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Abstract  

The study aimed at finding the action   of Fluoride and Chlorhexidine varnish on the amount of biofilm produced by 

Streptococcus mutans in vitro. Streptococcus mutans isolated from the plaque of 30 patients prior to varnish treatment and 

following treatment were used for the study. Biofilm production was done by O’ Toole and Kolter method and OD values 

were recorded spectrophotometrically at 48h. The same was repeated following 48h, 1 month and 3 months after varnish 

treatment. The amount of biofilm produced was evaluated. The results were compiled systematically and analysed using 

SPSS 17.0. Group comparison was done by ANOVA test and intergroup comparison at different time intervals was done by 

Bonferroni t test. Comparison between the groups was done by Tukey’s test. Streptococcus mutans was isolated from all 30 

of them after 1month and 3 months following treatment. There was a significant decrease in biofilm production by the 

isolates after treatment with varnish. This study suggests that there is gradual loss of effect of Fluoride and Chlorhexidine 

varnish on viability of Streptococcus mutans in dental plaque. Nonetheless it can decrease the biofilm producing property 

of the organism in vitro. 
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Introduction 

Microbial biofilm is defined as the diverse community of 

microorganism embedded in an extracellular matrix of host and 

microbial polymers. Dental plaque is also a biofilm found on the 

tooth surface and since it possesses the properties of biofilm, it 

usually predisposes to dental caries
1,2

. Of the various substances 

and varnishes that have been tried to prevent dental caries,  

fluoride and chlorhexidine varnishes are on trial and the effects 

of these varnishes on the biofilm produced by Streptococcus 

mutans need to be determined. 
 

Tooth decay or dental caries, is an important disease of people 

worldwide. It is formed through interaction between acid-

producing bacteria and fermentable carbohydrates as well as 

many host factors
3
. Streptococcus mutans among all 

microorganisms are most closely associated with development 

of caries. S. mutans synthesises insoluble glucan and 

glucosyltransferase from sucrose and these substances are very 

essential in adhesion. Hence, any agents that can interfere with 

the adherence property of S. mutans could control dental 

caries
4,5

. 
 

According to Emilson CG, chlorhexidine remains the most 

widely studied antimicrobial agent for control of plaque 

formation  
 
and 

 
the effect depends on

 
it’s concentration in the 

varnish and number of applications on the tooth surface
6,7

. The 

other agent frequently used for prevention of dental caries is 

fluoride. 

 

Objectives: The study aimed at finding the action of 

chlorhexidine varnish (CHX) and fluoride varnish (F) on 

formation of biofilm by Streptococcus mutans isolated from 

dental plaque. 

 

Material and Methods 

The study was a continuation of the work done to study the 

effect of varnish containing fluoride and chlorhexidine (CHX) 

on Streptococcus mutans isolated from dental plaque of 

children
8
.
 
The study groups were as follows: Group1-following 

fluoride varnish treatment, Group 2-Following chlorhexidine 

varnish treatment, Group 3- Control group (by stratified block 

randomization). 

 

The organisms were isolated from Mitis–Salivarius-Bacitracin 

(MSB) medium with sucrose (200gm/l) and Bacitracin (0.2 

U/ml). 

 

Colonies of Streptococcus mutans were preserved in brain heart 

infusion broth with 20% glycerol and stored at -20
ο
C. 

 

Biofilm Assay of Streptococcus mutans by Microtitre plate 

method by O’Toole and Kolter
9
: The organisms were grown 
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in brain heart infusion broth for 24h. 200µl of 1:100 diluted 

brain heart infusion broth cultures was inoculated into flat 

bottomed 96 well tissue culture plates and incubated at suitable 

temperature (37
0
C) separately for 48h. The contents of each 

well was aspirated, fixed and stained with crystal violet. Then 

the plate was washed with water. After drying, optical density 

(OD) was read with micro ELISA plate reader at 570 nm. In a 

similar manner, the organisms grown after treatment with 

chlorhexidine varnish and fluoride varnish after duration of 48h, 

1 week and 3 months were collected and preserved. The biofilm 

produced was again recorded. The results were tabulated. 

 

Statistical analysis: The results were compiled systematically 

and analysed using SPSS vers.17.0. Group comparison was 

done by ANOVA test and intergroup comparison at different 

time intervals was done by Bonferroni t test. Comparison 

between the groups was done by Tukey’s test. 

 

Results and Discussion 

There was a significant decrease in biofilm production of 

Streptococcus mutans after 48h following chlorhexidine varnish 

application when compared to the biofilm production of 

Streptococcus mutans isolated from the controls. However there 

was an increase in biofilm production in the isolates after 

fluoride varnish application. Plaque collected following one 

month after application of varnish showed that there was a 

significant decrease in biofilm production in isolates of 

Streptococcus mutans exposed to fluoride and chlorhexidine 

varnish as compared to controls.  After three months, the 

organisms isolated showed a significant decrease in biofilm 

production in both the varnish groups (figure-1). 

 

Intergroup comparison by Bonferroni t test showed that the 

fluoride group showed an increase in biofilm after 48h as 

compared to controls. There was a significant decrease in 

biofilm in Strepotococcus mutans isolated from chlorhexidine 

varnish treated group when compared to controls. Similarly the 

biofilm produced by the isolates at one month and three months 

in the study groups was significantly decreased compared to the 

controls as shown in table-1. 

 

 
Figure-1 

Comparison of biofilm production between various study groups 
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Table-1 

OD values of the biofilm produced by the isolates 

Group Time duration Mean OD SD F value P value 

Control 

Baseline 0.136 0.089 

19.549 < 0.001 vhs 
48 h 0.390 0.17 

One month 0.650 0.16 

Three months 0.668 0.14 

Fluoride varnish treated 

Baseline 0.383 0.125 

2.125 0.143 ns 
48h 0.503 0.18 

One month 0.419 0.17 

Three months 0.481 0.14 

Chlorhexidine treated 

Baseline 0.165 0.112 

38.347 <0.001 vhs 
48 h 0.157 0.08 

One month 0.558 0.23 

Three months 0.303 0.10 

NS –not significant, VHS-Very highly significant 

 
Discussion: Various formulations have been tried to prevent the 

formation of biofilm on tooth surfaces and therefore to prevent 

dental caries. The effect of various varnishes on the microbiota, 

particularly on bacteria associated with caries has undergone 

clinical and in vitro trials
4-6

. The present study used fluoride and 

chlorhexidine varnishes. Chlorhexidine containing varnishes 

produce long lasting suppression of S. mutans while fluoride 

may interfere with bacterial growth and metabolism
7
. We found 

that although fluoride/ chlorhexidine caused suppression of 

biofilm forming property of S. mutans after 1 month of 

treatment, it failed to completely inhibit the growth of the 

organism after 3 months duration and there was a slower rate of 

biofilm production. The interesting feature was that more 

amount of biofilm was produced when compared to biofilm 

produced after 1 month following varnish treatment. 

 

A process termed initial burst has been found to exist in case of 

some varnishes. The active agent is released rapidly and then at 

a slower rate
10-12

. The present study suggests that this could be 

the reason for the decreased biofilm production of the isolates 

grown after 1 month of treatment with varnish. 

 

Our study found that as the concentration of varnish decreased, 

isolation rate increased. This could be due to the very low 

concentration of varnish remaining after the initial excessive 

release which may be inefficient to inhibit the formation of 

biofilm. An interesting finding in our study was that the 

isolation rate of S. mutans was greatly inhibited following 48 h 

after varnish treatment but the biofilm formation was increased. 

This result could be considered due to the increased release of 

fluoride from the varnish (burst effect). 

 

Most bacterial species in the oral cavity have been found to be 

inhibited by chlorhexidine. Combination of chlorhexidine and 

fluoride have a greater action on phosphorus and potassium 

metabolism than when used alone,  thereby suggesting that it 

could be the preferred choice for the treatment  of caries
13-15

.  

 

Conclusion 

This study suggests that there is a gradual loss of action of  the 

varnish containing fluoride and chlorhexidine on viability of 

Streptococcus mutans, but it can still decrease the biofilm 

producing property of the organism in vitro. 

 

References 

1. Ten Cate JM., Biofilms, A new approach to the 

microbiology of dental plaque, Odontology; 94(1), 1-9 

(2006) 

2. Marsh PD, Dental plaque as a microbial biofilm, Caries 

Res, 38, 204-11 (2004) 

3. Selwitz R H, Ismail A L and Pitts N B., Dental caries., 

Lancet; 369(9555), 51-9 (2007) 

4. Hamada S, Koqa T and Ooshima T., Virulence of 

Streptococcus mutans and dental caries prevention, J 

Dent Res, 63(3), 407-11 (1984) 

5. Bhardwaj SB, Probiotics and oral health, An update, Int J 

Contemporary Dent, 1(3), 116-119 (2010) 

6. Emilson CG, Potential efficacy of chlorhexidine against 

Streptococcus mutans and human dental caries. J Dent 

Res; 73(3), 682-691 (1994) 

7. Balanyk T E. and Sandham H S., Development of 

sustained release antimicrobial dental varnishes effective 

against Streptococcus mutans in vitro. J  Dent Res, 64, 

1356-60 (1985) 

8. Sanchit Paul, Suprabha Baranya Shrikrishna, Ethel 

Suman, Ramya Shenoy and Arathi Rao, Effect of 

fluoride varnish and chlorhexidine-thymol varnish on 

mutans streptococci levels in human dental plaque: A 

double- blinded randomized controlled trial, Int J Paed 

Dentistry, 24(6), 399-408 (2014) 

9. O’Toole G A and Kolter R, Initiation of biofilm 



International Research Journal of Biological Sciences _______________________________________________ ISSN 2278-3202 

Vol. 4(7), 4-7, July (2015) Int. Res. J. Biological Sci. 

 International Science Congress Association  7 

formation in  Pseudomonas  fluorescens W C S 365 

proceeds via multiple convergent signaling pathways, A 

genetic analysis, Mol. Microbial; 28, 449-461 (1998) 

10. Madhyastha P, Kotian R, Pai V and Khader AMA, 

Fluoride release from glass ionomer cements: Effect of 

temperature, time interval and storage conditions, J 

Contemporary Dent,  3(2), 68-73 (2013) 

11. Yap AU, Tham SY, Zhu LY and Lee HK, Short-term 

fluoride release from various aesthetic restorative 

materials, Oper Dent, 27(3), 259-65 (2002) 

12. Nigam AG, Jaiswal J, Murthy R and Pandey R, 

Estimation of fluoride release from various dental 

materials in different media-an in vitro study, Int J Clin 

Pediatr Dent, 2(1), 1-8 (2009) 

13. Takeuchi Y, Guggenheim B, Filieri A and Baehni P, 

Effect of chlorhexidine/thymol and fluoride varnishes on 

dental biofilm formation in vitro, Eur J Oral Sci, 115(6), 

468-72 (2007) 

14. Knight G M, Mclntyne J M, Craig G, Mulyani, Zilm PS 

and Gully NJ, Inability to form a biofilm of 

Streptococcus mutans on silver fluoride and potassium 

iodide treated demineralised dentin, Quintessence Int, 

40(2), 155-61 (2009) 

15. Autio-Gold J, The role of chlorhexidine in caries 

prevention, Oper Dent, 33(6), 710-6 (2008) 

 


