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METHODS AND DEVICES FOR CELLULAR ACTIVATION
By Jeffry Skiba and Inder Raj S. Makin

[001] The present application claims priority to United States Provisional Patent Application
Numbers 61/818,797 filed May 2, 2013, 61/821,362, filed May 9, 2013, and 61/821,365, filed May 9,
2013, each of which are incorporated by reference herein in their entireties.
FIELD

[002] Biologic tissues and cells, microbes, bacteria, viruses, fungi, and other organisms or organic
matter can be affected by electrical stimulus. Accordingly, apparatus and techniques for applying
electric stimulus to organic matter have been developed to address a number of medical issues.
The present specification relates to methods and devices useful for directing cell migration,
increasing cell nutrient uptake, promoting wound healing, reducing inflammation, and providing
antibacterial effects.

SUMMARY
[003] Aspects disclosed herein comprise bioelectric devices that comprise a multi-array matrix of
biocompatible microcells. Such matrices can include a first array comprising a pattern of microcells
formed from a first conductive solution, the solution including a metal species; and a second array
comprising a pattern of microcells formed from a second conductive solution, the solution including
a metal species capable of defining at least one voltaic cell for spontaneously generating at least
one electrical current with the metal species of the first array when said first and second arrays are
introduced to an electrolytic solution and said first and second arrays are not in physical contact with
each other. Certain aspects utilize an external power source such as AC or DC power or pulsed RF
or pulsed current, such as high voltage pulsed current. In one embodiment, the electrical energy is
derived from the dissimilar metals creating a battery at each cell/cell interface, whereas those
embodiments with an external power source may require conductive electrodes in a spaced apart
configuration to predetermine the electric field shape and strength. The external source could
provide energy for a longer period than the batteries on the surface.
[004] The devices can also generate a localized electric field in a pattern determined by the
distance and physical orientation of the cells or electrodes. Effective depth of the electric field can
be predetermined by the orientation and distance of the cells or electrodes. In aspects the devices
can be coated either totally or partially with a hydrogel, or glucose or any other drug, cellular
nutrition, stem cells, or other biologic. In embodiments the electric field can be extended, for
example through the use of a hydrogel. In certain embodiments, for example treatment methods, it
can be preferable to utilize AC or DC current.
[005] Further aspects include a method of directing cell migration using a device disclosed herein.

These aspects include methods of improving re-epithelialization.
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[006] Further aspects include methods of increasing glucose uptake as well as methods of
increasing cellular thiol levels. Additional aspects include a method of energizing mitochondria.
[007] Further aspects include a method of stimulating cellular protein expression.
[008] Further aspects include a method of stimulating cellular DNA synthesis.
[009] Further aspects include a method of stimulating cellular Ca®* uptake.
[010] Aspects of the invention include devices and methods for increasing capillary density.
[011] Embodiments include devices and methods for increasing transcutaneous partial pressure of
oxygen. Further embodiments include methods and devices for treating or preventing pressure
ulcers.
[012] Additional aspects include a method of preventing bacterial biofilm formation. Aspects also
include a method of reducing microbial or bacterial proliferation, killing microbes or bacteria, killing
bacteria through a biofilm layer, or preventing the formation of a biofiim. Embodiments include
methods using devices disclosed herein in combination with antibiotics for reducing microbial or
bacterial proliferation, killing microbes or bacteria, killing bacteria through a biofilm layer, or
preventing the formation of a biofilm.
[013] Further aspects include methods of treating diseases related to metabolic deficiencies, such
as diabetes, or other disease wherein the patient exhibits a compromised metabolic status.

BRIEF DESCRIPTION OF THE DRAWINGS

[014] FIG. 1 is a detailed plan view of an embodiment disclosed herein.

[015] FIG. 2 is a detailed plan view of a pattern of applied electrical conductors in accordance with
an embodiment disclosed herein.
[016] FIG. 3 is an adhesive bandage using the applied pattern of FIG. 2.
[017] FIG. 4 is a cross-section of FIG. 3 through line 3-3.
[018] FIG. 5 is a detailed plan view of an alternate embodiment disclosed herein which includes
fine lines of conductive metal solution connecting electrodes.
[019] FIG. 6 is a detailed plan view of another alternate embodiment having a line pattern and dot
pattern.
[020] FIG. 7 is a detailed plan view of yet another alternate embodiment having two line patterns.
[021] FIG. 8 depicts alternate embodiments showing the location of discontinuous regions as well
as anchor regions of the wound management system.

DETAILED DESCRIPTION

[022] Embodiments disclosed herein include systems that can provide a low level electric field

(LLEF) to a tissue or organism (thus a ‘LLEF system”) or, when brought into contact with an
electrically conducting material, can provide a low level micro-current (LLMC) to a tissue or
organism (thus a “LLMC system”). Thus, in embodiments a LLMC system is a LLEF system that is
in contact with an electrically conducting material. In certain embodiments, the micro-current or

electric field can be modulated, for example, to alter the duration, size, shape, field depth, current,
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polarity, or voltage of the system. In embodiments the watt-density of the system can be
modulated.

[023] Embodiments disclosed herein comprise patterns of microcells. The patterns can be
designed to produce an electric field, an electric current, or both over living cells. In embodiments
the pattern can be designed to produce a specific size, strength, density, shape, or duration of
electric field or electric current. In embodiments reservoir or dot size and separation can be altered.
[024] In embodiments devices disclosed herein can apply an electric field, an electric current, or
both wherein the field, current, or both can be of varying size, strength, density, shape, or duration
in different areas of a wound or tissue. In embodiments, by micro-sizing the electrodes or
reservoirs, the shapes of the electric field, electric current, or both can be customized, increasing or
decreasing very localized watt densities and allowing for the design of “smart patterned electrodes’
where the amount of e field over a tissue can be designed or produced or adjusted based on
feedback from the tissue or on an algorithm within the sensors and fed-back to a control module.
The electric field, electric current, or both can be strong in one zone and weaker in another. The
electric field, electric current, or both can change with time and be modulated based on treatment
goals or feedback from the tissue or patient. The control module can monitor and adjust the size,
strength, density, shape, or duration of electric field or electric current based on tissue parameters.
[025] A dressing disclosed herein and placed over tissue such as a joint in motion can move
relative to the tissue. Reducing the amount of motion between tissue and dressing can be
advantages to healing. In embodiments, traction or friction blisters can be treated, minimized, or
prevented. Slotting or placing strategic cuts into the dressing can make less friction on the wound.
In embodiments, use of an elastic dressing similar to the elasticity of the skin is also possible. The
use of the dressing as a temporary bridge to reduce stress across the wound site can reduce stress
at the sutures or staples and this will reduce scarring and encourage healing.

[026] The devices can be used to modulate cell characteristics, such as for example to direct and
promote cell migration or infiltration, or to increase uptake of materials such as glucose, or to
increase cell signaling activity or to defeat bacterial signaling such as quorum sensing. The devices
can be used therapeutically, such as to promote the healing of wounds, or in the treatment of
disease such as those related to metabolic deficiencies, such as diabetes. Further disclosure
relating to the use of electrical current to heal wounds can be found in U.S. Patent No. 7,457,667
entitted CURRENT PRODUCING SURFACE FOR A WOUND DRESSING issued November 25,
2008, which is incorporated herein by reference in its entirety.

[027] Embodiments disclosed herein comprise biocompatible electrodes or reservoirs or dots on a
surface, for example a fabric or the like. In embodiments the surface can be pliable. In
embodiments the surface can comprise a gauze or mesh. Suitable types of pliable surfaces for use
in embodiments disclosed herein can be absorbent textiles, low-adhesives, vapor permeable films,
hydrocolloids, hydrogels, alginates, foams, foam-based materials, cellulose-based materials
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including Kettenbach fibers, hollow tubes, fibrous materials, such as those impregnated with
anhydrous / hygroscopic materials, beads and the like, or any suitable material as known in the art.
In embodiments the pliable material can form, for example, a bandage, a wrist band, a neck band, a
waist band, a wound dressing, cloth, fabric, or the like. Embodiments can include coatings on the
surface, such as, for example, over or between the electrodes. Such coatings can include, for
example, silicone, and electrolytic mixture, hypoallergenic agents, drugs, biologics, stem cells, skin
substitutes or the like. Drugs suitable for use with embodiments of the invention include analgesics,
antibiotics, anti-inflammatories, or the like. In embodiments the electric field or current produced
can “drive” the drug through the skin or surface tissue.

[028] In embodiments the material can include a port to access the interior of the material, for
example to add fluid, gel, or some other material to the dressing. Certain embodiments can
comprise a “blister” top that can enclose a material. In embodiments the blister top can contain a
material that is released into the dressing when the blister is pressed, for example a liquid.

[029] In embodiments the system comprises a component such as elastic to maintain or help
maintain its position. In embodiments the system comprises a component such as an adhesive to
maintain or help maintain its position. The adhesive component can be covered with a protective
layer that is removed to expose the adhesive at the time of use. In embodiments the adhesive can
comprise, for example, sealants, such as hypoallergenic sealants, gecko sealants, mussel sealants,
waterproof sealants such as epoxies, and the like.

[030] In embodiments the positioning component can comprise an elastic film with an elasticity, for
example, similar to that of skin, or greater than that of skin, or less than that of skin. In
embodiments, the LLMC or LLEF system can comprise a laminate where layers of the laminate can
be of varying elasticities. For example, an outer layer may be highly elastic and an inner layers in-
elastic. The in-elastic layer can be made to stretch by placing stress relieving discontinuous regions
or slits through the thickness of the material so there is a mechanical displacement rather than
stress that would break the fabric weave before stretching would occur. In embodiments the slits
can extend completely through a layer or the system or can be placed where expansion is required.
In embodiments of the system the slits do not extend all the way through the system or a portion of
the system such as the dressing material. In embodiments the discontinuous regions can pass
halfway through the long axis of the wound management system.

[031] In certain embodiments the surface can comprise the surface of, for example, a catheter, or
a microparticle. Such embodiments can be used to treat a subject internally both locally or
systemically. For example, the microparticles can be used to make a pharmaceutical composition in
combination with a suitable carrier. In embodiments nanotechnology such as nanobots can be used
to provide LLMC systems that can be used as components of pharmaceutical formulations, such as
injected, inhaled, or orally administered formulations.
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[032] “Activation gel” as used herein means a composition useful for maintaining a moist
environment about the wound or promoting healing within and about the wound.

[033] “Affixing” as used herein can mean contacting a patient or tissue with a device or system
disclosed herein.

[034] “Applied” or “apply” as used herein refers to contacting a surface with a conductive material,
for example printing, painting, or spraying a conductive ink on a surface. Alternatively, “applying”
can mean contacting a patient or tissue or organism with a device or system disclosed herein.

[035] “Cell infiltration” as used herein refers to cell migration to a target tissue or area to which cell
migration is desired, for example a wound.

[036] “Conductive material” as used herein refers to an object or type of material which permits the
flow of electric charges in one or more directions. Conductive materials can include solids such as
metals or carbon, or liquids such as conductive metal solutions and conductive gels. Conductive
materials can be applied to form at least one matrix. Conductive liquids can dry, cure, or harden
after application to form a solid material.

[037] “Discontinuous region” as used herein refers to a “void” in a material such as a hole, slot, or
the like. The term can mean any void in the material though typically the void is of a regular shape.
The void in the material can be entirely within the perimeter of a material or it can extend to the
perimeter of a material.

[038] “Dots” as used herein refers to discrete deposits of dissimilar reservoirs that can function as
at least one battery cell. The term can refer to a deposit of any suitable size or shape, such as
squares, circles, triangles, lines, etc. The term can be used synonymously with, microcells, etc.
[039] “Electrode” refers to similar or dissimilar conductive materials. In embodiments utilizing an
external power source the electrodes can comprise similar conductive materials. In embodiments
that do not use an external power source, the electrodes can comprise dissimilar conductive
materials that can define an anode and a cathode.

[040] “Expandable” as used herein refers to the ability to stretch while retaining structural integrity
and not tearing. The term can refer to solid regions as well as discontinuous or void regions; solid
regions as well as void regions can stretch or expand.

[041] “Galvanic cell” as used herein refers to an electrochemical cell with a positive cell potential,
which can allow chemical energy to be converted into electrical energy. More particularly, a
galvanic cell can include a first reservoir serving as an anode and a second, dissimilar reservoir
serving as a cathode. Each galvanic cell can store chemical potential energy. When a conductive
material is located proximate to a cell such that the material can provide electrical and/or ionic
communication between the cell elements the chemical potential energy can be released as
electrical energy. Accordingly, each set of adjacent, dissimilar reservoirs can function as a single-
cell battery, and the distribution of multiple sets of adjacent, dissimilar reservoirs within the

apparatus can function as a field of single-cell batteries, which in the aggregate forms a multiple-cell
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battery distributed across a surface. In embodiments utilizing an external power source the galvanic
cell can comprise electrodes connected to an external power source, for example a battery or other
power source. In embodiments that are externally-powered, the electrodes need not comprise
dissimilar materials, as the external power source can define the anode and cathode. In certain
externally powered embodiments, the power source need not be physically connected to the device.
[042] “Matrix” or “matrices” as used herein refer to a pattern or patterns, such as those formed by
electrodes on a surface. Matrices can be designed to vary the electric field or electric microcurrent
generated. For example, the strength and shape of the field or microcurrent can be altered, or the
matrices can be designed to produce an electric field(s) or current of a desired strength or shape.
[043] “Reduction-oxidation reaction” or “redox reaction” as used herein refers to a reaction
involving the transfer of one or more electrons from a reducing agent to an oxidizing agent. The
term "reducing agent" can be defined in some embodiments as a reactant in a redox reaction, which
donates electrons to a reduced species. A "reducing agent” is thereby oxidized in the reaction. The
term "oxidizing agent” can be defined in some embodiments as a reactant in a redox reaction, which
accepts electrons from the oxidized species. An "oxidizing agent” is thereby reduced in the reaction.
In various embodiments a redox reaction produced between a first and second reservoir provides a
current between the dissimilar reservoirs. The redox reactions can occur spontaneously when a
conductive material is brought in proximity to first and second dissimilar reservoirs such that the
conductive material provides a medium for electrical communication and/or ionic communication
between the first and second dissimilar reservoirs. In other words, in an embodiment electrical
currents can be produced between first and second dissimilar reservoirs without the use of an
external battery or other power source (e.g., a direct current (DC) such as a battery or an alternating
current (AC) power source such as a typical electric outlet). Accordingly, in various embodiments a
system is provided which is "electrically self contained," and yet the system can be activated to
produce electrical currents. The term "electrically self contained" can be defined in some
embodiments as being capable of producing electricity (e.g., producing currents) without an external
battery or power source. The term “activated” can be defined in some embodiments to refer to the
production of electric current through the application of a radio signal of a given frequency or
through ultrasound or through electromagnetic induction. In other embodiments, a system can be
provided which includes an external battery or power source. For example, an AC power source
can be of any wave form, such as a sine wave, a triangular wave, or a square wave. AC power can
also be of any frequency such as for example 50 Hz or 60 HZ, or the like. AC power can also be of
any voltage, such as for example 120 volts, or 220 volts, or the like. In embodiments an AC power
source can be electronically modified, such as for example having the voltage reduced, prior to use.
[044] “Stretchable” as used herein refers to the ability of embodiments that stretch without losing
their structural integrity. That is, embodiments can stretch to accommodate irregular wound
surfaces or surfaces wherein one portion of the surface can move relative to another portion.
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[045] “Wound” as used herein includes abrasions, surgical incisions, cuts, punctures, tears, sores,
ulcers, blisters, burns, amputations, bites, and any other breach or disruption of superficial tissue
such as the skin, mucus membranes, epithelial linings, etc. Disruptions can include inflamed areas,
polyps, ulcers, etc. A scar is intended to include hypertrophic scars, keloids, or any healed wound
tissue of the afflicted individual. Superficial tissues include those tissues not normally exposed in
the absence of a wound or disruption, such as underlying muscle or connective tissue. A wound is
not necessarily visible nor does it necessarily involve rupture of superficial tissue, for example a
wound can comprise a bacterial infection. Wounds can include insect and animal bites from both
venomous and non-venomous insects and animals.

[046] LLMC /LLEF Systems- Methods of Manufacture

[047] A LLMC or LLEF system disclosed herein can comprise “anchor” regions or “arms” to affix

the system securely. The anchor regions or arms can anchor the LLMC system, such as for
example to areas around a joint where motion is minimal or limited. For example, a LLMC system
can be secured to a wound proximal to a joint, and the anchor regions of the system can extend to
areas of minimal stress or movement to securely affix the system. Further, the LLMC system can
reduce stress on the wound site by “countering” the physical stress caused by movement. For
example, the wound management system can be pre-stressed or stretched prior to application such
that it “pulls” or “holds” the wound perimeter together.

[048] A LLMC or LLEF system disclosed herein can comprise reinforcing sections. In
embodiments the reinforcing sections can comprise sections that span the length of the system. In
embodiments a LLMC or LLEF system can comprise multiple reinforcing sections such as at least 1
reinforcing section, at least 2 reinforcing sections, at least 3 reinforcing sections, at least 4
reinforcing sections, at least 5 reinforcing sections, at least 6 reinforcing sections, or the like.

[049] In embodiments the LLMC or LLEF system can comprise additional materials to aid in
healing. These additional materials can comprise activation gels, rhPDGF (recombinant human
platelet-derived growth factor) (REGRANEX®), Vibronectin:IGF complexes, CELLSPRAY (Clinical
Cell Culture Pty. Ltd., Australia), RECELL® (Clinical Cell Culture Pty. Ltd., Australia), INTEGRA®
dermal regeneration template (Integra Life Sciences, U.S.), BIOMEND® (Zimmer Dental Inc., U.S.),
INFUSE® (Medtronic Sofamor Danek Inc., U.S.), ALLODERM® (LifeCell Corp. U.S.), CYMETRA®
(LifeCell Corp. U.S.), SEPRAPACK® (Genzyme Corporation, U.S.), SEPRAMESH® (Genzyme
Corporation, U.S.), SKINTEMP® (Human BioSciences Inc., U.S.), COSMODERM® (Inamed
Corporation, U.S.), COSMOPLAST® (Inamed Corporation, U.S.), OP-1® (Stryker Corporation, U.S.),
ISOLAGEN® (Fibrocell Technologies Inc., U.S.), CARTICEL® (Genzyme Corporation, U.S.),
APLIGRAF® (Sandoz AG Corporation, Switzerland), DERMAGRAFT® (Smith & Nephew Wound
Management Corporation, U.S.), TRANSCYTE® (Shire Regenerative Medicine Inc., U.S.), ORCEL®
(Orcell LLPC Corporation, U.S.), EPICEL® (Genzyme Corporation, U.S.), and the like. In
embodiments the additional materials can be, for example, TEGADERM® 91110 (3M Corporation,
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U.S.), MEPILEX® Normal Gel 0.9% Sodium chloride (Molnlycke Health Care AB, Sweden),
HISPAGEL® (BASF Corporation, U.S.), LUBRIGEL® (Sheffield Laboratories Corporation, U.S.) or
other compositions useful for maintaining a moist environment about a wound or for ease of removal
of the LLMC or LLEF system. In certain embodiments additional materials that can be added to the
LLMC or LLEF system can include for example, vesicular-based formulations such as hemoglobin
vesicles. In certain embodiments liposome-based formulations can be used.

[050] Embodiments can include devices in the form of a gel, such as, for example, a one- or two-
component gel that is mixed on use. Embodiments can include devices in the form of a spray, for
example, a one- or two- component spray that is mixed on use.

[051] In embodiments, the LLMC or LLEF system can comprise instructions or directions on how
to place the system to maximize its performance.

[052] Embodiments of the LLMC or LLEF system disclosed herein can comprise electrodes or
microcells. Each electrode or microcell can be or include a conductive metal. In embodiments, the
electrodes or microcells can comprise any electrically-conductive material, for example, an
electrically conductive hydrogel, metals, electrolytes, superconductors, semiconductors, plasmas,
and nonmetallic conductors such as graphite and conductive polymers. Electrically conductive
metals can include silver, copper, gold, aluminum, molybdenum, zinc, lithium, tungsten, brass,
carbon, nickel, iron, palladium, platinum, tin, bronze, carbon steel, lead, titanium, stainless steel,
mercury, Fe/Cr alloys, and the like. The electrode can be coated or plated with a different metal
such as aluminum, gold, platinum or silver.

[053] In certain embodiments reservoir or electrode geometry can comprise circles, polygons,
lines, zigzags, ovals, stars, or any suitable variety of shapes. This provides the ability to
design/customize surface electric field shapes as well as depth of penetration.

[054] Reservoir or dot sizes and concentrations can be of various sizes, as these variations can
allow for changes in the properties of the electric field created by embodiments of the invention.
Certain embodiments provide an electric field at about 1 Volt and then, under normal tissue loads
with resistance of 100k to 300K ohms, produce a current in the range of 10 microamperes. The
electric field strength can be determined by calculating Y2 the separation distance and applying it in
the z-axis over the midpoint between the cell. This indicates the theoretical location of the highest
strength field line.

[055] In certain embodiments dissimilar metals can be used to create an electric field with a
desired voltage. In certain embodiments the pattern of reservoirs can control the watt density and
shape of the electric field.

[056] In embodiments “ink” or “paint” can comprise any conductive solution suitable for forming an
electrode on a surface, such as a conductive metal solution. In embodiments “printing” or “painted”
can comprise any method of applying a conductive material such as a conductive liquid material to a

material upon which a matrix is desired.
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[057] In embodiments printing devices can be used to produce LLMC or LLEF systems disclosed
herein. For example, inkjet or “3D” printers can be used to produce embodiments.

[058] In certain embodiments the binders or inks used to produce LLMC or LLEF systems
disclosed herein can include, for example, poly cellulose inks, poly acrylic inks, poly urethane inks,
silicone inks, and the like. In embodiments the type of ink used can determine the release rate of
electrons from the reservoirs. In embodiments various materials can be added to the ink or binder
such as, for example, conductive or resistive materials can be added to alter the shape or strength
of the electric field. Other materials, such as silicon, can be added to enhance scar reduction. Such
materials can also be added to the spaces between reservoirs.

[059] Certain embodiments can utilize a power source to create the electric current, such as a
battery or a microbattery. The power source can be any energy source capable of generating a
current in the LLMC system and can include, for example, AC power, DC power, radio frequencies
(RF) such as pulsed RF, induction, ultrasound, and the like.

[060] Dissimilar metals used to make a LLMC or LLEF system disclosed herein can be silver and
zing, and the electrolytic solution can include sodium chloride in water. In certain embodiments the
electrodes are applied onto a non-conductive surface to create a pattern, most preferably an array
or multi-array of voltaic cells that do not spontaneously react until they contact an electrolytic
solution, for example wound fluid. Sections of this description use the terms "printing” with "ink," but
it is understood that the patterns may instead be "painted" with "paints.” The use of any suitable
means for applying a conductive material is contemplated. In embodiments “ink” or “paint” can
comprise any solution suitable for forming an electrode on a surface such as a conductive material
including a conductive metal solution. In embodiments “printing” or “painted” can comprise any
method of applying a solution to a material upon which a matrix is desired. Itis also assumed that a
competent practitioner knows how to properly apply and cure the solutions without any assistance,
other than perhaps instructions that should be included with the selected binder that is used to
make the mixtures that will be used in the printing process.

[061] A preferred material to use in combination with silver to create the voltaic cells or reservoirs
of disclosed embodiments is zinc. Zinc has been well-described for its uses in prevention of
infection in such topical antibacterial agents as Bacitracin zinc, a zinc salt of Bacitracin. Zinc is a
divalent cation with antibacterial properties of its own in addition to possessing the added benefit of
being a cofactor to proteins of the metalloproteinase family of enzymes important to the phagocytic
debridement and remodeling phases of wound healing. As a cofactor zinc promotes and
accelerates the functional activity of these enzymes, resulting in better more efficient wound healing.
[062] Turning to the figures, in FIG. 1, the dissimilar electrodes first electrode 6 and second
electrode 10 are applied onto a desired primary surface 2 of an article 4. In one embodiment
primary surface is a surface of a LLMC or LLEF system that comes into direct contact with an area
to be treated such as skin surface or a wound. In alternate embodiments primary surface 2 is one
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which is desired to be antimicrobial, such as a medical instrument, implant, surgical gown, gloves,
socks, table, door knob, or other surface that will contact an electrolytic solution including sweat, so
that at least part of the pattern of voltaic cells will spontaneously react and kill bacteria or other
microbes.

[063] In various embodiments the difference of the standard potentials of the electrodes or dots or
reservoirs can be in a range from 0.05 V to approximately 5.0 V. For example, the standard
potential can be 0.05 V, 0.06 V, 0.07 V, 0.08 V,0.09V,0.1V,02V,0r03V,04V,05V,06V,
0.7V,08V,09V,10V,11V,12V,13V,14V, 15V, 16V, 1.7V,18V, 19V, 20V,21V,
22V,23V,24V,25V,26V,27V,28V,29V,30V,31V,32V,33V,34V,35V,36YV,
37V,38V,39V,40V,41V,42V, 43V, 44V, 45V, 46V,47V,48V,49V,50V,51YV,
52V,53V,54V,55V,56V,57V,58V,59V, 6.0V, orthe like.

[064] In a particular embodiment, the difference of the standard potentials of the electrodes or dots
or reservoirs can be at least 0.05 V, at least 0.06 V, at least 0.07 V, at least 0.08 V, at least 0.09 V,
atleast 0.1V, atleast 0.2V, atleast 0.3 V, at least 0.4 V, at least 0.5 V, at least 0.6 V, at least 0.7
V,atleast 0.8 V, atleast 0.9 V, atleast 1.0 V, at least 1.1 V, at least 1.2 V, at least 1.3 V, at least
14V, atleast 1.5V, atleast 1.6 V, at least 1.7 V, at least 1.8 V, at least 1.9 V, at least 2.0 V, at
least 2.1V, atleast 2.2 V, at least 2.3 V, at least 2.4 V, at least 2.5 V, at least 2.6 V, at least 2.7 V,
atleast 2.8 V, atleast 29V, atleast 3.0 V, at least 3.1 V, at least 3.2 V, at least 3.3 V, at least 3.4
V, atleast 3.5V, at least 3.6 V, at least 3.7 V, at least 3.8 V, at least 3.9V, at least 4.0 V, at least
41V, atleast 4.2V, atleast4.3 V, atleast 4.4V, atleast 4.5V, at least 4.6 V, at least 4.7 V, at
least 4.8 V, atleast 4.9V, atleast 5.0 V, at least 5.1V, at least 5.2 V, at least 5.3 V, at least 5.4 V,
atleast 5.5V, atleast 5.6 V, atleast 5.7 V, at least 5.8 V, at least 5.9 V, at least 6.0 V, or the like.
[065] In a particular embodiment, the difference of the standard potentials of the electrodes or dots
or reservoirs can be not more than 0.05 V, or not more than 0.06 V, not more than 0.07 V, not more
than 0.08 V, not more than 0.09 V, not more than 0.1 V, not more than 0.2 V, not more than 0.3 V,
not more than 0.4 V, not more than 0.5V, not more than 0.6 V, not more than 0.7 V, not more than
0.8 V, not more than 0.9 V, not more than 1.0 V, not more than 1.1V, not more than 1.2 V, not more
than 1.3 V, not more than 1.4 V, not more than 1.5 V, not more than 1.6 V, not more than 1.7 V, not
more than 1.8 V, not more than 1.9 V, not more than 2.0 V, not more than 2.1 V, not more than 2.2
V, not more than 2.3 V, not more than 2.4 V, not more than 2.5 V, not more than 2.6 V, not more
than 2.7 V, not more than 2.8 V, not more than 2.9 V, not more than 3.0 V, not more than 3.1 V, not
more than 3.2 V, not more than 3.3 V, not more than 3.4 V, not more than 3.5 V, not more than 3.6
V, not more than 3.7 V, not more than 3.8 V, not more than 3.9 V, not more than 4.0 V, not more
than 4.1 V, not more than 4.2 V, not more than 4.3 V, not more than 4.4 V, not more than 4.5V, not
more than 4.6 V, not more than 4.7 V, not more than 4.8 V, not more than 4.9 V, not more than 5.0

V, not more than 5.1 V, not more than 5.2 V, not more than 5.3 V, not more than 5.4 V, not more
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than 5.5 V, not more than 5.6 V, not more than 5.7 V, not more than 5.8 V, not more than 5.9 V, not
more than 6.0 V, or the like.

[066] In embodiments, LLMC systems can produce a low level micro-current of between for
example about 1 and about 200 micro-amperes, between about 10 and about 190 micro-amperes,
between about 20 and about 180 micro-amperes, between about 30 and about 170 micro-amperes,
between about 4