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(57) Abstract: Contact lenses are provided
for ocular ioniophoretic therapy, implement-
ations include a reservoir adapted to contain
a charged therapeutic compound, a current
source providing iontophoretic 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.

108b

110b
OPTIONAL

101



WO 2016/118933 PCT/US2016/014636

JONTOPHORETIC CONTACT LENS

FIBLD OF THE INVENTION

001 The prosent invention relates to fvproved methods and apparatus for delivering
therapeutic compounds via ocular jontophoresis gt 8 high ionization state, while maintaining

physiologically acceptable conditions.

1082} Ocular iontophoresis typically involves the application of an electrical source 1o propel
charged snd/or active molecules from 4 reservoir into the intraccular tssues of 8 maminal,
including a human or an animal, Positively charged fons can be driven into the ocular tissues by
gleciro-repulsion at the anode while negatively charged jons are repelied from the cathode. The
simplicity and safety of lontophoretic applicstion includes enhanced targeted delivery of
coropound(s} of interest, and the reduction of adverse side effects have resulted in extensive use

of iontophoresis in laboratory, clinical research and conwnercial use.

(00031 Unlike ocular injections (ntravitreal, retrobulbar, subcosjunctival and peribulbar) and
intraocular implants, lontophoresis is g noninvasive technique used to deliver compounds of
interest into the anterior andfor posterior compartments of the eye. Tontophoretic delivery can be
used to obtain infraccular concentrations and residence times that are equal to or greater than

theso achieved by conventional modalitics such as topical drops, olmiments, and gels.

106684} Iontophoresis has been widely used in dermal applications in which therapestic
compounds are transported across a patient's skin using electrical currents. Due to the relative
high impedance of the skin, the elecirical currents are generally relatively low. Consequently,
dosage times tend to be relatively long, for example being greater than an hour, In such
apphications, fontophoresis can be applied to the patient's skin with an active druig-containing

adhesive patch.

166051 Ocular iontophoresis devices are typically constituted by a direct current (DC) electric
field source coupled to two elecirodes, referred to respoctively s "active” and "passive”
clectrades. The active elecirode provides an electromotive fores, when energized, that acis on an
glectrolyte containing therapeutio ecomposition(s) to transfer one or more therapeutic

composition{s} across a surface of the eveball, while the passive electrade serves as g refurn
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elecirode snd enables the sleciric ciroult to be lonped through the patient’s body. The compound
of interest is iransported via the active electrode across the tissue when g current is applisd t© the
electrodes through the tissue, Compound trsnsport may occur as a result of a divet eheetrical
field effect (e.g., electrorepulsion), an indirect electrical feld effect resudted from the hutk
velume flow of solution from the ancde lo cathode (e.g., electro-oamosis), electrically induced
pore or transport pathway formation {e.g., eleciroporation}, or a combination of any of the
foregoing. Examples of currently known lontophoretic devices and methods for ocular drug
delivery may be found in the U8, Pat, Mos. 7,164,943; 6,697 668; 6,319,240; 6,539,251,
6.579,276; 6,697,668, and PCT publications WO 03/030989 and WO {3/043689, each of which

is incorporated herein by reference.

10061 Coular tontophoresis, however, presents several unique challenges. For example, the
applicator must conform o the spheroidal geometry of the eyeball. That ts, the portion of the
applicator in contact with a surface of the eye must be spesitically formed to minimize loss of
therapentic composition and to reduce discomfort, Also, since the electrical impedance of the
eve it relatively lower than that of the epidermis, higher currents can be achioved at still
reasonably low current densities, Acvordingly, dosage times tend to be relatively short, often

much less than one hour.

16067] Furthermore, iontophoretic transtfer of g therapeutic composition with an inert elecirode
may result in unwanted changes in pH that result in patient discomfort, and n some instances,
tissue damage. There remains a need to regulate the pH of a therapeutic preparation within the
physiclogically aceeptable range during lontophoresis while maintaining the therapsutic
compasition at the highest ionization stete for optimal delivery. Further, there remaing g need io
imnprove the delivery efficiency of a therapeutic composition while reducing the risks of any
possible damage (e.g., irritation or burning of tssues) that could limit the use of ocular

iontophoresis,

BRIEF SUMMARY

T0008] The present technology is related to devices and methods for coutsr iontophoretic

defivery of therapestic compounds in safe and efficient manners.

8069] One implementation provides a contact lens for ocular fontophoretic therspy. Such a

contact lens may melude a reservoir adapted to contain a charged therapeutic sompound in an

)
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aqueous solution, wherein the reservoir may comprise a cavity within a layer of the contact lens,
an abgorption region (8.2, a porous siructure or gel, ¢tc.} within the layer, or sther storage
mechanism, DHsposed on or within the contact lens may be a current source for providing
iontophoretic current to the agueous therapeutic compound solution and effecting a repulsive
electromotive migration of the charged therapeutic compound into an ocular globe, The
application of iontophoretic current may result, for inert electrodes, in the release of OH or HY
fons that, in addition to causing the electromotive repulsion, changes the pH of the agueous
compound solution, Also disposed on or within the contact lens may be a sensing circnit
incloding a pH sensor for sensing whether the pH of the therapeutic compound solution is within
a physiclogically acceptable range, and g controller for controlling the currend sowrse, so as to
permit the current to be adjusted and/or shut off, thereby enabling efficient delivery of the
therapeutic compound while avoiding pH ranges potentially causing patient discomfort and/or
nury,

Bainl In certain alternative embodiments, a voltage source supplying g voltage to an active
sacrificial electrode in contast with the charged therapeutic compound may be disposed on or
within the contact lens. The active elecirode and g counter electrode may be coupled fo opposite
poles of the voltage source {e.g., a baitery, etc.) The active sacrificial electrode may further
comprise a sacrificial element or compound, for example silver or silver chloride, The active
electrode may comprise an ei‘fzctriaaliy conductive layer arranged to receive the current suifable
for a chemical reduction-oxidation reaction sufficiently to create a release of lons. The release of
the ions, which may be selected to have a polarity repulsive to the therapeutic compound,
provides an electromotive force for driving the compound into the ocular tissue, A sensing
gircuit may be disposed on or within the contact lens, for measuring the conductivity of the
active sacrificial elecirode, and for controlling the cwrrent source and, thus, ion release and
delivery of the therapeutic compound into the eyeball,

SRR The contact Jens may be comprised of ong or more layers. fn one implementation, the
compound, fnert or active electrodes, and current of voltags sources may be included in a single
layer, A buffer adapted to maintain a selected pH range of the compound may alvo be included in

this layver, or may be disposed jn a distinct buffer layer,
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10012} in anoiher embodiment, the contact lens may be comprised of a first condustive layer
within or on which the slectrode is disposed. Iontophoretic current or tons of repulsive polarity
may be distributed to one or mwore layers including the compound and a buffer,

{B013] In yet another embodiment, the contact lens may be comprised of g first conductive
layer including the current scurce and a seoond conductive laver having a higher rosistivity than
the first conductive laver, the second conduetive layer adapted to eventy distribute current {0 at
feast one laver including the reservoir and buffer.

TS The contact lens may have a center portion to which the reservoir and other
components may be annularly mounted. Contact lens layers may be fabricated according 10
technigues known in the relovant art, such as extrusion and {athe cutting, hyvdrogel molding, three
dimensional printing, and other ranufacturing techniques. The center portion may have a surface
conforming to the shape of a corneal surface, The canter portion may be inactive or active {e.g.,
for corneal drug delivery), in one or more of the clectrodes, compound, buffer and clrouitry may
be disposed in the center portion, or they may be disposed in regions of the coniact lens ouiside
of the center portion.

18015} The contact lens may be include a elrcuit including an fontophoretic current source
inchuding a power source that may comprise a stored energy eomponent {e.g., a hattery} or a
power converter for wirelessly recelving energy (2.2, RF, solar, ete.} from an external power
supply.

{6016] The cirouit may also include sensing circuitry, including a pH sensor configured to
detect the pH level of the charged therapeutic composition, and a controller for controlling the
iontephoretic current source, A pH range of 4-8 is typically considered (o be a physiologically
sceeptable pH range for aguesus compounds contacting an gyeball, If the sensing cirouitry
detents a pH level outside of this range, the controfler may shut off the current io halt further
deviation of the pH from the acceptable range. The controller may also be employed to maiutain
a selected therapeutic compound delivery rate, by adjusting the iontophoretic current supplied
hased on feedback from the pH sensor.

LI Certain implementations of the contact lens may include & material with a permanent
charge and a selected polarity surrounding each reservoir in entirety of partially creating a barrier
region 117a, 1176 (such as shown in FIG. 103 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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he in direct conlact with the ocular surface to ropel the charged fons exiting the reservoi(s} from
fraveling along the surface of the eye.

[6618] BRIEF DESCRIPTION OF THE DRAWING

69} The foregoing and other ohjects, 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 different
views. The drawings are not necessarily drawn to seale, emphasis instead being placed upon
itlustrating the principles of the embodiments.

106286 FIGS, 1A to 10 are exploded, cross-sectionat and bottom views of a contact lens
implementgtion;

021} FIG. 2 is an illusiration of an eveball in contact with an lontophoretic contact lens
embodiment;

106822} FIG. 2 is a block dagram of functional components of an iontophoretic contact lens
systern, inchuding an external power supply; and

{B023] FIG. 4 15 a logic flow diagram of a lontophoretic contact lens conirolter

implementation.

DETAILED DESCRIPTION

Ba24] 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 svope and
spirit of the invention, In the description that follows, tike components have been given the same
reference nurnerals, regardless of whether they are shown in different examples. To itlusirate an
example(s) of the present disclosure in a clear and concise manner, the drawings may not
necessarily be to seale and certain features may be shown in somewhat schematic form. Features
that are described and/or Hlusirated with respect to one example may be used in the same way or
in a similar way in one or more other examples snd/ot in combination with or instead of the
featurss of the other examples.

BH25] Ocular lontophoresis typically uses at least two electrodes {e.g. active and relurm,
inactive or indifferent) to complete an electrical cireult, and when direct current is applied to the
electrodes, jons of a polarity the same as the applied current are generated. These ions are used io
repel ke charged therapeutic compounds 30 as 0 be transported into the eye tissue, Compound

g., electrorepulsion), an

b

transport may ooeur 88 a result of a direct electrical field effeet {e.

v
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indirect electrical field eftect (e.g., electroosmosis), slectrically induced pore or transport
pathway formation (electroporation}, or 8 gombination of any of the foregoing. Exarmples of
currently known iontophoretic devices and methods for ocular drug delivery may be found in
1.8, Pat. Nos, 9238131, 9192512, 180292, 9149525, §611994, and 8306613, each of which i3
incorporated herein by reference.

p026] Inert Blectrode Embodiments

88271 FIGS. 1A-1C illustrate exploded, cross-sectional and bottom views, respectively, of
an embodiment of a contact lens 100 configured for safe and effective deliver of therapeutic
compounds 101 by ooular joutophoresis. In this embodiment, countact lens 100 is comprised of
an annular top layer 192 having disposed therein or thereon an electrical cireuit 103, a first
conductive layer (shown as two annular slectrodes 1062, 106b), a second conductive layer
(shown as two annular elestrodes 108a, 108b), optionally at lesst one buffer reservoir 110a,
110b, a tissue-contacting structural layer 104 configured to retain at least one charged
therapeutic coropound reservolr (actually Hlustrated as two compound reservoirs 112a, 112b},
The contact lens 1} may be shaped as oval or generally round convex disc having a center
portion 114 about which the various layers may be disposed, and dimensioned to fitover a
corneal and seleral surface of an eve 200 (as shown in FIG. 2.) For an adult {nominal diamaeter of
the cornea being approximately 12 mm), the internal dismeter of the arwnilar lavers may be
between 12.5 yom and 14mm, while the outer diareter may be between 1 6mm and 22num.
Contact lens 100 may be formed from known blocompatible materials similar to those nsed in
cosmetic contact lenses, such as polymeric materials, polysthylens terephthalate (“FET”),
polymethyl methacrylate ("FMMAT), polyhydroxyethylmethacrylate (“polyHEMA™), a
hydrogel, silicon based polymers {e.g., Huoro-silicon acrylate), and/or combinations of these.
Contact lens lavers may be fabricated sceording to techniques known in the relevant art, such as
extrusion and lathe eutting, three dimensional printing, and other manufacturing technigues.
190281 Various types of therapsutic compounds may be used, depending on the type of
medical procedure which is to be performed. For exarple, anesthetics such as Hdocaing,
antibodies, such as Vascular Endothelial Growth Factors or VEGE inhibitors, antibiotics,
corticostercids, antihistamines, tropicamide, or oligonucleutides may sach be delivered

iontophoretically as desired.
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j6829i The compound reservoir 112a, 112b are illustrated as cavities within the tissue
contscting structural layer 104 containing an electrically conductive aqueous solution or
hydrogel capable of condueting the current and eleciric field supplied by the first conductive
fayer 107,

6636} The optiona! buffer reservoir 1104, 110 contain a buffer 107 that may neutralize and
matntain a physiclogically acceptable range. A pH range of 3-8 is typically considered to be a
physiclogically acceptable pH range for aqueous compounds contacting an eyeball.
Embodiments of sultable buffers 107 include, but are not limited to, those deseribed in UK, Pat,
No. 9180292, already incorporated by reference above.

{031} First conductive layer electrades 106a,106b and second conductive layer electrodes
1082, 108b apply a current to the agueous solution in the haffer and/or reservoir layer causing an
slectrolysis reaction resulting in production of charged ions used to electro-repel charged
therapeutic compound 101 across the surface of the eye. Three principle forces govern the flux
caused by the current. The primary force is electrochemical repulsion, which propels like
charged species through surfaces {tissues). When an electric current passes through an agueous
solution containing electrolyies and a charged material (for example, the charged pharmaceutical
ingredient), several events ocour: (1) the electrodes generates ions, {2) the newly generated lons
- approach/collide with like charged particles (typically the drug being delivered), and (3} the
slectrorepulsion between the nowly generated ions foroe the dissolved/suspended charged
particles into and/or through the surface adjacent {tissne) to the electrode. Continuous application
of electrical current drives the charged compound significantly further into the tisaues than is
achieved with simple topical administration, The degree of loutophoresis i proportional to the
applied current and the treatment time. Corticostercids can be delivered at fixed or variable
current setiings ranging from, for example, about 8.1 mAto about 10 mA, The overall
iontophorstic dose is a function of current and time. The jortophoretic dose, for example, can be
applied over a period of less than sbout 10 minutes, leas than about 15 minutes, less than about
20 minutes, or about 5 minutes.

{0033] Iontophoresis ocours in water-based preparations, where ions can be readily gonerated
by electrades. Two types of eloctrodes can be used fo produce ions: {1} inert electrodes and {2}
active electrodes, Each type of slectrode requires aquecus media containing elecirolytes.

lontophoresis with an inert electrode s governed by the extent of water electrolysis that an
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applied current can produce. The electrolysis reaction yields either hvdroxide (cathodic) or
hydronium {anodic) fons. Some formulations contain buffers, which can mitigate pH shifts
caused by these jons, The presence of certain buffers introduces like charged fons that can
compete with the drug product for ions generated electrolytically, which can decrease delivery of
the drug product. The electrical prlarity of the drug delivery electrode is dependent ou the
chemical nature of the drug product, specifically its pKa(s)/isoelectric point and the initial dosing
solation pH. It is primarily the slectrochemical repulsion between the lons generated vis
electrolysis and the drag product's charge that drives the drug product into tissues. Thus,
ioniophoresia offers a significant advaniage over topical drug application, in that i increases
drug absorption, The rate of drug delivery may be adjusted by varying the applied current, a3
determined by one of skill in the art.

{133 First conductive layer electrodes 106a,1060 and second conductive layer electrodes
108a,108b may distribute current evenly, owing to thelr corresponding annular shapes, to the
buffer reservoir 110a, 110b and compound reservoir 112a, 112b, The second conductive layer
electrodes 108a,108b may possess a higher resistivity than the first conductive layer electrodes
1064, 1 06b and may be inert. This further ensures even current distribution 1o the buffer 187
without chemically reacting with the layer materials,

LHERE Y The layer(s) of contast lens 180 may be annularly mounted about an optic zone such
as the esuter portion 114, When delivery of therapeutic compounds o the cornes is not desived,
the center of the contact fens may be configured to be non-active. The center portion 114 may
have g surface 202 conforming to the shape of a cornesl surface 204 (as shown in FIG. 2
16035] (e or more of the therapeutic compound 101, buffer 107 and electrical civeuit 103
may be disposed in annular regions of the contact lens 100 outside of the center portion 114, In
alierngtive embodiments, center portion 114 may be omitted and the conductive, buffer, and
reservoir lavers may extend into the region of the center portion. In further embodiments, the
electrical cirouit 103, buffer reservoir 110a,110b, and compound reservoir 1122,112b may be
positioned in the center portion 114, rather than annularly, Le., when delivery of the therapeutic
cormpound 1o the cornea or the entire ocular surfhce is desired,

361 Implementations of the contact lens 100 may include one or more barrier material
vegions 1174, 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 as
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the slectrode in the corresponding reservoir, The charged material will be in direct contact with
the coular surface to repel the charged fons exiting the reservoin(s} from traveling along the
surface of the eve. Beneficially, this functicuality may improve drug transport efficiency by
minimizing loss of the therapentic compound 101 and directing the therapeutic compound to the
interior segment of the eye.

166371 With continued refarence to FIG. 1A and additional reference fo FIG. 3, electrical
circuit 1013 may be integrated in or on the sunular mounting tayer 102, and may include
numereus functional components. Technigues are known to those of ordinary skill in the ant for
forming ntegrated circuits on or within g contact lens, such as described in U.S. Patent Pos.
7800417, 8755880, 8837983, and $054079, and U.S. Patent Pub, Mo. FO15/0305929, each of
which s incorporated herein by reference in their enlirety.

B038] In varinus embodiments, cirouit 103 may include any suitable circuit board substrate
118 attached to the mounting layer 102 by any suifable means, and to which one or moreg
electronic components may be rounted, including a power managernens Sirouit 304 that may
provide a pure AC signal, 2 pure DC signal, or an AC signal with a DC oifset (depending on
desired iontophoretic mode of action) to the first conduetive layer electrodes 1064, 106h that
may be in contact with the charged therapeutic compound 181, The electrodes In contact with
the ooular surface may form 2 closed loop providing lomtophoretic curvent to the charged
therapeutic compound 101, buffer 117 and eye 200

{939} Power management circuit 3040 may be configured with one or more stored energy
components {2.¢., a non-rechargeable battery, rechargeable battery 306, capacitor, etc.}, and/or
components for wirelessly recelving energy from an extemal energy source 302 and converting
the received energy into a form for feeding the electrodes. One energy recelving means
comprises a single turn foop RF antenna 304 connected t0 or mounted 0 the power management
circuit 304 by any sultable means {e.g., solder, wirebond, conductive epoxy, conductive polymer,
ete.) and positioned around the perimeter of mounting layer 102 so as to not mterfere with the
aperation or siructure of contact lens 100, The single-turn BE antenna 304 may be formed from
any munber of sultable conductive materials {e.g., copper, silver, gold, nickel, indium tin oxide,
platinum, ete.} and constructed utilizing any wamber of techniques. Additionally, or slternatively,
other energy receiving means could be employed, such as mechanical transducers and/or one or

more photovoliaic cells, capturing light energy in the ultraviolet, visible and/or infrared

)
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bandwidths. Battery 306X may provide powser to the various electronic componenis of power
management circuls 300, and to a controlier 308, Battery 306 ruay be inductively charged by ¢
charging circuit 310 and energy harvesting RF anternna 304, Charging cirouitry 310 may include
a rectifier/reguiator functioning to convert the receivad enargy imto BC, AC, and combinations
thereof, to condition the captured energy for charging battery 306, or directly powsr controller
308 without batlery 306,

{6648} in one embodiment, the external energy source 302 may be in the form of a
conductive patch placed over a closed evelid. The patch may be shaped to fit at least g portion of
a closed eyehid. In allernative embodiments where it is preferred that the patient’s vyes be open
during treatment, the external energy source 302 may be any suitable wireless electrical source,
such as an inductive energy source, resonant induction soures, and radiofrequency {RF) energy
SOUTCE.

{8041} {ontrolier 308, comprising a microprocessor or internal state machine, may be
configured to receive pH data from one or more pH sensors 310g, 310b configured to contact one
or more of the surface of the eye 200, buffer reservoir 110a, 118b and compound reservoir 1124,
112b and to indicate the instant pH level of the aqueous solution including the charged
therapentic compound 101 {and preferably buffer 107} FIG. 4 iliustrates an example logie
process 400 that may be followed by controlier 308, In step 402, the pH sensors 310a, 310b may
be inftiaily calibrated to the normal pH. The drug delivery process may be started in step 404
with control signals to the power management circuit 30 to commence iontophoretic current
generation. The application of fontophoretic current may result, for ivert electrodes, in the release
of GH or B ions that may change the pH of the agueous compound solution. In step 404, the
controller 308 receives pH data from the pH sensor(s) 310a, 310b. In step 408, controller 308
determines whether the measured pH level is maintaining a physiologically acceptable range
{e.3., 3 10 8.} If the pH level is determined to be within the selegted range, controller 308 in step
41{ determines whether the desired drug dosage has been delivered. If so, controlier 308 halts
the process {in step 412) with control signals sent to power management circuil 30, it the
complete dose has not vet been delivered, the process continues and monitoring continues by
receiving a new set of pH data in step 406, I the pH level is determined to be out of the selecied
range in step 408, controtler 308 determines in step 414 whether adjustments to the operating

parameters of the power managemen circuit can affect iontophoretic current generation 50 as to

1o
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bring the pH leve! back into the selected range. H not, controller 308 may provide control signals
10 other components of the power management cirenit 300 that may cease operation (e.g., by
halting battery charging, switching off power delivery ete.) Beneficially, in this manner, pationt
discomfort and eye damage may be aveided, In siep 414, controller 308 may also determine that
greater iontophoretic current and greater compound delivery rate is possible without exceeding
the selected pH raﬁges and send controf signals to effect the higher delivery rate (step 418} before
processing returns o pH monitoring step 406,

{6042} Sacrificial Elecivode Embodiments

HHERY In a stightly different embodiment of the contact Jens described above, lons of
vepulsive polarity may be employed to establish migration of jonic species of the therapeulic
coropound into the eye tissue from the contact lens. In such an embodiment, a fivst electrode may
comprise a biocompatible active, sacrificial electrode suitable for use in contact with an eye.

The active electrade element may include a sacrificial element such as a chemies! compound
including silver {Ag) or silver chioride (AgCl). Principles invalved In active, sacrificial electrode
iontophoresis are known, for examptle see U8, Patant Mo, 8306613, incorporated herein by
reference in its entirety. So configured, the first electrode may be slowly consumed by
comtributing counter-ions to buffer the therapeutic composition. Examples include, but ave not
limited to, reactive conductive components {e.g., funciionalized graphene, ei¢.)

{8044} in such implementations, the controlier, rather than receiving pH data, may receive
conductivity or resistivity data from elecirode sensors monitoring the sacrificial electrode, and
make similar determinations regarding operation of the power supplied to the electrodes based
on the conductivity or resistivity data. The controller and power management circuit are similarly
designed to deliver a constant current, reguiring 2 cerfain electroraotive force {voltage) to defiver
that current, The sensors and/or controller monitor that voltage, which is then fransiated into 2
measure of resistivity. Once the resistivity inereases to g 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, for exaniple silver or silver
chioride. The active electrode may comprise an electrizally conductive layer arvanged to receive
the current suitable for polarizing it sufficiently to slectrolyze the therapeutic compound in

solution. lons released from fons the electrode, which may be selected to have a polarity

i
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repulsive io the therapeutic compound, provides an electromotive force for driving the
compound into the ocular tissue.

HHE Y Those of ordinary skill in the art will appreciate that functicns of the components
described above may be combined to simplify the design of the device. For example, in some
implementations, the charged compound, electrodas, and current or voliage sources may be
included in a single layer. A buffer adapted o naintain a selected pH range of the compound
may also be included in this layer, or may be disposed ju a distinet buffer layer,

08446} The terms "comprise,” "include,” and/or plural forms of each are open ended and
inelude the listed parts and can include additiona] parts that are vot listed. The term "and/or” is
open ended and includes one or more of the listed parts and combinations of the Hsted parts,
166471 {ine skilled in the art will realize the invention may be embodied in other specific
forms without departing {rom the spirit or essential characteristics thereof, The foregoing
ermbodiments are therefore to be considered in all respects ilustrative rather than limiting of the
invention deseribed herein, Scope of the invention is thus indicated by the appended claims,
rather than by the foregoing deseription, and all changes that come within the meaning and range

of squivalency of the claims are therefore intended to be erabraced therein,
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WHAT 1S CLAIMED 1%
i, A contact lens for ccular therapy, comprising:

g reservoir adapied to conialn a charged therapeutic composition;

a current souree providing iontophoretic current o the charged therapeutic
composition to affect detivery of the charged therapeutic composition into an
eyebali; and

a sensing cireuit controlling the current source to maintaln a selected pH range of the

charged therapeutic corposition,

2. The contact lens of claim 1, further comprising at least one of the following components:

a buffer layer adapted to maintain a selected pH range of the charged therapeutic
composition within the reservoin

a first conductive layer adapted to distribute the fontophoretic current 1o af least one
of the reservoir and g buffer layer; and

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

buffer layer.

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

and the layer componeni(s) are annularly mounted,

4. The contact lens of claim 3, wherein the center portion has a surface conforming to a

gornea surface.

3. The contact lens of claimn 3, wherein the charged therapeutic composition, the current
source and the sensing cirouit are located outside of the center portion.
6. The congact lens of claim 1, comprising a layer having a surface conforming to a surlace

of an eyeball,



6.
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The contact lens of claim 1, wherein the current source comprises a power converter for
receiving energy from an external source and converiing the energy to the iontophoretic

current.

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

detected pH leved is cutside the selected pH range.

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

{0 convert power wirelessly recetved from an external 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 coniact lens of claim 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 is absorbed into

a kaver of the lens,

A contact lens for conlar therapy, comprising:
a reservoir adapted to contain a charged therapeutic compound;
a sacrificial electrode in contact with the charged therapeutic compound, the
sacrificial elecirode adapted to generate ions having the same charge polarity as

the charged therapeutic compound;

14
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a voltage source providing iontophoretic voltage to the sacrificial electrode 1o affect
an eleciric motive force causing delivery of the charged therapeutic compound
into an eyeball; and

a sensing cironit controlling the voliage source to adjust the delivery of the charged

therapeutic compound,

14, The coniact fens of claim 13 wherein:
the sensing circuit comprises
a sensor configured to detect the conductivity of the sacrificial electrode, and
3 voltage source controfler configured to change the lontophoretic voltage when

the detected sacrificial electrode conductivity is outside a selected range.

i5
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