2 2 MAR 2x11 1 METHOD AND APPARATUS FOR THE TRANSDERMAL ADM NI STRATI ON OF
A SUBSTANCE Field of the Invention The present invention relates to a

net hod and apparatus for delivering a substance and particul arly MaR 2004
pharmaceutical agent transdernmally to a patient. Mdre particularly, the
invention is directed 5 to a nethod and apparatus for delivering a

phar maceuti cal agent such as a vaccine to a patient through the stratum
corneum Background of the Invention The skin is nade up of several |ayers
with the upper conposite |ayer beinglthe epithelial layer. The outernpst

| ayer of the skin is the 10 stratum corneum which has well known barrier
properties to prevent nolecules and various substances fromentering the
body and anal ytes fromexiting the body. The stratum corneumis a conpl ex
structure of conpacted keratinized cell remmants having a thickness of
about 10-30 nicrons. NiBTHODaAND APPARATUSOFOR PHBRTRANSDERMALMENMbr ane to

protect the body frominvasion by varioqus. substanc the outward
m gration of various conpour‘?d%MI W%TIMPEW%giﬁﬂﬁ%dy of the stratum

corneum prevents the adm nistration of nost pharnaceutical agents and

ot her substances through the skin. Nunerous nethods and devi ces have 20
been proposed to enhance the perneability of the skin and to increase the
di ffusion of various drugs through the skin so that the drugs can be
utilized by thE! th , the delivery of drugs through the skin is

enhanced by ei ther 4fgreasiNtOinkBaBAMERARS th Y nRihbdentkhpparatds AR M -2
delivering a substance and particularly a pharmaceutical agent
transdermally to a patient. More particularly, the invention is directed

5 to a method and apparatus for delivering a pharmaceutical agent such

as a vaccine to a patient through the stratum corneum.

Background of the Invention

The skin is made up of several layers with the upper composite
layer being the epithelial layer. The outermost layer of the skin is the
10 stratum corneum which has well known barrier properties to prevent
molecules and various substances from entering the body and
analytes from exiting the body. The stratum corneum is a complex
structure of compacted keratinized cell remnants having a thickness
of about 10-30 microns. The stratum corneum forms a waterproof
15 membrane to protect the body from invasion by various substances
and the outward migration of various compounds.
The natural impermeability of the stratum corngum prevents
the administration of most pharmaceutical agents and other

substances through the skin. Numerous methods and devices have
20 been proposed to enhance the permeability of the skin and to increase

the diffusion of various drugs through the skin so that the drugs can

be utilized by the body. Typically, the delivery of drugs through the

skin is enhanced by either increasing the permeability of the skin or



I ncreasing the force or energy used to direct the drug through the skin.
One exanple of a nethod for increasing the delivery of drugs through the
skin include iontophoresis. |ontophoresis generally 5 applies & 1$&R@ﬂhal
electrical field to ionize the drug, thereby increasing the diffusion of
the drug through the skin. |ontophoresis can be difficult to control the
anount and rate of drug delivery. Under sone circunstances, iontophoresis
can cause skin damage depending on the ex%ent of ionization, the energy
applied to ionize the drug and 10 duratiofi of the treatnent. Sonic, and
particularly ultrasonic energy, has also been used to increase the

di ffusion of drugs through the skin. The sonic energy is typically
generat ed by pabsreaping tg? éenoei wanardy et tordiserjtthe diugzdubughrihe cryst al
or ot her suitaqge el ectromechani cal device. 15 Although nunerous efforts
to enhance drugkaglivery usi ng sonic energy have been proposed, the

results general ly slmwe axh@iplé af & éthodl by ifletdaseiiy thAaelihery drdhgg of
delivering drugs through the skin is by fornmng mcropores or cuts through

t he stratum cortheomgh sl 2&in dneludgtipntprharesisr dontoplaeresimgemeradlel i veri ng
the drug to.the skin _in or belpw the stratum corneu n rugs can be
ef fectivel y5 acﬂﬁﬂﬁ’leftael?g %r?ﬁ‘ge%EW%ﬁﬁeflgramd%ﬂlgFrtﬁfi gt”ﬁlag%eSoprat um cor neum
general |y incl YgdereénsthgkRé diffusibnmfahetgigzthrbagH! the skinblIafespivresig a

| ength to penetrate thé stratum corneum w t hout passi ng conpletely 25

t hrough the epicder bt slifficsadingsl eantsel thresmoyartianskrateofdirng dddiagyn Unde,
ETIRRLE A NEXET D (AT Y o o
pul sed | aser Idrgtte bRtedftldtiénizAtion] tied vieRsr Aspliedvtd hntike shgdirhipeant
ablation OrlO duration of the treatment.
Sonic, and particularly ultrasonic energy, has also been used to

increase the diffusion of drugs through the skin. The sonic energy is

typically generated by passing an electrical current through a

piezoelectric crystal or other suitable electromechanical device.

15 Although numerous efforts to enhance drug delivery using sonic
energy have been proposed, the results generally show a low rate of
drug delivery.

Another method of delivering drugs through the skin is by
forming micropores or cuts through the stratum corneum. By

20 penetrating the stratum corneum and delivering the drug to the skin
in or below the stratum corneum, many drugs can be effectively
administered. The devices for penetrating the stratum corneum
generally include a plurality of micron size needles or blades having a
length to penetrate the stratum corneum without passing completely

25  through the epidermis. Examples of these devices are disclosed 1n
U.8. Patent No. 5,879,326 to Godshall et al.; U.S. Patent No.
5,250,023 to Lee et al., and WO 97/48440.

Transdermal drug delivery is also known to use pulsed laser

light to ablate the stratum corneum without significant ablation or



-3 danmage to the underlying epidermis. Adrug is then applied to the

abl ated area and allowed to diffuse through the epiderms. The.p;&iiHmh

met hods and apparatus for the transdermal administration of dﬁdg§whés
exhibited limted success. Accordingly, a 5 continuing need exists in the
i ndustry for an inproved device for the admnistration of various drugs
and ot her substances. Summary of the Invention The present invention is
directed to a nethod and apparatus for the transdernal delivery of a
substance, such as a drug, vaccine or 10 6ther pharmaceutical agent, to a
patient. In particular, the invention is directed to a nethod and appar at us
for delivering a pharmaceutical agent to the stratum corneum of the skin

to a suffici entdaiopgl tatibecindértyipgamdennis. caldragdathermpdieshotitred and

utilized by the_.bo ln_e i e r l.eal agent is a
vacci ne, the 153193%% ALe4 E“gﬁﬁaf"a"’g"'ﬁdgg’zd%%e F&%ﬁgﬁﬁ aeﬁﬁ rargﬁtﬁlfsﬁssue bel ow t he
stratum corneum wherige phiervaegiots fad agpaesaisefornhe trameddrasponse.
Accordingly, a primary object of the invention is to provide a get rlod and
appar at us for eddminisiratiornahdrngy Bas sghibigerh Hrrbed precass. Ayesardingly, a
transdermal Ly t hrqugh. t he LLD: L1 al ' LA tQ: 20

patient. Angt het b} 8E1E %?EL#(ﬁng?%@zﬁ?yﬁ&féﬁy\gb{)rgg\L}%ne gﬁdg%gécr?ea{oggﬁehavi ng
a plurality of sdmieikeedi@sodratibagdelulsnmbotierahibsgandes. stratum cor neum
of the skin for delivering a pharmaceutical agent or other substance to the
skin. 25 A further object of the invention is to provide an apparatus for

delivering a plgﬁﬁjrhg Qf ¢ sdermally to an animal either
si mul t aneously or—s : R1M

The present invention is directed to a method and apparatus for

the transdermal delivery of a substance, such as a drug, vaccine or

10 other pharmaceutical agent, to a patient. In particular, the invention
is directed to a method and apparatus for delivering a pharmaceutical
agent to the stratum corneum of the skin to a sufficient depth where
the pharmaceutical agent can be absorbed and utilized by the body.
In embodiments where the pharmaceutical agent is a vaccine, the

15 vaccine is introduced into the intradermal tissue below the stratum
corneum where the vaccine can generate an immune response.

Accordingly, a primary object of the invention is to provide a
method and apparatus for efficiently administering a pharmaceutical
agent transdermally through the skin substantially without pain to

20 the patient.

Another object of the invention is to provide an apparatus
having a plurality of microneedles or blades for penetrating the
stratum corneum of the skin for delivering a pharmaceutical agent or
other substance to the skin.

25 A further object of the invention is to provide an apparatus for
delivering a plurality of drugs transdermally to an animal either

simultaneously or sequentially.



4 Anot her object of the invention is to provide a nethod for transdermally
delivering one or nore vaccines sinultaneously or sequentially in small
doses. A further object of the invention is to provide a netho@d 2R Bl
apparatus for the transdermal delivery of multiple vaccines without the
need for vaccine refornulation or conbination. A still further object of
the invention is to provide an apparatus for the transdernmal delivery of a
pharmaceuti cal agent having a plurality _oj} _m croneedl es for penetrating

t he stratum corneum and a 10 coupling nenber for coupling with a supply
contai ner for supplying a pharmaceutical agent to the m croneedl es.

Anot her object of the invention is to proyide an apparatus _ haying a
plurality of nicrondgAtBer PRIeCHOhERE ARYSRIATHhES & PERWIAS adoe ¥nd an outer

adnesi ve: pat o ¢ ghoquihes)y BLiveltA RERERG hbf: 5 ARBALRRURALR0LE SKIn of o

patient. Still ect he invention is to provide a“transdernal
phar maceut i cal seglienenllyde\ameall hasesig an array of m croneedl es for

penetrating the stragtum corneum of .the skin, where the devige has .a

Channel | noa bot ¢ onslHAReOREEt A Fec trvis L R e ARG o 800"

phar maceut i gal _a?ﬂ:%‘étﬁé FIP heSQHN S 8erliRat HEIVEG PREEHIRE vabeinestbRhogb] ect of
the invention is'to provide a device for the transdermal delivery of a

subst ance to a thatrieedt foniveceinerrefomitatidmer cambanatignof ni croneedl es and a

dri ed substance, the drjed substance . bei.ng reconst] by Lnp ing a

sol vent or carrier ?%ﬁgﬂrtﬁ"ﬁé O_%’éecge‘{}c@tgg lﬁgﬁl?ﬁgﬁs é‘éﬁ’f}&‘@%a&ﬁ %pé_glg%&%ent .

These and ot herjophh&efahselerira® deliVeRt bPA phia@nriicbttianl hdththadibigad ned by

provi ding an intradermal deli ver]é dévice for introducing a substance into
s

the skin of a Etralty. offhicrdeeedlesdonpenswatiagitys stefum corneum and a
| 10 coupling member for coupling with a supply container for supplying a

pharmaceutical agent to the microneedles.

Another object of the invention is to provide an apparatus
having a plurality of microneedles for penetrating the stratum
corneumn and an outer adhesive patch for adhesively attaching the

15 apparatus to the skin of a patient.

Still another object of the invention is to provide a transdermal
pharmaceutical delivery device having an array of microneedles for
penetrating the stratum corneum of the skin, where the device has a
channel in a bottom surface for directing a fluid containing a

20 pharmaceutical agent from a source to the microneedles.

A further object of the invention is to provide a device for the
transdermal delivery of a substance to a patient where the device has
an array of microneedles and a dried substance, the dried substance
being reconstituted by introducing a salvent or carrier through the

25  device and then delivered to a patient.

These and other objects of the invention are substantially
attained by providing an intradermal delivery device for introducing a
substance into the skin of a patient. The device comprises a top wall

having a top surface, a bottom surface, and at least one opening



having a top surface, a bottom surface, and at |east one opening 2?KR -5
extendi ng between the top and bottom surfaces. A bottomwall is "5@@@5 dto
the top wall and spaced therefromto define a reservoir therebet or
contai ning the substance. The bottomwall has an inner surface and an
outer surface which have a plurality of openings. 5 A coupling nmenber is
attached to the top surface of the top wall for supplying the substance
t hrough the openings in the top wall and into the reservoir. A plurality
of m croneedl es are coupled to the outer “surface of the bottomwall and
are in communication with the openings in the bottomwall for directing
the substance fromthe 10 reservoir to the skin of a patient. The

m croneedl es hadendirgnbetweaguthis toeandttwtpeneturfieest e bettoah walt oy neum of

t he skin w thout | erci or sing conpletely thro the epiderms. The
actual |ength C&u}ﬁﬁ‘g tﬂi%ﬁ&ﬂ_@e@i@? a?PE\‘/C%Byt%[C e%?ﬁni £ﬂ lQJ%LfIP‘ﬁé r&éFWé’F y for
the particul arthepdisétanes feicoatadihpitat ldtai@. TRAMRL®m Q] has an

m croneedl es for adm nistering a vaccCine can have a length to pass through

t he stratum corinagmsiufasetand enheatesiswiacgywhichhhave a plapakiivt ¢fovpafingacci ne

d/ dj .desired i i
o mal 1y f by ov ERNBRBATE 7 it g o Erehesior Saaric chit Lo LT or ocuce

such res ponses,sd;gﬂyﬁ?af}m Sub2riéet @61 ah dha Hped®Ra PO €8S $bH & A ahaRFRY hans
n

cells. The objects and advantages of the invention are further attained by
provi di ng an i rheagsemgir.dévplewaligr ohoncransedidsmycacpipieddodheiaier agent
t hrough the skin I.ses.a..subs lally planar

hal e having a t% ?%‘EF??Q@% Q&BB}T?‘%}}?@% %g% gggﬁég%nﬁ%%mlﬁgﬂt&t endi ng
bet ween the toppedngeth @ik Boticaaesall for ¢Redlingoheeubetande Abhached to the
top surface of the base for
10  reservoir to the skin of a patient. The microneedles have a length
sufficient to penetrate the stratum corneum of the skin without
piercing or passing completely through the epidermis. The actual
length of the microneedles can vary to optimize the delivery for the
particular substance being administered. For example, the
15 microneedles for administering a vaccine can have a length to pass
through the stratum corneum into the other skin layers where
deposition of vaccine and/or adjuvant can generate a desired immune
response. This would normally follow interaction or uptake with
various mechanisms that produce such responses, for example,
20 uptake and antigen processing by Langerhans cells.
The objects and advantages of the invention are further attained
by providing an intradermal device for administering a pharmaceutical
agent through the skin of a patient. The device comprises a
substantially planar base having a top surface, a bottom surface and
25 an opening extending betweaen the top and bottom surfaces. A
coupling member is attached to the top surface of the base for
directing a fluid containing a pharmaceutical agent through the
opening in the base and for coupling to a fluid source. A plurality of

microneedles are attached to and extend from the bottom surface of



directing a fluid containing a pharmaceutical agent through the opening in
the base and for coupling to a fluid source. A plurality of nicggmgg%hﬁs
are attached to and extend fromthe bottom surface of 2 2 MAR 20 "t

base and have a length sufficient to penetrate the stratum corneum of the
skin. A plurality of channels are formed in the bottom surface of the base
and extend fromthe opening outwardly toward an outer edge of the base.
The channel s are positioned between the 5 microneedles for directing a
fluid fromthe opening to the mcroneedles. The objects of the invention
are further attained by providing an intradermal delivery device for
delivering a substance, such as_a har maceuti cal agent, to a patient. The
devi ce conpri setheabass ragdans eh?mgig sifgienige neact@te khe Bteaivaut | et tip

vice comr i scdiabay FngEs niuneig wi e _
i or onbedl o ar SSRRGh ToARE A PHbAiHEC] M THELORE foftmRhb T B0 o,

sufficient to pamgkcabethid®assanat esteadrfreunnbefojdrgng inwandlyh@weardnannel s
whi ch extend through the m croneedl es for delivering th_e[')gphar maceut i cal
i

agent to a 15 Patr&dee Aiberaseop] ke channelscaneResitippad iRetVeentBGi de a
hod of i i i : . SO
met hod o %dmﬂlﬁnlgﬁ%ba%safowlﬁfm%ﬂﬁ% rﬂgg'gr{hetcmgglﬁg td e skin of a

patient which Conprises provi r mal e having a body with
a top surface, mictooleediassur f ace, and at | east one opening extendi ng 20

bet ween the top and bottom surfaces. A pluraljty of mcropeedles, are
attached to and ext e PRIiGES RE i‘%‘@r’ﬁt%?%fc@%]ﬂe’f ﬁ@aﬂﬁd’[)gﬁmog ERRve a

Lo, S LSRR, Uie LU AR R e, St e ey, oo
m cr oneedl es t ophematceatticalh@gestty &b arpatinrte Ufhoflevice comprises a syringe
10  having a syringe barrel with an outlet tip and a plunger for dispensing
a liquid in the syringe. A plurality of microneedles are coupled to the
tip. The microneedles can have a length sufficient to penetrate the
stratum corneum of the skin and have channels which extend
through the microneedles for delivering the pharmaceutical agent to a
15 patient.
Another object of the invention is to provide a method of
administering a pharmaceutical agent through the skin of a patient
which comprises providing an intradermal device having a body with a
top surface, a bottom surface, and at least one opening extending
20 between the top and bottom surfaces. A plurality of microneedles are
attached to and extend from the bottom surface of the body and can
have a length sufficient to penetrate the stratum corneum of the skin.
The device contacts the skin of a patient and sufficient pressure is
applied for the microneedles to penetrate the stratum corncum of the
25 patient. A pharmaceutical agent or other substance is delivered to the
microneedles so that the substance is absorbed through the skin.
The objects, advantages and other salient features of the

invention will become apparent from the following detailed description



25 patient. A pharmaceutical agent or other substance is delivered to the
nmi croneedl es so that the substance is absorbed through the skin.l fiiet 10t

obj ects, advantages and ot her salient features of the invention wll
beconme apparent fromthe follow ng detailed description 2 2 tff; 2G4 -7
whi ch, taken in conjunction with the annexed draw ngs, discloses preferred
enbodi nents of the invention. Brief Description of the Draw ngs The
following is a brief description of the drawings in which: 5 Figure 1 is a
side el evational viewin cross-section of 'd@ "transdernal delivery device in
accordance with a first enbodi ment of the invention; Figure 2 is a bottom
view of the transdernal delivery device of Figure 1 with the cover

renoved; 10 Fi ghfechs taken igy ernjinstionf withetheranmekadndtavielgsy disglakesi ce of
Figure 1 show n i ing the device with a pharmaceuti cal
agent; Figure Sgrﬁgﬁgdp%gﬁPaﬁﬁgﬁﬁ&l\ﬁh&vﬁﬁvﬁnﬁpﬁ'ss-secti on of the

m croneedl es; 15 Figure 4 is a partial side view of a transdermal delivery
devi ce accordiﬁg o a further_ enbodi nent of the invention, show ng

m croneedl es of 2HE S B e Prafyingss s top view of the transder mal

delivery device of H L Elgure, 6 i I.de,. Lonal .view in.partial
cross-section showi nl;l‘glge 5(%10{;715 %Fybggﬁ&ééﬁ rtl$%$¥§%%§F§W§ﬂbw@é fce of
Fig. 4 withS phar ritigemt ilcial a aglendlevatignuleviéwiis eroBetseotibmigw of the

transdermal deljvery devj ge .of Fig. 4, show ng the channels for directing
t he phar maceut i €&8ns ij elivery device in accordance with a first embodiment of

the invention;

Figure 2 is a bottom view of the transdermal delivery device of
Figure 1 with the cover removed;

10 Figure 3 is a side view of the transdermal delivery device of
Figure 1 showing a syringe for supplying the device with a
pharmaceutical agent;

Figure 3A is a partial side view in cross-section of the
microneedles;

15 Figure 4 is a partial side view of a transdermal delivery device
according to a further embodiment of the invention, showing
microreedles of different length; _

Figure 5 is top view of the transdermal delivery device of Fig. 4;
Figure 6 1s side clevational view in partial cross-section showing

20 a supply container for supplying the device of Fig. 4 with a
pharmaceutical agent;

Figure 7 is a bottom view of the transdermal delivery device of
Fig. 4, showing the channels for directing the pharmaceutical agent
from the supply container to the microneedles;

25 Figure 8 is a side view of a further embodiment of the invention,
in which a syringe barrel is provided with a microneedle tip; and

Figure 9 is a partial cross-sectional side view of a further

embodiment of the invention, in which a syringe with a Luer lock



fromthe supply container to the mcroneedles; 25 Figure 8 is a side view
of a further enbodinent of the invention, in which a syringe barrel is
provided with a mcroneedle tip; and Figure 9 is a partial cr 0&<M8dt onal
side view of a further enbodi nent of the invention, in which a syringe with
a Luer lock 2 L VAR ZJUl -8 collar is coupled to a delivery device having a
plurality of mcroneedles. Detailed Description of the Preferred

Enbodi ments The present invention is dlrecgfd to an intraepidernmal delivery
5 device for adninistering a substance to'da patient. Mre particularly,

the invention is directed to a delivery device and to a nethod for

adm nistering a substance into or below the stratum corneum of the skin of
a patient. As uS¥érmisrequplediie a deleseisvicn bavioger pluralignoring  a | ayer

of the skin withgut, necessarily passing conpletely through. 10 Piercing
refers to passing conple ely through a layer of the skin. As wused herein,
transdermal refers to the delivery of a substance, such as a

phar maceuti cal , b|oJo.|caI agent or vaCC|ne t hrough one or nore |ayers of
ski n. | ntrader nREtgi o efgrred Kynbediments skin and not
limted to the derm f: I; Al h f_.the
present invention ar’g tl'b %eglf}l 1g&?ﬁt185 IQ dl%ﬁ%té@?o gﬁsg%ﬁ%n% %ﬂj}gﬁtﬂ ?% ‘%

vari ous sub$t andexdce |fmchd|ﬂ1mgsterphgmrmmthnealto agpatient. t Mlore @@Irtlenlarlﬁnd
particularly to a human. patient. As used herein, a pharmaceutical agent

i ncl udes a substEReniion WAEFEEE gPEfehrey\davca A te anmsehed (Pxer ed
through the bodyy %ang%g@ﬁg%eéu@g}gnég gcfslsbeﬂmﬂ&)@g&ﬁm&ﬁewﬁ o the:

Exanpl es include anti ics, antivir agent s, anal gesi ¢s, anest he
anor exi cs, anti skinhof 4 ipasiendntstdeprdhsanihs th@mmﬂil i}:ﬁhﬁtﬂalﬂeScfeaﬁltd) tntering

a layer of the skin without necessarily passing completely through.

10  Piercing refers to passing completely through a layer of the skin. As
used herein, transdermal refers to the delivery of a substance, such as
a pharmaceutical, biclogical agent or vaccine, through one or more
layers of skin. Intradermal refers to one or more layers within the
skin and not limited to the dermis layer of the skin.

15 The device and method of the present invention are particularly
suitable for use in administering various substances, including
pharmaceutical agents, to a patient, and particularly to a human
patient. As used herein, a pharmaceutical agent includes a substance
having biological activity that can be delivered through the body

20 membranes and surfaces, and particularly the skin. Examples
include antibiotics, antiviral agents, analgesics, anesthetics,
anorexics, antiarthritics, antidepressants, antihistamines, anti-
inflammatotry agents, antincoplastic agents, vaccings, ingluding DNA
vageines, adjuvants, biologics, and the like, Other substances which

25  can be delivered intradermally to a patient include proteins, peptides
and fragments thereof. The proteins and peptides can be naturally

oceurring, synthesized or recombinantly produced.



I nfl ammat ory agents, antineopl astic agents, vaccines, including DNA

vacci nes, adjuvants, biologics, and the |like. other substances which 25 can
be delivered intradermally to a patient include proteins, pepti desMARatidh
fragnents thereof. The proteins and peptides can be naturally occurring,
synt hesi zed or reconbinantly produced. 2 2 MAR 2004 9 In sone enbodi nents
of the present invention, a vaccine is admnistered using the device and
nmet hod of the invention. The multipuncture device of the invention is
believed in addition to have a uni que i nunol ogi cal advantage in the
delivery of vaccines with the 5 potential of increasing the vaccine's
clinical value. The insertion of the nultiple needle points into the
tissue i s suggested ssomeiargbedimentsnidhe-rerenkirventiane avadcdireis The

dl I ck ] qul g - I ' I s,beli d
Than & ai mpl o chnparreerale R it S 3 R BUR duehudh BEC dammge

to a variety l0muiltipehkcsundeded bitlee irdfeehtidreny bélesveddusaduitiohetoapaeanance
of  pol ynor phonuc]| ear_ neutrophil_ (PMN) and m crophages as well as the

rel ease of cyt oRNHBX imppamplegigal advantaggintberdsdivery atveecipgamiththe ot her
ts, whigh : h -0 ' : . Th
agent s L& C eh‘?%g 8@ ?ncarelﬂ% {heoifaﬁlqgg cﬁxﬁﬁ%ﬁlc{‘a?@é.c% 1%1%%&3@% ﬁ)? €

sol ubl e stinul atory ors ence e profiferation ocytes

and are cent r al tHeomidieiplemesdie RsneyERo tthe titiene suggEhted aybairsd afiul ati on
is proportional to the direct needle-cell interaction. The m croneedl e

devi ce of the préisARtilikFestimayatosy ¢hrehblBeincedlt shek ragpangnirent ant
corneum and | ntE PHELEFREe R AR S bR A R BB S
| engt h to penetitdizenaadopeasspolseuPecidhe stisks ahumanoentamage ttheutariety
penetrat| ant heo Cecrlgi e'xsné %eﬂh?ﬁirrgrzcﬁitecture, causing the appearance of
polymorphonuclear neutrophil (PMN) and microphages as well as the
release of cytokines, including ILI, tumor necrosis factor (TNF) and
other agents, which can lead to a number of other immunological
responses. The soluble stimulatory factors influence the proliferation
15 of lymphocytes and are central to the immune response to vaccines.
The immune stimulation is proportional to the direct needle-cell
interaction.
The microneedle device of the present invention 1s valuable in
promoting significant immune response to a vaccine by delivering a
20 vaccine below the stratum corneum and into the cells of the tissue.
The microneedles can have a length to penetrate and pass through the
stratum corneum without penetrating the dermis to minimize
absorption of the vaccine into the bloodstream. The small
intracellular depots created by the misroneadls array are beligved ©
25 increase the availability of thé vaccine antigen for interaction with
antigen presenting cells more than would a vaccine deposited by
standard needles in a larger depot quantity. In further embodiments,
the microneedles can have a length to penetrate, but not pierce, the

stratum corneum.



absorption of the vaccine into the bl oodstream The small intracellular
depots created by the, mcroneedle array are believed to 25 increase the
avai lability of the vaccine antigen for interaction with anti??&#ﬁlm
presenting cells nore than would a vacci ne deposited by standard needl es
in a larger depot quantity. In further enbodi ments, the mcroneedles can
have a length to penetrate, but not pierce, the stratumcorneum 22 MAR
2004 10 The m croneedl e array of the invenﬁbqn is believed to nagnify
several -fold the trivial or inconsequential i mune stinulatory inpact of a
si ngl e needl estick i ndependent of the route of delivery and vaccine. The

m croneedl e delivery gevi ce facc':il i tates _and enhances 5 vaccine

i munogeni city by anl538jAARCESIRATTaRGA LS invamtion nbelieped tormagnifybarri er
properties of tBeyshiltold ' resj : ug..penet rat.i on reside
in the outernost Iayerooﬁeﬁgms ‘Ppn,ﬁlcroé‘g gé‘?é@%ﬁ”@%ﬁ%&%ﬁﬁ?@@ dBHAREm
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devi ce and net hedirf, gefededd Y& bERBe & 1EMURSH %Bﬁ?eum@”%@?r’iﬁéz%é&@% éf fhe .
pharmaceutical agent, into or below the stratum corneumtor admnistering

t he substance ofPisisamiageneradly ingfede thesedoyets cpatinenty idareiferhabs yhe t he
devi ce and 1Pt hgga%mt &%n'tﬂgglg i, (%He %itleart%l?n malpighii, and the stratum

germinativum. Once a drug or other substance penetrates below the
stratum corneum, there is substantially less resistance to permeation
into thie subsequent layers of the skin and eventual absorption by the
body. Thus, delivery of a substance below the stratum corneum can

15  be an effective system for administering some substances, and
particularly some vaccines, to the body. The present invention is
primarily directed to a device and method for delivering a substance,
and particularly a pharmaceutical agent, into or below the stratum
corneum for administering the substance or pharmaceutical agent to

20  the patient. Preferably, the device and method of the invention pierce
the stratum corneum substantially without penetrating the dermis to
target the tissue layers below the stratum corneum. It is of potential
benefit for vaccines to target presentation of antigen to various antigen
presenting cells and other immunostimulatory sites, such as

25 Langerhans cells and intraepithehal cells, as well as proximal delivery
of adjuvants.

Referring to Figure 1, the device 10 includes a body portion 12

and a cover 14. The body 12 includes a bottom wall 16, side walils 18

and a top wall 20 to form a reservoir 30. The bottom wall 16 includes



the stratum corneum substantially w thout penetrating the dermis to target
the tissue |ayers below the stratumcorneum It is of potential benefit
for vaccines to target presentation of antigen to various antigehiwmﬁi%L
presenting cells and other imunostinulatory sites, such as 25 Langerhans
cells and intraepithelial cells, as well as proximl delivery of

adj uvants. Referring to Figure 1, the device 10 includes a body portion 12
and a cover 14. The body 12 includes a bottjomwall 16, side walls 18 and a
top wall 20 to forma reservoir 30. The bottomwall 16 includes 2'~

V- X1VL111A - 11 a plurality of spaced apart openings 22 extending
conpletely through the bottomwall 16. The openings 22 are arranged in an
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m croneedl es 24l eolpinens. datheaspdriingbatrs genstHlfyagrifefindf sphedaptam wal |
16 to forman array. Each of the m croneedl es 24 include a passage or
openi ng 28 pasd@lipushy BigRpatiag @iybe nen-vREORNG Ok cad dltamatg hekyeen

conmuni catipg w ing 22 in the bottomwall 16. The openings 22
and 28 defiﬁe \a@%%}]%gﬁulgpuggchannel to communicate wth the reservoir 30 to

access the fluid i nlhhBereesbsdiondnt36r Fighees Opmi agduRditgrnd Iflokave a
di aneter sufficient to allowa fluid to pass fromthe reservoir to the
ni croneedl e ti pBicapngedlas Pdpare pravaded ondhiekattam surdacs Betofibe RastarRe

ot anes Ser SR GOSN ALt e
by the tissue. gasshhe oenipeding 28 sdxming thrdkigiutleslehigihaf3Ae miapoeeddl es 24
| 10 24 and communicating with the opening 22 in the bottom wall 16.

The openings 22 and 28 define a continuous channel to communicate
with the reservoir 30 to access the fluid in the reservoir 30. The
openings 22 and 28 have a diameter sufficient to allow a fluid to pass
from the reservoir to the micronecedle tips at a suitable rate to dehver

15 the substance to the skin. The dimensions of the openings 22 and 28
will depend on the substance being administered and the rate of
absorption for the substance by the tissue.

In the embodiment shown in Figures 3 and 3A, microneedies 24

are formed from a substrate such as a silicon wafer or plastic

20 substrate. The microneedles are attached to the bottom wall 16 of the
body 12. In further embodiments, the microneedles can be integrally
formed with the bottom wall so that the substrate of the microncedles
can farm the bottom wall Of the pody,

As shown in Figure 3, the side walls 18 in the embodiment

25 illustrated extend substantially perpendicular to the bottom wall 16
and are coupled to the top wall 20 to define the reservoir 30. In the
embodiment illustrated, intermediate walls 32 extend between the

bottom wall 16 and the top wall 20 to divide the reservoir 30 into three



are formed froma substrate such as a silicon wafer or plastic 20
substrate. The mcroneedl es are attached to the bottomwall 16 of the body
12. In further enbodiments, the mcroneedl es can be integrally #dritidiaith
tbe bottomwall go that the substrate of the m croneedles can formthe
bottomwal | of the body. As shown in Figure 3, the side walls 18 in the
enbodi nent 25 illustrated extend substantially perpendicular to the bottom
wal | 16 and are coupled to the top wall 2Q,to define the reservoir 30. In
the enbodinment illustrated, internediate I'l's 32 extend between the
bottomwall 16 and the top wall 20 to divide the reservoir 30 into three -
12 separate chanbers 34, Preferably, the internmediate walls 32 prevent
f1uid conmuni cab$RATabe chasbersedhdfaelerablyhirbintermadiath evaltp3Aagirevent

i ncl udes severa Eﬁ'ﬁgﬁ - \M I def i ni,.ng a passageway
I nto one of thehlc1 a8 ers g%%hﬁwc%%ﬁﬁae?\]gﬂ%o%%gg?t §§a e&?ts‘gched to the top
wal I 20 surroundi ng Baeopivalhg0 inpkriesgevafal dperlihgs 8Bhadikreath openin

illustrated, the coupling nenbers 38 are externally threaded Luer |oc
type fittings asP g R PRESagEWay 1ate epsfithe qpamybersr3todprovplingnber s
can be used,s sughndSer §RHSL t r 5 103Y) A i.pl.e cover
sheet 40 having an a%egisgtﬁazg%re %thlgstog'[\?%chedy&tr\éﬁméqgSEE%%ItBEO to
form an adhesi vepgaingh Jor ImathaecmmglittemtdBustatéd) thiehegiing afembeatd@ent .

As shown in Figures 1 a . _the cover sheet 40,k has di mensi pn greater
than the di nens%cwr’?%ﬂy %deﬁg‘rzlﬂilqnlof QBe%{tﬁé‘BS@ﬁg‘W’éﬂn éIt40 has

an over hangi ng eRam ARy Q9 AR AEIS BTN e1cdage Qiniierbody 12

wi th an exposed area of adhesive. The cover sheet 40 has a len ahd
wi dt h greater t$eptumerisogywayoralveon 12 to enabl e t he adhesive | ayer 42 of

the overhangj ng port) g4l 10.CORLELS %S LU ARG AOdY B0 Q02 and
to the top wall 20 to form an adhesive patch for attaching the device to
the skin of a patient. As shown in Figures 1 and 2, the cover sheet 40
has a dimension greater than the dimension of the body portion 12 so
that the cover sheet 40 has an overhanging edge portion 41 extending

15 beyond the edges of the body 12 with an exposed area of adhesive.
The cover sheet 40 has a length and width greater than the body
portion 12 to enable the adhesive layer 42 of the overhanging portion
41 to completely surround the body portion 12 and adhere to the skin
of the patient and thereby attach the delivery device to the patient.

20 The adhesive 42 is generally a pressure sensitive adhesive which will
not irritate the skin and can be easily removed from the skin without
injury. A release sheet can be attached to the overhanging edge
portion 41 which can be peeled away to expose the adhesive prior to
use. In further embodiments, the cover sheet overhangs the body

25 portion 12 at opposite ends.

The removable cover 14 in the embodiment of Figures 1 and 3
has an outer wall 44 and a side wall 46. Side wall 46 includes a

detent 48 which is received in a recess 50 in the side wall 18 of the

body portion 12. The cover 14 snaps onto the body portion to protect



of the patient and thereby attach the delivery device to the patient 20
The adhesive 42 is generally a pressure sensitive adhesive mhlcg " not
irritate the skin and can be easily renmoved fromthe skin witho ‘WHG%ry
A rel ease sheet can be attached to the overhangi ng edge portion 41 which
can be peeled away to expose the adhesive prior to wuse. In further

enbodi nents, the cover sheet overhangs the Jody 25 portion 12 at opposite
ends. The renovabl e cover 14 in the enbodi ygnt of Figures 1 and 3 has an
outer wall 44 and a side wall 46. Side wall 46 includes a detent 48 which
Is received in a recess 50 in the side wall 18 of the body portion 12. The
cover 14 snaps gnto.,the b gy rtion to protect -, 13 the m croneedl es 24
and can be reno ?ﬁqﬂeea sug angl ¢agy beiTemoved Priurnsta Ysepa masHient prdvi ded

on the inner suj4 @gggﬁ(m%_ﬂg PR Rled& lthé]'ﬂ’#té&‘ 1999t a6t gﬁ%gu?ﬁa@ £ oup)

m croneedles 24 to s openings in m cronee
damagi ng t he mcmntaeedheﬁps&ﬂthe rdeironeedfledéaﬁi tesdd] the apemdngd by thede from
a plastic material [ ive, with the sub ance being

adnmi ni st er ed. gﬁﬂ‘frgﬁleﬁg Cﬁéfg ﬁl s nagwng g mieFones ev§xarrp| e,
pol yet hyl eng, pol ypr’ﬂ'@’ﬁ@ﬁ@erg &&Ed@?b%%en%%ﬁ@ar g?{%??%us AEPRPRBALES as

known in the art. The m cronheedl es can“be nm materirals as
known in the arthati@rl@mrrmcamplmthmhcrmtwdhesbemg bérmmackeerfeion$aithblzon,

Cobal 1 and - tIRARFEE R R SRR ire P Y PR PORGHOPEE ve
netal s, and a'ﬁ&yésﬁemrﬁél?amfhés h8ags d] @zﬂ%oﬁﬁ't@é‘ﬂ@%o%fn Er@%léfh?{ opged! es
are sel ected based 15 on the parti cuI ar substance bel ng adm ni stered and
the thickness dhicrongedlasatambe anade fmomm vehieusgoatdrials wisdkmowhendheiae. i s
to be appl '160'- F(ﬁ'rg;a?rgl% c! yrhlctrggee 185 235 deI Frade rg}nr § 1%01tlh(sata§1t1 eastsur{'ééor neum
tungsten steel, alloys of nickel, molybdenum, chromium, cobalt, and
titanium, ceramics, glass polymers and other non-reactive metals, and
alloys thercof.
The length and thickness of the microneedles are selected based
15 on the particular substance being administered and the thickness of
the stratum corneum in the location where the device is to be applied.
Preferably, the microneedles penetrate the stratum corneum
substantially without penetrating or passing through the epidermis.
The microneedles can have a length for penetrating the skin up to
20 about 250 microns. Suitable microneedles have a length of about 5 to
200 microns. Typically, the microneedles have a length of about 5 to
about 100 microns, and generally in the range of about 50 to 100
microns. The microneedles in the illustrated embodiment have a
generally conical shape. In alternative embodiments, the
25 microneedles can be triangles, flat blades or pyramids. Typically, the
microneedles are perpendicular to the plane of the device. The width

of the microneedles can be about 15 to 40 gauge to obtain optimum

penetration of the skin.



substantially without penetrating or passing through the epiderms. The
m croneedl es can have a length for penetrating the skin up to 201 gpout 350

m crons. Suitable m croneedl es have a | ength of about 5 to 200 ni crohs
Typically, the m croneedl es have a length of about 5 to about 100 m crons,
and generally in the range of about 50 to 100 mcrons. The microncedles in
the illustrated enbodi nent have a generally conical shape. In alternative
enbodi ments, the 25 mcroneedl es can be triangles, flat blades or pyram ds.
Typically, the mcroneedles are perpendit&ﬂar to the plane of the device.
The width of the mcroneedl es can be about 15 to 40 gauge to obtain

opti mum penetration of the skin. 2LI ,;iL11El1 - 14 As shown in Figure 2,

the nicroneedl es ar eAsysbiosat fry Fipaedd] thapmidroneefiizsmdry typidadissiiddcol ums
to forman array é&ruclce%nta@tinn?% t he ,ski.n andg{P netrating the stratum
Y n'™ The

corneum The spading Betie s phdrsieeme 1 BB JFARY der eepiasdingy on

the substance bgidgk® afdigenetRitit eid behat@m thetithf 3t é’;ﬁactiﬂg peivBe
wi thin the tissue of the skin. Typically, the mcroneedl es aré spaced a
di stance of abofhtc macumaedlesocam batvasiadhdemrdingirt the ubstarive leibgdi ment

of Figures 3 lacl thr.ee ch ers.34 f adm nistering different
subst ances 'éb;) t%@%ﬁ%ﬁ%@a@ﬁmrﬁn gﬁggyr{ﬁcerﬂfgtﬁ'xg Hloéswﬁgm posaFRG!t o
each of the chagfeeslsin34TypiealproRimitidcedldd Slcadldteldn AYRhH cRiotiabgugnd

i nteracti on between the different substances bei'ng adm nistered. Referring

to Figure 3, tHeOshmmdpatamtcamme filled with a suitable substance from
Paving a sui tanl & ouptaferee 1 B Pl bR R R R i uged ™ 0° °°
syringe 52 is aclsdmbdas G4sfpr iad@eindstering different substances to the skin. Each
| 10 array of microneedles corresponding to each of the chambers 34 are
spaced apart a distance to avoid mixing and interaction between the
different substances being administered.
Referring to Figure 3, the chambers 34 can be filled with a
suitable substance from a suitable supply container through the
15 coupling member 38. A syringe 52 having a suitable outlet is attached
to the coupling member 38. The syringe 52 is a standard syringe as
known in the art which includes a syringe barrel 56, a plunger and
plunger rod assembly 58 and a coupling complementing the coupling
member 38, which in the illustrated embodiment is a Luer lock collar
20 54. The Luer lock collar 54 can be integrally molded with the syringe
barrel or can be a separate collar which is snapped onto the tip 60 of
the syringe barrel. The syringe barrel can be made of any suitable
material including, for example, glass or plastic. The Luer lock collar
54 is threaded onto the coupling member 38 to form a fluid-tight seal.
25 The substance in the syringe is injected through the opening 36 into
the chamber 34. A suitable check valve 61 or other closure can be
included in the coupling member 38 to prevent the backflow of the

substance from the chamber 34.




known in the art which includes a syringe barrel 56, a plunger and plunger
rod assenbly 58 and a coupling conplenenting the coupling nenber 38, which
in the illustrated enbodinent is a Luer |lock collar 20 54. The L&émequ
collar 54 can be integrally nolded with the syringe barrel or can be a
separate collar which is snapped onto the tip 60 of the syringe barrel

The syringe barrel can be nade of any suitable material including, for
exanpl e, glass or plastic. The Luer lock colLlar 54 is threaded onto the
coupling nmenmber 38 to forma fluid-tight sédl". 25 The substance in the
syringe is injected through the opening 36 into the chanber 34. A suitable
check valve 61 or other closure can be included in the coupling nenber 38
to prevent the backflmfunther kmbosimrenasnchef clmmbae 3¢ harbeiclidde a2ddedBR 2J U4

- 15 In further e di t he ch rrber 34 can ipclude a dried or

| yophi I i zed phaP’ n@@ﬁqﬁgﬁa%@ﬁ?u% WAL R eEREﬁﬁF%EEWQQWHWSCTGZ can
be applied as a52eal BEPRlEALOELRMH

pl aced | oosely within tﬁﬂﬁ 1h Ser A S%II ta ebéﬂ(% vént or%féd % such as

distilled water Clmmé)esa)h‘rpiecsblaﬂsrebnmﬂam the cheadnhlvdr cigmitabie sohxenrtrog 36
into the ch hortl during .use to solubiliz

reconsti tut gnbhgl ﬁldﬁlé i‘gﬁbﬁﬁgﬂﬂter Ph& SMresrlugion g 1PiFé7r‘i?§6§
injected into ti}fé SPERR: %’363411%“91@ GhanbEPas ﬁorﬁl&r%foré&ﬁ&?&ﬂ%
Typically, the m croneedles are uniformy spaced”apart to an array

and have a subst@nbilige glrldrrlfettmshtmgghhp@mdmﬂcduhca] agent. f The lselvearoedi nent
shown in Figure t he m, cr.oneedles, hgve var engths to penetrate the
skin at differefh UL TR DEGIUSAtRG TR0 %?F@%W %4t1{58mrr?éﬁ’5ﬁ’?§€cﬂre%ﬁ’§rl ows

t he pharnmaceutiggitaagant to be delivered at 15 different depths in the skin

and can increase the effectiveness of the )
10 Typically, the microneedles are uniformly spaced apart to form

an array and have a substantially uniform length and width. Ina
further embodiment shown in Figure 4, the microneedles have varying
lengths to penetrate the skin at different depths. Varying the length of
the microneedles allows the pharmaceutical agent to be delivered at

15 different depths in the skin and can increase the effectiveness of the
injection. A microneedle device with microneedles of different lengths
is particularly effective in delivering a vaccine into the cells into or
below the stratum corneum to increase the immunological efficiency of
the vaccine by targeting an optimum absorption site. The

20 microneedles can have lengths ranging from about 10 microns to
about 40 microns. The microneedles are preferably arranged in the
array with alternating lengths. Generally, the array includes
microneedles having two different lengths. In other embodiments, the
array can have microneedles of several lengths ranging from about 10

25 microns to about 40 microns. The effectiveness of the presentation of
antigens to Langerhans cells is generally increased by providing the
microneedles in varying lengths since the delivery of the vaccine to the

optimum site is increased.




injection. A mcroneedl e device with mcroneedles of different lengths 1is
particularly effective in delivering a vaccine into the cells into or
bel ow the stratum corneumto increase the immunol ogical efficiepcy of the
vacci ne by targeting an opti num absorption site. The 20 m crone QMQGZ&Bn
have | engths ranging fromabout 10 mcrons to about 40 mcrons. The

m croneedl es are preferably arranged in the array with alternating

| engt hs. Generally, the array includes ni@éoneedles having two different

| engths. In other enbodi ments, the array tan have m croneedl es of several
| engt hs rangi ng from about 10 25 microns to about 40 m crons. The
effectiveness of the presentatjon of antigens to Langerhans cells is
general | y increased /byupstanati isgleliveredrite poprtisii tegsing thardevice bEHRighires si nce
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enabl e the microneedles to penetrate the stratum corneum The cover sheet

40 is attached TR EReETsIiGet Y iattaghed ty she Akiy byrihe Bitsaive. Atdyeinge

di spensi ng eont=4 QEr. +1 Vi 2.and.the .substan I S
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sui t abl e di spensitnganonisintesdaesd beto s clexapple34 aaldi'tw%iﬁfhéol d by
Bect on Di cki nson, and Conpany under the tradenane Uniject. e syringe 52

is able to applBidepereicats 1 frutitalle ispensingconiteinenissnabe,dfodicrentply, i nt o
t he skin bel owalpgsrp%rg%g UBig B?.re?e&é\ﬁpi?go%f?gt%ﬁ? (&égg@gdl eﬁ o] netrating

the derms. The | S appli [ t he
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device 12 18an cﬁ?iv[z?t \e/eS%beEgIT:et Qﬁ- Stlii n after a short period of tine. It
typically ectly into the skin below the stratum

corneum without the microneedles penetrating the dermis. The force
is applied to provide a rapid delivery of the substance into the
intradermal layer below the stratum corneum so that the device 12
can be removed from the skin after a short period of time. It typically

15 is unnecessary to have the device remain attached to the skin for
extended periods of time as in conventional sustained release devices.
Alternatively, the device can remain attached to sufficient time to
allow the substance to be absorbed into the skin.

In further embodiments, the syringe is used to fill the chambers

20  with a pharmaceutical agent or diluent and is then removed from the
device. Then the device is pressed against the skin so that the
microneedles penetrate the stratum corneum.. The pregsure applied to
the device enables the substance to be delivered below the stratum
corneum. In still further embodiments, the device is rubbed against

2% the skin to abrade the stratum corneum to enhance the delivery of the
substance,

A further embodiment of the intradermal delivery device is

illustrated in Figures 5-7. Referring to Figures 5 and 6, the

transdermal delivery device 70 includes a substantially flat base 72



15 is unnecessary to have the device remain attached to the skin for
extended periods of time as in conventional sustained rel ease devices.
Alternatively, the device can renain attached to sufficient tinme to allow
the substance to be absorbed into the skin. In further embodi medtlshAk }&
syringe is used to fill the chanmbers 20 with a pharnmaceutical agent or
diluent and is then renoved fromthe device. Then the device is pressed
agai nst the skin so that the mcroneedles penetrate t he stratum corneum
The pressure applied to the device enabré% the substance to be delivered
bel ow the stratum corneum In still further enbodi nents, the device is
rubbed agai nst 25 the skin to abrade the stratum corneumto enhance the
delivery of thela¥fgamarRy o migronsedlsstistforeaie ddlivene of the aubsteaice

delivery devi ceyd; | dqknaFigures,5-7. Referrin o,.Figures 5 and
6, the transdg?ér%gg dﬁ&#@é&%@eﬂ@?? ?ﬁ%ﬂbl?alé‘?ea%é’mﬁlﬁti’mey flat base
72 22 MRUL - InidravicodleaI7 Anr@yubbtatittI3nesl esth/Aolopenings 88 ph¥eigesof the
substance being adn nistered. Unlike the enbodi ment of Figure 1, the

ni croneedl es 74PEPBERIBSRIAIPAEEGIES01A gemirahiniet ppenT ;s positivassdiges

t hrough thesm ¢ anesfl; Ml t /6. 1 s.positioned n 5
subst anti al Isy the Cgﬂ#gﬁy&ﬁ et%%gltt%‘gé%m}zsé%oggu& fe’?\léplﬂrﬁgrﬁ'é‘?mg’gfqgméﬁmas a
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supplying a substance,to the mcroneedle 74. A suitable containéer having

an internal |y tiff SHBRYINES SYBRIancs|tPdhegniarenpedei i d Af Biitaldasiontaingrt h
gl i TR 1 T
cont ai ner whi cleosgmirigewttbntiteesslibd 78 ahdrinerddeisglbssinaante aRtrdligh elgat ai ner
through t h?Oi nlig{etppoor 7%6t'o ﬁllct gi(rzlr%tnie\égiey?ﬂ}. The container 80 is illustrated as
a flexible plastic container which can be compressed to force the
substance from the container through the inlet port 76. Alternatively,
a syringe having a Luer lock collar can be used for introducing the
substance through the inlet port 76. An optional closure cap 84 can
15  be removably attached to the Luer lock 78 to temporarily close the
inlet port 76. The cap 84 can be an externally threaded cap for
engaging the threads on the Luer lock 78 or can be a stopper-like
member for fitting into the passageway of the Luer lock 78.
A flexible sheet material 86 having an adhesive layer 88 is
20 applied over the upper surface of the base 72 and is attached to the
base by the adhesive 88. As shown in Figures 5 and 6, the sheet 86 is
larger than the dimension of the base 72 and overlaps on each of the
sides to provide an exposed area 87 of adhesive for attaching the
device to the skin of a patient. A removable cover 90 encloses the
25 microneedles 74 to protect the microneedles from damage prior to usc.
In the embodiment illustrated, the cover 90 has an outer wall 92 and
side walls 94 extending substantially perpendicular to the outer wall
92. The upper ends of the side wall 94 attach to the adhesive layer 88

of the sheet 86 to enclose the microneedles 74. The cover 90 can be



a syringe having a Luer lock collar can be used for introducing the

subst ance through the inlet port 76. An optional closure cap 84 can 15 be
renovably attached to the Luer lock 78 to tenporarily close the} jimp et port
76. The cap 84 can be an externally threaded cap for engaging the threads
on the Luer lock 78 or can be a stopper-like nenber for fitting into the
passageway of the Luer lock 78. A flexible sheet material 86 having an
adhesive layer 88 is 20 applied over the er surface of the base 72 and
is attached to the base by the adhesive 88. As shown in Figures 5 and 6,
the sheet 86 is |arger than the dinension of the base 72 and overl aps on
each of the sides to provide an exposed area 87 of adhesive for attaching
the device to Separaiednrem theadhesive 88 peapiabise toexpos®thencl oses the 25
m croneedl es 7 t he m croneedl es fromdamage prior to use. In
t he enbodinentﬁP%qogéghggyﬁ"the cover 90 has an outer wall 92 and side

val |'s 94 extendi ng Refsiraig t@FiguRel pertbSHbR slidadh o6 BE Yl 70 %2. The
upper ends of the side wall 94 attach to the adhesive |ayer 88 of the
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the microneedles 74. The channels 98 are illustrated as being

straight, although in further embodiments, the channels can be

curved and branched depending on the dimension of the base 72, the

distribution of the microneedles 74, and the desired distribution of the

15 substance being administered.

The channels 98 extend between the microneedles 74 to supply
the microneedles with the substance being administered. In use, the
base 72 is applied to the skin of the patient being treated so that the
microneedles 74 penetrate the stratum corneum. The base 72 can be

20  pressed against the skin to cause the microncedles to penetrate the
stratum corneum and define a delivery site into the intradermal
tissue. The adhesive 88 of the sheet 86 is pressed against the skin to
secure the base to the skin over the delivery site and form a seal
around the perimeter of the base 72.

25 In further embodiments of the invention, the base may be
moved or rubbed during attachment to the skin to abrade the
outermost portion of the stratum corneum of the skin and thereby
enhance the penetration of the microneedles through the stratum

corneum and the delivery of the pharmaceutical agent to the



straight, although in further enbodi nents, the channels can be curved and
branched dependi ng on the dinension of the base 72, the distribution of
the mcroneedles 74, and the desired distribution of the 15 substange
bei ng adm ni stered. The channels 98 extend between the m croneedles 74 to
supply the mcroneedles with the substance being adm nistered. In use, the
base 72 is applied to the skin of the patient being treated so that the

m croneedl es 74 penetrate the stratun1co[qup1 The base 72 can be 20
pressed against the skin to cause the m croneedl es to penetrate the
stratum corneum and define a delivery site into the intradermal tissue.
The adhesive 88 of the sheet 86 is pressed against the skin to secure the
base to the skiCRIfIERIS; Wabipslingdhy skin ¢o gamoveanpertimab! the stratutrhe

perimeter of t 258, er enmbodi.nents of the invention, the
base may be rrrt()l'\%lg or %ﬁ%%égﬁgdg?%\%&%ﬁ%ﬁ%ﬁ%ﬁ?mfiootﬁfé’né%eﬂ Y4B 3de t he
out er nost port respafisd. haftet tht baise o aetarhetl tbh®esiidin, andstihsreRy% isenhance
t he penetration of _the m croneedl es_through the stratum corneum and the

delivery of th&pRACALLEOHER dhe Rpghi 6t fsorha springe or;other gont@nepiteldead s.
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The channel s 9ghelistdstance to the abraded area of the stratum corneum to deliver

10  the substance to the skin for absorption by the body.

Generally, the substance being administered is a solution or
dispersion of a pharmaceutical agent which is injected through the
inlet port 76. Alternatively, the substance can be a fluid colloid in the
form of a sol or a gel. Vaccines can be delivered in any liquid form as

15 known in the art. In a further embodiment of the invention, the
channels 98 are filled with a lyophilized or dried pharmaceutical
agent. A suitable solvent or reconstituting liquid is injected through
the inlet port 76 and directed along the channels 98 to dissclve and
reconstitute the pharmaceutical agent. The reconstituted

20 pharmaceutical agent is then directed to the microneedles for
delivering through the stratum corneum to the epidermis.

In a further embodiment of the invention, illustrated in Figure
8, a syringe 100 having a syringe barrel 102 is provided with a
microneedle tip 106. A plunger rod 104 is provided to dispense the

25 contents of the syringe. The tip 106 includes a plurality of
microneedles 108 having a length sufficient to penetrate the stratum
corneum. In the embodiment illustrated, the needles 108 have central

passages extending through the lengths of the needles for



the substance to the abraded area of the stratumcorneumto deliver 10 the
substance to the skin for absorption by the body. Generally, the sMastiéince
being adm nistered is a solution or dispersion of a pharnmaceutical agent
which is injected through the inlet port 76. Alternatively, the substance
can be a fluid colloid in the formof a sol or a gel. Vaccines can be
delivered in any liquid formas 15 known in the art. In a further

enbodi ment of the invention, the channel 22 98 are filled with a lyophilized
or dried pharnaceutical agent. A suitabl ol vent or reconstituti ng liquid
Is injected through the inlet port 76 and directed al ong the channels 98
to dissolve and reconstitute the pharmaceutical agent. The reconstituted
20 phar maceut i CRMIYEREATBE PHE tiye spongd besrel D rand atieetimgs thor

delivering thrqugh.the. @S%ﬁéﬁ%ce%%gﬁ%r%&oqrhgﬁpg igger gia%.gngn a further

enbodi nent of the Irnventi us yringe 100 havi ng

a syringe barrel 10Referririgow Biahraid, b AurtHk £ eaNREGent ioP tAO nvétidinger rod
104 is provided to dispense the 25 contents of the syringe. The tip 106
i ncl udes a pl uMSEStd SHINEGld Pdrsang astin ol haiting Laer dagk kolar flildi ent to

enetrate the I ' i Llustrated,, needl| es
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directing the  substance_ through the stratum corneum of the patient.
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syringe 110 haYﬂlQ@ﬂ%édiPﬂé&?‘m’}ﬁéﬁr@l!_%ajé‘hﬁagﬁgﬁ?l“&f%goﬁ}%e%deg12% Qlleunger rod

assenbly 116 that slides wt a syrin I Spense the
contents. A nm eterded e thepbdit@mi surifackes! thdhosking 120. Thavinigrodizedidset
port with f‘O Lu?r26l i%ccll(ugg Ialc ran:li'lze eix?enadirq%n ?5u§1i1 rH'ul: %rrlictrgneedles and
through the bottom surface of the housing. The microneedles 126 are
substantially the same as in the embodiment of Figure 1. The
housing 120 defines a reservoir 128 for directing the substance
through the microneedles 126. In use, the syringe 110 is coupled to
15 the Luer lock collar 124 and the microneedles 126 are pressed against
the skin of the patient to penetrate the stratum corneum. The plunger
rod assembly 116 is then depressed to express the substance from the
syringe through the housing 120 and through the microneed!les to
deliver the substance to the skin.
20 The dehvery device of the invention is generally designed to be a
disposable, single-use device. The device can be used safely and
effectively for intradermal, especially intraepidermal, delivery of a
pharmaceutical agent or other substance. The device is particularly
suitable for introducing a vaccine intradermally, especially
25 intraepidermally, for efficiently delivering a small amount of the
vaccine antigen for presentation to the Langerhans cells. The
Langerhans cells are a type of intradermally located dentritic cell
which take up and transport foreign material to draining lymph nodes

for further amplification of immune response. The length, width and




t he enbodi nent of Figure 1. A plurality of mcroneedles 126 are attached
to the bottom surface of the housing 120. The m croneedles 10 126 include a
channel extending through the microneedl es and through the bottdmM¥irfHce
of the housing. The m croneedl es 126 are substantially the sane as in the
enbodi nent of Figure 1. The housing 120 defines a reservoir 128 for
directing the substance through the m croneedles 126. In use, the syringe
110 is coupled to 15 the Luer lock collar . 124 and the m croneedl es. 126 are
pressed against the skin of the patient'@ penetrate the stratum corneum
The plunger rod assenbly 116 is then depressed to express the substance
fromthe syringe through the housing 120 and through the m croneedles to
del i ver the subpaghweok da microkiendlea(carheageng depyndind ee the t he i nventi on

A e e et

can be used safel’y an

i ntraepi der nmal pigtekitherstraund cophenmeetid sgtimagtieih 10 higé s?lé@iﬁhance- The
device is particularly suitable for introducing a vaccine intradermally,
especi al | y 25 Pherg@scadcahpesnt bongadmuisiareg. dehenaldlivgrimgsanasciagpunt

of the acgin i | to the langerhans cells, Th
Langer ha\rgsC%;I ﬁ%ggl&lgg%@?{/%ées % g?ﬁﬂ%ggg%%gl tl%ytalr%%taﬁleego %%%Wﬁ?@aéérwﬁm ch
take up and tr aspgdally intreegiteraiar delivdrg sdteaicprgnbiaie aedesd ihesuher t her

anplification of inmmune response. the length, wdth and 22Mbl| R200 -21
spaci ng of theTmiRMbYeedl es can varyi ng dependi ng on the pharnmaceutical

agent being adm ni S}ﬁ&@%gg;gﬁ %r%‘iiltg ?llﬂ???%éd?gﬁg%elivgbfﬁ&%fzgg?nc,sl @t um

corneumto the optinmm or ' € spec rmaceut I cal” agen ei ng
admi ni st ered. Wleh pdets foerinjegtiagvaphamacbutibel agaitonesdl esecavdr dhaensi oned
to target fé] € %E)xt'c;ug mtlilen;riigxqoer{ee Ile’s. In other embodiments, the device can be
prefilled with a pharmaceutical and the tips of the microneedles can
be closed with a suitable closure, such as, for example, an adhesive
sheet that can be peeled from the microneedles prior to use.
Alternatively, a cover having a soft pliable member can be attached to
15 the bottom surface of the device such that the pliable member
contacts the microneedles to seal the openings. The cover can then be
removed from the device prior to use.
The delivery devices of the present invention are generally clean
and sterile and packaged in suitable sterile pouches. In the process of
20 administering a substance, the device is removed from the sterile
pouch, the cover is removed from the device, and the device is placed
on the skin and secured in place by the adhesive on the outer patch.
The device can be rubbed slightly to abrade the skin’s stratum
cornecum layer to allow the microneedles to penetrate the skin and
25 increase the exposure of the layers of skin below the stratum corneum
for more direct communication with the underlying tissue. The device
is pressed down so that the microneedles penetrate the skin to the

desired depth. A syringe 1s attached to feed the substance into the

reservolr and into the desired intradermal layer of the skin. When the



especially intraepidermal, delivery site to pronote the desired inmune
response. In certain enbodinents illustrated, the delivery devices include
inlet ports for injecting a pharmaceutical agent into a reservognpﬁpdrhlo

t hrough the mcroneedl es. In other enbodi ments, the device can be prefllled
wi th a pharnmaceutical and the tips of the mcroneedles can be closed with
a suitable closure, such as, for exanple, an adhesive sheet that can be
peel ed fromthe m croneedles prior to use.,,Alternatively, a cover having a
soft pliable nenber can be attached to 15 99hé bottom surface of the device
such that the pliable nmenber contacts the mcroneedles to seal the

openi ngs. The cover can then be renoved fromthe device prior to use. The
del i very devi cei€¥afe £pRigIRE Sediticq Phanmassuticel getret il the réseamoirpad steril e

and packaged i I o Ln.th cess
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the cover is rqmmeﬂaée“lﬂmdlmgeﬁevﬂm danék thtatayvircohtcRhdele @he QR4 fgr skin
and secured in pl t he adhesive on the outer patch. The device can be

a
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m croneedl es p ate the skin to the desired depth. A syringe is

attached to fe I% Csubstance into the reservoir and into the desired
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pharmaceutical agent reservolr uen I's 1N to the
reservoir to sqgiebiddszereiableconstd delieert ineividhat eademuiltgple agent. The
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microneedles of the delivery device limit the penetration of the needles
to prevent inadvertent deep penetration into the tissue as in
conventional needles. The microneedles are also less painful to the
patient and exhibit a lower incidence of skin necrosis common with
15 some DNA vaccines. The multiple chambers of the delivery device
enable the administration of multiple vaccines, adjuvants and
pharmaceutical agents simultanecously without prior reformulation or
combination of the pharmaceutical agents. Administering the
pharmaceutical agents through the skin provides efficient
20 presentation of antigen, vaccine or adjuvant, thereby reducing the
dose of the vaccine delivery. The delivery device is particularly
suitable for DNA vaccines which may be a stable dry protein product.
Currently, the only delivery route is a standard needle and syringe, or
specialized equipment referred to as gene guns which require
25  formulation of the antigen so as to remain attached to gold beads. In
the illustrated device, a small amount of a diluent supplied to the
delivery device propels the vaccine particles through the hollow
microneedles or through channels to solid microneedles and into

intradermal tissue.



5 substance to the patient. Thereafter, the device is renoved fromthe

skin and the area of the skin is covered with a suitable protective
bandage. The intradermal delivery device of the present inventifz tfgi i des
areliable way to deliver individual and nultiple 10 pharmaceuti gﬁ @ nts
in small doses by an intradernmal route. The mcroneedles of the delivery
device limt the penetration of the needles to prevent inadvertent deep
penetration into the tissue as in conventjonal needl es. The m croneedl es
are also less painful to the patient and Shibit a | ower incidence of skin
necrosis common with 15 sone DNA vaccines. The nultiple chanbers of the
delivery device enable the admnistration of nmultiple vaccines, adjuvants
and phar maceut i cal YAyénssvaphgmbosimenty havefwen girdvon to éilastratathon or

conmbi nati on of eyt i 0l steri t he har euti cal
agents throughF {rﬁ%@?‘ﬁg@?‘% %Itg‘gme ?ﬁﬁ%ﬁfég@ %F g%%?’net 3"1%118{1 l&t%fn?riqggﬁ?
vacci ne or adj wasiots dHzargelyand thmlifigatibes cdase pladen®eyaeCivit@ode! i very.
The delivery device.is _partjcularly suitable for DNA vacci nes which may be
a stable dry p SPW%F&B#? SCORE 1 ThE ynverHeon asyledistedyiay the appended a
standard negdl g1 gpd syringe, or specialized equipnent referred to as gene
guns which require 25 formulation of the antigen so as to remain attached
to gold beads. In the illustrated device, a small anpunt of a dil uent
supplied to the delivery device propels the vaccine particles through the
hol | ow m croneedl es or through channels to solid mcroneedles and into
intradermal tissue. z2MAR L -23 Wil e several enbodi nents have been shown
toillustrate the present invention, it will be understood by those
skilled in the art that




vari ous changes and nodifications can be nade therein with i
fromthe scope of the invention as defined in the appendfadOUtS c?gﬁﬁgl ng4 2
2 ~MAR ~ 2004 ~ WHAT IS CLAIMED ISt | . A delivery device for intpedugighg a
substance into or below the stratum -@8rneum of a patient, said devi c‘edp
conprising: a top wall having a top surface and a bottom surface at |east
one OpemyMAT eXCeRdMED It ween said top and bottom surfaces; a bottom wall
having an inner surface and an outer surface coupled to said top wall by
?th Iegst one side wall and spaced fromsaid top wall to define a reservoir
nerebetween for coOiAldlAReld it RRLARGEbERE ieldieRIdAhE shavihg a

pl L ity of “‘openi'ngs extending between said inner and outer surfaces, and
sai d 1 esgiNQint obP£pateEnt, Raldl dtvidccomprinbgati on with at |east one of said at

| east one openings in said top wall;_ a cqupling negber, at acg L0 said to
walbl tfor supp:j-y: nga tepiwall bpvieg slopedriass atq}?étoﬁ‘r%‘ﬂ%g%BHS?siP‘ﬂn§‘%85 aid P
substance, a diluen i.d substance through sai
Ipregz;u(r)get gﬁtfﬂihﬁlé%F{Wefgfgdﬁgg%vh\%ﬁ%gaﬂﬁlﬁ%té% said reservoir wi ?h sﬁ:‘?i 2}ent

_ xpel sai u t hr ough. saj I i i

openings at a pred ?té?‘}’ri“f@gmyleﬁgea?q%%%{ég% ualrdaalglhtow%%Il Tﬁ%ﬁlcggvﬁ?ﬁggfﬁ\dégg: es
coupl ed {541 gL AUEAS ofuiibesan ahd Saicel fibelampalll taddiied regevairt | u d
comuni cation W th said openings in said bottomwall and aving a length

3 trJf f :o gls gﬂierdsftr?meaﬁwootallpeagmﬁ avlestange sardrhetiam et RRing W’l"l’i‘gﬂ? °benetrati ng

i ng.through. the epiderym.s. ' : ' el i

coupl | ng°PFg‘|‘R£érex}egH§‘g&38’Fé)elnc§8]Ig u&]?) 1|a§<}1 ° I@fsﬁﬁa‘gb%@?gzgggféegogibm h:‘ﬂ lﬂ ﬁglr |
conpri si pghmAu¥hidoeith APRYGRINY of stipbeidad one spxinthgs ine saifl oarkwaldil | ar for
supplying a fluid to said reservoir and exPeIIi the fluid,thr éh sai d
opening in said bogcovwgmemaer atpgheddo g W%‘P&lrﬁ’r’aﬁly‘fnﬁﬁ ué‘ESéégcgrpri si ng
at | east fromh the ré'%o%'ianc%lnsi\_é\@{é of said substance, a diluent, and a solvent for said substance

through said at least one opening in said top wall and into said reservoir with sufficient
pressure to expel said fluid through said plurality of said bottom wal) openings at a

predetermined rate; and

a plurality of hollow microneedles coupled t0 said outer surface of said
bottom wall and being in fluid communication with said openings in said bottom wall and

having a length sufficient to pierce or penetrate the stratum corneum without penetrating or

passing through the epidermis.

2. The device of claim 1, wherein said coupling member 1s a Luer lock collar.

3. The device of claim 2, further comprising a syringe removably coupled to
said Luer lock collar for supplying a fluid to said reservoir and expelling the fluid through

said opening in said bottom wall.

4, The device of claim 1, further ¢omprising at least one internal wall
extending between said top and bottom walls 10 divide said reservoir into at least two

chambers, each of said chambers communicating with at least one opening in said top wall

and with at least one opening in said bottom wall.



ext endi ng between said top and bottomto divide said reservoir Into at

| east two chanbers, each of said chanbers conmmunicating with at | east one
opening in said top wall and with at | east one opening in said ?qtrg@mm
wal | . -25- 22M; RRG#A 5. The device Xt cl ai m 4, wherein each of said’
chanbers includes a dry pharmaceutical agent. 6. The device of, claimb5,

wherein sai d §.0p VEHhd davivelafdbsmal, edaphi eayphed st charabera s1cdiies 8 B4 d t op wal |

and surroundi ng said openings in said top wall. 7. The device of claim1,
further Wenpadesiiey) 38T exi bl e filmhaving a di nension greater than a
di rension of said top wall, said filmincluding an adhesive |ayer on a

bottom side thereof, and being attached to said top wall b;i, sai d adhesi ve

| ayer and ovgrlyi Tge aiict df@prime, wiaren wdmﬂblrﬁg‘ﬁéﬁﬁc@m BemPnbEEl | a

di stance whereby said filmis arl%{,e to attach.sai-gtode‘;é'hl?e to the skin of a
pat i ent . atichahte sawhiop &vabfand SEITANEing s79 ARFUESHM PSPy 4 cover rempvabl y
coupled to said bottomwall and encl osing said mcroneedl es. 9. The device
of claim8, wherein said cover includes an outer wall and at |east one
side wall, sajd siUge u@lite dilaig T,Michdronmiphyingatiesibdefiing baupgadel i very

device. 10. The device of _claim 1, wherein.sai.d.e i.r i
subst ant disengiod gyeatgsibambEnsiea ! EEB%%W%}’ qﬂgﬁl @gﬂr{i‘&%g apg‘%%ﬁ%{l‘?’ed by

i ntroduci_n | vent i 0o o 368 YPidhd 10 wallThesattesdiesivelayet aidm 1,
wher ei n %%?8%‘%5’%%“%5&%1?‘5@9%‘?? 0 aéi ffer enat I éng]at hs., 12. The. devi g.ﬁlinof claim
a

1, wher eprerBahgsaid eponebaidestémioigisryond s4ip throvall pArEEaribREFLY raiddimds ym
corneum of the slain and a f| Uikd passade for directing a fluid from said
r eser voi Bblg o atiach S@qdﬁi_ewce 1o the skin of apatient.

8. The device of ¢claim 1, further comprising a cover removably coupled to

said bottom wall and enclosing said microneedles.

9, The device of claim 8, wherein said cover includes an outer wall and at least

one side wall, said side wall being frictionaily attached to said delivery device.

10.  The device of claim 1, wherein said reservoir contains 2 substantially dry

pharmaceutical compound, which can be reconstituted by introducing a solvent into said

TEServoir.
11. The device of claim 1, wherein said microneedles are of different lengths.
12.  The device of claim 1, wherein said microneedles include a tip for

penetrating the stratum cormeum of the skin and a fluid passage for directing a flmd from

said reservoir to said tip.



