04 April 2005 Light Stabilized Antim crobial Mterials This application
clains the benefit of priority of U S. Provisional Application No.

60/ 250, 182, filed on Novenber 29, 2000, the entire contents of which are
herein incorporated by reference. 5 Field of the Invention This invention
relates to light stabilized antimcrobial materials and net hods of
preparing antimcrobial polyners for use in wound dressings(ggg ngéﬁg I
devi ces. Background of the Invention 10 Infection is a probl ge! %gted
wi th wounds. Infection can retard wound healing, is traumatic for the
patient and can significantly increase treatnment costs and tine.
Consequently there is a need to both prevent and treat infection resulting
from wounds or wounds in conjunction with of wound dressings, or the use

of other nedical devices. Exagmlsesilieédd SitkicroBRVMaRFalgt i ncreased risk
i ncl ude prosthetic devices, inplants, or wound dressings used on acute 15

or chronic exudatTmpM%mJ hbobfof}fiodts B EXCAoRNod Wil aoio { OPI cal

anti m crobi al ents known to include antimcrob |g%ﬁagents in

mat eri al s usé@ SFH%“H%HﬁW§@FB¢%2%ptmﬁ@&ﬁé&ﬁ“ﬂéﬁﬂ@@&m@b@ﬁﬂaﬁmWHﬂﬁﬂ
dressings, os}amyesafpl i ances and others. One such antimcrobial agent is
silver whgch is used-in various fogaﬁ PECE as salts or other silver
conpounds "and whi ch can be used i B ol yners, textiles and
adhesi ve conponeritiss id@nupierelateato tight stitaled gitiiesbia fnaRiitund evheBSE A pr obl em
W th silver- [ sensitive to
I i ght which ggﬁégggﬁ%%g&?hgwfgdgdug%o %fﬁ P%%m1$m$n£xgd%ger¥contalnlng
material. Nunmerous efforts have been nade to render such materials
phot ost abl e, however there is sﬁ*k o thvigognhance the
photostabj | i zation of silver in material s conpr|5|ng hydr ophi l'i c,
anphot eri ¢ and arfffriioe ‘WTW@J{@WW? g“t]F wounds, o {nfegtion cag fefsrd Pé/‘@c

pol ynmer s ar e tA&matis eﬁtherpaﬁaathnaadn s@ﬁiﬁbﬁaﬁ incregse &éadmmbqsts ahdmﬁd)mﬁkedlde&tyt
stabilized S|quracon qﬁg;qglg and ds fo t hei r, manuf acture
have been solght: ® E7P5% BHEARE AR °§F§§“ °|’mf>°é‘§ SPEFRES S0f forming
ant i - m cr obi apnjuretan withof wnuxtdrdeessmrct&cese@f othrerdiedizl detdess. climmplhaf sebat | ngs
described i nglyde am&aLedlf@pﬁdwfpbosa&c%we@ limp ﬁ%&&{m dltemn?s BEPGERDe

requi res higher than anbi ent gas pressures an ow t enperatures, which
788411. 3. B P1chronipgyydatingrwoungds. This can be achieved by the use of topic antmucrobml agents,

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
20  used in the fabrication of such devices. A problem with siIvar-containiné materials is that they
are typically sensitive to light which causes uncontrolled discoloration of the silver:containing
material. Numerous 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 especially true where such polymers are
25  used in medical devices. Accordingly, improved light stabilized silver-containing polymers
and methods for their manufacture have been sought.
U.S. Patent No. 5,770,255 describes methods of forming anti-microbial coatings on the
surface of medical devices. The coatings described include metal ions such as silver.

However, this process requires higher than ambient gas pressures and low temperatures, which
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1 04 April 2005 are inconvenient and costly. Further this process results
in a distinct disadvantage that the coating alters the dinension of the
medi cal device. Such changes in sizes of medical devices such as inplants
can affect the useful ness of the product. In addition, netal ions present
as coatings on the surface of nmedical devices such as dressings may render
the product toxic. 5 U S. Patent No. 5,326,567 describes netgﬁ§s1$%gﬁpking
si | ver-contai ni ng conpositions for use in nedical applicaticdraPH
conpositions contain acrylic polyether polyners such as polyethyl ene
glycol and are coupled with silver nitrate. However, this systemis only
suitable for use in solutions and is very sensitive to solvent and salt
conditions. Further, this systemis wunlikely to be sufficiently robust to
survive st er i dré inadnivénient adlicodly.i Burbersigngrodbs résoks i disithctl disadva@iage thig the

Addi tionally,_this.s m.is unsuccesst ul ep applied ta fibrqus or

hydr ocol | oi d co\%\%l %l&er%{r%% glg}eﬁséosn : o %.e ge‘%ﬁziieevhc ' CH dffg%if‘ Sfﬁ?’,gfdrfeglﬁl g%vé°§s t he use
of ultravi ol ewuch asimplprtt @u afféct thevsefulngs of ieprodwigosddition meetidl fond freses asuch as
bandages. Thegdhdot avhOhShce df GidkilH Blvick SR & Bl S RRARERS b %uéagiié.\“ ty of

the silver, but the problem of photostability I's not resofved. Further,
this proceds is 15-HPumtdeati26 50 dercripedsthots ¢ makingsilyar-optpiniss cqmpgntiangle
conmpounds i n fepit aChedwhl applvaiidael SThe chaddkitibdlcaitdiy adagic pely R p@ythdr St s Of
fluoride conpo§p@$ tQ@% wouyl d be regHL ed.to hi eve, . efflcqﬁé..ubs. Pat ent
No. 4, 646, 730PHER FRscbicol 3] e ceiple Wb Rt e Vb e e & opl it

sul f adi azi ne fof RV s8BD)ns hydis ege bendtivessiohgs andvak cenditioas. Fetther, shif pstened by
utilizing el eghk i wat.lon .. - r P

Phot ost abi | i zat |% toit%g%%%@? gdc??%Itopgrarg\l/vlg%%%&%ﬁ%&ﬁg%ﬁé@giﬁggé@ﬁdsi licate to
the gel, dhd {essings aigHiionnlly,4hiseysian d ungreerydin olenrpplied dx fitteus anideseollowl yacryl i c
acid. This pre&edaressiiggui res specialized equipment to carry out the beam
irradi ation. Furthe t hi rocess uses a rogel. and t herefore would be
i nconpati bl e wit h%d{ H@Fntllv%uﬁﬁzdpgé‘i‘?rf’ﬁ“d “tey‘ﬁ“e@‘/‘gﬁﬂgh ‘EE‘E‘ﬁ?ﬁ Sgﬁﬁr g‘é".“dQS VO

00/ 01973 descdtantpestichs mlitelnk freh astabdagésC Thdilttviootigantent tefuniadlg ahhmedtherg Sil ver
for use in waung SheSInSS uc ool bl Sull ADChonMRl Aucqmlex i th a
primary, secon aP& or tér9|aryan1no an g Toprex sV assotiPatéd ™t o one
or nore hyé8r ophblématic poh yasgacto tHelsalely ef fluoridelvempouhdsdnlcapfactwithomesdsng i mts the

t f d : t f
ype ot pro ufa&t&ufaﬁ%sﬂé@gn&&aﬂ&ggl"%ﬁ%@t{aglpﬂl;gsﬁg%k{oﬁlgi%(ejPe%?{)cgEoeJcﬁ@v'ie rate o

silver. This process IS better apte ucts which, due
to the efficacy.
U.S. Patent No. 4,646,730 discloses light stable polyvinylpyrrolidene/silver sulfadiazine

(PVP/SSD) hydrogel dressings, where the gel is formed by utilizing electron beam irradiation

20  to crosslink the PVP. Photostabilization is reportedly provided adding magnesium trisilicate 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,

25 WO 00/01973 describes stabilized antimicrobial 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. However,
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
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-2 04 April 2005 adhesive matrix, suffers fromlow availability of silver.
This systemis unsuitable for application to water swell abl e/ sol ubl e
materials once they have been fornulated. U S. Patent Nos, 4,906,466 and
5,413,788 di sclose antim crobial conpositions suitable for topical use or
wound care and whi ch exhibit suppression of light instability. The 5
conpositions conprise an antimcrobial silver conpound depo
physi ol ogically inert oxidic synthetic support materi al %ﬁdﬁPﬂgmdgea
form such as titanium oxide. However, the resultant product has been
found be susceptible to darkening due to the reduction of the silver
conpound to netallic silver. Further, the use of insoluble particul ates
such as titaniumoxide as a support is not desirable in wound healing

product s becaﬁl&ﬁvéxhﬂrmaﬁﬁ'ei'mﬂnﬂbﬁﬁvﬁﬁlﬁht?Gﬂﬂ"véieﬁ‘ﬁﬂsyﬁt@m 1%9@15 REFei gn bodi es
and nmust be r

u. 446,124 re he use of
anmoni at ed Sg% 1(?5 p“éafeéf‘@ﬁlﬂfoc&um ’Pﬁtﬂi&is opgedtey fave eeﬁ? f‘)@&bumudressi ngs.
The SSD is i ncor pJofaRated: Nost £906/466 and§sm£7&8>d1ssloalanmcrbhﬂ conp@Bives shifebRn
amoni acal S%:Pt%@éease ddha SUSRE DL &mb\@y&#dp?es{l

g{ﬁ SR Selution is
reported to in e concentration o ver 1| ¢h can ]E)e i ncor por at ed
into the dr e§§‘FIPPg§m°l§5°IBP¥§F esantiicrqbiabsiiversoinpounddepprited frorphisiclemicalyinerh| | kel y.

Further, thi %mﬂfc@ﬁﬂﬁﬁc Hl%ﬁﬁt BddcliBh phrkiSOroAS suchla@mﬁﬁm EA@ Sowidal @l 1S

undesi rabl e for use%J {solne#n accordance with present invention, a

novel net hod “FofeRt 5 B‘rhéspléFF% e §psceptiplp o datkenipg 4“?2"6‘&‘3 @ii‘{“(}@r" &858 ni ng

gydr oan lic, conphnt termecaﬁﬁmmveammu,ahﬁﬁg yﬂt?osxbleﬁaxdhﬂeﬁés@mds t1tIh¢z$oxuﬂdh¥entl on
escri bes si nsi ve ods, for the tion of s

pol yner s thaimépgmg;r}%\(#l‘peég et ‘\i/g%gu TS e&??lsethgﬁ?&‘?[ gﬁgﬁf‘g’ﬁm‘gﬁ#l vity in

a water sifel Ibaﬁlf@gmwenndlmusﬂbatenwaw be terminally sterilized. Summary of

the Invention Theygr&aei. uwwr%estémg ;efg gonfa%afﬁ%b%é@o&{edmoepa“ ng a

mat eri al which contai ns one 25 or nore terirc or anionic
pol ymers, whépettjme Eféﬁaf%humr#a%“%ﬁﬁt ke bmwmorﬁamwwlmpbw&%w t he

mat eri al contigduainng mﬂlemmi SSTRdofuSidn drSuspérSidn.i Whike thefhiriohtuntiRlbtiésis reportegpouNd

dressing, or . an ost S0 .. Nnc ed in invention are
pol ymarg and BB ffnggosucﬁfrgtbo& gngl\fﬁlféaﬂgbeet%%ﬁ’g”%géné‘fﬁaf)‘grassﬂ%r ein. The
present i Hvemphotostabiligatmd isawt megptionss anddyentikelir eFyptherthis protesbeseaanil fisud 8 easi | y
appl i cabl e tQhe"%@ﬁs‘c’r&e,%&kcﬂ@uﬁd&ﬂ%%rN@Lleql?ouﬁwl | abl e 30 materi al s.

In accordance with the present invention, a novel method for the preparation of light

stabilized silver-containing hydrophilic, amphoteric and anionic polymers is disclosed. This
invention describes simple and inexpensive methods for the preparation of such polymers that

20  provide effective and non toxic antimicrobial activity in a water swellable material that can be
terminally sterilized.

Summary of the Invention

The present invention is directed to methods of preparing a material which contains one
25  or more hydrophilic, amphoteric or anionic polymers, where the material has antimicrobial

activity. Preferably, the material containing the polymer(s) is used in a medical device, a

wound dressing, or an ostomy device. Also included in the present invention are polymers and
materials prepared by the methods described herein. The present invention is advantageous
over the prior art because it is easily applicable to water soluble and/or water swellable
30  materals,
-3-



-3 04 April 2005 In the inventive nethod, a solution is prepared conprising
an organic solvent and a source of silver. Typically, the source of silver
isinitially dissolved in water, and a solution is forned by m xi ng water
with the organic solvent. The quantity of silver should be sufficient to
provide a desired silver concentration in the material. Appropriate sources
of silver include 5 silver salts, such as silver nitrate, silver chloride,
silver sul phates, silver lactate, silver brom de, silver a®bARH 2000y er
carbonate, silver iodide, silver citrate, silver laurate, silver
deoxychol ate, silver salicylate, silver paraam nobenzoate, silver
paraam nosal i cyl ate, and/or m xtures thereof. O her appropriate sources of
silver include but are not limted to any sinple water and/or al cohol

sol ubl e silver sainfte @@nﬁaﬁethom%om@nxmépatea c&h;t%issghﬁ&géa& sbifi &RlaUL i On Tor
atinme that is suff]!l eft t&h ncor por a desifed Silver concentration.
&5k 9BHEIRNE

During or aft et & R e V?Sc‘ﬁ %ﬂjry disgobeed iy watereagd g gplution i
sol ution, thdompel yymixidgsvaenbitieht edadicsove®. Tle ¥Rty dG6RE SonllbhidcRgih i t at e
the binding of,thg des?r'eé Mk cg?cgnt}agﬁqig %He%T?eﬁgt ggpro%r}#egwsrg%% lﬁ% &}% nts

i ncl ude anmori a, anmoni um
per oxi des.S | riilyshaaltpsuthas pilver Ietrmdlvnmhtondﬂ, kityemylphitesj Sivardpsygiver bomddyoni um
chlori de. TheiyesddlaleAiler GRbdRath Aliver ﬁydﬁuweﬁflfrat@'sh%r ROGE Qg nfRE". dr y' ng
of the materi al However, the naterial w ssoci ate to releas€e

silver if thdlympadFylate, sieer PEMpeCbnatste, perppagaingalicyietepaoliormigtures H@fepﬁ\vent i on
20 " have fcﬂmedaféﬂﬂ@haﬂetsodr&s Sraavek Rkigdd Wt &b adtilinkidBio 3yl sffle wdlerRRYHTET S Whi Ch
are used in }?‘FE?I c(g Iat d materials. This gives the advantage that the
materials ex °(1 ‘Hﬁ Hboi al activity while being | ess susceptible to
phot o- degtadat i onNext, the pgplyhnessmﬁajetﬁed/iotﬂ;asoﬁﬁmﬁoeaﬁnhegm:s seffieibit kd ideeporapdi cal

mat erl al I S Qﬁg ekﬁulsﬂej' é’on«?emr&t%?lﬁur[n orzﬂf %Ee \Aﬁwﬂereug{he al gecxlm’ gh%etdtgr eate a
nmoi st wound heal | ng envi ronnment par gy used oder at el y or
heavi | y exudithfForEom gy nelsmeritiybiggeddp prsrer @Owﬁg@@m@hﬁvﬂw@me igndimzrofthedi cal

material s whisgfer bﬂrteeflionyn{emg&tﬁehemﬁm& ig@ﬁtﬁmelﬁ&%ni&ﬁﬂ, SR shific| ude ostony
products, ost n¥‘ gggslt Ces r ’9@ |ca mat eri als that are exposed
to potenti al I"@ fr eﬂa Bero: E“oﬁné?P TediemBodiment ks 485t SRR P e s

met hods of5 praepeniumgh@rigat eri al whi ch cont al ns one or nore hydrophilic,

anphoteric or anignic po ere n_the rs haye 30 ntim crobi al
activity. Prefera r;gsu ne %aqgftl%irsls% ’(%hoﬁoﬁ‘% P% 's used in a
medi cal However, the material wilf dissociate to release the silver if the materlal is rehydrated

Detailed Description of the Invention

20 We have found that it is possible to stabilize silver in polymers which are used in
medical-related materials, This gives the advantage that the materials exhibit anti-microbial
activity while being less _susceptible to photo-degradation or light-sensitivity. Such a light-
stabilized medical material is particularly suitable for use in wound dressings, that create a
moist wound healing environment particularly those used for moderately or heavily exuding

25 wounds such as chronic or acute wounds. Other medical materials which benefit from the
methods described herein include ostomy products, ostomy appliances, or other medical
materials that are exposed to potentially infectious agents. '

Accordingly, the invention provides methods of preparing a material which contains
one or more hydrophilic, amphoteric or anionic polymers, wherein the polymers have

30 antimicrobial activity. Preferably, the material containing the polymer(s) is used in a medical
-4-



-4 04 April 2005 device, a wound dressing, or an ostony device. Materials
which are particularly adapted for the inventive nethod include

gel -formng fibers such as Aquacel'''~t (WD 93/12275, WO 94/16746, WO

99/ 64079, and U.S. Patent No. 5,731,083), or those described in WD 00/ 01425
or PCT/GB 01/03147; wound dressings containing simlar gel-formng fibers
behind or 5 overlying a non-continuous or perforated skin-cantact I%yéer
such as VersivaTM (U.S. Patent No. 5,681,579, WD 97/07758 &Ad \Righ20

00/ 41661); DuoDermim (U.S. Patent No. 4,538,603), DuoDerm CG-TM (U.S.

Pat ent No. 4,551,490 and EP 92 999), or a blend of two or nore fibres such
as CarboflexT" (WD 95/19795). The present invention well-suited for other
materials which contain carboxymethyl cellul ose. Further, the present
invention is dsiegRivageissioy of ad diRmd Qevikiel Matedl$ WG ASRiIchkel] SafaSh ¥
applicable to,water. sol ulal,e nd/lg.r wat %r swel | abl e materials. _ Polyners
suitabl e for PhRVEHELEso i“?ﬂ)’@ﬁ??' Prming foers e g fauagelt™ (YP SpLHTS IO ¢ o,

pol ysacchar i de#l6a46, Wsiofd4emd, mail 1y S Fariaio. 58,080 bytkéss Méstrited @l wd 0081425

pol yvi nyl alc invl, ethers, polyur.ethapes, | yacryl at es,
pol yacryl ani d(ge}? %Irg}g?l ?lggg%ﬁwae d gfesiings S?m?ﬁmxg\t/sﬂ?‘g‘ggi?wgg?‘?rylfeﬁm%?ref erred
enbodi ment 3, Ry spreesingws begerfonid Haxsonattiaykoedt a Vesiea™QYES) Pasatv. 15 as

sodi um CMC. | i ner can., ol.ys rj de

compr 151 ng a are eI ka o SyRRe Bloriat 86 s el AT EHR L

car boxymnet hy| ResiDieuh GGE™ LS. Rhtgit Mt £:551)460 and EROL 9% 100 6l bIeRiIf Swo dr idreffibtey MET S
ncor por ot ed Tk CsEhR Sl ud RITeS, e SR a ar e S SR | | o,
Nn. In the i nykiehdopteinsabdryuethycetiolosst Forthef, shepresqppinedtierospivhmigags aver e gani c
sol vent angl &R0 SRS ' | r red in a
quantity suf ?lirci ent toﬁéﬁfgﬁ%?ﬁtﬁ Ezg[eggg?t%g%}%[és%Pj\?gtr%a(&:}losglglga%e%éa{%?%sﬁ in the
resul ting product Polymus siabjedsr the greqeptdpvestig;inchide Yuttaee qoblmiteddd, vent / si | ver

sol uti on so aglysstchari6RoPRbAL dolySacslialid polyWhflpridhddde YRy bR I I €at ed
polymer is ﬁ!‘é ﬁ%‘fﬁ@%@é}%& or ng{raer&l?'ggg&%‘ﬁ% chegha ag%qt]e sI | ver-containing
material is S , » §Atin G MEXMIBRer eaf t er
di ssoci at e uptbereafe fyptefakédembodimehe thrpbignératontadRabbg methglodikses @M Rich can be
any known,sol - 0 riate solvents .include but are not

T tod o i St gﬁ%@ %éle%%%@g%%%ipf’@ﬁ‘ﬁé‘} bep“rpu"h&*ﬂ‘&f‘ SFORPHIES) ) |

ethanol,  netdidasimethyiselinnseoratginales opugyle of kabtphethyldeules andcaginte. the si | ver
can be any cogng @xhlﬁ:tatmeﬁ@,Ltﬁ&;f‘oxynﬁi‘@eBHLjﬁ§¢19$ %Bg?fdng%ﬁg%%gé]?lg%{qg%q si | ver

include silver salts, such as silver nitrat Vv ver
sul phat es, si Whiehcan be incorporated into wound dressings such as Aquacel ™ (ConvaTec, Skiltman, NI).

In the inventive method, a solution is prepared comprising an organic solvent and a

20 source of silver. The solution should be prepared in a quantity sufficient to provide the desired
silver concentration in the resulting praduct. The polymer is then subjected to the
solvent/silver solution 50 as to incorporate the silver inta the polymer. 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,

25 The organic solvent can be any known solvent. Examples of appropriate solvents
include but are not limited to industrial methylated spirit (IMS, principally ethanol), ethanol,
methanol, acetone and isopropy! alcohol,

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
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-5 04 April 2005 lactate, silver brom de, silver acetate silver carbonate,
silver iodide, silver citrate, silver laurate, silver deoxychol ate, silver
salicylate, silver paraam nobenzoate, silver paraam nosalicylate and/or

m xtures thereof. Qther appropriate sources of silver include but are not
limted to any sinple water and/or alcohol soluble silver salt. 5 The
quantity of silver should be sufficient to provide a desired silver
concentration in the material. The final concentration of $ARi 3005 he
material is between about 0.1% and 20% by weight, for exanple, by weight
of the resultant nedical dressing. In some enbodi nents, the concentration
of silver is between 0.1 -10% 1-10% 10-20% 5-20% 5-10%or 0.1-1% In
one preferred enbodi nent, the final concentration of silver is between

about 1 and 5%y SLW%! tggﬁndé)fsﬂvjepa&ﬂﬁ sﬂjxfe?éﬁ]oﬁ'ﬁc SLFvEﬁB(ﬁEeain)én itk sify @ zﬂé ration
in the treatnment solution.is from 0,001 polymer to 0.2

pol ynmer, mor SUpF desydply slrgstioyips 3&7’*@’%@%]’% eltPaGSmﬁ?sgth}’?m pol yner .
Preferably, Vﬁ%ﬁm‘kﬂ&s SREHT Ot afprdpHQE sdufted BT Silver iB€thde ®lid/ard ik fihidddlty arl SSOI Ved
in water rat herletal ] % F‘ﬁ i@)g%ﬂl calésol vent, then added in an
appropriate amBInFA YRR RIETIYE S concent ration of silver in the
final weight of pohexuarity d5ilwaathenld basufiipenits eavidea ﬂdmeedpﬂ&s edhbentriioand i on,
especial l'y f e Sﬁa?%t@%ﬁﬁ?%&znﬁagéntdfﬂverLﬁﬁ:!eH{g{eHll etvpeen a)out%l l‘VveGZB‘F’ fore

addition of t ver to € organi c so nt of shoul d
be suffi ci entbystright, quavsmwhebsswsbépfth@ewmmeﬁl@l %te&smssblsmﬁemhwd@@mmtheon but

not so nuch t@nceh@sivh bf sitvkr RYERAL ©N-169, i-hi% @@hbﬂwzov\ﬂbnb% o%@%%s nfdeunt s of

silver can be ?I’ esen Jél?‘ SUsp ensi on, fo exa form n(IZJ r eserve, anounts
effective forPFHESEHE? T%ﬁh"lfﬂfl(quq’é“m%@fﬁ‘@ﬂe&%?m%&ﬂ"& 5@5/?1 st ofon-
Such anmoumt s tiodrbssing ePrefasbly, \thatdh@htétioRialie tegtmbd osistionfis frodd @lumegvg/ofs kill in

the art vmtho und xperd nent ati o e aroun er used is
no greater tI‘RL';lé ég%?%%glf’%f“gfpfegmgr%gﬁbq& %02' ’f‘f&rt 358&/?\/?13 that the
material is Sl?b]ﬂ@&tﬂ;@fcrahiy,mwemlswp@f silver inmpss facidrdly iitihily disselvied ih water

i ncorporate tﬁﬁerd&ﬁ'tﬁe‘:ﬁgat%fgjaﬁggolﬁﬂtﬂﬁ%ﬁ@txﬁ mp%re Satd RBuR sy aelFf erably,

the material is 25 sudecte to the sol ution ween 1 an 120 mnutes. In
sone enbodi mefpentratigpof siveg indhe gl weightaf polymeet ween 1 and 60 minutes. In

ot her enbasli ment SWafeh&n'bBGdé@ aith@p}eskﬁtfmredti‘én,bﬂieﬁﬂ@rfoﬂtﬂe pudiddes4binfilainut €s. I N
30, 515 or TORBEEPRchiliek Dl AR B plse g Breeny e TRRARLER YRy
subj ect the nshtwd beadufficient shidhahe tie wilvienia advtpbakel yHipaina i0 sohitios, bradoesoi mich wsed and
can be easi| yregﬁtineﬁfﬂaﬂgtgof% p%f}gler(.) fWﬂfe%jcc@@raMounts of silver can be present in
suspension, for example forming a reserve, amounts effective for incorporation into the
20  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 alcohol.
The length of time that the material is subjected to the solution is a period sufficient to
incorporate the desired silver concentration into the polymer. Preferably, the matenial is
25  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 13
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
30 - skiil in the art.
-6-



30 skill in the art. -6 04 April 2005 Tenperatures between 0 to 100C are
appropriate for the present invention but preferably anbient tenperatures
are used. Different tenperatures can be used at different stages within
the range stated. During or after the period wherein the polyner is
subjected to the solution, it is 5 subjected to one or nore agents which
facilitate photostabilization. Suitable agents include ammunia, anmpnium
salts, thiosul phates, chlorides, and/or peroxides. Pref erre@4d%%rﬂt2500§re
ammoni um salts such as ammoni um chl ori de, amoni um acet ate, ammoni um
carbonate, ammoni um sul phate and netal halides such as sodium potassium
cal cium magnesium and zinc chlorides. The agents can optionally include
m xtures of the above salts. In one preferred 10 enbodi nent, the agent is
added to the trea ] BEHSALR, OH . {.an such as
amoni um chl ori de&%ﬁﬁﬁaﬁﬁ%@p}ar at el 4 %ﬁgéné?s%ﬁt '%?Atgglgﬁt used w ||
depend on t hePrairBblnembient trsppraRFes e sedi Riffetpntitamesratures cambs used B difforarted and t he
total vol une afgeswhnit in@rngdMRdser ably, the agent is present in a
concentration between. 01 _and 50% of the total, K vqlu of treatpent. In some
oo Nt 515 t RO AR A TS Ao s AT 1 e 0B 01 1004

. 01 - 5% . | - 5% subje@EMp onclor hidRe agints WIGLN facilitdte photdktabifigatibn. uitebleldge?bitolate 25- 50%
of the total A . . e.the fagjlitatin ent is applied,
Creatnent s Sondtib ol ST baptlEruloifer Bt Sl B ale BP0
5-30 mi nut es, argporfiune salfs suchyes agurfohiug chiatide, mmddiupnaceiatet aswmoabyim dabandteon t o
occur. It is aﬁa&mmmmﬁm@m&&cﬂssédﬂ&%@éﬁ&}c aﬂ,}ﬁg%@ﬂ.ma@& the
silver is dissolved in_an 20 organic solvent to solubilize the silver salt
and prevent h3iergioriges dhe iesus gaoptiaaplly inginde arytyses of the ghqve salts, Heons arglred
directly to t&agboleweitt agitls Sdded fo@id t@QREAt Ynitiite bd aq@éoSShi@hm skl eolution

phot ostabilizin step. of . th rocess can . .either follow the silver-1oading
step or can b%’cg?‘ﬁaﬁuﬁ’%@ﬁw&{?f’lﬁ%g“f?‘f@eiiﬁﬂi’f’%y‘ of the silver-loading step. In

addition to the armhe glagtty ofagtatased svithépeaidop thehmoyprt eyelyiner-contivingounterigl
sui table for j ' ' . i ngs and skin
care products. E&fr%ﬁrgg?ng%&b@é)%t&k%ﬁ%ﬁ%&ﬂy’%@%ﬁmﬁeﬁ%ﬁhgxc hange of
the cation tocquprstrgipnpeteeennplk 4nd 5% oftbe tofabyplumei treatmgnty In'sprprambadiBgate” f or
purposes ofs t e chHc@BBidn df BLBINE bedieeh D1TBAND1-168QNG1 5% | RSb4, 1-25%, .1-10%, 1-

25%, 1-10%, 1-5%, 5-25%, 10-25% or 25-50% of the total volume of treatment.

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 photostabilization to occur.
It is also an important aspect of the present invention that the silver is dissolved in an
20  organic solvent to solubilize the silver salt and prevent hydration of the poiymer. The silver
salt can be added directly to the solvent and stirred gently until dissolved. The photostabilizing
step of the process can either follow the silver-loading step or can be initiated during the course
of the silver-loading step.
In addition to the articles mentioned herein, the present invention is suitable for use in
25 medical articles such as wound dressings and skin care products.
By the term “loading” herein, is meant, ionic exchange of the cation to the polymer with
silver ions.
The term, “photostable” for purposes of the present invention is meant, Controlled
colour change to a desired colour with minimal change thereafter.
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col our change to a desired colour with m nimal change thereafter. -7 04
April 2005 "Binding"" as neant in the present invention, refers to the
formati on of a photostable conpound. The resultant polyneric material is
substantial ly photostabl e upon drying. However, the material wl|

di ssociate to release the silver if the material is rehydrated. 5 In an
exenpl ary process, an Aquacel TM wound dressing (e.g. 20 g), comercially
avai l abl e from ConvaTec, can be placed in, e.g., 127.5nl of 'iﬂ/e?toél%
(77.5:50 v/iv). Asilver nitrate solution is prepared, for exanple, with
water and silver nitrate in concentrations to provide the desired final
concentrations of silver in the Aquacel TM dressing (e.g., 0.0316 g/nL in
water, with 10 nL added to the | MS/water solution). Final concentrations of
silver in the 10« bs t of the
dressing. Prefer aépﬁﬁ?hgg%e&ggr% n%f&étgl ?%n\r‘\!{g'gg?f%s %e%@mgg?\a%g{%tﬁémwﬂm
dressing is §Qmﬂ°é@ced to the IMS/silver nitrate for a desired tine, e.g.

15-45 ninutes. Preatesa %@@Jm&téﬁaﬁlswswauﬁﬁt@ﬁﬁtmponagﬁgumoeb&eprl de in a

concentratio bet ween ;ﬁ 1 and 50%th§ ablelgﬂ? \#?? and 10% is added

to the IMS/s feripfivill dissocipis fqreleasy ‘f"ﬁﬁ%d for anot her

peri od of stine, dngnaxeapla@qbfhcésb &na.lquacélghﬁmﬁﬂ)dmmg(@ 20 g coatekcialy wound

dr essi ngs hayi and 5% by. dr es w[g | h been
aﬂgjéés) onva , can be {aceé/ in, < %153 .ﬁx?lo /Q)tdtep 73/ S#V/W A&V%y_

found to be p 2 and pOSs antIm crobial activi
Further, irr amamsvlmn lm%redader ﬁadmétr siith yatarf dng siversnieste ig congentralghngiosi ngs. Al |

publ i cat i ons Mﬁe&%h&&%ﬁﬁﬁcon&eeﬁéuum&m@%ma%u&um &:@ng@g%to@m mBNd
patent 20 appl ications, cited In speci fication are herei nlubtﬂcorporat ed

by ref er ence it Waterhwifly 10k pdded to ‘hé@’[s’“‘lateé%’éﬁmpn Hingliconsetrapions of €%
r ef er encelone dfessidae €dnfringa bdtyfesd 0% 4A6I RO% ByiRtikht of theldreing dPreforable thesencor por at ed

by reference. her e|n u t forth 90 005 Wat

c?/al nmed is: iﬁﬁ&”ﬁ&’ﬁ %Tleaﬁgl%l hSE drysping e ms’legﬁ{ll?ol zelgi < HET obi aI

mat eri al comdasursd tige, bgels}ﬂﬁp&uteef Paeferghtyeqfiar this gilvar wotment, mmmhbndesmng an
organi ¢ sol VeQooftfifion BB 5 anl Sost grErhnt) Beedfechl Al lobey isSllcihsbgnt Lo provide

IMS/siltver nitrate bath and treatment is continued for another period of time, ¢.g., an additional

15  5-30 minutes.

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

All publications and references, including but not limited to patents and patent

20  applications, cited in this specification are herein incorporated by reference in their entirety as
if each individual publication or reference were specifically and individually indicated to be
incorporated by reference herein as being fully set forth.



desired silver concentration in the light stabilized and. m crobial
material; b) subjecting a polyner to the solution for a tinme sufficient to
i ncorporate the desired silver concentration into the polyner, wherein the
polymer is selected fromthe group consisting of a polysaccharide, a

nodi fied polysaccharide, a polyvinylpyrrolidone, a polyvinyl alcohol, a

pol yvinyl ether, a._ polyurethane, a polyactylate, a polya%kéAa.éﬂf a
i Pé? 0 yrer

collagen, a gelatin, and a mixture ther8of: and c¢) subject
during or after step (b), to one or nore agents which facilitate the

bi nding of the silver on the polyner, wherein the silver is substantially
photostable in the light stabilized antimcrobial material when dry, but
will dissociate fromthe |ight stabilized antim crobial nmate- rial upon
hydration of the light stabilized antim crobial material. 2. The nmet hod of

clain11i furtﬂvﬁap dﬁﬂéﬁﬁsﬁb using the quht stabitizeq anLinicrobia
gghg” 2i néﬁ%@&%ﬁ“ﬁ%%%r?ﬁl‘;; :r wound
0o 250" i prepaingl solotoroomprising s atpini soRncADA T et 154
c :'blm Il’zcmerg?mmﬁﬁvef i§'d yoanticpsuMicient 2osptowidesal t. 10 04 Apri |
2008 desired silver concentration in the light stabilized anti-
microbial material; s fora et
jecting a pol to the solution for a time sufnc
K ts:lzjnmmgo mesired silver concentration into the
polymer, wherein the polymer is selccted from the
group comsisting of 8 polysacch.ande, a mod:ﬁed
polysacchaside, a polyvinylpyrrolidone, 2 polyvinyl
alcohol, a polyvinyl ether, a_polyurcthane, a
polyacrylate, a polyacrylamide, a collagen, a gelatin,
and a mixture thereof: and et stz (B, 10 one
c) subjecting the , during ot p (®),
' mgmu‘;‘;m?mﬁ“miﬁme the binding of the silver
on the polymer; | | .
wherein the silver is substantially photostabie in the hgpt
stabilized antimicrobial material when dry, but will
dissociate from the light stabilized antimicrobial mate--
rial upon hydration of the light stabilized antimicroblal
~ material, |
2. The method of claim 1, further compriging:
d) using the light stabilized antinvcrobial material in a
medical device. »
3. The mathod of claim 1, further comprising:
d) using the light stabilized antimicrobial material in &
wmmd dl‘cSSing- .
d. The method of claim 1, further comprising:
d) using the light stabilized antimicrobial material in an
ostomy device. .
5. The method of claim 1, wherein the source of silver
comprises a silver salt.



6. The nethod of claim5, wherein the silver salt is selected fromthe
group consisting of silver nitrate, silver <chloride, silver sulphate,
silver lactate, silver bromde, silver acetate and m xtures thereof. 7.
The nethod of claim 1, wherein the one or note agents 1is selected fromthe
group consi sting of amonium salts, thiosul phates, chlorides and

peroxi des. 6. The nmethod of claim7, wherein the one or nore agents is a
nmetal halide. 9. The nethod of claim7, %gerein the one or A4APH
conprises an ammoni um salt sel ected f r othCammoni um chl ori de, amoni um

acet ate, anmmoni um car bonate, amo- nium sul phate and m xtures thereof. 10.
The nmethod of claim 1, wherein the polysaccharide conprises a

car boxynet hyl ceful ose, an alginate, or a m x- ture thereof. 11. The nethod
of claim1l, wherein the organic solvent is selected fromthe group
consisting of industrial nethylated spirit, denatured ethanol, nethanol,
acet one, i sopropyl alco- hoI and ethanol 12. The nmethod of claiml,

wherei n the desi re nmv\w gﬂvbtam 2y w % 13.
The nmethod' of clai |n the esi is between
| and 20 wt % @l m M‘P&J é‘l"@@f‘?&fﬁe@% cient to

i ncor por at e thechlendagcﬂyel’tnlphala ailver s bet ween 1
and 120 mnutesac(%ﬁm W|m1 vvherelnthetlme sufficient to
i ncorporate the RCE t is between 1
and 68 m nut es % gbr%&‘% &1&3?188@%‘8

selected from the group consxsung of ammonium salts,
t.h;omﬂphates chlorides and perozides.

8. The method of claim 7, wherein the one of more agents
is a metal halide.

9. The method of claim 7, wherein thé one or more agents
comprises an ammonium salt selected from ammonium
chloride, ammonium acetate, ammonivm carbonate, ammo-
nium sulphate and mixtures thereof.

10. The method of claim }, wherein the polysaccharide
comprises a carboxymethylcellulose, an alginate, or 8 mix-
ture thereof,

11. The method of claim 1, wherein the organic golvent is
selected from the group consisting of industrial methylated
spifit, depatured cthanol, methanol, acetons, isopropyl alco-
bol and ethanol.

12. The method of claim 1, wharein the desired silver
concentration is between 0.1 and 20 wt %.

13. The method of claim 1, whercin the desired silver
concentration is between 1 and 20 wt %.

14 The method of claim 1, wherein the time sufficient to

incorporate the desired silver concentration into the polymet

is between 1 and 120 minutes. .
15. The method of claim 1, whersin the time sufficient to

incorporate the desired silver concentration into the polymer
is between 1 and 60 minutes,



04 April 2005 16. The nmethod of claim1l, wherein the polyner in step (c)
IS subjected to the one or nore agents for 5 to 30 mnutes. 17. A nethod of
preparing a light stabilized antimcrobial material conprising the steps
of a) preparing a solution conprising an organic solvent and a source of
silver in a quantity sufficient to provide a de5|red silver concentration

in the light stabilized anti- m crobial materl al ; subj ectin g &ol ymer
to the solution for a tine sufficient bncorporatethe d &4 Al 405, er
concentration into the polyner, and c) s jecting the polyner, after step

(b), to one or nore agents which facilitate the binding of the silver on
the polyner; wherein the silver is substantially photostable in the |ight

stabilized antimcrobial naterial when dry, but will dissociate fromthe
| ight stabilized antim crobial mate- rial upon hydration of the |ight
stabilized antimcrobial naterial, 18. The nethod of claim 17, further
conprising: d) usi ng ﬁe‘[hegﬁfe lafl ﬂ%ﬁﬁ gnw e tlmls

medi cal devi ce. '5 Hﬁj% u5| ng
the |ight stablllze@: ts % 0. The
met hod of claim 17, |pyapannarahgbtsab1hzcd antimic

car boxymet hyl cel | ulm@wmm ﬂws[epgnoﬁ ure thereof.

a) preparing a solption compnsmg an organic solvent and
a source of silver in 2 quanmy sufficient to provide a
desired silver concentration in the light stabilized anti-
micsobial material;

b) subjecting & polymer to the solution for a time sufficient
to incorporate the desired silver concentration into the
polymer; and

¢) subjecting the polymer, after step (b), to on¢ of mofe
agents which facilitate the binding of the silver on the
polymes;
wherein the silver is substantially photostable in the light
stabilized antimicrobial matcrial when dry, but will
dissociate from the Jight stabilized antimicrobial mate-
rial upon hydration of the light stabilized antimicrobial
material,
18, The method of claim 17, furthef comprising;
d) using the light stabilized antimicrobial material in 8
medical device.
19. The method of claim 17, forther comprising:
d) using the light stabilized antimicrobial matedial in a
wound dressing,
20. The method of claim 17, wherein the polymer com-
prises a carboxymethylcellulose, an alginate, or a8 mixture
thereol.




