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OBJECTIVE: The combination of amine fluoride and
stannous fluoride (AmF/SnF;) was, by chance, found to be
antifungal in a clinical trial. This study investigated its
effect on pathogenic Candida species with the hypothesis
that the antifungal action on different species is variable.
MATERIALS AND METHODS: Growth inhibition effect
of Meridol® mouth rinse which contains 250 ppm AmF/
SnF, was evaluated on 43 reference and clinical strains of
Candida albicans, C. dubliniensis, C. glabrata, C. guillier-
mondii, C. krusei, C. parapsilosis, and C. tropicalis. Meridol®
base solution without AmF/SnF, was used as a negative
control.

RESULTS: Undiluted Meridol® mouth rinse killed most
study strains within a few minutes. In ascending order, C.
parapsilosis, C. tropicalis, C. albicans, C. glabrata, C. krusei
and C. dubliniensis showed higher resistance against AmF/
SnF, than C. guilliermondii.

CONCLUSION: AmF/SnF, could be used as a potent
adjunct to antifungal therapy for oral yeasts. Although
different Candida species demonstrated variable sensi-
tivity the most prevalent oral yeast C. albicans appeared
sensitive to the AmF/SnF, combination.
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Introduction

The emergence of antibacterial drug resistance is a
growing global problem and there is also a reason for
concern in general dental practice (Eliopoulos, 1998;
Kilby and Dismukes, 1998; Austin et al, 1999; Sweeney
et al, 2004). In relative terms, antifungal drug resistance
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is not very common and it has been mainly reported in
special groups of critically ill patients, such as those
undergoing treatment for HIV infection (Cartledge et al,
1997; Milan et al, 1998; Pelletier et al, 2000). Fluconaz-
ole resistance in particular has been observed among
oral isolates of Candida sp. in HIV-infected patients
(Hunter et al, 1998; Lopez-Ribot et al, 1999). In gen-
eral, however, the number of resistant Candida strains
seems to be increasing and elderly patients, in particular,
are a risk group in this respect (Baran et a/, 2000; Cowen
et al, 2000). The elderly often harbour yeasts in the oral
cavity and their concomitant use of several drugs,
including antimicrobial agents, causes selection pressure
for resident bacteria leading to yeast overgrowth. For
example, in a group of 191 elderly referred to hospital
because of general debility, yeast counts in saliva were
noted in more than 80% (Meurman et al, 1997).
Consequently, novel strategies are needed in order to
combat the emergence of antimicrobial resistance in
general.

In addition to antifungal agents, yeast infections of
the oral cavity have been controlled by use of adjunctive
treatment with antiseptic preparations, such as chlorh-
exidine (Lamfon et al, 2004). This chemical, however, is
not recommended for long-term use because of its toxic
and allergenic characteristics (Lockhart and Harle,
2001; Kudo et al, 2002).

We observed, in a 12-month open trial in elderly
nursing home subjects who used a combination of amine
fluoride and stannous fluoride (AmF/SnF,) containing
mouthwash and toothpaste twice daily that the number
of patients with high salivary yeast counts decreased
from 26% at baseline to 9% at follow-up (Meurman
et al, 2001). This serendipitous finding led us to evaluate
whether AmF/SnF, exerts antifungal effect against
Candida albicans. Consequently, we hypothesized that
AmF/SnF, has antifungal capacity against different oral
Candida species. This paper reports a systematic study
where the effect of the AmF/SnF, on seven human
pathogenic Candida species was evaluated. We were
especially interested in the non-albicans species where
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antifungal resistance against azole-group agents is
becoming increasingly common (Samaranayake, 1997;
Baran et al, 2000; Cowen et al, 2000).

Material and methods

Yeast strains

The tested Candida species were C. albicans (10 isolates),
C. dubliniensis (5), C. glabrata (7), C. guilliermondii (2),
C. krusei (7), C. parapsilosis (5) and C. tropicalis (7).
Both reference strains and oral isolates were included in
the study (Table 1). Because C. albicans is the predom-

Table 1 Yeast strains studied

Strain Source

C. albicans CCUG32723 Culture Collection, University
of Gothenburg, Sweden

. albicans CCUG19915 Culture Collection, University
of Gothenburg, Sweden

Helsinki, Finland

Helsinki, Finland

Helsinki, Finland

Helsinki, Finland

Helsinki, Finland

Helsinki, Finland

Helsinki, Finland

Helsinki, Finland

Hong Kong, China

Hong Kong, China

(ref. strain American Type
Culture Collection, USA)
MYA 646

(ref. strain American Type
Culture Collection, USA)
MYA 580

(ref. strain American Type
Culture Collection, USA)
MYA 577

9

. albicans F1206B
. albicans C1374
. albicans B1134
. albicans F372

. albicans F380
albicans F388

. albicans F409

. albicans F470

. dublinensis Cd1
. dublinensis Cd2
. dublinensis Cd3

SIS IS IS SIS NS NSNS NS NS

9!

. dublinensis Cd4

C. dublinensis Cd5

C. glabrata CCUG32725  Culture Collection, University of
Gothenburg, Sweden

C. glabrata G212 Helsinki, Finland

C. glabrata Cgl Beijing, China

C. glabrata Cg2 Beijing, China

C. glabrata Cg3 Beijing, China

C. glabrata Cg4 Beijing, China

C. glabrata Cg5 Beijing, China

C. guilliermondii 6260 American Type Culture Collection, USA

C. guilliermondii BT15B Helsinki, Finland

C. krusei ATCC6258 American Type Culture Collection, USA

C. krusei D206B Helsinki, Finland

C. krusei Ckl1 Glasgow, UK

C. krusei Ck2 Glasgow, UK

C. krusei Ck3 Glasgow, UK

C. krusei Ck4 Glasgow, UK

C. krusei Ck5 Glasgow, UK

C. parapsilosis Cpl Glasgow, UK

C. parapsilosis Cp2 Glasgow, UK

C. parapsilosis Cp3 Oslo, Norway

C.

ISESES RSO ESRORS!

parapsilosis Cp4
parapsilosis Cp5

tropicalis ATCC750

tropicalis D213
tropicalis Ctl
tropicalis Ct2
tropicalis Ct3
tropicalis Ct4
tropicalis Ct5

Oslo, Norway
Oslo, Norway

American Type Culture Collection, USA
Helsinki, Finland

Beijing, China
Beijing, China
Beijing, China
Beijing, China
Beijing, China
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inant yeast in the mouth, it was tested more extensively
than the other strains.

Growth inhibition test

Growth inhibition effect of Meridol® mouth rinse (Gaba
International, Inc., Basel, Switzerland) which contains
250 ppm amine fluoride/stannous fluoride combination
(AmF/SnF,) was evaluated.

In a pilot study, we noted that the commercial
product Meridol® was inactive against yeasts at pH
values lower than 4.3 and that the inhibition effect was
stable at a pH range of 5-7. As the pH of Meridol® is
approximately 4.0 we evaluated, using a panel of healthy
volunteers (n = 5), the residual pH of expectorate after
the volunteers rinsed the mouth with 10 ml of Meridol®
for 30 s, according to recommendations of the manu-
facturer. After rinsing, the subjects expectorated the
Meridol®-saliva mixture into a container for pH assess-
ment. The pH of these solutions was found to vary from
pH 4.7-5.2. Therefore, we decided to adjust the pH of
the Meridol® preparation to a clinically relevant pH
value of 5, throughout the experiments.

The inhibitory effect of Meridol® on yeasts was
determined using the direct exposure of yeast cells to
different concentrations of the preparation for varying
periods of time followed by serial dilution and cultiva-
tion on Sabouraud agar (Lab M, Lancashire, UK). Four
concentrations of 25-250 ppm of the active agent were
used in these studies.

A loop full of an overnight growth of the tested yeast
strain on Sabouraud agar was suspended in 5 ml of
Sabouraud broth and incubated in a shaker at 35°C for
6 h. After this preincubation period, an aliquot of
0.2 ml was suspended in 30 ml Sabouraud broth and
incubated similarly for 18 h. The yeast concentration in
the suspension was adjusted to 5 x 10’ CFU ml™" using
spectrophotometer (Multiscan RC, Labsystems, Hel-
sinki, Finland). Optical density of 0.7-2.1 at 492 nm
corresponded to the desired cell concentration depend-
ing on the cell size of the yeast strain. The suspension
was divided into 2 ml aliquots and centrifuged at 3000 g
for 3 min, and re-suspended in 400 ul Meridol® solution
(pH 5) to yield a concentration of 2 x 10® CFU ml™".
Samples of 20 ul were then withdrawn after each
incubation interval (30s, 1, 2, 3 and 5 min) and
immediately diluted serially to 107> and plated on
Sabouraud agar. Four different concentrations of Mer-
idol® were studied; namely 250, 125, 50 and 25 ppm.
The resultant yeast inoculates on Sabouraud agars were
incubated at 35°C for up to 48 h, at which time the
CFU’s were counted. Meridol® base solution (Gaba
International, Inc., Basel, Switzerland) without the
active ingredient AmF/SnF, was used as the negative
control. The CFU counts were compared with the
negative controls and the percentage growth inhibition
was calculated. All tests were done three times.

Statistics

Inter-species differences of growth inhibition effect were
analysed with SPSS for Windows 12.0.1. Due to the
non-parametric nature of the variable and small



frequencies the Mann—Whitney U-test was used for pair
wise tests of differences.

Results

Inhibition of growth

The sensitivity of different Candida species to AmF/
SnF, varied. It was observed that the undiluted
commercial Meridol® (250 ppm AmF/SnF,) prepar-
ation killed almost 90% of the C. albicans strains within
S min and, 30% after 30 s. Of the tested species C.
guilliermondii strains were the most sensitive to the
250 ppm concentration of AmF/SnF, as even the
125 ppm dilution killed all the cells within a 30 s
exposure. Concentration of 25 ppm (10-fold dilution

C. albicans n=10
100

Survival-time
u
o
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of Meridol® preparation) killed 90% of the C. guillier-
mondii cells in 5 min and, over 60% of the cells after 30 s
exposure. In ascending order, C. parapsilosis, C. tropi-
calis, C. albicans, C. glabrata, C. krusei and C. dublini-
ensis showed higher resistance against Meridol® than C.
guilliermondii. The growth inhibition curves for all
tested Candida species are given in Figure 1. The
variation of differences between species in the growth
inhibition is shown as the minimum and maximum
P-values of pair wise tests (Table 2).

Most Candida species exhibited some intra-species
variation in growth inhibition. The degree of this
variation varied between species. The variations
among C. dubliniensis and C. tropicalis were most
remarkable while C. guilliermondii showed almost no

100

100

50 1

251

—— 250 ppm
—— 125 ppm
25
—&— 50 ppm
] —©—25 ppm
0 1 2 3 4 5
Time (min)
C. dubliniensis n=5 C. glabratan=7
100
75
50
25
: 0 : : : . :
0 1 3 4 5 0 1 2 3 4 5
C. guilliermondii n=2 C. krusei n=7
100
75
50
25
0 . . . : :
0 1 2 3 4 5
C. parapsilosis n=5 C. tropicalis n=7
100
75
50
25 1
0 T
0 1 2 3 4 5

Figure 1 Means of survival percentages as a
function of time (min)
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Table 2 The minimum and maximum P-values for pair wise tests of differences between the growth inhibitions of Candida species

C. albicans C. dubliniensis C. glabrata
C. albicans 0.000-0.655 0.001-0.988
C. dubliniensis 0.000-0.655 0.000-0.806
C. glabrata 0.001-0.988 0.000-0.806
C. guilliermondii 0.000-0.000 0.000-0.002 0.000-0.001
C. krusei 0.000-0.676 0.059-1.000 0.000-0.392
C. parapsilosis 0.000-0.261 0.000-0.072 0.000-0.769
C. tropicalis 0.034-0.884 0.000-0.203 0.000-0.203

C. guilliermondii C. krusei C. parapsilosis C. tropicalis
0.000-0.000 0.000-0.676 0.000-0.261 0.034-0.884
0.000-0.002 0.059-1.000 0.000-0.072 0.000-0.203
0.000-0.001 0.000-0.392 0.000-0.769 0.020-0.741

0.000-0.001 0.000-0.001 0.000-0.001
0.000-0.001 0.000-0.028 0.000-0.774
0.000-0.001 0.000-0.028 0.002-0.943
0.000-0.001 0.000-0.774 0.002-0.943

The most differing species are highlighted. The Mann—Whitney test was used for each five time points, and four dilutions investigated, altogether in

20 occasions.

Table 3 The intra-species variability of growth inhibition in seven Candida species. The values show the minimum and maximum values of the

survival percentages

Meridol® conc. C. albicans C. dubliniensis C. glabrata C. guilliermondii C. krusei C. parapsilosis C. tropicalis
time (min) (n = 10) (n=25) n="17 n=2) n=17 (n=25) n="17
0.2%
0.5 53-100 49-100 26-89 0-1 49-100 8 20-100
I 13-73 12-100 15-78 0-0 29-85 0-51 6-100
2 5-56 0-100 11-75 0-0 14-63 0-43 4-83
3 549 1-80 7-59 0-0 3-59 0-34 1-53
5 1-36 0-80 3-51 0-0 0-55 0-17 0-36
0.1%
0.5 48-100 75-100 36-100 0-11 62-100 23-80 34-100
I 17-85 20-100 25-100 0-8 59-100 16-65 18-100
2 9-74 4-100 19-93 04 38-89 7-59 8-100
3 8-73 1-100 10-82 0-3 37-82 6-53 0-100
5 4-48 1-79 2-71 0-2 18-75 2-36 0-83
0.05%
0.5 46-100 87-100 55-100 4-28 72-100 40-100 46-100
I 26-100 73-100 40-100 0-13 65-100 19-93 42-100
2 21-100 54-100 45-85 0-10 67-100 15-69 29-100
3 10-75 44-100 36-75 0-9 10-100 11-51 18-100
5 7-76 31-100 22-72 0-6 46-100 9-30 12-100
0.02%
0.5 72-100 100-100 78-100 29-64 100-100 62-100 86-100
I 58-100 100-100 76-100 10-34 100-100 48-100 59-100
2 54-100 90-100 59-100 4-28 100-100 40-100 39-100
3 53-100 88-100 46-100 5-23 72-100 32-100 54-100
5 42-100 60-100 14-100 2-20 76-100 22-100 41-100

variation. Table 3 gives the intra-species variations as
minimum and maximum values of the survival
percentages.

Discussion

As stated, we observed serendipitously, in a previous
clinical trial in elderly nursing home residents who used
AmF/SnF, containing mouthwash and toothpaste twice
daily, a significant decrease in salivary yeast counts from
26% at baseline to 9% at follow-up over a 12-month
observation period (Meurman et al, 2001). The current
laboratory data, we believe, tend to confirm our
hypothesis that AmF/SnF, may indeed have antifungal
potential. In the concentration range investigated, the
AmF/SnF, was found to exert antifungal effect on all
seven Candida species studied. The fact that a number of
strains, both reference and clinical isolates, belonging to
each species, were killed by the AmF/SnF, combination
indicates that the chemicals are likely to have a
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generalized antifungal effect on the vast majority of
pathogenic Candida species.

The duration of an antibacterial effect of AmF/SnF,
has been shown to last up to 5 h after a single 30 s rinse
with the preparation (Netuschil et a/, 1997). This
prolonged antimicrobial effect of AmF/SnF, combina-
tion has been alluded to its chemical structure where
the amine moiety is likely to favour its attachment to the
epithelial cells thus forming an ‘in situ’ reservoir of the
chemical. Our laboratory data taken together with
previous clinical observations indicate that AmF/SnF,
rinse may indeed exert a fairly durable antifungal
activity on the oral mucosa. Other workers have also
shown the surface activity of AmF/SnF,. For instance,
Banoczy et al (1989) demonstrated in a 12-week double-
blind study of school children that such a combination
reduces gingival bleeding. Attin and Hellwig (1996) have
shown that saliva concentrations of amine fluoride are
higher after tooth brushing than compared with sodium
fluoride toothpaste.



Whilst the retention of the AmF/SnF, combination
on the mucosa is likely to be because of the amine
moiety, its antifungal effect may be ascribed to the
stannous fluoride component which is known to have
both antibacterial and anti-plaque activity (Tinanoff,
1990). It may also interact with the plasma membrane of
the yeasts as in the case of chlorhexidine (Hiom et al,
1996; McDonnell and Russell, 1999). Whether the actual
target site is the plasma membrane or other cellular
components of the yeast cell remains to be investigated
by further ultrastructural and biochemical studies.

We also noted that C. albicans, the most prevalent
causative agent of oral yeast infections, was highly
sensitive to the agent while the non-albicans strains C.
dubliniensis, C. glabrata, and C. krusei were the least
sensitive. There are reports from different regions of the
world that non-albicans species are increasingly becom-
ing common in both the hospital-acquired and commu-
nity-acquired infections. Thus Foongladda et a/ (2004)
recently reported from Thailand that the prevalence of
non-albicans yeasts is increasing among hospitalized
patients while Reichart et a/ (2002) have reported similar
findings in leprosy patients, also in Thailand. C. glabrata
is another emerging pathogen that has been shown to
colonize the oral cavities of elderly in particular (Lock-
hart et al, 1999). It is also a significant nosocomial
pathogen, second only to C. albicans (Samaranayake
et al, 2002). Furthermore, it is known that C. glabrata
and C. krusei are intrinsically resistant to the azole-
group agents (Fortun et al, 1997; Pfaller et al, 2004).
Consequently, the alarming worldwide emergence of
candidal resistance to commonly used antifungal drugs
(Ellepola and Samaranayake, 2000) calls for new
approaches to management of fungal infections, such
as adjunct therapy with AmF/SnF, reported here.
However, the present results need to be clinically
confirmed in properly controlled randomized trials prior
to clinical recommendations and interventions.

Finally, in clinical terms, the present results in
combination with the previously reported inhibitory
effect of AmF/SnF, against dental plaque bacteria
(Meurman et al, 1989) imply that the compound may
have potential to prevent other oral infections in
addition to gingivitis and dental caries, which are the
main indications for its use. We have tested that if a
subject rinses the mouth with 10 ml of Meridol®
preparation for 30 s, the volume of the expectorate is
approximately 12 ml (the preparation mixed with
saliva), and the resulting concentration of AmF/SnF,
is reduced from the original 250-200 ppm. Thus, the
diluting effect of saliva is clinically irrelevant and the
preparation is anticipated to remain effective also in
clinical use. Clearly, although, the topical treatment
modes such as the use of AmF/SnF, solutions can only
be an adjunct therapy in treating and controlling oral
yeast infections, which needs to be emphasized.

If the present findings are compared with reported
antifungal effect of chlorhexidine the main difference in
the eventual clinical use of these two topical agents would
be that chlorhexidine may not be highly desirable for daily
use because of its side-effects, while AmF/SnF, prepara-
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tions may have the potential for daily use. The reported
adverse effects of AmF/SnF, on continuous use are
mainly staining of the teeth (Tinanoff, 1990; Paraskevas
et al,2004). To conclude, our data clearly indicate that an
additional significant advantage of AmF/SnF, mouth
rinse would be its antifungal effect which would synergise
its well known anti-plaque activity.
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