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54y COMPOSITION ANTIMICROBIENNE QUI DETECTE LA

CARIE DENTAIRE

54) ANTIMICROBIAL CARIES-DETECTING COMPOSITION

(57) La presente mvention porte sur une composition
antimicrobienne qui détecte la carie dentaire comprenant
de [’eau et/ou un solvant miscible dans 1’eau, un colorant
capable de colorer la partie d’une dent infectee par la
carie et au moins un agent antimicrobien choisi parmi le
oroupe constitu¢ des microbicides cationiques, des
microbicides de type biguanide et des microbicides de
type diphenylether halogéne. La composition est utilis€e
par les dentistes et autres specialistes des soins dentaires
dans le traitement odontologique des dents carices.

l*l Industrie Canada  Industry Canada

(57) The present invention 1s directed to an antimicrobial
caries-detecting composition comprising water and/or a
water-miscible solvent, a dye capable of staming the
caries-infected part of teeth and at least an antimicrobial
agent selected from the group consisting of cationic
microbicides,  biguanmide-type  microbicides  and
halogenated diphenyl ether-type microbicides. The
composition 1s used by dentists and other dental care
professionals 1 odontological treatment of caries-
infected teeth.
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Abstract
The present invention is directed to an antimicrobial

caries-detecting composition comprising water and/or a
water-miscible solvent, a dye capable of staining the
caries-infected part of teeth and at least an
antimicrobial agent selected from the group consisting of
cationic microbicides, biguanide-type microbicides and

halogenated diphenyl ether-type microbicilides. The

composition is used by dentists and other dental care
professionals in odontological treatment of caries-

infected teeth.
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The present invention relates to an antimicrobial caries-

detecting composition for dental use in odontological treatment

of caries-infected teeth, with which the part of a tooth _asl

infected with cariogenic microbes 1s selectively stained, prior

to removing the infected dertin of‘ the tooth, to facilitate the
removal of the infected pa:r:t@ and'%e present I1nvention relates

more in detail to the composition being capable of sterilizing

and staining the infected part of teeth at the same time. Using

the antimicrobial caries-det'ecting composition of the invention,
the caries-infected dentin can be removed while preventing the
LU TAAMAINDY CvRSL
cavity and / around—it- from being contaminated with highly-
contaminated tissue pieces that may be scattered during the
removal of the infected part. Accord.ingly, providing the
antimicrobia.l caries-detecting composition, the, invention
provides safer treatment of carlies with neither falled removal of

the infected dentin nor re-contamination of +the treated tooth

with the removed infected dentin.

~[Prier—Art]

In conventional treatment of tooth caries for removing‘ the
infected dentin with cariogenic rnicrobes, the infected part i1s
selectively stained so as to clearly differentiate 1t from the
other parts thereby removing the infected dentin as completely as
possible. For that purpose, Japanese Patent Application '(JPA)
Kokail No. Sho-51-38428 has _' proposed "ca.ries-detecting
composition" comprising a basic fuchsine and a mono- or poly-
alcohol, and has produced some results. However, even after such
a caries-detecting composition has been developed, comercia.lized

and widely used, there 1is still no end to the report of pulp

ARTIL MACROBIAL CARIES - DNE TECTISE CorTxs

SWES
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irritation after caries treatment, which is a serious problem in
the field of dentistry.

- On the ether hand', for prevention of caries, JPA Kokai No.
Sho-51-38427 has  proposed "dental plaque or calculus-detecting

composition”, which 1s te stain dental plaque or the 1llke that

adheres_ onto the tooth surface to cause carles, and JPA Kokail No.
Sho-56-96700  has  proposed  "carles  activity-indicating
composition®, which 1nd.'l.cates sufficient daily teeth brushing and
with which ‘the dangerous degree of dental plaque 1s evaluated.
-The former composition compr:l.ses a adye as d:l.ssolved in a poly-
alcohol and/ or water, whilile the latter composition comprises a pH
~indicator 'as dissoived in an aqueous solution of a water-soluble
polymer to which ls added an antibiotic or preservative selected
from chloramphenicol compounds and sodium azide compounds.
Me cause of the dental pulp :er:l.tat ion that has been
‘discussed in those proposals, /ﬁme %r\ce%tes’g‘ probablility 1s that

the restorat:i.ve component will penetrate into dental pulp, and
variotis studies have been made on the penetration in question.
However, even if the restorative component 1tself is embedded
adjacent to dental pulp, this does not cause any serious
irritation. Recently, therefore, a theory of Dbacterial
cariogenesis 1s belng considered significant for the cause of the
dental pulp irritation, which is such that the secondary invasion
J— SUSSERUTAEE (VAN

+1
of oral bacteria into /cavity and the <fatled removal of the

cariogenlic microbes-infected part cause the dental ©pulp
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irritation. The recent studies for the prevention of secondary
invagsion of oral bacterlia into '[évity are directed to the
increase in the adhesiveness between the dental pulp and the
restorative materlal applied thereto to improve ﬁaé sealing the
margin of the restorative material. As a result, recently, the
technique of adhering the restorative material to the dentin has
reached an extremely high level. Accordingly, cases of dental
pulp irritation have decreased in those days, but it could not be

sald that there has been no report of dental pulp irritation

after ‘ca;fies treatment.

The cause 0f the dental pulp irritation that is left to
the last is the failed r.emoval of the caries-infected dentin and
the contamination of fc\:?l./eaned cavity with the caries-infected
tissue pieées that has . been once removed Jjust before the
épplication of a restorative material thereto. Having taken
those problems into consideration, the present inventors have
assiduously studied various materials capable of M
the probabilities of the falled removal of the cariogenic
microbes-infected part from teeth and/or the contamination by the
once-removed infected dentin to the cleaned cavity and
have obtained the following findings.

O a carles-detecting composition could not completely penetrate
into the deepest portion of the caries-infebted part of teeth by

one application, if the infected part is thick. ‘Therefore, a

dentist repeatedly applies the carlies-detecting composition to
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the affected area of a tooth to confirm the infected part, and
bores a cavity' in -the affected part. However, if the dentist has
failed to finally stain the infected part for the last

confirmation . there is a probability that the cariogenic microbes
nov e Aot \Oeon |
could not=be still j removed completely.

@ At the point at which the removal of the infected dentin has
been almost finished, it 1is often difficult to determine as to
~whether or not the dentin had been stained, so that the removal
of the 1infected dentin is often incomplete. In}/":;se that the
c'avit‘f hbottom is tod thin the cutting tool would often penetrate
the dental pulp. In order to evade this trouble, the operating
dentist would often stop the removal of the seemingly slightly
stained part.

€ A so-called smear layer comprising powdere°d dentin is
inevitably formed on the surface of the dentin from which the
infected part has been removed, and there is a probability that
bacteria will remain in the smear layer. -

@ As dentinal tubules are in the surface of the dentin drilled
for the removal of the infected part, the smear layer is pressed
into those dentinal tubules to form a smear plug. It is saild
)C | 'that the smear plug r ?&gu the opening of dentinal tubules,
| have an important iifoll to protect dental pulp from the components

of restorative materials.
However, there 1is a probability that the smear plug may be

infected with cariogenic microbes.
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® There is a probabllity that the highly-contaminated dentin

pleces are scattered around the infected tooth during the removal
of the i1nfected part and they will be mixed with body f£luid such
as saliva, thereby will contaminate again the affected part.

No attempt has  heretofore been made against the
probability of /

The falled removal of the infected dentin must be evaded.
However, even if the infected dentin could not be removed
completely or even if the infected dentin contaminated the
'éffécted pa.ft / sudh shoﬁld .-not caus_e cariogenésis if the bacteria
existing in tﬁe infected dent:Ln are lnactivated. For these, if
‘the cavity formed in an - infected tooth 1is treated with a
microbicldal solution effecfive against caridgenic microbes, the
intended object shall be attained. Some reports for this trial
have been often ixitroduced in wvarious meetings of the dental

society and in various odontological ’journals . However, even if
carious cavities are treated with such a microbicidal solution,
the matter as to whether or not the microbicidal solution could
penetrate throughout the entire region of the infected dentin
depends on the thickness of the infected dentin. The pulp cavity
has its own inner pressure, and the inner fluid in dentinal
tubules flows from the pulp to the surface of the tooth.
Therefore, even 1f a microbicide is applied to the surface of the
:thected dentin, it is 1in fact 'diff:L_cult for the microbicide to

effectively penetrate into the inner depth of the infected dentin.
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Accordingly, if the infected dentin is thick, there 1is a
probability that the microbiclde applied thereto is often

ineffective.
After having DB8H repeatedly studied so as to solve the

above-mentioned problems, the present inventors have reached the

following points of view.

) Where a caries-detecting compoeition is used to stain the
infected dentin %Lé simultaneously sterilizing it, the powdered
dentin formed during a subsequent step of removing the dentin is
ﬁnder steri'lized. coxidit :Lon . Therefore , the da.nger of dental pulp
irritation 'due to the contamination of the powdered dentin to the
affected part is greatly reduced, and .even the danger of
cohtam.tnation of. the adjacent teeth and the ' gums and further the
tools that may J1nduce additional cariogenesis 1s also greatly
- reduced.

@ - Where the 1nfected dentin i1is removed while being

simultaneously stalned for caries detection and sterilized, the

- - wiuly
infected dentin 1s well sterilized with reducing i1ts thickness.

'In this, therefore, even  'the bacteria existing in the depth of
the affected part can be effectively killed. In particular,
a.fter' the last staining for the final confirmation, there exist
no infected dentin :Ln the cavity. Even if some bacteria have re-

adhered to the affected part, they shall be completely free from

bacteria. In these conditions, therefore, satisfactory treatment
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~is ensured. ' On the basis of those findings, the present
:anentors have further studied the following matters 1in order to

f£find ‘m;rt{ an antimicrobial carles-detecting composition.
o\ cn" W 7N O B

The microbicide us&b:‘l:e the invention may be any and

every known one that has heretofore been used in deterg?nts d

‘P ~ W =

microbicidal compositions for dental use. However, L) @ the
"

- preferred are microbilcides capable of killing 99 % or more of 10
thousands bacteria per 1 am3 with a solution having a
microbicidal concentration of 1000 pg/ml for 10 seconds, wherein
‘'said bacteria includes Mutans streptococcl and Lactobacilli,
which are said to be cariogenic bacteria, Streptococcus mitis,
and Actinamyces viscosus, which are said to be bacteria that may

have cariogenicity, and strictly anaerobic bacterias which are

said to cause dental pulp irritation.

@ The microbicides must be soluble in water and/or water-

‘Yf@ miscible solvents.

@ wWnen stored in the composition of the invention, the

é- m:l.crob;l.cides must be stable for a long period of time,

X~ and must not discolor the dye, };U—be—esseat—i&lr—in——the—

< q;mpoanzion{

Among  conventional microbicildes, preferred are - cationic

mic:_r:obicides , biguanide-type microbicides, halogenated diphenyl
ethers and their analogous compounds, as the microbicides for use

in the invention. Of those, more preferred is at least one

15/30
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selectéd frqm ‘.the - group  consisting of cetylpyridinium
hydrochloride, chlorhexidine, trichlosan and irgasan, oOr a
mixture of two or more of them.

‘More preferabljh, the carles-detecting composition of the
invention still has some additional activities even in the stage
of treatment after the removal of the caries-affected part.

Specifically, a polymerizable antimicrobial compound having both
-an antﬂnicrobial group and a polymerizable group in the molecule
does not interfere with the subsequent application of a dental
adheéive t_o the surface of the tooth, even though it remains on
the surface of the dentin, and, in ',add:l.tion, it copolymerizes
with the adhesive _to reinforce the adhesive layer during ' the
restorative operation. Beizig différent from the other
antimicroblal compou.nds that do not polymerize but remain as they
~ are, the polymerizable antimicrobial compound remains in the
restorative material with being chemically bonded to the material
after the dental treatment. Considering the adheslon durability,
therefore, the polymerizable antimicrobial compound is expected
to exhiblt remarkably safe effects. In addition, the compound of
that type is further expected to modify the surface of the dentin
to be more compatible with dental adhesives. The present
inventoxrs have foﬁnd that, as the antimicrobilal compound of that
type, preferred are one or more of“ \;olymerizable antimicrobial
compounds having a (meth)acryloyl or styrene group and a

quaternary ammonium salt group in the molecule and represented by
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formula 1 through formula % [Q.nd———have-*compﬁté'd'“thempreserrb

davention.|

The invention provides an antimicrobial caries-detecting

~composition, which comprises water and/or a water-miscible
solvent, a dye capable of stalning the caries-infected part of
teeth, and at least an 'antim:l.crobial agent selected from the
group _consisting- of dationic .microbicides » biguanide-type
microbicides and halogenated diphenyl ether-type microbicides.
- The invention also provides an antimicrobial caries-
detectihg '.compo"s':l.tion, wh.ich" cbmprises water énd/ or a water-
~miscible solvent, a dye capable of staining the caries-~infected
part of teeth, and at least one polyme.rizabl'e antimicrobial agent
| selected from ' the 'group consisting of cémpounds having a
(me.th) acryloyl or styrene group ‘ and a quaternary ammonium salt

group in the molecule and represented by the following general
formulae 1, 2, 3 and 4:

H,C=C(R1)-C(0)-X-R2-Y (1)

Rl= H or CH3,
R2= alkylene group of C2-C12,
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. “'\{+(R3)3"Z’; Mt >—< :”t’ R 2Z ,

_NTRERY: 2
-NCRBDZ.HCQ) _ D—R3.HC€ S N RZR.Z)

o _.u*(R‘*)_.,_cH,_‘@ z

wherein
' R3 = H or alkyl group of C1-Cis8:
R4 = CH3, CHaCH3, or CHCHRO0H;

'Z = F, Cl, Br, or I;

[H,C=C(RJ)-C(0O)-X-R*-],-Y' - (2)

wherein

RS = H or CH3:

X =0, S, or NH,
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or ,..N@_Qt_ 022,-

R/ = H or alkyl group of Ci-C1s:
R8 = CHij, CH2CH3, or CHpCH20H; |

2 = F, Cl, Br, or I;

H,C=C(R?) -C6H4 -R10.y (3)
VR,

wherein

R? = H or CH3,
R10 = alkylene group of C2-Ci2,

Y = the same as Y in formula (1):;
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H,C=C(R11)-c(0)-A-R12-B1-R13-B2-CH,— < E‘N* ~Rrl4 (4)

wherein
R1l = H or CH3,
RiZ = alkylene group of C1-C12,
- R13 = alkylene group of C1-Ci2,

R14 = alkyl group of C12-C22.

A =0, S, or NH,

B]-,.r B = the same or different groups selected from -CO-, il
~C0y-, -0-, =S-, -ocoNH- and ~NHCO2-,

Z =F, Cl, Br, or 1I.

AsS examples of the microbicides usable- in the

t)/\sz. A AR
antimicrobial caries-detecting composition of the/ invention, M Qs

ineigde- cationic microbicides of various quaternary ammonium

J
salts, of whi is preferred J&s. cetylpyridinium hydrochloride\./

Also preferred are biguanide type microblcides, of which more—

CLAL— VWO p;

preferred—are- various salts of chlorhexid_‘l.ne/ Other preferred C Ao

are halogenated diphenyl ethers and their analogous compounds, of

which especially preferred are trichlosan, irgasan,
J\Lk\ o \o\e \O"f\ AU S

hexachlorophene, etc. As other microbiclides usable 1in the

invention, include thymol., clove oil, homosulfamine,
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nitrofurazone, sulfonamide | preparations, nitrofurazone
derivatives, acridine-type dyes, formalin preparations, alexidine,
cetapron, metafen, sulfbnamide, etc. Among those, especially
preferred are ‘ tr:Lchlo san, i1rgasan, chlorhexidine and
cetylpyridinium hydrochloride. .

Examples of the polymerizable antimicrobial agents for use
in the invention_, include quaternary ammonium salts having a

.(méth)acryloyl group or a styrene group, as those of formula 1,

' and‘ polymeriZable antimicrobial compounds having a
(iriéi:h)acryioyloxj group and- 'é. pyridinium salt group, as those of
fbmula 2. The term, quaternary ammonium salt as referred to
herein includes quaternary ammonium salts in the narrow sense and
pyridinium salts.

. - Of those, espec:l.ally}pr_eferred are

- met hacryloyl oxydo decylpyrid:l.nium bromide,
me thaéryloyl oxyhexaQecylpri dinium .bromi de, |
met hacryloyloxyhexadecylpridinimn bromide,

' -methacryloyloxydode cylpjrid:m ium chloride,

me thadryloyloxyhexade cylpridinium chloride,
methacryloyloxyhexadecylprid:l.nium chloride, N, N-
'd_‘l.methac'yloyloxyethyllauxylbenzylarrmonium bromide, N,N-
dimethaqyloyloxyethyllaurylbenzylammon ium chloride,
methacryloyloxyethyl[4-N- octadecylpyridinylmethyl] succinate
bromide, meﬂxacryloyloxye thyl[4 —N-— octadecylpyridinylmethyl]

succinate chloride, methacryloyloxyethyl[4-N-
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hexadecylpyridinylmethyll succlnate bromide,

| methacry.'l.oyloxyethyl[ 4-N-hexadecylpyridinylmethyl] succinate

| ch_'l.o::ide . methacryloyloxye thyl[4-N-dodecylpyridinylmethyl]
Succinate bromide, methacryloyloxyethyl[4-N-
dodecylpyridinylmethyl] succinate ch.'l.ofide , hexadecyl [4-3-~(5-
methacryloyloxy)valeroyloxy)propyllpyridinium bromide,
hexadecyl[4-(12-methacryloylamino)dodecanoyloxymethyl ]pyridinium

chlor:l.de etc .

chloride 4 -v:mylben zylmethylhexadecylamnonium chloride, 2 -
S tyrylethylmethyldodecylanmonlum chloride, 2~
- styrylethylmethylhexadecylammonium chloride, etc.

' However, antibiotics of some types, sodium azide, phenol,
cresol, hydrogen peroxide., lodoform, hypochlorous acid and the
like microbicldes are unsuitable for the composition of the
invention, since they easlly decompose in the composition or will
decompose or denature the dye existing in the composition, and,
when they remain in the. surface of the dentin, they will probably
interfere with the subsegquent polYmer:l.zation of the radical-

polymerizable composition.
The dye to be used in the antimicrobial caries-detecting

composition of the invention must be soluble in the solvent(s),
and is capable of visually indicating the part intoc which the
composition has penetrated. In addition, the dye must be -these—

that & not removed from the penetrated part, even when the part
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is rinsed with water. Preferably, the color of the dye is

clearly differentiated from that of the natural dentin, and is
capable of' forming a s‘tr:!.king contrast between its color and the
color of the natural dentin. Accordingly, preferred are deep-
'-‘colorf dyes such as red, blue, violet or black dyes. Examples of
those dyes, include  basic fuéhsine, eosine, erythrosine, acidic
- fuchsine, safranine, rose 'be'ngale, Phloxine BK, acid red, fast
acid magenta, Phloxine B, Fast Green FCF, Rhodamine B, gentlian
violet, sodium copper chlbroPhyll,_ laccalc aclid, cochineal, and
shisonin. One or more of those dyes W&n— the; inventilon.
The dye concentration in the composition 1is preferably
from 0.1 to 2 % by weight, more preferably from 0.1 to 1 % by
weight. 1f it is lower than the defined range, the dye could not
satisfactorily stain the inténded region . However, 1if it is
higher than the defined range, the dye would stain even the
second decalcified layer and. even further the healthy area. If
so, the determination of the infected area would be difficult.
The solvent to be used in the composition of the invention
must be so selected that not only it dissolves the dye and the
microbicide l1n the composition but also it reduces the viscosity
of the composition to facllitate the penetration of the
composition into the infected dentin. As the solvent, preferred
is a water-miscible ,solveﬁt which 1is easily miscible with water

in any ratioﬁ to 'g.:i.ve.h ‘a uniform solution. Desirably, the water-

miscible solvent compound has not more than 10 carbon atoms, has
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a polar group, and has a viscosity of not larger than 20 cps.
Especially preferred are organic mono-, di- or tri-hydroxy
compounds having from 2 to 10 carbon atoms, as enhancing the

penetration of the dye into the caries area to promote the clear

coloration of the caries area.
Examples of - those compounds are ethanol, ethylene glycol,
n-propanol, iSOpropanol, l,2-propylene glycol, 1, 3-pr0pylene'
glycol, 1,2-butanediol, 1,3-butanediol, 1,4-butanediol, isobutyl
alcoho.‘l. n—amyl alcohol isoamyl alcohol, diethylene glycol,
triethylene glycol, tetraethylene glycol, ethylene glycol
monomethyl ether, ethylene glycol monoethyl ether, ethylene
glycol monobutyl ether, ethylene glycol monocacetate, diethylene
glycol monoethyl ether, diethylene .glycol monobutyl ether,
.diethylene glycol monoacetate ‘ vtriethylene glycol monomethyl
ether, triethylene glycol monoethyl ether, glycerin, etc. Of
those, preferred are propyié’né glycol and triethylene glycol, as
producing good results.

. %udrcx_\‘)\o_ N D e ) -
As other orga.nic solvents also the invention GAs.

<SP iie. tetrahydrofuran, ~dimethylformamide, dimethylsulfoxide,
dioxane, acetone, dimethoxyethane. Phenol cannot be used in the
invention, as gzgg. too toxic Organic amines, despite.»f their
good ability to fix dyes, are unsuitable for the invention, since
they give an offensive odor and they are harmful to humary, bodtes.

Hydrocarbons are also unsuitable, since they poorly dissolve dyes
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and their ability to fix dyes is much inferior to the dye f:l.x:.ng

ab:Ll:Lty of water.

'As has been meni:ioned hereinabove, these organic solvents
may be used in combination with water, and one or more of them
may be used in mixture. The blending ratio of the solvents may
be sultably determined, depending on the type of the solvents.

The composition of the I1nvention can be prepared easily.
For example , a predete__;:mined amount of the dye and a
predetennined amount of the m:i.crob:l.oide may be added to the

organic solvent d:l.s tilled water or a mixture thereof and

stirred and dissolved thefn at room temperature or under mild

heating. Alternatively, an excessive amount of the dye and an

excessive amount of the microblcide are previously dissolved in
the organic solvent, distilled water or a mixture thereof , and
the organic solvent, distilled water ‘or thelir mixture 1is added to
the resulting solution 'thereby to dilute it to a desired
concentration just before its use. Depending on the combination
of the microbicide and the solvent, the microbicide may be
- difficult to d.:Lssolve in the solvent In such a case, any known
conventional surfactant may be added to the mixture to give a
'unifoﬁn composition.
To apply the antimicrobial caries-detecting composition of
the invention to the cavity of the caries-infected tooth of a
patient, the composition i1s put into a contalner equipped with a

thin long nozzle, and a small amount of the composition is
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d_.topped onto the cavity through the nozzle. One to 10 seconds
after- this applicai:ion, the cavity is rinsed with water. By this
simple operation, Just the remaining first decalcified layer is
clearly stained with the composition, while the second
decalcified layer and the non-linfected dentin are hardly stained
therewith. As a resuit, the part as infected with cariogenic

xfticrobes can be accurately detected 9{( , while, at the same time,

the bacteria existing in the 1nfected area are . killed or
inactivated. . -
o 'I'he inventidh :Ls' further descrlbed with reference to the
following Example.

Various types of dyes, antimicrobial agents and organic
solvents usable in the invention are mi#ed and stirred at room
temperature i:o prepare various detecting ccompositions as in

@\7/[’\9_.

Table 1. These were applied to pzte / cross section of caries-

infected teeth extracted from patients, and tested for their
stain differentiability and microbicidability.

For the stain differentiability, each sample was applied
'to the cross section of the caries-infected tooth. About 5

seconds after the application, the applied area was rinsed with

water and observed as to ,whether or not the caries-infected part
cquld be clearly differentiated f£rom the healthy dentin part on
the basis of the i1ntrinsic color difference a.nd the difference in
hardness between the two parts. From % data, the samples

were evaluated in accordance with the following criteria:
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++: The carles-infected part was clearly stained.
+ : The caries-infected part was stained.

+-: The caries-infected part was slightly stained.
-2 The'caries-infected.part'was hardly stained.

For the microbicidability, each sample was applied to the
caries-infected part of the tooth. Ten seconds after the
application, the tooth 'was rinsed with water, and the stained
pért and the part deeper than the stained part were ground with a
carbide bar attached to an aj_r turbine. The resulting powdered
_‘Eéeth "were put into a gem-free BHI (brain heart infusion) broth
medium, then were treated with ultrasonic wvibrations for 10
minutes, and incubated therein overnight. The growth of the
cariogenic bacteria was obtained from the light absorbance of the
resulting culture. From_the'data.thus obtained, the samples were
evaluated in accordance with the following criteria:

++: The growth of bacteria in the stained powdered teeth
was inhibited, and no bacteria grew in the non-stained teeth.
+-: The growth of bécteria in the stained pOWdered teeth
was inhibited, but bacteria grew in the non-stained teeth.

-~: The growth of bacteria :Ln the stained powdered teeth
was not inhibited at all, and bacteria grew in the non-

stained teeth.
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_mabie}

dvanta of the—~Inveptiony

‘The antimicroblal carles-detecting composition of the
invention is effectilvely used in dental treatment of caries for
removing cariogenic microbes that may be left in the cavity of

' Ghg.
caries-infected teeth. Even if some cariogenic microbes_be left
in the cavity, the antimicroblal caries-detecting composition can
completely kill the remaining microbes thereby effectively
inhibiting the dental pulp lrritation and the secondary caries to

be caused by the remaining microbes.
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HFEttie—of—theInventionl '

/(Cla:l.msf

l. An antimicrobial caries-detecting composition, which
comprises water and/or a water-miscible solvent, a dye capable of
staining the carles-infected part of teeth, and at least an
antimicroblial agent selected from the group consisting of

cationic microbioides ; ‘bliguanide-type microbicides and
halogenated diphenyl ether-type microbicides.

2. The antimicrobial caries-detecting composition
according to Claim 1; wherein said antimicroblal agent is at
least oOne selected from the group consisting of trichlosan,
irgasan, chlorhexidine and cetylpyridinium hydrochloride.

3. An antimicrobial caries-detecting composition, which
comprises water and/oi' a water-misoible solvent, a dye capable of
staining the cariles-infected part of teeth, and at least one
polymerizable antimicrobial ' agent selected from the group
consisting of compounds having a (meth)acryloyl or styrene group
and a quaternary ammonium salt group in the molecule and

represented by the foliowing general formulae 1, 2, 3 and 4:
H,C=C(R1)-C(0)-X-R2-Y (1)

wherelin

Rl= H or CH3,
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R2= alkylene group of C2-C12,

X =0, S, or NH,

IV >z" --N[
/ |

or  ~N( R‘*)ch:-@ z

'wherein
R3 = H or alkyl group of Ci-Cig:
R4 = CH3, CH2CH3, or CHCH20H;

zZ =F, C1, Br, or I:

[H,C=C(R?)-C(0)-X-R*-],-¥' (2)
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Y

wherein
R®> = H or CH3,

R®* = alkylene group of C2-Ci2,

X =0, S, or NH,

Y' = >N¢(Rg)z ,Z’“’) >N1'R‘7__ CHZ@ Z ,

>NTR9<.H2© Z >"’€_—>'R7'Z g
or _NQQL .22

R7 = H or alkyl group of Ci-Ci8:
R8 = CH3, CHCH3, or CH2CH0H;

Z =F, Cl, Br, or I;

H,C=C(R%)-C6H4-R10-Y (3)
Y
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wherein

Rg ."-'-' H oxr CHBI
R10 = alkylene group of C2-Ci2,

- Y =»the same as Y in formula (1);

—m——p

. . - ya
H,C=C(R11l)-c(0) ;-A-Rlz-Bl-R13-BZ-CH2-—-< | N

wherein

-Rl4 (4)

Rl = H or cH3,

R'2 = alkylene group of Ci-Cis,
R13 = alkylene group of C1-Ci2,
rl4

= alkyl group of C12-Coo,
A =0, S, curlﬂi, .

Bl, B2 - the same or different groups selected from -CO-, A,
— C02~, -0O-, -S-, -OCONi'I" .and ~-NHCO2-,
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