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(57) Abréegée/Abstract:
Contact lenses are provided for ocular ioniophoretic therapy, implementations include a reservoir adapted to contain a charged

therapeutic compound, a current source providing iontophoretic current to the charged therapeutic composition to affect delivery of
the charged therapeutic composition into an eyeball, and a sensing circuit controlling the current source to maintain a selected pH
range of the charged therapeutic composition. Alternate embodiments include active, sacrificial electrodes for generating ions
sufficient to provide electromotive repulsive force to the charged compound to effect transport into ocular tissue.
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(57) Abstract: Contact lenses are provided
for ocular 1oniophoretic therapy, implement-
ations mclude a reservoir adapted to contain
a charged therapeutic compound, a current
source providing 1ontophoretic current to the
charged therapeutic composition to affect de-
livery of the charged therapeutic composition
into an eyeball, and a sensing circuit con-
trolling the current source to maintain a se-
lected pH range of the charged therapeutic
composition. Alternate embodiments include
active, sacrificial electrodes for generating
ions sufficient to provide electromotive re-
pulsive force to the charged compound to ef-
fect transport into ocular tissue.
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IONTOPHORETIC CONTACT LENS

1314381 The present mnveniion reiates {0 Emprav@d methods amd apparatus for delivening
therapeutic compounds via ccular iomtophoresis at 4 high ionization state, while mamntaining

physiologically acceptable condifions.

\.\\\‘-v-.'!.*.'-. ....................... ""‘

138821 Ocular iontophoresis typically am*oiws the apphcatton of an electrical source to prope!
charged snd/or active molecules from a4 reservoir into the intraccular tissues of 8 mammal,
including a human or an animal, Positively charged fons can be driven into the ocular tissues by

sleciro-repulsion at the anode while negatively charged ions are repelled from the cathode. The

simplicity and safety of lontophoretic applestion inchudes enhanced targeted dehvery of
compound(s) of interest, anid the reduction of adverse side effects have resulied 1n extensive use

of iontophoresis in laboratory, clinical research and conwnercial use,

00631 Unlike ocular injections (intravitreal, retrobulbar, subconjunctival and peribuibar) and
intraccular implants, jontophoresis is g noninvasive technique used fo deliver compounds of
interest into the anterior and/or posierior compartments of the eye. lontophoretic delivery can be
ased to obtain intraccular concentrations and residence times that ave egual to or greater than

those achieved by conventional modalitics such as topics! drops, siniments, and gels,

0641 Iontophoresis has been widely used in dermal applications in which therapeutic
compounds are transported across a patient's skin using electrical currents, Due to the relative
high impedance of the skin, the electrical currents sre generally relatively low. Consequently,
dosage times tend to be relatively long, for example being greater than an hour, In such
applications, iontophoresis can be applied to the patient's skin with an active drug-contaiming

adnesive pateh.

130651 Ooular iontophoresis devices are typically constituted by a direct current (130 electnic
field source coupled to two elecirodes, referred to respestively as "active” and "passive”
electrades. The active elecirode provides an electromotive foree, when encrgized, that acts on an
clectrolyvie containing therapeutic composition{s) 1o transfer one or more therapeutic

composition{s} across 2 surface of the eveball, while the passive electrode serves as g reburn
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elecirode snd enables the eleciric circult to be looped through the patient's body., The compound
of interest is iransported via the active electrode across the tissue when a current 18 apphied 1o the
electrodes through the tissue, Compound transport may occur as a result of 4 diveet eheotrical
field affect (e.g., electrorepulsion), an indirect electrical fleld effect resulted from the bulk
volume flow of solution from the anode lo cathode (e.g., electro-pamasis), electrically induced
pore or iransport pathway formation (e.g., electroporation), or a combination of any of the
foregoing. Examples of currently known lontophoretic devices and methoda for ocular drug
delivery may be found in the U5, Pat, Mos, 7,164,943, 6.697 668 6,319,240; 6,339,051,
6.579.276; 6,697,668, and PCT publications WO 03/030989 and WO G3/043689, each of which

is incorporated herein by reference,

8006} Coular tontophoresis, however, presents several unigue challenges. For example, the
applicator must conform io the spheroidal geometry of the eyeball. Ihat i3, the poriion of the
applicator in contact with a surface of the eye must be specifically formed 1o minimize loss of
therapeutic composition and 1o reduce discomfort. Also, since the electrical impedance of the
eve is relatively fower than that of the epidermis, higher currents can be achioved at still
reasonably low current densities, Accordingly, dosage times tend to be relatively short, ofien

much less than one hour.

{36671 Furthermore, lontophoretic transfer of s therapeutic composition with an nert electrode
may result in unwanted changes in pH that result in patient discomfort, and m some instances,
tissue damage. There remains a need to regulate the pH of a therapeutic preparation within the
nhysiclogically acceptable range during lontophoresis while mainiaining the therapoulic
compasition at the highest ionization state for optimal delivery. Further, there reniains g need 1o
inprove the delivery efficiency of a therapeutic compoesition while reducing the risks of any
noasible damage {e.g., irritation or burning of {issues) that could mit the gse of ocuiar

iontophoresis,

BRIEF SUMMARY.

1
1
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10081 The present technology is related to devices and methods for ocular wontophoretic

delivery of therapeutic compounds in safe and efficient manners.

3869 One implementation provides a contact lens for ocular iontophoretic therspy. Such a

contact lens may include a reservoir adapied to contain a charged therapeutic compound in an

[N
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agueous solution, wherein the reservoir may comprise a cavity within a layer of the contact lens,
an absorption region (8.2, a porous structure or gel, ete.) within the layer, or other storage

mechanism, DHaposed on or within the contact lens may be a current source for providing

iontophoretic current to the aqueous therapeutic compound solution and effecting a repulsive
electromotive migration of the charged therapeutic compound into an ocular globe, The
application of lontophoretic current may result, for inert electrodes, in the release of UH o HY
iong that, in addition to causing the electromative repulsion, changes the pH of the aqueous
sompound sohution. Also disposed on or within the contact lens may be a sensing curoni
including a pH sensor for sensing whether the pH of the therapeutic compound solution is within
a physiologically acceptable range, and g controller for controthing the current source, 50 as 1o
permit the current to be adjusted and/or shut off, therehy enabling efficient delivery of the
therapeutic compound while avoiding pH ranges potentisily causing patient discomiort and/or
MUY,

PR in certain aliernative embodiments, a voltage source supplying g voliage to an active
saerificial electrode in contact with the charged therapoutic compound may be disposed on or
within the contact lens. The active slectrode and g counter electrode may be coupled to apposiie
poles of the voltage source {e.g., a battery, eic.) The active sacrificial electrode may further
comprise a sacrificial element or compound, Tor example silver or stiver chlonide. The active
clecirode may comprise an @i‘e@uficaﬁly conductive laver grranged to receive the current suilable
for a chemical reduction-oxidation reaction sufficiently to create a release of ions, The release of
the fons, which may be selected 1o have a polarity repulsive o the therapeutic compound,
provides an electromotive forge for driving the compound into the ocular tissue. A sensing
circuit may be disposed on or within the comtact fens, for measuring the conductivity of the
active sacrificial elecirode, and for controlling the current source and, thus, 1on release and
delivery of the therapeutic compaound into the eyeball,

EHEEY The contact Jens may be comprised of one or more lavers. In one implementation, the
compound, inert or active electrodes, and current or voliage sources may be included i a single
iaver, A buffer adapted to maintain g selected pH range of the compound may aiso be included in

ns

this faver, or may be disposed in a distinct butter lgyer,
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¥y In another embodiment, the contact lens may be comprised of g first conductive layer
within or on which the electrode is disposed. Iontophoretic current or tons of repulsive polanity
may be distributed 1o one or ywore layers including the compound and a builer,

HHRY In yet another embodiment, the contact lens may be comprised of a first conductive
layer including the eurrent scurce and a sgcond conduciive laver having a higher resistivity than
the first conductive laver, the second conductive layer adapied to eventy distribute current {0 at
least one layver including the reserveir and bulfer.

{H04} The contact lens may have a center portion (o which the reservoir and other
components may be annularly mounted. Contact lens layers may e fabricated according 10
technigues known in the relevant art, such as exirusion and fathe cutting, hydrogel molding, thres
dimensional printing, and other manufacturing technigues, The center portion may have a surface
conforming o the shape of a corneal surface. The center portion may be inactive or achive (8.8,
for corneal drug delivery), in one or more of the elecirodes, compound, bBuffer and cirouttry may
be disposed in the center portion, or they may be disposed in regions of the contact fens oulside
of the center porlion,

15 The contact lens mayv be include a circuit including an lontophoretic surrent SOurce
inchuding a power source that may comprise a stored energy eomponent (2.8, & hatteryior a
power converter for wirelessly receiving energy (.8, K, solar, ete.} from an external power
Sy,

(01 6] The circuit may also include sensing circuitry, including a pH sensor cont gured to
detect the pH level of the charged therapeutic composition, and a controlier for controlling the
iontaphoretic current source, A pH range of 4-8 is typically considered 1o be g physiologically
scceptable pH range for squecus compounds contacting an eveball, If the sensing cirouitry
detects a pH level outside of this range, the conirolier may shut o1t the current to halt further
deviation of the pH from the acceptable range. The controller may also be empioved to maintain
3 selected therapeutic compound delivery rate, by adjusting the ontophoretic current supplied
hased on feedback from the pH sensor.

L7 Certain implementations of the contact lens may include a material with a permanent
charge and a selected polarily surrounding each reservorr in entirety of partially creating a barrier
region 117a, 117b (such as shown in FIG. 10} The polarity of the permanently charged material

will be the same charge as the electrode in the corresponding reservoir, The charged material will
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e i direct conlact with the ocular surface to repel the charged fons exiting the reservoir(s) from
traveling along the surface of the eve.

GG1E] BRIFEF DESCRIPTION OF THE DRAWING

(3R Y The foregoing and ather objects, features and advantages will be apparent from the
following more particular description of the embodiments, as Hlustrated in the accompanying
drawings in which like reference characters refer to the same parts throughout the diffeorent
views. The drawings are not necessarily drawn to scale, emphasis instead being placed upon
iiusirating the principles of the embodiments,

Ty FIGS. 1A to 10 are exploded, cross-sectional and botiom views of a contact lens
impiementiation;

T FI(L 2 is an ilusiration of an eyeball in contact with an iontophoretic contact lens
embodiment:

{iin) FIG. 2 is a block diagram of {unctional components of an lontophoretic contaet lens
systern, inchuding an external power supply; and

LAY FICh 4 s a logic flow diagram of a fontophoretic contact lens controller

impiementation.
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24 It will be apparent to those skilled in the art in the view of this disclosure that
modifications, substitutions and/or changes may be made without departing {rom the scope and
spirit of the invention, In the description that follows, like components have been eiven the same
reference numerals, repardiess of whether they are shown in different examples. To iliusirate an
example(s) of the present disclosure in a clear and concise manner, the drawings may not
necessarily be 1o seale and certain features may be shown in sormewhat schematic form. Features
that are described and/or illusirated with respect to one example may be used in the same way oF
in a similar way in one or more other examples and/or in combination with or nstead of the
features of the other exampiss.

{1 Ooular iontophoresis typically uses at least two electrodes {e.g., active and returmn,
inactive or indifferent) to complete an electrical cireuit, and when direct current is applied o the
electrodes, ions of a polarity the same as the applied current are generaled. These ions are used {0
repel like charged therapeutic compounds 30 as to be fransported tnlo the eye fissue, {Compound

transport may ocour as a result of a direct electrical ield eftect {e.g., clectrorepulsion}, an

A%
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ndivect electrical field effect (.5, clectronsmosis), slectrically induced pore or transport

pathway formation (electroporation), or a combination of any of the foregeing, Examples of
currently known iontophoretic devices and methods for ocular drug delivery may be found in
11 S Par. Nos, 9238131, 9192512, $180792, 9149525, 8611994, and 8306617, each of which i3
incorporated herein by reference.

P26 Inert Electrode Embodiments

G827 ] FIGS. 1A-1C Hustrate exploded, cross-sectional and botiom views, respectively, of
an embodiment of a contact lens 100 configured for safe and effective deliver of therapeutic
compounds 131 by ocular iontophoresis. In this embodiment, contact lens 100 is comprised of
an anmilar top layer 102 having disposed therein or thereon an electrical civcut 103, a first
conductive laver (shown as two annular electrodes 106a, 106b), a second conductive layer
(shown as two annular electrodes 108a, 108bj, optionally at least one buffer reservoir |1,
1105, a tissue-comtaciing structural layer 104 configured to relain af lcast one charged
therapeutic coropound reservolr (actually Hlustrated as two compound reservoirs 112a, 112b}
The contact lens 100 may be shaped as oval or geperally round convex dise having a center
nartion |14 about which the various layers may be disposed, and dimensioned to fit over &
corneal and scleral surface of an eve 200 (as shown in FIG. 2.) For an adult {(nominal diameier of
the comea being approximately 12 mm), the internal diameter of the grvualar lavers may be
hetween 12.5 mm and 14mm, while the outer digreicr may be between §6mim and 2,
Corntact lens 100 may be formed from known biocompatible materials simidar ©© those used
cosmetic contact lenses, such as polymeric materials, polysthylene terephthalate ("PETT),
polyvmethyl methacrylate CFMMAT), polyhyarox vethyimethacrylate (“polyHEMA”), a
hvdrogel, silicon based polymers {e.g., fluoro-silicon acryiate}, and/or combinations of these.
Contact lens lavers may be fabricated gccording fo technigues Known in the relevant art, such as
extrusion and lathe cutting, three dimensional printing, and other manufacturing technques.
1281 Various types of therapeutic compounds may be used, depending on the type of
medical procedure which is to be performed. For example, anesthetics such as Hdocamne,
antibadies, such as Vascular Endothelial Growth Factors or VEGE inhibiiors, antibiotics,
corticosteroids, antihistamines, tropicamide, or oligonucleutides may sach be delivered

iontophoretically as desired.
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143291 The compound reservoir 112a, 112b are illustrated as cavities within the lissue
contacting structural layer 104 containing an electrically conductive agueous soiution of
hydrogel capable of conducting the current and electric field supplied by the first conduciive
faver 1.

fHi%H The options] buffer reservoir 1180a, 110b contain a bufier 107 that may noutralize and
maintain a physiclogically acceptable range. A pH range ot 3-8 is typically considerad to be a
physiologically acceptable pH range for aqueous compounds contacting an eyebatl,
Dobodiments of suitable buffers 107 include, but are not himited to, those described in ULS. Pat.
No. 9180292, already incorporated by reference above.

(31 First conductive layer electrodes 106a,106b and second conductive layer electrodes
10%a,108b apply a current to the agueous solution in the batier and/or reservoir layer causing an
slectrolysis regction resulling in production of charged 1ons used 1o electro-repel charged
therapeutic compound 141 across the surface of the eye. Three principle forces govern the tux
caused by the current. The primary force is electrochemical repuision, which propets like
charged species through surfaces {tissues). When an electric current passes through an agqueous
solntion containing electrolyies and a charged material {for example, the charged pharmaceutical
ingredient), several events oceur: (1) the electrodes gencrates ions, {2) the newly generafed jons

- approach/collide with bke charged particles (typically the drug heing delivered), and (3) the
slectrorepulsion between the newly generated ions foroe the dissolved/suspended charged
pariicles into and/or through the surface adjacent (lissue) 1O the electrode. Continuous apphication
of electrical current drives the charged compound significantly further into the tissues than S
achieved with simple topieal administration. The degree of joutophoresis ts proportional to the
applied current and the treatment time. Corticostorowds can be deliversd at fixed or variable
current setiings ranging from, for example, aboutl .1 mMA O about 10 mA. The overall
iontophoretic dose is a function of current and fime. The iontophoretic dose, for example, can be
applied over g period of less than gbout 10 minutes, iess than aboul 15 minutes, tess than abowl
20 minutes, or about 5 minutes,

033 lontophoresis cccurs in water-based preparations, where ions can be readiiy generaled
hy electrodes. Two types of electrodes can be used to produce ions: (1) inert electrodes and (£}
active olectrodes, Each type of electrode requires aqueous media containing clecirolytes.

Ioniophoresis with an inert electrode 1s governed by the extent of water elecirolysis that an
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applied current can produce. The electrolysis reaction vields either hydroxide {cathodio) or
hvdronium {ancdic) tons. Some formulations contain buffers, which can ruitigale pH shilts
caused by these jons, The presence of certain buffers introduces like charged ons that can
compets with the drug product for lons generated electroiytically, which can decrease delivery of
the drug product. The electrical polarity of the drug delivery electrode is dependent on the
chemical nature of the drog product, specifically its pKa{syisoelectric point and the mtial dosing
solution pH. It is primarily the electrochemical repulsion between the ions generated vig
electrolysis and the drog product’s charge that drives the drug product into tissues, Thus,
wntophoresia oifers a signiﬁéam advaniage over topical drug apphication, in that if increases
drug absorption. The rate of drug delivery may be adjusted by varying the appiied current, 95
determined by one of skifl in the art.

HHRRY First conductive laver electrodes 106a,106b and second conductive Jayer electrodes
108a, 108b may distribute current evenly, owing to their corresponding annular shapes, to the
buffer reservoir 110, 110b and compound reservoir 112s, 112b, The second conduetive iayer
electrodes 108a,108b may possess a higher resistivity than the first conductive layer electrodes
106a, 1 06b and mayv be ineri. This further ensures even current distribution (o the bulter 147
without chemically reacting with the layer materials,

{HIRE S The faver(s) of contact lens 100 may be annularly mounied about an optic zone such
as the center portion 114, When delivery of therapeutic compounds to the cornes is not desired,
the center of the contact lens tmay be configured to be non-active. The center portion 114 may
have a surface 202 conforming to the shape of a cornesl surface 204 (as shown m FIG. 2.}
F3E35] One or more of the therapeutic compound 101, buffer 107 and electrical civeuit 163
may be disposed in annular regions of the contact lens 100 cutside of the cenler portion 114, In
alternative embaodiments, center portion 114 may be omitied and the conductive, butier, and
reservoir lavers may extend into the region of the center portion. In further embodiments, the
slectrical circuit 103, buffer reservoir 110a,110b, and compound reservolr 112a,112b may be
positioned in the center portion 114, rather than annularly, Le., when delivery of the therapeutic
cornpound to the cornea or the entire ocular surface s desired.

IR Implemertations of the contact lens 140 may include one or more barrier material
vegions [17a, 117b with permanent charge and a selected polarity surrounding each reservolr

entirely or partially. The polarity of the permanently charged material will be the same charge a3
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the clectrade in the corresponding reservoir. The charged material will be in direct contact with
the ocular surface to repel the charged fons exiting the reservoir(s) from traveling along the
surface of the eye. Beneficially, this functiouality may improve drug transport efficiency by
minimizing loss of the therapeutic compound 101 and directing the therapeutic compound 1o the
interior segment of the eye.

{37 With continued reference to FIG. 1A and additional reference to FIG. 3, electrical
sivouit 103 may be integrated in or on the annular mounting layer 102, and may include
numerous functional components, Technigues are known to those of ordinary skill i the art for
forming integrated circutis on or within g contact lens, such as deacribed i U.5, Patent Mos,
7809417, ET553880, 8857983, and 9054079, and U.S. Patent Pub, No. FO15/305929, each of
which is incorporated herein by reference in their entirely.

1HIR:Y in varicus embodiments, cireuit 103 may include any suitable circult board substraie
118 attached to the mounting laver 102 by any suitable mesns, and {o which one or more
slectronic components may be mounted, including a power manageraent chrout 300 that may
nrovide a pure AC signal, a pure DC signal, or ap AL signal with 2 DO offset (depending on
desived iontophoretic mode of action) to the first conductive layer electrodes 106a, 106D that
may be in contact with the charged therapeutic compound 181, The clectrodes in contact with
the ocular surface may form a closed loop providing lontophoretic current to the charged
therapeutic compound 101, builer 17 and eye 204,

391 Power management circuit 300 may be configured with one or more stored energy
components {.4., a non-rechargesble battery, rechargeable battery 306, papacitor, efe.}, and/op
components for wirelessly receiving energy from an external energy source 302 and converting
the received energy into a form for feeding the electrodes. One energy receiving means
comprises a single turn loop RF antenna 304 connected to or mounted © the power management
circuit 300 by any suitable means (e.g., sokder, wirebond, conductive epoxy, conduciive polymer,
ete.) and positioned around the perimeter of mounting layer 102 so as to not mierfere with the
aperation or siructure of contact fens 100, The smgle-turmn KI antenna 304 may be formed from
any mumber of sultable conductive materials (.., copper, silver, gold, nickel, indium tin oxide,
platinum, etc.) and constructed utilizing any number of techniques. Additionaily, ot alternatively,
other energy receiving means could be employed, such as mechanical transducers ard/Or one or

more photovoliaic cells, capturing Hght energy in the ultraviolet, visible and/or infrared
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bandwidths, Battery 306X may provide power 1o the various electronic components of power
management circuit 300, and to a controller 308, Battery 306 may be inductively charged by g
charging circuit 310 and energy harvesting RF anterna 304, Charging circuitry 310 may include
4 rectifier/regulator functioning to convert the received energy into DO, AC, and combinations
thereof, to condition the captured energy for charging battery 306, or directly power controller
308 without batiery 306,

3340 in one embodiment, the external energy source 302 may be inthe form ol a
conductive patch placed over a closed evelid, The patch may be shaped o it at least a portion of
a closed eyehid. In aliernative embodiments where it 1s preferred that the patient’s eyes be open
during treatment, the external energy source 302 may be any suitable wireless elecirical source,
such as an inductive energy source, resonant induction source, and radiotrequency {(KF) energy
SOUTCE.

FG3041 ] Controlier 308, comprising a microprocessor or internal state maching, may be
configured to receive pH data from one or more pH sensors 310a, 310b conligured to contact one
or more of the surface of the eye 200, buffer reservoir 110a, 11Ub and compound reservoir 112a,
1120 and to indicate the instant g level of the agueous solution including the charged
therapeutic compound 101 {and preferably buffer 107} FIG. 4 itustrates an example logie
process 400 that may be followed by controller 308, In step 402, the pH sensors 31ia, 310b may
he indtially calibrated to the normal pH. The drug delivery process may be started in siep 404
with control signals to the power management olrcuit 30 {0 commence omophoretic gurrent
ceneration. The application of lontophoretic current may result, for inert electrodes, in the release
of OH or H ions that may change the pH of the agueous compound solution. In step 404, the
controlier 308 receives pH data from the pH sensor(s) 3104, 310b. In step 408, controtier 308
determines whether the measured pH level is maintaining a physiologically aceepiable range
(e.z., 3 1o 8.3 I the pH fevel s determined 1o be within the selected range, controller 308 in step
41{ determines whether the desived drug dosage has been delivered. i so, controtier 383 hals
the process {in step 412} with control signals sent to power management cirowil 301, 1t the
complete dose has not vet been delivered, the process continues and monitoring continues by
roceiving a new sel of pH data in step 406, If the pH level is determined to be out of the selecied
range in step 408, controller 308 determines in step 414 whether adjustiments to the operating

parameters of the power management circuit can affect wntophoretic current generation 5o as o

2y,
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bring the pH level back into the selecied range. I not, controller 308 may provide conirel signals
to other components of the power managemsnt circnit 200 that may cease operation {e.g., DY
halting battery charging, swiiching off power delivery eic.} Beneflicially, in this manner, pationt
discomfort and eve damage may be avoided. o step 414, controller 308 may also delermine that
greater iontophoretic current and greater compound delivery rate is possible without exceeding
the selected pH ﬁ's:hge? and send control signals to effect the higher delivery rate (step 418} before

processing returng o pH monitoring step 406,

30421 Sacrificial Klecivode Embodiments
FHIE Y In a slightly different ernbodiment of the contsct lens described above, wons of

repulsive polarity may be employed to establish migration of ionic species of the therapeutic
compound into the eye tissue from the contact lens. In such an embodiment, a first electrods may
comprise a biocompatible active, sacrificial elecirode suttable for use in contact with an ey,

The active electrode element may include a sacrificial element such as a chemical corpound
including silver {Ag) or silver chioride {AgCl). Principles involved in active, sacrificial electrode
wontophoresis are known, for example see ULS. Patent Ko, 8306613, ncorporgted herein by
reference in its entirety. So configured, the first clectrode may be slowly consumed by
contributing counter-tons to buffer the therapeutic composition. Exampics inciude, but are not
Hmited to, reactive conductive components {e.g., functionalized graphene, €i¢.)

THIEE] in such implementations, the controller, rather than receiving pi data, may recewve
conductivity or resistivity data from elecirode sensors monitoring the sacrificial electrode, and
make similar determinations regarding operation of the power supplied o the electrodes based
on the conductivity or resistivity data. The controlier and power management circust are simitarly
designed to deliver a constant qurrent, requiring a certain electromotive force {voltage) 1o deliver
that current, The sensors and/or controller monitor that voltage, which is then transigted into 2
measure of resistivity. Once the resistivity inoreases o a level indicating that the sacrificial
electrode is spent or close thereto, the controller will shut the system down.. The active
sacrificial electrode may comprise a sacrificial element or compound, Tor example silver or silver
chioride. The active electrode may comprise an electrically conductive layer arranged to receive
the current suitable for polarizing it sufficiently to electrolyze the therapeutic compound in

sotution. lons released from ions the electrode, which may be selected o bave a polarity

[N
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repulstve to the therapeutic compound, provides an electromotive force for driving the
compound into the ocular tissue,

FEIE 5T Those of ordinary skill in the art will appreciate that functions of the components
described ahove may be combined to simplify the design of the device. For exampie, in stme
hoplementations, the charged compound, electrodes, and current or voltage sources may be
ineluded in a single layer. A buffer adapted {0 maintain a selecied phi range of the compound
may also be included in this laver, or may be disposed in 4 distinet bulier layer,

1 3046] The termis "comprise,” "include,” and/or plural forms of each are open ended and
include the listed parts and can include additional parts that are pot histed. The term "and/or” i3
open ended and includes one or more of the listed parts and combinations of the listed parts,
3047 {ine sicibled in the art will realize the invention may be embaodied in other specific
forms without departing from the spirit or essential characteristies thereof, The foregoing
emibadiments are therefore 1o be considered n all respects tHustrative rather than limiting of the
invention described heretnn, Scope of the invention s thus indicated by the appended clgims,
rather than by the foregoing description, and all changes that come within the meaning and range

of equivalency of the claims are therefore intended to be ernbraced therein,
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A contact lens for ocular therapy, comprising:

g reservoir adapied o coniain a charged therapeutic composition;

a current source providing iontophoretic current to the charged therapeutic
somposition to affect delivery of the charged therapeutic composition into an
eyeball; and

a sensing circuit controlling the current source to maintain a selected pH range of the

charged therapeutic cormposition,

The contact lens of claim 1, further comyprising at least one of the {oliowing components;

s buffer layer adapted to maintain a selected pH range of the charged therapeutic
composition within the reservoir,

a first conductive laver adapted to disiribute the tontophoretic current 1o at least ong
of the reservoir and g buffer layer; and

3 first conductive laver including the current source and a second conductive layer
having o higher resistivity than the first conductive layer, the second conductive
iaver adapted to evenly distribute current 1o at least one of the reservolr and &

buffer layer.

The contact lens of ¢laim 2, further comprising a center portion to which the reservoir

and the laver component{s} are anpularly mounted.

The contact lens of claim 3, wherein the center portion has a surface conformimng to a

cornes surface.

The contact Jens of claimn 3, wherein the charged therapeutic composition, the current

source and the sensing circuit are Iocated outside of the center portion.

The contact lens of ¢laim 1, comprising a laver having s surface conforming to a suriace

of an eyeball,
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The contact lens of ¢claim 1, wherein the current source comprises a power converter {or
receiving energy from an external source and converting the energy (o the lontophoretic

CUTTChL.

The contact lens of claim 1, wherein the sensing circuit comprises:
s pH sensor configured to detect the pH level of the charged therapeutic composition;
and
a current source controller configured to change the tontophoretic current when the

detected pH fevel is outside the selecied pH range.

The contact lens of claim 1, wherein the current source comprises a converter configured

io convert power wirelessly received from an externat source,

The contact lens of claim 1, wherein the current source comprises at least one of an

energy storage component and energy harvesting circuitry.

The contact lens of ¢laim 1, further comprising a polarity selective barrier region
disposed at the perimeter of the reservoir and having a polarity the same as that of the

charged compound in the corresponding reservoir.,

The contact lens of claim 1, wherein the charged therapeutic composition i3 absorbed o

a laver of the lens,

A contact lens for ocnlar therapy, comprising:
a reservoir adapied 1o contain a charged therapeutic compound;
a sacrificial elecirode in coniact with the charged therapeutic compound, the
sacrificial elecirode adapted to generate ions having the same charge polanty as

the charged therapeutic compound;

14



14,

CA 029735%5 2017-07-11

WO 2016/118933 PCT/US2016/014636

a voltage source providing iontophoretic voltage to the sacrificial electrode to afledt
an eleciric motive force causing delivery of the charged therapeutic compound
inte an eyveball; and

s sensing circnit controlling the veltage source to adjust the delivery of the charged

therapeutic compound.

The contact lens of elaim 13 wherein:
the sensing circul COMPrIses
s sensor configured to detect the conductivity of the sacrificial electrods, and
3 voltage source controller configured to change the lontophoretic voltage when

the detected sacrificial electrode conductivity is outside g selecied range.
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