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stratum corneum painlessly and deliver substances through the skin. However, such
transdermal delivery systems are not sufficiently reproducible and give variable

clinical results.

Mechanical breach of the stratum corneum is still believed to be the most
reproducible method of administration of substances through the skin, and it provides
the greatest degree of control and reliability. Intramuscular (IM) and subcutaneous
(SC) injections are the most commonly used routes of administration. The dermis lies
beneath the stratam corneum and epidermis, beginning at a depth of about 60-120 um
below the skin surface in humans, and is approximately 1- 2 mm thick. However,
intradermal {ID) injection is rarely used due to the difficulty of correct needle
placement in the intradermal space, the difficulty of maintaining placement of the
needle in the intradermal space, and a lack of information and knowledge of the
pharmacokinetic profiles for many drugs delivered ID. In addition, little is known
about fluid absorption limits in dermal tissue and the effect of depot time on drug
stability. However, ID administration of drugs and other substances may have several
advaniages. The intradermal space is close to the capillary bed to allow for absorption
and systemic distribution of the substance but is above the peripheral nerve net which

may reduce or eliminate injection pain. In addition, there are more suitable and
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No. 5,003,987). However, the present inventors have found that, in the case of
microneedles, breaching the stratum corneum alone is not sufficient for clinically
efficacious intradermal delivery of substances. That is, other factors affect the ability
to deliver substances intradermally via small gauge needles in a manner which

produces a clinically useful response to the substance.

US Patent No. 5,848,991 describes devices for the controlled delivery of drugs to a
limited depth in the skin corresponding to about 0.3-3.0 mm and suggests that such
devices are useful for delivery of a variety of drugs, including hormones. US Patent
No. 5,957,895 also describes a device for the controlled delivery of drugs wherein the
needle may penetrate the skin to a depth of 3 mm or less. The fluid in the pressurized
reservoir of the device is gradually discharged under gas pressure through the needle
over a predetermined interval, e. g., a solution of insulin delivered over 24 hrs.
Neither of these patents indicates that delivery using the devices produces a clinically
useful response. Kaushik, et al. have described delivery of insulin into the skin of
diabefic rats via microneedles with a detectable reduction in blood glucose levels.

These authors do not disclose the depth of penetration of the microneedles nor do they
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delivery of the drug, indicating that 1D i i o
prevent leakage of the substance out of the skin and to improve absorption within the

intradermal space. ID infusion is a preferred method for delivery according to the
mvention because lower delivery pressures are required. This also reduces the amount
of substance lost to the skin surface due to internal pressure which increases as fluid
accumulates within the skin prior to absorption. That is, infusion minimizes effusion
of the substance out of the tissue. Infusion also tends to reduce painful swelling and
tissue distension and to reduce internal pressure as compared to the corresponding
bolus dose. The pharmacokinetics of hormone drugs delivered according to the
methods of the uses of the invention have been found to be very similar to the
pharmacokinetics of conventional SC delivery of the drug, indicating that ID
administration according to the methods of the uses of the invention is likely to
produce a similar clinical result (1. e., similar efficacy) with the advantage of
reduction or elimination of pain for the patient. Delivery devices which place the
needle outlet at an appropriate depth in the intradermal space and control the volume
and rate of fluid delivery provide accurate delivery of the substance to the desired

location without leakage.



adm ni stration according to the nethods of the uses of the invention is
likely to produce a simlar clinical result (i. e., simlar effi M@%Fmﬁth
t he advantage of reduction or elimnation of pain for the patient. Ivery
devi ces which place the needle outlet at an appropriate depth in the
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Exanple 1 for plasma insulin |evels during SC and ID infusion of insulin.
Fig. 2 illustrates the results of Exanple 1 for_blood glucgse | evels during
SC and | DF1g Arllestates e prdisiof Fxamplg. 1f3r phaﬁru%tnsalerekm‘:lﬁéu%&ECtaydéFP Exanpl e 1
for plasnﬂﬁﬁﬁwlégﬁ 1§ during SC and ID infusion of PTH Fig. 4 illustrates
the results o e 2 for plasma insulin levels during SC and 1D

i nfusion of |nsuI|n at 2 Uhr. Fig. 5illustrates the results of Exanple 2
for plasng, glu?ose | evel s during SC and ID. jnfusion of insulin at 2 U hr.
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Fig. 5 illustrates the results of Example 2 for plasma glucose levels during SC and ID
infusion of insulin at 2 U/hr,

DETAILED DESCRIPTION OF THE INVENTION

In a first aspect of the tnvention, there is provided use of a substance selected from the
group consisting of hormones, antitoxins, substances for the control of pain,
substances for the control of thrombosis, substances for the control or elimination of
infection and vaccines, for the manufacture of a medicament for use in the treatment
or prevention of hormone deficiency, toxicity, pain, thrombosis or infection or in the
expression of protective immunity by delivery of said substance into an intradermal
space within the skin of a human subject through a small gauge needle inserted into
the intradermal space, the needle having an outlet having an exposed height at a depth
within the intradermal space sufficient to allow the skin to seal around the needle and
the rate and volume of delivery of the substance being controlled, such that leakage of
the substance to the surface of skin is substantially prevented. Preferred embodiments
of the invention in its first aspect are as described below or as defined in the sub-

claims.



t he substance to the surface of skin is substantially prevented. Preferred
enbodi nents of the invention in its first aspect are as descri be@l §4iRax§5or
as defined in the sub- clains. 4 2 9 MAR 2005 The present invention provides
delivery of a drug or other substance to a human or aninal subject via a
devi ce which penetrates the skin to the depth of the intradermal space. The
drug or substance is admnistered into the intradermal space through one or
nore hol | ow needl es of the device. Substances infused according to the
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singly or nul.ti pl e needl.e arrays. T erns ."needl e" and "needles" as
used her ef"ﬁﬂ"gF@ lpﬂﬁ@ﬁﬁaaaﬁag‘yéﬂgélﬁéﬂ% (E&HB a{mMisHANe- | i ke structures. The
needl es are preferably of small gauge such as mcroneedles (i. e., smaller
than about 25 gauge; typically about 27-35 gauge). The depth of needle
penet r at i he mpaetibe dediorised ord® athmnmtratwlby thm@em‘m@tdmg tortbe jnvaintion or wi t hout
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attached gnseggles fa%rusgdxl?errrglngre 1lr{tsen§gc% t%ne[ncompass all such needle-like structures.
The needles are preferably of small gauge such as microneedles (i. e., smaller than
about 25 gauge; typically about 27-35 gauge). The depth of needle penetration may be
controlled manually by the practitioner, with or without the assistance of indicator
means to indicate when the desired depth is reached. Preferably, however, the device
has structural means for limiting skin penetration to the depth of the intradermal
space. Such structural means may include limiting the length of the needle or catheter
available for penetration so that it is no longer than the depth of the intradermal space.
This is most typically accomplished by means of a widened area or "hub" associated
with the shaft of the needle, or for needle arrays may take the form of a backing
structure or platform to which the needles are attached (see, for example, US Patent
5,879,326; WO 96/37155; WO 96/37256). microneedles are particularly well suited
for this purpose, as the length of the microneedle is easily varied during the
fabrication process and microneedles are routinely produced in less than 1 mm
Iengths. microneedles are also very sharp and of very small gauge (typically about 33
gauge or less) 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-



5,879, 326; WD 96/ 37155; WD 96/ 37256). m croneedles are particularly well
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been foun certain features of trader ma m nistrati on protocol
are essential for clinically useful pharnmacokinetics and dose accuracy.
First, it has been .found that placepment of the needle outlet within the
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vertical"rise"of the outlet). Although the needle tip my be placed at the
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even i f the heedl & ou I's a a mcronee (w t hout any
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to seal around_the needle and the substance readjily effuses onto the surface

of the o©f the skin due to backpressure exerted by the skin itself and to’pressure built up from
accumulating fluid from the injection or infusion. For example, 200 pm microneedles
are often cited as suitable means for delivery of substances through the skin. We have
found, however, that even if the needle outlet is at the tip of such a microneedle
(without any bevel) the substance is deposited at too shallow a depth to allow the skin
to seal around the needle and the substance readily effuses onto the surface of the
skin. Shorter microneedles such as these serve only to permeabilize the skin and do
not give sufficient dose control for clinical utility. In contrast, microneedles useful in
the invention have a length sufficient to penetrate the intradermal space (the
"penetration depth™) and an outlet at a depth within the intradermal space (the "outlet
depth™} which allows the skin to seal around the needle against the backpressure
which tends to force the delivered substance toward the skin surface. In general, the
needle is no more than about 2 mm long, preferably about 300 um to 2 mm long, most
preferably about 500 pm to 1 mm long. The needle outlet is typically at a depth of
about 250 pm to 2 mm when the needle is inserted in the skin, preferably at a depth of
about 750 um to 1.5 mm, and most preferably at a depth of about 1 mm. The exposed
height of the needle outlet and the depth of the outlet within the intradermal space

influence the extent of sealing by the skin around the needle. That is, at a greater




skin. Shorter mcroneedl es such as these serve only to perneabilize the skin
and do not give sufficient dose control for clinical utility. In contrast,
m croneedl es useful in the invention have a | ength sufficient 2bMaRAWErat e
the intradermal space (the "penetration depth”") and an outlet at a depth
within the intradermal space (the "outlet depth") which allows the skin to
seal aro t Al I i . o _force the
del i ver egﬁ g%lbagfe gﬁigg)qtl%mvg@gé E%téte}s%&r?ggﬁﬁrﬂﬁ ﬁég‘.ﬁﬁ Isﬁll 8é§1rlleer gkr‘efn?lg %Zhe&er?éedl e is no
mor e t hanmaldetwizh tinshe gxpgeehdasabiyi mbaial cfBiRndywhen laded dtang, nost
preferably about 500 mto 1 mmlong. The needle outlet is typically at a

L g ) 3
Gept h of SHalbBURr domb withimths inrACKiEH Spie. ReRenll. (s erpesed feighi f e skin,
pr ef er abl ferably at a
depth of ‘%%‘?;}Ef’ﬁ'%%m%ﬁ%%E‘?meﬁgﬁ?gaﬁﬁ“é@gﬂk‘?%?@t‘ﬁ@‘R@Q%F@?‘&??‘éf And the dept h
of the outebdt owldthvith dnhexposedihaibhr of) hspadevel aafilivignbetip bethexeadie. of seal i ng
by the skin around the needle, That is, at a greater 6 2 9 MAR 2005 depth a
need| e oﬁfllﬂéf cate1the derih ﬁ’@r"“g%dﬁg‘@éaﬁ%i‘“@ﬂlﬂ dgpihy of pepgtratigQf thef £ ci ent | y

whereas @Ry oUL h&laid ltPt @vﬂfchﬂ@%e?ﬁﬁ@y fa%%ltorpgglé?prg,fmgﬁa&u fficiently

when placed at a shallower depth In“the Int pace. Typically,

t he expoghkasiieoitht nefdld s a messultableeupdset height. be from 0 to about 1 mMm
preferably fromO to about 300 m A needle outlet with an exposed hei ght of
0 has no bevel and is at the tip of the needle. 1In this case, the depth of

the outl efechit, ih8s PRSI thBEhE BREQObT RRRASS 8 inARIA miNGe ciesllye. A needle
outlet which is either forned by a bevel” or by an opening through the side

of the neeuirdiddakiedo theddgh kavkpressuposededdurity ID Sbwiorstiption. Gaas been found
that the resszﬁr.e oé I, neiéecti g{t% or .i B{usj ontrrust be c(gre[jul ly controlled due
to the hiPGH HECRBFRLEIr-E " L& e 4 FeRyof B! AR TSR UV IABA™ Bas- pressure
driven denii¢&$ ras. fisEhdtBRWIpreRribietoRIelifér 1B SubdlafcdbyOP8cih® a @8diaki ons in
delivery rate. It is therefore preferable to deliver the substance by

pl aci ng @resowsdipetly o ibe digid intierface; ky/thisrpretide 4 garedconpreet delivery rals t hi s
provi des _a .[xoy. tant ..delivery.rat j ] 2 ial t.0 timze
absorpti S’ﬁl 1%5};13% %ﬂ@%tuglo tng}%g aﬁ%"s@{ t%%lgangﬁ%\éﬁngﬁlg%? ﬁ%ﬁégz’ggm%é?li“\‘}%t%% rate and
vol une ameliatsaadesi velime woniks aédiablytconpoltadan prdviast thefarahationopf weal s at

the site of delivery and to prevent backpressure from pushing the needl e out
weals at the site of delivery and to prevent backpressure from pushing the needle out
of the skin. The appropriate delivery rates and volumes to obtain these effects for a
selected substance may be determined experimentally using only ordinary skill. That
is, in general the size of the weal increases with increasing rate of delivery for
infusion and increases with increasing volume for bolus injection. However, the size
and number of microneedles and how closely together they are placed can be adjusted
to maintain a desired delivery rate or delivery volume without adverse effects on the
skin or the stability of the needle in the skin. For example, increasing the spacing
between the needles of a microneedle array device or using smaller diameter needles
reduces the pressure build-up from unabsorbed fluid in the skin. Such pressure causes
weals and pushes the needle out of the skin. Small diameter and increased spacing
between multiple needles also allows more rapid absorption at increased rates of
delivery or for larger volumes. In addition, we have found that 1D infusion or
injection often provides higher plasma levels of drug than conventional SC
administration, particularly for drugs which are susceptible to in vivo degradation or
clearance. This may, in some cases, allow for smaller doses of the substance to be

administered through microneedles via the ID route, further reducing concerns about

blistering and backpressure.



of the skin. The appropriate delivery rates and volunes to obtain these
effects for a selected substance nmay be determ ned experinentally using
only ordinary skill. That is, in general the size of the weal ih8MARIES
with increasing rate of delivery for infusion and increases with increasing
volume for bolus injection. However, the size and nunber of m croneedles
and how cl osely together they are placed can be adjusted to maintain a
desired delivery rate or delivery volune w thout adverse effects on the

skin or the sslivdtistration mdthédseoneaglated by thhém@kition inkhide il andncr easi ng t he
spaci ng .between .the needles, of a mcroneedl e array device or using snaller
il amet or iRESHREIVTE Gl dEes ﬁ%@%?féggﬂw%m hoaneranyrl S Sr HEAIUS | Uid in the

ski n. Su%s@fsf‘a%%?%@d&%%ﬁ@ered‘ﬁ?d s‘in%g%]@%hﬁ’ﬁ &VQF? g&gagﬂiesz& tigle the skin.

Smal | dianeter a I ncreased spaci et ween nu e ‘needl es also all ows
nor e r apipgtriathagpipsliyolessthan atpuead8dninakuéssief adndeisiratdonycomiprises | ar ger vol unes.

In addition, we have found that 1D infusion or injecti often provides
i gher  pl SSTESEEOEH SutildrSelsOER aHe BEHGBREY R APISEEt ORI OFSicd o

par ti cul aejalvdiPmdié BesndMinl: REBISYBREIR bihi€r thn hBolisvR) f&gradat i on or
cl earance. This may, in sone ‘cases; allow for snaller doses of the substance

to be adhklinérstmbgldndcraccardingnd theomemitibeshe needtehie pladed outhe intfademtadr r educi ng
concerns about listerin nd kpressure. 7 9 R.2005 The
i ni ot PRERA B e Era0EsREG T en dt femghilr 4P dfe both bol us and
i nf usi on ideddevilspade WiidIR caidctA6dARY of HO8BsBeaDyiiRe BldbBdReai a0 mal subj ects.
A bolus dose is a S|n%le dose delivered in a single volune unit over a

a

rel ati veldsstobuted sysiempicallye Tho seediaphy bt Fynoeeisd i heesembio gentBining thé n. | nf usi on
adm ni strati.on I 1. Nj rin fluj t. el ected rate (which
S%E:%tgnce(f(? gPdel%%?egr ggmer %r%g') tlhe gﬁsaliviolr é{ltg tﬁ%}ngraée aﬁ%pélae {nla}{re é eriod,

may be constant or varia over a re Y Xte

t ypi cal | Yocgiiresather pdskiagly @tibidut 2pgliatibmof ernslgrésére 18 (lHabitaneqo secording to
the invention, the needle is placed in the intradermnal %pace and t he

subst ancelelizerad) et edy (Hitlothg RppiFation pbprestre) Nlexameden  refesed he i nt rader mal
SPace, g REedil b SRahliasiuis, SHORED e Ly asas sapond
cont ai ni ngessine or Belistida gi@iries obwasheld. Bee, dok. exBaipiey €ISyPdtemn ot RE57.88%r voir into
the T ntragenil NEAS0TS; wo 96/17648; WO 98/11937; WO 09/03521. If desired,

the rate of delivery of the substance may be variably controlled by the pressure-

generating means. As a result, the substance enters the intradermal space and is

absorbed in an amount and at a rate sufficient to produce a clinically efficacious

result. by"clinically efficacious result”is meant a clinically useful biological response

resulting from administration of a substance. For example, prevention or treatment of

a disease or condition is a clintcally efficacious result, such as clinically adequate

control of blood sugar levels (insulin), clinically adequate management of hormone

deficiency (PTH, Growth Hormone), expression of protective immunity (vaccines), or

clinically adequate treatment of toxicity (antitoxins). As a further example, a

clinically efficacious result also includes control of pain (e. g., using triptans, opioids,

analgesics, anesthetics, etc.), thrombosis (e. g., using heparin, coumadin, warfarin,

etc.) and control or elimination of infection (e. g., using antibiotics).
EXAMPLE 1

ID infusion of insulin was demonstrated using a stainless steel 30 gauge needle bent at

the tip at a 90° angle such that the available length for skin penetration was 1-2 mm.




occur either passively (w thout application of external pressure to the
substance to be delivered) or actively (with the application of pressure).
Exanpl es of preferred pressure-generating neans include punps, %@ME@%S

el astoneric nmenbranes, osnotic pressure or Belleville springs or washers.
See, for exanple, US Patent No. 5,957,895; US Patent No. 5, 250,023; WO

96/ 17648, ; Lhed - of -del jvery of the
subst anceT h\r%\%?g@é E"é‘ﬁ%@%&?"g %ﬁr% gﬁl%)e‘gg{ﬁ%ﬁﬁg{hp%els‘éta':bgqlﬁ]gﬁelﬁheer ell(fr" ﬁ’g‘!}nﬂeans. As a
resul t, tithensdhsvanoeredtuad thettdtel éxpbscadeighabl thpaesdlandtldtsvasdlisbebed in an
amount and at, a rat?e sufficient. to Ior_od ce aclinically efficacious result.
by" cl i ni d%*in}@hf‘elﬁ s Squstpusted i @ deliypey device similar odhatydesabedin BSol ogi cal
response pyk&eNb! 6,057 86 Wiﬁlqmu@igﬁ;;ﬁ&&ﬁx@ B BsAHPRIANGE roﬁpfed _%g%ﬂp' e,
prevention or treatnent of a disease or condition is BCHehi ally

ef fi caci qusstic Eslitrtille sprolg and golviméetciahllymemserpddtos ratasrtf9dU/ho90qlighd. sugar

I I i lin), clinjcall t t of h ; i Ci
(Pry o chheisorBiaiag Hogsipiel a8 oGS, PR a© M s P hec) - oF
ol f cal i AGHNLE phiBaLiEDisenit S ikt CARHAM hAFh scdBiich fiur t her

exanple, a clinically efficacious result also includes control of pain (e.
g., usi ngwing wasesuppresysil by defusionnbbgmstidsacetaeandestagmx®~Sendoz t hr onbosi s (e.
g., using,heparin,,cou in farjn tc.) and. control or elimnation of
i nfecti oﬁ’heﬂga%?t}‘fa&sﬁﬂ%?i’%x@h %C%I}Ypﬁ ¥4y ﬁ%Pﬁede}évi on of insulin was
denmonst r abaehrisitad iusibRon ®5 EhibeeAfidPa oy Bsure@dhien ARMbasdline the tip at a
90 angl e such that the available |ength for skin penetration was 1-2 mm 8 2
9 MAR 20051Té&spdewreingipet o1 X hrpdoliaweddty a hbr. hestspenigd at a depth of
1.7-2.0 mmin the skin when the needle was inserted and the total exposed
hei ght of the needle outlet was 1.0-1.2 mm The needl e was constructed in a

del i ver y FigiaGiaslinTevely wi@ quiiititatd@ stard doatndroiali@dicFmitiiioaMay (809X 895, with
i nfusion pressure _on_the insulin reservoir_provided a plastic Belleville

b
spring arkePugkBmsulie-dpiagnastic keoducts E@marginns kpeangsles C@Smnd@@om hr). The
i -] ' ' M ni Med 507
Choul 1 T LI L BRadRlg Wb EBhhRIGA IR ERCARB SattRud L
secr et i oBachringaniMieinhaim Sogpphdsmephblisy IN)nWesgho monhaltred pemi desulcet at e

(Sandost %}ﬂlierl]sxénrd)cbrrgsap%ggﬁlg blood glucose values are shown in Fig. 1 and Fig. 2. Data

indicate similar plasma insulin levels and onset periods for infusion via the ID route
and via the conventional SC route. The decrease in blood glucose response is also
similar between the two. Although 9 U/hr. is a higher administration rate than is
typically used medically, these results also demonstrate the ability of dermal tissues to

readily absorb and distribute medicaments which are infused via this pathway.

A similar experiment was conducted using human parathyroid hormone 1-34 (PTH).
PTH was infused for a 4 hr. period, followed by a 2 hr. clearance. Flow rates were
controlled by a Harvard syringe pump. Control SC infusion was through a standard 31
gauge needle inserted into the SC space lateral to the skin using a "pinch-up”
technique. ID infusion was through the bent 30 gauge needle described above. A 0.64
mg/mL PTH solution was infused at a rate of 75 pL/hr. Weight normalized PTH
plasma levels are shown in Fig. 3. This data demonstrates the efficacy of this route of
administration for additional hormone drugs, and indicates that 1D infusion may
actually provide higher plasma levels for drugs that are susceptible to in vivo

biological degradation or clearance.



Phar maceuti cal s, East Hanover, NJ), and hyperglycem a was induced by
concomm tant infusion of 10% glucose. After a two hour induction anij
baseline period insulin was infused for 2 hr., followed by a 3 hr. AR 2485
period. Plasma insulin |levels were quantitated via a commerci al

radi o-i nmunoassay (Coat-A- Count(r) insulin, Diagnostic Products

Corporation, Los Angeles, CA), a%?}vﬁ&%%gl ucose values were neasured with

a comercial rnonitor (Accu-chek r)y, Boehringer Mannhei m Corp,
| ndi anapolis, | N) Wei ght nornmalized plasma insulin |evels and

correspo | ucose val ues, are shown 1 and Fig. 2. Data

i ndi cat eri& 1&811 d%ﬁf’%t‘gﬁ%?sldﬁglﬁp?tﬁtq éwyeéﬁw&ﬂ%lﬁp%gh?%ewrwe ff usi on via
the I D rQidhfect@ng 2\t dhdRaGLRY. Mt htler Was hgkhEd 1o Tzhg\;llﬁﬁ/ferd%%qng o bl 0od
gl ucose response is also simlar between the two t hough ﬁ is a

hi gher adnimypi fot cattiobof flaidaletitvap. i s typically used nedically, these results
al so denonstrate the ability of dermal tissues to readily absorb and
di stribute medi caments which are infused via this pathway. A simlar

exper i Nerg h¥isv, GRILATIRG rﬁﬁw}ﬁedw(@ﬁnp@mmgtm Jvorteoe i @p, (PTH . PTH
was infused for a 4 hr. period, followed a 2 hr. clearance Fl ow rates

were cororresfoadingyio abaua By ameges yflltilr@g@uti ) p@cmemn dhe ‘SC(]IOﬁfMIE exnosedhs t hr ough

a standard. edl e insert into.th to the skin
using a " %&W%%%&“fag éoceﬁﬁs ?‘H‘P\’h’% Pbtr?e e‘@%ﬁ%ﬁ’éﬁf ﬁ@%@b@ 30 gauge
needl e d%ﬂ&md@aﬂo@hﬁwﬁ)bo& &{lﬁ;‘ﬁer cOBMiOnlyRIsEd 36 inéd1RInAe RN (Dikaericpt a rate of
75 L/ hr. Sdght normal i zed PTH plasma | evels are shown in Fig. 3. This data

denonst r akheghgtsendof ﬂ@awr@rsedlhwgs plocadantsrthe plapiig¢athatertand sementediidi t i onal
hor mone é{igﬁm %5& ?&‘IF ggth lBuhH% Hﬁt} G['E[ %X(li%e %ﬁﬁé{% P E&\{édde hi gher

pl asma | ugs susce VI VO

degr adat |apprcﬁimﬂbl@a1r1aﬁﬂﬂayoﬂd werM‘}Rm?bOﬂﬁns Iﬁiﬁ%lﬁg_ﬁerﬁtrhﬁbn @Bthé hébddfl | ver y was
denmonstrated in swine usin I | ow si | | on m cr need%g connected to a
st andar d Wigtiatodhe skifdo appr %gm&tfv égrespogdpodhatdertsotibensulin - punp

for CO””Ht'r %Il &Iﬂ%lvﬁﬁée %ﬁbﬂw'&%ﬂlﬁﬂﬁglvepa'tlp%ﬁé‘cdﬂfﬁﬁ%@?d'e (2 mm

total | engt
visual observatlon and no obstructlons were observed at pressures generated by a

standard 1 cc syringe. The catheter was connected to an external insulin infusion

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

The pump was filled with Humalog™ (LisPro) insulin (Lilly) and the catheter and
microneedle were primed with insulin according to the manufacturer's instructions.
Sandostatin® solution was administered via I'V infusion to an anesthetized swine to
suppress basal pancreatic function and insulin secretion. After a suitable induction
period and baseline sampling, the primed microneedle was inserted perpendicular to
the skin surface in the flank of the animal up to the hub stop. Insulin infusion was
begun at a rate of 2 U/hr and continued for 4.5 hr. Blood samples were periodically
withdrawn and analyzed for serum insulin concentration and blood glucose values
using the procedures of Example 1. Baseline insulin levels before infusion were at the
background detection level of the assay, as shown in Fig. 4. After initiation of the
infusion, serum insulin levels showed an increase which was commensurate with the
programmed infusion rates. Blood glucose levels also showed a corresponding drop
relative to negative controls (NC) and this drop was similar to the drop observed for

conventional SC infusion (Fig. 5).
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correspondi ng to about 33 gauge) with an outlet 1.0 mfromthe tip (100 [um
exposed height) was fabricated using processes known in the art (US Patent
No. 5,928,207) and mated to a microbore catheter commonly used fof 3MAR005n
infusion (Disetronic). The distal end of the m croneedl e was placed into
the plastic catheter and cenented in place with epoxy resin to forma
depth-limting hub. The needle outlet was positioned approximately 1 mm
beyond t hg, @RXXYeritHbh, thdHScrbheBale sk RERBEEAL) @hdefudidlg bReerlie skut | et into
the skin to approximately 1 nm, which corresponds to the depth of the
i nt r ader nedirisiradealeliversvdrpgin Weatpheeresyutahl teheyahl rafes. ThedW ipatstonvds conf i r med
by visual gbservation, a no. gbstructi ons, were served at. pressures
gener at ed™Y"5V4% eﬁ‘hod:‘é';rﬁquoc ¢ %W@%’%lnfﬁgﬁ]é'aﬁcﬁ@t@ge IH&%Whgﬁfo 'to an
ext er nal mﬁﬁéwﬂrﬁﬁ&m@fﬂia RépERsd M lbdBdu&Rd Yedbic@or Wes digg egral  Luer
connection at the catheter outlet. The g%d was filled with Humal ogTM

a01

(Li sPro) damansirated. This Jata indératen @ stangiprobabitityd! sneassdnlduimacadozicabr i med wi t h
insulin acg ing-to th n cturer's instructions, Sandostatin(r)

so ut 1 o agvagh hdpia B 4 RERR el s SRS A RO £

suppr ess hagalls PRRE uealof thefitngtiben and insulin secretion. After a suitable
i nduction period and baseline sanpling, the primed m croneedl e was inserted
perpendicular to the skin surface in the flank of the animal up to the hub
stop. Insulin infusion was begun at a rate of 2 U hr and continued for 4.5
hr. Bl ood sanples were periodically wthdrawn and anal yzed for serum
insulin concentration and bl ood gl ucose values wusing the procedures of
Exanple 1. Baseline insulin | evels before infusion were at the background
detection level of the assay, as shown in Fig. 4. After initiation of the

i nfusion, seruminsulin |Ievels showed an increase which was comensur at e
with the programred infusion rates. Blood glucose | evels also showed a
corresponding drop relative to negative controls (NC and this drop was
simlar to the drop observed for conventional SCinfusion (Fig. 5. 10 2 9
MAR 2005 In this experinent, the mcroneedl e was denonstrated to adequately
breach the skin barrier and deliver a drug in vivo at pharmaceutica

rel evant rates. The ID infusion of insulin was denonstrated to be a

phar macoki neti cal |y acceptabl e adm ni stration route,
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and the pharnmacodynam ¢ response of blood gl ucose reduction was al so
denonstrated. This data indicates a strong probability of successful

phar macol ogi cal results for ID adm nistration of hornones and Oth% druﬁWh
in humans according to the nethods of the uses of the invention. B M R
2005 WHAT IS CLAIMED I S: 1. Use of a substance selected fromthe group

consi sting of hornones, antitoxins, substances for the control of pain,
subst ancesyfiat 1t g admed. of thronbosis, substances for the control or
elimnation of infection and vaccines, for the manufacture of a nedi canent
for use in the treatnent or prevention of hornone deficiency, toxicity,

pai n, thr n@ 'Q;G%FHQ? Ny t he ex QeSS| n_of Qph?ctlve i mmunity by
delivery %FJ S L ﬁPE‘ hEoRP g ?ﬁ@f’ nggw K%he skin of a
human su bsmtan&ésrf@umb comdrd BRpain SALSENndRE Bt tBe EdHHRN bEGrdmbRist Bbslaftdsader mal
space, the needle having an outlet giving an exposed height at a depth

wi thin thér |ﬂm ¢omtrel oreling patioa of itpstiingnd veeriags) twthermenudidisre b2 seal ar ound
the needl & gack g/ 268, AT MALUTS: 8h, S5LhYPLY 9L LR SHRS  Ange  bei ng

e .
control | e % suc age of COFr skinis

subst anti pélhythﬂj’rﬂjt@i@t(ﬁﬁhfec&mn'ﬂﬂﬁ] Lh%%xptﬁsﬁdrﬁ(bﬂ’prétecﬁm&ﬂhdm@r@ ®Ubsyance is
insulin or parat ht),gy.am d hornone (PTH). 3. The use of claim1, wherein the

subst anceof ihybaiagegaisan iniradgpmalriaacst wishin she skin qivehuisen sbjeet tiraweB, wher ei n
the subst 95‘1%‘3]% g&a%%%&ﬂk (i)l‘lsgl"[%i; infb thé LR ?Qﬂna‘li_’ Spa-EgethEmged?é‘ ha%r% MR duaeyherein the

substance i S n or war aim1l, wherein

t he subst givige arxscxpaseamteight ﬂtal depthAwithih ehaiseraddrmal spate duffivibertellowhe needle is
smal | er than about 25 gaug 8. The use of claiml1l, wherein the needle is

sel ect ed ?heémtﬂée@élawad élwélﬁaﬁ@ﬂwfmteﬂflé velmepfdelivery ohhespbsinsal es and
I nj ecti Onbé}ggg#:ﬁﬁﬂleg -sudl ﬁla | nz}l%% oﬂlﬁ'sﬁbsjtanc fh%'sﬂrfgcesdfgﬁ h§sneedle is

i nserted e use o wherei n t|p needl es are inserted. 12
2 9 MAR 2R0ftantially prevented.

2. The use of claim 1, wherein the substance is insulin or parathyroid hormone (PTH).
3. The use of claim 1, wherein the substance is an analgesic or an anaesthetic.

4. The use of claim 3, wherein the substance is an opioid or a triptan.

5. The use of claim 1, wherein the substance is heparin, coumadin or warfarin.

6. The use of claim 1, wherein the substance is an antibiotic.

7. The use of claim 1, wherein the needle is smaller than about 25 gauge.

8. The use of claim 1, wherein the needle is selected from the group consisting of

microneedles, catheter needles and injection needles.
9. The use of claim 1, wherein a single needle is inserted.

10. The use of claim 1, wherein multiple needles are inserted.
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11. The use of claim1, wherein the substance is a |liquid adm ni stered by
pressure directly on the liquid. 12. The use of claim1, wherein the
substance is infused. 13. The use of claim 1, wherein the substancd WM& 2005
injected a bolus. 14. The use of claim1l, wherein the needle is about 300 um
to 2 mmlong. 15. The use of claim 14, wherein the needle is about 500 mto
1 mmlong. 16. The use of claim1l, wherein the outlet is at a depth of about

250 mto 2 nRWhesr ddig ﬁ%@ﬁke@n iR shbsifid: 8¢ h%ﬂid Bt GeRl v by ﬁﬁesealéfi wher ein
the outlet is at a depth of about 750 mto 5 mMm when e needle is

i nsert ed. dit®fly Phéhalggidf clai m 16, wherein the outlet has an exposed hei ght
of about 0 to 1 mm 19. The use of claim 18, wherein the outlet has an
exposed hei ght of about 0 to 300 m 20. The use of claim1, wherein delivery

rate or vl yme ydebi dahed w&r&@ﬂiersabétmewmﬁ%@am ng of multiple needles,
needl e di ameter or nunmbéer of needles. 21. The use of claim11l, wherein the

rate and vol unme of delivery of the substance are controlled so as to

d
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anount of the substance ins absorbed systemically fromthe intradernal

space. 13 . .
14. The use of claim 1, wherein the needle 1s about 300 pm to 2 mm long.

15. The use of claim 14, wherein the needle is about 500 pm to 1 mm long.

16. The use of claim 1, wherein the outlet is at a depth of about 250 um to 2 mm

when the needle is inserted.

17. A use of claim 16, wherein the outlet is at a depth of about 750 pm to 1.5 mm

when the needle is inserted.
18. The use of claim 16, wherein the outlet has an exposed height of about 0 to 1 mm.

19. The use of claim 18, wherein the outlet has an exposed height of about 0 to 300

lm.

20. The use of claim 1, wherein delivery rate or volume delivered is controlled by

spacing of multiple needles, needle diameter or number of needles.
21. The use of claim 1, wherein the rate and volume of delivery of the substance are
controlled so as to prevent the formation of weals at the site of injection and to

prevent ejection of the needle.

22. The use of claim 1, wherein a clinically useful amount of the substance ius

absorbed systemically from the intradermal space.
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