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(57) ABSTRACT 
A System for delivering a Substance into a body at a 
treatment Site that includes an alternating current Source and 
a plurality of electrodes. Circuitry is connected between the 
alternating current Source and the electrodes for Supplying 
current to the electrodes when the electrodes are in electrical 
contact with Said body So that a uni-directional current flow 
for delivering the Substance into the body is maintained at 
the treatment Site and a bi-directional current flow is main 
tained throughout the body. At least one of the electrodes is 
divided into Sub-electrodes to, for example, reduce hazards 
associated with current concentration. These and other sys 
tems and methods are adaptable for large treatment areas 
and/or use a convenient and low-cost arrangement of elec 
tronics. 
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SYSTEMS AND METHODS FOR 
ELECTROKINETIC DELIVERY OF A SUBSTANCE 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application is a divisional of application Ser. 
No. 10/359,559, filed Feb. 7, 2003, which is a continuation 
in-part of (1) application Ser. No. 09/523,217, filed Mar. 10, 
2000, now U.S. Pat. No. 6,553,253, which claims priority 
from U.S. Application Ser. No. 60/123.934, filed Mar. 12, 
1999; (2) application Ser. No. 10/245,337, filed Sep. 18, 
2002, now U.S. Pat. No. 6,735,470, which is a divisional of 
application Ser. No. 09/584,138, filed May 31, 2000, now 
U.S. Pat. No. 6,477.410; and (3) application Ser. No. 10/117, 
346, filed Apr. 8, 2002, now U.S. Pat. No. 6,792,306, which 
is a continuation-in-part of application Ser. No. 09/584,138, 
filed May 31, 2000, now U.S. Pat. No. 6,477,410. 
0002) The contents of each of the 217, 934, 337, 138, 
and 346 applications are incorporated herein in their 
entirety. 

BACKGROUND OF THE INVENTION 

0003. The present invention generally relates to the elec 
trokinetic delivery of a Substance (for example, a medica 
ment) into a treatment site, e.g., tissue and, more particu 
larly, to Systems and methods for Such delivery that Satisfy 
certain risk criteria for current leakage of medical equipment 
that maintains direct electrical contact with human skin, that 
are adaptable for large treatment areas and/or that use a 
convenient and low-cost arrangement of electronics. The 
majority of applications using the present invention are for 
applying medicaments to treatment sites and therefore the 
term medicament is Sometimes used in lieu of the term 
Substance in this description. However, the use of the term 
"medicament' in a particular instance is not intended to 
exclude the possibility of using other, non-medicament 
Substances. 

0004 One type of electrokinetic delivery mechanism is 
iontophoresis. Iontophoresis is the transfer of ionic agents 
into tissue by means of electricity. The active component of 
the medicament, either directly ionizable or attached to a 
carrier ion and either positively or negatively charged, is 
driven into the tissue by a properly biased electrode through 
barriers to treatment sites Such as animal (including human) 
skin, cell and mucosal membranes and other barrier Sur 
faces. Iontophoresis has been used to deliver, among other 
things, morphine HCL for postoperative pain relief, topical 
anesthetics (Such as lidocaine) for transdermal anesthetiza 
tion, anti-Viral agents for herpes infection, and anti-fungal 
medicines for onychomycosis, for example, nail bed (finger 
and toe) fungal infections or athlete's foot. The use of 
iontophoretic transdermal or transmucocutaneous delivery 
techniques obviates the need for hypodermic injection for 
many medicaments, thereby eliminating the concomitant 
problems of trauma, pain and risk of infection to the patient. 
Such delivery techniques may also be utilized for controlled 
or localized treatment especially when a Substantial Systemic 
involvement of the medicament is unwanted or harmful. 

0005 Regardless of the charge of the medicament to be 
administered, conventional iontophoretic delivery devices 
typically employ two electrodes (an anode and a cathode). In 
conjunction with the patient's skin or mucosa, the first 
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(applicator or treatment) electrode is positioned at a treat 
ment site on the skin or mucosa, and the Second (counter) 
electrode is affixed to a Second Site on the Skin or mucosa. 
These electrodes form a current path that enhances the rate 
of penetration of the medicament into the treatment Site 
adjacent to the applicator electrode. A conventional ionto 
phoretic delivery system 100 is shown in FIG. 1. System 
100 includes a treatment electrode (anode) 102 and a counter 
electrode (cathode) 104 connected to a DC power supply 
106. Electrodes 102 and 104 are in electrical contact with the 
skin or mucosa Via conductive layerS 110 and 112, respec 
tively. Such layerS may be part of a single medicament 
carrying Substrate. The medicament-carrying Substrate is 
generally disposable and non-reusable and may be releas 
ably adherable to the patient's treatment Site and/or to 
electrodes 102 and 104 or merely interposed in between 
treatment site and electrodes. Conductive layers 110 and 112 
are shown in FIG. 1 as comprising a medicine-Soaked 
Sponge (e.g., a morphine HCL-Soaked Sponge) and a Saline 
Soaked Sponge, respectively. In use, iontophoretic device 
100 is turned on (e.g., by a Switch, not shown) and a current 
flows from treatment electrode 102, through conductive 
layer 110 and skin plus underlying tissue 108, to counter 
electrode 104, thereby driving medicament through the 
treatment Site into the Skin and underlying tissue. 
0006 Although use of alternating current has been 
reported (see, e.g., U.S. Pat. No. 5,224,927 to Tapper, Jul. 6, 
1993), direct current is generally preferred in iontophoresis. 
AS Set forth in the 927 patent, at AC frequencies higher than 
approximately 10 HZ, no Substantial effective drug delivery 
takes place. Medicament and other ions merely move to and 
fro, lacking any net unidirectional movement. For DC 
iontophoresis, the amount of current used varies from 0.2 to 
1 milliampere, which exceeds the risk-current limit of 10 
microamperes established for current leakage of medical 
equipment that maintains direct electrical contact with the 
patient. There exists, therefore, a potential hazard associated 
with ventricular fibrillation and cardiac arrest if the current 
generated during iontophoresis accidentally passes through 
the patient's heart. In iontophoresis, the rate of drug delivery 
increases with current. For this reason, higher current is, in 
principle, always favored because treatment time is propor 
tionally reduced. However, for current exceeding 0.5 to 1 
milliampere, the patient may feel an uncomfortable burning 
Sensation. Even at the 0.5 to 1 milliampere range, when the 
treatment area is relatively Small, the resulting high current 
density can possibly cause pain and burning and destruction 
of the Skin tissue. 

0007. In any case, to remain effective, existing ionto 
phoresis devices may use treatment currents exceeding the 
established risk- current limit for equipment leakage. In 
order to reduce the Ventricular fibrillation risk, Some devices 
limit the Separation distance between the treatment and the 
counter electrode So that the heart is not directly in the 
current path and is therefore less likely to be included within 
the fringe electric fields created by the electrodes. However, 
because electric current always flows through a path of least 
resistance, i.e., a path of Shorter distance along the skin, the 
electrode Separation distance needs to be large enough So 
that current is not short-circuited or concentrated between 
proximal edges of the electrodes (i.e., between edges 120 
and 130 in FIG. 1), so that the current distribution under the 
treatment electrode is relatively uniform for effective drug 
delivery, and So that there are no hot-spots or areas of high 
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current density to cause discomfort and pain. Some ionto 
phoretic devices use a large Separation distance to obtain a 
more uniform current distribution by placing the counter 
electrode in a less accessible and awkward location Such as 
the back or the rear shoulder of the patient. 
0008 An effective method for self-administration of a 
medicament into an individual's skin is disclosed in U.S. 
Pat. No. 5,676,648 and uses a small cylindrical probe in 
which the treatment applicator electrode is located at the 
distal end of a counter electrode consisting of a circumfer 
ential tactile metal band which provides electrical connec 
tion to the individual's finger and hand. The individual's 
body completes a long electrical circuit path (through the 
arm and torso), and thus a uniform current distribution and 
effective medicament delivery is assured. 

BRIEF SUMMARY OF THE INVENTION 

0009. In accordance with one aspect of the present inven 
tion, a System and method for delivering a Substance into a 
body at a treatment Site use an alternating current Source and 
a plurality of electrodes. Circuitry is connected between the 
alternating current Source and the electrodes for Supplying 
current to the electrodes when the electrodes are in electrical 
contact with Said body So that a uni-directional current flow 
for delivering the Substance into the body is maintained at 
the treatment Site and a bi-directional current flow is main 
tained throughout the body. At least one of the electrodes is 
divided into Sub-electrodes to, for example, reduce hazards 
asSociated with current concentration. 

0010. In accordance with another aspect of the present 
invention, a System and method for delivering a Substance 
into a user's body at a treatment site use a printed circuit 
board on which is provided processing circuitry, a counter 
electrode and a treatment (active or applicator) electrode. 
The treatment electrode and counter electrode are formed on 
opposite sides of the printed circuit board. A Substance is in 
contact with the treatment electrode, which is adapted for 
electrical contact with the user's body at the treatment site. 
A conductive gel may be in contact with the counter elec 
trode and adapted for electrical contact with a user's body 
part Such as a finger. 
0.011 The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate 
various embodiments of the present invention and, together 
with the general description given above and the detailed 
description provided below, Serve to explain the principles 
of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 shows a conventional iontophoretic deliv 
ery system 100. 

0013 FIG. 2 is a graph of risk current (RMS) in micro 
amperes verSuS frequency showing the risk current limits 
based on fibrillatory thresholds. 
0.014 FIG. 3A shows an iontophoretic delivery system 
300 in accordance with an embodiment of the present 
invention. 

0015 FIG. 3B shows an iontophoretic delivery system 
300' in accordance with another embodiment of the present 
invention. 
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0016 FIG. 4 shows a block diagram of electrical circuit 
elements of an embodiment of the present invention. 
0017 FIG. 5 shows a hand-held device with internal 
layout of electric and electronic elements. 
0018 FIGS. 6A-6C are top plan, cross-sectional, and 
bottom plan views of a patch medicator. 
0019 FIG. 7 is block circuit diagram of the electrical 
elements of the patch medicator of FIGS. 6A-6C. 
0020 FIGS. 8A and 8B illustrate an example system 
State table showing device States and the conditions and 
responses that occur in each. 
0021 FIGS. 9A and 9B show another PCB device for 
electrokinetic delivery of a Substance. 
0022 FIG. 10 is a finger-ring mounted PCB device for 
electrokinetic delivery of a Substance. 
0023 FIG. 11A-11C are top plan, cross-sectional, and 
bottom plan Views of a PCB patch medicator encompassing 
features of devices of FIGS. 3A and 3B. 

DETAILED DESCRIPTION 

0024. The present invention is described in the context of 
exemplary embodiments. However, the Scope of the inven 
tion is not limited to the particular examples and embodi 
ments described in this specification. Rather the Specifica 
tion merely reflects certain embodiments and serves to 
illustrate the principles and characteristics of the present 
invention. Those skilled in the art will recognize that various 
modifications and refinements may be made without depart 
ing from the Spirit and Scope of the invention. 
0025 The systems and methods described herein are 
uSable to deliver a Substance to a treatment Site. For 
example, the Systems and methods may be used to deliver a 
Substance to treat conditions caused by herpes Simplex virus 
infection or to treat clinical conditions Suspected to be 
caused by herpes simplex virus infection. In addition, the 
Systems and methods may be used to treat acne, human 
papilloma virus and skin wrinkles. Substances generally 
include natural or homeopathic products that may be outside 
the definition of medicaments as well as medicaments (e.g., 
lidocaine for transdermal anesthetization, anti-Viral agents 
for herpes infections, and anti-fungal medicine for athlete's 
foot Such as ketoconazole, nyStatin, griseofulin, or flucy 
tosine) and in connection with barriers other than skin (e.g., 
cell membranes, mucosal membranes, finger or toe nails 
etc.). By medicament is meant any chemical or biologic that 
may be used on or administered to humans or animals as an 
aid in the diagnosis, treatments or prevention of disease or 
other abnormal or cosmetic condition or for the relief of pain 
or to control or improve any physiologic or pathologic 
condition. Additional examples include by way of illustra 
tion, not limitation: abacavir, adefovir, amprenavir, azidot 
hymidine, behenyl alcohols, such as n-docosanol, (Abreva), 
brivudin, cidofovir, delaviridine, didanosine, doxorubican, 
efavirenz, famciclovir, fluorouracil, (5-FU), gancyclovir, 
indinavir, terbinafine HCL, (Lamisil), lamivudine, lobu 
cavir, lotrimin, methotrexate, miconazole, (Micatin), nelfi 
navir, nevirapine, ribavirin, ritonavir, Saquinavir, Sorivudine, 
Stavudine, tacrolimus, triamcinolone acetonide, trifluridine, 
valaciclovir, Zalcitabine with or without a C21-C28 aliphatic 
alcohol or in combination thereof. Other examples include 
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anti-virals for treating human papilloma virus (HPV) (e.g., 
warts (common, flat, plantar and genital)) Such as Imiqui 
mod(R) sold as Aldaram by 3M for genital warts, Acyclovir(R), 
Sodium Salicylate, tretinion, benzoyl peroxide, bleomycin, 
interferons, Podocon-25 and OTC products such as Wart-Off 
by Pfizer and Compound W by MedTech. Still further 
examples include anesthetics Such as lidocaine, Xylocaine, 
prontocaine, prilocaine, fetanyl, remifentanil, Sufentanil, 
alfentanil, novocaine, procaine, morphine HCL and EMLA 
either in Stand-alone fashion or with a vasodilator Such as 
epinephrine. 

0026. The systems and methods may also be used to treat 
skin discoloration from rosacea, Vitiligo and age spots, for 
example. For rosacea, the Systems and methods may be used 
to deliver drugS Such as metronidazole that decrease the 
presence and proliferation of capillaries in the skin. For 
Vitiligo, the Systems and methods may be used to deliver 
drugs that increase the production and Spread of melanin 
containing skin cells or Stimulates production of skin pig 
mentation. For age spots, the Systems and methods may be 
used to deliver drugs that decrease the pigmentation in age 
spots on the hands and/or face. 
0027. The systems and methods may also be used to 
provide anti-aging treatments. For example, estrogen or 
estrogen analogues may be topically delivered to the skin to 
Stimulate estrogen receptors. These Substances may be 
delivered to the face to prevent wrinkles or to the hands to 
prevent or eliminate age spots. One example treatment for 
Wrinkles is delivering a modulator of collagen deposition 
Such as an organic nitrate (e.g., gallium nitrate). 
0028 Acne may be treated using one or more steroids, 
NSAIDs (non-Steroidal anti-inflammatory drugs), Such as 
ketorolac or medicaments Such as BenZamycin, benzoyl 
peroxide, cleocin, T-Stat, over the counter (OTC) products 
Such as Clearasil and BenZac or Accutane, tazaroteine Sold as 
TaZorac, adapalene Sold as Differin by Allergan and Gal 
derma or azelaic acid, a topical cream also Sold by Allergan, 
erythromycin as well as combinations of Such medicaments. 
0029. In addition, azelaic acid, clindamycin phosphate 
(with or without benzoyl peroxide), tretinoin, isotretinoin, 
tetracycline hydrochloride may be used for acne and 
furuncles (boils); salicylic acid for HPV (warts); diclofenac 
Sodium for actinic keratosis or contact dermatitis, rash, dry 
skin and exfoliation; and penciclovir and famciclovir for 
herpes. Other Substances that may be used include corticOS 
teroids Such as betamethasone, betamethasone acetate, 
betamethasone Na phosphate, antimicrobials. Such as Silver 
Sulfadiazine, anti-itch Substances Such as diphenhydramine; 
ammonium lactate, hydroquinone, anthralin, caffeine and 
methyl paraben. 

0030 Still other substances that may be used in connec 
tion with the Systems and methods described herein are 
identified in application Ser. Nos. 09/523,217; 09/584,138; 
10/117,346; and 10/245,337, which are incorporated herein 
by reference. In addition, the Substances described above 
may be used in the Systems and methods described in these 
other applications. 

0.031) A system and method for the safe application of an 
electrokinetic delivery System, Such as iontophoresis, is 
described with reference to FIGS. 2 through 5. The system 
and method are based on the use of a high frequency 
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rectified current in conjunction with three electrodes, 
referred to herein as a treatment electrode, a counter elec 
trode and an auxiliary electrode. For purposes of illustration, 
transdermal delivery of morphine is used as an example. 

0032. As described above, iontophoresis involves the use 
of a current to deliver a Substance to tissue. In Some 
conventional Systems, depending on usage there is a poten 
tial hazard asSociated with Ventricular fibrillation and car 
diac arrest if the current generated during iontophoresis 
accidentally passes through the patient's heart. The Standard 
current threshold for ventricular fibrillation risk increases 
with frequency. FIG. 2 is a graph of risk current (RMS) in 
microamperes versus frequency showing the risk current 
limits based on fibrillatory thresholds. For direct current 
(DC), the limit is 10 microamperes. For frequencies from 1 
kilohertz to 100 kilohertz, the risk current limit varies from 
10 microamperes to 1 milliampere. For frequencies above 
100 kilohertz, but below 1 megahertz, the risk current limit 
remains at 1 milliampere. See, for example, AAMI (ASSo 
ciation for the Advancement of Medical Instrumentation) 
Standard, “Safe Current Limits for Electromedical Appara 
tus. 

0033 FIG. 3A shows an iontophoretic delivery system 
300 in accordance with an embodiment of the present 
invention. System 300 includes a treatment electrode 302, a 
counter electrode 304 and an auxiliary electrode 306 con 
nected to a 100 kilohertz, alternating current source 308. 
Electrodes 302,304 and 306 are in electrical contact with the 
patient’s skin via conductive layers 312, 314 and 316, 
respectively. Such layerS may, for example, be part of a 
medicament-carrying Substrate or pad. The medicament 
carrying Substrates or pads are generally disposable and 
non-reusable and may be releasably adherable to the 
patient’s skin and/or to electrodes 302,304 and 306. Con 
ductive layer 312 is shown in FIG. 3A as comprising a 
medicament-Soaked Sponge or other porous open cellular 
material, such as cotton, and conductive layers 314 and 316 
are shown in FIG. 3A as each comprising a Saline-Soaked 
Sponge or other Such conductive material. 
0034) For example, conductive layer 312 may be of a 
mesh-like construction having vertical cells dimensioned to 
accommodate a Viscous fluid within the confines of the 
cellular structures. The viscous fluid contained within the 
plurality of cells includes a medicament that is in a form 
Suitable for transport under the influence of an electric 
current. Conductive layers 314 and 316 may be mesh-like 
tactile conductive portions that contain an electrically con 
ductive gel or fluid therewithin. Each of the conductive 
layerS has a lower skin-facing Surface and an upper elec 
trode-facing Surface. The cells form apertures between the 
lower Skin-facing Surface and the upper electrode-facing 
Surface. The device-facing Surfaces of the electrodes may 
further include an adhesive layer applied thereto for Suitably 
releasably adhering the electrodes to the iontophoresis 
device. 

0035) Auxiliary electrode 306 is located lateral to, behind 
or near treatment electrode 302. Auxiliary electrode 306 and 
treatment electrode 302 can be in close proximity to each 
other and the area of auxiliary electrode 306 can be very 
small compared to the area of treatment electrode 302. These 
features permit design of a compact hand-held unit in Spite 
of the addition of an auxiliary electrode. In one particular 
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implementation, the total area can be reduced to a minimum 
by placing auxiliary electrode 306, in the form of a metal 
mesh, in front of treatment electrode 302. The open mesh 
allows free passage of medicament and ions to and from 
treatment electrode 302. Of course, auxiliary electrode 306 
may be positioned elsewhere and the present invention is not 
limited in this respect. 
0.036 Treatment electrode 302 is connected to AC source 
308 via a current path including a first rectifying element 
320 for passing current flowing from AC source 308 to skin 
(and tissue) 310 and blocking current flowing from skin (and 
tissue) 310 to AC source 308. In the illustrative FIG. 3A 
embodiment, first rectifying element 320 is a diode having 
its anode connected to AC Source 308 and its cathode 
connected to treatment electrode 302. Auxiliary electrode 
306 is connected to AC source 308 via a current path 
including a Second rectifying element 322 for passing cur 
rent flowing from skin (and tissue) 310 to AC source 308 and 
blocking current flowing from AC source 308 to skin (and 
tissue) 310. In the illustrative FIG. 3A embodiment, second 
rectifying element 322 is a diode having its anode connected 
to auxiliary electrode 306 and its cathode connected to AC 
Source 308. Counter electrode 304 is connected to AC Source 
308 via a bi-directional current path over which current can 
flow from AC source 308 to skin (and tissue) 310 and from 
skin (and tissue) 310 to AC source 308. Those skilled in the 
art will recognize that the rectifying elements in FIG. 3A 
may be other types of electronic components Such as tran 
Sistors. In use, treatment electrode 302, counter electrode 
304, auxiliary electrode 306 are placed in electrical contact 
with skin 310 via conductive layers 312, 314 and 316, 
respectively. Conductive layers 312, 314 and 316 may be 
releasably attached to the electrodes and/or to skin 310 
using, for example, a releasable adhesive. lontophoretic 
system 300 is then turned on using, for example, a Switch 
(not shown in FIG. 3A). During the positive cycle portions 
of AC source 308, a component current I" flows from 
treatment electrode 302 to the patient's skin and tissue and 
from the patient's skin and tissue to counter electrode 304. 
In this way, for example, morphine HCL ions (MH+) are 
delivered to the tissue covered by the patient's skin. During 
the negative cycle portions of AC Source 308, a component 
current I flows from counter electrode 304 to the patient's 
skin and tissue and from the patient's skin and tissue to 
auxiliary electrode 306. 
0037 FIG. 4 is a block diagram showing electronic 
circuit design elements used in an illustrative implementa 
tion of a high frequency unidirectional iontophoretic medi 
cator in accordance with an embodiment of the present 
invention. In this example, power Source 402 is a battery 
comprising one or more AAA-sized primary cells connected 
either in series or in parallel. Counter electrode 304 is 
connected to an output of current driver 408 (see FIGS. 4 
and 5). An optional conductive layer 314 (such as a con 
ductive gel or a Saline-Soaked Sponge) is used to facilitate 
current flow to and from the patient's skin. An internal 
mechanical or electronic Switch 404, activated externally by 
a magnet or magnetic material 520 (see FIG. 5), controls the 
on and off status of the device. A voltage booster circuit 406 
converts the low battery voltage (e.g., 1.5 to 3 VDC) to a 
high voltage around 30 VDC. The high voltage or high 
potential is preferred to allow a current driver 408 to 
overcome any tissue resistance. An oscillator circuit 410 
generates a Square-wave or Sinusoidal AC Signal with the 
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Selected operating frequency (e.g., 100 kilohertz). A servo 
controlled amplifier 412, in synchronization with the oscil 
lator Signal, controls the current magnitude based on current 
feedback signals from a current Sensor 414. A current driver 
stage 408 controls the bias voltage and maintains the desired 
current to treatment electrode 302. A redundant current 
limiter 416 is used to provide a safe upper limit for the 
treatment current. A low battery voltage indicator 418 (e.g., 
an LED) signals when the battery capacity is low. 

0038 FIG. 5 illustrates a hand-held device 500 into 
which the various circuit elements of FIG. 4 may be 
incorporated. Of course, it will be apparent that the circuit 
elements of FIG. 4 may be incorporated in a wide variety of 
devices and the device of FIG. 5 is provided by way of 
illustration, not limitation. The hand-held device shown in 
FIG. 5 is configured along the lines of the hand-held devices 
shown in U.S. Pat. Nos. 5,676,648, 5,879,323 and RE37, 
796, the contents of each of which are incorporated herein 
by reference. For ease of illustration, not all of the elements 
shown in FIG. 4 are shown in FIG. 5. Housing 506 of the 
handheld device is preferably formed of plastic and is 
shaped to comfortably fit within a user's hand. Medicament 
Soaked Sponge 312 is in electrical contact with treatment 
electrode 306. A mesh or gridded auxiliary electrode 306 is, 
as an example, interposed between treatment electrode 306 
and the patient. Negative battery terminal 502 is connected 
via an electrical connection 508 to an electronic package 
516, and an output of a current drive circuit within electronic 
package 516 connects to counter electrode 304 provided as 
a metal band 510 circumferentially (either continuously or 
discontinuously) formed around housing 506. For the self 
administration of medicament, a user touches counter elec 
trode 304 with his/her skin (e.g., fingers). Electrical con 
nection 508 includes a spring portion 512 for holding power 
source (battery) 402 in place. Positive battery terminal 504 
is connected to Switch 404 (e.g., a mechanical reed Switch or 
an electronic Switch activated by an external magnet denoted 
at 520). Element 516 in FIG. 5 designates an electronic 
package at least containing oscillator 410, amplifier 412, 
current driver 408, redundant safety current limiter 416, 
current sensor 414 and rectifying elements 320 and 322. 
Some or all of the components within housing 506 may be 
contained in epoxy 518. 

0039. With conventional equipment, the portion of the 
current possibly directly traversing the patient's heart could 
reach a level resulting in Ventricular fibrillation. In accor 
dance with the above-described embodiment of the present 
invention, the frequency of the electrical driving circuit is 
increased from 0 (DC) to 100 kilohertz. As can be seen with 
reference to FIG. 2, in this case, the current can be safely 
increased up to 1 milliampere (RMS). This results in effec 
tive delivery of the medicament to the patient. Thus, the use 
of rectified high-frequency iontophoresis as described above 
Satisfies the established risk-current limit requirements and 
eliminates the hazard of ventricular fibrillation. In addition, 
the goal of unidirectional iontophoresis like that of the DC 
approach can be obtained. Therefore, although the AC 
current is rectified at the treatment site to obtain DC-like, 
unidirectional iontophoresis, any current passing through the 
heart remains Strictly bi-directional and alternating with a 
frequency high enough to satisfy the risk(leakage) current 
requirement. 
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0040. In rare cases in which AC iontophoresis is appli 
cable, the hazard asSociated with Ventricular fibrillation can 
also be eliminated by using a high frequency current Source 
around 100 kilohertz. In this special case, rectifying ele 
ments and auxiliary electrode 102 are not required because 
AC iontophoresis is desired. The Same circuit design used 
for unidirectional AC electrophoresis (FIG. 4) is directly 
applicable. 

0041. In some applications, the afflicted or desired treat 
ment area may become relatively large (e.g., greater than 
approximately 2 Square centimeters). Examples of Such 
applications may include Some acne cases, treatment with 
antibioticS/anti-inflamrnatory medicines, athlete's foot and 
nail bed onychomycosis with anti-fungal agents, large area 
facial anesthetization with anesthesia (e.g., lidocaine) prior 
to injection of botulinum toxin A (commercially available as 
BOTOX(R) for cosmetic remedy; and others. BOTOX is a 
registered trademark of Allergan, Inc. For a large area 
treatment, it is desirable to increase both the rectified current 
and the area of the treatment electrode. The transfer of 
Substance per unit area can remain the same if the total 
current increases in proportion to the area Such that the 
current density (current per unit area) remains unchanged. 
AS both the current and the electrode area increases, there is 
a greater tendency for the current to concentrate to a Small 
area of the electrode Surface due to uneven pressure being 
applied to the larger electrode. For total current greater than 
approximately 400 microamps or electrode area in excess of 
2 Square centimeters, current concentration becomes a Seri 
ous Safety concern. It can lead to Severe bum, Skin and tissue 
damage as well as non-uniform delivery of medicament. 
0.042 For large electrode area, the treatment electrode 
302 in FIG. 3A can be sub-divided into a multitude of Small 
electrodes 302a-302n rectified by the same diode 320 as 
shown in FIG. 3B. Current-limiter devices 319, serving as 
a current-partitioner, can then be inserted between diode 320 
and each sub-divided electrode. The substantially increased 
total treatment current I-H (for large area treatment) illus 
trated in FIG. 3A can thus be partitioned into smaller current 
components flowing through each Sub-divided electrode. 
Due to the insertion of a current-limiter, the current flowing 
through each Sub-divided electrode is identical, limited, and 
cannot exceed the partitioned value. The hazard associated 
with current concentration can thus be averted completely. 
The current-limiter is preferably an active device (Such as a 
current diode LM334 manufactured by National Semicon 
ductor Corp. and Linear Technology Corp.) or simply, a 
resistor. A similar technique can also readily be applied to 
the auxiliary and the counter electrode for alleviation of 
current concentration. Although FIG. 3B shows each Sub 
divided electrode 302a-302n associated with a correspond 
ing conductive layer, the invention is not limited in this 
respect in that a one conductive layer may be associated with 
two or more or all of the Sub-divided electrodes. 

0043. Additional embodiments of an electrokinetic 
device will now be described. These embodiments use a 
printed circuit board (PCB) with a substance-filled porous 
matrix on one side and a conducting hydrogel on the 
opposite Side. The matrix is in contact with a treatment 
(active or applicator) electrode on the PCB beneath the 
matrix. The electrically conducting hydrogel is in contact 
with a circumferential-ring counter electrode provided on 
the opposite side of the PCB as the treatment electrode. In 
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use, the treatment current circulates from the treatment 
electrode through matrix into the Skin and tissue, through the 
arm and finger back into counter electrode to complete the 
circuit. 

0044 One embodiment adaptable for large treatment 
areas (but not limited thereto) utilizes a simple, low-cost, 
electrokinetic, Stacked patch medicator built with discrete 
components on a PCB. The small and lightweight patch is 
attached to the user's fingertip via a layer of Suitably Sticky, 
electrically conducting hydrogel and can, for example, be 
applied to the face in a highly maneuverable and effortleSS 
manner. The patch medicator facilitates the delivery of a 
medicament to a diseased Subcutaneous tissue by injecting a 
controlled current through the medicament (that may, for 
example, be contained in a reservoir) through the skin, the 
underlying layers and ultimately, to the treatment site (the 
basal epidermis, for instance). An example design uses only 
low-cost, compact, lightweight, Surface-mount and die com 
ponents and one or more Small coin cell batteries as a power 
Source. The patch medicator includes a low-power micro 
processor/microcontroller providing Servo control, timing 
management, current measurement, hardware monitoring, 
circuit interface and outputs for visual indication. 
0045. With reference to FIGS. 6A-6C, the patch medi 
cator 600 is built on a small gold-plated PCB 602 with a 
Substance-filled porous matrix 604 on one side and a con 
ducting hydrogel 606 on the opposite side. The matrix is 
Surrounded by an insulator, e.g., a rubber or plastic retaining 
ring 608 on its perimeter and is in contact with a gold-plated 
treatment (active or applicator) electrode 610 on PCB 602 
beneath the matrix. The electrically conducting hydrogel 
606 is in contact with a gold-plated, circumferential-ring 
counter electrode 611 provided on the opposite side of PCB 
602 as treatment electrode 610. Although the hydrogel layer 
606 may cover the entire area of PCB 602, it is constructed 
So that it has a built-in cavity where circuit components 612 
and battery 614, embedded in an insulator such as rubber 
epoxy 613, are installed. In use, the treatment current 
circulates from the treatment electrode 610 through matrix 
604 into the Skin and tissue, through the arm and finger back 
into counter electrode 611 to complete the circuit. An on/off 
Switch 616 can simply be a tiny, inexpensive jumper con 
nector or a thin insulating plastic Strip pulled off by the 
patient prior to treatment. A heat Sealable aluminum foil 
cover (not shown) provides protection from degradation of 
the matrix 604 in storage. Similar protection for the hydrogel 
606 can also be used. The diameter of the patch medicator 
can be reduced to less than 15 mm, if desired. While the 
medicament is described above as being in a porous matrix, 
the matrix is optional or, if provided, the matrix may not be 
porous (e.g., Substance in hydrogel or gel emulsion). LED 
indicator(s) 626 provide status information to the user. 
0046) The patch medicator 600 is usable with the sub 
stances and for the treatments described in detail above. In 
one specific use, particularly for the treatment of Herpes I 
and II-type infections, Acyclovir(R) is the medicament of 
choice. Acyclovir(R) may be provided in a cream formulation 
with approximately 5% comprising the drug Acyclovir(E). 
For example, a 250 milligram formulation of topical cream 
containing 12.5 milligrams of Acyclovir(R), i.e., a 5% for 
mulation, may be utilized. Significantly, this relatively Small 
amount of medicament in the formulation, when applied 
electrokinetically over a predetermined time duration, 
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affords a therapeutically effective dose. The dosage and time 
of application may be varied. For example, an approximate 
2% formulation of about 4 to 5 milligrams of the active 
medicament (e.g., Acyclovir(R) in a 250 milligram cream 
formulation applied electrokinetically over a period of no 
greater than fifteen minutes or an approximate 14-15% 
formulation, e.g., 37 milligrams in a 250 milligram cream 
and Acyclovir(R) formulation, applied electrokinetically for 
approximately three minutes is believed therapeutically 
effective. Percentage formulations between 2%-15% over 
time durations between fifteen minutes and three minutes are 
believed also to be therapeutically effective. For example, 
8%-10% formulations over 5-6 minutes time duration are 
also believed therapeutically effective. Of course, there may 
be instances where a low percentage formulation may be 
therapeutically effective even if applied for only a relatively 
Short time at current density approximately equal to, greater 
than or less than 200 microamps per Square centimeter. 
While a cream formulation is preferred, it will be appreci 
ated that the topical base may also be a liquid, gel, ointment 
or lotion. 

0047 The patch medicator may be designed for limited 
use Such as a single use. The medicator patch may be 
disposable or for more than one use if the Substance matrix 
is designed to be replaceable by the patient using the patch. 
The hardware component count of the patch may be mini 
mized with more elaborate Software implementation and 
large integrated circuits (ICs) may be used in the die form to 
reduce size and weight. Finally, the patch is designed to use 
miniature watch or hearing aid battery as a power Source. 
0.048 FIG. 7 is block circuit diagram of example elec 
trical circuitry 700 that may be used to provide the patch 
medicator of FIGS. 6A-6C for use by a patient 724. Elec 
trical circuitry 700 includes an on/off switch 616; an 
(optional) power on/off Switch 704; a power source 706; a 
servo controller 708; a microprocessor/microcontroller 710 
(hereinafter microprocessor 710); a variable voltage source 
712; a current clamp 714; electrostatic discharge (ESD) 
protection circuits 716; a voltage reference 718; counter 
electrode terminal 611; treatment (active or applicator) elec 
trode terminal 610; and LED indicator(s) 626. 
0049. On/off Switch 616 is implemented, for example, by 
a shorting jumper or a plastic film tab. A pressure Sensitive 
Switch may also be used. This Switch Serves as a power-on 
Switch for the patch medicator. Optional power on/off Switch 
704 may be provided if the device is intended for more than 
one use. In this case, a power Switch Such as a Semiconduc 
tor power Switch is used to power off the device after each 
use. Power Source 706 is two miniature and thin watch 
batteries, connected in Series that provide the power for the 
device. Skin resistance largely determines the bias potential 
required for Sustaining the treatment current. Servo control 
ler 708 maintains a desired current by controlling the 
treatment potential generated by the variable Voltage Source 
712. Variable voltage source 712 generates the treatment 
potential by converting a low Supply voltage (2 to 3 V) to a 
variable output voltage of up to 34V. Although the treatment 
current is maintained by feedback control, a redundant 
current clamp 714 is used to limit the current to a Safe upper 
limit in order to Safeguard against Servo loop malfunction. A 
constant Voltage Source 718 is used as a Stable reference 
Standard for treatment current and for analog-to-digital 
conversion. ESD protection circuits 716 are transient volt 
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age Suppressors that protect circuit elements from ESD 
damage. LED indicator(s) 626 are used to indicate various 
treatment Stages and to display warning Signals. The LEDS 
may be used in a miniature Surface mount package or in die 
form and are placed Strategically to be visible to the patient 
in direct view or via reflection off nearby Surfaces. For 
example, LED indicator(s) 626 may be a bi-polar red and 
green LED. Under Some conditions, the red and green LEDS 
may be illuminated Simultaneously to create an amber color. 
Both function blocks, the servo controller and the variable 
Voltage Source, may be composed merely of Simple active 
and passive building blockS Such as transistor, diode, capaci 
tor and inductor driven by feedback control software 
executed by microprocessor 710. 
0050 Microprocessor 710 controls the overall operation 
of the patch medicator. Although the example implementa 
tion described herein uses a microprocessor/microcontroller, 
the invention is not limited in this respect and other types of 
processing circuitry Such as digital Signal processors, appli 
cation specific integrated circuits (ASICs), programmable 
logic arrays or Some combination thereof may also be used. 
An example microprocessor/microcontroller is the Micro 
chip Technology PIC16LF872. If this microcontroller is 
used, the Software may be written in assembly language and 
an assembler such as MPASMTM may be used. Micropro 
cessor 710 includes (or has access to) read-only memory 
(e.g., for storing code) and/or read/write memory (e.g., for 
Storing data). In the example implementation, microproces 
Sor 710 includes a non-volatile read/write data memory Such 
as an EEPROM. The operations of microprocessor 710 are 
implemented in Software. Data and instructions for control 
ling the overall operation of the patch medicator may be 
written respectively to EEPROM data memory and Flash 
program memory, and microprocessor 710 may execute the 
instructions in response to various signals Supplied thereto. 
These instructions may include instructions for: 

0051 monitoring the treatment current and the battery 
terminal Voltage; 

0052 controlling the slow rise and fall of the treatment 
current ("ramping”) to minimize the uncomfortable 
Sensation of current flow; 

0053 timing control of treatment period and automatic 
treatment termination; 

0054) illumination of LEDs for treatment status indi 
cation; 

0055 monitoring treatment history and controlling the 
frequency of use and de-activation of the device after 
the prescribed usage is exhausted; 

0056 performing self-diagnosis and self-consistency 
checks, 

0057 monitoring the proper operation of other circuit 
components, 

0058 controlling and minimizing the current drain of 
LEDS based on battery Voltage measurements, and 

0059 monitoring treatment process and current control 
to accommodate fidgety patients as well as treatment 
interruptions. 

0060 FIGS. 8A and 8B illustrate an example system 
State table showing the States of the patch medicator and the 
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conditions and responses that occur in each. Of course, the 
States described in this State table may be implemented in 
other electrokinetic devices described herein and in the 
applications incorporated herein. 
0061. After power is turned on, an initialization process 
may be performed. During initialization, the Software ini 
tializes the hardware registers and the microprocessor is 
initialized. During microprocessor initialization, registers, 
ports, interrupts, handlers, timerS, A/D converters and the 
watchdog timer are Set up. An interruption count indicative 
of the number of interruptions (i.e., a user-caused disconti 
nuity in the current path during treatment that lasts longer 
than a predetermined period of time Such as two Seconds) is 
reset. After initialization and prior to treatment, patch medi 
cator 600 performs certain self-diagnostic tests (referred to 
in FIGS. 8A and 8B as POST test(s)). These tests include, 
for example, a low-battery check and a general electronics 
test (e.g., program memory check, data memory check, A/D 
converter check, etc.). Microprocessor 710 controls LED 
indicators 626 (e.g., by flashing the green status LED) to 
inform the user that the Self-diagnostic test is being con 
ducted. In the event that a Self-diagnostic test fails, micro 
processor 710 of the patch medicator inhibits further opera 
tion and informs the user of the failure by, for example, 
flashing a red status LED. 
0.062 Following the self-diagnostic test, the device enters 
the READY state in which microprocessor 710 begins to 
periodically monitor (e.g., every 100 milliseconds) the cur 
rent applied to the electrodes. If there is excessive idle time 
as determined with reference to the READY timer (i.e., user 
does not initiate treatment within Some predetermined time 
after Successful completion of the Self-diagnostic test Such 
that the measured current is Zero (or less than a threshold 
value Such as 10 microamps), microprocessor 710 puts the 
device in the OFF state. Microprocessor 710 may also check 
a TREATMENT counter to determine the number of treat 
ments for which the device has been used. If the device has 
already been used for the pre-programmed number of treat 
ments, the device enters an ERROR state, which turns the 
device off. If the treatment counter is not exceeded, the 
device remains in a READY state until current flow is 
sensed. At this point, the device proceeds to a RAMP-UP 
state in which microprocessor 710 increments the TREAT 
MENT counter and ramps up the current delivered to the 
electrodes from Zero to an appropriate therapeutic current. 
The therapeutic current is a treatment current range for 
application effectiveness and determining the duration of the 
treatment. The current is applied between the treatment 
electrode and the counter electrode for the purpose of 
delivering medicament to a treatment Site. The green Status 
LED may be flashed to provide an indication to the user that 
the current is ramping up. Once the current acroSS the 
electrodes reaches the treatment current threshold, the 
device enters the TREATMENT state in which micropro 
cessor 710 starts the TREATMENT timer and continuously 
illuminates green Status LED to indicate to the user that 
medication is being actively delivered. During the TREAT 
MENT state, microprocessor 710 maintains treatment cur 
rent and monitors for interrupts, faults and low-battery 
conditions. If desired for a particular treatment type, the 
treatment current may be pulsed. 
0.063 Microprocessor 710 automatically ends each treat 
ment after the treatment current has been applied to the 
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electrodes for an appropriate treatment time. To end a 
treatment, microprocessor 710 ramps down the current 
delivered to the electrodes from the treatment current to 
Zero. When the current falls to a termination level, micro 
processor 710 extinguishes the green Status LED and con 
tinuously illuminates the amber LED. 
0064. In the event that treatment is interrupted by the user 
prior to reaching the predetermined treatment time, the 
INTERRUPT counter is incremented and an INTERRUPT 
timer is started. If the INTERRUPT counter exceeds a 
predetermined count or the INTERRUPT timer exceeds a 
certain time, the device goes to a T-FAULT state in which the 
current is set to (or maintained at) Zero and the device enters 
a LOCKOUT State in which the user cannot use the device 
again for a predetermined period of time. If the interruption 
is only temporary, only the timer is paused and the treatment 
is resumed after the temporary interruption by ramping the 
current up to the treatment current value like at the begin 
ning of the treatment. During an interruption, the treatment 
electrode may be discharged to prevent the user from feeling 
a shock on reapplying the device after removing it. 
0065. If certain error conditions are detected after the 
power is turned on, the Software executes error routines that 
extinguish the green LED, flash the red LED for approxi 
mately one minute, and then Switch the device off. Examples 
of these error conditions include a failure(s) in the initial 
ization or diagnostic tests, activation of a watchdog timer; 
low battery level; treatment counter limit has been reached; 
and excessive idle time. If during the above-described 
operations, the battery level falls below a minimal level 
needed for operation, a counter in non-volatile memory is 
incremented to track the number of times the level has fallen 
below this minimal level; the A/D converter is turned off; the 
treatment current is ramped down; and the error routines are 
executed. 

0066 Microprocessor 710 may include a watchdog timer 
to reset the processor in the event of Some malfunction. If the 
watchdog timer has been activated, the Software terminates 
operation Similarly to the Steps described above with respect 
to low-battery level except that a counter in non-volatile 
memory indicative of the number of watchdog timer acti 
Vations is incremented. 

0067 By way of illustration, the initiation current may be 
10 microamps, the treatment current may be 400 micro 
amps--8%; the termination current may be 50 micro 
amps -5%; the nominal current density may be 200 micro 
amps per Square centimeter, the current up-ramp and down 
ramp timing may be exponential with a approximately a 
10-Second time constant; the Voltage between the treatment 
and counter electrodes may be from 0 to 34 VDC; and the 
automatic shut-off period may be after a ten-minute Sus 
tained treatment (in the event the treatment is interrupted, 
the microprocessor will end treatment no later than around 
eleven minutes after the initial start of the treatment). 
0068 To use the patch medicator, the patient removes 
any cover(s) providing protection of matrix 604 and/or 
hydrogel 606 and actuates on/off Switch 616 to activate the 
patch medicator on. The patch is then attached to the user's 
fingertip via the Sticky hydrogel and the matrix is applied to 
a treatment site Such as a treatment Site on the face. The 
treatment current of the patch medicator flows from the 
treatment electrode 610 through matrix 604 into the skin and 
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tissue, through the arm and finger back into counter elec 
trode 611 to complete the circuit. This current facilitates the 
penetration of medicament through Skin and into the dis 
eased Subcutaneous tissue. After use, the patient may actuate 
the power on/off switch 704 to turn off the patch medicator 
if the patch medicator is intended for multiple uses. The 
patient may also dispose of the used matrix. To re-use the 
patch medicator, a new matrix is provided and the patient 
then actuates power on/off Switch to turn the patch medicator 
O. 

0069. The data stored by the read/write memory within 
(or accessible to) microprocessor 710 may also include a 
count indicative of the number of treatment cycles for which 
the patch medicator has been used. This count is incre 
mented (or decremented) for each treatment and the patch 
medicator is permanently deactivated after the count reaches 
a prescribed number indicative of a predetermined number 
of treatments. For example, a disable flag for disabling 
microprocessor 710 may be set in memory when the count 
on the counter is indicative of the prescribed number of 
treatments. Alternatively or additionally, various mecha 
nisms for preventing the Supply of power to the electrical 
components may be used to permanently deactivate the 
device. For example, microprocessor 710 could generate a 
Signal to burn a fuse when the count on the counter is 
indicative of the prescribed number of treatments. Similarly, 
microprocessor 710 could generate a signal to deliberately 
damage a transistor or flip a Solid-state toggle circuit when 
the count on the counter is indicative of the prescribed 
number of treatments. It will be readily apparent that other 
mechanisms (hardware and/or Software) may be used and 
the invention is not limited in this respect. 
0070. In another example implementation, the read/write 
memory may store a total treatment time, which is incre 
mented (or decremented) in accordance with a timer during 
treatment. When the total treatment time reaches some 
prescribed total treatment time, the device may be perma 
nently deactivated. Here again, for example, the various 
hardware and/or Software disabling mechanisms described 
above may be used to permanently deactivate the device. 
0071 AS mentioned above, the patch medicator may be 
disabled from use for a predetermined time period (LOCK 
OUT) after each use whereby the next use can only occur 
after the predetermined time period has expired. In this case, 
a disable flag could be set for the predetermined time period 
and microprocessor 710 could prevent operation of the patch 
medicator when this flag is Set. 
0.072 Also, the patch medicator may be deactivated per 
manently after a Single usage. Here again, various mecha 
nisms for prevention of re-use of the patch medicator may be 
used. For example, microprocessor 710 could generate a 
Signal to bum a fuse incorporated in the electric circuitry at 
the end of a treatment. Similarly, microprocessor 710 could 
generate a Signal to deliberately damage a transistor or flip 
a Solid-State toggle circuit incorporated in the electric cir 
cuitry at the end of a treatment. It will be readily apparent 
that other mechanisms (hardware and/or Software) may be 
used and the invention is not limited in this respect. 
0073 Microprocessor 710 may be programmed with (or 
have accessible thereto) instructions for a plurality of dif 
ferent types of treatments (e.g., herpes, eczema, acne, boils, 
blemishes and the like). For example, the desired treatment 
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current, ramp-up/ramp down characteristics and total treat 
ment time for herpes may be different than the desired 
treatment current, ramp-up/ramp-down characteristics and 
total treatment time for eczema. To determine which instruc 
tions to use, the patch medicator may, for example, be 
provided with a plurality of different on/off switches, each of 
which is associated with a particular treatment type. Detec 
tion by the microprocessor 710 of which on/off Switch is 
activated is used to determine which treatment type is used. 
Thereafter, microprocessor 710 executes instructions appro 
priate for the particular treatment type Selected. 
0074 Assuming appropriate power is available, the patch 
medicator may be provided with additional elements. For 
example, Sound or vibration generating circuitry Such as a 
buZZer may also be added to provide aural or tactile indi 
cations Such as warnings, end-of-treatment, etc. Short peri 
odic Sound or vibration could indicate the device is continu 
ing to function properly. 
0075) While the PCB arrangement and the features and 
characteristics thereof have been discussed with reference to 
a patch medicator, as noted above, this arrangement and the 
Same features and characteristics may be implemented in the 
devices shown in application Ser. Nos. 09/523,217; 09/584, 
138; 10/117,346; and 10/245,337, in particular the finger 
splint device shown in application Ser. No. 10/117,346. With 
reference to FIGS. 9A and 9B, the finger-splint device 950 
includes proximal and distal portions 919 and 922, respec 
tively, and contacts 942 and 944 in the distal and proximal 
portions, respectively, for completing the electrical circuit as 
described herein. The proximal portion 919 includes loops 
934 and tabs 936 on opposite sides for securing a strap to the 
proximal portion and Securement of the device to the indi 
vidual’s finger. The proximal portion 919 houses the elec 
tronics, which include a PCB 920 with a Substance-filled 
porous matrix 924 on one side and a conducting hydrogel 
926 on the opposite side. The matrix 924 is surrounded by 
an insulator, e.g., a rubber or plastic retaining ring 928 on its 
perimeter and is in contact with a gold-plated treatment 
(active or applicator) electrode 930 on the PCB beneath the 
matrix. The electrically conducting hydrogel is in contact 
with a circumferential-ring counter electrode 932 on the 
opposite side of the PCB as the treatment electrode. 
Although the hydrogel layer may cover the entire area of the 
PCB, it is constructed so that it has a built-in cavity where 
circuit components 912 and a battery 914, embedded in an 
insulator 913 such as rubber epoxy, are installed. In use, the 
treatment current circulates from the treatment electrode 
through matrix into the skin and tissue, through the arm and 
finger back into the counter electrode to complete the circuit. 
A heat Sealable aluminum foil cover (not shown) provides 
protection from degradation of the matrix in Storage. Similar 
protection for the hydrogel can also be used. The distal 
portion 922 is generally frustoconically shaped and mounts 
a pylon or a pair of pylons 923 interconnecting the frusto 
conical section 924 and the applicator head 951. It will be 
appreciated that the underSurface of the proximal portion 
919 is concave and angled to accommodate the first finger 
joint and opposite Sides thereof for mounting the proximal 
portion on the individual’s finger. Similarly, the distal por 
tion 922 has a frustoconical interior surface for receiving the 
fingertip of the individual upon electrical and mechanical 
connection of the proximal and distal portions to one 
another. In FIG. 9B, the device is illustrated in an operable 
condition applied to an individual’s finger, with the indi 
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vidual's fingertip projecting into the distal portion and in 
electrical contact with the hydrogel. In the FIG. 9 embodi 
ment, the angle at an interSection between the direction of 
elongation (centerline 973) and a line 974 perpendicular to 
the planar Surface of the treatment electrode is an obtuse 
angle of in a range of about 90-185, preferably within a 
range of about 130-160. Of course, these ranges are 
provided merely as examples and the angular direction of 
the treatment electrode relative to the device is most desir 
ably determined to be whatever angle facilitates application 
of the device to treatment Sites variously located about an 
individual’s body. 
0.076 Similarly, the PCB arrangement may be applied to 
the finger-mounted electrokinetic device shown in FIG. 10, 
generally designated at 1000. Device 1000 is generally in the 
form of a ring carried by or applied about an individual’s 
finger Such as the index finger. The generally ring-shaped 
body 1002 has a through-opening 1004 to receive the 
individual's finger and which opening is flanked by a pair of 
arcuate sections 1006 which, together with a top portion of 
body 1002, form a split ring for maintaining the device 1000 
on the individual's finger. It will be appreciated of course 
that body 1002 may comprise a full circular ring without 
interruption, although the Split ring form provides flexibility 
in accommodating different finger sizes. 

0077. The device 1002 is self-contained and thus includes 
within its body a Small gold-plated printed circuit board 
(PCB) 1020 with a substance-filled porous matrix 1024 on 
one side and a conducting hydrogel 1026 on the opposite 
side. The matrix is surrounded by a rubber or plastic 
retaining ring 1028 on its perimeter and is in contact with a 
gold-plated treatment electrode 1030 on PCB 1020. The 
electrically conducting hydrogel 1026 is in contact with a 
gold-plated counter electrode 1032 on the opposite side. The 
hydrogel layer is constructed So that it has a built-in cavity 
where circuit components 1012 and a battery 1014, embed 
ded in an insulator 1013 Such as rubber epoxy, are installed. 
In use, the treatment current circulates from the treatment 
electrode 1030 through substance matrix 1024 into the skin 
and tissue, through the arm and finger back into counter 
electrode 1032 to complete the circuit. It will be appreciated 
that upon applying the ring-shaped body 1002 to the indi 
vidual's finger, the conducting hydrogel will automatically 
lie in electrical contact with the individual's finger. That is, 
the flexible side Sections 1006 of the device 1000 bias the 
body 1002 such that the hydrogel is pressed against the 
individual’s finger. As illustrated in FIG. 10, one or more 
LED's 1040 may be provided to provide on/off indications 
and the like. 

0078. In addition, the PCB arrangement may be applied 
to the three electrode devices shown in FIGS. 3A and 3B as 
illustrated in FIGS. 11A-11C. The plastic retaining ring 608 
in FIG. 6B is replaced by a hydrogel retaining ring 1108 in 
FIG. 11B. Also added in FIG. 11B is an auxiliary electrode 
1118, in the shape of a circumferential ring located directly 
underneath the hydrogel retaining ring 1108 but electrically 
separated from the treatment electrode 1110. The current 
source 308 and rectifying elements 320 and 322 in FIGS. 3A 
and 3B are not explicitly shown in FIGS. 11A-11C but 
rather, are included in components 1112. Because the PCB 
arrangement is most amenable to implementation of Seg 
mented treatment electrode for alleviation of current con 
centration, the design of FIG. 3B is explicitly illustrated in 
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FIG. 11A as containing a multitude of treatment electrodes. 
Current limiters 319 in FIG. 3B for current partitioning are 
implicit in components 1112 of FIG. 11B. FIGS. 11A-11C 
thus demonstrate the PCB arrangement can be readily 
applied to the three electrode devices shown in both FIGS. 
3A and 3B. The three electrode PCB arrangement may be 
used in the patch medicator, the finger-splint device of 
FIGS. 9A and 9B, and the finger-mounted device of FIG. 
10, as well as the other devices described in application Ser. 
Nos. 09/523,217; 09/584,138; 10/117,346; and 10/245,337. 
0079 While the invention has been described in connec 
tion with what is presently considered to be the most 
practical and preferred embodiment, it is to be understood 
that the invention is not to be limited to the disclosed 
embodiment, but on the contrary, is intended to cover 
various modifications and equivalent arrangements included 
within the Spirit and Scope of the appended claims. 

1. A System for delivering a Substance into a body at a 
treatment Site, Said System comprising: 

an alternating current Source; 
a plurality of electrodes, and 
circuitry connected between the alternating current Source 

and the electrodes for Supplying current to Said elec 
trodes when Said electrodes are in electrical contact 
with said body so that a uni-directional current flow for 
delivering the Substance into the body is maintained at 
the treatment site and a bi-directional current flow is 
maintained throughout the body, 

wherein at least one of the electrodes is divided into 
Sub-electrodes. 

2. The System according to claim 1, wherein Said circuitry 
includes current limiters respectively associated with each 
Sub-electrode. 

3. The System according to claim 2, wherein Said current 
limiters comprise current diodes. 

4. The System according to claim 2, wherein the current 
limiters comprise resistors. 

5. The System according to claim 1, wherein the Substance 
comprises acyclovir and/or its pro-drugs. 

6. The System according to claim 1, wherein the Substance 
comprises one or more Substances, or their derivatives and 
pro-drugs. Selected from the group consisting of abacavir, 
adefovir, amprenavir, azidothymidine, brivudin, cidofovir, 
delaviridine, didanosine, doxorubican, efavirenz, famciclo 
Vir, fluorouracil, gancyclovir, indinavir, larnivudine, lobu 
cavir, methotrexate, miconazole, n-docosanol, nelfinavir, 
nevirapine, penciclovir, ribavirin, ritonavir, Saquinavir, 
Sorivudine, stavudine, terbinafine HCL, tacrolimus, trifluri 
dine, Valaciclovir, Zalcitabine with or without a C21-C28 
aliphatic alcohol. 

7. The System according to claim 1, wherein the Substance 
comprises estrogen or estrogen analogues. 

8. The System according to claim 1, wherein the Substance 
comprises modulator of collagen deposition. 

9. The System according to claim 1, wherein the Substance 
comprises one or more Substance Selected from the group 
consisting of: lidocaine, Xylocaine, prontocaine, prilocaine, 
fetanyl, remifentanil, Sufentanil, alfentanil, novocaine, 
procaine, morphine HCL and EMLA. 

10. The system according to claim 1, wherein the Sub 
stance comprises one or more Substances Selected from the 



US 2006/0025715 A1 

group consisting of ketorolac, benzoyl peroxide, clindamy 
cin phosphate (cleocin), erythromycin, tazaroteine, ada 
palene, and azelaic acid. 

11. The System according to claim 1, wherein the Sub 
stance comprises one or more Substances from the group 
consisting of imiquimod, acyclovir, Sodium Salicylate, Sali 
cylic acid, tretinion, benzoyl peroxide, bleomycin, interfer 
ons, and Podocon-25. 

12. The System according to claim 1, wherein Said alter 
nating current Source has a frequency of about 100 kilohertz. 

13. The System according to claim 1, wherein Said alter 
nating current Source has a frequency between about 1 
kilohertz and 1 megahertz. 

14. The System according to claim 1, wherein the treat 
ment electrode is Sub-divided into a plurality of electrodes. 

15. A System for delivering a Substance into a body at a 
treatment Site, Said System comprising: 

a printed circuit board on which is provided processing 
circuitry, a counter electrode and a treatment electrode, 
wherein the treatment electrode and counter electrode 
are formed on opposite Sides of the printed circuit 
board; 

a Substance in contact with the treatment electrode and 
adapted for electrical contact with the user's body at the 
treatment Site, 

a conductive gel in contact with the counter electrode and 
adapted for electrical contact with a user's finger, 

wherein the System is configured as a ring. 
16. The system according to claim 15, wherein the Sub 

stance is one or more Substances Selected from the group 
consisting of: abacavir, adefovir, amprenavir, azidothymi 
dine, brivudin, cidofovir, delaviridine, didanosine, doxoru 
bican, efavirenz, famciclovir, fluorouracil, gancyclovir, indi 
navir, lamivudine, lobucavir, methotrexate, miconazole, 
morphine, n-docOSanol, nelfinavir, nevirapine, penciclovir, 
ribavirin, ritonavir, Saquinavir, Sorivudine, Stavudine, tac 
rolimus, terbinafine HCL, trifluridine, Valaciclovir, Zalcitab 
ine with or without a C21-C28 aliphatic alcohol. 

17. The system according to claim 15, wherein the Sub 
Stance comprises estrogen or estrogen analogues. 

18. The system according to claim 15, wherein the Sub 
stance comprises a modulator of collagen deposition. 

19. The system according to claim 15, wherein the Sub 
stance comprises one or more Substance Selected from the 
group consisting of lidocaine, Xylocaine, prontocaine, 
prilocaine, fetanyl, remifentanil, Sufentanil, alfentanil, 
novocaine, procaine, morphine HCL and EMLA. 

20. The system according to claim 15, wherein the Sub 
stance comprises one or more Substances Selected from the 
group consisting of ketorolac, benzoyl peroxide, clindamy 
cin phosphate (cleocin), erythromycin, tazaroteine, ada 
palene, and azelaic acid. 

21. The System according to claim 15, wherein the Sub 
stance comprises one or more Substances from the group 
consisting of imiquimod, acyclovir, Sodium Salicylate, Sali 
cylic acid, tretinion, benzoyl peroxide, bleomycin, interfer 
ons, and Podocon-25. 

22. The System according to claim 15, wherein the pro 
cessing circuitry prevents operation of the System after a 
predetermined number of uses of the device. 
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23. The System according to claim 15, wherein the pro 
cessing circuitry prevents further operation of the System 
after a predetermined time duration corresponding to an 
aggregate total time usage. 

24. The System according to claim 15, wherein the pro 
cessing circuitry inactivates the System for a predetermined 
time period and reactivates the patch medicator after the 
predetermined time period. 

25. A method of treatment by electrokinetic self-admin 
istration of a Substance into a treatment Site of an individual, 
the method comprising: 

(a) providing a System comprising a printed circuit board 
on which is provided processing circuitry, a counter 
electrode and a treatment electrode, wherein the treat 
ment electrode and counter electrode are formed on 
opposite sides of the printed circuit board; a Substance 
in contact with the treatment electrode and adapted for 
electrical contact with the user's body at the treatment 
Site, and a conductive gel in contact with the counter 
electrode and adapted for electrical contact with a 
user's finger; 

(b) releasably retaining the System on the individuals 
finger, with the conductive gel in electrical contact with 
the individual's finger; 

(c) while the System remains retained on the individuals 
finger, placing the Substance in contact with the treat 
ment Site, and 

(d) causing electrical current to flow through said treat 
ment electrode, the Substance, the treatment Site, the 
individual's body, and Said counter electrode to elec 
trokinetically drive the Substance into the treatment Site 

wherein the System is configured as a ring. 
26. A method according to claim 25 including applying 

Steps (a)-(d) for treating clinical conditions caused by Her 
pes Simplex virus infection. 

27. A method according to claim 25 including applying 
Steps (a)-(d) for treating clinical conditions Suspected to be 
caused by Herpes Simplex virus infection. 

28. A method according to claim 25 including applying 
Steps (a)-(d) for treating clinical conditions caused by acne. 

29. A method according to claim 25 including applying 
Steps (a)-(d) for treating clinical conditions caused by human 
papilloma virus. 

30. A method according to claim 25 including applying 
Steps (a)-(d) for treating skin wrinkles. 

31. An electrokinetic delivery system for administration 
of a medicament to a treatment Site on an individual, 
comprising: 

a device for releasable Securement to an individual’s 
finger and shaped in part to conform to at least a portion 
of the individual's finger; 

a retainer for releasably Securing the device to the indi 
vidual’s finger, 

a Self contained alternating current Source carried by Said 
device; 

a plurality of electrodes carried by Said device, with at 
least one of Said electrodes being carried adjacent the 
tip of the individual’s finger upon retention of the 
device on the individual's finger; and 
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circuitry connected between the alternating current Source 
and the electrodes for Supplying current to Said elec 
trodes when Said electrodes are in electrical contact 
with said body and with the medicament interposed 
between the one electrode and the body so that a 
unidirectional current flow for delivering the medica 
ment into the body is maintained through Said one 
electrode at the treatment Site and a bidirectional cur 
rent flow is maintained through the body. 

32. A System according to claim 31 wherein Said elec 
trodes include a counter electrode for electrical contact with 
the individual’s finger and an auxiliary electrode for elec 
trical contact with the individual’s body adjacent the treat 
ment Site. 

33. A System according to claim 32, wherein a treatment 
electrode, Said counter electrode and Said auxiliary electrode 
are Stacked relative to one another between the individual’s 
finger and the treatment site during treatment. 

11 
Feb. 2, 2006 

34. A System according to claim 31 wherein Said distal 
end portion is shaped to in part overlie a portion of the tip 
of the individual’s finger to facilitate retention of the device 
on the individual's finger. 

35. A system according to claim 31 wherein said device 
includes a proximal end portion and a distal end portion, Said 
distal and proximal end portions being Separable from one 
another and releasably Securable to one another to form a 
Substantial unitary body along an extent of the individual’s 
finger. 

36. A System according to claim 31 wherein at least one 
of the electrodes is divided into Sub electrodes and wherein 
the circuitry includes current limiters respectively associated 
with each Said Sub electrode. 


