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(57) ABSTRACT 

Metal-containing materials, as Well as their preparation and 
use are disclosed. The metal-containing material can be, for 
example, an antimicrobial material, an anti-bio?lm material, 
an antibacterial material, an anti-in?ammatory material, an 
anti-fungal material, an anti-viral material, an anti-cancer 
material, a pro-apoptosis material, anti-proliferative, MMP 
modulating material, an atomically disordered, crystalline 
material, and/or a nanocrystalline material. In certain 
embodiments, the metal-containing material is an atomically 
disordered, nanocrystalline silver-containing material. 
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METAL-CONTAINING MATERIALS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part and 
claims the bene?t of priority under 35 USC §120 of: US. 
patent application Ser. No. 09/628,735, ?led Jul. 27, 2000, 
and entitled “Treatment of Hyperproliferative Skin Disor 
ders and Diseases,” US. patent application Ser. No. 09/916, 
757, ?led Jul. 27, 2001, and entitled “Treatment of Hyper 
proliferative Skin Disorders and Diseases,” US. patent 
application Ser. No. 09/840,637, ?led Apr. 23, 2001, and 
entitled “Treatment of Acne,” US. Provisional Patent Appli 
cation Ser. No. 60/285,884, ?led Apr. 23, 2001, and entitled 
“Therapeutic Treatments Using the Direct Application of 
Noble Metal Compositions,” US. patent application Ser. 
No. 10/128,208, ?led Apr. 23, 2002, and entitled “Thera 
peutic Treatments Using the Direct Application of Noble 
Metal Compositions,” US. patent application Ser. No. 
10/ 131,509, ?led Apr. 23, 2002, and entitled “Treatment of 
Mucosal Membranes,” US. patent application Ser. No. 
10/ 131,511, ?led Apr. 23, 2002, and entitled “Treatment of 
In?ammatory Skin Conditions,” US. patent application Ser. 
No. 10/ 131,568, ?led Apr. 23, 2002, and entitled “Method of 
Induction of Apoptosis and Inhibition of Matrix Metallo 
proteinases Using Antimicrobial Metals,” and US. patent 
application Ser. No. 10/159,587, ?led May 30, 2002, entitled 
“Method of Induction of Apoptosis and Inhibition of Matrix 
Metalloproteinases Using Antimicrobial Metals,” US. 
patent application Ser. No. 10/277,673, ?led Oct. 22, 2002, 
and entitled “Solutions and Aerosols Of Metal-Containing 
Compounds,” US. patent application Ser. No. 10/277,356, 
?led Oct. 22, 2002, and entitled “Compositions Of Metal 
Containing Compounds,” US. patent application Ser. No. 
10/277,298, ?led Oct. 22, 2002, and entitled “Dry PoWders 
of Metal-Containing Compounds,” US. patent application 
Ser. No. 10/277,362, ?led Oct. 22, 2002, and entitled “Meth 
ods of Treating Skin and Integument Conditions,” US. 
patent application Ser. No. 10/277,358, ?led Oct. 22, 2002, 
and entitled “Methods Of Treating Conditions WithA Metal 
Containing Material,” and US. patent application Ser. No. 
10/277,320, ?led Oct. 22, 2002, and entitled “Methods Of 
Inducing Apoptosis And Modulating Metalloproteinases.” 
Each of these applications is incorporated by reference. 

TECHNICAL FIELD 

[0002] The invention relates to metal-containing materi 
als, as Well as their preparation and use. 

BACKGROUND 

[0003] It is generally desirable to treat a subject (e.g., a 
human) that has an undesirable condition. Many different 
compositions have been developed to treat undesirable con 
ditions. For example, certain forms of silver have been 
reported to be effective in treating some undesirable skin 
conditions. 

SUMMARY 

[0004] The invention relates to metal-containing materi 
als, as Well as their preparation and use. 

[0005] In one aspect, the invention features a nanocrys 
talline material that includes a metal and at least one atomic 
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percent of a different element. The element can be, for 
example, oxygen, nitrogen, carbon, boron, sulfur, phospho 
rus, silicon, a halogen and/or hydrogen. 

[0006] In another aspect, the invention features a atomi 
cally disordered, crystalline material that includes a metal 
and at least one atomic percent of a different element. The 
element can be, for example, oxygen, nitrogen, carbon, 
boron, sulfur, phosphorus, silicon, a halogen and/or hydro 
gen. 

[0007] Embodiments can include one or more of the 
folloWing features. 

[0008] In some embodiments, the material can include at 
most about 90 Weight percent of the element. 

[0009] In certain embodiments, the material can in the 
form of a free-standing poWder. 

[0010] In some embodiments, the material can be con 
tained Within a composition that further includes a pharma 
ceutically acceptable carrier. 

[0011] In certain embodiments, the material can be con 
tained Within a solution that further includes a solvent. 

[0012] In some embodiments, the material can be in the 
form of an aerosol. 

[0013] In certain embodiments, the material can be con 
tained in a composition that further includes a hydrocolloid. 

[0014] In some embodiments, the material can be con 
tained in an article in the form of a tape, a pill, a capsule, a 
tablet, a loZenge or a suppository. 

[0015] In certain embodiments, the material can be in the 
form of an article including a substrate and a coating, and the 
nanocrystalline material is in the coating. 

[0016] In some embodiments, the material can be in the 
form of an agglomerate of clusters of atoms. 

[0017] In certain embodiments, the material can be an 
atomically disordered, crystalline material and/or a nanoc 
rystalline material. 

[0018] In some embodiments, the material can be an 
antimicrobial material, an antibacterial material, an anti 
in?ammatory materials, an antifungal material, an antiviral 
material, an anti-autoimmune material, an anti-cancer mate 
rial, a pro-apoptosis material, an MMP modulating material, 
and/or an anti-proliferative material. 

[0019] 
[0020] In some embodiments, the material can include at 
least tWo different metal elements. 

In certain embodiments, the metal can be silver. 

[0021] Other features and advantages of the methods Will 
be apparent from the description and draWings, and from the 
claims. 

DESCRIPTION OF DRAWINGS 

[0022] FIG. 1 is a schematic vieW of a deposition system, 

[0023] FIG. 2 is a graph shoWing the ef?cacy of different 
forms of silver on erythema, 

[0024] FIG. 3 is a graph shoWing the ef?cacy of different 
forms of silver on edema, 
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[0025] FIG. 4 is a graph showing MMP activity of incision 
?uids recovered from incisions dressed With materials; 

[0026] FIG. 5 is a graph shoWing total protease activity of 
incision ?uids recovered from different dressings; 

[0027] FIG. 6 is a graph shoWing the concentrations 
(ng/ml) of active MMP-9 in ?uid samples recovered from 
ulcers dressed With different materials; 

[0028] FIG. 7 is a graph shoWing the concentrations 
(ng/ml) of active MMP-2 in ?uid samples recovered from 
ulcers dressed With different materials; 

[0029] FIG. 8 is a graph shoWing the concentrations 
(pg/ml) of active TNF-ot in ?uid samples recovered from 
ulcers dressed With different materials; and 

[0030] FIG. 9 is a graph shoWing the concentrations 
(pg/ml) of active IL-l[3 in ?uid samples recovered from 
ulcers dressed With different materials. 

DETAILED DESCRIPTION 

[0031] The inventors have discovered that certain metal 
containing materials (e.g., antimicrobial, atomically disor 
dered, nanocrystalline silver-containing materials) can be 
used to treat a subject With a condition by contacting an area 
of the subject having the condition With the metal-containing 
material. As explained beloW, the metal-containing material 
can be in any of a variety of forms When delivered to a 
subject, and the metal-containing material can be delivered 
to a subject in a variety of Ways. As also explained beloW, 
the metal-containing material can be used to treat various 
subjects, conditions, and condition locations. 

[0032] Without Wishing to be bound by theory, it is 
believed that the therapeutic properties of the metal-con 
taining materials may be explained by one or more potential 
mechanisms. In one potential mechanism (e.g., at relatively 
high pH), it is believed that the metal-containing material 
(e.g., antimicrobial, atomically disordered, nanocrystalline 
silver-containing materials) forms one or more metastable, 
relatively high level metal hydroxide species (e.g., 
Ag(OH)43_, Ag(OH)63_) that either directly or indirectly 
(e. g., via the formation of one or more biological mediators) 
provide the observed therapeutic properties. In another 
potential mechanism, it is believed that the metal-containing 
material is capable of releasing clusters of the metal (e.g., 
clusters of Ago, clusters of Ag", clusters containing both Ag+ 
and Ago) that provide the observed therapeutic properties. In 
a further potential mechanism, it is believed that the con 
centration of silver in a solution can be raised above the 
saturation concentration of bare silver ions (e.g., to provide 
a relatively sustaining reservoir of silver as bare silver ions 
are consumed). It is believed that, as the bare silver ions are 
consumed, some of the other silver-containing species can 
decompose to create additional bare silver ions in accor 
dance With chemical equilibria. It is also believed that the 
presence of silver in one or more forms other than bare silver 
ions may raise the level for the effective silver concentration 
that is nonharmful (e.g., non-toxic) to the cells of a subject 
(e.g., a human). In an additional potential mechanism, it is 
believed that one or more forms of silver complexes may be 
capable of penetrating cellular membranes (e.g., by mim 
icking species that are normally transported through the 
membranes), Which may accelerate the permeation of silver 
into the cells. In general, it is believed that the form of the 
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silver-containing species contained in an aqueous solution 
depends on the solution pH and/or the concentrations of the 
various silver-containing species in the solid form of the 
silver-containing material. It is believed that, in general, at 
loW pH the dominant species is a bare silver ion, but that at 
higher pH, Where the solubility of bare silver ions is believed 
to be limited by the solubility of silver hydroxide, other 
types of species including complexed silver ions and/or 
silver-containing clusters become increasingly stable pro 
vided that the concentration of bare silver ions remains at the 
saturation concentration. It is also believed that the nature 
and relative population of the silver-containing species can 
depend on the rate at Which the species can dissolve from the 
solid silver-bearing material and the rate at Which the species 
can react With one another in the solution. It is believed that 
combinations of potential mechanisms may result in the 
observed therapeutic effect of the metal-containing material. 

[0033] In general, clusters refer to relatively small groups 
of atoms, ions or the like. For example, a cluster can contain 
at least tWo (e.g., at least three, at least four, at least ?ve, at 
least six, at least seven, at least eight, at least nine, at least 
10, at least 11, at least 12, at least 13, at least 14, at least 15, 
at least 20, at least 30, at least 40, at least 50, at least 60, at 
least 70, at least 80, at least 90) atoms, ions or the like, 
and/or at most 1,000 (e.g., at most 900, at most 800, at most 
700, at most 600, at most 500, at most 400, at most 300, at 
most 200, at most 100) atoms, ions or the like. Clusters are 
described, for example, in R. P. Andres et al., “Research 
Opportunities on Cluster and Cluster-Assembled Materials”, 
J. Mater. Res. Vol. 4, No 3, 1989, p. 704. In certain 
embodiments, a cluster (e.g., a cluster containing silver) can 
contain less than the 14 atoms and have a normal face 
centered cubic crystal lattice. 

[0034] Materials 

[0035] The metal-containing material can be an ionic 
material or a non-ionic material. The metal-containing mate 
rial can be, for example, an atom, a molecule, or a cluster. 

[0036] In general, the metal-containing material is a metal 
or an alloy. Examples of metal elements that can be con 
tained in metal-containing materials include Group IAmetal 
elements, Group II A metal elements, Group III A metal 
elements, Group IV A metal elements, Group V A metal 
elements, Group VI A metal elements, Group VII A metal 
elements, Group VIII A metal elements, Group I B metal 
elements, Group II B metal elements, members of the 
lanthanide metal element series, and members of the actinide 
metal element series. In certain embodiments, metal-con 
taining materials contain silver, gold, platinum, palladium, 
iridium, Zinc, copper, tin, antimony, and/ or bismuth. In some 
embodiments, a metal-containing material can include one 
or more transition metal elements (e.g., scandium, titanium, 
vanadium, chromium, manganese, iron, cobalt, nickel, cop 
per and/ or Zinc). As an example, a metal-containing material 
can contain silver and platinum. 

[0037] Examples of silver-containing materials include 
colloidal silver, silver nitrate and silver sulfadiaZine, silver 
carbonate, silver acetate, silver lactate, silver citrate, silver 
oxide, silver hydroxide, silver succinate, silver chlorate, 
silver stearate, silver sorbate, silver oleate, silver glutonate, 
silver adipate, silver myristate, and alkali silver thiosulphate 
(e.g., sodium silver thiosulphate, potassium silver thiosul 
phate). 
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[0038] In addition to one or more metal elements, a 
metal-containing material can contain, for example, oxygen, 
nitrogen, carbon, boron, sulfur, phosphorus, silicon, a halo 
gen (e.g., ?uorine, chlorine, bromine, iodine) and/or hydro 
gen. Examples of such metal-containing materials include 
metal oxides, metal hydroxides, metal nitrides, metal car 
bides, metal phosphides, metal silicates, metal borides, 
metal sul?des, metal halides (e.g., metal ?uorides, metal 
chlorides, metal bromides, metal iodides), metal myristates, 
metal sorbates, metal stearates, metal oleates, metal gluto 
nates, metal adipates, metal silicates, metal phosphides, 
metal hydrides, metal nitrates, metal carbonates, metal sul 
fadiaZines, metal hydrides, metal acetates, metal lactates, 
metal citrates, alkali metal thiosulphates (e.g., sodium metal 
thiosulphate, potassium metal thiosulphate). In certain 
embodiments, a metal-containing material contains at least 
about one atomic percent (e.g., at least about three atomic 
percent, at least about ?ve atomic percent, at least about 
atomic percent, at least about 20 atomic percent, at least 
about 30 atomic percent, at least about 40 atomic percent, at 
least about 50 atomic percent) and/or at most about 90 
atomic percent (e.g., at most about 80 atomic percent, at 
most about 70 atomic percent, at most about 60 atomic 
percent, at most about 50 atomic percent, at most about 40 
atomic percent, at most about 30 atomic percent, at most 
about 20 atomic percent, at most about atomic percent, at 
most about 12 atomic percent, at most about 10 atomic 
percent) of nonmetallic elements. For example, in some 
embodiments, a silver-containing material can contain oxy 
gen in an amount from about ?ve atomic percent to about 20 
atomic percent (e.g., from about ?ve atomic percent to about 
15 atomic percent, from about eight atomic percent to about 
12 atomic percent). 

[0039] In certain embodiments, the metal-containing 
materials are an antimicrobial material, an anti-bio?lm, an 
antibacterial material, an anti-in?ammatory material, an 
antifungal material, an antiviral material, an anti-autoim 
mune material, an anti-cancer material, a pro-apoptosis 
material, an anti-proliferative material, an MMP modulating 
material, an atomically disordered crystalline material, and/ 
or a nanocrystalline material. 

[0040] As used herein, an antimicrobial material herein 
refers to a material that has su?icient antimicrobial activity 
to have a bene?cial therapeutic effect. In certain embodi 
ments, an antimicrobial material has a corrected Zone of 
inhibition (“CZOI”) of at least about tWo millimeters (e.g., 
at least about three millimeters, at least about four millime 
ters, at lest about ?ve millimeters, at least about six milli 
meters, at least about seven millimeters, at least about eight 
millimeters, at least about nine millimeters, at least about 10 
millimeters). The CZOI of a material is determined as 
folloWs. The material is formed as a coating on a dressing 
(see discussion beloW). Basal medium Eagle (BME) With 
Earle’s salts and L-glutamine is modi?ed With calf/serum 
(10%) and 1.5% agar prior to being dispensed (15 ml) into 
Petri dishes. The agar containing Petri dishes are alloWed to 
surface dry prior to being inoculated With a laWn of Staphy 
lococcus aureus ATCC #25923. The inoculant is prepared 
from Bactrol Discs (Difco, M.) Which are reconstituted as 
per the manufacturer’s directions. Immediately after inocu 
lation, the coatings to be tested are placed on the surface of 
the agar. The dishes are incubated for 24 hours at 37° C. 
After this incubation period, the Zone of inhibition (“ZOI”) 
is measured and the CZOI is calculated as the ZOI minus the 
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diameter of the test material in contact With the agar. It is to 
be noted that, While this test for antimicrobial properties is 
performed on materials that are in the form of a coating on 
a substrate (e.g., in the form of a dressing), antimicrobial 
materials are not limited to materials that are coated on a 

substrate. Rather, a material in any form may be antimicro 
bial, but it is in the form of a coating on a substrate (e.g., in 
the form of a dressing) When its antimicrobial properties are 
tested according to the procedure described herein. 

[0041] As referred to herein, an atomically disordered, 
crystalline material (e.g., an atomically disordered, nanoc 
rystalline material) means a material that has more long 
range ordered, crystalline structure (a lesser degree of 
defects) than the material has in a fully amorphous state, but 
that also has less long range, ordered crystalline structure (a 
higher degree of defects) than the material has in a bulk 
crystalline state, such as in the form of a cast, Wrought or 
plated material. Examples of defects include point defects, 
vacancies, line defects, grain boundaries, subgrain bound 
aries and amorphous regions. Point defects are defects on a 
siZe scale of no more than about four atomic spacings. A 
vacancy is the omission of an atom from its regular atomic 
site in the crystal lattice. Line defects are defective regions 
(e.g., edge dislocations, screW dislocations) that result in 
lattice distortions along a line (Which may or may not be a 
straight line), and generally have a longer scale than point 
defects. In an edge dislocation, a lattice displacement is 
produced by a plane of atoms that forms a terminus of the 
lattice. In a screW dislocation, part of the lattice is displaced 
With respect to an adjacent part of the lattice. Grain bound 
aries separate regions having different crystallographic ori 
entation or misorientation (e.g., high angle grain boundaries, 
loW angle grain boundaries, including tilt boundaries and 
tWist boundaries). Subgrain boundaries refer to loW angle 
grain boundaries. An amorphous region is a region that does 
not exhibit long range, ordered crystalline structure. In 
certain embodiments, an atomically disordered, crystalline 
material (e.g., an atomically disordered, nanocrystalline 
material) has a degree of atomic disorder that is about the 
same as the degree of atomic disorder of the nanocrystalline 
silver coating of a member of the Acticoat® family of 
dressings (Smith & NepheW, Hull, UK) (e.g., an Acticoat® 
dressing, an Acticoat7® dressing, an Acticoat® moisture 
coating dressing, an Acticoat® absorbent dressings). In 
some embodiments, an atomically disordered, crystalline 
material (e.g., an atomically disordered, nanocrystalline 
material) has a degree of atomic disorder that is about the 
same as the degree of atomic disorder of the nanocrystalline 
silver coatings having a CZOI of at least ?ve millimeters that 
are disclosed in the examples of Burrell et al., U.S. Pat. No. 
5,958,440. In certain embodiments, an atomically disor 
dered, crystalline material (e.g., an atomically disordered, 
nanocrystalline material), When contacted With an alcohol or 
Water-based electrolyte, is released into the alcohol or Water 
based electrolyte (e.g., as ions, atoms, molecules and/or 
clusters) over a time scale of at least about one hour (e.g., at 
least about tWo hours, at least about 10 hours, at least about 
a day). Examples of alcohols and/or Water-based electrolytes 
include body ?uids (e.g., blood, urine, saliva) and body 
tissue (e.g., skin, muscle, bone). 
[0042] As referred to herein, a nanocrystalline material is 
a single-phase polycrystal or a multi-phase polycrystal hav 
ing a maximum dimension of about 100 nanometers or less 
(e.g., about 90 nanometers or less, about 80 nanometers or 
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less, about 70 nanometers or less, about 60 nanometers or 
less, about 50 nanometers or less, about 40 nanometers or 
less, about 30 nanometers or less, about 25 nanometers or 
less) in at least one dimension. 

[0043] Examples of antimicrobial metal-containing mate 
rials (Which may or may not also be an atomically disordered 
crystalline material or a nanocrystalline material) include 
antimicrobial silver-containing materials (e.g., antimicrobial 
silver, antimicrobial silver alloys, antimicrobial silver 
oxides, antimicrobial silver carbides, antimicrobial silver 
nitrides, antimicrobial silver borides, antimicrobial silver 
sul?des, antimicrobial silver myristates, antimicrobial silver 
stearates, antimicrobial silver oleates, antimicrobial silver 
glutonates, antimicrobial silver adipates, antimicrobial silver 
silicates, antimicrobial silver phosphides, antimicrobial sil 
ver halides, antimicrobial silver hydrides, antimicrobial sil 
ver nitrates, antimicrobial silver carbonates, antimicrobial 
silver sulfadiaZines, antimicrobial silver acetates, antimicro 
bial silver lactates, antimicrobial silver citrates, antimicro 
bial alkali silver thiosulphates (e.g., antimicrobial sodium 
silver thiosulphate, antimicrobial potassium silver thiosul 
phate)), antimicrobial gold-containing materials (e.g., anti 
microbial gold, antimicrobial gold alloys, antimicrobial gold 
oxides, antimicrobial gold carbides, antimicrobial gold 
nitrides, antimicrobial gold borides, antimicrobial gold sul 
?des, antimicrobial gold myristates, antimicrobial gold 
stearates, antimicrobial gold oleates, antimicrobial gold glu 
tonates, antimicrobial gold glutonates, antimicrobial gold 
adipates, antimicrobial gold silicates, antimicrobial gold 
phosphides, antimicrobial gold halides, antimicrobial gold 
hydrides, antimicrobial gold nitrates, antimicrobial gold 
carbonates, antimicrobial gold sulfadiaZines, antimicrobial 
gold acetates, antimicrobial gold lactates, antimicrobial gold 
citrates, antimicrobial alkali gold thiosulphates (e.g., anti 
microbial sodium gold thiosulphate, antimicrobial potas 
sium gold thiosulphate)), antimicrobial platinum-containing 
materials (e.g., antimicrobial platinum, antimicrobial plati 
num alloys, antimicrobial platinum oxides, antimicrobial 
platinum carbides, antimicrobial platinum nitrides, antimi 
crobial platinum borides, antimicrobial platinum sul?des, 
antimicrobial platinum myristates, antimicrobial platinum 
stearates, antimicrobial platinum oleates, antimicrobial 
platinum glutonates, antimicrobial platinum glutonates, anti 
microbial platinum adipates, antimicrobial platinum sili 
cates, antimicrobial platinum phosphides, antimicrobial 
platinum halides, antimicrobial platinum hydrides, antimi 
crobial platinum nitrates, antimicrobial platinum carbonates, 
antimicrobial platinum sulfadiaZines, antimicrobial plati 
num acetates, antimicrobial platinum lactates, antimicrobial 
platinum citrates, antimicrobial alkali platinum thiosul 
phates (e.g., antimicrobial sodium platinum thiosulphate, 
antimicrobial potassium platinum thiosulphate)), antimicro 
bial palladium-containing materials (e.g., antimicrobial pal 
ladium, antimicrobial palladium alloys, antimicrobial palla 
dium oxides, antimicrobial palladium carbides, 
antimicrobial palladium nitrides, antimicrobial palladium 
borides, antimicrobial palladium sul?des, antimicrobial pal 
ladium myristates, antimicrobial palladium stearates, anti 
microbial palladium oleates, antimicrobial palladium gluto 
nates, antimicrobial palladium glutonates, antimicrobial 
palladium adipates, antimicrobial palladium silicates, anti 
microbial palladium phosphides, antimicrobial palladium 
halides, antimicrobial palladium hydrides, antimicrobial pal 
ladium nitrates, antimicrobial palladium carbonates, antimi 
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crobial palladium sulfadiaZines, antimicrobial palladium 
acetates, antimicrobial palladium lactates, antimicrobial pal 
ladium citrates, antimicrobial alkali palladium thiosulphates 
(e.g., antimicrobial sodium palladium thiosulphate, antimi 
crobial potassium palladium thiosulphate)), antimicrobial 
iridium-containing materials (e.g., antimicrobial iridium, 
antimicrobial iridium alloys, antimicrobial iridium oxides, 
antimicrobial iridium carbides, antimicrobial iridium 
nitrides, antimicrobial iridium borides, antimicrobial iridium 
sul?des, antimicrobial iridium myristates, antimicrobial iri 
dium stearates, antimicrobial iridium oleates, antimicrobial 
iridium glutonates, antimicrobial iridium glutonates, antimi 
crobial iridium adipates, antimicrobial iridium silicates, 
antimicrobial iridium phosphides, antimicrobial iridium 
halides, antimicrobial iridium hydrides, antimicrobial iri 
dium nitrates, antimicrobial iridium carbonates, antimicro 
bial iridium sul?des, antimicrobial iridium sulfadiaZines, 
antimicrobial iridium acetates, antimicrobial iridium lac 
tates, antimicrobial iridium citrates, antimicrobial alkali 
iridium thiosulphates (e.g., antimicrobial sodium iridium 
thiosulphate, antimicrobial potassium iridium thiosul 
phate)), antimicrobial Zinc-containing materials (e.g., anti 
microbial Zinc, antimicrobial Zinc alloys, antimicrobial Zinc 
oxides, antimicrobial Zinc carbides, antimicrobial Zinc 
nitrides, antimicrobial Zinc borides, antimicrobial Zinc sul 
?des, antimicrobial Zinc myristates, antimicrobial Zinc stear 
ates, antimicrobial Zinc oleates, antimicrobial Zinc gluto 
nates, antimicrobial Zinc glutonates, antimicrobial Zinc 
adipates, antimicrobial Zinc silicates, antimicrobial Zinc 
phosphides, antimicrobial Zinc halides, antimicrobial Zinc 
hydrides, antimicrobial Zinc nitrates, antimicrobial Zinc car 
bonates, antimicrobial Zinc sul?des, antimicrobial Zinc sul 
fadiaZines, antimicrobial Zinc acetates, antimicrobial Zinc 
lactates, antimicrobial Zinc citrates, antimicrobial alkali Zinc 
thiosulphates (e.g., antimicrobial sodium Zinc thiosulphate, 
antimicrobial potassium Zinc thiosulphate)), antimicrobial 
copper-containing materials (e.g., antimicrobial copper, 
antimicrobial copper alloys, antimicrobial copper oxides, 
antimicrobial copper carbides, antimicrobial copper nitrides, 
antimicrobial copper borides, antimicrobial copper sul?des, 
antimicrobial copper myristates, antimicrobial copper stear 
ates, antimicrobial copper oleates, antimicrobial copper glu 
tonates, antimicrobial copper glutonates, antimicrobial cop 
per adipates, antimicrobial copper silicates, antimicrobial 
copper phosphides, antimicrobial copper halides, antimicro 
bial copper hydrides, antimicrobial copper nitrates, antimi 
crobial copper carbonates, antimicrobial copper sul?des, 
antimicrobial copper sulfadiaZines, antimicrobial copper 
acetates, antimicrobial copper lactates, antimicrobial copper 
citrates, antimicrobial alkali copper thiosulphates (e.g., anti 
microbial sodium copper thiosulphate, antimicrobial potas 
sium copper thiosulphate)), antimicrobial tin-containing 
materials (e.g., antimicrobial tin, antimicrobial tin alloys, 
antimicrobial tin oxides, antimicrobial tin carbides, antimi 
crobial tin nitrides, antimicrobial tin borides, antimicrobial 
tin sul?des, antimicrobial tin myristates, antimicrobial tin 
stearates, antimicrobial tin oleates, antimicrobial tin gluto 
nates, antimicrobial tin glutonates, antimicrobial tin adi 
pates, antimicrobial tin silicates, antimicrobial tin phos 
phides, antimicrobial tin halides, antimicrobial tin hydrides, 
antimicrobial tin nitrates, antimicrobial tin carbonates, anti 
microbial tin sul?des, antimicrobial tin sulfadiaZines, anti 
microbial tin acetates, antimicrobial tin lactates, antimicro 
bial tin citrates, antimicrobial alkali tin thiosulphates (e.g., 
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antimicrobial sodium tin thiosulphate, antimicrobial potas 
sium tin thiosulphate)), antimicrobial antimony-containing 
materials (e.g., antimicrobial antimony, antimicrobial anti 
mony alloys, antimicrobial antimony oxides, antimicrobial 
antimony carbides, antimicrobial antimony nitrides, antimi 
crobial antimony borides, antimicrobial antimony sul?des, 
antimicrobial antimony myristates, antimicrobial antimony 
stearates, antimicrobial antimony oleates, antimicrobial anti 
mony glutonates, antimicrobial antimony glutonates, anti 
microbial antimony adipates, antimicrobial antimony sili 
cates, antimicrobial antimony phosphides, antimicrobial 
antimony halides, antimicrobial antimony hydrides, antimi 
crobial antimony nitrates, antimicrobial antimony carbon 
ates, antimicrobial antimony sul?des, antimicrobial anti 
mony sulfadiaZines, antimicrobial antimony acetates, 
antimicrobial antimony lactates, antimicrobial antimony cit 
rates, antimicrobial alkali antimony thiosulphates (e.g., anti 
microbial sodium antimony thiosulphate, antimicrobial 
potassium antimony thiosulphate)), antimicrobial bismuth 
containing materials (e.g., antimicrobial bismuth, antimicro 
bial bismuth alloys, antimicrobial bismuth oxides, antimi 
crobial bismuth carbides, antimicrobial bismuth nitrides, 
antimicrobial bismuth borides, antimicrobial bismuth sul 
?des, antimicrobial bismuth myristates, antimicrobial bis 
muth stearates, antimicrobial bismuth oleates, antimicrobial 
bismuth glutonates, antimicrobial bismuth glutonates, anti 
microbial bismuth adipates, antimicrobial bismuth silicates, 
antimicrobial bismuth phosphides, antimicrobial bismuth 
halides, antimicrobial bismuth hydrides, antimicrobial bis 
muth nitrates, antimicrobial bismuth carbonates, antimicro 
bial bismuth sul?des, antimicrobial bismuth sulfadiaZines, 
antimicrobial bismuth acetates, antimicrobial bismuth lac 
tates, antimicrobial bismuth citrates, antimicrobial alkali 
bismuth thiosulphates (e.g., antimicrobial sodium bismuth 
thiosulphate, antimicrobial potassium bismuth thiosul 
phate)). 
[0044] While the preceding paragraph lists certain metal 
containing materials that are anti-microbial, similar metal 
containing materials (oxides, carbides, nitrides, borides, 
sul?des, myristates, stearates, oleates, glutonates, adipates, 
silicates, phosphides, halides, hydrides, nitrates, hydroxides, 
carbonates, sul?des, sulfadiaZines, acetates, lactates, citrates 
and/or alkali metal thiosulphates of silver, gold, palladium, 
platinum, tin, iridium, antimony, bismuth, copper, Zinc) can 
be anti-bio?lm materials, antibacterial materials, anti-in 
?ammatory materials, antifungal materials, antiviral mate 
rials, anti-autoimmune materials, anti-cancer materials, pro 
apoptosis materials, anti-proliferatives, and/or MMP 
modulating materials. 
[0045] Examples of nanocrystalline metal-containing 
materials (Which may or may not also be an antimicrobial 
material or an atomically disordered crystalline material) 
include nanocrystalline silver-containing materials (e.g., 
nanocrystalline silver, nanocrystalline silver alloys, nanoc 
rystalline silver oxides, nanocrystalline silver carbides, 
nanocrystalline silver nitrides, nanocrystalline silver 
borides, nanocrystalline silver sul?des, nanocrystalline sil 
ver halides, nanocrystalline silver myristates, nanocrystal 
line silver stearates, nanocrystalline silver oleates, nanoc 
rystalline silver glutonates, nanocrystalline silver glutonates, 
nanocrystalline silver adipates, nanocrystalline silver sili 
cates, nanocrystalline silver phosphides, nanocrystalline sil 
ver hydrides, nanocrystalline silver nitrates, nanocrystalline 
silver carbonates, nanocrystalline silver sul?des, nanocrys 
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talline silver sulfadiaZines, nanocrystalline silver acetates, 
nanocrystalline silver lactates, nanocrystalline silver cit 
rates, nanocrystalline alkali silver thiosulphates (e.g., nanoc 
rystalline sodium silver thiosulphate, nanocrystalline potas 
sium silver thiosulphate)), nanocrystalline gold-containing 
materials (e.g., nanocrystalline gold, nanocrystalline gold 
alloys, nanocrystalline gold oxides, nanocrystalline gold 
carbides, nanocrystalline gold nitrides, nanocrystalline gold 
borides, nanocrystalline gold sul?des, nanocrystalline gold 
halides, nanocrystalline gold hydrides, nanocrystalline gold 
nitrates, nanocrystalline gold myristates, nanocrystalline 
gold stearates, nanocrystalline gold oleates, nanocrystalline 
gold glutonates, nanocrystalline gold glutonates, nanocrys 
talline gold adipates, nanocrystalline gold silicates, nanoc 
rystalline gold phosphides, nanocrystalline gold carbonates, 
nanocrystalline gold sul?des, nanocrystalline gold sulfadi 
aZines, nanocrystalline gold acetates, nanocrystalline gold 
lactates, nanocrystalline gold citrates, nanocrystalline alkali 
gold thiosulphates (e.g., nanocrystalline sodium gold thio 
sulphate, nanocrystalline potassium gold thiosulphate)), 
nanocrystalline platinum-containing materials (e.g., nanoc 
rystalline platinum, nanocrystalline platinum alloys, nanoc 
rystalline platinum oxides, nanocrystalline platinum car 
bides, nanocrystalline platinum nitrides, nanocrystalline 
platinum borides, nanocrystalline platinum sul?des, nanoc 
rystalline platinum myristates, nanocrystalline platinum 
stearates, nanocrystalline platinum oleates, nanocrystalline 
platinum glutonates, nanocrystalline platinum glutonates, 
nanocrystalline platinum adipates, nanocrystalline platinum 
silicates, nanocrystalline platinum phosphides, nanocrystal 
line platinum halides, nanocrystalline platinum hydrides, 
nanocrystalline platinum nitrates, nanocrystalline platinum 
carbonates, nanocrystalline platinum sul?des, nanocrystal 
line platinum sulfadiaZines, nanocrystalline platinum 
acetates, nanocrystalline platinum lactates, nanocrystalline 
platinum citrates, nanocrystalline alkali platinum thiosul 
phates (e.g., nanocrystalline sodium platinum thiosulphate, 
nanocrystalline potassium platinum thiosulphate)), nanoc 
rystalline palladium-containing materials (e.g., nanocrystal 
line palladium, nanocrystalline palladium alloys, nanocrys 
talline palladium oxides, nanocrystalline palladium 
carbides, nanocrystalline palladium nitrides, nanocrystalline 
palladium borides, nanocrystalline palladium sul?des, 
nanocrystalline palladium myristates, nanocrystalline palla 
dium stearates, nanocrystalline palladium oleates, nanocrys 
talline palladium glutonates, nanocrystalline palladium glu 
tonates, nanocrystalline palladium adipates, nanocrystalline 
palladium silicates, nanocrystalline palladium phosphides, 
nanocrystalline palladium halides, nanocrystalline palla 
dium hydrides, nanocrystalline palladium nitrates, nanoc 
rystalline palladium carbonates, nanocrystalline palladium 
sul?des, nanocrystalline palladium sulfadiaZines, nanocrys 
talline palladium acetates, nanocrystalline palladium lac 
tates, nanocrystalline palladium citrates, nanocrystalline 
alkali palladium thiosulphates (e.g., nanocrystalline sodium 
palladium thiosulphate, nanocrystalline potassium palla 
dium thiosulphate)), nanocrystalline iridium-containing 
materials (e.g., nanocrystalline iridium, nanocrystalline iri 
dium alloys, nanocrystalline iridium oxides, nanocrystalline 
iridium carbides, nanocrystalline iridium nitrides, nanocrys 
talline iridium borides, nanocrystalline iridium sul?des, 
nanocrystalline iridium myristates, nanocrystalline iridium 
stearates, nanocrystalline iridium oleates, nanocrystalline 
iridium glutonates, nanocrystalline iridium glutonates, 
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nanocrystalline iridium adipates, nanocrystalline iridium 
silicates, nanocrystalline iridium phosphides, nanocrystal 
line iridium halides, nanocrystalline iridium hydrides, 
nanocrystalline iridium nitrates, nanocrystalline iridium car 
bonates, nanocrystalline iridium sul?des, nanocrystalline 
iridium sulfadiaZines, nanocrystalline iridium acetates, 
nanocrystalline iridium lactates, nanocrystalline iridium cit 
rates, nanocrystalline alkali iridium thiosulphates (e.g., 
nanocrystalline sodium iridium thiosulphate, nanocrystal 
line potassium iridium thiosulphate)), nanocrystalline Zinc 
containing materials (e.g., nanocrystalline Zinc, nanocrys 
talline Zinc alloys, nanocrystalline Zinc oxides, 
nanocrystalline Zinc carbides, nanocrystalline Zinc nitrides, 
nanocrystalline Zinc borides, nanocrystalline Zinc sul?des, 
nanocrystalline Zinc myristates, nanocrystalline Zinc stear 
ates, nanocrystalline Zinc oleates, nanocrystalline Zinc glu 
tonates, nanocrystalline Zinc glutonates, nanocrystalline Zinc 
adipates, nanocrystalline Zinc silicates, nanocrystalline Zinc 
phosphides, nanocrystalline Zinc halides, nanocrystalline 
Zinc hydrides, nanocrystalline Zinc nitrates, nanocrystalline 
Zinc carbonates, nanocrystalline Zinc sul?des, nanocrystal 
line Zinc sulfadiaZines, nanocrystalline Zinc acetates, nanoc 
rystalline Zinc lactates, nanocrystalline Zinc citrates, nanoc 
rystalline alkali Zinc thiosulphates (e.g., nanocrystalline 
sodium Zinc thiosulphate, nanocrystalline potassium Zinc 
thiosulphate)), nanocrystalline copper-containing materials 
(e.g., nanocrystalline copper, nanocrystalline copper alloys, 
nanocrystalline copper oxides, nanocrystalline copper car 
bides, nanocrystalline copper nitrides, nanocrystalline cop 
per borides, nanocrystalline copper sul?des, nanocrystalline 
copper myristates, nanocrystalline copper stearates, nanoc 
rystalline copper oleates, nanocrystalline copper glutonates, 
nanocrystalline copper glutonates, nanocrystalline copper 
adipates, nanocrystalline copper silicates, nanocrystalline 
copper phosphides, nanocrystalline copper halides, nanoc 
rystalline copper hydrides, nanocrystalline copper nitrates, 
nanocrystalline copper carbonates, nanocrystalline copper 
sulfadiaZines, nanocrystalline copper acetates, nanocrystal 
line copper lactates, nanocrystalline copper citrates, nanoc 
rystalline alkali copper thiosulphates (e.g., nanocrystalline 
sodium copper thiosulphate, nanocrystalline potassium cop 
per thiosulphate)), nanocrystalline tin-containing materials 
(e.g., nanocrystalline tin, nanocrystalline tin alloys, nanoc 
rystalline tin oxides, nanocrystalline tin carbides, nanocrys 
talline tin nitrides, nanocrystalline tin borides, nanocrystal 
line tin sul?des, nanocrystalline tin myristates, 
nanocrystalline tin stearates, nanocrystalline tin oleates, 
nanocrystalline tin glutonates, nanocrystalline tin gluto 
nates, nanocrystalline tin adipates, nanocrystalline tin sili 
cates, nanocrystalline tin phosphides, nanocrystalline tin 
halides, nanocrystalline tin hydrides, nanocrystalline tin 
nitrates, nanocrystalline tin carbonates, nanocrystalline tin 
sul?des, nanocrystalline tin sulfadiaZines, nanocrystalline 
tin acetates, nanocrystalline tin lactates, nanocrystalline tin 
citrates, nanocrystalline alkali tin thiosulphates (e.g., nanoc 
rystalline sodium tin thiosulphate, nanocrystalline potas 
sium tin thiosulphate)), nanocrystalline antimony-contain 
ing materials (e.g., nanocrystalline antimony, 
nanocrystalline antimony alloys, nanocrystalline antimony 
oxides, nanocrystalline antimony carbides, nanocrystalline 
antimony nitrides, nanocrystalline antimony borides, nanoc 
rystalline antimony sul?des, nanocrystalline antimony 
myristates, nanocrystalline antimony stearates, nanocrystal 
line antimony oleates, nanocrystalline antimony glutonates, 
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nanocrystalline antimony glutonates, nanocrystalline anti 
mony adipates, nanocrystalline antimony silicates, nanoc 
rystalline antimony phosphides, nanocrystalline antimony 
halides, nanocrystalline antimony hydrides, nanocrystalline 
antimony nitrates, nanocrystalline antimony carbonates, 
nanocrystalline antimony sul?des, nanocrystalline antimony 
sulfadiaZines, nanocrystalline antimony acetates, nanocrys 
talline antimony lactates, nanocrystalline antimony citrates, 
nanocrystalline alkali antimony thiosulphates (e.g., nanoc 
rystalline sodium antimony thiosulphate, nanocrystalline 
potassium antimony thiosulphate)), nanocrystalline bismuth 
containing materials (e.g., nanocrystalline bismuth, nanoc 
rystalline bismuth alloys, nanocrystalline bismuth oxides, 
nanocrystalline bismuth carbides, nanocrystalline bismuth 
nitrides, nanocrystalline bismuth borides, nanocrystalline 
bismuth sul?des, nanocrystalline bismuth myristates, nanoc 
rystalline bismuth stearates, nanocrystalline bismuth oleates, 
nanocrystalline bismuth glutonates, nanocrystalline bismuth 
glutonates, nanocrystalline bismuth adipates, nanocrystal 
line bismuth silicates, nanocrystalline bismuth phosphides, 
nanocrystalline bismuth halides, nanocrystalline bismuth 
hydrides, nanocrystalline bismuth nitrates, nanocrystalline 
bismuth carbonates, nanocrystalline bismuth sul?des, 
nanocrystalline anti bismuth sulfadiaZines, nanocrystalline 
bismuth acetates, nanocrystalline bismuth lactates, nanoc 
rystalline bismuth citrates, nanocrystalline alkali bismuth 
thiosulphates (e.g., nanocrystalline sodium bismuth thiosul 
phate, nanocrystalline potassium bismuth thiosulphate)). 

[0046] Examples of atomically disordered, crystalline 
metal-containing material (Which may or may not also be an 
antimicrobial material or a nanocrystalline material) include 
atomically disordered, crystalline silver-containing materi 
als (e.g., atomically disordered, crystalline silver; atomically 
disordered, crystalline silver alloys; atomically disordered, 
crystalline silver oxides; atomically disordered, crystalline 
silver carbides; atomically disordered, crystalline silver 
nitrides; atomically disordered, crystalline silver borides; 
atomically disordered, crystalline silver sul?des; atomically 
disordered, crystalline silver myristates; atomically disor 
dered, crystalline silver stearates; atomically disordered, 
crystalline silver oleates; atomically disordered, crystalline 
silver glutonates; atomically disordered, crystalline silver 
glutonates; atomically disordered, crystalline silver adi 
pates; atomically disordered, crystalline silver silicates; 
atomically disordered, crystalline silver phosphides; atomi 
cally disordered, crystalline silver halides; atomically dis 
ordered, crystalline silver hydrides, atomically disordered, 
crystalline silver nitrates; atomically disordered, crystalline 
silver carbonates; atomically disordered, crystalline silver 
sul?des; atomically disordered, crystalline silver sulfadiaZ 
ines; atomically disordered, crystalline silver acetates; 
atomically disordered, crystalline silver lactates; atomically 
disordered, crystalline silver citrates; atomically disordered, 
crystalline alkali silver thiosulphates (e.g., atomically dis 
ordered, crystalline sodium silver thiosulphate, atomically 
disordered, crystalline potassium silver thiosulphate)), 
atomically disordered, crystalline gold-containing materials 
(atomically disordered, crystalline gold; atomically disor 
dered, crystalline gold alloys; atomically disordered, crys 
talline gold oxides; atomically disordered, crystalline gold 
carbides; atomically disordered, crystalline gold nitrides; 
atomically disordered, crystalline gold borides; atomically 
disordered, crystalline gold sul?des; atomically disordered, 
crystalline gold myristates; atomically disordered, crystal 



US 2008/0014286 A1 

line gold stearates; atomically disordered, crystalline gold 
oleates; atomically disordered, crystalline gold glutonates; 
atomically disordered, crystalline gold glutonates; atomi 
cally disordered, crystalline gold adipates; atomically dis 
ordered, crystalline gold silicates; atomically disordered, 
crystalline gold phosphides; atomically disordered, crystal 
line gold halides; atomically disordered, crystalline gold 
hydrides, atomically disordered, crystalline gold nitrates; 
atomically disordered, crystalline gold carbonates; atomi 
cally disordered, crystalline gold sul?des; atomically disor 
dered, crystalline gold sulfadiaZines; atomically disordered, 
crystalline gold acetates; atomically disordered, crystalline 
gold lactates; atomically disordered, crystalline gold cit 
rates; atomically disordered, crystalline alkali gold thiosul 
phates (e.g., atomically disordered, crystalline sodium gold 
thiosulphate, atomically disordered, crystalline potassium 
gold thiosulphate)), atomically disordered, crystalline plati 
num-containing materials (e.g., atomically disordered, crys 
talline platinum; atomically disordered, crystalline platinum 
alloys; atomically disordered, crystalline platinum oxides; 
atomically disordered, crystalline platinum carbides; atomi 
cally disordered, crystalline platinum nitrides; atomically 
disordered, crystalline platinum borides; atomically disor 
dered, crystalline platinum sul?des; atomically disordered, 
crystalline platinum myristates; atomically disordered, crys 
talline platinum stearates; atomically disordered, crystalline 
platinum oleates; atomically disordered, crystalline plati 
num glutonates; atomically disordered, crystalline platinum 
glutonates; atomically disordered, crystalline platinum adi 
pates; atomically disordered, crystalline platinum silicates; 
atomically disordered, crystalline platinum phosphides; 
atomically disordered, crystalline platinum halides; atomi 
cally disordered, crystalline platinum hydrides, atomically 
disordered, crystalline platinum nitrates; atomically disor 
dered, crystalline platinum carbonates; atomically disor 
dered, crystalline platinum sul?des; atomically disordered, 
crystalline platinum sulfadiaZines; atomically disordered, 
crystalline platinum acetates; atomically disordered, crys 
talline platinum lactates; atomically disordered, crystalline 
platinum citrates; atomically disordered, crystalline alkali 
platinum thiosulphates (e.g., atomically disordered, crystal 
line sodium platinum thiosulphate, atomically disordered, 
crystalline potassium platinum thiosulphate), atomically dis 
ordered, crystalline palladium-containing materials (e.g., 
atomically disordered, crystalline palladium; atomically dis 
ordered, crystalline palladium alloys; atomically disordered, 
crystalline palladium oxides; atomically disordered, crystal 
line palladium carbides; atomically disordered, crystalline 
palladium nitrides; atomically disordered, crystalline palla 
dium borides; atomically disordered, crystalline palladium 
sul?des; atomically disordered, crystalline palladium 
myristates; atomically disordered, crystalline palladium 
stearates; atomically disordered, crystalline palladium ole 
ates; atomically disordered, crystalline palladium gluto 
nates; atomically disordered, crystalline palladium gluto 
nates; atomically disordered, crystalline palladium adipates; 
atomically disordered, crystalline palladium silicates; atomi 
cally disordered, crystalline palladium phosphides; atomi 
cally disordered, crystalline palladium halides; atomically 
disordered, crystalline palladium hydrides, atomically dis 
ordered, crystalline palladium nitrates; atomically disor 
dered, crystalline palladium carbonates; atomically disor 
dered, crystalline palladium sul?des; atomically disordered, 
crystalline palladium sulfadiaZines; atomically disordered, 
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crystalline palladium acetates; atomically disordered, crys 
talline palladium lactates; atomically disordered, crystalline 
palladium citrates; atomically disordered, crystalline alkali 
palladium thiosulphates (e.g., atomically disordered, crys 
talline sodium palladium thiosulphate, atomically disor 
dered, crystalline potassium palladium thiosulphate)), 
atomically disordered, crystalline iridium-containing mate 
rials (e.g., atomically disordered, crystalline iridium; atomi 
cally disordered, crystalline iridium alloys; atomically dis 
ordered, crystalline iridium oxides; atomically disordered, 
crystalline iridium carbides; atomically disordered, crystal 
line iridium nitrides; atomically disordered, crystalline iri 
dium borides; atomically disordered, crystalline iridium 
sul?des; atomically disordered, crystalline iridium 
myristates; atomically disordered, crystalline iridium stear 
ates; atomically disordered, crystalline iridium oleates; 
atomically disordered, crystalline iridium glutonates; atomi 
cally disordered, crystalline iridium glutonates; atomically 
disordered, crystalline iridium adipates; atomically disor 
dered, crystalline iridium silicates; atomically disordered, 
crystalline iridium phosphides; atomically disordered, crys 
talline iridium halides; atomically disordered, crystalline 
iridium hydrides, atomically disordered, crystalline iridium 
nitrates; atomically disordered, crystalline iridium carbon 
ates; atomically disordered, crystalline iridium sul?des; 
atomically disordered, crystalline iridium sulfadiaZines; 
atomically disordered, crystalline iridium acetates; atomi 
cally disordered, crystalline iridium lactates; atomically 
disordered, crystalline iridium citrates; atomically disor 
dered, crystalline alkali iridium thiosulphates (e.g., atomi 
cally disordered, crystalline sodium iridium thiosulphate, 
atomically disordered, crystalline potassium iridium thio 
sulphate)), atomically disordered, crystalline Zinc-contain 
ing materials (e.g., atomically disordered, crystalline Zinc; 
atomically disordered, crystalline Zinc alloys; atomically 
disordered, crystalline Zinc oxides; atomically disordered, 
crystalline Zinc carbides; atomically disordered, crystalline 
Zinc nitrides; atomically disordered, crystalline Zinc borides; 
atomically disordered, crystalline Zinc sul?des; atomically 
disordered, crystalline Zinc myristates; atomically disor 
dered, crystalline Zinc stearates; atomically disordered, crys 
talline Zinc oleates; atomically disordered, crystalline Zinc 
glutonates; atomically disordered, crystalline Zinc gluto 
nates; atomically disordered, crystalline Zinc adipates; 
atomically disordered, crystalline Zinc silicates; atomically 
disordered, crystalline Zinc phosphides; atomically disor 
dered, crystalline Zinc halides; atomically disordered, crys 
talline Zinc hydrides, atomically disordered, crystalline Zinc 
nitrates; atomically disordered, crystalline Zinc carbonates; 
atomically disordered, crystalline Zinc sul?des; atomically 
disordered, crystalline Zinc sulfadiaZines; atomically disor 
dered, crystalline Zinc acetates; atomically disordered, crys 
talline Zinc lactates; atomically disordered, crystalline Zinc 
citrates; atomically disordered, crystalline alkali Zinc thio 
sulphates (e.g., atomically disordered, crystalline sodium 
Zinc thiosulphate, atomically disordered, crystalline potas 
sium Zinc thiosulphate)), atomically disordered, crystalline 
copper-containing materials (e.g., atomically disordered, 
crystalline copper; atomically disordered, crystalline copper 
alloys; atomically disordered, crystalline copper oxides; 
atomically disordered, crystalline copper carbides; atomi 
cally disordered, crystalline copper nitrides; atomically dis 
ordered, crystalline copper borides; atomically disordered, 
crystalline copper sul?des; atomically disordered, crystal 
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line copper myristates; atomically disordered, crystalline 
copper stearates; atomically disordered, crystalline copper 
oleates; atomically disordered, crystalline copper gluto 
nates; atomically disordered, crystalline copper glutonates; 
atomically disordered, crystalline copper adipates; atomi 
cally disordered, crystalline copper silicates; atomically 
disordered, crystalline copper phosphides; atomically disor 
dered, crystalline copper halides; atomically disordered, 
crystalline copper hydrides, atomically disordered, crystal 
line copper nitrates; atomically disordered, crystalline cop 
per carbonates; atomically disordered, crystalline copper 
sul?des; atomically disordered, crystalline copper sulfadi 
aZines; atomically disordered, crystalline copper acetates; 
atomically disordered, crystalline copper lactates; atomi 
cally disordered, crystalline copper citrates; atomically dis 
ordered, crystalline alkali copper thiosulphates (e.g., atomi 
cally disordered, crystalline sodium copper thiosulphate, 
atomically disordered, crystalline potassium copper thiosul 
phate)), atomically disordered, crystalline tin-containing 
materials (e.g., atomically disordered, crystalline tin; atomi 
cally disordered, crystalline tin alloys; atomically disor 
dered, crystalline tin oxides; atomically disordered, crystal 
line tin carbides; atomically disordered, crystalline tin 
nitrides; atomically disordered, crystalline tin borides; 
atomically disordered, crystalline tin sul?des; atomically 
disordered, crystalline tin myristates; atomically disordered, 
crystalline tin stearates; atomically disordered, crystalline 
tin oleates; atomically disordered, crystalline tin glutonates; 
atomically disordered, crystalline tin glutonates; atomically 
disordered, crystalline tin adipates; atomically disordered, 
crystalline tin silicates; atomically disordered, crystalline tin 
phosphides; atomically disordered, crystalline tin halides; 
atomically disordered, crystalline tin hydrides, atomically 
disordered, crystalline tin nitrates; atomically disordered, 
crystalline tin carbonates; atomically disordered, crystalline 
tin sul?des; atomically disordered, crystalline tin sulfadiaZ 
ines; atomically disordered, crystalline tin acetates; atomi 
cally disordered, crystalline tin lactates; atomically disor 
dered, crystalline tin citrates; atomically disordered, 
crystalline alkali tin thiosulphates (e.g., atomically disor 
dered, crystalline sodium tin thiosulphate, atomically disor 
dered, crystalline potassium tin thiosulphate)), atomically 
disordered, crystalline antimony-containing materials (e.g., 
atomically disordered, crystalline antimony; atomically dis 
ordered, crystalline antimony alloys; atomically disordered, 
crystalline antimony oxides; atomically disordered, crystal 
line antimony carbides; atomically disordered, crystalline 
antimony nitrides; atomically disordered, crystalline anti 
mony borides; atomically disordered, crystalline antimony 
sul?des; atomically disordered, crystalline antimony 
myristates; atomically disordered, crystalline antimony 
stearates; atomically disordered, crystalline antimony ole 
ates; atomically disordered, crystalline antimony glutonates; 
atomically disordered, crystalline antimony glutonates; 
atomically disordered, crystalline antimony adipates; atomi 
cally disordered, crystalline antimony silicates; atomically 
disordered, crystalline antimony phosphides; atomically dis 
ordered, crystalline antimony halides; atomically disor 
dered, crystalline antimony hydrides, atomically disordered, 
crystalline antimony nitrates; atomically disordered, crys 
talline antimony carbonates; atomically disordered, crystal 
line antimony sul?des; atomically disordered, crystalline 
antimony sulfadiaZines; atomically disordered, crystalline 
antimony acetates; atomically disordered, crystalline go 
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antimony ld lactates; atomically disordered, crystalline anti 
mony citrates; atomically disordered, crystalline alkali anti 
mony thiosulphates (e.g., atomically disordered, crystalline 
sodium antimony thiosulphate, atomically disordered, crys 
talline potassium antimony thiosulphate)), atomically disor 
dered, crystalline bismuth-containing materials (e.g., atomi 
cally disordered, crystalline bismuth; atomically disordered, 
crystalline bismuth alloys; atomically disordered, crystalline 
bismuth oxides; atomically disordered, crystalline bismuth 
carbides; atomically disordered, crystalline bismuth nitrides; 
atomically disordered, crystalline bismuth borides; atomi 
cally disordered, crystalline bismuth sul?des; atomically 
disordered, crystalline bismuth myristates; atomically dis 
ordered, crystalline bismuth stearates; atomically disor 
dered, crystalline bismuth oleates; atomically disordered, 
crystalline bismuth glutonates; atomically disordered, crys 
talline bismuth glutonates; atomically disordered, crystalline 
bismuth adipates; atomically disordered, crystalline bismuth 
silicates; atomically disordered, crystalline bismuth phos 
phides; atomically disordered, crystalline bismuth halides; 
atomically disordered, crystalline bismuth hydrides, atomi 
cally disordered, crystalline bismuth nitrates; atomically 
disordered, crystalline bismuth carbonates; atomically dis 
ordered, crystalline bismuth sul?des; atomically disordered, 
crystalline bismuth sulfadiaZines; atomically disordered, 
crystalline bismuth acetates; atomically disordered, crystal 
line bismuth lactates; atomically disordered, crystalline bis 
muth citrates; atomically disordered, crystalline alkali bis 
muth thiosulphates (e.g., atomically disordered, crystalline 
sodium bismuth thiosulphate, atomically disordered, crys 
talline potassium bismuth thiosulphate)). 

[0047] Subjects 
[0048] The metal-containing material can be used to treat, 
for example a human or an animal (e.g., a dog, a cat, a horse, 
a bird, a reptile, an amphibian, a ?sh, a turtle, a guinea pig, 
a hamster, a rodent, a coW, a pig, a goat, a primate, a monkey, 
a chicken, a turkey, a bulfalo, an ostrich, a sheep, a llama). 

[0049] Conditions and Condition Locations 

[0050] The conditions that can be treated With the metal 
containing material include, for example, bacterial condi 
tions, microbial conditions, bio?lm conditions, in?amma 
tory conditions, fungal conditions, Viral conditions, 
autoimmune conditions, idiopathic conditions, hyperprolif 
erative conditions, noncancerous groWths and/or cancerous 
conditions (e.g., tumorous conditions, hematologic malig 
nancies). Such conditions can be associated With, for 
example, one or more prions, parasites, fungi, Viruses and/or 
bacteria. In general, the location of the condition to be 
treated corresponds to the type of condition to be treated. 

[0051] In some embodiments, the condition can be a skin 
condition or a integument condition (e.g., a bacterial skin 
condition, a microbial skin condition, a bio?lm skin condi 
tion, an in?ammatory skin condition, a hyperproliferative 
skin condition, a fungal skin condition, a Viral skin condi 
tion, an autoimmune skin condition, an idiopathic skin 
condition, a hyperproliferative skin condition, a cancerous 
skin condition, a microbial integument condition, an in?am 
matory integument condition, a fungal integument condi 
tion, a Viral integument condition, an autoimmune integu 
ment condition, an idiopathic integument condition, a 
hyperproliferative integument condition, a cancerous 
integument condition). Examples of skin conditions or 
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integument conditions include burns, eczema (e.g., atopic 
eczema, acroderrnatitis continua, contact allergic dermatitis, 
contact irritant dermatitis, dyshidrotic ecZema, pompholyx, 
lichen simplex chronicus, nummular ecZema, seborrheic 
dermatitis, stasis ecZema), erythroderma, insect bites, myco 
sis fungoides, pyoderma gangrenosum, eythrema multi 
forme, rosacea, onychomycosis, acne (e.g., acne vulgaris, 
neonatal acne, infantile acne, pomade acne), psoriasis, Reit 
er’s syndrome, pityriasis rubra pilaris, hyperpigmentation, 
vitiligo, scarring conditions (e.g., hypertropic scarring), kel 
oids, lichen planus, age-related skin disorders (e.g., 
Wrinkles, cellulite) and hyperproliferative skin disorders, 
such as, for example, hyperproliferative variants of the 
disorders of keratiniZation (e.g., actinic keratosis, senile 
keratosis). Generally, the treatment of skin or integument 
conditions involves contacting the metal-containing material 
With the area of the skin having the condition. As an 
example, a skin or integument condition can be treated by 
contacting the area of skin having the condition With a 
dressing having a coating of the metal-containing material. 
As another example, a skin or integument condition can be 
treated by contacting the area of skin having the condition 
With a solution containing the metal-containing material. As 
an additional example, a skin or integument condition can be 
treated by contacting the area of skin having the condition 
With a pharmaceutical carrier composition containing the 
metal-containing material. In the case of onychomycosis, the 
material may be applied to the nail in an appropriate form 
(see beloW) such that the material penetrates the hard nail to 
contact the affected area. 

[0052] In certain embodiments, the condition can be a 
respiratory condition (e.g., a bacterial respiratory condition, 
a bio?lm respiratory condition, a microbial respiratory con 
dition, an in?ammatory respiratory condition, a fungal res 
piratory condition, a viral respiratory condition, an autoim 
mune respiratory condition, an idiopathic respiratory 
condition, a hyperproliferative respiratory condition, a can 
cerous respiratory condition). Examples of respiratory con 
ditions include asthma, emphysema, bronchitis, pulmonary 
edema, acute respiratory distress syndrome, bronchopulmo 
nary dysplasia, ?brotic conditions (e.g., pulmonary ?brosis), 
pulmonary atelectasis, tuberculosis, pneumonia, sinusitis, 
allergic rhinitis, pharyngitis, mucositis, stomatitis, chronic 
obstructive pulmonary disease, bronchiectasis, lupus pneu 
monitis and cystic ?brosis. In general, the treatment of 
respiratory conditions involves contacting the metal-con 
taining material With the area of the respiratory system 
having the condition. Areas of the respiratory system 
include, for example, the oral cavity, the nasal cavity, and the 
lungs. As an example, certain respiratory conditions can be 
treated by inhaling a free standing poWder of the metal 
containing material (e.g., With a dry poWder inhaler). As 
another example, certain respiratory conditions can be 
treated by inhaling an aerosol containing the metal-contain 
ing material (e.g., With an inhaler). 

[0053] In some embodiments, the condition can be a 
musculo-skeletal condition (e.g., a bacterial musculo-skel 
etal condition, a bio?lm musculo-skeletal condition, a 
microbial musculo-skeletal condition, an in?ammatory mus 
culo-skeletal condition, a fungal musculo-skeletal condition, 
a viral musculo-skeletal condition, an autoimmune musculo 
skeletal condition, an idiopathic musculo-skeletal condition, 
a hyperproliferative musculo-skeletal condition, a cancerous 
musculo-skeletal condition). A musculo-skeletal condition 
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can be, for example, a degenerative musculo-skeletal con 
dition (e.g., arthritis) or a traumatic musculo-skeletal con 
dition (e.g., a torn or damaged muscle). Examples of mus 
culo-skeletal conditions include tendonitis, osteomyelitis, 
?bromyalgia, bursitis and arthritis. Generally, the treatment 
of musculo-skeletal conditions involves contacting the 
metal-containing material With the area of the musculo 
skeletal system having the condition. Areas of the musculo 
skeletal system include, for example, the joints, the muscles, 
and the tendons. As an example, certain musculo-skeletal 
conditions can be treated by injecting (e.g., via a small 
needle injector) a solution containing the metal-containing 
material into the subject. As another example, certain mus 
culo-skeletal conditions can be treated by injecting (e.g., via 
a needleless injector) a free standing poWder of the metal 
containing material into the subject. As an additional 
example, certain musculo-skeletal conditions can be treated 
by using a pharmaceutical carrier composition of the metal 
containing material, such as a penetrating pharmaceutical 
carrier composition of the metal-containing material (e.g., a 
composition containing DMSO). 
[0054] In certain embodiments, the condition can be a 
circulatory condition (e.g., a bacterial circulatory condition, 
a bio?lm circulatory condition, a microbial circulatory con 
dition, an in?ammatory circulatory condition, a fungal cir 
culatory condition, a viral circulatory condition, an autoim 
mune circulatory condition, an idiopathic circulatory 
condition, a hyperproliferative circulatory condition, a can 
cerous circulatory condition). As referred to herein, circu 
latory conditions include lymphatic conditions. Examples of 
circulatory conditions include arteriosclerosis, lymphoma, 
septicemia, leukemia, ischemic vascular disease, lymphan 
gitis and atherosclerosis. In general, the treatment of circu 
latory conditions involves contacting the metal-containing 
material With the area of the circulatory system having the 
condition. Areas of the circulatory system include, for 
example, the heart, the lymphatic system, blood, blood 
vessels (e.g., arteries, veins). As an example, certain circu 
latory conditions can be treated by injecting (e. g., via a small 
needle injector) a solution containing the metal-containing 
material into the subject. As another example, certain cir 
culatory conditions can be treated by injecting (e.g., via a 
needleless injector) a free standing poWder of the metal 
containing material into the subject. 

[0055] In some embodiments, the condition can be a 
mucosal or serosal condition (e.g., a bacterial mucosal or 
serosal condition, a bio?lm mucosal or serosal condition, a 
microbial mucosal or serosal condition, an in?ammatory 
mucosal or serosal condition, a fungal mucosal or serosal 
condition, a viral mucosal or serosal condition, an autoim 
mune mucosal or serosal condition, an idiopathic mucosal or 
serosal condition, a hyperproliferative mucosal or serosal 
condition, a cancerous mucosal or serosal condition). 
Examples of mucosal or serosal conditions include peri 
carditis, BoWen’s disease, stomatitis, prostatitis, sinusitis, 
allergic rhinitis, digestive disorders, peptic ulcers, esoph 
ageal ulcers, gastric ulcers, duodenal ulcer, espohagitis, 
gastritis, enteritis, enterogastric intestinal hemorrhage, toxic 
epidermal necrolysis syndrome, Stevens Johnson syndrome, 
?brotic condition (e.g., cystic ?brosis), bronchitis, pneumo 
nia (e.g., nosocomial pneumonia, ventilator-assisted pneu 
monia), pharyngitis, common cold, ear infections, sore 
throat, sexually transmitted diseases (e.g., syphilis, gonor 
rhea, herpes, genital Warts, HIV, chlamydia), in?ammatory 
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bowel disease, colitis, hemorrhoids, thrush, dental condi 
tions, oral conditions, conjunctivitis, and periodontal con 
ditions. Generally, the treatment of mucosal or serosal 
conditions involves contacting the metal-containing material 
With the area of a mucosal or serosal region having the 
condition. Mucosal or serosal areas include, for example, the 
oral cavity, the nasal cavity, the colon, the small intestine, 
the large intestine, the stomach, and the esophagus. As an 
example, certain mucosal or serosal conditions can be 
treated by inhaling a free standing poWder of the metal 
containing material (e.g., With a dry poWder inhaler). As 
another example, certain mucosal or serosal conditions can 
be treated by inhaling an aerosol containing the metal 
containing material (e.g., With an inhaler). As an additional 
example, certain mucosal or serosal conditions can be 
treated by gargling or spraying a solution of the metal 
containing material. As another example, certain mucosal or 
serosal conditions can be treated using a suppository. As a 
further example, certain mucosal or serosal conditions can 
be treated by an enema. 

[0056] In embodiments in Which the metal-containing 
material is used to treat hyperproliferation of cell groWth 
(e.g., cancerous conditions, such as malignant tumors, or 
non-cancerous conditions, such as benign tumors), the 
metal-containing material can be used to induce apoptosis 
(programmed cell death), modulate matrix metalloprotein 
ases (MMPs) and/or modulates cytokines by contacting 
a?cected tissue (e.g., a hyperplastic tissue, a tumor tissue or 
a cancerous lesion) With the metal-containing material. It has 
been observed that the metal-containing material (e.g., an 
antimicrobial, anti-bio?lm, antibacterial, anti-in?ammatory, 
antifungal, antiviral, anti-autoimmune, anti-cancer, pro-apo 
ptosis, anti-proliferative, and/or MMP modulating, nanoc 
rystalline and/or atomically disordered, silver-containing 
material) can be effective in preventing production of a high 
number of MMPs and/or cytokines by certain cells Without 
necessarily reducing MMP and/or cytokine production by 
the same cells to about Zero. It is believed, hoWever, that in 
certain embodiments, the metal-containing material can be 
used to inhibit MMP and/ or cytokine production (e.g., bring 
MMP and/or cytokine production to normal levels, desired 
levels, and/or about Zero) in certain cells. 

[0057] MMPs refer to any protease of the family of MMPs 
Which are involved in the degradation of connective tissues, 
such as collagen, elastins, ?bronectin, laminin, and other 
components of the extracellular matrix, and associated With 
conditions in Which excessive degradation of extracellular 
matrix occurs, such as tumor invasion and metastasis. 
Examples of MMPs include MMP-2 (secreted by ?broblasts 
and a Wide variety of other cell types) and MMP-9 (released 
by mononuclear phagocytes, neutrophils, corneal epithelial 
cells, tumor cells, cytotrophoblasts and keratinocytes). 
Cytokine refers to a nonimmunoglobulin polypeptide 
secreted by monocytes and lymphocytes in response to 
interaction With a speci?c antigen, a nonspeci?c antigen, or 
a nonspeci?c soluble stimulus (e.g., endotoxin, other cytok 
ines). Cytokines affect the magnitude of in?ammatory or 
immune responses. Cytokines can be divided into several 
groups, Which include interferons, tumor necrosis factor 
(TNF), interleukins (IL-l to IL-8), transforming groWth 
factors, and the hematopoietic colony-stimulating factors. 
An example of a cytokine is TNF-ot. A ?broblast is an area 
connective tissue cell Which is a ?at-elongated cell With 
cytoplasmic processes at each end having a ?at, oval vesicu 
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lar nucleus. Fibroblasts Which differentiate into chondro 
blasts, collagenoblasts, and osteoblasts form the ?brous 
tissues in the body, tendons, aponeuroses, supporting and 
binding tissues of all sorts. Hyperplastic tissue refers to 
tissue in Which there is an abnormal multiplication or 
increase in the number of cells in a normal arrangement in 
normal tissue or an organ. A tumor refers to spontaneous 
groWth of tissue in Which multiplication of cells is abnormal, 
uncontrolled and progressive. A tumor generally serves no 
useful function and groWs at the expense of the healthy 
organism. A cancerous lesion is a tumor of epithelial tissue, 
or malignant, neW groWth made up of epithelial cells tending 
to in?ltrate surrounding tissues and to give rise to 
metastases. As used in reference to the skin, a cancerous 
lesion means a lesion Which may be a result of a primary 
cancer, or a metastasis to the site from a local tumor or from 
a tumor in a distant site. It may take the form of a cavity, an 
open area on the surface of the skin, skin nodules, or a 
nodular groWth extending from the surface of the skin. 

[0058] Conditions characterized by undesirable MMP 
activity include ulcers, asthma, acute respiratory distress 
syndrome, skin disorders, skin aging, keratoconus, resteno 
sis, osteo- and rheumatoid arthritis, degenerative joint dis 
ease, bone disease, Wounds, cancer including cell prolifera 
tion, invasiveness, metastasis (carcinoma, ?brosarcoma, 
osteosarcoma), hypovolemic shock, periodontal disease, 
epidermolysis bullosa, scleritis, atherosclerosis, multiple 
sclerosis, in?ammatory diseases of the central nervous sys 
tem, vascular leakage syndrome, collagenase induced dis 
ease, adhesions of the peritoneum, strictures of the esopha 
gus or boWel, ureteral or urethral strictures, and biliary 
strictures. Excessive TNF production has been reported in 
diseases Which are characterized by excessive MMP activity, 
such as autoimmune disease, cancer, cachexia, HIV infec 
tion, and cardiovascular conditions. 

[0059] Forms of the Material and Methods of Applying the 
Material 

[0060] In general, the metal-containing material can be in 
any desired form or formulation. For example, the material 
can be a coating on a substrate (e.g., in the form of a 
dressing, a coated medical implant), a free standing poWder, 
a solution, or disposed Within a pharmaceutically acceptable 
carrier. 

[0061] In some embodiments, the metal-containing mate 
rial can act as a preservative. In such embodiments, a form 
or formulation containing the metal-containing material can 
be prepared With or Without additional preservatives. More 
over, in embodiments in Which the metal-containing mate 
rial acts as a preservative, the metal-containing material may 
be included in a therapeutic formulation containing other 
therapeutic agents (e.g., the metal-containing material may 
be included primarily in certain therapeutic compositions to 
act as a preservative). 

[0062] Moreover, the material can be applied to the sub 
ject in any of a variety of Ways, generally depending upon 
the form of the material as applied and/or the location of the 
condition to be treated. In general, the amount of material 
used is selected so that the desired therapeutic effect (e.g., 
reduction in the condition being treated) is achieved While 
the material introduces an acceptable level of toxicity (e.g., 
little or no toxicity) to the subject. Generally, the amount of 
the material used Will vary With the conditions being treated, 
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the stage of advancement of the condition, the age and type 
of host, and the type, concentration and form of the material 
as applied. Appropriate amounts in any given instance Will 
be readily apparent to those skilled in the art or capable of 
determination by routine experimentation. In some embodi 
ments, a single application of the material may be suf?cient. 
In certain embodiments, the material may be applied repeat 
edly over a period of time, such as several times a day for 
a period of days, Weeks, months or years. 

[0063] Substrate Coatings 
[0064] Examples of commercially available metal-con 
taining materials include the Acticoat® family of dressings 
(Smith & NepheW, Hull, UK), Which are formed of antimi 
crobial, anti-in?ammatory atomically disordered, nanocrys 
talline silver-containing material coated on one or more 
substrates. Such dressings include the Acticoat® dressings, 
the Acticoat7® dressings, the Acticoat® moisture coating 
dressings, and the Acticoat® absorbent dressings. 

[0065] A coating of a metal-containing material (e.g., an 
antimicrobial, atomically disordered, nanocrystalline silver 
containing material) can be formed on a substrate using a 
desired technique. In certain embodiments, the coating is 
formed by depositing the material on the substrate surface 
using chemical vapor deposition, physical vapor deposition, 
and/ or liquid phase deposition. Exemplary deposition meth 
ods include vacuum evaporation deposition, arc evaporation 
deposition, sputter deposition, magnetron sputter deposition 
and ion plating. 

[0066] In some embodiments, the coating is prepared 
using physical vapor deposition. FIG. 1 shoWs a vapor 
deposition system 100 that includes a vacuum chamber 110, 
an energy source 120 (e.g., an electron beam source, an ion 
source, a laser beam, a magnetron source), a target 130 and 
a substrate 140. During operation, energy source 120 directs 
a beam of energy 122 to target 130, causing material 132 to 
be removed (e.g., by evaporation) from target 130 and 
directed to a surface 142 of substrate 140. At least a portion 
of the removed material 132 is deposited on surface 142. 

[0067] In general, the values of the system parameters 
(e.g., the temperature of surface 142, the pressure of cham 
ber 110, the angle of incidence of removed material 132 on 
surface 142, the distance betWeen target 130 and surface 
142) can be selected as desired. The temperature of surface 
142 can be relatively loW during the deposition process. For 
example, during the deposition process, the ratio of the 
temperature of substrate 140 to the melting point of the 
material forming target 130 (as determined in using Kelvin) 
can be about 0.5 or less (e.g., about 0.4 or less, about 0.35 
or less, about 0.3 or less). 

[0068] The pressure in chamber 110 can be relatively high. 
For example, vacuum evaporation deposition, electron beam 
deposition or arc evaporation, the pressure can be about 0.01 
milliTorr or greater. For gas scattering evaporation (pressure 
plating) or reactive arc evaporation, the pressure in chamber 
110 can be about 20 milliTorr or greater. For sputter depo 
sition, the pressure in chamber 110 can be about 75 milliTorr 
or greater. For magnetron sputter deposition, the pressure in 
chamber 110 can be about 10 milliTorr or greater. For ion 
plating, the pressure in chamber 110 can be 200 milliTorr or 
greater. 
[0069] The angle of incidence of removed material 132 on 
surface 142 (0) can be relatively loW. For example, the angle 
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of incidence of removed material 132 on surface 142 can be 
about 75° or less (e.g., about 60° or less, about 45° or less, 
about 30° or less). 

[0070] The distance betWeen target 130 and surface 142 
can be selected based upon the values of the other system 
parameters. For example, the distance betWeen target 130 
and surface 142 can be about 250 millimeters or less (e.g., 
about 150 millimeters or less, 125 millimeters or less, about 
100 millimeters or less, about 90 millimeters or less, about 
80 millimeters or less, about 70 millimeters or less, about 60 
millimeters or less, about 50 millimeters or less, about 40 
millimeters or less). 

[0071] As noted above, it is believed that, the metal 
containing material, When contacted With an alcohol or 
Water-based electrolyte, can be released into the alcohol or 
Water-based electrolyte (e.g., as ions, atoms, molecules 
and/or clusters). It is also believed that the ability to release 
the metal (e.g., as atoms, ions, molecules and/or clusters) on 
a sustainable basis from a coating is generally dependent 
upon a number of factors, including coating characteristics 
such as composition, structure, solubility and thickness, and 
the nature of the environment in Which the device is used. As 
the level of atomic disorder is increased, it is believed that 
the amount of metal species released per unit time increases. 
For example, a silver metal ?lm deposited by magnetron 
sputtering at a ratio of substrate temperature to the target 
melting point of less than about 0.5 and a Working gas 
pressure of about 0.93 Pascals (about seven milliTorr) 
releases approximately 1/3 of the silver ions that a ?lm 
deposited under similar conditions, but at four Pascals 
(about 30 milliTorr), Will release over 10 days. Coatings 
formed With an intermediate structure (e.g., loWer pressure, 
loWer angle of incidence etc.) have been observed to have 
metal (e.g., silver) release values intermediate to these 
values as determined by bioassays. In general, to obtain 
relatively sloW release of the metal, the coating should have 
a relatively loW degree of atomic disorder, and, to obtain 
relatively fast release of the metal, the coating should have 
a relatively high degree of atomic disorder. 

[0072] For continuous, uniform coatings, the time for total 
dissolution is generally a function of coating thickness and 
the nature of the environment to Which the coating is 
exposed. The release of metal is believed to increase 
approximately linearly as the thickness of the coating is 
increased. For example, it has been observed that a tWo fold 
increase in coating thickness can result in about a tWo fold 
increase in longevity. 

[0073] In certain embodiments, it is possible to manipulate 
the degree of atomic disorder, and therefore the metal release 
from a coating, by forming a thin ?lm coating With a 
modulated structure. For example, a coating deposited by 
magnetron sputtering such that the Working gas pressure Was 
relatively loW (e.g., about tWo Pascals or about 15 milliTorr) 
for about 50% of the deposition time and relatively high 
(e.g., about four Pascals or 30 milliTorr) for the remaining 
time, can result in a relatively rapid initial release of metal 
(e.g., ions, clusters, atoms, molecules), folloWed by a longer 
period of sloW release. This type of coating is can be 
particularly effective on devices such as urinary catheters for 
Which an initial rapid release is advantageous to achieve 
quick antimicrobial concentrations folloWed by a loWer 
release rate to sustain the concentration of metal (e.g., ions, 
clusters, atoms, molecules) over a period of Weeks. 
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[0074] It is further believed that the degree of atomic 
disorder of a coating can be manipulated by introducing one 
or more dissimilar materials into the coating. For example, 
one or more gases can be present in chamber 110 during the 
deposition process. Examples of such gases include oxygen 
containing gases (e.g., oxygen, air, Water), nitrogen-contain 
ing gases (e.g., nitrogen), hydrogen-containing gases (e.g., 
Water, hydrogen), boron-containing gases (e.g., boron), sul 
fur-containing gases (e.g., sulfur), carbon-containing gases 
(e.g., carbon monoxide, carbon dioxide), phosphorus-con 
taining gases, silicon-containing gases, and halogen-con 
taining gases (e.g., ?uorine, chlorine, bromine, iodine). The 
additional gas(es) can be co-deposited or reactively depos 
ited With material 132. This can result in the deposition/ 
formation of an oxide, hydroxide, nitride, carbide, phos 
phide, silicate, boride, sul?de, hydride, nitrate, carbonate, 
alkali thiosulphate (e.g., sodium thiosulphate, potassium 
thiosulphate), myristate, sorbate, stearate, oleate, glutonate, 
adipate, silicate, phosphide, sulfadiaZine, acetate, lactate, 
citrate and/or halide material (e.g., an oxide of a metal 
containing material, a hydroxide of a metal-containing mate 
rial, a nitride of a metal-containing material, a carbide of a 
metal-containing material, a phosphide of a metal-contain 
ing material, a silicate of a metal-containing material, a 
boride of a metal-containing material, a sul?de of a metal 
containing material, a hydride of a metal-containing mate 
rial, a halide of a metal-containing material, a nitrate of a 
metal-containing material, a carbonate of a metal-containing 
material, a myristate of a metal-containing material, a sor 
bate of a metal-containing material, a stearate of a metal 
containing material, an oleate of a metal-containing mate 
rial, a glutonate of a metal-containing material, an adipate of 
a metal-containing material, a silicate of a metal-containing 
material, a phosphide of a metal-containing material, a 
sul?de of a metal-containing material, a sulfadiaZine of a 
metal-containing material, a sulfadiaZine of a metal-contain 
ing material, an acetate of a metal-containing material, a 
lactate of a metal-containing material, a citrate of a metal 
containing material, an alkali metal thiosulphate (e.g., 
sodium metal thiosulphate, potassium metal thiosulphate) of 
a metal-containing material). Without Wishing to be bound 
by theory, it is believed that atoms and/or molecules of the 
additional gas(es) may become absorbed or trapped in the 
material, resulting in enhanced atomic disorder. The addi 
tional gas(es) may be continuously supplied during deposi 
tion, or may be pulsed to (e. g., for sequential deposition). In 
embodiments, the material formed can be constituted of a 
material With a ratio of material 132 to additional gas(es) of 
about 0.2 or greater. The presence of dissimilar atoms or 
molecules in the coating can enhance the degree of atomic 
disorder of the coating due to the difference in atomic radii 
of the dissimilar constituents in the coating. 

[0075] The presence of dissimilar atoms or molecules in 
the coating may also be achieved by co-depositing or 
sequentially depositing one or more additional metal ele 
ments (e.g., one or more additional antimicrobial metal 

elements). Such additional metal elements include, for 
example, Au, Pt, Ta, Ti, Nb, Zn, V, Hf, Mo, Si, Al, and other 
transition metal elements. It is believed that the presence of 
dissimilar metal elements (one or more primary metal ele 
ments and one or more additional metal elements) in the 
coating can reduce atomic diffusion and stabiliZe the atomi 
cally disordered structure of the coating. A coating contain 
ing dissimilar metal elements can be formed, for example, 
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using thin ?lm deposition equipment With multiple targets. 
In some embodiments, sequentially deposited layers of the 
metal elements are discontinuous (e.g., islands Within a the 
primary metal). In certain embodiments, the Weight ratio of 
the additional metal(s) to the primary metal(s) is greater than 
about 0.2. 

[0076] While FIG. 1 shoWs one embodiment of a deposi 
tion system, other embodiments are possible. For example, 
the deposition system can be designed such that during 
operation the substrate moves along rollers. Additionally or 
alternatively, the deposition system may contain multiple 
energy sources, multiple targets, and/or multiple substrates. 
The multiple energy sources, targets and/or substrates can 
be, for example, positioned in a line, can be staggered, or can 
be in an array. 

[0077] In certain embodiments, tWo layers of the material 
are deposited on the substrate to achieve an optical inter 
ference e?fect. Alternatively, the tWo layers can be formed of 
different materials, With the outer (top) of the tWo layers 
being formed of an antimicrobial, atomically disordered, 
nanocrystalline silver-containing material, and the inner of 
the tWo layers having appropriate re?ective properties so 
that the tWo layers can provide an interference e?fect (e.g., to 
monitor the thickness of the outer (top) of the tWo layers). 

[0078] The substrate can be selected as desired. The 
substrate may be formed of one layer or multiple layers, 
Which may be formed of the same or different materials. 

[0079] In certain embodiments, the substrate can include 
one or more layers containing a bioabsorbable material. 
Bioabsorbable materials are disclosed, for example, in US. 
Pat. No. 5,423,859. In general, bioabsorbable materials can 
include natural bioabsorbable polymers, biosynethetic bio 
absorbable polymers and synthetic bioabsorbable polymers. 
Examples of synthetic bioabsorbable polymers include poly 
esters and polylactones (e.g., polymers of polyglycolic acid, 
polymers of glycolide, polymers of lactic acid, polymers of 
lactide, polymers of dioxanone, polymers of trimethylene 
carbonate, polyanhydrides, polyesteramides, polyorth 
eoesters, polyphosphaZenes, and copolymers of the forego 
ing). Examples of natural bioabsorbable polymers include 
proteins (e.g., albumin, ?brin, collagen, elastin), polysac 
charides (e.g., chitosan, alginates, hyaluronic acid). 
Examples of biosynthetic polymers include polyesters (e.g., 
3 -hydroxybutyrate polymers). 

[0080] In some embodiments, the substrate includes mul 
tiple layers (e.g., tWo layers, three layers, four layers, ?ve 
layers, six layers, seven layers, eight layers, nine layers, 10 
layers). The layers can be laminated together (e.g., by 
thermal fusing, stitching and/or ultrasonic Welding). 

[0081] One or more layers (e.g., an outer layer) of a 
multi-layer substrate can be formed of a perforated (and 
optionally non-adherent) material (e. g., a Woven material or 
a non-Woven material) that can alloW ?uid to penetrate or 
diffuse therethrough. Such materials include, for example, 
cotton, gauZe, polymeric nets (e.g., polyethylene nets, nylon 
nets, polypropylene nets, polyester nets, polyurethane nets, 
polybutadiene nets), polymeric meshes (e.g., polyethylene 
meshes, nylon meshes, polypropylene meshes, polyester 
meshes, polyurethane meshes, polybutadiene meshes) and 
foams (e.g., an open cell polyurethane foam). Examples of 
commercially available materials include DELNETTM P530 
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non-Woven polyethylene veil (Applied Extrusion Technolo 
gies, Inc., MiddletoWn, Del.), Exu-Dry CONFORM 
ANT2TM non-Woven polyethylene veil (Frass Survival Sys 
tems, Inc., NY, NY), CARELLETM material (Carolina 
Formed Fabrics Corp.), NYLON90TM material (Carolina 
Formed Fabrics Corp.), N-TERFACETM material (Win?eld 
Laboratories, Inc., Richardson, Tex.), HYPOLTM hydro 
philic polyurethane foam (W.R. Grace & Co., NY, N.Y.). 

[0082] One or more layers (e. g., an inner layer) of a 
multi-layer substrate can be formed of an absorbent material 
(e. g., a Woven material or a non-Woven material) formed of, 
for example, rayon, polyester, a rayon/polyester blend, poly 
ester/cotton, cotton and/ or cellulosic ?bers. Examples 
include creped cellulose Wadding, air felt, air laid pulp ?bers 
and gauZe. An example of a commercially available material 
is SONATRATM 8411 70/30 rayon/polyester blend (Dupont 
Canada, Mississauga, Ontario). 

[0083] One or more layers (e.g., an outer layer) of a 
multi-layer substrate can be formed of an occlusive or 
semi-occlusive material, such as an adhesive tape or poly 
urethane ?lm (e.g., to secure the device to the skin and/ or to 

retain moisture). 

[0084] In some embodiments, the layers in a multi-layer 
substrate are laminated together (e.g., at intermittent spaced 
locations) by ultrasonic Welds. Typically, heat (e.g., gener 
ated ultrasonically) and pressure are applied to either side of 
the substrate at localiZed spots through an ultrasonic horn so 
as to cause ?owing of at least one of the plastic materials in 
the ?rst and second layers and the subsequent bonding 
together of the layers on cooling. The Welds can be formed 
as localiZed spots (e.g., circular spots). The spots can have 
a diameter of about 0.5 centimeter or less. 

[0085] The shape of the substrate can generally be varied 
as desired. For example, the substrate can be in the shape of 
a ?lm, a ?ber or a poWder. 

[0086] The substrate/coating article can be used in a 
variety of articles. For example, the article can be in the 
shape of a medical device. Exemplary medical devices 
include Wound closure devices (e.g., sutures, staples, adhe 
sives), tissue repair devices (e.g., meshes, such as meshes for 
hernia repair), prosthetic devices (e.g., internal bone ?xation 
devices, physical barriers for guided bone regeneration, 
stents, valves, electrodes), tissue engineering devices (e.g., 
for use With a blood vessel, skin, a bone, cartilage, a liver), 
controlled drug delivery systems (e.g., microcapsules, ion 
exchange resins) and Wound coverings and/or ?llers (e.g., 
alginate dressings, chitosan poWders). In some embodi 
ments, the article is a transcutaneous medical device (e.g., a 
catheter, a pin, an implant), Which can include the substrate/ 
coating supported on, for example, a solid material (e.g., a 
metal, an alloy, latex, nylon, silicone, polyester and/or 
polyurethane). In some embodiments, the article is in the 
form of a patch (e.g., a patch having an adhesive layer for 
adhering to the skin, such as a transdermal patch). 

[0087] Subsequent to deposition, the material can option 
ally be annealed. In general, the anneal is conducted under 
conditions to increase the stability (e.g., shelf life) of the 
material While maintaining the desired therapeutic activity 
of the material. In certain embodiments, the material can be 
annealed at a temperature of about 2000 C. or less (e.g., 
about room temperature). 
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[0088] The substrate/coating is typically steriliZed prior to 
use (e.g., Without applying suf?cient thermal energy to 
anneal out the atomic disorder). The energy used for steril 
iZation can be, for example, gamma radiation or electron 
beam radiation. In some embodiments, ethylene oxide ster 
iliZation techniques are used to steriliZe the substrate/coat 
mg. 

[0089] Free Standing PoWders 

[0090] A free standing poWder can be prepared by, for 
example, cold Working or compressing to impart atomic 
disorder to the poWder. In certain embodiments, a free 
standing poWder is prepared by forming a coating of the 
material as described above, and then removing the material 
from the surface of the substrate. For example, the material 
can be scraped from the surface of the substrate by one or 
more scrapers. In embodiments in Which the substrate 
moves during deposition of the material, the scrapers can 
remove the material as the substrate moves. The scrapers can 

be, for example, suspended above the substrate. Such scrap 
ers can be, for example, Weighted and/or spring loaded to 
apply pressure suf?cient to remove the material as the 
substrate moves. In some embodiments (e.g., When a con 

tinuous belt is used), the scrapers can be located above the 
end rollers to remove the material With a reverse dragging 
action as the substrate rounds the end roller. 

[0091] A free standing poWder can be used to treat a 
condition in various Ways. As an example, the poWder can 
sprinkled onto the subject’s skin. As another example, the 
poWder can be inhaled using an inhaler, such as a dry 
poWder inhaler. In some embodiments, a dry poWder can be 
in the form of an aerosol, Which contains, for example, at 
least about 10 (e.g., at least about 20, at least about 30) 
Weight percent and/or at most about 99 (e.g., at most about 
90, at most about 80, at most about 70, at most about 60, at 
most about 50) Weight percent of the dry poWder. 

[0092] In certain embodiments (e.g., When the free stand 
ing poWder is inhaled), the average particle siZe of the free 
standing poWder is selected to reduce the likelihood of 
adverse reaction(s) of the particles in the tissue and/or to 
deposit the poWder onto speci?c anatomical locations (e.g., 
tissue contacted by the free standing poWder during inhala 
tion). In some embodiments, the average particle siZe is 
selected (e.g., less than about 10 microns) so that a relatively 
small amount of the particles get into the loWer respiratory 
tract. In embodiments, a free standing poWder can have an 
average particle siZe of less than about 10 microns (e.g., less 
than about eight microns, less than about ?ve microns, less 
than about tWo microns, less than about one micron, less 
than about 0.5 micron) and/or at least about 0.01 micron 
(e.g., at least about 0.1 micron, at least about 0.5 micron). 

[0093] PoWder Impregnated Materials 

[0094] The metal-containing material can be in the form of 
a poWder impregnated material. Such poWder impregnated 
materials can, for example, be in the form of a hydrocolloid 
having the free standing poWder blended therein. A poWder 
impregnated material can be, for example, in the form of a 
dressing, such as a hydrocolloid dressing. 

[0095] Solutions 

[0096] The material can be in the form of a solution (e.g., 
a solvent-based solution). The solution can be formed, for 
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example, by dissolving a free standing powder of the mate 
rial in a solvent for the powder. As an example, a container 
(e. g., a tea bag-type container) With the free standing poWder 
Within it can be immersed in the Water or solvent. As another 
example, a substrate (e. g., in the form of a strip or a bandage) 
carrying the material can be immersed in the solvent. In 
certain embodiments, it can be preferable to form a solution 
by dissolving a free standing poWder of the material in a 
solvent because this can be a relatively convenient approach 
to forming a solution. A solution also refers to a suspension 
that contains one or more metal-containing materials. As an 
example, a suspension can be formed by dissolving a 
metal-containing material (e.g., a nanocrystalline silver 
containing material) in a liquid (e.g., Water) for a period of 
time (e.g., several days) so that particles of the metal 
containing material are suspended (e.g., by BroWnian 
motion) in the liquid. In some embodiments, a suspended 
particle of metal-containing material can have, for example, 
a diameter of the order of from about 10 nanometers to about 
20 nanometers. A solution also refers to a dispersion that 
contains one or more metal-containing materials. 

[0097] In certain embodiments, the solution containing the 
material is contacted With the subject relatively soon after 
formation of the solution. For example, the solution con 
taining the material can be contacted With the subject Within 
about one minute or less (e.g., Within about 30 seconds or 
less, Within about 10 seconds or less) of forming the solution 
containing the material. In some embodiments, a longer 
period of time lapses before the solution containing the 
material is contacted With the subject. For example a period 
of time of at least about 1.5 minutes (e.g., at least about ?ve 
minutes, at least about 10 minutes, at least about 30 minutes, 
at least about one hour, at least about 10 hours, at least about 
a day, at least about a Week) lapses betWeen the time the 
solution containing the material is formed and the solution 
containing the material is contacted With the subject. 

[0098] In some embodiments, loWering the pH of the 
solution (e.g., to less than about 6.5, such as from about 3.5 
to about 6.5) can alloW for a higher concentration of the 
dissolved material and/or a faster rate of dissolution. The pH 
of the solution can be loWered, for example, by adding acid 
to the solution (e.g., by adding CO2 to the solution to form 
carbonic acid). 

[0099] A solution containing the material can be contacted 
With the subject With or Without the use of a device. As an 
example, a solution containing the material can be contacted 
With the skin, mouth, ears or eyes as a rinse, a bath, a Wash, 
a gargle, a spray, and/or drops. As another example, the 
solution can be injected using a small needle injector and/or 
a needleless injector. As an additional example, a solution 
containing the material can be formed into an aerosol (e.g., 
an aerosol prepared by a mechanical mister, such as a spray 
bottle or a nebuliZer), and the aerosol can be contacted With 
the subject using an appropriate device (e.g., a hand held 
inhaler, a mechanical mister, a spray bottle, a nebuliZer, an 
oxygen tent). As a further example, a solution containing the 
material can be contacted With the second location via a 
catheter. 

[0100] In embodiments in Which onychomycosis is being 
treated, the method can include ?rst hydrating the nail With 
urea (1-40%) or lactic acid (10-15%), folloWed by treatment 
With the metal-containing material, Which may contain an 
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appropriate solvent (e.g., DMSO) for penetration through 
the nail. Alternatively or additionally, onychomycosis can be 
treated by injecting (e.g., via a needleless injector and/or a 
needle) the metal-containing material to the affected area. 

[0101] Typically, the solvent is a relatively hydrophilic 
solvent. Examples of solvents include Water, DMSO and 
alcohols. In certain embodiments, a Water-based solution is 
a buffered solution. In some embodiments, a Water-based 
solution contains carbonated Water. In embodiments, more 
than one solvent can be used. 

[0102] In some embodiments, the solution can contain 
about 0.001 Weight percent or more (e.g., about 0.01 Weight 
percent or more, about 0.02 Weight percent or more, about 
0.05 Weight percent or more, about 0.1 Weight percent or 
more, about 0.2 Weight percent or more, about 0.5 Weight 
percent or more, about one Weight percent or more) of the 
material and/or about 10 Weight percent or less (e.g., about 
?ve Weight percent or less, about four Weight percent or less, 
about three Weight percent or less, about tWo Weight percent 
or less, about one Weight percent or less) of the material. 

[0103] Pharmaceutical Carrier Compositions 

[0104] The metal-containing material can disposed (e.g., 
suspended) Within a pharmaceutically acceptable carrier. 
The formulation can be, for example, a semi-solid, a Water 
based hydrocolloid, an oil-in-Water emulsion, a Water-in-oil 
emulsion, a non-dried gel, and/or a dried gel. Typically, 
When disposed in a pharmaceutically acceptable carrier, the 
metal-containing material is applied to the skin. 

[0105] Examples of pharmaceutically acceptable carriers 
include creams, ointments, gels, sprays, solutions, drops, 
poWders, lotions, pastes, foams and liposomes. 

[0106] The formulation can contain about 0.01 Weight 
percent or more (e.g., about 0.1 Weight percent or more, 
about 0.5 Weight percent or more, about 0.75 Weight percent 
or more, about one Weight percent or more, about tWo 
Weight percent or more, about ?ve Weight percent or more, 
about 10 Weight percent or more) of the metal-containing 
material and/or about 50 Weight percent or less (e.g., about 
40 Weight percent or less, about 30 Weight percent or less, 
about 20 Weight percent or less, about 20 Weight percent or 
less, about 15 Weight percent or less, about 10 Weight 
percent or less, about ?ve Weight percent or less) of the 
metal-containing material. 

[0107] In certain embodiments, the metal-containing 
material can be effectively used in the oral cavity When in 
the form of an article (e.g., a tape, a pill, a capsule, a tablet 
or loZenge) that is placed Within the oral cavity (e.g., so that 
the subject can suck on the tape, pill, capsule, tablet or 
loZenge). In some embodiments, the article can be a sus 
tained release article (e.g., a sustained release capsule) 
Which can alloW the metal-containing material to be released 
at a predetermined rate (e.g., a relatively constant rate). In 
some embodiments, an article can include a material (e. g., in 
the form of a coating and/ or in the form of a matrix material) 
that alloWs the article to pass through certain portions of the 
gastrointestinal system With relatively little (e.g., no) release 
of the metal-containing material, but that alloWs a relatively 
large amount of the metal-containing material to be released 
in a desired portion of the gastrointestinal system. As an 
example, the article can be an enteric article (e.g., an enteric 
coated tablet) so that the article to passes through the 










































