -time whether sufficient insulin has been given, wthout overtitrating

and ri ski igingsisgl ?l@&hmﬁt Tiheviatisr ﬂlﬁﬁw bpml ing thpngaralpedy el i mi nat es

h of I
g}J gcugseé&gﬁ)mé/vahg | cglfgfn&m;q%ﬁﬁéé epi der m S E}iﬁ%lttgreﬁ%%a% eé \ggl d2¥§1r2 i 28

made up O&urfdnv&xeiapieelgﬁch etsrbeofﬁitgwddsmmmemmsuhntdaﬁvayrlahwrcdrmﬂt dum the
stratum granul osum the stratum spi nosumand the stratum germ nativum and
the der m $lempiyaipecpgpngiclasadlaonyierdin pumps applindgpeby thedplayarrpd and the

deeper reﬁét&géuga[dnﬂﬁ{sﬁhgg thezl qt}f}';'a%ﬁ r%h@%x&&%;@%l% fath O%B%lg’ s varies

from indiVvi |n an 1 ndr vi erent

| ocat i onsmakestingiffivattyto asdéﬂnmexmphﬁw whetheasuffient ineflar ka8 Getihgived,he epiderm s
varies in thickness fromabout 40 to about 90 umand, the dernis varies in

t hi cknessWHBMNY |°H§t1ff?%‘ilﬁ TWSWSKH@ ngﬁéemlépT]Ef‘e‘Pﬁiesraﬁlé PR/BROERDSEliYeBm | ess
th 1 dy t t d 2t bout 4
an nm; ‘Iﬁ“%@t Egg{)%%?yg eg}gll) Qﬁ y to just under o abou mmin

other regions o ng upon the particular study report (Hwnang
et al., Ann Plastic Surg 46 : 327-331, 2001; Sout hwood, Pl ast. Reconstr.
Surg 15 429, 1955; Rushner e Sci ence, 154: 343 348, 1966) . [0015]
As used h@ﬁi‘? JMampafigehingutigs fg ﬁ%réoﬁstdéscmﬁ able Heeicaly-obe of a

subst ance?PlaeMs zfn'ﬂ%eﬁﬁfs”i‘ﬁe ddcMEs ﬁlara@ﬁp%f f&er m&eﬁshﬂae §&£ﬁﬁl%fﬂ§uﬁﬁad' l'y

reaches the rich vascul ari zed papi | s and i s rapidly absorbed
into the 1thbcstmtumdputldnaruhestranm/gmnuld)s;mpIﬂa:tsitnatmxesmedmntzmdbhe::ﬂnﬁumyst emcally

bi oavai | abl e. uch C result. frgm acement of the su nce. |n t he upper
oot o S ed b &gimisin o Pl &R gas P PR PR ACTRB AR por | o of

the rel atipy %laépe} %%%ul\éﬁééiﬂﬁsafrhé eibiGiebAof tReAdHSs ﬁ'}m}dehﬂ{s vahiBs fréMbst ance
readily diffuses into the papillary derms. It is believed that placenent of

a subst amdeflcbmb@andmiuel 9nthmthmcﬁe;pmﬂwmlilalaat differsnt labadions on gherhndymor e

f er abl d. i 0.5
ot o o alloneRbmpEng bas FR Henotied s NR SidRRk RHE B BPldest IS Rhor & chan
about 2. Otokoaimh iR Shd, BEedmnadlaYies ﬁpthfazﬁ@ssmfgmgaﬂwuguslbaomw Il result in

rapi d absorption OF macronol ecul ar and/or 6
epidermis to a depth of from less than 1 mm in some regions of the body to just under

2 to about 4 mm in other regions of the body depending upon the particular study
report (Hwang et al., Ann Plastic Surg 46 : 327-331,2001; Southwood, Plast.
Reconstr. Surg 15 : 423-429, 1955; Rushmer et al., Science 154 : 343-348,1966).

[0015] As used herein, intradermal is intended to mean administration of a substance
into the dermis in such a manner that the substance readily reaches the richly
vascularized papillary dermis and is rapidly absorbed into the blood capillaries and/or
lymphatic vessels to become systemically bioavailable. Such can result from
placement of the substance in the upper region of the dermis, 1. e. the papillary dermis
or in the upper portion of the relatively less vascular reticular dermis such that the
substance readily diffuses into the papillary dermis. It is believed that placement of a
substance predominately at a depth of at least about (.3 mm, more preferably, at least
about 0.4 mm and most preferably at least about 0.5 mm up to a depth of no more
than about 2.5 mm, more preferably, no more than about 2.0 mm and most preferably

no more than about 1.7 mm will result in raptd absorption OF macromolecular and/or



2 9 MAR 2005 hydrophobi c substances. Pl acenent of the substance

predom nately at greater depths and/or into the |ower portion of the
reticular derms is believed to result in the substance being%?iﬁgdnm
absorbed in the | ess vascular reticular derms or in the subc ozus
region either of which would result in reduced absorption of nacronol ecul ar

and/ or hygrd?@glgiaic%uﬁﬁmmrﬁ@c%me tﬁ@ﬁﬁﬁﬁhéegﬂcﬂﬁﬁihgt@f'ygat gfea rdé%tnét ance in

this dernal ce below the papillary derms in't ti'cul ar derm s, but
suf fi ci enaridjoraitovke bver portien bathe rigetlve damiib & éievadso agwittihéhesubcut aneous
out tion of the substance to

tissue, should.enable an. efficient rd) .magr

the (undi%lgﬁf“bcé’di)f’m&ﬁé%‘@éf|a£r‘*°f£l nﬂ(}]‘?wlﬁgsa‘qu\é\ﬁﬁ'i %P‘Sﬂ%pfﬁerfrlb?r%_ﬂbéﬁ (inthe
papi | | ar yo@eiiicdls el Gthet ofGAick GouRRe QDA dedvot Pai¥fiRlos Circul ation via
these mcrocapillaries without being sequestered in'transit by any other

cut aneousmaérgmnkcelanpul/arhydtophplfio $@istatnes. Wbe chmrodied telofery ba i nvention is to

achieve nore rapid.systemc distriputi nd .of fset of drugs qr diagnostic
agents. ipaap@in fud Wil ek bt R osyTars RS BR ol SETs Bty are
secret ed dyftidell 3¢ 1R ith@ghdcRiwddanie Sries Sl iBE hibcataBe AR IRGIat ed W th

havi ng continuous circul ating | evels of substances adm nistered. A very

per t i nentshosldampble ah stffceens (eutwend) odgretion/ef thoswhshisee totthe (vadisuabéd) have t he

opposite effect ause .. inferti.it cont i nyousl resent .in the bl ood.
FRew se, Pt wianB i By e WTE SRR LB EBtkeq (o down

regul at e insibbd mib SERphio CHcklNidh Vil tHpuaRidrbdapandies #@AGIHeMIgt Y. [0017] Anot her
benefit of the invention is to achieve higher bioavailabilities of drugs or

di agnost i ®©qugstaaedin tpgpis by pleetherfasangaesisveseongpagiment-c for | D admi nistration
of high nolecular weight substances, especially proteins, peptides, and

pol ysaccharides. The direct benefit is that I D admnistration with enhanced
bi oavai | ajodté]t Anotiadrbeneit@f tievaveainitn b tolaokieecadnorf hpidisgstudid dsttibutig | ess
active agent. This results in direct  econom c, benefit to the dru

manuf act uHEOTERT e daggpticagents-cdpeisialongring pL TopRgaY BpRRonss H{agi n

ther apeut i BN AL QARSI Guldlik PR Ngdggbsﬁie LR A JQUidikd iffey ~ al § ow

reduced overa sing an Crease t ient's sic ects associ at ed
wi th hi giwsingdosiimgus [cBOdl8inglavdlhef substamdes hdmfnittéred.i Avenytpedtinens t he

attai nment of hi gher, maxi nrum concentrations of drugs or djagnostic
Subst anceSampltgs fpun Fr i ABOREr b zAcaLy BaYHHE BEPORIAT QLGNS | D are
absorbed RIRityFRhEN Yontihbild1Porkstnt AR Blodl ! Bikéwie, Continuous and elevated

levels of insulin are suspected to down regulate insulin receptors both in quantity and

sensitivity.

[0017] Another benefit of the invention is to achieve higher bioavailabilities of drugs
or diagnostic agents. This effect has been most dramatic for ID administration of high
molecular weight substances, especially proteins, peptides, and polysaccharides. The
direct benefit is that 1D administration with enhanced bioavailability, allows
equivalent biological effects while using less active agent. This results in direct
economic benefit to the drug manufacturer and perhaps consumer, especially for
expensive protein therapeutics and diagnostics. Likewise, higher bioavailability may
allow reduced overall dosing and decrease the patient's side effects associated with

higher dosing.

{0018} Another benefit of the invention is the attainment of higher maximum
concentrations of drugs or diagnostic substances. The inventors have found that

substances administered ID are absorbed more rapidly, with bolus administration



2 9 MAR 2005 resulting in higher initial concentrations. This is nost
beneficial for substances whose efficacy is related to naxi mal
concentration. The nore rapid onset allows higher CMAXx values to be
reached with | esser ambunts of the substance. Therefore, the doggM@:ﬂ]@{)e
reduced, providing an econom c benefit, as well as a physiol ogi it

since |e Sl%figtéﬁ%r?ﬁﬁ% T E&Jtlﬁl%n&r 63‘%5 le Qm%t Ibend el ol 3% Sthﬂcep QVh%Lee ared by

t he body bene e Invention I's no ange in systemc
el i m nat |afﬁcercatlemlamﬂsd tmmﬂmmmlsaoucmtxeaomﬂam mae ingid snt allovely higheror di agnosti ¢
t he sane

agents. dies . to te . the a nts have tai ne

syst em CAQMW ugsito he Feaf df%]]%ﬁeﬁ@r &ms téﬂ S“'i’sé"é]F%dﬂ%e QTeaH’F’%O%’T SC dosi ng
routes. T&h%%ﬁ%@@ﬁ&&h b n 8Q5HoREC bQHLE aQ%nragag,hgﬂ i pdnbfy DI ol ogi cal
mechani smfor systemc cl@arance. This I's an adv age us froma regulatory

st andpoi reincedéssermmtagtsaddhd dmg andiaghastic agee hpsatohhweyes raiesdthabvdpe
reinvestigated prior to filing for FDA approval. This is also beneficial
froma pharmacokinetics standpoint, since it allows predictability of

dosing r e[f% %noﬁ%?%ene‘fﬂ%ﬂl@ﬂﬁ&‘e%tﬁﬁl/s REcHehEinRgdeid d1Rmbish ARIY, Mor e
rapidly if their clearance nmechanism are Concéentration dependent. Since ID

delivery InEmaiCt@earamChn@hhﬂmm drﬂgscirdaigamm agente. Ahytubies tndatebped, al t hough
the intrinsic.nechani sm r unch ed 0020] An nefit of the
e A e e G e e R A
nmechani snesté$asHal e ér 80QSing a&nwrmisqﬁ&dat@lmgsao@mgtrb@te haBhd ekt atight by the
applicants still exert their effects by the sane biol ogi cal pathways that

are intr nhgbelqucaémﬁ:ehamﬁen fC\IéY%iemﬂeﬂl@faﬂAhyTlpﬁQrademw&r@meﬁnges are
el at od opl b, LG flk S ENEE R LSl APRRR.FACFpg Shegppear ance, and

drug or ‘dFAHROS ¢on i ons pres i ol ogi cal system

[ 0021] Usnengesttigetemphbodﬁfﬂﬁfg fbhEDM@‘pﬁﬁrTal MR hisO Benafidail I@eLAt | cal conpounds
may be adm ni stered as a bol us, by infusion. As used _ herein, the term
“bol us" | EhATRAGOkSHED FEdeRh SHI: HrAHaHE PROFRLITINY  ApYiBE EREImFS. SPACa. ¢ | me

period ofg b&%ﬁce&&ﬁ?a%%ﬂnﬁ&a%d fr%%lﬁﬁi mér gfréiﬁﬁlgr?fthEﬁ ck,@}a‘iig@'eo' to mean the

dellveryo a su nce over a tinme r|o ater than ten (10) mnutes It
i s under simeddnishaire balcostracmidapaidestt Smneﬂbdele&ary/ﬁarsylmmmxgl’me (gacried out with
rate controlling nmean for exa ave no specific rate

Y i

|l e a
cont rol | | AEHIHREE AYC mpay be dncreased a e+ghst@$ } ?ﬁl‘e%‘f’? RisnprepagiSypnp 2005

unchanged.

0020} Another benefit of the invention is no change in pharmacodynamic mechanism
ot biological response mechanism. As stated above, administered drugs by the
methods taught by the applicants still exert their effects by the same biological
pathways that are intrinsic to other delivery means. Any pharmacodynamic changes
are related only to the difference patterns of appearance, disappearance, and drug or

diagnostic agent concentrations present in the biological system.

[0021] Using the methods of the present invention, pharmaceutical compounds may
be administered as a bolus, or by infusion. As used herein, the term "bolus" is
intended to mean an amount that is delivered within a time period of less than ten (10)
minutes. "Infusion” is intended to mean the delivery of a substance over a time period
greater than ten (10) minutes It is understood that bolus administration or delivery can
be carried out with rate controlling means, for example a pump, or have no specific

rate controlling means, for example user self-injection.



[0022] Anot her benefit of the invention is renoval of the physical or
kinetic barriers invoked when drugs passes through and becones trapped in
cut aneous tissue conpartnents prior to system c absorption. Elimnation of
such barriers leads to an extrenely broad applicability to variog%h@@%g%
cl asses. Many drugs adm nistered subcutaneously exert this depot !
effect-that is, the drug is slowy released fromthe SC space, in which it

is trapp 02@]5Aﬂdi'l@erfb@ﬁé§‘1t@ﬂl@ﬁﬂ%ﬁhﬂﬂ1351Tefhlavﬂrdf@1{e pH RIS S GicdREREPL i ON,  due
to affinity for or slow diffusion through the fafty adi pose tissue. ThIS

depot effl@mkedr\@mldr@smms ﬂumh @mmcwtrappgémcnwoumﬁmr ed to ID, and
can resul tOi ) gg m;g gndl 1011 i abj. |It11y % absor 4‘?@ This effect
is also pe Al Hgﬁ For osr¥ﬁ§ gﬂ?& suc 8?’?\‘78‘7‘5 Y #dds i ncl udi ng
passive p@&&ﬁxelyﬁﬁhﬁmé@wwm\ﬂyttb varfioudl dr&gmasscsommairugyhdﬂﬂhm&ﬂs

i ontophoretic technology, sonopheresis, or stratum comeum ablation or

di srupt i veabaanredgy ewrathsSdiﬂpﬁhfrffq@&tl@hISt e ldng is glpwi e rdleased fromnthy SC ; |
EZH: ;;g“épﬁ%é {yﬁféﬂhn& 0 %H % ﬂ@ﬁ&%ﬁﬁ s%b Sor {em‘?é’%%fpglggﬁ' tﬁ[ga

rugs exc i pophi onpou s can

barrier, daprdohftass fbmtslovdﬂsfﬁl@fohﬂlikoﬁglhthblf&t J@dme@@s@f ThigldepdtREbétcs due to
ti ssue saturation and entraiqprrent of the s. Active transdernmal neans,

whi | e of t/&fitsds g dewerkamxad donger Tnanspuparag inDD, and can gsplf jn highintérct ed to
d |
Commeund URARE LB ARG IR UEIRLAS LRLEL A BT ool

or carried passive ransi ent pores
caused bytrasiérimat ddivenfméthedstinaadiag pussivegpaaghptdhaalogpmwih oseitheitwaves. The
stratum comeum and epiderm s still provide effective neans for inhibiting

this tranp@eition eghanees, mrﬁfeif?@mﬂcrt%m&gywn@%rw ObHIAtYE EPMEHNat i on,
abrasi ve [Rang Wi g}gﬁ%pﬁ g‘g)gg.sﬁﬁfblédknﬁﬁﬁF%h%cﬂﬁblﬁ y&he%ﬁﬁmgfj’ facilitate

penetration or upt rect stration mechani cal
neans ovepaminmsng iﬁnmulghmlmhighlpémpémreammspemm @snavin &id epidermalbargernot |1 m ted

by the ceuti cal hysi ochemc opert of the dru its
Dy ot B B et iy BN S e db eRURPA A b AR o PO AETSE IS i gl y
control | 3 eneosisi éﬁ&im@ﬁsetmﬁmc@m tbciféﬁﬂe%a&@é’tﬁmda?ﬁ%h a@ﬁ&nt bat 1D

i nfusi on studi es have denonstrated dosing profiles that hi ghly
cont r ol | abt éruendAgiivediassdebha raepss twhitchedten dpritet thaspissiae tansfiérgntanki neti cs  of

drugs or di ents del Lver b his route. This allows al nost

oot ure at 3 Ftrictrody B RIS frin b Pour i SasdreprRigni uRy T

coupl ed WiEdhroRid dréle@trof Rt Mm@Ins B EidPaSiNEY (HeSUMhItRE tr§1Ys$én@ i regulate
nmetering of the drug or di agnostl C agent into e body. T is single benefit

al one i s @heeddty qanatipmof dhepaisugdying applieptien of &FMJQ vervedi dgnostune agent
delivery (Q;‘ln‘ﬁeu?rggnd E‘%?AE:%IS ﬁu%‘#&ﬁ&@é}‘fe‘%u@é’ﬁ‘?egﬁs%F ﬁlrh b?tmgaﬁns transport.

Stratum comeum removal by thermal or laser ablation, abrasive means or otherwise,
still lacks a driving force to facilitate penetration or uptake of drugs. Direct ID
admintstration by mechanical means overcomes the kinetic barrier properties of skin,
and is not limited by the pharmaceutical or physicochemical properties of the drug or

its formulation excipients.

[0023] Another benefit of the invention is highly controllable dosing regimens. The
applicants have determined that ID infusion studies have demonstrated dosing profiles
that are highly controllable and predictable due to the rapid onset and offset kinetics
of drugs or diagnostic agents delivered by this route. This altows almost absolute
control over the desired dosing regimen when ID delivery is coupled with a fluid
control means or other control system to regulate metering of the drug or diagnostic
agent into the body. This single benefit alone is one of the principal goals of most

drug or diagnostic agent delivery methods. Bolus 1D substance administration as



9 2 9 MAR 2005 defined previously results in kinetics nost simlar to IV
injection and is nost desirable for pain relieving conpounds, nealtine
insulin, rescue drugs, erectile dysfunction conpounds, or other drugs that
require rapid onset. Also included would be conbinations of substances
capabl e of acting alone or synergistically. Extending the |D a@riMifsifati on
duration via infusion can effectively mmc SC uptake paraneters, but with

better pr&dinedl pRividubly-restifts $n BibeddsnBosk SinRAF fd BUInfdckivn 4RPH th@i  subst ances
such as growt h hornones, or anal gesics. Longer duration infusion, typically

at | ower dasfraldi &1 pedx reBewagcorepangs, intealioeg ingelou sescondiygsgreckivel s of drugs
that is desir for antic al insylin nd chr,oni ¢ ;Rai n
t her apy. %ﬁ@ggﬁ ! He ?%ma%F%%ﬁ%%%%ggﬁmE%a%%%%?ﬁg%mﬁ%A%ﬁVP%ﬁF%pwggﬁion to

exhi bit apa@mibigionk bhaibbt@andk ehpabk ofdesngd fone AsyaxapbaipOitcddig to
pul satile delivery of fertility hornone (LHRH) for pregnancy induction,
whi ch r eqibie fRgdmirigrabiop darption sidsfusipacyn offeqivalytainigiSChoptakeal ¢l ear ance

bet ween p , I : i ' S drugs for
m ot ai ne. FaRRRps bRy eI 206 wBRlsts BERGBIg BhoPlori's " oo
Anot her bgipethhdes @ficht Rerovathedtmois] 6 dangigusies] 1 degiradalioaifadioflr ugs and

di agnosti c agents and/or_ undesirabl e inmunogenic activity. Transder nal

net hods  BicAlY aevrdafusionralge sxsregilt ingantypoys Loyy Basablevelp abdmes B8t s or
| ect i : ' i t h h th
el ectropoj %érlprgglfB{ aglytg!r?af‘gﬁlmséﬁﬁ’sfaﬁggﬁm, gﬁcﬂ&nig{ngig%?ﬂl th&aff. Y9 BGRetl " OUY €

vi abl e epide Ic and i'munogéeni c activity.
Met abol i cprofiley efisbonifinslinsidtiple $ashivn tb kehibpiativsstaty RineSepro€iit r at i on by
innunoglo&glins reduces the anount of drug available for_ absorption. The ID

admi ni st r $65iTeth A Rmplreved batepysatil dehvely o ledslinghormege ghBHAfGect 1y in the
derms, t | ' 2! ' : Qi ot her
benefits %#E?ﬁgyﬁﬁéggg?gﬁﬁgﬁghggﬁﬁgégﬁﬁ%gb%?%éﬁ%%y ta?%ggﬁﬁgﬂegbsorption by
t he papi | ¢tlearyncddetwesn anidedd Pticorkaropleedodd bevariy pedk arseigs,draisgfgnosti ¢

agents, and ot her. tanges to th gFrﬂB| space.of skin. The inventors have
f ound tr%H@%WB§%@€3&ﬁ8§%ﬁvﬁPﬁFb@Yﬁﬁ r?H@FFWﬁW' nal space and controlling

the rate and pattern of delivery, the pharmacokinetics exhibited by

speci fic drugs can be unexpectedly inproved, and can in many situations be

vari ed wi (0024lesudthdrbgnefitiof tedhveation it rageced degrothatismanf wiaggsleedet i cs cannot be
?zu: 225“ L%ia%ﬁ{sﬁ%é‘fe%@oargg@ggztgée%%gﬁg imleugct)gQ:%{c J%ﬁ\rff%)?t'[ererlr?sldenl?a? rlgert‘ﬂoﬁts ration

using chemical enhancers or iontophoresis, or sonophoresis or electroporation or

thermal poration require that a drug pass through the viable epidermal layer, which

has high metabolic and immunogenic activity. Metabolic conversion of substances in

the epidermis or sequestration by immunoglobulins reduces the amount of drug

available for absorption. The ID administration circumvents this problem by placing

the drug directly in the dermis, thus bypassing the epidermis entirely.

[0025] These and other benefits of the invention are achieved by directly targeting
absorption by the papillary dermis and by controlled delivery of drugs, diagnostic
agents, and other substances to the dermal space of skin. The inventors have found
that by specifically targeting the intradennal space and controlling the rate and pattern
of delivery, the pharmacokinetics exhibited by specific drugs can be unexpectedly
imprdved, and can in many situations be varied with resulting clinical advantage.
Such pharmacokenetics cannot be as readily obtained or controlled by other parenteral

administration routes, except by IV access.

10



2 9 MAR 2005 [0026] The present invention inproves the clinical utility of

I D delivery of drugs, diagnostic agents, and other substances to humans or
ani mal s. The nethods enpl oy dernual-access neans (for exanple smal | gaug

needl e, especially mcroneedles), to directly target the intrgh%MN%BM§pace
and to deliver substances to the intradermal space as a bolus or by

| nf usi on. ydbeas, Beeh AL SARNSAERHLIAE iR AIATPRPI ol dggyrel - access

nmeans vv|t erms provi Icacl ivery an

phar macokiiagidstic ageary tal othér sabsthnees suinshan oe animbihe THe hetHodaemphy means is so
designed as to prevent |eakage of the substance fromthe skin and inprove
adsor pt i ofeTk-RECASSURGINS GO ?@é‘?%? smalh gayge “Fﬁ@e:pﬂﬁﬂ?%bfdﬁlWP@§S)o‘io hor none

drugs de! hyvensduaaans hagl e, SRHDOPGundkditel BYBOLLARIAY Gigen found

to be vas erent to e “pharmacoki netrcs o conven I ona delivery
of the drasp bolmddrdgtinfugionhbhad hideadiscovestd thi the pheemestiof ghet dermblhe nmet hods of
the invention will provide inproved clinical results. Delivery_ devices that
pl ace thea@é&swans Falhinshe dergs providgs fog sHicstons delvsept! RrRaekingtie ader mal

space %n%ﬂ&f ﬁxv%%s%ﬂ&éé@hﬁb@m P& {Ang'lsdsod&'sf\%\ﬁﬁé{s il éﬂeﬂ? accurat e

delivery o stance to e5| red 1°0cat 1on out ‘I eakage. [0027]
Di scl osedlehlsaga offectsabstime ifionr thaskintaneé impioee afsoupicakweitiin theniatradurarial | y-
adm ni st er ed drugls] Wi t hout neﬁesm tating |V access. ‘This effect provides a

shorter S Thophamacelinetics Wnﬁé‘ﬁ@ﬁldﬁg"qf perqeding @ribe methedsiin
concent r afpl GRS GO hife B d,?fbuna'mﬁe@la@ﬁ. fé%% h@éggﬁﬁacgkﬂ@ﬂ igrability, nore
|o ogi c

rapi d onset of pharmacodynam cs or ects reduced drug
depot ef fe{nivsntlej[n@m}ieli\terha’"sthaﬂmg, bdantifiptindld hMeraapmaaandmgm dept h

control of the der access .neans, wWithin e intr derrral ace that the
phar mcok@ﬁé‘ﬁ@%ﬁdﬁ?ﬂi‘ﬂ%“&? ’?"ld&éﬂmffﬁ’t@@&n%@c{? gD?lb"eﬂh Yi¥éfhods of the

i nventi Onthaeﬂace' the fGfHA-rREbss er%mn %b}?ﬂogﬁﬁte d%tg@% ﬁf%'mtfr&i%%&lss 5@ that of

conventional™ SC delivery of the drug r macoki ne iIc profile for
i ndi vi duahndxzmm’poljhdsolm.cﬂelandaa’tyOEﬂmdrddhwgy poviddwecuhendetimérypd dper t i es of the

conpounds For ex ound t are relatively large, having a

mol ecul ar SURS 8ﬁﬁ02$3%?ﬁﬁggﬁﬁ(ﬁﬁﬁﬁh F K€ as wel | as iarger conpounds of at
| east 2000 Ealtons at | east 4000 Daltons, at |east 10,000 Daltons and

| arger and/ or hydrophoblc conpounds are expected to show t he nost

si gni fi cali027Piaelgeed is o meshoddo insreasathietrito wanpioke Enparcalcratlyt hods of
adm ni stra suech as..intranu sub su i njection.
It is exp%(%? gl&telr%d"l (f Tugs Wi tpoui feCeSSltsa%ng P acsS C[lfns QFAS pr0v1des as or e

Tumax. Potential corollary benefits include higher maximum concentrations for a given

unit dose {Cmax), higher bioavailability, more rapid onset of pharmacodynamics or

biological effects, and reduced drug depot effects.

[0028] It has also been found that by appropriate depth control of the dermal-access
means within the intradermal space that the pharmacokinetics of hormone drugs
delivered according to the methods of the invention can, if required, produce similar

clinical results to that of conventional SC delivery of the drug.

[0029] The pharmacokinetic profile for individual compounds will vary according to
the chemical properties of the compounds. For example, compounds that are
relatively large, having a molecular weight of at least 1000 Daltons as well as larger
compounds of at least 2000 Daltons, at least 4000 Daltons, at least 10,000 Daltons
and larger and/or hydrophobic compounds are expected to show the most significant
changes compared to traditional parenteral methods of administration, such as

intramuscular, subcutaneous or subdermal injection. It is expected that small

11



2 9 MAR 2005 hydrophilic substances, on the whole, will exhibit simlar
kinetics for ID delivery conpared to other nethods. DESCRI PTI ON OF THE
DRAW NGS [0030] Figure 1 shows a tine course of plasma insulin Ieb?{&lzs of
i ntradermal versus subcutaneous bol us administration of fast-adk g.ﬁﬂf{ 0031]
Figure 2 shows a tine course of blood glucose |evels of intradennal versus
subcut ane | 1.ni st j —actdng. |1 ] 032] Figure 3
shows a c@’}ré%%\p?‘?%%%bgtg ﬁ%eg’l %nsthgghgiésgﬁb‘g%?&]‘ %é}lf-agg]tnfepﬁ%%\?}eﬁ)s ﬂ'[’sl%F gé’gul ar

insulin. ¢OR3add tbiogher eethoslbows the effects of different intradernal
injection depths for bolus dosing of fast-acting insulin on the tinme course
of insulin levels [0034] Figure 5 shows a conparison of the tinme course of
insulin | : i | ong-acting insulin adm ni stered

subcut ane@gg{:@%ﬁqbﬁﬁkgﬁgf%@%?%035] Figure 6 and 7 show a conpari son of
t he phar n@ostiFigird shwas b siliel dotipse anglatihe insphidlerrels diadetnal eswhd s of

granul ocyte colony stinmulating factor delivered intradermally with a single
needl e orSUbRFAREOES Polus ﬁ‘@@ﬂl‘sémg?# abfastsaghiBgt aneousl y, or i ntravenously.

[ 0036] Figures 8, 9 and 10 show a conparison of | ow nol ecul ar wei ght heparin
intradernmal delivery by bolus, short duration, long duration infusion with
conpar i sofio31]Figub Quhawe o tisel dofitss odbloo DlibbieHBr dDESGRIrknol vefsud HE | NVENTI ON
Accordi ng )6 in a first aspect of the inventjion, there is provided use of a
phar maceuibEdpRgpug polys adramistialion, obigstaisting Msuliihst ance sel ected from the
group consisting of diagnostic agents, drugs and ot her substances which
provi de therapeutic or health benefits for the manufacture of a nedi canent
for use i[00a2JRiLitod shows a dompaisoy oflbdluy HD dogingobiabisicting ecrisad egalar i nt r ader mal
space within skin of a human 12 2 9 MAR 2005 subj ect, said nethod conprising
adm ni ste’n”F‘Hﬁ’-the substance through at | east one snall gauge holl ow needl e
havi ng an outlet wth an exposed height between 0 and 1 nmm said outlet
being inserted into the skin to a depth of between 0.3 mmand 2 nm such

t hat del i 8B3] Kifurt Heshewbtiealicets of dififesenaintaderepd injdtiondepth @ boimsand 2 mm

dosing of fast-acting insulin on the time course of insulin levels

[0034}] Figure 5 shows a comparison of the time course of insulin levels for bolus

dosing of long-acting insulin administered subcutaneously or intradermally.

{0035} Figure 6 and 7 show a comparison of the pharmacokinetic availability and the
pharmacodynamic results of granulocyte colony stimulating factor delivered
intradermally with a single needle or three point needle array, subcutaneously, or

intravenously.

[0036] Figures 8, 9 and 10 show a comparison of low molecular weight heparin
intradermal delivery by bolus, short duration, long duration infusion with comparison

to subcutanecous infusion.

DETAILED DESCRIPTION OF THE INVENTION

Accordingly, in a first aspect of the invention, there is provided use of a
pharmaceutically or biologically acceptable substance selected from the group
consisting of diagnostic agents, drugs and other substances which provide therapeutic
or health benefits for the manufacture of a medicament for use in a method for

directly delivering a substance into an intradermal space within skin of a human

12



Preferred enbodinents of the invention in its first aspect are descri bed
below or as defined in the sub-clains. [00371 The present invention
provides a use of a substance for therapeutic treatnent by delp q{ @,’-
drug or other substance to a human or ani mal subject by directly arfg ting
the intradermal space, where the drug or substance is adm nistered to the

i ntrader Qr por at ed
Wi t hin t@bjﬁgégge&' J?@?d; aﬁﬁgglgoalrdﬁﬂ%gggggccorg‘&%%g?%o@?ﬁ%%sﬂg ds of the uses
of the i nse4ll gmge haey nb@iﬁbmhafvmm dpleewith Bh bxpuzad hEighbeneden@Bapgiuper i or to,
and nore clinically desirable than _that observed for the sane substance

adni ni st eMBH Sy OBEIPﬁtﬁ}DédPﬁeétﬁ infto Jyekinrioa depf] -CEYYF@BQS3 WERHY 2BY for |ID
d 5 A, |
admi ni Str%ch%tﬁgﬁ%ﬂ) @qbiaﬁi‘ée obdIVE ﬂta'aggth'b%t 04 gh{&@ i ong as it

penetrates the skin o ject tot |re 'h within the

i ntrader nﬁefﬁﬁd@&bﬁﬂhﬁﬁh&ﬁofﬂ%ﬁwmltﬁlhhﬁm@lﬂst ladpect dre detibedbdsow or ke devi ce
will penetrate the skin and to a depth of about 0.5-2 nm The dermal - access
nmeans maydftf i g SEisRAERY | onal | nj ection needl es, catheters or m croneedl es
of all known types, enpl oyed singularly or in mul t i pl e needl e arrays. The
dermal - access neans may conpri se needl el ess devices including ballistic

i nj ecti on[088Y] 'ﬂeqareseﬁfﬁﬂvd&miomrm{iéﬂdﬂ ¢ ohadubstmmedlfoe slierggutic echtiventei n ar e

i nt ended to_enconpas uch. needle-like structures The term m croneedl| es
as used HaY &IHER o 3 Efw e sgb St@rﬂfed%ég@agm@emﬁ%@%m figgcliyhan about 30

gauge. YRl gahk hehoMleri R-IRMGE NG o UARI:ALL HaLHERSCANG, B! | il cal |

nat ure. Non-cyTi ndri cal ures enco ass the termm croneedl es woul d
t her ef or elnbadMabsmpfaﬂlahigh ouic ametoer degimel- aawcssunl@mpmcarpodmd withie¢hangul ar,

oct agonal d and oth cal | -.access, neans aI SO
el de. baHies SRR i weBrRE tocbs et d5 Bl ko Bsdi o) G ces,

pi ezoel eCBéeh%mﬁl’ 6 ‘ékﬁxﬁﬂ?h&ﬁ&?acolﬁh@c&’s "sﬁ‘ﬁ@ﬁ@?& hfd ﬁr%?e! ahfcnJekiiMelyvngdeyvi ces,
gas-assisted delivery devices, of h directly penetfate the skin to

provi de atebdsefvod fatehe SﬂelewumtanqmﬂﬂMIStyredé)bfl&&:ﬁ@ﬂb@t ances to the targeted
| ocation within the dermal space. By varying the targeted depth of delivery
of substances by the dernal -access neans, pharnacokinetic and

phar miCOdWOQQ}’Ele(d%ﬁhﬂ@cc&ﬂB@eﬁh@ﬁse@ffoﬁMaﬂﬁlﬂﬁtrgtﬁorﬁéb@SMﬁrgC@ H3 2 9 MAR 2005
can be tallored to the desired clinical application nost a roErlate for a

par ti cul amvergimiigpet csitisdmalanges it prmetratey e skia of e subiedto dhelde
Subst anc et lled AR AGE AR Smal AN R B ThIREh ACTROH BldeY, BV the

practltlon or w
the device will penetrate the skin and to a depth of about 0.5-2 mm. The dermal-

access means may comprise conventional injection needles, catheters or microneedles
of all known types, employed singularly or in multiple needle arrays. The dermal-
access means may comprise needleless devices including ballistic injection devices.
The terms "needle” and "needles” as used herein are intended to encompass all such
needle-like structures The term microneedles as used herein are intended to
encompass structures smaller than about 30 gauge, typically about 31-50 gauge when
such structures are cylindrical in nature. Non-cylindrical structures encompass by the
term microneedles would therefore be of comparable diameter and include pyramidal,
rectangular, octagonal, wedged, and other geometrical shapes. Dermal-access means
also include ballistic fluid injection devices, powder-jet delivery devices,
piezoelectric, electromotive, electromagnetic assisted delivery devices, gas-assisted
delivery devices, of which directly penetrate the skin to provide access for delivery or
directly deliver substances to the targeted location within the dermal space. By
varying the targeted depth of delivery of substances by the dermal-access means,

pharmacokinetic and pharmacodynamic (PK/PD) behavior of the drug or substance
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assi stance of indicator neans to indicate when the desired depth is reached.
Preferably however, the device has structural neans for controlling skin
penetration to the desired depth within the intradernal space. ngﬁ &f nost
typically acconplished by means of a wi dened area or hub associ at M 2085
the shaft of the dermal -access neans that may take the form of a backing
structure_or. platf t Q_ whi the needles are attached. The | ength of

i cr oneearaeRutitd ot Gty ElpAePAGH I frodpiBEER prl ot he

fabri cat i piieprO&RdBioaTThethetcdWepthalf ekvead bt absiafcds &5 $hd ddhaladBi’sl engt h.
M croneedl es are also a very sharp and of a very small gauge, to further

reduce pamAansapRY bsydeairoBedyaanyalls bydhe practitinacs, af withioswitbpuithe usi on. They may
o ere BbBsn SR eegs  JRMENEL B 0P8 4B ch RasL e, o

mul ti ple mcronee i hear “afr ays or

two- di mensieRathadevitghagsinicturhN@ESRF6r doolling kBin@enélfltiod @ dheor t he anmount
of substance delivered in aagi ven period of tinme. M croneedl es may be

i ncor por atestred Aepsh withiay the infragermyd jpacesThisismess tipads pecommplishebilsi ngs t hat
may al so gef \é%fta%h%/ﬂggfare%rb? nfls Q&sgcig{ed RARSHE Sdrdh % H&%g%?—é{%gs;rﬁga% ss Means

of the invention na SO I ncorporate reservolrs € Substance

prior tothdemby eky tierfom 0Ps bavkin ditictuieansatf@m Wevhivtethe ngedidearelr ug or ot her
substance under pressure. Alternati velaﬁ, t he devi ce housing the dernal -
access neditshedaFhe lengihnfapicroagediesagidegnal-gceesemeansane sasHu v adeshPsinent s. [ 0039]

| V-1i ke phatipg {1:3:( J i I i rugs into the
der mal co{r?rlggrt rrgér% nkeﬁ%ﬁ%@é&@@%i{ﬁa@?%ﬂﬁﬁn lt%ggh?:%%i ér ﬂﬁ‘i crovascul ature
and | ynpMatrogeetdies apvasicaneay sli@p ahdolsdrouy embié gundetofunhet redat phine ter ns

m crocapi | | arh%sﬁgn or, capill gry .beds refer. to_either vascul ar or |ynphatic

dr ai nage HtHIRyEIspiehiHa{ac iesting or HHesdon. [Thevoyy WRivred 1dke i ntending to be
bound by aQ¥ytddeRuRHiaEh SIREIAMCARIRlonBidsA miifiplt SnichEbdFY Gy AL Lhe Tapid

absorpti on observed upon admnistration into the derms 1Is hi eved as a

resul t of assérebled ohfaptiestebimdinehr dtays dr tnd diyerpivat! oraysss @l incieasetthe dermi s.

However, the sence of bl ood. a I atic, pl exuses.in _the derms would
ot by 1 P BRTpp e RStk st SN BRI - of
macr ondl egiibBfeedlbinfy bR i%élb%&méeirﬁaewbﬂia ¥f 8AHQkREEH #Molderddmal [y of | ow

perneability or inpeifnmeable to 14 2 9 MAR 2005 macronol ecul es such as
pr ot ei ns, hgusings ot may ke servatelimitdheddipth plpepaeation. Thbderamateccesravi ng pol yner s
attached such %%epegéll at ed pliot.ei ns and the.like. Su%tl'n .

means o mvention may' also inicorporate Teservoirs to contain the substance prior

to delivery or pumps or other means for delivering the drug or other substance under

pressure. Alternatively, the device housing the dermal- access means may be linked

externally to such additional components.

[0039] IV-like pharmacokinetics is accomplished by administering drugs into the
dermal compartment in intimate contact with the capillary microvasculature and
lymphatic microvasculature. In should be understood that the terms microcapillaries
or capillary beds refer to either vascular or lymphatic drainage pathways within the

dermal area.

[0040] While not intending to be bound by any theoretical mechanism of action, it is
believed that the rapid absorption observed upon administration into the dermis is
achieved as a result of the rich plexuses of blood and lymphatic vessels in the dermis.
However, the presence of blood and lymphatic plexuses in the dermis would not by
itself be expected to produce an enhanced absorption of macromolecules. This is

because capillary endothelium is normally of low permeability or impermeable (o
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macr onol ecul es have a nol ecul ar wei ght of at |east 1000 Daltons or of a

hi gher nol ecul ar wei ght of at |east, 2000 Daltons, at |east 4000 Daltons,
at |east 10,000 Daltons or even higher. Furthernore, a relativ@gmmyzwg

| ynphatic drainage fromthe interstitiuminto the vascular conpartnen
woul d al so not be expected to produce a rapid increase in plasna

concent ' RARICPL ARCRBACAL ARIARIRARSUNICRAL s g BOLARRE sl Dhoc L he derm s.

[ 00411 One poss Ion e unexpecte sorption
reported havigepalyersahathed parh dspiegrbied praéinsubbthahkesSuweh that they readily

reach the papillar derm s an increase in blood flow and capillary
per meabi | JPRGORQILEGE %ha‘iﬁc?rm%?ﬁlhlﬁll‘@‘?lgmt‘)fiaélea%ﬂ@aﬁqaﬁ%s%Oéiaﬁ‘b%}]eék insertion to

a depth o 1 ’ i f i as been
p %.ofec{ﬂm @élg,gttggaﬁ heg& O BARRs) méakfmséo gqagths,gPQa&rlOSOOB

postul ated to be | nf “of pain stinulu e to tissue release of
hi st am neDewqu};JdSﬁmﬁiﬁheraIFurth_eMlmﬁa/mkﬂhrh]arslcﬂe]g,r_m;fﬂlﬁtic diaixot Bdm O 00) . ;l'hl S 3
consistent with the observation that an te inflammtory response elicite
in respolEsyILIpit h’jﬁstﬁ‘&“ FPaBRERent 3 Oﬂlf‘g*ﬁg‘i Mitbeiexreaadda Hr‘?ff“tSF 8od fl ow and

capi | | ar yp,nREnERaRIih bla¥mb ,s,s&eﬁ’mftﬁinqip%g%macﬁh@ﬂfbwgasﬁﬂac m%l Mg ar Bi ol ogy
of the Ski R Second Edition, L. A "Goldsmth, Ed., O(?or Univ. Press, New
Yor k, 199ijo fhe dt@®S; W I hem Rev. Can. Biol. 30: 153-172,1971). At the sane
time, the injection into the intradermal |ayer would be expected to
increase interstitial pressure. It is known that increasing interstitial

pressure fopam gad pRsiblRayRAsidRr (R fe@RERnkc PhbsBRRIN reporfe@  about +2
nHg  di st[endgjI I yrr%ﬁati C vess<lal S zrand in;m;eggses Iy?rph fﬁgw (reioorbe et al., J.

| nvest i g. hddeinrsthel upo8ymjpcticraeubsanced sp- thet, tRGOGpdilyTieash the Ipepillagr eased
interstitial . pressure i ¢i.fed injection.into the intradernal |ayer is
bol 1 eved fgmis FLAEERscp Blood ot g ib B sRtiy et R Dis of
subst ancegndwi @&t LeinpidkinidiGoiR I depth dICOAR] prBiucel IR IRYAL: RIAGGRESKI neti cs”

it is nmeant that an enhancenent of pharnmacokinetic profile is achieved as
measur ed, aifdghisdis hesingpostylatest tarhg andepeyleat ofpdkstinealnsasbdugrie tissss such as tine

concent r ot SORRHERAHRENT Rl bR oD P50 B0 s bl ooa or

pl asma copgsiichawith the(obsaigitiorBYiaemhrieallahsabp! icoponpé eidileg@init is neant
that absorption is_inproved or greater as neasured by such_pharnacokinetic
par anet er Espopse onikisinieprdugss Prsivatioricastin loedflovernt epileey det er mi nat i on

o 15, 2 RSP, LSS, SORLIA S BB
Second Edition, L. A. Goldsmith, Ed., Oxford Univ. Press, New York, 1991, p. 1060;
Wilhem, Rev. Can. Biol. 30: 153-172,1971). At the same time, the injection into the
intradermal layer would be expected to increase interstitial pressure. It is known that
increasing interstitial pressure from values (beyond the "normal range") of about -7 to
about +2 mmHg distends lymphatic vessels and increases lymph flow (Skobe et al., J.
Investig. Dermatol. Symp. Proc. 5 : 14-19,2000). Thus, the increased interstitial

pressure elicited by injection into the iniradermal layer is believed to elicit increased

lymph flow and increased absorption of substances injected into the dermis.

[0042] By "improved pharmacokinetics” it is meant that an enhancement of
pharmacokinetic profile is achieved as measured, for example, by standard
pharmacokinetic parameters such as time to maximal plasma concentration (Twax) the
magnitude of maximal plasma concentration (Cpax) or the time to elicit a minimally
detectable blood or plasma concentration (11,¢). By enhanced absorption profile, it is
meant that absorption is improved or greater as measured by such pharmacokinetic

parameters. The measurement of pharmacokinetic parameters and determination of
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are deened to be enhanced by conparison with a standard route of
adm nistration such as, for exanple, subcutaneous adm nistration or
i ntranmuscul ar adm nistration. In such conparisons, it is preferatgl e,
al t hough not necessarily essential, that admnistration into the IMAR 2005
intradernmal | ayer and adm nistration into the reference site such as

subcut anepus AL i j Laval \, j - the sane
anount an cong nﬁ%@%g@%&%@&ga@o&gﬁ@g@ﬁ% eag%h% agﬂaﬁﬁra}dg? 0@3}{‘%& e and the
sane r at ercabemethioriesimhatded by icompaisor wifh asrdatd o of elduEstpeionuni t ti me.
Thus, for xanpl e, adm ni stration qof a given pharmaceutical substance into
the der ni $CHRSHOT SHRPE SHRATASROUS ARSIty o iemuspger adngingstratep In per

m nut e ngfch%o&ggﬂms,qf is BrefaB! ﬁﬁm‘ﬂ@ﬁ’h&ne@&@ rﬁgegexﬁalpﬁaponpar ed to

adm ni stration the sa pharmaceuti cal substance 1nhto the subcutaneous
space at tdminsaatorcmncednatintetdeoml dfyel 0@ gimihisaatibn inat the effertfék dite per mi nut e
over a period of 5 m nu'%lss.. -%0.43]. The ﬁnhancgd gbsPrpti n profile is

bel i eved THSNES SHEPENEQHSAAMRIBHALGE MRVoR Yy the spsoshdevsisahiec e 4B not wel |

absor bed Y& fi @&i&ﬁrﬁ%@fﬂﬁ%%l%s%@@n%arﬁ&rvehi%féaa'?iﬁltﬁ'e saiCr onol ecul es
and/ or hydrophobi ¢ substances. cronol ecul es are, 1n general, not well
absor bed sitefiadanmmsinsion in o lof smoeyt abe vdlwee protniotimg. Tiust foei r si ze
relative to the aaPi.IIarﬁ gore si{z}e, it nslégl so he due.to.their slow

di f f usi on®tHHIRbLGAMIHHEUPHCER SHR RS WlralsuBaRG5dRio 1By d@mit #13 s ynder st ood
that nmacr giRkAFMLA SudAR 1009AREMIThS T 8DE pﬂ%ﬁin’iﬁté‘@ﬁér'&%eﬁo&%% ophobi ¢

and/ or hydrophilic nature. I'n contrast, smdll nolecules which are

hydr ophi | mimugsevgadareltiaplywbt romiprsed hedmimismatimarf thestasregrharmadsuticahneous| y
and it is_possibl hat, no_enhanced, absorption profil ul.d be seen upon
" ecti on"PReEs e BEPHACEREPEE Y BRaRnlint el araal e Sl 8us ancous

adm ni strakd mgolfﬂj@rmﬁﬁebeeﬂwwr@,ﬂmgiﬁnﬁygst ances herein is intended to
mean | ow nol ecul ar wei ght substances, for exanple substances w th nol ecul ar
wei ghts | ess than 1000 Dal tons, which have a water solubility which is |ow
to subst api. | | 0441, T -menti oned PK a PD benefits
are best wé)éﬁ Fl;%eae '%@%8%%0 ttﬁaoq'd)ﬁf)ﬂélgtlpgﬁfi%?gdéﬁ br'lu‘d) a(r)tfc“?%% de eﬁg Orcapi |l ary
beds. Thi subs@néseeHigt 4rs Retwell Ssofbed Wlleh injbtedisiibo@andbuclyGeesl, orsyst ens of

| ess than about 250 micron outer diameter, and |ess than 2 nm exposed

| engt h. Seranply srasraQlegilosangion By draphabic sbstapccrrMasromeleasnles 2 ime 2 9 MAR
2000 V2" QR EGlelaBschd HBLNGRSF na B bGP Be ofEBIby (S QRer Tetal s,

pl asti c,

relative to the capillary pore size, it may also be due to their slow diffusion through
the interstitium because of their size. It is understood that macromolecules can
possess discrete domains having a hydrophobic and/or hydrophilic nature. In conirast,
small molecules which are hydrophilic are generally well absorbed when administered
subcutaneously and it is possible that no enhanced absorption profile would be seen
upon injection into the dermis compared to absorption following subcutaneous
administration. Reference to hydrophobic substances herein is intended to mean low
molecular weight substances, for example substances with molecular weights less
than 1000 Daltons, which have a water solubility which is low to substantially

insoluble

[0044] The above-mentioned PK and PD benefits are best realized by accurate direct
targeting of the dermal capillary beds. This is accomplished, for example, by using
microneedle systems of less than about 250 micron outer diameier, and less than 2

mm exposed length. Such systems can be constructed using known methods of

16



sugars, biological and or biodegradable materials, and/or conbi nations
thereof. [0045] It has been found that certain features of the intradernal
adm nistration nethods provide clinically useful PK/ PD and dose accuracy.
For exanple, it has been found that placenent of the needle 0Ut|eﬂ£%ﬁMWﬁm%
the skin significantly affects PK/PD paraneters. The outlet of a

ti _ _ ! . fa
R ke A B L A, A RTES
may be plsaged, Eivloghel delsirbadlegapitie wiatdnialy, iftéor cohtbadeionathespaice, the | arge

exposed height of the needle outlet causes the delivered substance to be
deposited at a nuch shallower depth nearer to the skin surface. As a

result, L@@%ﬂgpgﬁ%ﬁf&uﬁp?&é %ﬂ'ta% fdfiffes Althe @ urﬁlé?&a?éﬂxﬁinfkﬂ%ﬁ&? backpressure

exerted initse to pressure t up romaccunul ating fluid
from t he mathedd providoclinindllysisoful PRARID and dosatacaurgeye Rbeexadad, it las begedl e out | et

with a greater exposed height will stil| seal efficiently where as an outl et
with the fgaﬂithékﬂa%fér&ﬂﬁ@f Gricels putleoivihudthe gkinsgndiaply aliests bRALEd in a

shal | ower R i R AL Liaeler dat JYRI ] osed hei ght
of the ne%aé?ga%%’tmtéﬂ V\}H}:‘e%él %rg% O@oangﬁg&t%u eﬁhﬁ% llrtl%zé %Jé%?gﬁ(qoet with an
exposed helatjlatly ddrg®expostibleigia (the wetticalndkeiod thetoutles). Althbowgh thdecedhagel e. | n
this case, the depth of the q?utlet Is ane as the depth of penetration

t he
of the rEdubeplagdnsdn desset fepth vilp Upe i oAl sRaFreee b peiel or by an
openi gtk &GP helddEIS bt Rhude b e MR Ed mtaﬁcaﬁﬁ%gﬁﬂi@d%@ﬂﬁ@ﬁ hei ght. It

is understood that a single needle may have nore th one openi ng or
out | et s sihallabéralepdrnedek iovibe ykiofsudades Aanceslt, the stulistande temd$ tosgfhse. [ 0046] |t

has al so been found, tha control | i t he. pressure of injection or

i st on O] e bR e breRrrS B i B BB ELG e PSRN ot r at i on.
By pl aci ngof acQRMBARY1RA ESHHHE iffedtBE bk ¥nf@iort. Mial s OMiadrbMrleh@ce a nore
constant delivery rate can be achieved, which nay optim ze absorption and

obt ai n t heeeilleputietaditiph greaiar oxioned haight wilbetill veal yifrcaandly anfereval amaitlelan al so be
controll ed. prevent the formation of wheals.at . the. site of delivery and
Lo pr eventth dieRpmEested Foighl iuio? R Gy Sunfh ptecei™ BURReGut of ¢ he
skin. Thedepap#RRinitA Rtrd@rindBiphcd. aypRaly)dhe/@lpdsgshdight ObHRInkedib o6t ef fects
for a selected substance may be determ ned experinentally using only

or di nary will e from §dp ebadd ®wPaci ng bet ween nultiple needl es all ows broader
fluid 17 2 9 MAR 2005 di strubtion and increased rates of delivery or |arger
fluid volunes. In addition, it has

A needle outlet with an exposed height of 0 mm has no bevel and is at the tip of the
needle. In this case, the depth of the outlet is the same as the depth of penetration of
the needie. A needle outlet that is either formed by a bevel or by an opening through
the side of the needle has a measurable exposed height. It is understood that a single
needle may have more than one opening or outlets suitable for delivery of substances

to the dermal space.

[0046] It has also been found that by controlling the pressure of injection or infusion
may avoid the high backpressure exerted during ID administration. By placing a
constant pressure directly on the liguid interface a more constant delivery rate can be
achieved, which may optimize absorption and obtain the improved pharmacokinetics.
Delivery rate and volume can also be controlled to prevent the formation of wheals at
the site of delivery and to prevent backpressure from pushing the dermal-access
means out of the skin. The appropriate delivery rates and volumes to obtain these
effects for a selected substance may be determined experimentally using only

ordinary skill. Increased spacing between multiple needles allows broader fluid
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been found that ID infusion or injection often produces higher initial

pl asma | evel s of drug than conventional SC adm nistration, particularly for
drugs that are susceptible to in vivo degradation or clearance 0 fo\?Ar
conpounds that have an affinity to the SC adi pose tissue or for R 2005
macr onol ecul es that diffuse slowy through the SC matrix. This may, in many

cases, al . [ . er.adm ni stered via the
D rout o, RHBh ST B ERARED Bk RSt ARl IR oS, Re
i nvent i onbdeadbwdihfxdDhinfldinwe iigodionniftes paniudel Hiyest ynidhl isagsledigopt her
substanceg to humans or animals. subjects. A bolus dose is a single dose

del i ver eddig thanGopynsiony) mpiRjstrabifte particulagy 495 drags thatare pussentivldd of ti e,
typi cal |y, J; t j 1 Wl i nprises
adm ni st etroi]ﬁgﬁlé) #gﬁlldg@at ra&%é%ﬂggclg fe v %I%IEJ)%?& %Wed%fgﬁg ?n@gso@r) vari abl e,
over a r eidiposeeksueron fa mxtrendechlts thet diffnsectowltyythioagh the YT matrix. Thizan about

10 m nutes. To deliver su@stag e the ?g]rma -access ans is_placed

adj acent MaY-tiR&any gpsesrloy fepppaller dpies of thersybsiancede bg admmgtsredVidccess wit hi n
t he intra@l@gﬁ%utgpace and the substance or substances are delivered or

adm nistered into the intradermal space where they can act locally or be
absorbed by the bl oodstream and be distributed systematically. The

dernal - ac ans .may be copnecte 0 a reservoir contajnjng, the
subst anceﬁ@?iﬂ%ﬁ%&ﬁ@é atjog ”B"éﬂ Iqsﬁﬁ}éﬂ@r’fiﬁ‘&gf’& givephien ]é‘ﬁjd‘gf’ bethe or _
subst ancegylyd shdARARRIIMEVEY oPlrdd bR B ah RS kI HEn AR Hhhalss t hereof in

pharmaceutically acceptable diluents or solvents, enulsions, suspensions,
gel s, par subpgisafd®hssudoke tis single dese alabivarechimpesingle vekre unitsvesaspended or

di spersed |l cas.in-situ form vehi cl of th ane. Delivery from
the reser@&?‘?’em@wqq{t%?réedg’rpﬁcﬁwyi%ﬁg?“ﬁhwt c‘Bﬁlru&éieIt“ﬁE?O_npassi vel y,

W thout apphinféhii@coprisBadiinRietmb aRTRS S R1RfcdFhehat MdyWeNGnstigans to the
substance or substances to be delivered, and/or actively, with the

appl i cat i ervasikbler s ardatvrelbmpgreximded e pered tysalydreaerchampatefier r ed

pressure ener ati-ng eans i ncl ude punps, syringes, .el astomer nbranes, gas
P essur o, ORGSR A Supsliel B PR e OB B e PR T o

Bel | evi | | &is Bf 4 Si§ecprovitieh@iretlf targQedideadsi viftsn thcibgadermblf spd@singed, the rate
of delivery of the substance nm e variably controlled by the

pr essur e- GeRehsianchgr sAbslaBces A ‘E)(ii"%fs@ Pt admpipisiaeb bt hedntiatipilspidee
e BB S L  0RE  5 BFlguiabeg clent to
systematically. The dermal-access means may be connected to a reservoir containing
the substance or substances to be delivered. The form of the substance or substances
to be delivered or administered include solutions thereof in pharmaceutically
acceptable diluents or solvents, emulsions, suspensions, gels, particulates such as
micro-and nanoparticles either suspended or dispersed, as well as in-situ forming
vehicles of the same. Delivery from the reservoir into the intradermal space may
occur either passively, without application of the external pressure or other driving
means to the substance or substances to be delivered, and/or actively, with the
application of pressure or other driving means. Examples of preferred pressure
generating means include pumps, syringes, elastorner membranes, gas pressure,
piezoelectric, electromotive, elecrtomagnetic pumping, or Belleville springs or
washers or combinations thereof. If desired, the rate of delivery of the substance may
be variably conirolled by the pressure-generating means. As a result, the substance
enters the intradermal space and is absorbed in an amount and at a rate sufficient to

produce a clinically efficacious result.
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[0048] As used herein, the term"clinically efficacious result”" is nmeant a
clinically wuseful biological response including both diagnosticalg QIM'W?UUE

t herapeutically useful responses, resulting fromadm nistration of a
substance or substances. For exanple, diagnostic testing or prevention or
treatnment of a disease or conditionis a clinically efficacious result.
Such cli nj i CAC] sul & Sl ' oSl ti s such as the
measur eneL({ég%iXSgﬁ%&é@%@a%ﬁe ﬁrgﬁ%}w%rﬁ&e@gﬁ}lglﬁ%m%v@ eﬁ%‘%‘ﬁ?‘g&@ﬁlﬁon of inulin,
the di agoesildicibgiedreponerihdltdihg botheliigpnsticallg hd thepeidtidallpwsdial | nj ection of
ACTH, the causing of the gallbladder to contract and evacuate bile upon

i nj ect i onfeaPONSesn FEBYIEE Serhidmigishatieneof 4 ubstarce g spbstancen dpapennle resul t s,
such as chi ni AV : f el S . S i njection of
sl |, - SpPGRL iRt ALGIHRIR0f Bl ol ord U IBhaliEY R SulthATy 1Y G ng

hor none i gffiesdivudriesitc Budksclintually bificatidus feeuttrindudy diggmatie rtbaulteeines, clinical ly
adequate treatnent of toxicity gtpon_i njection of an antitoxin and the |iKke.
[0049] Substhapcasremet of glomsetlereilirléqrepressuic ioHawma inipction eldadidice with the

present &gg&;o’r%fsio?@dl%h@ﬁ&' a?ﬂﬂl%ﬁmf gl fgﬂg}eﬁ%lmﬁg@%}b&i SFA¢M1Ahe DI 0l 0gi cal 1y

active su ces 1ncluding 1nc I'agnost | gents, “drugs, and other
subst anc ecausing ofi thergallbldéder tdhesrapeiindevatuateddletdpob enjedtionofsuch as for exanpl e

nutraceuticals. Diagnosti¢ substances useful with the present invention
ncl ude neRolsHPERM A Gl axrredkasdirppeugic resulip, sucdupilipicallpafsqpateaACTH (e, g.

corticotrQpkng iy L : et IAl SHie ﬁ,aﬂe ornone (eg.,
Gonador el ?ﬁh@@%gﬁ %‘%?‘31133’%15'3?%%?“ ﬂ%? Qn%%g@ir}]gflggg%l g ﬂ%rtér]mne (e. g.
Ser nor el | mademehie)f hoohaead:fistcaky fullowify emloned ajectipa sathnsrparathyrokinone and

i Acetate), thyroid rel easing hornone
ine oY

fragments thereof (e. g. Teriparatid
and  anal BYEOPREF %%Wﬂt EQmw%ﬁlaﬁaf%P qepatediea FEFLLY HBOT [UREHOf 0050]

Ther apeut €, sibsdangaesnMikch can be used with the present invention include
Al pha-1 anti-trypsin, Anti-Angiogenesis agents, Antisense, butorphanol,
Calcitonin and anal ogs, Ceredase, COX-I1 inhibitors, dermatol ogical

ts, dj tam i i.st, d t | st Enkephal i
and. ot her [UPLRE-H8kE Tl g b AR PR GBI RePOmem e PO BB n and
anal ogs, fQbhtionl e Fidndtd & ihAddhORIRBCuticsRy S biolbhidARIRRVe A¥sfaibes

grani setron, G owh hornone and anal ogs (including” growth hornone
r el easi nginglydingringludeGhagnontihegentsnérugneagd othics substapigsuyehiteh predideHi r udi n anal ogs
| nsul in, _insulin in. and anal ogs,

fﬁgm ?f] ﬂh%ébg‘ggvér ﬁ.ﬂ%lﬁxﬂt?e%%@t%%ﬁﬁf@rf? %?%H’s?}é P‘HP&P‘F&?B%} Pgal,%n?_%itcei ni zi ng hor none,
19 substances useful with the present invention include macromolecnlar substances such

as, for example, inulin, ACTH (e. g. corticotropin injection), luteinizing hormone-

releasing hormone (eg., Gonadorelin Hydrochloride), growth hormone-releasing

hormone (e. g. Sermorelin Acetate), cholecystokinin (Sincalide), parathyroid hormone

and fragments thereof (e. g. Teriparatide Acetate), thyroid releasing hormone and

analogs thereof (e. g. protirelin), secretin and the like.

[0050] Therapeutic substances which can be used with the present invention inciude
Alpha-1 anti-trypsin, Anti-Angiogenesis agents, Antisense, butorphanol, Calcitonin
and analogs, Ceredase, COX-1I inhibitors, dermatological agents, dihydroergotamine,
Dopamine agonists and antagonists, Enkephalins and other opioid peptides,
Epidermal growth factors, Erythropoietin and analogs, Follicle stimulating hormone,
G-CSF, Glucagon, GM-CSF, granisetron, Growth hormone and analogs (including
growth hormone releasing hormone), Growth hormone antagonists, Hirudin and
Hirudin analogs such as Hirulog, IgE suppressors, Insulin, insulinotropin and analogs,

Insulin-like growth factors, Interferons, Interleukins, Luteinizing hormone,
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2 9 MAR 2005 Luteinizing hornone rel easi ng hornone and anal ogs, Hepari ns,
Low nol ecul ar wei ght heparins and other natural, nodified, or syntheic

gl ycoani nogl ycans, M CSF, netocl oprani de, M dazol am Monocl onal Z 8R0S es,
Pegl yat ed anti bodi es, Pegylated proteins or any proteins nodified with

hydr ophi i ¢ or hydrophobic polyners or additional functional groups, Fusion
proteins, ;. S.0qk i I .S i ny conbi nati on
of attachggh%%%ﬁéﬁﬂgpﬂ%g%%%ﬁg?%gﬂ@%%gﬂg%%gg%#&?%ﬁ% Eg%dﬁ@%&%%él gr oups

t her eof , Weiphidieparid il @es asturali readified or Nanheit glyebanianslycans 1L @SFEAL Or y
agents, digosaccharides, ondansetron, Parathyroid hornone and_ anal ogs,

Par at hyr ofefoplgpianes, Midarpkun.denodsngbanodiss, Fraliicd gatipedies, Pegwaedigl andi ns,

Reconbi n I > . c L he, I: ISt.s and

ant agoni Sp e A plefiRAhifed SERRILABLA o LM AIREID, 20T nogen
act i vat or slditioNkt funetivthal Jrdlipsa Rtidgopiosdins, Shgle/dndi agbodrigmeatts v thbout
carriers/adjuvants, includin prophyl actics and therapeutic antigens

(i ncl udi NEMSEH ity qOP}W‘i‘aé‘B“Pga%BﬂﬁPfPt%ﬁ%F@FW,‘ml%}?@i Faddiigngol ysacchari de,
pol ysacc j ' Naf%A ef:l.c. haged Lpes, live

att enuat 2@%@%&@%@?@%@% nact ?{C/glt?% &%%F%I%éﬁﬁg ,Steé??gwand bacteri al

vect or s) inflamonreg hgas, Glizbsaceiddided, oodansetrdd) Patattsgroid holnese,andocai ne

addi ction, diphtheria, tetanus, H B, Lynme disease, neningococcus, neasles,

a y
munps, r uielogs, Pagathyrewd hagmons antggopsiss Petstaghaadin ansaespitss Dostpglanding; r us, ti ck

bor ne | apl@&ﬁ . Shiad | &O.C yvphoi d,
i nfl uenza, g%gﬁﬂfl S, %#\ég‘elﬁ%snﬁaﬁ%’g@%& f ?g&%}&n%B{lﬁmé%gﬁlgch%gg%ﬁgi s nedi a,
rabi es, pSildeaafilH[&buphingilihtdmiEiyias, Tesw\plasnsnodepscevatodrNFVandis, CW,

chl anydi on-typeabl e haenophj | us, nmoraxella.catarrhalis, human papill ona
vir ug?/ Itﬁ%?“é‘magé*ﬁg ﬁ‘ﬁé’?ﬁfﬂ’i‘%g"e U%B:Bﬁ‘ﬁﬁﬁﬁﬁé%?dl%‘éapﬁnﬁ‘?ﬁ‘gi%er ogchl erpog : s

mal ari a, h%? RPhdtics ﬂdztﬁl@ﬂaﬁaftfc%n%éﬁﬂlﬁll%ludﬂg H?%h@tr limit &R RRRELT Frotefl], abet es,

cancer, es sinplex, ~human papilloma and the |ike other substances
i ncl udi ngpeptitle afd pdiysapetjadde, potysagsbatdecnjugatek, taxoidy emeticosedt he conmon col d,

Anti -addicti.on, ..antj-allerqgy, anti.- eneti,cs, .antj- .ohesi .
ant i ost eolR5FBERie até‘fwlfltp?Tﬂg’éé?rﬁf{?é’s‘?aciwgtfa’e‘@%% ,Cellin%‘é%?ﬁ‘g‘tl F’%‘g‘?m’énor exi cs,
anti art hridefog$).in ebtireasdrWik, aadRASH tasthriBE chSRAY bh &t dicash,  digieRiRssant s,
anti di abetic ‘agents, antihistam nes, anti-inflammatory agents, antinigraine
pr epar at i tlelasus, HiBt Lyme diserss) rokriegnsogeus paeasiasomsmpanubaiausekalis

rkinsonism d antipruriti anti psychoti cs,

ant i pyr ot 10eY B RicpRAeD) el B B BoB aRehkediliad © ' U200l v or s
i ncl udi ngprgeRRERcus, §RERBEICYus, BphoidhaifiabnANEepadie bicdindRgRtitis Al Bul ati ng
AGENS: CRTL L ofitie modia, rabice, potio, HIV- patainfiuenisa, fotavirus, Epsiom Bare Virus
> : » pohio, P ’ » Lp d

CMV, chlamydia, non-typeable haemophilus, moraxella catarrhalis, human papilloma

virus, tuberculosis including BCG, gonorrhoea, asthma, atheroschlerosis mataria, E-

coli, Alzheimer's Disease, H. Pylori, salmonella, diabetes, cancer, herpes simplex,

human papilloma and the like other substances including all of the major therapeutics

such as agents for the common cold, Anti-addiction, anti-allergy, anti- emetics, anti-

obesity, antiosteoporeteic, anti-infectives, analgesics, anesthetics, anorexics,

antiarthritics, antiasthmatic agents, anticonvulsants, anti-depressants, antidiabetic

agents, antihistamines, anti-inflammatory agents, antimigraine preparations,

antimotion sickness preparations, antinauseants, antineoplastics, antiparkinsonism

drugs, antipruritics, antipsychotics, antipyretics, anticholinergics, benzodiazepine

antagonists, vasodilators, including general, coronary, peripheral and cerebral, bone

stimulating agents, central nervous system stimulants, hormones, hypnotics,

immunosuppressives, muscle relaxants, parasympatholytics, parasympathomimetrics,
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i mmunosuppr essi ves, nuscle rel axants, parasynpathol ytics,
parasynpat hom netrics, 20 2 9 MAR 2005 prostagl andi ns, proteins, Jgi&tldes
pol ypepti des and ot her macronol ecul es, psychostinulants, sedati AR AEH5
sexual hypofunction and tranquilizers. [0051] Pharmacoki netic anal ysis of
insulin infusion data was carried out as follows. Stepw se nonlinear

| east - sq essi I j i concentration-tine
data f romqéﬁ%%gﬁﬁdgf gll%lt gféh’ ﬁ%ﬁ}dﬁ%ﬁgl %P@lﬁgla?{é,Sth%ﬂglg&n%?wégg‘es’ bi exponenti al
equat i on psachokiiinulaats] datives Lindiseaobagpdfoadtioannd taBquilidess.f or t he negative
control condition. This analysis assuned first-order rel ease of residual

insulin, and recovered paraneters for the first-order rate constant for

rel ease, a@@ﬁ] gh?&b?hnkﬁtsﬁlal is &%ﬁﬁtm@b&am@t\f&t h&: 1e8|oﬁf3~fsefoﬁb\£r$ 2 lag time

for rele Irst-or er rate constant . for el mnation o nsul i n
from t he Systisemanlmeardedsatquares ragreesnmrwmseni ® amabay dicddsdlin t hi s phase of
the analysis are of. no intrinsic rrf)ortance but nerely account for the

fracti on ORCOUIRHEOR-HIeE st tr pach IH@ @MWW@H‘E%U@%B‘HEH%W% [0052] The
second Sttﬁ%g%fneﬂtﬁfc@ﬁﬁ%ﬁ’%’a?fﬂ AN RS t:ér%bﬁtﬂat R-tEX P S ik RORRAfJTeN! al

nodel to t Insul1h concentration-tine data url ng an cut aneous
or int rmtm]edonﬁiﬁibnsTmmanaTym selreekfisponientel ke 0thesidmalhmmm amll nodel was

based is sho in the per_part, of Figure L. [PK/ P I nf usi on
of insul |fﬁ"‘HF’\EA?IBé’éH%‘t?m?E f"gt -Brdeprafe co é%tﬂfﬁ leagg. feél(a}l%ldnft“i e (Ting, 2),

absor pti Qiyafd@dtibh s th@fe%%bé)ﬁtesh ia% titd@for rﬂag&s@t A4 al?EYrstamftibxr fale Q@nbight Process

governed by the absorption raf e constant Kka. I nsul i n absorbed into the
syst eni ¢ for ¢lovinatiémoef isudinrfidm thedystama crcubipipar Bietpavohaiere rdtoverodimni nat ed by

an unknown. fracti.qgnal oaval ahi i.m nat e ccording to a
et~ or dBis Phaetaun iR S StaRabtinst o) B oiest oot Bt es. of
tlag, 2, lﬁ?acnoﬂ/bf: cir@iininsRAh aPB¥ArtPord 8@ AbIRGoMcEd) the di sposition of
endogenous insulin (CR TLAG 1, kR), which were recovered in the first

step of the analysis, were treated as constants [0053] Paraneter estimates

h f diff ifi
par amt orl20d s SRep P e A R AR g b il RSBGPS, B on

(subcut angedts t/@E sitslih etﬂoaﬁtﬁtfmtum@ﬂaxsu@lﬁﬂg Xiﬁisqf%iiﬁﬂﬁ:ﬁﬁtﬂed‘ustdﬂ the paired
Student's t-test. Pharnacodynam ¢ anal ﬁSl s of insulin infusion data was

cal cul at eatraderma|infasion. Fheassheme upprcwhich sha optbentiGl nodeevadieedised as a
surrogat eshB\%l i H}% uBB@rr ﬂm(tﬁ‘lf*?ﬁl'r@ ! [f‘ﬁ/f‘ﬁ%od%fl fig]. Infusion of insulin proceeded

from t = 0 to t = 240 min; after a lag time (Ti.,, 2), absorption from the infusion site
was mediated by a first-order process governed by the absorption rate constant ka.
Insulin absorbed into the systemic circulation distributed into an apparent volume V
contaminated by an unknown fractional bioavailability F, and was eliminated
according to a first-order rate constant K. The fitting routine recovered estimates of
tag 2, Ka, V/F, and K; parameters associated with the disposition of endogenous insulin
{Cr, TrAG 1, kr), which were recovered in the first step of the analysis, were treated as

constants.

[0053] Parameter estimates are reported as mean ~ SD. The significance of
differences in specific parameters between the two different modes of insulin
administration (subcutaneous versus intradermal infusion) was assessed with the

paired Student's t-test.

Pharmacodynamic analysis of insulin infusion data was calculated as follows. Plasma

concentrations of glucose were used as a surrogate for the pharmacological effect of
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21 2 9 MAR 2005 insulin. The change in response variable R (plasma gl ucose

concentration) with respect to tine t was nodeled as dR = k - g ...koa d
t [0054] where ki" is the zero-order infusion of glucose, out i A8 2005
first-order rate constant nediating glucose elimnation, and Eis the
effect of insulin according to the signmoid H Il relationshipr ECs'u +C

[ 0055] i n; IS ; ' i j f ' in, EC50 is

t he i nsul %n\ﬁ@ﬁrggﬁ%/gﬁd gtl%% cg?éw gﬂ}éf;#ﬁ‘dﬁ%ﬁ%{:&g%s@gg H%h%@%ﬂ)ﬁﬁ maximal, Cis
t he concemnspat iooimmof was meddlédas and Y is the Hill coefficient of the
relationship. Initial nodeling efforts wutilized the plasma concentration of
insulin as the aRdi ?t or .OIL phar macol ogi cal response. However, this approach

et dalfal in response of plasma gl ucose to increasing

di d not capture;t{‘rfe
concentrations of plasma insulin. Therefore, an effect- conpartnment nodeling
approach was finally adopted in which the effect of insulin was nedi ated

froma hy tjcal effect conpartnent_peripheral  taq the systemc

phar ncokURS EhEs i bsie PG ARE on Lt PREr ey M S s vas

conduct ededRtahiVReh@RSelutdie bRRIakibR LanBEER 10 effdehsY iAQANY-2ES dinigb tHed! o
estimates of the pharnacokinetic paraneters associated with fghe di sposition

of gl ucossgnoid Hllrelatipmshipol une of distribution of glucose, Vglucose) were

determ ned fromt heLgI ucose concentration-tine data in the negative control

condition. The fELJ‘hmvéérated phar macoki neti c- phar macodynanm ¢ nodel then
was fit sinultaneoggly €0 the glucose concentration-tinme data fromthe
negative control condition and each insulin delivery condition for each
animal (i. e., two sets of pharnacodynam c paranmeters were obtained for

each ani makes LSEGOM (0%, STkl NSRRI YS! sl EBE isHRGHLRgeous | nsulin

i nfusi on/ hegative cont¥ ol a, an one e st nuftaneous anal ysis of

t he i nt r agtgicemtation athvhich stiduBition bNeg&thalfenaxi@al, Cdb tidadoadentrhiordbd
phar macodynam ¢ anal ﬁ%&%ﬂ t he paranpeters_governing insulin_ disposition
[

obt ai ned H§¥limgndXs caeificienbplbihg gglafiopphip lgitial modelreestfartsti on-tine  data
from each,@p.igle plénfa RGE A0 bARAulin as the mediator of pharmacological

response. However, this approach did not capture the delay in response of plasma
glucose to increasing concentrations of plasma insulin. Therefore, an effect-
compartment modeling approach was finally adopted in which the effect of insulin
was mediated from a hypothetical effect compartment peripheral to the systemic

pharmacokinetic compartment

[0056] The pharmacodynamic analysis was conducted in two steps. In the first step of
the analysis, initial estimates of the pharmacokinetic parameters associated with the
disposition of glucose (o, and the volume of distribution of glucose, Vijucesc) Were
determined from the glucose concentration-time data in the negative control
condition. The full integrated pharmacokinetic-pharmacodynamic model then was fit
stmultaneously to the glucose concentration-time data from the negative control
condition and each insulin delivery condition for each animal (i. e., two sets of
pharmacodynamic parameters were obtained for each animal: one from the
simultaneous analysis of the subcutaneous insulin infusion/negative control data, and
one from the simultaneous analysis of the intradermal insulin infusion/negative
control data). In all pharmacodynamic analyses, the parameters governing insulin
disposition obtained during pharmacokinetic analysis of insulin concentration-time

data from each animal were held constant.
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22 2 9 MAR 2005 [0057] All other pharnmacokinetic anal yses were cal cul at ed
usi ng non-conpartnental nethods using simlar sofware prograns and

techni ques known in the art.. [0058] Having described the invent'zgm%
general, the following specific but not Ilimting exanples and r @ to
t he acconpanying Figures set forth various exanples for practicing the
dermal accessing, direct targeting drug adm nistration nethod and exanpl es
of dermal adm ni stered drug substances providing inproved PK and PD

ef fects. [0DO5RAI Atheephameaikitdticanadyssplees cllcudgedradingoaesenpartuatidvi ce

conprisin ingle. needl e were prepared f.rom 34 gauge steel stock
(M croG o’%ﬁ&‘oﬁ _r}gwg&bﬁpﬁwm)pro%%asgnige 1gues SNPRY &4 ~ground usi ng an
800 grit carborundum grindi ng wheel. Needles were cleaned by sequenti al

sonication in acetone and distilled water, and flow checked with distilled
wat er . M Xosjddatiesdasenizedsbe invedtionmin@esarall, thedalliopeing spedifie lart nbtibi ng ( Maer sk
Medi cal ) using UV-cured, epoxy resin. Needl e |length s .set. using a

mechani cal M IHEEERTIGER P BEeregeeis PisgiopmEb g Mg lEs TG Y4ihg acting as a
dept h- | i mthipesGoNtrh&lcide W%nzﬁgwehﬁﬁ%@ir@é’t tABE Ay T h GBS ARYn FOr
experiments ‘using needl'es of various Tengths, the exposed needl e |engths
wer e adj usietdd aud 0Nl & dermal admanistened divppsubsienden gewiding phabecd Bdnnect i on
to the fl ufi{g‘?PIgEﬁeri ng device, either punp or syringe, was via an integral
Luer adapt f¢46% catheter inlet. During injection, needles were inserted
per pendi cul ar to the skin surface, and were either held in place by gentle

hand pressure for bolus delivery or held upright by medical adhesive tape
for | ongel00PRA sepoesentatbes ¢ xemplavel derppleaskesd niigiod¢ipedraprisanmh $inged f1 ow  bot h

i redi at €| rjor a 0. inpectdon, I.S er k.singl e edl e

cat het er n%gis%lvé(%e P }segﬁ%?g%’ﬁ} %‘r ggﬂlgg i%%ﬁ%#%g @g T&'ﬁ.gup’ E%@B(ﬁec@g’?” gfr}gt her

der mal - acaRiESsiAdE 28° Bevel WakeMbeRbusi@Sar8Enaltearboamset drivdingfwhcel. di amet er

di sks machined fromacrylic polyner, with a low volunme fluid path branching
to each i Newdisourir chiaredity seqwnnial sosicatien injasptepe ap distéladipnier, wed via a | ow
vol ume caplct ar Heh(iﬁthc‘ﬂ&ﬂl%ﬁ%%r?ﬁi&oﬁgﬁi%%& L GEATNG GF pffdd del ivery rate
was controlled Via a syringe punp. edr s were arranged®iwthe disk with a
circul ar coldtérasing {(MidskiMedicalymsiag UVbired cpegdiesinaNebdid kngtaedksetar r ays were

constructed, with 12 and 7 n{n nee%l e-t%- needl e spacing, respectively. Al
array desPHis? Wg@l&ngqa}.@ﬁ@mz%p ate, with the hub of the catheter tubing acting as a

depth-limiting control and was confirmed by optical microscopy. For experiments
using needles of various lengths, the exposed needle lengths were adjusted to
0.5,0.8,1,2 or 3 mm using the indexing plate. Connection to the fluid metering device,
either pump or syringe, was via an integral Luer adapter at the catheter inlet. During
injection, needles were inserted perpendicular to the skin surface, and were either held
in place by gentle hand pressure for bolus delivery or held upright by medical
adhesive tape for longer infusions. Devices were checked for function and fluid flow
both immediately prior to and post injection. This Luer Lok single needle catheter

design is hereafter designated SS1_34.

[0060] Yet another dermal-access array microdevices was prepared consisting of 17
diameter disks machined from acrylic polymer, with a low volume fluid path
branching to each individual needle from a central inlet. Fluid input was via a low
volume catheter line connected to a Hamilton microsyringe, and delivery rate was
controlled via a syringe pump. Needles were arranged in the disk with a circular
pattern of 15 mm diameter. Three-needle and six-needle arrays were constructed, with

12 and 7 mm needle-to-needle spacing, respectively. All array designs used single-
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2 9 MAR 2005 bevel, 34 G stainless steel mcroneedles of 1 nmm|ength. The
3-needl e 12nm spacing catheter-design is hereafter designated SS3 34B,

6- needl e 7mm spaci ng catheter- design is hereafter designated Sﬁgé@ﬂgﬂ

[ 0061] Yet another dernal -access array mcrodevices was prepare 'Q‘r‘ti ng
of 11mm dianeter disks machined fromacrylic polymer, with a | ow vol une

fluid pat &Vep@@@fﬁhﬁﬂ\s’% ecﬁ%ﬁbroh%&[léé'roqli%mq O30 eﬂlecl%%%acirgg et. Fluid

input was via a une cat l'ine connected to a
m crosyr i caffeteratesigol & hevenatier designaweSS3c o4, rlohdedlt Zmm spacyg catpgerpunp. Needl es

wer e arra ed i i sk w Lrcular pattern of about5 nm dianeter.
Thr ee- nee @Wﬂ%{v&%&g dtgs"’;?h&épam ng connected to a catheter as

descri bed above. Thesedesi gns are hereafter designated SS3S34 1, SS3C 34 2,
and SS3S 34 3 for Imm 2mm and 3mm needl e | engths respectively. [0062] Yet
anot her d[@ﬂﬁﬂlYeioue@sr dePmaldagsisarray oucrode wiees wmrps&pamﬁt@dsia@ig@ a stainless

st eel bent . at near t he t| at 9 de | e,such that
The' avai PR AR SrachRien BB o e e Dol AESBE oot 1 o1
(the tip ghndiig: to'?:@&ﬁnﬂ)vﬂiﬁ?n@édleafr&ﬁ@tc@n@ﬁl 1ﬂlet7Fﬁn@ whs {118 1§%i n when the
needl e was inserted and the total exposed height of the needle outlet

1. 0- 1. 2 nyolthi satuetsnlgrw qognmcbtefatlémmltdemlqne)trmgesosldeaoery[ree@o]s EXAVPLE |

0064] Sl D d
ol ow, @l 8xtiniet gt NeeilEh PR BRI B35 b e gt n and 00 X

100 PM Olpatte 06 a®5 S ik MarkQera Bkt -nd&i1 aﬂﬂ@e)of\aib@m 4a0mQiphtil cdndecterif rom t he
tip (100 mexposed height), was fabricated using processes known in the art

(US Pat enfo aNgther a9 despritrgd abgries Thesasidsiges aic herenfitssleaizoaieh 8539 3<1D1,s etronic).
The di Staésf‘é‘%oi a&ﬁ%é@kcézpﬂ%ﬂ' Vﬁﬁ Rlegsd o ”&1{9;1 fl‘ﬂ%g@% fpcatheter and
epoxy mtof

cenment ed resi orma H’ub The
needl e out I et vvas positioned approximately 1 mm beyond t he epoxy hub, thus

limting penetration of the needle outlet into the skin to approximtely 1
mm ,  whi cif06d: ¥ epethercdamak-arsessdBrnfusiondgeics wos sensteled 85888 in  swine.. The

cat het er é’l’%ﬁleé‘stdétst aﬁ%a%% &FMe’B%MEa‘?néaQ?hé B . H’%’i@e Ik eiér%]];%gh%aﬁk of fluid

del i very. the m cronee e was e plastic
cat het er mdablemngmfedskm pﬂhmaommlépomyTh@delet(mt]feo(tlm tp depeh-1im ting
hub. The I?eeegpeB \?vag gttal thzéf 127 % 0 mm 111%?6551(111 when the needle was inserted and the

total exposed height of the needle outlet 1.0-1.2 mm This design is hereafter

designated SSB1_30.
[0063] EXAMPLE I

[0064] Slow-infusion 1D insulin delivery was demonstrated in swine using a hollow,
silicon-based single-lumen microneedle (2 mm total length and 200 X 100 PM OD,
corresponding to about 33 gauge) with an outlet 1.0 pm from the tip (100 pm exposed
height), was fabricated using processes known in the art (US Patent No. 5,928,207)
and mated to a microbore catheter (Disetronic). The distal end of the microneedle was
placed into the plastic catheter and cemented in place with epoxy resin to form a
depth- limiting hub. The needle outlet was positioned approximately 1 mm beyond
the epoxy hub, thus limiting penetration of the needle outlet into the skin to
approximately 1 mm., which corresponds to the depth of the intradermal space in
swine.. The catheter was attached to a MiniMed 507 insulin pump for control of fluid
delivery. The distal end of the microneedle was placed into the plastic catheter and

cemented in place with epoxy resin to form a depth-limiting hub. The needle outlet
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was positioned approxi mately 1 mm beyond the epoxy hub, thus [imting
penetration of the needle outlet into the skin to approximately 1 mm,

whi ch corresponds to the depth of the intradermal space in swine. The
patency of the fluid flow path was confirned by visual observation, and no
obstructions were observed at pressures generated by a standardl Mﬂ.&&ﬂﬂﬁ

syringe. The catheter was connected to an external insulin infusion punp
(M ni Med $&MosktioRed AgproxihReIl nl 06ydhanResiok muﬁtthﬁ%ﬁﬂ%ﬁﬁh&htloﬁm let. The
punp was filled wi th Humal ogTM (Li spro) |nsu El i I I ndi anapolis,

IN) and t®dhenredle @ilehing ﬁhﬁék@ﬁ@éﬁﬂf@mﬁ)@ff‘é}’ bmmewhightderiespous v tecor di ng t o
the nmanu d East Hanover, NJ)
sol ution ﬁﬁ’twtgén%“ﬁmgw VI W?ﬁ@g?{gﬁq gt(té%]géf%ﬁﬁ]?‘gémg ne to suppress

basal pan@ngahtdby fzisﬁuuobmwam Arfiisidl dB3treQ NS Weobséiivbe bt FreSuidsabl e i nducti on
peri od and basel i ne | ing, the prined mcroneedl e was inserted

per pendi cgﬂnalfatqddmarﬁargiar -§wyrrar@@-mcathﬁ@rwaaﬁﬂnv@ﬁtedﬁéalaeﬁtmal up to the hub
st op. Ins f usi ined for 4
nr 51 ood e st An A 873 it etk Sihec eI GURACT,

i nsul in C@maeHﬂué@hh@mrarfﬂlebIuﬁﬂﬂ{ghﬂcg%(mqiru)assulﬁmlhnﬁ‘ Indiabipolis| evel s
before infusion were at the background detection |evel of the assay. After

i nitiatioh)@ndtheeathicper gad macm%eéﬁlwqr%ﬂmeﬁ wigiafWingiGepidinedn thencr ease t hat
was commepq @a[m@;t S l.ucose | evel s
al so shom%%?&e@%g&% H% 39&{3 rel Sltaﬁ/dg itz%@rllj‘[éigg \/e csgﬁl?lrogl“éég(NC) wi t hout
i nsul i n | xlmisisteredoria [V hafasiol umnmhetlz&plsmdo smp;:lressmﬂal panceeumi¢ent i onal SC

infusion._ In this experinment, the m.croneedl e was nstratedto
adequat el@ﬂ?ﬂ%‘e?élﬁ ingylim sgeretiops Afices S‘&H’Bﬁe yafigp pgrieg %ftj{m basenevo at

phar rracetgahgﬁ Mthé P}ﬁ‘ééﬁhcrbﬁ‘ée% wgghﬁselr@d g% lanal% hOSH Likee s, demonstrat ed
to be a pharngcokfneti cal accept abl nistration route, and the

phar macodje flamicof the spiorad ep tJ:f thbholstop! Im&dﬂenﬁmnhn(att noaie wh2 Udhiswasdsedbnst r at ed.

Cal cul ated PK. ters | D j nfusion. indjicate that ins s absor bed
mch T ast S TR 457 4o B8 sathleR PR g R B BRI FRUMEEHET | B space
begi ns al yRsh insUHR ShbRiritiontan8 blRE phicoiByalidsOBadeAnARI APl OB befokag) was 0. 88
vs. 13.6 mn for ID and SC respectlvely Also the rate of uptake fromthe

admi ni st riafusiom wire at the bwk«grmdeidteb@omlpml@ﬂhmlssiyymf wiitthtiok f the= 0. 0666 vs.
0.0225 mn.1.for ID.a ﬁg & é ttgleb avatllab|¥t¥ﬁ{ insulin

del i ver ed™ gﬂflqnﬁemlﬂﬁu Tra eve SoS Ve e gtp“?[‘rfjsx(io% }i‘ Fd greater
than SC @mdgiafingddriatusidn ratkmﬁ&id gml&elsla@@huﬁe@@b@ﬁ@pundaﬁg Biopl y Lispro
fast acting insulin was performed wusing ID and SC bol us adm ni stratl on. The
I D inj ectqegﬁvm(tmqgg@m eontrglsd NG pridput insulin infusion and this drop was improved

relative to conventional SC infusion. In this experiment, the microneedle was

demonstrated to adequately breach the skin barrier and deliver a drug in vive at
pharmaceutically relevant rates. The ID infusion of insulin was demonstrated to be a
pharmacokinetically acceptable administration route, and the pharmacodynamic
response of blood glucose reduction was also demonstrated. Calculated PK
parameters for ID infusion indicate that insulin is absorbed much faster than via than
SC administration. Absorption from the ID space begins almost immediately: the lag
time prior to absorption (t;,;) was 0.88 vs. 13.6 min for ID and SC respectively. Also
the rate of uptake from the administration site is increased by approximately 3-fold, k,
= 0.0666 vs. 0.0225 min™ for ID and SC respectively. The bioavailability of insulin
delivered by ID administration is increasedaproximately 1.3 fold greater than SC

administration.

{0065] EXAMPLE II Bolus delivery of Lilly Lispro fast acting insulin was performed

using ID and SC bolus administration. The ID injection microdevice was dermal
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25 2 9 MAR 2005 access array design SS3 34. 10 international insulin units
(U) corresponding to 100 wuL vol une respectively, were adm nistered to

di abetic Yucatan Mni swine. Test aninals had been previously bg&8iiReitler ed
di abetic by chemi cal ablation of pancreatic islet cells, and were no | onger
able to secrete insulin. Test aninmals received their insulin injection

ei ther vi &&4&%{},%5&@@@% &qafh ﬁﬁ(e_rﬁétio‘ﬁbﬁn@ulﬁﬁﬂﬁﬂ%Uﬁc&@qs Bﬁiiﬂét% i0p- needle
inserted laterally ihto the SC tissue space. Crculatihg sefuminsulin

| evel s  wek goldsteaespedivedy, wgraadmoimstore] taldiabssoiYugatam dEoeswinadsay ki t
(I'mmulite, .Los, Angel es,. CA). and Dbl ood .gl ucose, val u re determ ned using
bl ood g u%@éﬁéﬁﬁfgg%“ Preﬁr%u%l;r]}}%e&r% §e(ﬂ%'g%e¥’§g’g§mf0§ﬁ%)d%né)fhand pressure
using an gttt St cBllS BREYEINB80n 2R Gh18RE &cARMTINGIH, eadndUAE rBRE@X] Mat el y
60 sec. By conparison, SC dosing trequired only 2-3 sec. Referring to Figure

1, it is thaigwesulihdnjedimneithemaaihemicwnedde afayerr vibobtasdad 89 & Xtl/2tn. on
denonstrate re rapid t ak .di stribyt.ion of the injecte i nsul i n when
aam i ot cPedansrEf RGP i fhe SHets el il o ESHET AT Ton | Tvg 1<
shorter awdretde&cféaxllsmgrﬁl&ﬁfmﬂw@bmﬁmnﬂ%@ém@s@)g}( V@ miseigher for 1D vs.
SC administration. In addition, Figure 2 also denonstrates the

phar macodpngaess CAianit blgiod glucpsesyadies avarpdeteraninghisshleed glucesssiing, as

measur ed .the. decrea i n. od ucose (BQ, showed faster. and greater
changes i 1 BATOREELAREomliht P8 patd PEGTT, Lo GRRIREpRFFindt
adm ni st r aid wéte aliRefiGEreEXNYRPProxirhatt @6 &kc. 1By domgakisen, 30 dostiggar ded as fact

acting insulin, and has a slightly altered protein structure relative to
native hureanirechenly 2rd seciipfemae to Eigureak. 1§ isshowinthahasrem apsysindovels aligt i ve hurmn

insulin p I . s [ ' i1 ar; h l,ower upt ake
t han Li spfr;%i&%dg%ag& %{hﬁé{?&éﬁ?%énggﬁtﬁﬁ Otrﬁg“%gﬂr %%%%aélﬁal t‘lé Urocl)lg)tlftél.le %ﬁetc c‘li nsulin
types welngulatwhér singibtkrédwvibdleUD vu@. ThetihPte oakigning coleb/iiadione i f any

di fferences in, uptake would be discernable by this route. 5U of either

i nsul i n t{iexhisrsBoneAng the mpdmuppcangentrafipn ghlaisd (Gramhis dighghior IR ves s

m cr odevi q%ﬁ,;]— : e 3 j ' %?é?ﬂf me data shown
in Figur egga e%&% %%ﬁ%é?]é}}ﬁ%%@%'{%%&l %%ﬁ?%éﬁg%gﬂdﬁ I téés for regul ar
and f ast - biotdgngl resgedse o the rdmossend imsbliy, ak dentiredby thenidcadehin bhedl i Nt ypes
exhi bited fast pt ake than Ljspro given.b he tradi.tigonal SC route. This
"5 ovi deBEETFRBEIEVED (b b ERR: SHIES PO HOFA FOETREERGNS: 5 | oss
affected QuugbBRhrdy Pi@iDedh&dbr4R@nges in the adm nistered substance, and
that 1D delivery provides an

[0066] EXAMPLE III

[0067] Lilly Lispro is regarded as fact acting insulin, and has a slightly altered protein
structure relative to native human insulin.. Hoechst regular insulin, maintains the
native human insulin protein structure that is chemically similar, but has slower
uptake than Lispro when administered by the traditional SC route. Both insulin types
were administered in bolus via the 1D route to determine if any differences in uptake
wotuld be discernable by this route. SU of either insulin type were administered to the
ID space using dermal access microdevice design SS3_34. The insulin concentration
verses time data shown in Figure 3. When administered by the ID route the PK
profiles for regular and fast-acting insulin were essentially identical, and both insulin
types exhibited faster uptake than Lispro given by the traditional SC route. This is
evidence that the uptake mechanism for ID administration is less affected by minor

biochemical changes in the administered substance, and that ID delivery provides an
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26 2 9 MAR 2005 advant ageous PK uptake profile for regular insulin that is
superior to SC adm nistered fast-acting insulin. [0068] EXAMPLE |V [0069]
Bol us delivery of Lilly Lispro fast-acting insulin via mcroneedl e arrayﬁ
havi ng needl es of various |engths was conducted to demonstrate that 948 2003
preci se deposition of drug into the dermal space is necessary to obtain the

PK advanj[ z?cgrgﬁtagébl(as Pﬁ;ﬁ%&l&;%&fﬁ@ Yor' r@éli;}%tj i}ﬂ&lithhﬁg:sr ?T%{%H&' to%‘é Q%anisltéré(%Li SPro

fast-acting Irnsulin m ni st e usi ng access design SS3_34.
Addi t i onafastrdctingilsulimes of the sane needle array configuration were
fabricated whereby exposed needle I engths of the mcrodevice array were

| engt hened to include arrays with needles lengths of 2 and 3 mm The

aver age t f ckness in Yucatan Mni swi ne ranges from1l.5-2.5
nm There@gr@ﬂ; I?%élgﬁLr]? eposition is expected to be into the derms,
approximately at the dermal/SC interface, and below the derm s and within

the SC for | 2 .and _ 3 | engt h needl es .respectively. Bolus insulin
b i st r PSS i B D LB R Rl Vi TR RS PSR |

concent r gl aNSnabBleS 86variolE 18k fis $9 Whndubielit@HERofbirate 1hA HapRCsE €arly shows as
m croneedl e I'ength is increaSed, the resulting PK profile begins to nore

cl osel y rdepeosibbe oSGugadnti thesdermali space i[Theessiay ® dewo tist Piakdwntdpes asbnef i ts of
directly t.argeting. the d | space,. h benefits include rapid uptake and
di stri b_ut‘islﬁw,% ‘Qﬂ%‘%}ﬁtnﬁﬁtq ﬁﬁﬁ&'ls g@ﬂf%ﬂfyr I?IBE%S?'a@i"?'?c‘é‘S‘ﬁﬂleW?Pat a are averages
of nul ti pl@ninRIEAILRE deMBaceRs ABdigS W MR dililiehAgRRA ML ofithdi Vi dual
variability in PK profiles fromlonger 2 and 3nm m croneedl es. This data

denonst r ataee nehdle agancenfgkiation it fehoeatedraieroby gxpivotthndsdieviergthy ofdi vi dual s

and even within.a.single individual., . shorter needl e .l engths at.accurately
Farget vk i At Sup LB in G 4is PRR e RS L .S e
they are 3ap@SiHelaRgrafd @t detgnaletickreSiai Yalcafah Mink Sivind eariReBomt 1.59Ue
conpartnent. This data denonstrates |onger mcroneedl es that deposit or

adm ni st emns Jhsiefpe asuliedenepitipp isexppeed Br heantose dermis app@rimaely @t or  whol |y

o, the SCacARARE il bOThPLa0. b AR S iR F,AHAIAGES IR SgTPEr] SO0 to

shal l ow, dire argeted admnis ons 10 y’vasculari zed
der mal r eghoriendih addleskepb8bElYY BolB HiduliBalimsnistedtionavag aoledcsibédim | ong- acti ng

insulin was delivered via ,the IDroute. 27 . Lo
EXAMPLE II.. Average insulin concentrations verses time are shown in Figure 4.
The data clearly shows as microneedle length is increased, the resulting PK profile
begins to more closely resemble SC administration. This data demonstrates the
benefits of directly targeting the dermal space, such benefits include rapid uptake and
distribution, and high initial concentrations. Since the data are averages of multiple
examples, they do not show the increased inter-individual variability in PK profiles
from longer 2 and 3mm microneedles. This data demonstrates that since skin
thickness may vary both between individuals and even within a single individual,
shorter needle lengths that accurately target the dermal space are more reproducible in
their PK profile since they are depositing the drug more consistently in the same
tissue compartment. This data demonstrates longer microneedles that deposit or
administer substances deeper into the dermal space, or partially or wholly into the SC

space, mitigate or eliminate the PK advantages in comparison to shallow, directly

targeted administrations to the highly vascularized dermal region.
[0070] EXAMPLE V

[0071] Bolus delivery of Lantus long-acting insulin was delivered via the ID route.
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2 9 MAR 2005 Lantus is an insulin solution that forns mcroprecipitates at
the admnistration site wupon injection. These mcroparticul ates undergo
sl ow di ssolution within the body to provide (according to the 7 9 MAR 2005
manufacturer's literature) a nore stable low level of circulating insulin
than other current long-acting insulin such as crystalline zinc
precipitates (e. g. Lente, NPH). Lantus insulin (10 U dose, 100 ulL) was
adm nistered to diabetic Yucatan Mni pigs using the dermal access design
SS3 34 anichnins i hmimulandﬁmttbnsmitrfenﬂmdica@rmpiwétmm lthe atipsigisiriben silRef erring to
Flgure5 when |stered VI the ute m | ar, profiles were
obt ai ned WAy By Bhese B gl b it issalnfige gy g ReEy toni gher

"burst” i agds gfic@&rﬁlr%fté &e rﬁmﬁlfelc@lrblnsslﬂlefaﬂlr% in¥RIYable 1Y Rvgd@onstrat es that

t he uptake of even veéery high nol ecul ar wei‘ght conpounds or snall particles
is ach|ewwwbbhngamutnémnpﬁmsmn&mthmg%ﬁbngnmnwmmmhmsbgmmﬂuwzmupports t he

fact that the i.cal rance .nechani |s no ppreci ably
changed IH?/CIPW’S Alﬁhg r‘iegier]gk}ﬁg‘rﬁﬂflgﬁt"ésusiﬁgm f"]na eltf’@&;% 6frﬁ‘gt t he drug
subst anceopidgabetié uéRsh Mlﬂif}hés fgenié BRI Yoce fRRELARIS 3 U aﬁHMQt%eCOWpOUﬂdS t hat
have a | ong circul ating hal exanpl es woul d b€ | arge sol ubl e receptor

corrpound§t@da@&$@me&1¢ﬂlﬁﬁ)ﬁtﬁVé§SWcﬂﬁs d dtefenringde R@ﬁte S,ovhegheni cal |y nodified

EXAMPL 007 ID d |
of “hunan SrlREREAREESP IR B e PG Rk PO PRl AN RS s
admi ni st efigthciibi ldammi slagm@s}sgha‘r Qﬁ@ﬂei&hﬁédld@@l 1 tHe3B) 184Bin deﬁﬁéﬂyay) or

SS1_34 (single needle) to Yucatan mnipigs. Delivery rate was controlled
via a HarWids demgasiraigeihaliths vatale %%Vead’mlgh g1k ulsy steight omp®ings ar per i od.
Figure 6 I I tected by
an ELI SA Sﬁwté)%%?%%%g}é@ﬁ@@[? ok iaRloa bl B AR 16, °C

del i very ﬂz\ashatp&“morogmd} dcarap nfeehsnistiRad e bodg i ot Eplg‘ddfleblgi chaiggg | D delivery
of GCSF ShO\ﬁIS the, more rapid uptake assomaﬁted with I D delivery. Crax is
achi eved Bt éﬁﬁ‘%&ﬁtﬁ%ﬁ%ﬁ}ﬂ%em%herﬁi"%t‘@% ighs thai Big digsubsianesds uiilizd- t he

bi oavai | jst trlnﬁl I; ﬁﬂ&jstm(th D Or of 2 as
evi dencegﬁté 5 y ﬁggg%lg?éﬂa%%s Wr t he c&?vg%%r%éhmgrcu gtl ng | evels
of GCSF a(bmalﬂ;desewbldﬂlbelefrge; sc&ublexetceptdecbmmumdsjpr othehi wtlbtm:@;es fohadnckD del i very
does not alter the intrjnsic.biolo |cal cl nc anismor rate for the
drug. The¥E et rfp%lcgi% Oﬁﬁ fiSH SCSECIH%%%%H?EdW% ‘mal effect on the
rapid uptake of drug fromthe |ID space. The data referred to in Figure 7

al so shows the 28
[0072] EXAMPLE VI

[0073] Bolus 1D delivery of human granulocyte colony stimulating factor (GCSF)
(Neupogen) was administered via dermal access microdevice designs SS3_34B
(array) or SS1_34 (single needle) to Yucatan minipigs. Delivery rate was controlled
via a Harvard syringe pump and was administered over a 1-2.5 min period. Figure 6
shows the PK availability of GCSF in blood plasma as detected by an ELISA
immunoassay specific for GCSF. Administration via IV and SC delivery was
performed as controls. Referring to Figure 6 bolus ID delivery of GCSF shows the
more rapid uptake associated with ID delivery. Cp,y is achieved at approximately 30-
90 minutes vs. 120 min for SC. Also the bioavailability is dramatically increased by
an approximate factor of 2 as evidenced by the much higher area under the curve
(AUC). Circulating levels of GCSF are detectable for an extended period, indicting
that ID delivery does not alter the intrinsic biological clearance mechanism or rate for
the drug. These data also show that device design has minimal effect on the rapid

uptake of drug from the ID space. The data referred to in Figure 7 also shows the
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2 9 MAR 2005 degree and tinme course of white blood cell expansion as a
result of GCSF adm nistration with respect to a negative control &gmﬁs
adm nistered). White blood cell (WBC) counts were determ ned by s
cytonetric clinical veterinary nethods ID delivery exhibits the sane
clinically significant biological outcomes. Although all delivery means

gi ve appr I ; I D delivery could
enabl e us&) %Fa%ﬁ t%ﬂeeﬂﬁgéee Ofghgg%?%\ggégg@nﬁogﬁﬁ?/r?sa}e{%ggﬁiessﬁ physi ol ogi cal
resul t i nadminpaaticowith ces! telusegaovappiok (meGERY admifisbddbiVakdteai | abi 1 ity

i ncr ease. 7 LE VI I n I D a ni strati on ex nt was conduct ed
using a p¥B ‘?Eé; G%@Vg?ﬂ"itstvem ﬁ{?ﬂﬁwegg]érs'&flﬁaﬂlaﬁyfﬂnﬁmﬁ% VIR H) | PTH was
i nfused fﬁEth@déIﬂ'délﬁz%gp&hlﬁl@,'tﬁé)é’Mﬁﬁ ctPﬁﬁlcﬁll sﬂgmff‘chﬁ%élﬂ Ral dutdnil! SC i nfusion

was through a standar GAUGE needl e 1nserted |nt t he SC space | ateral
to the skilthumghrg dlivgy nehaugive spphxingidy equal PHf an¢onmesyshss datehr ough der nal

access mcrodev desi gn taj nl ess, steel e needl e bent
o Cthe 11 peBrTSISEIRDl SO RO RE A B bR FaBEVT SRR R S penet rat § on
was 1-2 kiolddiGil REEH kcdiariBbn {0 € dukRo YpréXimaleedl Bld %%aﬁﬁblﬁtﬂept h of
1.7-2.0 in the skin when the needl e was inserted. A 0 PTH

sol ution im&‘asenfused at arate of 75 L/hr. Flow rate was controlled via a
Harvard syringe punp. Wight normalized PTH plasma |levels are shown in
Figure XX. {The weight nornalized delivery profiles show a |arger area
under the[ggqn]\@()@m vndi cating higher bioavailability, higher peak val ues
at earlier sampling timepoints (e. g. 15 and 30 mn) indicating nore rapid
onset froﬁmIIDad@lﬂilvwl;m eapfdum@pms d@tﬂrﬂétﬁé@Smelalpsnﬁldfgimgpmtmaﬂmmhﬂ of infusion
(al so |nd|c t|v

L& he ab
exanpl e SrekfherRER PR ETh Ml GEPER PRI dadsy 20 ng” ™7

nul ti - poi gkaraideagontkdl Sdnnfisiintvadsi thidugh g sahd:gll 814Re0GE ﬂeaﬂaﬁkmem(st rat l on
results in nore rapid uptake with higher Crax than SC injection. |D uptake

and di st rinbuthe 8 space laterad s the skin usirrae piied-upy tesbiidee [pasfrsionyvasar anet er s,
usi ng neeﬁoﬁlgg%@ﬂﬁ %c{&s ﬁ?&?&ﬁa\f{& d%s:%ﬁ) g?%ﬁoglé ta?ﬁgs‘s s'&:%f?(!())% %%?(ﬁleand needl €

spaci ng. ncen for ound and PK
profil es bt ettt Qpat em"mﬂgrumpmmaytlhmvmmble leogth dort kit p@lt—rh&ﬁﬁahsdletl very
rate. The primary |imtations of ggnlstratlon are the total volune and

vol umet r i BnfhesqesAleontlet (fherfnof ﬂflfb?e Raf plbadspis of 174 i igrthe gsivgenous
subst ancegnl e nfeACHISinkdRIAVE COMBTPIH: soRlH3G SvR BSR4t ATat@ br ¥4 VIS

nL/hr. Flow rate was controlled via a Harvard syringe pump. Weight normalized PTH

plasma levels are shown in Figure XX. {The weight normalized delivery profiles
show a larger area under the curve (AUC) indicating higher bioavailability, higher
peak values at earlier sampling timepoints (e. g. 15 and 30 min) indicating more rapid
onset from ID delivery, and rapid decrease following termination of infusion (also

indicative of rapid uptake without a depot effect).}

[0075] The above examples and results demonstrate the inventive delivery method
using multi-point array ID administration and single needle ID administration results
in more rapid uptake with higher Cpax than SC injection. ID uptake and distribution is
ostensibly unaffected by device geometry parameters, using needle lengths of about
0.5 to about 1. 7mm, needle number and needle spacing. No concentration limit for
biological absorption was found and PX profiles were dictated principally by the
concentration-based delivery rate. The primary limitations of ID administration are
the total volume and volumetric infusion-rate limits for leak-free instillation of

exogenous substances into a dense tissue compartment. Since absorption of drugs
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29 2 9 MAR 2005 fromthe I D space appears to be insensitive to both device
design and volunetric infusion rate, nunerous fornul ation/device

conbi nations can be used to overcone this linmitations and provi dpgtae 2003
required or desired therapeutic profiles. For exanple, volume |inted
dosing regi mens can be circunvented either by using more concentrated

formul ati gas w o E@ RS t& BE idsOf verlH'Egglr%che'dgﬁ h llmll(f'{!(ﬁl{?fﬂ;:t? ctes. In

addition, effecti control 1s obtalne y mani tlngln usi on or

adni ni st riafisom raueanmn@bumhsulaﬁmddev1¢60:ﬁ>?rﬂn]1natmngemebea;lsgd kowbetdanwer y as t aught
by the nethaqds. descri 0 Vi ermal, access m croneedl e devi ces

provi des CiH%’&FWS %@g‘i ET)Iﬂ?ee rﬁﬂlﬂre?ieoﬁldB%}fF@ltB?r@peb‘é‘FgFﬂ gf’sa Or §&fMRfery route,

Wi th hi ghvchhlﬁéllﬁﬁhtleélabilh%kglrﬁéls%ﬁ be @8cimd®nflidithtdbyl QidPsbiat € pl asma
profiles by adjusting the device infusion paranet ers since uptake is not

rate- | i m ¢camdenttajeddpundafians|or mwﬁmgp’mfat@nmber c[fOﬁBIITl]atwrnSIteheInpr evi ously
descri bed anples,. t ne [ i ced.by the jnventi enmonstrate the
b1ty R vyt BR RS R BRR ox Emie rEnR et i RRRat a1y
rel evant pad&Substiticss dat a i nd| cat es an inproved pharmacol ogical result for

| D adm ni stration as taught by the nethods described of other drugs in
humans woul d be expected according to the nethods of the uses of the

et ok Sl SRR S B SRR BT o

i nt ended zmamlxmcﬁo@ee&nmwaegprdvlitﬁsassa&m@laemsxbm%e rétodilttiié pavhdar s and no
adm ssion i s made t hat am&reference constitutes prior art relevant to

pat ent abi qlqlW?D’ apis) Witk Ated biquyailapdlity as welljstthe abilityaomegriwéate plasme cur acy and
t | MED I S: 1.
Bg(ra L)Pegc%r fles BQ%@?E&%‘{P& ﬂé‘ﬂ&g ?)Géll Igﬁg?ﬁetgacceﬁﬁggﬁie% %tgrllggésel ected from

t he groul@mclmgtcalmmg(eqfarmeaggostl c agents, drugs and ot her substances which
provi de therapeutic or health benefits for the manufacture of a nedi canent
for use in a method for directly delivering a substance into an intradermal

space w t@b% ik AbviBusi{ HORBLEHY Rinth Rl PRAHEQITY e ﬁ&[“ ni stering
t he subst nce] thr [% Y’ul SP | east oﬁgﬁeﬁa gaugerﬂ, III ow needtf‘% avi ng an
out | et w ddmanstrax ﬁw&@dlthm diltvebe timean vivoawmith greatly improved

pharmaceutically relevant rates. This data indicates an improved pharmacological

result for ID administration as taught by the methods described of other drugs in

humans would be expected according to the methods of the uses of the invention.

[00781 All references cited in this specification are hereby incorporated by reference.
The discussion of the references herein is intended merely to sumrﬁarize the assertions
made by their authors and no admission is made that any reference constitutes prior
art relevant to patentability. Applicants reserve the right to challenge the accufacy and

pertinency of the cited references.
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| mm said outlet being inserted into the skin to a depth of between 0.3 nm
and 2 mm such that delivery of the substance occurs at a depth between 0.3
mmand 2 nm 2. The use of claiml, wherein the pharmaceutically or

bi ol ogically acceptable substance is neutraceutical. 3. The usegBhR ¢digi m 1,
wherein the diagnostic agent is a macronol ecul ar substance selected from
the groupwgpAsiSHidIMED iUl i n, ACTH, [uteinizing hornone-rel easing

hor mrone, growt h hornone-rel easi ng hornone, chol ecystokinin, parathyroid
hornmone and fragnments thereof, thyroid rel easi ng hornone and anal ogs

t her eof retin.and the like. - 4. The use of claim3 wherein the

di agnost i i’elzsﬁé)ﬁta pharmaceucally OfSIS}ﬂgf%ﬁy G?Q‘}Bﬁbféc%ﬁ%t?%‘iﬁisglﬁc%‘? ?reﬂjrtg?cot ropi n

i nj ect i ongrofs Badkpstiak bNdiyalisas k&, deugs 288 TRELLIDRaACRWAlih providacal i de,

Teri paratide Acetate and p(otlrelln.z%. The use of cIa|n1%, wherein the

t her apeut theraggiistorihsalgebengfitsdof the manhaciyroefn medoygnat forgisedn Al pha- 1

anti-trypsin, ;Antj.- i,Qgenesi s .agent s, Antisense, butorphanol Cal citonin
and anal g ogdelisel  GERRR = SRR Bro M iR RRG opte HPuGBR e
di hydr oer pahaidubfct, DR kR @ﬁﬁiﬁsﬁig&dﬁfﬁﬁst@ﬂﬁ%ﬂﬁ@hﬁit@ce Ekeahaliap and ot her

opioid peptides, Epidermal growth factors, Erythropoietin and anal ogs,

Fol |'i cl e end smpllaggapgeyhollnsy pesd ,ha@r@an,ou@mﬁlg@mxm%@ght@ﬁmeg@mdn, Growt h
hor mrone and._anal 0 i ncl udi r h hor e _releasi hor e), Gowh
nor mone. ahfuoRiodfBe: bedtFinH A B i Y SRAF oL B R O A e oy, 1ot

SUppr essofm$n, shatsthiht delivérh Sl thenQbstaicdeaan at AdupkioBEwedG.8Inm ahd Ren@r owt h
factors, Interferons, Interleukins, Luteinizing hornone, Luteinizing
hor mone rel easi ng hornone and anal ogs, Herparins, Low 31 2 9 MAR 2005

nmol ecul ar ' ' t B E nt hei c

gl ycoam n%'g fgg‘%\g?@l%g?he@n%?éc %%Erggnghg%ﬁkﬂoggg%%éﬁ%hyﬂ%@ cl)énal anti bodi es,
Pegl yat edsubstahdzadinesracBegyl.at ed proteins or any proteins nodified with
hydrophilic or hydrophobic polynmers or additional functional groups, Fusion

proteins, Single chain antibody fragnments or the same with any conbination
of attachedrrl 6f Agim TRGELORMREHAS RSt Ofgef T ialth QGhol BIGL duBfGhcedr OUPS

thereof, Narcotic anal gesics, nicotine, Non-sterold anti-inflammatory
agent s, Gelgptsidowh e giew coomdans eff inolim, ACHI Auteyriging hhonererreleasiog anal ogs,

di n . ant aﬁ%ﬁ{ysnt)iahoPr ost agl andi ns,

Reconb! naheBr DS BEBRL O Be R He BT B

and fragments thereof, thyroid releasing hormone and analogs thereof, secretin and

the like.

4. The use of claim 3, wherein the diagnostic agent is selected from the group
conststing of corticotropin injection, Gonadorelin Hydrochloride, Sermorelin Acetate,

Sincalide, Teriparatide Acetate and protirelin.

5. The use of claim 1, wherein the therapeutic agent is selected from the group
consisting of Alpha-1 anti-trypsin, Anti-Angiogenesis agents, Antisense, butorphanol,
Calcitonin and analogs, Ceredase, COX-II inhibitors, dermatological agents,
dihydroergotamine, Dopamine agonists and antagonists, Enkephalins and other opioid
peptides, Eptdermal growth factors, Erythropoietin and analogs, Follicle stimulating
hormone, G-CSF, Glucagon, GM-CSF, granisetron, Growth hormone and analogs
(including growth hormone releasing hormone), Growth hormone antagonists,
Hirudin and Hirudin analogs such as Hirulog, IgE suppressors, Insulin, insulinotropin
and analogs, Insulin-like growth factors, Interferons, Interleukins, Luteinizing

hormone, Luteinizing hormone releasing hormone and analogs, Herparins, Low
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agoni sts and antagonists, Sildenafil, Terbutaline, Thronbolytics, Tissue

pl asm nogen activators, TNF-, and TNF-antagoni st, the vaccines, with or

wi t hout carriers/adjuvants, including prophylactics and theranggh&
antigens (including but not limted to subunit protein, peptid 2005

pol ysacchari de, polysaccharide conjugates, toxoids, genetic based vaccines,

[ ve at tefptad whERIRBLS A dBAGLKALRRIGUNG] §ufgld s, viral and bacterial

vectors) in connection wth, Iction, arthfiti's, cholera, cocaine

addi ct i onglychaphtdpbydaas, M &S nsfodiipBamidy nidi dhizelaass 8onvelondgatbadiess, neasl es,
munps, rubella, varicella, |l ow fever, Respiratory sypcytial. virus, tick
bor he Japtiediat RS Pegiatd primy s peoc ab e et B rogilio .

i nf | uenz ayy dasibictolymdro6t Atihal REPRal kuf, FBsi Sufid b Medi &,

r abi es, poﬁi i 0, HIC\?,OEg%rrai nf | utenga, r ot gv%@hlls%,’ Eggpgﬁﬁngasrugh%/%%% cw,

chl anydi agntihody frygeaiss er thasarophithasy combiaxtidn of attgcttedprétaing s, human papi | | ona
Vi rus, tuberculf)sis inct}l{ﬁgi ng BCGgl onorrI’}??ea ﬁst ma, . at.heroschlerosis

mal ari a, IE?CESWP,C_%[FSZI%P ong Bfrgcg_g Erqups BeFesis g ISHARRISEPISS: di abet es,
cancer, hgeRae, RbARlcfid aNUFBRnRARDY L8R s a0k dsh@hhiidel, ldagduepbst ances
including all ~of the major theapeutics such as agents for the common cold,

Ant i - addi Rardtbyroidknrmone ppdagjogsakrthpivet haymone artagasiies ifrgstaglandin

ant i ost eoporetejc, anti-infectives nal.gesi c anest hetigs, anorexics,

ant i ar t hrieuts, P Gelaniite SeonBipat SO Trot o BORMR A TIE™  anti mot i on
si ckness paRAMAlIaAAgoniAR] SINRHAAATEButaRAY, TAARSMARIdsCBissiRlAsRARddeRONi SM
drugs, antipruritics, ant |ngychot| cs, antipyretics, anticholinergics,

benzodi azapviiers, ANFaged IFsantagosisgi thayasees. ivith ¢avithpugener al , coronary,

peri phera ' ' . ral..ne system
sti mul antésa,r ﬁ%g{? %ﬁ%@gg %‘%‘b‘ﬁ‘gﬁ it g:ﬁ};lb{[}émgn%%g%rﬁi ?@gsaﬁl@légl;?s%?cdﬂ%g lgu\eél%:%i’iz'iant S,

par asy npaliséd/to saBuni PEO RS, HRRideqind pelykachiaridep poigtaghaaidd icosngfENt ei ns,

pepti des, polypeptides and ot her nmacronul ecul es, . psychaosti mul ants,

sedat i vestoxgife ggastishasef yseinph (ive Alleimated Iaprsprtant Appdivatgd, whaje gglls, 2005 6. The

use Of o\ AkThkd bYAGHEL Kb Ofin dBlhokRD LR A Cyr1is| (RIOY Pcaine

phar macoki het1 cs conpare armacoki hetics after subcut’aneous i njection.
7. The usaidadftion) dipithéria, wdiames) HIB, Henenfiseasee thepimenomeok imeatles snumsps, ncr eased

D ool | ek B AR B TIC Mg ot ShRpMSgatierein the
wher ei n té]ﬁeﬂﬁﬁﬁ@,}{ﬁ@urﬁ@&{c@ﬁ? thép?&’bk&ﬁ, liyﬁh@iﬂ, ihﬂﬁérﬁ@ﬁ?epﬁﬂﬂis,cm%fﬁdinglp- The use
of claim®6, erein the inproved pharnmacokinetics 1s a déecrease in Tag.

hepatitis A, B, C and E, otitis media, rabies, polio, HIV, parainfluenza, rotavirus,

Epstein Barr Virus, CMV, chlamydia, non-typeable haemophilus, moraxella

catarrhalis, human papilloma virus, tuberculosis including BCG, gonorrhoea, asthma,

atheroschlerosis malaria, E-coli, Alzheimer’s Disease, H. Pylori, salmonella, diabetes,

cancer, herpes simplex, human papilloma and the like other substances including all

of the major theapeutics such as agents for the common cold, Anti-addiction, anti-

allergy, anti-ernetics, anti-obesity, antiosteoporeteic, anti-infectives, analgesics,

anesthetics, anorexics, antiarthritics, antiasthmatic agents, antimigraine preparations,

antimotion sickness preparations, antinauseants, antineoplastics, antiparkinonism

drugs, antipruritics, antipsychotics, antipyretics, anticholinergics, benzodiazepine

antagonists, vasodilators, including general, coronary, peripheral and cerebral, bone

stimulating agents, central nervous system stimulants, hormones, hypnotics,

immunosuppressives, muscle relaxants, parasympatholytics, parasympathomimetrics,

prostaglandins, proteins, peptides, polypeptides and other macromolecules,

psychostimulants, sedatives, and sexnal hypofunction and tranquilizers.
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11. The use of claim®6, wherein the inproved pharmacokinetics is enhanced
absorption rate. 12. The use of claim 1, wherein the substance is

adm ni stered over a tinme period of not nore than ten m nutes. i3$ﬂ@h use
of claim1l, wherein the substance is adm nistered over a tinme péri @%
greater than ten mnutes. 14. The use of claim1l wherein the substance is a

pepti de L | substance is
adnln|stgiggég%ggﬂ?gﬁglgﬁ?ﬁ%ﬁﬁﬁf%{Y%$%hgﬁ%ngg%kﬁkﬁﬁhgg 16. The use of claim
1 wher ei rplaanatokinbatscrvaspared ta phanmooldnctics aftdismbugeneobs tljaition14 wherein said

protein or peptide is selected fromthe group consisting of insulin,
granul ocyte stimulating factor and PTH 18. The use of claim1l wherein said

subst ancey, ﬁe%a@b@lzﬁ %xnﬁéu% ht Oﬁh%gﬁéol&ﬁ tlc!_%elggl%g se@f claim 1 wherein

t he substance has a nD ‘ecul ar wel ess t altons 20. The use
of cl ai mifioavhdatelity dfhiee sibbiat@nce has a nol ecul ar wei ght greater than 1000
daltons. 21. The use of claim1 wherein said substance is hydrophobic. 22.
The use of claim 1l wherein said substance is hydrophilic. 23. The use of

claim1l vhejpeig 6malﬂle@%ﬁ;m&§)he% rdveaﬁﬁérﬁgcaaﬁak@mlﬁégéase perpgndi cul arly

to the skin. 24. The use of clai erein the need I's a mcroneedl e
havi ng a Iength of from about 0.5 mmto about 1.7 mm 25. The use of claim

24, wherejn,t ron | e a 30 t 4 gauge needle. 26. T use of claim
50, whor -t 1S o BTG Sthefe i Hhe Sty pBAmEE RS & o in Gt The use of

cIain124, wherein the m croneedl e is configured in a delivery device which
positions the m croneedl e perpendicular to the skin surface. 28. The use of
cl ai m 24 Mh&heise oflebaimi ¢ wharsatihe ithproyohpkirmechkinetianisar desyeass in Tgecr oneed| es.
29. The use of claim 28, wherein the array conprises 3 mcroneedles. 30. The
use of claim 28, wherein the array conprises 6 m croneedl es.

11. The use of claim 6, wherein the improved pharmacokinetics is enhanced

absorption rate.

12. The use of claim 1, wherein the substance is administered over a time period of

not more than ten minutes.

13. The use of claim 1, wherein the substance is administered over a time period of

greater than ten minutes.
14. The use of claim 1 wherein the substance is a peptide or protein.

15. The use of claim 1 wherein the snbstance is administered at a rate between

InL/min and 200 mL/min.
16. The use of claim 1 wherein said substance is a hormone.

17. The use of claim 14 wherein said protein or peptide is selected from the group

consisting of insulin, granulocyte stimulating factor and PTH.

18. The use of claim 1 wherein said substance is a nucleic acid.
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19. The uvse of claim 1 wherein the substance has a molecular weight of less than 1000

daltons.

20. The use of claim 1 wherein the substance has a molecular weight greater than

1000 daltons.

21. The use of claim 1 wherein said substance is hydrophobic.

22. The use of claim 1 wherein said substance is hydrophilic.

23. The use of claim 1 wherein the needle (s) are inserted substantially

perpendicularly to the skin.

24. The use of claim 1, wherein the needle is a microneedle having a length of from

about 0.5 mm to about 1.7 mm.
25. The use of claim 24, wherein the microneedle is a 30 to 34 gauge needle.
26. The use of claim 24, wherein the microneedle has an outlet of from 0 to 1 mm.

27. The use of claim 24, wherein the microneedle is configured in a delivery device

which positions the microneedle perpendicular to the skin surface.

28. The use of claim 24 wherein the microneedle is contained in an array of

microneedles.
29, The use of claim 28, wherein the array comprises 3 microneedles.

30. The use of claim 28, wherein the array comprises 6 microneedles.
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