23 MAR 2004 1 METHOD AND DEVI CE FOR ABRADI NG SKIN Field of the Invention
The present invention relates to a nethod and device for abradi he . x,
+skin. More particularly, the invention is directed to a nethod o ’aBraHﬁng
the stratum corneumto pronote transdermal 5 delivery or sanpling of a
substance. Back round of the Invention The skin is nmade up of several

| ayers with the upper conposite |ayer being the epithelial |ayer. The
outernost | ayer of the skin is the stratumcorneumthat has well known
barrier properties to prevent 10 external nolecul es and vari ous substances
fromentering the body and internal subsiances fromexiting the body. The
stratum corneum is a conplex structure of conpacted keratinized cel
remmants having a thickness of about 10-30 mcrons- The stratum corneum
forms a hydrophobic nenbrane to protect the body frominvasion by various
15 substances and to prevent the outward mgration of various conpounds.
The natural inperneability of the stratum corneuminhibits the

adm ni stration of npst eutical nces through
t he skin. Nunmerous net Hﬁgﬁﬁgﬁﬁ’gb‘@? @&‘%m%m&&%%@@ato enhance the
perneability of the skin and to increase the diffusion of various drugs

t hrough the skin so that the drugs can be wutilized by the body. Typically,

the delivery of drugs through the skin is enhanced by either increasing

t he perneabil| of the_skin or -2
P Aot the Invention

The present invention relates to a method and device for
abrading the skin. More particularly, the invention is directed to a
method of abrading the stratum corneum to promote transdermal

5 delivery or sampling of a substance.

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
stratum corneum that has well known barrier propertics to prevent

10 external molecules and various substances from entering the body
and internal substances 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
hydrophobic membrane to protect the body from invasion by various

15 substances and to prevent the outward migration of various
compounds.

The natural impermeability of the stratum corneum inhibits the
administration of most pharmaceutical agents and other substances
through the skin. Numerous methods and devices have been

20 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

ie enhanced by either increasing the permeability of the shin or



increasing the force or energy used to direct the drug through the skin.
Several nethods of enhancing skin perneability have been proposed and used
wi th varying success. The prior nmechanical 5 nethods use an adhesive strip
that is repeatedly applied to the skin to strip numerous |ayers” of"tél'ts
fromthe stratum corneum O her nethods use a scraper such as a scal pel

bl ade or sandpaper to abrade the skin. These nethods are usually painful

or unconfortable and increase the risk of infection by excessively
reducing the skin barrier 10 function. Oher nethods of increasing skin
perneability use various chem cal perneé%ion enhancers or electrica

energy such as clectroporation. Utrasonic energy such as sonophoresis and
| aser treatnents has been used. These nethods require conplex and 15

ener gy intensiveeAiggttheTbecdey eaesgf Nakd 6 AlirRh ahb\lhi 8xPeRs 1R The
chem cal enhancers are often not suitable for transdermal drug delivery or

sanpl i ng. Onesleranpl e of a method for increasing the delivery of drugs

through the skin is iontophpresis. lontophoresi rall ies an 20
external electricd evfeir@T H%&ﬁpggﬁ DAL SFB%P%”%%%@&%&?&%% is field
are noved acr@shdsa Sid Gsddevith vat9idPsaeceks. tige prRptmheshihrld. The
anmount and rate of drug delivery using iontophoresis can be difficult to

control . Pontmshoeds uscaanadhssivemisip Bldtris dapegeddy appbicdrgede |Kpdasur e.

25 Sonic, and_particul arly ultrasonic.energy, has_also been dto

i norease t he T SO OB AVERROL RPALGATE hE® SEATITTRE REMTE BYeray i s
typically genglahgds heRasSidtramc 88kl éGapelchlatieir {4 @0 abrade

pi ezoel ectric crystal or other suitable el ectronechanical device. Although

nurrer ous ef f otftesskio. efhese mathadsduiei wargilupamgus enivgicomiortable and
increase the risk of infection by excessively reducing the skin barrier

10 function.

Other methods of increasing skin permeability use various
chemical permeation enhancers or electrical energy such as
clectroporation. Ultrasonic energy such as sonophoresis and laser
treatments has been used. These methods require complex and

15  energy intensive electronic devices that are relatively expensive. The
chemical enhancers are often not suitable for transdermal drug
delivery or sampling.

One example of a methed for increasing the delivery of drugs
through the skin is iontophoresis. Iontophoresis generally applies an

20 external electrical field across the skin. lonic molecules in this field
are moved across the skin due to the force of the electric field. The
amount and rate of drug delivery using iontophoresis can be difficuit
to control. lontophoresis can also cause skin damage on prolonged
exposure.

25 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.

Although numerous efforts to enhance drug delivery using sonic



3 energy have been proposed, the results generally show a |ow rate of drug
delivery. Another nethod of delivering drugs through the skin is by
‘forfing mcropores or cuts through the stratum corneum By 5 piegtci.ng.the
stratum corneum and delivering the drug to the tissue below the stratum
corneum many drugs can be effectively admnistered. The devices for
piercing the stratumcorneumgenerally include a plurality of m cron-size
needl es or bl ades having a length to pierce the stratum corneum w t hout
passi ng conpl etely through the 10 epiderm s. Exanples of these devices are
disclosed in U S. Patent No. 5,879,326 t%-CGodshall et al.; U S. Patent No.
5,250,023 to Lee et al.; and WO 97/48440. Transdermal drug delivery is

al so known to use pulsed laser |light to ablate the stratum corneum w t hout

significant abhalgydinw bedi® piapageal,tthct Reultidediatally sHuwlerissratd gfrug is
then applied to the ablated area and allowed to diffuse through the
epi derm s. Theéryg dehvert hods and apparatus for the transder mal

adm ni stration of drugs have exhibited.limte u S rdingly, a

conti nui ng need e i2?@‘?@%0%83&31?3“%’5%@#%‘fﬁﬁ?@?@&h&?@?@egf@? the 20
transder nal aﬁ)mrﬁhgtrhfttrbﬂﬂrég o¥ alit O Hsrdligloshe ke AtiRe cosdsianBes. Sunmmary
of the Invention The present invention is directed to a nethod and devi ce

for abrad ngpieneingkihe s@atpaseineyimarand delieedng ahardreey wels bFsthe skin.

The invention is further directed to_a net,hod of obtajni a sanple or 25
for the tranolePNalleali R, Sore by BeyaY 2tRs tan He et tigVor

phar maceut i cahdageRkerdd !’"PHQhiévk&s%&ﬂﬂ@ﬂ:iﬁ%Qﬁc%réthLﬁni{drﬁEum geAEREEM  One
aspect of the invention is directed to a nethod and )
include a plurality of micron-size needles or blades having a length to
pierce the stratum corneum without passing completely through the
10 epidermis. Examples of these devices are disclosed in U.S. 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
15 damage to the underlying epidermis. A drug is then applied to the
ablated area and allowed to diffuse through the epidermis.
The prior methods and apparatus for the transdermal
administration of drugs have exhibited limited success. Accordingly, a
continuing need exists in the industry for an improved device for the

20 transdermal administration of various drugs and other substances.

Summary of the Invention

The present invention is directed to a method and device for
abrading the skin, and particularly, the stratum corneum of the skin.
The invention is further directed to a method of obtaining a sample or
25  for the transdermal delivery of a substance, such as a drug or
pharmacecutical agent, through the abraded arca on the stratum
corneum. One aspect of the invention is directed to a method and

device for preparing a delivery site on the skin to enhance the delivery



device for preparing a delivery site on the skin to enhance the delivery 23
MAR 2004 4 of a pharmaceutical agent through the stratum corneum of the
skin to a sufficient depth where the pharnaceutical agent can be absor
and utilized by the body. To clarify this invention, two definitﬁ& Kdﬁ
made. Penetrate, in 5 the context of this invention, shall nean to enter,
but not pass through a body or substrate. Pierce, in the context of this
invention, shall nean to enter and pass through the body or substrate
Accordingly, a primary object of the invention is to provide a nethod and
device for efficiently penetrating the st%atum corneum 10 substantially
W thout pain to the patient and with a mnimumof irritation to skin,

t her eby exposing the tissue below the stratum corneumdirectly to a

phar maceut i calf @gﬁakdﬁeuaﬁaorag&hpehhm ¢he Retunf chiidnerofolhieesitinado t he
invention is to provide a nethod fo abrading the stratumcorneumin a

sinple and ret rsab‘lceenrbdnpth “Amml‘téllﬁ Idmmacmtlcaieagqm@ﬂﬂ ba dbsorbegrovi de a
m cr oabr ader ﬁ aal? glq ?)Pﬁyural ity of mcroneedl es which when rubbed
on the skin EFe i S um corneum and forma plurality of spaced-

apart grooves in UREcRIrifGihR ‘&Wéiﬁ%ﬁ b Qefititidies apdihcle. OPehib@atdvant i on
is to provide a device for del |ver|ng a plurality of drugs transdernally

through ab abhadexhiexeal this invensicinn shallamgani eneniert hek Il@itmﬂilsﬁaneousl y or
sequenti al l y. . Anot her 2 the ipvention.is to net od for
Cransder mal | yHIBREGG PREV T uRinEe PITBhE 9if shiiladt Pl AP

Sklt E SSI ng | o APRHBS kS enferd HhE hRlssORir8GEhOfhet bedy BY 8Qbisoixtes to prOVI de a
met hod an

Accordingly, a primary object of the invention is to provide a
method and device for efficiently penetrating the stratum corneum

10  substantially without pain to the patient and with a minimum of
irritation to skin, thereby exposing the tissue below the stratum
corneumn directly to a pharmaceutical agent for absorption by the
body.

A further object of the invention is to provide a method for
15 abrading the stratum corneum in a simple and reliable manner.
Another object of the invention is to provide a microabrader
device having a pharality of microneedles which when rubbed on the
skin penetrate the stratum corneum and form a plurality of spaced-
apart grooves 1n the stratum corneum.

20 A further object of the invention is to provide a device for
delivering a plurality of drugs transdermally through an abraded arca
of the slkin to a pf‘itient eitheér simultanasuialy or acqusentially.

Anothar obisat of the Invantion 18 to provide a method for
transdermally delivering a substance through an abraded area of the

25 skin using iontophoresis.

A further object of the invention is to provide a method and
device for penetrating the stratum corneum and for the sampling of a

substance from a patient.



device for penetrating the stratumcorneum and for the sanpling of a
substance froma patient. -5 A still further object of the inventionis to
provide a device having a plurality of mcroneedles for abrading;and;: ;u
penetrating the stratum corneum and a supply for supplying a substance,
such as a pharmaceutical agent, to the mcroneedles. 5 Another object of
the invention is to provide a device having a plurality of m croneedl es
having a blunt tip for abrading a plurality of grooves into the stratum
corneum wi t hout piercing the stratum corneum Still another object of the
I nvention is to provide an abrader and 'fb'delivery devi ce having an array
of m croneedles for abrading and penetrating the stratum corneum of the
skin, where the device has a channel in a bottomsurface for directing a
SEbs_t ance to the mgnlqln@g@lire@bjaﬁdofgﬁe gb!&iﬁ&ﬂq $Kidprévitlard Hevicebj ect of
the invention is to provide a nicroabrader 15 device having an array of

ni cr oneedl es HIHNE S RIATRYLY 6 maikrongegsiles f%gaéﬁ‘fﬂdﬁ‘l@l%ﬂ@\apﬁﬁér‘%\ﬁ% g&ﬁJs%lance

fromthe patleplou ddihbl gﬁggggggf% Fdiesh BYRE BNeliSe bR QYLAG B, TEt hod

and device for reéducing of t n w thout piercing the
strat um cor ngsharfmaceRasAlrigrgt] betlhodyicsoneddenal el ectrical signals, 20
such as EKG These and other objects of the invention are substantially

achi eved By provi dipetheTqdieeteoliidic %F&@ioﬁglsttlﬁ’eprs%”l“ﬁ? [aodffi’rl‘é?’rﬁ‘laé‘_“?&é
L gy T e e e T
bot t om sur f aggoofePhintcattid ytratum cserest veikthoat pistring the sardum

corneum.

Still another object of the invention is to provide an abrader and

10  delivery device having an array of microneedles for abrading and
penetrating the stratum corneum of the skin, where the device has a
channel in a bottom surface for directing a substance to the
microneedles and the abraded skin.

A further object of the invention is to provide a microabrader

15 device having an array of microneedles for abrading the skin to
transdermally withdraw a substance from the patient.

A further object of the invention is to provide a method and
device for reducing the impedance of the skin without piercing the
stratum corneum for measuring the body’s internal electrical signals,

20 such as EKG.

These and other objects of the invention are substantially
achieved by providing a device for abrading the skin to promote the
delivery or withdrawal of a substance through the skin of a patient. In
a preferred embodiment, the device compnises a planar support having

2?5  a bottom surface. A plurality of microneedles is coupled to and
integral with the bottom surface of the support. The microneedles
have a blunt, flat tip and a length sufficient to penetrate the stratum
corneum of the skin without piercing the stratum corneum during

abrading of the skin to enhance the permeability of the skin.



integral with the bottom surface of the support. The m croneedl es have a
blunt, flat tip and a length sufficient to penetrate the stratum corneum
~of the skin without piercing the stratum corneum during abradin pﬁﬂt@i
skin to enhance the perneability of the skin. 6 The objects and dvvart gbs
of the invention arc further attained by providing a nethod for
intradermal delivery of a substance to a patient. The nethod conpri ses
positioning a m croabrader at a delivery site on the skin of a patient
where the mcroabrader has a 5 planar support and a plurality of

m croneedl es coupled to the planar suppért. The nmicroneedl es have a | ength
to penetrate the stratum corneum of the skin w thout piercing the stratum
corneum The mcroabrader is noved over the surface of the skin to abrade

the stratum cor ngyR SRctheatdglddamntastd ef ad idneitedd hes narthebskangedi s; 10
applied to the delivery site for transferring through the skin for

absor ption byt previdiahe a Thethsisj etiptuderirali dahysry oh asywbstanchde at t ai ned

by providing a. nethqod of treating .the skin of a patient to _enhance

t r ansder nal p&é’leﬁer %fneé}xg b“sofrﬁﬂ’élgefﬁrp_otsht_éOWh%lE’é\%‘?&bﬁad%rs%bastance from
the 15 body. jERGeRPEROGLHPELSLSS RGStidRNvABratie ahieARNRGRer Madsha &
plurality of mcroneedles at a delivery site on the skin of the patient

and novi ny t pdanacsoppradendisnphimilite of inicroocedicadeuphed so the gianaor neum
Formed i nt heVBEE by eSO e e o e R On bo Rt it B S5 HEE between
the grooves. -Lhg.QrPOY BSe BRAEWIBIAut Pldkcit@ ML stPABSm ddHRUEA, Omhepi erce the
stratum corneum The objects, advantiages and other salient features of the
i nventi on w Irhidregbradapisamened fovemthe suirfddeosd theg thkinatiol @bratiesdrd pti on
which, taken dn CORIMRSEL AN W R 0830150 8 A NG JLSBLPRES is
10  applied to the delivery site for transferring through the skin for
absorption by the body.
The objects of the invention are further attained by providing a
method of treating the skin of a patient to enhance transdermal
delivery of a substance or the withdrawal of a substance from the
15 body. The method comprises positioning a microabrader with a
plurality of microneedles at a delivery site on the skin of the patient
and moving the microabrader in a direction to abrade the stratum
corneum and form an abraded area. The abraded area has a plurality
of grooves formed in the skin by abrasion with the microneedles and a
20  peak between the grooves. The grooves penetrate, but do not pass
through or pierce the stratum corneum.
The objects, advaniages and other valient features of the
invention will become apparent from the following detailed description

which, taken in conjunction with the annexed drawings, discloses

25  preferred embodiments of the invention.

Brief Description of the Drawings

The following is a brief description of the drawings, in which:



25 preferred enbodi ments of the invention. Brief Description of the Draw ng
The following is a brief description of the drawings, in which: -7 Figure 1
is an end view of a mcroabrader positioned on the skin in accor §Fg§” jth
one enbodi nent of the invention; Figure 2 is a perspective view of the

m croabrader surface in the enbodinent of Figure 1; 5 Figure 2Ais a
cross-sectional side view of the mcroabrader; Figure 3 is a bottom view
of the mcroabrader in the enbodinent of Figure 1 showing the tips of the
m croneedl es; Figure 4 is a perspective view in partial cross-section of
the abraded skin showing the abraded grdoves in the skin; 10 Figure 5is a
side view of the abraded delivery site on the skin wth an iontophoretic
devi ce placed on the abraded delivery site; Figure 6 is a bottom view of

the m croabrader W,%r@ef vié Ber en@whes ofeNhicrol@rhdgr pbsitivredogkthdekineedl es
and a dry pharmaceutical agent; 15 Figure 7 is a graph conparing the

percent age ofn agesrdassteawiin onelemveedinpintoh @ys calenaiwest heti c cream on
abraded and unabr aded elivery sites:.Figure 8 is raph c ar i t he
effects of an ancEi®dts € & Y PERITENITHRE! e reciedyeste B aatl Hha
unabr aded dekiysi¥insddest FighrEilgure 9 is a graph show ng the dose absorbed
by the skinin relation to the mcroabrader needle | ength and shape of the
tip; Fidire 10 i Figugr aphs cormpast say tionel snds viess phtha mereabmdero t he
current in an ionL\ﬂo horet.i c det:{éce on aded an% ugabra Ed sites; Figure
11 is a graph showt#g %1 &S B AR ¥R PBRT G TBFEF 256y i ont ophoresi s
and subcut angeisedith&et dOMguRBd showing the tips of the microneedles;

Figure 4 is a perspective view in partial cross-section of the
abraded skin showing the abraded grooves in the skin;

10 Figure 5 is a side view of the abraded delivery site on the skin
with an iontophoretic device placed on the abraded delivery site;

Figure 6 is a bottom view of the microabrader in a further
embodiment, showing the microabrader needles and a dry
pharmaceutical agent;

15 Figure 7 is a graph comparing the percentage of anesthesia by
delivery of a topical anesthetic cream on abraded and unabraded
delivery sites;

Figure 8 is a graph comparing the effects of an anesthetic using
an iontophoretic device on abraded and unabraded delivery sites;

20 Figure 9 is a graph showing the dose absorbed by the skin in
relation to the microabrader needle length and shape of the tip;

Figure 10 is a graph comparing the anesthesia in relation to the
current in an iontophoretic device on abraded and unabraded sites;
Figure 11 1s a graph showing the plasma concentration of PTH
25 Dby jontophoresis and subéittanedus injection; and
Figure 12 is a graph showing concentration of fluerescein

extracted from sampling sites by iontophoresis.



Figure 12 is a graph show ng concentration of fluorescein

the Preferred Enbodi nents The present invention is directed to a

extracted from
sanpling sites by iontophoresis. 1 5 Mi MCw -8 Detail ed Description of

t,hod, . and

t A
device for preparing the skin for transdermally adm nistering a ud5tance
to the body of a patient, withdrawing a substance fromthe body of a
gener ated i nside
the body. Moire particularly, the invention is directed to a device and to
adm ni stering of
a substance through the stratum corneunt &~ the skin of a patient. 10 As
used herein, the termabrade refers to renoving at |least a portion of the
stratum corneumto increase the perneability of the skin wthout causing
excessi ve skiDetalildd Blelseription @itlmgriPrefayreEmblodinsedis ri er to i nfectious

patient, 5 or making a neasurenent of an electrical signal

a nethod for abrading the stratum corneymto enhance the

agents. The m croabrader of the inventjon is a device ca
the skin to attai Fhenpreseasimyention 18 digested fea 1@%‘6‘5

of the skin RRELIALChe 08y BFIPIUAGH O HIMLALL D) %gs%'tbﬁ

corneum As &% €in, penetrating r 0 en

abl e

f abradi ng

deviggdohipr adi ng

Gaf feSiat um

e stratum

corneum w t hejgdy ®Rs parigne oRpikelrakiing H oughtatie fsoimatherbody néanpatidiot,t he
adj acent _layers. Piercing refers to passing through the stratum corneum
into 20 Pheoadpaking almyasreraerohef pa deslqiaahsensanncraied geviedhand

reLhod of L1 RSBl IVPRL R BREHIGH Aot bRt

preparing ski rical resistance

el ectrical siigeglodaiteslBiRinE thterdedi coadsum s enhagceahsubst ance, such

as a pharmaceutical agent, to a patient or 25 w thdraw ng

a su

st ance

t r ansder mal | pdmonstenpag peatsubsianse ghrough the stratum corneum of the

skin of a patient.

10 As used herein, the term abrade refers to removing at lcast a

portion of the stratum corneum to increase the permeability of the

skin without causing excessive skin irritation or compromising the

skin’s barrier to infectious agents. The microabrader of the invention

is a device capable of abrading the skin to attain this result. In

15 preferred embodiments, the abrading of the skin penetrates the

stratum corneum without piercing the stratum corneum. As used

herein, penetrating refers to entering the stratum corneum without

passing completely through the stratum corneum into the adjacent

layers. Piercing refers to passing through the stratum corneum into

20 the adjacent layers below the stratum corneum.

The device and method of the present invention are particularly

suitable for use in prepanng skin to reduce the electrical realatance

for measunng an clectneal signal generated 1in the bady, administéring

a substance, such as a pharmaceutical agent, to a patient or

2?5  withdrawing a substance transdermally from a patient, As used

hercin, a pharmadsutical agant ingludes a substanye having biological

astivity. Examples of suitable pharmaceutical agents which can be

delivered through the body membranes and surfaces, and particularly

the gkin, include antibiotice, antlviral agents, analgesics, ancsthetics,



herein, a pharmaceutical agent includes a ;substance |aving biol ogical
activity. Exanples O suitable pharmaceutical agents which can be
delivered through the body menbranes and surfaces,' and particularly ,&he
skin, Include antibiotics, antiviral agents, anal gesics, anesthe Pésﬁiﬂ@
anorexics, anti arthritics, antidepressants, antihistam nes, anti-

i nfl ammatory agents, antineoplastic agents, vaccines (including DNA
vaccines), and the |ike. O her substances that can be delivered
intradermally to a patient include proteins, peptides and fragnents 5
thereof. The proteins and peptides can b& naturally occurring, synthesized
or reconbi nantly produced. Substances and agents w thdrawn fromthe body

i ncl ude anal ytes, drugs, glucose, body electrolytes, alcohol, blood gases,

and the |ike.aqrJrgRlss afeasthetcomandepradadtskdmtilsist emines udeti EKG and EEG
signals. 10 The nethod of the invention is primarily directed to_preparing
the skin and ipAemmatern garis, snfimeoplasdionegnniiasvagtinge (Hsladeie PA6vi ce for

enhanci ng the deliver f,a,subs L.l ient and for
ol | ng-var rade et adtp8 Mt OBHET shpSERRES R bapthf delBicEr 2

i nvention, thatgRMrafliyStPAR}dtRGtandlidy gebtetnd, peapthdedand fidygmekin to
abrade and renove a portion of the stratum corneum substantjally w thout

pi erci ng She therenfurieo pretams nd repliderscas heeRdiH@INMREANTRE: | ve or

passi ve drug deljvery . devic ar i evd i trode is
then appl i ed BVERCER dﬁrrﬁﬁgwblgﬁgggn%@ qql%egaséﬁggﬁﬂcgung t%%‘t%fsﬁe
preparation GfithRea®ki foRy b bhady icldidepdliyest, efnuigie ghidaakeysodgr neum
provides a significant increase 1n the rate of delivery and dose of a

subst ance t hradegolyies salcahomdord @ases campihedico @R MGHRITCEQT ve and
passive transderml del jvery der| SPRuSULFEER Gkl Sk n according to
10 The method of the invention is primarily directed to preparing
the skin and particularly the stratum corneum using the abrader
device for enhancing the delivery of a substance transdermally to a
patient and for sampling various agents from the patient. In one
embodiment of the invention, the device is applied and moved or
15 rubbed on the skin to abrade and remove a portion of the stratum
corneum substantially without piercing the stratum corneurn. The
device is removed and an active or passive drug delivery device, or
sampling device, or signal electrode 1s then applied over the abraded
AdIred.
20 It has been found that the preparation of the skin by abrading a
portion of the stratum corneum provides a significant increase in the
rate of delivery and dose of a substance through the stratum corneum
compared to conventional active and passive transdermal delivery
devices. Abrasion of the skin according to the invention provides an
25  increased rate of delivery of a substance compared to the use of
chemical enhancers for passive delivery. The most notable increase n

delivery is found by iontophoresis on a previously abraded delivery

site.



25 increased rate of delivery of a substance conpared to the use of

chem cal enhancers for passive delivery. The nost notable increase in
delivery is found by iontophoresis on a previously abraded delivery site.
2 3 2504 - 10 In sone enbodi nents of the present invention, a vaddiiellis
adm ni stered using the device and nethod of the invention. The

m cr oabrader device of the invention is believed to have a uni que

i mmunol ogi cal advantage in the delivery of vaccines with the potential 5 of
i ncreasing the vaccine's clinical value. The penetration of the multiple
needl e ends into the stratum corneumis- $liggested as having an
adjuvant-like stinulatory effect. The needl estick response from nultiple
m croneedl e points is believed nDre than a sinple acute inflammatory

response, Needl esfj,cksy,cap, 5A4BE ﬁre%ei’l@flh@éﬂu@rfl é@a@@iﬂeslsand

cellular architecture, causing t%e appearance o ynor phonucl ear
neut rophils (da\yhbnmtﬁi-edammgl‘m@e@exase wek mathodef thellea@etl@lfx MHe,  t unor

necrosis factor (TNF)  and ot her ents, .whi,ch ca ead to a nunber of
ot her i munol'BYiea r?‘é%rp‘gﬁ‘élég Offﬁg ingeneR 1§Heﬁﬁ}’%ﬁ1 &P VAEA BPAYRE | uence

the proli fer%@ﬂp‘%é&&&?ﬁ#&%&@t@&eh NV RIndOwithetHBYRBHASPONSe

to vacci nes. I's proportional to the direct
needl e- cebl igftiacaeising théhactir’oalinkdd vabhe t Mheppasamationvdrthicon i s
val uable in pronntlng S|gn|f|cant I mune response to a vaccine jn the

abraded ar ednuitiplespetdle FrshyEdo dheAte gy %@ema%ﬁesmﬁeaﬂﬁa APVEr t he
20 abraded arg aﬁi{ﬁm lig¥ %ntlﬂ dteg%%ﬁé@t t*f‘ﬁe%"e%'dh?#iél{{r r@mxﬁacm ne
g I ng ce to a

antigen for ith ion Wt résen s co
vacci ne depO&hh?ﬂpb:Yrrﬁéﬂmb%ﬂde peﬁwsas beﬁeeemmonmeiwﬂla am;alyt am‘utehe

invention is believed to magnify

inflammatory response. Needlesticks can cause damage to a variety of

10 cells and cellular architecture, causing the appearance of
polymorphonuclear neutrophils (PMN) and macrophages as well as the
release of 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 of lymphocytes and are

15 central to the immune response to vaccines. The immune stimulation
is proportional to the direct needle-cell interaction.

The microabrader of the present invention is valuable in
promoting significant immune response to a vaccine in the abraded
area. The small grooves created by the microneedle array over the

20 abraded area are believed to increase the availability of the vaccine
antigen for interaction with antigen presenting cells compared 1o a
vaceing depasited by standard néedles,

Thae microngedie array of the inventon ix believed o magnily
geveral-fold the trivial or inconsequential immune stimulatory impact

25  of a single needlestick. The microabrader facilitates and enhances
vaccine immunogenicity by an adjuvant-like immune stimulation.

The primary barrier properties of the skin including the
resistance to drug delivery reside in the outermost layer of the

epidermie, referred to as the stratum corneum. The innér layeéra af



several -fold the trivial or inconsequential inmune stinulatory inmpact 25
of a single needlestick. The m croabrader facilitates and enhances vaccine
i mrunogeni city by an adjuvant-like immne stinulation. The primary?barrier
properties of the skin including the resistance to drug delivery reside in
the outernost |ayer of the epidermc, referred to as the atratum corneum
The i nner |ayers of - 11 the epiderms generally include three | ayers,
commonly identified as the stratum granul osum the stratum mal pi ghii, and
the stratum germ nativum Once a drug or _other substance appears bel ow the
stratum corneum there is essentially no llesi stance to diffusion into 5
subsequent | ayers of the skin and eventual absorption by the body. Hel ping
a substance into the stratum corneum can be an effective nethod for
facilitating alesepipteirniis gknsoilty futiatanbess lanrds, pantaculyarkytifiodes

vacci nes, by the body. The present invention |ﬁaggr|narlly directed to a

devi ce and netth%’éfrfib‘#mf &]Eﬂﬂlﬂlpa’tlﬁhgth&e?rtr@%%@ IHf b: andsiteRtEa g

particularly rf\FE_r{FgﬁHtl a8nt %Eﬁ Q& R, ftge nore
rapi d absor ptgeon 0 ar ger@gE%%tl t| %f gw?gh%@b subst ala?ge or Ekmlmaceutl cal
agent by the gattemi corfreafray didrg, istdseentaily am nésmﬂaelcermdlffmmrpen@t rates,

but does not pierce, the stratum corneym 15 Referrin Fi gyr t he
m croabr ader HeRseEny lgrerhel the gk pBA USRI %bﬁorﬁﬁg& gﬁtti_‘glhoﬁiypl anar

pody Of SUPPOLICkAaNaYl Berheellnth 3httrlalicrABERILES tiaxtrREdlD f T om

t he bottom sur support. The support generally has a thickness

sufficient tomethvdder fadiftatity abeotﬁ;tnaoxd@\ﬁ|sommaujb$talraleboﬂ{‘1dhe device to be

Q?t“ggﬁgde?g' i fgary S vasclios? by the Bodf. HHePlAdnl TGRS P
primarily directed to a device and method for facilitating delivery of a

10  substance, and particularly a pharmaceutical agent, into the straturn
corneum for more rapid absorption of larger quantities of the
substance or pharmaceutical agent by the patient. Preferably, the
device of the invention penetrates, but does not pierce, the stratum
corneum.

15 Referring to Figure 1, the microabrader device 10 of the
invention includes a substantially planar body or support 12 having a
plurality of microneedles 14 extending from the bottom surface of the
support. The support generally has a thickness sufficient to provide
rigidity to the device and to allow the device to be handled easily.

20  Alternatively, a handle or gripping device can be attached to the top
surface of the support 12. The dimensions of the support 12 can vary
depending on the length of the microneedles, the number of
microneedles in a given area and the amount of the substance to be
administered to the patient. Typically, the support 12 has a surface

25 area of about 1-4 cm2. In preferred embodiments, the support surface
12 has a surface area of about 1 cm?.

As shown in Figures 1, 2 and 2A, the microneedles 14 are

attached to the surface of the support 12 and extend substantially
perpendicular to the plané of the suppart 12, The microngedies in he



surface of the support 12. The di nensions of the support 12 can vary
depending on the length of the m croneedles, the nunber of mcroneedles in
a given area and the amount of the substance to be admnistered to the
patient. Typically, the support 12 has a surface 25 area of aboy§M1541§nQ.
In preferred enbodi nents, the support surface 12 has a surface éréé‘g
about 1 cn2. As shown in Figures 1, 2 and 2A, the mcroneedles 14 are
attached to the surface of the support 12 and extend substantially

per pendi cular to the plane of the support 12. The microneedles in the -
12 illustrated enbodi ment are arranged i+ @2a plurality of rows and colums
and are preferably spaced apart a uniformdistance. The m croneedles 14
have a generally pyram d shape with sides 16 extending to a tip 18. The

sides 16 as showia-NEYerfbAenesA Adk SARCRYE B AdhidiRyWIsdwy gMgd in
cross-section and forma curved surface ™ extending fromthe support 12 to

the tip 18. lawltherseabddimmgmiclenably spratédparhe widomnebdtascar €hé or med by
four sides 16 of subst ially equal .shape an | mensj,on.,As.shown in
Fi gure 2, eadﬁlchPcFagsgf%@?"f@ S?n?l??éﬁ’nl?%ﬁd'ﬂgﬂﬁﬁggc T’Ahﬁéﬁesoﬂ)éosi te side
edges 10 contd | dj | LARER R EHI8cR%
ext endi ng outévxvgr Hﬁ%\{n%; tgﬁzﬁéﬁpprglﬁtggﬁl%e% #ﬁe&gg’#%‘g?%@gfﬂgg 22 d\/:fi n% a
gener al | y5trimmngld srher viemageroirizs-seotign agdsiorimeewved esplnei ng to  the

shape of the side 16- _In further emhodi nents, the mcroneedles 14 can be
formed with fE&keRAEE ?FBF%'CEP@&’QPOAF”B rwgﬁ?evrépyl, 'tﬁ%tﬁg FPRPUIRE es can be

cortoe o1 HdeiaLanduooRycalags ety ey Bhados oo, oher

substantially equal shape and dimension. As shown in Figure 2, each
of the sides 16 of the microneedles 14 have opposite side edges

10  contiguous with an adjacent side and form a scraping edge 22
extending outward from the support 12. The scraping edges 22 define
a generally triangular or trapezoidal scraping surface corresponding to
the shape of the side 16. In further embodiments, the microneedles
14 can be formed with fewer or more sides. Alternatively, the

15 microneedles can be conical, c¢ylindrical with conical or pointed tips,
blades, or other cutting devices.

The microneedles 14 préfr—:rably terminate at blunt tips 18.

Generally, the tip 18 is substantially flat and parallel to the support
14. The tip 18 preferably forms a well defined, sharp edge 20 where it

20 meets the sides 16. The edge 20 extends substantially parallel to the
support 12 and defines a further scraping edge. In further
embodiments, the edge 20 can be slightly rounded to form a smooth
transition from the sides 16 (o the up 18,

The micreoabrader device 10 and the microneedles can be made

25  from a plastic material that is nonsreactive with the substance being
administered. Suitable plastic matenals include, for example,
polyethylene, polypropylene, polyamides, polystyrenes, polyesters, and
polycarbonates as known in the art. Alternatively, the microneedles

can be made from a metal such as stainless cieel, tungsten steel,



Generally, the tip 18 is substantially flat and parallel to the support

14. The tip 18 preferably forns a well defined, sharp edge 20 where it 20

" neets the sides 16. The edge 20 extends substantially parallel to the
support 12 and defines a further scraping edge. in further enbodinents,
the edge 20 can be slightly rounded to forma snooth transitiorgjmMadiithe
sides 16 to the tip 18. The m croabrader device 10 and the m croneedl es can
be made 25 froma plastic material that is non-reactive with the substance
being adm nistered. Suitable plastic materials include, for exanple,

pol yet hyl ene, pol ypropyl ene, pol yani des; 8ol ystyrenes, pol yesters, and

pol ycarbonates as known in the art. Alternatively, the mcroneedl es can be
made froma netal such as stainless steel, tungsten steel, 23MR2604 - 13

al 1 oys of ni cl@lys GDhMRGE NGy ItHrANY dhreeakt, cobal@nitaminanchral hbygs
thereof, or other materials such as silicon, ceramcs and gl ass polyners.
Met al  mi cr onedgires!, carpther manieripds SHeh A% FRGONaCERTRICY el Elgbes simlar to

phot ol i t hographi ¢ et chi,ng ;of . a_silL.con r i ol JAT sing a
B aond 11 opaibrsa Mg R g R AR b mRhul, LS T, DO 1D, ©
ni croneedl es @RcBrs@hes tRHi1AASCPhotslitHigraphid etshing silbssitivor welfengr
adm ni stered and the thickness of the stratun1corneun1in_tggllocation

wher e t he Sdevinierargaclainiag ajspng eddianpprd ipasdymiy ipe VBB I%e¥!tpenet rat e
the stratum cor neum d 9. sihel 20t aldne L dMRULmRLRLELAROLPRTSLRYG SdYLOD
ni ¢t o c ength up

the stratum corneum needl @és can have a 0 about 250

mcrons. SuitgbliBePateneadhesshane Beihgngiitbtabduindthe t2RRkness ofons.
Typically, the m croneedl es have a | ength of about 50 to. about 200
m crons, and Gensiratign cerneveniaids Joratipauvhass the dovceds §p Geonrplicthe

mcroneedl es b LNGL! HYS iRE G TRO WeABHAt 8 NE stratum corneum

10 substantially without piercing or passing through the stratum
corneum. The microneedles can have a length up to about 250
microns. Suitable microneedles have a length of about 5 to 200
microns. Typically, the microneedles have a length of about 50 to
about 200 microns, and generally in the range of about 75 to 123

15 microns. The microneedles in the illustrated embodiment have a
generally pyramidal shape and are perpendicular to the planc of the
device. In preferred embodiments, the microneedles are solid
members. In alternative embodiments, the microneedles can be
hollow.

20 As shown in Figure 2, the micronecdles are typically spaced
apart uniformly in rows and columns to form an array for contacting
the skin and penetrating the stratum corneum during abrasion. The
spacing between the microneedles can be varied depending on the
substance being administered either on the surface of the skin or

25  within the tissue of the skin. Typically, the rows of microneedles are
spaced in rows to provide a density of about 2 to about 10 per
millimeter (mm). Generally, the rows are spaced apart a distance
substantially equal to the spacing of the microneedles in the row to

provide a needle density of about 4 to about 100 needles per mm=.



general ly pyram dal shape and arc perpendicular to the plane of the

device. In preferred enbodi nents, the mcroneedles are solid nenbers,, .l.n
alternative enbodi nents, the mcroneedl es can be hollow, 20 As shZWﬁhﬁﬂﬂm
Figure 2, the mcroneedles are typically spaced apart uniformy in rows
and colums to forman array for contacting the skin and penetrating the
stratum corneum duri ng abrasion. The spacing between the m croneedl es can
be vari ed depending on the substance being adm nistered either on the
surface of the skin or 25 within the tissue of the skin. Typically, the
rows of microneedl es are spaced in rows Ilo provide a density of about 2 to
about 10 per mllimeter (nm. Generally, the rows are spaced apart a

di stance substantially equal to the spacing of the m croneedles in the row

to provide a needtge dedtbickYofObrcpeRifig 4 dadivebpeite D theetlepligss (el
2)I'1'A 2LR 14 The nethod of preparing a delivery site on the skin places the

m cr oabr ader mgerioadraderagkinst28ecfkintiks pathepatient ihahgeddsizagl | ocati on.
The m croabrader .is ntly pressed again t he skin and ..t hen. pushed
lateral l'y in ‘6f@"gPre _?Bﬁcf?ﬁe%rséf?ﬁégﬁﬂﬁgﬁ PVSFFﬁé‘%aI%Stdmee%lirgﬁn%ver or
across the skifrpsuicREl a{edIPYndIR alreeWoddnl &) subkeiti@ally 1ihegr| ength of

the stroke of the mcroabradcr can vary depending on the desired size of
t he delivéry dirtetidefdvaedr merose thalskaded iadesmted iy therensivoRd iof t he

dependi g on THRBTEQL s SHEUSRED BLTRG SHaStver . MRGPPBRARBt Bn e del | very
Gener al Ty, 1 ha P R B B o e S e o (cm, and
preferably ahbradeDarsa.wiibe dimensione of $he delizedesitearedeleste@dodel i very
site. In accomplish the intended result and can vary depending on the
10 substance being delivered. For example, the delivery site can cover a
large area for treating a rash or skin disease. Generally, the
microabrader is moved about 5 to 15 centimeters (cm), and preferably
about 10 cm when a vaccine is to be delivered to the delivery site. In
some embodiments of the invention, the microabrader is moved to
15 produce an abraded site having a surface arca of about 4 cm? to about
10 cm?. The microabrader is then lifted from the skin to expose the
abraded area and suitable transdermal delivery device is applied to
the abraded area.
The extent of the abrasion of the stratum corneum is dependent
20 on the pressure applied during movement and the number of
repetitions with the microabrader. In one embodiment, the
micronbrader ic lifted from the skin after making the first pass and
placed back onio the starting posrhon m aubatantally thé sameé plags
and position. The ncroabrader 15 then pushed a da6and tima in tha
2h same direction and for the sama distanss. Generally, twe 0 three
passes are made with the microabrader in the same direction.
Generally, it is desirable to abrade the skin by making scveral passcs

on the skin by moving the microabrader only in one direction rather

than in a back and forth motion. In further embodiments, the



sone enbodi ments of the invention, the mcroabrader is noved to 15 produce
an abraded site having a surface area of about 4 cnR to about 10 cnR. The
m croabrader is then lifted fromthe skin to expose the abradg? area and
suitabl e transdermal delivery device is applied to the abrade AMéB JiiThe
extent of the abrasion of the stratum corneumis dependent 20 on the
pressure applied during novenent and the nunber of repetitions with the

m croabrader. In one enbodinent, the mcroabrader is lifted fromthe skin
after making the first pass and pl aced back onto the starting position in
substantially the same place and positiod5‘The m croabrader is then pushed
a second tinme in the 25 sanme direction and for the sane distance.
Generally, two to three~ passes are made with the m croabrader in the sane
direction. Gehefcaldrader tahshalewipabire atgridikedeattéen,skicirchyampkitagn sever al
passes on the skin by noving the m croabrader only in gne di rection rather
than in a back HhOmsretherdeatsern for 4 timphanliigalioehiade the sSSraugpR zhu -

15 m or 0abr adag, Gk e ARG Qup OELALLESHPAIARERY of 6 e el pal ter.

or in sone ot tern Tor a e suificrent ade the stratum

corneum a sui fubterdepiibdtaneatigneehbie plelcingthic strdthen deshewch. subst ance
substantially wi thout piercing the stratumcorneum5 The |jnear novenent of
the nicrodbrader aEhedsieanangksmengof jhe griergpbracarairpapbleskenmd 6F the

tissue to formgrooves 26 separat e eaks.2¢ in th kibp 28
cor r espondi ngmf“g {Fél{o&nﬁ%w@gsg%gho rt% @?Sl‘rlﬁ & Z)%rené rggvéssbéhom in Figure

4. The edges 2rarddedM pédles b7 URttHe $kibB2® ot ponaingecdudstagyiide a
scrapi ng or abrading 10 action to renpve a portion of the stratum corneum
to forma grooaech spw ¢fumierpnieadiaseas RhawnaithBiguresh Ahsisfges 40t4? agd

action. The egrgee%h%gt tip 18 of the microneedles provide a scraping or abrading

10  action to remove a portion of the stratum corneum to form a groove or
furrow in the skin rather than a simple cutting action. The edges 20
of the blunt tips 18 of the microneedles 14 scrape and remove some of
the tissue at the bottom of the grooves 26 and allows them to remain
open, thereby allowing the substance to enter the grooves for

15 absorption by the body. Preferably, the micronecedles 14 are of
sufficient length to penectrate the stratum corneum and to form
grooves 26 having sufficient depth to allow absorption of the
substance applied to the abraded area without inducing pain or
unnecessary discomfort to the patient. Preferably, the grooves 26 do

20 not pierce or extend through the stratum corneum.

The edges 22 of the pyramid shaped microneedles 14 form
scraping edges that extend from the support 12 to the tip 18. The
edges 22 adjacent the support 12 form scraping surfaces between the
microneedles which scrape and abrade the peaks 27 formed by the

25  skin between the grooves 26. The peaks 27 formed between the
grooves generally are abraded slightly.

The microabrader can be used to prepare a treatment site for
measuring electrical signals from the body on the skin by reducing the

electrical resistance in the stratum corneum. The microabrader can



of the blunt tips 18 of the mcroneedles 14 scrape and renove sone of the
tissue at the bottom of the grooves 26 and allows themto remain open,

t hereby allowi ng the substance to enter the grooves for 15 absorptiQ@ppm2%¢
the body. Preferably, the microneedles 14 are of sufficient length to’ )
penetrate the stratum corneumand to form grooves 26 having sufficient
depth to all ow absorption of the substance applied to the abraded area

wi t hout inducing pain or unnecessary disconfort to the patient.

Preferably, the grooves 26 do 20 not pierce or extend through the stratum
corneum The edges 22 of the pyram d shap&d microneedles 14 form scraping
edges that extend fromthe support 12 to the tip 18. The edges 22 adjacent
t he support 12 form scrapi ng surfaces between the mcroneedl es which

scrape and abgRderd Ge@aBkseddrd ardmiehy siReo2Ihekizvshet yegntithe grooves
26. The peaks 27 formed between the grooves generally are abraded

slightly. Thetransdeabradetivemnobe sudedanes priepdicedelitaryatitnetar atiuee f or
measuring el ectygd cal, sigpals,fromthe baody,.gn the, skin reduci ng t

oot r] ool r oSidiiee ATHERE T aineE AR st T st dEEER Y
~MA1 - 16 al s,lanYe8shitPctERRIR Rrielihy BSyaBsdptinr idtbanRassdyeTae active
transdernmal delivery of a substance into the delivery site for a tine

suf fi ci entS t odelivaaw ddweces nbsttana eonyedtibhal tranudernted dehvatdedeyicsaes 26
and through the stratum corneum,for absorption.into the b . The 5
el 1 very  devi BEOBEITbH S SEo M HOTRD TevieoHaR i & deFrer ST G688 known
in the art. Thayff) H¥ehdriRedh ¢Re CBACERLALASS Use S8b5MAIE RABERelileled NI
primarily on the cohcentration of the substance to be delivered contained
in the patch cehwined indhehmtchnedatvetd tine concertrdéionvier yhe deliecryThe

del tvery devi gi%e.caﬁnealigl?ve% fiée E:iu\{%lgg lbicvaeI{ Xmﬂ%‘:’ idceﬁvgxl‘lf Qe%%:e such as

10 an iontophoretic device or an ultrasonic device, as known n the art.
In a further embodiment, the device applied to the abraded site 1s a
conducting pad for measuring electrical signals generated within the
body.

In one embodiment, the transdermal delivery device 1s an

15 iontophoretic drug delivery device 30 that is applied to the abraded
delivery site. The iontophoretic device 30 includes a patch 32 and a
controller 34, The patch 32 is generally a flexible member made of
woven or non-woven textiles as known in the art. The patch 32
includes an adhesive layer covering at least a portion of the bottom

20 surface to attach the patch 32 to the skin 28 of the patient. The
bottom surface of the patch includes a reservoir 38 containing an
ionic pharmaceutical agent that 1s typically in the form of a gel.

The pﬁtch 32 firther sontains a pair of slastredss that are

positionied for contact with the skin 36 to provide an elecuric ourrem

25 path between the glectredes through the skin 30 of the patient when
the patch 32 is adhesively attached to the skin 36. The electrodes are
connected to leads 40, 42 that are coupled to the controller 34. One
electrode is coupled to the reservoir 38 in a conventional manner as

known in the art. A direct current is supplied from the controller 34



10 an iontophoretic device or an ultrasonic device, as known in the art.

In a further enbodi nent, the device applied to the abraded site is
~conducting pad for measuring electrical signals generated within thé3“%5&@5
In one enbodi nent, the transdermal delivery device is an 15 iontophoretic
drug delivery device 30 that is applied to the abraded delivery site. The
i ont ophoretic device 30 includes a patch 32 and a controller 34. The patch
32 is generally a flexible nenber nade of woven or non-woven textiles as
known in the art. The patch 32 includes an adhesive | ayer covering at

| east a portion of the bottom 20 surface ko-attach the patch 32 to the skin
28 of the patient. The bottom surface of the patch includes a reservoir 38
containing an ionic pharnaceutical agent that is typically in the form of

a gel, The pajctha82iddrddial s omipiiseRcBde #f cSi@et hqé?%hé hateRLE 38
p05|t|oned for contact with the skin 36 to provide an electric current 2b

pat h bet ween amme@dﬂdﬁmetdmlghsttﬂu@ iskized3phafmpkeupiadl emutavhed t he
patch 32 is a heSLve ched t I

n 36. The el ectrode
e hmectad to [MagE g hepmierte 0id theof}ﬁ?ﬁ’& CTEAnS Reg B HNErI A theskin

el ectrode is Qetf%ﬁdoﬁ@ eld8rd BSES upd Bt}?@r &éh&scﬁmfgﬂﬁkﬁ%kuﬁéﬁﬂﬁéeﬂs known
inthe art. A direct current is supplied fromthe controller 3 MAR

2004 - 175 t ofrohe thE eesenuas 38 dotisds uraasdbﬂnatlgcthroughctheeEdanﬂEt h the

38 t.he. th d ph t I
Contal ned t NERGTHRET 1 FIGhBDASToPRETER e PESC e Spacsoht Fhibugh

the skin 36 U@npgf@nemscsr@mtsg bEWe sapaambe. SloTBosUbi cal

agent 5 fromthe reservoir 38 to pass transdermally through the skin 36.
Exanpl es of t Rlevki,dd SofPdtent blph@r&&iﬁ;ﬁ'?cfeto Kerppeshhttgramnd & 8i Pakosteloi n
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10 reference in their entirety. In further embodiments, the delivery
system can be another type of active or passive transdermal delivery
system as known in the art.

In a further embodiment of the invention, the skin is prepared
by abrading the stratum corneum according to the above method and

15 an absorption or sampling device is then applied to the abraded site.
The sampling device may be a conventional device such as a standard
glucose sampling and monitoring patch as known in the art. Other
sampling devices can be used to detect various analytes and drugs in
the body.

20 It has been found that abrading the skin with the abraders of
the invention enhances extraction of analytes through the skin during
iontophoresis. Lightly abrading the skin to penetrate without piercing
the stratum corneum can result in a three-fold enhancement of
extraction of certain substances by iontophoresis compared to

25 untreated skin. The abrasion generally produces little or no irritation
at the treatment site. Abrading the skin prior to iontophoresis allows
extraction of analytes from the skin with Jower currents and shorter
durations than can be obtained without abrasion. Normally, long

periods of iontophoresis, especially at high current levels, can cause



Flower, U S. Patent No. 5,882,677 to Kupperblatt, and U. S. Patent No.
5,873,850 to Flower et al., all of which are hereby incorporated by 10
‘reference in their entirety. In further enbodinents, the delivepy:gygtem
can be another type of active or passive transdernmal delivery system as
known in the art. In a further enbodi nent of the invention, the skin is
prepared by abrading the stratum corneum according to the above nethod and
15 an absorption or sanpling device is then applied to the abraded site.
The sanpling device may be a conventional device such as a standard

gl ucose sanpling and nonitoring patch aslBnown in the art. OQther sanpling
devi ces can be used to detect various analytes and drugs in the body. 20
It has been found that abrading the skin with the abraders of the

nventi on_enhanges, fdcRatd BFiefioAN A diRink EeUWin [iorSld RrilubhBeksis

i ontophoresis. Lightly abrading the skin to penetrate wthout piercing the

st rat um cor nezmhaace s gsutxtrantiantdirtbe-faohe aesndrant ehrersubsftanextwitlet i on of
certain substances .by iqntophoresjs conp d to.25.untreated skin. The
2brai on_ gencPay Ih RNKEE U IGOKORS RS FSPUBE AN & (PREAIEH nont i te.
Abrading the skin prhgintPetfy@RRESHe AibQAMhraB¥t LaRliheLi@d aaliatyt cs

fromthe skin with lower currents and shorter durations than can be

obt ai ned W t haxulyosbriBssdphaNmanalitigal bgewt opehiecdppairt icorropher esi s,
especially at high current |evels, can cause ["i. i1, Ju7 - 18 mld to
moder at e i rri BAETOBKEAS a?lhﬁgirfelipE‘RFWaSFPHFakﬁg?%%?%‘bﬁ@r%@?]%ed éflfances t he

ext 1acti 0N Of g SR AR kAR SYOB ARG DT lpind 0N ophor et ¢

conditions an Irritation to the patient. urt enbodi ments, the
m croabr ader madrrdreediste Budingdbrasion diythphilting elde pharmeceutticzdlagagent on
the support Oirs t?-gntsfhe?*red to the abraded area of the skin. The microabrader can
10 remain in place on the abraded delivery site for a sufficient time to
allow the pharmaceutical agent to pass through the abraded delivery
site into the stratum corneum. The microabrader can be attached to
the skin by an adhesive tape or patch covering the microabrader.
Preferably, the microabrader is attached to the abraded delivery site
15 as prepared by the above method where the pharmaceutical agent is
passively delivered without the use of a diluent or solvent.

In further embodiments, a suitable solvent or diluent such as
distilled water or saline solution can be injected through an opening in
the support to solubilize and reconstitute the pharmaceutical agent

20  while the microabrader is attached to the delivery site. The solvent or
diluent can be injected from a syringe or other container.

Typically, the microneedles are uniformly spaced apart to form
an array and have a substantially uniform length and width. In a
further embodiment, the microneedles have varying lengths to

25 penetrate the skin at different depths. Varying the length of the
microneedles allows the substance to be deposited at different depths
in the stratum cormeum and can increase the effectiveness of the
delivery. The microneedles can have lengths ranging from about 50

microns to about 250 microns. In other embodiments, the array can



m croneedl es. The dried pharmaceutical agent can be applied as a coating
on the mcroneedles or in the valleys between the mcroneedles. During

~abrasion of the skin, the pharmaceutical agent is transferred t?Stf-k.L('F; TR0k
abraded area of the skin. The m croabrader can 10 rermain in placé on the

abraded delivery site for a sufficient tine to allow the pharnaceutica
agent to pass through the abraded delivery site into the stratum corneum
The m croabrader can be attached to the skin by an adhesive tape or patch
covering the mcroabrader. Preferably, the mcroabrader is attached to the
abraded delivery site 15 as prepared by-t49e- above method where the

phar maceuti cal agent is passively delivered wthout the use of a diluent
or solvent. In further enbodinments, a suitable solvent or diluent such as

di stilled watghiv®mitabheRile®lofkoérdadn@ed mr%ﬁﬁﬁdrdrhrmtgh B0 reREMMHY i N
t he support to solubilize and reconstitute the pharnaceutical agent 20
whi | e the mi cttoabeutidblimiciongched to the delivery site. The sol vent or

di l uent can be inj ed froma,syri or ot her. contajner.. Typically, the
m croneedl es are u‘ﬁi(il%ﬁ}ﬁryelgbgg C_ngf{h? 567 raéﬁraci'ervé‘ﬁf antt eteé
substanti al | yijupidhalen | ®géfitimgéo Wighfe 6] theamittidtiateerieodiensnt, the

m croneedl es have varying lengths t0 25 penetrate the skin at different

dept hs. Varyimglutes bebagchSathaheg an ermayedfdnesoalctdles Yhéosabradinge to be
of oot | venossth KR THEIREPDCEHIs SHecr OmuBaHeLy v oh Ade: FOmG R Fangi ng.
ar ray can 7301 BB R o s ot ssvar ! "l oncrhs. r angi ng
from about 50althonghsin furthémembstments she basefand bee abnpdidigrentiace t he
M cr oabr ader ggﬁ/ ibceemilgveidl, lclcj)%tv{a}% to(;"“dconcave.
10 A flexible sheet material having an adhesive layer 56 1s applied
over the upper surface of the base 52 and is attached to the base by
the adhesive. As shown in Figure 6, the sheet is larger than the
dimension of the base and overlaps on each of the sides to provide an
exposed area of adhesive for attaching the device to the skin of a
15 patient. A removable cover can be attached to the device to protect
the microneedles until ready for use.
Referring to Figure 6, the bottom surface 58 of the base 52 is
provided with a plurality of channels 60 formed in the bottom surface.
The channels 60 extend from the center outwardly toward the edges of
20 the base 52. In the embodiment illustrated, eight channels are
illustrated, although additional channels can be provided. The
channels 60 are illustrated as being straight, although in further
embodimente, the channels can be curved and branched depending
on the dimension of the base 52, the distribution of the microncedles
25 54, A dried or lyophilized substance, such as a pharmaceutical agent
or drug can be provided in the channels.
In use, the base 52 is applied to the skin of the patient being
treated so that the microneedles 54 penetrate the stratum corneum.

The base is rubbed on the skin according to the method previously



in Figure 6. Referring to Figure 6, the m croabrader device 50 5 includes a
base 52 having an array of mcroneedles 54 for abrading the skin. The

m croneedl es are substantially solid with no openings or passagééFMRﬂ6MQh
the m croneedl es. The base is generally flat, although in further

enbodi nents the base and the abradi ng surface can be curved, convex or
concave. 10 A flexible sheet material having an adhesive |ayer 56 is
applied over the upper surface of the base 52 and is attached to the base
by the adhesive. As shown in Figure 6, the sheet is larger than the

di nensi on of the base and overl aps on ea@R of the sides to provide an
exposed area of adhesive for attaching the device to the skin of a 15
patient. A renovable cover can be attached to the device to protect the

m croneed| es &ﬁfggizlgsé&%%bfrg e YRE: mﬁ@fﬂb&t Barttl@n %f%éest@atutrﬂ%olpﬁ&umwface

58 of the base prow a plurality of channels 60 formed in
t he bottom sutHeaslein af[ﬂeherebmehhaﬁee ¢ke thetmimrt héth:@mleromftd/lm g

toward the edges of 20 the base I,n..t he e nt |IIust ei ght
channel s are } QﬁgﬁF‘é%ﬁorr’f%‘%rﬁcﬁfﬁizfé?iéF By emae T’?aESHtIB@ i®ed. The

channel s 60 at{}ﬁse{ﬁ%] Yot mfeed, asi sbﬁié?ga geglﬁg% th@'éﬁ?ﬁq%gtlﬁé‘aﬁ%gﬁ%r56

enbodi nent s, annel's ¢an be curve branched pending on the

di mensi on of thellbasteShathacetital dgdritoie pdsst tieonigtr dreesthes25 54. A
dried or |lyophilized substance, such as a pharmaceutical agent or drug can
be provided |errrivarBHanAeliEering th§e‘3uh5ﬁénﬁ%1§% tho nadiegiplied to the skin of

t he patient being ’ﬁ-ﬁée C?Qagpa&é}g% \@&?oﬂlﬁé angedl ﬁléédﬁéﬁﬁy ﬁ%ﬁ Xt hod

stratum cor neum R i il e 'skin acco
previously 2 & NAR dpbsaBl, @ﬁgluwwdbmcabr’lmtedeh%(mlreberms;tedpmfe]lyon of

the stratum corneum o

and effectively for preparing the delivery site for delivery of a

10  substance for absorption by a patient. The device is particularly
suitable for preparing the skin for introducing small amounts of a
vaccine antigen for presentation to the Langerhans cells. The length,
width and spacing of the microneedles can vary depending on the
pharmaceutical agent being administered or required to penetrate the

15 stratum corneum to the optimum depth for the specific
pharmaceutical agent being administered.

The microabrader used in conjunction with an intradermal
delivery device provides a reliable way to deliver individual and
multiple pharmaceutical agents in small doses by an intradermal

20 route. The microneedles of the 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
some DNA vaccines. The delivery device can have multiple chambers

25  to administer multiple vaccines and pharmaceutical agents
simultancously without reformulation or combination of the
pharmaceutical agents. Administering the pharmaceutical agents into
the stratum corneum provides efficient absorption into the

bloodstream, thereby reducing the dose of the vaceine. The device is



t he skin and thereby enhance the penetration of the mcroneedles into the
stratum corneum and the delivery of the pharmaceutical agent to the

ti ssue. The base is then attached to the skin by the adhesive 56 EszQARa’”]OW
t he pharnmaceutical agent to pass through the stratum corneum for AR Z004
delivering the substance to the patient. The m croabrader device of the
invention is generally designed to be a disposable, single-use device. The
devi ce can be used safely and effectively for preparing the delivery site
for delivery of a 10 substance for absorption by a patient. The device is
particularly suitable for preparing the2dkin for introducing snmall anmounts
of a vaccine antigen for presentation to the Langerhans cells. The | ength,
wi dt h and spacing of the m croneedl es can vary dependi ng on the

phar maceut | C?aﬁ&?ﬂ&rlﬁ%ﬂ@a@l@%?' &rv%gcﬂ{esfﬁf&{'ﬁﬁ? Heoal%?ﬂﬁ r the 15
stratum corneurn to the optimum depth for the specific pharnmaceuti cal

agent bei ng ashidhicst ered. The m croabrader used in conjunction with an

intradermal delivery device provides a reliable way to deliver individual
and rmultiple pharhe&ieEas agertaiing §ﬁ§mp%€%§]§§“cﬂ§/5té%tei ther ader mal 20

route. The m sipnaedledrol Lis AN SRl LTkhuliRaBERSL A BRsaE P need! es

to prevent inad trationinto the tissue as I1n conventional
needl es. The dalevedpehdliess.are al so | ess painful to the patient and exhibit
a lower incidence of skin necrosis common Wth sone DNA vacci nes- The
delivery device can have nultiple chanbers 25 to adm nister multiple

vacci nes and pharmaceutical agents siyidggiequsly without refornulation or
agvm—s—Ar%m.

conbi nati on of the pharmaceuti cal ni stering the pharnmaceuti cal
agents into the sAmaldrorbeideuinnhgvd dasfaekfdrebeftatahsol pinois pmivoeddde
R 2001 ™ it & Bluraiity of Sicroncedles Baving 2 ength of abott 956 microns.
10  The microneedles were arranged in a plurality of uniform rows and
columns to provide a needle density of about 200 needles per cm?.
The microabrader was gently placed on the back of guinea pigs
and moved across the skin to produce an abraded area of about 4
cm?. The microabrader was scraped' along the same path several
15 times to produce an abraded delivery site. The microabrader was
removed and a commercially available anesthetic cream sold under
the trademark EMLA was applied. The anesthetic cream was applied
to a second group of guinea pigs in the same location without
abrading.
20 The topical anesthetic was allowed to contact the skin for one

hour before conducting the test for anesthesia, Each guinea pig

received five controlied stimuli on the weatument gite. In the negative

control group, the test site was defined by a similar circle drawn 1n the
same area of the back that was treated in the experimental animals.
25 The controlled stimuli consisted of touching the treated areas with one
or more standard monofilaments (von Frey filaments). Preliminary
validation studies were conducted to select one filament for use in the

testing. This was the smallest filament {least intense stimulus) that



-21 particularly suitable for DNA vaccines that may be a stable dry
product. The follow ng non-limting exanples denpbnstrate the advantages of
abrading the skin in conbination with transdermal 5 delivery devi desAR 100k
EXAMPLE 1 A microabrader having a surface area of about 1 cnR is provided
with a plurality of mcroneedles having a | ength of about 250 mcrons. 10
The m croneedl es were arranged in a plurality of uniformrows and col ums
to provide a needle density of about 200 needl es per cnR. The m croabrader
was gently placed on the back of guinea pigs and noved across the skin to
produce an abraded area of about 4 cnR: 2%he nicroabrader was scraped al ong
the sanme path several 15 tinmes to produce an abraded delivery site. The

m croabrader was renoved and a comercially avail abl e anesthetic cream

sol d under theuld adsiBEL thiMehe¥RsitiaRP 08, rebiRnRRaSEN QLiHE ner £¢BtWaSC.
applied to a second group of guinea pigs in the same | ocation w thout

abr adi ng. 20 Tine 4t @Pigeaigediestdrgt was wakecitd andduses! sohhews tasie skin for one
hour before conductng the test .for anesthesia,. Each i g received
five controlled sﬁ%&egﬁeﬁz 't"ﬁ_ H‘?%a"il%ﬁflégatl& t@%gﬁeﬁéﬁéggﬁ'%e control
group, the tesdteshfifcdisrd@rigsttynansben dRfwittlicd ebekraen ihnrelshenseane
area of the back that was treated in the experinental animals. 25 The

control | ed sttionfivé stiomsli $0 ¢le sfitet ollohiamgstiesia veas edlcaiaigd &% the one  or
nore standard nonofi |l anent von, Fr.eé filaments)., Preklimpnary. vali.dation
E Yt b

studi es were RUFERLOLGHBY QHEE A THRINEE or 0¥ ThS PR {2811 Hg- Thi's
was the smal | gsicH iPradBREd theaStwitfhed Sirlhtddl tasd pkhaint23ME2804ia of

100 x 2/5 = 40%. The results for the animals were averaged for each
determination.

10 The degree of anesthesia was measured after the one hour
application and repeated every 10 minutes for another hour. The
results are shown in the graph of Figure 7. The results show that
after treatment with the anesthetic (time 0) the abraded delivery site
exhibited 100% anesthesia compared to about 65% for the unabraded

15 site. The data also shows very good anesthesia after a total elapsed

time of 30-40 minutes.

EXAMPLE 2

A microabrader having microneedles of about 200 microns in

20 length was used to abrade the skin of guinea pigs in preparation for

delivery of the anesthetic lidocaine by iontophoresis.
lontophoresis patches were applied to the abraded delivery sits

to dehiver hdocaine for & miniités at 1.8 mA. The 3ntraél dglivery alies
without abrasion weré treated with an identical lidocaing

25 iontophoresis device for 5 minutes. The anesthesia obtained by the
twitch method of Example 1 is presented in the graph of Figure 8.
The iontophoresis current was discontinued after 5 minutes and the
extent of anesthesia measured for 1 hour. As shown by the data of

Figitre 8, ientophorasis applied (0 & microabragion site attained 160%



- 22 would produce twitches with a 100% response rate with no anesthetic.
The 4.08 gauge filanment was selected and used in these tests. The degree of
topi cal anesthesia in the treated site was determ ned by recordQﬁthh@m
nunber of twitches observed in response 5 to five stinuli to the site. The
anest hesia was cal cul ated as the percent of stinmuli not eliciting a
response. Thus, five stinuli to a site which produced three tw tches
translates to a percent anesthesia of 100 x 2/5 = 40% The results for the
animal s were averaged for each determ nation. 10 The degree of anesthesia
was neasured after the one hour applicatdon and repeated every 10 m nutes
for another hour. The results are shown in the graph of Figure 7. The
results show that after treatnment with the anesthetic (tinme 0) the abraded

delivery site Qi E%ﬁqgo i a: r.ed: 65% for the
unabr aded 15 %??%@#L&eﬁga a g?ﬁgg%gﬁegﬁd@g%;ﬂ%go‘gg%%&?%gﬁ% after a total
el apsed ti neio@ftogﬁoﬁ&imuﬂum@st abéilRigEat2akicd shoabhatiesnbsiHasia.

m croneedl es of about 200 microns in 20 length was used to abrade the skin
of guinea pigs in PpShavEr F%ﬁhﬁgraphéqfiﬂ;grlyc%sthﬁ@béﬁéé(#ﬁ&ei@am%%qi ne by
i ont ophoresi s, 4l [ S [ aded d lively
Bite to deli%é#gﬂ%gggg%%g é%ﬁggﬁgﬂh esﬁa?gﬁkégﬁg§8%%g?%§§bfaI del i ver
sites w tthout abrasion were treated with an identical |idocaine 25

i ont ophoresis device for 5 mnutes. The anesthesia obtained by the twtch
nmethod of Exanple 1 is presented in EIRAMEBER $Hf Figure 8. The

ontophorests cur gl WRnEISRARLRIE T EIARE P62 0 gyt ent of
i ont ophor esi sLijaie€l id9tophoirésieabs @ sbadustdd® ontdradsnBetiz€d Yorkshire pigs
using patches spiked with #C lidocaine. Four abraders were selected
10 having different microneedle lengths and shapes as follows: 100
microns with sharp points; 100 microns with blunt, flat tips; 200
microns with sharp points; and 200 microns with blunt, flat tips.
A delivery site was prepared on the pigs by abrading the skin
with each of the microabraders and the patches were applied at about
15 1.8 mA. The radiolabeled lidocaine that was delivered to the pig was
imaged on tape strips and assayed in the skin underlying the patch
application site. The tape strips qualitatively show enhancement of
lidocaine delivery with abrasion.
The treated skin was biopsied and cut into sections that were
20 then dissolved and assayed for radiolabeled lidocaine with liquid
scintillation counting. The average doses were determined by
averaging the tissue doses for cach section of the sites from the two
applications. The results shown in Figure 9 indicate that the abrader
length affects the tissue dose. Compared to the control skin without
25 abrasion, the enhancement was about three times for the 100-micron

abraders, and about seven times for the 200-micron abraders.



7 3 Main ZQ&4 -23 anesthesia imedi ately after application, while the sane
i ont ophoresis without abrading attained about 50% anest hesi a. As L SRowiniin
the graph of Figure 8, the abraded site maintained a higher percent
anesthesia than the site wi thout abrasion. 5 EXAMPLE 3 This exanpl e

eval uates the dose of lidocaine in the tissue. Lidocaine iontophoresis was
conducted on anesthetized Yorkshire pigs wusing patches spiked with 14C

| i docai ne. Four abraders were selected 10 having different mcroneedle

| engt hs and shapes as follows: 100 microns with sharp points; 100 m crons
with blunt, flat tips; 200 mcrons with2gharp points; and 200 mcrons with
blunt, flat tips. A delivery site was prepared on the pigs by abrading the
skin with each of the m croabraders and the patches were applied at about
15 1.8 mA. The radiol abel ed Iidocain g delivered to the pig was

i mged on tape strips and assayed i n—tHhe—skrm—under|ying the patch
application site. Thia &apapid coppagedlhé elfevsd yf ghowaeharcefentcfery

| i docai ne delivery with abrasion. The treated skin was biopsied and cut
into secti onsok tift anestdetzousingnonterlapress andhiassdand vnabiafdedabel ed

det or m ned by e BdY o PREV e EHEL nER BrbRre R BUBHARE LT SER T .

fromthe Bw Eappipleat.i pasionitghorgid devisdawini Bxdngls @ Was agiptiatiect hat the
abrader length affects the tissue dose. Conpared to the control skin

wi t hout 25 abradtgadedrdteandiearernapigdepsite Onrelytlidasaingat2hmA.

100 i cron  abfaders f0d-A%0H uRRKFRALA WRRESS sl R0 ILALAY BREAR'S- 2

lidocaine applied using the iontophoretic device at 4 mA. The percent
anesthesia as shown in Figure 10 indicates that the delivery 1s directly
10  proportional to the applied current and that abrading the skin prior to

delivery increases anesthesia at all current levels.

EXAMPLE S5

This example compares the subcutaneous injection of a

15  Parathyroid hormone referred to as PTH(1-34) with delivery by an
iontophoretic patch. PTH dosing solutions were prepared at 100
png/ml in normal saline. A 25 pg dose was delivered to the test animal
as a 0.25 ml injection into pinched loose skin halfway down the dorsal
-mid-line posterior to the last nb.

20 A two-compartment style iontophoretic patch was loaded with a
solution of the drug immediately prior to applying to the skKin. The
patches had a 1/32-in¢ch thick reservoir and an active area of 1.9, 2.0
or 4.0 cm?2. The volume of the drug solution applied to each patch
was 50, 100 and 200 pl, respectively. The patches contained an upper

25  electrode compartment with a silver anode in a hydrogel with a
particulate cation exchange material in the sodium ion form. The
lower drug reservoir compartment had an absorbent 1/32 inch thick

hydrophilic porous medium. The two compartments were separated



-24 EXAMPLE 4 This exanpl e conpares the effects of the current on the
delivery of the anesthetic using iontophoresis on abraded and unabraded
delivery sites. Delivery sites were prepared by abrading the skinl a¥si Hll6
Exanple 1. An iontophoretic device as in Exanple 2 was applied to an
abraded site and to an unabraded site to apply |idocaine at 2 mA

| denti cal abraded and unabraded delivery sites were prepared and the

| i docai ne applied using the iontophoretic device at 4 mA. The percent

anest hesia as shown in Figure 10 indicates that the delivery is directly 10
proportional to the applied current and-t3tat abrading the skin prior to
delivery increases anesthesia at all current levels. EXAMPLE 5 This exanpl e
conpares the subcutaneous injection of a 15 Parathyroid hornone referred to

as PTH(1-34) wi,th.deli i ont retj ' tions
wer e prepar edmé:a ilgg 63‘)5 ﬁin%{ Ol?%ngglrbr#aaﬁ%'sa |ér)18.ﬁHEq"fg% gcfﬂgggi\ﬁggﬁﬁk{}ﬁsﬁ%% to
the test ani napplied far 8.120und at 0jFedA pdmPnt o pi nched | oose skin hal fway
down the dorsal md-ljne posterior to the last rib. 20 A tm-cgﬁg})artnent

styl e i ont ophor et i Enpatrelg spAvtipgage dhailontephesstigtpaighovas psepaiggl in

i mredi ately pr} |yl t i es had a 1/32-inch

t hi ck reservo??c}gnﬁdggﬁ&g@ﬁ@g‘s ??%“aﬁgPﬁ?gfﬂ %@% gl%?éxﬁﬂo cn2. The vol une of
the drug <ol uti on RpplhReohbrabahl WalteCthadedsy ﬁaﬂetl@@}ﬁﬂ% p28€eds froma
respectively. The patches contai ned an upper 25 el ectrode conpartnent with

a silver anodalicanawhirdr obfes mrctorkradsas tWesaluriboeattvondexehaingeairayer i al
absor bent 139 PR ERrel e elon i el WL ORI E RIS dart et
wer e separ at egharPphirdts dhdadconical shape with a length of about 200 microns.
| The microabrader had a surface area of about 1 cm? and about 200
10  microneedle points. The skin was cleaned with 70% isopropyl alcohol.
The microabrader was swiped over the cleaned area in a grid-like
pattern for about 15 seconds to produce an abraded delivery site of
about 4-5 cm?. A small amount of skin was observed flaking off. No
skin irritation was observed.
15 The iontophoretic patches were applied over the abraded
delivery site. The amount of PTH in the plasma was monitored over a
period of 4 hours. The results as shown in the graph of Figure 11
indicate a similar increase in PTH blood levels over time compared to

subcutaneous injection.

20 EXAMPLE &
This example demonstrates the effect of nucraabrasan on the

gxiraciion of analytes thrsugh tha akin during iantaphoerasis. In thia
example, the extraction was evaluated using sodium fluorescein as a
fluorescent probe. The extraction was measured from a weanling

25 swine using iontophoresis on normal and abraded sites. Test
conditions were evaluated on sites with iontophoresis with abrasion,

iontophoresis without abrasion, and no iontophoresis with no

abrasion.



-25 by a size exclusion nenbrane. The current for these experinents was
applied for 4 hours at 0.5 md cnR. The drug solution for the iontophoretic
patch was prepared in 10 nMacetic acid, 5 nM NaOH and 30% gl ycet§ HiR Blirhe
m croabraders were nmade by a wet etching process froma silicon wafer. The
m cr oabraders were uniform two-di nension arrays of solid m croneedl es
integral with a base. The m croneedl es had sharp points and a coni cal
shape with a |l ength of about 200 m crons. The m croabrader had a surface
area of about 1 cn2 and about 200 10 m croneedl e points. The skin was
cleaned with 70% i sopropyl al cohol. The® croabrader was sw ped over the
cleaned area in a grid-like pattern for about 15 seconds to produce an
abraded delivery site of about 4-5 cn2. A small anmount of skin was

observed fl aking off. in.irritation.was._observed, 1 he

| ont ophoretic pat Abimbf £ o %&\%?a.?nlﬁ%ggwgcaé%as _ﬁ’é‘??@@lvegi%réq He
amount of PTHesh dirbg opl s RdsRaIElpda] aHdoveshed Wtk is@fnefl tdorswolhe
results as shown in the graph of Figure 11 indicate a simlar increase in

PTH bl ood | evegts dientepleretisnpaichgstienc smosietamd ons ¢athedeiinreachOs@EXAVPLE

L This exanple denpnstsates .the effegt o 1 ¢foabrasion.on the, extraction
of anal ytes tWFIé%g%rfsthfrée sf‘illnﬁi lgﬂgﬁ' ﬁgﬁ %ﬁ#oﬁ’éesfgve Y H?%nog)-(%%dt&d t he
extractiors Wasogttal,uai®ehe SkBEn 8 aiieUiat llpa864 /idingdive lidHtUSsaReaRith Ry obe.
The extraction was neasured froma weanling 25 swi he using iontophoresis on

normal and absidiger migresabrpsinr havngian srayvwel mienalegdiasdolombeiit 880wi t h

I ont ophoresi s_w ?i , lontophoresis w thout abrasion, and no
. P . rrm: s ?ebéﬂ
i ont ophoresi s W no abrasi on.

Patch Design: Each iontophoretic set comprised an ancde and

a cathode patch. The anode patch consisted of a 2 cm? silver metal

10 mesh pressed onto 4 cm? of 1/32” Porex (sintered, porous
polyethylene). The cathode patch consisted of a 2 cm? chlorided silver
mesh with 4 cm? of 1/32” Porex. Each assembly was covered with an
overlay of adhesive-coated polyethylene. 200 microliters of normal
saline was added to each Porex disc, and the patches were applied to

15 the sites on the animal. A single Porex disc was used as a non-
abraded, non-iontophoretic control. The entire experimental
procedure was repeated on the other side of the animal to give an N of
2 for each case.

Impedance and TEWL: Triplicate Transcutaneous Epidermal

20  Water Loss (TEWL) and Impedance determinations were made on all
sites designated for patch placement before and after abrasion. TEWL
mcreascd by approximatcly 10«fold and impedance was reduced by
35-60% indicating that the skin barrier function was reduced by

abrasion.

25 Experimental procedure: At time zero, the animal was given a
bolus injection of 6 mg/kg sodium flucrescein (in an 18,1 kg swine)
using the procedure outlined by Eppstein et al. in Diabetes Technology
& Therapeutics, Vol. 1, No. 1, 1999, pp. 21-27. Approximately 7

munutes after injection, 600 microamps of current was passed through



T 23 MMR”™ 7rdJU ~4 1', : -26 Animal preparation: A weanling sw ne was
anesthetized and the test area on its side was clipped and washed with
saline. Sites for two sets of iontophoretic patches (one anode a g19 )
cathode in each set) were identified and marked. The first site s i vel-as
t he non-abraded 5 control, and the second site was abraded using five |ight
passes with a silicon mcro-abrader having an array of m croneedl es of
about 200 mcrons in length. Patch Design: Each iontophoretic set

conpri sed an anode and a cathode patch. The anode patch consisted of a 2
cn? silver nmetal 10 nmesh pressed onto 4 £h®2 of 1/32" Porex (sintered,
porous pol yethyl ene). The cat hode patch consisted of a 2 cn2 chlorided
silver nmesh with 4 cn2 of 1/32" Porex. Each assenbly was covered with an

overlay of adegéh\z@nmﬂicﬁ@uecﬁaxehfwdlem lé%uﬂﬂlférsmAéﬁ'EéeHB dighgel saline
was added to each Porex disc, the patches were applied to 15 the sites

on the ani nal 3PR11§ahgneaﬂd19€mh§S goem/agmcs@d ansd ahadhaiddbordeath patch
roocedure wa eat ed

non-i ont ophoretic contr nt| eri nent al
on the ot Eer giAFe” tﬁ’@ aé?ﬁ]- dgfoggf CRFoRCE ZFPE‘F \@%ﬁe@&é’éa irF dance
and TEWL: Tri phd @at&x ByaRsHl éﬁf@ﬂ’é\ﬂ&!%: ; a MOEHA W orftd

| npedance determ nati ons wer e de on all es desi gnat ed ]flor patc
pl acenent hef oretragasioner ThesagieonatafEWas iracoestsed elytoajyer avigimal ébyd

10-fold and | mpedance MSeredieed by, ce et ind sguine Lhat e o
tinme hero, tNhgQNRIn YeHHEUER: @mission = 520 nm).
Results: Fluorescein recovery results are shown in Table 1
below and the graph of Figure 12. Table 1 shows the measured
10 fluorescence emission and the concentration of samples obtained at
each sampling site. The data show that iontophoresis increases
extraction of fluorescein relative to passive extraction, and fluorescein
is preferentially driven in the anode relative to the cathode. Moreover,
the data show that abrasion in combination with iontophoresis
15 enhances extraction of fluorescein more than three-fold in the anode
and two-fold in the cathode.
TABLE 1

Samples Extracted from Patches ISF
Samples Max Emission

Abraded Non-Abraded Control
Cathode  Anoade  Cathode  Anode
bids 1 6337 15800 2761 4936 1264
Side 2 5716 12540 1484 3846 1212
Samples Conc, Mm
Abraded Non-Abraded NO-IONT

Cathode Anode Cathode Anode Controtl
Side 1 0.01007 0.02511 0.,00439 0.,00784 0.00201
Side 2 (0.00908 0.01993 0.00236 0.00611 0.00193
AVG 0.00958 0,02252 0.00337 0.00698 0.00197




bolus injection of 6 ng/kg sodiumfluorescein (in an 18.1 kg swine) using
the procedure outlined by Eppstein et al. in D abetes Technology &
Therapeutics, Vol. 1, No. 1, 1999, pp. 21-27. Approximately 7 PimiE e
after injection, 600 m croanps of current was passed through 2 ~ M 14, 1%
JIJ, ~~ -27 each iontophoretic patch pair for 10 mnutes. At the end of the
application, all patches were renoved and the fluid fromeach patch was
extracted and anal yzed for fluorescence. Fluid was renoved from the Porex
by centrifugation followed by a nethanol wash and a second 5
centrifugation. The supernatant was recongjituted to the original |oad

vol une and fluorescence was determ ned on SLM Am nco Fl uori neter
(excitation = 493.5 nm, em ssion = 520 nm. Results: Fluorescein recovery
results are shown in Table 1 below and the graph of Figure 12. Table 1
shows the neasured 10 fl uorescence em ssion and the concentration of

sanpl es obtai ned afhirascsarphitedisich@s hEve slalasshey tohatlstentaphoresi s
increases extraction of fluorescein relative to passive extraction, and
fluorescein pregsnéfiaventipal itywdl be amdarstamsl hypdbese skdldd/m the anetlvatt hode.

Mo , the data show that, abrasion | i nat i i th i.ont ophoresis 15
enhances. ext r P on RHEICPES BRIREHBAP 47 PhARAG thefer il Bhode  and

two-fol d ign tAepsainededm thBlseobe ATRLARVEDALLHefih M PRE RS d
Sanpl es Max Emi'ssi on AbradedNon- Abr adedCont rol Cat hodeAnode- Cat hodeAnode

Si de 16337158082761493h1264 Side, 2571612540148438461212



Sanmpl es Cone. Mm Abr adedNon- Abr adedNO- | ONT Cat hodeAnodeCat hodeAnodeCont r ol
Si.de 10, 010070. 025110. 004390. 007840. 00201 Si de IR

20. 009080. 019930. 002360. 006110. 00193 AW0. 009550. 022520. 003370. 0‘0%980.“‘00197
-28 Wile several enbodinents have been shown to illustrate the present
invention, it will be understood by those skilled in the art that various
changes anguipdid icgatemsSi£an be made therein without 5 departing fromthe
scope of the invention as defined in the appended clains. 29 WHAT IS
CLAIMED 1S: 1. A device for abrading the stratum corneum of the skin,

sai d device, conprigginge BoA SHPREN Naw ng A bt temiace,:apdea piyrality
of m croneedles coupled to and extending substantially perpendicular from
sai d bottom faceigfHayichi epdimeedlés having a | ength and shape to penetrate
the stgatum cogngwpsubstantd al by bl hette Pigpci ng the stratum 10 corneum
and forma groove in the stratumcorneum and renove tissue fromthe bottom
of the groove, ahirkdWTrallbws athemi sisrdnee t@upéedbsor bedd ZExtFhdigevi ce of
claimil, wharaingahd,mcepnaedlesaares dp abowt 59,hQabeut 250 gigrons in
| ength, are arranged in a plurality of colums and rows, and are

subst ant i ahigrangieddenl yhasipgced aparath and shape to penetrate the

stratum corneum substantially without piercing the stratum

10 corneum and form a groove 1in the stratum corneum and remove
tissue from the bottom of the groove, which allows the

substance to be absorbed.

2. The device of c¢laim 1, wherein sald microneedles are
15 about 50 to about 250 microns in length, are arranged in a
plurality of celumns and rows, and are substantially uniformly

spaced apart.

3. The device of c¢laim 1, wherein each ©of said microneedles
20 has a substantially frustcconical shape terminating at a blunt

tip.

4, The device of claim 1, wherein each of said microneedles

has a plurality of side walls extending from said support and

25 terminating at a blunt tip.

5. The device of claim 4, wherein said blunt tip has a
supstantially flat face that ig gubgtantially parallel to said
sSupport.

30
6. The device of claim 5, wherein said flat face of said tip

joins each of said side walls along an abrading edge.

7. The device of claim 4, wherein each of said side walls 1is

35 joined to an adjacent side wall along an abrading edge.



3. The device of claim1, wherein each of said mcroneedles 20 has a
substantially frustoconical shape termnating at a blunt tip. 4. IQQHM
device of claim1, wherein each of saifh nmicroneedles has a pIuraz'ﬂV“éWﬂ
side walls extending fromsaid support and 25 termnating at a blunt tip.
‘5. The device of claim4, wherein said blunt tip has a substantially flat
face that ds subst apti;akl yrpanakheh, t gneaich suppotitcrodBediesTiewdew ce of
claim5, wherein said flat face of said tip joins each of said, 6 side walls
al ong an atsnadPngoed§a=dy. theskEYi ¢k dFPRI Eith 4° ihetdifncdaeh F¥P¥hid side
wal l's is .35 J.@i.ned tR.an adacentysideswal lfcal apgean abradhagr edger 30

8. The'device of claim1l, wherein said mcroneedles have a length to
abrade themgkitatéPna patient to a sufficient depth to enhance the
perneability of skin for nolecules without skin irritation.



