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A series of experiments were performed to evaluate the lowest concen-
tration of copper or zinc effective in reducing the acidogenicity of dental
%laque in vivo when applied simultanously with a carbohydrate challenge.

he effect of a combination of sub-effective concentrations of these metals
was also determined. The results showed a significant reduction in acid
production in plaque challenged with glucose solutions containing 0.25
mM CuSO, or 5.0 mM Zn (C; Hy O5)., as compared to glucose solutions
alone. Neither 0.1. mM copper su?phate nor 2.5 mM zinc acetate reduced
the acidogenicity of plague significantly, whereas a combination of these
subeffective concentrations was effective. The low metal concentrations
causing reduction in acid formation in this study may be explained by the
inhibiting substances reaching the bacteria at the same time as the sub-
strate. The synergistic effect of the combination of low concentrations of
copper and zinc 1s consistant with the view that these metals effect dental

plague by the same mechanisms.
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It has been shown that copper and zinc
ions inhibit plaque formation in vivo (7,
16) and also reduce the acidogenicity of
established plaque (13, 14). There are
strong indications that these effects are
caused by enzyme inhibition through ox-
idation of thiol groups in essential en-
zyme systems involved in carbohydrate
metabolism (15). Oppermann and co-
workers (13, 14) reported that 5 mM sol-
utions of copper or 20 mM solutions of
zinc inhibited acidogenicity when the
metals and the sucrose challenge were
applied in succession.
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The aim of the present study was to
find the minimum concentration of cop-
per or zinc ions which could reduce the
acidogenicity of dental plaque when
these ions were included as a part of the
carbohydrate solutions which constituted
the challenge for acid formation. A fur-
ther aim was to study whether zinc and
copper had a synergistic or antagonistic
effect if they were applied together in a
system as described above.
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MATERIAL AND METHODS

Test panel: 3 subjects ranging in age from
18-25 years, full dentitions and healthy
gingival conditions, volunteered for the
experiment. Clinical and radiographic
examinations showed that the partici-
pants had no carious lesions.

Test agents: To aqueous solutions of
glucose (15% w/v) were added copper
sulphate and zinc acetate, separately or
in combination. The solutions were pre-
pared immediately before use. The
chemicals were purchased from Merck
Laboratories (W. Germany).

Experimental design: Each experiment
lasted for 4 days. The participants initi-
ally received a thorough scaling and poli-
shing of the tooth surfaces in order to
remove supragingival deposits. All mech-
anical oral hygiene was then suspended
for the entire period of the experiment.
During the 3 first days sucrose rinses
were performed every fourth hour from 8
a.m. to 8 p.m. in order to enhance plaque
formation (4). The participants disconti-
nued the sucrose rinses and avoided
furhter sucrose intake 12 hours prior to
and throughout the period when the tests
were performed.

pH measurements: Plaque pH was
measured in situ with an Ingold flat sur-
face glass electrode, model 203~-M3, con-
nected to an Orion Ionalyzer Model A
407. The electrode was calibrated prior to
the readings against standard buffers at
pH 7.0 and 4.0. Two contra-lateral teeth
were selected for the measurements. In
the morning of the 4ht experimental day,
the pH of plaque was measured immedi-
ately before and 5, 10, 15, 30, 45 and 60
minutes after rinsing for 1 minute with 10
ml of an aqueous solution of glucose
(15% w/v). These data were regarded as
the subjects’ base-line acidogenicity. The
same procedure was repeated when the
pH of the plaque had returned to the
original level, ther using one of the test

solutions described above as mouthrin-
ses.

Control studies: A series of control stu-
dies were performed in order to test the
reliability of the method. The effect of
glucose rinses on the pH of plaque was
monitored at different occasions in the
same day. Plaque pH measurements were
also carried out after rinses with distilled
water and aqueous solutions of sorbitol
(30% w/v) or xylitol (30 % w/v).

Experimental series: In the first series
of experiments glucose solutions with
CuSO. concentrations of 0.5 mM, 0.25
mM or 0.1 mM were used. In a second
series glucose solutions containing 5.0
mM or 2.5 mM of Zn (CoH30)y were
used. The effect of a combination of sub-
effective concentrations of zinc and cop-
per was tested in a third series. All parti-
cipants tested all solutions. Several pilot
studies were carried out to determine the
concentration of metals to be used.

Analysis of the results: The pH drop
(ApH) was expressed as the difference
between initial pH value and the lowest
pH value observed after a rinse. The stat-
istical significance of the results was tes-
ted by an analysis of variance employing
pooled standard deviation (1).

RESULTS

Control studies: The minimum pH values
following a glucose rinse dropped to a
mean of 5.32 with a corresponding mean
A pH of 1.68 in our test panel. This value
was reproduced following glucose rinses
at two different occasions during the
same day with a mean variation on
A pH of 0.08 pH units. Sorbitol, xylitol
or distilled water did not cause pH levels
below pH 6.1 and exhibited a maximum
pH drop of 0.45 pH units. The pH values
observed in the upper jaw were in general
slightly lower than the corresponding va-
lues in the lower jaw. Since differences
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Table 1. Mean A pHX values following a mouthrinse with glucose (15 % w./v) alone (base-lme) or

added a test agent (experiments)

AGENT

Copper sulphate 0.25 mM
Zinc acetate 50 mM
Copper sulphate 0.1 mM
Zinc acetate 2.5 mM
Copper sulphate 0.1 mM +
Zinc acetate 25 mM

BASE-LINE | EXPERIMENTS sp’
1.96 0.95%% 0.391
1.46 0.78%% 0.130
1.91 1.64 0.384
1.49 135 0.237
1.64 0.95%X 0.270

X pH is the difference between pH value before and lowest pH value observed following a rinse.
*X Indicate significant differences from the base-line values (p < 0.05).

Pooled standard deviation.

were not significant, mean values are
presented.

Experiments: The acid production in
dental plaque following a glucose mouth-
rinse was significantly lower when 0.25
mM copper sulphate or 5.0 mM zinc ace-
tate was added to the glucose mouthrin-
ses. The differences in acid production in
plaque following rinses with glucose sol-
utions containing 0.1 mM Cu or 2.5 mM
Zn and glucose alone were not signifi-
cant. A combination of 0. mM copper
sulphate and 2.5 mM zinc acetate inhi-
bited acid production (Table 1).

The lowest pH value observed when
zinc acetate (2.5 mM) was present was
5.48, and 5.15 when copper sulphate (0.1.
mM) was in the mouthrinse. When a
combination of Cu (0.1 mM) and Zn (2.5
mM) was used, the pH dropped to a
mean of 6.04 with no single value obser-
ved below 5.9. The corresponding base-
line values were 5.35 and 5.25. Figure 1
shows the mean pH values recorded dur-
ing one hour after mouthrinses with the
individual sub-effective concentrations
and with their combinations.

DISCUSSION

Methodological considerations

Different in vivo and in vitro techniques
have been described for measuring the

— "
& 15 30 45 60 min
........... CuSO4 O,1mM + Zn(CyHz0,)p 2,5mM
it I (CaH303)y 2,5 mM

Cus0y 0,1 mM

Fig. 1. Mean pH values recorded before and
up to 1 hour after mouthrinses with three test
solutions.

pH of dental plaque (2, 3, 5, 6, 8, 9, 17,
19). Svatun and Attramadal (20) and Op-
permann (12) have discussed the differ-
ent methods and concluded that a flat
surface Ingold glass electrode gives re-
sults in accordance with more sophisti-
cated methods like telemetry.

A mean difference in A pH of 0.08 pH
units was observed during repeated rin-
ses with glucose. The response of dental
plaque measured in the present study fol-
lowing rinses with H,O, xylitol or sorbi-
tol are in agreement with previous studies
of this kind (11). In addition the method
was sensitive enough to demonstrate the
small differences occuring in the pH of
dental plaque from the upper and lower
jaw after a glucose rinse as described in
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previous studies (10, 18). The results of
the control studies indicate that the
method used in the present study has a
good reproducibility. Consequently it
was judged to be suitable for monitoring
plaque pH changes under different ex-
perimental conditions.

Main objections against previous simi-
lar methods for pH measurements on the
tooth surfaces have been that they were
performed while the mouth was open
and that the time during which pH of
plaque was monitored was usually very
limited. The experimental design in this
study takes these factors into account.
Each measurement required the mouth to
be open for about half a minute. This
means that the plaque where pH was
measured was exposed to air only about
5% of the first 15 minutes. The signifi-
cance of measurements beyond 5 minu-
tes was investigated and seemed to be of
little importance because the lowest pH
values invariably were recorded 5 minu-
tes after a challenge.

Comments on the experiments

Our results showed that a much smaller
concentration of the metal ions was
needed to achieve a reduction in acid
production when these ions were applied
simultanously with the fermentable su-
gar, compared to the results of Opper-
mann and co-workers (13, 14) who used
focal applications of metal ions. These
authors employed metal ions and sucrose
applied in succession. Concentrations of
5 mM of Cu and 20 mM of Zn were
needed to obtain a significant effect on
the acidogenicity of plaque. In the pre-
sent study the concentrations were only
0.25 mM and 5.0 mM respectively. This
may to some extent be related to the dilu-
tion of sugar by saliva, but the fact that
the inhibitory substances reach the bacte-
ria at the same time as the substrate may

also be of importance. When a successive
application of metal ions and sugar is
used, a certain loss of metals before the
carbohydrate challenge is applied seems
conceivable.

The use of a combination of copper
and zinc was thought to be of interest be-
cause it is known that zinc lowers the ad-
sorption of copper in the digestive tract
(21). Our results showed that copper and
zinc when combined had a significantly
better effect than the individual metals.
This finding is consistant with the view
that both metal ions influence the acido-
genicity of dental plaque by the same
mechanisms. Further investigations have
to be performed, however, to establish if
the synergism observed of these metals in
plaque is purely additive.

The solutions containing zinc, or cop-
per as described, tasted sweet and were
well received by the participants of the
study. A slight metallic after taste was re-
ported in some cases.
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