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Description

Field of the Invention

[0001] This invention relates to light stabilized antimi-
crobial materials and methods of preparing antimicrobial
polymers for use in wound dressings and medical devic-
es.

Background of the Invention

[0002] Infection is a problem associated with wounds.
Infection can retard wound healing, is traumatic for the
patientand can significantly increase treatment costs and
time. Consequently there is a need to both prevent and
treat infection resulting from wounds or wounds in con-
junction with wound dressings, or the use of other medical
devices. Examples of such devices at increased risk in-
clude prosthetic devices, implants, or wound dressings
used on acute or chronic exudating wounds. This can be
achieved by the use of topical antimicrobial agents.
[0003] It is known to include antimicrobial agents in
materials used in the manufacture of medical devices
such as wound dressings, ostomy appliances and others.
One such antimicrobial agent is silver which is used in
various forms such as salts or other silver compounds
and which can be used in the fibers, polymers, textiles
and adhesive components used in the fabrication of such
devices. A problem with silver-containing materials is that
they are typically sensitive to light which causes uncon-
trolled discoloration of the silver-containing material. Nu-
merous efforts have been made to render such materials
photostable, however there is still a need to enhance the
photostabilization of silver in certain materials comprising
hydrophilic, amphoteric and anionic polymers. This is es-
pecially true where such polymers are used in medical
devices. Accordingly, improved light stabilized silver-
containing polymers and methods for their manufacture
have been sought.

[0004] U.S. Patent No. 5,770,255 describes methods
of forming anti-microbial coatings on the surface of med-
ical devices. The coatings described include metal ions
such as silver. However, this process requires higher
than ambient gas pressures and low temperatures, which
are inconvenient and costly. Further this process results
in a distinct disadvantage that the coating alters the di-
mension of the medical device. Such changes in sizes
of medical devices such as implants can affect the use-
fulness of the product. In addition, metal ions present as
coatings on the surface of medical devices such as dress-
ings may render the product toxic.

[0005] U.S. Patent No. 5,326,567 describes methods
of making silver-containing compositions for use in med-
ical applications. The compositions contain acrylic poly-
ether polymers such as polyethylene glycol and are cou-
pled with silver nitrate. However, this system is only suit-
able for use in solutions and is very sensitive to solvent
and salt conditions. Further, this system is unlikely to be
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sufficiently robust to survive sterilization, which is essen-
tial for wound dressings. Additionally, this system is un-
successful when applied to fibrous or hydrocolloid wound
dressings.

[0006] WO 96/01119 also discloses silver-containing
compositions using acrylic polyether polymers in a ’host
quest relationship’. The polyether is used to treat other
substrates such as a medical device.

[0007] U. S. Patent No. 3,422,183 discloses the use
of ultraviolet irradiated silver fluoride compositions in
items such as bandages. The ultraviolet treatment re-
portedly enhances the activity of the silver, but the prob-
lem of photostability is not resolved. Further, this process
is problematic with respect to the safety of fluoride com-
pounds in contact with wounds, particularly using con-
centrations of fluoride compounds that would be required
to achieve efficacy.

[0008] U.S.PatentNo.4,646,730discloses lightstable
polyvinylpyrrolidene/silver sulfadiazine (PVP/SSD) hy-
drogel dressings, where the gel is formed by utilizing elec-
tron beam irradiation to crosslink the PVP. Photostabili-
zation is reportedly provided adding magnesium ftrisili-
cate to the gel, and preferably by also adding hydrogen
peroxide and/or polyacrylic acid. This process requires
specialized equipment to carry out the beam irradiation.
Further, this process uses a hydrogel and therefore
would be incompatible with other wound dressing types
and technologies.

[0009] WO 00101973 describes stabilized antimicro-
bial compositions containing silver for use in wound
dressings. The silver is in the form of a complex with a
primary, secondary or tertiary amino and the complex is
associated to one or more hydrophilic polymers. Howev-
er, the method of processing limits the type of products
that can be produced and also alters the release rate of
silver. This process is better adapted to hydrocolloid
products which, due to the adhesive matrix, suffers from
low availability of silver. This system is unsuitable for ap-
plication to water swellable/soluble materials once they
have been formulated.

[0010] U.S.Patent Nos. 4,906,466 and 5,413,788 dis-
close antimicrobial compositions suitable for topical use
or wound care and which exhibit suppression of light in-
stability. The compositions comprise an antimicrobial sil-
ver compound deposited on a physiologically inert oxidic
synthetic support material in articulate form, such as ti-
tanium oxide. However, the resultant product has been
found to be susceptible to darkening due to the reduction
of the silver compound to metallic silver. Further, the use
of insoluble particulates such as titanium oxide as a sup-
port is not desirable in wound healing products because
the particulates are considered to be foreign bodies and
must be removed.

[0011] U.S. Patent No. 4,446,124 relates to the use of
ammoniated SSD incorporated into animal tissue to pre-
pare burn dressings. The SSD is incorporated into the
tissue by soaking the tissue in an ammoniacal SSD so-
lution or suspension. While the ammonium solution is
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reported to increase the concentration of silver which can
be incorporated into the dressing, photostabilization is
not mentioned and is unlikely. Further, this process uses
animal tissue as the substrate, which is undesirable for
use in wounds.

[0012] Inaccordance withthe presentinvention, anov-
el method for the preparation of light stabilized silver-
containing hydrophilic, amphoteric and anionic polymers
is disclosed. This invention describes simple and inex-
pensive methods for the preparation of such polymers
that provide effective and non toxic antimicrobial activity
in a water swellable material that can be terminally ster-
ilized.

Summary of the Invention

[0013] The presentinvention is directed to methods of
preparing a material which contains one or more hy-
drophilic, amphoteric or anionic polymers, where the ma-
terial has antimicrobial activity. Preferably, the material
containing the polymer(s) is used in a medical device, a
wound dressing, or an ostomy device. The present in-
vention is advantageous over the prior art because it is
easily applicable to water soluble and/or water swellable
materials.

[0014] In the inventive method, a solution is prepared
comprising an organic solventand a source of silver. Typ-
ically, the source of silver is initially dissolved in water,
and a solution is formed by mixing water with the organic
solvent. The quantity of silver should be sufficient to pro-
vide a desired silver concentration in the material. Ap-
propriate sources of silver include silver salts, such as
silver nitrate, silver chloride, silver sulphates, silver lac-
tate, silver bromide, silver acetate silver carbonate, silver
iodide, silver citrate, silver laurate, silver deoxycholate,
silver salicylate, silver paraaminobenzoate, silver
paraaminosalicylate, and/or mixtures thereof. Other ap-
propriate sources of silver include any simple water
and/or alcohol soluble silver salt.

[0015] Next, the polymer is subjected to the solution
for atime thatis sufficient to incorporate the desired silver
concentration. During or after the period wherein the pol-
ymeris subjected to the solution, the polymer is subjected
to one or more agents which facilitate the binding of the
silver and the polymer together. Suitable agents include
ammonia, ammonium salts, thiosulphates, chlorides,
and/or peroxides. In one preferred embodiment, the
agent is aqueous ammonium chloride.

[0016] Theresultant material is substantially photosta-
ble upon drying of the material. However, the material
will dissociate to release the silver if the material is rehy-
drated.

Detailed Description of the Invention

[0017] We have found that it is possible to stabilize
silver in polymers which are used in medical-related ma-
terials. This gives the advantage that the materials exhibit
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anti-microbial activity while being less susceptible to pho-
to-degradation or light-sensitivity. Such a light-stabilized
medical material is particularly suitable for use in wound
dressings, that create a moist wound healing environ-
ment particularly those used for moderately or heavily
exuding wounds such as chronic or acute wounds. Other
medical materials which benefit from the methods de-
scribed herein include ostomy products, ostomy appli-
ances, or other medical materials that are exposed to
potentially infectious agents.

[0018] Accordingly, the invention provides methods of
preparing a material which contains one or more hy-
drophilic, amphoteric or anionic polymers, wherein the
polymers have antimicrobial activity. Preferably, the ma-
terial containing the polymer(s) is used in a medical de-
vice, a wound dressing, or an ostomy device. Materials
which are particularly adapted for the inventive method
include gel-forming fibers such as Aquacel™ (WO
93/12275, WO 94/16746, WO 99/64079, and U.S. Patent
No. 5,731,083), or those described in WO 00/01425 or
PCT/GB 01/03147; wound dressings containing similar
gel-forming fibers behind or overlying a non-continuous
or perforated skin-contact layer such as Versiva™ (U.S.
Patent No. 5,681,579, WO 97/07758 and WO 00/41661);
DuoDerm™ (U.S. Patent No. 4,538,603), DuoDerm
CGF™ (US. Patent No. 4,551,490 and EP 92 999), or a
blend of two or more fibres such as Carboflex™ (WO
95/19795). The present invention well-suited for other
materials which contain carboxymethylcellulose. Fur-
ther, the presentinvention is advantageous over the prior
art because it is easily applicable to water soluble and/or
water swellable materials.

[0019] Polymers suitable for the present invention in-
clude, polysaccharides or modified polysaccharides, pol-
yvinylpyrrolidone, polyvinyl alcohols, polyvinyl ethers,
polyurethanes, polyacrylates, polyacrylamides, colla-
gen, gelatin, or mixtures thereof. In preferred embodi-
ments, the polymers contain carboxymethylcellulose
(CMC) such as sodium CMC. In one embodiment, the
polymer can be a polysaccharide comprising a car-
boxymethylcellulose or alginate, or a mixture of car-
boxymethylcellulose and alginate. In other embodi-
ments, the polymers contain gel-forming fibers compris-
ing sodium CMC, and which can be incorporated into
wound dressings such as Aquacel ™ (ConvaTec, Skill-
man, NJ).

[0020] In the inventive method, a solution is prepared
comprising an organic solvent and a source of silver. The
solution should be prepared in a quantity sufficient to
provide the desired silver concentration in the resulting
product. The polymer is then subjected to the solvent/
silver solution so as to incorporate the silver into the pol-
ymer. The treated polymer is subjected to one or more
agents such that the silver-containing material is made
photostable, and further where the silver will thereafter
dissociate upon rehydration of the material.

[0021] The organic solvent can be any known solvent.
Examples of appropriate solvents include industrial
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methylated spirit (IMS, principally ethanol), ethanol,
methanol, acetone and isopropyl alcohol.

[0022] The source of the silver can be any convenient
source. Examples of appropriate sources of silver include
silver salts, such as silver nitrate, silver chloride, silver
sulphates, silver lactate, silver bromide, silver acetate
silver carbonate, silveriodide, silver citrate, silver laurate,
silver deoxycholate, silver salicylate, silver paraami-
nobenzoate, silver paraaminosalicylate and/or mixtures
thereof Other appropriate sources of silver include any
simple water and/or alcohol soluble silver salt.

[0023] The quantity of silver should be sufficient to pro-
vide a desired silver concentration in the material. The
final concentration of silver in the material is between
0.1% and 20% by weight, for example, by weight of the
resultant medical dressing. In some embodiments, the
concentration of silver is between 0.1 -10%, 1-10%,
10-20%, 5-20%, 5-10% or 0.1-1%. In one preferred em-
bodiment, the final concentration of silver is between 1
and 5% by weight of the dressing. Preferably, the con-
centration in the treatment solution is from 0.001 g/g of
polymer to 0.2 g/g of polymer, more preferably from 0.01
g/g of polymer to 0.05 g/g of polymer. Preferably, where
the source of silver is most facilely initially dissolved in
water rather than the neat organic solvent, then added
in an appropriate amount to give the desired concentra-
tion of silver in the final weight of polymer.

[0024] Water can be used in the presentinvention, es-
pecially for the purposes of initial solubilization of silver
before addition of the silver to the organic solvent. The
amount of water should be sufficient such that the silver
is adequately dissolved in solution, but not so much to
resultin hydration of the polymer. While excess amounts
of silver can be present in suspension, for example form-
ing areserve, amounts effective for incorporation into the
polymer should be in solution. Such amounts would be
easily determinable to those of ordinary skill in the art
without undue experimentation. However, the amount of
water used is no greater than 50/50 w/w of water to al-
cohol.

[0025] The length of time that the material is subj ected
to the solution is a period sufficient to incorporate the
desired silver concentration into the polymer. Preferably,
the material is subjected to the solution between 1 and
120 minutes. In some embodiments, the incubation time
is between 1 and 60 minutes. In other embodiments, the
incubation time is between 15 and 45 minutes. In still
other embodiments, the incubation time is between
10-60, 10-45, 15-30, 5-15 or 10-20 minutes. Generally,
the length of time necessary to subject the material to
the solution will depend on the material used and can be
easily determined by one of ordinary skill in the art.
[0026] Temperatures between 0 to 100°C are appro-
priate for the present invention but preferably ambient
temperatures are used. Different temperatures can be
used at different stages within the range stated.

[0027] During or after the period wherein the polymer
is subjected to the solution, it is subjected to one or more
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agents which facilitate photo stabilization. Suitable
agents include ammonia, ammonium salts, thiosul-
phates, chlorides, and/or peroxides. Preferred agents
are ammonium salts such as ammonium chloride, am-
monium acetate, ammonium carbonate, ammonium sul-
phate and metal halides such as sodium, potassium, cal-
cium, magnesium and zinc chlorides. The agents can
optionally include mixtures of the above salts. In one pre-
ferred embodiment, the agent is added to the treatment
mixture as aqueous ammonium salt solution such as am-
monium chloride, or is added separately.

[0028] The quantity of agent used will depend on the
amount of polymer-containing material being prepared
and the total volume of solution. Preferably, the agent is
present in a concentration between .01 and 50% of the
total volume of treatment. In some embodiments, the
concentration of agent is between .01-25%, .01-10%, .
01-5%, .1-5%, .1-25%, .1-10%, 1-25%, 1-10%, 1-5%,
5-25%, 10-25% or 25-50% of the total volume of treat-
ment.

[0029] Once the facilitating agent is applied, treatment
is continued for another period of time, e.g., an additional
5-30 minutes, or for a time sufficient to allow photostabi-
lization to occur.

[0030] Itis also an important aspect of the present in-
vention that the silver is dissolved in an organic solvent
to solubilize the silver salt and prevent hydration of the
polymer. The silver salt can be added directly to the sol-
vent and stirred gently until dissolved. The photostabiliz-
ing step of the process can either follow the silver-loading
step or can be initiated during the course of the silver-
loading step.

[0031] In addition to the articles mentioned herein, the
present invention is suitable for use in medical articles
such as wound dressings and skin care products.
[0032] By the term "loading" herein, is meant, ionic ex-
change of the cation to the polymer with silver ions.
[0033] The term, "photostable" for purposes of the
present invention is meant, Controlled colour change to
a desired colour with minimal change thereafter.

[0034] "Binding™ as meantinthe presentinvention, re-
fers to the formation of a photostable compound.
[0035] Theresultant polymeric material is substantially
photostable upon drying. However, the material will dis-
sociate to release the silver if the material is rehydrated.
[0036] In an exemplary process, an Aquacel™ wound
dressing (e.g. 20 g), commercially available from Con-
vaTec, canbeplacedin, e.g., 127.5ml of IMS/water (77.5:
50 v/v). A silver nitrate solution is prepared, for example,
with water and silver nitrate in concentrations to provide
the desired final concentrations of silver in the Aquacel™
dressing (e.g., 0.0316 g/mL in water, with 10 mL added
to the IMS/water solution). Final concentrations of silver
in the dressings can range between 0.1% and 20% by
weight of the dressing. Preferably these concentrations
are between 1 and 5%. The dressing is subjected to the
IMS/silver nitrate for a desired time, e.g., 15-45 minutes.
Preferably after this silver treatment, sodium chloride in
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a concentration between 0.01 and 50% (preferably be-
tween 1 and 10%) is added to the IMS/silver nitrate bath
and treatment is continued for another period of time,
e.g., an additional 5-30 minutes.

[0037] Aquacel™ wound dressings having between 1
and 5% by dressing weight of silver have been found to
be photostable and possess excellent antimicrobial ac-
tivity. Further, irradiation does not adversely affect such
silver dressings.

Claims

1. Amethod of preparing a light stabilized antimicrobial
material, characterised in that the method com-
prises the steps of:

(a) preparing a solution comprising an organic
solvent and a source of silver in a quantity suf-
ficient to provide a desired silver concentration
in said material;

(b) subjecting a polymer to said solution for a
time sufficient to incorporate said desired silver
concentration into said polymer, wherein said
polymer comprises a polysaccharide or modi-
fied polysaccharide, a polyvinylpyrrolidone, a
polyvinyl alcohol, a polyvinyl ether, a poly-
urethane, a polyacrylate, a polyacrylamide, col-
lagen, or gelatin or mixtures thereof; and

(c) subjecting said polymer, during or after step
(b) to one or more agents selected from the
group consisting of ammonium salts, thiosul-
phates, chlorides and peroxides which facilitate
the binding of said silver on said polymer, which
material is substantially photostable upon dry-
ing, but which will dissociate to release said sil-
ver upon rehydration of said material.

2. The method of claim 1, characterised in that said
source of silver comprises a silver salt.

3. The method of claim 2, characterised in that said
silver salt is selected from the group consisting of
silver nitrate, silver chloride, silver sulphates, silver
lactate, silver bromide, silver acetate and/or mixtures
of said salts.

4. The method of claim 1, characterised in that said
agent is a metal halide.

5. The method of claim 1, characterised in that said
ammonium saltis selected from ammonium chloride,
ammonium acetate, ammonium carbonate, ammo-
nium sulphate and/or mixtures of said salts.

6. The method of claim 1, characterised in that said
polysaccharide comprises a carboxymethylcellu-
lose, or alginate or mixtures thereof.
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7.

The method of claim 1, characterised in that said
organic solvent s selected from the group consisting
of industrial methylated spirit, denatured ethanol,
methanol, acetone, isopropyl alcohol and ethanol.

The method of claim 1, characterised in that the
material consists of the polymer.

Patentanspriiche

1.

Ein Verfahren zur Herstellung eines lichtstabilisier-
ten antimikrobiellen Materials, dadurch gekenn-
zeichnet, dass das Verfahren die Schritte umfasst:

(a) Herstellen einer Lésung, umfassend ein or-
ganisches Ldsungsmittel und eine Silberquelle
in einer Menge, die ausreicht, um eine ge-
wiinschte Silberkonzentration in dem Material
bereitzustellen;

(b) Aussetzen eines Polymers dieser Lésung
Uber eine Zeit, die ausreicht, um die gewlinschte
Silberkonzentration in das Polymer einzubrin-
gen, wobei das Polymer ein Polysaccharid oder
modifiziertes Polysaccharid, ein Polyvinylpyr-
rolidon, einen Polyvinylalkohol, einen Polyviny-
lether, ein Polyurethan, ein Polyacrylat, ein Po-
lyacrylamid, Collagen oder Gelatine oder Gemi-
sche davon umfasst; und

(c) Aussetzen des Polymers, wahrend oder
nach Schritt (b), einem oder mehreren Mitteln,
ausgewahlt aus der aus Ammoniumsalzen,
Thiosulfaten, Chloriden und Peroxiden beste-
henden Gruppe, welche das Binden des Silbers
an das Polymer vereinfachen,

wobei das Material nach dem Trocknen im Wesent-
lichen lichtbestandig ist, aber nach Rehydratation
des Materials dissoziiert, um das Silber freizugeben.

Das Verfahren gemal® Anspruch 1, dadurch ge-
kennzeichnet, dass die Silberquelle ein Silbersalz
umfasst.

Das Verfahren gemaR Anspruch 2, dadurch ge-
kennzeichnet, dass das Silbersalz ausgewahlt ist
aus deraus Silbernitrat, Silberchlorid, Silbersulfaten,
Silberlaktat, Silberbromid, Silberacetat und/oder
Gemischen dieser Salze bestehenden Gruppe.

Das Verfahren gemaR Anspruch 1, dadurch ge-
kennzeichnet, dass das Mittel ein Metallhalogenid
ist.

Das Verfahren gemaR Anspruch 1, dadurch ge-
kennzeichnet, dass das Ammoniumsalz ausge-
wahlt ist aus Ammoniumchlorid, Ammoniumacetat,
Ammoniumcarbonat, Ammoniumsulfat und/oder
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Gemischen dieser Salze.

Das Verfahren gemaflt Anspruch 1, dadurch ge-
kennzeichnet, dass das Polysaccharid eine Car-
boxymethylcellulose oder Alginat oder Gemische
davon umfasst.

Das Verfahren gemaflt Anspruch 1, dadurch ge-
kennzeichnet, dass das organische Lésungsmittel
ausgewahlt ist aus der aus denaturiertem Industrie-
alkohol, denaturiertem Ethanol, Methanol, Aceton,
Isopropylalkohol und Ethanol bestehenden Gruppe.

Das Verfahren gemaflt Anspruch 1, dadurch ge-
kennzeichnet, dass das Material aus dem Polymer
besteht.

Revendications

Procédé pour préparer un matériau antimicrobien
stabilisé Iéger, caractérisé en ce que le procédé
comprend les étapes de :

(a)préparation d’'une solution comprenant un
solvant organique et une source d’argent d’'une
quantité suffisante pour procurer une concen-
tration d’argent désirée dans ledit matériau ;
(b)soumettre un polymére a ladite solution pen-
dant un temps suffisant pour incorporer ladite
concentration d’argent désirée dans ledit poly-
mére, dans lequel ledit polymére comprend un
polysaccharide ou un polysaccharide modifi€,
une polyvinylpyrrolidone, un alcool polyvinyli-
que, un éther polyvinylique, un polyuréthane, un
polyacrylate, un polyacrylamide, du collagene,
ou de la gélatine ou un mélange de ceux-ci ; et
(c)soumettre ledit polymeére, pendant ou aprés
I'étape (b) aunou plusieurs agents choisis parmi
le groupe comprenant des sels d’'ammonium,
des thiosulfates, des chlorures et de peroxydes
qui facilitent la liaison dudit argent sur ledit po-
lymeére, lequel matériau est sensiblement pho-
tostable au séchage, mais qui se dissocie pour
libérer ledit argent lors de la réhydratation dudit
matériau.

Procédé selon la revendication 1, caractérisé en
ce que ladite source d’argent comprend un sel d’ar-
gent.

Procédé selon la revendication 2, caractérisé en
ce que ledit sel d’argent est choisi parmi le groupe
comprenant le nitrate d’argent, le chlorure d’argent,
les sulfates d’argent, le lactate d’argent, le bromure
d’argent, 'acétate d’argent et/ ou des mélanges des-
dits sels.
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4.

Procédé selon la revendication 1, caractérisé en
ce que ledit agent est un halogénure d’argent.

Procédé selon la revendication 1, caractérisé en
ce que ledit sel d’ammonium est choisi parmile chlo-
rure d’ammonium, I'acétate d'ammonium, le carbo-
nate d’'ammonium, le sulfate d'ammonium et/ou des
mélanges desdits sels.

Procédé selon la revendication 1, caractérisé en
ce que ledit polysaccharide comprend une carboxy-
méthylcellulose, ou un alginate ou un de leurs mé-
langes.

Procédé selon la revendication 1, caractérisé en
ce que ledit solvant organique est choisi parmi le
groupe comprenant un alcool méthylé industriel de
I’éthanol dénaturé, du méthanol, de I'acétone, de l'al-
cool isopropylique et de I'éthanol.

Procédé selon la revendication 1, caractérisé en
ce que le matériau consiste en le polymére.
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