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This research article nicely demonstrates that an adhesive primer containing a methacrylate derivative of dodecylpyr-
idinium bromide (MDPB) can have bactericidal activity on contaminated dentin from arrested carious lesions. This
antibacterial monomer has been under development by Kuraray since 1993. Attempts to make resin composites with
antiplaque properties using the same monomer in the matrix have been less successful because 80% of the surface of the
composite is composed of filler particles, not resin matrix."* Recently, Imazato and colleagues have been able to increase
the MDPB concentration in resin composites to the point where they do exhibit antibacterial properties.> The problem
with incorporating MDPB into polymerized comonomer blends is that much of the MDPB becomes covered by
dimethacrylate, 2-hydroxyethyl methacrylate, and other comonomers, resulting in a low surface density of dodecylpyri-
dinium bromide groups. This is not a problem when MDPB is used as a primer in the liquid state. Under liquid conditions,
the pyridinium group of MDPB is bactericidal until it is immobilized by polymerization.

This dental research is but one example of a growing revolution in the development and incorporation of antimicrobial
chemical groups that can be covalently coupled to plastics, ceramics, paper, and textiles. In some of these applications, the
antimicrobial groups are covalently linked only to the surface, after the material has been cast, molded, or spun. Such
treatment results in a monomolecular layer of antibacterial functional groups on the surface that should last for the
lifetime of the product. Most of the treatments are based on polyamides that are highly cationic. Early examples of cationic
compounds were benzalkonium chloride and chlorhexidine. However, these were soluble in aqueous solutions, which
meant their concentrations could be diluted to levels below therapeutic. Benzalkonium chloride is a mixture of alkylbenzyl
dimethylammonium chlorides in which the alkyls are long-chain (Cs-C;g) compounds that can penetrate bacterial cell
walls and disrupt their lipid membranes. Their ammonium groups are protonated to form positive cations that carry
halogen anion ions, that can kill the bacteria, into the cell membrane. Some bacteria can resist these agents by pumping the
chemicals out of the cell. When these individual cationic groups are made insoluble by incorporating them into
polycationic polymers, their concentrations remain high and constant, making them contact disinfectants—that are lethal
to bacteria upon contact. Some antimicrobial agents can be incorporated into thermoplastic material that is injection
molded at 200° to 250°C without losing its antibacterial effect.*

Tiller and colleagues have synthesized a series of polyvinyl pyridines that contain a long lipophilic alkyl chain (Cg-C¢) that
can be covalently linked to many different types of surfaces following suitable surface preparation (eg, with ultraviolet or
y-rays, or microwave plasma).’® Kuraray’s antibacterial monomer (MDPB) is an example of such. The use of tertiary
butylaminoethyl methacrylate is another approach to creating antimicrobial polyamide plastics.” Another example is the
use of the amine reagent 1,4-diazabicyclo [2.2.2] octane attached to a lipophilic alkyl chain.® This approach is being used
in the development of antibacterial textiles. Others have used phosphonium salts incorporated into polymers for an
antimicrobial effect.’

In dentistry, covalent coupling of these antimicrobial polyamides to denture bases and ceramics, for example, requires that
the surfaces be “activated” using high energies or strong reagents, which can be performed in laboratories but not in the
mouth. These antimicrobial surfaces might lose their activity with abrasion, but it is possible they might be successful in
denture bases. These products will soon be available in plastic water lines and water reservoirs of dental units, for

example, which may eliminate biofilm contamination therein.°
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Expect to see these materials incorporated into combs, hairbrushes, toothbrushes, telephones, toys, counter tops, sinks,
toilet seats, wallpaper, flooring, and clothing in the near future. Their broad antibacterial spectrum and insolubility in
water may find many future dental applications.
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