
 

7th International Symposium on Surfaces and Interfaces for Biomaterials   22-25 July 2019 

 

                                                http://www.ecmjournal.org 

 

Bactericidal activity of Gallium-doped chitosan coatings against staphylococcal 

infection 
A Ghalayani Esfahani1,3, B Lazazzera2, L Draghi3, S Farè3, R Chiesa3, L De Nardo3, F Billi1 

1Department of Orthopaedic Surgery, University of California, Los Angeles (UCLA), CA.  

2Microbiology, Immunology, and Molecular Genetics Department, University of California, Los Angeles (UCLA), CA. 

3Department of Chemistry, Materials and Chemical Engineering ‘G. Natta’, Politecnico di Milano, Milan, Italy. 

INTRODUCTION: This study was to develop a 

new class of Gallium (Ga)-doped Chitosan (CS) 

coatings fabricated by electrophoretic deposition 

(EPD) that promise new opportunities in 

staphylococcal infection therapy. 

METHODS: Titanium sheets (Ti, grade 2) were 

used as cathode in an electrophoretic deposition 

cell: electrodes were positioned at distance of 10 

mm [1] in a lab made EPD cell.  

Biofilm formation on EPD CS/Ga coatings by 

Staphylococcus epidermidis and Staphylococcus 

aureus, which are the main strains involved in 

post-arthroplasty infections was assessed. The 

codeposition of antibacterial agent was effective. 

Lastly, the influence of Pulsed Electromagnetic 

Field (PEMF) on the bactericidal activity of CS/Ga 

coatings was investigated in vitro. To this end, the 

coatings were incubated with S. epidermidis and S. 

aureus and exposed to the PEMF using two 

different frequencies and times.  

RESULTS: Ga loaded into CS matrix reduces 

biofilm viability by up to 86% and 80% for S. 

epidermidis and S. aureus strains respectively. 

Biofilm viability for S. epidermidis was decreased 

up to an additional 35 to 40% in the presence of 

low and high frequency PEMF, respectively.   

Biofilm viability by S. aureus was not further 

reduced in the presence of low frequency PEMF 

but decreased up to an additional 38% at high 

frequency PEMF. 

 

Fig. 1: Schematic of chitosan (CS)-based coatings 

that were prepared using electrophoretic 

deposition (EPD). 
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Fig. 2: total CFU of bacteria cells incubated in LB 

medium for 24 h and then biofilm cells were 

detached from the coatings; (a) Staphylococcus 

epidermidis, (b) Staphylococcus aureus. 

 

Fig. 3: Representative VP-SEM images of the EPD 

CS/Ga coatings incubated with S. aureus for 24h, 
(a) pure CS, (b) CS/LGa composite coating 

([Gallium(III) nitrate hydrate]= 10 mg L-1) and (c) 
CS/HGa composite coating ([Gallium(III) nitrate 

hydrate]= 100 mg L-1). 

DISCUSSION & CONCLUSIONS: This study 

has established that a combination of pulsed 

electromagnetic fields with the antibacterial agent, 

improves bactericidal activity of Ga against S. 

epidermidis strain 14990 and S. aureus strain 

12600. The new integrated approach could reduce 

the incidence of infection in orthopaedic implant 

applications. It also clearly demonstrates that the 

combination of Ga treatment with PEMF could 

promise new opportunities in biofilm-associated 

infection therapy due to the improved Ga 

efficiency. 
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