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Microbial diseases of the nail are a considerable public health concern. Whilst
10 there are diseases and disorders caused by bacteria, the most prevalent and
clinically significant nail diseases are caused by fungi.

Onychomycosis is a fungal disease of nails caused by a range of fungi, principally
dermatophytes - Trichophyton species such as Trichophyton mentagrophytes and
Trichophyton rubrum, but also Trichophyton megninii, Trichophyton schoenleinii
15 and Trichophyton tonsurans and Candida species, such as C. albicans. Infection
is of the nail unit (the nail matrix, bed or plate) and although not life threatening it
can cause inconvenience, pain, discomfort and sometimes serious physical and

occupational limitations.

There is presently a range of oral medications available for treating
20 onychomycosis. However, these are generally expensive, suffer from limited
effectiveness, require close monitoring from practitioners and can cause setious

side effects such as liver and heart damage.

Whilst there is a clear need for an effective iopical agent for treating
onychomycosis, the agents presently available have limited efficacy. The most
25 widely used topical agent is Penlac®. However, the clinical studies concerning

this agent report low efficacy.



The main difficulty faced when devel oping an effective topical agent for
the nail is that the nail plate is thick, hard and dense, and represents a
f or m dablwowansdoes for drugs preventing them from reachi RgTiAU@3OOMTECt i ON
site in a therapeutically required quantity. Adding to this problemis the
fact that onychomycosis is 5 associate@w th a thickening of the nail
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ef fective anount of copper silicate. The present invention also provides a
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Summary of the Invention

The present invention provides a method of treating or preventing microbial
15 infection of a subject’s nail, the method comprising the step of topicaily
administering to said nail an effective amount of copper silicate.

The infections treated or prevenied by the method of the present invention may
manifest themselves into disease states that may also be treated according to the
present invention. Thus, the present invention also provides a method of treating
20 or preventing a microbial disease of a subject’s nail, the method comprising the
step of topically administering to the nail an effective amount of copper silicate.

The present invention also provides a composition adapted for topical

administration comprising an anti-microbial effective amount of copper silicate.

Brief Description of the Figures

25 Figure 1 is a series of photos showing the time course of treatment (Day 0:
untreated, week 6 and week 12) of a dermatophyte infection of a first subject’s

nail, according to one exemplary method of the present invention;



untreated, week 6 and week 12) of a dermatophyte infection of a second
subject's nail, according to one exenplary nethod of the present
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Figure 6 is a series of photos showing the time course of treatment (Day O:
untreated, week 6, week 26 and week 12 - post-treatment) of a dermatophyte
15 infection of a sixth subject’s nail, according to one exemplary method of the

present invention; and

Figure 7 is a series of photos showing the extended time course of treatment
(Day 0: unireated, week 6, week 26 and week 12 - posi-treatment) of a
dermatophyte infection of the second subject’s nail, according to one exemplary

20 method of the present invention.

Detailed Description of the Invention

The present invention provides a method of treating or preventing microbial
infection of a subject's nail, the method comprising the step of topically
administering to said nail an effective amount of copper silicate.

25 For the purposes of the present invention the term “topically administering”
includes, but is not limited to, application through the nail plate with a device



the elenents of the nail unit (the nail matrix, bed or plate) and al so

i ncludes toe 5 and fingernails and aninmal nail |ike features such as
hooves, twotiesssand cl aws. Surprisingly, it has been foumdTiAtasoe41e copper
silicate adm nistered to a nail according to the present invention
delivers either an effective anti-m cfobial dose to the infected area or a
dose sufficient to prevent infection with a mcrobial nail pathogen. In
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Topical administration may be achieved in any one of a number of ways.
15 Preferably, the compound is applied to the nail by painting, wiping, dabbing or
spraying the nail with the compound. Alternatively, topical administration may be
achieved by submerging the nail in a copper silicate solution or contacting the nail
with a means for dispensing an effective amount of copper silicate. Dispensing
means can be varied and include slow release carriers and materials impregnated
20 with copper silicate such as patches, bandages, cotton wool and gauze.
Preferably, the dispensing means is adapted to be removably fixed to the nail to
deliver the copper silicate over a predetermined time and/or at a predetermined

dose.

The methods of the present invention may be used to treat micrqbial, such as
25 fungal, infection in any animal and more particularly any mammal. However,
preferably, the subject is human. Thus the present invention also provides for the
use of copper silicate for preparing a medicament for treating microbial infections

such as fungal infections including onychomycosis.



fungal infections. 5 The anount of copper silicate applied in the nethod of
the present invention wll be sufficient to effectively treat or prevent

t he i nf ecwDon/088983 t hus wi Il | necessarily vary dependi ng atCraass/oonit he
severity and type of the infection, the strength of the conposition and
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15  Similarly, the frequency with which, and the duration for which, the copper silicate
is applied will be sufficient to effectively freat or prevent the infection and thus will
also vary depending at least on the severity and type of infection, the strength of
the composition and the manner in which individual patients respond to the
treatment. Preferably, the copper silicate is applied at least once, twice or three

20 times a day for at Ieaét 1,3, 6, 12, 26, 30, 40, 45, 48 or 52 weeks. Alternatively, it
may be applied once every 2 — 14 days for as long as necessary to treat or

prevent infection.

Thu‘s, the present invention also provides a method of treating or preventing
microbial infection of a subject's nail, the method comprising the step of

25 repeatedly topically administering to said nail an effective amount of copper
silicate.

As indicated above the method of the present invention may be applied to treat
fungal infections. In this regard, fungal infections which may be treated according
to the present invention include infections from dermatophytes, such as

30 Trichophyton species including Trichophyton mentagrophytes (including varieties



Tri chophyton schoenl einii, Trichophyton tonsurans; yeasts, such as Candi da
speci es, nost notably Candi da al bi cans, Candi da gl abrata, Candida ciferrii;
M cr osporwmosfss9Bes i ncl udi ng M crosporum cani s and M cr oPparAlvBgyPseunt 5
Mal assezi a species including Mal assezia furfur and Mal assezi a synpodi alis;

Epi der nophyt on speci es such as Epi der rdphyt on fl occosum Scopul arosi s

speci es; Acrenpni um species and Aspergillus species. Thus, the present
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speci es, éﬁ&@@ménmfmmspeogs andeAspiezgillos speplesal |y admi nistering to said
nail an effective amount of copper silicate. 20 Fungal nail infections
that may be treated using the nethods of the present invention are usually
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may pull away fromthe pink nail bed along the sides or outer edges, and
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Microsporum species including Microsporum canis and Microsporum gypseum,
15 Malassezia species inéluding Malassezia furfur and Malassezia sympodialis;
Epidermophyton species such as Epidermophyton floccosum; Scopularosis
species; Acremonium species and Aspergillus species, the method comprising
the step of topically administering to said nail an effective amount of copper

silicate.

20 Fungal nail infections that may be freated using the methods of the present
invention are usually characterized by tarnished white, yellowed, or blackened
nails. The nails may pull away from the pink nail bed along the sides or outer
edges, and infections are usually exacerbated by hot, damp conditions, such as
inside footwear or in environments where hands or feet are continually exposed to

25 moisture. The fungal infections can spread from toe to toe, foot to foot, and foot
o hand.

Methods of treating or preventing microbial diseases

The present invention also provides a method of treating or preventing a microbial
disease of a subject’s nail, the method comprising the step of topically

30 administering to the nail an effective amount of copper silicate.



-7 Wiilst the nethod of the present invention may be applied to treat a

w de range of mcrobial diseases of the nail it is particularly useful for
treati ng wWorngasess seases of the nail. Thus, the present PaeT&tBOM7Al SO
provi des a nmethod of treating or preventing a fungal disease of a
subject's nail, the nethod conprising-7he step of 5 topically
admnistering to the nail an effective anount of copper silicate. Specific

fungal digaasianetathdepsr B presahemvbitidh thayebdeppliod té eaprasigetrange
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i nvention with other "therapies. Thus, the present invention also provides
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t he nethod conprising the step(s) 15 of topically adm nistering to said
nail an effective anmount of copper silicate and (ii) admnistering to said
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Lam sjA T IMand DiflucanTM The present invention al so provides
for tLde 343“&/%@&'@03%%@ silicate for preparing a nedicanent for treating or

preventing a di sease caused by a fungal infection. 25 Topical Formulations
2dni i ot nt TG ShUeRod; RORy e RESHELROPROMINAG ¢ o Bf viaBhatr
copper girbiemtirg &OURZADRBBPEELAIIY 004 THe present invention with other
therapies. Thus, the present invention also provides a method of treating or
preventing a fungal disease of a subject’s nail, the method comprising the step(s)
15 of topically administering to said nail an effective amount of copper silicate and (ji)
administering to said subject an effective amount of at least one other anti-fungal

agent.

The other anti-fungal agent may be varied and includes, for example, one or more
orally administrable anti-fungal agents selected from the group consisting of:
20 miconazole, ketoconazole, itraconazole, fluconazole, econazole, ciclopirox,
oxiconazole, clotrimazole, terbinafine, naftifine, pharmaceutically acceptable salts

thereof and stereoisomers thereof, Lamisil™, Sporanox™ and Diflucan™.

The present invention also provides for the use of copper silicate for preparing a

medicament for treating or preventing a disease caused by a fungal infection.

25 Topical Formulations

The present invention also provides a composition adapted for topical
administration to a nail comprising an anti-microbial effective amount of copper

silicate.



-8 The formof the conposition of the present invention nmay al so be varied
provided it retains its anti-mcrobial properties. Preferably, the

conposi t iwp 03o8ss8xol uti on. However, the conposition nmay 2CTAUS/00411S0l i d
formprovided it is properly fornulated. In this regard, the conposition
coul d conprise copper silicate in the-85 formof a mcronized solid such as
chrysocol l a. Wien the copper silicate is provided in the formof a
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wat er - solbif£9%2bst ances, such as added salts. The two phases 25 are
stabilised by use of an enul sifying agent, for exanple, a surface active
agent, such as sodium |l auryl sulfate; hydrophilic colloids, such as acacia
col | oi dalThel eorapositien adempattifor hepitallkeimihistration may beseshefortrhef pnyssat

I nvention, the co un ma to the water phase prior t?f(\}fﬁfgi{ mat i on

mpound N be added
of the e®ilibeofpllominginsalliomt lotiop, SUSPEYSIoNH ENYUSIoNe $TeYRe S5t Q1N

liniment and salve. Particularly preferred forms are ointments, creams or gels.

15 Ointments generally are prepared using either (1) an oleaginous base, i.e., one
consisting of fixed oils or hydrocarbons, such as white petroleum or mineral oil, or
(2) an absorbent base, ie., one consisting of an anhydrous substance or
substances that can absorb water, for example anhydrous lanolin. Customarily,
following formation of the base, whether ol’eaginous or absorbent, the active
20 ingredient is added to an amount affording the desired concentration.

Creams are oil/water emulsions. They consist of an oil phase (internal phase),
comprising typically fixed oils, hydrocafbons and the like, waxes, petroleum,
mineral oil and the like and an aqueous phase (continuous phase), comprising
water and any water-soluble substances, such as added salts. The two phases
25 are stabilised by use of an emulsifying agent, for example, a surface active agent,
such as sodium lauryl sulfate; hydrophilic colloids, such as acacia colloidal clays,
veegum and the like. For the purposes of the present invention, the compound
may be added to the water phase prior to formation of the emulsion, in an amount

{0 achieve the desired concentration.



WO 03/088983 PCT/ AU03/ 00471 -9 Gels conprise a base selected from an

ol eagi nous base, water, or an enul sion- suspension base. To the base is
added a gwbloBngssyent that forns a matrix in the base, | RCTAAIBMAGTLL S
viscosity. Exanples of gelling agents are hydroxypropyl cellulose, acrylic
acid polymers and the like. For the pupposes of the present 5 invention the
conpound nmay be added to the fornulation at the desired concentration at a

poi nt  pr pcedi 4 %}Pé‘d g%t.% c Sbf hAM@kionhe
pr esent |nvegpﬁ1ﬁlgrgra%/b%§e%frez) uce ybggggg@@fnﬁzﬂgge, @g?rég’l gi ng the copper
si | i cat esuspensianbeses Tar thedrasagsededcagelliog.agent Haidoans a nmalix indbed,

Che ol || BaBe BIaagng: Heriseooto ERamOLAl LD AdbnBecrd rsuBiiely "
whi ch iscemﬂag% ééw&i%iﬁjm@a%@.mghmg, FBE 1 PRepdsds R e presBnto

provi des a net produci'ng copper silicate adapted for topical
adni ni5st ira;teindinncti'lq:)r(tczmln@.lnmeﬂsvegeoaddeés'@l vhegfasmulediepi @i nige desiredpper

ilicate i - . ' ' 15 Th iti
o the proBeRraAERLS BAMNAAhanatbtey TR ofhaaget ary agent sach as
any one or nore of: preservatives, stabilizers, emulsifiers, wetting

ts, - | ' t d troll . 1 hi
Stch 26 ABELEATPORURES ahihe: Bt v dbroManh Do suRed I RissBl e T on
may be V%bh%iﬁgﬁﬁ@fﬂ_ ef§mc§@ heas bighBolid r FRYEidUesusshriismelnogendrhict i on

that the conposltion i be used to treat or prevent. However,
pr ef er ablapy lighisl, cogayenor gel, on sinilarraubstasnserthpsdoep peloappraciably reest WihL - 10

/L Cu).. f bly. t. gent.rat | ' . fispal
Qoncdt 1 315 GHeale ab APl ive FEHheR Yypt "G5 ) itbued Aptitufichy B
The prese,@h-i}rnaﬁ,ﬁg isPsLidié. now be described with reference to the foll ow ng
exanpl es. The description of the exanples is in no way to limt the

generality of the preceding description. WO 03/088983 PCT/ AU03/ 00471
Thus, the present invention also provides a method of producing copper silicate

adapted for topical administration comprising the step of dissolving or combining

the copper silicate in an aqueous or non-aqueous topical carrier.

15 The composition of the present invention may further comprise an auxiliary agent
such as any one or more of: preservatives, stabilizers, emulsifiers, wetting agents,
fragrances, colouring agents, odour controllers and thickeners such as natural

gums.

The concentration of the copper in the composition may be varied depending at

20 least on the severity and type of infection that the composition is to be used to
treat or prevent. However, preferably, the concentration of the copper is
approximately 100 mg/L — 10 g/L (as Cu). More preferably, the copper
concentration is to a final concentration of approximately 1 g/L — 5 g/L or 2g/L - 3
g/L (as Cu).

25 The present invention will now be described with reference to the following
examples. The description of the examples is in no way to limit the generality of

the preceding description.



-10- Exanples Exanple 1: In vitro funigicidal activity of a copper silicate
solution Trials were carried out to assess the fungicidal activity of
copper siwpDwmawgsIsyai nst a range of fungi. The results of PChHA®BAGY1are set
out in Tables la and Ib 5 hereunder. Table 1 a - Mninuminhibitory (MC
and fungi cidal (MFC) concentrations ofila- copper silicate solution (ppm Cu)
for Candi da spp., Ml assezia spp. and various dernatophytes. O ganism N

M C* M-Ciyd lkda al bicans 8 128 1024 Candida ciferrii 2 128 128 Candi da
gl abrata=2 - 256 Mal asseziar r 6 512 >1024 Mal assezia modialis 7
512 >1024 Epi dernophyton 10 256 256 occosum M cros orum canis 10 128 256

M cros oy aypsey il faRiads acivhy hPaebagr dfcABBoRABN Ment agr ophyt es
var, I|I1In mentagr op ytes var nenta ro

h tes Tricho h ton rubrum 10 128 256 Tricho h ton tonsurans 10 128 256

*Modal v . ] i D t d

M i mum Ao R PR chudo bR HE RRBIca dothip BE RN tiRfyd Bhihefar )

for vari easgslesfriirghyThe results of the study are set out in Tables 1a and 1b
5 hereunder.

Table 1a - Minimum inhibitory (MIC) and fungicidal (MFC) concentrations of a
copper silicate solution (ppm Cu) for Candida spp., Malassezia spp. and various

dermatophytes.

Organism N MIC* MFC’
Candida albicans 8 128 1024
Candida ciferrii 2 128 128
Candida glabrata 2 - 256 256
Malassezia furfur 6 512 >1024
Malassezia sympodialis 7 512 >1024
Epidermophyton 10 256 256
floccosum
Microsporum canis 10 128 256
Microsporum gypseunt 10 128 256
Trichophyton 10 256 256
mentagrophytes var .
interdigitales
Trichophyton 10 256 256
mentagrophytes var
mentagrophytes
Trichophyton rubrum 10 128 256
Trichophyton tonsurans 10 128 256

*Modal values

10 Table 1b: Minimum Inhibitory Concentration (MIC) and Minimum Fungicidal
Concentration (MFC) of copper silicate (% w/w as Cu) for various dermatophytes
and non—derma’;ophytes that cause onychomycosis, and Candida spp.

Species n MIC MFC’
Trichophyton rubrum 26 0.0175 0.0350
T. mentagrophytes 19 0.0175 0.0350
var interdigitale

T. mentagrophytes 12 0.0175 0.0350
T. tonsurans 10 0.0350 0.0350

Epidermophyton floccosum 11 0.0350 0.0350



and non-der mat ophytes that cause onychonycosis, and Candi da spp. Species n
M C* M-C* Trichophyton rubrum 26 0.0175 0.0350 T nentagrophytes 19 0.0175
0. 0350 wap oBsss3li gitale T. nentagrophytes 12 0.0175 0. OPE@/AUD3/0640nSUr ans
10 0.0350 0.0350 Epidernmophyton floccosum 11 0.0350 0.0350 WD 03/088983
PCT/ AU03/ 00471 -11 M crosporum cani s ¥ 9.0350 0.0700 M gypseum 9 0. 0350
0.1400 Aspergillus f/avus 12 0.1400 >0.1400 A. fum gatus 12 0.0350

>0. 1400 A njgep L,Q;Q%Q 0.1400 Ag terrug.0850. 0700 007200 Fusari um

spp. 16 O. 0705)/, Scopul ariopsi sgspp. 5p0@pa%ec0 >0. 1)41)41)0 Scedospori um
spp. 5 0.0350 Candlda al bi cans 10 0. 0350 0. 0700 tropicalis 10

0. 0350 0.0700, C, sis 10 0.0359 0.03 | abr, t 0.03 :
C. pseudotropf‘ 2@3@% @f‘)ﬁlg) 1 0.0350 é)0350 6 ugel é 75 0. g%g 1400
Modal Val ues W In vitro bact 2i Ci dap | VI ty d:opper silicate
sol uti on Tabl &- B/GEKI ni mum i nhi bitory ‘(‘.)ncentp copper
silicate sol ui &rySppm Cu) for a varilety of BH(QOerl a 5 ?QFN sns n Range
M C90 Fusarium spp. 16 0.0700

Scopulariopsis spp. 5 0.0350 >0.1400

Scedosporium spp. 5 0.0350 >0.1400

Candida albicans 10 0.0350 0.0700

C. tropicalis 10 0.0350 0.0700

C. parasilosis 10 0.0350 0.0350

C. glabrate 4 0.0350 0.1400

C. pseudotropicalis (kefyr) 1 0.0350 0.0350

C. krusei 1 0.0175 0.0175

"Modal Values

Example 2: In vitro bactericidal activitv of a copper silicate solution

Table 2: Minimum inhibitory concentrations (MIC) of copper silicate solution (ppm

Cu) for a variety of bacteria

5

Organisms n Range MIC”®
Met® - Staphylococcus aureus 13 256 -512 512
Met® - Staphylococcus aureus 9 256 - 512 NA
Propionibacterium acne 19 4 -256 256

10  Staphylococcus saprophyticus 4 1024 NA
Streptococcus pneumoniae 27 128 - 512 512
Streptococcus pyogenes 11 256 - 1024 512
Streptococcus spp. 8 128 - 1024 NA
Acinetobacter spp. 13 512 -1024 1024

15  Enterobacteriaceae * 113 1024 - >1024 >1024
Enterococcus faecalis 12 64 - 256 256
Enterococcus faecium 2 128 - 256 NA
Morganella morganii 7 >1024 NA
Moraxella catarrhalis 3 <6 NA

20  Pseudomonas aeruginosa 13 1024 ->1024 >1024
Stenotrophomonas maltophilia 12 1024 - > 1024 >1024

Enterobacteriaceae spp. include Citrobacter freundii (n=11), Enterobacter aerogenes (n= 13),
Enterobacter cloacae (n=13), Escherichia coli (n=25), Klebsiella oxytoca (n=10), Klebsiella
25 pneumoniae (n=24), Proteus mirabilis (n=12) and Providencia spp.(n=5)

Example 3: Treatment of onychomycosis with copper silicate

This study evaluates copper silicate as a topical fungicide as a treatment of

onychomycosis and compares a solution and cream formulation.



Met R - Staphyl ococcus aureus 13 256 - 512 512 Mets - Staphyl ococcus aureus
9 256 - 512 NA Propionibacteriumacne 19 4 - 256 256 10 Staphyl ococcus
sapr ophytwouws/ 88989024 NA Streptococcus pneunopni ae 27 128 PCHAT050@471
Streptococcus pyogenes 11 256 -1024 512 Streptococcus spp. 8 128 -1024 NA
Aci net obacter spp. 13 512 -1024 1024 -1¥2 Enterobacteri aceae * 113 1024 -
>1024 >1024 Enterococcusfaecalis 12 64 - 256 256 Enterococcusfaecium 2
128 - 25@/!%%ial%ﬂ&ﬁ88§' a nmorganii 7 >1024 NA Moraxella catarrhalis 3 < 6
NA 20 Pseudononas aerugi nosa 13 1024 - >1024 >1024 Stenotrophononas

mal tophilia 12 1024 - > 1024 >1024 Enterobacteriaceae spp. include
Citrobac Lyl = obact er aerogenes (n=13), Enterobacter
cl oacae E— » bl sOITibn (OSSOL =25), Klebsiella oxytoca (n=10),

Kl ebsiell a 25 pneunoni ae (n=24), Proteus mrabilis (n=12) and Providencia
spp. (n:Sngﬁ%@BCe 3: Treatnent of onychomycosis with copper silicate This
study ev opper silicate as a topical fungicide as a treatnent of
onychonycosi s and conpares a sol ution and cream formul ati on. WO 03/ 088983

PCT/ AUO3/IQ i (rh silichts sobtieh (@d%/ MeiL.hegx NAo)rungi ci dal sol ution (CSSOLI)
I ngredi ents SodgiI um SIS| i caté sol ution (30@% S)iFOZi 10% Na20) 5 Enpimn LSM

30AUTI B i HENLR0<80dRI @lkys Biferisalfatefopper
sul fatag [)Ee'ﬁ?'g'mm !em%gfeti cmﬁgﬁgabggg’/%@%ti on) © W o
Copper sulfate pentahydrate
Acetic Acid (90% solution)

Water (deionised)

Technical Instructions

10 1. The solution is prepared as two separate parts (A and B) as follows:
Part A. Silicate Solution
Product Weight (g)
Water 56.7
Sodium silicate solution . 60.8
(30% SiOz, 10% NaZO)
Empimin LSM 30AU™ 25
Total 1209 (~100mi)

Method: Add the sodium silicate solution (30% SiO2, 10% NaO) and empimin
LSM 30AU ™ to the water with stirring. Filter.

Part B. Copper Solution

Product Weight (g)
Water 88.2
Copper sulfate pentahydrate 11.5
Acetic acid (90%) 9.4

Total 109.1g (~100mi)




Water (deionised) Technical Instructions 10 1. The solution is prepared as
two separate parts (A and B) as follows: Part A Silicate Sol ution Product
Wi ght (gwo 09488983 56. 7 Sodi um silicate solution 60.8 (30XAW2/00410% Na20)
Enmpi m n LSM 30AUTI 2.5 Total 120g (-loom ) Method: Add the sodiumsilicate
solution (30% Si 02, 10% Na20) and enpit8n LSM 30AU TMto the water with
stirring. Filter. Part B. Copper Solution Product Wight (g) Water 88.2
Copper swhdifbg: PARHaIND cabBer buflate’pehighyaritd 109G veatdr Tathaktitidg. ang (-~

| oom’) WO 03/088983 PCT/ AUO3/ 00471 -13 Method: Add the copper sulfate

pent ahydcaningesimsgwitiba aearsalutian ismptaingd. Asid theacelic; EWCF wih aﬁfrmg- a

cl ear SOlFlﬁiqigon I's obtained. Add the acetic acid with stirring. Filter. 2.

The fi nal fution is then produced by dilution of the conbined parts. 5
Product Wight (g) Water 880.0 Part A 24.0 Part B 10%._ 1 TotI?I 1013.1
(-1000LR. The final solution is then produced by dilution of the combined parts.
5

Product Weight (g)

Water 880.0

Part A 24.0

Part B 109.1

Total 1013.1 (~1000mL)

Method: Add Part A to the water with stirring. Continue to stir while adding Part
B. Filter.

The final product should be a light blue, clear solution with an acrid odour.
Product Specifications:
10 pH:3.3-3.7

Copper content: 2.8 +/- 0.28 g/L as Cu

(B) Copper silicate solution concentrate for use in creams (CSC1)

Ingredients Required

Sodium silicate solution (30% SiO», 10% Na»O)
15 Copper sulfate pentahydrate

Acetic Acid (90% solution)

Water (deionised)

Technical Instructions:

1. The solution is prepared as iwo separate parts (A and B) as follows:

20 PartA. Silicate Solution



Met hod: Add Part Ato the water with stirring. Continue to stir while
adding Part B. Filter. The final product should be a light blue, clear

sol uti on wotob/ogsesacri d odour. Product Specifications: 10PgHAW3/804713. 7
Copper content: 2.8 +/- 0.28 g/L as Cu (B) Copper silicate solution
concentrate for use-in- creans (CSCl)-14 ngredients Required Sodiumsilicate
sol ution (30% Si 02, 10% Na2O) 15 Copper suI fate pentahydrate Acetic Acid
(90% sol Lp,bgm;t Vater (deionised) wsg ﬁp Instructions: 1. The solution

i s prepanggdifs two separate parts (Asg as follows: 20 Part A

Sili cat e i OEmX\Q OSISQ) 3 PCT/ A ?00471 -14 Product Weight (Q)

Wat er %gj ig ie soI ution (30% Si 02, 10% Na20) Total 120g
(- 100rr1_) ( h 2 6" odiumsilicate solution (30% Si @2, 10% Na20O to

the water with stlrrlng Filter. Part B. Copper Solution Product Weight

(g) Vater$8.2 Copper sulfateypgptiahgomaye 11.5 Acetic acid (90% 9.4
Total 109.1 g ( 100m)

Method: Add the sodium silicate solution (30% SiO», 10% Nay0) to the water with
stirring. Filter.

Part B. Copper Solution

Product Weight (g)
Water 88.2
Copper sulfate pentahydrate 11.5
Acetic acid (90%) 9.4

Total 109.1g (~100mL)

5 Method: Add the copper sulfate pentahydrate to the water with stirring and
continue stirring until a clear solution is obtained. Add the acetic acid with stirring.
Filter.

2. The final concentrated solution is then produced by dilution of the
combined parts.

10
CSC1 Concentrate Solution
Product Weight (g)
Water 130.0
Part A 24.0
Part B 109.1
Total 263.1 (~250mL)

Method: Add Part A to the water with stirring. Continue 1o stir while adding Part
B. Filter.

15 The final product should be a light blue, clear solution with an acrid odour.

Copper content: 11.2 g/L as Cu



5 Method: Add the copper sulfate pentahydrate to the water with stirring
and continue stirring until a clear solution is obtained. Add the acetic
acid withwetosqosdsyy. Filter. 2. The final concentrated solPariAan3oet7t hen
produced by dilution of the conbined parts. 10 CSCl1L Concentrate Sol ution
Product Weight (g) Water 130.0 Part-A524.0 Part B 109.1 Total 263.1
(-250m.) Method: Add Part A to the water with stirring. Continue to stir
whi | e addimoFinagiciddl-creahi er. 15 The final product should be a Iight blue,
clear solutron with an acrid odour. Copper content: 11.2 g/L as Cu WO
03/ 088983 PCT/éUOS/ %471 -15- (C Fungicidal cream 1. Fornul ation
I ngr edi end" omt FOBAYEHON \ater 42. 77 Copper silicate conc. 20.00 (CsCl -
pH adjusted to 5.0 with triethanol am ne) Propyl ene glycol 5.00 Gernaben
| | ETM (Sutton IngsedigMries 0.50 Inc) Brij 78TM (Atl @Wbowder Conpany) 3.00
Sorbic Acid 0.10
Phase A. Water 42.77

Copper silicate conc. 20.00

(CSC1 - pH adjusted 10 5.0

with triethanolamine)

Propylene glycol - 5.00
Germaben [IE™ (Sutton Laboratories 0.50
Inc)
Brij 78™ (Atlas Powder Company) 3.00
Sorbic Acid 0.10
Red no. 33 Solution (0.02%) 0.20

Phase B. Propyl paraben 0.20
Tween 60™ (Atlas Powder Company) 2.56
Stearyl alcohol 3.61
Ceteth-20 3.00
Cetyl alcohol 2.56
Cetearyl alcohol 2.00
Myristyl myristate 2.00
PEG-4 Olivate 5.00
Octyl palmitate 4.00
Glyceryl stearate (and)
PEG-100 stearate 3.00
20% Titanium dioxide pasie 0.50

Total 100.00

5 2. Method
a. Into the main mixing vessel which should be fitted with a variable speed

“Silverson” mixer and a sweep-blade contra-rotating agitator, weigh the
ingredients of Phase B. Stir until uniform. Adjust temperature to 75°C.
10 b. Into a separate vessel weigh the phase A ingredients, mix with a propelier
stirrer until all solids are dissolved. Adjust temperature to 75°C.
C. Add phase A io phase B, using the “Silverson” mixer to form a smooth
even emulsion.
d. Switch on the sweep-blade agitator and begin cooling the batch.
15 e. Continue cooling and mixing until the temperature is 35°C.
f. pH should be 5.3 - 5.5.

Subjects, not already receiving anti-fungal treatment, were assessed for clinical
diagnosis of onychomycosis and photographs and nail clippings were taken.
Those testing positive for onychomycosis were admitted to the trial.



Red no. 33 Solution (0.02% O0.20 Phase B. Propyl paraben 0.20 Tween 60TM
(Atl as Powder Conpany) 2.56 Stearyl alcohol 3.61 Ceteth-20 3.00 Cetyl

al cohol 2wb@®3/088raryl al cohol 2.00 Mristyl nyristate 2PCW/AUBE®#410 i vat e
5.00 Cctyl palmtate 4.00 dyceryl stearate (and) PEG 100 stearate 3.00
20% Ti t ani um di oxi de paste 0.50 Total-196.00 5 2. Method a. Into the main
m xi ng vessel which should be fitted with a variable speed "Silverson”

m xer and Thesaptumga dmnopoditien r(a:ream' ng salyitia) eras ayeplghl tohthe infapted inaiit s of

Phase B. Stir orm Aqg] eratureto 75C. 10 b. Into a
separat e 3@59#3'6ﬁpbﬁ‘etﬂ‘ér%'ﬁﬁ§gﬂﬁ "R WJ lents, mix with a propeller
stirrer until all solids are dissol ved Adj ust tenperature to 75C. c. Add

phase At hase B, ing the "Silverson" mxer to forma_ snooth even
emul si on. %f’p'"%ﬁa?cﬁf Jf?et %@"s@é%?p ipvelded ayeiet Badandupegi Alierdl vigdst Rad

batch. 158y %Bﬁé””@réoqgkéﬁ? angl it g glgggt \WerbN &g aRa" %pr Rdl—? ang T

pH shoul d "be Subj ects, not recei ving antr -
t r eat memt de:ma&pﬂ%es:ﬂﬂdre‘ oSubjecta wate aelseazg;edsb;s adlinfoigre fmrmmhpmyeodls

phot ogr aphs. a &]@r}ah $E gs were taken. Those testing positive for
onychomycé&id higrfg %‘ngt R8N0 the trial. WD 03/088983 PCT/ AUO3/ 00471 -16
e “Not effective” is >10% nail involvement with KOH positive and culture
positive;

* “Mycological cure” KOH negative and culture negative;

10 e« “Effectively treated” is <10% nail involvement, with KOH and culture negative;
and

» “Complete cure” is clinical clearance of the target nail together with negative
KOH and culture.

Results

15 The resulis presented hereunder are interim results of a 12 month study.
Patients entered the trial and commenced their treatment at different dates. Of
the 18 patients enrolled in the trial, 13 had reached 6 weeks of treatment, and of
these, 10 had reached 12 weeks of treatment, at the time of reporting these
results. Patients were assessed at 0 (commencement), 6 weeks and 12 weeks.

20 The results of these assessments are tabulated below in Table 3. No differences
were noted in efficacy between the cream and solution at any of the
assessments. ‘
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The effectiveness of the treatment method in the example is exemplified in

Figures 1-4 that contain photographs of patient’s nails treated in the trial.

No adverse reactions were reported

Example 4: Treatment of onychomycosis with copper silicate

The trial reported in Example 3 was continued and the updated results are set out

hereunder in Tables 4, 5 and 6 which list the clinical, mycological and efficacy

measures, respectively.

Table 4

Treatment time (N=18)

Post-treatment (N=18)

Day Week Week Week Week Week
0 6 12 26 13 26
% Nail infected
0% (clear) 0 0 3 3 3 3
1-10% 1 2 1 1 1 2
11-50% 5 5 4 8 6 6
>50% 12 11 10 6 8 7
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>50% Igkeat’l 10 6 8 7 WO 03/088983 PCT/ AU03/ 00471

-18- New growt h d ear

10 11 16

16 15 15 Not clear 8 7 2 2 3 3
Table 5
Treatment time (N=18) Post-treatment
(N=18)

Day Week Week Week | Week Week

0 6 12 26 13 26
KOH
Positive 17 14 14 12 14 12
Negative 1 4 4 6 4 6
Dermatophyte culture
Positive 18 8 7 6 8 9
Negative 0 10 11 12 10 9
Infecting organism
T. rubrum 12 7 6 5 7 8
T. mentagrophytes v. 6 1 1 1 1 1
interdigitale

Note: Between 39 weeks and 52 weeks (26 weeks post treatment) another patient who had been
assessed as culture negative reverted to culture positive with growth of T. rubrum being
recorded. All 3 “clinical cure” patients were infected with T. mentagrophytes v. interdigitale.

Table 6

Treatment time Post-treatment

Outcomes Week 6 Week 12 Week 26 | Week 13 Week 26
(N=18) (N=18) (N=18) (N=18) (N=18)

Complete cure 0 2 3 3 3
Effective treatment 2 3 3 3 4
Mycological cure 4 3 5 3 4
Mycological change 6 8 7 7 5
Not effective g* 7@ 6@ 8@ 9@

*includes 2 patients that are KOH negative
@includes 1 patient that is KOH negative




Note: One of the "not clear" patients had a damaged nail plate and was
al ways assessed as "not clear”. Table 5 Treatnent tinme (N=18)

Post -t r eawoennssoBs=18 Day Week Week Week Week Week 0 6 12 PR6/ALB3/86t71 KOH
Positive 17 14 14 12 14 12 Negative 1 4 4 6 4 6 Dernmatophyte culture
Positive 18 8 7 6 8 9 Negative 0 10 41912 10 9 Infecting organismT.
rubrum12 7 6 5 7 8 T nentagrophytes v. 6 1 1 11 1 interdigitale Note:

Bet ween %d%tl@@r‘?es‘%zomﬁéstrégtﬁ]é’me#ﬁaﬂmtmtthéaéf@rﬁfﬂe F @xBATplifedi ignt who

had been assessed as culture negative reverted to culture positive with
growt h ofFigurasubihabeomain phategraphs ofipatignt'snails iteateddn e piddli ents were
Infected with T. nmentagrophytes v. interdigitale. Table 6 Treatnent tine
Post-treatment CQutcomes Wek 6 Wek 12 Week 26 Week 13 Week 26 (N=18)
(N=18) NG afierse)rebictidCoans been ceparte@l.2 3 3 3 Effective treatnent 2 3 3
3 4 Mcological cure 4 3 53 4 Mcological change 6 8 7 7 5 Not
effective 8# 7T@6@8@9@ #includes 2 patients that are KOH negative

Summary

5 At week 26, 3 patients achieved the primary endpoint of “complete cure” and
maintained their status 26 weeks post-treatment at 52 weeks. By 26 weeks post
treatment 4 (22%) patients were “effectively treated”, an increase by one patient
over 26 and 39 weeks which only included the 3 “complete cure” patients.

“Mycological cure” was achieved in 5 (28%) patients after 26 weeks, but 2 of
10 these had reverted to KOH positive at 39 weeks. At 52 weeks the “mycological

cure” rate was 22%.

“Mycological change”, or the change from culture positive to culture negative, was
achieved by another 7 patients at weeks 26 and 39. This gave a total of 12
culture negative patients at 26 weeks and 10 at 39 weeks.

15 In total, 67% of patients were culture negative at the end of treatment, 55% at 13
weeks post-treatment, and 50% (9 patients) at the end of the trial.

The primary and secondary endpoints of “complete cure’ and ‘“effective
treatment” are both dependent upon the mycological cure rate. “Mycological
cure” is defined as both KOH and culture negative, but patients may not become
20 KOH negative until the diseased nail has grown out. It is usual for a great toenail
to take 12-18 months to totally regrow. At the commencement of this trial, 12 of
the 18 patients had >50% of their target nail infected, and of these 7 had cuticle
(lunula) involvement. As a result of extensive disease, “mycological cure” and
thus “effective treatment” and “complete cure” may not have been achievable by

25 these patients in the time allotted to this study.



@ncludes 1 patient that is KOH negative WO 03/088983 PCT/ AU0O3/ 00471 -19
The effectiveness of the treatnment nethod in the exanple is exenplified in
Fi gures 5w oshsg9stont ai n phot ographs of patient's nails tPeataad3omn7t he
trial. No adverse reactions have been reported. Summary 5 At week 26, 3
patients achieved the primry endpoi nt20F "conplete cure" and nmaintained
their status 26 weeks post-treatnent at 52 weeks. By 26 weeks post
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7 patients at weeks 26 and 39. This gave a total of 12 culture negative
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culture n@ i/e at the end of treatnent, 55%at 13 weeks post-treatnent,
and 50% E%I? ents) at the end of the tr| al. The pri mary and secondary

endpoi nts of "conplete cure” and "effective treatment” are both dependent

upon the col o l. cure rat 0
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nonths to totally regrow. At the commencenent of this trial, 12 of the 18
patients had >50% of their target nail infected, and of these 7 had cuticle
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The treatnent time of 26 weeks is considerably shorter than for nost
topicals that are applied for a mninmumof 48 weeks. It is evident from
this tri avotobassopati ents with >50% of the nail plate di seasadosou’d have
benefited froman extended treatnment time. The results at 26 weeks show
that many (50% had significant 5 clinRtal inprovenent with a reduction in
the extent of their disease to <60% of the nail plate. The present
invention includes any and all nodifications and adaptations apparent to
one ski | I'Eue ChainseDafining the inyention are apfollomesat i on, unl ess t he cont ext
requi res ot hervvi se, the word 10 "conprise" or variations such as
‘conprises" or "conprising", will be understood to inply the inclusion of
a stated 1.npPegethed ogrtmpngforl m’eegﬂmg microbil infectiex of @s swbjecits naihythet her

i nteger or gr oup of integers. WO 03/088983 PCT/ AUOD3/ 0047

Defi ning th&9 tRo sormpisiik thesstep) ofgppically admiRis '"&tot%‘iﬂal'{gﬂrb?g%&ggentl ng

m cr obi al %ﬁﬁﬁfn'tﬁf'cB érﬁhﬁ-ﬁtéc'[ s nail, the nethod conprising the step of
topically admni steri g to sard nail an effective anount of copper

silicate. 5 2. A nmethod according to claim1l wherein the mcrobi al

| nfecty P%eisﬁ aelccordlﬁé%t t18lin ?w&i@ Lf?\%dnﬁ'&%ﬁ lifclion %ad Firiget! 2

wher ei according to claim3 wherein
t he subj ect mfecliomurran 5. The use of copper silicate for preparing a
medi cament for treating a mcrobial 10 nail infection. 6. The use of
copper silicate for preparing a medicanent for treating a ‘fungal nail

i nfectiong. A mathtet Acsbraingaodilaion 1 @r 2yheren thie sulbjéctss & haménalher ei n t he
ef fective anmount of copper silicate includes 1-100 pg of copper. 15 8. A
nmet hod according to any one of clains 1 to 6 wherein the effective anount

of copper4siA el AdsdrdestioZidifh 8Wwvidreibahe&ubject is a human.

5. The use of copper silicate for preparing a medicament for treaiing a microbial

10 nail infection.

6. The use of copper silicate for preparing a medicament for treating a fungal nail

infection.

7. A method according to any one of claims 1 to 6 wherein the effective amount

of copper silicate includes 1-100 pg of copper.

15 8. A method according to any one of claims 1 to 6 wherein the effective amount

of copper silicate includes 2-50 ug of copper.

9. A method according to any one of claims 1 to 6 wherein the effective amount

of copper silicate includes 10 pg of copper.

10.A method according to any one the preceding claims wherein the copper
20 silicate is applied at least 1-3 times a day.

11.A method according to any one the preceding claims wherein the copper
silicate is applied at least once every 2 — 14 days.



9. A nethod according to any one of clains 1 to 6 wherein the effective
anount of copper silicate includes 10 pg of copper. 10. A method accordi ng
to any orwotoBesgsecedi ng cl ai ns wherein the copper 20 silPceat3iost7appl i ed
at least 1-3 tines.a day. 11. A nethod according to any one the preceding
clainms wherein the copper silicate i-2@applied at |east once every 2 - 14
days. WO 03/088983 PCT/ AU03/00471 -22 12. A nethod of treating or

prevent i ng AhBHdBf Heing Ul BriveRtinGiihfestibh dire sebjedt! faibivith one or
der mat ophytes, such as TriChophyton species including Tricho

, ) hyt on
_rl_re_nt ﬁgr ﬁp{\ylmse gf:rdﬂrnt_li_itqmwef{i ?idhﬁ ﬁiét?ha_iyly&fh?l)%@e&ﬁ?ﬂlﬂdiﬂﬁ Hpé‘i)@/}}ft_@_g) -
ri chophyton rubru ri cha on._negni ni s :
Tri chophyt o’ﬁ’epgefgéﬁﬁ’nla’ﬁgf f@g&cﬁqgs!\ﬁr& cﬁﬁﬂ@é’é@@@%ﬁg‘?‘dcﬁﬁ%ﬁ@gﬁéggﬁcans,
Candi da gl abygtsbnykandishrusi, f emrichbphfosT Qﬁ@%gnﬁp spesiophytonc | sutioepleinii,
M crosporum cani's”and M crosporum gypseum | assezi a species including
Mal ass®zi a Trichophydon tongLagrssZyeasts; rivehi a8 Candids sReqiesp Hyanida gl¥caits such

as Epi dermophyton fl occosumn -9 | ar@sj s S jes; re ; hes 10
and Asper g1 DAL OB STAEEH e CHAORA . clRh: SPRGoPRe Ly b, TR

admi ni st er i Rebp&ine canis! afd Mikfoepbiune gypBEnm; Malassexa speties anaudibg. A
met hod of treating or preventing a mcrobial disease of a subge_ct' s pail,

the net hodMalagsezia fugiurrencsMafassezieopinapedigliss dridersnerivien S8e¢IRE KM an

effective apount, of regsili . E¢ . ' im13
wher ei n t he®Hi %Q’HBFQ?'B %&a@eéélog 8§}}él %%CEPZ"A% ﬁs éémgﬁ%ﬁgg’g?%%ﬁgig)@gvr Itsgleﬁige%
onychpgycoshfd Aispbajillgs bsputicd, any chethystbs¢cemprisingettie cstep whi tapically
onychonycosi s, proximal white subungual onychopycosis; . total secondary
dyst r ophi c edydnisiefiegdp saichnail aaehieCivesamobRt Q%WFH%W“C ychonycosis. 20
15. A nethod of treating or preventing a fungal disease of a subject's nail,
the nethod conprising the step(s) of topically admnisterjng,to ﬁa' d nail
an ef f ect3.femethnshof bpating e&Prevantiogra nHer@bial idjsease; ¢fi %ﬁeblﬁgbs g s%ed

subj ect an method comprising the step of topically administering to the nail an effective

amount of copper silicate.

15 14.A method according to claim 13 wherein the microbial disease is selected from
the group comprising: onychomycosis, distal subungual onychomycosis,
superficial white onychomycosis, proximal white subungual onychomycosis;
total secondary dystrophic onychomycosis; and total dysirophic primary

onychomycosis.

20 15.A method of treating or preventing a fungal disease of a subject’s nail, the
method comprising the step(s) of topically administering to said nail an
effective amount of copper silicate and (i) administering to said subject an

effective amount of at least one other anti-fungal agent.

16.The use of copper silicate for preparing a medicament for treating or

25 preventing onychomycosis.

17.A composition adapted for topical administration to a nail comprising an anti-

microbial effective amount of copper silicate.

18. A composition according to claim 17 in the form of a solution.



effective anount of at |east one other anti-fungal agent. 16. The use of
copper silicate for preparing a nedicanent for treating or 25 preventing
onychonmy cwei3/088033 A conposition adapted for topical adm niPSTrAioBom71 o a
nail conprising an anti- mcrobial effective amount of copper silicate.

18. A conposition according to claim123i-n the formof a solution. WO

03/ 088983 PCT/ AU03/ 00471 -23 19. A conposition according to claim18 in the
form of 35 RQUEMSIRH ScbbRfng 36! daihvns #Dthé fortipes ahi aguesusoadidifipd o
claim17 in the Tormof a solTd. 21. A nethod of producing a copper silicate
conposi ti orsohdimpt ed for topical 5 adm nistration conprising the step of

di ssol ving or conbining the copper silicate in an aqueous or non-aqueous
topical carrier. 22. A conposition according to any one of clainms 17 to 20
conpri si pg. A epmpositivatascprding torglaim 1710 tiye forgmef @splid23. A conposi ti on
according to any one of clainms 17 to 20 conprising 10 approximately 1 g/L
- 5 9g/L. 24. A conposition according to any one of clainms 17 to 20

conpri si pg. A apetod ohtgrbydudingla- cabpef Lsilicete Geymposition adapted for topical

5 administration comprising the step of dissolving or combining the copper

silicate in an aqueous or non-aqueous topical carrier.

22.A composition according to any one of claims 17 to 20 comprising
approximately 100 mg/L — 10 g/L (as Cu).

23.A composition according to any one of claims 17 to 20 comprising

10 approximately 1 g/L — 5 g/L.

24.A composition according to any one of claims 17 to 20 comprising

approximately 2g/L - 3 g/L (as Cu).



