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[ 0001] This a7pI|cat|on is a continuation-in-part of U S plication No.

09/ 897“5?)‘13’@’?{)% June 29, 2001. FIELD OF THE | NVENTI ON PEB02PVIH62 pr esent

i nventi on relates to nethods and devices for adm nistration of substances

into i 003] The

| mpor T HRNCED SRR C ARBR Y ORGP RAREY PRy MiRe B

substances such as dlagnostic agents and drugs has | ong been recogni zed.

Al t hough REF@ qtﬂQE PLRAT maceut i cal substances,
obtalnlngeﬁ' quateﬁgioavalla |ﬁ|ty é? %arge nol ecul es such as proteins that
have ari sgiD0alit ofhistpplidation echemitingytiomohesitrof thas AppliativhyNdii ghl i ghted this
need to o in _effj reproduci bl e absorption (Celand et al., Curr.
Opi n. Biogé%ﬁﬁéﬁ f}%l f§92ﬁg) 2001). The use of conventional needles has

| ong provi ded one approach for delivering pharmaceutical substances to

humans and animals by admi nistration through the skin. Considerable effort
has been irditleDIQF dtid RICENEHONduci bl e and efficaci ous delivery through the

skin while jnproving the ease  of ectio nd reduc ng patient
apprehens;Fer?nEnd/ 15]? Ef&?éﬂlt&%VseBE?%Eeéﬁ%%otrﬂetg%cﬂVé‘ﬂtdie?S‘r‘fSﬁ %eedl es. Furthernore,
certain d%hh‘i’lﬁit}’at§>)ﬁ%tf‘§{‘i§stﬁlckﬂn'f@fh% ieRREAS! 1994 bk stiy, and rely upon cheni cal
medi ators or external driving forces such as iontophoretic currents or

el ectroporation or thermal poration or sonophoresis to breach the stratum
conmeum and deliver substances through the
surface o%ﬁ@g&wblﬁgmﬁégﬁgﬁ@g ivery systens do not reproducibly
breach theoosli n PAE nhIrfaneé odetkiciéatly bi@stRLERGaNEHE@phaHRASLARGE 0 a given
depth below the surface of the skin and consequently, clinical results can

be vari abISébStame%SUChrﬁééF‘?@ﬁP%{m agsnis 406 dosgstaglong bgemracestinedim such as with

needl es, tgﬁ&ﬂ@{]m ant BORY. ‘Pﬁ:oﬁﬂﬁ ?@gh&%@%&?%ﬂ EL@% ({E}Rﬁn‘?{cagn dto

adm ni st ra 1 ances surrace o
provi de cadéduate lﬂﬁdvalil&bllha)bbf latge m@le@llea:sm’e at pteinahal vetagicatowidist ances. 1

WO 03/ 002175 . ) . . . .
the biotechnology industry has recently 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 comeum 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.



27 January 2006 PCT/USO1/50862 [00041 Approaches for delivering substances
beneath the surface of the skin have al nbost exclusively i nvol2/¢@nuary 2006
transder Rpd o6bF 74 Stration, i.e. delivery of substances tyouef]dhg skin to
a site beneath the skin. Transdernmal delivery includes subcutaneous,

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

[ nt ramuscul goodd M ARG AUREULARIAAng SBstdrlb b AR InOaY c?ﬁ)gﬂgg%;?/n most

comonl y used. Anatom cally, The outer surface o is made up
of two mmj orhave alggusbercdysevaly irvolwedttensdepindeadmisisgadomn.eudelsetyofg dermi s,

whi ch t oget he constityte the skin (for revigew, .see Physiol.ogy,
B behem ot v pibsprsenBiraiah B SOE B Fts biteanGe ofin, THESCOMA A Tan, L A

Gol dsmi t h,  Eflludds{ipéidarddlny 8h#drhYscuRF 88hiraMawuy Wiktes JAAMinisttigo,pRIEdErni s i's
subdivided into five layers or strata of a total thickness of between 75

and 150 m Bdndatibirarhescalar (ldMang dubeanches (Hexinjestionstiayh beemtla most wo

| ayers, an outermpst portion referred to at the papillary derms and a
deeper Iayercofné'fog?¥8 ‘0 as the reticular dermis. The papillary dernis
contains vast microcirculatory blood and | ynphatic plexuses. In contrast,
the reticular derms is relatively acellular and avascul ar and nade up of
dense col | adéfls anaawinusally theomtersuifoee ofithebedy Bamasgtup afieoepiider mi s and
derm s is the subcutaneous tissue, ‘ﬁl SO referrgd t'o\ﬁ)ﬁi%?e p_?/ oderm s, which
i's conposed™§i® BTN TUE PIATHE WIGOFRETTYIPE TS, WRISR [ BT sue 1 es
beneat h the constheietBOSAH ok r&a&ie, scb PADRI0RS BIotiRtiABOVIRG MsIkdulde

subcut aneous tissue and nuscle tissue have been commnl{]used as sites for

adni ni st r at i&plogy opthgrStrire Seednd fidikerb d+ Arfeeldsmitirhied. g@xiard Uniniaitder , has
rarely been ht . L Fu ¥ f n nd thi
may bg due, }tar s?@é@?&( (?}% g9a9rs‘?', %P %Qélﬁgﬁﬂ}ﬁsﬁ%gﬁ%’eﬁg?%&}v{g@? %& ﬁregetgqﬁaec’ﬁpl acelrr:nt

into the intyRaetHiEineSPSRWEM 1NAIdMH0q1m £ Behedtlh iedhiddhaisdedsthse, 1N
particular, the papillary dennis has been known to have a hi gh degree of

vascul ari t y,demmishwbichsoniinsdwoflayess. haonteappstaoriererfergttoghthccoul d t ake
advant age " of, 54N, eSS ol YASRULAT LY Qe ARKA fLAR. LFRr Oved

¥
absor ption p[i'agh adm ni's g SISt At es com:l)are 0 ‘subcut aneous

adm ni st r at i illafPi &miis colgi@ausse ntismtirculitagy Hiobeand Benphatic pleruss| Ly rapi dly
absorbed after admnistration _into the subcutaneous tissue which has been
far nore easionffasinie psticyiagdgpniy iprelatively acellular and avascular and made up of

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



27 January 2006 WD 03/002175 PCT/US01/50862 targeted than the derm s has
been. On the other hand, |arge nol ecul es such as proteins ar 87 Ugpiacyg200p not
wel | abs -ough the capillary epithelium regardles gree of
vascul ar y so Hwt one would not have expected to achi e?/’ éUStOP/e%sl(‘j’gi cant
absor pti on advant age over subcutaneous adm nistration by the nore difficult

to achi eve \jLragerahe AUMOLSIALT BA RYSHe Bhal AFASHIRLACULER o[ 0007] One

approach to a WlnIS ratil on eneat SUF aceto Inand into the

regi on of tpevtéins ardepinally apace] dtasrbbe @iotlighuthi Rapijlatyspitheliuhhe Mant oux
tuberculin test. In this procedure, a purified protein derivative is
i nj ected at regardiess|q éwwg?t’eofi\@swwgﬁ? fhag ong weuld ot Rgveexpeclsd 130 gauge

et ¥ Rbyifle Loy (FER absdBhon jdARERe ol dtheyhdIBOLARiIBRBY 2 MY | T

pl acenent o e 1 nfectron ca r, resu In sone se n gatlve t est

resul ts. Mokigovere, difffvalttte athibasintradermbvethiaistragad e@adoi Pigchbeoulka elicit a
response at the site of injection and the WMantoux approach has not led to
the use of intradermal injection for systemc admnistration of substances.

[0008] Some gy yps bﬁ¥$;|>;5r‘398{ ﬁo%ﬂn{?ﬁlsé&(ﬁ%%@h@atﬁﬂ{@sﬂké&é t%tth BiRYndah has

been characterized as rader ma I njection n one suc report, a
conpari son tlainagyonofftmmncudmd)mcahak bdaatowtasl)dmdm theMamtoﬂ)'( nt rader mal "

i njection rfor Aut ref et at %’hera i e.46; 19‘6#12 The
phar maceut i é‘i%er‘g‘ﬁ'ﬁsthén u 1 RROFRI AP UEEE P’Eoé?\‘ ﬁie“éatb'redf stk At ol ecul ar
vei ght of abpiiow38Be 1 ¥hERRIMGrfade us‘ﬂ%sa 51 6t ﬁﬂgéulé@tneéd?@ AR etaSChdy: ect ed

intradermal [y, the 7njections used mm neédl’e pushed’up to the base at
an angl e of /60: U%@Fﬁd@%)rmmgv@ubﬂum‘arxantmmlacedlentcuf th¢ agert®ntcanf t he

injectate at a depth f abou ortion of the
ot cutar dBpReLTore R e iR a s b S SHreciBhEhe BRAHS e ot he

vascul ari zeghRarid d RENiA- iMestionl thelitiPa t@&pbnselad iR e QW hjtdlicaGhadhd Nto the
| ower portion of the reticular derm s rather than intd the subcutaneous

tissue, it mnt@%@pr@acbé@ﬁ adt leth & the wee sflibtredarmel iningHian &rtsiyslemie s| owl y
absor bed i naahe lgt% atnl0 3 %stl ess vascul ar reticular derms or diffuse into
the subcut aRedus™T bo FESUIt in what woul d be functionall y the sane as
subcut aneous admi nistration and absorption. Such actual or functional

subcut aneous adm ni stration would explain the reported |ack of difference
bet ween subd@Bheousomagraupahaviasperieh Acvstemieadministiation fyeyhehhas

admi ni strat ko, cﬂala&aﬁtehlagaﬁltﬁaem;l] i JSeHEBH MERls Q{Tt%ﬁwr‘&@&hﬁa‘ﬂ

reached, the concentrations at eac tTme an € areas unger the
curves. study of subcutaneous and what was descrlbed 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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3 27 January 2006 WO 031002175 PCT/US01/50862 (0009] Simlarly, Bressolle
et al. adm nistered sodiumceftazidinme in what was charact eri2Zddmasy 2006
"intradergmnl " jnjiection using a 4 nmneedl e (Bressolle et a J._ Pharm

Sci . 82: 1Modspid > 1093). This woul d have resulted in inj e%‘%%ﬁ‘“(%“& dept h
of 4 mm bel ow the skin surface to produce actual or functional subcutaneous
i njection, although good subcutaneous absorption woul d have been

anticipated in this instance because sodiumceftazidinme is hydrophilic and

of relativgbyodjow BRhiGGH Biressbll@éttal. 2HRMAiOErAINRHNGH catDiimeepaHbed on what
was described as an intradernmal drug delivery device(&U.S. Pat ent  No.
5,007, 501) . Wasjcherarsrzehds (indadeamaly pigctins ysinga 4 gupweedle Bawliestal nj ect i on
site was int to.hs. . i on, i 1: Sk €., the

it or face bel g (s B AsAHTE. B0 InR Gt Ve rele R Mifiich-65; | 12

derm s or sufepth chaemtsbdlow Shkeskid irfack e prodaceact il \we Yigrctiopslovi ded no
teachi ngs that woul d suggest a selective admnistration into the derm s nor
did the refsub@xancoys ion o3 (hop sk £pes] wibppfaneays aksaBtiPR WaHldddvageen hat ni ght

result from oL ?ﬁm ISt .0 : ~ mai ns a
conti nui ng ﬁ@égﬁggg?%ﬁﬁ%%¥éﬂ aﬁah§§%gﬁﬁ%€ﬁ%%gﬁ$ékﬁﬂyeéwégggf%ép

admi ni st r at irelatiodly phanioiettdrivedghtsubst ances.  SUMVARY OF THE | NVENTI ON.
(0012] The present disclosure relates to a new parenteral adm nistration

met hod based on directly targeting the dernmal space whereby such nethod

dramat i cal | %’[Pﬁg@ﬁ{ f] A%B&epgn%glggg@gieﬁ%i& t(»faﬁhe?c%e@?é‘éﬂﬁﬁ%é@?‘dtﬁgg%e( PD)

paraneters Istere nces. By e use o I rect rmal (1 D)
adm ni st r at i dehivenyalesich €UéaPatnt Nef £005601)0 Iasctitar wasd indoagsdo beans, for
exanpl e, using mcroneedl e-based injection and infusion systens (or other

means to acti &'e P‘}‘?fhﬁ_r”@éf“cf%%tei Wi BirRsrhie by R reien BHRF L oki neti cs of
many subst anggR.rmid) el Ui HakeFh 05 1RBh Bk 36187 his Gnd WRSIGRFES thiviHi&{brar €

especially protein and peptide hornones, can be altered when conpared to
tradi ti onal faheddraiis oruibtutastauatissue. ks referafceshibeerespeovudedne i nt r avenous

delivery. These.findings.,are pertinent not.only t 1 crodevi ce: based
i eot! on mostrCines st SiraeR el oadtiaianon bfe fie dentnor Gid e
reference suggest any possible pharmacokinetic advantage that might result from

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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WO 03/ 002175 PCT/ U501 /50862 net hods such as needl el ess or needl e-free
ballistic injection of fluids or powders into the |ID space, 2VHancux20G6pe | D

i njecti ced i ont ophoresis through mi cr odevi ces,
deposi tlo‘gﬂ g@ﬁﬁpm d, solids, or other dosing forns into tPﬁﬁ%ﬁw ﬁ“zn scl osed
is a nethod to increase the rate of uptake for parenterally- admnistered

drugs vm'thout Ny ces |at at Id?ege I V age&sg_ﬁe %Iﬁst gr#cg‘lé(rfgphm?gnpé%cgl ef fect of

this dellvery S prOV| Ing a s I eve maxi mum

bl ood concédntorthé UD@pEQ:f‘: Mentslivigpe Podjenionaénhanced ibatophdesietlirbsgh ncl ude
hi gher maxi num concentrations for a tgl ven unit dose (Cmx), higher
bi oavai | abimicisdeviess @nd dppet dspesalien oW, soligs ar phisT 60%?&&"“61‘“0 the

phar macody nRMR. aSisAbsedls Bnfihddlo RELES IS, it JREASEERAHGAPROt ef fects.

Accordi ng present 1 nvention, inpr ove Inetfics means

i ncreased mdﬁﬁmatekﬁtnrhgiwnh@lﬂmeemnedmgII‘agactessceO@asn,gglﬁqandmﬁasled Tm x, nore
rapi d absorption rates, nore rapid gnset and/or increased Cn"x for a given
amount of coiepbefthisaghy sy srahedis pedyidiag @ gheer TowbiRBRASNEYe i nt r anuscul ar or

ot her non- InYaﬁWu%l@&@tor#@ﬁ@ﬁno%fotqﬁ Otgrgggllio\(ﬁ{t% c&@ﬁ%@?eﬁ%ﬁé@h O?é%’é lability is

meant the total anount a given that reac
conpar t menthigheninsaxiraugesoacaltayonetas a goen asit tihee @.@d, gher the curve in a

| ot of concentratjon vs. tipe. By "lag tinme" is t the del a bet ween
the admi ni Sueakelanlis ffé)r%b%g\?mak%fﬁﬁfstfgﬂf&ri‘feidﬁeaeég?ag?@a&i’ WaruEidbl e bl ood
or plasma 'tﬂeﬁ%g&al Jf@é%% hx?d Rd¥&dUfug @woeéesetg nﬂcécﬂ@m&'tgﬁlet&es%ﬁp' eve maxi mal

bl ood concentration of the conpound, Cmax is the maxinmum bl ood

concentr at |mVierttmacnlmnlowdtﬂhamg}okmtld@mealannbreaj;ﬁd bigvaidabiloty, deetrérsed The tine

for onset is.a functi,on o as a o{{ se paraneters
s R

i nfl uence t/A%HNE( %geggisﬁp;&lmt“‘o"‘é’EfFﬁaBszabéo‘Bf‘B’b)édt?sof”ocrﬁfad’é sue)

concent r at | QR/REEEER8E T, 5, For & BRkh %ﬁxo@nttﬂf%ﬁi b@r?d acﬁﬁxfr@&éred -EBH%) afdidoCmax can
be determ ned by visual 1 nspection of grap ical results and can often

provi de sufsubeytergous,nhigamesciitan ot othe arpferafrotennsiel g delivary st rati on of
a conmpound. However, nunerical values can be determ ned nore precisely by
anal ysi s using Ki neti c nodels (as descri bed below) and/or other neans known

to those ofjoefd)l | By Hib® adlailityli0GHedht the tdltamouhascfegiveg dbhage deitmal space as
taught by the invention provides npre rapid onset of effects of drugs and
di agnost i c T6ahst hrcleod qdrePariya: dpis ingsneraliyourrguicd e taqdye @“rféf‘éé ¢an be

rapidly absé?fr@ee‘iil 3{] B@éﬂn‘é éﬁ Ys, Qs '8 S)b"‘itﬁ%ﬂ b3 Qrﬁttﬁé’{jélz%d

adm ni stration sel ective accesse er rra vascu and 5
between the administration of a compound and time to measurable or detectable

blood or plasma levels. Tr,y is a value representing the time to achieve maximal
blood concentration of the compound, and Cr, 1s the maximum blood
concentration reached with a given dose and administration method. The time for
onset is a function of Tig, Tmax and Cruy, as all of these parameters influence the
time necessary to achieve a blood (or target tissue) concentration necessary to
realize a biological effect. Trax and Crax 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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27 January 2006 WO 031002175 PCT/ US01/50862 | ynphatic mcrocapillaries, thus
the substances may exert their beneficial effects nore rapi dl3/ Jaheary 3006
admi ni st r%hi 0@. hi s has special significance for drugs requir.i ngp rapid
onset, suth%d%¥3ulin to decrease bl ood glucose, pain rel PEI/USBURPBES for
br eakt hr ough cancer pain, or mgraine relief, or emergency rescue drugs such
as adrenaline onr _anti--venom . I n re_al,so el eas in. pulsatile
fashion wt hﬁlgllprh 3%? éll(gﬁ%ae'illl%nue%l’zt%‘8§ &el S@&%pcgg%ragﬁfggé}?eé%éegﬁglga?%%c?f%I es

i ncl ude i nspbtdraplidy thas SKEddERGREation. BSPRRSPedial shirohagice d@br &gligsrul us, for
exanpl e high glucose |levels. Another exanple is femal e reproductive
hor nones, whicdRirigdapid onasiseigh as insuhip tq drcssasaboof glyseps prin wliebssh@s. Human

growt h hor no i [ - i in I i fashi on
during oi copltt PrRsSEn Rt SRR of BRI o Gt BeAck el oin 200 2
body r hyt hnsagiddrénasiabheiti-eebnlgNateavufidses akd Kevre€ased in pwiyathet t er

facilitate sone current therapies such as blood glucose control via insulin
delivery. Maf#§hienmidm raatdt%rws{)@ratfoti%%w rpd eleprgaesd Fompries melwden punps
Sarting for Thdin g E3kRART AR B op S M RREE BB iV 1, 10
ascertai n i nglueade-levele Mhahtreaxamipld isdeale repredidtive hasndespwhghwen, w t hout

overtitrating, and, risking hypogl ycem a., The re rapid PK/PD of ID delivery
el i m nates niseqesest atttﬁvgmgwésmmﬂﬁ%g‘?%ﬂlw[ﬂoéﬁg}a%m*fﬁl hofmangiinalédnt ai ns two

layers, as di&&gé@ﬁ%(ﬁ?‘ﬁyﬁatieﬁﬁ‘?ﬁiar}ju%lil?’fashiér{"gurﬁfg depNhidphefehibws The
epiderms is nade up of five layers, the stratum corPneum the stratum
| uci dum t hebetter ditenap ygsyamuhoking the hatust bad wrhyspnneghsyathetic diwg st rat um

erm nati vum and t he rm.s i.s de u f two layers, the u r apil | ar
Lo o e T b aingg, Likeise, f Spestir Belhart Some SltER ik B o g
epi derni s vagiosa ofucB% tdntioY \MUAbutQdiRElyY NI ourr@RBatiint gt B @Bpdritdll Vi dual , at

different locations on the body. For exanple, it has been reported that the
epi der m s vatdlessdilpon"hnsltimguenpisrapgrhimidengd by ohe delabperiodd@tweemd t he dermi s

varies in thickness ranging fromijust. bel ow the epiderms to.a depth of
fromless th¥ "Ims‘%?ﬁﬁg tﬁegrgﬁgnlagg;«vgkglgoﬂor@ﬁ 1038%f§a1tegfefht§’tocﬁ%2¥m§ to about 4
nmin other rREEOPRGifAEult tBckredy idleabtfle MhetiReBuffilRRnpRishiif Uhdeent Udy report
(Hwang et al., Ann Plastic Surg 46:327-331, 2001; Southwood, Pl ast.

Reconstr. Sugiyensvisai gygtitratmsand rekipgybypogiycamia. e marcerapslPIFD glig,

1966). 6 ID 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 um 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).
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intradermal is intended to nean adm nistration of a substance’ Jahgary2606

derms i nner that the substance readily reache Jechly
Vi ey

vascul ari zed papiTlary derms and is rapidly absorbed int
capillaries and/or |lynphatic vessels to becone system cally bioavail abl e.

such  can 1 egghg) 1 o8 ALAREIRNInileinl iSHRAUANGEE ddinkiRRREn 6691 0N Of the

derms, i. e papillary derms or in the upper portion of the relatively
| ess vascul aubstet¢ecintcathe detarimimssist @hmarinat thizhéhe subrsdren ceadilyadichys thef f uses

into the papillary derms. Lt i bel i eved that placenent of subst ance
pr edom nat el §hY Vécﬂgﬁlzﬁfﬂﬂp‘liﬁryﬁéﬁ@f agg) 5 fepid .%’Sﬁﬁ?}egl‘mi’éhep?@? rably, at

| east about & ﬂlam%’ftgoﬂlgﬁ hREETQEAPLY b Rbmk §9REmRARY bioalaifatlN $iRpL © @ depth
of no nore thgn about 2. nore preferably, no nbre than about 2.0 mm

and nost pr efagrediltyfrovo phmementdithapdatande in thenuppdr regies of theidermis apé. d
absorption o nac,jjorm%ecul ar._and/ or h¥dro F‘E‘bié sugf}ances. Pl acepent of

t he substan_ct © prY¥adH GrAT Y At dPegE B ”‘8%8 r _ﬁtd‘/e Shr gLt { portion
of the retifhdysudRH: thel sibRBhdeQUSRH] RS Whtb tméﬁpa_tph@arﬁueﬁh@n&qsbel ng slowy
absorbed in the | ess vascular reticular derms or in the subcutaneous region

ei t her of whhetievedbihatiplaceszank of ¢ substagoe predabsately plohdepth phetrlessbrleeuil ar and/ or
hydr ophobi c bst ances. .The controlle elive of a.substance jn this

o space BATBuRPPrpEorr 4F (oot Rbpi i i PR neEGrA HOPRT ablly
sufficientlypahauepttba depth®fhdaford elane®But e mnslah e prefachbl ) @o shdreut aneous

ti ssue, should enable an efficient (outward) magration of the substance to

t he (undi st uhbeahous drmimaandanest pyeipiablyi o mededhascahout | drpmped! resit inhe
papillary derms), [ecl an.b S Lnto. temcsircul ation via
these mcr ocraaB'idls%bgcr)ri\ﬁggng\an%%rg)fn l%ﬁhaggg%ﬁggqr%?méﬁml S?\%? tragcgéési tPcfa fy“eaﬁ?/fl ot her

cut aneous tith8 yebstarp prddomidately @DdrédteAdgitieindianintbithe Riwdr pertionvemhd on is to
achieve nore rapid system ¢ distribution and offset of drugs or diagnostic
agents. Thi srefigular dgmpsisbeligved to Bxsult iyt sHBY #sR dsingBipw lyrbsetRedBhe ar e
secret ed i n 1%590%!5&%15} Jeﬁ Jlﬁs&g % or Y e %‘bg@t né:r‘)fug ?%én Qgﬁrﬂfm&ﬁl%&ﬁ with
havi ng conti nuous ci rcuf ati ng levels o SUbStances — adm ni stered. very
pertinent exasyt m iedudedrmbdepti@po bdaabnetechiar amiash idhgthobacdubsthhgeshave t he

oPES) L2 SR Lt R B S 8y (0 Bl
regul ate i nsyins QRERLRERr BN, iUt SHABEhAY RVE 1RERBrAcY bbdveed 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,

10017} 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.



27 January 2006 WD 03/002175 PCT/US01/50862 [0018) Anot her benefit of the
invention is to achieve higher bioavailabilities of drugs or 2 bgnayt2066

agents. ) syehiAact has been nost dramatic for ID adm ni Wﬁéoﬁﬁo?& hi gh
nmol ecul ar wei ght substances, especially proteins, peptides, and’

pol ysacchari des. The direct benefit is that ID adm nistration wth enhanced

bi oavai | abi lfpgdg) al hewrepHsiefRbeMe iRV tioR LRl achikl € RlgheMbibh@ailbilit@s| €SS
active agent. his results in direct econom c benefit to the drug

manuf act ur erof dnigzspe diegposticcagesisnmdihjs effsbldsdicey nfost dramptindend® pr ot ei n

th ti d di tics. Ljikew hi gher _bi ilability.. N
reduced overdMEERT TP Relsealata g wiplir s, preclliierdPieieidE o at ed
wi th hi gher sdagbni8acch@Rd&] ThRtiRer bedenekithat P adhfnismMRnt W RR ehifantb@

attai nment of higher maxi mum concentrations of drugs or diagnostic

subst ances. bivavajlpubiin elewhequvalenirplpgigal effeaissthilecistngddss astise aged. 1D are
absorbed morg,r ALl 4 Wt 1L ROl HSHAIH] Al RS HAL! M dERdl MGk shi aher
initial conceht i ons i€y n%st enef I cieal Tof SibstahEd®s whose
ef ficacy is cobih@fledpecidB Foradx pedeaitbleat therpedtits af@dfighaflicd. onset al | ows
hi gher CMux values to be reached with | esser ampbunts of the substance.

Therefore, Likewigedushabicssailalifyanay glog redneryd evsrakdnsoig andgisgespbe . as wel |
as a physi ol

agent "hoe © dNoRaRngs PR St AR RSPhBEMIRE: De, Denet i of theo

invention is no change in systemc elimnation rates or intrinsic clearance

mechani sns of drugs or diagnostic agents. Al studies to date by the
appl i cants HA0¥Inai Amatheebenedid of Hipdnegpdion iy We aftaigmeat ¢idHehermaaxigium ¢ he

subst ances \GatattaAsny el S idnaloelngnolt e iTilcdork BEUERURS il dosi ng

route has no change 1nt chanismfor systemc clearance. This
i s an advanubgaoes aimamstered dDurabissoybesitracd papidly, wsthbotusdelgrimdaitiean and

cl earance pathways need .not be reinvestjgated prior_to filing for FDA
approval . Tiieeliing iy gherjaiiak segranraionm Jﬁl%ﬁllﬁa‘i“ cb(’iR?ﬁ‘fé%liffeés%bP%HG‘ifoi nt, since

it allows preglise te?fl?(ia%f;' gsy refiked @q{ﬂﬂ%ﬁaf BB ationO The MRS P%’é@ §RselBNoPE

elimnated fromthe body nore rapidly if their clearan mechani sm ar e
concent r at i dnglte fandertes tBibeaeached dithilesseryamowdsidf the substingheTh@etore,

cl ear ance gl e R 08 AR eR% oMl Ao R chif e LS as TBRIARHTLY o s
benefit since lesser amounts of the drug or diagnostic agent has to be cleared by

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.



27 January 2006 PCT/USO1/50862 [00211 Anot her benefit of the invention is
no change in pharnmacodynam ¢ nechani sm or bi ol ogi cal responsehimohani2866 As

st at ed aw(gg/ﬁg.;gi ni stered drugs by the nethods taught b¥'Ctr Oilg@é(,)'&cants
still exer :{?‘IEI Ir effects by the sanme biol ogical pathways that are” --

intrinsic to other delivery nmeans. Any pharnmacodynam ¢ changes are rel ated

only 1o, the 1BhE°r CRAGIRALLRLEST B i ARRGALAN Y RIMBAAAGEmANT drug or

di agnostic concentrations presen ol'ogl ca em (00221

Usi ng t he nehdéubdsismfortbhdogicgisesgonsamiectiansm,. Adstnedabond, edhinigeregdounds may be
adm ni stered as a bolus, or b){1 i nfusion. As ,hjsed her,eﬁiﬁ&, the term "bol us”

i s i nt ended dreeshyZAC i hads GtEnt hythe;agp ants sl ethitheir ¢ffeets bibe 58Ricod  of

| ess than ter : i "Lnf usiant JnS.. bpi n the delivery of a
subst ance O\ﬁ?lgég%liﬂr?eﬂ%qﬁi%&% %?@ﬁé@?ﬁé‘%‘?gﬁ‘%?gg‘gaﬁnﬁs It is understood
t hat bol us phdmhavod yiatic chaigyes del relatdyontyate the ddfrercegatbernswf t h rate
controlling neans, for exanple punp, . or have no specific rate controlling
means, for RBFABPISEY ‘é?PPeé@P?Q’iaH‘? RS B e12gney SR NHOPRENTAIERBRTEECA N t he

i nvention i%h%@i@}b alg;,stérne physical or kinetic barriers invoked when drugs
passes throug econes trapped in cutaneous tissue conpartnents prior
to system c absorption. Elimnation of such barriers |leads to an extrenely

broad applicability 1o varioys dr cl asses. Many .drugs .a%m’ ni stered
subcut aneous‘ﬁ@ydxer S{Wt‘r’it@e H@BWSBFE‘&@FSQ_-“ ‘Phcé’ﬁlof‘sl?haFﬂgceHF‘ﬁ is slowy
rel eased frQ@hifdgndXmaPse sdministéiBl 6ha b&lub,%r%?%’ﬂ@?i@n. as s&ehdrahe et er mini ng
step prior to system ' absorption, due to affinity for or slow diffusion

t hr ough t he tém t'§olusids pueralet itg s\gan amhmounidhaitis ¢flfverad widlsnlatteng persod ower Crax

and | onger Trax,, CO ed to LD and,can result in high inter-individual
variability Oc#esélsléagrtﬁ?ﬁot TINHES.§ Bgf‘f"g%t lsilnte%‘feélgoﬁ%?apiﬂﬁee%iwfrc}'ro cbrparison to
transder mal sdBbthivRIovenBtifeeriol Bedatedl ki@ tARED) Win@as Chisuaedsebdgyat W th or
wi t hout perneation enhancers I ont oghoreu ¢ technol ogy, sonopheresis, or

. . S . - . .
st rat um comehohvssipistatis orglelivenytcry Be carmeh oUWt rain selFRling means; for
technol ogy rel | 0, [ I t1OmM t j i rmeabl e
stratum comeeg(rah}n §rﬁeaa @brﬁ%e%? r?%?é %Jé%are?glrcsr}.gtelfg\&v@@?igé%gg%%ggaﬁ}péﬁ%rI i pophilic
conpounds cawrlfingagdn.t his barrier, and those that do, often exhibit
extended offset kinetics due to tissue saturation and entrapnent of the

drugs. Active transdermal neans, while often faster than passive transfer
means, [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 T,
compared to ID, and can result in high inter-individual vanability 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,

9



9 27 January 2006 WO 03/00 2 1 7 5 PCTIUS01/50862 are still restricted to
conpound cl asses that can be noved by charge repul sion or ot ¥Erjagh&92006i C
or electrostatic neans, or carried passively through the transient pores
caused byWO&¥MU73Ion of the tissue duri ng application of sBUHYSHAPEE The
stratum conmeum and epiderm s still provi de effective neans for inhibiting

this transport. Stratum comeum renoval by thermal or |aser aplation,
abr asi ve nea?r'i%s“léfesgt%%dr%c@@i’ogf“i" Fhasaea&@écaéx RenQY by sharee ffiB" K95 tat e

penetrati on of. WRkRicHr eﬁif,rcﬂg&atlc Rlch®RChr LdPiafpsBivaly tﬂ}dl%'ﬂ thY e iRGAani cal

means overconmes the kinetic barrier properties of 'skin, and is not linited
by the phar mereldausal b)ocavphlym obibh ¢nsuealuring apglenative sf sdurtheaves. ugher its
formul ati on exc ients. 8{2 Anot.ﬂe b& ‘?'Fff-lt of the II’]VGHIJ on is highly
cont rol | abl S"@HER AYNEHE; el PSR e 2B [ AP REBSNSL | D

i nf usi on st ugj s, haye, AETPRSIS Waﬁ?ﬁih@ﬂnﬂr&ﬁés@?%lﬁh@ﬁ BEBRIAY

control | abl e and predictable due to e rapid onset and offset kinetics of
drugs or di agrolsiriviseag@éhtaskstediivieg éacdio fatilitate panstratioThr sptaké ofrdrugh.nost

absol ute control r .the desired dosi regi nen when ID.deli.very is
coupl ed wi t B T AdMiHITYAn HemAeagiabRsaE QUGHORSe 15 SRetis PRt egul at e

metering of ﬁrB?erﬂEy&f Kin, %@%@b‘itlinﬁte%%r‘y%e blﬁ‘irﬁ‘na&é]ﬁnc@PthyIﬁb@he?ﬂx@ﬂ' e benefit
al one is one of the principal goals of nost drug or diagnostic agent

del i very netpropstieBo] the dfug gubssfoamdetiedencmistts.at i on as defined previously
results in kinetics nost simlar to Ninjection and is nost desirable for
pain relieving conpounds, nealtinme insulin, rescue drugs, erectile

dysfunction []OOM]DOUﬂdﬁthéP'belQéfh%lftWMG&ltfbh@i mgﬁgtuoh&onamedogﬂget Al so
i ncl uded woul d be conbinations of substances rtﬁgabl e of acting al one or

synergi sti cmegynenﬁxiféndpﬁgantsrk@w detaamined thet B2 indusidu sadieshave a | nfusi on can

effectively take net ers, , but ter,.-pr bility.
This profi I e |n§°n;§g§f3 fl? y g%sot ¥ lgg}}'bsotmro el;s]'ssu‘glﬁ)md“R 6"19 ?chor nones,

or anal gesi Gse rd;ﬁdﬂ@ﬁietdﬂﬂ@ﬁfidﬂﬂxdeﬁ&ﬂ&ﬂ&ﬂ%s ortdifinealid ygaiits dlesmefedluyfmssl on rates
can result in conti nuous | ow basal levels of drugs that is _desired for

ant i coagul arfeute. pddnaliqwssalmost abselytecqontni %Vef)&lerfieﬁ'ﬁ@? dpyng MeEmen WeeRet i ¢
profiles Canﬂﬁ%elﬁ%?)fs%g 1%@%'%%1%%03@&% sBP ﬁx)ém: tfol@%ﬂaﬁtt? any kinetic

profile desire exanpl e wou be to pu satl Iver ertility
hor mone  ( LHRE)lafeanetpriegnfthe Yragoiudisgrostic agentinte &ﬁ;Lbddgs Thit #nigtet t ent peaks
gver y 90 mal?r{]ene 1tsal\(g\'}1et 1}; (}ngto?tl1ecgnen%lip% ggalsbgtlmost gucl)rsglagno%tlrg%[genetxanpl es woul d
e rapid pe

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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onset of drugs for mgraine relief, followed by |ower |evels for pain
prophyl axi s. 10 27 January 2006 WO 03/ 002175 PCT/ USQ1/ 50862 (@G2siuamn2@lter

benefi t t jovention is reduced degradation of drugs i stic
agents a(r)l‘&f)é)?ﬁﬁir{g%si rabl-e i nmunogeni c activity. Transder Mgﬁ%ﬁg& usi ng
chem cal enhancers or iontophoresis, or sonophoresis or electroporation or

t hermal porati reqgui re that. a.dru ssS .t hr.ough, t he vi ab epi der mal

ayer . whi OORss” e ire bR e PR g R ek Roltb St TBatf

conver si on Odiagfdhs h@heLmd/dt dndesiRBicdfinMirdgOic 3685t TahddeBmBlymethods

i mmunogl obul i ns reduces the anount of drug avail able for absorption. The ID

adm ni st r at | WanE¢heaueal ephancelsios lonsepitoresis, PySPORRITAYS PheleelfRPIHIAEt |y in the

. adm ni st r st | enihenuial enbionsios oRaiisrein byscEbBIAYS o et |
enet 115 of PRENRoEREr SRR AR LS paSRobd e i e bR B Cr ot on by

the papil | aryhidgmat highneetibholicand iahuadgdded icteity. Metsbdligsonvélsiagdst i ¢
agents, and ot her substances to the dermal space of skin. The inventors
have found tfibstapgesdp e apideamisyorisgausstrating Bynenmynagieluring redyisesci®eand
controlling th r nd- r f..delfyve ] i i €

exhi bi t ed by;“‘s}%%“é ofifug rvg%;go%%goﬁ ag%°3pﬂﬁ'gx¥)ﬂéec‘?ye%l‘f‘§‘rﬂ?5}r‘%p§{}gg?‘ﬁg%%‘?%:g‘ﬁss in many
si tuations bgro¥Rid Bgplating thiedr diregly @l thaderalis, athsabvipaging theebidermis

phar macoki neti cs cannot be as readily obtained or <controlled by other

par ent er al agfirelyst rati on routes, except by IV access. [00271 The present
invention inproves the clinical utility of ID delivery of drugs, diagnostic
agents, and ot her substances to humans or animals. The nethods enpl oy

der mal - accespo0Relans THesy areixahgy] benefits wéltHe igemgieon neeathéved bgdaectdy | y

m croneedl es), to djrectly target. the, intradermal spa and to deliver
subst ances t rgq%giamqr&t&g{%q%egwygrya@ngls@g E’SYCBF‘“B eqcﬁ?lws% .41gShas been
di scovered t!i‘i%%n&sh@ a?éxﬁ&%ﬁ@@fhepgul}sﬁﬁcgewwdé?*ﬁlﬁ? cé‘BPﬁén."“l‘E@lﬂeBﬂBﬁs pler m s

provi des for efficacious I'1very and pharnmacokinetic control of active
subst ances. e foderdthbt acspesidicalbansgdting she idesdgmeatispese tind pordiodhng theakage of

the substance fromthe i.n_and i oprove adsorption within_the intradermnal

Space. The plad: HETERFRER 6L P e PO G GRS Er Jo SEUF drieg oFb  he

net hods of t Beundxp¥Qedly dpha¥e 88 fitmasl fitalSnyBstdrieddiitl RESRhgt 0 the

phar macoki neti cs of conventional SC delivery of the dr ug, i ndi cating that
§

I D admi ni st r elinies adeantaegi Sych pbarmaeokinetivs dennst be herdadilz ablainedwitl | provi de
I mproved cli Qén(fr%llleﬁ %?%Me? parla?llelra\f%%inistration 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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devices that place the dermal -access neans at an appropriate depth in the 11
27 January 2006 WD 03/002175 PCT/ US01/ 50862 i ntradermal spac/ kndary@adé ol

the volu Ate of fluid delivery provide accurate d t he
substancew 6‘ED(?Ohe desired |l ocation w thout |eakage. [0028161\1!6"%?%%“@;6@ is a

nmet hod to increase the rate of uptake for parenterally- adm nistered drugs

W thout neogaslibatladRReRas T YL BpRLARk RSB SIOUIR! T X

Potential cOrol rations for a

gi ven unit d&s:eaté@ﬁlﬁiv@ry ohtl@hebstmdaauateldbbiréd foy atisiDWRBhéw@pedkagaiset of
phar macodynam cs or biol ogical effects, and reduced drug depot effects.
[0029] It has al so been found that by appropriate depth control of the

der mal - el op WML At ﬁterhglﬁEﬁﬂ}%éé%th%ﬁeﬁﬁﬁgggﬁkftﬁ?ﬁ)ea%]ﬁéﬂm oki net i cs

of hornone de ivered acco I nvention can,
i f requiredadmpfisielied @nsdsnvittaiut atdesdiaahg Néatddss. Thistelfatt mbvidleny emitanal SC
del i very of the dru? [ 00301 The. pharnacoki netic¢c profile for individual

conpounds wilimhx \Pgigpliaheqraliary hgnetys t%&‘déﬂ’égﬁeéﬁtaxﬂF'HﬁéPPF%faﬁPllgtf?éaconpounds

For exanpl e, b ﬁg 55} a yg} ¥ndr@t ed Ybpg a nol ecul ar wei ght
of at |east gi‘%ggmgatqa ""”Q’ BT as bit 8r o Ou?\ s of at least 2000
Dal t ons, at phﬁasicodﬁﬁﬁnaacbrthmmglcaleffe(eaﬁhnd tedp&dd0drivg depmeffend. | ar ger and/ or

hydr ophobi ¢ conpounds are expected to show the nost significant changes
conpared to traditional parenteral nethods of adm nistration, such as

| nt ranuscul gg](inlgjubcute@a@&se&rfoah@éef i ?Isrew&t i&th cbttrbﬁoft%@eﬁta@d t hat

smal | hydro c substances exhibit simlar kinetics
for 1D del i vaereps oeamawehintie mttadermabsinod shat DESERIFPIdoRMeTEs HEOMRAA NGS

00311 Figure 1 a timecourse of plasma insulin | evels qQf intradernal
Lorets supedtu delitEe ferordRe i e frdbe ot B ke ton p i Feadisdny Fi oo e 2

shows a ti meeoies inffar Bligiesl B UGS thak BV &drve@odaN S CAREN AR of tNEA RS
subcut aneous bol us adm nistration of fast-acting insulin. [0033I Figure 3

shows a corrparl son of bolus ID dosing of fast-acting versus regular
different r ader mal

nyoction ddp 1 ofreariecoRind fgrhreat bodie i FheH AR T mecour se
of insulin |a66tﬁdhi‘agl@the chemical properties of the compounds. For example, compounds

that are relatively large, having a molecular weight of at least 1000 Daltons as

well as larger compounds of at least 2000 Daltons, at least 4000 Daltons, at least

10,000 Daltons and larger and/or hydrophobic compounds are expected to show

the most significant changes compared to traditional parenteral methods of

administration, such as intramuscular, subcutaneous or subdermal injection. It is

expected that small 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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27 January 2006 WD 03/002175 PCT/ USO1/50862 [00351 Figure 5 shows a
conparison of the timecourse of insulin levels for Dbolus doshRga@fary 2006
| ong-acting insulin adnmnistered subcutaneously or intradermally. 10036]
Fi gure 6 Y4@83%02¢ow a conpari son of the pharnmacoki netic aw&ive®ilspPesy and
t he pharnmacodynami c results of granulocyte colony stimlating factor

delivered intradernmally with a single needle or three point needle array,
subcut aneousIWSlor Figpread ehirst sempagigary ofhs fimesowrse 9f aﬁallrtb‘W§Hch a

conpari son qf, s ’Kgo?ﬁﬂt Oﬁglrgsmmaﬁ'ﬁﬂ%lez%d sﬂﬁéﬁﬂﬁbﬂﬁkopﬁlth\ﬂ in¥alRy bol us,

short duration, dur usion wt conparison to su cut neous

i nfusion. [Qm’.}iﬂ Fi Biguee G.indshet«macbmpmmrdehmhaphtammnqyamﬂmﬁlity | evel s of
i ntrader mal S|ngle needl e, |ntrader array and subcut aneous bol us

adni ni st r at i3 tepErAN G YPRBIERP U g@ﬂ“*HQEéIWI“N l3tgde4toThe present

| nventi on prd%t’bél@ rﬁraﬁgﬁmg&fﬂ%u e%‘e’&'l%'o?t E@ 1HPHéedEe>’ dﬂﬁ"very of a

drug, or ot her st ance t ani ma | ect ectly targeting
the int radersnhiutamam&y, omheum/ehbmlydrug or substance is adm nistered to the

i ntrader mal ace t hrou Qr re dernal - ess rrea S i ncorporated
within the [B&¥ilce. Featf‘gtﬁaﬁ@@% 1PﬁHD‘§é&°5tP€B?9ﬂ?1‘§J°Wd“‘Pﬁ Het'ASHS of the

I nvention hay gamp %dérﬁﬁneetterﬁwbt@tut sttbﬁrdttpa@i%l BRE a6 PR HRRHubBh Wiy and nore
clinically desirab than that observed for the sane substance adni ni stered

by SC inj ectqompangcﬁﬂéembdthmedes mhilsiaccess neans used for I D administration

according t vent |s not criti as long as,it enetrates t he
ski n of g sﬁB{’@gt tg‘gPFFe H WS MECOMERG S (H’adglﬁtgﬁ“ﬁ?mme‘te i ntrader mal

space Wt ho%trm%%hl%%@ﬁm 1ht¥adehﬂalrﬁﬁ%& an§ 89RRuitankh® GhYd ce wi Il penetrate
the skin and to a depth of about O. nn The dernal -access neans nmay

conpri se coradentis@atain. i nj ecti on needles, catheters or microneedl es of al
known types, enployed singularly or in nultiple needle arrays. The
dermal - access neans may conprise needl el ess devices including ballistic

i njecti on dgYETAH.ED DESCRIPTION®H THE BNMENTEEH| es” as used herein are
i ntended to enconpass all such needle-like structures The term m croneedl es

as used herein are intended to enconpass structures smaller than about 30

gauge, typ'@@id]y QY breddne 1N HRBH BroVRER aTHGRo S Fdr i Hp itic Hemfarl bYdr i cal in

nat ur e.
delivery of a drug,or other substance to a human or animal subject by directly

targeting the intradermal space, where the drug or substance is administered to the
intradermal space through one or more dermal-access means incotporated 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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27 January 2006 WO 03/002175 PCT/ US01/50862 cylindrical structures enconpass
by the term m croneedl es would therefore be of conparable digplgh

i ncl ude pyram dal, rectangular, octagonal, wedged, and other geone aI
shapes. D&preaberctess neans al so include ballistic fluid POTMBOHQBGﬁEVIceS,
powder-j et delivery devices, piezoelectric, electronotive, electromgnetic
assi sted delivery devices, gas-assisted delivery devices, of which directly
penetrate thyliakiicnl souginesicdeonapse by teoterrd edicnomegdles wdixhdehd:rb@ordbct oler
substances to the

eted | n wthip the d spa arying the
targeted depgPHP3Fab 1111%9’&"39 ag “E‘:ﬁ] pé’ﬁ%‘@@agﬁe%t?fégu&ér?ﬁ?gﬁéﬁé‘?gg%k y ’

phar macoki nejh& 0%8(41&39&%[ m%@@m&%zﬁ-aé?ék E%@an@ﬂ@@iﬂcﬂ!de@alﬂsﬂ@ g or
substance can be tailored to the desired clinical application nost

appropri at e ihctien dpagds mw‘émjpmqhenrty devosadiledoslectrithelecmemetiead dept h of

del i very of st ances access e .cont

Tenunt 1y by ST fi delf S B ES EReTuad deeru 6 ERnp ahiR

i ndi cat or MERRLY 9eﬁ&f¥k&ﬁ%%kme$réﬂ@e geskd ﬁgdgl%éfrlj'oi §1recftl§:&feh€é1 Preferably
however, the device has structural neans for controlling skin penetration

to the desi rsaibisteeqes to Vhetthugntedhecatmwadem ttmldesxpabwace‘r Mysvargingtist typically
acconplished b ns o ar ea, or b associated with the shaft of
t he der nal - gﬁ‘@y@?ge cﬁﬁih%gqeﬁﬁ?ry ‘?Sé Fses R tqﬁo T8 2S5k ™y structure or

pl atform to pMahGRcdkiiftioead bﬁﬁqﬁc@dﬁ{aﬁmﬁé POYRhhABOs Mthelirip ¢ir oneedl es as
derrmal - access neans are easily varied ur|n t he fabrication process and

are routi neISbetmeOéDG tan}prp@ggthpﬁgﬁreg qhmqaémgzlwatxm mhmmmteam aal so a
very sharp and

Cendati on” o g harhatitfisleofTiioh, AR Mipokd dbsth a0 8F SRR Rt "

invention asdermdi-¥écdsahesistdyebd ¢ohedlledhhodlBESY g p@éctiﬁéhéﬂ pi @itHiogr oneedl| es
may be assenbled or fabricated in linear arrays or two-di mensional arrays

as to i ncreasidhquighe assistagte @I%llﬂﬁlﬁéw nang feeingiepigrivhenghe degpeedseptd iglel i vered in
a given per 'r%gch%f OItIJ g%rab IH) ev%F(IIklxeeéev l%alg%trucl:tﬂ a?rrtPe?i 9%0?%ob@$lﬁn§] %’%H ety of

devi ces such~as ousi ngs t serve t he depth

of penetr at igunetrdtivh @ehdadsiRa depts mf&amheofhtrhdi&mmy@nél This igmys@l so
i ncorporate reservoirs to contain the substance prior to delivery or punps
or other ned¥BIcRY agemplished by Wﬁé"SoRfL?gW'@Fn‘%ﬁ Hep OEG‘Hé%Séﬁ%‘éteGNﬂ@rthﬁr essure.

Al ternativel g, atofie, gﬁﬁﬁa&g ﬁq@&hsttﬂzﬁrﬂ %&ﬁﬁ%f Yuéi?&‘re'o!r”keo'

externally to such additiona corrponent | V- ke p armacoki netics is

acconpl i shedlbforadtv whish ¢lrd megd bbis lagesattanhc:d The length of rmcroneedles as dermal-
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 1s accomplished by administering drugs into

the dermal compartment in intimate contact with the capillary microvasculature
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the dermal conpartnment in intinmate contact with the capillary

m crovascul ature 14 27 January 2006 WO 03/00 2 1 75 PCT/ US01256D862ry2006

| ynphat i c ngcrova_scul ature. In should be understood that the terns

m crocapi VPAP%Y®r capillary beds refer to either vascul afFCHUSIYIEfAL ¢
drai nage pathways within the dermal area. (0042] While not intending to be
bound by any theoretical nechani sm.of ion, it i | ieved that the rapid
absor pti on oadlggy\?g at&p%ﬁr%‘éﬂ%fﬂ?%‘fera@isgﬂlﬂﬁ?fe 8”%%@%3@321%%8 FE%¢chi eved as a
result of thaidibGbilRkiexXysepilpry Be@odfansleitherPhstiulf or YRRSIRKS drdinidee dermi s.
However, the presence of blood and |ynphatic plexuses in the derms would

not by it selfatipeaysxpdun s desmpl odaice an enhanced absorption of
macronol ecul es. This is because capillary endotheliumis normally of |ow
perneability or inperneable to nmacronol ecul es such as proteins,

pol ysacchar i [@@g2) nucVBilEn®Gh@ndiak YoTBE Bourdithisdnd o bl RecRAliRES attached
such as pegylated proteins and the |ike. Such macronol ecul es have a

mol ecul ar wedcglan, it sfbehievedethat the oarid Bedorsies obseryed upon adremistebien intar wei ght
of at | east,, 2000 .Daltons at | east.,400 | tons,, at .|l east 10,.000 Dal t ons
o aven’hr ghbF demnis AhiSed of b resiE R PRI ST B8R eFE RIS 0o Trom L e
interstitiumdsedloirnt the d¥imsis UHakveveQ (HR3TESFRE o VBIbbdlad Senphatic PrxexResct ed to
produce a rapid increase in plasma concentration upon placenent of a

phar maceut i ctiF deimis tvddenotitygtseHdegaperted topyodise amsahpnssd absasptintpefanat i on
for the unex ] n . r Rt L.QF rein i upon

i njection ofrggglgglt%}f%ggg gggtlgggcoatu%%/a%péaé%?‘F@Ortéegglgﬁ%t[}?g% aggﬁfplwary derm s an
i ncrease in pdroeebifityosy iapermeddid loathiycrpaoeabs huchyaspesteinks. For  exanple, it
is known that a pinprick insertion to a dePth of .3 mm produces an _increase

in bl ood fl okplasRgchanidss,Husleraacid pelamgrsathiiapes Bevingpelyalsasitached pichn
stinmulus and ti I i ] 1 . cro
vascul ar Reass%égga%éjzéq%gs Jé'gég?ﬁ&l‘ﬁusc h@&g@@%@éﬁrlff%%f@&te elmg‘lggr P\P/Aat ion
t hat an acut ef atileukt EOOOeDatons pespo higheemblectladweight eSgpdesse 2000 Skiltons,nj ury

produces a transi increase in d flow and capillar erneability (see
Physi of ogy. 8 EBhAHPAJERS, dhigeshp Qo8 Batons o5y hReE nETGeT RO S8 gond
Edition, L.AeifbAsdibg h‘ym thc o%‘iﬁggéjfrorh’@lhé/inté?itﬁﬁx% i6 Me¥knlar1 991, p. 1060;
W1l hem Rev. Can. '‘Biol.” 30:153-17Z2, 1971). At the sane time, the injection

i nto the i ntewoparmdnt Maybt alswodbepedspoqiredudea tapelrioarsaseiinpéasstai t i al

ressure. It is known that increasing interstitial . .
P concerlftrzglon upon placement of a pglarmaceutslcal suf;istance 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 permeabihty 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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pressure fromval ues (beyond the "normal range")of about -7 to about +2 mmhHg
di stends | ynphatic vessels and increases |ynph flow (Skobe et2Ajanuard 2006

| nvestig. 15 27 January 2006 WO 03/002175 PCT/ US01/50862 Dermatol . Synp.
Proc. 5: MO9%0022000). Thus, the increased interstitial prddSUped1/3884a2cited by
injection into the i ntradermal | ayer is believed to elicit increased | ynph
fl ow and increased abso;)ptl on of substances injected into the derms. [00441

By "i nproyequﬁhiéFQMtb’m e 9s1'4-19, 3090 he B, thsarcregsed HHeristbhPaess e
phar maCOk! n%thcﬁe(ﬂg mljnac 0n§ntg(m%‘ﬁl¥r%g(f1%sal [ES/@rsllgrb%Heveldqg leﬁé?‘m% eeclseci3 tl‘landar d

phar macoki netic j S concentration

(Tn, ax), thﬁ:mwmt;wdﬁedqibsmmbmlfswsaﬁlm ifijepeanttoakd dimiom x) or the tine
toelicit a mninmally detectable blood or plasnma concentration (Tiag). By
enhanced absorption profile, it is nmeant that absorption is inproved or

greater as g@ﬁ‘?&ire‘j g%@%‘%@d ﬁg%%Sﬁﬁé&%L itGs Ri%%ﬁt’lﬁ&t%sqnﬁ&‘c%ﬁ%gﬁf”e”em of

phar macoki n par rs a etermnation o lve

concent r at i @harradodkinetit pﬂfﬂlyis hidved aedleasnrdmﬁorwthp}éabye&n@dmal ned are
deened to be enhanced by conparison wth a standard route of adm nistration
such as, forPhéséaﬁ‘?ﬁkE‘et@Bb@meéﬁiéé‘tFé‘ as S4Rf RinRe! AR Coeenrtiesdivad

admi ni st rat'f?é‘magﬁ\ g# i ?B{mggﬁl§§ﬂ§codc’énﬁ‘zﬁlonﬁtgmx P Rim Mot d;:thH h not

necessarily esse m ni stration | intra I ayer and
adm ni strat |mm:mﬂl;odettémwlebbbdm@lzsrriaeoamhaasn smg):umgmelmm%d adm ni stration

i nvol ve the sane .dose Jevels, i.e he sane amount and concentration of
drug as wel |a%a%rptlweepgoa% iigpqag} ﬂ%%hserpéloawmmgv%r%{%@swasuwd

adm ni strat i,k EMOQB? ) H%ef@:&d mlﬂéﬁﬁu@ﬁ{enr ;%thhhg&er@ﬁ%s for

exanple, a nistration o gi ven pharnaceutl ca stance into the derms
at a concernaraandtem asddbteanind@6n gf niiniamatly effectivefcodGMtratioqeare noutirtely over a
period of 5 nut tl{oul d ref rably ge conp red to ggm ni stration of the

same phar natEFNELID WEAY: A f%“etdl‘?ée EF’SE:‘?jitt& SHhancsd X cqmpaEens o e

concentrat i qpith 9§tad@Rd 96Utk o?Q&’m[r@étPatn@B s&&%s'—fd?%&arﬂbl@%u%c@féﬁéou@ period of 5
m nutes. 100451 The enhanced absorption profile is believed to be

parti cul ar | yadeuiideation drontrambsautan adsiivktiationa e syphtcomplatisetssivibed when
i nj ected subcut aneou é uch as f.or macr onol ecul S and/ or
hydr ophobi ¢ %E%Eaﬁg%éﬁ du f By Bssseméqqqhatl ar‘?"ljgﬁg?téc?“ mﬁ ®wel | absor bed
subcut aneoushitad¥nfial Ri& d@YdRENdERionNRlo tABteferefce dilR&UER 84 aBcht@héddsve to the
capillary pore size, It may also be due to their slow
administration mvolve the same dose levels, i.e. the same amount and
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 pg/ml and rate of 100 pL per minute over a period of 5 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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di ffusion through the interstitium because of their size. It is understood
that macronol ecul es can possess discrete domains having a hyrr pRigdieos
and/or hydrophilic nature. In contrast, small nolecules which are

hydr ophi IW@ 03p®1715 27 January 2006 WO 03/ 002175 PCT/ US01l/ 3e88Rswg&agzal |y
wel | absorbed when adm ni stered subcutaneously and it is possible that no
enhanced absorption profile would be seen upon injection into the derms
conpared to @b%ﬂbﬁeﬁrﬂbﬁ@b%v&ﬁhﬁ@a@ub&%@fa%@&?ﬁtaamﬁsﬁi #d iat9 passibRethat ence to
hydr ophobi ¢ su erein i-s in t - OW cul ar. wei ght
subst ances, nfooér%%é%%?rp%ﬁseg}g{ﬁ%ns %)gcee\é/o%ﬁﬁ%%?% lgpcotlg;ﬁ gﬁcé}\e&} ’éhqé)ish%ldeégg[st han 1000
Dal t ons, whicehpagdacaby@pesn fdlouid dubgutaidoal admidismition. Reiatsettoal |y

i nsol ubl e [0046) The above-nentioned PK and PD benefits are best realized by

accurate dilvderhphicgubstanpesphenelds el te BSRP Iy (ofrsylar wangls | s

acconpl i she r ) i ) : f ss than about
250 m cron %HP ‘Iétgnc(i?’)z;f%nep?’!eaﬁpl%?%)%%g%%g%?%ﬁﬁjn@g%i%wéﬁé9(#1(? Such systens
can be constpaleihedvhigh hgvenauer sstebiliodehich iviem usbsmiteilliydhslutie! udi ng
steel, silicon, ceramc, and other netals, plastic, polyners, sugars,

bi ol ogi cal and or bi odegradable materials, and/or conbinations thereof.
[0047) It h en g r.; ol i r.al

adm ni st rat ﬁggpﬂnet hoggg%\ieg@%lgg&lgﬁ?ﬁr%[{a I yH%@#tﬁ%re%%gﬁag{ﬁg%ggg? ré{tcf:cur acy.
For exanpl e,ditect faageting @€ thefdeunal dapdlarypbeais e Maistis aécontpdishak dbreexaniplet wi t hi n
the skin significantl af{jects PKiﬂPD par rret%rs.. The out] et of a

convent i onalPYotsing mHdanegdissugiema oL s thap oy 25B aigronipudergigmstar.ad| y | ar ge
exposed hei i i edle tip
oy Do pl acad Ar Bt EkndR IR Sich s M o fend MR e | ar ge
exposed hei ghtthods ¢fhariceedlaterialstihdtndiogssels sifihen,detamierand whdysnetalse to be
deposited at ,a nuch shal |l ower depth nearer. to t skin surface. As a result,
t he substané@ast“énﬁ‘gy’tnﬁrsef?gd‘?eb ?g‘?ﬁ] ag gr@RiE?\grﬁ‘g‘glet'Batﬁgégp?’g]z%rure exerted by
the skin itSgldindidstRrgyressure built up fromaccunmulating fluid fromthe
injection or i1nfusion. That is, at a greater depth a needle outlet with a
greater exposed height wll still seal efficiently where as an outlet with

t he sane ex height . willk n seal. efficientl en placed in.a
et T oner AR CIORS BER fouhf g P Ealin STe Bl RS eiRed nei gne
of the needlfeibld fovidelclinfeelly baMuIPK/PDakAWosd adbiitacy AFBLeHmplolit hef W th an

exposed height of O mm has no bevel and is at the tip of .
een 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 a result,
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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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 eitherziggﬂgﬁi%@b6a
bevel or by an opening through the side of the needl e has a nmeasurable
exposed h¥PERPO21FY js 17 27 January 2006 WD 03/00 21 7 5 PCOVUSEEBISE0862
understood that a single needle may have nore than one opening or outlets
suitable for delivery of substances to the dernmal space. [0048] It has al so
been found tlﬁld@rswddﬁﬁtarsmgltr pepdiy@ap havesmer than piy ereningrorutlelsnt usi on nay

avoi d the hi p r i mnistration. By placing a
const ant préggﬁggﬁﬁf%ggﬁﬁfggn ?ﬁ%ggFﬁﬂggaﬁﬁﬁgkggbe a nore constant delivery
rate can be achi eved, which may optim ze absorption and obtain the inproved
phar macoki netics. Delivery rate and volune can also be controlled to

prevent the IP%%t i Grhasplsgbesn uad thai by sprigolbne fsi nrossuie efiaiceérppevent
backpr essur qafufsfoﬂ%g‘]a{yi{glethri] Qa%E(P'ﬁelss'u%; Eﬁ?&g%ﬁﬂg tﬂ%lﬁtdnﬁlfni]s#rﬁﬁ)n.s lﬁ#)gr ;’he

appropriate deliver ates and votunes to obtain ese effects

sel ect ed sulgicme £ comsydne predaire diredtBdorethp dijuideinteafat e/ a usiregorstdny  or di nary

skill. Increased spacing between nultiple needles allows broader fluid
e

di stri but i orfeliNeryira€ranleachiay s Whichqaiy QRIyize 8PSl Yedndrabigit theol umes. I n
addition. 1 5o RSB QUL AR DA ek MatSARINV Himk BiPEIkd B8 cofehi2l 1 Oduces
al plasna C a

hi gher initi evel s of ‘drug than conventiona m ni stration,
parti cul ar| yréwamt dreugandtloatofaviealbus depttie bl deli very and/tovredar badkgtéssureor

cl earance or_for co unds that have an affjnit. the SC adi pose tissue or
or " macr ondFeiE BHHSnE ECaT A GSEaNaus UL E gt RE ERPRBRFFRETRY s may. i 0
many Cases,ra@%mavv?m ¢S MRbP &in (HARRSEOE 8 EschithRi ABSENdOmBFp@dM ni stered via

the 1D route. [0049] The adm nistration nmethods useful for” carrying out the
i nvention idetdrogreedbdpbridbentaly asidg onfyusdioarydki . Jpergasefl spaamsbeawdernt her

subst ances to humans , or._ ani mal bipects. .A bolus dose is si.ngl e dose
Gl varoa. i oulngfEeaied B BrRaderttid Btburion 369 rr il FaRiTRb o T e,
typically | egadsBofiuiaReHimek0 1A LAULES - it hdsTHebS EFQUMIARATID ifkisRin RMnje&iBY | Ses

administering a fluid at a selected rate that may be constant "or vari able,
over a rel ataftesipjoduseshigherantadplasime l9yglsidddrug theh canveptiongleédt er t han about

10 m nutes. To.deliver a.s t anc ermal - ac S. .S | aced

adi acent ¢ o TRUAElEIS, pRLRURE) AR EubO ek e PREERS i 00 BpkeBoarudES i 1 i
t he i ntraderd@raie a¢ forafdethpolfdsSthbshae g affiniSWaIhabCadipdEetishat by &red or

adm nistered into the intradernmal space where they can act locally or be
absor bed macromolecules that diffuse slowly through the SC matnx. 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 distnibuted 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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by the bl oodstream and be distributed systematically. The dernal -access
nmeans nmay be connected to a reservoir containing the substanceraghary 2006
substances to be delivéred. The formof the substance or substanceS to be
del i ver edV@P3/0034Hi ni st ered i ncl ude sol utions thereof in pR&TEOLGI62al | y
acceptabl e diluents or 18 27 January 2006 WO 03/002175 PCT/ USO1/ 50862

sol vents, emnul sions, suspensions, gels, particulates such as mcro- and
nanoparti cl e&lveits.earulgongp suspensions, gelsurtsadatessclias mig-apd situ form ng

vehicles of the SaITe. DeIiver(% e, reser,voi.r i.nto _the i.ntr dfsr mal
anopartic, en

1 gither_su foF a trhed S SRl g i sitd] Eo 1n ehlclefo
space may olethiPee tfi’?_er_ pasgl veijy, WY Hout appli AP o ot he'eXt Bt nal
pressure or tHtdagle. WdliverydrérRansrebérvoir ifo ShbintraddihaPEpass Bsdyate@Seither be
delivered, and/or actively, with the application of pressure or other

driving meanassivEkanpiheyt apligpternertribel cpe@abpiesugepiephien ¢V ingrBwARs ©oncl ude
punps, Syripaess tgllm%Sotr%{]gsrtar[@gpor@éqgeﬁivegﬁsa&%&s %H(ngl’y R’hﬁ%l?ﬁell ga(fltcgt}lo%
el ectronoti ve, oL ec romagneti c punpil ng, or el fevirt e spri Hgs or washers or

conbi nat i onsf preeseObr othér dte8hg R@and. Nexanglles affprefetred pregsiot geheatbngost ance may
be wvariably controlled by the pressure-generating neans. As a result, the
substance 8188y ¥ickude PPAPE.IBPEE CRPARET BISEbraNCcaEAs PHBIUICPISFRCAHIMt and at
a rate suffigi . r - ¢l ini-cal - J: K [ 0050] As
used herei n?&fﬁg&f)té%e%e&gﬁ?#‘ig%ﬁqﬁcyue f?%gtlégﬁ%jllrlggﬁjll%gﬁrfaﬁg‘g&?r a clinically
usef ul bi ol egmbalatisiestherese lif desited thg rbtetot deliiegnof tHeaabstynantay be

t herapeutical l.y useful responses, resulting fromadmnistration of a
subst ance oraridiipseniriled byt PressispBEneringReASi Astastilhdhotubsiagient i on or

Lreatment Obadrs fl MASERAN sHAAMKIOR bibch ifthh BB dach LGRCANTnf ool

Such clinica I cacious results i1 nclude diagnostic results such as the
measur enent toproghomectidieallyfdfficacadusansultor essure fol |l ow ng i njection of
inulin, the diagnosis of adrenocortical function in children follow ng

i njection of ACTH, the causing of the gallbladder to contract and evacuate

bi 1 e upon i poxpfi ONAQhisLNRI&GRVRE rnMcinRBgy EffRatibliSredsltVBIteafifa therapeutic
results, such as clinically adequate control of blood sugar |evels upon

i nj ecti on oflinieally usefuldidlagicall respoase pghda ghmtladagpodtically hnd none defi ci ency
rowt h hor none,

foll owi ng hgrnone..i nj ecton such as rat hyrai d _hor mone. or
ol ni cal Ty Ssetrare bres i spoaoshE ot HRate o £ e taResst /ot - ana
the Iike [O0G&dstandudSkEansasmple)ataghcdiicRestidg ot pasvestidnédtadansmlofy i n accordance
with the present invention are intended to include Ph_ar maceutical ly or
bi ol ogi cal | lisgesejajondition is a clinically efficacious result. Such clinically 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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substances including include diagnostic agents, drugs, and other substances
which provide therapeutic or health benefits such as for exa%ﬂ@uary2006
nutraceutjcal s, Diagnostic substances useful with the present i nventi on

incl ude nRO"3MB%Rui'ar substances such as, for exanple, ipal/PMVRERH (e. g
corticotropin injection), 19 27 January 2006 WO 03/ 002175 PCT/ USOl/ 50862

| ut ei ni zi ng hor none-r el easi n r.nmone Gonad i.n chl orj de),
growth hor nBifERIFEE LITPARE-FFS J’OPEO@A C eﬁ?&?g‘?mﬁ" Eé’gfoa?%do)c%qve st oki ni n
(Sincal i de), hdRaloat IMELisk RatoRe e aNSkrinbadiEAdctaté e @edysfokin Teri parati de
Acetate), thyroid rel easing hornone and anal ogs thereof (e.g. protirelin),
secretin ar(@indabide); R@ratf{yonemmrm@sémgmnwg@mﬁ@gs T\ﬁﬁp%iﬁtl@fan be used with
the present | |on | ude. Al 1 ant | nesi s '
agents, Anti X t}llayrf)orp 3i8¢ hon (?Jrﬁﬂﬂgs {%P ge[% Bm acseeln COX- | |
i nhi bitors, g@rtﬁah%ogl cal agent S, d| hydr oer got am ne, Dopam ne agoni sts and
ant agoni sts, Enkephalins and ot her opi oi d peptides, Epidermal growth
factors, Erythropoietin and anal ogs, Fol I i cI e stimul ati ng hornmone, G CSF,

@ ucagon, ﬁ;@g?gl’ grﬂnl e gxtrlco%]g,bg{?'{xgc\%ﬁwm use w1thatﬂggpeg§‘1t$| nC Ud' ng growth
9

hor none re hor IO hoF Hb antagoni s nVc'f'nn and Hirudin
anal ogs SUChnaﬁldeiﬂaOQanﬁ-@@p&ﬂpﬁhﬁ%@ﬁ@geneéxﬂﬁ&gﬂmsnmnE’éi\@élUﬂlQidSlQﬁ\lom and
anal ogs, Insulin-li grow h factors, Interferons I nt erl euki ns

Lut ei ni zi ng GlerirHB and analpgs. Sierrdasto CabFd! inbibdass, dermuelagise agaefs, anal ogs
He L
sygﬂ]e?lsc g%ﬁé %g 5’8%% @@nlﬂf%ﬁ%t Og%éséﬁﬂkffﬂé%im mr%ddt%nocl onal

o 1 ed ffﬁg“ﬁyﬁ?ﬁdi@iﬁp‘é““ﬁ?”‘?‘éiv‘é“ﬁ?ﬁﬁ EW"?}E’?““??“’SE%‘“%S’ bnal f unct i onal
ifi Wi y il p [ ) iti u [
groups, Fusi %ﬁnu'mﬁ @?rﬁwsﬁ%ﬁﬁ% EaeanciM; §§§ysrﬁ9laafehf3§°w Rhreo8gme wi t h
any conbi nat nal

functi onal gdrnglr}igg t %‘%e&?h%d%la{r;vgf)ﬁrgﬁ)gﬁ g%g{ggi&&%@gqrﬁgm%%fer oi d

anti -i nfl ammattagonisigéhitslin ad Hgodmaohlags sieh,as ¢hddog dgE suppretaemt hyr oi d

hor nrone and anal o Par at.hyroi d = hot none ant agoni t agl andi n

ant agoni st s, ﬁ‘F’t?] 3%“@%“&8&5??1& a“&éﬁ%ﬂ%ﬁ h&ﬁﬂ“'@ gfs‘eﬁrép f'rrze copol ani ne,
Ser ot oni n agmwrenxﬁuenguemﬁggnbﬁﬁ&m &tleﬂl% hémmnz%lew@ hdiond BR@MDOI yti Cs,
Ti ssue pl asm nogen activators, : NF - antagoni st, the vaccines,
with or w thowlogsaHeparms/ b@l\ymnimlgar wmghtlj@patr@s and other natural, modlﬁed or

synthetic glycoaminoglycans, M-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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prophyl actics and therapeutic antigens (including but not limted to subunit
protein, peptide and polysaccharide, polysaccharide conjugat ex], Jah@x92066
genetic _based vaccines, |live attenuated, reassortant, inactivated, whole
cells, viW@MRd7S pacterial vectors) in connection with, FEFEGL1EAS62
arthritis, cholera, cocaine addiction, diphtheria, tetanus, H B, Lyne

di sease, neni ngococcus, neasles, nunps, rubella, vari.cngé a, vellow fever,

Respi r at or y JaBHEYE FRACP2IH§sPISUMOROFYRes tEBtosS e st i) d 2B @eIBH2175

PCT/ US01/ 508R4udARaREAisNIERNAN] B &itisHREHROAES Yoo, FINE PPt AREHSa, t yphoi d,
influenza, hepatitis, including hepatitis Al B, Cand E, otitis nedia,

rabi es, pol irojavidis/ EpsteiraBar Misisz@MV reblavidias sonEmeablierhaBaophiVis; us, CW,

chl anydi a, non-typeabl e haenophil u mor axel | a cat arr,hal i uman papillom
irus, “t ubertutred e g B ogh B Fn s B3 e GG achi of oo s

mal ari a, E- cQhnbrrhédaZ BRhAB! atBerbbchRASEs miallariaAYlcoh | AlzfainiBRadikdase difabet es,
cancer, herpes sinplex, human papillorna and the |ike other substances

i ncl udi ng alByleri, saheonedlpohabetes; egnsat, hempes siotplexs hagen pepitlomatané thecldearon col d,
Anti - addi cti anti-alle ti-enetic ant.i - obesi t

anti ost eopo_roggééisb‘, S fr}chg%’?ﬁ ?lsgét,heM?rdﬁgrﬁ%?’,m%ﬁ%c‘i‘taﬁe%/geggs_, for, i exi cs,

anti art hritiesmmo8dlti 2aANARdikGoRaRMaflergdNirtCONMIs SAN-Sbes@l] | - depressant s,
antidi abetic agents, antihistamnes, anti-inflammatory agents, antim graine

pr epar at i onsintigeieppretesnantsinfkiess apalapsiesapnasHisticuanoieaiss.catipghritics,
ant i neopl ast j ¢. ng. 1 I n i S iLpruriti.cs.. antipsychotics,
D TR e S

antipyretics, I g'zdg’ Vasodi | at ors,

i ncl udi ng gemeihitamiss, anaiylanpaitophgfeats, antihigaiifsraparatiBghentihotiad at i ng
agents, central nervous system stinulants, hornones, hypnotics,
i munosuppr edekngesspreparaliens, aiinguseants, anjineepsstisatanBparkinsgnism drugs,

par asynpat hoj: [ GSqnt: 1S~ PI 01 £l . i ypepti des and
ot her nacrodrgto ec‘l[}|°§’s?““§§3§%§h§%f ?ﬁnﬂ#)gﬁécss {ngltég(gp}% %gs?%g%%)%gaez)%@gk hypof uncti on
and tranquidntaenits, yed@dhtoRh) arcimidakgenetal, cosorary pedplodral andwerebralnf usi on dat a
was carried out as follows. St e&wi se nonli near Ieash-squares regressi on was
used to analBPPE SiRWIatingagenth CEBIARTYONE SHHER SR uRatsa e RIACEABRIP IS vi dual

ani mal . 1 ni tiahhdb SR hh &M rebixaxRone hahigfdati on was fit to the
i nsulin concentr ats}]gﬂr?-e%si me data for t}?ﬁe]ﬁngg%ti vgwco’nt rol condition. This

anal ysi s assparsgnfpateimioetties, presteglgadiog, proteigs,cgplidésnpellypeptidanand etbever ed
paraneters for the, fi st-orde[. I’?t? cod1§tant Jor .
macromolecules, psychostimulants, Sedafives, 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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rel ease, the residual insulin concentration at the release site, a lag tine
for release, and a first-order rate constant for elininati or27afanidigaboam
fromthe systemc circulation. The paraneters recovered in this phase of

t he anal Y¥@ 83/¢28’Sof no intrinsic inportance, but nerely REFARI/S862 t he
fraction of circulating insulin derived fromendogenous sources. [0054] The
second step of the analysis involved fitting an explicit conpartnental

nodel to theuhcuéaneeys QidpEedermat indisian; ke sdemedpen r\t@ufeth@eaﬂ%ﬂ&mamam January
2006 WO 03/ v nf usi on. The
schene upong&h%%lcﬁa{% rrat%’/eérr/g???:% %%E%ng\/\gg ‘%as'['é’?jé’?s s ovvn "n t he upper

part of Fi glifasidn of RKhRDprooeeledffiay ¢ = Otk #d40miaf afterautbg timer(aggpded fromt =

0O tot = 240 mn; after a lag.tinme (ttag,2) absorptlon fromthe infusion
site was medPsXRiPHioR thy mélfweﬂ ﬂ&erwiﬁlae@%@ §o i pferidenRroqse 2a¥EBsbt i on rat e

constant k, b}/ ll%swsb ltj%@?@é legﬁlstﬁlﬂtko I}lg.gmsa‘é%rgga &{l{e(\sy%t@ﬁﬁ@arc Q%tﬁ)tnr' but ed

into an apparent vo cont am nat an u nown’fractiona
bi oavai | abi Histybuted mndamaspaednit No luatee'd camamrrdtan!g)ytam unkhbwatfraotideda]l rate

constant K. _The fitting routine. recovered esti of t ag,2i_ka, V/IF, and
K, paramet ePiavailabyty & apd wet plimmetediacpydingitoa fost- %ﬁﬂd@@mgtaﬁl%m in (CR

t,ag,,, KkR); Th@"ﬁ'ttﬁ%ﬁé‘ﬁﬁffe réc@fé??é@éﬁﬁndt& S, f kf SVF Sh@K Yarddi@ednal ysi s, were

treat ed as const Par anet er gle nat es’ ar e eported as nean SD.
The signifi awocmtendfwnttdtlfefdespeames oif nmchgemdsnnsxmar(élﬂmagr, krphethighewetene t wo
di fferent nopdes of n| stration subdcut aneous versus i ntrader nal

ad
i nfusi on) vvé%coéi%@%é%g’d thsﬁeﬂ € Anglysiy eI eaied & SRESNISPhar macodynani ¢

anal ysis of insulin infusion data was cal cul ated as follows.Plasm
concentrations of glucose were used as a surrogate for the pharmacol ogic
ef fect of i f8QHS]n. Hiremetzangienates are sqyonise aysechmib|SP. Ri(epigéfmncgbﬂcose

concentrati with.res t to ti e k"~,
G o056s wittestced i SeRfpalapgel bebetn BBt R mhtone s 5 S {he
first-order aimifstrati0n F5RtitanBslisaleksng irdtadeRsa igfsibhywhd @@essemuﬁth@ t he

effect of insulin according to the signoidal H Il relationship E Emax C
paired Student’s t-test.

Pharmacodynamic analysis of insulin infusion data was calculated as
follows.Plasma concentrations of glucose were used as a surrogate for the
pharmacologic effect of insulin. The change in response variable R (plasma
glucose concentration) with respect to time ¢ was modeled as

-6—15- = kiu - E . koul
dt

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

the sigmoidal Hill relationship

nl- Emnx * Cr
ECL +C7
[0057] in which E,,q ts the maximal stimulation of k,,, by insulin, ECjsg 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

22



ECS, +Cr [0057[ in which E,". is the maxinmal stinulation of ko,,, by

insulin, EC .50 is the insulin concentration at which stinuRkatammro?006o, ,,

is half maximal, Cis the concentration of insulin; andy is the Hill

coeffici NP OPO% e relationship. Initial nodeling effort RPN he

pl asma concentration of insulin as the nediator of 22 27 January 2006 WO

03/ 002175 PCT/US01/50862 phariyacol ogic respagnse. However i s.approach did
B 5 of IS PECAED g

t
not capt ur e AMAENZFRIAIC [SPOTSEIOHE T IRISAPR J&eptp tf’ﬁé%&éé‘i‘ ng

concentrati Qs oRbe M ABIRa EINEHeIt increbbRb@bAERtrafibn £ fipsdmLigsRay t ment nodel i ng
approach was finally adopted in which the effect of insulin was nedi ated

from a hypotHeréfewml aretfledtconpapmenimadelingappishel was finalihadapjestiani ¢

phar nacoki net,.c, ¢o r nt 100581 The phar maco anj c..anal vsi S
conducted in” lﬂ'\?\%&\s?{%%g% thsylineves g eg?reof)n 0 W%Pe{&éc%]a?cfg%clt %?%PEH? l:é\ﬁztl

esti mat es ofpetiBBerRh@ItABS@kdnMe iphempRbRiEi efdnmseestated w th the disposition
of glucose (k,,, and the volune of distribution of glucose, Vgl"crc) were
determ ned fromthe glucose concentration-time data in the negative control
condi tion.

condi tfon. THEfU! | ThIbERALSS,INALIRSOK Sl 6o BRE IRRASNRUYFyRdel | then

ucose ctoncentration-ti ne romt he

negative cordpdf thOmeHlydigMnidinicksamates of el phamalelokitREiY paffétdrs &3oiatedeach
animal (i.e., two sets of pharrmacodynanm c paraneters were obtained for
each ani mal :wighthe dispogitionef glugnia Gnedndsthe Malugngi of destripwionfipdipoatieous i nsul in

| nf usi on/ negat | Vfwe?"cf&térﬂhn%ﬁt‘r&n tﬁ‘é‘gb‘&%&% cka&mrtalgg -ﬁkﬁﬂ%ﬁﬂﬁﬁygﬁﬁ%@éy“ s of

the intraderrf&ff nsulin | nfusion/negative con

phar macody nagsinao bevalditims The hidl ipsrgedated gismagkigtiopigmasidiyhamdirsededi t i on

obt ai ned during pharmacoki netic analysis of insulin. concentration-tine data
from each arfhﬁwa%@%nh@?epoealﬂéP glugasp sercepirpih-Hwe dakRfrem ki net i ¢

anal yses mf&gﬁﬂ&é&n&%%’orﬁﬁmﬂanﬂ%éh RURRALI VR %ndﬂ?&r{'xgggaéﬁnﬂﬂaﬁi m | ar

sof tware progranms and techniques known In the art.. 01 Having descri bed
t he i nventi dnei, wgeneofpharmheodyohhoviangmepsoidre obtainied fordach ianimidalnapeexanpl es

and reference to the acconpanyin igures set forth varioys exanples for
P ot §oi ng. (M g T GEOBS ST B PESHOUPERS AU H GRS EYS at i on
met hod and exAs] &fa,2hd 48E MR the 3AMIBINSSRT My WS uRtBah@RRRSIRARY di ng
i nproved PK and PD effects.
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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[0061] A representative exanple of dermal -access m crodevice conprising a
single needle were prepared from 34 gauge steel stock (M cron%uarlyQ@%
Medway, MA) and a single 28 bevel was ground using an” 800 grit carbOrundum
23 27 JarW@roy/0ees WO 03/ 002175 PCT/ US01/ 50862 gri ndi ng wWhRET/USNE®Eézes wer e
cl eaned by sequential sonication in acetone and distilled water, and

fl owchecked with distilled water. M croneedl es were secured into snall
gauge cat het@mdingovhepl( MgedlskWREsHieaFd byiseangntiay seiclipeivaegtoprednd.  Needl e

length was Sl iy Dfe?afEAOR :»ﬂﬂ?&ﬁ%@gedﬂlfﬁ&r? M dri2ed1BE WA O reline

g:ihg ed

catheter tubing acting as a depth-limting control and was confirned by
optical m cnmsmuglygauke cathxtpetubireMactski Medindpdding UDf -cuadiepusy tesilgt hs, t he
exposed needle lengths were adjusted.to 0.5 0.8, 1, 2 or 3 nmmusing the
i ndexi ng pl ateedle lepatherasisshusing ¢ Aechanifalindsxag pide dath the hubiofts punp or
syringe, was.\Vi -] r.al Rh t i Duri ng

i njection, ncg\g{cf?eég%v{/gé g&?%‘sagrat(%aegﬁ{ B@?p n%?‘gg{%rﬁdh{?%scﬁﬁggr?&g ﬁ%zgce, and
were either mgkabcopy.Foaeepdbiynegentding feedids opvasawlengtios, thxodupssatiendedker y or
hel d upright by nedical adhesive tape for |onger jinfusions. Devices were
checked for FR§Bs Were adniptad 1Qil O ks ng%"ﬂ%ﬁ‘é‘&Eé‘i%‘lﬂgeX‘ﬁgiﬂﬂ‘&to and post

i nj ection. g@&iﬁlgk«eﬂ&r tottﬂg asldgterineadli&, Eﬂﬂé}%ﬁ{g &%?Hgg?,iﬁashﬁz{ gaf ter

desi gnat ed 4.7100621 Yet another dermal -acces ay mcrodevi ces was
prepar ed consiegtadl iger afapiet atihawetherer dilstk Duning hijeettbrf, needlecwyeiissepety ner

wth a lowvolune. fluid path branching to ea i.ndi vi dual needle froma
central inl e&"’.rpqi’ldtﬁ. hitoy Sﬁ(\% r _%zaad| e‘\t}lﬂﬁ% ‘E&kaﬁ’ﬁ érgepﬁ?lga@gnnept ed to
a Hari| ton Metanyrk BOfs dBRF: I8t hUBLYERLS Mefical GAREHA LBORKIGhder SYTT NG

punp. Needl es were arranged in the disk with a circular "“pattern of 15 nmm
di anet er. Thinésionee Mlericanwess oheplemsidbre functieryandiduid floonbothunimedjatelwi t h 12 and

7 dl e-t o- need i ng, ively. Al i d
Si ngl o bevel s et ot Hoee PR TBENRS Lok Rotlsreedis Pl ARG ERSRE 5. ncea o

12mm spaci ngdshBei®s1dssi gn is hereafter designated SS3_34B, 6-needle 7mm
spacing catheter-design is hereafter designated SS6_34A. [00631 Yet another
dernal - access array m crodevices was prepared consisting of |1mm dianeter

o each i ndi COStar  rasa e S el fRploBOVites MR phecifét cchBG gl 2501
vol unme cat hesfer’ diamete £diskeRibettinddfrem Hailik tholynisr oWk vribwoelurad fluidglativery rate

branching to cach 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 1 Tmm 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 1n the disk with a
circular pattern of aboutS 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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was controlled via a syringe punp. Needles were arranged in the disk with a
circular pattern of about5 nmdianeter. Three-needl e arrays of7 Rh@iH 2606m

spacing c to a-catheter as described above.J These igns,_are

her eaf t er q‘gﬁ%%"ezgé?nuary 2006 WO 03/ 002175 PCT/ USO1/ 50862 dg’gﬁbﬁ'ﬁ%’é 62
SS3S 34 1, SS3C 34 2, and SS3S 34 _3 for 1mm 2mm and 3mm needl e | engths
respectively., [.0064 notheyr roal - ss, IL,2.1 pf usi,on ice _was
constructed L?S%lﬁ%:ﬁ%d Sggai?’%l—g’siﬁsqg’gkﬂaﬁd§§§§e§4n838*2 H‘er%fnma’%ﬁe?’ar?mt he tip at

a 90-degree aeadie g rkdpatiiveline avail able | ength for skin penetration was
1-2 mm The needle outlet (the tip of the needle) was at a depth of 1.7-2.0
mmin the skin when the needle was inserted and the total exposed hei ght of

“th dl 1.0- i i 18 i SB1 30.
L0, e S L e PN JESLED, RSO L ASTLIBRLERGSPL 0,

_using a hol Isedalesistdet 00 ghagadedle bghteat heirahe tip at Dpeddiee GAgle vikt hal | ength -
and 200 X 100 |.rm OD, correspondi ng.to about 33 _gauge) wth an outlet 1.0
m from t he t ithe fveolabledengidhios sliinpengiaation wiss! -7 &BRI Egﬁéﬁe &Pyt phedeSdes known
inthe art ( Pat.en 1 20 t ' : ter

(Di setronic) %el'ﬁ%dgﬁ) gﬁag:ép%%%tgﬁ1{27%2)ﬁ@?%ﬁgégﬁe&g%@hg}‘g%@g%ﬁf%% e plastic
cat het er and agenntoed ekpospd Beighvd fithe negalexyutle€ $J0n1 .2 enrh Ahie desitaps h- 11 m ti ng
hub. The needl e outl et was positioned approxinmately 1 nm beyond the epoxy
hub, thus |i Mefafigr ¢asimatedtSS8H 89 the needl e outlet into the skin to
approximately 1 mm, which corresponds to the depth of the intradernal
space in swine.. The catheter was attached to a M niMed 507 insulin punp
for control AXAMBLE Helivery. The distal end of the mcroneedle was placed
into the plastjc catheter and gcemented in place with epoxy resin to forma
depth-limti r{ébgﬁlb. gﬁ)é”‘ﬁ’é\éﬂ?‘é Vil THESP LPBARYAES P SYIMASHIE2 1 nm

beyond the em%whkmcoﬂ-t)&b%d|sin@é—iu%n9§i@?&n@@&lia@?nﬁﬁ tdtilQemBE hE2@HKI 190 I nto

the skin to approximately I mm, which corresponds to the depth of the

i ntrader mal gpa@D, correswindmg td hboytdBegaoge)ofitit dreodtlatil @ A dwwnp tichipid 60
confirmed by visual observation, . and no obstructions, were ohserved at
pressures gertiP&reRsedfieights wamabrcatedpsingpioresges ko imdhsae §VS Ratent onnect ed

L0 a7 by A WO BB I Gt Theatal sl Luer
the microneedle was placed into the plastic catheter and cemented in place with
epoxy resin to form a depth-limiting hub. The needle outlet was positioned
approximately 1 mm beyond the epoxy hub, thus limiting penetration of the
needle outlet into the skin to approximately 1 mm., which corresponds to the
depth of the intradermal space in swine.. The catheter was attached to a MiniMed
507 insulin pump for control of fluid delivery. The distal end of the microneedle
was placed into the plastic catheter and cemented in place with epoxy resin to
form a depth-iimiting 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 cafheter 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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was filled with Humal ogTM (Lispro) insulin (Eli Lilly, Indianapolis, IN) and
the catheter and m croneedl e were prinmed with i nsul in accord?hbanuarytm%

manuf act N structitns. Sandostatin(r) (Sandoz, East
Sol ution 38 5§‘°§gnuary 2006 WD 03/ 002175 PCT/ US01/ 50862 V\Egll]&§§‘{/ Olsgt]er ed
via 1V infusion to anesthetized swine to suppress basal pancreatic function

and insulin SECLELERrALLAY Ariiid ADLE hATIELLAR. BbOMLand, basel i ne

sanpling, the pri e mcronee was | nserted perpen ar to the skin
surface in tpenctdadokurefiohhed asuimbedgidno Afe ahuhalsit opductinapkiiod iinf usi on at a
rate of 2 U hr was used and maintained far 4 h,. E cod sanples were

peri odi cal | yoasgi R rRAmgalhg Paag yE@()O”Fch'eé"éF dﬁpﬁﬁ%ﬂ?mﬁ“@éﬁ@é thgsk8n and

bl 0od g1 ucosg, ¢ yal s BR8P UNAHASH bind RYPLS, PREORS AU LN NELE at the

background det I on evel ssay. Mitlation o I nfusi on,
serum i nsul i O/Mrexel.s=4hewed: nadined ek ease' i-datmpas weoapensdcale with the
programmed infusion rates. Blood glucose |evels also showed a correspondi ng
drop rel at i VEIERHEGALI PRI éEhior 68 M IORKEY: GNEHBEKIOP ABHIIIPU HFWSEon and t hi s

drop was i rrp cesd B ﬁr‘ié 1Y1§ul§xpleg \591%% Blﬂ%gon \§&e a'E‘fHéSda‘BE ohﬂd Egt'e(? cﬁ?(per' nent,

. 5 ’%9
the mcr onee e was denonstrated 1o adequately breach he S arr| er and
del i ver a drisgel of the ¥gant Aﬁhammmutufd&hhﬂxsroal, sramtinsulmt lesels Jhevdd2n nf usi on

of insulin was denmpnstrated to be a rmacoki netically accept abI e
adni ni st rat i B§T58RIEt WahEPTRRENIRALF e @d%a@&f%ﬂm@ HohHen step Bigad gl ucose

reduction wag;alsq %meégwe%da cdrrespataat Sato @v@me%mvéafmﬂo% i nfusi on

Kel
i ndi cate that |nsuF| n 1s absorbed nuch fasteE Ean vi a“t han
admi ni strat i @4C) Aahoutihsudin ihfusiontane thiDdspaess ibpgoves ralanws to carwednextaél y: the

lag tine priqr. fo. absorption | tla 0. 13.6. m ndSC
eapect  vel y ST in it Mo ths pbestmann kel R A G E R el

i ncr eased byb@oaameesm@raera%df&mﬂ A 0 965 ma e Ry flldVagf O I and
SC respectively. The bioavailability of insulin delivered by

admi ni st r at i oaes. sThierdy sAsexh ofappﬂmwmemoynstlat@d foobela ghamtaeokmﬁmllsc

adm ni strati on. VPLE s delivery of. Lill fast actin
o s Bep PRt Bt g e e S s b mpesro b | °
injection m F[L@dféVﬂeﬁﬁ‘ctMSNéi@ldwden@&ﬁ@ﬂéd @hlcadtedesi aram:%rlm
international insulin units (U) corresponding to 10 vol une

respecti vel yinfugipe ingdefiteihgt @seeh 1s@beirbgsempeh Mgeathan wa Hiansaﬂ ne. Test

administration. Absorption from the ID space begins almost immediately: the lag
time prior to absorption (ti.g) 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 1slet 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 %2 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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ani mal s had been previously been rendered diabetic by chem cal ablation of
pancreatic islet cells, and were no longer able to secrete insudnaryD®8b

ani mal s thelr insulin injection either via the m dIe array
or via awﬁg%‘yazﬁd’ 30 G X V2 in. needle inserted |aterall fclcTﬁﬁgm? Ye&2sc

ti ssue space. Circulating serum insulin |evels were detected using a
conmmer ci al enm 6, 27 Ja uar 2 03/ 002175
T Us01, 5088 ekt P Estesa AR bod B dsei AR b il Binges ver e

det ermi ned usbdtglubdseQei @l UDASRCSNS Wée akbddnplished w@mﬁna\@fe@s@@ﬁg lahshed vi a
hand pressure using an ‘analytical mcrosyringe and were adm ni stered over

appr oxi mat e|aylaty@c@énlcrwmg@mwmmdml@ee@rdsi\/ﬁgam@mmaéﬂy 6RIssc. 2BB sec.
Referrlngto Fl ure 1, t sepum in Ieve fter bolus
admi ni stratiGH Fﬁ)rhstcr%(fsmgrﬁ%‘(g\r/g;%ql Qast take agg)i:'% m%% go‘?’ t he
injected i nStHitls@m\MﬂﬁﬁuﬂﬁilﬂvﬂlsSdﬂ%f e@huya@ntnh@rah&x ld@mbﬁstraTé’iﬁnord faPp R dpdalEXi mum
concentration (T,,,,,;) Is shorter and the paxi num concentrati on obtai ned

(C,,,) is rﬁngwe?trllpwom o the Injstedaiani il whersadministared wadhe Mdroutei e e 2 al so
demonst r at e%}%agurg Bg%%?ﬂr}’c% | o é“"i? sgxﬁ %dF}Ré‘?h%x r?ﬂ‘&@%n&%@ap Ftered

insulin, as &1 8a glucose d"taster

and greaterobfcmag@m;)ns B@hstMEDrV@rschm@mlstmtﬂoﬁsma\daltioapmumaa higoafter 1D
adm nistration. EXAMPLE |11l [0067) Lilly Lispro is regarded as fact acting
i nsul i n, andienwasizates fhgipthpymagodpnaspic hinlegierldespopsiciodheagaigerod to nati ve

human i nsul i; ulmHﬁ’s[Eﬁx géuréﬁgﬁe%rdebr'%ﬁ&' 1h%10c1dg'b&tsg§?éh sHSwF@Hs%é? ah‘c?‘ma” insulin

protein struc uré mcally sim as slower ake than

Li spro when greaternihahg¢sad By sinbenoraitistlirowas aviilablelehety aft&ollh | nsul in types
were adm nistered in bolus via the IDroute to determne if any differences
in uptake wAdRHOEAScernabl e by this route. 5U of either insulin type
were adm nistered to the | D space using dermal access m crodevi ce design
SS3 34. The insulin concentration verses tinme data shown in Figure 3. Wen
adm ni st er eoE]bszMRieE [ID route the PK profiles for regular and fast-acting

insulin sen i dentic d both. insulin types hi bited faster
upt ake t han ﬁjﬂg‘gpr o%ﬁ”h%p%’str%rs?%afn?t@ﬁﬁ?g igeulin, apd ha%/- Eﬁléght al¢fdence t hat
the uptake BEIIARNRRIE Rl I AUALIOL Rl QDA S Hotom: ldhegtigghihy i nor

bi ochem cal ‘changes in the admi nistered substance, and that delivery
provi des an ra@{mmmsagggguw@uman insulin protein structure that is chemically similar,

but has slower uptake than Lispro when administered by the traditional SC route.
Both insulin types were administered in bolus via the ID route to determine if any
differences in uptake would be discernable by this route. SU of either insulin type
were administered to the ID space using dermal access microdevice design
SS3_34. The insulin concentration verses time data shown in Figure 3. When
administered by the ID route the PK profiles for regular and fast-acting insulin
were essentially identical, and both insulin types exhibited faster uptake than
Lispro given by the traditional SC route. This is evidence that the uptake
mechanism for ID administration is less affected by minor biochemical changes in
the administered substance, and that ID delivery provides an 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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upt ake profile for regular insulin that is superior to SC adm ni stered
fast-acting insulin. EXAMPLE IV [0068) Bol us delivery of Lilby Jgﬂ@ap};@()%

fast-acti J n via mcroneedl e arrays having needle S
WG ol fnid TSRS o ug

| engt hs was conducted to denonstrate that the precise de
into the dermal space is necessary to obtain the PK 27 27 January 2006 WO

03/ 002175 PEI{ LIS T08673ALYA0 ARES. AN LAl SOIJIRN, LRLRS fe.igeSC. Thus,

5U of Lilly Lispr I'ng I nsulin was adm ni s Lre using rmal access
desi gn SS3_ 3dkuliAddhs tad tiivdibterediusin@dizvingleg cak design SSAE3Heatdlittoral r ay

configuration were fabrijcated whereby exposed needl e Ieﬁgt hs of the
m crodevi ce “&FW&?"‘\?@(@th‘é?@’?%@“rfélf Y Wéﬁ&%fé“a‘ﬂ Walrstabripated Wherab¥s | engt hs of

2 and 3 nm glg&ea\l@r%agﬁpg%%k ttgeerf W‘e%&‘r‘&?%ré Rngtfdaad enamg %ﬁwsne ranges

from1l.5-2. erefore 1 nsu epOS| on I's “expecte nto the
derm's, apprani mﬂ&lsyer@thstdﬁe aﬂxdmrmhi Shel avte&rgémel, d@mdl thivkhessyit he derm s and
within the SC for and 3nmm | ength need respectjvely. Bolus

i nsulin adm rﬂcéfal“&\tii”é)ﬁWWﬁé%sé@élb} P et DR EWWE’QSPI‘“ depQsiticAd® i nsul i n
concentrati %Pg% &Lt%eo% ihfoNTe 8&ih d?*&? x'uﬂatay%“i}?e WXD@?Q@EE%E%@” y shows as

m croneedl e i'S I ncrease e resul'ting profi gins to nore
cl osely resdaﬁhnlvetlﬁ@eadmandsmﬁm thcerSC fihil ol dramdenlvetr latgh nedddesbenefits  of

directly tar i der rra such ben fit d uptake and
di stributiof Sp&ﬁ‘ﬂgellﬂ gﬁc’li“ﬁi"ts}‘ Hli%ﬁ‘t“f:’ﬁt"‘faé% esgflﬁﬁ‘i ]Iﬁggggg@pgr e averages
of multipl Q\v%’t‘?%%ﬁﬁm dohEhtdRoRmOTersQithd 116 sho\gh RS Mrd N Bife dapgli vi dual

variability In K profiles fromlonger 2 and 3nm mcroneedl es. This data
denonstr at esldaﬁatshows aclicsiaedteHendth esiacirasedy tieyedudting Pi¢ prefdebegids vi dual s

and even within a Si ual. horter needle | engths . that accuratel
Pt the deper e b S bl iR Bl oo ARk R et o\ noa <
they are dewai&émakg&ﬁngmememmespae@@ﬁmse%@rlsvmbmdé Fh%lﬁﬁﬁ'fﬁ(etdnas ue

conpartnent. This data dénonstrates longer mcroneedlies that deposit or
adm ni st er slstgbutrnesndleghéritiphtoocerietides. lihcshaclela aropvesagesiodl |y or whol |y

L1, e S AR« T 3hE IR Bl e RIS Pk AL
dermal regi @K profid¢REdm Yonger 2 and 3mm microneedles. This data demonstrates that

since skin thickness may vary both between individuals and even within a single

individual, shorter needle lengths that accurately target the dermal space aré more

reproducible-in their PK profile since they are depositing the drug more

consistently in the same tissue compartment. This data demonstrates longer

microneedles that deposit or administer substances deeper into the dermal space,

or partially or wholly into the SC space, mitigate or eliminate the PK advantages

in comparison to shallow, directly targeted administrations to the highly

vascularized dermal region.

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 msulin 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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[ 00691 Bol us delivery of Lantus long-acting insulin was delivered via the ID
route . Lantus is an insulin solution that fornms m croprecipi 2”éfmalaft20t)ﬁe
adm ni st rglg@Resht € upon injection. These microparticul ate | ow

di ssolution w t%l n the body to provide (according to the rrgcn ﬂrgﬁezrs S
literature) a nore stable low level of circulating insulin than ot her

current & oS3k ag, WS SHER AMETIFhAL AR R G ATECHEl R fRed e O

Lente, NPH). Lantus’insu 100 ulL) was adm ni stere
di abetic Yucatasive ké 8C. Piigs djsnmgomshachiée maliglalydegleer “Hest ' gmnssBat8y and by t he

standard SC as pre iously described, Referring 28 27 Janyary 2006 WO
03/002175 PCH %gm i ?J“t—ei%uT‘é‘S emgpstrates 4t ettt ohavan v gk route,
simlar PK pl%@fcbul%? ?c&ﬁ%&\ld@l@@r st ﬁﬁr’tlb’l‘és fsQucBEevatfe RS reli stinctions
include a slightly | urst” inmediately after the IDinsulin

del i very. Thadimdstmmm rhftoessmwmtantlhdnuplpakes thfe featdimat\the hiokigidal nol ecul ar
wei ght conpoynds or s. is achi eyabl.e vi mnjstration.
Vor o | npor { SHEHTgh T TOUIBARULE D T 231 PRSt DRE DEST By e RPERSihce
mechani sm i no,Ren80dYhd \%a)fﬂﬁi wﬁEBrﬂ%ﬁ'tﬁ@drﬁ%l&hﬁflﬁl@éi]sh}hﬁz'% gdiiipi stration
route, nor is the way in which that the drug substance is utilized. This is

extremely i nepttrenwrhy umnnrtadt ﬂ:gsir@gsrppamodsdathathahaaéorg ¢iomiptioghelftigei ng

hal f-1ife d be r esoluble rec 0 unds_.or ot her

! boi os § ERamBles St e R e G R P AR BHBES 2 o ms

PEGy| at ed dry@ser. tr&athbhiLé: c\ﬂen{léiﬂl@%ocﬁﬁw@elci@s d&dni a\éQ'BGﬂBttehldF(g;@) granul ocyte
stere

colony stinulating factor (GCSF) (Neupogen) was adni ni via dernal
access mcrodevice designs SS3 34B (array) or SSI_34 (single needle) to

Yucat an m nlﬁkgnplgﬁl\} very rate was controlled via a Harvard syringe punp
and was adm &ver a l-2.5 mn period. Figure 6 shows the PK

avai | abi I'i t y[oof70]GCSmBJlis 1D e <py ashEn&aseratiiesieebloRy s@ulatihSfctdmunoassay
specific for GCSF. Adm nistration via IV and SC delivery was performnmed as

control s. Ref@3$Fri@leupogenyiies admiustersd VB deamplasegssanicradedice §pgRS t he nor e
d upt ak tel
[aPlg uPLaxesss A Akl 4 bRARUL Yedg TR ERRY B By BT Ot Tl LY

i ncreased bywancaiiied ivitet Hafvaod ©fingé p@mpané wias edaadstbied lker a7L215 min gher
area under the curye ating.level s of F are det ectable for

. G
an ext ended B&fod odF'gPFFqungYﬁgth%%&avﬁﬂi“ﬁ}é‘lyﬂﬂg@ﬁ% oadplagng as d¢teeted nt ri nsi ¢

by an ELISA immunoassay specific for GCSF. Administration via [V 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. Cgayx 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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bi ol ogi cal cl earance nechanismor rate for the drug. These data al so show
that device design has minimal effect on the rapid uptake of27dpigry 2 t he

| D space.wobbhsodat a referred to in Figure 7 al so shows thep@Epg&cadegdd tine
course of white blood cell expansion as a result of GCSF adm nistration

wWith respect to a negative control (no GCSF adm nistered). White bl ood cell
(WBC) count sexwnerLEI®TEr M ned by standard cytonetric clinical veterinary
nmet hods 1D delivery exhibits the same clinically significant biological
out comes. All0AdUgh 4 Hlj%dmwﬁrytlowaﬁgrlrgpwiewaéﬁsﬁ%uthg\e%mg/a eepftde doeg out cones,

this data S%ﬁgﬁ%ﬁdﬁgﬁ&kﬂ% 1rd>hon%§h'é 9'-3%’1134?#1?. bER WA iBstQcF{og%;%xt 0 achi eve

essentially t sane ysi‘ol ogi cal result n conparison due to

appr oxi mat elperiddf follldwed oavai H dbathhdey Cdrtrod8€anfuddnVaskaroughya seddaerd WO 03/ 00
2 17 5 PCT/US01/ 50862 EXAMPLE V I1_ 100711 An I D admi nistration experinment
was conduct et -grigageedlp dpserterbingn thg SCesnrars {pterpl fadhe sian 48iRg AoPHChdPone 1- 34

(PTH). PTH mii Te‘%%%ﬁﬁ[?nawé% tﬂrougﬁ;d%@gzrl 3[583'\,3%91‘4‘&%%0@&%% §§I§fir3@nce'

Control SC intuston was through a - gauge nee inserted into

the SC spacqalsaiealstdep30-paugkidadiéBendatahe fp BCHOWangld fehnhaigge | D i nf usi on
was through dermal access m crodevice design SSBI _30 (a stainless steel
30- gauge neextpdate gt for Benpiepeteation vos lahame). shemeedlgroutlpe(thetimel abl e

| ength for in. o i - . The ok tlet (1 ip of the
needi o). ves Hf ettt BothS 172 oW ip AP MR R Hep B ekl

inserted. AAQ.d#mpRMITRTHISIIARN U dsARfusEd atl aYatesTd S3LL/Br. Fadwe r&k whe L/ hr. Fl ow
rate was controlled via a Harvard syri nge punp. i ght normalized PTH

pl asma | eveleontrated giagdbaryardsygugepvixp- hapgnalized Pl plasaa drvelsver y

fil h I : der . ) i ngi [ hi gh
D oavai 1 abi 147 1o rieaosh: AP Headt BpRblify bt Ml BRI e o 15

and 30 min) dreglinedel iGouiRy @ WEPindicatis€ highbr s16avaaBigiky, Wesher padidvdlagi d
decrease following termnation of infusion (also . indicative of rapid uptake:
wit hout a depserlief sappling tenenomts(a/ |5 JrdPpapinkafdicatinggnqre raniggpeets |

epLesent ot ) B cDOMRLLEE Ao AR SRG PR i bl ! ver

m ni - pi gs viiadicativeoofrapidnupedke aatwasa depoteffest).ce  configurations are

presented. In each case the delivered dose was 25001U
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 TU
(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 of 0.5 or 1.0mm needle Iength 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 Ty, resulting from microdevice delivery.
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(international units) of Fragmn (100 ul of a 250001U/ nmL fornul ati on%.
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resulting frgmemycrodevigzg delivery| 30 WO 0B/ 0903175 Tapge 1| Cghcul pted
LMAH PK Pata 27 January 2006 | PCT/ US01/50862| ConditilonSC1.0
m cr oneefll €Q. SIUmlyi ¢r ondedl e| M@anSPveahDMVepnIM1t, |, e, 1.5 0.3
(h)3.03.61.00.30.80.83 C,,,,, (I1Um)0.60.31.10.11.5Q. 3 it The profi]es
obt ai ned| from both m croneedl p devi ¢es was epsenti al{l y equi val ent
i ndi cati pg that the Hel ivery profil e is esseptially|independent of device
configuration providing the device appropriately acdesses and delivefs the
drug sul Hhi-—tHhe—derral—t-ssue—cenparthent—=Equi-vatent—ehanges in
phar macoki neti ¢ uptake can be generated using the other dermal access

m crodevi ce Ih6fiRs bbalidd iRt BothaNierdnedMOaSHcQfwad afthtifll fleguiomerdl es with
the sanme di mensions and seating depths indicated above. EXAVPLE | X [0073]
Ref erring t ondicafurgethet thedeliivery pompensgsientally mdependemsfafldesickor bol us

adm ni stered F[.a m't.n dosi orgldiii ons 12.. @C | OQuL i nd' ct eqhv | ume; 25001U
total dose, copiEmmivrppYidiRs B dekice ApRinRtasy Gisr o g delises e dhm needl e
length  ( SSkuBdin@neithin the drh@isué BdBpdrefen OEHIRale#OEHAhEES @t al dose; 0. 5mMm

needle length (SS 1_34). At the tinme of dosing, these aninmals were
wei ght - mat ¢ drmaagikirnieti uptaBe gan by denertgdpusing ghothendermal Afdespl asma profil es

have been nonrnrcr:%de%%g sgls(?emS including arrays composed of 3 and 6 microneedles with the

same dimensions and seating depths indicated above.

EXAMPLE IX

[0073] Referring to Figure 9 showing comparative plasma profiles for bolus
administered Fragmin dosing conditions 1). SC 100uL injected volume;25001U
total dose, 2). ID 100uL injected volume; 25001U total dose; 1.0mm needle length
(SS1_34) and 3). ID 100uL injected volume; 25001U 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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an average ani mal weight of 15.0 kg, by multiplying the raw dﬁta b é{)g
animal weight at tine of dosing and dividing by 15. Hovvever2, 2 I

pl asma profiles are not adjusted for dosing variability. PK paraneters are
cal cul ated based on the raw data, and are corrected both for dosing | evels
and ani mal weight. This data denonstrates the reduced onset tinme for drug
bi coavail ability and distribution for |D admnistration conpared to SC. 31
27 Januar y Ardxa@ppofitetNor amg-o@meet No. 6794S- 000019/ WO Tabl e 2a. Bol us Dosi ng
Experinmental Series Injection Conc. Delivered Needl e Cond. RouteVol une

| U mLDose Length n |LLI Ui 1Sc10025000250030 G5 2SC20012500250030G3

3l D1002500025Qﬂ&29§014&ﬂisﬁ@255ﬁbﬁ&%ﬂ@e1e53 51 D1001000010001. 04

it e R A
(1 U kg) 253. 822. 6229. 724. 80,y/4. $81. 1-71. 44y7 1. 3./00. 80. 31. 60. 80. 8- 0. 70.
C.,,,, (|U/—ntjﬁ.—qg—1_§§®.—$ufw.l.gsmb).%oo 330G 3

2 SC 200 12500 2500 30G 3

3 ID 100 25000 2500 1.0 6

4 D 100 25000 2500 0.5 3

5 ID 100 10000 1000 1.0 4

6 D 80 12500 1000 0.8 2

7 D 40 25000 1000 1.0 3

Table 2b. Calaulated PK Data

Condition: 1 3 4 5 6 7
Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD
Dose (TU/kg) 253.8 1239 2400 | 22.6 | 229.7| 240 807| 45| 8L1| - 714 | 4.7
trax (h) 301 3.6 10} 03 08| 03 16} 08 08! - 0.7103
Coax (TU/mL) 06| 03 1.1 0.1 1.5] 03 04| 0.1 071 - 06|00
ti2: (h) 931} 49 29| 05 651 55 71 22 39| - 34|04
CL/F 3141113 376 34| 272 89| 210} 60| 232 - 248 | 83
(mL/h*kg)
AUC/dose 0.018 -1 0.023 -1 0.033 -1 0.043 -10041| - | 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 2 1 mm extended length for insertion. ID bolus
injection of an equivalent dose (100 uL of 25000 IU/ml) LMWH over a <2 min
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1 t11, (h)9.36.55.57.12.23.9-3.40.4 CL/F 31.427.28.921. 06.023. 2-24.88. 3
(tnljhkg) AUC/ dose0.018-0.033-0. 043-0. 041-0.038- EXAMPLE X [obﬁlquuﬂyfwom ng

to Figureyg 0%623% shows representative weight normalized ﬁéﬂﬁ f| | es of
short infusion delivery of Fragmin LMAH in Yucatan mini- pigs total of

2500 1U in a 200 uL volunme (12500 IU nL concentration) of LMW was |nf used
over durati %ﬁoa@%agﬂlﬁ{: rQne%d?e Sy anli*%?an&&’r'd@@%lh?admnﬁaﬁheﬂaFeate ranged

bet ween 100-400 ulL/h. T ermal accéss array m crodevice was of design
SS3_34 connehbed fbnocm;myusomg@hqowmltmgpla:smlatprcoﬂle@ﬂemdm,strdtedbd: hagblyy. Each

m croneed| e in‘tg array a 1.mm ext ended gthfor i rtion. 1D bolus
i nj ection of°°4H° %ﬂ‘? g'éllg ‘VB‘éfé’éOfélf@@btﬁ’lPa ]F“ng ?rPF?ﬁ'Se ‘E g a Qnin 32
27 January 2006, W @&ﬁ&’Q@%Z@PQ&MMW&%%W&% Mlo@vs%xshﬁhul@ﬁon

m croneedl e array and standard SC bol us adm nistration are shown for
conpari son. oftikes plesmhtakigetish aErthe priofion sde. déswolsmetieinfuseorhiatgh| y
control | abl e drutf:] | v%r_ly profiles (gbt ai na crodevi ce

% & B

i nt r ader mal 9°§1F2¢% i A FTHSAANS PP PR f?%&‘mvﬁryus S 2 L

al lows for npgyyhat @PFrafgtma has PAATHRBCYIAIRES dtGRe ¥dsBatlR& (it tistsh rate. As
volunetric infusion ratés decrease, C,,,,, and Tni ax decrease and i ncrease,

respect i vel yperigdt Aibis S@ﬂﬁenﬁumemaémuugra’ﬂ@n rgsujt, denfoostratesai@aiahilmat rout i nel y
obtai ned at the cessation of eri d T hor nf usi on
oomnrer ot i delVe SaRRe! iah pRlnd Aftal A 30 Bty $Gioafiny odpibualibls'™! piae
nor mal t ot al(Mdndbutk reenidirss lihaed$b aswlan do td mmycms@j rations (Mantoux
technique is limted to about 100 to 150uL/dose). EXAMPLE XI [ 00751

Referring to Figure 10, which shows representati ve wei ght normalized plasma

profiles fo% W@WW i nfusion delivery of Fragm n LMAMH in Yucat an
m ni - pi gs total 2000 11U in an 80 uL volume (25000 | Wl concentration)

of LMAH was [0073)s ed Refefing tdFigeter1 0 @hichtthowb eeptedetifitit e inv@ighb hotsiatined at e was
16 uL/h. The infusion nmeans was a comercial insulin p% 15%%25% ed to
either an Plasma profiles following slow infusion delivery of Fragmin LM

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

tesulting 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 TU
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I D m crodevice of design SS 1_34, or a commercial insulin infusion catheter.
The resul t| ng pl asma profiles again indicate the nore rapid 8hdamanf2000H
i nfused devices. After renoval of the catheter t he
| D deli ver Mpéggexhl bits the | ack of depot effect, as ew%enc%@ d%?i’

i mredi ate decl ine of detectable plasma activity. In contrast, the pI as_ma

| evel S of S(Iée (?%]'6% in- ctlgrpv&gﬁ ReRK OH'ﬁrL'eJndzhg'gmf Lf:ltherﬁrahoﬁ‘va §hel Nfusion
cessati on. u3| on et hod  reaches stea y state over the

experi ment aIleImﬂatl])ﬂmal burtesd fnraw masodevees vesl 351 _pradid &SE8d34 desi@i€ wldel i ng.
Thi s exanpl e readi l%/ﬂ n&lﬁ ei that the PK . advant aggas of controlled ID
del i very ar ¢l BR£Patnddesdle befatmotmicedevigi dueten e plsingle gt r ol |

whi ch can bepachigyRdiads d@§b&qr&reafat hed/nd hlu&n@aargyh@lg&snmppfo?fl I e would be
optimal for drugs such as LMMH insulin, etc that require ['ow continuous

ci rcul ati ng rvasiahl boekmln@mrtmmemfwbmawttsorﬁﬁed@lr\my onas viaBWBLE X |

[0076] Referri o Tabl e ht normalized serum.l| evel s of
hGH after Pﬂgg'(ﬁ% fhelesy ¢ %?O%‘? §Bera?e Oﬁaﬂ%‘qﬁéﬁﬁﬂ’l@‘%m Ellhﬁor nmone vi a

intrader ma' rehﬁ{aaﬁi@*{arﬁﬁéoxaﬂaléalan{éaws ﬁelereuﬂ?@efaea Wiiheel dedverEt hods of 3.6
U 33 27 January 2006 WO 03/002175 PCT/ USO017 50862 of Cenotropin. Injection

vol ume was Iesulting andtastivelly degreassd ¢max,raat inoichwages@d GriytxriBioDegisal access

engt ' The 13 ECh Ertatat e T et B o BE b R RO e, necal e

arrays was cAdhisttaidn Atﬁewﬂﬁrglena&n@gr ArSMhirA@RmAV#mal 8écess nomi nal bol us
infusion duration of 2.22 mnutes. SC delivery was via a 27 G insulin

cat heter, atmigradegiosiconfigurplions pradece enpivalenhpliirmatokineticeperfonendes on. The
resul tant phannacoki netic distinctions are clearly evident, with ID delivery
resulting in drastically decreased tmax, and nuch i ncr eased Cmax. Bi ol ogi cal

a5 TbAcT A s st s g nben (o1 b 0 an
der nal agtces%K m cr oddvi c8Cconf i gdPat i ons prlBduce equi val ent phannacoki neti c
P o etk (e hach gl aLet GReddie fenotropin admnistration
needle array
Dose (IU/kg) 0.161 0.164%0. 0.160+0.0
+0.0] 0l 2
Conas (mIU/L) 1585 | 6126+ 582.1£39
+371.0 87.1 1.0
tax (h) 2.75+ 0.47£0.2 0.63+0.23
0.46 5
Lir0a (W) 119+ 2.02£04 1.712043
0.49 8
AUC e red) 9202 | 8500+ 847.4+33
(mIU x b/L) +251. 70.0 2.3
7
F (%) 1146 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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Dose (| U kg)O0.1610.1640.0.1600.0 0.01012 C,,,,,,, (m U L)158.5612.61582.139
31.087.11.0 t,,,ax (h)2.750.470.20.630.23 0.465 tJ12: (h)1l. 192133&&30_06’@0 43
0. 498 AUC/ NFg ed) 920. 2850. 01847. 433 (nN x h/L)251. 70. 02.

(/a)114. 61824; @%1’7 EXAMPLE XI |11 [00771 Referring to the o%@é“?%’"f%%l e 4,
bolus delivery of Alnotriptan, a |l ow nolecular weight, highly water sol ubl e
antim grai ne_conpound dermal 7, Januar 03/ 002175

PCT/ US01/ 5088%" e&FSﬁ%‘?fi/%%daé‘L §P‘§H%°&Pdm‘§€°odédf AR ‘?eé‘f‘ﬂﬁﬁé Nemonst r at ed
statistical leguivatiat PRI #6f1PKTRE abld fow Thevd alddiBatb@PRVpShawerscal cul ated PK
parameters eterm ned from neasured serum | evels after injection of 3.0 ny

of al not ri ptdgtermined] feumn inegaswed ﬁﬁmnﬁléYelbéﬁﬁlS@Wﬂ@ Wesefibmoiiptaind t he drug

concentrati Vi ce Si S3 34 a d SS6 34 wer e
aed adm i SnisFREn buP et Yo AB ACTEE Ml D A SiheP LT e
hydrophilic mﬂ'@/@n%dl\/ﬁ&@ﬂew&é@%xﬁﬂ@SS@@araﬂﬂtSS@eMWeferm afmidijteti on.
Therefore, differences in the r macoki neti c upt ake between I D and SC

adni ni st r at ioKr deaué 2rio? mobyes: \ﬁé@hommiﬂ‘§ achmad] hydeephditceonepaynd dzadi |y partition
through the 41,554e .8pace J.or, £ARISE | ABSOL LGN &y GLLASL ifgute. However, 1D

adm ni strati on"vl§r‘a511 {°ous reduted patient perception and

ready and I’qmadn@db(kﬁﬁzﬁcﬁlpta&ﬂbaméﬁ)ﬂblaaﬁSC aﬂdnhlrgtraidmer@mosblmrve[d0078] Tabl e
4: Mean ( standard deviation) alnotriptan PK paranmeters following SC and ID
adni ni st r at i 'OHs faegrbstaressen readdy pgrtdonthioygh Ey)tlsmaee fqr pgpid

absorption via either route. However, ID administration may still be adventitious
for reduced patient perception and ready and rapid access to an appropriate

admuinistration site.

[0078] Table 4: Mean (* 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 (19.4) 63.6 (26.1) 77.2(54.2)
tmax (h) 0.13 (0.05) 0.14 (0.08) 0.16 (0.08)
Oz (h) 0.36 (0.04) 0.36 (0.08) 0.31 (0.08)
tin (h) 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 1s 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




55.9 (6.04)53.3 (15.7)54.6 (14.0) h/nL) O earance 55.1 (5.87)60.1 (15.3)58.7
(12.7) (L/hr) Cmax (ng/nml)61.0 (19.4)63.6 (26.1)77.2 (54.2) t27bangdryQ008

(0.05)0. 16 (0.08) ~z (11-)0.36 (0.04)0.36 (0. 0% 8) ti,
(h)1.95 ( °§%9“§§%J§ (0.46)2.39 (0.64) [0079] The above exa &é@gnaﬁfgs&esul ts
denonstrate the inventive delivery nethod using nulti -p0| nt array ID
admnistratio and _si.n nksiratio Jore rapid
upt ake with ﬂﬁé‘l‘?@rraélf’? Eoﬁgﬁ?gé%e lﬂ?tlel%ﬂ ?P(l)nte)iolgen% {}é‘fzgta“c mo P)utl on is
ostensi bl y umaiefaﬁﬁ@mrﬂwnt @Née%s&?ﬂﬁﬂbf&’m@ﬁfr@ﬂﬂh@@,spaébsdﬁibgarﬁe@dbe | engt hs
of about 0.5 to about 1.7nm needle nunber and needle spacing. No

concent r at | apsenfigive tq bathgevice desian andoesbvrpetrie infusion TeaneumSTEUPK  prof i | es
wer e dictat e. The
primary |im lfl(%{r}(gd/g '%%C %&%og ?%%Jegﬁéeg??{?&%g% ?%Hlﬁaﬁf%s érf]c% vol unetric
35 27 Januan yoxaeeﬁae refdiE53/ R 2 di vkl tH&Ibéﬂiﬁ@J;/r@iﬂSﬁZme‘xuﬁipm@vbamee limied s for

| eak-free |nst|IIat|on of exaogenous substances into a dense tissue
conpar t ment .doSiNgEeSIHISEDEHY PeotiTcyMm VEPIGH $1ther i UsHE mpreseasenteaiisear s to be
insensitive i i numer ous
formul ati on/%gr\\/‘gggég%sgoﬁi\:{)h&g Smtagnsgcﬂ)a{%1 q‘g%glsggﬁ%%”ag\%g E:tg%e&[%{d%q rmtations and
provi de t he offegtive PK contréles bbrathel Ihg maqripillatthgpinffsidnast. adhifis@xtéorptats oV ol une
limted dosi ng{ regi nens can be circunvented either by using nore

concent r at edUb§t@R% ati ons or increasing the total nunber of instillation
sites. In addition, effective PK control is obtained by manipul ating
infusion or adm nistration rate of substances. [00801 In general, ID
delivery as [peg&ajht Iy géreeal N dediverydessaughio by tlkaemetthods/élescﬁdﬁi hebtoadagess

m croneedl e devi ces ¥r ovi des _a readi I%Ylgccessgl& e an rodum bl e

parenteral dEfPlAcsess suewnesle AcHesIPraYidesAser "I"iCP Q\é‘?PImda*é“l?]ﬁe ability
to nodul at &,plasHPqdively bEE, R¥h@ h‘{%éﬁﬂa&ﬂgfa%%fi%s 'tl'fgdrb?h Roparanmeters,

since uptakKe is not rate-limted bi ol ogi upt ake pararneters.
modulate plasma profiles by adjustm g 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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100811 In the previously described exanples, the nethods practiced by the
i nvention denpbnstrate the ability to deliver a drug in vivo @ﬁﬂﬁmﬂmkéﬂky

i mproved pharmaceutically relevant rates. This data indicates an inproved
pharmacol ogical result for ID admnistration as taught by the nethods
described of other drugs in humans woul d be expected according to the

nmet hods of the invention. 36 27 January 2006 CLAIMS 1. Use of a conposition
for the production of a nedicament for &AMIMStration to' the derms of a
manmal , wherei n upon admi nistration, inproved system c absorption is
produced rel ative to absorption produced upon injecting the conpound

subcut aneousl y; and Y il aeéo.rl]nr{)togl?ioﬁ %ﬁgﬂé FldRi IR e Sarflerl ff%(ffhiﬂ%fr a

| ow nol ecul ar wei gh eparin or a dopam ne receptor agonist. 2 A device for
adm ni st ah¢ dgmtie of amammmb], wherimmmsi ddimom stdtionhingroped sB&mEc absooptidn ikor none,
a | ow nol ecul ar wei.ght heparin or a dopam.ne receptor agonist, the deyice
bei ng corfP@ised delnbye toabrrptirepradsediuern HYHAS i (oM WBH BRI ISR S eRd t he

derm s 1 QypbLif!ifl oSSR nCoRRLA %QQtﬂomﬁe,%ﬂm%{alteLlﬂQr wwfggfgérﬁagm?adevi ce

is an el ectroporation I njectron stemor a thermal porati ction
system 3lopAmkidretaptoraggonigi. stering to the dermis of a mammual, which
conprises a conposition conprising a growth hornone, a | ow nol ecul ar wei ght
heparin or a dopam ne receptor agonist, wherein upon adm nistration of the
conposition to the g 08! \V ] & j &EBH%

relative to agéorpt?g%0%§§63§@59§§§#3?ﬁ?ﬁ%ﬁ?ﬁba?ﬁg&g%gﬁgégﬁ?f%n 8¢

subcut anepasthyhorthong, Kiotv raclearlali wejghitdieprai on Bdophoninduecem onggonsst,ithe devdevi ce

for adm ni steri t C ositfion to the mammal . .the device being .

Con s gur GTTEGOTSae TPy ETGRRN M RO e EHEPOLIGN T SRTPRIS OPRI der i s

to obt ai Rys¥siEiBsbrpidaQrf el BmpBEitibM VIR AR devRB is ¥k dhorkifon iHRWIGE 1S an
el ectroporation injection systemor a thernal poration injection system 5.

A use, deystem,or@rthiimal pérationyinpéction aystem.1- 4, wherein the administration is by
bolus injection. 6. A use, device, or kit of any of clains 1-4, wherein the
conposition is in the formof nanoparticles. 37 27 January 2006 7. A use or
kit of any of 3¢l ai & kft@6r aliminlRKHag fo dedemis bf atragimdlswhichicojpeisés g t hrough

composition comprising a growth hormone, a low molecular weight heparin or a dopamine
receptor agonist, wherein upon administration of the composition to the dermis, improved
systemic absorption is produced relative to absorption produced upon injecting the

composition subcutaneously.

4, A kit according to claim 3, further comprising a device for administering the
composition to the mammal, the device being configured for selective administration of 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.

5. A use, device, or kit of any of claims 1-4, wherein the administration is by bolus
injection.
6. A use, device, or kit of any of claims 1-4, wherein the composition is in the form of

nanoparticles.
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at | east one holl ow needle, by electroporation, or by thermal poration. 8. A
kit of claim7 wherein the at | east one hol |l ow needl e conpri S&Janearn2pf of
m croneedl es. 38

7. A use or kit of any of claims lor 3, wherein administration is by injecting through

at least one hollow needle, by electroporation, or by thermal poration.

g. A kit of claim 7 wherein the at least one hollow needle comprises an array of

microneedles.
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