WO 2004/ 002566 PCT/ US2003/ 020471 TRANSDERVAL DRUG DELI VERY DEVI CES HAVI NG
COATED M CROPROTRUSI ONS TECHNI CAL FIELD 5 [0001] This invention relates to
adm ni st eworegogndseenhanci ng transdermal delivery of anpagarsosoe@ss t he
skin. Mre particularly, the invention relates to a percutaneous drug
delivery system for adm nistering a pharmacol ogically active agent through
t he stratum cor neum usi NERANSDERMAL DRUG DELUYVERYUBDEMEER) whi ch have a
dry coating of the pharnacologically active agent. Said dry coating having

been formed froma sol uti FAVING 6OATED MICROPROTRESIONSI i ng agents and
applied to mcroprotrusions which have optionally been surface treated.

Delivery of the agent is facilitated when the mcroprotrusions pierce the
skin of a patient and the patient's interstitial fluid contacts and

di ssolves the 15 active agent. | |]él nost conventional ly

adm nistered either orally or by Q\(E# yﬁéﬂ%'%ﬁrﬁortunatel y, many

nmedi canents are conpletely ineffective or have radically reduced efficacy
when oraldly administered since they either are not 20 absorbed or are
adversely affected before entering the bl oodstream and thus do not possess

the desired [8001}i t ThisOaventorotdiates itaad mihisterihigrarat enmgresing transdermaie
medi canent into the bl oodstream while assuring no nodification of the

medi cament  qyHivBg, @Mﬂagéﬁfé’érb%thé skiR. fadrbigadidulany) 4R YiaRinGiBh reRdédo!l  and
an unconfortabl e procedure which sonetinmes results in poor patient

bR e e R
active agent through the stratum corneum using skin piercing microprotrusions
10  which have a dry coating of the pharmacologically active agent. Said dry
coating having been formed from a solution containing surfactants and wetting
agents and applied to microprotrusions which have optionally been surface
treated. Delivery of the agent is facilitated when the microprotrusions pierce
the skin of a patient and the patient’s interstitial fluid contacts and dissolves the

15 active agent.

[0002] Drugs are most conventionally administered either orally or by
injection. Unfortunately, many medicaments are completely ineffective or have
radically reduced efficacy when orally administered since they either are not
20 absorbed or are adversely affected before entering the bloodstream and thus
do not possess the desired activity. On the other hand, the direct injection of
the medicament into the bloodstream, while assuring no modification of the
medicament during administration, is a difficult, inconvenient, painful and an

uncomfortable procedure which sometimes results in poor patient compliance.



adm ni stering drugs that woul d otherwi se need to be delivered via

hypoderm c injection or intravenous infusion. Transdermal drug delivery

of fers iwprosemwessbs i n both of these areas. Transder nalpcaalseasngosahen
conpared to 5 oral delivery avoids the harsh environnent of the digestive
tract, bypasses gastrointestinal drug netabolism reduces first-pass

ef fects, and0808] ds Henee, imoprdidiple, ttapsdarme delivery pddjdes farea enedhdd obr
enzymes. Conversely, the digestive tract is not subjected to the drug
during transghimdteasgrinidgy that wonld dthdagide neearty b délivesed Riadsypaglermicn have
an adverse effect on the digestive tract. 10 However, in many instances,

the rate of HRIkNRTK iftfavehidtis MfuSRAY ﬁaﬁ%&gﬁu@r& BeiRASTIs tr ansder mal

route is too mted to be t erapeutlca ect 004] The word

"transder nal h f an
agent - acr oss S AREfsIE R o fydelfegs- %r%ﬁ%@é&%ﬁéf 17 e BHEERA, , G
an agent ( a. therapeutic nt such as t.hrough the skin 15 to
the local’ ti%@h@elme%% idgithe @??&?%Y'W%‘Vﬁ? W&%ﬂﬁ?t Bsqygﬁﬁﬁ%ﬁ cutting
or penetration of the skin, such as cuttln? with a surgical knife or
pi er ci ng t hegastiointegfinal daug\mﬁabqalmrn, neduges firstipass effects, angeavoidiethiever y
I ncl udes delivery via passive diffusion as well as delivery based upon

ext ernal enepgnsitde deactivatiomdhyudigestivd end fiver énzytreesy. Converselyhtireedigeptivand
ultrasound (e.g., phonophoresis). 20 Wi le drugs do diffuse across both the

strat um cor neadnigRet §ilse@BHA8 W drud B8ring &hﬁsdﬁmvwfafdlﬁhmé\hbﬁ Ondeetine
stratum corneumis often the limting step. Many conpounds, in order to

2chi eved by DPABRIOGEadiias bERH e P fera eee! %&t"@ﬁﬁg%ﬁégé?“aﬁ?“ e
i njectio s transder mal

and redudes HRBSRRLT By gRBRCsh B e ot dolVaes bt oigBagE agents via e "
Pet U82003/ Oggsdgvle transdermal route is too limited to be therapeutically effective.
[0004] The word "transdermal” is used herein as a generic term referring to
passage of an agent across the skin layers. The word “transdermal” refers to
delivery of an agent (e.g., a therapeutic agent such as a drug) through the skin
15 to the local tissue or systemic circulatory system without substantial cutting or
penetration of the skin, such as cutting with a surgical knife or piercing the skin
with a hypodermic needle. Transdermal agent delivery includes delivery via
passive diffusion as well as delivery based upon external energy sources
including electricity (e.g., iontophoresis) and ultrasound (e.g., phonophoresis).
20  While drugs do diffuse across both the stratum corneum and the epidermis, the
rate of diffusion through the stratum corneum is often the limiting step. Many
compounds, in order to achieve a therapeutic dose, require higher delivery
rates than can be achieved by simple passive transdermal diffusion. When

compared to injections, transdermal agent delivery eliminates the associated

25 pain and reduces the possibility of infection.
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[ 0005] Theoretically, the transdermal route of agent admi nistration could
be advantageous in the delivery of many therapeutic proteins, because

pr ot ei ns weareosswmept i bl e to gastroi ntestinal degradati eaTarsdoosyobedsit poor
gastrointestinal uptake and transdernal devices are nore acceptable to
patients than 5 injections. However, the transdermal flux of nedically

usef ul pept i[@885hnd Thpermstisalis the trensdarmalgofite of agrntadnsistiaionsoutd kel | y
effective due to the large size/nolecular weight of these nolecules. Oten

t he del i ver yadvahtagwouslinithe gelivers of maryetherdpeuticqatoteing, ihecadase pecteirfsf ect  or
the agent is degraded prior to reaching the target site, for exanple while

in the pati egb'susBbomsls t6 gastroihRdtiRAPGdgritanss ahaRxhHitisbatedsy@intestirkd ems

generally rely on passive™ diffusion to admnister the drug while active

anedr e i bt g B AR ABOE BT (0

electricity) ver rug. Passive erma rug very

systens are .nprg co n. Passiyve transder m syst.ens ve drug ,reservoir
oot i mi 3y dMRERRS R R et A el A Bl met Y el pealieet AldC s
where the drug diffuses through the skin and into the body tissues or
bl oodst r eamRsPteiNist Fftait insyflisiant iy badherapeyticalivrefisctive dyeplertbeh@rdeupon t he

condition of the skin, the size and physical/chem cal properties of the
drug nol eculsize/muledular weigbtof thase onolgcales e Dftercthesdeliveey e or fIBeisause of
the low perneability of the skin to many drugs, transdermal delivery has

had 20 |im tinsufaieht &Apiodnse tHddesireeiecterahelddent issdedrated priedtdr i marily
to the stratum corneum the outernost skin |ayer which consists of flat,

o e, iPEbAfigihs buokeSR 6 LARGE Ay M BGRIERE] pRppuanen by L1 o
rel atively THRGKIEARL & HIAARERY ddfivbRPsySEhalgmera 1B Bn 3l 8004 002566
diffusion to administer the drug while active transdermal drug delivery systems
rely on an external energy source (e.g., electricity) to deliver the drug. Passive
transdermal drug delivery systems are more common. Passive transdermal
systems have a drug reservoir containing a high concentration of drug adapted
15 to contact the skin where the drug diffuses through the skin and into the body
tissues or bloodstream of a patient. The transdermal drug flux is dependent
upon the condition of the skin, the size and physical/chemical properties of the
drug molecule, and the concentration gradient across the skin. Because of the
low permeability of the skin to many drugs, transdermal delivery has had
20 limited applications. This low permeability is attributed primarily to the stratum
corneum, the outermost skin layer which consists of flat, dead cells filled with
keratin fibers (keratinocytes) surrounded by lipid bilayers. This highly-ordered
structure of the lipid bilayers confers a relatively impermeable character to the

stratum corneum.



[ 0007] One common net hod of increasing the passive transdermal diffusional
drug flux involves pre-treating the skin with, or co-delivering with the
drug, a sworeopkoopssat i on enhancer. A perneati on enhancer pCahEsnoappés7ed to a
body surface through which the drug is delivered, enhances the flux of the
drug 5 therethrough. However, the efficacy of these met hods i n enhanci ng

t ransder mal [PPOTEi n Grleusorheonbeethadi ofiineréasing theqsssivertrarisslermaber
proteins, due to their size. [0008] Active transport systens use an

ext ernal enefiffysisnal dragtfluxdswleds prb-trgatingithet skiwwdth, bheoglalia¢ning withnlkeerm
One such enhancenent for 10 transdermal drug delivery is referred to as

el ectrotranggra skm@érﬁwé&%h%ﬁh‘érﬂi‘ce#‘Sﬁ%e?ﬁ\eékléﬁternh‘éﬁberpﬁ)&r%ﬁé;f’élbed%'éh
results in the application of electric current to al in the transport of

the agent thy

systens use uﬁi}rg%soun ﬂ{ Lﬁ#m’ﬁﬁﬁrﬂéélag"?b daﬁ 'as t ce@fﬁ% g%gfﬂ%ﬁ@@

sour ce. Th so _hav een . chanical ly

penet r at or e'('ﬁérot‘fﬁf' ﬁ’l‘f@”%Yﬁr &‘r?o%‘%cg%f ﬁr)?atlh§§ &Fﬁ%gb?ngeré%{gg ng pat hways
into the skin in order to enhance the anmpunt of agent being transdermally
del i ver ed. Heansgermatrioteinifty W%lmﬁ@dﬁté@a%ﬁm largerquaiging, duerdad a
plurality of tines or needles which are applied to the skin to and scratch

or make snaltheicsize.in the 20 area of application. The vacci ne was applied
either topically on the skin, such as U 'S. Patent No. 5,487,726 issued to

Rabenau or jaoea}Net netivé trahs@braa tbﬁ% udeParh BRteFRaArdridrgy sbutetoassibtas U. S.
Pat ent No. 453, 926 issued to or U S. Pat ent 4,109, 655 i ssued

to Chacor naty iyl sodgRliRg's m%oié&rﬁlbﬁéglg&geﬁﬁam«éﬁﬁo Scari fiers

have been sugg ste i ntradermal vacci ne elivery 1n part because

only very s amounts of .t he vace I ne, need, "
y 19 ransdermapctirug cjehvery i$G&feritd 0°as etlectro%ransport. This mechanism

uses an electrical potential, which results in the application of electric current to
aid in the transport of the agent through a body surface, such as skin. Other
active transport systems use ultrasound (phonophoresis) and heat as the
external energy source.

15 [0009] There also have been many attempts to mechanically penetrate or
disrupt the outermost skin layers thereby creating pathways into the skin in
order to enhance the amount of agent being transdermally delivered. Early
vaccination devices known as scarifiers generally had a plurality of tines or
needles which are applied to the skin to and scratch or make small cuts in the

20 area of application. The vaccine was applied either topically on the skin, such
as U.S. Patent No. 5,487,726 issued to Rabenau or as a wetted liquid applied
to the scarifier tines such as U.S. Patent No. 4,453,926 issued to Galy, or U.S.
Patent No. 4,109,655 issued to Chacornac, or U.S. Patent No. 3,136,314
issued to Kravitz. Scarifiers have been suggested for intradermal vaccine

25 delivery in part because only very small amounts of the vaccine need to be
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WD 2004/ 002566 PCT/ US2003/ 020471 delivered into the skin to be effective
in immunizing the patient. Further, the anpbunt of vaccine delivered is not
parti cul awbyoewviotieeal since an excess anount achi eves eaTiEshacioordyt

I mmuni zation as well as a m nimum anount. However a serious di sadvant age
in using a scarifier to deliver a drug is the difficulty in 5 determ ning

t he transderdelivetediigts thexskindo beeffastivie in igmaoizing:theepatientefurthesdhedue to
the elastic, deformng and resilient nature of skin to deflect and resist
punct uri ng, areuni ofywauicerecdeliyeedc isemdtpavtididarlyoriticatl sincefar ekxgesgeamountt e t he
skin and/or are wped free of a liquid coating of an agent upon skin

penetrati on. gchisliis $ARMAtYry ifBuhi®afidieas Vil dxeaminnuth eeesEntoHAWEV e N,

the punctures or slits 10 nade in the skin tend to close up after renoval

of e Pl €1 cldifh &l RGO LSS pE AL QUIREY T ardBind BRICEHAH | ©

nature of the skin acts nove®the active agen as been

applied to t tin lLercing, el enents, upon enet rati on of ese gl nts
ThEo ¢ he Soki dpterieEl R ametmal Y ey iRERuEY el daliBis oRBRon: s
heal quickly after renoval of the device, thus limting 15 the passage of
agent t hr ougiHe iecthglastice Agfarming and desiljentratuieplcskip to detiestang r88t8ti n turn
limting the transdermal flux of such devices. [00010] O her devices which
use tiny skipunstwing, tipe &hyg percingtalemahtsnaften do aot doifomhly grengtrate theeskin ar e
di scl osed in European Patent EP 0 407063A1, U.S. Patent Nos. 5,879, 326

i ssued to Gogirfiet re wipedlfree 8f 81iquidTdating W dntayed upandkint penetlitiod. .
5,279,544 issued to Goss, et al., 5,250,023 issued to Lee, et al.,

3,964, 482 is&atﬁgk%r}a@ggteuétt@khe §é|fﬁbam}q§§&o%%§§o?ﬁae6 iniz@gttﬁmmglgggro%ingsz, We)t

al., and PCT P Ion Nos. WO 96 155, WO 96/ 37 1764

oe 0273, B I s RSP R AR P Sl s8R 27
| ncor por at eqhg%trré Jr%rc%rr]ggurhn rl]fsl {heee 1élistric:e %qur;_ g??hee gﬁxiacctessto remove the
active agent coating which has been applied to the tiny piercing elements upon
penetration of these elements into the skin. Furthermore the tiny slits formed
by the piercing elements heal quickly after removal of the device, thus limiting
15 the passage of agent through the passageways created by the piercing
elements and in turn limiting the transdermal flux of such devices.
[00010] Other devices which use tiny skin piercing elements to enhance
transdermal drug delivery are disclosed in European Patent EP 0 407063A1,
U.S. Patent Nos. 5,879,326 issued to Godshall, et al., 3,814,097 issued to
20 Ganderton, et al., 5,279,544 issued to Gross, et al., 5,250,023 issued to Lee, et
al., 3,964,482 issued to Gerstel, et al., Reissue 25,637 issued to Kravitz, et al.,
and PCT Publication Nos. WO 96/37155, WO 96/37256, WO 96/17648, WO
97/03718, WO 98/11937, WO 98/00193, WO 97/48440, WO 97/48441, WO
97/48442, WO 98/00193, WO 99/64580, WO 98/28037, WO 98/29298, and

25 WO 98/29365; all incorporated by reference in their entirety. These devices
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5 WD 2004/ 002566 PCT/ US2003/ 020471 use piercing elenents of various shapes
and sizes to pierce the outernost |ayer (i.e., the stratum corneum of the
ski n. Thewpizeesaiorgseel ement s di scl osed in these referenees/ugensrnadd’y ext end
perpendicularly froma thin, flat nmenber, such as a pad or sheet. The
piercing elenents in some of these devices are 5 extrenely snmall, sone

havi ng di merisdeopierging elementgicf verpugishapemyand siz@sup dierse t%e ogtarnogbout 25 -
400 m and a m crobl ade thickness of only about 5 - 50 m These tiny

pi er ci ng/ cutlayeryi.el,¢hestraturalcermaum psftbedikirg| Yhe pidrtingrélemests dis¢losed ocut s
In the stratum corneum for enhanced transdernmal agent delivery

t her et hr oughp, tA8sd RitBAeHceSRIRerdIlyYextéme perpandictiigrly fi6hd thia, fiRTRENMBEF, f Or

hol ding the drug and also a delivery systemto transfer the drug fromthe

ir t t 0 ; I '
(eservol L NARHGHL bl otk TRATAGKIG SRR orhg o el el aile,
whi ch h liquid d i.r. ,.The. ir . ' t
Force the | i GUTMEY G0 Th e BLLHIEHES AT eias fistn i Bl Ehare i ihe
skin. Di sadvantages of devices such as these include the added
conpl i cat i orPfAady akpende- 6P raaand @ Migiekladathickness of enly @borb8edPoiti- and
conplications due to the presence of a pressure-driven delivery system

[00012] | nstHesbeotinyapiphsisg/cattingesements maké cosreppsndingly smalhave the drug
that 20 is to be delivered coated upon the mcroprojections. This

el i m nates thRrodlR§/RRSTOCYtsOh the SBARIN oFnclitd fétef HRiedGrahsderaal SGént! at i on
or conposition specifically for the reservoir. [00013] It is inportant

when t he age&];livagj fl’\teir%ﬂréus%lf“ppl ied to the mcroprojections that the
coating that is formed |1s honogeneous and evenly

10 [00011] Generally, these systems include a reservoir for holding the drug
and also a delivery system to transfer the drug from the reservoir through the
stratum corneum, such as by hollow tines of the device itself. One example of
such a device is disclosed in WO 93/17754 which has a liquid drug reservoir.
The reservoir must be pressurized to force the liquid drug through the tiny

15 tubular elements and into the skin. Disadvantages of devices such as these
include the added complication and expense for adding a pressurizable liquid
reservoir and complications due to the presence of a pressure-driven delivery
system.

[00012] Instead of a physical reservoir, it is possible to have the drug that

20 is to be delivered coated upon the microprojections. This eliminates the
necessity of a reservoir and developing a drug formulation or composition
specifically for the reservoir.

[00013] It is important when the agent solution is applied to the
microprojections that the coating that is formed is homogeneous and evenly

25 applied. This enables greater amount of drug to be retained on the
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25 applied. This enables greater anmpbunt of drug to be retained on the 6 WO
2004/ 002566 PCT/ US2003/020471 m croprojections and al so enabl es great

di ssol ut iwo 2064/00k%6agent in the interstitial fluid oncecrhs:asweees has
been applied to the skin and the stratum corneum has been pierced. [00014]
In addition, a honbgeneous coating provides for greater 5 mechani cal

stabi | ity bonicraprojectioss andgdsaedakias igneati dissalttiamof thecagant inttien.  Weak and
di sconti nuous coatings are nore likely to flake off during nanufacture and

storage and jhterétiaivigidcbridef theyevivesskdsbebi apglietitpl thealkirpandthe statum
m croprojections into the skin. [00015] The device and method of the

present i nveRrhQimhR sepief@se 10 limtations by transdermally

delivering a pharmacol ogi caI |y active agent using a m croprotru3| on device

havi ng m cr sio S coating.
The present %Rai@fi anﬁg‘ﬁg?tﬁgcge@rﬁgﬁér?eg)gg %Jétlgﬁgirxﬁgggg%% eI ivering a
phar macol ogi cal |y .active . a t through the stratum corneu referably a
manmmal and rfﬁ@?h%'f'%@lét%ttﬂ\'ty%&nrﬁgl'fﬂﬂg Sgﬂfaﬂ%\ﬂnﬁdi‘%mﬁﬂnﬁgﬁ‘ﬁaéﬂ@oﬁg ting on
plurality of stratum corneumpiercing mcroprotrusions. The

phar macol ogi\Weekypnddiscantiagens costings aw were Qhéto fake ofidiingy potent to be
therapeutically effective when delivered as a dry coating that has been

formed on a manufakctury antl stéiagemmret 10 g wipext off bgtthe skinndurirfguappiation loé agent
must have sufficient water solubility to forman aqueous 20 coating

sol ution havthggmbhﬁ,r Giee8STRinto 88 sighl ity and viscosity for coating the
m croprotrusions. 01016] The formati on of a honbgeneous coating can be

acconpl i shedlgop;(%]enhanﬁ.léﬁge\; BE 2R LAGhOHOf tRE pd¥ent i@ ntiBh BleRidE b 1t
is applied t

10 limitations by transdermally delivering a pharmacologically active agent using a
microprotrusion device having microprotrusions which are coated with a dry
homogeneous coating. The present invention is directed to a device and
method for delivering a pharmacologically active agent through the stratum
corneum of preferably a mammal and most preferably a human, by having a

15 homogeneous coating on plurality of stratum corneum-piercing
microprotrusions. The pharmacologically active agent is selected to be
sufficiently potent to be therapeutically effective when delivered as a dry
coating that has been formed on a plurality of skin piercing microprotrusions.
Further, the agent must have sufficient water solubility to form an aqueous

20 coating solution having the necessary solubility and viscosity for coating the
microprotrusions.

[00016] The formation of a homogeneous coating can be accomplished
by enhancing the wetability of the drug formulation when it is applied to the
microprojections. This enhancement can be accomplished by a surface

25 treatment of the microprojections prior to the application of the drug solution or
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m croproj ections. This enhancenent can be acconplished by a surface 25
treatnent of the m croprojections prior to the application of the drug

sol uti on W 2004/008368004/ 002566 PCT/ US2003/ 020471 i ncor p@catusng)3w2047DuUs
wetting agents and surfactants in the drug solution which is then applied
to the mcroprojections. [00017] A mcroprojection array is usually nmade of
a metal suchneerposatisigvasiopissvetting @gents: and suifagtants initee dpu@pelstipBvhich made
of titanium the outer 5 surface of the mcroprojection is naturally

oxi di zed whiislthérmapplieal tohthe rigyeprofgctions.ani um oxi de whi ch gi ves the surface
hydr ophobi ¢ properties. Stainless steel and other netals and all oys that

do not oxi dippeoteRdi | YA AisRpPojeeRH arrBy i GARMYIreads BPAThERS subh BET
materials that could be used to manufacture the mcroprojections, such as

silicon or pgtgﬁésgssae@r'oogﬁgé;ﬁiﬁﬁﬁ“Fr ah?ﬁfé?cgﬂg\[é%g& KRR ththfim, 1RO BHHr

Treat ment that woul e surrac erties of 'a mcroprojection

I ncl ude the fornati of. pits. by chem.cal pre.etching, plasnma. treatpent,
and heat 5t r cASR" W0a e e Dinglon & pihy Sorie S ahiav ol Fins V8RRl | ne
detergent rinse is also effective. These and other treatments which 15
alter the suiteRive exde yhien gtves the sudage BydwpheRis RIeReHiBse taiess sigst

I npact on the ability to honbgeneously coat the mcroprojections with a
drug f or nul aandaeother Medals@ref alaysithai do nhtoxidizatreadily alsotpresentcr opr oj ecti on
surface with a wetting agent. [00019] In this |ast case, the

i cropr oj ecthyRifogtidty ptpdrtis®r Otter MatriaRlthapcemdberisdd & ArInufacture the
containing a wetting agent. Then the drug solution is applied by one or

ol ut ; on and HZTRAYES; sch AELIRERo PRSLES L plockh! Hyaigpfoti! 11 no. agen!

10  properties.
[00018] Treatment that would modify the surface properties of a
microprojection include the formation of pits by chemical pre-etching, plasma
treatment, and heat treatment. Washing the microprotrusion surfaces with an
alkaline detergent rinse is also effective. These and other treatments which

15 alter the surface energy of the microprojections can have significant impact on
the ability to homogeneously coat the microprojections with a drug formulation.
Most preferably is the treatment of the microprojection surface with a wetting
agent.
[00019] In this last case, the microprojection array is immersed in or

20 sprayed with a solution containing a wetting agent. Then the drug solution is
applied by one or more standard techniques. In between the treatment with
the wetting agent solution and the drug solution, the microprojections may be
rinsed and/or dried.

[00020] Wetting agents can generally be described as amphiphilic

25 molecules. When a solution containing the wetting agent is applied to a
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rinsed and/or dried. [00020] Wetting agents can generally be described as
anphi philic 25 nol ecules. Wen a solution containing the wetting agent is
appl i ed twoa00400¥¥962004/ 002566 PCT/ US2003/ 020471 hydr oplealiiscoswbsirr at e,

t he hydrophobic groups of the nolecule bind to the hydrophobic substrate,
whil e the hydroph| lic portion of the nolecule sta t%s in contact with water.

As a resul t hydrephopic swpsitate, therfyseephabie geoupsftthatreolpsuledvind édtheed wi t h
hydrophilic groups of the wetting agent, making it susceptible to 5

subsequent \wdropiwbiy sabdtratelvhile the hydiopRilit pdéidn oftthegralesuls stays itcl ude
surfactants. These are negatively charged such as SDS and the |ike. They

can al so be da@agddt Wit \Maféhameéire%u&htheaﬁyd;-@buébuexswéb@Iowmé:bb@gtraie i€ RBW) »
TMAC, benzal koni um chl oride or neutral such as tvveens (particularly tween

20 and twee hi bi t
their ITB.XI rr&m%g%q\g@ﬁhg“@@' ué@ g‘%@?ﬁ%% \gﬁnfg 'gglrj\ce ratflac()n

(Vo) , a E fferﬁ tﬁp ﬁtlc abl %at concentratlons as |ow as about one
order of rra HPEEARCTHAN SN i ng agents al so include polyners
havi ng anphi |I|c properties These i nclude cel | ul ose derlvatlves such as
HEC, HPC, H Eﬁ@ﬂmmmr%alsmInfﬁlaﬁe@slrfaoz@n’me%e@mﬁrﬁ pegativelpol yner s
can al so be use to alter to viscosity of a solution which also effects the

wet t abi | i ty chiargdthsuctobsiSiDHhand the EkenoThep cahpldacibe pesitieelymhargédhsuand
peptides present wetting properties in solution that can be further

enhanced by asrts‘dtwggmmrﬁmmfmdrmu €PO),TEASObBhZAIRoNidmM WMibFitlear Agetibs in the
Drug Solution [00 In addition to pretreatnent of the mcroprojection

}""O: nu}"’gt |t 'Og%usﬁga%%eng hBaMRhih) WwaeR 20 &M 860 sBRNIBNSdof BukétRsdr ug

10 These wetting agents exhibit their maximum effect at and above the critical
micelle concentration (CMC), and the effect is noticeable at concentrations as
low as about one order of magnitude below the CMC. Wetting agents also
include polymers having amphiphilic properties. These include cellulose
derivatives such as HEC, HPC, HPMC, MC, HEMC, EHEC and Pluronics.

15 These amphiphilic polymers can also be use to alter to viscosity of a solution
which also effects the wettability of that solution. It is noteworthy that some

proteins and peptides present wetting properties in solution that can be further

enhanced by including surfactants in the solution.

20 Wetting Agents in the Drug Solution
[00022] In addition to pretreatment of the microprojection with wetting
agents, the wetting agent can be incorporated in the drug formulation used to
coat the microprojections. This approach is particularly useful with
polysaccharide drugs such as pentosan polysulfate or small molecular weight

25 heparin, nucleic acid derivatives such as plasmid DNA or oligonucleotides and

9



coat the mcroprojections. This approach is particularly useful with
pol ysacchari de drugs such as pentosan pol ysul fate or small nol ecul ar wei ght
25 hepar iwp 2002002566 aci d derivatives such as plasm d DNRCarus2003/020471
ol i gonucl eotides and 9 WD 2004/002566 PCT/US2003/020471 snall hydrophilic

nol ecul ar wei ght drugs such as nicotine or fentanyl. In addition, even
when uti | i zismealploydrpphilic desleciiat weight entgsssuch agnicotige goifeptanyl. d8, addi ti on
of wetting agents in the drug fornulation is beneficial. [00023] A

preferred erdoemiorvenwHdn §tilizmge|ibbiyp@pﬂ@@§'trﬁt?qr@§erﬁ sdene pettimy 5
delivering through the stratum corneum a beneficial agent which has been

coated on a sp?%ﬁésﬁigg%{d@fiorﬁho?%?ﬁﬁ]é i@ﬂftﬁé’dr?@ﬁ’b%ﬂ%tibﬁ i$ Beneficial.

m croprotru olution o € benefi clal "agent ana a wetting agent,

which is th l.ed to, form coat tionall he 1 G0 j ons
re surface DPOEIEG ¢ & bFfidhed Mroti@nenFor (R °8ton bagsft ol Brfike 1
formed on the m ¢roprotrusions. The device 10 conprises a,. nenber having a
plurality, &eiverng Brauel the stiatumpeemeu, %?erﬁf}c@l%enwwfgﬁh@#@%i ng

m croprotrusions. Each of the mcroprotrusions has a length of |ess than
500 m or i fcoatathen atpieraliboof microprotrusicasysarplpng e dieel micropseisugiens Bat t he
m croprotrusions penetrate the skin to a depth of no nore than 500 m

These mi cr ogohitiomsofths bemeficial dgentcarat a netlidgeagent, whith isdhen daed 16 fomi or e
drying, conprises an aqueous solution of a pharnmacol ogically active agent

and a vetti ARe @88MHhg. OptioRERY HRCAIPEPOAULIONErE \sBrfag8 Medtsd SMEARSAENL | Y
potent to be pharmaceutically effective in a dose that can be reasonably

applied or ‘iﬂé‘hﬁﬂ?ﬁg&%&; iﬁggéoa%g%féﬁé ‘P&%ed@@é@&lﬁ%ﬂﬁg%trﬁ?&%. t@é\n@é‘to

the surfaces o s ons, provi _ rmaceutica _ _
e e {g, ST S AR L gL oSkt 9ehiudhe F9RRAY 15,
art corneum-piercing microprotrusions. Each of the microprotrusions has a length

of less than 500 um, or if longer than 500 um, then means are provided to

ensure that the microprotrusions penetrate the skin to a depth of no more than

500 um. These microprotrusions have a dry coating thereon. The coating,

15 before drying, comprises an aqueous solution of a pharmacologically active
agent and a wetting agent. The pharmacologically active agent is sufficiently
potent to be pharmaceutically effective in a dose that can be reasonably
applied or coated o the microprotrusions. The solution, once coated onto the
surfaces of the microprotrusions, provides a pharmaceutically effective amount

20 of the pharmacologically active agent. The coating is further dried onto the
microprotrusions using drying methods known in the art.

[00024] Another preferred embodiment of this invention consists of a
method of making a device for transdermally delivering a pharmacologically
active agent. The method comprises providing a member having a plurality of

25  stratum corneum-piercing microprotrusions. An aqueous solution of the

10



[ 00024] Anot her preferred enbodi nent of this invention consists of a

nmet hod of making a device for transdermally delivering a pharmacol ogically
acti ve agwot2oo4lieseaet hod conpri ses providing a nenber haeirngg2e3pbaral ity of
25 stratum corneum pi ercing m croprotrusions. An aqgueous solution of the
10 WO 2004/ 002566 PCT/ US2003/ 020471 pharmacol ogically active agent plus a
wet t i ng agenphamnagoidgieally activiesagant piuspa wetting agentda@pphedteltieed to form a
dry agent-containing coating thereon. The pharnacol ogically active agent

i s suffici engrigtopstrsiorisoati therad et puformied Hyy agéritagintaiaingcaatingtherddmat
can be contained within the coatings. The 5 conposition can be prepared at

any tenperat fifg ﬁ%gh%&o@fcawgcumta{;&m@ IsQficieHtyYoateht toherPRAmadeUtiehlly

rendered i nactive due to the conditfons. The solution, once coated onto

e et 1 ve. ansinee 8O RRE £3h BRonH A MR Tl AR 00, ' Yy

coating thickness is preferably |less than the, thickness of the 10

m cr opr ot 3 usFYNROSHBP Lap e %'?e&%r%ff?ﬁ%nx reRgialye;as Ioag @sthgn 50 pm and nost
preferably | ess than 25 m GCenerally, the coating thickness is an average

t hi ckness nebRamaraegicalhhactiviecaaait it Relsiepdsred inaoteg duéo thscondibers.r ed
agents are selected fromthe group consisting of ACTH (1-24), calcitonin,
desnopr essi nThé lsBtdtionHBht e sabdiegsontg dse seifaces dbthieanmraprotresiopar ptavides al

hor mone (PTH), vasopressin, deam no [Val4, D-Arg8] arginine vasopressin,

buserelin, tphiindcutically Bfféctiver AMoahtdfahe iphadmbesdaidady activé Bgent eron
gamm, FSH, EPO, GW CSF,” G CSF, |L-10, glucagon, growth hornone rel easing

oo st Yo ol MiGRa:s prophitl e mligEegUa e
vacel neslé’i S m?cl;rlapr% ru[s)li\cl)pr‘ms\,/?r(\:c():rienpergfea}ggly?rﬁrgltr%iclgr%s%cigllggs tY‘»%in%*B um and most
preferably less than 25 um. Generally, the coating thickness is an average
thickness measured over the microprotrusions.
[00026] The most preferred agents are selected from the group consisting
of ACTH (1-24), calcitonin, desmopressin, LHRH, LHRH analogs, goserelin,

15 leuprolide, parathyroid hormone (PTH), vasopressin, deamino [Val4, D-Arg8]
arginine vasopressin, buserelin, triptorelin, interferon alpha, interferon beta,
interferon gamma, FSH, EPO, GM-CSF, G-CSF, IL-10, glucagon, growth
hormone releasing factor (GRF) and analogs of these agents including
pharmaceutically acceptable salts thereof. Preferred agents further include

20  conventional vaccines as well as DNA vaccines and small molecular weight
potent drugs such as fentanyl, sufentanil and remifentanil.

[00027] The coating can be applied to the microprotrusions using known
coating methods. For example, the microprotrusions can be immersed or
partially immersed into an aqueous coating solution of the agent as described

25 in pending United States application Serial Number 10/099604, filed March 15,
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potent drugs such as fentanyl, sufentanil and rem fentanil. [00027] The
coating can be applied to the mcroprotrusi ons using known coating

nmet hods. Wonoexmegske, the m croprotrusions can be i mrer ®ea/useo03pardi al | y

i mrersed into an aqueous coating solution of the agent as described 25 in
pendi ng United States application Serial Nunmber 10/099604, filed March 15,

11 WO 2004/ 022656 Arematisey0Bepating soktiop.can hesprayedeinjo the: coat i ng
solution can be sprayed onto the mcroprotrusions. Preferably the spray

has a dropl emicropetaisicriz uPreférabffthepray hbsasdroMet sizer off abair19-20%k dr opl et
size and placenent is precisely controlled using printing techniques so

that the coabicBaer®! Mdr@Préferalfpatd sRPlct siie 864 blaceRichtid Bratigappr ot r usi ons

and not onto other "non-piercing” portions of he menber havi ng t he

m croprotrusj : ] .1 0N, 4Shratum
cor neum pi er%‘?ﬁg""eﬁp‘gsﬁﬁg%%b {r?nui ?Ecl)"tr@ @regssgbgt?’%\teg{ef éﬁdﬁﬁ%éﬁﬁ%%@gé he

m croprotrusi '°$§I arrg %or nmed bg et.chi nﬁ ortgupcl’&bng“t he sheet, and then the
m cr opr ot 1 usH RV 18 MYFPREOEYSIRRs,nd 1ot BRC0HEL NONSPIErHAT SRATPNS @i | ¢
t he pharnmacol ogically active agent coating can be applied to the sheet
bef or e f or natiednestber having {OedpiceRralLeiAss. preferably the coating is
applied after the mcroprotrusions are cut or etched out but prior to

bei ng f ol ded[09028pf t hin phather aépedief siemventidirtbe stratenrednésmemenaingy
after the mcroprotrusi ons have been folded or bent 15 fromthe plane of

the sheet. BRidgbpfdtciiidTardYorned HonPBANSEERher8RARE midkprothvsions are Wi | |

now be described in greater detail with reference to the preferred

emodi Ment s jdrridd P @firgor Bish it tRANEE Bna e tRU TGP SOAY BRS:
10 folded or bent out of a plane of the sheet. While the pharmacologically active
agent coating can be applied to the sheet before formation of the
microprotrusions, preferably the coating is applied after the microprotrusions
are cut or etched out but prior to being folded out of the plane of the sheet.

More preferred is coating after the microprotrusions have been folded or bent

15 from the plane of the sheet.

BRIEF DESCRIPTION OF THE DRAWINGS

[00029] The invention will now be described in greater detail with
reference to the preferred embodiments illustrated in the accompanying

20 drawings and figures. wherein:
FIG. 1 is a perspective view of a portion of one example of a microprotrusion
array; and
FIG. 2 is a perspective view of the microprotrusion array of FIG. 1 with a
coating deposited onto the microprotrusions.

25
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FIG 1 is a perspective view of a portion of one exanple of a

m croprotrusion array; and FIG 2 is a perspective view of the

m cropr otwopemoaseseay of FIG 1 with a coating deposit edTarsc@3tone71

m croprotrusions. 25 12 WO 2004/ 002566 PCT/ US2003/ 020471 MODES FOR

CARRYI NG QUT THE | NVENTI ON [ 00030] DEFI NI TI ONS: [00031] Unl ess stated
otherwi se the following terns used herein have the 5 follow ng neani ngs.
[ 00032] The term "transdermal” neans the delivery of an agent into and/or
through the skin for | oi@DES FORIGARRYING QUYT. THEIRVENTION t er m
"transdermal flux" nmeans the rate of transdermal delivery. 10 [00034] The

term "co-del jo00dBbNd" BERRGEIONSSI N means that a supplenmental agent(s) is
adm ni stered[qﬁ?arq der na ry either before the agent is delivered, before

and during t rmal £l ux of the agent, during transdermal flux of the
agent, duri n@%ﬁggfaf t eHJnltelsﬁr?gﬁgp r?grl‘e g thsy O[IWQ%QQ@HP,S u&ﬁgﬂlﬁre'gf'?aevlet ©
transdernmal flux of the agent. Additionally, two or nore beneficial agents
may 15 be cofll@wingmeaniRgSni cr oprot rusi ons resulting in co-delivery of the
beneficial agents. [00035] The term "pharmnacol ogically active agent” as
used herei n 08082} t olke taynpdsdansdermal’ meansstheadelivery of an agankinto ng a drug
which is pharmacol ogically effective when adm nistered in a

t her apeut i cadnd/oefrresgh e 2Kin #0DIVBAL orteyet@hieghefapyuch active agents
i nclude, without limtation, |eutinizing

[00033] The term "transdermal flux" means the rate of transdermal
delivery.
10 [00034] The term "co-delivering" as used herein means that a

supplemental agent(s) is administered transdermally either before the agent is
delivered, before and during transdermal flux of the agent, during transdermal
flux of the agent, during and after transdermal flux of the agent, and/or after
transdermal flux of the agent. Additionally, two or more beneficial agents may
15  be coated onto the microprotrusions resulting in co-delivery of the beneficial
agents.
[00035] The term "pharmacologically active agent" as used herein refers
to a composition of matter or mixture containing a drug which is
pharmacologically effective when administered in a therapeutically effective
20 amount. Examples of such active agents include, without limitation, leutinizing
hormone releasing hormone (LHRH), LHRH analogs (such as goserelin,
leuprolide, buserelin, triptorelin, gonadorelin, and napfarelin, menotropins
(urofollitropin (FSH) and LH)), vasopressin, desmopressin, corticotropin
(ACTH), ACTH analogs such as ACTH (1-24), calcitonin, parathyroid hormone
25 (PTH), vasopressin, deamino [Val4, D-Arg8] arginine vasopressin, interferon

13



hor none rel easi ng hornone (LHRH), LHRH anal ogs (such as goserelin,

| euprolide, buserelin, triptorelin, gonadorelin, and napfarelin,

menot r opiwe 20¢4umefeel | i tropin (FSH) and LH)), vasopressi RCTASI00MBOREIEI N,
corticotropin (ACTH), ACTH anal ogs such as ACTH (1-24), calcitonin,
parathyroid hormone 25 (PTH), vasopressin, deani no E]Va14 D- Arg8] arginine
vasopr essi n, aiphaeinterferon beta vioteztyan gansos, ergthrosoie B/(BPGY7granslqsyie

i nterferon beta i nterferon ganma, erythropoietin (EPO, granul ocyte

macr ophage calaeryplieigencdlany siimbkating fadtoM GRFC SFYrgranliocyteecalohyny
stimulating factor (G CSF), interleukin-10 (I1L-10) and glucagon. It is to

be  under st oggmbffihg @ét@r(d@@spﬁweg@ummm@y(merop BAQ’ E;a@@ﬁl It & be agent
5forrm|at|on|nthe nmet hod of this invention, andt he use of the term
"phar macol og Ci e..of or nore
such agents gﬁ@é{fﬁﬁoggjcﬁ%ﬁgwogggﬁ%%ob%g@%g%y%r|:n§§§ﬁ>fr %&?E'H%sth%ha%s free
bases cid I nDIe ul es onent s | ecul ar

conp! exes o TARION 407 AUENGR oF Hile Svsaen: s9e HETERE Hep o She f&I A s,
sinple derivatives of 10 the agents (such as ethers, esters, am des, etc)
which are easnhaymﬁyatosiqailwcave apeay; PO V\éayz@/wgde%ﬂ*@ use:ahmfsboremsr%yed

[ 00036] The term "therapeutically effective anount” or "therapeutically

ef fecti ve rasech agérds oridougsheThemagentsosan be @ wdriaussfopimsr seciobs frieedidses,
active agent needed to effect the desired therapeutic, often beneficial,

result. The ééd@rmmge@braﬂ@ﬁérgéﬂnhﬁhé@dlelsncér’ﬁpoﬁ@ﬂﬁsldTgﬁowchlarb@nidlt%esamunt
necessary to deliver a therapeutically effective anount of the agent to

achi eve he geiddfflaid SHBRFMEbRAIERY kool Boll @i, Meo, Hihpiciiddvagey ot de! y

dependi ng upon the thcul ar I cal active a _ (
,([j ?Lg;’g{fﬂ{ I}F% q;ﬁ%?st%g %spSW% ees?(?rgcsﬁéq? ,te¥c)QNh|Err1]%ré: %agll} f'\%]roR/%'eH%t

body pH, enzymes, etc., can be employed.
[00036] The term "therapeutically effective amount” or “therapeutically
effective rate” refers to the amount or rate of the pharmacologically active
agent needed to effect the desired therapeutic, often beneficial, result. The
15 amount of agent employed in the coatings will be that amount necessary to
deliver a therapeutically effective amount of the agent to achieve the desired
therapeutic result. In practice, this will vary widely depending upon the
particular pharmacologically active agent being delivered, the site of delivery,
the severity of the condition being treated, the desired therapeutic effect and
20 the dissolution and release kinetics for delivery of the agent from the coating
into skin tissues. It is not practical to define a precise range for the
therapeutically effective amount of the pharmacologically active agent
incorporated into the microprotrusions and delivered transdermally according to

the methods described herein.
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20 the dissolution and rel ease kinetics for delivery of the agent fromthe
coating into skin tissues. It is not practical to define a precise range
for the wbeoapweidecal |y ef fective anount of the phar maealragzaeslobgs7act i ve
agent incorporated into the mcroprotrusions and delivered transdermally
according to the nethods described herein. 14 WO 2004/ 002566 )

PCT/ US2003/ O[08037] [ 00014 termhémiceoprotrosionshrafersutoi pietsing elesrents whighears ng

el enents which are adapted to pierce or cut through the stratum corneum
into the undgddstedng pierpé decat throwgtethe stratapi ceneum intwithdeamdexldyaryper s,  of
the skin of a living animal, particularly a mammal and nore particularly a
human. The peGHEHHR lsymnbﬁiﬁgrrﬁ&%dﬂdaﬁﬁisFé@é@?oftthe skil &f %Qviﬂg@ﬁkﬁ%l,\m' ch

causes bl eeding. Typically pi ercing el ements have a bl ade”| engt h of

65 e SO0 AR ARl Kerl S SRR e Bimens,
S e 81 B LY R R ML SR R

t hereof. [00038] The term "m croprotrusion array" as used herein refers to
a plural it yPigfcing elespris Nave enidlade lenafb #f lessdhanf08ymicsensgiandcpieferahly
stratum corneum The mcroprotrusion array may be fornmed by etching or
punchi ng a pleas éhart 50 Miaionisoprhet micsoprodrulsioms typichilywhavee atwidtidamal di ng or
bendi ng the 15 mcroprotrusions out of the plane of the sheet to forma

confi gurati ohickneBs @ abblieh t B WiiciahsEThe raicrogtetrasiohd gy besoremedi ay may
al so be forned in other known manners, such as by form ng one or nore

strips havi nggoRlih pRbEY URhORONSLABY IcRASedEs AR50 oitdIbuchbB Sha 2o

di scl osed i at ent e mcroprotrusion array may
' ncl ude lrbOI lg%gﬁ%%ﬁésthereof.
[00038] The term "microprotrusion array" as used herein refers to a

plurality of microprotrusions arranged in an array for piercing the stratum
corneum. The microprotrusion array may be formed by etching or punching a
plurality of microprotrusions from a thin sheet and folding or bending the
15  microprotrusions out of the plane of the sheet to form a configuration such as
that shown in FIG. 1. The microprotrusion array may also be formed in other
known manners, such as by forming one or more strips having
microprotrusions along an edge of each of the strip(s) as disclosed in Zuck, US
Patent No. 6,050,988. The microprotrusion array may include hollow needles
20  which hold a dry pharmacologically active agent.
[00039] References to the area of the sheet or member and reference to
some property per area of the sheet or member, are referring to the area
bounded by the outer circumference or border of the sheet.
[00040] The term "pattern coating" refers to coating an agent onto

25 selected areas of the microprotrusions. More than one agent may be pattern
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20 which hold a dry pharmacol ogically active agent. [00039] References to
the area of the sheet or nenber and reference to sone property per area of
t he sheetwor2oomowb&ne, are referring to the area bounded Poy/usher3matder

ci rcunference or border of the sheet. [00040] The term "pattern coating"
refers to coating an agent onto 25 selected areas of the m croprotrusions.
Mor e t han oneoatgdmntoraysitgle prictoprotrusion Adag0 Rutoa SostiRIS cassReEhplied 4T 1
coated onto a single mcroprotrusion array. Pattern coatings can be applied
to the m cripermicroiotasionsiusthgkmown microofidid ishemtisieeteshnigues sashgses such
as mcropipeting and ink jet coating. 5 DETAI LED DESCRI PTI ON [ 00041] The

present i nvepidrepipRtiRY afBSnikjcl@vhfifg.for transdernmally delivering a
I

phar macol ogi cal |y actTve agent to a patient in need thereof. The device

has a plurality of stratum corneum piercing mcroprotrusions extending
therefrom The m croprotrusions are adapted to pierce through the stratum

10 corneuminto the underlying ' S epiderm s and derm s

| ayers, Yut do not penetrate sﬁ%ia%j[agbsl)kgﬁggﬁé”he capillary beds and
cause significant bl eeding. The mcroprotrusions have a dry coating

t her eon whi c|9004dht ai nEhe peesendinveatibo girevdes aataviogegfoa gransdetopally pi er ci ng
the stratum corneum | ayer of the skin, the agent-containing coating is

di ssol ved byddlindyinga pharmshdolayicaliyeddtive aigeht to dpativnt iaxiderribkeredfarTHe ui ds
such as interstitial fluid) and released into the skin for |ocal or

system c thej@nye hBQ%%@ﬂaliﬂl‘?f dttdibtnl SStn8limt Mercheis MicroProtRidibne Al

di ssolution and release w depend on many factors including the nature

of the drUg’@%Pég‘f_rorﬁfﬁﬁe%ic%&%%&on%'Eﬁe%%%blébgtot&EF&&W‘E?&u&Pﬂmetﬁ?atﬁ%ati no

conposition
10 corneum into the underlying epidermis layer, or epidermis and dermis layers,

but do not penetrate so deep as to reach the capillary beds and cause
significant bleeding. The microprotrusions have a dry coating thereon which
contains the pharmacologically active agent. Upon piercing the stratum
corneum layer of the skin, the agent-containing coating is dissolved by body

15  fluid (intracellular fluids and extracellular fluids such as interstitial fluid) and
released into the skin for local or systemic therapy.
[00042] The kinetics of the agent-containing coating dissolution and
release will depend on many factors including the nature of the drug, the -
coating process, the coating thickness and the coating composition (e.g., the

20 presence of coating formulation additives). Depending on the release kinetics
profile, it may be necessary to maintain the coated microprotrusions in piercing
relation with the skin for extended periods of time (e.g., up to about 8 hours).
This can be accomplished by anchoring the microprotrusion member to the
skin using adhesives or by using anchored microprotrusions such as described

25 in WO 97/48440, incorporated by reference in its entirety.
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20 presence of coating formulation additives). Depending on the rel ease
kinetics profile, it my be necessary to nmaintain the coated

m cropr otwower®2sed piercing relation with the skin forcadtseodmdodperi ods
of time (e.g., up to about 8 hours). This can be acconplished by anchoring
the m croprotrusi on nenber to the skin using adhesives or by using

anchor ed mi cf0§9043] r usi b3 illubtratesdrecembedinEstiof astraumigrneum-piestingr at ed
by reference inits entirety. 16 WD 2004/002566 PCT/ US2003/020471 [00043]

FIG 1 ill usinicbpsteeremeatberdot usd with the present diventionpiRGE i iithows a
m croprotrusion nenber for use with the present invention. FIG 1 shows a

roprotrusi on ! - s Th
portion o ;5€m8ﬁf8?%*ie5§rfgl9& Ravihd' b ratydf Nricd Bfr@%n&H?HQﬁSTH]é) e

M croprotrusions 10 ex at substantially a 90 ang rom Sheet 12 havi ng

5 Openi ngs . Sheet 12 ,ncorporat.ed into.a delive i.ncl udi ng
> TBacki ng 10crepEasnsTenBot 2 ABRERLER 4 B Rel eS8 4 P uer  ng
the patch to the skin. In this enbodi nent the m croprotrusions are forned
by et chithhg @pepingsHidagShes 14 maythe ipeomosatedinter a dslivary patelt insiuding A n
nmetal Sheet 12 and bending M croprotrusions 10 out of the plane of the
sheet . Met al Backinghfar®heet dPznd ey additisinaliy indudeadbesive fonpadifezingdtie Met al
m croprotrusion nenbers are disclosed in Trautman et al, U S. Patent

6, 083, 196; Zyatish t&te skial enthis @niSddiM8Rt thanmidragdwnictis are. formk®byPat ent

6, 091, 975; the disclosures of which are incorporated herein by reference.

Qther m cr Opé@hrngﬁé%u@mgg% PIL&?F&% &Mfﬁﬁ%ﬁﬁggﬁbm&ﬁ%_ tRIrFHetd| gHuegnti on

are forned by et g Si p etching techni ques or

B T R S e Ly
> 879, 320y 148 sfhimess Stdel and titamum Bra prefemad. Matal microprotrusion members e
are disclosed in Trautman et al, U.S. Patent 6,083,196; Zuck, U.S. Patent
6,050,988; and Daddona et al., U.S. Patent 6,091,975; the disclosures of which
are incorporated herein by reference. Other microprotrusion members that can
be used with the present invention are formed by etching silicon using silicon
15 chip etching techniques or by molding plastic using etched micro-molds.
Silicon and plastic microprotrusion members are disclosed in Godshall et al.,
U.S. Patent 5,879,326, the disclosures of which are incorporated herein by
reference.
[00044] FIG. 2 illustrates the microprotrusion member having
20  Microprotrusions 10 having a pharmacologically active agent-containing
Coating 16. Coating 16 may partially or completely cover the Microprotrusion
10. For example, the coating can be in a dry pattern coating on the

microprotrusions. The coatings can be applied before or after the

microprotrusions are formed.
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[00044] FIG 2 illustrates the m croprotrusi on nenber having 20

M croprotrusions 10 having a pharnacol ogically active agent-containing
Coati ng 1WO 20oto2ssg 16 may partially or conpl etely covemrCrhis2003/020471

M croprotrusion 10. For exanple, the coating can be in a dry pattern
coating on the mcroprotrusions. The coatings can be applied before or
after the nj09P4p} ot r uBhe geatingon heraicroptBiRTDEdbe Jemnea by @SEEsy 020471
[ 00045] The coating on the mcroprotrusions can be formed by a variety of
known net hodsf. knidwh sietiiodet Ond sush ngthodds dipscoding: dDiptdoadingasantise
described as a neans to coat the mcroprotrusions by partially or totally

i mer si ng t heed®ibeARISOA FEHEN3NS colt thel MRrépidinsRiNsaby b adiafpat tdigiysol ution. 5
Alternatively the entire device can be inmmersed I nt'o the coating sol ution.

Coati ng only t mocranrofrisi r ' Lerce the
skin is prép{enﬁ‘?%&go%db%?p@gﬁa@égé ttﬁ% dsg ?pgﬁﬁﬁﬁgﬁgﬂéﬁ@?@g' hi gue
descri bedq abpye, |.t i ossSible to I{mt the cogting to.onl .he tips of
the i or gpr chlaTaAbyaly The, BREH deviorySan b immalred o sAF chEHESMPEm ¢ hat
limts the coating to the tips of the mcroprotrusion. This technique is
descri bed i fCeating erly tkpsa partipas éhe mieieproteuaion member whichmienserthe skin

10/ 099,604) filed 16 March 2001, which is fully incorporated herein by

reference. [i9@oefefre@t her coati ng net hods include spraying the coating
solution onto 15 the mcroprotrusions. Spraying can enconpass formati on of

an aerosol [eoesesi orBphlisé be the pakid iBATEPSIBhiteSmigle desBrilfdEabewk, it is
enbodi nent an aerosol suspension formng a droplet size of about 10 to 200

pi col it er y ip;oségfr@@mphe coblifig 8 GAIPRAEtibY B M nAG pFtRTIGHS. efherdtsanot her

10  also a roller coating mechanism that limits the coating to the tips of the
microprotrusion. This technique is described in a United States patent
application ( serial number: 10/099,604) filed 16 March 2001, which is fully
incorporated herein by reference.
[00047] Other coating methods include spraying the coating solution onto

15  the microprotrusions. Spraying can encompass formation of an aerosol
suspension of the coating composition. In a preferred embodiment an aerosol
suspension forming a droplet size of about 10 to 200 picoliters is sprayed onto
the microprotrusions and then dried. In another embodiment, a very small
quantity of the coating solution can be deposited onto the Microprotrusions 10

20 as shown in Fig. 2 as Pattern Coating 18. The Pattern Coating 18 can be
applied using a dispensing system for positioning the deposited liquid onto the
microprotrusion surface. The quantity of the deposited liquid is preferably in
the range of 0.5 to 20 nanoliters/microprotrusion. Examples of suitable

precision metered liquid dispensers are disclosed in US Patent Nos. 5,916,524;

25 5,743,960, 5,741,554, and 5,738,728 the disclosures of which are incorporated
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guantity of the coating solution can be deposited onto the M croprotrusions
10 20 as shown in Fig. 2 as Pattern Coating 18. The Pattern Coating 18 can
be appl iwo 2asi/00gsea di spensi ng system for positioning treTdspasioeeds | iquid
onto the microprotrusion surface. The quantity of the deposited liquidis
preferably in the range of 0.5 to 20 nanoliters/m croprotrusion. Exanples
of suitabl e hegreircby refaransee rMigroprgtrugioni coating solutiong aainsalse bednphieds Pat ent
Nos. 5,916, 524; 25 5,743,960; 5,741,554; and 5, 738, 728 the di scl osures of
whi ch are i ngsingdnlkajeetechhdlod® Uit kOORH BO6IPGId 1SR @ pEREr, optienal fluidy
reference. Mcroprotrusion coating solutions can al so be applied using ink

j et technol ogytiye hittns i éélh@r'ﬂﬁgfi'né’éﬂé’ﬁhﬁ:hﬁ@@@ﬁéfaﬁly ceRtron8dbyfse ¢f an
notive neans and p03|t|on|ng nmeans I's generall controlled by use of

an electric h.ﬁ@é i ng

i ndustry or ls:ﬁr%qelélp erj.lléﬂu(?jﬂ glsglﬁglgﬁg%%%&l%gg nové{mﬁ] tﬂgu%{b{&f:an be
used for ppI attern c of this invention 048

coati ng. ol ARG GidHEneig s BBakaTRowhdn dhe BHERLES LeaRaor ghping
suspensi ons of the pharnacol ogi cal |y active agent and optionally a wetting
agent. The sheRatiern gpatingaf/tisinyestiddity of ess than about 200 centi poi se
10 and greater than 3 centipoise in order to effectively coat the

m cr opr ot r usf08048pr opeFheg codtireg solstioss tyedin theepresant ingestidruareosolotionse

adj usted by changing the drug concentration of the fornulation or by

addi tion of @ dispepsioh¥ of e phbdacsiegishllsactiveasgaitidnd sitRorddy aveéttings or
increasing the solid content with excipients such as sucrose, trehalose,

el ezi t ose é@mlt 19l ooRBYUH st RS BFscbSit) bY RssliRBR4BbT 80 dERI5SEe Coat | g

t hi ckness |s ependent upon t enS|ty o e m croprotrusions per unit

area of lt()h € an grea‘?erqhtaﬂ% censtFp%?s',et th oraer to effectively coat the microprotrusion

properly. The viscosity of the coating solution can be adjusted by changing the
drug concentration of the formulation or by addition of a viscosity enhancing
agent such as cellulose derivatives or increasing the solid content with
excipients such as sucrose, trehalose, melezitose, sorbitol, mannitol and the
15 like.
[00049] The desired coating thickness is dependent upon the density of
the microprotrusions per unit area of the sheet and the viscosity and
concentration of the coating composition as well as the coating method
chosen. In general, coating thickness should be less than 50 microns since
20 thicker coatings have a tendency to slough off the microprotrusions upon
stratum corneum piercing. A preferred coating thickness is less than 10
microns as measured from the microprotrusion surface. Generally coating
thickness is referred to as an average coating thickness measured over the
coated microprotrusion. A more preferred coating thickness is about 1 to 10

25  microns.

19



concentration of the coating conposition as well|l as the coating nethod
chosen. In general, coating thickness should be | ess than 50 m crons since
20 t hi ckewocoationsys have a tendency to slough of f the mpcrase@BnE7ODNS upon
stratum corneum piercing. A preferred coating thickness is |less than 10
m crons as neasured fromthe mcroprotrusion surface. Generally coating
t hi ckness i s[00856} r ed Thbe ageats usast ingbe poesentdnveritionreguirewadnaecef ahaut t he
coated mcroprotrusion. A nore preferred coating thickness is about 1 to 10

25 mcrons. 19 nWQoRPahs A0 2066t PHTIlgRAAO3APREUS Wil Tardecagbsicoatested i n
the present invention require a dose of about 10 mcrograns to about 2

L ' A . . :
millgrams &%Lﬁ‘ﬁﬁ%ﬁ@%&fdﬁlﬁ‘%ﬁa?%ﬂgﬁ ﬁg@ PROWORLFAE. 1%@?”@“@ Sheer parusion

array of the type sho the Sheet 12 th an area of up

ber o, [ o0UKAPIEREY PRSI E AR e hictbridRusr S ARG BOT G 1D o

properties described. above arg selected fromthe group consisting of
desnopr essi nMICTPRIAAUSIONSREHEF none r el easi ng hor none (LHRH) and LHRH

anal ogs (e.g., oserelin, leuprolide, buserelin, triptorelin), PTH,

cal ci tonin, [ﬂ&@ég] essi Rrefeved pharmacologically activeydgentsdiayingtheayepediesi n,
interferon al pha, interferon beta, interferon gamm, nenotropins

(urof ol | ot r ogestribed8Hbovedreassliected frogn ther gronp coplsistingef delsmepoessin n ( EPO) ,
GW CSF, G CSF, |1L-10, CGRF, conventional vaccines, DNA vaccines and

gl ucagon. | Oraféﬁaikin?rh@rhkor@a@éasiﬁé h8fméhe AHRAY aRadd HRAardedd Rdg., t he

coating solution 5is dried onto the m croprotrusions by various neans.

Lgn‘a‘i flr g‘;gr rggsmeerglﬁﬁgﬁﬁ%ﬂ&ef B\5s &7, Wb ERMIG P TA, BAicRGninNvA8R)E LN 0om
10 deamino [Val4, D-Arg8] arginine vasopressin, interferon alpha, interferon beta,
interferon gamma, menotropins (urofollotropin (FSH) and leutinizing hormone
(LH), erythrepoietrin (EPO), GM-CSF, G-CSF, IL-10, GRF, conventional
vaccines, DNA vaccines and glucagon.
[00052] In all cases, after a coating has been applied, the coating solution
15 is dried onto the microprotrusions by various means. In a preferred
embodiment the coated device is dried in ambient room conditions. However,
various temperatures and humidity levels can be used to dry the coating
solution onto the microprotrusions. Additionally, the devices can be heated,
lyophilized, freeze dried or similar techniques used to remove the water from
20  the coating.
[00053] Other known formulation adjuvants can be added to the coating
solution as long as they do not adversely affect the necessary solubility and

viscosity characteristics of the coating solution and the physical integrity of the

dried coating.
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various tenperatures and humdity | evels can be used to dry the coating
solution onto the mcroprotrusions. Additionally, the devices can be

heat ed, Wwpepbidozsmed, freeze dried or simlar techni qguepcagasdom3mosenove t he
water from 20 the coating. [00053] O her known fornulation adjuvants can
be added to the coating solution as Iong as they do not adversely affect

t he necessarfp0064lbi | i Tlye following sxamiptes areqgieen to esable shose skiled smthieng
solution and the physical integrity of the dried coating. 20 WO

2004/ 002566 #ETd Wiote QR N1BAhdkbrstafaCind] prabticd tHe preisegt ipventides They sbbulen t o
enabl e those skilled in the art to nore clearly understand and practice

the present hqusnthiderbaess IRHRHGdhe Bespd et ARITRVERGHbAEmIrY WsTiinge Scope

of the invention but nerely ei ng ustrated as representative

thereof. 5 ﬁﬂ@%‘?%tﬁdhsgrﬁgge%%{ﬁfve%e%”p' e of the method of pretreatnent of

a mcropro ng agent, the follow ng test was perforned.
[ 00056] Pent osan polysulfate (PPS) was used as the nodel drug, which 10 has
poor wet t5 ng properties. A 20 wt % PPS sol ution was prepared in water.

Fl uorescein, was also included in this solution at a concentration of 0.001
M The fluorescein was included to aid in the visual mcroscopic

eval uation oExample doatings that were formed. [00057] A strip of titanium

foil was firmoosbpanedagiahiexasgileoe i metiheiof pletdapnedt bn4o a 0. 1%
sol ution of sodium dodecyl sulfate (SDS). The strip was washed wi th water
and dried by plghiididion With & Wdtfnd'@gest BRERBWiING telt RR8Derfbrmed.
[00056] Pentosan polysulfate (PPS) was used as the model drug, which
10  has poor wetting properties. A 20 wt% PPS solution was prepared in water.
Fluorescein, was also included in this solution at a concentration of 0.001M.
The fluorescein was included to aid in the visual microscopic evaluation of the
coatings that were formed.
[00057] A strip of titanium foil was first cleaned with acetone and then
15 dipped into a 0.1% solution of sodium dodecyl sulfate (SDS). The strip was
washed with water and dried by blotting. The strip was subsequently dipped in
the PPS solution and left to dry for 1 hour at room temperature. Additional
untreated and pre-etched titanium strips were also dipped in the PPS solution
and dried. Evaluation was made by visually examining the strips under a
20 fluorescence microscope. Results indicated that pretreatment of the titanium

foil strip with wetting agents improved the homogeneity of the coating when

compared to the untreated or pre-etched material.
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the PPS solution and left to dry for 1 hour at room tenperature. Additional
untreated and pre-etched titaniumstrips were also di pped in the PPS

sol uti on werdogesd. Eval uati on was made by visual ly exadarnisag3tob@7stri ps
under a 20 fluorescence mcroscope. Results indicated that pretreatnent of
the titanium foil strip with wetting agents inproved the honpogeneity of

t he coating Ekample@npared to the untreated or pre-etched material. 21 WO
2004/ 002566 PCT/ US2003/ 020471 Exanple 2 Drugs Wth Poor Wetting

Char act er i st Dafgs VB dgr Wetires@haizetersticé.at e (PPS) was used as the nodel
drug with poor wetting properties. A 20 wt % PPS solution was prepared in

water. To 50[3])’0'03%0' “tF’éWto ¥ﬁrpbﬁiéﬁlf§ﬁt<?#§ PS5 60 U8 the RIS ditlg Withf er ent

concentrati ut|o cein was al so present at 0 001 M
for eval uation of I ng d/1 o i.tani umf oi . ean

ncetone was HLEHtng paorgedf'ﬁ%. B20 e 5%%&8# 8Fepf’ﬁ§u'|”w St olshn
tenperature. Evaluation of the coating was erfo d visually

f I uor esceéncehif ifi $Qlgliem ypriogs wetting ?ﬁﬁntﬁ%ﬁrer%&ﬂdt n&?'@ﬁ‘lt EG”%%EF?ttOe%t In
formul ation was rated as either poor, fair, ood. Results indicate that
wet ting ageralbsolutions, dupresdeimyge 8a gre@ent aie0. Bgétl\?l her ¢vialation f then
addition, mcroscopy reveal ed that an anorphous gl assy nmaterial was

obt ai ned  upeoatithgy i Astripdftitahiui fuil addandtewith acetonel was dipped inehysloddén on was
very fast. 15 Table 1: Effect of Wetting Agents on Coating Honbgeneity of a

20 % PPS_Sol afid @t 184 K11 AR at RoBIRBHipRFataFe. ( Elaltiaibh o8 thoBpaipvey  None

performed visually by fluorescence microscopy. The coating that resulted from

10 each test formulation was rated as either poor, fair, or good. Results indicate
that wetting agents improve the homogeneity of the coating (Table 1). In
addition, microscopy revealed that an amorphous glassy material was obtained

upon drying. Dissolution of the mixture following rehydration was very fast.

15 Table 1: Effect of Wetting Agents on Coating Homogeneity of a

20 % PPS Solution

Wetting Agent Concentration (%) Coating homogeneity
None - Poor
SDS 0.1 Good
SDS 0.01 Good
SDS 0.001 Poor
Tween 80 1 Good
Tween 80 0.1 Good
Tween 80 0.01 Poor
HEC 0.1 Good
HEC 0.01 Poor
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SDS 0.01 Good SDS 0.001 Poor Tween 80 1 Good Tween 80 0.1 Good Tween 80
0. 01 Poor HEC 0.1 Good HEC 0.01 Poor 22 WD 2004/002566 PCT/ US2003/ 020471
Exanpl e 3wDrugoadcsLow Concentration I ncluded In A Carripemr/ugaensiozo47WW t h
Poor Wetting Characteristics. 5 [00059] Melezitose (a trisaccharide,
conposed of two nol ecul es of glucose and one of fructose, nolecul ar weight
of 504.44) vexampdeidas the nodel carrier and oval bumin as the nodel drug.
A 20 wm % Melezitose, 0.1 w % oval bumi n solution was prepared in water. To

this sol uti oDrugeait g Comeehtratioriridedver & GatdedMatridi f f er ent
concentrations. In all solutions, 10 fluorescein was al so present at 0.001

M for eval uapiipsdr Wi hhfdteritiptrip of titaniumfoil cleaned with
acet one was 0 eft to dry for 1 hour at room
tenperature. Evaluation was perfornmed by fluorescence mcroscopy. Results
I ndicate that wetting agents inprove the honogeneity of the coating (Table

2). In additjon I croscopy reveal ed that an anor phous 15 gl assy materi al
was obt ai5ne(£°§B§ﬂfndryiM8!ez¥§3§% Hﬁaeﬁh%ﬁ*d%r@mﬁ%@ar@twme%w@s %fenhydrati on
was very fast. Table 2: Effect of Wetting Agents on Coating Hom)%eneity of
a 20% Mel ezgluerse andooeHf huetosesoaleswar weight of 504.44) was used as the

model carrier and ovalbumin as the model drug. A 20 wt% Melezitose, 0.1
wt% ovalbumin solution was prepared in water. To this solution, various
wetting agents were added at different concentrations. In all solutions,

10 fluorescein was also present at 0.001 M for evaluation of the coating. A strip of
titanium foil cleaned with acetone was dipped in a solution and left to dry for 1
hour at room temperature. Evaluation was performed by fluorescence
microscopy. Results indicate that wetting agents improve the homogeneity of
the coating (Table 2). In addition, microscopy revealed that an amorphous

15  glassy material was obtained upon drying. Dissolution of the mixture following

rehydration was very fast.

Table 2: Effect of Wetting Agents on Coating Homogeneity of a

20% Melezitose, 1% Ovalbumin Solution

Additive Concentration (%) Coating homogeneity
None - Poor
SDS 0.1 Good
SDS 0.01 Good
SDS 0.001 Poor
Tween 80 1 Good
Tween 80 ' 0.1 Good
Tween 80 0.01 Poor
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Addi tive Concentration (% Coating honogeneity None - Poor SDS 0.1 Good
SDS 0.01 Good SDS 0.001 Poor Tween 80 1 Good Tween 80 0.1 Good Tween 80
0. 01 Poorwo28o¢Md2s004/ 002566 PCT/ US2003/ 020471 HEC 0. 1 pGuars2008M6»401 01 Poor
[ 00060] Note that at this concentration, oval bum n does not present good
wetting characteristics. H agher concentrations of ovalbumn would not
necessitate thpg@dition of wetting a@génts to i nprove the Goadi ng
roperties of he formul ati on. EX | e 4 Drug Particles | uded In A
gar lpi or Matri XH\%GT h.Poor \\étiing (‘har@r;pr*)‘f arijgti hg 10 [nnns1d]&9Jx@_e7i t gce
was used as the nodel carrier and 2 mcron dianeter fluorescent beads as
the nodel drug particles. A 20 w% Mel ezitose, 2 W% beads sol ution was

prepared in gp080d] TO NbieSthapbtihi®bondsitiabtivh, B@dIbuimth 866815t predeat goded at
different concentrations. In all solutions, fluorescein was al so present

0.001 Mf | | ' [; ' il cl d
at wéttﬁﬁg%géégggg&{s. t%ahep%adwngggﬁ% o Bvabum.@ @\gﬂodrlﬂ"}ff)ﬁ' cl eane

15 with acetone n a“sol ution t to our at room
tenperature. Eval yation . performed b | uorescence m croscopy... Results
on ont o1 naSusitate P AR S PEERS AR ROENEVE T PO SHRT SRS Ot o
3).

5 the formulation.

Example 4

Drug Particles Included In A Carrier Matrix With Poor Wetting Characteristics.

10 [00061] Melezitose was used as the model carrier and 2 micron diameter
fluorescent beads as the model drug particles. A 20 wt% Melezitose, 2 wt%
beads solution was prepared in water. To this solution, various wetting agents
were added at different concentrations. In all solutions, fluorescein was also
present at 0.001 M for evaluation of the coating. A strip of titanium foil cleaned

15  with acetone was dipped in a solution and left to dry for 1 hour at room
temperature. Evaluation was performed by fluorescence microscopy. Results
indicate that wetting agents improve the homogeneity of the coating (Table 3).
In addition, microscopy revealed that an amorphous matrix of melezitose
surrounds the fluorescent particles. These particles were freed readily following

20  rehydration.
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In addition, mcroscopy reveal ed that an anorphous matri x of nel ezitose
surrounds the fluorescent particles. These particles were freed readily

f ol | owi ngwo2004m®b3edr at i on. 24 WD 2004/ 002566 PCT/ US2003/p020%Zd03/0T@i e 3:

Ef fect of Wetting Agents on Coating Honogeneity of a 20% nel ezitose, 2%

fl uorescent beads suspension Additive Concentration (% Coating honopgeneity
None - Poor SDS (Lablé3odEffRibef 8V ettinGAaentsShs Ghatipg Hompgéneibnod 1 Good
Tween 80 0.1 Good Tween 80 0.01 Poor H EC 0.1 Good HEC 0.01 Poor 5
Exanple 5 Effect of Vi 9008 melefitd8862% fReytbosai bdadgsuspbasien( PPS) was used
as the nodel drug with poor wetting properties. A 45% w w PPS sol uti on was
prepared in water. The viscosity of the fornmulation was eval uated and
found to be 53 centipoise at a 10 shear rate of 667s-1. The contact angle

f th n - '
get ween the s ‘ggfz'tyﬁte suppor t ﬁf}%@ﬁaaﬂazlﬁe tangeﬁoqq;@i%ﬂ’ogﬂ%e'%i nt eof

contact o e ] ropl et w €. substrate. e coa was tound to
be faLrly homuhonaus wiih a OV of aboui Pobr
SDS 0.1 Good
SDS 0.01 Good
SDS 0.001 Poor
Tween 80 1 Good
Tween 80 0.1 Good
Tween 80 0.01 Poor
HEC 0.1 Good
HEC 0.01 Poor
5 Example §
Effect of Viscosity

[00062] Pentosan Polysulphate (PPS) was used as the model drug with
poor wetting properties. A 45% w/w PPS solution was prepared in water. The
viscosity of the formulation was evaluated and found to be 53 centipoise at a

10 shearrate of 667s”'. The contact angle of the formulation was 90°. The
contact angle can be defined as the angle between the substrate support
surface and the tangent line at the point of contact of the liquid droplet with the
substrate. The coating was found to be fairly homogenous with a CV of about
30%. This example highlights the importance of viscosity. In this example

15 increasing the viscosity of the solution resulted in a homogenous coating (cf.

Table 1 Example 2 with formulation containing no wetting agent).
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30% This exanple highlights the inportance of viscosity. In this exanple
15 increasing the viscosity of the solution resulted in a honbgenous
coating (wbD.200dfmbiee 1 Exanple 2 with formnul ati on cont ai mCTgIS2a3weddri ng
agent). 25 WD 2004/ 002566 PCT/ US2003/ 020471 [00063] The table bel ow
illustrates that by varying the viscosity, by varying the sucrose
concentrati d00068F wet Thbtdble heloiv iHustoates thateyt wdryingstbewisansity Aoy barying
enhanced w thout the use of surfactants. 5 Viscosity Sucrose Concentration

Quality of apatsugdse Edtitentratic®the%attabildy 30 alpcobriyatettane solitibd dapabebl e
19 50 Hormgeneous coating 61 60 Honpbgeneous coating 100 65 Coatable ""D d

not coat" ing{f avfnﬂ'Ldﬂt”tW%h%‘oY‘@ﬁrféGEnfsoat ed on the mcroprojections.
" Coat abl e" |n | cates that there was coating on the mcroprOJ ections.
"Honpgeneous coating” indicates that the coating fromm croprojection to

m CI’OpI’OJSECtIOI’l and fromarray to array was honogenous. 10 [00064] Al though

the pre\“ S exarml ac hava di cr\llcsed sepatrat alyv th for\hn| nues Of cllr'F ce

pretreat nent and M(S,P%Won of veﬁqcﬁﬁs% Qﬁantlrélt'qrhe dr@gjaﬂy)@mﬁ;ﬁmgén

t hese two n S

utilized in a si ng esenbodl ment|. [ 00065] 3@\Ithough tlhe pr@.ﬁn{otlo@gentlon has
od t of rp

|
h ¢
T

been descr iped—wth—+peferenece 20 Coatable
19 50 Homogeneous coating
61 60 Homogeneous coating
100 65 Coatable

Did not coat" indicates formulation was not coated on the microprojections.
"Coatable" indicates that there was coating on the microprojections.
"Homogeneous coating" indicates that the coating from microprojection to
" microprojection and from array to array was homogenous.
[00064] Although the previous examples have discussed separately the
techniques of surface pretreatment and inclusion of wetting agents in the drug
formulation, these two methods can be performed separately as discussed or
15 both utilized in a single embodiment.
[00065] Although the present invention has been described with reference
to specific examples, it should be understood that various modifications and
variations can be easily made by a person having ordinary skill in the art
without departing from the spirit and scope of the invention. Accordingly, the
20 foregoing disclosure should be interpreted as illustrative only and not to be

interpreted in a limiting sense. The present invention is limited only by the

scope of the following claims.
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to specific exanples, it should be understood that various nodifications
and variations can be easily nmade by a person having ordinary skill in the
art w t hwotodepasebi ng fromthe spirit and scope of thePCTUSRO03020471
Accordingly, the 20 foregoing disclosure should be interpreted as
illustrative only and not to be interpreted in a limting sense. The
present i nved¥hiabrs ¢lainhédristed only by the. scope of the follow ng clains.
26 WD 2004/ 002566 PCT/ US2003/ 020471 What is clainmed is: 1. A nmethod of
coating the surface of one or nore mcroprojections of a microprojection
array conprising the steps of: 5 providing a mcroprojection array

conpri sed of4, OA%@fho%f%oaﬁhﬁrtH@égﬁé*@é bPBse of histe! ABrdpI8jettibhepeacf one or
nore of said mcroprojectionS of said mcroprojection array wwth a net hod

sel ected frqmc% c?xBH%rfaN 04 al'iﬁé]l neg‘%@? dire-et ching, plasma treatnent,

heat treating, r|n I’ng w ergent 10 and rinsing with a

ttin ent: provi a coating, formlation comprising an active agent;
\gﬁpl yi gg%gal d cgaRfPY.'g ’]@(g)? WF%@F{ i aday CPFE’&'@@@@ gEOEﬁ sai d one or

nore m croprojections; and drying said coating formulation onto said
surfaces to rf‘@f(?ﬁrﬁlesiéiaﬂﬁ,ng 15 2. The nethod of coating the surface of one
or nore mcroprojections of a mcroprojection array as disclosed in claim
1 wherein sai d cdegating thersunfaae iof one comarienst saig hcropeojectiprsadd saief f ecti ve
dose of said agent. 20
microprojection array with a method selected from group consisting of chemical
pre-etching, plasma treatment, heat treating, rinsing with an alkaline detergent
10  and rinsing with a wetting agent;
providing a coating formulation comprising an active agent;
applying said coating formulation to said treated surfaces of said one or
more microprojections; and

drying said coating formulation onto said surfaces to form a coating.

15
2. The method of coating the surface of one or more microprojections of a
microprojection array as disclosed in claim 1 wherein said coating formulation
contains a pharmacologically effective dose of said agent.

20

3. The method of coating the surface of one or more microprojections of a
microprojection array as disclosed in claim 1 wherein said step of treating

comprises chemical pre-etching.
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3. The method of coating the surface of one or nore mcroprojections of a
m croprojection array as disclosed in claim1l wherein said step of treating
conpr i seswohem/maiespr e- et chi ng. 27 WO 2004/ 002566 PCT/ Us2@03203040411 4. The
met hod of coating the surface of one or nore mcroprojections of a

m croprojection array as disclosed in claim1l wherein said step of treating
conpri ses plths%etmg%pdmﬂtcoagn@therﬁ@rfmﬁb@n@pr owue ingraniejestiensiebaof one
or nore mcroprojections of a mcroprojection array as disclosed in claim
1 wherei n sanitreprjeadibntarestasidisclosepiin skimhewhetaieatidstep@f treadinget hod of
coating the surface of one or nore mcroprojections of a 10

m cropr oj ectdgipriiddsiyadmadisdtimened in claim 1l wherein said step of treating
conprises rinsing at | east one surface of one or nore mcroprojections with

an al kaline detergent. 7. The nethod of coating the surface of one or nore
m croprojections of a 15 mcroprojection array as disclosed in claiml

wherein said. s of, . treatin onpri.ses rinsing at l.east ong surface of
one. or oy e n Lhasrenan B sahg i Sirie ef i abfare bR reRRtonthl &
coating the surface of one or nore m croprojections of a 20 )

ni cr opr oj ectMEFORIPIEHIOAArEAYAS diselgsed in Figim twhakeir saidssden alieating agent
conprises a surfactant. 9. The nethod of coating the surface of one or nore
m cr opr oj ectdarnprisss keattieatiogr oj ection array as disclosed in claim8
wherein said surfactant conprises 25 a surfactant selected fromthe group
consi sting of sodium dodecyl sulfate, cetyl 28

6. The method of coating the surface of one or more microprojections of a
10  microprojection array as disclosed in claim 1 wherein said step of treating
comprises rinsing at least one surface of one or more microprojections with an

alkaline detergent.

7. The method of coating the surface of one or more microprojections of a
15  microprojection array as disclosed in claim 1 wherein said step of treating
comprises rinsing at least one surface of one or more microprojections with a

wetting agent.

8. The method of coating the surface of one or more microprojections of a
20  microprojection array as disclosed in claim 7 wherein said wetting agent

comprises a surfactant.

9. The method of coating the surface of one or more microprojections of a
microprojection array as disclosed in claim 8 wherein said surfactant comprises

25 a surfactant selected from the group consisting of sodium dodecyl sulfate, cetyl

28



WO 2004/ 002566 PCT/ US2003/ 020471 pyridinium chloride, TMAC, benzal koni um
chloride, tweens, sorbitans, and |aureths. 10. The nethod of coating the
surface oWomaetmeseaore m croprojections of a 5 m cropr@ceats2as/oa047ay as
disclosed in claim1 wherein said wetting agent is present in a
concentration at or above the critical micelle concentration. 11. The

met hod of caopptriditjurhehletide,adAET, benzallsenivb ehiptide otwasinsc sobitenss and

m croprojection array as disclosed in claim1l wherein said wetting agent 10
conpri ses a laptdtheig agent selected fromthe group consisting of HEC, HPC,
HPMC, MC, HEMC, EHEC and pluronics. 12. The nethod of coating the surface
of one or nore mcroprojections of a mcroprojection array as disclosed in
claim1l wherein said wetting agent 15 conprises a wetting agent sel ected

fromthe groyp TRQ%&PBQ% %égf?rﬁ%tdﬁi Qv of (ﬂ‘ﬁ?{)} AfRe gﬂigngﬁlﬁcﬁ*(?M]ija of

coating the siurface © re mcroprojections Croproj ection
array as disclosed.in claim?9 erein.sajd tweens .co isg.a 20,.tween

el ott ad 5 r JPITRROIRE Tiers HRGSER i At TuRaI" SALLHEEE agEMt e et hod
of coating the surface of one or nore mcroprojections of a

ni cr opr oj ectRrefenlipa cercentatipg st @r pRove territicah arieelle eencenti@lionng
formulation has a viscosity fromabout 3 centipoise to about 200
centipoise and said 25 coating fornulation has a contact angle of |ess than
about 100 degrees. 29 WD 2004/002566 PCT/ US2003/020471 15. A nethod of

coating the BurTheéndtho@ e conting thie SGredcePoidE bl Atde Blicroprajecticny 6f £cti on
array conprising the steps of: providing a mcroprojection array conprised
of one or MRroprojection array as disclosed in claim 1 wherein said wetting agent

10 comprises a wetting agent selected from the group consisting of HEC, HPC,

HPMC, MC, HEMC, EHEC and pluronics.

12. The method of coating the surface of one or more microprojections of a
microprojection array as disclosed in claim 1 wherein said wetting agent
15 comprises a wetting agent selected from the group consisting of proteins and

peptides.

13. The method of coating the surface of one or more microprojections of a
microprojection array as disclosed in claim 9 wherein said tweens comprise a

20 tween selected from the group consisting of tween 20 and tween 80.

14. The method of coating the surface of one or more microprojections of a
microprojection array as disclosed in claim 1 wherein said coating formulation
has a viscosity from about 3 centipoise to about 200 centipoise and said

25 coating formulation has a contact angle of less than about 100 degrees.
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5 mcroprojections; providing a coating fornulation conprising an active
agent and a wetting agent; applying said coating fornulation to said
surfaces wbh »ai/@286e or nore m croprojections; and 10 dcyiusgosarai7coat i ng
formul ation onto said surfaces to forma coating. 16. The nethod of
coating the surface of one or nore mcroprojections of a microprojection
array as disclosed in claim15 wherein said coating fornulation 15 contains
a pharmacol ogically effective dose of said agent. 17. The nethod of coating
t he surface 15. Amgethodrafio@ating tlpsaifacd oboise of ndre Micraprojeictions ofiaar ray as
disclosed in claim7 wherein said wetting agent conprises a surfactant. 20

18. The net harr&drof@bh 2erdv @ rastiding thePtepa®for nore mcroprojections of a
m croproj ecti oné)ﬁ?arjréab}/]i as daityscl o%*redﬁ!?n cl a|9m 17 wherein said surfactant

conprises a surf J : - ISk sodi um dodecyl

sul fate, cetyl p r?’g‘%ﬂgﬁ%@%@g’?‘ﬂéé@%ﬁ@gée z'&ggo%?i."ﬁ?nd@ﬁ?% de, tweens, 25

sorbitansg, and |aureths. 30 WD 2004/ 002566 PCT/ US2003/020471 19. The

net hod of cdAfRYCIITEO8r f ace of one or nore microprojections of a

m croprojection array_ as disclosed in claim15 wherein said wetting agent

is present in aRBYENa 2 soathg farmulatignoamprieing antactiye agepbpnd a wetting

concentration. 5 20. The nethod of coating the surface of one or nore

m croproj ectdgemd; of a microprojection array as disclosed in claim15

wherein said wetting agent conprises a wetting agent selected fromthe

group consi sti ng aplyilr§sald¥oating formulation to said surfaces of said one or more
microprojections; and

10 drying said coating formulation onto said surfaces to form a coating.

16. The method of coating the surface of one or more microprojections of a
microprojection array as disclosed in claim 15 wherein said coating formulation

15 contains a pharmacologically effective dose of said agent.

17. The method of coating the surface of one or more microprojections of a
microprojection array as disclosed in claim 7 wherein said wetting agent
comprises a surfactant.

20
18. The method of coating the surface of one or more microprojections of a
microprojection array as disclosed in claim 17 wherein said surfactant
comprises a surfactant selected from the group consisting of sodium dodecyl
sulfate, cetyl pyridinium chloride, TMAC, benzalkonium chloride, tweens,

25  sorbitans, and laureths.
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HPMC, MC, HEMC, EHEC and pluronics. 10 21. The nethod of coating the
surface of one or nore mcroprojections of a mcroprojection array as

di scl osedworoed/@esne1l5 wherein said wetting agent conpr iPEFaS200882¢47ng agent
sel ected fromthe group consisting of proteins and peptides. 15 22. The
met hod of coating the surface of one or nore mcroprojections of a

m cr opr oj ect1®nThe msthed oficeating the surfageadironesonmere microprojectiansnef 2onpri se
a tween selected fromthe group consisting of tween 20 and tween 80. 23.

The et hod ahiceosrbjettioh lerasrad diseloséd imelaim 1BowRerdic saidnogttingiagest f a 20
m croprojection array as disclosed in claim15 wherein said coating

formul ation nrB3éntin\d é&fbﬁe‘n‘tﬁétt&ﬁ%ﬂ%@@e %é%‘da‘l’ﬁﬂhé&lé SoritleitriatigRO

centi poi se and sald coating formulation has a contact angle of |ess than
about 100 degrees. 25 31

5 20. The method of coating the surface of one or more microprojections of a
microprojection array as disclosed in claim 15 wherein said wetting agent
comprises a wetting agent selected from the group consisting of HEC, HPC,

HPMC, MC, HEMC, EHEC and pluronics.

10 21. The method of coating the surface of one or more microprojections of a
microprojection array as disclosed in claim 15 wherein said wetting agent
comprises a wetting agent selected from the group consisting of proteins and

peptides.

15 22. The method of coating the surface of one or more microprojections of a
microprojection array as disclosed in claim 18 wherein said tweens comprise a

tween selected from the group consisting of tween 20 and tween 80.

23. The method of coating the surface of one or more microprojections of a
20  microprojection array as disclosed in claim 15 wherein said coating formulation
has a viscosity from about 3 centipoise to about 200 centipoise and said

coating formulation has a contact angle of less than about 100 degrees.

25
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