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[0004] The successes in achieving reduction in the incidence of smoking have however
been relatively poor with presently known techniques. The present state of the art
involves both behavioral approaches and pharmacological approaches. Approximately
80% or more of the tobacco smokers who initially quit smoking after using some
behavioral or pharmacological approach to singly reduce smoking incidence generally
relapse and return to the habit of smoking at their former rate of smoking within about a

one year’s period of time.

[0005] One approach that is commonly employed to reduce the incidence of smoking
relies upon nicotine containing chewing gum, which is designed to reduce smoking
withdrawal symptoms. The reported success rate, while still relatively low, is
approximately twice that of the other methods, which have heretofore been employed.

There are numerous drawbacks and disadvantages associated with the use of the nicotine
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concentration of the agent. The reservoir is adapted to contact the skin, which enables
the agent to diffuse through the skin and into the body tissues or bloodstream of an

individual, such as a tobacco user.

[0010] As is well known in the art, transdermal agent 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 agents, transdermal delivery has had 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 (i.e., keratinocytes) surrounded by lipid bilayers.
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5,487,726, or as a wetted liquid applied to the scarifier tines, such as disclosed in U.S.
Patent Nos. 4,453,926, 4,109,655, and 3,136,314.

[0014] There are, however, numerous disadvantages and drawbacks associated with
scarifiers. A serious disadvantage in using a scarifier to deliver an agent is the difficulty
in determining the transdermal agent flux and the resulting dosage delivered. Also, due
to the elastic, deforming and resilient nature of skin to deflect and resist puncturing, the
tiny piercing elements often do not uniformly penetrate the skin and/or are wiped free of

a liquid coating of an agent upon skin penetration.
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waledosomiad ng t he transdermal agent flux and t hBCT/US2004/034936

resul ting dosage delivered.4 Also, due to the elastic,
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it dhelofamse @fvieh¥ crfp@bly Small, 5&116 having a microprojection length of
only about 25 - 400 microns and a microprojection thickness of only about 5 - 50
microns. These tiny piercing/cutting elements make correspondingly small
microslits/microcuts in the stratum corneum for enhancing transdermal agent delivery

therethrough.

[0018] The disclosed systems further typically include a reservoir for holding the agent
and also a delivery system to transfer the agent 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 agent reservoir. The reservoir must,

however, be pressurized to force the liquid agent through the tiny tubular elements and
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and tethod for the delivery of nicotine-based agents that substantially reduces or

eliminates the incidence of tobacco and/or nicotine use.

[0023] It is another object of the present invention to provide a transdermal delivery
apparatus having a coated microprojection array that delivers nicotine-based agents at an

effective dose in a bolus delivery.

SUMMARY OF THE INVENTION
[0024] In accordance with the above objects and those that will be mentioned and will
become apparent below, the apparatus for transdermally delivering nicotine-based agents
to a tobacco or nicotine user in accordance with this invention comprises a

microprojection member having a plurality of microprojections that are adapted to pierce
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[0027] The coating fornulations that are enployed to
[60%%“ ﬁ“ﬁ? co%'tlgé: %mafa{lons%ha% graetelmrfj yed to form the biocompatible coatings

preferably include at least one wetting agent and, optionally, a hydrophilic polymer.

[0028] Preferably, the coating formulations include at least one surfactant, including,
but not limited to, sodium lauroamphoacetate, sodium dodecyl sulfate (SDS),
cetylpyridinium chloride (CPC), dodecyltrimethyl ammonium chloride (TMAC),
benzalkonium, chloride, polysorbates such as Tween 20 and Tween 80, other sorbitan
derivatives such as sorbitan laurate, and alkoxylated alcohols such as laureth-4. Most

preferred surfactants include Tween 20, Tween 80, and SDS.

[0029] The coating formulations further preferably include at least one polymeric

material that has amphiphilic properties, including, but not limited to, cellulose



preferably include at |east one wetting agent and,
optionally, a hydrophilic polynmer. [0028] Preferably,

wo b@soeasd ng fornmul ati ons i nclude at | east 0nePCT/US2004/034936
surfactant, including, but hot limted to, sodium
| aur oanphoacet at e, sodi um dodecyl sul fate (SDS),
cetyl pyridiniumchloride (CPC), dodecyltrinethyl

desinativas, lsmmmdnomﬂ(ywu@se @@éﬁd}yﬁ@ﬁmﬁwlwﬁmfw 0se

S at es s e ot her
(}@g/kéc()r g%fﬁ W@F‘ip?f%\ uk?ée (@l@hﬁa@s‘%ﬁgﬁ Qﬁér’]aur ate, and
hydkdk ?e@mﬁfe@@lcanm@deqmmpndaﬁlylladmydﬁhmellmsq (ﬁﬁféf)easrveedl

surtfactants i nclude Tween 20, Tween 80, and SDS.

as[p@omFs- The coating formul ations further preferably
include at |east one polynmeric material that has

hi phi | t | udi but I t ed
[0624) LF@;@%?&?%&@SE% Ao s ey B gpBPY by
thy 5'}55 hlh gol é(rq éélte'a‘ﬁtoEr'WhQ ?chfo‘v{'ll oﬂﬂ"ﬁ%@(vmyl all\c/:g?ol)

XY pr ceI ose ( ceIIquse
p&ly(émsméy@b)h&é)nmﬂi(%hydabkyﬂtlwﬁaeth&elﬁ&@)? paly@-vinyl pyrohdone)

ethylhyd 0X IceIIqu mell as

PYHRGTHE %/ Fivags dhersy tan&?ﬂggz% ations can further
i ncl ude a hydrophlllc pol ymer. Preferably the
hydrophilic polynmer is selected from.th

[OQﬁ tlupin qi@ﬁw,em}apdlg}egt&f@pe) mveﬁlgp?f él? 0&@@&% amég hence,
blBQ(Lr%éa%gf@f:gét%X ﬁ'fcmﬂE %Eﬁ@&fsmcﬁ;r e)’nefeﬁ’ﬂﬂy’ (- vakdphstrictor is

one yet hyl'ene gl ycol and m xtures thereof,
smmfrdnethpgrqampsslstmo@aryudpnhrlae,foafaﬂh@l IABPRIAREAE of

d‘fﬂxéﬁ?,pdlﬁeﬁ r%ﬁtleg%glh%pgl e Cfag;greﬂglr gﬁl{yﬂﬂﬂe' 8BS-08Rd mibSHESE;

e a vasoconstrictor.
n@h@icﬁlha,bioydeﬁﬁrb ect\zsa&cecmmmrafsslnicmymle&xaméilnaq-‘them’kmhcm,t he

;
oIl BRI DR GBTIR RIP RIS G h EREpephdine

tefn%fl 5z%ﬁ§é BrambASIRB 3dhihBieptahi® tyniRblime vasopaesi armle,
naphazol I ne, nordefrin, octodrine, or ni pressin,

anyweuﬂamollne phenylephrlne phenyl et hanol am ne,
phenyl propanol am ne, propyl hexedrine, pseudoephedri ne,
tetrahydrozol i ne, tramazoline, tuan noheptane,

[e0popzal a fiethencasodiness pithaindentiph sheecssing fosaulafionzng, hepce,
bfoaif;rﬁ%%tlg elr @ﬁ g%ﬂ%f%& glcfur(]e a bf&X&Hﬁdﬁ%ﬂ: cafrif E}&%ﬂl&%f

biocompatible carriers include human albumin, bioengineered human albumin,
polyglutamic acid, polyaspartic acid, polyhistidine, pentosan polysulfate, polyamino

acids, sucrose, trehalose, melezitose, raffinose and stachyose.

[0033] The thickness of the biocompatible coating disposed on the microprojections is
preferably less than 50 microns. In one embodiment of the invention, the coating

thickness is less than 25 microns.

[0034] The biocompatible coating provides a biologically effective amount of the
nicotine-based agent and, if employed, a biologically effective amount of the

vasoconstrictor.
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coating the m croprojection ne coat |

baged agdnatlispeseththeiany at | east one ni coti ne- based agent
to forma bioconpatible coating and (iii) applying the
m croprojection nenber to the skin of the nicotine
user, wher eby BRIEF DESCRDFIOBO0F THEMDRAWISGPi er ce the

t cor.neum of the nicotine user and. deli ver t he
B3 B B U ALARES W WCIERIHC FoP D) gk s dellowing and

more particular description of the preferred embodiments of the invention, as illustrated in
the accompanying drawings, and in which like referenced characters generally refer to the

same parts or elements throughout the views, and in which:

[0038] FIGURE 1 is a perspective view of a portion of one example of a

microprojection array;

[0039] FIGURE 2 is a perspective view of the microprojection array shown in
FIGURE 1 having a coating deposited on the microprojections, according to the

invention;



agent di sposed therein. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0037] Further features and advantages w ||
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description of the preferred enbodi nents of the

invention, as illustrated in the acconpanying

drawi ngs, and in which |like referenced characters
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m croprojection array; [0039] FIGURE 2 is a
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batlGhRLOPr oj ections, according to the invention;9 [0040]
FIGJURE 2A is a cross-sectional view of a single
nicroprojection taken along line 2A - 2A in Figure 2,
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i onal view of a mcroprojection arr
déisgbeed itheecilpaolti ng; [ 0042] FIGURE 4 is a side sectional
view of a retainer having a mcroprojection nenber
di sposed therein; and [0043] FIGURE 5 is a perspective

[0048\ GIGURE 5rieh péreyettiveasw of the FokdAdREhAvn IRETAURED.
DESCRI PTI ON OF THE | NVENTI ON [ 0044] Before descri bi ng
the present invention in detail, it is to be
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[0045] It is also to be understood that the terminology used herein is for the purpose of
describing particular embodiments of the invention only and is not intended to be

limiting.

[0046] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one having ordinary skill in the art to which

the invention pertains.

[0047] Further, all publications, patents and patent applications cited herein, whether

supra or infra, are hereby incorporated by reference in their entirety.

[0048] Finally, as used in this specification and the appended claims, the singular
forms “a, “an” and “the” include plural referents unless the content clearly dictates

otherwise. Thus, for example, reference to “a nicotine-based agent” includes two or



limting. [0046] Unl ess defined otherw se, al
technical and scientific terns used herein have the
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[0052] Examples of simple nicotine derivatives include, but are not limited to, amides,

carbamates, imines, enamines, and N-acyloxyalkyloxycarbonyls.

[0053] The noted nicotine-based agents can also be in various forms, such as free
bases, acids, charged or uncharged molecules, components of molecular complexes or

nonirritating, pharmacologically acceptable salts.

[0054] The term “transdermal”, as used herein, means the delivery of an agent into

and/or through the skin for systemic therapy.



tartronate, nitrate, phosphate, benzene sul fonate,
nmet hane sul fonate, sulfate, sulfonate, salycilate and
walombloet1sal t s such as zinc chloride. [0052] EXeompUsm00634936

sinmpl e nicotine derivativedlinclude, but are not

limted to, am des, carbamates, im nes, enam nes, and

N- acyl oxyal kyl oxycar bonyls. [0053] The noted
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e%fh c%véagegttmt% lthe):/actlve 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 the dissolution and release kinetics for delivery of the agent from

the coating into skin tissues.

[0059] The term “bolus delivery” refers to “release of the nicotine-based agent into the

skin within a certain time”

[0060] The term “release of the nicotine-based agent into the skin within a certain

time” means that most (e.g., greater than 50%) of the total delivered dose into the skin is



effective anmount of the active agent to achieve the
desired therapeutic result. In practice, this wll
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m cr opr ot r usi ons use erein, refer to
pi erci ng elenents that are adapted to pierce or cut

ugh the stratum corneum.i nto.the underl.yin _
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mcrons. In a further enbodi nent
5 to 50 microns. The microprojections can also be formed i in dlfferent shapes, such as

needles, blades, pins, punches, and combinations thereof.

[0064] The term “microprojection array”, as used herein, refers to a plurality of
microprojections arranged in an array for piercing the stratum corneum. The
microprojection array can be formed by etching or punching a plurality of
microprojections from a thin sheet and folding or bending the microprojections out of the
plane of the sheet to form a configuration, such as that shown in Fig. 1. The
microprojection array can also be formed in other known manners, such as by forming

one or more strips having microprojections along an edge of each of the strip(s) as



m croproj ections have a projection length of |ess than
500 mcrons, nore preferably, less than 250 m crons.
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the nicotine with an alternative source, such as the

coated m croprojection nenber of the invention, aids

[0088] As indicated above, the present invention comprises an apparatus and system
for transdermal delivery of nicotine-based agents to a tobacco or nicotine user. The
system generally includes a microprojection member having a microprojection array
comprising a plurality of microprojections that are adapted to pierce through the stratum

corneum into the underlying epidermis layer, or epidermis and dermis layers.

[0069] Preferably, the microprojections have a coating thereon that contains at least
one biologically active agent, more preferably, a nicotine-based agent. Upon piercing
through the stratum corneum layer of the skin, the agent-containing coating is dissolved
by body fluid (intracellular fluids and extracellular fluids such as interstitial fluid) and

released into the epidermis layer for systemic therapy (i.e., bolus delivery).



reduci ng nicotine cravings and w t hdrawal thereby

facilitating reduction or elimnation of tobacco
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i nvention conprises an appd#atus and system for

transdermal delivery of nicotine-based agents to a

tobacco or nicotine user. The system generally
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iphtoaegiesy. t he coating thickness and the coating
conposition (e.g., the presence of coating fornulation
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[0073 TR eREIARRSDHIY, 1t MefdBd dhoFh Bné BBbEAAER YL a microprojection
m crogerJ ections in piercing relation wth the skin
ngegiber S for'use with the present invention. As illustrated in Fig. 1, the
microprojection member 5 includes a microprojection array 7 having a plurality of
microprojections 10. The microprojections 10 preferably extend at substantially a 90°

angle from the sheet 12, which includes openings 14.

[0074] According to the invention, the sheet 12 may be incorporated into a delivery
patch, including a backing 15 for the sheet 12, and may additionally include adhesive 16
for adhering the patch to the skin (see Fig. 3). In this embodiment, the microprojections
10 are formed by etching or punching a plurality of microprojections 10 from a thin

metal sheet 12 and bending the microprojections 10 out of the plane of the sheet 12.



ext ended periods of tinme. This can be acconplished by
anchoring the mcroprojection nenber to the skin using
WwW@adlvesiaies or by using anchored m croprojecti OPCT/US2041034936

as described in PCT Publicasion WO 97/48440, which is

i ncorporated by reference herein in its entirety.
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microprojections 10 by a variety of known methods. Preferably, the coating is only
applied to those portions the microprojection member 5 or microprojections 10 that

pierce the skin (e.g., tips 18).

[0080] One such coating method comprises dip-coating. Dip-coating can be described
as a means to coat the microprojections by partially or totally immersing the
microprojections 10 into a coating solution. By use of a partial immersion technique, it

is possible to limit the coating 16 to only the tips 18 of the microprojections 10.

[0081] A further coating method comprises roller coating, which employs a roller

coating mechanism that similarly limits the coating 16 to the tips 18 of the



m croproj ections that include a bioconpatible coating
16. According to the invention, the coating can
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eﬂmmgaapplied to those portions the m croprojection
menber 5 or mcroprojections 10 that pierce the skin
(e.g., tips 18). [0080] One such coating method
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can be deposited.

[0085] Pattern coating can also be employed to coat the microprojections 10. The
pattern coating can be applied using a dispensing system for positioning the deposited
liquid onto the microprojection surface. The quantity of the deposited liquid is
preferably in the range of 0.1 to 20 nanoliters/microprojection. Examples of suitable
precision-metered liquid dispensers are disclosed in U.S. Patent Nos. 5,916,524;
5,743,960; 5,741,554; and 5,738,728; which are fully incorporated by reference herein.

[0086] Microprojection coating solutions can also be applied using ink jet technology
using known solenoid valve dispensers, optional fluid motive means and positioning

means which is generally controlled by use of an electric field. Other liquid dispensing



[ 0084] Anot her coating nethod that can be enpl oyed
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M croprojection coating solutions can al so be applied
using ink jet technol ogy using known sol enoid val ve
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of nicotine. Mdrre preferably, the nicotine-based agent

chasacieristi¢ of wgotine basei ne. [ 0089] There are several
advantages related to the use of a salt instead of the
base. First, use of a nicotine salt is expected to
[008811] Exampledief phachisctitionlyiccepkabie Hicdtine sal@ finchide) bl @faiot

liglsrced to, acetate, propionate, butyrate, pentanoate, hexanoate, heptanoate, levulinate,
chloride, bromide, citrate, succinate, maleate, glycolate gluconate, glucuronate,
3-hydroxyisobutyrate, 2-hydroxyisobutyrate, lactate, malate, pyruvate, fumarate, tartarate,
tartronate, nitrate, phosphate, benzene sulfonate, methane sulfonate, sulfate, sulfonate,

salycilate and double salts such as zinc chloride.

[0091] Examples of simple nicotine derivatives include, but are not limited to, amides,
carbamates, imines, enamines, and N-acyloxyalkyloxycarbonyls. Preferably these
derivatives are reversible and will degrade or be metabolized to nicotine once introduced

into the body.



conpared to nicotine base. Another advantage is that
the salt formof nicotine is expected to result in
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steysain selgtiéns obt ai ned by drying a fornulation on the

m croprojection as described in US patent application

2002/ 0128599. A nunber of factors affect the
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herlc essure and vapor essure of the
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present a nuch |ower volatility as c
uni oni zed forms. For exanple acetic acid presents a
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contains an atmosphere (usually inert) that represents a volume of at least 3 mL. This
large volume (as compared to that of the coating) acts as a sink for any volatile component.
For example, at 20° C, the amount of acetic acid present in a 3 mL atmosphere as a result
of its vapor pressure would be about 0.15 mg. This amount is typically what would be
present in the solid coating if acetic acid were used as a counterion. In addition,
components of the assembly such as the adhesive are likely to act as additional sinks for
volatile components. As a result, during long-term storage, it is likely that the

concentration of any volatile component present in the coating would change dramatically.

These conditions are atypical of packaging of pharmaceutical compounds where large
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acid, malic acid, pyruvic acid, tartaric acid, tartronic acid, fumaric acid, and salycilic acid.

[0099] According to the invention, nicotine and the counterion can be combined in
various stoichiometric amounts. Excess of counterion (as the free acid or as a salt) can
be added to nicotine in order to control pH. Mixtures of different counterions can also

be used.



acconpl i shed with an acidic conpound having a pKa
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evaporate and/or migrate inosystem conponents, which

wWill result in poor stability of the system Exanples

of volatile counterions include, but are not limted
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additives (wetting agents, viscosity enhancing agents)
can al so be added to the fornation.

[0104] According to the invention, the nicotine-based agent used in the present

invention requires that the total amount of the agent coated on the microprojections of a
microprojection array be sufficient to effectively delivery in the range of approximately
0.02 — 2.0 mg of the agent to a nicotine user. According to the invention, amounts
within this range can be coated onto a microprojection array of the type shown in Fig. 1
having an area of up to 10 cm? and a microprojection density of up to 2000

microprojections per cm?,



Fol l owi ng drying, the forrmulation is substantially

free of volatile solvent although residual solvent may
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of the nicotine-based agent2lin the coating formul ation

Is preferably in the range of approximately 5 - 80 wt.
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[0108] Preferably, the concentration of the surfactant is in the range of approximately

0.001 - 2 wt. % of the coating solution formulation.

[0109] In a further embodiment of the invention, the coating formulations include at
least one polymeric material or polymer that has amphiphilic properties. Examples of
the noted polymers include, without limitation, cellulose derivatives, such as
hydroxyethylcellulose (HEC), hydroxypropylmethylcellulose (HPMC),
hydroxypropycellulose (HPC), methylcellulose (MC), hydroxyethylmethylcellulose
(HEMC), or ethylhydroxyethylcellulose (EHEC), as well as pluronics.



[0106] In one enbodi nent of the invention, the coating
formul ations include at | east one surfactant.
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c6atihg-foﬁuﬂattmn% of the coat| ng formulation. [0111] As
w || be appreciated by one having ordinary skill in
the art, the noted wetting

[0114] According to the invention, the coating formulations can further include a

biocompatible carrier such as those disclosed in Co-Pending U.S. Application No.
10/127,108, which is incorporated by reference herein in its entirety. Examples of
biocompatible carriers include human albumin, bioengineered human albumin,
polyglutamic acid, polyaspartic acid, polyhistidine, pentosan polysulfate, polyamino

acids, sucrose, trehalose, melezitose, raffinose and stachyose.

[0115] The concentration of the biocompatible carrier in the coating formulation is
preferably in the range of approximately 2 — 70 wt. %, more preferably, in the range of

approximately 5 — 50 wt. % of the coating formulation. Even more preferably, the



agents can be used separately or in conbinations.
[0112] According to the invention, the coating
wo evosiohaBd ons can further include a hydrophil i BCT/US2004/034936
pol ynmer. Preferably the hyadsophilic polymer is
sel ected fromthe follow ng group: poly(vinyl
al cohol ), poly(ethylene oxide),

cpadepirationyd thewyesting Agerttihindhelangeedf apprexignately 1 Gy #O wt. % of the

' ). polyethyl ene glycol and m xtures thereof,
O%tg]%:f?%gﬂag%}flyrrers. As is well known in the art, the

noted pol yners increase viscosity. [0113] The

entration of. the hydrophilic po]ymer in the
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range of %Eprom mately 0.03 - 10 wt. % of the coating
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range of approximately 5 - 50 wt. % of the coating
formul ati on. Even nore preferably, the23 concentration

[0F17) heh¥edrickiiEhtia 8MNthe i SsotdhstridRr, iBaBToRY, B PRAGHHIYEL 18 Yange
10 - 40 mt. % of the coating fornulation. [0116] The

of gpprexigately0-k we % W&t Grrfdlistopting her i ncl ude a
vasoconstrictor such as those disclosed i n Co-Pending

U S. Application Nos. 10/674,626 and 60/ 514, 433, which
[@F18] i Mrcynt pantiagr enhbpdimentfod therineentien, diercontingt famnulations include at

B et A OB SR O e
AvpBesion odes9 Jogi3anehiali tsaficorporated by reference herein in its entirety. As
set forth in the noted Co-Pending Application, the pathway patency modulators prevent
or diminish the skin’s natural healing processes thereby preventing the closure of the
pathways or microslits formed in the stratum corneum by the microprojection member
array. Examples of pathway patency modulators include, without limitation, osmotic

agents (e.g., sodium chloride), and zwitterionic compounds (e.g., amino acids).

[0119] The term “pathway patency modulator”, as defined in the Co-Pending
Application, further includes anti-inflammatory agents, such as betamethasone 21-
phosphate disodium salt, triamcinolone acetonide 21-disodium phosphate,

hydrocortamate hydrochloride, hydrocortisone 21-phosphate disodium salt,



application on the mcroprojection nmenber. Preferred

vasoconstrictors include, but are not limted to,
waniodeptisd ne, cafam nol, cycl opentam ne, PCT/US2004/034936

deoxyepi nephri ne, epi nephri2zhe, felypressin,

i ndanazol i ne, netizoline, mdodrine, naphazoline,

nordefrin, octodrine, ornipressin, oxynethazoline,

npsithetpyrednisorang é 1 -ppmhgtp dispdin® Isalfringpshylprednisolone 21-succinaate
I . .
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7 IRFEms 3Ri AR naphazol i ne, tetrahydrozoline
i ndanazol i ne, netizoline, tramazoline, tynmazoli ne,
oxynmet azol i ne and xyl onetazoline. [0117] The
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Application, the pathway patency nmodul ators prevent or
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Preferably, the coating thickness is less than 50 microns.

[0124] In one embodiment, the coating thickness is less than 25 microns, more
preferably, less than 10 microns as measured from the microprojection surface. Even

more preferably, the coating thickness is in the range of approximately 1 to 10 microns.

[0125] Inall cases, after a coating has been applied, the coating formulation is dried
onto the microprojections 10 by various means. In a preferred embodiment of the

invention, the coated member 5 is dried in ambient room conditions. However, various



[0120] According to the invention, the coating
formul ati ons can al so i nclude a non agqueous sol vent,

wa eobk/oag3et hanol , chl orof orm et her, propyl eneP@l/ysmo4/034936
pol yet hyl ene gl ycol and theslike, dyes, pignments,
inert fillers, perneation enhancers, excipients, and
ot her conventi onal conponents of pharnaceutica
tempethieres amsrhumidifsldenlnesh be esddde drykhrosaatingifortelatien onto the

er a

Yo B Ry, B T LB Y A BB BB B30, foeoe
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vi scosity characteristics of the coating formulation
and the physical integrity of the dried coating.
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the invention, the desired coating thickness is
dependent upon the density of the m croprojections per
(o7} Afeaplatenidneofthemicrapndiedtive nwintbes i thie Astdiner ring 40, the
concentration of the cgatlng conegﬁitlon as well as
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ing thickness is in the range of
apprOX|nater 1to 10 mcrons. [0125] In all cases,

r ti ng has, been. applied, t coat i
i rSoiBRe PR e e R O et R arh fhe nygpent
itRfti Hkan AR BS empRyet Witiethe hederaiib ottt ABMferyddysteMand apparatus
i nvention, the coated nmenber 5 is dried in anbient

disgloprddp farRending ApplisaEiorNo- §P4H#¢d325 t enper at ures and

hum dity | evels can be used to dry the coating

formul ati on onto the mcroprojections. Additionally,

the coated nenber 5 can B3AMBRERd, Iyophilized freeze
imlar te hnlgues use

[(?1 fnd t"[ﬁ% fog gatlngnexamf) ) YEBIVEL oA hose ihed 1'n,_tche art morrﬁ:I

erri ng nOW
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limiting the scope of the invention but merely as being illustrated as representative
thereof.

Example 1
[0130] An aqueous solution containing 40 wt. % nicotine hydrogen tartrate was
prepared. Sufficient fluorescein was added to the solution to generate a 0.001M

concentration. This agent was used to assess the quality of the coating after drying.

[0131] A strip of titanium foil was prepared by washing the surface with acetone and
drying. Five microliters of the coating solution (or formulation) was applied and dried

for four hours at room temperature. The quality of the coating was very poor when



menber 5 is preferably suspended in a retainer ring 40

by adhesive tabs 6, as described in detail in
w@eeoRemddng U. S. Application No. 09/976, 762 ( Pedyr/uBimn4/034936

2002/ 0091357), which is ineerporated by reference

herein in its entirety. [0127] After placenent of the

m croprojection nenber 5 in the retainer ring 40, the
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improve ordinary skill in the art, the present

i nvention can al so be enpl oyed mﬁth t he transder nmal

drug delivery system and apparatus disclosed in

Co- Pendi ng Application New,60£514, 433. EXAMPLES [0129]

The followi ng exanpl es are given to enable those

[8132] | &d3Q wt. Oheicetirte HQ splutien isipecpatey imwder Skcethet sahugion is
ent venti h uId b
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0.001M concentration. This agent was used to assess

deriee i§deunidiy cetain pe 300 arisregyamy efmicating Heg. When gjdeyice is
oG Bl Bk U iR U RE R MBS 20123675,
delireercafanorn thas G0UL afdlre rionting omma_lhaltqnam progsti@pd dchidvehd
dried for four hours at roomtenperature. The quality
of the coating was very poor when26 vi ewed under a
fluorescent mcroscope, degmipsly ating poor metting
&ro erties of the nicatine solution. Wen 1w. %

dF oXYansAYS slplign Wadstgaf Resde @rcpt%@smwp%&moxypmpyl
njiv\eéE{i §Qe'h tl-h[ﬁg'sl\ilN piPME! MethoD EIGFdnARE TV BETE BHWERnTRL %Hlp@ﬁy,

Midland MI) and 0.2 wt.% Tween 20 is prepared. The coating solution is then applied to

the microprojections using the coating methods described in U.S. Publication No.
2002/0132054. The coating is evaluated and found to be well distributed across the
projections. The coated and dried projections of a 2 cm? device is found to contain ca. 400
micrograms of nicotine base. Application of the device to the skin results in the essentially

immediate delivery of 300 micrograms nicotine base to the user.

[0134] From the foregoing description, one of ordinary skill in the art can easily
ascertain that the present invention, among other things, provides an effective and
efficient means for transdermally delivering nicotine-based agents to a tobacco user to

substantially reduce or eliminate the tobacco usage habit.



1890000, Mh 1050000) was added to the sanme coating
sol ution, the coating noticeably inproved. Exanple 2

WO 0b32)4180 30 wt. % nicotine HO solution is preEBRUSINNG/0B4936
water. To that solution is2added 0.1 wm. %
hydr oxyet hyl cellul ose and 0.2 wt.% of the surfactant
Tween 20. The coating solution is then applied to the
nicroprojections usi ng the coating nethods descri bed
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20 is PrRSpFAsEEEM The coating solution is then applied
to the mcroprojections using the coating nethods
described in U S. Publication No. 2002/0132054. The
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the user. [0134] From the foregoing description, one
of ordinary skill in the art can easily ascertain that
the present invention, anong other things, provides an
effective and efficient nmeans for transdermally
delivering nicotine-based agents to a tobacco user to
substantially reduce or elimnate the tobacco usage
habit.27 [0135] As will be appreciated by one having
ordinary skill in the art, the present invention
provi des many advant ages. Anong the advant ages are:



Ef fective transdermal bol us delivery of nicotine-based

agents; Rapid admnistration or on-set of nicotine;
wEbdosoi413® treat nent for break-through cravi ngpdUsI0g4/034936

tobacco quit attenpts by ad#inistering small anounts

of nicotine when needed; and Convenient nethod for

suppl enmenting nicotine replacenent therapy enploying a

pat ch system [0136] WthélAlMSparting fromthe spirit

Vﬁ§3'§@qﬁf of this invention, one of ordinary skill can

5 §amedi¥ changes and nodifications to the

i nvent i onAf eppackaitfor frank@ervally duliSeritfpai@sinababed agents to a

conditions. As such, these changes and nodifications |
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clai ns. 28 AIMs What 1s Cained is: 1. appar at us

nfeprbet inglndide e ividcbmpatibl soatinglapvingeblensi enbriselinedgesdiagento

a nicotine user, conprising a mcroprojection nenber

having a plurality of mcroprojections that are

adapged tDhepippirates sHCHinm il Odlicreie sdid picOtinediasaaitagent is selected

corneum said mcraoprojectiaqn nenher including a
f@p‘b@s Bio4P CRfIsisting g I}l&ﬁmﬁ gﬁeﬁacoépe g%ggpcll SH’@% Aerlgatlves of
noGfd i ne- based agent. 2. The apparatus of C aim 1,
wherein said nicotine-based agent is selected fromthe
group consisting of nicotine base, nicotine salts and
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Claiml, I'n eac sald mcroprojectio a
ldngthgeds thapsppiokmmtap peWxnigmnel y 1000 m crons. 4. The
apparatus of Claim 3, wherein each of said

m croprojections has a |l ength | ess than approxi mately
500 aj cr OTige apparathh 6f GRRAB AVlsein taclofibdid ficrypreiecions Bach
of said m croprojections has a |l ength |ess than

lengty lgseithaRaBP P X BElYip @G BIEONS6.  The apparatus of C aim

1, wherein said bioconpatible coating further

5. The apparatus of Claim 4, wherein each of said microprojections has a

length less than approximately 250 microns.

6. The apparatus of Claim 1, wherein said biocompatible coating further

includes at least one wetting agent.

7. The apparatus of Claim 1, wherein said biocompatible coating further

includes a hydrophilic polymer.

8. The apparatus of Claim 1, wherein said biocompatible coating further

includes a surfactant.

9. The apparatus of Claim 1, wherein said biocompatible coating further

includes an amphiphilic polymer.



i ncludes at |east one wetting agent. 7. The apparatus
of Claim1, wherein said bioconpatible coating further

WO p@b0da39 a hydrophilic polynmer. 8. The appar ap@EUS$004/034936
Claim1l, wherein said biocaéfpatible coating further
i ncludes a surfactant. 9. The apparatus of Caim1,
wherei n sai d bioconpati ble coating further includes an
anphilhi | iTbe prpaiptisiof imd, wiltie szip piecemppsiblsfcoding farther

l}qﬁgéega%g{ogmskr%onpat| bl e coating further includes a
vasocons . The apparatus of Claim, wherein

sai d bi oconpatible coating further |ncludes a

bi oc npat le carri 1 The a rat us

oher din s SheTR B B eV ESSE S DTl e uither
lhﬁ@§$hm§ﬁoﬁpﬂﬂm§&ﬂﬁﬁe|y 50 m crons. 13 The appar at us
of Caiml1, wherein said bioconpatible coating has a

t hi ckness | ess than approxi mately 25 microns. 14. The

appanat usthf, pgax%kdé‘o%maﬁ it Qﬁérmk%h"dﬂic&g %i%leao%giiﬁg‘:l@a"s Qr

havi ng a contact1 ng sur ate, erein sa
thicknespless that approximeartle 50 ndcrped. easabl y nount ed on sai d
applicator by a retainer and wherein said applicator,
once activated, brings said contacting surface into
cont agt Wrhdappataths@F Clad Nl OjvREEih Q4id BRIG@patible @dGAY lais a

er that said n1cro?rqjection menber strikes the
t@@@%%ﬁ%@%@@fﬂww &> AI¢8RS ne user with a power of
at least 0.05 joules per cnR of the m croprojection
menber in 10 mlliseconds or less. 15. A nethod for
t r anddier n&h¢ gppaeus péfiaig lafurtherdrdlydingrnsapplicatemevingaa

e S [

c%ht%&oﬂg:égrfﬁe%t &/léeﬁg’ ﬁe% 'rrﬁ&rﬁgrvfegﬁeon &S‘fflﬁ r 95{ e eQJa ngdurﬂg:d%n said
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ni_cot.i ne stratum cor.neum . sal d cro ect.i.on
TP ERERG N4 B BRSHRRLET BravE 3h 1R g THaDr i st
rhieRptoj@H6n MemBEH b B QHa1BMARRENeu M the nicotine user with a power of

at least 0.05 joules per cm? of the microprojection member in 10 milliseconds or less.

15. A method for transdermally delivering a nicotine-based agent to a nicotine
user, comprising the steps of:

providing a microprojection member having a plurality of microprojections that are
adapted to pierce said nicotine user’s stratum corneum, said microprojection member
including a biocompatible coating having at least one nicotine-based agent; and

applying said microprojection member to said nicotine user’s skin, whereby said
microprojection members pierce said stratum corneum and deliver said nicotine-based

agent.

16.  The method of Claim 15, wherein said biocompatible coating is applied to
said microprojection member by immersing said microprojections in a coating

formulation.



appl ying said m croprojection nmenber to said nicotine

user's skin, whereby said mcroprojection nenbers
w@R@soe+13ai d stratum corneum and del i ver sai d PCT/US2004/034936

ni coti ne- based agent. 16. Bhe nethod of C aim 15,

wherei n said bi oconpatible coating is applied to said

m croproj ecti on nenber by i mersing said
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thod of Claiml5, wherein said.bio atibl.e coating
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The nethod of C aim 15, further conprising the steps
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and Brovidirgtanggplicatos hapng 3 eonfagring Birfaes, wétreix sgid microprojection

AL L b AGEd | NEAG oy Wb ins2h

H%Q{g)%opr ofhg%t?or? ng%%ﬁégra‘?(li%%su%% 3 ‘manner ‘?%at sai d

m cr oprtdyatiog sadhappiindserto dting keédcontacting surface into contact with said

microprojection member in such a manner that said microprojection member strikes



