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ANTIMICROBIAL AMORPHOUS COMPOSITIONS

FIELD OF THE INVENTION
The invention pertains to compositions comprising stabilized silver in amorphous

formulations, and methods of making and using such compositions.

BACKGROUND OF THE INVENTION |

Silver has been long recognized for its antimicrobial properties. It was shown in the
late 19™ century that the ionic state of silver was the only form of silver that possessed this
property (Ravelin, J. Sci. Nat. Vol. 11, p93-102, 1869). It was subsequently shown that
only minute amounts of silver are needed to demonstrate the antimicrobial effect (van
Naegeli, V., Deut. Schr. Schweiz. Naturforsch. Ges., Vol. 33, p174-182, 1893). The
predominant forms of silver are in one of two oxidation states. The reduced form of silver
is the metallic form commonly found in ornaments and jewelry. This form possesses no
antimicrobial properties. The other common form is the oxidized ionic state also known as
Ag" which is the antimicrobial form of silver. Ag® as the free ion is unstable and is almost
always found in a complex with negatively charged elements or compounds. Ionic silver
bound to these negatively charged groups often disrupts normal function and is commonly
cited as the explanation of the mode of action of silver (Hugo, W.B. and A.D. Russell, Prog.
Med. Chem., Vol. 31, p351-368, 1994). These negatively charged side groups are common
to the macromolecular structures of virtually all microorganisms which makes the
organisms susceptible to the antimicrobial action of this element. Thus, silver is known as a
broad spectrum antimicrobial agent.

The broad spectrum action of silver has been exploited in medical applications.
Solutions of ionic silver have been used for more than 100 years for the prevention of
neonate opthalmia (congenital blindness) caused by the organism responsible for gonorrhea.
Tonic silver solutions have also been used for the control of bacterial infections in serious
burn injuries. Although effective, it has been found that ionic silver has a very short half
life or time in which it is available to attack bacteria. Tissue components including proteins
and various anions in body fluids bind to silver and reduce its availability for acting on

bacteria.
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Another problem encountered with silver is its reaction to light. Ionic silver and
salts of silver react to light energy which causes profound changes in color. An example is
the photo-reduction of ionic silver, often seen as a blackening or dark staining of surfaces in
contact with silver solutions. An attempt to overcome this problem of light instability was
the development of the compound silver sulfadiazine (Fox, C.J., Arch. Surg., Vol. 96, p184-
188, 1968) where ionic silver was bound to sulfadiazine and delivered in an oil and water
emulsion. Although this delivery vehicle of silver overcame some of the light instability
issues, it still has limitations. Silver sulfadiazine, for example, is currently‘ sold as
Silvadene, (Marion Boots), its activity rapidly decays in a wound environment. The
material is largely an oil-based product that stains bedding and clothing. Moreover, many
patients develop allergic reactions to the sulfadiazine moiety of the product.

The control of bioburden in the wound environment has long been practiced by
wound care providers. However modern wound care coverings that maintain conditions
that optimize wound healing typically out last the activity of antimicrobial agents applied to
the wound during dressing changes. This results in the undesirable situation where moist
wound management is used to encourage tissue proliferation and repair without protection
against microbial growth. Indeed the conditions that encourage tissue growth also are
typically optimal conditions for microbial growth. | |

To overcome this limitation, manufacturers have attempted to incorporate agents
into dressing materials so that there is coincident application of an antimicrobial agent along
with the use of absorbent moisture management wound contact materials. Some products
combine the antimicrobial, iodiné, with a hydrophilic polymer for control of wound exudate
and bioburden (Iodosorb and Iodoflex, Healthpoint Medical, Fort Worth Tx). However
iodine is relatively toxic at the 10,000 ppm level that is present in such products. Other
wound care products utilize stabilized silver chloride in hydrophilic matrices (SilvaSorb,
Medline Mundelein I, Aquacel Ag Convatec, Skillman NJ). Although effective in
controlling bioburden, these products are useful on wounds where fluids are present so as to
mobilize the silver ions. However not all wounds are sufficiently moist to enable
mobilization of silver for the purpose of causing an antimicrobial effect in the wound
environment. In these cases it is necessary to add the moisture. Although hydrating gels
are marketed, none of them provide adequate antimicrobial protection to control the

bioburden in the wound environment.
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There is a need for antimicrobial wound care devices and compositions in the form

of a spreadable amorphous formulation.

SUMMARY OF THE INVENTION

The present invention comprises methods and compositions for treatment of
conditions related to loss of integrity by organs, such as the skin, or other sites where an
antimicrobial environment is desired. In general, the present invention comprises
compositions comprising silver compounds provided to sites of loss of integrity such as
wounds, burns, abrasions, breaks, tears, cuts or surgical sites, or to sites where bacteria are
not desired, such as insertion sites of catheters, lubrication of catheters, or oral buccal
disinfection. An aspect of the present invention comprises a compound of which ionic
silver is a component, and delivery of that compound using an amorphous composition.
The amorphous compositions are generally spreadable, for application on a desired site,
thus providing uniform coverage to maximize delivery of the antimicrobial activity to the
intended site. |

Aspects of the invention comprise compositions comprising stabilized silver
antimicrobial compositions in an amorphous formulation delivery vehicle to form stabilized
silver antimicrobial compositions. Such compositions have utility in topical applications.
The silver composition may be formed from the combination of at least two solutions, one
solution comprising a silver cation and another solution comprising an anion, from which
the combination of the two solutions, in no particular order, form a weakly soluble salt of
silver. The silver composition may be made and then added to the amorphous delivery
composition, or it may be made by sequentially adding the solutions necessary to form the
silver composition direétly to the amorphous delivery composition, or to components of the
amorphous delivery composition.  Stabilizing agents, oxidizing agents or other
compositions or solutions may be added at various steps, such as in the formation of the
silver composition, in the formation of the amorphous delivery composition, to both
solutions (cationic or anionic solutions) or after the combination of the silver salt
composition and the amorphous delivery vehicle composition, or after formation of the
silver salt composition in the amorphous delivery composition. Other optional components
may also be added, including, but not limited to active agents and surfactants.

Aspects of the methods of the present invention comprise making and using the

compositions taught herein. For example, the compositions may be used in treating
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conditions relating to loss of skin or organ integrity comprising, applying an antimicrobial
composition comprising an amorphous delivery vehicle admixed with a stabilized silver salt

composition.

DETAILED DESCRIPTION

The present invention comprises methods and compositions for treatments of
conditions related to loss of organ integrity, such as wound care, and also the provision of
antimicrobial conditions to environments where bacterial contamination is unwanted. The
present invention comprises compositions comprising amorphous compositions containing
stabilized ionic silver. As used herein, amorphous has its usual meaning of having no
definite form, shapeless, and refers to compositions herein that are liquid based
compositions and may have viscosities ranging from .001 to 1.6 x 10® centipoise. As used
herein, spreadable means compositions may have a range of viscosities from that of a liquid
at room temperature to a composition that is formable into a shape by being manipulated by
hand, and that may become less viscous with manipulation or exposure t0 a different
temperature, such as a higher temperature. Compositions of the present invention may

comprise amorphous hydrogels, gels, lotions, creams, emulsions and ointments comprising

_effective amounts of silver ions predominately in the form of a weakly soluble salt,

stabilized to retard discoloration by light or irradiation and to control release of the silver
jons such that the compositions provide antimicrobial activity when used. The methods of
the presént invention comprise methods for making the compositions taught herein and
methods of use of such compositions for the treatment of burns, wounds, cuts, abrasions or
other disruptions of the integrity of the skin or other organs, and uses wherein microbial
contamination is an issue, such as in the placement and retention of medical devices in or on
living organisms, for example, catheters, trachea tubes, or sutures.

The present invention comprises compositions of amorphous, spreadable materials
that are delivery vehicles for sustained release ionic silver antimicrobial activity.
Compositions of the present invention comprise spreadable amorphous compositions
comprising stabilized antimicrobial silver salt compounds that do not readily discolor when
exposed to light, cause little or no staining to skin, garments or cover dressings, and possess
sustained release characteristics that increase the period of time that the compositions
deliver antimicrobial activity. It is thought the silver ions of the present invention are

predominately chemically bound to anionic partners to form a weakly soluble silver salt,
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and the salt molecules are admixed with various components, including stabilizing agents,
may be directly admixed into the amorphous delivery vehicle, or may be form within the
amorphous delivery vehicle by addition, in no particular order, of solutions of the silver
cation and counter anion to-cause the in situ formation of the weakly soluble salt in the
amorphous delivery vehicle composition Silver ions that are not stabilized cause materials
to turn black or dark colored, and are referred to as readily discolor.

The ionic silver of the present invention is in chemical combination with compounds
that form weakly soluble salts of silver. The weakly soluble salt may be any silver salt that
is not freely soluble in the delivery formulation. For example, silver chloride is a weakly
soluble salt of silver that possesses a solubility product constant of 1.8 x 10" in aqueous
solutions. Other weakly soluble salts of silver may include, but are not limited to, silver
saccharinsilver saccharinate silver diazepine complexes, polymeric silver compounds,
silver thiocyanate, silver oxide, silver sulfate, silver chloride, silver bromide, silver iodide,
silver alkyl carboxylate (C1 to C12), silver aryl sulfonate (C1 to C4 alkyl phenyl), silver
carbonate, silver sulfide, silver phosphoranilide, silver phosphate, silver hydroxide, silver
hyaluronate, silver benzoate, silver tartarate, silver thiosulfate complex, silver laurate, silver
zeolite, silver zirconium phosphate, silver alginate, silver ascorbate, silver folate, silver
gluconate, silver salicylate, silver para amino benzoate, silver para amino salicylate, silver
acetyl salicylate, silver EDTA, silver laurate, silver zeolite, silver zirconium phosphate,
silver alginate, silver ascorbate, silver folate, silver iodate, silver oxalate, silver palmitate,
silver perborate, silver stearate, silver succinate, silver thioglycolate, silver hydantoin
complex, silver barbiturate, silver allantoinate, silver amine complexes (primary amine,

tertiary amine), silver salicylate, silver para amino benzoate, silver para amino salicylate,

. silver acetyl salicylate, silver EDTA, silver gluconate

In one embodiment of the invention, antimicrobial compounds comprise compounds
of silver as represented by M *X @ Wherein, M is silver, n is 1 or more, X is selected from
A, B or C where R; and R; are—P or ~-WP; and W is a linker of branched alkyl chain of 1-27
carbon atoms, straight alkyl chain of 1-27 carbon atoms, monoethers containing 2-20 carbon
atoms and polyethers containing 2-20 carbon afoms; and P is hydrogen, halogen atoms,
haloalkyl, amide, sulfate, phosphate, quarternary ammonium, hydroxyl, hydroxymethyl,
phosphonate, amino, carboxyl, carboxymethyl, carbonyl, acetyl, succinimidyl ester,
isothiocyanate, isocyanate, iodoacetamide, maleimide, sulfonyl halide, phosphoramidite,

alkylimidate, arylimidate, acide halide, substituted hydrazines, substituted hydroxylamines,
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carbodiimides, cyano, nitro, fluormethyl, nitrophenyl, sulfonamide, alkenyl or alkynyl; and
R, and Ry are hydrogen, straight alkyl with C;-Cg carbon atoms, optionally terminating in
aryl or substituted aryl groups, branched alkyl with C;-Cg carbon atoms, phenyl, substituted
phenyl, benzyl, substituted benzyl and fluoromethyl; and A is one of the foilowing:

% o A
R \/ ‘
NN S, x
»ed @ ¢
L p2 O
@) 0
Rs
NH NH
Ry Ry

5 O O

‘and B is one of the following

S
\
I:*f*\[\j/u\N/R4 R1| X § \
HO/K/KO A A

Ro /N .
Rs .

=z

R; and R, are —P and ~WP as described above, and W is a linker as described above,
and R; and Ry are as described above. C is behenate or bis (2-ethylhexyl) sulfosuccinate.
10 Another embodiment of the invention comprises complexes of silver comprising

MY ]a, where M is silver; n is 1 or more; and Y is the following:
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where R1 and R, are selected from the group consisting of —P and ~WP; as described above,

and W is a linker as described above. Rs and Ry are described above and Z is C6 or C8

alkyl.

Another embodiment of the present invention comprises the following where MY

In, where M is silver, n is 1 or more, and Y’- is the following:

o by b

//\\ Rg //\\

where R; and R, are selected from the group consisting of —P and —~WP; as described above,

and W is a linker as described above. Rz and R4 are described above and Z is amino,
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alkylamino, chloro, or HNX, wherein X in HNX comprises aryl, hydroxyl, amino, NHC¢Hs,

or NHCONH,.

Other ligands and anions that form silver salt compounds of the present invention

comprise the following shown in Table 1:

PCT/US2005/033600

TABLE 1
ID | Name Structure ID Name Structure
1.01 | 1,1-Dioxo- 0, 1.06 Pyrimidine- @]
\* y
1,2- 2,4,6-trione
. \NH HN NH
dihydro- M
18- o) O
. 0]
benzo[aliso
thiazol-3-
one
1.02 | Pymolo[3,4- | Q O [1.07 | 2-Thioxo- s
flisoindole- dihydro- /u\
HN H o HN NH
1,3,5,7- pyrimidine-4,6- )\/J\
tetraone dione
4 % (0] O
1.03 | Aziridine 1.08 Pyrrole-2,5- 0O
[>NH .
dione
|
o]
1.04 | Azetidine 1.09 Imidazole-2,4- 0O
NH dione
| NH
N
O
1.05 | Isoindole- O 1.10 Benzo[delisoqu
1,3-dione inoline-1,3- OO
NH dione
o) N 0
O H

The use of weakly soluble salts of silver allow for the slow dissolution of the silver
ion in aqueous solutions, such as body fluids, aids in the stability of the silver compound,

and promotes the ease of preparation of the compositions taught herein.
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Silver salts may discolor when exposed to light. For example, silver chloride
discolors to a characteristic purple to pink coloration after exposure to light. ~Silver
saccharinate is less affected by light than silver chloride. Compositions of the present
invention comprise stabilized silver which does not discolor in response to light like
unstabilized silver. The silver ion is stabilized in the present invention by stabilizing or
oxidizing agents. As used herein stabilizing agent may refer to an excess of halide anions
such as chloride anions; an excess of one or more organic anions such as saccharinate, or an
electron acceptor including, but not Jimited to, cupric chloride, ferric chloride, zinc chloride,
gold, platinum or cesium. Non-limiting examples of oxidizing agents include zinc peroxide
or hydrogen peroxide to prevent or delay the reduction of silver ions. The teachings of the
present invention include the use of any of the above stabilizing agents or oxidizing agents
either individually or in combination. One method of stabilizing the silver in the
compositions of the present invention comprises providing anions in an amount that is
greater that the amount of silver cations, on a molar basis in the composition, which is also
referred to herein as providing an excess of anions. An aspect of a composition of the
present invention is the presence of a concentration of anions in excess of the concentration
of silver ions for use as a stabilizing agent of the silver. Though not wishing to be bound
by any particular theory, it is believed that stabilization of silver may also be achieved by
the addition of one or more oxidizing agents that are capable of either competing with silver
for the photon activity in light or by scavenging electrons from molecules of reduced silver.
Optionally, a composition of the present invention may comprise an oxidizing agent such as
compounds comprising copper, iron or zinc compounds or peroxides such as hydrogen
peroxide which may function to stabilize the silver. Compositions of the present invention
may comprise silver compounds that are weakly soluble silver salts, stabilizing agents that
provide excess anions, or oxidizing agents comprising compounds that compete with silver
for light photons or energy, or scavenge electrons from molecules of reduced silver,
including, but not limited to, copper, iron or zinc compounds, or peroxides, such as
hydrogen peroxide.

Compositions comprising silver are known. U.S. Patent No. 4,604,384 describes
limitations of using silver-containing pharmaceutical amorphous gel in the treatment of
burns and wounds in the form of black stains to bed linen and some degree of toxic reaction.
Dental applications have also used silver as an antibacterial. SilvaSorb Gel, made by

AcryMed, Inc., incorporates particles of a hydrophilic polyacrylamide matrix impregnated
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with silver chloride as taught in U.S. Patent No. 6,605,751, U.S. Patent Application No.
10/441,275 and related international filings, each of which is incorporated by reference
herein in its entirety. The particles are admixed in a gel. moisture-containing delivery
vehicle formulation. Other matrices incorporating silver are Aquacel Ag (made by
Convatec) and SilvaSorb (made by AcryMed, Inc.). Hydrogel sheets are not used in the
treatment of patients with large area burns due to manufacturing difficulties, are difficult to
apply and secure to large body surface area injuries, and cannot be used in hard to reach
areas of the body.

Antibacterial amorphous gels, emulsions or ointments with antibiotics or
chlorhexidine derivatives are known. However, these antibiotic-containing materials have
limitations. The antibiotic is generally limited to a single site or pathway of action, and
prolonged use of antibiotics risks of selecting for bacterial strains that are resistant to the
antibiotics. In addition antibiotics are highly selective, resulting in a narrow spectrum
antimicrobial activity. In contrast, silver—contdining antimicrobial compositions are desired
because silver attacks multiple sites on the microbiota. Silver is a true broad spectrum
antimicrobial. In addition, its use has never been credibly associated with the selection of
resistant strains of organisms.

Though not wishing to be bound by any particular theory, it is currently believed
that an advantage of weakly soluble silver salts is the tendency for the silver salt compound
to remain in a particulate form at equilibrium with the delivery vehicle formulation. The
size of the particulate form of the silver salt compound is thought to range from
macroscopic to colloidal. Particle size may be governed by either grinding of a dry silver
salt compound or by control of the formation of the silver salt during the mixing processes.
One aspect for consideration in making silver-containing compositions is whether the silver
salt particles are uniformly distributed throughout the product. One method in which
uniformity can be accomplished is to disperse finely grounds salts of silver in the batch
during the manufacturing step with stirring or mixing to ensure uniform distribution. An
alternative method for forming and dispersing these particles is to sequentially add, in no
particular order, the silver cation and the anion(s) either as dry chemical compounds or in
solutions, by adding to the carrier vehicle while mixing, to cause uniform distribution of the
in situ formed particles of the weakly soluble silver salt. The maintenance of discreetly
dispersed particles of the weakly soluble silver salt may be accomplished by causing the

formation of cross-links between components of the carrier vehicle. For example, U.S.
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Patent No. 6,605,751 teaches a method wherein polyacrylamide polymers are cross-linked
after the formation of silver chloride by addition of a silver containing solution and a
chloride containing solution. The resulting polymerized article has a uniform distribution of
the particles of silver chloride throughout the product. Alternatively the maintenance of
uniform dispersion and distribution may be accomplished by viscosity agents in the delivery
vehicle formulation that maintain the particles in a state of suspension in the amorphous
composition.

The present invention comprises compositions wherein polymers are predominately
soluble in the fluid phase of the delivery vehicle. For example, polymers used in the
present invention comprise sodium  carboxycellulose, carboxymethylcellulose,
hydroxyethylcellulose, hydroxypropy! cellulose, or other alkylcellulose derivatives admixed
in an aqueous carrier. As the concentrations of these polymers increase in the fluid phase
there is a corresponding increase in the viscosity of the delivery vehicle or composition.
For example, when these polymers are provided in concentrations greater than
approximately 0.5% w/w, they form viscous compositions. While preferring not to be
bound by any particular theory, it is proposed that the viscosity of the compositions
prevents the settling of the particles of weakly soluble silver salts, and thus aids in the
maintenance of a fairly uniform distribution of the silver salts. The compositions may also
comprise any amount of cross-linking that will allow the composition to be spread or
applied on a surface.

In a similar manner, compositions composed of water-in-oil or oil-in-water
emulsions where the weakly soluble salt of silver is either preformed separately and then
added to the emulsion or alternatively the salt is caused to form by the sequential addition,
in no particular order, of the silver cation and the counter anion during mixing to form the
emulsion, or by the addition of the ionic precursors to the water phase prior to its mixing
with the oil to make the emulsion. Optionally, the compositions may further comprise
stabilizing agents such as an excess of anions alone or in combination with oxidizing agents
such as copper, iron or zinc. The resulting composition is a spreadable amorphous
antimicrobial composition.

The compositions of the present invention comprise silver salts that are slightly
soluble in water, including, but not limited to silver chloride or silver saccharinate, and
other silver salts disclosed herein. The compositions may comprise other silver salts that

are sparingly soluble in water, such as those having solubility properties differing from
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those of silver chloride and silver saccharinate. The compositions of the present invention
comprise a silver content, as measured by total silver, or concentration of silver salts, of
from about 0.005% to about 5.0 % wt, from about 0.005% wt to about 2.0% wt, from about
0.05% wt to about 2.0%, from about 0.005% wt to 1.0% wt, and from about 0.05% to 1.0%
wt. One embodiment of the compositions has a silver content of less than about 1.0 % wt.

Stabilization of the silver to the effects of light may be provided in compositions of
the present invention. Stabilization to light may comprise an excess of anions used, and
can be provided by an excess amount of salts of chloride and salts of saccharinate, or by
saccharin alone. Compositions of the present invention comprise mole ratios of the anionic
solutions to silver salt are from 1.1/1, 2/1, and 3/1 to 200/1 and all mole ratios in between.
Stability to light may be further provided by use of compositions comprising oxidizing
agents that may comprise copper, iron or zinc, or compounds such as peroxides for example
hydrogen peroxide, or polyvinyl pyrrolidone-hydrogen peroxide complexes containing up to
20% hydrogen peroxide (Peroxydone K-30 K-90 and XI.-10, ISP Cbrp, Wayne, NJ).
Oxidizing agents such as hydrogen peroxide in concentrations below 5%, based on the total
weight of the composition, may be used.

Compositions of the present invention may also comprise active agents such as
antibiotics, anti-microbial agents, anti-fungal agents, anti-bacterial agents, anti-viral agents,
anti-parasitic agents, mycoplasma treatments, growth factors, proteins, nucleic acids,
angiogenic  factors, anesthetics, mucopolysaccharides, metals, pharmaceuticals,
chemotherapeutic agents, herbicides, growth inhibitors, anti-fungal agents, anti-bacterial
agents, anti-viral agents and anti-parasitic agents, wound healing agents, growth promoters,
indicators of change in the environment, enzymes, nutrients, vitamins, minerals,
carbohydrates, fats, fatty acids, nucleosides, nucleotides, amino acids, sera, antibodies and
fragments thereof, lectins, immune stimulants, immune suppressors, coagulation factors,
neurochemicals, cellular receptors, antigens, adjuvants or radioactive materials.

Compositions of the present invention comprising stabilized silver may have a pH
range of from pH 2 to pH 10, though most applications contemplate physiological pH in the
range of about pH 6 to about pH 8.

Optional components of the compositions of the present invention comprise
osmagents and osmotically effective compounds. Osmagents are contemplated in the
compositions of the present invention. Such compounds are osmotically effective

compounds that are soluble in fluids and exhibit an osmotic pressure gradient. Osmotically
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effective osmagents useful for the present purpose include magnesium sulfate, magnesium
chloride, sodium chloride, lithium chloride, potassium sulfate, sodium carbonate, sodium
sulfate, lithium sulfate, sodium sulfate, mannitol, urea, sorbitol, inositol, raffinose, sucrose,
glucose, glycose, and the like. The osmagent may be present in an excess amount, and it
may be in any physical form such a particle, powder, granule and the like. The osmotic
pressure in atmospheres (ATM) of the osmagent suitable for the invention will be greater

than zero ATM, generally from zero ATM up to 500 ATM, or higher. The amount of active

| osmagent is blended with the delivery vehicle, and is generally from 0.01% to 40% by

weight, or higher. The osmotic pressure of an osmagent can be measured in a commercially
available osmometer that measures the vapor pressure difference between pure water and
the solution to be analyzed and according to standard thermodynamic principles the vapor
pressure ratio is converted into an osmotic pressure difference. An example of an
osmometer is Model 320B, Vapor Pressure Osmometer, manufactured by KNAUER, W.
Germany and distributed by UTOPIA Instrument Co., Joliet, I11. 60434..

Compositions of the present invention may comprise delivery vehicle compositions
that comprise hydrogels that exhibit fluid absorbing or fluid imbibing properties. A
hydrogel comprises hydrophilic, swellable polymers that interact with water and aqueous
biological fluids and swell or expand to én equilibrium state. Hydrogels exhibit the ability
to swell in aqueous fluids and retain a significant portion of the absorbed or imbibed fluid
within the polymer structure. Hydrogels swell or expand to a very high degree, usually
exhibiting a 2 fold volume increase, usually a 2 to 50 fold volume increase.

Neutral or ionic hydrogels are contemplated by the present invention. Neutral or
jonic hydrogels, and methods for making such gels, are taught by U.S. Patent No. 4,747,
847, which is incorporated by reference herein in its entirety. The compositions of the
present invention may comprise such ionic hydrogels and neutral hydrogels as delivery
vehicles or delivery compositions, such terms are used interchangeably herein, for the
stabilized silver salt amorphous compositions taught herein.

Hydrogel compositions suitable for the present invention comprise hydrogel
compositions of plant, animal and synthetic origins. An example of a hydrogel of the
present invention comprises a neutral hydrogel. A neutral hydrogel is substantially free of
an electrical charge, and is neither acidic or basic, (Hackh's Chemical Dictionary, 4th Ed., p
451, 1969, McGraw Hill Book Co., N.Y.) Representative neutral hydrogels comprise
poly(hydroxyalkyl methacrylate) having a molecular weight of 20,000 to 5,000,000
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poly(vinylpyrrolidone) having a molecular weight of about 10,000 to 360,000; poly(vinyl
alcohol) having a low acetate content and lightly cross-linked with glyoxal, formaldehyde,
glutaraldehyde and having a degree of polymerization from 200 to 30,000; poly(ethylene
oxide) having a molecular weight from 10,000 to 5,000,000; starch graft copolymers
comprising amylose and amylopectin and exhibiting a degree of polymerization from 200 to
10,000,000; cross-linked diester polyglucan having a degree of polymerization from 200 to
10,000,000; cellulose ethers having a degree of polymerization from 200 to 200,000 as
exemplified by methylcellulose; hydroxyalkyialkylcellulose including
ethylhydroxyethylcellulose, hydroxybutylmethylcellulose; hydroxyethylmethylcellulose and
hydroxypropylmethylcellulose; neutral polysaccharides including nonionic compositions
such as guar gum, locust bean and tamarind gum, and the like. Hydrogel polymers may
include hydrophilic hydrogels prepared from hydrophilic ~monomers such as
monomethacrylates of polethyleneglycols and monoethers, acrylamide and methacrylamide,
N-substituted acrylamide and N-substituted methacrylamide, and the like.

An ionic hydrogel is a polymeric hydrogel substituted with at least one chemical
group that can dissociate into ions or become electrically charged in the presence of an
aqueous type media. (Hackh's Chemical Dictionary, 4th Ed., p 451, 1969, McGraw Hill
Book Co., N.Y.) Representative of ionic hydrogels are anionic hydrogels, cationic
hydrogels and polyelectrolyte hydrogels. = Exemplary ionic hydrogels include
carboxymethylcellulose; hydrogels formed of a copolymer of maleic anhydride with
styrene, ethylene, propylene, butylene or isobutylene cross-linked with from 0.001 to about
0.5 moles of a polyunsaturated cross-linking agent per mole of maleic anhydride in the
copolymer; hydrogels of N-vinyl lactams; acidic carboxy polymers known as
carboxypolymethylene and carboxyvinylpolymers, a polymer made of acrylic acid cross-
linked with polyallyl sucrose and sold under the trademark (Carbopol®), acidic carboxy
pdlymer having a molecular weight of 200,000 to 6,000,000, including sodium acidic
carboxyvinyl hydrogel and potassium acidic carboxyvinyl hydrogel; (Cyanamer®).
polyacrylamide; cross-linked indene-maleic anhydride polymers; (Good-rite®) polyacrylic
acid polymer having a molecular weight of 60,000 to 500,000; ionic polysaccharides such
as anionic carrageenin; anionic agar; anionic gum Arabic; anionic gum ghatti; and the like.
Tonic hydrogels including hydrogels prepared from acidic monomers such as acrylic acid;
methacrylic acid; crotonic acid; vinyl sulfonate; phosphorylated hydroxyalkylmethacrylates;

basic monomers such as aminoalkylmethacrylate, and vinyl pyridine. Polymers which can
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be used to make such delivery vehicles are known and are taught in the Handbook of
Common Polymers, by Scott and Roff, the Chemical Company, Cleveland, Ohio; ACS
Symposium Series, No. 31, by Ratner & Hoffman, pp 1 to 36, 1976, the American
Chemical Society; and in Recént Advances In Drug Delivery Systems, by Schacht, pp 259-
78, 1984, Plenum Press, N.Y.

Compositions of the present invention may comprise viscosities of from about
0.0001 centipoises, to about 2,000,000,000 centipoises, at 25°C, and from about 100
centipoises to about 400,000 centipoises, at 25° C. For example, a neutral hydrogel
composition has a viscosity of 150,000 centipoises to 10,000,000 centipoises at
temperatures of 4° C. to 45° C.” For a composition comprising polyethylene oxide with a
molecular weight of 10,000 to 7,000,000, at a 2% solution, the viscosity is generally
between 5 to 20,000 centipoises at a room temperature of 23° C; a polyvinyl pyrrolidone
compositions with a molecular weight of between 10,000 to 500,000, for a 10% solution
composition, the viscosity is generally between 5 to 5,000 centipoises at 25° C; for
hydroxypropylmethylcellulose composition having a molecular weight of between 1,000 to
200,000, a 2% solution in an aqueous media, the viscosity is from 10 centipoises to
2,000,000 centipoises.

Tonic or anionic hydrogel compositions generally exhibit a viscosity up to 250,000
centipoises, and in the presence of fluid in an animal host, the viscosity may be greater than
250,000 centipoises. The viscosity may be determined by any conventional measurements.
The viscosity of a solution can be measured with Wells-Brookfield Viscometer Model LVT,
or with a Brookfield Viscometer. Methods and apparatus for measuring viscosity are known
in Pharmaceutical Science, by Remington, 14th Ed., pp 359-71, 1970, Mack Publishing Co.,
Easton, Pa.

Compositions of the present invention may comprise delivery vehicles or delivery
compositions known in the art. Delivery vehicles or compositions, include, but are not
limited to, components such as propylene glycol, polyethylene glycol of different molecular
weights, cellulose ethers such as hydroxymethyl, hydroxyethyl and other higher alkyl
derivatives, lactic acid, polyquaternary ammonium polymers known as polyquats, triethanol
amine, carbomer polymers of various grades, aminoethyl propanol, di or tetra sodium
EDTA, polyvinylpyrrolidone, PVP/Vinyl Acetate copolymer, polyoxyethylene-
polyoxypropylene copolymers, sorbitol, poly(n-isopropylacrylamide) polymers, glyceryl

polymethacrylates or other acrylates, poly(methacrylic acid), ultrasil copolyols, siloxane
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polymers with polyethylene glycols side chains, polyvinyl alcohol, polyethylene oxide
polymers, poly(vinyl acetate co-vinyl alcohol).

Other components suitable for silver salt amorphous compositions comprise
cellulose ethers such as hydroxyalkyl cellulose (alkyl groups namely methyl, ethyl and
propyl), sodium carboxymethyl cellulose, sodium alginate modified with small amounts of
calcium or magnesium ions, propylene glycol ester or glyceryl ester of alginic acid, gum
karaya, guar gum, gum acacia or gum tragacanth such as those disclosed in US Patent No.
4,364,929 which is incorporated here in its entirety by reference. Additional examples of
components comprise hydratable polyurethane polymers (US 5175229), polyalkylene
polymers (US 5,593,683), alginates (US 4,393,048 & US 5,693,624 ), various types of
naturally occurring polymers and their derivatives (US 5,804,213), hyaluronic acid and
derivatives (US 5,128,326), microbial polysaccharides such as beta-1, 3 glucan type
polysaccharide (US 5,158,772), acetoacetylated high molecular weight poly vinyl alcohol
and hydroxyalkyl cellulose derivatives (US 4,708,821), xanthan gum (US 4,136,177), locust
bean gum (US 4,136,178) and beta-cyclodextrin derivatives (US 6,468,989).

Other delivery vehicle compositions comprise block copolymers as disclosed in US
Patent No. 4130517 having the general formula xB--[AB], --yA wherein n is an integer > 1,
xand y are 0 or 1, and yis 1 when n is 1, A is a thermoplastic hydrophobic polymer block,
and B is a thermoplastic hydrophilic polymer block. Generally, n is less than 100, or less
than 20. Both the A and the B block have a softening temperature (i.e., a glass transition or
a crystalline melting point) of at least 35° C. The B block may comprise from about 30 to
97 weight % of the copolymer, from about 50 to 96 weight %, or from about 70 to 95
weight % of the total polymer. The B block may have an average molecular weight of at
least 6,000, at least 7,500, or at least 9,000. The average molecular weight of the A block
may be at least 2,000, at least 5,000, or at least from about 5,000 to 10,000. The
copolymers may have an average molecular weight of at least 10,000, the average molecular
weight may be at least 20,000, or the average molecular weight will vary from about 25,000
to 500,000 (number average molecular weight).

The monomers which may be utilized to prepare the hydrophilic block include, but
are not limited to, ethylene oxide and alpha-hydroxyethylmethacrylate. The monomers
utilized to prepare the hydrophobic polymer block may be selected from the group
consisting of styrene, t-butyl styrene, alpha-methyl styrene, vinyl toluene, methyl

methacrylate, and polylactones (i.e. poly-epsilon-caprolactone). The hydrophobic block
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may also be made up of copolymer units so long as the total block is substantially
hydrophobic, i.e. water insoluble.

The block copolymers may include ABA copolymers wherein A and B are as
previously described. For example, poly-t-butyl styrene-polyethylene oxide-poly-t-butyl
styrene, polyvinyl toluene-polyethylene oxide-polyvinyl toluene, polymethylmethacrylate-
polyethylene oxide-polymethylmethacrylate, etc. are
copolymers for use in the present invention. The block copolymers of this invention may
have at least 1 hydrophilic polymer block in the interior of the polymer chain, i.e. the center
block of a 3-block copolymer, or one of the two interior blocks of a 4-block copolymer, etc.

Spreadable amorphous antimicrobial devices comprising stabilized silver salts in
amorphous delivery vehicles comprising oil-in-water or water-in-oil emulsions are also
contemplated in the present invention.

Compositions of the present invention may optionally comprise other components.
For example, a colorant may be added to the carrier to create a particular pleasing color or
shade. Other components may be added to reduce moisture loss, to improve the firmness,
lubricity and/or texture of the compositions.

The present invention also comprises methods of making the stabilized silver salt
amorphous compositions disclosed herein. For a silver salt amorphous composition
comprising a stabilizing agent, wherein the stabilizing agent is incorporated in the delivery
vehicle, the following method may be followed. One method of the present invention
comprises a) preparing an amorphous base composition, or delivery vehicle, comprising a
stabilizing agent, such as the anion for example, sodium chloride or sodium saccharinate; b)
preparing a silver salt mixture by mixing a silver cationic solution and an anionic solution,
such as a chloride or saccharinate anionic solution; and c) uniformly mixing the silver salt
mixture of b with the delivery vehicle comprising the stabilizing agent. The anionic
solution of b may be the same or different from the anion used as the stabilizing agent. For
example, if sodium chloride is used as the stabilizing agent, then either sodium chloride or
sodium saccharinate, or another anion solution, may be used. Another method of making an
amorphous silver salt composition comprising a stabilizing agent, comprises adding in no
particular order to the base composition or delivery vehicle, an anionic solution and a
cationic silver salt solution, that is soluble, such that the anionic solution concentration is in
molar excess of the soluble cationic silver salt solution concentration, mixing to effect the

exchange of anion with soluble silver salt to form in-situ in the base composition the weakly
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soluble silver salt. Another method of making a silver salt amorphous composition
comprises a) making the base composition or delivery vehicle b) adding an anionic solution
as a stabilizing agent, for example, such as sodium chloride, and an oxidizing agent
composition, and mixing to uniformity; c) adding a soluble cationic silver salt solution such
as silver nitrate in a concentration less than the anionic solution concentration and mixing
uniformly to form the weakly soluble silver salt in situ.

Methods of the present invention comprise methods of making silver salt amorphous
compositions comprising surfactants. The silver salt compositions may be made
independently from the delivery vehicle and then added to the delivery vehicle to form the
final composition, or the silver salt composition may be made in situ from component
anionic and silver cationic solutions added, in no particular order, to the delivery vehicle.
For example, a surfactant such as Tween 20 (polyoxyethylene sorbitan monolaurate) or
similar surfactants can be added to a sodium saccharinate solution to which silver nitrate
can then be added to form a suspension of silver saccharinate. The resulting suspension can
be added, with mixing, to a delivery vehicle comprising a stabilizing agent to make a silver
salt amorphous composition of the present invention. In another example, a surfactant-
containing sodium chloride solution can be added to a delivery vehicle composition, wifh
mixing, followed by addition of a soluble silver salt solution to form in situ, a weakly
soluble silver salt amorphous composition. Surfactants can be added in amounts up to 5%
by weight of the total composition but compositions may comprise one or more surfactants
in amounts less than 2% by weight. Surfactants that are GRAS (generally recognized as
safe) as defined by FDA regulations are useful in the present invention.

Methods of the present invention comprise treatment of conditions associated with
loss of integrity of the skin or other organs, such as, but not limited to, burns, wounds,
abrasions, broken skin, cuts or surgical incisions Compositions of the present invention
may be used in the treatment of disruptions of the integumentary system, the skin, coverings
of organs, mucous membranes, and other coverings of body surfaces, including, but not
limited to, wounds, diabetic ulcers, burns, burn wounds and ulcers, skin lesions, and
infections of skin and mucous membranes. Compositions of the present invention may be
used on living and nonliving surfaces to provide an antimicrobial environment, and may be
used for treatment or prevention of infection or pathological conditions in humans, animals

and plants.
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The compositions of the present inventions can also be used in methods of catheter
surface treatment or insertion, or other medical device surface treatment wherein the device
is rendered antimicrobial, or topical treatments for skin disorders such as fungal, microbial,
or parasitical infections. The present invention can also be used for disinfection means,
such as for application to a portion of a mucous membrane, oral, or buccal surfaces. In
general, the present invention comprises methods of providing an antimicrobial
environment, and methods of treating conditions related to or associated with loss of skin or
organ integrity, comprising, applying an antimicrobial silver salt amorphous composition
comprising a delivery vehicle admixed with a stabilized silver salt. Methods may comprise
providing an antimicrobial environment to a surface by applying an effective amount of a
composition taught herein.

The present invention comprising compositions comprising amorphous delivery
vehicle compositions and stabilized silver salts, and methods for making and using such
compositions. An example of a composition of the present invention comprises a delivery
vehicle composition, such as a neutral hydrogel or an emulsion, and a stabilized sodium
saccharinate salt. The compositions of the present invention may optionally further
comprise one or more of a stabilizing agent, an oxidizing agent, an active agent, and/ an
osmagent. Delivery vehicles may comprise polymeric compositions comprising an aqueous
composition of an alkylcellulose derivative, sodium  carboxycellulose,
carboxymethylcellulose, hydroxyethylcellulose, or hydroxypropyl cellulose. Delivery
vehicles may comprise water-in-oil or oil-in-water emulsions. Delivery vehicles may
comprise neutral or ionic hydrogesl, or propylene glycol, polyethylene glycol of different
molecular weights, cellulose ethers such as hydroxymethyl, hydroxyethyl and other higher
alkyl derivatives, lactic acid, polyquaternary ammonium polymers known as polyquats,
triethanol amine, carbomer polymers of various grades, aminoethyl propanol, di or tetra
sodium EDTA, polyvinylpyrrolidone, PVP/Vinyl Acetate copolymer, polyoxyethylene-
polyoxypropylene copolymers, sorbitol, poly(n-isopropylacrylamide) polymers, glyceryl
polymethacrylates or other acrylates, poly(methacrylic acid), ultrasil copolyols, siloxane
polymers with polyethylene glycols side chains, polyvinyl alcohol, polyethylene oxide
polymers, poly(vinyl acetate co-vinyl alcohol), cellulose ethers, hydroxyalkyl cellulose with
alkyl groups methyl, ethyl or propyl, sodium carboxymethyl cellulose, sodium alginate
modified with small amounts of calcium or magnesium ions, propylene glycol ester or

glyceryl ester of alginic acid, gum karaya, guar gum, gum acacia or gum tragacanth,
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hydratable polyurethane polymers, polyalkylene polymers, alginates, naturally occurring
polymers and derivatives, hyaluronic acid and derivatives, microbial polysaccharides, beta-
1, 3 glucan type polysaccharide, acetoacetylated high molecular weight poly vinyl alcohol
and hydroxyalkyl cellulose derivatives, xanthan gum, locust bean gum, beta-cyclodextrin
derivatives or block copolymers having the general formula xB--[AB]n—yA wherein n is
an integer > 1, x and y are 0 or 1, and y is 1 when n is 1, A is a thermoplastic hydrophobic
polymer block, and B is a thermoplastic hydrophilic polymer block. Any of the delivery
vehicles taught herein may be used to form the amorphous silver salt compositions of the
present invention and may optionally comprise one or more of a stabilizing agent, an
oxidizing agent, an active agent, and/ an osmagent. Where two similar optional agents are

used, such as two stabilizing agents, the agents may be the same or different.

The stabilized silver salt compounds of the present invention include the silver salt
compounds taught herein, and other antimicrobial silver salt compounds, and are not limited
to, silver thiocyanate, silver oxide, silver sulfate, silver alkyl carboxylate (C1 to C12), silver
aryl sulfonate (Cl to C4 alkyl phenyl), silver carbonate, silver sulfide, silver
phosphoranilide, silver phosphate, silver hydroxide, silver hyaluronate, silver benzoate,
silver tartarate, silver thiosulfate complex, silver laurate, silver zeolite, silver zirconium
phosphate, silver alginate, silver ascorbate, silver folate, silver gluconate, silver salicylate,
silver para amino benzoate, silver para amino salicylate, silver acetyl salicylate, silver
EDTA, silver laurate, silver zeolite, silver zirconium phosphate, silver alginate, silver
ascorbate, silver folate, silver iodate, silver oxalate, silver palmitate, silver perborate, silver
stearate, silver succinate, silver thioglycolate, silver hydantoin complex, silver barbiturate,
silver allantoinate, silver amine complexes (primary amine, tetiary amine), silver salicylate,
silver para amino benzoate, silver para amino salicylate, silver acetyl salicylate, silver
EDTA, or silver gluconate, or wherein the stabilized silver salt comprises M *X @ Where M
is silver, n is 1 or more, X is selected from A, B or C, and where R; and R, are-P or -WP;
and W is as described herein and P is as described herein; and R3 and R4 are as disclosed
herein and A is disclosed as the structures herein, B is as disclosed herein, and C is behenate
or bis (2-ethylhexyl) sulfosuccinate. The compositions of the present invention also
comprise silver salt compounds wherein the stabilized silver salt comprises M'[Y" ], where
M is silver, n is 1 or more; Y is as disclosed herein, where R; and R, are-P or -WP; and W
is as disclosed herein ; and P is as described herein; and R3 and R4 are as disclosed herein;

and Z is C6 or C8 alkyl. Silver salt compounds of the present invention also includethe
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stabilized silver salt comprising M*[YIn where M is silver, n is 1 or more, and Y- is as
disclosed herein; where Ry and R, are-P or —WP; and W is disclosed herein; and P is
disclosed herein, R3 and Ry are disclosed herein ; and Z is amino, alkylamino, chloro, or
HNX, wherein X in HNX comprises aryl, hydroxyl, amino, NHC¢Hs, or NHCONH,. Other
silver salt compounds that are effective in the present invention and are contemplated by the
present invention and are taught in copending applications US Patent Application
11/194,951, PCT/US2005/27260; and PCT/US2005/27261, which are each herein
incorporated in their entireties.

Stabilizing agents may comprise an excess of halide ions or anions. Oxidizing
agents may comprise copper, zinc or iron compounds, peroxides such as hydrogen peroxide
or zinc peroxide, or others taught herein.

Methods of the present invention comprise methods of making antimicrobial
amorphous silver salt compositions. Such methods comprise combining delivery vehicle
composition components with silver salt composition components to produce an amorphous
delivery vehicle compiising a stabilized silver salt. A delivery vehicle may be preformed,
thus the components would be combined prior to being combined with silver salt
components. Silver salt components comprise the anionic solution and the silver cationic
solution. The silver salt solution may be preformed as a silver salt, and not as the
component ions, prior to combination with the delivery vehicle, and may be in solid or
liquid form. The components of the delivery vehicle or the delivery vehicle composition
may be combined with an ionic solution to which a further component of the silver salt
composition is added to eventually form the silver salt compound. The methods comprise
adding a stabilizing agent to the delivery vehicle and mixing the delivery vehicle with a
preformed silver salt solution to form a silver salt amorphous composition.

Methods also comprise wherein the delivery vehicle composition is preformed,
further comprising adding in no particular order, an anionic solution and a cationic silver
solution to form a silver salt solution in situ in the delivery vehicle, to form a silver salt
amorphous composition. Optionally, in the methods taught herein, one or more of the
following may be added, an oxidizing agent, a stabilizing agent, an osmagent, and/or an
active agent. Where two similar optional agents are used, such as two stabilizing agents, the
agents may be the same or different. Methods also comprise wherein the delivery vehicle is

an emulsion, and the method comprises combining a water phase component of the delivery
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vehicle emulsion comprising a silver salt; and adding the water phase to an oil phase to
form an antimicrobial amorphous composition.

Methods of the present invention comprise using the compositions taught herein to
render surfaces antimicrobial and to prevent infection and microbial growth and attachment
or adherence. Methods comprise applying an amorphous silver salt composition comprising
an antimicrobially effective amount of a stabilized silver salt to a surface. Methods
comprise treating a loss of skin or organ integrity, comprising, applying an amorphous
silver salt composition comprising an antimicrobially effective amount of a stabilized silver
salt to a site where loss of skin or organ integrity has occurred. Methods comprise treating
burns or wounds, comprising, applying an amorphous silver salt composition comprising an
antimicrobially effective amount of a stabilized silver salt to a burn or wound.

All terms used herein are considered to be interpreted in their normally acceptable
usage by those skilled in the art. Patents and patent applications or references cited herein
are all incorporated by reference in their entireties.

The foregoing description includes the best presently contemplated mode of carrying
out the invention. This description is made for the purpose of illustrating the general
principles of the inventions and should not be taken in a limiting sense. This invention is
further illustrated by the following examples, which are not to be construed in any way as
imposing limitations upon the scope thereof. On the contrary, it is to be clearly understood
that resort may be had to various other embodiments, modifications, and equivalents
thereof, which, after reading the description herein, may suggest themselves to those skilled

in the art without departing from the spirit of the present invention.
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EXAMPLES

Example 1

Silver salt antimicrobial amorphous composition of lubricating jelly was prepared as
follows. About 8 g of water soluble clear lubricating jelly (Bard Inc., Mansfield, MA) was
added to a container. A sodium chloride solution (0.05 ml, 0.8M) was added to the jelly
followed by silver nitrate solution (0.05 ml, 0.1M) and the contents were vigorously mixed
with a spatula. Silver chloride formed and imparted a slight opacity to the jelly composition
after about 0.5h. The silver salt jelly amorphous composition was placed in a clear plastic
syringe and left exposed to lab light for 24h. Negligible discoloration was seen after 24h.

Silver content of the amorphous jelly composition was approximately 0.1% by wt.

Example 2

A silver salt lubricating jelly composition was prepared in a similar manner as
Example 1 except the amounts of silver nitrate and sodium chloride were halved. Silver
content of the resulting silver salt/jelly amorphous composition was approximately 0.005%
by weight. No change in color was observed after 24h lab light exposure, indicating the

silver ion was in a stabilized form.

Example 3

A silver saccharinate composition was prepared by successively adding sodium
saccharinate (0.04 ml, 0.125M), hydrogen peroxide (3.3 ul, 30% w/w) and silver nitrate
solutions (0.05M, 0.1M). Jelly, water soluble clear lubricating jelly (Bard Inc., Mansfield,
MA) (8 g) was added to the silver saccharinate composition in a container and the contents
were thoroughly mixed. The resulting clear jelly/silver salt amorphous composition was
filled into a syringe and exposed to light as in previous examples. Negligible discoloration

was seen after 24h. Silver content was estimated at approximately 0.1% by weight.

Example 4

In a manner similar to Example 3, an antimicrobial jelly/silver salt amorphous
composition was prepared except the amounts of sodium saccharinate and silver nitrate
solutions were halved. The exposed jelly/silver salt amorphous composition with an
estimated silver content approximately 0.005% wt showed no perceptible change in color

after 24h exposure to incident light.
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Example 5

An antimicrobial silver salt jelly amorphous composition was prepared as follows:
A silver saccharinate suspension was made by mixing sodium saccharinate (0.025 ml,
0.125M) and silver nitrate (0.025M, 0.1M) in a container. KY jelly (4 g) and sodium
chloride (0.025 ml, 0.8M) were mixed together and added to the silver sacchrinate
suspension, and the mixture was then stirred to uniformity. The silver salt containing jelly
amorphous composition was clear and had no opacity. After 24h lab light exposure, no
color change was seen. Two weeks after light exposure, the silver salt amorphous

composition’s color remained unchanged.

Example 6

In this example, a delivery vehicle composition comprising AR grade propylene
glycol (25%) wiw); Hydroxyethyl cellulose (2.0% wiw). sodium chloride (0.9% w/w) and
distilled water 72.1% w/w) was made. 100g of this base composition or delivery vehicle
was blended with a suspension of silver saccharinate. The suspension of silver saccharinate
was prepared by mixing 1 ml of silver nitrate (0.IM) and 1 ml of sodium saccharinate
(0.125M).

Example 7
A silver salt amorphous composition was prepared similar to Example 6 except the
sodium saccharinate solution (0.125M) also contained Tween 20 surfactant at concentration

of approximately 16.5g/L.

Example 8

A solution of hydroxypropyl cellulose (6.9g) in de-ionized water (100 ml) was
prepared. If needed, the water was warmed. The solution was cooled and 60g of propylene
glycol and 20 ml of sodium chloride (0.4M) were added to the cellulose solution and
uniformly mixed. In a separate beaker, 50 ml silver nitrate (0.1M) was slowly poured in a
stirred solution of sodium saccharinate (0.125M) containing Tween 20 (approximately
16.5g/L) to form a white silver saccharinate suspension. To the suspension, 1.5g glycerin

was added and the contents were stirred for few additional minutes. The suspension was
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then slowly mixed with a prepared hydroxyl propyl cellulose (Spectrum Chemical Co. New

Brunswick, NT) solution to yield a stabilized silver salt amorphous composition. .

Example 9

The amorphous compositions of Examples 1, 2, 4 and 5, prepared above were
evaluated for antimicrobial activity in ZOI (Zone of inhibition) assay against
Staphylococcus aureus bacteria (ATCC 6538). Briefly, small globular amounts of each
composition were placed on Mueller Hinton Agar plates freshly inoculated with
Staphylococcus aureus and incubated at 37° C for 16 to 24h. The widths of clear zones
around the samples were measured and are shown in Table 1 below. Four amorphous
composition exhibited potent antimicrobial activity

Table 1: 24h Zone of Inhibition Assay Results against Staphylococcus aureus

| Jelly sample (Clear zone +glob dia/glob dia, mm/mm)

Example 1 : 7.5/4.0

Example 2 8.0/5.0

Example 4 12.0/5.0

Example 5 13.0/7.0

Jelly w/o silver (negative control) 4.5/4.5

Silvasorb dressing (positive control) 10.0/5.0

Example 10

A water soluble clear lubricating jelly (Bard Inc., Mansfield, MA) weighing 8 gm
was emptiedy in a container. A sodium chloride solution (0.05 ml, 0.8M) was added with
stirring to the jelly and mixed uniformly to disperse the sodium chloﬁde, followed by silver
nitrate solution (0.05 mi, 0.1M). A cupric chloride solution (0.025 ml, 0.1M) was added to
silver séllt/jelly composition and uniformly mixed. The silver salt amorphous composition

was filled in a syringe and exposed to light for 24h. No discoloration was observed.

Example 11

A silver salt amorphous composition was prepared similar to Example 10 except the
amount of silver was halved. The corresponding amounts of sodium chloride and cupric
chloride were also reduced. The silver salt amorphous composition was filled in a syringe

and exposed to light for 24h. No discoloration was observed.
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Example 12
A polymeric delivery vehicle was used to make a silver salt amorphous composition.

Two different concentrations were used. One concentration used an acrylamide solution (3
gm of acrylamide in 20 mL water) mixed with 6 gm of 50% w/w solution of AMPS
monomer (Lubrizol Inc.), followed by the addition of 1 ml of ammonium persulfate stock
(65 mg/ml water) and tetramethyl ethylene diamine (TEMED) (0.08 ml diluted to 1 ml of
aqueous solution). The second co-polymer was prepared as before except 3 gm of AMPS
monomer solution was used. 2 gm of de-ionized water was added. 0.2 ml of suspension of
silver saccharinate was prepared by mixing 0.1 ml each of sodium saccharinate (0.105 M)
and silver nitrate (0.1M). The suspension was added to each polyfner solution and
thoroughly mixed. The resulting polymer amorphous composition was exposed to light for
24h. Slight color change to beige was observed for the silver salt amorphous composition
made from 2:1 ratio of acrylamide to AMPS monomer, but the silver salt amorphous
composition having 1: 1 ratio turned yellow- brown. A silver salt amorphous composition
made with a ratio of of 1:2 of acrylamide and AMPS monomer showed only faint.color

change to beige color in the light exposure test.

Example 13

A radioactive silver salt amorphous composition was prepared as follows. A
polymer matrix powder was prepared by dehydrating Acryderm® or Flexigel® dressing and
pulverizing the dry dressing. The matrix powder (0.88 gm) was dispersed in glycerol (9.28
gm) to wet it uniformly. To the glycerol/matrix mixture, water (2.54 mL) was added. Next,
6 % w/v sodium carboxymethyl cellulose (Hercules Inc.)(20.9 gm) was added and hand
mixed. Sodium chloride solution (4.1 ml, 4M) and cupric chloride solution (2.24 ml. 0.1
M) were blended in.

A 10 ml solution of "'*™ Ag silver nitrate (0.056 g) was added and hand mixed to
form a smooth gel. The radioactive silver salt amorphous composition is useful for animal

studies for determining the fate of silver in human body.
Example 14  Silver salt emulsion amorphous composition

Silver salt amorphous composition emulsion was prepared by hand mixing in a

container the oil phase composition and water phase composition.
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Oil Phase Composition

Mineral oil (heavy)- Amresco 30g
Span 60 — Sigma Aldrich 6g
Petroleum jelly - Unilever 5g
PEG 300 — Sigma Aldrich 5¢g
Water Phase Composition

Sodium chloride (1M) /Cupric chloride 7.5 ml
(0.0025M) (1:1 by volume)

Silver nitrate (0.3 M) 7.5 ml
Tween 20 005¢g

In preparing the oil phase, under mixing, Span 60 was heated to melting and mixed with
mineral oil and petroleum jelly. Separately, fhe water phase was made by mixing the
sodium chloride/cupric chloride salt solution and Tween 20 first and then adding the silver
nitrate solution. The resulting water phase and surfactant was mixed with oil phase to form
a silver salt emulsion amorphous composition. The emulsion was stable to 4 weeks but then
showed signs of separating. It was easily spreadable. In light exposure test the composition

‘showed only minimal to slight discoloration after 72 hours.

Example 15
The silver salt emulsion amorphous composition was prepared in a manner similar

to Example 14 but with the oil and water phases with following compositions.

Oil Phase Composition

Stearic acid |25¢
Water Phase Composition

Sodium chloride (1M) /Cupric chloride 6.1 ml
(0.0025M) (1:1 by volume)

Silver nitrate (0.3 M) 6.1 ml
Triethanolamine 02¢g
Glycerol 12¢g

The oil phase was melted and the water phase warmed to 70° C was then added to the oil
phase. The resulting silver salt emulsion amorphous composition was stable, creamy but
slightly grainy and not as spreadable as the composition of Example 14. It showed slight

discoloration after 72 h of exposure to light.
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Example 16
The silver salt emulsion amorphous composition was prepared in a manner similar

to Example 14 but with the oil and water phases with following compositions.

Oil Phase Composition

Stearic acid 125g
Span 60 025¢g
Tween 20 0.1g

Petroleum jelly 11.0g

Water Phase Composition
Sodium chloride (1M) /Cupric chloride 3.3 ml
(0.0025M) (1:1 by volume)

Silver nitrate (0.3 M) 3.3 ml
Ammonium hydroxide 0.2 ml
PEG 300 05¢g

The oil phase was melted and the water phase warmed to 70° C was then added to the oil
phase and allowed to cool. The resulting silver salt emulsion amorphous composition was
stable and spreadable but had a greasy feel. It showed slight discoloration to grey after 72 h

of exposure to light.

Example 17
The silver salt emulsion amorphous compositionwas prepared in a manner similar to

Example 14 but with the oil and water phases with following compositions.

Oil Phase Composition

Stearic acid 425¢g
Span 60 025¢g
Tween 20 0lg

Petroleum jelly 8.0g

Water Phase Composition
Sodium chloride (1M) /Cupric chloride 3.3 ml
(0.0025M) (1:1 by volume)

Silver nitrate (0.3 M) 3.3ml
Ammonium hydroxide 0.2 ml
PEG 300 05g

The oil phase was melted and the water phase warmed to 70° C was then added to the oil

phase and allowed to cool. The resulting silver salt emulsion amorphous composition was
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less greasy, stable and spreadable but had slight grainy feel. It showed slight discoloration
to grey after 72 h of exposure to light. When rubbed into skin it exhibited vanishing effect.

Example 18
The silver salt emulsion amorphous composition was prepared in a manner similar

to Example 14 but with the oil and water phases with following compositions.

Oil Phase Composition

Stearic acid 225¢g
Span 80 025¢g
Tween 20 0.1g
Petroleum jelly 9.0g
Mineral Oil (Heavy white) 10g

Water Phase Composition

Sodium chloride (1M) /Cupric chloride 3.3 ml
(0.0025M) (1:1 by volume)

Silver nitrate (0.3 M) 3.3 ml
Ammonium hydroxide 0.2 ml
PEG 300 05¢g

The oil phase was melted and the water phase warmed to 70° C was then added to the oil
phase and allowed to cool. The resulting cream was greasy, stable and spreadable without
graininess but slightly stiff feel. It showed slight discoloration to grey after 24 h of
exposure to light. When in this example the stearic acid amount was changed to 1.25 g, the

resulting cream was not as stiff but retained all other characteristics.

Example 19
The silver salt emulsion amorphous compositionwas prepared in a manner similar to

Example 14 but with the oil and water phases with following compositions.

Oil Phase Composition

Stearic acid 15¢g
Span 80 025¢g
Tween 20 0lg
Petroleum jelly 6.75¢g
Mineral Oil (Heavy white) 5.0g

Water Phase Composition

Sodium chloride (1M) /Cupric chloride 3.3 ml
(0.0025M) (1:1 by volume)

Silver nitrate (0.3 M) 3.3 ml
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Ammonium hydroxide 0.2 ml
PEG 300 05g

The oil phase was melted and the water phase warmed to 70° C was then added to the oil
phase and allowed to cool. The resulting silver salt emulsion amorphous composition was
somewhat greasy, stable (no separation after 4 weeks) and spreadable. It showed slight

discoloration to grey after 24 h of exposure to light.

Example 20
The silver salt emulsion amorphous compositionwas prepared in a manner similar to

Example 14 but with the oil and water phases with following compositions.

Oil Phase Composition

Stearic acid 125¢g
Span 80 025¢g
Tween 20 0.1g
Emulsifying wax 20¢g
Propylene glycol , 20¢g
Mineral Oil (Heavy white) 5.0g

Water Phase Composition
Sodium chloride (1M) /Cupric chloride 3.3 ml
(0.0025M) (1:1 by volume)

Silver nitrate (0.3 M) 3.3 ml
Ammonium hydroxide 0.2 ml
PEG 300 _ 05¢g

Water 1.75¢g

The oil phase was melted and the water phase warmed to 70° C was then added to the oil
phase and allowed to cool. The resulting silver salt emulsion amorphous composition was

grainy in texture and not easily spreadable and stiff.

Example 21
The silver salt emulsion amorphous compositionwas prepared in a manner similar to

Example 14 but with the oil and water phases with following compositions.

Oil Phase Composition

Stearic acid 1.25¢g
Span 80 025¢g
Tween 20 0.1g
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Emulsifying wax 075g
Propylene glycol 20g
Mineral Oil (Heavy white) 2.0g
Petroleum jelly 20g

Water Phase Composition

Sodium chloride (1M) /Cupric chloride 3.3 ml
(0.0025M) (1:1 by volume) ‘
Silver nitrate (0.3 M) 3.3ml

Ammonium hydroxide 0.2ml
PEG 300 05g

The resulting silver salt emulsion amorphous composition showed very good consistency

and was easily spreadable and stable.

Example 22
The silver salt emulsion amorphous compositionwas prepared in a manner similar to

example A5 but with the oil and water phases with following compositions.

Oil Phase Composition

Stearic acid 15¢g
Span 80 025¢g
Tween 20 01g
Mineral Oil (Heavy white) 5.0g
Petroleum jelly 475 ¢

Water Phase Composition ‘
Sodium chloride (1M) /Cupric chloride 4.3 ml
(0.0025M) (1:1 by volume)
Silver nitrate (0.3 M) 4.3 ml

The resulting silver salt emulsion amorphous composition had good consistency and but
discolored in thick layer after 2h light exposure to ambient light. On skin after application, it

showed no staining.
Example 23

The silver salt emulsion amorphous compositionwas prepared in a manner similar to

Example 14 but with the oil and water phases with following compositions.
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Oil Phase Composition

Stearic acid 525¢g
Span 80 044 ¢
Tween 20 0.18 g
Emulsifying wax 146 g
Mineral Oil (Heavy white) 5.83g
Petroleum jelly 6.85¢g

Water Phase Composition

Sodium chloride (1M) /Cupric chloride 23 ml
(0.0025M) (1:1 by volume)
Silver nitrate (0.3 M) 2.3 ml

The resulting silver salt emulsion amorphous composition had very good feel, consistency
and stability. It was easily spreadable. It showed little discoloration after 12h of exposure to
ambient light. On skin after application, it showed no staining. The emulsion cream was
‘examined by ZOI assay for broad spectrum antimicrobial activity using 6 clinical isolates
strains each of Staphyloccocus aureus (MRSA), E coli, Enterococcus faecium,
Pseudomonas aeruginosa and C. albicans. Against each type of bacteria, the composition

showed potent activity.

Example 24
A cellulose ether derivative, hydroxyl ethyl cellulose (Spectrum Chemical Co.) was

dissolved in deionized water at a concentration of 0.4 gm/ 12 mL, be adding water to
cellulose ether powder in a container and heating to ~ 80°C. Heating hydrated the powder
causing a viscosity increase. The composition was continuously hand mixed as it cooled to
room temperature. Glycerol (2 gm) was added and uniformly mixed homogeneity to form a
delivery vehicle composition.

In a test tube, a suspension of a weakly soluble silver salt was made using a Tween
20 stock solution (1 mL, 16.7 gm/L), a sodium saccharinate solution (1 mL, 0.125M) and a
silver nitrate solution (1 mL, 0.1M) to yield a white suspension. Hydrogen peroxide (0.57
mL, 35% w/w) was added to the suspension.

The test tube contents were added to the delivery vehicle and uniformly blended in
to yield an opaque white silver salt composition that could be easily spread. A small
amount of composition was placed in a petri-dish and exposed to ambient light. After 24h
exposure, there was a faint color change to a lavender grey shade that was aesthetically

acceptable and pleasing. The amount of silver added was ~ 900 ppm.
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Example 25
In a test tube, a suspension of weakly soluble silver salt was made using a Tween 20

stock solution (1 mL, 16.7 gm/L), a sodium chloride solution (1 mL, 0.4 M) and silver
nitrate solution(l mL, 0.1M) successively added to yield a white suspension. The test tube
contents were added to a delivery vehicle composition as described in Example 24, and
uniformly blended in. A solution of cupric chloride (0.1 mL, 0.1M) and sodium chloride (1
mL, 4M) was then blended into the composition. A small amount of the composition was
placed in a petri-dish and exposed to ambient light. After 24h exposure, there was faint

color change to ash grey shade that was still pleasing and aesthetically acceptable.

Example 26
A composition similar to Example 26 except the amount of cupric chloride (0.1M)

added was 0.67 mL was made. The resulting composition had a faint bluish hue. A small
amount of composition was placed in a petri dish and exposed to ambient light. After 24h
exposure, there was a faint color change to bluish grey shade that was still pleasing. The

composition 1 remaining in the dark showed no discoloration after 24h.

Example 27 .
A composition similar to Example 26with addition of (0.28 gm) a powder

(Microlattice®, as taught by US Patent No. 5,196,190), prepared by drying and pulverizing
commercially available Acryderm ® sheets from AcryMed Inc., Tigard, was made. A small
amount of composition was placed in a petri-dish and exposed to ambient light. After 24h
exposure, there was faint color change to a bluish grey shade that was still pleasing. The

composition remaining in the dark showed no discoloration after 24h.

Example 28
A composition similar to Example 24 was made, except that the hydrogen peroxide

was omitted. Sodium chloride (1 mL, 4M) solution was added to the silver salt solution
prior to mixing with the delivery vehicle. The resulting composition was whitish opaque.
A small amount of composition was placed in a petri-dish and exposed to ambient light.
After 24h exposure, there was very faint color change of the composition to lavender grey
shade that was unnoticeable. The composition remaining in the dark showed no

discoloration after 24h.
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Example 29
A composition similar to Example 26was made except a mixture of two cellulose

ether derivatives — carboxy methyl cellulose sodium salt (0.08 gm) and hydroxyl ethyl
cellulose (0.32 gm) was used to make the delivery vehicle. The CMC — Na salt was
purchased from Hercules Inc. (Delaware). The resulting whitish opaque gel had a faint
bluish hue. The composition could be easily spread. A small amount of composition was
placed in a petri-dish and exposed to ambient light. After 24h exposure, there was very faint
color change to an ash grey shade that was still pleasing. The composition remaining in the

dark showed no discoloration after 24h.

Example 30

Three separate compositions similar Example 26 were made except each used a
different cellulose ether derivative — Methyl cellulose, hydroxyl propyl methyl cellulose
(Dow Chemical Co.) and hydroxyl propyl cellulose (Spectrum Chemical Co.) in place of
hydroxyl ethyl cellulose. The resulting compositions made from methyl cellulose, hydroxyl
propyl methyl cellulose (HPMC)and hydroxyl propyl cellulose in appearance were colorless
to whitish opaque. The compositions could be easily spread. A small amount of each
composition was placed in a petri-dish and exposed to ambient light. After 12h exposure,
there was very faint‘ color change to ash grey shade that was still pleasing. The composition
made of HPMC showed the least color change of the three. . The compositions remaining

in the dark showed no discoloration after 24h.

Example 31

A composition was prepared using methyl cellulose as follows. A sodium chloride
solution (11 mL, 0.4M) and deionized water (1 mL) were warmed to 60°C and added to
cellulose ether powder (0.4 gm) in a container glycerol (2 gm) was added. In a test tube, 1
mL deionized water and a silver nitrate solution (1 mL, 0.1M) were mixed and then poured
into container and mixed in. Finally, a cupric chloride solution (0.67 mL, 0.1M) was added
and blended in. A portion of the composition was placed in a transparent petri-dish and
exposed to ambient light for 24h. The color of the composition changed to faint ash grey
after light exposure. Overall the color change was faint enough yet pleasing. The

composition remaining in the dark showed no discoloration after 3 days.
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Example 32

A composition was prepared using methyl cellulose as follows. Deionized water (12
mL) were warmed to 60°C in a microwave oven and added to cellulose ether powder (0.4
gm) in a container and glycerol (2 gm) was added. In a test tube, a sodium chloride
solution (1 mL, 0.4M) and a silver nitrate solution (1 mL, 0.1M) were mixed and then re-
dissolved by adding enough of an ammonia solution (5.6%) to yield a colorless particle free
solution of silver chloride-ammonia complex. The silver complex solution was poured into
the container and mixed in. Dilute acetic acid (prepared from 1 part glacial acetic acid and
4 parts water) was added to adjust the pH of the composition to neutral pH (6.5-7.5). A
portion of the composition was placed in a transparent petri-dish and exposed to ambient
light for 24h. The color of the glob changed to faint ash grey after light exposure. Overall
the color change was faint enough but yet pleasing. The composition remaining in the dark

showed no discoloration after 3 days.
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CLAIMS
What is claimed is:
Claims
1. An antimicrobial composition, comprising, an amorphous delivery vehicle
composition and a stabilized silver silver salt.
2. The composition of Claim 1, further comprising a stabilizing agent.
3. The composition of Claim 1, further comprising an oxidizing agent.
4. The composition of Claim 2, further comprising an oxidizing agent.
5. The composition of Claim 1, further comprsing an active agent.
6. The composition of Claim 1, further comprising an osmagent.
7. The composition of Claim 1, wherein the delivery vehicle comprises a polymeric

composition comprising an aqueous composition of an alkylcellulose derivative, sodium
carboxycellulose, carboxymethylcellulose, hydroxyethylcellulose, or hydroxypropyl
cellulose.

8. . The composition of Claim 1, wherein the delivery vehicle comprises a water-in-
oil or oil-in-water emulsion.

9. The composition of Claim 1, wherein the delivery vehicle comprises a neutral or
ionic hydrogel.

10.  The composition of Claim 1, wherein the delivery vehicle comprises propylene
glycol, polyethylene glycol of different molecular weights, cellulose ethers such as
hydroxymethyl, hydroxyethyl and other higher alkyl derivatives, lactic acid,
polyquaternary ammonium polymers known as polyquats, triethanol amine, carbomer
polymers of various grades, aminoethyl propanol, di or tetra sodium EDTA,
polyvinylpyrrolidone, PVP/Vinyl Acetate  copolymer, polyoxyethylene-
polyoxypropylene copolymers, sorbitol, poly(n-isopropylacrylamide) polymers, glyceryl
polymethacrylates or other acrylates, poly(methacrylic acid), ultrasil copolyols, siloxane
polymers with polyethylene glycols side chains, polyvinyl alcohol, polyethylene oxide
polymers, poly(vinyl acetate co-vinyl alcohol), cellulose ethers, hydroxyalkyl cellulose
with alkyl groups methyl, ethyl or propyl, sodium carboxymethyl cellulose, sodium

alginate modified with small amounts of calcium or magnesium ions, propylene glycol

36



10

15

20

25

30

WO 2006/034249 ) - PCT/US2005/033600

ester or glyceryl ester of alginic acid, gum karaya, guar gum, gum acacia or gum
tragacanth, hydratable - polyurethane polymers, polyalkylene polymers, alginates,
naturally occurring polymers and derivatives, hyaluronic acid and derivatives, microbial
polysaccharides, beta-1, 3 glucan type polysaccharide, acetoacetylated high molecular
weight poly vinyl alcohol and hydroxyalkyl cellulose derivatives, xanthan gum, locust
bean gum, beta-cyclodextrin derivatives or block copolymers having the general
formula xB--[AB]n—yA wherein n is an integer > 1, x and y are 0 or 1, and y is 1 when
n is 1, A is a thermoplastic hydrophobic polymer block, and B is a thermoplastic
hydrophilic polymer block.
11. The composition of Claim 1, wherein the stabilized silver salt comprises silver
thiocyanate, silver oxide, silver sulfate, silver alkyl carboxylate (C1 to C12), silver aryl
sulfonate (Cl1 to C4 alkyl phenyl), silver carbonate, silver sulfide, silver
phosphoranilide, silver phosphate, silver hydroxide, silver hyaluronate, silver benzoate,
silver tartarate, silver thiosulfate complex, silver laurate, silver zeolite, silver zirconium
phosphate, silver alginate, silver ascorbate, silver folate, silvef gluconate, silver
salicylate, silver para amino benzoate, silver para amino salicylate, silver acetyl
salicylate, silver EDTA, silver laurate, silver zeolite, silver zirconium phosphate, silver
alginate, silver ascorbate, silver folate, silver iodate, silver oxalate, silver palmitate,
silver perborate, silver stearate, silver succinate, silver thioglycolate, silver hydantoin
complex, silver barbiturate, silver allantoinate, silver amine complexes (primary amine,
tetiary amine), silver salicylate, silver para amino benzoate, silver para amino salicylate,
silver acetyl salicylate, silver EDTA, or silver gluconate.
12. The composition of Claim 1, wherein the stabilized silver salt comprises
M*X @) wheré M is silver, n is 1 or more, X is selected from A, B or C, and where R;
and R, are-P or -WP; and

W is a linker of branched alkyl chain of 1-27 carbon atoms, straight alkyl chain
of 1-27 carbon atoms, monoethers containing 2-20 carbon atoms and polyethers

containing 2-20 carbon atoms; and

P is hydrogen, halogen atoms, haloalkyl, amide, sulfate, phosphate, quarternary
ammonium, hydroxyl, hydroxymethyl, phosphonate, amino, carboxyl, carboxymethyl,
carbonyl, acetyl, succinimidyl ester, isothiocyanate, isocyanate, iodoacetamide,

maleimide, sulfonyl halide, phosphoramidite, alkylimidate, arylimidate, acide halide,
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substituted hydrazines, substituted hydroxylamines, carbodiimides, cyano, nitro,

fluormethyl, nitrophenyl, sulfonamide, alkenyl or alkynyl; and

R; and R, are hydrogen, straight alkyl with C;-Cg carbon atoms, optionally
terminating in aryl or substituted aryl groups, branched alkyl with C;-Cs carbon atoms,

5 phenyl, substituted phenyl, benzyl, substituted benzyl and fluoromethyl; and

A is one of the following:

Ry R
NP R / I

R 7 1

PG X /

| \H | NH
R AS <

2 Rz oZ SN o

@] O H
0 o) R o) O
1
R3 RS
NH HN NH NH
R4 ‘ R4
0 0 o) | 0
and
B is one of the following
3 R\3 OH
Rs /”\ R, Ry N '
\N N/ | \ \ ‘
HOJ\/I\O Rz/ ~ Yy
10 R4

R; and R, are —P and —WP as described above, and W is a linker as described

above, and R3 and Ry are as described above; and,
C is behenate or bis (2-ethylhexyl) sulfosuccinate.

13. The composition of Claim 1, wherein the stabilized silver salt comprises

15 MY  ]. where M is silver, n is 1 or more; Y is the following:
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/N /N\OH

where Ry and R; are-P or —-WP; and

W is a linker of branched alkyl chain of 1-27 carbon atoms, straight alkyl chain
of 1-27 carbon atoms, monoethers containing 2-20 carbon atoms and polyethers

5 containing 2-20 carbon atoms; and

P is hydrogen, halogen atoms, haloalkyl, amide, sulfate, phosphate, quarternary
ammonium, hydroxyl, hydroxymethyl, phosphonate, amino, carboxyl, carboxymethyl,
carbonyl, acetyl, succinimidyl ester, isothiocyanate, isocyanate, iodoacetamide,
maleimide, sulfonyl halide, phosphoramidite, alkylimidate, arylimidate, acide halide,

10 substituted hydrazines, substituted hydroxylamines, carbodiimides, cyano, nitro,

fluormethyl, nitrophenyl, sulfonamide, alkenyl or alkynyl; and

R; and Ry are hydrogen, straight alkyl with C;-Cg carbon atoms, optionally
terminating in aryl or substituted aryl groups, branched alkyl with C;-Cg carbon atoms,
phenyl, substituted phenyl, benzyl, substituted benzyl and fluoromethyl; and Z is C6

15 or C8 alkyl.
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14. The composition of Claim 1, wherein the stabilized silver salt comprises

MY In where M is silver, n is 1 or more, and Y- is the following:

y4
Ry Ry N
I \ \/N | / /
S
R/2 O//S\\O Ro d \\o

where R; and R, are-P or -WP; and

W is a linker of branched alkyl chain of 1-27 carbon atoms, straight alkyl chain of
1-27 carbon atoms, monoethers containing 2-20 carbon atoms and polyethers

containing 2-20 carbon atoms; and

P is hydrogen, halogen atoms, haloalkyl, amide, sulfate, phosphate, quarternary
ammonium, hydroxyl, hydroxymethyl, phosphonate, amino, carboxyl, carboxymethyl,
carbonyl, acetyl, succinimidyl ester, isothiocyanate, isocyanate, iodoacetamide,
maleimide, sulfonyl halide, phosphoramidite, alkylimidate, arylimidate, acide halide,
substituted hydrazines, substituted hydroxylamines, carbodiimides, cyano, nitro,

fluormethyl, nitrophenyl, sulfonamide, alkenyl or alkynyl; and

R3; and R, are hydrogen, straight alkyl with C;-Cg carbon atoms, optionally
terminating in aryl or substituted aryl groups, branched alkyl with C;-Cg carbon atoms,

phenyl, substituted phenyl, benzyl, substituted benzyl and fluoromethyl; and

Z is amino, alkylamino, chloro, or HNX, wherein X in HNX comprises aryl,

hydroxyl, amino, NHCsHs, or NHCONHo.

15.  The composition of Claim 2, wherein the stabilizing agent comprises an excess

of halide ions or anions.
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16.  The composition of Claim 3, wherein the oxidizing agent comprises copper,
zinc or iron compounds, hydrogen peroxide or zinc peroxide.

17. A method of making an antimicrobial amorphous silver salt composition,
comprising, combining delivery vehicle composition components with silver salt
composition components to produce an amorphous delivery vehicle comprising a
stabilized silver salt.

18.  The method of Claim 17, wherein the delivery vehicle composition is

preformed, adding a stabilizing agent and mixing the delivery vehicle with a

preformed silver salt solution.

19. The method of Claim 17, wherein the delivery vehicle composition is
preformed, and further comprising adding in no particular order, an anionic solution
and a cationic silver solution to form a silver salt solution in situ in the delivery
vehicle.

20.  The method of Claim 17, further comprising adding an oxidizing agent.

21.  The method of Claim 17, further comprising adding a stabilizing agent.

22.  The method of Claim 17, further comprising adding an osmagent.

23.  The method of Claim 17, further comprising adding an active agent.

24, The method of Claim 17, wherein the delivery vehicle is an emulsion, and the
method comprises combining a water phase component of the emulsion comprising a
silver salt; and adding the water phase to an oil phase to form an antimicrobial
amorphous composition.

25. A method of treating or preventing microbial growth or adherence, comprising,
applying an amorphous silver salt composition comprising an antimicrobially effective
amount of a stabilized silver salt to a surface.

26. A method of treating a loss of skin or organ integrity, comprising, applying an
amorphous silver salt composition comprising an antimicrobially effective amount of
a stabilized silver salt to a site where loss of skin or organ integrity has occurred.

27. A method of treating burns or wounds, comprising, applying an amorphous
silver salt composition compﬂsing an antimicrobially effective amount of a stabilized

silver salt to a burn or wound.
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