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Contribution of Stannous Ions Towards Inhibiting 
LPS-Induced Pro-Inflammatory Cytokine 
Production

Objectives: Toothpaste formulations contain stannous fluoride in Sn2+ or Sn4+ forms that can 
potentially reduce the availability of free bacterial lipopolysaccharide (LPS) released by 
Gram-negative bacteria. LPS is a ligand of the immune receptor TLR4, which significantly 
contributes to host pro-inflammatory responses against bacterial invaders. In this study, we 
assessed the contribution of Sn2+ and Sn4+ towards inhibition of inflammatory mediator 
production in response to LPS.

Methods: Monomac-6 (MM6) cells, a monocyte cell line, were exposed to LPS purified from 
Fusobacterium nucleatum in the presence or absence of SnF2 and SnF4 and evaluated for 
secretion of the pro-inflammatory cytokines IL-1β, IL-6 and TNF-α by ELISA. Cell viability was 
assessed by the Cell Titer-Glo luminescent assay. TLR4 activation was determined by exposing 
TLR4-expressing HEK293 cells to LPS +/- SnF2 and SnF4 (0.454 ~ 454 µg/ml) aqueous solutions 
using a luciferase reporter assay.

Results: We demonstrate that purified LPS from F. nucleatum, a bacterium commonly found in 
the sub-gingival crevice, stimulates MM6 cells potently to secrete IL-1β, IL-6 and TNF-α in a 
dose dependent manner. Addition of SnF2 (45.4 µg/mL) significantly inhibited this stimulation, 
without incurring a loss in MM6 cell viability. In striking contrast, no inhibition of these 
mediators was observed after addition of the oxidized form of stannous fluoride, SnF4. The 
TLR4 reporter activation assay revealed a modest but significant reduction in TLR4 
stimulation in the presence of SnF2 but not SnF4.

Conclusions: Stannous-2, or Sn2+, the form of stannous highly enriched in a novel 0.454% 
stannous fluoride toothpaste stabilized with nitrate and phosphates (SNaP), actively inhibits 
LPS mediated induction of pro-inflammatory mediators, unlike Sn4+, likely via reduced TLR4 
activation. This inhibition is consistent with the role of divalent cations in blocking 
LPS-mediated stimulation of TLR4 and reveals potential mechanisms by which stannous-2 is 
of therapeutic significance.
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