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The present invention relates to dental restorative materials including
anor phous cal ci um phosphat es and/ or anorphous cal cium fl uori de phosphates 5
st abi | i sado mgedsphopepti des. These dental restorati vecmmt®niaks have
superior anticariogenic properties protecting tooth structures as they
remneralise (repair) early stages of dental caries that may have
devel oped around the re ratio ' the dental restorative
materials of the i nventf’ﬁ'ﬁh&- éﬁswmgml on of dental caries
are al so provided. The invention also provide a kit of 10 parts including
anor phous cal ci a d/ d phat es
stabilised by pﬁ@gs Bﬁg%ée}gt ﬁgén%BA%gﬁlr\l%%ﬂ%en@a OF%igra] réﬂsa 'tk.f?féalsl ﬁ-fcth'm?i
t he dem neraaiarmmusomalmtﬁmhm&phamsmdﬁdr finerpheas tcatn:wrﬂ&luom@mmhosmm

d f at di e by d
P ont ook hetied B Hrospiheplings,  Thete BEMAL relorives MatesR i, superian ¢
probl em an(énf‘c%?’b el ptnﬂsbtrdies ﬁrméo@iﬁgaostﬁnsth@uﬁe@%gnheplranmera‘nsé Yrerirdent al
cari es around the mar gi ns of restoration.

phosphopeperie stages o slental aﬂaﬁﬁﬁl ﬁh%iﬁ@é}b mave dﬁdﬁbP@@( @goqrgaﬁae I&efoyatipnd

CPP- st abi | | | t; r ACFP)
in solution ver%eenW"lséslh&%ﬁtlap'r‘grS{ec’l\géétir%{t{LJ nﬁg@?ﬁ%&uﬁrgﬁ\ﬁ?ﬂ?éﬁ%ﬁﬁtﬁeéﬁgﬁ pronot e
rem ner al i sapreventioh of rokmizl can&sarefaalsrepﬂomedn“ﬁhe mvaniomedlsapvidersakit oh  situ

caries del nolds 1 t ent cati PCT/,ALQ08/ 0016 5 The
cot i ve TbrBats boRUBY drfpnove. B piitsBla B mbrbr AmomcsR S8 JHride e e
pept [ des BpRogmitsamdiiseltoBrofitpéidsl], Bas (3-casein X -4P (f1-29) 2],
Bos as2-casein X-4P (f46-7 [3] and Bos ate-casein X-4P (f 1 -21) [4] as
follows: [1]
Gn59-%t-§%ﬁ2@!‘?-8er(m-lle Ser (P) - Ser(P) Ser(P)-Au-du-11le-Vval-Pro-
30 Asn- Ser - ~Ad n-Lys7. asl1(59-79) [2]

Arg' -d u- Leu- GIDemlwaneﬂfséiﬂln1at¢dlbyl?h®d®ngnetﬂllaaﬁdreef\mkd Bsue 8¢ theipethcay
Ser (P) 1§ergg)an%e5 id proé'uced frgrenr férlm%ntTa%nAtr) %Seta 3§ugar53y dental plague

odontopathogenic bacteria.

Dental caries is still a major public health problem and restored tooth
surfaces can be susceplible to further dental caries atound the margins of the
restoration,

20 Casein phosphopeptide-amorphous calcium phosphate complexes (CPP-
ACP) and CPP-stabilised amorphous calcium fluotide phosphate complexes
(CPP-ACFP) in solution have been shown 1o prevent enamel demineralisation and
promote remineralisation of ename! subsurface lesions in animal and human in
situ caries models [Reynolds 1997 patent application, PCT/AUS8/00160].

25 - The active CPP have been specified in the US Patent No. 5,015,628 and
include peptides Bos oss-casein X-5P (f59-79) [1], Bos B-casein X-4P (f1-25) [2],
Bos osp-casein X-4P (f46-70) [3] and Bos cz-casein X-4P (i1-21) [4] as follows:

[1] Glnsg-Met~GIu-AIa-GIu~Ser(P)-iIe-Ser(P)-Ser(P)-Ser(P)—GIu—GIu-i!e-VaI-Pro—
30 Asn-Ser(P)-Val-Glu-GIn-Lys™. 0(59-79)

[2] Arg‘-GIu-Leu-Giu-GIu-Leu-Asn~VaI-Pro-GIy-GIu-Iie-VaI-Glu-Ser(P)-Leu-
Ser(P)-Ser(P)-Ser(P)-Glu-Glu-Ser-lle-Thr-Arg®™. B(1-25) -
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Asn46- Al aAsn-J u-GQu-A u-Tyr-Ser-1le-dy-Ser(P)-Ser(P)-Ser(P)-3 u-d u-
Ser (P)Aa-d u-Val - Al a- Thr-d u-d u- Val - Lys74. as2(46-70) [4]
Lys1- Asn-Wp2/a204 G u- Hi s- Val - Ser (P) - Ser (P) - Ser (P) - G u-EA®ermadste- 1l e- 5
Ser(P)-An-G u-Thr-Tyr-Lys21. as2(1-21) These peptides stabilise novel
fornms of very sol ubl e anorphous cal cium phosphate and anor phous cal ci um

L uort Dl el AP ol Ak E LS e SR A P R0 001 10
chenically adhesep(e) -NRLGIHNVEIAI L SREGIAGREVEILSEPY casgapes and restorati ons.

M crol eakage around restorations remains a significant problem which can
|l ead to caries of the underlying tooth tissues (Bergenholtz et aI , 1982;

Davis et aly, 1993: ggﬁ) s
i on-rel ea5|[ r}g rrg?erﬁsgrgﬁan %?Iﬁ'ﬂ-ﬁslyg! %%@P)pé |%%t@v@ﬁetflgv§/@r e ease of
fluoridé i ons f BerPr-GIn-GRHEMHTYpLYSA despf-28i gni ficant anticari ogenic

property (Forss, 1993; WIllians et a!, 1999) Although it would be expected
that inclusion of CPP-ACP into a A C vvould result in the incorporation of

the calciumi 0”$héé.bt Beﬁti@l@s@t&blﬁ@ hb\)b! TBihd) Of R/EQ”&O!HEI@V&%@HB@S calcium

surpri si ng{@g we have di scovered I ncor poration of ACP into a 20
st andar d aeRhete @lndyaraomhpaﬁlcglcayrm ussidet @wsphata [Blegnolds h1997e ppiedt ed

superi or m crotensil e bond strength. Conprehensive
strength anBB&%E'M ﬁgggggfo n act surprisingly the @ C containing CPP-ACP

was abli® to si gGidsscianbingr ammnmsrml'c:s)e dreewatedbased, npotie rdalowrednaiceas t he

ot O b Thnd ! SNt e B

CPP- ACFP wmuéroﬁelal’g,%é Qf’buﬁ@Yéét@:@ﬁ&@éﬂé‘rﬁéin@a@lgﬂﬁ?&&hﬁ%bl@ﬂﬁ thcthd?ﬂééd tces
SUMVARY OF THE | NTI ON The ?resent I nvention relates to a conposition for

dental resfafieh oidhe uRderdintipo m@%eﬁéﬁﬁmenh‘é@@‘r%{t i1982; Ravis pbal., d983an
phosphat o | Ak a i gt b IAREARE LS SFC IarselBEPRaTeR S ¥R i i
fluoridé phosioszieon( Aﬁmil%)lowmem:ase of fluorlde ions from the cement provides a
significant anticariogenic property (Forss, 1993; Williams et al., 1999)
Although it would be expected that inclusion of CPP-ACP into a GIC would
result in the incorporation of the calcium ions into the GIC mairix making them

unavailable, surprisingly, we have discovered that incorporation of CPP-ACP into a

20 standard, commercially-available GIC resulted in a GIC with unexpected superior
properties in terms of microtensile bond strength. Comprehensive strength and ion-
release. In fact, surprisingly the GIC containing CPP-ACP was able to significanily
reminetalize the underlying dentine whereas the standard GIC could not. These
results form the basis of this invention which is novel denial restorative materials

25 containing CPP-ACP or CPP-ACFP with superior physicochemical and
anticariogenic properties.

SUMMARY OF THE INVENTION
The present invention relates to a composition for dental restoration including

30 a dental restorative material and an effective amount of a casein
phosphopeptide(CPP)-amorphous calcium phosphate (ACP) complex or casein
phosphopeptide(CPP)-amorphous calcium fluoride phosphate (ACFP) complex.
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the invention, there is provided a conposition for dental restoration,
i ncluding a dental restorative materi al to which has been added am)rphous
cal ci um pr@ejséae (ACP) or amorphous cal cium fl uoride ptwsphata2 (ACFP)
stabilized by phosphopeptides containing the am no acid sequence - 5
Ser(P)-Ser(P)-Ser(P}-. Preferably, the ACP and ACFP are fornmed under

e S i RSB B SEFAOATIRYITDRBrl B AR o 1 1

H2O per Cadém@edtoratibhg mmrkjmgtarm@rhtambm@vdanamaahw wnmwdwb@emadldeidum

fluoride phosphate of rmul a 2F( P 20 wher e

'PL ovi d: ng mewgia%rﬁl t$|(§§§° yd’eﬁ%ﬁfﬂ@? ﬂ%ﬁ E%@EFE)'OH%P@S@?‘%PH at)lhy
e calciu ﬂkﬂs i dn e

ratio n:1, % c Pige a;Hyl It%ggléi?p)éﬁiﬂes n?aﬁhglt!’/lléﬁaﬁ °Aw%g%)a§ or 2:1

gi vi ng @aSS@Féaﬁﬁer(P} Se¥Pex fyeiembly, b AQFéaEdzMIFH ate formed swdenalfalisove, and

i1 1 or ont PARPRES; TP SRRBTRLR colidr GreRRA A bl RBCABRBARatl' ons

bet ween comnw@&m@hgnﬁwwﬁmﬁ»@gtﬂ iéethai@yaraemterdprmoa@wzsqwr%(nm)ztmy be
obt ai ned b ryptic digestion of casein or other phospho-acid rich

proteins o %ycaéwérm phespbate cedvatyenERy B9 nehedjeiym ﬂw@wed@m?mte.?f

conpri ses ( P) ~Ser e | anki ng
this core é u%fr?\%lge ?rogﬂ"ﬂggeg?ﬁ;%é) m@?cgﬁél%o)(ﬁomgorlqu Ros rﬁw éﬁawfﬂ
sequenqes ﬂmomie&ibb@:ﬂaa]@XA@EB’), Maifelpréferatiiythe Caldiv phospHald dathwaml 21)
[4] are preferred. The fl| ankin ences nm tional|y be npdifi d by
del etion. BRGIMMbHe 5f AGEHaR AGTPB ¢ %%tmut%eﬂ%m SHLINRO 31 b §4i dues.
The am no @agp '6r' ; Hg e of the flanking region are not

It a%qf'g @@ﬁ co%?

critical the peptide is maintained and that
al | phosphoryl lhmxpebteﬂyhamﬁe @p(aangtlmmdescaﬁbed rabpove, teimdcihe girepartienssofar e

mai nt ai ned th erred f nkln a to the
structural coiﬁqqrgﬁxts[){n h?e aﬁJS glﬂ'ﬁsé%ﬁgﬂ%ﬁewgﬁ?a n‘??réﬂﬁp glfelu&/'galrrat eri al
can be 18 gt@fsositnaie] forempte 1o inteeitfioss betwash esmpdnents. any ot her
restorative material which .is conpatible. It is ,Rreferred t t he anount

of CPP-ACP conpli&Phasphenepiide maydhsirem anycgauies) ijray be obtaine by tryphic
digestion of casein or other phospho-acid rich proteins or by chemical or

recombinant synthesis, provided that it comprises the core sequence -Ser(P)-

Ser(P)-Ser(P)-. The sequence flanking this core seguence may be any sequence.

20 However, those flanking sequences in o1(59-79) [11, B(1-25) [2], 02(46-70) [3] and

os2(1-21) [4] are preferred. The flanking sequences may optionally be modified by

deletion, addition or conservative substitution of one or more residues. The amino

acid composition and sequence of the flanking region are not critical as long as the

_ conformation of the peplide is maintained and that all phosphoryl and caboxyl

25 groups interacting with calcium ions are maintained as the preferred flanking
regions appear to contribute to the structural action of the motif.

The base of the dental restorative material can be a glass ionomer cement, a
composite material or any other restorative material which is compatible. It is
preferred that the amount of CPP-ACP complex or CPP-ACFP complex included in

30 the dental restorative material is 0.01-80% by weight, preferably 0.5-10% and more
preferably 1-5% by weight. The dental restorative material of this invention which
contains the above mentioned agents may be prepéredand used in various forms
applicable to dental practice. The dental restorative material according to this
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30 the dental restorative material is 0.01-80% by wei ght, preferably
0.5-10% and nore preferably 1-S% by wei ght. The dental restorative
material of this invention which contains the above nentioned agents nmay
be prepamnedlormneoused in various forns applicable to degwedozposaeti ce. The
dental restorative material according to this 11 Novenber 2005 WO 02/ 094204
PCT/ AU02100632 i nvention may further include other ions, anti bacteri al

Zn2' A t th dit | i di ent the t
a1 o m ofENr ey Bt a@[&ﬂswﬂﬁf&%@g?%#@@éﬁ%ﬁai?qn%é?]@f?g.@“8?9 Ftabl ¢
that the pHdGifloﬁe{Peinﬁi@BreﬁQDd‘éﬁéiﬁdlﬁ oAl tHéPBrpeAQ'f&’ i@ﬁﬁpd)ieé Patifdrasmal- 10,

nore preferably 5 and even nore preferably I's preferabl e that

the pH of feRiorgtive @Jaterr@btltﬂsaprei@abfﬁﬁw ithe pldcqﬁﬁla@ ﬁaPi!?gAGHecomPIEx AEFPRonmpl ex
ACFP |
o ef or abl y AT odEF b BERuce S 10,108 AbBIB G olerit Sl loR ERerd 2

preferably e 1 nven SO dlrect
of a rest oOatli is preferabieothiat therpH &frthé deatal a;e,stdrdﬂwerraaﬂand continiethetGRP-addi ti on

of ACP and/ ACFP, bili hos tides, a t ed, above, to a
base dent aPCPeeaapizy o cACHR ool berbelieRD ént,GHOR R grer L Sk ouRe of
restorativendff@prAsrablyyo.as stated above for the treatnment and/or

prevention of dental "caries. The invention also provides a nethod of
treat ment and/ o’th)meemn tralee dirgded)inadneibad |0ésmanvf@9wrﬁsnfsa reséerativeng

provi di ng E&ﬂP 1 SH’%HQI%R@‘;% meﬂﬁ)dtuﬂclﬁ‘{i@s anHf RCP% r3&EHp ed

according t I nven |n an in need of
treat netit aiablilised [oyepbosphopepfides am\smted c&boaesdoraaIIESesderﬂafardsmrame parts
i ncl udi ng &%%ﬁm al restorative nmaterial and (b) CPP-ACP conpl ex or
CPP- ACFP ¢ together with 20 instructions for their use for the

preparation of he fiveARGH iafd fohiteslenl dfes treiokdtios . cofpsition &3t siadal so
relates to a kit of parts including (a) dental restorative mnaterial (b)

casei n pho§%¢V§ﬁ@bﬂ1?d@a(rﬂ?m@éId@r9FﬁVPW Hrenhgatiafosphat e i ons, and
optional Iy floufidebRfish aldd9piolRts Y hatidif bf Wehinidli él%orf @%\\{\;—r}rlﬁ'éﬁeoﬁ or the

preparation of a conposition for dental restoration. be clearly
under st doddentalt caridst rowgimalki inclegieg i provdding other edrepasitipe acdarding | ip the
invention or manufactured according to the invention and applying to teeth in an
animal in need of treatment and/or prevention.
The invention also relates to a kit of parts including (a) dental restorative
matierial and (b) CPP-ACP complex or CPP-ACFP complex together with
20 instructions for their use for the preparation of a composition for dental restoration.
The invention also relates fo a kit of parts including (a) dental restorative
material (b) casein phosphopeptide (¢) calcium ions and (d) phosphate ions, and
optionally flouride ions, together with instructions for their use for the preparation of
a composition for dental restoration.

.25 It will be clearly understood that, although this specification refers specifically
to applications in humans, the invention is also useful for veterinary purposes. Thus
in all aspecis the invention is useful for domestic animals such as cattle, sheep,
horses and pouliry; for companion animals such as cats and dogs; and for zoo
animals.

30
FIGURES
Figure 1 : Longitudinal section of root of tooth restored with GIC treated with
acid buffer solution and visualised using polarized-light microscopy.
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to applications in humans, the invention is also useful for veterinary
purposes. Thus in all aspects the invention is useful for donestic animls
such as cattle, sheep, horses and poultry; for conpanion animls such as

cats and wogzimnd for zoo aninmals. 30 FI GURES Fi gurectiaveziesagi t udi nal
section of root of tooth restored with GC treated with acid buffer

solution and visualised using polarized-light m croscopy 5 11 Novenber

2005 WO 02/ 094204 PCJ/ AUD2/ 00632 FEj gqur.e |tud ti on, of root of
tooth restored % &0 E%‘H{déﬂaiﬁﬂg'o ‘i@fﬁo @ﬂpwtn F??‘gepa* ANNG er

sol ution af@PP‘A@FP' tré&féd%ﬁ‘tkﬂ%ci@l%lﬂférzs%ﬁmbh@ﬂd v:@iﬁléééq}@.ﬁﬁg pSlafdedAigheD
DESCRI PTION OF THE I NVENTION The invention Wi ll now be déscribed in detail

by way of Mai¢ree@¥e only to the following non-limiting Exanples. Exanpl e[
| ncorporation of CPP-ACP into a G ass lononer Cenment 10 Preparation of G C
cont ai ni ng CPP-ACP for Conpressive Strength and Wet Setting Tinme assays

Twent y- fi)utDmIILEﬂBESCHPMNiOHfTMEGI\MﬂNTm were made from a gI ass
i ononer cenent for res trength test and t .di scs,
10 dam x5 ARG Wil gom R tercioat i e BY Wy LSRR TS i (A B,

C, D) wereidipwi r,-;aﬁqmyu,ﬁ@ﬁgpﬁplggem mens (Tabl e 1). Six specimens per group
were nmade for t conpreessi ve strength test and three speci mens per group

for the net settlng tinme test Goup A (control) was prepared using a

self-curin 080561 and
powder batgﬁ(ﬂ@i&s—% C-20 e

and D vigr ermMi‘oa@fG!Gmohm:m@@PPQGP foﬂ@ommasBW@Sﬁeﬁgm aﬂ:di’vﬁetmf'@ 91 %
w w CPP- A 2 res etlvely incorporated at a powder-liquid ratio of 3.6:1.

The CPP- A ¥dent TM was obtained from Bonlac foods Ltd (Mel bourne,
Australia). Foryydiy-foth ylintens ad nih g x & MemGBRy, Avsteddde from a glass

ionomer cement (GICs) for the compressive strength test and twelve discs, 10 mm
diam x 5 mm thick, for the net setting time test. Four groups (A, B, C, D) were
15 formed with the specimens (Table 1). Six specimens per group were made for the
compressive strength test and three épecimens per group for the net setting time

test.
Group A (control) was prepared using a self-curing glass ionomer cement
_ (Fuii X GP, liquid baich No. 080561 and powder batch No. 081051, GC
20 International, Tokyo, Japan). Groups B, C and D were prepared from the same GiC,
containing 0.78, 1.56 and 3.91 % w/w CPP-ACP respectively incorporated at a
- powder:liquid ratio of 3.6:1. The CPP-ACP (Recaldent™) was obtained from Bonlac
foods Lid (Melbourne, Australia). For the experimental groups, the CPP-ACP and
the GIC powders were manually mixed and shaken in a plastic coniainer, and kept
25 at 4°C until the preparation of the specimens. The GIC liquid and the powder:liquid
ratio used for all the specimens were as indicated by the commercial manufacturer
of the GIC. The product was allowed fo reach room temperature before mixing. For
all the groups, the powder and the liquid were manually mixed for 20 s and the
mixture was then placed into the molds for each corresponding test. Compressive
30 strength and net setling time tests were petrformed following ISO methods (ISO,

1991).
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the GC powders wer e manual |y m xed and shaken in a plastic container, and
kept 25 at 4C until the preparation of the specinens. The AC Iliquid and
the powder:liquid ratio used for all the specinmens were as indicated by
t he comme¥@pPX%4dnuf acturer of the G C. The product wecr/sydzemss to reach
roomtenperature before mxing. For all the groups, the powder and the
liquid were manually m xed for 20 s and the mxture was then placed into

t he nol ds ac rr Conpressive 30 strength and net
setting tim‘” g“s"ﬁi‘ M@ ﬁbﬁ‘gﬁ’tef‘ﬁf‘l owi ng | SO methods (1SO, 1991). 6 11
November 2005 Waieardad HimaiCrholakdSioiibialsaliths solfsts toraiingahyinolengieh to

Dentin Non-cariQus human nmplars stored in saline soluti an cqnt ai ni ng thynol

vere  usedUSAc Wi oMABAE falloning @XiegteTe devaRiepbRar-shape SBe¢meRs.-Ralfaped
sSpeci nens d | X GP,
bgtch No. 98!)@ %Ec_jl haégegﬂfnter%e?ﬁonapsmg\@ler{fﬂjggﬁ?gl R‘?‘?’ér’\% %600%\/\/7 EPP— ACP
as descﬁi blaterasional, Japan) cohtairinge ¢ 5686 w/w EPPFACR@SG&E;&CM abbves Cogirolhe

nor mal The | and the opwer:liguid rati o} pgci mens
o ned. HeCuSers S8 AWete. BEpafilt Thing' 4 Bl Gig-cTof diuld 8B fG
strengt h teeter:igaiderai® fdralinge shetimens temainetiakié gafmeyas e s chneheaigiaihod
(Phrukkanon et al 1998; Tanum harja et al 2000), stressi n? the 10

speci mens ﬁ"’ﬁd't""énM'@fﬁteaﬁﬂeab‘érr‘%§§9’P@Bcﬁe§§§e‘é’@f€‘oﬁ’e@r Wﬁﬂ rellowing i preyiqusle. Mean
bond = str etﬁ&rcﬂbé@hiéﬁﬁd"@ Iéﬁaﬂo?\"étaél Eodip T&ﬂ%&m@r i& erBH3080], %fr@%ﬁlﬁg the! SO,

1991), and th racture ecl nens’ obseérve scanni ng
m cr osd0pespesimgrs1in; tengivr ail a ps:ss-Elead tspeet of THamfain il faﬂurg) Me@nalmﬁss t he

i am x 2 BTk Al S BT TRk B e IR PG Bl iR, © ™
cont 3i ?i ngraicttﬁﬁdo/?]pdcig]éggPoB@?v_ @chgntatvadcganmgnéble%tmb nwaba:qpeeﬁlfmgsw ?m : Ee
ol ds.  coralgs FiaAvaR Tiadiethererisf assees BRIHBIIRTor 1 20 h. Duri ng
setting, the bottomand top of the filled nolds were covered by nylar

strips and mcroscope slides under hand pressure. The discs were renoved
fromthe IlopMeassiempentsand CRP Deteetlon dual seal ed plastic tubes. Six of the

experi ment al d"l‘%\?e?ve discs, 6 mm diam x 2 mm thick, were prepared using the
experimental GIC formula containing 1.56 % w/w CPP-ACP and twelve controls
were prepared from the unmodified GIC. The GIC was mixed, as described above,
injected into the molds, condensed and allowed to set at 37°C and 100% RH for 1

20 h. During setting, the bottom and top of the filled molds were covered by mylar strips
and microscope slides under hand pressure. The discs were removed from the
molds and placed into individual sealed plastic tubes. Six of the experimental discs
were incubated at 37°C in 2 mL deionized water pH 6.9 (Mili-Q Reagent water
System, Millipore Corporation), and the other six in 50 mM sodium lactate (Ajax

25 Chemicals, Auburn, NSW) buifer at pH 5.0. The same procedure was followed with
the controls. The solutions were changed every 24 h for 3 days and the release of
calcium, inorganic phosphate and fluoride ions was measured in each solution.

~ Calcium  concentrations were determined using atomic  absorption
spectrophotometry (Adamson and Reynolds 1995), inorganic phosphate:

30 colorimetrically (ltaya and Ui, 1966) and fluoride ion using an ion selective electrode
(lon 85 Radiomeier, Copenhagen, Denmark). The release of the jons was

expressed as ymol/mm? surface area of the GIC exposed.
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wer e |ncubated at 37Cin 2 mL dei oni zed wat er pH 6. 9 (M I 1'i -Q Reagent water
System MIlipore Corporation), and the other six in 50 mM sodium | actate
(Ajax 25 Chem cal s, Auburn, NSW buffer at pH 5.0. The same procedure was
f ol | oned W #209420khe controls. The sol uti ons were changeRCTAMERHP0632t h for 3
days and the release of calcium inorganic phosphate and fluoride ions was
nmeasured in each solution. Calciumconcentrations weredet erm nedusi ngat om ¢

absorption spec h Ad mso andRe nol. ds199 a sphate
30 calorinmetri ciﬁﬁg@r‘ q%él{%(ﬁg ‘?ﬂt‘ﬂﬁvf} cﬂisaq' %E'PH%S

sel ecti ve tbemt rﬁaéerpﬂbn/tuma%ﬁoﬁadl ma%beSpe@mmwmmAmDﬁmya(\kdé géﬁhIEr eI ease
of the ion ressed as@mﬁ &I | m®? surface area of C exposed. 11
November 2 @?W@ eRysloms: berninghamoddsoUSHe withea dnatex &f polehydrone

sol utions %ﬁzcﬁ@hgal‘ﬂ vdé?ér %qucw é?&‘b?f@ﬁmcé&éer Desor ption/ | onisation
-- Mass Spectronetry N% (Voya Perseptive Bi osystens;

Far mi nglfam M, USA) vmth a matrix of 2,5-dehydroxy benzoic acid in 66%
wat er, 33% oformc acid. 5 Statistical Anal ysis Data from
conpr essi v %f%ﬁg@ﬁa%ﬁ'é net setting tinme tests were subjected to one-way
anal ysi s of varDatadifont 6dfadibsivel sirgagth emdtnes béting fiha Mésislivele samensd (d-SD) f or
the conpressive strength and Bonferroni test for the net settin tlrre Dat a

from the 16M&VW&YAE § |06 vyisnge JANENA husieg eassignificant diferapoes ok t test
(p<0.05). ¥ comstesd] @st@n@fﬁéﬁ&‘éb@nﬁﬁi@sﬁé? ﬁmt% flrﬂedﬁéﬁcfforﬁﬂf'e mode  of

failure of fractured I mens fromt ease anal yses were
conpar @ ugliergtepsisl bord §trengthe.gere( p@mpmsyi ustgy REEEEnTS  Gestp(e905).eCht r engt h

Sotting o o Er R I Re, Bet 15 BREPIRIRONE of ERTEE HBPEEF
strengt hs ﬁmcnrabnhs deta ifloEther idn geldasé ranalyddSward\Empared GRInG Sfddentd £ h t he

hi ghest vaésf qu obtained for the G C 20 containing 1.56% CPP-ACP. The
mean net s {pﬁ(é nes ranged from 523s to 186

2

15 RESULTS
Compressive Strength and Net Setting Time
Mean values for the compressive strength and net setting times for the GICs
are shown in Table 1. The mean compressive strengths for all specimens ranged
from 118.3 MPa to 169.6 MPa, with the highest value being obtained for the GIC
20 containing 1.56% CPP-ACP. The mean net setting times ranged from 523s to 186
s, but only specimens containing 3.91% CPP-ACP (Group D) were significantly
different from the others.

- Microtensile Bond Strength to Dentin
25 Table 2 shows the mean microtensile bond strength values for the GIC
containing 1.56% w/w CPP-ACP and control and the mode of failure for the
fractured specimens. A significantly higher bond strength value was found in the
CPP-ACP-containing GIC (10,59 + 4.00 MPa) than in the control (7.97 +2.61 MPa).
The distribution in the mode of failure as analysed using SEM was also found to be
30 significantly different (p<0.05). Type 2 fracture was more frequent with the CPP-
ACP-containing GIC, whereas Type 4 was more frequent with the control (Table 2).
The microstructure of the two cements examined by SEM at a 360x magnification
seemed generally similar, although there appeared to be a more porous and
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s, but only specinmens containing 3.91 % CPP-ACP (G oup D) were
significantly different fromthe others. Mcrotensile Bond Strength to
Dentin 25 Table 2 shows the nmean microtensile bond strength values for the
G C contV4® AM4d204 . 56% w w CPP- ACP and control and the PERI&UGO0B2I | ure for
the fractured specinens. A significantly higher bond strength val ue was
found in the CPP-ACP-containing AC (10 50t 4.00 MPa) than in the control

iei ng. Sem (eShE e ki, it W oo TR e SRR BB S0

fracture waemenise frequent with the CPP- ACP—cont aining A C, whereas Type 4
was nore frequent with the control (Table 2). The mcrostructure of the
two cenents exam ned by SEM at a 360x magnification seened generally
simlar, ajdhan@pPPmdeastopeared to be a nore porous and 11 Novenber 2005
WO 02/ 094204 PCT/ AU02/ 00632 roughened fracture surface with the controls
relativé to t heMempvalass foptheafalgasg of dvaide, salciuonanthph@phakRdnaveder (BHMVean

8 o) e G Bt B IeBke] bt (6 5. 674 6h il B9 cBRARRE! Sab AR LBRSLEr, |,
CPP- ACP aAGPwm:l thendanirbl GICCasy shawonTables 3Pk end 3. 'theapsuite!in off fidorlelet t er n of
fluoride | ease in water gs mlarnlf%gtweens controls, with

npl
t he hi ghes'fe FAPdI Y@ er&‘@ﬁﬁf"?' SHESNREMARS and-contrg Wﬁéﬂl%qﬂg@%vﬁé‘?asﬁut

conti nued bedupiiEdGhig thg faFd?Q4ﬂ?éhd Jepslb%@r Bﬁ'dbnﬁﬂidao%ésgﬁiﬂriﬁ?%e ngkuor i de
rel ease was significantl % in the pH 5. sodium | actate burfer than

in pH 09 -hipgriods Sbrﬁltmr@e rekaes&:msmﬁcamm atghernlg toe @HeHA t he
control 4 yuRhohersf Ldor fq i t he
CPP- ACP- co%%dﬁh?'ﬁb‘fagé”ﬁ%{ o PP S SChafF 45 bER: RelEtais, P lerPAcks) %)
Cal ci um red:m‘dmemgdﬁl@mdfthemnm GCCSignificanthohighenflubedé esldasdNwas fdundum was

LS 1el e g e A A A e M el B dees AL 4. "9 G
CPP- ACP- cont ai reaigiufirélehst vAgedirbmIhe GROslaleBhbaf i trableusl. ey calchitg wag! ease
was Iow rel ative to the fluoride but continuous during the three 24 h
per i odd3 ( TielRaged pt neutral pH in water either from the CPP-ACP-containing GIC or from the
control. Calcium release was found only in the CPP-ACP-containing GIC in the pH
5.0 sodium lactate buffer. The release was low relative to the fluoride but
continuous during the three 24 h periods (Table 4).
Inorganic phosphate release from the GICs in water (pH 6.9) and sodium
20 lactate buffer (pH 5.0) is shown in Table 5. At both pH values phosphate release
was significantly higher from the CPP-ACP-containing GIC than from the controls
during the first 24-h period. The release of inorganic phosphate was significantly
higher in sodium lactate buffer at pH 5.0 than in water at pH 6.9 for both materials.
MALDI-MS analysis of the sodium lactate buffer (pH 5.0) and the water (pH
25 6.9) after 24 h incubation with the GIC containing 1.56% w/w CPP-ACP and conirol
- GIC revealed that the CPP could be detected in the pH 5.0 buffer after incubation
with the CPP-ACP containing GIC only. The mass spectrum obtained was the same

as that observed with standard CPP-ACP.

30 Conclusion
Stabilized complexes of CPP-ACP were incorporated into the glass powder ,
of a GIC and, in contrast to what would have been expecied, at least some of the
calcium ions, phosphate ions and CPP were not bound into the GIC matrix but were
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Inorgam o phosphate rel ease fromthe GCs in water (pH 6.9) and sodium 20

| actate buffer (pH 5.0) is shown in Table 5. At both pH val ues phosphate

rel ease was significantly higher fromthe CPP-ACP-containing A C than from
the cont M0 82/09¢Ai ng the first 24-h period. The rel easECEBAURAEBYaNi C
phosphate was significantly higher in sodiumlactate buffer at pH 5.0 than
in water at pH 6.9 for both materials. MALD - M5 anal ysis of the sodium

| actate bu p d_the . water H 25 af er .24 h_i.ncubation
w h the areassPld frofiiod SN Vi putei e Gosteie) San CalnGoudledi™ oy
t he CPP coprcqbehbsdet ected in the pH 5 0 buffer after incubation with the

CPP- ACP contain A Conly. The ma spectrum ?bt ai ned was  the sane as
t hat observed t ajef @?&SPJOUWDQ\@ 330 aoyaaty, of glinicgl applications do Msifexes of

CPP- ACP weggndditg % BRERICEN BdMdCrot reh 2BOVESh as?énﬁnél fedPCand RefrONt r ast

to what woul'd have been expecte east sone cal cium i ons,
phosphatde p@npoa’sedAmnmaﬂeraedrMchqﬁnmdgs?&)t Gl(t?mere(usedrmutmeiy ibwonjuection 1

Superior pRRrET RanSeee feral, e P RuR et . 1B Al HaeBrifRcon  or
using G CsTre’atmema(rAFH?)(thc[Cén et 2kl 1986/ mqaﬁmevméstorath(s\fanb@r@aq992) to
chem cally?laa{gnd tq different surfaces such as enanel, dentin and resin 5

conposi te i FeRieratieny OMPEH@% deth {brakenhsresy ofr &l 1984).r Bend sleRgtin
conj unct i ofhgydfbid, feOf lmp%ﬂglﬁ%?g%éfﬁfeéf'fhe %‘IC athe méﬁ?ﬁ'n{crgféhﬁler @onﬁtsé%lg th1998)

in Atraumatic ReStoratlve Frencken at al
t unnel I0esyalve of thesCPRWAbeondainingdaC wamaupemor tsthet af ihercootrob(al(}rﬂ'm t eet h

b oper ty opsia. et used Bl bee PSSR b on AP TTR i 4ol 4Bl The

'?P P’E ‘rg coihic:kha{ss; g:ldeﬁt Vodrives mpenthﬂm; ?ﬁ? tvlnﬁtglg%astglrrldfsec?gt ‘L:Seﬂr?g QFﬁtc lr?Té(;?f ferent
d:flt: Rg C use l’ngqegrét) Eﬁ eiQye; fAftorei Sehaf® t‘ﬂf-'aéﬂységspgl #Afect ed
dentin Speﬁlbl%ﬁﬂé of Q@ﬂémiﬁaé‘u%trélb (BLIITOW]&% ) 199436 agéﬁﬁ Bf al, 2f993) YicSHAN as the

quality, depth and noisture of the dentin substr Burrow at al., 1994;
Tagam 18t @ffect hpoesullsial thivstudys affect the results of this study.

The most common mode of failure in the adhesion between a GIC and the
dentin during microtensile bond strength tests is Type 4, i.e., cohesive failure within
the GIC (Tanumiharja ef al., 2000). This was the predominant mode of failure of the
control GIC found in this study. The predominant mode of fracture for the CPP-

20 ACP-containing GICs, was Type 2, i.e. partial cohesive failure in the GIC and partial
adhesive failure between the GIC and the dentine.

With respect fo the release of ions from the CPP-ACP-containing GIC and
ccontrols, it was shown that the fiuoride release in sodium lactate buffer pH 5.0 was
significantly higher than in water (pH 6.9). This finding has been previously reported

25 for normal GICs (Forss, 1993; Kuhn and Wilson, 1985). However, in this study
fluoride release was significantly higher from the CPP-ACP-coniaining GIC than the
GIC-controls at both pH values which was an unexpected result. Without being
bound by any theory, it would appear that the CPP-ACP promotes the release of
fluoride ions from the GIC, probably by forming casein phosphopeptide-amorphous

30 calcium fluoride phosphate (CPP-ACFP} complexes, which are released from the
cement matrix.

Significantly more inorganic phosphate was released from the CPP-ACP
GIC at both Ph values (5.0 and 6.9) than that released from the control GIC.
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The nost common node of failure in the adhe5| on between a GC and the
dentin during mcrotensile bond strength tests is Type 4, i.e., cohesive
failure within the A C (Tanum harja at al., 2000). This was the
predom naW@ 0HEdW4of failure of the control G C found pemabi280@udy. The
predoni nant node of fracture for the CPP 20 ACP-containing G Cs, was Type
2, i.e. partial cohesive failure in the GC and partial adhesive failure

he. 0o ACP- conloh ebB: k) ratel b R Fim, e P TRt Bor | de

rel ease in aﬁedmmettmaowdwm 85 303109 1eholatin® P Gildrides 1186150 Bighskmrhhan in
water (pH 6.9). Thjs finding has been previouslLy rep orted 25 for nornal

G Cs (For sdor ingganicplinsphda andl Q81 = Qé@S‘YmOIIﬁIBWe\f@rr Ca"F'Hmt kg EheuBigher | uori de
rel ease vagigl slé Eéﬁﬁ etYe 'tl‘ggﬁﬁ fGWﬁF’ecéﬂ?f in Q'caﬁz?c%r&fttﬁ@” the

G Ccontrol s at ues |ch was an une pect resu t hout
bei ng Bousement d@ly'ebIae@rQPP—ACHﬂ)lcmepbppeandlcatas thate tHePR-562CPPeAGPes t he

rel ease of s f robab] by. f ormi ng .casein
bhosphopepEPaelilie: SRHE" s h Bl fentaritsians Vb bl RerAiaRsehic

conpl exes, potentill. are rel eased fromthe cenent matrix. Significantly nore
I nor gani ¢ phosphate was released fromthe CPP-ACP G C at both Ph val ues

(5.0 and 6.9) than that rel eased fromthe control GC 10 11 Novenber 2005
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for fludride, 1.85 O,GIC MCPBFAG:FBrgam c phosphate and 0.92 0. 15
prol /m®2 for c Th meroten stren t he
Gp. AGP: cont ai ri 5 B etaRisd e fifae Alumad ERE o, BoERdsaritlop Acer
conpl exes dafdctatsesred inoim@ shlind %ofdfionAtéte Gsvit B HropareCivio b@ﬁ-sﬁaﬁéﬂoe“ or

restorative/ hase wth an inproved anticariogenic potenti al nple 2
Reni ner al i &g oMradeng xe P avidage 1 & n@ﬂeﬂwdmadheepenmt@ea@eht al ni ng

CPP- ACFP F uﬁéﬂbﬁ’ ofBdthandsdl é—ﬁiﬂ%%f élﬁfac%&e@sl get{}nﬁ&ﬂcéfidigmoﬁﬂ%ur"h

cracks and defects, stored in nornal saline ution were used % prepare
two boxXJshepsaag turbine and air-water coolant. The cavity margins were finished with a sfow-

speed cylindrical diamond bur to achieve a cavo-surface angle as close as

possible to 90°. The teeth were divided into two groups (A, B). Teeth from group A
were restored with a self-curing GIC (Fuji IX GP capsulated, batch No. 140493,
GC International, Tokye, Japan), and teeth from group B, the experimental group,
20 was restored using the same GIC plus 1.56% w/w CPP-ACP prepared as in
Example 1. The GIC liquid and the powder:liquid ratioc for all the specimens
remained as for the commercial product. The materials were mixed at room
temperature, placed into the cavities using a plastic spatula and aliowed to set at
37° C and 100% RH for 1 h. The restorations were finished and polished with fine
25 polishing discs (Soffex, 3M) under running water to ensure all margins are
exposed, and the integrity of each cavo-surface margin was confirmed under a

light microscope at 20x magnification.
The roots of the teeth containing the GIC restoration were cut using a slow-
speed diamond saw under copious water spray. Two coats of nail varnish were
.30 applied to the entire tooth surface, leaving only a 1-mm window around the cavity
| margins. Each tooth was stored in an individual plastic vial containing 25 mL of
acid buffer solution consisting of 2.2 mM calcium chloride, 2.2 mM sodium
dihydrogen orthophosphate and 50 mM acetic acid at pH 5.0. The teeth were
stored in the solution for four days, and the solution was refreshed every 24 h,
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cavities, 7 rrmlong Xx 3 mmwde x 1.5 rrmdeep, al ong the cenent o- enanel
junction of both nesial and distal surfaces, using a cylindrical dianond
bur, high 15 speed turbine and air-water cool ant. The cavity margi ns were
fini shed WPOH4204| o speed cylindrical dianond bur t oPEEAUGIEE632
cavo-surface angle as close as possible to 90. The teeth were divided into
two groups (A, B). Teeth fromgroup A were restored with a self- curing adcC
(Fuji IX Gy He g Yo 4049 0 Japan)
and teeth from grgﬁ% B, eltéﬁrgﬁ{eb)\(:%{gﬂo#eﬁ‘é &emln@fahgfﬁgg{ Igh‘r'[e]?tegr u3| ng t he
samre G G plwﬁeﬂtl@ﬁ%glwlw\amPEuAtﬂmlmhemar mrmtstrom witlx anwhier-tooldtheligghéhd i qui d
and the po uid ratio.for, a ci mens, renai ned r the
comer ci a1 SERomirPiomiay d8 ArbeicRrioBotuedat RS i, e miages S 10€km aced
into the cabkne®s. USTHRY résuMis islidess REre| avaiisted! fd?\/\@@[ohofo?mhtléﬁ ushig C and
100% RH for 1 h. The restorations were finished and polished with fine 25

pol i shiny @clasizeg-fght aigrosgapy wvﬂma\aln@mﬂﬁm@hlmemeﬂw%@er1eam:| Figndk g. ns are
exposed, and thﬁggFE ?%H%Aé &Eut;‘sﬁﬁﬁaf &%ﬁ:&%&&oﬂ‘ﬂ{ ﬂ'len dﬁh under

a |ight mcroscdpe at m eroots cont ai ni ng
the G G rethaGIC msttwahen avith uewnlgﬂel wbtmﬂorsmemg @rw@ddbﬁahemtdmdeeopl ous

wat er spra na i sh lie 0 tlretooth

surface, i%{g ng;ﬁ?y ?th\ﬁ 9‘6@&? ﬁimﬁ&’%@%@@{'ve‘ﬁa lﬁﬁ"ﬁ@ X t oot h

was stor edwnth cﬁamancipmtdamn rﬁnsntziratnsaﬂoa?1 peevided By ltme riedsh gpfiCPRAICFFOUT f er
cal cium chloride, 2.2 nV sodi um_dihydrogen

sol ution consi :

ort hophtlsp 8%?‘5 &BOTW%@@E‘“%SW tha dhe, inclision %@PFEL‘&W%@J‘U%'QST ed in
t he sol uti r h. 11
11 Noverber SO0 G s o4 PR B 3Pl 85 rfiRelefid Rpad bistegés U
fromthe d@hﬂeﬁayaaromd@l@mamramns ri nsed under tap wat er thor oughl y and
cut through the t h anond t one,
produce | ongi tu g 8@%?@%5% %ﬁﬁ&&rg ﬁ’le[ 3:}356’0 "é"re 'Eh?’&‘i '535 The
r elsul ti ng edarhs‘lmﬁ:t:mae deseribaﬂtahﬁvé ouill ib?&bp&iteﬁﬂfdﬁbg@@kﬂ@i iﬂggé art &an(—'j all L and
pol ari rosco w t ujn e as | I bt on nedl um 1g. an
Fig. 2)1% g&"@{n‘i %@Rﬁﬁ%‘ﬁ%’f ﬁ! ded i the $cope of &g IBYentiRn: he dent i ne
adj acent to the GQCrestoration with very little protection being provided

by the fluoride-
TABLES

Table 1. Compressive sirength {(MPa) and net setting' time (s) for CPP-ACP-
containing GIC and controls

20
Group CPP-ACP Compressive strength  Net seiting time
(% wiw)
A 0.00 137.8 = 40.7° 186 = 5
B 0.78 163.7 +24.7 210 =17
C 1.56 169.6 +28.6 226 =35
D 3.91 118.6 125 523 + 35°

® Mean x standard deviation, n = 6. No significant differences in compressive strength
between groups (A, B, C, D).

® Mean = standard deviation; n = 3, _

25 °Significantly.  different from the other setting times (p<0.05).
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releasing G C. Fig, 2 on the other hand shows a poorly forrred subsurface
lesion wth dramatic protection (rem neralisation) provided by the rel ease
of CPP-ACFP 10 fromthe G C. These results show that the inclusion of
CPP- ACP iW082/¢9430 uori de- rel easing G C produces a renap®ebUeoed3z] ity to
remneralize (repair) early stages of decay around G C restorations. O her
advant ages and nodifications to the basic invention and its construction
as descri bed above will be apparent to those skilled in the art and all 15
nmodi fi cat| are | de S59Re .0 h ntion.
TABLES Tablgil ?ﬂﬁ%ﬁg@igﬁ #/ﬁ&%rﬁ%%?ﬁg‘ﬁ g on, 1 %G}Pu"‘ﬁ‘ﬁ({ys'f f or
CPP- ACP- 290 CEBW? oI s 20 Group CPP-ACP Conpressive strength
Net setti ng—tine (O/nw/um A Q.00 137 8 40 7a 186 5h B 078 153.724.7

21017 C 1. G@oﬂlﬁQ 6 28. Bofid6: t 35Mode®f FallGretRr2qied@B350 Mean standard
deviation, n = 6. No ssmah thcant differences in conpressive strength

bet ween groups (A, B, C . ard i 25 C

Si gn| ficantl y different Lr omt hg/?%]% 3&8 nf‘ﬁ?en@ &gﬁ O-'::l;o\ial -

Novenber 2@.66%\/\@\1@2/ 091eg PCH ARB2/ 00632" Tabl@ 2. M40r otens1|71 e bond
strength (¥Bpla ;?Edﬂ)@ﬁ failure on 1.56% w w CPP- ACP-containing G C and

control Group Bon de of Failure Frequency Strength Type 1 b Type 2 Type
3 Type 4 TGpatrolﬁl@es%v/mmm 28 11d 054 17 O 10 17

5

® Mean and standard deviation; significantly different from control group (p<0.05).
® Mode of failure:
Type 1 adhesive failure between the restoration and the dentin;
Type 2 partial adhesive failure between the GIC and the dentin and partial cohesive
10 faflure in the GIC;
Type 3 cohesive failure in the dentin;
Type 4 cohesive failure in the GIC.
¢ Mean frequency value.
Slgmflcantly different from control group (p<0.05).

15
Table 3. Fluoride release from CPP-ACP-containing GIC and contro! at neutral and
acid pH

Fiuoride release (umol/mm?)

Water (pH 6.9) Sodium Lactate

(pH 5.0)

Period CPP-ACP Control CPP-ACP Control

GIC GIC GIC GIC
1 24h 1670 +2.43%"° 1007 +1.20° 3452+8.16°  24.80+0.47°
2Mosh 5.9 +0.79%° 3.17+0.30Y 19.12:4.26° 1450 +1.41¢
3924h  3.35+0.07"° 242+014% 18.61x329°  15.330.89°
Total 2467 +3.99°°  1566+1.58% 72.25+9.99°  54.64+1.38°

20 ‘

 Mean =+ standard deviation, n = 6.
- P Significantly different (p < 0.05) from contro! value at the same pH.
¢ Slgnmcantly different (p < 0.05) from CPP-ACP GIC value at different pH.
- 4 Significantly dlfferent (p < 0.05 from control value at different pH.
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CPP-ACP/ G C 4.00" Control G C7.97 2.61 2 50 10 17 5 a Mean and standard
deviation; significantly different fromcontrol group (p<0.05). b Mde of
failure: Type 1 adhesive failure between the restoration and the dentin;
Type 2 pav¥@pu94¥ehesi ve failure between the G C and t heCrswRioms3and parti al
cohesive 10 failure in the A C, Type 3 cohesive failure in the dentin;
Type 4 cohesive failure in the AC  Man frequency value. d Significantly

di fferent T from
CPP- ACP- cofTr Qgﬁ% rg'ﬁggégﬁﬁﬁﬁppz@"é‘m‘?@iﬁb%@ rﬁc‘#’%“ﬂﬁ&lf{eﬁﬁ g‘ rel ease
(jrmol / mm (pH 6.9) Sodium Lactate (pH 5.0) Period CPP-ACP Control
CPP- ACP Cont+el—G-C G C G CGECist 24 h 16.70—2.43ab.0--10..04— 1. 20d
34.52 8.16 24.80 Caltidm retehse4uimolimk®®) 0. 79b' 3.17 0.30d 19.12 4.26

14.50 11.41 d 3rd hddb+UU70 2. 42 i%&déBlde 0.894
Total 24.67 399b? 6 1.58 d 72.25 9.9 r%g:% acka®g, 20 a Mean
st andard devi ati on_ b Significantly d nt (p < 0.05) from

control valpafogt t heppangi:pH SigsniFeicant | yopipl Agpent (FCcﬁ1thI05) f rom
CPP- ACP d C val ue aéléhfferent pHeicd Slgnlflg@@tly d|ff it ( 0. 05)
from cont e e $ 4

PCT/ AL02100822h - - Y=g
2¥24h - - 0.31 £ 0.07°
3¥24n - - 0.26 + 0.05>
Total - | - 0.92 +0.15°

5 2 No calcium ion release detected.
® Mean + standard deviation, n = 6
¢ Slgnlflcantly different (p < 0.05) from control value at the same pH.
4 Significantly different (p < 0.05) from sample value at different pH.

10
Table 5. Phosphate release from CPP-ACP-containing GIC and contro! at neutral
and acidic pH

Inorganic phosphate release (umol/mm?)

Water Sodium Lactate
(pH 6.9) (pH 5.0)
Period CPP-ACP Control CPP-ACP Control
GIC GIC GIC GIC
124h 0362007  002+000° 0.88=2015"° 053005
2¥o4h  0.09:0.13° 0.01+0.01° 0.48 £0.03° 0.53 = 0.03°
3924h  0.02x0.01° 0.01£0.01® 0.48 £0.05° 0.49 +0.03¢
Total 0.49 +0.10"° 0.15+010° 1.85x0.13"°  1.55+0.06"

15 @ Mean + standard deviation, n = 6.
' ® Significantly different (p < 0. 05) from control value at the same pH.
¢ Slgmflcanﬂy different (p < 0.05) from CPP-ACP GIC value at different pH.
Slgnlflcantly different (p < 0.05) from control vaiue at dlfferent pH.
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Table 4. Calciumrel ease from CPP- ACP-containing G C and control at neutral
and acidic pH Calciumrel ease (pnoll nm) WaterSodi um Lactate (pH 6.9) (pH
5.0) Peri odCPP- ACPCont rol CPP- ACPControl G Cd CGE CA C 15° 24 ha0.35 0.07
1,0,d 2navo42/4982031 t 0.070'd 3 d24h0.26 t 0. 050'd Tot aPCI/82/0063250'd 5 a No
calciumion rel ease detected. b Mean standard deviation, n =6 0
Significantly different (p < 0.05) fromcontrol value at the same pH d

Si gni fi cantﬁ&%é{& ant (p < 0.05) fromsanple value at different pH 10
Tabl e 5. PhoS | ease from CPP- ACP-contai ning G C and control at

Lact at e (B%a"é‘%'@%'( 3 5. RSB obePRI AaCoR TR GERBaRICOht TPIcG BRI 06 C
V' 24 h0. 36 0A7a, b, c0.02: t O 00d0.88 t 0.15b'00.53 0.05" 2nd 24 hO0.09
0.130. 01 0. 0140Pawphopepideswepaiedamdenindusivelipmrierani conditonso. Bgtach.
0. 0500.49 0.03d Total 0.49 0. 10b, c0. 15t 0. 10d1. 850. 13b, c1. 550. 06d 15 a Mean
st andard devi at Boengnds: 9628 Significantly different (p < 0.05) from
control value at the sane pH.
5 Akinmade AO, Nicholson JW (1993). Glass-ionomer cements as adhesives. Part |
fundamental aspects and their clinical relevance. J Mater Scien: Mater in
Medicin 4:93-101.
Bergenholiz G, Cox C, Loesche W, Syed S (1982). Bacterial leakage around
dental restorations: its effect on the dental pulp. J Oral Pathol 11:439-450.
10 Burrow MF, Takakura H, Nakajima M, Inai N, Tagami J, Takatsu T (1994). The
| influence of age and depth of dentin on bonding. Dent Mater 10:241-2486.
Davis EL, Yu X, Joynt RB, Wieczkowski G, Giordano L (1993). Shear strength and
microleakage of light-cured glass ionomers. Am J Dent 6:127-129.
Forss H (1993). Release of fluoride and other elements from light-cured glass
i5 ionomers in neutral and acidic conditions. J Dent Res 72:1257-1262.
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- CLAIMS::1. A conposition for dental restoration includingia ferkddr 2005
restorative material and an effective anpunt of a casein _

phosphopept i de( CPP) - anor phous . cal ci um phosphate (AGP) conpl ex or casein

. phosphopept i de( CPP) - anor phous cal cium 5 fluoride phosphate (ACFP) conpl ex.
2. A conposition for dental restorat1i7on including a dental restorative
material to which has been added an 'effective anount of ACP stabilized by
" phosphopeptides. 3. A conposition for dental restoration including a dental
restorative material to 10 which has been added an effective anount of
ACFP s@bﬁi’ﬁﬁied by phosphopeptides_ 4. A conposition according to any one
of clainms 1 to 3, wherein the CPP includes the am no acid sequence

- Ser (P) - Ser ARbnisitidn-for Bentél rexiasion imoludiog ardinigl restosativeematsrial and agr 2,
wherein the ACP is forned under 15 al kal i ne_ condi A4S o] i on
accor di ng t efegtivieramBpuitm 4f of é’f’sﬁ)ﬁ_‘erBEWR%QGR%®F%T%ﬁu§n%ahH

al kal i ne copgidd r ida@Binpkesptopeptide(@RP Fafiorphivesesalciuime
ACFP al so c@ﬁ?%h%?lpc‘ép)% erei ?Egg ang A@gpgfe i(n th)e rat%ﬁgﬂof n: 1,
whege n is fupride phpsphate (ACBPBcomMPEXnposi ti on according to any one of
clains | to 7, wherein the phosphopeptide 1is obtained by tryptic diggst of
casein. @. A camposition dor deotal deatpratiom inclediag & d@ﬂéﬁ]rﬁ?s{m’é‘ﬁveg,m%ﬁ@?'ef% t he

-phosphopeptide, is_obtained hepi ¢ r 14N hegihfized 4.
conpositi onwgl?gorﬁ?%gtbPSnan“S'ﬁ%%g g& C%cﬁ&e 1%&2# erlg‘i&:ﬁ’Jt t ﬁ%b?ilezﬁ{:aalw 25
restorativepﬁ&ﬁdpabﬂa@s_dent al cenent. Il Ncventber 2005 18 11.A
conposition according to claim 10, wherein the dental cenent is a gl ass

i ononer cement. 12. A conposition according to any one of clains 1 to 11,

wher ei n thepetbmpbiition fodental alestdraticPinchifing candlestatorestrativecrpategablex i s

O g
> % to 80 A)w?r%/ch has been added an effective amount of ACFP stabilized by
| phosphopeptides.

4. A composition according to any one of claims 1 to 3, wherein the CPP includes
the amino acid sequence -Ser(P)-Ser(P)-Sei(P)-.

5. A composition according to either claim 1 or 2, wherein the ACP is formed under

15 alkaline conditions.

6. A composition according to either claim 1 or 3, wherein the ACFP is formed

under alkaline conditions.

7. A composition according to claim 6, wherein the ACFP also contains ACP,

wherein ACP and ACEP are in the ratio of n:1, where n is an integer > 1.

| 20 8. A composition according to any one of claims 1 to 7, wherein the phosphopeptide
is obtained by tryptic digest of casein.

9. A composition according to any one of claims 1 to 7, wherein the phosphopeptide

is obtained by chemical or recombinant synthesis.

10.A composition according to any one of claims 1 to 9, wherein the dental

25 restorative material is dental cement.




5 weight. 13. A conposition according to claim 12 wherein:the1 efchesddrvVeoos
amount is 0.5 to 10% by weight. 14. A conposition according to claim 13
wherein the effective amount is 1 to'5% by weight. 10 15. A conposition
.according to any one of clains 1 to 14, having a pHfrom2 to 10. 16.A
.conmposition according to claiml15, rein the pHis from5 to 9. 17. A
conposition according to claim 16 wherein the pHis from7 to 9. 18. A
“met hod of manufacture of a conposition according to any one of clains | to
17, wher qinat dsinpaiitiesl doeelding ot Hairadtd, twhereli therdentalacementi® 200SSo t he
15 dental restorative material. 19. A nmethod of manufacture of a conposition
accordi ng tiGNGMETEAMEHE- clains | to 17, wherein the method includes the
addi ti on of CPP-ACP conpl ex or CPP- ACFP conplex to the dental restorative

mat eri al .q22R. Géa.ﬁgo,g{io@ ARORMSY ttb cinyaenerdii dgint fatry 1dnaviuirein thersfiective 17,
manuf act ure

or y 20 the nethod accordi | t her ¢l ai r A Jor
the prepar agmotnbpf ghe @BFM@rﬁWR‘PérRIeGE’%ﬁ‘?\gfﬁlec?Wﬁghzﬁq@iﬁﬁ oBrOI"‘? b

preyention ‘%f. %ﬁgtal caries in animals. 21. Use according to claim20
whePein the"8® al is human. 22. A nethod of treatnent and/or prevention of

dental caries in animals including 25 providing the conposi,t.i c I ng
to any ons.Afcorhpisitionlaceording brdaiﬁhﬂ@f“ﬂ&fﬁme@eb%ﬁqq‘i'ge W'ﬁ?ﬂ%?%ﬁﬂ%’dto
ei t her claiﬁ118. rr 19, and applying to teeth in an animal in need of

treat nent aPAM&i9'Prevention. 11 Novenber 2005 19 23. A method according to
claim22 wherein the animal is human. 24. A kit of parts includi n%é%)

dent al rept. pr @sripesition accardingin ¢him CBRvTRIn thepefésctivaramerntapp. by
conpl ex, together with instructions for their use for the preparation of a
conposi ti onWE¥EYr ding to any one of clains 1 to 17. 25. A kit of parts
including (a) dental restorative material, (b) casein phosphopeptides (c)

calqg um i A afpdsiliorPhesntmgeoiznynet ofgaitver 1 w 14, handng adH bag 4 & 10hei r
use

16.A composition according to claim 15, wherein the pH is from 5 to 9.
“{7.A composition according to claim 16 wherein the pHis from 7i09.

18.A method of manufacture of a composition according to any one of claims 1 to
17, wherein the method includes the addition of ACP or ACFP, and CPP to the

15 ' dental restorative material.

19. A method of manufacture of a composition according to any one of claims 1 fo
17, wherein the method inciudes the addition of CPP-ACP complex or CPP-

ACFP complex to the dental restorative matenial.

20.Use of 2 composition according to any one of claims 1 to 17, or manufactured by
20 the method according to either claim 18 or 19, for the preparation of a
medicament intended for the treatment and/or prevention of dental caries in

animals.
21.Use according to claim 20 wherein the animal is human.

92 A method of treatment and/or prevention of dental caries in animals including

25 providing the composition according fo any one of claims 1 to 17, or

| manufactured by the method according to either claim 18 or 19, and applying to
teeth in an animal in need of freatment and/or prevention.




for the preparation of a conposition according to any one ofl Goaksisrl 200
17. 26A kit of parts according to claim?25, further including fluoride
ions. 27.A conposition according to claim1l, substantially as described

. herein with 10 reference to either exanple. 28. A nethod of manufacture
-according to claim18 or 19, substanigﬁ ally as described herein with
"reference to either exanple. 29. Use according to claim 20, substantially
as described herein with reference to either exanple. 15 30. A nethod of
t r eat menty BAGhethod geerdingto okaird @2t wherein thesarimebisdhuiigaio cl ai m 22,
substantially as described herein with reference to either exanple. 31.A

kit of parts accordin 0,.any_.one ' GRldornmsx

descri bec?‘f-%e’f'%? P3sts ﬁ‘cﬁ"éq"@ Z@C%eqtgf ‘ée%'%%‘éiﬂ@%)%;%%ﬁg%do%@lbém Be
and/or CPP-ACFP complex, together with instructions for their use for the
preparation of a composition according te any one of claims 1 to 17.

5 25.A kit of parts including (a) dental restorative material, (b) casein phosphopeptides
(c) calcium ions and (d} phosphate ions, together with instructions for their use

for the preparation of a compaosition according to any one of claims 1 to 17.
26.A kit of parts according to claim 25, further including fluoride ions.

27.A composition according to claim 1, substantially as described herein with

10 reference to either example.

28. A method of manufacture according to claim 18 or 19, substantially as described

herein with reference to either example.

29.Use accordiné to claim 20, substantially as described herein with reference to

- either example.

15 30.A method of treatment and/or prevention of dental caries according to claim 22,
substantially as described herein with reference to either example.

31.A kit of parts according to any one of claims 24 fo 26, substantially as described

herein with reference to either example.

20




