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1571 ABsTRAcr 
An oral composition dentifrice comprising an orally 
acceptable vehicle, about 5-30% by weight of a sili- 
ceous polishing agent, a substantially water-insoluble 
noncationic antibacterial antiplaque agent, such as 
2,4,4’-trichloro-2’.hydroxydiphenyl ether (triclosan), 
and an antibacterial-enhancing agent which enhances 
the delivery of said antibacterial agent to, and retention 
thereof on, oral surfaces, wherein said antiplaque agent 
is substantially completely dissolved in saliva present 
during tooth and gum cleaning in a solubilizing agent 
therefor. The solubilizing agent may be a humectant 
polyol such as propylene glycol, dipropylene glycol 
and hexylene glycol; a cellosolve such as methyl cello- 
solve and ethyl cellosolve; a vegetable oil or wax con- 
taining at least about 12 carbon atoms in a straight chain 
such as olive oil, castor oil and petrolatum; or an ester 
such as ethyl acetate, amyl acetate, glyceryl tristearate 
and benzyl benzoate. 



5,344,641 
1 

ANTIBA-ANTIPLAQUEORAL 
COMPOSITION 

This is a division of application Ser. No. 07/754,887 5 
filed Sep. 6, 1991 now U.S. Pat. No. 5,192,530, granted 
Mar. 9,1993 which is a continuation of application Ser. 
No. 07/398,606 filed Aug. 25, 1989, now abandoned, 
which is a conthmation-in-part of application Ser. No. 
07/291,712 Sled Dec. 29, 1988, now U.S. Pat. No. 10 
4,894,220 granted Jan. 16, 1990, and of application Ser. 
No. 07/346,258 filed May 1, 1989, now U.S. Pat. No. 
5,043,154 granted Aug. 27, 1991, which are respectively 
Ser. No. 07/008,901, tiled Jan. 30, 1987, now aban- 
doned. 15 

This invention relates to an antibacterial antiplaque 
oral composition dentifrice. More particularly, it relates 
to an oral composition dentifrice containing a substan- 
tially water-insoluble noncationic antibacterial agent 2. 
effective to inhibit plaque. 

Dental plaque is a soft deposit which forms on teeth 
as opposed to calculus which is a hard calcified deposit 
on teeth. Unlike calculus, plaque may form on any part 
of the tooth surface, partictily including at the gingi- 25 
val margin. Hence, besides being unsightly, it is impli- 
cated in the occurence of gingivitis. 

Accordingly, it is highly desirable to include antimi- 
crobial agents which have been known to reduce plaque 
in oral compositions. Frequently, cationic antibacterial 3o 
agents have been suggested. Moreover, in U.S. Pat. No. 
4$X2,880 to Vinson et al, a compound providing zinc 
ions as an anticslculus agent is admixed with an autibac- 
terial agent effective to retard the growth of plaque 
bacteria A wide variety of antibacterial agents are de- 35 
scriid with the zinc compounds including cationic 
materials such as guanidea and quatemary ammonium 
compounds as well as non-cationic compounds such as 
halogenated salicylanilides and halogentated hydrox- 
ydiphenyl ethers. The noncationic antibacterial anti- 40 
plaque halogentated hydroxydiphenyl ether, triclosan, 
has also been described in combination with zinc citrate 
trihydrate in European Patent Publication 0161.899 to 
Saxton et al. 

The cationic antibacterial materials such as chlorhexi- 45 
dine, benzthoninm chloride and cetyl pyridinium chlo- 
ride have been the subject of greatest investigation as 
antibacterial antiplaque agents. However, they are gen- 
erally not effective when used with anionic materials. 
Noncationic antibacterial materials, on the other hand, 50 
can be compatible with anionic components in an oral 
composition. 

However, oral compositions typically are mixtures of 
nmerous components and even such typically neutral 
materials as humectants can affect performance of such 55 
compositions. 

It is an advantage of this invention that an oral com- 
position dentifrice containing a subsmmially waterin- 
soluble noncationic antibacterial agent and an antibac- 
terial-enhancing agent which enhances the delivery of 60 
said antibacterial agent to, and retention thereof on, oral 
surfacea is provided to inhibit plaque formation. 

It is an advantage of this invention that said antibac- 
terial-enhaucing agents enhance the delivery and reten- 
tion of the antibacterial agent on teeth and on soft oral 65 
tissues. 

It is a further advantage of this invention that such an 
oral composition is provided with a solubiiixmg agent 

2 
which dissolves the noncationic antibacterial agent for 
effective delivery onto soft oral tissues. 

It is a further advantage of this invention that an 
antiplaque oral composition is provided which is effec- 
tive to reduce the occurence of gingivitis. 

Additional advantages of this invention will be appar- 
ent from consideration of the following specification. 

In accordance with certain of its aspects, this inven- 
tion relates to an oral composition dentifrice comprising 
in an orally acceptable vehicle, about 5-30% by weight 
of a siliceous polishing agent, an effective antiplaque 
amount of a substantially water insoluble noncationic 
antibacterial agent, and about 0.054% by weight of an 
antibacterial-enhancing agent which enhances the da 
livery of said antibacterial agent to, and retention 
thereof on, oral surfaces, wherein said oral composition 
comprises a solubiig material for said antibacterial 
agent in amount sufficient to dissolve said antibacterial 
agent in saliva. Typical examples of water insoluble 
noncationic antibacteriaI agents which are particularly 
desirable from considerations of antiplaque effective- 
ness, safety and formulation are: 

Halogenated Diphenyl Ethers 
2’,4,4’-trichloro-2-hydroxydiphenyl ether (Triclosan) 
2,2’-dihydroxy-5,5’-dibromodiphenyl ether. 

Halogenated Salicylanilides 
4’,5diiromosalicylanihde 
3,4’,5-trichlorosalcylanilide 
3,4’,5-tribromosalicylanilide 
2,3,3’,5-tetrachlorosalicylanilide 
3,3,3’,5-tetrachlorosalicylanilide 
3,5-dibromo-3’-trilhtoromethyl salicylanilide 
5-n-octanoyl-3’-tritluoromethyl salicylanilide 
3.5~dibromo-4’-trifluoromethyl salicylanilide 
3,5-dibromo-3’.trilluoro methyl salicylanilide (fluoro- 

phene) 

Methyl 
Ethyl 
hPY1 
IMy 

Bcnoic Esters 

-p-Hydroxyhmzoic Ester 
-pHydmxycnroic Ester 
-pHydroxybewic JS.tcr 
-pHydroxyhmzoio Ester 

Halogenated Carbanilides 
3,4,4’-trichlorocarbanilide 
3-trilluoromethyl-4,4’-dichlorocarbanilide 
3,3,4’-trichlorocarbanilide 

Phenolic Compounds (including phenol and its ho- 
mologs, mono- and poly-alkyl and aromatic halo (e.g. F, 
Cl, Br, I)-phenols, resorcinol and catechol and their 
derivatives and biiphenolic compounds). Such phenolic 
compounds include inter alia: 

Phmol and its Homologs 

Phenol 
2 Methyl 
3 Methyl 
4 Methyl 
4 Ethyl 
2,4-Diithyl 
2,5-Dimcfhyl 
3,4-DiUUthyl 
2.cDimethyl 
4-n Propyl 
Cn-Butyl 

-Phenol 
-Phmol 
-Phenol 
-Phenol 
-Phenol 
-Phenol 
-phcnOl 
-Pbaol 
-Phenol 
-Phenol 
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I , 

-COtltiXUld 

Phenol and its Iiomologs 

.kl-;Qmyl -Phenol 
44X-t-AmyI -Phenol 
4-diCXyl -Phenol 
4-n-Heptyl -PhCU01 

-continued 
Raorcinol and Its Daivativa 

Ethyl -Resorcinol 
5 n-Pmpyl -Rcsotiol 

n-Butyl -Resorcinol 
n-Amy1 -RWXcUlOl 
n-Heryl -Resorcinol 
n-Heptyl -RCSOWid 

2-Methoxy4(2-Propenyl)-Phenol (Eugenol) 2-Isopro- WOCtyl -Resorcinol 
pyl-S-Methyl-Phenol (Thymol) 10 n-Nonyl -Resorcinol 

PhlYlYl -Resorcinol 

Mono- and Poly-Alkyl and Amlkyl Halophenols 

MCthYl 
Ethyl 
n-PmpYl 
n-Butyl 
n-Amy1 
Set-AmyI 
n-Iiexyl 
Cyclohexyl 
n-=-Fd 
n-octyl 
OChlomphenol 
Methyl 
Ethyl 
n-Propyl 
n-Butyl 
n-Amy1 
tett-Amy1 
II-Hexyl 
n-Heptyi 
p-chloropbmol 
0-E-M 
o-Benzyl-m-methyl 
*Bctuyl-I& mdihnethyl 
o-Phmylethyl 
wPhenylethyl-m-methyl 
3-Mclbyl 
3,5-Dk&hyl 
dEthyl-3-methyl 
Cn-Pmpyl-3-methyl 
cipropyl-3-methyl 
tEthyl-3.5dlmetbyl 
6-set ButyWmethyl 
2-im-Propyl-3.5dimetbyl 
aDiiylmethyl-3-methyl 
6-iso-Pmpyl-2ethyl-3-methyl 
z-set Amyl-rs&netbyl 
2-Diethylmethyl-3,Sdimethyl 
6-sc!c octyl-3-methyl 
pBromo~hmol 
Methyl 
Ethyl 
WPrOpYl 
n-Butyl 
n-Amy1 
WC-Amy1 
n-Hexyl 
cyclohexyl 
~Bromo~henol 
tert-Amy1 
n-Hexyl 
n-Pmpyl-m,m-Dimethyl 
2-Phcnyl Phenol 
4-chloro-2-methyl phenol 
4chlom-3-methyl phenol 
4-chlors3,5dimcthyl phenol 
2.4dicblao-3.5-dbethy1 phenol 
3,4~.6-tetnbro~Z-methylphenol 
5-methyl-2-paltylphenol ._ 

-p-chlorophenol 
-p-chlorophcnol 
-pC!hlomphenoI 
-p-Chlomphenol 
-p-Chlomphcnol 
-pchlorophenol 
-pJ.xorophalol 
-pChlomphcnol 
-pchlomphaol 
-pa3lorophmo1 

-c-Chlorophenol 
-o-Chlorophmol 
-o-chloropheno1 
-o-Chlomphaol 
+chlorophmo1 
-O-ChlOrophcllOl 
-o-chlomphenol 
-o-cbJomphenol 

-&hlo&enol 
-p-Chloropholol 
-p-Chlorophmol 
-p-Chlomphenol 
-pChlorophenol 
-p-chloropheno1 
-p-Chlorophenol 
-p-CbIorophenol 
-p-chlorophenol 
-p-Chlorophenol 
-n-ChIorouhenol 

p-Etmmophenol 
-pBmmophenol 
-pBromophenol 
-gBromophenol 
-p-Bromophenoi 
-p-Bmmophmol 
-pBromophmol 
-pBromophmol 

-o-Bromophmol 
-o-Bmmophmol 
o-Bromophenol 

4-lsopropylJ-wthylphenol 
S-chloro-Z-hydroxydiphenyl methane 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

Ruorcmol and Its Derivatives 

RCSOlCinOl 
Methyl -RCSO&Il0l 

Benz;1 
Phenylethyl 
Phenylpropyl 

!zLEF 
Y-cbloro 
5-Bromo 
4’-Bmmo 

-RWXCiU01 
-Resorcinol 
-Reaorcinol 
-Resorcinol 
-2,4-Diiydroxydiphenyl Methane 
-Z&Dihydroxydiphenyl Methane 
-2,~Dihydroxydiphenyl Methane 
-2,4-Dihydm%ydiphenyl M*hane 

Bisphenolic Compounds 
E&phenol A 
2,2’-methylene bis (4chlorophenol) 
2,2’-methylene bis (3,4,6-trichlorophenol) (hexachloro- 

phene) 
2,2’-methylene bis (4-chloro-6-bromophenol) 
bii (2-hydroxy-3,klichlorophenyl) sulfide 
bii (2-hydroxy-5-chIorobenxyl) sulfide 

The noncationic antibacterial agent is present in the 
oral composition in an effective antiplaque amount, 
typically about O.Ol-5% by weight, preferably about 
0.03-l% and most preferably about 0.3-0.5%. The anti- 
bacterial agent is substantially water-insoluble, meaning 
that its solubility is less than about 1% by weight in 
water at 25’ C. and may be even less than about 0.1%. 

The preferred halogenated diphenyl ether is triclo- 
sari. The preferred phenolic compounds are phenol, 
thymol, eugenol, hexyl resorcinol and 2,Z’methylene bis 
@-chloro-6-bromophenol). The most preferred antibac- 
terial antiplaque compound is triclosan. Triclosan is 
disclosed in aforementioned U.S. Pat. No. 4,022,880 as 
an antibacterial agent in combination with an antical- 
culus agent which provides zinc ions and in German 
Patent Disclosure 3,532,860 in combination with a 
copper compound. In European Patent Disclosure 
0278744 it is disclosed in combination with a tooth de- 
sensitiziig agent containing a source of potassium ions. 
It is also disclosed as an antiplaque agent in a dentifrice 
formulated to contain a lamellar liquid crystal surfac- 
tant phase having a lamellar spacing of less than 6.0 nm 
and which may optionally contain a zinc salt in pub- 
lished European Patent Application 0161898 of Lane et 
al and in a dentifrice containing zinc citrate trihydrate in 
published European Patent Application 0161899 to 
Saxton et al. In European Patent Application 271332 a 
typical drug release system which could include triclo- 
san in a toothpaste is described which contains a solubi- 
king agent such as propylene glycol. 

The antibacterial-enhancing agent (AEA) which en- 
hances delivery of said antibacterial agent to, and reten- 
tion thereof on, oral surfaces, is employed in amounts 
effective to achieve such enhancement within the range 
in the oral composition of about 0.05% to about 4%, 
preferably about 0.1% to about 3%, more preferably 
about 0.5% to about 2.5% by weight. 

AEA polymeric materials of the present invention 
include those which can be characterized as having 
utility as dentifrice adhesives or fmtives or dental ce- 
ments. For example, U.S. Pat. Nos. 4,521,551 and 
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4,375,036, each to Chug et al, describe commercially 
available copolymer of methylvinyl ether-maleic anhy- 
dride (Gantrex) as a denture fixative. However, there 
has not been recognition in the prior art that adhesives, 
fixatives or cements when applied in water soluble or 5 
water swellable form together with substantially water 
insoluble non-&ionic antibacterial antiplaque agents 
could enhance the antibacterial activity of such agents. 
Further, in U.S. Pat. No. 4,485,09O to Chang, Gantrez 
AN copolymer is mentioned among polymeric anionic 10 
membrane+forming materials which attach to a tooth 
surface to form a hydrophobic barrier which reduces 
elution of a previously applied therapeutic caries pro- 
phylactic fluoride compound. Again, there is no recog- 
nition that such polymeric material could enhance the l5 
antibacterial activity of substantially water insoluble 
non-cationic antibacterial antiplaque agents. 

This AEA may be a simple compound, preferably a 
polymerixable monomer, more preferably a polymer, 
which latter term is entirely generic, including for ex- 2o 
ample oligomers, homopolymers, copolymers of two or 
more monomers, ionomers, block copolymers, graft 
copolymers, cross-linked polymers and copolymers, 
and the like. The AEA may be natural or synthetic, and 
water insoluble or preferably water (saliva) soluble or 25 
swellable (hydratable, hydrogel forming). It has an 
(weight) average molecular weight of about 100 to 
about l,OOO,OOO, preferably about 1,OOO to about 
l,OOO,OOO, more preferably about 2,000 or 2,500 to about 
250,000 or 5OO,OOO. 

3. 

The AEA ordinarily contains at least one delivery- 
enhancing group, which is preferably acidic such as 
sulfonic, phosphinic, or more preferably phosphonic or 
carboxylic, or salt thereof, e.g. alkali metal or ammo- 35 
nium, and at least one organic retention-enhancing 
group, preferably a plurality of both the delivery- 
enhancing and retention-enhancing groups, which latter 
groups preferably have the formula -(X)-R wherein 
X is 0, N, S, SO, SOz, P, PO or Si or the like, R is 
hydrophobic alkyl, alkenyl, acyl, aryl, alkaryl, sralkyl, 4~ 
heterocyclic or their inert-substituted derivatives, and n 
is zero or 1 or more. The aforesaid “inert-substituted 
derivatives”, are intended to include substituents or R 
which are generally non-hydrophilic and do not signifl- 45 
csntly interfere with the desired functions of the AEA 
as enhancing the delivery of the antibacterial agent to, 
and retention thereof on, oral surfaces such ss halo, e.g. 
Cl, Br, I, and carbo and the like. Illustrations of such 
retention-enhancing groups are tabulated below. 50 

0 X -00.R 
0 - 

1 0 

N 

S 

so 

s2 

P 

PO 

metb~l, ethvl. ~rou~l. butvl. isobutvl. t-bntvl. 
CYdohrrYL-lllyl, iin& &nyl, ci&oph;ayl. 
XylYl. PvriayL fmmyl, acctyl, benzoyl. butyxyl, 55 
tcrepllthaIoyl etc. 
ethoxy. b=yloxy. thioncttoxy, phenoxy. 
carboctboxy. clrbobenryIoxy, etc. 
ethylamino. diethytamino, pmpylamido. 
knzykmino, knzoylrmido. pbmylacetamidcl, etc. 
thiobutyl thioisobutyl. tbiosnyl, thiobaql, a 
thiophcnyl thioprqionyl, phayl~yl, 
thio&ozoyl etc. 
~W~~W. ~YlsalfOxy, knzylsulfoxy. 
pbcnyIsulfoxy. etc. 
~tylmlfonY1 ~YsulfonYl, wJsllfmy2 
phenyldfmyl. etc. 
dkthyphO~hinyl. ethylvinylphosphinyl, 

65 

e~Ylwlphosphinyl. etbylbenzylphosphinyl, 
etbylphenylphoaphinyl, etc. 
diethylphoaphinoxy, ethylvinylphosphinoxu. 

-continued 
n X -GM 

methylaIIyIphosphinoxy, mahylbcmyphospbinoxy, 
mbylphenylphosphimxy, etc. 

Si himeth~y~ dlmcthyIbutylsiIyl, 
diiethylhalzylsiIy1 diiethy1vlnylsily1, 
dimethyldlylsilyl, etc. 

As employed herein, the delivery-enhancing group 
refers to one which attaches or substantively, adhe- 
sively, cohesively or otherwise bonds the AEA (carry- 
ing the antibacterial agent) to oral (e.g. tooth and gum) 
surfaces, thereby “delivering” the antibacterial agent to 
such surfaces. The organic retention-enhancing group, 
generally hydrophobic, attaches or otherwise bonds the 
antibacterial agent to the AEA. thereby promoting 
retention of the antibacterial agent to the ABA and 
indirectly on the oral surfaces. In some instances, at- 
tachment of the antibacterial agent occurs through 
physical entrapment thereof by the AEA, especially 
when the ABA is a cross-linked polymer, the structure 
of which inherently provides increased sites for such 
entrapment. The presence of a higher molecular weight, 
more hydrophobic cross-linking moiety in the cross- 
linked polymer still further promotes the physical en- 
trapment of the antibacterial agent to or by the cross- 
linked AEA polymer. 

Preferably, the ABA is an anionic polymer compris- 
ing a chain or backbone containing repeating units each 
preferably containing at least one carbon atom and 
preferably at least one directly or indirectly pendant, 
monovalent delivery-enhancing group and at least one 
directly or indirectly pendant monovalent retention- 
enhancing group geminally, vicinally or less preferably 
otherwise bonded to atoms, preferably carbon, in the 
chain. Less preferably, the polymer may contain deliv- 
ery-enhancing groups and/or retention-enhancing 
groups and/or other divalent atoms or groups as links in 
the polymer chain instead of or in addition to carbon 
atoms, or as cross-linking moieties. 

It will be understood that any examples or illustra- 
tions of AEA’s disclosed herein which do not contain 
both delivery-enhancing groups and retention enhanc- 
ing groups may and preferably should be chemically 
modified in known manner to obtain the preferred 
AEA’s containing both such groups and preferably a 
plurality of each such groups. In the case of the pre- 
ferred polymeric AEA’s, it is desirable, for maximizing 
substantivity and delivery of the antibacterial agent to 
oral surfaces, that the repeating units in the polymer 
chain or backbone containing the acidic delivery en- 
hancing groups constitute at least about lo%, prefera- 
bly at least about SO%, more preferably at least about 
80% up to 95% or 100% by weight of the polymer. 

According to a preferred embodiment of this inven- 
tion, the AEA comprises a polymer containing repeat- 
ing units in which one or more phosphonic acid deliv- 
ery-enhancing groups are bonded to one or more car- 
bon atoms in the polymer chain. An example of such an 
AEA is poly (vinyl phosphonic acid) containiig units of 
the formula: 

- tCHz-?- 

pO3H2 

I 
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which however does not contain a retention-enhancing 
group. A group of the latter type would however be 
present in poly (I-phosphonopropcne) with units of the 
formula: 

5 

-T-T- 
I1 

CH3 Po3Hz 

A preferred phosphonic acid-containing AEA for use 10 
herein is poly @eta styrene phosphonic acid) containing 
units of the formula: 

--[a-I-CHI- 
\ \ 

Ph Po3H2 

III 
15 

wherein Ph is phenyl, the phosphonic dclivery-enhan~ 
ing group and the phenyl retention-enhancing group 
being bonded on vi&al carbon atoms in the chain, or a 2. 
copolymer of beta styrene phosphonic acid with vinyl 
phosphonyl chloride having the units of the foregoing 
formula III alternating or iu random association with 
units of formula I above, or poly (alpha styrene phos- 
phonic acid) containing units of the formula: 25 

-[CHz-Cf-- 

Pi! ’ m3H2 

IV 

in which the delivery-and retention-enhancing groups 30 

are gemiually bonded to the chain. 
These styrene phoaphonic acid polymers and their 

copolymers with other inert ethylenically unsaturated 
monomers generally have molecular weights in the 
range of about 2,000 to about 34CK0, preferably about 35 
2,500 to about 10,000. Such “inert” monomers do not 
significantly interfere with the intended function of any 
copolymer employed as an AEA herein. 

Other phosphonic-wntaining polymers include, for 
example, phosphonated ethylene having units of the 40 
formula. 

where n may for example be an integer or have a value 45 
giving the polymer a molecular weight of about 3,ooO; 
and sodium poly @utene+&diphosphonate) having 
units of the formula: 

-rm2-c?T- 
C&-CH < eOflazk 

vI 50 

and poly (ally1 bis (phosphonoethyl) amine) having 
units of the formula: 

55 

1CH2-TH ---I 
CH2-N < {--cZ~SHd2 

Other phosphonated polymers, for example poly (ally1 60 
phosphono acetate), phosphonated polymetbacrylate, 
etc. and the geminal diphosphonate polymers disclosed 
in EP Publication 0321233 may be employed herein as 
AEA’s, provided of course that they contain or are 
modified to contain the above-defined organic reten- 65 
tion-enhancing groups. 

The alpha- and beta- styrene phosphonic acid poly- 
mers and copolymers with other ethylenically unsatu- 

rated monomers may in general be prepared by heating 
the monomers or mixtures of monomers, preferably 
under nitrogen, in the presence of an effective amount, 
e.g. about 3-S%, of a radical initiator, e.g. AIBN, ben- 
zoyl peroxide, t-butyl hydroperoxide, persulfate or the 
like, neat or as solutions in an inert solution such as 
acetonitie, methylene chloride or 1,2-dichlorome- 
thane; at elevated temperatures, e.g. about 125’ C. or at 
solvent reflux, for periods of about 8 to 200 hours. The 
crude polymeric products after removal of any inert 
solvent, is mixed with water and the aqueous mixture 
adjusted to a pH of about S-10, e.g. with aqueous so- 
dium hydroxide. After filtration of any solid impurities, 
the filtrate solution is dialyzed against water (e.g. at 
3500 Dalton cutoff), and the purified polymer isolated 
from the retentate solution as by lyophylization. 

According to another preferred embodiment, the 
AJ3A may comprise a synthetic anionic polymeric poly- 
carboxylate. Although not used in the present invention 
to coact with polyphosphate anticalculus agent, syn- 
thetic anionic polymeric polycarboxylate having a mo- 
lecular weight of about 1,000 to about 1,000,000, prefer- 
ably about 30,COO to about 500,OGQ has been used as an 
inhibitor of alkaline phosphatase enzyme in optimizing 
anticalculus effectiveness of linear molecularly dehy- 
drated polyphosphate salts, as disclosed in U.S. Pat. No. 
4,627,977 to Gaffar et al. Indeed, in published British 
Patent Publication 22 00551, the polymeric polycar- 
boxylate is disclosed as an optional ingredient in oral 
compositions containing linear molecularly dehydrated 
polyphosphate salts and noncationic antibacterial agent. 
It is further observed, in the context of the present 
invention that such polycarboxylate when containing or 
modified to contain retention-enhancing groups is 
markedly effective to enhance delivery and retention of 
the noncationic antibacterial, antiplaque agent to dental 
surfaces when another ingredient with which the poly- 
meric polycarboxylate would coact (that is, molecu- 
larly dehydrated polyphosphate) is absent; for instance, 
when the ingredient with which the polymeric polycar- 
boxylate coacts is especially the noncationic antibacte- 
rial agent. 

Synthetic anionic polymeric polycarboxylates and 
their complexes with various cationic germicides, zinc 
and magnesium have been previously disclosed as an- 
ticalculus agents per se in, for example U.S. Pat. No. 
3.429.963 to Shedlovskv: U.S. Pat. No. 4.152.420 to 
daff&; U.S. Pat. No. 31456,480 to Dichter-et-k; U.S. 
Pat. No. 4,138,477 to Gaffar; and U.S. Pat. No. 
4,183,914 to Gaffar et al. It is to be understood that the 
synthetic anionic polymeric polycarboxylates so dis- 
closed in these several patents when containing or mod- 
ified to contain the retention-enhancing groups defmed 
above are operative as AELA’s in the compositions and 
methods of this invention and such disclosures are to 
that extent incorporated herein by reference thereto. 

These synthetic anionic polymeric polycarboxylates 
are often employed in the form of their free acids or 
preferably partially or more preferably fully neutralized 
water soluble or water-swellable (bydratable, gel form- 
ing) alkali metal (e.g. potassium and preferably sodium) 
or ammonium salts. Preferred are 1:4 to 4: 1 copolymers 
of maleic anhydride or acid with another polymerizable 
ethylenically unsaturated monomer, preferably methyl 
vinyl ether/maleic anhydride having a molecular 
weight (M.W.) of about 30,OCO to about l,ooO,OCQ more 
preferably about 30,OCKl to about 500,000. These wpoly- 
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mers are available for example as Gantrez e.g. AN 139 
(M.W. 5OO,WO), AN. 119 (M.W. 250,000); and prefera- 
bly S-97 Pharmaceutical Grade (M.W. 70,000), of GAP 
Corporation. 

Gther AEA-operative polymeric polycarboxylates 
containing or modified to contain retention-enhancing 
groups include those disclosed in U.S. Pat. No. 
3,956,480 referred to above, such as the 1: 1 copolymers 
of maleic anhydride with ethyl acrylate, hydroxyethyl 
methacrylate, N-vinyl-2-pyrollidone. or ethylene, the 
latter being available for example as Monsanto EMA 
No. 1103 M.W. IO,ooO and EMA Grade 61, and 1:l 
copolymers of acrylic acid with methyl or hydroxy- 
ethyl methacrylate, methyl or ethyl acrylate, isobutyl, 
isobutyl vinyl ether or N-vinyl-2-pyrrolidone, 

Additional operative polymeric polycarboxylates 
disclosed in above referred to U.S. Pat. Nos. 4,138,477 
and 4,183,914, containing or modified to contain reten- 
tion enhancing groups include copolymers of maleic 
anhydride with styrene, isobutylene or ethyl vinyl 
ether, polyacrylic, polyitaconic and polymaleic acids, 
and sulfoacrylic oligomers of M.W. as low as l,OOB, 
available as Uniroyal ND-2. 

Suitable generally are retention-enhancing group- 
containing polymerized olefmically or ethylenically 
unsaturated carboxylic acids containing an activated 
carbon-to-carbon oletinic double bond and at least one 
carboxyl group, that is, an acid comaining an oletinic 
double bond which readily functions in polymerization 
because of its presence in the monomer molecule either 
in the alpha-beta position with respect to a carboxyl 
group or a part of a terminal methylene grouping. Illus- 
trative of such acids are acrylic, methacrylic, ethacry- 
lit, alpha-chloroacrylic, crontonic, beta-acryloxy propi- 
onic, sorbic, alpha-chlomorbic, cinnamic, beta-styryla- 
crylic, muconic, itaconic, citraconic, mesaconic, glut- 
aconic, aconitic, alpha-phenylacrylic, 2-benzyl acrylic, 
2cyclohexylaorylic, angelic, mnbellic, tkmaric, maleic 
acids and anhydrides. Other dliTerent olefinic monomer 
copolymerixable with such carboxylic monomers in- 
clude vinylacetate, vinyl chloride, dimethyl maleate 
and the like. Copolymers ordinarily contain sufkient 
carboxylic salt groups for water-solubility. 

Also nsefid herein are so-called carboxyvinyl poly- 
mers disclosed as toothpast components in U.S. Pat. No. 
3,980,767 to Chown et al; U.S. Pat. No. 3,935,306 to 
Roberta et al; U.S. Pat. No. 3,919,409 to Perla et al, U.S. 
Pat. No. 3,911,904 to Harrison, and U.S. Pat. No. 
3,711,604 to Colodney et al. They are commercially 
available for example under the t.demarka carbopol 
934, 940 and 941 of B. F. Goodrich, these products 
consisting essentially of a colloidally water-soluble pol- 
ymer of polyacrylic acid crosslhkd with from about 
0.75% to about 2.0% of polyallyl sucrose or polyallyl 
pentaerythritol as cross linking agent, the cross-linked 
structure and cross-linkages providing the desired re- 
tention-enhancement by hydrophobicity and/or physi- 
cal entrapment of the antibacterial agent or the like. 
Polycarbophil is somewhat similar, being polyacryllc 
acid cross-linked with less than 0.2% of divinyl glycol, 
the lower proportion, molecular weight and/or hydro- 
phobicity of this cross-linking agent tending to provide 
little or no retention enhancement. 2,5-dimethyl-1,5- 
hexadiene exemplifies a more effective retention- 
enhancing cross-linking agent. 

The synthetic anionic polymeric polycarboxylate 
component is most often a hydrocarbon with optional 
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halogen and O-comaining substituents and lib&ages as 
present in for example ester, ether and OH groups. 

The AEA may also comprise natural anionic poly- 
meric polycarboxylates containing retention-enhancing 
groups. Carboxymethyl cellulose and other binding 
agents gums and film-formers devoid of the above- 
defined deliveryenhancing and/or retention-enhancing 
groups are ineffective as AEA’s. 

As illustrative of AEA’s containing phospbinic acid 
and/or sulfonic acid delivery enhancing groups, there 
may be mentioned polymers and copolymers containing 
units or moieties derived from the polymerization of 
vinyl or ally1 phosphinic and/or sulfonic acids substi- 
tuted as needed on the 1 or 2 (or 3) carbon atom by an 
organic retention-enhancing group, for example having 
the formula -(X)-R defined above. Mixtures of these 
monomers may be employed, and copolymers thereof 
with one or more inert polymerixable ethylenically 
unsaturated monomers such as those described above 
with respect to the operative synthetic anionic poly- 
meric polycarboxylates. As will be noted, in these and 
other polymeric AEA’s operative herein, usually only 
one acidic delivery-enhancing group is bonded to any 
given carbon or other atom iu the polymer backbone or 
branch thereon. Polysiloxanes containing or modiied 
to contain pendant delivery-enhancing groups and re- 
tention enhancing groups may also be employed as 
AEA’s herein Also effective as AEA’s herein are iono- 
mers containing or modified to contain delivery-and 
retention-enhancing groups. Ionomers are described on 
pages 546-573 of the Kirk Othmer Encyclopedia of 
Chemical Technology, third edition, Supplement Vol- 
ume, John Wiley & Sons, Inc. copyright 1984, which 
description is incorporated herein by reference. Also 
effective as AEA’s herein, provided they contain rare 
modified to contain retention-enhancing groups, are 
polyesters, polynrethanes and synthetic and natural 
polyamides including proteins and proteinaceous mate- 
rials such as collagen, poly (argeniue) and other poly- 
merized ammo acids. 

Without being bound to a theory, it is believed that 
the AEA, especially polymeric AEA, is generally and 
desirably an anionic film forming material and is 
thought to attach to tooth surfaces and form a continu- 
ous film over the surfaces, thereby preventing bacterial 
attachment to tooth surfaces. It is possible that the non- 
cationic antibacterial agent forms a complex or other 
form of association with the AEA, thus forming a film 
of a complex or the like of the two over tooth surfaces. 
The fti forming property of the AEA and the en- 
hanced delivery property of the AEA and the enhanced 
delivery and retention of the antibacterial agent on 
tooth surfaces due to the AEA appears to make tooth 
surfaces unfavourable for bacterial accumulation partic- 
ularly since the direct bacteriostatic action of the anti- 
bacterial agent controls bacterial growth. Therefore, 
through the combination of three modes of actions: 1) 
enhanced delivery, 2) long retention time on tooth sur- 
faces, and 3) prevention of bacterial attachment to tooth 
surfaces the oral composition is made efficacious for 
reducing plaque. Siiar antiplaque effectiveness is 
attained on soft oral tissue at or near the gum line. 

In the oral preparation dentifrice, an orally accept- 
able vehicle including a water-phase with humectant is 
present. The humecant is preferably glycerine and/or 
sorbitol. Water is present typically in amount of at least 
about 3% by weight, generally about 3-35% and glyc- 
erine and/or sorbitol typically total about 6.5-75% by 
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weight of the oral preparation dentifrice, more typically 
about lO-75%. Moreover,, there is also present with the 
water-humectanf vehicle a material which is particn- 
larly effective to dissolve the antibacterial agent in sa- 
liva, typically in amount of about 0.5-50% by weight. 5 
Together with this sohmihxing material, the water- 
humectant phase typically amounts to about IO-80% by 
weight of the oral preparation dentifrice Reference 
hereto to sorbitol refers to the material typically as 
available commercially in 70% aqueous solutions. Sig- 10 
n&ant amounts of polyethylene glycol, particularly of 
molecular weight of 600 or more, should be avoided 
since polyethylene glycol effectively inhibits the anti- 
bacterial activity of the noncationic antibacterial agent. 
For instance, polyethylene glycol (PEG) 600 when 15 
present with triclosan in a weight ratio of 25 triclosan: 1 
PEG 600 reduces the antibacterial activity of triclosan 
by a factor of about 16 from that prevailing in the ab- 
sence of the polyethylene glycol. 

Materials which substantially dissolve the antibacte- 20 
rial agent, to permit its delivery to the soft oral tissues at 
or near the gumline, are employed in the present inven- 
tion. Typical solubilizing materials include the humec- 
tam polyols such as propylene glycol, dipropylene gly- 
co1 and hexylene glycol, cellosolves such as methyl 25 
cellosolve and ethyl cellosolve, vegetable oils and 
waxes containing at least about 12 carbon atoms in a 
straight chain such as olive oil, castor oil, and petrola- 
turn and eaters such as amyl acetate, ethyl acetate, glyc- 
eryl tristearate and benxyl benxoate. Propylene glycol is 30 
preferred. As used herein, “propylene glycol” includes 
1,Zpropylene glycol and 1.3-propylene glycol. 

When the amount of substantially water-insoluble 
noacationic antibacterial agent is low, say up to about 
0.3% by weight, as little as about 0.5% by weight of the 35 
solubilixing agent can be sufficient to solubilixe the 
antibacterial agent. When higher amounts such as at 
least about 0.5% by weight, of antibacterial agent are 
present, it is desirable that at least about 5% by weight, 
typically up to about 20% or more by weight, of the 40 
solubiig agent be present. 

The pH of oral preparation dentifrice of the invention 
is generally in the range of about 4.5 to about 9 or 10 
and preferably about 6.5 to about 7.5. It is noteworthy 
that the compositions of the invention may be applied 45 
orally at a pH below 5 without substantially decalcify- 
ing or otherwise damaging dental enamel. The pH can 
be controlled with acid (e.g. citric acid or benaoic acid) 
or base (e.g. sodium hydroxide) or buffered (as with 
sodium citrate, benxoate, carbonate, or bicarbonate, 50 
d&odium hydrogen phosphate, sodium dihydrogen 
phosphate, etc.). 

In this invention, the oral composition dentifrice may 
be substantially gel in character, such as a gel dentifrice. 
Such gel oral preparations generally contain silaneous 55 
dentally acceptable polishing material. Preferred polish- 
ing materials include crystalline silica having particle 
sixed of up to about 5 microns, a mean particle sixe of up 
to about 1.1 microns, and a surface area of up to about 
50,000 cm.2/gm., silica gel or colloidal silica and corn- 60 
plex amorphous alkali metal alum&silicate. 

When visuahy clear or opacifled gels are employed, a 
polishing agent of colloidal silica, such as those sold 
under the trademark SYLOID as Syloid 72 and Syloid 
74 or under the trademark SANTGCEL as Santocel 65 
100 or alkali metal aluminosilicate complexes (that is, 
silica containing alumina combined in its matrix) are 
particularly useful, since they are con&ant with gel- 

like texture and have refrztive indices close to the 
refractive indices of gelling agent-liquid (including 
water and/or humectant) systems commonly used in 
de&ices. 

The polishing material is generally present in the oral 
composition dentifrices such as toothpaste cream paste 
or gel compositions in weight concentrations of about 
5% to about 30%. 

In a gel toothpaste, the liquid vehicle may typically 
comprise about 3-35% by weight of water, such as 
about 10-35%, and humectant in an amount ranging 
from about 6.5% to about 80%, such as about 10% to 
about 80% by weight of the preparation. In clear gels 
where the refractive index is an important consider- 
ation, about 3-30% of water, 0 to about 70% of glycer- 
ine and about 20-25% of sorbitol are preferably em- 
ployed. The solubilixing material, typically present in 
amount of about 0.5-20% or more by weight, may be 
considered to be a part of the liquid vehicle in the oral 
preparation dentifrice as prepared. As indicated, the 
solubilixing materials include polyol humectants such as 
propylene glycol and dipropylene glyccl. 

The oral composition dentifrices typically contain a 
natural or synthetic thickener or gelling agent in pro- 
portions of about 0.1 to about lo%, preferably about 0.5 
to about 5%. A suitable thickener is synthetic hectcrite, 
a synthetic colloidal magnesium alkali metal silicate 
complex clay available for example as Laponite (e.g. 
CP, SP 2002,/D) marketed by Laporte Industries Lii- 
ited. Laponite D analysis shows, approximately by 
weight., 58.00% SiOz, 25.40% MgO, 3.05% Na20, 
0.98% LisO. and some water and trace metals. Its true 
specific gravity is 2.53 and it has an apparent bulk den- 
sity (g./ml. at 8% moisture) of 1.0. 

Other suitable gelling agents or thickeners include 
Irish moss, i-carrageenan, gum tragacanth, starch, poly- 
vinylpyrrolidone, hydroxyethypropyl cellulose, hy- 
droxybutyl methyl cellulose, hydroxypropyl methyl 
cellulose, hydroxyethyl cellulose (e.g. available as Na- 
trosol), sodium carboxymethyl cellulose, and colloidal 
silica such those available as iinely ground Syloid 244 
and Sylodent 15. 

Since there maybe a tendency for the dentifrice to 
separate into liquid and solid portions when about 5% 
by weight or more of the solubilixing material such as 
propylene glycol is present and since excellent anti- 
plaque effects can be obtained with small amounts of 
antibacterial agent which do not require so much solu- 
bilixing humectant to effect solubilixation, a preferred 
dentifrice contains about 0.25-0.35%, say about 0.3%, 
by weight of the antibacterial agent, about 1.5-2% by 
weight of the polycarboxylate and about 0.5%-l% by 
weight of the solubilixing material. 

Without being bound to a theory whereby the advan- 
tages of this invention are achieved, it is believed that an 
aqueous, humectant vehicle is normally solubilixed in 
surfactant mice&es in the mobile phase (that is, not in- 
cluding gelling agent and polishing ageut) of a denti- 
frice formula. The phase solution of dentifrice during 
use becomes diluted with saliva which causes triclosan 
to precipitate. However, the solubilixing material of the 
present invention permits the antibacterial agent to 
remain in solution in the mobile phase in the presence of 
saliva and to effectively reach the soft oral tissues. Prop- 
ylene glycol being a strong solubiiizing humectant for 
triclosan, appears to prevent its precipitating and permit 
its continued presence within the mobile phase. In this 
regard it is noted that propylene glycol is widely used in 
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drug delivery systems (for instam~ in European Patent employ as the surface-active agent a detersive material 
Publication 271,332) for its strong interaction with bio- which imparts to the composition detersive and foam- 
logical membranes. It may be that in the oral cavity, ing properties. Suitable examples of anionic surfactants 
triclosan is partitioned from the aqueous environment are water-soluble salts of higher fatty acid monoglycer- 
oral preparation into propylene glycol-surfactant em& 5 ide monosulfates, such as the sodium salt of the mono- 
sion and further that propylene glycol in the bulk mo- sulfated monoglyceride of hydrogenated coconut oil 
bile phase allows greater probability of triclosan emer- fatty acids, higher alkyl sulfates such as sodium lauryl 
gence out of surfactant micelles, thereby rendering sulfate, alkyl aryl sulfonates such as sodium dodecyl 
triclosan available for delivery into bacterial and soft benzene sulfonate, higher alkyl sulfoacetates, higher 
surfaces as well as onto tooth surfaces. Similar remarks 10 fatty acid eaters of l,f-dihydroxy propane sulfonate, 
apply to other water-insoluble noncationic antibacterial and the substantially saturated higher aliphatic acyl 
agents herein described. amides of lower aliphatic amino carboxylic acid com- 

The oral composition dentifrice may also contain a pounds, such as those having 12 to 16 carbons in the 
source of fluoride ions, or iluoride-providing compo- fatty acid, alkyl or acyl radicals, and the like. Examples 
nent, as anti-cat&s agent, in an amount sufllcient to 15 of the last mentioned amides are N-lauroyl sarcosine, 
supply about 25 ppm to 5,CHJO ppm of fluoride ions. ‘Ibis and the sodium, potassium, and ethanolsmine salts of 
compound may be slightly soluble in water or may be N-lauroyl, N-myristoyl, or N-palmitoyl sarcosine 
fully water-soluble. They are character&d by their which should be substantially free from soap or similar 
ability to release fluoride ions in water and by substan- higher fatty acid material. The use of these sarcosinate 
tial freedom from undesired reaction with other corn- 20 compounds in the oral compositions of the present in- 
pounds of the oral preparation. Among these materials vention is particularly advantageous since these materi- 
are inorganic fluoride salts, such as soluble alkali metal, als exhibit a prolonged and marked effect in the inhibi- 
alkahe earth metal salts, or example, sodium fluoride, tion of acid formation in the oral cavity due to carbohy- 
potassium fluoride, ammonium fluoride, calcium fluo- drate breakdown in addition to exerting some reduction 
ride, a copper fluoride such as cuprous fluoride, zinc 25 in the solubility of tooth enamel in acid solutions. Exam- 
fluoride, barium fluoride, sodium fluorosihcate, ammo- pies of water-soluble nonionic surfactants are condensa- 
nium tlourosilicate, sodium fluoroxirconate, sodium tion products of ethylene oxide with various reactive 
tluoroxirconate, sodium monofluorphosphate, ahrmi- hydrogen-containing compounds reactive therewith 
num mono-and di-fluorophosphate, and fluorinated having long hydrophobic chains (e.g. aliphatic chains of 
sodium calcium pyrophosphate. Aurali metal and tin 30 about 12 to2Ocarbon atoms), whichcondensationprod- 
fluorides, such as sodium and stannous fluorides, so- ucts (“ethoxamers”) contain hydrophilic polyoxyethyl- 
dium monofluomphosphate (MFP) and mixtures ene moieties, such as condensation products of poly- 
thereof, are preferred. (ethylene oxide) with fatty acids, fatty alcohols, fatty 

The amount of fluorine-providing compound is de- amides, polyhydric alcohols (e.g. sorbitan mono&rate) 
pendent to some extent upon the type of compound, its 35 and polypropyleneoxide (e.g. Pluronic materials). 
solubility, and the type of oral preparation, but it must Surface active agent is typically present in amount of 
be a non-toxic amount, generally about 0.0005 to about about 0.54% by weight, preferably about l-2.5%. It is 
3.0% in the preparation. In a dentifrice preparation, e.g. noteworthy, that surface active agent may assist in the 
dental gel, an amount of such compound which releases dissolving of the noncationic antibacterial agent and 
up to about 5,000 ppm of F ion by weight of the prepa- 40 thereby diminish the amount of solubilixing humectant 
ration is considered satisfactory. Any suitable minimum needed. 
amount of such compound may be used, but it is prefer- Various other materials may be incorporated in the 
ably to employ sntXcient compound to release about oral preparations of this invention such as whitening 
300 to 2,000 ppm, more preferably about 800 to about agents, preservatives, silicones, chlorophyll compounds 
1,500 ppm of fluoride ion. 45 and/or ammoniated material such as urea, diammonium 

Typically, in the cases of alkali metal fluorides, this phosphate, and mixtures thereof. These adjuvants, 
component is present in an amount up to about 2% by where present, are incorporated in the preparations in 
weight, based on the weight of the preparation, and amounts which do not substantially adversely affect the 
preferably in the range of about 0.05% to 1%. In the properties and characteristics desired. Significant 
case of sodium monofluorophosphate, the compound 50 amounts of xinc, magnesium and other metal salts and 
may be present in an amount of about O.l-3%, more materials which are generally soluble and which would 
typically about 0.76%. complex with active components of the instant inven- 

It will be understood that, as is conventiona& oral tion are to be avoided. 
preparations are to be sold or otherwise distributed in Any suitable flavoring or sweetening material may 
suitable labelled packages. Thus a dentifrice gel will 55 also be employed. Examples of suitable flavoring con- 
usually be in a collapsible tube, typically aluminum, stituents are tlavoriug oils, e.g. oil of spearmint, pepper- 
lined lead or plastic, or other squeeze, pump or pressur- merit, wintergreen, sassafras, clove, sage, eucalyptus, 
ixed dispenser for metering out the contents, having a marjoram, c’ mnamon, lemon, and orange, and methyl 
label describing it, in substance, as a dentifrice gel or the salicylate. Suitable sweetening agents include sucrose, 
like. M) lactose, maltose, xylitol, sodium cyclamate, perillartine, 

Organic surface-active agents are used in the compo- AMP (aspartyl phenyl alanine, methyl ester), saccha- 
sitions of the present invention to achieve increased rine and the like. Suitably, flavor and sweetening agents 
prophylactic action, assist in achieving thorough and may each or together comprise from about 0.1% to 5% 
complete dispersion of the antiplaque antibacterial more of the preparation. Moreover, flavor oil is be- 
agent throughout the oral cavity, and render the instant 65 lieved to aid the dissolving of the anti-bacterial agent. 
compositions more cosmetically acceptable. The or- In the preferred practice of this invention an oral 
ganic surface-active material is preferably anionic, non- composition dentifrice containing the composition of 
ionic or ampholytic in nature, and it is preferred to the present invention is preferably applied regnlarly to 
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dental enamel and soft oral tissues, particularly at or 
near the gum line+ such as every day or every second or 
third dav or ureferablv from 1 to 3 times daily, at a pH 
of abou~4.5 Zo about 9, generally about 5.5 to-about 8, 
preferably about 6.5 to 7.5, for at least 2 weeks up to 8 5 
weeks or more up to lifetime. 

The composition of this invention can be incorpo- 
rated in lozenges, or in chewing gum or other products, 
e.g. by stirring into a warm gum base or coating the 
outer surface of a gum base, ilhrstrative of which may be 10 
mentioned jelutong, rubber latex, vinylite resins, etc., 
desirably with conventional plastizers or softeners, 
sugar or other sweeteners or carbohydrates such as 
glucose, sorbitol and the like. 

EXAMPLE A 15 

Poly @eta-styrenephosphonic acid) 
A mixture of 18.1 g. (O.lM) of beta-styrenephos- 

phonic acid and 0.82 g. (O.OOSM) of azobisisobutyroni- 
trile (AIBN) in 300 ml. of anhydrous acetonitrile is 20 
stirred under reflun under dry nitrogen for 96 hrs. The 
mixture is cooled and the crude product precipitate is 
isolated by tiltration, washed with acetonitrile, and air 
dried. The crude product is dissolved in aqueous so- 
dium hydroxide (to pH 11) and dialyzed against water 25 
at 3ooO Dalton cutoff. The retentate solution is reduced 
to 100 ml., in vacua, and freeze-dried to yield the puri- 
tied product polymer as a white powdery solid in 0.91 g. 
yield. Infrared specuum: 1610, 1550,745 cm-l (a@,5 
adjacent I-I); 1240, 1020,950 cm-1 (phosphonate). Pro- 30 
ton nmr @>O): tr, 6.4 ppm. (II on carbon bearing 
phosphonate); m, 7.3 ppm. (aryl and benzylic protons); 
area ratio 1 to 6. Phosphorus nmr (D>O): m,6.2 ppm. 
(alkyl phosphonate). 

35 
EXAMPLE B 

Copoly (beta-styrenephosphonic acid/vinylphosphonic 
acid) 

A mixture of 10.68 g. (0.058M) of beta-styrenephos- 4. 
nhonic acid. 6.0 ml. (8.4 p;.. 0.058W of vinylphosphonyl 
dichloride, and 0.5 g. of-A.IBN is heated,;r;ith &ring, 
under an anhydrous nitrogen atmosphere intermittently 
for a few hours, then overnight at W-90’ C. The mate- 
rial is transferred to a beaker with 60-70 ml. of water. A 
crystalline precipitate forms as the warm solution cools. 
The mixture is filtered, the aqueous filtrate is diluted to 
125 ml. with water, and the resulting solution is dia- 
lyzed vs. water at 3500 Dalton cutoff. The retentate 
solution is evaporated in vacua to give 0.600 g. purified 
acid form of the copolymer. Proton mnr (D > 0) shows 
two broad regions at 1.0-2.8 (alkyl, 11H) and 6.9-7.5 
ppm. (a& 5H). These data indicate a ratio of beta- 
styrenephosphonic acid to vinylphosphonic acid of 1:3 
in the copolymer. Phosphorus nmr @>O) shows two 
main phosphorus signals centered at about 23.4 and 29.2 
ppm. respectively. 

EXAMPLE C 
Poly (alpha-styrenephosphonic acid) 

A mixture of 2.21 g. (O.OlM) of alpha-styrenephos- 
phony1 dichloride and 0.01 g. of AIBN is stirred under 
a nitrogen atmosphere at 115’ C. At 12 hour intervals, 
successive 0.01 g. AIBN portions are added to the mix- 
ture. After 96 hours, the mixture is allowed to cool and 
dissolved in water. The pH is adjusted to 8-10 with aq. 
sodium hydroxide in a total volume of 125 ml. The 
solution is filtered and the filtrate is dialyzed against 
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water in a 3500 Dalton cutoff cellulose bag. The reten- 
tate is reduced to about 50 ml. in vacua, then freeze 
dried. The polymer is obtained as a tan powdery solid in 
0.08 g. yield. Proton mur @>O): 7.2-7.4 ppm. (m, 
phenyl). Phosphorus nmr @>O): 23-25 ppm. (m). 

The following examples are further illustrative of the 
nature of the present invention, but it is understood that 
the invention is not limited thereto. All amounts and 
proportions referred to herein and in the appended 
claims are by weight, unless otherwise indicated. 

EXAMPLE 1 
The effect of synthetic anionic linear polycarboxylate 

on the uptake, retention to and release from tooth sur- 
faces of water-insoluble noncationic antibacterial agent 
is assessed in vitro on a saliva coated hydroxyapatite 
dii and on exfoliated buccal epithelial cells. The in 
vitro assessments are correlatable to in vivo delivery, 
and retention on oral surfaces. 

For the test of delivery of antibacterial agent to a 
saliva coated hydroxyapatite disk, hydroxyapatite (HA) 
obtained from the Monsanto Cola. is washed exten- 
sively with distilled water, collected by vacuum fdtra- 
tion, and permitted tc dry overnight at 37’ C. The dried 
HA is ground into a powder with a mortar and pestle. 
150.00 mgs of HA are placed into the chamber of a KBr 
pellet die (Barnes Analytical, Stanford, Corm.) and 
compressed for 6 minutes at 10,000 pound in a Carver 
Laboratory press. The resulting 13 mm disks are sin- 
tered for 4 hours at 800’ C. in a Thermolyne furnace. 
Parafilm stimulated whole saliva is collected into an 
ice-chilled glass beaker. The saliva is clarified by cen- 
trifugation at 15,000 Xg (times gravity) for 15 minutes at 
4’ C. Sterilization of the clarified-saliva is done at 4’ C. 
with stirring by irradiation of the sample with UV light 
for 1.0 hour. 

Each sir&red disk is hydrated with sterile water in a 
polyethylene test tube. The water is then removed and 
replaced with 2.00 ml of saliva. A salivary pellicle is 
formed by incubating the disk overnight at 37’ C. with 
continuous shaking in a water bath. After this treat- 
ment, the saliva is removed and the disks are treated 
with 1 .OO ml of a solution containing antibacterial agent 
(Triclosan) dentifrice liquid phase solution and incu- 
bated at 37” C. with continuous shaking in the water 
bath. After 30 minutes, the disk is transferred into a new 
tube and 5.00 ml of water are added followed by shak- 
ing the disk gently with a Vortex. The disk is then trans- 
ferred into a new tube and the washing procedure re- 
peated twice. Finally, the disk is transferred carefully 
into a new tube to avoid co-transfer of any liquid along 
with the dii. Then 1.00 ml of methanol is added to the 
diik and shaken vigorously with a Vortex. The sample 
is left at room temperature for 30 minutes to extract 
adsorbed Triclosan into the methanol. The methanol is 
then aspirated and clarified by centrifugation in a Beck- 
man Microfuge 11 at 10,000 rpm to 5 minutes. After this 
treatment, the methanol is transferred into HPLC (high 
performance liquid chromatography) vials for determi- 
nation of antibacterial agent. Triplicate samples are used 
in all experiments. 

For the test of retention of antibacterial agent to a 
saliva coated HA disk, a saliva coated HA disk is 
treated with dentifrice slurries as described above. 
After incubation for 30 minutes at 37” C., the HA disk ls 
removed from the dentifrice slurry, washed twice with 
water, and then reincubated with parafllm stimulated 
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human whole saliva which had been clarified by centrif- 
ugation. After incubation at 37’ C. with constant shak- 
ing for varions.periods, the HA disk i8 removed from 
the saliva, and the amount of antibacterial agent (Triclo- 
sari) retaiued onto the disk and released into saliva is 
determined by analytical method using HPLC. 

For the assay of delivery of antibacterial agent to 
buccal epitheliai cells, the delivery is measured in order 
to determine the effect of PVM/‘MA on the delivery of 
antibacterial agent (Triclosan) to soft oral tissue from a 
dentifrice product. Buccal epithelial cells are collected 
with a wooden applicator stick by gently rubbing the 
oral mucosa. The cell8 are suspended in Besting Saliva 
Salts (RSS) Buffer (50 mM NaCl, 1.1 mM CaQ, and 
0.6 mh3 K.&PO4 pH 7.0) to 5-6~ 105 cells/ml using a 
hemocytometer to enumerate the cell8 and kept in ice 
until 1~. 0.5 ml of cell suspension, preincubated to 37 
C. in a waterbath, is added with 0.5 ml of the test anti- 
bacterial agent solution and incubated at 37’ C. The 
antiiacterial agent solution in the incubation mixture is 
diluted at least 10 times in order to lower the surfactant 
concentration and prevent destruction of cell mem- 
branes by the smfactant. After 30 minutes of incubation, __ . .- 
the cells are banmted by centrifugation in Beckman 
hticrofuge 11 at 5,OiXI rpm for 5 minutes. The cells, 25 
collected as the pellet, are washed 3 times with RSS 
buffer and treated with 1.5 ml of methanol. The sample 
is mixed vigorously by Vortex and then centifuged as 
described above. The supematant is analyzed for anti- 
bacterial agent by the HPLC method. 30 

Dentifrices are prepared having the following formu- 
las: 

Parts 35 
A B 

propY_lme Glyml W) 10.00 10.00 

Since Dentifrice8 C and C’ contain a total of 2.50% of 
surface active agent, more surface active agent is avail- 
able to dissolve triclosan than in Dentifrices B and B 

IOU urrag- 
Ganeu s-97 
TithUUlDiOXidC 
sorbltol(70%) 
sodiwJl Fwride 
sodlmnsIcchuin 
sllca -r (Sylcdmt 15) 
Si PoltshinS Ageat 
(zeodmt 113) 
TliClosln 
sodiulu Luuyl slllfate 
Flavoroil 
Ethyl Alcohol 
sodium Hydroxide (50%) 
Water 

0.75 

OYO 
30.00 

0.332 
0.40 
3.00 

20.00 

0.20 
ml 
0.9s 

0.75 
2.00 
0.50 

30.00 
0.332 
0.40 
3.00 

20.00 

0.20 
2.00 
0.95 
1.00 
0.80 

Q.S. to 100.0 

which contain 2.00%. However, propylene glycol pres- 
ent in siliceous polishing agent Dentifrices B and B’ (hut 
not in hydrated ahnnina polishing agent Dentifrices C 

40 
and C’) insures optimum dissolution of triclossn. 

The advantage of Dentifrices B and B’ (containing 
propylene glycol) and Gantrez) over Dentifrices C and 
C’ in triclosan uptake on saliva coated hydroxyapatite 
disks and on exfoliated buccal epithelial cells is shown 

4s in the Table 2 below: .- 
TABLE 2 

1.00 
0.80 

Q.S. to 100.0 

18 
EXAMPLE 2 

In tests with saliva coated hydroxapatite disk8 and 
exfoliated buccal epithelical cells different from those 
set forth in Example 1 above, said dentifrice B contain- 
iug 2.00% Gantrez $97 and 0.20% of triclosan, 10.00% 
of propylene glycol and 2.00% of sodium lauryl sulfate 
and an equivalently formulated Dentifrice (B’), except 
for the presence of 0.30% of triclosan were compared 
with a commercially available Dentifrice (C) containing 
hydrated alumina polishing agent and (a) 0.2% of triclo- 
san, (b) no Gantrex material, (c) no propylene glycol, 
(d) 0.5% zinc citrate, (e) 2.5% of surfaoe active agents 
(t) sodium monofluorophosphate and hydrated alumina 
polishing agent; and the dentifrice formulation below 
(C’) which is similar to commercial Dentifrice C except 
for the presence of 0.30% of triclosan: 

DENTJFRICB C 
% 

sorhitcl1cI0%~ 27-M 
ScdiumcprbdxymethylCclhllose 
.sodium Monofluomphospilatc 
zinc citrate 
Sodium Saccharin 
Water 
Hydrated Alumina Polishing Agent 
Ethd 
sodium Lauryl sulfate 
Scdim Dodecyl Benzene Sdfomte 
TliClaSan 
Plavor 

-. .__ 
0.80 
0.85 
0.50 
0.18 

16.47 
50.w 
0.20 
1.875 
0.625 
0.30 
t.m 

50 

Ddtwy of Triolosan 
To saliva caarai To Bd Epithdid 

Hydroxyapatite D&k cellsicmicrogmnu 
(ii micrograms) X ld Epithdid Cells) 

The uptake of triclosan on the saliva coated hydroxy- Dentifrice B 41.1 101.6 

apatite disk and on buccal epithelial cells with and witb- 
B 77.4 142.0 
C 20.4 

out the polymeric polycarboxylate. G-antrex S-97, is set 
61.0 

C 42.6 100.0 
forth in Table 1 below: 

55 
TABLE 1 Additional experiment8 with Dentifrice B’ (0.3% 

Uptake of Triclosan Triclosan; Gamrex; Propylene Glycol) in a 50% slurry 
in microgramr. Y?iZES 

Dc6titiic.e 
of the dentifrice to determine the retention of triclosan 

c%salivacma.dDisk Ehithelial cells on the saliva coated hydroxyapatite disk over a period 
A 25.0 38.0 
B 54.0 

60 of time reveals retention of excellent levels of triclosan 
96.0 as shown in Table 3 below: 

These results reveal that the Gantrex material (pres- 
TABLE 3 

ent in Dentifrice B) greatly enhances the delivery and Retention of Trickxan Adsorption 

uptake of triclosan to saliva coated hydroxyapatite disk 65 
from Dentifrice Shy 

and to the exfoliated buccal epithelial cells. 
Time Retention of Triclosan 

Similar results are obtained when the dentifrices con- 
(in Minutes) (Micmgrams/Disk) 

tain 0.30 parts of trico1osarL 
0 70 

30 60 
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TABLE 3-continued -continued 

Retention of Triclosm Adsorption 
fromDeatsceslllny (i) pam (ii) 

60 
no ii 
180 57 
240 59 

10 
These results indicate that dentifrices containing tri- 

closan, Gantrez material and propylene glycol can pro- 
vide enhanced delivery of triclosan to. and retention on, 
tooth surfaces and soft surfaces in the oral cavity, 
thereby providing improved antiplaque and antibacte- I* 
rial effects. 

EXAMPLE 3 
For purpose of comparison formulas a and b below 2. 

are prepared 

Glycerine 
Prqylene Glycol 
sorbitol(70%) 
sodium carboxymethyl cellulcse 
Iota t2urageulaa 
sodiumBuuoatc 
Sodium S.accM 
Sodium Fluoride 
Silica Polishing Agent 
(zeodent 113) 
silica thickerlm 
(Sylox 15) 
Water 
Gantrez S-97 
Ttilosan 
Titanium Dioxide 
Sodium LayI Sulfate 
Flavor 
Ethyl Alcohol 
sodium Hydroxide (50%) 

25.00 
- 

41.617 
0.35 

- 
03 
0.20 
0.243 

18.00 

5.50 

3.00 
- 

OS0 
1.20 
0.89 

- 
IO.00 
25.00 

0.60 
- 

0.40 
0.243 

20.00 

5.50 

28.757 
2.00 
0.30 
0.50 
2.50 
1.10 
1.00 
2.00 

Glycerin 
Propylene Glycol 
Iota czarrage!cMll 
.sorbito1(70%) 
sodiums&%huin 
sodium Fluoride 
Titanium Dioxide 
Gantxez S-97 
Water 
NaOH (50%) 
zeodmt 113 
@ii Polishing Agent) 
Sylodent 15 (Silica ‘Ildckener) 
FkVOI 

TliCloSm 
sodium hxyl Sulfate 
EthUlOl 

With regard to plaque reduction, on the teeth of the 
% volunteers, compared to placebo (i). invention (ii) pro- 

a b 25 vided a sign&ant decrease of 20%. 
10.00 - Since lesser amounts of propylene glycol can dissolve 

- 10.00 
0.60 0.60 

the 0.3% of triclosan present in Toothpaste (ii), similar 
25.00 25.00 

results are expected when the amount of propylene 
0.40 0.40 glycol is reduced to 0.5 parts and the amount of sorbitol 
0.243 0.243 30 is increased to 39.5 parts. Likewise, the other solubiliz- 
0.50 0.50 
2.00 2.M) 

ing materials dipropylene glycol, hexylene glycol, 
29.157 29.157 methyl cellosolve, ethyl cellosolve, olive oil, castor oil, 

2.00 2.00 petrolatum, amyl acetate, ethyl acetate, glyceryl tristea- 
20.00 20.00 rate and benzyl benzoate., in place of propylene glycol, 

5.50 5.50 
35 can effectively deliver triclosan to soft oral tissues. 

1.10 1.10 
0.50 0.50 

EXAMPLE 5 
2.00 2.00 
1.00 1.00 

The following dentifrices of the invention are pre- 
pared: 

40 
Formula a is a dentifrice containing a Gantrez poly- 

carboxylate, with triclosan as an antibacterial anti- Parts 

plaque agent and no solublizing agent. In Formula b, A B 

propylene glycol solubilizing agent is present. Glycerine - 2o.cO 

Formula a is poor in delivery of triclosan on buccal 45 Propykne Glycol 10.00 0.50 

epitheliai cells while Formula b is markedly effective. 
Sorbitol(70%) 25.00 19.50 
sadillm carboxymetbyl cellulose - 1.10 

The foregoing results reveal excellent delivery of Iota carragurlao o&o - 

Triclosan dentifrice. sodium saccharin 0.40 0.30 
Sodium Fluoride 0.243 0.243 

EXAMPLE4 50 Sii Polishing Agent 20.00 20.00 
(Zmdat 113) 

An “in-house” study was conducted on a group of silica thickener (sylox IS) 5.50 3.00 

volunteers to assess the effects of particular dentifrices WItIX 28.757 15.307 

in influencing plaque regrowth in accordance with the Gantrez S-97 2.00 2.00 
TliJosrn 0.50 

method described by Addy, Willis and Moran, J. Clin. 
0.30 

Tiium Dioxide 0.50 0.50 
Perio., 1983, Vol. 10, Pages 89-99. The dentifrices 55 sodium Lawyl sulfate 2.50 2.00 

tested included a placebo control containing no triclo- FlSW0r 1.10 0.95 

sari (i) and a dentifrice in accordance with this invention Ethanol 1.00 - 
Sodimn Hydroxide (50%) 2.00 1.60 

containing 0.3% of triclosan, 10% propylene glycol 
(instead of 3% polyethylene glycol &JO) and 2% of 
Gantrez S-97 and humectant of propylene glycol and 60 In the foregoing examples, improved results may also 
sorbitol (ii). The formulas of the dentifrices are as fol- be obtained by replacing triclosan with other antibacte- 
lows: rial agents herein described such as phenol, thymol, 

eugenol and 2,2’-methylene bis (4-&loro&bromo- 
phenol) and/or by replacing Gantrez with other AEA’s 

(i) pais (ii) 
65 such as a I:1 copolymer of maleic auhyride and ethyl 

PloC.&-J hVC3ltiOll 
acrylatei sulfoacryhc oligomers, Carbopols (e.g. 934), 
polymers of monomeric alpha- or beta-styrene phos- 

Polycthylme Glycol 600 3.00 - phonic acid and copolymers of these styrene phos- 
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phonic acid monomers with each other or with other 
ethylenically unsaturated polymerizable monomers 
such as vinyl phosphonic acid. 

EXAMPLE 6 
The following liquid phase dentifrice solutions are 

tested for uptake and retention of triclosan on saliva 
coated HA disks following the test procedures de- 
scribed in Example 1 with the indicated results: 

. 

Ingrcdlults 

sorbitol pa solution) 
OlycaOl 
Propylme Olyd 

iY% 
Flavor oil 
TriClOran 
writer 
Poly (teta-styrenepho5ph~ 
acid) 
Poly (alpha-styrenephosphmic 

Paa?i 

A B C D 

30.0 30.0 30.0 30.0 
9.5 9.5 9.5 9.5 
0.5 0.5 0.5 0.5 

20.0 20.0 20.0 20.0 
0.243 0.243 0.243 0.243 
0.95 0.95 0.95 0.95 
0.3 0.3 0.3 0.3 

56.507 54.507 54.507 54.507 
2.0 

2.0 

2.0 
Adjusted to pEI 6.5 with NaOH 31.0 174.0 86.0 36.0 
Tricb.sa~~ Uutake in 
hIlcrogrs4u!a-on saliva coated 
Disks 
Retention of Tricksan on 
salivacoatcdHA~ 
After: 
Initid 
30 minuta 
1 how 

183.0 
136.0 
105.0 

The above results show that solution (D) containing 
polyvinyl alcohol, not an AEA hereunder, produced a 
triclosatt uptake of only 36.0, quite similar to the 31.0 
uptake of the control solution (A) without additive. In 
contrast, solution (C) with poly (alpha-styrenephos- 
phonic acid) produces an uptake of 86.0, more than 
double that of solutions (A) and (D), and solution (B) 
with poly (beta-styrenephosphonic acid) produces an 
uptake about 5 times that of solutions (A) and (D), tend- 
ing to indicate further that vicinal substitution of the 
delivery-enhancing group yields superior results. The 
above results also show the surprisingly good retention 
of triclosan on the HA disks over time obtained with 
solution (B) containing poly (betastyrenephosphonic 
acid (Mw’s about 3,ooO to 10,000). 

This invention has been described with respect to 
certain preferred embodhnents and it will be under- 
stood that modifications and variations thereof obvious 
to those skilled in the art are to be included within the 

30 

35 

40 

45 

50 

spirit and purview of this application and the scope of 
the appended claims. 55 

We claim: 
1. An oral composition dentifrice for attaching, ad- 

5 

LO 

15 

20 

25 

hering or bonding a plaque-inhibiting antibacterial 
agent to oral tooth and gum surfaces comprising in an 
orally acceptable vehicle about 5-30% by weight of a 60 
siliceous polishing agent, an effective antiplaque 
amount in the range of about O-01-5% by weight of a 
substantially water insoluble non-&ionic antibacterial 
agent, about O.OS-5% by weight of au antibacterial- 
enhancing agent which contains at least one delivery- 65 
enhancing functional group and at least one organic 
retention-enhancing, which delivery-enhancing group 
enhances delivery of said antibacterial agent to oral 

22 
tooth and gum surfaces and said retention-enhancing 
group enhances attachment, adherence or bonding of 
said antibacterial agent on oral tooth and gum surfaces, 
and about 0.5-50% by weight of a solubilizing material 
for said antibacterial agent in amount sufficient to dis- 
solve said antibacterial agent in saliva and permit deliv- 
ery of said antibacterial agent to soft oral tissues at or 
near the gum line. 

2. The oral composition claimed in claim 1, wherein 
said antibacterial agent is selected from the group con- 
sisting of halogenated diphenyl ethers, halogenated 
salicylanilides, benzoic esters, halogenated carbanilides 
and phenolic compounds. 

3. The oral composition claimed in claim 2, wherein 
said antibacterial agent is a halogenated diphenyl ether. 

4. The oral composition claimed in claim 3, wherein 
said halogenated diphenyl ether is 2,4,4’-trichloro-2’- 
hydroxydiphenyl ether. 

5. The oral composition claimed in claim 2, wherein 
said antibacterial agent is a phenolic compound. 

6. The oral composition claimed in claim 5. wherein 
said phenolic compound is selected from the group 
consisting of phenol, thymol, eugenol, and 2,2’-methy- 
lene bis@l-chloro-6-bromophenol). 

7. The oral composition claimed in claim 1, wherein 
said antibacterial agent is present in amount of about 
0.25-5% by weight. 

8. The oral composition dentifrice claimed in claim 1, 
wherein said solubiig material is selected from the 
group consisting of propylene glycol, dipropylene gly- 
col, hexylene glycol, methyl cellosolve, ethyl cello- 
solve, vegetable oil and wax containing at least 12 car- 
bon atoms, amyl acetate, ethyl acetate, glycerol tristea- 
rate and benzyl benzoate. 

9. The oral composition dentifrice claimed in claim 8, 
wherein aid solubiiking material is propylene glycol. 

10. The oral composition dentifrice claimed in claim 
1, wherein said antibacterial-enhancing agent is water 
soluble or swellable. 

11. The oral composition claimed in claim 10, 
wherein said antibacterial-enhanciug agent has au aver- 
age molecular weight of about 100 to about I,OOO,OOO. 

12. The oral composition claimed in claim 11, 
wherein said delivery-enhancing group is acidic. 

13. The oral composition claimed in claim It, 
wherein said delivery-enhancing group is selected from 
the group consisting of carboxylic, phosphor&c, phos- 
phinic and sulfonic acids, and their salts, and mixtures 
thereof, and wherein said organic retention-enhancing 
group comprises the formula ---(x),-R wherein X is 
0. N, S, SO, SO2, P, PC or Si, R is hydrophobic allcyl, 
alkenyl, acyl, aryl, alkaryl, aralkyl, heterocyclic, or 
their inert-substituted derivatives, and n is zero or one 
or more, and wherein said antibacterial-enhancing 
agent is a monomer or polymer selected from the group 
consisting of oligomers. homopolymers, copolymers of 
two or more monomers, ionomers, block copolymers, 
graft copolymers, and crosslinked polymers and mono- 
mers. 

14. The oral composition claimed in claim 13, 
wherein said antibacterial-enhancing agent is an anionic 
polymer containing a plurality of said delivery-enhanc- 
ing and retention-enhancing groups. 

15. The oral composition claimed in claim 14, 
wherein said anionic polymer comprises a chain con- 
taining repeating units each containing at least one car- 
bon atom. 
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16. The oral composition claimed in claim 15, 

wherein each unit contains at least one delivery-enhanc- 
0.05-S% of poly(beta-styrenephosphonic acid), poly(al- 

ing group and at least one organic retention-enhancing 
pha-styrenephosphonic acid), or a copolymer of ether 

group bonded to the same or vicinal or other atoms in styrenephosphonic acid and monomer with the other or 

the chain. S with another inert polymerizable ethylenically unsatu- 
17. An oral composition dentifrice comprising in an rated monomer and propylene glycol in amount suffi- 

orally acceptable vehicle, about 540% of a siliceous cient to dissolve the tridosan in saliva. 
polishing agent, about O.Ol-5% of triclosan, about * * * * * 
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