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FIG. 1B
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HYDROGEL-BASED BIOMEDICAL DEVICES
FOR THERAPEUTIC HYDROGEN
TREATMENT OF SKIN AND TISSUES AND
METHODS OF USING THEM

RELATED APPLICATIONS

[0001] This application claims the benefit of priority to
U.S. Provisional Patent Application Ser. No. 62/703,680
filed Jul. 26, 2018. The aforementioned application is
expressly incorporated herein by reference in its entirety and
for all purposes.

TECHNICAL FIELD

[0002] This invention generally relates to medical devices
and tissue repair. In alternative embodiments, provided are
products of manufacture and kits, and methods, for hydro-
gen and hydrogen peroxide generation, and for the treatment
of diseases, conditions and infections responsive to exposure
to a therapeutic amount of hydrogen, metastable hydrogen
peroxide and/or oxygen treatment; including providing a
hydrogen, metastable hydrogen peroxide and/or oxygen
treatment or delivery system for cosmetic purposes.

BACKGROUND

[0003] Recent studies have demonstrated benefits of
hydrogen as a natural antioxidant, and for enhancing treat-
ment of skin, e.g., a wounded skin, bruises, insect bites,
cosmetic issues, and other health conditions. The traditional
approach for the hydrogen delivery to the human body is
through hydrogenation of drinking water or through hydro-
gen-rich pills. However, both pills and water are transferred
to the stomach and limit direct access of hydrogen to the
required areas of treatment.

SUMMARY

[0004] In alternative embodiments, provided are products
of manufacture capable of delivering a therapeutically effec-
tive amount of hydrogen, metastable hydrogen peroxide
and/or oxygen to a tissue in need thereof, the product of
manufacture comprising:

[0005] (a) a hydrated hydrogel, and

[0006] (b) at least one cathode electrode and at least one
anode electrode implanted within or upon the hydrogel,
wherein the cathode and the anode electrode are spaced
sufficiently apart to generate an electrical current in the
hydrogel sufficient to cause a hydrolysis reaction in the
hydrogel, thereby generating the hydrogen, metastable
hydrogen peroxide and oxygen,

[0007] and optionally (c), a power source operatively
linked to the at least one cathode electrode and at least one
anode electrode able to generate a current sufficient to cause
a hydrolysis reaction in the hydrogel.

[0008] In alternative embodiments, the hydrogel com-
prises a glycosaminoglycan, an anionic glycosaminoglycan,
or an anionic non-sulfated glycosaminoglycan, wherein
optionally the glycosaminoglycan comprises a hyaluronic
acid, and optionally the hydrogel is at least about 75%, 80%
or 85% wt (by weight) hydrated, or is between about 70%
and 90% wt (by weight) hydrated.

[0009] In alternative embodiments, the hydrogel com-
prises a crosslinked polyethylene oxide, a crosslinked poly
(2-acrylamido-2-methyl-1-propanesulfonic acid) or poly
AMPS, a crosslinked polyvinylpyrrolidone, a polyvinyl
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alcohol, a sodium polyacrylate, an acrylate polymer, an
agarose or a cellulose, optionally a methylcellulose, and
optionally the hydrogel is at least about 85%, 90% or 95%
hydrated, or is between about 75% to 100%, or 80% to 98%,
or 85% to 95% hydrated, or is 100% hydrated.

[0010] In alternative embodiments, the cathode and the
anode electrode are spaced 0.25 to 4 cm, 0.5 to 3 cm, or 1
to 2 cm, apart; or, the cathode and the anode electrode are
made of a material comprising a conductive material,
optionally a flexible conductive material, and optionally the
conductive material comprises a graphite or a metal, wherein
optionally the metal comprises platinum or gold.

[0011] In alternative embodiments, the products of manu-
facture are fabricated in the form of a pad, a dressing or a
patch.

[0012] In alternative embodiments, the products of manu-

facture comprise, or further comprise, a power source opera-
tively linked to the at least one cathode electrode and at least
one anode electrode, wherein optionally the power source
comprises a battery or a microbattery, wherein optionally the
battery or microbattery can deliver a current of between
about 1 pA to 10° pA.

[0013] In alternative embodiments, the products of manu-
facture comprise, or further comprise, a flexible supportive
material, and optionally the hydrogel is completely or par-
tially encased in or is supported by the flexible supportive
material, and optionally the flexible supportive material
comprises an acrylic, a nylon or a polyester.

[0014] In alternative embodiments, provided are methods
for treating or ameliorating, or accelerating the healing of, or
slowing the progression of, or lessening the symptoms of, a
wound, a disease or a condition response to administration
of a therapeutically effective amount of hydrogen, meta-
stable hydrogen peroxide and/or oxygen, the method com-
prising: topically administering to a tissue or skin in need
thereof a product of manufacture of any of the preceding
claims,

[0015] wherein optionally the wound, disease or condition
response to administration of a therapeutically effective
amount of hydrogen, metastable hydrogen peroxide and/or
oxygen comprises or is: a wound, a granuloma, an ulcer
(optionally a diabetic ulcer), a burn, a skin condition (op-
tionally the skin condition is a dermatitis or eczema), or a
cancer (optionally the cancer is a melanoma or a carcinoma),
[0016] and optionally the condition comprises a cosmetic
condition, and the product of manufacture is applied for
cosmetic purposes, wherein optionally the cosmetic pur-
poses comprise application for removal, treatment of or
amelioration of bruises, acne, scars and/or unwanted pig-
mentation.

[0017] In alternative embodiments, the wound, a disease
or a condition response to administration of a therapeutically
effective amount of hydrogen, metastable hydrogen perox-
ide and/or oxygen is: an autoimmune disease or a condition
of the skin or mucosa, and optionally the autoimmune
disease or a condition of the skin or mucosa is: alopecia,
urticaria, pemphigoid (optionally, bullous pemphigoid or
cicatricial pemphigoid), pemphigus (optionally, pemphigus
vulgaris), lupus eythematosus, erythema (optionally, ery-
thema nodosum) lichen planus or lichen sclerosus, psoriasis,
scleroderma, or vitiligo.

[0018] In alternative embodiments, provided are kits com-
prising: a product of manufacture of any of the preceding
claims, and optionally comprising instructions for practicing
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a method of any of the preceding claims, wherein optionally
the kit further comprises leads for connecting the at least one
cathode electrode and at least one anode electrode to an
external power source if the product of manufacture does not
contain its own internal power source, wherein optionally
the kit further comprises software for downloading or load-
ing onto a phone, a computer or an equivalent device for
allowing or enabling interaction between a user and the
product of manufacture, and data transmission from the
product of manufacture to the phone, computer or equivalent
device, and presentation of the transmitted data to the user,
wherein optionally the software is packaged as an “app” for
the phone or equivalent device.

[0019] In alternative embodiments, provided are Uses of
products of manufacture as provided herein, or a kit as
provided herein, for treating or ameliorating, or accelerating
the healing of, or slowing the progression of, or lessening the
symptoms of, a wound, a disease or a condition response to
administration of a therapeutically effective amount of
hydrogen, metastable hydrogen peroxide and/or oxygen, the
use comprising: topically administering to a tissue or skin in
need thereof a product of manufacture of any of the pre-
ceding claims,

[0020] wherein optionally the product of manufacture is
fabricated in the form of a pad, a dressing or a patch,
[0021] wherein optionally the wound, disease or condition
response to administration of a therapeutically effective
amount of hydrogen, metastable hydrogen peroxide and/or
oxygen is: an autoimmune disease or a condition of the skin
or mucosa,

[0022] and optionally the autoimmune disease or a con-
dition of the skin or mucosa is: alopecia, urticaria, pemphi-
goid (optionally, bullous pemphigoid or cicatricial pemphi-
goid), pemphigus (optionally, pemphigus vulgaris), lupus
eythematosus, erythema (optionally, erythema nodosum)
lichen planus or lichen sclerosus, psoriasis, scleroderma, or
vitiligo,

[0023] and optionally the condition comprises a cosmetic
condition, and the product of manufacture is applied for
cosmetic purposes, wherein optionally the cosmetic pur-
poses comprise application for removal, treatment of or
amelioration of bruises, acne, scars and/or unwanted pig-
mentation.

[0024] In alternative embodiments, provided are products
of manufacture for use in treating or ameliorating, or accel-
erating the healing of, or slowing the progression of, or
lessening the symptoms of, a wound, a disease or a condition
response to administration of a therapeutically effective
amount of hydrogen, metastable hydrogen peroxide and/or
oxygen, a product of manufacture as provided herein,
[0025] wherein optionally the product of manufacture is
fabricated in the form of a pad, a dressing or a patch,
[0026] wherein optionally the wound, disease or condition
response to administration of a therapeutically effective
amount of hydrogen, metastable hydrogen peroxide and/or
oxygen is: an autoimmune disease or a condition of the skin
or mucosa,

[0027] and optionally the autoimmune disease or a con-
dition of the skin or mucosa is: alopecia, urticaria, pemphi-
goid (optionally, bullous pemphigoid or cicatricial pemphi-
goid), pemphigus (optionally, pemphigus vulgaris), lupus
eythematosus, erythema (optionally, erythema nodosum)
lichen planus or lichen sclerosus, psoriasis, scleroderma, or
vitiligo,
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[0028] and optionally the condition comprises a cosmetic
condition, and the product of manufacture is applied for
cosmetic purposes, wherein optionally the cosmetic pur-
poses comprise application for removal, treatment of or
amelioration of bruises, acne, scars and/or unwanted pig-
mentation.

[0029] The details of one or more exemplary embodiments
of the invention are set forth in the accompanying drawings
and the description below. Other features, objects, and
advantages of the invention will be apparent from the
description and drawings, and from the claims.

[0030] All publications, patents, patent applications cited
herein are hereby expressly incorporated by reference for all

purposes.

DESCRIPTION OF DRAWINGS

[0031] The drawings set forth herein are illustrative of
exemplary embodiments provided herein and are not meant
to limit the scope of the invention as encompassed by the
claims.

[0032] FIG. 1A-B schematically illustrate an exemplary
product of manufacture as provided herein comprising a
hyaluronic acid hydrogel:

[0033] FIG. 1A illustrates a schematic of an exemplary
products of manufacture as provided herein, where the
power source may or may not be an integral part of the
products of manufacture;

[0034] FIG. 1B illustrates a schematic of an exemplary
product of manufacture applied to a skin surface, where the
power source is external to the product of manufacture, and
the DC current is applied through wires connecting the
product of manufacture and the external power source, e.g.,

a battery,

[0035] and as described in further detail, below, in
Example 1.

[0036] FIG. 2A-C graphically illustrate—OH™ and H+ ion

formation over time when an electric field is applied to an
exemplary hyaluronic acid hydrogel:

[0037] FIG. 2A graphically illustrates —OH™ and H+ ion
formation over time when an electric field is applied to a 1%
hyaluronic acid hydrogel form; after 5 minutes of applied
voltage, pH increased to high values indicating hydrogen
generation, noting that there was no hydrogel coagulation;
[0038] FIG. 2B graphically illustrates —OH™ and H+ ion
formation over time when an electric field is applied to a 2%
hyaluronic acid hydrogel form, showing hydrogel coagula-
tion;

[0039] FIG. 2C graphically illustrates —OH™~ and H+ ion
formation over time when an electric field is applied to a 4%
hyaluronic acid hydrogel form, showing that substantially
most of) the polymer coagulation formed near the elec-
trodes,

[0040] and as described in further detail, below, in
Example 1.
[0041] FIG. 3 illustrates an image of a migration test on

three different treatments (at zero time point, and after 3 and
5 hours) using an exemplary product of manufacture as
provided herein, where Con-1 indicates a skin patch without
generating hydrogen; H2-1 indicates a skin patch with
generating hydrogen; and Con-0 indicates the results with no
patch. The data shows an increase in collagen in the H2-1
sample as compared with the Con-1 (patch not generating
hydrogen). For the migration test, the H2 group can boost
the migration earlier than Con-0 sample (no patch).
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[0042] FIG. 4 illustrates an image of a Western Blot result
for the collagen expression generated in the migration test of
FIG. 3, where the cells were collected after 20 hours, where
[-actin is a positive control.

[0043] FIG. 5 graphically illustrates the fold change on
collagen expression of the migration test illustrated in FIG.
3 and FIG. 4.

[0044] FIG. 6 graphically illustrates the change in hydro-
gen concentration (ppb) over time as generated by an
exemplary product of manufacture as provided herein, a skin
patch, the data showing that the patch can generate signifi-
cant amounts (therapeutically effective amounts) of hydro-
gen release for about 6 hours.

[0045] Like reference symbols in the various drawings
indicate like elements.

DETAILED DESCRIPTION

[0046] In alternative embodiments, provided are products
of manufacture and kits, and methods, for therapeutic hydro-
gen delivery to a tissue in need thereof. In alternative
embodiments, products of manufacture as provided herein
generate hydrogen (and metastable hydrogen peroxide and
oxygen) by generating an electrical current through a hydro-
gel contained within the products of manufacture, the elec-
trical current resulting in a hydrolysis reaction in the hydro-
gel to generate hydrogen, metastable hydrogen peroxide
and/or oxygen, which by proximity of the product of manu-
facture, which can be in the form of a patch, pad or dressing,
to the tissue in need thereof (e.g., a skin or mucosa, or a
wound site) delivers the hydrogen, metastable hydrogen
peroxide and oxygen to the tissue (e.g., a skin or mucosa, or
a wound site) in therapeutically effective amounts.

[0047] Provided here is a new concept demonstrated to be
effective for locally treating or enhancing the treatment of an
adverse health condition, or for a cosmetic purpose, respon-
sive to the administration of hydrogen, metastable hydrogen
peroxide and/or oxygen in therapeutically effective amounts.
In alternative embodiments, the adverse health condition is
a wound, such as a skin wound, a burn, or any tissue
pathology or infection. Described here for the first time is a
hydrogen-rich hydrogel-comprising product of manufacture,
e.g., a pad, patch or dressing, capable delivering hydrogen,
metastable hydrogen peroxide and oxygen locally to an area
in need thereof, and methods of making and using the
product of manufacture, wherein the area in need thereof
includes any condition (including for cosmetic purposes),
injuries or inflammations (e.g., bruises or contusions), infec-
tions or wounds that would benefit by the application of (or
exposure to) hydrogen, metastable hydrogen peroxide and/
or oxygen. The major concept is to use water electrolysis for
hydrogen generation inside a water-absorbent hydrogel, e.g.,
such as a hyaluronic acid, where the hydrogel is imple-
mented into (contained within) the product of manufacture,
e.g., a pad, a band, a patch or a dressing.

[0048] Inone embodiment, hyaluronic acid is the hydrogel
or one of the hydrogels used. Hyaluronic acid is used for
cosmetics which are safe for the skin, and hyaluronic
acid-based hydrogels are at least about 75%, 80%, 85%,
90% or 95% hydrated (or are between about 70% to 100%
hydrated), which makes them suitable for water-based elec-
trolytes as used for and in the products of manufacture and
methods as provided herein. We investigated the potential
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for the hydrogel to be used for hydrogen generation, as
monitored from the pH changes, and demonstrated its effec-
tiveness.

[0049] In alternative embodiments, provided are flexible
hydrogel-based products of manufacture, e.g., fabricated as
biologic pads, patches or dressings. In alternative embodi-
ments, the products of manufacture are sterile for application
on a wound or any surface, including internal surfaces, that
would benefit from application of hydrogen, metastable
hydrogen peroxide and/or oxygen, including skin or mucosa,
or the surface of a wound, such as a traumatic wound (e.g.,
cuts or abrasions), inflammations, bruises, burns, or a
pathology of the skin or a tissue, including e.g., an infection,
a dermatitis, eczema (or any dermal autoimmune dysfunc-
tion) or cancer.

[0050] The products of manufacture comprise at least two
electrodes (an anode and cathode, spaced apart) fabricated of
any conductive material, e.g., a flexible conductive material,
e.g., graphene or any metal, including e.g., platinum and
gold, e.g., platinum or gold dispersed in a liquid solution,
alternatively 3D printed or evaporated on a surface to act as
an electrode. The electrodes are operatively linked to a
power source, which can be a battery, which can be incor-
porated within the products of manufacture, or external to
the products of manufacture.

[0051] In alternative embodiments, the products of manu-
facture are fabricated out of any flexible supportive material,
e.g., polydimethylsiloxane (PDMS) (also called dimethyl-
polysiloxane or dimethicone), or any polymerized siloxane
or polysiloxane (also called silicone). In alternative embodi-
ments, the flexible conductive materials are deposited on or
set into the flexible supportive material, e.g., the polymer-
ized siloxane or polysiloxane, e.g., PDMS, support. Both
graphene and PDMS are transparent for hydrogen atoms and
thus will allow hydrogen penetration to the area of interest,
e.g., an affected tissue or skin area upon which the products
of manufacture are applied. In alternative embodiments, this
helps diseased or wounded areas heal more quickly and
effectively.

Hydrogels

[0052] In alternative embodiments, the products of manu-
facture are fabricated to comprise hydrated hydrogels, which
can comprise any anionic glycosaminoglycan, e.g., an
anionic non-sulfated glycosaminoglycan, e.g., hyaluronic
acid, also called hyaluronan. In alternative embodiments,
hydrogels used to practice products of manufacture as
provided herein can be formed of synthetic polymers, such
as crosslinked polyethylene oxide, crosslinked poly(2-acry-
lamido-2-methyl-1-propanesulfonic acid) or poly AMPS,
crosslinked  polyvinylpyrrolidone, polyvinyl alcohol,
sodium polyacrylates, acrylate polymers and copolymers
with abundant hydrophilic groups, or a natural polymer such
as agarose, methylcellulose or hyaluronic acid, and the like.

[0053] An exemplary hyaluronic acid used to practice
methods and products of manufacture (e.g., in a pad, patch
or dressing) as provided herein can have the following
formula, wherein in alternative embodiments ‘“n” can be
anywhere between 1 and about 1,000:
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OH OH

OH NH

Power Source

[0054] In alternative embodiments, the products of manu-
facture are fabricated to provide a current to run through a
hydrogel to generate hydrogen (and metastable hydrogen
peroxide and oxygen) by electrolysis of water. In alternative
embodiments, the power source is external or internal (e.g.,
contained within or upon) the product of manufacture.

[0055] In alternative embodiments, if the power source is
internal (e.g., contained within or upon) or part of the
product of manufacture, the power source can be a battery,
e.g., a microbattery, which can be in the micro-ampere
(u-ampere, or LA) or milli-ampere range, e.g., from between
about 1 pA to 10° pA.

[0056] In alternative embodiments, if the power source is
internal to or part of the products of manufacture, the power
source further comprises: a switch for turning the power on
and off, a rheostat for modulating the amount of power
delivered to the electrodes, and/or a display for showing or
displaying to a user the amount of power generated and/or
the amount of time power has been generated.

Wound or Tissue Dressings, Patches or Pads

[0057] In alternative embodiments, the products of manu-
facture are fabricated as and used for application to a skin or
tissue surface as a covering, e.g., a wound covering, or
bandage, dressing, patch or pad. In these embodiments, the
products of manufacture as provided herein can be sterile, or
at least the hydrogel to be in contact with the skin or tissue
of interest can be sterile.

[0058] In alternative embodiments, the hydrogel compo-
nent of a product of manufacture is supported by a flexible
(optionally also elastic or stretchable) supportive material,
as discussed above, and the hydrogel can completely or
partially encased in or supported by the flexible supportive
material. In alternative embodiments, the hydrogel to be in
contact with the skin or tissue of interest is not supported by
the flexible supportive material. In alternative embodiments,
the flexible supportive material comprises an acrylic, a
nylon or a polyester.

[0059] In alternative embodiments, the hydrogel or flex-
ible supportive material to be adjacent or set upon the tissue
of interest (e.g., a wound) is covered by a removable cover
or backing, which is only removed before the hydrogel or
flexible supportive material is to be set upon the tissue of
interest (e.g., a wound).

[0060] In alternative embodiments, the hydrogel or flex-
ible supportive material can also comprise adhesives (e.g.,
acrylates such as methacrylates, epoxy diacrylates or vinyl
resins) for adhering to a skin or tissue of interest. Alterna-
tively, the products of manufacture can be held in proximity
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to, or against, a tissue using an external bandage or wrap,
e.g., an elastic or Ace bandage, or elastic therapeutic tape.
[0061] In alternative embodiments, the products of manu-
facture are fabricated using methods of manufacture and/or
components as described in U.S. Pat. Nos. 9,566,430; 8,475,
689; 7,480,530; 7,479,133, 7,477,941, 7,477,940, 7,477,
939; 7,476,222; 7,476,221; 6,622,037; and/or 6,289,241.
[0062] In alternative embodiments, the products of manu-
facture further comprise a therapeutic compound, for
example, an antibiotic, a drug or any biologically active
compound, e.g., and compound having a therapeutic or
anti-inflammatory activity. In alternative embodiments, the
products of manufacture further comprise a lubricant, an
anesthetic or an analgesic.

Kits

[0063] Also provided are kits comprising products of
manufacture as provided herein, optionally with instructions
for use.

[0064] In alternative embodiments, the kits and methods
for using products of manufacture optionally also comprise
software for downloading or loading onto a phone, a com-
puter or an equivalent device data detected from operation of
the products of manufacture, e.g., allowing for or enabling
interaction between a user and the product of manufacture,
and data transmission from the product of manufacture to
the phone, computer or equivalent device, and presentation
of the transmitted data to the user, wherein optionally the
software is packaged as an app for the phone or equivalent
device.

[0065] In alternative embodiments, an exemplary “app”
(application) will be designed with the Graphical User
Interface (GUI) to see the impedance values of the tissue
area of interest to which the current is applied.

Methods of Treatment

[0066] In alternative embodiments, the products of manu-
facture are used to provide a therapeutically effective
amount of hydrogen to a tissue or skin in need thereof. While
the invention is not limited by any particular mechanism of
action, in alternative embodiments the hydrogen adminis-
tered to the tissue in need thereof by the products of
manufacture as provided herein are effective by virtue of
hydrogen’s anti-oxidation properties, or effect on the tissue
and cells, and/or by virtue of hydrogen’s general ability to
aid or accelerate healing processes.

[0067] In alternative embodiments, the products of manu-
facture are used for treating or ameliorating, or accelerating
the healing of, or slowing the progression of, or lessening the
symptoms of, a wound, a disease or a condition response to
administration of a therapeutically effective amount of
hydrogen, the method comprising: topically administering to
a tissue or skin in need thereof a product of manufacture as
provided herein.

[0068] In alternative embodiments, the products of manu-
facture are used to ameliorate, treat or heal a wound (e.g.,
accelerate the healing of a wound) or any condition, disease
or infection that would benefit by administration of a thera-
peutically effective amount of hydrogen, including wounds,
granulomas, ulcers (e.g., diabetic ulcers), burns, skin con-
ditions such as dermatitis or eczema, or a cancer such as a
melanoma or a carcinoma. In alternative embodiments, the
skin condition is an autoimmune disease or condition of the
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skin or mucosa such as: alopecia, urticaria, pemphigoid
(e.g., bullous pemphigoid or cicatricial pemphigoid), pem-
phigus (e.g., pemphigus vulgaris), lupus eythematosus, ery-
thema (e.g., erythema nodosum) lichen planus or lichen
sclerosus, psoriasis, scleroderma, or vitiligo.

[0069] In alternative embodiments, the amount of time the
product of manufacture is applied to the skin or tissue in
need thereof depends on the severity and/or nature of the
wound, condition, disease or infection, and the age, general
health and condition of the individual being treated. For
example, in alternative embodiment, a product of manufac-
ture is applied to a skin or tissue in need thereof for between
about 5 minutes to about 10 hours, or for between about 30
minutes to 8 hours, or for between about 1 hour and 7 hours,
or for between about 2 hours and 6 hours.

[0070] In alternative embodiments, the individual being
treated is a human or an animal, e.g., a laboratory, domestic
or farm animal.

[0071] The invention will be further described with refer-
ence to the examples described herein; however, it is to be
understood that the invention is not limited to such
examples.

EXAMPLES

Example 1: Treatment of Wounds by Inducing
Hydrogen Release into the Wound by Generating a
Current Through a Topically Applied Hydrogel

[0072] This example describes use of an exemplary device
and methods as provided herein to topically apply hydrogen
(and metastable hydrogen peroxide and oxygen) to a tissue
of interest, e.g., a skin, e.g., to treat a skin wound or enhance
the healing of a skin wound.

[0073] In water electrolysis, water is split into hydrogen
and oxygen ions upon applying an electrical field. Based on
water electrolysis, a hydrogel that is solidified in water
releases hydrogen ions and oxygen ions to (onto or approxi-
mate to) a tissue of interest, e.g., into or on a wounded area.
[0074] In alternative embodiments, a hydrogel used in an
exemplary device and methods as provided herein (e.g., a
hyaluronic acid) is easy to manufacture, carry, fabricate in to
a product of manufacture (e.g., a pad, patch or dressing). In
alternative embodiments, a hydrogel used in an exemplary
device and methods as provided herein (e.g., a hyaluronic
acid) is formed chemically and has over 90% of water in the
structure.

[0075] Any hydrogel, e.g., any hydrogel used for a bio-
logical application such as for drug delivery and cosmetic
purposes, can be used. This study used hyaluronic acid,
which is used widely for cosmetic purposes and proven to be
a safe material. Also, it absorbs water at around 100 to 300
times of its weight depending on the concentration. By
applying an electrical current across the product of manu-
facture (e.g., a pad, patch or dressing), electrolysis of water
takes place inside the hydrogel.

[0076] In this study, 1% (1 g of hyaluronic acid and 99 g
of water), 2% (2 g of hyaluronic acid and of 98 g water), and
4% (4 g of hyaluronic and 96 g of water) concentrations of
the hydrogels are prepared.

[0077] An exemplary configuration of hyaluronic acid
hydrogel is shown in FIG. 1. After preparing each hydrogel,
graphite (also called graphene) or platinum electrodes are
connected to 9V DC potential are used to generate hydrogen,
metastable hydrogen peroxide and oxygen in the hydrogel.

Jan. 30, 2020

In alternative embodiments, any DC power source can be
used as long as the power is sufficient to cause a hydrolysis
reaction, i.e., for splitting water into hydrogen and oxygen,
so in under typical ambient conditions the minimum DC
voltage is at 1.23 volts.

[0078] In one embodiment, the distance between anode
and cathode is kept at approximately 4 cm, which creates a
constant electric field effect on the hydrogel. In alternative
embodiments, the distance between anode and cathode is
between about 0.5 to 10 cm, or between about 1 to 8 cm, or
between about 1 to 2 cm, or between about 2 to 6 cm.
[0079] Once the electrical system is connected, hydrogel
pH is measured at the cathode and anode sides. The pH is
measured every 5 minutes up to one hour to confirm
hydrogen generation. The voltage is turned off after one hour
and changes in pH values are continued to be monitored.

Results:

1% of Hyaluronic Acid Hydrogel

[0080] When the electric field is applied to hyaluronic
acid, hydrogen, metastable hydrogen peroxide and oxygen
are generated. For 1% of hyaluronic acid, hydrogel forms
Sol (solid particles in a continuous liquid medium) type
structure instead of gel type, as demonstrated by lower
viscosity and less chemical chains intermixture with water.
After 5 minutes of applied voltage, pH increased to high
values indicating hydrogen generation as shown in FIG. 2A.

2% of the Hyaluronic Acid Hydrogel

[0081] 2% of hydrogel shows coagulation formed in 10
min which is little slower than for 1% of the hydrogel. The
reason is that the viscosity of hydrogel is higher than 1%
hydrogel which results in a gel-type structure and increased
overall pH of the hydrogel, though the slightly lower
increase is observed for OH generation. Even though gel of
chemical chain formed, coagulation is shown in FIG. 2B.
Once coagulation is formed, oxygen is locally trapped near
the electrodes in the polymer while hydrogen continues to
dissolve in the polymer. However, after 30 min, coagulation
is detached because it is too heavy to hold on to the
electrode. Once coagulation of hydrogel is detached, pH is
decreased because coagulation of hydrogel did not hinder
generate OXygen.

4% of the Hyaluronic Acid Hydrogel

[0082] This type of hydrogel has a very high viscosity.
Therefore, in contrast to other samples, a lot of (substantially
most of) the polymer coagulation formed near the elec-
trodes, see FIG. 2C.

CONCLUSION

[0083] These results demonstrate the feasibility of this
new approach for locally generating hydrogen (and meta-
stable hydrogen peroxide and oxygen) in a hydrogel-filled
structure, e.g., as the exemplary embodiments illustrated in
FIGS. 1A and 1B.

[0084] These results demonstrate the therapeutic efficacy
of products of manufacture as provided herein treating or
ameliorating, or accelerating the healing of, or slowing the
progression of, or lessening the symptoms of, a wound, a
disease or a condition response to administration of a
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therapeutically effective amount of hydrogen, metastable
hydrogen peroxide and/or oxygen.
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[0090] Any of the above aspects and embodiments can be
combined with any other aspect or embodiment as disclosed
here in the Summary and/or Detailed Description sections.
[0091] As used in this specification and the claims, the
singular forms “a,” “an” and “the” include plural referents
unless the context clearly dictates otherwise.
[0092] Unless specifically stated or obvious from context,
as used herein, the term “or” is understood to be inclusive
and covers both “or” and “and”.
[0093] Unless specifically stated or obvious from context,
as used herein, the term “about” is understood as within a
range of normal tolerance in the art, for example within 2
standard deviations of the mean. About can be understood as
within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%,
0.1%, 0.05%, or 0.01% of the stated value. Unless otherwise
clear from the context, all numerical values provided herein
are modified by the term “about.”
[0094] The entirety of each patent, patent application,
publication and document referenced herein hereby is incor-
porated by reference. Citation of the above patents, patent
applications, publications and documents is not an admis-
sion that any of the foregoing is pertinent prior art, nor does
it constitute any admission as to the contents or date of these
publications or documents. Incorporation by reference of
these documents, standing alone, should not be construed as
an assertion or admission that any portion of the contents of
any document is considered to be essential material for
satisfying any national or regional statutory disclosure
requirement for patent applications. Notwithstanding, the
right is reserved for relying upon any of such documents,
where appropriate, for providing material deemed essential
to the claimed subject matter by an examining authority or
court.

[0095] Modifications may be made to the foregoing with-

out departing from the basic aspects of the invention.

Although the invention has been described in substantial

detail with reference to one or more specific embodiments,

those of ordinary skill in the art will recognize that changes
may be made to the embodiments specifically disclosed in
this application, and yet these modifications and improve-
ments are within the scope and spirit of the invention. The
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invention illustratively described herein suitably may be
practiced in the absence of any element(s) not specifically
disclosed herein. Thus, for example, in each instance herein
any of the terms “comprising”, “consisting essentially of”,
and “consisting of” may be replaced with either of the other
two terms. Thus, the terms and expressions which have been
employed are used as terms of description and not of
limitation, equivalents of the features shown and described,
or portions thereof, are not excluded, and it is recognized
that various modifications are possible within the scope of
the invention.

[0096] A number of embodiments of the invention have
been described. Nevertheless, it can be understood that
various modifications may be made without departing from
the spirit and scope of the invention. Accordingly, other
embodiments are within the scope of the following claims.

1. A product of manufacture capable of delivering a
therapeutically effective amount of hydrogen, metastable
hydrogen peroxide and/or oxygen to a tissue in need thereof,
the product of manufacture comprising:

(a) a hydrated hydrogel, and

(b) at least one cathode electrode and at least one anode

electrode implanted within or upon the hydrogel,
wherein the cathode and the anode electrode are spaced
sufficiently apart to generate an electrical current in the
hydrogel sufficient to cause a hydrolysis reaction in the
hydrogel, thereby generating the hydrogen, metastable
hydrogen peroxide and oxygen.

2. The product of manufacture of claim 1, wherein the
hydrogel comprises a glycosaminoglycan, an anionic gly-
cosaminoglycan, or an anionic non-sulfated glycosamino-
glycan.

3. The product of manufacture of claim 1, wherein the
hydrogel comprises a crosslinked polyethylene oxide, a
crosslinked poly(2-acrylamido-2-methyl-1-propanesulfonic
acid) or poly AMPS, a crosslinked polyvinylpyrrolidone, a
polyvinyl alcohol, a sodium polyacrylate, an acrylate poly-
mer, an agarose or a cellulose, optionally a methylcellulose.

4. The product of manufacture of claim 1, wherein the
cathode and the anode electrode are spaced 0.5 to 3 cm, or
1 to 2 cm, apart; or, the cathode and the anode electrode are
made of a material comprising a conductive material.

5. The product of manufacture of claim 1, fabricated in the
form of a pad, a dressing or a patch, or a skin pad or skin
patch.

6. The product of manufacture of claim 1, comprising a
power source operatively linked to the at least one cathode
electrode and at least one anode electrode.

7. The product of manufacture of claim 1, further com-
prising a flexible supportive material, and optionally the
hydrogel is completely or partially encased in or is sup-
ported by the flexible supportive material.

8. A method for treating or ameliorating, or accelerating
the healing of, or slowing the progression of, or lessening the
symptoms of, a wound, a disease or a condition response to
administration of a therapeutically effective amount of
hydrogen, metastable hydrogen peroxide and/or oxygen, the
method comprising: topically administering to a tissue or
skin in need thereof a product of manufacture of any of the
preceding claims,

wherein optionally the wound, disease or condition

response to administration of a therapeutically effective
amount of hydrogen, metastable hydrogen peroxide
and/or oxygen comprises or is: a wound, a granuloma,
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an ulcer (optionally a diabetic ulcer), a burn, a skin
condition (optionally the skin condition is a dermatitis
or eczema), or a cancer (optionally the cancer is a
melanoma or a carcinoma),

and optionally the condition comprises a cosmetic con-

dition, and the product of manufacture is applied for
cosmetic purposes, wherein optionally the cosmetic
purposes comprise application for removal, treatment
of or amelioration of bruises, acne, scars and/or
unwanted pigmentation.

9. The method of claim 8, wherein the wound, a disease
or a condition response to administration of a therapeutically
effective amount of hydrogen, metastable hydrogen perox-
ide and/or oxygen is: an autoimmune disease or a condition
of the skin or mucosa,

and optionally the autoimmune disease or a condition of

the skin or mucosa is: alopecia, urticaria, pemphigoid,
pemphigus, lupus eythematosus, erythema, lichen pla-
nus or lichen sclerosus, psoriasis, scleroderma, or vit-
iligo,

wherein optionally the pemphigoid is a bullous pemphi-

goid or a cicatricial pemphigoid,

and optionally the pemphigus is pemphigus vulgaris,

and optionally the erythema is erythema nodosum.

10. A kit comprising: a product of manufacture of claim
1, and optionally comprising instructions for practicing a
method of claim 1,

wherein optionally the kit further comprises leads for

connecting the at least one cathode electrode and at
least one anode electrode to an external power source
if the product of manufacture does not contain its own
internal power source,

wherein optionally the kit further comprises software for

downloading or loading onto a phone, a computer or an
equivalent device for allowing or enabling interaction
between a user and the product of manufacture, and
data transmission from the product of manufacture to
the phone, computer or equivalent device, and presen-
tation of the transmitted data to the user, wherein
optionally the software is packaged as an app for the
phone or equivalent device.

11-12. (canceled)

Jan. 30, 2020

13. The product of manufacture of claim 1, further com-
prising a power source operatively linked to the at least one
cathode electrode and at least one anode electrode able to
generate a current sufficient to cause a hydrolysis reaction in
the hydrogel.

14. The product of manufacture of claim 2, wherein the
glycosaminoglycan comprises a hyaluronic acid.

15. The product of manufacture of claim 1, wherein the
hydrogel is at least about 75%, 80% or 85% wt by weight
hydrated.

16. The product of manufacture of claim 15, wherein the
hydrogel is at least about 85%, 90% or 95% hydrated, or is
100% hydrated.

17. The product of manufacture of claim 4, wherein the
conductive material comprises a flexible conductive mate-
rial.

18. The product of manufacture of claim 4, wherein the
conductive material comprises a graphite or a metal, wherein
optionally the metal comprises platinum or gold.

19. The product of manufacture of claim 6, wherein the
power source comprises a battery or a microbattery,

wherein optionally the battery or microbattery can deliver

a current of between about 1 pA to 103 pA.

20. The product of manufacture of claim 7, wherein the
flexible supportive material comprises an acrylic, a nylon or
a polyester.

21. The method of claim 8, wherein the wound, disease or
condition response to administration of a therapeutically
effective amount of hydrogen, metastable hydrogen perox-
ide and/or oxygen comprises or is: a wound, a granuloma, an
ulcer, a burn, a skin condition, or a cancer,

wherein optionally the ulcer is a diabetic ulcer,

and optionally the skin condition is a dermatitis or

eczema,

and optionally the cancer is a melanoma or a carcinoma.

22. The method of claim 8, wherein the condition com-
prises a cosmetic condition, and the product of manufacture
is applied for cosmetic purposes,

wherein optionally the cosmetic purposes comprise appli-

cation for removal, treatment of or amelioration of
bruises, acne, scars and/or unwanted pigmentation.
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