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Abstract

Biofilm (BF) infections are a serious medical problem because BF removal is difficult and the infected sites are
intractable. However, effective medical methods to prevent and treat BF formation have not yet been established. In
this study, BF infections were comprehensively studied from the viewpoint of methods of preventing BF formation
and methods of destruction and bactericidal treatment after BF formation.

Surfactants act on BFs, but their mode of action remains unknown. In this study, we investigated the inhibitory
effect of four different surfactants on methicillin-resistant Staphylococcus aureus (MRSA) BF formation and found
that a nonionic surfactant, polysorbate 80 (PS80), was the most suitable. The BF inhibitory effects resulted from
the inhibition of bacterial adhesion to substrates rather than BF disruption. These results indicate that PS80 is
effective to prevent BF formation by MRSA on tissues and foreign bodies. Therefore, PS 80 may be used in medical
practice as a washing solution for wounds and/or pretreatment of indwelling catheters.

Silver sulfadiazine (SSD) is a chemical complex that is clinically used to prevent wound infections after injury.
However, its effects on BFs remain unclear. In this study, we aimed to analyze the mechanisms underlying the
action of SSD on BFs formed by MRSA. The antibacterial effects of SSD were a result of silver ions and not
sulfadiazine. Ionized silver from SSD in culture media was lower than that from silver nitrate; however, SSD, rather
than silver nitrate, eradicated mature BFs by killing bacteria. In SSD, sulfadiazine selectively bound to BFs, and
silver ions were then liberated. These results indicate that SSD is an effective compound for the eradication of BFs;
thus, SSD should be used for the removal of BFs formed on wounds.
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CFU in total CFU in biofilm BF (OD: A=590nm)
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Fig. 1 Effects of different surfactants on CFU and biofilm formation values of ATCC BAA-2856
cultured in plastic tubes.

Data are presented as mean = SE, *p <0.05, **p <0.01 vs. vehicle control.
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Fig. 2 Inhibitory effects of 0.5% PS80 addition at different time points on biofilm formation
during 24 h incubation.
Data are presented as mean = SE, *p <0.05, **p < 0.01 vs. vehicle control.



Control 0.5% PS80

Fig. 3 Inhibitory effects of 0.5 % PS80 on bacterial attachment to dermal chips.
Serial sections of dermal chips were subjected to HE, Gram and ALB
staining after incubation in confluent bacterial solutions.
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Table 1. Summary of antimicrobial threshold values.

bMIC bMBC MBEC
AgNO; (uUM) 700 2,800 >11,200
SSD (uM) 700 1,400 2,800
SD (uM) >11,200 >11,200 >11,200
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Fig.4 Medial ionized silver concentrations.
Data are presented as the mean = SE. * p <0.05,**p <0.01 vs. AgNO5.
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Fig. 5. Effects of the compounds on mature BFs formed on plastic chips.
The effects of the compounds (2800 nM) after 24 h incubation at 37°C on BF masses (a),
and CFU values (b) were determined. Data are presented as the mean = SE. * p <0.05, **

p <0.01 vs. negative control.
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Fig. 6 Working hypothesis of the action of SSD on biofilms formed by MRSA
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