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ORAL COMPOSITLIONS CONTAINING COLLOLDAL FLUORIDE
ABSTRACT

A colloidal solution comprises a flouride(s) being
difficulty soluble in water comprises colloidal par-
ticles of the flouride having a flouride ion concen-
tration of 1 to 10,000 ppm in the state of satura-

tion
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The pregent, Invention relates
colloidsl fluoride solutlon and a proce
producing wald solution. In  parbionla
present inventicn provides a colleidal »
of a difficuliy scoluble flnoride which g
fluoride lon concentrabion of 1 to 14,0
when diesolved in w&ber. The colloid
preeent inventlow can bz oused alone or
fornm of an oral ccmposition ln such un
that the fluoriue content thereof will b
199, d09 Prm in conbinatlion with
suﬁstannqa for preventing the toolbh

decaying.

The presznt invention relates to a
ooﬂbosition chnraoterized‘in that flaori
calcium contained thereln are at
pafflally reacted with aach other to
coiloldal fluorlds In  the presence
pabtizer sueh an  a suitable L1y

défiyativa tor  enhance the availabili

to. &
us for
r, the
olution
lves a
3 ppm
cf the
in the
anount
e 19 to
| éther

from

n oral
ne ‘and
iéantk
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of - a

charide

ty of

fluorine fovr  Lhs  te=th aad to improve. 1ts

effec!, of prevonting the tooth from decaying.
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[PRIOF ART])

Various nompounde were proponad as
componenteg ~ffectlve in preventing - the %Hocth
from deonylng among the, thoss which are

deemed Lo b the moet offentive are  flnorides

such aa agodinm fluaeida, podium
monaf bevarophiosptoata aad gboor ag fivartds. The

fluopides are elfontive mninly  doe  to the
fInorids qonn which Lwprovet  the acid
ra3 s tianoes of the  boolh and aucﬂlcrate‘
recalciflantiog of a decsyed beoth In Lie early
gtage vhere)n the deenlolfloation han p;wcﬁeded
only " alightly. The affant of !mprovlng"ﬁﬁe
acid reelotarnre of the Ltooth Lo thﬁught to  be
dus’ to  the Fucl that the  [laerid:  ions  are
1nco¥porvted tnto .Y crystui latLine of
hydroxyopnatile ghiach Ys the mala ;::n.u';'uil,v,u;m; f.)f
the . toaoth coswal oy, ia other words, fluofide

tons  partiall) fluoripste hydrorxyapotlibe  cfand

elmultonecns )y repadr tho lattice jrrepalatiea,

The (CTATTR R I S RRVPR S FYSHY te R vea Lion tor
regovering <r  cnbtptantislly  recovoring the
3




1@

16

20

hydroxyapakite, whioch wae shortened, modified
or iost by the decalcification of the enamel by
a reaction reverse to the decalciftbaﬁion to
inhibit  the decaying of the tooth. Thie
reaction ordinarily proceeds 1ln additioq to the
decalcificzti~n  and is remarkably accelorated

in the presenc: of a fluoride ion.

Thege effects are quite peculiar to  the
fluoride ion and there is no substitute for
this ion. Fluorides are thus added to_itap
water, used in the form of tablets to be
crushed with the teeth, added to foods, applied
to the toolh surface or added to mouthwwasﬁes

or dentifrices.

‘A8 for  the extent of the effect ﬂof the
fluorides for préventlng the tooth f?om
decaying. it is 5 to 66% when 1t is added to
tap water, 39 to 40X when it is applied to ‘the
tooth surface, and 2@ to 50% when it lg used in
the form of a mouthi-wash or dentifrice,

Although the affect of the iodidee is far more

r
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remarkable than that of othsr sagents for
prevénting the tooth from ddecaying, «omplete
prevéntiou of the deecaying 1s still  ldeal.
From this polnt of ?1ew, the effect of the
fluorides is yet lneufficlent. In particular,
when the f[luoride is not orally. administered
but‘ directly applied to the tooth (lécal
application) »s in the csge of a mouth wash orx
dentifrioe, the effect therecf for preventling
the decaying of the tooth ig yet emall. Thue

it leaves mach room for Ilmprovement .

Under these clrcumstances, lnveﬁtlgatléns
are in progreee for the purpoaseg of findluaz”é
new ébmpoattlon for improving the effect of phe
Fluoride, 5 pevw method of treating the boothuvr

a hew fluorine compound.

_farticularly in the local application, ,ﬁhe
efféciency of flaorine uptake ies low andﬁ}é
large amount of fluorine i diegorged without
exhibiting any effect, eo that, various

investigationg are in progroe for increnxsing

L
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the flourine uptake.

In paeeapgfnd investigations, sodium
fluoride acidified with phosphorig acld 1is

used. In this case. phosphoric acld "is  used

Cfor juecrsasing the flanrvine uptake. This agent

has been sddready widely uged.

Recontly .  invastigatlone ave made for the

pufpona of ineorporating 1,500 to 2,003 prm

(1.6 to O tlpest ac ‘high aes the ardinary
aenaernbrations of fluorine into e doptifricain
arder t. ineraace . the fluorina  uptake.

supposadly thism mothod le effective.

_Th» “moohaniem  of  exhibiting guch &
re@érkab‘u affret oan he explmined ar folipﬁs:
Since the fluoride is locally aprlied for onlv
a véry ~hart time, only a very ﬁma]1~nmmun§f.of
the  fluoride is upead for the dixéct
f}uurinntlﬁu ¥ the pooth and tha reset ncfﬂ to
digintegrato p&rt of the tooth to form na%@ium
fluorids,vhilceh in disﬂylvad in sallvnri‘to

BAD O”'Gn N
. : b




19

29

release fluorlds fone which fluorinat: the
tooﬁh. when  sodium flgoridc acidified with
phosphoric acid or a flaoride of high
concentrabion is used for the hregpmenb, the
very c¢aleium  Cluoride s formed in a  large
amount Lo indirectly increase the elfect of

reinforcement of thke tooth,

Howsver, on the other hand, the ttoth muét
be ‘partially disintegrated in the treatment
with the acidlc sodlium fluoride or the fluoride
of a high concentration, &o that sowne problems
might occur during the applicaticn for A long
period of time. Farther, the acute boxlélty of
fluofine 16 by no means low, and the increase
of the fluurine coﬁcenbrabionA le nandeeirable

when 14 ie taken by mietake.

_Another éxpectad method of aocelerating,the
tlubrina ufpbako comprisen nsing yafious
petalllc lons iu combination with the fluoridg.
For example, aluminum lon and calcium ion ‘fJ.

Kyushua Dbental Soc., 4 (1): 247 to  269) . and

f

l
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lanthanum [Jap. J. Fedodontice, 25 (1): 1 to
11] have  the effcet of  aceoelarabing the

flnorine apbakae .

The mechanilem s ae folloma: Ghe jncoluble
fluoride thus formed is adsorbed on apatite,
Hhen the metallic fon 18 a caluetum  ion,  the
insolubla fluoride ls  the vaery  oaléiunm
fluorid=. Ju principle, this is silmllar to the
traatment wlith the fluoride of a high
concentration. . However, the euumal is not
disintegrated unliRe the treatment wilth ﬁthe

fluoride of a hlgh concentration.

Anvther subeldlary effect, iu addition to
the effect of accelevation of the {laorine
uplake., of the metallic iune iuuqrporated

therein has also been known.

L For  examples, it is koown that a  calclum

ion han an  effect of accelerating the

recalcification and that a combination jthereof'

with  the fluorine-conlaining  agent e
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effective, Examples of the ocombinations are
disclos=d iun. Japanese Patant Laid-Open Nos.
039642,/1972 (Bgecham Group) and ©91339/1975

(Prooter & QGamble) and sone of  them ot

avallable on the market,

Tt oo known that titaniam, ete. have an

7S
~

effact  of Amproving seld roesictao e oatog  to

.
g

thetr coating effect.

i

I oW

Therpeef e, A composition compriging 2
combinatton of a flueordide ton with s metallic

fjon is orpacted to he quite ugetul,

Wevverey o the componiticn  compricsing  the
Ccombination of a {luorids ion with a wetaallce
lon  has many problems to Le golved nhen 1t s

practically ueed.

Floarides of ealelum, magneetim, strontium,
lantbhanc)de  guch as  lanthanum, me Ly bdenum,
mangntaoce,  aluminue and  Iodlum baving - the

affect or preventing the toolh from decaying
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aré inecinble or difficultly soluble in  water.
Hhen an squecus solutlon of such a fluoride is
left to etsnd for a while, 1% preciplitates  and
and almost lossss ite reactivity to nake 1t
ipporstble to renlize a high [luorine uptake or

to exhlUit the ordlnary effect of fluorides.

der  thooe clroumebances, investigationse
are in progress on.  the formulatlon of
compos ttione capable of kesping the remarkable

effect of the fluoride.

The procgsées heretofore propoesed 1ﬁolude,
for example, @ procees dlecloeed 1in Jaﬁéncﬁe
Patent Lald-Open No. 212112/19282 (Colgate-
Palmolive) wherain aluminum and fluorine. are
kopt in an oil layer and aﬁ aqueocus layer,
reappectively, eo that they are mixed at the
time of use, a process dieclosed In  Japanese
Patnet 1uld-Open No. 219197,1983 (Frocter &
Gamblx») wherein most of caloium ions  are
pfohected by chelation and a process disgelesed

in Japanege Patent Lald-Open - No. P91339/1976

19 -
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{FProcter & Onmble) vhereln the pH o of  the

golutlon 3z extroemely lowered

Floagraney . Lhe e proceness hnvg deefects .
Namely, the emnlsion hsas  n ppeainl texture
whiich e yentbnble for giving plenpantnocees 1o
Lte  nee. The chelation of anleiow gacrificen
the «ff-e)  of  the deptifrice. The loew pH
roﬁtriw1u Fliee Poremilation ool e ned good  for

tha bLosth.

1t is well knogn that' floorine has an
effect of rreventiung the tooth from dAecaying.
Fluorine i added io o very emall amont; (éﬁbut
1 pem) to tap watev, tneovrporated iﬁto a
dentlifr e o movth-warh (1,000 ppm ov icss) or
applicd to  the surface of {he tooth  (about
13, prw) by dentlsts. The effect of
preventing  the tooth frem decaying 1s wmost
rémm‘l; Welo when 3t Le added to tap water ‘.‘a'n'd
the offact 1o halved vhen 1% is vinonrporated
intoe the dentifrice or mouth-wash. Howééér,

the \necrporation ther=of into the A ntifrice

f
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or month-wash ie denirable, since 1t is easy
and economically advantageous. Thuse one of
the problene in the field of dental hygiene
is a0 . lwprovement of +the above-described
eflect,

Th¢ egssential actlon mechanism of the
prevention  of the tooth from decaylng wlith
the use of fluorine is that hydroxyapative
(hevelnafter referred to as HAP) , a
constituent of the enamel of the tooth, ie.
vonvartad into  (luorvapative {hereinafter
refefred to as  FAF) te  improve the acid- .
reglatance  of  the tooth., The reaction Of'
Corming  FAP Teom HAFP alowly procecds in the!
Pragense oof Fluoride lens  of lQQiL
énncéntrnttou. The addition of‘fluorlne téi'
tap ther le quite effective, slnce fluofinﬁf.
tnke;‘into_the Lody by drihking the tap watér f
le 6bnt1uunuu]y aecretesd folo saliva In é'
very emoll amcunt over a long period of tlmg
to exhibit iis effect on -the tooth aud causel

the dbnversiﬂn of HAP (o FAP. Whon f]uoriné{_

- 12 -
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ise incorporsted lnto =&

dentifrice, no

conversion of HAP into FAP can be expected in

a short time of brushing the teeih. Howovef,

1t was found that when fluoride ions of a

»

high concentration acted on the enamel of thg

tooth, HAP . was partially

decompogad at  a

relatlively high reaction rate to form oslcium

fluorlde on the surface of the tooth, and

caleinm flnoride thne formed after  the

brughing of the tooth wae slowly dissolved to

reless: fluoride lone bto thereby cause the

converasion  of HAP into FAP.

larger the amount of fluorine

Therefore, the

1nhurporated

S

into the dentifrice.‘tha largey the= calceiufm

fluilride deposlited on the

tooth and the more remarkable

However, the upper 1llmit

surface of the

of -

content 18 regulated to be

preﬂént in dur coneideration of a risk of

driniing it by mistake.

.AB deseribed  slhwove,

the

the etfect.
the fluorine

1,000 ppn &t

L

fluvoride Léﬁf

T

contalned jn a dentifrice or mouth-waeh furms

caloium fluoride by the chemloal reaction 6n

f

BAD ORIGINAL Q)

'q“‘““A‘
LS
e

Saie
>

. mﬁ

4

ety g i




12

15

20

the esurfnce vl the tooth, thereby deposifed
thereon, &sad Llhen exhibits the effect of
preventing the tooth from decaying after the
converslon of HAP to FAF. Tharefore, it is
necessary Lo bring the fluoride ion of an as
high a# possible concenttation into  contact
with lhe Lodth for an as long as ponclble
time when Lhe tooth is  brushed with the
dentifirce. Sloce, however, the upper llmit
of the [lnorine convent in the dentifrice 1is
reéulated and the time of brushing the taath
canuot he prolonged so mach, there fGMHins.‘a
problenm  Lhut tho uptake of flaorine by '%pe

’

taeeth oanuch be sufficliontly lacrensed.
[SUMMARY OQF THE INVENTIOM]

After investlgatlons, the inventors hgvé
sucoesded  in colloidizing &  diffieulbly
esoluble [lvoride precipitate. On the b;éid
of thie finding, the inventors have auccae&ed
in  dJdeveloplug a composition comprieing the

collold to increase the fluorine uptake by
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the +tooth enamel. The fluorine thua fakeup
{8 then gradunlly releaged over 2 1ong perliod
of time to exhiblit an effect far superior to
that of ordinary onea. the composition alﬁo
has an excellent storagn stehility ond  the
teéih can be effectively prevented from
decaying with an oral compoeltion containing

thiﬁ colleidal solution.

Aftér intenslve inveublgutlona.made for
the purpoes of finding 2 Dn2W f]uorlhe;‘
coﬁtalulng agent having an excellent efzeéf
of eurplylng fluorine to the tooth, 'tﬁﬁ
1n;entore found that a colleldal diepersion
of caloium  fluoride formed by reacting
fluoride ions with ealcinm ions exhibited, a
qﬁite high adhesion to the tooth and a  qulte
exnellent effsct of gupplying flucrine to the
tooth fweediately after Lhe rsachion.
Howevar, 1t was also found that thie ef%ﬁét
wag redneed as the colloidsl calciuvm fludgide
pfasent iy bthe dispersion aggregated to ‘form

8 precipitate with the lapee of time.

BAD ORIGINAL !_))
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After furthesr Intenslive lnvestigabioﬁa
made for the purpoees of retalning the effeot
of thy colloldal caleiaw [lnorlde for a° long
paricd of time, the inveublors have found that

: N
when fluorlde lons are raacbod with calqlpm
long In ths preseanse o o popbiscr comprldlng
a  partloular Gacechar Lde derlvatlive, A

eolloldal flucride haviog sn extromely  snall

ractio ] Urww Loy won e formed  ond it

cabibb ity o ot egmely Wlgh adearpilon on the
’,f't-;) e Thevetoa o, i van cilftclently  ocuapply
Flgot dor tive  hooth Lo Iunprove jte
reglobance by Jecavicg.,  Further, the collold
has 5 high stabllity and Jte effoch laste for .
a Loag pselod of tlws.  Lhe preseoat lnveﬁﬁién‘
Do oo domipletod by osppicvting It in ﬁha

compocihlon,

~

prodaction of Gan oovral

P Ve dpyenitdon, o oo lbldidd nulu'l‘.:ion
comprluus o flaoytdais) belog dlffiéuiﬁly
ﬁolublu in water  comprlses uulloidal
particleeg o F the fluoride having a particie

plae of V.6 to 1 mlovon,  said  fluoride

BAD ORIGINAL
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having a fluoride lon concentration of 1 to

lﬂ;ﬂﬂﬂ pr® it the state of saturation

:}0 N

The sgolultion may further compriseé a

pebtizer(ﬂ) to colloldize the fluoride,

4‘The golution may domprlse 1 to 100,000
ppﬁ, baged on the entire golution, of
flﬁorine- in the oolleldsl particles, i@ to
100 percent by welght of  the fluorine
contained In the entire eolution beinﬁ

included in the cclloidul particles.

: The reptizer ies preferably selecled ffgm
polyolphosphoric acide, polyolculfuric acids,
poiyo]carbmxy]io aclde . and ®Ralte of each
before-menticned seid.

.;'The colution may comprlee 1 to 95,@@0
ppﬁ, bas2d on the entire solution, of
fluorine lu the wolloidal particles, iﬂ to 896

porcent Fy welght of the floorine contained

" in the entire solution being included in the

a

r o
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colloidal particles. The colloidal particles

of .the flunoride may have a partiéle slze of-

E.QQS‘to 1 micron.

The ftnvenbtilen provides a procees for

preparing a collridal solution of a -

fluoride(s) belng difficultly aoldble in
water, which comprises the cteps of mixing a
waterwéoluble fluoride with a water-ecluble
catiénlo palt to form precipitates and then
add a peptizer(e) to the preciplitates to
produce cclloldal particles baving a eize of

.06 tv 1 micron.

Alternabively  the invention provides a

proceenr for preparing a colloidal golution of
) v

a fluoride(ﬁ) being difficultly soluble 1in

water, which oomprises the steps of mixing an

aqueousr solufion of a water-soluble fluufide 
with%‘an agueons aulﬁtion of a waterusolublg;
ca%iénic galt to form precipitates, at leasﬁj
eithér of both »solutions  containing ':éﬁf

peptizer(s), to produce colloidal particles

havihé a size of Q.000 to 1 micron.

i

P
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In the invention colloidal rarticles oan
be obtained by conducting the process as
defined above and removing the water, They
can  Dbe also obtalned by removing water from

the solution.

It is preferable that at least one of the
fluorides 1 g water-sgnluble hydrofluoric
acid and at leart one of the salt ie a watey-

goluble calcium salt.

.The invention also provides for an oral.
compoeltion comprising at least one water-
goluble fLlucride, a water-goluble cationic

salt and at least one peptiger.

" The compostition e preferrved to compriae

10 ppm or mors of fluorine, more prreforably

from 10 ppm to 100,000 ppm of fluorine, mogt

preferably from 150 ppm fo 60,000 ppm of

fluorine.

It 18 preferable that the composition

[

A““e’?-‘ ‘Zfi:‘ 3*';5 o

Wy o % e
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QONMPE B s Lowadh pavh o of Lhe aalolwe, .91 to
~ .
oy

104 mal poarts of Lhe {lauceios and .31 Lo 10€

mnl paris of Lthe szachoarbde, wors prefoerably

1 mol part of the calojum, .1 Ly 18 moel ¥

5 porbe of the fiacrine aond 2.1 to 12 mel parte %?
. &

of Aha gaochoarides, R )

The pepviuvre are preferably  ppolyol
phosphatoes, polunl il fates, rolyol
carboxyluten Arad galte of ey béfqtd

1a mentionad.

Iin  the fnvention, ap Lo LN poerecend l}y
welght  of  fluoeriue s enperimentolly
recognised  tn o the colleldal  particles, _lﬁ
f1u§f1n0 Qrmeenel sat lon pay range from.lo . to

15 199,00 pew L the cotlre colloidul sojutidﬁ;
Such » colleldal solutlen can be obtalned Bf
selecting a fluoride to give a fluroine 155‘

conpentrution of 1 to 10.000 ppm in the state

of saturation,

29 - 1m the inventiosn, the formatlon of collold

BAD ORIGINAL Q) &



10

‘15

24

in the aoluation cnn he  expoeriumentally

recogniacd by Lhe followling mathods (1) ho (4).

1 The wcolutlon  contalning the. three
compancobs, that s, the fluoride, the cationic
gaill  and Lhe poptlzaer, Jo found to have &
Jeseor i zn nwounl of precipltsres or o legsor
of o pwouet of burkidity bthon a eontrol

solutl .y oobkalning ao geptlser. bub the other

i

AT

ol T codutlcn  L: filteraed  with oA
micyopurovs filitery having i pove ejoe ofj 0.8
mfcr-n sl 2 oots 9wl of  the filtrate' is
collaorbe! tu a bottle and io centrifuged ﬁlth a
ultra abrifuglngd  awcocatue, suach us SCPTQH,
LradvhaN' ;f fitlachl, GEI'TIAT, 53,000 rem, 2¢
hdﬁrr. 1y dogree . O Freciplliates ;ghons
fqrmeiuu wl eotlold. -
€3) The  aolutlen 1 f1liered wiﬂh; a

mlcral'r«uw Fllbpy und the filbeate  Lax found

WO hAave parblodos of A0995 Lo 1 mloron 1nﬂ”v1ew

Zl

4
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K

of dyammlc light scattering, for examplens\ with
the woe of PLS-70@, tradename of Oteuka Denshi

Co., Lid.

(4) the wcolutien 1is  found Lo have
parilcles of @.900 to 1 wicron by determination

with &  trancmission electron microgcope .

Hitachl - 73ed A best sample Lo prepared by
filtrating the wmamplse witth 2 nboooporous

filter, wplacing  Lhe fl]tfﬂLod gample  on a
carbon  supiott  wepheang ﬁavinc 20 A  mesh,
hydrophilleally Lirsated by JEC-LLM of  Hippon
Deashi, 3 V. 2 mA, 203 X 3, removing water
thoerelfrom  and nqgnflve'“dyelng‘it with uféﬁil

acalate.

Thuir  Lhe brosiant 1nv%nhiGn' prOVidee "a
uclioi!n1 Clooride golntlon prepared vvby
dlssol ing o Jifﬁlndltly golubls fliuoride,
wicloh  gives o Tluartde dop cancentration of" 1
Lo @, pprm ben dissolved iu water, 1in “the
Borh of ine 2olloidal particles haviqév'a'

diameic: of @ 21 to 1 um in waterv,

22
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mSince the colloidal sclution of the : )
lnvéhtion containg a compound which
precipitation 1n nature kept in a metas
stafé when 1t is subjected to a change eﬁch
the  appllcation Lo the mouth, the metasta:
gtate lo losl and the colloidal particles bexi
to pféulpibabe and the precipltates Lhue fo;ﬁeq
deposit on the teeth, Since fluorine ie
containzd  in the collotidal particles, fhe
deposlt grandally releases fluorine, The
higher the Fluorine oontent of the particles,
the better. From our experience, a [luorine

contenl, of ot lengt 1@ wh ¥ 1ls effuective.

Altbongh the  limit of the c¢ontent of
fluoriué in the particles have not yet been

elucidnted, the bigheét content thereof:

recognized in the exporiments was 95%.,

"According Lo experiments, the finorine: .
conoentration of the antire colloidai;‘

solution can bhe 1@ Lo 1,606,069 ppm.

BAD GRIGINAL _Q)




Although the resgoas for them have not

yet been  elucidated, eupposedly  they are

relatad Lo the mschanlom of the formatlon of

the colluld.

B

b Sach  a colleld ie obtained Ly guitably i
gelecting the difficultly soluble fluoride 5%
capakl > of glving 1] fiuovide i«,!n’ :

goncent ration  of % o 19000 pEw when

dissoclved in sater, ,
19 Ttz { buoride b dotrably calaium
fiuorlds, alumintim flnorvide, mugnesluh .
fluoride, Ly Lom filnoride, t ‘ltmviu“‘m :
fluoride . stront tum Fluarine, indium

fFluoridsr or a Lanthanstd Fluoride  euch ag
15 Lapthanum flusride, or a sompoeand containing

guch » component in lte stnroetuve,

The peptizor is partleularly effectif@ﬂ
in maintéinlng the ptahility of the collo;d;
and adhacion iheraof to, for oxample, the’

20 teath
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- The peptimer is desirably a compound

having a structure of polyolphosphoric acid

- such ae glucose-l-phosphate, and glucose-6-

vhosphate,  polyoléulfurie acid euch as
sucroes aulfate or polyolcarboxylic acid
such a8 gluconle acid, or salts of each

acid.

f It has Leen found that the golubllity of
the flucride in the solution is quite high.

Farticularly when a sugar phosphate 1s used,

thép solubility 1is high and a transparent

coiioidal golution containing up to 1@9,9@5'
ppm (in terma of fluorine) of the fluoride-

ean ba obtained.
The smount of fluorine in the
colloida) particles was 95,000 ppm (95%

based on the whole colloldal solution).

‘Although 1t was expected that a higher

| Udhéﬁntratinn of the colloidal soluti@h‘T

might bring about a higher effect, the’

- 25 -




solﬁgiljby of sodinm fluoride wee at most
20, prwm in berws Jbf fluorine, so that
thg‘ aboyve mentioned ~olloidal  solution is;
puperior LYo  Lhe aonventlonal one %p thiq.

(RN

7] regpect.

Th= aollaldal solution of the flunridev
intendet in the present invention la
produced deslrably by the following

‘ procagees: '
1 13 a4 oo which o comprises mixing &
goluble  floeribde  auch s godium  fluoride
wiﬁh a e fubte catlonle gndd guch aa oa]ciuﬁ'
: ; ehlorbis  In euch apounti and ratio  that a

fluoride wild e proacipitated when water le

16 added  thepc-te, adding 2 suitabla amount of,
| uulér o 1he mixbuare, farther addlns'“aa
pqptlsmr i Roon as oo prwelpitate ls‘formedﬁf:
auq;ei{hwr witating the miybure or troatlh&?f

Lt allh o b ragonia cleaning apparatua,

20 11) o pvocass which comprices proparing .

both of an agueous solution of 4 e luble o :

26

r
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20

<preéent -invention sauch ag a salt §£

'gife‘a sol-form collolidal solution,

fluoride euch as sodium fluoride and an
aqﬁeoue eolution of a soluble catlonic salt

such »s8 aluminum chloride, diseolving’id

- peptizer in ab least one of these, aqueous

solutions, mixing both solutlons together
and either agitating the mixture or trcutihﬂ

1t.w1th an ultrasonio cleaning spparatus,

iii) a process which comprises mixling a

soluble fluoride with the peptizer of tﬁg_

ot

giicerophomphorié acid, e.g., caloium ﬁalt?
théreuf, adding water to the mixture, &ﬁdf
eiéhér agitnting the mixture or treating'igg
wiﬁh A0 ultrasonie_cieaning apparatues, andﬁf;
i§;~ a process which comprises iaolating‘the4
fdfmed aollold  in solid form by ultraé,
Séﬁﬁrlfugation, drying at a reduced prpséﬁtaf

orﬁhddltion of an alcohul und dissolving tﬁﬁy

dry ¢ollaid thuc obtained again in water §§¥

SR,

by

sy

! ¢ v
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The colleidal  solullous  of the
difficulty voluble fluoeride producad by cach

of tho above-desceribed procuoscces have  Lhe

same phyeical and chemical properbians  and

tﬂey ure  not different form onz aucbher
depending on  the processes. Nawely, no
difference c¢an be found in  the prorertles
such as viegeosity, elactric condoctivity,
light scatterlog and resaile of  elowontary

analysias.

B Since the nbmve%deﬂciibed processeﬁ are
nothing but the exanples of the  prvdunLlon
proéecﬁea, any processg wherein an Ineoluble
or difficultly soluble fluoride is formed
and simultancously or thereafter a peptiser
is added thereto  to  foerm the colloldal
3uiufimn ma& be employed In  the presont

invention.

Although the temperature ‘o the prooces

rangeg  proferably from room tempetaturs  to

around 49%C, other tempavature conditions

r
ke
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sre slso puesible,

C The flvorides to be used in the precsent
inventlon arer not  particalarly limlted

aveept Cor Lhs solubility thereot.

The:  paaron why a0 difyicultly tf.o_lublc
Lluoride  oapabl o fermine & catuarated
codnt on theveof hhats ing al} Sinorines
copcentralion of 1 te 102,300 ppm. preferably
1 obe ALENYY o i necoguary 1o that when ,1t
1e goluble, po pLrecipitaie o Leriod end the
a_:o“ll(:n fafmating EANY the peptisatlion is

LRy

tmpocsihle . oand Bl 1L s Fadipengabile uhe’n

the fliwprids i used In the form ol an oral

cameer i Uion foor i iy, Bler Looth Lhat

1t 1.0 e b ds S same oxieal e 1einnde

Fluovidy Son b o aetiabide cale

The ool b Slucriles ured  for the

porpose  of Formieg the dSfDioenitdy :’.«.-lul;-i_e‘

t

fYoaarids Il proasoni booention are not

.

particalarly  vimtiod o ow Jaa owe o they  are

s
et
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10

2

capable of ralensing filuoride fons .

flunoride or potansinm

finoride which forme 2 pnlatable colloldal

polublou 1 wost unltable o1 formliug the

oral comngosition,

The cations weed for the PUuUrposse of

forming the Aifficuitly scluble fluoride 1in
partlnularly'

the prowenpt invenlion are not

limited,

The preseot invenbion relates Lo an oral

aonpos )l ilon unmpt]ning Lhyoe Angredients,

Lo o oseler o luble hyh efinoyie acid 9a

flvat inprodient Yy, A wirl e moluble caleium

gall. (v sooeiul Jugrediont) and u peptizer (a

thiuvd ingrcdian!) which acrmlavaies the

amllofiitnation ol @ reacting produaot bhetween
Ll ot tngredicnt aned Llhier pegond
ingrestilont,

The flonrlne gources  usable for

prodncing L aallofdnl frucrids  of the

a3 -
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Cpraenscnt iuvention daelude hyadroflnoric aeld

and rhavraonloaglaondly  acosptable watar-
eoim;.‘le hydre fluorldens  sach an sodiun
fluoe)de, P haae o Liworide, - Tithium
fluorlde, Adnmon Lo Finaride und tin
flourid:. The calelun cources weable heveln
include water-asiuble oslaoioum anlbs such  as
chlorid:, pitrat.:, ' naatnle,

glycoropbasphate,  glucoas ] phoupliabe  snd

T Incoos B phnphnte

The  particular paq.'-'_..f sere ueabla  herain
inclnde  ony or moere cacoharide l_i‘:..r.'i.*.'.&Liverz
g et} from  the group cowtiabling of
nsu:_&ch.n'l_»'let phowphateoe oo s gly ven ldehyde
A-phoaphate, o glyoorspboophoric acid, B-
2lycurophmiaptaon Lo Aacdd,  wrylhvose 4~
phosphot vl Seonheaspbhatem g)as e l—-
plxézﬂ;x“vhzw:&, alasome 6-divhongbals,  Inositol
DIQ}IOL."I';'A,‘;P}LQ‘uﬁf R fresai bl he paphoaspha t‘fér
Af.'l"ll'.:ir"u‘.’-‘:' bophogphate, foectone 6 pho:.pi‘mtwe‘.'
frvctoss 1,0 dAlphosphatc, assorble osrid I2~

rhaoay:bint o angd heptitloes T- pheespha te_;

L. :
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saccharide esulfates such as suarose sulfate
and  nscorbic acld 2 sulfate; glycerie scid
and gluconic acid; and salis of thew.

When  w ealeium salt of  the saccharide
derivative  bas a hlgh solubility in water,
1L won serve ss both the second Ingradient
(waber-pgoluble  calcium gall) apd the Lhird

lugredient (peptizoer).,

LEATET! (RTINS Ingreadbon b TR mixed
togothon Yooadre o modubiion mod poached a!;
roéﬁ boenpar abors . an oxty o omely Flige, rhoble
flaoride ~a1Yc bl g Ve por o v 'he molar

{."l"’.\_g"“."t'»*1":-:3.\ S bhe Tlooetde Jon. Lhe oale-dum

1nn end Lhe poptiaer vre s o whde oame @ il to

1 2/1/8.@0 to 300, The molsr rsll, of

fluorine to oaleium 1 destirably an <loge ap

the ratio of the nbtolobdonsihr ool ancunts of

‘thgﬁ Tov forving a walh, namely, @ rabio u:'
f-hé f'_T.nnMda* Yon fo the cadeium .’-“sl!. ot 2/1,
Tha  nmonnl of Ll Gucchuaride devlvshive fg
desifnhly eulflclzpt for sbtabilizing  the

colloldal  particles. namely, the ratio  of
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the ca]clmm‘lon to the peptizer i as  close
to 1/1 as posesible.  ITn dae sons ldevatlon of
thege veguirements, the proportlons of the
fluoridae i-n, the <alclum  lon and the
pephbiser are parbionlarly preforahl;vﬂﬁl bé
1871/00. 95  ta 200, Whan bthe raktic «F the
fluorlde ion  bte  the canleium  lon  in the
combinntion of them ie different  from the
mhaiohﬁﬁmelr}wul ratio of thew for fwrming.é
palt, fros  Flaceide doas or onloiom 10&6
whiéh do nob form onlloldal  partinlens ur;
onqtnln;d in the composibtiov ag n wuhbtoer nt
conrge, but  gnch dove doo nob impalr the

efPect of the pregeut funveatlion

The  abere degoribed ccllolds)  flnovide
partinlen are naennlly qulte flae vl the
particle dlametor ig ofton af amall o abent
19 - nw. A homogenous #1101 jul flaortde in
thé farm of 4 tranaparsnt golntion  oan be
preperad  whon bhe lagr=dionta are  vnad ai‘

sultable proporttons mdey gnitable

condit bnns. Thevefors. when tha pranaent

_33'
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invention Je applled to the production of a
traneparvent. movbh-wash ot dentifirice, the
commericiyl  value Lhereof osn e Turthor

incrensed,

Fluoride long in the oral composliticn of
the‘ pregant Jnﬁnnbiou react with' calcl@m
fons  nnd o sttaeble poptizer  to form o
flueride ecllold having an excollant o fieet
of gupklying flaovine to Lhe tectlh,  vhersby
L compositioan fms an crnesllonl offect  of

preventing the tooth from Jdoocuaybng.
(BRIEEF DEBSCRITTION OF DELAWINGS]
Fiis. 1 is a grarh showihg the effect of
the  dnventiion., Fig., 2, 3 and 4 show  data
for obtaining flucrine amounis.

LExample ]

The sotution wlll Lo explained in

refarence o lta examples.

[ W
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I Jdetermination of a fluorine Lon

aoneentration, one example le shown below,

4.87 g oof potasgime  glucese-l-phosphate
tebtrahydrate, 1.1 g of sedium fluorlde and
1.44 g of calclium chloride are added to 199
ml of waber.  The golution 1s aliowed to
ctand o 1 dav. HIGh bhe nss of  L7F-NMR,
JNM. At of Hippoa Densbhil,  a vtakloe of
fluortne  in Lhe colledd Lo Flucrlue ion in
the wolution  J4 detormined  from  integral
pl‘é(lUt.Hﬁ: of  bheldy peaks, T4 g 1'0..'13HU;(§(1
that o vratic ﬁf‘hhh fluntide in the oolloldd
Lo the Lluﬁr!na ion dn bhe solutbtlon s found
to bis léﬂzw s Fig. 2. AL bLhe ueed
flﬁolidu i disbtritmbted to  the fourned
noll.ida.  Flg. 3 chowe peakos of flucrloe in
thé ©opellold  and {luorlee  don e~ the
guolnt)ou, reupecbively, whiained by adqing'
4;87 g ol cuigium glucuge- L-phocphate
twﬁfdhjdrdhu aad 1.1 g of godluwn Jhaorid: Lo
i@ﬁ ml oof watev apd allowlog 1L to aband for

1 day, detovwelued by the above shown  HHR,
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Fig. 4 eghows determination of colloidal

particles having a elze of about 5 nm,

obtalned by  sdding caloinm gluconpe-1-
) phospbnte  Lebrahydrate snd codinm Jfluoride
b at a nole ratlo of 1:2 to water to reach the

entlre fluorine concentration of 6P ppm and
allowing 1t te goand for 1 day, wsing the

dyvnamic 1ight caatheving motbhod.

Now the degorviption will e pede on Lhe
19 cffect  obbalned by aﬁuﬁlyjng the  collaidal

solution of the provent inventlon to teeih.

b . - Ther preuaent lnvention has been gonpleta
on the bacii «f a methodology oonbrary  to
the vricr art wberein efforte wers made 80

1€ thaﬁ no vster-ingoluble oo . dLErYenltly.
rater-acinble precipitate is .Eormed.;
Namely, the present Inventlion has haen
ccmﬁlebﬁd on the basgle of ag ldia that  evean
when the water-i{asoluble oy dlff\nulbly‘

20 watayr -aoluble  preciplhate  is formed, the

effect of the fluoride lon onn be maintained

30




ag fur as the partlelen thereol are  fine.
In fsct, eslcivm  and flucride fons in
amounts beyong ordinary golubilitize of them
were detected 1o 2 nolloidnl eolution of
b caleium fluoride 2fine particle selution of
the precent lnventlon). When the colleldal
polution is dlluted with wabter, calclum

fluoride 14 Atun. Yeod

oo
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at a dissolution rate far higher than that of
ordinary calcium fluoride to release fluoride ions.

An example of this phenomenon is given in Example 1.

Example 1
F ion Amount of
- dissolution
caFp colloid 15 5
(#0.22 to 0.65 pm) -
caF, colloid (peptizer added)
($<0.22 ym) 100 20
CaF, powder (1 to 2 um) 8 0.1
CaF, powder (2 um <) 8 0.1

.4 Surprisingly, the colloidal particle was one
which can be adsorbed on hydro;yapatite which is a
constituent of the tooth. Thus the effect of fluorine
was exhibited no£ only for a short time of staying
of the composition in the mouth but aiso lasted for
a long period of time to retain the fluorine
concentration in the mouth .

The stability of the colloidal solution was
remarkably improved by adding the peptizer.

Example 2 gives the results of examination of

the state of the colloid and fluorine uptake before

~ 30 - !
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and after the phkovage ab  room  temperabtire,

for 8 montha.

The. ocollotdal s&}utjon wag stable aleo

to enlts  and eurfactants ugually:
incorporatad into aral compositlong,

However . it vaw unctable whan the pH owas 5.0

or belouw or 203 or abavs,
[Trt method]

Calelan i tneese- 1-phosphats tolrﬁhydraté;
anl  pediam Claoride ove mlaed with :.‘C'\ch'
otﬁéf 1 a et ratbo oof 103 Attt i 11ed
water toooddodd Lo Lhe mixturs to oldalin a:

teeting oo itoidal svtabion having a fluuvsine

Len conocesnbratoon of 72,000 ppe.

'()nﬂ aram ol hypdrpoeyapatite poarrdesre Ly
treate | cith 1 wih of the galutiion and then
vastied  uith 0wl of dietilled  waler twe, -
timés. Tied s ml of concentrated’

hydt-‘ochl-.u‘i.a' acld L Ladded to the Lthe pouwder

BAD ORIGINAE
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. tu obtain 1ts golutlion, followed by diluting
1t to a suitable concentration. An  amount
of the fluoride nptnk n Shors 1o debwrmlned‘
with the use of a fluorlls lon-selective
elactrode. Resulte bare cshown "helow in

Tablea.

Y
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Further the eflfect of preventing

aotnal

teeth from decayling was confirmed:

In
tooth

gurface

manlcuread,

WaE

the =zxperiment, a nondecayeq human
cut into threé’piecen, and the
of each place waes polished and
whils leaving a part 21 x 1 mw)

to bhe oexposed Lo an acld  in wach  plece.
Thepe pleces uers Lmwhrased Lo the aelleidal
golution of tha presont lavention, 2 sodiun
filuoride eclution, and digtllled water,
resbucttvely, for 1 min and  thea delimed
with nn n~ld polutlon.
The anllajdal golutlon and  ‘the godlun
ppm of

fluoride solution aach contained 120

finorine.

. The

hydroxyapatite In a concentration of

golution was

acid adding -

50% of

the saturation to @.1 4 lactle wcid, further.

adding

@.2% polyacrylic acid thereto and -

adjusting the pH to 5.
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'whén other nolloidal egolutlons oontninih&'

Since the tooth gensrally becomes cloudy.
by  the delining, its acid resistance was
Judged from the extent of furmntlonvmf vhite
spols In the parl exposed to the aold. the
white spots were wpearcely found in the part
which had been treated wiih  tbhe  caolloldal
polution bhefore the exposure Lo ﬁﬁa noid;
congidevabls  epots were found v LBl part
which had booo Leeubal vith dictilled  uater
before the exposure Lo the addy  wnd  some
spobe were TFomd in the: part whiech had  been
trgated vwith  the Hal solullon  before thé;
expoaare Lo Lhe el Thue  nn extremegy
hi&fh ef Font o0 Lha troatmont. wilth ﬁ'-ll?i:
collotdnl aolotion of the progont 1nvwnh1;n
waé confirms. -

1n additis-n o the nbove~describqéi

nollotdyi floer Ule colotifon of the present’

triventlon,  #imilae cffccets can be  obtalned -

<

other flucrtde and peptizer according to tﬁéﬁ

presert invention are.ueed. Tho state and.

43
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gtorivye ababil ity of wadn ool loldadl oo fde

solnt fopge

axamied

gummeiced o the following table s

The

(!]“Q',Il oot

1, (EEENEUTE,

and  Fivorioe uplade el foctl, yus

k]

P Fooompd.oo 2 and e roeoults are

\

abw phe o e 0] poalnd Yooy cwan

b b e e i e o B amp e

Phoo oluv sl method (iiy, sl n

mola valdn of the poptiuer Vv bhe cabion o

vodlom Tlooridb of 1012, havipw o o rine

tun concenblestion  of 200 ppn o the

sOlut o

for 1

ISRV STES R MRS

Thys
Q, h ot l_|.{||

clae 0

The solvlbion wan allowad Lo ptand

oy | I R LY Jdoetoarmioat fon of
el Ledi el ekt i pas filbterad

T idpeye fiTtor howving v pore

B0 miioromn gl then filtvate  wag

centri Cupred vith At altyacentrifugal

Gpoparatey

al W00 rpm Al 15 degites O Precipltate: 3
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found indlsate oolleldization. A fluorine
smount jn the colloidal porticles ia caleulated
by reducing » [luorine loa amoﬁnt dissolved in
the eolutlon, dotermined by Lhe floorino ion
electrode, from the entire fluorine amount of
the goloblon. A fluerles amounb uptaken by the
apert Lte Ju Jdetermined in the gnwe uny N5 ghown

in Exler(l].j.-l.m_ 1.

The combinations below the dotted line in
the #l-avs-ltabla are not incinded in t1,2 preescnt

Invention

Hhen  aine o LIn gasg ased, no anlleld  was

formed,

When  panganese - gag ased, the fluorine

uptake wfi=ct was  oclbllar to thant  of- the

control, though Lhe collotd sas formed

Colloids puparior to the fluorine-~

wontalning agents herotofore uned were those

havirns a  fluorine conteut  of  the colloldal

particles of at least 10%.

f ‘ o § 
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Thee b Loid ot iring olroptinm tn Fxample

4 bl ' Fivearine: o TSR of Lhe: colloldnl

Ubaneds - oo ITRER ;

b Thatoer the oyl and,
Lherefore, il [RE gupeerfor b Lhee

Flvoe e b in ing e phes by bl e

Al heoagrh podoy e heri oo bbb oo ae Lhe
popbinoer, il R P SR EEt (L RN L gelarbabile on

bero bl

Thi: Pl i intaloan ol Lty controdo were

Cap Lenrer thone Bl of bl ooV et Chat o

of tLhoe g o TR TN 1Y IR N

The  cotbondal aelntion o f Ve g resent
tnvent 1o Ta d pingly oroin .a.‘\'ﬁlvll\in(i! Lon W_LL.h
L:-’Hl;ar Sl toageeens e D tos h:i;.'*": R f’l(,x:.,;x"ilx-'.:
cutiten t of et b LR RN e, - ol ':ii'],._.
coumprnt b o Pl formed can be k:i.l]‘l't‘!l"ti‘d‘_‘ wn
anobher corier b om0 weal et L Lo

usgable fov pren nling the tooth fryoam Accaying.
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Appticabion Woamp loo ol Lhe colloldal

2P AT

pobinbdonr oo Lhee gy caond juvenbion will now “bLe

dosoribed

i

oy

Fanmple 1 (mounbh wiaksh)

glyocerol oo vy by oue bl

gorhi L) TAL

i,»rmwu:lwnv Lol RLO% !
puliosy o the o ;o 1v
s Coopoly corpe [EETTTRINTIR BEORIRY ‘,
o 143 matly Lo p hysdvosyboeasont s L h I J
él;.l\)"h vl i LR " :
N R ooy,
Q‘.".J ST P L ;

I

10 L B o

N(')‘L(,:ﬁb"l) Al colubian -'\|} v b Lo !:lylu\l‘]tl('sjfi";i()i‘
PR RS TR AR AT \:hllu‘i;l«: g propayed mdi.;n
e aneorint. of 6 mloeadban fllmride
W added T L Lhio r‘.uhxbi,bif.

26 Toer dioately Lhopaafta o] toaturry of

dicodiom glyverophosphats o Jinodium
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o

Mota 1)

Fibooe O ophosphoste aa added drupwime

there o ts ks Lhe mixtuare
Lrangparent The: Lransparoent  mixture

TITTANN NRY I A stond for L oh and veed for

Ve Eovenmn bt T

FXAHPLE b

Tt e b oy msuth

Ay Llucr ) o) fHe

commeny it b

Vo (M e

<

hydvoyethy Do b Tudons

Bpaccharin codiom

Floovin

POt el b watbey

AV LY vaeiabhiing

DR |

Fu omoubhe rraghiiogg .

podium Clanorlde

ae

Note 29 12 2 -t aluwmlym o
Ao i ' g iu
Post podeyede o b fresp e

2y uh Y Ly ueight

Bog ol ddicoolved ‘in

hol, uator for wee |

‘,'i)]“l"ll“‘ gl 18 p’{“<-,f,\f

ROTE 1 plwr:phaté
sddesd Lo 4.2 g of

1Y ml of waber:  wau
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added Lo Lhe moxtore and  eblirred to

glve a transparent, mixbtoare, It wae
centrifuged with  a cinbed fugal

separator (200,000 ) fxe 19 4 and  n
preciplbtate thus formed e drled; and

pulverlsed.

EXAMFLE 6

(TOOTH PASTE)

abracive (Hote 1) 43.0% by weight

glyvewral 2. %
sorbitol 24.0% "
L propylene glyveol 3.9% "

hydroxyethy Leellaloge ) 1.Q% Tt
’:Bodlnm Tanryl sultate l.@ﬁ "
- methyl p-hydroxybensonte - 90 1%
gaccharin sodium 1.9%

'ﬁflaVUr

;dry fluoride gal (Note 2) 1.0% SRR

L

- ———— e

1090, 9% by weight
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Nébe 1)y ERither caleiom hydrogenphosphate di-
hydrats se caleiom pryrophosphabe wae
uesad.

Note 23 The same ae the dry gel in_Note 2) of

Application Example 2,

Ther ozl compogition will be'cxplnincd in

referecnes Lo 1ty tests and exampleoes,

The effect of the present ionvention will be
further Ltlinstrated by Lhe folléving
Experimental Examples of the production of 1the
colloidi)  [luerids whleh can be contained  in
the oral composibion of Lhe presont lnvention
and Experimoental Examples pf <:-.\,».-'—\‘lurn,i(:.-u' of “its

capacity of suapplying flucerine to the tooth,

EBuperimental |1

s

[digsclulion sate of solglion of mixture of
fluorine, caloium and  peplizer and  colloid

formation] R

i

- b

o

v
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Thee poaeticle diopetor dnon godntion hoaving
Lhiee Lot dicoolnbion obate (F/C0/GIF 2L
and heaviop 0 Floorine concenbralion of | DA ppn

gy et vith o denoamie Tighlo o abtering
O

|'l“").‘,$U,“fle"“‘ Jeon dores {176} ?‘: (“;'.\,l‘.“\ ]“'ll‘.?‘!i ) tl““

Foorand o thod the poebiele e entrem Jyo flae
T Ted bl e Lo by 0 meeee paetiedemetar
DRI S A S Y 1 Tho cadeitm o copeoent et o WA

HTESTERTY W oPRTS INREE I I FERNN YT WET TR ST KETRR MR EE TN BFEVRRE B trfd.
by Cip Ve Vo il '.h.'||. Lhee e cos e iom "lr;n

coppoen b ot b Pl v e b s Bhmon 1ol

Wongal, . NS I T TS B IR TR ) AV R IR R T T IR Wi
prossendt Yot Thi.. (TR N TR TTOURRTEN that
ool elnn . P rei oot [N Lhe sototion L ie

psubstant b oty i the {form ol !

Ve ldal

partdelos sond o o wae i bhe Form of an ton.

Jo siesbheyy ettt Lo wherein Boa/Cn v @91

B TR I N e cadeion don copoonbrabion cwan

roaduead e The VGl a) Pluoryioe concoabry Lious Was

Jnerencod ITn ¢Lill avorher colntion whepraoain

F/Ca wat b bo 101, cubstbantially ne c::::al,(:‘ium

Ton ™ o g oo Abthongh o gmall it of
b
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Elie  proclpilabs i3

jio fovnd o bhe polublon

coptaining plnoose 1 phogpluabea, L aonnt 18

pmaller bhoan bLhoat of the prociplbale formed  in
the ocoubrol solublow. froe  from %1\,109#.:{: 1-
ph-':v(-.".ph..x Lo It Jt,u ceddent from Lhis r'f yoel, that
ab lewsl  parl ef  calodme forws oLl dial
partleles 15y bhe o preans oF e 1

phospbatc

Baporiment o
[effoect ol Ut tdder ol boind ol pupplying

Pluarine: to bootlh]

“In thin  ooperiment, hydtosyapstbite (a

ealelum hossphet o b itnting Gl | EENT ¥ % of

Lhe RNl 1o the toethy) potder Wae ued ag  a
nodel Lot 1 ¢ of Lhe L.-r_mdr-,.'.r WAL l.\liﬁ],'uvt'f_‘:e(l
in _‘:_iC:‘ ml o f deionlsed water and 3@ mi of @
colloeit L fluo P eolubio \F,"lfét,/(”l"‘ b 2,-'.1A/,1)
hcn";‘ling Gnrbedl concentratiden was arble b Lo _.t'.‘h'.'-z
digpats o, The mizlure Was Lrealed  at ' room
Lempe rature Loy wne winube and Lhean c*«'.ntriftixged

at CoaLewyy ppwc Lo oplve hydroxyapalite powder,

T4
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whlék was  then washed by dlﬁperéing in éure
watef\ This procedars Wus repentead agnin., The
powder wan dim@ulved in 3 ml of copcenbraﬁed
hydroch Lorto actd und the golutlon woas gultably
dilubed. The quanbity  of fFluourine téken
.Lh‘.'.l.'\‘:ln vre detormined withan tem r)*l:]@*’.’:t‘vl\w.‘,

elaaliod

B0 O VSRR S R grapt choulng changnoo in the
quan ity ol £ Lo ey takon into hydroxvapatlte
when a oolloidal fluorids solation or a sodium
fluoride aolutlon {eontrol) was used and the
total [luoorine concentration in the eolutiou
was varied from 1@ to 1000 ppm. Iﬁf ie
apparcul from the graph thal when Lhe flll".,!;ine
Cdnéchtlufluu was adjrebed to that of ardihary
dentifricoe wf. month warbes, tLhe eoolidel
fluoride  had At Jvautv 19 times  ag “high
flﬂoiinn-ﬁupplying. capaci by ag that of 8?§ium

f ;u_c»r jde .

- DO

i"\

r :
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Fsporimeul. 3
[e.ffc;;:l of colloidasl flooride of imwproving qclid
recictance of Looth]
. ¥ '

A sound buman Loobh was verbtically (livlderJ
Inbo thryees piscen, poliched on Lhe goefoee  and
w‘r.‘:r‘r: cach cosbed gith o ol L bace paiol lo
ardor boo beop Lo oot Froan bhee wb b gk Ly éll

acid, while leaving o part (bont 1ox 1 )  of

“Lhe o enamel Lo Do oo wlodos Lo Lo axXponed oo b

Ll woid. Lhee Lhee gompls tooth ploces  were

fmme ol Lr ool hobdal flaaride :-Jf..t],l.ﬂ;'lox'n

(F/CosuIm PO o a0 Latal [luorine
concentrabion  of Y ppe, o sodiom Flnordde

golatlon hoaving o tebal fIaeyin: concentration

Cof 1Y ppm, aaad deiondaed water (con Hol) .

regpectively ., ot room bomporature for Uomin " to

traat the:  wcepoued  asurface  of  Lhe t’;ﬂ-{%ﬂlt’;l

therewith.  Thoeo each comple woi lmwersed 1o A

»

.1 H Toctate bulfer gelution (plls 5.89) ab Foom

4y

temperabture for 12 h Lo dedime Lhe axposed barl.
of the couesl.  This procedurs was conblouously

repeatod ol Liees:  Then the palul wag rewoved

H6
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and whiile  ppols (ioibial  stoage  of taolh
decaviog)  formed  in bthe  delimed  part were

obhserved,  Than §h wuar fovnd thatl blre exbent of

“the  formabion of  Lhe alilbe tpote  vere o

followe:  woaple Lreated ogbth dedonised water >

samplo Lreeabe uibh aodiwe [luorlde 0 gample

trestod  wilh ool boidal flaoride. This fact
indicated bhal Lhe collojds] fluwaoride  had .‘iul
axcel lent, e f Loty of dmproving Lhe acld
1-651.,)-(,;_,_,“;,:_) ol the Laobthio The sbove ghown ﬁl M
Jactat. twmffer s obbained by the f~:.v1.J.o‘_vlzing.
One  poycent of  Cuarhbopol | 9497, '_'-[‘l.l.d'-:l'lefl‘ll‘ljé” of
polyeorslic aeid,  in wdiusted st pl oL 4.0,
with JON HaoH A0 wml of Lhe ;Jquid io  wixed
with @ g o tocbio acid sndd Lhoen <llt_;l;j.1lf:d_
walter Voocovaonn . Yo 2883 w1, ad v bed b pH '(.‘f
5.0 with 10 O, to nhl,ul,u‘ n l.ll!:,lv'll,|_l£‘abf:(l
Tiauid  of apabite 113 ml of the  lianid, le
mixed with .08 g of  hydrosyapablbe, ’i‘h.e
r\'nlg)gv'tclt".: T adivnsved ot pH of 5.0 w i_vh;n."‘_].N
l’ly(_-ll_l‘&')"fllli.~l'i'r seid  wpd  cepbifuged, -’Je;'.:a_r‘xvtjed.
The 1 dJoecanbed  Lhguid cin 1) hered W l_’t;tlg\ A

Millipove filtor baviog o pove glse of 1 mleron
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Loy  Gbtocing ooabaratad npal i be solubion. It 1o
mixed oquivogqueambobively wvith the nnga tapatod

apatite polntion Lo oblain oo1n Lactate

L K

Fe

polubion. .

A

) Wopoesr bmesn b é
[ poptiooers) f&r
Y
03
_.gs
In this oxperiment codinm frooride. calglum ;e
chloride  and  coach of the  podium solts  of o
R varioun gaccharide Jdervivatives  were mix_ed

19 Gogethor 1o g molar proportion of 2/1.71 z*,cv'tl;at;

the total flucriae copecnbration wonld be-,,‘:
p)}m, tes  pivee o colublan (e day V_lfh:r'._' “bhe
phate of The oo labion freter bo Fapeciment 1)

wag oluterved with naked aves and Lhe ef foret of

h gupplving laor ine (refor to Faperimend D) < Wag
cvaluatod, o
w :
L
N 1.
’

68 \

V
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Table 2 Function of various saccharide
derivatives as the peptizer
Peptizer ( igigi%gi iﬁggi{nzf

precipitate

formation) (mg/g)
glyceraldehyde 3-phosphate - 1.2
a-glycerophosphate - 1.7
B-glycerophosphate - 3.1
erythrose 4-phosphate - 2.2
ribose 5-phosphate - 2.8
glucose l-phosphate - 4.2
glucose 6-diphosphate - 3.8
inositol monophosphate - 2.5
inositol hexaphosphate - 1.3
fructose l-phosphate - 2.5
fructose 6-phosphate - 1.6
fructose 1,6-diphosphate - 1.0
ascorbic acid 2-phosphate - 2.0
heptulose 7-phosphate - 1.7
sucrose sulfate + 1.0
ascorbic acid 2-sulfate + 1.1
glyceric acid + 0.6
gluconic acid + 0.8
control (no peptizer used) ++ 0.3

- 59 -
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The:  above-desoribed eeonlts indicate  that
not only *glucoss l-phosphoate  bhut uleo  many

kinds  of  goccharide derivabives act ss the

pepbicer Lo form o colloidal flweride {in the

“x,
EANE maniaer,

It is apparent from the abuvc-descfibed
experiments that when a flaroide ion is reacted
presence of a

with a calolum lon in the

particular saccharide derivotive, the colloidal

fluoride having an o oexesellent affect. of

supp]ying fluctrine to the tooth can Le  formed.

It ie  neecooary,  howsver,  that  Llhe

total
fluorine concentration in the solubtion e-:xcéed 8

prm, cince  the (lucvine coneentration of &

caturated caloelum (luaoride golution in about: 8

Prm. When the total flaorine toncentration < ise
lega Lhan 8§ ppm, caloium fluoride le  dissolved

1

and no colloidal fluoride can be formed.

PRI

SO AMthouwgh the caccharide dertivative useddiin

the above described experiment wag the sodium
‘ . EPFEn

galt, o oalelum wsalt of  the  saccharide.

»

601
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depivmhivu con slueo beowged LEOLY 1 hlghly

soluble oo wibber Phe calolug  #a1lts inalﬂde
cuiéium glueone 1-phosphate, caicium
gluéuuﬁ 6 phosphabe and caleium frgytmmc 1,6~
diphocphnte When ouch o malélum alt 1o used,

the lIncorporation of on additional water-

soluble caleivm malt Jiz nob aluays necessary.

ThQ aolloidal flaoride soluablioo oon be nsed
as an oral compositlon in various forms such as
a deptifrice, 2 mouth-wanke, & Loobh uoa£1ng
agent, tmoonl tablobag and chuwlpg gum. Vgriouu
'basés el obher mediclasl ingredients ﬁaually
ihébrpmracd into dentlifrloes, mouth"ﬁash,
agents Lo be appl led to the Looth  snd bﬁucul
babletm ean be also incorporated thereihto.
H0w¢V(nf, when o0 compound hﬁvlng n ohrong
chélatiug ¢ffect  or su ingredicnt eéﬁily
adsorbable | on  oalelum  phosphate 18 .péed,
utgéhhiun should be pald not to lope Lhe e%ieut
of; the colloldal  Fluoride,  sloce  LE might
déétrmy the colloeldal fluoride or mggrega@éjfhe

colloidal particles to form ® preciplbate.

S : I
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The following Examples of the oompouig;on
of i the present  lnventloo 4cu&prlslng ‘%@he
colloddnl fineride snd effecbive in preventiﬁng
the boull from doeoaylng with furthcr,}lluqbpnte
the procent lnveonbion, vhiich by uo m?anm limlit

Lhe invoent loon.

EXAMPLE 7

(toothpaete)

HAmmng the following  iugredlente, sodium
fluoride and aaloeiam glucose Lo phosphate  were
filret liusuolved in purified water Lo for@‘ya
fluqridu colloid.  Then other ingredlents Qere
mlxéd wilh Lhe colloid under deaeration to form
4 toolhpaste. The offuct of the toothpaste of
prévqntlng Lhe booth from initial decaying “wae
.uvaluatcd Ly the moethod eipp Loyed in Experiment
3. : The reculbts indicaved an excellent effebt

-

tlleéL).f .
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s
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< rgodium [luoride D.2% by weight“

~ooealeium glucose l-phosphate @, 9%

o o
'

. tetrahydrate . -gfﬂ

~oesucrose fatty acid esters 2
o fatty acid diethanolamide @,

glyoeral

aluminum hydroxide

35.0%,

" hydroxy=thyleellulose 2.9% "
5% T
5% "

¢ TA% worbitol solutlion | 15L.090% SRR

mathy lparaben 0. 1% -

Llavoer 1.0% "

: . B
copodiam caccharin . 2% St

“Lurlfied et

a gultable amdﬁﬁt

Xl

total 100.0% Ly weight

P TR

fludride and calcium glucose 1wphosphat&

c@iioid. Then

wi%ﬁ‘ the colleoid under deaeration to

o
[
.
e
M)

EXAMFLE 8

{Toothpaste)

lﬁ“Ammng the following ingredients, :Bbdiumf

"digﬁglved in purified water to form a fiu@f;dg

: CEL
other lngredients were. mixed

BAD ORIGINAL Q
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)
godivm {looride @.2% Ly weight
enleiam glucusa L-phosphate 2.0% -
Lebrahydrate
‘silicic acid anhydride 206 .6% o
10 polysodium acrylate 1.0% "
hydroxyethyleellulose (SN b
Crgadiom lauryl sulfatle 1.6% !

toobhpaste o the forwm of & Lransparent aél.
the effoot of Lhe toothpaste of preventing ‘fhe
tooth frow initinl decaying vaos evaluated by
the mathod employed in Experimen£ 3.. 'the4

resulte indicated sn excellent effoot thereof.

glycerel 19, 6% 5

A% orhi hw‘l govintion 15, (% "
15 methy lparaben 2.1% 3
flavor . 1.0%
sodium gacchnre t'.\ @ o .. A
:uulorant ' a puitable aﬁﬁunt

fﬁpurifted water A asuttable amount
29 g

total 100.0% by weight




(o]

8%

V4%

WXANTLE 9

(T:)()",I‘]p{lﬂ Ler )

Among bthe [ollowing inéredientﬁ, " potaseium
fluoride and c&lcluﬁ glycose 6-phosphate | were
dissolved in ﬁuriflud w%ber Lo forw & fluoride
cOollold, Then  obher iogrodicnbe  were  mlxed
wlth  the ocollaoid nnder deoration Lo form a
touwthpailc. The: ‘.,l'fut,;'h \:Jf Lhe Loothpactew  of
prevenbiug Lhe tuoth from Inibial docaylng  was

evalusted Ly the mebhod employed in Exporlment

3., the regnite indicated sn cxcellont  effect

. thercof.

potlassilum fluoride . 2% Ly welght
caleium glucose 6 phogphate 2.0%
tebrahvdrate )

caleinm hydrogenphosphate 206 .0% N

for dentifrice

codiump carboxrymethylecllulose 1.0% b
hydiroxyethy leellulose l‘. (4 "
codium lanryl sulfate 1.U% K
fatty ndld diethanolamide Q.b% -

e glycerol 13.0% .,:,"‘ .
 f7ﬂ% gorbitol solutlion 15.0% -_;7
! '

i 65
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1
f
, ib
i

'
g
o
o
=)
L laver Ley ot
o .
1 L3 .
sodium gaceharin 7. 2% Sl
Coopmrd Ched wnber A cultable omount

vt l OB O Ly uelght
[ROCEIY &1 2 U DO R
CToobhpashe)

Among Lle: o0l lowing  Iongredlenbe, codium

Floveddss aad cxledum froctoge 1.6 4 .i.plwr"}’pha te

Sware Cirot Jicoolved e porificd waver wol, form

>
PRI

a ‘f Tvoprids o Ttedd. Theon  other ugv'(;ﬂfiﬁﬁbﬁ

AP

;,é"i-u mb ool with Gips oot Lo el %l',:.xt:[’v‘rtidh Lo
the

pa

Form ERN L VT SR EPR A The  ollcet ol

bocbhpoast ol proeveontiog Lhe tooth Form li’ﬂ.'blul

docay tun e cealualad by Lhe webhod «-.n'np'ioyr.-d

dn  Experimont 3. The  reswlts indlcatédﬂ an

XN

e};ACL_‘;J]::u’. of oot bhaoreof,

P g wey e e T

P
3

ki 14

S
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gsodium flooride . 9.2% by weight

calolom [ructose @.5%
1,6-diphosphate

o e o s Trsetio
R X TR

ez

cerysltalline cellulose 10.0% " p
powder §;<

sodium carboxymethyl -
cer L lud e 1.

<t

5

=
P>
v

hydresyethy Leellulose 1% " H
s
codium Tauryl suilfate | 1.50% ! g
e
b
fatly acid diethanolamide @.5% o ﬁ

e
9

10 glycersl 10, 0% E

TO% gorbitol eolution 15.9% "
meethy lparaben D.1% "
flavor : 1.9% ‘ﬁ
sodium saccharin 2.2% '
15 - porified water a suitable amount

total 190.90% by weight

A

EXAMPLE 11 e
(Houth-wash) wf.

U The folloving ingredients wure'ifhiked

a together to  form a solution to be used “as a
mouth- wash . The effect of the " mouth-wash  of

(e

prg#entlun the tooth from initial decauing was
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Flhes meVhod cmpedoyed in loperiment
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mol g i g lucoane b phosphiate 1)()\1(}.«3[‘_-‘ " and

The « et o Lhio ont fopreoonting Lo Looth

from initinl docaying vwa o linaited by tho

ES

. Ther ragul s

metho I wmp oot dn Biper bwey

indicated so enccllent effoet e af.

pewlinm £ Taoride oY b o ucedght

coalolum glucoss Lo phean

phoab o ot eahydy ot PR !
hydproxyethy boadluldone 2 "

flavor voaned LabYe mmount

provi il aabor a oo bt able amount

Lalial 1900 ¢ Ly welght

i AMLI

CPucea ] babibebn)

vl of sodium Fluoride s miacd with 1

[»L\k l.lfiz,:‘I ot can addad Lo Lhe mlxture t,;;n ;iform
i | cokboldald polubion teav by a ‘Plgh
U;D'f.i.l.iitll Lvabion, i.t., a soelube concenbrab lun of
2/»'.]',.“w Lo Bihone ] was odded Lhere Lu. in u volumé.
e‘q'u'a.l. o Lhat of Lhe siolatiosn to L-I'r;t.:ip;]i"b;.l Le

Lhe 1 lierido wolleid, wiich was  recovered by

"
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filtration and dried to give a dry pqwaer

comprieing fiuvoride collold particles.

.

Then the following ingredlénba were mixed
with * the powder, and the mixture was 'dry~
tabletted to form buccal tablets. Thew bu&ﬁal
tablete thus formed. were  pulverized and

dispersed in purified water to form a 20%

dieperasion. The effect of this dispereion of

preventing the tooth from initlal decuylnth,waﬂ
evaluated by the nethod employed in prer;nent

3.  The results indicated sn excellent - effoct

thereof.
dry powder of fluoride L.0% by weighﬁ}:
Jeulloid particles : -
fldextrin v ' 10.0%
-sodium saccharin ?.06% " .
‘eitric actd 2.1% "
flavor a suitable amount;
; parified water a sultable amouﬁt;
total 100.9% by wsight
- 72 -

p——
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. EXAMPLE i6

(Chewiug &um) . ‘
S The dvy powder compriaing fluoride cdlloid
particles prepared In Example 15 wae ;néaded
bokeLher‘ with lugredizots Jlsted below ﬁﬁder
hc&tiug and  bthe mixture wae thoped inﬁo a
chewing gum. 1 g of the ohswiog sumv‘waﬁ
fipely brokea  in 58 ml of purifizd water to
forﬁ n dicpsrelon. The  effect uf _this
diepesrcion of preventlng the tuoth from iniﬁial
decayliug  was evaluated Ly the wethod  enployed
in. Bapervimoul 3. The reculla indicabgd-fan

exdellent effect thereof,

dry powdar of fFluorile 1.0% by welght
collaid partloles e

f" gum b .Zﬁ.ﬂ% "

cTeorn gyrup " 20 . 0% aff
'1 QlL[5C acid | . d.I% .

(T;flavcr o a uuibable'amoéﬁg
‘J}Sucruﬂﬂ ponder a eultable amouﬁt

tutal 19.9% by welght
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CLALUS:

- colloldal particles

27072

1. A colooidal tooth decay p?évveutlng

fluorid: deagtifrice oOr modthwash comprising

of flucride which are

ALffionlly soluble  in water, pald colloldal
particles of flucride having # particle ﬂizé‘of

i ﬁﬂ@ ten 1 mlorotng raid fluoride having .&

Fluorids  fon concentration of 1 to 19,000 pem

in the etate of eatnration.

v, The dJenttfrice or monthaash ag ~lalmed
in c¢lain 1, compoLaing al laasl one peptizer to

colleidize sald flucride.

3, the dentiifvics OF mouthwanh as claimed

in claim L, whivh compriaea L bo 13, @) ppm,
baged on the eplbite eotabion, of fluorine -in

Tag

said nelleidal parliclas, 1 to 196 pcrcunt7 by

weight «of the ¢laarine contaluar in fbsaid
solution belng facluded  in  sald colloidal

pattlulcﬁ.

L

\ !
R
-

e

o
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4. ‘the dentifrice or mouthwach g 'cluime&

in claim 2. in which s9ld peptlzer ie ueleotéé
fromfthﬁ group conpieting of » polyolﬁhosphorié
actd, » polyomulfuric scld. » pﬂlyolcarwayli¢
acid aod palts tharcot, o

5; The dentitiree or monthwagh as "1alméd
in «loim U, which coppriges 1 to an . aaad ppe,
bused on  vatd golutlion, o f f!;lr_n'tm" AT ﬁ-ai,?d
oolléidﬂl purticiﬂu, 16Y Lo 85 poreangt by He{éht
of qaid finorine contatlned in  rmadd nolutiqh

<

Lelng included In the colleoidal partioles. Sy

 ;6{ The dootifrice ov mouthwash as cla;ﬁed
in ‘@¢laim 1, wherein faid eolleidal pmrticleqrof

said'fluoridﬂ have a particle size of A, pab . o

nloeren. , R,
o h
= PR
7. A eolloidal tooth decay prevanting

Fludride  dentifrvics  or mouthwarh or buﬁdél
tablot or chesting gumn nhlah coppriesr at leéht
one  waler-aoluble cationic galt and <t  leapt

one popllzser

- Th -

R
Y

oot AN - :"
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fa‘ The dentifirce or mouthwash or buccal
tublet or chewlog gum as claimed in claim 7,
wheraln said at least one fluoride ig 4 watar-
aolgble hydroflnoric acid snd sald at least one
waﬁérwnwluhla cationte salt i a water-soluble

caleium sadl,

a. The dentifrice or mouthwash orv bucéal
tablet or chewing gum as claimed In clnim 7,
whersly sald peptizer is a saccharide delected
from ‘&  monesaccharide having 3 to 10 cq?pén
atogs and Gﬁe or more phogphate groupe an&?@r
ﬂulfate gropus and/or carboxyl groupe in ;the
moleoule. an vlligogaccharide comprising 2 ta 6
of the monosacehirlds and a eaccharide which ise
a éolyhydriﬂ aleohel bhaving 3 to 1@ carbén

B

atoms.

1§, The dentlfrice or mouthwash or budéql
tablet or chewing gum ag claimed in clalmgpi.

which comprisce at least 16 ppm of fluorinegid

11. The dentifrice or mouthwash or buecal

BAD ORIGINAL
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tablet o1 chewing gum as claimed in claim 7,
which comprines 1@ ppm to 190,200 rem’ of
, , A

-

flucrine,

12 the dentifrice or mouthwash or buccal

tablet or chewing gum as claimed in cla1m ,T,
which 60mpriscs 159 ppm  to

fluofine.

buccal

13, the dentifirce or mouthwash or
tablet or chewing gum ax claimed in blaim*“7,

-’;

whjch CUmpxlspb 1 mol part of the clacium, ﬂ z1
to 199 wmol parts of the fluorine and @ w1

2 mol parte of the gaccharide.

o

14. The dentifrice or mouthwash or buéﬁél

tablet or chewing gum as claimed in claimtﬁig
‘calciumh.

which comprises 1 mole part of the

G 1 tu 1& mol parts of the fluorine and ﬂ 1= to
(g\r'

10 mo.l parts of the saccharide. BT

T

Satoshi Tesulita
Manabu Tonomura
Shigetoe Kasyaua R
Takashi Imamura <

Invintors

{
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