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Al ternatively, the active agent may be stored in a
reservoir such as a porous structure or a gel. An ion
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i naltromeqer a éaqagase and a controller. The database may take the form of

stored iontophoresis device reference data. In an embodiment, the impedance
spectrometer is operable to measure an impedance of an iontophoresis device
and the controller is configured to perform a comparison of the measured
impedance of the iontophoresis device to the stored reference data. In an
embodiment, the controller is further configured to generate a response based
in part on the comparison.

In another aspect, the present disclosure is directed to a method
for evaluating iontophoretic d‘elivery devices. The method includes applying at

least a first test signal to an iontophoresis delivery device being evaluated, and
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‘ Figure 1 is a functional block diagram showing a system for

20 evaluating iontophoretic drug delivery devices according to one illustrative
embodiment.

Figure 2 is a schematic diagram of an iontophoresis device
including active and counter electrode assemblies, and a power source
according to another illustrated embodiment.

25 Figure 3 is a schematic diagram of the iontophoresis device of
Figure 2 positioned on a biological interface, with the outer release liner
removed to expose the active agent according to another illustrated
embodiment.

Figure 4 is a flow diagram of a method for evaluating iontophoretic

30 delivery devices according to another illustrative embodiment.
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It should be noted that, as used in this specification and the
25 appended claims, the singular forms "a," "an," and "the" include plural referents

unless the content clearly dictates otherwise. Thus, for example, reference to a
system for evaluating an iontophoretic drug delivery including " a controller "
includes a single controller, or two or more controllers. It should also be noted
that the term "or" is generally employed in its sense including "and/or" unless

30 the content clearly dictates otherwise.
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As used herein and in the claims, the term “bipolar membrane”
means a membrane that is selective to two different charges or polarities.
Unless specified otherwise, a bipolar membrane may take the form of a unitary
membrane structure, a multiple membrane structure, or a laminate. The unitary

30 membrane structure may include a first portion including cation ion exchange

materials or groups and a second portion opposed to the first portion, including
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wat er. Hydrogels may have a net positive or negative
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s used herein and in the claims, the term “gel matrix” means a

type of reservoir, which takes the form of a three dimensional network, a
colloidal suspension of a liquid in a solid, a semi-solid, a cross-linked gel, a non
cross-linked gel, a jelly-like state, and the like. In some embodiments, the gel
matrix may result from a three dimensional network of entangled
macromolecules (e.g., cylindrical micelles). In some embodiments, a gel matrix
may include hydrogels, organogels, and the like. Hydrogels refer to three-
dimensional network of, for example, cross-linked hydrophilic polymers in the
form of a gel and substantially composed of water. Hydrogels may have a net

positive or negative charge, or may be neutral.
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25 drug and/or pharmaceutically acceptable salts thereof. In yet other
embodiments, the active agent may include one or more “cationic active
agents” that are positively charged, and/or are capable of forming positive
charges in aqueous media. For example, many biologically active agents have
functional groups that are readily convertible to a positive ion or can dissociate

30 into a positively charged ion and a counter ion in an aqueous medium. Other

active agents may be polarized or polarizable, that is exhibiting a polarity at one
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adj uvant s, i mmunogens, tol erogens, allergens,
i Qéex@r@glg &S ,dg{ngg glegtron o@sqse%cglpn of the swtable active

"I S B B YIRS @ 3popt o
i rmuno sti Myhajophe enbRRIAERSI HhE of FBHE GThle 'é’tgbﬁisorhéy be
and i mmuno 15 suppressants, or conbi nations thereof

Noweledted fiony asalgepicesanéstbetits, aoesthetiag gaceinescaniideotics,
|Idcﬁcal ne,. articajne, .and others of thg -cai ne c ass

RYaES. IyaVORIBa GALAY VA, EDInoOes) dolataaens, aIGigshs, tol-
hﬁﬂéqgegﬁfa?ap ﬁgfse@&r fortJH’%&' §ts ﬁhH‘d fvants,

opl1 ol sunma rlpt n SUCC mtr ptan

naﬁﬁhﬁundlhﬁmdlﬁbrs |mﬁﬁ1‘-rfol-rléts96né’@aQGﬂtéOﬁlﬁrﬁiIun@lsrm’idlaﬂ@?@Rspemf ic
mal ate, frovatri pt an succi nate and ot her 5-

hyuwmx:yo siimubatdrse nonspepfi onnmmqfﬁana@mrssaed immuno-

d dnod I TLR 7 d 8
e Ean o ﬁ'@bdﬁé’ta@atﬂ Sier i done, gr ani set ron
hydr ochl ori ggepn éiérﬂﬁqegqﬁ sﬁFﬁ R agéﬂﬁtlh&ueé%%came
zolpldemtartratead simlar sleep I ndlicing agents

L-artipainanand bitrers ahthe feaire class raormphifie; attyummorpmne fentanyl,
ari pi prazol e, ol anzapi ne, quetiapine, risperidon
clwgedﬂ@e Adrocadans; byneengsphing| methadange and similar opioid

oS! B ST, Eritepl” e BaRR| . BBtiten

Otlfé?lzbét@%nefrﬁ‘ﬁén Frd |l ﬁévatﬁPfdd"ﬁiche lainl gth&gs-

exanpl es 'of active agents include anbucaine,
arfmdandmpdammedbecgptopsahiype@nm«ﬁs eresamﬂhadlormqmdmod and

PR L Ri7oARA B A0S =15 2RS AT, Apmpedons, granisetron
dl Y, i
N,'[@é. ?‘1@? (%ycy gﬁg %@gisﬁg’h a 'yecrgFEJenz 98, zolgldem tartrate and

similar sleep inducing agents; L-dopa and other anti-Parkinson's medications;
aripiprazole, olanzapine, quetiapine, risperidone, clozapine and ziprasidone as
well as other neuroleptica; diabetes drugs such as exenatide; as well as
peptides and proteins for treatment of obesity and other maladies.

Further non-limiting examples of active agents include
ambucaine, amethocaine, isobutyl p-aminobenzoate, amolanone, amoxecaine,
amylocaine, aptocaine, azacaine, bencaine, benoxinate, benzocaine, N,N-

dimethylalanylbenzocaine, N,N-dimethylglycylbenzocaine, glycylbenzocaine,
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tetracai ne, hydroxytetracaine, tolycaine, 15 . _
10 t rexsthazdine, parenthaxyeaine pentacaine, phenaoine: pheapl, piperocaine,

zol.am ne Zg&har maceutli cally .acceptable salt thereof,

arRindesaing.RO'ReARY PolXEainge AriQsIR, PLATROXIRe ¢ Procaine
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o lo¥Beahit), WU OBIUATE, prERRRRng, profafcdire” pftHipocaine

I nrbpdrgcdine pyrrotaing lqsiatazaine, bhinosaine endodaiise, rodockine,

and particularly humans. 20 The headi ngs provi ded

hdPelvacaing, salicyt alepbnl, defeacaing \hysexdetracaine, tatysaineet

15 Ec, HE‘{‘,&SGC”?E%?’IS? ,ifﬁ%‘? @?QH&?%E{%@%&%E%?C%@Z%%W%% Eﬁa}maceutically
| QfHCRpYIE ShE tKEraef, 4okl Mitired avéres- The system 10

i ncludes a control system 12 including one or nore
control | ers A9usedibbreis andan the class,dhe 26@n asubject” génerally

i npedance spectroneter 14 The system 10 may further
i H@F‘Hﬂ@ 8R¥ host @qigal, dsftsba?é%,sorzévewaterr@@eaﬂe@des fish,

" | .
S%&Hnﬁ’é@%ﬁ%uér?s ?%p@@?ééeb?@%gﬁﬁgﬁégj%@r huffBREanNce

of "an i ontophoresi’s udt 1 on.

20 | npedance i sTHe headiRgs prevfidePResin afnfdr@odlesiehté ahly and do
current flow, and typically refers to the 30

r dicitinteryel hepsnopecer maaninglaf e embodiseatssanpl e
el ement and I‘-tiSSreCJl”shgpvts an exemplary system 10 for evaluating
iontophoretic drug delivery devices. The system 10 includes a control system
12 including one or more controllers 20, such as microprocessor 20a and an
25 impedance spectrometer 14. The system 10 may further include one or more
databases 28.
The impedance spectrometer 14 is operable to measure an
impedance of an iontophoresis device 2 under evaluation. Impedance is a
measure of opposition to electrical current flow, and typically refers to the
30 relationship between the voltage across a sample element and the current

through the sample element. The electrical current flow results, in part, from an
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appl i ed potential difference. If the applied

potential (excitation or input signal) is sinusoidal

(e.g., E=Eo si n[vvt]) then the subsequent current

( S I ;
PR Ry o @iabbpled botdhil A #@lappicd
bpowaaal (exeitation oradppbmgnali) 3| SIhE;%oudabI(GEgt BeEg sin[®t]), then the
flow (I) is known as the inpedance npedance (2)
hedbsequent ﬁwtraafe(r%spar)seam@%mﬁgrwbyv'lbaiao ibe sieusaidal] yith a

TR B B St PP e Rt il HEhdeer BRLARTES Rfiehtial (B) and
t fR&rfent Slow @Ffsfkfrio%ﬁri &s e ﬁwp%b%tn%g\(Z? hﬁﬁp%e nc,‘ggg) has a

i nput/output relationship. For exanple I tude
amagpitade (|2 dnd plhasen(qal anet isgeneqllyexpress€diad a complex vector
o an applied

e se 10 of le ele t
w@&?ﬁ%@S@% PRISAHaNe? W hebradueY "?WS’QW% to the
aﬁ‘an@'fBPI:hg c{eqﬁlc%f Wsterﬂ_gﬁai@ﬂ?@{ﬁ%ﬁﬁé@&%ﬁ&gﬁéﬂhl&d'%r

€ an 1 npu signal "genera
Sem‘m eheRIAGNRLGE Anb Piaise Whirtlof &n BtGMatiAg B renP (AC) response
of progranmmabl e anplitude and frequency, and
gammglamﬁdm@ apliedAG.zers 34 configured to

b d ph f I
?elﬁéﬂsgag”hap 2 e B ST DInS3 10 p Gamobye o an

"B SdcBROLARa, 2 Nﬁﬁécfar%é trBﬁqéggﬁRA‘;JPr%g, .hEuuae an input

si ng reqtiency response analyzer
psignalgeheratas Raleay. ca smmawgene@n@r) chﬁﬁ@h’mdeto prowde an input
spectrorreter 14 may further include a potentiostat/g

asignal of ypgtammablenamplituds @mdrfeeguencyieand onas daeregesponse

BT oS RESERR Febfidfh ShdPsh BT BEf =

P&hAA)redpERse.€YRE Wdt%@nﬁi‘l g@ﬁérdw AR ord! dteforf re%ponse

current and a vol tage one enbodi nents, the
i analyzers P4 eah be inghpded mna siegte lraqunencymespelsse angllyadar (FRA)
t&han el ectrode assenbly, an electrolytic cell, an

t%pfh’ev'efefi@soseqn%ﬁew%mwnt&nJhsrlmpsﬁ@(mgp%@tr@neter 14 may
(OB e OIS R os o8 SR

fisipgduainck P@@ﬁbtr@ltére'm Iscopitablés detémsine s irap&detce for a
resul ting omthe excitation signal. In an

e¢ﬁiﬁl©m‘ﬁt(e a han m&om@rﬁhqdmg delivieing patath) uoder evaldation, from

edance qeasu ement s Eand al one node, suitable
frg aﬁtérﬁdn %o a current and a voltage

In some embodiments, the FRA 36 is configured to apply an
excitation or test signal to an electrode assembly, an electrolytic cell, an
iontophoretic delivery patch, and/or iontophoresis device that includes one or
more therapeutic agents for iontophoretic drug delivery. The FRA 36 may
further be configured to analyze a response signal resulting from the excitation
signal. In an embodiment, the FRA 36 may be configured to provide
impedance measurements in a stand-alone mode, suitable for making two,

three, or four electrode impedance measurements.

10
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t he i npedance of an iontophoresis device 2 for at

| east two selected frequencies of an alternating

current. It is possible to determ ne vari ous

resistive a bt j
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t hdetemminiectte Smpedancd-of amiantppleoresis device 2 jort atrisastiiwo selected
i npedance of electrolytes included in the ) )
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OB Ny AL oY oGP 858 Thpvaryin e

5 ONfedUier®) df th€ aBpli&SsigRY. T F SIOBIRINPIBSinSdme E?&éh%ethe impedance

i nformation regardi ng™t he capacitance at the

i mfeléctoalgtesfincndedin theriontbtphoessis teviee @ raag tiesevaluated by
included in the iontophoresis device 2. Exanples of a

r ARRYINg One; erifnte igh|fieaiernry init Signdiet Insqae olhgrsystems,

4 | B RS 5 558 or SBT3 By oy Bfies may
a proRRlednfoialibategadirifiNe RpatRakteathRificed of one or more
porous nenbrane, gel-matrix, and the like), a

10 r gesistive elgraents,incudéed yn thesioblopheresigdevise Zat kxamplesdf a

the |ike an el ectrol yti el | d the |jke. .l n .

L TESINE Rlermerancide AR ibpforboestis #Elvely Galob: & iontoporesis

. . g | . _

t AR Relbraht %o 6°, ant BReRe S me o rdhel i 68 Belective

| mpentinate, o bipotaranembranes laesgmiop ernesablé elemiecinen atpogous

I ont ophoresi s device 2 under evaluation by applying
arMeRbIENe i gptanateiynand thenlikedne resenteir ée.gelcayitsomembrane, gel-

1 s SRR, o oA W bR uon v

t h@sistipe eriiienthciRings &h iaﬁtbshgrgt@réra %nyérgcdbéyfaﬁd in

t he 1 ontophoresi s device 2 under evaluatio
appl yi ng an Inrgruémbsdiment, thengystemrid mag beooperable to determine
sel ected | ow frequenci es, and neasuring the response

sithRdMPedance rEoB@ B MR Rlactralres ingludgthiby tbeiiantgabpiesis device
3088, SR, S50 41T o PRy B Ao¥sctctea

20 S[figh freaBEAEIed Jafdind2 uring Bhé Rdsp dnee &R NTRE syefem 10 may
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i npedance of an iontophoresis device by applying a
f rikkewisebe opembleito deteimine thetimpedance pf onesir nerevintesfaces

2 8 R e GEERSP BRIy A5 A an pu
signal comprising one, or more selected low frequencies, and measuring the
response signal. In some embodiments, the iontophoresis device 2 is
evaluated before the addition of an integrated power supply.

In another embodiment, the impedance spectrometer 14 may be
operable to determine the impedance of an iontophoresis device by applying a
frequency-swept sine wave to the iontophoresis device 2, and examining the
response signals using the one or more response analyzers 34. Determining
the impedance may include, for example, determining at least one of an

amplitude and phase shift of a measured signal of the iontophoresis device 2

11
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sel ected frequencies of an alternating current. In an
enbodi nent, the frequency of the alternating current
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regi ons of a frequen(,\:/f 5 spectrum |n yet another
e t#19niHz toabaiigh Hrd elnAnather @mbeﬁmntn@ecfmqt@ncy of the

IS | ec .
T S L

| Sspddtiu® froyeén fifotier érﬁBéGﬁH&?ﬂ,ﬁhb%Q%Mmded@f'thé%ﬂt&mating current
patch. Eval uating the inpedance of the iontophoresis
ddsiseteckedrfrpmld ramge atiabayt plOyinvotosakbuh [100tMYt |8 isgnmal

to the iontophoresis device 2 and nmeasuring, a phas )
defRYOAMHHS. tgﬁdo"éiﬁﬁhi)ﬁe&éfeg%‘f'cﬁ KdS i%@}?&rﬁ% of ia@dgl"‘.OPF'Rret'C drug
So&@iveﬁf‘@ f.mrents, the magni tude of the test signal

may rang romabout 1 nV to about 100 MV. In sone

ot her enbodi FR4lusting the iffEiahdd ©f the loMtopiREsiS idevRe 2 fay
sel ected such that that the nmagni tude does not exceed

t Heckide@ppiying aisreall test pignahtoi the ientopheresisedeviee 2 and measuring
cAEheS8 BRI b SRS SBUR=E bRl s’

: v P! : .

| eridel e AR e K ST RO Bl v o

ofabaut dioesMuf Iasoaid etheaenib@dimennthe magaitaae of the test signal is
enbodi nents, the duration of the 20 applied small test

si giested sughteatihatihepaghitude dees aelprcesditbe gintipchemical

r 21, r C . [ t s .
D BB B MG ol REL B AR rial R ihie SESTepITRsls device 2
t afideyic¥aflatioar a |imted anmount of time, typically
rangi ng from about | ess than a second, to about five
seconds, to Apglyingra smiad testisigree wmayefurthen delude applying an

N L T TIER
f [ h . .
| SR o e S U S ot e

deqpplidd sanall 1E_DYigharisUeteintinbd bytbe Whed fRjuiredd dpphda

resi stance contributes significantly to
predetermined number of cycles. In other embodiments, applying a small test
signal may include applying a test signal for a limited amount of time, typically
ranging from about less than a second, to about five seconds, to the
iontophoresis device 2 under evaluation.

In some embodiments, evaluating the impedance of the
iontophoresis device 2 may include, for example, using two, three, or four
electrodes to test the device. Selecting the proper configuration depends on
many factors including whether test lead resistance contributes significantly to
the measurement, the need to precisely control the potential across the
electrodes, the electrolytic properties of the system under evaluation, etc. For

example, a four-point electrode approach to measure impedance is useful when

12
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exanpl e, a four-point electrode approach to nmeasure
I npedance i s useful when 12 WO 2008/ 030496
PCT/ US2007/ 019406 eval uating systens with | ow

‘gssyfs?e s wnthoW]ﬁ\g@glahbeﬂH‘poﬁn Fheoﬁ‘ﬁnl ToRRPE? p-ohm range),

neasurln ¢ systens,

deheamrmmmpeuameﬁ@ﬂetecvrbtytnesysteewaldﬂénmngmgnonmdectuvntues
occurring between two el ectrodes separated by one or

@Immrm@gsswwmr@b@?wﬁen e eleetrodes §¢Bﬁf§tﬁ5’r by one or
four <
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elrr@&uerg%‘ﬁg‘rlgﬁﬂ?? oF %%S L e e,%ltt%{jngpgrt BQ’oPgho‘?“e or more
ARREMLPSNEY. A Y NESToBRHoiRt BRIcIro8E cOfft un%@ioﬁ 'u%%ﬂ;pgﬁr?ﬂoys a pair
Iy F 9

The appl yi ng ectrodes enable a curfent flow, ‘and
t hof apphang glectredes addsa pawhoﬁeenmh@emntredest The appdying
wel | known over the range of the applied signal)

meieeifedes ennkie gecudresy ﬂaw.: 88d the,gepyng elrgiiodes (whosan

R B o L R B Bl Lo ot e B ol repsure 2
be,oiaheres acfdsathé tonfiomenle.g§!, Enl |§htd§hbﬁ§tlcadr§|g delivery patch)
enpl oyed in the iontophoresis device's electro

asmidnleyatuatmnmlmrsamegwnbodumms dhe @jenttadsis shosld be selected
par t tothe di f.ferenc in th st ndard potentia
b e the sam QTSITer TaleTAlS © dhe afiopheests device's

GRS PSR 1o Hitmie DeFRR e% AlepYEl b Pp il the

| differéaces irefiie stahéaddasstentials @@swatedaww aieyvamtw dterials.
to the inpedance spectroneter 14 and sel ecti vel

po%mabdmmt@naiﬁmay ivspge; farexamplensiyph A@sangd a%«ﬁr@alozide
(8 %[leval uated, such that the test interface 18 is
a )o make el ectrical contact with at | east a

portion 20 4y s&ﬁ@mn@;meﬁﬁéi ﬁacﬁﬁ%‘é%s@uﬁéﬁé@ 18,

evaluated. In sonhe e the portion 4 o

I aontpbnicatively deupled t3 thedhpddance sﬁmmmdethlasu selectively
el ectrical contacts 6. I n another enbhodinent,

t asitionable with respech ¢o aaé%ntpenereseﬁ @%\t*%a@@%avwated such

OQRéﬁtﬁgﬁegt{) npqqfafc%r{g f'§ ‘fé‘go H%k?telé&%&?t{bﬁact ZYvntohf att Iﬁgst a portion

Sone € a po

| aNbPIPBAbRBPHOFERYY E6vide 22:’533u'§%vam%tédjelnadbm@bﬁfﬁo@¢fﬂent the
electrically coupleable to at | east two el ectrodes

t hportiordeof dipe ienidghdresisdeving 2 ingludes atipastdwoedistinat ipdectrical
|ont orelst|ce2 .The atBort|0n4

S Bod @NGIRATEIMB0 dent. Et?ﬁéntﬁgﬁﬁﬁéb BPludes fu

C%ﬂé&?&des and is operable to perform a four-point impedance measurement.

In some embodiments, a portion 4 of the iontophoresis device 2
may include an interface electrically coupleable to at least two electrodes that
are operable for measuring the impedance of the iontophoresis device 2. The
portion 4 of the iontophoresis device 2 may take the form an electrical contact
surface. In other embodiments, the portion 4 of the iontophoresis device may
take the form of a surface operable to provide two or more electrical contacts 6
for measuring the impedance of the iontophoresis device using, for example, a

four-point electrode configuration.
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devi ce using, for exanple, a four-point electrode
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The control %ééﬁﬁé%g@ﬁg'@%%ﬁm%ﬁ’e She BPFrfbre controllers 20

controllers mi croprocessor

diglichads thegnitropriocesser@0a BSRYitdlrsigned Ipwwéssor (amSP) (not shown),
application-specific integrated circuit
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T
dah céSsdtf2imayast seHfigared toﬂikﬂnﬁéhﬂ*h@&fét@ﬁnméd impedance of

stored val ues may include i npedance data, flux data,
10 dhEdomiopdotetsns/de\ycei atunder eypliatinn &0 aatatabasen28 af stored values.

data, ionic bi y t di ffusi on coefficients
t ransport nu aﬁ’?ﬁﬁ&\%s‘?af %%reda ez meaydag! Hg? gppedance data,
n . -
K G283 BB Gt o
el mar@nﬁumn&mﬁdmw tpesphorteurdbers, statisticalre espges data for
I npedance data, resistive elenment _specific inpedance

dageﬁefabﬁﬂmh@f%tiﬂ tsendse@inddhe fikei The daipkaren4@ ofistosed values

i nterface cifi dance..dat a
15 o pa TR ke elet i apesisC tnfiendien i, pieffordnd beific
c
" HpAanee daty, rBEHAS Blehé SRACITE ThpBUahe gaR Tetltgphoresis
Sth\ﬂZ(n‘é spéaficimpedtaice. ddta, iaterfadecstiacictimpedanse datal and the like.
ref erence data includes |nﬁ]edance data, characteristic
phase del ay !@ameméndimeate es‘quﬁro"ﬁhﬁplm%@'ﬂ’&t’&’e configured to

r}g%rfo%fé c@Hp%rirggﬁ'o?'iﬁé‘ﬁ% gﬁFéad ! %Eecff'tﬁé 'io%t?pr}c%rgglg device

I'stance acC erIStICIn

20 capeFiHeadtorediRiérened Aabet BY 4S5 bibdd@fiest, the yoied refdfdrte data
and the like. In an enbodi nent, the characteristic

phincladesimpedanceadatac ohaiactasistipiphase dielayydatat ehanacteristic
Bl ol ot FoRATR GotBoh bR el e
d%@ls?énée"@ata, characteristic interface capacitance data, characteristic ionic
movement data, and the like. In an embodiment, the characteristic phase delay
25 data comprises phase delay data at two or more frequencies of an alternating
current, and the characteristic amplitude data comprises amplitude data at two
or more frequencies of the alternating current. In another embodiment, the
characteristic phase delay data comprises one or more phase delay ranges;
and the characteristic amplitude data comprises one or more amplitude ranges.
30 In other embodiments, the characteristic phase delay data comprises

“fingerprint” characteristics of a compliant and/or reference iontophoresis
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the characteristic anplitude data conpri ses one or

nore anplitude ranges. 30 In other enbodinents, the
characteristic phase delay data conpri ses
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SEMPRIRS GMSP, dedh R a100 g, BRSR i A fting vaue

| MThel e pdngB MFaY furthler dwlids apnedstiret detibtiod Betwesn thexd
i npedance of the iontophoresis device and the

coneasweddmpgdanee ofithe iontaphoesesis device AngLthesorrespanging stored
sho¥v an egegl ary iontophoresis device 100 conprising
acdEIFENGR 4 bunt er el ectrode assenblies 112, 114,

respectivel yg; Fésefbhh%aélﬂldgvsﬁl&b § ibRto Roresis device 100

- 3
i ntegrated poWer source to supply’an acCtive

agsomhprésing aictivel and cobirter@lectodel assemidies asi2e vl yrespactively,
to a biological interface 118 (Figure 2), such as a i
plectogallf Cayplpakle tenapdnteghates mavensoarce dHe &ppeprlyjan active

v A4sE plteindin RARIE Fiadase iy 1l P bl intertace
116418 {mglifee2), sLits bE 2t shisABP dkiRRIHmuddL® mehibtane via

i6
el ectrode assenbly 112 20 conprises, froman interior
126ntopharesisct Eypically, 2e afntopleorasisideyicel €00 isoelaluated before the

I 2:. [ | I 124,
oo o2 ey B S Tl ot 124 o
an inner | Oﬁnﬁﬁé?%&rﬁ?ﬁ&@ﬂ%%ﬁ?ﬂt?ﬁwe é‘t’ﬂiv'eﬂéf%%trc?diaI sddembly 112
y S , an

agent reservolr oring active agent

opddnpvedes) froft ansiiterion126 6 a6 exteriore2Rrofnke adfivé blectrode
optionally caches additional active agent 140, an 25
opassemfly fli2t e active plestrade elemant 124, @neglesljolyie wseasoir 126

Susrt(f)rallr(fg(;e arlmdézie&FoI)t/tg%Z& an inner ion selective membrane 130, an inner active

agent reservoir 134, storing active agent 136, an optional outermost ion
selective membrane 138 that optionally caches additional active agent 140, an
optional further active agent 142 carried by an outer surface 144 of the
outermost ion selective membrane 138, and an optional outer release liner 146.
The active electrode assembly 112 may further comprise an optional inner
sealing liner (not shown) between two layers of the active electrode assembly
112, for example, between the inner ion selective membrane 130 and the inner
active agent reservoir 134. The inner sealing liner, if present, would be

removed prior to application of the iontophoretic device to the biological surface
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outernost ion selective nenbrane 138, and an opti onal

outer release |iner 146. The active el ectrode
w@s®endlsye 112 may further conprise an opti onal PCT&2007/019406

sealing liner (not shown) between two |ayers of the

active electrode assenbly 112, for exanple, between

the inner ion selective nenbrane 130 and the inner 30

act19/ CEGAPBY tHEARIWOLEmEHS of SUIRY WA diSEuddelth detail

if present, would be renoved prior to application of

t Heelownt ophoreti c device to the biol ogical surface 15

WD 2008/ 030496 PCT/ US2007/ 019406 118. Each of the

above el enentfie aetiva elgetrode slament 124 igielectdcally gaupled to a first
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el ectrode 5 assenbly 112 to apply an el ectronotive

f otk 142 via xaEpEs Dihencompuineatsagithe arBee eldct@delassembly 112.

- adariordingsy uSSRREATENS: e yagulide g appled lastromotive force
| l¢d : ' ' .
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10 | ds selestedkaughuthat itaeetstoraxeeeds theoqisinary useopsratingr y

e BPSRnPd nepftand SR8t S e ienale Vit 100. 1n some
ergngl ERBbaiménts, %%h%giflﬁié%f thEeap?)géb lef&ttromotive force under

el ectronpti ve r?or ce un nor mal ndi t1 ons,

gevarme| cpnditiors, dyenenallynexpecdsdbe ofagritdemilthedpplied

el ectronotive force supplied to the iontophoresis .
dé'?%‘é?'?oﬂ\éﬁ/fq{@e $appP e the '@%tOP.hLQf%fﬁj@@@’@i%geV'Ce 100 when it is

15 evlﬂldé?é%iﬁaﬁvgﬂ%}%@ ive el ectrode el ement 124 may take

a var In one enbodi nent, the device may

advant ageousfhe g8i/eO¥ledtr6dé BRMARSIRd mag takea @bﬁéfy’éﬂ‘@rms. In
el ement 124. Such may, for exanple, conprise nmultiple

| ayrer @Mbbdimentathyel devicepolayragvamtageoustyoerpplayi angarbandased
e S AR e SRR LRGSR e Sl
201 P Ea e ARt ERB G o TR o idtive sheet
20 el comtprixieg carbdni fir tor eaessr fitstrspdper $udh ad they descritsdd in

t hensel ves undergo or participate in el ectrochem cal
r SREMEAY. assngnﬁd', pending daparesecpatenbapplinatipn 2084/317317, filed

C%ét%Bter Egrf&%‘ ‘H?ée cgr 'o%qtt)z'asoerb 8Irec{r8 éJsC ta}eoljrﬁelc'}felectrodes in that

they do not themselves undergo or participate in electrochemical reactions.

Thus, an inert electrode distributes current through the oxidation or reduction of
25 a chemical species capable of accepting or donating an electron at the potential
applied to the system, (e.g., generating ions by either reduction or oxidation of
water). Additional examples of inert electrodes include stainless steel, gold,
platinum, capacitive carbon, or graphite.
Alternatively, an active electrode of sacrificial conductive material,
30 such as a chemical compound or amalgam, may also be used. A sacrificial

electrode does not cause electrolysis of water, but would itself be oxidized or
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oxi dation of water). Additional exanples of inert
el ectrodes include stainless steel, gold, platinum
capacitive carbon, or graphite. Alternatively, an
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a |iquid. |nnone enbsdimennitheidiectaligtet128 qureprsss ionic or
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nichizablewiemponents incan agueowinediwny, whigh cansact dougpaduct current

otenis of Sy Homt e actyf et SO sutaE AP fayes
ggrllcﬁé‘aé,sfor Eﬁ%g[@%ﬁlﬁefﬁ?@oﬁﬂtiﬁﬁé bﬁéglgse. Ii?eg_erd'b'w:, lthél 8fectrolyte 128

ts of physio6ldgical Tons, suc , sodium

pahclades saltsbi physislogisationphagbhas, soddmeepatassium, chloride, and
electrical potential is applied, when an inert
elphospbate. 20 el ement is in use, water is electrolyzed

at both the ' . . e e hli

O e A SR Rl s BB e fectode
elgsmbReR in aseewbter i éle@ﬂog'z@d%t botH e activexaritl éeehterslectrode
a result, oxygen is renmoved from water while protons

( laspembliepr tnioerain embaediments) sdich@stwhemthe-aetivereJpgtrede

128 . . .- .

assembly is an anode, water is oxidized. As a result, oxygen is removed from
water while protons (H*) are produced. In one embodiment, the electrolyte 128
may further comprise an anti-oxidant. In some embodiments, the anti-oxidant is
selected from anti-oxidants that have a lower potential than that of, for example,
water. In such embodiments, the selected anti-oxidant is consumed rather than
having the hydrolysis of water occur. In some further embodiments, an
oxidized form of the anti-oxidant is used at the cathode and a reduced form of
the anti-oxidant is used at the anode.. Examples of biologically compatible anti-
oxidants include, but are not limited to ascorbic acid (vitamin C), tocopherol

(vitamin E), or sodium citrate.
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of, for exanple, water. In such enbodinents, the
sel ected anti-oxidant is consuned rather than having
the hydrolysis of water occur. In sone further
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L SERILE rhihee RO BY ke Bt Fg6A Bign e membrane
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ejarhselgetiveememhiane 138 ray adeantggeously aneventtipnsterof
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Songetraae ssmrake i BRrBEL S eI IENE A7B and e inner
tr , i . .

,SETES SRl FaPh gy AbRIN st crrsmednEpombrane 13
agea\t preveat goinhititthe Ranséeraofsiodjurn IiNalioes fioomthe electrolyte 128,

sel ective nenbrane 130 may prevent or inhibit the
t therebyingeasipgithe-trensfey ra r%r@/%wp{qsécaéﬁemnagpb@eOf the

it aRROES R TR () of the i ont ophor es: 8. devi ce

110. 20 The JiHaNRhePEEtiVECagEIR Résdro6ie118aii§ géRérally positioned

general ly positioned between the inner 1on selective

mbebweer tSDnanbn selectiveenembrane A 38 @nddhe wuitermant iemeselective

\1, ir?q:rgg?,aqulﬂn g Tﬁgﬁrlmﬁleer active tag%%fc’ resenoir ‘} gf’ mrgaw ta‘«z%1 kaevaa}iety of
forms including any structure capable of temporarily retaining active agent 136.
For example, the inner active agent reservoir 134 may take the form of a pouch
or other receptacle, a membrane with pores, cavities, or interstices, particularly
where the active agent 136 is a liquid. The inner active agent reservoir 134
further may comprise a gel matrix.

Optionally, an outermost ion selective membrane 138 is

positioned generally opposed across the active electrode assembly 112 from
the active electrode element 124. The outermost membrane 138 may, as in the

embodiment illustrated in Figures 2 and 3, take the form of an ion exchange
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pouch 25 or other receptacle, a nenbrane with pores,
cavities, or interstices, particularly where the
active agent 136 is a |liquid. The inner active agent
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formof a 10headutermestdbarekctivgiemiranemBas malygtiogally cache
the passage of the cationic active agent wile
blastie agenhé4®akithout ket limitechy diepnss dieion ex¢hange groups or
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S RBTRG s SR Stei i s B sy Bafly 44 FRS e of the
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r eblebsss those iohs Whensreptaced|veath sybstiutivieciopsohtike polafrity or
the active gt%ent in the absence of el ectrom)tiVﬁ force

S

ocharge enderhg Iafiirncafian figCtromotyd Kuce RhSUMEBhs when
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|
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outer release liner 146 to retain the active agent 140 until the outer release liner
146 is removed prior to use. |

The outermost ion selective membrane 138 may be optionally

preloaded with the additional active agent 140, such as ionized or ionizable
drugs or therapeutic agents and/or polarized or polarizable drugs or therapeutic
agents. Where the outermost ion selective membrane 138 is an ion exchange
membrane, a substantial amount of active agent 140 may bond to ion exchange
groups 150 in the pores, cavities or interstices 148 of the outermost ion

selective membrane 138.
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cache active agent 140, for exanple by enploying the
renovably rel easable outer release liner 146 to

WO 2a08i0sn4bdre acti ve agent 140 until the outer rBCEHESE07/019406
liner 146 is renoved prior to use. 25 The outernost
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additional active agent 140, and/or further active agent 142 may be different
compositions or elements from one another. Thus, a first type of active agent
may be stored in the inner active agent reservoir 134, while a second type of
active agent may be cached in the outermost ion selective membrane 138. In
25 such an embodiment, either the first type or the second type of active agent
may be deposited on the outer surface 144 of the outermost ion selective
membrane 138 as the further active agent 142. Alternatively, a mix of the first
and the second types of active agent may be deposited on the outer surface
144 of the outermost ion selective membrane 138 as the further active agent
30 142. As a further alternative, a third type of active agent composition or

element may be deposited on the outer surface 144 of the outermost ion
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may be stored in the inner active agent reservoir 134,
whil e a second type of active agent may be cached in
the outernost ion selective nenbrane 138. In 25 such
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art.

In the embodiment illustrated in Figures 2 and 3, the counter
electrode assembly 114 comprises, from an interior 164 to an exterior 166 of
the counter electrode assembly 114: a counter electrode element 168, an
electrolyte reservoir 170 storing an electrolyte 172, an inner ion selective
membrane 174, an optional buffer reservoir 176 storing buffer material 178, an
optional outermost ion selective membrane 180, and an optional outer release
liner 182.
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gel may take the formof, for exanple, a hydrating
gel. Selection of suitable bioadhesive gels is wt hi n
t he know edge of one skilled in the relevant art.
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t he counter ectro 168 and the out ef nost
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ofintefaceliagt rode) on the counter el ectrode el ement 168
and may prevent or inhibit the formation of acids or
bases or nedfheainngeionselective, mambcangray4 may be positioned

between the electrolyte 172 and the buffer material 178. The inner ion selective
membrane 174 may take the form of a charge selective membrane, such as the
illustrated ion exchange membrane that substantially allows passage of ions of
a first polarity or charge while substantially blocking passage of ions or charge
of a second, opposite polarity. The inner ion selective membrane 174 will
typically pass ions of opposite polarity or charge to those passed by the
outermost ion selective membrane 180 while substantially blocking ions of like
polarity or charge. Alternatively, the inner ion selective membrane 174 may
take the form of a semi-permeable or microporous membrane that is selective

based on size.
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enhance efficiency and/ or reduce the potential for
irritation of the biological 20 interface 118. The
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between the electrolyte 172 and the buffer materi al
178. The inner ion selective nenbrane 174 may take
the formof a charge selective nenbrane, such as the
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retaining the buffer material 178. For exanple, the

biNa&). reservoir 176 may take the 10 formof a cavity,
a porous ne
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35 R B oo B ASSEAR 11 SR oA E U 8 o
polarity opposite to that of the outermost ion selective membrane 138 of the
active electrode assembly 112. The outermost ion selective membrane 180 is
therefore an anion exchange membrane, which substantially passes anions and
blocks cations, thereby prevents the back flux of the cations from the biological
interface. Examples of suitable ion exchange membranes include, but are not
limited to, the examples discussed above.

Alternatively, the outermost ion selective membrane 180 may take
the form of a semi-permeable membrane that substantially passes and/or
blocks ions based on size or molecular weight of the ion.

The outer release liner 182 may generally be positioned overlying
or covering an outer surface 184 of the outermost ion selective membrane 180.

Note that the outer release liner 182 is shown in place in Figure 2 and removed
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polarity opposite to that of the outernost ion
sel ective nenbrane 138 of the active el ectrode
assembly 112. The outernost ion selective nenbrane 180
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r enatggal 19Ger 146 of the active el ectrode assenbly
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114 are positioned on the biological interface 118.

Posi ti oni ng In use, the outermost active electrode ion selective membrane
138 may be placed directly in contact with the biological interface 118.
Alternatively, an interface-coupling medium (not shown) may be employed
between the outermost active electrode ion selective membrane 122 and the
biological interface 118. The interface-coupling medium may take the form of,
for example, an adhesive and/or gel. The gel may take the form of, for
example, a hydrating gel or a hydrogel. If used, the interface-coupling medium
should be permeable by the active agent 136, 140, 142.

In some embodiments, the power source 116 is selected to
provide sufficient voltage, current, and/or duration to ensure delivery of the one

or more active agents 136, 140, 142 from the reservoir 134 and across a
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on the biological interface may close the circuit,
allowing el ectronotive force to be applied and/or
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116 to the other pole 116b, via the active el ectrode
assenbly, biological interface 118 20 and counter
el ectrode assenbly 114. In use, the outernobst active
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el ectrode a{hainy ioatophbesid,ithe efestramativel force aeross the electrode
i ont ophoresi s device 110 may i ncl ude

di ode to
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i (gne bm?oglclal tlssﬁglbee():/ton\éethe mqbgfgc% SDunng |on8lopﬁore3|s in addition to

the migration of charged molecules in response to repulsive forces, there is
also an electroosmotic flow of solvent (e.g., water) through the electrodes and
the biological interface into the tissue. In certain embodiments, the
electroosmotic solvent flow enhances migration of both charged and uncharged
molecules. Enhanced migration via electroosmotic solvent flow may occur
particularly with increasing size of the molecule.

In certain embodiments, the active agent may be a higher
molecular weight molecule. In certain aspects, the molecule may be a polar

polyelectrolyte. In certain other aspects, the molecule may be lipophilic. In
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sel ective nenbranes 130, 174 are sel ected accordingly.
During iontophoresis, the electronotive force across

W bawsiebweed r ode assenblies, as descri bed, | eadBCT/USH07/019406
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m gration of charged active agent nolecules, as well
as ions and ot her charged conponents, through the 20
bi ol ogi cal interface into the biological tissue. This
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met hod 200 for eval uating iontophoretic deliver _

d altetnasing ctioreat mayt inclode an input signahef mngmnmhé. amplitude and
frequency, a frequency-swept sine wave, a generated waveform, a single sine
wave, a multi-sine wave, and the like. In some embodiments, the alternating
current is applied to an iontophoretic delivery patch, an iontophoretic drug
delivery device, an electrolytic sample cell, and the like.

Applying at least a first test signal to an iontophoresis delivery
device 2 being evaluated, may include applying at least a first test signai via a
pair of applying electrodes included in a four-point electrode assembly. The
applying electrodes enable a current flow across the component (e.g., an

iontophoretic drug delivery patch) under evaluation. In some embodiments, the
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| east a first test signal to an iontophoresis delivery
device 2 being evaluated includes applying an
alternating current to the iontophoretic delivery
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selected such that it does not exceed an . i
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deldnpidleRkiuEhg?alRGhatng Yaedt sitide’ (e.g., for measuring ac
resistance, capacitance, and inductance), fast fourier transform techniques,
lissajous figures, and phase sensitive detectors (e.g., lock-in amplifiers), sine
correlation, and the like. Measuring the impedance response may further
include measuring the impedance response at two or more frequencies of the
alternating current, and obtaining at least one of an amplitude or a phase shift
for each response signal. In certain embodiments, measuring at least one
resistive or capacitive response may further include measuring the impedance

response of a component of the iontophoresis delivery device 2 through at least
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device 2 being evaluated includes neasuring at | east

one of a magnitude or a phase shift of a response

signal wth an inpedance spectroneter. For exanple,
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transport numbers, statistical averages data for general iontophoretic trends,

electrolyte specific impedance data, membrane specific impedance data,
resistive element specific impedance data, iontophoresis device specific
impedance data, interface specific impedance data, and the like. In some
embodiments, the one or more reference data sets may include “fingerprint”
characteristic data of a compliant and/or reference iontophoresis device. The
fingerprint characteristics may include phase shifts and amplitudes measured at

various frequencies that are reflective of the components of the iontophoretic
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spectroneter. At 206, the nethod 200 includes
conparing at least a first value indicative of the
neasured at | east one resistive or capacitive response
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¢ FRaRatng SLlsnl & Gld BERoRPfEb LRt ERe o “ror e -
reference daj208ethe MBIhdd 200 FRIudesTHEREMhnING whether the
characteristic data of a conpliant and/or reference

| torttoptaresisi deliden devica Belr[d(ergcbing@wpuation meets one or more
chEeeebes i P A e B B o
VBB L 6 BN BRRERL s TbatcEol &k BERFLT Hekicg being

ugdaluatthhiéatd 6ne of morereceplande writdria magdnclode determining a
controllers 20 such as a m croprocessor 20a nm

be
c ongasyue ofldeviationpetweerhthe measerggiimpedapse O&Hlym@ntophoresis
i ndi.catiyve.of .th asured at. | east one resist.i A
c SglivaTy dRvice:R pBLRS GptTeRRoTding PR oy dure diteplan Hreria
devi.ca: . |
ST b CopRaR iBFtoRRbRR BRI NEACET. AN et
C efiiddimente tios on® ioe narg riontrotlens2ysuchoas pimaceoprhcéssor 20a

ranges of a neasured response from a plurali té/,,of
r enay ba senfigured ja soaInare @dNpasyrpddesistive or capacitive property of

al ternati u . o f i .
2B eRBRR ISRl fhubka BacTBifio BRLAR, fivafls stord nthe
1QneUHRBROIASIehcl@laty 868, devi ce 2 undergoing

eval uati on neets one or nore acceptanpe crlterla,

based at | edt21i0ntheamethod 20@ maynfusthes ingludengenerating a

Capses brssccn Py M oRbar<on. "fné §8h8RASA F&dgbnse may

include at least one of a comparison plot, a compliance code, a diagnostic
code, a test code, an alarm, and a rating value. In some embodiments, the one
or more controllers 20 such as a microprocessor 20a may be configured to
generate the response based in part on the comparison.

The above description of illustrated embodiments, including what
is described in the Abstract, is not intended to be exhaustive or to limit the
embodiments to the precise forms disclosed. Although specific embodiments
and examples are described herein for illustrative purposes, various equivalent

modifications can be made without departing from the spirit and scope of the

29



eval uated neets one or nore acceptance criteria nmay
i nclude determning a neasure of deviation between

wao besosrsur ed | npedance of the iontophoresis 1BCT/US2007/019406
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delivery device 2 and the correspondi ng one or nore
acceptance criteria indicative of a conpliant
i ont ophoresis delivery device 2. In sone enbodinents,

L §8cIB86re? as Wl ‘Bfgrg%gr@%égw tﬁg?é dkilledt fhe relevant art. The

m Cr opr ocessor e'configured to conpare

nteashingd pregided iheeeinrof thpagiidus/empodinegnty cah beaapplied to other
i ont ophoretic delivery device 2 undergoi ng eval uati on,
tRroblanysoIving pystems devicesz@ngreethpdsonet nasessaily dhejgxamplary

B oS R s
conpar i son. FghipsEMear EHeef@réq%glﬁ)g) BefileBXestAstictiRaget forth

| east one of a conparison plot, a conpliance code, a
dvarpussembodicwids obitheesitsternd edevacesalamdior raethods rvig theguse of
\é@l ue... I n sone enbodi nents, the one 2??, or nore

REls diagsaspecharpaticss and mxarmpieps cinsolar asosGhellogle diagrams,

j d ' i r , )
SIS ob oo BRSO RBRE 118 R peffons.
ewillst umddrtoodntsy thdseGkweadtin the afaRat édxfunBtiémand/or operation
Abstract, is not intended to be exhaustive or to |lim

t Wighinwisb dilegindiggrams Hiowahactss er examplesi canl ks iroplemented,

Al t.h i fi nbodi ment s, 30 and |
Aot by S oo BiVeRY. H1CH Mt (G R B, S0, firmware,
SSbaA iy EOAMIchERARoE o e ERHEHIEAC W rggont subfe

20886034 3e REIEMSAGRITViIA KppliGatich Speoifiv etegpsteddiGitcuits
nized by those skilled in the relevant art. The

[@ﬁ&shggomeyer,daqsmk@mirbmetarbvwlbrﬁcegaizertbatjﬁhmmlsodiments

JASB5 A REIS ool B7in B rrCER B el i faptpa in
Rtand&ariARigyated GLEiE s SR bF Ribre BFPTREMNBIBS RS Rlirihg on one

descri bed above. 5 For instance, the foregoing
dytradteecordpsters (¢.porashare sremofeptdyramarrunning on one or more
enbodi nents of the systens, devices, and/or nethods

\RONRYIET BESICHIS). 35 BR% OHMAYE AFRJraSiANING:QN ORRET more
SRS L2 RIADoT S0 058 e Mot AR 67 one o

anereapioessorst(e.gh microgrocadedrs, ertirivara0seas Kirluafig anp
the art that each function and/or operation 10 within

fombipatiek theiragf; and that deeigning she oircuittpaptés veritingtthe code for
AR BRERE by o imiare Waulh BRavedl w458 skl rbne o Gainary
skill in the art in light of this disclosure.

In addition, those skilled in the art will appreciate that the
mechanisms of taught herein are capable of being distributed as a program
product in a variety of forms, and that an illustrative embodiment applies equally
regardless of the particular type of signal bearing media used to actually carry
out the distribution. Examples of signal bearing media include, but are not
limited to, the following: recordable type media such as floppy disks, hard disk

drives, CD ROMs, digital tape, and computer memory; and transmission type
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or virtually any conbination thereof. In one
enbodi nent, the present subject matter nay be

w0 pBesENE ed via Application Specific |ntegratBdl/US2007/019406
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Circuits (ASICs). However, those skilled in the art

wi Il recognize that the enbodinents 15 disclosed

herein, in whole or in part, can be equivalently

| H%h%l*@urﬁrﬁgs H[bata?éﬁ&‘ Qﬁé%g' BredlRicatlofi lihks' Lshg FISMBIEP based
or nor er prograns running on one Of “nore

cmmmurr@tbﬁ links (8. Qacket limky)e prograns runni ng on
one or nbre_ computer syst ens), as one or nore
programs r uhhe Ngriows smbogimenisdessthed abpye §aoé>egcombmed to

B bR RIS Bpscton
fbu hSns‘USa a‘t’érfttaﬁu?hbatl@i%y for@@jﬁ% 8hisOforb (i d%%&nt

at d’eS|g ing t circuitry-an or writen
caphinchbons ahd roofpatentpatrlitationd refemwead ¢o wotHisl specifiedtion and/or
hin the skill of one of ordinary skill in the art
'ﬁﬁtﬁi’ ghtheo‘ﬁp@lmaéloau%aiﬁﬁmeé arg jcgmarateshhereby reference, in

I |atethat the 25
nﬁﬁghaeﬁﬁ%& &‘Eﬁ{(’i’%ﬁw Jﬁéet @ﬁ’géae ¢ capabl e of being
dUS PV IsRshal Patet AYsHIRBtio Nod 8018420445 \ifdd Sblzite‘i’rﬁber 5, 2006;
forms, and that an illustrative embodi ment applies

edpmanqse pategnlr appdicationn Sehial Nar HO3+86802¢ ﬂed Marchi 2/ 1991,

3?%‘%'95 aProsse Buainatos e o4l 2tk iseing adfarcn 3, 2000 as

raieie tepENE, 30as 1y, Febafiedd paleliF apBietibhFerial Ng, 11-
3@33076{ itad E&bridah 1001999, Mavirgpsapamiede Rutlication NR0P0-
and transm ssion type 30 WO 2008/ 030496

FR29 12 dapanase;patentrapplicalioorSerial N il1a03%@P, filed bepruary 12,

| i nk d
cERR Nebd b arieedp iaicgfon K 20pb 2283285 sananess pajgu
Rl e RENEL | Pant TRy BT RTa s 1888, héving Japanese
LP&bliqatipaNo. #000-232326) Japapess patant appl;cdﬂoﬁ Sepatl &ot. 11-
(Sgllcatlons forelg atents, forelgnréaate

14 6afileshkelva@nnd %ihavi an,aalgﬁs bligatien ble. 2800-
7, BB BEBpPIeh, S NGD P42, e Februany 22,

r ed@Y favthg Jdparidiei Pulstichtio® NG, 200012871328; Dapartde patent

limted to: U S. Provisional Patent Appl i cation No.
cap@icatiana Serial Nod 150422 6B efiled Febooary 22, 01999phadng Japanese

uBiiayeh No, ZHiocE57afsh danains Palel 8RPIGAIOPGHRE Doy 1
é@étﬁ%, ‘ﬁﬂed\ﬁbﬁﬂbﬁ 998%R9viAg Japanese Publication No. 2000-288098:
Japanese patent application Serial No. 11-099009, filed April 6, 1999, having
Japanese Publication No. 2000-288097; PCT patent application WO
2002JP4696, filed May 15, 2002, having PCT Publication No W003037425;
U.S. patent application Serial No. 10/488970, filed March 9, 2004; Japanese
patent application 2004/317317, filed October 29, 2004; U.S. provisional patent
application Serial No. 60/627,952, filed November 16, 2004; Japanese patent
application Serial No. 2004-347814, filed November 30, 2004; Japanese patent.
application Serial No. 2004-357313, filed December 9, 2004; Japanese patent
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Japanese Patent No. 3040517; Japanese patent
application Serial No. 11- 033076, filed February 10,

wa2®9/03tage/i ng Japanese Publication No. 2000- 2POWER82007/019406

10

Japanese patent application Serial No. 11-033765,

filed February 12, 15 1999, havi ng Japanese

Publ i cati on No. 2000-229129; Japanese patent

aRph; ' 2483 RedTF ebrbh§, FRIPEI ahY JdPanese
158@“%&9%&%2‘&%@2 0 Pubgl Cati on rl\lo@Ob 0- 23732
JpammeapptufattmntSamleo:élOlOﬁFOSSI%OaﬁIeNdVIathZ)QDOﬁG

flled February 19, 1999, havi ng Japanese i.cation
2000- 289Be4ts of i AEVOHRERISCIARA m&sf“ %Jn ifggcegpary, to

\'}gg*g#& gy‘%%@%, g'&él} tgdaﬁg%gg%%ts%%égaﬂ@%g%atgﬂg régpllc?tlons and

agﬁbl'ic%% h8'o pRoVide yélofurﬂaér Bbbaiments! ed Febr uary 22,
havi ng Japanése bl i cati on No. 2000-237329;

Japanese pailbaese apﬂlqttmertchamgSe rciaal beNmade te t@@@ﬁﬁ&dlments in
flled aV|n Japanese cation No. .
by osaBo obove-siaialistessabton - Mparnaial Moiheilipainggaims, the

P{JEDP%QQ%% #\Lllo&ﬂﬂgg% cbgg%%éﬁﬁ%lﬁ % gﬂ’te %gppl I cat |§FgenCI

28D YaiNEMts disdlesedinythéspedfieation éMd Itige E’ﬁi’mE’ulblhtl shaiuldobe
No W003037425; U.S. patent application Seri al

100agBERDo intlude alrassibde emhwmeai@aai@@@ Wltbath@ rﬁull scope of

| t 04/ 31 filed 2004: U S.
oBBuwvaRstafo FhkbmichHdm céﬂe? 984, AeofghaBoiiesedpgiaf the
f
aﬁgﬁﬁgﬁ*ﬁﬁﬁﬁ""éf‘v’@ Cﬁ%%e 04- 34 814, %%S%v% PGS ded

20Rdms Japanese patent. application Serial No.

2004- 357313, filed Decenber 9, 2004; Japanese patent
31 WD 2008/ 030496 PCT/ US2007/ 019406 application
Serial No. 2005-027748, filed February 3, 2005;
andJapanese patent application Serial No.

. 2005- 081220, filed March 22, 2005. Aspects of the

enbodi nents can be nodified, if necessary, to enploy
systens, circuits, and concepts of the various
patents, applications, and 5 publications to provide
yet further enbodi nents. These and ot her changes can
be made to the enbodinents in |ight of the
above-detail ed description. In general, in the
following clainms, the terns used should not be
construed to limt the invention to the specific
enbodi nents di sclosed in the specification and the
clainms, but should be 10 construed to include al
possi bl e enbodi nents along with the full scope of
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equi val ents to which such clains are entitl ed.

Accordingly, the scope of the invention shall only be
weososuded and defined by the scope of the appetmEs2007/019406

clainms. 32 WD 2008/ 030496 PCT/ US2007/019406 CLAI M5

What is clainmed is: 1. A nmethod for eval uating

i ont ophoretic delivery devices, the nethod

conprising: applying at |east gMgrst test signal to

an iontophoresis delivery evi ce bei ng eval uat ed;

measuring at |east one resistive or capacitive

response of the iontophoresis delivery device being

eV¥nalds slpimedds: | east the first test signal;

conparing at least a first value indicative of the

measured at | east one resistive or capacitive response

of [the | ont qphor RSt for @UMIARKY iehtbEhdiRAc defivéfdvices, the

reference data sets indicative of "at | east one

r esethod cempristgpaci ti ve response of at |east one

reference iontophoresis dglivery_device; and

det er mi ni ng 3RAMINEA leagt 2 Jrt dpHSignal 4o apioRtepYorgsis delivery

be ets an acceptance criteria based at
lggg&eibﬁe\fr&?%@%tﬁe ~conparison. 2. The nethod of
claim 1 wheqpddsuripg! atiledst dnel reaistivé of thapacitiis fespdngs @ the

to an iontophoresis delivery device being evaluated
i inritopkereajspdslivety devicebeingraimaluafed to at least the first test signal,

i ontophoretic deljvery devige . The nethod, of claim
her e meaulRerRg atleds afishrlue rufpaite o tgf méastil at least

CORRSEL e P EBONIR OlesBRed BELMPRBIGTedeUeHFEY g o o

Olde nidredefEigncd Har sBts inditstie oflitlidéastione resistip®bs eapacitive
signal wth an inpedance spectroneter. 4. The nethod
ofrespaiisé of atirasdionedpiargner)icatophaissis defiverdevies; and
signal to an, iont.ophoresis del.ivery devige,.bei . .
vl uat od | AEIRUSPERHTINRGTE ioHEbRes BEATY dvice being
C%ﬁfé&e@@e@té hh %gcéﬁl%%é%ﬁYerFaobésI& 4t9BASNA YaPl bi the
del1very device el ng evaluated at a first tine and
agpmgpangon. second alternating current of a 33

2. The method of claim 1 wherein applying at least a first test
signal to an iontophoresis delivery device being evaluated includes applying an

alternating current to the iontophoretic delivery device.

3. The method of claim 1 wherein measuring at least one
resistive or capacitive response of the iontophoresis delivery device being
evaluated includes measuring at least one of a magnitude or a phase shift of a

response signal with an impedance spectrometer.

4. The method of claim 1 wherein applying at least a first test
signal to an iontophoresis delivery device being evaluated includes applying a
first alternating current of a first frequency to the iontophoretic delivery device

being evaluated at a first time and applying a second alternating current of a
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WO 2008/ 030496 PCT/ US2007/ 019406 second frequency to

the iontophoretic delivery device being evaluated at a
waemsnsh4dé me, the second frequency different tPerUS107/019406

first frequency. 5. The nethod of claim4 wherein

measuring at |east one resistive or capacitive

response of the iontophoresis delivery device being

e [ : i A

it fealdiicy tgihe ol dbiveitovitebah Braluated ot 2

esedorf timbethiel setiondrftedquen cy eifferdntathbartha firstdrequienent s

Wi th an inpedance spectroneter. 6. The nethod of

claiml wherein the one or nore reference data sets

Fanges of a5 meadl Qe St i A BHER S miaitiRg edst one
I RISEtIRBGR CaPBEMRNE P68 drisetsF thd fsntopRdreSRdelivBry device being
alternating current at two or nore frequencies. 7. The

nevdioatedfincludesnnmieasueingiat ledst oapmifya mggoitude of agpdiase Isdift of a
first test signal occurs while the iontophoresis -
dIESPQQFQ S%Qé\?ill g%eg%gfcﬁ‘@[ﬁrﬁw the 5%%‘@@&@%&&9?“"‘9"& with an
S . d of claim1l wherein the nmagnitude
Owiogang sq-glaﬁoﬁrétté}o.

€ast a first test signal does not exceed
an el ectrochem cal potential of the iontophoresis
delivery device being evaluated. 9. The nethod of
claim1 whebei n The methed ofigkeirof1 wherein the eag or marereference

5 BRI S SBh e 0 9 ges o

gﬁ@%ﬂé‘d‘%ﬁgoﬁ@é%ﬂfﬁ phita .dfrﬂeﬂ%?éﬁﬁé)iBnng‘F\o‘F&ﬁ)@%liv%Wdevices

wherern Fresponse conpri ses at east one

ctongiternatimg plivént at tworgrl marecfeequehies.a di agnosti c
code, a test code, an alarm and a rating value. 34 WO
2008/ 030496 PCT/ US2007/019406 11. A system for

eval uati ng iont resis,devjces, conpri,sing:, .an
i npedance spect ?ﬁﬁ%{‘%er%h%%é’fs_ﬁms‘twﬁﬁ@%UTeeaFgW'"g of at least the
| RN SRnaPbcélits WiHileRRB GoRBhROIRIS ddlivery d8liBE@88s not have a
conprising stored iontophoresis device reference
ddiseretenpowet soutcer configured to performa conparison
of the neasured

8. The method of claim 1 wherein the magnitude of the at
least a first test signal does not exceed an electrochemical potential of the

iontophoresis delivery device being evaluated.

9. The method of claim 1 wherein the magnitude of the at

least a first test signal ranges from about 10 mV to about 100 MV.

10.  The method of claim 1, further comprising:
generating a response based in part on the comparison, wherein
the response comprises at least one of a comparison plot, a compliance code,

a diagnostic code, a test code, an alarm, and a rating value.

34



I npedance of the iontophoresis device to the stored

reference data, and to generate a response based in
W@2008/0839¢ he conpari son. 12. The system of cl aPen/192007/019406

further conprising: at |east one potentiostat/g a |lva

nostat. 13. The system of claim 11l wherein the

i npedance spectroneter includes at |east one

frequency regpon iz yr i

to determ nz§t heﬁ%ﬁﬁgﬁﬁvé %"’ﬂ{bg’ggﬁ%r'%g?g'bg &ggprlsmg.

for at | easan impedastespesirdnietgropsiabie tf measure an impedance

alternating current. 14. The systemof claim 1l

mfearuqmt@mprreglﬁtdmm esis device takes the formof an

|ontophoret ruq deliver. The. s

i ai 11, 1 B e ity S ] inriSphgrasisci S Teference

c@apuni cat | veI y coupled to the inpedance spectroneter

and Sel ectively positionable with respect to the

I ont ophor esaonttelercsnfiguray eveerfartred compagisen of the measured

eI ectrical contact wth at | east two portions of  the

ecofithe mmlaorséis@vaﬁpatq}a@esaoreﬂeeferﬁece;ygtae @nd to

AL A,

i npedance neasurenent. 35 WD 2008/ 030496

PCT/ US2007/ 019406 17. The system of claim 11 wherein
the stored ﬂ%fer@heeysltanaofzdaim iHeﬁMhﬂD@dei@ir@t a,
characteri stgt hase de cteristic

e et BaBlans noanbeElbavaBpoil ce tat a.

characteristic electrolyte resistance data,
characteristic interface capacitance data, and

characterisy3c ThaisgstenyefiElaim datwheréth thélimpedahesn of
claim 17 wherein the characteristic phase delay data

cmmttmepm&eﬁeatdgasmr@ fsequansydespense am@mz@rn(a% and is

ern tin urrent: and.the aracteri
a?r?ﬂafngt“u %lg? g ﬁ\%@h"%ﬁﬁf*‘??ﬂ@'%&@%ﬁ’“? Vige for at least
"R sEIEBRHSTERhcRs ftth ShdrRafiAg COgeRtr rent. 19. The
systemof clalm 17 wherein the Tharacteristic phase
del ay data conprises one or nore phase del ay ranges;
and the characterjstic nPI i tude data, conpri ses one
or nore an‘pM-t udfghggmgggwo laim 11 wherein the iontophoresis device

takes the form of an iontophoretic drug delivery patch.

15.  The system of claim 11, further comprising:

a test interface, communicatively coupled to the impedance
spectrometer and selectively positionable with respect to the iontophoresis
device being evaluated to make electrical contact with at least two portions of

the iontophoresis device being evaluated.
16.  The system of claim 15 wherein the test interface includes

four electrodes and is operable to perform a four-point impedance

measurement.
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20. The system of claim 11 wherein the response

conprises at |east one of a conparison plot, a
weewpls@nce code, a diagnostic code, a test CcRPCUBEUSANT/019406

alarm and a rating value. 36

17.  The system of claim 11 wherein the stored reference data
comprises impedance data, characteristic phase delay data, characteristic
amplitude data, characteristic resistance data, characteristic electrolyte
resistance data, characteristic interface capacitance data, and characteristic

jonic movement data.

18.  The system of claim 17 wherein the characteristic phase
delay data comprises phase delay data at two or more frequencies of an
alternating current; and the characteristic amplitude data comprises amplitude

data at two or more frequencies of the alternating current.

19.  The system of claim 17 wherein the characteristic phase
delay data comprises one or more phase delay ranges; and the characteristic

amplitude data comprises one or more amplitude ranges.
20. The system of claim 11 wherein the response comprises at

least one of a comparison plot, a compliance code, a diagnostic code, a test

code, an alarm, and a rating value.
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