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INTRODUCTION 

The oral cavity is the habitat of around 700 different microbial strains,1 which can form 

biofilms on the tongue, mucosa and teeth. The first step in biofilm formation in the oral cavity 

is the formation of a salivary conditioning film or pellicle, at least in healthy, non-xerostomic 

people, consisting of salivary (glycol)proteins. The composition of the biofilm is depending on 

whether it is formed on biomaterials, hard or soft tissues.2 On implant surfaces as dental 

prostheses, yeasts will have a more prominent presence than on the natural surfaces.3 

Moreover, differences in dietary intake, cleaning habits and the general health condition of 

the host influence the final composition of oral biofilms.  

This also counts for biofilms on tracheoesophageal shunt or voice prostheses. These 

prostheses are used for voice rehabilitation in laryngectomized patients. For voice 

rehabilitation, a tracheoesophageal shunt is made in which a voice prosthesis can be placed. 

In essence, a voice prosthesis is a simple one way valve, to facilitate air flow and prevent 

aspiration of food, drinks or saliva from the oesophagus into the trachea. The valves are 

prone to biofilm formation because of their non-sterile environment and the continuous 

exposure to food and drinks. Biofilm formation on the valve leads to its dysfunctioning and 

subsequent leakage of oesophageal contents into the trachea and limits the in situ life time of 

voice prostheses to three to six months.4-7   

Biofilm formation on the valves of voice prostheses in the neopharyngeal cavity 

follows the same sequence of events as oral biofilm formation, although voice prosthetic 

biofilms contain a higher number of yeast that appear in close association with bacteria in the 

biofilm, to form corncob-like structures as also found in oral biofilms (see Fig. 1).8-11 As 

another difference, salivary conditioning films on silicone rubber voice prostheses may be 

different in composition and thickness, as often laryngectomized patients have a reduced 

salivary flow rate as a side effect of radiotherapeutic treatment.12  

The possession of an adequate salivary flow rate is an important antimicrobial 

defence of any host.13 The antimicrobial properties of saliva are conveyed by a large number 

of proteins and smaller antimicrobial peptides (AMPs).14 AMPs have a broad antimicrobial 

spectrum of activity against Gram-positive and Gram-negative bacteria as well as against 

fungi 15,16 and in contrast to antibiotics, development of antimicrobial resistance to AMPs is 

rare. These properties make AMPs promising candidates for therapeutic drugs.17,18 For 

example, salivary substitutes like Xialine, have been complemented with AMPs for the 

treatment of oral candidosis19 and a mouthwash containing bovine lactoferrin and lysozym in 

combination with itraconazole resolved severe refractory oropharyngeal candidosis in HIV 

infected patients.20 AMPs have also been evaluated with respect to their possibilities in 
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controlling biofilm formation on voice prostheses in vitro.21,22 Three daily exposures of voice 

prosthetic biofilms in an artificial throat model to the AMPs dhvar5, a synthetic histatin 

derivate, yielded a reduction in bacterial and yeast prevalence in mixed species biofilms. In a 

clinical setting, however, daily exposures of a prosthesis to AMPs is impossible, as it would 

require either regular removal of a prosthesis for dipping in an AMP solution or intake of an 

AMP solution. Other options, like for instance adsorption of an AMP to the silicone rubber 

surface of a voice prosthesis are clearly preferable. 

It is the aim of this study, to investigate whether a single adsorption of the synthetic 

salivary peptides dhvar4, dhvar5, histatin analogues, human cathelicidin LL-37 or a recently 

described peptide of bovine lactoferrin LFampin 265-28423, reduces biofilm formation on the 

valve of voice prostheses in an artificial throat. 

 

 

 
Figure 1. Mixed biofilm of yeast and bacteria forming corncobs on a voice prosthesis in vivo. The 
bar denotes 4.9 �m.

 

 

MATERIALS AND METHODS 

Voice prostheses. “Ultra Low Resistance” Groningen voice prostheses made of 

implant grade silicone rubber were supplied by Médin Instruments and Supplies (Groningen, 

The Netherlands). The “Ultra Low Resistance” Groningen voice prosthesis consists of a shaft 
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with two flanges with a semicircular slit of 210º in the hat of the oesophageal flange, 

functioning as a one-way valve.  

Synthetic salivary peptides. The synthetic peptides dhvar4 (KRLFKKLLFSLRKY), 

dhvar5 (LLLFLLKKRKKRKY), LL-37 (LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES) 

and LFampin 265-284 (DLIWKLLSKAQEKFGKNKSR) were synthesized by Fmoc-chemistry 

with a MilliGen 9050 peptide synthesizer (MilliGen/Biosearch, Bedford, MA) according to the 

manufacturer’s procedures and purified as described previously.24-26 Stock solutions of 2 mM 

of the synthetic peptides in demineralised water were used. 

 

Culture conditions of micro-organisms. Four bacterial and two yeast strains are 

used in this study to form a mixed species biofilm, previously isolated from explanted 

Groningen button voice prostheses from different patients and lifetimes varying from 1-29 

months: Candida tropicalis GB 9/9, Candida albicans GBJ 13/4A, Staphylococcus aureus GB 

2/1, Staphylococcus epidermidis GB 9/6, Streptococcus salivarius GB 24/9 and Rothia 

dentocariosa GBJ 52/2B. Yeast strains were stored on sterile Silicagel 60 (Merck, Darmstadt, 

Germany) and bacterial strains on plastic beads in TSC vials (Technical Service Consultants, 

Heywood, Lancs UK) at -22ºC and -80 ºC, respectively. The micro-organisms were grown 

aerobically at 37ºC in a mixture of 30% brain heart infusion broth (OXOID, Basingstoke, 

Great Britain) and 70% defined yeast medium (per liter: 7.5 g glucose, 3.5 g (NH4)2SO4, 1.5 g 

L-asparagine, 10 mg L-histidine, 20 mg DL-methionine, 20 mg DL-tryptophan, 1 g KH2PO4, 

500 mg MgSO4.7H2O, 500 mg NaCl, 500 mg CaCl2.2H2O, 100 mg yeast extract, 500 μg 

H3BO3, 400 μg ZnSO4.7H2O, 120 μg Fe(III)Cl3, 200 μg Na2MoO4.2H2O, 100 μg KI, 40 μg 

CuSO4.5H2O). 

 

Biofilm formation. A suspension of 2 mM of the AMPs in demineralised water was 

placed on sterile Groningen prostheses and left overnight at 4ºC. The next morning, 

prostheses were placed in an artificial throat.27 These artificial throats consist of a rectangular 

stainless steel tube with three openings to place a voice prosthesis in, through which liquids 

can be perfused (Fig. 2). Each artificial throat was equipped with a control and two 

prostheses with adsorbed antimicrobial peptides. The artificial throats were maintained at 

physiological temperatures between 36ºC and 37ºC. To mimic biofilm formation as occurring 

in laryngectomized patients, artificial throats were inoculated for 5 h with the combination of 

bacteria and yeasts as described above. After inoculation, a biofilm was allowed to grow on 

the prostheses during three days by filling the devices with growth medium (see above). 

From day 4 till day 7, the artificial throats were perfused three times a day with 250 mL 
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phosphate buffered saline (10 mM potassium phosphate and 150 mM NaCl, pH 7.0) and 

prostheses were left in the moist environment of the artificial throats. At the end of each day, 

the artificial throats were filled with growth medium for 30 min, drained and left overnight in 

the moist environment. The tracheal sides of the prostheses were left in ambient air, similar 

to the situation with a tracheostoma.27 All experiments were carried out in six fold. 

 

 
Figure 2. Schematic presentation of the modified Robbins device, used as an artificial throat, and 
equipped with three Groningen button tracheoesophageal shunt prostheses. 

 

Evaluation of biofilm. On the 8th day of an experiment, the number of colony forming 

units (cfu’s) in the biofilm formed on the valve side of a prosthesis was determined. Biofilms 

were removed from the voice prosthesis by scraping and suspended in reduced transport 

fluid (NaCl 0.9 g/L, (NH4)2SO4 0.9 g/L, KH2PO4 0.45 g/L, MgSO4 0.19 g/L, K2HPO4 0.45 g/L, 

Na2 EDTA 0.37 g/L, L-cysteine HCl 0.2 g/L, pH 6.8), sonicated for 30 s and subsequently 

diluted serially and plated on MRS (de Man, Rogosa and Sharpe) agar plates for yeasts and 

blood agar plates for bacteria. Plates were incubated at 37°C in an aerobic incubator for 3 

days prior to enumeration.  

 The number of bacterial and yeast cfu’s were expressed as a percentage of the 

mean number of bacterial and yeast cfu’s formed on the control.  

 

Statistical analyses. The experiments in the artificial throats were done in six fold 

and the data for prostheses with adsorbed AMPs were statistically compared with respect to 
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the control. A Wilcoxon signed rank test was used for the statistical analysis, accepting P < 

0.05 as statistically significant. 

RESULTS 

In this study, the antimicrobial activity of different synthetic salivary peptides against a 

mixed species neopharyngeal biofilm, was investigated. In Table 1, the percentages of viable 

bacteria and yeasts are shown isolated from the voice prostheses with adsorbed 

antimicrobial peptides after biofilm formation in the artificial throat. The numbers of micro-

organisms isolated from the voice prostheses with adsorbed AMPs were compared to the 

mean numbers of micro-organisms isolated from the control. Significant decreases at p < 

0.05 were seen in the percentage of yeast on the voice prostheses with adsorbed AMPs with 

a maximum reduction of 85% for LL-37. None of the adsorbed AMPs with the exception of 

adsorbed LFampin 265-284 (38% reduction, albeit only at p < 0.1) caused a reduction in 

bacterial prevalence in the mixed species biofilms. 

 
Table 1. The percentage of viable bacteria and yeasts in biofilms formed on voice prostheses with 
adsorbed AMP. Percentages are expressed with respect to the mean number of bacteria and yeast 
found on control which was set to 100%. ± Indicates the standard deviation over six experimental 
runs. 
 

Voice prostheses Percentage of total bacteria Percentage of total yeast 

Original 100a 100a 

LL-37 
 

86 ± 69 

 

15 ± 12* 

LFampin 265-284    62 ± 42** 35 ± 41*

Dhvar4 80 ± 37 41 ± 40*

Dhvar5 90 ± 42 56 ± 39*

   

a = The absolute number of bacterial and yeast colony forming units on the control amounts 3.8 x 106 
and 1.2 x 106 per cm2 , respectively; * = significant differences (Wilcoxon signed rank test, p < 0.05) 
from the control; ** = significantly different from the control (Wilcoxon signed rank test, p<0.1). 
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DISCUSSION
 

In this study, the antimicrobial activity of different synthetic salivary peptides, 

adsorbed on silicone rubber voice prostheses was investigated against a mixed species 

neopharyngeal biofilm. Previous studies showed antimicrobial activity against single strain 

voice prosthetic micro-organisms and mixed species biofilms upon regular exposure of the 

biofilms to an AMP solution.21,22 However, this application method is not applicable for 

patients. Therefore in this study we adsorbed the peptides to the silicone rubber surface, in a 

single application, prior to biofilm formation, a method which was previously used by 

Rodrigues et al.28  

All adsorbed AMPs clearly showed a decreased yeast prevalence in the biofilm, with 

little (LFampin 265-284) or no effect on bacterial prevalence. Adsorption induces a 

conformational change of the AMPs, and the region that binds the protein to a solid surface 

may become inactivated, while the unbound region can remain to exhibit a biological 

function, such as antimicrobial activity. A net positive charge is important for the activity of 

AMPs. Upon interaction with the target organism most of the AMPs fold into an amphipathic 

�-helical conformation allowing the positively charged amino acids, like arginine and lysine, 

to interact with the negatively charged cell membrane of the target organism causing 

perforation of the cell membrane on contact with bacteria or yeasts and resulting in killing 

them.23,29 The reductions in biofilm formation found in this study over a prolonged period of 

time of several days suggest that the AMPs are adsorbed strongly on the silicone rubber. 

Since the silicone rubber is negatively charged, it is likely that electrostatic interactions 

between the silicone rubber surface and the positively charged AMPs play a role in this 

adsorption, while evidently leaving enough unbound active groups to exert the antimicrobial 

effects desired. 

Candidacidal activity is described in literature for all AMPs evaluated26,30-33 and is 

confirmed in the present study to exist also for bound AMPs. Antibacterial activity has been 

described as well in literature for a variety of applications ranging from strains found in 

infected orthopaedic joint prostheses31,34,35 to strains found in the oral and oropharyngeal 

cavity.36,37 It is of interest that regular exposure of mixed species oropharyngeal bioflms 

yielded a reduced prevalence of both yeast and bacteria in the biofilms, while in the 

adsorbed state efficacy of the AMPs against bacteria appeared to be lacking, possibly with 

the exception of LFampin 265-284. This might suggest that other active parts of the AMPs 

are involved in their antimycotic action than in their antibacterial action, and that their 

antibacterial active groups are involved in adsorption to the silicone rubber. Alternatively, the 

mixed species nature of the currently investigated biofilms may also contribute to the lack of 
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antibacterial efficacy observed, as reduced antibacterial activity of AMPs against a mixed 

bacterial biofilms was also reported by Helmerhorst et al.38  

In conclusion, AMPs adsorbed on silicone rubber voice prostheses in a single 

application showed a significant decrease in yeast prevalence in mixed species biofilms. 

Antibacterial efficacy of the adsorbed AMPs was virtually absent, possibly as a result of their 

adsorption or the mixed species nature of the biofilms. 
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