WO 03/ 002175 PCT/ US01/ 50862 ENHANCED SYSTEM C ABSORPTI ON OF | NTRADERVALLY
DELI VERED SUBSTANCES CROSS REFERENCE TO RELATED APPLI CATI ONS [0001] This
appl i catiwo @soa7gonti nuation-in-part of U S. Applicationpka/uso09isgd7, 801
filed June 29, 2001. FIELD OF THE I NVENTI ON [ 0002] The present invention
relates to nethods and devices for adm nistration of substances into the

i nt r ade EAIANGER:PYBTEMIG ABSOBRTEIQNRODNT RAD ERMAL NYENH\ERRE D SYBS TANSES

i nportance of efficiently and safely adm nistering pharmaceutica

subst ances s ' [ | ong been recogni zed.
Al t hough an eﬁg@%ﬁﬁﬂhﬁ%@ﬁé%dﬁ?g%ﬁ%ﬁiﬂggggﬂhﬂgﬁgaﬁSceuticaI subst ances,
obtaining agggat e ThiOFyatAtRAIS h tintfuatliGH-GEpAPLEC Y. APppRtkidndf. Pr ot ei ns
that have arisen out of "the biotechnol ogy industry has recently

hi ghl i ght ed §H8%7,8Eeflled dundb2h2A0kf fi ci ent and reproduci bl e absor ption

(Celand et al., Curr. Opin. Biotechnol. 12: 212-219, 2001). The use of
conventional needl es has | ong provided one approach for delivering

phar maceut i CRIEI $MOFtEIE @SVENTHORENS and ani mal s by admini stration through
t he skin. Considerable effort has been nade to achi eve reproduci bl e and

ef fi caci ous @8PZlver yhemresafinyaneos kelatesus methpdsand\deriges 6 ease of injection

and reducin |.ef i lated wth conventi onal
needl| es. Fu%Pﬁ§%h§€§3g@@%@%ﬁ%gH@?P%ﬂ?§&§§§@é§§§§??%¥hate needl es entirely,
and rely upon chem cal nediators or external driving forces such as

i ontophoretic currents or electro o&&tion or thermal poration or

sEnophorgsgsBﬁSKEﬂQQE%H%ﬁ@”§%$§NM Fneum the out er nost | ayer of the
skin, an e@bg@f S%%gﬂﬁ&‘%‘élcfe Bf?fglgfknhgl%g}d Edr{éelggﬁﬁlir? teltdsa@ﬁal%maceu!ﬁemever,

such deliver stens do not rep ucl e n barriers or
del i ver the gpibstaneseutl saliagubist zgeos and daigyimetongdpeirdoegoved. t he surface of

t he skin and consequently, clinical results can be variable. Thus,

mechani cal b LGP PREUIER T GTHELRY OB | SoH B e MG Ebe i eved
to provide {Rgui®BloalARLAAYGE Rt ABkAAs Qkhadpioidind that hRB afkeSaSFances
through the surface of the skin, and to provide control and reliability in
pl acenent of the hireahinslogy eulustnpbasameansly highlighted this need to obtain efficient

and reproducible absorption (Cleland et al., Curr. Opin. Biotechnol. 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 to 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.



WO 03/ 002175 PCT/ US01/50862 [0004] Approaches for delivering substances
beneath the surface of the skin have al nost exclusively invol ved

t ransder mab oamodind stration, i.e. delivery of substances tamasghsashe skin
to a site beneath the skin. Transdermal delivery includes subcutaneous,

i ntramuscul ar or intravenous routes of adm nistration of which,

i ntramuscul aj0004]M a’rqurcsaabesﬁadelmesing smstdnnj:sdmbaih@dmwéc@eﬁﬁlelshe nost

commonly used. [0005] Anat mca face of bady is made
up of two rralj‘%ea”cl?%%‘eu?lé ér%vo t@f}f‘gﬁméﬁ r%“?ihde ’I‘J’ﬁrdeogl yi ng
derm s, whi cfb@aesiBbuglt #RSkinltHkLSitk Bensat fe (;ltlﬁr Traiemal d€8veRNYysi ol ogy,
Bi ochem stry, and Mol ecul ar Biology of the Skin, Second Edition, L.A

Gol dsmith, Enrxcl,ud@@hfomramwsngamyscu esgxtramwusrmtkes OJ.fngm)mlstﬂt@ne@ﬁ dermis is
subdivided in 0. five | ween 75
and 150 m B¥& %&Ertlﬂtf?‘ﬁés%‘gﬂ‘é\m al%eﬁ) Sf’s‘dé lﬁ%%cmg h%gg?:%n Ai nsttt

| ayers, an ogdehomgtus@prtion referred to at the papillary derms and a
deeper |l ayer referred to as the reticular derms. The papillary derms
contains vast microcirculatory blood and | ynphatic plexuses. In contrast,

the reticul ajoodel M SylfodiBhil, it Afhd M dhe BIY RYARE Wbl @0 thatRde UP Of

dense col | ag s an connective tissue.” Beneath the epiderm s and
derms ist hﬁss&dlh@dﬁsam@u& dpiidestngs andl anamded @ng dekntm), vatsicl togethgpoder i s,
which is conposed of connective tissue and fatt i Ssu | e tissue

li es beneat hCQI§BluteshE S4B SRIECY ) 568 G4 Sl?lﬁéb(ﬁ’o?-@ @’eﬁ”‘z%veé“ %ot h the

subcut aneousBrdz%;tbg AELATBCLE RiiRSNE. RAYBIISHAEEEO0RRA WniteRdlyas i tes for
adm ni stration It1ar maceut | ca stances. The derm s, however has

rarely been PasgeleedYask, 29%i)t &ht opidemtns wbdmdednntofﬁveslw%ft arstats ofand t hi s

may be due, at Ieast in art the |ff| recis edl e
pl acenent i nt ttal{lickpgss § 'é‘:rtWﬁ ngsp ?%bﬁl grﬂéﬁneﬁt?a the derms,

0 parti oul it R AR hleran %naager&sagmrmvraf&gdh@m@ hi gh degr ee

of vascul ar not ere ore been appreciated that one could take
advant age opamlhnry dhinglks ade g degpeofayvastutedrto aythemetublﬂaardnrralm ilhpr oved

absorption profl |l e for. adm nistered s sta C ar subcut aneous
adni ni st r at i BpillaFKidgrmis copfaing yagt r%‘ﬁ’i?ﬂmg?tﬂ@’ ﬁlﬂ{r}g@p %}Sﬂs@%l f‘r&/ rapidly
absorbed af t g5 @dmyal refid A Rfinis 19 EPativRE seiheibt ﬁﬂa@fd&uudr%ﬁwela% ugbfhas been
far nore easily and predictab Iy

dense collagenous and elastic connective tissue. Beneath the epidermis and

dermis is the subcutaneous tissue, also referred to as the hypodermis, which 1s

composed of connective tissue and fatty tissue. Muscle tissue lies beneath the

subcutaneous tissue.

[0006] 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 administration 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



2 WD 03/002175 PCT/ US01/ 50862 targeted than the derm s has been. On the
ot her hand, |arge nol ecul es such as proteins are typically not well
absor bed wbrosigti7:i he capillary epitheliumregardl ess of tRreTdsgr/sment
vascul arity so that one would not have expected to achieve a significant
absor pti on advant age over subcutaneous adm nistration by the nore
difficult tcaaaetedeben thatemde hasbeeadinrthsbthat hawd, Bvegméblerulkasugh asol ecul es.

[ 0007] One approach to.adm nistratiqn beneath the. surf to the skin and
into the réggtﬁﬂlsé’fe tyﬁle@aﬂhfl?ta‘ﬁ‘él %P%B%Bu%a@eﬁé%ﬂa‘% %ﬁﬁéﬁ} used in the

Mantoux 1 U%g&&te's@ofttﬁé Hegrb&lof tyseulattg%%m 8ne FolRMIidt hegk dpekted fb deri vative
is injected a shal  ow angle to the skin surface using a 27 or 30 gauge

needl e (Fl yrachisve alsignivest absapon 146BLEe oym)mutmmga@elmtraumém ainty in
pl acenent of the gatl ve

test results WF%@{‘}@W { B lte&tmrﬁg%rmaf}h %ms Y&L%n Fveél rnF‘lr ??\1%8@? fon to

elicit a response at the S|te of injection and the I\/ant oux approach has
not led to the use of intradermal injection for systemic admnistration of

subst ances. [000U8] Swewppioscipty adayais @H@rlteé@a%ﬁles%'/%ﬁa%@ﬁodha&lﬁt‘ ARG iNAt i on by
what has betﬁg'rec cﬁ{gfcthg[dtéga'n?ﬁs Jb %sa‘ge%;lq&!ttmeﬁ ﬁﬂﬁf}{%Mlgﬂ o€ such

report, a conparison aneous an at was scri bed as

"i nt rader maltu b¢ramlﬁctestorln\ﬂaspropedtfrararmmliﬁ(eémtateih detivative 1's'heeca¢ﬂa&a46. 5-8,

1991). The pharnmaceuti cal subst nce {i ed was calgé gﬂ tein of a
led lynet ‘tl

mol ecul ar weihghew gnslgisptie S§B’Cf®“ N‘t‘ﬁh‘tﬁﬁb Pt 30 gaugede %t ug was
I nj ect ed '”tfo%d?!iéﬁikg%ﬂ)é. §.Ng de e@%ﬁhx?d%ﬁaﬁ&%eﬁ ac%nféHtoﬂﬁé%é‘ctBH%Qﬁd up to the

base at an angle of egr ees. I's would ave resulted” 1n placenent of
t he inject atlmveivelarcﬁkﬁbﬁlhlscmﬁe fldputegdive testresnlls.i Moocavke thateerhapor tion  of the

reticular derms o t.he subcut.aneous tissue rather. than into the
vascul ari zednb%tﬁ?‘fil %F@r‘?ﬁe‘énonltf) thF‘ltlatr%f’BPnse ﬁ?s‘[reé’ Bugiio é‘c?tlgghei nto the

| ower porti qaametx bR oA @ HaS hbled €8 HRIuSe bRMEEIeriARMjdcibR fdr§steme ut aneous
tissue, it would be  expected that the substance would either be slowy

absor bed i n admenistrhtaan ofeluhstheoss,  vascul ar reticular dermis or diffuse into
t he subcutaneous region to result in what would be functionally the sane
as subcutaneous administration and absorption. Such actual or functional

subcut aneous|opggyi Ni Sbfn@g'r&lbswé% fepBX@ ¢ $ystdhfic bemdiidiRtion backhadhasdi f f erence

bet ween subcut aneous and what was characterized as
been characterized as "intradermal” injection. In one such report, a comparison
study of subcutaneous and what was described as “intradermal” injection was
performed (Autret et al, Therapie 46:5-8, 1991). The pharmaceutical substance
tested was calcitonin, a protein of a molecular weight of about 3600. Although it
was stated that the drug was injected intradermally, the injections used a 4 mm
needle pushed up to the base at an angle of 60 degrees. 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 dermis 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 concentrations at each assay time and the areas under the curves.
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intradermal adm nistration, in the tinmes at which maxi mum pl asna
concentration was reached, the concentrations at each assay tine and the
areas undwo whe2icsirves. 3 WO 03/002175 PCT/ US01/ 50862 [ GeQajsoBsesct arly,
Bressoll e et al. adm nistered sodiumceftazidinme in what was characterized
as "intradermal” injection using a 4 mmneedle (Bressolle et al. J Pharm
Sci. 82:1175-1178, 1993). This would have resulted in injection to a depth

of 4 mm bel o e skin surface to produce actual. or functi onal

subcut anepusl\gp ect EHW,IE_“&’_ ‘?ﬁﬁﬁlﬁf’ ‘?j&ﬁ)(fg%‘b‘étﬁ’fegr?g%? %@5@&? Bhwk_}\%ul d have
been anti cipat@drdchrbbd 8 HRGIRARE REEARsHRH 4 Hint BELIPZ(BHE4EBI1IE & al.
hydrophilic and of relatively |ow nolecular weight. [0010] Another group

reported on JuPatrmeSiddsid7tHdd8akd93h This wadks vk repulied indaidotien (p devi ce

us P . 5,007, 501). _Lnj ect] i ndi |
R S L T

epi derms, isuBecutatdd@s injéctivhadmobgh ¥eRIsubb@adus ebsdiRicandodld Batteieghs or the
interior of the dennis or subcutaneous tissue, This reference, however,
provi ded no antiswetedngthis matangolacausssgdiant coitagidinae isihydrophticandtafat i on i nt o
the derm s ngy. . .di r.epn suggest any possi bl e pharnmacoki netic
advant age thrg[atlgf‘lglgﬁ{"b‘r?%osléﬁﬁa?fvfeg i such selective admnistration. [0011]
Thus there remains a continuing need for efficient and safe methods and

devices for adm nistration of pharnaceuti cal subgt nces. S I\/MﬁﬁY OF THE
| NVENTI ON. 10838} TH@opE geonp renoster 980Yhet wap dessabechasaniatsp drugal

admi ni strat | -Ve@e%m a5 o ANg! $.861501)! ;881 eastiR@cAled ngt%]edaStBace wher eby

such net hod ramatically alters the pharmacokinetics (PK)

phar macody nasib e sat¢ D) thepajeetnet tesvasfintaodedrio bt en sunsrdgsmdretes theBy t he use of

direct intradernmal (I1D), .administration ans hereafter. referred to as

der mal - acces¥” F‘%g'e'f ”)?&Jﬁ‘iﬂt?,twee@stﬁﬁﬁpqﬁ?@}l%ﬁ%{e éi?%lgé’ﬂgﬁeﬂpt&f?f on and

i nfusion sys§@psa&ifis M NSEutIBNS tibRe. TRRUEREALY, Hode8t, pidvedddior ader mal

space), the pharnacokinetics of many substances including dr ugé and
t

di agnosti ¢ stehdiizgsces wontd stggaste selspies alnipispricaneinty hadernpis pes éd thior nones,
can be altered when conpared t.p traditional renta adni.nj ration routes
of subcut ane'§ §eré?ﬁ&u$$?g$w&9gﬂgled)®??\l/a§? o %g%gn%g%g}aﬁbnslgﬂ (Rl R

such selective administration.

[0011] Thus there remains a continuing need for efficient and safe methods

and devices for administration of pharmaceutical substances.
SUMMARY OF THE INVENTION.

[0012] The present disclosure relates to 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 (ID)
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 to microdevice-based injection means, but other delivery
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are pertinent not only to mcrodevice-based injection neans, but other
delivery 4 WD 03/002175 PCT/ US01/ 50862 nethods such as needl el ess or
needl e- f r@e® BBabti7stic i njection of fluids or powders intedeoi/Bsspace,
Mant oux-type I D injection, enhanced iontophoresis through m crodevices,
and direct deposition of fluid, solids, or other dosing forns into the
ski n. Di scl asetflodssugh e hémiteléss or negddafee bddésticainjfcti«bn obflalde of mwders
parenteral l'y i ster dr ugs haut . nec t|n | V .agc

si gni fi cant IB@ntgP apacee s&%‘?“"gtfyp%éma‘é 9% ﬁBt(? %fef}Fﬁv

shorter Tmaxm(dddRicks e iUy HRNOTBIRLRY, cyang QReaRE ddHihOfor@k 1ﬁt5@hedr ug) .
Potential corollary benefits include higher maxi mum concentrations for a

given unit ddse DEaesyd is Iallgﬁb@d toi inergase|tiabiatd efuptaksrier papiterallpt ake rat es,
more rapid o cﬁlg&sgefreda %8%7’ \d %%Q%s%lgatmlgégb' Oésggb%gl ];f:] c%ﬁ}t l?eneﬁgaq r educed

drug depot et i Ven

phar macoki neéﬁ&somartﬁllwa@rr@aﬁ@ﬂls@r&a&ﬁagIaahoﬂmrtlymx (cﬂmrteaﬁmvel ag tl me (Tl ag
), decreased Tmax, hore rapid absorption rates, re rapid_onset and/or
i ncreased Cnmsximm blogd genreatginmofdhe %Ebo‘iﬂﬁ‘épt%ﬁ‘i’rﬁllértyé}eéﬁﬁ“&?ﬂwj&r ed to

Subeut aneousy et ATHAGU ALl BLIEE a IR BBE LM enabigfigans of drug

del i very. I oaval S neant t anount of a given
dosage that biosadbigtity hﬁ)rbtapuﬁumokmatdsmaﬂe rafilliossét®f gharﬁraabd}ylanms:nred as
t he area under the urve in a t of cg&centratl time. By "lag

n vs.
time" is meahplogial ¢fEackyand TH&ERYY ﬁ‘?%t‘?‘&‘fqrg‘ﬁgé‘? tfﬁfgﬁﬁ’?ﬁbund and tine
to measurabl g, o loﬁelgg&t ab g arRh QReheQEs Iﬁabé}fsnﬁcrb&\é&lbﬁ,avéﬁmnul_ys(ie%re»éeé@e

representing t e ti I eve maxi mal bl ood concentration of the
conpound, ankdg GmexTi.s), thereamd iTmumivroodid abeopent raits, orre spohetenvi t h a gi ven

dose and adm |strat| on od.. The tinme for e unction of Tiag,
Trax and Cme®t /‘Hén“éFarse%F”E *htg%%gB’SPQWBP’étroschWPPHécﬁ%%“?lﬁéerecI Cﬂfélpﬁféﬁé%sary to
achi eve a bl @@guhout ah@fhudchfs BEIhEONBEIV pathtenl ARGRSSATNg Bslivereal | ze a

bi ol ogi cal effect. Tmax and Cnax can be determ ned by vi sual i nspection of

graphical results and can often provide sufficient information to conpare

two met hods giﬂo W'Bléfrbééévaglfilgp OlfS maeaPtQHP%)o"m%nngﬁ'gfv § %Werpggs‘égt% ﬁﬁk val ues can

be determ n[g anal'ysi s using
descri bed belegyied ti15166d céth mémammsk@gmrdl@ rhéi@aRd @b tiskirtd urider tHee art.

[0014] Directly targeting the dernal space as tayght by the invention

provi des curve in a plot of concentratlon vs. time. By “lag time” 1s mearit the delay
between the administration of a compound and time to measurable or detectable
blood or plasma levels. Ty is a value representing the time to achieve maximal
blood concentration of the compound, and Cp.x is the maximum blood
concentration reached with a given dose and administration method. The time for
onset is a function of Tiyg, Tmax and Cray, as all of these parameters influence the
time necessary to achieve a blood (or target tissue) concentration necessary to
realize a biological effect. T, and Cpax can be determined by visual inspection of
graphical results and can often provide sufficient information to compare 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.

[0014] 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
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nore rapid onset of effects of drugs and di agnostic substances. The

i nventors have found that substances can be rapidly absorbed and

syst em cawby3@dars i buted via controlled | D adm nistrati orcrhasoi/ssbecti vel y
accesses the dermal vascular and 5 WO 03/002175 PCT/ USO1/ 50862 | ynphatic
m crocapillaries, thus the substances may exert their beneficial effects
mor e rapi dl ylyniphatiS@icaderpilasies, dhusche sitistagcesanays gt their benphicial edewe f or

drugs requiring rapid opset, .such.as.jnsulin to .decrease. blood gl ucose,
e rel i aerene Pt SERumERFD g TR bRl R RRR G bR 21 er s o
ener gency regsguigindiid8 ofdeRuctass iAsiIBNR!deb@afblédt gluy@Bopiin MaleBgiRh agor nones
are also released in pulsatile fashion with a rapid onset burst followed

by rapid cl efr arrekthramghepness PhincpiBteraippEabic, or EMEISCPEY Fespusafues sUshr esponse
to biological, SthiMhe'S: adiQlenBiATRA Rl hGth AL GRIO EES in PIRLAIET exampl e is
femal e repro dctive ornones, which are re cased a Ime intervals in

pul sati | e f agkilionwithu@pidgmesitbinrse dslrewed bysapildstearanet.eBsadplesninabdaal
patients in a pulsatile fashion during sl eeﬁ%, This benefit allows better
therapy by niRlEkibags rrieasadinsiesnonssipOiplogicrhslinglih fenmremets skir ug
conpounds.  LiKEW: §&cld tArme/erQtai&x e if A5 '1% Iiteg;o%ué@m&ﬁ%ﬁ@g)tvhmea&@pl es such

as blood glucose control via insulin de ery. Many current attenpts at
preparing "eleaseihttioophterveduini pulgatitpfsiaore Himee peavthotmhenedeblag peri od
between adm nistering the .insulin an jti for the biological effect to
occur. This ™ Rf’éjs‘ni“f’ga?lfpfaf‘ﬁ’&ff fnTBuléitﬂ%ﬁash]iOH%lgﬂng élﬁFE'tT}Hﬁ%ﬁﬂ‘legftt ﬁ@?ws
sufficient insiliHerdDyRERMCKIHE WRMatWhIlBHAY rh RMEE Wifly Fhihkbc @Ag i sking
hypogl ycem a. The nofe’rapid PK/PD of [ID delivery elimnates nmuch of this
type of probtamouhd®1GikeWisaritmaz et faciboe winrescurigot thasppres suehsasdi scussed

Five | ayor s, opiZetossconfotls REuih SrRB CFalh e RufRp Rl by o~ P

granul osum tdcgid 'l'%ﬁhﬁﬂbﬂﬁﬁyme&m@ﬂeréd@ﬁl&ﬁalfay?s‘eﬁ&iﬁétﬁfaéﬁVum and the
derms is made up of two |ayers, the upper apillary derm s _and the deeper

reticul ar dexdmigistering thehingwlpeans! vwaiting for dag hiplo sicabietfech fiesos-sThigr i es from

i ndi vidual to_jndjyi it R indi vi : di nt | ocations
on the body. mla—j(()érgq{e%g?%’l%et? a?{%g'ﬁ}gfslhE%%ﬁ%?ee%g%bée@ch#ﬂéé?m?)%Sélhgg% géee?lm' s varies
i n t hi cknessgilérighatibvetiritigano sk hipadgidedntie. The mose xapid BIS/PD of

t hi ckness ra%;i ng fromjust below the epiderms to a depth of fromless
t han | delivery eliminates much of this type of problem.

[0015] Mammalian skin contains two layers, as discussed above, specifically,
the epidermis and dermis. The epidermis is made up of five layers, the stratum
corneum, the stratum lucidum, the stratum granulosum, the stratum spinosum and
the stratum germinativum and the dermis is made up of two layers, the upper
papillary dermis and the deeper reticular dermis. The thickness of the dermis and
epidermis varies from individual to individual, and within an individual, at
different locations on the body. For example, it has been reported that the
epidermis varies in thickness from about 40 to about 90 pm and the dermis varies
in thickness ranging from just below the 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).



mmin sonme regions of the body to just under 2 to about 4 mmin other
regions of the body dependi ng upon the particular study report (Hwang et
al ., Ann Woastoomi7s Surg 46: 327-331, 2001; Sout hwood, Pl ast PCRAONSIss2 Sur g
15:423-429, 1955; Rushner et al., Science 154: 343-348, 1966). 6 WO

03/ 002175 PCT/ US01/50862 [0016] As used herein, intradernmal is intended to
mean admi ni si0036]i on Asfusad herais irdraderniahisontehdedfiorméan ddmisigigktion af@nner t hat

t he substance,readi. eaches.the, richly.vascularized illar erms and
is rapidly asd@f)traﬂ%edn?lont%%?’ﬁ@s B} 358 a%ﬁ’&eﬁhgﬁﬁggu%s&a&‘f %Feaﬁgﬁﬁ%aﬁﬁ?%hgessel s to
becone syst efigabhstuliioey pilaRy demSsaid BaRpidBsdbsérbéd o feagesent of the
substance in the upper region of the derms, i.e. the papillary derms or

in the uppercapdiarics andier lymehpteg waspsletobacerss sysemighly bioayaitahlearSuclier ni s such
t hat the substanc eadi | | ffuses | . I 1S it is
bel i eved tha anﬁFsélgtef%r%rﬁ?) Ilag%{mgllltsotﬁf)%t %r?é@hgerlézgemﬁﬁp%% (La"Jlg&%J %?ﬂgé g%‘%?ﬁ 1'tc%f at | east

about 0.3 nime papitleryteehrorbih the wpel gagén abbe felftivelyitsandcuiasitetipulef er abl y
at | east about no nore than about 2.5.mMm nore

0.5 mMmmup to a depth of
preferably, $fsmiorieh thaydie subyarcecaslibnithies He thonaet Brugfiinolt ore t han
about 1.7 m%é&\fg%d {hgtzllé&éelg?e'ﬁt of é‘Bleta?xpé?rﬁH&hﬁﬂte?}t at W@ﬂﬁ@éﬁk@iﬁoﬁﬂgi or

hydr ophobi ¢ substanc acenent o e substance predom nately
gr eat er dept®3 nanghore prefemabtihat leastaboyidr4 momaraf mo$ierefembiycaillast doni s i s

believed to sult in the suybstance being.slowy absorbed in the |ess
Pastul or 1 oth ST dR ARG oD Rt o8 B o S S BREED: RelOEt i oh

woul d  resul fh,h BhdRIUCREHh ARSRER b0y H¥BRSRMRIneHELAT. 7 adA Al rydi@phobi ¢
substances. The controlled delivery 0f a substance in this dermal space

bel ow t he pappld absgrptide pfingciomoldselar end/eulysrophobre sibstauges s Biat¢roewf| y above

he i f b . d ' dth : ' | d
enabl o an of P HEWECr BLEGRIT A GPALT SRUBTIERE SORM anebPySe aEhe"

(undi st ur bedetivaacadrlis i Belid AR st in fhie GlilReaRE bEiag ¥lovad abdotbddna tapi | | ary
derms), where it can be absorbed into systemic circulation via these

ni crocapi | | alebsesoletistieultyedongisse qu dstsabaiianequs rogingi aithepgl whigh tonkt
cut aneous tissue. c It : fi : j tionis to
achi eve nmore't lggllncf (3{3@% & ﬁ?{%&l%{ gﬁ%%%%‘ﬁ?fékgg{lﬁ&% gg{op g%blé Eﬁ%%ﬁl\érggdi agnostic
agents. Thi sTh&cclt®ledeaslivenesta fubstandeinyhib demmdl gpace aiow thetphpillndy ar e
secreted in a pulsatile fashion. Mny _side .

dermis in the reticular dermis, but sufficiently above the interface between the

dermis and the subcutaneous tissue, should enable an efficient (outward)

migration of the substance to the (undisturbed) vascular and lymphatic

microcapillary bed (in the papillary dermis), where it can be absorbed into

systemic circulation via these microcapillaries without being sequestered in transit

by any other cutaneous tissue compartment.

[0017] Another benefit of the invention is to achieve more rapid systemic
distribution and offset of drugs or diagnostic agents. This is also pertinent for
many hormones that in the body are secreted in a pulsatile fashion. Many side
effects are associated with having continuous circulating levels of substances
administered. A very pertinent example is female reproductive hormones that
actually have the opposite effect (cause infertility) when continuously present in
the blood. Likewise, continuous and elevated levels of insulin are suspected to

down regulate insulin receptors both in quantity and sensitivity.



effects are associated with having continuous circulating | evels of
substances admnistered. A very pertinent exanple is femal e reproductive
hor nrones wbaB/oores ual | y have the opposite effect (cause i mCarusol/sasy) when
continuously present in the blood. Likew se, continuous and el evated

| evel s of insulin are suspected to down regulate insulin receptors both in
quantity and[09&8ki t iAsiotlyer bgnalo 81e0oPenTien ROT/aAcBE 1¢ B@B@wa%\@@i‘aﬁtl%ot her
benefit of th inve%i on %is tota i.evtg ph% er bi Qa, r%i Ia“t;)%ri ies of drugs or
di agnosti c adeitss OFHIEIOSHS AHtey JdIS S R eoR PIoRRT PRk FoT)

adni ni strat i gimiafstlatighoNMBke eldicilnaiegit setbnt e egcialts partias, lpgptd] ei ns,
peptides, and polysaccharides. The direct benefit is that ID

adni ni st r at | o1 RAlySEcerRdps cbhe difeshbarefibisithatdl) adgyimisiigioaqrithy enheneedsi ol ogi cal
effects while usi-ng.d IV - - Thd tS:d i nom c
benefit to t 18%1@8111@2%31? gg%%rlg%lglgtﬁ)g&ggrc ﬁ?g%c{sggﬁ%u%ﬁ?e%saﬁgg% %ﬁ%ﬁg for
expensi ve prOhiRirgsulthér dipettdomsmidbendiiagnbs tivgsmanufiduest &el, penhapher

bi oavail ability may all ow reduced overall dosing and decrease the
patient's si eREiSEMERSERECHAY S XPERFIVG RIAtCHT GREPCHES PR 113885 Anot her
benefit of t LANeRt 3! ~ | | rdggfgi

concentrati ofr%g(e{g%\éd?lggg%ééﬁgpgakg%%tsr%l?};cﬂgsﬁ%;setdg%\eggus\g Pa;?_lh% i nvagg';ag?gasﬁave f ound
that subst athegatiadivisitiesfiects dssoblatdevidblsighdyeldsimgr e rapi dly, with bol us

adm nistration resulting in higher initial concentrations. This is nost
beneficial for substances whose efficacy is related to maxi nal
concentratiopoidfe MHRhdrdLhdit@RSRLinPntiONSs thela@Aiame\NePhi M URKih@nbe
reached with | esser anpbunts of the substance. Therefore, the dose can be
reduced, prowingenigatmns ef dngsrpedibgnstic substscese| Thearveatgshaicoowefd ®al  benefi t

[ I f. th ' ' h : | db
The. body. [ oto0p ssiaenupeBEHaPl Fe BrsoeB RS e B Sk ohRS il rFiste) ot em o

el imnation rdsatias ihigh&ihitiABédhceht@aioas CEhiRCAaRIbenEiond] folf digstatdesdi agnost i ¢
agents. Al studies to date by the applicants have maintai ned the sane
system ¢ el | whesstaffercyas eelated to mpemglepncenirationt d8¢ awraspid ensphallowssc dosi ng

routes. Thi Shiigﬂgj ({f aa;[,h%glu%%]{osoeq‘gghggiyiﬂh%’stsgr Qﬁ(ﬁln'?sootqﬁgg\%tainge. ﬁ?er@figfg, ogi cal

t
mechani sm f or °Syst'& earance. This I's an advantageous from
regul atory sihenidpotdithe reiuned, gegidagain coon@nid behefity aneell apaplysisgicded not
be reinvestigated prior to filing for FDA .approval. This is al
enefit si?lce lesser amounts 09 the drug or d1a£1%st?c agent has to be cleareﬁ%y

the body.

[0020] Another benefit of the invention is no change in systemic elimination
rates or intrinsic clearance mechanisms of drugs or diagnostic agents. All studies
to date by the applicants have maintained the same systemic elimination rate for
the substances tested as via IV or SC dosing routes. This indicates this dosing
route has no change in the biological mechanism for systemic clearance. This is
an advantageous from a regulatory standpoint, since degradation and clearance
pathways need not be reinvestigated prior to filing for FDA approval. This is also
beneficial from a pharmacokinetics standpoint, since it allows predictability of
dosing regimes. Some substances may be eliminated from the body more rapidly
if their clearance mechanism are concentration dependent. Since ID delivery
results in higher Cmax, clearance rate may be increased, although the intrinsic

mechanism remains unchanged.



beneficial froma pharnmacoki netics standpoint, since it allows
predictability of dosing regines. Sone substances nay be elimnated from

t he body woree/oapidly if their clearance nmechani sm are c@®QTASOI/ABEDN
dependent. Since ID delivery results in higher Crax, clearance rate nay be
i ncreased, although the intrinsic mnmechanismremains unchanged. 8 WO

03/ 002175 PODOYHO1/ 308ERr bp®R 0f thanotdnéipn ermedhangoin phaemagedemamion i s no

change i n pharnmacodynam c . nechani sm aor bi ol pgi cal, response.nechani sm As
stat ed abovel?]e‘gﬁﬂisﬁ?/ %ﬁqﬂ?]@élcgﬁﬁﬂﬂﬁ)éls%’ﬂ?e? _ls%t‘g_gﬁ%%flﬁ[]%ﬁ a%’g)mtlﬁ%egppl i cants
still exert gheipy Bkfighsdstudniey 8RBl QI Salt tRAF SEYSby thakadE e
intrinsic to other delivery neans. Any pharmacodynam ¢ changes are rel ated

only to the dipfomabpribwpes thetrane indinsiiomsbar daliecry siegappday ance, and drug or

di agnosti c agent _concen effel?énocle %{tg[%% ofystem [0022]

trations_present i
Usi ng the {0485 the C%%Ié%egﬁféoﬁe%\?eéin?ql%%,th%)?ér nmacedt ca conpounds may

be adm ni st espdardficel dBappearanoe, aBY diudf drsdishostASagébegbnbaitRitions présent frer m
"bolus" is intended to nean an anount that is delivered within a tine
period of |®&diclegicalts¥He10) minutes. "Infusion” is intended to mean the
delivery of a substance over a tine period greater than ten (10) m nutes
It is understood that bolus adm nistration or delivery can be carried out
with rate cofe2] | i Aginpthesetiods of thepngsert iaventiop, prarmhawacaio specific rate

controlling neans, for exanple user elf-injection. [002 Anot her benefit
of the i nvenfaigpunds g QQTTIBHF“?IFI a%@%’iﬂ&é%f%%rm ?‘ﬁ@ti“*[é"”sffge‘?r?lgr i nvoked

when drugs pRgasesoltlr Qugbn Rado RRER IR SmbLARRAs H&liveHIAPRIAH S tintd F38
conpartments prior to system c absorption. Elimnation of such barriers

| eads to an @Xtssdhal tgnljrQadinaiepl ‘lefaboh? tsyntendeddp ineaas thir dedivetyadses. Many

drugs adm ni stered subcutaneoysly exert this depot.effect --.that is, the
drug i s sl o yapd wtad gRo rens et o} piRR AT R ppaEa, as < ne
rate deter m pu|pgadwhiBRtrafdéd & delliers¥ah 8B CETIRRSO! With edle c6hid 11t dbdrsnioky for or
slow di ffusion through the fatty adipose tissue. This depot effect results

in a lower CraxpihdpiopgehaTeas spectisipiercedtrelbing meaphdorceramplssifet i n hi gh
i nter-indi Vis%'l‘f%'fe\é 15r§abi lity of absorption. This effect is also pertinent
for conparison {6 tPansder mal del i very met hods

[0023] Another benefit of the invention is removal of the physical or kinetic
barriers invoked when drugs passes through and becomes trapped in cutaneous
tissue compartments prior to systemic absorption. Elimination of such barriers
leads to an extremely broad applicability to various drug classes. Many drugs
administered subcutaneously exert this depot effect -- that is, the drug is slowly
released from the SC space, in which it is trapped, as the rate determining step
prior to systemic absorption, due to affinity for or slow diffusion through the fatty
adipose tissue. This depot effect results in a lower Cpax and longer Tix,
compared to ID, and can result in high inter-individual variability of absorption.
This effect is also pertinent for comparison to transdermal delivery methods
including passive patch technology, with or without permeation enhancers,
iontophoretic technology, sonopheresis, or stratum corneum ablation or disruptive
methods. Transdermal patch technology relies on drug partitioning through the
highly impermeable stratum corneum and epidermal barriers. Few drugs except
highly lipophilic compounds can breach this barrier, and those that do, often
exhibit extended offset kinetics due to tissue saturation and entrapment of the

drugs. Active transdermal means, while often faster than passive transfer means,
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i ncl udi ng passive patch technology, wth or w thout perneation enhancers,

i ont ophoretic technol ogy, sonopheresis, or stratum corneum abl ation or

di srupti vwo oambtiezls. Transdernmal patch technol ogy reli es @®@aTArsoygs0862
partitioning through the highly inperneable stratum corneum and epi der nal
barriers. Few drugs except highly lipophilic conmpounds can breach this
barrier, andart kil estrivadd tdeompbtmhclaszhihbi ¢candetenad dbyehipgetrekilyien pts due to

ti ssue saturation and. entrapnent of the drugs. .Actiyve transder.nal neans,
whi Lo of ten FASIUF PRSP SHEUPYRLS PEHS Sreamiussivgy (fsPud) GRS ToHER

PCT/ US01/ 508Q%es @Sedy ddvithes &1 thé Bebub QueRimRskiGi H5o88d Wasds. qaRe be nmoved
by charge repulsion orr other electronic or electrostatic _neans, or carried

passi vel y t hetetiyh comeum aad spidarmis pidli providepseeti vy/meansifoamhditing thishe ti ssue
during application of sound waves. The [ 0 .epl ms still
provi de eff et&r’lspl%n'n’gté?%gmfc&mquﬁhfeg}otv i‘ﬂnh)g}/ 'y %ilnéa%? Q&%&%@aﬁém %{}?Sé éaﬁr%gﬁ{gr neum

renoval by téejin@vise! stiipmeks Adiahg e @dThdERiawepdieaation drtupaikber dhuge, stil |

| acks a driving force to facilitate penetration or uptake of drugs. Direct
| D adni ni st r RirfesADmyRistaiiondy mepbamisalgyeans grersompethR kHstic SaBisf r i er
properties o i i 1 i;

physi cochem rgﬁéﬂlgsr%pgr ’iai?a%{lg#m ¥1h{§eg§géﬁéﬂap§% P gé%ﬁ?ﬁ%ﬁ%?@#& ents.

[ 0024] Anot hebpheaedfthe ofugtdiétsiformenitionrexcipidnksghl y control | abl e dosi ng

regi mens. The applicants have determ ned that 1D infusion studies have
denonstrated dosing profiles that are highly controll able and predictable

due to the fp ?12 Oﬁ%khe@%e@iftgﬁlﬁl}e ileRebh Ehidly domestiBle sagnostic agents

delivered by t route. This allows al nost absol ute contrdol over the
desired dosimginagi Fbeappi@ants hBvalddtérvansd that I[Donfisenh shidies kavel ui d contr ol

means or other control systemto, regulate neterin f t.he dr or

di agnosti c a@f’éﬁ*&nSF?ngd?ﬂ BSdy©s ﬂT‘ﬁia egté‘ig .Ic8ntr%lgarl?éef%}do%ﬂa"%)‘ﬁ@b{%sdﬁgﬁ% of the
princi pal go@kSagpd ofFes indls i@t Rinefllsadigsdsior dagasitic Aehts MehyerdEbhe@s. Bol us

| D substance admi nistration as defined previously Tresults in kinetics nost

simlar to |MulenjTes dllowsaataostabealute cariselroabt e degirodadoningregimen vign
conpounds, l,t.,i me insulin, .rescue dr ctq f i.on conpounds,
or other dru sd?lwgfy ¥ 88‘6?1?&;“?%61% l(gﬁosnett&%}ﬁmg%&i Cﬁ%‘%rﬁcgg%glv\#?ﬁ%@ tge

conbi nat i onsregfilagUh&tRNEee5the dpaUralighoaitdgeg ialoahebedy. sPtiesigiiet i cal 1y,

Extending the ID adnministration duration via_infusion can effectively

m mc SC uptbkgastit alone is one of the principal goals of most drug or diagnostic agent
delivery methods. Bolus ID substance administration as defined previously
results in kinetics most similar to IV injection and is most desirable for pain
relieving compounds, mealtime insulin, rescue drugs, erectile dysfunction
compounds, or other drugs that require rapid onset. Also included would be
combinations of substances capable of acting alone or synergistically. Extending
the ID administration duration via infusion can effectively mimic SC uptake
parameters, but with better predictability. This profile is particularly good for
substances such as growth hormones, or analgesics. Longer duration infusion,
typically at lower infusion rates can result in continuous low basal levels of drugs
that is desired for anticoagulants, basal insulin, and chronic pain therapy. These
kinetic profiles can be combined in multiple fashion to exhibit almost any kinetic
profile desired. An example would be to pulsatile delivery of fertility hormone
(LHRH) for pregnancy induction, which requires intermittent peaks every 90
minutes with total clearance between pulses. Other examples would be rapid peak

onset of drugs for migraine relief, followed by lower levels for pain prophylaxis.
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paraneters, but with better predictability. This profile is particularly
good for substances such as growth hornones, or anal gesics. Longer

dur ati on wofoa@oxms typically at | ower infusion rates canpPC&Fdisht/50862
continuous | ow basal levels of drugs that is desired for anticoagul ants,
basal insulin, and chronic pain therapy. These kinetic profiles can be
conbi ned i n O0ORs]i pl erfodsdnbemefit of trehitmntiomismedtced nygiai atain of drpgsaii| e

desired. An exanpl.e would be t ulsatile del.ivery of fertility harnone

(LR Tor o BGBHG P TIRAICE oe TP B PLaarr LS ST e b BB % very o0
m nutes wi t hydi@t @enfit £ RS ErsRETOMEGMoRMIsSESsonbpHMREsi CHAIR P orEILh 6 be rapid
peak onset of drugs for mgraine relief, followed by |ower |evels for pain

prophyl axi s. themrl porapish 0ORIrE3hPETrLSeass Soeech the 90bb] epidrstiableygrenef it of the

undesi v abl o MHROAGGERT Eany Py o AR, ARy cABRER: LB T

enhancer s or sibeRh@R N fiRSpfder@ls 0¥ QERRPRARAILY ifimBbgRbulROkadldedtheor  t her nmal
poration require that a dru g}gss t hrough the viabl e epidermal |ayer, which
ﬁ'l‘ﬂbz%

has hi gh metbeiitef g av Aborpian: \%iIWD BVBRISBRLQN GENIRERSS HHS of

subst ances i ' ' tj:ﬁg- ' idsmieduces the
anount of drﬁrﬁgg;&aﬁggﬁé&%r&g%gg% ig?]& elgﬁﬁlug%?%%?gﬁ%n C|S‘r3cum/ents
this probl egmtislypl acing the drug directly in the derm's, thus bypassing
the epiderms entirely. [0026] These and ot her benefits of the invention

are achieved by directly targeting absorption by the papillary derm s and
by control | egoggl | vqrh¥sé;{?idgftw%enefﬁg BOMRE HivehtiAIRRLShi AR PLRREySUbSt ances

to the dernmal space o The 1 nventors have found that by specifically
targeti ng t herderihg aokerpridn tspthe paraiiaty clemuis @hdl bpgonthdledrdgtieersiod dpwst er n of

delivery, the pharmacokinetics exhi bited by specific ugs..can e

unexpect ed| y‘%ﬁgﬁ?ﬁBQ/%‘?ﬂtS&ﬁ 8§ﬁr ?%Stﬁﬁﬁfﬁ?%‘hﬁﬁlﬁfrﬁ%rfgacﬁeo@gﬁ (Se]aie\/\ﬂel’i’?(?r%sul ting

clinical advgRtaged BHAy @Qéﬁ@ﬁ%ﬁg&ﬁﬁ%ﬁﬁiﬁt@iﬂ%ﬁhal@%a@esarfd%ﬂirbﬂingmeai ned or

controlled by other parénteral admnistration routes, exc&etpt by |V access.
1

[0027] The pragsandtpaitameritdebreryripe pharmacolanatics sklghitedipy speeificgirugssagel i very
of drugs, diagnostic aﬁﬁnts ggg ot her substancebs to @gv@{}?suﬂ{n ani mal s.

The et hodsbee F(P)?/Ct?flg ﬁ’r-oé{%% ¢ nl(gllﬁrsmn(yfS(I)tFJ atég(nasnﬁlvéirlg ga@ge needl e,

especi al |y migri@neeedhesk. Shéh ghar@eddkmetias einot beeas roadiBdstamatd space and to

del i ver
controlled by other parenteral administration routes, except by IV access.

[0027] The present invention improves the clinical utility of ID delivery of
drugs, diagnostic agents, and other substances to humans or animals. The
methods employ dermal-access means (for example a small gauge needle,
especially microneedles), to directly target the intradermal space and to deliver
substances to the intradermal space as a bolus or by infusion. It has been
discovered that the placement of the dermal-access means within the dermis
provides for efficacious delivery and pharmacokinetic control of active
substances. The dermal-access means is so designed as to prevent leakage of the
substance from the skin and improve adsorption within the intradermal space.
The pharmacokinetics of hormone drugs delivered according to the methods of the
invention have been found to be vastly different to the pharmacokinetics of
conventional SC delivery of the drug, indicating that ID administration according
to the methods of the invention will provide improved clinical results. Delivery

devices that place the dermal-access means at an appropriate depth in the
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substances to the intradernmal space as a bolus or by infusion. It has been
di scovered that the placenent of the dernal-access neans within the derms
provi des woro3@bfirgaci ous del i very and phar nacoki neti c contcalusof/smet i ve
substances. The dermal -access neans is so designed as to prevent | eakage of
the substance fromthe skin and inprove adsorption within the intradernal
space. The phaadmmekipaet artisconfrohthe volieedmdgate dé findededivenguoridéng to t he

met hods of the inyention have been found.to be.vast ifferent to the
phar nacoki neatcic‘ér§ted¥e W‘E:%R?él?ﬁﬁ”gﬁtﬁilceé@:ﬂ&ee‘?ﬁsggcﬁf’c tfoq‘ﬁgil%tg‘a‘l, 2%%di cating that
| D adm nistration according to the nethods of the invention will provide

inproved clinical results. Delivery devices that place the dernal-access
means at an [@PP¥lopr i RDiecleksgtiha methoddo incraase U/rag2f PtakCiyrPSEII BTG 2

i ntradermal space. and, contrpol .the vol.u and rat.e. | ui el I,V provi de
accur at e deI?‘@‘EWtGB?ddqu%s stﬁlg%lftgﬁ%egsfaémgﬁg aﬁgeieg Pr I(gglsl%gfgéttpﬁéﬁd%% o e}/I eakage.

[0028] . Di st 0SPétehisal @oidBhRyAsEntts imGiddasghdr heaxiaig cohcdnphaks bod
parenteral |l y- adm ni stered drugs w thout necessitating |V access. This

ef fect provigiEen enisdese (€, it bipgradlabilisy, mase smdipyschehef i ts i ncl ude
hi gher maxi "&%,ﬁﬁ’%@?ﬁ&ﬁﬁ OB 1] 9{al gfffecgépﬁx?d‘re‘dﬂ&%l drj]rg%ﬂ%ﬁo@@f’i’é ts. Ni gher

bi oavai | abi I'i raprd onse ar macody s or biol ogical
effects, and reduced drug depot effects. [0029] It has al so been found that

by appropriate depth control of the dermal - access, nean ithin the

i nt rader mal 1982e tllltalfastaf?8%ﬁ?fh1€°r‘t"&€§}é‘it ﬁé??%rgp%?te_ Wthﬁﬂ’ét_r&(ﬂ\%l&éeﬂ@?’ver ed
according t Oackt§ nELE QA8ihe RRALRYE 8bdce Tt &b pHafmARMH k8o f hdPBrbICe
simlar clinical results to that of conventional SC delivery of the drug.

[ 0030] The phagnddiokiedetéardipgod iHeanétbodsi afdhe/indertiongenpdoemisredi | 1 vary
according to the chemcal . pro ties of the co nds. For. .ex | e,
conpounds tl?faﬁl%sanﬂ]%qCiﬂ%egﬁf%@&t Oﬁ‘é‘?ﬂvﬁﬁtl %#é‘gﬁy?ﬁ O&é*leg‘ﬁt‘ ‘of at |east

1000 Daltons as well as larger conpounds of at |east 2000 Dal tons, at
| east 4000 Dal tons, at |east 10,000 Daltons and |arger and/or hydrophobic
conpounds ar@03Xpecfbd phamshekineticiwo fitssfor widiyidual eernpowdamgbsaonpar ed to

tradi tional parenteral t hods _of .. adpi.ni | an, %n [ cul ar,
subcut aneous CS?I%%tagrrlen% en}l%ﬁqgf:%eghe% oﬂh%i Cz)Mpgé%ée)scntFeog 'ég al?l%’sdr?%? I{O%Ey%r ophilic
subst ances, @at drbeclhi@lyelargsi hdviexhibidcuBi Welght of &ilewt 10X DaitonsBs del i very
conpared to ot her nethods.

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 1s

expected that small hydrophilic substances, on the whole, will exhibit similar

kinetics for ID delivery compared to other methods.

DESCRIPTION OF THE DRAWINGS

[0031] Figure 1 shows a timecourse of plasma insulin levels of intradermal
versus subcutaneous bolus administration of fast-acting.

[0032] Figure 2 shows a timecourse of blood glucose levels of intradermal
versus subcutaneous bolus administration of fast-acting insulin.

[0033] Figure 3 shows a comparison of bolus ID dosing of fast-acting versus
regular insulin,

[0034] Figure 4 shows the effects of different intradermal injection depths for

bolus dosing of fast-acting insulin on the timecourse of insulin levels
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DESCRI PTI ON OF THE DRAW NGS [ 0031] Figure 1 shows a timecourse of plasnma
insulin levels of intradermal versus subcutaneous bolus adm nistration of
fast-actiwg.03/000032] Figure 2 shows a tinmecourse of blood gcaoseesiseyvel s of
intradermal versus subcutaneous bolus adm nistration of fast-acting
insulin. [0033] Figure 3 shows a conparison of bolus ID dosing of
fast-acting 908%8lus Fimgeb ahowns adrhpanspooSitie tlagantse of gisokie levple feif f ect s of

different intradermal injection depths.f.or .bolus dosi,ng of fastacting
Cnsulin on ¢ FA0R SoRERIERE AR Bidreyres 5o b8ro0 8 furpHEo1 ) sose2
[ 0035] Fi gur @o3e)jshowseude 6 QAP AhSOR c@mphiigont dfMRESHInBEcKindiRwhilabilitgvel s for
bol us dosing of long-acting insulin adm nistered subcut aneously or

i nt rader mal | 3nd th¢ pisipca ygamee Bl Brafingyte cobmmystimydaingffagtpe
phar macoki neti.c_avai.l abil | .and. t he ] esuylts of
granul ocyt e %%WS%%J%¥£%3P%b¥%5RF§E %?Kgggpgggggﬁ&?ﬂ%%gré%%gfIy with a

si ngl e needl gbeitahdvuely, onfthveneasdye array, subcutaneously, or
intravenouslg. %0037 Figures 8, 9 and 10 shOM/a conpari son .of | ow
mol ecul ar wef0§RT]  h&ERFesS Ondddehaia QBIPRYENCII9WHBP ISRt dur ati on,

Long durati ofeol %ﬁmmm@nv&gBgi%iué,ogaomuaﬁlaﬁ%ﬂgaefa%oh WS bO With[ 0038]

Figure 11 sho a tinecourse o asna genotropin Fevels of intradermal

si ngl e needl @mpanisoathesnbabtamonainfasich. subcut aneous bol us admi ni stration

DETAI LED DESCRI PTI ON. OF | NVENTI ON [ 003 The present |nvention provides
a nmet hod f or(00A&k ap Eﬁ‘ir"cIFE&HY%W?WAWSIP?%?WCB&%@’81 ?‘?Yﬁiscﬂf ot her
substance t g fRNsiREle ABEJTRIinS4RIRRarRY aHl 5@htdeods BB | Ng the

i ntradermal space, where the drug or subStance is adm nistered to the

i ntrader mal sjmaostratwmugh one or nore der nal - access means i ncor porat ed
within the device. Substances infused according to the nmethods of the
i nvention have been found to exhibit pharmacokinetics superior to, and

nore clini cabkyAtesbsdERIPTHON OhaHPbSeENEIDNOr t he sanme substance
adm ni stered by SC injection. [0040] The dermal -access nmeans used for ID

adm ni stration according to the
[0039] The present invention provides a method for therapeutic treatment by

delivery of a drug or other substance to a human or animal subject by directly
targeting the intradermal space, where the drug or substance 1s administered to the
intradermal space through one or more dermal-access means incorporated within
the device. Substances infused according to the methods of the invention have
been found to exhibit pharmacokinetics superior to, and more clinically desirable

than that observed for the same substance administered by SC injection.

[0040] The dermal-access means used for ID administration according to the
invention is not critical as long as it penetrates the skin of a subject to the desired
targeted depth within the intradermal space without passing through it. In most
cases, 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-
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invention is not critical as long as it penetrates the skin of a subject to
the desired targeted depth within the intradernmal space w thout passing

t hrough iwo d3momost cases, the device will penetrate the psRiUSOaBEE6L 0 a
depth of about 0.5-2 mm The dernul-access neans nmay conprise conventional
injection needles, catheters or nicroneedles of all known types, enployed
singularly oqrylmldrmajlstruq:thms ree@ulmmsslaytmysan fﬁtmowdltalwoaylzctéls@fmévns‘pfnay

conpri se needl el e eV| n II| ectl V|ce The
terns " needlcé)mpfﬁ%’%ﬁ eé§‘“ 'ﬂ’g H%ﬁ%‘ﬁ p FFC g‘(ﬁ ag ﬂcaél ass al |
such need! e- bthkeoedhietifdaliEpest MBerhf- ﬁ&d@h@ﬁl@meﬂﬂoﬁﬁcmﬁe bamad: ﬂnﬁael n are
intended to enconpass structures smaller than about 30 gauge, typically

about 31-50 gen mepcsm@hdegm:wlmrésiewes, eyezpelestrieaglealionesver . Non- 13
V\D 03/ 002175 /ngasg?l% 1(;5 29 16s?ed lvc'zrn%re{n%gg #&Ee@r({%ﬁv%&r ang§ Df 9}‘1{11 he term

m cr oneed| es ere ore inclu

pyram dal , r@e&ouwahafate m@tsmqa@kow&m@eg; foﬁdmhve@tdiellireg@pdﬂtvrer cal shapes.
Der mal - access nmeans al so include ballistic fluid injection devices, powder
jet deliver ySL@éR?P%eééo tsi tagsier decetipe Witsinelbe derpl spase- By vasttedhagnet i c

assi sted del .yt ABM GER1VAIDTITRNBLEb AL LY B GRAns Of WhI Ch

directly pene 0 provi ess for de Ivery or directly
del i ver substiaamaaskiiedictahé phangeddthamic@/BD) hetidviar of Itiea dfegoml space. By

varying the targeted depth of deliver f. subs ances t he d | - access
neans, phar HREGREGE t%%ﬂﬂie 2 ﬁﬁ%@éﬁﬁﬂi"ﬁl PPREPIN QP/I?IB?”%? rtmrﬁie drug or

substance ¢ a;?arﬁ@ulﬁlaﬂaltlgﬁt@s%ohﬁ’ltlbﬁ eTHe %ré&éh @ép'tﬁ‘bpd’élw@ fisaBdthiRRs FPRe

appropriate a ‘particular patient™s condition. The targeted depth of
del i very of darbst-acreesmbanstiey bedentralledamersdly ydhe praatjtidner,cuftithodr ed

i cat o resReo 85 pabaREe gt hirtaBue  BdRBheh TG SREAEAT S0 ot or bl

however, t he . deNdiC @rétembBIHOHVEF, Blc dBRAR Tl SFut@al heddsi fifcdioNing&khet rat i on
to the desired depth within the intradernmal space. This is nost typically

acconpl i shedpdngtrateeamis thé desingdl deptédwﬁmeﬁleomrmbn@@@w dibegiiswpash the shaft
o e 0o S B RO e o SR Al B Ayt ur
der mal - accegpfiFansdaial-eassd mear@nmma@umﬂge fdren $fabisdckalgisanctpreomess and
are routinely fpr Oducgdhl 1? Ill ecsilss tatr%%?taczhenglhe lﬁgnt t[]h ofl‘wm?crrc?nr:a%gl(gé gssdeargn?ﬂ-al 50 a
very sharp apld tp which the neeale g

access means are easily varied during the fabrication process and are routinely

produced in less than 2 mm length. Microneedles are also a very sharp and of a

very small gauge, to further reduce pain and other sensation during the injection or

infusion. They may be used in the invention as individual single-lumen

microneedles or multiple microneedles may be assembled or fabricated in linear

arrays or two-dimensional arrays as to increase the rate of delivery or the amount

of substance delivered in a given period of time. Microneedles may be

incorporated into a variety of devices such as holders and housings that may also

serve to limit the depth of penetration. The dermal-access means of the invention

may also incorporate reservoirs 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.

[0041] IV-like pharmacokinetics is accomplished by administering drugs into

the dermal compartment in intimate contact with the capillary microvasculature
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very small gauge, to further reduce pain and other sensation during the
injection or infusion. They may be used in the invention as individual

si ngl e- | uwexs/ontics oneedl es or nultiple mcroneedl es may becassenbisszl or
fabricated in linear arrays or two-dimensional arrays as to increase the
rate of delivery or the anbunt of substance delivered in a given period of
time. M croneddyephataymiveovasndanpodasieuld he enderstord dattheferdsvi ces such as

hol ders and housi ngs .t hat al s erve.to limt the depth of

penetrat i on.m*ﬁ%caagéﬁﬁ? Qra??gg&y {%‘gﬁgé{){o ihgr Y?‘?\?@ﬁ’i ?rolﬁmpgrﬁ@c %F?Sg? ncor por at e
reservoirs tlgltmgysamhiﬁng@yggltﬁgge prior to delivery or punps or other
nmeans for delivering the drug or other substance under pressure.

Al ternatively, the device housing the dernal -access neans nay be |inked

externally t ch ditional co nen | V- L oki neti cs
is acconpli slﬁ«g%ﬂby Sgli‘hhenrilost”%??(ﬁﬁggo?buegbsotu?lgtbg%?;lﬁclaeotrzl%/]rc Lﬁrlarﬁg%}%tr}r%glmnt in
i ntimate conicgieh, iMsttelitRal tanhé apidabibption absdvat upod adidniVAt3/i00B2175

PCT/ US01/ 50862 and |ynphatic m crovascul ature. |In should be understood
that the terthg denis isrehsived ay # essulbpf bigpichpigxpseeddlqadrand lygpldticher vascul ar

or |ynphatic, %Eeﬁioﬂlat%d AL MBS ﬁl%%sgﬁt‘% FRIITR 2?1 GAphd Rt Mk e not
intending to Be bound %y any theotetical nechanismo action, 1t is
bel i eved t hatheidbenit apiutl @didgriptif ba exfrsexve gradnonamehancst abadiponn iofit o t he

derms is achieved as a result of the rich plexuses of oqd and | ynphatic
vessel s in tRactgsoleules pifsysbecapiseapilanemdat lu‘Ei‘IlBBBméami' 9%3?“??5hati C

pl exuses in p%%aﬂﬁfyrqcrsim‘ggfgﬁ&bEQB ¥rdri S8 flesRBcRiPpGt&sS, 1 0 produce an

enhanced absorption o ronol ecul es. This is because capillary
endot hel i um pdysaochaaides; noflelconid pdymerabiubstaycedravingped yrerb laiachgd such

macr onol ecul es such as proteins,.. pQl ysaccharide nuclei¢ acid lymers,
subst ance ha¥ Hfﬁé}’lﬁ{ﬂdm&%gﬁg{l@ gh‘ﬂ&ﬁ g&%ﬁmaﬁgonboé%ﬁ}’?ééth@&e E)Pbcg%cluﬁ% VSt he
like. Such mgetigsnel B0l Ba0Rg¥EoLa IBhAGHbIBELINBI &bt ofQf leakt, bERSIDaliNEO Dal t ons
or of a higher nolecul ar wei %ht of at |east, 2000 Daltons, at |east 4000

t

Dal tons, at #tdesst 401, DI O=denss GO0 ltpsiogkesn highart Aerthemore.@ rel ativel y
S oomar ¢ o efa B TRR Pl Ak WS AR I I M nlo/VBe VARG 20

conpart nent expecte oduce a rapl I ncrease in

pl asma  concedpaatnh b woRRIalf B ERRbectdd ta ppdtakeacid iivadassimhgtance into the
derm s. _
concentration upon placement of a pharmaceutical substance into the dermis.

[0043] One possible explanation for the unexpected enhanced absorption
reported herein is that upon injection of substances so that they readily reach the
papillary dermis an increase in blood flow and capillary permeability results. For
example, it is known that a pinprick insertion to a depth of 3 mm produces an
increase in blood flow and this has been postulated to be independent of pain
stimulus and due to tissue release of histamine (Arildsson et al., Microvascular
Res. 59:122-130, 2000). This is consistent with the observation that an acute
inflammatory response elicited in response to skin injury produces a transient
increase in blood flow and capillary permeability (see Physiology, Biochemistry,
and Molecular Biology of the Skin, 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.
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[ 0043] One possible explanation for the unexpected enhanced absorption
reported herein is that upon injection of substances so that they readily
reach t hewopapbiirsary derm s an increase in blood flow and pcapidol/srsg2
perneability results. For exanple, it is known that a pinprick insertion
to a depth of 3 mm produces an increase in blood flow and this has been
post ul at ed tBededondepyedtients: b4-19Ha1000). Sthusthe sncagpdediingerstgtial pressige r el ease of
hi stam ne (Arildsson.et. al..,, croyvascyl ar . S, : 122-.130 00).. This is
Cons: st ent - WHEE R rugtioR e B SERRERERRE o B8R et ol B esddiihn
elicited i n &% RAMERdaGeSIYsBrptidh UF YubiRf-aEdsGRiSctad intalfisd @fnis. | Ncrease in bl ood
flow and capillary perneability (see Physiol ogy, Biochemstry, and

Mol ecul ar Biol ogy of the Skin, Second Edition, L.A Goldsmth, Ed., Oxford

Uni v. Press, YorK, «: - W h . Bl 0:0153-172,
1971). Al ¢ oty X %néi%%?ﬂjnvgd B}ﬁ'j‘ré‘%t@?‘%ﬂyt\fcﬁt it ngﬁ{rﬁft‘arq%g%%’l%ingée"rf woul d be
expect ed to phHaehe@kéhetiopesfiit iddchlevpd esmbasared| foriearipleyy §th@dard ncr easi ng

interstitial pressure fromvalues (beyond the "nornmal range")of about -7
to about +2 PHAFGACOHINSHIE RARMEISHH FIEN;a8 tipiede M PR SRG @RS FU AR Fmakh ow

(Skobe et al e o h MRSk MR 0LAORTROREE] UROMSAARA, cREr gmt of . Sy

Proc. 5:14-19, us, e I ncreased interstitial pressure elicited
by i nj ecti onmimielly Getedtattle dtbedmniplasayg epndestrigdn @vngd Byemiancddt i ncr eased

| ynph flow and i.ncregsed absorption of .substances injected into the
dorni's. [ 00APPOBYON PHGVEA THHA HACORPRADH BOmAre O SR ot R
enhancement 0f s,cRRALIBROKIEES paRERfs! ThelnfeadEBnBNES RSIRBRIMERE, foOr
exanpl e, by standard pharmacoki netic paraneters such as tinme to nmaxi nal

pl asma conceparamttesand dntearination pemimagally efdectiof comoenirationslassroatinely

concentration (Cra r th ine. to elicit a ini nal | et ect abl e bl ood or
pl asma conce‘?ﬂ‘foé?i%?? t?“griaﬁg)%/.aﬁﬁf OBE?Hé?ﬁéé%dee %518? F%ﬁanﬁ%{do%( FEPEE! s eant
that absor ptyAR aisniifArOMEedf MdmBistatien sith HEPS sXMtble Bybaugtrophar macoki neti c
paraneters. The neasurenent of pharmacokinetic gar aneters and

det er mi nat i o¥lnenishptimeN infaapseater pdrindistient Faticd §eMARESONSE Snel y
performed | npr%?;ﬁab%, ra%thcy@g%%? ngpe%ﬁ'ri(ﬁ}?gssg{tﬁl qg&fﬁ% idiSROngR3aRced by
W a st andar e admristrati

conpari son a rou on such as, for exanple,
subcut aneousintradhingl 3 ¢rednd @Amdmistration dntosketeferedsita sedhr Atsubtutardedus uch
conparisons, it is _preferable, although not necessarily essential, that
admi ni st r at | Binipistratiqmigvolve the same dose levels, 1.e. the same amount an

concentration of drug as well as the same carrier vehicle and the same rate of

administration in terms of amount and volume per unit time. Thus, for example,

administration of a given pharmaceutical substance into the dermis at a

concentration such as 100 pg/ml and rate of 100 pL per minute over a period of 5

minutes would, preferably, be compared to administration of the same

pharmaceutical substance into the subcutaneous space at the same concentration

of 100 ug/ml and rate of 100 pL per minute over a period of S minutes.

[0045] The enhanced absorption profile is believed to be particularly evident
for substances which are not well absorbed when injected subcutaneously such as,
for example, macromolecules and/or hydrophobic substances. Macromolecules
are, in general, not well absorbed subcutaneously and this may be due, not only to
their size 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 contrast, small molecules which are hydrophilic are
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intradernmal | ayer and adm nistration into the reference site such as
subcut aneous adm nistration involve the sane dose levels, i.e. the sane
anount anwo eoment rati on of drug as well as the same car ricarusoebiset e and
the sanme rate of admnistration in ternms of amount and vol ume per unit
time. Thus, for exanple, admnistration of a given pharnaceuti cal

subst ance i ngametaly verdl abissrbad when edmuesiencdsitsntageetslyyandlio® npssibledhat rat e of

100 L per mnute over .a riod of 5 i nutes woul d. preferably, be conpared
Lo adm ni st i PURNEH BREPEREHTAPHE bsGET Lo sET GRS s s

subcut aneous.RAGE! BlabbdIBtiSRIRINRNLCaDLiBhdRE ad@inisklPiod/ Refadet@t € of 100 L
per minute over a period of 5 mnutes. [0045] The enhanced absorption

profile is bleydr iq ybgangsaheicaus arteydedye mear lov prolegylss ugigbes which are
not vel ! abSorRRaheD <l ih e Lotk UOCUIRRBINSIY WRUHR B hal BocPxamml e,
I‘% f§|0 upns Mact onol ecul es

substanc or gXa :
macr ool ecul S 4Nd7r or Yy P Ic'S ances. are, in

gener al , notDwedds, whizhmheda suke sslamidoushich anidwt toisabsatialle iskodiblerot only to
their size relative to the capillary pore size, it may al so be due to their
slow diffusion through the interstitium because of their size. It is

der stood t ' ' '
under st 00 @%lopa%gpl&\g%%&éon%am@mﬁe@fﬁscaﬁr@ﬁo@stg%rﬁe@%a@eamg a

hydr ophobi ¢ IC nature. I n contrast, ecul es which
are hydr ophi dirext airgetibg oM QRN hEBlaBI¢dISThis50 8G2mplisimel; &irlexamplel absor bed

when adm ni st ered subcut gneously d it i i hl e that ..no enhanced
absor ption p?b?‘%“i‘%%&‘i‘ﬁ%%esyété@ﬁ Og[}éﬁt}ﬁaﬂjaé%‘ﬁi%gﬁ R Qfl%é 5% o par ed
to absorpti opsd @hh OWhNASxFALRE Wrdfhe Bish AN Sdrf i doRbirudief & BNIER WD

hydr ophobi ¢ substances herein i's i ntended to nmean | ow nol ecul ar wei ght
subst ances, methodxafhyirious ulasrialsdeduding kteplp bibicen, aerama¢,gind otheegwtalhan 1000

Dal t ons, which have a water sol ubi.lit i.ch is w to.substantially
i nsol ubl e [@6%@] pglﬁglegbaﬁg%@@?gé%éa@%%ﬂ%%@eﬁggﬁ?@&a@gﬁ %est realized
by accurate ghiggtons@g&ifi ng of the dermal capillary beds. This is

acconplished, for exanple, by using mcroneedle systens of |ess than about
250 mcron outer dianeter, and |less than 2 nm exposed | ength. Such systens

can Peconsiisied YLREATR (IFAISHR 8L BUR LAY Skl apL 1
bi ol ogi cal am@theds picoiliegliaidaly esefitPi/PBl md dapsdceuracg.ORbI Hatipdd) st taber eof .

been found that placement of the needle outlet within the skin significantly affects

PK/PD parameters. The outlet of a conventional or standard gauge needle with a

bevel has a relatively large exposed height (the vertical rise of the outlet).

Although the needle tip may be placed at the desired depth within the intradermal

space, the large exposed height of the needle outlet causes the delivered substance

to be deposited at a much shallower depth nearer to the skin surface. As aresult,

the substance tends to effuse out of the skin due to backpressure exerted by the

skin itself and to pressure built up from accumulating fluid from the injection or

infusion. That is, at a greater depth a needle outlet with a greater exposed height

will still seal efficiently where as an outlet with the same exposed height will not

seal efficiently when placed in a shallower depth within the intradermal space.

Typically, the exposed height of the needle outlet will be from O to about 1 mm.

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 needle. 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
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[0047] It has been found that certain features of the intradernal
adm nistration nethods provide clinically useful PK/ PD and dose accuracy.
For exanpwe,03iov2imas been found that placenent of the neealca/usat/basb2 wi t hin
the skin significantly affects PK/ PD paraneters. The outlet of a
conventional or standard gauge needle with a bevel has a relatively |arge
exposed hei ghtde(stdmd theatratsingid neadiemay haveena@uthastone opbningugbutidie needle tip

may be pl aced. the esir d dept hin the intradermal space, the |large
exposed hei ggr‘l‘Eta ¢ forleliNgry @ UI?J%EF Esttoctg%g%? HéCBel i vered substance to be

deposited at a nmuch shall ower depth nearer to the skin surface. As a
result, the substance tends to effuse out of the skin due to backpressure
exerted by tIIQ@48]sk| f Has 9k§bfoeanﬂ>un@ﬂp¢ by senteollng the passyre ofitedgn9r at i ng

fImdfromth ection ion. That egth a needle

outlet with ]8 élja{fl@’r Y %@S é‘bghrq%aicg%ressure erxlertgé EWX?% flgm% asltngalhcé%t E% where as

an out | et Wﬁlﬁuﬁ%ﬁ@c&@mt Qﬁéﬁﬁﬁ@dlré'tﬁlygﬂtth&\hh&ldnﬂérfa(&eﬁhotbfd‘ohabﬂnt l'y when

pl aced in a shallTower depth within the intraderml space. ically, the
yth

exposed hei gielivery r@q@@aﬁb@aﬂée‘cﬂm whichyiay ophgnize grPptics aa{%@bftaml fm A needle
outlet with Wrcﬁﬁﬁ%%%gn&%k E{lcsOfDqugg)fljaésanHQ/oP?X éanaa'i% eSeoRbrofidlfiol 1 P OF

t he needl e. case the ou the sanme as the depth
of penet ratpr%nofhetfbﬁnaneﬁdif@vheélsme&ﬂlsee oﬂdél%rycmﬁltto|psewenttlisuekpn’emurmd by a
bevel or by an opening through the side I&zf t he needl e has a, neasurabl e

exposed hei gim piuﬁhlil% thfvﬂewlcﬁ%eme?ss thsoekis 0 B APPERRIRI DA™ hat a
singl e needl g g@ﬁd O@I\ﬁﬁlew &ﬁ&lﬂgﬁbsg@ﬁe&??d?'arkglegfedg%sjteﬁké nlyifeabl e for

del i very of substances ermal space. [0048] It has al so been found
t hat by contdeddrimimgl @bmmemSEwuang)bnlyrmjrdanarvcshllbi[ncr@anédjslagmgr’mw'mm d the
hi gh backpressur i strat | agi a const ant
pressure di rBEHP r&?ﬁ]l% ??”Yﬁ qrﬁ-@&f‘?‘% UHOTH} nﬁrgﬁss%a{ﬁtgs Ogéqqﬁq' Very rate
can be achi eyqghg er"\f‘l‘lhlﬁh‘/omesol?ﬁ hddi&éh, #HebREd RUnd Nt Obidusloh bﬁmfdcﬂ'@ﬁ oved
phar macoki net i cs Delivery rate and vol unme can also be controlled to

prevent the dfanmaedusas bighewiatiabplasma lﬁéel§ iof drugfthere¢dnyentjonahdCt o pr event

back f. h f Th
backr eoout G P TR BTSSP ety Reatl By T

sel ect ed subgéan&e OB ddthpodRdhad meel a@wﬁ:ﬁtym@me@d ydipgsdens@ndnfoor di nar y
skill. Increased spacing between nultiple needles allows broader fluid
di stri buti onmagigmpleplendetdiffaseslonty dequghdlreSC matrix. This may, in many

cases, allow for smaller doses of the substance to be administered via the ID route.

[0049] The administration methods useful for carrying out the invention
include both bolus and infusion delivery of drugs and other substances to humans
or animals subjects. A bolus dose is a single dose delivered in a single volume
unit over a relatively brief period of time, typically less than about 10 minutes.
Infusion administration comprises administering a fluid at a selected rate that may
be constant or variable, over a relatively more extended time period, typically
greater than about 10 minutes. To deliver a substance the dermal-access means is
placed adjacent to the skin of a subject providing directly targeted access within
the intradermal space and the substance or substances are delivered or
administered into the intradermal space where they can act locally or be absorbed
by the bloodstream and be distributed 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
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or larger fluid volumes. In addition, it has been found that |ID infusion or
injection often produces higher initial plasma | evels of drug than
convent i owalo3B@17&dm ni stration, particularly for drugs t et/ E0es0862
susceptible to in vivo degradation or clearance or for conpounds that have
an affinity to the SC adi pose tissue or for nmacronol ecul es that diffuse

sl ow y t hr ouglventseciBlsivat,rduspendibhs geyparticulamnyucheas@sio- ahd ow f or smal | er
doses of the subst.ance to be a nistered via the ID route. 049] The
adni ni st r at i BGROPRE saeth?géwrfnf%‘roréaﬁpﬁvﬁ&@sa{?ﬂla@ﬂ% SR TSR e bot h

bol us and i nfugi RO ﬁelwey;%frxsm%e fsUe%irand (R RefadSHRS 5 RRE ahylRciiimes  or
ani mal s subj ects. A bolus dose is a single dose delivered’in a single

vol ume uni tpassieely awiteduaapplatagiomef e ep@mad)greswr@ Dh@thelt@rpdlnameynsl tess t han
about 10 m | nf usion adni ni stration n|s lngaflwd
2t Ch sel ect aft FaisemeRal Sirahn D B Rk Bl GrRER S B R P, Ve y

nor e ext endegt grésiBreRRbted dnbMFlnﬁ?s%hi: YExGfislad &f préﬁé&@d phaslire Eondmatiigt es. To
deliver a substance the dernal-access neans is placed adjacent to the skin

of a subj ectm@errxsvmivci@mmetrmeq,&}ag@m@a MEaEBEeSFAS I $FSUrE HRieraslacHifer nal

space and th S I tered into
the intradert na%uognoggle Cg{otlf & r@a@tc’?lﬁgg }/19 g&ggé)rz‘i&%gg%r 2’3 by the
bl oodstreamcamlnbe&lods ﬂiefdolﬁunﬁﬁ:sﬁetst}&l’lﬁteldfallellyery'BlﬁﬂleCkﬁbﬂMCe&ﬁa}dSﬁ means nay

be connected to a reserv0| r containing the substance or, substances to be
del i vered. T¥éaplraentelledly @Eﬁéqsﬁﬁéé%?ra%rtﬂ)@?%cé’ss 31554k thefudyancsd or

i Tuents o gV BB A R el Pal B A PR e e SRR ©

suspensi ons,togeddice patiticelly effiescisuschsids m cro- and nanoparticl es either
suspended or dispersed, as well as in-situ formng vehicles of the sane.
Delivery fromthe reservoir into the intradernmal space may occur either

passively, wohbgut %emse&ﬁérblgnthefterhhe;hez@aﬁy BfflcaBbESRMIIE @meaher driving
means to the substance or substances to be delivered, and/or actively, with

t he appli catqlmnpallyﬁlsepfublsglwg@abneslmﬂaerncmdun,g rgh dmn@stw@bampi es of preferred
pressure generatin i ncl ude S r|n menbr anes,
gas pressure GISP%LQ%Q AT E\ﬁéeSpogTeétﬁeg‘gﬁ& fr\(}g'y adgp %f?tb%%eﬁumamfr%l ng, or
Bel l evil | e spbbifses OFoMaGRRISE dRignogRNBtinglor pRvehtial @afeatrhéntdesi red, the
rate of delivery of the substance may be wvariably controlled by the
pressur e- gendseass prCordios is A@lllacﬁlb’ﬁiilﬁam(tqﬁée%lﬁbsgtuﬁhé]emcally efficacious

results include diagnostic results such as the measurement of glomerular filtration
pressure following injection of inulin, the diagnosis of adrenocortical function in
children following injection of ACTH, the causing of the gallbladder to contract
and evacuate bile upon injection of cholecystokinin and the like as well as
therapeutic results, such as clinically adequate control of blood sugar levels upon
injection of insulin, clinically adequate management of hormone deficiency
following hormone injection such as parathyroid hormone or growth hormone,

clinically adequate treatment of toxicity upon injection of an antitoxin and the like

[0051] Substances that can be delivered intradermally in accordance with the
present invention are intended to include pharmaceutically or biologically active
substances including include diagnostic agents, drugs, and other substances which
provide therapeutic or health benefits such as for example nutraceuticals.
Diagnostic substances useful with the present invention include macromolecular

substances such as, for example, inulin, ACTH (e.g. corticotropin injection),
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enters the intradermal space and is absorbed in an anmount and at a rate
sufficient to produce a clinically efficacious result. [0050] As used
herein, tweommen7sclinically efficacious result” is meant paT/ushi/fiseal |y
useful biological response including both diagnostically and

t herapeutically useful responses, resulting fromadmnistration of a

subst ance orlutesnibisg Anoesne-fetasieg Aopiane (eig. agowsiordint wirpeijonde) pgrewént i on or

treatment of _a disease aqr condjtiqQn is linjcally effi.cacious result.
Such cli ni ca‘?qr?/“oB?'f‘?ei%aéH} §I_n°P‘°eéetﬁ:‘ggn??fgﬁ’ﬂl%‘getﬁ*eg’g‘i%éﬁ'sém?lg?uI ts such as the
neasur ement @fncQlli@yEpath@yroid hérdhnk @Rd fdg@esy fRrdo?l(¢ .V éHpatdtidect i on of
inulin, the diagnosis of adrenocortical function in children follow ng

i nj ection of AgGAE), thyeidgelgsdimgharmonpendyandlegsabikier! (6@ potrellgtsecishdl evacuat e
bil e upon i n%l%ctéé @Fe of chol ecystokinin and the |like as well as therapeutic
results, such a i'ni cally adequate control of blood sugar |evels upon
injection of insulin, clinically adequate managenent of hornone deficiency
fol |l owi ng hor none ir%jecti on such as parathyroid hornmone or growth hornone,
clinically a888Uat e Thewaewhisrrubganaes wihighican beased with die RIpseat MYFPLMAL i t oxi n

and the |1 ke, 0311, SUASLANGES ANAANGRRcREIebivelatehdl bAdSHERIL Y 11

accordance w present idvention are intend
phar maceut i c@iltiyoron aind adabgpisc@treglasac€OXell ishibisdranizesatologiaatiagegts, ncl ude

di agnosti c agents, drugs, and ot her substances .whi rovid her apeuti c
o “Beart h* beHBrdrpeegiatng Dopam s teragat oo ierhe B 2habef

subst ances {E MR £ i tH ! ar

Subst ances e AeP R Pt

i nj ection), s@nUNDIGHOOR1F,35-PSF, OBCaESB08BZ-CIHigeinmerongGlooitirbermaangl easi ng
hor mone (eg., .Gonador.el.in Hydrochl oride rom h hornone-rel easi ng hor none
(e.g. Sermord; aﬁ@%fﬁ?l&ﬁh}’g@ﬁ%‘wg@v@% gﬁ}eﬁg?%%%?ﬁege%wﬁéﬁ%ﬂ?%oi d hor none
and fragnment g ddaelseoHilQitand FekidR bl deucheESHRtRY, IdBWbpietkobs| easi ng
hornone and anal ogs thereof (e.g. protirelin), secretin and the |ike.

[ 00521 Ther apswin, ensylibeirepie el aaiagh, loarinbkkagewtinfactors, hetereessnt i nventi on
B e
der mat ol ogi calalgSMérins, didw ot u o waighRepabap amd sBeragoural hvdéfied, or
antagoni sts, sylrzl?hke(‘cai? rg]%/lcloarllnslinaogl(ifcacl)rgstl1(\3/[r-CSF, metoclopramide, Midazolam, Monoclonal
antibodies, Peglyated antibodies, Pegylated proteins or any proteins modified
with hydrophilic or hydrophobic polymers or additional functional groups, Fusion
proteins, Single chain antibody fragments or the same with any combination of
attached proteins, macromolecules, or additional functional groups thereof,
Narcotic analgesics, nicotine, Non-steroid anti-inflammatory agents,
Oligosaccharides, ondansetron, Parathyroid hormone and analogs, Parathyroid
hormone antagonists, Prostaglandin antagonists, Prostaglandins, Recombinant
soluble receptors, scopolamine, Serotonin agonists and antagonists, Sildenafil,
Terbutaline, Thrombolytics, Tissue plasminogen activators, TNF -, and TNF -
antagonist, the vaccines, with or without carriers/adjuvants, including
prophylactics and therapeutic antigens (including but not limited to subunit
protein, peptide and polysaccharide, polysaccharide conjugates, toxoids, genetic
based vaccines, live attenuated, reassortant, inactivated, whole cells, viral and
bacterial vectors) in connection with, addiction, arthritis, cholera, cocaine
addiction, diphtheria, tetanus, HIB, Lyme disease, meningococcus, measles,

mumps, rubella, varicella, yellow fever, Respiratory syncytial virus, tick borne
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opi oi d peptides, Epidermal growth factors, Erythropoietin and anal ogs,
Follicle stimulating hornmone, G CSF, d ucagon, GW CSF, granisetron, Gowth
hor rone wopd3aemabl®gs (i ncludi ng growt h hornone rel easi ng PoTmsoe’08613 owt h
hor rone antagoni sts, Hrudin and H rudin anal ogs such as Hirul og, |IgE
suppressors, Insulin, insulinotropin and anal ogs, Insulin-like growh
factors, | ntlphesenssephdlitisepheauiocosus, stiepiondiundyprordonuenzythepaiitisi ng

h | eas) I : i. I I i ght
noparf ns. and SEHGE RRRURAM Drtoatd Petisape SEgat o PP IS e AR W Eans.
M CSF, net oclopRfiRE ElRteidBeRAGhaMTMBRAGKSAH, noRiiyjclvidihaemopialiky at ed

anti bodi es, Pegylated proteins or any proteins nodified wth hydrophilic
or hydr ophobineraselly easarshadis, auetintfapHiemaf irust uberailogis digdadingBSCon” pr ot ei ns,
Si ngl e chain_anti bod ragnents,or th me; Wit h A {: i of
attached prot@P l}?eanééthﬁb%%rﬁfcg%m%sf %g%gfl’tlli\cé)nﬁg’l A?ﬁ%&%?g?é@%éf%ps t her eof ,
Nar coti c anap@ges) fasmonbli@a0dintees, Naites hetpes sinpihdx, himbh papiAdas yndiheniks,

A i gosacchari des, ondansetron, Parathyroid hornmone and anal ogs, Parat hyroid

hor mone ant agfb#i sybstanges dsludins o itha mrasy Sherapedticppushias aesngiforsthe Rec onbi nant
sol ubl e rece ORQI: ank: : i IQNLSL S, @0 agoni st s,

Sildenafil, (poﬁlgr%@&f Czlﬁi Jr%g%1 %%1?@0 gﬁ{}? }l%p@sgﬂg&% %nglmgoneg{gﬂ%n activators, TNF
- , and TNF antRefcagasieRt anti-dfeotizvesianalgesion, titesthetivd, bhaakicg annargrgicadj uvant s,

including prophylactics and.therapeutic antigens (including but not

limited to stBWHNMAUpABIES ﬁ?tlﬁ?é‘ﬁl‘]?grés’é‘ﬁHfdﬁqu?%ﬁEcﬁéﬁl%’gﬁc pe¥%sacchari de

conj ugat es, ér\fml?étgﬁine%%Hﬁ-tihi@amrggt%?}dagéﬁfégélrﬁﬁl;ﬁgraliﬂevﬁeﬁérﬁt?&fd,azhﬁi%otfoﬁasSO" tant,
S

i nacti vat ed, ol e ce , viral and ™ bacterial vectors) in connection wth,

addi cti on, asithresd preparetioiseardinaussents rntingepdastics, antipatkiphernemidsugst et anus,
H B, Lyne di sease, . nenin }%ilgccus me bel.l a, .varicella,

: | .
yel | ow f ever 2NUREFHI B3P HE%’/?I?%YI%?CF’?@?]CWWUB%P%%S&’ hgnszll%l%%/ 002175

PCT/ US01/ 50884 a00h AR2RESRIISOEE RIRAIdidd SoncRNQUIRBAL pUSphetding@toebREUS,
typhoi d, influenza, hepatitis, including hepatitis A, B, Cand E, otitis

medi a, rabi ebonepomubatinglagentpapenicHmeHons system stimvianigshormeses NHPIBYCE Vi r us,
Cw, chl arrydllzaill,gu&fsﬁ%}é% Sg\ﬁ%lnqug]c?eer%ﬁ%hitl Sbsi ;Eqﬁﬁf% ilcéa catarrhalis, human

papi | | ona vi ¥ sis1NnC A goriorrhoea, ast hns,

at her oschl er gghsnifatidmimetries Corbstagldhdhg ipreéing peptidasgolytptid&ydndrdther

sal nonel | a, di abetes, cancer, herpes sinplex, human papilloma and the |ike
macromolecules, psychostimulants, sedatives, and sexual hypofunction and

tranquilizers.

[0053] Pharmacokinetic analysis of insulin infusion data was carried out as
follows. Stepwise nonlinear least-squares regression was used to analyze the
insulin concentration-time data from each individual animal. Initially, an
empirical biexponential equation was fit to the insulin concentration-time data for
the negative control condition. This analysis assumed first-order release of
residual insulin, and recovered parameters for the first-order rate constant for
release, the residual insulin concentration at the release site, a lag time for release,
and a first-order rate constant for elimination of insulin from the systemic
circulation. The parameters recovered in this phase of the analysis are of no
intrinsic importance, but merely account for the fraction of circulating insulin

derived from endogenous sources.

[0054] The second step of the analysis involved fitting an explicit

compartmental model to the insulin concentration-time data during and after
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ot her substances including all of the major therapeutics such as agents for
the comon cold, Anti-addiction, anti-allergy, anti-enetics, anti-obesity,
ant i ost eoporoaeiicy anti-infectives, anal gesics, anestheti ®ET/BIDFBKL CS,
antiarthritics, antiasthmatic agents, anticonvul sants, anti-depressants,
antidi abetic agents, antihistam nes, anti-inflammtory agents,

anti m gr ai nesupr@paoas poimsrademal mbtsian The scdiemespop vdpelr tieinpatleematical

ant i nauseants,  antineopl.astics, .anti parkinsoni sm , i pruritics,

ant 1 peychot i aadet Mae BEHRar e in e neB Pt PEPRLE T R B o B ek

ant agoni st s, ipasRdifiAduPhHrodeBEddUEd M @ =0rBe =al40 B efté@ylag Bafel(RRS), al and
cerebral, bone stinulating agents, central nervous system stinmulants,

hor mones, hyabserpries from theirbsop pitewad Mediatedhy @ fastr@denpraeess governed

par asynpat hgl ytic ara m [ I RS, teins,

pepti des, pgtf%%gﬁﬁﬁoa%tgonarﬁ%ycg)g %elﬁl%'rrlgg@glr?o?%rg g‘lﬁ gni%’ ﬁ%sssg‘%}éni?lf%ﬂ?‘%ﬁt S,

sedati ves, adltriseredalto Ay pEpiert tvolitneaVi dontamaatid By aeurtknoMadE3]ional

Phar macoki netic analysis of insulin infusion data was carried qut as

fol l ows. St eponredabibi k- riedas shginaled accdmedg pdusi gheriale wagantly anal yze
the _Insuli fngORGERT AL Aol LR AfhAcd SN LRCV/E Nl Qidlmadsal - -
Initially, an enprrica I exponential eqUation was fit to the insulin
concent r at i anssddiared dahahd dsposttha afegddgdeneusdosulindCreppdiki), ovhiclifhers anal ysi s
assuned first-order, rel ease of . residual insul ié], and recovered paraneters
for the firsEcoeErarinthg Brstpsphihe 2apalysis. wreleaied #5,6005@81Squal i nsul i n
concentration at the release site, alag tinme for release, and a
first-order rate constant for elimnation of insulin fromthe systenmc
circul ati on.[0068 paPammstetar sstireatev@eaeparted mhimsapkdd Tdfe signaficaned 95i s are of

no intrinsig¢_.inportance,.but nerely account for.the fracti.on..of

circul ating ‘f‘ﬁégﬁ?eﬁ ma]éerciiﬁfe%ar‘flpf)tﬁﬁsg’?%e§8 T % !ﬁﬁﬁﬁe@gmoﬁfﬁ) P*4ife second
step of the anah¥&hiord ANRIuRLoits Ferdud Gnteid e lihfabion) waRBEdeEWitAkhgTodel to
the insulin concentration-tine data during and after 21 WD 03/002175

PCT/ US01/ 50882red Stisisat sihteslus or i ntrader mal i nfusion. The scheme upon which
the mathematical nodel was based is shown in the upper part of Figure
1.[PK/'PD nodel fig]. Infusion of insulin proceeded fromt =0 tot = 240
mn; after aplaa@adddyBarhiclaaglysik of i3t Blsianddts oms tdleulated usi on site was
medi ated by a first-order process governed

follows.Plasma concentrations of glucose were used as a surrogate for the

pharmacologic effect of insulin. The change in response variable R (plasma

glucose concentration) with respect to time ¢ was modeled as

dR

- = kin - E . kout
dt

[0056] where k;, is the zero-order infusion of glucose, &, is the first-order rate
constant mediating glucose elimination, and E is the effect of insulin according to

the sigmoidal Hill relationship

4
I Emax .C

T ECL +C’

[0057] in which E,,, is the maximal stimulation of k,,, by insulin, ECs is the
insulin concentration at which stimulation of k,,, is half maximal, C is the
concentration of insulin, and y is the Hill coefficient of the relationship. Initial

modeling efforts utilized the plasma concentration of insulin as the mediator of
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by the absorption rate constant ka. Insulin absorbed into the systemc
circulation distributed into an apparent volune V contam nated by an
unknown fweagioeriaé bioavailability F, and was el i m nat edparamsodsesgzto a
first-order rate constant K The fitting routine recovered estimtes of
tiag, 2, ka, VIF, and K, paraneters associated with the disposition of
endogenous i pisuhilqgBRiesporng, HowRy, thistabpieadhedid not eapdwretlesiddlay mhe fir st

step of the anal ysi were treated as. canstants. 055] P ter estinmates
are report eore%ong&%t?pla% gel?ﬁ%seg? %ﬁaislggﬁg%ceg{}ammsgo? gr?aélﬁ’gengasruﬁﬁ?s pecific
paranet ers bptapesr, hieffésofiphft@esthodadde Spebadiw il fifallyadiabrei $i r ati on
(subcut aneous versus intradermal infusion) was assessed with the paired

Student' s t-wish theprfeheldoennatisanedizted §rm ohynofwticleiicat cpmmsrimeat a was
cal cul ated as rilpﬁgr'al t%"iﬁe %Cmaﬁg&%?%é@%‘%%ag eg[ ucose were used as a

surrogate for har I'nsultn. The change in response
variable R (plasma glucose concentration) wth respect totine t was

nodel ed as dR = dt kill - E KkOut [0056] where k;,,.is the zero-qrder

i nfusi on of I§P¥ose Ihgehgrmasodyiamis snalysiypasrcondygted E‘&Wé’tséffﬂsaﬁéﬁ‘? gfsfng

gl ucose elim | | b | tted he
signoi dal Hi t%%ﬁ%ﬁ%ﬁ%ﬁﬁlﬁh% ééﬁﬁgf;%ﬁ ggﬁkggﬁsmi&%@h%%@%}ﬁﬂ?%}s&%f%h teE, nax is
t he maxi nmal with thel ddpositioofof Rmadsel(¥..i amguhé mluBEESEO disgritutien off ghiadsen

concentration at which sti.nmul atigon qof ko"t is half . maximal, Cis.the
concentratio ’“@FG_) Wﬁgﬁfrqt?{{m%ﬁp‘%“?%e @H%Osﬁf?r_fce%% C’frﬁ'télflgﬁfltad’fl thepggative

rel ationshi pyonk@i édlﬁitionm[’ﬂ@fdlﬂgtegfaft&fﬁ}ﬁnﬁ&do'klr?eﬁg— hien Rbasiihic addent rat i on
of insulin as the nediator of 22 WD 03/002175 PCT/ US01/ 50862

phar macol ogi ther wephsimultpsmeslerto thetglecoapprmsaritpindimodate fipnuthe t he delay in
response of plasma glucose.to increasi ncent r gt of asma i nsulin.
Pl e R TSR

Ther ef or e, e ng approac al'l'y adopted in
whi ch the eff@ctw®bets opHarMacsASn ARG ipatBebtds MrCotYiped hetehetpdnigbl: eaé

conpartment peripheral to the system ¢ pharnmacoki netic conpart nment
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.

[0059] All other pharmacokinetic analyses were calculated using non-
compartmental methods using similar software programs and techniques known in

the art..

[0060] Having described the invention in general, the following specific but
not limiting examples and reference to the accompanying Figures set forth various
examples for practicing the dermal accessing, direct targeting drug administration
method and examples of dermally administered drug substances providing

improved PK and PD effects.
[0061] A representative example of dermal-access microdevice comprising a

single needle were prepared from 34 gauge steel stock (MicroGroup, Inc.,

Medway, MA) and a single 28° bevel was ground using an 800 grit carborundum
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[ 0058] The pharmacodynam ¢ anal ysis was conducted in two steps. In the
first step of the analysis, initial estinmates of the pharnmacokinetic

par anet erwoassonirat ed w th the disposition of glucose (k@®cInasodsishe vol ume
of distribution of glucose, Vglucose) were determined fromthe glucose
concentration-tine data in the negative control condition. The full

i ntegrated pgradmgwokéaheNeedlphee ghbyrbasiupishé konigdimn ingectere and

ontrol conal t7 vty BEROT RGN A PR oMb AR L Feouihal

(i.e., two s@icssdll gﬁiﬂ@é pREOEY MBIHgMRRIRINERES) Wi LUVE atdesbxfyatsigach
animal: one fromthe sinultaneous anal ysis of the subcutaneous insulin
i nf usi on/ negiegdielengiBtasset e masplenisabindexng plate, Siiththe Apeelideanal ysi s of

the intradermal .insulin..infusi : i I

phar mcodynartieiaTthé Buiratisd UsMAERRE b Bl Athcd olesl o, 1 o1
obt ai ned durinit@oyebgy. FBE ekpehi@icne wiral nesdlss of varivas ldngthscithnegpdsedneaite t i me
data fromeach animal were held constant. [0059] All other pharmacokinetic

anal yses wer€nghs wareadattaddp 8 Aok 1> £BhhEYE HERS e iRdewgR!asi ng si il ar

software pr : i DA L 0 LHavin
descri bed t@&@%gﬁ{@é&@?ﬁﬂg@ﬁgﬁ% , thébl&elrﬁ)g@mp%rs}s%%%ef 19)?%]”81?? ngt

limting exampgesd Landadapfeenethe eathetet intet.aDuonp angdtiog, Fedles eersasertat t h
various exanples. for practicing the derma ssin dir targeting
drug adni ni sk ‘ﬂd_&ﬁ’f?ar ﬁ‘gfh‘?& ! af%&&aﬂwgge %{‘begﬁé P@g%%g?ﬁﬁgt%@?gd dr ug
substances S;S@Q/s'uﬁu 38 bol FREIRMEHoFE1 R Bk SHPL O Ird RiEdaB adHeS06 HpeAor RREGSENt at i ve

exanpl e of dernal -access microdevi ce conpri si % a single needle were

prepar ed fromfiBdngalgeices wete cheader fomMuoetom andgluid Hew botiviamediatehn) and a
single 28 bevel .was, ground_ usi n I af bor um.. 23 002175
PCT/ US01/ 50885 1§ ??%@?Sﬂgu sy mm@&%ﬁ@% Hng dré%%aetiéqury‘mss@&dse}\r?%%?e{r

soni cation igesamefc@ssgland distilled water, and flow checked with distilled
water. M croneedl es were secured into small gauge catheter tubing (Mersk
Medi cal ) using UV-cured epoxy resin. Needle length was set using a

rechen Al 64 00 B, R i UL B AR 0 o
experiment s oI fjarheeddisls michvad feans a¢rgligpbiymet, vetlex aes eslume élliidepath

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-bevel, 34 G stainless steel microneedles of 1 mm length. The 3-needle

12mm spacing catheter-design is hereafter designated SS3_34B, 6-needle 7mm
spacing catheter-design is hereafter designated SS6_34A.

[0063] Yet another dermal-access array microdevices was prepared consisting
of 11mm 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 about5 mm diameter. Three-needle arrays of about 4 mm

spacing connected to a catheter as described above. These designs are hereafter
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| engt hs were adjusted to 0.5, 0.8, 1, 2 or 3 mmusing the indexing plate.
Connection to the fluid nmetering device, either punp or syringe, was via an
i ntegral Woasoenapter at the catheter inlet. During injecthicavysonsedt es were
inserted perpendicular to the skin surface, and were either held in place
by gentle hand pressure for bolus delivery or held upright by nedical
adhesi ve t apdesfgontetl G8g8r34 ilnB8¥C oids 2, DE\ESSEs 34w for tmeg Rednfand Fmmct i on and
fluid flow botg ilr'rm%ldi atel?z 9ri or to and post injection. This Luer Lok
singl e need WediSIFMERYCRESHYFHYi s hereafter designated SS1_34. [0062] Yet
anot her dernmal -access array m crodevices was prepared consisting of 1"

di ameter di sks machined fromacrylic polyner, with a [ ow volune fluid path
branchi ng t ol086dh i rYdt enaiberlderradciceess ABrnfasion deyiss Wap censtrupiedugingdput  was

[ I |. | 14l ' j , d
et i very v ar S e SEUAB I SRANETRE AL B L0 b o e i

the di sk w tieavaiiabukidgth f@akiresene@itichSyas-2inane Tae necdls eattdn ¢hdlip ofind

si x-needl e arrays were constructed with 12 and 7 mm negedl e-t o- needl e
spaci ng, respeaesdRlwas spidepthiody- 42 QinyRdn theskin whenghe needlevas migersds aj nl ess
steel nicro fexfodMy 5HReEI081 2 AAATHRRASIRY

cat heter- degﬁggh?t}tzﬂgﬁé% te%&ggéﬁsﬁg‘%%éé%%S_g B, 6- nee%l e “%Hn’n’? spaci ng

cat het er - deshayenfies démegraadd IIB1DE61 gnat ed SS6_34A. [ 0063] Yet anot her

dermal -access array m crodevices was prepared consisting of 11nm di aneter
di sks machined fromacrylic polynmer, with a low volune fluid path

branchi ng t opgagiprimei vi dual needle froma central inlet. Fluid input was
via a |ow volume catheter |line connected to a Ham |ton m crosyringe, and
delivery rati®063as Shrw-nfhsied Iy irsubin dglivengwapderponshated|in swinsrusingra anged i n
the disk wth circular .pattern of .about di ter.. Th - |l e
arrays of ablb%@%iswn' pdicHis %@W}?Eé%@“?%d?%@]m@ﬁﬂe%h ?fédéﬁﬁ)l %g@gabove.
These desi glanass, JigieqRifie 1o 280 WOI030 B 2AHE.PSTIUBDY B OB A e dpsi mat ed
SS3S 34 1, SS3C 34 2, and §SBS_34_3 or Imm 2mm and 3mm needle | engths

respecti vel yum[e@f6s4{l h¥izht)awed fabricdet naug processes krowimnhulsd om (deVeest was
at 3 00- degrve w207 Bk MRk SrREV Fasre (PorEeor el TRt rat i on
was 1-2 mm fb&,iaeedf QM pigted(ihidant bRs® 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 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 patency of the fluid flow path was confirmed by visual observation,

and no obstructions were observed at pressures generated by a standard 1-cc

syringe. The catheter was connected to an external insulin infusion pump

(MiniMed 507) via the integral Luer connection at the catheter outlet. The pump

was filled with Humalog™ (Lispro) insulin (Eli Lilly, Indianapolis, IN) and the

catheter and microneedle were primed with insulin according to the

manufacturer’s instructions. Sandostatin® (Sandoz, East Hanover, NJ) solution
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the needle) was at a depth of 1.7-2.0 nmin the skin when the needl e was
inserted and the total exposed height of the needle outlet 1.0-1.2 mm This
desi gn i swolmBneafis er desi gnated SSB1_30. EXAMPLE | [0065] p&itawsoi/adsesi on | D
insulin delivery was denonstrated in swne using a hollow, silicon-based
single-lumen mcroneedle (2 mmtotal Iength and 200 X 100 Itn OD,

cor r espondi ngas @lndbstered38a dHug@yionite lanesthadized evint (@ synpiesorsahe tip (100 pm

exposed height), was fabricated. usin rQcesses own in the art (US Patent
N O2 828, eyttt e Be il ST R BleR” RRE SRS R e PoreEs 8 L 5 S el
end of the pHserRNARHIIBg WAS pRinRE Bflclohéd1d WEs iRkt gergeatiitalaefo medkiaenent ed
in place with epoxy resin Po forma depth-limting hub. The needl e outl et

was positi oneifacappheflenaeethy aninahup &g Bdiub wpe poswinhufysionatizrate e 3 i ng
penetration the needle .outlet. intof.h ki r.0xi ely 1 nm,
whi ch corr es@&’ﬁ&’sas tuﬁ)edt;ﬁl m%}rétﬁfqggcg?r Z{]#ﬁré Elglﬁ& %a p ﬁ%ﬁefgg’%{:‘géﬁcgﬁém ne.. The

cat het er waswahkdra®hafd bealfzelll fot degh il lin cosdghiratigpend Hleod glaedseol of fluid
delivery. The distal end of the m croneedle was géaced into the plastic
cat het er andvaesve Beadinennsyligdevel§ Refore prfsion aereatithe backerauad detseten i ni ti ng
hub. The ne I L ' : he epoxy
hub, thus | ﬁ%l/?iogg{ep%%]a tr aﬁt?gﬁlklg?&?ﬁ%hﬁgggﬂqéﬁ’ggﬁu ?{e%ﬁsla-l}@gb%lﬁgys I natn to

appr oxi mat el incrkagathat wdsi comneasmespeitid thetppogrivanadpofosioh rithe Blobdader nal
space in sw ne. The p tenc%{, gf the fluid flow path was .confi rgﬁd by vi sual
obser vat i on, 8lUgHg W@ls@g%“[slhﬁ efl grerrepeRding dEnElRUXE I hegaliye e er at ed by a
standard 1-¢ i Shsull N B G DS BthisRSp FAANRGHEEH fePatRB S XS eR@bnal NSUl i N

i nfusion purgqc)(s%I ni l\/eéu507) Vi a thelsi ntpegral Luer connection at I}tahe

cat het er out$@tinfudibe Jouhp expasmeit] the gnivionbediuwas dgTonsiaied o ajequasll i n (El |

Lilly, Indi lis, .l d the. catheter. i d imed with
Cnsul i aceanaRgng S hithand, At ERRL bia R plbrERS TR S P )
(Sandoz, Easfydsamay & infibn $01ddtiii®Was mdNeARA 0984 4 phinGlchiadi 20§62  was

adm ni stered via IV infusion to anesthetized sw ne to suppress basal
pancreatic fassenptildnadmiistrasioh irentecad dhd prrmagodygpamicgespoasd & tlerfuct i on

period and BeRaLIAGIATNLL By oD e LT SHEEEMARART HEPL 0, e
stop. | nsul iAfisinusdiofte @kat dnstifh & soBed much faster than via than SC

administration. Absorption from the ID space begins almost immediately: the lag

time prior to absorption (tj,,) 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 increased

approximately 1.3 fold greater than SC administration.

EXAMPLE II

[0066] Bolus delivery of Lilly Lispro fast acting insulin was performed using
ID and SC bolus administration. The ID injection microdevice was dermal access
array design SS3_34. 10 international insulin units (U) corresponding to 100 uL
volume respectively, were administered to diabetic Yucatan Mini swine. Test
animals had been previously been rendered diabetic by chemical ablation of
pancreatic islet cells, and were no longer able to secrete insulin. Test animals
received their insulin injection either via the microneedle array or via a standard
30 G X % in. needle inserted laterally into the SC tissue space. Circulating serum

insulin levels were detected using a commercial chemiluminescent assay kit
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U hr was used and naintained for 4 hr. Blood sanples were periodically
w t hdrawn and anal yzed for seruminsulin concentration and bl ood gl ucose
val ues. BasaBionm7s nsulin | evels before infusion were at treTosokgiseznd
detection level of the assay. After initiation of the infusion, serum
insulin levels showed an increase that was comensurate wth the

progr ammed i ﬁﬁmsjlimen LroattameleBl @apandploodbglecdsewaluss slesndedronead wsing

correspondin rel ative_to. negative contro t hout .i nsulin

i nf usi on andglf’i“’ﬁIi ﬁ&?wt%% GUEY YEP a?ﬁowllf{%edcvdw%%‘l%ﬁséfre U hf usi on.
In this eXpezEda'IEEi&hl, nﬁc'i‘@syﬂhgé ERHadnRSstdRaRN et ipr@dnialpeesdatssl y  breach
the skin barrier and del'iver a drug in vivo_at pharmaceutically rel evant

rates. The | ®nypiigen,diC desingrsquired oy 2desvonRefaatingitorGgwe lait is shown
phar macoki ne tcselpgg brbnglg?&F?s a\ftc%gdlu%'fl nsntnllrs?ra i derﬁgﬁs?fateamgre T s%ld élgtake

phar macodyna cose red Ion was nonstr at ed.

Cal cul at ed Pkdeasabeli@l 6f theinjédd inaflsskieh ddadhiatel dibae IDdutd MHes absor bed
much faster than via than SC admnistration. Absorption fromthe ID space
begi ns al mostimg mr@@m@nyonqen@auoawmaxb ieshprterandiihe MBXEHIR FOIFCREHIG) was

0.88 vs. 13. c?bt med I]mf) IPP%R T 1%?115%?%‘?%%&&{& s‘fratloflb‘llﬁgiiallﬁggrgg?rg(%f éth ake from

the adm nistration's I'ncr ease roxl mat e 0. 0666
vs. 0.0225 ndi¢monstrates tl@;ﬁlﬁdnzﬁﬁdylmebidlwgbalres'ﬁbﬁse tbltlmaa(ﬁlmhattmd ty Of

insulin delivered by ID admnistratian |s i ncrea imately 1.3 fold
greater than"sgihahinsrstedly By degrrageph plaod ‘GY@B%?B(%QF@S‘B%%@%? i of Lilly

i spro fast. aehthhauthiin Wse RRES ALARAVNSIAMlabib BudpdadGobol us

adm ni strati D injection mcrodevice was dernal access array
desi gn SS3_3ddmibBtrander nati onal insulin units (U) corresponding to 100 uL
vol ume respectively, were admnistered to diabetic Yucatan M ni sw ne. Test
ani mal s had been previously been rendered di abetic by chem cal abl ation of
pancreatic i gkaheeklg, and were no | onger able to secrete insulin. Test
animals received their insulin injection either via the mcroneedl e array
or via a stal¥aid 3011313L>6pmsw¢gard@leadlf@ct@ﬂtmmédm, andhas 4 slighfy elteraé SC
tissue space,

e P S BT PR L B Pl Bl 0,
(Imulite, L@laméa]gﬁtlhesxau@ﬁurﬁaﬁﬁnbhmdo@lmmmwﬁiaussmwleal@aﬁmﬂm ned using
but has slower uptake than Lispro when administered by the traditional SC route.
Both insulin types were administered in bolus via the ID route to determine if any
differences in uptake would be discernable by this route. 5U 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 advantagous PK

uptake profile for regular insulin that is superior to SC administered fast-acting

insulin.

EXAMPLE IV
[0068] Bolus delivery of Lilly Lispro fast-acting insulin via microneedle
arrays having needles of various lengths was conducted to demonstrate that the

precise deposition of drug into the dermal space is necessary to obtain the PK
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bl ood gl ucose strips. IDinjections were acconplished via hand pressure
using an anal ytical mcrosyringe and were adm ni stered over approxi mately
60 sec. Byooswoompasi son, SC dosing required only 2-3 sec. Refrarsoi/mg6t o
Figure 1, it is shown that seruminsulin |evels after bolus adm nistration
denonstrate nore rapid uptake and distribution of the injected insulin
when admi ni sdidenstdgasiaad tdiseinttidnsoelteve BNC. ThuseSUef ek lsmocfesteasting at i on

(T,,,ax) is shqrter and the maxi num concentrati btained (C ,,ax) is
hi gher for I'BPWE W& ﬂﬁsﬁfﬁéit‘fsgﬁn%e .allar‘fc?(ﬁ(‘jlle?lg%s,gﬁzﬁgﬁ&gﬂ?ng]l so

deronst r at esy{gicRas H%@%&ﬂ@ﬁbéﬂl@ér@iy%hﬁ?ﬁrafi%W@fbsﬁbﬁ@htéd?@hé‘ém ni st er ed
insulin, as neasured by the decrease in blood glucose (BG, showed faster

and gr eat erexphsadgwsdle herBhssif leeminsedevioguiay worglsnathangddpieclederqmayaf ter | D
adm nistration. EXAVPLE |11.006/] Litly Li [ fact acting
i nsulin, and”HREeAI% 1P (ilfz[aarn[%gsr’1(98l ' %%% nga%%c??lu(%{r&fﬁgtﬁ#gﬁ%ts ;ﬁ?/e to native
human i nsul i Pucatdiagal stvideaghdadrfronn$s 811, 5 mm MBhathramshledépkitivs iuman
insulin protein structure that is chemcally simlar but. has sl ower

upt ake t han ¥iPsgiedtaprantoBaileimys.apppxpyatelat thedermpliiaintafacectide.  Bot h
insulin typ t N ' [ he. 4l hoggt ermne if
any di ffergt?]eggglﬁ?en&up Sangt“\a/ghﬁllgge[)se@ |rs§1é¥’n%%+éﬁgyﬁ?rﬁﬁgg§%ut e. 5U of either
i nsul i n typerespuetiecladBolus sisaiieddinmistiaeioh Bas padescribédin EReAMRLEAGCess

m crodevi ce design SS3 34. The insulin concentratiqn ver sﬁ?eq“ me data shown
in Figure 3.AVH& NgYH GANSERrRUANLYETISAIMesTE SRAVE IHEEHR r 06988 for regul ar

and fast-act] j L0 i d hii@hnbXadcd et ir&lting®d pRAfifibédigul i n types
exhi bi ted fadsl%%})} %g?gﬁgrﬁlﬁgﬁ& Eeislglgélo lsg?;iln{:/e?ll eb’y tﬁe tlrnadi tlponal Cll route.

This is evi demeethatlytrérembiet 3K edmmestirtion s ithfselata @radwiratesthedendisi s | ess

affected by m por bjochem cal changes i t he adm ni stered substance, and
that 1D del |QT§£VC$Y @&%eﬂlé@ e %\9@??%8%85‘21 Weﬁﬁdf@]ﬁ% rﬁ’%jfli‘qq%efag regul ar

i nsul i n that gk ibeHAERh@highQni8H @MekdHSbAY. eSIné At daglakd@veridesuf i n. EXAVPLE
|V [0068] Bolus delivery of Lilly Lispro fast-acting insulin via

nm cr oneedl e maktipiyexahwldsniiien de dpleshonfthe mcregses intardrdividpalsyasiabiditicited t o
ﬁggggg;; f,ﬂ ? Olglg%%o fl%seﬁr%rgr@%ég?gg 81%%'1 Hic?rgne%]zlleg.r lf'gisida{aode%%sgﬁésr%lat space Is
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
reproduciblein 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.

EXAMPLE V

[0069] Bolus delivery of Lantus long-acting insulin was delivered via the ID
route . Lantus is an insulin solution that forms microprecipitates at the
administration site upon injection. These microparticulates undergo slow
dissolution within the body to provide (according to the manufacturer’s literature)
a more 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 uL) was administered to diabetic Yucatan Mini pigs using the dermal access

design SS3_34 and by the standard SC method as previously described. Referring
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WO 03/ 002175 PCT/ US01/50862 advantages and distinctions relative to SC
Thus, 5U of Lilly Lispro fast-acting insulin was adm nistered using der mal
access dewpgn/o®8835 34. Additional mcrodevices of the sanecmasdi/sosar r ay
configuration were fabricated whereby exposed needle | engths of the

m crodevi ce array were |lengthened to include arrays wth needles |engths
of 2 and 3 nmFidie Savberngbnincteatd detinalD toute; kimebs PKnprefiteatveane abtainegwi ne

ranges from1l 5-2.5 .Therefore i.nsulin.deposition is,.expected to be
into the derr_ﬁllaél_,ve ?p%%%ﬁéﬁ%“é%ﬂst“ﬁ%u%&ﬂ@ﬁ%@@ﬁ’i ﬁfufszc ; gﬁlage%bel ow t he
derm s and wighkfe [DRswa d&irvelgmm@mor@ﬁ@kef)m {hengtdie Bee®B%ry high
respectively. Bolus insulin admnistration was as described in EXAMPLE IT..

Aver age i nsuhplecdenweight comippngds/errssead! nartirdesds eckigiaite YialRi gure 4. The data

clearly shows, as. m croneedl.e | ength,is | ¢ t1;ng PK profile
begi ns to nbrETErBLY} Plgslgqr?gﬁ%&&éhésdgﬁ]b Qﬁsﬁ fﬁgfa%tr}\l%p%ﬁibgagé%g denonst r at es
the benefit scle@hnd@iri@ahhiymtiai@eiddnds idiapgreciably chprgd, byshie hdhiisefativs i ncl ude

rapi d uptake and distribution, and high initial caoncentrations. Since the
data are avelicstgeBorgs thendyt npyhiclethahibe dsug subaianesds HEtzedh Mt e i ncr eased

i nter-indivi i abi|i i I : -3mm

m cr oneedl es&q%h}e%ﬁg{ aJ&{efr%ﬁléu%? g?%g@{rﬂgkﬂa?g?{]e{:agﬁg%?%%%?@lﬁﬂggémy vary
bot h bet ween(ekaeples divaldbedmde aviahlewetdpiar campbmglser ottred avitddads forshor t er
needl e | engt hs that accuratel arget.the dermal s e . are nore

repr oduci bl ecaRCTtiFf@fmenher ;91‘16‘?1 Olaﬁy moﬁgéedtsﬁ‘éﬁ}esa?'éll 8%8@@?14?%&%@' drug nore
consistently in the sane tissue conpartnent. This data denonstrates | onger
m croneedl es that deposit or adm ni ster substances deeper into the dernal
space, or pRKAMPLYVér wholly into the SC space, nmitigate or elimnate the

PK advant age in c arison to shallow directly tar.geted 1. ni strations
to the highl @07()/]asp%|%§‘.fsi@e%hﬁgrryrfalhu%giggar?}l (@&I\?ﬁ{%‘y\?nﬁbﬁg’]ﬁ%ﬁhs del i very
of Lantus | o9t NeGpdglf)ivhadi@ifistedd ¥igdethal ladcdsdiidrbicvictegigns Lant us is
an insulin solution that fornms mcroprecipitates at the admnistration

site upon i npSLBHBrarTHes 8Shi 4 Gipeta nesdichtceueatihanguriss- ol irg 58¢ ut i on

wi thin the body t r ovi_d accordi t - 'S, i ure) a
nore stable Yv%%//\?qngvgie&él? a?flérrgﬁr g?lrll%uﬁ? u%ﬁwwlggkg‘“{ﬁ@lﬁ? eln%'gE ong-acti ng
insulin suckerRd. CFigtied dhohe tizd PIC apai®ilRy bAGESF(ig bipodlptayine, ashtdktedLant us

insulin (10 U dose ) ) .. . .
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. Cpax 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 degree and time course of white
blood cell expansion as a result of GCSF administration with respect to a negative
control (no GCSF administered). White blood cell (WBC) counts were
determined by standard cytometric clinical veterinary methods ID delivery
exhibits the same clinically significant biological outcomes. Although all delivery
means give approximately equal PD outcomes, this data suggests ID delivery
could enable use half the dose to achieve essentially the same physiological result

in comparison to SC, due to approximately 2-fold bioavailability increase.
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100 uL) was administered to diabetic Yucatan M ni pigs using the dernal
access design SS3 34 and by the standard SC net hod as previously

descri bedwoRefexiri ng 28 WD 03/ 002175 PCT/ US01/ 50862 to Pcgurse1/s86mwhen
adm nistered via the IDroute, simlar PK profiles were obtained relative
to SC. Mnor distinctions include a slightly higher "burst” imrediately
after the | EXAMPRLIEAVde! i very. This denpbnstrates that the uptake of even

very high l.ecul ar {ght. c ounds or smal | rti.cles is hi,evabl e vi a
D s o st 007 Bh. - srD FrsRRI soreerd s s Rl TR A s il e

bi ol ogi cal  gliepHankE pARENAGIdIIhEnd NS4 POTH). | BTH ks apRsRcioakl changed by
the admnistration route, nor is the way in which that the drug substance

i s utilized.peTiodsfollowedky pdnetlgarprgso Goatio! $ernfypiapsvas dirpugihestardisd have a

| ong circul ating halflif I I r l 2copt or
conpounds o?é]dg " &R 1|e 0 |ee(£sﬁfogt59 Séb;s \ggérjla%rr%g h%ﬁ?ﬁl%?ﬁgg%e@nn%ﬂ;ﬁfy nmodi fi ed
speci es suchteamifiRGIDahadidhrvgshrougicdAiRL kcdéks hadIddlvidBalesign ISOBde3d very of
human granul ocyte colony stimlating factor (GCSF) (Neupogen) was

adni ni st er ed@siainlgesrstasl S Aseegsancgdle by thediniy s Yh englesacisthat sy r ay) or

SS1_34 (single..needl 0 Y 1. Q)..RI ' . control |l ed
via a Harvar%’agfﬁlegeﬁékhp%ﬁﬁklgﬁgl%%gg}égd%gr%?zz%ﬁgg% %\?/léér/dléa&it?eé.(tggﬁ?%? peri od.
Fi gure 6 shows ntdie)R¥asaw aidephiolf il 17y2 .0 imGBheiskinblbadthp hesiiawasideateict ed by

an ELI SA i m*runoassa}/ sBeci fic for GCSF. Administration via |V and SC
del i very wasAper¥wemmtld PAH sebrionavas infregdeat piratg of 35 piLdur Blow 1861 %3S | D del i very

f GCSF sh 1,d ' | ' Crax i
chi oved atc HpP R R §RAG IR i SRRGLEh Gl e Ry T 1 °

bi oavai | abi | itk ¥hdven indFignRtXXaThy weliht aasediz&y ddiveappotis shdwe aflageor of 2 as
evi denced by the nmuch higher area under the curve Circul ating

I € (AUC) .
|l evel s of GCBF upder fsr ety K pdicatipg @ﬁ]ﬂ%ﬁé@d%@‘]il@d},‘lgfl?fcﬁeélf VAYct hat 1D
delivery doe gl Qlnet AL NS hal-0gi > r : ni sm or
rate for theés[(frgl(tzfge.r gegngt a?ﬂgng% geggssl g%ﬁ?ﬁggﬂj {ciilg{/ciag%‘f 8@%%%@%% ni mal
ef fect on t hkomdpi dtliugtyakel piddictugader folowihng teiisganef infllienddsa referred to

in Figure 7 al so.shows the degree and ti course of white blood cell
expansi on as‘”glcﬁ%wﬁtlgﬂfl“@%liwé@ﬁ%ﬁ PPLEHA- wi th respect to a negative
control (no GCSF adm nistered). Wiite blood cell (WBC) counts were

EXAMPLE VIII

[0072] Referring to Figure 8, representative weight normalized plasma
profiles following bolus delivery of Fragmin, low molecular weight heparin
fragment(LMWH) in Yucatan mini-pigs via various dermal access microdevice
configurations are presented. In each case the delivered dose was 2500 IU
(international units) of Fragmin (100 ul of a 25000 IU/mL formulation). Standard
SC delivery was performed via a standard 30 G needle inserted laterally into the
SC tissue space via a pinch-up technique. Dermal access microdevice designs
SS1 34 0f 0.5 or 1.0mm needle length connected to catheter tubing were used for
dosing. During use the fully exposed length of microneedle was inserted
perpendicularly to the skin surface up to the depth-limiter and held in place by
mechanical means for the duration of drug instillation. The microneedle bolus
injection was via hand pressure from a glass microsyringe over a 1-2.5 min
period. The calculated pharmacokinetic results of Table 1 show the increased

Crmax and decreased T« resulting from microdevice delivery.
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determ ned by standard cytonetric clinical
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Fi gure XX The wei ght normali zed delivery profilTes show a larger area
under the curve. (AUC) indicating higher bioavailability, higher peak

val ues at eHrd prefiles ahalried drami hethanintoseddie devidks veas@sStiatlngquivedéntat i ng nore
rapid onset . fromI|D delivery, agﬁi rapi d.decrease .fol l.qwi.ng term nati on of

i nfusi on (all@gicas _'ilfl)étatg? 9%11V§¥y P 'edlsﬁg%ea’i%%?wﬁ??&afle‘ﬁ Oagf)volfgeffecjt). EXAVPLE
VIT1 [0072] Refighifatibg piRidih@ihelcBice apRBpefeNtaatdsyd anBideiVertfictilgd zed pl asma
profiles followng b'of).us delivery of Fragm n, |ow nol ecul ar wei ght heparin
f r agment ( LMAMpsterceywighin gre dermal tisge camparyaant.obguideertedhangeséss m cr odevi ce
configurations are,presented. ln ea ase t Lver se was 2500 11U
(internati orP%arrﬁaﬁClotk Erbeg(c)f) P ﬁérﬁ%ﬁaﬁ the %efggteulusg tggﬁ%bgerﬁﬂf%fg “or mul at i on).
Standard SGniteddevieyysarss rhidaigaeehyV cémposzti afidand 63hicfonsedied with dger t ed
laterally into the SC tissue space via a pinch-up technique. Dernal access
ni cr odevi ce W& dymensias|and geaimgiepthy indicatsdabeEed| e | ength connected to

cat heter tubing were used for

del i very
bi oavail ability increase. P®loAD ©3¢0g2d LM WPETPIIERE 50862 EXAMPLE VI |
[0071] An—+D—adm H experent d et—us a—pepti-de
riRnsiLipn hyr oi d hSCmone 1] 340 Fﬁ%‘?roﬁqi%ls&s Jagop

period, ffolTowed by & Zpfaag! € t hgoug
standard erted into the SC space lateral| to the

pi nGhe p" techhDque; BB i nfusi.on was @.Brough @&r mal
m cr odevi destgR-SEB—30—¢ t-a-n-ess vge—fgee fAt—at the
tip at a ¢ch t Savai | able | ]l<§np

The needle outlet (the tipjof the needle) |was at g depth of
1.7-2.0 1 he nee( hserted. A 0.64 ng/nm. BPTH
solutionjwas infused|at a rat b L/hr. F

5yringe punp) Weight pormal jzed PTH pl asma llevel s are shown in

EXAMPLE IX
[0073]
administered Fragmin dosing conditions 1). SC 100uL injected volume;2500IU

Referring to Figure 9 showing comparative plasma profiles for bolus

total dose, 2). ID 100uL injected volume; 25001IU total dose; 1.0mm needle length
(SS1_34) and 3). ID 100uL injected volume; 2500IU total dose; 0.5mm needle
length (SS1_34). At the time of dosing, these animals were weight-matched,
within a 8.8 to 12.3 kg weight range. All plasma profiles have been normalized to
an average animal weight of 15.0 kg, by multiplying the raw data by the animal
weight at time of dosing and dividing by 15. However, individual plasma profiles
are not adjusted for dosing variability. PK parameters are calculated based on the
raw data, and are corrected both for dosing levels and animal weight. This data
demonstrates the reduced onset time for drug bioavailability and distribution for

ID administration compared to SC.
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dosing. During use the fully exposed |l ength of m croneedl e was inserted
perpendicularly to the skin surface up to the depth-limter and held in
pl ace by womshexirg€al nmeans for the duration of drug insti lPicattisonsoséhe

m croneedl e bolus injection was via hand pressure froma gl ass

m crosyringe over a 1-2.5 min period. The cal cul ated pharmacoki netic
results of Thible2d Bohododneg Expriexsed Sexiysax and decreased Tmax resul ting

3 1 1 | DT [([@fa) | AL Tahl o
from m credewee Hovery—36--\WO-03/-00217 {

dao \ 1
i T v y T Y J raogr<c 1.
Cal cul at ed WA AK BSPY Oﬂ@leﬂl%
1 0

5cC9% D) 13?8%6@31‘{%6\&@5 nmm i cr gneedl e
Mean SD Mean SD Mean SD t, Yol ) W/mls b 1Desep. 3 d-eeh 3/ c,,,, x| (1WnL)
0.6 0.3 1.1 0.1 1.5 0.3 The Wrofilles obtal ned%rom hdP® ni kroneedl e
devi ces was éssenti aBCy equi u@Pent| 2¥WOcati ndpUOhat| t BE el | ver§ profile is
essent i alHy—inde ept—ot—deyce——configuratiopprovigingthegevige
appropri at el accessgg angd ggppvers ﬁ#@odrug 2Sé)t(}bstan §C§ﬁthin he der mal
ti ssue compartment. gui val enpgchangesygon | phagpomacaki nepi ¢ upt ake can be
generated using tlhe other|dermal gccess m crodevicge systens including
arrays conpoded af 3Iand 6 miléPonged?¥¥Owi t h 230€ sane0.di nensi oAs and
seati ng depths—indi-cated—above—BEXAMPEETX [Gp7°] Ref-ef+ing e 9
show ng conpgrative asnn p#§9iles ygpobo us(x@dninisk red| Fragm n|dosi ng
conditions Tk ST C injecggEd Vol ioggpZoP0Ifgoot offal gigse, | 2) . 2TD 1 OQuL
eedle length (SS1 34) and 3).

i njected|volunme; (25001 U total dose; 1.0mm
| D 100uL|i nj &t ed volldne; | 25080 U tjot 280080sk; MW0®mMM|neetlPe | engdh ($S1_34).
re—of ret-ght—rat ﬂ%ﬂﬂﬂ&—aJS.S to

At the ti-me—of—d t+-hese—antal-s—were tehed;

12.3 kg weight range. Al plasma profiles have been nornalized to an
average ani mal weight of 15.0 kg, by multiplying the raw data by the ani ma
i ndi vi dual pl asma

wei ght at time of dosing and dividing by 15. However,

and
CTTiu

$ ~ I o~
o T ygul

f‘i aVWal
STT1Y;

profiles

cal cul at ed
and ani nal

are not adjusted for dosing variability. PK paraneters are

B Tl e P 5

ta, and are corrected both for dosing |evels
®nonstrates the reduced onset tine for drug

bi oavailability and distribution for

Condition: 1 3 4 5 6 7
Mean | SID | Mean | SD | Mean | SD | Mean | SD | Mean | $D | Mean | SU
Dose (IU/kg) 25381239 240.0 | 22.6| 229.7 | 24.0 80.7 | 4.5 8.1 | - 71.4 1 4.
timx (h) 30| 3.6 1.0 03 0.8 03 1.6 | 038 0.8 - 0.710:
Chax TU/mL) 0.6 03 1.1 0.1 1.5 0.3 04| 0. 0.7 - 0.6 | 04
ti. (h) 931 49 29| 0.3 65| 5.5 7.1 2.2 39 - 34| 0«
CL/F 314 1 113 376 | 34 272 894 210| 60| 232 - 248 | 8.:
(mL/h*kg)
AUC/dose 0.018 -1 0.023 -1 0.033 -1 0.043 -1 0.041 | - | 0.038
EXAMPLE X
[0074] Referring to Figure 9 which shows representative weight normalized

plasma profiles of short infusion delivery of Fragmin LMWH in Yucatan mini-
pigs. A total of 2500 IU in a 200 uL volume (12500 IU/mL concentration) of
LMWH was infused over durations ranging from 0.5-2.0 h. The volumetric
infusion rate ranged between 100-400 uL/h. The dermal access array microdevice
was of design SS3_34 connected to a syringe pump for control of fluid delivery.
Each microneedle in the array had a 1 mm extended length for insertion. ID bolus

injection of an equivalent dose (100 uLL of 25000 IU/ml) LMWH over a <2 min
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| D adm nistration conpared to SC. 31 WD 03/002175 PCT/ US01/ 50862 Tabl e 2a.
Bol us Dosi ng Experinental Series Cond. Route Injection Conc. Delivered

Needl e n wdaBwor7s U/ nL Dose Length L U nun 1 SC 100 2500@CcZA301/33@ 5 2 SC
200 12500 2500 30G 3 3 1D 100 25000 2500 1.0 6 4 1D 100 25000 2500 0.5 3
5 1D 100 10000 1000 1.0 4 6 ID 80 12500 1000 0.8 2 7 ID 40 25000 1000 1.0
3 Tabl e 2b.pdCadaid asiedlaPki@abed@oardiytandstandard S€ Bolgs Fdmivksgmati@lare Mean SD

I\/EanS|)l\/EanSD an S[) Mean S se, (LU k 0,0 22.6 229.7
24.0 80.7 ° LHo§f ferco a[fP&OIZt e ‘iesulgo %Rag%‘a@“gﬁ%s Sprtaedhgignty $76°075 0.
- 0.70.° c%ntxoll%blé bidgdelivék (pr&%eg-ol;tai(ﬁaﬂ-le \\ﬂlth5a ﬂicﬁo&vﬂ:eQnﬂ:a&nﬁal' 0.6 0.{
t, 12., (h 5 g 7.1 2.2 3.9 - .. CL/F 31.4 11.3

37.6 3.4 27. @s@n@ ms @at@d@nwt@tes'ﬂzwn@s&n coprrel!mew)allméyf@rd@@dtdam 0.023

\-/\,hlo Cg3§h;ﬁ)V\lS qﬁﬁ? Blgagﬂltggq metl%v\gl?éﬁﬂ? 1@%&“@1 %so Qolﬁxlneg%flgfus 09,49 Figure 9

not nal Ies of short

i nfusi on del da¢gdaye, Q:fma,le:r@gmapdécMAlé{e hufid Mu&aiearbsmdmivelyp|\g&hmkxpambnt®ﬁ 2500 U
in a 200 uL vol une G(012500 | U L concentration was i nfused over

durations rafEirgn.f 106 Fagnsn wap TWUHTW@W%N)P@ %essqt‘ﬁfll% thsinfusios r anged

bet ween 100- 400 .u of design
SS3_34 connep ccil b{l)l ﬁaShg;HS?%gé%hmﬁﬁ%&%%g géns'ltil ?)&emoﬁ gtﬁq é%‘&g@gté %@r y. Each
m croneedl e delivehgreaer tyn haxdnaa tciltalrﬂmenbhmubedndnesmglﬂhrdfl@r adnmasstrafi@rs. | D bol us

(Mantoux technique is limited to about 100 to 150uL/dose)..

EXAMPLE XI

[0075] Referring to Figure 10, which shows representative weight normalized
plasma profiles following slow infusion delivery of Fragmin LMWH in Yucatan
mini-pigs. A total of 2000 IU in an 80 uL volume (25000 IU/mL concentration)
of LMWH was infused over a 5 hour period. The volumetric infusion rate was 16
ul/h. The infusion means was a commercial insulin pump connected to either an
ID microdevice of design SS1_34, or a commercial insulin infusion catheter. The
resulting plasma profiles again indicate the more rapid onset of LMWH infused
via microdevices. After removal of the catheter set at 5 hours, the ID delivery
also exhibits the lack of depot effect, as evidenced by the immediate decline of
detectable plasma activity. In contrast, the plasma levels of SC infused LMWH
do not peak until 7 h, fully 2 h after infusion cessation. Neither infusion method
reaches steady state over the experimental duration, but this was previously
predicted via PK modeling. This example readily demonstrates that the PK
advantages of controlled ID delivery are available at low infusion rates, and the
degree of control, which can be achieved in dosing profiles. This particular
profile would be optimal for drugs such as LMWH, insulin, etc that require low

continuous circulating basal levels without high peak concentrations.

EXAMPLE XII
[0076] Referring to Table 3 which shows weight normalized serum levels of
hGH after bolus delivery of Genotropin recombinant human growth hormone via

intradermal microdevices and standard subcutaneous injection methods of 3.6 IU
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injection of an equival ent dose (100 uL of 25000 U m) LMM over a <2 mn
32 WO 03/002175 PCT/US01/ 50862 period via a simlar mcroneedle array and
st andar d W0 dBebusgs adm ni stration are shown for conpari sorCTiUse1/6@s2l ti ng
pl asma profiles denonstrate the highly controllable drug delivery profiles
obtainable wwth a mcrodevice intradermal system This data denonstrates

t he i nf usi orofd@erotropinmdaiestial Yowse fvas 10®dlland ilenirugtortchetrgloarwascidki neti cs

via the infusjon rate. As volunmetric i.nfusiondates rease, C.,,ax and
Trax decr ea@/’é’id FRPLALESS gy 6@8?‘%%?9? WW&%IﬂgégﬁrbdegmﬁtdgflgnséM%r T,,, ax
for Fragmn M@%éx?ug,éd%bdae%tgai.nﬂféraﬁe drh@coassad inpdttioh féhvoth sihpisiaan

period. This short infusion adm nistration result denonstrates the ability
to deliver ghestreedlehaayhoenedntiodedipt 45 wli/giny bsingresyinesdutmaiiar d | D

0 deli ver ghustmsediRanymornednioegi 4 ui/m '
50Ul dose) "OTERABLE S aref i ReF & BTy "Ry RiRd e R R G o

repr esent at i iyguleda@itern@raned ndeein Povasare, for ohomanl | Okdcoinjedgors ! Dive i nf usi on
delivery of Fragmn LMM in Yucatan mni-pigs. Atotal of 2000 IUin an 80
uL vol une (25808nt REgFNacakirasisidinPiens argpelearlpyidens, with R elivW¥r a 5 hour

peri od. . The.r\éﬁhﬁﬂgﬂlr&rgstjcgfl)ﬁﬁé&&s@@ﬁﬁax\’\@ﬁc}]&ﬁch é%BedTeﬂla;(.nh'ﬁﬁjJ BajlfEANS Was a
comercial insuli™ punp connected to éi'ther an m cr odevi ceé of design
SS1 34, or ahatOlifieparcltdbaviaiishilitymare sthtigically eqititvderarfor Hdik [Draed SCtrongs.pl asma
profiles again indicat thﬁ nor rag' d onset of L i nfused via

m crodevi ces IRIIYALPR Y FHNCTHIG AL HeTaY “%tade'é{‘?a eﬂ’&?}%?esf he 1D delivery
al so_exhi bi tl‘ﬁicrr&faevlc@%611Q%urﬁlt?cgﬁtpr&fufcgQﬁuivﬁ&t%\ﬁhﬁﬁ&%ﬁﬁeﬁé’pémaﬁﬁ@d' ate
decline of detectable prasnma activity. In contrast, the plasm | evels of
SC i nfused LMMH do not peak until 7 h, fully 2 h after infusion cessation.

Nei t her i nf usi t hes steady. stat .t he. i ment al
dur at  on, " bul TP SCAEG 500 BTy o pBHBL Gt D A BHORRI | ng. Thi o exanpl o

readi | y denomgtrates that gghe [PK mdvantjfagegpof controlled ID delivery are
avail abl ¢ at |low infusion ratgs, and the degree of| control, which can be
achi eved|i n mosheigrspr afi | es.  Thi ssipglet i clul ab-negdlefi| e woul d be optinmal for
drugs such as LMM, insulin, etc Eehe ! r equi 5§a| ow (ontinuous circul ating
basal |eyels wi thout high peak coleert rat i ofis > EXAMPLE X |
Dose (1U/kg) 0.161 0.164+0. 0.160+0.0
+0.01 01 2
Cax (mIU/L) 158.5 612.6x1 582139
+31.0 87.1 1.0
fmax (B) 2.75+ 0.47+0.2 0.63+£0.23
0.46 5
tin:(h) - 1.19% 2.02+0.4 1.71+0.43
0.49 8
AUCNFpred) 920.2 850.0+1 847.4+33
(mIU x /L) +251. 70.0 2.3
7
F (%) 114.6 104.0 101.7
EXAMPLE XIII

[0077] Referring to the data in Table 4, bolus delivery of Almotriptan, a low

molecular weight, highly water soluble antimigraine compound, via intradermal
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[0076] Referring to Table 3 which shows wei ght normalized serum | evels of
hGH after bolus delivery of Genotropin reconbi nant human growth hornone via
i nt r ader nwio a3iocz10slevi ces and standard subcut aneous i nj ect ipam/usBi/bsds of 3.6
U 33 WD 03/002175 PCT/ USO1/ 50862 of Genotropin. Injection volunme was 100
uL and the drug concentration was 36 |U nL. Dernmal access array

m cr odevi CeSm\'/tEdeviéSial&ﬂstmdircﬁﬁﬂ)cﬁtdnctelsingaﬁlsnod&ﬁdthloniitrm(bstmﬂﬁedl)needl e

| ength. The rate, of ev tion for th single and t hr ee- needl e
arrays was c??ﬁ‘ﬂ‘faéﬁnlt Pl%g EE? Fﬁ%wl?fi éhoévssﬁquﬁad%d %f&rpgra“?%? a noni nal

bol us i nf US'&Hﬂelﬁﬂﬁ&ﬁﬂr&ﬁ n%fas&ea&mmafxe%afte?@lﬂ@ddnvcﬁfrsyo W@ MlfotfipRA. G

I nsulin catheter, at a O nm/mn flowrate, for a nomnal 10 sec

i nj ection. 'I‘Ifmgectloewllum@r Ipdth SkbanddDneas Wodilsaridribe rimscoap@lt@rleaway evi dent,

\anE:Pelats[,)ege (ﬁ ﬁ/ﬁ‘% S/Jé?r(?g?‘g%elglra‘egl[gﬁ?%éf 2|41f¥‘8%§§val ?Vg% ﬁsﬁad%}néqerf atistically

equi val ent  f@fer BB 2L D5 aigut&C Al@idtritan is aAal Itydtd; é)aﬂic%nﬁy)uﬁdl tther single
needl e or array intradernal dermal access _microdevice configurations

produce equishamsime aphenedeart emiSE piction nhigeore, frencss ittE cul at ed PK

b hoedl o nadir SRR BuRE B et IOGhERC s oy Yo ROEMESES 519 ©
C,,ax (m U/T—BIS ibig éﬁbﬁ?u?ce@:}m 53113 PartiBidbn OhrBilghltht t@suetspaceator (dpjd 2. 75 0 470_ 2

0.630.23 0.46 5 t1127 1,19 2.020.4 1.710.43 0.49 8 A UC NF( ,e(I)
920. 2 850. 012bgarptignyia f(l&*FUO%t%/}BW%& IDagnynistrafion mgy ft%ab%dzveemi 101. 7

for reduced patient perception and ready and rapid access to an appropriate

administration site.

[0078] Table 4. Mean (z standard deviation) almotriptan PK parameters

following SC and ID administration

Parameters SC ID (single) ID (array)
AUCy (ng 55.9 (6.04) 53.3(15.7) 54.6 (14.0)
h/mL)

Clearance 55.1(5.87) 60.1 (15.3) 58.7 (12.7)
(L/hr)

Cmax (ng/mL) 61.0 (19.49) 63.6 (26.1) 77.2 (54.2)
tmax (h) 0.13 (0.05) 0.14 (0.08) 0.16 (0.08)
Dz (h7) 0.36 (0.04) 0.36 (0.08) 0.31 (0.08)
tiz () 1.95 (0.23) 2.03 (0.46) 2.39 (0.64)

[0079] 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 C,,,x 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 PK

profiles were dictated principally by the concentration-based delivery rate. The

primary limitations of ID administration are the total volume and volumetric




EXAMPLE XI'Il [0077] Referring to the data in Table 4, bolus delivery of
Alnotriptan, a low nolecular weight, highly water sol uble antim graine
conpound, woi/odnts ader mal 34 WO 03/ 002175 PCT/ US01/ 50862 pcmicsoosess2 ces and
st andard subcut aneous net hods denpbnstrated statistically equivalent PK
profiles. The table bel ow shows cal cul ated PK paraneters determ ned from
measur ed ser infinsicevekeslimfts o leakjfecet instrllagbn 8f exapgnafs sabstarices ptt@ana densenj ect i on

vol ume for both SC and I D was 100 ulL and the dr oncentrati was 30

ng/ nL. M cr o‘iﬂ%‘%}?&‘é@pﬂg@?‘lﬁré% _S%‘f‘i?tlﬁ?l&?&és_g&“\/\ﬁg‘ggsﬁ%cﬁ aaa?ﬁfﬁf)os %red over
about 2-2.5 fkadiiRS-to HHINRIeVicRd8igh SndvalimbtichyfsioRatk] funt@smound that shows
no apparent depot from SC injection. Therefore, differences in the

phar macoki neformulapoaidevipecarinatiobs sam beeddoonérsemathiv himijetiensriod obser ved.

This drug substance can readjl: rtition rough the tissue space for

Fopi " apsor BEVER 11 GaGr{FR et PR bR ad MP R Aifbels PEHPSIRRES o111 be
advent i ti ousdosiid resiehing esh Patir@itvepRH eahér WusafpdnsRaB)icanndtedapi d access to
an appropriate admnistration site. [0078] Table 4; Mean (. standard

devi ati on) aforptlatipiser iPKepaRrSire teplnunihsr phipshilption sgey Inpdddenni strati on

5a. 0 (14 0) ey PEELFALE LB Rimyitiine b iion i gk i of 7))

Cmrax (ng/ mL)subdtafces19.4) 63.6 (26.1) 77.2 (54.2) tmax (h) 0.13 (0.05) 0.14
(0.08) 0.16 (0.08) ~ z (h) 0.36 (0.04) 0.36 (0.08) 0.31 (0.08) t112 (h)
1.95 (0.23) 2.03 (0.46) 2.39 (0.64) [0079] The above exanples and results

dermonstrate fgago) nvqﬂggx?’egalgﬁb - %gre{y[)asanfg%}ﬁ fy W Henasd &ésérl%’édrﬁeréf) vay | D

adm ni stration and si nee iStration results in nore rapid
upt ake wit h ddrglabacc&s,miaronettade8Csiprpades areadilyDaccagsitdk endaredrodiiusibte but i on

I's ostensibl gargnqgrfa{ ge%veegy r% te?\%\lltil%?ghgﬁg%glglyﬂipy?'gg \% G¢ the ability to
modulate plasma profiles by adjusting the device infusion parameters, since

uptake is not rate-limited by biological uptake parameters.

[0081] In the previously described examples, the methods practiced by the
invention demonstrate the ability to deliver a drug in vivo with 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 invention.
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usi ng needl e |l engths of about 0.5 to about 1.7nmm needl e nunber and needl e
spaci ng. No concentration limt for biological absorption was found and PK
profil es weroa/oeiici ated principally by the concentration-basgdisdebiseery
rate. The primary limtations of ID admnistration are the total volune
and volunetric 35 WO 03/002175 PCT/US01/ 50862 infusion-rate limts for

| eak-free WHaLI IS @GL ABVIEDfISexogenous substances into a dense tissue
conpartnment. Since absorption of drugs fromthe |ID space appears to be
insensitive to both device design and volunetric infusion rate, numerous
formul ation/ devi ce GORRIHIALHONSiRRRaR M3HbianRUE h GBIt thétAbd at i ons
and provide the required or desired therapeutic profiles. For exanple,

vol ume | i spmedsing ogeeimertegsubsiasceciaty the deimis ofrihemangmel, thereltbimpreyesy nor e
concentrated fornmulations or ingreasing the total nu r-of-instillation
o tesr | negdtemicRom s Riteflrst BEAGRY A P ErgbdlcsTaBBE i B i ng

i nfusi on @ubsehiEk Bisdutabb@ly sl whébin thabbANEES a dr&OBHormongeanewal , | D
delivery as taught by the nethods described hereto via dermal access

i cr oneedneolgraNar seaigts Mepardedr sgdopamifid eaRddgeNBl e and r eproduci bl e
parenteral delivery route, with high bioavailability, as well as the
ability to nodul ate plasma profiles by adjusting the device infusion
parameters, since Upkakehddsofivddimr atvRereintht eubstiyicdisal lngnanadrowfit ake
paranmeters. [0081] In the previously described exanples, the nethods
practi ced '8y®e " invention denonstrate the ability to deliver a drug in
vivo with greatly inproved pharnmaceutically relevant rates. This data

i ndi cates an i nproved pharmacol ogical result for ID admnistration as
taught by the Bet hod$edesiord dfedhiof1 whérem the sufstanpe iskupwmsolsoulad be expect ed
according to .the nethods of the invention. 36 WO 03/002175 PCT/ USQOL/ 50862
VHAT |'S CIYRISVEBPEN- 1 A nethod for administration of a substance to a
manmal , the nmethod conprising injecting the substance into the derm s of
the mammal , wherein inproved system c absorption is produced relative to
absor ption produced Tigarethad efcldimgl whereinghosubstioee §@b&ﬁ@@ﬁ&m§qworand

wher ei n tr;lgonslgjtbstance is a growmh hornone, a | ow

5. The method of claim 1 wherein the substance is in the form of
nanoparticles.
0. The method of claim 1 wherein the injecting is through at least one

hollow needle, by electroporation, or by thermal poration.

7. The method of claim 6 wherein the injecting is through at least one

hollow needle.

8. The method of claim 7 wherein the at least one hollow needle

comprises an array of microneedles.

9. The method of claim 1 wherein the substance is administered by bolus
injection.
10. The method of claim 9 wherein the substance is administered by

repeated bolus injections.
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nol ecul ar wei ght heparin or a dopam ne receptor agonist. 2. The nethod of
claim1 wherein the substance is a human growh hornone. 3. The nethod of
cl ai m 1 werogiomithe substance is a | ow nol ecul ar wei ght Reparsonsos42 The
nmet hod of claim 1 wherein the substance is a dopam ne receptor agonist. 5.
The nethod of claim1 wherein the substance is in the form of

nanoparti cl es. 6 The rret hod of claiml1 wherein the injecting is through at
| east one holl

h .
The nethod of cl al m 892%/%3%{%@“ toél ahsélg% h?(y%ut gl }eggrtﬁ%dngn hol | ow

needl e. 8cofpasiABbéIedtively i8] cating the Wissiics lﬂtbqleadenhesac&tth@ﬂ@nhﬁdl kow needl e
conprises an array of mcroneedles. 9. The nethod of claim 1 wherein the

subst ance Ob@llawemlgﬂ@oéﬁl%wfﬁhﬂ Wb stangs) fem ithrdermes, wheeimdesapstyreds ai m 9
wherein the su ns. 37 WO
03/ 002175%&?7% ég%é‘go‘% ”316%&3 Q{ﬁi%’é%fg%ar{n %a(?loﬁ)g ?%%égr#tgya%%sgbstance to
a mammel, the nethod conprising selectively injecting the substance into
the dermis of the mammal to obtain s%etemc absor pti.on of the subst ance

fromthe derni 42. whdheimethadeofs{pat ldnwkersia Sel&“'tg‘fe%k“hecﬁéigﬂﬁﬁfé‘ stangcoyy

mol ecul ar ; yei 1] 3 APOANIIBW REER! Y e1R8RHotion 'R by HgmARt hod of
claim1l1l %‘{Ygrugéﬂ%enggﬁqgc r?v%at ?npectl ng trﬁ)e lgys(taanc ° irnotno thle derms is

t hrough atpotatast one hol | ow needl e, by electroporation or by thernal
poration. 13. The nethod of claim 12 wherein selectively injecting the
substance into the derms is through at |east one holl ow needl e having a

l'ength and outligt  sgkegdigs Jf%llalﬁlh@l\bhesahtsafeuwewlnﬁ&hngmd MBbthAl@ t he
substance into the derms to obtain system c absorption of the substance

from t he dapthedermis is through at least one hollow needle having a length and outlet
selected for their suitability for delivering the substance into the dermis to obtain

systemic absorption of the substance from the dermis.

14. The method of claim 11 wherein the substance is a human growth
hormone.
15. The method of claim 11 wherein the substance is a low molecular

weight heparin.

16.  The method of claim 11 wherein the substance is a dopamine receptor
agonist.

17. The method of claim 11 wherein the substance is in the form of
nanoparticles

18. The method of Claim 13 wherein the at least one hollow needle

comprises an array of microneedles.
19. The method of claim 11 wherein the substance is selectively injected

into the dermis to obtain improved systemic absorption compared to absorption

produced upon subcutaneous administration of the substance.
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14. The method of claim 11 wherein the substance is a human growth

hor mone. 15. The nmethod of claim 11 wherein the substance is a | ow

nol ecul arwovsioghiys heparin. 16. The nethod of claim 1l wheremusdvsossubst ance
is a dopam ne receptor agonist. 17. The nethod of claim 11 wherein the
substance is in the formof nanoparticles 18. The nethod of Caim13

wher ei n t he at 2Deas(Thenetlivel df@imelddvigereio dingsubstescein admiragtestl byi cr oneedl es.
19. The t hod .of . claim 11 wherein the substance is selectively injected
into the J8MH'YH¥ obt ai n i nproved systenic absorption conpared to
absorption produced upon subcutaneous adm nistration of the substance. 38
WD 03/002175 PCT/ US01/ 50862 20. The net hod of claim 11 wherein the
substance i s adhi ni dhemethasyoflstaims? i weseinitmsubstanceris admitisfegddy cl ai m 21
wherein the stugrs?t gnce itsongdm' ni stered by repeated bolus injections. 22. A
met hod f of PEAM M SPr AT 6N of a substance to a mammal, the method
conprising selectively injecting the substance into the derms of the

manmal ,  wherein systenm c absorption of the substance fromthe derms is
produced, and 2#her &} methpd fenadatinigEationofa sypaRas thgmaspaal, hempsthem ecul ar

wei ght heg%@ﬂfi\f/{éﬁéectg?g@meggngg ﬁ%%%%ﬁnc@%@kﬁédeﬁ% %f-lfﬂéamgﬁﬁlmd of claim 22

wherein s y I'n e substance into the derms is through at
| east one wheldiowysraeidlabsorftyorad febd subpanat from the ddmnit Berodiced,padat i on. 24.
The met hod of claim 23 wherein #tﬁpe met ho ri ses s Igcti.vely i njecting

P co
the subst JAEER Hiegubgianc st HROMR ABTHYHICAE 1eR{CCHRE VRN B FHESIFe havi ng a

l'ength and,pMineteSplopaiRtstf or their suitability for delivering the
substance into the derms. 25. The nethod of claim22 wherein the

substance is a human grow h

23.  The method of claim 22 wherein selectively injecting the substance
into the dermis is through at least one hollow needle, by electroporation or by thermal

poration.

24, The method of claim 23 wherein the method comprises selectively
injecting the substance into the dermis through at least one hollow needle having a

length and outlet selected for their suitability for delivering the substance into the

dermis.

25. The method of claim 22 wherein the substance 1s a human growth
hormone.

26. The method of claim 22 wherein the substance is a low molecular

weight heparin.

27.  The method of claim 22 wherein the substance is a dopamine receptor

agonist.

28. The method of claim 22 wherein the substance is in the form of

nanoparticles.
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hor mone. 26. The method of claim?22 wherein the substance is a | ow

nol ecul ar wei ght heparin. 27. The nmethod of claim 22 wherein the substance
i s a dopawios/opECept or agoni st. 28. The nmethod of clai m 2ZTvwser/e0862t he
substance is in the formof nanoparticles. 39 WD 03/002175 PCT/ USCOL/ 50862
29. The nethod of claim 22 wherein the at | east one holl ow needl e

conpri ses an arPay dhemethahefeilies22 Bikreifitke adedsddnolholiivanead®? wher ei n
absorption of .the subst nce in he derm s produces inproved system c
absor pt i of"CBHFAEd S © chbr%‘?eld produced upon subcut aneous

adm ni stration of the substance. 31. The nethod of claim 22 wherein the
substance is admnistered b bolus injection. 32. The nethod of claim 31
wherei n the suB8t anddeinst fml%me?r?e‘dh%@ﬂ abggretiereel hesustaneg sttheons. 33. A

gre\cl):MC ﬁ Lglrdﬁ%ﬁgprné |tc§sr1lmrrﬁzg?ve(a S stlgr:rl%\llrga%gs]%@ﬁﬂﬁ %rrB :§r'ea kooﬁosﬁﬁm%g préRITBY | ses a

ECU a epar amne receptor

agoni st, tuben slexutaedBiadehi Giomitiog el iu@stﬁﬁdeectl vely deI iver the conposition
into the dermis to obtain system c absorption of the conposition, wherein
the device is an electroporation injection systemor a thermal poration

i njection systgm S%he'%leﬁﬁc\éOc?%léﬁ’l@ﬁ’é{fér&h%ﬁfgdb@ nfPisdd ed conposi tion

whi ch conpri ses a growt none ecul ar wei ght heparin or a
dopam ne mbetspijectionagoni st, the device being configured to selectively
deliver the conposition i nto the derms, wherein system c absorption of

t he conposition is obtained, and wherein the device is an electroporation

i nj ection systam or "I%e%’h@l'id@df Rt \%'erblﬂlt§&§db@ﬁn§é/§taﬁﬂﬁm§t5red% met hod for
adm nistering a substance to a mammal, the nethod conprising sel ectively

del i veri ngeptched dobstigiactenso the dermis to achieve i nproved systenic
absorption as conpared to system c absorption produced upon bol us
subcut aneous adm ni stration of the substance at an identical dose, wherein

t he 33. A device for administering to a mammal, a composition which
comprises a growth hormone, a low molecular weight heparin or a dopamine receptor
agonist, the device being configured to selectively deliver the composition into the
dermis to obtain systemic absorption of the composition, wherein the device is an

electroporation injection system or a thermal poration injection system.

34. A device for administering to a mammal, a composition which
comprises a growth hormone, a low molecular weight heparin or a dopamine receptor
agonist, the device being configured to selectively deliver the composition into the
dermis, wherein systemic absorption of the composition is obtained, and wherein the

device is an electroporation injection system or a thermal poration injection system.

35. A method for administering a substance to a mammal, the method
comprising selectively delivering the substance to the dermis to achieve improved
systemic absorption as compared to systemic absorption produced upon bolus
subcutaneous administration of the substance at an identical dose, wherein the
substance is a growth hormone, a low molecular weight heparin or a dopamine

receptor agonist.

36.  The method of claim 35 wherein the substance is a human growth

hormone.
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substance is a growth hornone, a | ow nol ecul ar wei ght heparin or a dopam ne
receptor agonist. 36. The nethod of claim 35 wherein the substance is a
hurman gr owblv3obmarsone. 40 WO 03/ 002175 PCT/ US01/ 50862 37 PpCThesonsishnd of
claim 35 wherein the substance is a | ow nol ecul ar weight heparin. 38. The
met hod of claim 35 wherein the substance is a dopam ne receptor agonist.
39. The nethod of claim 35 wherein the substance is in the form of

ticl 0. he del i's through
a hol | ow CnEZmﬁ oy RO HATHRT b P il SHreeRe g ST ERENE ' The o

et hod of vedigitMegRinvherein the delivering is through at |l east one hollow
needl e. 42. he nmet hod of claim 35 wherein the at | east one holl ow needl e
conprises an array of mcroneedles. 43. The nmethod of claim35 wherein the

substance is a%@ ni s[th%rn?eqhg) of cli)eﬁ u3$5 \gﬂ%rg%tthggibsé}ﬂae -quedoggﬁlﬁ%qe ptcﬁI ai m 35

wherein the substance i s adm nis |njec rons. 45. A
met hod f oragaglsi. ni stering a substance to a nannal the nmethod conprising
selectively delivering the substance to the dernis, wherein i nproved
systeni c absorption is produced as conpared to system c absorption produced

upon bol us subgut aRg@Uset ﬂvlahfﬁwg&eafthéaﬁmaﬂpéfs%%ﬂm@@ i denti cal

dose, and whereéin the substance is a growth hornone, a | ow nol ecul ar

wei ght hepanoparticiesa dopami ne receptor agonist. 46. The nmethod of claim45
wherein the substance is a human growm h hornone. 41 WO 03/002175

PCT/ US01/ 50862

40.  The method of claim 35 wherein the delivering is through a hollow

needle, by electroporation, or by thermal poration.

41.  The method of claim 35 wherein the delivering is through at least one

hollow needle.

42. The method of claim 35 wherein the at least one hollow needle

comprises an array of microneedles.

43.  The method of claim 35 wherein the substance is administered by

bolus injection.

44,  The method of claim 35 wherein the substance is administered by

repeated bolus injections.

45. A method for administering a substance to a mammal, the method
comprising selectively delivering the substance to the dermis, wherein improved
systemic absorption is produced as compared to systemic absorption produced upon
bolus subcutaneous administration of the substance at an identical dose, and wherein
the substance is a growth hormone, a low molecular weight heparin or a dopamine

receptor agonist.

46.  The method of claim 45 wherein the substance is a human growth

hormone.
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47. The nethod of claim45 wherein the substance is a | ow nol ecul ar wei ght
heparin. 48. The nmethod of claim45 wherein the substance is a dopam ne
recept or wagenbats 49. The nethod of claim45 wherein thepsulshasse2i s in
the formof nanoparticles. 50. The nethod of claim45 wherein the
delivering is through a hollow needle, by electroporation, or by thernmal
poration. 51. The nethod of claim45 wherein the delivering is through at

| east one hollgw needle. 52.. The t hod. cl.ajmb51 erei.n the at | east
one hol | ow needl’e %ﬁﬁ?ﬂ%‘%ﬁd&b@rﬁvﬂ%@n%ﬁ@ﬁggﬁq 84 Ogé?OIW’fgarrret hod of

cl aim 45 1RhBpdrlie substance is adm nistered by bolus injection. 54. The

met hod of claim45 wherein the substance is adm nistered by repeated bol us
i njections. 42

48.  The method of claim 45 wherein the substance 1s a dopamine receptor
agonist.

49. The method of claim 45 wherein the substance is in the form of
nanoparticles.

50.  The method of claim 45 wherein the delivering is through a hollow

needle, by electroporation, or by thermal poration.

51. The method of claim 45 wherein the delivering is through at least one

hollow needle.

52. The method of claim 51 wherein the at least one hollow needle

comprises an array of microneedles.

53. The method of claim 45 wherein the substance is administered by

bolus injection.

54. The method of claim 45 wherein the substance is administered by

repeated bolus injections.
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