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This study is aimed to evaluate a novel nanobisystem based on magnetic nanofluid and 
Salvia officinalis essential oil for coating the Provox voice section prostheses surfaces 
with desired antibiofilm properties. The essential oil microwave assisted extraction was 
performed in a Neo-Clevenger type apparatus and its chemical composition was settled 
by GC-MS analysis. Fe3O4/C18 solubilized in chloroform and oriented in magnetic field 
was used for coating of the catheter sections of 1 cm. The extra-shell (essential oil) was 
applied by adsorption in a secondary covering treatment. The fungal biofilm 
architecture was assessed by confocal laser scanning microscopy (CLSM). The new 
Fe3O4/C18/essential oil nanobiosystem exhibited a fungicidal effect and inhibited the 
fungal adherence, representing thus, an interesting option for the medical field, opening 
new directions for the design of modified surfaces with desired and controlled anti-
biofilm properties.   
 
(Received March 16, 2012; Accepted August 27, 2012) 

 
1. Introduction 

Patients who underwent laryngectomy due to larynx cancer have a possibility to regain 
ability to speak with the use of fluoroplastic voice prosthesis [1] (figure 1). However, the lifetime of 
the device is limited, and last for approximately 3–6 months, mainly due to bacterial and fungal 
biofilm formation, that subsequently causes deterioration of the prosthesis and malfunction of the 
valve mechanisms. Moreover, the biofilm can be reservoir for chronic and systemic infections [2].  

Magnetite nanoparticles have attracted researchers in various fields such as medicine [3], 
biology [4] and materials science [5-8] due to their multifunctional properties [9], excellent 
biocompatibility and magnetic properties [10-12], magnetic nanoparticles are the focus of rapidly 
growing research efforts in controlled drug release [13,14], drug targeting [15], inhibition of 
microbial biofilm growth [16], resonance magnetic imaging [17,18], bone cancer treatment [3] or 
antimicrobial therapy [19]. 

Biofilms are heterogeneous communities of microorganisms entrapped in an extracellular 
matrix, which limits the penetration of antimicrobial drugs and antibodies [20-22]. Biofilms are 
characteristically composed of genetically and phenotypically diverse microbial populations [23-26] 
inhabiting surfaces of tissues, catheters or surgically implanted prosthetic devices: although 
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In this context, this study is focused to evaluate a novel nanobisystem based on magnetic 
nanofluid and S. officinalis essential oil for coating prosthetic device surfaces with antibiofilm 
properties. 

 

2. Materials and Methods 

Essential oil: extraction and characterization 
 
The essential oil microwave assisted extraction was performed in a Neo-Clevenger type 

apparatus and its chemical composition was settled by GC-MS analysis. GC–MS analyses were 
carried out on a gas chromatograph Agilent 6890 Series GC System coupled to a 5973 mass-
selective single quadrupole detector (Agilent technologies). A DB-5MS capillary column (30 m x 
0.25 mm, 0.25 mm film thickness) was used. The columba dan temperature was programmed to rise 
from 60 oC to 280 oC at a rate of 5 oC/min. The carrier gas was H2 with a flow rate of 1.2 ml/min, 
split ratio 60:1. Operation control and the data process were carried out by Agilent Technologies 
ChemStation software (Santa Clara, CA, USA). 
 

Hybrid nanobiosystem assembling procedure 
 
Functionalized magnetite is usually prepared by wet chemical precipitation [45, 46]. 

Magnetic nanoparticles, Fe3O4/C18 were prepared according to our previous studies [47] and 
solubilized in chloroform, oriented in magnetic field and the catheter sections of 1 cm were 
submerged in nanofluid and extemporaneously dried because of convenient volatility of chloroform 
(Fe3O4/oleic acid:CHCl3 0,33%(w/v). In order to achieve core/shell/coated-shell type samples, the 
extra-shell (CHCl3 diluted essential oil – 160µL/mL) was applied by adsorption in a secondary 
covering treatment.  

 Fungal model 
 

The artificial monospecific biofilms were developed by using Candida albicans 110 strain, 
recently isolated from wound infection and identified by using Vitek II automatic system and 
previously tested for susceptibility to currently used antifungals (voriconazole, itraconazole, 
caspofungin, amphotericin B, fluconazole, flucytosin) and some essential oils. 

Biofilm development to the Provox voice section prosthesis 
 
The microbial adherence ability was investigated in 6 multiwell plates, in which there have 

been placed (un)coathed prosthetic pieces of 1 cm. Plastic wells were filled with liquid medium, 
inoculated with 300µL 0.5 McFarland microbial suspension and incubated for 72 hours at 30°C. 
After each 24 hours the culture medium was removed, the catheters were washed three times in 
phosphate buffered saline (PBS) in order to remove the non-adherent strains and fresh Glucose 
broth (GB) was added. Also viable cells counts (VCCs) have been achieved for both working 
variants (coated and uncoated catheter pieces) at each 24h, in order to assess the biofilm forming 
ability of the tested strain. In this purpose, the fungal cells were removed from the  catheter sections 
(by vortexing and brief sonication) and the obtained suspension was diluted in PBS, the ten fold 
serial dilutions being spotted in triplicates on GB and incubated at 37oC for 24 hours. After 
incubation, the VCCs were performed choosing the optimal dilution that allowed the development 
of an optmal number of microbial colonies. 
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Biofilm characterization 
 
For the microbial biofilm architecture assessment, a confocal laser scanning microscopy 

(CLSM) was used. After 48 and 72h of incubation the samples were removed from the plastic wells, 
washed three times with PBS, fixed with cold methanol and dried before microscopic examination. 
Samples were visualized in transmission mode by using a Leica microscope (TCS-SP CSLM 
model), equipped with PL FLUOTAR (40X NA0.7, electronic zoom 1) and an He-Ne laser tuned on 
633 nm wavelength. A lateral resolution of about 600 nm was achieved. The Leica software was 
used for examining the surface topography.  

 
3. Results and Discussion 

Reports on the essential oil composition of this species have been published by several 
authors [48,49]. Apart from some chemical variations, cis- and trans-thujones are usually the main 
compounds of S. officinalis essential oils [50]. The main constituents identified in the essential oils 
of S. officinalis used in our experiments were cis-thujone and eucalyptol (Table 1), followed by 
substantial amounts of α,β-pinene and camphene. For the main constituents identified in the 
essential oil of S. officinalis, the obtained concentrations were similar to that obtained by other 
authors [51,52]. 

Table 1. Chemical composition of S. officinalis essential oil 

Peak r.t. % compounds peak r.t. % compounds 
1 4.546 0.445 Tricyclene 17 12.55 0.063 Myrtenol 
2 4.882 6.49 α-Pinene 18 13.244 0.038 Carvyl Acetate 

3 5.262 7.338 Camphene 19 15.013 0.132 
Dihydrocarveol 

acetate 
4 6.035 4.993 β-Pinene 20 15.114 1.701 Bornyl acetate 
5 7.468 1.068 m-Cymene 21 15.349 2.068 Myrtenyl acetate 
6 7.68 24.706 Eucalyptol 22 16.86 2.446 α-Terpineol acetate 
7 8.24 0.06 3-Carene 23 17.487 0.039 Copaene 
8 8.486 0.889 τ-Terpinen 24 17.532 0.047 Isobornyl acetate 
9 9.36 0.22 α- Terpinolen 25 17.823 0.091 Geraniol 

10 9.819 3.089 Linalool acetate 26 18.607 1.945 β-Caryophyllene 
11 11.072 29.888 cis-Thujone 27 19.458 0.293 α-Caryophyllene 
12 11.364 0.869 Trans-Thujone 28 20.118 0.187 Geranyl propionate 
13 11.655 3.847 Camphor 29 21.238 0.082 δ-Cadinene 
14 11.99 0.264 4-Terpineol 30 22.48 0.043 Spathulenol 

15 12.248 0.045 p-Cymen-8-ol 31 22.603 0.082 
Caryophyllene 

oxide 
16 12.394 0.23 α-Terpineol 32 22.805 0.037 β-Guaiene 

r.t.= retention time; % = relative content; 

The increasing use of indwelling medical devices in conjunction with an 
ageing/increasingly immunocompromised population has resulted in a surge of hospital acquired 
Candida spp. infections, C. albicans ranking high among nosocomial pathogens. Candida infections 
are frequently associated with the formation of biofilms on implantable medical devices [53]. These 
devices readily support biofilm formation and are responsible for a considerable percentage of 
clinical candidiasis cases. Several experimental parameters such as the nature of the surface material 
[54,55] the growth medium [56] and conditions of incubation [57] influence C. albicans biofilm 
formation and structure.  
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Fig 2. CLSM images of biofilms formed on the Provox voice section prosthesis 
(coated vs uncoated prosthetic device); a. adherent C. albicans 110 biofilm development on the surface of 

prosthetic device in the absence of the tested nanobyosistem at 48 h; b. the absence of C. albicans 110 yeast 
cells adhered to the surface of prosthetic device coated with the tested nanobyosistem at 48h; c. adherent C. 

albicans 110 biofilm development on the surface of prosthetic device in the absence of the tested 
nanobyosistem at 72 h; d. the absence of C. albicans 110 yeast cells adhered to the surface of prosthetic 

device with the tested nanobyosistem at 72h 

The CLSM examination of the catheter sections colonized with the tested C. albicans 
strains showed that the tested nanobiosystem exhibited an intensive antibiofilm effect, as 
demonstrated by the absence of yeast cells adhered to the coated surface. In exchange, in the case of 
control catheter sections with unchanged surface, the fungal cells adhered and formed aggregates, of 
bigger size at 72 hours, when the morphological conversion from budding yeast to a filamentous 
form was also more evident (Fig. 2). 

The VCCs showed a decrease in the number of colony forming units (CFU) only in case of 
48 hours biofilms, demonstrating that the essential oil exhibited an antifungal effect on the tested 
strain, reducing its multiplication rate and consequently the number of adhered cells. Conversely, at 
72 hours the CFU values were quite similar with those of the control, probably due to the 
“consumption” of the essential oil adsorbed in the nanosystem, the increase in the multiplication 
rate followed by the fungal adherence to the coated surface (Fig. 3).  
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Fig 3. The viable cell counts of fungal cells adhered and embedded in biofilms formed on the Provox voice 
section prosthesis (coated vs uncoated prosthetic device) 

 
 

4. Conclusions 
 

The new Fe3O4/C18/essential oil nanobiosystem exhibited a fungicidal effect and inhibited 
the fungal adherence, representing thus, an interesting option for the medical field, opening new 
directions for the design of modified surfaces with desired and controlled anti-biofilm properties. 
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