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M CROPROTRUSI ON ARRAYS AND METHODS FOR USI NG SAME TO
DELI VER SUBSTANCES | NTO TI SSUE RELATED APPLI CATI ONS 5
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August 29, 2002, which is hereby incorporat ed by
reference in its entirety. ThIS ication is also
(el at ed t YIORSPRAFBUISEAN 1> KBTS ol  or ney
Docket WSMSMOWYERMSTW&MONS DEcat i on
Serial No. 10/ , (Attorney Docket No. P-5370

7767 174190) both filed concurrently 10 herew th.
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[00004] This technique avoids the nerve net and places the bioactive substance in
close proximity to bloed vessels and Iymphatic system for absorption and delivery of -

- the substance throughout the body.

[00005] For topical delivery of vaccines, the epidermis itself is a particularly
desirable target as it is rich in antigen presenting cells. In comparison, the dermal layer
below the epidermis contains fewer antigen presenting cells. Furthermore, the stratum

corneum and epidermis do not contain nerves or blood vessels, so this method has the




5 March 2007 advantage of being essentially paihMassh 2007
and bl ood-free while giving access to the skin |ayers
capabl e of responding to the antigen. [00006] The

prior art reports a variety of devices and nethods for

di srupting the stratum corneumfor the purpose of

del i vering substances to the body. For exanple,

breach of the stratum corneum may be achi eved by
puncturing as taught in US Patent 5,679,647 to
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through the stratum corneum of the skin to a sufficient depth where the pharmaceutical

agent can be absorbed and utilized by the body. Such preparations may be accomplished
by the use of a device to impart a rotational movement to the entire microabrading device
or the abrading microarray(s) of a microabrading device to disrupt the stratum corneum.

Alternatively, a linear-type motion may be employed to disrupt the stratum corneum.




m croprotrusion array for the rotational deliveryMatchd2007
fluid substance into tissue, said array conprising:

at | east one platen, said platen conprising a

m croprotrusion surface, and a platen edge having a

t hi ckness, wherein said mcroprotrusion surface is
suitable for attaching a plurality of

m croprotrusions thereon or therein; a plurality of

m croprotrusions attached in or on said
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5 March 2007 [000010] The exanpl e enbodi nents pT barahe2007
m croprotrusions in arrays of random and patterned
arrangenents and nmethods to abrade the skin in
conjunction with the delivery of one or nore

bi oactive substances. Such bioactive substances

include but 2b ------------ --- 5 March 2007 are not
limted to vacci nes, pharmaceutical s,

neurotransmtters, aIIergens anal gesics, nucleic
acil80018)ni no Fed @mplaniembodiiénts deavidg amicypmirugienst indersays of

Or BRIMPER philaRad aNHEBAHSanRinQAhd %%bﬁiﬂ@% QA ficcoh 'ﬁ_ﬁHc&%ﬁ with
del | ver ed y nmeans Of the exanple enbodi nents.

exdhpfeivery of opg or Mere Rlogstive Bibarness: SHARDIGERVE aybstanges ielude but
exhi bit enhanced gene expression and produce an

- enhanced i mmune response to the expressed protein when
they are delivered sinultaneously wi th abrasion of
the stratumcorneum Simlarly, allergens delivered
simul taneously with abrasion may produce a nore

vi gorous, inmmune response than conventional allergen
testing nethods. The bioactive substance nay be
delivered sinultaneously with the abradi ng or

i mredi ately before the abrading, for exanple, by

pl aci ng the bioactive substance on the target area of
the epiderm s prior to the abrading. [000011] In
general, a mcroarray according to the exanple

enbodi nents conprises a platen having at | east one
mai n surface. This surface nay be a m croprotrusion
surface having a plurality of m croprotrusions
optimally arranged thereon or therein, either
randomly or in one or nore patterns and arrangenents,
and adapted to abrade the stratum corneum while
simul taneously retaining and delivering a |iquid
substance to the stratum corneum M croprotrusions
according to the exanple enbodi nents can be of any
design sufficient to abrade the desired or target

ti ssue, but preferably have at | east one scraping
edge and can be forned by various nethods recognized
by those skilled in the art. [000012] The platen may
al so contain a second nmain surface, an attachnent
surface, that is suitable for attaching the platen to
a base or other surface, for exanple, a handle or
devi ce di sposed or adapted to be grasped a user and
used for applying the array to the skin to produce
abrasion furrows therein. In a preferred nethod of use
the mcroarray or a plurality of mcroarrays may be
-rotated on the skin. [000013] The platen may further
conprise a platen edge that is shaped or forned to
have a desired surface shape so that it does not
adversely affect the efficient use of the

2b




array during use. Preferable shapes for the edge$March 2007
such enbodi nents of the invention include a bevel,
radi us or an arc connecting the m croprotrusion

surface to the attachment surface. In other

enbodi nents where the stretching of skin in the target
area is desired, the mcroarray can be provided wth

an abrupt edge so that the transition between the

base and the mcroarray stretches the skin to a

gr edie &9t limtpdiqvacciey; pharBadepticely, IROOTanshUEE.0rlldjgens, analgesics,
plurality of mcroprotrusions, preferably conprising

at ueleistacigh aming afidsp igo add derivAREpS, PRptides R PdEpePdes

ot herwi se _di sposed on or in the mcropratrusion 3a 5

Var LHRes e -}moagwp pubstancgs cqnhs dﬁ]pvgfeé Ky mppps of the example embodiments.
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- {haretally By ROE ohREfE SoeBipd it ve Sl 3 G Brbos
skuﬁwgﬁhﬁbydvﬁﬁﬁﬂh@maﬂantnay provi de for increased
abrasion when wutilized in a rotary or |inear fashion.
[ 000908]21The eRmnpiten entcdio mentinse edcond mpinowirfdes, an attachment

M GLERE Qhdt %@be%{ ?cié%hmgst'ﬂé }31@#311 ® m@e &l ek BrkaB for example, a
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glﬁ?dé%gﬁi@ﬂ?e dlquseg o5 %p@EtF%IWCb@ gragped |3 vges andhyseq fos apphying the array
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or [862)0 g] rays fhe p’P rte%dt% %{lrrt'ﬂep 90%1 n%é 211: p gt@l? ed?:cr,lf“:I ?I'E.t is shaped or formed

-to have a desired surface shape so that it does not adversely affect the efficient use of the

array during use. Preferable shapes for the edges in such embodiments of the invention
include a bevel, radius or an arc connecting the microprotrusion surface to the attachment
surface. In other embodiments where the stretching of skin in the target area is desired,
the microarray can be provided with an abrupt edge so that the transition between the

base and the microarray stretches the skin to a greater extent.




that they are adaptable in nunmerous conbi nati onss March 2007
m ni mzes the dislocation of one or nore specific
substances desired to be delivered at specific depth

of target tissue and to retain the substance within

the target area. [000018] In accordance with these and

ot her objects, the exanpl e enbodi nents provide

m croprotrusions in arrays for efficiently delivering

a substance into tissue. 4 5 March 2007 WD

200M0028D15 PETHWSRHH0F/ DREBiRrusiBESERIPINORbFisifiglEat least one
DR%W&E%@C{I%Q % l’nOE}ltnglEl %I' éﬁs@dl&@ﬁe&ﬁn%p mvtheeﬁ%cﬁ)EJroﬁ'usmn '
circu croarray according t i nvent1 on;
[000020] Figure 2 is a perspective view of a

m croprotrusion array simlar to that 5 shown in
Figure 1; [000021] Figure 3 is an edge view of the.
array shown in Figures 2; [000022] Figure 4 is a top
pl an view of one enbodi nent of a microarray, of the

i nvention configured for rotational' application;

[ 000023] Figure 5 is top plan view of another

enbodi ment of a microarray for 10 circular or
rotational application; [000024] Figure 6 is a top
pl an vi ew of another enbodi ment of the array shown

Fi gure 5 havi ng channel s added thereto; and [ 000025]
Figure, 7 is a perspective view of a preferred

enbodi nent of a!! mcroarray conprising

m croprotrusion-free areas and rai sed

m croprotrusion-. 15 containing surfaces. . ,
..[000026] Figure 8 is a top plan view of another
enbodi mrent of a microarray; [000027] Figure 9 is atop
pl an view of another enbodi ment of a m croarray

[ 000028] Figure 10 is a top plan view of another

enbodi mrent of a microarray; [000029] Figure 11 is a

m crograph of another enbodi ment of a m croarray which
y 20 'is' in a donmed configuration; ! [000030]
Figure 12A is a mcrograph of the enbodi nent of Figure
11, prior to the dom ng operation; [000031] Figure 12B
is a mcrograph detail view of the enbodi ment of
Figure 11; [000032] Figure 13 is a mcrograph of
anot.her enbodi nent of the invention which 25 contains
m cro-channels for the drug to flow during delivery.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON
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[ 000033] Dermal tissue represents an attractive 3Muaght2007
site for delivery of vaccines and gene therapeutic
agents. In the case of vaccines (both genetic and
conventional), the skin is an attractive delivery

site due to the high concentration of antigen

presenting 30 cells (APC) and APC precursors found
within this tissue, especially the epidermal 5 5

March 2007 WD 2004/ 020015 PCTI US2003/ 026812
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t hefi@bleForaBS @Sk Bdshe/ sitQ af §5dcSihis) n:&‘)ﬁnﬁz@d 2 rﬁiﬁhhﬁie@ theldRpRcement
subsequent |ayers of. t event

2bSLf r sy Ribey eSSy 8 £t dﬁé‘gabglded
an OWBPAC,  Vehsctnls PR rotk & PR BuampR ety varous

sostepsulbagtiarnd S\rldth’armid Papdstdinkcaeriop agraysen pROctermined patterns such
g?ﬁ%@%ﬁaﬁ gaap{élglg éxp&qye‘roul g‘r\r}llméagx%g ’mihlﬂhfeg 1ﬂ‘%teclilﬂ;ldczg‘tion of one or
f agore] wgﬂlﬁq@bﬁ@cwﬁbﬁlxﬁdm beddiypred arspecifiefrpthpefriaree dibsie lagd to

a &kh%rﬂﬁ@msﬁﬂc@%ma%%gaaé; into or through the viable
epiderm s so that nore rapid absorption of |arger

qupobelgi es of aﬁébﬁ‘dabéeoﬁﬂi ih¥& S REABGE D  he example embodiments
phar ngceutl cal agent re % O 03 A% used herein,
t hE ?Wf""’%‘?t% 7 gt cipf ’"Y?g“n # SYORACE TEHEFHE on

of 25 the stratumconmeumto increase the perneability
of the skin wi thout causing excessive skin irritation
or conprom sing the skin's barrier to infectious
~agents. This is in




contrast to "puncturing” which produces discret e Match2007
t hrough the stratum corneum wth areas of undi srupted
stratum cor neum bet ween the hol es. [000037] As used
herein, "penetrating" refers to entering the stratum

woempamzonts 30 wit hout passing conpl etely t hpougbcoirezes:z

10

L Rl R Tyt

15

stratum corneum and entering into the adjacent
C]a]é'(ers ThIS is not to say that that the stratum
IWGSt el y penetrated to reveal
t he |nterface of the underlying | ayer of the skin.
HPeGdPhg, BigureHels agtop planr viewagG7circvier mi@annep GodEding to the
F]’ﬁ{{ HﬁﬁOOS/ 026812 ot her -hand, refers to passing .
the stratum corneum conpl etely and entering

[[8%‘8’331‘8] ® BB her Bl ey SR o BB B o e
rshbes i Rigoralyy neans or "method of affixi ng or

‘ot herw se causi ng one conponent to be non-rel easably
goooseled  Bigire 3 tehgdwswpﬂ@@ﬂﬁysh’éhh&%hmwent can
orm

even take the f co-nol di ng' or ot herw se

-~ ‘qoodoazm ngmgﬁre Mh@a'tét%l‘dﬁ A o LR RIS RingntSE aqnﬁmgﬂaﬁ oPthe
ot herw se i nt egr al |ece or conpilation of
' M‘@B‘é@#%%ﬁ%% @'ﬂa’ﬂ{’ epBptions- pendi ng U. S. Pat ent™:

A&&@lcatlon Serial No. 10/ , filed on even date

Bkt h (Higure Sris jopplak stewrgbanotten embidinent of pauicedriay for

Qﬁﬁﬁﬁro%?gadogh%@ij 4. devices and its content, inits

ncorporated by reference. t1J

Fidues 5 hdvﬁngcthﬁmblaaauenglemto @decti ng features configured

. gpecifically for abrading the stratumcorneumin a
.. [000825] or Figdré W & af p&iiettive vty WBld pRFerreli NerAbYd@BERNof a -

in alinear fashion to enhancé the adm nistering of a

THEFRIERY c COMRYITRE Huicrpprotrysiontes #ishsc A etnied microprotrusion- . .

Btk surfQ0041] The rotary nethod and the device for

+ retating a mcroabrader array .surface accordi ng to

t f
.i"?‘r’%ﬂlinfﬁ%"%ﬁﬁf SR peflor s t%a"@%téf‘% Berip,

© ERTEY o ASkl S A AR AR
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lb?ﬁﬂ( di 5 [ Hﬁg Qﬁ)ﬁpﬁ\ﬁ Jl%‘?o%%{hgle&nb%um:u it (Fciea%lﬁlét I Cy

. capi riFary alnage or

eV| %&O{}Eg Gfl jr“ f??a f:ilr ee a;ﬁ)ento arllltﬁ%toarraywhlch

"ishmaddnyemmgmﬂionng the stratum cor neum w t hout

piercing the stratum corneum [000042] Preferabl y; an

‘ WOM[I ng FiguteCA is A MirbsapPofthél @hbddafen® bf Mjur®fl 1, prior to the

doming operation;

~[000031] Figure 12Bisa micrograph detail view of the embodiment of Figure 11;

contains micro-channels for the drug to flow during delivery.
DETAILED DESCRIPTION OF THE INVENTION

[000033} Dermal tissue represents an attractive target site for delivery of vaccines

and gene therapeutic agents. In the case of vaccines (both genetic and conventionat),

the skin is an attractive delivery site due fo the high concentration of antigen presenting

cells (APC) and APC precursors found within this tissue, especially the epidermal

- [000032] Figure 13 is a micrograph of another embodiment of the invention which - |




m croprotrusions is rotated agai nst a desired skiMarch2007

area. The resultant circular abrasion - 25 of the skin

according to the invention disrupts the stratum

corneum increasing the surface area of the viable
WO2B44&0tal | ayer, and minimizes the di spl a@EHEA003126812

di sl ocation of the substance being delivered fromthe

ies 0 bradi n urface or abrasion site so
TR Bl 05, ReveEt st et meBlierean apeder tho freatment
f bkie disdrderEskin Gioetbésint akinQaneek. m@cmcﬁeg,%ayc{eﬁ%ergfof the
this i pvention, when used with a'circular notion 3

thempeyts agsuio theelteed siip tipsun i desirabde. alnadgition, skipgells are an
AFaBER 3SRy st ﬁﬂéﬁﬂ; Jﬁééntst SEWHOP E:Ie cfided Er&ltérlﬁ]oxt Er%teins :

: to a smal'ler area using the crrcular or
5 @l activg ¢t sifexdistaitrfipm thetskin, Insuentabeskie eailst(e.p.gkémtinocytes)

( oy it e ; y

FRERGRR 2 A0S, HERITRL R bl Ryt BB i

nbsorteg phto dat systamii dieulaffey ﬁ@-ﬂ?}?ﬁdﬁmagt N2mBU 08 oAHRE Bases] ditect .
PCT/ US2

Mar ch 2007 WO 2004/ 020015 03/ 026812 can bé
- BORTAN HedrapdneLr Hhompericagead to the siviemia girgubation és desirable for the

REEAGH TR BisorQErs HidBnd fOHP Bei PR gg FI}L cases ’s%strt]%ﬁﬁc gfasg%utg%n pan. be - |

abr aded b%musn ng a subst ant i strai
10 pesprplished Hinpugh Bepapillvy demiiput 2 tines larger than an. .
' area abraded using the circul ar techni que. Dependi ng

J [696054] t he Thelptivety barrierhmopantiest affthe skiriingudieg theaesstanca to
I r Jarager abtadi ng, area,m 5 .ysed and
. - <de io\L/ gécggleidﬁﬁ‘%e Cfels@ﬁph efoé?ﬂ}l%sﬁ lﬁgﬁ%"}zﬁ% ﬁE}H‘? 5, Eﬁr}%%ed to as
the Istrattu. catnednle Uhé fhaer ydrdof the epigants @R&atY Reludd htaqsyers,
when uysing.a . strai because the

ht techni que he g
g a5 fh e, gramlogyin e s molpighiiad thestratum . -
Peis e dinlhlsalke RYRbide! - | 0o bty
1> BrRaake Sue SR8 of Wikl @ Bther SuRph A% gt by thq g
ey dheredisisseptially, noesistancestoediffesion iatwr subbcynerd layersadf the
' 431,10 preferred enbodi ments the
grf?ﬁ%&%ﬁ%%aﬁg%g%&%LP%&f he .invention, t j each
co i ten.on or. in which the, N
Des ot PHRe & PPl e of s i epidprrss e an
e gffeativermethotpior faeflitaing labdogitio A Somé BithsRndEk,Cnd PatictiMEy Sine - -
20 Vsur.facg w%ﬂ%bl e%fgor mounting, nmolding, affi xing,.
Co AT VBPEE %é’,e Yot HERIFSSRE WEIDEPH iih Briwprdly shireptpd o a device and:
atRddofier fabilithGih®Btivk i pi ical 4
.-y preferred 1en‘g%di rrpllr?ﬁﬁ,?? %S%F%?H&%@%a@%@mal agent,
) intg op Hragh he viableapifiemis se thet more ranid atabiption offlageit quettitivg of
: sthi@ : sukface, and connected
t%‘{)ﬁ?%g%mﬁgroprg? usi oﬁu%cgir'%étere%ﬁ *t he pl aten edge.
: 4] h d _t,hickpe f the .
[g@fg@gr ot ?Ig‘gﬁe{i) ﬁés}g{gf %Q%gflegﬁ:%% I%é@ g(bmeglﬁvmg figleast a-portion of
25 teesttatumitamens b Sticedsethb eigpabittty ofithd ﬁirﬁ?lﬁﬂfh? bé\ﬁiﬁg excessive
‘ e |l ocati on

P .%djﬁi.cktness of the stralgunbgprneu,m in ] 1

SR o eRpRRIams e e skingpbariieto infeetiausaageyts. (Hds is-in

, Bt ORN ‘PuhdhSingh Uil bR
,cs_ubst anﬁhgl_ 'y W’Sogtgh%u %lﬁ%gr %ﬁa&gﬁlegasa%%tg%rougn&o&egm
- vaihyagap f wdisaiptadstratna cofoewm peiveenthe boles.can have a

I engt h up to about 500 mcrons.
[000037] As used herein, "penetrating” refers fo entering the stratum corneum

30  without passing completely through the stratum corneum and entéring into the adjacent

“layers. This is not to say that that the stratum corneum can not be completely
penetrated to reveal the interface of the underlying layer of the skin. Piercing, on the




Sui tabl e m croprotrusi ons have a | ength of about$ Eatch 2007
500 mcrons. The nicroprotrusions in the illustrated
enbodi mrent have a generally pyram dal shape and are

per pendi cul ar to the plane of the device. These shapes

wohen@2ger ti cul ar advantages 25 -;in insuri pPQTARAN3/026812

" pipeecw gompilgtion vf pleces/cataprminty. of about 2 to about 10 per- - -

10

-~ pattern._ In yet another:

abrasion occurs to the desired depth. In preferred
enmbodi nents,. the nicrggrotrusions are solid nenbers.
btheriandyrofatsi to passing duduaiibesiratume corenmbennenletely pashentering into
RS oaldooitcd 0900951, Mi6ISRELgLT uSi ons 14 are may be
spaced apart “unifornty i

y in rows and colums to form an

i for contacting fhe.skin a enet raft | t he
RioD a6 vy Bl At Bt B SRfofSAR! i 26, ol poans, o
- pethad ofaffikihg @k othefVisHdaniingl ShoOEHnpvaynt he belhod-tekacbly Huached
. spacing between the m croprotrusions can_be varie

WeBOHRer sgmponch e 1bisdinchinet s& f¥en B @F@r(&‘&wﬁﬁ@s or
Meri GUOIARE o bl EVRISA LoRfpotiértiThdta biEle or SRS ikdpl

skin. TypicalTy,. the rows of mcroprotrusions are

8 5 March 2007 WD 20041020015 PCT[ US2003/ 026812
900039 ret eCotprendling Bt dateint Axpplichidonr Senial No. W41 unns ar e, filed

- SPaRR I RORRwD RHERHBerd 0] il Skl ffihlf oty

duvives GIR1 itk confelt] s Ghtirtty] i RerdBy mcérporafed b eiférertel 0 -about -

.. 100 mcroprotrusions per m2. Ln another enbodi nment,

Eob@omj cr Oﬂh@tzﬁi%h%@ oftle ?&séi{t fi_ﬁ%ﬁén ic&nﬁiﬂ’éi mﬁtﬂpﬁﬁrusions,
enbodi nent t he

5
opupreng 2pdypthse faid aeigeiagi o dirqclg S eenligured-

By T T e

.. iprabfasion i y lintar feshiv t¢ eibexcettheadoginiytering bf 4 bubstance. through the -

Y

L%
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~“that-surface and the

ns, .In one enbodi ment, the. distance
1ént.

‘m’croprotrusdi o
%'MQW?%%@J s of the microprotrusions is twice

O o i B B SBT3 Bl ey
shefadd Hebdriing $o B idvBiRtioh 8 \@hiblObf dbaRlinp thE i ©lifidickOhS surkite .

we g

- ~addition, as, noted above, the -‘configuration of the

. WcPuinotbe pidsmael duter gad Jupive theneificRRy Mlorugpience or drug-or -
VILSEOBURLELBIOBS 108 oP fictiBRECEy LARR b fJeRE Byldk Griigen

~.the skin. tthose pr.ottusions

.penet r at 000046]

présentirigaoe i (AFIC'S), capiblanysieainagesir tire lymphatic slcrdange phagomenanh dn

T T L R e

theistfag e coridunt without pierchigalicoratini eheim.sur f ace and t he
surface to which the platen is 1: affixed, nolded, or

[0000aRV S ePafdraly)Cen t Shradisd esikcfabd Yeondprising | ASHQREE AT f

platen are integrally forned, |
mHgEPfItEians is potateh agnst a desired skinmesam e resulgt circular abrasion -

of the skin according to the in'ventionA disrupts the stratum corneum iﬁcreasing the -

| surface area of the viable epidermal' layer, and minimizes the displacement ‘or
“dislocation of the substance being delivered from the confines of the abrading surface

or abrasion site so that a greatly increased dose concentration is achieved. The

configuration of the microarray(s) of this invention, when used with a circular motion .
tend to keep the dose within the rotary or circular abraded area. Consequently, the dose
can be limited to a smaller area by using the circular or spin delivery according to the
invention resulting in increased substance delivered to a limited portion of the body, as

the substance is not pushed away from the application site. For example, the substance

)
M
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Uni form as desired. For exanple, in sone 5 March 2007
applications, the platen nay be wedge 20 shaped in
order to vary the pressure as the m croprotrusion
array is used to :abrade,the epiderms, or to fit

WO 2842801 onpl ement ary recess in a base. Al PETAEI0DIAI6812

the pl aten rmy be stepped or consist of plateaus of

var [ and dept Arrays aggcor di to the J

R Y e S Ferd Siile, Roizg o g igiet of - igyation. That
133 dHeSdra bafled BY Qsihg §§t&tanﬁé15*’btra1%§§ bhék%nﬁﬁbﬂ?fe@ﬁxﬁ qifcadibe
ani mal, and are especial ly useful for deI|ver|ng one

aboui times laaer thar ensarca abgaded pring the cijadesiteshrique: deppnsling upon
T ARG ATORAR} b AUl Ry b Rl Bhadind HECAEL pe

tbedsand deliverst mmmrculm’g‘aslhm amlm Snﬁﬂielt avea vl belabradqdrthan witlothe
abra or s | t aneous d| n The ..
s it o Slyten orin @ et b avesecie i Ronfigpration of the
eddek Cridk | "pushC 6 [iskieh®R fher dse | divayoﬁSmeﬂ‘f@ OflirdbRon! site:
the substance is applied to the skin and an abrading

Aismaively, e St P ﬂ@eﬁn@@wﬁ@s skinecoyid; e wipd: [vathpe srﬁgller
M%g eaogteggﬁ ed |n a circular fashion over the skin .

e subst ance. is preferred that the mni rrum

oo TENEERY %3%8@%’%5&5 o RS RS B i,

éachcauaamdmpmsas atplaen bw oadh which thé enicrepretssisny atdddposed or.. .

vt [ i ent deltive depends upan the.dru A
ol OB o Plafen GRimpl i Fllonco . Bt RAPPPORY iftace
“Guiable Fér nutish, ALK afft

SrigehiR &z iR ORide re¥iRing one or more
2004/ 020015 PCT/ US2003/ 0§6812 dét erni ne the
BispRRspirusione theieem at thereis &t enothen arquedten@ﬁdltr@wdﬂxem!@en may .

it SO a0 28R s HARD KR WPty BPRIARTH Y o o

rug or vaccli ne lvery routine

| ethgrenifaneand comncted OROAR}opratrusioe senfiive iy ﬂm@a,tenteﬂge
. substance may be applied in dry formto the 5

@Bﬁ%] ng The feagth aod thicknesdjof denmicsoprdtasions fre seltatedobased on

¥ PR Bt P G iS5 i e heem Sompuon i

' théilocatitid edieRemt , detice i€ 60 b8! dpplidd. n@réfb@uydtheaﬁwmp&tmﬁns- .
20

to0. +he skln at the delivery site prior: to or

RePeiTAte thesyalum camaum. sub i veithopbpierging; ¢fepassing through the- -

T ekt @(ﬂﬁ&mﬁoﬁeeﬂmﬂ?ﬁ&ﬁgﬁﬂs GaVhdE a Ie%ﬁ up grpﬁl%@t 56D microns.
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surface is then ro agal nst or

" Siitabla mvicropretiistons obaye . ehéengthi wfsebo® §hit S0Remicrons. The

BRSBTS e 53 st

ae pérparicalar tohke plahdlofihel déviced ﬁheyéﬁkﬁﬁesﬁawbﬁrﬁﬁm udlantages

W, th abrasion, [000049 one odi e t he
“ip dRsreg et ereP 9oqERs do #wf datin; oRroloeb proQmepth the

hidRpRifuSehs We SHRY nftntRRd 1 &k g ehibbaMERs 31%%1 RipPottuSions

the |aten to di ssolve the substance as eV|ce 'S
¢hadldw. 0 t he skin for abrasion. Due to the
cont ai nnent. of

- [000045] Microprotrusions 14 are may be spaced apart umfonnly in rows and
‘columns to form an array for contacting the skin and penetrating the stratum corneum

' duriﬁg abrasion. Alternatively, a polar array of microprotrusions may be utilized. The

spacing between the microprotrusions can be varied depending on the substance being
administered either on the surface of the skin or within the tissue of the skin. Typically,

. the rows of microprotrusions are spaced to provide a density of about 2 to about 10 per

8




10

15 tlie liquid within a the abradi ng area when usMagha007

circular or linear abrading notion; . the volune of

reconstitution liquid nay al so be reduced, dependi ng

upon-the needs of the' substance to be applied.
WOR@IODBB]| According to the invention, ski npCr/gsangsyi2ea?

for exanple, furrows or other openings wll be

formed in a circular fashion on the skin of a subject.

millimeter (). ni Genseabiia dher e anicaldy r%@eacaql eamalit se distance

- %rrays O &Ir%lcropr gg%)gn%se t”az con{oal n epre g’n()swcg’ra

mhmprﬁeiumon densite oﬁﬂbameﬁhm abolt 80 tmeopmtmsamb padmn2d tvarother
sbrota{ d ar tw st.ed, these channels gﬁret]?wn thﬁ'@
o (PIRGPIOHRIPRF may; be Atiapgrd 10  FIqula pate chato
chiiod Bt 2the InididProtrlidions. mAPYoe dftdipéd ZE atBRlop TR Of When
liquid | ost due to the centnfugal force of the
-grigngad;ip golpmnsand rows, fhedistangs pefweenihe cantestef the microprotrusions
I ' r
: ‘Egﬂ*féﬁé"?ﬁ‘. 1%&%@&@ 18 12h, to?&e‘ilﬁﬁ‘fbgfdn-ﬁfﬂﬁy Th Bhelrs e/ the.

connunlca lon Wt rader inter
- digamse Vsiween i the pentsra gefs thenmidneprotpisiong s swice Hbe Ilenggh @f the

R L S RBE0E M 1, e

rarhﬁplss oh tHEEle Rl ofele RAGEpotsiG¥D| By addliioy\as nuel WiBve, Ghe
e onstitution liquid and suggests a reductiaon_of

AidBe of g8 RGROHOIS LA Wiy B b choihE fwghe
Proﬁhﬁ&hscéﬂtﬁér edtbtSihi R i theP QS oL/ gﬂfh%%@ﬁkt will .
' ncrease surface area for uptake of- the Substance,

Pleh@latﬁby avoi di ng the urging away of the substance.as
known in prior abrading nmethods. 10 5 March 2007 WO

. [00N046)0200E pawi bba @ﬂa/opmamﬁn pﬂ@p@@nqmngne thé iqyestionf may © -
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T Rl Bt hetn S A Aot E Bty Bifop
s@iffideC &C oM fthel ahml&buuﬁn hii\ﬁce antbﬁ:teasaﬁﬁcel 01 whith ehet platge tis

tls These facgtors include the nature of the
alfingds mplded, opofervisgatitacher doy, espaisliv dn en wsigncerwherq thatpface

" ahA B il BRBHPTLARAS TR fifhel il A, i oot

“nmet’hod of use WhIC t he croarray wll

. bniftrre @6 deksireto rFoexamla intsome gipplitationst the platen mmlmwdge-

) shidel 58609 20 R ORI Rl ARH AR, 1ibPro sbrage e '

si der I'ng orre
cpidapds omrﬂtm h abmpiexhyntiﬁyeeqeesaﬂarhhset Alternitively, the planten may

ctor to be

" lar . | th
. . R Shinefl ar Stpsistof g o\ NG OGS e dephe ATat Sesagline to the

30

WehtidR 4rB RsEHill BY defivekifg Rk My Qfare %ﬁﬁ&tﬁh}gay ﬁl’fbaﬁssﬁéss%ch -as the -

“interacts with the target tissue:
epifgranis ofigp ayimak @méve espegipldy wgefid dorjdghivesing pmaﬁzrénors subRFReas:

25 il A2 B bl che s SEkiflionthth pooct ow vel

croarray or s ing the skin

ST ﬁﬂw@g I SRSHARES, BEhS e AHHOAL 3F Bl fhvion,

may be applied to the skin prior to abrading, or simultaneous with abrading. The .
‘substance may be delivered into the skin in any pharmaceutically acceptable form. In
one embodiment, the substance is applied to the skin and an abrading device is then
forced against the skin while being twisted or moved in a circular fashion over the skin
- and the substance, It is preferred that the minimum amount of downward force to
'produce the abrasion that achieves the desired result be used. The amount of force and
 rotation to achiéve the necessary ébrasion to achieve efficient delivery depends upon

the drug or vaccine to be delivered. One of ordinary skill in the art would be able to




[ 000052] The overall shape of the platen, for exaspich 2007

in plan view, and with respect to the platen ,edges

can play an inportant role and is adaptable to

nunmerous 15. applications. For exanple, in sone
WOogHeA0ent s of m croprotrusion arrays : ac®6T/UE00p/a26812

the invention, the platen edge has no corners.

Ex npl eal of such corner| esg) p@e : ég S, inc ude
grorpings the gnproprigte amaut 1pfforge gnds rqiafinnn resmtaﬂt
- mrmtmm@e@mefagﬁsﬁﬁéamaﬂf Nﬁﬁugad}d«as&ﬁaedeh%ﬁ@&ghme

pl aten edge can be ‘'snooth, beveled, ridged, dentate,
gfperimpnigiivdned, for exanple, to adapt it for attachnent

. with an adhesive, In plan view, . 20 platens of the

[080@481 i onlceme amb@dumemp&b ygestancs ool bespplipdangly form to the

h
i Rhee bF oh ARekR pugRE KBRS UBHRERY it aipogee
feseredtid R br wﬂhhymdblﬁb@pbmce bﬂ&iﬁe Spplicatiorn ClRGhid @beditkit)a

* BB Ll o B S B

| ShLRGASRY wiEARS  aplcatidst el r&bsﬂdas-coéél WrhBYg LAV, . The

- 10‘

hase. A base for Use w th the present mcroprotru5| on

Wurfgced&) then retated aganstioubbedde d Ctr@aﬂ@f@g@ averethe skin so

RS aRag b A VSRR B BB SN e

Hquid arcthe smﬂcmf thoskin afd iaddtiesred @multaﬁbeﬁlﬁw stgasidreat

- :--seal tabs, splines, teeth, slots, slits, grids, tabs,
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" [000045] dovie sne embslimbrigte recfohﬁnm liqud elag be tﬁﬁtaﬁSd in or

S e ek Ral s hovsh Suiesbicherkisn > ARG e

fphadk amte %eww& apphacH 'i‘ﬁ‘erﬁlqnsf& tRegolf Daato%é PohtailAdht of

.al.so include .alignment nmeans for- providing a |gnnent

" the liguid withingg, thejabrding smmecvhen disiag alsirculan

" P B8 eIk | Y AR 030850 A HRRY Erzﬂ&%‘ﬁ%needs o
tRCbUSRO GBbe0ppHAR [ 000054] Al i gnnment neans i nclude, .. - *
.. f.or exanple, heatstakes, heat.seal tabs, splines,

) [ﬂ@(lﬂSﬂ], s| Atcordisg itd she @wmh, ik&bﬂj.sn@hﬁm forl exudipds, - fdrddgs or

SHRER D 5o iR R sty S s GH bt e

' ﬁ%@lﬁr@dﬁa Gradinl obfadéldich 19 ré@ﬁapék%@%‘ftas rfonb iR, KRNI Bfter -

“rthe ali gnmant nmeans ise the 5. attachnent
shasA grraysord r@tﬁmhéwwas dcpmsypm@rophamh i e platens

7 Rich D IEBb Rk el s ég&t G BRKEA,"Hk Wailels et i e

.constructed and. arrange ’n-only
refiogglihiging | hqmdgnor actnzermbstma,dwr@nbﬁheeabsaﬂedh aréaannd thas - may

ripis BEnumtunt ot HEh e e OB BB TMAL B arE bpyaine
pabSebridr bbrhdifig Sdrface. B ARktoNAIt Jmﬁo&aien&ttﬁﬂhaﬁﬁms‘ REPinfisect

" or be in fluid communication with an abrader internal reservoir via passdges in ithe

" platen so the liquid substance of diluent/reconstituting fluid will tend to remain in the
‘abraded area. Thus, the circular abrasion method may possibly employ a lower volume
of reconstitution liquid and suggesfs a reduction of substance loss since the abrader will
form firrows that also capture the substance and possibly present an increase surface
area for uptake of the substance, thereby avoiding the urging away of the substance as
known in prior abrading methods.
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10 .: 'device, such as by nolding, over-nolding,5March 2007

stanping or as is otherwi se recognized in this' art.
In these' instances the distance fromthe base surface
and the platen : nicroprotrusion surface'is the

wobadeevis hi ckness and this thickness const ptnusmoddaesi2

"0

30

pl aten edge. [000056] M croprotrusion aiiays
according to the present invention can be 15 produced
§0R0R5hat Iheesllapezsrafpmtqm@ru@nn sumysaausodingt foethp invention e

Qbicfitid 67 thitts R Asimiz? the SHfliendl o8 o) Bt Ky’ HPthe
sumaermm ﬂlblt‘a[’get ﬁsuar'lnwye faetomadudeahaﬁmad eflthe Bulﬂtance to be
I Qha

rcul.ar or xa '
et e Share b, R B PO She A braice Cogy U dlliverd, and the
ekl AR ubco| whid B8 @ficrody GAl e sul‘gectedC OFb’IeéSc le, the elasucxty -

cylindrical or in other arcuate Shapes.
atld HeiRipRgstio d@fprmélen of humva 'skip@re factoys |ttab@wnad¢retbm pOSEngYD

S g A B,

pjapiicm | Andth&td’aﬁhomdaevdmléerem & that off thp hatireusti the baaerta)pn

S% ce gsrt%%%ﬁ?geqnagp S{-ﬁati’f’-feiloortl onth%{tq)f@%é%s%?m .

. ﬁgﬁdﬂaﬂlﬁ h@ﬁfvéw%ﬁ R AIREEHET tRvel o WHRA tHRMABIiok@8y witlRS SibjebRd -
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croprotru3| on surface of the platen is

silh dwpast haw) yelp |ﬂammcroamﬁ petfomeshite fasks of phradingfthe skin and . .

} 3%&1%9&\? taﬁc@ﬁeﬁw AR m Qnd a%rgtoiepéed

ypara €. mcropro Fusion surface.

- L({b Zﬁmsnt sur Facgﬁg%SBJS ﬁ% lﬁjﬁina%eﬁn&d with

e aespwttmmatplawr ¢dgeecanagplayban dltlmmladlermﬂ 1pad@tdblel totrmuetues -
o rot usi‘on,surface to thereb orm a wedge- sha
S = ﬁlrpilf ! 6’8 S Smg -
, ﬁmé mlst%dng) e dplatéﬁ &dge bRENPLALES ERarHpISPEISR6h adrferREEplalen -
“the  preferre

edzesiaelude eipyes; ellipsoisk Suchias Soenbaving e ded, lgcimp éhapesr, frooform

c..are sugs?tﬁ%ﬁ?llhg f;glmlgg’la l CSFW&% t@%% , OF
wohghepbd tfenexapplep 1o adepbit ibmmhmpm wxfh amalhsswm hhplﬁﬁ)@ikw,~

00 02001 PCT/ 1US2003/ n26812- se
0 eATor b iny ol e o5 B palvare e % ofiardc
ﬁaﬁ@tgﬁﬁkl Déxajiens, KepeagbriyRuthioib, desagong o aRPoHEtepildr for irfsgular - -

T e, Ju somgeppodiments of piczoprotgsipn gy @gcor

configurations for use in rotary

st

Rl S,

tachﬂag’gt surface of: the platen being substantially
PRETEP3REd the array surface being convex. Other '

ex | es-of lenticular shadpes include that of a _
1080RvE} gi nip wsrdarcg vithgilsr espepfs ORRESORIPLISINR aHPYSASRITEING to -

.. 88hyolHidH WY oBGHAE STl BE DA Moot ol M BB e
25

edge, and t of rging meniscus -..where th
araydo afbaseh eA husedotwse ithathel presantiynigoprbtasen adeynis tonstructed

a'm'ata?r(ag’geeﬁ 10 elllgnage thg, cgr%sgon%glg attachment means on the attachment surface

of the microarray. Suitable attachment means include one or more of adhesives,

" heatstakes, heat seal tabs, splines, teeth, slots, slits, grids, tabs, pins, dowels, ribs, lugs,

flanges, notches, snaps, threads, and at least one of hooks and loops from hook and

loop fastener pairs. In some preferred embodiments, the attachment surface of an array -

can also include alignment means for providing alignment of the array with respect to a
base and with respect to a base constructed and arranged to engage the alignment

means.
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meni scus | enticul ar shape, the di stance between 3March 2007
respective arcs at the edge of the, platen increases
as one neasures farther fromits center. Another
arcuat e shape according to the present invention is a

WOUMi0d1S cal bend, in that an arcuate shapRCHUS2003026819
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platen is made, as if it were forned ar_ound a

éﬁ)ﬁger, nd arced abo t18
% g%%nérla%ﬁléén {ﬁéﬁm]ﬂfz,e @itqtagas *heat seal tabs,
@ﬂh&dte% b18ts, JIRE gfmytaﬂrahg WIR\WER, ribs, Sig, mgeswa&ches snaps,

onpri se one or noré channel s dlspose et Ween t

«?ﬂdcﬁt %ﬂﬁﬁt@m aEhaesks anhloeps frprdopk andoloep fasigedr gairs ukjfa@g@dance
t
g SCOHFI nuo% C{éﬁ‘gtﬁﬁ% gllvgﬂt%\%\'eﬁel% ﬁ%%ﬂrﬁ%nﬂcﬁrl%%rgg’? E‘:’m e the

MadbmmnnMamcEannmm@kbmhmgmﬁbﬂnp&mdupmmm@mﬂwmnmﬁemﬁmaofa .

t dith
- RsPEREPE ate g Yo conE) EularrgEe T stomeane dispostinepo

PéRfeSoneilg SEROULHRIA the 2P chil B¢ ﬂ;laﬁﬁ'téd bﬁ%%{‘a %H'nfe@%ﬁgnment _
conprises at | east one recess dlsposed et ween

withseanspige thedrn bases., The recess recesses Can be
constructed and arranged for rece|V|ng or storjing a

[R0AGSF] al Thmphteagnay also detintegrally, formed vth i othensigface or .

| 'cfe?fcé ' BEPas 64 LR g pyétmdlain & a‘i&&ngg& 4 ot Hﬁ?e SRz in-.

carrier as emcro rotate

ik @ |Indihasedmaﬂan¢eedhplcﬁﬂm1ce[iﬁﬁﬂﬁﬁ@]batm smfdaerand the platen -

15

’ m%c}uecrd ugh grat theﬁmcrqpmmugws

':'eg

enbodi ment s Cr.o rusi on . surface of the at
TRGPPIOE P i DI et and AT htnesh sonsHnes doh
edfe.m croprotrusions or where the density, i.e.,

nunmber of mcroprotrusion.s per area, is |less than an

[aslip3gENt ﬁﬁ&ébroﬂi&ﬁm%rr&?s%&@fdﬁig’ b IR 5 Eefsé‘rﬁ P¥ention can be
reduced- density area servlgmg to retai n or direct the
4cq of ¢het platpe isgef] dny dlesitedi shans,

5 S IRt . Wl 6! bl

s%m:em wheu the antay iopsedtio abtadens inoe cmcmbrmg rotatidnabmanner, For
q on, are .OV|d d h m Cro suérus ns 0
ML bR ReR R S ot Bistin s B Sk aE Dbl cqneqre, -

(-F'-'

s csma@lm&{baﬁﬁ&ﬁ bibeOmeiRhd MBpesa Sidildrlyy the 2HHhRACRTas IS the
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a vacci ne, |nto the target tjssue and actively
pﬁana

73 b o gt flesised ﬁbalﬁa‘] jaf fubﬁfaﬂtlhlb}t Plapass £OIGATE, convex,
bRl bherdude I ExainbRs &qu%e Q8] pifreR iAo dime URe

he I nventi on conprl es at astlone m croprotrusion.
niieroprotrasiqn afay snifabe approginmens b leadt atposion v e perabela,tasphere, a .

ﬁﬁﬁ%ﬁﬂfﬁ%@?’ es 13 5 March 2007 WO 2004/ 020015
812 dozens or hundreds of

(BloBEAEq o P obreAEn HOURERS ot o TP Vhers” tho -

‘mfiérbprefriion suffade st (ROplaRh i€ EubStadialll pRin@ thed@M@lintkn®burface of

nmi croprotrusi ons or areas_have higher and | ower
theeplaten iscalsaoplanir @pd iy dispased sbstantially parallel to the microprotrusion

surface. In other embodiments where both the microarray and attachment surfaces are

- substantially planar, the attachment surface can be disposed non-parallel to the -

microprofrusion surface to thereby form a wedge-shaped platen. Wedge shaped
platens, or abrader device surfaces to or which the platen is disposed are one of the

preferred configurations for use in rotary abrading applications.

[000058] Arcuate shapes of platens according to the invention include those that
are substantially lenticular, that is, the shape of the platen approximates the shape of

12




preferabl e description, each of the m croprotrusiMash 2007

conprises: i) a mcroprotrusion 5 base having a base
center and a base circunference, ii) a
m croprotrusion'tip, and iii) a longitudinal axis

wobanorgisa. nicroprotrusion | ength from t hepbpsseexritn?

~ - wieeq thgraensrof sheopitashment ead erray Fafasesadaonpt intyried; In gediverging: -
--.rgéﬂcﬂﬂe &ME 'st{}x% e %%Eaﬂwgeltgk& &Q?ﬁb&\ﬁ@@%ﬁcg&t@l@{%ﬁ%eof the. :

i [@@5’5% oapoordance gyitly ether preferred smh ts,t the microprotrusion ° -

&15

to the mcroprotrusion tip.. In some -preferred
enbodi ments, the base circunference conprises a base

omm@ severshtypeshef dptisal lensesyi Onecesample 96 8 lenicwdarsbape aseording éo

pre’*lerred e?F g-coﬁ&gt pﬂﬂs%trlrléot{a%x?%ﬁnf%% P platen being

subsigitiallyl plasdr 284 ds avfay ‘surfide deing comyex 0 0thesiegmaples- ef lenticular

i SpQs d bstantially norpmal t m cr Qpr ot ,
o qasgide JHl r 3 CsPAEE RGN, et 1o AR oh s g and
- iy sBiffackd Miid¥iees, MRIsTbimMAE @ kharp RE4d, UAd ﬂfai of @ ¥RGrgdemeniscus

di Sposed substantially non- nornal to the

I Spose I 'ous wa espec
Hated almeeasn‘s ashenep Iannes foba0 frdin it cpmerdt eﬂmoﬂd:r arcuate shape

i

10

HMEEEEs nd8, ds!iE & Wele foiined bibiih€ @ EpkiTer, |aﬁd/ afce® tibdub@nly a smgle
epiderms.' In such enbodi nents where the |engths of

%We mcroprotrusions . -are greater than the depth to
whi ch the are intended to penetrate, one neans of

BT TS o i Sy i

. bltess Tlﬂemmmgmngsmm emfichean alsg e:bmpnm mqnluxahty efjxontinvoiis lr-

G Rl i B el Sl o diposd

.. 16988 dinkctioN @k ih Meor® &mwcedﬁeenaﬁmﬁmhs esh be nbhntersecting or

- -@@S%ﬁéﬁﬁ gesired.nd® Oﬂlﬁrep@Mé @mbe@ﬁag% the, AnicraPHORHIoR surface. - -
s 3Pt U8t BRphEIBAL] b AR OBHE! PSobchs

20

o R e, iR

‘microarray -causes _the tips. of' the mcroprotruysi on

an t pt e strat corneum For

) oemmes@an\mmm%d mdomagg«td for f]ﬂcflmﬂetor atgnnm? tsteviehgich as- .
50 Biridadelof D&l enf 6F ABlsibstdddor ofia

n-l

cm'lefa’sﬂhmfcﬂﬁrrﬁﬁm@mﬁteﬂ an %&kimdfbn individval geipieid. Ssue - .
prevents the mcroprotrusions from penetrating to

- [600060] f ulh cliRptdmboaiEmmnBethd imithgrotragibd kirfics f ahs plmn, may

pressure produced by 30 the dlverglng sides of t
CORRN AR ég

|nents 0 e’l nvent| |croprotru3|on
mlengptIWtar&eesaxbsdmm-deity areq) Berving ¢o stain anditdebthe majority of

ﬂ%‘g’ 5158 BT 50 1 94080 T AL FAHR o bribic®hED O, o

30

preferably, within the confines of the m;croarray itself.

' ‘[000061] Platens with microprotrusions according to the invention are provided

with mieroprotrusions of sufficient length, appropriate shape and specifically spaced..

apart to deliver an active substance, such as a vaccine, into the target tissue and actively

retain or confine the majority of that substance within the target site.

':[00O062]_ A platen according to the invention comprises at least one .

microprotmsidn. ‘In some preferred embodiments of the invention the platen comprises
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to one another. Thus, dependi ng upon the desired Maeh 2007
and penetration depth, nlicroarrays of the.invention
can be manufactured in . dinensions appropriate for a.
speci fic use. For exanple, mcroprotrusion | engths can

wopgoHpaeas to vary fromthe platen edge to POEUSHAIEFS1Df

the mcroprotrusion array such that the | engths
increase fromthe 5. platen edge to the array, centge

darensetsr “Fﬁédsrﬁfﬂlﬁﬂl?féwséﬂiﬁﬁoﬁh‘isp Fucraprptrpsians g plso disposed

AESRER Rvoid of
Pfeﬁgg? or " el %%@oﬁ%@s’e@ag%%?ﬁ?g{sl oﬂiﬁ9 it Yr%ﬁo
mw:@jmm!smm or fieas have highetyaddslower drvsitienefomicraprotuiens. na -

Frﬁget%Fa e@%‘mog’eﬁt’apﬁ ok ﬂaeolﬁ%gopﬁﬁfs{%% 0&8 T ?’ %3 Ilﬁicr pﬁ%s no

gdse hidind ?Barsﬁ ténieiabd & bae @irsubafereh & ti) 4 h&rﬁ%@fﬁmnﬂiphand iifya -
oni ng i i croprotrusion fi ess tha
giudivel s pavige mtceymwonﬁ?s&% %?lap (B8, ORI dp the -

. %:ﬂ:?oﬂr&ﬁ’tﬁibh' 8p. ANk PRV piftrell NerhBddthdss, Sk t B¢ Eircomference -

their intended uses. For exanmple, for. use in
enmnmsisesos basg margin end the baser margin comprisesi ansilee thaedgn having an

%%Bij‘%ﬁﬁ[‘] they are preferably in a range from5 to
’ cfons:

Nor e’ preferably t he mcroprotru3| on

IBRRRT 1" 5 ot B0t st L ff EREB mos of

the eiterdfrotridond 26 dﬁb‘}fb\s@hﬁxbst[aaﬁ&ﬂﬁ @6imal o ﬂeemmdptwasm suaface . .

till_ addit | t f th t th
- ithe plaihaiTa o eEPRRENS se oF AlboF EGRGOPIHLT g el -
- PlefhR réhs?@sréd Q@osﬁﬂih tBAlnoRAE B the ﬁﬁcr&ﬂ?@tmsﬂﬁ%ﬁﬂadéfof the platen.

Ion of the mcroprotru5| on‘into the tissue'is

B enetr
e 'Ehmrfhg fieraprotresions renepsiing to thehiavention 6y st dispopedhis Vagieus ways

- SRR e foo PUSRIRE TT."Cuch that the
" [RRRLC) Bh Mo e 'ﬁeﬁ%@? B b U oAt Rldhs e

" redter thiethé dqﬁh&'ﬁ ngﬂmﬁef aehmendemm peféttatoiptocthe stmbomsoroeum
R cted. .and arra
e b e gerio st atoa sy e P of e pifsapretgions. -

30

B gfe%f%ﬁuﬁlde |t@%¥cﬁtﬁ€%t£éiﬁtdii&§d fo'}ﬁneﬂﬁﬁ:t Bneédreans of depth -
g

penetration the pl urallt of . mcroprotrusions _into

qontiol is dbeyghape gf fhe aig@BOtrTFoNn; | cwd&sn b idprgity |9 which the ..

R RE AR B pRERTNAY EPRTR B8 (B Eikue

. upog rvéhichothe diisroarpyi wili befused) che dessexlmcmpmuubuens argishaped and -

et enti on capaci.t n _be ac dto a desired ,
et = et BBl el 5 prSaBS fotviampind § e foitpeRpaL piSes e
fipsSoT 4l midrdpr@iisioh te! prefiste @to tilkestiafive Y rhediy &AMddRrther even
arran&ed randomy or in a pattern, of a Slqpﬁ}le | ength

thpughy then lengthy o th%m@t@@%ﬁn%@ﬁ loggsdtha fes pf fhen
m cp%grg?rr%é %lg& Eﬁlcan é)‘ﬁghr%rpsal%%ggmn}t Ed‘?gspgrsogd .

¢omphosom with rtheldlheghis; theakapsiintindreasivg ahglsi gh isaidenodlof the

AL AT SRR o s e

I%ﬁéfﬂﬁlng to SlefrWlS depth bedateasf the/raplitpRdrepiigd @esitre produced by
the diverging sides of the frustocone. :

[000065] The present invention provides for many permutations of
microprotrusion lengths, In some embodiments of the invention, the microprotrusion

lengths are substantially equal to one another. In other embodiments, they are unequal
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stars, airplane propeller and other synbols arranged

in a directional manner or disposed on or near an

edge of the platen to thereby indicate either the

wopb@periposi tion of the m croprotrusion arPCHYSpNLEIRE

base, or the direction or directions in which the

device should be noved in relation to the tissue. .
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the art. They can_al so be nanuf act uingFI rnexample
[V y

il SFPLBHE' o oo Holf ) Bl Loty e

Lo -Iﬁi@tﬂpmgﬁlgﬂoﬁs”hanlbb eo&ﬂbaéchf]ftﬁrtemgéﬂ&)mtﬁlm the mﬁd:opibn’umbm surface
provi de upon sone, or a t emcto r.ot
-ofibe plgenss %ﬂw&prwswé#‘}l delgrmineh i Jg?@&%npeneﬁaﬂon -
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If RS Grality OF mE¥ AR Biond ko b Bs@nce may be provided i.n

t he formof drled or partlally dried coati ngs,

[Pg%ggZ] e’ p¥ esen | nvent| on sgﬁg{rbgﬂv es. ﬁﬁedges, and

" deositycofr the ngeropratrasinmp theodepth of penetrauon, degree of dlSl'llpthIl of the

tissue and the liquid retention capacity can be accomplished to a desired extent for

delivery of substance into the target tissue. Microprotrusions of the invention can be

arranged randomly or in a pattern, of a single length or of multiple lengths. In
embodiments utilizing a patterned array of microprotrusions, the platen,
microprotrusions, or both can be arranged or disposed to form a one directional symbol
or design suitable for orienting the array with respect to the tissue. Examples of such

symbols and designs can include, for example, arrows, ﬁian_gles, V-shaped patterns, -
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m croprotrusi ons. For exanple, patterns accordi sgvitwh 2007

the invention include those conprising rows of

m croprotrusions, each row having an axis.

M croprotrusions can be offset fromone another with
wop@dpmetrs to the several rows. The mi cropr OPCIBS2003R268M

16 5 March 2007 WO 2004/ 020015 PCT/ US2003/ 026812 each

respective row can be oriented the same way with
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PRGBS Vi PSR B, SEOR BRI i e

15 apr dtenhetivelyy thenmicsopapiersionsicim bé enade fiom 2 iietad tshekeas stainless
elivery of -t suhstance iin the target tissye. l.n one

5B e e afert LB it Bl SRt ttlpoRe -

<o b albws thést OCSNGMmate&R st B kilisbr) GeraBics aﬁ@@ﬁbsgpolm,ers. Metal -

~extending fromthe base of the m croprotrusion to the
- IRIPIOPISHUSIONS (opR  BRr Blapyfactigd using  pariopy igphnjques aeimilaprto

;,,_;,, i . ) s . - of i ‘ i
. . ph@l%htho o%ﬁéég%%ﬁf ?@es;hdtgh%%?ropﬁﬁ&ﬁhﬁﬁﬁm%fug%g? ﬁ%ﬁblrggfpmd i

|'nvent . ree or rr_ore arc
- 20 -npttedse kagyiny o dlzec Rt r The ovisroprdusions cano pisoteu giapwfactured by . -

i .bet,ween. t hree and six _ar ets wherein the

 FRPRbLRRR AT &R ARG ot PR RERE Mg

PR ﬂ?fcscrapnmg cexlgleo B&Jﬁ.\bnﬁfgt&ﬁre@ apijlas‘ﬁicummfﬁj@aiangﬁﬂﬁing@mcess, as

east, one scr api edge., In s r rre odi nent s

- dgeip kiof i) appitesiion no 19351 gled inly LR LAY S

hERBP ihcdfpofutdde B} YERANS! fAeS SN &S tHehBt GHANEENRE other,
bunps that would be formed by chem cal etching or

., 25 alighativa grays te make miereprotesignsooves formed into the are

«[000071] If desired for a parﬁcmlar application, the substance to be delivered can
be-provided upon some or all of the microprotrusions in any form suitable for delivery
* into the target tissue. For example, the substance may be provided in the form of dried

or partially dried coatings, liquids, gels, powders, beads, or.emulsions.
30 J000072] The present invention also provides fdr non-circular patterns of
_' microprotrusions. For example, patterns according to the invention include those
‘comprising rows of microprotrusions, each row having an axis. Nﬁci‘oprotrusions can
be offset ﬁ'om one another with respect to the several rows. The microprotrusions in
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theed %ﬁgﬂﬁi’@t%th the .i nventi on may be f-or med-
oconprlsea -at tip. For exanple a flat. tl%acanb _
< (0R0Es Ul Mapp@guwwtoé Bherigvention ean bg prqvided iy arygshape suitable -

: 20 -

o HcRDRHRSIoR H&ﬁ]?tﬁ@é bévboh tEl%E R&Gk Sﬂé'f?&ets‘wli&e:ﬁihe%eﬁ@dﬁbﬁ of -
.y two vEthe ardfa pms & soraning rdge susch thed agobi fowstogene| comprises.at - -

25

30

facet, they can be di sposed substantially paral |5e\Maich 2007

the mcroprotrusion surface of the platen or at
non- paral | el angl es. Mreover, the grooves or texture
formed into such arc facets can be constructed and

wobdsan@esl for receiving and hol di ng a mat epialysfbidcas

the 30 substance to be delivered, a diluent, or a
conponent of the substance or the like. [000075] The
eachgespbctiva cbwiag e prishted sheosamieswayi witho sesplect to thet towr axis, or

cen respective base through the center of
P?‘?ltt%elga'@fqng‘@a i p. Mcroprotrusions of the invention:

m@pﬁj %&)%h%l%g% zkl)}[sggagor I grt(()e lﬂ?et ll)r\és%ln’y mr\]fgrrtt{o%\/\éan er -

com r{se agerforatﬁm"tﬁbﬁéh RO Platen \WOmARO AHERAM Surface to the microarray
| US2003/ 026812 “m croprotrusion | ength. Thus, the

ﬂn&p@nabe pesforation cem be disppsed enyvehers ipgheyplatenefor exanple in the -
SRS A B 6 L IR B R lton

- cancheogfrany desiied dimensien duffjoiostetd abcmng:l@ dehvegrﬁ%ambstance in
id f f t h

RN fer & Wt Sicgipttonstonsi e OF B BB f Bine S ds,

. eSRaet cyfpridePs. %ﬁzﬁh@%ﬂﬁﬁﬂnﬁﬁn@tﬂi@ Ayt be Hﬁﬁbs@&ﬁa@heeﬂ Br -

odi nrent  of a m croar

one preferred e r
i dherrgicrapratiaionskirfupl prabadieends, éhe?ﬂveréﬁwéxf\p@g”m@m can ..
b B5poRla bl P35 ARG YR U nd Bl B Lot Bnd Rt

- fmdmulﬂ;ﬁ:@edsﬁﬂomcth&)hwe oily ofirerr mbndmieatsathb 3p1urahta of- aergmattons‘ .

S P0G S ) RS o SR A & it e

L ‘diﬁposédlﬂ th@bl&!éﬁf I yet Otiey eﬁb&dmémgeﬁe%ﬁaﬂt yrofpedomtisisen be -
15' micro rotru5| ons of _different |engt

[000076]

S PARL IR O RS RS Bl ok
qadlqdenﬂj:t,c li'leamuuwrbmldne ngfiet frdstorahesasaash aformpkising -arc facets

- Gl o B Pk oyt PPt RE 8 B AR R sion.

» PrbfetdbBy, - each.mfefht i Ristodohieall nddrogrotfusivasifl thes plsene Siavention:. .

structure forned at thelntersectlon b vveent arc
QOEPEESS AHEe t fFe 1OTRt 2K Jacethe Mgy PIsES Ye afé%Be Kastolonseat

angle to the Tongitudinal axis of the m croprotrusion.

e

of thedrafacey comprideqr texttred Suifave suahms alicsgrodves or bﬂmpmﬁamould :

nore are facets and the f|at cet of the
by Tpiead hemisplateding rymolding. b fase Bt pomestons orggg intgdhe are
h&% 8hSy cahWeltispased @u@:ﬁa&hﬁlﬂﬁﬁﬁaﬂéﬂ% e AB&Sprb@Esidn surface of the
platen or at non-parallel angles. Moreover, the grooves or texture formed into such arc
facets can be constructed and arranged for receiving and holding a material such as the

substance to be delivered, a diluent, or a component of the substance or the like.

[000075] The axis of each microprotrusion is disposed from the center of its

respective base through the center of its respective tip. Microprotrusions of the

- invention can have a relatively broad oz relatively narrow base when compared with the -
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15

: - [06M0PA7O] MANRcRBRRE With BhEOMRahtAsdols Shaact@lsti@! bRthe present .
.25,

30

forns a scraping edge on the mcroprotrusion. [ GQA&EER007

I n accordance with other advantageous characteristics
of . the present 25 invention, the m croprotrusions
can have shapes other than frustocones. For exanple,

WO RMS/0I001Sr opr ot r usi ons can conpri se ci r cul apCTDSPeE/0268UZ h

as right circular cones having central axis wherein
each axis is disposed substantially normal to the

micropegtisien lengllat  Thus, tthe digtance betwren the rrespeetivecBpy of|the

oS ARE OB S 3 oY RTR: I Pl Rty R iy, T6r iglbte

when the myeroprdirsidns aixe dispdsed ea €idnvuch @p actmars igdd vhereafour -

] te le.to,that axis. The flat tip,of t
ftrdbfityfioR I G o Bous B O 5, pobelh, tosiftinct Wtymsn e
®pebiiieltpe chabé fed s auRadigThdisdtoy Hloas gfeféfﬁ‘deelﬂb%_ﬂﬁient of a
Preferably, the nmesa facet'is disposed substantiall

IBIFQPEAY i8id| agpordisg tRetbe gRYAntiony; the distange betteen (ke tips of the

. ggcg:%%)%%i? iRy ?tat oot F00R4%0nficiofs drf}fe crably in. fanee:

0 axi so m.cr opr ot r usi on. re
frgre 18@-660 siironstay wmoroprpfeiablysinat rabgemtt 38SOsicemms.nghs with

plier omiupied e facaNamdf miyh@nipEsemicespedtrusiots eitdiffeas tengthe. .
surface of the shaft of the m croprotrusion. [000078]

met hods for usi r}.?ay the mcroprotrusjon arrays _of the

g g dion rampled @1 fat 8p cam Be die mplteofsuidtidinge 67 phpest-mplding
ashihe G AERNhys Bndd B'HSE skillSS Hethe bR THOMIBh t%ﬁnef)é)disposed

deliver a vacgl ne, a@l ergen or 1 nmunogen to

- sybstaptialty pespendienianto theremgitwiingl. axinofothe mcopwimsior: or can be

mcroprotrusi‘'on  surface‘to an attachment surface or

“ural 1ty o S nounte
imbrsectipe aif rans | @nmeer fracfacatd ahd ahplfiat dacet oh dhee messe atrbictak.

Tislraiv 5 g 6 oy ROL RO o € BT f esa fact

fédhisalctaping edple ofi WedhicropRotiEibA,ON on or across the.
surface, of the tissue-to provide abrasions therein.

_Whereby the substance or 'substances to be delivered

inventiqn; Bipiniengprotrusiens| cam Savesshapes other than fustoensesnt Farsikemsle, -

-ﬂ%qmicroprou'usions,can coruprise circular cones, such as right circular cones-having
central axis wherein each axis is disposed substantially normal to the attachment facet

- of the plate. Such cireular conical microprotrusions may comprise a flat tip and the flat

tip may be disposed substantially perpendicular to the longitudinal axis of the
microprotrusion or at an acute angle to that axis. The flat tip of the circular conical
microprotrusion can comprise a mesa structure having a substantially planar mesa facet,
Preferably, the mesa facet is disposed substantially perpeﬁdicular to the longitudinal

“axis of the microprdtrusion or at an acute angle to the longitudinal‘ axis of the

18

SR8ttt et i vy b RS R s fieseg on -

- [680026T Ur t REdropRGtMATINAGSE With CheTnPSHEOH maf\be Toin¥d tHcOMbARSa

I ment thod gccording tb the inventi.on
SR T ot ol 8 et e o o B RPs of e
_ inventiyn, thelfiat p CaypriseyPmbsaistigetar eﬂ‘brﬁie? at thé hﬁgrﬁdcﬁcfrﬁlbbftween the -
copprising. .a , m.croprotrusion surfage suit, e for,
Prstial mfﬁtg%\ﬂmﬂ Hees facks ean drdbppisd isphwlantiptly Regpendicglr -
@bt dniRie hable @ tR! BAAMIRASICTUERcIOPEtubiBn. Morcover, the mesa -
. Strgure eapaeeanpaise #h ledst aue rscigping, edge,suicexagplsi fermednby the -

20 BRRER of S AR Rok B the (PR HLE N Qi) AR EonBBE ] e

. microprotrusion. Preferably, the mesa .structure comprises at least one scraping edge or
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IPPHONON G 0S8 Hie SHitace; of Mg issie o BIOYKS 2ras
B
N RE 0 De e hFer ?l?%??%déh $PataPRY borfe SiMBe nfiB@pRREASSHR! on

spaces or voids between the bases of the 5 March 2007
m croprotrusions such as grooves or channels. 'In

ot her preferred enbodi nents of the present nethods,

the mcroprotrusion array. is . 20 "attached to a

woheg®is handl e so that it can be used to abragmosissiz

or other tissue nore efficiently. [000080] Exenplary
enbodi nents of the invention will now be described
soraping rinefoemelnyethe diterbeetici ofithemesh faceBand/at least o swiace efthe

eL ej the pernutations of the platens,
s%f?f@ﬁ%??ﬂﬁ@?“%’& and patterns of the present

LB 00 a8 Rk SO RHTEE U o Bons iR SR AR o using

166 HHERpeRGkidy Ayt RE the asRMon toldeliddrogier &, mérlecsubRtitices to a
vari ations of m croabraders of the invention, can_be

Gosiect ety i frrget eissienive examplie 1) deliventa Iproler iallererm OF
Mthggén ﬂ'?gé"ﬁraﬁfﬁp E5enbER bR hiudmh st ORDS ?rWefnJEd emb&HiREREa &
to Frgure 1, ncl ud

~mcroprotrusion array 101 es

" methed avtording yiop!|the ainvgitiah e vorifidseh athe nggepsl afel) qugdding7a

et ot e o gt ZREAE - . B cSh cRimeeigee

" rRropbdtrusibh Siitde biitaBRY fof hdtmiinp\s plaftityadfaniefprotakionthedon
10

such that the respective base edges

) .Of .
qri thereisr athiaien edee anegsive dhe mierepiRirasion, syfice |tp g attachment - )

: shEb@! f%rfﬁa B ' Y hASEODS D bedSn two or -
Sg%f?ac cltaﬂ to r%lbgltrag%roté‘rﬁdgfeé?sg%t c‘ﬁ?r‘ent surftace_logL o?or
.- pbratreleropo@ugonsh iand 2 pRlity\GE 200p0Z0deE mounted in.or-on-the - -

| . PCTI US2003/ 026812, 102 . b dhesij ' .
- ABBIHORBRRL T A Aoty e o or HE RO ghRShs comprises
Cor GBS Yhes Soraphigeedes] agt @) mévidy Meatietopidisies. aniay lin eciroular -

recogni zed by one skilled in this t.. ternatively,
g\r’F&‘i}mﬁ PPBduced "’

i nvention i s not d to Triangular frustoconica

" spiioss opvosdsrbetsiemthe bases whthetmicroprefmsions sheh a5 spryes ohehganels. . -

RE-1s) l.d Lied .0 i - YsS] :
83 B e R L5 RIS ) ARG Bl ey i
" aktyighed & £baie o handiztsol thatlit Ean tlatsed to Mrais Kkin6d, otheln itistue insore - - -
Eg rrei.n incorporated by reference. [000082] Figure 2

ielYner specti ve view of the microprotrusion array. D
%\‘h

B A Lo R SR S BB it

25

30

referthicA6 SheliflSurd £ 0 85 g@sgrrfg%’igcloﬁéd Berdah, AAPeriBHOHR! e ASThtonk,

surface 105" havi ng [tiplicity of triangular

‘nhicigprotrosieniscatl paitans pf termreseniniovention arsfee aumerpup do Hlusirate
Ltherein. .. Figure, 3 iS; . '
el o P ane o} B0, 6F R CUnRllelE frop the present
" didalondre,-themastvaribdidls|of nfitraatridersadftigcihvantion cansherpractieed) @igh
. -_connected to sup tanti%lllu%ﬂ anar . )

reference to the present specification witho ue experimentation,

[000081] With reference to Figure 1, microprotrusion array 101 includes .

‘substantially planar platen 102 having platen edge 107 with a plurality of triangular

frustoconical microprotrusions 10 disposed thereon. Microprotrusions 10 are aligned in
parallel rows and are each oriented such that the respective base edges of
microprotruéions 10 approximate a straight line. = Triangular frustoconical

'micropro_trusidns 10 are attached to mictoprotrusion attachment surface 105 of platen

19




s)

.15- mcroprotrusion attachment surface 105 by eMatch@007
pl aten edge 107. Figure 3 also shows a nultiplicity
of triangular frustoconical mcroprotrusions 10 and
their relative spacing fromone another. .[000083]

WORHYIR®1Y, shows an essentially square or PETU&INGIMN26812

. girfabd B03avitegabstagtialy pBné micloplotusion sutfaye Tesviawving s ralltglRity- -

“propeller. "Qher, multi-

. toniegascabedind). S (Ratent §:331,2661 whih is hereipdogspasated by rference.

m oroprotrusion mcroarray 101 configured for use
with a circular or _rotational application and includes
102 by adhesive: beat 1yelding aleciton: keam) weldingd ofimayoby e¢-mglded or

diteRALERE iﬁbgrsl&\% piften 962 dsRHift b@FQ&%%iEE Wy of BRAddSE this art. .

areas contal ning m'roprotrusions 06 as” wel as areas

. ddiematively3 tlmffnmwomafl mogroprotresiing nﬁrbe&rodup@hwiﬂti_aﬁﬂmgta};hy-
08 i . . 4
AP RSB 8 RS e R PR G R

et Rif abddiel cstpet ¢fcnt®hilhe piesine Miviedtion Bsnodilinlited@o Moikehlar

the combi nation of m. croprotrusion-free and 25 .
FUBtPeaBical; MIFEQRERIIUStanE P iohish e i o Al ipmEeg b gould bo
i@ 8 hitYopktausione OP%%E@;&%@& wéll. tPYiﬁhQ"_cﬁgggs %fethe mesa-

dé& desi gns can al

i nvention, i.e., numerous n croprotrusion-containing

0060821 cr Gjguot 2 s A qessbective siewaef the micopratrugién mﬁayusbem in -
] . Usy ' . 00084] Fi
Bt Rt ettt e A Skt SR ol SR M acfent

desired for the particular applicatjon, area 155 is ..
ak\ianeyiap frugipconis Ia%crw@ﬁlgnwofﬁwasedéhﬁewrﬁ%%w%mﬂ is-

\%g?é@éedvi&fv ofthé rﬁ@foﬁf&tﬁﬁ%@ Bftay Shov U Fibufddi %ﬁcf?sﬁ?gsh%ﬁrs

7 serving as a“supply reservoir for the

-~ substentisy eplanarp ettachpiente qurfice i QP adonresiedn to AgubstartBBy rplgnar

15

B AeBAh aebb o DoT ) Vel R, 107 HRAR%) o

... shosle ral neiltipliciiy of titangalas frpytdopnicst seicroptotrugioms 105ombvihgir fetative - -
' ‘suplgl %i ng the active substance during or before
o, SRIPRE O OB

one ASE85] Figure 6 shows a further nodified

B R e Rl I

%

30

.+ BitroalthP POICARPELS fob A with Mk Gulbr %?fo\fa%io%lﬁ abpicatiéh #Ancludes : - -

direct" the flUid substance to retain e subst ance .
Dlptemi 182t hEbe ploteni His anst midveprofrysiop sifachmentnyupface 10508 this
. ) 0 The di L .
Qﬁﬁo‘a}n?e‘fne ses[ Qrg%oé)lginw@régmuf}iéoi alngé) gbbozfis \Ivé]f‘as ar%ag devoid

m Ccroprotrusions are arcua

afnghyahismpransionui 681 tAveaa sI®6 sind i108 medyacomistitgtet lneed onjstaller.

- BPRERSGS i 5 B R i ol BEwPRREE Bfbiori

Avénfivn.l t 9 fwilll@e[ 80O e bMbItioh VFOWScrapBir@idfickd and -
enbodi nrent of the mcroarrays wwth the platen

_ micrepectagioneontaniag aggap y0G gives scrowreryr 104i theyanpesmance of -

Qﬂy@ﬁﬁcﬁq ipﬂ%eﬂ&y bﬁﬁ‘ar, multi-blade designs can also be configured.and still be -

within the scope of this invention, i.e., numerous microprotrusion-containing and

- microprotrusion-free areas (or areas of reduced microprotrusion density).

[000084] Figure 5, shows an alternate embodiment of and array 101. The shape
of the array shown is a circle but may have any shape desired for the particular
application, area 155 is devoid of microprotrusions 10 and.can be merely devoid of

microprotrusions, of devoid and recessed as well, serving as a supply reservoir for the

liquid substance to be applied during abrasion. Area 155 may also contain a fluid -

20
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* S 5B e e

@ﬁ@%g] 108 ser%/e as a rfes gl s epbodi ne thth
oy subiEdech SHEa Rl srtofissent g i Bicramays vith the
14465 bRRAE1 b irdeerAlTFHngd G sl Sideriag bag 6f aalablﬁamg dievice :

di scl osed and clainmed in co-pendi ng Applicati on 53daical2007

No. 10 filed concurrently herewith (Attorney docket
No. P-5369A 7767-191670), the contents of which
previously were incorporated by reference. In this

woeetaoztiersent t he pl aten edge 107 is 15 bevebedusaokiassiz

angl e of from about 20 to about 70 nore preferably
about 30 to 60 " and conprises the distance fromthe
msaagg\pa}b&npt@om) touzef enslerlWiog substangecsupply aesenedr, (not shown) for

Mo B SR Ao e WG B RORIGRES 2 P80 f

ustons 10 (not shown in

"@Wéimsé i @f&ﬁ?ﬁl%%gbe@?ﬁﬁeﬁﬁ%%%ﬁﬁﬁ?}g%§f§§%§ 5

Tl arragt of Bigiet6yconBinsaipresoxvdifedred 155 of @quﬂ)s but also channels 158

.mjcroprotrusjons per cn®.. M ¢croprotrusi rface 05
¥ %S‘ﬁ'ﬁ%t"a‘e eF‘a’B% ﬂmdv#%wce to 3{9&% the .

SAads o?’&ﬁl‘éhaﬁvﬁﬁnﬁﬁun%}’ﬁﬁﬂdfsﬁlgdeﬁﬁnt 'f the

m croprotrusion surface becane :w der or was of

I

mdglspfcamfmreldyo Assisbint taiainingttbe hiquidisubstaseerto bo adrhipistered within

a%ﬁ‘% PEER bR e 25

" storage'reservoir -ngt shown) in this enbodi ne

fissds @Jﬂ ke e BsRnE ARPIW@r%@abN%dQ_ms siled concurrently
RN PAd Ay iblicet Mo PBSEIN 0A180-1016076), 2118 bliflc P Sutich

|gu t|on emcroarray to pul

| -}umdomlyrwe incheporagd Uy referedes Ubdhia nmboclmmm:rthe pllabn edget 107 is

B BB RS S AR5 b LSHESE

anbi todmiptises tReridizchince ﬁbmoﬂnetﬂileropﬁﬁﬁﬁbm @lifacehi0Shtoi the base. 160. : -

| f of. Fi
NicrapaniaricR sisce 0> SRBRRa ed of in %ﬁﬁa@a&%@%@ﬁm .
B I%QQ& Shm gqug.ﬁg 39% a%’ﬁﬁﬁhg%%ﬂ%ﬁ GeGRite m}))ﬁﬁ%lbﬂeof from about -

‘ 257 5

30

nbodi nent o gure 1 i1s that this enbodi nment

' Zﬁﬂml toz eabout 8O0 V@aqhaw“acslateantgr apdensityis phnapplogimaiely 400
I :
<30 Rt pOF ™ Mo b, HERLE Tocbusd 8 J1800E sty which .
pmmdes fean aquabstm dreawavengrrmims.l df the nii¢tomotrodiornsurface became. ..
t er nost .r 180. wi st.ant | e s
B 9F BRARCIE A i g Rots iipaseols O 124 g6 MacEiar
“aBfaB6EAbd ol BY athBded glganﬁdamgr %82 Ghan tB6 afed@ dloddr té Helrotatichal -
.fromthe center. Effecti ve@{b thi s design increases

" apise Plapad 07 alsh eompsises fmd@ri@pp

opcBgh el 5@kl lis WG dInERC R LSRR A0 fn

ersled edge1l) 1o Miciopolpyigns free

162 stpplwmihe Isubwstantel toblee admxmktemedi ﬁmmmtarmﬂ iflidl $torage’ msengnr

' (no% Sﬁown? in this embodiment.

| [000088)  The microprotrusion—free areas 108 in conjunction with the platen edge

107 and the shape and configuration of the microarray will tend to pull and direct the

-jiciuid substance toward the center of the array, counteracting the centrifugal forces

" generated during rotation,

[000089] Figure 8 shows an alternate embodiment o_f the invention, which is

similar to that of of Figure 1, however, the difference of the embodiment of Figure 8
_ o ‘

J




10 [000090] Figure 9 shows an alternate enbodi mentiash 2007
the present invention, which, is based on a simlar
pl aten 102 design of the previous enbodi nents. The
difference fromthe enbodinent of Figure 1 is in the
wo nboammprsot r usi on 10 pattern, which in thi spceuiodionesnt
i's repeat pattern design of a polar nature Shown in
the figure is block 190, which is a grouping of
andcthe smbodimsitoefsFigorewhiis that ghis whodiwpitanilizesda polaneway of

ARt R, RRARonEE e aferdth REER oF B ro Bl chilhtsing

188dThib embodimentef Rl intentiod Gﬁhzea' @ réddaced mcxfopidtrusiat 1@ counddn -

mcro rQtr ons, acy o0ss, 1,he, surface; aten 102,
. it 1300 kSRl St Shne e, O dhiebragh in
5. &@érﬁa@&t@m@%@ﬁ@m@ ﬁ:ﬁg i&emé‘t%@&bﬂﬁ@ﬁidﬁl th%bl%’w%'om the .

desi at t ang e be chosen in suc a
qeatsh ?Efffecwwa, this dem@premy thsespa%mmweﬁ@tm@@r@mpla@em on
&Jte?&gssc 0 OF%lteSfé. o eg%crgplgg?.ﬁl &lﬁteg f the ?ould be

. M.Cropro rUSJ ons Wer.
repihoed awithS6 drug efflueat port, wiieh would bé &t Auid &uninmnmatﬁnh td a drug
<tines about 360, ther-e would ‘be a 4 m crochannel
6 en 'adjacent blocks. These microchannel s vvoul d
lized t irect the fltc whi C s in
O o (OFoebli c e ?Ws%alfﬁil%f'é‘i oot ofdhe SR pHOR i
o ' 19%%%@9&% skrflildr Biatddl Boedds of H{é%)re‘)ldlﬁl&n@oéiﬂféﬁt%a%@ dffference
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J105A. In this figur a total four plraten surfaces

- Tignid sybabame Oﬁ@h@n conﬁm@ng)ﬂmd Ivelé @nélt«aremwrsmrthgw%deda;ea
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A. 107D, ,The diff a
e ‘ﬂ’g i clpied SSRGS ores HOFL8 8OPiR 21608° © firip
.Iﬂﬁﬁémlly formed across a diameter of the platen. This microchannel may be
utilized for drug delivery or alternatively, could be utilized as a directional assembly

30 feature for assembly of the platen to a handle.

. .[000091] Figure 10 shows another embodiment of the present invention in which
the platen surface 105 is a multitude of platen surfaces 105A.105D of variable height.
As shown in the figure, Platen 105B is of a greater height than that of platen surface

1054, bowever, this is not required and the opposite could be true, in that the height of
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bet ween 25m and 500m and nore preferably betweenMdin2007

and 200m Patterns of mcroprotrusions 10 nay be of
any of the design layouts discussed in this .
application, ' however it is preferred to utilize

woRM4ato0isype designs, and are utilized acr oper/ii§#03/026812

various,. platen surfaces 105A.n to best acconplish
the abrasion and drug delivery process. 10 [ 000092]
Matgusuefadel | OSBs:oaldrﬁedess)glaaﬁ:lat eﬁplachuﬁmrlf)ﬁm Torethoi's figure, a total
lenticul ar mcroroh ar 101|
Glofie B B 2 st owels OGS Bl spod i
wilizkd erthe BivB9ibhEddbadingod B rd[esired latn@man bt | Ratbragurfayts are
mcroprotrusion._ arr The

ipleesogteclsd by aa@awae%@ﬂye@aes@fhows o]t B ilpeenes i height
RN 2 e Plap ik fo A0 Sosn hwckh 9408 10 By
Besech 2Bma and mapmj ahdinOregpréfexably beﬂwaen Tﬂpﬂ‘f mﬂmt)plmsﬂ'aaank of

afray of, Figure 12B. Fiqure 12B nonstrates t
1@'&H PR b of 4y, t%f&ﬁlgaéam&ﬁ Fusgadein SN AP amns

HoWelRrGe i 1116 LRz PoldltypR aridliek ﬁmzé@ drssIR:
egraf altS on rf)f tﬁe pl*at en surfég’e 105. Opj egt 15051vmlmr11S
Mlaten svicloees d 0 3o to best apceshpish thetabeasion il drog deliverytnsepesso

the operation of the invention. [000093] A process
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array. 101 is fixe
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Higen ffmmwﬂymtmeatlﬂmg:ulwmmpmgm @naﬁrqfaEagmleHa Bigure 12B
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mcro trus

'St eyt ﬁw biga gaitey and gt rg%tsﬁéo %émfl&f ﬁaeﬁbvenﬂfm

l'i.ng mcroprotr
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_15 Q.@f(flﬁw ng spﬁnﬁkﬁfe {vﬁh%ulla taad thodh YolockBik Nitifi4ied: hold. the

IS preterabl Ient| cul ar shape. As can be seen

prop:iogwrm ey of g0 lqaﬁz deaubstantialls plasaranisrapeirsign Airsy1 01

iy oBRain A0 bERE WL N IR BRro L ATRORO R TR X.

: fminmg meerpel G thestop bloak isclywi@d ohto thewgicrapaigimsioh array 101, after

BRI B GDahAERY L0 s S IPUE S B SRGPRPRR

'aﬁbﬁmdmay dﬂﬁmﬁhﬁy@éf&*ﬁleﬁrﬂ&ﬁéhhd fop bbch Rtlowiied oo Yhe bottem -

ocess and one ‘skilled in the art nmay alter the
l9&nd eerchep astopping poing fmicteprogpyieiearsayt 191 dg plagizally fogmel to

' ﬂ%s‘ilﬁﬁé of %zf‘ormmg mandrel. The next step is cocling microprotrusion array 101 to
such a temperature that the geometry of the forming mandrel is substantially

maintained, which is preferably a lenticular shape. As can be seen in Figure 11, the

process creates a slight doming of the part, which currently varies from approximately

0.040” to 0.10 inches in total height from the center of microprotrusion array 101 to the

edge of microprotrusion array 101. Although the process outlined is representative of a

- process for forming a shaped microprotrusion array, it is not the only process and one

skilled in the art may alter the order and parameters of the process to achieve
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WD 2004/ 020015 PCT/ US2003/ 026512 substanti al |y t3idarch 2007
sane result, which is a fornmed m croprotrusion array
with mniml damage to the peaks and pl aten surface.
[ 000094] Figure 13 shows anot her enbodi ment of the

WOz¢d0206t5 | nvention in which the nm cr ochanBRETASREBOZERLY e

10

been desi gned for enhanced fl uidic conmuni cation of
the 5 drug reservoir to the full surface of the

- allbaia@wﬂmhe Sapg, Epswh | whichels Sisformeds micgoprotyysigncarray with minimal

%,baq{!gaﬁ(p Btefl biBicd. eserv0| r and'is approxi mately.
| nc

es in |amster "addition to |acking
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subst ance bein nistered is water based then this
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15

ARG B8 USR0S bR S B B g

' mpemytwﬂ)]ntendl to mdnterd@eﬂwr&éﬁgﬁ chipattdistiedefStbe Sichy hitltherarray -

.....

.20,

Abhce Hsride theushapesiad cp aur@oa% Pfa (e \paisToRmRNe tm mateaals

155 or D ANIRSE ﬁﬁ"%g fé? gre bl 1R v Welll the. arrays-
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pﬁrf@perthelestagkn@f ab_?@iu;ng and misbng libud d:mpla@enwnt | 8§ @, material is -
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.. .@Bcoledel NMSrial tRatlfts Failterlthe maAdMalsprafdRies and-
e et M %2 X "bréfiftses an

. Tefleithasemoze, onlessphygdrophobie atnegdddon array for the:

rotational delivery of a fluid substance into tissue,
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pl aten edge having a thickness, wherein said 5 March 2007
m croprotrusion surface is suitable for attaching a
plurality of mcroprotrusions thereon or therein; a
plurality of mcroprotrusions attached in or on said

wosgospisot rusi on surface of said platen, yphgouSim/esah

of said mcroprotrusions conprises at |east one
scrapi ng edge; and at |east one fluid substance
CEABMRAI ng neans, said substance retaining nmeans

sel ected fromthe group consisting of

TWhhEik clingd@gr ot rusi on spaci ng, one or nbre recesses
bet ween said m croprotrusi ons, one or nore areas
devoi 1d AGhicRipfuRRbR bnkdySToPIRS rotatRRE dRliveiPbLs M€ Jfbsahce into
reduced mcroprotrusion density, one or nore areas of
tiisue, 633d arayLROIMPHsingt t ached to the platen in a pattern

adapt ' t 0 S {: . . | nt erd _or
of ol ol Bp bR ca ke LN iSRRG BT
platen ejyedhiving h thickness wiekheir sdid midrdéactensioanofae idsuitaitle fons
thereof. 2. The .array of claim1l1l,_ wherein the pattern
SRS S Ml ﬁl@ﬁpraﬁ%gqsaﬂtrgma’a BSEM to direct said

S ubs ta3ih&Rlit§ eMMidrsiReinBiofdsttaeheddh bf &f dalmittoprdivgieh bitSice Bf -
densities.” 3. The array of claim1, wherein each of

soi} platen, svhesineehyef seidanicioprofresionscomprises atleaspone scraping

gy'gg.rag@r otrusi on base having a base center and a base
cPricunference; a microprotrusion tip; and a L)
| ongiat least ned fhdd substance rafginingmeans pxid substaharrelamng theans om

sai d.has center to sal.d mcroprotrusion tip. 4. The
Spl) SR oGP onsinex e AETIRP S0 SR OE BPMace
166038 bEi®Sertsaidthi¢foptdtiudion, ofid\GHRE Bresl dBP6iE S mRREPIBIRIIONS,
said mcroprotrusion bases. 5 The array of claiml,
ns&F Biore 259a8 At Terluged prigopralsion deasity pre oy atoye MEBAlsai d

SR BRcaitef SROBBFY R P il B il

toivenddhenintetier afisaid lames snoér mere dhannels ivtheplgten wasrpprotragiom .
he out er. nost, poLtian sgi d platen edge to the
a&tgﬁinée E%ﬁrfaﬁén%%ﬂbé%&%g%efﬁ%{ array of claimi1 wheréin’
the at least one platen is integral with a surface of
a rotary abrader, device, 8. The array of .claiml
f ur t HeFbecsrep Pt iyl tfsre tgﬁﬁ%f@mpfrafra?t%%ég {hiqrpprotrusions
aﬂhﬁéd)@rdﬂ"e& WH Qittatd RalpEsksthas 6f BftHinglmifopRirusion densities. -

0

3. The array of claim 1, wherein each of said microprotrusions further
coroprises:
o microprotrusion base having a base center and a base circumference;
- amicroprotrusion tip; and
a longitudinal axis having a microprotrusion length from said base

center to said microprotrusion tip.

4. The array of claim 1, wherein said microprotrusion surface comprises a

-plurality of channels disposed between said microprotrusion bases.

5, The array of claim 1, wherein said microprotrusion lengths vary from said

platen edge to the array center.
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9. The array of claim8 wherein the at |east one ¥axch®007

substance retaining neans is disposed between said

two or nore platens. 10. A method for delivering

substance into skin via an abrader device conprising
WOr20@/02atEps. of : positioning, at | east one aPCHYSH3/026812

abrading mcroprotrusions at a delivery site on the

skin of a subject, wherein said at |east one array is

at t achebheagrag At daimatiehoreis the thickngssipb aid platyn sAgeverigHEom
R FPShPRhER | Applapsdapt ed to
rotbg%eg&ggirﬁgrﬂ%grray; rrecilgdaéﬁ?‘%:%ﬂ:{/h%rrgt?at' r?g the array of
m croprotrusi ons agai nst the skin of said subject
Wi th ficie force to disnu and subst anti al |
penot T e RERET clai hetst B el B ST R b et
' of £fctirghrait devidel at um comeum applyi.ng a liquid - .
"+ substance to the skin'of said subject at the delivery
site prior. to. or sinultaneously with said nmechani cal
rotatg B itYher 80Mb | s er
devi cge' ?%frrr?t ggggl}i%e; Sl tnfg‘, g\j\whéeé%lﬂé gi%pg?ﬁl east
orgoprdizusivps aitachesd theretgror thyrebwir t her conpri ses at | east
one platen, said platen conprising a mcroprotrusion
surface having a plurality, of mcroprotrusions
. at't ach@de by oficlaind 8 vihereircthdat laasichna fipidatbdtaneel gpeaitiny s
s U a thi cggess, sajd mcroprotrusion array further
J .. dspse OFieeh saador BIRE H#tASd subst ance’ ret ai ni ng
nmeans, said substance retaining neans selected from
‘the group consisting of intra- mcroprotrusion
spaci WgA mathodder deliveringsubstmesintoskingigansehiader device
' QrofrusiQps, one or nore areas devoid of
-?narlgér%ailggiersuik'gﬁs,, one or nore-areas of..reduced
M cr qpeMibnitg atdeast ﬁ?mﬂﬁy yf abeading adicropotusisisas a ddlivery site on
" picroprotrusjons attached to the.platen.in : ttern
Hha SR 86 TBi%aH PhEPRSaRdr i SheEE S AUREIRY 12 ATHELIT P
SdmHRIng af hrader hOREhghd AReBhARATDRlS: médhs hidptddlta bdtate said

m croprotrusion attachnent surface, and conbi nations
ftFd¥.eof . 26 5 March-2007. WO 2004/ 020015

© Pl ' e rlbE gL orl A
P R e ) et o
eibjent wiftoguffisient Sircerte dissuptiandsebstintialiyrpenetintelie stravon somepin - - -

C rises .at ] east on ousi ng el ement sel ected from,
SR bR SR8 pralit SREE S oust ng. o Lover
housiapglying & ligtiidetbstatsion: skind sdd sibjdceit thodlivag sitefibr to .
copbi_natigns .t hereof and wherein ,at | east one of said

. SRS T alelion enilasabiat onary duri ng
the  BRGHAafPbrddel divic® froffthd fivey SRQPT Ot rusi on array,

and when sai d abrader device Is )
wherein said at least one microprotrusion array further comprises at least one

platen, said platen comprising 2 microprotrusion surface having a plurality, of =
_microprofrusions attached therein or thereon, and a platen edge having a thickness, said
microprotrusion array further comprising at least one fluid substance retaining means,
 said substance retaining means selected from the group consisting of intra-
microprotrusion spacing, one or more recesses between said microprotrusions, one or
more areas devoid of microprotrusions, one or more areas of reduced microprotrusion -
density, one or more areas of microprotrusions attached to the platen in a patiern '
adapted to direct said substance toward the interior of said array, one or more channels

in the platen microprotrusion attachment surface, and combinations thereof.
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positioned against the skin of the subject, sai & March 2007

| east one stationary housing conponent reduces the

tendency of the skin at the delivery site to flex

during nmechanical rotation of the m croprotrusion
woanwayoegai nst the skin at the delivery -spteushsodhe

met hod according to claim 10, further conprising the

step of applying the abrader device with a

predet erm ned anmount of force to the delivery site on

: gteaf 0 %ﬁth%‘ﬁlg Ita_tg{ghqgél vg]ﬁ‘:é%ls?l ta&?irn}]lo ?ng surrounds

Wecnay Bfﬁlhﬁ)p&hft@ldﬁﬂ" afbwisdrdia ﬂfee.bﬁﬁﬁabhsing mﬂ;medrm Jeb:d one
he.skin of [?2 irugéﬁct at the. deliver < hol ds
ghsip n} selpeted &rowtheseropy congisting;of g2 PRer ?qsyﬁ wer

MBS ACiRhdr Hiotispaheitn ohthr haﬁﬁg%uféeﬁbﬁm HeRQf aﬁa wherein -

claim 10, wherein the substance is applied on th
gkleast arfe of aid pldedstene hausingricroent romming stetionary during theh e

ARERAARN BENECS thmPEH SRS Y, add WhendBld' B RIkEIs 27

positioned against the skin of the subject, said at least one stationary housing

16

component reduces the tendency of the skin at the delivery site to flex during
mechanical rotation of the microprotrusion array against the skin at the delivery site. .

12. The method according to claim 10, further comprising the step of applying
the abrader device with a predetermined amount of force to the delivery site on the skin - -

of the subject during said mechanical rotation.

13. The method according to claim 11, wherein the abrader housing releasably
attaches to the skin of the subject at the delivery site and holds said skin taut-as said-
microprotrusion array is mechanically rotated. ‘

14, The method according to claim 10, wherein the substance is applied on the
skin of the patient at the delivery site after the abrader device is positioned at the

delivery site. . : g )
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