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CASEIN FORMULATIONS FOR THE DELIVERY 
OF BIOACTIVE CONSTITUENTS 

TECHNICAL FIELD 

[0001] The invention relates to formulations designed to 
deliver bioactive constituents to biological surfaces, in par 
ticular, but not limited to, dental surfaces. 

BACKGROUND ART 

[0002] The casein formulations of the prior art have not 
described an isolated and puri?ed casein protein, together 
With at least one bioactive constituent, Wherein the formu 
lation provides a delivery system for the bioactive constitu 
ent, Whilst at the same time maintaining the activity of the 
casein protein and associated bioactive constituent. Further, 
the formulations of the prior art suffer from a number of 
signi?cant disadvantages. For eXample, the prior art formu 
lations have a limited shelf life at room temperature, before 
the occurrence of odorous bacterial breakdoWn or the 
appearance of a precipitate of protein resulting from the 
addition of incompatible components. 

[0003] The present invention provides a formulation for 
the delivery of bioactive constituents to biological surfaces, 
Wherein said formulation comprises at least one isolated and 
puri?ed casein protein or salt thereof, together With at least 
one bioactive constituent. Further, such a formulation dis 
plays an eXtended shelf life, Whilst maintaining the activity 
of the casein protein and associated bioactive constituent, 
and a formulation Which With added dispersing agents 
provides an increased dissolution rate for pre-dried formu 
lations in aqueous solutions. 

OBJECT OF THE INVENTION 

[0004] An object of the invention is to provide a casein 
protein based formulation Which acts as a delivery system 
for bioactive substances. 

DISCLOSURE OF THE INVENTION 

[0005] According to a ?rst embodiment of the invention 
there is provided a formulation for the delivery of bioactive 
constituents to biological surfaces, Wherein said formulation 
comprises a suspension or solution of at least one isolated 
and puri?ed casein protein or salt thereof, in Water, together 
With at least one bioactive constituent. 

[0006] Typically, the formulation delivers the bioactive 
constituents to biological surfaces in mammals. More typi 
cally, the biological surfaces include dental surfaces, such as 
teeth and gums. Even more typically, the biological surfaces 
include all tissues of the oral cavity, but can also include 
skin, and the alimentary tract, including the linings of the 
stomach and intestinal Walls. 

[0007] Typically, the biological activity of the casein pro 
tein Within the formulation is maintained regardless of the 
bioactive constituent associated thereWith. 

[0008] Typically, the casein protein present in the formu 
lation may be present as a mixture of any tWo or more of the 
casein proteins outlined beloW. 

[0009] Typically, the isolated and puri?ed casein protein 
may comprise a casein protein as disclosed in Whitney, R. 
Proteins of Milk. In: Fundamentals of Diary Chemistry 3rd 
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Edn. (1988) (ed. N. P. Wong), Van Nostrand Reinhold, NY, 
USA, pages: 82-91, the disclosure of Which is incorporated 
herein by reference. More typically, the casein protein is 
selected from the group consisting of: ot-casein, [3-casein, 
K-casein, and miXtures thereof. Yet even more typically, the 
casein protein is selected from the group consisting of: 

[0010] A. asl-Caseins 

[0011] 1. asl-Casein Xa-8P (genetic variants—A, 
B, c, D-9P, and E) 

[0012] 2. asl-Casein Xa-9P (genetic variants—A, 
B, c, D-10P, and E) 

[0013] 3. asl-Casein fragments 

[0014] asl-Caseins 
[0015] 1. asl-Casein Xa-10P (genetic variants—A, 

B, C-9P, and D-7P) 

[0016] 2. asl-Casein Xa-llP (genetic variants—A, 
B, 010, and D-8P) 

[0017] 3. asl-Casein Xa-12P (genetic variants—A, 
B, C-11P, and D-9P) 

[0018] 4. asl-Casein Xa-13P (genetic variants—A, 
B, c-12P, and D-10P) 

[0019] C. [3-Caseins 

[0020] 1. [3-Casein Xa-5P (genetic variants—Al, 
A2, A3, B, C-4P, D-4P, and E) 

[0021] 2. [3-Casein Xa-lP (f29-209) (genetic vari 
ant—A1, A2, A3, and B) 

[0022] 3. [3-Casein Xa-(f106-209) (genetic vari 
ants—A2, A3, and B) 

[0023] 4. [3-Casein Xa-(f108-209) (genetic vari 
ants—A and B) 

[0024] 5. [3-Casein X"‘-4P(f1-28)b 
[0025] 6. [3-casein Xa-5P (fl-105)b 

[0026] 7. [3-Casein XQ-SP (f1~107)b 

[0027] s. [3-Casein X"‘-1P(f29~105)b 

[0028] 9. [3-Casein X"‘-1P(f29~107)b 
[0029] D. K-Caseins 

[0030] 1. K-Casein Xa-lP (genetic variants—A and 
B) 

[0031] 2. Minor K-caseins Xa-l, -2, -3. etc. 
(genetic variants—A and B) 

[0032] Generally, the casein protein is a phosphoprotein, 
and may be present in the form of a salt. Typically, the salts 
are selected from the group consisting of: alkaline metals or 
alkaline earth metals. More typically, the alkaline earth 
metals are selected from the group consisting of: sodium, 
calcium, Zinc, copper, aluminium, potassium, strontium, 
magnesium and nickel salts. 

[0033] Typically, the casein phosphoprotein is in the form 
of a divalent or trivalent metal ion complex or aggregate. 
More typically, the casein phosphoprotein is in the form of 
caseinate calcium phosphate or caseinate calcium ?uoro 
phosphate. Even more typically, the casein phosphoprotein 



US 2003/0206939 A1 

is in the form of casein calcium phosphate complex or 
caseinate calcium ?uorophosphate complex. 

[0034] Typically, the formulation of the present invention 
also includes a phosphatase inhibitor. More typically, the 
phosphatase inhibitor is selected from the group consisting 
of: ?uoride ions, vinyl ether maleic acid polymers, and 
divalent and trivalent metal ions. 

[0035] Typically, the casein protein may be isolated and 
puri?ed from bovine, ovine or caprine milk. More typically, 
the casein protein for use in the invention is any commer 
cially available casein protein. 

[0036] Note that unless otherWise stated, all percentages 
of components of the formulation are by Weight, based on 
the total Weight of the formulation. 

[0037] Typically, the amount of casein protein, typically, 
present as casein phosphoprotein, in the formulation is 
betWeen about 0.05 and about 50%. More typically, the 
amount of casein phosphoprotein present in the formulation 
is betWeen about 0.5 and about 25%. Even more typically, 
the amount of casein phosphoprotein present in the formu 
lation is betWeen about 1 and about 20%. Still more typi 
cally, the amount of casein phosphoprotein present in the 
formulation is betWeen about 1 and about 15%. Yet still 
more typically, the amount of casein phosphoprotein present 
in the formulation is betWeen about 1 and about 10%. 

[0038] Typically, the isolated and puri?ed casein protein, 
and at least one bioactive constituent are present in asso 
ciation Within the formulation in accordance With the present 
invention. More typically, the association betWeen the iso 
lated and puri?ed casein protein and the bioactive constitu 
ent is by virtue of the presence of both negative and positive 
groups associated along the length of the casein polypeptide 
chain, Wherein these groups call ionically interact With a 
range of bioactive constituents to form a complex With the 
isolated and puri?ed casein protein or be soluble in Water. 
Even more typically, Wherein the bioactive constituents 
include constituents insoluble in Water, the constituents may 
be stabilised in an emulsion or suspension Within the casein 
protein formulation of the present invention. Thus, the 
formulation of the present invention comprising a suspen 
sion or solution of at least one isolated and puri?ed casein 
protein, together With at least one bioactive constituent, 
provides a delivery system for a range of bioactive constitu 
ents. 

[0039] In particular, casein protein, typically, casein phos 
phoprotein has an af?nity for biological surfaces, and as a 
consequence, When the formulation in accordance With the 
present invention is applied to a biological surface, by virtue 
of this af?nity of the casein protein resident in the formu 
lation, the concentration of the associated bioactive constitu 
ent at the biological surface is increased, thereby providing 
a delivery system Wherein the bioactive constituent is pre 
sented to the biological surface. 

[0040] Typically, inorganic bioactive constituents are 
selected from the group consisting of: calcium, phosphate, 
?uorophosphate, ?uoride, Zirconia, magnesium, barium, 
Zinc, iron, copper, aluminium, tin, silver, and salts of said 
bioactive constituents, selected from the group consisting of: 
titanium dioxide, Zinc oxide, calcium ?uoride, sodium ?uo 
ride, stannous ?uoride, calcium phosphate, calcium ?uoro 
phosphate and calcium oxide. In a typical form of the 
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invention, the casein phosphoprotein acts to sequester the 
bioactive constituents, calcium and phosphate to form an 
amorphous complex, Which can then be used as a soluble 
source of calcium and phosphate ions. 

[0041] Typically, ?uoride sources used in the formulation 
of the present invention include: sodium ?uoride, stannous 
?uoride, sodium mono?uorophosphate, Zinc ammonium 
?uoride, tin ammonium ?uoride, calcium ?uoride or cobalt 
ammonium ?uoride. 

[0042] Fluoride ions are typically provided at a level of 
from about 0 ppm to 6000 ppm, more typically 0 to 3000 
ppm, even more typically, 5 to 1500 ppm and still more 
typically, 50 to 1500 ppm. 

[0043] For example, the inorganic bioactive constituents, 
or for that matter, organic bioactive constituents, may func 
tion to safeguard the formulation against ultra-violet or 
visual light radiolytic degradation, Which for example, may 
occur during the use of the formulation in the ?lling of a 
dental cavity. 

[0044] Typically, surfactants, such as soap, anionic, non 
ionic, cationic, amphoteric and/or ZWitterionic surfactants, 
may also be present in the formulation as a bioactive 
constituent, or as an additional agent Within the formulation. 
More typically, the surfactants are present Within the range 
of 0 to 15%, even mnore typically 0.1 to 15%, still more 
typically 0.25 to 10% by Weight. Anionic surfaclants are 
most preferred, such as sodium dodccyl sulfate, sodium 
lauryl sarcosinate and sodium dodecylbenZone sulphonate. 

[0045] Typically, the amount of inorganic bioactive con 
stituents present in the formulation is betWeen about 0.005 
and about 50%. More typically, the amount of inorganic 
constituents present in the formulation is betWeen about 0.2 
and about 35%. Even more typically, the amount of bioac 
tive inorganic constituents present in the formulation is 
betWeen about 0.5 and about 15%. Yet even more typically, 
the amount of inorganic bioactive constituents present in the 
formulation is betWeen about 0.5 and about 10%. 

[0046] Typically, bioactive constituents may comprise 
organic bioactive constituents Which bind to the casein 
protein, yet do not affect its biological activity. More typi 
cally, the organic bioactive constituents are selected from the 
group consisting of: octymethoxycinnamate, butyl methoxy 
dibenZoylmethane, or other commercially available ultra 
violet or visual light absorbing compounds. More typically, 
organic bioactive constituents include the antimicrobial 
agents outlined beloW. 

[0047] In addition, in terms of the formulation in accor 
dance With the ?rst embodiment of the invention, the organic 
bioactive constituents may also include corticosteroid hor 
mones, such as cortisol, adrenocorticotropin, corticotropin; 
pain killing agents such as aspirin and/or paracetamol; 
vitamins and/or optical brighteners for improvement in the 
appearance of teeth, such as stilbene disulphonic acid. Many 
of the organic bioactive constituents safeguard the formu 
lation against ultra-violet or visual light radiolytic degrada 
tion, or may even be applied to the skin for the prevention 
of sunburn. 

[0048] Typically, the amount of organic constituents 
present in the formulation is betWeen about 0.005 and about 
30%. More typically, the amount of organic constituents 
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present in the formulation is between about 1 and about 
20%. Even more typically, the amount of organic constitu 
ents present in the formulation is betWeen about 1 and about 
15%. Still more typically, the amount of organic constituents 
present in the formulation is betWeen about 1 and about 5%. 

[0049] Typically, the formulation as de?ned in accordance 
With the ?rst embodiment of the invention is capable of 
accepting a suitable amount of a thickening agent to form a 
thiXotropic gel, Wherein the biological activity of the casein 
protein Within said thiXotropic gel is maintained. 

[0050] Typically, the thickening agent is selected on the 
basis that it does not deactivate the active casein protein 
component of the formulation. For instance, the thickening 
agents of the present invention do not cause ?occulation or 
precipitation of the protein Within the formulation. More 
typically, the thickening agent is selected from the group 
consisting of: a synthetic or natural clay, a synthetic or 
natural polymer, or a combination of any of these. Even 
more typically, the thickening agent includes a clay chosen 
from the group consisting of laponite (any form of laponite, 
such as laponite DE), hectorite, calcium montmorillonite, 
sodium montmorillonite (bentonite), sodium eXchanged 
montmorillonite, acid activated bleaching earth and palygor 
skite. Still more typically, the laponite includes any form of 
available laponite. 

[0051] The thickening agent may be selected from the 
natural polymers: alginate, cellulose and cellulose deriva 
tives. The thickening agent may be selected from the syn 
thetic polymer: carboXymethyl cellulose. 

[0052] Other suitable thickening agents include Irish 
moss, gum tragacanth, starch polyvinylpyrrolidone, 
hydroXyethylpropylcellulose, hydroXybutyl methyl cellu 
lose, hydroXypropyl methyl cellulose, hydroXyethyl cellu 
lose (e.g. available as Natrosol), sodium carboXymethyl 
cellulose, and colloidal silica such as ?nely ground Syloid. 

[0053] Typically, the amount of thickening agent present 
in the formulation is betWeen 0 and about 20% More 
typically, the amount of thickening agent present in the 
formulation is betWeen 0 and about 15%. Even more typi 
cally, the amount of thickening agent present in the formu 
lation is betWeen 0 and about 6%. 

[0054] Typically, particulate inorganic bioactive constitu 
ents may be added to the formulations of the present 
invention in the form of thiXotropic gels, Wherein the 
insoluble bioactive constituent(s) are held in suspension by 
the thiXotropic gel, and not necessarily through interaction 
With the resident casein protein. More typically, these inor 
ganic bioactive constituents are selected from the group 
consisting of titanium dioXide, Zinc oXide, Zirconia, calcium 
?uoride, stannous ?uoride and calcium oxide. Still more 
typically, the presence of particulate inorganic bioactive 
constituents also improve the visibility of the thiXotropic gel 
formulation, and thus its ease of application to a biological 
surface, such as teeth. 

[0055] The isolated and puri?ed casein protein present in 
the formulation as de?ned in accordance With the ?rst 
embodiment of the invention may also be subject to bacterial 
contamination and odorous breakdoWn. Therefore, the bio 
active constituent present in the formulation may itself be at 
least one antimicrobial agent, or may further comprise at 
least one antimicrobial agent as a further bioactive constitu 
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ent, together With other bioactive constituents. Typically, 
any antimicrobial agent used in commerce is also suitable 
for use in the formulation of the present invention. More 
typically, the antimicrobial agent may include an organic 
antimicrobial agent, Wherein the organic antimicrobial agent 
is typically Water-soluble. Even more typically, the antimi 
crobial agent comprises organic antimicrobial agents as 
disclosed in US. Pat. No. 5,368,844, the disclosure of Which 
is incorporated herein by reference. 

[0056] As described in US. Pat. No. 5,368,844 the anti 
microbial agent comprises: halogenated diphenyl ethers, 
such as: 2,4,4-trichloro-2-hydroXy-diphenyl ether (Tri 
closan); phenolic compounds, including phenol and its 
homologues, such as: 2-methyl-phenol, 3-methyl-phenol, 
4-methyl-phenol, 4-ethyl-phenol, 2,4-dimethyl-phenol, 3,4 
dimethyl-phenol, 2,6-dimethyl-phenol, 2,2-methylene bis(4 
chloro-6-bromo-phenol); mono- and poly-alkyl and aro 
matic halophenols, including -p-chlorophenols such as: 
methyl-p-chlorophenol, ethyl-p-chlorophenol, n-propyl-p 
chlorophenol, n-butyl-chlorophenol; -o-chlorophenols; 
p-bromophenols; -o-bromophenols; resorcinol and its 
derivatives, such as: n-methyl heXyl resorcinol; bisphenolic 
compounds and halogenated carbanilides. 

[0057] Still more typically, the antimicrobial agent may be 
selected from the group consisting of: glycerol, ethanol, 
sorbitol, mannitol, sodium benZoate, methyl-p-hydroXyben 
Zoate, ethyl-p-hydroXybenZoate, N-propyl p-hydroXyben 
Zoate, butyl-p-hydroXybenZoate, phenoXy ethanol and qua 
ternary ammonium salts, such as benZethonium chloride, 
and diisobutyl-phenoXyethoXyethyl dimethyl benZyl ammo 
nium chloride. 

[0058] Other types of antimicrobial agents may include 
amidines, such as substituted guanidine, including, chlo 
rheXidine, and other knoWn bis-biguanidinies; and cationic 
tertiary amines. 

[0059] Typically, Where the antimicrobial agent is sodium 
benZoate, the amount of sodium benZoate present in the 
formulation is betWeen about 0.0001 and about 0.5%. More 
typically, the amount of sodium benZoate present in the 
formulation is betWeen about 0.005 and about 0.3%. Even 
more typically, the amount of sodium benZoate present in the 
formulation is betWeen about 0.0025 and about 0.2%. Yet 
even more typically, the amount of sodium benZoate present 
in the formulation is betWeen about 0.001 and about 0.1%. 

[0060] Typically, the amount of ethanol present in the 
formulation is betWeen about 0.05 and about 20%. More 
typically, the amount of ethanol present in the formulation is 
betWeen about 0.5 and about 10%. Even more typically, the 
amount of ethanol present in the formulation is betWeen 
about 1 and about 8%. Yet even more typically, the amount 
of ethanol present in the formulation is betWeen about 2 and 
about 6%. 

[0061] Typically, the formulations of the present invention 
can be incorporated into vehicles such as: cheWing gums, 
loZenges, foods, confectionary, pharmaceutical composi 
tions, toothpaste creams or gels, or mouthWashes. 

[0062] A series of further ingredients may typically be 
included in toothpaste and gels in accordance With the 
invention, and they included: abrasive polishing materials, 
sudsing agents, ?avouring agents, humectants, binders, 
sWeetening agents, and Water. 
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[0063] Typically, abrasives used in the formulations of the 
invention, may include alumina and hydrates thereof, such 
as amorphous silica, alpha alumina trihydrate, magnesium 
trisilicate, dicalcium phosphate, magnesium carbonate, alu 
minosilicate, such as calcined aluminium silicate and alu 
minium silicate, calcium carbonate, Zirconium silicate, poly 
methylmethacrylate, poWdered polyethylene, 
polypropylene, silica xerogels, hydrogels and aerogels and 
the like. Also suitable as abrasive agents are calcium pryo 
phosphate, insoluble sodium metaphosphate, calcium car 
bonate, dicalcium orthophosphate, particulate hydroxyapa 
tite and the like. Depending on the form Which the oral 
formulation is to take, the abrasive may be present in an 
amount of from 0 to about 70% by Weight, typically about 
1 to about 70% by Weight, more typically from about 10 to 
about 70% by Weight, particularly for toothpastes. 

[0064] Humectants contemplated for use in the formula 
tions of the present invention include: glycerol, polyol, 
sorbitol, polyethylene glycols, propylene glycol, hydroge 
nated partially hydrolysed polysaccharides and the like. The 
humectants are generally present in amounts of from 0 to 
about 80%, typically about 5 to about 70% by Weight, 
particularly for toothpastes. 

[0065] Various other materials may be incorporated in the 
oral formulations of the present invention, such as Whitening 
agents, preservatives silicones, chlorophyll compounds, 
other anticalculus agents, and/or ammoniated material such 
as urea, diammonium phosphate, and mixtures thereof. 
These adjuvants, Where present, are incorporated in the 
preparations in amounts Which do not substantially 
adversely affect the properties and characteristics desired. 

[0066] Any suitable ?avouring or sWeetening material 
may also be employed. Examples of suitable ?avouring 
constituents are ?avouring oils. For example, oil of spear 
mint, peppermint. Wintergreen, sassafras, clove, sage, euca 
lyptus, marjoram, cinnamon, lemon, and orange, and methyl 
salicylate. Suitable sWeetening agents include sucrose, lac 
tose, maltose, dextrose, levulose, sorbitol, xylitol, d-tryp 
tophan, dihydrochalcones, sodium cyclamate, perillartine, 
APM (aspartyl phenyl alanine, methyl ester), and saccha 
rine. Suitably, ?avouring and sWeetening agents may 
together comprise from about 0.1% to about 10% by Weight 
or more of the preparation, and more typically, from about 
0.1% to about 5% by Weight or more of the preparation. 

[0067] As described above, the formulations of the present 
invention may be present in the form selected from the group 
consisting of: a toothpaste, mouthWash, food-stuff, bever 
age, a pharmaceutical composition, dentifrice, or a confec 
tionary. More typically, the food-stuff may include breakfast 
foods, such as cereals, and the confectionary may include 
cheWing gum, candies, sWeets, chocolates and other con 
fectionary-like products. 

[0068] Formulations of the present invention can be incor 
porated in loZenges, or in cheWing gum or other similar 
products, for example, by stirring an aqueous suspension or 
solution and/or combination thereof, of the formulation, or 
a pre-dried form of the formulation in solid or redissolved 
form into a Warm gum base topical vehicle or coating the 
outer surface of a gum base. Typical of these include 
jelutone, rubber latex, vinylite resins, and desirably With 
conventional plasticisers or softeners, sugar or other sWeet 
eners or carbohydrates such as glucose, sorbitol and the like. 
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[0069] More typically, formulations in accordance With 
the ?rst embodiment of the invention may be dried, for 
example, by spray drying, and then added to substances, 
such as loZenges, cheWing gums, carbonated beverages, salt, 
sugar, arti?cial sWeeteners, baked goods, toothpaste, mouth 
Wash, and other oral hygiene products. 

[0070] A preferred form of the present invention is a 
cheWing gum including the formulation in accordance With 
the ?rst embodiment of the invention. The cheWing gum 
may be made from any gum base: composition Well knoWn 
in the art and includes those gum bases utilised for conven 
tional cheWing gums and bubblegums. Gum bases typically 
include a polymeric material and may comprise elastomers, 
resins, polyvinyl acetates, Waxes, fats, oils, emulsi?ers, 
?llers and antioxidants. 

[0071] Typically, a cheWing gum in accordance With the 
present invention may comprise ingredients present in 
amounts selected from the folloWing ranges: typically, 
betWeen about 10 to about 80%, more typically, betWeen 
about 25 to about 80%, even more typically, betWeen atout 
40 to about 80%, of a gum base; typically, about 0.1 to about 
40%, more typically, about 0.1 to about 25%, even typically, 
about 1 to about 10% of a pre-dried form of the formulation 
in accordance With the ?rst embodiment of the invention; 
typically, betWeen about 5 to about 70%, more typically, 
betWeen about 10 to about 50%, even more typically, 
betWeen about 25 to about 40% of a Water-soluble bulking 
ingredient; typically, betWeen 0 to about 5% of a ?avourant, 
more typically, betWeen 0 to about 3.5% of a ?avourant; 
even more typically, betWeen 0 to about 2% of a ?avourant; 
typically, betWeen 0 to about 0.2%, more typically, betWeen 
0 to about 0.1%, even more typically, betWeen 0 to about 
0.05% of a colourant; typically, betWeen 0 to about 20%, 
more typically, betWeen 0 to about 15%, even more typi 
cally, betWeen 0 to about 10% of an abrasive; typically, 
betWeen 0 to about 3%, more typically, betWeen 0 to about 
2%, even mrore typically, betWeen 0 to about 1% of a 
surfactant; and typically, betWeen 0 to about 3%, more 
typically, betWeen 0 to about 2%, even more typically, 
betWeen 0 to about 1% of a ?uoridating agent. 

[0072] As outlined above, unless otherWise stated all 
percentages of components of the cheWing gum form of the 
formulation are by Weight, based on the total Weight of the 
cheWing gum composition. 

[0073] Typically, the cheWing gum may be any variety of 
different cheWing gum types including loW and high mois 
ture, sugar or sugarless, Wax-containing or Wax-free, loW 
calorie, and the like, and can contain other bioactive agents, 
other than casein protein. 

[0074] In general, a cheWing gum product generally con 
sists of a Water-insoluble gum base, a Water-soluble portion, 
and ?avours. The Water-soluble portion dissipates over a 
period of time, and the gum base portion is retained during 
mastication. Further, a conventional cheWing gum base 
usually contains an elastomer, an elastomer solvent, and 
various other ingredients such as ?llers, softeners, plasticiZ 
ers and emulsi?ers. 

[0075] Typically, cheWing gum base elastomers include: 
chicle, jelutong, balata, croWn gum, guttapercha, sorva, lechi 
capsi, sorva, croWn gum, nispero, rosidinha, perillo, niger 
gutta, tunu, gutta kay, pendare, leche de vaca, chiquibul, 
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crown gum, and the like, butadiene-styrene copolymer, 
polyisobutylene, isobutylene-isoprene copolymer, polyeth 
ylene, and the like, and mixtures thereof. More typically, the 
amount of elastomers employed in the gum base composi 
tion varies greatly depending upon factors such as the type 
of gum base used, the consistency of the gum base compo 
sition desired, and the other components used in the com 
position to make the ?nal cheWing gum product. Even more 
typically, the elastomer is present in the gum base compo 
sition in an amount of betWeen any one of the following; 
about 15% to about 60%; about 15% to about 30%; or about 
25% to about 30%. 

[0076] Typically, elastomer solvents are also present in the 
gum base composition, Wherein they act in softening or 
plasticising the elastomer component. CheWing gum base 
elastomer solvents include pentaerythritol ester of Wood 
rosin, glycerol ester of polymerised rosin, partially hydro 
genated methyl ester of rosin, and the like. More typically, 
the elastomer solvent may be employed in the gum base 
composition in an amount of from about 2% to about 40%, 
and even more typically, from about 7% to about 15%. 

[0077] Typically, Waxes, fats/oils are also present in the 
gum base composition, Wherein they act to improve the 
elasticity of the gum base. Waxes can provide a soft or ?rm 
cheW, in?uence the ?avour release and provide bulkiness 
and smoothness to the gum base. The fats, oils and Waxes 
may be used individually or in combination in the gum base, 
and may be of mineral, animal, vegetable or synthetic origin. 
Examples of Waxes include paraf?n, microcrystalline Waxes, 
polyethylene Wax, paraf?n Wax, beesWax, carnauba Wax, 
microcrystalline Wax, carnauba Wax, candellila Wax, rice 
bran Wax, esparto Wax, ?ax Wax, sugarcane Wax, and 
synthetic Waxes. 

[0078] Further, examples of suitable oils and fats useable 
in gum compositions include hydrogenated or partially 
hydrogenated vegetable or animal fats, and these may be 
selected from the group consisting of: cottonseed oil, soy 
bean oil, coconut oil, palm kernel oil, beef talloW, hydro 
genated talloW, lard, cocoa butter, lanolin and the like; fatty 
acids such as palmitic, oleic, stearic, linoleic, lauric, myris 
tic, caproic, caprylic, decanoic or esters and salts as sodium 
stearate and potassium stearate. More typically, these ingre 
dients When used are generally present in amounts up to 
about 8%, and even more typically up to about 4%. 

[0079] Generally, the gum base composition may also 
include effcctive amounts of ?llers or bulking, agents, Which 
act to increase ?rmness and bulk and in?uence the texture 
and the ?avour release of the cheWing gum. Typically, ?llers 
may include organic and inorganic compounds (mineral 
adjuvants) such as calcium carbonate, magnesium carbon 
ate, ground limestone, magnesium silicate, calcium phos 
phate, cellulose polymers, clay, alumina, aluminium hydrox 
ide, aluminium silicate, talc, tricalcium phosphate, 
dicalcium phosphate, and mixtures thereof. 

[0080] More typically, the amount of the ?ller present in 
the gum base composition in an amount from about 1% to 
about 40%, still more typically, from about 5% to about 
20%. 

[0081] CheWing gum compositions generally include 
sugar and sugar alcohol sWeeteners, having a range in 
sWeetening intensity, Which may also act as bulking agents. 

Nov. 6, 2003 

For example, in sugarless gum compositions, a sWeetening 
agent, such as sorbitol or other sugar alcohol, may act as a 
bulking agent. 

[0082] Typically, sugar based sWeetening/bulking agents 
include: monosaccharides, disaccharides and polysaccha 
rides. More typically, the polysaccharides may be selected 
from the group consisting of: xylose, ribulose, glucose 
(dextrose), mannose, galactose, fructose (levulose), sucrose, 
maltose, and mixtures thereof. Further, typical sugar alcohol 
bulking agents include sorbital, xylitol, mannitol, galactitol, 
maltitol, mixture of alpha-D-glucopyranosyl-1 6-mannitol 
and alpha-D-glucopyranosyl-1 6-sorbitol, maltodextrins, 
hydrogenated starch hydrolysates; hydrogenated hexoses; 
hydrogenated disaccharides; and the like, and mixtures 
thereof. Even more typically, the bulking agents/sWeeteners 
may be present in an amount from about 15% to about 90%, 
and still more typically, in an amount from about 25% to 
about 65%, and even more typically, from about 30% to 
about 50%. 

[0083] More typically, the cheWing gum compositions 
may also include a high intensity sWeetening agent. More 
typically, the agent is selected from the group consisting of: 
dibydrochalcone, monellin, steviosides, glycyrrhiZin, dihy 
dro?avenol, and L-aminodicarboxylic acid, aminoalkenoic 
acid ester amides, saccharin and salts thereof, 3,4-dihydro 
6-methyl-1,2,3-oxathiaZine-4-one-2,2-dioxide and salts 
thereof, and L-aspartic acid derived sWeeteners, such as 
Aspartame, Alitame, and derivatives of chlorodeoxysucrose 
or chlorodeoxygalactosucrose. 

[0084] Typically, the amount of sWeetener employed in 
the cheWing gum composition Will vary With the sWeetener 
selected for a particular cheWing gum and the level of 
sWeetness desired. More typically, the sWeeteners are usu 
ally present in an amount from about 1% to about 70% and 
still more typically, in an amount from about 40% to about 
50%. Still more typically, the intense sWeeteners are usually 
used in an amount of up to about 1%, and even more 
typically, from about 0,05% to about 0.4%. 

[0085] Typically. cheWing gum composition may also 
contain a ?avouring agent, and more typically, the ?avour 
ing agent is in an amount from about 0.02% to about 5%. 

[0086] Typically, cheWing gum composition may also 
comprise additives selected from the group consisting of: 
colouring agents such as: titanium dioxide, incorporated in 
amounts up to about 2%; thickening agents such as: methyl 
cellulose, alginates, carrageenan, xanthan gum, gelatin, 
carob, tragacanth, and locust bean, and ?llers. 

[0087] Typically, in the loZenge according to the present 
invention, the topical vehicle or carrier in a tablet or loZenge 
is a solid Water-soluble polyhydric alcohol (polyol) such as 
mannitol, xylitol, sorbitol, malitol, a hydrogenated starch 
hydrolysate. Lycasin, hydrogenated glucose, hydrogenated 
disaccharides, and hydrogenated polysaccharides in an 
amount of about 90 to 98% by Weight of the total compo 
sition. Solid salts such as sodium bicarbonate, sodium 
chloride, potassium bicarbonate or potassium chloride may 
totally or partially replace the polyol carrier. 

[0088] Typically, the formulation of the present invention 
can be applied topically to biological surfaces Within the oral 
cavity, such as teeth and/or gums, as described in accordance 
With any one of the second to tWenty-sixth embodiments of 
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the invention as outlined below. More typically, in regard to 
the application of the formulation of the present invention to 
teeth, this may involve application of the formulation to a 
cavity, followed by cavity closure through application of a 
dental cavity ?lling composition, or dental capping. 

[0089] Typically, When applying the formulation Within 
the oral cavity, advantage is taken of the ability of casein 
protein to adhere to dental surfaces, thereby ensuring both 
the casein protein, and the bioactive constituent(s) present in 
the formulation are provided at close proximity to the dental 
surface, Wherein the bioactive constituents include those 
outlined above. 

[0090] Typically, the formulation in accordance With the 
?rst embodiment of the invention may also be present in the 
form of a mouthWash. More typically, in this form the 
bioactive constituent present in the mouthWash may be a 
suitable amount of an antimicrobial agent. Even more typi 
cally, the antimicrobial agent includes those antimicrobial 
agents de?ned above. 

[0091] Typically mouthWashes comprise a Water/alcohol 
solution, ?avour, humectant, sWeetener, sudsing agent, and 
colorant. The corresponding compounds mentioned above in 
relation to toothpastes and other oral formulations, are 
generally suitable and useful Within the ranges for mouth 
Washes as Well. For eXample, the mouthWash can typically 
include ethanol at a level of from 0 to about 60%, more 
typically from about 5 to about 30% by Weight. 

[0092] According to a second embodiment of the inven 
tion, there is provided a method of treating or preventing 
dental caries and/or tooth erosion in humans or animals in 
need of said treatment and/or prevention, Wherein said 
method comprises administering a therapeutically effective 
amount of the formulation in accordance With the ?rst 
embodiment of the invention, Wherein said formulation is 
capable of controlling or preventing dental caries and/or 
tooth erosion in humans or animals. 

[0093] According to a third embodiment of the invention, 
there is provided the formulation in accordance With the ?rst 
embodiment of the invention, When used in the treatment 
and/or prevention of dental caries and/or tooth erosion in 
humans or animals in need of said treatment and/or preven 
tion. 

[0094] According to a fourth embodiment of the inven 
tion, there is provided use of the formulation in accordance 
With the ?rst embodiment of the invention, in the preparation 
of a medicament for the treatment and/or prevention of 
dental caries and/or tooth erosion in humans or animals in 
need of said treatment and/or prevention. 

[0095] Typically, treatment or prevention of dental caries 
and/or tooth erosion involves release of bioactive constitu 
ents from the formulation. More typically, the bioactive 
constituents of the formulation as described in relation to the 
treatment and/or prevention of dental caries and/or tooth 
erosion, include: polyphosphates, generally employed in the 
form of their Wholly or partially dehydrated polyphosphate 
Water-soluble alkali metal, or ammonium salt, such as, 
tetrasodium pyrophosphate; N-methylpyrrolidone or pyr 
rolidone-S ,5 -diphophosphonic acids, such as, 2-pyrrolidone 
5,5-diethyl phosphoric acid. 

[0096] Typically, the amount of bioactive constituents of 
the formulation as described in relation to the treatment 
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and/or prevention of dental caries and/or tooth erosion, is 
betWeen about 0.01 to about 40% of the formulation. More 
typically, betWeen about 0.01 to about 25% of the formu 
lation. Still more typically, betWeen about 0.1 and about 
15% of the formulation. Yet still more typically, betWeen 
about 0.1 and about 10% of the formulation. 

[0097] According to a ?fth embodiment of the invention, 
there is provided a method of treating and/or preventing 
dental sensitivity in humans or animals in need of said 
treatment and/or prevention, said method includes adminis 
tering an effective amount of the formulation in accordance 
With the ?rst embodiment of the invention, Wherein said 
formulation is capable of controlling or preventing dental 
sensitivity in humans or animals. 

[0098] According to a siXth embodiment of the invention, 
there is provided the formulation in accordance With the ?rst 
embodiment of the invention, When used in the treatment 
and/or prevention of dental sensitivity in humans or animals 
in need of said treatment and/or prevention. 

[0099] According to a seventh embodiment of the inven 
tion, there is provided use of the formulation in accordance 
With the ?rst embodiment of the invention, in the preparation 
of a medicament for the treatment and/or prevention of 
dental sensitivity in humans, or animals in need of said 
treatment and/or prevention. 

[0100] More typically, the bioactive constituents of the 
formulation as described in relation to the treatment and/or 
prevention of dental sensitivity in accordance With the ?fth, 
siXth or seventh embodiments of the invention include: 
glycerine, strontium chlorides, sodium citrate, potassium 
nitrate or dicalcium phosphate. 

[0101] Typically, the amount of bioactive constituents of 
the formulation as described in relation to the treatment 
and/or prevention of dental sensitivity in accordance With 
the ?fth, siXth or seventh embodiments of the invention is 
betWeen about 0.001 to about 60% of the formulation. More 
typically, betWeen about 0.01 to about 50% of the formu 
lation. Still more typically, betWeen about 0.1 to about 35% 
of the formulation. Yet still more typically, betWeen about 
0.1 and about 20% of the formulation. 

[0102] According to an eighth embodiment of the inven 
tion, there is provided a method of treating or preventing 
gingivitis in humans or animals in need of said treatment 
and/or prevention, said method includes administering an 
effective amount of the formulation in accordance With the 
?rst embodiment of the invention, Wherein said formulation 
is capable of controlling or preventing gingivitis in humans 
or animals. 

[0103] According to a ninth embodiment of the invention, 
there is provided the formulation in accordance With the ?rst 
embodiment of the invention, When used in the treatment 
and/or prevention of gingivitis in humans or animals in need 
of said treatment and/or prevention. 

[0104] According to a tenth embodiment of the invention, 
there is provided use of the formulation in accordance With 
the ?rst embodiment of the invention, in the preparation of 
a medicament for treatment and/or prevention of gingivitis 
in humans or animals in need of said treatment and/or 
prevention. 
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[0105] According to an eleventh embodiment of the inven 
tion, there is provided a method of treating or preventing 
mouth odour in humans or animals, said method includes 
administering an effective amount of the formulation in 
accordance With the ?rst embodiment of the invention, 
Wherein said formulation is capable of controlling or pre 
venting mouth odour in humans or animals in need of said 
treatment and/or prevention. 

[0106] According to a tWelfth embodiment of the inven 
tion, there is provided the formulation in accordance With 
the ?rst embodiment of the invention, When used in con 
trolling or preventing mouth odour in humans or animals in 
need of said treatment and/or prevention. 

[0107] According to a thirteenth embodiment of the inven 
tion, there is provided use of the formulation in accordance 
With the ?rst embodiment of the invention, in the preparation 
of a medicament for controlling or preventing mouth odour 
in humans or animals in need of said treatment and/or 
prevention in need of said treatment and/or prevention. 

[0108] Typically, treatment and/or prevention of gingivitis 
and/or mouth odour involves release of bioactive constitu 
ents from the formulation. More typically, the bioactive 
constituents of the formulation as described in relation to the 
treatment and/or prevention of the relevant disorder in 
accordance With any one of the eighth to thirteenth embodi 
ments of the invention include an antimicrobial agent. 

[0109] Typically, the antimicrobial agent includes those 
antimicrobial agents described above in relation to the ?rst 
embodiment of the invention. More typically the antimicro 
bial agent may include an organic antimicrobial agent, 
Wherein the organic antimicrobial agent is typically Water 
soluble. Even more typically, the antimicrobial agent may 
include organic antimicrobial agents as disclosed in US. 
Pat. No. 5,368,844, the disclosure of Which is incorporated 
herein by reference. Still more typically the antimicrobial 
agent may be selected from the group consisting of: ethanol, 
sorbitol, mannitol, sodium benZoate, methyl-p-hydroXyben 
Zoate, ethyl-p-hydroXybenZoate, N-propyl p-hydroXyben 
Zoate, butyl-p-hydroXybenZoate, phenoXy ethanol and qua 
ternary ammonium salts. 

[0110] Typically, the amount of sodium benZoate present 
in the formulation is betWeen about 0.0001 and about 0.5%. 
More typically, the amount of sodium benZoate present in 
the formulation is betWeen about 0.005 and about 0.3%. 
Even more typically, the amount of sodium benZoate present 
in the formulation is betWeen about 0.0025 and about 0.2%. 
Yet even more typically, the amount of sodium benZoate 
present in the formulation is betWeen about 0.001 and about 
0.1%. 

[0111] Typically, the amount of ethanol present in the 
formulation is betWeen about 0.05 and about 20%. More 
typically, the amount of ethanol present in the formulation is 
betWeen about 0.5 and about 10%. Even more typically, the 
amount of ethanol present in the formulation is betWeen 
about 1 and about 8%. Yet even more typically, the amount 
of ethanol present in the formulation is betWeen about 2 and 
about 6%. 

[0112] According to a fourteenth embodiment of the 
invention, there is provided a method of recrystallising 
and/or remineralising enamel and/or dentine in humans or 
animals in need of said recrystallising and/or remineralising, 
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said method includes administering an effective amount of 
the formulation in accordance With the ?rst embodiment of 
the invention, Wherein said formulation is capable of recrys 
tallising and remineralising enamel and/or dentine in 
humans or animals. 

[0113] According to a ?fteenth embodiment of the inven 
tion, there is provided the formulation in accordance With 
the ?rst embodiment of the invention, When used in recrys 
talising and/or remineralising enamel and/or dentine in 
humans or animals in need of said recrystallising and/or 
remineralising. 
[0114] According to an siXteenth embodiment of the 
invention, there is provided use of the formulation in accor 
dance With the ?rst embodiment of the invention, in the 
preparation of a medicament for recrystallising and/or rem 
ineralising enamel and/or dentine in humans or animals in 
need of said recrystallising and/or remineralising. 

[0115] Typically, recrystallising and remineralising 
enamel and/or dentine involves release of bioactive con 
stituents from the formulation. More typically, the bioactive 
constituents of the casein protein formulation include; ?uo 
ride, a calcium phosphate compleX or a calcium ?uorophos 
phate complex, Wherein said calcium phosphate/?uorophos 
phate complex provides a soluble (bioavailable) source of 
calcium and/or phosphate. 

[0116] Typically, the amount of ?uoride present in the 
formulation is in the range of about 1 ppm to about 6000 
ppm. More typically, the amount of ?uoride present ill the 
formulation is in the range of about 5 ppm to about 250 ppm. 
Even more typically, the amount of ?uoride present in the 
formulation is in the range of about 25 ppm to about 100 

[0117] Typically, the amount of soluble calcium or phos 
phate so provided is in the range of about 0.01 mg/mL to 
about 25 mg/mL. More typically, the amount of soluble 
calcium or phosphate is in the range of about 0.1 mg/mL to 
about 20 mg/mL. Even more typically, the amount of soluble 
calcium or phosphate so provided is in the range of about 0.1 
mg/mL to about 10 mg/mL. 

[0118] According to a seventeenth embodiment of the 
invention, there is provided a method of buffering, plaque 
against a decrease in pH in humans or animals in need of 
said buffering, said method includes administering an effec 
tive amount of the formulation in accordance With the ?rst 
embodiment of the invention, Wherein said formulation is 
capable of buffering plaque against a fall in pH in humans 
or animals. 

[0119] According to an eighteenth embodiment of the 
invention, there is provided the formulation in accordance 
With the ?rst embodiment of the invention, When used in 
buffering plaque against a decrease in pH in humans or 
animals in need of said buffering. 

[0120] According to a nineteenth embodiment of the 
invention, there is provided use of the formulation in accor 
dance With the ?rst embodiment of the invention, in the 
preparation of a medicament for buffering plaque against a 
decrease in pH in humans or animals in need of said 
buffering. 

[0121] Typically, the casein protein Within the formulation 
Will alone provide a buffering action in relation to the 
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plaque. More typically, the buffering action in relation to the 
plaque involves release of bioactive constituents from the 
casein protein formulation, such as orthophosphate. Typi 
cally, the amount of orthophosphate provided is in the range 
of about 0.1 mg/mL to about 50 mg/mL; more typically, in 
the range of about 0.5 mg/mL to about 25 mg/mL; still more 
typically, in the range of about 5 mg/mL to about 10 mg/mL. 

[0122] According to a tWentieth embodiment of the inven 
tion, there is provided a method of treating and/or preventing 
osteoporosis in humans or animals in need of said treatment 
and/or prevention, said method includes administering an 
effective amount of the formulation in accordance With the 
?rst embodiment of the invention, Wherein said formulation 
is capable of controlling or preventing osteoporosis in 
humans or animals. 

[0123] According to a tWenty-?rst embodiment of the 
invention, there is provided the formulation in accordance 
With the ?rst embodiment of the invention, When used in 
treating and/or preventing osteoporosis in humans or ani 
mals in need of said treatment and/or prevention. 

[0124] According to a tWenty-second embodiment of the 
invention, there is provided use of the formulation in accor 
dance With the ?rst embodiment of the invention, in the 
preparation of a medicament for treating and/or preventing 
osteoporosis in humans or animals in need of said treatment 
and/or prevention. 
[0125] More typically, the treatment and/or prevention of 
osteoporosis, the bioactive constituents of the formulation 
include: vitamin D, or a calcium phosphate complex and/or 
calcium ?uorophosphate complex, Wherein said calcium 
phosphate complex and/or calcium ?uorophosphate com 
plex provides a soluble (bioavailable) source of calcium. 
[0126] Typically, the amount of soluble calcium provided 
is in the range of about 0.1 mg/mL to about 20 mg/mL; more 
typically, in the range of about 0.5 mg/mL to about 15 
mg/mL; still more typically, in the range of about 0.5 mg/mL 
to about 10 mg/mL. 

[0127] Typically, the amount of vitamin D provided is in 
the range of about 0.1 mg/mL to about 100 mg/mL; more 
typically, in the range of about 0.1 mg/mL to about 75 
mg/mL; still more typically, in the range of about 0.1 mg/mL 
to about 50 mg/mL; even more typically, in the range of 
about 1 mg/mL to about 25 mg/mL. 

[0128] As described in relation to the treatment and/or 
prevention of the relevant disorder in accordance With any 
one of the tWentieth to tWenty-second embodiments of the 
invention, in [text missing or illegible when filed] the 
bioactive constitute comprises vitamin D, or a calcium 
phosphate complex and/or calcium ?uorophosphate com 
plex, is usually used continuously over a period of 3 to 36 
months. Dosages of the formulation anti-atypical mycobac 
terial agents are generally in accordance With knoWn dosage 
ranges for the treatment and/or prevention of osteoporosis. 
For example, the typical dosage of the formulation is from 
250 mg to 1.5 g per day, more typically about 750 mg per 
day; even more typically about 450 mg per day. Alterna 
tively, the dosage regimen may be expressed as typically, 
from about 1 mg/kg to about 15 mg/kg per day, more 
typically about 2 mg/kg to 8 mg/kg per day; even more 
typically about 500 mg per day. 
[0129] The treatment of osteoporosis may be monitored by 
standard procedures in the art, including various blood 
parameters, during the course of treatment in accordance 
With the invention. 
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[0130] According to a tWenty-third embodiment of the 
invention, there is provided a method of treating and/or 
preventing calculus formation in the oral cavity of humans 
or animals in need of said treatment and/or prevention, said 
method includes administering an effective amount of the 
formulation in accordance With the ?rst embodiment of the 
invention, Wherein said formulation is capable of controlling 
or preventing calculus formation in the oral cavity of 
humans or animals in need of said treatment and/or preven 
tion. 

[0131] According to a tWenty-fourth embodiment of the 
invention, there is provided the formulation in accordance 
With the ?rst embodiment of the invention, When used in 
treating and/or preventing calculus formation in the oral 
cavity in humans or animals in need of said treatment and/or 
prevention. 

[0132] According to a tWenty-?fth embodiment of the 
invention, there is provided use of the formulation in accor 
dance With the ?rst embodiment of the invention, in the 
preparation of a medicament for treating and/or preventing 
calculus formation in the oral cavity in humans or animals 
in need of said treatment and/or prevention. 

[0133] Typically, in the treatment and/or prevention of 
calculus formation in accordance With any one of the 
tWenty-third to tWenty-?fth embodiments of the invention, 
the bioactive constituents of the formulation may include the 
casein protein, present in the form of a phosphoprotein. 
Even more typically, the bioactive constituents of the for 
mulation include polyphosphates, such as tetrasodium pyro 
phosphate, tetrapotassium pyrophosphate, and mixtures 
thereof. 

[0134] Typically, the amount of phosphoprotein present in 
the formulation described in relation to the treatment and/or 
prevention of calculus formation is betWeen about 0.05 to 
about 50% of the casein protein formulation. More typically, 
the amount of phosphoprotein present in the formulation is 
betWeen about 0.5 and about 25%. Even more typically, the 
amount of phosphoprotein present in the formulation is 
betWeen about 1 and about 20%. 

[0135] Typically, the amount of polyphosphate present in 
accordance With any one of the tWenty-third to tWenty-?fth 
embodiments of the invention is betWeen about 0.05 to about 
25% of the casein protein formulation. More typically, the 
amount of polyphosphate present in the formulation is 
betWeen about 0.5 and about 15%. Even more typically, the 
amount of polyphosphate present in the formulation is 
betWeen about 1 and about 10%. 

[0136] Typically as described in relation to the treatment 
and/or prevention of the relevant disorder in accordance 
With any one of the second to tWenty-?fth embodiments of 
the invention, the treatment and/or prevention of the relevant 
disorder may be achieved via an oral formulation according 
to the ?rst embodiment of the invention, present in a form 
such as a dentifrice, and preferably applied by brushing 
regularly Within the oral cavity, thereby applying the for 
mulation to the teeth and gums. Typically, the regularity of 
brushing may range from every second or third day, to 
preferably from 1 to 3 times daily, and may take place over 
a duration of at least 2 Weeks up to 8 Weeks or more, and 
even up to lifetime. Still more typically, the treatment and/or 
prevention of the relevant disorder takes place at a pH of 
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about 4.5 to 10, generally about 5.5 to 9, and more prefer 
ably about 6 to 8. The dentifrice is typically removed by 
rinsing With Water after each application. 

[0137] Alternatively, as described in relation to the treat 
ment and/or prevention of the relevant disorder in accor 
dance With any one of the second to tWenty-?fth embodi 
ments of the invention, the treatment and/or prevention of 
the relevant disorder may be achieved via an oral formula 
tion according to the ?rst embodiment of the invention, 
present in a form such as mouthWash, and preferably applied 
by rinsing regularly Within the oral cavity, thereby applying 
the formulation to the teeth and gums. Typically, the regu 
larity of rinsing may range from every second or third day, 
to preferably from 1 to 3 times daily, and may take place 
over a duration of at least 2 Weeks up to 8 Weeks or more, 
and even up to lifetime. Still more typically, the treatment 
and/or prevention of the relevant disorder takes place at a pH 
of about 4.5 to 10, generally about 5.5 to 9, and more 
preferably about 6 to 8. 

[0138] Alternatively, as described in relation to the treat 
ment and/or prevention of the relevant disorder in accor 
dance With any one of the second to tWenty-?fth embodi 
ments of the invention, the treatment and/or prevention of 
the relevant disorder may be achieved via an oral formula 
tion according to the ?rst embodiment of the invention, 
present in a form such as a thiXotropic gel, and preferably 
applied by applying the gel regularly Within the oral cavity, 
thereby applying the formulation to the teeth and gums. 
Typically, the regularity of gel application may range from 
every second or third day, to preferably from 1 to 3 times 
daily, and may take place over a duration of at least 2 Weeks 
up to 8 Weeks or more, and even up to lifetime. Still more 
typically, the treatment and/or prevention of the relevant 
disorder takes place at a pH of about 4.5 to 10, generally 
about 5.5 to 9, and more preferably about 6 to 8. The 
dentifrice is typically removed by rinsing With Water after 
each application. 

[0139] More typically, as described in relation to the 
treatment and/or prevention of the relevant disorder in 
accordance With any one of the second to tWenty-?fth 
embodiments of the invention, the formulations so described 
may be present in the form selected from the group con 
sisting of: a toothpaste, mouthWash, food-stuff, beverage, 
pharmaceutical composition, dentifrice, or a confectionary. 
More typically, the food-stuff may include breakfast foods, 
such as cereals, and the confectionary may include cheWing 
gum, candies, sWeets, chocolates and other confectionary 
like products. 

[0140] Typically, formulations of the present invention, 
for use in any one of the second to tWenty-?fth embodiments 
of the invention, can be incorporated in loZenges, or in 
cheWing gum or other products; for eXample, by stirring an 
aqueous suspension or solution and/or combination thereof, 
of the formulation, or a pre-dried form of the formulation in 
solid or redissolved form, into a Warm gum base topical 
vehicle or coating the outer surface of a gum base. Typical 
of these include jelutone, rubber lateX, vinylite resins, and 
desirably With conventional plasticisers or softeners, sugar 
or other sWeeteners or carbohydrates such as glucose, sor 
bitol and the like. 

[0141] More typically, formulations, in accordance With 
the ?rst embodiment of the invention, for use in any one of 
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the of the second to tWenty-?fth embodiments of the inven 
tion, may be dried, for example, by spray drying, and then 
added to substances, such as loZenges, cheWing gums, 
carbonated beverages, salt, sugar, arti?cial sWeeteners, 
baked goods, toothpaste, mouthWash, and other oral hygiene 
products. 

[0142] According to a tWenty-siXth embodiment of the 
invention, there is provided a glass ionomer cement, Wherein 
said cement comprises the formulation in accordance With 
the ?rst embodiment of the invention, together With liquid 
and poWdered precursors of said glass ionomer cement 
capable of reacting to form said glass ionomer cement. 

[0143] Typically, the glass ionomer cement is obtainable 
by curing a composition comprising a miXture of a liquid 
precursor of a glass ionomer cement, comprising polymer 
isable monomers, a carboXylic acid polymer, a solvent, a 
free radical initiator and an activator for the free radical 
initiator; and a poWdered precursor of a glass ionomer 
cement, Wherein said liquid precursor of a glass ionomer 
cement, said poWdered precursor of a glass ionomer cement 
are in a ratio typically from betWeen about 2.5 :1 to about 1:1 
by Weight, and Wherein said curing is achieved by a free 
radical polymerisation reaction. 

[0144] The polymerisable acid or non-acidic monomer 
may be present in an amount up to 90% by Weight based on 
the total of the liquid precursor of the glass ionomer cement. 
Typically, the polymerisable acid or non-acidic monomer is 
present in a range of betWeen about 2 to about 50% by 
Weight, more typically in a range betWeen about 2 to about 
45%, about 2 to about 40%, about 2 to about 35%, about 5 
to about 35%, about 8 to about 35%, about 10 to about 35% 
or about 12 to about 35 % by Weight, and even more typically 
in a range betWeen about 15 to about 35% by Weight. 

[0145] Typically, the carboXylic acid polymXer may be 
present in an amount up to about 90% by Weight based on 
the total of the liquid precursor of the glass ionomer cement. 
Typically, the carboXylic acid polymer is present in a range 
of betWeen about 5 to about 50% by Weight, more typically 
in a range betWeen about 5 to about 45%, about 5 to about 
30%, about 5 to about 25%, about 10 to about 45%, or about 
10 to about 40% by Weight, even more typically in a range 
betWeen about 15 to about 40% by Weight. 

[0146] Similarly, the aqueous solvent may be present in an 
amount up to about 80% by Weight based on the total of the 
liquid precursor of the glass ionomer cement. Typically, the 
aqueous solvent is present in a range of betWeen about 10 to 
about 75% by Weight, and more typically in a range betWeen 
about 30 to about 50% by Weight. 

[0147] Where the material is obtained through a free 
radical polymerisation curing process, a free radical initiator 
may be present in an amount up to about 5% by Weight based 
on the total of the liquid precursor of the glass ionomer 
cement. Typically, the free radical initiator is present in a 
range of betWeen about 0.01 to about 2% by Weight, and 
more typically in a range betWeen about 0.1 to about 0.5% 
by Weight. 

[0148] An activator for the free radical initiator may be 
present in an amount up to about 5% by Weight, based on the 
total of the liquid precursor of the glass ionomer cement. 
Typically, the activator is present in a range of betWeen 
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about 0.01 to about 2% by Weight, and more typically in a 
range between about 0.1 to about 0.5% by Weight. 

[0149] The liquid precursor of the glass ionomer cement 
may be comprised of a variety of polymerisable acid or 
non-acidic monomers, including any acidic or non-acidic 
monomers that Will take part in a free radical polymerisation 
reaction. Acid monomers are those acids that contain car 
bon-carbon double bonds. These include methacrylic acid, 
acrylic acid, itaconic acid, maleic acid, and maleic anhy 
dride. The polymerisable non-acidic monomers may include 
such monomers as: 2-hydroxy ethyl methacrylate, acryla 
mide, methacrylamide, or tetrahydrofurfuryl methacrylate. 
Further, these polymerisable monomers may also be com 
bined With acidic or neutral monomers containing more than 
one carbon-carbon double bond such as: 1,5-diallyl-2,4 
benZene dicarboxylic acid, triethylene glycol dimethacrylate 
or triallyl-1,3,5-triaZine-2,4,6(1H,3H,5H)-trione. 

[0150] The liquid precursor of the glass ionomer cement 
may be comprised of a variety of carboxylic acid polymers 
including any homopolymers With a single type of unit along 
their side chain, such as poly(acrylic acid) poly(methacrylic 
acid), and (itaconic acid). The carboxylic acid polymers may 
also include any copolymers, such as poly(vinyl methyl 
ether co-maleic acid), poly(methacrylic acid co-acrylic 
acid), poly(styrene co-acrylic acid co-methacrylic acid). 
Furthermore, the polymer may have double bonds along the 
side chain, making the polymer capable of taking part in a 
free radical reaction. 

[0151] The liquid precursor of the glass ionomer cement 
Will contain an amount of an aqueous solvent. Suitable 
aqueous solvents include Water, but may also include a 
mixture such as Water and a Water miscible liquid such as 
ethanol or isopropanol. 

[0152] Both the liquid and poWdered precursors of the 
glass ionomer cement may also contain a free radical 
initiator such as camphorquinone, aZabisisobutyronitrile or 
ribo?avin. 

[0153] The liquid precursor of the glass ionomer cement 
may also contain a free radical inhibitor such as butylated 
hydroxytoluene, hydroquinone and methyl ethyl hydro 
quinone. 
[0154] Suitable poWdered precursors of the glass ionomer 
cement include any poWder containing any amount of diva 
lent or trivalent metal ions. Examples of these include 
calcium aluminium ?uorosilicate glass, phosphates of Zinc 
and calcium, oxides and hydroxides of calcium, Zinc, 
barium, strontium and aluminium. 

[0155] The poWdered precursor may be comprised of a 
solid that Will generate an acid in the presence of Water or 
an acidic solution. Such a solid may be phosphorous pen 
toxide, disodium tartrate or disodium maleate. 

[0156] The poWdered precursor may also contain a per 
oxide initiator so that the poWder-liquid mixture Will 
undergo a free radical polymerisation in the absence of light. 
Suitable examples of such a peroxide initiator include: 
benZoyl peroxide or methyl ethyl ketone peroxide. 

[0157] When preparing the glass ionomer cement, part, or 
all of the poly(carboxylic) acid component of the glass 
ionomer cement may be added to the poWdered precursor, 
also containing a spray-dried formulation in accordance With 
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the present invention, so that the dry poly(carboxylic) acid 
polymer sWells or dissolves in the liquid component, When 
the poWdered and liquid precursors of the glass ionomer 
cement are mixed together. 

[0158] Typically, the free radical polymerisation reaction 
is light activated and is brought about by adding to the liquid 
formulation, a small amount of an initiator such as cam 
phorquinone and an activator such as a tetramethyl amine. A 
suitable example of such an amine is N,N-3,5-tetramethyl 
aniline. More typically, N,N-3,5-tetramethyl aniline may be 
present in a range of betWeen 0.1% to 5% by Weight based 
on the total of the liquid precursor of the glass ionomer 
cement. More typically, N,N-3,5-tetramethyl aniline is 
present in an range of betWeen about 0.1 to about 0.7% by 
Weight, and even more typically in a range betWeen about 
0.2 to about 0.5% by Weight. 

[0159] One method of obtaining the material of the pre 
cured glass ionomer cement is via a free radical polymeri 
sation reaction. The free radical polymerisation curing reac 
tion is initiated by exposing the admixed liquid and 
poWdered glass ionomer cement precursors to light that 
contains a signi?cant amount of light at a Wavelength at or 
close to 470 nm. The curing time may vary from about 5 to 
about 80 seconds, but more preferably from about 10 to 
about 60 seconds. An example of such a light source is 
provided by the Optilux 401 curing lamp (Demetron 
Research Corporation). 

[0160] Alternative methods of obtaining the material of 
the pre-cured glass ionomer cement are to utilise a cationic 
or anionic polymerisation process. Combinations of LeWis 
acids and proton donors are important initiators for cationic 
polymerisation. A suitable combination includes boron tri 
?uoride and Water. Anionic polymerisation can be initiated 
by anionic species by transferring a negative charge to the 
vinyl double bond, for example potassium amide or a 
mixture of sodium and naphthalene. 

[0161] The acid-base reaction that occurs to form a cured 
glass ionomer cement involves the neutralising of the acid 
groups in the polymer netWork by multivalent metal ions 
such as calcium ions and aluminium ions a provided by the 
poWdered precursor. The acid-base reaction is sloW, and the 
rate of the reaction is limited by the diffusion of metal ions 
out of the glass poWder into the polymer netWork, and 
subsequent ionic crosslinking. 

[0162] The glass ionomer cement may also contain an 
amount of a heavy metal that Would render the material 
opaque to X-rays, ie radio-opaque. Examples of such heavy 
metals include barium, bismuth, gold, silver, tin, lead, cad 
mium, antimony, palladium, platinum, tungsten or iridium. 
The heavy metals should be in a form sufficiently bound 
such that undesirable heavy metals are unable to be leached 
in vivo. 

[0163] Generally, the glass ionomer cement exhibits frac 
ture toughness and ?exural modulus values similar to those 
obtained for classical glass ionomer cements, that is, about 
0.4 MNm and 6 GPa respectively after 72 hours of curing at 
ambient temperature. 

[0164] Typically, the glass ionomer cement may be used as 
a dental restorative material. 

[0165] Typically, the amount of formulation in accordance 
With the ?rst embodiment of the invention, typically in a 
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spray-dried form, present in the glass ionomer cement is 
between about 0.05 to about 50% of the cement. More 
typically, the amount of formulation is betWeen about 0.05 
and about 25%. Even more typically, the amount of formu 
lation is betWeen about 0.1 and about 20%. 

[0166] Typically, the casein protein present in the formu 
lation is a casein calcium phosphate complex. 

[0167] According to a tWenty-seventh embodiment of the 
invention, there is provided the formulation in accordance 
With the ?rst embodiment of the invention, Wherein the 
formulation additionally comprises a dispersing agent. 

[0168] In general, the dispersing agent increases the rate 
that the phosphoprotein dissolves or disperses into solution 
or suspension, and in this Way enhances the bioactivity. 
Typically, an aqueous solution or suspension of the formu 
lation in accordance With the tWenty-seventh embodiment of 
the invention can be sprayed onto foods such as breakfast 
cereal or ?our, folloWed by drying. Alternatively, and more 
preferably, the formulation in accordance With the tWenty 
seventh embodiment of the invention is spray dried to form 
a poWder. The spray dried poWder can then be added to a 
beverages, a variety of foods, including confectionary, 
baked foods, and cheWing gum etc, or for that matter may 
even be integrated into dental hygiene products, such as 
dental ?oss. 

[0169] Typically, the dispersing agent present is selected 
from the group consisting of: sugars, carbohydrates, pro 
teins, peptides, amino acids, lipids, urea, uric acid, and 
mixtures thereof. 

[0170] Typically, a carbohydrate dispersing agent may be 
selected from the group consisting of: sugar, monosaccha 
rides, disaccharides, oligosaccharides, polysaccharides and 
derivatives thereof. 

[0171] Typically, a protein dispersing agent may be 
selected from the group consisting of: Whey protein, glyco 
proteins, hydrolysed protein, and hydrolysed dephosphory 
lated protein. 

[0172] Typically, a peptide dispersing agent may be 
selected from the group consisting of: adrenocorticotropic 
hormone and fragments, angiotensin and related peptides, 
atrial natriurertic peptides, bradykinin and related peptides, 
chemotactic peptides, dynorphin and related peptides endor 
phins and [3-lipotropin fragments, enkephalin and related 
peptides, enZyme inhibitors, ?bronectin fragments and 
related peptides, gastrointestinal peptides, groWth hormone 
releasing peptides, luteiniZing hormone releasing and related 
peptides, melanocyte stimulating hormone and related pep 
tides, neurotensin and related peptides, opioid peptides, 
oXytocin, vasopressin, vasotocin and related peptides, par 
athyroid hormone and fragments, protein kinase related 
peptides, somatostatin and related peptides, substance p and 
related peptides, and miXtures thereof. 

[0173] Typically, an amino acid dispersing agent may be 
selected from the group consisting of: alanine, arginine, 
asparagine, aspartic acid, ot-aminobuberic acid, cysteine, 
glutamine, glutamic acid, glycine, histidine, homoserine, 
hydroXyproline, isoleucine, leucine, lysine, methionine, nor 
leucine, norvaline ornithine, pencillamine, prroglutamic 
acid, phenylalanine, proline, sarcosine, serine, staline, threo 
nine, tyrptophan, tyrosine, valine and analogues and miX 
tures thereof. 
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[0174] Typically, the amount of casein protein, typically 
present as a phosphoprotein, present in the formulation in 
accordance With the tWenty-seventh embodiment of the 
invention, is betWeen 0.01 to 20%, more typically, betWeen 
0.1 to 10%, and even more typically, betWeen 0.5 to 5%. 

[0175] Typically, the amount of dispersing agent in the 
formulation in accordance With the tWenty-seventh embodi 
ment of the invention, is betWeen 0.01 to 50%, more 
typically, betWeen 0.1 to 20%, even more typically, betWeen 
0.5 to 5%. 

[0176] The formulation in accordance With the tWenty 
seventh embodiment of the invention, typically, in a spray 
dried form, can be incorporated in a form selected from the 
group consisting of: a toothpaste, mouthWash, food-stuff, 
beverage, pharmaceutical composition, dentifrice, loZenge, 
confectionary, or a glass ionomer cement. More typically, 
the food-stuff may include breakfast foods, such as cereals, 
and the confectionary may include cheWing gum, candies, 
sWeets, chocolates and other confectionary-like products. 

[0177] Typically, the formulation in accordance With the 
tWenty-seventh embodiment of the invention, typically, in a 
spray-dried form, can then be used in the formulations in 
accordance With any one of the second through to tWenty 
siXth embodiments of the invention. 

[0178] According to a tWenty-eighth embodiment of the 
invention, there is provided the formulation in accordance 
With the ?rst embodiment of the invention, together With a 
salivary stimulator, Wherein said formulation is capable of 
acting as a saliva substitute in human or animals. 

[0179] The saliva substitute may also further comprises 
any other type of bioactive ingredient that is typically found 
in the saliva of humans or animals. 

[0180] Typically, said saliva substitute is used in patients 
With dysfunctional salivary ducts. More typically, said saliva 
substitute is transported from a reservoir to the back of the 
mouth. 

[0181] Typically, the amount of casein protein, typically as 
a phosphoprotein, present the formulation in accordance 
With the tWenty-eighth embodiment of the invention is 
betWeen about 0.000001 to about 5%. More typically, the 
amount of casein phosphoprotein present in the formulation 
is betWeen about 0.00001 to about 1%. Even more typically, 
the amount of casein phosphoprotein present in the formu 
lation is betWeen about 0.0001 to about 0.1%. 

[0182] Typically, the saliva substitute to be provided to the 
patient is sterilised prior to use. 

[0183] Typically, the salivary stimulator is pilocarpine. 

[0184] Typically, the amount of salivary stimulator present 
in the saliva substitute in accordance With the tWenty-eighth 
embodiment of the invention may range betWeen about 
0.00001% to about 10%; more typically, betWeen about 
0.001% to about 5%; still more typically, betWeen about 
0.01% to about 5%; yet still more typically, betWeen about 
0.01% to about 2%; even more typically, betWeen about 
0.1% to about 1%. 

DEFINITIONS 

[0185] The term “isolated and puri?ed” means that the 
casein protein has been removed from milk, and associated 
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impurities reduced or eliminated. In relation to this, it is 
known that casein in milk is present in a Water insoluble, 
micellar form, and as a consequence, casein protein in 
accordance With the present invention has been isolated and 
puri?ed therefrom. Essentially, it means an object species is 
the predominant species present (ie., on a molar basis it is 
more abundant than any other individual species in the 
composition), and preferably a substantially puri?ed fraction 
is a composition Wherein the object species comprises at 
least about 30 percent (on a molar basis) of all macromo 
lecular species present. Generally, a substantially pure com 
position Will comprise more than about 80 to 90 percent of 
all macromolecular species present in the composition. Most 
preferably, the object species is puri?ed to essential homo 
geneity (contaminant species cannot be detected in the 
composition by conventional detection methods) Wherein 
the composition consists essentially of a single macromo 
lecular species. 

[0186] By the phrase “suitable amount of a thickening 
agent” We mean that the formulation includes a suf?cient 
amount of a thickening agent to form a thixotropic gel, but 
not so much of the thickening agent that the viscosity of the 
formulation is so great as to render the formulation unusable. 

[0187] In the context of this speci?cation, the term “com 
prising” means “including principally, but not necessarily 
solely”. Further, variations of the Word “comprising”, such 
as “comprise” and “comprises” have correspondingly varied 
meanings. 

BEST MODES AND OTHER MODES OF 
CARRYING OUT THE INVENTION 

[0188] In a typical form of the invention, a casein calcium 
phosphate complex is prepared by ?rst dissolving in Water a 
mixture of sodium caseinate (NeW Zealand Products, Aus 
tralia Pty Ltd. 30 Frank St Wetherill Park, NSW Australia) 
and disodium phosphate (Ajax Chemicals) (food grade), 
before adjusting the pH of the mixture to betWeen about 8 to 
about 10. A solution of calcium chloride (2 mg/mL) (Ajax 
Chemicals) (food grade) is then added With agitation, and 
the mixture stirred until a homogeneous mixture is obtained. 
This homogeneous mixture provides a stock solution of the 
casein calcium phosphate complex comprising 100 mg/mL 
casein, 2 mg/mL calcium and 3.75 mg/mL phosphate. 

[0189] Typically, in preparing the formulations of the 
present invention, the bioactive constituents, With the excep 
tion of calcium chloride and ethanol, are provided as solids, 
to be dissolved or maintained in aqueous solution or sus 
pension. 

[0190] Typically, a formulation of the present invention, 
Wherein an inorganic bioactive constituent is associated With 
the casein protein, consists of the folloWing and falls Within 
the folloWing ranges, Wherein all proportions are expressed 
by Weight: 

Casein calcium phosphate complex 0.05 to 50% 
Ethanol (absolute) 0.05 to 15% 
Water up to 100% 
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[0191] Typically, a further formulation of the present 
invention comprising inorganic bioactive constituents asso 
ciated With the casein protein, falls Within the folloWing 
ranges, Wherein all proportions are expressed by Weight: 

Casein calcium phosphate complex 0.05 to 3% 
Ethanol (absolute) 0.05 to 15% 
Sodium fluoride 5 ppm to 250 ppm 
Water up to 100% 

[0192] Typically, an even more preferred formulation of 
the present invention, Wherein the inorganic bioactive con 
stituents are associated With the casein protein in the form of 
a thixotropic gel, falls Within the folloWing ranges, Wherein 
all proportions are expressed by Weight: 

Casein calcium phosphate complex 0.1 to 3% 
Ethanol (absolute) 3 to 10% 
Laponite 50.1 to 10% 
Titanium dioxide 0.1 to 5% 
Water up to 100% 

[0193] Typically, a formulation of the present invention 
containing organic constituents associated With the casein 
protein, falls Within the folloWing ranges: 

Casein calcium phosphate complex 0.5 to 25% 
Sodium benzoate 0.001 to 25% 
Flavouring Trace 
Colouring Trace 
Water up to 100% 

[0194] Typically a formulation of the present invention 
containing organic constituents associated With the casein 
protein, falls Within the folloWing ranges: 

Casein calcium phosphate complex 0.5 to 25% 
Laponite 0.5 to 12% 
Ethanol (absolute) 2 to 10% 
Octyl methoxycinnamate 0.1 to 0.8% 
Water up to 100% 

[0195] In general, the octyl methoxycinnamate is ?rst 
dissolved in ethanol, and then added to remainder of the 
formulation With agitation. 

[0196] Typically, a further formulation of the present 
invention, Wherein the formulation contains organic con 
stituents associated With the casein protein, falls Within the 
folloWing ranges: 

Casein calcium phosphate complex 1 to 20% 
Laponite 0.5 to 12% 
Ethanol (absolute) 2 to 6% 
Butyl methoxydibenzoylmethane 0.1 to 0.8% 
Water up to 100% 
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[0197] A still further formulation of the present invention, 
Wherein the formulation contains organic constituents asso 
ciated With the casein protein, falls Within the following 
ranges: 

Casein calcium phosphate complex 1 to 20% 
Laponite 0.5 to 12% 
Ethanol (absolute) 2 to 6% 
Corticosteroid Hormone 0.1 to 5% 
Water up to 100% 
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-continued 

Ethanol (absolute) 
Water 
Adjusted to pH 7.5 With 1 N NaOH. 

5.5% 
up to 100% 

[0202] A speci?c thixotropic gel for use in a mouthguard 
in accordance With the present invention includes: 

[0198] Aformulation of the present invention, Wherein the 
formulation is useful in the treatment and/or prevention of 
dental caries and/or tooth erosion, falls Within the folloWing 
ranges: 

Casein calcium phosphate complex 1 to 20% 
Laponite 0.5 to 12% 
Ethanol (absolute) 2 to 6% 
Tetrasodium pyrophosphate 0.01 to 25% 
Water up to 100% 

[0199] A further formulation of the present invention, 
Wherein the formulation is useful in the treatment and/or 
prevention of dental sensitivity, falls Within the folloWing 
ranges: 

Casein protein 1 to 20% 
Laponite 0.5 to 12% 
Ethanol (absolute) 2 to 6% 
Strontium chloride 0.01 to 20% 
Water up to 100% 

[0200] A still further formulation of the present invention, 
Wherein the formulation is useful in the treatment and/or 
prevention of osteoporosis, falls Within the folloWing 
ranges: 

Casein calcium phosphate complex 1 to 20% 
Laponite 0.5 to 12% 
Ethanol (absolute) 2 to 6% 
Vitamin D 0.1 to 100 mg/mL 
Water up to 100% 

Casein calcium phosphate complex 1.0% 
Disodium phosphate 0.23% 
Calcium chloride dihydrate 0.22% 
Sodium ?uoride 100 ppm 
Sodium benzoate 0.03% 
Sodium saccharin 1.6% 
Flavour 3.1% 
Ethanol (absolute) 5.5% 
Water up to 100% 
Titanium dioxide 1.0% 
Laponite DF (synthetic clay) 5% 
Adjusted to pH 7.5 With 1 N NaOH. 

[0203] A speci?c toothpaste in accordance With the 
present invention includes: 

Casein calcium phosphate complex 2.5% 
Disodium phosphate 0.173% 
Calcium chloride dihydrate 0.165% 
Sodium ?uoride 100 ppm % 
Sodium benzoate 0.03% 
Sodium saccharin 1.2% 
Flavour 2.3% 
Ethanol (absolute) 4.1% 
Water up to 100% 
Titanium dioxide 0.750% 
Laponite DF 5% 
Silica abrasive 20% 
Adjusted to pH 7.5 With 1 N NaOH. 

[0204] A formulation in accordance With the invention, 
additionally comprising a dispersant, includes: 

Casein calcium phosphate complex 2.5% 
Sugar 2.5% 
Disodium Phosphate 0.12% 
Calcium chloride, dihydrate 0.12% 
Ethanol (absolute) 5.0% 
Water up to 100% 
Adjusted to pH 7.5 With 1 N NaOH 

[0201] A speci?c mouthWash formulation in accordance 
With the present invention includes: 

Casein sodium phosphoprotein 2.0% 
Disodium phosphate 0.115% 
Calcium chloride dihydrate 0.11% 
Sodium benzoate 0.03% 
Sodium ?uoride 100 ppm 
Flavour 0.15% 
Sodium saccharin 0.08% 

[0205] Aformulation of the present invention, Wherein the 
formulation is subjected to spray-drying prior to incorpora 
tion in vehicle such as: cheWing gums, loZenges, foods, 
beverages, confectionary, pharmaceutical compositions, 
toothpaste creams or gels, or mouthWashes, may be prepared 
as folloWs: 

[0206] Firstly, a formulation comprising 10-20% sodium 
caseinate, 1-10% Whey protein, to 1% disodiumn orthophos 
phate, and Water up to 100% Was mixed and stirred With an 
overhead stirrer until all the sodium caseinate is thoroughly 
dispersed. 
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[0207] Secondly, a formulation comprising 10-20% cal 
cium chloride dihydrate (2 mg/mL) in Water Was prepared. 

[0208] Thirdly, a formulation comprising approximately, 
5% of the calcium chloride dihydrate solution and 95% of 
the caseinate solution Was prepared. 

[0209] Finally, a spray dried poWder of the above formu 
lation is obtained from a Niro Production Minor Spray Drier 
(Niro Australia Pty Ltd, Blackburn VIC, Australia), With an 
inlet temperature of about 200° C., and a How rate that 
controlled the outlet temperature to about 85° C. 

[0210] The resultant spray-dried poWder formulation in 
accordance With the present invention is then added to 
vehicles such as: cheWing gums, lozenges, foods, beverages, 
confectionary, pharmaceutical compositions, toothpaste 
creams or gels, or mouthWashes. 

[0211] For example, a formulation of the present inven 
tion, in the form of a cheWing gum may be prepared as 
folloWs: 

[0212] A2% by Weight formulation in accordance With the 
?rst embodiment of the invention present in the form of a 
cheWing gum comprising: 88% of a gum base, 2% or a 
spray-dried formulation in accordance With the ?rst embodi 
ment of the invention, Wherein the spray-dried formulation 
comprises 4% calcium phosphate and 96% isolated and 
puri?ed casein protein; 7% of a Water-soluble bulking ingre 
dient; 2% of a ?avourant ingredient; and about 0.2% of a 
colourant; Was prepared according to the folloWing. 

[0213] The gum base may comprise: elastomers, such as 
croWn gum, in an amount of 25 to 55%, elastomer solvents, 
such as rosin esters, in an amount of 5-25%, Waxes, such as 
paraf?n, in an amount of 5-10%, and ?llers, such as calcium 
carbonate in an amount of 15%. 

[0214] The manner in Which the gum base components are 
admixed is not critical and is performed using standard 
techniques and apparatus knoWn to those skilled in the art 
and may be a traditional batch-type process or any extru 
sion-type process. In a typical method, an elastomer is 
admixed With an elastomer solvent and/or a plasticiser 
and/or an emulsi?er and agitated for a period of time usually 
from 1 to 30 minutes. After blending is complete, the 
remaining ingredients may be added in bulk, incrementally, 
or stepWise While mixing until a homogeneous mass is 
obtained. The process may take from 15 minutes to 6 hours 
in a traditional batch type process. The ?nal mass tempera 
ture may vary from 40° C. to 175° C. The ?nal homogeneous 
mass is discharged from the mixer and alloWed to cool and 
thereafter the gum base composition is incorporated into a 
cheWing gum composition. 

[0215] The amount of gum base employed in the cheWing 
gum composition Will vary depending on such factors as the 
type of product desired, the type of gum base used, the 
consistency desired, and the other components used to make 
the ?nal cheWing gum product. 

[0216] Once prepared, the gum base together With the 2% 
by Weight formulation in accordance With the ?rst embodi 
ment of the invention may be formulated to prepare a Wide 
variety of cheWing gum compositions, Wherein the cheWing 
gum compositions are prepared using standard techniques 
and equipment knoWn to those skilled in the art. The 
apparatus useful in accordance With the present invention 
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comprises mixing and heating apparatus Well knoWn in the 
cheWing gum manufacturing arts, and therefore the selection 
of the speci?c apparatus Would be readily apparent to the 
person skilled in the art. 

[0217] In the administration of therapeutic formulations in 
accordance With any one of the second through to tWenty 
?fth embodiments of the present invention, there are pre 
ferred non-toxic pharmaceutical carriers, diluents, excipi 
ents and/or adjuvants. For administration, the formulations 
of the present invention are admixed With these non-toxic 
carriers, diluents, excipients and/or adjuvants and may be in 
the form of capsules, aqueous or oily suspensions, emul 
sions, syrups, pastes, elixirs, micelles or inj ectable solutions. 

[0218] Examples of pharmaceutically acceptable carriers 
or diluents are demineralised or distilled Water; saline solu 
tion; vegetable based oils such as peanut oil, safflower oil, 
olive oil, cottonseed oil, maiZe oil, sesame oils such as 
peanut oil, safflower oil, olive oil, cottonseed oil, maiZe oil, 
sesame oil, arachis oil or coconut oil; silicone oils, including 
polysiloxanes, such as methyl polysiloxane, phenyl polysi 
loxane and methylphenyl polysolpoxane; volatile silicones; 
mineral oils such as liquid paraf?n, soft paraf?n or squalane: 
cellulose derivatives such as methyl cellulose, ethyl cellu 
lose, carboxymethylcellulose, sodium carboxymethylcellu 
lose or hydroxypropylmethylcellulose; loWer alkanols, for 
example ethanol or iso-propanol; loWer aralkanols; loWer 
polyalkylene glycols or loWer alkylene glycols, for example 
polyethylene glycol, polypropylene glycol, ethylene glycol, 
propylene glycol, 1,3-butylene glycol or glycerin; fatty acid 
esters such as isopropyl palmitate, isopropyl myristate or 
ethyl oleate; polyvinylpyrridone; agar; carrageenan; gum 
tragacanth or gum acacia, and petroleum jelly. Typically, the 
carrier or carriers Will form from 10% to 99.9% by Weight 
of the compositions. 

[0219] Some examples of suitable carriers, diluents, 
excipients and adjuvants for oral use include peanut oil, 
liquid paraffin, sodium carboxymethylcellulose, methylcel 
lulose, sodium alginate, gum acacia, gum tragacanth, dex 
trose, sucrose, sorbitol, mannitol, gelatine and lecithin. In 
addition these oral formulations may contain suitable ?a 
vouring and colourings agents. When used in capsule form, 
such as in accordance With any one of the tWentieth to 
tWenty-second embodiments of the invention, the capsules 
may be coated With compounds such as glyccryl monostear 
ate or glyceryl distearate Which delay disintegration. 

[0220] Adjuvants typically include emollients, emulsi? 
ers, thickening agents, preservatives, bactericides, cytokines 
and buffering agents. 

[0221] Solid forms for oral administration, such as in 
accordance With any one of the second to tWenty-?fth 
embodiments of the invention, may contain binders accept 
able in human and pharmaceutical practice, sWeeteners, 
disintegrating agents, diluents, ?avourings, coating agents, 
preservatives, lubricants and/or time delay agents. Suitable 
binders include gum acacia, gelatine, corn starch, gum 
tragacanth, sodium alginate, carboxymethylcellulose or 
polyethylene glycol. Suitable sWeeteners include sucrose, 
lactose, glucose, aspartame or saccharine. Suitable disinte 
grating agents include corn starch, methylcellulose. polyvi 
nylpyrrolidone, guar gum, xanthan gum, bentonite, alginic 
acid or agar. Suitable diluents include lactose, sorbitol, 
mannital, dextrose, kaolin, cellulose, calcium carbonate, 
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calcium silicate or dicalcium phosphate. Suitable ?avouring 
agents include peppermint oil, oil of Wintergreen, cherry, 
orange or raspberry ?avouring. Suitable coating agents 
include polymers or copolymers of acrylic acid and/or 
methacrylic acid and/or their esters, Waxes, fatty alcohols, 
Zein, shellac or gluten. Suitable preservatives include 
sodium benZoate, vitamin E, alpha-tocopherol, ascorbic 
acid, methyl paraben propyl paraben or sodium bisulphite. 
Suitable lubricants include magnesium stearate, stearic acid, 
sodium olcate, sodium chloride or talc. Suitable time delay 
agents include glyceryl monostearate or glyceryl distearate. 

[0222] Liquid forms for oral administration may contain, 
in addition to the above agents, a liquid carrier. Suitable 
liquid carriers include Water, oils such as olive oil, peanut 
oil, sesame oil, sun?oWer oil, safflower oil, arachis oil, 
coconut oil, liquid paraf?n, ethylene glycol, propylene gly 
col, polyethylene glycol, ethanol, propanol, isopropanol, 
glycerol, fatty alcohols, triglycerides or mixtures thereof. 

[0223] Suspensions for oral administration, such as in 
accordance With any one of the second to tWenty-?fth 
embodiments of the invention may further comprise dis 
persing agents and/or suspending agents. Suitable suspend 
ing agents include sodium carboxymethylcellulose, methyl 
cellulose, hydroxypropylmethyl-cellulose, poly-vinyl 
pyrrolidone, sodium alginate or acetyl alcohol. Suitable 
dispersing agents include lecithin, polyoxyethylene esters of 
fatty acids such as stearic acid, polyoxyethylene sorbitol 
mono- or di-oleate, -stearate or -laurate, polyoxyethylene 
sorbitan mono- or di-oleate, -stearate or -laurate and the like. 

[0224] The emulsions for oral administration may further 
comprise one or more emulsifying agents. Suitable emulsi 
fying agents include dispersing agents as exempli?ed above 
or natural gums such as guar gum, gum acacia or gum [text 
missing or illegible when fi|ed]agacanth. 

[0225] For administration as an injectable solution or 
suspension, non-toxic parenterally acceptable diluents or 
carriers can include: Ringer’s solution, isotonic saline, phos 
phate buffered saline, ethanol and 1,2 propylene glycol. 

[0226] It Will be appreciated that the examples referred to 
above are illustrative only and other suitable carriers, dilu 
ents, excipients and adjuvants knoWn to the art may be 
employed Without departing from the spirit of the invention. 

[0227] The formulations of the invention are typically 
formulated for administration by an oral or parenteral route, 
by inhalation or topical. The term parenteral as used herein 
includes intravenous, intradermal, intramuscular, subcuta 
neous, rectal, vaginal or intraperitoncal administration. 
HoWever, oral forms of administration are generally pre 
ferred, at The oral dosage regimens for employing com 
pounds of the invention to prophylactically or therapeuti 
cally treat osteoporosis in accordance With any one of the 
tWentieth through to tWenty-second embodiments of the 
invention, generally are in the range of about 1 to about 
5000, preferably about 10 to about 1000, more preferably 
about 10 to about 500, even more preferably about 10 to 
about 1000, still more preferably about 10 to about 50, yet 
still more preferably about 10 to about 10, and yet even more 
preferably about 10 milligrams of formulation per kilogram 
body Weight per day. 

[0228] A pharmaceutical composition of the invention 
may also be administered by inhalation, that is, intranasal 
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and/or oral inhalation administration. Appropriate dosage 
forms for such administration, such as an aerosol formula 
tion or a metered dose inhaler, may be prepared by conven 
tional techniques. The preferred dosage amount of a com 
pound of the invention to be employed is generally Within 
the range of about 0.05 to about 100, preferably about 0.05 
to about 50, more preferably about 0.5 to about 25, even 
more preferably about 0.5 to about 10 milligrams per 
kilogram body Weight per day. 
[0229] A pharmaceutical composition of the invention 
may also be administered topically. By topical administra 
tion is meant non-systemic administration and includes the 
application of a pharmaceutical composition of the invention 
externally, for example, to the buccal cavity, Where it does 
not signi?cantly enter the blood stream. By systemic admin 
istration is meant oral, intravenous, intraperitoneal and intra 
muscular administration. The amount of the pharmaceutical 
composition of the invention required for therapeutic or 
prophylactic effect Will, of course, vary With the pharma 
ceutical composition chosen, the nature and severity of the 
condition being treated and the animal undergoing treat 
ment, and is ultimately at the discretion of the physician. A 
suitable topical dose of a pharmaceutical composition of the 
invention Will generally be Within the range of about 1 to 
about 100 milligrams per kilogram body Weight daily, 
preferably about 0.05 to about 50, more preferably about 0.5 
to about 25, even more preferably about 0.5 to about 10 
milligrams per kilogram body Weight per day. 
[0230] Typically, a spray-dried formulation of the present 
invention may be incorporated into vehicles such as: cheW 
ing gums, loZenges, foods, beverages, confectionary, phar 
maceutical compositions, toothpaste creams or gels, or 
mouthWashes, Whereby the formulation of the present inven 
tion is administered at a rate of betWeen 1 and 100 g per kg 
of dry Weight of the vehicle, such as food. More typically, 
a spray-dried formulation of the present invention is admin 
istered at a rate of betWeen 1 and 75 g per kg of dry Weight 
of food. Even more typically, a spray-dried formulation of 
the present invention is administered at a rate of betWeen 1 
and 50 g per kg of dry Weight of food. Yet even more 
typically, a spray-dried formulation of the present invention 
is administered at a rate of betWeen 5 and 40 g per kg of dry 
Weight of food. Yet still more typically, a spray-dried for 
mulation of the present invention is administered at a rate of 
betWeen 5 and 20 g per kg of dry Weight of food. 

[0231] The invention Will noW be described in greater 
detail by reference to speci?c Examples, Which should not 
be construed as limiting on the scope thereof. 

EXAMPLES 

Example 1 
[0232] A 5% by Weight casein protein thixotropic gel 
formulation in accordance With the present invention Was 
prepared according to the folloWing: 
[0233] The formulation involved adding 5% by Weight of 
casein phosphoprotein sodiumn salt to 5% by Weight etha 
nol, 0.06% sodium benZoate and 84.44% by Weight Water, 
and stirring With an overhead stirrer until the sodium casein 
ate has thoroughly dispersed. 
[0234] FolloWing this, about 5.5% by Weight laponite Was 
added, and the mixture stirred sloWly for 24 hours With an 
overhead stirrer. When the stirrer Was turned off the mixture 
formed a gel. 
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Example 2 

[0235] A 2.5% by Weight casein protein thixotropic gel 
formulation in accordance With the present invention Was 
prepared according to the following: 

[0236] 1). Part A: adding 2.5% by Weight of casein 
calcium phosphate complex and 0.24% by Weight 
disodium phosphate to 5.26% by Weight ethanol, 
91.2% by Weight Water and 0.8% by Weight 1N 
sodium hydroxide, and stirring With an overhead 
stirrer until the casein phosphoprotein is thoroughly 
dispersed. 

[0237] 2). Part B: dissolving 4.4% by Weight calcium 
chloride di-hydrate (2 mg/mL) to 95.6% by Weight 
Water. 

[0238] 3). Adding 50 g Part B to 950 g of Part A, and 
stirring With an overhead stirrer until the system 
becomes homogeneous. 

[0239] 4). Adding 55 g Laponite (or Laponite DF), 
and stirring With an overhead stirrer for 24 hr. When 
the stirrer Was turned off, the mixture forms a stable 
gel. 

[0240] Further, the formulation prepared in accordance 
With example 2 also provides a soluble source of both 
calcium and phosphate ions, useful in the remineralisation of 
teeth. 

Example 3 

[0241] A 10% by Weight casein protein thixotropic gel 
formulation in accordance With the present invention Was 
prepared according to the folloWing: 

[0242] Adding 10% by Weight of casein phosphoprotein 
sodium salt and 0.03% by Weight of sodium benZoate, to 5% 
by Weight ethanol and 74.97% Water. Strring With an over 
head stirrer until the sodium caseinate has thoroughly dis 
persed. 
[0243] Then adding 10% by Weight of Laponite and 
stirring With an overhead mixer for tWenty-four hours. When 
the stirrer Was turned off the mixture formed a gel. 

Example 4 

[0244] A thixotropic gel formulation in accordance With 
the present invention Was prepared according to any one of 
Examples 1-3, Wherein the formulation also included: 1% by 
Weight of titanium dioxide. 

[0245] Optionally, other metal containing compounds and 
inorganic compounds could also be added to form com 
plexes With segments of the protein, or to be simply sup 
ported in the suspension by the gel structure provided by the 
clay. 

Example 5 

[0246] A thixotropic gel formulation in accordance With 
the present invention Was prepared according to any one of 
Examples 1-3, Wherein the formulation also included: 1% by 
Weight of Zinc oxide. 

[0247] Optionally, other metal containing compounds and 
inorganic compounds could also be added to form com 
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plexes With segments of the protein, or to be simply sup 
ported in the suspension by the gel structure provided by the 
clay. 

Example 6 

[0248] A thixotropic gel formulation in accordance With 
the present invention Was prepared according to any one of 
Examples 1-3, Wherein the formulation also included: 1% by 
Weight of Zirconia. 

[0249] Optionally, other metal containing compounds and 
inorganic compounds could also be added to form com 
plexes With segments of the protein, or to be simply sup 
ported in the suspension by the gel structure provided by the 
clay. 

Example 7 

[0250] A thixotropic gel formulation in accordance With 
the present invention Was prepared according to any one of 
Examples 1-3, Wherein the formulation also included: 500 
ppm of sodium ?uoride. 

[0251] Optionally, other metal containing compounds and 
inorganic compounds could also be added to form com 
plexes With segments of the protein, or to be simply sup 
ported in the suspension by the gel structure provided by the 
clay. 

Example 8 

[0252] A thixotropic gel formulation, Wherein the formu 
lation also included: 0.2% by Weight of a corticosteroid 
hormone Was prepared according to the following: 

[0253] The formulation Was prepared by adding 5% by 
Weight of casein phosphoprotein sodium salt to 86.3% by 
Weight Water, and stirring With an overhead stirrer until the 
sodium caseinate has thoroughly dispersed. 0.2% by Weight 
cortisol Was then dissolved in 5% by Weight ethanol, and this 
solution Was subsequently added to the aqueous protein 
solution Whilst stirring With the overhead mixer. 

[0254] FolloWing this, 5.5% by Weight of laponite Was 
added, and the mixture stirred for tWenty four hours. When 
the stirrer Was turned off the mixture formed a gel. 

Example 9 

[0255] A thixotropic gel formulation, Wherein the formu 
lation also included: 0.8% by Weight of a octyl methoxy 
cinnamate, Was prepared according to the folloWing. 

[0256] The formulation Was prepared by adding 5% by 
Weight of casein phosphoprotein sodium salt to 85.7% by 
Weight Water, and stirring With an overhead stirrer until the 
sodium caseinate has thoroughly dispersed. 0.8% by Weight 
of a octyl methoxycinnamate Was then dissolved in 5% by 
Weight ethanol, and this solution Was subsequently added to 
the aqueous protein solution Whilst stirring With the over 
head mixer. 

[0257] FolloWing this, 5.5% by Weight of laponite Was 
added, and the mixture stirred for tWenty four hours. When 
the stirrer Was turned off the mixture formed a gel. 

Example 10 
[0258] A thixotropic gel formulation in accordance With 
the invention Was prepared according to any one of 
Examples 1-9, Wherein the formulation also included: 0.1% 
by Weight of ?avourings. 
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[0259] Optionally, other metal containing compounds and 
inorganic compounds could also be added to form com 
plexes With segments of the protein, or to be simply sup 
ported in the suspension by the gel structure provided by the 
clay. 

Example 11 

[0260] A thixotropic gel formulation in accordance With 
the invention Was prepared according to any one of 
Examples 1-10, Wherein the formulation also included: 0.1% 
by Weight of colourings. 

[0261] Optionally, other metal containing compounds and 
inorganic compounds could also be added to form com 
plexes With segments of the protein, or to be simply sup 
ported in the suspension by the gel structure provided by the 
clay. 

Example 12 

[0262] A2.5% casein protein formulation Was prepared in 
the form of a gel, according to Example 2 above, and its 
stability Was compared With the high viscosity formulation 
described in AU 604046. 

[0263] In the formulation described in AU 604046, a 
precipitate Was immediately observed to form. HoWever, 
there Was no evidence of a precipitate Within the casein 
protein formulation of the present invention. 

[0264] Similarly, a mouthWash Was prepared according to 
Example 14 described beloW, and its stability compared With 
the mouthWash formulation outlined in AU 604046. Odor 
ous bacterial breakdoWn Was evident in the mouthWash 
formulation outlined in AU 604046 after tWo days. HoW 
ever, after a period of 12 months, there Was no evidence of 
odorous bacterial breakdoWn Within the mouthWash pre 
pared in accordance With Example 14 of the present inven 
tion. 

Example 13 

[0265] A mouthWash in accordance With the present 
invention Was prepared according to the folloWing: 

[0266] Adding 2% casein calcium phosphate complex and 
0.1% peppermint ?avour to 5% ethanol, 0.05% sodium 
benZoate and 92.85% Water, and stirring With an overhead 
stirrer until the phosphoprotein Was thoroughly dispersed. 

Example 14 

[0267] A mouthWash in accordance With the present 
invention Was prepared according to the folloWing: 

[0268] 1) Part A: Adding 3.0% casein phosphopro 
tein, 0.03% sodium benZoate, 0.1% sodium saccha 
rin, and 0.13% disodium phosphate to 5.5% ethanol 
(absolute), 0.77% 1N sodium hydroxide, and 
90.47% Water, and stirring With an overhead stirrer 
until all the phosphoprotein Was thoroughly dis 
persed. 

[0269] 2) Part B: Dissolving 2.2% calcium chloride 
di-hydrate (2 mg/mL) in 97.8% Water. 

[0270] 3) Adding 50 g of Part B to 950 g of Part A, 
and stirring With an overhead mixer until a homoge 
noeous mix Was obtained. 
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Example 15 

[0271] A formulation in accordance With the present 
invention for use in the treatment and/or prevention of dental 
caries and/or tooth erosion Was prepared according to the 
folloWing: 

[0272] 1). Part A: mixing 2.5% by Weight of casein 
phosphoprotein, 5.26% by Weight ethanol (absolute), 
91.44% by Weight Water and 0.8% by Weight 1N 
sodium hydroxide, and stirring With an overhead 
stirrer until the casein phosphoprotein is thoroughly 
dispersed. 

[0273] 2). Part B: dissolving 1.5% by Weight tetra 
sodium pyrophosphate to 98.5% by Weight Water. 

[0274] 3). Adding 50 g Part B to 950 g of Part A, and 
stirring With an overhead stirrer until the system 
becomes homogeneous. 

[0275] The formulation so prepared Was then applied to 
the oral cavity of a subject, either as a denti?ce, in the form 
of a toothpaste, as a mouthWash, or after the addition of 10% 
by Weight of laponite, as a thixotropic gel. 

Example 16 

[0276] A formulation in accordance With the present 
invention for use in the treatment and/or prevention of dental 
sensitivity Was prepared according to the folloWing: 

[0277] 1). Part A: mixing 2.5% by Weight of casein 
phosphoprotein, 5 26% by Weight ethanol (absolute), 
91.44% by Weight Water and 0.8% by Weight 1N 
sodium hydroxide, and stirring With an overhead 
stirrer until the casein phosphoprotein is thoroughly 
dispersed. 

[0278] 2). Part B: dissolving 1.2% by Weight stro 
mium chloride to 98.8% by Weight Water. 

[0279] 3). Adding 50 g Part B to 950 g of Part A, and 
stirring With an overhead stirrer until the system 
becomes homogeneous. 

[0280] The formulation so prepared Was then applied to 
the oral cavity of a subject, either as a dentifrice, in the form 
of a toothpaste, as a mouthWash, or after the addition of 10% 
by Weight of laponite, as a thixotropic gel. 

Example 17 

[0281] A formulation in accordance With the present 
invention for use in the treatment and/or prevention of 
gingivitis Was prepared according to the folloWing: 

[0282] 1) Part A: Adding 0.3% casein phosphopro 
tein, 0.05% sodium benZoate, 0.1% sodium saccha 
rin, and 0.13% disodium phosphate to 5.5% ethanol 
(absolute), 0.77% 1N sodium hydroxide, and 
93.15% Water, and stirring With an overhead stirrer 
until all the phosphoprotein Was thoroughly dis 
persed. 

[0283] 2) Part B: Dissolving 2.2% calcium chloride 
di-hydrate (2 mg/mL) in 97.8% Water. 

[0284] 3) Adding 50 g of Part B to 950 g of Part A, 
and stirring With an overhead mixer until a homo 
geneous mix Was obtained. 
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[0285] The formulation so prepared Was then applied to 
the oral cavity of a subject either as a dentifrice, in the form 
of a toothpaste, as a mouthwash, or after the addition of 10% 
by Weight of laponite, as a thixotropic gel. 

Example 18 

[0286] A formulation in accordance With the present 
invention for use in the treatment and/or prevention of 
mouth odour Was prepared according to the following: 

[0287] Adding 2% casein calcium phosphate complex, 
0.1% peppermint ?avour and 0.05% sodium benZoate to 
5 .5% ethanol (absolute) and 92.35% Water, and stirring With 
an overhead stirrer until the phosphoprotein Was thoroughly 
dispersed. 

[0288] The formulation so prepared Was then applied to 
the oral cavity of a subject, either as a dentifrice, in the form 
of a toothpaste, as a mouthWash, or after the addition of 10% 
by Weight of laponite, as a thixotropic gel. 

Example 19 

[0289] A thixotropic gel formulation in accordance With 
the present invention for use in the remineralisation of tooth 
structure Was prepared according to the folloWing: 

[0290] 1) PartA: Adding 2.5% casein phosphoprotein 
and 0.24% disodium phosphate to 5.26% ethanol 
(absolute), 91.2% Water and 0.8% 1N sodium 
hydroxide, and stirring With an overhead stirrer until 
the phosphoprotein Was thoroughly dispersed. 

[0291] 2) Part B: Dissolving 4.4% calcium chloride 
di-hydrate (2 mg/mL) to 95.6% Water. 

[0292] 3) Adding 50 g of Part B to 950 g of Part A, 
and stirring With an overhead stirrer until the systsem 
is homogeneous. 

[0293] 4) Adding 55 g Laponite (or Laponite DF) and 
10 g of titanium dioxide, and stirring With an over 
head stirrer for tWenty-four hours. When the stirrer 
Was turned off the mixture formed a gel. 

[0294] The formulation so prepared Was then applied to 
the oral cavity of a subject as a thixotropic gel. 

Example 20 

[0295] A formulation in accordance With the present 
invention for use in the modi?cation of plaque to act as a 
buffer against a loWering of pH by bacteria Was prepared 
according to the folloWing: 

[0296] Adding 2.5% calcium phosphate complex, 0.3% 
disodium phosphate and 0.1% peppermint ?avour to 5% 
ethanol (absolute), 92.1% Water, and stirring With an over 
head stirrer until the phosphoprotein has thoroughly dis 
persed. 

[0297] The formulation so prepared Was then applied to 
the oral cavity of a subject, either as a dentifrice, in the form 
of a toothpaste, as a mouthWash, or after the addition of 10% 
by Weight of laponite, as a thixotropic gel. 
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Example 21 

[0298] A formulation in accordance With the present 
invention for use in the treatment and/or prevention of 
osteoporosis Was prepared according to the folloWing: 

[0299] 1) Part A: Adding 3.0% casein phosphopro 
tein, 0.1% sodium saccharin, and 0.13% disodium 
phosphate to 5.5% ethanol (absolute), 0.77% 1N 
sodium hydroxide, and 90.5% Water, and stirring 
With an overhead stirrer until all the phosphoprotein 
Was thoroughly dispersed. 

[0300] 2) Part B: Dissolving 2.2% calcium chloride 
di-hydrate (2 mg/mL) in 97.8% Water. 

[0301] 3) Adding 50 g of Part B to 950 g of Part A, 
and stirring With an overhead mixer until a homo 
geneous mix Was obtained. 

[0302] The formulation so prepared Was then orally 
administered to a subject. 

Example 22 

[0303] A formulation in accordance With the present 
invention for use in the treatment and/or prevention of 
calculus Was prepared according to the folloWing: 

[0304] 1) Part A: Adding 2% W/W casein phosphop 
rotein sodium salt, 0.1% W/W sodium saccharin, and 
1% tetrasodium pyrophosphate to 5 .5% W/W ethanol 
(absolute), 0.7% W/W 1N sodiumn hydroxide, and 
90.7% Water, and stirring With an overhead stirrer 
until all the phosphoprotein has thoroughly dis 
persed. 

[0305] The formulation so prepared Was then applied to 
the oral cavity of a subject, either as a dentifrice, in the form 
of a toothpaste, as a mouthWash, or after the addition of 10% 
by Weight of laponite, as a thixotropic gel. 

Example 23 

[0306] The formulation outlined in Example 14 above, or 
Example 24 beloW, may be spray-dried to form a poWder, 
and then added to a glass ionomer cement. 

Example 24 

[0307] A formulation in accordance With the present 
invention, Wherein the formulation is either sprayed on 
directly onto food stuff (Wherein the food-stuff may be: 
confectionary, cheWing gum or breakfast cereal), folloWed 
by drying, or ?rstly, spray dried to form a poWder, Which is 
then added to the food-stuff, Wherein the formulation may be 
selected from the folloWing: 

Casein calcium phosphate complex 5% 
Water 89.5% 
Ethanol 5% 
Calcium chloride, dihydrate 0.25% 
Disodium hydrogen orthophosphate 0.25% 
2. 

Casein calcium phosphate complex 5% 
Water 89.4% 
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-continued 

Ethanol 5% 
Calcium chloride. dihydrate 0.25% 
Disodium hydrogen orthophosphate 0.25 % 
Vitamin D 0.1% 
3. 

Casein calcium phosphate complex 5% 
Water 89.4% 
Ethanol 5% 
Calcium chloride, dihydrate 0.25 % 
Disodium hydrogen orthophosphate 0.25% 
4. 

Sodium caseinate 10% 
Water 82.45% 
Disodium orthophosphate 0.75% 
4 N Sodium hydroxide 1.0% 
Hydrolysed whey protein 5% 
Calcium chloride, dihydrate 0.8% 

[0308] These mixtures could also be added to a beverage, 
or used as a liquid medicine, and may also include other 
proteins and amino acids that will provide nutritional value. 
Also, these could also be used to generate tablets by spray 
drying the formulation so prepared, followed by pressing 
into tablet form. 

[0309] Also, the formulation of the present invention can 
be encapsulated or microencapsulated with waxes, fats, 
starchy hydrogenated vegetable oils, proteins, maltodex 
trose, mono- and di-glycerides, polyvinylpyrrolidone, poly 
ethylene, nylon, gum arabic, gelatin and cellulose-based 
compounds. Encapsulation can be achieved by spray drying, 
coacervation phase separation, multiori?ce-centrifugal 
extrusion, air suspension coating or pan coating. 

Example 25 

[0310] A formulation in accordance with the present 
invention, to be sprayed on food, such as breakfast cereal, 
was prepared according to the following: 

[0311] 1) Part A: Adding 2.5% casein phosphopro 
tein, 2.0% sugar, 5.5% ethanol, 0.13% disodium 
phosphate, 89.07% water, and 0.8% 1N sodium 
hydroxide, and stirring with an overhead stirrer until 
all the phosphoprotein has thoroughly dispersed. 

[0312] 2) Part B: Dissolving 2.2% calcium chloride, 
dihydrate in 97.8% water. 

[0313] 3) Adding 50 g of Part B to 950 g of Part A, 
at the same time stirring. Stir with an overhead mixer 
until a homogeneous mix is obtained. 

Example 26 

[0314] A formulation in accordance with the present 
invention, subsequently spray dried, for addition to food 
products, such as confectionary, was prepared according to 
the following: 

[0315] 1) Part A: Adding 16% sodium caseinate, 5% 
whey protein, 0.75% disodium orthophosphate, 
77.25% water, and stirring with an overhead stirrer 
until all the sodium caseinate is thoroughly dis 
persed. 
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[0316] 2) Part B: Dissolving 16% calcium chloride 
dihydrate in 84% water. 

[0317] 3) Adding 50 g of Part B to 950 g of Part A, 
and stirring with an overhead mixer until a homog 
enous mix was obtained. 

[0318] Finally, a spray dried powder of the above formu 
lation is obtained from a Niro Production Minor Spray Drier 
(Niro Australia Pty Ltd. Blackburn VIC, Australia), with an 
inlet temperature of about 200° C., and a ?ow rate that 
controlled the outlet temperature to about 85° C. 

Example 27 

[0319] A light curable glass ionomer cement was prepared 
according to the following: 

(a) Liquid Precursor: 

Poly(acrylic acid) 26.0 grams 
Methacrylic acid 16.0 grams 
1,5—diallyl—2,4—benZene dicarboxylic acid 8.0 grams 
Water 50 ml 
N,N—3,5-tetramethyl aniline 0.36 grams 
Camphorquinone 0.34 grams 
Butylated hydroxytoluene 0.20 grams 
(b) Powder Precursor: 

Calcium aluminium fluorosilicate glass powder 99.8% 
Benzoyl peroxide 0.2% 
Casein phosphoprotein sodium salt (spray-dried) 5% 

The powder:liquid ratio is 1.5:1. 

[0320] The powdered and liquid precursors of the glass 
ionomer cement, together with the formulation of the 
present invention are supplied separately. A paste is pro 
duced in small quantities as required by introducing small 
amounts of the liquid precursor, to the powdered precursor 
on a suitably sized plate or mixing receptacle. The liquid and 
powder precursors are then mixed. 

[0321] The resulting composition is then cured to an 
elastomeric state by a free radical polymerisation process. 
This process is preferably catalysed by light curing. The 
composition is mixed with an appropriate photoinitiator, 
either UV or visible light sensitive and an amine accelerator. 
A free radical inhibitor is added to improve the shelf life of 
the liquid precursor. An acid-base reaction occurs between 
the acid groups of the polymer network and the divalent and 
trivalent metal ions of the powdered precursor to produce a 
glass ionomer cement. 

Example 28 

[0322] A light curable glass ionomer cement was prepared 
according to the following: 

(a) Liquid Precursor: 

Poly(acrylic acid) 18.0 grams 
Methacrylic acid 16.0 grams 
1,5—diallyl—2,4—benZene dicarboxylic acid 16.0 grams 
Water 50 ml 
N,N—3,5-tetramethyl aniline 0.36 grams 








