


the most effective and practical conditions for use on biomedical implants, then tested 
nisin in vivo on actual medical implants (in blood vessels and in the upper airway) 
through a unique collaboration with Oregon State University’s College of Veterinary 
Medicine. For this first-of-its-kind study, C. Bower conducted all of the initial in vitro 
experimentation (e.g., nisin film preparation and activity evaluation), as well as all of the 
microbiological challenges involving pathogenic bacteria. During the in vivo portion of 
the study, C. Bower prepared all antimicrobial and control solutions for the Veterinary 
school, then performed testing on the implantable devices after their removal. This study 
(EXHIBIT #3) was the first preclinical trial of nisin-treated implantable materials, and 
therefore represents an important first step for developing protein antimicrobial films on 
implantable medical devices. A major finding was that nisin-coated catheters appeared to 
have a protective effect on vascular endothelium.  In a related study, C. Bower evaluated 
the antimicrobial peptide nisin for its ability to enhance cellular uptake of a common 
therapeutic drug, insulin, as well as for its safety when interacting with human cells 
during intranasal application. Human nasal mucosa was acquired from the Oregon Health 
Sciences University medical school, and was grown in vitro to serve as a model nasal 
interface. For this project, C. Bower developed all of the protocols and carried out all of 
the research. C. Bower found that these cell cultures produced tight junctions and 
synchronously beating cilia, suggesting that human cells can be reliably cultured for use 
in drug absorption studies. Nisin-stabilized microemulsions were also tested and were 
found to be highly resistant to bacterial contaminants such as Staphylococcus aureus, 
Streptococcus pyogenes, and Listeria monocytogenes. This suggests that in addition to 
enhancing drug uptake, nisin might also have potential as a pharmaceutical 
biopreservative.  


