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TREATMENT OF INFLAMMATORY SKIN CONDITIONS

FIELD OF THE INVENTION

The 1invention relates to the use of antimicrobial metals for the treatment of

inflammatory skin conditions.

BACKGROUND OF THE INVENTION

Inflammatory skin conditions are those conditions of the skin in which inflammatory
cells (e.g., polymorphonuclear neutrophils and lymphocytes) infiltrate the skin with no overt or
known infectious etiology. Symptoms of inflammatory skin conditions generally include
erythema (redness), edema (swelling), pain, pruritus, increased surface temperature and loss of
function. As used herein, inflammatory skin conditions include, but are not limited to, eczema
and related conditions, insect bites, erythroderma, mycosis fungoides and related conditions,
pyoderma gangrenosum, erythema multiforme, rosacea, onychomycosis, and acne and related
conditions, but excluding psoriasis and its related conditions. The following is an overview of

these inflammatory skin conditions.

| Eczema and Related Conditions

Eczema relateé to a group of conditions characterized by varying degrees of itching,
redness, scaling, and blistering of the skin. Eczema occurs as a reaction to many endogenous
and exogenous agents, and 1s characterized in the acute stage by erythema, edema associated
with a serious exudate between the cells of the epidermis and an inflammatory infiltrate in the
dermis, oozing and vesiculation, crusting and scaling. Chronic stages are characterized by

thickened skin areas with accentuated skin markings, signs of traumatized or abraded skin
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caused by scratching, and hyperpigmentation or hypopigmentation or both. The various types
of eczema include the following:

1) Atopic eczema 1s the most common type of eczema. Atopic eczema is a chronic, pruritic,
superficial inflammation of the skin, frequently associated with a personal or family history of
allergic disorders such as hay fever and asthma. Topical or oral corticosteroids, or
antihistamines are common treatments.

11) Acrodermatitis continua is characterized by painful, often disabling, lesions on the
fingertips or the tips of the toes. The nails may become deformed, and the disease can damage
bone in the affected area. Treatment may include topical corticosteroids and systemic
remedies, such as retinoids or psoralen-UV A, although is difficult due to the rarity of the
disease.

i11) Contact allergic dermatitis 1s acute or chronic dermatitis caused by materials or
substances coming into contact with the skin, which may involve either allergic or nonallergic
mechanisms. Materials or substances known to induce contact allergic dermatitis include plant
substances such as poison ivy, metals such as nickel or chromium, cosmetics, rubber
compounds or chemicals.

1v) Contact irritant dermatitis 1s a nonallergic type of contact dermatitis caused by intense or
long term exposure to a substance which directly damages the skin. Following exposure, skin
inflammation can occur immediately or gradually after repeated exposure; for example,
sunburn caused by overexposure to ultraviolet light; or exposure to acids and alkalis in
household cleaning products.

v) Dyshydrotic eczema or pompholyx is a chronic condition characterized by deep-seated
pruritic vesicles on the palms, sides of the fingers, and soles. Scaling, redness, and oozing
often follow vesiculation. Secondary infection with Staphylococcal bacteria is frequent.
Treatments include topical steroids and cold compresses, or oral steroids for acute cases.

vi) Lichen simplex chronicus is a chronic, superficial, pruritic inflammation of the skin,
characterized by dry, scaling, well-demarcated, hyperpigmented, thickened skin with
accentuated markings of oval, irregular, or angular shape. The pruritus may be controlled
most effectively with topical corticosteroids.

vii) Nummular eczema 18 characterized by discrete, coin-shaped, ringed or annular lesions

which may coalesce to form extensive patches, which may ooze and crust over, and affects the
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extensor surfaces of the extremities, lower legs, chest, back and buttocks. No treatment is
uniformly effective. Oral antibiotics or corticosteroid creams are generally used as treatments.
In more resistant cases, ultraviolet B radiation alone or ultraviolet A with oral psoralen may be
helptul.

viil) Seborrheic dermatilis is chronic and characterized by moderate erythema; dry, moist or
greasy scaling; itching; and yellow crusted patches on areas of the body with high densities of
large oil glands, especially the face and scalp. Treatment with zinc pyrithione, selenium
sulfide, sulfur and salicylic acid, tar shampoo, or a corticosteroid lotion 1S common.

1X) Stasis eczema 1s a chronic inflammation of the skin of the lower legs, commonly associated
with venous incompetency. Edema, erythema, mild scaling, and brown discoloration occur.
Elevating the ankle above the heart while resting, wearing properly fitted support hose, and
applying topical therapy are necessary. However, unless circulation improves, these
approaches will be relatively ineffective. The choice of topical therapy depends upon the
disease stage, with thefapies including compresses, dressings, and corticosteroid creams.

II Insect Bites

Insect bites or stings can produce localized pain, redness, swelling and itching of the
skin. In serious cases, complications include allergic reaction, infection, disease, reaction to
venom, toxic reaction, or shock. Depending upon the specific insect, treatments may include
rest and elevation, local application of ice packs and lotions, analgesics, antihistamines, or
hospitalization for life threatening, anaphylactic reactions.

111 Erythroderma

Erythroderma relates to any dermatitis where erythema (abnormal redness of the skin)
occurs. Erythroderma, involving more than 90% of the skin, 1s potentially life threatening for
a patient, since the barrier function of the skin has been lost. Hospitalization, topical
moisturisers and intravenous fluids may be required to maintain hydration of the patient.

IV Mycosis fungoides and Related Conditions

Mycosis fungoides is an uncommon chronic T-cell lymphoma primarily atfecting the
skin and occasionally the internal organs. Mycosis fungoides is rare, appearing as a chronic,
pruritic rash which is difficult to diagnose. Initially plaquelike, it may spread to involve most
of the skin, become nodular, and eventually become systemic. Lesions may become ulcerated.

Pathologic diagnosis is delayed because sufficient quantities of lymphoma cells appear in the
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skin lesions very gradually. Treatment is temporarily effective, and may include psoraleh-
UVA, cortisone ointments for mild cases, nitrogen mustard, and photochemotherapy.

V Pyoderma gangrenosum

Pyoderma gangrenosum 1s characterized by relatively indolent ulcers with extensive
necrosis around the edges of the lesions on the lower extremities of the body. While
pyoderma gangrenosum may be an isolated finding, it is most often associated with ulcerative
colitis or Crohn’s disease. The ulcers have ragged bluish-red overhanging edges and a necrotic
base. The lesions often start as pustules or tender nodules at the site of trauma, and then
gradually increase in size until liquefaction necrosis occurs and an irregular ulcer develops.
The ulcers are often multiple and may cover large areas of the leg. Treatments include topical
steroids, anti-inflammatory antibiotics, and oral steroids for more severe cases.

VI Erythema multiforme

Erythema multiforme is an inflammatory eruption characterized by symmetric
erythematous, edematous, or bullous lesions of the skin or mucous membranes. Erythema
multiforme may be induced by an infectious disease (e.g., herpes simplex, Mycoplasma
pneumoniae); drug therapy (e.g., penicillin, sulfonamides, and barbiturates); or a vaccine (e.g.,
Bacille Calmette-Guérin, poliomyelitis vaccines). The mechanism by which diseases, drugs, or
vaccines cause erythema multiforme is unknown, but it is generally considered a
hypersensitivity reaction. Treatments include mild topical cortisone, colloidal baths, and wet

COmpresses.

VH  Rosacea

Rosacea is a chronic inﬂammatorgf disorder, usually beginning in middle age or later
and characterized by prominent cutaneous blood vessels, erythema, papules, and pustules
primarily in the central areas of the face. Tissue hypertrophy, particularly of the nose, may
result. Rarely, rosacea occurs on the trunk and extremities. The cause is unknown, but the
disease is most common in persons with a fair complexion. Rosacea may resemble acne, but
comedones are never present. Treatments include topical metronidazole for three months or
oral antibiotics. Laser treatments may be required to remove tissue hypertrophy.

VIIIT Onychomycosis

Onychomycosis is an infection that causes fingernails or toenails to thicken, discolor,

disfigure, and split. Thick toenails cause discomfort in shoes and make standing and walking
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painful for the patient. If the problem is caused by bacteria such as staphylococcus,
streptococcus, and pseudomonas, the condition is called paronychia. In most cases,
paronychia infections can be differentiated from onychomycosis by the inflammation they
cause to the skin adjacent to the nail. Onychomycosis is caused most commonly by fungi
known as dermatophytes (Trichophytor rubrum and Trichophyton mentagrophytes), and less
commonly by yeasts (Candida albicans causes fingernail infections), and molds
(Scopulariopsis, Fusarium). Infections caused by dermatophytes are generally limited to the
nail, but may spread to the surrounding skin and cause inflammation. The four types of
onychomycosis include distal and/or lateral subungual onychomycosis affecting the nail bed
and nail plate; proximal subungual onychomycosis affecting the proximal nail fold with
infection extending distally under the nail plate; superficial white onychomycosis affecting the
top of the nail plate; and candidal onychomycosis atfecting the nail and skin. Onychomycosis
is difficult to treat, in that secondary skin infections including paronychia, and recurrent fungal
infections of the nails or other parts of the body may occur. Oral medications such as
Lamisil™ (terbinafine) or Sporanox™ (itraconazole) may produce adverse side etfects in the
liver, while topical treatments tend to be ineffective. Further, oral and topical medications
work gradually, requiring several months to completely eliminate the infection.

X Acne and Related Conditions

The term “acne” is a general term to denote inflammatory disorders of the
pilosebaceous unit. Acne is a group of disorders whose initial pathology 1s the comedo and
includes acne vulga:ris:(common acne), neonatal acne, infantile acne, and pomade acne. Acne
commonly afflicts adolescents and young adults; however, there 1s growing number of patients
who develop acne in their late twenties or thirties. There are data that suggest a familial or
genetic tendency for patients to develop severe cystic or conglobate acne. Additionally, acne
has been linked to endocrine disorders, especially those characterized by elevated levels of
circulating testosterone or testosterone congeners. Exogenous agents that could exacerbate
acne include medications e.g. 10dides, anti-seizure, certain antibiotics and corticosteroids.

Acne is a chronic inflammatory disorder affecting the sebaceous glands. Acne lesions
primarily involve the sebaceous glands located on the face, neck, chest and back. Both closed
comedones (blackheads) and open comedones (whiteheads) are caused by hyperkeratinization

of the infundibulum of the sebaceous duct. These keratinous plugs block the flow of sebum.
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These dilated ducts abound with the colonies of Propionibacterium acnes and other fat
splitting organisms. The clinically evident open and closed comedones and the microscopic
microcomedo are the signal lesions of acne. The acne process results from a cascade of
events. First, at puberty a spike in androgen production heralds an increase in sebum
production and begins the hyperkeratinization proceés causing microcomedones and sebum
blockade. With this blockage, the number of resident follicular flora increases dramatically.
These bacteria produce inflammatory products, which permeate through thin walls of dilated
sebum-filled duct. Once in the perifollicular dermis, they trigger the body’s own 1immune
defenses (both acute and granulaomatous) to produce the characteristic inflammatory papules,
pustules and nodules characteristic of inflammatory acne.

Increased sebum production; comedo formation, in which the follicular infundibulum
hypercornifies, hyperkeratinizes, and hypodesquamates; colonization of the follicule by
anaerobic Propionibacterium (mainly P. acnes); and the host’s inflammatory response are
generally believed to contribute to the development of acne. These four factors are
interrelated. Sebum is comedogenic and causes inflammation by itself. The
Propionibacterium has high lipolytic activity and liberates free fatty acids from sebum lipids,
whereby the free fatty acids have been shown to cause marked inflammation. The
microorganisms also produce other extracellular enzymes such as proteases and
hyaluronidases, and chemotactic factors, which may be important in the inflammatory process.
Aside from these factors, serum hormones, especially dehydroepiandrosterone sulfate, have
been found to correlate with acne.

Acne treatments generally target the keratinous plugs in sebaceous ducts; large
sebaceous glands producing excess sebum; increased numbers of resident follicular bacteria;
and inflammatory response to chemical mediators passing through the follicular wall. Most
acne treatments are directed at preventing inflammatory lesions, particularly the larger nodulo-
cystic lesions which tend to be destructive and lead to permanent scarring. In general, visible
comedones are the only minor cosmetic nuisances and do not lead to inflammatory lesions.

Topical products used to remove comedones (“comedolytics”) include tretinoin (Retin
A™) adapalene d.l% (Differin™), sodium sulfacetamide 10% / sulfur 5% (Sulfacet-R™),
and salicylic acid 2%. A naturally occurring metabolite of Vitamin A, tretinoin or all-trans

retinoic acid increases epidermal cell turnover and prevents the formation of new keratinous
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plugs. Application of tretinoin is normally once nightly. Although tretinoin 1s the most
effective comedolytic, dryness, stinging and redness may occur, and improvement takes 6-8
weeks. Adapalene 0.1% 1s a topical retinoid-like tretinoin and 1s usually applied once nightly.
Side effects include frequent scaling, burning, redness and dryness, and improvement takes 4-8
weeks. Sodium sulfacetamide 10% / sultur 3% 1s both an antibacterial and comedolytic lotion,
with improvement taking 4-8 weeks. Salicylic acid 2% exhibits mild activity.

For severe cystic or conglobate acne, 1sotretinoin (Accutane™), which i1s a metabolite
of Vitamin A, is administered orally. Isotretinoin has effective anti-sebum activity, but is
teratogenic (causing birth defects), and hepatotoxic (elevating triglycerides and total
cholesterol and decreasing high-density lipoproteins). Other side effects include dry skin, dry
eyes, itching, headaches, nosebleed, and photosensitivity. Improvement takes 4-5 months.
Since estrogens also have anti-sebum activity, acne may also be treated with oral contraceptive
pills. {

Topical and/or oral antimicrobial agents may also.be used to decrease bacteria that
colonize the follicular duct. Topical agents include benzoyl peroxide (BP), and BP 5% /
erythromycin 3% (Benzamycin™), BP 1s often tried first for both non-inflammatory and mild
inflammatory acne, but can produce erythema and peeling, and improvement takes 1-2
months. Topical antibiotics include clindamycin and erythromycin, with improvements taking
1-2 months. Azelaic acid 20% (Azelex™) has mild antibacterial effects. Further, systemic
antibiotics include tetracycline and its analogs (doxycycline and minocycline), which are used
in low doses for years or until the end of the acne prone years. However, bacterial resistance
may occur, such that the antibiotics need to be changed or substituted with BP.

Intralesional corticosteroids and topical nicotinamide have also been used to control a
host’s inflammatory response. There are no drugs that directly affect the inflammatory acne.
The retinoids do have some anti-inflammatory properties, but these are poorly described.
Topical steroid and even systemic steroids have been used to abort a severe flare of fulminant

acne, but have undesirable side effects.

Treatments for Inflammatory Skin Conditions

While a range of treatments have been developed for inflammatory skin conditions,
none are completely effective or free of adverse side effects. As outlined above, treatments

for different inflammatory skin conditions typically include topical or oral steroids (e.g., for
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various types of eczema, acne, and erythema multiforme); ultraviolet light (e.g., for nummular
eczema and mycosis fungoides); or other anti-inflammatory therapies. However, such
treatments may be ineffective, provide only temporary relief, have deleterious side effects, or
take months to treat. As an example, no treatment is uniformly effective for nummular eczema
or stasis eczema. Current treatments for mycosis fungoides are only temporarily effective.
Oral steroids have significant side effects, such that the severity of the skin disease must be
carefully assessed. While short term treatment (a few days or weeks) with oral steroids is
relatively safe, long term treatment (more than 3 months) may cause undesirable side effects
including Cushing’s syndrome, skin thinning, and increased susceptibility to infection.
Improvements may be delayed, such as with the various acne treatments lasting several
months.

While the patent literature reports that silver metal or silver salts such as silver nitrate,
silver halides or silver sulphadiazine are among useful antibacterial agents for skin treatment,
they have not, to the inventor’s knowledge, been widely adopted tor treatment of
inflammatory skin conditions. In some inflammatory conditions, secondary infection is a
possibility; thus, a treatment which contributes both anti-inflammatory and antimicrobial
effects is advantageous. Further, there still exists a need for the treatment of inflammatory
skin conditions including eczema, acne, and other related inflammatory skin conditions, with
such a treatment being effective, lacking undesirable side effects, and showing improvement

without a lengthy delay.

SUMMARY OF THE INVENTION

Through research, the inventors have established that crystalline antimicrobial metals
such as nanocrystalline silver, preferably formed with atomic disorder, are effective
antimicrobial agents against bacteria associated with inflammatory skin conditions such as
acne. Further, the inventors have established through clinical observations with acne and
eczema patients, and in animal experiments for allergic contact dermatitis, that antimicrobial
metals such as silver, formed with atomic disorder, also reduce the intlammatory reaction.
Further, the inventors have demonstrated that antimicrobial metals such as silver, formed with
atomic disorder, can alleviate erythema and edema, which are characteristic symptoms of

many inflammatory skin conditions. This research has resulted in a new therapeutic treatment
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for acne, eczema, and other inflammatory skin conditions. In some inflammatory conditions,

secondary infection by bacteria or other microbiological agents is a possibility. When the

antimicrobial metal is silver, this new treatment will have dual advantages of both antimicrobial
and anti-inflammatory effects, with fewer side effects and less chance of development of
resistant bacteria.

The 1inventors have discovered that antimicrobial metals selected from one or more of
silver, gold, platinum and palladium, are eftective in the treatment of inflammatory skin
conditions. These antimicrobial metals are formed with atomic disorder, such that ions,
clusters, atoms or molecules of the metals are released at a concentration sufficient to provide
a localized antimicrobial and anti-inflammatory effect. Most preferably, the antimicrobial
metals are in a nanocrystalline form, and include sufficient atomic disorder to provide an
antimicrobial and anti-inflammatory effect on a sustainable basis.

Without being bound by the same, it 1s believed that the nanocrystalline antimicrobial
metals formed with atomic disorder are capable of releasing highly active clusters of the
antimicrobial metal (example clusters of Ag’ or Ag*/Ag’), which are responsible for the
surprisingly enhanced antimicrobial activity and the surprising presence of the anti-
inflammatory activity in the treatment of inflammatory skin conditions, compared with other
known antimicrobials such as silver salts (ex. silver nitrate), silver zeolites which release only
Ag*, or silver metal and silver oxide which have only minor solubility. Clusters are known to
be small groups of atoms, 1ons or the like, as described by R. P. Andres et al., “Research
Opportunities on Cluster and Cluster-Assembled Materials”, J. Mater. Res. Vol 4, No 3, 1989,
p- 704. For silver, clusters are believed to contain less than the 14 atoms of a normal face
centered cubic crystal lattice form of silver.

The crystalline forms of these antimicrobial metals may be used in, or formulated from,
any of the following formats:

1) coatings of the antimicrobial metals on medical grade substrates, for example,
dressings, meshes, films, fibres, containers, or vials, from materials composed of for
example polyethylene, high density polyethylene, polyvinylchloride, latex, silicone,
cotton, rayon, polyester, nylon, cellulose, acetate, carboxymethylcellulose, alginate,

chitin, chitosan and hydrofibres;
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11) powders, preferably prepared as nanocrystalline powders of the antimicrobial metals,
or as nanocrystalline coatings of the antimicrobial metals on biocompatible substrates
1n powder form, preferably on bioabsorbable and/or hygroscopic substrates such as:
Synthetic Bioabsorbable Polymers: for example polyesters/polyactones such as
polymers of polyglycolic acid, glycolide, lactic acid, lactide, dioxanone, trimethylene
carbonate etc., polyanhydrides, polyesteramides, polyortheoesters, polyphosphazenes,
and copolymers of these and related polymers or monomers, or
Naturally Derived Polymers:

Proteins: albumin, fibrin, collagen, elastin;

Polysaccharides: chitosan, alginates, hyaluronic acid; and

Biosynthetic Polyesters: 3-hydroxybutyrate polymers;

111) occlusions or hydrated dressings, in which the dressing is impregnated with a powder
or solution of the antimicrobial metals, or is used with a topical formulation of the
antimicrobial metals, with such dressings for example as hydrocolloids, hydrogels,
polyethylene, polyurethane, polyvinylidine, siloxane or silicone dressings;

1v) gels, formulated with nanocrystalline powders or solutions of the antimicrobial metals
with such materials as carboxymethylcellulose, alginate, chitin, chitosan and
hydrofibres, together with such ingredients as preservatives, pectin and viscosity
enhancers;

V) creams, lotions, pastes, foams and ointments formulated with nanocrystalline powders
or solutions of the antimicrobial metals, for example as emulsions or with drying
emollients; and

Vi) liquids, formulated as solutions, dispersions, or suspensions, by dissolving
nanocrystalline coatings or powders of the antimicrobial metals, for example as topical
solutions, aerosols, mists, sprays, or drops.

Solutions of the antimicrobial metals lose some activity with aging and are thus either
stabilized or generated fresh for administration. Alternatively, the antimicrobial metals may be
packaged for convenient solution generation, for instance in a pervious membrane such as a
tea bag type infuser. Other two part or two phase systems may be used in which the
nanocrystalline metal is separated from the water or electrolyte solvent, for example in kit

form, with the antimicrobial metal being provided in dissolving capsules, as a coating on the

10
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inside of vials or containers, on substrates such as dressing, separated by a membrane which
can be perforated, or in a separate container from the carrier, in a tea bag-type infuser etc.

In the above formats, the nanocrystalline antimicrobial metals are formulated from
nanocrystalline coatings or nanocrystalline powders of the nanocrystalline antimicrobial
metals, or from solutions prepared by dissolving the nanocrystalline coatings or powders
therein. The formulations include a therapeutically effective amount of the coatings or
powders, and most preferably, the following amounts:

For coatings: 150 - 3000 nm thick coatings for substrates, or thicker
for forming powders (such coatings can be used to
generate 0.001 to 10% by weight solutions)

For gels, creams etc.: 0.01 - 30% by weight, more preferably 0.01 - 10% by
-weight and most preferably 0.1 - 5% by weight of the
antimicrobial or noble metal powder

For liquids: 0.001 - 10% by weight, more preferably 0.01 to 5% by
weight and most preferably 0.1 to 1% by weight of the
antimicrobial or noble metal (generated from any format,
including coatings, flakes, powders).

Concentrations of the antimicrobial species in solution will vary according to the application,
formulation and subject, but will generally range from 1 - 5000 pg/ml, more preferably 20 -
3000 wg/ml, more preferably 40 - 800 1.g/ml, and most preterably 50 - 500 pg/ml.

Nanocrystalline coatings of the antimicrobtal metals are most preterably depostted onto
substrates such as dressings, for example one or more layers of medical dressing materials
which can be laminated with uncoated layers of medical dressing materials. The coatings can
be prepared by known techniques for preparing nanocrystalline coatings, but are most
preferably prepared by physical vapour deposition under conditions which create atomic
disorder. The nanocrystalline coatings may be prepared to create an interference colour so as
to provide an indicator, as described in prior patent application WO 98/41095, published
September 24, 1998, and naming inventors R. E. Burrell and R. J. Precht.

Nanocrystalline powders of the antimicrobial metals may be prepared as
nanocrystalline coatings, preferably of the above thickness, on powdered substrates such as

chitin, or may be prepared as nanocrystalline coatings on a substrate such as a silicon wafer,
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and then scraped off as a nanocrystalline powder. Alternatively, fine grained or
nanocrystalline powders of the antimicrobial metals may be cold worked to impart atomic
disorder, as taught in prior patent applications WO 93/23092, published November 25, 1993,
and WO 95/13704, published May 26, 1995, both of which name Burrell et al., as inventors.
Thus, the invention broadly provides a method of reducing inflammation of an
inflammatory skin condition which comprises:
contacting a problem area of a patient, with a therapeutically effective amount of the
antimicrobial metals in a crystalline form to provide a localized anti-inflammatory effect,
wherein the antimicrobial metals are characterized by sufficient atomic disorder, such that the
metal, in contact with an alcohol or water-based electrolyte, releases atoms, ions, molecules,
or clusters of at least one antimicrobial metal at a concentration sufficient to provide a
localized anti-inflammatory and antimicrobial effect. The antimicrobial metal is nanocrystalline
and 18 formed with sufficient atomic disorder such that, in contact W&'[h an alcohol or water
based electrolyte, the antimicrobial metal releases ions, atoms, molecules or clusters of the
antimicrobial metal on a sustainable basis. The antimicrobial metal is selected from the group
consisting of silver, gold, platinum and palladium, but preferably is nanocrystalline silver or
silver, formed as a composite with oxygen.
In another broad aspect of the invention, there is provided a method of reducing
inflammation of an inflammatory skin condition which comprises:
applying a hydrated dressing to contact a problem area of a patient, wherein the
hydrated dressing
1 includes a therapeutically effective amount of one or more antimicrobial metals
in a crystalline form to provide a localized antimicrobial and anti-inflammatory
effect; or
11 occludes a pharmaceutical composition of a nanocrystalline powder of the one
or more antimicrobial metals, or a solution containing dissolved species from a
nanocrystalline powder or coating of the one or more antimicrobial metals.
In another broad aspect, the invention provides a hydrated dressing for use in
reduction of inflammation of an inflammatory skin condition comprising a hydrated dressing,

and associated with the dressing, a therapeutically effective amount of one or more
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antimicrobial metals in a crystalline form to provide localized anti-inflammatory and
antimicrobial effects.

In yet another broad aspect, the invention provides a kit for reducing inflammation of
an inflammatory skin condition comprising one or more antimicrobial metals formed with
atomic disorder; and one or more pharmaceutically acceptable carriers.

As used herein and in the claims, the terms and phrases set out below have the
meanings which follow.

“Metal” or “metals” includes one or more metals whether in the form of substantially
pure metals, alloys or Compounds such as oxides, nitrides, borides, sulphides, halides or
hydrides.

“Antimicrobial metals” are silver, gold, platinum, palladium, iridium, zinc, copper, tin,
antimony, bismuth, or mixtures of these metals with same or other metals, silver, gold,
platinum and palladium being preferred, and silver being most preferred.

“Noble metals™ are silver, gold, platinum and palladium, or mixtures of such metals
with same or other metals, with silver metal being the most preferred.

“Antimicrobial effect” means that atoms, 1ons, molecules or clusters of the
antimicrobial or noble metal are released into the electrolyte which the coating contacts in
concentration sutticient to inhibit microbial growth on and in the vicinity of the coating. The
most common methods of meaguring an antimicrobial effect are a zone of inhibition test
(which 1indicates an inhibitory effect, whether microbiostatic or microbiocidal) or a logarithmic
reduction test (which indicates a microbiocidal effect). In a zone of inhibition test (ZOI) the
material to be tested 1s placed on a bacterial lawn (or a lawn of other microbial species) and
incubated. A relatively small or no ZOI (ex. less than 1 mm) indicates a non-useful
antimicrobial effect, while a larger ZOI (ex. greater than 5 mm) indicates a highly useful
antimicrobial effect. The ZOl is generally reported as a corrected zone of inhibition (CZOI),
wherein the size of the test sample is subtracted from the zone. A logarithmic reduction test in
viable bacteria 1S a quantitative measure of the efficacy of an antibacterial treatment; for
example, a 5 log reduction means a reduction in the number of microorganisms by
100,000-fold (e.g., if a product contained 100,000 pertinent microorganisms, a 5 log reduction

would reduce the number of pertinent microorganisms to 1). Generally, a 3 log reduction

represents a bactericidal effect. The logarithmic reduction test involves combining the
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inoculum with the test treatment, incubating the inoculum with the test treatment, recovering
the bacteria or other microbial species, and enumerating the bacteria or other microbial species
using serial dilutions. Examples of these tests are set out in the examples which follow.

“Anti-inflammatory effect” means a reduction in one ore more of the symptoms of
erythema (redness), edema (swelling), pain and pruritus which are characteristic of
inflammatory skin conditions.

“Inflammatory skin conditions™ refers to those conditions of the skin in which
inflammatory cells (e.g., polymorphonuclear neutrophils and lymphocytes) infiltrate the skin
with no overt or known infectious etiology, but excluding psoriasis and its related conditions.
Symptoms of inflammatory skin conditions generally include erythema (redness), edema
(swelling), pain, pruritus, increased surface temperature and loss of function. As used herein,
inflammatory skin conditions include, but are not limited to, eczema and related conditions,
insect bites, erythroderma, mycosis fungoides and related conditions, pyoderma gangrenosum,
erythema multiforme, rosacea, onychomycosis, and acne and related conditions, but excluding
psoriasis and its related conditions.

“Biocompatible” means generating no significant undesirable host response for the
intended utility. Most preferably, biocompatible materials are non-toxic for the intended utility.
Thus, for human utility, biocompatible 1s most preferably non-toxic to humans or human
tissues.

“Sustained release” or “sustainable basis” are used to define release of atoms,
molecules, 1ons or clusters of an antimicrobial metal that continues over time measured in
hours or days, and thus distinguishes release of such metal species from the bulk metal, which
release such species at a rate and concentration which is too low to be therapeutically
etfective, and from highly soluble éalts of antimicrobial metals such as silver nitrate, which
releases silver ions virtually instantly, but not continuously, in contact with an alcohol or
electrolyte.

“Atomic disorder” includes high concentrations of one or more of: point defects in a
crystal lattice, vacancies, line defects such as dislocations, interstitial atoms, amorphous
regions, grain and sub grain boundaries and the like relative to its normal ordered crystalline
state. Atomic disorder leads to irregularities in surface topography and inhomogeneities in the

structure on a nanometer scale.
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“Normal ordered crystalline state” means the crystallinity normally found in bulk metal
materials, alloys or compounds formed as cast, wrought or plated metal products. Such
materials contain only low concentrations of such atomic defects as vacancies, grain
boundaries and dislocations.

“Diffusion”, when used to describe conditions which limit diffusion in processes to
create and retain atomic disorder, 1.e. which freeze-1n atomic disorder, means diffusion of
atoms (adatom diffusion) and/or molecules on the surface or in the matrix of the material
being formed.

“Alcohol or water-based electrolyte” is meant to include any alcohol or water-based
electrolyte that the antimicrobial materials of the present invention might contact in order to
activate (1.e. cause the release of species of the antimicrobial metal) into same. The term is
meant to include alcohols (short chain (C, or less) and preferably C, or less), water, gels,
fluids, solvents, and tissues containing, secreting, or exuding water or water-based
electrolytes, including body fluids (for example blood, urine, or saliva), and body tissue (for
example skin).

“Bioabsorbable” as used herein in association includes substrates which are useful in
medical devices, that is which are biocompatible, and which are capable of bioabsorption in
period of time ranging from hours to years, depending on the particular application.

“Bioabsorption” means the disappearance of materials from their initial application site
in the body (human or mammalian) with or without degradation of the dispersed polymer
molecules.

“Colour change™ is meant to include changes of intensity of light under monochromatic
light as well as changes of hue from white light containing more than one wavelength.

An “Interference colour” i1s produced when light impinges on two or more partly
reflective surfaces separated by a distance which bears the right relationship to the wavelength
of the light to be removed by destructive interference.

“Partly reflective” when used to describe the base or top layer materials, means that
the material has a surface which reflects a portion of incident light, but which also transmits a
portion of the incident light. Reflection occurs when a ray of incoming light encounters a
boundary or interface characterized by a change in refractive index between two media. For

the top layer of the antimicrobial materials of this invention, that interface is with air. For the
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base layer, the interface 1s with the top layer. The reflectance of the base and top layers is
balanced so as to generate an interference colour.

“Partly light transmissive” when used to describe a thin film of the top layer material
means that the thin film 1s capable of transmitting at least a portion of incident visible light
through the thin film.

“Detectable” when used to describe a colour change means an observable shift in the
dominant wavelength of the reflected light, whether the change is detected by instrument, such
as a spectrophotometer, or by the human eye. The dominant wavelength i1s the wavelength
responsible for the colour being observed.

“Cold working” as used herein indicates that the material has been mechanically
worked such as by milling, grinding, hammering, mortar and pestle or compressing, at
temperatures lower than the recrystallization temperature of the material. This ensures that
atomic disorder imparted through working 1s retained in the material.

“Pharmaceutically- or therapeutically-acceptable” is used herein to denote a substance
which does not significantly interfere with the effectiveness or the biological activity of the
active ingredients (antimiérobial and anti-inflammatory activities) and which has an acceptable
toxic profile for the host to which it is administered.

“Therapeutically effective amount” 1s used herein to denote any amount of a
formulation of the antimicrobial or noble metals which will exhibit either or both of an
antimicrobial and optionally an anti-inflammatory effect, when applied to the affected area of
the skin. A single application of the formulations of the present invention may be sufficient, or
the formulations may be applied repeatedly over a period of time, such as several times a day
for a period of days or weeks. The amount of the active ingredient, that is the antimicrobial or
noble metal 1n the form of a coating, powder or dissolved in liquid solution, will vary with the
conditions being treated, the stage of advancement of the condition, the age and type of host,
and the type and concentration of the formulation being applied. Appropriate amounts in any
given instance will be readily apparent to those skilled in the art or capable of determination by
routine experimentation.

“Carrier” means a suitable vehicle including one or more solid, semisolid or liquid
diluents, excipients or encapsulating substances which are suitable for administration to the

skin.
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“Nanocrystalline” is used herein to denote single-phase or multi-phase polycrystals,
the grain size of which is less than about 100, more preferably < 50, even more preferably <40,
even more preferably <30, and most preferably < 25 nanometers in at least one dimension.

The term, as applied to the crystallite or grain size in the crystal lattice of coatings, powders or
flakes of the antimicrobial or noble metals, is not meant to restrict the particle size of the
materials when used in a powder form.

“Powder” 1s used herein to include particulates of the antimi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>