
ELECTRICAL STIMULATIONUNIT AND WATERBATH TECHNICAL
FIELD Embodiments disclosed herein relate generally to
the field of treating infections, and, more
particularly, to an improved fungicidal/fungistatic
treatment system for treating toenail fungus,
dermatological fungi, fungal infections, and the like.
BACKGROUND ART Toenail fungus alone affects 2-13% of
the general population of the United States; over 30%
of the population over 60 yeaTS of age are affected.
Current systemic treatment consists of the use of an
expensive drugs or pharmaceutical agents many of which
have complications and associated interactions. These
pharmaceutical treatments are less than ideal for many
patients because of the cost and danger associated
with them. Various approaches to treating this disease
have been attempted and employed, and most involve
pharmaceutical agents applied topically or
systematically. For instance, U.S. Pat. No. 6,319,957
describes the use of compositions based on
glyco-alcohol, hydro-alcohol or glyco-hydro-alcohol
solutions of a glycol or glyceric ester of retinoic
acid, preferably in association with the ethyl ester
of retinoic acid and with hydroquinone, treat
unsightly skin disorders such as acne, wrinkles,
scars, stretch marks, dark spots, etc., and in
treating mycotic skin diseases and psoriasis. U.S.
Pat. No. 6,303,140 teaches a plaster preparation
comprising a synthetic rubber; a reinforcing agent
based on silica or random styrene-butadiene,
copolymer; a tackifier; salicylic acid or a
pharmaceutically acceptable salt or ester thereof to
treat mycotic infections. U.S. Pat. No. 6,290,950
describes a new class of mycosis vaccines comprising
homogenised inactivated yeast blastospores and
homogenised inactivated dermatophyte microconidia or
antigenic material of said spores, methods for their
production and their use for the prophylaxis and/or
treatment of mycoses in mammals, preferably humans.
The vaccines according to the present invention are
especially useful for the prophylaxis and/or treatment
of skin mycosis, preferably dermatomycosis and/or
candidosis and/or onychomycosis. U.S. Pat. No.
6,287,276 describes a set depth nail notcher and
method for treating nail fungus that is used to cut a
notch to a predetermined depth in a nail or a toe or
finger infected 



with a fungus and then apply a topical anti-fungal
medication to the toe or finger through the notch.U.S.
Pat. No. 6,281,239 teaches a method of treating
onychomycosis by administering to an infected area
around a nail of a patient a tissue softening
composition containing urea and an antifungal
composition in one or separate compositions,
concurrently or nonconcurrently. Several studies have
reported that electrical stimulation augments wound
healing. Electrical stimulation has been reported to
improve blood flow, decrease edema, and inhibit
bacterial growth. Numerous studies have reported that
monophasic pulsed current from a high voltage pulsed
source (HVPC) augments wound healing. Additional
studies have shown significant increases in
transcutaneous partial pressure of oxygen (tCP O ) in
diabetic individuals following use of electrical
stimulation. HVPC has been used to successfully treat
diabetic foot ulcers. Several studies have
demonstrated that electrical currents exist in living
organisms. Cells follow the path of this current flow,
which is referred to as the galvanotaxic effect. It is
theorized that electrical stimulation augments the
endogenous bioelectric system in the body. The
increase in the rate of wound healing with electrical
stimulation is also theorized to be a result of
attraction of different cell types. Studies have shown
that migration of macrophages, fibroblasts, mast
cells, neutrophils, and epidermal cells is influenced
by electrical stimulation. Electrical stimulation has
also been shown to increase the proliferation of
fibroblasts and protein synthesis, as well as the
growth of neurites. These factors play a significant
role in healing. Furthermore, the tensile strength of
the collagen has been shown to increase upon
application of such electrical fields, thus increasing
the strength of the wound scars. For these reasons,
the use of electrical stimulation for the treatment of
chronic wounds has been used increasingly during the
last several years. The term onychomycosis refers to
any fungal infection of one or more elements of the
nail system, which consists of the nail matrix, the
nail bed and the nail plate. Several studies suggest
that onychomycosis affects between 2% and 18% (or
possibly more) of the world's population. In North
America, onychomycosis accounts for approximately 50%
of all nail disease, is an infection several times
more common in the toenail than the fingernail, and is
most commonly found among older individuals. Some
studies suggest that nearly 50% of the population over
70 years- of age may be affected. The incidence of
onychomycosis in the 



United States and other countries of the developed
world has been increasing in recent years. This is
thought to be most likely the result of several
contributing factors including: the general aging of
the population; the possible higher incidence of
diabetes mellitus; the greateruse of immunosuppressive
drugs and antibiotics; the increased exposure of the
general population to the etiologic fungi; the HIV
epidemic. Onychomycosis can be caused by three
different groups of fungi: the dermatophytes, the
yeasts and the nondermatophytic molds. The
dermatophytes are the most common etiology, accounting
for between 85% and 90% of all cases. Just two
dermatophyte species, Trichophyton rubrum (T. rubrurn)
and Trichophyton mentagrophytes (T. mentagrophytes),
are responsible themselves for nearly 80% of all cases
of onychomycosis. Several different yeast species can
also cause onychomycosis. These species are together
responsible for between 5% and 10% all cases. In
approximately 70% of these cases, the etiological
agent is Candida albicans. Finally, several different
species of the nondermatophyte molds can also cause
onychomycosis. As a group, these are responsible for
approximately 3% to 5% of all cases. Although
onychomycosis is not a fatal infection, and is usually
not a very debilitating condition in most afflicted
individuals, it can still have serious emotional
and/or physical consequences. The condition can be
associated with significant pain and discomfort, and
in severe cases, it may sometimes lead to
disfigurement and/or to various degrees of functional
loss. In addition to physical impairment, the
psychological and social consequences of onychomycosis
can also be significant. Thus, onychomycosis
represents far more than a mere cosmetic problem for
many afflicted individuals, and professional treatment
from health care providers is very often sought. The
treatment of onychomycosis, however, has proven
difficult. The three traditional approaches to
treatment are debridement of the nail unit, topical
medication and systemic chemotherapy. The most
successful of these approaches has been the use of
systemic antifungal drugs. Over the last 40 years,
oral systemic antifungal agents have been the mainstay
of onychomycosis therapy. However, because of several
negative factors that include drug toxicity, possible
adverse interactions of antifungal agents with other
drugs in the body, and the prolonged course of
treatment required with many of these antifungal
therapeutic regimes, the search for new, alternative
treatments, which are both efficacious 



and which present minimal side effects, is still an
important research goal. SUMMARY With parenthetical
reference to the corresponding parts, portions and
surfaces of the disclosed embodiment, merely for
purposes of illustration and not by way of
limitation,embodiments disclosed herein broadly
provide a method and apparatus for treating infections
in human or animal subjects. In one aspect, a method
for treating an infected area on a subject, comprising
the steps of exposing the infected area to an aqueous
solution, and providing direct current to the aqueous
solution to treat the infected area is disclosed. This
method of treatment may also be used to treat other
infections including onychomycosis, molluscum
contagium, papilloma virus, warts, epidermodysplasia
verruciformis, herpes virus, or other fungal
infection. The method may be used to treat an infected
area wherein the infected area is on the skin of the
subject. In another aspect, the aqueous solution may
include hydrogen peroxide. Another aspect is where the
aqueous solution comprises about 0.01 to 3.0 weight
percent hydrogen peroxide. In certain aspects, direct
current of less than about 3 milliamperes, or less
than about 50 milliamperes may be provided. In certain
embodiments, direct current may be supplied by a
voltage source of less than about 150 volts. In other
embodiments, the direct current may be pulsed. In yet
other embodiments, the direct current may have a pulse
width of about 5-50 microseconds. In yet additional
embodiments, the infected area may be treated with the
direct current for a time period of at least about
20-45 minutes. In accordance with another aspect, an
apparatus for treating an infected area on a subject
comprising a reservoir, an aqueous solution in the
reservoir and exposed to the infected area, a first
electrode in the reservoir, a second electrode in the
reservoir, and a circuit for providing current to the
aqueous solution to treat the infected area is
provided. In one aspect, the infected area may be
immersed in an aqueous solution that may or may not
include one or more pharmaceuticals or medicaments. In
another aspect, the first electrode and second
electrode may each include, or be formed of, stainless
steel. In an additional aspect, a wearable apparatus
for the treatment an infected area on a subject
comprising a membrane made of a material that is
impervious to aqueous solutions 



and having a periphery or an edge is disclosed. In
certain embodiments, the wearable apparatus may also
include an adhesive disposed on the periphery or edge
of the membrane. In other embodiments, the wearable
apparatus may also include an aqueous solution in the
membrane in contact with an infected area of a
subject, a first electrode affixed to the membrane, a
second electrode affixed to the membrane, and a
circuit for providing current to the aqueous solution
to treat the infected area.In another aspect, a liquid
filler opening that allows the apparatus to be placed
against the infected area to form a pocket which is
capable of holding an amount of an aqueous solution is
provided. In an additional aspect, an apparatus where
the membrane is adapted to be attached to the subject
is disclosed. In another aspect, the first electrode
and second electrode may each include, or be formed
of, stainless steel. In an additional aspect, a method
for treating an infected area on a subject, comprising
the steps of exposing the infected area to an aqueous
solution; and providing pulsed current to the aqueous
solution to treat the infected area is disclosed. This
method may be used to treat infections such as
onychomycosis, molluscum contagium, papilloma virus,
warts, epidermodysplasia verruciformis, herpes virus,
or fungal infection. The method may be used to treat
an infected area wherein the infected area is on the
skin of the subject. In another aspect, the aqueous
solution may include hydrogen peroxide. In yet another
aspect, the aqueous solution comprises about 0.01 to
about 3.0 weight percent hydrogen peroxide. In another
aspect, a pulsed current with a waveform with an
amplitude of greater than 10 volts may be used. A
further aspect is to provide a pulsed current with a
waveform with an amplitude between about 10 and about
150 volts. In another aspect, the pulsed current may
be between about 20 and about 50 milliamperes. In
another aspect, the pulsed current may have a pulse
width of between about 5 and about 50 microseconds. In
yet another aspect, the pulsed current comprises pulse
pairs between about 150 and about 330 microseconds
apart. In another aspect, the pulsed current comprises
pulse pairs with a frequency of between about 100 and
about 200 Hertz. In one aspect, the infected area may
be treated with the pulsed current for a time period
of between about 20 and about 45 minutes. In another
aspect, an apparatus for treating an infected area on
a subject comprising a 



reservoir, an aqueous solution in the reservoir, a
first electrode in the reservoir, a second electrode
in the reservoir, and a voltage source for providing
pulsed current to the aqueous solution is provided. In
one aspect, an infected area on a subject may be
immersed in the aqueous solution. In another aspect,
the first electrode and the second electrode may each
include, or be formed of, stainless steel. In one
aspect, the aqueous solution may include hydrogen
peroxide. In another aspect, the aqueous solution
comprises about 0.01 to about 3.0 weight percent
hydrogen peroxide. In an additional aspect, an
apparatus where the pulsed current has a waveform with
an amplitude of greater than 10 volts is provided. In
another aspect, the pulsed current may havea waveform
with an amplitude between about 10 and about 150
volts. In another aspect, the pulsed current may be
between about 20 and about 50 milliamperes. In yet
another aspect, the pulsed current has a pulse width
of between about 5 and about 50 microseconds. In a
further aspect, pulsed current comprises pulse pairs
between about 150 and about 330 microseconds apart. In
another aspect, the pulsed current comprises pulse
pairs with a frequency of between about 100 and about
200 Hertz. In another aspect, a wearable apparatus for
the treatment an infected area on a subject .
comprising a membrane made of a material that is
impervious to aqueous solutions and having an edge, an
adhesive disposed on said edge of said membrane, an
aqueous solution in said membrane, a first electrode
affixed to said membrane, a second electrode affixed
to said membrane and a voltage source for providing
pulsed current to said aqueous solution is disclosed.
In an additional aspect, an apparatus with a liquid
filler opening that allows the apparatus to be placed
against an infected area to form a pocket which is
capable of holding an amount of the aqueous solution
is provided. In another aspect, an apparatus where the
membrane is adapted to be attached to the subject is
disclosed. In an additional aspect, the first
electrode and second electrode may each include, or be
formed of, stainless steel. In another aspect, the
aqueous solution may include hydrogen peroxide. In
another aspect, the aqueous solution comprises about
0.01 to about 3.0 weight percent hydrogen peroxide. In
an additional aspect, such apparatus is provided where
the pulsed current has a waveform with an amplitude of
greater than 10 volts. In another aspect, the pulsed
current 



may have a waveform with an amplitude between about 10
and about 150 volts. In another aspect, the pulsed
current may be between about 20 and about 50
milliamperes. In yet another aspect, the pulsed
current may have a pulse width of between about 5 and
about 50 microseconds. In a further aspect, pulsed
current comprises pulse pairs between about 150 and
about 330 microseconds apart. In another aspect, the
pulsed current comprises pulse pairs with a frequency
of between about 100 and about 200 Hertz. In another
aspect, the methods and devices disclosed herein may
be used without, or in the absence of, a
pharmaceutical or medicament, with the application of
the pulsed current being effective to treat an
infected area. In an additional aspect, a method
comprising treating an infected area by administering
an effective amount of a pulsed current to the
infected area is provided. Incertain embodiments, the
method may further comprise administering the
effective amount of the pulsed current without
administering a pharmaceutical to the infected area.
Additional features, aspect and embodiments are
disclosed in more detail below. BRIEF DESCRIPTION OF
THE FIGURES FIG. 1 shows a subject's infected area
immersed in a reservoir with a source of high or low
voltage current. FIG. 2 shows an apparatus or apparel
that allows for treatment of an infected area by
contacting the infected area with an aqueous solution
and providing a direct current to the aqueous solution
across the infected area. DETAILED DESCRIPTION Both
monophasic pulsed current from a high voltage source
(HVPC) and direct current electrical stimulation from
a low voltage source (LVDC) are
fungicidal/fungistatic. Humans treated with HVPC
electrical stimulation in a waterbath displayed
markedly diminished fungal infection, and sound normal
nail growth. The growth of Trichophyton mentagrophytes
fungi and Trichophyton rubrum fungi can be inhibited
with direct current electrical stimulation from a low
voltage source. The fungicidal/fungistatic properties
of electrical stimulation on toenail fungus,
dermatological fungi, and other fungal infections has
been demonstrated. EXAMPLE 1 Based on these
experiments and the use of electrical stimulation's 



fungicidal/fungistatic properties, it is logical that
a therapeutic device could be fashioned consisting of
a small electrical stimulation unit and a foot
waterbath system. Referring now to the figures, and,
more particularly, to FIG. 1 thereof, an appliance
used to treat toenail fungus will comprise a waterbath
(1) designed to allow either one or both feet (2) to
fit comfortably and be immersed in solution (3). An
electrode (4) on either side of the bath will allow a
safe current to pass through the solution (3) and over
and around the toes and the nails. The current will be
supplied by an electrical stimulation unit (5), which
will be a small device easily attachable to, or built
into, the bath (1). The electrical stimulation unit
(5) will have leads, which attach to the electrodes
(4). The system used to treat toenail fungus will have
leads on either side of the bath, lateral and medial
or front and back. The therapeutic devicewill be
adapted to treating other parts of the body which can
be easily immersed, for example, hands. The device
delivers a pulsed current with a waveform with an
amplitude of 0 to 150 volts at peak in pulse pairs of
150-330 microseconds apart. The pulse width is 5-50
microseconds and the pair repeat frequency is 100-200
Hz. This device is connected to the waterbath by way
of electrodes, thus allowing electrical current to
travel in the solution and cover the affected area.
This unit will be as safe as a transcutaneous
electrical nerve stimulator (TENS) unit presently used
for pain modulation, but will be potentiated to
deliver a distinct type of current. Based on findings
of the fungicidal/fungistatic properties of both
pulsed and direct current electrical stimulation, many
additional applications are possible. In addition to
toe nail fungus, dermatological fungi, fungi in wounds
and fungal infections are additional fungi, which
could be treated with this system. Also, veterinary
applications are possible for animals and livestock
with fungal infections are anticipated. EXAMPLE 2
Referring now to the figures, and, more particularly,
to FIG. 2 thereof, the apparatus can be adapted to for
wearing or attachment to a subject. The apparatus
includes a membrane made of a material that is
impervious to aqueous solutions, filled with an
aqueous solution in contact with an infected area of a
subject. The edge or periphery of the membrane may
have an adhesive disposed qn said edge of the membrane
to provide a seal in order to prevent the aqueous
solution from leaking. The apparatus includes two
electrodes affixed to the 



membrane, connected by leads to a circuit for
providing current the aqueous solution to treat the
infected area. This wearable apparatus may be a sock.
Apparel like devices can be used to treat the fungal
infection by providing a wearable fluid reservoir to
the area to be treated which also incorporates a first
electrode means and a second electrode means. In some
instances, this device could have the general form of
a bandage or the like with an adhesive portion along
the periphery of the reservoir means to provide a seal
with the contact area to be treated. Then, a DC power
source can be hooked up to the first and second
electrode to provide the electronic field across the
electrodes and the surface to be treated. This
"bandage" like apparatus allows the treatment method
to be undertaken without limiting the activity of the
patient. A person being treated with such an apparatus
will be able to be active during treatment and will
hence be more likely to participate in complete
treatment regimens.Those skilled in the art will
recognize that besides patches, a localized reservoir
similar to the "bandage" reservoir means can be made
into part of a piece of apparel. Depending upon the
sites of the fungal infection the apparel could be in
the form of a sock, sweat-pant, or shirt. EXAMPLE 3 It
has also been found that certain additives to the
aqueous solution in the reservoir can increase the
efficacy of the treatment regimen. For instance, it
has been found that an oxygenating source such as
hydrogen peroxide accelerates the reduction of
onychomycosis. Preferably the concentration of
hydrogen peroxide is in the range of 0.01 to about 2
weight percent. The solution at those concentrations
can be pre-prepared, or can be freshly prepared just
prior to treatment. Solution can also be adjusted for
salt concentration so that they are isotonic, and
additionally buffer systems can be added so that the
pH of the solutions remains close to physiological
conditions of the tissue being treated. EXAMPLE 4 In
order to demonstrate the efficacy of direct current
from a low voltage source (LVDC) or electrostimulation
(E-stim) as an antifungal agent for clinical use in
the treatment of onychomycosis pure cultures of
Trichophyton rubrum and Trichophyton mentagrophytes
grown on a solid agar medium were subjected to
clinically relevant doses of LVDC. To determine
antifungal effects due to germicidal and/or
fungistatic activity of LVDC, the 



diameters of any zones in the agar around the
electrodes which lacked fungal growth after Estim were
measured and compared to control cultures. Zones
devoid of fungal growth were observed for both
Trichophyton rubrum and Trichophyton mentagrophytes
around both the anode and cathode when clinically
relevant doses of LVDC from 500 microamperes to 3
milliamperes were applied. In this dose range, LVDC
acted fungicidally in a dose dependent manner. During
the past ten years, new treatment protocols which
employ electrical stimulation (E-stim) have begun to
be used in the treatment of certain types of wounds.
The clinical efficacy of such treatment is now well
documented. One of the ways in which E-stim probably
plays a role in enhancing wound healing is by its
antimicrobial effect. Several in vitro studies have
conclusively demonstrated that E-stim application is
antibacterial to most of the pathogenic bacteria
commonly found in wounds. In the course of clinical
use of low voltage direct current electrostimulation
(LVDC E-stim) in wound treatment during the last10
years, it became evident that, in addition to its
enhancement of the would healing process, E-stim also
seemed to significantly ameliorate many cases of
onychomycosis of the toenail. Subsequently, regular
employment of this modality in the treatment of
onychomycosis resulted in clinical success. In order
to begin determining the factors responsible for the
observed efficacy of this modality in the treatment of
onychomycosis, in vitro experiments were conducted to
evaluate the antifungal effects of LVDC E-stim in the
control and/or eradication of the two primary
etiologies of onychomycosis, T. rubrum and T.
mentagrophytes. LVDC E-stim is clinically significant
in the treatment of onychomycosis in conjunction with
or alternative to other current therapies. Materials
and Methods Organisms: The medium employed to culture
all fungi was Sabouiaud Dextrose Agar (SDA) in 100 ml
Petri plates obtained from Becton Dickinson
Microbiology Systems. (Becton Dickinson Microbiology
Systems, PO Box 243, Cockeysville, N. Mex. 21030).
Pure cultures of the dermatophyte fungi T. rubrum and
T. mentagrophytes were obtained from Presque Isle
Culturest. Permanent stock cultures of T. rubrum were
established by inoculation of the organism onto a
solid growth medium consisting of SDA in petri plates,
and subsequent incubation of these SDA plates at 25 0C
for 7 days. After this time period, each 



SDA plate was covered by numerous colonies of T.
rubrum which had coalesced into a homogeneous, fluffy
fungal "lawn" (or continuous mass of growth) along the
entire surface of the agar. Permanent stock cultures
of T. mentagrophytes were established in the manner
described above for T. rubrum. The stock cultures of
both fungi were maintained at 4 0C for the entire time
period of these experiments and were weekly monitored
for viability. Experimental Procedure and
Instrumentation: All of the LVDC E-stim experiments
described in this report were performed in a NUAIRE
Class 11, Type A/B3 biological safety cabinet using
standard aseptic techniques. All LVDC E-stim was
performed using a Rich- Mar VI LIDC Stimulator.
Independent current readings were made with a BK
Precision ampmeter from I Dynascon Corporation. For
each E-stim experiment, a 1.0 cm section of agar
containing either T. rubrum or T. mentagrophytes
growing on the surface was removed aseptically from
the respective SDA stock culture plates using a
sterile dissecting needle. The 1.0 cm2 piece of SDA
containing either T. rubrum or T. mentagrophytes was
then transferred to 5 ml of sterile 0.9% saline. The
sterile saline tube was mixed by vortexing for 10 sec
in order to dislodge the fungal hyphae,conidia and
spores from the surface of the agar. Using a sterile
micropipeter, 250 ml of the fungal-saline solution
were transferred to a new, sterile SDA petri plate. If
multiple SDA plates were to be inoculated in a given
experiment, this procedure was performed multiple
times from the same fungal-saline solution. The
fungal-saline solution was evenly distributed over the
entire surface of each of the inoculated SDA plate(s)
using a sterile glass spreading rod. The SDA plates
were then incubated at 25 0C for 24 hr. At the end of
this period, a barely visible film of fungal growth
covered the entire growth medium surface of the SDA
plates. Non inoculated control SDA plates were
included in each experimental group to insure the
sterility of the medium. After 24 hr of incubation,
electrical current was applied to each experimental
SDA plate containing either T. rubrum or T.
mentagrophytes by a Rich Mar VI LIDC Stimulator. The
electrodes used to accomplish this consisted of 2
pieces of stainless steel ( 1 mm diameter and 2.5 cm
long) which were permanently inserted through the top
portion of a sterile petri plate 1.9 cm apart from
each other, and which were secured with epoxy cement
on the outer surface. The electrodes were disinfected
and stored in 95% ethanol prior to and between
experiments. Just prior to each experiment, the top
portion containing the electrodes was 



removed from the 95% ethanol storage unit, the ethanol
was allowed to evaporate, and the electrodes were
inserted into the agar of the bottom portion of a SDA
plate containing 24 hr growth of either fungus by
closing the top portion over the lower portion of a
petri plate. Then, either the electrodes remained in
the agar for 30 min at room temperature (22-24 0C)
without LVDC application (0 amperes), or LVDC was
applied using the E-stim apparatus described above. A
current of either 500 microamperes, 1 milliamperes, 2
milliamperes or 3 milliamperes LVDC was applied for 30
minutes at room temperature (22-24 0C). All amperages
were confirmed by the use of an independent amp-meter
connected in series. In each experiment, in order to
confirm fungal viability and media soundness, a
control SDA plate containing the particular fungus
used in the experiment, but which was not subjected to
either E-stim or electrode intrusion, was also
included. This plate was inoculated at the same time,
in the same manner and from the same saline tube as
the experimental plates. After LVDC E-stim, each SDA
petri plate was incubated at 25 0C for 24 hr to allow
for additional fungal growth which could then be
easily visualized. Following this 24 hr incubation,
the diameter of any zones lacking fungal growth (where
no additional fungal growth occurred after application
of E-stim) at the location of both the positive and
negative electrodes was measured to the nearest 0.1 mm
using a millimeter ruler and a dissectingmicroscope.
The SDA plates were then incubated for an additional 3
to 5 days, with additional observations and
measurements made daily. To determine if the electrode
material itself was toxic to either of the two fungi,
or if any ethanol (used in disinfection) remained on
the electrodes during the E-stim application (which
might kill the fungus or inhibit its growth), SDA
plates were inoculated with either T. rubrum or T.
mentagrophytes and incubated for 24 hr as described
above. Following this, the electrodes were inserted
into the SDA plate containing either of the fungi and
allowed to remain for 30 minutes (as previously
described), but no electric current was applied (0
amperes). The SDA plates were then incubated for 7
days as described previously, and then checked for the
presence of any zones lacking fungal growth during
each of these seven days. To determine if any toxic or
inhibitory antifungal metabolites were generated in
the SDA growth medium as a result of the application
of electric current, LVDC of either 3 or 8
milliamperes was applied to a SDA plates (as
described) for 30 min prior to inoculation of either
T. rubrum or T. mentagrophytes. Immediately following
this, 250 microlitre of fungalsaline 



solution of either T. rubrum or T. mentagrophytes was
evenly distributed over the surface as described
previously. The SDA plates were then incubated at 25
0C for 7 days, and the presence of any zones lacking
fungal growth near the site of the electrode contacts
(or elsewhere) was observed and/or measured each day.
To determine if LVDC E-stim is acting primarily in a
fungistatic manner (inhibited fungal growth but did
not Mil fungal cells) or a fungicidal manner (killed
fungal cells), the following was done during each
experiment with either T. rubrum or T. mentagrophytes.
LVDC E-stim was applied as described above, and after
24 hr incubation at 25 0C, samplings were- carefully
taken in the areas lacking fungal growth around each
electrode with a sterile swab in order to determine if
viable fungal cells were present in these zones. This
swab was then used to inoculate fresh, sterile SDA
plates. These plates were incubated for 7 days at 25
0C and daily observed for the presence of any fungal
growth that would result from the transfer of any
viable fungal hyphae or spores from an experimental
plate to the new SDA plate. A control plate inoculated
with fungi taken from the. same experimental plate,
but from a region away from the electrodes and
containing fungal growth, was also included with each
of these experiments. Results: In this investigation,
several clinically relevant doses of LVDC E-stim were
applied to 24 hr pure cultures of T. rubrum or T.
mentagrophytes growing on SDA plates. Following this,
the diameter of any zones around each electrode
lacking fungal growth were observed and measured. For
each fungus, each experiment was replicated three
times at thespecified current and time settings. The
size of the zones around each electrode that lacked
fungal growth for T. rubrum or T. mentagrophytes due
to the application of LVDC E-stim at the various
amperages used. For all amperages except 0 amperes,
circular or roughly circular zones devoid of fungal
growth were observed around both the positive (anode)
and negative (cathode) electrodes. In addition, we
observed an increase in the diameter of the zones with
increasing amperages for both fungi (FIG. 1). Because
we inserted 1mm electrodes into the semi-solid agar
surface during each experiment in order to generate a
current, there was a depression produced in the agar
surface at the location of these electrodes on all SDA
plates. This was due, most likely, to compression
and/or liquefaction of the agar. Consequently, the
absence of growth observed directly under each
electrode in this study, as noted in a previous was
not considered to be indicative of fungicidal or
fungistatic activity. 



In order to confirm that the antifungal effects on T.
rubrum and T. mentagrophytes observed in this study
were due to the application of LVDC E-stim and not to
other possible causes, the following controls were
done. To rule out the possibility that the observed
antifungal effects were due to the electrode material
itself, in each round of experiments, a SDA plate was
inoculated with either fungus and incubated for 24 hr.
After this, the electrodes were inserted in the same
manner and for the same time period as we would in a
typical experiment using LVDC, but no current was
applied (0 amperage). The plates were then incubated
and observed as described above. On these SDA plates,
no areas devoid of fungal growth around either
electrode were ever observed with either T. rubrum or
T. mentagrophytes. This same experiment was also used
to determine if the lack of fungal growth around the
two electrodes was due to any remaining ethanol (used
to disinfect the electrodes between experiments) on
the electrodes. If this were the case, some area
devoid of fungal growth should have been observed
around the region where the electrodes were inserted
into the agar plates, even without the application of
LVDC (0 amperes). No such region was observed. Another
possible reason for the antifungal effects observed in
this investigation was that changes produced in the
fungal growth medium (SDA) as a result of LVDC E-stim
application made the medium no longer supportive of
fungal growth. To investigate this possibility we did
the following set of experiments. Prior to the
inoculation of either fungus onto the SDA medium, LVDC
of either 3 milliamperes (the highest clinical
amperage used in this study) or 8 milliamperes (beyond
the clinical range used) was applied to 8 SDA plates
for 30 min each (4 plates at 3 milliamperes, and 4
plates at 8 milliamperes). T. rubrum was then
inoculated on 2 of the 3 milliampere and 2 of the 8
milliampere plates and incubated for 7days. T.
mentagrophytes was inoculated similarly. If the medium
was indeed changed by LVDC E-stim application in such
a way as to prevent or inhibit fungal growth, this
should be observed as a lack of growth in the agar in
the region around the electrodes (or possibly some
other region of the agar). No such region lacking
fungal growth was observed for either T. rubrum or T.
mentagrophytes in the areas surrounding either of the
electrodes (or any other area) when we inoculated the
fungi onto a SDA plate after 3 milliamperes of LVDC
application. At 8 milliamperes, no region lacking
fungal growth was observed for either fungus at the
cathode. However, at this amperage, some
discoloration, liquefaction and 



subsequent depression of the agar was observed in the
area in which the anode was placed. Neither fungus was
able to grow very well over this discolored, depressed
anode region at 8 milliamperes. Otherwise, growth
occurred throughout the remainder of the plate. In
order to determine if the range of LVDC E-stim
application used in these experiments was acting
primarily as an fungicidal agent or fungistatic agent,
the areas around each electrode that lacked fungal
growth were sampled with a sterile swab 24 hr after
E-stim application for the presence of viable fungal
cells or spores. A total of 24 samplings for T. rubrum
and 24 samplings for T. mentagrophytes were made. A
sampling was taken from the area around each electrode
on all plates which received a dose of 500
microamperes, 1 milliampere, 2 milliamperes and 3
milliamperes. Growth was observed on the fresh SDA
plates inoculated with a swab after sampling an
experimental plate. In the remaining 22 samplings, no
growth was observed. Finally, as has previously been
reported, the production of gas bubbles at the cathode
during all experiments, and occasionally, also at the
anode was observed. In addition, a blue discoloration
was observed around the cathode, possible due to a pH
change. Discussion: This investigation was undertaken
in order to determine if the clinically observed
efficacy of LVDC E-stim in the treatment of
onychomycosis is due (at least in part) to an
antifungal effect of the modality. Antibacterial
effects against many of the common bacterial wound
pathogens have been demonstrated in vitro for both low
voltage direct current and high voltage pulsed current
in several studies. However, such in vitro
documentation is negligible with respect to the effect
of electric current on the common fungal pathogens,
the yeast Candida albicans being one of the few
exceptions. Clinically relevant doses of LVDC E-stim
are antifungal in vitro to the two primary causes of
onychomycosis, the fungi T. rubrum and T.
mentagrophytes. The antifungal effects of LVDC E-stim
occur in a dose dependent manner in the clinically
relevant ranges used (500 microamperes to 3
milliamperes) in these in vitro experiments.A second
and related determination to be made was whether LVDC
E-stim in the dose range used was acting primarily as
a fungistatic agents or a fungicidal agent. To
determine this, the areas devoid of fungal growth
around the electrodes in each experiment were
carefully sampled with a sterile swab 24 hr after
E-stim to assay for any viable fungal cells or spores
which could give rise to fungal colonies on new SDA
plates. Similar methodologies 



have been used to determine if E-stim is bactericidal
or bacteriostatic. In 46 of the total of 48 samplings,
no fungal growth was observed on the newly inoculated
SDA plates. The two plates that did show some growth
were both from the cathode region of the 3 milliampere
dose plate. These zones had the largest diameter, and
it is possible that the sampling swab may have
inadvertently touched some viable fungal cells at the
periphery of the zone. As such, they would represent
an artifact of these experiments, rather than actual
lack of fungicidal activity, which is likely the case.
Consequently, the data strongly suggest that LVDC
E-stim is acting fungicidally in the amperage range
used in this study. Cellular death can be brought
about by a number of factors that include: damage or
denaturation of key cellular enzymes; damage to DNA;
damage or disruption of the cell membrane; damage or
destruction of key cellular transport systems.
Electricity is believed to most likely kill cells by
affecting the molecular structure of the cell
membrane, leading to fatal changes in cell membrane
permeability. Such cell membrane damage could explain
the antifungal effects of LVDC E-stim observed both in
vivo and in vitro. However, other factors might also
play a role. Application of electric current to the
agar medium can result in changes in the pH of the
medium, increases in temperature and the generation of
toxic metabolites. All of these (and possibly others
still) could act antimicrobially to one degree or
another. Such factors have been considered in other
studies looking at the antibacterial effects of
electricity. These factors were not individually
examined in this study which was mainly concerned with
determining if LVDC E-stim application itself was
antifungal. If the application of electricity to a
fungus growing on a toenail or agar surface results in
the death of all or some of those fungal cells, then
whether that fungicidal activity was due to fatal
changes in the cell membrane of fungal cells and also
to changes in pH or increases in cellular temperature
is secondary to the present interest. Such aspects
will hopefully be addressed in subsequent
investigations. However, this present investigation
sought to demonstrate that any antifungal effects of
LVDC E-stim on the two major etiologies of
onychomycosis were due to the application of E-stim
itself (due to the effects of electrical current), and
not due to any artifacts produced as a result of our
experimental methodology. Because no fungal inhibition
was observedaround either electrode during any trial
when the electrodes were inserted but when current was
not applied (0 amperes), the electrode material itself
(stainless steel) is not likely 



antifungal. Another concern was that some of the
ethanol, used to disinfect the electrodes before and
in between experiments, might remain on the electrodes
upon insertion into the SDA medium. Since ethanol is a
disinfectant, it can kill and or inhibit fungal and
bacterial cells. Thus, areas around each electrode
lacking fungal growth maybe due to the disinfection
action of ethanol, rather than the antifungal effects
of the LVDC E-stim. To minimize the possibility of
this, after removal of the electrodes from their
ethanol storage unit (stored in a biological hood),
they were allowed to dry for a minimum of 30 seconds
before they were inserted into any SDA experimental
plates. No anti-fungal activity was observed at the 0
amperage setting as described above, and insufficient
(or no) ethanol remained on the electrodes upon
insertion into any SDA plate. It is clear that all the
ethanol had evaporated and was not a cause of the
observed zones lacking fungal growth. Another possible
reason for any observed areas lacking fungal growth
around either electrode was that the application of
LVDC E-stim in the current range changed the SDA
medium-in some way so that is could no longer support
the growth of either T. rubrum or T. mentagrophytes.
This could result from the production of toxic and or
inhibitory products in the medium as a result of the
LVDC application, or from changes in the pH of the
medium due to LVDC, or from the denaturation and
degeneration of necessary nutrients in the medium
without which the fungi could not grow. To investigate
this possibility, either 3 milliamperes or 8
milliamperes of LVDC E-stim was applied to several SDA
plates before they were inoculated with either T.
rubrum or T. mentagrophytes. If the SDA medium was
indeed changed by LVDC application so that it now
prevented or inhibited fungal growth, this should be
observed as a lack of growth in/on the agar in the
region(s) around the electrodes (or possibly some
other region of the agar). As the data show, no such
region was observed at 3 milliamperes around either
the cathode or the anode, or anywhere else on the
plates. Growth occurred throughout each SDA plate. At
8 milliamperes, more than twice the highest amperage
used in this study, growth occurred at the cathode,
but not the anode, where liquefaction and depression
was observed. It is probable that at this amperage,
lack of growth was due to some physical changes
produced in the medium (i.e., liquefaction), or to the
generation of toxic metabolites, or the denaturation
of vital nutrients, or a combination of several
factors. However, because 3 milliamperes was the
highest dose of LVDC E-stim used 



in these antifungal studies, at this amperage and at
the lower amperages, the media was not altered in a
significant way so as to negatively affect the growth
of either fungus. To furthersupport this assertion, in
the experiments involving 500 microamperes, 1
milliampere, 2 milliamperes and 3 milliamperes of LVDC
E-stim, the areas of the agar lacking fungal growth
due to the LVDC application were still capable of
supporting the growth of both fungi. This is evidenced
by the fact that if these agar plates were incubated
at 25 0C for 7 to 10 days, eventually viable fungi
from outside the diameter of the fungicidal zone would
clearly begin to re-colonize that zone until a solid
fungal lawn was again formed over the entire area.
Together, these results strongly support the assertion
that any possible changes produced in the SDA medium
were not responsible for the observed zones lacking
fungal growth around the electrodes in the clinically
relevant dose range of LVDC that we employed in this
study. EXAMPLE 5 Similar to LVDC discussed in Example
4, monophasic pulsed current from a high voltage
pulsed source(HVPC) may also be used as another
preferred embodiment of this invention. For HVPC, the
pulsed current is supplied by a voltage source of less
than about 150 volts. The pulsed current is between 20
and 50 milliamperes and has a pulse width between 5
and 50 microseconds. Each pulse rises to an "on"
amplitude of up to 150 volts, then returns to an "off
state as close to 0 volts as possible. The voltage
source provides a pulsed current in pulse pairs of 150
to 330 microseconds apart from rising edge to rising
edge. The pairs repeat with a frequency of between 100
and 200 Hertz. Therefore, while several preferred
forms of the inventive method and apparatus have been
shown and described, and several modifications thereof
discussed, persons skilled in this art will readily
appreciate that various additional changes and
modifications may be made without departing from the
spirit of the invention, as defined and differentiated
by the following claims.I . A method for treating an
infected area on a subject, the method comprising:
exposing said infected area to an aqueous solution;
and providing pulsed current to said aqueous solution
to treat said infected area. 2. The method set forth
in claim 1 wherein said area is infected with one of
onychomycosis, molluscum contagium, papilloma virus,
warts, epidermodysplasia 



verruciformis, herpes virus, or fungal infection. 3.
The method set forth in claim 1, wherein said infected
area is on the skin of said subject. 4. The method set
forth in claim 1, wherein said aqueous solution
includes hydrogen peroxide. 5. The method set forth in
claim 4, wherein said aqueous solution comprises about
0.01 to about 3.0 weight percent hydrogen peroxide. 6.
The method set forth in claim 1, wherein said pulsed
current has a waveform with an amplitude of greater
than 10 volts. 7. The method set forth in claim 6,
wherein said amplitude is between about 10 and about
150 volts. 8. The method set forth in claim 1, wherein
said pulsed current is between about 20 and about 50
milliamperes. 9. The method set forth in claim 1,
wherein said pulsed current has a pulse width of
between about 5 and about 50 microseconds. 10. The
method set forth in claim 1, wherein said pulsed
current comprises pulse pairs between about 150 and
about 330 microseconds apart. I 1. The method set
forth in claim 1, wherein said pulsed current
comprises pulse pairs with a frequency of between
about 100 and about 200 Hertz.12. The method set forth
in claim 1, wherein said infected area is treated with
said pulsed current for a time period of between about
20 and about 45 minutes. 13. An apparatus for treating
an infected area on a subject comprising: a reservoir;
an aqueous solution in said reservoir; a first
electrode in said reservoir; a second electrode in
said reservoir; and a voltage source for providing
pulsed current to said aqueous solution. 14. The
apparatus set forth in claim 13, wherein an infected
area on a subject is immersed in the aqueous solution.
15. The apparatus set forth in claim 13, wherein said
first electrode and second electrode are formed of
stainless steel. 



16. The apparatus set forth in claim 13, wherein said
aqueous solution includes hydrogen peroxide. 17. The
apparatus set forth in claim 16, wherein said aqueous
solution comprises between about 0.01 and about 3.0
weight percent hydrogen peroxide. 18. The apparatus
set forth in claim 13, wherein said pulsed current has
a waveform with an amplitude of greater than 10 volts.
19. The apparatus set forth in claim 18, wherein said
amplitude is between about 10 and about 150 volts. 20.
The apparatus set forth in claim 13, wherein said
pulsed current is between about 20 and about 50
milliamperes. 21. The apparatus set forth in claim 13,
wherein said pulsed current has a pulse width of
between about 5 and about 50 microseconds.22. The
apparatus set forth in claim 13, wherein said pulsed
current comprises pulse pairs between about 150 and
about 330 microseconds apart. 23. The apparatus set
forth in claim 13, wherein said pulsed current
comprises pulse pairs with a frequency of between
about 100 and about 200 Hertz. 24. A wearable
apparatus for the treatment an infected area on a
subject comprising: a membrane made of a material that
is impervious to aqueous solutions and having an edge;
an adhesive disposed on said edge of said membrane; an
aqueous solution in said membrane; a first electrode
affixed to said membrane; a second electrode affixed
to said membrane; and a voltage source for providing
pulsed current to said aqueous solution. 25. The
apparatus set forth in claim 24, further comprising a
liquid filler opening that allows said apparatus to be
placed against said infected area to form a pocket
which is capable of holding an amount of said aqueous
solution. 26. The apparatus set forth in claim 24,
wherein said membrane is adapted to be attached to
said subject. 27. The apparatus set forth in claim 24,
wherein said first electrode and second electrode are
formed of stainless steel. 



28. The apparatus set forth in claim 24, wherein said
aqueous solution includes hydrogen peroxide. 29. The
apparatus set forth in claim 24, wherein said aqueous
solution comprises about 0.01 to about 3.0 weight
percent hydrogen peroxide. 30. The apparatus set forth
in claim 24, wherein said pulsed current has a
waveform with an amplitude of greater than 10
volts.31. The apparatus set forth in claim 30, wherein
said amplitude is between about 10 and about 150
volts. 32. The apparatus set forth in claim 24,
wherein said pulsed current is between about 20 and
about 50 milliamperes. 33. The apparatus set forth in
claim 24, wherein said pulsed current has a pulse
width of between about 5 and about 50 microseconds.
34. The apparatus set forth in claim 24, wherein said
pulsed current comprises pulse pairs between about 150
and about 330 microseconds apart. 35. The apparatus
set forth in claim 24, wherein said pulsed current
comprises pulse pairs with a frequency of between
about 100 and about 200 Hertz. 36. A method comprising
treating an infected area by administering an
effective amount of a pulsed current to the infected
area. 37. The method of claim 36, further comprising
administering the effective amount of the pulsed
current without administering a pharmaceutical to the
infected area. 38. The method of claim I5wherein an
effective amount of the pulsed current is applied to
the infected area. 39. The method of claim 1, wherein
the step of providing the pulsed current to said
aqueous solution to treat said infected area is
performed in the absence of a pharmaceutical. 


