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Description

FIELD OF THE INVENTION

[0001] The present disclosure is directed to methods
for assessing stannous containing oral care products.

BACKGROUND OF THE INVENTION

[0002] Methods for quantitating the efficacy of oral care
products (e.g., toothpaste, mouthwash etc.) at dislodging
cells from biofilm test surfaces or inhibiting or delaying
the accumulation of cells on a test surface have generally
been described (US 6309835 B1, US 2006/275847 A1).
Also, fluorescent probes, and confocal laser scanning
microscopy (CLSM), have been generally used to assess
bacterial vitality of biofilm. Stannous (Sn2+) has been
added to oral care products to prevent dental plaque and
oral disease (US 2015/241409 A1). Sn2+ is found to ef-
fectively inhibit certain bacteria that can lead to tooth de-
cay in human interproximal dental plaque. H. Lan et al.,
The Analyst, vol. 139 (20), 2014 discloses the detection
of fluorescence turn-on of Sn2+ in live eukaryotic and
prokaryotic cells. However, there is a need for a specific
method at quantitating the efficiency of stannous con-
taining oral care products, and its bacteriostatic or bac-
tericidal efficacy against biofilm.

SUMMARY OF THE INVENTION

[0003] The present invention addresses at least one
of these needs by providing a method of quantitating
sorption of stannous by microbial cells of a biofilm ac-
cording to claim 1.
[0004] The present invention is based, in part, upon
the surprising discovery that certain stannous probes can
be used in quantitating sorption of stannous by microbial
cells of biofilm.
[0005] One advantage of the present method is that
the stannous and microbial probes fluoresce at different
colors and as such co-localization of the probes in bac-
teria of biofilm can be determined.
[0006] Another advantage of the present invention is
the methods can be used to identify more efficacious oral
care compositions as these compositions relate to stan-
nous delivery and/or efficacy in biofilm.
[0007] Yet another advantage of the present invention
is the methods can be used to demonstrate to consumers
and dental professionals how stannous containing oral
products work as these products relate to stannous de-
livery and/or efficacy in biofilm.
[0008] These and other features, aspects and advan-
tages of specific embodiments will become evident to
those skilled in the art from a reading of the present dis-
closure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The embodiments set forth in the drawings are
illustrative in nature and not intended to limit the invention
defined by the claims. The following detailed description
of the illustrative embodiments can be understood when
read in conjunction with the following drawings, where
like structure is indicated with like reference numerals
and in which:

Figure 1 is a perspective view of an oral splint with
hydroxyapatite disks attached thereto;
Figure 2 is a perspective view of the hydroxyapatite
disk having grooves therein;
Figure 3 is a schematic of a cross sectional view of
the groove with biofilm therein;
Figure 4 is a bar graph providing a co-localization
percentage of stannous in bacteria (of biofilm) for
several stannous containing toothpastes and a neg-
ative control;
Figure 5 is a schematic example of how the co-lo-
calization percentage of stannous in bacteria and an
overlap coefficient of stannous are determined; and
Figure 6 is a bar graph providing an overlap coeffi-
cient of stannous containing paste on biofilm over
time.

DETAILED DESCRIPTION OF THE INVENTION

[0010] The following text sets forth a broad description
of numerous different embodiments of the present dis-
closure. The description is to be construed as exemplary
only and does not describe every possible embodiment
since describing every possible embodiment would be
impractical, if not impossible. It will be understood that
any feature, characteristic, component, composition, in-
gredient, product, step or methodology described herein
can be deleted, combined with or substituted for, in whole
or part, any other feature, characteristic, component,
composition, ingredient, product, step or methodology
described herein. Numerous alternative embodiments
could be implemented, using either current technology
or technology developed after the filing date of this patent,
which would still fall within the scope of the claims.
[0011] One aspect of the present disclosure is directed
to method of quantitating sorption of stannous by micro-
bial cells of a biofilm comprising the steps: treating the
biofilm with a stannous containing oral care product; la-
beling microbial cells of the biofilm with a microbial fluo-
rescent probe; incubating the biofilm with a stannous flu-
orescent probe; and quantitating the labeled cells by
measuring fluorescence light emitted from the labeled
cells by confocal laser scanning microscopy (CLSM).
These steps need not be conducted in any specific order.
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Treating the biofilm with a stannous containing oral care 
product

[0012] The term "biofilm" refers to the layer(s) of cells
attached to a surface. A biofilm can include both alive
and growing microbe cells as well as dead microbe cells.
The biofilm can be composed of one cell type or it may
be composed of two or more cell types, such as for ex-
ample, a biofilm complex that is a multispecies bacterial
community. A specific type of biofilm is plaque biofilm
(i.e., biofilm that typically forms on tooth surfaces in the
human mouth). Bacteria in a plaque biofilm have signif-
icantly different physiological characteristics, e.g. in-
creased resistance to detergents and antibiotics, making
biofilm research highly important. A non-limiting list of
oral bacterial species is described at US Pat. No.
6,309,835 B1, column 7, lines 12-30. The biofilm may be
either in vitro biofilm or in situ biofilm. Preferably the bi-
ofilm is in situ plaque biofilm because it more accurately
reflects the conditions of the human mouth by providing
a natural and undistributed biofilm. One approach that
lends itself well to assessing stannous retention in the
biofilm over a defined period of time is using in situ plaque
biofilm.
A number of different surfaces for which the biofilm may
attach are contemplated. These surfaces may include,
for example, human enamel, bovine enamel, bovine den-
tine, hydroxyapatite, polished glass, and titanium. Con-
sidering the roughness of the surface of the substrate
and its free energy are important factors for the in situ
growth of plaque biofilm, enamel or hydroxyapatite are
preferred surfaces to mimic a natural substrate for growth
of plaque biofilm. On the other hand, due to the known
auto-fluorescence of enamel, hydroxyapatite is more
preferred for the in situ growth of plaque biofilm. Hy-
droxyapatite, also called hydroxylapatite, ("HA") is a min-
eral form of calcium apatite generally having the formula
Ca10(PO4)6(OH)2. In particularly preferred approach, HA
containing pieces (e.g., small disks) are used. These HA
pieces are relatively small, preferably having an overall
volume of 7 mm3 to 110 mm3, preferably from 25 mm3

to 35 mm3. The HA pieces are designed having a plurality
of grooves (to allow plaque biofilm to attach inside the
groove). For clarification, either in situ or in vitro plaque
biofilm may be used to attach to the inside of the
groove(s), but in situ plaque biofilm is preferred. The plu-
rality of grooves preferably have dimensions that are from
50 um to 500 um deep and from 50 um to 500 um wide,
more preferably from 100 um to 400 um deep and from
100 um to 400 um wide, even more preferably at least
one of the grooves is from 250 um to 350 um deep and
from 250 um to 350 um wide. Without wishing to be bound
by theory, many human subjects do not care to have an
oral appliance (containing these HA pieces) for more than
two to three days. With grooves smaller than these di-
mensions, the groove is filled up with in situ plaque biofilm
thereby not allowing the subject oral care product and/or
fluorescent probes to penetrate into the groove. On the

other hand, if the dimensions of the groove are too large
then the grooves do not lend themselves well to biofilm
growth or attachment, particularly if the human subject
is only going to wear the oral appliance for two to three
days. In addition, these preferred groove dimensions pro-
vide for an optimum cross section view by conventional
CLSM. In a specific example, and turning to Figure 2, the
HA disk (201) has three parallel grooves (203) (the two
sides’ grooves (203a and 203c) are 300 um wide and
300 um deep; while the middle grove (203b) (in between
the two side grooves) is 500 um wide and 500 um deep).
The middle groove is designed wider and deeper than
the two sides’ grooves so that the HA disk can be more
easily separated into two identical half-disks for head-to-
head comparison purposes. Figure 3 is a schematic of a
cross sectional view of the groove (2003) with biofilm
(2005) therein.
[0013] Preferably the in situ plaque biofilm is attached
to the surface of a HA pieces as a result of the HA pieces
being attached to an oral appliance (e.g., oral split or
mouthpiece) worn by human subjects for a defined period
of time. This defined period of time is preferably from 6
hours to 4 days, more preferably from 1 day to 3 days,
alternatively about 2 days. Accordingly, the method may
comprise the step of having human subjects wearing the
oral appliance for 6 hours to 4 days, preferably 1-3 days,
more preferably 2 days; wherein at least a portion of the
oral appliance comprises HA as a surface of the biofilm,
and wherein the biofilm is an in situ plaque biofilm. The
term "oral appliance" means a device that can be tem-
porarily worn inside the oral cavity (i.e., mouth) of a hu-
man subject for up to multiple days at a time (but tempo-
rarily removed during eating or oral hygiene and the like).
Non-limiting examples of an oral appliance include an
oral split, mouthpiece, and retainer. The oral appliance
preferably has a plurality of HA containing pieces (e.g.,
small disks) releasably attached thereto. In other words,
the human subject wears the oral appliance as to allow
biofilm to attach/grow to the surfaces and grooves of the
HA disk. After 6 hours to 4 days, preferably 2-3 days,
more preferably 2 days, the HA disks are removed by
the oral appliance that was worn by the human subject.
Figure 1 is an example of a splint (1) having a plurality
of HA disks (2a, 2b, 2c, 2d, 2e) releasably attached to
the splint. The splint (1) is worn over the teeth of a human
subject (not shown) for a defined period of time with the
objective of having biofilm grow/attach to the HA disks,
preferably in grooves of the HA disks. In figure 1, the
plurality of HA disks are on the interdental lingual side of
the oral applicant. Although not shown in figure 1, a pre-
ferred location of the HA pieces is on the buccal side of
the appliance. Without wishing to be bound by theory,
the buccal side is even more difficult to brush thereby
providing in situ plaque biofilm that is likely thicker (i.e.,
grows or forms more quickly than from other locations in
the oral cavity). Moreover, there is also a suggestion that
the in situ plaque biofilm resulting from the buccal side
maybe by more toxic or pathogenic.
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[0014] The biofilm may be treated with the stannous
containing oral care product either in vivo or ex vivo. "In
vivo" means that which takes place within the organism,
specifically within the oral cavity of the human subject.
For example, the human subject may wear an oral splint
(and the HA disks releasably attached thereto) while us-
ing the stannous containing oral care product. "Ex vivo"
means that which takes place outside an organism, spe-
cifically outside the oral cavity of the human subject. For
example, after the splint is worn, the HA disks may be
removed and then treated with the subject stannous con-
taining oral care product. Such an ex vivo approach is
preferable when assessing the penetration of stannous
in the biofilm or the amount of the stannous deposition
in the biofilm (e.g., single or multiple stannous containing
product usage).
[0015] The stannous containing oral care product may
be any product that is designed to be primarily used for
oral hygiene in humans. Such stannous containing oral
care products may include dentifrice, toothpaste, mouth-
wash etc. The oral care products of the subject invention
are those containing stannous (Sn2+). A non-limiting ex-
ample of a stannous ingredient used in stannous con-
taining oral care products includes stannous fluoride.
Such oral care products may typically contain from
0.0025% to 2%, by weight of the composition, of stannous
fluoride.
[0016] In an alternative embodiment, the biofilm at-
taches to a test piece of mammalian (e.g., human or bo-
vine) enamel surface. That is, pieces of enamel are sub-
ject to a relatively longer term study (e.g., 5-21 days).
These pieces can also be releasably attached to an oral
care appliance and worn by a human subject. This in situ
method can used to measure stannous delivery and/or
penetration and/or the effect of an oral care composition
to stannous bioavailability.

Labeling the biofilm with a microbial fluorescent probe

[0017] The biofilm is labeled with a microbial fluores-
cent probe. "Microbial fluorescent probe" means a fluo-
rescent probe that binds to microbes of a biofilm. One
class such probes includes fluorescently labeled oligo-
nucleotides, preferably rRNA-directed oligonucleotides.
Non-limiting examples include SYTO™ branded dyes.
One specific example is SYTO-9, wherein excitation is a
485 (DNA) and 486 (RNA), and light emission is detected
at 498 (DNA) and 501 (RNA). Within this class of rRNA-
directed oligonucleotides dyes, a sub-class of dyes may
be used to distinguish between dead or alive microbes.
Another class of microbial fluorescent probes include ex-
tracellular polymer substances (EPS)-specific fluores-
cent stains or lectins. A commercially available example
of a microbial fluorescent probe is LIVE/DEAD® Ba-
cLight™ fluorescence assay stains. See also US Pat.
No. 6,309,835 B1, at column 8, Table 1. These microbial
fluorescent probes are widely available as well as the
procedure details in how to use them to quantitatively

determine the amount of microbes as well as quantita-
tively determine what portion of these microbes are alive
or dead.

Labeling the biofilm with a stannous fluorescent probe

[0018] The biofilm is labeled with a stannous fluores-
cent probe. Examples of a stannous fluorescent probe
suitable for labeling the biofilm may any one following of
the compounds: (a) tert-butyl (3’,6’-diamino-3-oxos-
piro[isoindoline-1,9’-xanthen]-2-yl)carbamate; (b) tert-
butyl (3’,6’-bis(dimethylamino)-3-oxospiro[isoindoline-
1,9’-xanthen]-2-yl)carbamate; (c) tert-butyl (3’,6’-bis(di-
ethylamino)-3-oxospiro[isoindoline-1,9’-xanthen]-2-
yl)carbamate; (d) tert-butyl (3’,6’-bis(ethylamino)-2’,7’-
dimethyl-3-oxospiro[isoindoline-1,9’-xanthen]-2-yl)car-
bamate; (e) tert-butyl (3’,6’-diamino-2’,7’-dimethyl-3-ox-
ospiro[isoindoline-1,9’-xanthen]-2-yl)carbamate; (f) tert-
butyl (3-oxo-3’,6’-di(pyrrolidin-1-yl)spiro[isoindoline-
1,9’-xanthen]-2-yl)carbamate; (g) tert-butyl (3-oxo-3’,6’-
bis(phenylamino)spiro[isoindoline-1,9’-xanthen]-2-
yl)carbamate; (h) tert-butyl (3-oxo-3’,6’-di(piperidin-1-
yl)spiro[isoindoline-1,9’-xanthen]-2-yl)carbamate; (i)
tert-butyl (3’,6’-dimorpholino-3-oxospiro[isoindoline-
1,9’-xanthen]-2-yl)carbamate; (j) tert-butyl(2’,7’-dibutyl-
3’,6’-bis(diethylamino)-3-oxospiro[isoindoline-1,9’-xan-
then]-2-yl)carbamate; (k) tert-butyl (2’,7’-dimethyl-3-oxo-
3’,6’-di(piperidin-1-yl)spiro[isoindoline-1,9’-xanthen]-2-
yl)carbamate; (1) tert-butyl (3-oxo-
1’,2’,3’,4’,10’,11’,12’,13’-octahydrospiro[isoindoline-
1,7’-pyrano[2,3-f:6,5-f]diquinolin]-2-yl)carbamate; (m)
tert-butyl (3-oxo-1’,2’,3’,4’,8’,9’,10’,11’-octahydros-
piro[isoindoline-1,6’-pyrano[3,2-g:5,6-g’]diquinolin]-2-
yl)carbamate; (n) N-(3’,6’-bis(diethylamino)-3-oxos-
piro[isoindoline-1,9’-xanthen]-2-yl)propionamide; (p)
N-(3’,6’-bis(diethylamino)-3-oxospiro[isoindoline-1,9’-
xanthen]-2-yl)butyramide; and (q) N-(3’,6’-bis(diethyl-
amino)-3-oxospiro[isoindoline-1,9’-xanthen]-2-yl)pen-
tanamide. Preferably the stannous probe is selected
from: N-(3’,6’-bis(diethylamino)-3-oxospiro[isoindoline-
1,9’-xanthen]-2-yl)propionamide; N-(3’,6’-bis(diethyl-
amino)-3-oxospiro[isoindoline-1,9’-xanthen]-2-yl)bu-
tyramide; and N-(3’,6’-bis(diethylamino)-3-oxospiro[iso-
indoline-1,9’-xanthen]-2-yl)pentanamide. Generally
these stannous fluorescent probes contain a Rhodamine
B derivative moiety as fluorophore, linked via amide moi-
ety to a carbazate group. Further details are described
in the WO or US publications of patent application
number PCT/CN2015/074142, with the international fil-
ing date of March 13, 2015, (P&G Case No. AA916M,
"STANNOUS FLUORESENT PROBE"). One or more of
these probes may be available from Dr. Tao Yi, of Fudan
University, Shanghai, China.
[0019] The subject biofilm is incubated with the stan-
nous probe in dark for 15-60 minutes, preferably 30 min-
utes and excitation light is provided to the incubated bi-
ofilm at a wavelength from at least from 520 nm to 580
nm, alternatively at 560 nm. Light emission is detected
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from the stannous probe at a wavelength from at least
560 nm to 660 nm. The procedure details in how to use
stannous probes to quantitatively determine are in the
above-identified patent publication and can also be anal-
ogized to widely available literature associated with
Rhodamine B-based fluorescent probes generally.

Quantitating the labeled cells by measuring fluorescence 
light emitted from the labeled cells

[0020] The method of the present invention comprising
the step of quantitating the labeled cells by measuring
fluorescence light emitted from the labeled cells. One
preferred instrument in performing such quantification is
confocal laser scanning microscopy (CLSM). Commer-
cially available software is able to quantity pixels from
the images taken of the fluorescent. Three dimensional
images can be constructed from a number of single im-
ages taken of the labeled cells.

EXAMPLES

[0021] Data is provided on the co-localization percent-
age of stannous in bacteria (of biofilm) for several stan-
nous containing toothpastes and a negative control. Data
is also provided on the overlap coefficient of stannous
containing toothpaste on biofilm over time. Methodology
is first described.
[0022] The substrate for biofilm growth is described.
Hydroxyapatite disks are used for in situ growth of biofilm.
The HA disks are designed having three parallel grooves
(200um wide, 200um deep for two sides’ grooves, while
500 um wide, 500 um deep for the middle groove) in each
disk. When attaching disks to subject’s mouth, keeping
these grooves vertical, to mimic interproximal gap be-
tween teeth, the hard-to-clean area where plaque accu-
mulates. This model allows the collection of undisturbed
plaque from the grooves. HA disks are manufactured by
Shanghai Bei’erkang biomedicine limited company.
[0023] Human subjects wearing a splint are described.
Each subject wears up to 12 HA disks on the splint to
make sure 9 HAP disks are available after 48 hours. A
non-limiting example of such a splint and HA disks are
shown in Figure 1. The device (1) holds a plurality of HA
disks (2a-2d). Although not shown in Figure 1, the disks
can be positioned such that the recede in the inter-dental
space between the teeth (since this location is prone to
plaque (given the difficulty in cleaning etc.)). The subjects
withdraw the splint only during meals (the splint stored
in an opaque container in humid conditions) and to per-
form oral hygiene procedures. Immediately thereafter,
the splint is worn again. Subjects are asked to use a straw
when drinking.
[0024] The procedure for in situ biofilm release from
HA disk is described. All HA disks are removed from the
splint at 48 hours by tweezers. Tweezers are used to
hold the edge of HA chips and transfer the HA disk to a
2 mL centrifuge tube containing PBS (phosphate buff-

ered saline) solution. Tweezers are washed thoroughly
(water; 75% alcohol; and then deionized water) before
every disk transfer.
[0025] The preparation for toothpaste supernatant is
described. 15 grams of deionized water is added to 5
grams toothpaste. After stirring thoroughly, the mixture
is centrifuge 12,000 rotations per minute for 20 minutes.
The supernatant is prepared one day before usage and
stored at 4° C.
[0026] After the HA disks are removed from the splint,
The HA disks are used for ex vivo treatment by different
oral care products. After being treated with the subject
supernatant and labeled with microbial fluorescent probe
and stannous fluorescent probe, the biofilm in the
grooves is measured by confocal laser scanning micro-
scopy (CLSM).
[0027] Disk preparation is described. The HA disks are
rinsed in PBS solution and each HA disk is divided into
two halves by tweezers. Thereafter each half-disk is
placed into 500-1000 ul of PBS solution statically for 1
minute. Each disk is treated for two minutes by either
PBS solution or toothpaste supernatant. Each disk is
washed by holding each disk with tweezers, shaken for
ten rounds of back and forth in 1 ml of PBS solution, and
then this washing cycle is repeated. Then each disk is
immersed into 500-1000 ul PBS solution statically for 5
minutes.
[0028] Fluorescence staining and microscopy is de-
scribed. It is reported that the LIVE/DEAD® Ba-
cLight™system is a reliable alternative when assessing
bacterial vitality in a natural plaque biofilm, in which there
are several types of bacteria present. The LIVE/DEAD®
BacLight™ fluorescence assay stains the bacteria in red
or green depending on the permeability of their mem-
brane. The ratio of green/red is well correlated with
live/dead ratio. It is considered that live/dead staining
methods are reliable when analyzing antimicrobial agent
activity. After treatment and immersing, each half-disk is
stained with the Sn probe together with Syto-9 probe
(containing 5uM Syto-9 + 5uM Sn probe) for 30 minutes
in the dark and the other half-disk is stained with L7012
LIVE/DEAD® dye solution (containing 5uM Syto-9 +
30uM propidium iodide) for 15 minutes in the dark. After
staining, each disk is immersed into 500-1000 ul PBS
solution statically for 2 minutes. The disks are washed
again, by holding each disk with tweezers, shaken for
five rounds of back and forth in 1ml PBS solution, and
repeated. For L7012 LIVE/DEAD® dye stained samples,
the following parameters are used: λex = 488nm,
λem=500/635nm, 20X objective lens, and scanning from
bottom of surface bacteria for 60 um with step size=3um.
For SYTO-9/Sn dye stained samples, the following pa-
rameters are used: λex = 488nm/543nm,
λem=500/580nm, 20X objective lens, and scanning from
bottom of surface bacteria for 60 um with step size=3um.
[0029] Confocal Laser Scanning Microscopy (CLSM)
is described. The Leica™ TCS SP8 AOBS spectral con-
focal microscope is used. The confocal system consists
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of a Leica™ DM6000B upright microscope and a Leica™
DMIRE2 inverted microscope is used. An upright stand
is used for applications involving slide-mounted speci-
mens; whereas the inverted stand, having a 37° C incu-
bation chamber and CO2 enrichment accessories, pro-
vides for live cell applications. The microscopes share
an exchangeable laser scan head and, in addition to their
own electromotor-driven stages, a galvanometer-driven
high precision Z-stage which facilitates rapid imaging in
the focal (Z) plane. In addition to epifluorescence, the
microscopes support a variety of transmitted light con-
trast methods including bright field, polarizing light and
differential interference contrast, and are equipped with
5x, 20x, 40x, 63x (oil and dry) and 100x (oil) Leica™
objective lenses.
[0030] The laser scanning and detection system is de-
scribed. The TCS SP2 AOBS confocal system is supplied
with four lasers (one diode, one argon, and two helium
neon lasers) thus allowing excitation of a broad range of
fluorochromes within the UV, visible and far red ranges
of the electromagnetic spectrum. The design of the laser
scan head, which incorporates acousto-optical tunable
filters (AOTF), an acousto-optical beam splitter (AOBS)
and four prism spectrophotometer detectors, permits si-
multaneous excitation and detection of three fluoro-
chromes. The upright microscope also has a transmis-
sion light detector making it possible to overlay a trans-
mitted light image upon a fluorescence recording.
[0031] Leica™ Confocal software is used. The confo-
cal is controlled via a standard Pentium PC equipped
with dual monitors and running Leica™ Confocal Soft-
ware. The Leica Confocal Software provides an interface
for multi-dimensional image series acquisition, process-
ing and analysis, that includes 3D reconstruction and
measurement, physiological recording and analysis,
time-lapse, fluorochrome co-localization, photo-bleach-
ing techniques such as FRAP and FRET, spectral im-
mixing and multicolour restoration. Regarding image
analysis, the L7012 LIVE/DEAD® dye stained samples,
are chosen to quantify ratio of red and green pixels, and
for SYTO-9/Sn dye stained samples are chosen to quan-
tify overlap efficiency of red and green pixels.
[0032] Turning to figure 4, the co-localization percent-
age of stannous within bacteria (of in situ plaque biofilm)
is provided for three oral care products and a negative
control. The procedures previously described are used.
The biofilm is treated with the subject oral care compo-
sitions first, and then the treated biofilm is labeled with
the bacterial and stannous probes. Using software, the
pixel overlap of "green" bacterial probes and that of "red"
stannous probes are identified, and then this value is
divided by all non-black pixels (that include non-overlap-
ping stannous probes) to provide a co-localization per-
centage of stannous in bacteria. Figure 5 is a schematic
of an illustrative example of how to determine how the
co-localization percentage of stannous in bacteria (and
an overlap coefficient discussed further below). The first
step is determine a quantified overlap of stannous in bac-

teria by quantifying the overlap of measured fluorescence
light from microbial fluorescent labeled cells and meas-
ured fluorescent light from stannous fluorescent labeled
cells. Software is able to identify there are two red pixels
(51a, 51b) indicative of the stannous probe outside of the
bacterium (53) (but within the biofilm). Within the bacte-
rium (53), there are seven green pixels (55a-55g) indic-
ative of bacterial probes inside the bacterium (53). Three
overlapping pixels (57a-57c) indicate stannous inside the
bacterium (54). A quantified overlap of stannous in bac-
teria is identifying these overlapping pixels (57a-57c). In
turn, the co-localization percentage of stannous within
bacteria is determined by taking the three overlapping
pixels and dividing by all the pixels in the biofilm (i.e.,
stannous probe and bacterial probe - located both inside
and outside the bacteria). Said in another way, a step is
taken to divide the quantified overlap of stannous in bac-
teria with all quantified measured fluorescent light (i.e.,
both from the bacterial probe and the stannous probe) in
the biofilm to determine a co-localization percentage of
stannous in bacteria. In Figure 5, this value is 12. There-
fore, the co-localization percentage stannous within bac-
teria in figure 5 is 25% (3/12). Generally the higher this
percentage, the more efficacious the oral care product
is in delivering stannous into bacteria.
[0033] Turning back to figure 4, three commercially
available toothpaste products are: CREST® PRO-
HEALTH™ (with 0.454 wt% Stannous fluoride) ("CPH");
SENSODYNE® COMPLETE PROTECTION (with 0.454
wt% Stannous fluoride) ("SSD"); CREST® CAVITY
PROTECTION™ (0.243 wt% sodium fluoride) ("CCP")
are assessed. Phosphate buffer solution ("PBS") is used
as the negative control. The results show that CPH shows
significantly higher co-localization percentage than SSD.
This is consistent with both bactericidal efficacy compar-
ison and plaque prevention efficacy in a clinical 4-day
plaque result (unpublished).
[0034] Figure 6 looks at the effect of penetration time
on an overlap coefficient of stannous when using the
same stannous containing paste. The paste is left on the
biofilm surface for 5 minutes ("5m") and for 15 minutes
("15m"). The 15 minute sample demonstrates a higher
overlap coefficient (about 0.84) vs. the 5 minute sample
(about 0.79) with p<0.05, indicating that the paste pen-
etrates into deeper bacteria of the biofilm over time. To
determine the overlap coefficient of stannous, the quan-
tified overlap of stannous in bacteria is determined as
described before. However, this value is divided with
quantified measured fluorescent light from the stannous
probe in the biofilm (as a whole). To better illustrate this
point, reference is made to figure 5. The three overlap-
ping pixels (57a-57c) indicate stannous inside the bac-
terium (54). A quantified overlap of stannous in bacteria
is identifying these overlapping pixels (57a-57c). There
are a total of five red pixels (i.e., two stannous pixels
outside the bacterium (51a, 51b); and three stannous
pixels inside the bacterium (57a-57c) (that are part of the
overlapping pixels) are illustrative of the quantified meas-
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ured fluorescent light from the stannous probe in the bi-
ofilm (as a whole). The quantified overlap of stannous in
bacteria of three is divided by the quantified measured
fluorescent light from the stannous probe in the biofilm
of give to equal 0.6. This approach is used to provide the
results of figure 6.
[0035] The dimensions and values disclosed herein
are not to be understood as being strictly limited to the
exact numerical values recited. Instead, unless other-
wise specified, each such dimension is intended to mean
both the recited value and a functionally equivalent range
surrounding that value. For example, a dimension dis-
closed as "40 mm" is intended to mean "about 40 mm."
[0036] While particular embodiments of the present in-
vention have been illustrated and described, it would be
obvious to those skilled in the art that various other
changes and modifications can be made, limited only by
the appended claims.

Claims

1. A method of quantitating sorption of stannous by mi-
crobial cells of a biofilm comprising the steps:

(a) treating the biofilm with a stannous contain-
ing oral care product;
(b) labeling microbial cells of the biofilm with a
microbial fluorescent probe;
(c) incubating the biofilm with a stannous fluo-
rescent probe; and
(d) quantitating the labeled cells of the biofilm
by measuring fluorescence light emitted from
microbial fluorescent labeled cells and by meas-
uring fluorescence light from stannous fluores-
cent labeled cells.

2. The method of claim 1, wherein the step of quanti-
tating the labeled cells by measuring fluorescence
light emitted from the labeled cells is by confocal
laser scanning microscopy (CLSM).

3. The method of claim 1 or 2, wherein the steps of
labeling the microbial cells of the biofilm with the mi-
crobial fluorescent probe and the stannous fluores-
cent probe are before the step of treating the biofilm
with the stannous containing oral care product.

4. The method of any one of the preceding claims,
wherein the biofilm is an in situ plaque biofilm.

5. The method of any one of the preceding claims, fur-
ther comprising the step of having human subjects
wear an oral appliance for 6 hours to 4 days, prefer-
ably 1-3 days; wherein at least a portion of the oral
appliance comprises hydroxylapatite (HA) as a sur-
face of the biofilm, preferably the biofilm is an in situ
plaque biofilm, preferably the HA is on the buccal

side of the oral appliance.

6. The method of claim 5, wherein the in situ biofilm on
the HA surface is treated with the stannous contain-
ing oral care product ex vivo.

7. The method of claim 5 or 6, wherein the portion of
the oral appliance comprising HA further comprises
a plurality of grooves, wherein an inside surface of
the groove is said surface of the in situ biofilm, pref-
erably at least one groove is 250 microns to 350 mi-
crons deep and from 250 microns to 350 microns
wide.

8. The method of claim 4, wherein treating the in situ
plaque biofilm with the stannous containing oral care
product is treated in vivo.

9. The method of claim 4, wherein treating the in situ
plaque biofilm with the stannous containing oral care
product is treated ex vivo.

10. The method of any one of the preceding claims,
wherein the microbial fluorescent probe is a fluores-
cently labeled rRNA-directed oligonucleotide.

11. The method of any one of the preceding claims,
wherein the stannous fluorescent probe is selected
from the group consisting of:

(a) tert-butyl (3’,6’-diamino-3-oxospiro[isoindo-
line-1,9’-xanthen]-2-yl)carbamate;
(b) tert-butyl (3’,6’-bis(dimethylamino)-3-oxos-
piro[isoindoline-1,9’-xanthen]-2-yl)carbamate;
(c) tert-butyl (3’,6’-bis(diethylamino)-3-oxos-
piro[isoindoline-1,9’-xanthen]-2-yl)carbamate;
(d) tert-butyl (3’,6’-bis(ethylamino)-2’,7’-dime-
thyl-3-oxospiro[isoindoline-1,9’-xanthen]-2-yl)
carbamate;
(e) tert-butyl(3’,6’-diamino-2’,7’-dimethyl-3-ox-
ospiro[isoindoline-1,9’-xanthen]-2-yl) car-
bamate;
(f) tert-butyl(3-oxo-3’,6’-di(pyrrolidin-1-
yl)spiro[isoindoline-1,9’-xanthen]-2-yl)car-
bamate;
(g) tert-butyl(3-oxo-3’,6’-bis(phenylami-
no)spiro[isoindoline-1,9’-xanthen]-2-yl)car-
bamate;
(h) tert-butyl(3-oxo-3’,6’-di(piperidin-1-
yl)spiro[isoindoline-1,9’-xanthen]-2-yl)car-
bamate;
(i) tert-butyl(3’,6’-dimorpholino-3-oxospiro[iso-
indoline-1,9’-xanthen]-2-yl)carbamate;
(j) tert-butyl(2’,7’-dibutyl-3’,6’-bis(diethylami-
no)-3-oxospiro[isoindoline-1,9’-xanthen]-2-yl)
carbamate;
(k) tert-butyl(2’,7’-dimethyl-3-oxo-3’,6’-di(piperi-
din-1-yl)spiro[isoindoline-1,9’-xanthen]-2-
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yl)carbamate;
(l) tert-butyl(3-oxo-1’,2’,3’,4’,10’,11’,12’,13’-oc-
tahydrospiro[isoindoline-1,7’-pyrano[2,3-f:6,5-
f’]diquinolin]-2-yl)carbamate;
(m) tert-butyl(3-oxo-1’,2’,3’,4’,8’,9’,10’,11’-oc-
tahydrospiro[isoindoline-1,6’-pyrano[3,2-g:5,6-
g’]diquinolin]-2-yl)carbamate;
(n) N-(3’,6’-bis(diethylamino)-3-oxospiro[isoin-
doline-1,9’-xanthen]-2-yl)propionamide;
(p) N-(3’,6’-bis(diethylamino)-3-oxospiro[isoin-
doline-1,9’-xanthen]-2-yl)butyramide; and
(q) N-(3’,6’-bis(diethylamino)-3-oxospiro[isoin-
doline-1,9’-xanthen]-2-yl)pentanamide;

wherein preferably excitation is at 543 nm, and pref-
erably emission is collected at 560-660 nm.

12. The method according to any one of the preceding
claims, further comprising the step of determining a
quantified overlap of stannous in microbial cells of
biofilm, wherein the microbial cells are bacteria by
quantifying the overlap of measured fluorescence
light from microbial fluorescent labeled cells and
measured fluorescent light from stannous fluores-
cent labeled cells.

13. The method according to claim 12, further compris-
ing the step of dividing said quantified overlap of
stannous in bacteria with all quantified measured flu-
orescent light in the biofilm to determine a co-local-
ization percentage of stannous in bacteria.

14. The method according to claim 12, further compris-
ing the step of dividing said quantified overlap of
stannous in bacteria with quantified measured fluo-
rescent light from the stannous probe in the biofilm
to determine an overlap coefficient of stannous.

Patentansprüche

1. Verfahren zur Quantifizierung der Sorption von Zinn
durch mikrobielle Zellen eines Biofilms, umfassend
die Schritte:

(a) Behandeln des Biofilms mit einem zinnhalti-
gen Mundpflegeprodukt;
(b) Markieren mikrobieller Zellen des Biofilms
mit einer mikrobiellen Fluoreszenzsonde;
(c) Inkubieren des Biofilms mit einer Zinnfluo-
reszenzsonde; und
(d) Quantifizieren der markierten Zellen des Bi-
ofilms durch Messen von Fluoreszenzlicht, das
von mikrobiellen fluoreszenzmarkierten Zellen
emittiert wird, und durch Messen von Fluores-
zenzlicht von zinnfluoreszenzmarkierten Zellen.

2. Verfahren nach Anspruch 1, wobei der Schritt des

Quantifizierens der markierten Zellen durch Messen
von Fluoreszenzlicht, das von den markierten Zellen
emittiert wird, durch konfokale Laserscanningmikro-
skopie (CLSM) erfolgt.

3. Verfahren nach Anspruch 1 oder 2, wobei die Schrit-
te des Markierens der mikrobiellen Zellen des Bio-
films mit der mikrobiellen Fluoreszenzsonde und der
Zinnfluoreszenzsonde vor dem Schritt des Behan-
delns des Biofilms mit dem zinnhaltigen Mundpfle-
geprodukt erfolgen.

4. Verfahren nach einem der vorstehenden Ansprüche,
wobei der Biofilm ein in situ-Zahnbelag-Biofilm ist.

5. Verfahren nach einem der vorstehenden Ansprüche,
ferner umfassend den Schritt, dass menschliche
Probanden eine Mundvorrichtung für 6 Stunden bis
4 Tage, vorzugsweise 1 bis 3 Tage tragen; wobei
mindestens ein Abschnitt der Mundvorrichtung Hy-
droxylapatit (HA) als eine Oberfläche des Biofilms
umfasst, vorzugsweise der Biofilm ein in situ--Zahn-
belag-Biofilm ist, vorzugsweise sich das HA auf der
bukkalen Seite der Mundvorrichtung befindet.

6. Verfahren nach Anspruch 5, wobei der in situ-Biofilm
auf der HA-Oberfläche ex vivo mit dem zinnhaltigen
Mundpflegeprodukt behandelt wird.

7. Verfahren nach Anspruch 5 oder 6, wobei der Ab-
schnitt der Mundvorrichtung, umfassend HA, ferner
eine Vielzahl von Rillen umfasst, wobei eine Inneno-
berfläche der Rille die Oberfläche des in situ-Biofilms
ist, vorzugsweise mindestens eine Rille 250 Mikro-
meter bis 350 Mikrometer tief und 250 Mikrometer
bis 350 Mikrometer breit ist.

8. Verfahren nach Anspruch 4, wobei das Behandeln
des in situ-Zahnbelag-Biofilms mit dem Zinn-halti-
gen Mundpflegeprodukt in vivo behandelt wird.

9. Verfahren nach Anspruch 4, wobei das Behandeln
des in situ-Zahnbelag-Biofilms mit dem zinnhaltigen
Mundpflegeprodukt ex vivo behandelt wird.

10. Verfahren nach einem der vorstehenden Ansprüche,
wobei die mikrobielle Fluoreszenzsonde ein fluores-
zenzmarkiertes rRNA-gerichtetes Oligonukleotid ist.

11. Verfahren nach einem der vorstehenden Ansprüche,
wobei die Zinnfluoreszenzsonde ausgewählt ist aus
der Gruppe, bestehend aus:

(a) tert.-Butyl-(3’,6’-diamino-3-oxospiro[isoin-
dolin-1,9’-xanthen]-2-yl)carbamat;
(b) tert.-Butyl-(3’,6’-bis(dimethylamino)-3-
oxospiro[isoindolin-1,9’-xanthen]-2-yl)carba-
mat;
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(c) tert.-Butyl-(3’,6’-Bis(diethylamino)-3-oxospi-
ro[isoindolin-1,9’-xanthen]-2-yl)carbamat;
(d) tert.-Butyl-(3’,6’-bis(ethylamino)-2’,7’-dime-
thyl-3-oxospiro[isoindolin-1,9’-xanthen]-2-
yl)carbamat;
(e) tert.-Butyl-(3’,6’-diamino-2’,7’-dimethyl-3-
oxospiro[isoindolin-1,9’-xanthen]-2-yl)carba-
mat;
(f) tert.-Butyl-(3-oxo-3’,6’-di(pyrrolidin-1-yl)spi-
ro[isoindolin-1,9’-xanthen]-2-yl)carbamat;
(g) tert.-Butyl-(3-oxo-3’,6’-bis(phenylamino)spi-
ro[isoindolin-1,9’-xanthen]-2-yl)carbamat;
(h) tert.-Butyl-(3-oxo-3’,6’-di(piperidin-1-yl)spi-
ro[isoindolin-1,9’-xanthen]-2-yl)carbamat;
(i) tert.-Butyl-(3’,6’-dimorpholino-3-oxospi-
ro[isoindolin-1,9’-xanthen]-2-yl)carbamat;
(j) tert.-Butyl-(2’,7’-dibutyl-3’,6’-bis(diethylami-
no)-3-oxospiro[isoindolin-1,9’-xanthen]-2-
yl)carbamat;
(k) tert.-Butyl-(2’,7’-dimethyl-3-oxo-3’,6’-di(pi-
peridin-1-yl)spiro[isoindolin-1,9’-xanthen]-2-
yl)carbamat;
(l) tert.-Butyl-(3-oxo-1’,2’,3’,4’,10’,11’,12’,13’-
octahydrospiro[isoindolin-1,7’-pyrano[2,3-f:6,5-
f’]diquinolin]-2-yl)carbamat;
(m) tert.-Butyl (3-oxo-1’,2’,3’,4’,8’,9’,10’,11’-oc-
tahydrospiro[isoindolin-1,6’-pyrano[3,2-g:5,6-
g’]diquinolin]-2-yl)carbamat;
(n) N-(3’,6’-Bis(diethylamino)-3-oxospiro[isoin-
dolin-1,9’-xanthen]-2-yl)propionamid;
(p) N-(3’,6’-Bis(diethylamino)-3-oxospiro[isoin-
dolin-1,9’-xanthen]-2-yl)butyramid; und
(q) N-(3’,6’-Bis(diethylamino)-3-oxospiro[isoin-
dolin-1,9’-xanthen]-2-yl)pentanamid;

wobei vorzugsweise die Anregung bei 543 nm er-
folgt, und vorzugsweise die Emission bei 560 bis 660
nm gesammelt wird.

12. Verfahren nach einem der vorstehenden Ansprüche,
ferner umfassend den Schritt des Bestimmens einer
quantifizierten Überlappung von Zinn in mikrobiellen
Zellen von Biofilm, wobei die mikrobiellen Zellen
Bakterien sind, durch Quantifizieren der Überlap-
pung von gemessenem Fluoreszenzlicht von mikro-
biellen fluoreszenzmarkierten Zellen und gemesse-
nem Fluoreszenzlicht von zinnfluoreszenzmarkier-
ten Zellen.

13. Verfahren nach Anspruch 12, ferner umfassend den
Schritt des Dividierens der quantifizierten Überlap-
pung von Zinn in Bakterien mit dem gesamten quan-
tifizierten gemessenen Fluoreszenzlicht in dem Bi-
ofilm, um einen Co-Lokalisierungsprozentsatz von
Zinn in Bakterien zu bestimmen.

14. Verfahren nach Anspruch 12, ferner umfassend den
Schritt des Dividierens der quantifizierten Überlap-

pung von Zinn in Bakterien mit quantifiziertem ge-
messenem Fluoreszenzlicht von der Zinnsonde in
dem Biofilm, um einen Überlappungskoeffizienten
von Zinn zu bestimmen.

Revendications

1. Procédé de quantification de sorption de substance
stanneuse par des cellules microbiennes d’un film
biologique comprenant les étapes :

(a) traitement du film biologique avec un produit
de soins bucco-dentaires contenant une subs-
tance stanneuse ;
(b) marquage des cellules microbiennes du film
biologique avec une sonde fluorescente
microbienne ;
(c) incubation du film biologique avec une sonde
fluorescente stanneuse ; et
(d) quantification des cellules marquées du film
biologique en mesurant une lumière de fluores-
cence émise par les cellules marquées fluores-
centes microbiennes et en mesurant une lumiè-
re de fluorescence des cellules marquées fluo-
rescentes stanneuses.

2. Procédé selon la revendication 1, dans lequel l’étape
de quantification des cellules marquées en mesurant
une lumière de fluorescence émise par les cellules
marquées se fait par microscopie confocale à ba-
layage laser (CLSM).

3. Procédé selon la revendication 1 ou 2, dans lequel
les étapes de marquage des cellules microbiennes
du film biologique avec la sonde fluorescente micro-
bienne et la sonde fluorescente stanneuse sont
avant l’étape de traitement du film biologique avec
le produit de soins bucco-dentaires contenant une
substance stanneuse.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le film biologique est un
film biologique de plaque in situ.

5. Procédé selon l’une quelconque des revendications
précédentes, comprenant en outre l’étape consis-
tant à faire porter à des sujets humains un appareil
oral pendant 6 heures à 4 jours, de préférence 1 à
3 jours ; dans lequel au moins une partie de l’appareil
oral comprend de l’hydroxylapatite (HA) en tant que
surface du film biologique, de préférence le film bio-
logique est un film biologique de plaque in situ, de
préférence la HA est sur le côté buccal de l’appareil
oral.

6. Procédé selon la revendication 5, dans lequel le film
biologique in situ sur la surface de HA est traité avec
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le produit de soins bucco-dentaires contenant une
substance stanneuse ex vivo.

7. Procédé selon la revendication 5 ou 6, dans lequel
la partie de l’appareil oral comprenant HA comprend
en outre une pluralité de rainures, dans lequel une
surface intérieure de la rainure est ladite surface du
film biologique in situ, de préférence au moins une
rainure a une profondeur de 250 micromètres à 350
micromètres et une largeur de 250 micromètres à
350 micromètres.

8. Procédé selon la revendication 4, dans lequel le trai-
tement du film biologique de plaque in situ avec le
produit de soins bucco-dentaires contenant une
substance stanneuse est traité in vivo.

9. Procédé selon la revendication 4, dans lequel le trai-
tement du film biologique de plaque in situ avec le
produit de soins bucco-dentaires contenant une
substance stanneuse est traité ex vivo.

10. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la sonde fluorescente mi-
crobienne est un oligonucléotide dirigé contre ARNr
marqué par fluorescence.

11. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la sonde fluorescente
stanneuse est choisie dans le groupe constitué de :

(a) (3’,6’-diamino-3-oxospiro[iso-indoline-1,9’-
xanthén]-2-yl)carbamate de tert-butyle ;
(b) (3’,6’-bis(diméthylamino)-3-oxospiro[iso-in-
doline-1,9’-xanthén]-2-yl)carbamate de tert-
butyle ;
(c) (3’,6’-bis(diéthylamino)-3-oxospiro[iso-indo-
line-1,9’-xanthén]-2-yl)carbamate de tert-
butyle ;
(d) (3’,6’-bis(éthylamino)-2’,7’-diméthyl-3-oxos-
piro[iso-indoline-1,9’-xanthén]-2-yl)carbamate
de tert-butyle ;
(e) (3’,6’-diamino-2’,7’-diméthyl-3-oxospiro[iso-
indoline-1,9’-xanthén]-2-yl)carbamate de tert-
butyle ;
(f) (3-oxo-3’,6’-di(pyrrolidin-1-yl)spiro[iso-indoli-
ne-1,9’-xanthén]-2-yl)carbamate de tert-butyle ;
(g) (3-oxo-3’,6’-bis(phénylamino)spiro[iso-indo-
line-1,9’-xanthén]-2-yl)carbamate de tert-
butyle ;
(h) (3-oxo-3’,6’-di(pipéridin-1-yl)spiro[iso-indoli-
ne-1,9’-xanthén]-2-yl)carbamate de tert-butyle ;
(i) (3’,6’-dimorpholino-3-oxospiro[iso-indoline-
1,9’-xanthén]-2-yl)carbamate de tert-butyle ;
(j) (2’,7’-dibutyl-3’,6’-bis(diéthylamino)-3-oxos-
piro[isoindoline-1,9’-xanthén]-2-yl)carbamate
de tert-butyle ;
(k) (2’,7’-diméthyl-3-oxo-3’,6’-di(pipéridin-1-

yl)spiro[iso-indoline-1,9’-xanthén]-2-yl)carba-
mate de tert-butyle ;
(l) (3-oxo-1’,2’,3’,4’,10’,11’,12’,13’-octahydros-
piro[iso-indoline-1,7’-pyrano[2,3-f:6,5-f’]diqui-
nolin]-2-yl)carbamate de tert-butyle ;
(m) (3-oxo-1’,2’,3’,4’,8’,9’,10’,11’-octahydros-
piro[iso-indoline-1,6’-pyrano[3,2-g:5,6-g’]diqui-
nolin]-2-yl)carbamate de tert-butyle ;
(n) N-(3’,6’-bis(diéthylamino)-3-oxospiro[iso-in-
doline-1,9’-xanthén]-2-yl)propionamide ;
(p) N-(3’,6’-bis(diéthylamino)-3-oxospiro[isoin-
doline-1,9’-xanthén]-2-yl)butyramide ; et
(q) N-(3’,6’-bis(diéthylamino)-3-oxospiro[iso-in-
doline-1,9’-xanthen]-2-yl)pentanamide ;

dans lequel de préférence l’excitation est à 543 nm,
et de préférence une émission est recueillie à 560 à
660 nm.

12. Procédé selon l’une quelconque des revendications
précédentes, comprenant en outre l’étape de déter-
mination d’un chevauchement quantifié de substan-
ce stanneuse dans des cellules microbiennes de film
biologique, dans lequel les cellules microbiennes
sont des bactéries par quantification du chevauche-
ment de la lumière de fluorescence mesurée prove-
nant de cellules marquées fluorescentes microbien-
nes et de la lumière fluorescente mesurée provenant
de cellules marquées fluorescentes stanneuses.

13. Procédé selon la revendication 12, comprenant en
outre l’étape de division dudit chevauchement quan-
tifié de substance stanneuse dans des bactéries
avec toute la lumière fluorescente mesurée quanti-
fiée dans le film biologique pour déterminer un pour-
centage de co-localisation de substance stanneuse
dans des bactéries.

14. Procédé selon la revendication 12, comprenant en
outre l’étape de division dudit chevauchement quan-
tifié de substance stanneuse dans des bactéries
avec une lumière fluorescente mesurée quantifiée
provenant de la sonde stanneuse dans le film biolo-
gique pour déterminer un coefficient de chevauche-
ment de substance stanneuse.
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