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Antimicrobial agents, delivered either by mouthrinse or toothpaste,
can be used to maintain plague at levels compatible with oral health
by (a) reducing existing plaque, (b] preventing the formation of new
plagque, (c) selectively inhibiting those particular bacteria that are
agsociated with disease, and (d) inhibiting the expression of viru-
lence determinants. Although many antimicrobial agents would
appear to be suitable for plaque control, few have been found to
poaseas clinical efficacy. This is because of inherent problems in the
mode of action of agents in the mouth, and with difficulties with
their formulation into dental products. Currently formulated anti-
microbial agents include metal salts (eg., zine, stannous, copper),
phenols (triclosan), plant extracts (sanguinarine), enzymes (e.g.,
flucanase, amyloglucosidase/plucose oxidase), “essential oils™ (e,
thymol, menthol), and bishipuanides {chlorhexidine) Although
many of these apents exhibat & broad spectrum of antimicrobial
activity in the laboratory, they may display valuable selective
properties on plaque. The effect of an agent will be concentration-
dependent. Initially, the inhibitor may be briefly at levels above its
MIC, but thereafter, it will be desorbed off oral surfaces and operate
at sub-lethal concentrations. At these latter levels, agents can he
effective by inhibiting metabolism {e.g., acid production, protease
activity), and slowing bacterial growth. Agents with complemen-
tary modes of action are being combined to increase their antibac-
terial effectiveness. The long-term use of dental products contain-
ing antimicrobial agents should not (a) disrupt the natural balance
of the oral microflora, (b} lead to eolonization by exogenous organ-
1sms, or (o) lead to the development of microbial resistance. Several
products are now available that satisfy these criteria, and are
clinically effective in helping to control plaque and gingivitis.
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Introduction.

Dental plaque is the film of micro-organisms found on the tooth
surface embedded in a matrix of polymers of salivary and bacterial
origin. Dental plaque develops naturally on the tooth surface and
forms part of the host defenses of the mouth by acting as a barrier
to colonization by exogenous micro-organisms (Marsh, 1989). This
barrier effect has been termed colonization resistance, and can be
broken by, for example, the long-term use of broad-spectrum anti-
biotics. Under such circumstances, there can be overgrowth by non-
resident micro-organisms (especially yeasts and enteric bacteria)
and the emergence of antibiotic-resistant strains (Sanders and
Sanders, 1954),

Although dental plague forms naturally on teeth, in the absence
of adequate oral hygiene, it can accumulate beyvond levels that are
compatible with dental health, and at a susceptible site, dental
caries or periodontal disease can ococur, In many individuals, the
customary oral hygiene method of toothbrushing is, by itself, usu-
ally insufficient over long periods to provide a level of plague control
consigtent with oral health, Consequently, the incorporation of
chemical agents with antiplague or antimicrobial activity into
dental products has been proposed as a potential prophylactic
method of reducing plaque-mediated disease (Hull, 1980; Kornman,
1986; Addy, 1990). Whereas mouthrinses have proved a suceessful
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vehicle for the delivery of these apents, their incorporation into
teothpastes has proved more diffienlt beeavse of formulation prob-
lems. Plague control eould be achieved by agents that remove
attached organisms or prevent colonization of the enamel, e,
agents need not have antimicrobial activity per se. However, most of
the successful agents for plaque control in current use do have
antimicrobial activity, and hence the majority of this paper will be
devoted to this category of compound. Most of these compounds are
also directed against supra-gingival plaque to either prevent dis-
ense or to treat early gingivitis where there is no deepening of the
gingival crevice, Treatment of established disease by the local or
syatemnie delivery of antimicrobial agents is beyond the scope of this
paper, but this topic has been reviewed recently by Addy (1990),
Antimicrobial agents delivered by toothpaste or mouthrinse are
intended for non-supervised, regular usage, A careful balance has
to be achieved, therefore, between elinical benefit derived from the
uae of such agents and the potential for adverse effects on the
natural ecology of dental plague.

Microbial composition of dental plague in health.

As soon as a tooth has been eleaned, salivary proteins and glycopro-
teins are adsorbed to enamel to form the acquired pellicle, Bacteria
interact with this pellicle via a number of specific molecular inter-
actions between adhesins on the bacterial cell surface and receptors
{ligands) in pellicle (Gibbons, 1989). Subsequent bacteria of the
same or different species are able to adhere not only to pellicle but
also to the pre-attached cells (co-appregation){Kolenbrander, 1985;
Kolenbrander et af,, 1990). Onece attached, cells grow on the tooth
surface, and miero-colonies have been observed. Eventually, and
especially at stagnant sites, the combination efbacterial multiplica-
tion with further adhesion and co-aggregation produces confluent
growth, Thus, plaque builds up in an orderly manner with an
increase in species diversity with time. The final composition of
plagque at a site is influenced by local environmental conditions,
especially the redox potential and the provizion of essential nutri-
ents—for example, by gingival crevicular fluid. Experimental
studies of plague development have shown that the early colonizers
are streptococel, particularly 8. sanguis, 8. oralis, and 8. mitis;
Actinomyces spp., haemophili, and Neisseria app. are also isolated
during early plague build-up (Liljemark et of., 1986; Nyvad and
Kilian, 1987). Itis conceivable that the subsequent development of
plague could be affected if the attachment and growth of these early
colonizers were inhibited by antimicrobial agents.

Once developed, the microbial composition of plagueis relatively
stable, although variations oceur at dilferent sites around the
mouth, In general terms, the fissures are colonized predominantly
by streptococel, whereas streptococei and actinomyces are most
numerous at approximal sites. The microflora of the healthy
gingival crevice is relatively sparse, and is also composed mainly of
Gram-positive species, especially streptococci (Slots, 1977). The
erevice has a lower redox potential than other sites, and has a pH
around neutrality. These conditions are more conducive than those
at other oral sites to the growth of obligately anaerobic species; in
one study, approximately 25% of the total microflora of the crevice
was obligately anaerobic (Slots, 1977). Organisms that have been
implicated in periedontal diseases—auch as spirochetes, Eikenella
carrodens, Actinobaciilus actinomycetemcomitans, and some black-
pigmented anaerobes, mainly Prevelelln fntermedic and P
meleninogenica—eanalso be recovered on occasions in low numbers
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