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Rinsing experiments with Combinations of chlorhexidine, zinc- and stann- 
ous ions were,performed in a roup of students. 

Chlorhexidine and zinc (03 % and 0.3 Yo respectively) gave a plaque 
inhibiting effect slightly better than chlorhexidine alone, whereas chlor- 
hexidine and stannous ions in the same concentrations showed a reduced 
effect, presumably due to the low pH of the solution. 

Pre-rinses with metal ions caused a marked reduction in the effect of 
chlorhexidine, whereas chlorhexidine first.and metal ions afterwards gave 
ii proximatel the same effect as chlorhexidine alone. The results indicate 
t lat  the metar ions and chlorhexidine have the same receptor sites in, the 
oral cavity, chlorhexidine exhibiting the stronger affinity when the ions 
were applied together. 
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Chlorhexidine has a well established 
antiplaque effect, and the mechanisms 
involved are fairly well known (5). Chlor- 
hexidine is retained on the oral mucosa 
for a prolonged period of time after a 
mouthrinse, and the slow release of the 
drug molecules is thought to adsorb to 
the oral microorganisms and reduce their 
metabolic activity and presumably inter- 
fere with their binding mechanisms to 
teeth. The retention of chlorhexidine in 
the mouth is electrostatic in nature, and it 
is assumed that carboxyl groups are es- 
sential (1, 3, 6). 

More recently it has been shown that 
metal ions like the stannous and zinc ions 

exhibit plaque inhibiting activites (8, 11). 
At least the stannous ions are retained in 
the mouth in the same way as chlorhex- 
idine, and it seems likely that this is also 
the case with zinc ions, even if this has 
not been directly demonstrated (2, 10). 

The aim of the present study was to 
investigate whether any synergistic or an- 
tagonistic effects are observed when 
chlorhexidine and metal ions are applied 
together or in succession. Such data may 
be of practical interest, and can also give 
further information as to the retention 
mechanisms of metal ions and chlorhex- 
idine. 
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MATERIALS AND METHODS 
C’hlorhexidine-zinc combinations 
(Croup I )  

Six dental studlents volunteered for the 
study. Prior to each experimental period, 
they all had their teeth thoroughly cled- 
ned by the examiner (S.M.W.). During 
each test period (4 days), no mechanical 
oral hygiene procedures were allowed, 
and plaque formation was enhanced by 
sucrose rinses ( I  minute rinse with 10 ml 
1 5 %  sucrose, 4 times daily) at least % 
hour prior to, or after, rinsing with the 
test solution(s). The test substanses were 
applied as 10 ml mouthrinses for I mi- 
nute, twice daily - in a specific order, or 
in a combination (see Table I). When two 
different test solutions were used, the sec- 
ond one followed imrnediatelv after the 
first one. At the end of each experimental 
period, the plaque score was evaluated 
b y  the examiner - according to the Pla- 
que Index (PI. I )  (7). The study was car- 
ried out as a double blind test. The stu- 
dents were allowed a period of at least 3 
days of habitual oral hygiene between 
each experimental period, to minimize 
possible carry-over effects. 

The acetate sadt of zinc was used be- 
cause this salt is :joluble in water, and the 
acetate ion has a low affinity for chlor- 
hexidine and does not form any precipi- 
tates in the concentrations used. 

Chlorhexidine-tin combinations (Group 2) 
The experiment was carried out in the 
same way as the one described above, ex- 
cept that stannous ions were used instead 
of zinc. Because tin is known to have a 
higer effect than zinc, a fact based on 
data from relevant literature (81, the con- 
sentration of chlorhexidine for this study 
was 0.1 YO to ensure a more sensitive sys- 
tem. Fluoride was used in combination 
with the stannous ion, because SnF, has 
a high solubility and fluoride does not 
react with chlorhexidine (4). The parti- 

cipants did not know which solutions 
were used for the different periods of the 
study. 

Statisistical analyses 
In both groups statistical analyses of the 
results was carried out using the students’ 
t-test for paired data (significance level : p 
< 0.05). 

RESULTS 

Chlorhexidine-zinc cornbination (Group I )  
The results of rinsing with different com- 
binations of 0.2 ?h chlorhexidine and 
0.3 YO zinc acetate are given in Table I .  

Marked plaque inhibition was ob- 
tained when using chlorhexidine only, or 
when chlorhexidine was applied prior to 
zinc acetate. When the combination of 
chlorhexidine and zinc-acetate was used, 
an even stronger effect was observed. 
When used alone, zinck acetate, showed 
no statistical difference compared to the 
placebo solution. 

Chlorhexidine-tin combinations (Group 2) 
The results of rinsing with different com- 
binations of 0.1 % chlorhexidine and 
0.3 YO stannous fluoride are given in 
Table 2. 

Chlorhexidine and stannous fluoride 
both showed marked plaque inhibition 
when used separately, although stannous 
fluoride had less effect than chlorhex- 
idine, as could be expected from previ- 
ous studies (9). Similar results were found 
when chlorhexidine was used alone or 
prior to stannous fluoride. There was, 
however, a marked reduction in effect 
when stannous fluoride was used prior to 
chlorhexidine. When the combination of 
stannous fluoride and chlorhexidine was 
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Table 1. Plaque Index values after rinsing with different test solutions 
~ ~~ ~ ~~~~ ~ 

15 Yo sucrose I5 Yo sucrose I5  Yo sucrose 
Test I 5  % sucrose 0.2 % CH 0.3 Yo Znac 0.3 % Znac + I5 % sucrose 15 % sucrose 
persons 0.2 % CH 0.3 Yo Znac 0.2 Yo CH 0.2 CH 0.3 % Znac 0.2 YO NaCI 

~ 

P.O. 0.23 0.10 0.73 0.07 0.63 1.64 

K.A.S. 0.04 0.03 0.70 0.03 1.23 1.23 

O.R. 0.20 0.25 0.74 0.16 0.94 1.63 

K.E.O. 0.0 1 0.13 0.96 0.02 0.67 1.15 

J.I.H. 0.12 0.25 1.09 0.05 - * - 

K.N. 0.12 0.06 1.44 0.07 - *  - 

Mean 0.12 0.14 0.94 0.07 0.87 1.41 
~ ~~ 

s.d. 0.09 0.09 0.29 0.05 0.27 0.26 

* = Two students withdrew from the experiment. 

Table 2. 

I5 Yo sucrose I5 % sucrose 15 % sucrose 
Test 15 Yo sucrose 0. I Yo CH 0.3 YO SnF 0.3 Yo SnF + 15 % sucrose 15 Yo sucrose 
persons 0. I YO CH 0.3 % SnF2 0.1 YO CH 0.1 Yo CH 0.3 % SnF, 0.2 YO Nacl 

B.C. 0.33 0.44 0.73 0.62 0.70 0.97 

D.M. 0.17 0.16 0.29 0.44 0.63 1.27 

M.C. 0.15 0.09 0.56 0.60 0.69 1.09 

N.S. 0.24 0.13 0.56 0.48 1.08 1.19 

S.R. 0.13 0.10 0.12 0.38 0.25 0.68 

A.E. 0.28 0.22 0.7 I 0.82 0.81 1.08 

K.R. 0.18 0.23 - - - * - 

Mean 0.2 1 0.20 0.50 0.56 0.69 1.05 

s.d. 0.07 0.12 0.24 0.16 0.27 0.2 I 

* = One participant withdrew from the experiment 



216 S.M. WALER A N D  G. ROLLA 

used, the plaque inhibiting effect was re- 
duced compared to using chlorhexidine 
only. Compared to the placebo rinse, all 
the different combinations had a statisti- 
cally significant plaque inhibiting effect. 

DISCUSSION 
The present study showed that both 
chlorhexidine and stannous fluoride 
have a plaque inhibiting effect - and the 
results were similar to those previously 
reported (9). Zinc-acetate also exhibited 
some plaque inhibiting effect, although 
these values did not reach statistical sig- 
nificance at the 5 %  level. However, 
Skjorland et al. (1977) did show an effect 
when using zinc ions as a mouthrinse. 

When using chlorhexidine only, or 
when using it prior to zinc-acetate, no 
ytatistical differences were observed. Si- 
milar results were !shown in group 2, us- 
ing stannous fluoride. However, when 
comparing chlorhexidine and a combi- 
nation of chlorhextdine and the test sub- 
stance, the results varied in the two 
groups. In group 1, the effect seemed to 
be enhanced with ithe combination com- 
pared with chlorhexidine by itself (al- 
though not statistically significant), while 
when using stanncius fluoride, the effect 
was reduced. This may be explained by 
the fact that a 0.3 (Yo aqueous solution of 
stannous fluoride has a pH of 3.2. It has 
previously been relported that the clinical 
effect of chlorhexidine is markedly redu- 
ced at pH 3 (I).  A, competition between 
these two ions for the same receptor sites 
may also be a conceivable interpretation 
of our observations. 

A 0.3 Yo aqueous solution of zinc ace- 
tate has a pH of 61.3, which explains the 
difference between zinc and tin, as men- 
tioned above. Combined with zinc the 
chlorhexidine exhibited its full effect, 
and in addition there was some effect 
which may depend on extra receptor sites 

for the zinc ions, not available to the 
chlorhexidine. 

Another interesting finding was that 
zinc acetate or stannous fluoride used 
prior to chlorhexidine reduced the pla- 
que inhibiting effect markedly cum pared 
to using the different solutions in the op- 
posite order. The effect was close to that 
of metal-salts alone. These findings sug- 
gest that chlorhexidine and the divalent 
cations generally have the same receptor 
sites, and whichever substance used first 
is presumably blocking the receptors for 
the following substance. 

Since the results were not identical 
when using a test substance by itself or as 
the first one in a sequence, it may be spe- 
culated that there are other specific re- 
ceptor sites, not equally available to both 
substances. This specificity may be 
chemical or steric. The differences obser- 
ved may be explained by postulating a 
model where all substances have affinity 
for one receptor site, but where this re- 
septor site is available to a higher degree 
for the small metal ions compared with 
the considerably larger chlorhexidine 
ions. 

CONCLUSION 
The present study showed that a synergis- 
tic effect was observed when using zinc 
ions and chlorhexidine together, while an 
antagonistic effect was observed when 
combining stannous ions and chlorhex- 
idine. This latter effect was presumably 
caused by the low pH of SnF,-solutions, 
reducing the retention of chlorhexidine 
in the mouth (1). 

Rinsing with the chlorhexidine and the 
metal ions, in that sequence, no differ- 
ence was observed from using chlorhex- 
idine alone, while reversing the sequence 
lowered the effect markedly. This shows 
that the effect depends on which sub- 
stance was used first, as they conceivably 
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competed for the same receptor sites. 
These findings indicate that chlorhex- 
idine has the stronger affinity for these 
receptor sites, since when used in combi- 
nation with zinc, the effect is on the same 
level as with chlorhexidine alone. 

REFERENCES 

Bonesvoll, R., b k k e n ,  P. & Rerlla, G. In- 
fluence of concentration, time, temperature 
and pH on the retention of chlorhexidine in 
the human oral cavity after mouth-rinses. 
Archs oral Biol. 1974, 19, 1025 - 1029 
Bonesvoll, P. & Rerlla, G. Retention of Sn after 
mouth-rinses. Caries Res. 1978, 12, 112 
Hjeljord, L. G., Rerlla, G. & Bonesvoll, P. 
Chlorhexidine - protein interactions. J. 
Periodont. Res. 1973, 8, Suppl. 12, 1 1  - 16 
Kirkegaard, E., Von der Fehr, F. & Rerlla, G. 
Influence of chlorhexidine on in vitro uptake 
of fluoride in dental enamel. Scand. J. Dent. 
Res. 1974,82,566 - 569 

5. 

6. 

I .  

8. 

9. 

lo. 

1 I .  

Rerlla, G., b e ,  H. & Schi~t t ,  R. S. The affinity 
of chlorhexidine for hydroxyapatite and sali- 
vary mucins. J.  Periodontol. Res. 1970, 5, 

Rerlla, G .  & Melsen, B. On the mechanisms of 
the plaque inhibition by chlorhexidine. J. 
Dent. Res. 1975,54, B57 - B62 
Silness, J.  & b e ,  H. Periodontal disease in 
pregnancy 11. Correlation between oral hy- 
giene and periodontal conditions. Acta Odon- 
tol. Scand. 1964, 22, I2 I - 135 
Skjerrland, K., Gjermo, P. & Rerlla, G. Effect 
of some polyvalent cations on plaque for- 
mation in vivo. Scand. J.  Dent. Res. 1978, 86, 

Svatun, B., Gjermo, P., Eriksen, H. M. & 
Rerlla, G. A comparison of the plaque inhibit- 
ing effect of stannous fluoride and chlorhex- 
idine. Acta Odontol. Scand. 1977, 35, 247 - 
250 
Svatun B. & Attramadal, A. The effects of 
stannous fluoride on human plaque acidoge- 
nicitv in sim (SteDhan curve). Acta Odontol. 

90 - 95 

103 - 107 

Scanh. 1978,36, i l  I - 2 18 
Tinanoff, N., Brady, J.  M. & Gross, A. The 
effect of NaF and SnFz mouthrinses on bacte- 
rial colonization of tooth enamel. TEM and 
SEM studies. Caries res. 1976, 10,415 - 426 


