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Statement of Purpose: Bacterial biofilms are the source 
of many troublesome infections, increasing the rate of 
complications such as chronic wounds and device failure.  
The efficacy of antibiotics against biofilm bacteria is 
improved in the presence of electric fields.1-3  The 
presence of antibiotics is a requirement for the 
“bioelectric” effect, and thus successful clinical use of 
bioelectric targeting of biofilms necessitates a local 
antibiotic delivery system that will accommodate the 
application of electric fields.    

Electrical properties of carbon nanotubes offer 
advantages for their use in composite biomaterials.  
Chitosan, a natural biomaterial, can be lyophilized to form 
a sponge-like material which can contain conductive 
carbon nanotubes and allow the uptake antibiotic 
solutions and deliver them in a predictable fashion.  
Electrical conductivity of these constructs can be 
modified by the addition of different types and 
concentrations of carbon nanotubes to chitosan scaffolds.  
However, the inclusion of carbon nanotubes within 
chitosan scaffolds can potentially change biomaterial 
characteristics, such as pore structure, uptake, and release 
profile. In this preliminary study, the elution of two 
different antibiotics from composite scaffolds was 
compared to plain scaffolds.    
Methods: Fabrication: Single-walled nanotubes 
(SWNTs) (diam. 1-2 nm, length 5-30um) (Cheap Tubes, 
Brattleboro, VT) were functionalized by sonication in an 
acid mixture to improve dispersibility.4 Multiwalled 
nanotubes (MWNTs) (diameter 110-170 nm; length 5-9 
um) were purchased from Sigma (St. Louis, MO).  
Nanotubes were sonicated in 1% acetic acid at a 
concentration of 1mg/ml for 3 hours. Chitosan was added 
to make solutions of 3 wt% chitosan. All solutions were 
then sonicated for 2 hours. Twenty ml of solutions were 
placed in aluminum weigh dishes and frozen at -80°C 
overnight. Frozen blocks were lyophilized in a LabConco 
freeze-drier (Kansas City, MO) for 48 hours at 0.06 mbar.   
Scaffolds were neutralized by immersion in 2M NaOH for 
one minute and washing with distilled water until neutral 
pH of wash solution was achieved.    
 Elution:  Scaffolds were weighed prior to placement 
in 5 ml of solution containing 5 mg/ml of amikacin or 
vancomycin. Uptake of antibiotic solution was calculated 
by subtracting the volume of fluid remaining after uptake.    
 Scaffolds were placed in 10 ml of phosphate buffered 
saline and incubated at 37°C. Samples were withdrawn at 
4, 24, 48, and 72 hours, and solutions were replenished.   
Antibiotic levels were measured by immunofluorescence 
(TDxFlx3)(Abbott, Abbott Park, IL).     
 Statistics:   ANOVA with Tukey’s post-hoc 
comparison was used to compare groups and identify 
statistical differences.    
Results: Uptake measurements showed no significant 
differences in fluid uptake between nanotube-containing 
scaffolds and plain controls (fig. 1).    

There was a significant decrease in amikacin release at 
the 4 hour time point in SWNT scaffolds vs. MWNT 
scaffolds (Fig. 2a).  At 72 hours SWNT scaffolds released 
a significantly greater amount of amikacin than both other 
groups. There were no significant differences in 
vancomycin release between nanotube scaffolds and plain 
scaffolds (Fig 2b).      

Conclusions:  Unloaded scaffolds with the ability to 
uptake antibiotic solution just prior to use offers several 
advantages, such as antibiotic choice for treating 
physicians. Amikacin and vancomycin are different 
classes of antibiotics that are among these choices, both 
with activity against troublesome drug-resistant strains of 
Staphylococcus Aureus. The inclusion of SWNTs affected 
the release of amikacin from drug-loaded chitosan 
composite scaffolds.  This is of particular importance, 
since SWNTs generally have better electrical properties 
than MWNTs.   Lower release during the first 4 hours 
from SWNT scaffolds may lead to the higher release seen 
at the 72 hour time point. For amikacin, the inclusion of 
SWNTs helped to extend the elution through the 3 day 
time point compared to MWNT scaffolds and plain 
scaffolds. The release of vancomycin, however, was not 
statistically different between nanotube scaffolds and 
plain scaffolds, although there was higher average release 
from SWNT scaffolds at the 72 hour time point.        
 Future studies will characterize the pore structure of 
nanotube scaffolds and the bactericidal activity of 
antibiotics eluted. Chitosan/carbon nanotube composite 
scaffolds are suitable for use as antibiotic delivery 
systems in combination with electric field application.    
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Figure 1.  Comparison 
of uptake (in ml 
antibiotic solution/g of 
scaffold) between 
nanotube-containing 
scaffolds and plain 
chitosan scaffolds  0
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Figure 2.  Elution profiles of (a) amikacin and (b) 
vancomycin from nanotube scaffolds and plain scaffolds   
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