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METHOD OF TREATING SKIN ULCERS USING
OXIDATIVE REDUCTIVE POTENTIAL WATER SOLUTION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This patent application claims the benefit of U.S. Provisional Patent Application
Nos. 60/760,635 filed January 20, 2006; 60/760,567 filed January 20, 2006; 60/760,645
filed January 20, 2006; 60/760,557 filed January 20, 2006; 60/730,743 filed October 27,
2005; 60/676,383 filed May 2, 2005; 60/667,101 filed March 31, 2005; and 60/664,361,
filed March 23, 2005; each of which is hereby incorporated herein in their entirety by
reference.

BACKGROUND OF THE INVENTION
[0002] Skin ulcers are a significant clinical problem and can cause even more serious
complications such as, for example, gangrene, systemic inflammatory syndrome, and sepsis.
When these complications occur in skin ulcers on the extremities current treatment
regimens may require amputations including above-the-knee leg amputation (AKA), below-
the-knee leg amputations (BKA), and digital amputations with their obvious implications
for the patient.
[0003] Skin ulcers have many causes, including venous insufficiency, arterial
insufficiency, ischemic pressure, and neuropathies. Venous skin ulcers are the most
common type of leg skin ulcers with women affected more than men. Venous skin ulcers
are associated with venous hypertension and varicosities. Typically, venous skin ulcers are
shallow and painful. Arterial skin ulcers are typically found in elderly patients with history
of cardiac or cerebrovascular disease, leg claudication, impotence, and pain in distal foot.
Concomitant venous disease is present in up to 25% of cases with an arterial ulcer. Pressure
skin ulcers result from tissue ischemia. Pressure skin ulcers are commonly deep and often
located over bony prominences. Neuropathic skin uclers are associated with trauma,
prolonged pressure, usually plantar aspect of feet in patients with, for example, diabetes,
neurologic disorders or Leprosy.
[0004] Venous insufficiency is a common cause of lower extremity skin ulcers,
accounting for up to 80% of all cases. Of the approximately 7 million people in the United
States with venous insufficiency, approximately 1 million develop venous leg ulcers. The
cost of venous leg ulcers is estimated to be $1 billion per year in the United States and the
average cost per patient exceeds $40,000. Venous skin ulcers are more common with
increasing age, with peak prevalence between 60 and 80 years of age. However, younger
patients also develop venous skin ulcers resulting in significant morbidity and time away
from work. de Araujo et al., Ann. Intern. Med. 2003 138(4):326-34.
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[0005]  Pressure skin ulcers are another major cause of morbidity in older people and the
most important care problem in nursing home residents dramatically increasing the cost of
medical and nursing care. In particular, pressure skin ulcers of the foot are very common
and are difficult to heal among elderly immobilized patients. Pressure skin ulcers at the
malleolus, heel, or both develop as a result of pressure, shear, or friction concentrated on a
small area over a bone prominence that lacks subcutaneous tissue. An untreated pressure
skin ulcer may worsen and lead to cellulitis, chronic infection, or osteomyelitis. Landi et
al., Ann. Intern. Med. 2003 139(8):635-41.

[0006] Diabetes is also a frequent cause of foot skin ulcers. The prevalence of diabetes
in the U.S. is currently about 6%, or over 18 million people, including about 5 million
undiagnosed people. In addition, type-2 diabetes appears to be incréasing in the U.S.
Diabetes is the leading nontraumatic cause of amputation in the U.S. The total number of
lower-extremity amputations (LEAs) in diabetic patients in the U.S. is over 80,000
annually. The 3-year mortality rate after a diabetic LEA is between 35 and 50%. Direct
costs for diabetic LEAs in the U.S. range from $22,700 for a toe amputation, to $51,300 for
an above-the-knee amputation in 2001 dollars. Foot skin ulcers precede about 85% of
LEAs in patients with diabetes. The 1-year incidence of new foot skin ulcers in patients
with diabetes in the U.S. ranges from 1.0 to 2.6%. V. R. Driver et al., Diabetes Care 2005
28:248-253.

[0007] The conventional treatment of diabetic foot ulcers includes debridement,
revascularization, dressings, and the treatment of any infections present. Debridement
should remove all debris and necrotic material to render infection less likely. The common
recommendation is that nonadherent dressings should cover diabetic foot ulcers at all times
and occlusive dressings may lower the risk of infection.

[0008] Both wet and dry gangrene can occur in the diabetic foot. Wet gangrene is
caused by a septic arteritis, secondary to soft-tissue infection or ulceration. Dry gangrene is
secondary to a severe reduction in arterial perfusion and occurs in chronic critical ischemia.
Revascularization followed by surgical debridement is recommended for the treatment of
foot ulcers in diabetics. Although antibiotics are a critical component of the therapy,
treatment of infection with antibiotics alone is usually insufficient to resolve the majority of
diabetic foot infections. American Diabetes Association Consensus Statement, Diabetes
Care 2003 26:3333-3341. Accordingly, there is particularly a need for additional methods
of treatment of foot skin ulcers in diabetics.

[0009] The spectrum of chronic skin ulcers in which infection plays a clinical role
includes critical limb ischemia (CLI), diabetic foot ulcers, below-knee amputations (BKA),
methicillin-resistant Staphylococcus aureus (MRSA), and chronic venous insufficiency
(CVI). The role of infection in these conditions may range from minor to severe, but it
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likely plays a significant role in most cases. Infected skin ulcers often require systemic
antibiotics and, when present in the extremities, may require amputations.

[0010] There is a need to develop treatments of skin ulcers that reduce the need for
amputation. In patients over 85 years of age, primary amputation (PA) still carries an
excessively high mortality rate of 13—-17%. In the highest risk patients, 30-day
periprocedural mortality after amputation can range from 4-30% and morbidity from 20—
37%, because many endstage. CLI patients will suffer from infection, sepsis, and
progressive renal insufficiency. Successful rehabilitation after BKA is achieved in less than
two-thirds of patients; after above-the-knee amputations, that fraction is less than one-half
of patients. Overall, less than 50% of all patients requiring amputation ever achieve full
mobility. There is a poor overall prognosis for the CLI patient with mortality rates greater
than 50% after 3 years and twice the mortality rate after BKA versus limb salvage. In
addition, the total cost of treating CLI in the United States is estimated at $10-20 billion per
year. Similarly, the annual cost of follow-up or long-term care and treatment for an
amputee is significantly greater than if the limb is salvaged.

[0011] Depending on the type and severity of the ulcer, the clinical picture could
progress to an acute systemic inflammatory response syndrome (SIRS), sepsis or septic
shock. The systemic inflammatory response syndrome (SIRS), a syndrome that
encompasses the features of systemic inflammation without end-organ damage or
identifiable bacteremia. SIRS is separate and distinct from sepsis, severe sepsis or septic
shock. The key transition from SIRS to sepsis is the presence of an identified pathogen in
the blood. The pathophysiology of SIRS includes, but is not limited to, complement
activation, cytokine and arachidonic acid metabolites secretion, stimulated cell-mediated
immunity, activation of the clotting cascades, and humoral immune mechanisms. Clinically
SIRS is characterized by tachycardia, tachypnea, hypotension, hypoperfusion, oliguria,
leukocytosis or leukopenia, pyrexia or hypothermia, metabolic acidosis, and the need for
volume support. SIRS may affect all organ systems and may lead to multiple organ
dysfunction syndrome (MODS). Thus, even in early stages (i.e. SIRS), there is
accumulation of pro-inflammatory cytokines at the site of the ulcer and in the blood that
contribute to the establishment of multi-organ failure and death.

[0012] Accordingly, there remains a need for new methods of treating skin ulcers. The
invention provides such methods. These and other advantages of the invention, as well as
additional inventive features, will be apparent from the description of the invention
provided herein.
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BRIEF SUMMARY OF THE INVENTION
[0013] The present invention provides a method of preventing or treating a condition in
a patient, which method comprises administering to the patient a therapeutically effective
amount of an oxidative reductive potential (ORP) water solution, wherein the solution is
stable for at least about twenty-four hours. The condition can include, e.g., medical
conditions, illnesses, injuries, allergies, and the like, which are treatable with the ORP water
solution of the present invention.
[0014] The present invention provides a method of treating skin ulcers in a patient by
administering an oxidative reductive potential (ORP) water solution, wherein the solution is
stable for at least about twenty-four hours. The invention also is directed to a method of
treating skin ulcers in a patient by administering an oxidative reductive potential water
solution, wherein the solution comprises anode water and cathode water. In one
embodfrnent, the ORP water solution used in the method of the invention comprises one or
more free chlorine speciesand is stable for at least about two months. The ORP water
solution preferably comprises anode and cathode water.
[0015] In another embodiment, the ORP water solution comprises hypochlorous acid in
an amount of from about 15 ppm to about 35 ppm, sodium hypochlorite in an amount of
from about 25 ppm to about 50 ppm, is stable for at least about one week, and has a pH of
from about 6.2 to about 7.8.
[0016] The present invention also provides a method of treating skin ulcers in a patient,
which method comprises irrigating and/or washing the skin ulcer with an ORP water
solution; soaking the skin ulcer in the ORP water solution; dressing the skin ulcer with a
wound dressing saturated with the ORP water solution; and, optionally, repeating the
washing, irrigating, soaking, and dressing steps, wherein the ORP water solution preferably
has a pH of from about 6.4 to about 7.8. In one embodiment, the skin ulcer is soaked for at
least about two minutes and optionally dried for at least about two minutes and the dressing
is applied.
[0017] The present invention additionally provides a method of reducing the microbial
load of a skin ulcer in a patient, which method includes administering the ORP water
solution to the patient in an amount effective to reduce the microbial load and the local
inflammatory process in the skin ulcer. The present invention further provides methods of
decreasing the recurrence rate, decreasing the likelihood of amputation associated with a
extremity ulcer, which method comprises administering to the patient an effective amount
of the ORP water solution.
[0018] The present invention further provides a method of preventing multi-organ
fajlure secondary to gangrene and related to the development of SIRS or sepsis, which
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method includes administering a therapeutically effective amount of an oxidative reductive
potential (ORP) water solution to the patient to inhibit the secretion of new pro
inflammatory molecules from inflammatory cells at the site of the skin ulcer and reduce the
bacterial load of the skin ulcer, wherein the ORP water solution is stable for at least about
twenty-four hours. The ORP water solution can be administered by contacting the solution
with the skin ulcer tissues of a patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Figure 1 is a schematic diagram of a three-chambered electrolysis cell for
producing an oxidative reductive potential water solution for use in accordance with the
invention.

[0020] Figure 2 illustrates a three-chambered electrolysis cell and depicts ionic species
generated in an exemplary production process for producing an oxidative reductive potential
water solution for use in accordance with the invention.

[0021] Figure 3 is a schematic flow diagram of a process for producing an exemplary
oxidative reductive potential water administered in accordance with the present invention.
[0022] Figure 4 depicts a graphical comparison of the number of meters control and
ORP water solution-treated (Dermacyn) patients can walk.

[0023] Figure 5 depicts a graphical comparison of the number of months required for
ulcers to heal in control and ORP water solution-treated (M60) patients (>=12m, greater
than or equal to 12 months; 10-11m, 10-11 months; 7-9m, 7-9 months; 4-6m, 4-6 months;
<=3m, less than or equal to 3 months) (in percent of all ulcers in the group).

[0024] Figure 6 depicts a graphical comparison of the functional status, based on ability
to perform the listed tasks, of patients before and after ORP water solution (Derma)-
treatment.

[0025] Figure 7 depicts a graphical comparison of pain associated with ulcers reported
by patients before and after ORP water solution (M60)-treatment.

[0026] Figures 8A-8C depicts a graphical comparison of cell viability, apoptosis and
necrosis in human dermal fibroblasts (HDFs) treated with an exemplary ORP water solution
(MCN) versus hydrogen peroxide (HP).

[0027] Figure 9 is a graphical comparison of the levels of 8-hydroxy-2'-deoxiguanosine
(8-OHdG) adducts in HDFs treated with an exemplary ORP water solution (MCN) versus
500 uM hydrogen peroxide (HP).

[0028] Figure 10 illustrates the expression of a senescence associated with f3-
galactosidase in HDFs after chronic exposure to low concentrations of an exemplary ORP
water solution (MCN) versus hydrogen peroxide (HP).

[0029] Figure 11 depicts the biological events associated with mast cell activation.
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[0030] Figure 12 illustrates the effect on degranulation of antigen-activated mast cells
treated with various concentrations of an exemplary ORP water solution (MCN).

[0031]  Figure 13 comparatively illustrates the effect of an exemplary ORP water
solution (MCN) on degranulation of antigen-activated mast cells treated with cromoglycate.
[0032] Figure 14 illustrates the effect on degranulation of antigen-activated and calcium
ionophore (A23187)-activated mast cells treated with various concentrations of an
exemplary ORP water solution (MCN).

[0033] Figure 15A-15B are RNAse protection assays illustrating cytokine mRNA levels
after antigen challenge in control versus ORP water solution-treated mast cells.

[0034] Figure 16 is a graphical comparison of TNF-a secretion by antigen-activated
mast cells treated with various concentrations of an exemplary ORP water solution (MCN).
[0035] Figure 17 is a graphical comparison of MIP1-0. secretion by antigen-activated
mast cells treated with various concentrations of an exemplary ORP water solution (MCN).
[0036] Figure 18 is a graphical representation of the age distribution in pediatric burn
patients treated with an exemplary ORP water solution (Study group) or standard therapy
(Control group).

[0037] Figure 19 is a graphical comparison of the hospital stay length in days for
patients treated with an exemplary ORP water solution (Study group) or standard therapy
(Control group) broken down by the percentage of body surface area burned.

DETAILED DESCRIPTION OF THE INVENTION

[0038] The invention provides for methods of treating a skin ulcer in a patient
comprising administering an oxidative reductive potential (ORP) water solution to the
patient in an amount effective to treat the skin ulcer, wherein the solution has a pH of about
6.4 to about 7.8 and is stable for at least about one week. Preferably, the ORP water
solution is stable for at least about two months and more preferably for at least about one
year. The ORP water solution preferably has a pH of about 7.4 to about 7.6

[0039] The ORP water solution used in accordance with the invention may comprise
anode water and cathode water. Preferably, the cathode water is present in the ORP water
solution in an amount of from about 10% by volume to about 50% by volume of the
solution. More preferably, the cathode water is present in an amount of from about 20% by
volume to about 40% by volume of the solution. Alternatively, the anode water is present
in the ORP water solution in an amount of from about 50% by volume to about 90% by
volume of the solution.

[0040] The ORP water solution used in accordance with the invention can comprise at
least one free chlorine species. The free chlorine species can include hypochlorous acid,
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hypochlorite ions or a combination thereof. Preferably, the free chlorine species is
hypochlorous acid. Other free chloride species may be present.

[0041] The ORP water solution used in accordance with the invention can be, for
example, comprised of free chlorine species in an amount of from about 10 ppm to about
400 ppm. Preferably, the free chlorine species is present in an amount of from about 15
ppm to about 50 ppm. More preferably, the free chlorine species is selected from the
following: hypochlorous acid present in an amount of from about 15 ppm to about 35 ppm,
sodium hypochlorite present in an amount from about 25 ppm to about 50 ppm, or the
combination of hypochlorous acid present in an amount of from about 15 ppm to about 35
ppm and sodium hypochlorite present in an amount from about 25 ppm to about 50 ppm.
[0042] The invention provides for methods of treating a skin ulcer in a patient by
administering the ORP water solution in any suitable manner. For example, the ORP water
may be administered to the patient by washing or irrigating the skin ulcer with the solution.
Alternatively, the ORP water solution can be administered to the patient by soaking the skin
ulcer in the solution. The skin ulcer can be soaked in the ORP water solution for any
suitable length of time, generally for at least about one minute, and preferably for at least
about two minutes.

[0043] In another embodiment, the ORP water solution can be administered to the
patient by dressing the skin ulcer with a wound dressing saturated with the solution. The
saturated wound dressing may be left in contact with the wound for a sufficient period of
time to treat the wound. Preferably, the saturated wound dressing is changed periodically
such as, for example, once a day or multiple times per day to provide a fresh dressing to the
wound.

[0044] The invention further provides for a method of treating a skin ulcer comprising:
(1) washing or irrigating the ulcer with an oxidative reductive potential (ORP) water
solution; (2) soaking the ulcer in the ORP water solution; (3) dressing the ulcer with a
wound dressing saturated with the ORP water solution, and, (4) optionally repeating steps
(1)-(3). Additionally, a gel based on the ORP water solution technology could also be
applied to dressings or gauzes for covering wounds. Steps (1)-(3) of the method may be
repeated as often as necessary to treat the skin ulcer.

[0045] The skin ulcers may optionally be debrided either before or after the application
of the ORP water solution to the wound. Preferably, the skin ulcer is debrided before
applying the ORP water solution. The skin ulcer can also be debrided prior to the
application of a wound dressing saturated with the ORP water solution.

[0046] Skin ulcers can be cleaned once a day by irrigation, washing, and/or soaking for
the first 3-4 days to properly control the associated infection. The ulcers can be washed
with soap and tap water, debrided, and sprayed with an ORP water solution once a day,
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b.id, ti.d., q.i.d. or more frequently as needed. After cleaning, the ulcer can be soaked or
otherwise moistened with the ORP water solution for any suitable period of time, generally
from about 60 to about 120 minutes, preferably from about 15 to about 60 minutes, more
preferably from about 5 to about 15 minutes. The ulcer may optionally be subject to further
rising. Following the moistening of the skin ulcer, the wound is preferably covered up with
a moistening gel (the active principle of which can be an ORP water solution) and a dry
dressing is applied. The moistening gel can further comprise an ORP water solution.
Optionally, this procedure is repeated once a day, b.i.d., t.i.d., g.i.d. or more frequently, for
the first 72 hours of the treatment. Thereafter, it can be optionally repeated once every 3 to
4 days, according to the clinical evaluation.

[0047] The patient treated according to the invention can be a human or veterinary
patient (e.g., a non-human mammal). The skin ulcers to which the ORP water solution is
applied can be located anywhere on a patient, including without limitation, wherein the skin
ulcer is located on the head, neck, upper extremity, hands, fingers, trunk, genitalia, lower
extremity, foot, toes, paws, hooves or combinations thereof. Multiple skin ulcers on one
patient can be treated at the same time.

[0048] The invention provides for the treatment of skin ulcers of any depth, shape or
size. Skin ulcers suitable for treatment include, by way of example, ulcers limited to the
superficial epidermis, ulcers which preserve the epidermal basal layer, ulcers penetrating the
epidermis, ulcers involving the dermis, ulcers which penetrate through the dermis into the
subcutaneous tissue, and ulcers which penetrate to deep tissues including muscle, fat, and
bone. The skin ulcers can be any shape, for example, round, oval, linear, or irregularly
shaped. Skin ulcers having any suitable surface area can be treated including, for example,
a surface area of at least about 1 mm?, at least about 5 mm?, at least about 1 cm? or at least
about 2 cm?.

{00491 The invention provides for methods of treating a skin ulcer in a patient, wherein
the skin ulcer is caused by, for example, arterial insufficiency, venous insufficiency,
lymphatic insufficiency, neuropathy, pressure, trauma or a combination thereof.

[0050] Various types of skin ulcers in a patient can be treated with the ORP water
solution according to the invention. For example, the following skin ulcers are suitable for
treatment: diabetic foot ulcer, ischemic ulcer, gangrenous ulcer, venous stasis ulcer,
decubitus ulcer or traumatic ulcer. In addition, the invention provides for methods of
treating skin ulcers in patients with arterial insufficiency wherein the arterial insufficiency is
caused by, for example without limitation, atherosclerosis, hypertension, smoking, emboli,
diabetes, arterial inflammation, graph-versus-host disease, Raynaud’s Disease, Buerger
Disease (Thromboangiitis Obliterans) or combinations thereof.
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[0051]  The invention further provides methods of treating skin ulcers in patients with
venous insufficiency caused by, for example without limitation, congestive heart failure,
phlebitis, blood clots, venous valvular abnormalities, hereditary factors or combinations
thereof. Skin ulcers may also be treated in patients with intravascular blood flow
abnormalities caused by, for example without limitation, Sickle Cell Anemia,
hypercoagulable states, leukostasis, hypervisousity syndromes, DIC or combinations
thereof.

[0052] The invention also provides for methods of treating skin ulcers in patients with
lymphatic insufficiency wherein the lymphatic insufficiency is caused by, for example
without limitation, tumor emboli, filarasis or combinations thereof. Similarly, the invention
provides for methods of treating skin ulcers in patients with edema wherein the edma is
caused by, for example without limitation, congestive heart failure, hepatic cirrhosis, the
nephrotic syndrome, malnutrition or combinations thereof.

[0053] The invention includes methods for the treatment of pressure skin ulcers wherein
the pressure ischemia results from the patient’s immobility, paralysis, obesity or
combinations thererof. The invention additionally provides for methods of treatment of skin
ulcers in patients with neuropathies wherein the neuropathies are caused by, for example
without limitation, diabetes, uremia, toxins, amyloid, multiple sclerosis, hereditary
neuropathy or combinations thereof.

[0054] The invention also provides for methods of treating a skin ulcer in a patient,
wherein the skin ulcer is caused by a metabolic disorder (such as, e.g., diabetes, gout),
inflammatory condition (such as, e.g., lupus, mixed connective tissue disease, rheumatoid
arthritis, any type of primary or secondary vasculitis, hypersensitivity reactions, erythema
multiforme, bullous skin dieases, pemphigus vulgaris), infectious disease (such as, e.g.,
herpes, leprosy, varicella-zoster, sepsis), neoplasm (such as, e.g., skin caner, hemangiomas),
degenerative disease (such as, e.g, scleroderma, morphea), hereditary disease (such as, e.g.,
Sickle Cell Anemia), trauma/environmental insults (such as, e.g., abrasions, radiation, post
operative fistulas) or a combination thereof.

[0055] The method of the invention may be used to treat a patient having a single skin
ulcer or multiple skin ulcers.

[0056] Skin ulcers can be treated with the ORP water solution in combination with
other therapries in accordance with the invention. For example, without limitation, venous
stasis leg ulcers can be treated by administering an ORP water solution as part of a
comprehensive outpatient treatment which can include sclerotherapy in as many veins as
needed. Following each sclerotherapy session, the patient can wear a Class 2 compression
stocking to assist closure of the treated veins. The length of time the stocking needed to be
worn varied from about three days to about three weeks depending on the size of the veins
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injected. Compressive bandage is optionally used. Saphenectomy, can also be performed
in suitable patients.

[0057] The invention further provides for methods of treating a skin ulcer, wherein the
skin ulcer is a foot ulcer in a diabetic patient. The invention provides for a method of
treating a foot ulcer in a diabetic patient comprising: (1) debriding the ulcer; (2) washing or
irrigating the ulcer with the ORP water solution; (3) soaking the ulcer in the solution for at
least two minutes; (4) drying the ulcer for at least about two minutes; (5) dressing the ulcer
with a wound dressing saturated with the solution; and (6) optionally repeating steps (1)-(5),
wherein the ulcer is an infected Grade 2 or Grade 3 foot ulcer in a diabetic patient, said
ulcer having a surface area of at least about 2.0 cm”. Such a method for treating foot ulcer
in a diabetic patient can comprise repeating steps (1)-(5) any suitable number of times until
the ulcer is substantially healed. Preferably, steps (1)-(5) are repeated at least one time.
[0058] The invention provides for methods for decreasing the recurrence rate of a skin
ulcer in a patient, methods for decreasing the likelihood of dehiscence of a skin ulcer in a
patient, and methods for decreasing the likelihood of amputation resulting from a skin ulcer
in a patient comprising treating a skin ulcer in a patient by administering an oxidative
reductive potential (ORP) water solution.

[0059] In a further embodiment, the present invention is directed to a method for
reducing the incidence of systemic inflammatory response syndrome (SIRS) resulting from
a skin ulcer comprising administering an ORP water solution. The invention further
includes a method for reducing the incidence of sepsis resulting from a skin ulcer
comprising administering an ORP water solution. Systemic inflammatory response
syndrome (SIRS), a syndrome that encompasses the features of systemic inflammation
without end-organ damage or identifiable bactereia. SIRS is separate and distinct from
sepsis, severe sepsis or septic shock. The key transition from SIRS to sepsis is the presence
of an identified pathogen in the blood. The pathophysiology of SIRS includes, but is not
limited to, complement activation, cytokine and arachidonic acid metabolites secretion,
stimulated cell-mediated immunity, activation of the clotting cascades, and humoral
immune mechanisms. The decrease in the incidence of SIRS or sepsis in accordance with
the invention can by any amount, generally by at least about 10%, preferably by at least
about 15%, more preferably by at least about 20%, as measured by the reduction in the
incidence of SIRS or sepsis in ORP water solution-treated patients relative to povidone
iodine-treated patients.

[0060]  The invention further provides a method for reducing the microbial load of a
skin ulcer in a patient comprising treating a skin ulcer in a patient by administering an ORP
water solution.
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[0061] The therapeutically effective amount administered to the patient, e.g., an animal,
particularly a human, in the context of the present invention should be sufficient to effect a
therapeutic or prophylactic response in the patient over a reasonable time frame. The dose
can be readily determined using methods that are well known in the art. One skilled in the
art will recognize that the specific dosage level for any particular patient will depend upon a
variety of factors. For example, the dose can be determined based on the strength of the
particular ORP water solution employed, the severity of the condition, the body weight of
the patient, the age of the patient, the physical and mental condition of the patient, general
health, sex, diet, and the like. The size of the dose also can be determined based on the
existence, nature, and extent of any adverse side effects that might accompany the
administration of a particular ORP water solution. It is desirable, whenever possible, to
keep adverse side effects to a minimum.

[0062] Factors, which can be taken into account for a specific dosage can include, for
example, bioavailability, metabolic profile, time of administration, route of administration,
rate of excretion, pharmacodynamics associated with a particular ORP water solution in a
particular patient, and the like. Other factors can include, e.g., the potency or effectiveness
of the ORP water solution with respect to the particular condition to be treated, the severity of
the symptoms presented prior to or during the course of therapy, and the like. In some
instances, what constitutes a therapeutically effective amount also can be determined, in part,
by the use of one or more of the assays, e.g., bioassays, which are reasonably clinically
predictive of the efficacy of a particular ORP water solution for the treatment or prevention of
a particular condition.

[0063] The ORP water solution of the present invention can be administered
therapeutically, alone or in combination with one or more other therapeutic agents, to a patient,
e.g., a human, e.g., to treat an existing condition. The ORP water solution of the present
invention also can be administered prophylactically, alone or in combination with one or more
other therapeutic agents, to a patient, e.g., a human, that has been exposed to one or more
causative agents associated with the condition. For example, the ORP water solution of the
invention can be suitably administered to a diabetic patient that has been exposed to one or
more infection-causing microorganisms (e.g., viruses, bacteria and/or fungi) prophylactically
to inhibit or decrease the likelihood of infection in a patient, or decrease the severity of an
infection that develops as a result of such exposure. That is, the ORP water solution can
prevent the development of an infection in contaminated, colonized or critically colonized skin
ulcers.

[0064]  One skilled in the art will appreciate that suitable methods of administering the
ORP water solution of the present invention are available, and, although more than one route
of administration can be used, a particular route can provide a more immediate and more
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effective reaction than another route. The therapeutically effective amount can be the dose
necessary to achieve an “effective level” of the ORP water solution in an individual patient.
The therapeutically effective amount can be defined, for example, as the amount required to
be administered to an individual patient to achieve a blood level, tissue level, and/or
intracellular level of the ORP water of the present invention to prevent or treat the condition
in the patient.

[0065] When the effective level is used as a preferred endpoint for dosing, the actual
dose and schedule can vary depending, for example, upon interindividual differences in
pharmacokinetics, distribution, metabolism, and the like. The effective level also can vary
when the ORP water solution of the present invention is used in combination with one or
more therapeutic agents other than the ORP water solution of the present invention, e.g.,
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one or more anti-infective agents, one or more “moderating,” “modulating” or “neutralizing
agents,” e.g., as described in U.S. Patent Nos. 5,334,383 and 5,622,848, one or more anti-
inflammatory agents, and the like.

[0066] An appropriate indicator can be used for determining and/or monitoring the
effective level. For example, the effective level can be determined by direct analysis (e.g.,
analytical chemistry) or by indirect analysis (e.g., with clinical chemistry indicators) of
appropriate patient samples (e.g., blood and/or tissues). The effective level also can be
determined, for example, by direct or indirect observations such as, e.g., the concentration
of urinary metabolites, changes in markers associated with the condition (e.g., viral count in
the case of a viral infection), histopathology and immunochemistry analysis, decrease in the
symptoms associated with the conditions, and the like.

[0067] The ORP water solution used in accordance with the present invention can be
administered using any suitable method of administration known in the art. The ORP water
solution used in accordance with the present invention can be administered in combination
with one or more pharmaceutically acceptable carriers, vehicles, adjuvants, excipients, or
diluents, which are known in the art. An ORP water solution used in accordance with the
invention can also be the active principle of a gel, ointment, or the like. One skilled in the
art can easily determine the appropriate formulation and method of administration for
administering the ORP water in accordance with the present invention. Any necessary
adjustments in dose can be readily made by a skilled practitioner to address the nature or
severity of the condition being treated in view of other factors, such as, e.g., side effects,
changes in the patient’s overall condition, and the like.

[0068] The ORP water solution administered in accordance with the present invention
also can be used as the irrigation solution for negative pressure devices that are used to
reduce edema and increase the blood flow. Suitable negative pressure devices can include,
e.g., one or more vacuum assisted wound closure devices such as, e.g., the V.A.C® and
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V.A.C.® Instill™ devices sold in the United States by Kinetic Concepts, Inc. It is believed
that the ORP water solution can act synergistically with the device by controlling the
inflammatory-allergic process while reducing the microbial load. Thus the device may be
applied to the open ulcer with intermittent or continuous irrigation to treat or prevent tissue

infection or necrosis in accordance with the present invention.

[0069] The ORP water solution administered in accordance with the present invention
also can be used as the irrigation solution for hydrosurgery devices that are used to debride
skin ulcers. Suitable hydrosurgery devices can include, for example, the VersaJet devices
sold in the United States by Smith and Nephew, Debritom in Europe by Medaxis, JetOx in
the United States and Europe by DeRoyal or PulsaVac in Italy. It is believed that the ORP
water solution can act synergistically with the device by reducing the microbial load in the
wound and by avoiding the formation of infectious mists during the debridement procedure.
Thus the device may be used to debride the ulcer with continuous irrigation, reduce the
infection process and avoid the formation of infectious mists in accordance with the present
invention.

[0070] Optionally, several adjuvant therapies can also be utilized in accordance with the
invention including bioengineered skin (Apligraf, Organogenesis, Inc., Canton), acellular
skin substitutes (Oasis Wound Matrix, Healthpoint), ultrasonic application of ORP water
solutions, and local oxygen replacement or hyperbaric oxygen treatment (such as, e.g.,
hyperbaric boots, the Vent-Ox System).

[0071] Preferably, the ORP solution is administered to as a liquid or a gel, e.g., so as to
contact the skin ulcer in a patient. The ORP solution of the present invention also can be
administered as a steam or a spray. In addition, the ORP water solution of the present
invention can be administered by aerosolization, nebulization or atomization. When the
ORP water solution of the invention is administered by aerosolization, nebulization or
atomization, it is preferably administered in the form of droplets having a diameter in the
range of from about 0.1 micron to about 100 microns, pfeferably from about 1 micron to
about 10 microns.

[0072] Exemplary nebulizers are described in U.S. Patent Nos. 5,312,281, 5,287,847,
and 6,598,602. U.S. Patent Nos. 5,312,281 describes an ultrasonic wave nebulizer, which
atomizes water or liquid at low temperature and reportedly can adjust the size of mist. In
addition, U.S. Patent No. 5,287,847 describes a pneumatic nebulizing apparatus with
scalable flow rates and output volumes for delivering a medicinal aerosol to neonates,
children and adults. Further, U.S. Patent No. 5,063,922 describes an ultrasonic atomizer.
[0073] The method of the present invention also can be used for the prevention or
treatment of an infection, which is treatable with the ORP water solution of the present
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invention. The infection can be caused by one or more infectious pathogens such as, for
example, infectious microorganisms. Such microorganisms can include, for example,
viruses, bacteria, and fungi. The viruses can include, e.g., one or more viruses selected
from the group consisting of the herpes viruses, pox viruses, and papilloma viruses. The
bacteria can include, e.g., one or more bacteria selected from the group consisting of
Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, and Mycobaterium
tuberculosis. The fungi can include, e.g., one or more fungi selected from the group
consisting of Candida albicans, Histoplasma capsulatum, Aspergillus spieces, and
dermatophytes.

[0074] The present invention additionally provides a method of treating impaired or
damaged tissue, such as, e.g., a necrotic skin ulcer bed, which method comprises contacting
the impaired or damaged tissue with a therapeutically effective amount of the ORP water
solution of the present invention. Any suitable method can be used for contacting the
impaired or damaged tissue, so as to treat the impaired or damaged tissue in accordance
with the present invention. For example, the impaired or damaged tissue can be treated in
accordance with the invention by irrigating the tissue with the ORP water solution of the
invention, so as to contact the impaired or damaged tissue with the ORP water.
Alternatively (and additionally), the ORP water solution of the present invention can be
administered as a steam or a spray, or by aerosolization, nebulization or atomization, as
described herein, so as to contact the impaired or damaged tissue with the ORP water.
[0075] The method of the present invention can be used in the treatment of tissues,
which have been impaired or damaged, e.g., by surgery. For instance, the method of the
present invention can be used for treating tissues, which have been impaired or damaged by
an incision or that have left a fistula. In addition, the method of the present invention can be
used for treating tissues, which have been impaired or damaged by oral surgery, graft
surgery, implant surgery, transplant surgery, cauterization, amputation, radiation,
chemotherapy, and combinations thereof. The oral surgery can include, for example, dental
surgery such as, e.g., root canal surgery, tooth extraction, gum surgery, and the like.

[0076] The method of the present invention also includes treating tissues, which have
been impaired or damaged by one or more burns, cuts, abrasions, scrapes, rashes, ulcers,
puncture wounds, combinations thereof, and the like, which are not necessarily caused by
surgery. The method of the present invention also can be used for treating impaired or
damaged tissue, which is infected, or tissue impaired or damaged due to infection. Such
infection can be caused by one or more infectious pathogens, such as, e.g., one or more
microorganisms selected from the group consisting of viruses, bacteria, and fungi, as
described herein.
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[0077] The ORP water solution administered in accordance with the present invention
also can be used for disinfecting a surface, including a biologic surface, e.g., skin, which
method comprises contacting the surface with an anti-infective amount of the ORP water
solution of the present invention. In accordance with the method of the present invention,
the surface can be contacted using any suitable method. For example, the surface can be
contacted by irrigating the surface with the ORP water solution of the invention, so as to
disinfect the surface in accordance with the invention. Additionally, the surface can be
contacted by applying the ORP water solution of the present invention to the surface as a
steam or a spray, or by aerosolization, nebulization or atomization, as described herein, so
as to disinfect the surface in accordance with the invention. Further, the ORP water solution
of the present invention can be applied to the surface with a cleaning wipe, as described
herein. By disinfecting a surface in accordance with the present invention, the surface may
be cleansed of infectious microorganisms, thereby, e.g., decreasing the likelihood of
infection or other complications (e.g., recurrence, dehiscence, and/or amputation) associated
with, e.g., foot ulcers in diabetic patients. Altematively (or additionally), the ORP water
solution of the present invention can be applied to the surface to provide a barrier to
infection, thereby disinfecting a surface in accordance with the present invention. The ORP
water solution can also be used to disinfect or maintain the sterility of the instruments
throughout long surgéries.

[0078] The ORP water solution can be used for disinfecting a surface, which is
biological, inanimate, or a combination thereof. Biological surfaces can include, for
example, tissues within one or more body cavities such as, for example, the oral cavity, the
sinus cavity, the cranial cavity, the abdominal cavity, and the thoracic cavity. Tissues
within the oral cavity include, e.g., mouth tissue, gum tissue, tongue tissue, and throat
tissue. The biological tissue also can include skin, muscle tissue, bone tissue, organ tissue,
mucosal tissue, acellular and cellular- skin substitutes, other bioengineered tissues, skin
grafts, embryonic and adult stem cells or differentiated cells (e.g. fibroblasts,
keratynocytes), and combinations thereof. Inanimate surfaces include, for example,
surgically implantable devices, prosthetic devices, and medical devices, as well as the
surfaces of internal organs, viscera, muscle, and the like, which may be exposed during
surgery.

[0079]  For topical administration, the ORP water solution can be administered alone or
in combination with a carrier, e.g., a thickening agent to provide enhanced efficacy.

[0080]  The amount of water present the formulations of the invention is generally from
about 10% by weight to about 95% by weight, based on the weight of the formulation.
Preferably, the amount of water present is from about 50% by weight to about 90% by
weight.
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[0081] It has been found that the ORP water solution administered in accordance with
the invention is virtually free of toxicity to normal tissues and normal mammalian cells.
The ORP water solution administered in accordance with the invention causes no significant
decrease in the viability of eukaryotic cells, no significant increase in apoptosis, no
significant acceleration of cell aging and/or no significant oxidative DNA damage in
mammalian cells. The non-toxicity is particularly advantageous, and perhaps even
surprising, given that the disinfecting power of the ORP water solution administered in
accordance with the invention is roughly equivalent to that of hydrogen peroxide, yet is
significantly less toxic than hydrogen peroxide is to normal tissues and normal mammalian
cells. These findings demonstrate that the ORP water solution administered in accordance
with the present invention is safe for use, e.g., in mammals, including humans.

[0082] For the ORP water solution administered in accordance with the invention, the
cell viability rate is preferably at least about 65%, more preferably at least about 70%, and
still more preferably at least about 75% after an about 30 minute exposure to the ORP water
solution. In addiﬁon, the ORP water solution administered in accordance with the invention
preferably causes only up to about 10% of cells, more preferably only up to about 5% of
cells, and still more preferably only up to about 3% of cells to expose Annexin-V on their
cellular surfaces when contacted with the ORP water solution for up to about thirty minutes
or less (e.g., after about thirty minutes or after about five minutes of contact with the ORP
water solution). Further, the ORP water solution administered in accordance with the
invention preferably causes less than about 15% of cells, more preferably less than about
10% of cells, and still more preferably less than about 5% of cells to express the SA-f-
galactosidase enzyme after chronic exposure to the OPR water solution. The ORP water
solution administered in accordance with the invention preferably causes caused the same
fraction of the oxidative DNA adduct formation caused by saline solution , e.g., less than
about 20% of the oxidative DNA adduct formation, less than about 10% of the oxidative
DNA adduct formation, or about 5% or less of the oxidative DNA adduct formation
normally caused by hydrogen peroxide in cells treated under equivalent conditions.

[0083] The ORP water solution administered in accordance with the invention produces
no significant RNA degradation. Accordingly, RNA extracted from human cell cultures
after an about 30 minutes exposure to the ORP water solution or r at about 3 hours after an
about 30 minute-exposure, , and analyzed by denaturing gel electrophoresis, will typically
show no significant RNA degradation and will typically exhibit two discreet bands
corresponding to the ribosomal eukaryotic RNAs (i.e. 28S and 18S) indicating that the ORP
water solution administered in accordance with the invention leaves the RNA substantially
intact. Similarly, RNA extracted from human cell cultures after about 30 minutes of
exposure to the ORP water solution or after about 3 hours of exposure, can be subjected



WO 2006/102681 17 PCT/US2006/011252

reverse transcription and amplification (RT-PCR) of the constitutive human GAPDH
(Glyceraldehyde-3-phosphate dehydrogenase) gene and result in a strong GAPDH band on
gel electrophoresis of the RT-PCR products. By contrast, cells treated with HP for a similar
period show significant RNA degradation and little if any GAPDH RT-PCR product.

[0084] Surprisingly, it has been found that the ORP water solution administered in
accordance with the invention is a highly effective inhibitor of mast cell degranulation, one
of the primary inflammation-causing biological cascades. The ORP water solution
administered in accordance with the invention inhibits degranulation of mast cells
regardless of whether they are activated with an antigen or a calcium ionophore. Also
surprisingly, it has been found that the ORP water solution administered in accordance with
the present invention non-selectively inhibits the secretion of histamine and pro-
inflammatory cytokines in mast cells. For example, the ORP water solution of the present
invention can inhibit the secretion of, e.g., TNF-a. and MIP1-a in mast cells. It is believed
that the ORP water solution administered in accordance with the invention also can inhibit
the secretion of pro-inflammatory cytokines in other cytokine-secreting cells. These
findings demonstrate that the ORP water solution administered in accordance with the
present invention should exhibit broad anti-allergic and anti-inflammatory efficacy, which is
desirable for treating or preventing the establishment to SIRS and multi-organ failure that
worsens the prognosis in patients with infected skin ulcers.

[0085] ORP water solution can be administered as a formulation for topical
administration according to the present invention further comprises a thickening agent. Any
suitable thickening agent may be used to produce a formulation having the desired viscosity
which is generally greater than the ORP water solution alone. The thickening agent utilized -
is preferably compatible with the ORP water solution and other optional components in the
formulation. Suitable thickening agents include, but are not limited to, polymers and
hydroxyethylcellulose. Suitable polymers may be homopolymers or copolymers and are
optionally crosslinked. Other suitable thickening agents are generally known in art (see,
e.g., HANDBOOK OF COSMETIC AND PERSONAL CARE ADDITIVES, 2nd ed., Ashe et al. eds.
(2002), and HANDBOOK OF PHARMACEUTICAL EXCIPIENTS, 4th ed., Rowe et al. eds. (2003)).
[0086] In one embodiment, the thickening agent is selected from the group consisting of
acrylic acid-based polymers, which can include high molecular weight, crosslinked, acrylic
acid-based polymers, e.g., having the following general structure:
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[0087] Such polymers are sold under the tradename Carbopol® by Noveon. Carbopol®
polymers are generally supplied as rheology modifiers for use thickeners, suspending
agents, and stabilizers in a variety of personal care products, pharmaceuticals, and
household cleaners. Carbopol® polymers may be used in either solid (e.g., powder) or
liquid form.

[0088] The acrylic acid-based polymers suitable for use in the invention may be
homopolymers or copolymers. Suitable homopolymers may be crosslinked, preferably with
allyl sucrose or allylpentaerythritol. Suitable copolymers of acrylic acid can be modified by
long chain (C0-Csg) alkyl acrylates and can be crosslinked, e.g., with allylpentaerythritol.
[0089] Carbopol® polymers are preferably neutralized in order to achieve maximum
viscosity. As supplied, Carbopol® polymers can exist as dry, tightly coiled acidic
molecules, held in a coiled structure by hydrogen bonds. Once dispersed in water, or
another solvent, such polymer can begin to hydrate and partially uncoil. One way to
achieve maximum thickening from Carbopol® polymers is by converting the acidic
polymer into a salt. This is easily achieved by neutralizing with a common base such as
sodium hydroxide (NaOH) or triethanolamine (TEA) to “uncoil” the long chain polymerand
provide an effective thickening form.

[0090] Suitable thickening agents preferably will yield the desired viscosity for the
formulation, as well as other characteristics, such as appearance, shear resistance, ion
resistance, and thermal stability. For example, Carbopol® 934 is preferred for a
formulation that is either a suspension or emulsion (rather than a clear gel) with a viscosity
greater than 3000 centipoise (cps). Carbopol® 974P may alternatively be used for its
advantageous bioadhesive properties.

[0091] Any suitable amount of a thickening agent can be included in the formulation to
yield the desired viscosity for the formulation. Generally, the amount of thickening agent
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can be from about 0.1% by weight to about 50% by weight, based on the weight of the
formulation. Preferably, the amount of thickening agent is from about 0.1% to about 10%
by weight.

[0092] The amount of thickening agent also can be based on the volume of the ORP
water solution is, e.g., from about 0.1% weight/volume (mg/mL) to about 50%
weight/volume (mg/mL). In one embodiment, the amount of thickening agent is from about
0.1% w/v to about 10% w/v. '

[0093]  Exemplary formulations can include of thickening agent from about 0.1 g/250
mL to about 50 mg/250 mL of the ORP water solution, from about 1 mg/250 mL to about
20 mg/250 mL of the ORP water solution or from about 3 mg/250 mL to about 15 mg/250
mL of the ORP water solution.

[0094]  When acrylic acid-based polymers are used at low concentrations, the
formulation can flow easily with a slippery feel. At higher concentrations of such
theckness, the formulation can have a high viscosity and can be pseudoplastic and resistant
to flow. When shear force is applied by a mixer or pump, the apparent viscosity can be
reduced, and the formulation can be pumped.

[0095] The formulation of the invention may optionally include a neutralizing agent.
Any suitable neutralizing agent may be used to yield the desired pH of the formulation.
Suitable neutralizing agents include, for example, sodium hydroxide, triethanolamine,
ammonia, potassium hydroxide, L-arginine, AMP-95, Neutrol TE, Tris Amino, Ethomeen,
di-isopropanolamine, and tri-isopropanolamine. Other neutralizing agents are generally
known in the art (see, e.g., HINDBOOK OF COSMETIC AND PERSONAL CARE ADDITIVES, 2nd ed.,
Ashe et al. eds. (2002), and H4NDBOOK OF PHARMACEUTICAL EXCIPIENTS, 4th ed., Rowe et
al. eds. (2003)). Suitable neutralizing agents may be either in liquid or solid form.

{0096] Preferably, the neutralizer triethanolamine used when the thickening agent is an
acrylic acid-based polymer such as Carbopol®. The neutralizing agent converts the
formulation into a gel.

[0097] Any suitable amount of neutralizing agent may be included in the formulation of
the invention. Generally, the amount of neutralizing agent is from about 0.1% by weight to
about 50% by weight, based on the weight of the formulation. Preferably, the amount of
neutralizing agent is from about 0.1% to about 10% by weight, based on the weight of the
formulation. On a volume basis, the amount of neutralizing agent can be present in an
amount of about 1% to about 50% by volume, based on the volume of the ORP water
solution.

[0098] When added in liquid form, the neutralizing can be added in an amount of from
about 1 mL/250 mL to about 100 mL/250 mL of the ORP water solution. Preferably, the
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amount of neutralizing agent is from about 10 mL/250 mL to about 90 mg/250 mL of the
ORP water solution.

[0099] The formulation may further contain additional components such as colorants,
fragrances, buffers, physiologically acceptable carriers and/or excipients, and the like.
Examples of suitable colorants include, but are not limited to, titanium dioxide, iron oxides,
carbazole violet, chromium-cobalt-aluminum oxide, 4-Bis[(2-hydroxyethyl)amino]-9,10-
anthracenedione bis(2-propenoic)ester copolymers, and the like. Any suitable fragrance can
be used.

[0100] The formulation of the invention may be prepared by any suitable means. The
components of the formulation, such as the ORP water solution and thickening agent, may
be mixed together in any manner to yield a homogenous mixture. Preferably, the
components are mixed together for several minutes using an electric mixture or other
suitable device to ensure uniformity. The components of the formulation are generally
mixed at from about 400 rpm to about 1000 rpm , preferably from about 500 rpm to about
800 rpm , and more preferably from about 500 rpm to about 600 rpm .

[0101] The formulation is mixed for a sufficient period of time to yield a homogenous
mixture, generally from about 1 minute to about 10 minutes after all of the components
have been combined.

[0102] When the thickening agent is in the form of a power, it may first be sieved to
break up large agglomerates to allow for the preparation of a homogenous formulation.
[0103] A neutralizing agent, such as triethanolamine, may subsequently be added to the
formulation containing the ORP water solution and thickening agent. As noted above, the
addition of triethanolamine may allow the thickening agent, such as Carbopol®, to uncoil
and, thus, yield a formulation having the desired viscosity.

[0104] A colorant or fragrance may also be added to the mixture either before or after
the thickening agent, such as Carbopol®, is dissolved into the ORP water, but before the
neutralization step.

[0105] The chemical properties of the ORP water solution in the formulation of the
invention are typically the same as those of the ORP water solution alone. The properties of
the ORP water solution preferably remain even after the addition of a thickening agent and
optional neutralizing agent. For example, the pH and disinfecting power of the ORP water
solution itself and the formulation containing the ORP water solution preferably are
generally the same. Most preferably, all of the clinically relevant characteristics of the ORP
water solution described herein apply to the formulation of the invention.

[0106] For example, the formulation of the invention is preferably stable for at least
about twenty-hours, and preferably at least about two days. More preferably, the
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formulation is stable for at least about one week (e.g., one week, two weeks, three weeks,
four weeks, etc.), and even more preferably at least about two months.

[0107] The pH of the formulation is preferably from about 6 to about 8. More
preferably from about 6.2 and about 7.8, and most preferably from about 7.4 and about 7.6.
[0108] The formulation can exist in any form suitable for topical administration to a
patient including, but is not limited to, gel, lotion, cream, paste, ointment, and the like,
which forms are known in the art (see, e.g., MODERN PHARMACEUTICS, 3rd ed., Banker et al.
ed. (1996)). Gels are typically a semisolid emulsion or suspension that has a three-
dimensional structure. In another embodiment, the formulation is in the form of a gel.
[0109] Pastes are generally semisolid suspensions that often contain a large portion of
solids (e.g., about 20% to about 50%) dispersed in an aqueous or fatty vehicle. Lotions are
typically liquid emulsions containing a water-based vehicle and volatiles (more than about
50%) and that have a sufficiently low viscosity (less than 30,000 cps) to be poured.
Ointments and creams are preferably semisolid emulsions or suspensions that may contain
hydrocarbons or polyethylene glycols as part of the carrier along with other volatile
components.

[0110] When the formulation of the invention is in the form of a gel, the viscosity of the
gel is preferably in the range of from about 10,000 to about 100,000 centipoise (cps) (e.g.,
about 15,000 cps, about 20,000 cps, about 25,000 cps, about 30,000 cps, about 35,000 cps,
about 40,000 cps, about 45,000 cps, about 50,000 cps, about 55,000 cps, about 60,000 cps,
about 65,000 cps, about 70,000 cps, about 75,000 cps, about 80,000 cps, about 85,000 cps,
about 90,000 cps, about 95,000 cps, or ranges thereof or viscosities with the ranges of such
values).

[0111] The pH of the gel is preferably in the range of from about 6.0 to about 8.0.
Above this pH, the viscosity of the thickening agent, such as the Carbopol® polymer, may .
Preferably, the pH of the gel is from about 6.4 to about 7.8, and more preferably from about
7.4 to about 7.6.

[0112] The formulation of the invention is suitable for topical administration to a
patient, including a human and/or animal, to treat a variety of conditions. Specifically, the
formulation may be applied to animals (e.g., mice, rats, pigs, cows, horses, dogs, cats,
rabbits, guinea pigs, hamsters, birds) and humans. Topical administration includes
application to the skin and biological tissues as well as other routes of administration.
[0113] Conditions in a patient that may be treated according to the invention include,
for example, the following: surgical/open wound cleansing agent; skin pathogen
disinfection (e.g., for bacteria, mycoplasmas, virus, fungi, prions); wound disinfection (e.g.,
battle wounds); wound healing promotion; burn healing promotion; treatment of skin fungi;
psoriasis; athlete’s foot; ear infections (e.g., swimmer’s ear); traumatic wounds; acute,
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subchronic and chronic infections (e.g. diabetic foot infections being an example of the
latter), pressure ulcers, derma-abrasion, debrided wounds, laser re-surfacing, donor
sites/grafts, exuding partial and full thickness wounds, superficial injuries (lacerations, cuts,
abrasions, minor skin irritations), any skin ulcer with acute or chronic inflammation or
hypersensitivity, and other medical applications on or in the human or animal body. Ulcers
treated according to the invention may or may not have abscesses, secretion or necrotic
tissue present.

[0114] The ORP water solution administered in accordance with the invention may be
used or applied in a therapeutically effective amount to provide the desired therapeutic
effect on bacteria, viruses, and/or germs. A therapeutically effective amount can include to
an amount of the formulation that results in an improvement of the condition being treated
or to be prevented. For example, when used to treat an infection, a therapeutically effective
amount can include an amount that is effective to reduce the extent of the infection and/or
prevent further infection. As is appreciated by one skilled in the art, the efficacy of the
formulation resulting from administering the formulation may be short-term (i.e., a few
days) and/or long-term (e.g., months).

[0115] The ORP water solution or a formulation thereof can further be applied over a
sufficient period of time, for example, about one, about two, several days, about one week,
or several weeks, until the desired effect on the patient is observed.

[0116] The ORP water solution or a formulation thereof can be applied in any suitable
manner. For example, a quantity of the ORP water solution or a formulation thereof can be
applied to the surface of the patient to be treated and then evenly spread using the patient’s
own fingers. Alternatively, a health care provider may apply the formulation to the
patient’s tissue. A suitable implement, for example, a disposable wipe or cloth, may be
used to apply the formulation.

[0117] ~ The ORP water solution administered in accordance with the present invention
can be produced by an oxidation-reduction process, €.g., by an electrolytic process or redox
reaction, in which electrical energy is used to produce one or more chemical changes in an
aqueous solution. Exemplary processes for preparing suitable ORP water solutions are
described, e.g., in U.S. Patent Application Publication Nos. US 2005/0139808 and US
2005/0142157.

[0118] In the electrolytic process, electrical energy is introduced into and transported
through water by the conduction of electrical charge from one point to another in the form
of an electrical current. In order for the electrical current to arise and subsist there should
be charge carriers in the water, and there should be a force that makes the carriers move.
The charge carriers can be electrons, as in the case of metal and semiconductors, or they can

be positive and negative ions in the case of solutions. A reduction reaction occurs at the
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cathode while an oxidation reaction occurs at the anode. At least some of the reductive and
oxidative reactions that are believed to occur are described in International Application WO
03/048421 Al.

[0119] As used herein, water produced at an anode is referred to as anode water and
water produced at a cathode is referred to as cathode water. Anode water typically contains
oxidized species produced from the electrolytic reaction while cathode water typically
contains reduced species from the reaction. Anode water generally has a low pH, typically
of from about 1 to about 6.8. The anode water preferably contains chlorine in various forms
including, for example, chlorine gas, chloride ions, hydrochloric acid and/or hypochlorous
acid, or one or more precursors thereof. Oxygen in various forms is also preferably present
including, for example, oxygen gas, and possibly one or more other oxidized water species
formed during production (e.g., products of peroxides and/or ozone), or one or more
precursors thereof. Cathode water generally has a high pH, typically from about 7.2 to
about 11. Cathode water can contain hydrogen gas, hydroxyl radicals, and/or sodium ions.
[0120] The ORP water solution of the invention may be acidic, neutral or basic, and
generally has a pH of from about 1 to about 14. At this pH, the ORP water solution can
safely be applied in suitable quantities to hard surfaces without damaging the surfaces or
harming objects, such as human skin, that comes into contact with the ORP water solution.
Typically, the pH of the ORP water solution is from about 3 to about 8. More préferably,
the pH of the ORP water solution is from about 6.4 to about 7.8, and most preferably, the
pH is from about 7.4 to about 7.6.

[0121}) The ORP water solution administered in accordance with the invention can have
an oxidation-reduction potential of from about —1000 millivolts (mV) to about +1150
millivolts (mV). This potential is a measure of the tendency (i.e., the potential) of a solution
to either accept or transfer electrons that are sensed by a metal electrode and compared with
areference electrode in the same solution. This potential may be measured by standard
techniques including, for example, measuring the electrical potential in millivolts of the
ORP water solution relative to standard reference such as, e.g., a silver/silver chloride
electrode. The ORP water solution administered in accordance with the invention
preferably has a potential of from about 400 mV to about +1300 mV. More preferably, the
ORP water solution has a potential of from about 0 mV to about +1250 mV, and still more
preferably from about +500 mV to about +1250 mV. Even more preferably, the ORP water
solution administered in accordance with the present invention has a potential of from about
+800 mV to about +1100 mV, and most preferably from about +800 mV to about +1000
mV.

[0122] Various ionic and other species may be present in the ORP water solution
administered in accordance with the invention. For example, the ORP water solution may



WO 2006/102681 24 PCT/US2006/011252

contain chlorine (e.g., free chlorine and, optionally, bound chlorine) and dissolved oxygen
and, optionally, ozone and peroxides (e.g., hydrogen peroxide). The presence of one or
more of these species is believed to contribute to at least the disinfectant ability of the ORP
water solution to kill a variety of microorganisms, such as bacteria and fungi, as well as
viruses.

[0123] Free chlorine typically includes, but is not limited to, hypochlorous acid (HCI1O),
hypochlorite ions (C10-) and sodium hypochlorite (NaOCl), other molecular or radical
chlorine species, and precursors thereof. The ratio of hypochlorous acid to hypochlorite ion
is dependent upon pH. At a pH of 7.4, hypochlorous acid levels are typically from about 25
ppm to about 75 ppm. Temperature also impacts the ratio of the free chlorine component.
[0124] Bound chlorine typically refers to products of chlorine and nitrogen-containing
compounds, e.g., products of chlorine and ammonia or organic amines (e.g., chloramines).
Bound chlorine is optionally present in the ORP water solution, but is preferably present in
an amount of less than about 20 ppm.

[0125] One or more chlorine species and oxygen, and, optionally, ozone and hydrogen
peroxide can be present in the ORP water solution in any suitable amount. The levels of
these components may be measured by any suitable method, including methods known in
the art.

[0126] The total chlorine content, which includes both free chlorine and, optionally,
bound chlorine, can be from about 10 parts per million (ppm) to about 400 ppm, e.g., from
about 10 parts ppm to about 200 ppm, from about 20 ppm to about 150 ppm, from about 30
ppm to about 100 ppm, from about 30 to about 80 ppm, or, e.g., from about 50 ppm to about
200 ppm or from about 80 ppm to about 150 ppm.

[0127] The chlorine content may be measured by methods known in the art, such as the
DPD colorimeter method (Lamotte Company, Chestertown, Maryland) or other known
methods such as, e.g., methods established by the Environmental Protection Agency. In the
DPD colorimeter method, a yellow color is formed by the reaction of free chlorine with
N,N-diethyl-p-phenylenediamine (DPD) and the intensity is measured with a calibrated
calorimeter that provides the output in parts per million. Further addition of potassium
iodide turns the solution a pink color to provide the total chlorine value. The amount of
bound chlorine present can be determined by subtracting free chlorine from the total
chlorine.

[0128] The total amount of oxidizing chemical species present in the ORP water
solution is preferably in the range of about 2 millimolar (mM) and can include the
aforementioned chlorine species, one or more additional oxidized water species (e.g., one or
more oxygen species), and additional species that may be difficult to measure such as Cl-,
Cl03, CI2-, and CIOx.
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[0129] The ORP water solutions administered in accordance with the invention
preferably comprises one or more oxidized water species which can yield free radicals (such
as, e.g., hydroxyl radicals) on exposure to iron. The ORP water can optionally include one
or more chemical compounds generated during the production thereof such as, e.g., sodium
hydroxide (NaOH), chlorine dioxide (C102), peroxides (e.g., hydrogen peroxide (H202),
and ozone (03) although, sodium hydroxide, chlorine dioxide, hydrogen peroxide, and
ozone may potentially react with hypocholrite resulting in their consumption and the
production of other chemical species.

[0130] The ORP water solution of the invention is generally stable for at least about
twenty-four hours, and typically at least about two days. More typically, the water solution
is stable for at least about one week (e.g., about one week, about two weeks, about three
weeks, about four weeks, etc.), and preferably at least about two months. More preferably,
the ORP water solution is stable for at least about six months after its preparation. Even
more preferably, the ORP water solution is stable for at least about one year, and most
preferably for at least about three years.

[0131] Conventional ORP water solutions have an extremely limited shelf-life, usually
only a few hours. As a result of this short lifespan, using conventional ORP water solutions
requires the production to take place in close proximity to the point of use. From a practical
standpoint, this means that the facility, e.g., a healthcare facility such as a hospital, must
purchase, house and maintain the equipment necessary to produce conventional ORP water
solution. Additionally, conventional manufacturing techniques have not been able to
produce sufficient commercial-scale quantities to permit widespread use, e.g., as a general
disinfecting agent for healthcare facilities.

[0132] Unlike conventional ORP water solutions, the ORP water solution administered
in accordance with the invention is stable for at least about twenty-hours after its
preparation. In addition, the ORP water solution administered in accordance with the
invention is generally environmentally safe and, thus, avoids the need for costly disposal
procedures.

[0133] Preferably, the ORP water solution administered in accordance with the
invention is stable for at least about one week (e.g., about one week, about two weeks, about
three weeks, about four weeks, etc.), and more preferably at least about two months. Still
more preferably, the ORP water solution administered in accordance with the invention is
stable for at least about six months. Even more preferably, the ORP water solution
administered in accordance with the invention is stable for at least about one year, and most
preferably is stable for more than about one year, e.g., at least about two years or at least
about three years.
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[0134] Stability can be measured based on the ability of the ORP water solution to
remain suitable for one or more uses, for example, inhibiting mast cell degranulation,
inhibiting histamine and cytokine secretion, decontamination, disinfection, sterilization,
anti-microbial cleansing, and wound cleansing, for a specified period of time after its
preparation under normal storage conditions (e.g., room temperature). The stability of the
ORP water solution administered in accordance with the invention also can be measured by
storage under accelerated conditions, e.g., from about 30°C to about 60°C, wherein the ORP
water solution preferably is stable for up to about 90 days, and more preferably for up to
about 180 days.

[0135] Stability also can be measured based on the concentration over time of one or
more species (or precursors thereof) present in solution during the shelf-life of the ORP
water solution. Preferably, the concentrations of one or more species, e.g., free chlorine,
hypochlorous acid and one or more additional oxidized water species are maintained at
about 70% or greater of their initial concentration for at least about two months after
preparation of the ORP water solution. More preferably, the concentration of one of more
of these species is maintained at about 80% or greater of their initial concentration for at
least about two months after preparation of the ORP water solution. Still more preferably,
the concentration of one or more of such species is maintained at about 90% or greater, and
most preferably is maintained at about 95% or greater, of their initial concentration for at
least about two months after preparation of the ORP water solution.

[0136] Stability also can be determined based on the reduction in the amount of
organisms present in a sample following exposure to the ORP water solution. Measuring
the reduction of organism concentration can be made on the basis of any suitable organism
including, e.g., bacteria, fungi, yeasts, or viruses. Suitable organisms can include, e.g.,
Escherichia coli, Staphylococcus aureus, Candida albicans, and Bacillus athrophaeus
(formerly B. subtilis).

[0137] Stability also can be determined based on the reduction in the amount of
endotoxins (e.g. lipopolysacharides), growth factors, cytokines and other proteins and lipids
present in a sample following exposure to the ORP water solution.

[0138] The ORP water solution administered in accordance with the invention can
function as a low-level disinfectant capable of an about four log (104) reduction in the
concentration of live microorganisms, and also can function as a high-level disinfectant
capable of an about six log (106) reduction in concentration of live microorganisms.
Preferably, the ORP water solution administered in accordance with the invention is capable
of yielding at least about an about four log (104) reduction in total organism concentration,
following exposure for one minute when measured at least about two months after
preparation of the solution. More preferably, the ORP water solution is capable of an about
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10*- about10° reduction of organism concentration when measured at least about six months
after preparation of the solution. Still more preferably, the ORP water solution is capable of
an about 10*- about 10° reduction of organism concentration when measured at least about
one year after preparation of the ORP water solution, and most preferably when measured
more than about one year, e.g., at least about two years or at least about three years, after
preparation of the ORP water solution.

[0139] For instance, the ORP water solution is capable of at least about five log (105)
reduction in the concentration of a sample of live microorganism selected from the group
consisting of Pseudomonas aeruginosa, Escherichia coli, Enterococcus hirae, Acinetobacter
baumannii, Acinetobacter species, Bacteroides fragilis, Enterobacter aerogenes,
Enterococcus faecalis, Vancomycin Resistant-Enterococcus faecium (VRE, MDR),
Haemophilus influenzae, Klebsiella oxytoca, Klebsiella pneumoniae, Micrococcus luteus,
Proteus mirabilis, Serratia marcescens, Staphylococcus aureus, Staphylococcus epidermidis,
Staphylococcus haemolyticus, Staphylococcus hominis, Staphylococcus saprophyticus,
Streptococcus pneumoniae, Streptococcus pyogenes, Candida albicans and Candida
tropicalis, within 30 seconds of exposure, when measured at least two months after
preparation of the ORP water solution.

[0140] In one embodiment, the ORP water solution administered in accordance with the
invention can reduce a sample of live microorganisms including, but not limited to,
Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus and Candida albicans,
from an initial concentration of between about 1 x 106 and about 1 x 108 organisms/ml to a
final concentration of about zero organisms/ml within about one minute of exposure when
measured at least about two months after preparation of the ORP water solution. This
corresponds to from about a six log (106) to about an eight log (108) reduction in organism
concentration. Preferably, the ORP water solution is capable of achieving an about 106-
about 108 reduction of Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus
or Candida albicans organisms when measured at least about six months after preparation,
and more preferably when measured at least about one year after preparation.

[0141] Alternatively, the ORP water solution administered in accordance with the
present invention can produce about a six log (106) reduction in the concentration of a spore
suspension of Bacillus athrophaeus spores within about five minutes of exposure when
measured at least about two months after preparation of the ORP water solution.

Preferably, the ORP water solution administered in accordance with the invention can
achieve about a 106 reduction in the concentration of Bacillus athrophaeus spores when
measured at least about six months after preparation, and more preferably when measured at
least about one year after preparation.The ORP water solution is further capable of an about
four log (104) reduction in the concentration of a spore suspension of Bacillus athrophaeus
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spores within about thirty (30) seconds of exposure, when measured at least two months
after preparation of the ORP water solution. Preferably, the ORP water solution is capable
of achieving this reduction in the concentration of Bacillus athrophaeus spores when
measured at least about six months after preparation, and more preferably at least one about
year after preparation.

[0142] The ORP water solution is also capable of an about six log (106) reduction in the
concentration of fungal spores, such as Aspergillis niger spores, within about five to about
ten minutes of exposure, when measured at least two months after preparation of the ORP
water solution. Preferably, the ORP water solution is capable of achieving this reduction in
the concentration of fungal spores when measured at least six months after preparation, and
more preferably at least one year after preparation.

[0143] The ORP water solution administered in accordance with the invention further
can produce more than 3 log (103) reduction in the concentration of viruses, such as Human
Immunodeficiency Virus (HIV) and adenovirus, after from an about five to an about ten
minutes exposure when measured at least about two months after preparation of the ORP
water solution. Preferably, the ORP water solution can achieve a > 103 reduction in the
concentration of viruses when measured at least about six months after preparation, and
more preferably when measured at least about one year after preparation.

[0144] The ORP water solution administered in accordance with the invention further
can completely inhibit the growth of Mycobacterium bovis with an about five minutes
exposure when measured at least about two months after preparation of the ORP water
solution. Preferably, the ORP water solution can achieve the total inhibition in the
concentration of Mycobacteria when measured at least about six months after preparation,
and more preferably when measured at least about one year after preparation.

[0145) In one embodiment, the ORP water solution of the invention comprises one or
more chlorine species . Preferably, the chlorine species present is a free chlorine species.
The free chlorine species may be selected from the group consisting of hypochlorous acid
(HOC1), hypochlorite ions (OCl-), sodium hypochlorite (NaOCl), chloride ion (Cl-),
dissolved chlorine gas (CI2), and mixtures thereof.

[0146] The total amount of free chlorine species can be from about 10 parts per million
(ppm) to about 400 ppm, e.g., from about 20 ppm to about 150 ppm, from about 30 ppm to
about 100 ppm, from about 30 to about 80 ppm, or, e.g., from about 50 ppm to about 200
ppm, from about 80 ppm to about 150 ppm, from about 10 ppm and about 400 ppm,
preferably from about 50 ppm and about 200 ppm, and most preferably from about 50 ppm
and about 80 ppm. The amount of hypochlorous acid is in the generally from about 15 ppm
and about 75 ppm, preferably from about 25 ppm and about 35 ppm. The amount of sodium
hypochlorite is generally in the range of from about 25 ppm and about 50 ppm. Chlorine
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dioxide levels are optionally present at less than 5 ppm. In one embodiment, the ORP water
solution includes one or more chlorine species or one or more precursors thereof and one or
more additional oxidized water species or one or more precursors thereof, and, optionally,
hydrogen peroxide, and is stable for at least about 24 hours, preferably for at least about one
week, more preferably for at least about two months, and still more preferably for at least
about six months after its preparation. Even more preferably, such ORP water solution is
stable for at least about one year, and most preferably for more than about one year, e.g., at
least about two years or at least about three years.

[0147] It is also preferred that the ORP water solution includes one or more chlorine
species (e.g., hyprochlorous acid and sodium hypochlorite) or one or more precursors
thereof and one or more additional oxidized water species (e.g., 0Xygen) or one or more
precursors thereof, and has a pH of from about 6 to about 8, more preferably from about 6.2
to about 7.8, and most preferably from about 7.4 to about 7.6. An exemplary ORP water
solution administered in accordance with the present invention can comprise, €.g., from
about 15 ppm to about 35 ppm hypochlorous acid, from about 25 ppm to about 50 ppm
sodium hypochlorite, from about 1 ppm to about 4 ppm of one or more additional oxidized
water species,a pH of from about 6.2 to about 7.8, and can be stable for at least about one
week, e.g., at least about two months, at least about six months, at least about one year, or
more than about one year, €.g., at least about two years or at least about three years.

[0148] In accordance with the present invention, a therapeutically effective amount of
the ORP water solution can be administered alone or in combination with one or more
additional therapeutic agents so as to treat or prevent peritonitis or so as to prevent the
formation of adhesions or abscesses associated therewith. For example, the ORP water
solution can be administered in conjunction with one or more additional therapeutic agents,
e.g., one or more compounds selected from the group consisting of anti-infective agents
(e.g., anti-bacterial agents (such as, e.g., antibiotics), anti-fungal agents and anti-viral
agents), anti-inflammatory agents, recombinant proteins or antibodies, one or more
synthetic drugs and combinations thereof. Administering such therapeutic agents in
conjunction with the ORP water solution can include administering one or more of such
additional agents, e.g., prior to, during (e.g., contemporaneously, by co-administration or in
combination with), or following administration of the ORP water solution.

[0149] Suitable antibiotics can include, without limitation, penicillin, cephalosporins or
other B-lactams, macrolides (e.g., erythromycin, 6-O-methylerythromycin, and
azithromycin), fluoroquinolones, sulfonamides, tetracyclines, aminoglycosides,
clindamycin, quinolones, metronidazole, vancomycin, chloramphenicol, antibacterially
effective derivatives thereof, and combinations thereof. Suitable anti-infective agents also

can include antifungal agents such as, for example, amphotericin B, fluconazole,
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flucytosine, ketoconazole, miconazole, derivatives thereof, and combinations thereof.
Suitable anti-inflammatory agents can include, €.g., one or more anti-inflammatory drugs,
e.g., one or more anti-inflammatory steroids or one or more non-steroidal anti-inflammatory
drugs (NSAIDs). Exemplary anti-inflammatory drugs can include, e.g., cyclophilins, FK
binding proteins, anti-cytokine antibodies (e.g. anti-TNF), steroids, and NSAIDs.

[0150] Organisms that can be controlled, reduced, killed or eradicated by treatment with
the ORP water solution used in accordance with the invention include, e.g., Pseudomonas
aeruginosa, Escherichia coli, Enterococcus hirae, Acinetobacter baumannii, Acinetobacter
species, Bacteroides fragilis, Enterobacter aerogenes, Enterococcus faecalis, Vancomycin
resistant-Enterococcus faecium (VRE, MDR), Haemophilus influenzae, Klebsiella oxytoca,
Klebsiella pneumoniae, Micrococcus luteus, Proteus mirabilis, Serratia marcescens,
Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus haemolyticus,
Staphylococcus hominis, Staphylococcus saprophyticus, Streptococcus pneumoniae,
Streptococcus pyogenes, Salmonella choleraesuis, Shigella dysenteriae, and other
susceptible bacteria, as well as yeasts, e.g., Trichophyton mentagrophytes, Candida albicans
and Candida tropicalis. The ORP water solution can also be used in accordance with the
invention to control, reduce, kill or eradicate viruses including, e.g., adenovirus, human
immunodeficiency virus (HIV), rhinovirus, influenza (e.g., influenza A), hepatitis (e.g.,
hepatitis A), coronavirus (responsible for, e.g., Severe Acute Respiratory Syndrome
(SARN)), rotavirus, avian flu virus, respiratory syncytial virus, herpes simplex virus,
varicella zoster virus, rubella virus, and other susceptible viruses.

[0151] In accordance with the invention, the ORP water solution can be administered
alone or in combination with one or more pharmaceutically acceptable carriers, e.g.,
vehicles, adjuvants, excipients, diluents, combinations thereof, and the like, which are
preferably compatible with one or more of the species that exist in the ORP water solution.
One skilled in the art can easily determine the appropriate formulation and method for
administering the ORP water solution used in accordance with the present invention. For
instance, the use of a gel based formulation containing the ORP water solution can be used
to maintain hydration of the peritoneal cavity while providing a barrier against
microorganisms. Suitable gel formulations are described, e.g., in U.S. Patent Application
Publication No. US 2005/0142157.

[0152]  Any necessary adjustments in dose can be readily made by a skilled practitioner
to address the nature and/or severity of the condition being treated in view of one or more
clinically relevant factors, such as, e.g., side effects, changes in the patient’s overall
condition, and the like. For example, the ORP water solution can be formulated by
combining or diluting the ORP water solution with about 25% (wt./wt. or vol./vol.) of a
suitable carrier, about 50% (wt./wt. or vol./vol.) of a suitable carrier, about 75% (Wt./wt. or
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vol./vol.) of a suitable carrier, about 90% (wt./wt. or vol./vol.) of a suitable carrier, about
95% (wt./wt. or vol./vol.) of a suitable carrier, or even with about 99% (wt./wt. or vol./vol.)
or more of a suitable carrier. Suitable carriers can include, e.g., water (e.g., distilled water,
sterile water, e.g., sterile water for injection, sterile saline and the like). Suitable carriers
also can include one or more carriers described in U.S. Patent Application No. 10/916,278.
Exemplary formulations can include, e.g., solutions in which the ORP water solution is
diluted with sterile water or sterile saline, wherein the ORP water solution is diluted by
about 25% (vol./vol.), by about 50% (vol./vol.), by about 75% (vol./vol.), by about 90%
(vol./vol.), by about 95% (vol./vol.), or by 99% (vol./vol.) or more, depending on the
therapeutic application and/or any other therapeutically relevant factors.

[0153] The ORP water solution could also include various amounts of ions and
carbohydrates to make the solution hypo-, iso- or hyperosmolar for the purpose of
compatibility with the body tissues, organs and cavities. Exemplary formulations can
include, e.g., solutions in which the ORP water solution are added prior, during or after its
production, sodium chloride and glucose to increase the osmolarity of the solution to be
applied in the peritoneal cavity of a kidney patient. Alternatively, a final concentration of
0.9% sodium chloride could be attained in the ORP solution for make it iso-osmolar and
compatible with parenteral injection .

[0154] The ORP water solution could also be treated as required for reducing the
contents of pyrogens, endotoxins, or the like, that could be contaminating the solution.
[0155] Following its preparation, the ORP water solution can be transferred to one or
more suitable containers, e.g., a sealed container for distribution and sale to end users such
as, e.g., health care facilities including, e.g., hospitals, nursing homes, doctor offices,
outpatient surgical centers, dental offices, and the like. Suitable containers can include, e.g.,
a sealed container that maintains the sterility and stability of the ORP water solution held by
the container. The container can be constructed of any material that is compatible with the
ORP water solution. Preferably, the container is generally non-reactive with one or more
ions or other species present in the ORP water solution. '
[0156])  Preferably, the container is constructed of plastic or glass. The plastic can be
rigid so that the container is capable of being stored on a shelf. Alternatively, the container
can be flexible, e.g., a container made of flexible plastic such as, e.g., a flexible bag.
Suitable plastics can include, e.g., polypropylene, polyester terephthalate (PET), polyolefin,
cycloolefin, polycarbonate, ABS resin, polyethylene, polyvinyl chloride, and mixtures
thereof. Preferably, the container comprises one or more polyethylenes selected from the
group consisting of high-density polyethylene (HDPE), low-density polyethylene (LDPE),
and linear low-density polyethylene (LLDPE). Most preferably, the container is constructed
of high density polyethylene.
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[0157] The container preferably has an opening to permit dispensing of the ORP water
solution. The container opening can be sealed in any suitable manner. For example, the
container can be sealed with a twist-off cap or stopper. Optionally, the opening can be
further sealed with a foil layer.

[0158] The headspace gas of the sealed container may be air or other suitable gas that
does not react with the ORP water solution or other components of a formulation containing
the ORP water solution. Suitable headspace gases included nitrogen, oxygen, and mixtures
thereof.

[0159] The ORP water solution administered in accordance with the invention can
include a mixture of anode water (e.g., water produced in the anode chamber of an
electrolytic cell) and cathode water (e.g., water produced in the cathode chamber of an
electrolysis cell). Preferably, the ORP water solution administered in accordance with the
present invention contains cathode water, e.g., in an amount of from about 10% by volume
to about 90% by volume of the solution. More preferably, cathode water is present in the
ORP water solution in an amount of from about 10% by volume to about 50% by volume,
and still more preferably of from about 20% by volume to about 40% by volume of the
solution, e.g., from about 20% by volume to about 30% by volume of the solution.
Additionally, anode water can be present in the ORP water solution, e.g., in an amount of
from about 50% by volume to about 90% by volume of the solution. Exemplary ORP water
solutions can contain from about 10% by volume to about 50% by volume of cathode water
and from about 50% by volume to about 90% by volume of anode water. The anode and
cathode water can be produced using the three-chambered electrolysis cell shown in Fig. 3.
[0160] The ORP water solution containing both anode water and cathode water can be
acidic, neutral or basic, and preferably has a pH of from about 1 to about 14, more
preferably from about 3 to about 8, still more preferably from about 6.4 to about 7.8, and
most preferably from about 7.4 to about 7.6.

[0161] In a preferred embodiment, the ORP water solution is administered to a diabetic
patient with an infected foot ulcer in amount effective to treat the infected foot ulcer. Such
patients to which the ORP water solution can be administered may be diagnosed with either
Type I or Type II diabetes mellitus. Diabetic patients suitable for treatment can have an
ankle-arm index (as measured by Doppler) of greater than or equal to 0.8, a transcutaneous
oxygen press (TcPO2) value of greater than or equal to 30 mm Hg, and adequate circulation
to the foot as evidenced by a palpable pulse on the foot (either dorsalis pedis or posterior
tibial artery). Further, patients with lower ankle-arm indices can also be treated so as to, for
example without limitation, prevent amputation. If amputation is necessary, the ORP water
solution can also be use to treat the amputation stump.
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[0162]  Foot ulcers that are suitable for treatment according to the invention are
generally, but not exculsively, located at or below the medial or lateral malleolus (ankle
bone protrusions) surface of the foot. Such ulcers may extend through the dermis and into
subcutaneous tissue with possible exposure of muscle, tendon but without exposure of the
bone and/or joint capsule. Granulation issue may optionally be present in the ulcer. The
surface area of the ulcer to be treated can be greater than or equal to about 2.0 cm2.

[0163] Preferably, the method of the invention includes administering the ORP water
solution in an amount effective to treat infected diabetic foot ulcers that are either Grade 2
or Grade 3 according to the PEDIS classification. Grade 2 (mild) infections involve skin
and subcutaneous tissue only without involvement of deeper tissues or systemic signs. The
patient also can exhibit one or more of the following: (1) local swelling or induration; (2)
local warmth; (3) local tenderness or pain; (4) erythema 0.5-2 cm from ulcer margin; and
(5) purulent discharge. Grade 3 (moderate) infections are characterized by erythema of
more than 2 about cm and at least one of conditions exhibited by Grade 2 infections or
infection involving structures deeper than skin and subcutaneous tissues such as abscess,
sceptic arthritis, and fasciitis.

[0164] The ORP water solution may be administered to patients with skin ulcers at any
location using any suitable manner, e.g., topically by washing, irrigating, soaking or
dressing the ulcer. Preferably, the ulcer is both washed and soaked, washed and dressed, or
soaked and dressed. Most preferably, the ulcer is washed, soaked and dressed. Ulcer
irrigation can be performed in accordance with the invention. The delivery pressure of ulcer
irrigation plays an important factor in promoting ulcer healing. A delivery pressure of from
about 5 psi to about 10 psi can be used in accordance with the invention for removing debris
and bacteria from an ulcer while minimizing the damage to the surrounding normal tissues.
[0165] Prior to the administration of the ORP water solution, the skin ulcer is
preferably subject to debridement therapy to remove hyperkeratinized, necrotic, and
otherwise unhealthy tissue down to healthy appearing tissue. In debriding the ulcer, the
wound margins are excised to healthy bleeding tissue. The ulcer may be cleaned of debris
after debridement.

[0166] In between the washing, dressing and soaking, the skin ulcer may be allowed to
air dry for any suitable period of time. Preferably, the skin ulcer is allowed to air dry for
about two minutes.

[0167] The skin ulcer may be washed by applying the ORP water solution directly to
the surface of the ulcer, for example, by pouring the ORP water solution over the ulcer. The
skin ulcer is soaked by submersing the ulcer either partially or completely in the ORP water
solution. The ulcer may soak for any suitable period of time. Generally, the skin ulcer is
soaked in the ORP water solution for at least one minute. Preferably, the skin ulcer is
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soaked for at least about two minutes and for as long as hours, preferably as long as about
60 minutes, preferably as long as about 15 minutes. The application can be done daily for
the first week, or twice a week, only if the ulcer is heavily infected and until it improves. .
The ulcer may be dressed by applying a moist wound dressing saturated with the ORP water
solution. In addition to the moist wound dressing, the ulcer may optionally be dressed with
dry gauze and an adhesive covering.

[0168] In applying a wound dressing to the skin ulcer, the gauze is typically cut to the
size of the ulcer. The gauze can be saturated with the ORP water solution and any excess
solution is wrung out of the gauze. Preferably, the dressing is not supersaturated with the
ORP water solution although a supersaturated dressing can be effective for practicing the
method of the invention. A sufficient amount of soaked gauze is preferably applied to fill,
but not pack the wound. Dry gauze and tape can then be applied to the soaked gauze to
hold it in place over the foot ulcer.

[0169] In one embodiment of the invention, the skin ulcer of a patient is first washed
with the ORP water solution. The amount of ORP water solution used to wash the ulcer is
preferably sufficient to remove debris. Next, the skin ulcer is soaked in the ORP water
solution for a suitable period of time, preferably at least about two minutes. The patient’s
foot ulcer is then, optionally, air dried for a suitable period of time, preferably at least about
two minutes. After drying, the foot ulcer can be dressed with a moist wound dressing that
has been saturated with the ORP water solution. Dry gauze and an adhesive covering may
be optionally applied on top of the moist wound dressing.

[0170] The process of washing, soaking and dressing the skin ulcer may be repeated at
suitable intervals. Preferably, the procedure in which the ulcer is washed, soaked and
dressed is repeated about once per month, about once per week, about once daily, or several
times per day. The treatment of the ulcer using the ORP water solution may continue until
the ulcer is sufficiently healed which may require repeating the procedure at least one time.
The healing of the skin ulcer can be measured by a reduction of bacterial counts obtained
from wound biopsy cultures or the rate of wound closure.

[0171] In another embodiment, the method of the invention involves three treatments of
washing, soaking and dressing a skin ulcer over a three week period of time. Preferably,
daily dressing changes are carried out during the course of the treatment in which new
gauze dressing moistened with the ORP water solution is applied to the foot ulcer. The
dressing on the ulcer may be changed more than once a day, for example, twice or three
times per day, if the dressings become soiled. Preferably, debridement of the wound is
preformed before each weekly procedure to remove necrotic or hyperkeratinized tissue.
[0172] The present invention also provides a method of reducing the microbial load in
of a skin ulcer in a patient comprising administering an oxidative reductive potential water
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solution to the patient in an amount effective to reduce the microbial load in the skin ulcer.
Preferably, the solution has a pH of from about 6.4 to about 7.8 and is stable for at least
about one week, or the solution has a pH of from about 6.4 to about 7.8 and comprises
anode water and cathode water. The microbial load can be determined by the number of
positive pre-therapy and post-therapy cultures of the foot ulcer and the number of bacterial
strains isolated from pre-therapy and post-therapy cultures from the foot ulcer. The
microbial load can result from one or more organisms including, e.g., viruses, bacteria, and
fungi.

[0173] Administering the ORP water in accordance with the invention can accelerate
the healing of skin ulcers relative to conventional therapy. Accelerating healing in
accordance with the invention can provide, without limitation, more rapid wound closure,
faster in-growth of granulation tissue, prevention of systemic complications, reduction of
antibiotic use, and shorter hospital stays. Accelerating healing in accordance with the
invention can reduce healing times by about five days or more, e.g., about 7 days sooner,
e.g., about 10 days sooner, in ORP water solution-treated patients relative to povidone
iodine-treated patients.

[0174] The invention still further provides a method of decreasing likelihood of side
effects resulting from administering an oxidative reductive potential water solution to the
patient in an amount effective to treat the ulcer(s).

[0175] The invention additionally provides a method of decreasing the recurrence rate
(e.g., recurrence post-treatment) of a skin ulcer in a patient which method includes
administering an oxidative reductive potential water solution to the patient in an amount
effective to decrease the likelihood of recurrence of the skin ulcer. Preferably, the solution
has a pH of from about 6.4 to about 7.8 and is stable for at least about one week, or, has a
pH of from about 6.4 to about 7.8 and comprises anode water and cathode water.

[0176] The invention further provides a method of decreasing the likelihood of
dehiscence of a skin ulcer (e.g., post-treatment) in a patient comprising administering an
oxidative reductive potential water solution to the patient in an amount effective to decrease
the likelihood of dehiscence of the foot ulcer. Preferably, the solution has a pH of from
about 6.4 to about 7.8 and is stable for at least about one week, or, has a pH of from about
6.4 to about 7.8 and comprises anode water and cathode water. Decreasing the likelihood of
dehiscence in accordance with the invention can include decreasing the likelihood, e.g., by
at least about 10%, preferably by at least about 20%, more preferably by at least about 30%,
e.g., as measured by the reduction in the incidence of dehiscence in ORP water solution-
treated patients relative to povidone iodine-treated patients.

[0177]  The invention still further provides a method of decreasing likelihood of
amputation resulting from a skin ulcer in a patient comprising administering an oxidative



WO 2006/102681 36 PCT/US2006/011252

reductive potential water solution to the patient in an amount effective to decrease the
likelihood of amputation. Preferably, the solution has a pH of from about 6.4 to about 7.8
and is stable for at least one week, or, wherein the solution has a pH of from about 6.4 to
about 7.8 and comprises anode water and cathode water. Decreasing the likelihood of
amputation in accordance with the invention can decrease the likelihood of amputation, e.g.,
by at least about 10%, preferably by at least about 15%, more preferably by at least about
20%, e.g., as measured by the reduction in the number of amputations in ORP water
solution-treated patients relative to povidone iodine-treated patients.

[0178]) The ORP water solution further may be applied to disinfect and sterilize, for
example, to disinfect and sterilize medical or dental equipment by contacting the equipment
with the ORP water solution for a sufficient period of time to reduce the level of organisms
present on the equipment to a desired level. For disinfection and sterilization of hard
surfaces, the ORP water solution may be applied to the hard surface directly from a
container in which the ORP water solution is stored. For example, the ORP water solution
may be poured, sprayed or otherwise directly applied to the hard surface. The ORP water
solution may then be distributed over the hard surface using a suitable substrate such as, for
example, cloth, fabric or paper towel. In hospital applications, the substrate is preferably
sterile. Alternatively, the ORP water solution may first be applied to a substrate such as
cloth, fabric or paper towel. The wetted substrate is then contacted with the hard surface.
Alternatively, the ORP water solution may be applied to hard surfaces by dispersing the
solution into the air as described herein. Alternatively, the ORP water solution can be
applied as a gel to keep moistened and protected the skin ulcer. The ORP water solution
may be applied in a similar manner to humans and animals.

[0179] An implement may optionally be used to apply the ORP water solution to hard
surfaces such as floors, walls, and ceilings. For example, the ORP water solution may be
dispensed onto a mop head for application to floors. Other suitable implements for applying
the ORP water solution to hard surfaces are described in U.S. Patent 6,663,306.

[0180] The invention further provides a cleaning wipe comprising a water insoluble
substrate and the ORP water solution as described herein, wherein the ORP water solution is
dispensed onto the substrate. The ORP water solution may be impregnated, coated, covered
or otherwise applied to the substrate. Preferably, the substrate is pretreated with the ORP
water solution before distribution.

[0181] Suitable substrate can include, e.g., cleaning wipes made of any suitable water-
insoluble absorbent or adsorbent material. A wide variety of materials can be used as the
substrate. It should have sufficient wet strength, abrasivity, loft and porosity,and should not
so adversely impact the stability of the ORP water solution as to preclude the intended use.
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Examples include non woven substrates, woven substrates, hydroentangled substrates and
sponges.

[0182] The substrate may have one or more layers. Each layer may have the same or
different textures and abrasiveness. Differing textures can result from the use of different
combinations of materials or from the use of different manufacturing processes or a
combination thereof. The substrate can thus provide a vehicle for delivering the ORP water
solution to the surface to be treated.

[0183] The substrate may be a single nonwoven sheet or multiple nonwoven sheets.
The nonwoven sheet may be made of wood pulp, synthetic fibers, natural fibers, and blends
thereof. Suitable synthetic fibers for use in the substrate include, without limitation,
polyester, rayon, nylon, polypropylene, polyethylene, other cellulose polymers, and
mixtures of such fibers. The nonwovens may include nonwoven fibrous sheet materials
which include meltblown, coform, air-laid, spun bond, wet laid, bonded-carded web
materials, hydroentangled (also known as spunlaced) materials, and combinations thereof.
These materials can comprise synthetic or natural fibers or combinations thereof. A binder
may optionally be present in the substrate.

[0184] Examples of suitable nonwoven, water insoluble substrates include 100%
cellulose Wadding Grade 1804, 100% polypropylene needlepunch material NB 701-2.8-
W/R, ablend of cellulosic and synthetic fibres-Hydraspun 8579, and 70% Viscose/30%
PES Code 9881. Additional examples of nonwoven substrates suitable for use in the
cleaning wipes are described in U.S. Patents 4,781,974, 4,615,937, 4,666,621, and
5,908,707, and International Patent Application Publications WO 98/03713, WO 97/40814,
and WO 96/14835.

[0185] The substrate may also be made of woven materials, such as cotton fibers,
cotton/nylon blends, or other textiles. Regenerated cellulose, polyurethane foams, and the
like, which are used in making sponges, may also be suitable for use.

[0186] The liquid loading capacity of the substrate should be at least about 50%-1000%
of the dry weight thereof, and preferably at least from about 200%- about 800%. This is
expressed as loading about 1/2 to 10 times the weight of the substrate. The weight of the
substrate can vary without limitation from about 0.01 to about 1,000 grams per square
meter, most preferably from about 25 to about 120 grams/m?2 (referred to as “basis weight”)
and can exist as a sheet or web which is cut, die-cut, or otherwise can be sized into the
appropriate shape and size. The cleaning wipes will preferably have a certain wet tensile
strength which is preferably from about 25 to about 250 Newtons/m, more preferably about
75-170 Newtons/m.

[0187] The ORP water solution may be dispensed, impregnated, coated, covered or
otherwise applied to the substrate by any suitable method. For example, individual portions
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of substrate may be treated with a discrete amount of the ORP water solution. Preferably, a
mass treatment of a continuous web of substrate material with the ORP water solution is
carried out. The entire web of substrate material may be soaked in the ORP water solution.
Alternatively, as the substrate web is spooled, or even during creation of a nonwoven
substrate, the ORP water solution can be sprayed or metered onto the web. A stack of
individually cut and sized portions of substrate may be impregnated or coated with the ORP
water solution in its container by the manufacturer.

[0188] Cleaning wipes may optionally contain additional components to improve the
properties of the wipes. For example, cleaning wipes may further comprise polymers,
surfactants, polysaccharides, polycarboxylates, polyvinyl alcohols, solvents, chelating
agents, buffers, thickeners, dyes, colorants, fragrances, and mixtures thereof to improve the
properties of the wipes. These optional components should not impact the stability of the
ORP water solution so adversely as to preclude the intended end use. Examples of various
components that may optionally be included in cleaning wipes are described in U.S. Patents
6,340,663, 6,649,584 and 6,624,135. Suitable cleaning wipes are further described in U.S.
Patent Application Publication No. 2005/0139808.

[0189] The ORP water solution of the invention may alternatively be dispersed into the
environment through a gaseous medium, such as air. The ORP water solution may be
dispersed into the air by any suitable means. For example, the ORP water solution may be
formed into droplets of any suitable size and dispersed into a room. Suitable methods of
dispersing the ORP water solution into the environment are described in U.S. Patent
Application Publication No. 2005/139808.

[0190] The ORP water solution may optionally contain a bleaching agent and a suitable
household additive, e.g., as described in U.S. Patent Application Publication No
2005/0139808.

[0191] The ORP water solution administered in accordance with the invention is
preferably produced using at least one electrolysis cell comprising an anode chamber, a
cathode chamber and a salt solution chamber located between the anode and cathode
chambers, wherein at least some of the anode and cathode water are combined such that the
ORP water solution comprises anode water and cathode water. A diagram of an exemplary
three chamber electrolysis cell that can be used in preparing an exemplary ORP water
solution is shown in Fig. 1.

[0192] The electrolysis cell 100 has an anode chamber 102, cathode chamber 104 and
salt solution chamber 106. The salt solution chamber is located between the anode chamber
102 and cathode chamber 104. The anode chamber 102 has an inlet 108 and outlet 110 to
permit the flow of water through the anode chamber 102. The cathode chamber 104
similarly has an inlet 112 and outlet 114 to permit the flow of water through the cathode
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chamber 104. The salt solution chamber 106 has an inlet 116 and outlet 118. The
electrolysis cell 100 preferably includes a housing to hold all of the components together.
[0193] The anode chamber 102 is separated from the salt solution chamber by an anode
electrode 120 and an anion ion exchange membrane 122. The anode electrode 120 may be
positioned adjacent to the anode chamber 102 with the membrane 122 located between the
anode electrode 120 and the salt solution chamber 106. Altematively, the membrane 122
may be positioned adjacent to the anode chamber 102 with the anode electrode 120 located
between the membrane 122 and the salt solution chamber 106.

[0194] The cathode chamber 104 is separated from the salt solution chamber by a
cathode electrode 124 and a cathode ion exchange membrane 126. The cathode electrode
124 may be positioned adjacent to the cathode chamber 104 with the membrane 126 located
between the cathode electrode 124 and the salt solution chamber 106. Alternatively, the
membrane 126 may be positioned adjacent to the cathode chamber 104 with the cathode
electrode 124 located between the membrane 126 and the salt solution chamber 106.

[0195] The electrodes are preferably constructed of metal to permit a voltage potential
to be applied between the anode chamber and cathode chamber. The metal electrodes are
preferably planar and have similar dimensions and cross-sectional surface area to that of the
ion exchange membranes. The electrodes are preferably configured to expose a substantial
portion of the surface of the ion exchange members to the water in their respective anode
chamber and cathode chamber. This permits the migration of ionic species between the salt
solution chamber, anode chamber and cathode chamber. Preferably, the electrodes have a
plurality of passages or apertures evenly spaced across the surface of the electrodes.

[0196] A source of electrical potential is connected to the anode electrode 120 and
cathode electrode 124 so as to induce an oxidation reaction in the anode chamber 102 and a
reduction reaction in the cathode chamber 104.

[0197] The ion exchange membranes 122 and 126 used in the electrolysis cell 100 may
be constructed of any suitable material to permit the exchange of ions between the salt
solution chamber 106 and the anode chamber 102 such as, e.g., chloride ions (Cl-) and
between the salt solution salt solution chamber 106 and the cathode chamber 104 such as,
e.g., sodium ions (Na+). The anode ion exchange membrane 122 and cathode ion exchange
membrane 126 may be made of the same or different material of construction. Preferably,
the anode ion exchange membrane comprises a fluorinated polymer. Suitable fluorinated
polymers include, for example, perfluorosulfonic acid polymers and copolymers such as
perfluorosulfonic acid/PTFE copolymers and perfluorosulfonic acid/TFE copolymers. The
ion exchange membrane may be constructed of a single layer of material or multiple layers.
Suitable ion exchange membrane polymers can include one or more ion exchange
membrane polymers marketed under the trademark Nafion®.
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[0198] The source of the water for the anode chamber 102 and cathode chamber 104 of
the electrolysis cell 100 may be any suitable water supply. The water may be from a
municipal water supply or alternatively pretreated prior to use in the electrolysis cell.
Preferably, the water is pretreated and is selected from the group consisting of softened
water, purified water, distilled water, and deionized water. More preferably, the pretreated
water source is ultrapure water obtained using reverse osmosis and UV light purification
equipment.

[0199] The salt water solution for use in the salt solution chamber 106 may be any
aqueous salt solution that contains suitable ionic species to produce the ORP water solution.
Preferably, the salt water solution is an aqueous sodium chloride (NaCl) salt solution, also
commonly referred to as a saline solution. Other suitable salt solutions include other
chloride salts such as potassium chloride, ammonium chloride and magnesium chloride as
well as other halogen salts such as potassium and bromine salts. The salt solution may
contain a mixture of salts.

[0200] Figure 2 illustrates what are believed to be various ionic species produced in the
three chambered electrolysis cell useful in connection with the invention. The three
chambered electrolysis cell 200 includes an anode chamber 202, cathode chamber 204, and
a salt solution chamber 206. Upon application of a suitable electrical current to the anode
208 and cathode 210, the ions present in the salt solution flowing through the salt solution
chamber 206 migrate through the anode ion exchange membrane 212 and cathode ion
exchange membrane 214 into the water flowing through the anode chamber 202 and
cathode chamber 204, respectively.

[0201] Figure 2 illustrates what are believed to be the various ionic species produced in
the three chambered electrolysis cell useful in the invention. The three chambered
electrolysis cell 200 includes an anode chamber 202, cathode chamber 204, and a salt
solution chamber 206. Upon application of a suitable electrical current to the anode 208
and cathode 210, the ions present in the salt solution flowing through the salt solution
chamber 206 migrate through the anode ion exchange membrane 212 and cathode ion
exchange membrane 214 into the water flowing through the anode chamber 202 and
cathode chamber 204, respectively.

[0202] Positive ions migrate from the salt solution 216 flowing through the salt solution
chamber 206 to the cathode water 218 flowing through the cathode chamber 204. Negative
ions migrate from the salt solution 216 flowing through the salt solution chamber 206 to the
anode water 220 flowing through the anode chamber 202.

[0203] Preferably, the salt solution 216 is aqueous sodium chloride (NaCl) that contains
both sodium ions (Na+) and chloride ions (CI-) ions. Positive Na+ ions migrate from the
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salt solution 216 to the cathode water 218. Negative Cl- ions migrate from the salt solution
216 to the anode water 220.

[0204]  The sodium ions and chloride ions may undergo further reaction in the anode
chamber 202 and cathode chamber 204. For example, chloride ions can react with various
oxygen-containing ions and other species (e.g., oxygen free radicals, 02, O3) present in the
anode water 220 to produce ClOn- and ClO-. Other reactions may also take place in the
anode chamber 202 including the formation of oxygen free radicals, hydrogen ions (H+),
oxygen (as O2), and, optionally, ozone (O3) and peroxides (e.g., hydrogen peroxide). Inthe
cathode chamber 204, hydrogen gas (H2), hydroxide ions (OH-), sodium hydroxide
(NaOH), and other radicals may be formed.

[0205]  The process and apparatus for producing the ORP water solution also can utilize
at least two three chambered electrolysis cells. A diagram of a process for producing an
ORP water solution using two electrolysis cells of the invention is shown in FIG. 3.

[0206] The process 300 includes two three-chambered electrolytic cells, specifically a
first electrolytic cell 302 and second electrolytic cell 304. Water is transferred, pumped or
otherwise dispensed from the water source 305 to anode chamber 306 and cathode chamber
308 of the first electrolytic cell 302 and to anode chamber 310 and cathode chamber 312 of
the second electrolytic cell 304. Typically, the process of the invention can produce from
about 1 liter/minute to about 50 liters/minute of ORP water solution. The production
capacity may be increased by using additional electrolytic cells. For example, three, four,
five, six, seven, eight, nine, ten or more three-chambered electrolytic cells may be used to in
increase the output of the ORP water solution of the invention.

[0207] The anode water produced in the anode chamber 306 and anode chamber 310 are
collected in the mixing tank 314. A portion of the cathode water produced in the cathode
chamber 308 and cathode chamber 312 is collected in mixing tank 314 and combined with
the anode water. The remaining portion of cathode water produced in the process is
discarded. The cathode water may optionally be subjected to gas separator 316 and/or gas
separator 318 prior to addition to the mixing tank 314. The gas separators remove gases
such as hydrogen gas that are formed in cathode water during the production process.

[0208] The mixing tank 314 may optionally be connected to a recirculation pump 315 to
permit homogenous mixing of the anode water and portion of cathode water from
electrolysis cells 302 and 304. Further, the mixing tank 314 may optionally include suitable
devices for monitoring the level and pH of the ORP water solution. The ORP water
solution may be transferred from the mixing tank 314 via pump 317 for application in
disinfection or sterilization at or near the location of the mixing tank. Alternatively, the
ORP water solution may be dispensed into suitable containers for shipment to a remote site
(e.g., warehouse, hospital, etc.).
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[0209] The process 300 further includes a salt solution recirculation system to provide
the salt solution to salt solution chamber 322 of the first electrolytic cell 302 and the salt
solution chamber 324 of the second electrolytic cell 304. The salt solution is prepared in the
salt tank 320. The salt solution is transferred via pump 321 to the salt solution chambers
322 and 324. Preferably, the salt solution flows in series through salt solution chamber 322
first followed by salt solution chamber 324. Alternatively, the salt solution may be pumped
to both salt solution chambers simultaneously.

[0210] Before returning to the salt tank 320, the salt solution may flow through a heat
exchanger 326 in the mixing tank 314 to control the temperature of the ORP water solution
as needed.

[0211] The ions present in the salt solution are depleted over time in the first electrolytic
cell 302 and second electrolytic cell 304. An additional source of ions may periodically be
added to the mixing tank 320 to replace the ions that are transferred to the anode water and
cathode water. The additional source of ions may be used to maintain a constant pH of the
salt solution which tends to drop (i.e., become acidic) over time. The source of additional
ions may be any suitable compound including, for example, salts such as sodium chloride.
Preferably, sodium hydroxide is added to the mixing tank 320 to replace the sodium ions
(Na+) that are transferred to the anode water and cathode water.

[0212] When the process utilizes at least two three-chambered electrolytic cells, each of
the electrolytic cells preferably includes an anode chamber, cathode chamber, and salt
solution chamber separating the anode and cathode chambers. The apparatus preferably
includes a mixing tank for collecting the anode water produced by the electrolytic cells and
a portion of the cathode water produced by one or more of the electrolytic cells. Preferably,
the apparatus further includes a salt recirculation system to permit recycling of the salt
solution supplied to the salt solution chambers of the electrolytic cells.

[0213] The following examples further illustrate the invention but, of course, should not

be construed as in any way limiting in its scope.
EXAMPLES 1-3

[0214] These examples demonstrate the unique features of the ORP water solution of
the invention. The samples of the ORP water solution in Examples 1-3 were analyzed in
accordance with the methods described herein to determine the physical properties and
levels of ionic and other chemical species present in each sample. The results obtained for
chlorine dioxide, ozone and hydrogen peroxide are based on standard tests used to measure
such species; however, the results may be indicative of different species, which can also
generate positive test results. Further, it has been reported that chlorine dioxide, ozone and
hydrogen peroxide can react with hypochlorite resulting in their consumption and the
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production of other species (e.g., HCl and O,). The pH, oxidative-reductive potential

(ORP) and ionic species present are set forth in Table 1 for each sample of the ORP water

solution.

[0215] Table 1: Physical characteristics and ion species present for the ORP water

solution samples

EXAMPLE 1 EXAMPLE 2 EXAMPLE 3
pH 7.45 7.44 7.45
ORP (mV) +879 +881 +874
Total CI" (ppm) 110 110 120
Bound CI" (ppm) 5 6 6

[0216]  The ORP water solution has suitable physical characteristics for use in
disinfection, sterilization and/or cleaning.

EXAMPLES 4-10

[0217])  These examples demonstrate the addition of a bleaching agent to the ORP water
solution according to the invention in various amounts. In particular, these examples
demonstrate the antimicrobial activity and fabric bleaching ability of the compositions.
[0218] A 10% Clorox® bleach solution was prepared using distilled water. The
following solutions were then prepared using the 10% bleach solution: 80% ORP water
solution/20% bleach (Example 4); 60% ORP water solution/40% bleach (Example 5); 40%
ORP water solution/60% bleach (Example 6); 20% ORP water solution/80% bleach
(Example 7); and 0% ORP water solution/100% bleach (Example 8). Two control solutions
were also used for comparison including 100% ORP water solution/0% bleach (Example 9)
and an ORP water solution with 0.01% Tween 20 detergent (Example 10). The physical
characteristics of these samples were determined, specifically pH, oxidative-reductive
potential (ORP), total chlorine (CI’) content, hypochlorous acid (HCIO) content, chlorine
dioxide content and peroxide content, and are set forth in Table 2.
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[0219] Table 2: Physical characteristics of ORP water solution/bleach compositions

- ORP Total CI' HCIO

P @V) | (pm) | (ppm)
Ex. 4 8.92 +789 1248 62
Ex. 5 9.20 +782 2610 104
Ex. 6 9.69 +743 4006 80
Ex. 7 9.86 +730 4800 48
Ex. 8 9.80 +737 5000 50
Ex. 9 7.06 +901 64 32
Ex. 10 6.86 +914 51 26

[0220] The large bolus of chlorine ions added as part of the bleaching agent prevented
the accurate measurement of the chlorine dioxide and peroxide levels as indicated with the
n.d. designations. Also, the results obtained for chlorine dioxide and peroxide are based on
standard tests used to measure such species; however, the results may be indicative of
different species which can also generate positive test results. Further, it has been reported
that chlorine dioxide, ozone and hydrogen peroxide can react with hypochlorite resulting
their consumption and the production of other species (e.g., HCI and O,). As these
examples demonstrate, the hypochlorous acid levels of the ORP water solution with and
without the addition of a bleaching agent are similar.

[0221] The samples of Examples 4-10 were subjected to a high spore count test using
Bacillus subtilis var. niger spores (ATCC #9372 obtained from SPS Medical of Rush, New
York). Spore suspensions were concentrated (by evaporation in a sterile hood) to 4 x 10°
spores per 100 microliters. A 100 microliter sample of the spore suspension were mixed
with 900 microliters of each of the samples in Examples 4-10. The samples were incubated
at room temperature for periods of 1 to 5 minutes as set forth in Table 3. At the indicated
times, 100 microliters of the incubated samples were plated onto individual TSA plates and
incubated for 24 hours at 35 °C £ 2 °C, after which the number of resulting colonies on each
plate was determined. The control plates demonstrated that the starting spore
concentrations were > 1 x 10° spores/100 microliters. The concentration of Bacillus spores
for the various samples at the various incubation times (as the average of two
determinations) is set forth in Table 3.
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[0222] Table 3: Bacillus spore concentrations (spores/100 microliters)
1 minute | 2 minutes 3 minutes 4 minutes 5 minutes
Ex. 4 >> 1000 411 1 0 2
Ex. 5 >> 1000 1000 1 0 0
Ex. 6 >> 1000 >>1000 > 1000 22 0
Ex. 7 >> 1000 >>1000 > 1000 15 0
Ex. 8 >> 1000 >>1000 > 1000 3 1
Ex. 9 >>1000 |74 0 0 0
Ex 10 >> 1000 239 3 0 0
[0223] As these results demonstrate, as the concentration of bleach (as 10% aqueous

bleach solution) increases, the amount of Bacillus spores killed is reduced for the samples
incubated for 2-3 minutes. However, for samples incubated for 5 minutes, the bleach
concentration does not impact Bacillus spore kill. Further, the results demonstrate that the
addition of 0.01% detergent to the ORP water solution does not reduce spore kill.

[0224]
fabric upon which the samples were tested was a 100% rayon children’s t-shirt with dark

The samples of Examples 4-10 were subjected to a fabric bleaching test. The

blue dye patches. Two inch square pieces of dyed fabric were placed into 50 mL plastic
tubes. Each fabric piece was covered by a sample of the solution in Examples 4-10. The
elapsed time until complete bleaching was obtained, as determined by the whitening of the
fabric, is set forth in Table 4. '

[0225] Table 4: Time until complete bleaching of fabric sample
Example Time
Ex. 4 39 minutes
Ex. 5 23 minutes
Ex. 6 18 minutes
Ex. 7 19 minutes
Ex. 8 10 minutes
Ex. 9 > 6 hours
Ex. 10 > 6 hours
[0226] As demonstrated by these examples, as the concentration of the ORP water

solution increases in the composition, the time until complete bleaching is achieved

increases.
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EXAMPLE 11

[0227] This example demonstrates the use of an exemplary ORP water solution,
Microcyn as an effective antimicrobial solution.

[0228] An In-Vitro Time-Kill evaluation was performed using Microcyn oxidative
reductive potential water. Microcyn was evaluated versus challenge suspensions of fifty
different microorganism strains -- twenty-five American Type Culture Collection (ATCC)
strains and twenty-five Clinical Isolates of those same species -- as described in the
Tentative Final Monograph, Federal Register, 17 June 1994, vol. 59:116, pg. 31444. The
percent reductions and the Log10 reductions from the initial population of each challenge
strain were determined following exposures to Microcyn for thirty (30) seconds, one (1)
minute, three (3) minutes, five (5) minutes, seven (7) minutes, nine (9) minutes, eleven (11)
minutes, thirteen (13) minutes, fifteen (15) minutes, and twenty (20) minutes. All agar-
plating was performed in duplicate and Microcyn was evaluated at a 99 % (v/v)
concentration. All testing was performed in accordance with Good Laboratory Practices, as
specified in 21 C.F.R. Part 58.

[0229] The following table summarizes the results of the abovementioned In-Vitro
Time-Kill evaluation at the thirty second exposure mark for all populations tested which
were reduced by more than 5.0 Log,:



Table 5. In-Vitro 30-second Kill.

WO 2006/102681

47

PCT/US2006/011252

No.

Microorganism Species

Initial
Population
(CFU/mL)

Post-Exposure

Population
(CFU/mL)

Logio
Reduction

Percent
Reduction

Acinetobacter baumannii
(ATCC #19003)

2.340 % 10°

<1.00x 10°

6.3692

99.9999

Acinetobacter baumannii
Clinical Isolate
BSLI #061901Ab3

1.8150x 10°

<1.00x% 10°

6.2589

99.9999

Bacteroides fragilis
(ATCC #43858)

4.40 x 10

<1.00x 10°

7.6435

99.9999

Bacteroides fragilis
Clinical Isolate
BSLI #061901Bf6

2.70 x 10

<1.00x 10°

7.4314

99.9999

Candida albicans
(ATCC #10231)

2.70 x 10'°

<1.00x 10°

6.3345

99.9999

Candida albicans
Clinical Isolate
BSLI #042905Ca

5.650x 10°

<1.00x 10°

6.7520

99.9999

Enterobacter aerogenes

(ATCC #29007)

1.2250 x 10°

<1.00x 10°

6.0881

99.9999

Enterobacter aerogenes
Clinical Isolate
BSLI #042905Ea

1.0150 x 10°

<1.00x 10°

6.0065

99.9999

Enterococcus faecalis

(ATCC #29212)

2.610x 10°

<1.00x 10°

6.4166

99.9999

10

Enterococcus faecalis
Clinical Isolate
BSLI #061901Efs2

1.2850x 10°

<1.00x 10°

6.1089

99.9999

11

Enterococcus faecium
VRE, MDR
(ATCC #51559)

3.250x 10°

<1.00x 10°

6.5119

99.9999

12

Enterococcus faecium
Clinical Isolate
BSLI #061901Efm1

1.130x 10°

<1.00x 10°

6.0531

99.9999

13

Escherichia coli
(ATCC #11229)

5.00 x 10%

<1.00x10°

5.6990

99.9998

14

Escherichia coli
Clinical Isolate
BSLI #042905Ecl

3.950 x 10

<1.00x 10°

5.5966

99.9997

15

Escherichia coli
(ATCC #25922)

6.650 x 10°

<1.00x 10°

5.8228

99.9998

16

Escherichia coli
Clinical Isolate
BSLI #042905Ec2

7.40 x 108

<1.00x 10*

5.8692

99.9998

17

Haemophilus influenzae
(ATCC #8149)

1.5050 x 10°

<1.00x 10*

5.1775

99.9993
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18

Haemophilus influenzae
Clinical Isolate
BSLI #072605Hi

1.90 x 10°

<1.00x 10*

5.2788

99.9995

19

Klebsiella oxytoca
MDR
(ATCC #15764)

1.120x 10°

<1.00x 10°

6.0492

99.9999

20

Klebsiella oxytoca
Clinical Isolate
BSLI#061901Ko1

1.810x 10°

<1.00x 10°

6.2577

99.9999

21

Klebsiella pneumoniae
subsp. ozaenae

(ATCC #29019)

1.390 x 10°

<1.00x 10°

6.1430

99.9999

22

Klebsiella pneumnoniae
Clinical Isolate
BSLI#061901Kpn2

9.950 x 10%

<1.00x 10°

5.9978

99.9999

23

Micrococcus luteus
(ATCC #7468)

6.950 x 108

<1.00x 10°

5.8420

99.9999

24

Micrococcus luteus
Clinical Isolate
BSLI#061901M12

1.5150 x 10°

<1.00x 10°

6.1804

99.9999

25

Proteus mirabilis
(ATCC #7002)

1.5950 x 10°

<1.00 x 10°

6.2028

99.9999

Proteus mirabilis
Clinical Isolate
BSLI#061901Pm2

2.0950 x 10°

<1.00x 10

6.3212

99.9999

Pseudomonas aeruginosa
(ATCC #15442)

6.450 x 10°

<1.00 x 10°

5.8096

99.9999

Pseudomonas aeruginosa
Clinjcal Isolate
BSLI#072605Pa

1.3850 x 10°

<1.00x 10°

6.1414

99.9999

Pseudomonas aeruginosa

(ATCC #27853)

5.550 x 10°

<1.00x 10°

5.7443

99.9999

30

Pseudomonas aeruginosa
Clinical Isolate
BSLI#061901Pa2

1.1650 x 10°

<1.00 x 10°

6.0663

99.9999

31

Serratia marcescens

(ATCC #14756)

9.950 x 10°

<1.00x 10°

5.9978

99.9999

32

Serratia marcescens
Clinical Isolate
BSLI #042905Sm

3.6650 x 10°

<1.00x 10°

6.5641

99.9999

33

Staphylococcus aureus
(ATCC #6538)

1.5050 x 10°

<1.00x 10°

6.1775

99.9999

34

Staphylococcus aureus
Clinical Isolate
BSLI #061901Sal

1.250 x 10°

<1.00x 10°

6.0969

99.9999

35

Staphylocaccus aureus

(ATCC #29213)

1.740 x 10°

<1.00x 10°

6.2405

99.9999
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36

Staphylococcus aureus
Clinical Isolate
BSLI#061901Sa2

1.1050 x 10°

<1.00x 10°

6.0434

99.9999

37

Staphylococcus epidermidis
(ATCC #12228)

1.0550x 10°

<1.00x 10’

6.0233

99.9999

38

Staphylococcus epidermidis
Clinical Isolate
BSLI #072605Se

4.350x 10°

<1.00 x 10°

5.6385

99.9998

39

Staphylococcus haemolyticus
(ATCC #29970)

8.150x 10°

<1.00x 10°

5.9112

99.9999

40

Staphylococcus haemolyticus
Clinical Isolate
BSLI #042905Sha

8.350 x 10°

<1.00x 10°

5.9217

99.9999

41

Staphylococcus hominis
(ATCC #27844)

2.790 x 10°

<1.00x 10°

5.4456

99.9996

42

Staphylococcus hominis
Clinical Isolate
BSLI #042905Sho

520x 10%

<1.00x 10°

5.7160

99.9998

43

Staphylococcus saprophyticus
(ATCC #35552)

9.10x 10°

<1.00x 10°

5.9590

99.9999

44

Staphylococcus saprophyticus
Clinical Isolate
BSLI #042905Ss

1.4150 x 10°

<1.00x 10°

6.1508

99.9999

45

Streptococcus pneumoniae
(ATCC #33400)

2.1450 x 10°

<1.00x 10*

5.3314

99.9995

46

Streptococcus pyogenes
(ATCC #19615)

520x%10°

<1.00x 10°

6.7160

99.9999

47

Streptococcus pyogenes
Clinical Isolate
BSLI#061901Spy7

2.5920 x 10°

<1.00x 10°

6.4141

99.9999

[0230]
also demonstrated antimicrobial activity against the remaining three species not included in

While their microbial reductions were measured at less than 5.0 Log;o, Microcyn

Table 5. More specifically, a thirty second exposure to Microcyn reduced the population of
Streptococcus pneumoniae (Clinical Isolate; BSLI #072605Spn1) by more than 4.5 Log;o,
which was the limit of detection versus this species. Further, when challenged with
Candida tropicalis (ATCC #750), Microcyn demonstrated a microbial reduction in excess
of 3.0 Logo following a thirty second exposure. Additionally, when challenged with
Candida tropicalis (BSLI #042905Ct), Microcyn demonstrated a microbial reduction in
excess of 3.0 Log,, following a twenty minute exposure.

[0231]
Microcyn oxidative reductive potential water exhibits rapid (i.e., less than 30 seconds in

The exemplary results of this In-Vitro Time-Kill evaluation demonstrate that

most cases) antimicrobial activity versus a broad spectrum of challenging microorganisms.
Microbial populations of forty-seven out of the fifty Gram-positive, Gram-negative, and
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yeast species evaluated were reduced by more than 5.0 Log;, within thirty seconds of
exposure to the product.

EXAMPLE 12

[0232] This example demonstrates a comparison of the antimicrobial activity of an
exemplary ORP water solution, Microcyn, versus HIBICLENS® chlorhexidine gluconate
solution 4.0 % (w/v) and 0.9 % sodium chloride irrigation (USP).

[0233) An In-Vitro Time-Kill evaluation was performed as described in Example 11
using HIBICLENS® chlorhexidine gluconate solution 4.0 % (w/v) and a sterile 0.9 %
sodium chloride irrigation solution (USP) as reference products. Each reference product
was evaluated versus suspensions of the ten American Type Culture Collection (ATCC)
strains specifically denoted in the Tentative Final Monograph. The data collected was then
analyzed against the Microcyn microbial reduction activity recorded in Example 11.

[0234] Microcyn oxidative reductive potential water reduced microbial populations of
five of the challenge strains to a level comparable to that observed for the HIBICLENS®
chlorhexidine gluconate solution. Both Microcyn and HIBICLENS® provided a microbial
reduction of more than 5.0 Log;o following a thirty second exposure to the following
species: Escherichia coli (ATCC #11229 and ATCC #25922), Pseudomonas aeruginosa
(ATCC #15442 and ATCC #27853), and Serratia marcescens (ATCC #14756). Further, as
shown above in Table 5, Microcyn demonstrated excellent antimicrobial activity against
Micrococcus luteus (ATCC #7468) by providing a 5.8420 Log;o reduction after a thirty
second exposure. However, a direct Micrococcus luteus (ATCC #7468) activity
comparison to HIBICLENS® was not possible because after a thirty second exposure,
HIBICLENS® reduced the population by the detection limit of the test (in this specific case,
by more than 4.8 Log). It is noted that the sterile 0.9 % sodium chloride irrigation
solution reduced microbial populations of each of the six challenge strains discussed above
by less than 0.3 Log;o following a full twenty minute exposure.

[0235] Microcyn oxidative reductive potential water provided greater antimicrobial
activity than both HIBICLENS® and the sodium chloride irrigation for four of the challenge
strains tested: Enterococcus faecalis (ATCC #29212), Staphylococcus aureus (ATCC
#6538 and ATCC #29213), and Staphylococcus epidermidis (ATCC #12228). The
following table summarizes the microbial reduction results of the In-Vitro Time-Kill
evaluation for these four species:
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[0236]  Table 6. Comparative kill results.
Microorganism . Log;g Reduction
Specgies Exposure Time g T HIBICLENS® | NaCl frigation
30 seconds 6.4166 1.6004 0.3180
1 minute 6.4166 2.4648 0.2478
3 minutes 6.4166 5.2405 0.2376
Fnterococcus 5 m@nutes 6.4166 5.4166 0.2305
faecalis 7 m3nutes 6.4166 5.4166 0.2736
(ATCC #29212) 9 minutes 6.4166 5.4166 0.2895
11 minutes 6.4166 5.4166 0.2221
13 minutes 6.4166 5.4166 0.2783
15 minutes 6.4166 5.4166 0.2098
20 minutes 6.4166 5.4166 0.2847
30 seconds 6.1775 1.1130 0.0000
1 minute 6.1775 1.7650 0.0191
3 minutes 6.1775 4.3024 0.0000
Staphylococcus 5 m%nutes 6.1775 5.1775 0.0000
qureus 7 m%nutes 6.1775 5.1775 0.0000
(ATCC #6538) 9 mlputes 6.1775 5.1775 0.0000
11 minutes 6.1775 5.1775 0.0267
13 minutes 6.1775 5.1775 0.0000
15 minutes 6.1775 5.1775 0.0191
20 minutes 6.1775 5.1775 0.0000
30 seconds 6.2405 0.9309 0.0000
1 minute 6.2405 1.6173 0.0000
3 minutes 6.2405 3.8091 0.0460
Staphylococeus 5 m?nutes 6.2405 5.2405 0.0139
T
minutes . . .
(ATCC#29213) 11 minutes 6.2405 5.2405 0.0283
13 minutes 6.2405 5.2405 0.0000
15 minutes 6.2405 5.2405 0.0000
20 minutes 6.2405 5.2405 0.0615
30 seconds 5.6385 5.0233 0.0456
1 minute 5.6385 5.0233 0.0410
3 minutes 5.6385 5.0233 0.0715
Staphylococcus 5 m@nutes 5.6385 5.0233 0.0888
. o 7 minutes 5.6385 5.0233 0.0063
epidermidis -

(ATCC #12228) 9 mlputes 5.6385 5.0233 0.0643
11 minutes 5.6385 5.0233 0.0211
13 minutes 5.6385 5.0233 0.1121
15 minutes 5.6385 5.0233 0.0321
20 minutes 5.6385 5.0233 0.1042
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[0237] The results of this comparative In-Vitro Time-Kill evaluation demonstrate that
Microcyn oxidative reductive potential water not only exhibits comparable antimicrobial
activity to HIBICLENS® against Escherichia coli (ATCC #11229 and ATCC #25922),
Pseudomonas aeruginosa (ATCC #15442 and ATCC #27853), Serratia marcescens (ATCC
#14756), and Micrococcus luteus (ATCC #7468), but provides more effective treatment
against Enterococcus faecalis (ATCC #29212), Staphylococcus aureus (ATCC #6538 and
ATCC #29213), and Staphylococcus epidermidis (ATCC #12228). As shown in Table 6,
Microcyn exemplifies a more rapid antimicrobial response (i.¢., less than 30 seconds) in
some species. Moreover, exposure to Microcyn results in a greater overall microbial

reduction in all species listed in Table 6.
EXAMPLE 13

[0238] This example illustrates stability, lack of toxicity, and antimicrobial activity of
an exemplary ORP water solution, Microcyn, used in accordance with the invention.
[0239] Microcyn is a superoxidized solution of neutral pH with germicidal, sterilizing
and wound antiseptic activity. Microcyn is prepared from pure water and salt (NaCl), has a
small concentration of sodium (e.g., <55 ppm) and chlorine (e.g., <80 ppm), a pH in the
range of 7.2 to 7.8, and oxidation-reduction potential in the range of 840 mV to 960 mV.
Microcyn 60 is produced in one concentration only, and need not be activated or diluted.
This solution is produced from water obtained by reverse osmosis, which is then subjected
to an electrochemical gradient generated by high voltage and sodium chloride. In this way,
the reactive species that form in the multiple chambers where the electrochemical gradient
is generated are selected in a controlled way to create Microcyn. The result is a solution
with a controlled content of free radicals that confer a high oxidation-reduction potential
(+840 mV to +960 mV) and consequently high antimicrobial activity.

[0240] Hypochlorous acid and sodium hypochlorite are the most abundant elements
contained in Microcyn, with others in minor concentration, such as, chloride ions , among
others. Although applicants do not wish to be bound by a particular theory, it is believed
that the disinfectant effect does not necessarily depend exclusively on the quantity of
chlorine, but also may depend on the content ofreactive species of oxygen and/or oxygen, or
one or more precursors thereof. Also, and in contrast to other superoxidized solutions that
have been reported in the literature, Microcyn has a neutral pH (6.4-7.8), is not corrosive
and is stable in storage up to 2 years. All these characteristics have made it possible to
produce a superoxidized solution that is effective as a high-level disinfectant and
compatible for use both on inanimate and biological surfaces (e.g., tissues).

[0241] Accelerated stability tests have demonstrated that Microcyn can be stored in
widely varying temperature conditions, from 4 to 65°C, without losing its disinfectant
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activity for a period of 2 years. This property of prolonged stability on the shelf is also the
difference from superoxidized solutions reported previously that are only effective if they
are used immediately after being produced. In other words, while Microcyn can be stored
and distributed even in extreme conditions without losing its antimicrobial activity, other
solutions would have to be produced by a specialized and costly machine in every hospital
that tried to use that solution. Nevertheless, the manufacturer recommends that, once the
container of Microcyn is opened, it be used within 30 days for the purpose of guaranteeing
uniform activity and consistent results. '

[0242] The dose of Microcyn can be changed only by changes in the volume applied per
unit area of the skin. In the toxicological studies, the doses of Microcyn applied topically to
the intact skin varied between 0.05 and 0.07 mL/cm?; in the study of acute dermatological
toxicity and in the investigation of skin irritation, they were up to 8.0 mL/cm?, and in those
that investigated its application in deep wounds, Microcyn was applied in a dose of 0.09
mL/cm?.

[00100] Toxicological studies were carried out that applied Microcyn topically to the
intact skin, using a single application with exposure of 4 to 24 h. Multiple applications of
Microcyn, one or two times a day, during a period of 7 days were assessed for deep wounds
in rats.

[0243] Two studies were carried out on the intact skin of rabbits to evaluate the effect of
Microcyn as to acute irritation and dermal toxicity. No clinical signs, dermal irritation, or
abnormalities in the skin at autopsy were found in any of the animals exposed to Microcyn.
[0244] The characterization of local and systemic toxicity from topically applied
Microcyn to a deep wound was evaluated in rats. No abnormalities, significant differences
in the parameters of the blood chemistry or hematic cytology were observed, nor anomalies
in the autopsies. The skin irritation gradings and the histopathology of the wounds and the
tissues around the place of application did not reveal any difference between the wounds
treated with Microcyn and those of the control group treated with saline solution. The
deposition of collagen II during the wound healing process was also not altered with the use
of Microcyn as measured by immunohistochemistry.

[0245] The systemic toxicity of Microcyn was also evaluated by means of an
intraperitoneal injection in mice. For this, five mice were injected with a single dose (50
mL/kg) of Microcyn by the intraperitoneal route. In the same way, five control mice were
injected with a single dose (50 mL/kg) of saline solution (sodium chloride at 0.9%). In this
investigation, neither mortality nor any evidence of systemic toxicity was observed in any
of the animals that received the single intraperitoneal dose of Microcyn, for which the LD50
is above 50 mL/kg.
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[0246] Microcyn was administered by the oral route to rats to allow its absorption and
to characterize any inherent toxic effect of the product. For this a single dose (4.98 mL/kg)
was administered by esophageal tube to three albino rats of the Sprague-Dawley strain.
There was no mortality, nor were there clinical signs or abnormalities in the autopsies of
any of the animals exposed to the single oral dose of Microcyn.

[0247]  The potential of topically applied Microcyn for ocular irritation was also
evaluated in rabbits. Ocular irritation was not observed nor any other clinical sign in any
animal exposed to Microcyn by topical administration through the ocular route.

[0248] Microcyn was applied by the inhalatory route to rats to determine potential acute
toxicity by inhalation. All the animals showed a very slight or slight reduction in activity
and piloerection after the exposure, but they were all asymptomatic on the following day.
Mortality or abnormalities were not observed at autopsy of the animals exposed to
Microcyn by inhalation.

[0249] Evaluation of the potential for sensitization of the skin with Microcyn was
carried out in guinea pigs using a modified occlusion patch method (Buehler). Irritation was
not observed in the animals of the control group after a simple treatment challenge, nor in
the animals evaluated (treated by induction) after challenge with the treatment. Therefore,
Microcyn does not provoke a sensitizing reaction.

[0250] The reduction of the microbial load with Microcyn in abdominal wounds in vivo
was evaluated in rats. The wall was surgically opened, further closed with a synthetic mesh
and then infected with a known E coli bacterial load. In these experiments Microcyn
demonstrated to be superior to saline solution in reducing the bacterial load. Under
macroscopic evaluation, the wound was severely infected only in the saline group. The
mesh was exclusively integrated in the abdominal walls of the animals in the Microcyn
group. Quantitative cultures in 30 animals per group showed a better reduction in the
microbial load with Microcyn reducing the microbial load by 99.997% versus a 99.969%
reduction with saline solution. Furthermore, abscess formation was present in 7 animals
with Mlcrocyn and 17 animals treated with saline solution.

[0251] Thus, when it has been applied to the intact skin, deep open dermal wounds, in
the conjunctival sac, by oral and inhalation routes or by means of intraperitoneal injection,
Microcyn has not shown adverse effects related to the product. There is also experience in
having treated more than 500 patients with wounds of very diverse nature in the skin and
mucosae, with excellent antiseptic and cosmetic results. Accordingly, topically applied
Microcyn should be effective and well-tolerated in this clinical trial.

[0252] Microcyn is packaged in transparent 240 mL PET bottles. This product is stored
at ambient temperature and remains stable for up to 2 years on the shelf if the bottle is not
opened. On having been opened, it is recommended that all of the product be used in less
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than 90 days. From its profile of high biological safety, Microcyn can be emptied into the
sink without risk of contamination or corrosion.

[0253]  Multiple microbial trials have been run with Microcyn, both in the United States
and in Mexico. Eradication of more than 90% of the bacteria occurs in the first few seconds
of exposure. The antibacterial and antimycotic activity that Microcyn exhibits in
accordance with this standard is summarized in Table 7.

[0254]  Table7.

Bacterium Catalog Time of action
(reduction below 99.999%)

Ps. aeruginosa : ATCC 25619 1 min

St. aureus ATCC 6538 1 min

E. coli ATCC 11229 1 min

S. typhi CDC 99 1 min

C. albicans ATCC 1 min

B. subtilis 9372

Low spore (10%) 10 min

High spore (10°) 15 min

[0255] The sporicidal activity trial was carried out in accordance with the PAHO
[Pan-American Health Organization]/WHO protocol.

[0256] Microcyn was found to reduce the viral load of human immunodeficiency virus
(strain SF33) by more than 3 logs in five minutes. This was verified by the absence of
cytopathic effect and by the level of Agp24 in the trials of virus treated with Microcyn
(these trials were undertaken in accordance with the virucide protocols of the United States
Environmental Protection Agency (DIS/TSS 7/November 12, 1981.)

[0257] The virucidal activity of Microcyn has been confirmed in studies carried out in
the United States against HIV and its activity against Listeria monocytogenes, MRSA and
Mycobacterium bovis has also been demonstrated. Thus, it has been demonstrated that
Microcyn, when it is administered as recommended, can eradicate bacteria, fungi, viruses
and spores from one to fifteen minutes of exposure.
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EXAMPLE 14

[0258]  This example provides a formulation of the invention suitable for topical

administration to a patient. The formulation contains:

Component Quantity

ORP water solution 250 mL

Carbopol® polymer powder (thickening agent) 15g

Triethanolamine (neutralizing agent) 80 mL
EXAMPLE 15

[0259] This example provides a formulation of the invention suitable for topical
administration to a patient. The formulation contains:

Component Quantity

ORP water solution 1000 mL

Carbopol® polymer powder (thickening agent) 15g

Triethanolamine (neutralizing agent) 80 mL
EXAMPLE 16

[0260] This example provides a formulation of the invention suitable for topical
administration to a patient. The formulation contains:

Component Quantity

ORP water solution 250 mL

Carbopol® polymer powder (thickening agent) 78

Triethanolamine (neutralizing agent) 12 mL
EXAMPLE 17

[0261] This example describes the manufacture of a formulation of the invention
comprising an ORP water solution and a thickening agent.

[0262] An ORP water solution is put into a suitable container, such as a glass beaker or
jar. Carbopol® 974P polymer is passed through a coarse sieve (or strainer), which permits
rapid sprinkling, whilst at the same time breaking up any large agglomerates. The polymer
Carbopol® 974P is then added as the thickening agent. The Carbopol® polymer is added
slowly to prevent the formation of clumps and, thus, avoid an excessively long mixing
cycle.
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[0263] The solution is mixed rapidly during the addition of the Carbopol® polymer so
that the powder dissolves at room temperature. The neutralizing agent triethanolamine is
then added to the solution and mixed by means of an electric mixer or other suitable device,
until a homogeneous gel is obtained. The addition of the neutralizing agent to the
Carbopol® polymer composition converts the formulation into a gel.

EXAMPLE 18

[0264] This study demonstrates the effectiveness of the use of an exemplary ORP water
solution, Microcyn, in accordance with the invention for the treatment of infected diabetic
foot ulcers as compared with conventional wound therapy.

[0265] This study was a prospective, single blind, randomized, controlled investigation
that compared a Microcyn regimen to a “Control” regimen in the treatment of infected
diabetic foot ulcers. Patients were randomized when they met the criteria for the study and
when they presented to the diabetic foot clinic. Randomization was by alternate assignment
to either Microcyn or Control. Patients were not informed as to whether they were
receiving the Microcyn treatment or the Control treatment. However, if a patient happened
to become aware of which treatment they were receiving, they were not disqualified from
the study.

[0266] Forty-five patients were enrolled into the 20 week study. Patients were eligible
to be screened if they presented with an infected diabetic foot ulcer. The patients signed an
informed consent prior to receiving any study related treatment. Within the Study
Population, eight patients (18%) out of the 45 randomized were excluded from the study
immediately after the initial assessments due to severe arterial obstruction in the study leg.
The patients were transferred to a vascular surgeon for either limb salvage or major
amputation. No other patients dropped out during the study.

[0267] There were no statistically significant differences with respect to any
demographic characteristics between the Microcyn and Control groups (Tables 8 and 9).
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[0268] Table 8. Patient Characteristics
Parameter Treatment Group | N Mean S.D. P-Value
Age (Years) Microcyn 21 61.9 11.9 NS
e (Years
sefhean Control 16 |67.8 11.6
. . Microcyn 21 16.4 8.1 NS
Diabetes Duration (years)
Control 16 17.0 10.2
. . Microcyn 21 163.0 59.0
Mean Fasting Glycemia NS
Control 16 152.0 65.8
) Microcyn 21 8.58 8.50 NS
Ulcer Duration (weeks)
Control 16 8.67 8.50
Microcyn 21 0.9 0.5
Branch/Ankle Index NS
Control 16 1.14 0.7
[0269] Table 9. Patient Gender and Weight
Microcyn Control
Parameter Category n (%) n (%) P-Value
M 9 (45.0) 8 ( 50.0) NS
Gender
F 12 ( 55.0) 8 ( 50.0)
) <27 kg/m 15(71.4) 12 ( 75.0) NS
Obesity
> 27 kg/m 6 (28.6) 4( 16.0)
[0270] Patients underwent sharp debridement of the study ulcer to remove necrotic or

hyperkeratinized tissue during the study. Patients in the two study arms received similar

treatment regimens with the exception that soap and Microcyn were used in place of the

povidone iodine and saline rinses. All study wounds received identical dressings, consisting

of an application of a gel used in providing a moist wound environment, gauze, and

adhesive covering. In addition to instructions to avoid weight bearing as much as possible,
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patients were provided with off weight bearing custom molded inserts to relieve pressure at
the ulcer site, if the ulcer was on a weight bearing area. All patients in both treatment
groups were seen daily initially, then depending on the condition of the wound, were
required to be seen every third day or once a week.

[0271]
cellulitis, healing, and safety- serious adverse events. Analysis of the data revealed a
relationship between treatment and odor reduction, cellulitis, and healing (Table 10). All

The Endpoints for the study were as follows: primary - reduction in fetid odor,

patients (100%) in the Microcyn intervention group showed a reduction in fetid odor,
compared to only a quarter (25%) of the patients in the Control group. The percentage of
patients in the Microcyn intervention group that showed a reduction in cellulitis was
approximately 81% compared to about 44% in the Control group. Healing, defined as 1)
advancement from infection to the formationof granulation tissue in the wound and 2)
development of healthy tissue peri-wound, was observed for the Microcyn intervention
group to be about 90% and 94%, respectively. For the Control group, the values were found
to be 63% and 31%, respectively.

[0272] Table 10. Outcomes
Microcyn Control
Outcome N (%) N (%) P-value[1] NNT [2]
Fetid Odor Reduction 21 (100.0) 4 (25.0) 0.001 2
Cellulitis Reduction 17 (80.9) 7 (43.7) 0.01 3
Healing
19 (90.4) 10 (62.5) 0.05 4
Advances from infection to
granulating tissue
Improvement of tissue 19 (90.4) 5 (31.2) 0.001 2
and skin around the ulcer

[1] P-values based on Yates correction for chi-squared.
[2] NNT=Number needed to treat. NNT significant clinical efficacy range=2-4
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[0273]  Thus, patients treated with Microcyn showed an important, clinical benefit with
respect to the reduction of fetid odor, cellulitis, and healing when compared to patients

treated with conventional therapy alone.
EXAMPLE 19

[0274] This example demonstrates the efficacy of an exemplary ORP water solution,
Dermacyn, for the treatment of diabetic foor ulcers and for decreasing micorbial load and/or
complications associated with diabetic foot ulcers, particularly, recurrence, dehiscence and
amputation.

[0275] Infection in the presence of peripheral vascular disease is considered to be one of
the most important prognostic factor for the risk of amputation in diabetic foot disease.
Antibiotic therapy, surgical treatment of deep infection and antiseptic dressings are
commonly used for the treatment of infection in diabetic foot. The value of local control of
infection in healing diabetic wounds is recognized as critical for wound healing.

[0276] This was an open-label (not blinded), single centre study. The global treatment
of all subjects included general antibiotic therapy, surgery and weight bearing relief. The
Dermacyn treated group (Group D) was recruited prospectively. Once all subjects in this
group had been treated, data for the control group of povidone iodine treated subjects
(Group C) were collected retrospectively from the medical records.

[0277] Subjects were males and females of over 18 years of age with a history of
diabetes and at least one HbACl1 reading and stage II/III B-D ulcers using the Texas
University Classification (T.U.C.), which were all localized below the ankle. After the
completion of the treatment of Group D, Group C were matched for age, duration of
diabetes and class of ulceration using the T.U.C. before their data were collected.

[0278] Treatment was given to all subjects following the clinician’s standard care
protocol so the same treatment was given to both groups (apart from the use of Dermacyn or
povidone iodine). All subjects were on antibiotic therapy for at least one week prior to the
start of treatment. Microbiological specimens were taken at enrolment (or the equivalent
start of treatment in the control group) and then every month until surgical closure
treatment. Local treatment was carried out daily using gauze with Dermacyn or gauze with
povidone iodine.

[0279] Treatment took part in two stages:

[0280] Stage I - Subjects underwent debridement of their ulcers. They then had gauze
soaked in either Dermacyn or povidone iodine applied to the wound sites for the next 24
hours. These dressings were changed daily. All subjects with peripheral vascular disease
were referred for revascularization using endovascular techniques or by-pass surgery before
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any elective surgery took place. In subjects with T.U.C. III B/D lesions, surgical treatment
of bone infection was carried out (esostectomy-minor amputations). Subjects were
discharged 10 - 20 days prior to conducting the definitive closure surgery.

[0281] Stage II- Subjects were then re-admitted for debridement and surgery as
required (i.e. conservative, minor or major). Following surgery, subjects had gauze soaked
in either Dermacyn or povidone iodine (as previously allocated) applied to the wound sites
and left in place for 24 hours. These dressings were then changed daily.

[0282] The primary outcome measure was the microbial load reduction (demonstrated
by number of positive cultures at entry and at surgery or during follow up). Secondary
outcome measures were: healing time (in days), recurrence (in days), type of re-operation
(conservative, minor or major), dehiscence and local adverse effects. The analysis consists
of basic descriptive statistics and a statistical analysis of the effect of treatment on
microbiological outcomes at surgery. To analyse the effect of Dermacyn treatment on
microbial load at surgery, the microbial load at surgery was dichotomised into a successful
or unsuccessful outcome, where zero bacterial strains was considered successful and any
non-zero number of bacterial strains was considered unsuccessful. The difference between
the two treatment groups in the proportion of successful microbiological outcomes was
tested for statistical significance using Fisher’s exact test. In addition, the odds ratio for the
odds of a successful outcome was calculated by logistic regression. These analyses were
post-hoc analyses.

[0283] Data have been recorded for 218 subjects, of whom 110 were treated with
Dermacyn (Group D) and 108 were treated with povidone iodine (Group C). The mean age
of the subjects was 69.6 years, and 33.5% were female. The mean duration of diabetes at
entry was 17.4 years. Demographic characteristics were well balanced between the two
groups. Baseline demographics are given in Tables 11 and 12.

[0284] Table 11: Summary of Age (years)

Treatment Group
Group D Group C All subjects

N 110 108 218

Mean 69.4 69.8 69.6

SD 8.45 7.53 7.99
Median 70 70 70
Minimum 40 50 40
Maximum 91 88 91
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[0285] Table 12: Summary of Sex

Treatment Group (n and %)
Group D Group C All subjects
n % n % n %
Male 69 62.7 76 70.4 145 66.5
Female 41 37.3 32 29.6 73 33.5

[0286] The mean number of bacterial strains was well balanced between the two groups,
although more subjects in Group D (39) than Group C (27) had only one bacterial strain on
entry. The microbial load reduction at surgery (or follow up) was significantly higher in
Group D than in Group C. If a successful outcome is defined as zero bacterial strains after
surgery, the number of subjects for whom treatment was a success was 97 in Group D,
compared to 74 in Group C. The differences between the treatment groups in the proportion
of microbiological success was significant (p < 0.001, Fisher’s exact test). Consistent with
this, the odds ratio for a successful outcome was 3.4 (95% CI 1.7-7.0) for patients treated
with Dermacyn.

A summary of the number of bacterial strains before and after surgery (in categories) is
shown in Table 13, and a summary of successful microbiological outcome (successful
outcome being defined as zero bacterial strains after surgery) is shown in Table 14.

[0287] Table 13: Summary of number of bacterial strains before and after surgery (in

categories)

Number Group D Group C All subjects

b ac?gﬁ a] | before after before after before S uarf;‘zrry

strains | surgery surgery | surgery surgery | surgery !
1 (%) n (%) n (%) 1 (%) 1 (%) n (%)

1 39(35.8) | 97(882) | 27(252) | 74(68.5) | 66(30.6) | 171(78.4)
2 28 (25.7) | 12(10.9) | 39(36.4) | 25(23.1) | 67(31.0) | 37(17.0)
3 34(312) | 1(09) | 38(355) | 9(83) | 72(33.3) 10 (4.6)
4 7 (6.4) i 2(1.9) - 9 (4.2) ]
5 1(0.9) ] 1(0.9) - 2(0.9) i
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[0288] Table 14: Summary of successful microbiological outcome (successful outcome

is defined as zero bacterial strains after surgery)

Successful Group D Group C All subjects

treatment n (%) n (%) n (%)
Yes 97 88.2 74 68.5 171 78.4
No 13 11.8 34 31.5 47 21.6

[0289] The mean healing time was slightly shorter in Group D (45.2 days) than in
Group C (58 days). The summary of healing times is shown in Table 15. The recurrence
rate was slightly higher in Group C (12 recurrences) than in Group D (10 recurrences). The

summary of re-ulceration (recurrence) is shown in Table 16.
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[0290] Table 15: Summary of Healing Time (in days)

Treatment Group (n and %)
Group D Group C All subjects

N 110 108 218

Mean 45.2 58 51.6

SD 14.4 20 18.5
Median 43 55 48
Minimum 20 21 20
Maximum 87 125 125

[0291] Table 16: Summary of re-ulceration (recurrence)

Treatment Group (n and %)
Re-ulceration Group D Group C All subjects
occurrence n % n % n %
Yes 10 9.1 12 11.1 22 10.1
No 100 90.9 96 88.9 196 89.9

[0292] A greater number of subjects in Group D (60) had conservative surgical
treatment than in Group C (47), and there were 50 subjects in Group D who required some
form of amputation, compared to 61 in Group C (shown in Table 17). A summary of the
type of surgery is shown in Table 18.

[0293] Table 17: Summary of Category of Surgery

Treatment Group (n and %)

Type of Surgery Group D Group C All subjects

n % n % n %
Conservative 60 54.5 47 43.5 107 49.1
treatment
Minor 45 40.9 51 47.2 96 44
amputations
Major 5 4.5 10 9.3 15 6.9
amputations
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[0294] Table 18: Summary of Detailed Type of Surgery

PCT/US2006/011252

Treatment Group (n and %)

Surgical procedure Group D Group C All subjects

n % n % n %
Above kpee 0 0.0 3 2.8 3 1.4
amputation
Below knee 5 4.5 7 6.5 12 55
amputation
Chopart 2 1.8 1 0.9 3 1.4
amputation
Debridement 2 1.8 2 1.9 4 1.8
Dressing 14 12.7 7 6.5 21 9.6
Lisfranc 2 1.8 2 1.9 4 1.8
amputation
Panmetatarsal head 8 73 7 6.5 15 6.9
resection
(resection of all
metatarsale heads)
Ray amputation 15 13.6 17 15.7 32 14.7
(single)
Ray amputations 3 2.7 3 2.8 6 2.8
(plural)
Skin graft 7 6.4 7 6.5 14 6.4
Transmetatarsal 11 10.0 19 17.6 30 13.8
amputation
Toe amputation 8 7.3 5 4.6 13 6.0
(single)
Toe amputations 4 3.6 4 3.7 8 3.7
(plural)
Ulcerectomy 1 0.9 3 2.8 4 1.8
Ulcerectomy and 28 255 21 19.4 49 22.5
resection of bone
(sequestrectomy)




WO 2006/102681 66 PCT/US2006/011252

[0295] Occurrences of surgical dehiscence (the situation of not healing after surgery due
to infection or ischemia) were slightly higher in Group C (21) than in Group D (14). The
summary of surgical dehiscence is shown in Table 19.

[0296] Table 19: Summary of surgical dehiscence

Treatment Group (n and %)
Surgical Group D Group C All subjects
Dehiscence n % n % n %
Yes 14 12.7 21 19.4 35 16.1
No 96 87.3 87 80.6 183 83.9

[0297] There were no local adverse effects reported in the Group D compared to 18
reported in Group C. The summary of the rate of local adverse effects is shown in Table 20.

[0298] Table 20: Summary of local adverse effects

Treatment Group (n and %)
Event Group D Group C All subjects
occurrence n % n % n %
Yes 0 0.0 18 16.7 18 8.3
No 110 100 90 83.3 100 91.7

[0299] This example demonstrates that treatment with the exemplary ORP water
solution, Dermacyn, resulted in fewer bacterial strains isolated, fewer local adverse effects,
fewer surgical dehiscences, and shorter healing times than was observed with conventional
therapy. Thus, this example is believed to demonstrate that the treatment of diabetic foot
ulcers with Dermacyn has therapeutic advantages over conventional povidone iodine topical

therapy.
EXAMPLE 20

[0300] This study demonstrates the effectiveness of an exemplary ORP water solution,
Dermacyn (M60), for the treatment of venous stasis skin ulcers.

[0301] A total of 61 adults (56 women, 5 men) with a venous stasis skin ulcer resultin
from varicose veins of at least 10 year’s duration, at least 3 cm in length or width and an
ankle:brachial pressure index of at least 0.8 were included. Over twelve months thirty five
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patients (31 women, 4 men) were treated with venous sclerotherapy, compressive bandage
and Dermacyn. The results were compared to those obtained in a historical control group
(25 women, 1 man) treated with venous sclerotherapy, compressive bandage and povidone
iodine. The age distributions (Table 21) and site of the ulcers (Table 22) were similar for

the two groups.

[0302]  Table 21. Age Distribution.

Microcyn Control

Age (y) No. % No. %
20a29 - - 2 7.7
30239 2 5.7 2 7.7
40 a 49 4 11.4 4 154
50a59 6 17.1 6 23.0
60 a 69 18 51.4 7 26.9
70a79 4 114 4 15.4
80 a &9 1 2.9 1 3.8
Total 35 100.0 26 100.0
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[0303] Table 22. Site of ulcer.

VEIN INSUFFICIENCY Microcyn CONTROL
Superficial 14 21
Bilateral 5 3
Internal 7 0
Left Leg 5 2
Right Leg 4 0

[0304] The control group included 82 ulcers and the Dermacyn-treated group 100
ulcers.

[0305] Wound disinfection was recommended once daily with either agent (i.e.
Dermacyn or povidone iodine ). Antibotics were administered to 65.4% of the control
patients and 68.6% of the Dermacyn-treated patients. The follow-up continued until the
patient's reference leg was ulcer healed or for a minimum of 12 months.

[0306] The primary end-point was quality of life. For this purpose a validated QOL-
SF36 scale was used (Sam et. al., Eur J Vasc Endovasc Surg. 2004, 28:253-256.)
Secondary outcomes were the complete healing of ulcers on the trial leg and adverse events.
Figures 4 shows the improvement in overall physical activity in the Dermacyn group
patients compared with controls. In addition, 78% of the ulcers treated with Dermacyn
versus only 47% in the control group healed in by 9 months (see Figure 5).

[0307] The only side effect found at the time of application was burning sensation in up
to 30% of patients of Dermacyn-treated patients. This sensation was self limited and lasted
few minutes at the most. It also disappeared in the second or third day of application and
had not impact in the healing process, as can be observed in Figure 6, which shows the
functional improvements made by Dermacyn-treated patients. In addition, the Dermacyn-
treated patients showed improvements in pain intensity with ORP water treatment (Figure
7). The Dermacyn-treated patients also showed improvements in vitality, social function,
and overall mental health.

[0308] This study shows that venous leg skin ulcers treated with Dermacyn had a better
quality of life in comparison to those treated with povidone iodine during the study.
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EXAMPLE 21

[0309] This study can be done to demonstrate the safety and efficacy of an exemplary
ORP water solution, Dermacyn, used in accordance with the invention as a replacement
solution for the Versajet™ (Smith & Nephew) jet lavage system in the treatment of necrotic
tissue (ulcers) distal to the malleoli, as compared to the standard regimen.

[0310] This will be a prospective randomized, double-blind, controlled study.
Approximately 30 patients (about 20 in the Dermacyn group / about 10 in the Control
group) will be enrolled in the study. The population for this study will be patients with
lower extremity ulcers (e.g., diabetic foot ulcers, venous stasis ulcers). All of the study’s
inclusion and exclusion criteria must be satisfied by the Day 0 for the patient to be eligible
for enrollment into the study. The inclusion criteria are: patient is 18 years old or older;
patient’s lower extremity ulcer has necrotic tissue present and is a candidate for mechanical
debridement by the jet lavage system; patient’s ulcer is located distal to the malleoli;
patient’s ulcer surface area is greater than or equal to 1.0 cm?; patient’s ulcer extends
through the dermis and into subcutaneous tissue (granulation tissue may be present), with
possible exposure of muscle, or tendon, but without bone, and/or joint capsule involvement;
and patient’s Ankle-Arm Index by Doppler is an ABI of greater than or equal to 0.8 or
patient’s toe pressure is greater than or equal to 40 mmHg.

[0311] The exclusion criteria are: patient has clinical evidence of gangrene on any part
of the treatment limb; patient’s ulcer is expected to be resected or amputated during the
study period; patient’s has the following signs of a systemic inflammatory response
syndrome (SIRS); patient’s ulcer has a total surface area that is less than 1 cm’; patient has
one or more medical condition(s) (including renal, hepatic, hematologic, neurologic, or
immune disease) that in the opinion of the investigator would make the patient an
inappropriate candidate for this study; patient has known active alcohol or drug abuse;
patient is receiving oral or parenteral corticosteroids, immunosuppressive or cytotoxic
agents, or is anticipated to require such agents during the course of the study; patient has
known allergies to chlorine; patient’s ulcer is accompanied by osteomyelitis; and patient has
any condition(s) which seriously compromises the patient’s ability to complete this study.
[0312] After the informed consent has been obtained, inclusion and exclusion criteria
met, the patient will be randomized (2:1 randomization) into one of the following
treatments: Treatment — Dermacyn with the jet lavage system, plus the use of a hydrogel
wound dressing regimen; Control — Saline (standard treatment with the jet lavage systems),
plus the use of a hydrogel wound dressing regimen.

[0313] Each patient randomized to Dermacyn will receive applications of the study
product Dermacyn, with the Versajet jet lavage system during mechanical debridement of
the patient’s wound. A standard pressure setting on the Versajet will be used for diabetic
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foot ulcers, which will be distal to the malleoli. After debridement, Dermacyn will be
applied onto the wound in sufficient quantities to rinse the wound bed free of debris. The
wound will be covered with a hydrogel dressing. At every dressing change, the wound will
be rinsed out with Dermacyn and covered with a new hydrogel dressing. The dressings will
be changed every 3 days, unless otherwise specified by the investigator. The clinical
response factors (CFRs) ((1) reduction of bacteria in the wound, (2) reduction in wound
area, and (3) development of granulation tissue) will be determined during the weekly visits.
[0314] Each Control patient will receive applications of the Control product (saline
solution) with the Versajet jet lavage system during mechanical debridement of the patient’s
wound. After debridement, saline will be applied onto the wound in sufficient quantities to
rinse the wound bed free of debris. The wound will be covered with a hydrogel dressing.
At every dressing change, the wound will be rinsed out with saline and covered with a new
hydrogel dressing. The dressings will be changed every 3 days, unless otherwise specified
by the investigator. The clinical response factors will be determined during the weekly
visits.

[0315] Debridement of the wound may be performed at each weekly visit. Any necrotic
tissue will be debrided with jet lavage prior to the wound assessments. Debris from the
ulcer will be rinsed with either Dermacyn or saline (dependent upon the randomization).
Between visits the patient will rinse the wound with Dermacyn or saline (dependent upon
randomization) at every dressing change. Photographs of the wound will be taken at every
visit after debridement.

[0316] The primary efficacy endpoints will be: (1) reduction of bacteria in the wound,
(2) reduction in wound area, and (3) development of granulation tissue. Safety will be
assessed in all patients who are randomized in the study. The treatment of emergent and
serious adverse events will be recorded.

EXAMPLE 22

[0317] This study will demonstrate the safety and efficacy of an exemplary ORP water
solution, Dermacyn, as a replacement solution for the Jet-Ox ND lavage system in the
treatment of necrotic tissue in lower extremity ulcers as compared to the standard regimen
used by the Jet-Ox ND system.

[0318] The Jet-Ox ND system removes necrotic tissue from chronic wounds via a
controlled spray lavage of sterile saline, without damage to underlying healthy tissues. This
study will replace saline with Dermacyn, which is expected to provide the same spray
lavage effect and additionally reduce the bacterial load of the wound that may be inhibiting
wound closure.
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[0319] Twenty patients will be studied (randomized to yield 10 Dermacyn patients and
10 Control patients). The inclusion criteria will be: patient is older than 18 years; patient has
a lower extremity below-the-knee ulcer with necrotic tissue present and is a candidate for
mechanical debridement with the Jet-Ox ND lavage system; patients ulcer has been present
>30 days prior to the screening visit; the ulcer surface area is >1 cm2 the ulcer extends
through the dermis and into subcutaneous tissue (granulation tissue may be present) with
possible exposure of muscle, tendon but, without exposed bone or capsule; patients
ankle/arm index by doppler is >0.8 and/or patients toe pressure is >40 mmHg; and the
patient has a palpable pulse at the dorsalis pedis and/or posterior tibial artery.

[0320] There will be the following exclusion criteria: renal, hepatic, hematologic,
neurologic or immuno-compromised patients, including having Human Immunodeficiency
virus (HIV) or Acquired Immunodeficiency Syndrome (AIDS); that in the opinion of the
investigator would make the patient an inappropriate candidate for the study; wounds with
the following clinical signs of infection; gangrene on any part of the treatment limb; ulcer
exhibits exposed bone (positive probe to bone) or has other evidence of underlying
osteomyelitis at the ulcer site; expectation that the infected ulcer will be amputated or
resected during the study period; severe malnutrition as evidenced by an albumin of <2.0;
known alcohol or drug abuse; patients receiving oral or parenteral corticosteroids,
immunosuppressive or cytotoxic agents, coumadin, heparin, or is anticipated to require such
agents during the course of the study; and patient has known allergy to chlorine.

[0321] Each individual will be randomized into one of two treatment arms; Dermacyn
or saline. The target ulcer will receive mechanical debridement, followed by irrigation of
the wound with either Dermacyn or saline and bandaging with a hydrogel dressing. A
central wound biopsy for quantitive culture will be taken, along with laboratory studies
(hematology, serum chemistry and pregnancy testing as appropriate), non-invasive
peripheral vascular studies, medical history and physical examination, ulcer tracings, and
ulcer photographs.

[0322] A Jet-Ox ND lavage system will be dispensed along with Dermacyn or saline,
hydrogel and bandaging materials. Directions for home use will be provided. Visits will
include screening, enrollment [day 0] with randomization, weekly visits with debridement,
photographs and assessments. Efficacy will be determined by (1) reduction of bacteria in
the wound, (2) reduction in wound area, and (3) development of granulation tissue during
the course of the study. Safety will be assessed in all patients who are randomized in the
study. Treatment emergent and serious adverse events will be recorded.
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EXAMPLE 23

[0323] This example demonstrates the effect of an exemplary ORP water solution
versus hydrogen peroxide (HP) on the viability of human diploid fibroblasts (HDFs). To
study this potential toxicity, HDFs were exposed in vitro to ORP water solution and
hydrogen peroxide (HP). HP is known to be toxic to eukaryotic cells, increasing apoptosis
and necrosis and reducing cellular viability. In this example, cell viability, apoptosis and
necrosis were measured in HDFs exposed to pure ORP water solution and 880 mM HP (a
concentration employed for antiseptic uses of HP) for 5 and 30 minutes.

[0324] HDF cultures were obtained from three different foreskins, which were pooled
and cryopreserved together for the purpose of this study. Only diploid cells were used for
all experiments. On cell cycle analysis, DNA diploidy was defined as the presence of a
single GO-G1 peak with a CV < 7% and a corresponding G2/M peak collected from at least
20,000 total events. Figures 8 A-8C discloses the results with exposure times of 5 and 30
minutes are depicted in white and black bars, respectively. Simultaneous analyses of these
parameters were performed in the same cell populations by flow cytometry using: A) 7-
aminoactinomycin D (7AAD); B) Annexin V-FITC and C) Propidium iodide. Figures 8A-
8C disclose percentage values expressed as mean + SD (n=3).

[0325] Cell viability was 75% and 55% after a 5 minute exposure to ORP water solution
and HP, respectively (Figure 8A). If the exposure was prolonged to 30 min, cell viability
further decreased to 60% and 5%, respectively. Apparently, the ORP water solution
induced cell death through necrosis because 15% of the cells incorporated propidium iodide
in the flow cytometry analysis at both times (Figure 8C). While not wanting to be bound by
any particular theory, this result could be due to an osmotic effect induced by the
hypotonicity of Microcyn (13mOsm) since the cells were kept in the ORP water solution
only, without added growth factors or ions. Apoptosis does not seem to be the mechanism
by which the ORP water solution induces cell death because only 3 % of ORP water
solution-treated cells exposed Annexin -V in the cellular surface (a marker of apoptosis)
(Figure 8B). This percentage was actually similar to the one measured in the control group.
On the contrary, HP induced necrosis in 20% and 75% of treated cells and apoptosis in 15%
and 20% after 5 and 30 min of exposure, respectively. Altogether these results show that
the (undiluted) ORP water solution is far less toxic for HDFs than an antiseptic
concentration of HP.

EXAMPLE 24

[0326] This example demonstrates the effect of an exemplary ORP water solution
relative to hydrogen peroxide (HP) on oxidative DNA damage and formation of the DNA
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adduct 8-hydroxy-2'-deoxiguanosine (8-OHdG) in HDFs. It is known that the production of
8-OHdG adducts in a cell is a marker of oxidative damage at specific residues of DNA. In
addition, high cellular levels of this adduct correlate with mutagenesis, carcinogenesis and
cellular aging.

[0327] Figure 9 shows the levels of 8-OHdG adducts present in DNA samples from
HDFs after control treatments, ORP water solution treatments and HP-treatments for 30
minutes. DNA was extracted right after the exposure (TO, white bars) or three hours after
the challenge period (T3, black bars). DNA was digested and the 8-OHdG adducts were
measured by ELISA kit as per the manufacturer’s instructions. Values are shown (ng/mL)
as mean £SD (n=3). The exposure to ORP water solution for 30 minutes did not increase
the formation of adducts in the treated cells in comparison to control cells after incubation
for 30 minutes. In contrast, the treatment with highly diluted HP —down to sublethal and
nontherapeutic HP concentrations (500 pM HP)- the treatment with 500 pM HP for 30
minutes increased the number of 8-OHdG adducts by about 25 fold relative to the control-
treated or ORP water solution-treated cells.

[0328] The ORP water solution-treated cells were able to decrease the levels of 8-
OHdG adducts if left in supplemented DMEM for 3 hours after exposure to the ORP water
solution. Despite being allowed the same 3 hour recovery period, HP-treated cells still
presented about 5 times more adducts than control-treated or ORP water solution treated
cells. Altogether, these results demonstrate that acute exposure to the ORP water solution
does not induce significant DNA oxidative damage. These results also indicate that the
ORP water solution will not likely induce mutagenesis or carcinogenesis in vitro or in vivo.

EXAMPLE 25
[0329] This example demonstrates the effects on HDFs of chronic exposure to low
concentrations of an exemplary ORP water solution versus HP. It is known that chronic
oxidative stress induces premature aging of cells. In order to mimic a prolonged oxidative
stress, primary HDF cultures were chronically exposed to a low concentration of the ORP
water solution (10%) or a non lethal-HP concentration (SpM) during 20 population
doublings. The expression and activity of the SA- B-galactosidase enzyme has previously
been associated with the senescence process in vivo and in vitro. In this example the
expression of the SA-B-galactosidase enzyme was analyzed after one month of continuous
exposure of HDF to the ORP water solution or HP. The results are depicted in Figure 10.
The expression of the enzyme SA-B-galactosidase was analyzed by counting the number of
blue cells in 20 microscopic fields. (For an example staining pattern, see Panel A.) Panel B
shows that only HP treatment accelerated the aging of cells as indicated by the number of
cells over-expressing SA-B-galactosidase (n= 3). Chronic treatment with a low dose of HP
increased the SA- B-Gal expression in 86% of cells while the treatment with the ORP water
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solution did not induce the overexpression of this protein. It can be concluded from this
example that ORP water solution is not an inducer of premature cellular aging.

EXAMPLE 26

[0330] This example demonstrates the results of a toxicity study using an exemplary
ORP water solution.

[0331] An acute systemic toxicity study was performed in mice to determine the
potential systemic toxicity of Microcyn 60, an exemplary ORP water solution. A single
dose (50 mL/kg) of Microcyn 60 was injected intraperitoneally in five mice. Five control
mice were injected with a single dose (50 mL/kg) of saline (0.9% sodium chloride). All
animals were observed for mortality and adverse reactions immediately following the
injection, at 4 hours after injection, and then once daily for 7 days. All animals were also
weighed prior to the injection and again on Day 7. There was no mortality during the study.
All animals appeared clinically normal throughout the study. All animals gained weight.
The estimated Microcyn 60 acute intraperitoneal LD50 from this study is greater than 50
mL/kg. This example demonstrates that Microcyn 60 lacks significant toxicity and should

be safe for therapeutic use accordance with the invention.
EXAMPLE 27

[0332] This example illustrates a study conducted to determine the potential cytogenetic
toxicity of an exemplary ORP water solution.

[0333] A micronucleus test was performed using an exemplary ORP water solution
(Microcyn 10%) to evaluate the mutagenic potential of intraperitoneal injection of an ORP
water solution into mice. The mammalian in vivo micronucleus test is used for the
identification of substances which cause damage to chromosomes or the mitotic apparatus
of murine polychromatic erythrocytes. This damage results in the formation of
“micronuclei,” intracellular structures containing lagging chromosome fragments or isolated
whole chromosomes. The ORP water solution study included 3 groups of 10 mice each (5
males / 5 females): a test group, dosed with the ORP water solution; a negative control
group, dosed with a 0.9% NaCl solution; and a positive control group, dosed with a
mutagenic cyclophosphamide solution. The test and the negative control groups received an
intraperitoneal injection (12.5 ml/kg) of the ORP water solution or 0.9% NaCl solution,
respectively, for two consecutive days (days 1 and 2). The positive control mice received a
single intraperitoneal injection of cyclophosphamide (8 mg/mL, 12.5 ml/kg) on day 2. All
mice were observed immediately after injection for any adverse reactions. All animals
appeared clinically normal throughout the study and no sign of toxicity was noted in any
group. On day 3, all mice were weighed and terminated.
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[0334] The femurs were excised from the terminated mice, the bone marrow was
extracted, and duplicate smear preparations were performed for each mouse. The bone
marrow slides for each animal were read at 40X magnification. The ratio of polychromatic
erythrocytes (PCE) to normochromatic erythrocytes (NCE), an index of bone marrow
toxicity, was determined for each mouse by counting a total of at least 200 erythrocytes.
Then a minimum of 2000 scoreable PCE per mouse were evaluated for the incidence of
micronucleated polychromatic erythrocytes. Statistical analysis of the data were done using
the Mann and Whitney test (at 5% risk threshold) from a statistical software package
(Statview 5.0, SAS Institute Inc., USA).

[0335] The positive control mice had statistically significant lower PCE/NCE ratios
when compared to their respective negative controls (males : 0.77 vs. 0.90 and females :
0.73 vs. 1.02), showing the toxicity of the cyclophosphamide on treated bone marrow.
However, there was no statistically significant difference between the PCE/NCE ratios for
the ORP water solution-treated mice and negative controls. Similarly, positive control mice
had a statistically significant higher number of polychromatic erythrocytes bearing
micronuclei as compared to both the ORP water solution-treated mice (males: 11.0 vs. 1.4/
females: 12.6 vs. 0.8) and the negative controls (males: 11.0 vs. 0.6 /females: 12.6 vs. 1.0).
There was no statistically significant difference between the number of polychromatic
erythrocytes bearing micronculei in ORP water solution-treated and negative control mice.
[0336] This example demonstrates that Microcyn 10% did not induce toxicity or
mutagenic effects after intraperitoneal injections into mice.

EXAMPLE 28

[0337] This study demonstrates the lack of toxicity of an exemplary ORP water
solution, Dermacyn.

[0338] This study was done in accordance with ISO 10993-5:1999 standard to
determine the potential of an exemplary ORP water solution, Dermacyn, to cause
cytotoxicity. A filter disc with 0.1 mL of Dermacyn was placed onto an agarose surface,
directly overlaying a monolayer of mouse fibroblast cells (1-929). The prepared samples
were observed for cytotoxic damage after 24 hours of incubation at 37 °C in the presence of
5% CO2. Observations were compared to positive and negative control samples. The
Dermacyn containing samples did not reveal any evidence of cell lysis or toxicity, while
positive and negative control performed as anticipated.

[0339]  Based on this study Dermacyn was concluded not to generate cytotoxic effects
on murine fibroblasts.
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EXAMPLE 29

[0340] This study was conducted with 16 rats to evaluate the local tolerability of an
exemplary ORP water solution, Dermacyn, and its effects on the histopathology of wound
beds in a model of full-thickness dermal wound healing. Wounds were made on both sides
of the subject rat. During the healing process skin sections were taken on either the left or
the right sides (e.g., Dermacyn-treated and saline-treated, respectively).

[0341] Masson’s trichrome-stained sections and Collagen Type II stained sections of the
Dermacyn and saline-treated surgical wound sites were evaluated by a board-certified
veterinary pathologist. The sections were assessed for the amount of Collogen Type 2
expression as a manifestiation of connective tissue proliferation, fibroblast morphology and
collagen formation, presence of neoepidermis in cross section, inflammation and extent of
dermal ulceration.

[0342] The findings indicate that Dermacyn was well tolerated in rats. There were no
treatment-related histopathologic lesions in the skin sections from either sides’ wounds
(Dermacyn-treated and saline-treated, respectively). There were no relevant histopathologic
differences between the saline-treated and the Dermacyn-treated wound sites, indicating that
the Dermacyn-treatement was well tolerated. There were no significant differences between
Collagen Type 2 expression between the saline-treated and the Dermacyn-treated wound
sites indicating that the Dermacyn does not have an adverse effect on fibroblasts or on

collagen elaboration during wound healing.
EXAMPLE 30

[0343] This example demonstrates the effectiveness of an exemplary ORP water
solution (Mycrocyn) in inhibiting mast cell degranulation. Mast cells have been recognized
as principal players in type I hypersensitivity disorders. Multiple clinical symptoms
observed in atopic dermatitis, allergic rhinitis, and atopic asthma are produced by IgE-
antigen stimulation of mast cells located in distinct affected tissues. The currently accepted
view of the pathogenesis of atopic asthma is that allergens initiate the process by triggering
IgE-bearing pulmonary mast cells (MCs) to release mediators such as histamine,
leukotrienes, prostaglandins, kininis, platelet activating factor (PAF), etc. in the so-called
early phase of the reaction. In turn, these mediators induce bronchoconstriction and
enhance vascular permeability and mucus production. According to this model, following
mast cell activation, those cells secrete various pro-inflammatory cytokines, including
tumor necrosis factor alpha (TNF-a), IL-4, IL-5 and IL-6, which participate in the local
recruitment and activation of other inflammatory cells such as eosinophils, basophils, T
lymphocytes, platelets and mononuclear phagocytes. These recruited cells, in turn,
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contribute to the development of an inflammatory response that may then become
autonomous and aggravate the asthmatic symptoms. This late phase response constitutes a
long term inflammation process which can induce plastic changes in surrounding tissues
(see Figure 11). Accordingly, MCs offer model for cytokine release by antigen-stimulated
inflammatory/immune system cells.

[0344] Antigenic stimulation of mast cells occurs via the activation of the high affinity
receptor for IgE (the FceRI receptor), which is a multimeric protein that binds IgE and
subsequently can be aggregated by the interaction of the receptor-bound IgE with a specific
antigen. Its structure comprises four polypeptides, an IgE binding o chain, a B chain that
serves to amplify its signaling capacity, and two disulfide-linked y chains, which are the
principal signal transducers via the encoded immunoreceptor tyrosine-based (ITAM)
activation motif. Signaling pathways activated by the cross-linking of this receptor have
been characterized using bone marrow-derived mast cells (BMMC), the rat leukeria cell
line RBL 2H3, mouse and rat peritoneal mast cells, and other mast cell lines, such as MC-9,
In all of them, the presence of antigen bound to IgE causes mast cell degranulation, calcium
mobilization, cytoskeletal re-arrangements and activation of different transcription factors
(NFAT, NF«B, AP-1, PU.1, SP1, Ets, etc.) which activate cytokine gene transcription that
culminate with cytokine production.

[0345] Mature murine BMMC were loaded with a monoclonal anti-Dinitrophenol IgE
(300 ng/million cell) during 4 hours at 37°C. Culture media was removed and cells were
resuspended in physiological buffer (Tyrode’s Buffer/BSA). Cells were then treated 15
minutes at 37°C with distinct concentrations of the ORP water solution (Microcyn ). Buffer
was removed and cells were resuspended in fresh Tyrode’s/BSA and stimulated with
different concentrations of antigen (Human Albumin coupled to Dinitrophenol) during a 30
minute incubation at 37°C. Degranulation was measured by f-hexosaminidase activity
determination in supernatants and pellets of the stimulated cells, using a colorimetric
reaction based on the capacity of this enzyme to hydrolize distinct carbohydrates. (-
hexosaminidase has been shown to be located in the same granules that contain histamine in
mast cells.) The results (Figure 12) demonstrate that degranulation is significantly reduced
with increasing concentrations of the ORP water solution.

[0346] Surprisingly, the inhibitory effect of the ORP water solution (Microcyn) on mast
cell degranulation is at least similar to that observed with the clinically effective “mast cell
stabilizer” and established anti-allergic compound sodium cromoglycate (Intel™) (Figure
13). Degranulation was again measured by f-hexosaminidase enzymatic activity in the
pellet and supernatant of stimulated cells, using a colorimetric reaction based on the
capacity of this enzyme to hydrolize distinct carbohydrates. Cells loaded with anti-DNP
monoclonal IgE were stimulated with or without a 15 minute pre-incubation with sodium
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cromoglycate (Inte]™). Cromoglycate was no more effective than the ORP water solution
in reducing degranulations (Compare Figure 12 with Figure 13; both achieving at least
about 50% reduction in degranulation.)

EXAMPLE 31

[0347] This example demonstrates the inhibitory activity of an exemplary ORP water
solution on mast cell activation by a calcium ionophore.

[0348] Mast cells can be stimulated via the activation of calcium fluxes induced by a
calcium ionophore. Signaling pathways activated by calcium ionophores have been
characterized using bone marrow-derived mast cells (BMMC), the rat leukemia cell line
RBL 2H3, mouse and rat peritoneal mast cells, and other mast cell lines, such as MC-9. In
all of these systems the calcium mobilization causes mast cell degranulation (e.g. histamine
release), cytoskeletal re-arrangements, and activation of different transcription factors (e.g.,
NFAT, NF«B, AP-1, PU.1, SP1, Ets.) which activate cytokine gene transcription that
culminate with cytokine production and secretion.

[0349] Mature murine bone marrow-derived mast cells (BMMC) were loaded with a
monoclonal anti-Dinitrophenol IgE (300 ng/million cell) during 4 hours at 37°C. Culture
media was removed and cells were resuspended in physiological buffer (Tyrode's
Buffer/BSA). Cells were then treated for 15 minutes at 37°C with distinct concentrations of
the ORP water solution (Microcyn). Buffer was removed and cells were resuspended in
fresh Tyrode’s/BSA and stimulated with calcium ionophore (100 mM A23187) during a 30
minute incubation at 37°C. Degranulation was measured by B-hexosaminidase activity
determination in supernatants and pellets of the stimulated cells, using a colorimetric
reaction based on the capacity of this enzyme to hydrolyze distinct carbohydrates. (B-
hexosaminidase has been shown to be located in the same granules that contain histamine in
mast cells.) The results (Figure 14) demonstrate that degranulation is significantly reduced
with increasing concentrations of the ORP water solution.

[0350] These results suggest that ORP water solution is a non- specific inhibitor of
histamine release. Thus, ORP water solution —even at different concentrations- will inhibit
the degranulation of mast cells independently of the stimulus (e.g. antigen or ionophore).
While not desiring to be bound by any theory, ORP water solution probably modifies the
secretory pathway system at the level of the plasma membrane and/or cytoskeleton.
Because the mechanism of action of ORP water solution is believed to be non-specific, it is
believed that ORP water solution can have broad potential clinical applications.
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EXAMPLE 32

[0351] This example demonstrates the effect of an exemplary ORP water solution on
the activation of mast cell cytokine gene transcription.

[0352] Figures 15A and 15B are RN Aase protection assays from mast cells treated with
ORP water solution at different concentrations for 15 minutes and further stimulated by
antigen as described in Example 30. After stimulation, mRNA was extracted using affinity
chromatography columns (RNAeasy kit, Qiagene) and the RN Ase Protection Assay was
performed using standard kit conditions (Clontech, Becton & Dickinson) in order to detect
mRNA production of distinct cytokines after antigen challenge. The cytokines included
TNF-a, LIF, IL13, M-CSF, IL6, MIF and L.32.

[0353] Figures 15A and 15B show that the ORP solution water (Microcyn) did not
modify cytokine mRNA levels after antigen challenge in mast cells irrespective of the
concentrations of ORP water solution or antigen used for the experiment.

[0354]  In this study, the level of transcripts (i.e., the RNA content of stimulated mast
cells) of proinflammatory genes was not changed in ORP water solution-treated mast cells
after being stimulated with various concentrations of antigen. Thus, the ORP water solution
inhibited the secretory pathway of these cytokines without affecting their transcription.

EXAMPLE 33

[0355] This example demonstrates the inhibitory activity of an exemplary ORP water
solution on mast cell secretion of TNF-a.

[0356] Mast cells were treated with different concentrations of ORP water solution for
15 minutes and further stimulated by antigen as described in Example 30. Thereafter, the
tissue culture medium was replaced and samples of the fresh medium were collected at
various periods of time (2-8 hours) for measuring TNF-a levels. Samples were frozen and
further analyzed with a commercial ELISA kit (Biosource) according to the manufacturer’s
instructions.

[0357] Figure 16 shows that the level of secreted TNF-o to the medium from ORP water
solution-treated cells after antigen stimulation is significantly decreased in comparison to
the untreated cells.

[0358] Thus, the ORP water solution inhibited TNF-a secretion of antigen-stimulated
mast cells. These results are in agreement with clinical observations that the use of ORP
water solutions can decrease the inflammatory reaction in various wounds after surgical
procedures.
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EXAMPLE 34

[0359] This example demonstrates the inhibitory activity of an exemplary ORP water
solution on mast cell secretion of MIP 1-a.

[0360] Mast cells were treated with different concentrations of an exemplary ORP water
solution (Microcyn) for 15 minutes and further stimulated by antigen as described in
Example 30. Thereafter, the tissue culture medium was replaced and samples of the fresh
medium were collected at various periods of time (2-8 hours) for measuring MIP 1-a levels.
Samples were frozen and further analyzed with a commercial ELISA kit (Biosource)
according to the manufacturer’s instructions.

[0361] Figure 17 shows that the level of secreted MIP 1-a to the medium from ORP
water solution-treated cells after antigen stimulation was significantly decreased in
comparison to the untreated cells.

[0362] Thus, the ORP water solution inhibited MIP 1-o secretion of antigen-stimulated
mast cells. These results are in agreement with clinical observations that the use of ORP
water solutions can decrease the inflammatory reaction in various wounds after surgical
procedures.

[0363] Examples 30-33 and this example further demonstrate that the ORP water
solution is able to inhibit early and late phase allergic responses initiated by IgE receptor

crosslinking.
EXAMPLE 35

[0364] This example demonstrates the antimicrobial activity, reduction of hospital stay
and improved cosmetic results of an exemplary ORP water solution, Microcyn, on first,
second, and third degree — pediatric burns.

[0365] The study was designed on the basis of the clinical results with the ORP water
solution and knowing the safety and efficacy of ORP water solution to eliminate
Pseudomonas in burns in an animal model.

[0366] The primary end point of this pilot trial was the local control of the infection.
[0367] Sixty four consecutive patients admitted to the Hospital Civil de Guadalajara in
Mexico from March 2004 to March 2005 with a diagnosis of superficial-partial, deep-partial
and full-thickness thermal injuries to the skin were entered the study group (i.e. ORP water
solution)(35 males, 29 females). Retrospective analysis of paired-cases presenting similar
burns at that Institution during 2003 was undertaken for the control group (40 males, 24
females). The control group had been treated with silver solution/ointments. The age
distribution of the two groups was similar (Figure 18). The causes of the burns were also
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similar in the two groups and included fire, boiling water, and electricity. The extent of the

burns is show in Table 23.

[0368] Table 23. Extension of the Burn

EXTENSION OF NO. OF PATIENTS
THEBURN | Study Group Control Group

010 9% 10 20

10t0 19 % 27 28

20029 % 11 6

30 t0 39 % 8 4

4010 49 % 4 3

50 to 59 % 1 0

60 to 69 % 3 3

[0369] At entry, all patients in the study group underwent surgical debridement and high
pressure-irrigation of ORP water solution using the Jetox system. Only third degree, full-
thickness burns with profuse secretions were covered with gauzes soaked in ORP water
solution. Most of the patients, however, were treated in an open modality. In doing so, the
majority of the children could take a bath every day and receive ORP water solution #.i.d.
(in spray form) without the use of gels or dressings on top of the lesions. Tissue biopsies
were obtained from the wound bed for qualitative bacteriology at entry and after one week
of treatment. Skin grafts were used as necessary in full thickness burns. Patients in the
control group were treated in a similar way but using silver solutions instead of ORP water
solution. As part of the hospital protocol, patients were kept on antibiotics in the case of a
positive culture for Staph aureus or if they were transferred from another Institution.

[0370] In this trial, only 6 patients received antibiotics in the ORP water solution group
versus 46 in the control group (Table 24). Despite this, positive cultures were obtained in 6
and 22 patients after therapy, respectively (See Table 25). However none of the patients in
the ORP water solution group showed signs of overt infections neither during their stay at
the hospital nor after discharge.
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[0371} Table 24. Antibiotic Usage
Group Number of Number of Average stay of
patients on patients with patients on
antibiotics antibiotics and antibiotics.
positive culture
" Control group | 46 22 28.6
" Stdygowp | 6 6 175




WO 2006/102681 33 PCT/US2006/011252

Table 25. Microbiology Results

CONTROL GRQUP o STUDY GROUP y
(m=22) ’ (n=6) °
Staph. aureus 56.0 Staph. aureus ' 571
Pseudomonas 190  |Enterobacter cloacas;, ~ 28.6
aeruginosa (
Candida albicans 12.0 Staph haemolyticus { 14.2
Enterobacter cloacae 8.0
Klebsiella sp. 5.0
TOTAL 100.0 TOTAL ' 1000

[0372] ORP water solution-treated children also appeared to complain of less pain.
[0373] The hospital stay was reduced in almost 50% in the ORP water solution group
versus the control group (14.8 days vs 28.6 days, respectively). Hospital stay was also
reduced in ORP water solution-treated patients versus control patients when first, second,

and third degree burns were analyzed separately (Table 26.)

[0374] Table 26. Hospital Stay by Burn Severity.

. AVG. AVG.
BURN STUDY CONTROL
HOSPITAL HOSPITAL
GRADE GROUP DAYS GROUP DAYS
I° 6 4.6 45 19.2
2° 44 10.6 9 26.9
3° 14 29.5 10 39.8

[0375] However, analysis of the results based on the size of the burn failed to
demonstrate which therapy was superior (Figure 19.)

[0376] Since the daily hospital cost at this facility is around $1,800 per patient, ORP
water solution saved an average of $24,660 per patient to the hospital. It was also suggested
that third degree burns up to 10 cm in diameter healed completely without requiring skin
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grafts, with better cosmetic results and less chelation in ORP water treated patients than
using previous standard burn treatment.

[0377]  Thus, an exemplary ORP water solution reduces the microbial load and length of
hospital stay of patients with partial and full-thickness thermal injuries. Other benefits such
as reduction of pain and improve scarring were suggested by this study.

[0378] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in
its entirety herein.

[0379] The use of the terms “a” and “an” and “the” and similar referents in the context
of describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language (e.g., “such as”) provided herein, is intended merely to better illuminate the
invention and does not pose a limitation on the scope of the invention unless otherwise
claimed. No language in the specification should be construed as indicating any non-
claimed element as essential to the practice of the invention.

[0380] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIMS

1. A method of treating an infected diabetic foot ulcer in a patient comprising
administering an oxidative reductive potential (ORP) water solution to the patient in an amount
effective to treat the infected diabetic foot ulcer, wherein the solution has a pH of about 6.4 to
about 7.8 and is stable for at least about two months, wherein the ORP water solution comprises
anode water and cathode water, and wherein the ORP water solution comprises free chlorine

species at a level of from about 30 ppm to about 100 ppm.

2. The method of claim 1, wherein the solution is stable for at least about one year.
3. The method of claim 1, wherein the pH is from about 7.4 to about 7.6.
4. The method of claim 1, wherein the cathode water is present in an amount of from

about 10% by volume to about 50% by volume of the solution.

S. The method of claim 1, wherein the cathode water is present in an amount of from

about 20% by volume to about 40% by volume of the solution.

6. The method of claim 1, wherein the anode water is present in an amount of from

about 50% by volume to about 90% by volume of the solution.

7. The method of claim 1, wherein the free chlorine species comprises hypochlorous

acid, hypochlorite ions or a combination thereof.

8. The method of claim 1, wherein the free chlorine species is hypochlorous acid

present in an amount of from about 15 ppm to about 35 ppm.

9. The method of claim |, wherein the free chlorine species is sodium hypochlorite

present in an amount from about 25 ppm and to 50 ppm.

10.  The method of claim |, wherein the solution comprises hypochlorous acid in an
amount of from about 15 ppm to about 35 ppm and sodium hypochlorite in an amount of from

about 25 ppm to about 50 ppm.
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11.  The method of claim 1, wherein the solution is administered to the patient by

washing, soaking, or irrigating the infected diabetic foot ulcer with the solution.

12. A method of treating an infected diabetic foot ulcer in a patient comprising: (1)
washing or irrigating the ulcer with an oxidative reductive potential (ORP) water solution; (2)
soaking the ulcer in the ORP water solution; (3) dressing the ulcer with a wound dressing
saturated with the ORP water solution, and, (4) optionally repeating steps (1)-(3) , wherein the
solution has a pH of about 6.4 to about 7.8 and is stable for at least about two months, wherein
the ORP water solution comprises anode water and cathode water, and wherein the ORP water

solution comprises free chlorine species at a level of from about 30 ppm to about 100 ppm.

13. The method of claim |, further comprising debriding the infected diabetic foot

ulcer.

14. A method of treating an infected diabetic foot ulcer in a patient comprising: (1)
debriding the ulcer; (2) washing or irrigating the ulcer with an ORP water solution; (3) soaking
the ulcer in the solution for at least two minutes; (4) drying the ulcer for at least about two
minutes; (5) dressing the ulcer with a wound dressing saturated with the solution; and (6)
optionally repeating steps (1)-(5), wherein the infected diabetic foot ulcer is an infected Grade 2
or Grade 3 foot ulcer, said ulcer having a surface area of at least about 2.0 cm?, wherein the
solution has a pH ofabout 6.4 to about 7.8 and is stable for at least about two months, wherein
the ORP water solution comprises anode water and cathode water, and wherein the ORP water

solution comprises free chlorine species at a level of from about 30 ppm to about 100 ppm.

15. A method of reducing the microbial load of an infected diabetic foot ulcer in a
patient comprising treating the infected diabetic foot ulcer in accordance with the method of

claim 1.

16. A method of decreasing the recurrence rate of an infected diabetic footulcer in a
patient comprising treating the infected diabetic foot ulcer in accordance with the method of

claim 1.
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17. A method of decreasing the likclihood of dehiscence of an infected diabetic foot
ulcer in a patient comprising treating the infected diabetic foot ulcer in accordance with the

method of claim 1.

18. A method of decreasing the likelihood of amputation resulting from an infected
diabetic foot ulcer in a patient comprising treating the infected diabetic foot ulcer in accordance

with the method of claim 1.

19. A method of decreasing the likelihood of systemic inflammatory response
syndrome resulting from an infected diabetic foot ulcer in a patient comprising treating the

infected diabetic foot ulcer in accordance with the method of claim 1.

20. A method of decreasing the likelihood of sepsis resulting from an infected
diabetic foot ulcer in a patient comprising treating the infected diabetic foot ulcer in accordance

with the method of claim 1.
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