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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 biclogical
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/or 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 example 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
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BRIEF SUMMARY
In one aspect, the present disclosure is directed to a system for

20 evaluéting a compound candidate for iontophoretic drug delivery. The system

includes an impedance spectrometer and a processor. The impedance

spectrometer may be operable to determine an impedance of a compound and

the processor may be configured to compare the determined impedance of the

compound to a database of stored values. The system may further include an
25 iontophoretic drug delivery device operable to deliver the compound.

In another aspect, the present disclosure is directed to a method
for screening candidate drugs for iontophoretic delivery. The method includes
applying an alternating current to a bulk solution comprising at least one drug
candidate, measuring the impedance response of the bulk solution comprising

30 the at least one drug candidate, and ranking the at least one drug candidate
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
In the drawings, identical reference numbers identify similar
20 elements or acts. The sizes and relative positions of elements in the drawings
are not necessarily drawn to scale. For example, the shapes of various
elements and angles are not drawn to scale, and some of these elements are
arbitrarily enlarged and positioned to improve drawing legibility. Further, the
particular shapes of the elements, as drawn, are not intended to convey any
25 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
evaluating a compound candidate for iontophoretic drug delivery according to

one illustrative embodiment.
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variations thereof, such as, "conprises"” and "conprising" are to be
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practiced without one or more of these specific details, or with other methods,
components, materials, etc. In other instances, weli-known structures
156 associated with impedance spectrometers, such as electrolytic sample cells,
waveform generators, digital correlators, frequency response analyzers, and
the like have not been shown or described in detail to avoid unnecessarily
obscuring descriptions of the embodiments.
Unless the context requires otherwise, throughout the
20 specification and claims which follow, the word “comprise” and variations
thereof, such as, “comprises” and “comprising” are to be construed in an open,
inclusive sense, that is as “including, but not limited to.”
Reference throughout this specification to “one embodiment,” or
“an embodiment,” or “ancther embodiment” means that a particular referent
25 feature, structure, or characteristic described in connection with the
embodiment is included in at least one embodiment. Thus, the appearances of
the phrases "in one embodiment,” or “in an embodiment,” or “another
embodiment” in various places throughout this specification are not necessarily

all referring to the same embodiment. Further more, the particular features,
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exchange15 As used herein the term "ion selective membrane” means a
membrane that is substantially selective to ions, passing certain ions while
blocking passage of other ions. An ion selective membrane for example, may
take the form of a charge selective membrane, or may take the form of a semi-
permeable membrane.

20 ' As used herein the term "charge selective membrane” means a
membrane that substantially passes and/or substantially blocks ions based
primarily on the polarity or charge carried by the ion. Charge selective
membranes are typically referred to as ion exchange membranes, and these
terms are used interchangeably herein and in the claims. Charge selective or

25 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
include those available under the'designators NEOSEPTA, CM-1, CM-2, CMX,

30 CMS, and CMB from Tokuyama Co., Ltd. Conversely, an anion exchange

membrane substantially permits the passage of anions and substantially blocks
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membrane” means a membrane that is substantially selective based on a size
or molecular weight of the ion. Thus, a semi-permeable membrane
substantially passes ions of a first molecular weight or size, while substantially
blocking passage of ions of a second molecular weight or size, greater than the
20 first molecular weight or size. In some embodiments, a semi-permeable
membrane may permit the passage of some molecules at a first rate, and some
other molecules at a second rate different from the first. In yet further
embodiments, the “semi-permeable membrane” may take the form of a
selectively permeable membrane allowing only certain selective molecules to
25 pass through it.

As used herein and in the claims, the term “porous membrane”
means a membrane that is not substantially selective with respect to ions at
issue. For example, a porous membrane is one that is not substantially
selective based on polarity, and not substantially selective based on the

30 molecular weight or size of a subject element or compound.
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ot herw se, a reservoirAgRigetmersiticanania the chaimne, travietmesedervoirtnbsnsiany
structure, and may include one or nore ion exchange nenbranes
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an el ect 16! yptheswise! & seservoir may include one or more cavities formed by a structure,
and may include one or more ion exchange membranes, semi-permeable
membranes, porous membranes and/or gels if such are capable of at least
temporarily retaining an element or compound. Typically, a reservoir serves to
retain a biologically active agent prior to the discharge of such agent by
20 electromotive force and/or current into the biological interface. A reservoir may
also retain an electrolyte solution.
As used herein and in the claims, the term "active agent” refers to a compound,
molecule, or treatment that elicits a biological response from any host, animali,
vertebrate, or invertebrate, including for example fish, mammals, amphibians,
25 reptiles, birds, and humans. Examples of active agents include therapeutic
agents, pharmaceutical agents, pharmaceuticals (e.g., a drug, a therapeutic
compound, pharmaceutical salts, and the fike} non-pharmaceuticals (e.g., a
cosmetic substance, and the like), a vaccine, an immunological agent, a local or
general anesthetic or painkiller, an antigen or a protein or peptide such as

30 insulin, a chemotherapy agent, an anti-tumor agent.
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osmotic flow. The neutral agents are typically carried by the flow of, for
example, a solvent during electrophoresis. Selection of the suitable active
agents is therefore within the knowledge of one skilled in the relevant art.

20 ' ~ Insome embodiments, one or more active agents may be
selected from analgesics, anesthetics, anesthetics vaccines, antibiotics,
adjuvants, immunological adjuvants, immunogens, tolerogens, allergens, toll-
like receptor agonists, toll-like receptor antagonists, immuno-adjuvants,
immuno-modulators, immuno-response agents, immuno-stimulators, specific

25 immuno-stimulators, non-specific immuno-stimulators, and immuno-
suppressants, or combinations thereof. |

Non-limiting examples of such active agents include lidocaine,
articaine, and others of the -caine class; morphine, hydromorphone, fentanyl,
oxycodone, hydrocodone, buprénorphine, methadone, and similar opiod

30 agonists; sumatriptan succinate, zolmitriptan, naratriptan HCI, rizatriptan

benzoate, almotriptan malate, frovatrip{an succinate and other 5-
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cycl onet hjcachlroprdchineatocaethylene htcsaing, psedidoedtaing) eyelomethycaiden,
dycl oni ne, ecogni ne,
dibucaine, dimethisoquin, dimethocaine, diperodon, dyclonine, ecognine,

ecogonidine, ethyl aminobenzoate, etidocaine, euprocin, fenalcomine,
fomocaine, heptacaine, hexacaine, hexocaine, hexylcaine, ketocaine,
leucinocaine, levoxadrol, lignocaine, lotucaine, marcaine, mepivacaine,

20 metacaine, methyl chloride, myrtecaine, naepaine, octacaine, orthocaine,
oxethazaine, parenthoxycaine, pentacaine, phenacine, phenol, piperocaine,
piridocaine, polidocanol, polycaine, prilocaine, pramoxine, procaine
(Novocaine®), hydroxyprocaine, propanocaine, proparacaine, propipocaine,
propoxycaine, pyrrocaine, quatacaine, rhinocaine, risocaine, rodocaine,

25 ropivacaine, salicyl alcohol, tetracaine, hydroxytetracaine, tolycaine,
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,

30 mammals, amphibians, reptiles, birds, and particularly humans.
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typically refers to the rel ations etween t tage atross a

sanpl e el engifferenc. tEhme:applmtpcﬁtbnmlg(bxd:ltm:omaomhﬁuted@mhts sinlsoidal (e.g.,
electrical current 10 flowresults, in part, froman ionic novenent
response to EﬁEOé&EﬁﬁPﬂbdh%i@lW@eqU@ﬂf p@rrr@rmtc(éesnmsserf& Qutpyt dgnal) will also
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\rNi Il also Dbgpsidiissteraal (E‘)V'ahh the \calkrdht ﬂéw%l@kﬁbwn[a&tthé :mbbdaﬁdﬂ;ef )
el ati onship between the applied potential "(E) and the current flow
(1) is kabwningeddres (@) daarecmaghjtude (amplitude) of ({Z]) and phase (¢) and is
generally expressed as a complex vector sum of resistance (R) and reactance
(X). Frequency response refers to the transfer characteristic of a system, that
is, the input/output relationship. For example, the magnitude and phase shift of
an alternating current {AC) response of a sample element to an applied AC.
20 ' The impedance spectrometer 14 is operable to determine an
impedance of a compound candidate and may include an input signal generator
32 (e.g., a sine wave generator) configured to provide an input signal of
programmable amplitude and frequency, and one or more response analyzers
34 configured to obtain magnitude and phase information from a signal
25 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 some embodiments, the FRA 36 is configured to apply an
30 excitation signal to an electrode assembly, an electrolytic cell, an iontophoretic

delivery patch, and/or iontophoresis device that includes a compound candidate
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2008/ 030503 PCT/ US2Q07/ 019414 for iontophoretic, drug delivery. The
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frequency- swept si conpound candi date, and exam ni ng

t he respthsdrengupneies efsamgltérhatiopeurent. In an embodiment, the frequency of the
alternating current is selected from a range of about 10 pHz to about 1 MHz. In
another embodiment, the frequency of the alternating current is selected from
three or more regions of a frequency spectrum.

The control system 12 may include one or more controllers such
20 as a microprocessor 20, a digital signal processor {DSP) (not shown), an
application-specific integrated circuit (ASIC) (not shown), and the like. The
control system 12 may also include one or more memories, for example, read-
only memory (ROM) 22 random access memory (RAM) 24, and the like,
coupled to the controllers 20 by one or more busses 29. The control system 12
25 may further include one or more input devices 26 (e.g., a display, a mouse, a
keyboard, and other peripheral devices). In an embodiment, the
microprocessor 20 may be configured to compare the determined impedance of
the compound candidate to a database 28 of stored values. The database 28
of stored values may include impedance data, flux data, ionic conductivity data,
30 resistance data, reactance data, ionic mobility data, diffusion coefficients,

transport numbers, statistical averages data for general iontophoretic trends,

11
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for like. In certain embodiments, the alternating current is applied to a bulk solution
comprising the at least one drug candidate included in an iontophoretic delivery
patch, an iontophoretic drug delivery device, an electrolytic sample celi, and the
like.

20 At 104, the method includes measuring the impedance response
of the bulk solution comprising the at least one drug candidate. For example,
the one or more response analyzers 34 may be configured to analyze the
impedance response of a bulk solution comprising the at least one drug
candidate to the applied alternating current. In some embodiments, measuring

25 the impedance 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,
lissajous figures, and phase sensitive detectors (e.g., lock-in amplifiers), sine
correlation, and the like. Measuring the impedance response may further

30 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

12
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10 At 102 od 100 includes applying an alternati to
a bul k soﬁﬁ%@%@%ﬁpri sing at | east one drug candi date. %fﬁ%@gﬁlﬁ‘g

the FPA 36 is configured to apply an alternating current to a bul k
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and the like. The processor 20 may further be configured to rank the at least
one drug candidate based in part on a determined flux value based in part on
the measured impedance. In an embodiment, ranking may further include

20 correlating the corresponding measured impedance response to a property
including a partition coefficient ClogD, a molecular weight, an ionic charge, a
lipophilicity, a solubility, a charge to mass ration, an ionic mobility, and the like,
and ranking the drug candidate based in part on the correlated property.

Figure 3 shows an assay 200 for determining the iontophoretic

25 deliverability of a pharmaceutical composition according to another illustrative
embodiment. The pharmaceutical composition may include, for example, at
least one candidate drug compound, therapeutic agent, active agent, or
pharmaceutical salts thereof.

At 202, at least one resistive or capacitive property of the

30 pharmaceutical composition is evaluated. Examples of a resistive or capacitive
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menbrane, a charge sel ective nenbrane, a bipolar nenbrane, a sem -
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agent, or pharnmaceutdcal salts thereof. | east one
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I s eval uated. Exanples of a resjstive or capacitive . 13 WO .
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property18f fdén iontophoretic drug delivery patch including the pharmaceutical

composition, and measuring an impedance response of the pharmaceutical
composition with an impedance spectrometer 14. In some embodiments,
measuring the impedance response of the pharmaceutical composition may
include measuring the impedance response at two or more frequencies of the

20 alternating current. In some embodiments, evaluating the at least one resistive
or capacitive property of the pharmaceutical composition may further include
evaluating the reaction kinetics of the pharmaceutical composition, candidate
drug compound, therapeutic agent, active agent, as well as other compounds of
interest intended to be used as redox (reduction-oxidation) reagents in an

25 electrode system requiring such. In some other embodiments, evaluating the at
least one resistive or capacitive property of the pharmaceutical composition
may further include evaluating the adsorption properties (e.g., physicochemical
properties, physiological processes affecting drug absorption, effect on reaction
kinetics, and the like) of the pharmaceutical composition, candidate drug

30 compound, therapeutic agent, active agent, as well as other compounds of

interest.
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redox (reduction-oxidation) reagents in an 25 el ectrode system

requi ring supérfoming @neoroparsorcofibditranspert valug eatimatg fongheaphammeaasutical
i St . it] f _the ph tical ..

compost t; o SREROFHIDE e slaree FagEeey Sefitan MheRhamasepliva opmasitian o

(e PhyS! COABIMERImeRERAE bher %&%ﬁtmb@éﬂﬁsﬁﬁ%ﬁg@@ﬁ%w

drug absor ption, ect on 'reactlon I'netics, an

phar maceusi calaytepmHfiguredto carkahd atharsiavguiical compasitidn Hasedapeart an the
agent, active agent, as well as other conpounds of interest. 14 WO

2008/ 030503 ¢eterpegopntpphsretic transport value estimate.
Figure 4 shows a method 300 for evaluating drug candidates for

iontophoretic drug therapy.
At 302, the ionic mobility of a composition including at least one
20 drug candidate in a bulk solution is evaluated. At 304, the ionic mobility of a
composition comprising at least one drug candidate through one or more
resistive elements is evaluated.
In an embodiment, evaluating the ionic mobility includes applying
an alternating current to a composition comprising at least one drug candidate
25 and measuring an impedance response with an impedance spectrometer 14.
The impedance response may include at least one of a measured signal
amplitude and a measured signal phase shift. Evaluating the ionic mobility may
further include applying an alternating current at two or more frequencies to a
composition comprising at least one drug candidate, and measuring an

30 impedance response of a corresponding response signal.
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At 204, the at |east one resistive or capacitive property is

correl at eﬂ’otﬂ) 805 is(gnt ophoretic transport value estimte &
e & yalfyuons

phar maceutica conposition. Correlating may include, f

perform ng a conparison of the at |east one resistive or capacitive
property to stored resistive and/or 5 capacitive property data for
compounds of |ike charge_and/or chem cal properties. In sone )
enbodi ments, the one oftt 386 .dhedenic mnokility evaluated fram theceappesitien scluting

Capact ti ve. paargs B Cablifabilh ol SBRind I o Talaler LR, mnieanotiiy

the phar macgui sy tﬁﬂ%[@githb!d?%orﬁﬂoﬁ rediveldiémBh&, "es/EIatA8 may include

conposition 1s ranked din part on the determ ned 1 ontophoretic
transport vatareelating the nidRawokilihgohatyleastodneddrugpearfdidate g asbulk solution
conpari son of the transggrt val ue estimate for the pharmaceuti cal

conposi ti®n ¥F Hepalr MPalsHEreuging aldpash ong ohmareERusiveglpments to a

conposi tion. ' A r 0 .
COMpOS! L1 O oblkel B8 DA Sk gt AR Peopltheh g a ssibica
phar maceut i CliatRPBRRShétwRRNAS S6hiIL dtslity d¥1at IRt ofieidRhgcBRdidate in a bulk

I ont ophoretic transport value estimate. "Figure 4 shows  a nethod 300
for eval uat i sgjutibrutp thendnitamebilifyothrouginofdpkatdedast cheuar mbeer msistivat

302, the ionic mobiljty of a composition including.at |east one 2
Gy candi daFISMERTS I SEaRBR Kae B0g ok A reARtG0 SleTpRRS B include

nmobi | i ty18f Qnio%?%laﬁéﬂ@{ifm#ﬁ.ng at | east one drug candi date

t hrough one Or nore resis enents is evaluated. In an

enbodi nent, eval uati ngAt Be7 | amioatdphdrétid iransisdrt dgitieasihgte dor the drug
alternating current to a conposition conprising at | east one drug

candi date 2eEndlidatedadetarmineth Defriminiog the ipdephkorgtic rangporyalugnce
ARt L e R
30 XSRS Lk b o A ROy cxamrie
conpri si h§ athel presmaceatichl wpngrositicha bad/cribe fika,sand correlatifg thatjedtion ¢o
response of t%e%grgigerﬁggiﬂgi (g]fg{hé ecgipn%%ssietiosni i%gl?llding at least one drug candidate in a
bulk solution and/or to the ionic mobility through one or more resistive
elements.
The above description of illustrated embodiments, including what
20 is described in the Abstract, is not intended to be exhaustive or to limit the
embodiments to the precise forms disclosed. Although specific embodiments of
and examples are described herein for illustrative purposes, various equivalent
modifications can be made without departing from the spirit and scope of the
disclosure, as will be recognized by those skilled in the relevant art. The
25 teachings provided herein of the various embodiments can be applied to other
problem-solving systems devices, and methods, not necessarily the exemplary
problem-solving systems devices, and methods generally described above.
For instance, the foregoing detailed description has set forth
various embodiments of the systems, devices, and/or methods via the use of
30 block diagrams, schematics, and examples. Insofar as such block diagrams,

schematics, and examples contain one or more functions and/or operations, it
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15 WD 2008/ 030503 PCT/ US2007/ 019414 At 306, the ionic nobility
eval uat edwf /‘Sslagoscorrposi tion including at |east one q;d“igﬁlsczﬁm gﬁﬁe
' val ua ed

in a bulk solutionis correlated to the ionic nobility e
t hrough the one or nore resistive elenents. Correlating may include
correlating the ionic nobility of at |east one drug candidate in a

o 7oL BBt A el S i e
e LTl i b S P

the ioni c nopbividuallyirenecdilectividy sy & ¥Agé ramse 6f ha@iwvars esdftdreefirmware,
el enments. In an enbodi nent, the one or nore resistive elenments my

i ncl ude 10 emviitoallyophy cembinalienitherepfpin che emb@iimentihé pressmh subject
t t | timate f t he, d di dat e_j t i ned..

et or i ni g PRECT GIAYOH GPREMETHS L Wa PR ICaP R SPe e PG RRC ToHiPude

di vi di . = ) ' : .
S o "2 SIS PEREY, R3S2SIRE0 T e i bz BB L AL B

t he phar nacegibtipabd derginsintwissle cxidlbart, tae beide@ivaasthcimpl@hehtendnt hat
fraction to the ionic nobility of the conposition including at |east
one .drug cangaodas integratasgircugsl a8 Po@ oaRtIrercanputRepragiams fgpRINgton one

t hrough one or_nore res'{stive e Qve descrigtﬁhgnﬁé%ora
i

| ts. Th b
1l ustrated SrBOL ARMPUISTS (0% QNaRL 0TS §Tod oM MnnHiEo
Abst 1 i i 1 Iﬁ%’l’@t. o
en;o{j?ﬁe?]?lss%%m?wg?%?g%ﬁ%g' ?%rgﬁn%@gi scl srggré?ﬁA? Elﬂg{dg%bgpeci ri rgore

enbodi nent s edntralieds éx gnphiescantolliersy as lbad draneienpriograms [rursning oinene or
pur poses, various equivalent nodifications can be nade without
departing fri®ere RECCESEPTS (€6hd MKEPEOCEESPIRe. agifilpwara, 08 asydrtyglly anye

ecount 209, Dl BRBRoR hdleE ard SAEERBHE e ity LIRS e ror
probl em sol Vihass s EhddsMirARvare WLITBENREIF withR theaskdpsfdrd of drafary
exenplary problemsolving systens devices, and nethods generally
descri bedi5abskikin therart rslightof this ldéscdlasuegoi ng det ai | ed descri ption has
set forth In addition, those skilled in the art will appreciate that the
mechanisms of taught herein are capéble 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

20 out the distribution. Examples of signal bearing media include, but are not
limited to, the following: recordable type media such as floppy disks, hard disk
drives, CD ROMs, digital tape, and computer memory; and fransmission type
media such as digital and analog communication links using TDM or IP based
communication links {e.g., packet links).

25 The various embodiments described above can be combined to
provide further embodiments. All of the U.S. patents, U.S. patent application
publications, U.S. patent applications, foreign patents, foreign patent
applications and non-patent publications referred to in this specification and/or
listed in the Application Data Sheet are incorporated herein by reference, in

30 their entirety, including but not limited to: U.S. Provisional Patent Application

No. 60/842,439; filed September 5, 2007, Japanese patent application Serial
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vari ous enbodi rrents of the systens, devices, and/or nethods via the
use of |agrams schematics, and exarrpl es. Insofar as such
bl ock di %Pa%‘?@ /033 [P'?ematlcs and exarrpl es contain one or FfpyES2007/019414
functions and/ or operations, it 16 WD 2008/ 030503 PCT/ US2007/ 019414
wi || be understood by those skilled in the art that each function

and/or operation wthin such block di agrams, flowcharts, or exanples
can be inpl eNQnH@&-SfﬁQQi‘dflﬁddﬁamfyZén‘tﬂﬁir. hawlgeiﬂnamlsgz PLtt;hcathm Ne. HO4-

hereor. 1n N Ehistiarkat Marv 3pPa0 ae Bpaliete Patl RE s Igciopanese
|l ertent ed yh@nfBLACADh LSRG, M1C0d SRR EebAER o100 SRy

However, thos e art wi recogni ze t he ertbo

di scl osed heJgpaneserPulblization Nd. 12008r229108n Japassss pateatbpplication Serial No.
i mpl enented in_ standard integrated circuits, as one _or nore conputer

prograns ?unhi-@§38@5ofied Februaryel % 988t bawng daganese Pohlicationhie e2000-

progranms run n,_one_or

br 0gr an runﬁ?%z%rﬂa&aeea? PRTE PRUSHID peia N 0 14 B S08h Fobnlt &,
as one o OISO MR Tab ke uRaROR N, 20TRLF R 985 Ak esd Fatnt

m Cr opr ocessors rmmare, or as virtually any i nat1on

t her eof andapprla:atrdasﬂegml ND. ﬂh@@lMGufbﬂWethém1w199m@avm Japadeeter
t he softvvare and or rmvare woul d be well within the skill of one of

ordi nary 15 Bublpqatlpﬁ N%@QQQ—ZWF*Z?LgJﬁPaBeSQ Ratend @pplieatianeSerig] No. 11-

mechan o192 oo Erbiladfe 10ad iy B VBTG LoRRtb e 2000
program _pr ogyT128 apakiesé phierbpbéalion SeraliN ﬁmzfsyﬁé@%maw 22,

enbodi ment appl i es equal ly regardless of the particular type of
si gnal beari h@gmmwéwn@e&mmmngnm P02 HA2 X Hapanase patent on.

the Tol T ow rgpPi bew%a@%ﬁi—@%@%’ Hiecivar ' 5Bay Revion JSpharse o si

e rora OB 101 200P 0098 SORULE BB iciph SRR 01
or IP bassd 093000) rﬂétﬁA N6l 199 haeing: Jameke@dblm#ﬁdn Na5200@-28800DUs
enbodi ments described above can be conbi ned
PCT patent application WO 2002JP4696, fi Ied May 15, 2002, having PCT
Publication No WQ03037425; U.S. patent publication No. 2005-0070840 A1,
published March 31, 2005; Japanese patent application 2004/317317, filed
October 29, 2004; U.S. provisional patent application Serial No. 60/627,952,

20 filed November 16, 2004; Japanese patent application Serial No. 2004-347814,
filed November 30, 2004; Japanese patent application Serial No. 2004-357313,
filed December 9, 2004; Japanese patent application Serial No. 2005-027748,
filed February 3, 2005; andJapanese patent application Serial No. 2005-
081220, filed March 22, 2005.

25 Aspects of the embodiments can be modified, if necessary, to
employ systems, circuits, and concepts of the various patents, applications, and
publications to provide yet further embodiments.

These and other changes can be made to the embodiments in
light of the above-detailed description. In general, in the following claims, the

30 terms used should not be construed to limit the invention to the specific

embodiments disclosed in the speciﬂcation and the claims, but should be
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provi de further enbodiments. Al of the U S. patents, U S patent
applicati tions, U S. patent applications, for

foreign pgﬁeﬁﬁyg%p cations and non-patent publications ﬁﬁﬁﬂ%@@ﬁ&@gﬁ
inthis specrflcatron and/or listed in the Application Data Sheet
are incorporated herein by reference, in 30 their entirety,
including but not ljmted to: U S Provrsronal Pat ent plication No.
60/ 842, 439; FP'I‘%HJEEE inplde ay passibre embesinsatsaiopawitiibeifulbscene of

Ver ch 27”1383339%%?%805%55@55%%&”%é aidflef AGRIBRGYy e scportne

on March 3, Rr%ﬂtu@ﬁ sﬂéﬂ)éﬁ@%ﬁe E@fledNhd Ol iy thBEEIRSEF thedipihded
application Serial No. -033076, filed February 10, 1999, having

Japanese Pubtlagasi on hb. 2000 229128; Japanese patent application
Serial No. 5 11-033765, filed February 12, 1999, havi ng Japanese
Publ i cati on No. 2000- 229129; Japanese patent application Serial No.
11- 041415, filed February 19, 1999, having Japanese Publication No.
2000- 237326; Japanese patent application Serial No. 11-041416, filed
February 19, 1999, having Japanese Publication No. 2000-237327;
Japanese patent application Serial No. 11 10 042752, filed February
22, 1999, having Japanese Publication No. 2000- 237328; Japanese
patent application Serial No. 11-042753, filed February 22, 1999,
havi ng Japanese Publication No. 2000-237329; Japanese patent
application Serial No. 11-099008, filed April 6, 1999, having
Japanese Publication No. 2000-288098; Japanese patent application
Serial No. 11 15 099009, filed April 6, 1999, having Japanese
Publ i cati on No. 2000-288097; PCT patent application WD 2002JP4696,
filed May 15, 2002, having PCT Publication No WX03037425; U.S.
patent publication No. 2005-0070840 Al, published March 31, 2005;
Japanese patent application 2004/317317, filed Cctober 29, 2004;
U.S. provisional patent application Serial No. 60/627,952, 20 filed
Novenber 16, 2004; Japanese patent application Serial No.

2004- 347814, filed Novenber 30, 2004; Japanese patent application
Serial No. 2004-357313, filed Decenber 9, 2004; Japanese patent
application Serial No. 2005-027748,
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filed February 3, 2005; andJapanese patent application Seri al

tz)goﬁod??l 2{}0%!1)495%(32/2;?9 2t20 222& 032/5592![02%,5 gfrw?tgrg)@ﬂg%%@g‘ﬁ?

of the various patents, applications, and publications to provide
yet further enbodi nents. These and ot her changes can be nmade to the
enbodi ments in light of the above-detajled description. In general,
inthe following clains, the 30 ternmsGkédMShoul d not be construed
tolimt the invention to the specific enbodi nents disclosed in the
specification and the clainms, but should be 18 WO 2008/ 030503

PCT/ US2007/ & 619'?‘?(5 dued to include all possible enbodinments al ong
with the full scope o equi valents to which such clains are
entitled. Accordingly, the scope of the invention shall onl y be

construed and defined by the scope of the appended cl ains.
2008/ 030503 PCT/ US20071:0194A4nethad ey segaringeandidate girugs for Iomomrﬁ&ia

for screenin gs for iontophoretic delivery,

conpri si ng: %ﬂ%ﬁw&% ISiﬁgrernati ng current to a bulk solution
conprising at |east Ok ahﬁ%r?é‘lf&hgﬁﬁgf‘cu%ﬁﬁ%ré BGIk%tuﬁGﬁe&ﬁfﬁﬁﬁsmg at
response of the bulk solution conprising the at [east one drug

candi dat e; dedstemkdnyg cdrelidatel east one drug candi date based in part

on the neasured inpedance response gf the bulk s Iutb {I} %?nprl si ng
the at |east one drugMEARYIYREAR MPEUGREE RSPPHEE HEFAFIR ai m 1

wher ei n masﬁ%ﬂwéﬁs*@&? honggggﬁgdh?&ggﬁﬁga& ahﬂe bul k sol ution

conprising t
ranking the at least one drug candidate based in part on the

measured impedance response of the bulk solution comprising the at least one

drug candidate.

2. The method according to claim 1 wherein measuring the
impedance response of the bulk solution comprising the at least one drug
candidate comprises measuring the impedance response at two or more

frequencies of the alternating current.

3. The method according to claim 1 wherein measuring the
impedance response of the bulk solution comprising the at least one drug
candidate comprises obtaining at least one of an amplitude or a phase shift of a

response signal at two or more frequencies of the alternating current.

4, The method according to claim 1, further comprising:
determining a flux value based in part on the measured
impedance response of the bulk solution comprising the at least one drug

candidate,

5. The method according to claim 1 wherein the bulk solution

comprises two or more candidate drugs.
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candi date conprises measuring the inpedance response at two or nore

frequencil\ﬁ%ﬂ)&,agabewal ternating current. 3. The nethod acﬁgﬁﬁiﬁ%ﬂ}i&m
er e bu

claim1l el n neasuring the inpedance response of th

solution conprising the at | east one drug candidate conprises
obtaining at |east one of an anplitude or a phase shift of a

response signal at two or nore frequencies of the alternating |
current. 4. The nethodbaccod@iermgethedacspriing te glaimel, fedhgirgamprising:
determining a flux value based.n.part on the neasured inpedance . .
response of the bul k sIRCBRCIBRIRPeTaEF tesPalies BY e EomplidrE oiprising
candi date. 5t iEAgt GRS BRsh BSRAUSIBrdRIEARE ivetdlemant kand
solution conprises t\/\oﬂggor ﬁn@?é‘ candi cggt e g’?tllj%ri@%zsﬁ)}é WO 20087‘030503

PCT/ US2007/ 019414 6. émkimge theocorapositidn ognipsisirgathe &t ledstraneedrug
conprising: neasuring the inpedance response of a conposition
conpri si ng afandidate kagecinRAre an dhe meastrmciipedancedgsponstethreugh theat

el enent; and,_ r ' 1D ition conprising the at | east one

drug candi déﬁa@?gﬁéggm%ﬂ?epéw%ﬁ t he neasured i npedance response
through the at |east one resistive element. 7. An assay for

determ ning the iontophoretic deliverability of a pharmaceutical
conposi tion, conprising: evanemssaydondeteaatingthe icatiphtdretic deliverability of
capacitive property of the har maceuti cal conposition; correlating

t he athl east adharmaseytical €ogpasiieRe COMPESIYoperty to an
' ont ophoretic tranSporEvé@%ﬂﬁg ggiéa%%ge rLisfiiEo g%%%@tgﬁeuéﬂﬁgehy of the

conposition; and ranki'n nmpound~based 1n
i ont ophor et i phhfmaacaichl compositiest i mate. 8. The assay according to

claim?7 wherein the pharmaceutical conposition conprises at |east
one candi date drug conpoueakhting the at least one resistive or capacitive property to an
iontophoretic transport vaiue estimate for the pharmaceutical composition; and
ranking the compound based in part on the iontophoretic transport

value estimate.

8. The assay according to claim 7 wherein the pharmaceutical

composition comprises at least one candidate drug compound.

9. The assay according to claim 7 wherein evaluating the at
least one resistive or capacitive property of the pharmaceutical composition
comprises; applying an alternating current to a bulk solution comprising the
pharmaceutical composition; and measuring an impedance response of the

pharmaceutical composition with an impedance spectrometer.
10. The assay according to claim 9 wherein measuring the
impedance response of the pharmaceutical composition comprises measuring

the impedance response at two or more frequencies of the alternating current.

11.  The assay according to claim 7 wherein evaluating the at

least one resistive or capacitive property of the phafmaceutical composition
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9. The assay according to claim7 wherein evaluating the at | east
one resistive or capacitive property of the pharnaceuti cal
conposition conprises: applying an alternating current to a bulk

sol ution conprising the pharmaceutical composition; and nmeasuring an
i npedance response of the pharnaceutical conposition with an

i npedance spectroneter. 10. The assay according to claim9 wherein
measuring the. i dance response of th har maceuti cal conposition
conpri ses“HEYEG i2ABY EE H FTaUShCREY solytiqn EempFising the

frequenc :,ﬁﬁirﬂ_ﬁce‘hh&dl AbinBbdHadH; R GbthEiHtat chdi-ond BEa AR AR GE QpHARINTIDE
claim7 wherein evaluating the at |east one resistive or capacitive
property ®fesponse pigazlfaciha rhamiaceisposmppstion, Mithearippedaase speppdmetag atn
alternati ] rising the pharmaceuti cal
conpositi@%%&gﬁégg%?%?ﬁ?ﬁgygFaﬁ%ég#hgﬁg%g?pa magni t ude or a phase
shift of a response signal for the pharmaceutical conposition, with

an i npedance spectroneter,, at .t r nore frequencies of the
al'ternat i iy culTeATES Fsordiggdo slem ] whep BTAkIRE A St AR B R o
eval uat i ngiphfi8v@prop@BSST RO BhdrBBttitd RoRbosiG@P@RidsYE apgig)ﬁ?rahmta{mﬂdge
phar maceuti cal conposition conpr[ses:@EE%Lylng an alternating

qdr

current t@uEnbleay rhaeBncidcal coBpREEIntn & o dhadpribaresin drugrieb phio petchic
drug del i yer ch . i i . he
phar mceut Ay RaLAn infRHaEASLARSe B JHERARANGS CAIRERER WIS,
assay acconmgidmgetspectioaieter/ wherein the at | east one resistive or
capacitive property is selected froman inpedance, an ionic
nmobility, a diffusion coefficient, a transport nunber, and fl ux

val ue. 1413.A mehbedaf SdcoRMad thadldigy WhitBinGRN4I €t &f EastiveQRtARBRVEL | C
drug therapy, conprising: evaluating the ionic nohility of a
conposi t i BRPEBHS EFlestediram dmgedagpe adiguc mebibiéy. agiffusion celigigat, a

soIution;nﬁﬁaﬁygg&ﬁghQ%Fh'¢yym%_wobiIity of a conposition conprising.
at |l east one drug candidate through one or nore resistive el enents;
correlating the ionic nmobility in a bulk solution to the ionic
mobi i ty H.' roug r111‘16(91{10% for evaluating drug candidates for iontophoretic drug therapy,
comprising:
evaluating the ionic mobility of a composition comprising at least one drug
candidate in a bulk solution;
evaluating the ionic mobility of a composition comprising at least one drug
candidate through one or more resistive elements;
correlating the icnic mobility in a bulk solution to the ionic mobility through one

or more resistive elements for the drug candidate; and

determining an iontophoretic transport value estimate for the drug candidate.
15.  The method of claim 14 wherein evaluating the ionic mobility comprises applying

an alternating current to a composition comprising the at least one drug candidate and

measuring an impedance response with an impedance spectrometer.
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or nore resistive elements for the drug candi date; and determ ning an

i ont ophor gi4 fodhR8sPort value estimate for the drug cand
The net hoﬁﬁdo{0 é'? alg'% 14 wherein evaluating the ionic nobi (?1?@&00%9414

conprises applying an alternating current to a conposition
conprising the at | east one drug candidate and neasuring an

i npedance response with _an inpedance spectropeter. 22 W 2008/ 030503
PCT/ US2007/ 010414 16, The nmdRGBEHOA Sl &5 Whersin dhe wape FRsgonse

ool tude ant S REEB e 165! ofig i adiCaRineR AR UriENAPREH arearureg
14 wherein exghapphage shigg. ionic nobility conprises applying an

alternating current at two or nore frequencies to the conposition
conprising at |east one drug candi date and neasuring an inpedance

response for each of t t or re frequepcies aof th t ernati.ng
current. 18. The net hog‘?ac\é\%ﬂ"ﬁirﬂg&a wai‘f?qm {f‘ﬁ“&ﬁ&?'eiwaﬁ?ﬁ%ﬁ@emﬁm e
resistive el ] i o I i :
cyat om  or el urlty caaFglseS ardlin Bh fiiofu r S o K Wicte fiesfiies to
del i very, cofiy tempesition compeidanrcat leasicénedrigetandipsteandemeasuring an
determ ne an inpedance of a conpound; an iontophoretic drug delivery
devi ce, oper dbpedancedeispoase {areachorfibe o oampre frrauessiasrof the alternating
configured to conpare the determined i npedance of the conmpound to a
dat abase of QPB?E@ val ues. 20. The system according to claim 19
wherein the processor is further configured to rank the conpound
based in part on a determ ned inpedance. 21. The system according to

clai m 19 wherein the inpedaifbe methedtaczoeding to slaimf4 whersdn the one or more

determ ne the inpedance of the conpound for at
resistive elements comprise an iontophoretic delivery patch.

19. A system for evaluating a compound candidate for
iontophoretic drug delivery, comprising:

an impedance spectrometer, operable to determine an impedance
of a compound,;

an iontophoretic drug delivery device, operable to deliver the
compound; and

a processor, configured to compare the determined impedance of

the compound to a database of stored values.

20. The system according to claim 19 wherein the processor is
further configured to rank the compound based in part on a determined

impedance.
21.  The system according to claim 19 wherein the impedance

spectrometer is configured to determine the impedance of the compound for at

least two selected frequencies of an alternating current.
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| east two sel ected frequencies of an alternating current. 23 WO

2008/ 030593, RGdhddsa007/ 019414 22. The system accordi ng tpc.gfhgjog}/?ljl 414

wherein the stored values are selected froma set of inpedance data
and a set of flux data. 23. The system according to claim 19 wherein
t he i npedance spectroneter is operable to determ ne the inpedance of
the conpound for at |east two selected frequencies of an alternating

curr gnt . 24]; The syst er%zac_ch $iptem aacarding & ﬁl@@?éi%whﬁ@i@&%ﬂﬁf%d
phaseshi 11 volses GHTUKIeA Ho et B iRl G and ol S8RV kend”

processor is further configured to determne a flux value based in
part on a determ ned inpedance of the conpound. 24
23. The system according to claim 19 wherein the impedance

spectrometer is operable to determine the impedance of the compound for at

least two selected frequencies of an alternating current.

24.  The system according to claim 19 wherein the determined
impedance of the compound includes at least one of an amplitude and phase
shift.

25. The system according to claim 19 wherein the processor is

further configured to determine a flux value based in part on a determined

impedance of the compound.
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