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2182244" 1. " ANTI CALCULUS ORAL COMPOSI TI ON' The present invention relates to
oral. conposi- tions containing an antical culus agent. Calculus is a hard,
mneralized formation which fornms on the teeth. Regul ar brushl rds i
preventing a rapid build-up.of these deposits, but+.even regul a Lﬁhl?ﬁ S
not "sufficient to renove all of the cal cul us d posi ts which adhere tof

th. Calculus is forned on the teeth when cr?StaIs of cal ci um phosphat es
begin to be deposited in the pellicle and extracellular matrix of the

dental plaque and becone suffi oigfi] ¥ KtOEES YoRRE ¥EOMb8E S g f O the
aggregates to becone resistant tTrTE#TnTEWTnm-ggﬁere—rs—ﬁo—ggnp ete
agreenent on the route by which calciumand orthophosphate ultimtely
becone the crystalline material called hydroxyapatlte (HAP). It is
general |y agreed, homev that at, higher saturat.ions, that is, above the
critical saturation Iimte S FTHRLIPR JR13FeS Nk HRAPaL scaRPRRSrphous
or nicrocrystallin&iQMancmnqdnnmﬂgH&n d&&ma&mmmusaégeﬂﬂlphOSphate"
al though related to hyd q f fron1 truct
particle norphol ogy, Sfa)it ol C | orret r}Ia ' X ah’r??‘?aﬁ??‘ﬂﬁ pabt @?‘ﬁcbf
anor phous caIC|un1§ﬁ6§§h§met§mmm94ﬁhxuiRﬁsmkaxymwwahlné andsphnus
materi als, which | aekviehe I al
2 llngng %ﬁ %ﬁ]id:- appar ent t% %béugha%u

crystalllne materi al s InC|iﬁ IS ore agent s

whi ch effectively PXEBr F&94 (Hih&%ﬂI%?M??ﬁcﬁ%?ﬁ%ﬁl$ﬂp %Pl repeve all
effectlve as anti celfcthes cagenlns AeptdHiasd Gfhich adhere to the teeth.

Calculus is formed on the teeth when crystals of

~ calcium phosphates begin to be deposited in the
_pellicle and extracellular matrix of the dental
plaque and become sufficiently closely packed
together for the aggregates to become resistant £o
deformation. There is no complete agreement on the
route by which calcium and orthophosphate ultimately
become the crystalline material called hydroxyapatité
(HAP). It is generally agreed, however, that at
higher saturations, that is, above the critical
saturation limit, the precursor to crystalline HAP is
an amorphous or microcrystalline calcium phosphate.

] "Amorphous calcium phosphate® although related o (

o _ hydroxyapatite differs from it in atomic structure,
particle morphology, and stoichiometry. The X-ray
diffraction pattern of amorphous calcium phosphate
shows broad peaks typical of amorphous materials,
which lack the long-range atomic order characteristic
of all crystalline materials, including HAP. It is
apparent therefore that agents which effectively
interfere with crystalline growth of HAP will be
effective as anticalculus agents. A suggested
mechanism by which the anticalculus agents of the



ﬁechanisﬁiby whi ch the antical cul us agents of the 2. present invention
I nhi bit cal culus formation probably involves an increase of the activation
energy barrier thus inhibiting the transformati on of precursor anor- phous
cal ci umphosphate to HAP. Studies have shown that there is a good correl a-
tion between the ability of a conpound to prevent HAP crystalline growth in
vitro and its ability to prevent calcification in vivo, provided of course
t hat such conpound is stable in and inert to saliva and its conponents. The
prior art indicates that sol uble pyrophos- phate nay be utilized to reduce

cal cul us formation. .3, Patent . No. .4 515 772 issued 7t
1985 to Parran et a|$?éf§?§ngggggg%§§|1§bﬁ§%taF?lF3i8Fe 8§§a§F?8I8§PH§gE¥aI
conposi tions containingoéﬁﬁgbhe éypspHSSphdtehsahtsivhnébndbngrgy batrrdee
by Draus et al, Archen@gaknnBb@ki glﬁpepﬂrgﬁgfggﬁat'$87gk’p?%hﬁpsgksﬁh8§gs
the in vitro effectiveness of ucﬁ sal ts agal nst cal cul us. e article
refers to possibl e i RRPHBt FBACHPRpPREERBaSRate BBPpyrophospha- tase enzyne.

It is known that saliva cgeuaias nave Bha&ahahataéﬁerélKglhngo?EOEFﬁékiée
e ree

and Pyt ophosphal e ERENTES kool BRECRRAISLSS LNl cankecns O Lhe LTl G,
formation and cal cul esystallsnecgopdthgliy appaceahdt has abiadtiycabcpkesent
pyr ophos- . calcification in vivo, provided of course that such
compound is stable in and inert to saliva and its
Y components.
The prior art indicates that soluble pyrophos-
phate may be utilized to reduce calculus_formation.
For example, U.S. Patent No. 4,515,772 issued 7th
May, 1985 to Parran et al refers to several prior art
references disclosing oral compositions containing
soluble pyrophosphate salts, including an article by
Draus et al, Arch. Oral. Biol., 15, pp.893-896,
(1970), which discloses the in vitro effectiveness of
such salts against calculus. The article refers to
possible inhibition of pyrdphosphate by pyrophospha-
tase enzyme. ' '
It is known that saliva contains acid phospha-
W/ tase, alkaline phosphatase and pyrophosphatase
enzymes. It is considered that any one of the three
enzymes may édversely affect pyrophosphates as an
inhibitor of HAP formation and calculus. It is
accordingly apparent that an anticalculus pyrophos-
phate dentifrice composition, should inhibit, reduce
or nullify the destructive activity of all three

salivary enzymes.



phate dentifrice conposition should inhibit, reduce or nullify the -
destructive activity of all three salivary enzynes. 3. The conpositions
of the aforenentioned Parran et al patent are linmted to a pHof 6.0 to
10.0 and conprise a fluoride and sol uble dialkali metal pyrophosphates

al one or adm xed with tetraal kali netal pyrophosphates, but no nnrekyhan

¢. 0% K4P207 (tetrapotassi um pyrophosphate). 3.The patent omts any

di scl osure or even nention of effectiveness of the patented

fl uori de- pyrophosphate composition in vivo or saliva. The present invention
ainms to provide an inproved dentifrice conposition containing one or a

m xture of pyrophosphehe gahpdsdtienseolf %heaatfb%h@%isnéanb bkl
agent The presen& i nventi on ahﬂ-o alns to provi de such a conp ositlon

contai ni ng one ofnBRESPThRER §1§§§|ﬁ?taeﬁgyﬁ§tﬁc°h§&répy§|§n§f the said
agent in saliva. cohprpsesantluorédei andalseubles dialradii getauch a

conposition effe e el e range,and/ar, w.t.h |npfoved
cosnetic propertﬁgg¥s¥§ésﬁag§én%§%héen |gﬁg x% hgftg FEE8 &FS&Ide such a
conposi tion mhicheuééspwappbpgphﬁteamtbytenonOEeothasu4ﬂ@6e542907which

ralso exerts subsagtkahotlds2aa°ByRBpRodBhated. einl batkht BRLksChal" the
devel opnent of the pre
: dlsclosure or even mention of effectiveness of the

patented fluorlde-pyrophosphate composition in vivo
or saliva. _
The present invention aims to provide an \J
improved dentifrice composition containing one or a
mixture of pyrophosphate salts as éssential
anticalculus (antitartar) agent.
The present invention also aims to provide such
a composition containing one or more inhibitors
against enzymatic hydrolysis of the said agent in
saliva.
_ The present invention also aims to provide such
a composition effective over a relatively wide pH
range and/or with improved cosmetic properties.
The present invention further aims to provide
such a composition which does not significanﬁly erode \;J
tooth surfaces and which also exerts substantial and
acceptable anti-caries effects.
Earlier in the development of the present
invention, it was found that dentifrice compositions
contaihing only tetrasodium pyrophosphate as antical-
culus agent were gritty, and that the solid gritty
particles were composed of undissolved NagP;07.
The present invention is at least in part based



invention, it was found that dentifrice conpositions containing only

t et rasodi um pyrophesphate as antical - culus agent were gritty, and that the
solid.gritty particles were conposed of undi ssolved [err] The present
inventioa~i s at |least in part based 4 on our determ nations or

di scoveres that fluoride ion inhibits hydrolysis of pyrophosphate by acid -
phosphat ase and pyrophosphatase enzynes, that the syntheti.c anionic

pol ynmeric pol ycarboxyl ate salts inhibit hydrglysis of pyrophosphate by

al kal i ne phosphat ase, and that the occurrence of gritty particles in the
oral conpositions can be avoi ded by enploying a predom nant portion of the
pyrophosphate in the formof the tetrapotassiumsalt. According to one

aspect of the presgeni. . in | . i cal gul gral c sition.i;n the
formof a toothpaéﬁe%uge%§§%£§£P$Q%§§%hégmégFggﬁsﬁ%S? ?ggﬁe#?u8gégfn6°8um
or |ozenge conpri$sBibitsrby@yodysépt abl pyvephokphahd, bpa aaidi xture of
tetrasodi um pyr OpgﬂaﬁgﬁaEaegdaﬁ&tﬁgpegﬂaégumgéoenegmaat, ethhtWeheh the

t et rapot assi um pyrophosphate I's a pretom hant portioh such as to avoid the
occurence of grit8ynphetic| aBippichpodymerisnpeivershoxyhate. sadtdnount of

a fluoride ion soghRgbstf hy@rélysie 6EPpy¥ophobprate byOR0kapihef fluoride
ions. According to anoghgr'aspegé gﬁaghghgrggg&}rggggng%onrggtoraI
conposi ti on conprPRREPAATAEE, S g y
particles in the oral compositions can be avoided by
employing a predominant portion of the pyrophosphate in
N\ the form of the tetrapotassium salt.. '
According to one aspect of the present invention
an anticalculus oral compbsition in the form of a
toothpaste, dental gel, toothpowder, dental tablet,
chewing gum or lozenge comprises an orally acceptable
vehicle and, B
A, a mixture of tetrasodium pyrophosphate and
‘tetrapotassium pyrophosphate of which the
tetrapotassium pyrophosphate is a predominant portion
such as to avoid the occurence of gritty particles in
the oral composition; and
B. an amount of a fluoride ion source sufficient
to supply 25 ppm to 5,000 ppm of fluoride ions.

According to another aspect of the present
invention an oral composition comprises an orally .
acceptable aqueous vehicle and,

_ A, 4.3% to 7% of alkali metal pyrophosphates as
essential anticalculus agent, comprising at least 4.3%
of tetrapotassium pyrophosphate, alone or admixed with
up to 2.7% of tetrasodium pyrophosphate, and

B. an amount of a fluoride ion source sufficient



accept abl e aqueous vehicle and, A- 4.3%to 7% of al kali netal
pyrophosphates as essential antical cul us agent, conprising at |east 4. 3% of
t et rapot assi um pyrophosphate, alone or adm xed with up to 2. 7% of

t et fasodi um pyrophosphate, and B. an anount of a fluoride ion.source. :
sufficient [err] to supply 25 ppmto 5,000 ppmof fluoride ions.g/.
Accordi ng to another aspect of the present invention an oral conposition
conprises an orally acceptabl e agueous vdbicle and, A 4.3%to 7%of a

m xture of tetrasodi um pyrophosphate and tetrapotassi um pyrophosphate in a
respective ratio ranging from-2.7:4.3 to 1:6 containing at |east 4.3%

t et rapot assi um pyrophosphate to avoid the occurrence of gritty particles of

tetrasodi um pysoshgpRPaRs ppmt 86 SQUDOSPboBE &ddoBideniameunt of a
fluoride ion sourcg guf Lclept tg gﬁgg!% 25 %pnkpg 5, 000 %gﬁ]pf fluoride
i ons. Preferably tRE°REMHBYi EPoARR | AEPESTARE| FRPLPESPRTai nst enzynati ¢
hydrol ysi s of ihvention ageoralncempbsétioaynbhptﬁseanhqnbcaﬂd&yneric
B Yo oo Y ahpBhBie s RkEa Senterghygl 1000 Lo 1 000, 000, prefer ably
“ani oni ¢ polyneric Pel y8adBoxpo 7% of a mixture of tetrasodium
pyrophosphate and tetrapotassium pyrophosphate in a
respective ratio ranging from 2.7:4.3 to 1:6 containing
at least 4.3% tetrapotassium pyrophosphate to avoid the
occurrence of gritty particles of tetrasodium \;)
pyrophosphate in the composition, and

B. an amount of a fluoride ion source sufficient
to supply 25 ppm to 5,000 ppm of fluoride ions.

Preferably the compositién contains as an
inhibitor against enzymatic hydrolysis of the said
agent in saliva a synthetic anionic polymeric
polycarboxylate having a molecular weight of 1,000 to
1,000,000, preferably 30,000 to 500,000, e.g. in an
amount of 0% to 3% e.g. 0.05 to 3%.

Synthetic anionic polymeric polycarboxy-



5. lates and their conplexes with various cationic germcides, zinc and -
magnesi um have been previously disclosed as antical cul us agents per se in,
for exanple, U S Patent No. 3,429,963 to Shedl ovsky and instant assignee,
U S. Patent No. 4,152,420 to Gaffar and instant assignee, U S. Patent No.
3,956,48Q/,to0 Dichter et al and instant assi gneg, U S. Patent No. 4,138, 477
to €affar and instant assignee, and U S. Patent”'No. 4,183,914 to Gaffar et
al . None of these patents however nor any other known prior art discloses
use of such pol ycarboxyl ates alone for inhibiting salivary hydrol ysis of
the said |inear polyphosphates, nuch less in combination with a conpound
provi di ng a source dfRr¥EAMGEhedr qomplexes pE th yarsiawsd qatdoniee

synthetic anionic | igesaiididesTeZithd AndC Mayhes it hadieS YeIE bridvildiads
patents are operative in th%“conpo§¥quﬁ§]§nd net hods of the present

i nvention and such &SN £% SR R AR S 5 p Feactd H&%i n by
‘reference thereto. €xample,hé&t.iSc Patemtc Neal Bya29; 963 weashedlciskss and

optionally but prefarahly.e hergi or@S dNdi d 0 I
known, being often g‘rrrlp %ﬁédr%gﬁq%%%?f’opreﬁé(}f %{af?eelnr"#r €e 45{?1 5432:6 \é%e?’garéa{sﬁry
partially or nore pR&felmstpantyssigaee.all.Fod Badeat e .ulF .@54.480 teet al

(e.g. potassium and pylc@ftRiraltity a30And i ndt AP HH iGN ,t B. NS &P No.
"synthetic™ is intende cl ude known thickening or gelling agents

to ,
conpri si ng car boxymé& Iacéﬂl%ft&gaafrférotaﬁ’é‘r IRstantt aRed Igreepe AN dsS -and
natural gums. The pratentedictl #5383, 9ntReiGaE o WiLEIGC None of these

w _ patents however nor any other known prior art
discloses use of such polycarboxylates alone for
inhibiting salivary hydrolysis of the said linear
polyphosphates, much less in combination with a
compound providing a source of fluoride ion. It is
to be understood that the synthétic anionic linear
polymeric polycarboxylates disclosed in these patents
are operative in the compositions and methods of the
present invention and such disclosures are to that
extent incorporated herein by reference thereto.

The synthetic anionic polymeric polycarboxylates
opticnally but preferably employed herein are, as
indicated above well known, being often employed in

"/ the form of their free acids or preferably partially
or more preferably fully neutralized water soluble
alkali metal (e.g. potassium and preferably sodium)
or ammonium salts. The term "“synthetic" is intended
to exclude known thickening or gelling agents
comprising carboxymethylcellulose and other
derivatives of cellulose and natural gums. The

preferred class of synthetic polymeric



ponCarboxyIates are the synthetic linear polyneric polycarboxy1ates The

term"linear” is intended to exclude fromthis preferred class
pol ycar boxyl at es havi ng cross-|inkages which reduce solubility such as the
carbopols. Preferred are 1:4 to 4:1 copolyners of mal ei ¢ anhydri de- or

acid wi th another polynerizable ethylenically unsaturated nononer, <.
referably nmethyl vinyl ether (nethoxyethyNene) having a nol ecl ar wei ght
M W) of about 30,000 to about 1,000,000. These copol yners are avail abl e

for exanple as Gantrez AN 139 (MW 500,000), A N 119 (MW 250,000) and
preferably S-97 Pharnmaceutical Gade (MW 70,000), of GAF Corporation.

Ot her operative psiye@rbaxyld tesraox ytiae esyntitétie imsar dpstymeetcin U. S

Patent No. 3, 956 hu f

mal ol ¢ anhydr | o NGERTE EEd Sy o EHE s EHET BEpl i g ERPRIERT 80O

N-vi nyl - 2- pyr ol Ie:dmhade ofrem h!yhmepreﬁerxe@t@la%%m@lmawwbatw exanpl e
Mo t ENR

of moryi 1o actd MTINaTITY or e o ARl Tertos efTubEliLy dushpas yer s

oxyet hyl nethac | ate, methacryl ate,
met hyl or et hyl %hﬁy¢%ﬁ¥PP?%%but€¥e@?ﬁ§? depferlat vfn&lc?P% YPSF ¥ done.
“Addi ti onal operative polyneric polycarboxyl ates disclosed in above referred
to U S. Patent No. 4,138,477 and 4, 183,914, include copolyners of naleic
anhydride with styrene, isobutylene or ethyl vinyl



et her, polyacrylic, polyitaconic and polymal ei c acids, and sul phoacrylic
oligoners of MW as |ow as 1,000, available as Uniroyal ND-2. Suitable
generally are polynerized olefinically or ethylenically unsaturated

car boxyl i=e- aci ds contai ning an activated carbon-to-carbon ol efinic double
bond and-“et | east one carboxyl group, that is, an acid containing an

ol ef {ni c doubl e bond which readily functions in/polynerization because of

its presence in the nonomer nolecule either In the al pha- beta position
with respect to a carboxyl group or as part of a term nal nethyl ene
grouping. Illustrative of such acids are acrylic, nmethacrylic, ethacrylic,

al pha- chl or oacryl i c ofc matleiicc anhyidar-ider Wroaeid ogdittnianotd@ripblymerizable
al pha-chl orsorbic, ¢ ) - ri rylic, conj i.taconi c,

citraconic, masaconi%lé?l%@&qgggﬁ'%,u%?()&rllilljta?%,dyso%ﬁé{ggﬁe fl%afgrrﬁ%l d, mftl%’é’r‘?'zyl
acrylic, 2-cycl ohexyiaydyetheradgethoxyetbailens) havima aamdlemdleirc aci ds

and anhydrides. O hgeidnkf gMER, Ol ot TR0 H0S tgog@ggqeg{'%wlgo\y th such

car boxylic nmononers include vinylacetate, vinyl chlori met hyl mal eat e
and the |ike. Copol JheSe SORPIYREI S AXE &R idamdex fiorc exampler s Samdrez
water-sol ubility. AaNo139ef(M.whese0) 0a09 ,Sa.ml 199 qar.mx2sionooolaner s

1976 1o Choun ot o ProreraPigE oy, Fharazsestten) A ads" tHows 9 BBt ef
al, U S 3,919, 409 iofsGasr CoripoMatdmimer, 1975 to
_ _ Other operative polymeric polycarboxylates
O include those disclosed in U.S. Patent No. 3,956,180
' referred to above, such as the l:1 copolymers of

maleic anhydride with ethyl acrylate, hydroxyethyl
methacrylate, N-vinyl-2-pyrollidone, or ethylene, the
latter being available for example as Monsanto EMA N.
1103, M.Ww. 10,000, and EMA Grade 61, and 1l:1
copolymers of acrylic acid with methyl or hydroxyethyl
methacrylate, methacrylate, methyl or ethyl acrylate,
isobutyl vinyl ether or N-vinyl-2-pyrrolidone.

Additional operative polymeric polycarboxylates
disclosed in above referred to U.S. Patent No.
4,138,477 and 4,183,914, include copolymers of maleic
anhydride with styrene, isobutylene or ethyl vinyl
ether, polyacrylic, polyitaconic and polymaleic
écids; and sulphoacrylid oligomers of M.W. as low as
1,000, available as Uniroyal ND-2,

Suitable generally are polymerized olefinically
or ethylenically unsaturated carboxylic acids
containing an activated carbon-to-carbon olefinic
double bond and at least one carboxyl group, that is,
.an acid containing an olefinic double bond which

-readily functions in polymerization because of its



Perla-et al, U S. 3,911,904 issued 7th Cctober, 1975 to Harrison, and U S.
3,711,604 issued 16th January, 1973 to Col odney et al. They are
cdmercially avail- able for exanple under the trademarks Carbopol 934, 940 .
and 941 of B.F. Goodrich, these products consisting essentially of a
colloidally water- soluble polynmer of polyacrylic acid cross-|linkedaisth
from about 0.75% to about 2. 0% of ponaIIyIi;ucrose or polyallyl )
pentaerythritol as cross-linking agent. The synthetic anionic polyneric
pol y- car boxyl ate conponent is mainly a hydrocarbon with optional

hal ogen and O contai ni ng substituents and |inkages as present in for

exanpl e ester. elbeteadd S 0h0UGSnoRRY ki1 GEISLALLVLEUPLRYEHLT B ibHE .

conposi - tions esent Tnvencion I approx) Aaf
0.05 to 3% prefb?h@lyoslbtonowitb nespepteterabbgrboxytogzaMpAnuuass in

t he upper pOft'QﬁéerthSSQefﬂﬂﬂﬁi ﬁé@hyxehsagkxusga Oyeﬁliusﬂfgtabalce
corrp03| ti ons, or al n’gOSI ti1ons ener tal ni ng a ent al

abr asi ve and use‘aP Bn?ﬁh@? ﬁewPFﬁYBFﬁshPﬁﬁhBFrfhécteEFHa°§Y6lctooth
pastes, gels, crapphaasHlppoderglic/nexstsnia, eﬁéeasaefylbﬁ e ranges may be

o yror i pol yoarbeRyou &t B8RRI E LBLRRRSRRoF BoBBLES { BEEROBLFnnPBEaDY s of
al kal i ne phosphastyeibaeyybicsi nueonhes dthagepibascitratendcetivity (for
Bg?;g;¥gggglg{;qaégéeaais) §ludlobhi BH {c8n9E 108! QYpnhDENBAYY RIS e,
2-benzyl acrylic, 2-cyclohexylacrylic, angelic,

umbellic, fumaricfand maleic acids and anhydrides. At
Other different olefinic monomers copolymerizable

with such carboxylic monomers include vinylacetate,

vinyl chloride, dimethyl maleate and the like.

Copolymers contain sufficient carboxylic salt groups

for water-solubility.

Also useful herein are so-called carboxyvinyl

polymers disclosed as toothpaste components in U.S.
3,980,767 issued 14th September, 1976 to Choun et al,
U.S. 3,935,306 issued 27th January, 1976 to Roberts
et al, U.S. 3,919,409 issued 1llth November, 1975 to
Perla et al, U.S. 3,911,904 issued 7th October, 1975
to Harrison, and U.S. 3,711,604 issued 16th January, '-&)
1973 to Colodney et al. They are commercially avail-
able for example under the trademarks Carbopol 934,
940 and 941 of B.F. Goodrich, these products
consisting essentially of a colloidally water-
soluble polymer of polyacrylic acid cross-linked with
from about 0.75% to about 2.0% of polyallyl sucrose
or polyallyl pentaerythritol as cross-linking agent.

The synthetic anionic polymeric poly-



conponent may, 'if desired, be onmtted fromoral preparations fornulated to
operate at- such pH of 7.0 or below. Such om ssion however obviously reduces
the versatility and effectiveness of the present oral conpositions over the
broad pH-range of about 4.5 to about 10. The source of fluoride ions, or

f1 uori ne-wsprovi di ng conpounds, required accor di to the present invention
as fn essential conponent of the described inhibhtor conbination, are well
known in the art as anti-caries agents and al so act :as such 10 agents in

the practice of the present |nvent|on These conpounds may be slightly
soluble in water or ma,g) be fylly water-soluble. They are characterised by

their ability to relBIPO% FOMRGRENY, i maindiyy ayhyidraaaiAdn orith

undesired reaction wigticeiale halegeel 38 @-dditGaindd KRS Rht SR
these materials are 14 rmﬁra%?% fI uori-de sal tefso§ such as sol ubl e al kali netal
a o

and al kaline earth néta e BG5S LSIRE Fhhessiand
fluoride, barium f| @8 igde@ups: (aaldcmsmgfelmaldgr mtj:lmymllnﬂnt]'ﬂeu(lfdr@bsﬂr a

copper fluoride SUCI%J.%SC% e gfé%fe'q‘le’m% r Lg%&:‘i:dr%éc&ﬁ%t Ieumse&(ﬂ}mn

fluorosilicate, amonium fluoro-sSilic
monof | uor o- phosphat @moxNEH GfuP-A8nao Fd d!r-efﬂel!?@lmuh@sﬂ‘iatt@ 24nd more

fluorinated sodi um e 0RhORN2kS. At MBIk Gddet YIRS

such as sodi um and st.anpous fl uorides, sodi,um
of these ranges are typically employed in dentifrice

compositions, meaning oral compositions generally

U . containing a dental abrasive and used in conjunction
with brushing of the teeth, e.g. tooth pastes, gels,
creams and powders. Amounts in excess of these
ranges may be employed for thickening or gelling
purposes. . |
' As indicated above, these polymeric polycarboxy-
lates have been found to be effective inhibitors of
alkaline phosphatase enzyme. Since this enzyme has
‘little activity (for hydrolyzing pyrophosphate) at
about pH 7.0 or below, the polymeric polycarboxylate
component may, if desired, be omitted from oral
preparations formulated to operate at such pH of 7.0
or below. - Such omission however obviously reduces

~ o the versatility and effectiveness of the present oral
compositions over the broad pH range of about 4.5 to
about 10. _ |

The source of fluoride ions, or fluorine-
'providing compounds, required according to the
present invention as an essential component of the
described inhibitor combination, are well known in
the art as anti-caries agents and also act as such



nonofi uor ophosphate (MFP) and m xtures thereof,

are preferred. The amount

of fluorine-providing conpound i s dependent to sone extent upon the-.type of
-conpound, its solubility, and the type of oral preparation, but it nust be

a nont oxi ¢ anount,
In a dentifrice preparation,
gn amount of such conpound which releases

wei ght of the prepara- tion is considered satisfactory. Any suitable
m ni nrum anount of such conpound may be used, but it is preferable to enpl oy
sufficient conpound to rel ease about 300 to about 2,000 ppm nore

preferably abagen8g0inotheopradt $6€ pﬁnthé ptasehﬂeih&an tippi.cal |y,

is present in an anmount u

the cases of al kilsgetah 5&H8§'ﬂ§? gg
to abou A
the preparation, méﬁdbﬁréﬂg

anount of about

ase

dentifrice

3%
preparations such® % bY%fEﬁﬁggmaEggghBéﬂﬁﬁ1689}rFﬁE*FPSoV?BB REBEEdi ng

‘compound is typlcahpgupdsseﬁtthe anaanpnepasaﬁionLenAmbﬁgreheaae up to

about 500 ppm

general |y about 0.005 to about 3.0%in the preparation.

e.g. gel, cream toothpaste or tooth- -Rewder,
EB to about 5,000 ppmof F-ion by

in
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i e wel ght of
L¥bvater-satubifge Shexhatie chesacteri®edi n the
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The preferred deﬁ@lﬂbleeabbﬁbbsmetehsaoﬁ ahkaline earth metal salts,

for example sodium fluoride, potassium fluoride,
barium fluoride, or calcium fluoride and ammonium
fluoride, or a copper fluoride such as cuprous
fluoride, or zinc fluoride, sodium fluorosilicate,
ammonium fluoro-silicate, sodium fluorozirconate,
sodium monofluoro-phosphate, aluminium mono- and
di-fluorophosphate, and fluorinated sodium calcium
pyrophosphate. Alkali metal and tin fluorides, such
as sodium and stannous f£fluorides, sodium
monofluorophosphate (MFP) and mixtures thereof, are
preferred.

The amount of fluorine-providing compound is
dependeht to some extent upon the type of compound,
its solubility, and the type of oral preparation, but
it must be a nontoxic amount, génerally about 0.005
to about 3.0% in the preparation. In a dentifrice
preparation, e.g. gel, cream, toothpéste or tooth-
powder, an amount of such compound which releases up
to about 5,000 ppm of F ion by weight of the prepara-
tion is considered satisfactory. "Any suitable
minimum amount of such compound may be ﬁsed, but it
is preferable to employ sufficient compound to
release about 300 to about 2,000 ppm, more preferably

o



present invention achieve the desired antical culus effect by mixing therein
about 4.3%to about 7% of tetrapotassium pyrophosphate. Preferred ratios of
t.he tetrapotassiumtetrasodiumsalts range from about 4.3:2.7 to about 6:1,
especially a ratio of 4.5:1.5. Contrary to the disclosure in the

af orenenwoned Parran et al patent, it is highly significant that these
preferred conpositions of the present inventjon have highly acceptable
antical cul us and i nproved cosnetic propertieS while including nore than
4.0% of the tetrapotassi um pyrophosphate and w thout inclusion of any

di al kali nmetal pyrophosphate, although snmall anounts thereof, such as about
0.1%to about 0.4% or about 1.0% may be so included if desired. The pH
of the dentifricealprebadlibnsabdutht,s500eppinoafi Slgenidel ignin the range

of from about 4. 5T$ange g# 19 apg) t¥£é '6¥ %iﬂglgb@EE?ﬁ ?1E8r9deIhEHBH | S

preferably in the from about 'S noteworthy that
t he conpositions %taﬁh@u$n§bﬁ?¥B@enayhb§ §9BPP§§n§ré$Ipraﬁeﬂﬁel§aﬁ§ pH

ranges wthout subhbenti bl ¥olLEhE 2% By aéighh.srraaﬁeddaﬁaahagwésahel of

enanel. The pH c be contro]| ed th ac c acid or oi C
aci~d) or basg (e sBﬁ?Bﬂ¥ﬂ§ Bkr%ﬁ BFégﬁg?Qggdg be EEéﬁeaQ mFgﬁugodium

citrate, benzoate9. ea%bboa1%, oInbtharbasat ef dpdmdnunbhpﬂlngeo-phosphate,
et om L e erSESeBRRERT i phfoEPATHEy B8 EFBEntOLIC. bt B
about 0.1-3%, more typically about 0.76%.

Y In dentifrice preparations such as lozenges and
chewing gum, the fluoride-providing compound is
typically present in an amount sufficient to release up
to about 500 ppm, preferably about 25 to about 300 ppm
by weight of fluoride ion. Generally about 0.005 to
about 1.0 wt & of such compound is present.

The preferred dentifrice compositions of the
present invention achieve the desired anticalculus
effect by mixing therein about 4.3% to about 7% of
tetrapotassium pyrophosphate. Preferred ratios of the
tetrapotassium:tetrasodium salts range from about
4.3:2.7 to about 6:1, especially a ratio of 4.5:1.5.
Contrary to the disclosure in the aforementioned Parran
(o et al patent, it is highly significant that these

preferred compositions of the present invention have
highly acceptable anticalculus and improved cosmetic
properties while including more than 4.0% of the
tétrapotassium pyrophosphate and without inclusion of
any dialkali metal pyrophosphate, although small
amounts thereof, such as about 0.1% to about 0.4% or

about 1.0% may be so included if desired.



solid or pasty in character, such as toothpowder, a dental tablet, a

t oot hpaste, gel or dental cream The vehicle of such solid or pasty ora
preparations generally contains polishing material. Exanples of polishing
materials are water-insol uble sodi um neta- phosphate, potassium

met aphosphate, trical cium phos- phate, dihydrated caIC|un1phosphatévk
gnhydrous dical ci um phosphate, cal ci um pyrgphosphate, nagnesi um '

ort hophosphat e, trimgnesi um phosphate, cal ci um carbonate, al um ni um
silicate, zirconiumsilicate, silica, bentonite, and m xtures thereof.

QG her suitable polishing materials include the particul ate thernosetting

resins described in Urfe Bateft the. d3n@i@rite 9&e§5&€t@8&§”€@r+h3962 such
as nel am ne-, phenoll nd urea- %ﬁénaldeh des,- and crgss | i nked

pol yepoxi des and BSF?%&P@r&S BRRPER S POy it ﬁlﬁ@nﬁ&t8F| FOm AbPYFe4-5
crystalline silite hhmuhglpaahﬁckgpicaeiyoﬁrop aboalost. 55t 8r.onThea nean

particle size ofpﬂp PEa%l% FPPEgg raggg gfsggégpgbg %aeogoyp to about

50,000 [err]/gm I'ca, an ex anor phous
al kali netal aIu#bﬁEt §P i~calé. 1ﬂhéﬁt¢WQﬁ&hNytbhéathgebgmapélaegnSeéf

-pol i shing agent Qaec%krah@abnsm yCBe 83 hiea b&a&qgsakdtu@dealhhgutrademark
SYLO D as Syloid 72 and er .the trade

Sant ocel 100 and*3PR&Ri ¥ ﬁéPSPtaFHP?ﬁBn§FP}&XtéeEBﬁﬁP§¥é§gaPé particul arly
useful, since theyhbaw&seeaaaagung deditads eahaed .t OThlee ptetaacbieve i ndi ces

of gelling controlled with acid (e.g. citric acid or benzoic

acid) or base (e.g. sodium hydroxide) or buffered s
(e.g. such as with sodium citrate, benzocate,
carbonate, or bicarbonate, disodium hydrogen
phosphate, or sodium dihydrogen phosphate).

In certain desirable forms of the present
invention, the oral composition may be substantiall
'solid or pasty in character, such as toothpowder, a
dental tablet, a toothpaste, gel or dental creanm.
The vehicle of such solid or pasty oral preparations
generally contains polishing material. Examples of
polishing materials are water-insoluble sodium meta-
phosphate, potassium metaphosphate, tricalcium phos-
phate, dihydrated calcium phosphate, anhydrous k;
dicalcium phosphate, calcium pyrophosphate, magnesium
orthophosphate, trimagnesium phosphate, calcium
carbonate, aluminium silicate, zirconium silicate,
silica, bentonite, and mixtures thereof. Other
suitable polishing materials include the particulate
thermosetting resins described in U.S. Patent No.

3,070,510 of 15th Decémber, 1962 such as melamine-,
phenolic-, and urea-formaldehydes, and cross-linked



agent-liquid (i'ncluding water and/or hunmectant) systens comonly used in
dentifrices. Many of the so-called "water-insoluble" polishing materials
are anionic in character and al so include small amounts of sol uble

mat eri al .= Thus, insol ubl e sodi um net aphosphate may be forned in any
suitabl e Whnner as illustrated by Thorpe's Dictionary of Applied Chenistry,
Vol dne 9, 4th Edition, pp. 510-511. The forns 55 I nsol ubl e sodi um

nmet aphosphat e known as Madrell's salt and Kurrol's salt are further
exanpl es of suitable materials. These netaphosphate salts exhibit only a

m nute solubility in water, and therefore are commonly referred to as

i nsol ubl e neta- phogatepoxiddy arilalqr@lyeasqym.enwﬂémﬁréa q:d]!iirm{uagmunt

of sol ubl e phosphat qnggaé rdy ﬁﬁ:l ﬁt)){tlsae F)ih p%“lﬁtl%a aner{aﬁce%tl h as

up to 4% by wei ght. e armunt
bel i eved to include sd-’sﬂﬁ IR 3R lﬁﬁqurti s hatde nean Imirdasé-a)fsxze

I Psgl ubl edfTEtTﬁphOSphﬁE ap rey dbltdteQ.LLQ.?an&’r&lé magf& ol U MRS &éﬁ t gr

[ esire e insqluble [ ta t aphasphate is typica enpl dye

in powder form of a({rﬁ’a a"e%? /me %méqhﬁmiﬁ Yof the

material is |arger tdﬂnaﬂaom&komplrmsmomq@ﬁ iaANdld ARt d1ldrSno-

general ly present |rL¢1(%5%é| d or pasty conpositions in weight.concentra-
ou

tions of about 10%to a 99% Preferably, it is present in anmounts
rangi ng from about 10% t &hemowisteklivh alesrh gesdise arenddsiomdabaut 70%to

about 99%in . polishing agent of colloidal silica, such as those
W sold under the trademark SYLOID as Syleid 72 and

Syloid 74 or under the trademark SANTOCEL as Santocel
100 and alkali metal alumino-silicate complexes are
particularly useful, since they have refractive
indices close to the refractive indices of gelling
agent-liquid (including water and/or humectant)
systems commonly used in dentifrices.

Many of the so-called "water-insoluble"
polishing materials are anionic in character and also
include small amounts of soluble material. Thus,
insoluble sodium metaphosphate'méy be formed in any

- suitable manner as illustrated by Thorpe's Dictionary

of Applied Chemistry, Volume 9, 4th Edition, pp.

510-511. The forms of insoluble socdium metaphosphate
known as Madrell's salt and Kurrol's salt are further
examples of suitable materials. These metaphosphate
salts exhibit only a minute solubility in water, and.
therefore are commonly referred to as insoluble meta-
phosphates (IMP). There is present therein a minor
amount of soluble phosphate material as impurities,
usually a few percent such as up to 4% by weight.



t oot Hpowder. In a toothpaste, the liquid vehicle may conprise water and
hunmectant typically in an anount ranging from about 10%to about 90% by

wei ght of the prepara- tion. dycerine, propylene glycol, sorbitol, poly-
propyl ene glycol and/or polyethylene glycol (e.g. 400- 600) exenplify
suitabl e hunectants/carriers. Al so advantageous are |iquid m xture$s~éd
water, glycerine and sorbitol. In clear gelig where the refractive i ndex is
an inportant consideration, about 3-30 wt %'of water, O to about 80 w % of
gl ycerine, and about 20-80 wt % of sorbitol is preferably enployed.

Toot hpastes (creans) and gels typically contain a natural or synthetic

t hi ckener or gel Thegaagant off ppmpbdeiphesphaabouhteriauo ahQuh ie,

preferably about @4 eggdagﬁ agﬁugg %)sélagigagkganl ggg ﬁog§ﬁgget'c

hectorite, a synthetic col ines um Eonpl ex
clay available fén é%&nﬁﬁéea§fLaB§ﬁ pbleemgtaehossnazewzmam)bnarketed by

Lapor te | ndust i galigh! 8¢, ebaganateals nahgﬁaa Shous, yaepeoximatel y by
wei ght, 58.00% Si_.Q2, 25.40% MgQ, 3.05% [err] 8 and sonme water and

trace netals. IthPFﬁédSpeEPFl&néPéﬁpﬁﬁ F%k2153m§ﬁéllFeﬁ&§h8ﬁpéﬁﬁsréﬁt bul k
‘density (g/m at tgpieaniyueaploied. @n @bhaérsmb&abbe hhpakeme&s_ sRgkude

et hyl propyl el | IPB0e PRy aPeDBEe, toRB: AUP U tRL PR henBat B SR oRs1 et hy!
cel | ul ose, hydroXaegkeyl tbahl abovs B&. glcaoaskable as Natrosol), sodium
car boxynet hyl The polishing material is generally present in _
the solid or pasty compositions in weight concentra- \/
tions of about 10% to about 99%. Preferably, it is
present in amounts ranging from about 10% to about

75% in toothpaste, aﬂd'from about 70% to about 99% in
toothpowder. '

In a toothpaste, the liqﬁid vehicle may comprise
water and humectant typically in an amount ranging
from about 10% to about 90% by weight-of the prepara-
tion. Glycerine, propylene glycol, sorbitol, poly-
propylene glycol and/or polyethyiene glycol (e.g. 400-
600) exemplify suitable humectants/carriers. Also
advantageous are liquid mixtures of water, glycerine
and sorbitol. In clear gels where the refractive -
index is an important consideration, about 3-30 wt % ~/
cof water, 0 to about 80 wt % of glycerine, and about
20-80 wt % of sorbitol is preferably employed.

Toothpastes (creams) and gels typically contain
a natural or synthetic thickener or gelling agent in
proportions of about 0.1 to about 10, preferably
abéut 0.5 to about 5, wt . A suitable thickener is

synthetic hectorite, a synthetic colloidal magnesium



cel | ul osé, and colloidal silica such as finelly ground Syloid (e.g. 244). It

w Il be umderstood that, as is conventional,:the oral preparations are to
he sold or otherwise distributed in suitable |abelled packages. Thus a jar
of moutheinse will have a | abel describing it, in substance, as a
mout hri n&& or nout hwash and having directions for its use; and a

toot hpaste, creamor gel will usually be in ajCpllapsible tube, typically
alumnium lined |lead or plastic, or other squeeze, -punp or pressurized

di spenser for netering out the contents, having a label describing it, in
substance, as a toothpaste, gel or dental cream O ganic surface-active

agents are used in t{Ex£LOMPRSEd] 08151 DéatdEcHRESESNt 14y efd Pad Ce aEY EVeE
i ncreased prophylactic action, assisf in achleV|n%¥§ho ough _and conpl ete

di spersion of the arftfaBRY%I38 LARGRL N RifholtP « P #9902 c R (markaked dder
t he conposi ti ons Lfpditse Iedesitr i gy elimDedDr LOSSHEte D #ldMysis .

oni oni o of anphol yi TS TuRREE M e PL 1Fafr 1S Eies e
surface- active agerNg®, dbi@r%iNa0mi@s988 MipQeh ampaseme twatdre awhposate on
arc vater- sol uble STERT HER T IS AR B AN S S
such as the sodi um s taRRa¥eRrt IS A9S Y |3% 8% deeist uRal ki @d
coconut oil fatty acids, dtrdersa&ithléuHpiRtasesdCin@bude Irish moss,

. . gum tragacanth, starch, polyvinylpyrrolidone, hydroxy-
— ' ethylpropY1 cellulose, hydroxybutyl methyl cellulose,
hydroxypropyl methyl cellulose, hydroxyethyl cellulose

(e.g. available as Natrosol), sodium carboxymethyl
cellulose, and colloidal silica such as finely ground
Syloid (e.g. 244). -

It will be understood that, as is conventional,
the oral preparations are to be sold or otherwise
distributed in suitable labelled packages. Thus a
jar of mouthrinse will have a label describing it, in
substance, as a mouthrinse or mouthwash and having
direcﬁions for its use; and a toothpaste, cream or
gel will usually be in a collapsibie tube, typically

-aluminium, lined lead or plastic, or other squeeze,

. pump or'pressurized'dispenser for metering out the
contents, having a label describing it, in substance,
as a toothpaste, gel or dental cream.

Organic surface-active agents are used in the
compositions of the present invention to achieve
increased prophylactic action, assist in achieving
thorough and complete dispersion of the anticalculus

agent throughout the oral cavity, and render the



sodi um | auryl sul phate, al kyl aryl sul phonates such as sodi.um dodecy!l
benzene sul phonate, higher al kyl sul phoacetates, higher fatty acid esters
of 1,2 di hydroxy propane sul phonate, and the substantially saturated higher
al i phatic acyl am des of |ower aliphatic am no carboxylic acid conpeunds,
such as those having 12 to 16 carbons in the fatty acid, alkyl or &

rladi cal s, and the |ike. Exanples of the la menti oned am des are N-Iauroyl
sarcosi ne, and the sodium potassium and ethanolam ne salts of N-Iauroyl,
N-nyristoyl, or N-palmtoyl sarcosine which should be substantially free
fromsoap or simlar higher fatty acid material. The use of these

sarcosi nat e conp&eRpesitioms @rfalthe mresarntoisaveEnttilte proese dosmatsind< on i s
particul arly advgiiid0eéeoH th :?¥§¥.' 15%&1'; RS0l nd
mar ked ef f ect ina_{lr%ggi nhi lﬁﬁ% qug,{éél forfir%?t.isson in ﬁﬁ&% n}é.ag:\clbleﬁfa}due to
car bohydr at e br edi®&I&RE STy AP e ORiOR] & O anshedvitde iim t he

solubility of toclatwegnaind itaGis] prAferir@s to enpid ¥ t8% Yurface-

wat er - sol ubl e noniqpic surfqﬁta are condensation _prodycts of ef%ylene
oxi de. wi th var| odS e RS FIASFET SR AT oMb BRerRS Vo

‘t herewi t h havi ng thengompdedtiicn detlerisive( angt falamingg igrcpeaiviesnf about 12

to 20 carbon at onrs): I.C ] ' . u " et hgxaners") .contain
hydr ophi l i c pol y@hett%ee%é‘%%ﬁgﬁg% %gld‘c n‘i%s%é%n ec(r-;lli’sal |sor?rﬁr &S of pol y

(et hyl ene oxi de) S@iliiple salts of higher fatty acid monoglyceride

" monosulphates, such as the sodium salt of the
monosuiphated monoglyceride of hydrogenated coconut o/
‘0il fatty acids, higher alkyl sulphates such as |
sodium lauryl sulphate, alkyl aryl sulphonates such
as sodium dodecyl benzene sulphonate, higher alkyl
sulphoacetates, higher fatty acid esters of 1,2
dihydroxy propane sulphonate, and the substantially
saturated higher aliphatié acyl amides of lower
aliphatic amino carboxylic acid compounds, such as
those having 12 to 16 carbons in the fatty acid,
alkyl or acyl radicals, and the like. Examples of
the last mentioned amides are N-lauroyl sarcosine,
and the sodium, potassium, and ethanolamine salts of
N-lauroyl, N-myristoyl, or N-palmitoyl sarcosine
which should be substantially free from soap or
similar higher fatty acid material. The use of these
sarcosinate compounds in the oral compositions of the
present invention is particularly advantageous since
these materials exhibit a prolonged and marked effect
in the inhibition of acid formation in the ora:
cavity due to carbohydrate breakdown in additicn to
exerting some reduction in the solubility of tooth
enamel in acid solutions.



fatty acids, fatty alcohols, fatty am des, polyhydric alcohols (e.g.
sorbitan nnnostearate) and poly propyleneOX|de (e.g. Pluronic materials).
Various other materials nmay be incorporated in the oral preparations of the
present . nvention such as whitening agents, preservatives, silicones,
chlgro Aghyl | conpounds, other antical cul us aggnts, and/ or armoni at ed

rial such as urea, diamoni um phosphate, d m xtures thereof. These
adj uvants, where present, are incorporated in the preparations in anmounts
whi ch do not substantially adversely affect the properties and
characteristics desired. An§?fuita le flavourin weet eni n naterlal may

al so be enpl oyed. Exanpl§§a €8i P bV%tFF5§83PP2§ EBH%PP?EeﬁP fartants
flavouring oils, greocbndénspeaoniptodpepaebﬁiethymenéebgﬁdenwlsnssafras

clove, sage, eucalyg;y§ou€gfégéggbgn 25 ﬁgfn_cg %Fgggg ?ran gnd met hyl

salicylate. Suitable swee g ag dae’s mal t ose,
sorbitol, xylitol, seartiveythanewéthphavihgrleng, hﬁ@ﬂbpbepaCtyhaphenyl

al ani ne, nethyl eSt?él?OSQEEBﬂétﬂé Eﬁglageok' K ou§U1§abl>yzof Laygudp and

sweet eni ng agents na er conprise ron1a . to 5% or nore of
the preparation. |n2 ﬂ@sgreVBFFBdcﬁPﬁEPﬁééleP PH@dBF§§eﬁ etHOEARLER an or al
conposi tion accordi adn{:Slhhﬁyafﬁpﬁﬁ]llbnpelﬂiybﬁ?eﬁhy‘!]eﬁé fienktiescesuch as

cont ai ni ng~the describ hos te. and enzy | itor in.an apgpunt
effective to inhibif® 8§?8§P£¥88npg8ﬁF§Fs o£°poly 7° (e Ry Rehd" oxlad) BERH

_ fatty acids, fatty alcohols, fatty amides, polyhydrxc
U alcohols (e.g. sorbitan monostearate) and poly-
propyleneoxide (e.g. Pluronic materials).

Various other materials may be incorporated in
the oral preparations of the present invention such
as ﬁhitening agents, preservatives, silicones, chloro-
phyll 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.

Any suitable flavouring or sweetening material
may also be employed. Examples of suitable

— 'flavouring constituents are flavouring oils, e.g. oil

| of spearmint, peppermint, wintergreen, sassafras,

clove, sage, eucalyptus, marjofem, cinnamon, lemon,
and drange, and methyl salicylate. Suitable
sweetening agents include sucrose, lactose, maltose,
sorbitol, xylltol, sodium cyclamate, perillartine,
'APM (aspartyl phenyl alanine, methyl ester),
saccharine and the like. Suitably, flavour and



surfaces is preferably applied as by brushing regularly to dental enanel,
such as every second or third day or preferably from1l to 3 tines daily, at
a pH of about 4.5 to about 10, generally about 5.5 to about 9, preferably
about 6 to 8, for at |least 2 weeks up to 8 weeks or nore up to lifetie.
The dentifrice is typically removed by rinSing with water after eachams

lication. The conpositions of the presenfzinvention can be incorpofated
in lozenges, or in chewing gumor other proddcts, e.g. by stirring into a
war m gum base or coating the outer surface of a gum base, illustrative of
whi ch may be nentioned jelutone, rubber latex, vinylite resins, etc.

desirably with COQM&QEéHBﬁb Qbéﬁibcha?riogétﬁeit@Bﬁbiaséuﬁﬁbmoéb%hher
sweet eners or car8 £ dratgg such g ucosSe, sorbitgl and the |ike. The
I

vehicle or carrie 5ot 38| 8F BPreo2énghe; ?rﬁpﬁﬁﬁt&SProgenlc solid water
sol ubl e pol yhydric aIcmhothéppk;ﬁékraacbraetﬁaanbtothexpkebeht sorbitol,

maltitol, a hydrogepatged starch_hydrol t Lyc drogenat ed glucose
hydr ogenat ed disaggﬁngagg agnarﬁ¥dF88é§§%§a°BoFysacgﬁgé 58 %Rln an anount
of about 90- 98pteyem§|ghveotlohesnghaascdﬁp@sf:nga csotadnsagtshsuch as
SOd'U”1b'Carbo”atﬁfséPﬂbHH‘?Bi??hégghﬁekaéﬁﬁ QhE?ﬁér?HﬂﬁbﬁtBQ Eﬂt?ﬁsi“m

chl oride may t ot ace t carrier. Tableting
| ubricants, in n1ﬁB?uaﬁnﬁﬁfgcﬁfvabBBt19h1b96 5%9891H€|3ﬁtdeﬁﬁ?lbe

incorporated i Nt ostiffaces is preferably applied as by brushing
regulariy to dental enamel, such as every second or _
third day or preferably from 1 to 3 times daily, at a O/
pH of about 4.5 to about 10, generally about 5.5 to
about 9, preferably about 6 to 8, for at least 2
weeks up to 8 weeks or more up to lifetime. The
dentifrice is typiéally removed by rinsing with water
after each application.

The compositions of the present invention can be
incorporated in lozenges, or in chewing gum or other
products, e.g. by stirring into a warm gum base or
coating the outer surface of a gum base, illustrative
of which may be mentioned jelutone, rubber latex,
vinylite resins, etc., desirably with conventional
plasticizers or softeners, sugar or other sweeteners
or carbohydrates such as glucose, sorbitol and the
like.

The vehicle or carrier in a tablet or lozenge is
a non-cariogenic solid water soluble polyhydric
alcohol (polyol) such as mannitol, xylitol, sorbitol,
maltitdl, a hydrogenated starch hydrolysate, Lycasin,
hydrogenated glucose, hydrogenated disaccharides, and
hydrogenated polyséccharides, in an amount of about



tablet or |lozenge fornulation to facilitate the preparation of both the
tabl ets and | ozenges. Suitable lubricants include vegetable oils such as
goconut oil, nmagnesium stearate, aluminiumstearate, talc, starch and

car bowax> Lozenge fornul ati ons contai n about 2% gum as barrier agent to
provide~h§%hiny surface as opposed to a tablet_ which has a snooth finish.
Sui t@bl e non- cariogenic guns include Kappa cigrageenan, car boxy- net hyl
cel l ul ose, hydroxyethyl cellul ose, Gantrez, and the like. The | ozenge or
tablet may optionally be coated with a coating material such as waxes,
shel | ac, carboxynet hyl cellul ose, polyethyl ene/ mal eic anhydri de copol yner
or Kappa- carrageena®0+98%ubyhweightr efsehéheotaliecomnpbakesiohbe satbiat or

| ozenge to dissol ve_j h utb. e.un | et .].0z LSl ow
di ssol vi ng, providi%%fggsggggi%gdsggfgéséggé?goégggét?gél#ﬁggggséﬁ §of
about 3 to 5 minut epotassiudi hijbgrbohateobr dpdbaesiubl ehlandideomapge

conpositions of the t N [ f _ ' Lime
period of contact o?Bgﬁgf?eg¥h??ﬁE%ﬁglgrg?bg§$?t§ﬁgﬁ%ﬁy?hg gg??@ér' '
i ngredi ents. The i nveh@Pbfting bubpifanheo HRaBLPEE AROVBEFORS #RP¥tand

a nunber of specifig,embedsgesyswaight bendpspei brdokporhteat iate the
invention with reference to Fﬂe acconmpan i exanpl es. ﬁik afou h%eand
proportions referreﬁapﬁeﬁe?ﬁl C4fhgen ?ﬁéuggbéﬁﬂgg°c?3F ﬁPngg i ght and
tenperatures are i npreparation of both the tablets and lozenges.
Suitable lubricants include vegetable oils such as
N ' coconut oil, magnesium stearate, aluminium stearate,
talc, starch and carbowax. |

Lozenge formulations contain about 2% gum as
barrier agent to provide a shiny surface as opposed
to a tablet which has a smooth finish. Suitable non-
cariogenic gums include Kappa carrageenan, carboxy-
methyl cellulose, hydroxyethyl cellulose, Gantrez,
and the like. _ '

The lozenge or tablet may optionally be cocated
with a coating material such as waxes, shellac,
carboxymethyl cellulose, polyethylene/maleic
anhydride copolymer or Kappa-carrageenan to further

- increase the time it takes the tablet oxr lozenge to
dissolve in the mouth. The uncoated tablet or
lozenge is slow dissolving, providing a sustained
release rate of active ingredients of about 3 to 5
minutes. Accordingly, the solid dose tablet and
lozenge éompositions of the present invention affords
a relatively longer time period of contact of the

_teeth in the oral cavity with the active ingredients.



degrées centigrade unless otherw se indicated. EXAMPLE A Effect of Salivary
Enzymes on Inhibition of HAP Formati on by tetrasodi um pyrophosphat e-( TSPP)
The in vitro formation of HAP is neasured titri- nmetrically via a pH stat o
procedure. Stock solutions of 0.1M[err] and O.1M [err] are preparee-fresh

i n carbonate-free deionized distilled wat To 23 ml Q02-free dei omized
{distilled water 1.0 m of the stock phosp e solution and 1.0 m of an
aqueous solution of 1 x [err] of the antical culus agent being tested are
added followed by 1.0 m of the stock cal cium chloride solution which
initiates the reactioR, The reaction_is.conducted at _pH,%. der a

ni trogen at nosphere. @Bﬁsﬁﬂﬁf?§ﬁ°8fm5¥IHeN§Eg FQ Pe 5% gécgug%hatically

from whi ch the tvaericaguwagd and er pumberf ofnepecific eabodimeats Table A
shows the results. IS, G r ' fs G, h
I nhi bition (Hrs.?l %t%gaﬁggﬁggﬁga fo Iﬁ%hg?éazbn%th§g%%%%§?n %aq? Phos-
Agent Wat erefegghreato phet aseompanyipgaexaaptssp All amountsy g

R 0.3 and propoftions Fadkeerfaske\heirlih andWanerRhESPP _
significantly delays HAP forpmtion. However, the effectiveness of this

€
.agent is drasticaPPendeduclaimfcATenOYhYEIgNY RIS 1eMPETRE UEeS 8T ed Py t he
shorter delay tigegréassceadigrade unleksi oabpridseudnidddatedenzymatic

EXAMPLE A
Effect of Salivary Enzymes on Inhibition of

HAP Formation by tetrasocdium pyrophosphate \Q
(TSPP) S
The in vitro formation of.HAB is measured titri-

metrically'via a pH stat procedure. Stock solutions

"of 0.1M CaCls and O0.1M NaH;PO4 are prepared fresh in
carbonate-free deionized distilled water. To 23 ml
COg-free deionized distilled water 1.0 ml of the
stock phosphate solution and 1.0 ml of an aqueous
solution of 1 x 10~4M of the anticalculus agent being
tested are added followed by 1.0 ml of the stock
calcium chloride solution which initiates the
reaction. The reaction is conducﬁed at pH 7.4 under
a nitrogen atmosphere. Consumption of 0.1lN NaOH is
recorded automatically from which the time required \/
for crystal formaﬁion is determined. Table A shows
the results of this procedure.

o TABLE A
Time of Crystal Growth Inhibition (Hrs.)
Anticalculus Pyrophos- Alk. Phos-
Agent Water Saliva phatase phatase

TSPP 0.8 0.4 0.3 0.0



hydrol ysi's of P-O- P bonds. Incubation of this agent w th pyrophosphatase
and al kal i'ne phosphat ase drastically reduces the delay period and indicates
the the susceptibility of the P-O P bond to hydrolysis by phosphatases.
Substantirally the same results are obtained using tetrapotassi um pyrophos-
phat e (T@PP I nstead of TSPP, both having the~sane effective P-OP
bond- cont ai ni ng- pyr ophosphate i on. EXANPLE B_glhblllzatlon of TSPP to
Enzymatic Hydrolysis in Presence of Inhibitors Enzymatic hydrolysis is
conducted in 100 mlli- nolar norpholinopropane sul phonic acid - NaCH
buffer solution (pH 7.0) containing 1.3 ng/m of TSPP. Inhibitors according

to the present inventionTaibdeaddstowaxapalt tl@l. TvJ&QeQO"I"S'P(P' s ilghi% iidha lg
i um

concentration of 1, .on (fr and 0. 5% of the SO
salt of hydrol yzed %eg?ﬁg’g HE‘E Iekgl%m%f’é’l c chel deté‘f f)ff@Gpdl"ﬁ‘@tss AEN
70, 000 (Gantrez S—9¥hPﬁaﬁsﬁgéuu50éraska¢aﬂlyEquahcaatwnehl&&c&ba%%adw1+h

phosphat ase, al kal i gg1pkaspBak33a n| phat, gse ar t.hen
added to yield a total thSphatasgn§%§|3?O§%%f ?gﬁﬁw 1881p| dBisk

each test sol ution ZPEUFLRER &ﬁdeﬁéﬂsﬁcwrﬂﬁoﬁh&spnatheaeazyabkécln each
sanpl e measur ed h&ﬁﬁbl?shﬁubi b¥dL9|$§has'n iNcHEEtQBn[gEthIQea%Q%Qt'On
m xtures are |ncubaﬁ g % Fé tg haki ng and_al 1 quots take
appropriate tinmes thArougRYaPPragera Bsﬁ1ﬁ89e§1FBF18FtEBEﬁB§B§§§é deter-
drastically reduces the delay period and indicates
: the the susceptibility of the P-0-P bond to
— ~ hydrolysis by phosphatases. Substantially the same
results are obtained using tetrapotassium pyrophos-
_phate (TKPP) instead of TSPP, both having the same
. effective P-O-P bond-containing pyrophosphate ion.
EXAMPLE B .
Stabilization of TSPP to Enzymatic Hydrolysis

in Presence of Inhibitors

Enzymatic hydrolysis is conducted in 100 milli-
molar morpholinopropane sulphonic acid - NaOH buffer
solution (pH 7.0) containing 1.3 mg/ml of TSPP.
Inhibitors according to the present invention are
added (except to the control) to a final
concentration of 1,000 ppm fluoride ion (from NaF)
and 0.5% of the sodium salt of hydrolyzed
methoxyethylene-maleic anhydride (1:1) copolymer,
M.W. 70,000 (Gantrez S-97 Pharmaceutical Grade).
Equal activities of acid phosphatase, alkaline
phosphatase, and inorganiec pyrophosphatase are then
added to yield a total phosphatase activity of 0.3
units/ml. Samples of each test solution are taken
and total orthophosphate available in each sample



4

m natifon. Table B shows the results expressed as percent orthophosphaie
rel eased due to hydrolysis of the pyrophosphate. TABLE B Percent

C}ihophosphate Percent Relative Release in 90 mn. Protection

Anti cal cul us Wth Agent Contr ol I nhi bitors TSPP

98 58 41 Table B sh that after 90 mnutes >

| ficubation in the presence of enzynme 98% e avail abl e ort hophosphate is

rel eased fromthe .TSPP in the absence of the inhibitors. Wth inhibitors,
hydrol ysis of P-O-P bonds in pyrophosphate (TSPP) is reduced by 41% It
shoul d be noted that the enzyme activities used in this study are at | east
2-3 fold great erméeasnredoaéteavr Aahbursohgdrohysaki va. 4RhHESa dat aoobndi.cat e
that the inhibit ' kSl ' Lank £ dyge.e tic
hydrol yei s of Tope EepbPiie; AfRPhLRR 3THhEaARMEH RETFECTRELNT, O
equi val ent arpunebabkingkepdialiggetst bakeanf sk appregplat@hsimelsl owi ng
dental gel formaihpBagR' &t €BABEECH0 h@hh%@soﬁokhSrtﬂ&?ﬂBbPﬂatEXﬂgﬂbg-l s a
whi te opaci - fled_gel, Exangle 2 is a blue transparent gef. The 23
i ngredi ents and BFBRbFPPRonsTaPLesBt shays| kheapraultiepsRresapicas
) percent oxthophosphate released due to hydrolysis of

the pyrophosphate.

TABLE B
Percent Orthophosphate Percent Relative
Release in 20 min. Protection W,
Anticalculus With
Agent Control Inhibitors
TSPP 98 58 41

Table B shows that after 90 minutes incubation
in the presence of enzyme 98% of the available
orthophosphate is released from the TSPP in the
absence of the inhibitors. With inhibitors,
hydrolysis of P-O-P bonds in pyrophosphate (TSPP) is
reduced by 41%. It should be noted that the enzyme
activities used in this study are at least 2-3 fold
greater than those normally found in saliva. These
data indicate that the inhibitors of this invention
significantly reduce enzymatic hydrolysis of TSPP.
Substantially the same results are obtained when
equivalent amounts of TKPP is substituted for the
TSPP.

The following dental gel formations are represen-
tative of the invention. E£xample 1 is a white opaci-
fied gel, Example 2 is a blue transparent gel. The



‘Parts by Weight Ingredients : . Exanple 1 Exanple 2

Part- 1 TSPP _ 1.500° 1.500 TKPP

4.500 4.500 Sorbitol (70% Aqueous sol ution) 22. 507 22.500~ - -
Part 2 .Pol yethyl ene A ycol 600 5. 000 5.000 dycerine
10..750 wy 15.000 | OTA Carrageenan Gum 0. 500 0. 450
Sodi um Fl uori de 0. 243 2:3 0. 243 Sodi um Saccharin

0. 300 , 0. 300 Gantrez S-97 ' 1. 000 1. 000
Ti t ani um Di oxi de 0.500  ------ Dei oni zed Vat er

31. 000 26. 607 FD&C Bl ue No.1 (1% Sol uti on) ----s- 0. 200
Part 3 ZEO 49B (Si (jgredients and proportions axe set out gov i@ 3 244
(Synthetic Silica) pelow. 3.000 4.500 Part 4 Sodium Lauryl Sul phate
powder 1. 200 1. 200 Fl avour ' 1. 000

1. 000 The above formul ations are prepared &ZBBLE L5 The conponents of Part
1 are mxed to solution form Separately, the conponerBac#d Waeiyhtexcept

the water, are m x g io di spersion in the poly.: et;hyl
gl ycol /gl ycerin hu-ejfjn zt l,é'mé the water then m xed?r/’-l‘wﬁ}s égén#a?re

t hen conbi ned, fol IRA%%. by consecutive addition, with suitable

N TSPP 1.500 1.500
TKPP 4.500 4.500
Sorbitol (70% Aqueocus solution) 22.507 22.500

U | _ Part 2 | | |
Polyethylene Glycol 600 5.000 5.000
Glycerine _ 10.750 15.000
IOTA Carrageenan Gum ' 0.500 0.450
Scdium Fluoride 0.243 0.243

- Sodium Saccharin .- 0.300 0.300

Gantrez S-97 : 1.000 1.000
Titanium Dioxide 0.500 @ ----e-
Deionized Water _ 31.000 26.607
FD&C Blue No.l (1% Solution) ====-- 0.200
Part 3
ZEO 49B (Siog) - 17.000 15.000
SYLOID 244 (Synthetic Silica) 3.000 4.500

(N Part 4
Sodium Lauryl Sulphate powder 1.200 1.200
Flavour 1.000 1.000

The above formulations are prepared as follows:
The components of Part 1 are mixed to solution form.
~.Separately, the components of Part 2, except the
. water, are mixed to form a dispersion in the poly-



m xi ng, of Parts 3 and 4. These and the follow ng fornul ati ons are desi gned
to retain the anti-caries effect of the fluoride conponent substantially
unaf fected by the other conponents, and to produce no significant tooth
erodion effects. EXAMPLE 3 Enpl oyi ng the sanme procedure as in Exanpfes 1
and 2, a toothpaste fornulation is prepare n accordance with the Pfesent
|nvent|on havi ng the ingredients and promﬁi&ons set out in Table 2 below

ABLE 2 | ngredi ent Parts by wei ght Dei oni zed
wat er 37.578 G ycerin

25.000 Zeo 49B (Silicon D oxide) 21. 500 TKPP
4.500 TSPP ethylene glycol/glycerin humectant, an806h8yWstegr244

gsggghgfgsoﬁilicg%en mixed in. Parts990a adhugkhaﬂﬁ%h ggh%aﬁ%gez s 97

Phar maceut i cal Gfaldzowed by consecutdgeSadiabirpdr Withe spsyaddsl ution)

1-000 xanthan QUixing, of Parts 3 and 4. These andlefid0sSadbungenzoate
0. 500 Tltanlun1EHOX|38 Sqodi um, Sacchari n

0.
0.300 Sodi um Fl ufprmulations are designed to reta1n0t§g2ant1E§gﬁﬁF§S 4 and
5 represent | ozegggeter Bl 2heo#ludedaedicogpbaehle supbetantiadlgnt i on.

unaffected by the other componenté, and to produce no
significant tooth erosion effects.
EXAMPLE 3
Employing the same procedure as in Examples 1 \/
and 2, a toothpaste formulation is prepared in
accordance with the present invention having the
ingredients and proportions set out in Table 2 below.

TABLE 2

Ingredient Parts by weight
Deionized water ' 37.578
Glycerin 25.000

Zeo 49B (Silicon Dioxide) 21.500
TKPP _ 4.500
TSPP 1.500
Syloid 244 (synthetic silica) 3.000
Sodium Lauryl Sulphate 1.200 \U)
Flavour ' 1.000
Gantrez S-97 Pharmaceutical Grade 1.000
Sodium Hydroxide (50% Solution) 1.000
Xanthan Gum | 1.000
Sodium Benzoate 0.500
Titanium Dioxide 0.500
Sodium Saccharin 0.300

Ssodium Fluoride . 0.242



EXAMPLE 4 Lozenge fornmul ations are set out in Table 3 bel ow TABLE 3

| ngredi ents Parts by Wei ght Sugar

75-98 Cornsyrup 1-20 Flavour GO
0.1-1.0~Tabl et |ubricant 0.1-5 TKPP: TSPP-3: 1
3.5-8 Gambrez S-97 - 0.05-3 Sodium fluoride
0.01-0.05 Water . '215 0. 01-0.2 EXAWPLE 5
Lozenges are nade up fromthe ingredients and proportions set out in Table
4 bel ow. TABLE 4 Ingredients Wei ght Percen
Sodi um saccharin 0. 15 Fl avour

0. 25 Nhgnesiun1stearatexémplésamtand-5 reﬁresent lozefgé0f6phAU&t ions
0. 01 Emul sifying 1. 00 Sodi um fl uoride

0.05 Gantrez 5-97&‘1‘?‘9}Jiing to the present invention. '3 Txpp TSPP - 3:1

6. 50 Sor bit ol EXAMPLE 4Q S. to 100 Note on Table
4 1 PEG (40) Sorbitan E%ééﬁﬁéef6?$§lations are set out in Table 3
below.
TABLE 3
Ingredients Parts by Weight
Sugar _ 75-98
| Cornsyrup ' 1-20
Y Flavour 0il 0.1-1.0
Tablet lubricant 0.1-5
TKPP:TSPP-3:1 3.5-8
Gantrez S-97 . 0.05-3
Sodium fluoride _ 0.01-0.05
Water 0.01-0.2
EXAMPLE 5

Lozenges are made up from the ingredients and
proportions set out in Table 4 below.

TABLE 4
Ingredients Weight Percent
W Sodium saccharin | 0.13

Flavour ' 0.25
Magnesium stearate lubricant - 0.40
Colour', - 0.01

- Emulsifying Agentl 1.00
Sodium fluoride ' 0.05

- Gantrez S-97 ' 0.30
TKPP:TSPP - 3:1 -  6.50
Sorbitol | . 0.S. to 100

Note on Table 4
1 pEG (40) Sorbitan Diisostearate.
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26 EXAVPLE 6 Chewi ng gum fornul ati ons are set out in Table 5 below TABLE 5

| ngredi ents Parts GQum base

107t o 50 Bi nder 3to 10 Filler .
5 to'80 (sorbitol, mannitol or combination thereof) Artificial sweetener

0.1 to 5 TKPP: TSPP - 3:1 ' 3.5 to 8 Gantrez &®7

041 to 1.0 Sodium fluoride 2L 0.1-0.05 Flavour™”

0.1 to 5 Al the above formnul ati ons have been designed to provide inproved
non-gritty and other cosnetic properties and to exert inproved antical cul us
effects in vivo. The present invention has been described with respect to
certain preferred enbodinents and it V“'éﬁéﬁk@%fertOOd that nodifications
and vari ations thereof obvious to those n the art are to be

i ncl uded within the puhewimngfgumi oxpplacidnsnmeoedséeheostopne Tdblées
appended claims. po3 LIAMS 1. An antical culus oral conposition in the form
of a toothpaste, dent al gel, toot hpowder, dental

TABLE 5
Ingredients Parts
Gum base 10 to 50
Binder 3 to 10
Filler ' 5 to 80
(sorbitol, mannitol or '
combination thereof) \/
Artificial sweetener 0.1 to 5
TKPP:TSPP - 3:1 3.5 to 8
Gantrez S-97 0.1 to 1.0
Sodium fluoride 0.1~0.05
Flavour 0.1 to 5
All the above formulations have been designed to
provide improved non-gritty and other cosmetic
properties and to exert improved anticalculus effects
in vivo. |
The present invention has been described with
respect to certain preferred embodiments and it will \;)

be understood that modifications and variations
thereof obvious to those skilled in the art are to be
included within the purview of this application and
the scope of the appended claims.



iablet chewi ng gum or | ozenge conprising an orally acceptable vehicle and,
A a mxture of tetrasodi um pyrophosphate and tetrapotassi um

pyrophosphat e of which the tetrapota53|un1pyrophosphateT??TIjmﬂﬁkﬂﬂ+ﬁgm__*
portion<such as to avoid the occurence of gritty partlcl

conp05|ﬂh@n and B. an anount of a fluoride ion source n&@ “ﬂ "ﬂ,""ﬂ
supply 25 ppmto 5,000 ppmof fluoride ions. 2. An oral

conprising an orally acceptabl e aqueous vehZélle and, A 4.3%t0 7% of

al kali netal pyrophosphates as essential antical culus agent, conprising at

| east 4.3% of tetra potassium pyrophosphate, alone or adm xed with up to

2. 7% of tetrasodi um pyrophosphate, and B.CLAEMS anount of a fluoride ion
source sufficient to supply 25 ppmto 5,000 ppmof fluoride ions. 3. An

oral composition conprising an oraIIy accept abl e aqueous vehi cl e and, A
4.3 to 7% of a nixturd-of AepPiicaleRmlys G5Rds Semposdid %t%ﬁé@a?g%

pyrophosphat e i nog ae&%%hp&%téqt aant&agk;m | roOthpbudier ! @eht@lcont ai ni ng
at | east 4.3% of tg& t ssi,um Fpéﬁ phosphate t,0 avoi d the .qccurrence
&Hf“pf?

of gritty particl8 wdBgi FERIS EOMRTAFENG A OB Y, and

acceptable vehicle and,

A, a mixture of tetrasodium pyrophosphate and
tetrapotassium pyrophosphate of which the
tetrapotassium pyrophosphate is a predominant portion

o sych as to avoid the occurence of gritty particles in
the oral composition; and

B. an amount of a fluoride ion source
sufficient to supply 25 ppm to 5,000 ppm of fluoride
ions.

2. An oral composition'comprising an orally

acceptable aqueous vehicle and,

A. 4.3% to 7% of alkali metal pyrophosphates
'aé essential anticalculus agent, comprising at least
4;3% of tetra potassium pyrophosphate, alone or admixed
with up to 2.7% of tetrasodium pyrophosphate, and

B. an amount of a fluoride ion source
sufficient to supply 25 ppm to 5,000 ppm of fluoride.
ions,

3. An'oral composition comprising an orally
acceptable aqueous vehicle and,

A, 4.3 to 7% of a mixture of tetrasodium
pyrophosphate and tetrapotassium pyrophosphate in a
respective ratio ranging from 2.7:4.3 to 1:6
containing at least 4.3% of tetrapotassium



B. an anobunt of a fluoride ion source sufficient to supply 25 ppmto 5,000
ppm of fluoride ions. 4. A conposition as clained in Clain11, 2 or 3.
containing as an inhibitor against enzymatic hydrotysis—of—the

pyropﬁosphate in saliva a synthetic anionic poly ate\
havi ng a nol ecul ar weight of 1,000 to 1, ooo 000, JHI Eﬁm m m
500, 000. 5. A conposition as clalned I n O 0. 3@6of

t he sai d pol ycarboxylate. 6. A conp05|t|on clalned in any one of Cains
1 to 5 containing 4.5%tetrapotassium pyrophosphate and 1.5% tetrasodi um
pyrophosphate. 7. A conposition as clained in any one of Clainms 4 to 6
cont ai ni ng 0. 05BRrP¥RsHhate taiaveid \bie i ecourbenge 08 gnithe formof its
wat er sol ubl e alﬁgetlﬂld@@loprtmmﬁ?%ro&o#WOﬂttpg as claimed in
any one of Claims 1 to 7 having a pH of . 9. A conposition as
clained in any &REPFLLEPD @34 to 8 in which the said pol yneric

pfjl yca(r]I bpxylc]ate IS a |Bneaﬁx aﬂtha?bwﬂmlde ionlgour&ecﬁmlﬁ&iéﬂto]poas |
claimed in daim ich.t ar ate s a copolymer of viny

met hyl et her an&u e?gh Hogﬁogﬁﬁ%ﬂﬁ ggﬁﬁgﬁ* 0 1Sto1 ecul ar wei ght of
about 70,000. 11. A conposition as claimed in any one of Claims 4 to 10

17500 ppmof 1 Huor dcka ont Sper AR AP TR L Gl £ 2Ro¥ 30 10

containing as an 1nh1b1tor against enzymatlc hydrolysis
of the pyrophosphate in saliva a synthetic anionic

polymeric polycarboxylate having a molecular weight of g)

1,000 to 1,000,000, preferably 30,000 to 500,000.

5. A composition as claimed in Claim 4 containing
0.05% to 3% of the said polycarboxylate.

6. A composition as claimed in any one of Claims
1 to 5 containing 4.5% tetrapotassium pyrophosphate and
1.5% tetrasodium pyrophosphate.

7. A composition as claimed in any one of Claims
4 to 6 containing 0.05% to 3% of the said polymeric
carboxylate in the form of its water soluble alkali

metal or ammonium salt. \/

8. A composition as claimed in any one of Claims 1
to 7 having a pH of 4.5 to 10.

9. A composition as claimed in any one of Claims 4
to 8 in which the said polymeric polycarboxylate is a
linear polycarboxylate.



12. A conposition as claimed in any one of Claims 1 to 11 in which the said
fluoride ion source conprises sodiumfluoride. 13. A conposition as clained

in any one of Clains 1 to 12 in the formof a toothpaste,—gel—or—cream
further fcontaining a dentally accept abl e polishing agent. 14. A coii05|t|on

as claied in Oaimi3 containing a dentally acceptable S'IMH mn’ ,ﬂnfﬂun

agent. 15. A conposition as clained in Caim1 substanti al
specifically described herein with referenq@,go any one of Exanples "1 ¢
16. A nethod of preparing a conposition as clainmed in any one of Clalns 1
to 15 conprising m xi ng together the conponents specified in the said
cl ai ns. 10. A composition as claimed in Claim 9 in which

the polycarboxylate is a c0pOIYmer of vinyl methyl
ether and maleic acid or anhydride having a molecular
weight of about 70,000.

11. A composition as claimed in any one of Claims
4 to 10 containing an amount of a fluoride ion source
sufficient to supply 800 to 1,500 ppm of fluoride ions
and 0.1 to 2% of the polycarboxylate. .

12, A composition as claimed in any one of Claims
1 to 11 in which the said fluoride ion source comprises
sodium fluoride.

13. A composition as claimed in any one of Claims
1 to 12 in the form of a toothpaste, gel or cream
further containing a dentally acceptable polishing
agent.

14, A composition as claimed in Claim 13
containing a dentally acceptable silica polishing
agent.

15. A composition as claimed in Claim 1
substantially as specifically described herein with
reference to any one of Examples 1 to 6.

16. A method of preparing a composition as claimed
in any one of Claims 1 to 15 comprising mixing together
the components specified in the said claims. _ .




