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Stannous Source in Toothpastes Leads to Differences  
in Their Antimicrobial Efficacy
Dominique Toblera / Olivier Braissantb / Tuomas Waltimoc / Michael M. Bornsteind /  
Monika Astasov-Frauenhoffere

Purpose: The aim of this in-vitro study was to investigate the antimicrobial efficacy of identical experimental toothpastes 
with different stannous sources.

Materials and Methods: Streptococcus mutans biofilms were grown on protein-coated glass disks in static conditions for 
24 h and thereafter exposed to toothpaste slurries or physiological saline (negative control; n = 15) for 30 s. Four experi-
mental toothpastes were applied in this study, containing either stannous chloride (SnCl2; B: 3500 ppm Sn2+, and D: 
3600 ppm Sn2+) or stannous fluoride (SnF2; C: 3500 ppm Sn2+, and E: 3600 ppm Sn2+). Marketed toothpaste meridol® (A: 
3300 ppm SnF2) served as control. All five toothpastes contained amine fluoride (AmF). The biofilms were placed on agar 
surface and their metabolic activity was assessed by isothermal microcalorimetry over 96 h. The heat flow data was anal-
ysed for growth rate and lag time using grofit package in software R. Additionally, reduction of active biofilm compared to 
untreated control was calculated. 

Results: All toothpastes significantly prolong the lag time of treated biofilms in comparison to negative control (p < 0.05). 
Toothpastes containing SnF2 (C and E) prolonged the lag time statistically significantly compared to toothpastes contain-
ing SnCl2 (B and D) (p < 0.05). The maximum growth rate was statistically significantly reduced by all tested toothpastes 
compared to the untreated control group (p < 0.05). Toothpastes containing SnF2 (A, C and E) reached 59.9 ± 7.8, 
61.9 ± 7.7, and 55.6 ± 7.0% reduction of active biofilm, respectively. Thus, they exhibit statistically significantly better re-
sults than toothpastes B (52.9 ± 9.9%) and D (44.7 ± 7.6%). Toothpaste D, which contains a slightly higher concentration of 
Sn2+, was the least effective in reducing active biofilm.

Conclusion: The toothpastes containing SnF2 combined with AmF had the highest antimicrobial efficacy in this study.
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Dental caries is a bacteria-mediated and fermentable carbo-
hydrate-driven dynamic disease. The microflora of the oral 

cavity and plaque is challenged by the intake of sugars, which 
are fermented by the bacteria, thus leading to decreased pH in 
the oral environment. However, thanks to various mechanisms 
such as the buffering capacity of saliva, these short periods of 

lower pH do not lead to changes in plaque composition. Never-
theless, an increased frequency of sugar intake disrupts the 
homoeostasis of dental plaque, as it favours growth of acido-
genic and aciduric bacteria which promote prolonged periods 
of low pH conditions and lead to caries. Commensal bacteria 
usually found in plaque are sensitive to decreased pH levels, 
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leading to decreased growth under these conditions. Thus, an 
increased availability of carbohydrates causes an ecological 
shift in the microflora, which establishes conditions leading to 
caries development.36 Streptococcus mutans is one of the most 
commonly found bacteria in cariogenic biofilms, as it can easily 
form biofilms in conditions of low pH. Therefore, it is described 
as the primary pathogen in human dental caries.15 There are 
different factors that can affect the prevalence of caries, e.g., 
(a) individual factors (tooth morphology, saliva flow and buffer-
ing capacity, the composition oral microbiome), (b) behav-
ioural factors (diet habits, especially the intake frequency and 
amount of fermentable carbohydrates, overall oral hygiene, 
medication, smoking), and (c) socioeconomic status and host 
genetics, as well as ameliorating factors (e.g., fluoride) which 
facilitate remineralisation.32 

For caries prevention, mechanical control of oral biofilm on 
tooth surfaces has become indispensable. However, this re-
quires skill and compliance and is not always effective in the 
interdental areas. Therefore, research on the development of 
new antimicrobial ingredients and re-assessment of those 
which already exist in supporting oral-care products such as 
toothpastes is of great importance.30,36

Fluoride can alter the plaque microbiota, change its metab-
olism and consequently reduce cariogenic microbiota.41 More-
over, topical fluoride application elevates the fluoride levels in 
oral fluids, which supports the process of remineralisation in 
enamel.39 Several fluoride compounds are used in toothpastes 
at various concentrations, such as amine fluoride (AmF), so-
dium fluoride (NaF), sodium monofluorophosphate (Na2PO3F) 
or stannous fluoride (SnF2).22 Due to the greater affinity of hy-
drophilic counterions to the enamel surface, AmF is associated 
with reduction of plaque adhesiveness and is shown to exhibit 
longer clearance in the oral cavity and dental plaque; thus, it 

has a pronounced activity on plaque. Over a period of 3 – 6 h, 
AmF is strongly glycolytic and has profound bacteriostatic and 
bactericidal effects.9 While the antimicrobial effect of NaF con-
sists in inhibiting the growth of oral bacteria, their acid and 
glucan production,44 Na2PO3F interacts with and inhibits the 
activity of enzymes produced by caries-related bacteria, 
thereby suppressing their growth.26

Although research on SnF2 in oral hygiene products has 
been ongoing since the mid-1950s, its efficacy could be en-
hanced by revealing more information about different concen-
trations and formulations. The antibacterial potential is prom-
ising, as in-vivo studies show statistically significantly greater 
caries reduction as well as less plaque and gingivitis when 
using stannous fluoride (SnF2) compared to sodium fluoride 
(NaF).20,29,43 On the one hand, the antimicrobial effect is 
achieved by tin accumulation in plaque.27 On the other hand, 
SnF2 dentifrices seem to target metabolic functions of bacteria 
and thereby inhibit their enzymes, including acid and glucan 
production.44 Additionally, the remineralisation process is sup-
ported, as CaF2 precipitates are formed on the enamel surface, 
which are capable of subsequently releasing fluorine parti-
cles.13 The formation of precipitates that obstruct dentin tu-
bules also results in hypersensitivity relief.16,33 Long-term ap-
plication of oral hygiene products containing SnF2 results in a 
reduction of pathogenic oral bacteria, such as Streptococcus 
species, as well as in an increase in health-associated bac-
teria.20 Stannous chloride (SnCl2) is a commonly used active 
ingredient in toothpastes, as it contains both anti-plaque and 
anti-gingivitis properties. It forms a complex with proteins in 
saliva and on tooth surfaces, which can disrupt the formation 
of plaque and prevent bacterial adhesion to tooth surfaces.19 
However, it has been reported that SnCl2 shows less tin accu-
mulation in plaque than SnF2 and is therefore suggested to 

Fig 1  Flow diagram illustrating the main steps of the experiment: (1) biofilm formation on salivary-protein-coated disks; (2) exposure to toothpaste 
slurries; (3) measurement of metabolic activity with isothermal microcalorimetry (IMC); (4) heatflow data of IMC; (5) analysis of IMC data to assess 
growth parameters (lag time and growth rate) of the biofilms.
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have less potent bacteriostatic and bactericidal effects against 
S. mutans.12,40 Nevertheless, there is still need for more infor-
mation about the effect of the stannous source as an antimi-
crobial agent in toothpaste.31

Isothermal microcalorimetry (IMC) is a culture-based 
method that allows detection of the antibacterial activity in 
vitro by measuring heat production rates. Although it is a sim-
ple method, it has some very relevant advantages. The method 
measures the metabolic activity of the biofilm as an entity 
without disturbing its structure on solid agar surfaces.7 The 
sensitivity of modern microcalorimeters is higher than that of 
many conventional methods, such as spectrophotometry or 
enzymatic assays, as it is able to detect the metabolic heat pro-
duction of 104 – 105 bacteria. Moreover, the accuracy IMC pro-
vides for dynamic measurements cannot be achieved with mi-
croscopic enumeration, plate counts or protein assays.8

Thus, the aim of the study was to investigate the antimicro-
bial potential of four toothpastes, which differ in their stannous 
source (SnF2 or SnCl2) and concentration but not in fluoride 
concentration that was for all tested samples 1400 ppm. A com-
mercially available toothpaste, meridol (Colgate-Palmolive Eu-
rope sàrl; Therwil, Switzerland), containing SnF2 in combina-
tion with AmF, was used as a control as it has multiple proven 
beneficial effects on plaque reduction and gingival health.27 
The null hypothesis of this study was that toothpastes show 
the same efficacy regardless of their stannous source.

MATERIALS AND METHODS

Biofilm Formation and Treatment
The main steps of the workflow of the experiment are illus-
trated in Fig 1. An aliquot of 10 μl of S. mutans (ATCC 25175) 
stock solution was inoculated on Columbia blood agar plate 
(BBL Columbia Agar Base, BD; Allschwil, Switzerland) and incu-
bated for 48 h at 37°C. Thereafter, one colony was selected and 
suspended to 25 ml of Todd Hewitt (TH) media (Bacto Todd 
Hewitt broth, BD) supplemented with 0.5% sucrose (D(+) su-
crose, Fluka; Buchs, Switzerland). The culture was incubated 
for 22 h at 37°C. The grown bacteria were harvested by centrifu-
gation (8500 rpm, 5 min, RT; Sigma 4-16KS, Kuhner; Basel, 

Switzerland) and resuspended in simulated body fluid (SBF; 
7.996 g NaCl, 0.35 g NaHCO3, 0.224 g KCl, 0.228 g K2HPO4 x 
3H2O, 0.305 g MgCl2 x 6H2O, 0.278 g CaCl2, 0.071 g Na2SO4, 
6.057 g (CH2OH)3CNH2 dissolved in 1 l of ultra-pure water, pH 
adjusted to 7.25 with 1 mol/l HCl, all chemicals from Sigma Al-
drich; Buchs, Switzerland)10 supplemented with 10% TH me-
dium and 1% sucrose.

Meanwhile, 5-mm glass disks (Biosystems Switzerland AG, 
Muttenz, Switzerland) were coated with sterile pooled saliva 
mixture for 15 min.3 Briefly, the saliva was collected anony-
mously from healthy volunteers by paraffin stimulation. After 
collection, it was ultrasonicated for 30 s (30 W, Vibracell, Sonics 
& Materials; Newtown, CT, USA) and filtered through 70-μm fil-
ters (Cell Strainer, Becton-Dickinson; Basel, Switzerland), fol-
lowed by 40 min centrifugation at 22,000 g at 4°C. Then the 
supernatant was sterilised by using two connected filters (0.45 

Schaffhausen, Switzerland). Pooled samples were stored in 
aliquots at -20°C.

Thereafter, the protein-coated disks were placed in 24-well 
plates (Sarstedt; Sevelen, Switzerland). Then, 1 ml of freshly pre-
pared bacterial suspension and 0.5 ml of TH medium were added 
to each well, followed by incubation of the disks for 24 h at 37°C.

Subsequently, the disks were dipped in 0.9% NaCl three 
times to remove loosely adhered cells, after which they were 
placed in 1 ml of five freshly-prepared toothpaste slurries (23% 
of the original solution) for 30 s (n = 5). Details on the stannous 
source and concentrations are given in Table 1. The biofilms 
serving as untreated negative controls were exposed to 0.9% 
NaCl for 30 s (n = 5). 

The test toothpaste slurries were freshly prepared for each 
run as follows: 3 g of the assigned test toothpaste was weighed 
into a 50 ml tube, then the tube was filled with sterile milliQ 
water to a total weight of 13 g. After thoroughly closing the cen-
trifuge tube, it was placed on a Vortex mixer (2800 rpm, 45 s) 
until it became a homogenous slurry. 

After the toothpaste slurry treatment, the disks were placed 
in 2 ml of inactivation solution (1 g trypton and 8.5 g NaCl dis-
solved in 1 L H2O, to which 1 g L-histidine, 5 g Na2S2O3, 3 g leci-
thin and 94 ml Tween-80 were added; all Sigma-Aldrich). 
Thereafter, the disks were again dipped in 0.9% NaCl three 

Table 1  Commercially available toothpaste (meridol) and the four experimental toothpastes (B – E) used in this study, with 
stannous source and concentration

Toothpaste Fluoride [ppm] Sn(II) [ppm] AmF SnF2 SnCl2

Toothpaste A (meridol) 1400 3300 x x

Toothpaste B 1400 3500 x x

Toothpaste C 1400 3500 x x

Toothpaste D 1400 3600 x x

Toothpaste E 1400 3600 x x
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RESULTS

Differences in Parameter Lag Time (Fig 2a)
The lag times of S. mutans suspension treated with toothpastes 
A-E, which differ in their stannous source and concentrations 
(Table 1), are shown in Fig 2a. All toothpastes statistically sig-
nificantly prolonged the lag time of treated biofilms in com-
parison to untreated control biofilm (p < 0.05). There was no 
difference in efficacy when comparing the commercially-avail-
able toothpaste meridol (A) to the experimental toothpastes C 
and E, which contained SnF2 as a stannous source (p > 0.05). In 
contrast, toothpastes B and D, containing SnCl2 as a stannous 
source, showed a statistically significantly shorter lag time 
(p < 0.05) compared to meridol®. Toothpaste D (3600 ppm 
SnCl2) was the least effective, showing a statistically signifi-
cantly (p < 0.05) smaller increase of the lag time compared to 
all other toothpastes, except for toothpaste B (3500 ppm SnCl2). 
In this combination, the higher amount of Sn2+ did not statisti-
cally significantly affect the efficacy of the toothpaste (p > 0.05). 

Differences in Parameter Maximum Growth Rate (Fig 2b)
Figure 2b shows the maximum growth rate of S. mutans bio-
films treated with the toothpastes A-E and the untreated con-
trol biofilms. The maximum growth rate was statistically sig-
nificantly lowered by all tested toothpastes compared to the 
untreated control group (p < 0.05). When comparing different 
treated groups, only toothpaste C showed a slightly statistically 
significant reduction of growth rate in comparison to tooth-
pastes D and E (p < 0.05); all other groups showed no differ-
ences (p > 0.05).

Reduction of Active Biofilm (Fig 2c)
The reduction of active biofilm achieved by toothpastes A-E is 
shown in Fig 2c and given as a percentage (calculated as shown 
in equation 1). The results resemble the pattern of Fig 2a. 
Toothpastes containing SnF2 (A, C and E) reach 59.9 ± 7.8, 

times and placed in IMC ampoules containing 3 ml of Columbia 
blood agar. The experiment was repeated a total of three times, 
resulting in 15 samples per each treated group as well as for 
the untreated group.

Isothermal Microcalorimetry (IMC)
IMC ampoules filled with 3 ml Columbia blood agar were pre-
pared and disks with treated biofilms as well as untreated con-
trols were placed on the agar with the biofilm facing the agar. 
The IMC ampoules were closed in aerobic conditions and 
placed in a TAM 48 microcalorimeter (TA Instruments; New 
Castle, DE, USA), which measured and recorded the metabolic 
activity of the biofilms at 37°C for up to 96 h.

The heat-flow data obtained over time with IMC was anal-
ysed for growth rate (μ; 1/h) and lag time (l; h) by fitting the 
heat-over-time curve (i.e., resulting from the integration of the 
heat-flow curve) with Gompertz’s equation, using the “grofit” 
package18 in R statistical software (R Foundation for Statistical 
Computing, Vienna, Austria), as described earlier.3

The reduction of the biofilm population was estimated by 
using the following equation 

Inhibition = 100 – 
100

sample – control
ln (2) 
control2

(1)

Statistical Analysis
The Shapiro-Wilk normality test was applied to the samples 
and differences between toothpastes and untreated controls 
were assessed by Student’s t-test with significance set to 
p < 0.05. Differences between the different acids and amino 
bases were assessed by conducting a one-way ANOVA using 
GraphPad Prism (version 9.3.1 for Mac, GraphPad Software; La 
Jolla, CA, USA, www.graphpad.com).

a b c

Fig 2  Five toothpastes (A-E) which differ in their stannous source were examined for their antimicrobial properties. Three different parameters  
were assessed from IMC data: (A) lag time in h, (B) maximum growth rate in 1/h, and (C) reduction of active biofilm in % compared to untreated control 
biofilm. Significant differences between groups are indicated with asterisks (* p < 0.05, ** p < 0.01, **** p < 0.001).
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61.9 ± 7.7, 55.6 ± 7.0% reduction of active biofilm, respectively. 
Therefore, they exhibit statistically significantly better results 
than toothpastes B (52.9 ± 9.9%) and D (44.7 ± 7.6%) (p < 0.05). 
Toothpaste D, which contains a slightly higher concentration of 
SnCl2, was the least effective in reducing active biofilm.

DISCUSSION

In the present in-vitro study, different antimicrobial properties 
of four experimental toothpastes containing AmF (1400 ppm 
fluoride) combined with tin either derived from SnF2 
(3500 ppm Sn2+ and 3600 ppm Sn2+) or from SnCl2 (3500 ppm 
Sn2+ and 3600 ppm Sn2+) were investigated in a cariogenic 
model biofilm using S. mutans. In addition to the experimental 
toothpastes, the commercially available toothpaste meridol, 
containing both AmF and SnF2 (3300 ppm Sn2+), was examined.

The experiment was carried out using slurries of tooth-
pastes without brushing. Therefore, the antibacterial effect of 
the active ingredients was assessed without the mechanical 
cleaning effect present during normal toothbrushing. Similar 
procedures have been used previously to assess the efficacy of 
toothpastes.1,42 Although stannous agents are being used in 
oral hygiene products, knowledge about their antimicrobial 
effect in different concentrations and combinations in other-
wise identical toothpastes is limited. 

Toothpastes tested containing a stannous source derived 
from SnF2 (toothpastes A, C and E) prolonged the lag time and 
yielded greater reduction of active biofilm than did toothpastes 
containing tin derived from SnCl2 (toothpastes B and D). More-
over, results for the toothpastes containing SnCl2 in this study 
are consistent with limited reports in the literature, which do 
not demonstrate efficacy for this active combination as an anti-
microbial agent.6 Rather, SnCl2 in connection with oral hygiene 
products has mainly been studied for its anti-erosive potential 
in enamel and dentin.11,14,23 Toothpastes with SnCl2 have 
shown a statistically significantly higher plaque reduction than 
comparable dentifrices with anti-erosion properties.6 In other 
studies on erosive mineral loss, a synergistic effect between 
fluoride and tin has been described when both were present in 
a solution together (either as SnF2 or as AmF/SnCl2); the inhibi-
tion of mineral loss was statistically significantly greater.2,24,34 

The same synergistic effect of SnF2 and AmF applies to the 
antimicrobial activity; it has been confirmed that the antibacte-
rial activity is greater when fluoride is associated with the cat-
ion Sn2+ or amine.35 The previously described higher bioavail-
ability of stannous ions in the presence of fluoride might 
explain this, but the evidence is relatively limited.12,30 However, 
there seems to be a difference when comparing the stannous 
source, i.e., toothpastes B and D (SnCl2) vs toothpastes A, C and 
E (SnF2), as the data show a slightly lower bactericidal (based 
on delay in lag time due to initially surviving inoculum) and 
bacteriostatic (based on reduction in growth rate) effect. The 
reduction of bacterial biomass/virulence and inhibition of bac-
terial metabolism is achieved by the Sn2+ ion, which has been 
shown to be the bioactive species exerting the antiplaque ef-
fect.28 The correlation of stabilised Sn2+ to antibacterial perfor-
mance is linear, whereas the proportion of Sn4+ (oxidation 

state) is positively correlated with bacterial viability and there-
fore inactive against bacteria. The challenge of stabilising SnF2 
needs to be overcome; reportedly, the formulations of SnF2 
and AmF stabilise the positive properties of SnF2 as well.25,35,37 

Moreover, the antibacterial potential of tin seems to be de-
pendent on the concentration, but not in a dose-dependent 
way. Toothpastes with SnF2 (e.g., toothpaste C) contain 
3500 ppm Sn2+ and showed higher efficacy against the tested 
biofilms than did toothpaste A, which contains 3300 ppm Sn2+, 
and toothpaste E, with 3600 ppm Sn2+. The exact same phe-
nomenon applies to the toothpastes containing SnCl2: tooth-
paste B, containing 3500 ppm Sn2+, shows higher antimicrobial 
activity than the higher concentrated toothpaste D, containing 
3600 ppm Sn2+. Unfortunately, evidence of synergy being in-
volved in the antimicrobial effect is currently scarce. Overall, 
this solution seems to be understudied, which is probably due 
to its propensity to cause extrinsic stains and its bad taste.17 This 
has been overcome by new formulations of SnF2- dentifrices, for 
example, Colgate TotalSF, containing 0.454% SnF2 and 1% zinc 
phosphate, which provides statistically significantly higher stain 
reduction compared to a competitor paste (26%) and SnF2 gel 
(35%).21 Further, using sodium hexametaposphate with SnF2 
formulations also removes extrinsic stains and provide long-
lasting inhibition of new-stain chromogen adsorption.5 

Nevertheless, as the oral cavity is more complex than the 
biofilm model used in the present study, the findings should be 
interpreted with caution. Additionally, the roughness of the sur-
face used in this study resembles that of enamel, but hydroxy-
apatite or dental enamel would be better for representing the 
real cariogenic situation. Nonetheless, the surface here was 
covered with salivary pellicle and measuring de- and remineral-
isation was not in the scope of this study. It is important to note 
that the use of simplified models can be considered as a limita-
tion; however, it is cost effective and helps to screen for optimal 
or promising formulations in early stages of development. Ad-
ditionally, the current study only assessed the antimicrobial 
effect of the toothpastes based on their stannous source and 
combination with AmF, but did not investigate the real condi-
tions of brushing, in which biofilm is partially removed mechan-
ically and the penetration of the toothpaste into the deeper 
layers of biofilm is improved.4 The limited number of replicates 
combined with a high number of groups used in the statistical 
analysis could be considered a limitation of this study; thus, a 
retrospective power analysis was performed. It showed that 
statistical analysis was sufficiently powered (power > 0.99) to 
detect differences between the controls and other groups. 
Smaller differences (<10% of the measured values) between 
treatment groups should, however, be considered with care.

CONCLUSIONS

The null hypothesis was rejected, as toothpastes with SnCl2 
were less efficaceous than toothpastes with SnF2. Toothpastes 
containing SnF2 as the stannous source showed an increase in 
antibacterial properties when concentrations increased from 
3300 ppm Sn2+ to 3500 ppm Sn2+. However, at a higher concen-
tration (3600 ppm Sn2+), the efficacy did not increase. 
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Concerning toothpastes containing SnCl2, the antimicrobial 
efficacy decreased when the concentration of Sn2+ increased 
from 3500 ppm Sn2+ to 3600 ppm Sn2+. The highest antimicro-
bial efficacy was reached with the stannous source of 
3500 ppm SnF2.
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