Synthesis of Antimicrobial Di-Vinyl Monomers for Dental Restorative and Adhesive Systems
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Statement of Purpose: More than 50% of the estimated
500 million direct dental restorations placed annually
worldwide are resin composites.' The growing interest in
resin composites has been primarily driven by their
superior aesthetics and ease of handling. In just the United
States alone, over 166 million restorations are placed
annually.” Resin composites experience significant
biological breakdown in the oral cavity, which is believed
to facilitate marginal breakdown between the tooth and
restorative material. Marginal breakdown, which allows
for the microleakage of bacteria into the microgaps, is
responsible for at least 50% of restoration replacements.'
To overcome this challenge, a pro-biochemical approach
is being investigated where antimicrobial action is
generated if degradation of the adhesive system occurs at
the marginal interface by salivary enzymes. In addition,
the molecular structures of these monomers are conceived
such as to stabilize the monomers’ esters as a first line of
defense against bacteria, while permitting the efficient use
of in-situ vinyl polymerization chemistry.

As a proof of concept, an early objective of this research
was to chemically incorporate the antibiotic ciprofloxacin
(CF) into the backbone of a di-vinyl monomer with
diluent characteristics suitable for use in dental adhesive
systems. A first generation di-vinyl monomer (containing
two units of CF per molecule) was synthesized.” This
monomer was a dry powder with minimal solubility in
commercial diluent monomers such as 2-hydroxyethyl
methacrylate (HEMA), rendering it unsuitable for use in
adhesive systems. It was hypothesized that a branched-
like molecule with a single CF unit would minimize
secondary interactions between the CF monomers and
could improve solubility into monomer mixtures as well
as providing a means to influence monomer degradation.

Methods: Two moles of HEMA were reacted with lysine
diisocyanate to yield the di-vinyl backbone of the new
antimicrobial monomer referred to as HLH-CFPEG.
Acidification of the pendent ester was achieved in the
presence of lithium bromide and triethylamine. The amine
functional group of CF was protected and its acid group
was subsequently esterified with polyethylene glycol
monomethylether (avg Mn 350) via carbodiimide
chemistry. The latter was deprotected and subsequently
coupled to the di-vinyl backbone via the lysine moiety’s
pendent ester, yielding HLH-CFPEG. The monomer was
characterized by nuclear magnetic resonance ('H and "F-
NMR) and mass spectrometry (MS). Biodegradation
studies of the monomer were carried out at 37°C in
simulated human salivary enzyme (SHSE) solution
containing cholesterol esterases and pseudocholin-
esterases for a period of 4 days using a previously
established approach.* Enzyme activity was maintained
by daily replenishments and drug release was quantified
using high performance liquid chromatography, UV and

MS. Preliminary work assessing the physical character of
the cured resins has been conducted by light curing the
monomers with different formulations of Bisphenol A-
glycidyl methacrylate (BisGMA) and HEMA. Samples
were cured for 30s using camphorquinone/2-(dimethyl-
amino) ethyl methacrylate as the photo-initiator system.
Gel content and swell ratio were determined after 48
hours of incubation in acetone and water, respectively.

Results and Discussion: HLH-CFPEG was synthesized
and characterized (Fig 1 showing the 'H-NMR, supported
by "’F-NMR (data not shown)). The branched structure
endowed the monomer with diluent characteristics and
enhanced the solubility in commercial adhesive resin
monomers. HLH-CFPEG is ~50x more hydrolytically
stable than BisGMA, and releases CF which may be
effective against bacteria in the margin’s micro-
environment (Fig 2). Gel content of the optimized model
resin mixture (15 wt% HLHCFPEG, 55 wt% BisGMA, 30
wt% HEMA) is 98.96% (£1.50). The swell ratio is
12.45% (£ 2.35), less than that of the 55wt% BisGMA,
45wt% HEMA control resin (21.50 % 14.98).
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Figure 1. '"H-NMR(CDCls, 400MHz) of HLH-CFPEG.
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Figure 2. Terminal BisHPPP and CF released from the
degradation of BisGMA vs. HLH-CFPEG, respectively.

Conclusion: HLH-CFPEG polymerizes with a high
degree of cross-linking in the presence of BisGMA and
HEMA. HLH-CFPEG may enhance the adhesive’s
stability and provide a potential means for antimicrobial
activity at the margin. Future work is assessing
mechanical/biochemical outcomes with human teeth.
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