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INTRODUCTION

 Streptococcus salivarius is the most commen bac-
terium normal flora of human oral cavity. It may enter 
the blood stream by accident during dental treatment 
or even when brushing the teeth. It is the first bacte-
rium which colonizes the dental plaque, before being 
joined by numerous other species of various genera.6 
Therefore it seems to be the pioneer in colonizing dental 
plaque. It creates favorable conditions for other species 
to colonize. It is also a bacterium which plays the role 
of moderator, permitting the implantation of bacteria 
which are harmful to the health of the oral cavity.

METHODOLOGY

 Biofilms of Steptococcussalivarius DSM 20067 
(DSMZ, Braunschweig, Germany) were grown on 12 
mm polished titanium discs (Pic 3), surface rough-
ness < 1µm, Titanium grade 4). Test specimens were 
placed in flow-chambers, each manufactured with a 

12 mm circular socket (Pic 1, 2). Discs were overflown 
for 42 hours at room temperature by a suspension of 
Streptococcus salivarius in TSB media (Oxoid,….). 
Bacterial cultivation took place in a glass bioreactor 
under constant stirring (250 rpm). To ensure a constant 
flow rate of 16 ml/min during the complete experiment, 
a multi-channel peristaltic pump (Ismatec IPC,....., 
Germany) was used to transport the medium from the 
external reservoir to the flow chambers.1-3

Octenidine treatment of biofilms

 Titanium discs with adherent biofilms were re-
moved from the flow chambers. Non adherent cells were 
washed away by rinsing three times with ddH2O. Test 
specimens were immersed in 0, 1% octenidine solution 
(Schulke Chemie,...., Germany) for 30s, 60s, 120s or 
300s and subsequently rinsed three times with ddH2O. 
Then, bacterial cells were stained or plated on solid 
media. Each experiment was performed in triplicate.4,9

Live/Dead staining

 After octenidine treatment, cells were stained with 
the BacLight viability staining kit (Invitrogen, Germa-
ny) according to the manufacturer’s instructions. The 
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Pic 1: Complete system

Pic 2: Flow chambers with titanium discs

Pic 3: Titanium discs

Fig 1: Negative control

Fig 2: 30 Sec.

Fig 3: 60 Sec
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Fig 4: 120 sec.

Fig 5: 300 sec.

Fig 6: Negative control

Fig 7: 30 sec.

Fig 8: 60 sec.

Fig 9: 120sec.

Fig 10: 300 sec.
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biofilms were fixed with 2,5% glutharaldehyde solution, 
(Carl Roth, ..., Germany). and the ratio of live: dead 
bacterial cells was estimated by confocal laser scanning 
microscopy (Zeiss, ....).9-11

Plating method

 Adherent cells on the titanium surfaces were re-
moved by ultrasonification in a Bandelin XYZ ultrasonic 
bath (20 minutes at 37ºC power: 100%) in a total volume 
of 5 ml PBS buffer (Dublecco, ....). A dilution series 
was prepared and (what dilutions) and equal volumes 
of XXX µl were plated on TSB agar. After incubation 
at 37ºC for 24h the number of CFU was determined 
(Fig 1, 2, 3, 4, 5).5,6

RESULTS

 After exposure of Streptococcus salivarius biofilms 
to octenidine for at least 30s a complete killing of bac-
teria were detected when using the plating method to 
evaluate the antibacterial effect. In contrast, CLSM 
microscopy analysis showed complete killing even 
after 5 minutes exposure to octenidine. Exposure to 
octenidine for 30s-120s in combination with staining 
resulted in an overall survival rate between 20-50%.
(Fig 6, 7, 8, 9, 10).13-14

DISCUSSION

 The experiments showed that a significant differ-
ence between the antibacterial effect of octenidineana-
lysed by staining and the one analysed by conventional 
plating.4 Plating is a relatively fast and easy to perform 
laboratory method. Dead or heavily damaged cells can 
not divide anymore. This results in compete absence 
of bacterial growth on solid or in liquid growth media 
11. Under the given experimental conditions live/dead 
staining was inferior to the plating method and proofed 
to be an unreliable technique for the analyses of the 
antibacterial effect of octenidine on Streptococcus 
salivarius biofilms. Probably short exposure times of 
Streptococcus salivarius cells to octenidine do not lead 
to structural damages big enough to allow the flouro-
phorpropidium iodide to enter the cells.5,6 We could 
show that the assessment of an antibacterial effect 
could be influenced to a great extent by the applied 
method. Therefore we conclude that special care should 
be taken when choosing a method for the evaluation of 
antibacterial effects.15,16
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