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COMPOSITION FOR THE PREVENTION OF MICROBIAL GROWTH
Technical Field

[0001] The present invention relates to a composition for preventing the growth of
disease related microbes. In particular, the invention relates to a composition
comprising metallic nanoparticles and an oxygenation agent. The composition is
useful in the treatment for reducing microbial activity in a number of environments
susceptible to microbial activity, including the prevention of a disease or condition of
the oral cavity. In particular, the composition is useful in the treatment or prevention

of periodontal disease and/or tooth decay.
Background of Invention

[0002] Periodontal disease relates to a group of diseases that affect the tissues
that support and anchor the teeth. Periodontal disease (also known as gum disease)
exhibits inflammatory response and if left untreated, can result in bleeding and

destruction of the gingival attachment and alveolar bone loss.

[0003] Periodontal disease affects human populations worldwide at high
prevalence rates. Research suggests there are strong associations between chronic
oral infections, particularly periodontitis and gingivitis, with a greater risk of diabetes,
heart and lung disease, stroke, osteoporosis, low birth weight and premature birth.
Currently, the treatment of periodontal disease is dominated by dental procedures
such as scaling, root planning, and surgery. These procedures are generally invasive

techniques and can be very costly to patients.

[0004] It would be desirable to provide a composition that addresses or at least

ameliorates one or more disadvantages associated with current treatments.

[0005] Microbial activity is also invasive in many other environments, including
infections in open wounds, contamination of water bodies, or infection of plant

material.

[0006] It would be desirable to provide a composition that is able to reduce the

microbial activity in such environments, whether that be by coating the body to
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prevent microbes penetrating, repelling the microbes, trapping and Killing the

microbes.

[0007] The discussion of documents, acts, materials, devices, articles and the like
is included in this specification solely for the purpose of providing a context for the
present invention. It is not suggested or represented that any or all of these matters
formed part of the prior art base or were common general knowledge in the field
relevant to the present invention as it existed before the priority date of each claim of

this application.

[0008] Where the terms "comprise", "comprises", "comprised" or "comprising" are
used in this specification (including the claims) they are to be interpreted as specifying
the presence of the stated features, integers, steps or components, but not precluding
the presence of one or more other features, integers, steps or components, or group

thereof.
Summary of Invention

[0009] The present invention relates to a composition for reducing microbial
activity in an environment susceptible to microbial activity. The composition
possesses the ability to either coat the body to which it is applied, repel the microbes,
or trap and/or kill the microbes that come into contact with the composition. In one
embodiment it may be used for the treatment or prevention of diseases or conditions
of the oral cavity. In particular, the composition may be used for the treatment or

prevention of periodontal disease.

[0010] In one aspect, the present invention provides a composition for reducing
microbial activity in an environment susceptible to microbial activity comprising:
metallic nanoparticles; and

an oxygenation agent.

[0011] In some embodiments, the metallic nanoparticles comprise gold
nanoparticles, silver nanoparticles, or combinations thereof. In particular

embodiments, the metallic nanoparticles comprise gold nanoparticles.
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[0012] In embodiments of the invention, the metallic nanoparticles have at least
one dimension in the nanometre range. In some embodiments, the metallic
nanoparticles have a diameter in the range of from about 2 to 200 nanometres. In
embodiments, the metallic nanoparticles have a diameter in the range of from about 5
to 50 nanometres. In other embodiments, the nanoparticles have a diameter in the

range of 18 to 22 nanoparticles.

[0013] The oxygenation agent employed in the composition may be selected from
the group consisting of a peroxide, a perborate, a bicarbonate, a dioxide, and
mixtures thereof. In some specific embodiments, the oxygenation agent is selected
from the group consisting of hydrogen peroxide, sodium perborate, sodium
bicarbonate, chlorine dioxide, and mixtures thereof. In a specific embodiment, the

oxygenation agent is hydrogen peroxide.

[0014] In embodiments of the oral composition of the invention, the oxygenation
agent is present in an amount of from about 1 to 35% of the composition. In some
embodiments, the oxygenation agent is present in an amount of about 2% to 10% of
the composition. In other embodiments, the oxygenation agent is present in an

amount of about 5% of the composition.

[0015] The composition of the invention may further comprise a mineralization
agent. When present, the mineralization agent is selected from the group consisting
of calcium phosphate, dicalcium phosphate, tricalcium phosphate and calcium
bicarbonate. In one form of the composition of the invention, the mineralization agent

is tricalcium phosphate.

[0016] The mineralization agent may be present in composition in an amount of
from about 2 to 20% (w/w) of the composition. In some embodiments, the
mineralization agent is present in an amount of from about 5 to 16% (w/w) of the
composition. In some embodiments, the mineralization agent is present in an amount

of from about 10 to 14% (w/w) of the composition.

[0017] In some embodiments the composition, or variants of this composition
without departing from the inventive concept, is contained in or contained on personal

care products, cosmetics, wound treatment devices and bandages, water treatment
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compositions, oral formulations including mouth rinses, mouth swabs, toothpaste,
orally dissolving strips, tooth powder, aerosol formulations, an inhalant,
confectioneries, carbonated and non-carbonated drinks, chewing gums or

compositions for the treatment of plants.

[0018] The environment susceptible to microbial activity preferably includes the
mouth and teeth area of a subject, external body areas of a subject, wounds on a

subject, plants and water environments.

[0019] In another aspect, the present invention also provides a method of treating
or preventing the growth of disease-related microbes in the cavity of a subject
comprising the step of contacting the microbes with a composition of any one of the

embodiments as described herein.

[0020] In another aspect, the present invention provides for a method for providing
a barrier to microbial activity by applying or incorporating a composition according to
any one of the embodiments described herein in the mouth or teeth area of a subject,
the external body area of a subject, to bandages or strips for application to a wound of

a subject, plant material or water environment.

[0021] In another aspect, the present invention also provides a method of treating
or preventing periodontal disease in a subject comprising the step of contacting the
gingiva of the subject with a composition of any one of the embodiments described

herein.

[0022] In another aspect, the present invention also provides use of a composition
of any of the embodiments described herein in the preparation of a medicament,

dressing or barrier for the prevention of microbial disease.

[0023] In another aspect, the present invention also provides use of a composition
of any one of the embodiments described herein in the preparation of a medicament
for the treatment or prevention of periodontal disease. In embodiments of the
invention, a method is provided to prevent the growth or penetration of decay causing
bacteria in a tooth or teeth of a subject by applying a composition as described herein

to a tooth or teeth of a subject.
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[0024] In embodiments of the invention, the periodontal disease is selected from

the group consisting of gingivitis and periodontitis, and tooth decay.

[0025] The present invention also relates to all products comprising a composition

of any one of the embodiments described herein.
Brief Description of Figures

[0026] Figure 1 shows typical LSCM images of yeast on 1.5 A (control) (a) and 1.5
C (b).

[0027] Figure 2 shows typical LSCM images of F. nucleatum on 1.5 A (control) (a)
and 1.5 C (b).

[0028] Figure 3 shows typical LSCM images of S.mutans on 1.5 A (control) (a)
and 1.5 C (b)

Detailed Description

[0029] The present invention relates to a composition which is suitable for
reducing microbial activity in an environment susceptible to microbial activity. Without
being limited to theory, it is believed that the composition of the present invention is
able to either provide a barrier to microbes by coating the body to which it is applied,
repel the microbes, or trap within the composition the microbes, and/or Kill the
microbes with antimicrobial activity including decay causing bacteria. The
composition may, in some embodiments, be suitable for the treatment or prevention
of periodontal disease and dental caries. In such embodiments, the composition may

be regarded as a periodontal composition.

[0030] The composition of the present invention may possess antimicrobial
properties, and may be used on its own, or in adjunct with other oral hygiene
treatments or vehicles, to treat or prevent diseases or conditions of the oral cavity

such as periodontal disease.
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[0031] In accordance with one aspect, the present invention provides a
composition for reducing microbial activity in an environment susceptible to microbial

activity comprising:

metallic nanoparticles; and

an oxygenation agent.

[0032] A number of metallic species have been shown to possess antimicrobial
activity, including silver and gold. In particular, metals such as silver and gold are
considered safe for in vivo use, and provide antimicrobial action without the possibility

of developing antibiotic resistance.

[0033] In some embodiments of a composition of the present invention, the
metallic nanoparticles comprise gold nanoparticles, silver nanoparticles, or
combinations thereof. In one specific embodiment, the metallic nanoparticles
comprise gold nanoparticles. Gold nanoparticles may be particularly suitable for the
composition of the invention as it is non-toxic, biocompatible, inert and easily tolerated
by the body.

[0034] The metallic nanoparticles may be in a suitable form. For example, when
gold nanoparticles are used in the composition of the invention, the gold nanoparticles
may be in a form selected from the group consisting of nanospheres, nanoplatelets
and nanorods, or may be a combination of shapes including rods, cubes, discs and

spheres.

[0035] Metallic nanoparticles used in the composition of the invention have at
least one dimension in the nanometre range. In some embodiments, the metallic
nanoparticles may suitably have a particle size in the range of from about 2 to 200
nanometres. In some embodiments, the nanoparticles have a particle size in the
range of from about 5 to 50 nanometres. In some embodiments, the nanoparticles

have a particular size in the range of from about 18 to 22 nanometres.

[0036] The composition may comprise an amount of metallic nanoparticles
sufficient to achieve the required antimicrobial effects. In some embodiments, the

composition may comprise from about 100 to about 1000 ppm of gold nanoparticles.
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In a specific embodiment, the oral composition may comprise about 300 to about 700

ppm, or from about 400 to about 600 ppm of gold nanoparticles.

[0037] The desired quantity of gold nanoparticles may be achieved by mixing a
suitable amount of colloidal liquid gold with other agents used to prepare the
composition. In some embodiments, the composition may comprise from about 1 to
20% (v/w), or from about 1 to 15% (v/w), or from about 3 to 10% (v/w) of colloidal

liquid gold.

[0038] The composition of the present invention also comprises an oxygenation
agent. It is desirable that the oxygenation agent possess antimicrobial properties.
The combination of metallic nanoparticles with an oxygenation agent in the
composition may enable the composition to exhibit an enhanced antimicrobial

property.

[0039] In some embodiments, the oxygenation agent may be a source of reactive
oxygen species. The reactive oxygen species may exert an antimicrobial effect

against a range of pathogens, to kill the pathogens or inhibit their growth.

[0040] The composition of the invention comprises at least one oxygenation agent
and may comprise a combination of two or more oxygenation agents. In some
embodiments, the oxygenation agent may be selected from the group consisting of a

peroxide, a perborate, a bicarbonate, a dioxide, and mixtures thereof.

[0041] In some specific embodiments, the oxygenation agent is selected from the
group consisting of hydrogen peroxide, sodium perborate, sodium bicarbonate,
chlorine dioxide, and mixtures thereof. In a specific embodiment, the oxygenation

agent is hydrogen peroxide.

[0042] The oxygenation agent may be present in the composition in an amount
that provides an antimicrobial effect. In some embodiments, the oxygenation agent is
present in an amount of from about 1 to 35% of the composition. In some specific
embodiments, the oxygenation agent is present in an amount of from about 2% to
20%, or from about 2% to 10%, of the composition. In one form, the oxygenation

agent is present in an amount of about 5% of the composition.
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[0043] One skilled in the art would understand that when the oxygenation agent is
in the form of a solid (such for example, sodium perborate or sodium bicarbonate),
then the reference to percentage amount (%) would be a reference to a weight/weight
(w/w) or weight/volume (w/v) percentage, depending on the specific form of the
composition. When the oxygenation agent is in the form of a liquid (such for example,
hydrogen peroxide), then the reference to percentage amount (%) may be a reference
to a volume/volume (v/v) or volume/weight (v/iw) percentage, depending on the

specific form of the composition.

[0044] The oxygenation agent may assist in the prevention of plaque build-up and
gingivitis. In some embodiments, the oxygenation agent may also have a cosmetic
effect in addition to controlling microbial growth in the oral cavity. For example, the

oxygenation agent may also promote teeth whitening.

[0045] In some embodiments, the composition of the present invention may
further comprise a mineralisation agent. The term “mineralisation agent” is used
herein to refer to agents that promote the repair of alveolar bone following bone loss
(re-mineralisation agents), as well as agents that reduce or prevent bone loss (de-

mineralisation agents).

[0046] The mineralisation agent may be one that is conventionally used in dental
therapy to provide calcium to inhibit or repair bone loss. In some embodiments, the
mineralisation agent is selected from the group consisting of calcium phosphate,

dicalcium phosphate, tricalcium phosphate and calcium bicarbonate.

[0047] Mineralisation agents such as calcium phosphate, dicalcium phosphate,
tricalcium phosphate may be advantageous in the composition of the invention as
such agents can provide calcium and phosphate ions and may help to restore, or

inhibit the loss of, hydroxyapatite in affected bone and dental enamel.

[0048] When used in the composition of the invention, the mineralisation agent
may be present in an amount of from about 2 to 20% (w/w) of the composition. In
some embodiments, the mineralisation agent is present in an amount of from about

5% to 16% (w/w), or from about 10% to 14% (w/w), of the composition.
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[0049] In a further aspect of the present invention, the composition is applied to an
environment susceptible to microbial activity including the mouth and teeth area of a
subject, external body areas of a subject, wounds in a subject, plants and water
environments. The type of environments in which the composition may be used are
not limited to oral healthcare but it may also be used in other external body areas,
such as in deodorants and body sprays, and for the treatment of wounds, such as

open wounds, whether applied directly, or by the application of a bandage or the like.

[0050] Other environments to which the composition may be applied include the
application to plants to protect against microbial growth. This may be achieved by
coating the plant to provide a barrier to the invasion of microbes. The composition

may also repel or trap the microbes leading to killing the microbe.

[0051] The composition may also be useful in the prevention of microbial attack in
the teeth by including it in carbonated or non-carbonated drinks that may include

sugar, by providing a barrier to not only microbes, but also sugar.

[0052] In a further aspect, the present invention also provides a method of treating
or preventing the growth of disease-related microbes in the oral cavity of a subject
comprising the step of contacting the microbes with a composition as described
herein. Thus the invention provides a means for Killing or reducing microbes residing
in the mouth, as well as inhibiting the growth thereof. The composition of the
invention may be effective against a range of disease-related microorganisms in the
oral cavity. In specific embodiments, the invention provides for a means for killing or

preventing the growth of oral bacteria.

[0053] Disease-related microbes in the oral cavity may be gram-negative bacteria.
Such bacteria include, but are not limited to, Actinobacillus actinomycetemcomitans,
Porphyromonas gingivalis, Bacteroides forsythus, Treponema denticola, T. socranskil,

Prevotella intermedia, Fusobacterium nucleatum and other oral bacteria.

[0054] In a further aspect, the present invention also provides a method of treating
or preventing a disease or condition in the oral cavity of a subject comprising the step
of administering a composition as described herein to the oral cavity of the subject.

The disease or condition of the oral cavity may be periodontal disease.
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[0055] Thus in some embodiments, the present invention provides a method of
treating or preventing periodontal disease in a subject comprising the step of
contacting the gingiva of the subject with a composition as described herein. In some
embodiments, the periodontal disease is selected from the group consisting of

gingivitis and periodontitis.

[0056] Periodontal disease is marked by bacterial overgrowth, which can lead to
chronic inflammation of the gingiva and subsequent periodontal connective tissue
destruction. The composition of the present invention is suitable for killing, or
inhibiting the growth of, bacteria associated with periodontal disease. Thus, in some
embodiments, the present invention provides a method for treating or preventing the
growth of bacteria associated with periodontal disease. Such bacteria may be gram-
negative bacteria. Bacteria implicated in periodontal disease and bone loss include,
but are not limited to, Actinobacillus actinomycetemcomitans, Porphyromonas
gingivalis, Bacteroides forsythus, Treponema denticola, T. socranskii, Prevotella

intermedia, Fusobacterium nucleatum and other oral bacteria.

[0057] The Applicants have found that gram-negative bacteria and some yeasts
adhere to the composition of the invention and the composition provides a barrier to
such bacteria and yeasts infecting the environment. The composition does have anti-

microbial activity and kills the adhered bacteria or yeast.

[0058] The Applicants have also found that the composition is able to repel gram-

positive bacteria providing a barrier to such bacteria.

[0059] In another embodiment, the composition of the invention can be
administered to the oral cavity of a subject in a form that is adapted to contact the
gingiva of the subject. Suitable forms for the oral composition may include a paste, a
gel, a mouthwash, a chewing gum, or powder. For example, in one embodiment the
composition is administered in the form of a gel, powder or paste, which may be
applied or rubbed onto a surface of the gingiva (free gingival margin and gingival
sulcus), and optionally also onto a surface of one or more teeth, in order to treat or
prevent periodontal disease. In some embodiments, the gel, powder or paste may be

applied to the area of the oral cavity where the gingiva meets the teeth. In some
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embodiments, the gel, powder or paste may be applied to the region of the free
gingival margin and gingival sulcus adjacent one or more teeth. In another
embodiment, the composition may be administered to an oral cavity in the form of a
chewing gum that is masticated by a subject. Mastication of the chewing gum
enables the chewing gum to contact the gingiva of the subject. In another
embodiment, the composition may be administered to an oral cavity in the form of a
mouthwash, which is used to rinse the oral cavity and in this manner, can contact the

gingiva of a subject.

[0060] It may be beneficial for the composition to be in a form that allows for
contact with the gingiva of a subject for a time sufficient to allow the oral composition
to provide a therapeutic effect. Exemplary contact times with the gingiva may be
selected from the group consisting of at least 1 minute, at least 2 minutes, at least 5

minutes, or at least 10 minutes.

[0061] Bacteria associated with periodontal disease may reside in a periodontal
pocket of a subject. Accordingly, in some embodiments, the oral composition of the
invention is applied to a periodontal pocket of a subject to treat or prevent periodontal
disease. In such embodiments, the metallic nanoparticles may be retained in the
periodontal pocket and in this manner, be capable of exerting a sustained

antimicrobial effect for the treatment or prevention of periodontal disease.

[0062] The composition of the invention may be topically applied to the gingiva of
a subject. In this manner, the composition of the invention can provide a less invasive
form of treatment of oral diseases and conditions such as periodontal disease. In
some embodiments, the composition may be topically applied to the area of the oral
cavity where the gingiva meets one or more teeth. In some embodiments, the
composition may be topically applied to the region of the free gingival margin and

gingival sulcus adjacent one or more teeth.

[0063] The composition may also comprise one or more agents, carriers or
excipients conventionally used in the art. For example, the composition may
comprise antiplaque or anticalculus agents, fluoridating agents, colouring agents,

plasticising agents, sweeteners, flavouring agents, solvents, binding agents,
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surfactants, emulsifiers, humectants, pH balancers, solubilisers, preservatives or
thickeners. The composition may be formulated with carriers or excipients that may

help to generate the desired form for administration to the oral cavity.

[0064] In another aspect, the present invention provides a method for providing a
barrier to microbial activity by applying or incorporating a composition as described
herein, in the mouth or teeth area of a subject, the external body area of a subject, to
bandages or strips for application to a wound of a subject, plant material or water

environment.

[0065] In another aspect, the present invention also provides use of a composition
of any one of the embodiments described herein in the preparation of a medicament,
dressing or barrier for the prevention of microbial disease. In another embodiment
the invention provides use of a composition of any one of the embodiments described
herein in the preparation of a medicament for the treatment or prevention of a disease
or condition of the oral cavity. The disease or condition may be periodontal disease.
In some embodiments, the periodontal disease is selected from the group consisting

of gingivitis and periodontitis.

[0066] As used herein, the term “subject” generally refers to a mammalian subject.

The subject maybe a human or animal.
Examples

[0067] The following example illustrates the present invention in further detail
however the example should by no means be construed as limiting the scope of the

invention as described herein.
Example 1

[0068] An oral composition in the form of a paste is prepared as follows:

Ingredient Quantity
gold nanoparticles 0.05%
35% food grade hydrogen peroxide 5%
tricalcium phosphate 12%
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polysorbate (surfactant) 1%
arabic gum (binding agent) 1%
sorbitol (humectant) 35%

peppermint essential oil (flavouring agent) | 2%

Ingredient Quantity

xylitol (sweetener) 2%

natural grapefruit seed (preservative) 5-6%

Water to 100%

[0069] To prepare the oral paste, a liquid base is first prepared with water, sorbitol

and arabic gum. The gold nanoparticles, hydrogen peroxide, xylitol and natural
grapefruit seed are added to the liquid base and dispersed. Tricalcium phosphate is
then added and blended with the mixture. The flavouring agent is then added and
mixed. The polysorbate (surfactant) is added last under slow speed agitation to

minimise foaming.
Example 2

[0070] This example outlines the initial formulation and investigation into the
efficacy of a new dental treatment to combat dental caries, apical periodontitis and
periodontal diseases. Advanced microscopy techniques were used to examine the
interactions between model microbial species and formulations of the product. The
model species Fusobacterium nucleatum a Gram negative, Streptocuccus mutans a
Gram positive, implicated in periodontal disease and dental decay; and
Saccharomyces cerevisiae to represent yeasts, which are also found in dental plaque

were investigated.
Material preparation
[0071] Samples were made using three ingredients:

- Peroxide solution: 5% hydrogen peroxide: 2-3gms of 5% solution
- Active liquid ingredient: Colloidal gold liquid (gold nanoparticles): 7-8gm of
liquid
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- Powder component: tricalcium phosphate — approx. 12gms

[0072] Firstly the peroxide solution was made by mixing a concentrated peroxide
with water. The active liquid ingredient was then added. The final stage was to add
the powder component and mix by hand using a spatula. All quantities were

measured by mass rather than volume.

[0073] Mixing at the predetermined concentrations provided a runny liquid so it
was decided to make further samples using 50% more powder component. This gave
a thicker material with a toothpaste like consistency. Control samples were made
with the active ingredient substituted for an equal mass of water. The samples

produced were therefore as follows:

- 1 x A - Sample with active ingredient at standard powder concentration
- 1 x C - Sample without active ingredient at standard powder concentration
- 1.5 x A - Sample with active ingredient at 1.5 x powder concentration

- 1.5x C - Sample without active ingredient at 1.5 x powder concentration

[0074] Additional samples were also produced in the same way but subjected to
heating after mixing. These samples were heated at 60°C for 10 minutes in a water
bath.

[0075] Initial microbial tests showed greater activity for the 1.5 active ingredient
mixture, so antimicrobial tests concentrated on this formulation. The formulation
without the active ingredient served as a control within the subsequent antimicrobial

tests.
Application of sample to glass

[0076] The testing of the material with various media required the samples to be
applied to glass slides or cover slips. The more liquid 7 x samples were applied via a
pipette and allowed to run down the glass. This was sufficient to evenly coat the
glass. The thicker 7.5 x samples were spread onto the glass using a pipette. The
initial measurement for tricalcium phosphate was 8gms, but a further 4 gms was

added, and the 12 gms of tricalcium phosphate gave a better consistency.
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[0077] During preparation of samples, it was observed that a drying time of
approximately 5 minutes gave optimal adhesion of material to the glass. Fully dried
samples lifted off the glass readily when immersed in the liquid media, while freshly
prepared samples also tended to lift off but to a lesser extent. This problem was hard
to avoid for this water based dispersion and gave unevenness in the coated glass

following immersion.
Laser Scanning Confocal Microscopy (LSCM)

[0078] A light microscopy technique was used in conjunction with staining to
identify whether bacteria were alive or dead on the formulations. The sample
substrates were immersed in a suspension of microbes and incubated for 24 hours to
encourage the growth of biofilm. This time period would allow the cells to adhere to
the surface and the development of a biofilm, which involves the recruitment of cells
from the bulk suspension, surface growth and the release of extracellular
polysaccharides. These processes promote the attachment of the population to the

surface and occur in the development of dental plaque.
S. cerevisiae (Model yeast)

[0079] The study observed that when the active ingredient was included there was
an increase in cell adhesion and cell kill as there appears to be a slightly higher
proportion of cells stained red which are dead compared to the green stained cells

which are alive.

[0080] Figure 1 presents LSCM images of stained yeast cells. This work was

repeated twice with the same outcome.
F. nucleatum (Gram negative model organism)

[0081] A similar behaviour was observed for F. nucleatum with increasing
numbers of cells attached to the composition when the active ingredient was present.
There was also an increase in the number of dead cells indicating a bactericidal

action for the active ingredient.
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[0082] Figure 2 presents LSCM images of stained F. nucleatum cells on the

formulation.
S.mutans (Gram positive model organism)

[0083] The cell surface of Gram Positive bacteria has a significantly different
structure from that of Gram negative bacteria, so their chemical and physical
interactions are often different. Thus, we weren’t surprised when the study observed a
different action for the active ingredient when S. mutans a Gram positive bacteria was
exposed to the formulation. There were more cells observed on the control samples
compared to the formulation with the active ingredient. We were unable to identify if

there were increased numbers of dead cells after exposure to the active ingredient.

[0084] Figure 3 presents LSCM images of stained S.mutans cells on the

formulation.
Conclusions

[0085] In conclusion, we have observed that there is antimicrobial activity for the
initial formulation, which is different for Gram positive and Gram negative bacteria.
For S.mutans a Gram positive bacterial species there was reduced adhesion and
biofilm formation at the surface containing the active ingredient compared to that at
the control surface. Reduction of cell adhesion is one method that can be used to
reduce microbial colonisation of surfaces. The surfaces in the mouth are prime targets
for control methods that lower adhesion, as these will attenuate natural methods that
clean the mouth which include surface shear caused by chewing, the tongue and
brushing. Such methods, that reduce microbial adhesion, may also render existing
biofilms more susceptible to shear. For Gram negative F. nucleatum the active
ingredient increased attachment and biofilm formation. Increase in adhesion was also
observed for the yeast population at the treated formulation. In both cases the active
ingredient showed some antimicrobial action with an increased proportion of dead
cells at the treated surface. This is interesting with potential as an approach to combat
plaque formation by the preferential adhesion to surfaces that have a bactericidal
affect and/or are later removed from the teeth and gums leaving pristine teeth and

tissues.
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[0086] Future patent applications may be filed in Australia or overseas on the
basis of, or claiming priority from, the present application. It is to be understood that
the following provisional claims are provided by way of example only, and are not
intended to limit the scope of what may be claimed in any such future application.
Features may be added to or omitted from the provisional claims at a later date so as

to further define or redefine the invention or inventions.

[0087] Finally, it is to be understood that various other modifications and/or
alterations may be made without departing from the spirit of the present invention as

outlined herein.
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CLAIMS

1.

A composition for reducing microbial activity in an environment susceptible to

microbial activity, comprising:

10.

metallic nanoparticles; and

an oxygenation agent.
A composition according to claim 1 wherein the metallic nanoparticles comprise
gold nanoparticles, silver nanoparticles, or combinations thereof.
A composition according to claim 1 or claim 2 wherein the metallic nanoparticles
comprise gold nanoparticles.
A composition according to claim 3 wherein the gold nanoparticles have a
diameter in the range of from about 2 to 200 nanometres, preferably in the range
of 5 to 50 nanometres, and more preferably 18 to 22 nanometres.
A composition according to any one of the previous claims wherein the
oxygenation agent is selected from the group consisting of a peroxide, a
perborate, a bicarbonate, a dioxide, and mixtures thereof.
A composition according to any one of the previous claims wherein the
oxygenation agent is selected from the group consisting of hydrogen peroxide,
sodium perborate, sodium bicarbonate, chlorine dioxide, and mixtures thereof.
A composition according to any one of the previous claims wherein the
oxygenation agent is hydrogen peroxide.
A composition according to any one of the previous claims when the
oxygenation agent is present in an amount of from about 1 to 35% of the
composition, preferably 2% to 10% of the composition, more preferably about
5% of the composition.
A composition according to any one of the preceding claims wherein the
composition comprises from about 100 to about 1000 ppm gold nanoparticles,
preferably about 300 to 700 ppm and more preferably about 400 to about 600
ppm of gold nanoparticles.
A composition according to any one of the previous claims further comprising a

mineralization agent.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

19

A composition according to claim 10 wherein the mineralization agent is
selected from the group consisting of calcium phosphate, dicalcium phosphate,
tricalcium phosphate and calcium bicarbonate.

A composition according to any one of claims 10 or 11 wherein the
mineralization agent is tricalcium phosphate and is present in an amount of from
about 2 to 20% (w/w) of the composition, preferably 5% to 16% (w/w) of the
composition; and more preferably 10% to 14% (w/w) of the composition..

A composition according to any one of the preceding claims, wherein the
composition is combined with carrier molecules, and/or mucoadhesive
molecules.

A composition according to any one of the preceding claims wherein the
environment susceptible to microbial activity includes the mouth and teeth area
of a subject, external body areas of a subject, wounds in a subject, plants and
water environments.

A composition according to claim 14 wherein the composition is contained in or
contained on personal care products, cosmetics, wound treatment devices and
bandages, water treatment compositions, oral formulations including mouth
rinses, mouth swabs, toothpaste, orally dissolving strips, tooth powder, aerosol
formulations, an inhalant, confectioneries, carbonated and non-carbonated
drinks, chewing gums, compositions for the treatment of plants.

A method of treating or preventing the growth of disease-related microbes in the
oral cavity of a subject comprising the step of applying a composition of any one
of claims 1 to 15 to the oral cavity in the form of a toothpaste, mouth rinse,
mouth swab, orally dissolving strip or tooth powder.

A method of preventing the growth or penetration of decay causing bacteria in a
tooth or teeth of a subject by applying the composition of any one of claims 1 to
15 to a tooth or teeth of a subject.

A method of treating or preventing periodontal disease in a subject comprising
the step of applying to the gingiva of the subject a composition of any one of
claims 1 to 15.

A method according to claim 18 wherein the periodontal disease is selected

from the group consisting of gingivitis and periodontitis.
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20. A method according to claim 19 wherein the oral composition is applied to a

21.

22.

23.

24,

periodontal pocket of the subject.

A method for providing a barrier to microbial activity by applying or incorporating
a composition according to any one of claims 1 to 15 in the mouth or teeth area
of a subject, the external body area of a subject, to bandages or strips for
application to a wound of a subject, plant material or water environment.

Use of a composition according to any one of claims 1 to 14 in the preparation of
a medicament, dressing or barrier for the prevention of microbial disease.

Use of a composition of any one of claims 1 to 15 in the preparation of a
medicament for the treatment or prevention of periodontal disease.

Use according to claim 21 wherein the periodontal disease is selected from the

group consisting of gingivitis and periodontitis, and tooth decay.



WO 2016/205892 PCT/AU2016/050543
1/3

FIGURE 1

RECTIFIED SHEET
ISA/JAU (Rule 91)



WO 2016/205892 PCT/AU2016/050543
2/3

FIGURE 2

RECTIFIED SHEET
ISA/JAU (Rule 91)



WO 2016/205892 PCT/AU2016/050543
3/3

FIGURE 3

RECTIFIED SHEET
ISA/JAU (Rule 91)



INTERNATIONAL SEARCH REPORT International application No.
PCT/AU2016/050543

A. CLASSIFICATION OF SUBJECT MATTER

A61K 33/24 (2006.01) A61K 33/38 (2006.01)  A61K 33/40(2006.01) A61P 31/02 (2006.01) A61P 31/04 (2006.01)
A61P 31/10(2006.01) A61Q 11/00(2006.01) A61K 8/22 (2006.01) A61K 8/19 (2006.01)

According to International Patent Classification (IPC) or to both national classification and TPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPOQUE:Databases: EPODOC, WPI4AP; Keywords: Metal, Gold, Silver, Nano, Colloid, Sol, Oxidant, Perborate, Bicarbonate,
Oxidant, Chlorite, anti-bacterial, anti-microbial, anti-fungal, anti-viral, bacteriostatic, bactericidal, biocidal, fungicidal, oral, dental,
tooth, and plurals, synonyms and other like terms.

STN; Databases: HCAPLUS, BIOSIS, EMBASE, MEDLINE; Keywords: Gold, Nano, Colloid, Sol, Oxidant, Perborate,
Bicarbonate, Oxidant, Chlorite, anti-bacterial, anti-microbial, anti-fungal, and plurals, synonyms and other like terms.

INTERNET DATABASES;Google Scholar, Google, Mintel GNPD, Espacenet; Keywords: silver, gold, nanoparticle,
antimicrobial, EIKONIC R&D, colloidal, gold, bandage, peroxide, and plurals, synonyms and other like terms

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.

Documents are listed in the continuation of Box C

Further documents are listed in the continuation of Box C See patent family annex
* Special categories of cited documents:
"A"  document defining the general state of the art which isnot ~ "T"  later document published after the international filing date or priority date and not in
considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E" earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L"  document which may throw doubts on priority claim(s) or ~ "Y"  document of particular relevance; the claimed invention cannot be considered to
which 1s cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art
"O"  document referring to an oral disclosure, use, exhibition . .
or other means & document member of the same patent family
"p" document published prior to the international filing date
but later than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
8 August 2016 08 August 2016
Name and mailing address of the ISA/AU Authorised officer
AUSTRALIAN PATENT OFFICE Andrew Stevens
PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE
Email address: pet@ipaustralia.gov.au (ISO 9001 Quality Certified Service)
Telephone No. 0262256159

Form PCT/ISA/210 (fifth sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT PCT/AU2016/050543

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

WO 2006/093792 Al (SOLUTIONS BIOMED, LLC) 08 September 2006

See Abstract; Page 6, Lines 22-33 & 31-33; Page 7, Lines 1-4, 11-13 & 29-33; Page 8,
Lines 4-6 & 11-14; Page 9, Line 1 to Page 12, Line 18; Examples; and, Claims

1-24

US 5437858 A (Hungerbach et al) 01 August 1995
See Whole Document, but in particular Abstract; Tables; Examples; and, Claims

1-2, 5-8, 10-24

US 7935667 B2 (Tichy et al) 03 May 2011

See Abstract; Column 4, Lines 23-27, 38-42, 43-47 & 51-57; Column 5, Lines 12-18,
19-22 & 23-26; Column 5, Line 39 to Column 6, Line 12; Examples; and, Claims

1-24

Sanli-Yurudu et al, “Efficacy of Colloidal Silver-Hydrogen Peroxide and 2-Bromo-2-
nitroporopane-1,3-diol Compounds Against Different Serogroups of Legionella
preumophila Strains”, Indian Journal of Microbiology (2012), Vol. 52, No. 1, Pages 54-
59

See Whole Document, but in particular Abstract; Materials and Methods; and, Results
and Discussion

1-2,5-7,13-15,21-22

Hernandez-Sierra et al, “The antimicrobial sensitivity of Streptococcus mutans to
nanoparticles of silver, zinc oxide, and gold”, Nanomedicine: Nanotechnology, Biology,
and Medicine (2008), Vol. 4, Pages 237-240

See Whole Document, but in particular Abstract; Manufacturing of nanoparticles;
Antimicrobial test; Results; and, Discussion

1-4,13-15, 21-22

“MesoGold® - True Colloidal Gold”, Available from the Internet, <URL:
http://web.archive.org/web/20111222035453/http://www .koloidnestriebro.sk/index.php?
language=en&page=mesogold>, Published 22 December 2011 according to Wayback
Machine, Last Retrieved from the Internet 01 August 2016

See Whole Document

14, 13-15

CN 102090990 A (JINXUE CHENG) 15 June 2011, Reference is made to the English
machine translation obtained from Espacenet.
See Abstract; Sixth embodiment; and, Claim 6

1-2, 5-6, 10-24

Form PCT/ISA/210 (fifth sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/AU2016/050543

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date

WO 2006/093792 Al 08 September 2006 WO 2006093792 Al 08 Sep 2006
AU 2006218874 Al 08 Sep 2006
AU 2006218874 B2 12 Apr 2012
AU 2007290675 Al 06 Mar 2008
AU 2007290675 B2 07 Feb 2013
AU 2007295050 Al 20 Mar 2008
AU 2007295050 B2 03 May 2012
BR PI0608399 A2 29 Dec 2009
BR PI0716208 A2 10 Dec 2013
BR P10716208 B1 28 Jul 2015
BR PI10716584 A2 01 Oct 2013
CA 2599010 A1 08 Sep 2006
CA 2661643 Al 20 Mar 2008
CA 2662152 Al 06 Mar 2008
CN 101163784 A 16 Apr 2008
CN 101163784 B 14 May 2014
CN 101516321 A 26 Aug 2009
CN 101522033 A 02 Sep 2009
CN 101522033 B 06 Nov 2013
CN 104824019 A 12 Aug 2015
EP 1856236 Al 21 Nov 2007
EP 2061324 A2 277 May 2009
EP 2063852 A1l 03 Jun 2009
IL 185506 A 31 Oct 2012
IL 197284 A 29 Jan 2015
JP 2008531583 A 14 Aug 2008
JP 4971198 B2 11 Jul 2012
JP 2010502609 A 28 Jan 2010
JP 5202526 B2 05 Jun 2013
JP 2010501569 A 21 Jan 2010
JP 5337032 B2 06 Nov 2013
JP 2013155207 A 15 Aug 2013
KR 20070110394 A 16 Nov 2007
KR 101323982 B1 30 Oct 2013
KR 20090045326 A 07 May 2009
KR 101471684 B1 10 Dec 2014

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/AU2016/050543

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date
KR 20090045327 A 07 May 2009
KR 101476461 B1 24 Dec 2014
MX 2007010289 A 20 Feb 2008
MX 2008015347 A 16 Dec 2008
MX 2009002090 A 01 Apr 2009
MX 2009002220 A 03 Apr 2009
US 2006263239 Al 23 Nov 2006
US 7351684 B2 01 Apr 2008
US 2006198876 Al 07 Sep 2006
US 7462590 B2 09 Dec 2008
US 2007059202 A1 15 Mar 2007
US 7473675 B2 06 Jan 2009
US 2007048175 Al 01 Mar 2007
US 7504369 B2 17 Mar 2009
US 2006199752 A1l 07 Sep 2006
US 7507701 B2 24 Mar 2009
US 2007053850 A1 08 Mar 2007
US 7511007 B2 31 Mar 2009
US 2008000931 A1 03 Jan 2008
US 7534756 B2 19 May 2009
US 2007059255 Al 15 Mar 2007
US 7553805 B2 30 Jun 2009
US 2008233005 A1l 25 Sep 2008
US 7935667 B2 03 May 2011
US 2010074967 A1l 25 Mar 2010
US 8071525 B2 06 Dec 2011
US 2009004289 A1 01 Jan 2009
US 8084411 B2 27 Dec 2011
US 2006198798 A1l 07 Sep 2006
US 8802061 B2 12 Aug 2014
US 2009053323 Al 26 Feb 2009
WO 2008024422 A2 28 Feb 2008
WO 2008027264 A2 06 Mar 2008
WO 2008033206 Al 20 Mar 2008
WO 2008131226 A2 30 Oct 2008
ZA 200707893 B 31 Dec 2008

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/AU2016/050543

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date

US 5437858 A 01 August 1995 US 5437858 A 01 Aug 1995
DE 4123292 Al 11 Feb 1993
EP 0596908 Al 18 May 1994
EP 0596908 B1 11 Oct 1995
WO 9300884 Al 21 Jan 1993

US 7935667 B2 03 May 2011 US 2008233005 Al 25 Sep 2008
US 7935667 B2 03 May 2011
AU 2006218874 Al 08 Sep 2006
AU 2006218874 B2 12 Apr 2012
AU 2007290675 Al 06 Mar 2008
AU 2007290675 B2 07 Feb 2013
AU 2007295050 Al 20 Mar 2008
AU 2007295050 B2 03 May 2012
BR PI0608399 A2 29 Dec 2009
BR P10716208 A2 10 Dec 2013
BR P10716208 B1 28 Jul 2015
BR PI0716584 A2 01 Oct 2013
CA 2599010 A1 08 Sep 2006
CA 26601643 Al 20 Mar 2008
CA 2662152 Al 06 Mar 2008
CN 101163784 A 16 Apr 2008
CN 101163784 B 14 May 2014
CN 101516321 A 26 Aug 2009
CN 101522033 A 02 Sep 2009
CN 101522033 B 06 Nov 2013
CN 104824019 A 12 Aug 2015
EP 1856236 Al 21 Nov 2007
EP 2061324 A2 27 May 2009
EP 2063852 Al 03 Jun 2009
IL 185506 A 31 Oct 2012
IL 197284 A 29 Jan 2015
JP 2008531583 A 14 Aug 2008
JP 4971198 B2 11 Jul 2012
JP 2010502609 A 28 Jan 2010
JP 5202526 B2 05 Jun 2013

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/AU2016/050543

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date
JP 2010501569 A 21 Jan 2010
JP 5337032 B2 06 Nov 2013
JP 2013155207 A 15 Aug 2013
KR 20070110394 A 16 Nov 2007
KR 101323982 B1 30 Oct 2013
KR 20090045326 A 07 May 2009
KR 101471684 B1 10 Dec 2014
KR 20090045327 A 07 May 2009
KR 101476461 B1 24 Dec 2014
MX 2007010289 A 20 Feb 2008
MX 2008015347 A 16 Dec 2008
MX 2009002090 A 01 Apr 2009
MX 2009002220 A 03 Apr 2009
US 2006263239 A1 23 Nov 2006
US 7351684 B2 01 Apr 2008
US 2006198876 A1l 07 Sep 2006
US 7462590 B2 09 Dec 2008
US 2007059202 A1 15 Mar 2007
US 7473675 B2 06 Jan 2009
US 2007048175 Al 01 Mar 2007
US 7504369 B2 17 Mar 2009
US 2006199752 A1l 07 Sep 2006
US 7507701 B2 24 Mar 2009
US 2007053850 A1 08 Mar 2007
US 7511007 B2 31 Mar 2009
US 2008000931 A1 03 Jan 2008
US 7534756 B2 19 May 2009
US 2007059255 Al 15 Mar 2007
US 7553805 B2 30 Jun 2009
US 2010074967 A1l 25 Mar 2010
US 8071525 B2 06 Dec 2011
US 2005004289 A1 01 Jan 2009
US 8084411 B2 27 Dec 2011
US 2006198798 A1l 07 Sep 2006
US 8802061 B2 12 Aug 2014
US 2009053323 Al 26 Feb 2009

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/AU2016/050543

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date
WO 2006093792 A1l 08 Sep 2006
WO 2008024422 A2 28 Feb 2008
WO 2008027264 A2 06 Mar 2008
WO 2008033206 Al 20 Mar 2008
WO 2008131226 A2 30 Oct 2008
ZA 200707893 B 31 Dec 2008

CN 102090990 A 15 June 2011 CN 102090990 A 15 Jun 2011
CN 102090990 B 26 Dec 2012

End of Annex

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report

