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In the chemotherapy of caries and gingivitis 
an ideal agent would be a chemical that is 
efficient against pathogenic microorganisms 
but lacks all side effects (1). So far, no single 
agent has fulfilled these criteria (2). A com- 
bination of two or more chemicals in one 
preparation might prove beneficial if their 
mode of action is additive or even synergistic 
so that the concentrations could be kept as 
low as possible. 

Chlorhexidine (CHX) and fluoride (F) 
were shown to exert a synergistic mode of 
action against Streptococcus mutans cells (3). 
This combination was originally introduced 
by Luoma (4), and clinical studies have been 
carried out in which the concomitant use of 
CHX and F solutions has proved beneficial 
with regard to caries and gingivitis (5-9). 
Xylitol, a non-cariogenic sweetener (lo), 
was shown to act synergistically with F (11, 
12). It also causes membrane alterations in 
oral streptococci, and the resulting net effect 
is an inhibition of bacterial growth (13). 

We have suggested an antiplaque tablet 
preparation containing CHX and F in which 
xylitol forms the bulk of the tablet (14). In 

clinical testing, the combination appeared 
effective in reducing plaque and gingival 
indexes of the test subjects (15). 

The aim of this in vitro study was to inves- 
tigate more specifically how the addition of 
xylitol to the previously known combination 
of CHX and F interacts with the bactericidal 
and bacteriostatic effect of this combination 
against S. mutans and S.  sanguis. Xylitol in 
water is an uncharged molecule, and it can 
be assumed that chemical interactions would 
normally not occur between xylitol and 
chlorhexidine and fluoride. 

Materials and methods 
Test solutions 

The chemicals and their combinations 
studied are shown in Table 1. Hibitane-Den- 
tal solution was included as a positive control 
and phosphate-buffered saline (PBS) as a 
negative control. Combination no. 10 was F 
and xylitol, to which CHX was added to 
obtain the same CHX concentration as that 
in Hibitane@. 
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In the growth inhibition study the CHX 
concentration vaned from 0.1 mg/ml to 1.0 
mg/ml and the F concentration from 0.05 
mg/ml to 0.5 mg/ml, and the xylitol concen- 
tration was 60.9 mg/ml. 
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Growth inhibition study 
Aliquots of bacterial suspensions (200 PI) 

which had been grown for 20 h at 37°C in the 
thioglycollate broth were spread on Miiller- 
Hinton blood agar plates (Orion Diagnostica, 
Espoo, Finland). PDM non-impregnated 
antibiotic sensitivity discs, with a diameter of 
6mm (AB Biodisk, Solna, Sweden), were 
moistened with 1 2 ~ 1  of the test solutions 
and placed on the agar. The plates were 
incubated for 24 h at 37"C, after which the 
zones of inhibition were read (the diameter 
of the disc included) by using a Peak Light 
scale magnifying glass with x7  magnification 
and k O . 1  mm reading accuracy. The exper- 
iment was carried out three times, and two 
parallels were used. 

Bacterial strains, growth conditions, and 
bactericidal effect 

Stock cultures of S. mutans ATCC 27351 
and S. sanguis ATCC 10556 were grown 
in thioglycollate broth. After incubation 
for 18 h at 37°C the cells were harvested 
by centrifugation (9000g, 15min at 4"C), 
washed three times with 0.1 M PBS, and 
suspended in the same buffer to a turbidity 
of 175 in a Klett-Summerson calorimeter 
(filter 62; range, 590-660nm). This cor- 
responded to a level of approximately 
lo8 cells/ml. 

Aliquots of 2 ml of the test solutions were 
added to equal volumes of bacterial sus- 
pensions, mixed thoroughly, and incubated 
in a water bath at 37°C for 1 h with gentle 
agitation. The cells were then washed three 
times (9000g, 15 min at 4°C) with the 0.1 M 
PBS and suspended in 2 ml of buffer (which 
equaled the original volume). Bacterial dilu- 
tions were plated on blood agar, on duplicate 
plates. After 36 h of incubation at 37°C the 
bactericidal effect on resting cell suspensions 
was determined as CFU/ml. The experiment 
was carried out three times. 

Fermentation test 
Bacteria were grown and washed as above. 

Resting cell suspensions were suspended in 
10% sucrose in 0.9% NaCl to a turbidity of 
Klett 175. Equal volumes of bacterial sus- 
pension and the test solutions were used. 
The initial pH was measured. The test vials 
were incubated in a water bath at 37°C with- 
out agitation, and the pH was measured 
every 15min for 2h. The difference from 
the initial pH to the end pH was calculated. 
The experiment was carried out three times. 

Table 1 .  The chemicals studied and their combinations 

No. and abbreviation of 
test chemicals used Composition 

1. F 
2. F + CHX 

3. F + xyl 
4. F + CHX + xyl 

5. CHX 
6. CHX + xyl 

8. PBS 
9. Hibitane 

I. xyl 

10. F + CHX + xyl conc. 

~- ~ 

Sodium fluoride, 0.5 mg/ml, 10 mM (0.05%) 
Sodium fluoride, 0.5 mg/ml, and chlorhexidine diacetate, 1 mg/ml 

Sodium fluoride, 0.5 mg/ml, xylitol, 60.9 mg/ml (0.4 M) 
Sodium fluoride, 0.5 mg/ml, chlorhexidine diacetate, 1 mg/ml, and xylitol, 

Chlorhexidine diacetate, 1 mg/ml 
Chlorhexidine diacetate, 1 mg/ml, and xylitol, 60.9 mg/ml 
Xylitol, 60.9 mg/ml 
Phosphate-buffered saline, 0.1 M, pH 7.1 
Hibitane-Dental" solution, ICI Ltd, Sussex, U.K. (2.23 mM chlorhexidine2+) 
Same as no. 4 except that chlorhexidine diacetate concentration was 11.3 mg/ml, 

(1.6 mM chlorhexidine*+) 

60.9 mg/ml 

corresponding to that of Hibitane 
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Table 2. Bactericidal effect of Srrepiococcus mutarn 
and S. sanguls after a 1-h incubation of resting cell 
suspensions with equal volumes of the chemicals listed 

Xylitol, chlorhexidine, fluoride 11 1 

from the results with the other chemicals 
(P < 0.001). 

Bacterial growth 

Test S. mutans, S. sanguis, 
chemicals* 7 . 3  X lon 3.6 X 108 

1. F 4.2 x 108 2.0 x 108 
2. F + CHX 1.0 X I@ 4.0 X 1@ 
3. F + xyl 1.6 X 108 4.3 X loR 

7.5 x 102 
5. CHX 1.5 X 102 1.8 X 103 
6. CHX + xyl 4.0 X lo2 2.6 X 103 
7. xyl 4.2 X 108 2.0 X 108 
8. PBS 5.2 X loR 4.4 X 108 
9. Hibitane No growth 2.5 x lo2 

4.5 X lo2 

4. F + CHX + xyl 1.0 x 102 

10. F + CHX + xyl conc. 1.0 X lo2 

* See Table 1 for definition of chemicals. 

Statistical methods 
Anova statistics of the Statistical Analysis 

System package (SAS Institute Inc., N.C., 
USA) was used to test the differences in 
results between the various combinations of 
the chemicals studied (16). 

Results 
Bactericidal effect 

Sodium fluoride and xylitol, alone and 
combined, did not interfere with the viability 
of the bacterial strains, as expected. As 
shown in Table 2, the growth of both S. 
mutans and S.  sanguis after incubation with 
F and xylitol was comparable to the input 
concentrations and the PBS series. All the 
series in which CHX was used showed a 
reduced viability in both study strains (Table 
2). In general, S. mutans appeared more 
sensitive to CHX than S. sanguis. The com- 
binations of F and xylitol with CHX showed 
the same growth reduction as those with 
CHX alone. The growth in these series was 
comparable with that of the Hibitane series 
with S.  sanguis, whereas S.  mutans did not 
grow in the presence of Hibitane. 

The bactericidal effect caused by CHX 
and CHX combinations differed significantly 

Growth inhibition study 
The effect of increasing concentrations of 

CHX and F on 0.4 M xylitol on the growth 
of S. hutans and S.  sanguis is shown in Fig. 
1. The F concentrations studied did not affect 
the growth of the streptococci, whereas the 
increase in CHX concentration distinctly 
inhibited both the bacteria. 

We also carried out an extra experiment 
(results not shown in Fig. 1) in which the 
xylitol concentration vaned from 0.05 M to 
1.0 M, the CHX concentration was 1 mg/ml, 
and the F concentration was 0.5 mg/ml. The 
diameter of the inhibition zone was 15.5 mm 
for S. mutans and 11.0 mm for S. sanguis. 
The xylitol concentrations studied did not 
affect the diameter. 

Fermentation test 
Results of the fermentations are shown in 

Table 3. Both the strains fermented sucrose 
when incubated in PBS. S. sanguis and S.  
mutans appeared to ferment sugar also when 
incubated with xylitol, a bit less than with 
PBS. The combination F + xylitol appeared 
to inhibit fermentation significantly ( P  < 
0.05) by S. sanguis cells. The values from 
CHX and CHX combination experiments 
differed significantly from those of PBS 
values (P < 0.001). 

Discussion 
Xylitol and Fare efficient anticaries agents. F 
inhibits sugar fermentation (17-19). Xylitol 
has been shown to inhibit the growth of S. 
mutuns in vitro (20), and the depression of 
S. mutans has also been shown in vivo (21). 

However, we did not observe any re- 
duction in the fermentation of sucrose in the 
reaction mixture containing xylitol, added to 
resting cells, compared with the PBS control. 
Xylitol alone did not show any effect on the 
microorganisms studied. It has been pre- 
viously shown that much lower concen- 
trations of xylitol than used in the present 
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study may cause membrane alterations that 
can impair metabolic functions in S .  mufuns 
cells but do not affect their cultivability (13). 
On the other hand, xylitol did not seem to 
interfere with the bactericidal effect of CHX 
on S .  mutuns and S.  sunguis cells. 

The amount of xylitol appeared not to 
be critical with regard to the above results. 
Xylitol concentrations ranging from 0.05 M 
to 1.OM were studied with the addition of 
CHX and F, and the effect on growth inhi- 
bition was nearly the same as with the 0.4 M 
concentration of xylitol. 

As shown in Fig. 1, the concentration of 
CHX should be kept close to 1 mg/ml in 
the preparation, to attain distinct growth 
inhibition of both bacterial strains. Con- 
centrations of 1 mg/ml CHX and 0.5 mg/ml 
F are also clinically acceptable. In Finland, 
for example, 0.5 mg/ml F is the maximum 

I I solution. Diarneiers of 
the inhibition zones are 
given in millimeters. 

0.8 1 .o 

concentration of fluoride allowed for daily 
topical use, and the 1 mg/ml of CHX is less 
than that in the commercially marketed Hib- 
itane. The increase in CHX concentration 
did not seem to add any bactericidal effect 
to our preparation (combination no. 10 in 
Tables 2 and 3). Thus, the bactericidal effect 
of F + CHX + xylitol on the S .  mutuns and 
S.  sanguis strains studied was of the same 
magnitude as that of Hibitane, although the 
chlorhexidine concentration in our prep- 
aration was only 1.6 mM, compared with 
2.23 mM chlorhexidine in Hibitane. The 
lower chlorhexidine concentration may be 
anticipated tc  cause less side effects in the 
clinical situation than the higher concen- 
tration. 

Our principal aim was to study whether 
xylitol interferes with the well-known bac- 
tericidal effect of CHX and F on oral strep- 
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Table 3. Fermentation of sucrose (10%) by Streptococcus mutam and S. sanguis 
incubated in the presence of the chemicals and their combinations studied. Results 
shown as pH change in the reaction mixture during a 2-h incubation 

Test chemicals* PHI m pHt Zh APH 

S. mutans ATCC 27351, 3.8 X lo9 CFU/ml 
1. F 7.2 & 0.1 6.2 2 0.2 1 .o 
2. F + CHX 7.2 * 0.1 7.2 2 0.1 0 
3. F + xyl 7.3 f 0.1 6.6 f 0.3 0.7 
4. F + CHX + xyl 7.2 5 0.1 7.2 2 0.1 0 
5. CHX 7.3 2 0.1 7.3 ?? 0.1 0 
6. CHX + xyl 7.3 f 0.1 7.3 2 0.1 0 
7. xyl 7.3 2 0.1 6.2 f 0.1 1.1 
8. PBS 7.3 t 0.1 6.0 ?? 0.3 1.3 
9. Hibitane 7.3 5 0.1 7.3 2 0.1 0 

10. F + CHX + xyl conc. 7.3 f 0.1 7.3 2 0.1 0 

1. F 7.4 2 0.02 6.7 2 0.07 0.7 
2. F + CHX 7.4 t 0.02 7.3 2 0.03 0 
3. F f xyl 7.4 2 0.01 1.2 f 0.09 0.2 
4. F + CHX + xyl 7.4 f 0.02 7.4 * 0.02 0 
5 .  CHX 7.4 f 0.02 7.4 2 0.03 0 
6. CHX + xyl 7.4 k 0.03 7.4 f 0.02 0 
7. xyl 7.4 5 0.06 6.6 ?? 0.26 0.8 
8. PBS 7.4 2 0.03 6.4 2 0.10 1.0 
9. Hibitane 7.4 f 0.02 1.4 f 0.03 0 

10. F + CHX + xyl mnc. 7.3 5 0.03 7.3 f 0.03 0 

S. sanguis ATCC 10556, 3.9 X lo9 CFU/ml 

* See Table 1 for definition of chemicals. 

tococci. Apparently, xylitol did not interfere 
with this effect, and it therefore seems to be a 
suitable but inert additive in the combination 
under the experimental conditions used. 

In the clinical experiments our aim has 
been to replace a liquid with a convenient 
chewing tablet. In the tablet the concen- 
trations of the effective constituents have 
equaled those used in the present study (the 
tablet stimulates the secretion of saliva; a 
rinsing solution of about 10 ml is produced, 
and rinsing takes place as with the use of 
Hibitane-Dental solution). The efficiency of 
the rinsing solution brought about by the 
chewing tablet has proved to be nearly as 
good as that of Hibitane-Dental in prevent- 
ing bacterial growth on the surfaces of teeth 
(15,22). 

The in vitro system is a simplification com- 
pared with the in vivo circumstances. The in 
vitro chlorhexidine concentration we used 
was bactericidal; in our vivo studies it was 
partly bactericidal, partly bacteriostatic. In 
the complex ecosystem of the mouth the F- 

concentration we used might cause remin- 
eralization of enamel and to some extent 
prevent sucrose fermentation. Under these 
conditions xylitol might also inhibit bacterial 
growth and prevent fermentation (10,20). 

Acknowledgement.-This study was supported by a 
grant from the Finnish Army Headquarters to T. Nuuja. 

References 
1. Anonymous. Chemical agents for the reduction of 

plaque. J Am Dent Assoc 1986;122:1&28. 
2. Scheie AAA. Modes of action of currently known 

chemical antiplaque agents other than chlorhexi- 
dine. J Dent Res 1989;68:1609-16. 

3. Meurman JH. Ultrastructure, growth and adher- 
ence of Streptococus mutans after treatment with 
chlorhexidine and fluoride. Canes Res 1988;22: 
283-7. 

4. Luoma H. The effects of chlorhexidine and fluoride 
combination on the potassium, sodium and phos- 
phorus content and acid production of cariogenic 
streptococci. Arch Oral Biol 1972;17:1431-7. 

5. Emilson CG, Krasse B, Westergren G. Effect of a 



ACTA ODONTOL SCAND 51 (1993) 114 T. Nuuja et al. 

fluoride containing chlorhexidine gel on bacteria in 
human dental plaque. Scand J Dent Res 1976; 
84:5%62. 

6. Luoma H, Murtomaa H, Nuuja T, et al. A simul- 
taneous reduction of caries and gingivitis in a group 
of school children Weceiving chlorhexidine-fluoride 
applications. Caries Res 1978;12:290-8. 

7. Dolles OK, Gjermo P. Caries increment and gin- 
gival status during 2 years’ use of chlorhexidine and 
fluoride-containing dentifrices. Scand J Dent Res 

8. Katz S. The use of chlorhexidine and fluoride for 
the prevention of radiation caries. J Am Dent Assoc 

9. Spets-Happonen S, Markkanen H, Pollanen L, 
Kauppinen T, Luoma H. Salivary Streptococcus 
mutans count and gingivitis in children after rinsing 
with a chlorhexidine-fluoride solution with and 
without strontium. Scand J Dent Res 1985;93:329- 
35 I 

10. Scheinin A, Makinen KK. Turku sugar studies I- 
XXI. Acta Odontol Scand 1975;33 Suppl 70. 

11. Scheie AAA, Assev S, Rblla G. Combined effect 
ofxylitol, NaF and ZnClz on growth and metabolism 
of Streptococcus sobrinus OMZ 176. Acta Pathol 
Microbiol Scand [C] 1988;96761-7. 

12. Arends J, Smits M, Ruben JL, Christoffersen J. 
Combined effect of xylitol and fluoride on enamel 
demineralization in vitro. Caries Res 1990;24: 
2567. 

13. Tuompo H, Meurman JH, Lounatmaa K, Linkola 
J. Effect of xylitol and other carbon sources on the 
cell wall of Streptococcus mutans. Scand J Dent Res 

14. Nuuja T, Meurnan JH, Murtomaa H, Kortelainen 
S, Metteri J. The effect of a combination of 
chlorhexidine diacetate, sodium fluoride and xylitol 

1980;88:22-7. 

1982;104:164-70. 

1983;91:17-25. 

on plaque wet weight and periodontal index scores 
in Military Academy cadets refraining from mech- 
anical tooth cleaning for 7-day experimental 
periods. J Clin Periodontol 1992;19:73-6. 

15. Nuuja TT,  Murtomaa HT, Meurman JH, Pesonen 
TJ. The effect of an experimental chewable anti- 
plaque preparation containing chlorhexidine on 
plaque and gingival index scores. J Dent Res 1992; 
71: 1156-8. 

16. Freund RF, Littell RC, Spector PC. SAS System 
for linear models. Cary (NC): SAS Institute Inc, 
1986. 

17. Loesche WJ. Topical fluorides as an antibacterial 
agent. J Prev Dent 1977;4:21-6. 

18. Geddes DM, McNee SG. The effect of 0.2 percent 
(48 mM) NaF rinses daily on human plaque acido- 
genicity in situ (Stephen curve) and fluoride con- 
tent. Arch Oral Biol 1982;27:765-9. 

19. Ekstrand J, Birkhed D, Lindgren L, Oliveby A, 
Edwardsson S, Frostell G. Effect of repeated intake 
of a sugarfree fluoride containing chewing gum on 
acidogenicity and microbial composition of dental 
plaque. Scand J Dent Res 1985;93:30%14. 

20. Assev S, R811a G. Further studies on the growth 
inhibition of Streptococcus mutans OMZ 176 by 
xylitol. Acta Pathol Microbiol Scand [B] 1986;94: 

21. Makinen KK, Soderling E, Isokangas P, Tenovuo 
J, Tiekso J. Oral biochemical status and depression 
of Streptococcus mutans in children during 24- to 
36-month use of xylitol chewing gum. Caries Res 

22. Nuuja TT, Meuman JH, Murtomaa HT, Pesonen 
TJ. Effect of chewable antiplaque preparation on 
plaque and gingival index scores in Military Acad- 
emy cadets during their two-week winter camp. 
Milit Med 1993. In press. 

97-102. 

1989;23:261-7. 

Received for publication 12 October 1992 




