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[1] This invention relates generally to the adm nistration of conpositions
(such as wahavmsmeuti cal conpositions) for cutaneous adm rRCIVUSIRI18198

i ncluding transdermal absorption through the skin. In particular, this

i nvention conbines the previously unrelated technol ogies of pharmaceuti cal
adm ni stration and inkjet technology. [2] Pharnaceutical conpositions

provi de effective treatnents for a variety of illnesses. Unfortunately,
there are many obstacles to the adm nistration of therapeutically
effective doses of many neEVEANEOUS. ABMINSTRATONs SKSTHMIgs (particularly
pepti de based drugs such as insulin) are partially or totally inactivated
followi ng oral ingestion, by the highly acidic environnment of the stomach.
Anot her problemis the "first pass" INTRODIUCWOXh refers to the partial

inactivation of orally in est I|ve ter t.hey have been
absor bed fromithe ?&é%? BIHPESS ‘?SiﬁFneg@g'tt%me Hfign ggctoﬁ’é’ﬁmﬁﬂéés%éé’?ted
their full tph@ﬁﬁp@u&éleomp&sﬁtﬁﬁb) fomem@ﬂmiﬂmaom ﬁlﬁﬂlid&@ra&ﬁc&nﬁader cone
patlents often fail to tggg%h ir . nedigations at escrl

intervals, @bsofRfiongigaughd r PRtichgt s npertion c?‘Blt’m%’c,t ’i? Beke

t her apeut i C 1dcBRA1ONSFf phakinabdfisl Al Bikddatidshdiinlj &t ddhaalbgyadm nl stratl on have
been used as alternative routes of drug_ delivery. In al ed drugs can be

absorbed dired?ly HhpsrgeticHeoRpeBlns RESviste aiva gatmepts £ @ vetiety Of t he
respiratory 1ﬁrfe§'s%§ Pﬁf&ﬂﬁ&*@é{y,%&é 5 21aR9 obdticlds & thb aaﬁmsﬁaﬁémtwr Jieau@@gyl ve

subst ances Iver nhal ati onal delivery can al so provi drugs
directly to eﬁhéwa desgs pEmanyi medjcagpnsa dior @wn(p@ eqm@@ugmamelﬁg@/ mptld%based

sinuses). m'%ﬁ rsrl?c%%s %suﬂ@%ﬂa?ﬁaﬁl?% @)ﬁallgs as 511 fog%dﬁlgat ! fitg %ﬁoﬁfl‘r é ive for

the delivery su pepti de
based dru g S h(ghMidlq/enmranmcm p&tha samaeld aitisr pebleons the$irsh gasybeféscb avhikbs e

i nhal ers é %Ip\/\ﬁ” lelna 1%% oh o?f {aﬁgnl{ggggd &rﬁ%s g%ﬂ}d@?%ﬁ&qh S}{}ga% F%}ll on with

actuation 01‘r PR dUsome pa f0 na
t echni que. [kbsoetmddrom magamtrmesamal kystenf, betrbefwe they ha‘t@x&@ddéh@lhﬁllﬂmﬂawatw on at

prescribed tj or _for,the cessar er| 0 achi.eve clinical
goals. O herE%tg%t P&%‘ghﬁnﬁgﬁvg?&g@ﬂ}sl gefg? Efn ful E()fj%l(ee tirqr%l{jl cations,
| eading to rﬂbﬂﬁ:ﬁlldn%bt ﬁlabrdpeﬁpresmfﬂbéﬂ 1dﬂetvylls (afl‘fdr thwee’cesi;e@tﬂerloc[ dftiche) t@n ef f ort

to overconme sych prohle sonme drugs are adm nistered by passive
cut aneous r&Eh‘%‘éeans’B ]gfger?l?eém%’c?é?%g?' delivery of drugs froma patch

applied to thesski Nnha¥hofd/20@ hfiBasRGimIRAidBAA8 been used as alternative routes of

drug delivery. Inhaled drugs can be absorbed directly through the mucous membranes and

epithelium of the respiratory tract, thereby minimizing initial inactivation of bioactive
substances by the liver. Inhalational delivery can also provide drugs directly to therapeutic
sites of action (such as the lungs or the sinuses). This mode of administration has been
particularly effective for the delivery of pulmonary drugs (such as asthma medications) and
peptide based drugs (usually via intranasal administration), using metered dose inhalers
(MDIs). However, MDIs often require coordinating inspiration with actuation of the MDI,
and some patients are not able to master this technique. Moreover, patients still often forget
to take the medication at prescribed times, or for the necessary period of time to achieve
clinical goals. Other patients inadvertently or inappropriately use medications, leading to
hospitalizations, morbidity, and even death.

[4] In an effort to overcome such problems, some drugs are administered by passive

cutaneous routes, such as transdermal delivery of drugs from a patch applied to the skin.



2 Exanples of drugs that are routinely adm nistered by this route are
nitroglycerin, steroid hornones, and sone anal gesics (such as fentanyl).
Transder n&lD 0asied7a7 strati on avoids initial inactivation offCarusgy1iipst he
gastrointestinal tract, and provides continuous dosages wusually over a
relatively short period of tine (such as a day), without requiring active
participation by the patient. Continuous sustained adm nistration provides
better bioavailability of the drug, w't Hout peaks and troughs, and

elimnates the problemof the patient, forgettjng to take pultiple, doses of
the drug thr%ﬁ’é‘ﬁ’é Ofgﬂgs%?‘ref-%\?@?}&ad’?ﬁ?wﬁ RyHhis ?arﬁélt’i?ﬂ%’ﬁﬁf@bl“te@&ﬂl arly,
usual | y eachhdiipnes} Shdioméiafiflgadich BREISSAeMati VI T raRAGHAL Ad@lihiofation avdille pat ch
to establish, the correct concentration gradient for delivery of the
appropri at e ’&Hg‘g‘naﬂvatl?fbowr%&j iy the gastrofniestingl fract, andiprovides gentinueys dogages
transder mal sgfEet a BAtivEBTHorPherbaWiime (RBh &4 a8 Wittglite@firifl 4é@e t0  the
surface of the skin is also used for treating many skin conditions. For
exanmpl e,  anRarb§ipatiop &y Hegatiensi cantingousdustpined administrasion peovides hettep t r eat

i nfection, i i QI ]
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t he skin. [G%ft%e(\{riucgcsr Saég L et hods are di sclosed herein for inproving the
cut aneous de iveryg of rugs,” by using inkjet-like applicators for

t ransder mal angs] ot hkradditioa newansdalabl sysenicaklivetly ofjdugsiiobitalatettvey st éigs foor
adm ni strati drugs.in t.his fashjon are al so _described._ BRI EF DESCRI PTI ON
OF THE DRAVREETTE6Y Ofshetskin 15also3 Sl IOk et iany st GhAdHOBY ForqenmBalfe i al | y
schematic, virgibiotits @8 epicanyadmihisfrddrta iR B rea RFbdt0Al dneth3¥SloFvat pain,
illustrated herein, having a .ding,e[]ser and a transder nal Batch applied to
a human ar m *pB]dspdeaacpg andminqigsl f peat baiplosss) Tpsa Jragsdpusy peiipeptedine
transder mal gppAbd ©ahd &kih toR¥BiLRThEF effdcBandmudGWe dddaddl rGSeqVR by Brainage
transdermal patch for dispensing. [9]. 3 is an enlarged, front
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d
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[6] Devices and methods are disclosed herein for improving the cutaneous delivery

of drugs, by using inkjet-like applicators for transdermal and other cutaneous delivery of

drugs. Kits and systems for administrating drugs in this fashion are also described.

BRIEF DESCRIPTION OF THE DRAWINGS

[7] FIG. 1 is a perspective, fragmented, and partially schematic, view of one form
of a transdermal application system illustrated herein, having a dispenser and a transdermal
patch applied to a human arm.

(8] FIG. 2 is an enlarged, side elevational view of the transdermal application
system of FIG. 1, shown in place over a transdermal patch for dispensing.

[9] FIG. 3 is an enlarged, front elevational view of the dispenser of FIG. 1,
showing a container module removed from the applicator and a protective cap for placement

on the droplet head during periods of inactivity. This figure also schematically illustrates



3 how the applicator may be connected to a renote control device, such as a
conputer. [10] FIG 4 is a top plan view of another formof a transdernal
pat ch, whwohi3nes7obe used in conjunction with the transdergalusappiipgati on
systemof FIG 1. [11]] FIG 5 is a perspective, fragnented, and partially
schematic, view of a nore conpact alternative formof a transdernal
application systemillustrated herein, having a conpact dispenser which
may be used with or without a patch, her® shown retained against a human
arm [12] FIG 6 is a cross-sectional, side elevational view of a renovable
modul e of t hew tidiappliase magbe BorBectsd to[alr@hotelc@itrol dgwcea susbias @ AOPPUEr- vi ew of
the nodul e of FIG 14], FIG 8 is_a.SC i I (=1P [

cross- sect i on,1%f gf@'a‘f {Sea]rtﬂ%?lla{%l eweoﬁﬁ%o ﬁeﬁ%@ﬂaﬁra&%@%al g%p’o‘g%%l?ll\i}gyg%ent is
admi ni st er egkefl 10eOnunictier whh the &tangdiesyé agpdication sgsters of Bigkous t arget, such as a

pad, acting as a s tptute for, conventional intravenous ("1 V¢

admi ni st rati odtlbf # ﬁg %fsc?é%?fsip%w&%wen ‘?@]ﬂd P'Tuﬁaﬁy clg%m%lcs§l vé'\é'g%l{anvogfi onal

view, part Leérhpalci élteﬁ{aﬁséifoilﬁ@&”h&m?]sda{na% k@liﬁdt'@ﬁsyﬁfnmﬂlustreﬂﬁpﬂldrﬁm;liwimg ayst em of

FIG 5, taken along lines, 9--9 thereof, shqw ication o .

bi oact i ve- cEIRASH @lﬁRfﬁseét"‘ﬁ’fCZ@Ea}yﬂ’ﬁ usgywith OrS‘Yfﬁ’r?uQagpag&gL‘%rﬁ ot rﬁ%’ﬁeg?gaé?ﬁa

salve to thgpgkidamilere on a skin blem sh, such as a wart. DETAILED

DESCRI PTI ON OF PARTI CULAR EXAMPLES [ 16] Unl ess ot herw se npot eogil t echni cal

terms are usedizhccEiG hif a @oswaciontl Birglevationgygew Pi“’r’i’i“?"lag]ﬁén le@gﬁiﬁ)n

ternms in phafsﬁ%gﬁloggy&ngy be found in Rem ngton: The Science and Practice
t

of Phar macy, It Q'n, publ i shed b‘\; Mack Publishi ng Conpany, 1995
(1 SBN 0- 912734134- B)G. Tislentieoryradn dew plibe podule @f EXisked in particul ar at

page 743 and Pﬂge%lé%%Ys'a]"s%ﬁeAmat{cije]w ?ﬁ% 8 AP s8keckiBh /6% an Riternati®. ~ and "t he”
refer to one df moreé than one, unles tﬁe. context clearly dictates

ot herwi se. @inbodimem howhigr 4 bibangive agsahis adminstaref! figm 2 thersil j@dispgRseripa r ef er s
to a predeterm ned pattern I ch, ' Hravehdds GG R -
Exanpl es of © tl"“?ea?y%taggreé S}wlhnaesél&{g!cii’i%g lrf%a%t?? :ﬁ%sﬁg& %f& £ J\;/\rgl-glg:icﬁl‘élnlsfr%vﬁal S?rat r ?c es.

[ 19] A "Dbi oadgminweratieosfithsbibacting agubst ance or agent is a conposition which

affects a biol ogi ﬁééunct' on of subj éf@%’ (Lo i .Shered. An
Sxampl o of a BiSacte o srrsRs BB gy eloh, SAnARRA:
application system of FIG. 5, taken along lines 9--9 thereof, showing application ofa
bioactive-composition-attracting agent, such as a cream, a paste, or a salve to the skin, here

on a skin blemish, such as a wart.

DETAILED DESCRIPTION OF PARTICULAR EXAMPLES

[16]  Unless otherwise noted, technical terms are used according to conventional
usage. Definitions of common terms in pharmacology may be found in Remington: The
Science and Practice of Pharmacy, 19" Edition, published by Mack Publishing Company,
1995 (ISBN 0-912734-04-3). Transdermal delivery is discussed in particular at page 743
and pages 1577-1584.

(171  The singular forms "a," "an," and "the" refer to one or more than one, unless the
context clearly dictates otherwise. The term "comprising” means "including."

(18]  An "array" refers to a predetermined pattern, which can be either regular or
irregular. Examples of arrays are linear distributions or two-dimensional matrices.

[19] A "bioactive" composition, substance or agent is a composition which affects a

biological function of a subject to which it is administered. An example of a bioactive



4 conposition is a pharnmaceutical substance, such as a drug, which is given
to a subject to alter a physiological condition of the subject, such as a
di sease. BD®AO2479E subst ances, conpositions and agents alPs@/usaviugke ot her
bi onol ecul es, such as proteins and nucleic acids, or |iposones and ot her
carrier vehicles that cont ai n bi oacti ve substances. [20] "Cutaneous" refers
to the skin, and "cutaneous delivery" neans application to the skin. This
f orm of dellvery can include either delifery to the surface of the skin to
provide a |ocal or topical effect, or transdernal delivery, in which a
drug di f f useempdsitipngha phesmegentical subsipaceesushds @ Aue, Wiigh s siieRIi/s spiect to

m crovascul ghyr, ﬁyh leroggalfcgﬁdlﬁynsé H% ﬁlbj%g‘mxlﬁpscé b aktRp ﬁfoaét@/@ sulsifanes, [21] The
present disclos g cerns an applicator cut aneous del1very of

bi oacti ve compp@ltims)and@emg also fnstuddiothpehiemplecesc such 9s profsins 2néiedddie i ¢ or
thermal jet _di.spepser Il n the inkjet
printing ar fi%lds ‘?ﬁep (ﬁomese%ngieorthei?ﬁéﬂgrc‘%hl% 7 ﬁla? c{h%ljri]@(r&ATtQE Sﬂ%@ﬂ?éﬁg t he ]

bi oacti ve ager[no]andcd'fahmue'hiefegs ﬂotthetstkmaamﬂ '&pmmms ddiviefyl' oeansoappbestian featie  of

di spenser o S ermal .or ctric eC|

amounts of allf ﬁﬁ‘é@m’f?od%r TY90L Cofy gy eseé ertdc?\f%%to th%u'frgﬁ Pt%e Sklm ‘§§
enbodi nent, lc&:aﬁ(ﬂa@lﬂdial eﬁ“ea,lcsmraﬁydex\maueawe@emﬁmmagdifﬁ;smmugmﬂmfskme and a
cut aneous target, ace, the di.spens a desired dl.st nce awa omthe
cut aneous té‘t‘rgaé\‘t" aB‘LF‘F% © Jaderlyinemigovasq atB’f 9£ é‘ésyétﬁg’fﬁa mf’WistEa% éé&??

be attachedgtyy, either the skin or the dispenser, or nerely be |nt er posed

between them ~to provide an interface across whjch the bjgactiye substance
may be distribH#led Tﬁ‘P@FﬁS?THéhSC’BF‘F? Fouserngen dppHeatefonrHtansousidedysry Pres, to a
cut aneous t@fcﬁ@ﬁve c-gﬁl‘f)o&ﬁ&gl%ing@%& dlfﬁﬁééﬁi%uéhkds@ pRZodlectikbrthdAhlBs dlﬁiéﬁikr as a
transdermal drug delivery patch, which acts as a reservoir for subsequent
prol onged t ferrisdenceaf a ersisiryaiioy ugsd in s inlget printingas. The dispangstincdidsdai nent s,
the di Spensggmhlﬂ%] ilﬁl%ﬁl %&@ﬁ:\;e' A$Ent3HE Bdliveind B a&l%ﬁ@r Bffice, glxeﬁirmlla§s of
agents that can I nc 5 I n the container 1nclude phar maceut i cal

conposi t i onsf dispansexrosificesp e ehenalior aws@éqcrmuefdmnelsmrgﬁlseSH@HntagEqifpaletsnc| ude
drugs, navi NG, SHE blofl RO ob b ARMHahddil ta¥ae! AL CABIMEA! 4 pab@ HBNSprbRHAHON

t he skin sur ace an ratum corneum tarn of these agents are desi gned
to reach théetween thealspeisat arifise ofid ahéar@huaiargﬁbto speesiibedjsrenser g ylasiwedi ¢
absorption and distribution a

t ransder nal %&? ‘1”10?/%‘?’%7 tb%r% |thl.? é‘tagéé()%g?% g%dpﬁlfénga& ﬁ%rz 02@@205)% tﬁlgzdg‘!r:#t lri)iélg Iségérri ne,
an anti hypa’iaty&je&ttmﬂxed)to ctheid thaskmn:elhgdnspaﬂns@xgorsnmﬁybs intdrposed beteegersthempoi d

P ﬁ; mc));r)llezl Zu 9181]0§1élg an 1@@%%8%8;%&%% thé 1g>acti%es gu S agéeomna%i bead}s%l*igu%scf. fom e h as

orifice, or from an array of orifices, to a cutaneous target. The target may include skin or a
skin patch, such as a transdermal drug delivery patch, which acts as a reservoir for
subsequent prolonged transdermal delivery of the agent.

22] In certain embodiments, the dispenser includes the bioactive agent in the
container. Examples of agents that can be included in the container include pharmaceutical
compositions that are capable of transdermal delivery. Such agents include drugs having
sufficient lipophilicity or hydrophilicity to move through the skin surface and stratum
corneum. Certain of these agents are designed to reach the microvasculature of the skin, for
subsequent systemic absorption and distribution. Examples of agents that are suitable for
transdermal delivery include scopolamine, nitrates such as nitroglycerine, an
antihypertensive or anti-adrenergic drug such as clonidine, steroid hormones such as

17-beta-estradiol and testosterone, analgesics, such as the opioid analgesic fentanyl, and



WO 03/028797 PCT/ US02/ 13198 5 treatnents for nicotine w thdrawal, such as
ni cotine. Many anal ogues of these drugs retain their biological activity,
and are awewm3seddabl e for transdermal delivery. Although teg/Usdy/sabosed
di spenser is particularly suited for transdermal delivery of drugs, it can
al so be used for topical surface application of drugs, such as
antibiotics, corticosteroids, mnoxidil _or retinoids (such as Retin A).
[231 The dispenser may also include a controller for nmanually or
automatical ly dispensing the bioactive substance fromthe dispenser at
sel ect ed t i mesmenFhidr oivntimeovithairavrabysuch asoicoting ¥amyranaloguas ohthesedrpgs el | s
manual | y depressed.t CLiV . i i; n ent.
Al ternati vetﬁf/l,r %{OE? e oarlf’t?lrv 0 ’Iaggrl grr?wtaa&gB‘g'taz)&%ﬂiﬁ%sgégggls%g?&gb?gwﬁg th%gr ogr amred
to di sloenjsediEMerdmpﬂEeMepaﬁhﬂarkyrwéechfor parsdemel delivers of dtues, iz alsp be  exanpl e
several tines ay, .directly. on ta. th i a1 t cinosid
Al ternat i velspd ??rﬁ%%%ﬁ'frfatgf’? 1eguon 0?8Iéug§ssg(gq f{ggggla?%sst é%g%so g%tggdg’o?m )rﬂljlglgl
adm n![_st_e{ e&,rﬁﬁ@ﬁdse(mwml kRefion).a particular tinme of day, an event (such as
an activity that w require a dosage nodificatiaon or on of a
physi ol ogi cal Vc”bndiT_L‘? G‘ﬁp"gﬁﬁmyéi‘lsﬁr‘lmi'%&”%m&#?ﬁ%r ng%a{llygﬁa'ﬂﬁéﬁ?c%ggui res
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the necessi talfe Be fempeigiagiupinethae Hﬁn‘%filygﬂ?rgﬁ?&i% aF{H%?e ﬁ’ﬁ\ng‘tsﬁenéerr thout a
pat ch, COWP?ﬁﬁ%né@'fﬁb Rbstk. AltdrARivelyOthe cOitfollBBMaydRe 4 @ictapredssof whicksanpl e
applying different drugs at different tines throughout th? ay or .l onger
peri od, f or piegemphed to disperspiticdioagiiVRaEsiange HpFISICTBICEPERY %?f@@?“‘.‘m[l?41 I'n
certain exa %ﬁ?gmgw?d;@&’i}&'ﬂ?%ﬁ td Y sIGRLI oh 1dIphich] Ale@AERIY) Sk cOmEllleLSan SUCh
as renovable and replaceable nodul es that contain the bioagtiv
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24]  In certain examples, the container may carry multiple container modules, such as

removable and replaceable modules that contain the bioactive agent(s). Several modules
may contain the same or different agents, for example different agents that combine before
or at the time of delivery to modify one or both of the agents, or to produce a desired
bioactive effect. An example of a modifying substance that may be combined at the point
of ejection is a penetration enhancer that improves cutaneous penetration of the other
bioactive substance. Penetration enhancers that may be mixed with a bioactive agent at the
time of delivery include solvents such as water; alcohols (such as methanol, ethanol and
2-propanol); alkyl methyl sulfoxides (such as dimethyl sulfoxide, decylmethyl sulfoxide and
tetradecylmethyl sulfoxide); pyrrolidones (such as 2-pyrrolidone, N-methyl-2-pyrroloidone
and N-(2-hydroxyethyl)pyrrolidone); laurocapram; and miscellaneous solvents such as

acetone, dimethyl acetamide, dimethyl formamide, and tetrahyrdofurfuryl alcohol. Other



acetone, dinethyl acetam de, dinethyl formainide, and tetrahyrdofurfuryl

al cohol . O her WO 03/028797 PCT/US02/ 13198 6 penetration enhancers include
anphi phi | we 03e819as L-am no acids, anionic surfactants, @&Tiu»2/c3198
surfactants, anmphoteric surfactants, nonionic surfactants, fatty acids and
al cohol s. Additional penetration enhancers are disclosed in Rem ngton: The
Science and Practice of Pharmacy, 19th Edition (1995) on page 1583. O
course agents such as penetration enhancers can al so be prenixed with the
bi oactive agent prior to the point of ejection, for exanple the bioactive
agent and npehiefrationgnBarbets &vbuele amphipkilgs sechens -angige adids; anipnit hefactaotst ai ner .

[ 251 The bi oactj ve .agent be a flowabl e f]| Hi f i qui d,
gel or powkfdpe Sﬁliﬁicﬁad’ffg ﬁgwo(ﬁmcc%{%:rtaémpg? Y ue{téf{ém(%’ffgtb’sg&fsrrlgg{i %lé:ghdélgpenser.
I n sonme enbadiifiid] penchibtiol @hsicesnes difcldsbeinRentirgiare r ThawdiehesmidyaaionpAi n a
bi oactive agent in er ther d form The powder or ofher agent is
di spensed f gﬁ‘ﬁ’l"ﬁ’é 1§§ﬁgﬁﬁoﬂ8{%9g)a?i’d°%ﬁ§§e Cg{c?ﬁ’ffis?‘lﬁng SREMSURUTY (such as a
penetrat i one@RRGRESRHalsB De hRlifedvith (e biobdtae eguns prikeltd the pyins of ectidheor
interface provided by a spacer between the orifice plate and.the target
al | ows chenP¥ample the hiopptiigeeen aptrpdifyingsuigipmee gan hapr ntéﬂ%?ﬁ&é&“ B stabilize
(such as a g ge froma solid to a liquid state). This interface may al so

provi de flexibili ’t% in the distribution of the drug acyoss @ Ieﬁr?er t ar get
area, as conpdted e hispstiveagmpmaype amelloppbletiivid o exampleiadicpids gH&F abut s
the target. jush 1iB%ad REbStHERTUsOBhe isthid D dopR c@bodiftRn@r4g to
the target H@&%aﬂ?gﬁ%?l&?%ﬁ%gﬁlgﬁl I"'ed, and %xal?? dosi ng gf '?hle grug may
be achi evedleagont pbiht eprfaineryndsiales e gontein @ibinsetiveeant ppeEVdsF ocBhBIMB% dr ug
regimens, wl N The. 8&9&%& binbiteht ié@i%ﬁéﬁ&éé‘ﬂ?mﬁ the cPREnENAR] MMYObe BeHbiCR
nunerous daily ne fcat i ons. mput eri zed control of nedicdtion_ dosing,
whi ch may bevithrdiguaintet by peretiatien enparcsd en edutef to thesibrneeps dalivenytindied
delivery, can help avpid toxi it i deat hs.
(261 The apaiier Brotiu By b Bt Stphitn f IR b8 sRUAEAREIESp R [T
the appli cadaotionsay odvar,iantvell nd phagnthiaygea ppitabdlizet(eich hea chiange fromadalihiost er a

dosage of a._dr. Lrectl to the skin, ternativel.y. . li.cator may
be applied 1118“1§%{ageg'n§@1§ r“ﬁﬁfa"fﬁ’% Alsp groy gg’kﬁﬁ’rﬂgglwlfhtﬂ\{% lé/tﬁb%&ogg}%i o% i nst ead
of repl aci ngeioler In@betarget dreg AOtdnGareeirtb aptilivwivh, of tHeegan filoincaat apifice thayatiies
selectively reta [ r.ol pnged CO?

exanpl e by ﬂﬁeetﬁr@;ﬂih ﬁ%h’lcglqeéﬁaﬁ%wggﬁeg’rno o%?f %%H%L&F’H togﬁ'f’ Hltzfng %ﬁ %@%{‘ﬁr{éaﬁ'fbt e,me];ﬂg(rar :
such as a sthRRl9oRiRE, M@ exact dosirpioF tivaINEhay bwehedd. \Gonagins mapye be
adm ni st er eclilsefdrtg rc%s}a?nese gllmsp eeor}scgrrnplfeg Eiruag I gril(r)lle:%?%ﬁgh is of particular advantage in

patients who require numerous daily medications. Computerized control of medication

dosing, which may be programmed by medical personnel for subsequent automated

delivery, can help avoid toxic drug interactions, overdosages, and deaths.

26 The applicator is suitable for use in a variety of ways. For example, the
applicator may be intermittently applied to the skin to administer a dosage of a drug directly
to the skin. Alternatively, the applicator may be applied to a transdermal patch to recharge
it with medication, instead of replacing the patch. In another embodiment, the applicator
may be selectively retained in prolonged contact with the cutaneous target, for example by
securing the applicator to the skin with an attachment member, such as a strap or adhesive.
In this manner, the active agent may be administered from the dispenser for a prolonged
period of time into a transdermal 'patch, or directly onto the skin. A replaceable container

module may be removed from the applicator and replaced, to avoid the necessity of



period of tinme into a transdermal patch, or directly onto the skin. A
repl aceabl e contai ner nodule nmay be renoved fromthe applicator and
repl aced,wom3mspd t he necessity of WO 03/028797 PCT/ USO2p,TIAB82/13198
removing the applicator fromthe patient. [27] In sonme enbodi nents, the
applicator forns a substantially seal ed chanber directly against the skin,
w thout an intervening transdermal patch, and effectively becone a direct
cut aneous or transdernal applicator. In particularly effective enbodinents,
an elastoneric seal (such as a continuous seal) is provided between the
appl i cat or asmbvitpghs kpphicatoofréro thepetentseal ed chanber in which the drug can
be mai nt ai ned til it | [ ] er my
be altered to lgﬂha%%%"‘% %rér p?rﬁ%%eg}e P éﬁe)éa%% Edél%? S{rl&tag{gg}%?@laﬁ%a%r easi ng
hum di ty i ndirbalyabsiniele din, siithpens inervemtgtranddesmhlgateh, and effegitvehnlieceang | y
appl ying a penetration enhancer, to.t 1.0 . di 281 One
particul arl y™ %ggtﬁ%es()élﬁo%tﬁ%lé%r%ln Bg?apot?hznkﬂ gt\l/clfutq:aglg}e?]fgﬁﬂ'ggngg&gllgfétg’ngl ectric or
t her mal j et eHiktepens sdal (sheit asiarcohtibess sal ispradidddbetfeen éreopplidator andithe ekini n
fluid conmuni cation wth qne. or,. e fluid orifjce uch array of
orifices) ejt%g’{‘?lﬁlﬂf‘ seAlgd ﬁl?ar“g’(?f 1%"611@?&% H’&\gﬁﬁrblé%?]?lggfneﬁ Iuét;}ﬂdtclfg 7 gs%ﬂ%ﬁ'e nodul es
toward a 8 Umﬁgiﬁbhgs ihalﬁegs%(ﬁjled éhai‘ﬁbaﬂma% baltchd t@aﬂrahmthbsdrytidrhﬁ‘l thk &pgfser and
positioned to be dispose gai nst e cutanequs t.arget ile the dispenser
ej ects the [SraPpiabRincreasine Fypiddy i BaPhambeypinradne ‘%ﬂe (X\r,n%lf’tﬁ’rﬂ%:abl e
i croproces ?ﬁérrﬂiﬁerﬁl?_%pﬂ&ﬁn?%@%ﬁétraﬂ@ﬂ’eﬂh@ﬁﬁef Rl thejlectommhedispeher.phar maceut i cal
fluid fromthe orifice plate at pre-selected 'n‘iﬁgrval ,, such as every
three or four B8ur Onegparticylerly disglosedremhodiment ftd g egtrase p‘S?O%iCE’é’tqron can
be trigger eghd¥aBeBiaiNer Mt RENES o ARMRREKreiRAAO NS M ed id Huidlddemel@Ndatien MaY
further include a progranm ng nodule, such as,a keyboard for entering
dosage i nf oryithdng er marefiuié prkices (uelk as Mmayray REMTgENIREHNG #dstiselinesh has been
entered, an %hb@gcﬁﬂigglgﬁlid ﬁb&? BnARo RIS tRharlR bfahdodiMafucl A 8pAibiSRAE RFfAEN ONn
of the device

the exterio ~that provide information about how much drug
remai ns in thysheddisgeoser aml pysitiaped tode disnesedagaingt the cpiaespustargeh FBHaEEI on about
medi cations j.n the .deyj ' [ bRl Wi ch ot her

i nformation désg%steleef"gc?{rlrl% F%@??egﬁéaqglpﬁ?ﬁogﬁheg%hl%?@?fgt Pgn_ can be entered
and/ or obt ainmnietbproc&8pr il e dispeheninay cattobéitation déthe phaymaesytiof] flujderetethiece i s

I Tustrated oiri?icg plate a?gr%gse 230y %n@gvglé, WnR evellz’yﬁ%g RS h8I1rs,Fclr®en é'v'e%l few

minutes or seconds, or ejection can be triggered by a sensor or other feedback mechanism.

291 The device may further include a programming module, such as a keyboard for
entering dosage information, a display screen for showing what information has been
entered, and indicators (such as one or more lights or a display screen on the exterior of the
device) that provide information about how much drug remains in the device. Display
screens may also provide information about medications in the device, and provide an
interface through which other information about the medications or their administration can
be entered and/or obtained.

30 The following detailed description of the device is illustrated in the

accompanying figures.

Embodiment of FIGS. 1-3
31] The medication dispensers disclosed herein may be similar to liquid dispensers

known as inkjet printheads used in inkjet printing mechanisms, such as printers, plotters,



[ 31] The nedication dispensers disclosed herein may be simlar to liquid
di spensers known as inkjet printheads used in inkjet printing nmechanisns,
such as pworBees97 pl otters, WO 03/028797 PCT/ US02/ 13198 @cCfraissr/mibe

machi nes and the |ike, some of which are described for exanple in Durbeck
and Sherr, Qutput Hardcopy Devices, Academ c Press Inc.; 1987 (1 SBN
0-12-225040-0), particularly in chapter 13, pages 311-370. These

t echnol ogi es have in common the extracti®on of small quantities of a fluid
froma reservoir, which are converted into fine droplets, and trag;gorted

t hr ough t he fagsimieomachings ged thadili, semo ot wipeh op dpssribeddippexamata is Pugieck prsi cal
forces. Thi C i L n } , but
Shbf! G%pgtgg%g@g a@p!;‘sgggé #%ﬁﬁ@ﬁfe&ﬁni., 19%7Yﬂ@mp.9§soa@m, ut one

of the comron ap ermal 1 nkjet tec ogy, i1 n"which
li qui ds ar e paguledy iséhagter i EpagasSl &370 Thesatedhmolpgicahavern opramon them fr om a
C.hanber thr _%u Qctaorq o) g':];li lﬁn‘,[it?evé%rfg.fﬁid\tlﬁ‘ng%}'e'servép %l{?&rafrgpcﬂ{vgﬁé:dnm:o% e .

pi ezoel ectri |n]kj &t "Pechio ogy, in I ch Trovertent of a prezoelectric
transducer chepiegeana trafspnivet throabluthe airdo gtnget mediumy agpopriatéappdidatiani afnal

approach is _kno as silicon electrostatic actuator. (" ") .0 nkj et

t echnol ogy, pélﬁ?ﬁéi\g C?Sh;qms&?c P%%’é@asibﬁen G, gepélﬁ?v re.%' éﬁ%,bggﬁﬁet(gthe
Nakﬁrmr a (asshgiacdppoadies ko Heps tharnfad inbiet schmidgy, in3dichiduidsiaeeiieajedtisipg i nti ng
mechani sm uses cartyridges (often called "pens') which shoot drops o

T auna ool oSt gelen iy “pepEpr it §oma SRR Gl g oG O fredl
cartridge hasotlr apd;iraadneaﬁeidareaﬁd iMjdt e dt@b R Mivhich amzt@sntiof s pidgdelaskicch t he
ink drops are fired. Most _often, the printhea(&i is held.in a car%iage whi ch

sli des back temedueerabangss 8 ghpmbegyplgme fugenpiatedhe drap Ap addifionalensraant Kead

system Wit ikndwhat S8Eordleddtostilic FRMAR (“SEACHinRfet RaRRlogy PALINSS BS\GRRRAEH ini N
steps between each ggss of the printhead. To EI’I nt an image_ on nedia, the

print head i U-SsRatenide- Had%8Hria Neknnyra faspigacd to ek Egwon CompBsationy drops of i nk

in a desired pahterR (Adcd fet pfRMSE SneckInRE ude wﬁidg& Ohst &IEd ¥R AR _
"page-wi de array" printers, extend theétprl nthead across the entire page in
(]

a st at i onar yhpeteisensh liqeid golpranhigeresaliyireterrediioas Sl awas RageieFach sartridge

print head. L TNl | | i ERal! J t of
pri nt head n%%ga@ a %E%#Ogﬁevda‘&%e& %?ﬁgllidtz ?lgsr ent Q?g}rh%g]ﬂ%n%ﬁmgfbp ghlrf %idé l\gﬁsﬁl | ed
in the art, ofeolthaprinthead iphedd el @oriage whish stidas baekl and fontht dengh guidemed irogy .

[33] For instance two .therpal. ink.g] i i i 1S,
batent . Nos.argrniarnth S st Eh B Bro IR AR, 54 sfe B ad intea
assi gnee, Hewlkstepd bdbaednaach paSooftheiprintheada To pentranlimsgesinangdia thegrimthend isayer

taining fluid, channel d i zat i h is | d b
nonet e or v ri et B O Rt PRG0S PlopBe oSRETIR, Bl Beig @ 18 oon

moves. Other printing systems known as "page-wide array" printers, extend the printhead

across the entire page in a stationary location, and print as the media advances under the
printhead. The particular liquid ejection mechanism within either type of printhead may
take on a variety of different forms known to those skilled in the art, such as the
piezoelectric or thermal printhead technology.

33] For instance two thermal ink ejection mechanisms are shown in U.S. Patent
Nos. 5,278,584 and 4,683,481, both assigned to the present assignee, Hewlett-Packard
Company. In a thermal system, a barrier layer containing fluid channels and vaporization
chambers is located between a nozzle orifice plate and a substrate layer. The substrate layer
typically contains linear arrays of heater elements, such as resistors, which are energized to
heat ink within the vaporization chambers. Upon heating, an ink droplet is ejected from a

nozzle associated with the energized resistor. By selectively energizing the resistors as the



typically contains |inear arrays of heater elenents, such as resistors,

whi ch are energized to heat ink within the vaporization chanbers. Upon
heat i ng, w0 0nks7dTr opl et is ejected froma nozzle associ aPea/usor/Biphe
energi zed resistor. By selectively energizing the resistors as the WO

03/ 028797 PCT/ US02/ 13198 9 printhead noves across the page, the ink is
expelled in a pattern on the print nedia to forma desired inmge (e.g.,
picture, chart or text). [34] In piezoel®ctric inkjet technol ogy, an
activating pulse is applied to a piezoelectric plate or nenber attached to
a pl ate, whpdithéddemveespossdise fmge, ftheink mgpxpelleg ippdtternagn thekringmesdiagaforgra g
nozzl e. Several ,exanples o i £20- ctric inkjet printheads are described
in U S Patdrrefguee ?‘%951,0@'6%;0 aét,cf%‘%w; and 6, 149, 968 (assigned to Xaar
Technol ogy Lt d3q amdlplezdslecRitiniget tédhnol6bgy] 8B a@iuatirgrpilseds @PldbO81 (assi gned to

eetrvort RerB bRl R P A SRS SARRL

used i n conjpuliktdreousiof B nezzite tSavdiallek empleseipicabelecaicigkjetgriatheddsesh | i qui d

supply, with the reservoir hei ) i.nto pl t he iyt head.

Anot her deQPﬁjﬁb‘iﬁs@ﬁ%@r“Fﬁ‘ﬁgﬂ% Q%Pig@%%ﬁg@ﬁﬂ%ﬁﬁ%?’qﬁg’?%}(ﬁﬁsﬁg&{%ﬁ%at is
known in t heeki@ditsy LYd. Pmdans. Bagdnf Naxd, BJ3,388 iaid WO 00/06980 (abifnaidd Seikyst em t he
printheads carry only a small liquid supply reciprocally back and forth
across the BPPGUPEALQHPLh this on-board supply being replenished through
tubing that dehdVverguleipitindad d@Fhdse "SappeXicSeridi §ystefs h Widh pefthaembrat  a
renote, stationary location within or near, the printhead. In both the

snapper and sehipessprent pyrfhesdsare paadrin ForyHgHOLTTHR: f 4Ephgbls Feseypir FATHRG?
cartridge whi gh:i ' onl
| dg ng;eaﬁ%da(?%lbggﬁ,w%m&geyvoﬂ%@ang@ﬁdpgwr[%ggﬂa&m {ROPFEHERA. REvtBeronl y a

new supply r the main reservoir. 1 In striving to duplicate
the qual ity defigrpires peymapdsit or seipetmpnefes Hrinthprsls inywhas ds knopadi the yndysisy 355@used
on decr easi nget he. si. I N ' BhitR&naf74has wel |

as accur at el %ffﬁPlgc?ﬂﬁlégrf ﬁ%gfé rag%ﬁg%t@g’glhee%rﬁgkg% a;a}{@rreéli a. Folfl_li n,lsl pg%ce, sone
of the nor e redigoently backkgndtfontlr aandss therprintzdege withtlds evbeard suppbi beingr  dr opl et s of

be"gener at edPRieL s e pfifRV e Rl iy oY BulEloa AP chicby A1 2, 20
resol ution whbte/satohal leatisrewitiy ocoantie piisthéad. dv both dislseanpekgndioff-gxis nt i ng
FEchant ST, Tl L s i 580 15Ol 9, B0k 1000
striving to paigihegy ehelidiR BRY3ioly iewdupplsial liquid fur e redin psemoit.ng t echnol ogy

has becorme ver %G]ad el'g tstri%&ngch llillgl%gt% ltﬁ/e qullgﬁt?f rolf &gotggrl]'gphic film images, the inkjet

industry has focused on decreasing the size of ink droplets ejected from the nozzles, as well
as accurately placing these droplets on the print media. For instance, some of the more
recent inkjet print cartridges are able to deliver droplets of a size on the order of 0.5-6
picoliters, although larger droplets can also be generated, for example droplets of 10, 50,
100 or more picoliters. The resolution within which currently commercially available inkjet
printing mechanisms may place ink droplets on a page is on the order of 1200-4800 dots per
inch (known in the industry as a "dpi" rating). Thus, while striving to achieve photographic
print quality, inkjet printing technology has become very adept at accurately metering and
dispensing fluids. The ability to dispense very small and accurate amounts of fluids
(including liquids and powders) is taken advantage of in constructing the transdermal
cutaneous application systems illustrated herein.

371  While these inkjet printheads may be used in the cutaneous application systems



di spensing fluids. The ability to dispense very small and accurate anounts
of fluids (including Iiquids and powders) is taken advantage of in

const ructwog@3nisyotr ansder nal cut aneous application syst ePsETiUshusiiv@at ed
herein. [37] Wile these inkjet printheads may be used in the cutaneous
application systenms WO 03/028797 PCT/US02/ 13198 10 illustrated here,

rather than using a printing analogy, the printhead will instead be
referred to in a nore general nature aslla "di spenser head" or "applicator
head." [381 FIGS. 1-3 illustrate one enbodi mrent of a transder nal

appl i cat i on ilksahtedrhé®, rathecthat usingtagotiniing aredugy othe pentbhéad witl irstepd bswfitrred to

i nvention, for applyin bi oagctive substance fo a ubj ect, such as to a
f or ear m of éﬂhaglrﬁ’?ep erg&a%g? 8 dspensppfieatopr fpRAedRrieads ~ Wil e t he

bi oacti ve agents; WHIGR. 18 illygoaaht ymbodpenséd trassdernfal appicativapydvem a@pl i ed
directly to skin th

24, i 1lustrated enmbodi nent shows ,appl.yi ng.the,. agent
to an absor SeHrUEdREAcCOr ?P(?F‘nwé{% the PresepidpvesHo Ora?pf’lgg’lgiacbl%gll%ﬁﬁ]‘}gﬁlargﬁgoogbe nt
mat feri al Z\émisﬂkj%dt,ssualdﬁb&b@d‘o&ﬁrrﬁdgiaﬁ aﬂi{ha]! queﬁdaznzs, thidagh the skipper \x&mpd&_edh y
surface , -and_an opposji ng .under surface hich is i ont act, Wit skin
24. A renov Qtﬂa_ét“ﬁ’la@?‘gc‘f’ﬁ‘\‘iglsltgii%aﬁlyfﬁﬁper??fi?ﬁ aafi“@h“?aé{}’&apﬁlfer&éﬁrle?tiﬁf’ in 24,
| nper meabl e hdifistraRAl B lifdent SKBYs ?_ﬂ)lﬁ@é 6 h%éﬁ@{o&hnraﬁﬁ@h/@dnﬁmﬁer[ arppied to
patch 25. In one particular enbodinment, the fluidis ggglled t o patch 25,

whi ch t hen @richas ok fabrio ar othergbsoabeat miteHySBHeh is pdhered|te, sign £4-oFatedbd s 25,

[39] Any of ahlﬁ?%éfr@ Yosby RS 6, bAPASHBOARY uldet GBS TBYhibIisUs 8shtacPvithDdi i ed
for use wth e di spenser. For exagyl e the Testodern(r) transdernal

syst em (Al zakinRaAngmevatilerpisytivedesst 35, sravds plleyepelcxlion isernehisphinent
pol yester, @g@?a%#é&tﬁﬁﬂége%cﬂoay r&%h%{slfk@%piié&wp%h%.hm&ﬁ -al\ficPM} acetate

copol yner at contacts the surface and controls the rate of
rel ease of aobpdiscaythstiivid isapplied tepattheddh, witish then elloweskat 24 teegradyplisyabsorb

contai ning fjilm.i ha)ly covered by thin adhesive stripes of
pol yi sobutylteen@]ngflraglap(r?{t) Iajgi dal silicon dioxide, to retain the drug filmin

prol onged contpat widshoftthemadyi tppes lofitrédsdermpl mdehns mey bt eseyl, civdifieddorome be

provi ded on _hot urfaces of th r ontaj ni fil fqr__ exanple on both
upper face %ﬁ’atﬂ%lglﬁﬂe&g?r' f% 8%eé(a]§‘?%3€e g%fogﬁr@%ra%ggrpﬁgﬁy@eﬁle@#%aexi bl e pol yester
backi ng 28 mayribecErRhieriscyeflyxible baskag of dapparentthely@stere sisd 4 ©stbdi@one

O ool e BB R 9 BB S M RSB U 2
28, to hel p spif@le@6d cottidey thf AESOI28eME oPaticlagdht Bt iRGystepeThedirfaceofial s of
3?3;{ ng 28. dﬁllg;[ ceoglpa?rglrllg 11|n¥ is pgrr’gigll}P (?(;[V%Ihed rl§g¥hirll3 gdhregigg gtggés orf%glgfasglgu%ﬂeﬁlg a;[ng the
colloidal silicon dioxide, to retain the drug film in prolonged contact with the skin. In the
present system, adhesive can be provided on both surfaces of the drug containing film, for
example on both upper face 26 and under face 27 of patch 25, so that the flexible polyester
backing 28 may be selectively removed to provide access to the drug-containing layer
without removing the patch. An adhesive release layer with openings in it can be provided
between the patch and backing 28, to help protect upper face 26 of patch 25 during repeated
removals of backing 28. Alternatively, the patch may be removed, recharged with the drug,
and then reapplied, in which event the impermeable backing 28 may be permanently applied
to patch 25. In this case, adhesive need only be present on under surface 27 of patch 25. In
yet other embodiments, there may be no impermeable backing, such as layer 28, over patch

25, so, for instance the selected drug may be continually administered, or the absorbency of

the patch is sufficient to retain the drug in the patch without an impermeable backing.



and then reapplied, in which event the inperneabl e backing 28 may be
permanently applied to patch 25. In this case, adhesive need only be
present owowadzs79surface 27 of patch 25. In yet other enpodiusema9st here
may be no inperneabl e backing, such as |ayer 28, over patch 25, so, for

i nstance the selected drug nmay be continually adm nistered, or the
absorbency of the patch is sufficient to retain the drug in the patch

wi t hout an inperneabl e backi ng. WO 03/02d797 PCT/ US02/ 13198 11 Furt her
exanpl es of transdermal patches that may be used or nodified for use in the
present sy&¥uehar amjnpmt dfedniderhal gaichdsghatinap e nse(l oy madifiebiragesiteq prpsepht ch.

[40] The tran e%‘%an estggcpinkﬁﬁé{slg@I\Aio\égwgaojﬂnjaé#&@& &d in FIG 1 includes

an appli cafor enser rated as an applicator for
di spensing a f[h(ul dmhetraiMmm‘a&hppimatpmsystcmaOdlttshaed thilflect ingludes aki n 24 or
to patch 25. appl.i cat o

coupl ed to ﬁpéqé:éﬁoéﬁlg%ﬁpgpseéé%lwqg oA (l)lg aZt%cgas?gBa mﬁmla%g?(‘or%isgmincgg as a

hol | ow bal | cﬁéiﬁlica(bﬁiﬁpbmﬂldrrﬁiﬂig&hﬁﬁtl}mﬂmskiln 24| drawpatalps. |’Ela:tapplldfa&m60 Btludes pi vot
wi th respect sure ev | cathon of

a cheni cal é‘@ﬁ‘b@%qg%:zgﬂg‘f a%‘?ﬁ "r‘?u@lﬁg a rgeipogy ?aﬁgpp {Gﬁtéoq%eﬁﬁé% ??lﬁt gﬁg ti°Cat or

head 34 is REQWbURFLIM 40 sBckRlinkagd 3$@1aleleanckw@pﬁﬁtoamebm tapivoppils raageoedges
of applicator head 34, Alternatively, i

ries of r et ace
prot r usi ons tomais ey 32.0F0 F‘%ﬁPﬂeéVe”oﬁnd\}Bﬁ‘étéqH%g 15pq ?f’f‘lcgt?BWﬁ?S‘tr‘?ﬂVObe

used. As fuygihhelor ﬁét&l?ﬁ“@ﬁé MEstarER aphIRRE Bead 30 Qs REVIEHES @1‘(159Eﬁf36155pﬁ@y be
formed on the patc , separate spacer_unit (not

posi tioned bawswéand Bheat W@%’ﬁ&d@?s Henpliogipr Bepd 3 & ltepstivalys d5pdss °§H’r%f’rﬁt‘?e 26
during deli eIy, Btrﬁ%&g R Qé"tﬁﬁé Mteroﬁged?twhem%%ﬁxbhgﬁnbﬂ shbwhyRdsest B! Agat or 30

includes a s par and applicator head 34, it i's apparent that in
some enbodifwgrer slteanamvprpmbpdlme@s@ne AEROKS| spalﬁeﬁaw bej fmnegeondle pakehcds, ettt he

appl i cat or ;mﬁ chi ShedPM hkdhor head
34 incl udes sgpagat%%&%ﬁfgﬁ egit?l 0 lh}? [géiﬂm@ggﬁgeg@e%@w é&ns tel on heads 40,
42, 44 and 4>6tch Epmtsunﬁawe ﬁéddléng4®lix1@y whipe lb@a@fm%@gﬂﬁci\’\énﬂet ilestigicdg t o
prlnC|pIes |n [ i on
echni ques. BPIRal Thinses SPfe by 57 BRIt HaR o1 FACHRERhi b iFLas: | 2

t he inkj et aanﬂasdlmehmdzes&dplertdmelgemybllmmamfllnkagtéScmhﬂmaths appligatorisienef i ted
by a thermal ink elnewﬁ?l on technology, in which elevated tenperature can

activate th&"SHHERE Tcontrast, other agents may chenically degrade and
| ose some or aj blmﬂﬁ)wnhﬁElmapﬁl'gaﬁ)ehbaﬂmmcﬂddesawlorme gegtionheallssuch

compositions woul gl PLeler 30k 4Bl P ReNRe & HRbN feads Bb-94 BR) BE Lhdskuia OF her
according to principles in the thermal inkjet technology, using piezoelectric ejection
techniques, or other manners of fluid ejection known to those skilled in the inkjet arts.
Indeed, the ejection of some chemicals may be benefited by a thermal ink ejection
technology, in which elevated temperature can activate the agent. In contrast, other agents
may chemically degrade and lose some or all bioactivity when heated in a thermal system,
and such compositions would preferably be dispensed using a piezoelectric or other
non-thermal ejecting head technology. Preferably, the spacer bars 36, 38 maintain a spacing
between the ejection heads 40-46 and the upper exposed surface 26 of the patch 25 or skin
24 of greater than about 30 mil (30 x 10 inch), for example 1-3 mm, or even 3-5 mm or
more. One preferred spacing of 0.2-2.0 mm after the patch has swollen from soaking up the
applied fluid permité a smooth even application of fluid over patch 25. Additionally, this

ejection head to receiving surface spacing advantageously protects ejection heads 40-46



non-thermal ejecting head technol ogy. Preferably, the spacer bars 36, 38
mai ntain a spaci ng between the ejection heads 40-46 and the upper exposed
surface 280@B/024187 patch 25 or skin 24 of greater than abear/u302/mibs (30 X
10-3 inch), for exanple 1-3 mm or even 3-5 nmor nore. One preferred
spacing of 0.2-2.0 mmafter the patch has swollen from soaking up the
applied fluid permts a snooth even application of fluid over patch 25.
Additionally, this ejection head to reck vi ng surface spacing

advant ageously protects ejection heads 40-46 WD 03/028797 PCT/ US02/ 13198
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i ncl ude a f eddhadko Mhaﬂecsmpplbtswvmdhsﬂmhtmssdmharga aacama@hmhiZ&aAplslma@or or
an optical sen 48 whi ch .nm t 0
LR T e b e UM

heads 40, 42y adfptialsehfor A8 Wwhith rédyteased by appligkaG6 dbh elofddubsh systsmy a0i rs 50,
52, 54 and 56, resg@ctlvely As shown in the specific exanple of FIG 3,

the reser voidezerised % inserted into receptacles forned within main

body 32. Fol | oyhing FHRSRAd digkenSid Hyféyecﬁ&ﬁl@eramo 82,500-206 46 fHap bé Berei@h N body 32,
a multi-conduit fluid tubing system 58 delivers fluid fromthe, reservoirs

50- 56, t hr ougitaceple fIHig|rpssty OET&W Bt %’éél@e‘tesﬂeptr‘l‘f@é}@ Asgown iy e spssificcat or  head
34. As s hovwéx%lﬂglg LEFI 3,%e Ijgy‘:lr\tdlrs %@B@ Waky b8 YisbR4 iR rBRYtabBEfonesd WRkih

di screte flul onduits, such as tubing running through applicator head
34, or condunais beds ﬂed’ ollpwing dnsertion of e Frsgolrn3 hgin{Be BRi#, bodyidh 2as

condui ts 606%1ﬁa(§:e$| itH ﬁlgﬁng ?stérltPgS bbtveRtual o ELHTRS50-56 nﬁroﬁgl{‘fﬂb“ ts 60,

62, 64 and romthe respective reservoirs 54 and
56 to their holewdell andesoaks dickage 88, inejapplidaton herdaids AsGhovapin HAG. Artl 46. [ 43]

To maintain % 1%%1'@1 s&%%s@aﬁ&lﬁc{%'f@ﬁadﬁ%{de fRh SondBigl sldhS 1B ng%fﬁgﬁ during

peri ods of TPRACCi VTt ication system I ncl ude a
protective ehmugh mphceite!dd:ad;ﬁbroag@ldamﬂmmectépmd@r wgemtfemne@Sherm suphasn t he

iTustrated embodi TBAL ¢h Snd 66. Tn the illustrated embodiment, the conduits 60, 62, 64 and 66

deliver fluid from the respective reservoirs 50, 52, 54 and 56 to their respective associated
ejection heads 40, 42, 44 and 46.

[43] To maintain ejection heads 40-46 relatively moist and free of clogs during
periods of applicator inactivity, the application system 20 may include a protective ejection
head storage and/or servicing member 68, which in the illustrated embodiment is
rectangularly shaped to mate with the open face of rectangular application head 34. Head
storage member 68 has four ejection head sealing members, for example elastomeric or
foam caps 70, 72, 74 and 76, which are positioned to seal ejection heads 40, 42, 44 and 46
respectively, for instance, using various printhead cap designs known to those skilled in the
inkjet arts. To maintain caps 70-76 against their respective ejection heads 40-46, the
storage member 68 may include a securement means, such as a pair of clips 78 that mate

with applicator head 34 to selectively connect member 68 to applicator head 34.



rectangul arly shaped to mate with the open face of rectangul ar application
head 34. Head storage nenber 68 has four ejection head sealing nenbers,
for exanpwe oglozsppneric or foam caps 70, 72, 74 and 76, Wwairaisozara9s
positioned to seal ejection heads 40, 42, 44 and 46 respectively, for

i nstance, using various printhead cap designs known to those skilled in the
inkjet arts. To maintain caps 70-76 against their respective ejection heads
40- 46, the storage nenber 68 nmay includ® a securenent neans, such as a
pair of clips 78 that mate w th applicator head 34 to selectlvely connect
menber 68 to gl i dagarorheenlisteptedymbodimyp viorgpmrmbr$S may sy incladdang pr | n g
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portion 88 o e service nenb |ne or otherw se retractable to fold
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heads 40-46 recelvV rom an onboar ttery storage system
whi ch may bebladem&@cﬂédmd upcm retmeval whimember b, B lastifspisivduehorontagtibe liads 60-4@0t h.

Al ternati vela\(é thg(v)vvl\;’)eerrs é“@%‘be
[45]  As illustrated in FIG. 1, the applicator 30 includes an onboard ejection head

controller 100, illustrated schematically for convenience. Controller 100 and ejection
heads 40-46 receive power either from an onboard battery storage system, which may be
located in either main body 32, applicator head 34, or both. Alternatively, power may be
supplied from an external source, such as a standard electrical outlet. Of course,
rechargeable or replaceable batteries may be preferred in some embodiments for ease

of portability and use. Controller 100 operates to apply firing signals to the ejection
heads 40-46, which respond by ejecting fluid from reservoirs 50-56, respectively. In

a simple embodiment, applicator 30 may.include an ON/OFF power switch 102, to
which controller 100 responds by beginning and/or ending a fluid ejection sequence.
Alternatively, switch 102 may simply serve as an ON switch, with controller 100

determining the precise amount of fluid to be ejected from heads 40-46, and then stopping



supplied froman external source, such as a standard electrical outlet. O
course, rechargeable or replaceable batteries may be preferred in sone
enbodi mrerwe oBoezs7ense of portability and use. Controller 100Tapseraiies to
apply firing signals to the ejection heads 40-46, which respond by
ejecting fluid fromreservoirs 50-56, respectively. In a sinple

enbodi nent, applicator 30 may include an OV OFF power switch 102, to which
controller 100 responds by begi nni ng andlbr endi ng a fluid ejection
sequence. Alternatively, switch 102 may sinply serve as an ON switch, with
control | er Kigtionaytemasically afterie ssleeted Mmsteradrgonnidras beagidispersede ej ect ed from
heads 40-46. angt LGNk SLOBRINGCHL GARTREY LoRICHA 0 HEAKe abhes eCt i O

automatically after the sel'ected nmetered anbun een di spensed. [461 In

a nore sophileypastailddsuehboah alghator alppnyreticdey®d- Maipgikawmadded.arhysipan, keypad
104, such a -Qr L& Jsj
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of and type | Wi i n |44 r...h ﬁﬁg i,cator 30 may
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keypad 104 | i m.nat.ed nd the c r er 100 progranmmed.to display
v Pous s et iy i G ot Blest e b Feamm S AR iR onsh06
and 108 may s@ieb@}éisghfs&éénli‘m. Use6t 4 pit dfead11RE biaw%rsqns @lﬁtﬁlﬂﬁﬁnd}?llﬁﬁﬁdﬂf&eﬁi ]
across, or yp an own al ong, .screen 105, includjn such in mati Qn suc
as desired dB¥HgRs of F@ﬁ%‘@ﬁg";?,beéﬁaﬁ%@ﬁ%ioé}‘p %‘?do‘k’“g‘faﬂ‘é’é’t %C?GCPA% “Eﬁitl‘é‘ﬁ‘i‘%y

screen 105 ng@yh dfsatifflieRbedomed &usﬁgeg,e&egﬁédcy,raﬁd@b@fml gide Bffgu®y. portion of
t he screen, ad{acent_buttons 102, 110 and/or 112, allow ng a user to then

sel ect a part M3ul aPispRygerem 190 3y é!se il Waer§leHns glonfaR BPRSF PeigR e
buttons. Al t@nnalcteés] Mjaced B8RS 100 10881/811 108108t OREr 16 Mndelbstdi cat e the
occurrence of a Pal‘tl cul ar event, such as an adverse nedication_response
that woul d afartésular ise o desepe by drpeesting ene o masbRihere Ritienss ddgmatively,

admi ni strati QBres9h ﬂr{é F YR Yurtb o134y Bb 6&urBX@ ot h piticliaRe Mok hoaRl a
need to alter a r’rge li cation dosage. The controller can also be programed
to prevent daeshoedigaipn resporse thef wauldrlterdfugeample docraase shleseauent ¢asagease in
a dosage of I 108 48 !

prescri bing %ﬁg@%%@h’.&%\P?g%?lgstﬂ%%@?gsﬁgxcént)lr[l%dltc%?&glgdﬁgggérﬁ% '?ﬁeégrtai n
ranges of dosedjession dotage.abhei aontseler eah alfodre peogzanphed toaréventsindetberizedf an

opioid pain arlt%}aitigr\l/ &f dosilé%s,rfgls 8891?)% aSqqncfrJ:aHg %n%a&o's&g o@gicghtrolled substance above

that authorized by the prescribing physician. Alternatively, the controller can permit certain

ranges of dosages to be administered, for example various doses of an opioid pain reliever
in response to fluctuating pain.

[481  Asshown in FIG. 3, a more expedient method of initially programming
controller 100, or supplying dosage and other information, may be to use a computer input
conductor 114, selectively attachable to a receptacle on main body 32, to couple an external
computer, microcomputer or other input device 115 to controller 100. It is apparent that
other linkage devices may be used to communicate between external computing device 115
and controller 100, such as by using infrared signals, radio waves, modems, and the like.
For example, a patient can download information stored in the device about self-regulated
dosage administrations or symptoms experienced (as indicated for example by which

buttons have been depressed on the device, and/or the pattern and frequency of the buttons



[481 As shown in FIG 3, a nore expedient nethod of initially progranm ng
controller 100, or supplying dosage and other information, nmay be to use a
conput er wopawn2s7eonduct or 114, selectively attachable to &Cramsepiaes e on
mai n body 32, to couple an external conputer, mcroconputer or other input
device 115 to controller 100. It is apparent that other |inkage devices
may be used to communi cate between external conputing device 115 and
controller 100, such as by using infrardd signals, radio waves, nodens, and
the like. For exanple, a patient can downl oad information stored in the
devi ce abouthasgt pushed)u I Taisddforrdaibagen beltransinitted avéransodem towpbyseisn’erper i enced

(as indicated for exanple. b i ch. buttons have e epres e
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amount of awpishtihecdipghas hepglmigisisiidder ati on can be given to providing a new

drug or reCO”%Jf er i r&aﬁ&lgiaégﬁMiﬁFi@Iz,n\{mg&gﬁ%%fdéﬁné@&inp@t&,nbt116

adm ni st er ed. 9] Alternatively, as shown in FIG 2, nain body 32 may
define an i wish isicad ta 1@eivapn put devisp.sueh as@ flagk Bemerysrd Hifuvhigh ¢tEes such
as a flash [ ' | { O inGOMhA@ioh $ith1 00.
| ndeed, useﬂ%gp (g%aeﬁ? F&ahéuﬁ]oﬁrgr%lr?g? gﬂgg(?ggﬁﬁfgﬁﬁ ?\dsggir%jhlgg}g‘%a?%n vxl,intﬁﬁ]_ t he :
control | er ffgGonteoller #@Qunty fesult ingheoerily otherHaput dendes ofdpplicator 6 beippthiecat or 30

bei ng t he SWM. L . ral I i RY be an ON
switch, wt %Es‘gg%l} fdc%r %g%r%ﬁgélgéam r%%géﬁw1 Eii"(}igg"ﬁg‘mdé\g%‘i”‘ﬁ" g?{ﬂlg% a selected
dosage has besmnlladitioriestiey fudd apiiodtionitafier a jetected dosagbbaki heemadnzipisteiedat or 30

may only have an swi.tch 1Q2.. and b C | et W8 [ n

ext ernal conmput®r o#f%?’ lgm%eng’gd%engap@gg%t%r%a fﬁ%’}é&%?gb%ﬁ%r mc@?’“ﬁ?f’% to
gi ving the apmplerBimepr3gainmed vhahiegtetnal dampateod b sudhrdsatii dastir’s offive or

Dhysi o an oPIBHAFHAGS: CSHA G AP SHET S Sgrteny tyataopt ARAIEEALE o 5o, 56
in a kit w bpplafol 3¢maibersly withoolyh®N switchuob, aad withalpplysiciaher Fharmagyc| udes
one or nore reservoirs 50-5

include a sspRiynSeneRImpeet tg?) ﬂgl&ffé%fs’(glfgg@ﬁ é@ﬁﬁégitﬁéﬁbﬁﬁﬁ%’g%‘éﬁgx@ 3:55? ately.
Al ternati vely sucBRN ceanie, B kiticpdestone ocapReBeRbES SG06,beflapl Mmendakatdl ishe
kit. [51] Wile each of the fluid reservoirs SOH 56 my carry, glel ];rfat%i gnt
bi oacti ve ag@d]{ngy ajsg include a supply of patches 25, or the patches may be p P y
Alternatively, any combination of the components can be provided in the kit.
[51] While each of the fluid reservoirs 50-56 may carry different bioactive agents, it
may also be convenient to have each reservoir carry the same agent, with controller 100
applying fluid from first reservoir 50 until empty, followed by fluid from a second
reservoir 52, and so forth. In such a same-fluid embodiment, it would be preferable for
applicator 30 to indicate to the person 22, or an attendant, when fluid is being dispensed
from the last reservoir, such as reservoir 56. This indication may take the form of
displaying a message on screen 105, or simply by having an indicator light or a series of
indicator lights mounted on the main body 32. For example, switch 102 may be back
lighted to turn a red color when the supply of active agent in the containers 50-56 is low.

Alternatively, the indicator may be an audible signal, such as a beeping sound or a buzzer,

or a tactile signal, such as a vibratory or vibrating signal similar to those used on pager



may al so be convenient to have each reservoir carry the sane agent, with
controller 100 applying fluid fromfirst reservoir 50 until enpty,

fol | owed W9 oBloes787 from a second reservoir 52, and so forPeT/usn2/sugh a
sanme-fluid enbodinment, it would be preferable for applicator 30 to
indicate to the person 22, or an attendant, when fluid is being dispensed
fromthe |last reservoir, such as reservoir 56. This indication may take the
formof displaying a message on screen 05, or sinply by having an
indicator light or a series of indicator |ights nounted on the main body
32. For exadpviess. switch 102 may be back lighted to turn a red col or when
the supply of tive a 0. nt ai- I rnatively,
t he indicat or %y b%s né%&faaﬁedil ]%][ergpg}j(g‘}r%a#p,%h%g%ﬁwgcggggﬁ”e%%% ﬁé\fu(sl%ﬁjnc%f 18‘{}] a
buzzer, or sensbidf ¢dnetngitagnahavesuatiets of differcht wto rEor exampléroaticahspnsorgial

simlar to those d.on pager .WD,.03/028797. PCT/ US02/.13198 1 devi ces.
T50] As montTeEatRT RPoREE et o ik kst o i Bfee phitectfiEy, o
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exanpl e, optical, sensor 48 . nay be e to rmn et t he
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purge fluid fromthe ejection heads 40-46, to_keep the caps 70-76 i st and
to purge aRjEVERGEKMFELertspt arndssite] aqmipistraionpt ﬁﬁf’%‘%&“ﬁ oGP Aﬂg!m%&?
ej ection hegagd d®znk&us iy ih@catPtR6RME11A M0 !sz&H’éf%{eEﬁ‘JHhe@ds 400436 [Rsted
adm ni stration of the bioactive agent. Additiona optical sensor 48 may

. Ly, .
i ndi cat e t o oxerharakin?4, onevenrieeregsedsuERes Hrotineish 25 4bLsemesmbodigierisda  over
bare skin 24;.:08,iQVehchl 73X DBRGE of YihbARErE Pah 2P RAGR edpbsed MurBi0dEs
enbodi ment s, lstloémg}lgdt&%_ ngu_ir sh pa?%h 25 fr.orln’?_laot hi ngS ore gﬁsﬁ_er 1rf abric, patch
25 has its déxepedwithawyisuakindiosor, sychas eepajing pf iafrared gryltrpvielpiciagk whichduich as a
coating of i iolet ink which is detectable by the sensor
48. Enbodi néineag?gg?’gesghs%gﬁ( Furthernore, the optical sensor 48 nay be
used in conjunction with a segnented pad 120 shown in FIG 4. The pad 120
is divided into regions, here sh%bg mfegggfﬁ%,gi‘pns 122, 124, 126 and 128,
separated from one another by a non-absorbing region 130, shown in this
symmetrical enpgdi Manthemsra thel apsica] $ynsei 4fmayHzaisedin comjendtion withhseghentd

regions 122, 4 126 .a 1 has identif.ving.indicia 132, .134, 136 and
138, respe(?f‘i}i%q ﬁ%o“?ﬁgﬂgét‘gﬁ“ﬁ@d?’rg?ﬂsglgv“ie&}ét? é%l%st er%glr%’i%satb' Eorug i nper vi ous

| ayer, such régons 122, 124, 126 and 128, separated from one another by a non-absorbing region 130,

shown in this symmetrical embodiment as a plus (+) sign. Each of the four absorbent
regions 122, 124, 126 and 128 has an identifying indicia 132, 134, 136 and 138,
respectively. The patch 120 may be covered with a moisture impervious layer, such as
layer 28 described above. The o;;tical sensor 48 may be used to recognize various
identifying indicia 132-138, and apply a selected corresponding fluid from one of
reservoirs 50-56 to a selected region 122-128 associated with each of indicia 132-138.
For instance, optical sensors which can distinguish the colors of black, cyan, magenta
and yellow from one another are disclosed in U.S. Patent No. 6,036,298. Each of the
indicia 132-138 may be a different one of these colors, and controller 100 recognizes
each of the different indicia, and dispenses a corresponding fluid agent from ejection
heads 40, 42, 44 or 46 to a selected area of the patch associated with the appropriate color.
Moreover, if a tint, pigment or other colorant is added to the fluids in reservoirs 50-56,

optical sensor 48 may be used to distinguish which agent has previously been applied by



| ayer 28 descri bed above. The optical sensor 48 may be used to recognize
various identifying indicia 132-138, and apply a sel ected correspondi ng
fluid frowom®28797 reservoirs 50-56 to a selected regi on PEZTAKRAS1:HSSOCI at ed
with each of indicia 132-138. For instance, optical sensors which can

di stinguish the colors of black, cyan, magenta and yell ow from one anot her
are disclosed in U S. Patent No. 6,036,298. Each of the indicia 132-138
may be a different one of these colors, ldnd controller 100 recogni zes each
of the different indicia, and di spenses a corresponding fluid agent from
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may be fashi oned to chan
y markings on pagabg,esuch as indicia 132, 134, 136 and 138 appearing within the absorbent

quadrants 122, 124, 126 and 128, respectively. Indicia 132-138 may be fashioned to change
color after administration of the bioactive agent to the pad 120. Thus, a user of a single
agent system may apply the agent at different times of the day. Rather than continually
tearing off a depleted patch and replacing it with a new one, a situation which may be
bothersome, time consuming and irritating or painful, a single patch 120 may be used
throughout the day, with fluid applied at various intervals (such as prescribed intervals) to
the different quadrants 122-128. The patch 120 may be replenished daily or at even longer
intervals, to prolong the effective life of the patch. In some embodiments, a single patch
might be retained in place for days or even months.

[561 Moreover, by allowing indicia 132-138 to change color, or otherwise change
appearance after application of the bioactive agent, a patient 22 would have a clear visual

indicator or reminder as to whether or not a certain dosage had been administered.
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bioactive agent from applicator 20 to patch 25, 120. This application can occur several

h—t

times a day, or at longer intervals. The applicator may be programmed to remind the user
(for example by an audible beep) to use the applicator to replenish the supply of drug in the
patch 25, 120.

Embodiment of FIGS. 5-7
[591 An example of a more compact dispenser 200 is shown in FIGS. 5-7, in which
the dispenser applies a bioactive agent directly to the skin of a subject, without the necessity
of an intervening patch. Dispenser 200 is applied to forearm 202 of a subject to whom a
bioactive substance is to be administered. In the illustrated example, dispenser 200 is
retained in place by a strap 204 which wraps around forearm 202. An elastomeric seal 205

extends around the base of dispenser 200, to simultaneously act as a spacer and form a



bi oacti ve agent fromapplicator 20 to patch 25, 120. This application can
occur several tines a day, or at longer intervals. The applicator nay be
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Enbodi ment of FIGS. 5-7 [59] An exanple of a nore conpact dispenser 200 is
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directly to the skin of a subject, witholf the necessity of an intervening
patch. Dispenser 200 is applied to forearm 202 of a subject to whom a
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chambers 215 are sufficiently small so that liquid supplied to the chambers 215 from

storage chamber 212 remains in each of the chambers 215 (for example by surface tension
or back pressure) until the liquid is expelled as a droplet by the expansion of the
piezoelectric member. Expansion of the piezoelectric member reduces a volume of the
chamber 215 to expel a carefully regulated volume of the liquid.

[611 A controller 220, such as one in the form of a programmable microchip, is
attached to an interior wall of dispenser 200. Information may be pre-programmed into
controller 220, or controller 220 may be activated by pressing a switch 222 on the exterior
of dispenser 200. Alternatively, controller 220 may be programmed by a computer (not
illustrated) which communicates with controller 220 through a port (not illustrated) on the
exterior of dispenser 200. Controller 220 is capable of selectively activating different
piezoelectric members to expel liquid from each chamber, and may also precisely modulate
a volume of liquid that is expelled, by regulating a drive signal that passes through the

piezoelectric member. Controller 220 may also communicate with one or more remote
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by transder mal [62]I U)ﬁExpEJi)s.iocrilech '11‘41%5 dlaopgtsorgg);[ ll)evrgpe%%ﬁ rzli% selected intervals, for example

every few seconds, minutes, hours or days, to provide a concentration gradient of the drug
on the skin surface sufficient to provide transdermal flux across the cutaneous barrier.
Generally, the amount of liquid applied is not sufficient to causing a pooling of liquid on the
surface of the skin, although such pooling is certainly an option in some embodiments. In
this manner, the dispenser can replace a transdermal patch 25, 120, which avoids problems
of patch degradation and dislodgment (for example caused by bathing or sweating).
Dispenser 200 effectively becomes an electromechanical patch that may in some
embodiments be removed for short periods (such as for bathing) and replaced, unlike
traditional patches which degrade or become non-adhesive following prolonged use or
exposure to moisture. Dispenser 200 may also provide very prolonged administration of a
drug, for days, weeks, months, or even years. All that is required is that module 206 be

replaced or refilled when depleted.
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stimulation) Stlmul ?1on FS mlcaﬁy cgrrec}/mt%ats ion, the dosage of clonidine administered may be

correlated to the pulse rate detected by sensor 224, such that the dosage is increased as pulse
rate rises and decreased as pulse rate declines. Alternatively, if the medication being
dispensed is an opiate analgesic that has a potential adverse effect on respiratory rate, then
further administration of the drug would be halted if blood oxygenation levels fall below a
predetermined value, for example 94%.

[66]  Although the electromechanical patch dispenser 200 has been described as a
substitute for a conventional transdermal patch, it may also be used in conjunction with such
a patch 25, 120. In such an embodiment, dispenser 200 is used to apply drug to the patch 25
or 120, which retains the drug against the skin until transdermal flux of the drug occurs.
Drug in the patch may be repeatedly replenished by dispenser 200.

[671 In yet other embodiments, the dispenser may be an iontophoretic dispenser, in

which ionized drugs are moved through the skin under the influence of an applied electric
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controller 220 in most instances, administers more medication during these periods of .

increased activity.

[691 In other embodiments, the applicator 200 may be activated by depressing the
button or switch 222, or additional switches, for instance in response to an event to
administer an additional dosage or a booster dosage. In such an implementation, the
button 222 may be labeled with the event or symptom for which the booster dose is
required. For example, the button 222 may be labeled “pain” for addressing pain
symptoms, such as chest pains, headaches or nausea, or perhaps “relief” may be a more
optimistic label. Examples of events may be eating, strenuous physical activity such as
manual labor, playing sports or jogging. Indeed, several buttons may be provided to
indicate a variety of events, each of which may administer different dosages or types of

medication. As another example, the bioactive composition may not only be one to treat a



are working at a desk, watching television, or sleeping, wth the
mechani cal accel erator sensor 225 nonitoring the change in inertia of the
i ndi vi duawo(0boe2s7e7T ng nore when active). |In response to i RCTAssBMBIaCti vity
signals generated by the nechani cal sensor 225, the controller 220 in nost
i nstances, adm nisters nore nedication during these periods of increased
activity. [69] In other enbodi nents, the applicator 200 may be activated by
depressing the button or switch 222, or 2&ddi ti onal switches, for instance
in response to an event to adni ni ster an addj ti onal dosage or a booster
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i ntravenous ("I'V" to patients in hospitals, ambulances, nursing
hones, and tﬂEWﬁﬁ MIVH% illustrated container 306 preferably |ncludes a
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a conventi onal st and, g eas stitution of the system 300 for
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constructed as e ove appl i ca
fluid ejecting system, similar to that used in thermal kaet printheads in the printing arts, for

instance of the construction described in U.S. Patent No. 5,420,627, which is assigned to the
present assignee, Hewlett-Packard Company. The applicator 310 includes a main body 312
that defines a feed chamber 314, which receives the bioactive fluid 301 (labeled “bioagent”
in FIG. 8) from the ink reservoir 306 by way of a fluid conduit, such as tubing 315,
illustrated partially schematicallyv in FIG. 8. A fluid ejection mechanism 316 is preferably
located centrally within the chamber 314, and held in place through attachment by an
adhesive or other bonding agent to a flexible polymer tape 318, such as Kapton® tape,
available from the 3M Corporation, Upilex® tape, or other equivalent materials known to
those skilled in the inkjet arts. The illustrated tape 318 serves as a nozzle orifice plate by
defining at least one, but preferably more, fluid ejection nozzle hole or orifice 320 formed in
tape 318 by, for example, laser ablation technology. The adhesive between the body 312
and the tape 318 may be of an epoxy, a hot-melt, a silicone, a UV curable compound,

mixtures thereof, or their structural equivalents.



and 200. The applicator 310 in FIG 8 shows one formof the internal

wor kings of thermal fluid ejecting system simlar to that used in thernal
i nkj et prwotobez2eis7in the printing arts, for instance of Phg/usonsiipgicti on
described in U S. Patent No. 5,420,627, which is assigned to the present
assignee, Hewl ett-Packard Conpany. The applicator 310 includes a main body
312 that defines a feed chanber 314, which receives the bioactive fluid
301 (Il abel ed "bioagent” in FIG 8) fromMthe ink reservoir 306 by way of a
fluid conduit, such as tubing 315, illustrated partl ally schematically in
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into the vaporization chamber 334. When the firing resistor 324 is energized, fluid 301
within the vaporization chamber 334 is ejected, as illustrated by an emitted bioactive fluid
droplet 338. In the illustrated embodiment, the fluid droplet 338 is shown traveling
through an air gap between the orifice plate tape 318 and the patch 305, with this air gap
being defined by spacer members, such as spacers 340 and 342 shown extending from the
applicator body 312, for instance in the same manner as described above for spacers 36
and 38 in FIGS. 1-3. Alternatively, an elastomeric lip, such as lip 205 in FIG. 5, may be
used instead of spacers 340 and 342, with or without the patch 305.

[74]  In operation, the dispénser 310 supplies accurate, metered doses of the bioactive
fluid 301 received via tubing 315 at intervals (such as controlled or selected intervals) to the
patch 305 when used. The patch 305 absorbs the fluid 301 and retains the fluid against the

patient’s skin 302 to achieve transcutaneous delivery of the bioactive liquid 301. In this



cooperation with tape 318 defines a vaporization chanber 334 surroundi ng an
associated firing resistor 324. The barrier layer 332 is bonded to the

t ape 318 w9 oaoed1¥n adhesi ve |ayer, such as an uncured | apem/ush2/13198

pol yi soprene photoresist. Fluid 301 fromthe feed chanber 314 flows

t hrough one or nore feed channels 336, around the edges of the substrate
322, and into the vaporization chanber 334. When the firing resistor 324
is energized, fluid 301 wthin the vapddi zation chanber 334 is ejected, as
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subject 404, here on a skin blemish, such as a wart 405. The applicator 200 is shown by
way of illustration, and it is apparent that applicators 30 and 310 may also be used with
cream 400, shown here without use of a patch 25, 120, 305. Here we see the applicator 200
ejecting bioactive fluid droplets 406 into a chamber 408 defined between the ejection head
defining nozzles 218 (see FIGS. 6 and 7), the patient’s skin 402, and the sealing lip 205.
The droplets 406 accumulate in a puddle 406’ which is drawn toward the wart 405 as
indicated by arrows 408, 410 by the fluid’s affinity with the cream 400. The fluid 406” and
the cream 400 mix together so the fluid travels through the cream to contact and treat the
wart 405. In this manner, the bioactive-agent-attracting cream 400 assists in drawing or
pulling the treatment fluid 408 toward the location to be treated, here, wart 405. Examples
of bioactive-agent-attracting creams, pastes or salves include a product sold under the trade

name Recepta-gel®, as well as dimethyl sulfoxide (“DMSO”). Such a bioactive



Enbodi nent of FIG 9 [761 FIG 9 shows an alternate enbodi nent a
transdernmal application systemusing the applicator 200 of FIG 5, for

i nst ance,wpDr3ozRTPUNCti on with a bi oactive conposition atPcadatSongiagent,
such as a cream a paste, or a salve 400 applied to the skin 402 of a

subj ect 404, here on a skin blem sh, such as a wart 405. The applicator 200
is showmn by way of illustration, and it is apparent that applicators 30
and 310 may al so be used with cream 40026 shown here without use of a patch
25, 120, 305. Here we see the applicator 200 ejecting bioactive fluid
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sal ves include a product sold under the trade nane Recepta-gel(r), as well
as di net hyl sul foxide ("DVSO'). Such a bioactive WD 03/ 028797
PCT/ US02/ 13198 26 conposition attrackeRgusionnt 400 may al so enhance the
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ketchup are t her
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exanpl e, %n%ﬁcatlonebrace ? w1t?1 52D patlent information then being used by controller 100 to

adjust the dosage and/or type of medication administered. Such a system avoids
accidentally administering the wrong medication to a patient. As another example, the
embodiments shown in the drawings are given to illustrate the principles and concepts
covered by the claims below, and it is apparent that the applicator may be constructed larger
or smaller than those shown here.

[78]  This specification has described several detailed examples, which are not
intended to be limiting. Rather, these examples are provided to illustrate some of the

embodiments which come within the scope of the following claims.



applied to the skin, or can be present in the patch, to enhance

transcut aneous flux of a bioactive agent that is delivered to the skin or
pad. Anotwero3®87Pati on uses the optical sensor 48 to readCpaSOEN198
identification, such as a bar code on a patient's hospital identification
bracelet, wth this patient information then being used by controller 100
to adjust the dosage and/or type of neditati on adm nistered. Such a system
avoids accidentally adm nistering the wong nedication to a patient. As
anot her exanple, the enbodiments shown in the drawi ngs are given to
illustrate egganciples and concepts covered by the clains below, and it
is apparent ‘th M he applicator may be constructed larger or smaller than
t hose shown here. [78] This specification has described several detailed

exanpl es, which are not, in ed to be l.imting. Rather, .t.hese exanples
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1. An applicator (20) for cutaneaqus del |ver joagtive co itipn to
a cutaneous tar gét dispepser (@Y FOFPEFIAg AN %“f%/cét(lodlgéﬁgn‘gé’ran %Gj’mﬁlBFr’g%)’glzn%ﬁan
orifice (40,56fnicfioldéBd detiéls theGRALHISBMpbsifon 1B 2aid DAfice @6)420M,ab) fvel ds and
delivers the bioactive conposition to salg orifice (40, 42, 44, 46) for

ej ecti on t heiestion beaghroughdand spacer (36, 38) positioned between the

di spenser orifi C%s%a%_gr (136,238t)§69itic§h§31 b@Rded 118 dishREGRLifib2AD, 4uni,ng) sidss i on of
t he bi oactive conposition the target (24). 2. An appl i cat'or (20)

accor di ng t darget(2duringpieetionef thediagpavesompgsgtionsigfhe targei@dor t ed by t he

di spenser (30) or is attached to the cutaneous target (24). 3. An
applicator (20) according to claim1, further conprising an adhesive

appl i cator pat cB. AdSipplictor 44D lateedinie cdlaimtlhwherein drrespacer (3 3Btis fuppyrteds.  An
applicator (2 cC i i i plicator (20) is an
appl i cat or fbg(r%ﬂ? 2 ﬁg%glgrﬁl& %eaﬁ%%%%]%? X@&Eﬁ%ﬁg{g?@%@%omosi ti on capabl e of
transdermal flux. 5. An applicator (20) according to claim1, wherein the

di spenser (30) i t her mal roplet jet.dis s ' : |

dropl et jet di spén&%?p&g%ﬁﬁzogﬁﬁ{%@%%r&a@d)R@@%@?@?{%ﬁ%%{acflgsﬁ‘lr%ea%ﬁ#a&)rrt her
conpri si ng gaeAMLs)dbd apli¢ationjo thewitateoautgne@ical | y ej ects the bioactive
conposition fromthe dispenser orifice at selected

4. An applicator (20) according to claim 1, wherein the applicator (20) is an

applicator for transdermal delivery of a bioactive composition capable of transdermal flux.

5. An applicator (20) according to claim 1, wherein the dispenser (30) is a thermal

droplet jet dispenser or a piezoelectric droplet jet dispenser.

6. An applicator (20) according to claim 1, further comprising a controller (100)
which automatically ejects the bioactive composition from the dispenser orifice at selected
times, wherein the controller (100) is a microprocessor programmed to dispense the bioactive

composition at predetermined intervals.

7. An applicator (20) according to claim 1, wherein the container comprises multiple
container modules (50, 52, 54, 56) that are removable from the dispenser (30), and the
bioactive substance is in a liquid or powder form, and the bioactive substance optionally

comprises a penetration enhancer, such as dimethyl sulfoxide (DMSO), that improves



times, wherein the controller (100) is a mcroprocessor programed to

di spense the bioactive conposition at predetermned intervals. 7. An

appl i cat owo(030)879tcording to claim 1, wherein the contai n@cCTasnpriiges

mul tiple container nodules (50, 52, 54, 56) that are renovable fromthe

di spenser (30), and the bioactive substance is in a liquid or powder form
and the bioactive substance optionally fonprises a penetration enhancer,
such as di net hyl sul foxide (DVMSO, that inproves WO 03/ 028797

PCT/ US02/ 13 18@ned8 penetratimonfangtherdicagiivesnbsdncanot her bi oacti ve substance. 8.
An applicator (20) according to claim4, wherein the bioactive conposition
is a nitrate, an anti-hypertensive drug, an anal gesic, a hornone or an
anal ogue t hereof 8. Ammpbl@@tdr(m)) amorcﬁmgmmmﬁmgmherﬁnrtladﬁoacﬁve Aampapiibn Sat or
(200) accordi ng to c rther c an attachnent 204)
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cutaneous topk@edaldgd®#ereof0. An appl i cator (200) according to claim1,
wherein: the cutaneous target (202) conprises skin covering a subject; and
the spacer conprises a sealing member (205), such as a continuous
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further comybsideyan indicator light (102) which indicates a degree of
depl etion of The broactive conposition in the dispenser (30). 12. An

applicator (200) according to claim1l wherein: the cutaneous target (202)

conpri ses skin cqyeni, ng]?l?caf%'r'@OQ%CCMM{gQch@m{TF%F&W e parameter; and the

applicator further co I ses bi 0-sénsor (Z24) which nonitors said

par anet er of thetma@muséﬁﬂet@wiéﬁmlmﬁ%sm@Y&ﬂmgqWbleéts%se thereto; and a
controller (220) A&a %ﬁ&gﬂﬁf% slaebh@ludss dEemdicseansi ng
the bioactive co |spe or| |ce I'n response to sai d

signal . 13. that sdpmivclcfaubﬂtan@@lw)?aladmdrsmmgf againsgsIthe skintto foxmarsubstantially closed
bi o- sensor c%-rug of Wq{THrt}llescF penser {glillll g%ta%%({fgﬁ{ xﬁkHEVI ce which measures pul se

rate and/ or oXygenation evel applicator (20) according to
claim1l1, further conprising one or nore of-

11. An applicator (20) according to claim 1, further comprising an indicator light

(102) which indicates a degree of depletion of the bioactive composition in the dispenser (30).

12. An applicator (200) according to claim 1 wherein:

the cutaneous target (202) comprises skin covering a subject having a measurable
parameter; and the applicator further comprises:

a bio-sensor (224) which monitors said parameter of the subject and generates a signal
in response thereto; and

a controller (220) which automatically dispenses or refrains from dispensing the

bioactive composition from the dispenser orifice in response to said signal.

13. An applicator (200) according to claim 12 wherein the bio-sensor (224) comprises

a pulse oximetry device which measures pulse rate and/or blood oxygenation levels.

14. An applicator (20) according to claim 1, further comprising one or more of:

a display (105) which displays information about said composition;



a display (105) which displays information about said conposition; WO

03/ 028797 PCT/US02/ 13198 29 an interface (116) which receives a nenory

st orage dwoiosm287918) contai ni ng dosage i nfornmati on concePairni$02/13198

adm ni stration of said conposition; a keypad input (104) which receives
dosage information concerning adm nistration of said conposition; a
programmabl e controller (100). 15. An ap¥licator (20) according to claim 1,
further conprising: a main body (32) which supports said container (50,

52, 54, 56); a dispsticn(] 1hpeihich 84yivests a¢mern siorace deded @ 1 Hrdontatping desags
plurality of Qorifi . : ionally, a flexible |ink
(35) which é%@ﬁ%@ﬁggﬁce@léésﬁiﬁﬁ?ﬁn%?ép%édd%%%g%?g%nd said dispensing head
(34). 16. An apphikeghdinp(2Q)4)adidr mecaigs tosagd mfamationf apneeneing edmipisirationpfan
opti cal sensar %48§§.t. and a controller (100) in comrunication with said
optical sens¥fCPHBIUYherein: said target (120) changes col or fol | owi ng
delivery of the hipfgeinnisblecsmpoRéert(i@); and said optical sensor (48)
detects said color change and in response thereto, the controller (100)
ceases ejection of said conposition, or causes ejection of said

conposi tion. 37. mlnAa[ap}bl'Loa@g%O) é&bebdi@ﬁtseradh g,gfufthbr(bbmbmiﬂ.g: further ) .
conprising a dernmal  patc . etween said orifice . 42, 44, 46) an
said target (24)2 ?‘é’iyr(-q’{)ﬁ’%mﬁbsruﬁﬁ‘?ﬁs6%ffiGHntF1§erc§156’a§2’ Sz'égg)orbent mat er i al

whi ch receives sgiggpéldo\REY (325 whidh SuppBAPREd drifiRs, or hPlurdlitk bf orfifves {40l 42,ng an
applicator (30) having a jetting orifice (40, 42, 44, 46) with a bioactive
conposition 4otb)caidaneous del i very through ejection fromsaid orifice to a
subject, the Kityg 1aSAdRfble BnkS@5) it oubBElog¥biCRidGRh %c%}s(’a’_ﬂ)f‘a;%df@bi@ac'fi ve
substance, with the container having an int ertgace (35) to fluidically
coupl e the déspersinedicadf34h t he applicator (34) to deliver said conposition
to the orifice; a dermal patch (25) for placenent on the subject to receive
said conposition from said orifice (40, 42, 44, 46) when spaced a sel ected
di stance therefrom and WO 03/028797 PCT/ US02/ 13198 30

16. An applicator (20) according to claim 1, further comprising an optical sensor (48),
and a controller (100) in communication with said optical sensor (48), wherein:

said target (120) changes color following delivery of the bioactive composition; and

said optical sensor (48) detects said color change and in response thereto, the

controller (100) ceases ejection of said composition, or causes ejection of said composition.

17. An applicator (20) according to claim 1, further comprising a dermal patch (25)
between said orifice (40, 42, 44, 46) and said target (24), wherein the dermal patch is of an

absorbent material which receives said delivery of said composition.

18. A kit for filling an applicator (30) having a jetting orifice (40, 42, 44, 46) with a
bioactive composition for cutaneous delivery through ejection from said orifice to a subject,
the kit comprising:

a container (32) which contains the bioactive substance, with the container having an
interface (35) to fluidically couple the container with the applicator (34) to deliver said
composition to the orifice;

a dermal patch (25) for placement on the subject to receive said composition from

said orifice ( 40, 42, 44, 46) when spaced a selected distance therefrom; and



optionally, instructions for dispensing the bioactive conposition fromthe
applicator (30) on to the patch (25), and a bioactive conposition in the
cont ai nerw(32)2879D. The kit of claim 18, wherein the cont 2Charso/gays
conprises a jet dispenser (34) having an orifice (40, 42, 44, 46), wherein
the container (32) delivers the bioactive conposition to said orifice for
ej ection therethrough. 20. A nethod of adfti ni steri ng a bi oactive
conposition to a subject, the nethod conprising: applying to a cutaneous
surface (24) of tIpEoRlby} Betruckopsdor drrepeing b bicaervecomprdidiniom theapplicatoner
(32) hol di nasbhien BBl EsE U BRE. LiriRRRSh ANt Benbhadst, ve compost tion

fromthe dispenser rough at | east one orifice 42, 44, 46)
toward the cutaneous surface; and retaining the bioactive conmposition in

prol onged cont act; 9V\/|’[:11}Q| kﬁtr&? clatil ?ﬁ} %@I%ixfﬁ‘lé E&%glzﬁr Q%é)cg;}&@sega ?e ?ggéng&a(é@gl (25)

that is retained on the cutaneous surface prov
(205) bet wedhvitgand@ridipe (ied2, ¢2010) , ahaeio theeisr Ga) daivers (iR0RJactice f or m a

b iall > d t aneous surface.
Subslant’ ol o B8RLFHl AIAIEE Sl AS kO dhgPenser and cut s

i
i patch (25) is an adhesive
dermal patch that is applied to the cutaneous surface (24) prior to

di spensi ng the bigactiy o ositi.on forom the dispenser,.wherein the
der mal pat? ch (25)2%o|6°t inéffo P@ar%é?%f}Fﬁ‘%%blaaCtl¥%F‘é‘&l%ols\%‘&?;‘P?%‘E’?ﬁx‘?&ﬁﬁeéﬂ%‘&ﬂ?‘er (28)
that i s renoooetgrisingor to di spensing the bioactive conposition |hnE (2)5§ he
atch (25), and is tionally subsequently, replaced qn the tc , to
Prrpr ov<(a rZat enti Oﬁpglg' R’tgﬁ%aBV%%e@P? Ve a@%ﬁ%b%‘%@? JePt A IPHUSRYALCE @?2@5‘9“522"1 The
met hod of cl@ntingd(32)heldiigihd Hieactispensee; (30) is a jet dispenser. 23. The
met hod of claim 22 furtge . conpri siqgg, di_ spensi ng the hi oactive conposition
ISppnY T i BRI 1

to the patch (252" dive GoppesiHogdtoay ibe disprager 3V 4keushit lapieone

bi oactive conIRsi40, an, 441 PeNtowdie tRauBRedud Rrtde, dulte subj ect, and the
bi oacti ve substance is optionally m xed with another bioactive substance

or enhancer duri RY2EREIRHRIPAEYe BRRMEItiop it Melensiteniget illiBe eirienceed rfpest ch
(25), or W t@iy)osaueknRRbsbh ©3Phat is retained on the cutaneous surface (24) or by providing a

seal (205) between the dispenser (200) and cutaneous surface (202) to form a substantially

sealed chamber between the dispenser and cutaneous surface.

21. The method of claim 20, wherein the dermal patch (25) is an adhesive dermal
patch that is applied to the cutaneous surface (24) prior to dispensing the bioactive
composition from the dispenser, wherein the dermal patch (25) optionally comprises a
selectively removable cover (28) that is removed prior to dispensing the bioactive
composition into the patch (25), and is optionally subsequently replaced on the patch (25) to

improve retention of the bioactive composition in the patch (25).
22. The method of claim 20, wherein the dispenser (30) is a jet dispenser.

23. The method of claim 22, further comprising dispensing the bioactive composition
to the patch (25) at intervals to provide sustained dosages of the bioactive composition from
the patch (25) to the subject, and the bioactive substance is optionally mixed with another
bioactive substance or enhancer during dispensing, either between the orifice and said patch
(25), or within said patch (25).



