Bactericidal effect of nonthermal argon plasma on opportunistic bacterial pathogens in vitro and in vivo
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SUMMARY
The nonthermal (low temperature) physical plasma is under intensive study as an alternative approach to control superficial wound and skin infections when the effectiveness of chemical agents is low due to the natural pathogen or biofilm resistance. The purpose of this study was to test individual susceptibility of opportunistic bacteria to the nonthermal argon plasma, and to study the effectiveness of plasma treatments against bacteria in biofilms and on wound surfaces. The Gram-negative bacteria Pseudomonas aeruginosa, Burkholderia cenocepacia and Escherichia coli were highly sensitive with no survivals among 105 CFUs after a 5-minute plasma treatment. The susceptibility of the Gram-positive bacteria was species- and strain-specific. Streptococcus pyogenes demonstrated the highest resistance, while Staphylococcus epidermis and Enterococcus faecium showed a medium resistance. A strain-dependent receptiveness was observed for S. aureus. No bactericidal effect was observed when the bacteria were treated with the non-ionized argon gas. The biofilms partly protected bacteria. The protection efficiency depended on a biofilm thickness: the fluorescent microscopy demonstrated that bacteria in deeper biofilm layers had had higher survival rates after the plasma treatment. A rat model of superficial slash wound infection seeded with P. aeruginosa and the plasma sensitive S. aureus strain Sa78 was used to assess the biological efficiency of the argon plasma treatments. A 10-minute treatment caused a statistically significant reduction in the bacterial loads on the wound surface. A five day course of daily plasma treatments led to elimination of P. aeruginosa from the plasma treated animals two days earlier than from the control ones. A statistically significant increase in the rates of wound closure was observed in the plasma treated animals starting from the 3rd day of the course. However, the total wound closure was three days delayed in the plasma treated animals. On the whole, the obtained results suggested a considerable potential of the nonthermal argon plasma in elimination of pathogenic bacteria from biofilms and the wound surface.  

