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el enent to ap@m@@Rﬁm@gr onotive force and/or current. Such

el ectrode el enents often conprise a sacrificial elenment or compound,
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Field
The present disclosure generally relates to the field of
10 iontophoresis and, more particularly, to systems, devices, and methods for

evaluating iontophoresis drug delivery devices.

Description of the Related Art

lontophoresis employs an electromotive force and/or current to

transfer an active agent (e.g., a charged substance, an ionized compound, an

15 ionic drug, a therapeutic, a bioactive-agent, and the like), to a biological
interface (e.g., skin, mucus membrane, and the like), by using a small electrical
charge applied to an iontophoretic chamber containing a similarly charged
active agent and its vehicle.

lontophoresis devices typically include an active electrode

20 assembly and a counter electrode assembly, each coupled to opposite poles or
terminals of a power source, for example a chemical battery. Each electrode
assembly typically includes a respective electrode element to apply an
electromotive force and/or current. Such electrode elements often comprise a
sacrificial element or compound, for exarﬁple silver or silver chloride.

25 The active agent may be either cationic or anionic, and the power
source may be configured to apply the appropriate voltage polarity based on

the polarity of the active agent. lontophoresis may be advantageously used to



25The active agent may be either cationic or anionic, and the power
source may be configured to apply the appropriate voltage polarity
based on the polarity of the active agent. |ontophoresis may be
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The present disclosure is directed to overcoming one or more of

the shortcomings set forth above, and providing further related advantages.

BRIEF SUMMARY
In one aspect, the present disclosure is directed to a system for
20 evaluating iontophoresis devices. The system includes an impedance
spectrometer, a database, 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
25 impedance of the iontophoresis device to the stored reference data. In an
embodiment, the controller is further configured to generate a response based
in paﬁ on the comparison.
In another aspect, the present disclosure is directed to a method
for evaluating iontophoretic delivery devices. The method includes applying at
30 least a first test signal to an iontophoresis delivery device being evaluated, and



I n anot her aspect, the present disclosure is directed to a nethod for
eval uati ng iontophoretic delivery devices. The nethod incl udes
applying at 30 least a first test signal to an iontophoresis delivery
devi ce bei W ¥08130#6ed, and neasuring at | east one resi BETASE087019406
capacitive response of the iontophoresis delivery device being
evaluated to at least the first test signal. The nmethod further
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particular shapes of the elements, as drawn, are not intended to convey any

information regarding the actual shape of the particular elements, and have
been solely selected for ease of recognition in the drawings.
' 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.



DETAI LED DESCRIPTION In the follow ng description, certain specific
details are included to provide a thorough understandi ng of various
di scl osed enbodi nents. One skilled in the relevant art, however, wll
recogni ze WR0EMBHEI nents nmay be 5 practiced wi thout oRET/HP20ABHIA406f
t hese specific details, or with other nmethods, conponents, materials,
etc. In other instances, well-known structures associated with

| npedance spectroneters, such as electrolytic sanple cells, waveform
generators, diDETAILEDIDESCRIBTIKN frequency response anal yzers, and
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enbodl ment. Thus, , the appearange e phrases "in one enbodi nent
or "in an enb¥@RiaMM 93’%’3'“)(%\%9\ H%ﬁfe ét?r%mﬁﬁemeeppmawwes a”d

pl aces throughpuifd llf'év% e%'s‘l‘%an}roﬁ?ENM m"t?e%i eV uﬁrll%cessanly

referring to t esarree nment nor e, epartlc
features, 1 r obscurarg, de:scnptmsa@ﬁtbelembodﬂnem be conbl ned in any
sui tabl e manner in one or nore enbodi nents. |t shouhj{:f ou{\}t;ed t hat ,

as used in this specifi U&ﬁséﬁh%ﬁ@’tﬁﬁfefe%“%‘bﬁ@ﬁa’é@ect
singul ar for m%peélf cat:gﬂrhnd &&iths \&H%h !f&ﬁ)lvs}‘fﬂlﬁeu E@” ?ﬁ@ §ar\r‘r§l,o‘ﬁ§s

the content clear ctates ot herw se. xarrp eference
to a system fmerecfasuen asd'campriees’ cmiddcemp08|dg’0gredelbe\mn§strumimatii apen,
"a controller” includes a&gﬂglec rol pr nore

controllers. nelusivsusense: tetias dbey ‘Pﬂa?“ttq?ei)‘?"g??’n‘“or is generally
enpl oyed iq its sense 'RE*éﬂQhéBJthr&i&HoQ:f thig'§p&tificatibn t oreUthEddiment,” or

clearly dict at es otherws
“an embodlment or “in another embodiment” means that a particular referent

feature, structure, or characteristic described in connection with the
embodiment is included in at least one embodiment. Thus, the appearance of
the phrases “in one embodiment,” or “in an embodiment,” or “in another

20 embodiment” in various places throughout this specification are not necessarily
all referring to the same embodiment. Further more, the particular features,
structures, or characteristics may be combined in any suitable manner in one or
more embodiments.

It should be noted that, as used in this specification and the

wn

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 controlier "
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" uniess

30 the content clearly dictates otherwise.



As used herein the term "nmenbrane" neans a boundary, |ayer, barrier,
or material, which may, or nmay not be perneable. The term "nenbrane"
may further refer to an interface. Unless specified otherw se,

nmenbr anes WE2WP3KE*%he formof a solid, a liquid, or a BEFUSHNHOI
or may not 5 have a distinct lattice, non-cross-1linked structure, or
cross-linked structure. As used herein the term"ion selective
menbrane" neans a nenbrane that is substantially selective to ions,
passi ng certain ions whif&spd berginthetessagendirane ragannaboupgdaryolayer,

el oot ve monBraRE. el Ratien FRY. MRy bpfet BeMheinE THFiEML
nmenbrane. As %@H\bhﬁ@'!rﬁa)r hethee Fafer @ BeerkRee Urldss spRitTicatRherisd)s a
menbrane that substantially passes and/or substantiall Kebl ocks ions

based pri mari Menoprange nay take the Brmoia splidcaliquiddony gehend siay armayyaot
sel ective ranes.are lcally referred,to as ion excha

rebr anes, PandP T At (afies RoprdsS ke B s, s Hes RE st
the claims. Charge sel eatiyged Perdi® thectefhiapassedtive aahbrang” kAs khe
formof a cation exchange nenbrane, an ani on exchange nenbrane,

and/ or a bi pomambrens thalds spbtantialy selashve teiotenpassing carain ionsivdiiley
ermts the p of lon d _sybstantially bl acks anions.
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CMX, CM5, and CMB from Tokuyanna Co., Ltd. Conversely, an anion

exchange ri®bpameeahlesmembpiaael y pernits the passage of anions and

bstantial |y bl ock ' f. comercially availab
ohion-exchange. manby anch® Seq RRES Hsc Bl R sERG i iefiand mans
desi gnat or s Nr{piitaAe tiitslibstidtigly pidées AndAiibubdightialisloddeJongbased

from Tokuyama Co., Ltd. As used herein and in the clains, the term
"bi pol ar merbpam@Tilyneathe polaiHor ghargercarriedby thesdioni Edharge selgctive

et Ay heR By e T3 oS RSB e s .
mul tiple mBnbigtAr arbrusetunterchafedbll detdlntAd inthe diaihisarCharge selective or
ion exchange membranes may take the form of a cation exchange membrane,
an anion exchange membrane, and/or a bipolar membrane. A cation exchange
membrane substantially permits the passage of cations and substantially blocks
anions. Examples of commercially available cation exchange membranes
20 include those available under the designators NEOSEPTA, CM-1, CM-2, CMX,
CMS, and CMB from Tokuyama Co., Ltd. Conversely, an anion exchange
membrane substantially permits the passage of anions and substantially blocks
cations. Examples of commercially available anion exchange membranes
include those available under the designators NEOSEPTA, AM-1, AM-3, AMX,
25 AHA, ACH, and ACS, also from Tokuyama Co., Ltd.
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 mem‘brane structure may include a first portion including cation ion exchange

materials or groups and a second portion opposed to the first portion, including

5



30 nenbrane structure may include a first portion including cation

i on exchange materials or groups and a second portion opposed to the
first portion, |nclud|ng ani on i on exchange materials or %rou s. The
mul tiple n¥OAUHBD6r ucture (e.g., two filmstructure) REYUPHETQINYS,
cation exchange nenbrane Iantnated or otherw se coupled to an ani on
exchange nmenbrane. The cation and ani on exchange nmenbranes initially
start as distinct structures, and may or may not 5 retain their

di sti nct i vene@gion{on gxchangecmatesiaiss ortgieupssime muyipth pembrane ssucties

means & nomor kg -owaih SFuihBoTRey bichEl Paich R BERERRETaRE AgEo or

nol ecul ar wei gfHerRisetdtRiplednto ahatfion ax&ififigetREMBAINES THRIGHtRAS N anion
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sons embodirefata et aiathafifhness i tiedtin Ehing S rehifg bintlariéBhgne ¢
some nol ecul es at a firA§ ysad Peréinand HheIAiRis, T BFH!8SmBpertheadioNd
rate different fromthe first. In yet further enbodinents, the

"sen - per neab n'@rntmne’émansraynembtarteﬁbat isrsubstantiallySselettive tiased pn a size
perneable nmemyr a

n certain_selective | ecul es to pass
through it. rmo?ecular ﬁ&égbg T SafFeM pPHEe%tPWg hﬁqg term
'porous nenbr gpestaAfAN DRSEE r&rrsaure firf@holegulRPlvefdWp oF Si2k ] @hrté/substannauy
selective with respect to ions at issue. For exanple, a porous

menbr ane 19 ohlockingtpassageof iwnbof arsecand ynoferudasivegightvar siges gieater than the

pol o 1Y, g R L8] LSRR B

herein and i nﬂ‘té?ﬁblﬁhé'ﬂﬂ@ driaft t‘hé&ﬁssﬂ?é of &8rhé iholéﬁiﬁébsataa ﬁﬁéf’%t@fand some
reservoir, which takes the f or m of hree di nensi onal networKk

col | oi dal sus pm megflesat a qet:qmd rate differend from @Grﬂl’S% dniyet fusther

cross-1i nked ; -] J d o st at and
the |iKke. gﬁ‘#&dgﬂ%ﬁ& é’gﬁﬁh %aé?e W%HWQRM@ @ﬁlth{ ﬁathree
di nensi onals neéNeBtivelp ngemmh@nmﬁé@mhmgtdr@,scémgsere@tr\té ARldcark to
mcelles). In some enbodi ments, a gel matrix may include hydrogels,

organogel s, ah@ss heoughké. Hydrogel s refer to three di nensi ona
formof a el and substARCPEd NerabARB LA s e Bl urals smyondc
a net positi veedinszeaahibyane that Gsenot%rubéﬁmrélﬁl éé%ﬁtlﬂ/é'Wlth respect to ions at
issue. For example, a porous membrane is one that is not substantially
20 selective based on polarity, and not substantially selective based on the
molecular weight or size of a subject element or compound.
As 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
25 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
30 form of a gel and substantially composed of water. Hydrogels may have a net
positive or negative charge, or may be neutral.



As used herein and in the clainms, the term"reservoir” neans any form
of mechanismto retain an el ement, conpound, pharnaceuti cal
conposition, active agent, and the like, in aliquid state, solid
state, gas¥OUL'EPBLYE i xed state and/or transitional sPal/ES20fFH9406
exanpl e, unless specified 5 otherwi se, a reservoir may include one or
nore cavities formed by a structure, and may include one or nore ion
exchange nenbranes, semi -perneabl e nenbranes, porous nmenbranes and/ or
gels if such are capabl 8sofedheraimand iretheaslainis| ther tetrai“reseoyoim meaas@ny
or compound. i cal | a reservoir serves to retagin a biolpgically
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as insulin, a chenotherapy agent, and an anti-tunor agent. 1n sone

enbodi mentld, elestromotive farce asdégentrent isfecthe bialogina! interface Ageservais may
well as to its Eha macol ogi c?l I )té ragt i ve salts, pharmaceutically
accept abl e saPI® AN AN SlfFLOMIRSaBPRt es, anal ogs, and the like. In

some further embodi ment s {88d REtdiY and@fihe didfsUiRSterh “4@R8IageRe refers to
lonic, cationic, ionizeable and/or neutral therapeutic 25 drug and/ or

phar maceut i caBlopmpstiegt aiolesuisalor reatmeenddihat alinits/abialegieal respnsserfrom sny

th ti vV i | | " i i ti ts”
that are poat DPePOMAl&ItER 2tan gy BYeaftste, fidif o Bxpmpl Ao Blammals.
char ges i n5aqupphbiafs iréptilds) bire% 2amd BumBREY ERAMpRSI aklive Qé‘édgé’glclude

agents have functional groups that are readily convertible t
posi tive ion therapgutigiagents, harmsaceutical agentss iphaveageuicalsded.iadrugnd a

polar i zed or Draps iR, PRamBeblhed Shi iR g iRl Parmaceuticals
portion rel at /g, aorhritiBRuUbBRNEE Cdhd thelike) at\viikeRe, aR iMmuh¥BgrREEAGent, a

havi ng an am no g(;oup can typically take the forman amoniumsalt in
solid state algatersgengratanestheatic oi prinkélesanoantigeniosa grkein-pr peptige such

aqueous o ULl R0 RROHBHEAL agdit, 4t 5B 2AELING: A in SN 2! 0
embodiments, the term “active agent” refers to the active agent as well as to its
pharmacologically active salts, pharmaceutically acceptable salts, prodrugs,
metabolites, analogs, and the like. In some further embodiment, the active
agent includes at least one ionic, cationic, ionizeable and/or neutral therapeutic

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



5 agents, nol ecul es, or conpounds capabl e of being delivered via
el ectroosnotic flow The electrically neutral agents are typically

carried by the flow of, for exanple, a solvent during
el ect r opho™&30B/038&pect i on of the suitable active agent BCT/ESHPEN06, o

wi thin the know edge of one skilled in the relevant art. In some
enbodi nents, one or nore active agents may be 10 selected from
anal gesi cs, anesthetics, anesthetics vaccines, antibiotics,
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bupr enor phi ne os RO AGRNeTheddlEctAt Ally r?éut%%@érﬁs ABORpidafly caHiEBY tRE #Bw of,

succinate, zolmtriptan, naratriptan HC, rizatri'ptan 20 benZoate,
al not ri pt an nidraxampie,a/stlvénttdaning wientiopheresisd Srléetionsof the suitable active

hyd t tam nel . bt | sts; L qul mod, j m qui d,
and oo | ar TERETSdr gt REhE RaodRoas oh pae SKIG Bkl ot
grani setron hydrochl ori feyoreddabeainicls He SURbredtitive BgBhisImEY HES:

zolpidemtartrate and simlar sleep inducing agents; L-dopa and ot her
ant i - Par kilfls oselecteddraraanelgesicasaresitigtiss aanssthetics aazeipesigntibiotics,

feur of bpt 1 ca. 2aBEFeENH S5 ERLATu s i paetadofledtns. fatrs Lo-
and proteins figg rédeﬁﬁir%%is@g, t&?ﬂ(’%‘ r‘e_l‘,eét@?'aﬁfa'@%ﬁi_sf&‘i:irﬁﬁmﬁ&adjuva_nts,

Further non-limting exanples of active agents include anbucai ne,
anet hocai ne, irmbnoyhogulaliors) denwnoaespormerdgants) énmumoxstionilaters, 3pecific

anyl ocai ne, aptocain acai ne, bencai ne, benoxinate, benzocai ne,
N, Nl et hy| al SPGEBRRUBLIERE, R RPEFE TMOYPRETURAZoaad fRmUnC:

gl ycyl benzecaikjspresdsits- GUMBIRRIRthédbfigoni st s bet oxycai ne,
bunecai ne, bupi vi cai ne, | evobupi vi cal ne, butacai ne, butanben,

but ani | i cai ne, but et hanNae;limtitingoexaraplas of suthedniveageatsriaclude lidocaine,
car bi zocai ne, carti cai ucridin ceta

chl or opr ocai né& 'C@B@a@{‘ﬂaﬁg?’% C—gﬁwg,c‘?%sgsgﬁ%gﬁ@h%ﬁwg’romo%%loﬂg,’ fentanyl,

cycl onet hycai BRycodone, hydrocodone, buprenorphine, methadone, and similar opioid

agonists; sumatriptan succinate, zolmitriptan, naratriptan HCI, rizatriptan

20 benzoate, almotriptan malate, frovatriptan succinate and other 5-
hydroxytryptamine1 receptor subtype agonists; resiquimod, imiquidmod, and
similar TLR 7 and 8 agonists and antagonists; domperidone, granisetron
hydrochloride, ondansetron and such anti-emetic drugs; zolpidem tartrate and
similar sleep inducing agents; L-dopa and other anti-Parkinson's medications;

25 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,

30 amylocaine, aptocaine, azacaine, bencaine, benoxinate, benzocaine, N,N-

dimethylalanylbenzocaine, N,N-dimethylglycylbenzocaine, glycylbenzocaine,



5 di bucai ne, di nethi soquin, di nethocai ne, di perodon, dycl onine,
ecogni ne, ecogoni di ne, ethyl am nobenzoate, etidocaine, euprocin,
fenal com ne, fonobcai ne, heptacai ne, hexacai ne, hexocai ne exyl cai ne,

h
ket ocai ne, MOAI38E5i ne, | evoxadrol, Iignocaine, |otucalGEUSHEVUMPe,

mepi vacai ne, netacai ne, nethyl chloride, mnyrtecaine, naepaine,
oct acai ne, orthocaine, 10 oxet hazai ne, parenthoxycai ne, pentacai ne,
phenaci ne, phenol, piperocaine, piridocaine, polidocanol, polycaine,
pril ocai ne, pbatofdiesoceptotantagonisisaioxyeaine, Eyme@arpprmvmne,

ot aca ne -+ ISUABRBIAEMA BudaPl, BORBM, pREPRRSE B ARG ek aine,
al cohol , t et r aqbBgox s eaftfi i, Rartichfley eantBBeridife, o B@é!ﬁlé,i d®acaine,

tricaine, trinecaine tropacocaine, zolamne, a pharnmaceutically
accept abl e salchlorepspeaine, cangetnyians: eecain@rpsetidococaine, cyclomethycained

herein anddn th | ai the term "subj.ect: generally refers to any
nost . an | AEeEs; APBetnispuhyMeioties dnpdSaat Rglbond, Shcerie
manmal s, anphigBbgéKsidineedthyl &ainoBehsate 8tioBaink | 6udratihyfeRLFBARfne, 20The
headi ngs provided herein are for convenience only and do not

i nterpret thefepegainerhaptagding hexacaiee digxoaainenhexylcaine, ketocaine, Fi gur e

1 shows an ex lary.s f.or ev ting . iontophoretic dru

del 1 very devi (eopainel BBk dby BhadaRe 1 cdf, MatcAlyS piasant

i ncl udi ng one ntad@RE, ey ERIbRAS rittecaieh n@spdlhé, ' SURACHIRS DPthoddlae and
an 25 inpedance spectroneter 14. The system 10 may further include

one or nor® daxethazaisepparemihwxyeqieelnardacqing phenating, phenok pinssocHine
to measure an_ippedance of an iontophoresis.device 2 under .

cval uat on. - | RUEREHCE. patocRRal ARhEBRS S IbET ieevinb cbraios,

current flow, (R&ebdaHE®SHydroxyprédaing, Préphodineehiparitaiied ﬁhﬁiimmwet,he
vol tage across a sanple elenent and the current through the sanple

el ement. The EIeROXyFIBE, RYIFQCaINe, Auatacaidsurhirocaing, paecaing, rodecaine,

ropivacaine, salicyl alcohol, tetracaine, hydroxytetracaine, tolycaine,
15 trapencaine, tricaine, trimecaine tropacocaine, zolamine, a pharmaceutically
acceptable salt thereof, and mixtures thereof.

As used herein and in the claims, the term “subject” generally
refers to any host, animal, vertebrate, or invertebrate, and includes fish,
mammals, amphibians, reptiles, birds, and particularly humans.

20 The headings provided herein are for convenience only and do
not interpret the scope or meaning of the embodiments.

Figure 1 shows 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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applied potential difference. If the applied potential (excitation or
input signal) is sinusoidal (e.g., E=EO sinKoti), then the subsequent
current (r¥9780E8F out put si gnal) will also be si nuso?%USZOW"clﬁ“’é
val ue of 1=10 sin [cut + cp]. The relationship between the applied
potential (E) and 5 the current flow (1) is known as the inpedance
(Z2). Inmpedance (Z) has a magnitude (1Zl) and phase (p) and is
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anal yzers 34 conf| ure to obtai n"magni tude and phase i1 nfornmation
froma si gnaISUﬂegfpféﬁlﬁanC?HB) anﬂmea@a@pqu)géﬁmla&my réspansd refees torthaor e
response ana

nalyoor (FRAFTSIT Bt o aay bR 8 € B huflet APhehRE o

spectronet er gkdmiphy, tﬁélfﬁdgﬁitudélﬁhé!%ﬂaé‘e @ﬂﬁ%‘ﬂhh%ﬂbﬁﬁttﬁ@'c\ﬁﬁ@ﬁﬁ(@) réSporise
an enbodi nent, the 20 inpedance spectroneter 14 is operable

det er mi nelG h@farﬁ@mﬁct@mw taap@ppedAC. (e. g., an iont ophoret | c drug

T un Pager) Under ffLdtfidedhseh ﬁ%‘sé’?&éq‘f{r@%’eof s “%%ﬁ%é%%e&%réne”t
configured t pr)@éd esBBighYE Th%,t infiedahcé Spéctrdreetal 14 ﬁnaggn@theéfah

assenbly, an ectrolytic cell, '‘an 25 iontophoretic l'ivery patch
and/ or iont o@maégerseramrﬁ@e(etmaa Sinnwmmoorconﬁgwednepme am input

conti gur ed t SUIALPGHBbADEERE ABPII G FEGUrEIng Y PO IS ERRES on
signal . 115 amnalyRed I ednfigubsd foR¥btaih raynitiRle GMAl JHBLE SsfofrRatid Yo &
i npedance nmeasurenents in a stand-al one node, suitable for making
t Wo, signal response. The input signal generator 32 and one or more response
analyzers 34 can be included in a single frequency response analyzer (FRA)
36, or provided as separate components. The impedance spectrometer 14 may
further include a potentiostat/galvanostat 38. In an embodiment, the
20 impedance spectrometer 14 is operable to determine the impedance for a
component (e.g., an iontophoretic drug delivery patch) under evaluation, from
measﬁred values of 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
25 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,

30 three, or four electrode impedance measurements.

10



30 three, or four electrode inpedance neasurenents.
The i npedance spectroneter 14 may further be operable to determ ne
t he i npedance of an iontophoresis device 2 for at |east _two sel ected

frequenci e O8Nt ernating current. It is possible tBCHEPRPHIIANS
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i npedance of @Ry infemtatidheegaing e dapatitiired dt the terfzeet @PBAE eFrfore
device 2 under evaluation by applying an input signal conprising one

or nore sellecresistve elegentsisgluded incthe iantapherasigrdenigetd eExaraplen oéa

Crmeance of - Heasle AsTR¥ npliF ACeRRRPRLE deferd pEGHS AT iR Mpys
devi ce 2 undedeeics! aaidnatraby (81gb!an B8 salkctive Hiensirgnéla 6iRirge iseiedBvedne,

or nore selected | ow frequencies, and neasuring the response signal.
I'n sone enbodiMAARrENe: aBINIATBPMBFaNg, 8 seavipeameable membiaaeyaPerus

oot her - onbod hErand, a8nafl A HENED e BHR. Krg. cavity membianel B
det er m ne 15he matihe dmacthe dike R ani eksdtamitiorsdli andithel ke, b apRPhbEdNEeRt, the

frequency-swept sine wave to the iontophoresis device 2, and

exan ni ng t he resdsipygraiemenyinsiudes anrienteplorstie daig daliveryrrateibnse

anal yzers 34. Determni 4 me, ' .
determ ning at | east ongg%rfgrgtﬁggwl]p |ttﬁ§e%9§tﬁ§?%%yéyﬁs%§?%é§% tgﬁ%@%‘ﬁ‘e

measur ed si gngle ivipddadice @ibaelbehese elabtrolytss iAclubied irathel ieatephbrésis device
sel ected frequencies of an alternating current. In an enbodi nent, the
frequency of EHEdEr explHatiomby applyigian ippyksigRal c@mprisingonespgrorssselected

b . i f
he ol t or i | NPT lrbiel Sn pibR0RT Fle FEPROMTltal, T8RRI IO RIS

frequency 5 sjiketiseive dperatsie tadetdmminetiib dsipstianice dffthergrgnoreudterfates he
alternating current is selected froma range of about 10 mV to about
100 MV. | n soffi€ludasnithe ipndophoresis §RYiIED RAINEIST §valdatiebyaprlying anqaput

formof an i oglRBNASHplSng'bHE, SGhbiEaledlad W frequencies, and measuring the

response signal. In some embodiments, the iontophoresis device 2 is
25 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
30 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
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Eval uating the i npedance of the iontophoresis device 2 may 10 incl ude
applying a small test signal to the iontophoresis device 2 and
nmeasuring a phase delay and/or and anplitude of the response signal.
In sone enﬁ@ﬁWW%WP§T the magnitude of the test signal nB§T/PENGEIIPEm
about 1 nV to about 100 MV. In sone other enbodi nents, the magnitude
of the test signal is selected such that that the magnitude does not
exceed the el ectrochem cal 15 potential of the chem cal reaction
associ at ed wi for atleassitwe selgstast feequengiosi o @naliemplingsuaieott inan

lying a L1t si,an f her include | vi,n
o Cer nati ng.c atadineat Wi PeqEhey ot Serhftid G dosBtef fgm,a range o
limted numbermbsiit ¢ gH2%0 @boatM MHELT IRadrofter @aibcithent! theSfé®uency of the
enbodi ments, the duration of the 20 applied snmall test signal Is

det ermi ned by alteenatingwurreqlisrseiectes hppithres grrmacretregiona of ariggbencif

cycles. Inother ogli S | yi a |l tes i gnal. nmay.

i ncl ude ap yEﬁSCtle'Bei? gg?%f??évg'{‘)%?gé&ﬁ\em%%%ﬁﬂée §t‘rtﬂ{ei%?na¥mg current
typically rang ggleéte8MorpalthngeEsbabdian 0anves absut 100 MPOUR sbinee
seconds, to the iontophoresis device 2 under evaluation. 25l n sone

embodi nents, &mhadimentg, thedontepbearesiscdayvice 2is indhe tosmorfeas iontdphorwdic 2rug
may i ncl ude, fgﬁvexarrgl e, using two, three, or four electrodes to
test the devi 8 IWedE P8 q\'ng t he proper configuration depends on many

factors includi ng whet hgyalugsihg tHedithpedahsd anke iGrbphdresiks ievice 2 may
significantly to the nmeasurenment, the need to precisely control the

pot enti al Hcr dxiudehepRping lacsmalbigst signaldodhe ipntenhpresis gevipe 2tandgnedsuring

appr oach o maduee JeifbatliecFiE apeliof (TG Poadur<tbrly Whefers it
| ow i npedancesgnfiRdimentsNthehfaghitudeoTitRe &ist BigRBIMMaR PaRYe frdfRabelt NenV to
| npedances of electrolytic systens, determ ni nggl on conductivities,

eval uating pr @beus0 WG Unsome olbenembodiments.dbe magadude phitettest signal is

one or more 5 RBRGRHeb AR fo B Ragh It Sited ot BRked SE e bR o

usual 'y emsl oystentinboftheichamiday rékttioh egbociged vathttha akiitfopRbresf Gavitd 2
el ectrodes. The applying el ectrodes enable a current flow, and the

sensing el ect UBARSEYAMYERS. char acteristics are wel | known over the

oLt PPl Lo, = ABBlhelE 33 e bl 89 AR ol o

eval uation. | alits@eing sbathrfenasimifedearsd@ttiof eges osaspiViflg Reinsitddasirtiser of
cycles of an alternating current. In some embodiments, the duration of the

20 applied small test signal is determined by the time required to apply a
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.

25 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

30 electrodes, the electrolytic properties of the system under evaluation, etc. For

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

12



fromthe same or simlar materials enployed in the iontophoresis
device's el ectrode assenbly to mnimze generating a potential due in
part to the differences in the standard potentials associated with

the vari ou¥MAPEEI0s. Suitable materials may include, PeFUBNSHYPHO
silver (Ag) and silver chloride 15 (AgCl). The system 10
may further include a test interface 18 conmunicatively coupled to

t he i npedance spectroneter 14 and sel ectively positionable with
respect to anevaluatingoysieins vdthlowdmpedancas (@l indbe millichhor pohm tange),

test i nterface e18 i-ﬁ able, to rral§el eheﬁ}.ri ca}l contact. wth at | egst. a
portion 20 4 OI€3SHENG JAPGYANGES Of EIegQVEiE s¥s Sgisnaet&{}ﬁinﬂ‘&'889°l’ﬂ” iitigs.
enbodi nent, t @_Qali}gﬁrﬁ' becé_sé’és é&&rﬂi@b%@h%b%lé&r‘bﬁ@@ sﬁ%ér%t‘édﬂ?énélﬁre

| east two distinct electrical contacts 6. |In another enbodi nent, t
t est i nterfacenct@ merobrates, dnxior deétetninmgetbe dordtrass popithedsigh ane gremérer m

o four POl L TRSHBREE TSGSUSRT: sl RSt SRR g BRoid 3
el ectrical |y epHpbIoBlcodiRat drBasbait BPssaty SiBeRSidsh AheAispiaRg" ab! o

for neasuring the inpedance of the iontophoresis device
portion 4 of elestrodes epableesturandfloweand theysansing elaetradasriwhnse

el ectrical conéact sur.face. | n other enbodi mentfs the.portion 4 of
Lhe i ont ophor S@ctRiFtiesatEhyel kiaws RustBe fange of the Apalice sl regsurs 2
provi de two OkoBYeEdRpHdrdd<LRk corioreht(fg.38n f&ﬁoﬂﬂ%?éntgi‘ dg‘&@ 6?te'ﬂ@'ery patch)

| npedance of the 1ontophoresis device using, for exa ,

f our - poi nt10el eotene\algationi doisatieoegmbodiments, the electrodéseshowitt b belegtetem
12 may include ong or nmore .controllers 20 such as the m croprocessor
20a, & di gi t affo8] (EFAME BLUTUAT mAts)S eRBloVE du e ioafophoresis device™s
appl i cati on- spRetrblEe a%QérﬂBfg%%nﬁhiﬁé@bﬁel@ﬁ% @pdtétitial 83 MRart fghet he

i ke. The control system 12 may al so’includé one or nore nenories,

for exanpl e, diegenc@sdintihe standand gaeanyale assasiaiedwith dke vammsongtefirial)
24, and the I'§kei cou IedI to the, contraoller 28 bonPe #)r.’ rmrﬁ bgsses
29. The cont r SMRYIEMRAETSIS Y KiFiudfe o iSART RIS SEYRI(B9) ARy allveR slilende
devices 265(e(ggcl)a display, a nouse, a keyboard, and other

peri pheral devitces). In an enbodi nent, the m croprocessor 20 may be
configured to conpare tHhee ggsterniheayifufherindeded tasy intadace 18

ol el o' SRS BPLIRL i BeditcR FRHARRR. T ol ey
i npedance dat gositibhblé Hith, rebgett §o BANGHIEPHOtESY ddlica.2 diRd svaNaRdIRIch

reactance data, ionic nobility data, diffusion coefficients, )
transport nunihgatdhe tashintefacsal8 is\abietpemake electripal gentaetawith at least a portion

' ont ophor &fy’ € 4 dr S RintGMrdIE ablibE 2 bR SRNERRES 1P oL RN inees

portion 4 of the iontophoresis device 2 includes at least two distinct electrical
contacts 6. In another embodiment, the test interface 18 includes four
electrodes and is operable to perform a four-point impedance measurement.
In some embodiments, a portion 4 of the iontophoresis device 2
25 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
30 for measuring the impedance of the iontophoresis device using, for example, a

four-point electrode configuration.
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15 may further include electrolyte specific inpedance data, mnenbrane
specific inpedance data, resistive el enent specific inpedance data,
I ont ophoresi s devi ce specific inpedance data, interface specific

i npedance &4 A0%/%P6t he i ke. In an enbodi meRET/UBHE7/019406

controller 20 may further be configured to performa conparison of

t he neasured i npedance of the iontophoresis device 20 2 to the stored
reference data. In an enbodi nent, the stored reference data incl udes
i npedance data, charact dhesontrolgystam déiragy inslude angenranererdostroters 20
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mor e 1 equéncioty e P AeRrg R clorsn hettaty LRAEH 28 7ek Bia .
the charact er icglipledRO A5 cARtANEriRd By GABTYr InSEtE HRBEePLP9 NPHE cBRPEIRySRhfY2
ranges;- and the characteristic anplitude data conprises one or nore

anpl i t ude randgeay fugther inciideconeseryoaienpputsjevides Aca displayi 8 ussea
del ay data conprises "fingerpri.nt” characteristic f a,conmpliant
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characteri sti icfipYoddssbHe myaseecsifighied RONPEE thddeermimag %Eédéﬁqe of
various frequencies reflective of the conponents of the iontophoretic

syst em or tevitheianterhoresiadevice @undenevaloatiorotd @ database 8 fofistored vajues.
configured to performa,b ¢ arisqn of the asur ed i mpedance of , the
i ont ophoresi s devi ce tngﬁé’%E%?rsg?%rcgfsi%acY@ U5 ey 'Qﬁ’d'ggémﬂ_@ cgdata,

response basediyk dalRiéni® Bohd\ectivRTRalI %ﬁibtaﬁé@détﬁ?r@@g@gpgﬂ?étd, sHi¢ fRbiity

| east one of a cor@?r i son plot, @ conpliance code, a diagnostic code,
a test code, gataldiffugiorneeeficientsi Wignsparimbgre, statislicsakaverages datalier

: | PRETE / f
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Fi gures 2 @nd ndaysfuptiemimcRiSeBN@rolyth RPLEIRE ATSSdahca Mt SndrABrap@ Epetmt NG

active and counter electrode assenblies 112, 114, respectively,
el ectrical |y dopgdands dataoresistive elggment spepboimpedance gatal sontopkargpby

b1 ol g1 cal HVAPPRETE 1BBSqarls i thteiEn ShEELE BRF RS TR P Tt e
nmucous menbrane via i onfrpgherdddimentyet@ntisilert temiap Rirtieh Bednfigured to
device 100 is evaluated before the addition of the Integrated power
source 116. perform a comparison of the measured impedance of the iontophoresis device
20 2 to the stored reference data. In an embodiment, the stored reference data
includes impedance data, characteristic phase delay data, characteristic
amplitude data, characteristic resistance data, characteristic electrolyte
resistance data, 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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In the illustrated enbodi ment, the active el ectrode assenbly 112 20
conprises, froman interior 120 to an exterior 122 of the active

el ectrode assenbly 112: an active el ectrode el enent 124, an

el ectrol yt é"(’r%’%‘t‘%‘lﬁ“r 126 storing an el ectrol yte 128, aRCTHMIP7/RI18H6
sel ective nmenbrane 130, an inner active agent reservoir 134, storing
active agent 136, an optional outernost ion selective nenbrane 138
that optionally caches additional active agent 140, an 25 optional
further acti vaexigentThedingesprint shatgtesistiesimnay includephaseshits andhgmplitudes

outernost ion _se ' rane 1 d,.an ti onal er | ease
e aa. | Thaeasre SEyATRLR Rt e s rAR0E b AianeitsCa e S
optional i nneforgghdratic bystem driddvicemuel ebsiuugsn two | ayers of the
active el ectrode assenblﬁg112, for exanple, between the inner ion

sel ective nenbrane 130 ARe conwolieiZérmay fuither be captigured ée pefoim a134.
The i | i | .i i f t | d d pri .
oo o SoRbarbB R TR e BHcE s B Buhf e
118. Each of tshftedberéferRletiRAtsndlo denett & 1eSpandd baiRddh peHDRaHe i N
detail bel ow. The active electrode elenment 124 is

el ectrical |y compaggon.oTherespanspanay inglede @t laastopeata compateon piet, &nd

iti d i he . ' | . 5 I 2.t .
Bl cct romot i ve PRI S K TBb RO zolE: T Vot ot ori i & apva, e
various other Thereep&esmay flrfifer atdiideca elelifeddfdevietivnilefwddr’theUnder
ordi nary use conditions, the mag‘rgtude of the applied electronotive

force is géhemegasyrehimpedange ofthe iontpphpiasis devicerard the ¢asiesparding stored
agents accordi%grto a tt%erapeutic ef fective dosage protocol. In sone
enbodi nent s, { %&n‘ﬁ ‘de 10 is selected such that it neets or

exceeds the ordinary uspigpsy 2ah83 HoRean eséeplaprionRspherdsiatedte 1 0@
| ont ophoresis delivery device 100. In sone other enbodi nents, the

magni t ude of CRBPEEING active laadicounisr elestrode @gsembligs hbd. Hd#, wspeetiviebhs,

Juppl ed ot RETAY REPRabE G o 0le PR BobE s GyBE AR TP bl o8 e
under goi ng15eVageat tdMaind@en Bl adtive @lextiote @esemBIFEM2 tb2fbhibRgidafinterface
variety of forns. In one enbodi ment, the device may advantageously

enpl oy a car bdidBrbigeEe 2k suel agiaRartierief eiefemuceps memyANGWiA  f or
SXANp & COMP A EoRELEP TSpleAN e id it raTe bEuiBe R8O 'BaIlRbA béfore the
addition of the integrated power source 116.
In the illustrated embodiment, the active electrode assembly 112"
20 comprises, from an interior 120 to an exterior 122 of the active electrode
assembly 112: an active electrode element 124, an electrolyte reservoir 126
storing an electrolyte 128, 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
25 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
30 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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20 conmprising carbon fiber or carbon fiber paper, such as that
described in comonly assigned pendi ng Japanese patent application
2004/ 317317, filed October 29, 2004. The carbon-based el ectrodes are
inert el ecOWEOPH6t hat they do not thensel ves under goP&F/US2007/019406
participate in el ectrochem cal reactions. Thus, an inert el ectrode
di stributes current through the oxidation or reduction of 25 a

chem cal species capabl e of accepting or donating an el ectron at the
potential appllit8d Eta@htqﬁéh%yaa\@ﬁ!ewngﬁ or fjeietras wﬁbbfﬁ gisgsugseddn detail
reduction or @?i tion of water). Additional exanples of inert

el ectrodes i ncrffdé stainl ess steel, gold, platinum capacitive

carbon, or graphite.  The active electrddd eRrint 124 ¥s elaBtriaglly ocipRicFetd mee
of sacrificial conductive material, 30 such as a chem cal conpound or

amal gam . may &Pso! 182 efdbe powes sevicei1dbanddrasiioned dn theeactivetelectivde

Typi cal 1y, 5 o osbcZ ' aebBke? sleblPmotyy RS K A5 eBt B EEH T Saent e
case, the netahowmp dawvaridug ettep c hehiensf the\Gétie elseticliet 308mBR 112.
precipitated as an insoluble salt. An exanple of such anode incl udes

an Ag/ AgCl el &éhdepardinanyaiseopaditions.dhe maghitudk 6 thel appdied electiemedive ffee

o1 cased 1o seraff el g EH 46 8PP o e 6P FioRS BERVS by faBlbrifg to

el ectrol yte regpérapeltid effedtie dodlige protatdlely serheleditiBuimants thetBagiittde
structure capable of retaining electrolyte 128, and in sone

enbodi ment’® mifyseleetad sEch Hatd reeets oIr gxecedsghposdinary yssropealifd e,

For - exanpl o, _Flsctebhaniba oot ot ricRongReis gl seliod 196, iy 48
pouch or ot hebtrre@_@ermmhemtspmeanaﬁmhrd@nﬁ thé bpplrRer &sctrahstiviel fofce Wder
interstices, particularly where the electrolyte 128 is a |liquid.

I n one embodi Refpal qongitienscgensdraliveexcegds Hhspmageibudedefitbe @pplieshi zabl e

Covar ds o angrorpnsoniogE LbRed i hshitises PRy Heyipd o0 HHen'ts

el ectrol ytigs undérgding éwitugtioanpl e, aqueous sol utions of salts.
Preferably, the electrolyte 128 includes salts of physiol ogical ions,
such as, sodium pot assT%lﬁr?C%\fﬁ electirde elamephddp mavdaken yarighy of forms. In

" in use, waPop eibogrieft Hq 8 18] sffapRGbhuy SR cdfefisEEY

el ectrode assaotie @sctrode elenient N24sadh My, for exaaiplécompeRetnhgtiplet | ve
el ectrode assenbly is an anode, water is oxidized. As a result,

|
oxygen is rermAVEE forgmamRie@ RAYMer HABXSRMRTIsiNg caiben gpd duroaductive hest
mbodi mentyy t . i ; S dant
n some. eifSoa JLRIE e ALK oy Fitbe e Bt AN B8 vl ichsarher

ant i - oxi dant s cofatonhasssignédperding Uapdrieske paten appidatioh, 200473 1¢8anfiied
water. I n such enbodi ments, _the selected anti-oxidant is consuned

rather than h&FaRE"2Re2094r Shg spdbostbagedalecitodar arg inedalectiadesiia that
cathode and atPYdeFGEmEORE Bhabigh & et A biekRotfiificArebdibns,
Exanpl es of biThuggrciakhyelestrgatdisttibutestcurrent through the oxidation or reduction of
25 achemical 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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30 oxidants include, but are not limted to ascorbic acid (vitamn
C), tocopherol (vitamn E), or sodiumcitrate. WO

2008/ (130496PCT/ US2007/ 019406 As noted above, the electrolyte 128 may
be in the WOIWHPOYA aqueous sol ution housed within a F%E’é?%??ﬁ/‘}w‘w%,

or may take the formof a dispersion in a hydrogel, organogel, or
hydrophilic pol yner capable of retaining a substantial anount of
wat er or solvent. For instance, a suitable electrolyte 5 nay take the

form of a sol wdused.offypicaliyvfer arpaneds & mesaldvetal salemRy helgferipyad. cln such

id: 0.15 M anti ;,oxidant. - ' . i .
by ane 230, Fau, UM Waut prinizs da el Adehd Milieh FRuRGHER e Hisriatatsy
and the innera@ghindhaseshit’ Anexufiple Buch dncdleGhicladeeam AgNIyClielectrode.
i ncluded within the device. The inner ion selective nenbrane 130 10

may take the The revsrseresctiondakes|placs stdhensathodadn whish thg angialdon hen
t he active

nnor 1 on Sol GELPGE Shd iy SSRGS B e R BF T e ¢

exchange nenbggpgedesel ective to substantially pass anions and
substantially block cations. The inner ion selective nmenbrane 130 may
advant ageousl y prevent Theaeletisolytsfreservaiid@Simaibiaked ariety of forms including

conpounds between the el ectrolyte . 128 an he,inner, .active

reservoir 34. a%fmé H%q:aé),atbh%fyriefﬁ\@pgi ger??rg Iteeé?él'\f"é’ %F?n%’g‘%@ﬁ}?&?
prevent or i nkahidvehh the NsdtRiyte 28 Rde ol Hasniple ORBererthdeldttrolyte 128 is
el ectrolyte 128, thereby increasing the transfer rate and/or

bi ol ogi callOcoimegélhsemi-golist on sndidiforme.o pavexample dieeielectrolyie reserveir i 2fher
active agent reservojr 134 i.s gengral posi tioned b he, | r
on sl eot 1 verUBHa e D OAPEHE btk TP Lo DRl Bl afispERS
138. The innegagdgdd, bR imeRated, Paficufrly wikete TR efeattslyte V28 isef bguid. forns
i ncl udi ng any structure capable of tenporarily retaining active agent

136. For exanpl e, the ilnmne embodiment;dhe elesielyteni28 qamprisss ioAk®Tt he
cavitres or Rzl fugRorenst i 2F paleqs AeTE WERG, i 2etdg Bffaucy gurrent

cavities, or I°At% :
a |iquid. 1Eheigwigs oRaivhy Sronuhietadtios elettiotie blemént! Iiitabkrdiestames se a

gel matrix.
include, for example, aqueous solutions of salts. Preferably, the electrolyte 128
includes salts of physiological ions, such as, sodium, potassium, chloride, and
phosphate.
Once an electrical potential is applied, when an inert electrode

20 element is in use, water is electrolyzed at both the active and counter electrode
assemblies. In certain embodiments, such as when the active electrode
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

25 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-

30 oxidants include, but are not limited to ascorbic acid (vitamin C), tocopherol

(vitamin E), or sodium citrate.
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Optionally, an outernost ion selective nenbrane 138 is positioned
general ly opposed across the active el ectrode assenbly 112 from 30

the active el ectrode el enent 124. The out ernost nenbrane 138 n_m/ as
in the enb®d® WEHPB%| ustrated in Figures 2 and 3, take PHEUSHPH{BH an

I on exchange nenbrane having pores 148 (only one called out in
Figures 2 and 3 for sake of clarity of illustration) of the ion

sel ective nmenbrane 138 including ion exchange material or groups 150
(only three called out Asngtedabeve,2haeteciolyls 128 maydie ipIthe farn effan

cur ot 51 RSl sBUF RS sRERIETAS SR B oo
subst anti al | ydiga&SR® ih @y dedgdl NergaadFel PeY BdrdphilRspdigrer €apdinof relfining

140, while substantially "bl ocking ions of the opposite polarity.
Thus, the outasubstantial@mounhahyetersnselast. 1137 inslanee aguitablecaiectialyte

Where the active,gaent 136, 140, 142 | . Ty ' .
the. out e st MPBIARINEPT0 B Asnbrbier by AR oy o EpOYEGY e
cati on exchangsq-nemoNraRti-okiddst. al | owi ng t he passage of the cationic
active agent while bl ocking the back flux of the anions present in

t he biol ogi cal i nterfadde isnehonselsictive membrane 130 is genreraliy resitienediton

sel ecti ve menbrane 8 ti,Qpal Ly, cache _active e 4 j t

bei o |1 it caRpraeane sldtinBe 128 Bpt e RRGF a8l et Skl a4, 1R S

temporarily r@baibhsne BNAciOded WRhmARE deQlcal The imfertiGie selet®vd mgnbirarid €30
active agent in the absence of electronotive force or current and

subst ant i 401 ympagtakesibe fotmo obaicbargasriectivepneme@ngi ther sxadple, whendhe

[ flik larit der. ' . , ,

el ect rom 1 veaneageht e T, H92 K80y Aralon 3R Soatipeinnegon
sel ective menyy|aitRelémBFane FIEMAY takeethedoim of as @Rlondchande Mmedtbrane,
m croporous nenbrane that is selective by size. In sone enbodingnts,

such a seni - pegledivsite substantialy pasp anienmantdhaunstanfialn blesk satione HigeiRper
L e BaRa B e A R o g, oo
liner 14615s gRdBAHIcSIEMEntsCorofrpalinb detrdea theledtiyts R8eind\ee inner
menbrane 138 nay be opti onal'lg . . e membrane 130
active agent reservoir 34. For example, the inner ion selective mem
may prevent or inhibit the transfer of sodium (Na*) ions from the electrolyte 128,
thereby increasing the transfer rate and/or biological compatibility of the
iontophoresis device 110.

20 The inner active agent reservoir 134 is generally positioned
between the inner ion selective membrane 130 and the outermost ion selective
membrane 138. The inner active agent reservoir 134 may take a variety 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

25 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

30 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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prel oaded with the additional active agent 140, such as ionized or

I oni zabl e drugs or therapeutic agents and/or polarized or polarizable
drugs or therapeutic agents. \Were the outernost ion selective

menbr ane 1§§”W@m§ﬁwﬁon exchange menbrane, a substanti al PakyeAIp7/gp406
active agent 140 may bond to i on exchange 30 groups 150 in the pores,
cavities or interstices 148 of the outernost ion selective nenbrane
138. WD 2008/ 030496PCT/ US20071019406 _The active a%ent 142
that fails tomeordanehayiagiporesskéthanfeong called @it imbigerese? ang @ fakgake of

adhere to the uter.. fac of the ter i sel ecti.

renbr ane 138 g8y (HreRER it fir P MBRhe PR FRUERY g prchange
addi tional |y, mah&idl BF RRips AS0I (YRIyaBRR calidd ol Iguke drd/®For sake of
deposited on and/or 5 adhered to"at |east a portion of the outer

surface 144 otlatityofdiustration)t Underdee nflupnee elgptsorngtive fosee exeurfsns,

b ing, floodi tipg, . el ectrostaticall
oot oY B di e Bohestihiidn S ELE8 58 BRIl B Do PR o
active agent iy pslafify 49 Setivelage €56, 120, AlIS suBstaARAR bldckiryighe bf
be of sufficient thickness to forma distinct |ayer 152. "I n 10 ot her

enmbodi ment s, theeopposité polasity. | Thusa femoutennostdgn axehangesuembesnerit3s ia

vol unme, thickness, o ove e as tqg. constli er_in.

conventi onal ‘2@{9% S&kcgﬁ%h{}\?%r?n%‘e active agen’t rlé%ﬁe"'%ahﬁ\'fea gaté(fﬂ (31912 may
be deposited fidbcAined! theloltétnddt BN seI6ANE MémBiane 138 May fkehth@fornf 6Fa
exanple, solid form nearly saturated solution 15 formor gel form

I f in sol 1@ fcatign exchenge eembrands thus alowing the ppssrdededhe eationig active

it Eteeg)r(? terG? oir n%&ﬁt%i%ﬁ&%’kﬁ’rﬁ *t%%%cgqﬁgga?%ee@rlw%n% %rzéseﬂ{ iﬁle{gg bLo%lgiéJlom

enbodi ments, {efRet 5¥éh a9skih, 136, additional active agent 140,
and/or further active agent 142 may be identical or simlar 20
conposi tions or el enent®ie outeonosirior selediveemenbrange13& rayopiigaally caghe

i Tt erant conBUueAERE 140" ByuRiR b8heishledy BRbM3nE B xchafof BlouS or
type of aqbi Veabdilt 50%mperatityoretsing brklt thengdthe polarieasi@rndolarity of the

reservoir 134, while a second type of active agent may be cached in
t he out er nost attive agsinéin thecabsenbe ahelectzgmolive foscesoiceureant ane substantially

either the first t or.the sec of Lve. .
deposited on {qi%asgéﬁﬁ?ses@p§§g§%lr%§%8%¥§ﬁtg Sé‘l??gtph\:l)eg{oag(;%w"é%%‘gp ﬁ(voer
menbrane 138 ggargBainter tHeahfl@side\st angstedtromativeAbiceraraiuimeat.y, a m x of
the first and the second types of active agent %/ be deposited on

|

m
the outer surface 144 ohltarpativaly, dhergutermest igeselecivemeathsangs 434 mpaydake

the furt h%b a tei f\é(ram%qggﬁ'ni-permeable or microporous membrane that is selective by size.

In some embodiments, such a semi-permeable membrane may advantageously
cache active agent 140, for example by employing the removably releasable
outer release liner 146 to retain the active agent 140 until the outer release liner
146 is removed prior to use. A

25 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

30 group‘s 150 in the pores, cavities or interstices 148 of the outermost ion

selective membrane 138.
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30 142. As a further alternative, a third type of active agent
conposition or element nmay be deposited on the outer surface 144 of
the outernost ion selective nenbrane 138 as the further active agent
142. 1 n anMHEPBHP8di nent, a first type of active agenPCHHJOBE19406
stored in the inner active agent reservoir 134 as the active agent

136 and cached in the outernost ion selective nenbrane 138 as the

addi tional active agent 140, while a second type of active 5 agent

may be deposited on t hél'hﬁﬁféwemehh%? thet fails te E@n@m thengr exchange groups

erbodi mont o vildPBeyAL 5 MayAangrd foPe it slifaBY 304 of e o déithedtigl
the active aggné&ivtIembfihe 138asmHe furthér &gtivefageatmam prdraatively,top

prevent the active agents 136, 140, 142 from conpeti nlg wi th one
another. O headdmnannathecfushqra;:tnpe@gem w2 mawb@ msttye yrdgpesked pp aad/or

agent 143" Barsinafes o BFBasF B iof o Tnel i Slirde B4 Htae HbleFosfih' Ve
sel ective nengdignfel@8mbrdife P38, %6r 6xAngA6 Sy smsymé%damg ,BogtiRst the

further active agent 142 and/or outernost ion selective nenbrane 138
during st or agelecipostatically deppsitingitvapar dep@mtm"w:tandfmmfh@vww de sgme

current. 15 The outer .rel eas Iin - 146

rel easabl e | |?\'@P°ﬁ‘ﬁ?fé‘t%ﬁg‘?v§fr§]% ﬂ%?rg Ima%%f:fﬁgg'gt%; Jé?@éi’ée PYREr s
commonly assogirfdcat 44 éﬁH/BF%éﬂétﬁﬁééﬂ&hkkN@ssﬂ@h@ﬁh wefistindblaget 152, Inhe
outer release liner 146 is shown in place in Figure 2 and renoved in

Fi gure 3. 18n otheeembodimanipl the durthetiactivg agentsid@mnay relbesuféeignped 20

bet ween t he el ctro e assenbly and the, biol gaic inte .
i nterface coub GRS OtVQT?@eﬁf‘etofc(?Pﬁﬁg#e, giagﬁeph&%&@f\&n}léﬁal sEhge
adhesi ve and/@'rsmltem]'he gel may take the formof, for exanple, a

hydrati ng gel. Selection of suitable bioadhesive gel s is within the
know edge of one skil | ebhe activiecagest d42amaydre depmsitad ima vaniety @ highly

compr | ses. 1 rERRGEATRIRLPIEY Syehat douRAAbE) s TEkR M FiR Aok dhon

el ectrode QSS@W'M gelforn? 1€ RieBlifoh &F §608€ of hypdratién Afa.berprovided, either

electrolyte reservoir 170 storing an electrolyte 172, an inner ion
sel ective neniptagretetiiato the astive elestrodeipssambli JdPyen applied fromythergyterior

buf fer materi merégf]ust prior to use.

in some embodiments, the active agent 136, additional active

agent 140, and/or further active agent 142 may be identical or similar

20 compositions or elements. In other embodiments, the active agent 136,
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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30 optional outernost ion selective nmenbrane 180, and an opti onal
outer release |iner 182. The counter el ectrode el ement
168 is electricall%ﬁcoupleable via a second pole 116b to the

over
source 116VAWEYLYEnd pol e 116b having an opposite pol Ié?T’PV“F%OI?Wé

first pole 116a. In one enbodiment, the counter electrode el ement 168
Is an inert electrode. For exanple, the counter electrode 5 el enent
168 may be the carbon-based el ectrode el enent di scussed above.

The el ectr ol yseleetivegnempranert3thas thelkeher activeagenb42. olnmanathesl udi ng

mbodi rment s n2yoBORI e PREDBeGERHTS AR Br aiered e ihet 3Pl agent
where the el eplsefloft RB4ldthesadtive agefd 13658Md cadheddn ttie S@terrfodtadmselEotive
exanple, the electrolyte reservoir 170 10 may take the formof a

pouch or ot hemembsane 238 @s the additienalegtive apent 196y while asgcend typgrof active

The. el ectr ol yPart 1oy B gEpdyBiorey B8 SFHBE diaSL e fuBubbifif selective
el ectrode el efiibrd s 138ds the frthes bBWAL adeht 132] aypicumy, e ambadrndritd,
proxi mate the counter electrode elenment 168. As descri bed above, the

15 el ect r ol yt wherezonegr pees/differand astive agrins aee emnaloyed, the aghs agents 136,

dependi ng on THE 1oAY A RGN BHEm BebPudepreiet RS Heln A8 140
el ement 168 andb frash dunepetitg With biébRbthet. hetHer comibireition$ aks polssilsie.
bases or neutralize the same, which may enhance efficiency and/or

reduce thd@0potential fofhd eutet elease lier 146 maygensreliy bepositignad euedying

posi ti oned befUERAT T ETTerPy? SbER 1A AlRET AV ey a4 ortog

The inner i onogtehR6étiive serBiNAmembfdndays.t Tke ol rélense hieraldshnage
sel ective nenbrane, such as the illustrated ion exchange nenbrane

t hat subst ant prteg the fusther ggtg\@@g,erﬁfl42@ﬁ1glqgfoutermost ion selective membrane
138 during storage, prior to application of an electromotive force or current.

15 The outer release liner 146 may be a selectively releasable liner made of
waterproof material, such as release liners commonly associated with pressure
sensitive adhesives. Note that the outer release liner-146 is shown in place in
Figure 2 and removed in Figure 3.

An interface-coupling medium (not shown) may be employed

20 between the electrode assembly 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. Selection of
suitable bioadhesive gels is within the knowledge of one skilled in the relevant
art.

25 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

30 optional outermost ion selective membrane 180, and an optional outer release
liner 182.
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25 a first polarity or charge while substantially blocking passage of
ions or charge of a second, opposite polarity. The inner ion
sel ective nenbrane 174 will typically pass ions of opposi teﬁﬁol arity

or charge Y& 1'HY¥8*Bassed by the outernost ion selecti vBCHE PEW%““&SO

whil e substantially blocking ions of Iike polarity or charge.
Al'ternatively, the inner ion selective nmenbrane 174 may 30 take the
formof a sem -perneable or m croporous nenbrane that is selective

based on si ze. The COUﬂtqﬂﬁeﬂmﬁﬂelemﬁnt@%ﬁﬁlwrlﬁﬁimﬁ@abmla a

but 1 o Cat er | SPCODAP0IR ) B Sl B sBur LS, 05 SIS T 10t hgvind &
174 may prevesppdyi te'p@lﬁrﬁﬂo tHaefirktr 7;%1éf1¢6a ofn &Yéjé%bdmﬁt,)thércoﬁhﬂe@“ de

(d) ions fromthe electrolyte 1 into the buffer 5 material 178.
The optional eletfrede e@mntdﬁs i 78 inest gjecteods. |l§orcﬁxggu§%dh©@ou@t@he!ent§ode
el ectrol yt

The butf or or BRI 168 R eiABTDEped BpcRfed Blenichy ARERF G508

tenmporarily retaining tfie @l@&tfr@lxte%&@mﬁtl17ﬂﬁay ke Lveriap) 6f fotfi€ including
buffer reservoir 176 may take t formof a cavity, a porous

menbr ane or aamestructure capable of retaining flestrolyte &72.ndinSomeersbegiments

ions for transfer thro I t

t he bi ol ogi cafnayqY 3be Pi%:?m@g%gzgﬂéﬂ‘{ lfgrne){se %U‘#’%{%ﬁqﬁggg%ﬂgly}ﬁgé R’
may conpri se, inf pheryampbelid 6 sititfoln®- Bor eXipfple; theTlétrolé eesBIEdir 10
sel ective menbrane 180 of the counter electrode assenbl y 114 may take

a vari ety 16f mamteke mfom&ﬁplmucbmoﬁlﬁéemadwm aBEEbraneWiR RBfeSne
180 may take the
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The electrolyte 172 is generally positioned between the counter
electrode element 168 and the outermost ion selective membrane 180,
proximate the counter electrode element 168. As described above, the

15 electrolyte 172 may provide ions or donate charges to prevent or inhibit the
formation of gas bubbles (e.g., hydrogen or oxygen, depending on the polarity
of the electrode) on the counter electrode element 168 and may prevent or
inhibit the formation of acids or bases or neutralize the same, which may
enhance efficiency and/or reduce the potential for irritation of the biological

20 interface 118.

The inner ion selective membrane 174 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

25 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

30 take the form of a semi-permeable or microporous membrane that is selective

based on size.
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of the counter electrode assenbly 114 is selective to ions with a
charge or 20 polarity opposite to that of the outernost ion selective
menbrane 138 of the active electrode assenbly 112. The outernost ion
sel ective WEhIPHME4%$80 is therefore an anion exchange nBREVEHEOR#HEch
substantially passes anions and bl ocks cations, thereby prevents the
back flux of the cations fromthe biological i nterface. Exanpl es of
sui tabl e i on exchange nenbranes include, but are not 25 limted to,

t he exanpl es di scussed Hisowneer mntsemvemwbranaémlmy preyent teansfer Of

e, e AR ok U AR PO

mol ecul ar wei gatinfdr ibA8eleRfive MRfnIHREN 74 %@q&@vémtnﬁnnm&?m@%nsfer of
generally be positioned overlying 30 or covering an outer surface 184

of the outer rﬂm,sirox;otﬁlsléloechlomdemémbpasnﬁombe elertrolyte 472 tinte theibeffer
rel ease |iper g% % ghomn in place in Figure 2 and renoved in
Figure 3. Yhe MR ? 1 ease liner 182 may protect the outernost ion

sel ective nenbrane 180 THY bitibnal BliffdiGesdrbiPf 76 % é‘é’rﬁérb%:‘sg@s&fbéﬁveen
el ectronotive force or current. The outer releasé |iner

sel ectivel y rtbeciscitilgelressvoirand the ovlermesirion seleativer nnambr@mm hg%sThe

rel ease |i d th,5

ndhos: ves. || OUTRHECSHOE BATS) HE TTEL o IS Saa e gl s Ay 'giaining
coext ensi ve WinebuHee nfitésal ml 7 @xhmpRY, tHetBuffdr rbbisvaie 78 en také tiade
assenbly 112 he |ontthore5|s device 110 may further

conprise 4@ i i@gntofrmbajmtmga patcﬁlslraﬁm Boefjageint exposed sides of the
b oL S B b el . A5 SnE PR Rb e i e
et ve and coqnearod) '%“2??"332“%@?2%??%2% 5W°'§QEE52%"§?ﬁSf1PL2€
active and coGnogsgqueniytthedwffas saterial 428 may camprises fof exemwie@ salt (e.g.,
mat eri al 190. NaCl).

15 The outermost ion selective membrane 180 of the counter
electrode assembly 114 may take a variety of forms. For example, the
outermost ion selective membrane 180 may take the form of a charge selective
ion exchange membrane. Typically, the outermost ion selective membrane 180
of the counter electrode assembly 114 is selective to ions with a charge or

20 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

25 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

30 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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15As best seen in Figure 3, the active and counter el ectrode
assenblies 112, 114 are positioned on the biological interface 118.
Positioninﬁ]on t he blologlcal interface may close the circuit,

al | owi ng eMAIPYM8#%yve force to be applied and/or curr eRETUSZPT/HIA06
fromone pole 116a of the power source 116 to the other pole 116D,

via the active el ectrode assenbly, biological interface 118 20 and
counter electrode assenbly 114. I n use, the outernost
active el ect rioddguiend.s&he cuterselasss lingic! 8RIBayaiotee the autedmapt iepselective

contact with the biol o erf
nter ace. coufraeRedERtRG S ERadmTobts cpdlcaif 8 Elpbrra@Rive fosce or
out er nost act gyeerdtl SHe! AAEr iefilseaineE i 8 thayeiEds adiecthvaly RilshdabR kfer made
bi ol ogical interface 118. The interface-coupling nediumnmay take the

form of , f or e&\aaqerwooémawraé@uczb asrTelease djaers commenly agageiatedavithhe
form of, r exa or _a

I nt erface ouqu ngfen%‘?ﬂsﬂ gﬁeﬁbé‘?%&m @%Bﬁg?etﬁethgc%&j?fég!ﬁéﬁ? iner

136, 140, 1424g3 mmc@éﬂ@%w&eﬂﬁﬁ thd H@ePRNBscSIMer 486 bifhd sctivelefsdtivde
to 30 provide sufficient voltage, current, and/or duration to ensure

delivery of tassamilydriZnore active agents 136, 140, 142 fromthe

reservoir 134 and acro a. bioloqgicgl .in fac e)
to inpart the desired Efﬂ%i%?‘%?g\%%‘s g?\f'g%b% Héﬁ%’gws[%ﬁ Srcée %T%H
take the for %ﬂdlﬁ@ﬁ\é@énéfﬂl% efd%ﬁ!@n? 8kpdiidtsides Gfahé YariGutdther gfuctures
ultra-capacitors, or fuel s. The power source 116 may

exanpl e, gPovfaiming thel aciye aoﬂ copnier gleprodeiassemblies bk d 16f Td)ieSnQ)dlDQ
5 and a current ,of

electrically E‘&ﬁfraé33§d“%agw$°m“;r§l¥?@' %t‘%‘% %@nr@%x{ntgng)%ag%rl%ﬁ

112, 114 via gafUddtRlcteres o¥tHe adtRe dmsaitihr elcirodaiReembiideer 12, 114.
rlbbons The i ontophoresis device 10 may include discrete and/ or

integrated ci Eowlopiegdheattiva and counter eleptcodapssegeblies dieht4 srineising
power delivered tolt Bg el ectrode assenblies 112, 114. For exanpl e,
the 10 iontop 9 evice 110 may include a diode to provide a

constant qgrrent t 0 t heagbest derian FHigure3! theldctive Bd8.counter electrode
assemblies 112, 114 are positioned on the biological interface 118. Positioning
on the biological interface may close the circuit, allowing electromotive force to
be applied and/or current to flow from one pole 116a of the power source 116 to
the other pole 116b, via the active electrode assembly, biological interface 118
20 and counter electrode assembly 114.
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
25 Dbiological 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
30 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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As suggested above, the active agent 136, 140, 142 may take the form
of cationic, anionic, ionizeable, and/or neutral drugs or other

t herapeutic agent. Consequently, the poles or termnals of the power
source 116WAhW$/$38495 sel ectivity of the outernpst ion BeT/EEIPYE9406

menbranes 138, 180 and inner ion selective nmenbranes 130, 174 are

sel ected accordingly. During iontophoresis, the

el ectronotive force across the el ectrode assenblies, as described,
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selective membranes 130, 174 are selected accordingly.

During iontophoresis, the electromotive force across the electrode
assemblies, as described, leads to a migration of charged active agent
molecules, as well as ions and other charged components, through the

20 biological interface into the biological tissue. This migration may lead to an
accumulation of active agents, ions, and/or other charged components within
the biological tissue beyond the interface. During iontophoresis, 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

25 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

30 molecular weight molecule. In certain aspects, the molecule may be a polar

polyelectrolyte. In certain other aspects, the molecule may be lipophilic. In

25



may be proteins, polypeptides or nucleic acids. In other enbodi nents,
the 10 active agent may be m xed with another agent to forma conpl ex
capabl e of being transported across the biological interface via one
of the nDtVUbﬂﬂggﬂﬁﬁs descri bed above. Fi guPel/HSpENIS404
met hod 200 for eval uating iontophoretic delivery devices according to
one illustrative enbodi mrent. 15At 202, the nethod includes applying
at least a first test signal to an iontophoresis delivery device 2
bei ng eval uat esftain embodimentbozlichemoleculap piayi beychargedavay have adow nett

s . Ahesiitindiiion ; e ot A
apolyi ng an aSTRPRGE e sPeheroeD e e BnE s B LE Arar SReUP i
2. For exanpl @, cdriath EE{%C@@, sugh %@fl"\lfé: S46rR€ nidy igPAte pripiuhgen@kl ng

current 20 to an 1ontophoresis delivery devicée 2 undergoing
eval uat i on. Tstoppptatiedeplisiverdartcengneaontrasttto dizs migrationief smail mone highly

Si he-vave, 5o GRGTAAEIe ARG eI infbeaoe prinesa e/oes Thes HERRL

wave, and thembideiar Weigt R tiGIBgEtaRE Sthul B8 il {h?édghgthé_lﬂidlggr”ig%li ; :

applied to an iontophoretic delfvery patch, an iontophoretic
del i very devi ioterfage irtodbe uotegtying tissysiseprinedrily viaralectroosiriatie solvent flow. In

Applying at least a first tes l.gnal ,to, an i.qntophoresis. del.iver
dovi v 3 bei righ T PrboEmentS, he gt eteepjar yreih eBberEh e REfie Sidhts
signal via a RajbeProfii, YoliBepli®s srafRteit A6HS dfflothBr 8mbedimdtis, ke
el ectrode assenbly. The appl'ying el ectrodes enable a current flow

acr oss t hé0coagiiveeagent may.be mixedithoanatpéroagent to trme dernplex capakie of)
under evaluatjan. . In so enbodjnents, .the, jontophoresis deliver
v ce' 21 o LR MeDsPOIRCLACTDeS BIE Toopiseb iAoy i as PLinE pdis Methods
source 116 (F&égbrriﬁéd%bé{?ﬁg. 3). The magni tude of the at

| east a first test signal may be selected such that it does not

exceed an el ectrochem dagunect shawsah methedh200 forteyph@ting iantophoretic delivery
devices according to one illustrative embodiment.

15 At 202, the method includes applying at least a first test signal to
an iontophoresis delivery device 2 being evaluated. In some embodiments,
applying at least a first test signal to an iontophoresis delivery device 2 being
evaluated includes applying an alternating current to the iontophoretic delivery
device 2. For example, the FPA 36 is configured to apply an alternating current

20 to an iontophoresis delivery device 2 undergoing evaluation. The applied
alternating current may include an input signal of programmable 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

25 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 viaa
pair of applying electrodes included in a four-point electrode assembly. The
applying electrodes enable a current flow across the component (e.g., an

30 iontophoretic drug delivery patch) under evaluation. In some embodiments, the
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5 delivery device 2 being evaluated. In sonme enbodi nents, the
magni tude of the at least a first test signal ranges from about 10 nV
to about 100 MV. In sone enbodi nents, applying at least a first test

signal to ¥ 1848 Moresis delivery device 2 being eval BGFESROAERI9406

include applying a first alternating current of a first frequency to
the iontophoretic delivery device 2 being evaluated at a first 10

time, and applying a second alternating current of a second frequency
to the iont opihomgptes(iaedeuwenyd@éw éds beipgienglueted priardel reaeiving a sligetete

time, the second freque Lfferen an the first frequency. ,
At 204, the n%%%ras%@?p Fﬁ%‘ﬂag?%réa'i%wng at | east one resistive or
capacitive response of ﬁH&anﬁ{tWtﬁé'aﬁle{é@iaﬁﬁ#wes(ﬂ%}g'n@ﬁmﬁ%lb@!s@%cted
evaluated to 15 at least the first test signal. In sonme enbodi nents,

neasuring at $ushdhabihdoes:ppienoped@n elegieashemical petanyiakef the iartephoresis

| east one B ST eb beTD Sreloe, i orif RIS She PRI UP By e
an i npedance stesdtr-Ofret Rkt sighal rangePhem dtat 20en\Pto 8GR 100NN HEsome
anal yzers 34 naggbe configured to anal yze the i npedance 20 rezponse

of an i ont ophenbediments,iappiyngialieast firghigst sjghaldo @ndontapheoresissielivery
| east the first .te signal . .In sone enbodi nents suring at | east
oneresi st | veioptes el puated i aR G 3R PO el BRI R aftleny 573
nore data acofssfréduthcles il BresphofsticuiliitaryaldviienBbéifg evtliuatet at a first
bridges (e.g., for neaSuring ac resistance, capacitance, and

i nduct ancdf, timetarchapplyingta saeond@itemnatingicyreat ofzeseqond{jegueney puhes,
and phase sensitive detectors, (e. lock-in lifiers..sine

cor r 6l at o, BHPARETR e veRis e pebRE kB A4 LRt Higgecond
further incl ugequepry diffdient then theeRdenequérRyponse at two or nore
frequencies of the alternating current, and obtaining at |east one of

an anplitude or a phasd\t24 thef methedA00rinelpdes measyfing at lpastanet repigtive

enbodi nents, peasuri.n | easy ,,on resisti Y
Fesponse may TPHEEVE rEepise R R Bribe o RS S hlBar e iPE2 belalguatea to
conponent 19f 4thgadtané ArN st Sighaflelnl s6opfie/ efh@Blipferds IréadiGINg 3t IdaR88he

one resistive elenment. Exanples of a resistive elenment include an

i ont ophor et i cregistive eF gapaaitide resperseoridhe iqiorNoresia detivery dpwiee 2\aeing
e oy Bl B BBl o ol R B RE W5y it o o
like), and i niegpbegeesighalr@itean impedatite spectrometer. For example, the one or
more response analyzers 34 may be configured to analyze the impedance
20 response of an iontophoresis delivery device 2 undergoing evaluation to at least
the first test signal. In some embodiments, measuring at least one resistive or
capacitive response may include employing one or more data acquisition
techniques including alternating current bridges (e.g., for measuring ac
resistance, capacitance, and inductance), fast fourier transform techniques,
25 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
30 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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5 electrolytic cell, and the Iike. In an enbodi nent, the resistive

el ement includes an iontophoretic drug delivery patch operable to
deliver the at |east one active agent. |In sone enbodi nents, neasuring
at | east oM@ F8¥P84¥%bve or capacitive response may i ncl uBel/UPRYp7/019406
exanpl e, enploying a pair of sensing electrodes froma typical
four-point electrode configuration to nmeasure a voltage drop 10
across the conponent (e.g., an iontophoretic drug delivery patch) )
under eval uatonenresistive efamentb duiamplessof antesislive eigraentiirciade andontophoretic
resistive or aciti,ve respqnse of the.iontophoresis delivery device
2 being eval Lfi%ahga% PRIt Ao DRI Te ??\8"39'?%3%'?8%\’%'"8?% a%&nﬁ% or a
phase shift Ofe|ctivBTRENB ALY aBigilal mbMbPaE) aliendi-germehbRNHeMbraeORd
alternating currents with an i npedance spectroneter. At
206, the net hpatog®mentrandegelaoatpsr andjthetlikep @ inteffaegta KRSEMMEIN, an

i ndi cative_of the nmeasyred . at |.east one resisti or_.capacitive
response. of 1HeCeHbAad fe I berySmbeRE: 1Fs aiaRE Hiorhplfincludes
reference datg gRicphoRticcdtul \qRIivéry PatceH operabib to aelive? 3hé bit Kasiodne active
capacitive response of at |east one reference iontophoresis delivery
devi ce. The ocagenbr Imeoroe egitmdineetsdeneasgingatiegstionel rasistivengr ¢apaciive,
for exanple, inpedance data, fJlux data, ionic cond | Vi

resi stance datst 0?%%1%‘?&&'&%“%%%( e’faé?ﬁl_%' %B‘PV'PP)? %%{Fgféeéstrﬁuegégﬂddes
coef fi ci ents, frdmhagpral folEEBR! Blectbaé tohfigirbtich/RImeasurdatvoithge dro
general iontophorefic trends, 25 electrolyte specific inpedance dat a,

menbr ane $Pecadrpss thepeaapenend &g, andentopheretie dargedrliveperateh)cunder

i npedance data, ,i gnt ophoresi s devi ce specific inpedance data,
interface spetyd¥8%pedance data, and the |ike. In some enbodiments,
the one or nore referenggopt mb6dimehty medBuUHAS at leaBOSTdFdsRtive or
characteristic data of a-conpliant and/or reference iontophoresis
devi ce. The 3Gapacitiyergspansectihe ontonhoresis delivery deviceld beinssevalvated s

and anplitudes asured at various frequenci e fL.efl | f
t he conponent 'ngge? H@%SHHF%BE[?PQF?%G O%T?@Béﬁ@%é%@% E@ﬁ(%%ﬁ éﬁ%ofﬁfg
syst em or 1geviigRaldo eBERbf 8 it eMdl £8ecdnd aﬂt@ﬁﬁtmg‘w@%mm ah rap&dicer

nore controllers 20 such as a mcroprocessor 20a may be configured to

conpare the aspdctrapteter.first val ue indicative of the neasured at

| east one resistive or r@%&%&@%ﬁm&%ﬁau%s EBGphATY QPRYLESHirkt value

delivery device 2 to t
indicative of the measured at least one resistive or capacitive response of the

iontophoresis delivery device 2 to one or more reference data sets indicative of
20 at least one resistive or capacitive response of at least one reference
iontophoresis delivery device. The one or more reference data sets may
include may include, for example, impedance data, flux data, ionic conductivity
data, resistance data, reactance data, ionic mobility data, diffusion coefficients,
transport numbers, statistical averages data for general iontophoretic trends,
25 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
30 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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5 reference data sets. In some enbodi nents, the one or nore reference
data sets conprise one or nore negnitude ranges or phase shift ranges
of a neasured response froma plurality of reference iontophoretic
del i very d¥QPeg030H6| ternating current at two or nore PEEYWATYIBYS
At 208, the method 200 includes determ ning whether the 10

I ont ophoresis delivery device 2 undergoi ng eval uati on neets one or
nore acceptance criteria based at least in part on the conparison. In
an enbodi mentsysterh er device@ wider lezaluatien.i mﬁmpeaemb@uknemsnheroyxedwmwe
2 being evaluate criteria

d t
det erm ni ng aC %@#ﬁﬁé‘i?‘? 6%50 rﬁtmrr'g{?%f)%chﬁgg %@aﬁﬁ’gs‘iﬂ“ggure gdzgmpgr%%he
the iontophorgagegetlonidelaiies .@ﬁ%%nfe ﬁx@gs&r’é@ o RdsESRE Rskiidtveqsre Of

more acceptance criteria Indicative a conpliant iontophoresis
del i very devi capa@ntlvénesmemﬂbwmmnrwesm%bxwy devio® 2do ¢renone bt mose

measur od o) SETPBLOASERRSIE] 1 SRNB ET R R G R SRAIBEler e e data
del ivery devi &t %oh‘@ﬁ@é%ﬂb’?ﬂ n%/r@'nx?é nge réﬁgé@ér‘{ﬁ%g@%ﬂffﬁ%nb@sb% 20

one or nore referen data sets t he nethod 200 may further
i ncl ude genermeasged ressgsescorbasdrality gfaeferencetibrtopbonetic detvery Uneices

generat ed res I ncl ude, at | east, one of a conparison plot, a
conpl i ance co @’eg]teénﬁlréﬁ?ﬂt@?%@ mQrg LeQUENGES: an alarm and a -
rating value. In sone hotd%d)iﬂauaés BEtefifnF @Rkl iRy s 20
such as a m croprocessor é\ e configured to generate the

response haseidntophpeasis deiMeh,ede\uoeparumergm@evaiM\m rdestsrangtaranoref
illustrated enbodinents, incl %qg V\/q '?n Eiﬁcrl bed .in the Abstract,
i s not intendd¢FEPEANGE Witeria besarkatdgastdn pathion the SOMRAHRR e @ to the
preci se formsg ba&""ﬁ%ﬁd‘ﬁ] eté¥nbiR %éﬁ@ﬁﬂh@'l&t@ﬁﬁkﬂ@é@%h%@@e@l&@ 2 being

exanpl es are descri ereln [ustrative purposes, various
equi val ent noevdliatetinoeets caa dnmoracmcaptahwcmeepmaw anIUﬂedmﬁtm@mg a

spirit and scope of the 81030496PCT/ U 2007/0194 di s
ag will be reE\%@ﬁWféEf d@?’@'ﬁBi‘@?‘%@‘?’? &gd'n??ﬁl{fﬁ IPPREAANGH O g’ﬁ xon oresns

teachi ngs 1B NEINBH Slies b i thBoKBLEGHUCIROS! HRFY odeplarize c&%ﬁa ed

to ot her prob em sol ving systens ces, and met hods, not

necessarily tindicatespf alcynwllam |9M09bbmsrsgd@lysltyeiwm$62u espmeind

methods gener aI b%dprr?esn%sr Ith %ng or more controllers 20 such as a microprocessor 20a
may be configured to compare a measured resistive or capacitive property of
an iontophoretic delivery device 2 undergoing evaluation, to values stored in the

20 one or more reference data sets.

At 210, the method 200 may further include generating a
response based in part on the comparison. The generated response 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

25 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

30 and examples are described herein for illustrative purposes, various equivalent

modifications can be made without departing from the spirit and scope of the
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5For instance, the foregoing detailed description has set forth

vari ous enbodi nents of the systens, devices, and/or nethods via the
use of block diagrans, schematics, and exanples. Insofar as such

bl ock di agWVa808/BBHenmat i cs, and exanpl es contain one or PEHEPE007/019406
functions and/or operations, it will be understood by those skilled
in the art that each function and/or operation 10 within such bl ock
di agranms, flowcharts, or exanples can be inplenented, individually
and/ or col | eclisolasuye, dsywill bei neéeogrined by thdser skilleden theofelevantartf iMhewar e

or virtuaIIy an .combi natiqn t.her of ln o odj nment res
subj ect mat{ & so%rOVﬁﬁP S0 VeI RN e e PHbds Piiesa
Circuits (ASI L—Qym F@S@e I

that the enbgg?a rrllearr?ts 1é |ysst% oseﬁesr éﬁﬁrﬂ#?}éﬁg@@eﬁ@ském ?ﬁ@gﬁérﬁﬁla%
equi val ent | y prolpermrsnivied systestsadavices, and ewptixadsdgenierallyi described abevear
nore co er programsrunnj on gne ot e, co one
or m)rem;r graﬁs ?ynnl Rgr @ﬁ%"%@@‘r‘ﬁm'% ﬁ'ﬂ%’r% ﬁ%&'as %tfeﬁ
nore progr anfafigid bR olIMEHES oPthe®fsterfi® Hevites €4fd/6Fm8thods via 3\8 unsi?roé

m crocontrol l ers) as one or nore prograns running on one or
processors ( dlapk diagranspsclersatioss pnd @sampleswdnsofaoas suchvblotkidialgyanas)y
conbi nation th reo[5 and t hat des'rﬁ t he circui tqrné and/ or wrjti ng
the code for SP ¢% RIPEXEAWP'S5 ©9 H\é'teé”\XBWPJUB%“ |anajgrioRerations. |
ski | of one i p@LALBARYFEY Hosé%kfll@& J?fﬁe rftHak EQ&h ﬁ{ncﬁ@r‘a and/or operation
di scl osure. In addltlon t hose skille he art appreci ate
that the U5 mabimsuchnisiook diagrayhs, flosvobiarts aoreexaapds earobe eplemented,

di stri but ed d t f and th
N st rat 1 ve HigoBe RARTD SRS e, dufh yRleughue Phaatire DMare. emare.
type of signar vh’ﬁéﬂ* By %Bﬁ’ibﬁwa‘ﬁ%ﬁ@hér@oﬁclw@l'e'éhl?(?dﬂ'h)énpltﬁe Bﬁzﬁent subject

di stribution. Exanpl es” of signal bearing nedia include,
linmited to, thaster ohayobe mgplemtadj\ablﬁepplmimnrﬁnbcfcdutelgratedDlmpp:y

merory; and (RSlbah SEHSTRT % Aelrdindhé ﬁffa@"at?%me'}gﬁhtﬂsr%ﬁ%iments
communi ca1t5 ORigcldakd Hé‘ié:ﬁQle@'br IPpdR 2R HeOsgUAH yes | rgée&ﬁéd(r? g.

packet |inks). he vari ous errbodl rrents above
can be conbi stadard integrated crlmntt&eas @neboinaEencampitet poigrarhe rusntg on one

D Sor BRI 8 SR el RS i i 51 G pore
A Tt o o o s g iy
reference, i gonthellers éngi, mierpcontneliens)i asponrior mote progranesi ruraing on one or
20 more processors (e.g., microprocessors), as firmware, or as virtually any
combination thereof, and that designing the circuitry and/or writing the code for
the software and or firmware would be well within the skill of one of ordinary
skill in the art in light of this disclosure.
In addition, those skilled in the art will appreciate that the
25 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

30 drives, CD ROMs, digital tape, and computer memory; and transmission type
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10 construed to include all possible enbodi ments along with the full
scope of equivalents to which such clains are entitled. Accordingly,
the scope of the invention shall only be construed and defined by the
scope of tWO2ApsMIed clains. Wiuat is clained is: PCT/US2007/019406 A
met hod for evaluating iontophoretic delivery devices, the nethod
conprising: applying at least a first test signal to an iontophoresis
del i very devi ce being eval uat ed,; nmeasuring at | east one
resi stive or applieatidn Serialdgp @066-027748ileéd Aebpiaoy 8520805 ahddapapedevi ce

bei | uat t . t fi i X
cglmr)]gr ie\rllg1 ;? He ea%t?ap%‘vp@te@fé@rgm&{g?hé%@éﬁ?é@%@&ﬁﬁc%%&gﬂgd at | east
one resistive or capacish¥gts'd?mOBFBodimdrii® AP Bb PRIUMEAS ifnedBssare! b

device to one or nore reference data sets indicative of at Ieaésf? one
resi stive or eraplagisystems; eisquitss end tortepte abthemasous patents; applications, and
i ont ophoresi s delivery devi.ce; _ det enni ni ng whet her
the iont oﬁorﬂé’gﬁ(ﬁgawsitQQ{‘}V'@%WgﬂﬂB@ﬁ ?f@bgwme@f’ﬁ'ed meets an acceptance
criteria based at | eastryoBe BRR Ot} éh'%ﬁ?é@gmbémg 161186 @hiboaRRéMS i
at least a first test signal to an 1 onTophoresis delivery device

bei ng eval uatlight ohibelsbeve aiepdiledrdesariptidrt enrgenerad, iodne Ellbwing ¢laims, the

i ont ophoretic delivery devic ... 2. .The nmethqgd of aiml
wher ei n neasd?f'ﬂ%”é?d g'@%‘g%l "8§Q_e F@g?télﬁ‘?‘v@ ligpit %‘3[5’&‘@&“90&0 ﬁ&?ﬂﬂ?ﬁ? of
the | ont ophordiabguifthis'sdosst inthe 3BLERCAIGH At (RE clalfls IRSHERRABY | NG
at | east one of a magnitude or a phase shift of a response signal
with an i thedmmstuseéxinchudetadirpossible embodiment8alomp evitinethbddll sfopelafi m 1

Tmgn tude T arRRAARTS o DTN Galigate antited AGsraao e BsHoBSFY B o
plurality of iﬁ@érﬁfoﬂ%u'oﬂgi PEM Rl Rl defPEY bYaME S8Spe & tAk aPpBAddd"T

current at two or nore freéquencies.
claims.
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4. The nmethod of claiml wherein the applying of at |east the first
test signal occurs while the iontophoresis delivery device does not
have a di screte power source. 5. The nethod of claim1l
wherein the magnitude of the at least a first test signal does not
exceed an el ectrochem cal potential of the iontophoresis delivery

devi ce bei ng eval uat ed. 6. The nethod of claiml wherein
the magni tude of the at least a first test signal ranges from about
10 nVv to ahout.100 M. 7. The method of claim1, further

conpr i sY Ag:1s claimed is: generating a response based in part on the

conparison, wherein the response conprises at |east one of a
conparison plot, a conpliance code, a diagnostic code, a test code,

an alarm and a rlati ngh wedthiml for evaluating ionto@horatigratehivelyf deviesy.altheamietipd
i ontophoretic delivery devices, the nethod conprising: applying at

| east &£°MPS¥'8t est signal to an iontophoresis delivery device being

eval uat ed; applying AERAH’d Mestabst! S8l «ONQ HEOPRIrbAE dOliverRRRGIcE IbéRig
response of the ionfophoresis delivery device being evaluated to at
| east tdvelupiedst test signal; conparing at least a first

val ue indicative of the ne suged at .| east one r.esistive ﬁétgapagiﬁng,
response of the iBHPYPHofesi®sS" d& ITGREYC 8 FRACIHES GHEOBY® frpre® 1OMOPHOTESS
r ef er eneBvélglddyisebsink BeHIEAdd 8@t RhstAhe fiBASst sAB; M esi stive or _
capacitive response of at |east one reference iontophoresis delivery

devi ce; and comparing atdeases fiishivalye widégatiee of the megsirethideass pee resistive or

del i devi bei l. d : ' ia b
east 1PN BAPee SatparT ek TPl BERICHECe A H G gt e

test siigMishtiveofan 1da0NéRNBALIBRI & cafdcitih@Irispdasd efeat Deisngheerétdrett @shtophoresis
|ncludes_appLélng a first alternating current of a first frequency to
t he i ordebpérordevice; a@dl i very devi ce being evaluated at a first tine and

_appl ying a .Secondde elnguef\lrirp a\tN.thHerCtHé rioechgé)h(B{es% d%?%)rp %etfircg %gﬁg &YathiRed E’&ﬁeets an

i ont ophoretic delivery vice belng eva Jated at & secon tine, e

second dcEgAaRB CYitetliafbhesded leabhiapattha the eGhpdrise Weitgdin applying at least a first test
signal to an iontophoresis delivery device being evaluated includes applying an alternating

current to the iontophoretic delivery device.

2. 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.

3. The method of claim 1 wherein the one or more reference data sets
comprise one or more magnitude ranges or phase shift ranges of a measured response from a
plurality of reference iontophoretic delivery devices to alternating current at two or more

frequencies.

4. The method of claim 1 wherein the applying of at least the first test signal

occurs while the iontophoresis delivery device does not have a discrete power source.
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9. The nethod of claim8 wherein neasuring at | east one resistive or
capacitive response of the iontophoresis delivery device being

eval uated includes neasuring at |east one of a magnitude or a phase
shift of a response signal to each of the first and the second
alternating currents with an i npedance spectroneter. 10.
A system for evaluating iontophoresis devices, conprising: an

i npedance spectroneter operable to neasure an i npedance of an

i ont ophoresi s device; dat abase conpri.sing stored ion har.esi s

devi ce ref er ence >dat a;T%e method Ofe"lalgl OYher Iﬂbermﬁ%ﬂ?lfl&é?}g% FtJeast prigptatest
a conpakdsoRo&f ndi RecTB AW &S oLHIREEA MRk 1Be IQRSIBRAISERIiSerI RV RS bhfg
the stored reference data, and to génerate a response based in part

on t he evelwp@di son, wherein the inpedance spectroneter includes at

| east one frequency response anal yzer (FRA), and is configured to
determ ne the inpedance of the iontophoresis device for at |east two
sel ected frequeng es @ghe@Reidld &F AN NGvHelif @R magnitude of the at 1&dst a I8 test
system of claim 10, further conprising: at |east one

pot ent i sigiahtahges fvamelsduatl) mV to about 100 MY2, The system of cl ai m 10
wherein the iontophoresis device takes the fonn of an iontophoretic
drug delivery patch. 13. The system of claim 10, further
conpri si ng: 7. The®dui®tofiRiBN | RE@er cRiPMMCat i vel y coupled to

t he i npedance spectroneter and selectively positionable with respect
to the iontophor esheatig i gesporsenbrsed ah patteaeh ths ¢rakpariedre cvhdrein| the response

contact with at . least two portions of the.iontaophor.esis.device, bei

oval uatseiprses it IeaSCone o oo ol cosebian St o difdioRyf e o8 an
i nterfagan Bed RS faMe. el ectrodes and is operable to performa
four - poi nt i npedance neasurenent. 15. The system of
claim 10 wherein the response conprises at | east one of a conparison

| ) ) o :
gngt é ?‘ a,f iornrgl i/gln g_ CO%’m&hc()jd %&n%%llllaﬁm%ogo%topﬁortegg tdeﬁgg%’ d&@ce@,l HeMmethod

comprising:

applying at least a first test signal to an iontophoresis delivery device being
evaluated;

measuring at least one resistive or capacitive response of the iontophoresis
delivery device being evaluated to at least the first test signal;

comparing at least a first value indicative of the measured at least one resistive or
capacitive response of the iontophoresis delivery device to one or more reference data sets
indicative of at least one resistive or capacitive response of at least one reference iontophoresis
delivery device; and

determining whether the iontophoresis delivery device being evaluated meets an
acceptance criteria based at least in part on the comparison, 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 second frequency to the iontophoretic delivery device

being evaluated at a second time, the second frequency different than the first frequency.
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16. A system for eval uating iontophoresis devices, conprising: an

i npedance spectroneter operable to nmeasure an inpedance of an

i ont ophoresi s device; a database conprising stored iontophoresis

devi ce reference data; a controller configured to perform
a conparison of the measured inpedance of the iontophoresis device to
the stored reference data, and to generate a response based in part
on the conparison, wherein the stored reference data conprises

i npedance data, characteristi hase del data, characteri st

anpl i tude data, chara HP@%P@‘ﬁég g%ﬁﬁi§“mgﬁgﬁaaEi PP%’em““m or
el ectr Qlayac@mreel%bﬁénéaexeﬂfé%ﬁcopm@ﬁsa@&%ysaevfcelHehfgr év%ﬁﬁteﬁeiﬁéﬂlﬁ&és@ﬁ%unng at
data, and characteristic ionic novenent data.

syst emledst ohapin Megvihsicer a phhw shifaphe tesponst isignplitasechded thy ﬁMtaad the second

conpris hase del ay. data at, two or e frequencies of an
alterné§5ﬁ§ 1R RS ﬁ%aqﬁgxﬁﬂﬁFéB?@PF?%?c anpl i tude data conpri ses

anplitude data at two or nore frequencies of the alternating current.
18. The system of claim 16 wherein the characteristic phase del ay
data conprises oré. or mrswrrpﬁasml@émemhgwls dgmiges, hempiiisingict eri stic

anmpl i tude data conpri ne r
P gqmpg AnCe spectrome er oef)eraa eltbtngje%gurg W %npedance of an iontophoresis

device;

a database comprising stored iontophoresis device reference data;

a controller configured to perform a comparison of the measured impedance of
the iontophoresis device to the stored reference data, and to generate a response based in part on
the comparison, wherein the impedance spectrometer includes at least one frequency response
analyzer (FRA), and is configured to determine the impedance of the iontophoresis device for at

least two selected frequencies of an alternating current.

11. The system of claim 10, further comprising: at least one

potentiostat/galvanostat.

12.  The system of claim 10 wherein the iontophoresis device takes the form of

an iontophoretic drug delivery patch.

13. The system of claim 10, 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.

14.  The system of claim 13 wherein the test interface includes four electrodes

and is operable to perform a four-point impedance measurement.
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15. The system of claim 10 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.

16. A system for evaluating iontophoresis devices, comprising:

an impedance spectrometer operable to measure an impedance of an iontophoresis
device;

a database comprising stored iontophoresis device reference data;

a controller configured to perform a comparison of the measured impedance of
the iontophoresis device to the stored reference data, and to generate a response based in part on
the comparison, 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 ionic

movement data.

17. The system of claim 16 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.
18. The system of claim 16 wherein the characteristic phase delay data

comprises one or more phase delay ranges; and the characteristic amplitude data comprises one

or more amplitude ranges.
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